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OPERATORS SAFETY SUMMARY

The general safety information in this part of the sum-
mary is for both operating and servicing personnel. Specific
warnings and cautions will be found throughout the manual
where they apply, but may not appear in this summary.

TERMS

in This Manuai

CAUTION statements identify conditions or practices that
could result in damage ‘o the equipment or other property.

WARNING statements identify conditions or practices that
could result in personal injury or loss of life.

As Marked on Equipment

CAUTION indicates a persenal injury hazard not immediate-
ly accessible as one reads the marking, or a hazard to prop-
erty including the equipment itseif.

DANGER indicates a personal injury hazard immediately ac-
cessible as one reads the marking.

SYMBOLS

in This Manual

This symbeol indicates where applicable caution-
ary or other information is to be found.

As Marked on Eguipment

; DANGER — High voltage.
(—_9 Protective ground (earth) terminal.
ﬁ ATTENTION — refer to manual.

vi

www.valuetronics.com

Power Source

This product is intended to operate from a power module
connected to a power source that will not apply more than
250 volts rms between the supply conductors or between
either supply conductor and ground. A protective ground
connection by way of the grounding conductor in the power
cord is essentiat for safe operation.

Grounding the Product

This product is grounded through the grounding conductor
of the power module power cord. Te avoid electrical shock,
piug the power cord into a properly wired receptacle before
connecting to the product input or output terminals. A pro-
tective ground connection by way of the grounding conduc-
tor in the power module power cord is essential for safe
operation.

Danger Arising From Loss of Ground

Upon loss of the protective-ground connection, all accessi-
ble conductive parts (including knobs and controls that may
appear to be insulating) can render an electric shock.

Use the Proper Fuse

To avoid fire hazard, use only the fuse of correct type, voit-
age rating and current rating as specified in the parts list for
your product.

Refer fuse replacement to qualified service personnel,

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this preduct in an explo-
sive atmosphere unless it has been specifically certified for
such operation.

Do Not Operate Without Covers

To avoid personal injury, do not operate this product with-
out covers or panels installed. Do not apply power to the
plug-in via a plug-in extender.

REV JUL 1986
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SERVICE SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY
Refer aiso to the preceding Operators Safety Summary

Do Not Service Alone

Do not perform internal service or adjustment of this prod-
uct unless another person capabie of rendering first aid and
resuscitation is present.

Use Care When Servicing With Power On

Dangerous voltages may exist at several points in this prod-
uct. To avoid personai injury, do not touch exposed connec-
tions and components while power is on.

@
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Disconnect power before removing protective panels, sol-
dering, or replacing components.

Power Source

This product is intended ta operate in a power module con-
nected to a power source that will not apply more than 250
voits rms between the supply conductors or between either
supply conductor and ground. A protective ground connec-
tion by way of the grounding conductor in the power cord is
essential for safe operation.

vii
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RECAPITULATIF DES CONSIGNES
DE SECURITE

Termes utilisés dans ce manuel

Les paragraphes intitulés ATTENTION identifient ies cir-
constances ou opérations pouvant entrainer la détérioration
de I'appareil ou de tout autre égquipement,

Les paragraphes intitulés AVERTISSEMENT indiquent les
circonstances dangereuses pour I'utilisateur (danger de mort
ou risque de blessure).

Repéres gravés sur I"appareil

CAUTION {(ATTENTION) : ce mot identifie les zones de ris-
que de blessure non perceptibies immédiatement ou un risque
éventuel de détérioration de I'appareil.

DANGER {DANGER) : ce mot indique les zones de risque
immeédiat pouvant entrainer blessures ou mort.

Symboies gravés sur I'équipement
; DANGER — Haute tension
@ Borne de masse de protection {terre}
A ATTENTION — se reporter au manuel

Source d’alimentation

L'appareil est congu pour fonctionner & partir d’une source
d’‘alimentation maximale de 250 V efficaces entre les conduc-
teurs d'alimentation ou entre chaque conducteur d’alimenta-
tion et |a terre. Pour utiliser |'appareil en toute sécurité, une
connexion 3 la masse, réalisée au moyen d’un conducteur
prévu dans le cordon d’alimentation, est indispensable.

Mise 4 la masse de I'appareil

Une fois installé dans le chissis d’alimentation, 'appareil est
relié a la masse & I’aide d’un conducteur du cordon d'alimen-
tation. Pour éviter tout choc électrique, insérer la prise du
cordon d’alimentation dans une prise de distribution corres-
pondante avant de connecter "entrée ou les sorties de |'appa-
reil. Pour utiliser I'appareil en toute sécurité, une connexion
4 la masse réalisée au moyen d‘un conducteur prévu dans le
cordon d’alimentation, est indispensable.

viii
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Danger provoqué par !a coupure de connexion de
masse

En cas de coupure de la connexion de masse, 1ous les éléments
conducteurs accessibles (y compris boutons et commandes
apparaissant isolants} peuvent provoquer un choc électrique.

Utiliser le cordon d'alimentation approprié

N’utiliser que le cordon d’alimentation et la prise recom-
mandés pour votre appareil, Utiliser un cordon d'alimen-
tation en parfait état. Seul, un personne! qualifié peut
procéder & un changement de cordon et prises.

Utiliser le fusible approprié

Pour éviter tout risque d'accident {incendie...) n'utiliser
que le fusible recommandé pour votre appareil. Le fusible
de remplacement doit toujours correspondre au fusible
remplacé : méme type, méme tension et méme courant.
Un remplacement de fusible ne doit étre effectue que par
un personnel guaiifié,

Ne pas utiliser I’appareil en atmosphére explosive

Pour éviter toute explosion, ne pas utiliser cet appareil dans
une atmosphére de gaz expiosifs.

Ne pas démonter les capots

Pour éviter toute blessure, ne pas utiliser cet appareil sans
capots cu panneaux. Ne pas alimenter le tiroir & travers
un prolongateur.

ADD JUL 1986
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CONSIGNES DE SECURITE

UNIQUEMENT DESTINEES AU PERSONNEL DE
MAINTENANCE

Ne dépannez pas seul

Ces consignes s‘adressent exciusivement & un personnel qua-
lifié. } est également indispensable de se reporter aux consi-
gnes de sécurité précédantes. Toute intervention interne ou
réglage doit s’effectuer en présence d'une autre persenne ca-
pabie d’assurer les premiers secours en cas de danger.

Agir avec précaution lorsque |'appareil est sous ten-
sion
Des potentiels dangereux existent en différents points de

I'appareil, Pour éviter toute blessure, ne pas intervenir sur les
connexions et les compaosants alors que 'appareil est sous

ADD IlUL 1986
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tension. Débrancher |'alimentation avant le démontage des
panneaux, soudure ou remplacement de composants.

Source d’'alimentation

Cet appareil est congu pour fonctionner & partir d’une sour-
ce d'alimentation gui n'appiique pas plus de 250 V efficaces
entre les conducteurs d'alimentation ou entre un conduc-
teur et la masse. Pour utiliser 1"appareil en toute sécurité,
une connexion 3 la masse réalisée au moyen d'un conduc-
teur prévu dans le cordon d’alimentation est indispensable.
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SICHERHEITSANGABEN FUR DEN ANWENDER

Die allgemeinen Sicherheitsinformationen in diesem Teil
der Angaben dienen dem Anwender- und Serviceperso-
nail. Spezielle Warnungen und Hinweise sind Gberail im
Handbuch zu finden, missen jedoch in diesen Angaben
nicht erscheinen.

BEGRIFFE

In diesem Mandbuch

VORSICHTSHINWEISE erfautern Bedingungen, die zur
Zerstérung des Gerites oder anderer Gegenstinde fiih-
ren kdnnen,

WARNUNGSHINWEISE erldutern Bedingungen, die zu
Personenschaden fihren kénnen oder lebensgefahr-
lich sind.

Markierungen auf dem Gerit

CAUTION - VORSICHT weist darauf hin, daf durch zuf4lli-
ges BerGhren an einer nicht unmittelbar zugéngtlichen
Stelle Personenschaden entstehen kann, cder Schaden
am Gerat selbst.

DANGER - GEFAHR weist darauf hin, daB durch zufélliges
Berdhren an einer zuganglichen Stelle Personenscha-
den entstehen kann.

SYMBOLE

in diesem Handbuch

Dieses Symbol zeigt an, wo Vorsicht walten
Zu lassen ist, oder wo Informationen zu
finden sind.

Markierungen auf dem Geriét

% GEFAHR - Hochspannung.
@ Schutzerdungskontakt.

ACHTUNG - beziehen Sie sich auf das
Handbuch.

Netzspannungsversorgung

Die Betriebsspannung fir dieses Gerat dad 250 V.4 nicht
Uberschreiten und ist an die Versorgungsleitungen bzw,
an eine Versorgungsleitung und Masse anzulegen. Inner-
halb des NetzanschluBkabels muB ein Schutzleiter vor-
handen sein, der mit Geratemasse verbunden ist.

MasseanschiuB des Gerites

Dieses Geréit wird Ober den Schutzleiter der Versor-
gungseinheit mit Erdpotential verbunden. Zur Vermei-

X .
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dung von elekirischen Schldgen vor der Beschaltung der
Ein-und Ausgédnge ist der Netzsteckerin eine korrekt ver-
drahtete Steckdose einzustecken. Verwenden Sie den
Schutzleiter nicht als einzige Verbindung zwischen zwei
oder mehreren Geradten. Zur Vermeidung von elektri-
schen Schiigen sind die Gerite untereinander mit sepa-
raten Leitungen zu verbinden.

Gefahr durch fehlende Schutzerde

Durch eine fehlende Schutzerde kénnen alle berihr-
baren, leitenden Teile (einschlieBlich Kndpfe und andere
Bedienungselemente, die isoliert sind) einen elektri-
schen Schlag bei der Berlihrung auslésen.

Verwendung eines richtigen Netzkabels

Verwenden Sie nur Netzkabel, die fUr die Versorgungs-
einheit geeignet sind und die sich in gutem Zustand be-
finden.

Fur detaillierte Informationen (tber Kabel und Stecker be-
ziehen Sie sich bitte auf Abbiildungen innerhalb des
Handbuches.

Ein Austausch von Kabeln und Steckern ist nur von ge-
schultem Personal vorzunehmen.

Verwendung einer richtigen Sicherung

Zur Vermeidung von Brandschaden sind nur Sicherun-
gen zu verwenden, die in den Teilelisten dieses Gerates
aufgefiihit sind und die in Spannungs- und Stromwert
entsprechend sind.

Ersatz von Sicherungen ist nur von geschuitem Personal
vorzunehmen.

Arheiten Sie nicht in explosiver Umgebung

Zur Vermeidung von Explosionen ist die Inbetriebnahme
dieses Gerates in explosiver Umgebung zu unterlassen,
wenn das Gerat nicht daflr geeignet ist.

Entfernen Sie keine Gehduseabdeckungen

Zur Vermeidung von Personenschiden sind keine Ge-
hauseteile zu entfernen. Auch ist das Gerat ohne Gehau-
se nicht in Betrieb zu nehmen.

Arbeiten Sie nicht ohne Gehduseabdeckung

Zur Vermeidung von Perscnenschéden ist das Gerét
nicht ohne Gehduse in Betrieb zu nehmen. Der Einschub
sollte nicht Uber einen Verldngerungsadapter betrieben
werden.
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DM 5010

SICHERHEITSANGABEN FUR DEN SERVICE
NUR FUR GESCHULTES PERSONAL

Beziehen Sie sich auch auf die vorangehenden Sicherheitsangaben fir den Anwender.

Fihren Sie keine Servicetidtigkeiten alleine durch

Nehmen Sie an dem Gerat keine Service- oder Einstell-
arbeiten vor, wenn nicht eine andere Personverfigbarist,
um im Bedarfsfall Erste Hilfe oder Wiederbelebungsver-
suche zu leisten.

Lassen Sie besondere Vorsicht waiten, wenn
Sie an einem unter Spannung stehenden Gerat
arbeiten

Anverschiedenen Stellenim Gerat liegen hohe und damit
geféhrliche Spannungen. Zur Vermeidung von Personen-

ADD JUL 1986
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schéden sind solche Stellen und Bauteile nicht zu berih-
ren, wahrend Betriebsspannung anliegt.

Vor dem Entfernen von Gehauseteilen, Loten oaer Er-
setzen von Bauteilen ist immer die Betriebsspannung zu
entfernen.

Netzspannungsversorgung

Die Betriebsspannung fir dieses Gerat darf 250 V. nicht
Oberschreiten und ist an die Versorgungsleitungen bzw.
an eine Versorgungsleitung und Masse anzulegen. Inner-
halb des NetzanschiuBkabels muf ein Schutzleiter vor-
handen sein, der mit Geratemasse verbunden ist.

xi
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Section 1—DM 5010

SPECIFICATION

Introduction

The TEKTRONIX DMS5010 Programmabie Digital
Muitimeter is a TM 5000 plug-in designed to operate in two
compartments of a TM 5000-Series power module. The
DM 5010 measures and displays dc voltages, resistance,
true rms ac voltages, and true rms ac + dc voitages. Range
salection is automatic or manually incremented. A diode test
function provides a 1 mA current output for diode testing.
Measurements are made via froni-panei connectors or a
rear-interface connector.

The DM 5010 also performs calculations for averaging,
scale and offset, conversion to dBm or reference dB, and
comparison. Measurements and calculation results are indi-
cated on a signed 4 1/2 digit LED display. The decimal point
is automatically positioned and ieading zeros are blanked.

The operation of the DM 5010 is programmable via high-
level commands (ASCil) sent over the IEEE 488 digital inter-
face. The DM 5010 can send information about front panel
control settings, measurements, and calcutations via the
bus to 2 GPIB controller. Measurements and calculations
are triggered by internal circuitry (at a normal or a fast rate),
front-panel push button, GPIB command, or external signal
via a rear-interface connector.

This instrument is listed with Underwriters Laboratories,
inc. under U.L. Standard 1244 (Eiectrical and Electronic
Measuring and Testing Equipment).

Standard Accessories
1 Instruction Manuat
1 Test Lead Set
1 Reference Guide

Refer to the Accessories page at the back of this manual
for part numbers.

|EEE 488 (GPIB) Functions

The DM 5010 can be remotely programmed via the digi-
tal interface specified in IEEE Standard 488-1978, /EEE
Standard Digital Interface for Programmable Instrumenta-
tion. In this manual, the digital interface is called the General
Purpose Interface Bus (GPIB).

The IEEE standard identifies the interface function reper-
toire of an instrument on the GP!IB in terms of interface func-
tion subsets. The subsets are defined in the standard. The
subsets listed in Table 1-1 apply to the DM 5010.

REV JAN 1983
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Tabie t-1
IEEE 488 INTERFACE FUNCTION SUBSETS
Function Subset Capability

Source SH1 Complete.

Handshake

Acceptor AH1 Complete.

Handshake

Basic Talker TS Responds to Serial Poll.
Untaiks if My Listen Ag-
dress (MLA) is received.
Talk Only capability.

Basic Listener L4 Uniistens if My Talk Ad-
dress (MTA) is
received.

Service Request SR1i Complete.

Remote-Local RL? Complete,

Paralle! POI PPO Does not respond to
Paralle! Poll.

Device Clear DC1 Complete.

Device Trigger DT Complete.

Controlier co No controller function.

Performance Conditions

The limits stated in the Performance Regquirements col-
umn of the following tables are valid with the following
conditions:

1. The instruments internal adjustments are performed
at an ambient temperature between +21°C and +25°C.

2. The instrument must be in a non-condensing environ-
ment whose limits are described under Environmental.

3. Allow thirty minutes warm-up time for operation to
specified accuracy; sixty minutes after exposure to or stor-
age in high-humidity {condensing) environment.

Items listed in the Performance Requirements column of
the Electrical Characteristics are verified by completing the

1-1



Specification—DM 5010

Performance Check in this manual. Information given in the
Supplemental Information and Description columns of the

following tables is provided for user information only and
should not be interpreted to be Performance Check require-
ments. The information under Electrical Characteristics ap-
plies to both front-panel and rear-interface measurements,

uniess otherwise noted.

Table 1-2

ELECTRICAL CHARACTERISTICS

NOTE

For measurernents to specified accuracy, internal ad-
justments should be performed after 1000 hours of
operation or every six months if used infrequently. Re-
fer fo the Adjustment Procedure in this manual.

Characteristics

Performance Requirements

Supplemental information

DC VOLTS

ACCURACY for the 200 mV, 2 V,
20V, 200 V, and 1000 V ranges:

Normal Conversion Rate

(3 readings per second)

+18°C to +28°C
200 mV range

*(0.015% of reading + 0.01% of full
scale)

2 V through 200 V ranges

x(0.015% of reading + 0.005% of full
scale)

1000 V range

+(0.020% of reading + 0.010% of full
scale)

0°C to +18°C,
+28°C to +50°C

200 mV range

+(0.06% of reading + 0.035% of full
scale)

2 V through 200 V ranges

+(0.06% of reading + 0.03% of full
scale)

1000 V range

+{0.065% of reading + 0.035% of full
scale)

For the typical accuracy for a given tem-
perature in this range, add to the +18°C
to +28°C accuracy, =(0.002% of read-
ing + 0.001% of fuli scale)/°C deviation
from +28°C or +18°C.

Fast Conversion Rate

{26 readings per second)

+18°C to +28°C
200 mV to 200 V ranges

+{0.05% of reading + 0.05% of full
scale)

1000 V range

+(0.05% of reading + 0.1% of full scale)

0°Cto +18°C, +28°Cto
+350°C

200 mV to 200 V ranges

*(0.1% of reading + 0.1% of full scale)

1000 V range

*{0.1% of reading + 0.15% of full scale)

1.2 .
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Table 1-2 {cont)

Specitication—DM 5010

Characteristics

Performance Requirements

Suppliemental Information

DC VOLTS (cont)

TRUE COMMON MODE
REJECTION (CMR)

Verified with 1 k2 unbaiance in either
terminal.

Unguarded =130 dB at dc.
=B0dB at 50 to 60 Hz
Guarded =140 dB at dc

=100 dB at 50 to 60 Hz

NORMAL MODE REJECTION
RATIO (NMBRR}

Normal Conversion Rate

=40dB at 50 or 60 Hz, 0.2 Hz

Fast Conversion Rate

=40 dB at 50 Hz, £ 0.2 Hz
=40 dB at 60 Hz, £0.2 Hz

(50/60 Hz jumper in 50 Hz position)
(50/60 Hz jumper in 60 Hz position)

MAXIMUM RESOLUTION

10 uV

INPUT RESISTANCE
200 mvV—20 V ranges

=10° 0

200 V—1000 V ranges

107 Q, £0.25%

STEP RESPONSE TIME (To rated

accuracy}
RUN Mode
Normal Conversion Rate = 0.53 sec
Fast Conversion Rate «0.08 sec
TRIGGERED Mode
Norma! Conversion Rate =0.33 sec
Fast Conversion Rate =0.06 sec
MAXIMUM INPUT VOLTAGE
Front Panel Connectors
HIGH to LOW or HIGH to 1000 V peak
Chassis
LOW to Chassis or GUARD 350 V peak
to Chassis
GUARD to LOW 200 V peak

Rear Interface Connector

Pin 28B (Hi) to pin 28A (Lo}

60 V {dc plus pk ac)

REV AUG 1984
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Specification—DM 5010

Table 1-2 (cont)

Characteristics

Performance Reguirements

Supplemental Information

AC VOLTS—TRUE RMS

ACCURACY for the 200 mV, 2 V,
20V, 200V, and 700 V ranges:
{sinewave AC) (Input signal
between 5% and 100% of full scale
except 700 V range

{100 V<V, <700 V)).

Normal and Fast Conversion Rates

{3 and 26 readings per second)

ACV+DCV Function
(DC only or DC component
>10% of AC Component.)

+18°C to +28°C
200 mV Range
2V, 20 V Ranges
200 v, 700 V Ranges

+(.2% of reading + .55% of full scale}
+{.2% of reading + .2% of full scale)

+{.2% of reading + .5% of full scale)

0°Cto +18°C
+28°C to +50°C

200 mV Range

2V, 20 V Ranges

200V, 700 V Ranges

=(.45% of reading + 1.3% of full scale)

+(.45% of reading + .4% of full scale)

+(.45% of reading + .95% of full scale)

For the typical accuracy for a given
temperature in this range, add to the
+1B°C to +28°C accuracy the following
tolerance, per degree deviation from
+18°C or +28°C.

+{.009% of reading + .025% of full
scale)/*C

+(,009% of reading + .007% of full
scale)/°C

+(.009% of reading + .015% of full
scale)/°C

ACV+DCV Function

(DC component <10% of

AC Component.)
10 Hz to 20 Hz (using LOW
FREQ RESPONSE)

+18°C to +28°C

200 mV through
200 V Ranges

700 V Range

+(.B% of reading + .3% of full scale)

+(.8% of reading + .9% of full scale}

0°Cto +18°C
+28°C to +50°C

200 mV through
200 V Ranges

700 V Range

+(1.25% of reading + .45% of full scale)

+(1.25% of reading + 1.25% of fuli
scale}

For the typical accuracy for a given
temperature in this range, add to the
+18°C to +28°C accuracy the following
toierance, per degree deviation from
+18°C or +28°C.

+(0.02% of reading + 0.005% of full
scale)/°C

=(0.02% of reading + 0.015% of full
scaley/°C

14
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Table 1-2 {cont)

Specification—DM 5010

Characteristics

Performance Requirements

Supplemental Information

AC VOLTS—TRUE RMS (cont)

ACV and ACV+DCV

(DC Component <10%

of AC Component)
+18°C o +28°C

200 mV through
200 V ranges

20 Hz to 100 Hz

=(0.8% of reading + 0.2% of full scale)

100 Hz to 20 kHz

+{0.2% of reading + 0.2% of full scale}

20 kHz to 100 kHz

={1.0% of reading + 0.5% of full scale)

Subject to 107 V = Hz maximum

700 V range

20 Hz to 100 Hz

+0.8% of reading + 0.6% of full scale)

100 Hz to 15'kHz

+(0.2% of reading + 0.6% of tull scale)

0°Cto +18°C
+28°C to +50°C

For the typical accuracy for a given
temperature in this range. add 1o the
+18°C to +28°C accuracy the following
tolerance, per degree deviation from
+18°C or +28°C.

200 mV through
200 V ranges

20 Hz 10 100 Hz

+(1.25% of reading + 0.35% of full
scale)

+(0.02% of reading + 0.005% of full
scale)/°C.

100 Hz to 20 kHz

+(0.65% of reading + 0.3% of full scale)

+(0.2% of reading + 0.005% of full
scale)/°C.

20 kHz to 100 kHz

+(1.45% of reading + 0.65% of full
scaie)

+(0.02% of reading + 0.005% of fufl
scale)/*C.

700 V range
20 Hz to 100 Hz

+(1.25% of reading + 0.95% of full
scaie)

+(0.02% of reading + 0.015% of full
scale)/*C.

100 Mz to 15 kHz

+{0.65% of reading + 0.95% of full
scale)

+(0.02% of reading + 0.015% of full
scale)/°C.

MAXIMUM RESOLUTION

10 uV

STEP RESPONSE TIME (To rated
accuracy)

«<1.2 sec, except for LOW FREQ
RESPONSE

INPUT IMPEDANCE

2 MO, £0.1% paralleled by <150 pF

MAXIMUM INPUT VOLTAGE

Front-Panel Connectors

HIGH to LOW, or
HIGH to Chassis

1 kV peak (500 Vdc maximum in ACV
mode)

LOW to Chassis, or
GUARD to Chassis

350 V peak

REV AUG 1984
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Specification-—DM 5010

Table 1-2 {cont)

Characteristics

Performance Requirements

Suppiemental Information

AC VOLTS—TRUE RMS

GUARD to LOW

200 V peak

Rear Interface Connector

Pin 28B (H1) to pin 28A (LO)

60 V (dc plus pk ac)

CREST FACTOR

4 (subject to maximum peak input
voltage)

MAXIMUM VOLT » Hz PRODUCT

107 Ve Hz

TRUE COMMON MODE
REJECTION (CMR)

Unguarded

With 1 k2 unbalance in either terminal

Typically =80 dB from dc to 60 Hz

Guarded

Typically =100 dB from dc to 60 Hz

OHMS

ACCURACY for the 200 2, 2 KQ,
20 KQ, 200 KQ, 2 MQ, and 20 M2
ranges:

Normal Conversion Rate

(1.6 readings per second)

+18°C to +28°C
200 Q range

=(0.015% of reading + 0.015% of full
scale)®

2 k{? to 200 kQ ranges

+({0.015% of reading + 0.01% of full
scale)’

2 M range +{0.10% of reading + 0.01% of full
scale)
20 MQ range +{0.15% of reading + 0.005% of full

scale)

0°Cto +18°C,
+28°C to +50°C

For the typical accuracy for a given
temperature in this range, add to the
+18°C to +28°C accuracy the following
tolerance, per degree deviation from
+18°C or +28°C.

200 Q range

+{0.06% of reading + 0.06% of full
scale)®

2 k2 to 200 k{2 ranges

+(0.06% of reading + 0.035% of full
scale)®

={0.002% of reading + 0.001% of full
scale)/°C

2 M range =(0.54% of reading + 0.035% of full +(0.02% of reading + 0.001% of full
scale) scale)/*C
20 M1} range +(0.8% of reading + 0.01% of full scale)| *(0.034% of reading + 0.0001% of full
scale)/°C
8. Using NULL

" Using NULL on 2k OHM range only.

€. Using NULL on 200 OHM range only.

When the NULL function is not used, add =+ 200 milliohms to all readings.

1-6
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Table 1-2 (cont)

Characteristics Performance Requirements Supplemental Information
OHMS (cont)
Fast Conversion Rate (7.1 readings per second)
+1B8°C to +28°C
200 @ to 200 k(I ranges +(0.05% of reading + 0.05% of full
scaie)
2 MQ range +{0.10% of reading + 0.05% of full
scale)
20 MQ range +(1.0% of reading + 0.05% of full scaie)
0°C to +18°C,
+28°C to +50°C
200 2 to 200 k2 ranges +{0.1% of reading + 0.1% of full scale)
2 Mg range +(0.55% of reading + 0.1% of full scaie}
20 M@ range +{1.6% of reading + 0.05% of full scale)
STEP RESPONSE TIME Fast Normal
(To rated accuracy) Conversion Conversion
Rate Rate
RUN Mode (all ranges) =0.33 sec =<1.24 sec
TRIGGERED Mode (all ranges) =0.19 sec =0.73 sec
MAXIMUM INPUT VOLTAGE
Front Pane! Connectors
HIGH to LOW, or HIGH 400 V peak, applied continuously
to Chassis
LOW to Chassis, or GUARD 350 V peak
to Chassis
GUARD to LOW 200 V peak
Rear Interface Connector
Pin 28B (Hi) to pin 28A (Lo} 60 V {dc plus pk ac)
MAXIMUM RESOLUTION 10 MQ

8. Using NULL
b. ysing NULL on 2k OHM range oniy.

€. Using NULL on 260 OHM range only.

When the NULL function is not used, add +200 millichms to all readings.

REV AUG 1984 1-7
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Specification—DM 5010

Table 1-2 (cont)

Characteristics | Performance Requirements ' Suppiemental Information
CHMS (cont)
MAXIMUM OPEN CIRCUIT <5 volts
_VOLTAGE
MEASURING FULL. SCALE VOLTS
200 Q through 2 MQ ranges 0.2 V max
20 MQ range 0.8 V max

REAR INTERFACE OFFSET

Ohms offset to rear interface in- | —0.5Q1to0 —0Q
put connector pins

Subtract offset from measurements, or
use NULL feature to eliminate offset for
ohms measurements via the rear
interface.

DIODE TEST
ACCURACY With a 604 @, *1% resistor connected
between the HIGH and LOW input con-
nectors, the display shouid read between
0.5484 vdc and 0.6054 vdc.
- MAXIMUM OPEN CIRCUIT VOLT-
AGE <5 volts
Table 1-3
MISCELLANEQUS
Characteristics Description
POWER CONSUMPTION 20 VA or less
RECOMMENDED ADJUSTMENT INTERVAL 1000 hours or 6 months
WARM-UP TIME 30 minutes (60 minutes after storage in high humidity environment)
OVER-RANGE INDICATION For OHMS or DIODE TEST function, OC is displayed; for ACV, DCV,
or ACV+DCV, the display flashes.
1-8 REV JAN 1983
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Table 1-4
ENVIRONMENTAL*
Characteristics Description
TEMPERATURE Meets MIL-T-288008B, class 5. Class 5 non-operating
Operating 0°C to +50°C temperature exception due to intemal keep-alive
Non-operating —20°Cto +65°C battery.
HUMIDITY 95% RH, 0°C to 30°C  Exceeds MIL-T-288008, ciass 5.
75% RH, to 40°C
45% RH, to 50°C
ALTITUDE Exceeds MIL-T-28800B, class 5.
Operating 4.6 km (15,000 ft.)
Non-operating 15 km (50,000 ft.)
VIBRATION® 0.38 mm (0.015") peak  Meets MIL-T-288008, class 5, when instalied in quali-
to peak, 5Hz to 55 Hz, fied power module.®
75 minutes
SHOCK® 304g's (1/2sine} 11 ms  Meets MIL-T-28800B, class 5, when installed in quali-
: duration, 3 shocks in fied power module.®
each direction along 3
major axes, 18 total
shocks.
BENCH HANDLING® 12 drops from 45°, 4" Meets MIL-T-28800B, class 5, when installed in quali-
or equilibrium, whichev-  fied power module.®
er occurs first.
TRANSPORTATION® Qualified under National Safe Transit Association Preshipment Test Procedures
1A-B-1 and 1A-B-2.
EMC* Within limits of F.C.C. Regulations, Part 15, Sub-part J, Class A; VDE 0871; and
MIL 461A test REQ1, RED2, CEO1, CEQ3, RS01, R503, CS01, and CS02.
ELECTRICAL DISCHARGE 20 kV maximum charge applied to instrument case.

“With power module.

Requires retainer clip.
“Refer to TM 5000-Series power module specifications.

Without power module. .
*System performance subject to exceptions of power module or other individual plug-ins.
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Table 1-5
PHYSICAL CHARACTERISTICS
Characteristics Description
FINISH Plastic-aluminum laminate front panel.
NET WEIGHT | 4.51bs (2.04 kg)
ENCLOSURE TYPE AND STYLE J MIL-T-288008B, type 3, style £ package with power module, {Style F in rackmount
power module.)

NOMINAL OVERALL DIMENSIONS

Height 126.01 mm (4.96 in.)

Width 134,47 mm {5.29 in.)

Length 288.34 mm (11.35 in.)

1-10 REV JAN 1983
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Section 2—DM 3010

OPERATING INSTRUCTIONS

Introduction

This section of the manual provides instailation and re-
moval instructions and describes the functions of the
DM 5010 front-panel controls and connectors. Operators
familiarization information is also provided as an aid in un-
derstanding how to operate the DM 5010 under local (man-
val) control only. The information in this section assumes
the instrument is not connected to the GPIB via the power
module.

Compiete information for programming the DM 5010 via
the GPIB (General Purpose Interface Bus) is found in the
Programming section of this manuat.

PREPARATION FOR USE

Installation and Removal

Upon receipt of the instrument, the DM 5010 should
be powersd up continuously for approximately 24
hours to ensure that its internal keep-alive battery re-
mains sufficiently charged. Failure to do so can result
in faulty operation due to loss of calibration factors
stored in memoary. Calibration factors are restored to
memory by performing the Adjustment Procedure in
this manual.

NOTE

The DM 5010 is designed to operate only in a
TM 5000-Series power module. Refer to the power
module instruction manual before installing the
DM 5010.

The DM 5010 is calibrated and ready for use when re-
ceived. Make certain that the line selector block on the pow-
ar module is positioned correctly. tn addition, the DM 5010
contains an internal line frequency select jumper. For best
rejection of line frequency related noise when the instrument
is operating at the FAST CONVERSION RATE, this jumper
position shouid match the line frequency supplied to the
power moduie. The instrument is shipped with the jumper

@
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positioned for a 60 Hz line frequency. For jumper placement,
refer qualified service personnei to the Maintenance section
of this manual for additional information,

é CAUTION 3

To prevent damage to the DM 5010, turn off the pow-
er module before instaling or removing the instru-
ment. Do not use excessive force to install or remove,

Check to see that the plastic barriers on the
interconnecting jacks of the selected power module com-
partments match the cutouts in the DM 5010 rear.nterface
connectors. If they do not match, do not install the DM 5010
until the reason is investigated. When the units are properly
matched, align the DM 5010 chassis with the upper and
lower guides of the selected compartments {see Fig. 2.1).

* Push the DM 5010 chassis in and press firmiy to seat the

rear-interface connectors in the interconnecting jacks. Apply
power to the DM 5010 by operating the power switch on the
power moduie. -

To remove the DM 5010 from the power module, puit out
on the release latch {located in the lower left corner) untit the
interconnecting jacks disengage and the DM 5010 slides
out.

GROOVE

2958-C1

Fig. 2-1. Plug-in installation and removal.
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FRONT PANEL CONTROLS
AND CONNECTORS

General Information

The seventeen front-panel push buttons listed below en-
able their functions and illuminate when pressed. The push
buttons in the left column are seif-cancelling; that is, only
one push button is active (iluminated) at a time. The push
buttons in the right column iluminate when activated, and
remain ifluminated and active until pressed again.

DCV NULL
OHMS LOW FREQ RESPONSE
DIODE TEST AUTO
ACV RUN
ACV+DCV TRIGGERED
FAST
AVERAGE
X-B
A
dBm
dBr
COMPARE
REAR INPUT

The remaining twenty-three are non-illuminating push
buttons that activate their associated functions. Refer to
Fig. 2-2.

Display Window

The left side of the window displays measurements and
calculation resuits using signed 4 1/2 digit LEDs. Zeros lead-
ing the decimal are suppressed. A fiashing display indicates
over-range when the voltage measurement functions are ac-
tive: OC is displayed for OHMS and DIODE TEST.

The center area of the window indicates the range muiti-
plier for the displayed reading. llluminated LED associated
with the words MILLI, KILO, and MEGA on the window indi-
cate when the dispiayed measurement is in milli, kilo, or
mega units. The decimal point is fixed for each function
range. The multiplier LED and decimal point location indi-
cate the range for both AUTO and manual (STEP} methods
of range selection. See Fig. 2-2.

The right area of the display window indicates the oper-
ating state of the instrument, as follows:

REMOTE and ADDRESSED illuminate only when the in-
strument is operating under remote program control via
the GPIB.

ERROR illuminates when an internal error, self test error,
or operating error occurs. The left area of the window
also displays front panet error codes indicating the type
of error. See Table 2-2 in Operators Familiarization in this
section of the manual.

Function I Hiuminated Selected Range
Muitiplier
« MILLI 200 mv
DCvV
2v 20V 200v 1000 V
ACV s MILLI 200 mv
and
ACV + DCV 2v 20V 200V 700 V
200 Q
OHMS « KILO 2 kQ 20 kQ 200 kQ
+ MEGA 2 MQ 20 MO
DIODE ‘ Uses 2V dc
TEST range.
1 ® ® 9 ® 9 ® 9
L
Overrange indication: Blank when
Display flashes for voitage functions. FAST CONVERSION
Dispiays “OC” for OHMS and DIODE TEST functions. RATE is enabled. 2¢94-02

Fig. 2-2. DM 5010 front pane! range indication.
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Fig. 2-3. DM 5010 front panel controis and connectors.
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Operating Instructions—DOM 5010

Caontrois and Connectors

The following list describes the functions of the DM 5010
front-panel controls and connectors. See Fig. 2-3.

FUNCTIONS

@ pcv

When this button is iluminated, the DM 5010 mea-
sures dc voltages applied to the front-panel or rear-
interface input connectors. The range used with
this function are: 200 mV, 2v, 20 v, 200V, and
1000 V.

OHMS

iluminating this button selects the resistance mea-
surement mode. Resistances applied to the front-
panel input connectors or the rear-interface input
connections are measured using the 200 Q, 2 kg,
20 k2, 200 k2, 2 MQ, and 20 M ranges.

NULL

This function operates with the DM 5010 set to
DCv, OHMS, DIODE TEST, ACV, or ACV+DCV
(any range). When the NULL button is iliuminated,,
the instrument measures and stores the vatue of
resistance or voltage across the front-panel or
rear-interface input connectors. This stored offset
is applied to the subsequent measurements and
the results displayed. The value of the offset may
be up to *+ 100% of the range. When the function in
use is changed or NULL function disabled (NULL
button pressed), the NULL offset is no longer ap-
plied. The stored offset is retained until a new off-
set is set by nuliing or until the function in use at
the time of nulling is changed.

Use caution when the NULL function is enabled, since
the displayed measurement may not indicate the value
of the voitage applied to the input connectors.

(2) bicoe TEST

lluminating this button generates a 1 mA dc cur-
rent at the front panel or rear interface high input
connector. Using conventional current flow, this
current flows out the high input connector, through
a component connected between the high and low
connectors and into the low connector. The volt-
age developed across the component is measured
and displayed using the 2 V dc range.

@ ACV

When this button is illuminated, the DM 5010 mea-
sures and displays true rms ac voltages. Applied
voltages are internally ac coupled to a rms convert-
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er. The ranges used with this function are: 200 mv,
2V, 20V, 200V, and 700 V.

ACV+DCV

When this button is illuminated, the DM 5010 mea-
sures and displays true rms ac voitages elevated to
a dc voltage level. Applied voltages are internally
de coupied to the rms converter. The ranges used
are: 200mv, 2V, 20V, 200V, and 700 V.

LOW FREQ RESPONSE

When this button is iiluminated and the ACV or
ACV +DCV function is active, the instrument aver-
ages 4 measurements and displays the average
value of these measurements. This sequence then
repeats. The function provides a stable readout
when measuring low-frequency ac voltages. It is
specified down to 10 Hz; however, it is usable over
the entire frequency range specified for the
DM 5010.

@ AUTO

When this button is illuminated, range selection is
automatic. At over-range, the DM 5010 switches
to the next higher range. If the measured value is
less than 9.5% of the range (for most ranges), the
instrument switches to the next lower range.

STEP 4

Activating this button causes the DM 5010 to in-
crement one range. The range i$ maintained until
the AUTO button is pressed to activate automatic
range selection or until the range is again incre-
mented. The range is maintained when the function
{DCV, OHMS, DIODE TEST, ACV, ACV+DCV} is
changed, except a change to the OHMS function
selects the highest range. Incrementing while oper-
ating in the highest range selects the lowest range.

TRIGGER MODE

(s) mun

When this button is illuminated, conversions are
free-running at the selected rate. For conversion
rate selection, refer to FAST.

TRIGGERED

lluminating this button triggers and displays one
measurement. The next measurement begins
when this function is again activated (button is
pressed, or EXTRIG trigger signal is received). Use
of the EXTRIG triggering requires installation of an
internal jumper by qualified service personnel. The
TRIGGERED button flashes on briefly when the in-
strument is triggered.



CONVERSION RATE

@ FAST

With this button illuminated, the conversion {read-
ing) rate is the maximum rate specified for the se-
lected measurement function. At this conversion
rate, resolution is 3.5 digits.

When the FAST button is not iluminated, conver-
sions oceur at the normal reading rate specified for
the selected measurement function. Resuits are
displayed using 4.5 digits.

AVERAGE

lituminating this button causes the DM 5010 to cal-
culate the average of a series of readings. The val-
ue of the N constant determings how many
readings are averaged in the series. To calculate
the average, the instrument sums the measured
values for the series of readings and divides the
sum by the number of readings in the series. If
LOW FREQ RESPONSE is also active, the number
of measurements averaged is four times the value
of the N constant. When operating in the TRIG-
GERED mode, only one trigger is required to initi-
ate all the measurements used in the AVERAGE
caiculation.

N

This button is used to store or recail a constant
used in the AVERAGE calcuiation. The constant
determines how many measurements are aver-
aged. At instrument power-up, the value of N is set
to 2. This value can be changed to any positive
integer =1 and <19999.

X-B

A
Huminating this button causes the DM 5010 to
subtract a stored offset constant from a measure-
ment, divide the resuit by a stored scale constant,
and dispiay the result. The offset constant is B, the
scale constant is A, and X is the measurement.

A, B

These buttons are used to store or recall constants
used in the X-B/A calculation. At instrument power-
up, the value of A is set to 1 and the value of B is
set to 0. These constants can be changed to any
number (integer, decimal, positive or negative) ex-
cept that the value of A cannot be 0.

dBm

When this button is illuminated, the DM 5010 cal-
culates and displays the power ratio of a voltage
measurement referenced to 1mW and 6009
(.7748 V), using the formuia:

dBm = 20 log,, 1 X,

NG
where x_ is the voltage measurement. The loga-
rithm of the absoiute value of x / \/-B is taken.
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dBr

When this button is illuminated, the DM 5010 cal-
culates and displays the logarithmic ratio of a mea-
surement to the constant stored for the ref button,
using the formula:

dBr = 20 log,

e

where x_ is the measurement. The logarithm of the
absclute value of x 1/ref is taken.

ref

This putton is used to store or recall a constant
used in the dBr calculation. At instrument power-
up, the vatue of ref is set to 1. The value of ref can
be any number except 0.

COMPARE

Activating this calculation (button illuminated)
causes the DM 5010 to compare the next reading
with fimits set by LIMITS constants. If the com-
pared reading is algebraically less than both
constants, the word LO is disptayed. The word Hi
is displayed if the reading is algebraically greater
than both constants. PASS is displayed if the read-
ing is equal to or between the constants.

LIMITS (2)

These buttons are used to store or recall constants
used as limits in the COMPARE calculation. The
values of the constants are set to 0 at instrument

power-up.

RECALL CONST

Pressing this button and then one of the constant
buttons (N, A, B, ref, LIMITS) causes the instru-
ment to display the value stored for that constant.

REAR INPUT

See Rear interface Measurements under Opera-
tors Familiarization in this section of the manual.
lluminating this button selects rear-interface inputs
instead of front-panel inputs.

DIGITS (0 through 9), Decimal Point, and Sign
These buttons are used for entering numerals,
decimals, and polarity for storing constants.

CLEAR

When an error code is displayed in the display win-
dow, activating this button clears the displayed er-
ror code. Also, when entering a constant, acti-
vating the CLEAR button clears from the display
window a constant vaiue that has not yet been
entered.

ENTER

When entering a constant, activating this button
stores the number for the selected constant and
displays the stored constant value.
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INST 1D

Activating this button causes the instrument to dis-
play its primary address and, if USEREQ has been
enabled, generate a Service Request {SRQ) on the
GPIB. Also, the minus sign lights if Talk Only mode
is enabled and the far right decimal point lights if
LF/EQI message terminator is selected; decimal
does not light for EOl ONLY selection.

'INPUT

HIGH Connector

Isolated anaiog high connector used with LOW and
GUARD connectors for all front panel
measurements.

LOW Connector
{solated analog low connector used with HIGH in-

put connector.

GUARD Connector

Isolated connector connected to a shield that en-
closes the anaiog circuitry of the instrument. If a
GUARD test iead is not used, the GUARD connec-
tor is connected to the LOW connector by an inter-
nal switch in the connector assembly. if a GUARD
test lead is used, it is normally connected to the
LOW test lead at the point of measurement by the
user. The GUARD is used to maximize commaon
mode rejection.

Ground Binding Post
Chassis ground connector.

O,
Release Latch

Pull to remove piug-in.

OPERATORS FAMILIARIZATION

The foilowing discussion describes the use of the
DM 5010 front panel controls and connectors under local
operation.

Power On Self Test

Upon application of power, the DM 5010 performs a self-
test routine. During the self test, all front panet LEDs illumni-
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nated. After the self test, the instrument enters the Local
State (LOCS) and assumes the power on default settings
listed in Table 2-1.

Table 2-1
POWER ON SETTINGS
{FRONT PANEL FUNCTIONS ONLY)

Front-Panel Control Status
DV on
OHMS off
NULL (off) Constant set to 0
DIOCDE TEST off
ACV off
ACV+DCV off
LOW FREQ RESPONSE ! off
AUTO ‘on
STEP off
RUN on
TRIGGERED off
FAST off
AVERAGE off
N Constant set to 2
X-B

A off
A Constant set to 0
B Constant set to 1
dBm off
dBr off
ref Constant set to 1
COMPARE off
LIMITS Constants set to 0, 0
REAR INPUT off

if an internal error is detected during self test, the instru-
ment continuously displays a three-digit error code in the
dispiay window and the ERROR indicator is lit. See Table
2-2. Refer an error code condition to qualified service
personnel.



Table 2-2
FRONT PANEL ERROR CODES
Displayed Abnormal Event
Execution Errors:
205 Argument out of range.
231 Not in calibrate mode.
232 i Beyona caiibration capability.
i Internal Errors:
303 Math pack error.
an Converter time-out.
317 Front panel time-out.
318 Bad calibration constant.
340 RAM error (high nibble}.
341 RAM error {low nibbie},
351 Calibration checksum error.
372 ROM placement error. C000
373 ROM placement error. D000
374 i ROM placement error. EQQO
392 ! ROM checksum error. Cooo
393 ROM checksum error. Dooo
394 ROM checksum error. EQQO0
395 ROM checksum error. FOOO

General Operating Information

Allow 30 minutes warmup time for operation to specified
accuracy. Qver-range for the OHMS and DIODE TEST fune-
tions causes the instrument to display OC; for the DCV,
ACV, and ACV +DCV functions; over-range is indicated by

a flashing display.

Observe the specified maximum input voltage ratings.
instrument damage may occur if the maximum input
voitage ratings are exceeded.

For all measurement functions, range selection may be
gither auto-ranging (AUTO button pressed) or a fixed range
may be selected using the STEP button. Refer to the range
indication discussion under Display Window. DIODE TEST
uses only the 2 V range.

With the instrument in the AUTO range mode, do not
repeatedly swilch the input voitage between a low val-
ve (<200 mV peak) and a higher value (>200V
peak). For repeated measurements alternating be-
tween voitage extremes, use the STEFP range mode to
select an appropriate higher range before increasing
the input voltage. Failure to do so may temporarily
cause inaccuracy in measurements made using the
200 mV range.

@
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input Connections

The HIGH, LOW. and GUARD connectors are used for
front-panel measurements. The connector assembly con-
tains an internal switch connected between the LOW and
GUARD connectors. This switch is closed untii a test lead
probe is inserted into the GUARD connector: it remains
open until the GUARD test lead probe is removed.

Figure 2-4 illustrates three exampies of using the front-
panel connectors to make measurements, Method A is the
most commoniy used. 1t is used when common mode voit-
age is not a consideration. In this example, only the HIGH
and LOW connectors of the DM 5010 are used. Since a test
lead probe is not inserted into the GUARD connector, the
connector assembly internal switch is closed, shorting the
LOW to the GUARD. This allows common mode current to
fiow through the LOW test lead and the power source
ground, introducing some measurement error.

Method B provides the most accurate measurements
when common mode voltages are a problem. The DM 5010
GUARD connector is connected to the source low terminal.
Common mode current flows through the GUARD test lead
and power source ground, not the measurement circuits.

in Method C, the DM 5010 GUARD connects to the
source ground. Some measurement error may occur, since
common mode current generated between the source low
and power source ground flows in the measurement circuit.

To help eliminate shock hazard from voltages mea-
sured by the DM 5010:

1. Avoid alf contact with the voltage source if the
measured voltage exceeds 42.4 V peak.

2. Disconnect test probes from the circuit-under-
test before disconnecting probes from the
DM 5010, or before removing the DM 5010
from the power rmodule.

Rear-Interface Measurements A

If the REAR INPUT button is pressed (illuminated), sig-
nals applied to the rear interface pins 28B (Hi) and 28A (Lo)
on the ADC board (A17) are measured. If the button is not
illuminated, signals are measured via the front-panel input
connectors.
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DM 5010 SOURCE
HIGH Hi
O Q
GUARD LOW LO
QO— —) 0

A. Guard connected {intemnally) to DM 5010 LOW terminai—E_, emor present,

DM 5010 SOURCE

HIGH

H
O -0

GUARD LOW
o~ o-—0

B. Guard connected to source Lo terminal—No E_ error,

DM 5010 SOURCE
HIGH HI
O Q
GUARD LOW Lo
O--~ 8—0 0

| O

b e Yo -
L L
C. Guard connected to source chassis ground. Low Ecm error, assuming the

commaon error source is mostly between grounds.

2853-04

Fig. 2-4. Examples of front panel input connection methods.
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To avoid equipment damage, do not apply a voltage
exceeding 42.4 V peak ac or 60V dc between pins
288 (Hi} and 28A (Lo) of the rear-interface connector
P1031 on the ADC board (A17).

E CAUTION g

Do not switch from front-panel to rear interface input
while over 500 V peak is appiied to the front panel
input connectors. Instrument damage and erratic 6p-
eration may resuit.

Dc Voltage Measurements

When the DCV button is pressed, the DM 5010 mea-
sures dc voltages using the following ranges: 200 mV, 2V,
20 V, 200 V, and 1000 V. The readout displays a positive
sign when the input to the HIGH connector is positive with
respect to the LOW connector. Observe the maximum input
voltage ratings.

Resistance Measurements

Pressing the OHMS button enables the DM 5010 to
measure resistance using these ranges: 200 ¢, 2 k(, 20 kQ,
200 k92, 2 ME, and 20 MQ. Conventional current flow is from
the HIGH connector to the LOW connector. Refer to Table
2.3 for the value of current and maximum voltages across
the input connectors for fuil scale display readings {instru-
ment not over-ranged). The maximum (open circuit) voltage
available from the HIGH connector referenced to the LOW
connector is less than 5 V.

Table 2-3
SOURCE VOLTAGES
{(OHMS FUNCTION)

Range Typicat Current Y Max
{0 Q to Fult Scale} (Full Scale)

200 Q 1.02 mA to t mA

2kQ 0.12 mA to 0.1 mA

20 kD 9.2 uA to 10 uA 02V
200 k2 1.08 uA to 1 A

2 M 0.12 pA to 0.1 uA
20 MQ 0.12 uA to 0.04 LA 08V

Measuring Diodes

Pressing the DIODE TEST button causes the DM 5010
to generate a 1 mA dc current at the HIGH connector. The
forward voltage drop of diode junctions is measured by con-
necting the diode anode to the HIGH connector and the
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cathode to the LOW. Devices that can be checked are those
having a voltage drop under 1,999 volts. These include most
diodes and some LEDs.

To check the reverse voltage drop, reverse the diode
connections to the instrument. The dispiay window should
display OC.

Ac Voltage Measurements

The DM 5010 provides two ac measurement functions.
True rms ac voltages are measured and displayed using the
ACYV function. True rms ac voltages elevated to a dc level
are measured and displayed using the ACV+ DCV function.
Ranges for both functions are 200 mV, 2V, 20V, 200V,
and 700 V. Voltages can be measured with a crest factor up
to four at fult scale. The crest factor is the ratio of the peak
voitage to rms voitage. Observe the maximum input voitage
ratings. The LOW FREQ RESPONSE function provides a
stable display for low-frequency ac measurements. When
activated, this function displays the average of four ac
measurements.

Conversion Rates

The DM 5010 operates at either of two conversion rates.
The FAST rate (CONVERSION RATE button illuminated)
makes measurements at the maximum rate specified for the
selected function. Measurements are displayed using 3 1/2
digits. With the button not illuminated, the instrument makes
measurements at the normal rate specified for the selected
function and uses a 4 1/2 digit display.

Triggering

The DM 5010 has two front-panel trigger modes, RUN
and TRIGGERED. When the RUN button is pressed, con-
versions are free-running at the selected conversion rate.
Pressing the TRIGGERED button causes the instrument to
trigger one measurement each time the button is pressed.

In addition, conversions may be triggered via the rear
interface connector, pin 16A and 16B (Lo) on the Isolation
board (A15). Use of this feature requires installation of an
internal jumper. Refer qualified service personnel to the
Maintenance section of this manual for addttional informa-
tion. Installation of this jumper enables the EXTRIG trigger
function in addition to the RUN and TRIGGERED functions.
To use the EXTRIG trigger, activate the TRIGGER button to
disable the instrument's free-running trigger. The EXTRIG
requires a negative-going TTL compatible signal to initiate
the internal trigger. To cause a single trigger, this line must
be held low between 0.5 and 10 usec, If held low for & longer
time, the instrument triggers multiple measurements.

29
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Calculations

Five front-panei buttons activate calculations on mea-
surements made by the DM 5010. These calcuiations may
be performed singly or in a sequence. A sequence of calcu-
lations may be activated (buttons pushed) in any order;
however, the DM 5010 executes them in the foilowing or-
der: AVERAGE, X-B/A, dBm or dBr, COMPARE. The in-
strument performs all activated caiculations on the
measurement and then displays the resuit. If active, NULL
and then LOW FREQ RESPCNSE are executed before any
of the calculations. Both of the calculations dBm and dBr
cannot be performed in the same sequence. If both buttons
are pressed in the same calculation sequence, only the last
one pressed will be executed. One trigger begins execution
of a single calculation or a caiculation sequence. In the RUN
trigger mode, an activated calculation or sequence repeats
until turned off (calculation button(s) pressed again}, or until
the trigger mode or measurement function is changed. The
display LEDs blank while calculations are being executed.
The instrument displays OC to indicate a dispiay overflow
for caiculation resuits.

Except for dBm, each calculation uses one or more
constants. The numerical value stored in memory for each
constant is set to a default value at instrument power up.
This value may be changed to any value within the limits
specified for each constant. Table 2-4 lists each calculation

and associated constant(s), constant defauit vaiues, and the
limits for each constant.

Changing Constant Values

There are two metheds for changing constant values in
the instrument memory.

1. Using the numeric keyboard:
a. Press selected constant button.
b. Press numeric keyhoard buttons to display the

new constant value (within the limits specified in Table
2-4).

¢. Press ENTER.

2. Using a displayed measurement. (Changes a constant
value to the vaiue of the dispiayed measurement.; Make cer-
tain the displayed measurement meets the limits specified in
Table 2-4 for the selected constant.

a. Press selected constant button.

b. Press ENTER.

Table 2-4
CALCULATION AND CONSTANTS

Calculation Constants Default Value [ Valid Constant Range

AVERAGE N 2 +11t0 +19999

x-8

A B (offset) 0 + or —, integer or decimal,

A (scale) ' 1 + or —, integer or decimal, # 0

dBm - - -

dBr ref 1 + or —, integer or decimal, = 0

COMPARE LIMITS (2} 0

210 REV JAN 1982
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After the ENTER button is pressed, the DM 5010 dis-
plays the stored constant value. The displayed value is the
new one if the entered vaiue was valid. The previousiy-
stored value is displayed if the entered value was invalid.
Each constant value remains stored until a new value is
entered or until power is removed from the instrument.

Calculation Examples

The foliowing examples are provided to suggest applica-
tions using the DM 5010 caiculations.

Example 1: Using X-B/A to display the difference between
the nominai and actual zener voltages.

Set the DM 5010 front-panel controls as follows:

bCv on
NULL off
LOW FREQ RESPONSE off
RANGE AUTO
TRIGGER MODE RUN
CONVERSION RATE FAST off
CALCULATIONS

X-B

A on

ail others off

REAR INPUT oft

Set the constant A to 1.

Set the constant B to 15 (for a 15 V zener diode).

Operating Instructions—DM 5010

Connect the zener diode, resistor, and power supply to
the DM 5010 input connectors as shown in Fig. 2-5. The
value of the resistor and the power supply voitage set the
zener current.

The displayed voltage initiaily is unstable until the current
through the dicde reaches its final vaiue. When the display
stabilizes, the displayed voltage is the difference between
the nominai zener voltage (15 V) and the actuai zener volit-
age for the zener diode being measured,

To read the voltage difference in percent deviation,
change constant A to .15 where A=28 (.01).

Example 2: Using dBr to find the point where an audio am-
plifier is 3 dB down from mid-range.

Set the DM 5010 front-panel controls as follows:

ACV on
NULL off

L OW FREQ RESPONSE off
RANGE AUTO
TRIGGER MODE RUN
CONVERSION RATE FAST off
CALCULATIONS off
REAR INPUT off

Set constant ref to 1. Connect a sinewave generator, the
audio ampiifier, and the DM 5010 as shown in Fig. 2-6.

DM 5010
HIGH

1k i

LOW

V ==15V¥
z

2994-05

Fig. 2-5. Setup tor calculation example 1.

www.valuetronics.com
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UuT
Audio Sinewave
DM 50
e Amplifier Generator
HIGH
o O O O
LOW
jor O O 0
ouT IN ouT

2994.06

Fig. 2-6. Setup for calcuiation example 2.

Set the sinewave generator to mid-range (5 kHz in this
example); adjust the sinewave generator amplitude fora 1 V
reading on the DM 5010.

Press the DM 5010 dBr button. The display reads 0.0.

Reduce the sinewave generator frequency until the
DM 5010 display reads —3.00. (Do not readjust amplitude.)
The frequency of the generator is the lower —3 dB point of
the audic ampilifier.

Example 3: Using COMPARE to select resistors within 2%
of the nominai value.

Set the DM 5010 front-panel controls as follows:

OHMS on
NULL off
LOW FREQ RESPONSE off
RANGE AUTO
TRIGGER MODE RUN
CONVERSION RATE FAST off
CALCULATIONS

COMPARE on

all others off
REAR INPUT off

To select 15 kQ resistors within 2% of the hominai value,
set one LIMITS constant to 15300. Set the other LIMITS
constant to 14700. Connect the first resistor to the
DM 5010 front-panel HIGH and LOW input connectors.The
DM 5010 displays HI or LO if the resistor is above or below
the 2% tolerance. PASS is displayed if the resistor is be-
tween or equal to the limits.

2-12
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The COMPARE and X-B/A calculations may be com-
bined in the above example. This combination eliminates fig-
uring the highest and lowest in-tolerance values; only the
nominal resistance vaiue and the tolerance are used as
constants.

Set constant B to 15000 (nominal resistance).

Set constant A to 150 where A=B (.01). This converts
the difference between nominal value and actual value to a
per cent.

Set one LIMITS constant to 2 (for a 2% tolerance).

Set the other LIMITS constant to —2.

Press X-B/A.

The DM 5010 displays PASS, Hi, or LO.

Repackaging information

If this Tektronix instrument is to be shipped to a
Tektronix Service Center for service or repair, attach a tag
showing owner (with address) and the name of an individual
at your firm that can be contacted. Include the complete
instrument serial number and a description of the service
required.

Save and re-use the package in which the instrument
was shipped. If the original packaging is unfit for use or not
available, repackage the instrument as foillows:



Surround the instrument with polyethyiene sheeting to
protect the finish of the instrument. Obtain a carton of
corrugated cardboard of the correct carton strength and
having inside dimensions of no less than 6 inches more
than the instrument dimensions. Cushion the instrument
by tightly packing at least 3 inches of dunnage or

@
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urethane foam between carton and instrument on all

sides. Seal the carton with shipping tape or an industriai
stapler.

The carton test strength for this instrument is 200
pounds per square inch.
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PROGRAMMING

introduction

This section of the manual provides information for pro-
gramming the TEKTRONIX DM 5010 Programmable Digital
Multimeter via the |IEEE-488 digital interface. The IEEE-488
interface function subsets for the DM 5010 are listed in Sec-
tion 1. in this manual, the IEEE-488 digital interface is called
the General Purpose Interface Bus (GPIB). The foliowing
information assumes the reader is knowledgeable in GPIB
communication and has some exposure to programming
controllers. Message protocol over the GPIB is specified
and described in the |IEEE Standard 48B-1978, Standard
Digital Interface for Programmable Instrumentation'.
T™ 5000 instruments are designed to communicate with
any GPIB-compatible controller that sends and receives
ASCI messages (commands) over the GPIB. These com-
mands program the instrument or request information from
the instrument.

Commands for TM 5000 programmable instruments are
designed for compatibility among instrument types. The
same command is used in different instruments to control
similar functions. In addition, commands are specified in
mnemonics related to the functions they implement. For ex-
ample, the command INIT initializes instrument settings to
their power-up states. For further ease of programming,
command mnemonics are similar to front-panel control
names.

instrument commands are presented in three formats:

* A front panel illustration—showing command relation-
ships to front panel operation. See Fig. 3-1.

& Functional Command List—a list divided into func-
tional groups with brief descriptions.

¢ Detailed Command List—an alphabetical listing of
commands with compiete descriptions.

'Published by the institute of Electrical and Electronics Engi-
neers, Inc., 345 East 47th Street, New York, N.Y., 10017,

@
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TM 5000 programmable instruments connect to the
GPIB through a TM 5000 power module. Refer to the Oper-
ating Instructions section of this manual for information on
installing the instrument in the power module. Also review
this section for instrument caution and warning statements
and to become familiar with front-pane! and internally
selectable instrument functions.

The GPIB primary address for this instrument may be
internally changed by qualified service personnel. The
DM 5010 is shipped with the address set to decimal 16. The
message terminator may also be internally selected by quali-
fied service personnel. Message terminators are discussed
in Messages and Communication Protocol {in this section).
TM 5000 instruments are shipped with this terminator set to
EOI ONLY. Refer qualified service personnel 10 the Mainte-
nance section of this manual for locations and setting infor-
mation. Pressing the INST iD bution causes the instrument
to display its selected GPIB primary address; the far right
decimal point lights if the selected message terminator is
LF/EOI. The minus sign lights if the Talk Only mode is

.enabled.

Talk Only Mode

The Talk Only mode enables the DM 5010 to send data
under local control over the GPIB to a listener. To initiate
this mode, an internal switch is set to the Talk Only position.
Refer qualified service personnel to the Maintenance section
of this manual for switch setting information.

With the Talk Only mode enabied, the DM 5010 begins
sending measurement data when the front panel INST D
button is pressed; it stops sending data when the front pan-
el CLEAR button is pressed. If the instrument is sending a
reading when CLEAR is pressed, it compietes sending that
reading. The ADDRESSED light remains on until transmis-
sion of the last reading is complete.
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COMMANDS

The instrument is controlled by the front panel or via
cormmands received from the controlier. These commands
are of three types:

Setting commands—control instrument settings.
Query-ocutput commands—ask for data.

Operational commands—cause a particular action.

Using fewer characters than the abbreviated header
or argurnent should be done with caution since erro-
neous results or damage could result if this data is
sent to the wrong instrument.

Programming—DM 5010

The instrument responds to and executes all commands
when in the remote state. When in the local state, setting
and operational commands generate errors since instru-
ment functions are under front panel control; only query-
output commands are executed.

Each command begins with a header—a word that de-
scribes the function implemented. Many commands require
an argument following the header—a word or number that
specifies the desired state for the function.

With the instrument in the AUTO range mode, do not
repeatedly switch the input voltage between a fow val-
ve (<200 mV peak) and a higher value (=200 V
peak). For repeated measurements alternating be-
tween these voltage extremes, use the STEF range
mode to select an appropriate higher range before in-
creasing the input voltage. Faiiure to do so may tem-
porarily cause inaccuracy in measurements made
using the 200 mV range.

FUNCTIONAL COMMAND LIST

INSTRUMENT COMMANDS

Function Commands

ACDC <num>-—Sets the ACV-+DCV function and
range.

ACV < num>—38ets the ACV function and range.
DCV < num>>—Sets the DCV function and range.
DIODE—Sets the DIODE TEST function.
FUNCT?—Returns present junction and range.

LFR ON—Enables the LOW FREQ RESPONSE
function.

LFR OFF—Disables the LOW FREQ RESPONSE
function.

LFR?—Returns LFR ON or LFR OFF.

NULL <num>—Enables the NULL tunction and offset
value.

NULL? —Returns NULL offset value.
OHMS <num>—3ets the OHMS function and range.

@
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Trigger Mode Commands
MODE RUN—Enables the RUN trigger mode.
MODE TRIG—Enables the TRIGGERED trigger mode.
MODE?—Returns MODE RUN or MODE TRIG.

RDY7—Returns RDY 1 if a measurement is ready; RDY
0 if one is in progress or waiting for trigger.

DIGIT 3.5—Enables FAST conversion rate.
DIGIT 4.5—Enables normai conversion rate.
DIGIT?—Returns DIGIT 3.5 or DIGIT 4.5,

Ceiculation Commands
AVE <num>—Sets the value of constant N.
AVE?—Returns value of constant N.
CALC AVE—Enabies the AVERAGE calcuiation.
CALC CMPR—Enabies the COMPARE caiculation.
CALC DBM—Enabies the dBm calculation.
CALC DBR—Enables the dBr calculation
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CALC RATIO—Enables X-B/A calculation.
CALC OFF—-Disables all calculations.

CALC?—Returns CALC OFF or the enabled
calculation(s}).

DBR <num>—=Sets the value of the ref constant.
DBR?—Returns value of ref constant.

LIMITS <num>,<num>—Sets values of LIMITS
constants.

LIMITS?—Returns vaiues of LIMITS constants.

MONITOR ON—Enables SRQ when measurement
exceeds LIMITS constants.

MONITOR OFF—Disables SRQ when measurement
exceeds LIMITS constants.

MONITOR?—Returns MONITOR ON or MONITOR
OFF.

RATIO <num>,<num>—Sets values of A and B
constants.

RATIO?—Returns values of A and B constants.

INPUT/CUTPUT COMMANDS
DATA-—Outputs data saved by MONITOR SRQ.

SEND—OQutputs data in Qutput Buffer; triggers, if
necessary.

SOURCE REAR-—Selects rear interface connector input.
SOURCE FRONT—Selects front panel connector input.

SOURCE?—Returns SOURCE FRONT or SOURCE
REAR.

34
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SYSTEM COMMANDS

DT TRIG—Enables device trigger function. Instrument
triggers after <GET> interface message.

DT OFF—Disables device trigger function.
DT?7—Returns DT TR!G or DT OFF.
ERR?—Returns error code.

ID?—Returns instrument identification and firmware
version.

INIT—Initializes instrument settings.
SET?—Returns instrument settings.

TEST—Returns 0 for correct calibration checksum; 351
for incorrect.

STATUS COMMANDS
OPC ON—Enables operation complete SRQ.
OPC OFF—Disbles operation complete SRQ.
OPC?—Returns OPC ON or OPC OFF.
OVER ON—Enables overrange SRQ.
OVER OFF—Disables overrange SRQ.
OVER?-—Returns OVER ON or OVER OFF.
RQS ON—Enables generation of SRQ's.
RQS OFF—Disables generation of SRQ's.
RQS?—Returns RQS ON or RQS OFF.
LUSER ON—Enables SRQ when 1D button is pushed.
USER OFF—Disables SRQ when ID button is pushed.
tJSER?—Returns USER ON or USER OFF.
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DETAILED COMMAND LIST

ACDC (AC with DC Voltage Function)

Type:
Setting

Setting syntax:

ACDC <number>
ACD <number>

ACDC
Examples: Range Selected:
ACDC 2 2V
ACDC & 2v
ACD —200 700 V, auto-range

ACD 700 V, auto-range
ACD O 700 V, auto-range

Discussion:

The header selects the ACD+DCV function; the argu-
mernt selects a fixed range or auto-range. The format for
numeric arguments is described under Number Format later
in this secticn of the manual. The argument can be any val-
ue =700; however, the instrument rounds the argument up
to the next full scale range. For instance, for an argument of
.9, the instrument selects the 2 V range.

if the argument is omitted or its value is 0 or less, the
instrument auto-ranges beginning at the highest range.

If the argument is above the highest range, the instru-
ment generates a command error (and asserts SRQ if RQS
is on).

Ranges:

200 mv
2V
20 v
200V
700V

@ ACDC
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ACV (AC Voltage Function)

Type:
Setting

Setting syntax:
ACV <number>

ACV
Exampies: Range Selected:
ACV 18 20v
ACvV 2 2V
ACV —200 700 Vv, auto-range
ACV 700 V, auto-range
Discussion:

The header selects the ACV function; the argument se-
lects a fixed range or auto-range. The format for numeric
arguments is described under Number Format later in this
section of the manual. The argument can be any value;
however, the instrument rounds the argument up to the first
full scale range. For instance, an argument of 18 selects the
20 V range.

If the argument is omitted or its value is 0 or less, the
instrument auto-ranges beginning at the highest range.

if the argument is above the highest range, the instru-
ment generates a command error (and asserts SRQ if RQS
is on). :

Ranges:

200 mv
A
20V
200 v
700V

ACV 35
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AVE (Average)

Type:
Setting or query

Setting syntax:

AVE <number>-
AVG <number>

Examples:

AVE 6
AVE 2
AVG 10

Query syntax:

AVE?
AVG?

Query response:;

AVE <number>;

Discussion:

This command specifies the number of conversions used
in the AVERAGE calculation. {It corresponds to setting the
vaiue for the front panel button constant N.) See CALC
AVE. The argument may be any number from 1 to 19999.
The instrument truncates the argument to integers.

3-6 AVE
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CALC (Calculation Operation)

Type:
Setting or query

Setting syntax:

CALC <argument>
CALC <argument>...... ,<cargument>

Arguments:

AVE or AVG
CMPR or COMP
DBM

DBR

RATIO

OFF

Examples:;

CALC OFF

CALC AVE

CALC AVE, DBM

CALC RATIO, AVE, DBR

Query syntax:
CALC?

Query response:
CALC OFF; or list of enabied calcuiation(s).

Discussion:

Wnen the instrument receives a CALC command, it turns
off all calculations except those listed after the CALC head-
er. if the result of a calculation exceeds the capabilities of
the math pack { =3 .4028E + 38). the instrument generates &
math pack error (303;.

s CALC AVE or CALC AVG enabies the AVERAGE cal-
culation. The instrument calculates the average of a

REV JAN 1082 CALC

www.valuetronics.com

Programming—DM 5010

series of measurements. The number of measure-
ments in the series is set by the AVE <number>
command.

One trigger generates enough readings for an average
result. If over-range occurs for a measurement in a
sequence, the AVE caiculation is aborted.

If LFR is also enabled, the number of measurements
set by the AVE <<number> command is multiplied by
4,

CALC CMPR or CALC COMP enables the COM-
PARE calculation. The instrument compares the input
to the vaiues set by the LIMITS command. Refer to
the text on the following commands, which cutput
comparison results:

SEND—returns 1., 2., or 3. for LO, PASS, or Hi;
returns +1E+99; or —1E+99; for over-range.

DATA--returns out-of-limits measurement value.

CALC DBM enables the dBm calculation and disables
the dBr caiculation. The instrument calculates the
power ratio of the input voitage, referenced to 1 mwW
dissipated in 600 Q (.7746 V).

dBm = 20 log,,

X |
VE |

\
V.6

CALC DBR enables the dBr calculation and disables
the dBm calcutation. The DM 5010 computes the
logarithmic ratio of the input to the value set by the
DBR <number> command.

dBr = 20 log, X
i ref

CALC RATIO enables the X-B/A calculation, where X
is the measurement, B is an offset value, and A 15 the
scate factor., The values of A and B are set by the
RATIO command.

CALC OFF disables all calculations.

37



Programming—DM 5010

DATA

Type:
Output

Syntax:
DATA

Response:

DATA <humber>;
or

DATA £1.E+99; (for over-range)

Discussion:

This command returns one of the responses listed below.
It does not trigger a conversion nor wait to return a new
reading as the SEND command does.

1. After power on, returns 0 until a reading is available.

2. If a MONITOR SRQ has occurred, DATA returns the
measurement causing the SRQ.

3. if neither of the above conditions is true, DATA re-
turns the most recent reading. DATA returns the same read-
ing until the next conversion is triggered and a new reading
is available,

DATA may return more digits of resoiution for a reading
than is dispiayed on the front panel or returned by the SEND
command.

3-8 DATA
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DBR

Type:
Setting or query

Sefting syntax:
DBR <number>

Examples:

DBER 1
DBR .707
DBR 2E—3

Query Syntax:
DBR?

Query Response:

DBR <number>;

Discussion:

This command argument sets the value of the constant
used by the CALC DBR command. It corresponds to setting
the constant value for the front panel button constant ref.
The argument can be any number except 0.

DBR @



DCV (DC Voltage Function)

Type:
Setting

Setting syntax:
DCV < number>

DCV
Examples: Range selected:
DCV 1.5 2V
DCv 1000 mV, auto-range
DCV —1.E+3 1000 V, auto-range
Discussion:

The header selects the DCV function; the argument se-
lects a fixed voltage range. The format for numeric argu-
ments is described under Number Format later in this
section of the manual. The argument can be any value,
however, the instrument rounds the argument up to the first
full scale range. For instance, for an argument of 1.5, the
instrument selects the 2 V range.

If the argument is omitted or its value is O or less, the -

instrument auto-ranges beginning at the highest range.

If the argument is above the highest range, the instru-
ment generates a command error {and asserts SRQ if RQS
is on).

Ranges:

200 mv
2v
20v
200V
1000V

REV JAN 1982 DCv
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DIGIT (Digital Resolution)

Type:
Setting or query

Setting syntax:

DIGIT 3.5
DIGIT 4.5
DIG 3.5
DIG 4.5

Query syntax:

DIGIT?
DIG?

Query response:

DIGIT 3.5;
DIGIT 4.5,

Discussion:

This command selects the conversion rate. The argu-
ment 3.5 sets the FAST conversion rate (3.5 digit resolu-
tion}. A reading takes approximately 35 ms in the voltage
functions and approximately 130 ms in the OHMS function.

The argument 4.5 sets the normal conversion rate (4.5
digit resolution). A reading takes approximately 310 ms in
the voltage functions; 620 ms in the OHMS function.

DIGIT 39
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DIODE (Diode Test Function)

Type:
Setting

Setting syntax:

DIODE
Dio

Discussion:

This command selects the DIODE TEST function. An ar-

gument is not accepted.

3-10 )
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DIODE

DT (Device Trigger)

Type:
Setting or query

Setting syntax:

DT TRIG
DT OFF

Guery syntax:
DT?

Query response:

DT TRIG:
DT OFF;

Discussion:

This command enabies or disables the device trigger
function. If Device Trigger is enabled, the <GET> IEEE 488
interface message causes the instrument to trigger a
reading.

If <GET> is received while the message processor is
busy or when DT is OFF, the instrument generates an etror,
which indicates the <<GET> message was ignored.

DT @



ERR? (Error)

Type:
Query

Query syntax:
ERR?

Query response:
ERR < number>-
sp s5D
Examples:
ERR 401,

o 55 {power on)

Discussion:

The ERROR query is used to cobtain information about
the status of the instrument.

The ERROR query returns a code indicating the event
causing SRQ to be asserted. See Status and Error Report-
ing for more information.

@ ERR?
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FUNCT? (Function)

Type:
Query

Query syntax:

FUNCT?
FUNC?

Query response exampile:

DCV 2.;

ACV 20.;
DIODE;

ACDC 200.;
OHMS —2.E-+6;

Discussion:

This command returns the measurement function in use.
The argument specifies the range currently in use. A nega-
tive argument is returned if the instrument is in autorange.

FUNCT? 3-1
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ID? INIT
Type: Type:
Query Operational
Query syntax: Syntax:
ID? INIT
Query response: Discussion:

ID TEK/DM5010,V79.1 Fxx; . . , .
/D XX This command resets instrument functions to their pow-

er-on settings. Table 3-3 lists the power-on settings.
Discussion:

The ID? query returns the above response.

TEK/DM5010 —Identifies the instrument manufac-
turer and type.

" V79.1 —ldentifies the version of Tektronix
Codes and Format Standard to
which the instrument conforms.

Fxx —Identifies the firmware version of
the instrument.

3-12 . ID? INIT @
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LFR (Low Frequency Response)

Type:
Setting or query

Setting syntax:

LFR ON
LFR OFF

Query syntax:
LFR?

Query response:

LFR ON;
LFR OFF;

Discussion:

This command enables or disables the LOW FRECQ RE-
SPONSE function {used with ACV and ACV+DCV func-
tions). When enabled, the instrument computes the average
of four measurements.

If CALC AVE is also enabled, the number of measure-
ments set by the AVE <num> command is multiplied by 4.

@ LFR
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LIMITS

Type:
Setting or query

Setting syntax:

LIMITS <number>,<number=>
LIM < number>,<number>

Examples:
LIMITS 3.2, -2
LIMITS —1, —6.5
LIM 6, 1

Query syntax:

LIMITS?
LIM?

Query response:

LIMITS <<number>,<<number>>;

Discussion:

The arguments for this command set the value of the
limits used by the COMPARE calculation and the MONITOR
SRQ. The first argument sets the value of the limit, which
corresponds to the upper front panel LIMITS button; the
second argument sets the constant value, which corre-
sponds to the lower LIMITS button.

LIMITS 3-13



3-14 -
www.valuetronics.com

Programming—DM 5010

MODE

Type:
Setting or query

Setting syntax:

MODE RUN
MODE TRIG
MOD RUN
MOD TRIG

Query syntax:

MODE?
MOD?

Query response:

MODE RUN;
MODE TRIG;

Discussion:

This command selects the Trigger Mode. The RUN argu-
ment sets the RUN (free-run) Trigger Mode.

The TRIG argument sets the TRIGGERED mode. In this
mode, a trigger occurs upon receipt of one of the following:

* A “SEND” command

* A Group Execute Trigger <<GET > interface message
{only if DT, Device Trigger, is enabled).

« My Talk Address (MTA) with the output unspecified
(no query command).

* EXTRIG rear interface trigger (requires internal jumper
installation—see Maintenance section). To cause a
singie trigger, this line must be held low between 0.5
and 10 usec. If held low for a longer time, the instru-
ment triggers multiple measurements.

if over-range or under-range occurs while MODE TRIG is
enabled and the instrument is in auto-range, it will change
range and take another reading.

MODE

MONITOR

Type:
Setting or query

Setting syntax:

MONITOR ON
MONITOR OFF
MON ON

MON OFF

Query syntax:

MONITCR?
MON?

Query response:

MONITOR ON;
MONITOR OFF:

Discussion:

This command enables or disables the MONITOR SRQ.
With the MONITOR SRQ enabled, the instrument.saves the
first measurement outside the limits (set by LIMITS com-
mand} and generates an SRQ. SRQ’s are not generated for
subsequent measurements (outside the limits) until the SRQ
is serviced and the measurement is reported to the control-
ler in response to the DATA command.

If the instrument over-ranges with MON ON, it reports an
over-range error even though OVER is OFF.

MONITOR @
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NULL

Type:
Setting or query

Setting syntax:
NULL <number>

Examples:

NULL .2
NULL O

Query syntax:
NULL?

Query response:
NULL <number>;

Discussion:

This command enables the NULL function; the argument
{in volts or ohms) specifies the vaiue of the offset. This vaiue
can be any number up to 100% of the range.

The NULL function is disabled when the measurement
tunction is changed or when the argument is 0. (Changing
the measurement function also sets the argument to 0.)

i WARNING '

Use caution when the NULL function is enabled, since
the measuremen! may not indicate the value of the
voltage applied to the input connectors.

NULL
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OHMS (Ohms Function)

Type:
Setting

Setting syntax:
OHMS <number>

OHMS

Examples: Range selected:
OHMS 20 MQ, auto-range
OHMS 100 200 @
OHMS —2E+7 20 MQ2, auto-range
OHMS 1E+4 20 k

Discussion:

The header selects the OHMS function; the argument
selects the range. The format for numeric arguments is de-
scribed under Number Format later in this section of the
manual. The argument can be any value; however, the in-
strument rounds the argument up to the first full scale
range. For instance, for an argument of 100, the instrument
selects the 200  range.

If the argument is omitted or its value is 0 or less, the
instrument auto-ranges beginning at the highest range.

If the argument is above the highest range, the instru-
ment generates a command error {and asserts SRQ if RQS
is on).

Ranges:

200 Q
2 kQ
20 kQ
200 k0
2 MO
20 MQ

OHMS 315
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OPC (Operation Complete)

Type:
Setting or query

Setting syntax:

OPC ON
OPC OFF

Query syntax:
oPC?

Query response:

OPC ON;
OPC OFF;

Discussion:

This command enables or disables the operation com-
plete service request. If enabied and RQS is ON, the instru-
ment asserts SRQ when a new measurement is available.

3-16 OPC
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OVER (Over-range)

Type:
Setting or query

Setting syntax:

OVER ON
OVER OFF

Query syntax:
OVER?

Query response:

OVER ON;
OVER OFF;

Discussion:

This command enables or disables the over-range ser-
vice reguest. If enabled and RQS is ON, the instrument as-
serts SRQ when it takes an over-range measurement.

When OVER is OFF, the instrument returns +1.E+99
when taiked, to indicate over-range (does not assert SRQ).

OVER @



RATIO

Type:
Setting or query

Setting syntax:
RATIO <number>,<number>

Examples:

RATIO 100, 15
RATIO 10, 2

Query syntax:
RATIO?

Query response:

RATIO <number>,<number>;

Discussion:

The arguments for this command set the value of the
offset and scaie factor used in the X-B/A calculation. See
CALC RATIO. The first argument sets the value of the scale
factor (button A on the front panel); the second sets the
offset value (button B on the front panef). The arguments
can be any number except that scale factor cannot be 0.

@ RATIO
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RDY?

Type:
Query

Query syntax:
RDY?

Query response:

RDY " Sp0;
RDY 1;
5D Sp
Discussion:

This command returns RDY 0 if a measurement is in
progress or if the instrument is waiting for a trigger. RDY 1
indicates data is available.

RDY? 3-17
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RQS (Request Service)

Type:
Setting or query

Setting syntax:

RQS ON
RQS OFF

Query syntax:
RQS?

Query response:

RQS ON;
RQS OFF;

Discussion:

This command enabies the instrument to generate any
service requests. The OFF argument disables all service re-
gquests. See Status and Error Reporting for more
information.

RQS

SEND

Type:
OCutput

Syntax:

SEND
SEN

Response:

< number>; (no header)

Example:

+1.E+98;
+3.28+3;

{over-range)

Discusgsion:

This command causes the instrument {0 output the latest
measurement. If no measurement is available, the instru-
ment triggers a measurement and then outputs it.

If the COMPARE calculation is enabled (CALC CMPR)
the instrument outputs one of the following numbers which
indicate the relationship between the input and the limits set
by the LIMITS command:

3.; if the input is above both limits

2.; if the input is between limits or equal to one of the
limits

1., if the input is below both limits

+1.E+99; or —1.E+99; if over-ranged.

SEND @



SET?

Type:
Query

Query syntax:
SET?

Query response example (power up settings):

DCV —1.E+3AVE 2; RATIO 1. 0.;0BR 1.;LIMITS 0.,
0.;CALC OFF;NULL 0.; DIGIT 4.5;LFR OFF;MODE
RUN;SOURCE FRONT;DT OFF;MONITOR OFF;QPC
OFF; OVER OFF;USER OFF;RQS ON;

Discussion:

This command returns the present settings of all instru-
ment functions. The longest response is 225 characters.

@ SET?
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SOURCE

Type:
Setting or query

Setting syntax:

SOURCE FRONT
SOURCE REAR
SOUR FRONT
SOUR REAR

Query syntax:

SOURCE?
SOUR?

Query response:

SOURCE FRONT;
SOURCE REAR;

Discussion:

SOURCE FRONT selects the front panel input for mea-
surement; SOURCE REAR selects the rear interface input
connectors for measurement.

E CAUTION g

Do not switch from front panel to rear interface input
while over 500 V peak is applied to the front panel
input connectors. Instrument damage and erratic op-
eration may resuit.

SOURCE 3-19
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TEST

Type:
Output

Syntax:
TEST

Response:

TEST 0;
TEST 351,

Discussion:

Returns a number that indicates the status of the calibra-
tion checksum. Returns 0 if the checksum is correct; 351 if
erroneous.

3-20 TEST
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USER

Type:
Setting or query

Setting syntax:

USER ON
USER OFF

Query syntax:
USER?

Query response:

USER ON;
USER OFF;

Discussion:

This command enables or disables the INST ID button
service reguest. if enabled, the instrument asserts SRQ
when the front panel INST ID button is pressed.

USER @



MESSAGES AND
COMMUNICATION PROTOCOL

Command Separator

A message consists of one command or a series of com-
mands, followed by a message terminator. Messages con-
sisting of multiple commands must have the commands
separated by semicolons. A semicolon at the end of a mes-
sage is optional, For example, each line beiow is a message.

INIT
TEST;INIT;RQS ON;USER OFF;ID?:SET?
TEST;

Message Terminator

Messages may be terminated with EOI or the ASCII line
feed {LF)} character. Some controllers assert EOI concur-
rently with the last data byte; others use only the LF charac-
ter as a terminator. The instrument can be internally set to
accept either terminator. With EOI ONLY selected as the
terminator, the instrument interprets a data byte received
with EQI asserted as the end of the input message; it also
asserts EOI concurrently with the iast byte of the output
message. With the LF/EOI setting, the instrument interprets
the LF character without EOl asserted (or any data byte
received with EQ| asserted) as the end of an input message;
irtransmits carriage return (CR) foliowed by line feed (the LF
with EC| asserted) to terminate output messages. Refer
service personnel to the Maintenance section of the manual
for information on setting the message terminator. TM 5000
instruments are shipped with EOl ONLY selected.

Formatting A Message

Commands sent to TM 5000 instruments must have the
proper format {syntax) to be understood; however, this for-
mat is flexible in that many varnations are acceptabie. The
following describes this format and the acceptable
variations.

The instruments expect all commands 1o be encoded in
ASCII; however. they accept both upper and lower case
ASCIl characters. All data output is in upper case.

As previousiy discussed, a command consists of a head-
er followed. if necessary, by arguments. A command with
arguments musi have a header deiimiter that is the space
character {SP) between the header and the argument. The
space character (SP). carnage return (CR), and line feec
(LF) are shown as subscript in the foliowing exampies.

RQS,ON

If extra formatting characters SP, CR, and LF (the LF can-
not be used for format in the LF/EQI terminator mode) are

@
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added between the header delimiter and the argument, they
are ignored by the instrument.

Example 1: RQSSPON;
Example 2: RQSSP SF,Oh.E;

Example 3: RQS_, LF

&P SPON

In general, these formatting characters are ignored after any
delimiter and at the beginning and end of a message.

A L e
USER OFF

In the command list, some headers and arguments are
listed in two forms, a fuli-length version and an abbreviated
version. The instrument accepts any header or argument
containing at least the characters listed in the short form;
any characters added to the abbreviated version must be
those given in the fufl-iength version. For documentation of
programs, the user may add alpha characters to the full-
length version. Alpha characters may also be added to a
query header, provided the question mark is at the end.

USER?
USERE?
USEREQ?
LUSEREQUEST?

Multiple arguments are separated by commas; however, the
instrument will also accept a space or spaces as a delimiter.

23
2.3

2.3

'5p

NOTE

In the last exampie, the space Is lreated as a format
character because it follows the comma (the argument
delimiter}.

Number Formats

The mstrumeni accepts the foilowing kinds of numbers
tor any of the numeric argumernts.

* Signed or unsigned integers (including +0 and —0).
Unsigned integers are interpreted as positive. Exam-
ples: +1,2, -1, ~10

* Signed or unsigned decimat numbers. Unsigned deci-
mal numbers are interpreted to be positive. Examples:
—-3.2, +5.0.1.2
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* Fioating point numbers expressed in scientific nota-
tion. Examples: +1.0E~2, 1.0E—2, 1.E-2, 0.01E+0

The largest acceptable number for an argument is
+3.4028E +38.

Message Protocol

As the instrument receives a message it is stored in the
input Buffer, processed, and executed. Processing a mes-
sage consists of decoding commands, detecting delimiters,
and checking syntax. For setting cornmands, the instrurnent
then stores the indicated changes in the Pending Settings
Buffer. If an error is detected during processing, the instru-
ment asserts SRQ, ignores the remainder of the message,
and resets the Pending Settings Buffer. Resetting the Pend-
ing Settings Buffer avoids undesirable states that could oc-
cur if some setting commands are executed while others in
the same message are not.

Executing a message consists of performing the actions
specified by its command(s). For setting commands, this in-
volves updating the instrument settings and recording these
updates in the Current Settings Buffer. The setting com-
mands are executed in groups—that is, a series of setting
commands is processed and recorded in the Pending
Settings Buffer before execution takes place. This allows
the user to specity a new instrument state without having to
consider whether a particular sequence would be valid. Ex-
ecution of the settings occurs when the instrument pro-
cesses the message terminator, a query-output command,
or an operational command in a message.

When the instrument processes a query-outputl com-
mand in a message, it executes any preceding setting com-
mands to update the state of the instrument. It then
executes the guery-output command by retrieving the ap-
propriate data and putting it in the Qutput Buffer. Then, pro-
cessing and execution continue for the remainder of the
message. The data are sent to the controlier when the in-
strument is made a talker.

When the instrument processes an operational command
in a message, it executes any preceding sefting commands
before executing the operational command.

Multiple Messages

The Input Buffer has finite capacity and a single message
may be long enough to fill it. In this case, & portion of the
message is processed before the instrument accepts addi-
tional input. During command processing the instrument
holds off additional data (by asserting NRFD) until space is
available in the buffer.

322 .
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When space is available, the instrument can accept a
second message before the first has been processed. How-
ever, it holds off additional messages with NRFD until it
completes processing the first.

After the instrument executes a query-output command
in a message, it holds the response in its Qutput Buffer until
the controlier makes the instrument a talker. If the instru-
ment receives a new message before all of the output from
the previous message is read, it clears the Output Buffer
before executing the new message. This prevents the con-
trolier from getting unwanted data from old messages.

One other situation may cause the instrument to delete
output. The execution of a long message might cause both
the Input and Output buffers to become full. When this oc-
curs, the instrument cannot finish executing the message
because it is waiting for the controlier to read the data it has
generated; but the controller cannot read the data because
it is waiting to finish sending its message. Because the in-
strument's Input buffer is full and it is holding off the rest of
the controllers message with NRFD, the system is hung up
with the controller and instrument waiting for each other.
When the instrument detects this condition, it generates an
error, assets SRQ, and deletes the data in the Output buff-
er. This action allows the controlier to transmit the rest of
the message and informs the controlier that the message
was executed and that the output was deleted.

A TM 5000 instrument can be made a talker without hav-
ing received a message that specifies what it should cutput.
In this case, acquisition instruments (counters and multi-
meters) return @ measurement if one is ready. If no mea-
surement is ready, they return a single byte message with all
bits equal to 1 {with message terminator); other TM 5000
instruments will return only this message.

Instrument Response to IEEE-488 Interface
Messages

interface messages and their effects on the instrument’s
interface functions are defined in IEEE Standard 486-1978.
Abbreviations from the standard are used in this discussion,
which describes the effects of interface messages on instru-
ment operation.

UNL —Unlisten (63 with ATN)
UNT~-Untalk {85 with ATN)

When the UNL command is received, the instrument's
listener function goes to its idle state (unaddressed). In the
idie state, the instrument will not accept instrument com-
mands from the GPIB.



The talker function goes to its idie state when the instru-
ment receives the UNT command. In this state, the instru-
ment cannot output data via the GPIB.

The ADDRESSED light is off when both the talker and
listener functions are idle. If the instrument is either talk ad-
dressed or listen addressed, the light is on.

IFC—Interface Clear (GPIB pin 9)

This uniline message has the same effect as both the
UNT and UNL messages. The front panel ADDRESSED
light is off.

DCL—Device Clear (20 with ATN)

The Device Clear message reinitializes communication
between the instrument and controlier. in response to DCL,
the instrument clears any input and cutput messages and
any unexecuted settings in the Pending Settings Buffer.
Also cleared are any errors or events waiting to be reported,
except the power-on event. If the SRQ line is asserted for
any reason other than power-on when DCL is received, the
SRQ is unasserted.

SDC—Selected Device Clear {4 with ATN)

Tnis message performs the same function as DCL; how-
ever, only instruments that are listen addressed respond to
SDC.

GET—Group Execute Trigger (8 with ATN})

The instrument responds to <GET> only if it is listen
addressed and the instrument device trigger function has
been enabled by the Device Trigger command (DT). The
<GET> message is ignored and an SRQ generated if the
DT function is disabled (DT OFF}. the instrument is in the
local state, or if 2 message is being processed when
<GET> is received.

SPE—Serial Poll Enable (24 with ATN)
SPD—Serial Poll Disabie (25 with ATN)

The SPE message enables the instrument to output
senal poll status bytes when it is 1alk addressed. The SPD
message switches the instrument back to its normai oper-
ation of sending the data from the Qutput Bufter.

MLA—My Listen Address
MTA-—My Talk Address

The primary listen and talk addresses are established by
the instruments GPIB address (internally set). The current
setting of the GPIB address is displayed on the front panel
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when the ID button is pressed. When the instrument is ad-
dressed to talk or listen, the front panel ADDRESSED indi-
cator is illuminated.

LLO—Local Lockout (17 with ATN)

In response to LLO, the instrument goes to a lockout
state—from .OCS to LWLS or from REMS to RWLS.

REN—Remote Enable

If REN is true, the instrument goes to a remote state
(from LOCS to REMS or from LWLS to RWLS) when its
listen address is received. REN false causes a transition
from any state to LOCS; the instrument stays in LOCS as
long as REN is false.

A REN transition may occur after message processing
has pbegun. In this case, execution of the message being
processed is not affected by a transition.

GTL—Go To Loca! {1 with ATN)

Only instruments that are listen addressed respond to
GTL by going to a iocal state. Remote-to-local transitions
caused by GTL do not affect the execution of the message
being processed when GTL was received.

Remote-Local Operation

The preceding discussion of interface messages de-
scribes the state transitions caused by GTL. and REN. Most
front panel controls cause a transition from REMS to LOCS
by asserting a message called return-to-local (rti). This tran-
sition may occur during message execution; but in contrast
to GTL and REN transiticns, a transition initiated by r#/ does
affect message execution. in this case, the instrument gen-
erates an error it there are any unexecuted setting or oper-
ational commands. Front panel controls that only change
the display (like INST ID} do not affect the remote-local
states—only front panei controls that change seftings as-
sert rtl. The rt/ message remains asserted while multiple
keystroke settings are entered: and it 1s unasserted after
the execution of the settings. Since rtf prevents transitions
to REME, the instrument unassers 7t/ if a multiple button
seguence is not completed in a reasonabie length of time
(approximately & to 10 seconds}.

The instrument maintans a record of its settings in the
Current Setiings Bufier and new settings from the front
pane! or the controller update these recorded settings. In
addition, the front panel is updated to reflect setting
changes due to commands. instrument settings are unaf-
fected by transitions between the four remote-local states.
The REMOTE indicator is illuminated when the instrument is
in REMS or RWLS.
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Local State (LOCS)

In LOCS, instrument settings are controlled by the opera-
tor via front panel push buttons. When in LOCS, only bus
commands that do not change instrument settings are ex-
ecuted (query-output commands); all other bus commands
(setting and operational] generate an error since their func-
tions are under front-panel control.

L.ocal With Lockout State (LWLS)

The instrument operates the same as it does in LOCS,
except that r#/ will not inhibit a transition to remote.

Remote State (REMS)

In this state, the instrument executes all instrument com-
mands. For commands having front panel indicators, the
front panel is updated when the commands are executed.

Remote With Lockout State (RWLS)

instrument operation is identical to REMS operation ex-
cept that the rt/ message is ignored.

STATUS AND ERROR REPORTING

Through the Service Reguest function (defined in the
-IEEE-488 Standard). the instrument may alert the controlier
that it needs service. This service request is also a means of
indicating that an event {a change in status or an error) has
occurred. To service a request the controller performs a
Serial Poll; in response the instrument returns a Status byte
(STB), which indicates whether it was requesting service or
not. The STB can also provide a limited amount of informa-
tion about the request. The format of the information en-
coded in the STB is given in Fig. 3-2.

When data bit 8 is set, the STB conveys Device Status
information that is indicated by bits 1 through 4. Bit 4 is set
if the DM 5010 is waiting for a trigger; bit 3 set indicates a
reading is avaitable.

Because the STB conveys limited information about an
event, the events are divided into classes: the Status Byte
reports the class. The ciasses of events are defined as
toliows:

COMMAND ERROR Indicates the instrument has re-
ceived a command that it cannot

ungerstand.
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EXECUTION ERROR Indicates that the instrument has
received a command that it can-
not execute. This is caused by ar-
guments out of range or settings
that conflict.

indicates that the instrument has
detected a hardware condition or
firmware problem that prevents
operation.

INTERNAL ERROR

Events that are common to in-
struments in a system (e.g., Pow-
er on, User Request, etc.).

SYSTEM EVENTS

INTERNAL WARNING internal warning indicates that
the instrument has detected a
problem. The instrument remains
operationa!, but the probiem
should be corrected (e.g., out of
calibration).

DEVICE STATUS Device dependent events.

_ ] 110, STB indicates event ciass
If 1. STB indicates device status

- = 1 if requesting service

= =1 indicates an abnormal event

= 1if message processor is busy

- = = Define Events
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Fig. 3-2. Definition of STB bits.

The instrument can provide additional information about
many of the events, particularly the errors reported in the
Status Byte. After determining that the instrument request-
ed service (by examining the STEB) the controller may re-
guest the additional information by sending error query
(ERR7). in response, the instrument returns a code which
defines the event. Tnese coaes are gescribed in Table 3-1.



Table 3-1
ERROR QUERY AND STATUS INFORMATION
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Table 3-2
FRONT-PANEL ERROR CODES

Error Query | Serial Poll

Abnormal Events Response Response®

Command Errors:

Invalid command header 101 97
Header delirniter error 102 97
Argument error 103 97
Argument delimiter error 104 97
Missing argument 106 97
Invalid message unit delimiter 107 97

Execution Errors:

Not executable in local mode 20 98
Settings lost due to rt/ 202 98
Input and output buffers fult 203 o8
Argument out of range 205 98
Group Execute Trigger ignored 206 98
Not in calibrate mode 231 98
Beyond caiibration or null

capability ) 232 98

Intermal Errors:

Interrupt fault 301 9%
System error 302 99
Math pack error 303 99
Converter time-out 311 g9
Front panel time-out 317 99
Bad ohms calibration constant 318 99
Catibration checksum error 351 a9

Normal Events

System Events:

Power on 401 65
Operation complete 402 66
1D user request 403 67

internal Warning:

Over-range 601 102
Device Status®:

Reading avaiiable o 132
Waiting for trigger 0 136
Reading available and

waiting for trigger 0 140
Below iimits 701 193
Above limits 703 195
No Errors or Events 0 128

*|{ the instrument is busy, it returns a decimal number 16 higher
than the number listed.

BThe 4050-Series controller POLL command returns 0 for serial

poll responses between 128 and 192; the responses listed can
be obtained by using WBYTE and RBYTE statements.
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Displayed Abnormal Events

Execution Errors:

205 Argument out of range
231 Not in calibrate mode
232 Beyond calibration capability

internal Errors:
303 Math pack error

an Converter time-out
317 Front panel time-out
318 Bad ohms calibration constant

340 RAM error (high nibble)

341 RAM error (low nibble)

351 Calibration checksum error

372 ROM placement error Cooo
373 ROM placement error D000
374 ROM placement error EOOO

392 ROM checksum error Cooo
393 ROM checksum error D000
394 ROM checksum error EQQO
395 ROM checksum error FGOO
521 Indicates GPIB address switch (Signature

Analysis) is enabled

If there is more than one event to be reported, the instru-
ment re-asserts SRQ until it reports all events. Each event is
automatically cleared when it is reported via Serial Poll. The
Device Clear (DCL) interface message may be used to clear
all events except power-on.

Commands are provided to control the reporting of some
individual events and to disable all service requests. For ex-
ample, the User Request command (USER) provides indi-
vidual control over the reporting of the user request event,
which occurs when the front panel INST 1D button is
pushed. The Request for Service command (RQS} controls
whether the instrument reports any events with SRQ.

RQS OFF inhibits all SRQ's, (except the power-on SRQA)
so in this mode the ERR? query allows the controlier to find
out about events without first performing a Serial Poll. With
RQS OFF, the controlier may send the ERR? query at any
time and the instrument returns an event waiting to be re-
ported. The controlier can clear ali events by sending the
error query until a zero (0) code is returned, or ciear all
events except power-on through the DCL interface
message.

With RQS OFF the controller may perform a Serial Poll,
but the Status Byte only contains Device Dependent Status
information. With RQS ON, the STB contains the class of
the event and a subseguent error query returns additional
information about the previous event reported in the STB.
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SENDING INTERFACE COMMANDS

The controller commands in the following text are for
TEKTRONIX 4050-Series Controllers; they are representa-
tive of commands for other controllers.

Instrument commands are sent to the DM 5010 in ASCII
using controller PRINT statements. The DM 5010 outputs
data in response to INPUT statements from the controller.
For exampie:

PRINT @ 16:"SET?"
INPUT @ 16:A$

where 16 is the DM 5010 primary GPIB address.

Interface control messages may be sent to the DM 5010
using WBYTE controller commands. in the following exam-
ples, A and B are the DM 5010 talk and listen addresses.
For A, substitute the instrument primary address plus 32;
for B, substitute the instrument primary address pius 64.

Listen (MLA) WBYTE @ A:
Uniisten {UNL) WBYTE @ 63:
Talk (MTA) WBYTE @ B:
Untalk (UNT) WBYTE @ 95:
Device Clear (DCL) WBYTE @ 20:
Selected Device Clear {SDC) WBYTE @ A4:
Go To Local (GTL) WBYTE @ A,1:
Remote With Lockout (RWLS) WBYTE @ A,17:
Local With Lockout (LWLS) WBYTE @ 17:
Group Execute Trigger <GET> WBYTE @ A.8:
Serial Poll Enable {SPE) WBYTE @ 24:
Serial Poll Disable (SPD) WBYTE @ 25:

Refer to the 4050-Series Controller manual for informa-
tion on using RBYTE statements.

www thluetronics.com
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POWER-ON (INITIAL) CONDITIONS

At power on, the DM 5010 microprocessor performs a
diagnostic routine {self-test} to check the functionality of the
ROM and RAM. If no error is found, the instrument enters
the Loca! State (LOCS) with the settings listed in Table 3-3.
The SRQ iine on the GPIB is also asserted.

The DM 5010 also assumes the settings in Table 3-3
when it executes the INIT command. The range setting for
the DCV function is vaiid only for the first reading, since the
instrument is in auto-range.

Table 3-3
DM 5010 POWER ON SETTINGS
Header Argument

AVE 2
CALC OFF
DBR 1
DCv —1.E+3
DIGIT 4.5
DT OFF
LFR OFF
LIMITS 6.0
MODE RUN
MONITOR OFF
NULL 0
OPC OFF
OVER QOFF
RATIO 1,0
RQS ON
SOURCE FRONT -
USER OFF
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Example Programs
Talker Listener Program For TEKTRONIX 4050-Series

100
110
120
130
140
150
160
170
i8D
190
200
210
220
230
240
250
260
270
280
290

Controllers

REN DMS0I0 Telker/Listener Frosrase
REM 0OMS010 Prisary fddrasgs = 16
INIT

GH SRE THEH 280

DIK As$(200)

PRINT "Entar Mascsadai{s)s "}

INFUT Cs

PRIMY RL14:(CS

REMN Check for sueries

IF POS(CS$,"7?",1)<>0 THEH 220

REM Check for 'SEND’

IF POSCCS,"SEND",1)=0 THEH
REM Input from device
IMPUT RL&TAS

FRINT A$

GO TO 15C

REM Ser-isl FOLL Rouline
POLL X.YI14

PRINT "Stsatus Bute:l
RETURH

150

IIIY

Talker Listener Program For TEKTRONIX 4040-Series

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300

Controtliers

Rem DM5010 TALKER/LISTENER PROGRAM

Rem PRIMARY ADDRESS = 16

Init all

On srq then gosub srqhdi

Enable arg

Dim respons$ to 200

Input prompt "ENTER MESSAGE{S}: ":message$
Print #16:message$

Rem CHECK FOR QUERIES

If pos(message$,”™?",1) then goto 280
Rem CHECK FOR 'SEND' COMMAND

If pos{message$,"SEND",1) then goto 280
Rem CHECK FOR 'TEST' COMMAND

If pos{message$,"TEST",1) then goto 2B0O
Rem CHECK FOR 'DATA' COMMAND

If pos(message$,"DATA",1) then goto 280
Goto 160

Rem INPUT FROM DEVICE

Input #16:respons$

Print "RESPONSE: ";respons$

Goto 160

These sample programs aliow a user to send instrument
commands to the DM 5010 to change instrument settings
and to return the data generated.

Additionat assistance in developing specific application
oriented software is available in the following Tektronix
manuals.

070-3985-00—GPIB Programming Guide. This manual is
specifically written for applications of this instrument in
IEEE-488 systems. It contains programming instructions,
tips, and some specific example programs.

070-2270-00—4051 GPIB Hardware Support Manual.
This manual gives an in-depth discussion of IEEE-488
bus operation. explanations of bus timing details and ear-
Iy bus interface circuitry.
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310 Rem SERIAL POLL ROUTINE
320 Srghdl: poll stb,pri

330 Print "STATUS BYTE: ";stb
340 Resume

350 End

070-2058-01—Programming in BASIC
070-2059-01—Graphic programming in BASIC

062-5971-01—4050-Series programming aids, T1 (in-
cludes software)

062-5972-01—4050-Series programming aids, T2 {in-
cludes software)

(70-2380-01—4907 File manager operators manual
070-2128-00—4924 Users manual

070-1940-01—4050-Series graphic system operators
manual!

070-2056-01—4050-Series graphic system reference
manual

076-3918-00—4041 Operators manual

061-2546-00—4041 Programming reference manual
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PROGRAMMING AIDS

This discussion of programming considerations and the
program examples are provided to aid in developing pro-
grams to control the DM 5010. The program examples were
designed using a TEKTRONIX 4050-Series controller and
the DM 5010; some examples also use other TM 5000
programmable instruments.

An initial programming consideration is setting the
DM 5010 message terminator, GPIB address, and Talk Only
mode switches. To determine their settings, press the INST
ID bution. The number displayed is the selected GPIB pri-
mary address; the far right decimal illuminates if the LF/EOI
message terminator is selected; the minus sign illuminates if
the Talk Only mode is selected. To change switch settings,
refer qualified service personnel to the Maintenance section
of this manual.

In the program examples, variable D is assigned to the
DM 5010 GPIB primary address, which is assumed to be
set to decimal 16. Using a variable name eliminates repeat-
ing the address decimal number and allows the address in
the program to be easily changed.

Handling Service Requests

At power-on, the DM 5010 asserts SRQ. The power-on
SRQ is incorporated to inform the centroller if the power
source is interrupted during program operation, since it may
interfere with proper program execution. The DM 5010 can
also assert SRQ for other events, if SRQ is enabled (see
Table 3-1, Error Query and Status Information). Some con-
trollers have the capability of ignoring SRQs; the other con-
trollers require servicing all SRQs. ¥ SRQs are to be
serviced in the program, be sure to enable its interrupt.

Interrupt Handler—an interrupt driven routine to service
SRQs when they occur during program operation. An inter-
rupt handler basically consists of an ON SRQ statement in
the beginning of the program, and a serial poll routine some-
where in the program. The ON SRQ statement directs pro-
gram control to the serial poll routine when an SRQ occurs.
See program exampie 1 or 3, line 110 for ON SRQ state-
ments. When an SRQ interrupt occurs, the controlier per-
forms the serial poll routine. In a POLL statement, the first
variable returns the instruments position in the st of GPIB
addresses; the second variable returns the status byte. A
serial poll of one instrument on the bus is illustrated in ex-
ample 3, line 1000. Line 400 in exampie 4 polis three instru-
ments on the bus, using the variable names for each
instrument address. In each example, the POLL returns the
status byte from the instrument asserting SRQ. Program
example 9, lines 150, 160, and 170 comprise a serial poll
using 4050-Series WBYTE andg RBYTE statements.
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The serial poll routine can be expanded to decode infor-
mation about the event causing the SRQ. In example 1,
fines 510 and 520 clear the husy bit in the status byte; lines
530 through 560 decode the status byte, and lines 1000
through 7030 print the event class on the controller display.

Program exampie 7 uses the MONITOR SRQ to detect
measurements above or below limits set by the LIMITS
command, or overrange. Lines 1020, 1040, and 1045 de-
code the status byte and initiate the appropriate print out on
the controlier display.

in program exampie 2, iine 130, the controller polis the
instrument at address 16 to clear the power-on SRQ. Line
160 turns SRQ off to inhibit additional SRQs. After SRQ
OFF, the ERR? query may be inserted in the program where
it is necessary to determing an event state.

Front Panel Lockout

The front panel may be locked out so that only the con-
trolier may change instrument settings. To lock out the front
panel, first assert REN (true). REN must remain true as long
as lock out is desired. For 4050-Series controfiers, the RUN
statement automatically asserts REN; the END statement
unasserts REN. Then send the interface message LLO
(decimal 17 with ATN). This is done in the 4050-Series con-
troller with the WBYTE statement. Finally, address the in-
strument by sending a setting or guery command using a
PRINT @D: statement or send only the listen address using
a WBYTE statement. After these three steps, the front pan-
el is locked out and remains s0 until REN goes false or a
<GTL> message (decimal 1 with ATN) is sent. See pro-
gram exampie 4, iines 150 and 190; and example 5, lines
130 and 220.

Using INIT

Using the INIT command simplifies the program because
it usually takes fewer commands to set the instrument state
than specifying all settings individually. In program example
6, line 150, the DM 5010 receives the INIT command, fol-
lowed by a series of commangs that change the instrument
state from the INIT (power-on) settings to the desired state.

Iinvalidating a Pending Reading

Following a change to the applied input, it may be desir-
able to invalidate the pending reading since it no longer re-
flects the current measurement conditions. One way to
invalidate a pending reading is to send the instrument a set-
ting command—this causes the instrument to delete data in
the output buffer. Another way is to input a reading to the
controller and ignore it.
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Invalid readings can be avoided by using MODE TRIG to
control when readings are taken.

Allowing Settling Time

Settling time may be incorporated in a program to ensure
that the reading returned to the controlier is valid. Refer to
Step Response Time in the Specification section of this
manual.

In program example 4, lines 230-250 use a FOR...NEXT
loop to input five readings into variable R. At the end of the
loop, variable R contains the fifth reading.

in program example 5, fines 290-320, two DM 5010 read-
ings are compared; if the difference is greater than 0.001,
another reading is taken for comparison. Comparisons are
repeated untit the difference indicates two readings are
nearly the same.

Triggering Measurements

To trigger a single conversion, use MODE TRIG and initi-
ate a trigger by using one of the following:

1. Talk-address the instrument. See program example 2
line 180.

2. SEND command.

3. Send DT TRIG. Then trigger the DM 5010 by trans-
mitting a Group Execute Trigger (GET) interface message
{decimal B with ATN). Refer to program example 9, lines 120
and line 5.

4. If the EXTRIG mode is enabled, hold P1031-16A on
the Isolation board low for 10 us or less.

5. instruct the operator to press the front-panel TRIG-
GERED button.
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For repetitive (free-run) triggering, use the MODE RUN
command. If the EXTRIG mode is enabled, hold P1031-16A
on the Isolation board low.

Determining Reading AVailability

It is not necessary to determine if a reading is available
when the instrument is taik addressed or when the SEND
command is used to return data. For either of these retrigval
methods, the instrument triggers a conversion if a reading is
not pending.

For other retrieval methods, there are several ways to
determine if a reading is available.

1. Send the RDY? query command. When the response
is 1, a reading is ready. See program example 3, line 140.

2. Set OPC ON and RQS ON. The instrument asserts
SRQ when a reading is available. See example 8, line 150.

3. Repeat a serial poll routine using the WBYTE state-
ments until the status byte is 132, 148, 140, or 156. See
example 9, lines 150 and 200.

The RDY?, OPC ON and serial poll routine are useful
when several tasks are going on at the same time,

Sending Readings to a Listener

To transfer a DM 5010 reading to a GPIB listener, the
instrument that is to receive the data must be listen ad-
dressed. Then talk address the DM 5010 to transmit read-
ings. When sent to a controlier, data can be read into a
string or numeric variable. See programming examples 2,
line 180, and 3, line 150



Program Example 1:

1 REM INTERACTIVE DRIVER WITH STATUS BYTE DECODER FOR DMSR1@

99 REM D = ADDRESS OF DMSO10

108 D=16

i1@ ON SRQ THEN S©@

1280 PRINT @16:"INIT;USER ON; OVER ON"
130 PRINT “"ENTER DMS@16 COMMAND: “;
142 INPUT A%

150 PRINT @D:R$

158 REM GET QUERY RESPONSE OR READING FROM DMSQ1@

168 INPUT @D:R$
178 PRINT R%
e GO TO 138

499 REM SERVICE REQUEST INTERRUPT SUBROUTINE

Se@ POLL X,Y;D

S@% REM CLEAR BUSY BIT

518 IF Yr/32-INT(Y-/32)<B.5 THEN 539
528 Y=Y-16

529 REM DECODE STARTUS BYTE

536 IF Y=idz THEN 6818

548 GO TO Y-192 OF 7918,550, 7830
558 GO TO Y-64 OF 4010, 4828, 4039
568 GO TO Y-96 OF 1008, 2000, 3000

578 PRINT ¥;" IS AN INVALID STATUS BYTE FOR DMSP1@©"

588 RETURN

100@ PRINT "COMMAND ERROR™
1805 RETURN

2008 PRINT "EXECUTION ERROR"
2089 RETURN

3008 PRINT "INTERMNAL ERROR"
3002 RETURN

4010 PRINT "POLER ON"

4819 RETURN

4820 PRINT "OPERATION COMPLETE"
4829 RETURN

4830 PRINT "USER REQUEST"

7018 PRINT “BELOW LIMITS"
7819 RETURN
TE30 PRINT "ABOVE LIMITS™
7839 RETLRN

Program Example 2:

1 REM PROGRAM TO ECHC READINGS FROM DMS@18 ONTO CONTROLLER DISPLAY
2 REM ASSUME USER WILL SET DMS@18 TO PROPER FUNCTIONS VIA FRONT PAMNEL

108 REM D = RADDRESS OF DMS@ig
118 D=16

120 REM RERD SERVICE REQUESTS
139 POLL X,Y;D

14p IF X THEN 138

156 REM DISABLE ALL OTHER SERVICE REQUESTS

1682 PRINT @15:"RQS OFF"

178 REM INPUT READING FROM DMSB1B
186 INPUT @D:R$

192 REM CHECK FOR ERROR

2o PRINT @D:"ERR?"

218 INPUT @D:E$

226 IF £%="ERR 8;" THEN 240

238 PRINT E$;

248 PRINT R$

258 G0 TO 18@
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Program Example 3:

1 REM RERDY QUERY

100 REM D = ADDRESS OF DMoB1o

181 D=16

118 ON SRQ THEN 1000

115 PRINT @D:"INIT"

120 PRINT "WRITING FOR READING"
132 PRINT KWARITING FOR READING"
148 PRINT @D:"RDY?"

158 INPUT @D:G

168 IF NOT(G) THEN 138

169 REM INPUT READING FROM DMS210
178 INPUT €D:R

188 PRINT "READING IS "“;R

199 GO TO 126

999 REM SERVICE REQUEST INTERRUPT SUBROUTIMNE
1688 POLL X,Y;D

1018 RETURN

Program Example 4:

1 REM GRIN vS FREQUENCY USING DMSP18, FGS818 AND SISe1n
192 ON SRQ THEN 46a

11@ D=16

129 F=24

139 5=26

148 REM SEND LLO (LOCAL LOCKOUT)

158 WBYTE @€17:

160 PRINT "FREQUENCY (HZ) AMPLITUDE (DBY"
1780 REM H = FREQUENCY IN H2Z

182 H=18

193 PRINT @D:"INIT;ACV"

208 PRINT @F:"INIT;AMPL 1;0UTPUT ON;FREQ ";H
218 PRINT @S:"INIT;CON B,8,8,8;CLOSE 4"

2280 REM WAIT FOR FG, TEST CIRCUIT AND DM TO SETTLE
230 FOR K=1 TO S

248 INPUT @D:R

258 MNEXT K

268 REM R = INPUT VOLTAGE TO TEST CIRCUIT

270 PRINT @D:"CALC DBR;DBR ";R

288 PRINT @S:"INIT;CLOSE 1,4,5”

298 REM WARIT FOR SISE18 AND DMSB18 AC CONVERTER TO SETTLE
32 FOR K=1 TO 5

318 INPUT eD:R1

326 NEXT K

338 REM R1 = TEST CIRCUIT GAIN IN DB

348 PRINT H,R1

356 REM STEF FREQUENCY AND REPEART MERSUREMENT
368 H=10%xH

370 IF H(=100000 THEN 196

380 £ND

390 REM SERVICE REQUEST INTERRUPT SUBROUTINE
400 POLL X,Y;D;F;S

418 RETURN
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Program Example 5:

1 REM GRIN V5 FREQUENCY USING DMSO18 AND A MANURL FG
98 INIT
99 REM D = ADDRESS OF DM3@1@, S = ADDRESS OF S1S@1Q

180 D=16

185 S=26

110 ON SRG THEN 4893

128 REM SEND LLO (LOCAL LOCKOUT)

130 WBYTE @17:

148 PRINT "PLERSE APPLY THE FOLLOWING FREQUENCY, ;

158 PRINT "THEN PRESS THE INSTRUMENT ID BUTTON ON THE DMs@1@”

160 PRINT "FREQUENCY (HZ) AMPLITUDE (DBY"

170 REM H = FREQUENCY IN HZ

180 H=18

196 REM v IS A FLAG THAT IS CLEARED WHEN USER PUSHES ID BUTTON ON DMS@1@
202 v=1

212 REM FRONT INPUT OF DM IS CONNECTED TO THE FG OUTPUT

220 PRINT @D:"INIT;ACV:USER ON;LFR ON"

232 PRINT €26:"CONF B,8,8,8;CLOSE 4;RQS OFF"

248 PRINT H,"":

2568 REM WAIT FOR USER TO SET FG FREGUENCY AND PUSH DMSR1B INST ID BUTTON
zeB IF vV THEN 258

278 REM WAIT FOR FG, TEST CIRCUIT AMND DMSP1@ TO SETTLE BY TAKING
288 REM READINGS UNTIL TWO READINGS ARE WITHIN B.1% OF EACH OTHER
299 INPUT @D:R

300 Ri=R

318 INPUT @D:R ,

328 IF ABS(R-R1)>Rx1.BE-3 THEN 3280

338 REM R HAS VALUE OF INPUT TO TEST CIRCUIT

348 PRINT @26:"CONF 4,4,4,4;CLOSE 1,5

35@ PRINT @D:"CALC DBR;DBR ";R

368 REM WAIT FOR TWO CONSECUTIVE READINGS WITHIN 8.1% OF EACH OTHER
378 INPUT @D:R

380 R1=R

398 INPUT @D:R

4838 IF ABS({(R-R1)/R)*1.PE-3 THEN 380

418 REM R HAS TEST CURCUIT’S GAIN IN DB

428 PRINT R

430 REM CHANGE FREQUENCY AND REPEAT MEASUREMENT

440 H=10xH

450 IF H(=108808@ THEN 200

468 END

472 REM SEVRICE REQUEST INTERRUPT SUBROUTIMNE

480 POLL X,Y;D;S

492 REM CHECK FOR USER REQUEST INTERRUPT GENERATED BY PUSHING INST ID
S@e IF Y=67 OR Y=83 THEN 538

518 RETURN

528 REM CLEAR FLAG TO INDICATE THAT USER HARS PUSHED ID BUTTON

530 v=8

540 RETURN
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Program Example 6:

1 REM DAC TEST USING DMS@1@ AND MIS@18 WITH 58M30 DIGITAL 10 CARD
99 REM D = ADDRESS OF DMS@iB, M = ADDRESS OF MIS@1@, C = CARD SLOT

D=16

M=23

C=1

ON SRQ THEN 1600
DIM R(256)

PRINT @D:"INIT;DCY 28;MODE TRIG;DIGIT 32.5"
PRINT @M:“INIT;SEL ";C;";CHA 1"

FOR K=8 TO 255

REM QUTPUT K TO DAC UNDER TEST

PRINT @1:"DATA ";K;";DATA?"

REM WAIT FOR MIS@18 TO SETTLE BY READING RESPONSE TO DARTA QUERY

INPUT @M:K$

REM TRIGGER DMS@1iP AND RERD VOL.TAGE FROM DAC UNDER TEST

INPUT @D:R(K+1)
NEXT K

REM DATA IN ARRAY R IS READY FOR PROCESSING

END

REM SERVICE REQUEST INTERRUPT SUBROUTINE

1000 POLL X,Y;D;M
1816 RETURN

Prog

1 RE

ram Exampie 7:

M MONITOR LINE VOLTAGES

99 REM D = ADDRESS OF DMSBLB

108

D=16

119 ON SRQ THEN 100@

120 PRINT @D:"INIT;RACV;LIMITS 185, 126;MONITOR ON"

132 REM PLACE MAIN PROGRAM HERE
158 GO TO 138

1668 END

999 REM SERVICE REQUEST INTERRUPT SUBROUTINE
1868 POLL X,Y;D

18@S PRINT Y

16@G REM TEST STATUS BYTE FOR BELOW LIMITS
1818 Z$="BEL OW"

1828 IF Y=193 OR Y=203 THEN 1868
1829 REM TEST FOR ARBOVE LIMITS
1838 2%="ABOVE"

1840 IF Y=195 OR Y=211 THEN 1068
1844 REM TEST FOR OVERRANGE

1845 IF Y=182 OR Y=118 THEN 1118
1858 RETURN

1068 PRINT @D:"DATAR"

1870 INPUT @D:W

1880 PRINT W;“ IS “;2%;" LIMITS"
18398 RETURN

1118 PRINT "OVER-RANGE"

1120 RETURN
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Program Example 8:

1 REM AN EXAMPLE OF DOING TWO UNRELATED TASKS

2 REM MAIN PROGRAM LISTS A TAPE FILE ONTO A PRINTER AT RADDRESS P
3 REM INTERRUPT SUBROUTINE FINDS MAXIMUM VOLTRGE USING DMSO16
1088 INIT

183 REM D = ADDRESS OF DMS@18, P = ADDRESS OF PRINTER
118 p=16

115 P=48

126 ON SRQ THEN 1900

138 PRINT @0: " INIT"

14 INPUT @D:M

158 PRINT @D:"OPC ON"

168 PRINT "ENTER FILE NUMBER TO BE LISTED"

170 INPUT F

180 FIND F

199 E=1

208 ON EOF (89) THEN SO

219 GO TO 230

228 PRINT @40:A%

230 INPUT @33:R%

240 IF E THEN 228

258 PRINT "DOMNE WITH FILE “;F

268 PRINT "MAX VOLTAGE IS ;M

278 GO TO 1608

493 REM END OF FILE INTERRUPT SUBROUTIMNE

S0 E=8

518 RETURN

993 REM SERVICE REQUEST INTERRUPT SUBROUTINE

1002 POLL X,Y;D

1005 REM TEST FOR OPERATION COMPLETE

1818 IF Y=66 OR Y=B2 THEN 1830

1820 RETURN

1829 REM INPUT RERADING FROM DM AND COMPARE TO PREVIOUS MRXIMUM
1830 INPUT @D:M1

1848 IF M1(=M THEN 1068

1849 REM NEW READING IS NEW MAXIMUM

1858 M=M1

1868 RETURN
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Program Example 9:

1 REM POLL FOR MNORMAL DEVICE DEPENDENT STATUS

3 GO TO 168

4 REM USER DEFINABLE KEY #1 SENDS GROUP EXECUTE TRIGGER TO DMSB10

S WBYTE @D+32,8,63:

7 RETURN

19 REM USER DEFINARBLE KEY #5 DOES AN ERROR QUERY

28 PRINT @D:"ERR?"
21 INPUT @D:R%

22 PRINT

23 PRINT A%

24 RETURN

93 REM D = ADDRESS OF DMSB@10

180 D=16

189 REM DO SERIAL POLL TO CLEAR POMER ON SERVICE REQUEST

118 POLL X,Y;D
119 REM DISABLE SERVICE REQUESTS

120 PRINT

129 REM S = PREVIOUS STRTUS, 51 = PRESENT STRTUS

132 5+
148 S1=5

144 REM DO SERIAL POLL WITH WBYTE TO GET DEVICE DEPENDENT STATUS

@D: "INIT; DT TRIG;RQS OFF"

145 SET NOKEY

158 WBYTE
168 RBYTE
178 WBYTE

€24, D+64;
s
€z5,95:

175 SET KEY

178 REM IF MNEW STATUS IS SAME AS OLD STATUS THEN PRINT VERTICAL TAB
179 REM S0 THAT STATUS MESSAGE WILL APPEAR BRIGHT

180 IF S<>5"; THEN 2098

199 PRINT

"y

1938 REM DECODE STATUS BYTE
199 REM TEST FOR READING READY

208 IF S=132 OR 5=148 OR S=14P OR 5=156 THEN 300

283 REM TEST FOR WAITING FOR TRIGGER
218 IF S5=136 OR S=152 THEN 258

219 REM TEST FOR COMVERSION IN PROGRESS
228 IF 5=128 OR S=144 THEN 289

238 PRINT
248 GO TO
25a PRINT
zZ78 GO 10
288 PRINT
29% GO TG
300 INPUT
3180 PRINT
3B GO TO

3-36

S;" UNEXPECTED STATUS BYTE™
148

S;" WARITING FOR TRIGGER"
14

5;" CONVERSION IN PROGRESS™
148

eD:R

S;" READING IS ":R

148
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Section 4—DM 5010

THEORY OF OPERATION

BLOCK DIAGRAM DESCRIPTION

This discussion is provided to aid in understanding the over-
all concept of the DM5010 Programmable Digital
Muitimeter. The basic block diagram of the DM 5010 in Sec-
tion 10, Diagrams and Circuit Board lllustrations, should be
followed when reading the Block Description.

General Description

The DM 5010 Programmable Digital Multimeter is a
microprocessor based GPIB programmabile instrument de-
signed to operate in any two adjacent compartments of a
TM 5000-Series power module. It has dual-poiarity floating-
voltage measurement capabilities as well as the ability to
offset or null resistance and voltage measurements under
user control. it uses a charge balancing technique to convert
the analog input signais to digital data for storage and
processing.

To understand how the DM 5010 functions, some con-
cepts and techniques implemented in the instrument are ex-
plained at this point. These concepts shouid be understood
before proceeding to the block diagram and detailed circuit
descriptions in this section.

Isolation

The floating measurement capability allows the DM 5010
to accurately measure voltages referenced to a point other
than DMM chassis ground. To accomplish this, the
DM 5010 implements an isolation scheme. The TM 5000
power module supplies power to the analog and isclated
sections through a transformer to electriclaly isolate it from
the chassis ground. The reqguired data and control signals
to/from this section are transmitted via opto-isolators, com-
pleting the isolation scheme. Isolating the “front-end”,
where the critical portion of the measurement process o¢-
curs, from chassis ground eliminates many problems inher-
ent in ground-related measurement techniques.

Charge Balancing

The DM 5010 Programmable Digital Multimeter operates
on the principle that each of its various measurement modes
{dc volts, ac volts, Ohms, etc.) may, through proper input
conditioning, be translated into a dc voltage representing
the conditions present at the instruments inputs. After input
conditioning, four major tasks remain:
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1. conversion of the representative voltage to a digital
form that may be stored and manipuiated as necessary,

2. keeping track of measurement specifics {i.e.. type,
range, etc.);

3. performing any secondary conditioning or algorithms
dependent on 2, above, and;

4. presenting the resultant measurement data to the
user in a visible display or, if desired, to another device in
some inteliigent format.

The latter three functions are performed and controlled
mostly by microprocessor and GPIB circuitry and are de-
scribed more fully later in this section. In this instrument, the
conversion of step 1 is performed using the charge-balanc-
ing A/D conversion technigue.

Charge balancing conversion operates on the following
principle. An unknown (voltage-dependent) current | inject-
ed into an integrator's input causes the integrator’'s output
to charge away from its initial value at some unknown rate.
Similarly, either injecting or removing a known net current
Dot retin OT Troe ror our @1 the input node causes the integrators
output to integrate down and up, respectively, at a known
rate. If the unknown current and one of the known net cur-
rents (either injected or removed) are applied to the node
simuitaneously, the integrators output charges at a rate de-
termined by the sum of the currents. If the reference cur-
rents lnot rof in ANd lpgt ref oup @re chosen to aiways be
greater in magnitude than any allowed value of |, the inte-
grators output charges in the direction established by the
reference current switched into the summing mode. Charge

rate is established BY |, or i or o + Ui

A conversion is accomplished by keeping track of the
time required in each of its |, ., + |,, charge mades to keep
the integrators output near a predetermined zero-reference
voltage. By attaching a comparator to the zero-reference
voltage and to the output of the integrator, it may be deter-
mined whether the integrators output is above or below the
zero-reference. By adding or subtracting ciock pulses to a
counter in response to the comparator output, a numerical
representation of the net time required by |, ., to balance
the effect of | on the integrator capacitor is generated. The
system microprocessor translates the numerical resuits into
a meaningful data format for display to the user.
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At the beginning of a conversion, an Auto-Zero period is
initiated in which a zero-reference voitage is stored by the
converter. This voltage is compared to the output of the
integrator during actual signal measurement and represents
a zero-volt input.

After the zero reference has been established, the input
current is switched into the node. This current and I, .,
cause the integrators output to integrate up toward the
zero-reference voltage at a rate determined by !, ..+ |,
For input voltages =< the full scale voitage, the integrator
output will cross the zero-reference voltage in less than four
measurement intervals. After the zero-reference voitage
crossing and a new polarity determination is made, the con-
trol logic switches the reference current’s direction (and thus
the direction of integration).

The measurement interval consists of 18 clock cycles,
which ailow the integrators output to charge somewhat be-
yond the zero-reference voitage before charge direction is
reversed. During this charging process, each clock is added
to or subtracted from the contents of a counter depending
on the output state of the comparator.

The integrators output now charges back toward the
zero-reference at a rate determined by I, ... + |, it may
take less than one or up to several hundred measurement
intervais for the integrator output to again cross the zero-
reference voltage. After the comparator detects the cross-
ing and a new polarity determination is made, charge
direction is reversed at the beginning of the next measure-
ment interval. This process of charging toward the thresh-
old, beyond the threshold, and then reversing direction to
charge back toward the threshold repeats until the pre-
scribed number of measurement intervals is complete. Dur-
ing this time. the accumulated count in the up/down counter
is being added to or subtracted from, depending on the out-
put state of the comparator (ICOMP). When the last mea-
surement interval is complete, the accumulated clocks in the
counter are representative of the A/D converters input.

Microprocessor

The implementation of a microprocessor in the DM 5010
substantially reduces its hardware requirements and in-
creases its flexibility and capability. Microprocessor sys-
tems use bus-structured architecture. A general description
follows.

At any given time in a microprocessor system, many
*pieces” of information may be present at various physical
locations within the system. This information may include
the instructions for the microprocessor to perform some
process, constants and algorithms for that process, inter-
mediate and final results for the process, control and switch-
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ing information, “locations” of certain information, etc. Of
these types of information, most are stored (at least tempo-
rarily} in the form of “data” at an “address’ or as some type
of control signal or ievel.

The microprocessor uses busses to control the flow of
data and program execution. A bus is a group of signal lines
dedicated to a data transfer or program control function. It
is connected to allow bidirectional data transfer or control
over two or more devices using the same signal paths for
any two of the transfers or control functions.

The data bus is the group of eight signal lines in the
DM 5010, dedicated to transferring data in a standard for-
mat between the microprocessor and the other devices on
the bus.

The address bus is another group of signal lines dedi-
cated solely to “addressing” (selecting) the device that the
microprocessor wants to communicate with (data transfer
via the data bus). Address-decoding circuitry makes the de-
vices on the data bus respond only to their proper
address{es).

The remaining lines associated directly with the micro-
processor IC {with the exception of power supply and clock
signals) comprise the control bus. These signal lines allow
the processor to control certain system functions and allow
certain conditions within the system to alter processor
operation.

The bus configuration employed in processor-oriented
systems allows great flexibility when implementing hard-
ware. Since system operation is under “firmware” control,
functions that normally require large amounts of dedicated
circuitry may be performed by a general block operating in
several different modes.

Another characteristic of processor-oriented systems is
the ability to perform caiculations. Some parameters may
not be measured directly with a multimeter, and a series of
calculations must be performed to arrive at the desired re-
sult. The DM 5010 has the capability of performing some
frequently used calculations, giving the user the abiiity tc
“directly” measure these parameters.

GPIB

The GPIB (General Purpose Interface Bus) circuitry of
the DM 5010 provides a communication link to other GPIB
compatible instruments. This communication link allows the
DM 5010 to be programmed to operate in any of its mea-
surement modes and then to transfer the results of that

ADD JAN 1982



measurement to any other assigned instrument on the GPIB
bus. The DM 5010's GP!B circuitry adheres to IEEE Stan-
dard 488-1978 and will be described later in this section.

Block Description

The following bilock description uses the Block Diagram
in Section 10 at the rear of this manual. Each major block of
circuitry is assigned a name according to its primary func-
tion. The diamond numbers within a block represent the dia-
gram({s) on which the complete circuit may be found. Only
the basic interconnections between the individual blocks are
shown.

As previously mentioned, the circuitry of the DM 5010 is
divided into two distinct sections, depending on how the
devices within each section receive their power. The block
diagram indicates the division between the Grounded Sec-
tion and the isolated Section.

The power for the circuitry in the Grounded Section is
derived from the Grounded Power Supplies. These supplies
are powered from the TM 5000-Series power module and
regulated to meet the requirements of the DM 5010.

The power required for the circuitry in the Isofated Sec-
tion is tranferred from the power module to the Isolated
Power Supplies through a transformer. The Transformer
Drive circuitry switches the power-module current through
the transformer at a frequency synchronized to the analog-
to-digital conversion process to minimize the noise error
caused by power supply ripple in the Isclated Section.

Power is transferred to the Isolated Power Supplies, and
the Isolated Reguiators stage reqQulates the power to the
leveis required by the rest of the Isolated Section.

The Input Switch stage allows analog signals from either
the front panel or the rear interface input to be selected for
measurement.

The selected input is applied to either the DCV Signal
Conditioner, RMS, or Ohms Converter circuits where the
applied input is translated into a representative dc voltage.
The Range Control circuitry provides the gain and attenu-
ation switching necessary to accommodate the various
ranges of the AMS, DCV Signal Conditioner, and Ohms
circuits.

Depending on the mode of operation, the d¢ ocutput from
either the input switch, RMS Converter, or Ohms Converter
is applied to the DCV Signal Conditioner as determined by
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the Function Switch. The Attenuator and DCV Signal Condi-
tioner provide attenuation or gain factors and scaie the input
signal to fall within the A/D converters input range. The A/D
converter uses a charge palancing conversion technigue to
convert the applied analog dc input to a corresponding digi-
tal equivalent.

As the conversion takes place, the A/D converter gener-
ates a count direction control signal defining the input condi-
tions. As this signal is generated, it is transferred via an
opto-isolator to the Grounded Section and is used to main-
tain control of the on-going conversion. The remaining opto-
isolators transfer control information from the Grounded
Section to the Isolated Section to set up the range switching
and to control the A/D conversion process.

The microprocessor is the controi center for all activity in
the instrument. It is a time-dependent device and most func-
tional blocks are synchronized to it, either directly or indi-
rectly, shortly after power-up. The Timing Logic, together
with the Control Logic, develops the proper time-dependent
legic signals for the A/D conversion circuitry on both sides
of the opto-isolators. The Timing Logic also drives the
Transformer Drive circuitry at a rate that makes the A/D
conversion most immune to power supply noise.

The Data circuitry consists of a counter that keeps track
of clock pulses under the direction of the count-direction
control signal generated during an A/D conversion. The sig-
nal originates in the A/D Converter in the Isolated Section
and is passed through the opto-isolators and the Control
Logic to the Data counter where it controls the count direc-
tion of an up/down counter. From there, this binary-coded
counter data is transferrerd one bit at a time onto the data
bus via the block labeled Miscellaneous Buffer. This sequen-
tial data string, representing the conditions at the instru-
ments inputs, is read by the Microprocessor. Then the
processor performs the manipulations necessary to bring it
to the desired format for display or transfer over the GPIB.

With the exception of some front-panel circuitry and a
battery circuit, the remainder of the circuitry in the instru-
ment is directly connected to the microprocessor's adadress
or data busses.

The Address Decode and Logic circuits decode certain
addresses or groups of addresses output from the proces-
sor on its address bus. When output by the processor, they
enabie specific blocks of circuitry to communicate with the
processor. There are many discrete enabling lines involved
with the Address Decode; they are shown on the Block Dia-
gram as being returned back onto the address bus. These
enable lines may be thought of as an extension of the ad-
dress bus. Due to the multipiicity of devices requiring micro-
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processor addressing, an Address Bus Buffer stage is
necessary to increase current drive capability.

The Data Bus Buffer serves much the same purpose but
is bidirectional; i.e., it buffers data signals both from and to
the microprocessor.

The ROM circuitry contains the instruments operational
firmware that telis the Microprocessor how to control and
perform instrument functions. Many functions the processor
performs require some way to temporarily store data and
read it back later. The RAM serves this purpose.

A special CMOS RAM is used to store “calibration
constants” for the instrument. During adjustment of the in-
strument, specific signals are applied to its inputs and the
microprocessor is “told” what the readings it is receiving
from the D/A converter represent. Constants are derived
from this data and are stored in the CMOS RAM. This mem-
ory may only be changed during the adjustment procedure.
The Battery circuit connected to the CMOS RAM ensures
that these constants are maintained when instrument power
is turned off.

The Front-Panel Control biock provides the circuitry nec-
essary for the microprocessor to read information from the

user-selectable Front-Panel Switches as well as the ability
to present measurement data and some status information
back to the user via the Front-Panel Display. The Front-
Panel Drive circuitry provides the current drive necessary to
iluminate the various devices of the Front-Panel Display.

The GPIB (General Purpose Interface Bus) circuitry en-
ables the DM 5010 to communicate with other GPIB-com-
patible instruments. By using an external controiler, other
GPIB instruments may receive measurement information
from the DM 5010 or may send measurement related
instructions to it. This ailows the DM 5010 to change mea-
surement modes and send the measurement resuits to a
desired instrument without operator intervention.

When a GP!'B controller addresses an instrument on the
GPIB, the microprocessor fooks at the DM 5010’s Switches
block to see if it is supposed to respond. These Switches
may be set by the user to define which GPIB address the
DM 5010 will recognize.

One of the Switches, when set, stops all normai oper-
ation of the DM 5010. This is its signature analysis mode,
and signature analysis troubleshooting may be performed
on the instrument. By disconnecting the Data Bus Buffer
from the Microprocessor and connecting the NOP (no-oper-
ation) Buffer in its place, a more rudimentary form of
troubleshooting may be performed.

DETAILED CIRCUIT DESCRIPTION

The following description provides detailed information
about the circuitry of the DM 5010. The diamond number(s)
preceding the individual descriptions indicate the specific
diagram{s) being explained by that description.

INPUT SWITCH (>

The Input Switch determines whether the analog signal
applied to the DM 5010's front-panel inputs or the signal
from the analog inputs at its rear interface connector is mea-
sured. Depending on the range of the measurement being
made, the input is attenuated by an appropriate factor to
prescale the signal and protect the various input circuits
from overvoltage conditions.

With no current through relay K1631, the front-panel in-
puts HIGH, LOW, and GUARD are selected for measure-
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ment. Guard switch S1731 allows the user to select the
guard configuration most suited for his measurement re-
guirements. Resistor R1626 providaes a known impedance
of 1 MQ between the GUARD and LOW inputs with the
Guard switch open. Refer to the Operating Instructions in
Section 2 for specifics concerning use of the GUARD input.
The internal Guard is connected to the rear LO when using
the rear interface inputs.

With the low (—27 V) applied to K1631-4, indicating that
measurements should be taken from the rear interface con-
nector, current to activate the relay flows through both
R1613 and CR1621. Once activated, the current path
through R1831 is opened and only the smaller current nec-
essary to keep the relay activated flows in the relay via
CR1621 and R1615.

ADD JAN 1982



ATTENUATOR D

The input signal to be measured passes through a resis-
tive attenuator network that prescales the analog signal to
fall within the input circuitry’s dynamic range. Attenuation
factors of 1 and 100 are controlled by ciosing contacts of
relays K1527, K1425, and K1525 as shown in Fig. 4-1 and
Tables 10-2 and 10-5 in the pull out pages.

OVERVOLTAGE PROTECTION AND FUNC-
TION SWITCHING @

All measurement modes of the DM 5010 require that
some type of conditioning be performed on the input signal
before an A/D conversion is performed. In each case, the
input conditions are converted to a representative dc volt-
age level by the appropriate conditioning circuitry and are
then applied to the DCV Signal Conditioner where some
range-dependent gain factor is applied to the signal. This
resultant prescaled signal is the basis for all A/D conver-
sions and. along with the various mode, attenuation, and

Theory of Operation—DM 5010

gain factors set by the microprocessor, represents the input
conditions.

This stage selects the appropriate conditioning circuit
output and routes it to the DCV Signal Conditioner input. It
also provides overvoltage protection should these signals
exceed the specified input range.

A simplified schematic of the Overvoltage Protection and
Function Switching stage appears in Fig. 4-2. Each of the
FET switches connects either an individual function or the
high quality ground reference to the DCV Signal Conditioner
when closed. Refer to Tables 10-2 and 10-5 in the pull out
pages for mode-dependent function and range switch
settings.

Transistors Q1327 and Q1323 connected as diodes pre-
vent the input voltage applied to FET switch Q1319 from
exceeding ~ + 23 volts and — 23 voits, respectively. Similar-
ly, transistors Q1321 and Q1322 prevent the output voltage
of the Ohms Converter from exceeding the same voltages.

R1837 R1521
MIGH N o o e 0 FUNCTION
FROM INPUT 7 SWITCH H1
SWITCH K15275
LoV
FROM INPUT >—D>
SW1TCH
A, ATTENUATION FACTOR = 1, INPUT IMPEDANCE12'°R
R1637 R1427 10
HIGH 2en 9.9M0 108K1 FUNCTION
FROM INPUT SWITCH
SWITCH K15255 K14255 HI
R1429
182K0
LoV — —
FROM INPUT
SWITCH
B. ATTENUATION FACTOR = 180, INPUT IMPEDANCE = 18 MR
2994.08

Fig. 4-1. Attenuator.
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CROUND R1418 AUTQO-ZERO D 10
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c - S ICNAL
Q1317 CONDITIONER
2994.10

Fig. 4-2. Simplified overvoltage protection and function switching.

DCV SIGNAL CONDITIONER @

The DCV Signal Conditioner provides range-dependent
gain for the various dc mode-dependent signals applied to it.
Figure 4-3 shows a simplified diagram of the buffer ampilifier
Table 4-1 shows the states of the buffer amplifier.

Table 4-1

DCV SIGNAL CONDITIONER GAIN SETTINGS

FET Gain of the Buffer Amplitier
Switch 10 1 0.1
Q1105 ON OFF OFF
Q1106 OFF OFF ON
Q1112 OFF ON ON
Q1114 ON ON OFF

The Function Switch directs the mode-dependent dc level
to the noninverting input of U1210, the buffer amplifier. The

4-6

www.valuetronics.com

gain of the buffer amplifier is set depending on which of the
FET switches are turned on by a high at their gates.
Feedback to the inverting input of the operational amplifier
is through either Q1112 or Q1105 while forward attenuation
of the signal to the A/D converter is determined by Q1114
for Q1106. Dicdes CR1221 and CR1223 prevent
overdriving the buffer amplifier.

To ensure linear response of the buffer amplifier over its
input range, a bootstrap buffer is used to make the buffer
amplifier supply voltages track its input. This has the effect
of making U1210 operate at the middle of its range, avoiding
the linearity problems encountered when the output ap-
proaches one of the supply voltages. By making the gate
bias of the various FET switches also track the input volt-
age, proper bias is maintained and current leakage through
the FETs (and thus the associated error) is minimized. A
simplified schematic of the bootstrap buffer is shown in Fig.
4.4,

The input to the bootstrap buffer, pin 3 of U1110, is con-
nected to the inverting input of U1210 and is therefore at the
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Fig. 4-3. Simplified DCV signal conditioner buffer amplifier.

same voltage as the input of the buffer ampiifier. Operation-
al amplifier U1110 and transistors Q1017 and Q1021 form a
unity gain, noninverting amplifier that tracks the input of the
DCV Signal Conditioner. Hence, the bases of Q1101 and
Q1111 follow the input signal (plus and minus 6.2 volts, re-
spectively, as determined by VR1011 and VR1015). The
emitters of Q11071 and Q1111 {and thus U1210's supplies)
remain +5.5 volts and — 5.5 volts away from the input voit-
age, respectively. Diodes CR1111 and CR1113 aliow the
operational amplifiers supply pins to follow the buffer ampli-
fier input under transient conditions where Q1101 or Q1111
might become reverse biased.

As an example, let the input to the buffer amplifier start
at zero volts. The input to U1110 at pin 3 and, thus, the
buffered output at pin 2 must aiso be at zero volts. Zener
diodes VR1001 and VR1013 along with resistor R1011 bias
transistors Q1001 and Q1015 on, allowing current to flow in
Zener diodes VR1011 and VR1015. This sets the bases of
Q1101 and Q1111 at +6.2 volts and —6.2 volts, respec-
tively. Their emitters, and U1210’s supplies, are at +5.5
volts and —5.5 voits, respectively.

if the input to the buffer amplifier goes to + 15 voits, the
input to the bootstrap buffer also goes to +15 volts. The
output at the emitters of Q1017 and Q1021 goes positive
until the inverting input of U1110 also reaches +15 volts.
The bases of Q1101 and Q1111 go to +21.2 volts and
+8.8 volts, respectively. The supply voltages at their
emitters go to +20.5 volts and +9.5 voits, respectively.
The supply voitages are plus and minus 5.5 volts from the
input voltage of the buffer amplifier, so it is operating in the
middle of its range.
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CHARGE-BALANCING CONVERTER @

The Charge-Balancing Converter is the analog portion of
the A/D Converter and, along with the Control Logic, Timing
Logic, opto-isolators, and Data stages, changes the analog-
dc voltage from the input-conditioning circuits to a digital
representation. It derives its name from the fact that, during
one conversion cycle, the total current added to and sub-
tracted from the input summing node equals zero. Input
buffer U1120 and the charge-balancing IC U1230, along
with their associated components, comprise the Charge-
Balancing Converter stage. Figure 4-5 shows a diagram of
the stage with details of the converter IC added for clarity.
The Block Diagram illustrates the major functional
interconnections used in this description. The Biock Dia-
gram description explains some of the generai charge-bai-
ancing concepts that should be understoocd before
proceeding with this description.

The A/D conversion process is based upon two main
time-dependent pericds calied Auto-Zero and Measure-
ment. The Auto-Zero period involves setting a zero-refer-
ence voltage for the Charge-Balancing Converter. The
actual conversion on the selected input is performed during
the Measurement period. Both are synchronized to the
microprocessor clock by the Timing Logic. Figure 4-6 illus-
trates some of the critical timing for each period of the con-
VErsion process.

Both of the above conversion phases are based on what
are known as measurement intervais. The Timing Logic di-
vides the microprocessor 1 MHz clock down to a 250 kHz
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Fig. 4-4. Simplified DCV signal conditioner bootstrap buffer.

rate. Eighteen of these 250 kHz clock pulses in sequence
comprise one measurement interval. Some special counters
and decoding logic defing the beginning, middle, and end of
each interval and initiate or terminate certain conversion
functions as shown in Fig. 4-6.
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Auto-Zero

Before a conversion is performed, an initial zero-refer-
ence voltage (= —2 V) must be set. The Function Switch,
under direction of the Function and Range Controi circuitry,
switches the input of the DCV Signal Conditioner buffer am-
plifier to the high quality ground to initiate the Auto-Zero
period. The input signal, and the output of input buffer
1120, goes to zero volts.
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Fig. 4-5. Simpiified charge-balancing converter.

Figure 4-7 illustrates the currents at the summing node
when the zero-reference is being set. The node current from
the Converter Input buffer, U1120, may be ignored since it is
very small during the Auto-Zero period.

As the Auto-Zero period begins, a counter in the Timing
Logic is set to zero. The Reference Buffer input is then
toggled by TO and T8 with a 50% duty cycle between +V
and ground, injecting an average current |, . equal to
+V,/ (2 X R1231) into the summing node. The Integrator
produces a voltage output to the Auto-Zero Buffer. The
Auto-Zero Buffer sinks current, via R1233, of opposite po-
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farity to the current injected by the Reference Buffer until the
current removed from the node balances the current being
injected. This is the equilibrium state, and the voltage
waveform at the input of the Auto-Zero Buffer is that re-
quired to precisely track the injected current input. Resistors
R1139, R1227, and capacitor C1139 at the Auto-Zero Buff-
ers input integrate the integrator output waveform over a
preset number of measure intervals. The negative Auto-
Zero Buffer output voltage across R1233 generates a cur-
rent equal in magnitude but of opposite polarity to the
average injected reference current. The averaged voltage at
the input of the Auto-Zero Buffer is the zero-reference volt-
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Fig. 4-6. U/D control for the measurement, override, and auto-zero periods.

age. It is stored on C1138 by opening the switch associated
with R1227 at the end of the Auto-Zero period. The Integra-
tor cutput is disconnected from the Auto-Zero Buffer and
the zero-reference voltage is buffered to the Comparator.

Measurement

The Measurement period, like the Auto-Zero period, is
based on timing signals developed by the Timing Logic.
After the Auto-Zero period is complete, the Measurement
period begins with T0 of the next measurement interval. As
shown in Figs. 4-6 and 4.8, the integrator's cutput aiways
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charges positive during TO and negative during T17. The
charge direction for the entire T1-T16 pericd depends on the
polarity of the Comparators output at the end of time T0.

As the measurement begins, the input current | _ is
switched into the summing node along with the negative
reference current 1, . After a short time, the comparators
output ICOMP {isolated comparator) goes high, indicating
that the Integrator output is more positive than the zero-
reference voltage set during Auto-Zero. At the next T0, the
control Logic sets the | U/D (isolated up-down) fow to

ADD JAN 1982



Theory of Operation—DM 5010

g1318 —
v Q1317 linze
IN 0 ocy R1229
SIGNAL 0 AAA—
g CONDIT]ONER
SUMMING
+VREF NODE
REFERENCE
BUFFER ~
R1231
—AN—
——
_ 1Rer IN
1W/o
TOGCGLES WITH lcizes
szcx CDUETY -—
YCL 1 '_"__H_-'
REF OuUT c1225
—
—AAA——
R1233 .
AUTO-ZER®
BUFFER INTEGRATOR
\ ICOMP
+
/ "
—O70— ANA— COMPARATOR
L R1227
R1139 |
: AT EQUILIBRIUM:
g ci139 | {1078 | tgerin | lrer out |lcizes .
I
_ HICH g |-_VYREF |, _VRer
I — ’ s ! 2(R1231) | 2(R1231)
|
R Ghd | Low + Veer | _ VRer | _ VREF
q R1231 | 2(R1231) | 2(R1231)
2994-55
Fig. 4-7. Charge-balancing converter configuration during the auto-zero period.
change charge direction and rate. This is done by switching After the Measurement Period is completed, an “over-

t o iINto the summing node. The Integrator output now ride” period is entered, in which the integrator is allowed to
charges negatively toward the zero-reference voltage for a charge back to the zero-referenced voltage while accumu-
complete number of 18-count measurement intervals (ex- lating counts in the Data counter. During this period the
cept for each TO as explained above). An up/down counter DCV Signal Conditioner input is connected to the high qual-
in the Data stage keeps track of the net time required by the ity ground by Q1317. The |, ., balances the remaining
Lo ror 1O Dalance the effect of |, on the integrator capacitor charge on the integrator capacitor due to |, .

by adding or subtracting a net count of 16 counts for each

measure interval to a running total, dependent on the Com-

parators output state.
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Figure 4-8 illustrates the override period for measure-
ment periods ending both above and below the zero-refer-
ence voltage. As shown in the figure, once the Comparator
detects that the Integrator has charged below the zero-
referenc voitage, the Data counter is disabled (all counting is
complete), and =3 clock cycles fater the | U/D line is
chopped at a 250 kHz rate (determined by the Control Log-
ic). Chopping the Reference Buffer input between +V _ and
ground at this high rate hoids the integrators output close to
the zero-reference voltage until the next T0. More informa-
tion about the charge balancing sequences may be found in
the Control Logic description.

MEASUREMENT ENABLE @

Field effect transistor Q1514, along with R1514 and
C1514, holds the | M/Z control line iow for several hundred
milliseconds during power-on, thus allowing the Auto-Zero
Buffer Amplifier storage capacitor, C1139, to charge to the

zero-reference voltage. Transistors Q1511 and Q1512 com-
prise a level shifting buffer that shifts the | M/Z control line
to a level compatible with the isolated logic levels.

ISOLATED REGULATORS {23

The Isolated Regulators stages on the RMS and ADC
boards regulate the power from the isolated Supply stage to
the levels required by the Isolated Section of the instrument.
integrated circuits U1601, U1603, U1605, U1417, U1527,
U525, and U1515 are 3-terminal regulation devices with
internal current limiting. Transistor Q1613, VR1514, and
their associated components form a series-pass regulator
referenced at —36.9 volts.
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Fig. 4-8. Override and auto-zero timing for measurement period ending.
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FUNCTION AND RANGE
CONTROL

Theory of Operation—DM 5010

Figure 4-9 is a simplified diagram of the Function and
Range Control stages, showing how the two boards inter-

act. initially, ali rgisters are cleared by clocking a series of 32
lows into L1430 from the opto-isolators using the IRD (Iso-
lated Range Data) and IRC (Isolated Range Clock) lines,
both of which are under direct microprocessor control. The
low IRD levels applied to U1530 hold the STB (strobe} in-
puts of 1430 and U1330 high, allowing shifting to continue,
no matter what serial data is being shifted out of U1300,
Now, all registers are clear and are ready to be set with any

The purpose of the Function and Range Control circuitry
is to convert a string of serial data from the Grounded Sec-
tion (representing function and range information) into a par-
ailel output configuration for activating transistor and relay
switches. The combination of switches activated sets the
measurement function and range.
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8UFFERS
o
u1538 b
I } 5T8 :>
8-BIT
SR
Uu133e @
ADC
BOARD
o,
B-BIT
SR
D>
ADC
u1sen STB FUNCTION
4
s o
BUFFERS [——® Sy]TCHES
D :
8-8I1T
SR
»8
nige
STB BIT 32
2994-17A
Fig. 4-9. Simplified function and range control circuitry.
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new function and range information a new measurement
may require.

To set the registers, a new string of serial data must be
clocked into the registers. Since the registers have been
previously reset, any data clocked into the registers from
the IRD line also results in 32 consecutive lows being ap-
plied to U1530. This keeps the registers enabled while the
new data is clocked into the registers. The first bit of func-
tion and range information is always a high signal bit, indi-
cating the beginning of the new data. As the data string is
shifted into the registers, this high is eventually clocked into
the 32nd position. This, in itseif, does nothing; but, another
high is applied to the [RD line, signailing the end of the func-
tion range information. This causes U1530 to generate a
strobe that latches the shifted data into the output registers
of U1430, U1330, U1500, and U1300. To change the func-
tion and range settings to any new set of conditions, the
reset-set sequence must be followed again.

With the exception of U1400, the remainder of the Func-
tion and Range Control circuitry consists of current
buffering transistors. On the ADC board, U1400, U1500,
and the shifted | M/Z signal generate the correct timing for
the Function Switch FETs Q1319, Q1217, Q1315, and
Q1317.

OHMS CONVERTER @

The Ohms Converter stage supplies a known current
that flows through a range-dependent reference resistor,
out the front-panel input connectors, and through an un-
known resistance. The voltage drop across the unknown
resistance V_, is measured, and then the drop across the
unknown and reference resistance V, . is measured. The
ratioV_  AVT—V, ), muitiplied by R ., is calculated by the
microprocessor, and the value of the unknown resistance is
determined. Figure 4-10 illustrates signal routing for each of
the phases of an ohms measurement. Table 4-2 gives the
range-dependent switching information.

Operational amplifier U1120 is configured as a voltage
source. The noninverting input is referenced at 0.65 V by
VR1123 and its associated components. Feedback from the
output at the cathode of CR1225 is through the voltage
divider R1229, R1321, and R1225. in this configuration, the
output voltage is approximately 1.2 V. Depending on the
measurement range, R1223 may be switched into the
feedback voltage divider, increasing the stages output to
approximately 10.2 V.

Transistor Q1021 and its associated components pre-
vent the open circuit output voltage of the DCV Converter
from exceeding +5 V.
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Table 4-2
OHMS CONVERTER PARAMETERS
RANGE | Vv, OuUT IR, VR ATFS R,

200 102V 1 mA 0.2v 10 kQ
2k 1.2V 0.1 mA 0.2V 10 kO
20k 102V | 0.01 mA 02V | 1M
200k 12V 1.0 A 02v | 1M2
2M 1.2V 0.1 LA 0.2V 10 MQ
20M 1.2V 40nA | 0.8V 10 MQ

RMS CONVERTER @

The RMS Converter stage consists of two selectable
gain stages and a true rms-to-dc converter IC. Operational
amplifier U1500 is configured as a feedback ampilifier with a
selectable gain (actually an attenuation) factor. The ampifier
is referenced to the rms LOW input appiied to its
noninverting input. The HIGH input from the front-panel
passes through relay contact K16338 to the ampiifiers input
when an rms measurement is to be taken. The ac signal
passes through C1621 to a frequency compensation net-
work and then to the operational amplifiers inverting input. {f
the dc component of the signal is also to be taken into ac-
count, relay K1621 is turned on and C1621 is bypassed.
The ampiifiers attenuation is set by the various feedback
networks, With switches K14055 and K15035 open, the
input amplifiers gain is unity. Closing switch K1503S re-
duces its gain by a factor of 10. Closing switch K1405S by
itself results in an attenuation factor of 1000.

The output of U1500 is then appiied to R1307, the input
of a selectable gain amplifier, also referenced to rms LOW,
With relay switch K1201S open, gain of the amplifier is 10
as determined by R1201 and R1307. Closing switch
K1201S sets the gain factor to 1. Table 4-3 illustrates the
various gain switch configurations for the RMS Converter.
Also refer to Tables 10-2 and 10-5 in the pullout pages.

The cutput of the gain stage, U1200, is applied to a rms
converter 1C. This converter, referenced to rms LOW, com-
putes the root-mean-square value of the appiied ac or
ac+dc input signal, and outputs at pin 8 a representative dc
level to the Function Switch FET Q1217. Both operationai
amplifier gain stages have offset adjustments to establish
their quiesecent operating points.

GROUNDED POWER SUPPLIES @

The Grounded Power Supplies regulate the +8 voits
supply from the TM 5000-Series power module down to +5
volts for the bulk of the digital circuitry in the Grounded
Section.
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Table 4-3
RMS CONVERTER PARAMETERS
Hi or U15060 U1200
Range v, K1405 K1503 K1201 Gain Gain U1100-4
200 mv 200my | OPEN OPEN OPEN 1 10 | 2V
2V 2V OPEN OPEN CLOSED 1 1 i 2V
20V 20V OPEN CLOSED CLOSED 0.1 1 2v
200v 200V CLOSED OPEN OPEN 0.601 10 2V
700 v 700 v \ CLOSED OPEN CLOSED 0.001 1 0.7V
OHMS VRgyy
CONVERTER R1381 Q1315
—— wa-—o\o—
Rper
o
K12315
. riszr 1319
EXT HIGH ooy
R SIGNAL
<3> 1 EXT CONDITIONER ¥ T0 A/D
Y EXT Loy CONVERTER
A. VOLTAGE ACROSS Rgyy MEASURED.
OHHS
CONVERTER Viour R1391 Q1315
> AN T—O—
RRer
In
Ki231%
Q1318
<3> EXT HIGH
. ooV
Reyt SIGNAL
{ COND]TIONER > TO A/D
\f EXT LoV CONVERTER

B. VOLTAGE ACROSS Rpgr + Rgyr IS MEASURED,
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Fig. 4-10. Measurement swilching during an Ohms conversion.

ADD JAN 1982 4-15

www.valuetronics.com



Theory of Operation—DM 5010

Initially, as the power module is tumed on, the PWR MDL
line is held low for a short time. This keeps Q1105 and
Q1104 turned off, holding the output of U1000 high. This
keeps Q1101 and the series-pass transistor in the power
module turned off.

Then the PWR MDL line goes high and Q1105 is turned
on. This forward biases Q1104, allowing current to flow
through Zener dicde VR1001. The inverting input of U1000
is now held at +5 volts and its output goes negative, turn-
ing on Q1101. As Q1101 comes on, base current begins to
flow in the series-pass transistor to turn it on.

As its emitter is pulled toward the + 8 volt supply, current
flows in the voltage-sense network, R1005 and R1033.
When the voltage at the noninverting output reaches +5
voits, bias current to Q1001, and thus the series-pass tran-
sistor, is reduced. The supply stabilizes at this point and the
output closely approximates +5 volts.

Zener diode VR1216, resistor R1217, and the associated
power-module transistor provide an overvoitage protection
network on the +5 V supply line. If the +5 V line exceeds
=57 V, the transistor becomes forward biased and begins
to shunt excess current to ground. This protects the bulk of
the circuitry in the Grounded Section of the instrument
should a component in the +5 V regulator fail.

TRANSFORMER DRIVE @

The Transformer Drive circuitry switches current from the
TM 5000-Series power moduie through transformer T1311
to drive the isolated Supplies. With the center tap of the

primary winding connected to the power module’'s +25V
supply, the ends of the primary coil are alternately switched
to ground at an approximate 27.78 kHz rate. This rate is
synchronized to the A/D conversion process and minimizes
any converter error caused by powser supply ripple in the
Isolated Section.

Fiip-flop U1325B and inverter U15208B convert the
unsymmetrical 27.78 kHz timing signal from the Timing logic
to a pair of symmetrical and complementary signais to drive
the transformer switching amplifiers. Figure 4-11 illustrates
the timing redationships of the symmetry conversion.

The complementary squarewaves at the outputs of
U1325B drive two identical current-switching ampilifiers to
controi current flow in isolation transformer T1311. A pair of
transistors in each ampiifier are driven in a push-pull con-
figuration to provide the large base currents and fast switch-
ing times required for efficient power transfer.

ISOLATED POWER SUPPLIES @

The Isoiated Supplies provide rectification and initial fil-
tering for the power transferred from the power module to
the Isolated Section via the Isoiation transformer. Capcitor
network C1301, C1401, C1403, and C1404 provide noise
cancellation by summing out-of-phase currents until cancel-
lation occurs.

CONTROL LOGIC <s>

The Control Logic generates the control signals that con-
trol the A/D conversion process. It uses time-related signals
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Fig. 4-11. Transformer drive timing.

4-16

www.valuetronics.com

ADD JAN 1982



generated by the Timing Logic and the comparison data
from the Charge-Balancing Converter to automatically se-
quence through the complex and varied measurement
functions.

To initiate a measurement, the microprocessor generates
a low TRIG via the Address Decode circuitry. This TRIG
pulse is latched by U1530A and U1530B and sets the IN
PROGRESS line high, telling the microprecessor that the
gonversion is in progress and valid data is not available. The
J input of J1425A is set high via U1435C and, at the begin-
ning of the next measurement interval (falling edge of T17),
the M/Z {(measure-zero) level is set high. This signal is trans
mitted to the Charge-Balancing Converter via the opto-
isolators and initiates its measurement sequence. The Q
output of U1425A sets the J input of U1230A high via
U1530C and, on the next 250 kHz clock (T0), the UP clock
and DOWN clock logic, U1135A and U1135C, is enabled.

The up/down counter now accumulates clock pulses as
described in the Charge-Balancing Converter description
until the Timing Logic generates an EQC (end of count)
pulse to U1435A, signalling that the proper number of mea-
surement intervals have been completed. This applies a high
to the J input of the override flip-flop U1330A and the next
clock pulse (TQ) sets its Q output low. This low is applied to
U1425B and keeps any subsequent trigger from passing
through U1435C that might re-initiate the measurement se-
quence before it is completed.

The measure-zero flip-flop is reset on the next clock {the
falling edge of T17 coincides with rising T1). The low input to
W1530C from U1330A keeps the UP counter and DOWN
counter logic enabled during the override period by keeping
U1230A's J input held high. This enables the data counter
to keep counting while the Charge-Balancing Converters in-
tegrater makes its final charge back to the zero-reference
voltage as explained in the Charge-Balancing Converter de-
scription. Integrated circuits U1430C and U14358 reset the
override flip-flop when integrating down (pin 8 of U13308
high) and the zero-reference voltage is crossed (COMP
goes low).

The next clock puise after the override flip-flop is reset
disables the UP ciock and DOWN clock logic by clocking
U1230A's Q output low. This clocks chop flip-flop U1230B
and the 250 kHz clock is enabied through U1435D. The iow
Q output of the chop flip-fiop helds U1330B in its set state,
and the cathode of opto-isolator U1710's transmitter LED is
held low. This results in the 250 kHz chopping of the | U/D
line, keeping the Charge-Balancing Converters integrator
output very close to the zero-reference voltage as explained
in that description.
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At the end of the next T17, T17 sets U1230B to disable
the chopping clock and aliow U13308B to distribute clocks in
its usual manner.

The clock enable provided by U1230A to U1135A and
U1135C allows clock pulses to be passed to the data
counter whenever the A/D converter is in its measurement
or override modes. During this time, generation of either an
UP clock or a DOWN clock is controlled by U1330B. T17,
applied to U13308's K input, always sets Q high, enabling
UP clocks to the data counter on the next clock (TO).

Any of four gates OR'd together by U1335A have the
ability to generate a DOWN clock enable, depending on the
converters operating mode.

When generating the squarewave 1 U/D required for
Auto-Zero, T17 initiates a series of UP clocks, starting at 70
as mentioned above. Integrated circuit U1430A detects T8
when operating in the Auto-Zero mode and applies a high to
U1330B’s J input via U1335A. The next clock to U1330B
(T9) initiates a series of 9 DOWN clocks. At T17, the cycie
repeats itself.

When in the measurement mode, ¢lock pulses between
T1 and T16 may be either high or low, as described in the
Charge-Balancing Converter description, but all must be the
same. This determination is made at the end of TQ by
U1335B. When measuring, the M/Z levet at pin 12 is high.
Pin 13 is high during all of TO, the time when the decision
about T1-T16 must be made. If the COMP (comparator out-
put) levei from the A/D converter is high at the end of TO
{indicating the integrators output is above the zero-refer-
ence voltage), a high is applied to the J input of U13308B via
U1335B and U1335A. The next clock pulse (T1) sets
U1330’s Q output high and T1-T17 are DOWN clocks to the
Data counter. If the COMP level were low at clock T1, all of
the T1-T16 clocks would be UP clocks, since U1330B did
not change.

In either case, T17 is always a DOWN clock as deter-
mined by U1430D. During T16 when in the measurement
mode, a high is appiied to pin 11 of U1330B via U1430D and
U1335A. The next clock (T17) clocks a high to U1330B's Q
output and produces a DOWN clock whether T1-T16 are
DOWN clocks or not.

During the override pericd, clocks must be enabled to the
Data counter, but only until the integrators output charges
beyond the zero-reference voltage, going negative (COMP
goes high to low). Integrated circuit U1430B detects when
this occurs and, along with U1430C, U1435B, and U1330A,
completely disables all clocks to the data counter while the
remainder of the override period chops the | U/D line.
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At the end of the measurement and override periods,
U1420C generates a CLR2 pulse to reset trigger latch
U1530A and U1530B. This sets the IN PROGRESS line low
and tells the microprocessor that the A/D conversion is over
and valid data is available. It also sets the Data stage to
address the first bit (LSB) of data for transfer onto the Data
Bus.

During the time the data is read, the Control Logic auto-
matically initiates an Auto-Zero period after the end of over-
ride. Then U1420A clears the interval timer and Auto-Zero
intervais are counted. At the end of the Auto-Zero pericd,
the Timing Logic generates an EDAZ (End Of Auto-Zero) to
U14258. This enables further measurement segquences to
be initiated by the microprocessor TRIG line from the Ad-
dress Decode block.

As the next measurement cycle is initiated, 414200
resets the contents of the data counter to zero, and U1420A
resets the Timing Logic's interval counter so measurement
intervals may be counted. The cycle repeats itseif as often
as initiated by the microprocessor.

OPTO-ISOLATORS <s>

The opto-isolators couple digital control and data signals
between the Grounded and Isclated Sections of the

DM 5010 while maintaining electrical isolation between the
two. Each isolator consists of a light-emitting diode that is
turned either on or off by the drive circuitry, and a photo-
detector diode and buffer to sense and buffer the transmit-
ted signal. Each isclator buffer has an open collector output
and pullup resistors are required. integrated circuits U1605
and U1613 are three-terminal requtators used to provide the
correct output levels for the various isolators. Transistor
Q1615 and R1615 set the ON current for U1510's LED.

TIMING LOGIC (&

The Timing Logic stage generates the time-dependent
signals for the A/D conversion process as well as the timing
signals to sync the Transformer Drive circuitry to the con-
version process (to minimize error caused by power supply
noise). The stage is essentially a series of counters and
some decoding logic that determines when certain phases
of the mode-dependent conversion process should be initi-
ated or have been completed.

Flip-flops U1535A and U1535B comprise a <4 counter
that divides the 1 MHz microprocessor clock down to a
250 kHz rate. From there, the 250 kHz clock is divided by
18 to generate the intervais for the charge-balancing con-
version by U1730, U1630A, U1630B, U1320B, U16358B,
U1635C, and U15308. Refer to the timing diagram in Fig.
4-12 for the following description,
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Fig. 4-12. Timing of the divide by eighteen counter.
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Initially, pin 3 of U1635B is high. As the 250 kHz clock is
applied to U1730, counting begins. When U1730's binary
outputs equal 7, a high is applied to the J input of U13208
via U1635C and U1530B. The falling edge of the 250 kHz
clock (actually rising Q) clocks the high to the Q output (T8)
of the U1320B. The complementary low at its Q output is
applied to U1635B and disables the next clock to U1730.
The J input of U13208 is high {U1730's count is still 7) and
the K input is latched high by the Q output. The T8 interval
line at the Q output of U1320B is toggled low by the next
250 kHz clock, re-enabling the clock to U1730 (Q goes
high). Once again U1730 counts normally until its binary out-
put equals 15. On the falling edge of the 250 kHz clock, a
high is clocked to the Q output of U1320B and the comple-
mentary low at its Q output disables the next clock through
U1635B.

Line T16 at pin 15 of U1730 goes high when its binary
output equais 15 (actually count 16 because one clock is
skipped). The next clock (17th) sets the T17 output at pin 5
of U1630A high and, on its falling edge, clocks to U1730 are
re-enabled. The rising edge of the next 250 kHz clock sets
the binary outputs of U1730 back to zero and intiates the T0
puise at the terminal of flip-flop U1630B. Although genera-
tion of a TO pulse is actually dependent on the presence of a
T17 pulse, the instrument considers T17 to be the last pulse
of the sequence and TO to be the beginning of the next
sequence.

Integrated circuit U1525 is a negative-edge-triggered bi-
nary counter that counts the number of 18-count charge-
balancing intervals completed. As U1525 requires a
negative clock, T17 is appiied to its clock input to signal the
end of an 18-count intervat.

The NAND gates connected to the binary outputs of
U1525 generate two time-dependent control signals re-
quired by the Control Logic to perform an A/D conversion.
During normal 4 1/2 digit operation, U1520C detects when
1536 measure intervals have occurred during the Auto-Zero
period and causes a high EOAZ {End Of Auto-Zero) at pin 3
of U1520A, signalling that the Auto-Zero process shouid
stop. At this time, the zero-reference voltage in the charge-
balancing converter stage has been set. The counter is
reset by CLR1 and the actual A/D measurement begins.

A measurement requiring 4 1/2 digit acuracy requires
that the integrator integrate over 12 or 10 periods of the
power line frequency for 60 or 50 Hz operation, respectively.
Referring to Fig. 4-13, it can be seen that any noise at the
instruments input affects the charge and discharge rates at
the A/D Converters summing node (and thus the time at
which the node voltage crosses the zero-reference voltage).
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in the DM 5010’s charge-balancing A/D conversion, the
time {number of counts) that the integrators output voltage
is above the zero-reference voltage is subtracted from the
time below the zero-reference voltage, and is representative
of the input voltage. Though the magnitude of the ripple ang
the charge rates are extremely exaggerated in Fig. 4-13. a
principle may be demonstrated.

If, for example, a measurement is taken over time inter-
val A, the noise (at power line frequency) added to the sum-
ming node of the “antenna effect” of the test leads. results
in a conversion more positive than the actual signal being
measured. Similarly, a measurement taken over time inter-
val B results in a conversion more negative than the actual
signal.

By making the A/D conversion over a complete numper
of power-line cycles (A + B), these measurement errors
cancel and the actuat signal is accurately resolved. Since
the DM 5010 will be used in environments where either
50 Hz or 60 Hz power is in use, the chosen time frame re-
sults in “complete-cycle”™ measurements for either line
frequency.

For normal 4 1/2 digit measurements, U1620 detects
when 2778 measurement intervals have occurred. This is
equivalent to 200.02 ms of time or, in terms of “complete
cycles™, 12 cycles at 60 Hz or 10 cycles at 50 Hz. After the
instrument measures for 200.02 ms, U1620 applies a low at
U1635A, generating an EOC (End Of Count) pulse at its
output. This EQC signals the Control Logic stage that the
Measure Period of the measurement is over.

The DM 5010 also has the capability to perform 3 1/2
digit measurements at a faster rate. If the microprocessor
determines that a 3 1/2 digit measurement should be initiat-
ed, it sets the 3 1/2 line high. This enables U1520B to gener-
ate the ECAZ pulse after 256 measure intervals have
occurred during Auto-Zero. integrated circuit U1525 is reset
and begins to count measurement intervais for a 3 1/2 digit
conversion.

Once again, because of the power-line noise picked up
by the measurement leads, the A/D conversion must be per-
formed over a number of complete power-line cycles. Ade-
quate resolution for a 3 1/2 digit measurement may be
obtained by performing the A/D conversion over just one
power-line cycle at either 50 Hz or 60 Hz. Both U1625 and
U1720 are enabled by the high 3 1/2 line and, if operating
from a 60 Hz power line, the 50/60 mode-select-enable to
U1720is also high (this is set by an internal jumper to match
the power-line frequency).
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Fig. 4-13. Influence of power

When operating in a 60 Hz environment, U1720 detects
when 231 measurement intervals have occurred. This is
equivalent to 16.63 ms or one complete cycle at 60 Hz. At
this time, U1720 causes an EOC to be generated at the
output of U1635A, stopping the A/D conversicn.

When operating in a 50 Hz environment, the 50/60 line to
U1720 should be set low. This disables U1720 and U1525
counts up to 278 before the EQC is generated by U1625
and J1635A. This equates to 20.02 ms or cne compiete
cycle at 50 Hz. As can be seen, in all cases the A/D conver-
sion takes place over a complete number of power-line cy-
cles, minimizing conversion errors caused by noise.

DATA @

As described earlier, the result of a charge-balancing A/D
conversion is a sequence of pulses. The number of pulses
generated during the conversion directly represents the con-
ditions at the converters input. The Data stage counts these
pulses and later transfers the accumulated resuits to the
microprocessor data bus as required by the processor.

4.20
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line frequency on A/D conversion.

The counter circuitry consists of four 4-bit up-down
counters cascaded together along with a discrete-gate flip-
flop to form a 17-bit up-down counter. The counter is reset
at the beginning of a measurement cycle and then counts
either up or down. depending on the polarity of the Integra-
tors output with respect to the Comparators zero-reference
voltage. At the end of the measurement period, the number
of clocks accumulated (T, .- T, .. Dy the 17-bit counter is
representative of the input conditions to the A/D converter.

When the conversion is complete and the results are
stored in the counter, the Contrel Logic signals that conver-
sion data is available to the microprocessor. This data is
transferred from the counter to the Data Bus one bit at a
time, starting with the least significant bit.

At the time the processor is told that the data is avail-
able, U1235 and U1230 are cleared by the Controi Logic
pulsing the CLR line low. This sets the Q output of U1320
high to enable data to be passed through U1030A. Since
the Q output of U1320A is low, the data path through
U1030D is disabled and the resulting high at its output en-
ables Ut0308B.
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Counter U1235, set to binary zero by the CLR puise at
the end of the measurement period, selects the least signifi-
cant bit of data (at the E, input of U1125) to be output to the
data bus via U1030A, U1030B, and the Misceilaneous buff-
er (diagram 9). As the processor beings its reading se-
guence, it reads this bit of data, and then generates an
ADVANCE puise via the Address Decode circuitry (diagram
7) to increment the counter U1235. The next LSB of data
(E,) is now selected by U1125 and is applied to the data
bus. The processor continues reading data and advancing
counter U1235 in this fashion until all 16 bits of data
selectable by U1125 have been read. The next ADVANCE
puise generated by the processor causes a ripple-carry at
pin 15 of U1235, and U1320 changes state. U1030A is dis-
abled and the 17th bit of conversion data stored in the dis-
crete flip-flop (U1135C and U1030C) is passed on to the
data bus via U1030D, U1030B and the Miscellaneous
buffer.

MICROPROCESSOR <>

The Microprocessor is the control center for all instru-
ment operations. Operating under firmware control, the var-
ious types of data in the System are moved about and
manipulated by the microprocessor. By addressing (select-
ing) the various devices or memory locations in the proper
sequence {firmware control) and by properly manipulating
and transferring the data associated with these addresses,
each portion of the instrument performs its correct function
at the correct time.

The DM 5010, as do all microprocessor systems, re-
quires a system clock. The 4 MHz crystal, Y1221, provides
a stable and accurate timing element for the
microprocessor's internal clock oscillator. Al other critical
timing signals in the instrument are derived from the inter-
naily-divided ¢2 (1 MHz) clock.

The VMA (Valid Memory Access) and R/W (read/write)
lines control the enabling of devices on the data bus as well
as the flow of data on the bus. The IRQ line (interrupt re
quest) is used in conjunction with GPIB data transfers,
which are explained in the Handshake Process. The remain-
ing processor controi lines, with the exception of the
RESET, are not used. The function of the RESET line is
explained in the following description.

POWER-ON LOGIC >

The Power-On Logic holds the DM 5010 circuitry in a
reset condition for a short time after power up, or when a
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momentary power supply fault occurs. This ensures that the
+5V supply has settied and that all instrument functions
begin from a known state.

As instrument power is turned on, the +5V supply
comes up from 0V to +5V over some finite time period.
During most of this time, the inverting input of U1230B is
more positive than the noninverting input, keeping the out-
put, at pin 7 low, and thus the system reset (PON at pin 1 of
U1230A) at ground potential. As the supply voitage reaches
approximately +4.7 V, the noninverting input at pin 5 goes
more positive than the input at pin 6. As this occurs, the
output transistor of comparator U1230B (an open coliector
device) is turned off.

Capacitor C1223 now charges toward +5V through
R1227, As the voltage across C1223 charges beyond
+2.75 V, the inputs to comparator U1230A change relative
polarity and the system reset (PON} levet at output pin 1
goes high. As previously mentioned, the time detay incorpo-
rated in this circuitry ensures that the +5 V supply has had
time to settle before any operation is attempted.

ADDRESS BUS BUFFER O

The Address Buffer stage consists of U1235 and
U1420A. This stage provides the increased current drive re-
quired to address the many devices on the Address Bus.

ADDRESS DECODE (>

The Address Decode circuitry may be thought of as an
extension of the address bus. This stage looks at the six
most-significant bits of the address bus along with two
function-dependent signals produced by the microprocesor
to generate many of the reguired enable and control signals
for specific devices within the instrument.

A high VMA (Valid Memory Access) signal, as does its
inverted counterpart (low BVMA), indicates that the infor-
mation on the address bus is pointing to a valid memory
location. When these signals are present, deceders U1510,
U1520, and U1620 along with U1720A, U1720B, U1730A,
and U1730B in the iogic state, generate the enable and con-
trol signais as shown in Table 4-4. The memory map shown
in Table 4-5 further illustrates address decoding. Those sig-
nals associated with U1620 are all synchronized to the
microprocessor by the ¢2 clock.
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Table 4-4
ADDRESS DECCDING
Address Bit Generated Equivalent

2 10 11 12 13 14 15 Output Addresses Size
X X X L L H H ERCMC CXXX 4k
X X X H L H H EROMD DXXX 4k
X X X L H H H EROME EXXX 4k

- X X X H H H H ERCMF FXXX 4k
X X X X X L H Not Decoded 8000-BFFF 18k
X X X X X H L Not Decoded 4000-7FFF 18k
L L L L H L L EGPIB 2000-23FF 1k
L L L H H L L ADVANCE 3000-33FF 1k
L L H L H L L Set RD low 2800-2BFF 1k
L L H H H L L Set 31/2 3800-3BFF 1k
L H L L H L L SA STOP 2400-27FF 1k
L H L H H L L Set41/2 3400-37FF 1k
L H H L H L L Set RD high 2C00-2FFF 1k
L H H H H L L TRIG 3CO0-3FFF 1k
X L L L L L L ERAM 0000-03FF 1k
X L L H L L L NC 1000-13FF 1k
X L H L L L L EMISC 0800-0BFF 1k
X L H H L L L ECMOS 1800-1BFF 1K
X H L L L L L ESW 0400-07FF 1k
X H L H L L L NC 1400-17FF ik
X H H L L L L EFP 0CO0-OFFF 1k
X H H H L L L RC 1CD0-1FFF ik
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Table 4-5
ADDRESS DECODE MEMORY MAP
Starting Signai
Hexadecimal or Size
Address Enable (Decimal)
0000 ERAM 1%
0400 ESW ! 1k
0800 ST
0C00 i EFF 1k
1000 | 1000-17FF | 2
| NOT USED
1B00 | ECMOS 1k
1C00 RC 1k
2000 : EGFIB 1k
2400 SA BTOP 1k
2800 1RD 1k
2C00 ORD 1k
3000 ADVANCE 1k
3400 3172 ; 1K
3800 41/2 1k
3coo TRIG 1k
4000 4000-BFFF 32k
NOT USED
€000 EPROMC 4k
D000 EPROMD 4K
E000 EPROME 4k
FO0O EPRCMF 4k
LOGIC

The Logic stage works in conjunction with the Address
Decode circuitry to generate process ceontrol signals re-
quired by the A/D conversion circuitry.

The set-reset latches, U1720A and U1720B, allow the
microprocessor to set signal levels simply by addressing the
function via the Address Decode circuitry. Table 4-4 shows
the biock of addresses that the microprocessor uses to set
or reset the RD (Range Data) or 3 1/2 (measurement resolu-
tion) signal lines.
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DATA BUS BUFFER (>

The Data Bus Buffer, U1435, provides bidirectional
buffering of instructions and data on the data bus. Depend-
ing on the instruction being executed, the microprocessor
either outputs data onto the data bus or reads from the bus
by controlling buffer direction via its R/W (read-write) control
fine.

NOP BUFFER {»

By making the microprocessor execute a continuous se-
ries of NOP (no-operation) instructions, much of the micro-
processor kernel may be exercised and verified apart from
devices that may be malfunctioning on the Data Bus. Mov-
ing P1425 to its NOP position tri-states (disables) the nor-
mal Data Bus Buffer U1435 and, in its place, enables the
NOP Buffer U1430. This device inverts its hardwired inputs
and forces a NCOP instruction {00000001) into the processor
with each clock to make the processor “do nothing”. In reali-
ty, the microprocessor sequentially increments through its
entire address field, exercising many devices connected to
the address bus in a repeatable and predictable fashion.
This allows for verification of the kernel and may be used as
an aid in distinguishing data-related problems from hard-
ware problems when troubleshooting.

ROM

The ROM contains the operational firmware for the
DM 5010. Data is read from the ROM stage one byte at a
time from any of 16k locations as addressed by the micro-
processor. The Address Decode stage described earlier en-
ables only one of the four ROM IC’s when the ROM is to be
read. The 12 LSBs of the buffered address bus select one of
the possible 4k bytes stored in the enabled IC to be output
to the Data Bus where it is read by the microprocessor.

RAM

The RAM stage, U1600 and U1505, consists of two 1k X
4.-bit RAM ICs and a smail amount of enable logic. When the
Address Decode circuitry detects an address within the
alotted RAM space, it sets the ERAM line connected to the
RAM CS (Chip Select) inputs low. This enables data to be
read from or written to RAM, depending on the level of the
WE (Write Enable) pins.

The RAM outputs the data addressed by the buffered
address bits BAD-BA9 when ERAM is tow and WE is high.
Data may be written to the addressed location only when
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the RAM block is enabled by ERAM low and when the write
enable WE is also low. The write-to-RAM may only occur on
a Valid Memory Access (VMA) writing B R/W to the RAM
after the Data Bus is known 10 be valid (B ¢2) as determined
by U1630A.

CMOS RAM

The CMOS RAM stage, U1220, contains the calibration
constants for the DM 5010. These constants, along with
various algorithms stored in the firmware ROM. are used by
the microprocessor to calculate measurement results.
These constants are stored, as described below, at the time
of initial instrument adjustment. During normal instrument
operation, the CMOS RAM locks like ROM to the
MiCroprocessor.

On power up, transistor Q1123 is turned on and the
CMOS RAM may be enabled by a low ECMOS from the
Address Decode stage.

During normal instrument operation, jumper P1132 is in
the NCRM position and data may only be read from the
CMCS RAM when ECMOS is low; R/W is always high. Dur-
ing instrument adjustment, however, new calibration
constants must be written into the CMOS RAM. Jumper
P1132 is moved to its CAL position and the VW (Valid
Write) signal enables writing to the CMOS RAM in much the
same way as writing to the normal RAM.

To store calibration constants, a specified signal is ap-
plied to the DM 5010 input and an A/D conversion is per-
formed. The processor is then told to store this data as a
calibration constant when the user presses the front-panel
ENTER key. This routine is repeated until all calibration
constants have been stored. Jumper P1132 is then returned
to its NORM position and, for all practical purposes, the
CMOS RAM functions as a ROM.

When instrument power is turned off, transistor Q1123 is
turned off and the CS (Chip Select) input of U1220 is pulled
high through R1133 up to the battery supply voltage. This
tri-states the busses of U1220 to minimize power drain from
the Battery circuit.

BATTERY

A Battery circuit is empioyed in the DM 5010 to maintain
the calibration contents of the CMOS RAM when the instru-
ment is not connected to a line-power source via the power
module. When not driving the data bus (as when the instru-
ment is off}, the CMOS RAM requires very little power and a
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small battery will maintain the calibration constants for the
extended periods between instrument use.

In normal operation with power applied, power for U1220
comes from the +8 V supply through R1135 and CR1133.
Diode CR1235 holds the anode voltage of CR1133 at
+5.6 V. This resuits in +5 V being applied to pin 16 of
U1220, the positive supply input. This +5 V is also applied
to R1131, charging battery BT1121 when the instrument is
operating. With power removed, U1220 is disabled, as de-
scribed earlier, and the current to maintain the contents of
the CMOS RAM flows through R1131 from battery BT1121,

MISCELLANEOUS BUFFER @

This stage buffers three of the one-wide status bits and
the serial conversion data onto the data bus so the proces-
sor may read them when required.

The EMISC (Enable Misceilaneous) signat from the Ad-
dress Decode circuitry turns on buffer U1420B. This en-
ables the microprocessor to read the data on the four most-
significant bits of the data bus and make decisions based on
these status and data bits.

Three of the four bits buffered onto the bus comprise
status-type information. These bits affect the way in which
the microprocessor performs its various ¢control functions.

Since the A/D conversion process operates in either 50
or 60 Hz environment, the microprocessor must know which
environment it is operating in. The 50/60 Hz jumper, P1723,
is set to match the line frequency of the power source. This
status bit may be read from data bus bit 5 as the processor
requires.

The microprocessor continually checks the output of the
set/reset latch, U1720C, which is buffered onto the data
bus. If the Extrigger jumper, P1721, is in the enable position,
a signal applied to the rear interface EXTRIG connector pin
may be used to initiate triggering. In normal front-panef op-
eration, jumper P1721 is in its disable position and a low is
buffered onto Data Bus bit 4 when status information is
read. With the Extrigger jumper in its Enable position, a low
EXTRIG from the rear interface connector pin sets the out-
put of L1720C high and the microprocessor stops its con-
version process after it performs one more complete con-
version. After the conversion is complete and the results are
properly stored or transferred, the processor sets ESW
{Enable Switch) low via the Address Decode gircuitry and
the output of U1720C is reset low. Normal front-pane! oper-
ation resumes until another EXTRIG cccurs to initiate an-
other triggered conversion.
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The In Progress bit, when set high, informs the micro-
processor that an A/D conversion i$ in process. The proces-
sor, when controlling the conversion process, monitors this
data bit and, when it returns low, knows that the A/D con-
version is complete and that the serial data may be read
onto the bus via the Data line.

The 17-bit serial data representing an A/D conversion is
buffered one bit at a time onto bit 7 of the buffered data bus.
The microprocessor, by executing a sequence of read, shift,
and store commands, re-assembles this serial data into the
parallel format it uses most efficiently.

SWITCHES <9

The primary function of the ESW (Enable Switches) sig-
nal is to enable the microprocessor to read the settings of
the eight user-definable switches defining the GPIB and SA
(Signature Analysis) configuration of the DM 5010.

Though also used to reset the EXTRIG status bit as pre-
viously described, a low ESW from the Address Decode cir-
cuitry turns on buffer U1610. This buifers eight bits onto the
data bus corresponding to the switch closures of $1515, as
defined by the user. Switches S1515-2 through 8 define
GPIB address and mode data and will be further discussed
in the GPIB description that follows. Switch $1515-1, when
closed, causes the microprocessor to stop normal DMM op-
eration and execute a special SA stimulation routine.

GPIB &

The GP!B provides a communication and control link so
that multiple instruments may interface with each other un-
der the direction of a system controiler. The TM 5000-Series
power module provides the external GPIB connector as well
as the internal interconnection to tie a GP!B-compatible
plug-in to the GPIB. All GPIB interface and control functions
of the DM 5010 and the TM 5000-Series power modules
adhere to IEEE Standard 488-1978.

The IEEE 488-1978 Standard

The IEEE 488-1978 Standard defines a byte-serial, bit-
paraliel interface system electrically, functionally, and me-
chanically as well as specifying terminology and system
limitations. This system implements a three-wire handshake
system with each data transfer from a “talker” to one or
more “listeners”. A “talker” is a GPIB device sending data
while a “listener” is one that receives data from a “talker”.
All GPIB information is transferred at standard TTL levels
using negative logic (i.e., 0=true).
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The power module’s external GPIB interface has 16 con-
nections that are used for three separate types of functions.
Each of these signal lines is connected directly to the
DM 5010 and function as described by the IEEE 488-1978
Standard. One additional signal line TE (talk enable), is pro-
vided for future use.

Inputs DI01 through DI08 {data input/output) are used
specifically for transfer of data between GPIB devices.

Five other lines are used to manage the flow of informa-
tion over the interface lines. The ATN (Attention) line, when
active, disables the current talker and listeners and makes
all devices listen to the controller. IFC (Interface Clear)iine is
used to put the interface system into a known quiescent
state. The SRQ (Service Request) line is used to indicate to
the controller that a device on the bus is in need of service
and an interrupt is requested (the controller determines
which devices may talk or listen at any time). The REN (Re-
mote Enabie) command selects either a remote or local
source of device programming. The EOI (End Or Identify)
line is used to signal the end of a multipie byte transfer.

The three remaining lines are associated with the hand-
shake process and are the DAV (Data Valid), NRFD (Nct
Ready For Data) and NDAC (Data Not Accepted} lines. Their
timing retationships during the handshake process are
shown in Fig. 4-14. Each data byte transferred by the inter-
face system uses the handshake process to exchange data
between source (typically a talker} and acceptor (typically a
listener). The foilowing list of events is related by number to
the state changes shown in Fig. 4-14 and the flowchart
shown in Fig. 4-15.

The Handshake Process

1. The source (talker) initializes the active low DAV (Data
Valid) to a high level, indicating that data is not valid.

2. The acceptors (listeners) initialize the active low
NRFD (Not Ready For Data) leve! to a low (none are ready
for data) and set the active low NDAC (Data Not Accepted)
level to low (none have accepted data).

3. The source checks for an error condition (both NRFD
and NDAC at a high level) and then sets a data byte on the
DIO (Data in/Out) lines. After the data has been placed on
the DO lines, the source delays to allow the data to settie
on these lines.

4. When the acceptors have all indicated readiness to
accept the first data byte, the NRFD levei goes high.

4.25



Theory of Operation—DM 5010

Gri-pr8T

314300V .
3INON | 0314300V

@n_

314300V
1 3IWOS

Q31d332V INON

| 0114300% [G31a330v awos
» 1 1

AvVO

anva LON

- mr £ : __ __[3050am02)
e : 81 010

31iAd ¥1vQ GNO3J3S DNITLLIS JONYHO 31A8 ViVa LSHId
viva viva

ADD JAN 1982

Fig. 4-14. GPIB three wire handshake state diagram.
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Fig. 4-15, GPIB Handshake flowchart.
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5. The source, upon sensing the high NRFD level, sets
the DAV level to a low, indicating that the data on the DIO
lines has settled and is valid.

6. The first (fastest) acceptor sets the NRFD level low,
indicating that it is no longer ready for new data, and ac-
cepts the present data. The remaining acceptors follow at
their own rates.

7. The first acceptor sets its NDAC level to a (passive)
high, indicating that it has accepted the data. (NDAC re-
mains low due to the other acceptors actively driving NDAC
low. The term “passive” means that if any other device is
“actively” driving this line to the opposite state, the passive
level is overridden.)

8. As the last (slowest) acceptor accepts the present
data, the NDAC level goes to a {passive) high, indicating
that all acceptors have accepted the data.

9. The source, having sensed the high NDAC level, sets
DAV high. This indicates to the acceptors that the data on
the DIO lines must now be considered invalid.

10. The source may change the data on the DIO lines at
this time, and now delays to allow this data to settle if
changed.

11. The acceptors, upon sensing the high DAV level
(step 9, above}, set the NDAC level low in preparation for
the next cycle. The NDAC line goes low when set by the first
acceptor.

12. The first acceptor indicates that it is now ready for
the next data byte by setting its NRFD level to a (passive)
high. (NRFD remains low due to other acceptors actively
driving it low.)

13. When the last acceptor indicates that it is ready for
the next data byte, the NRFD level goes (passive) high.

14. The source, sensing that NRFD is high, sets the
DAV level low, indicating that the new data on the DIO lines
has settled and is valid.

15. The first acceptor sets the NRFD level low, indicat-
ing that it is not ready to accept any change of data, then
accepts the present data. The other acceptors follow at
their own rate.
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16. The first acceptor sets its NDAC level to a (passive)
high, indicating that it has accepted the data (as in step 7
above).

17. The last acceptor sets the NDAC level (passive)
high. indicating that it has accepted the data (as in step 8
above).

18. The source, having sensed that NDAC is high, sets
DAV high (as in 9).

19. The source removes the data byte from the DIO sig-
nal lines after setting DAV high.

20. The acceptors, upon sensing the high DAV level, set
NDAC to a low level in preparation for the next cycle.

21. Note that all three handshake lines are at their initial
states (as in steps 1 and 2 above).

GPIB Interface

The purpose of the GPIB Interface is to provide interface
between the IEEE 488-1978 Standard bus and the DM 5010
microprocessor, The DM 5010 GPIB Interface consists pri-
marily of a 40-pin IC designed specifically for GPIB applica-
tions and two bidirectional current buffer ICs.

On the bus side of the GPIB IC, U1105, 16 pins are refat-
ed directly to the 16 signal lines defined in the |[EEE 488-
1978 Standard description above. These data, controi, and
handshake signals are buffered by U1100 and U1110 either
from U1105 to the GPIB or vice versa, depending on the
T/R (Transmit-Receive) direction control signal. This T/R is
also inverted by Q1121 and is provided to the TM 5000-
Series power module for future use.

The GPIB IC is a register-oriented device; i.e., its function
depends on how its various internal registers have been set.
The various control and addressing signals that determine
the setting of these registers are applied to the micro-
processor side of the IC.

At power up, the negative PON pulse sets all internal
registers of the GPIB IC to predefined states. When the
Address Decode circuitry detects that a GPIB function is to
be performed, it sets EGPIB (Enable GPIB) low and the
GPIB IC is enabled.
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There are 16 register locations accessible to the micro-
processor via the address bus and data bus. These regis-
ters store and transfer the control information for the
various IC functions as well as IC status and data transfer
information. The 16 registers (eight read-only and eight
write-only) are addressed by the R/W line along with
puffered address bits BAO-BA2. Data is written into the
write registers or read from the read registers via the data
bus coincident with the Be2 clock,

The GPIB IC can execute instructions from both the
microprocessor data bus and from the Generat Purpose In-
terface Bus. As these commands are executed, the various
GPIB control and handshake sequences are automatically
performed by the GPIB IC, including the proper direction of
data transfer on the GPIB (controlled by T/R).

Command sequences received via the GPIB usually re-
quire that normal microprocessor opération be interrupted.
An TR (Interrupt Request) to the microprocessor is gener-
ated by the GPIB IC when such conditions arise.

FRONT-PANEL CONTROL @

The Front-Panel Control stage consists primarily of
1J1605, a specialized IC designed to scan the Front-Panel
Switches and control the Front-Panel Display. It provides
scanning and reading functions for the various Front-Panel
Switches as well as the storage and multiplexing functions
required for the Front-Panel Display.

After the PON reset at power up, a scanning sequence
begins that checks the Front-Panel Switches for
closures.The SC1-8C3 (Scan Column 1-3) lines are the out-
puts of a free-running binary counter and are later decoded
by the Front-Panel Drive circuitry (diagram 11} to scan the
eight columns of the Front-Panel Switches matrix. As each
column of the matrix is set low (one at a time), the five rows
of the matrix are checked to see if a closure is present at the
corresponding switch. If a closure is detected, a unique ad-
dress identifying the switch is written into a temporary stor-
age register within U1605. When the microprocessor
executes its front-panel read routine, the register is read via
the data bus and the instrument function is changed under
firmware control to reflect the depressed switch. All time
relationships for the front-panel scanning are derived from
the Bg2 clock.

Data to be displayed by the Front-Panel Display is writ-
ten from the microprocessor into eight 8-bit storage regis-
ters internal to U1605 via the data bus. Each bit, when low,
corresponds to an illuminated LED, either in the seven seg-
ment displays or the individual status LEDs. The micro-
processor formats all numeric and status information before
writing it to U1605 so that meaningful displays will result.

ADD JAN 1982

www.valuetronics.com

Theory of Operation—DM 5010

The Display is scanned in a manner similar to that of the
switch matrix described above. As U1605 performs its con-
tinuous scanning functions, each of the seven-segment dis-
plays or columns of status LEDs are enabled one at a time,
as determined by the SC1-SC3 output lines from U1605 and
the Front-Panel Drive circuitry on diagram 11. As gach new
column or digit is enabled, the contents of the correspond-
ing display register are output onto the CD1-CD8 (cathcde
drive 1-8) lines. This is the display information previously
stored by the microprocessor. The appropriate LEDs are
turned on to form either a decimal digit or to light the status
indicators.

All front-panel related data transfers occur via the Data
Bus and are enabled by a low EFP (Enable Front Panei)
from the Address Decode circuitry. Writing display informa-
tion to U1605 is enabled by a low VW (Valid Write) to the IC
and occurs coincident with the B2 clock. Integrated circuit
U1630 controls the reading of the Front-Panel Switches reg-
isters. Reading occurs coincident with the B¢2 clock and
one of two registers may be read as selected by BAD, the
least significant bit of the address bus.

MAIN INTERCONNECT @

The Main Interconnect is a printed circuit board that pro-
vides most of the interconnection for the various boards of
the DM 5010. Signal origin is indicated by an arrow pointing
away from the board connector on which the signal is gener-
ated. The Main Interconnect also provides guard and
ground shielding.

FRONT-PANEL DRIVE @

The Front-Panel Drive stage consists of a 1-0f-8 decod-
er, current buffering circuitry, and a front-panel reguiator.
The front-panel regulator, U1720, and its associated com-
ponents reguiate the +8 V supply from the power module
down to +5 V to provide power for the front-panel circuitry.
By using a separate + 5 V supply for the front-panet circuit-
ry, switching noise and transients generated by Front-Panel
Switches do not affect operation of the rest of the
instrument.

The decoder, U1040, converts the binary scanning code
from the Front-Panel Controi IC to the eight individual lines
required to scan the Front-Panel Switches and the Front-
Panel Display, as explained in the Front-Panel Control de-
scription. The buffering provides current drive levels as
required by the switch matrix and LED displays.
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FRONT-PANEL SWITCHES @

The Front-Panel Switches provide a way for the user to
control the operation of the DM 5010.

Forty push button switches are arranged ina 5 X 8 ma-
trix and are continuously scanned under control of the spe-
cial Front-Panel Controi IC and the 1-0f-8 decoder in the
Front-Panel Drive stage. The 1-of-8 decoder sets each of
the eight columns of the matrix low, one at a time, and then
each of the five rows are sequentiaily checked by the Front-
Panel Control IC to see if a switch closure is present. After
ail five rows have been scanned, the next column is set low
by the decoder and the sequence is repeated. Switch clo-
sure data is stored by the Front-Panel Control IC and is
further explained in that description.
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FRONT-PANEL DISPLAY @

The Front-Panel Display provides a visual indication of
instrument status and measurement results to the user. It is
comprised of multi-segment displays and individual light-
emitting diodes arranged in a matrix configuration. The dis-
play is generated in much the same way as when the Front-
Panel Switches are scanned.

The Front-Panel Control IC, along with the 1-o0f-8 decod-
er in the Front-Panel Drive circuitry, enables one of the muit-
segment displays or one of the columns of status LEDs by
pulling the associated anodes high through the buffering cir-
cuitry on diagram 11. As each group of anodes is enabled,
an 8-bit display word associated with the particutar column
enabled is output from the Front-Panel Control IC on lines
CDO-CD7 (Cathode Data 0-Cathode Data 7). This is the
data stored earlier by the microprocessor representing the
LEDs that should be turned on in any given display digit or
status column. The data is buffered by the Front-Panel Drive
circuitry and appiied to the eight cathode rows. Any cathode
that is low when its respective anode is held high will
illuminate.
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TE INTERFACING
INFORMATION

GPIB
MADE EASY

DM 5010 Instrument

Interfacing Guide

This interfacing guide is designed to help you get
started using the DM 5010 Programmable Digital
Multimeter with a GPIB controller as quickly and
easily as possible. This guide tells you how to set DM
5010 switches for GPIB operation and explains how
to communicate with the DM 5010 with a variety of
controllers. Sample measurement programs for these
controllers are also included.

This guide does not take the place of the operators
manual or other documentation supplied with the DM
5010 and your system controller. More complete
information in this other documentation will help you
get the full benefit of the DM 5010's programmable
capabilities.

Setting Up the DM 5010 for GPIB
Operation

Connect the TM 5000 power module to your
controller with a GPIB cable. The program examples
in this guide assume that the DM 5010 and controler
are the only instruments on the bus.

46031

Checking the GPIB Address and Terminator.
The DM 5010 primary address is displayed when you
press the INST ID button. A decima! point in the
display indicates the message terminator switch is set
for EO! or LF (no decimal point indicates EQl-only). A
minus sign in the display indicates talk-only mode.

The DM 5010 is supplied from the factory set to an
address of 16 and to EOl-only for the message
terminator.

Setting the Address and Terminator Switches.
The switches that select the GPIB address and
terminator are located on a circuit board on the left
side of the DM 5(010. Because the DM 5010 side
cover must be removed, allowing hazardous voltages
to be exposed, refer address and terminator selection
to qualified personnel only. Both a sticker on the
inside of the side cover and Fig. 1 identify the switches
and illustrate their meanings. Other switch or strap-
selectable options in the DM 5010 are explained in the
Operators Manuai.

For additional copies, order:
070-4603-00

Product Group 76

First Printing FEB 1983
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IEEE - 488
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Fig 1. The address and message terminator switches
are located on the circuit board on the left side of the

DM 5010.

Hazardous voltages exist inside the
DM 5010. The DM 5010 should be
removed and disconnected from the
TM 5000 power module (after turning
power off) before opening the instrument
covers. Internal settings should only be
made by qualified personnel,

Valid primary addresses inciude the range of 0 to
30. (31 effectively disables the DM 5010 from commu-
nicating on the GPIB.) If your controller reserves an
address for itself, do not set the DM 5010 to that
address. This is true of Tektronix 4050-Series control-
lers, which reserve address 0 for themselves. The
Tektronix 4041 defaults to address 30 on power-on,
but may be programmed to use any primary address.
The DM 5010 ignores secondary addresses.

EOl-only is recommended as the message termina-
tor for use with Tektronix controllers. EQl-or-LF is rec-
ommended for use with Hewlett-Packard controllers.
(In the latter position, the DM 5010 still recognizes
EOI as a terminator and transmits EQI concurrently
with the LF character to terminate a message.)

Neither signature analysis nor talk-only modes are
used in normat operation with a GPIB controller, so
those switches should be set to a logic 0.

2

Copyright (& 1983 by Tekironix, Inc.. Beaverton. Oregon. Al rights reserved.
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Programming The DM 5010
DM 5010 Power-On

The DM 5010 performs a self-test and goes to its
default settings on power-on.

Selt-Test. During the self-test, all front-panel indi-
cators are lighted. If an internal error is detected, the
DM 5010 continuously displays a three-digit error
code and turns on the ERROR indicator. See the op-
erators manual for the meaning of any code displayed.

Power-On Settings. Following a successful self-
test, the DM 5010 goes to local state with the default
settings shown in Table 1 (and defined in Table 2).
These settings are restored any time the INIT com-
mand is executed.

Power-On SRQ. The DM 5010 asserts SRQ to re-
port power-on status after completing the self-test.
This can be handled with a serial poll, although the
DM 5010 communicates normally on the GPIB and
executes the commands it receives whether or not the
SRQ is serviced. Some controllers, such as the 4051
and 4052 when used without the 405XR14 GPIB
rompack, require that the program contain an SRQ
handler and begin by enabling the handler; otherwise
the power-on SRQ will cause the program to halt with
the error ‘NO SRQ ON UNIT.

Tabie 1

DM 5010 POWER ON SETTINGS
Header Argument
AVE 2
CALC OFF
DBR 1

DCV —1.E+3
DIGIT 4.5
DT OFF
LFR OFF
LIMITS 0,0
MCDE RUN
MONITOR OFF
NULL 0
CPC OFF
OVER OFF
RATIO 1.0
RQS ON
SOURCE FRONT
USER OFF
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DM 5010 Messages

Commands are provided to control DM 5010
settings, cause DM 5010 actions, or request status or
measurement data. These commands are listed in Ta-
ble 2. DM 5010 commands begin with a header-—a
word or abbreviation that describes the function im-
plemented. The command may include one or more
arguments, which are delimited from the header by a
space; multiple arguments are deiimited by a comma.
DM 5010 commands can be combined in a message
by separating the commands with the message unit
deiimiter {(semicolon). Either upper or lower-case
ASCI| characters are accepted.

Table 2
DM 5010 COMMANDS AND DESCRIPTIONS
() = Optional

Header Argument Description

ACDC <num> Selects the ACV+DCV func-

{ACD) tion. Argument selects range.
Negative or omitted argument
selects auto-range.

ACV <num> Selects the ACV function. Ar-
gument selects range. Nega-
tive or omitted argument
selects auto-range.

AVE <num> Sets the number of conver-

(AVGQ) sions used in CALC AVE pro-
gram. Argument is truncated
to integers.

AVE? Returng "AVE < num>;".

(AVG?)

CALC AVE Calculates the average of the

(AVG) next “N" readings. AVE com-
mand sets the value of "N”.
CALC CMPR Compares input to limits set

(COMP) by LIMITS command. SEND
commandg returns:

*3.;" if input is above both
limits.

“2.;” if input is between or
equal to both limits.

*1.;" if input is below both
limits.

*+1.E+99;" for overrange.

DATA returns the out-of-limits
measurement.

www.valuetronics.com

Header

CALC

CALC

CALC

CALC
CALC?

DATA

DBR

DBR?
DCvV

DIGIT
(DIG)

DIGIT
(DIG)

DIGIT?
(DIG?)

DIODE
(DIO)

DT

oT

DT?

Table 2 (cont)

Argument

DBM

DER

RATIO

OFF

<num=

< num>>

35

4.5

TRIG

OFF

Description

Calculates power ratio, refer-
enced to 1 mV dissipated in
600 Q. Disables CALC DEBR.

Calculates logarithmic ratio of
measurement to value of
DBR command. Disables
CALC DBM.

Subtracts offset and divides
by scale factor set by RATIO
command.

Disables all calculations.

Returns "CALC OFF;" or list
of enabled calculations.

Returns the out-of-limits mea-
surement saved by the MONI-
TOR command.

Numeric sets value of refer-
ence used in CALC DBER
command.

Returns “"DBR <<hum>;".

Selects the DCV function. Ar-
gument selects range. Nega-
tive or omitted argument
selects auto-range.

Selects FAST CONVERSION
RATE (3.5 digit resolution).

Selects normal CONVER-
SION RATE (4.5 digit
resoiution).

Returns "DIGIT 3.5;" or *DIG-
IT 4.5;".

Selects DIODE TEST func-
tion. No argument.

Instrument responds to
Group Execute Trigger
<GET>.

Disables DT TRIG. Instru-
ment will not respond to
Group Execute Trigger
<GET>.

Returns "DT TRIG;” or “OT
OFF;".
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Table 2 (cont)

Header Argument
ERR?

FUNCT?

(FUNC?)

ID?

INIT

LFR ON

LFR OFF
LFR?

LIMITS <num>>,
{LIM) <num>
LIMITS?

(LIM?)

MODE RUN
MQODE TRIG

Description

Returns error code for most
recent event reported by seri-
al poll when RQS is ON; with
RQS OFF it returns the high-
est priority status.

Returns the current function
(DCV, OHMS, DIODE, ACV,
ACDC) and range. Negative
argument indicates auto-
range.

Returns “1D TEK/

DM 5010,v79.1 FXX;", where
XX is the firmware version
number.

Initiaiizes all instrument
settings to their power-on
settings. See Power On
Settings.

Enables the LOW FREQ RE-
SPONSE function. Instrument
computes the average of four
ACV or ACV+DCV
measurements.

Disables the LOW FREQ RE-
SPONSE function.

Returns “LLFR OFF;" or "LFR
ON;".

Sets limits used in CALC
CMPR program.

Returns "LIMITS <num>,
<num:>-;",

Selects the free-run (RUN)
trigger mode.

Selects TRIGGERED trigger
mode. Triggers & conversion
only upon receipt of one of
the following.

* SEND command

» Group Execute Trigger
<GET>, only if device
trigger (DT) is enabled.

* My Talk Address (MTA)
with the output unspecified
{no query command).

4 .
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Header Argument
MODE?

MONITOR ON
{(MON)

MONITOR QFF
{MON)

MONITOR?
(MON?)

NULL < num>
NULL?

OHMS <num>>
OPC ON
OPC OFF
oPC?

Table 2 (cont)

Description

» Rear interface trigger
(EXTRIG). Requires inter-
nal jumper installation. To
cause a single trigger, this
line must remain low be-
tween 0.5 and 10 usec.
Holding this line low ionger
causes muitiple readings.

Returns “MODE RUN;™ or
*“MODE TRIG;".

Enables monitor SRQ. Saves
the measurement outside the
limits set by the LIMITS com-
mand and generates an SRQ.
Returns this measurement in
response to DATA. Subse-
quent out-of-limits measure-
ments are not reported until
the SRQ is serviced and mea-
surement is returned via
DATA command.

Disables the monitor SRQ.

Returns “MONITOR ON;" or
*MONITOR OFF;".

Sets an offset value and ap-
plies it to subsequent mea-
surements. Argument may be
any value up to 100% of
range. Disable NULL by set-
ting argument to 0, or chang-
ing measurement function.

Returns “NULL <num>;".

Selects OHMS function. Ar-
gument selects range. Nega-
tive or omitted argument
selects auto-range.

Enables operation complete
SRQ. DM 5010 asserts SRQ
whenever a new measure-
ment is availabie.

Disables operation complete
SRQ.

Returns “OPC OFF;" or
"*OPC ON;".
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Table 2 (cont) Table 2 (cont)
Header Argument Description Header Argument Description
OVER OFF Disables overrange SRQ SOURCE REAR Connects rear interface con-
(OVER ON). If overranged (SOUR) nector inputs.
when talked, retumns
1f+99‘s F:;d does not gen- SOURCE? Returns “SOURCE FRONT;"
erate an SHLL (SOUR?) or "SOURCE REAR;".
OVER ON Enables overrange SRQ. if
overra‘nged whin talked, re- TEST Returns 0 if calculation
turns “1.E+99;" and gener- checksum is correct; 351 if
ates an SRQ. erroneocus.
OVER? R v ON;™ or USER  ON Enables INST ID button ser-
OVER OFF;". vice reguest.
RATIO  <num>, Sets values for offset and USER  OFF Disables INST ID button ser-
{RAT) <num>>  scale used in CALC RATIO vice request.
command. First argument is
for scale, second for offset. USER? Returns "USER ON;" or
*USER OFF;".
RATIO? Returns “RATIO <num>,
(RAT?) <num>;".
RDY? Returns “RDY 0;" if a mea-
surement is in progress or if Sending Messages to the DM 5010

the instrument is waiting for a
trigger. Returns “RDY 1;" ifa
measurement is available.
Also see OPC ON.

Most GPIB controllers provide a high-level state-
ment that allows you to transfer device-dependent
messages to the DM 5010. In the 4050-Series and the
4041, it's the PRINT statement.

RQS ON Enables instrument to gener-
ate service requests. 4050-Series:
RQS OFF Disables all SRQ's. Instru~ 170 PRINT @16:"ACVILFR ON"
ment responds to ERR? with-
out first being serial polled. 4041:
RQS? Returns “RQS OFF;” or 170 Print H14:"ACV;LFR ON®
RQS ON;™. A useful variation assigns the DM 5010 address to
SEND Returns latest measurement. a variable and inserts that variabie in the PRINT state-
(SEN) If no measurement is avail- ment in place of the number for the address. This
able, the instrument triggers a works with either the 4050-Series or 4041 and allows
measurement and then out- you to change the program to work with the DM 5010
puts it. If CALC CMPR is en- set to other addresses by changing only the state-
abled, returns 1, 2, or 3 to ment that assigns the variable.
indicate relationship of mea-
surement to LIMITS. See 4050:
CALC CMPR. 200 D=16
SET? Returns all instrument 210 FRINT @D:"ACV;LFR ON"
settings that may be queried. 4041:
See Power On Settings.
260 Dam=1é
SOURCE FRONT Connects front panel connec- 210 Print #demi™ACViLFR ON"

(SOUR) tor inputs.

www.valuetronics.com
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Notice that the DM 5010 message (what's inside
the quote marks) is the same in all of the above exam-
ples. The rest of each example varies to match the
PRINT statement syntax designed into each controlier
as illustrated in Fig. 2. This suggests that once you
understand your controller's output and input state-
ments, it's just a matter of plugging in the DM 5010
commands you need.

PRINT @5:“RQS ON"
4041 BASIC PRINT #5:“RQS ON"
HP-85 BASIC OUTPUT 705 ; “RQS ON” .
FLUKE 1720A BASIC PRINT @5%,“RQS ON"

HP 9826 BASIC OUTPUT 705;“RQS ON"
4603.5

Fig. 2. A message to a GPIB device is contained with-
in the controller’'s GPIB output statement. The state-
ment is composed of three parts: the keyword, the
address or logical unit number, and the device-depen-
dent message. All the statements shown send the
same standard Tektronix Codes & Formats message
(ROS ON) that enables SRQ interrupts. All send the
message to an instrument with primary address 5.
The difference lies in the syniax of the statement re-
quired for a particular controller.

4050-Series BASIC

Getting DM 5010 Current Settings

DM 5010 queries or output commands (such as
FUNCT?, MODE?, or SEND) prepare the instrument
for output, but do not start such output. The DM 5010
waits until it sees its talk address to begin sending the
requested data. This is accomplished by the INPUT
statement.

4050-Series:

280 FRINT @jé6:"FUNC?"
290 INPUT R216:F$

4041:
290 Input 8146 rromet "FUNC?"ifnction$

All instrument settings can be obtained in one mes-
sage. Just dmension a string large enough (300 char-
acters is plenty) and input the settings string.

4050-Series:

330 DIM Ss(300)

340 FRINT #i4:"SET?"
330 INFPUT B146:6%

6 i
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4041:

330 Dim settings to 30D
340 Input #14 prourt “SET?"isettings

You can restore the settings you input from the DM
5010 by sending back the settings string.

4050-Series:
380 PRINT Ei6:5¢

4041:
380 Print Hléisettings

Getting DM 5010 Measurements

Getting measurements from the DM 5010 is even
easier than getting settings data. Sending the DM
5010 talk address, which INPUT does, is enough to
cause the DM 5010 to output a reading. (The DM
5010 responds with a reading if it has not been told by
a query command to respond with some other out-
put.) The DM 5010 sends the reading as ASCII nu-
meric characters, which may be input into a character
string or numeric variable. The variable and its type
are specified after the colon in the INPUT statement.

4050-Series:
430 INFUT 214:R

4041:
430 Input #Hliéireading

if a reading is not availabie, say the DM 5010 was
set to triggered mode but no reading was triggered,
the INPUT statement causes the DM 5010 to trigger a
reading and output it as soon as it is available. Mean-
while, it holds off further GPIB activity by halting the
handshake. This may be undesirable if the DM 5010 is
set to average many readings before it can output a
response. The SEND command is provided for this
reason. Its use is illustrated in the sample measure-
ment program later in this guide. SEND allows the
program to handle other events or do other process-
ing while many readings are averaged. It also avoids a
timeout, which occurs if the DM 5010 is talked but
cannot supply output within five seconds.

If the program does request a long averaging oper-
ation, does not use SEND, and attempts to INPUT the
reading before it is ready, it can cause the DM 5010 to
time out. If a time out occurs, the DM 5010 does not
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hold up bus traffic any longer; it outputs a byte with all
bits set to one (FF hex) and asserts EQI concurrently.
This does not change the value stored in the INPUT
target variable. if the variable was undefined, it re-
mains undefined. This causes an error if the variable is
numeric and it is subsequently used in an output
statement or a calcuiation.

Because the DM 5010 returns a very large number
{(1.E+99) to indicate an overrange condition, it is nec-
essary to define variables used for readings in the
4041 as long fioating point. Such a variable is used in
the 4041 sample measurement program.

Using DM 5010 Interrupts

Programmable interrupts are provided in the DM
5010 to inform the controller of asynchronous events,
such as operation complete, command errors,
overranging, or out-of-limits reading in the compare
mode. f the DM 5010 is set to report an event, it
asserts SRQ when it detects that event and sets its

4050-Series with 405XR14 Rompack:

120 ON SRO THEN 470

130 CALL "SRQON®

140 REM

150 REM

450 REM

460 STOP

46% REM SERIAL POLL OF ADDRESS
470 POLL A,S316

475 FPRINT @1&6:"ERR?"

480 INFUT @14:E

490 PRINT "STATUS=";S, "ERROR="
500 RETURN

4041:

120 On sra then gosub doroll
130 Enable sr4

140 !

150 |

450 |

status byte and error code appropriately. The status
byte returned in response 1o a serial poll and the error
code returned in response to an error query (ERR?)
correspond to the events shown in Table 3. The error
guery obtains more detail in the case of abnormal
events and some normal events. For instance, in the
case of a command error, was it a problem with a
header, argument, or deiimiter? You can find out from
the error code.

Here are typical SRQ handlers that alert you to a
reporting instrument's address, status, and error code
with a message on your console. The error code is
helpful during debugging because it identifies the spe-
cific command or execution problem should one oc-
cur. To use an SRQ handler, you must link it and
enable it as shown in the statements at lines 120 and
130, The sample measurement program does not use
the error query because the information that is needed
(operation complete) is available from the status byte.
It prints the status byte as a failsafe measure only if it
is other than the one expected.

16 ONLY

460 Stop “End of 4041 exemple prosram statements.
470 Doerotl? roll stabytraddrils.

480 Ineput #addr prampt "ERKR?"ierrnum

490 Frint “STATUS="jistabuyt,"ALDRESS="jaddr,» "ERROR=
500 Resume

rerrnum

www.valuetronics.com
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Tabie 3
ERROR QUERY AND STATUS INFORMATION
Error Serial
Query Poll

Abnormal Events Response Response”

Command Errors:

invalid command header 101 97
Header gdelimiter error 102 97
Argument error 103 97
Argument delimiter error 104 97
Missing argument 106 97
Invalid message unit delimiter 107 97

Execution Errors:

Not executable in local mode 201 o8
Settings lost due to rt/ 202 98
Input and output buffers full 203 98
Argument out of range 205 98
Group Execute Trigger ignored 206 98
Not in calibrate mode 231 98
Beyond calibration or null

capability 232 g8

internal Errors:

interrupt fauit 301 99
System error 302 99
Math pack error 303 99
Converter time-out 31 99
Front panel time-out 317 99
Bad ohms calibration constant 318 99
Calibration checksum error 351 99

Normal Events

System Events:

Power on 401 65

Operation complete 402 66

ID user reguest 403 67
Internal Warning:

Over-range 601 102
Device Status:

Reading available 0 132

Waiting for trigger 0 136

Reading available and

waiting for trigger 0 140

Below limits 701 193

Above limits 703 195

No Errors or Events 0 128

*If the instrument is busy, it returns a decimal number 16
higher than the number listed.
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DM 5010 Data Processing

Functions built into the DM 5010 allow you to ob-
tain answers that are already processed or corrected
in a number of ways. For instance, ohms readings can
be offset by NULL to take into account lead resis-
tance. Any reading can be scaled according to the
formuia (x-b)/a; this converts a voltage reading across
a resistor to current if b is set to zero and a to the
resistor's ohms value. Voltage readings can be re-
turned in dB or dBr (dB compared to a reference).
Just insert the processing command selected from the
command table in this guide into set-up messages
sent to the DM 5010. An example using the averaging
function is shown in the sample measurement
program.

DM 5010 Respanse to Interface Messages

The following program sequences show various in-
terface messages transmitted to the DM 5010.

The DM 5010 responds to DCL. (and SDC if listen
addressed) by clearing its input and Output Buffers
and any unexecuted setting commands in its Pending
Settings Buffer, along with any errors or events wait-
ing to be reported (except power-on).

GET triggers a reading in device trigger mode if the
instrument receives the message while listen ad-
dressed. |t is used with the MODE TRIG and DT TRIG
commands.

LLO locks out the operator from restoring local
(front-panel) control when the instrument is under re-
mote control.

GTL restores local control if the instrument re-
ceives the message while listen addressed.

See the DM 5010 Operators Manual for a full dis-
cussion of how the instrument responds to interface
messages.
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405XR14:

100 REM

110 REA

120 REHM

130 RER

140 A=14

150 REM

160 RENM Send Listen Address (MLA)
170 CALL "LISTEN":A

180 REM Send Unlisten (UNL)

190 CaALL "UNL®

200 KREM Send Talk Address

210 CALL “TALK":A

220 REHA Send Untalk

230 CALL “UNT®

240 REM S$end Device Clear

250 CaLL "pcCL™

260 KEM Send MLA, Selected Device Clesar, tNL
270 CaLL “GDC";

280 RENM Send Local Lockout

290 CALL “LLO"

300 KEM Send MLA. Go to Local, UNL
310 CcaLt “GTL":A

320 REM Send MLA, Group Execute Tridder. UNL
3130 cAaLL "GET“:A

340 REM Unassert REN

350 CALL “LoCs"

4041:

130 Fri_addr=16 ! primary bus asddress

140 !

150 !

140 Listen! wbyte atn(pri_addr+32) ! Send Listen Address (MLA)
170 |

180 Unlisten: whyte atndunl) | Send Uniisten (UNL)

190 !

200 Talk: wbute atn(eri_addr+6é4) ! Send Talk Address

210 !

220 Untalk: whyte atniunt) ! Send Untalk

230 !

240 Devciear! whute del ! Send Device Clear

290 !

260 Selctclr! wbute sdc(pri_sddr),atniunl) ! Send MLA, Selected llevice
270 | Clears UNL

280 Lockout: wbute Jlo ! Send Local Lockout

290 !

200 Gtlocal: whute stI(Pri_addr):atn(unl) i Send MLAs Go to Local: UNL
310 !

320 Trigger: whute get(epri_addr),atn(unl) ! Send MLA, Groue Execute
330 ! ‘ Triggers UNL

340 Loclstat: whyte ren(0).,ren(l) ! Fuige unassert REN line

www.valuetronics.com
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Sample Measurement Program

The following program makes a series of DM 5010 measurements to illustrate command i/o and various measure-
ment triggering modes.

Figs. 3 and 4 are typical output from the programs.

405XR14:

i00 REM 4313301233333 333osesvssstrosteseeeysyesssyosdoagsavesdiscans
110 REM trrzerrriir DM S0L10/74050--SERIES MEASUREMENT FPROGRAM i
120 KEM 31e3s2srirsaresssosssssssasesayrosyoogsatessevasesazivsssssaeey
131 RENM

140 REN BY Jim Kiwbslls GFI Marketing, 10/1%5/82, urdste 11/17/82

150 REM

160 REM Coruright (c) 1982, Tektronix, Inc. A1l rights reserved. This
1713 RENM software is providaed on an "as is" baslis without warranty of any
180 REM kind. It is not surrorted.

190 REM

200 REM This software may be rerroduced without prior rermission: in
210 REM whola or in part. Cories must include the above copuright

220 REM and warranty notice,.

230 REM

240 REM REQUIRED EQUIFPMENT

250 REM DM SO14Q In TA 5000 mainframe.

260 KEM Frodram asssumes no other instruments on the bhus.

270 REM 4050-Seriss controller with R14 GPIB Enhancesmant romeack

280 REM

290 REM FURPOSE:

300 REM Inputs four readindgs, using four different DM 5010 zcauisition
310 REM modes. Printg readindg ogn scraan. '

320 REHM

330 REM OFERATING FROCEDURE:

340 KEM Connect 4050 Controller and TM 5000 mainfrane with GPIR cable.
35S0 REM DM S010 must be set for pPrimary addrass of 16 or

3460 REM chende line that assigng d=16.

170 REM Enter and run prosraa (no othar prodram sedment required).

380 REAM

390 REM FROOCRAM FUNCTIONS:

400 REM

410 REM Frepsres DM S010 for sessuresment and gqueries id
420 REM Reads whatever measuremant (s available

430 REM Trigders a reading with the INFUT statement

440 REM Raads after GET tridder in davice tridder moade
450 REM Gets averade of 20 DM 5010 readings uwsing SEND
440) REM General-pureose SRA handlar

470 REM

480 REM -z rrrroressesyesssssssaresassssyssssssssrassees
490 INIT

%00 PAGE

10 PRINT "GDM 5010 MAKING MEASUREMENTS.,"

520 REM Assidgn DM 5010 factoru-set address of ié
530 D=14

940 ON SR THEN 950

S50 CALL "SRAON"

560 RENM

570 REM Setur DM 5010; exrand 35 needed

580 FRINT BD:"init"

vy veowoeTEYYYRY
1YY YT TYT YTy

1 .
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590 REM

400 PRINT @D:"jid?"
610 INFUT eD:ls
420 PRINT I3

630 RER

640 REN

650 PRINT BD:"mode
660 INFUT eD:AM

Query id

GBet continuous wmode resding
run®

470 PRINT "Continuous Mode: "if

480 RERM

690 REM

700 PRIKT 2D:"moda
710 INPUT eD:A

Get trigdered reasdinsg
trig"”

720 PRINT “Triddarad #Moda: "IN

730 REM
740 KEN

Get trigdered reading using device trisgder

750 PRINT @n:"dt trig"

760 REM Allow DMt
770 CALL "waIT".0d.
780 CALL "get™;iD
790 INPUT BD:M

o set ur for GET
4

800 FRINT eD:"dt off"

B10) FPRINT "Devicae

820 REM

830 REM

340 RCAM

850 FPRINT "GWaitin
860 FRINT eD:"ave

870 WAIT

880 IF NOT(S=64 OR
890 INFUT BD:NM

200 FRINT eD:"orc

2100 PRINT "Avarasdga
220 PRINT "Frogrzm
730 END

240 REM

250 POLL A.85:D

260 IF $=&66 OR S5=8
270 PRINT "Status=
980 RETURN

Tridder Mode? R ||

Get sversded reading
Inform ararator of dalay
g for aversde..."

20icalc aveiorc on3send”

$=82) THEN 870

of f"

of 20 raadings: "I
complete,"”

SR handler

2 THEN 980

[1] =]
P8

DM 5818 MAKING MEASUREMENTS.
ID TEK~-DM3818,U73.1,F08;

Continuous Mode:
Triggered Hode:

8.18535
-8.08413

Pevice Trigger Mode:

-8.13415

Maiting for averagse...
Rverage of 20 readings: -8.193%23
Proaram complete.

4603-3

Fig. 3. Screen output from 4050-Series sample mea-
surement program.

www.valuetronics.com
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4041;

100
110
120
130
140
150
140
170
180
190
200
210
22

230
240
250
260
270
280
2990
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
499
500
510
520
530
540
550
540
570
580
590
600
610
620
630
&40
450
660
470
480
490
700
710
720

!
!
t
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
¢
1
!
!
!
¢
!
!
!
!
t
!
!
i
!
!

RN E R E R R
FA s er cuadenans HE I I A A A N B

tH] M S5010/4041 MEASUREMENT FROGRAM

YRR Y . . . Y R R Y YR
IR R R R R R R R R R SRR A L BB LA L B ]

+

Hy Jim Kimballs, GPI Marketing, 9/24/82, revised 11/18/82

Copyrisht (e) 1982, Tektronix, Ine. All rights reserved. This
software is provided aon an "as is” basis without warranty of any
kind., It is not suprorted.

This software may be resroduced without Prior permissions in whoie or
in part. Coepies must include the above copurisght and warranty notice.

REQUIRED EQUIFMENT:

DM 5010 in TM 5000 mainframe.

Frodgram assumes no other instruments on the GFIB.

4041 (V1.1) -- console may be either front ranel or terminal {(commi).

PURFOSE !
Inputs four readings: using four different DM 5010 acquisition modes,
Frints readings on 4041 printer.

OFERATING PROCEIURE:
Connect 4041 and TM 5000 mainframe with GFIE cable.
OM S010 must be set for primary address of 16 or chanse !ine Addr_set

Enter and type run (no other prodram sedment required} contains main erodgram}

Console may be either "FRTP:" or "COMM:"

FPROGRAM LABELS:

Initsett eprepates OM 5010 for measurement and gueries id
Funmodet reads whatever measurement is available
Trigread! trigsers a reading with the INPUT statement
[tread: reads on GET trigger in device tridder mode
Average! dets averase of 20 DM 5010 readings using SEND
folldm: <¢eneral purpose sra handler

— & PN E AP RESFEA4LYTEIERILREC 'EEREE]
st dtlllatasaaudsdnnerssosises

Init var all
Print ""GIM 5010 making measurements.”

TR R R E R ] “ e
tll st istadldasvanrannas B

Addr set: dmm=1& ! This is factorv-set primary address

Oren #101:7print”™ ! Open LU for 4041 printer

Lond measure ! Lond floatindg point handlies 1.E+9%9 if DMM overranses
Integer dmmsstatus,address

On sra then gosub polidm ! Links sr4 handler

Enatie sra ! Enabies sra interrupt

Initset: print #dmmi“init” ! Exrand to cover measurement needs

Input #dmm prompt “id?":ids$ ! GQuery DM id
Frint #101:id$ ! Frint response on 4041 Printer

Runmode ! print #dmm:“mode run”

!
Tri

Input #dnmimeasure ! Get whatever reading ts availabie
Print #101:"Continuous Hode",measure

gread: print #dmmi“mode trig”
Ineput &dmmimeasure | INFUT statement talks DMM: tridgsers reading

Frint $101:"Triggered Mode",measure

Dtread: erint #damt"dt tris"

Wait 0.4 ! Let DM set uver for GET
Wbuyte set (dmm}:atnlunl) ! Send GET to IM %010 to start reading
Input ®dmmimeasure ! Gets reading 3s soon as ready

www.vatuetronics.com
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730
740
750 !

740 Average:

770
780
790
BOO
810
B20
830
B840 !
850
B&O !
870 Fol
880
8%0
00

Frint #dmm:"dt off”
Frint #101:"Device Trigger Mode”,measure

print ""GHaiting for average” !
Status=0 | Clear variable so set
Frint #dmm:"ave 20icalc aveiorc onisend”
Wait t for QFC

If not(status=644 or status=B2) then sgpto 790
Input #dmmimeasure

Print #dam! orc off”

Ffrint #101:"Averagse of 20" ,measure

Stop “Frodram comeplete”

Inform orerator of delsy
onty by next serial roll

{dm: roll statusraddress

If not(status=64é or status=B2) then print "Status="istatus
Resume

End

-k

ID TEK-DMSB18,UTS.
Faa;

Continuous Moda B BE

23288

Trifdsarsad Mfaodds -8 B7
49585

Device Tridder Hods
-1 18822848

Rweroade of 28 -8, 122
S4a8

4603-4

Fig. 4. Printer output from 4041 sample measurement

program.

www.valuetronics.com
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ASCII & GPIB CODE CHART

BY ¥ ) 4 g I 1 1 1 1
213 ¥ 4 1 1 )4 B 1 1
BS g 1 ): 4 1 2 1 ) 1
BITS
NUMBERS
CONTROL SYMBOLS UPPER CASE | LOWER CASE
B4B3B281
1] 20 40 0|60 16§ 100 of 120 16 140 o| 160 16
s 9|l NUL | DLE| SP 0 @ P \ p
0 0|10 620 32 |30 LY Kl B4 | 50 B0y 60 96 | 70 12
1 GTL| 2% LLOR &1 1 |61 17101 1| &1 17§ 141 11161 17
o g g 1] SOH | DC1 ! 1 A Q a q
1 1in ks K3 33 {3 LR K3 65 51 81 51 97 | 7Y 113
2 22 42 2162 18] 102 21122 18f 142 z| 182 18
g 51 5| STX | DC2 " 2 B R b r
2 2112 18| 22 34 (32 50 42 66 | 52 a2 62 9B | 72 114
k! 23 43 362 194103 3] 123 1o 143 a|183 19
#8111 ETX | DC3 # 3 c S c s
3 3|13 19E2) 35 |33 51 043 67 | 53 834 63 g9 |73 115
‘ 5DC | 24 DeLy 44 4 |64 20 104 4| 124 20] 144 4| 164 20
g 1 g g| EOT | DC4 S 4 D T d t
4 4114 20§24 36 |34 sz fas 68 | 54 841 64 00 | 74 116
5 pPRC | 25 PPUR 45 5 |65 214108 5| 125 21145 5 | 165 21
# 1 g 1] ENQ | NAK % 5 E U e u
5 5]15 2125 37 135 53 |45 681 55 BS g ES 01|75 17
L 26 46 E |66 22 § 106 6] 126 22§ 146 6 | 166 22
# 11 7] ACK | SYN & 6 F Vv f v
§ 6|16 e ki 38 |36 54 f48 7056 BE | €8 102 | 76 118
7 27 47 ’ 7 167 23§07 7127 =] REY 711867 23
g1 11| BEL | ETB 7 G w g
? 77 23327 39 |37 55§47 Ti| 57 Lrg K54 103 |77 15
10 GET | 30 SPE {50 g |70 24110 gl 130 244 150 g |70 24
195 8] BS | CAN ( 8 H X h x
8 B 18 24 128 40 |38 56 § 48 72|58 BEg &R 104 | 78 120
11 TCT (M sSpPD | 51 g M a5 4111 A REL 25§ 151 giir 25
t 881} HT EM ) 9 I Y i Y
9 915 2529 41 739 57 f49 73159 B9 g 69 105179 121
12 32 s2 0§72 1 Ak 10132 26 152 1wl172 26
1 s10f LE |SUB| * : J 4 j z
A W | 1A 26 [ 2A 42 {3A 58 f4a 74 | 5A 90 sa 106 [TA 122
13 33 53 11 |73 27 113 9133 27 153 11 1173 27
141 1| VT _|ESC | + ; K [ k {
B 1| 1B 2rjzs 43 |38 59 § 4B 75|58 a1 6B 107 178 123
14 34 54 12 |74 28114 12 | 134 28| 154 12 | 172 28
119 5] FF FS . < L N\ | I*
C i2 |1C af2c 44 13C &0 J4C 761 5C 92y 6C 108 | 7C 124
15 a5 55 13|75 26115 131135 20§ 155 13| 175 29
1181 CR [ GS | = | = | M m }
=) 131D 25]20 45 |30 61 4D 77 150 X 1098 |70 125
6 35 56 14 |76 kTR Rl 14§ 136 an g 156 14 | 178 ~ 0
111 8| SO RS . > N
E 14 {1E 30§ 2E 46 |3E £2 J4E 76 | 5E 94 § 5E 110 | 7E 126
17 ar 57 15477 uNL 117 15| 137 UNT ] 157 18 | 177 oeL
11 11 LY | us / ? 0 -— o (AUBOUT)
F 15 | 1F 3 f2F 47 {3F [+ Fig 79 | 5F 95 § 6F 11| 7F 127
ADDRESSED UNIVERSAL LISTEN TALX SECONDARY ADDRESSES
COMMANDS COMMANDS ADDRESSES ADDRESSES OR COMMANDS
{PPE} (PPD)

K EY *i on some keyboards or systems
octal {25 PPU | GPIB code Tektronbe

N AK ASCIl character it

hex {15 21| decimal REF: ANSISTD X3. 41977
IEEE STD 488-1978

1SO STD 646-1973

TEKTRONIX STD 062-5435-00 4 SEPBG
COPYRIGHT & 1979, 1980 TEKTRONIX. INC ALL RIGHTS RESERVED
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TEKTRONIX
INSTRUMENTATION SOFTWARE LIBRARY

Utility Software
for TM 5000 Instruments

Utility Software is avaitable from Tektronix, Inc. for
TM 5000 Instruments. This software consists of a set
of subroutines and subprograms that perform
common instrument functions over the GPIB such as
data acquisition, front-panel set-up, etc. These
routines are designed to be easily integrated into your
appiication programs. And since they are small and
well documented, the routines are easy to modify to
suit your particular applications. Refer to the current
Tektronix Instrumentation Software Library Catalog
for instrument options, ROM packs, and other
required equipment.

The following Utility Software was available when
this Instrument Interfacing Guide was printed. Other
software may be available; contact your iocal
Tektronix Field Office for further information.

Tektronix
Description Part No.
TM 5000/4041 Utifity Software 062-6958-01
(DC-100 tape}
TM 5000/4052A Utility Software 062-6957-01

(DC-300 tape)

Ordering Utility Software
(U.S. Only)

Your local Tektronix Field Office has the current
prices for software available from the Tektronix In-
strumentation Software Library.

Order Tektronix Instrumentation Software Library
programs from Tektronix Centrai Parts Ordering by
using the toll-free number serving your area. The fol-
lowing map identifies the geographical regions in the
U.S. and the toll-free number serving each region.

Call the toll-free number serving your area and give
the Customer Service Representative the Tektronix
ning-digit part number and name of the software
package you want to order. If you have any questions
about the software, cail your local Tektronix Field
Office.

www.valuetronics.com

Tektronix Direct Parts Ordar Desk Toll-Fres Numbers

4 H
BOC-B54-TS80 - ____‘; )
N BOO-225-4550

| — ; i
. ! 800-323-1654
{in liinois
312-259-7580)

Ordering Utility Software
(Outside the U.S.)

Outside of the U.S., order Tektronix Instrumenta-
tion Software Library programs through your locai
Tektronix sales office or from the Tektronix Instru-
mentation Software Library order point serving your
area. Refer to the foliowing list for the applicable ii-
brary order point.

Africa, Europe, Middie East

Contact local Tektronix sales office.

Austraiia

Tektronix Instrumentation Software Library
Tektronix Austraiia Pty. Limited

Sydney

80 Waterloo Road

North Ryde, N.S.W. 2113

Canada

Tektronix Instrumentation Software Library
Tektronix Canada Ltd.

P.O. Box 6500

Barrie, Ontario

Canada L4M 4V3

Caribbean, Latin America,
and Far East (except Japan)

Tektronix Instrumentation Software Library
Export Marketing

Tektronix, Inc.

P.O. Box 500

Beaverton, OR 97077

U.S.A,

15
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Japan

Tektronix Instrumentation Software Library
Sony/Tektronix Corporation

9-31 Kitashinagawa-5

Tokyo 141 Japan

Program Library

The Tektronix Instrumentation Software Library in-
cludes over 200 software programs for a variety of
Tektronix programmable instruments and controllers.
The Library Catalog provides abstracts of the avail-
able software. Programs are avaiiable as ready-to-
load media or as listings (see Catalog). For a copy of
the latest catalog, contact your local Tektronix Field
Office or representative and ask for Tektronix Instru-
mentation Software Library Catalog #99W-5293.

Program Contributions

If you have a program which you would like to sub-
mit to the Tektronix Instrumentation Software Library,
we will send you, in exchange, one software package
of your cheice from the Customer/User Software por-
tion of the Program Library (see current library cata-
log). Submitted programs must use Tektronix
programmable instruments and must meet certain
coding and documentation standards.

To contribute a program, submit a copy of the pro-
gram on media along with a listing and a Tektronix
Instrument Software Library release form (see current
library catalog). If the program was created as part of
your employment, the release must be signed by an
authorized representative of your employer. Accep-
tance of the program is subject to review of the
Tektronix Instrumentation Software Library staff.

For further information on submitting a program or
for information about coding and documentation stan-
dards, contact:

Tektronix Instrumentation Software Library
Tektronix, Inc.

Group 157, 54-016

P.O. Box 500

Beaverton, OR 97077

Software Warranty

Tektronix warrants that the media (tapes, disks,
ROMs, etc.) on which Software Products are fur-
nished and the encoding of the programs on the me-
dia will be free from defects in materials and
workmanship for a period of three (3) months from the
date of shipment. If any such medium or encoding
proves defective during the warranty pericd,
Tektronix will provide a replagement in exchange for
the defective medium. Except as to the media on
which Software Products are furnished, Software
Products are provided “as is” without warranty of any
kind, either expressed or implied. Tektronix does not
warrant that the functions contained in the programs
will meet Customer’s reguirements or that the opera-
tions of the programs wili be unirterrupted or error-
free.

In order to obtain service under this warranty, Cus-
tomer must notify Tektronix of the defect before the
expiration of the warranty period. If Tektronix is un-
able to provide a replacement that is free from defects
in materials and workmanship within a reasonable
time thereafter, Customer may terminate the license
for the Software Product and return the Software
Product with the associated materials for credit or
refund.

Tektronix disclaims any implied warranties of
merchamtability or fitness for a particular purpose.
Tektronix’ responsibility to replace defective me-
dia or refund customer’s payment is the sole and
exclusive remedy provided to the customer for
breach of this warranty. Tektronix will not be liable
for any indirect, special, incidental, or consequen-
tial damages irrespective of whether Tektronix has
advance notice of the possibility of such damages.

383

Tek Lit. No_ 76W-5235

Copynght © 1983 by Tektronix. inc., Beaverton, Oregon. All rights reserved. Frinted in the tinitect States of America. The mlormation presented in this docurment is prowsded
for nstructonal purposes only. Tektronix, In¢. does Not warrant or represent in any way the accuracy of COMmpieteness of any program herein of its fitness for a user's

particuiar purpose. Produced by the GPI Marketing Applications Support Group.
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Chapitre 2 - DM 5010

INSTRUCTIONS D’UTILISATION

introduction

Ce chapitre fournit des indications sur I'installation et
le retrait du DM 5010 dans un chéassis d'alimentation de
la serie TM 5000 et décrit ies fonctions des commandes
et connecteurs de ia face avant. Le paragraphe Famili-
arisation est destineé 2 faciliter I'utilisation de I'appareil
en mode Local (commande manuelle), celui-ci n'étant
pas connecté au Bus Interface Général GPIB via le
module d’alimentation.

Des informations détaillées sur la programmation du
DM 5010 par 'intermédiaire du Bus GPIB sont données
au chapitre Programmation.

PREPARATION

Installation et retrait de 'appareil

ATTENTION

A la livraison, le DM 501710 doit étre mis sous ten-
sion durant 24 heures environ, de fagon & ce que
sa batterie interne soit suffisamment chargée.
Sinon, il pourrait en resulter un fonctionnement
défectueux de 'appareil, dii & la perte des facteurs
d'étalonnage memorisés. Pour rappeler de la
mémoire ces facteurs d'étalonnage, se référer d la
Procédure de Réglage de ce manuei,

NOTE

Le DM 5010 est congu pour étre utilisé dans un
Module d’Alimentation de la Série TM 5000. Se
référer au manuel d'utilisation du module d'alimen-
lation avant de procéder & linstallation du DM
5010.

Le DM 5010 est étalonné et prét & I'emploi dés ta li-
vraison. S'assurer que ie sélecteur de tension réseau
du module d'alimentation est correctement positionne.
De plus, le DM 5010 contient un cavalier interne de
sélection de fréguence réseau. Pour une meilleure
réjection du bruit associé a la fréquence du réseau en
mode Vitlesse de Conversion Rapide (FAST
CONVERSION RATE}, ia position de ce cavalier doit cor-
respondre a la fréquence du réseau. A la livraison, ce

ADD JUL 1986
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cavalier est positionné sur 60 Hz. Des informations sup-
plémentaires sont données au chapitre Maintenance de
ce manuel.

ATTENTION

En vue de prévenir toute détérioration de cet
instrument, couper l'alimentation du module d'ali-
mentation avant l'installation ou le retrait de tout
tiroir. Installer et éter le tiroir avec précaution.

Veiller & ce gque les détrompeurs (du connecteur
du compartiment sélectionné du module d'alimen-
tation) coincident avec les encoches du connec-
teur du tiroir. Si ce n'est pas le cas, ne pas installer
ie DM 5010 avant d'en découvrir la raison. Une
fois cette condition satistaite, aligner les rainures
supérieures et inférieures du tiroir avec les guides
du compartiment sélectionné (voir Fig. 2.1}
Insérer le Multimétre dans le chassis et le pousser
a fond pour que le circult imprimé se place cor-
rectement. Mettre le module en marche (commuta-
teur POWER).

Pour extraire le muitimétre du module d'alimen-
tation, couper l'alimentation (commutateur
POWER), tirer le bouton de déverrouiliage (coin
gauche & I'avant du tiroir). Tirer I'instrument hors
du compartiment en le maintenant dans la position
horizontale.

s
MODULE
D'ALIMENTATION
4
. 7/ IJ Guide de
4 el verrouiliage

- i . Encoche
Do,
> \ = Rainure

supérieure

s r TIROIR \WT/ . ;
i

(I

TF(2958-01)2994-52

Rainure
inférieure

Fig. 2.1. Installation et retrait du tiroir.
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COMMANDES ET CONNECTEURS
DE LA FACE AVANT

Informations générales

Les 17 boutons poussoirs de la face avant indiqués ci-
dessous correspondent chacun a une fonction de
instrument. lls s'allument une fois enfoncés. Les bou-
tons de la colonne de gauche s'annulent respectivement
: un seul bouton est aliume a Ia fois. Les boutons de la
colonne de droite restent allumés jusqu’a ce qu'on les
enfonce de nouveau.

DCV NULL
OHMS LOW FREQ RESPONSE
DICDE TEST AUTO
ACV RUN
ACV +DCV TRIGGERED
FAST
AVERAGE
X-B
A
dBm
dBr
COMPARE
REAR INPUT

Les boutons poussoirs restanis (23) ne s'allument
pas. Voir figure 2.2.

Fenétre d’affichage

[.a partie gauche de |a fenétre contient les mesures et
les résultats des calculs affichés sur 4 chiffres et demi
{DELs). Les zéros & gauche du point décimal sont sup-
primés. Un clignotement indigue un dépassement de
gamme au cours d'une mesure de tension. “OC" est
affiché pour les fonctions OCHMS et DIODE TEST.

La partie centrale indique la gamme de mesure sélec-
tionnée. Une DEL allumée en vis-a-vis de I'un des mots
MILLI, KILC et MEGA indigue I'unité de mesure affichée
en milli, kilo. ou mega. Le point décimal est fixe & I'in-
térieur d'une méme gamme de mesure. La DEL et I'em-
placement du point décimal indiquent la gamme sélec-
tionnée en modes Sélection Automatique (AUTO} et
Sélection Manuelle {par incréments - STEP). Voir figure
2.2.

La partie droite de la fenétre d'affichage indique le
mode d'utilisation de linstrument, a savoir :

REMOTE et ADDRESSED s'allument jorsque 1'instru-
ment fonctionne sous contrle de programme & dis-
tance via le Bus GPIB.

ERROR s'allume pour une erreur interne, une erreur
deécelée au cours d'un auto-test, ou une erreur d'ufili-
sation. La partie gauche de la fenétre affiche egale-
ment les codes d'erreurs indiguant le type d'erreur.
Se référer au tableau 2.2 du paragraphe Familiarisa-
tion de ce méme chapitre.

Fonction Multiplicateur Gamme sélectionnée
éclairé
« MILLI 200 mV
DCV
2V 20V 200V 1000 V
ACV s MILLI 200 mv
et
ACV + DCV 2V 20V 200V 700V
2009
OHMS « KILO 2k 20 kQ 200 k@
« MEGA 2 MO 20 MQ
DIODE Utilise la gamme
TEST 2 V continus
1 ¢ 9 ¢ 9 ¢ 9 ¢ 9
N——
Indication “hors-gamme” : Noir quand la commande
Clignotement pour les mesures de tension FAST CONVERSION RATE
“QC" affiché pour les fonctions OHMS et DIODE TEST est inhibee TF2994-02

Fig. 2.2. Indications des gammes de mesure.
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299403

Fig. 2.3. Commandes et connecteurs de ia face avant du DM 5010.
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Commandes et connecteurs

La liste suivante décrit les commandes et connecteurs
de la face avant du DM 5010. Voir figure 2.3.

FONCTIONS

©

DCV

Bouton allumé - le DM 5010 mesure les ten-
sions continues appliquées aux connecteurs
de la face avant ou de linterface arriére. Les
gammes de mesure utilisées avec cette fonc-
tion sont : 200 mV, 2V, 20V, 200V, et 1000V.

OHMS

Bouton allumé - Sélectionne le mode Mesure
de Résistances. Les résistances appliquées
aux connecteurs de la face avant ou de 'inter-
face arriere sont mesurées dans les gammes
200 O, 2 KQ, 20 K, 200 Kf, 2 MQ et 20
M.

NULL

Opére en mode DCV {tension continue),
OHMS, DIODE TEST, ACV (tension aliernative)
et ACV + DCV {(gueile que soit la gamme selec-
tionnée). Bouton aliumé - mesure et mémorise
la vaieur de la résistance ou de la tension exis-
tant aux hornes des connecteurs de la face
avant ou de l'interface arriére. Le décalage mé-
morisé est appliqué aux mesures suivantes et
aux résuliats affichés. Cette valeur peut repré-
senter jusqu'da = 100 % de ia gamme. Lors-
qu'on passe a une autre fonction ou que I'on
inhibe la fonction NULL (appuyer sur le bouton
NULL), ce décalage n'est plus appligué. La
valeur mémorisée est conservée en mémoire
jusqu'a un autre décalage (NULL) ou jusqu'ala
selection d'une autre fonction de mesure.

AVERTISSEMENT

En mode NULL, la mesure affichée peut ne pas in-
diquer la valeur de la tension appliquée aux
connecteurs d'entrée.

®

DIODETEST

Bouton aliumé - génére un courant confinu de
1 mA, disponible sur le connecteur HIGH de ia
tace avant ou de linterface arriere. Celui-cCi
passe normaiement du connecteur HIGH au
connecteur LOW via un composant connecté
entre les deux. La tension developpée a travers
ce composant est mesuree et affichée {gamme
2 V continus}.

ACV

Bouton atlumé - Le DM 5010 mesure et affiche
des tensions alternatives efficaces vraies. Les
tensions appliquées sont coupiées intérieure-
ment {couplage alternatif} au convertisseur de
tension efficace. Les gammes utilisées sont :
200mV, 2V, 20V, 200Vet 700 V.

wwwaluetronics.com

ACV + DCV

Bouton aliumeé - Le DM 5010 mesure et affiche
des tensions alternatives vraies élevées a un
niveau de tension continu. Les tensions appli-
quées sont couplées intérieurement {couplage
continu) au convertisseur de tension efficace.
Les gammes utilisées sont: 200 mV, 2V, 20 V,
200v et 700 V.

LOW FREQ RESPONSE

Bouton allumé et en mode ACV ou ACV + DCV
- instrument movenne quatre mesures e! af-
fiche la valeur moyenne de ces mesures, puis
répéte cette séquence d'opérations. Cette
fonction permet d'effectuer des mesures
stables de tensions alternatives basse fré-
quence. La limite de fréquence spécifiée est
10 Hz. Toutefois, cette fonction est utilisable
sur toute la plage de fréequences du DM 5010.

Bouton allumé - La séiection de gamme est
automatique. A la limite supérieure d'une
gamme, le DM 5010 sélectionne automatique-
ment la gamme supérieure. Si la valeur mesu-
rée est inférieure a 9.5 % de la gamme {pour la
plupart des gammes), le DM 5010 sélectionne
la gamme inferieure.

STEP 4

Incréemente d'une gamme de mesure ; cette
gamme est maintenue jusqu'a ce qu'on appuie
sur la touche AUTO (Sélection de Gammes
Automatique) ou de nouveau sur la touche
STEP. Elle ne varie pas si I'on sélectionne une
autre fonction de mesure (DCV, OHMS, DIODE
TEST, ACV, ACV + DCV), sauf si la commuta-
tion dans ia fonction OHMS fait passer dans la
gamme maximaie. Une incrémentation de la
gamme maximale fait passer gans la gamme
minimaie.

MODE DE DECLENCHEMENT

RUN

Bouton allumé - Les conversions sont declen-
chees librement & la vitesse seélectionnee.
Pour la séiection de la Vitesse de Conversion.
sereférera FAST.

TRIGGERED

Boulon allumeé - Déclenche et affiche une
mesure. Une nouvelle pression sur ce bouton
decienche la mesure suwvante ou la recepfion
du signal de décienchement EXTRIG). L'utilisa-
tion du signa! EXTRIG nécessite l'installation
d'un cavalier interne par un personnel de main-
tenance qualifié. Le bouton TRIGGERED cli-
gnote rapidement lors d'un décienchement
correct.
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PLAGE DE CONVERSION

®

FAST

Bouton allumé - La vitesse de conversion (affi-
chée) est |a vitesse maximale spécifiée pour la
fonction de mesure sélectionnée, La résolution
pour cette vitesse de conversion est 3.5
chiffres.

Non allumé - La conversion a lieu a ia vitesse
normale spécifiee pour la fonction de mesure
sélectionnée. Les résultats sont affichés sur
4.5 chitires.

AVERAGE

Bouton allumé - Le DM 5010 calcule la
moyenne d'une série de mesures. La valeur de
la constante N détermine le nombre de me-
sures moyenneées. Pour calculer la moyenne,
I'instrument accumule les valeurs mesurées et
divise la somme par ie nombre de moyennes ef-
fectuées. Si l'on se trouve egalement en mode
LOW FREQ RESPONSE (Réponse en Basse
Fréquence), le nombre de mesures moyennées
est quatre fois supérieur & la valeur de la
constante N. En mode TRIGGERED, un seul dé-
clenchement est nécessaire pour initialiser
toutes les mesures utilisées dans le calcul de
ia Moyenne.

N

Ce bouton est utilisé pour mémoriser une
constante ou rappeler une constante utilisee
precedemment pour le calcul de la Moyenne
(AVERAGE). Cette constante détermine le
nombre de mesures moyennées. A la mise en
service, la valeur de N est 2. On peut lui substi-
tuer tout nombre entier positif entre = 1 et =
19999,

X-B

A

Bouton allumé - Le DM 5010 soustrait d'une
mesure une constante de décalage mémorisée,
divise le résultat par une constante Facteur
d'échelle mémorisée, e! affiche le résultat. La
conslante Décalage est B, la constante Facteur
d'échelle est A et la mesure est X.

AB

Ces boutons sont utilisés pour mémoriser ou
rappeler les constantes utilisées dans ie
calcul de X-B/A. A la mise en service, la valeur
de A est 1, la valeur de B est 0. Il est possible
de substituer nimporte quel nombre & ces
constantes {entier, décimal, positif ou negatif),
excepte la valeur O pour A.

dBm

Bouton allumé - Le DM 5010 calcule et affiche
le rapport de deux puissances. La reférence
est 1 mW dans une résistance de 600 (1.

En appiiguant la tormule :

dBm = 20 log | X,
VB

X, étant la mesure de tension. Le logarithme de
la valeur absolue de X,/~/0,6 est calcule.

www.yaluetronics.com
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dBr

Bouton allumeé - Le DM 5010 calcule et affiche
le rapport logarithmigue d'une mesure sur ia
constante de référence mémorisée (bouton
ref}, en utilisant la formule :

dBr = 20 log, | 1%4

X, étant la mesure. Le logarithme de ia valeur
absolue de X,/ref est calculé.

ref

Ce bouton est utilisé pour memagriser une
constante, ou rappeler une constante utilisée,
dans le calcul de dBr. A ta mise sous tension,
la valeur de ref est 1. Cetle valeur peut étre
tout autre nombre différent de 0.

COMPARE

Bouton allumé - Le DM 5010 compare la
mesure suivante avec les limites definies par
les constantes LIMITS. Si la mesure comparée
est : - algébriguement inférieure aux deux
constantes, le mot LO est affiché ; - algébrique-
ment supérieure aux deux constantes, le mot
HI est affiché ; - égale & 'une des constantes
ou comprise entre les deux constantes, le mot
PASS est affiché.

LIMITS (2)
Boutons utilisés pour memoriser ou rappeler
les constantes utiiisées comme limites dans ie
caicul de la comparaison (COMPARE). Les va-
leurs des constantes sont égales a 0 a la mise
en service.

RECALL CONST

Une pression sur ce bouton, puis sur 'un des
boutons d'entrée/rappel d'une constante (N, A,
B, ref, LIMITS) provogue l'affichage de la
constante mémorisée correspondante.

REAR INPUT A

Voir au paragraphe Familiarisation de ce
manuel les mesures via linterface arriere,
Bouton allumé - Sélectionne les entrées sur
I'interface arrigere au lieu des entrées en face
avant.

Chiffres (0 a2 9), point décimal et signe.

Ces boutons soni utilisés pour entrer Jes va-
leurs numérigues, décimailes et la polarité des
consianies.

CLEAR

Lorsqu'un code d'erreur est affiché (dans la fe-
nétre d'affichage). une pression sur ce bouton
efface ce code d'erreur. Lors de I'entrée d'une
constante, eftace la valeur d'une constante
non encore entrée (par la touche ENTER]).

ENTER

Lors de l'entrée d'une constante, mémorise
cetie constante et atfiche la valeur mémorisee.
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INSTID I'instrument passe & !'etat Local (LOCS) ; les réglages
Provogue I'affichage de lI'adresse primaire de {par défaut) & la mise en service sont indiqués au ta-
instrument et, si la commande Requéte de I'U- bleau 2.1.

tilisateur (USEREQ) a été validée, génére une
Demande de Service (SRQ} sur le Bus GPIB,
Le signe "moins” est éciairé en mode Emetteur
Seulement et le point décimal dreit s'aliume si
la fin de message sélectionnée est LF/EQI (et
Tableau 2.1

non EQI ONLY). Réglages a la mise en service

(Fonctions en face avant seulement)

ENTREES
Connecteur HIGH
Entrée analogique flottante haute utilisée avec Commandes en face avant Etat
les connecteurs LOW et GUARD pour toutes
les mesures en face avant. DCV Enfoncée
OHMS Sortie
Connecteur LOW NULL (Sortie) Constante =0
Entrée analogigue flottante basse utilisée avec DIODE TEST Sortie
ie connecteur HIGH. ACV Sortie
ACV+DCV Sortie
Connecteur GUARD LOW FREQ RESPONSE! Sortie
Entrée isolée reliée a un écran entourant le cir- AUTO Enfoncee
cuit analogigue de l'instrument. Utilisé avec un STEP Sortie
conducteur de garde (GUARD), cetle entrée RUN Enfoncee
est normalement connectée au conducteur de TRIGGERED Sortie
test LOW par l'utilisateur au point de mesure. FAST Sortie
Sinon, le connecteur GUARD est relié au AVERAGE Sortie
connecteur LOW par un contact interne monté N Constante =2
dans le connecteur. Ce connecteur permet X-B
d'augmenter la réjection en mode Commun. A Sortie
A Constante=0
@ Connecteur a la masse du chassis. B Constante = 1
dBm Sortie
Tirette de déverrouillage. Tirer pour oter le dBr Sortie
tiroir. ret Constante=1
COMPARE Sortie
LIMITS Constantes = 0,0
FAMILIARISATION REAR INPUT Sortie

Voici une description des commandes et connecteurs
de la face avant du DM 5010 utilisés en mode Local.

En cas de detection d'une erreur interne durant l'auto-
test, l'instrument affiche continGment un code d'erreur

Auto-test a la mise en service N ) =
© sur 3 chiffres dans la fenétre d'affichage et 'indicateur

A la mise en service, le DM 5010 exécute un pro- ERROR est éclairé, Voir tableau 2.2. Pour découvrir 'ori-
gramme d'aufo-test. Durant l'auto-test, toutes les DELs gine d'une erreur, s’adresser & un personnel de mainte-
de la tace avant sont allumées. Aprés lauto-test, nance gualifié.
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Tableau 2.2
CODES D’ERREURS AFFICHES EN FACE AVANT

Code affiché Condition anormale

Erreurs d'exécution :

205 Argument hors-gamme

231 L'instrument n'est pas en position
étalonnée

232 Hors des limites étalonnées
Erreurs internes :

303 Erreur dans le bloc mathématique

311 Temps de conversion erroné

317 Temps de réponse en face avant
erroné

318 Constante d'étaionnage erronée

340 RAM erronée

341 RAM erronée

351 Checksum d'étalonnage erronée

are ROM C000 mal positionnée

373 ROM DOOO mal positionnée

374 ROM EOQC mal positionnée

392 Checksum de la ROM CO00
erroné

383 Checksum de la ROM DOOO
erroné

394 Checksum de la ROM EQQOQ erroné

395 Checksum de la ROM FOQ00
erroné

Instructions générates d'utilisation

Laisser I'instrument chauffer 30 minutes, pour obtenir
ia précision spécifiée. Dans les fonctions OHMS et
DIODE TEST, un dépassement de gamme provoque l'af-
fichage de “OC". Dans les fonctions DCV, ACV et ACV +
DCV, un dépassement de gamme est indiqué par un aHi-
chage clignotant.

ATTENTION

Veiller & ne pas dépasser la tension d'entrée
maximale.

Pour toutes les fonctions de mesure, la séiection de
gammes peut étre automatique {AUTO) ou manueile
{STEP). Voir au paragraphe Fenétre d'affichage 'indica-
tion de la gamme utilisée. La fonction DIODE TEST n'uti-
lise que la gamme 2V.

ATTENTION

En mode Sélection de Gamme Automatique. ne
pas passer de maniére répétitive d'une tension
basse {< 200 mV créte) & une tension haute (>
200 V créte). Dans le cas d'alternances répétées
de tensions extréemes, utiliser la commande STEP
pour sélectionner la gamme supérieure appropriée
avant d'augmenter la tension d'entrée. Le risque
est d'obtenir des mesures temporaires erronées
en utilisant la gamme 200 mV.

www.yalyetronics.com
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Connexions d’entrée

Les bornes HIGH, LOW et GUARD sont utilisées pour
les mesures en face avant. Un contact interne (dans la
borne GUARD) relie les bornes LOW et GUARD. Ce
contact est fermé jusqu’a ce qu'un cordon de mesure
soit inséré dans la borne GUARD. |l reste ouvert
jusqu'au retrait de ce cordon.

La figure 2.4 illustre trois exemples d'utilisation des
connecteurs de la face avant. La méthode la plus cou-
ramment utilisée est la méthode A lorsquon néglige la
tension de mode commun. Dans cet exemple, seules les
bornes LOW et HIGH du DM 5010 sont utilisées. Aucun
cordon n'étant inséré dans la borne GUARD, le contact
interne (dans la borne} est fermé et relie les bornes
LOW et GUARD. Ceci entraine le passage du courant de
mode commun a travers ie cordon LOW et la masse de
la source d'alimentation, provoguant une erreur de
mesure.

La méthode B permet d'obtenir une précision op-
timale, lorsqu'on désire éliminer la tension de mode
commun. La borne GUARD du DM 5010 est reliée a la
borne LO de la source. Le courant de mode commun
circule a travers ie conducteur de garde (GUARD) et la
masse de la source d'alimentation mais non a travers le
circuit de mesure {cordon LOW).

Méthode C - La borne GUARD du DM 5010 est reliée a
la masse de la source. Ceci peut produire une erreur de
mesure, du fait que le courant de mode commun circule
dans le circuit de mesure.

AVERTISSEMENT

Pour éliminer tout risque d’électrocution par les
tensions mesurées :

1. Eviter tout contactavec la source de tension,
sila tension mesurée dépasse 42,4 V créte.

2. Déconnecter les cordons du circuil sous
test avant de les débrancher du DM 5010 ou
avant d'oter le DM 5010 du module
d'alimentation.

Mesures sur l'interface arriére A

Si le bouton REAR INPUT est enfonce {aliumé), les
signaux appliqués aux broches 288 {HI) et 28A {LO) de
Finterface arriére sont mesurés. Si ce bouton est sorti
{éteint), les signaux mesureés sont ceux appliqués aux
bornes de la face avant.
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DM 5010 SOURCE
HIGH HI
o)
GUARD LOW e}
O—8—8--0 0

A. Connexion (interne) entre la borne GUARD et la borne LOW du DM 5010.
Erreur de mesure due a la tension de mode commun (Emc).

DM 5010 SOURCE

HIGH HIl

O- O

GUARD o]
oo 0—0 73

B. Connexion entre la borne GUARD et la borne basse (LO) de la source. Pas
d’erreur due a la tension de mode commun.

DM 5010 SOURCE
HIGH HI
O O
GUARD Low Lo
o0~ @——0— 0

C. Connexion entre la borne GUARD et la masse du chassis d’alimentation.
Erreur minime due a la tension de mode commun, la tension de mode commun
se situant au niveau des deux masses.

TF2994-04

Fig. 2.4. Exemples de méthodes de connexion en face avant,
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ATTENTION

Pour ne pas endomrmager 'appareil, ne pas appli-
guer de tension supérieure & 424 V alternatifs
créte ou & 60 V continus entre les broches 288
{Hi) et 28A (LO) du connecteur de [linterface
arriere P10317 de fa carte ADC (A17).

ATTENTION

Si une tension supérieure @ 500 V créte est ap-
pliquée sur jes bornes de la face avant, ne pas
valider les entrées de l'interface arriére, pour éviter
tout risque de détérioration de l'instrument ou de
fonctionnement erroné.

Mesures de tensions continues

Une pression sur le bouton DCV valide des mesures
de tensions continues dans ies gammes : 200 mV, 2 V,
20V, 200 V et 1000 V. Lorsque 'entrée HIGH est posi-
tive par rapport a 'entrée LOW, le signe “+" est affiché,
Ne pas dépasser ies tensions maximales autorisées en
entrée.

Mesures de résistances

tUne pression sur le bouten OHMS valide des mesures
de résistances dans les gammes : 200 1, 2K, 20K{),
200 K, 2 M{} et 20 ML}, Le courant passe normale-
ment de la borne HIGH vers ia borne LOW. Les courants
et tensions maximaux entre bornes et a pleine échelle
(sans dépassement de gamme) sont indiqués au tableau
2.3. La tension maximale {en circuit cuvert) disponible
entre la borne HIGH et la borne LOW est inférieurea s v,

Tableau 2.3
TENSIONS DE SOURCE
{(FONCTION OHMS)

Gamme Courant typigue Tension max.
{0 (1 ala pleine échelie) (pleine
échelie)
200 ge 1,02mA a1 mA
2K O deC.12mAa0,1 mA
20K} 0e 9.2 uAa 10 uA ozv
200K de 1,08 pAhat uh
2M0 de 012 uAa0,1 uA
20M de D12 pA & 0,04 uA c8v

Mesure de diodes

Une pression sur le bouton DIODE TEST valide la
génération d'un courant de 1 mA continus sur la borne
HIGH. La variation de tension aux jonctions de |la diode

www.yalyejronics.com
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se mesure en connectant 'anode de la diode & la borne
HIGH et {a cathode a la borne LOW. Les diodes doivent,
pour étre testées, présenter une variation de tension in-
ferieure a 1,999 volt. C'est le cas de la plupart des
diodes et DELs.

Pour tester la tension inverse, inverser les conne-
xions. “OC” doit apparaitre dans ia fenétre d'affichage.

Mesures de tensions alternatives

Il existe deux fonctions de mesure de tensions alter-
natives :
1. Mesure de tensions alternatives efficaces vraies
(ACV)
2. Mesure de tensions alternatives efficaces vraies su-
perposées a un niveau continu {(ACV + DCV).
Les gammes de mesure pour ces deux fonctions sont
200mV, 2V, 20V, 200V et 700V. Les tensions peuvent
étre mesurées avec un facteur de créte maximal de 4
pour la pleine échelle. Le facteur de créte est le rapport
tension créte sur tension efficace. Veiller a ne pas
dépasser la tension maximale autorisée en entrée. La
fonction LOW FREQ RESPONSE permet d’efiectuer des
mesures stables de tensions alternative en basse fré-
quence. Cette fonction effectue la moyenne de 4 me-
sures de tensions alternatives.

Vitesses de conversion

Le DM 5010 utilise deux vitesses de conversion. La
vitesse FAST {bouton CONVERSION RATE allumé)}
permet d'effectuer des mesures a la vitesse maximale
speécifiée pour la fonction sélectionnée. La résolution de
'affichage est de 3,5 chitires. Lorsque le bouton
CONVERSION RATE est éteint, les mesures sonf ef-
fectuées a la vitesse normale spécifiée pour la fonction
sélectionnée avec une résolution d'affichage de 4.5
chiffres.

Déclenchement

Le DM 5010 posséde deux modes de declenchement,
les modes RUN et TRIGGERED. Une pression sur le
bouton RUN valide des conversions en mode relaxé 3 la
vilesse de conversion séiectionnée. Une pression sur le
bouton TRIGGERED valide une mesure a ia fois.

En outre, les conversions peuven! étre déclenchées
via le connecteur de l'interface arriere, broches 16A et
16B (LO) sur la carte tsolation (A15). Ceci nécessite I'in-
statlation d'un cavalier {se référer au chapiire Mainte-
nance). L'installation de ce cavalier valide ia fonction de
déclenchement EXTRIG {en plus de RUN et
TRIGGERED). Pour utiliser cette ionclion, appuyer sur (e
bouton TRIGGER pour mettre fin au déclenchement
relaxé. La fonction EXTRIG nécessite un signal de dé-
clenchement interne compatible TTL, flanc negatif. Pour
un déclenchement unigue, cette ligne doit étre main-
tenue & ('état bas pendant 0.5 us (10usmax.) . Son
maintien prolongé & Pétat bas provoguerait le dé-
clenchement de plusieurs mesures consecutives.
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Calculs

Cing boutons en face avant permettent d'effectuer
des calculs sur les mesures effectuées par le DM 5010.
Ces calculs peuvent étre exécutés individuellement ou
séquentiellement. Une séauence de calculs peut étre
entrée dans n’importe quel ordre (boutons enfonces).
Toutefois, le DM 5010 les exécute dans 'ordre suivant :
AVERAGE, X-B/A, dBm ou dBr, COMPARE. L'instrument
affiche le résultat de chaque calcul. Les fonctions NULL
et LOW FREQ, si elles ont été validées, sont exécutées
en priorité. Les calculs dBm et dBr ne peuvent étre ef-
fectués dans la méme séqguence. Seule la derniére fonc-
tion validée {dBm ou dBr) est exécutée. Un déclenche-
men! démarre 'exécution d'un calcul unique, ou d'une
séquence de calculs. En mode RUN {(Déclenchement
Relaxé}, tout calcul ou séquence de calculs est répete
jusgw’a ce gu'il soit inhibé {bouton correspondant
enfoncé de nouveau), ou jusqu'a ce que la sélection
d'un autre mode de décienchement ou d'une autre fonc-
tion de mesure soit effectuée. Les DELs d'affichage
sont éteintes pendant Fexécution du catcul. Linstru-
ment affiche “OC” pour signaler un dépassement de
gamme pour un résultat de calcul,

A I'exception de la tonction dBm, chaque calcul utilise
une constante ou plus. La valeur numérique de chaque
constante mémorisée prend une valeur par défaut a la
mise en service. Celte valeur peut étre remplacée par
toute autre a 'intérieur des limites spécifiées. Le tableau
2.4 contient la liste de chaque calcul et constante(s)

associée(s), des valeurs par défaut des constantes, et
des limites associées a chaque constante.

Modification des valeurs des constantes

Deux méthodes permettent de changer la valeur d'une
constante en mémoire.

1. Utilisation du clavier numeérique :

a. Appuyer sur le bouton de Ia constante séiec-
tionnee.

b. Appuyer sur les touches de clavier nume-
riques pour afficher la nouvelle valeur de la
constante (dans les limites spécifiees tableau
2.4).

¢. Appuyer surlatouche ENTER.

2. Utilisation d'une mesure affichée. (Remplace ia
valeur d'une constante par la valeur de la mesure af-
fichée). S'assurer que la mesure affichée correspong
aux limites spécifiées pour cette constante {tableau
2.4).

a. Appuyer sur le bouton de la constante sélec-
tionnée.

b. Appuyer surlatouche ENTER.

TABLEAU 2.4
FONCTIONS CALCULET CONSTANTES ASSOCIEES
Calcul Constante Valeur Plage de constantes
par défaut valides
AVERAGE N 2 +1a-+19899
X-B
A B (décalage) o] ngmbre entier ou décimal, + ou -,
A (facteur 1 nombre entier ou décimal, = 0, + ou -
d'échelie)
dBm
dBr ref 1 nombre entier ou décimati, = 0, + ou -,
COMPARE j LIMITS (2} 0
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Aprés toute pression sur la touche ENTER, ie DM 5010
affiche la valeur de la constante mémorisée. Toute nou-
velle valeur valide est affichée. Sinon. la valeur affichée
est ia valeur précédemment entrée. Chague valeur
d'une constante est conservée en mémoire jusqu’a
Pentrée d'une nouvelle valeur, ou jusgu'a ce que l'ali-
mentation du DM 5010 soit coupée.

Exemples de calculs

Voici quelgues exemples d'application des fonctions
de calcul du DM 5010.

Exemple 1 : Utilisation de la fonction X-B/A pour affich-
er la difféerence entre la tension nominale et la tension
Zener mesuree,

Régler les commandes en face avant de la fagon sui-
vante :

DCV enfoncée

NULL sortie

LOW FREQ RESPONSE sortie

RANGE sur la position AUTO

TRIGGER MODE
CONVERSION RATE

sur la position RUN
commande FAST

sortie
CALCULATIONS
X-B
A enfoncée
Toutes les autres sorties
REAR INPUT sortie

Entrer “1" pour la constante A.

Entrer “15" pour la constante B (pour une diode Zener
de 15V).

instructions d’utilisation - DM 5010

Connecter la diode Zener, la résistance et l'alimentation
aux entrées du DM 5010, comme indiqué figure 2.5. La
valeur de la résistance et de I'alimentation déterminent
le courant Zener.

La tension affichée est instable jusqu’a ce gue le cou-
rant traversant ia diode prenne sa valeur finale. Lorsque
I'affichage devient stable, la tension affichée est la difie-
rence entre la tension Zener nominale {15V} et la tension
Zener mesurée.

Pour obtenir le pourcentage correspondant & la diffe-
rence de tension, remplacer la constante A par 0,15, A
étant égale 4 B (0,01).

Exemple 2 : Utilisation de la fonction dBr pour découvrir
le point d'un amplificateur audiofréquence -3dB (par
rapport & la valeur milieu).

Régler les commandes de la face avant de la fagon
suivante :

ACV enfoncée

NULL sortie

LOW FREQ RESPCNSE sortie

RANGE sur ta position AUTO

TRIGGER MODE sur ta position RUN

CONVERSION RATE commande FAST
sortie

CALCULATIONS sortie

REAR INPUT sortie

Entrer “t” pour la constante de reférence (ref).
Connecter le générateur sinusoidal, 'amplificateur audi-
ofréquence et ie DM 5010 comme indigué figure 2.6.

DM 5010

HIGH

1kQ
32v

il

LOwW

V == 15V
z

TF2994-05

Fig. 2.5. Installation nécessaire au calcul de 'exemple 1
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UuT
DM 5010 AmPlifiqateur Qénérfteur
audiofréquence sinusoidal

HIGH

O O O O

LOW

e’ e O 0O

ouT IN out
TF2994-06

Fig. 2.6. Instailation nécessaire au calcul de I'exemple 2,

Régler le générateur sinusoidal 4 mi-bande (dans cet
exemple 5 KHz) ; régler son amplitude de fagon alire 1 V
surle DM 5010.

Appuyer sur le bouton dBr. La valeur “0.0" est af-
fichee.

Réduire la fréguence du générateur jusqu’a ce que la
valeur “-3.00." soit affichée sur le DM 5010 (ne pas
retoucher 'amplitude). La fréguence du générateur cor-
respond au point -3dB de l'amplificateur audiofré-
Quence.

Exemple 3 : Utilisation de la fonction COMPARE pour
sélectionner des résistances differant de = 2 % de la
valeur nominale,

Regler ies commandes de la face avant du DM 5010
de la facon suivante :

OHMS enfoncée
NULL sortie
LOW FREQ RESPONSE sortie
RANGE sur la position AUTG
TRIGGER MODE surla position RUN
CONVERSION RATE commande FAST
sortie

CALCULATIONS

COMPARE enfoncée

Toutes les autres sorties
REAR INPUT sortie

Pour sélectionner des résistances 15 K} a = 2 % de
iz valeur nominale, entrer “15300" pour 'une des iimites
(LIMITS) et “14700" pour l'autre. Connecter la premiére
résistance a trier aux bornes HIGH et LOW du DM 5010.
te DM 5010 affiche “HI" ou “LO” pour indiquer ie
dépassement de la tolérance 2 % ou Vinfériorité a cette
tolérance. Si la résistance est comprise dans les limites
ou égale aux limites, le DM 5010 affiche “PASS™.

wwwreala&tronics.com

Les fonctions de calcui COMPARE et X-B/A peuvent
étre combinées dans 'exempie ci-dessus. Ceci élimine
la nécessité d'afficher les valeurs de tolérance. Seuie |a
valeur nominale de la résistance et ia tolérance sont uti-
lisées comme constantes.

Entrer “15000" dans B (résistance nominale).

Entrer “150Q" dans A, A étant égale a B ((01). Ceci con-
verti! la difféerence entre la valeur nominale et la valeur
réelle en “1 %"

Entrer “2" pour une limite {LIMITS) (tolérance de 2 %).

Entrer “~2" pour l'autre.

Appuyer sur la touche X-B/A.

Le DM 5010 affiche PASS, HI, ou LO.

instructions de réemballage

Sile DM 5010 doit &tre renvoyé a un centre de mainte-
nance Tekironix pour une révision ou une reparation, y
apposer une étiquette portant le nom {et 'adresse) de la
société utilisatrice et ie nom de ia personne a y contac-
ter. ainsi gue te numero de serie complet de l'instrument
et la description du detaut constate.

Sil'embailage d’origine n'est plus disponible, emballer
V'appareil de la fagon suivante :
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Se procurer un carton résistant dont les dimensions in- Entourer instrument d’une feuille de polyethylene.
ternes soient supérieures de 15 cm aux dimensions de Tapisser le fond et les bords de mousse d'urethane
I'appareil. La résistance de I'emballage doit étre de 90 Sur une épaisseurde 7,5 cm.

kg/cm. Fermer le carton au moyen d'une bande adhésive.
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Abschnitt 2 - DM 5010

BEDIENUNGSANLEITUNG

Einfiihrung

Dieser Abschnitt des Handbuches gibt Hinweise zum
Ein- und Ausbau des Gerates und beschreibt die Funk-
tionen der Bedienungselemente und Anschitsse auf der
Frontplatte des DM 5010, Diese Informationendienen nur
als Hilfe zum Verstandnis der manuellen Bedienung des
DM 5010. Es wird dabei vorausgesetzt, daB das DM 5010
nicht iber die Versorgungseinheit mit dem GPiB
verbunden ist.

Vollstandige Informationen zur Programmierung des
DM 5010 iber den GPIB (General Purpose Interface Bus)
enthalt der Abschnitt ,Programmierung®.

VORBEREITENDE ARBEITEN

Ein- und Ausbau

Nach Erhalt des Gerétes solite das DM 5010 etwa
24 Stunden lang an das Stromnetz angeschliossen
und eingeschaltet werden, um die eingebauten
Pufferbatterien aufzuladen. Wird dies nicht
gemacht, kann das durch Verlust der im Speicher
enthaltenen Kalibrierfaktoren zu fehlerhaftem
Betrieb fiihren. Mitdem in diesem Handbuch enthal-
tenen .Justierungsvorgang” kénnen die Kalibirier-
faktoren neu in den Speicher eingegeben werden.

ANMERKUNG

Das DM 5010 ist nur fiir den Betrieb in einer Versor-
gungseinheit der Serie TM 5000 ausgelegt.
Beachten Sie vor dem Einbau des DM 5010 die
Bedienungsanieitung der Versorgungseinheil.

Das DM 5010 kommt kalibriert und betriebsbereit zum
Versand. Achten Sie darauf, daB der Spannungswahl-
schalter der Versorgungseinheit richtig eingestellt ist.
Das DM 5010 besitzt einen internen Netzirequenzwéhler.
Zur bestmdglichen Unterdriickung des Netzfrequenz-
rauschens sollte bei Betrieb in FAST CONVERSION
RATE die richtige Netzfrequenz eingestellt sein. Bei
Versand ist das Gerét auf eine Netzfrequenz von 60 Hz

wwiwVdi¥étronics.com

eingestellt. Uberlassen Sie die Einstellung der Netzfre-
quenz dem qualifizierten Servicepersonal.

Um Beschédigungen zu vermeiden ist vor Einbau
des DM 5010 die Spannungsversorgung der Versor-
gungseinheit abzuschalten. Ein- oder Ausbau
diirfen nicht mit Gewalt erfoigen.

Prifen Sie ob die Plastiksperren an den Verbindungs-
steckern der ausgewd&hlten Facher der Versorgungsein-
heit mit den Ausschnitten an den Steckerleisten des
DM 5010 tibereinstimmen. ist das nicht der Fall, darf das
DM 5010 nicht eingebaut werden bevor der Grund daflr
festgestellt wurde. Stimmen Sie (berein, halten Sie das
Chassis des DM 5010 an die oberen und unteren
Fuhrungsschienen der gewdhlten Facher der Versor-
gungseinheit und dricken es fest ein, bis die ricksei-
tigen Steckverbindungen einrasten (siehe Bild 2-1).
Schatten Sie die Versorgungseinheit ein,

Zum Ausbau des DM 5010 ziehen Sie den Entriege-
lungshebel (an der unteren linken Ecke) bis die Steck-
verbindung ausrastet und das Ger#t aus der Versor-
gungseinheit herausgleitet.

VERSORGUNGS-
" EINHEIT

SPERRE

_ . NUTE OBERE
I FOHRUNGS-
SCHIENE

. EINSCHUB
UNTERE

FORRUNGS-
SCHIENE

2958-01

Bild 2-1. Ein- und Ausbau.
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Bedienungsanleitung - DM 5010

BEDIENUNGSELEMENTE UND
ANSCHLUSSE AUF DER FRONTPLATTE

Allgemeine Hinweise

Die nachstehend aufgelisteten siebzehn Druck-
schalter auf der Frontplatte aktivieren nach Eindricken
die jeweilige Funktion und leuchten auf. Die Druck-
schalter im linken Teil schlieBen sich gegenseitig aus;
d. h. es ist immer nur ein Druckschalter aktiviert
{erleuchtet). Die Druckschalter im rechten Teil leuchten
auf wenn sie aktiviert werden und bileiben aktiviert und
erleuchtet bis sie nochmals gedrickt werden.

Anzeigefenster

Im linken Teil der Anzeige werden Me8- und Berech-
nungsergebnisse durch eine 4 1/2stellige LED ange-
zeigt. Nullen vor Dezimalzahien werden nicht angezeigt.
In den SpannungsmeBfunktionen wird durch Flackern
ein Uberlaufen angezeigt; fir OHMS und DIOCDE TEST
wird OC dargestelit.

Im mittieren Teil der Anzeige werden die Bereichsmul-
tiplikatoren flr die dargestellie Anzeige angegeben. Eine
den Aufschriften MILLI, KILO und MEGA zugeordnete
LED zeigt an, ob es sich bei der dargestellten Messung
um Milli-, Kilo- oder Megaeinheiten handelt. Der Dezi-
malpunkt ist fir jeden Funktionsbereich fixiert. Die Multi-
plikator-LED und die Position des Dezimalpunktes
Zzeigen bei den Bereichswahimethoden AUTQO und
manuell {STEP} den Bereich an. Siehe Bild 2-2.

DCV NULL
OHMS LOW FREQ RESPONSE
R&DE TEST QSLO Der rechte Teil des Anzeigefensters zeigt den
ACV + DCV TRIGGERED Betriebszustand des Gerétes wie folgt an:
i@g; AGE REMOTE und ADRESSED leuchten nur auf, wenn das
X-B Ger#t ferngesteuert (iber den GPIB arbeitet.

A ERROR leuchtet auf, wenn ein interner, ein Selbst-
dBm Test-, oder ein Betriebsfehler auftritt. im linken Teil
dBr der Anzeige werden auch Fehlercodes dargestelit,
COMPARE welche die Art des Fehlers anzeigen, Siehe Tabelle
REAR INPUT 2-2 im Abschnitt ,Bedienungshinweise”.

Function Hiuminated Selected Range
Multiplier
« MILLI 200 mv
DCV
2V 20v 200V 1000 v
ACV e MILLI 200 mv
and
ACV + DCV 2V 20v 200 v 700 Vv
2000
OHMS «KILO 2 k{ 20 k& 200 k0
« MEGA 2 M@ 20 MQ
DIODE Uses 2 V dc
TEST range.
1 ® 9 [ ] 9 [ ] 9 L 9
N —
Overrange indication: Biank when
Display flashes for voltage functions. FAST CONVERSION
Displays “OC” for OHMS and DIODE TEST functions. RATE is enabled. 2994.02

Bild 2-2. DM 5010 Bereichsanzeige auf der Frontplatte.
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Bedienungsanleitung — DM 5010

2524-03

Bild 2-3. DM 5010 Bedienungselemente und Anschliisse auf der Frontplatte.
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Bedienungsanleitung - DM 5010

Bedienungslemente und Anschliisse

Nachstehend werden die Bedienungselemente und
Anschiisse auf der Frontplatte des DM 5010
beschrieben. Siehe Bild 2-3.

FUNKTIONEN

DCV

Wenn diese Drucktaste erieuchtet ist, miBt das
DM 5010 die an die Eingangsanschlisse auf der
Frontplatte oder der Ruckseite angelegten
Gieichspannungen. Die MeBbereiche sind:
200 mv, 2V, 20 V, 200 V und 1000 V.

OHMS

Diese Drucktaste ist in der Betriebsart Wider-
standsmessung erleuchtet. An den AnschluB auf
der Frontplatte oder den riickseitigen Schnittstel-
lenanschiuf} angelegte Widerstande werden in
den Bereichen 200 (2, 2 kQ2, 20 kQ2, 200 k0, 2 MQ
und 20 mQ gemessen.

NULL

Diese Funktion arbeitet, wenn das DM 5010 auf
DCV, OHMS, DIODE TEST, ACV + DCV eingestellt
ist {in allen Bereichen). Wenn der Tastkopf NULL
erieuchtetist, miBt und speichert das Gerét denan
einen der Eingangsanschlisse angelegten Wider-
stands- oder Spannungswert. Dieser gespei-
cherte Offset wird den folgenden Messungen
hinzugefigt und die Ergebnisse werden darge-
stellt. Der Wert des Offset kann bis zu =100% des
Bereichs betragen. Wird die derzeitige Funktion
gesndert oder die NULL Funktion abgeschaitet
{(NULL Taste gedriickt), wird der NULL Offset nicht
mehr hinzugefigt. Der gespeicherte Offset bieibt
erhaiten, bis ein neuer Offset durch Nullung einge-
stellt oder diewahrend der Nullung eingeschaltete
Funktion verédndert wird.

| WARNUNG l

Bei eingeschalteter NULL Funktion kann es
vorkommen. dafi die dargesteliie Messung nicht den
Wert der an gen Eingangsanschiissen angelegten
Spannung anzeigt.

(2) bioDE TEST

Wenn diese Taste erieuchtet ist, wird an den posi-
tiven Einganasanschiussen auf der Frontpiatie
und der Ruckseite ein Gleichstrom von 1 mA
erzeugt. Dieser Strom flieBt durch ein Bauelement
zum negafivern Anschiul. Die gabei am Baueie-
ment entstehende Spannung wird im 2 V Gleich-
spannungsbereich gemessen und dargestellt.

(3) acv

Wenn diese Drucktaste erleuchtet ist, werdenvom
DM 5010 echte effektive Wechselspannungen
gemessen und dargestellt. Die angelegten Span-
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nungen werden intern an einen Effektivwandler
gekoppelt. Die MeBbereiche sind: 200 mV, 2 V,
20V, 200V und 700 V.

ACV + DCV

Ist diese Taste erleuchtet, werden vom DM 5010
echte effektive Wechselspannungen gemessen
und dargestellt, die auf einen Gleichspannungs-
pegel angehoben worden sind, Die angelegten
Spannungen werden intern wechselspannungs-
m4Big an den Effektivwandler angekoppelt. Die
Bereiche sind: 200 mV, 2 V, 20V, 200V und 700 V.

LOW FREQ RESPONSE

Wenn diese Drucktaste erleuchtet und die Funk-
tion ACV oder ACV + DCV aktiviert ist, wird aus
4 Messungender Mittelwert berechnet und darge-
stellt. Dieser Vorgang wird danach wiederholt.
Diese Funkiion bietet eine stabile Anzeige bei der
Messung von niederfrequenten Wechselspan-
nungen und ist bis 10 Hz spezifiziert. Sie kann
jedoch iiber den gesamten fir das DM 5010 spezi-
fizierten Frequenzbereich angewendet werden.

BEREICH

(1) auto

Wenn diese Taste erleuchtet ist erfolgt die
Bereichswah! automatisch. Wird der jeweilige
Bereich {berschriiten, schaltet das DM 5010 in
den né&chst héheren Bereich um. Betragt der
gemessene Wert weniger als 9,5% des Bereichs,
schaltet das Ger#t in den n&chst niedrigeren
Bereich um.

STEP 4

Bei Aktivierung dieser Drucktaste schaltet das
DM 5010 in den nachsththeren Bereich um.
Dieser Bereich wird beibehalten, bis fur die auto-
matische Bereichswahl die Taste AUTO gedruckt
oder der Bereich nochmals erhoht wird. Bei Ande-
rung der Funktion (DCV, OHMS, DIODE TEST, ACV,
ACV + DCV) bleibt der Bereich. Nur bei Wah! der
Funktion OHMS wird in den hdchsten Bereich
umgeschaltet. Bei Dricken der Taste wahrend der
Arbeit im hochsten Bereich erfoigt Umschaltung
in den niedrigsten Bereich.

TRIGGERUNG

RUN

Wenn diese Taste erleuchiet ist. lauft die Konver-
sion frei mit der gewahlten Rate. Fur die Wahi der
Wandelrate siehe FAST.

TRIGGERED

Nach Drucken dieser Taste wird eine Messung
getriggert und dargestellt. Die ndchste Messung
beginnt, wenn diese Funktion wieder aktiviert wird
{(Taste gedrickt, oder ein EXTRIG Triggersignal
empfangen wird). Fur die Anwendung der EXTRIG
Triggerung muB von qualifiziertem Serviceper-
sonal ein interner Anschiuf eingebaut werden.
Wenn das Ger#! getriggert wird, leuchtet die Taste
TRIGGERED kurz auf.
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WANDELRATE

FAST

ist diese Taste erieuchtet, entspricht die Wandel-
(MeB-) Rate der flir die gewéhlte MeBfunktion
spezifizierten maximalen Rate. Bei dieser Wandel-
rate betrégt die Aufiésung 3,5 Stellen.

Wenn die Taste FAST nicht erleuchtet ist, erfolgt
die Wandlung mit der fir die gewdhite MefBfunk-
tion spezifizierten normalen MeBrate. Die Ergeb-
nisse werden 4,5 stellig dargestelit.

AVERAGE

Wenn diese Taste erleuchtet ist, berechnet das
DM 5010 den Mittelwert aus einer Serie von
Messungen. Der Wert der Konstanten N bestimmt
aus wie vielen Messungen der Mittelwert gebildet
wird. Zur Berechnung des Mittelwertes summiert
das Gerét die gemessenen Werte und dividiert die
Summe durch die Anzahl der Messungen. Ist LOW
FREQ RESPONSE ebenfalls aktiviert, entspricht
die Anzahl der Messungen aus denen der Mittel-
wert gebildet wird dem vierfachen Wert der
Konstante N. In der Beiriebsart TRIGGERED wird
zum Start aller fir die AVERAGE Berechnung
verwendeten Messungen nur eine Triggerung
bendtigt.

N

Diese Taste wird zum Speichern oder Abrufen
einer bei der AVERAGE Berechnung verwendeten
Keonstanten benutzt. Die Konstante bestimmt, aus
wie vielen Messungen der Mittelwert gebildet wird.
Beim Einschalten des Gerétes wird der Wert N auf
2 eingestellt. Dieser Wert kann auf jede positive
ganze Zahl von 1 bis 19999 eingestellt werden.

X-B
A

Wird diese Taste gedrickt, subtrahiert das
DM 5010 eine gespeicherte Offsetkonstante von
einer Messung. dividiert das Ergebnis durch eine
gespeicherte Skalierungskonstante und stellt das
Ergebnis dar. B ist die Offsetkonstante, A die
Skalierungskonstante und X die Messung.

A B

Diese Tastenwerden zum Speichern oder Abrufen
von Konstanten verwendet, die zur Berechnung
von X-A/B benuizt wurden. Beim Einschalten des
Gerates wird der Wert A auftund derWert B aufC
eingestellt. Diese Konstanten kénnen auf jede
Zahl(ganze, Dezimal-, positive oder negative Zahl)
eingestellt werden, nur der Wert A kann nicht
sein,

dBm

Wenn diese Taste erleuchtet ist, wird das
Verhéltnis einer Spannungsmessung, bezogen
auf 1 mW und 600 Ohm nach folgender Formel
berechnet:
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dBm = 20 logio X4

V6
dabei ist x; die Spannungsmessung. Es wird der

Logarithmus des absoluten Wertes von x/y.6
genommen.

dBr

Ist diese Taste erleuchtet, berechnet das DM 5010
mit der nachstehende Formel das logarithmische
Verhéitnis einer Messung zu einer gespeicherten
Bezugskonstanten (Taste ref):

dBr = 20 logio ‘ _&‘
ref

wobei x4 die Messung ist. Es wird der Logarithmus
des absoluten Wertes von xy/ref genommen.

ref

Diese Taste wird zum Speichern oder Abrufen
einer fir die dBr Berechnung benutzten
Konstanten verwendet. Beim Einschalten wird der
Wert ref auf 1 eingestellt. Der Wert von ref kann
jede Zahl auBer 0 sein,

COMPARE

Die Aktivierung dieser Berechnung (Taste
erleuchiet) veranlaBt das DM 5010 die nachste
Messung mit den durch die Konstanten LIMITS
gesetzten Grenzwerten zu vergleichen. Wenn die
verglichene Messung algebraisch unter den
beiden Konstanten liegt, wird das Wort |.O darge-
stellt. Ist sie algebraisch gréBer als die beiden
Konstanten wird H| dargestelit. PASS wird darge-
stelit, wenn die Messung gieich ist oder zwischen
den Konstanten liegt.

LIMITS (2)

Diese Tastenwerden zum Speichernoder Abrufen
von Konstanten verwendet, die ais Grenzwerte in
der Berechnung COMPARE benutzt wurden. Beim
Einschaltvorgang werden die Werte der
Konstanten auf O eingestellt.

RECALL CONST

Driicken dieser Taste und dann eine der Konstan-
tentasten (N, A, B, ref, LIMITS) veraniaBt das Gerat,
den tUr diese Konstante gespeicherten Wer
darzustellen,

REAR INPUT! A

Siehe .Messungen an der ruckseitigen Schnitt-
stelle” im Abschnitt ,Betriebhshinweise”. Wenn
diese Taste erleuchtet ist, werden statt der
Eingange auf der Frontplatte die Eingange der
rickseitigen Schnittstelle gewéahlt.

DIGITS (0 bis 9), Dezimalpunkt und Zeichen
Diese Tasten werden tur die Eingabe von Zahlen,
Dezimalstellen und der Polaritét fur die Speiche-
rung von Konstanten verwendet.
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Selbst-Test

Nach dem Einschalten durchlguft das DM 5010 eine
Selbsttest-Routine. Wihrend des Seibsttests sind alle
LED's auf der Frontpiatte erleuchtet. Nach dem Selbst-
test schaltet das Gerét auf Eigenbedienung (LOCS) und
nimmt die in Tabelle 2-1 enthaltenen Einstellungen an.

CLEAR

Wenn im Anzeigefenster ein Fehlercode darge-
stelit wird, 16scht diese Taste den dargesiellien
Fehlercode. Wird die Taste CLEAR wéhrend der
Eingabe einer Konstanten gedricki, wird ein
Konstantenwert, der noch nicht eingegeben

worden ist, auf der Anzeige geltischt.

ENTER

Durch Dricken dieser Taste bei der Eingabe einer
Konstanten wird die Zaht der Konstanten gespei-
chert und der gespeicherte Konstantenwert
dargestelit.

Tabelle 2-1
EINSCHALT-EINSTELLUNGEN
(NUR FUNKTIONEN AUF DER FRONTPLATTE)

INST ID
Die Aktivierung dieser Taste veranlaBt das Gerit Funktion Status
seine Priméradresse darzustellen und, wenn
USEREQ freigegeben ist, eine Serviceabfrage DoV on
(SRQ) am GPIB zu erzeugen. Ferner leuchtet in der OHMS off
Betriebsart Talk Only das Minuszeichen auf und NULL (off) Konstante auf 0
der ganz rechts stehende Dezimalpunkt ieuchtet eingestellt
auf, wenn als Endezeichen LF/EQI gewahlt wurde; DIODE TEST off
der Dezimalpunkt leuchtet nicht, wenn das Ende- ACV off
zeichen EQI ONLY ist. ACV + DCV off
LOW FREQ RESPONSE | off
INPUT AUTO on
HIGH AnschiuB STEP oft
isolierter analoger positiver AnschiuB, der mit den RUN on
LOW und GUARD Anschiissen fur alle TRIGGERED off
Messungen auf der Frontplatte verwendet wird. FAST off
AVERAGE off
LOW AnschiuB N Konstante auf 2
Isolierter analoger AnschluB, der mit dem HIGH eingestellt
EingangsanschluB verwendet wird. X-B
A off
GUARD Anschiug A Konstante auf 0
Isclierter AnschiuB, der mit der Abschirmung der eingestelit
Analogschaltkreise verbunden ist. Wird keine B Konstante auf 1
GUARD Prifleitung verwendet, ist GUARD (iber eingestelit
einen internen Schalter mit dem LOW AnschluB dBm off
verbunden. Wird eine GUARD Priifleitung benutzt, dBr off
wird sie normaierweise vom Anwender mit der ref Konstante auf 1
LOW Prifieitung am MeBpunkt angeschlossen. eingestelit
Der AnschiuB GUARD wird zur Maximierung der COMPARE off
Gleichtaktunterdrickung verwendet. LIMITS Konstante auf 0,
Masse-AnschiuB 0 eingestelit
Chassis MasseanschluB. REAR INPUT off

Entriegelungshebel

Beim Herausnehmen des Einschubs ziehen.
erausn chubs zi Wird wahrend des Selbsttests ein interner Fehier

entdeck!. zeigt das Gerat im Anzeigefenster kontinuier-
lich einen 3-steliigen Fehlercode an und das Lampchen
ERROR leuchtet aut. Siehe Tabelle 2-2. Uberlassen Sie
Fehlerzustande dem qualifizierten Fachpersonal.

BEDIENUNGSHINWEISE

Nachstehend werden die Bedienungselemente und
Anschilsse aut der Frontplatte des DM 5010 bei Eigen-
bedienung beschrieben,
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Tabelle 2-2
FEHLERCODES
Anzeige Fehler

Ausfuhrungsfehler:
205 Argument auBerhalb des Bereichs
231 Nicht kalibrierte Betriebsart
232 Nicht kalibrierbar

Interne Fehler:
303 Rechenfehler
311 Konverterausfall
317 Frontplattenausfall
318 Schiechte Kalibrierkonstante
340 RAM Fehler
341 RAM Fehler
351 Kalibrier-Priifsummenfehler
372 ROM Plazierungsfehler Co0oo
373 ROM Plazierungsiehler D000
374 ROM Plazierungsfehler EOQOO
392 ROM Priifsummenfehier C000
393 ROM Priifsummenfehler D000
394 ROM Pritsummenfehler EQOOQ
395 ROM Priafsummenfehler F000

Aligemeine Betriebshinweise

Das Ger#t erreicht seine spezifizierte Genauigkeit

nach 30 Minuten Aufwérmzeit. Bei Bereichsuberschrei-
tung der Funktionen OHMS und DIODE TEST zeigt das
Gerat OC an; Bereichsiberschreitung bei den Funk-
tionen DCV, ACV und ACV + DCV wird durch eine blin-
kende Darstellung angezeigt.

Beachten Sie die spezifizienten Maximalwerte flr
die Eingangsspannung. Uberschreiten der Maximai-
werte kann zu Schéden am Gerét fihren.

Fur alle MeBfunktionen erfoigt die Bereichswahl
entweder automatisch (Taste AUTO eingedrickt) oder
es wird mit der Taste STEP ein fixierter Bereich ausge-
wihit. Siehe auch Abschnitt ,Anzeigefenster”. Fir
DIODE TEST wird nur der Bereich 2 V verwendet.

52 VORSICHT

Beider AUTQO Bereichswah/ darf die Eingangsspan-
nung nicht wiederholt zwischen einem niedrigen
Wert < 200 mVg) und einem héheren Wert
(=~ 200 Vg} hin und her geschaltet werden.
Verwenden Sie fir wiederholte Messungen
zwischen den Spannungsextremen vor Erhéhung
der Eingangsspannung mit der Bereichswah! STEP
einen entsprechend héheren Berejch, da sonst
ungenaue Messungen im 200 mV Bereich
vorkommen kénnen.
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Eingangs-Anschliisse

Die Anschiisse HIGH, LOW und GUARD werden fr
Messungen auf der Frontplatte verwendet. Diese
Anschlilsse besitzen zwischen dem LOW und GUARD
AnschiuB einen internen Schalter. Der Schalter ist
geschliossen, bis eine Prifieitung am AnschluB GUARD
eingesteckt wird; er bleibt offen, bis die Prifleitung
entfernt wird.

Bild 2-4 zeigt drei Beispiele fur Messungen mit den
Anschilissen auf der Froniplatte. Methode A zeigt dieam
meisten verwendete Art. Sie wird benutzt, wenn Gleich-
taktspannung nicht in Betracht kommt. In diesem
Beispiel werden nur die HIGH und LOW Anschlisse des
DM 5010 benutzt. Da am GUARD AnschiuB keine Priflei-
tung eingesteckt ist bleibt der interne Schalter
geschlossen und schiieBt LOW und GUARD kurz
Dadurch kann der Gleichtakistrom durch die LOW
Prifleitung und die Erdung der Spannungsversorgung
flieBen und zu MeBfehliern fihren.

Wenn Gleichtaktspannungen ein Problem sind, liefert
Methode B die genauesten Messungen. Der AnschiuB
GUARD am DM 5010 ist mit dem negativen Anschluf der
Signalquelie verbunden. Der Gleichtakistrom flieBt
durch die GUARD Priifieitung und die Erdung der Queile,
aber nicht durch den Mefikreis.

Bei Methode C ist der GUARD Anschiuf3 am DM 5010
mit der Erdung der Quelle verbunden. Da der zwischen
dem negativen AnschiuB der Quelie und der Erdung
erzeugte Gleichtaktstrom in den MeBkreis flieBt, kdnnen
MeBfehler auftreten.

Um die Gefahr von Stromschidgen bei Spannungs-
messungen zu vermeiden:

1. Vermeiden Sie den Kontakt mit der Span-
nungsquelie wenn die gemessene Spannung
42,4 V¢ (bersteigt.

Trennen Sie die Prifleitungen von dem zu
prufenden Schaltkreis bevor Sie die Leitungen
am DM 5010 entfernen und bevor Sie das
DM 5010 aus der Versorgungseinheit heraus-
nehmen.

ha

Messungen an den riickseitigen é ,
Interface-Anschiitssen!

Wenn die Taste REAR INPUT gedrickt ist (erleuchtet)
werden Signaie gemessen, die an die riickseitigen inter-
face-Stifte 28B (Hi) und 28A (Lo) auf der ADC Platine
(A17) angelegt sind. Ist die Taste nicht erleuchtet, werden
die Signale Ober die EingangsanschlUsse auf der Front-
platte gemessen.
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DM 5010 SOURCE
HIGH Hi
O
GUARD LOW Lo
O—-—9--0 —O
} Ecm ) :
[ j—’ ------------ O ---------- -
I |

A. Guard connected (internally) to DM 5010 LOW terminal—E_,, er'or present.

DM 5010 SOURCE

HIGH

Hi
O O

GUARD LOW LO
O—0" 0—0 -

B. Guard connected to source Lo terminal—No E_ . efTor.

DM 5010 SOURCE
HIGH HI
O
GUARD LOW Lo
O~ ®——0 o

C. Guard connected to source chassis ground. Low Ecm error, assuming the
common error source is mostly between grounds.

2994.04

Bild 2-4. Beispiele fur AnschluBarten auf der Frontplatte.
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.

p
' VORSICHT ;

Um Beschédigung des Gerdtes zu vermeiden, darf
zwischen den Stiften 288 (Hi) und 28A (Lo} am
riickseitigen Interface-AnschiuB P1031 auf der ADC
Fiatine (A17} keine Spannung angelegt werden, die
42,4 Vg AC oder 60 V DC ibersteigt.

VORSICHT

Schaiten Sie nicht zwischen der Frontpiatte und dem
rickseitigen Interface-Anschiuf8 um, wédhrend an
den Eingangsanschitissen auf der Froniplatte eine
Spannung von idber 500 Vg angelegt ist. Betriebs-
fehler und eine Beschadigung des Gerétes kénnen
die Folge sein.

Gleichspannungs- (DC) Messungen

Wenn die Taste DCV gedruckt ist, miBt das DM 5010
Gleichspannungen in den Bereichen: 200 mV, 2V, 20V,
200 V und 1000 V. Die Darstellung zeigt ein positives
Zeichen an wenn der Eingang am HIGH AnschiuB mit
Bezug auf den LOW AnschluB positiv ist. Beachten Sie
die Maximalwerte fir die Eingangsspannung.

Widerstandsmessungen

Dricken der Taste OHMS gibt das DM 5010 frei fiir die
Messung von Widerstdnden in den Bereichen: 200 Q,
2 k2, 20 kQ, 200 kQ2, 2 MQ und 20 MQ. Der normale
StromfluB geht vom AnschluB HIGH zum AnschluB LOW.
Tabelle 2-3 enthait die Strom- und maximalen Span-
nungswerte an den Eingangsanschlissen (innerhalb
der Bereiche). Die maximale Spannung am AnschiuB
HIGH bezogen auf AnschiuB LOW liegt unter 5V,

Tabelle 2-3
Funktion OHMS
Bereich Typischer Strom V max.
200Q 1,02 mA bis 1 mA

2 KQ 0,12 mA bis 0,1 mA
20 kQ 9,2 pA bis 10 pA 02V

200 kG 1,08 pA bis 1 yA
2 MG 0,12 pA bis 0,1 pA

20MQ | 0,12 pA bis 0,04 A 0.8V

wwwovaluetronics.com
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Messung von Dioden

Wird die Taste DIODE TEST gedrilickt, erzeugt das
DM 5010 am Anschiu8 HIGH einen Gleichstrom von
1mA. Zur Messung des Spannungsabfalls wird die Diode
mit der Anode an HIGH und der Kathode an LOW ange-
schlossen. Es kénnen Gerate mit einem Spannungsab-
fall unter 1,999 V geprift werden. Das sind die meisten
Dioden und einige LED's.

Zur Profung des umgekehrten Spannungsabfalls
vertauschen Sie die Anschl{issc der Diode am Gerat. Die
Darstellung solite OC anzeigen.

MeBgeschwindigkeiten

Das DM 5010 arbeitet mit einer von zwei MeBge-
schwindigkeiten. Bei der Geschwindigkeit FAST (Taste
CONVERSION RATE erleuchtet) fiihrt es Messungen mit
der maximalen, far die gewahlite Funktion spezifizierten,
Geschwindigkeit durch. Die MeBergebnisse werden
3 1/2-stellig angezeigt. ist die Taste nicht erleuchtet
erfolgen die Messungen mit der normalen fir die
gewdhlte Funktion spezifizierten Geschwindigkeit und
die Ergebnisse werden 4 1/2-steliig angezeigt.

Triggerung

Das DM 5010 verfugt von der Frontplatte aus Ober zwei
Triggerbetriebsarten RUN und TRIGGERED. Wenn die
Taste RUN gedrickt ist erfolgen die Messungen frei
laufend mit der gewidhlten MeBgeschwindigkeit. Bei
jedem Dricken der Taste TRIGGERED wird eine
Messung ausgelost.

Ferner kénnen Messungen Gber den riickseitigen
Interface-AnschluB, Stifte 16A und 16B (Lo) am Isolation
Board (A15) getriggert werden. Dazu muB eine interne
Uberbrickung installiert werden. Hinweise dazu findet
qualifiziertes Servicepersonal im Abschnitt ,\Wartung”.
Durch Einbau dieser Bricke wird die Triggerfunktion
EXTRIG freigegeben. Zur Anwendung der EXTRIG Trig-
gerung dricken Sie die Taste TRIGGER und sperren
damit die frei laufende Triggerung des Gerates. Fir die
Ausldsung der internen Triggerung wird bei EXTRIG ein
negatives, TTL kompatibles Signal bendtigt. Fir eine
einzelne Triggerung muf diese Leitung zwischen 0,5und
10 ps gehalien werden. Wird sie langere Zeit niedrig
gehalten, triggert das Gerat Mehrfachmessungen.
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Berechnungen

Berechnungen von Messungen des DM 5010 werden
mit fonf Tasten auf der Frontpiatte aktiviert. Diese
Berechnungen k&nnen einzein oder in Folge durchge-
fuhrt werden. Eine Folge von Berechnungen kann in
beliebiger Reihenfolge aktiviert (Tasten gedrickt)
werden; das DM 5010 fihrt sie jedoch in nachstehender
Reihenfolge durch: AVERAGE, X-B/A, dBm oder dBr,
COMPARE. Das Gerat fihrt alle aktivierten Berech-
nungen der Messung durch und stellt dann das Ergebnis
dar. Wenn aktiviert, werden NULL und LOW FREQ
RESPONSE vor jeder anderen Berechnung ausgefiihrt.
Die Berechnungen dBm und dBr k$énnen nicht in der
gieichen Folge durchgefihrt werden. Wenn beide Tasten
in der gleichen Berechnungsfoige gedrickt werden,
wird nur die zuletzt gedrickte Berechnung ausgeflhrt.
Eine Triggerung 16st die Durchfihrung einer einzeinen
Berechnung oder einer Berechnungsfoige aus. in der
Triggerbetriebsart RUN wird eine aktivierte Berechnung
oder Berechnungsfolge wiederholt bis sie abgeschaltet
wird (Berechnungstasten nochmals gedrickt), oder bis
Triggerart oder MeBfunktion ge&ndert werden. Wahrend
der Berechnung bleiben die Anzeige-LED’s dunkel. Bei
UberflieRen der Berechnungsergebnisse zeigt das Gerat
OC an.

AuBer fur dBm werden fir jede Berechnung eine oder
mehrere Konstanten verwendet. Der fiir jede Konstante
im Speicher emhaltene numerische Wert wird beim
Einschalten auf einen Anfangswert eingestellt. Dieser
Wert kann auf jeden Wert, innerhalb der fir jede
Konstante spezifizierten Grenzwerte eingestelit werden.
Tabelie 2-4 enthélt jede Berechnung und die zugeord-

neten Konstanten, den Konstanten-Anfangswert und die
Grenzwerte fir jede Konstante.

Anderung der Konstantenwerte

Es gibt zwei Methoden zur Anderung von Konstanten-
werten im Geratespeicher:

1. Mit dem numerischen Tastenfeld:

a. Dricken Sie die Taste der gewéhiten
Konstanten.

b. Drucken Sie die numerischen Tasten zur
Darsteliung des neuen Konstantenwertes (inner-
halb der in Tabelle 2-4 spezifizierten Grenzwerte).

c. Pricken Sie ENTER.

2. Mit einer angezeigten Messung (&ndert den
Konstantenwert auf den Wert der angezeigten
Messung). Achten Sie darauf, daB der angezeigte
MeBwert innerhalb der in Tabelle 2-4 fir die gewéhlte
Konstante spezifizierten Grenzwerte liegt.

a. Dricken Sie die Taste der gewdhlten
Konstanten.

b. Driicken Sie ENTER.

Tabelle 2-4
BERECHNUNG UND KONSTANTEN

Berechnung Konstanten Anfangswert giiltiger Konstantenbereich
AVERAGE N 2 + 1 bis + 18999
X-B
A B (Cfiset) 4] + oder -, ganze Zahl oder dezimal,

A 1 + oder -, ganze Zahl oder dezimal,* 0
daBm - - -
dBr ref 1 + oder -, ganze Zahl oder dezimal, # 0
COMPARE LIMITS (2) 0

wwvessratzetronics.com
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Nachdem die Taste ENTER gedriickt wurde, zeigt das
DM 5010 den gespeicherten Konstantenwert an. Das ist
der neue Wert, wenn der eingegebene Wert gdiltig ist. Der
vorher gespeicherte Wert wird angezeigt, wenn der
eingegebene Wert ungiltig war. Jeder Konstantenwert
bieibt gespeichert bis ein neuer Went eingegeben oder
das Gerét abgeschaltet wird,

Berechnungsbeispiele

Die nachstehenden Beispiele sind Anwendungsvor-
schlage tir Berechnungen mit dem DM 5010,

Beispiel 1: Verwendung von X-B/A zur Darsteliung der
Differenz zwischen den nominalen und aktuellen Zener-
spannungen.

Stellen Sie die Bedienungselemente auf der Front-
piatte des DM 5010 wie folgt ein:

DCV on
NULL off
LOW FREQ RESPONSE off
RANGE AUTO
TRIGGER MODE RUN
CONVERSION RATE FAST off
CALCULATIONS
XB

A on
alle anderen off
REAR INPUT oft

Stelien Sie die Konstante A auf 1.

Stellen Sie die Konstante B auf 15 {fiir eine
15 V Zenerdiode),

Bedienungsanleitung - DM 5010

Verbinden Sie die Zenerdiode, Widerstand und Span-
nungsquelie wie in Bild 2-5 gezeigt mit den Eingangsan-
schlissen des DM 5010. Der Wert des Widerstandes und
die Spannung stellen den Zenerstrom ein.

Die angezeigte Spannung ist zuerst unstabil bis der
Strom durch die Diode den Endwert ereicht. Wenn sich
die Anzeige stabilisiert, zeigt die Spannung die Differenz
zwischen der nominalen Zenerspannung (15 V/ und der
aktuelien Zenerspannung an.

Zur Ablesung der Spannungsdifferenz in Abwei-
chungsprozenten, &ndern Sie die Konstante A auf .15,
wobei A =8 (.01) ist.

Beispiel 2: Verwendung von dBr zum Finden des Punkies
andem ein Audioverstarker 3 dB unterhalb des mittleren
Bereiches liegt.

Stellen Sie die Bedienungslemente wie folgt ein:

ACV on
NULL off

LOW FREQ RESPONSE oft
RANGE AUTO
TRIGGER MODE RUN
CONVERSATION RATE FAST off
CALCULATIONS off
REAR INPUT off

Stellen Sie die Konstanterefaut1. Verbinden Sie einen
Sinusgenerator, den Audioverstarker und das DM 5010
wie in Bild 2-6 gezeigt.

DM 5010
1 k0 —t
HIGH v —
o -
LOW V' = = 15V
o

Bild 2-5. Anordnung fiir Berechnungsbeispiel 1.

www ¥ Ehfétronics.com
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uuTt
Audio Sinewave
DM 5010 Amplifier Generator
HIGH
o O O O
LOW
O O O- O
ouT N ouT
2994-06

Biid 2-6. Anordnung fir Berechnungshbeispiet 2.

Stellen Sie den Sinusgenerator auf Mitte Bereich (in
diesem Beispiel 5 kHz} ein. Stellen Sie die Ampiitude des
Sinusgenerators for eine 1V Anzeige am DM 5010 ein.

Dricken Sie am DM 5010 die Taste dBr. Das Gerét zeigt
0.0an.

Reduzieren Sie die Frequenz des Sinusgenerators bis
das DM 5010 - 3.00 anzeigt. (Andern Sie nicht die Ampli-
tude). Die Freguenz des Generators ist der niedrigere
— 3 dB Punkt des Audioverstérkers.

Beispiel 3: Die Verwendung von COMPARE zur Auswahl
von Widerstanden, dieinnerhalbvon 2% des Nennwertes
liegen.

Stelien Sie die Bedienungseiemente wie foigt ein:

OHMS on
NULL oft
LOW FREQ RESPONSE off
RANGE AUTO
TRIGGER MODE RUN
CONVERSION RATE FAST ofi
CALCULATIONS

COMPARE on

alie anderen oft
REAR INPUT off

Zur Auswah! von 15 kQ Widerstanden, die innerhalb
von 2% des Nennwertes liegen stellen Sie eine LIMITS
Konstante auf 15300. Die andere LIMITS Konstante
stellen Sie auf 14700. Verbinden Sie den ersten Wider-
stand mit den HIGH und LOW Eingangsanschlissen auf
der Frontplatte des DM 5010. Das DM 5010 zeigt HI oder
LOan, wennderWiderstand oberhalb oder unterhalb der
2% Toleranz iiegt. PASS wird angezeigt wenn der Wider-
stand innerhalb der Grenzwerte liegt.

wwwX¥atte¥onics.com

Die Berechnungsarten COMPARE und X-B/A kdnnen
in dem vorstehenden Beispiel auch kombiniert
verwendet werden. Dabei mlssen die hdchsten und
niedrigsten Toleranzwerte nicht angegeben werden; nur
der Nennwert des Widerstandes und der Toleranzwert
werden als Konstanten benutzt.

Stellen Sie die Konstante B auf 15000 (Nennwider-
stand).

Stellen Sie die Konstante A auf 150 wobei A=B {.01) ist.
Dadurch wird die Differenz zwischen Nennwert und
tatsachlichem Wert in einen Prozentsatz umgewandelt.

Stelten Sie eine LIMITS Konstante auf 2 (far 2% Tole-
ranz).

Stellen Sie die andere LIMITS Konstante auf -2.

Dricken Sie X-B/A.

Das DM 5010 zeigt PASS, Hl oder 1.O an.
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Chapitre 2 - DM 5010

PROGRAMMATION

Introduction

Ce chapitre est relatif & la programmation du Multime-
tre Numérique Programmable DM 5010, par l'intermédi-
aire de l'interface numérique IEEE-488. Les fonctions
de fPinterface relatives au DM 5010 sont indiquées au
chapitre 1. L'interface numérique IEEE-488 est appelée
dans ce manuel Bus d’Interface Général (GPIB). Les in-
formations qui suivent s’adressent a un lecteur déja
familiarisé avec les communications sur le GPIB et la
programmation des contrbleurs. Le protocole des
messages transmis sur le GPIB est spécifié et decrit
dans les normes |IEEE 488-1978, “interface Numérique
Standard pour Instruments Programmables™. Les
instruments de la série TM 5000 sont congus pour com-
muniquer avec tout contrbleur compatible GPIB trans-
mettant et recevant des messages ASCIH {commandes}
sur le bus GPIB. Ces messages sont constitués de com-
mandes de programmation de [linstrument ou de
demandes d'informations issues de I'instrument.

Les commandes des instruments programmables de
la serie TM 5000 sont compatibles avec d'autres types
d’instruments. La méme commande peut &tre ulilisée
par differents instruments pour le contréle de fonctions
similaires. En outre, chague commande se présente
sous forme d’un mnémonigue décrivant sa fonction. Par
exemple, la commande INIT réinitialise les réglages
d'un instrument en restaurant les conditions de mise en
service. De pius, les mnémoniques de commande
coincident avec les appellations en face avant (program-
mation simplifiée).

Les commandes de linstrument sont présentées
dans ce manuel sous trois formes :

m Une illustration de |la face avant - et les commandes
ayant trait aux difféerents modes d'utilisation (v. fig.
3.1).

m Une liste des commandes fonctionnelles - réparties
par groupes. Chague fonction est décrite
brievement.

® Une liste de commandes détailiées - liste alphabé-
tique des commandes. Chague commande est
suivie de sa description compléte.

Institute of Electrical and Electronic Engineers, New York
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Les instruments programmables de la série TM 5000
sont connectés sur le Bus GPIB par l'intermédiaire d'un
module d'alimentation TM 5003 ou TM 5006. Des infor-
mations sur l'instaliation de l'instrument dans le module
d'alimentation, ainsi gue la description des diverses
fonctions en face avant et des fonctions sélectionnables
(internes) sont données au chapitre Instructions d'Utili-
sation.

L'adresse primaire du DM 5010 (16) peut étre modi-
fiée par un personnel de maintenance qualifie, ainsi que
la Fin de Message (v. dans ce méme chapitre le para-
graphe Messages et Protocole de Communication).
Cette Fin de Message est réglée sur EOl ONLY (a la
livraison). Pour toute information sur une localisation ou
un réglage interne, se référer au chapitre Maintenance.
Une pression sur le bouton INST ID entraine l'affichage
de I'adresse primaire ; le point décimal droit s'allume si
la Fin de Message seélectionnée est LF/EQI. Le signe
“moins” s'allume si le mode Emetteur Seulement est
valide.

Mode Emetteur Seulement (Talk Only)

Ce mode valide I'envoi de données sur le GPIB par ie
DM 5010 & un Récepteur. sous contrdle local. Pour cela,
le commutateur interne correspondant doit étre placé
sur la position Talk Only. Pour modifier la position de ce
commutateur s'adresser a un personnel de maintenance
qualifié (v. Chapitre Maintenance).

En mode Emetieur Seulement, e DM 5010 commence
a transmettre ies résultats de la mesure lorsque l'utilisa-
teur appuie sur le bouton INST ID. Une pression sur fa
touche CLEAR met tin & I'envoi de données. Si, a cetin-
stant, linstrument est en train de transmettre une
mesure, il termine l'opération en cours., Le voyant
ADDRESSED demeure allumé jusqu’a ce gque la derniére
mesure ait été transmise.
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ERR?
- iD?
DATA | Ll NIT
OPC ON MONITOR ON
OPC OFF MONITOR OFF
OPC? ~ ] MONITOR?
OVER ON . firasoN
OVER OFF . l]nQs OoFF
OVER? 4| Ras?
: - |SET2

ACDC <num> .
ACV <num> . |

E

pCV <num> ]
DIODE .
OHMS <num>
N -
_ 2 CDHME BAODE TEST ACY - ACEEDC - TUSER ON
o : USER OFF
S - juUsen?
NULL <num>- T
NULL?
DIGIT 3.5
....... DIGIT 4.5
""" DIGIT?
MODE RUN |
~ MODE TRIG |- !
*  MODE? . . SOURCE FRONT
} i ~-1 SOURCE REAR
% i | SOURCE?
! P, R
! DT TRIG -
L_pTOFF F i
oT? L et T o
T
CALC OFF _ _
CALC? T T
| I I | ]
CALciAVE CALC RA‘;'IO CALC DBM CALCi DBR CALC CN!PR
1 ] i
AVE énum;—- RATIO <A num>,<B num> DBR <num> LIMITS <pum>,<num>
AVE? RATIO? DBR? LIMITS?
299407

Fig. 3.1. Commandes du DM 5010 et relations avec les commandes de la face avant.
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COMMANDES

L'instrument est controlé soit par la face avant, soit
par les commandes re¢ues (envoyées par le contrdleur).
Ces commandes sont de trois types :

Commandes de réglage - permettent de régler
I'instrument

Demandes d'informations - requiérent des données

Commandes d'utifisation - provoguent une opération
spécifique.

ATTENTION

Veiller & ne pas transmettre un nombre de
caracteres inférieur 3 ceux du mnémonique ou de
l'argument abrégé. Toute transmission & un appar-
eil non concerné pourrait entrainer un risque d'er-
reur ou de détérioration de I'appareil.

Programmation - DM 5010

Le DM 5010 repond a et exécute toute commande
lorsgu’il est dans le mode Commande a Distance. En
mode Local, les fonctions du DM 5010 étant sous le
contréle de la face avant, toute commande de régiage et
de fonction transmise par le contrdleur donne lieu & un
message d'erreur. Seules les demandes d’informations
sont exécutées.

Chague commande débute par un mnémonique -
prefixe décrivant la fonction exécutée. De nombreuses
commandes nécessitent un argument & la suite du
préfixe, pour décrire Vétat désiré de la fonction
concernée,

ATTENTION

En mode Sélection Automatique de Gammes, ne
pas passer de maniére répétitive d'une tension
basse (< 200 mV créte) & une tension élevée (>
200 V créte). Dans ce cas, utiliser le mode Sélec-
tion de gammes par incréments (STEP) pour sélec-
tionner la gamme supérieure appropriée avant
d’augmenter la tension d'entrée. En travaillant
directement dans la gamme 200 mV on risque
d'obtenir des mesures erronees.

LISTE DE COMMANDES FONCTIONNELLES

COMMANDES DE LINSTRUMENT

Commandes de fonctions

ACDC <nombre> - valide la fonction Mesure d'une
tension alternative efficace vraie superposée a un
niveau continu (ACV + DCV) et définit la gamme de
mesure.

ACV <nombre> - valide la fonction Mesure d'une ten-
ston alternative efficace vraie (ACV) et définit la
gamme de mesure.

DCV <nomure > - valide ta fonction Mesure d'une ten-
sion continue {DCV) et definit ia gamme de mesure.

DIODE - valide la fonction DIODE TEST.
FUNCT? - renvoie ia fonction et la gamme actuelles,

LFR ON - valide la fonction Répense en basse fré-
quence (LOW FREQ RESPONSE].

LFR OFF - inhibe la fonction Réponse en basse fré-
quence (LOW FREQ RESPONSE].

LFR? - renvoie LFR ON ou LFR OFF.

NULL <nombre> - valide la fonction Annulation
{NULL) et la valeur de décalage utilisée.

NULL 7 - renvoie la valeur de deécalage utilisée par la
fonction NULL.

OHMS <nombre> - valide ia fonction Mesure de
résistances (OHMS) et la gamme utilisée.

www,yalpjetronics.com

Commandes du mode de déclenchement

MCDE RUN - valide le mode Déclenchement relaxé
{RUN).

MODE TRIG - valide le mode Declenché
(TRIGGERED).

MODE? - renvoie MODE RUN ou MODE TRIG.

RDY? - renvoie RDY 1 si une mesure est préte ; RDY
O si une mesure est en cours ou en attente de
déclenchement.

DIGIT 3.5 - valide la vitesse de conversion rapige
(FAST)

DIGIT 4.5 - valide la vitesse de conversion normale.
DIGIT? - renvoie DIGIT 3.5 0u DIGIT 4.5,

Commandes de calcul
AVE <nombre> - définit la valeur de |la constante N.
AVE"? -renvoie la valeur de la constante N.

CALC AVE - valide le calcul de la Moyenne
(AVERAGE).

CALC CMPR - valide ta fonction Comparaison
(COMPARE).

CALC DBM - valide la conversion en dBm.
CALC DBR - valide la conversion en dBr.
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CALC RATIO - valide le calcul de X-B/A.
CALC OFF - inhibe tous les calculs.

CALC 7 - renvoie CALC OFF ou le(s} calcul(s) a
effectuer.

DBR 8Ancmbre8F - définit la valeur de la con-
stante de référence (ref).

DBR ? - renvoie la valeur de la constante de
référence (ref).

LIMITS <nombre>,<nombre> - définit la
valeur des constantes limites {LIMITS).

LIMITS ? - renvoie la valeur des constantes li-
mites.

MONITOR ON - valide une Demande de Service
lorsque la mesure excede les constantes limites
(LIMITS).

MONITOR OFF - inhibe la Demande de Service
lorsque la mesure excéde les constantes limites
(LIMITS).

MONITOR ? - renvoie MONITOR ON ou
MONITOR OFF.

RATIO < nombre>,<nombre> -
valeur des constantes A et B.

définit la

RATIO 7 - renvoie la valeur des constantes A et
B.

Commandes d’entrée/sortie

DATA - valide la sortie des données sauve-
gardées par la commande MONITOR SRQ.

SEND - valide la sortie des données contenues
dans ta meémoire tampon de sortie. Génére un
déclenchement si nécessaire.

SCURCE REAR - sélectionne les entrées de 'in-
teriace arriere.

SOURCE FRONT - sélectionne les entrées de la
face avani.

SOURCE 7?7 -
SOURCE FRONT,

renvoie SOURCE REAR ou

valyetronics.com
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Commandes du systéeme
DT TRIG - valide la fonction Déclenchement de
Finstrument. Linstrument est déclenche aprés
le message d'interface <GET8F.

DT OFF - inhibe la fonction Décienchement de
I'Instrument.

DT ? -renvoie DT TRIG ou DT OFF.
ERR 7 - renvoie le code d'erreur approprié.

ID ? - renvoie I'identification de I'instrument et le
numéro de la version logicielle.

INIT - initialise les régiages de l'instrument.
SET 7 -renvoie les réglages de l'instrument.

TEST - renvoie O si le contrdle de ['etalonnage
est correct ; 1 si le checksum de 'étaionnage
est erroné.

Commandes d’état

QOPC ON - valide la Demande de Service apres
une Opération Compléte.

OPC OFF - inhibe la Demande de Service aprés
une Opération Compléte.

QOPC 7 - renvoie OPC ON ou OPC OFF.

OVER ON - valide la Demande de Service lors
d'un dépassement de gamme.

OVER OFF - inhibe la Demande de Service lors
d'un dépassement de gamme.

OVER ? - renvoie OVER ON ou OVER OFF.

RQS CN - valide la génération de demandes de
service {SRQ).

RQS OFF - inhibe la génération de demandes de
service (SRQ}.

RQS 7 - renvoie RQS ON ou RQS OFF.

USER ON - valide la Demande de Service
lorsque le boutan 1D est enfonce,

USER OFF - inhibe la Demande de Service
lorsque le bouton ID est enfoncé.

USER 7 - renvoie USER ON ou USER OFF.
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LISTE DES COMMANDES DETAILLEES

ACDC (AC + DC)
{Mesure d’une tension alternative efficace vraie
superposée a une tension continue)
Type :
Reglage

Syntaxe de réglage :

ACDC <nombre >
ACD <nombre>

ACDGC
Exemples ; Gamme sélectionnée :
ACDC 2 2y
ACDC .& 2V
ACD -200 700V, Sélection Automatigue

ACD 700V, Selection Automatique
ACDO 700V, Sélection Automatigue

Explication :

Le préfixe sélectionne la fonction ACV + DCV. L'argu-
ment séiectionne une gamme déterminée ou la Sélection
Automatique de Gammes. Le format des arguments
numériques est décrit au paragraphe Format de l'argu-
ment numérigue de ce chapitre. L'argument peut étre
toute valeur = 700. Toutefois, linstrument arrondit
'argument & ia gamme supérieure. Par exempie, si
largument est 0.9, 'instrument sélectionne la gamme 2
V.

Un argument absent, ou égal 4 0 (ou moins) valide le
mode Sélection Automatique de Gammes (3 partir de la
gamme maximale).

Si l'argument est supérieur a la gamme maximale,
linstrument génére une “efreur” de commande (et
valide la ligne SRQ si la commande RQS est validée
{(RQS ON)J.

Gammes :

200 mv 2V
20V

200V

700V

ACDC

ACY
{Mesure d’'une tension alternative
efficace vraie)
Type:
Réglage

Syntaxe de réglage :
ACV <nombre >

ACV
Exemples : Gamme sélectionnée :
ACV 18 20V
ACV 2 2V
ACV -200 700 V. Sélection Automatique de
Gammes
ACV 700 V, Sélection Automatique de
Gammes
Explication:

Le préfixe sélectionne la fonction ACV. L'argument
selectionne une gamme déterminée ou la Sélection de
Gammes Automatique. Le formatl des arguments numé-
riques est décrit au paragraphe Format de l'argument
numérique de ce chapitre. L'argument peut prendre
toute valeur. Toutetois, Finstrument arrondit I'argument
a la gamme supérieure. Par exempte, si I'argument est
18, Finstrument sélectionne ia gamme 20 V.

Un argument absent, ou égal a 0 {ou moins) valide le
mode Sélection Automatique de Gammes (& partir de la
gamme supérieure).

Si l'argument est supérieur a la gamme maximale,
linstrument génére une “erreur” de commande {et
valide la ligne SRQ si la commande RQS est validee
(RQS ON)).

Gammes:

200mv 2V
20V

200V

700V
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AVE
{AVERAGE (Moyenne))

Type :

Reglage ou interrogation

Syntaxe de réglage
AVE <nombre>
AVG <nombre>

Exemples :

AVE &
AVE 2
AVG10

Syntaxe d’interrogation :
AVE?
AVG?

Réponse a I'interrogation :

AVE <nombre >

Explication :

Cette commande spécifie le nombre de conversions
utilisées dans le calcul de la Moyenne. {Ceci équivaut 8
définir la valeur de la constante N en face avant). Voir
CALC AVE. L'argument peut prendre n'importe guelle
valeur de 1 & 19999, L'instrument arrondit cet argument
& un nombre entier.
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CALC
{Calculs)

Type :

Réglage ou interrogation

Syntaxe de réglage :

CALC <argument >
CALC <argument>......, <argument>

Arguments :

AVE ou AVG
CMPR cu COMP
DBM

DBR

RATIO

QOFF

Exemples :

CALC OFF

CALC AVE

CALC AVE.DBM

CALC RATIO AVE.DBR

Syntaxe d’interrogation :
CALC?

Réponse al'interrogation :
CALC OFF ; ou le(s) calculis) a effectuer.

Explication :

Lorsque l'instrument recoit une commande CALC, il
inhibe tous les calculs exceptés ceux indigqués & la
suite du preéfixe. Si le résultat d'un calcu! excede les
capacités du bloc mathématigue (+3.4028E+38)},
Finstrumen! génére une erreur concernant le Bloc
mathématique {erreur 303).

« CALC AVE ou CALC AVG valide le calcul de la
Moyenne., L'instrument calcule la

www . Vaftié¥fonics.com
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moyenne d'une série de mesures. Le nombre de
mesures moyennées est deéfini par la commande AVE
<nombre>.

Un déclenchement génére un nombre suffisant de lec-
tures pour effectuer une moyenne. Un dépassement de
gamme d'une mesure dans une séquence met fin a ia
fonction AVE.

Si la commande LFR est également validée, le nombre
de mesures deéfini par la commande AVE <nombre>
est multiplié par 4.

» CALC CMPR cu CALC COMP valide la fonction
COMPARE. Linstrument compare la valeur en
entrée aux valeurs deéfinies par la commande
LIMITS. Les commandes suivantes valident [a
sortie du résuliat de la comparaison :

SEND - renvoie 1., 2. ou 3. équivalant a LO (in-
ferieure), PASS (égale) ou Hl {supérieure) ; renvoie
+1E+99: ou -1E+99; pour un depassement de
gamme.

DATA - renvoie la valeur de la mesure
hors-limites.

« CALC DBM valide la conversion en dBm et inhibe
la conversion en dBr. Linstrument calcule le rap-
port de la puissance du signal d’entree par rapport
a une puissance de 1 mW dissipée dans une résis-
tance de 600 () {0,7446 V).

+ CALC DBR valide la conversion en dBr et inhibe la
fonction CALC DBM. Le DM 5010 caicule le rap-
port logarithmique d'une entrée sur la valeur de
réference définie par la commande DBR
<nombre>.

+ CALC RATIO valide la caicul de X-B/A, X étant la
mesure, B une valeur de décalage et A le facteur
d'échelie. Les valeurs de A et B sont définies par
la commande RATIO.

« CALC OFF inhibe tous les cajculs.

CALC French 3-7
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DATA
{Données)

Type:
Commande de sortie

Syntaxe :
DATA

Réponse :

DATA <nombre>;
ou
DATA = 1.E+99; {indication “hors-gamme’}

Explication :

Cette commande renvoie l'une des réponses in-
diguées ci-dessous. Elle ne déclenche pas une conver-
sion et n'attend pas pour renvoyer une nouvelle mesure,
comme la commande SEND.

1. Aprés la mise en service, renvoie 0 jusqu'a ce
qu'une mesure soit disponible.

2. Si une Demande de Service a été générée par la
commande MONITOR SRQ, DATA renvoie la mesure a
I'origine de la Demande de Service.

3. Si aucune des conditions ci-dessus n’'est vraie,
DATA renvoie la lecture la plus récente. DATA renvoie la
méme mesure jusgu'a ce gu'une nouvelle conversion
soit déclenchée et qu’une nouvelle mesure soit disponi-
ble.

DATA peut renvoyer un nombre de chiffres supérieur

{resoiution supérieure} au nombre de chifires affichés
en face avant ou renvoyés par la commande SEND.

DATA

DBR
(dB parrapport a une référence)
Type :
Réglage ou interrogation

Syntaxe de réglage :
DBR <nombre>

Exemples :

DBR 1
DBR.707
DBR 2E-3

Syntaxe d’interrogation :
DBR?

Réponse a 'interrogation :
DBR <nombre>;

Explication:

L'argument de cette commande définit la valeur de la
constante utilisée par la commande CALC DBR. Cette
tonction est équivaiente a la commande ref en face
avant. L'argument peut étre tout nombre différent de 0.
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DCV
{(Mesure d’une tension continue)

Type :
Reglage

Syntaxe de réglage :
DCV <nombre>

DCV
Exemples : Gamme sélectionnée :
DCV 1.5 2V
DCV 1000 V., Seélection Automatigue
de Gammes
DCV-1.E+3 1000 V, Sélection Automatique
de Gammes
Explication :

Le préfixe selectionne la fonction DCV. L'argument
sélectionne une gamme de tension déterminée. Le
format de l'argument est décrit dans ce chapitre au
paragraphe Format de l'argument numeérique. L'argu-
ment peut é&tre n'imporie quelie valeur. Toutefois,
Vinstrument arrondit I'argument a la gamme immédiate-
ment supérieure, Par exemple, si l'argument est 1.5,
Vinstrument choisit ia gamme 2V.

Un argument manquant ocu egal a O {ou moins} valide
la Sélection de Gammes Automatique (a partir de la
gamme maximale).

Si l'argument est supérieur & la gamme maximale,
I'instrument génére une erreur de commande (et une
Demande de Service si la commande RQS a éte validée
(RQS ON)}.

Gammes :

200 mvV
2V
20V
200V
1000V

wwwaraluestronics.com DCV
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DIGIT
(Résotution numérique)

Type :

Réglage ou interrogation

Syntaxe de réglage :

DIGIT 3.5
DIGIT 4.5
DIG 3.5
DIG45

Syntaxe d'interrogation :

DIGIT?
DIG?

Réponse 3 I'interrogation :

DIGIT 3.5;
DIGIT 4.5;

Explication :

Cette commande sélectionne la vitesse de conversion.
L'argument 3.5 valide la Vitesse de Conversion Rapide
(FAST) (résolution d'affichage de 3.5 chiftres}, Une
mesure de tension dure environ 35 ms. Une mesure de
résistance dure environ 130 ms.

L'argument 4.5 valide la Vitesse de Conversion
Normale (résclution d'affichage de 4,5 chiffres). Une
mesure de tension dure environ 310 ms, Une mesure de
résistance dure environ 620 ms.

DIGIT French 3-9
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DIODE
{Test de dicde)

Type :
Reégiage
Syntaxe de réglage :

DIODE
DIO

Explication :

Cette commande sélectionne ta fonction DIODE

TEST. Elle n'accepte pas d’'argument.

wwwesatusetronics.com

DIODE

DT
(Déclenchement de Vinstrument)
Type :
Réglage ou interrogation

Syntaxe de réglage :
DT TRIG
DT OFF

Syntaxe d'interrogation:
DT?

Réponse a 'interrogation :

DT TRIG;
DT OFF;

Explication :

Cette commande valide ou inhibe la fonction Déc-
lenchement de I'instrument, Cette commande provogque
une mesure a l'arrivée du message <GET> de Vinter-
face [EEE 488.

Si <GET> est regu alors que le processeur de
messages est occupé (ou si la commande DT n'a pas
été validée), T'instrument génére une “erreur”, qui in-
digue gue le message <GET > estignoré.
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ERR?
(Erreur)
Type :

Interrogation

Syntaxe d'interrogation :
ERR?

Réponse al'interrogation :

ERRgpgp <nombre>

Exemple :
ERR. 4401,

Explication :

L'interrogation ERROR est utilisée pour s'informer de
'etat de I'instrument.

L'interrogation ERROR renvoie un code indiguant
révenement a t'origine de la Demande de Service. Se
réferer au paragraphe Indications d’'erreurs et d’états.

www, yalugironics.com ERR
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FUNCT?
(Fonction)

Type:

interrogation

Syntaxe d’interrogation :

FUNCT?
FUNC?

Exemples de réponse a l'interrogation :

DCv 2;

ACV 20.;
DIODE;

ACDC 200.;
OHMS -2.E+6;

Explication :

Cette commande renvoie la fonction de mesure uti-
lisée. L'argument spécifie la gamme. 8i Vinstrument est
en mode Selection Automatique de Gammes, un argu-
ment négatif est renvoyé.

FUNCT French 3-11
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ID?
(Identification)
Type:

Interrogation
Syntaxe d’interrogation :
D7
Reponse alinterrogation:
ID TEK/DM5010,V79.1 Fxx;

Explication :

Linterrcgation ID? renvoie la réponse ci-dessus.

TEK/DMS010 identifie le Constructeur et le
type de l'lnstrument.

V79.1 ldentifie la version des Codes et
Formats Standard Tektronix &
iaquelle linstrument est con-
forme.

Fxx ldentifie la version logicielle de
I'instrument.

wwwesatuetronics.com ID

INIT
(Initialisation)
Type :

Commande d'utilisation

Syntaxe:
INIT

Explication :

Cette commande restaure les conditions de réglage
de l'instrument & la mise en service. Ces réglages sont
indiqués au tableau 3.3,
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LFR
{Réponse en Basse Fréquence)
Type:
Réglage ou interrogation

Syntaxe de réglage :
LFRON
LFR OFF

Syntaxe d’interrogation :
LFR?

Réponse a I'interrogation :

LFR ON;
LFR OFF;

Explication:

Cetle commande valide ou inhibe ia fonction LOW
FREQ RESPONSE (utilisée avec les fanctions ACV et
ACV+DCV). Lorsque cette fonction est validee, linstru-
ment calcule la moyenne de quatre mesures.

Si la fonction CALC AVE est également validée, le

nombre de mesures défini par ta commande AVE <nom-
bre> est multiplié par 4.

LFR
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LIMITS
(Limites)
Type :
Reglage ou interrogation

Syntaxe de réglage :

LIMITS <nombre>,<nombre >
LIM <nombre>,<nombre>

Exemples :
LIMITS 3.2, -2
LIMITS -1,-6.5
LIM &1

Syntaxe d'interrogation:

LIMITS?
LIM?

Réponse a l'interrogation :
LIMITS <nombre>,<nombre>;

Explication :

L'argument de cette commande définit la valeur des li-
mites utilisees par la fonction COMPARE et la Demande
de Service du moniteur. Le premier argument definit |a
valeur de la limite qui correspond au bouton LIMITS du
haut {(tace avant). Le deuxiéme argument définit ta
valeur de la limite gui correspond au bouton LIMITS du
bas.
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MODE

Type :
Réglage ou interrogation

Syntaxe de réglage :

MODE RUN
MODE TRIG
MOD RUN
MOD TRiG

Syntaxe d'interrogation :
MODE?
MOD?
Réponse aV'interrogation :
MODE RUN,;
MODE TRIG;
Explication :

Cette commande sélectionne le mode de dé-
clenchement. L'argument RUN définit le mode Dé-
clenchement Relaxé.

L'argument TRIG définit le mode Déclenché. Dans ce
mode, un déclenchement se produit a la réeception de :

- une commande SEND

- un message <GET> (Déclenchement simultané
de tous les instruments) de l'interface (seulement
si le Déclenchement de l'instrument (DT) a été
valide)

- Mon adresse en tant qu'Emetteur {(MTA}, la sortie -

n'étant pas spécifiéee (pas de commande
d'interrogation)

- un déclenchement par l'interface arriére (EXTRIG)
(necessite l'instaliation d'un cavalier interne - voir
chapitre Maintenance}. Pour I'obtention d'un de-
cienchement unique, cette ligne doit étre main-
tenue & ['état bas entre 0.5 et 10 usec. Son
maintien prolongé & Fétat bas entraine le dé-
clenchement de mesures multiples.

Si te signal mesuré est excessif ou insuffisant, en
modes Déclenché (MOD TRIG) et Sélection Automatique
de Gammes, l'instrument change de gamme et effectue
une autre mesure.

MODE

MONITOR
(Moniteur)

Type :

Reglage ou interrogation

Syntaxe de réglage :

MONITOR ON
MONITOR OFF
MON ON
MON OFF

Syntaxe d’interrogation :

MONITOR?
MON?

Réponse & l'interrogation :

MONITOR ON;
MONITOR OFF;

Explication :

Cette commande valide ou inhibe la Demande de Ser-
vice du moniteur. Si celle-ci est validée, l'instrument
sauvegarde la premiére mesure hors-timites (cf. com-
mande LIMITS) et génere une Demande de Service
(SRQ). Ceci est valable pour la premiére mesure hors-
jimites mais non pour les autres jusqu’a ce Que la
Demande de Service ait été exécutée, et que la mesure
ait été renvoyée au contréleur en réponse a la com-
mande DATA.

Si l'instrument effectue un dépassement de gamme
alors que ia commande MON ON a été geéneree, il ren-
voie une erreur “hors-gamme”, méme si OVER n'est pas
validé (OVER OFF).
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NULL
{Annulation)
Type:

Réglage ou interrogation

Syntaxe de réglage :
NULL <nombrery

Exemples:

NULL .2
NULL O

Syntaxe d’interrogation :
NULL 7

Réponse a l'interrogation :
NULL <nombre>;

Explication:

Cette commande valide la fonction NULL. L'argument
(en volts ou en ohms) spécifie la valeur du décalage.
Cette valeur peut étre toute valeur jusgqu'a 100 % de la
gamme,

lLa fonction NULL est inhibée & la sélection d'une
autre fonction de mesure ou avec largument 0. (La
sélection d'une autre fonction met égatement I'argument
a0).

AVERTISSEMENT
Lorsque la fonction NULL est validée, la mesure

peut ne pas indiquer la valeur de fa tension ap-
pliquée aux connecteurs d'entrée.

NULL
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OHMS
{Mesure d’une résistance}

Type:
Reglage

Syntaxe de réglage :
OHMS <nombre >

OHMS
Exemples : Gamme sélectionnée :
OHMS 20 M1, selection automatique de
gammes
OHMSE 100 200 ()
OHMS -2E+7 20 M{), sélection automatique de
gammes
OHMS 1E+4 20K (1
Explication :

Le préfixe selectionne la fonction OHMS. L'argument
sélectionne la gamme, Se référer au paragraphe Format
des arguments numeériques de ce chapitre. L'argument
peut étre n'importe gquelie valeur. Toutefois, I'instrument
arrondit Fargument a ta gamme immédiatement su-
périeure.

Par exemple, si I'argument est 100, l'instrument sélec-
tionne lagamme 200 (.

Un argument manquant, au égal a8 O (ou moins) valide
la Sélection Automatiqgue de Gammes {(a partir de la
gamme maximale).

Si I'argument est supérieur & la gamme maximale,
linstrument génere une “erreur” de commande (et
valide la ligne SRQ si la commande RQS est validee
(RQS ON)).

Gammes :

200 O
2K
20K¢)
200K
2M0
20M§)
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OPC
Operation Compléte)
Type :

Reégiage ou interrogation

Syntaxe de réglage :
OPC ON
QOPC OFF

Syntaxe d'interrogation :
OPC?

Réponse a I'interrogation :

OPC ON;
OPC OFF;

Explication:

Cette commande valide ou inhibe la Demande de Ser-
vice Operation Compiete. Linstrument valide la ligne
SRQ lorsqu'une nouvelle mesure est disponible si QPC
et RQS sont validées (RQS ONj).

www Asadieetronics.com OPC

OVER
(Hors-gamme)
Type :
Réglage ou interrogation

Syntaxe de réglage :
OVER ON
OVER OFF

Syntaxe d'interrogation :
OVER?

Reéponse al'interrogation :

OVER ON;
OVER OFF;

Explication :

Cette commande valide ou inhibe la Demande de Ser-
vice lors d'un dépassement de gamme. Linstrument
valide la ligne SRQ lors d'une mesure hors-gamme (si
QVER et RQS sont validées (RQS ON)).

Si la Demande de Service est inhibée, l'instrument
renvoie °1.E+99 lorsqu'il est Emetteur, pour indiguer un
dépassement de gamme (et ne valide pas la ligne SRQ).
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RATIO
{Rapport de mesures)

Type:
Reglage ou interrogation

Syntaxe de réglage :
RATIO <nombre>, <nombre >

Exemples :

RATIC 100,15
RATIO 10,2

Syntaxe d’interrogation :
RATIO?

Réponse alinterrogation :
RATIO <nombre>,<nombre>:

Explication :

Les arguments de cette commande définissent la
valeur du décalage et le facteur d'échelle utilisé dans le
calcul de X-B/A. Se référer & la commande CALC
RATIO. Le premier argument définit la valeur du facteur
d'échelle (bouton A en face avant), Le second définit la
vaieur du décalage (bouton B). Les arguments peuvent
prendre n'importe quelle valeur, & Pexception de O pour

ie facteur d'échelie.

1986
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RDY?
{Prét)

Type:
Interrogation

Syntaxe d’interrogation :
RDY?

Réponse a l'interrogation :

RDY pepl;
RDYgogpts

Explication :

Cette commande renvoie RDY O si une mesure est en
cours ou si l'instrument attend un décienchement : RDY

1 indique gu'une donnée est disponible.

RDY?
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RQS
(Demande de Service)
Type :

Réglage ou interrogation

Syntaxe de réglage :
RGQS ON
RQS OFF

Syntaxe d'interrogation :
RQS?

Réponse a l'interrogation:

RQS ON;
RQS OFF;

Explication :

Cette commande valide la génération de Demandes
de Service. L'argument OFF inhibe toutes les Demandes
de Service. Se reférer au paragraphe Indications d'états
et d'erreurs.

wwwexahaedronics.com RQS

SEND
(Envoi)
Type:

Commande de sortie

Syntaxe :
SEND
SEN

Réponse :

<nombre >; (pas de préfixe)

Exemple :

+1.E4+99;

+3.2E+3; {dépassement de gamme)

Explication :

Cette commande valide la sortie de la mesure la plus
récente. Si aucune mesure n'est disponibie, l'instrument
déclenche une mesure puis affiche celle-ci.

Si la fonction COMPARE est validée (CALC CMPR),
linstrument atfiche I'un des nombres suivants, qui indi-
quent la relation entre la valeur entrée et |a limite definie
par la commande LIMITS.

3.; silentrée est supérieure aux limites.

2. sil'entrée est comprise entre les limites ou égate
al'une des deux limites.

1.; sil'entrée est inférieure aux limites.

+1.E4+99; ou -1.E+99; dans le cas d’'un dépassement
de gamme
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SET?
{Réglages?)
Type :

Interrogation

Syntaxe d’interrogation :

SET?
Exemple de réponse a linterrogation (réglages a la
mise en service) :

DCV -1.E+43,AVE 2;RATIO 1.0, DBR 1,LIMITS
0.0.,CALC OFF;NULL 0O,DIGIT 4.5.LFR OFF;MODE
RUN;SOURCE FRONT;DT OFF;MONITOR OFF:OPC
OFF;OVER OFF;USER OFF;RQS ON;

Explication :

Cette commande renvoie les réglages actuels de
toutes les commandes.
La réponse la plus longue comprend 225 caractéres.

SET?
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SOURCE

Type:

Reéglage ou interrogation

Syntaxe de réglage :

SOURCE FRONT
SOURCE REAR
SOUR FRONT
SOUR REAR

Syntaxe d’interrogation :
SOURCE?
SOUR?

Réponse a l'interrogation :

SOURCE FRONT,;
SOURCE REAR;

Explication :

SOURCE FRONT sélectionne ies entrées de la face
avant pour la mesure. SOURCE REAR sélectionne les
entrées de I'interface arriére.

ATTENTION

Si une tension supérieure a 500 V créte est ap-
pliguée sur les connecteurs de la face avant, ne
pas valider les entrées de l'interface arriére, pour
éviter toul risque de détérioration ou de fonction-
nement erroné de l'instrument,
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TEST USER
{Utilisateur)

Type : Type :

Commande de sortie Reéglage ou interrogation
Syntaxe : Syntaxe de réglage :

TEST USERON

USER OFF
Réponse :
t K| ion :

TEST O; Syntaxe d’interrogation

TEST 351; USER?
Explication : Réponse a l'interrogation :

Renvoie un nombre indiquant I'état du checksum (test USER ON;
d'erreur} d'étalonnage : 0 si celui-ci est correct ; 1 si USER OFF;

celui-ci est erroné.
Explication :

Cette commande valide ou inhibe ia Demande de Ser-
vice associée au bouton INST ID. Si celle-ci est validée,
Finstrument valide la ligne SRQ lorsque le bouton INST
ID en face avant est enfoncé.
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MESSAGES ET
PROTOCOLE DE
COMMUNICATION

Délimiteur de commande

Un message consiste en une commande ou une série
de commandes, suivies d’'une fin de message. Dans le
cas de messages constitués de plusieurs commandes,
celles-ci doivent étre séparees par des points virgules.
Un point virgule n'est pas obligatoire en fin de message.
Chacune des lignes ci-dessous est un message :

INIT
TEST;INIT;RQS ON;USER OFF;ID?;SET?
TEST;

Fin de message

Les messages peuvent étre terminés par EOl ou le
caractére ASCII de saut de ligne (LF). Certains contrd-
leurs valident la ligne EOI concurremment avec la trans-
mission du dernier octet de donnees ; d'autres n'utili-
sent que le caractere LF comme fin de message. L'un ou
Pautre peut étre séiectionné a 'intérieur du DM 5010. Si
EOl ONLY est sélectionné, linstrument interpréte
comme fin du message entré tout octet de données
recu. De méme, il valide la tigne EQI concurremment
avec la transmission du dernier octet du message sorti.
Si LF/EO! est selectionné, l'instrument interpréte e
caractere LF comme fin du message eniré si la ligne EQI
est inhibée (ou tout octet de données recu lorsque la
ligne EQI est validée). Il transmet un retour chariot (CR)
suivi d'un saut de ligne (LF avec la ligne EQI validée)
pour mettre fin aux messages en sortie. Lire le chapitre
Maintenance avant la sélection manuelle interne (per-
sonnet qualifié) de la fin de message. Les instruments
de la série TM 5000 sont livrés avec la fin de message
EQIONLY sélectionnée.,

Formattage d'un message

Pour éire comprises, les commandes transmises aux
instruments de la série
TM™ 5000 doivent avoir le format (ou syntaxe) approprié.
Touteiois, ce format est trés souple et peut subir de
nombreuses variations. Une description de ce format et
des variations admises est donnee ci-aprés.

Toutes les commandes doivent étre en code ASCIL
Toutefois, les minuscules et majuscules sont acceptées,
Toute donnée sortie doit étre en majuscules.

Comme expiiqué précedemment, une commande
consiste en un prefixe suivi, si nécessaire, par des argu-
ments Une commande suivie d’arguments doit posséder
un délimiteur, le caractére SP (SPACE = espace), entre
le préfixe et i'argument.

RQS;.ON
Si les caractéres formattés spéciaux, SP, CR, et LF

(LF ne pouvant étre utilisé si ie mode LF/EQ| est sélec-
tionné) sont ajoulés entre le délimiteur de preéfixe et
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I'argument, ils sont ignorés par le DM 5010. (SP) (CR) et
{LF) sont indigués en indices dans les exemples qui sui-
vent .

Exempie 1 : RQS,.ON;
Exemple 2 : RQS; .ON;
Exemple 3 : RQS., LF

SP &P

Dans ia liste des commandes, certains préfixes et
arguments sont présentés sous une forme compléte et
sous une forme abrégée. L'instrument accepte tout
préfixe ou argument contenant au moins les caractéeres
de la forme abrégée. Les caractéres ajoutés a celle-ci
doivent étre ceux de la forme compléte. Pour documen-
ter ses programmes, lutilisateur peut ajouter des
caractéres alphanumérigues a un mot complet. Des
caractéres alphanumériques peuvent également étre
ajoutés & une interrogation, a condition d'étre placeés
avant le point d’interrogation.

USER?
USERE?
USEREQ?
USEREQUEST?

De nombreux arguments sont séparés par une virgule
; toutefois, 'instrument acceptera comme déiimiteur un
(ou des) espace(s).

NOTE

Dans le dernier exemple, l'espace est traite
comme un caractére formatié parce qu'il suit la
virgule (délimiteur de l'argument).

Format des arguments numériques

L'instrument accepte les nombres suivants comme
arguments numeriques ;

- Les nombres entiers avec ou sans signe ly
compris +0 et -0}. Les nombres entiers sans signe
sont interprétés comme des nombres positifs.
Exemples: +1,2,-1,-10

- les nombres décimaux avec ou sans signe. Les
nombres décimaux sans signes sont interprétés
comme des nombres positifs. Exemples : -3.2,
+5.0,1.2
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- Les nombres a virgule flottante exprimés en nota-
tion scientifique. Exemples +1.0E-2, 1.0E-2,
0.01E+0

L'argument le plus long autorisé est =3.4028E+38.

Protocole des messages

Tout message recu par le DM 5010 est stocké dans la
Mémoire Tampon d’Entrée, traité, puis exécuté. Le
traitement d’'un message consiste en le décodage des
commandes, la détection des délimiteurs, et la vérifica-
fion de la syntaxe. En ce qui concerne les commandes
de réglage, I'instrument consigne les modifications in-
diquées dans ia mémoire Réglages en Attente. Si une
erreur est déiectée en cours de traitement, l'instrument
fait passer la ligne SRQ & l'état bas, ignore le reste du
message, et réinitialise la mémoire Réglages en Attente.
Ceci évite toute condition de fonctionnemen! incorrecte
pouvant résulter de 'exécution partielle des commandes
de reglage contenues dans un message.

L'exécution d'un message consiste en I'exécution des
actions specifietes par la (ou les) commande(s) qu'il
contient. S'agissant des Commandes de Réglage, ceci
signifie 1a remise & jour des réglages de V'instrument, et
leur stockage dans la mémoire tampon Réglages Ac-
tuels. Les commandes de régtage sont exécutées par
groupes - une Série de commandes de réglage est
traitée et consignée dans la mémoire Réglages en At-
tente avant leur exécution. Ceci permet a 'utilisateur de
spécifier de nouveaux réglages sans avoir & se preocup-
per de la validité d’une séquence particuliére. Leur exé-
cution survient lors du traitement de la fin du message
par linstrument, d'une commande d'interrogation en
sortie, ou d'une commande d'utilisation contenue dans
Un message.

Lors du traitement d'une commande d'interrogation
en sortie (contenue dans un message), instrument
exécute toutes les commandes de réglage qui précédent
{remise & jour de ses conditions de fonctionnement). |l
exécute alors la commande d'interrogation en extrayant
ja donnée appropriée et en la placant dans la Mémoire
Tampon de Sortie. Puis il traite et exécute le reste du
message. Lorsque [instrument est désigné comme
Emetteur, cette donnée esf fransmise au controleut.

Lors du traitement d'une commande d'utilisation {con-
tenue dans un message), l'instrument exécute d'abord
toutes les commandes de réglages précédentes avant
de I'exécuter.

Messages multiples

La Mémoire Tampon d'Entrée a une capacité limitée
et un message unigue peut étre assez iong pour larem-
plir. Dans ce cas, une partie du message est traitée
avant que I'appareil accepte une entrée supplémentaire.
Durant un traitement de commande, il rejette toute autre
gonnée {en validant la ligne NRFD) jusgu'a ce que de
I'espace soit disponibie en mémoire tampon.
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L'instrument pourra alors accepter un second message
avant que le premier ne soit traité completement, mais
non un troisieme {(signal NRFD).

Aprés 'exécution d’'une commande d’interrogation de
sortie, l'instrument garde ja réponse dans sa Mémoire
Tampon de Sortie jusqu'a ce gu'il soit désigné comme
Emetieur par le contrdleur. 8'il recoit un nouveau
message avant la lecture de toute la sortie du précédent,
il annule le contenu de la Mémoire Tampon de Sortie
avant d'exécuter ce nouveau message. Ceci évite au
controleur de recevoir des données indésirées issues
d'anciens messages.

Autre situation pouvant annhuler une sortie : 'exécu-
tion d'un long message peut remplir complétement les
mémoires tampons d'entrée et de sortie. Dans ce cas,
I'instrument ne peut finir 'exécution du message avant
que le controieur ait lu les données transmises. Mais le
controleur ne peut lire ces données avant d’avoir fini de
trangmettre son message. La Mémoire Tampon
d’Entree, étant pleine, rejette le reste du message du
controteur (signal NRFD). Cette situation suspend
Cactivité du systéme, le contrdleur et I'instrument s’at-
tendant réciproquement. Le DM 5010 génére alors un
message d'erreur, fait passer la ligne SRQ & I'état bas,
et annule le contenu de la Mémoire Tampon de Sortie.
Cette action permet au controleur de transmettre le
reste de son message, puis I'informe de I'exécution du
message et de la disparition des autres données en
sortie.

Un instrument de la série TM 5000 peut étre désigne
comme Emetteur sans avoir regu de message lui
spécifiant ce qu’il doit transmettre. Dans ce cas, les
instruments d'acquisition (compteurs et multimetres
numériques) renvoient une mesure (si elle est prétel.
Sinon, ils renvoient un message unigue sur un octet
dont tous les bits sont égaux a 1 (avec une Fin de
Message) ; les autres instruments de ia série TM 5000
ne renverront que ce message.

Réponse de 'instrument aux messages de 'inter-
face IEEE-488

Les messages de I'interface et leurs effets sur les
fonctions de linterface de linstrument sont definis
dans les normes |IEEE 488-1978. Ce paragraphe, qui en
décrit ies effets sur e fonctionnement de lappareil, uti-
lise des abreviations de ces normes.

UNL - Unlisten - N'est pas Récepteur (63 avec la ligne
ATN}
UNT - Untalk - N'est pas Emetteur (95 avec ia ligne
ATN)

La commande UNL tait passer le Récepteur & 'élat imactf
(non adressé) ; linstrument n'accepte pas de commande
du GPIB.
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La commande UNT fait passer I'Emetteur a T'état
inactif ; 'instrument ne peut transmettre de données sur
le GPIB.

Le vovant ADDRESSED est éteint lorsque ces deux
fonctions sont & I'état inactif. il est allumé si 'instrument
est adressé soit en tant qu'Emetteur, soit en tant que
Récepteur.

IFC - Interface Clear (Initialisation de PlInterface}
(broche 9 du GPIB)

Ce message & ligne unigue a le méme effet gque les
messages UNT et UNL. Le voyant ADDRESSED (face
avant) est eteint.

DCL - Device Clear (Initialisation de Plnstrument) (20
avec laligne ATN)

Ce message réinitialise les communications entre
I'instrument et le Contrdleur. En réponse a ce message,
Uinstrumen?! annule tout message en entrée et en sortie
et toute commande de réglage dans la mémoire tampon
Réglages en Attente. |l en est de méme pour toute erreur
ou tout événement non encore transmis, a 'exception
de la Mise en Service. Si la ligne SRQ est a I'étal bas
(valigée) pour une avtre raison que la mise en service,
elle passe a I'état haut & la réception du message DCL.

SDC - Selected Device Ciear (Initialisation Particuliére
de I'instrument) (4 avec laligne ATN)

Ce message exécute la méme fonction que DCL ; tou-
tefois, sedls les instruments adressés comme Récep-
teurs répondent a ce message.

GET - Group Execute Trigger {Déclenchement Simul-
tané de Tous les Instruments par le Contréleur) (8
avec la ligne ATN)

L'instrument n'exécute cette commande que s'il est
adresse comme Recepteur et si ia fonction Device Trig-
ger (Déclenchement de I'Instrument par je Contrdleur) a
été validée par la commande Device Trigger (DT). Le
message <GET > estignoré et une Demande de Service
est genérée si ta fonction DT est inhibee (DT OFF), si
i'instrument est en mode Locai, ou 8i un message est en
cours de traitement a la récepiion de < GETS8F.

SPE - Serial Poll Enabie (validation de I'appel sélectif)
(24 avec laligne ATN}
SPD - Serial Poll Disabie (inhibition de appel sélectif)
(25 avec la ligne ATN)

Le message SPE valide ta génération par l'instrument
de mots d'état {en réponse & un appel séiectif en série)
torsgu'il est adressé comme Emetteur (Talk). Le
message SPD ramene linstrument en mode d'utilisation
normal {iransmission de donnees issues de la Mémoire
Tampon de Sortie}.

MLA - My Listen Address (Mon adresse en tant que
Récepteur)

MTA - My Talk Address (Mon adresse en tant gu’Emet-
teur)

Les adresses primaires “Talk” et “Listen” sont déter-
minées par l'adresse des instruments sur le GPIB
(sétectionnée a lintérieur). L'adresse GPIB actuelie est
atfichée en face avant lorsque le bouton |D est enfonceé.
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Lorsque l'instrument est désigné comme Emetteur ou
comme Recepteur, le voyant ADDRESSED en face avant
s'allume.

LLO - Local Lockout {ne fonctionne plus en mode
Local) (17 avec la ligne ATN)

En réponse & LLO, I'intrument passe a I'état "bloque” -
de LOCS a LWLS ou de REMS a RWLS.

REN - Remote Enable (Commande & Distance)

Si la ligne REN est & 'état bhas (validée), lI'instrument
passe en mode Contrdle a distance (de LOCS & REMS
ou de LWLS 28 RWLS) une fois regue son adresse Recep-
teur. Si la iigne REN est a I'état haut (inhibée), l'instru-
ment passe en mode Local (LOCS), et y reste tant que la
ligne REN est a I'etat haut.

Cetie transition REN peut se produire aprés le début
du traitement d’'un message. Dans ce cas, I'exécution de
celui-ci n'est pas affeciée par une transition.

GTL - Go To Local (Contrdle Local) {1 avec la ligne
ATN)

Seuls les instruments adressés comme Récepteurs
réepondent a cette commande en passant en mode
Local. Les transitions Controle a Distance-Contréle
Local provoquées par cetie commande n'affectent pas
I'exécution du message en cours de traitement (quand
GTL estrecu).

Remote (Contréle a Distance) - Local Operation (Con-
tréle Local)

Les lignes qui précédent décrivent les transitions
d'un état & l'autre provoguees par les messages GTL et
REN. La plupart des commandes en face avant prove-
quent une transition entre REMS et LOCS en validant le
message “Retour en mode Local” (rtl). Cette tfransition
peut se produire durant P'exécution d'un message ;
mais, par opposition aux transitions GTL et REN, elle en
affecte I'exécution. Dang ce cas, l'instrument géneére
une erreur s'il subsiste des commandes de réglage ou
d'utilisation non exécutées. Les commandes en face
avant n'atiectant que 'affichage (telle INST ID) n'ont pas
d'incidence sur ies états “A distance-Local” - seules les
commandes agissant sur les réglages (a 'exception des
commandes de déclenchement) génerent le message
rtl. Cetui-ci est validé par {'enirée de plusieurs com-
mandes au clavier. et est inhibé apres le traitement de
ces commandes. Le message rtl prévenant toute transi-
tion dans I'état REMS, I'instrument inhibe le message ril
si une ségquence de commandes n'a bas été exécutee
dans un detai raisonnable (environ 5 a 10 secondes).

L'instrument conserve une copie de ses réglages
dans la mémopire tampon Reéglages Actuels ; ceux-ci
sont remis a jour par tous nouveaux réglages issus dela
tace avant ou du Contrdleur. De plus, les fonclions de la
face avant sont remises a jour pour retiéter tout nouveau
régiage. Ces réglages ne sont pas affeciés par une tran-
sition de l'un des quatre états ("A distance - Local”)
précégemment définis & l'autre. L'ingdicateur REMOTE
s'allume lorsque I':nstrument est dans I'état REMS ou
RWLS.
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Local State (LOCS) - {(Etat Local)

Les réglages de l'instrument sont contrdlés en face
avant par l'opérateur. Seules ies commandes du bus
n'agissant pas sur les réglages sont exécutées (interro-
gations) : toutes les autres commandes du bus (de
réglage et d'utilisation) génerent une erreur car feurs
fonctions sont contrdlées en face avant.

Local With Lockout State (LWLS) - (Etat Local avec
blocage de 'Etat Local)

L'instrument opére de la méme fagcon gu'en mode
LOCS, excepté que le message rtl n’inhibe pas le
passage dans 'état RWLS.

Remote State (REMS) - (Etat Commande a Distance)

L'instrument exécute toutes ses commandes. Tout
changement d'une commande en face avant {(sauf d'une
commande de déclenchement) génére un message rtl et
provoque te retour en mode Local (LOCS).

Remote With Lockout State (RWLS) - (Contrdle & Dis-
tance avec blocage de ’Etat Local)

ldentigue a REMS excepté que le message rtl est
ignore.

INDICATIONS D’ETATS
ET D’ERREURS

En utilisant la fonction Demande de Service (définie
dans les normes IEEE-488), I'instrument peut adresser
une demande de service au contrdoleur. Cette demande
de service permel égaiement de signaier qu'un événe-
ment {changemeni d’'état ou erreur} est survenu. Ep
réeponse a une demande de service, le conirdleur ef-
fectue un Appel Sélectif en Série. Chaque instrument
renvaie alors un mot d'état (STB) indiguant s'ii est. ou
non, a lorigine de ia demande de service. Ce mot d'état
peut également contenir une information {succincte)
sur la tache reguise. Le format de cette information est
indiguée tableau 3.Z.

Lorsaue je bit de donnée 8 est présent, le STB
contient une information sur 'état de l'instrument qui
est fournie parles bits 1 a 4. Le bit 4 indigue
si ie DM 5010 attend un déclenchement. Le bit 3 indique
qu'une mesure est disponible.

Parce que le STB convoie une information iimitée
concernant un evenement, les événements sont divisés
en deux types : le Mot d’Etat définit le type. Les types
d'événements se définissent de la fagon suivante :

ERREUR DE
COMMANDE

Indigue gue l'instrument a recu
une commande gu'il ne peut
comprendre,
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ERREUR
D’EXECUTION

indigque que l'instrument a recu
une commande qu'il ne peut
exécuter. Ceci peut provenir
d’'arguments erronés, ou de
réglages contradictoires.

ERREUR INTERNE Indique que [linstrument a
detecté une condition {(ma-
térielle ou logicielle) empé-

chant une opération.

EVENEMENTS DU Evénements communs & tous

SYSTEME les éléments d'un systeme
{(Mise en Service, Requéte Utili-
sateur, etc..).

AVERTISSEMENT Indigue que [linstrument a

INTERNE détecté un probléme. 1l reste
opérationnet, mais le probleme
doit &tre résolu (ex. : attenua-
tion non étalonnée).

ETAT DE Evénement relatif & un instru-

L'INSTRUMENT meni particulier.

__ { 0:leSTBEindique le type d'évé 1t
1 : le STB indigue I'état d'un instrument.

~— = 1 pour une demande de service.

~— = 1 pour un événement anotmal.

I
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i
!
|
I
I
1
1
|
1
|
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|
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]
|
I
I
| | - 1 silepr de ges est ocoupé.
[T -
| | | s ik~ Définit un Evénement
R
i | |
T A B AT B
| OCTETS DE DONNEES | DECIMAL
| ] ] 1 1 i |
[ | | | I 1 ]
1
Mot d'état p
(e:em:I:) g| 7| 65| 4l3]211 chhslpe‘uccupe
Mise e
sevice | O|1j0|x|lolo]o]n 65 | &1
2994-08

Tabieau 3.2. Définition des octets du mot d’état

Par une Demande de Service, un instrument a la
possibilité de fournir des informations suppleémentaires
sur de nombreux événements, particulierement les er-
reurs signalées dans le Mot d'Etat. Apres avoir déter-
miné d'ou est issue ia Demande de Service (en exami-
nant le STB), ie contrdleur peut requérir ces informa-
tions en transmettant l'interrogation ERR?. En réponse.
I'instrument renvoie un code définissant I'evénement (v.
tableau 3.1).
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Tableau 3.1.
INDICATIONS D’ERREURS ET D’ETATS
Evénements anormaux Réponse & Appel
Finterro- | selectif?
gation en serie
{decimal)
Erreurs de commande
Préfixe erroné 101 97
Délimiteur de préfixe errong 102 97
Argument erroné 103 97
Délimiteur d'argument erroneé 104 97
Argument non numérique 105 97
(nombre requis)
Argument manguant 106 a7
Délimiteur de 'unité du
message invalide 107+ 97
Erreurs d'exécution }
Commande non executable en
mode Local 201 98
Reglages perdus du fait du
retour en mode Local {rt) 202 28
Mémoires d'E/S pleines,
données de sortie
“déchargées” 203 a8
Argument hors-gamme 205 : g8
Déclenchement de groupe '
ignoré (GET) 206 88
Linstrument n'est pas en
position étalonnée 231 98
A dela des limites
d'étalonnage ou de ia capa-
cité de ia fonction NULL 232 98
Erreursinternes
Erreur d'interruption 301 99
Erreur du systéme 302 99
Erreur dans ie bloc mathé-
matique 303 99
Temps de conversion errone 311 = 1<]
Temps de réponse en face
avant errong 317 ag
Constante d'éialonnage (en
ohms) erronée 318 99
Checksum d'étalonnage errongl 351 99
Evénements normaux
Evénements du systeme
Mise en service 401 65
Operation Complete 402 66
Requéte de 'utilisateur 403 67
Dépassement de gamme 601 102
Etat de I'instrument®;
Mesure disponible 0 132
Attend un déclenchement 0 136
Mesure disponible et
attend un declenchement 0 140
< limites 701 1893
> limites 703 185
Ni erreur ni événement 0] 128

®Si l'instrument est occupé, il renvoie le nombre indique
auquel il ajoute 16.

BLa commande POLL du controleur de la Série 4050 renvoie
0O en réponse aux Appels Sélectifs en Série entre 128 et 192
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Tableau 3.2
CODES D’ERREUR
VISUALISES EN FACE AVANT

Erreurs d'execution :

205 Argument hors-gamme

231 Linstrument n’est
étalonnée

232 Audelades limites d'étalonnage

pas en position

Erreursinternes :

303 Erreur dans ie bioc mathématigue

3t1  Temps de conversion erroné

317 Temps deréponse en face avant erroné

318 Constante d'étalonnage (en ohms)
erronée

340 RAMerronée

341 RAM erronée

351 Checksumd'étalonnage erroné

372 ROMCO00 mal positionnee

373 ROM D000 mai positionnée

374 ROMEOQOCQO mal positionnée

392 Checksumdela ROM COQ0 erroné

393 Checksumdela ROM DOOC erroné

394 Checksumde la ROM EQOQ errone

395 Checksum de la ROM FO00 erroné

521 Le commutateur d'adresse GPIB (Analyse
de signatures) est validé

Dans le cas de plusieurs événements, Vinstrument
maintient la figne SRQ a I'état bas jusgu’a ce gque tous
les évenements aient été signalés au contrdleur. Une
fois que celui-ci en a pris connaissance (par un Appel
Sélectif en Série), chague évenement est annulé auto-
matiquement. Le message de l'interface Device Clear
(DCL} peut étre utilisé pour annuler fous les événe-
ments, sauf la Mise en Service.

Certaines commandes valident la tfransmission
d'événements individuels au Contrdleur et inhibent ies
Demandes de Service. Par exemple, la commande User
Request (USER) permet a l'utilisateur de communiguer
'évenement “Requéie de l'utilisateur” a partir de la face
avant (bouton INST ID enfoncé). La commande RQS
controle {utilisation de demandes de service pour irans-
mettre des événements au Contrdleur.

RQS OFF inhibe toutes les demandes de service (sauf
la Mise en Service). Dans ce mode, 'interrogation ERR?
permet au Contrdleur de s'intormer des évenements
sans exécuter un Appel Sélectif en Série. Il peut emetire
cette interrogation a tout instant ; linstrument lui trans-
met alors tout événemeni en attente d'étre communigqué.
Le Contrdleur peut annuier tous ies évenements, soit en
transmettant Vinterrogation ERR? jusqu'a ce que le
code zéro (Q) soit renvoyé. soit par l'intermédiaire du
message DCL de l'interface (Mise en Service exceptée).

En mode RQS OFF, le Controleur peut exécuter un
Appel Sétectif en Série, mais le mot d'état obtenu ne
contient que l'indication d'Etatl propre a Vappareil. En
mode RQS ON, le STB (mot d'état) contient le type de
évenement. Une interrogation “Erreur” ultérieure ren-
voie une information supplementatre sur cet événement.

; les réponses indiguées peuvent étre obtenues a 'aide des
instructions WBYTE et RBYTE.
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TRANSMISSION DE MESSAGES
DE CONTROLE DE LU'INTERFACE

Les commandes qui suivent sont utilisées par les
contrbleurs de la serie 4050 Tektronix et utilisabies par
les autres controleurs.

Les commandes ASCIl sont transmises au DM 5010 &
l'aide des instructions PRINT, La réception par le
Controleur des réponses ASCII s'effectue par I'interme-
diaire des instructions INPUT.

PRINT 16:“SET?"
INPUT 16:A%

16 étant 'adresse GPIB du DM 5010 (sélectionnée en
usine),

Les messages de contrdle du Bus Interface sont
transmis par l'intermédiaire des commandes WBYTE du
Contraleur. Dans les exemples suivants, A et B sont les
adresses "Emettre” et “Recevoir”. A = 32 plus l'adresse
de 'instrument, et B = 64 plus I'adresse de l'instrument.

Listen (Recevair) WBYTE @, A:
Unlisten {Ne pas recevoir} WBYTE @ 63:
Talk (Emettre) WBYTE @ B:
Untalk {Ne pas émettre} WBYTE @@ 95:
Device clear (DCL) (initialisa-

tion de l'instrument) WBYTE @ 20:
Selective device clear {S8DC)

(initialisation particuliere de

instrument) WBYTE @ A.4:
Go to iccal (GTL}

(retour en mode Local) WBYTE @ A.1:

Remote with lockout
(contréle a distance avec
blocage)

Local with lockout
(biocage du contrdle local)
Group Execute Trigger (GET)
(déclenchement groupé)
Serial Poll Enabie
{Valmigation de I'appel
séiectif en série {SPE)
Serial Poll Disable
tnhibition de 'appel
séiectif en série {SPD)

WBYTE @ A1T:
WBYTE @ 17:
WBYTE @ A.8:

WBYTE @ 24:

WBYTE @ 25:

Des informations sur les Controleurs de la Série 4050
sont données dans le manuel d'utilisation correspon-
dant.
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REGLAGES EFFECTUES A LA
MISE EN SERVICE

A la mise en service, le DM 5010 exécute un pro-
gramme d'auto-test permettant de véritier le bon fonc-
tionnement des RAMs et des ROMs. Si aucune erreur
n'est détectée, linstrument passe & I'Etat Contrdle
Local (LOCS}, avec les réglages indigués au tableau
3.3. Laligne SRQ du GPIB est également validée.

Ces réglages sont également restaurés lors de l'exe-
cution de la commande INIT. La gamme de mesure de ia
fonction DCV n'est valable que pour ie premier affi-
chage, I'instrument se trouvant en mode Sélection de
Gamme Automatique.

Tableau 3-3

REGLAGES EXISTANTS A LAMISE SOUS TENSION
Préfixe Argument
AVE 2
CALC QFF
DBR 1
DCV -1.E+3
DIGIT 4.5
DT OFF
LFR QFF
LIMITS 0.0
MODE RUN
MONITCR OFF
NULL 0
OPC OFF
OVER OFF
RATIO 1.0
RQS ON
SOURCE FRONT
USER QFF
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TABLE DE CONVERSION ASCH ETIEEE 488 (GPIB)
B7 0] 0] o 0 1 1 1 1
B6 ] 2 1 1 @ @ 1 1
85 @ 1 0 1 %] 1 %) 1
errs NUMBERS
B4 B3 B2 Bl CONTROL SYMBOLS UPPER CASE LOWER
) T2 40 50 100 120 W0 o 60
olojojo| NuL [0t | s | 0 | @ | P p
0 010 116120 (32)|30 48140 __i64)[50 (80160 (9¢)|70 {1121
1 BTLIZ LLo |47 | 3] 01 T 18] 61
o|@|o(1} SOH i [] : 1 a q
1 1y an|2r @3 wear 8515t wnjs1r  emm iy
Z 3] z 62 107 132 iLF 62
@10 STX pc2 2 B ] h r
2 212 aml22z 34|32 01|42  seisz 82|62 19872 (1)
3 Z3 a3 &3 103 123 a3 %3
elof1|+] ETx [0c3 | # 3 ¢ s
3 12 omfzz 135433 5143 snsa  (afE3 emfra s
4 SBC 24 oL 84 B4 104 124 144 64
al1/olo| Eor $ [ 4 ] {
a 14) 12 {20)] 24 (:5)&_34 1521{44 (6854  (Ba)[64 110074 {116)
153 PPC PRUIES g 33 05 125 145 165
ol1/e|1| eng | NAK | % 5 E U : u
5 15115 1211|285 tanjﬁa: (51|45 1691155  (#m)|65 (101175 {117
3 25 3 106 126 146 166
ol1{1]|e] Ack [ syv | & 6 i v
[ 816 22|26 (386 is4llas  (70)|56  (86)}66 (10276 (118}
7 a7, (3 07 127 a7 67
@1{1]|1] BEL ETB 7 G | w
7 @17 @d|2r w3z ssifar oruls7 BBI67  (103d7? (@)
0 g 0 SPE[ED 70 "0 30 150 70
t|ojelo]| Bs | caN | g | H X
B 818 124)[28  s0)|38  56){48  (72)[58  (smM6s  (t04)|7E {120}
noTT [ SPO |5 71 m K] 5 T
velo[1| wr | e | ) | @ | Y i y
9 i1 2mi|2  tnlas  smae 73ise  mailes  (wosif7e  (12v
12 32 52 77 iF] 132 152 172
. .
1(0[1]0] LF SUB * . J Z i z
A  t0lra  @eif2a  wnjaa  smaa  (74)sA 1906 106)7A (122}
3 E<] 53 73 T3 133 153 73
1efrir] v | Esc | + : [ {
[ 11e (2728 (38 swm|aB  (75)|58  1911[s8  (107)|7B (123
i3 34 154 i 13 134 64 174
111|ele| FF FS ; < \ | I
= tzH1c  m|2c waIac  soiec  i7E)|SC  (s21{BC  (108H7C {124}
15 35 BES 75 5 135 155 175
1i1leit| cr | 6S - = M ] m }
D (1310 2ef{20  ws)|ap  wn|ap  T[SD  e3iieD (10870 (125)
6 36 56 76 116 135/\ 156 176
111]1|e| so RS . > N n
E 114} 1€ 130)| 2E 146} 3E 162)|4€ (78)}5E (94)[6E (11QN7E (126}
17 37 57 77 UNL (17 137 UNT 187 1RUBDU¥
11t 8 Us / 7 —- 0 B oy
F (s F @t 2E  wanfar eaF (7| sE  esi|eF  (1INITF 127}
Commandes adressées Adresse HECEVOIr Adresses
secondaires
Adresse “transmettre” ou commandes.
Commandes universehes
KEY TO CHART
octal——25 PP~ GPIB code
NA K ———— ASCH character
ht R e—-15 {21}~|=—— decimal
339113

Fig. 3.3. Table de conversion ASCIl et IEEE 488 (GPIB)
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EXEMPLES DE PROGRAMMES

Programmes de Transmission et de Réception pour
Contréleurs Tektronix de 1a Série 4050.

100 REMPROGRAMME DE
TRANSMISSION/RECEPTION DM 5010

110 REML'ADRESSE PRIMAIRE DU DM 5010 EST 16

120 INIT

130 ONSRQ THEN 260

140 DIMAS (200)

150 PRINT “ENTRER LE(S) MESSAGEI(S). ™,

160 INPUTCS

170 PRINT 16:C$

180 REMRECHERCHER LES INTERROGATIONS

190 IFPOSICE."?" 1)< >0 THEN 220

200 REMRECHERCHER 'SEND’

210 IFPOS(CS,“SEND"1)§0 THEN 150

220 REMENTREE ISSUE DE LINSTRUMENT

230 INPUT 16:A%

240 PRINTAS

250 GOTC 150

260 REM SOUS-PROGRAMME DAPPEL SELECTIF EN
SERIE

270 POLLXY16

280 PRINT "MOT DETAT. Y

280 RETURN

Ces exemples de programmes sont destinés & aider
I'utilisateur & transmettre des commandes au DM 5010
pour la modification de ses regiages et le renvoi des
données génerees.

Une aide supplémentaire pour le dévetoppement de
logiciet nécessaire & une application specifique est tour-
nie dans les manuels Tektronix suivants :

070-3985-00 - GPIB Programming Guide (Guide de Pro-
grammation du GPIB). Manuel décrivant les applications
de cet instrument dans des systémes compatibles
|EEE-488. Ce manuel contient des instructions et con-
seils de programmation, ainsi que des exemples de pro-
grammes spécifiques.

070-2270-00 - 4051 GPIB Hardware Support Manual
(Manuel d'utilisation du GPIB avec le contrdleur 4051).
Manuel contenant une description détailiée du fonction-
nement du Bus IEEE-488, des différentes opérations
sur le Bus, et des circuits de I'interface.

www.raftiefronics.com

Programme de Transmission et de Réception pour
Contréleurs Tektronix de la Série 4040

90 REMPROGRAMME DE
TRANSMISSION/RECEPTION DM5070
95 REM ADRESSE PRIMAIREDU DM 5010§ 16
100 OPEN 1:"GPIB(PRIST6,EOM§ < >)."
110 ONSRQTHEN GOSUB 240
115 ENABLE SRG
120 DIMAS TO (200}
130 PRINT "ENTRER LA (OU
COMMANDE (S)/INTERROGATION”
140 INPUTCS
145 IFC$§“EX" THEN GOTO 230
150 PRINT1:C%
160 REMRECHERCHER LES INTERROGATIONS
170 IFPOSICSE“?" 1)< >0 THEN GOTO 200
180 IFPOS(CE “SEND"1)50 THEN GOTO 130
190 REMENTREE ISSUE DE LINSTRUMENT
200 INPUT 1:A%
210 PRINTAS
220 GOTO 130
230 STOFP
240 POLL SBPRS 16
250 PRINT“SRQ VUE, MOT D'ETAT.".SB
260 RETURN

LES}

070-2058-01 - Programming in Basic (Programmation
en Basic).

070-2059-01 - Graphic programming in Basic (Pro-
grammation graphique en Basic).

062-5971-01 - 4050-Series programming aids, T1
{Aide & la programmation des contrdleurs de la Serie
4050 - logiciel inclus),

062-5972-01 - 4050-Series programming aids. T2
{Aide & la programmation des contréleurs de la Série
4050 - logiciel inclus).

070-2380-01 - 4907 File manager operators manual
{manuel d'utilisation du systéme de gestion de fichiers
4907).

070-2128-00 - 4924 Users manual {manuel d'utilisation
du 4924).

070-1840-01 - 4050-Series graphic system operators
manuzl (manuel d'utilisation ges systemes graphiques
de la Série 4050).

070-2056-01 - 4050-Series graphic system reference
manual {manuei de réference des systemes graphigques
de iz Série 4050).

070-3918-00 - 4041 Operators manual (manuel d'utili-
sation du 4041).

061-2546-00 - 4041 Programming reference manual
{manuel de référence pour la programmation du 4041),
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AIDE A LA PROGRAMMATION DU
DM 5010

Ces indications, iflustrées d'exemples précis, sont
destinées a aider I'utilisateur a développer ses propres
programmes de controle du DM 5010. Les exempies de
programmes ont &té réalisés a l'aide d'un Contrdleur de
la Série 4050 et du DM 5010. Certains exemples utili-
sent d’'autres instruments de la Série TM 5000. Avant
d’effectuer la programmation du DM 5010, sélectionner
ta Fin de Message, 'adresse GPIB, et le mode Emetteur
Seulement, a l'aide des commutateurs correspondants.
Pour afficher ces réglages en cours d'utilisation,
appuyer sur le bouton INST ID. Le nombre affiché est I'a-
dresse primaire GPIB. Le nombre décimal de droite {de
I'affichage) s'atiume si la Fin de Message sélectionnée
est LF/EQI. Le signe “moins” s'allume si le mode Emet-
teur Seulement est sélectionné. Pour modifier ces
reéglages internes, s'adresser a un personnel de mainte-
nance gualifié (v. chapitre Maintenance).

Dans les exempies de programmes, la variabie D est
affectée a 'adresse primaire GPIB du DM 5010 (16 & la
livraison). L'utilisation d'une variable alphabétique éli-
mine la nécessité de répéter le numéro d'adresse, et
permet de changer aisément celle-ci.

Traitement des Demandes de Service

A la mise en service, le DM 5010 valide la ligne SRQ.
La Demande de Service (SRQ} informe le contrbleur de
I'interruption de la source d'alimentation durant ie de-
roulement du programme, celie-ci pouvant nuire & sa
benne exécution,

Le DM 5010 peut également valider la ligne SRQ pour
d'autres évenements {v. tableau 3.1, Indications d'er-
reurs ef d'états). Certains contrdieurs ont ta possibilité
d'ignorer les Demandes de Service. D'autres doivent les
exécuter toutes. Si des Demandes de Service doivent
étre exécutees dans le programme, penser & valider son
interruption.

Programme de traitement des interruptions - pro-
gramme executant les Demandes de Service survenant
en cours d'exécution d'un programme. l e compose es-
sentiellement d'une instruction SRQ ON (en deébut de
programme}, et d'un sous-programme d'Appel Seélectkit
en Série (POLL) {en un point queicongue du pro-
gramme). A l'occurence d'une Demande de Service,
I'instruction ON SROQ transmet le contrdle du programme
au sous-programme POLL. Cette instruction se trouve a
la fighe 110 des exemples 1 et 3. Une interruption en-
traine donc I'exécution par le contréleur d'un Appel Sé-
lectif en Série (POLL). Dans une instruction POLL, la
premiere variable renvoie la position des instruments
dans la liste des adresses GPIB. La seconde renvoie le
Mot d’Etat. Voir 'exemple d’Appel Sélectif (par un seul
appareil sur le Bus} a ia ligne 1000 de I'Exemple 3 . La
iigne 400 de I'exempte 4 “interroge” trois instruments
sur le Bus en utilisant pour chague adresse une variabie
alphabétique. Dans chaque exemple, I"Appel Sélectif
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renvoie le Mot d'état de l'instrument a l'origine de ia De-
mande de Service. Les lignes 150, 160, et 170 du pro-
gramme @ comprennent un Appet Sélectif en Série utili-
sant les instructions WBYTE et RBYTE de la Série 4050.

Le sous-programme d'Appel Sélectif en Série peut
étre étendu au décodage des informations de I'événe-
ment occasionnant la Demande de Service. Dans
'exemple 1, les lignes 510 et 520 annulent le bit
‘occupé” (busy) du Mot d’Etat. Les lignes 530 & 560 ge-
codent le Mot d'Etat et les lighes 1000 & 7030 affichent
sur 'écran du controleur le type de I'événement.

L'exemple 7 utilise la Demande de Service du Moni-
teur pour détecter les mesures supérieures ou infé-
rieures aux limites définies par la commande LIMITS, ou
les dépassements de gamme. Les lignes 1020, 1040, et
1045 décodent le Mot d'Etat et initialisent l'affichage
correspondant sur le contrbleur.

La ligne 130 de I'exemple 2 “interroge” (poll) 'instru-
ment a l'adresse 16 pour annuler la Demande de Service
de la mise sous tension. La ligne 160 annule toute de-
mande de service ultérieure (RQS OFF). Aprés ia géné-
ration de RQS OFF, l'interrogation ERR? peut étre insé-
rée dans |le programme chaque fois qu'il s'avére néces-
saire de déterminer I'état d’'un événement.

Blocage de la face avant

La face avant peut étre inhibée de fagon a ce que seul
le Gontrdéleur puisse agir sur les réglages de l'instru-
ment. Pour cela, valider la ligne REN (état Vrai) le temps
nécessaire. Avec les contrbleurs de la Série 4050, l'ins-
truction RUN valide automatiguement la ligne REN.
L'instruction END inhibe la ligne REN. Puis transmettre
le message de l'interface LLO (17 en décimal avec ia
ligne ATN). Avec un contréieur de la Série 4050, ceci
s'effectue a l'aide de I'état WBYTE. Finatement,
adresser l'instrument en envoyant un réglage ou une in-
terrogation, en utilisant I'état PRINT D ou envoyer
seulement l'adresse “Recevoir” & l'aide de l'instruction
WBYTE. Aprés ces trois étapes, la face avant est blo-
guée et le demeure jusqu'a ce gue le signal REN passe
a I'état Faux, ou gqu'un message <GTL> (1 en décimatl
avec la ligne ATN) soit transmis. Voir les lignes 150 et
180 de I'exemple 4. Voir également les lignes 130 et
220 de 'exemple 5.

Utilisation de la commande INIT

Cette commande simplifie e programme du fait
qu'elle diminue le nombre des commandes de réglage
individuelles. A la ligne 150 de 'exempie 6, le DM 5010
recoit ta commande INIT suivie d'une série de com-
mandes modifiant 'état des réglages initiaux (a la mise
en service).

Invalidation d’une mesure en attente

Lorsque le signal entré est modifié par rapport a la
mesure en attente, il peut étre necessaire d'invalider
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celle-ci, du fait qu'elle ne refléte plus les conditions
actueiles. Ceci peut étre réalisé en envoyant a l'instru-
ment une commande de reglage, qui annulera le contenu
de ia Mémoire Tampon de sortie. Ou bien en transmet-
tant une mesure au Contrdieur et en ignorant celle-ci.

Les mesures invalides peuvent étre évitées en utili-
sant le mode Declenché {MODE TRIG) pour contrbler
I'occurence de chague mesure,

Temps d’établissement

Un temps d’établissement peut &tre aménagé dans un
programme, pour s'assurer ge la validité de la mesure
renvoyée au contrdleur. Se reférer au chapitre Carac-
téristiqgues (Commande incrémentielle du Temps de
Réponse).

Les lignes 230-250 de l'exemple 4 utilisent une
boucle FOR..NEXT pour entrer cing mesures dans la
variabie R. A tz fin de la boucle, la variable R contient ia
cinquiéme mesure,

Les lignes 220-320 de 'exemple § effectuent la com-
paraison entre deux mesures du DM 5010. Si la diffé-
rence est supérieure & 0,001, la comparaison s'effectue
avec une autre mesure. Celle-ci se repete jusqu'a 'ob-
tention de deux mesures pratiquement identigues.

Mesures par déclenchement

Pour déclencher une conversion simple, utiliser le
mode Déclenche {MODE TRIG) et initialiser un
déclenchement a l'aide de I'une des méthodes suivantes

1. Adresser I'instrument en tant qu'Emetteur. Voir la
ligne 180 de 'exemple 2.

2. Transmetire une commande SEND.

3. Transmettre une commande DT TRIG. Puis déc-
lencher ie DM 5010 en lui envoyant le message
de tinterface <GET> (8 en decima! avec la ligne
ATN). Voir les lignes 12C et 5 de I'exemple 8.

4. Sile mode Décienchement Externe (EXTRIG) est
vaiidé, maintenir la ligne P1031-16A de la carte
d'isolation & I'état bas durant 10 uS (max.).
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5. Aviser l'operateur d'appuyer sur le bouton
TRIGGERED en face avant.
Pour un déclenchement répétitif (relaxa), utiliser
ia commande MODE RUN. Si le mode EXTRIG est
validé, maintenir la ligne P1031-18A (carte d'iso-
lation) a I'état bas.

Disponibilité d’'une mesure

li n'est pas nécessaire de déterminer si une mesure
est disponible lorsque l'instrument est adressé en tant
gu'Emetteur ou lors de l'utilisation de la commande
SEND pour le renvoi de données. Pour ces deux
méthodes, le DM 5010 declenche une conversion si
aucune mesure n'est en attente. Pour les autres
méthodes, il existe plusieurs fagons de déterminer si
une mesure est disponible :

1. Transmetire la commande d’interrogation RDY?.
La réponse "1" indique qu'une mesure est préte.
Voir la ligne 140 de I'exemple 3.

2. Générer les commandes OPC ON et RQS ON.
Linstrument valide la ligne SRQ lorsgu'une
mesure est disponible. Voir la ligne 150 de 'exem-
ple 8.

3. Reépeéter le programme d'Appel Sélectif en Série
(POLL) en utilisant les instructions WBYTE,
jusqu’'a ce que le Mot d'Etat soit 132, 148, 140, ou
156. Voir les lignes 150 et 200 de'exemple 8.

Utiliser les commandes RDY?, OPC ON, et le pro-
gramme d'Appel Sélectif dans le cas de plusieurs
taches simultanées,

Transmission de mesures 38 un Récepteur

Avant ie transfert d'une mesure du DM 5010 a un
Récepteur sur le Bus GPIB, “adresser” cet instrument
en tant que Récepteur. Puis adresser le DM 501C
comme Emetteur pour transmetire les mesures. Les
données transmises & un Controleur peuvent étre lues
sous forme d’une chaine de caractéres ou d'une variable
numérigue. Vair ia ligne 180 de I'exemple 2 et la ligne
150 de I'exemple 3.
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Abschnitt 3 - DM 5010

PROGRAMMIERUNG

Einfiihrung

Dieser Abschnitt des Handbuches informiert Gber die
Programmierung des TEKTRONIX Programmierbaren
Digital Multimeters DM 5010 (iber die IEEE-488 Digital-
Schnittstelle. Die IEEE-488 Interface-Funktionszeichen
fir das DM 5010 sind in Abschnitt 1 aufgelistet. In diesem
Handbuch wird die JEEE-488 Digital-Schnittstelie als
General Purpose Interface Bus (GPIB) bezeichnet. Die
nachstehenden informationen setzen voraus, daB der
Leser mit der GPIB-Kommunikation vertraut ist und
einige Erfahrungen mit der Programmierung von
Controllern hat. Mitteilungs-Protokoile (iber den GPIB
sind in der Norm {EEE-488-1978, ,Standard Digital Inter-
face for Programmable instrumentation*' beschrieben
und spezifiziert. TM 5000 Gerate wurden far die Kommu-
nikation mit allen GPIB-kompatiblen Controliern entwik-
kelt, die ASCIl Mitteilungen (Befehle) Uber den GPIB
senden und empfangen, Diese Befehle programmieren
das Gerat oder fragen informationen vom Gerét ab.

Die Befehle fir programmierbare Gerédte der Serie
TM 5000 wurden fur Kompatibiltat unter den Geréate-
typen entwickelt. Der gleiche Befehl wird bei verschie-
denen Geréaten fur die Steuerung &hnlicher Funktionen
verwendet, Ferner sind die Befehle in Mnemoniken
spezifiziert, die sich auf die jeweilige Funktion beziehen.
Der Befeh! INT z. B. stellt das Gerit auf seinen Einschalt-
Zustand ein. Zur weiteren Erieichterung der Program-
mierung entsprechen die Befehlis-Mnemoniken in den
meisten Féllen denen auf der Frontplatte.

Die Gerate-Befehle werden in drei Formaten darge-
stelit:

¢ Eine Abbildung der Frontplatte - die die Bezie-
hung der Befehie zu den Bedienungselementen
auf der Frontplatte zeigt. Siehe Bild 3-1.

¢ Liste der funktionellen Befehle - eine Liste, die in
Funktionsgruppen mit kurzen Beschreibungen
aufgeteilt ist.

® Detailierte Befehlsliste ~ eine aiphabetische
Auflistung der Befehle mit vollstandiger Beschrei-
bung.

1 Verbtfentiicht durch das Institute of Electrical
and Electronics Engineers, inc., 345 East 47th Street,
New York, N. Y. 10017.
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Programmierbare Gerite der Serie TM 5000 werden
Uber eine Versorgungseinheit TM 5000 mit dem GPIB
verbunden. Der Abschnitt Bedienungsanleitung in
diesem Handbuch gibt Hinweise fir den Einbau des
Gerates in die Versorgungseinheit. Dieser Abschnitt
macht Sie auch mit den VorsichtsmaBnahmen, den
Bedienungselementen auf der Frontplatte und den
intern wahlbaren Geratefunktionen vertraut.

Die GPIB Priméradresse fur dieses Gerét kann intern
durch qualifiziertes Servicepersonal verandert werden.
Bei Versand ist das DM 5010 auf die Adresse mit dem
Dezimal&quivalent 16 eingestellt, Auch das Endezeichen
kann intern durch qualifiziertes Servicepersonal ausge-
wiéhit werden. Endezeichen werden in diesem Hand-
buch im Abschnitt ,Mitteilungen und Kommunikations-
protokoll" beschrieben, Bei Versand von TM 5000
Geréaten ist dieses Endezeichen auf EOF ONLY einge-
stellt. Hinweise fur qualifiziertes Servicepersonal, wo
und wie die Einstellung erfoigt, sind in diesem Handbuch
im Abschnitt Wartung enthalten. Eingriicken der Taste
INST ID veraniaBt das Ger#t seine gewahlte GPIB-Prima-
radresse darzustellen; der Dezimalpunkt ganz rechts
leuchtet auf, wenn das gew&hlte Endezeichen LF/EQl ist.
Das Minuszeichen leuchtet auf, wenn die Betriebsart
Talk Only eingeschaltet ist.

Betriebsart Talk Only

in der Betriebsart Talk Only kann das DM 5010 (ber
den GPIB unter lokaler Steuerung Daten an einen Hérer
(Listener) senden. Fir die Wahl dieser Betriebsart wird
ein interner Schalter auf die Steliung Talk Only gesetzt.
Hinweise dazu findet qualifiziertes Servicepersonal im
Abschnitt Wartung.

In der Betriebsart Talk Only beginnt das DM 5010 mit
dem Senden von MeBdaten wenn auf der Frontplatte
die Taste INST ID gedriickt wird; es stoppt das Senden
von Daten wenn auf der Frontplatte die Taste CLEAR
gedrickt wird. Wird CLEAR wéhrend der Ubertragung
eines MefBergebnisses gedrickt, stoppt das Geré4t erst
nach dessen volistandiger Ubertragung. Das Lampchen
ADDRESSED bleibt erleuchtet, bis die Ubertragung der
letzten Ablesung beendet ist.
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ACDC <num>>
ACV <num> *-

DCV <num>> -

DIODE
OHMS <num>

N

MODE RUN

~ MODE TRIG

—-{ pT OFF

- DM 5010

ERR?

D?

WNIT
MONITOR ON
MONITOR OFF
MONITOR?
RQS ON

RGS OFF

11RQS?

BET?
TEST

1 DIGIT 3.5
{ DIGIT 4.5

- MODE?

e - —— ——— — —————

CALC' AVE

| ]
AVE <num> RATIO <A num>,<B num>

AVE?

CALC RA'IﬂO

RATIO?

CALC DBM

CALC‘ DBR

CALC CMlPR

DIGIT?

; SOURCE FRONT
—— SOURCE REAR
i | SOURCE?

i i
DBR <num> LIMITS <num>,<<num>

DBR?

LIMITS?

2994-07

Bild 3-1 Geritebefehle und ihre Beziehung zu den Bedienungselementen auf der Frontplatte.
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BEFEHLE

Das Gerat wird iiber die Bedienungselemente auf der
Frontplatte oder uber Befehle vom Controller gesteuert.
Es gibt drei Befehlsarten:

Einsteli-Befehie - steuern die Einstellung des
Gerdtes.

Abfrage-Befehle - fragen nach Daten.

Betriebs-Befehie - veranlassen eine bestimmte
Tétigkeit.

VORSICHT

Vorsicht bei der Verwendung von weniger Zeichen
als im abgekiirzten Kopfieil oder Argument
enthalten sind. Falsche Ergebnisse und Beschédi-
gungen kGnnen auftreten wenn diese Daten an das
falsche Gerét gesendet werden.

Programmierung - DM 5010

Ist das Gerat auf Fernbedienung eingestellt, werden
alle Befehle beantwortet und ausgefithrt. Bei Eigenbe-
dienung, erzeugen _Einstellungs-* und ,Betriebs-
Befehle" Fehier, da die Geratefunktionen (ber die Bedie-
nungselemente auf der Frontplatte gesteuert werden;
nur ,Abfrage-Befehle* werden beantwortet.

Jeder Befehi beginnt mit einem Kopfteil - einem Wort
das die jeweilige Funktion beschreibt. Viele Befehie
missen durch ein Argument nach dem Kopfteil erganzt
werden - einem Wort oder einer Zahl, die die
gewlnschte Funktiion n&her beschreibt.

VORSICHT

Wenn das Gerédt in der Betriebsart AUTO arbeitet,
soll die Eingangsspannung nicht wiederholt
zwischen einem niedrigen Wert (< 200 mVs) und
einem héheren Wert (> 200 Vs} hin und her
geschaltet werden. Fir wiederholte Messungen, die
zwischen den Spannungsextremen afternieren,
verwenden Sie vor Erhéhung der Eingangsspan-
nung zur Wah! eines entsprechenden héheren
Bereichs die Betriebsart STEP, da sonst zeitweise
Ungenauigkeiten beiMessungen im 200 mV Bereich
auftreten kénnen.

LISTE DER FUNKTIONELLEN BEFEHLE

GERATE BEFEHLE

Funktions-Befehie

ACDC <num> - Stellt ACV + DCV Funktion und
Bereich ein.

ACV <numZ- - Stellt ACV Funktion und Bereich ein.
DCV <num?> - Stellt DCV Funktion und Bereich ein.
DIODE - Stellt DIODE TEST Funktion ein.

FUNCT? - Abirage nach Funktion und Bereich.

LFR ON - Gibt die Funktion LOW FREQ RESPONSE
frei.

LFR OFF - Spert die Funktion LOW FREQ
RESPONSE.

LFR? - Abfrage nach LFR ON oder LFR OFF.

NULL <num> - Gibt die Funktion NULL und den
Oftsetwert frei.

NULL? - Abfrage nach NULL Offsetwert.

OHMS <num> - Stelit OHMS Funktion und Bereich
ein.
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Trigger-Befehle
MODE RUN - Gibt die Triggerbetriebsart RUN frei.

MODE TRIG - Gibt die Triggerbetriebsart TRIGGERED
frei,

MODE? - Abfrage nach MODE RUN oder MODE TRIG!

RDY? - Abfrage nach RDY 1, wenn eine Messung
beendet ist; RDY 0, wenn eine Messung durchge-
tahrt wird oder auf Triggerung wartet.

DIGIT 3,5 ~ Gibt die Ubertragungsrate FAST frei.
DIGIT 4,5 - Gibt die normale Ubertragungsrate frei.
DIGIT? - Abfrage nach DIGIT 3,5 oder DIGIT 4,5,

Berechnungs-Befehle
AVE <num> - Stellt den Wert der Konstanten N ein.
AVE? - Abfrage nach dem Wert der Konstanten N.
CALC AVE ~ Gibt die AVERAGE Berechnung frei.
CALC CMPR - Gibt die COMPARE Berechnung frei.
CALC DBM - Gibt die dBm Berechnung fret.
CALC DBR - Gibt die dBr Berechnung frei.
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CALC RATIO - Gibt die X-B/A Berechnung frei.
CALC OFF - Sperrt alle Berechnungen.

CALC? - Abfrage nach CALC QOFF oder der freigege-
benen Berechnungsart.

DBR <num> - Stellt den Wert der Betriebskonstanten
ein.

DBR? - Abfrage nach dem Wert der Bezugskon-
stanen.

LIMITS? <num>, <num> - Stellt die Werte der
Konstanten LIMITS ein.

LIMITS? - Abfrage nach den Werten der Konstanten
LIMITS.

MONITOR ON - Gibt SRQ frei wenn die Messung die
LIMITS Konstanten iibersteigt.

MONITOR OFF - Sperrt SRQ wenn die Messung die
LIMITS Konstanten Gbersteigt.

MONITOR? - Abfrage nach MONITOR ON oder
MONITOR OFF

RATIO <num>, <num> - Stellt die Werte der
Konstanten A und B ein.

RATIO? - Abfrage nach den Werten der Konstanten A
und B.

EINGANG/AUSGANGS-BEFEHLE

DATA - Ausgangsdaten werden durch MONITOR SRQ
gespeichert.

SEND - Ausgangsdaten im Ausgangspuffer; triggert
falls erforderlich,

SOURCE REAR - Wahlt den riickseitigen Interface-
EingangsanschiuB.

SOURCE FRONT - Wahlt den EingangsanschluB auf
der Frontplatte.

SOURCE? - Abfrage nach SQURCE FRONT oder
SCOURCE REAR.

German 3-4
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SYSTEM-BEFEHLE

DT TRIG - Gibt die Geré&te-Triggerfunktion frei. Das
Gerat triggert nach der Interface-Mitteilung
<GET>.

DT OFF - Sperrt die Geréte-Triggerfunktion.
DT? - Abfrage nach DT TRIG oder DT OFF,
ERR? - Abfrage nach dem Fehlercode.

ID? - Abfrage nach Gerate-identifikation und Firm-
ware Version.

INIT - Stellt auf die Einschalt-Bedingungen ein.
SET? - Abfrage nach den Gerate-Einsteliungen.

TEST - Zeigt 0 bei richtiger, 351 bei unrichtiger Kali-
brierungs-Prifsumme an.

STATUS-BEFEHLE
OPC ON - Gibt die Bedienungsabfrage nach OPERA-
TION COMPLETE frei.

OPC OFF - Sperrt die Bedienungsabfrage nach
OPERATION COMPLETE.

OPC? - Abfrage nach OPC ON oder OPC OFF

OVER ON - Gibt die Bedienungsabfrage nach Uber-
schreiten des Bereichs frei.

OVER OFF - Sperrt die Bedienungsabfrage nach
Uberschreiten des Bereichs.

OVER? - Abfrage nach OVER ON oder OVER OFF,
RQS ON - Gibt die Bedienungsabfragen (SRQ) frei.
RQS OFF - Sperrt die Bedienungsabfragen (SRQ).
RQS? - Abfrage nach RQS ON oder RQS OFF

USER ON - Gibt SRQ frei wenn die Taste 1D gedrickt
wird.

USER OFF - Sperrt SRQ wenn die Taste ID gedriickt
wird.

USER? - Abfrage nach USER ON oder USER OFF.
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DETAILLIERTE BEFEHLSLISTE

ACDC
(AC und DC Spannungsfunktionen)

Art:
Einstellung

Einstelisyntax:

ACDC <number>
ACD <number>
ACDC

Beispiele: Gewihlter Bereich

ACDC 2 2V
ACDC, 9 2V
ACDC ~ 200 700 V, AUTO-Bereich
ACD 700 V, AUTO-Bereich
ACDO 700 V, AUTO-Bereich

Beschreibung:

Das Kopfteil wahit ACD + DCV Funktion; das Argu-
ment widhit einen fixierten Bereich oder den AUTO-
Bereich. Das Format fir numerische Argumente wird im
hinteren Teil dieses Abschnittes beschrieben. Das Argu-
ment kann jeder Wert = 700 sein; das Geréat rundet
jedoch das Argument fir den nachsten Bereich auf. Zum
Beispiel fur ein Argument 0,9 wihit das Ger#t den
Bereich 2 V.

Wenn das Argument weggelassen wird oder sein Wert
weniger als 0 ist, geht das Gerat automatisch die
Bereiche durch, beginnend mit dem hdchsten Bereich.

Wenn das Argument iiber dem hichsten Bereichliegt,
erzeugt das Gerat einen Befehlsfehler {und gibt bei
RQS ON ein SRQ aus}.

Bereiche
200 mv
2V
20V
200V
700V

ACDC

ACV (AC Spannungsfunktion)

Art:

Einstellung

Einstellsyntax;

ACV <number>
ACV

Beispiele: Gewadhlter Bereich:
ACV 18 20V
ACV 2 2V
ACV - 200 700 V, AUTO-Bereich
ACV 700 V, AUTO-Bereich

Beschreibung:

Das Kopfteil wah!t die ACV Funktion; das Argument
wahlt einen fixierten Bereich oder den AUTO-Bereich.
Das Format fir numerische Argumente wird im hinteren
Teil dieses Abschnittes beschrieben. Das Argument
kann jeder Wert sein; das Gerét rundet jedoch das Argu-
ment flir den nachsten Bereich auf. Zum Beispiel fir das
Argument 1B wahit das Gerat den 20 V Bereich.

Wenn das Argument weggelassen wird oder sein Wert
weniger als 0 ist, geht das Ger&t automatisch die
Bereiche durch, beginnend mit dem héchsten Bereich.

Wenn das Argument Ober dem hdchsten Bereich liegt,
erzeugt das Gerét einen Befehlsfehler (und gibt bei RQS
ON ein SRQ aus).

Bereiche:
200 mv
2V
20V
200V
700V
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AVE (Mitteiwert)

Art;
Einstellung oder Abfrage

Einstellsyntax:

AVE <number>
AVG <number>

Beispiel:

AVE 6
AVE 2
AVG 10

Abfragesyntax:

AVE?
AVG?

Abfrage-Antwort:
AVE <number>

Beschreibung:

Dieser Befehl spezifiziert die Anzahl der Messungen
fur die AVERAGE (Mittelwert) Berechnung. {Entspricht
der Einstellung des Wertes fir die Konstante N auf der
Frontplatte). Siehe CALC AVE. Das Argument kann jede
Zahlvon1bis 19999 sein. Das Geratrundet das Argument
auf ganze Zahlen ab.
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CALC (Berechnung)

Art:
Einsteliung oder Abfrage

Einstellsyntax:

CALC <argument>>
CALC <argument>, ...... <argument>

Argumente:

AVE oder AVG
CMPR oder COMP
DBM

DEBR

RATIO

QFF

Beispiele:

CALC OFF

CALC AVE

CALC AVE, DBM

CALC RATIO, AVE, DBR

Abfragesyntax:
CALC?

Abfrage-Antwort:

CALC OFF; oder Liste der freigegebenen
Berechnung(en).

Beschreibung:

Wenn das Gerdt einen CALC Befehl empfangt,
schaltet es alie Berechnungen ab mit Ausnahme derje-
nigen, die hinter dem CALC Kopfteil stehen. Ubersteigt
das Ergebnis einer Berechnung die Fahigkeiten der
Recheneinheit (= 3,4028E+38), erzeugt das Gerét einen
Recheneinheit-Fehier {303).

e CALC AVE oder CALC AVG gibt die AVERAGE
Berechnung frei. Das Geréat berechnet den Mittel-
wert aus einer Reihe von Messungen. Die Anzah!
der Messungen wird mit dem Betehl AVE <num-
ber> eingestellt.

CALC

Programmierung — DM 5010

Eine Triggerung erzeugt genug Ablesungen flr ein
Mittelwertergebnis. Wird fir eine Messungin einer
Folge der Bereich (berschritten, wird die AVE
Berechnung unterbrochen,

Wenn LFR auch freigegeben ist, wird die mit dem
Befehl AVE <number>> eingestelite Anzahl der
Messungen mit 4 multipliziert.

CALC CMPR oder CALC COMP gibt die COMPARE
Berechnung frei. Das Gerdt vergleicht den
Eingang mit den durch den Befehl LIMITS einge-
stellten Werten. Der Text zu den nachstehenden
Befehlen gibt an, weicher Ausgangsvergleich
daraus resultiert:

SEND - zeigt1,, 2., oder 3.10r LO, PASS, oder HI
an; bei Bereichsiberschreitung + 1E+99; oder
—1E+99.

DATA - zeigt einen MeBwert auBerhalb der
Grenzbereiche an.

CALC DBM gibt die dBm Berechnung frei und
sperrt die dBr Berechnung. Das Gerét berechnet
das Leistungsverhéltnis der Eingangsspannung,
bezogen auf 1 mW in 600 Ohm {0,7746 V).

dBm = 20 logp ‘L‘
V6

CACLC DBR gibt die DBR Berechnung frei und
sperrt die dBm Berechnung. Das DM 5010
berechnet das logarithmische Verhéltnis des
Eingangs zu dem mit dem Befehl DBR <number>
eingestellten Wert.

dBr = 20 logyp

x ‘
ref

CALC RATIO gibt die X-B/A Berechnung frei,
wobei X die Messung, B ein Offsetwert und A der
Skalierungsfaktor ist. Die Werte von A und B
werden mit dem Befehl RATIO eingestellt.

CALC OFF sperrt alle Berechnungen.
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DATA

Art:
Ausgabe

Syntax:
DATA

Antwort:

DATA <number>,
oder

DATA + 1.E+89; (bei Bereichslberschreitung)

Beschreibung:

Auf diesen Befehl erfolgt eine der nachstehend ange-
gebenen Antworten. Er lost keine Ubertragung aus und
wartet nicht auf eine neue Messung, wie es der Befehl
SEND tut.

1. Nach dem Einschalten wird 0 angezeigt, bis eine
Messung zur Verfigung steht.

2. Wenn ein MONITOR SR ausgegeben wurde, zeigt
DATA die Messung an, die das SRQ veranlaft hat.

3. Wenn keine der vorstehenden Bedingungen giltig
ist, zeigt DATA die letzte Messung an. DATA zeigt die
gleiche Ablesung an, bis die nichste Ubertragung
ausgeldst wird und eine neue Ablesung zur Verfigung
steht.

DATA kann fir eine Messung eine hdhere Aufidsung
angeben als sie auf der Frontplatte dargestellt oder
durch den Befehl SEND angezeigt wird.

DATA

DBR

Art:
Einstellung oder Abfrage

Einstellsyntax:
DBR <number>

Beispiel:

DBER 1
DBR .707
DBR 2E-3

Abfragesyntax:
DBR?

Abfrage-Antwort:
DBR <number>;

Beschreibung:

Dieses Befehisargument stelit den Wert der
Konstanten ein, die fir den Befehl CALC DBR verwendet
wird. Er entspricht der Einstellung des Konstanten-
wertes auf der Frontplatte. Das Argument kann jede Zahl
auBer 0 sein.
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DCV (DC Spannungsfunktion)

Art:
Einstellung

Einstelisyntax:

DCV <number>
DCV

Beispiele: Gewihiter Bereich

DCV1.5 2V
DCV 1000 Vv, AUTO-Bereich
DVV —1.E+3 1000 V, AUTO-Bereich

Beschreibung:

Das Kopfteil wahlt die DCV Funktion; das Argument
wihlt einen fixierten Spannungsbereich. Das Format fir
numerische Argumente wird im hinteren Teil dieses
Abschnittes beschrieben, Das Argument kann jeder
Wert sein; das Gerét rundet jedoch das Argument auf
den n&chst hdtheren Bereich auf. Zum Beispiel fiir das
Argument 1.5 wahlt das Gerét den 2 V Bereich.

Wenn das Argument weggelassen wird oder sein Wert
weniger als 0 ist, geht das Gerdt automatisch die
Bereiche durch, beginnend mit dem h#chsten Bereich.

Wenndas Argument diber dem h&chsten Bereich liegt,
erzeugt das Gerét einen Befehlsfehler {(und gibt bei RQS
ON ein SRQ aus).

Bereiche:
200 mv
2V
20V
200V

1000V
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DIGIT (Digitale Aufiésung)

Art:
Einstellung oder Abfrage

Einstellsyntax:

DIGIT 3.5
DIGIT 4.5
DIG 3.5
DIG 4.5

Abfragesyntax:

DIGIT?
DIG?

Abfrage-Antwort:

DIGIT 3.5;
DIGIT 4.5;

Beschreibung:

Dieser Befehi wahlt die Ubertragungsrate. Das Argu-
ment 3.5 stellt die FAST Ubertragungsrate ein {3.5
Stellen Auflbsung). Bei den Spannungsfunktionen bens-
tigt eine Messung etwa 35 ms, bei der Ohm-Funktion
etwa 130 ms.

Das Argument 4.5 stellt die normale Ubertragungsrate
ein (4.5 Stellen Ausfldsung). Bei den Spannungsfunk-
tionen bendtigt eine Messung etwa 310 ms, bei der Ohm-
Funktion etwa 600 ms.
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DIODE (Diodentest)

Art;

Einstellung

Einstellsyntax:

DIODE
DIO

Beschreibung:

Dieser Befehl wahit die Funktion DIODE TEST. Ein

Argument wird nicht akzepfiert.

wwwévattefronics.com

DIODE

DT (Geratetrigger)

Art:
Einstellung oder Abfrage

Einstelisyntax:

DT TRIG
DT OFF

Abfragesyntax:
DT?

Abfrage-Antwort:

DT TRIG;
DT OFF;

Beschreibung:

Mit diesem Befehl wird die Geréte-Triggerfunktion
gesperrt oder freigegeben. Wenn die Geréatetriggerung
freigegeben ist, lost die IEEE 488 Interface-Mitteilung

<GET> eine Triggerung aus.

Wenn <GET> emptangen wird wahrend der Mittei-
lungs-Prozessor arbeitet oder wenn DT OFF ist erzeugt
das Gerét einen Fehler der anzeigt, daB die Mitteilung

<GET> ignoriert wurde.

DT
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ERR? (Fehler) FUNCT? (Funktion)
Art: Art:
Abfrage Abfrage
Abfragesyntax; Abfragesyntax:
ERR? FUNCT?
FUNC?

Abfrage-Antwort:
Abfrage-Antwort Beispiele:

ERRsp sp <number>>
DCv 2.,
ACV20.;
Beispiel: DiODE;
) . ACDC 200,;
ERRsp sp 401; (eingeschaltet) OHMS —2.E+8;

Beschreibung: Beschreibung:

Auf diesen Befehl wird die derzeitige MeBfunktion
angezeigt. Das Argument spezifiziet den jeweils
verwendeten Bereich. Bei AUTO-Bereich wird ein nega-
tives Argument angezeigt.

Die Abfrage ERROR wird verwendet, um Informa-
tionen (ber den Status des Gerétes zu erhalten.

Auf die Abfrage ERROR wird ein Code dargestellt der
anzeigt, welches Ereignis ein SRQ veranlaBt hat. Weitere
informationen finden Sie im Status- und Fehierbericht.
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ID? INIT
Art: Art:
Abfrage Betrieb
Abfragesyntax: Syntax:
107 INIT
Abfrage-Antwort: Beschreibung:
ID TEK/DMS5010 V79.1Fxx; Dieser Befeh! stellt die Geratefunktionen auf |hre

Einschaltbedingungen zuriick, wie sie in Tabelle 3-3
angegeben sind.

Beschreibung:
Auf die Abfrage ID? wird die o. g. Antwort angezeigt.

TEK/DM5010 - Identifiziert das Gerét,
Hersteller und Typ.

V79.1 - ldentifiziert die Art der Tektronix Codes und
Formate, denen das Gerat entspricht.

Fxx - Identifiziert die Firmenversion des Gerétes.
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LFR

Art:
Einstellung oder Abfrage

Einstelisyntax:

LFR ON
LFR OFF

Abfragesyntax:
LFR?

Abfrage-Antwort:

LFR ON;
LFR OFF;

Beschreibung:

Mit diesem Befehl wird die Funktion LOW FREQ
RESPONSE gesperrt oder freigegeben (wird mit den
Funktionen ACV und ACV+DCV verwendet). Wenn frei-
gegeben, berechnet das Gerat den Mittelwert aus vier
Messungen.

Wenn CALC AVE auch freigegeben ist, wird die mit
dem Befehl AVE <num>> eingestellte Anzahl der
Messungen mit 4 multipliziert,

wwwvaliretronics.com LFR
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LIMITS

Art:
Einstellung oder Abfrage

Einstellsyntax:

LIMITS <number>, <number>
LIV <number>>, <number>

Beispiel:

LIMITS 3.2, -2
LIMITS -1, -6.5
LIM 6,1

Abfragesyntax:

LIMITS?
LInM?

Abfrage-Antwort:
LIMITS <number>, <number>,;

Beschreibung:

Die Argumente fir diesen Befehl stellen die Grenz-
werte ein, die fur die COMPARE Berechnung und das
MONITOR SRQ verwendet werden. Das erste Argument
stellt den Grenzwert ein, weicher der cberen Taste
LIMITS auf der Frontplatte entspricht; das zweite Argu-
ment stellt den Konstantenwert ein, welcher der unteren
Taste LIMITS entspricht.
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MODE

Art:
Einstellung oder Abfrage

Einstelisyntax:

MODE RUN
MODE TRIG
MOD RUN
MOD TRIG

Abfragesyntax:

MODE?
MOD?

Abfrage-Antwort:

MODE RUN,;
MODE TRIG;

Beschreibung:

Dieser Befeh!| wahlt die Trigger-Betriebsart. Das Argu-
ment RUN stellt die Trigger-Betriebsart RUN (freilaufend)
ein.

Das Argument TRIG stellt die Betriebsart TRIGGERED
gin. In dieser Betriebsart erfolgt nach Empfang einer der
folgenden Mitteilungen eine Triggerung:

¢ Einem ,SEND" Befehi.

e Einerinterface Mitteilung <GET> (hurwen DT frei-
gegeben ist).

¢ My Talk Address (MTA) mit nicht spezifiziertem
Ausgang (kein Abfrage-Befehl).

® EXTRIG ruckseitige Interface-Triggerung (erfor-
dert Einbau einer internen Uberbriickung - siehe
Abschnitt Wartung). Fiir eine einzelne Triggerung
muB diese Leitung zwischen 0,5 und 10 psec
genalten werden, Wird sie Uber einen langeren
Zeitraum niedrig gehalten, st das Gerat Mehr-
fachmessungen aus.

Wenn in der Betriebsart MCDE TRIG und wéhrend das
Gerat in AUTO-Bereich arbeitet ein Uber- oder Unter-
schreiten des Bereichs vorkommt, &ndert das Geréat den
Bereich und fuhrt eine weitere Messung aus.

MODE

MONITOR

Art:
Einstellung oder Abfrage

Einstelisyntax:

MONITOR ON
MONITOR OFF
MON ON

MON OFF

Abfragesyntax:

MONITOR?
MON?

Abfrage-Antwort:

MONITOR ON,;
MONITOR OFF;

Beschreibung:

Mit diesem Befehl wird das MONITOR SRQ gesperrt
oder freigegeben. Ist MONITOR SRQ freigegeben, spei-
chert das Gerét die erste Messung auBerhalb der Grenz-
werte (die mit dem Befehl LIMITS eingestiellt wurden) und
generiert ein SRQ. Fur nachfolgende Messungen
(auBerhalb der Grenzwerte) werden keine SRQ's erzeugt
bis die Bedienungsabirage erledigt ist und die Messung
in Beantwortung des Befehls DATA an den Controiler
berichtet wurde.

Wenn das Gerst bei MON ON den Bereich Uber-
schreitet, gibt es sine Fehlermeldung aus, auch wenn
OVER OFF ist.
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NULL

Art:
Einstellung oder Abfrage

Einstellsyntax:
NULL <number>

Beispiele:

NULL.2
NULL O

Abfragesyntax:
NULL?

Abfrage-Antwort:
NULL <<number>

Beschreibung:

Dieser Befehl gibt die Funktion NULL frei; das Argu-
ment { in Voit cder Chm) gibt den Wert des Offset an.
Dieser Wert kann jede Zahl bis zu 100% des Bereichs
sein.

Die Funktion NULL ist gesperrt, wenn die MeBfunktion
gedndert wird oder das Argument 0 ist. (Die Anderung
der MeBfunktion stellt auch das Argument auf Q.)

WARNUNG

Wenn die NULL Funktion freigegeben ist, kann es
vorkommen, daB die Messung nicht den an die
Eingangsanschiusse angelegten Spannungswert
anzeigt.

ADD JU NULL
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OHMS

Art:
Einstellung

Einstelisyntax:

OHMS <number>
QOHMS
Beispiele: Gewihlter Bereich:
OHMS 20 MQ, AUTO-Bereich
OHMS 100 200Q
OHMS —2E+7 20 MQ, AUTO-Bereich
OHMS 1E+4 20 kQ
Beschreibung:

Das Kopfteil wahhi die Funktion OHMS; das Argument
wiahlt den Bereich. Das Format fir numerische Argu-
mente wird im hinteren Teil dieses Abschnittes
beschrieben. Das Argument kann jeder Wert sein; das
Gerat rundet jedoch das Argument auf den néchst
hoéheren Bereich auf. Zum Beispiel fGr das Argument 100
wihlt das Gerat den Bereich 200 Q.

Wenn das Argument weggelassen wird oder sein Wert
weniger als 0 ist, geht das Gerat automatisch die
Bereiche durch, beginnend mit dem hdchsten Bereich.

Wenn das Argument Ober dem h&chsten Bereich liegt,
erzeugt das Geriét einen Befehlsfehler (und gibt bei RQS
ON ein SRQ aus).

Bereiche:
200Q
2 kQ
20 kQ
200 kQ
2MQ
20 MQ
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OPC (Operation Complete)

Art:
Einstellung oder Abfrage

Einstellsyntax:

OPC ON
OPC OFF

Abfragesyntax:
OPC?

Abfrage-Antwort:

OPC ON;
OPC OFF;

Beschreibung:

Mit diesem Befehl wird die Bedienungsabfrage
Operation Compiete gesperrt oder freigegeben. Wenn
freigegeben und RQS ist ON, gibt das Gerétein SRQaus,
wenn eine neue Messung zur Verfiigung steht.
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OVER

Art:
Einstellung oder Abfrage

Einstelisyntax:

OVER ON
OVER OFF

Abfragesyntax:
OVER?

Abfrage-Antwort:

OVER ON;
OVER OFF;

Beschreibung:

Mit diesem Befehl wird die Bedienungsabfrage fir
Bereichsiiberschreitung gesperrt oder freigegeben.
Wenn freigegeben und RQS ist ON, gibt das Gerat ein
SRQ aus, wenn es eine Messung auBerhalbdes Bereichs
durchfdhrt.

Bei OVER OFF gibt das Gerét zur Anzeige einer
Bereichsliberschreitung +1.E4+99 aus {(es gibt kein SRQ
aus).

OVER ADD JUL 1986



RATIO

Art:
Einstellung oder Abfrage

Einstellsyntax:
RATIO <number>>, <number>>

Beispiel:

RATIO 100, 15
RATIO 10, 2

Abfragesyntax:
RATIO?

Abfrage-Antwort:
RATIO <number>, <number>;

Beschreibung:

Die Argumente zu diesem Befeht stellen den Offset-
wert und den Skalierungsfaktor fir die X-B/A Berech-
nung ein. Siehe CALC RATIO. Das erste Argument stellt
den Wert des Skalierungsfaktors ein (Taste A auf der
Frontplatte}; das zweite stellt den Offsetwert ein (Taste B
auf der Frontplatte). Die Argumente kénnen jede Zah|
sein, nur der Skalierungsfaktor kann nicht O sein.
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RDY?

Art:
Abfrage

Abfragesyntax:
RDY?

Abfrage-Antwort:

RDYsp sp0;
RDYsp spl;

Beschreibung:

Wenn eine Messung durchgefithrt wird oder das
Ger#t auf eine Triggerung wartet, wird auf diesen Befehl
RDY Q0 angezeigt. RDY 1 zeigt an, daB Daten zur Verfigung
stehen.
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RQS

Art:
Einstellung oder Abfrage

Einstellsyntax:

RQS ON
RQS OFF

Abfragesyntax:
RQS?

Abfrage-Antwort:

RQS ON;
RQS OFF;

Beschreibung

Dieser Befehl gibt das Gerat fur die Ausgabe von
Bedienungsabfragen frei. Das Argument OFF sperrt alle
Bedienungsabfragen. Weitere Informationen finden Sie
im Abschnitt Status- und Fehierbericht.

RQS

SEND

Art:
Ausgang

Syntax:

SEND
SEN

Antwort:
<number>; (kein Kopfteil}
Beispiel:

+1.E499,
+3.2E+3;

(Bereichsiberschreitung)

Beschreibung:

Dieser Befeh! veranlaBt das Gerét die letzte Messung
auszugeben. Ist keine Messung verfugbar, 16st das Gerat
eine Messung aus und gibt sie dann aus.

Wenn die Berechnung COMPARE freigegeben ist,
(CALC CMPR) zeigt das Ger&t mit einer der nachste-
henden Zahien die Beziehung zwischen dem Eingang
und den mit dem Befehl LIMITS eingesteliten Grenz-
werten an:

3.: Wenn der Eingang (ber beiden Grenzwenrten liegt.

2.: Wenn der Eingang zwischen den Grenzwerten liegt
oder gleich einem der Grenzwerte ist.

1.: Wenn der Eingang unter beiden Grenzwerten liegt.

+1.E+99; oder —1.E+09; bei Bereichsiberschreitung.
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SET?

Art:
Abfrage

Abfragesyntax:
SET?

Abfrage-Antwortbeispiel (Einschalt-Einstellungen):

DCV —1.E+3;AVE 2; RATIO 1. 0.;DBR 1,;LIMITS 0.,
0..CALC OFF;NULL 0.;DIGIT 4.5,LFR OFF;MODE
RUN;SOURCE FRONT;DT OFF;MONITOR OFF;0PC
QFF; OVER OFF;USER OFF;RQS ON;

Beschreibung:

Auf diesen Befehl werden die derzeitigen Einstel-
lungen aller Geratefunktionen angezeigt. Die langste
Anzeige besteht aus 225 Zeichen.

SET?
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SOURCE

Art:
Einsteliung oder Abfrage

Einstellsyntax:

SOURCE FRONT
SOURCE REAR
SOUR FRONT
SOUR REAR

Abfragesyntax:

SOURCE?
SOUR?

Abfrage-Antwort:

SOURCE FRONT;
SOURCE REAR,;

Beschreibung:

SOURCE FRONT wah!t fiir die Messung den Eingang
auf der Frontplatte; SOURCE REAR wahit fur die
Messung die Interface-Anschlisse an der Rickseite.

VORSICHT

Um Beschidigungen des Gerétes und Betriebs-
tehler zu vermeiden, darf nicht zwischen dem
Eingang auf der Frontplatte und den interface-
Anschiissen auf der Rickseite umgeschaltet
werden, wenn mehr als 500 Vg an den Eingangsan-
schitissen auf der Froniplatte anliegen.
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TEST

Art:
Ausgang

Syntax:
TEST

Antwort:

TEST O,
TEST 351,

Beschreibung:

Zeigt eine Zah!l an, welche den Status der Kalibrie-
rungs-Prifsumme angibt. 0 wenn die Pridfsumme richtig
ist; 351 wenn sie falsch ist.

TEST

USER

Art:
Einstellung cder Abfrage

Einstellsyntax:

USER ON
USER OFF

Abfragesyntax:
USER?

Abfrage-Antwort:

USER ON;
USER OFF;

Beschreibung:

Mit diesem Befehl wird die Service-Abfrage der Taste
INST tD freigegeben oder gesperrt. Ist sie freigegeben,
gibt das Gerit SRQ aus, wenn auf der Frontplatte die
Taste INST ID gedrickt wird.
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MITTEILUNGEN UND
KOMMUNIKATIONS-PROTOKOLL

Befehls-Trennzeichen

Eine Mittellung besteht aus einem, oder einer Reihe
von Befehlen und einem Endezeichen. Bei Mitteilungen,
die aus mehreren Befehlen bestehen, missen die
Befehle durch Strichpunkte getrennt sein. Ein Strich-
punkt am Ende einer Mitteilung ist zusatzlich. Soistz.B.,
jede der nachstehenden Zeilen eine Mitteilung.

INIT
TEST;INIT;RQS ON;USER OFF;ID?7;SET?
TEST;

Mitteilungs-Endezeichen

Mitteilungen kénnen mit EC oder dem ASCll-Zeichen
LF beendet sein. Einige Controller machen EQI mit dem
letzten Daten-Byte geltend; andere verwenden nurLF als
Endezeichen, Das Ger&t kann intern so eingestellt
werden, daB es beide Endezeichen annimmt. Wird EQI
ONLY als Endezeichen gewéhlt, interpretiert das Geré#t
den Empfang eines Daten-Bytes mit EQOI als Ende der
Eingangsmitteilung; es macht dann auch EQIl mit dem
letzten Byte der Ausgangsmitteilung geltend. BeiderLF/
EQ! Einstellung, interpretiert das Gerat das LF-Zeichen
ohne EOI {oder irgendein Datenbyte mit EOI) als Ende
einer Eingangsmitteilung; es GObertrdgt CR (carriage
return) gefolgt von ,line feed" (LF mit EQl), um Ausgangs~
mitteilungen zu beenden. Servicepersonal findet infor-
mationen Gber die Einstellung des Mitteilungs-Endezei-
chens im Abschnitt Wartung”. Beim Versand sind
TM 5000 Geréate auf EQI CNLY eingestellt.

Formatierung einer Mitteilung

Um verstanden zu werden, missen Befehie, die an
TM 5000 Geré4te gesendet werden, das richtige Format
(Syntax) haben; dieses Format ist jedoch flexibel und es
werden viele Variationen angenommen. Nachstehend
wird dieses Format und die annehmbaren Variationen
beschrieben.

Die Gerdte erwarten, dafl alle Befehle in ASCH kodiert
sind; sie nehmenjedoch groBe und kleine ASCII-Zeichen
an. Die Datenausgabe erfoigt in grofien Zeichen.

Wie vorher besprochen, besteht ein Befehl aus einem
Koptteil dem, falls erforderlich, Argumente folgen. Ein
Befehi mit Argumenten muB ein Kopfteil-Endezeichen
haben, das aus dem Zwischenraumzeichen SPzwischen
Koptteil und Argument besteht.

RQSgpON
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Woerden zuséitzliche Formatierungszeichen SP, CR
und LF (LF kann zur Formatierung nicht verwendet
werden, wenn LF/EQI Endezeichen sind) zwischen Kopf-
teilendezeichen und Argument eingefigt, werden sie
vom Gerét ignoriert.

Beispiel 1; RQSgpON;
Beispiel 2: RQSsgp spON;

Beispiel 3: RQSgp cr LF sp sPON

im aflgemeinen werden diese Formatierungszeichen
nach jedem Endezeichen und am Anfangund Ende einer
Mitteilung ignoriert.

sPRQSsPON;cRLF
spUSERgpOFF

In der Befehlsliste sind einige Kopfteile und Argu-
mente in zwei Versionen aufgefihrt, in der voil ausge-
schriebenen Form und einer abgekirzien Form. Das
Gerét nimmt alle Kopfteile und Argumente an, die zumin-
dest die in der abgekirzten Form enthaltenen Zeichen
besitzen; jedes weitere Zeichen muB dem in der voll
ausgeschriebenen Form entsprechen. Zur Dokumenta-
tionvon Programmen k&nnen dervoll ausgeschriebenen
Form Alphazeichen angehangt werden. Alphazeichen
kénnen auch einem Fragekopfteil angehéngt werden,
vorausgesetzt, am Enge steht ein Fragezeichen.

USER?
USERE?
USEREQ?
USEREQUEST?

Mehrfachargumente werden durch ein Komma
getrennt; das Gerét nimmt jedoch auch einen Zwischen-
raum oder Zwischenrdume als Trennzeichen an.

2,3
2sp3
2,5p3

ANMERKUNG

Im letzten Beispiel wird der Zwischenraum als
Formatzeichen angesehen, daerhinterdem Komma
steht {dem Argument-Trennzeichen).

Zahlen-Formate

Das Gerat akzeptiert die nachstehenden Zahlenarten
fir jedes numerische Argument.
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¢ Ganze Zahlen mit und ohne Vorzeichen {einschi.
+ 0 und ~ Q). Ganze Zahlen ohne Vorzeichen
werden als positivangesehen. Bespiele: +1, 2, —1,
~10.

# Dezimalzahlen mit und ohne Vorzeichen. Dezimal-
zahlen ohne Vorzeichen werden als positiv ange-
sehen, Beispiele: —3.2, +5.0,1.2.

® Gieitkommazahlen in wissenschaftlicher
Schreibweise. Beispiele: +1.0E-2, 1.0E-2, 1.E-2,
0.01E+0.

Die hodchste, als Argument akzeptierbare Zahl ist
+3.4028E+38.

Mitteiiungs-Protokol!

Wenn das Gerét eine Mitteilung erhalt, wird sie im
Eingangs-Puffer gespeichert, bearbeitet und ausge-
fahrt. Die Bearbeitung einer Mitteilung besteht aus der
Dekodierung von Befehlen, dem Erkennen von Trenn-
zeichen und dem Uberprifen der Syntax. Bei Einstellbe-
fehlen speichert das Gerét die angezeigten Anderungen
im Einstell-Puffer. Wird wahrend der Bearbeitung ein
Fehler entdeckt, gibt das Gerit eine Bedienungsab-
frage (SRQ) aus, ignoriert den Rest der Mitteilung und
stellt den Einsteli-Puffer zuriick. Durch Rickstellen des
Einsteli-Puffers werden unerwinschte Zustande
vermieden, die dadurch entstehen kénnen, daB einige
Einstellbefehie der gieichen Mitteilung ausgefiihrt
werden und andere nicht.

Die Ausfihrung einer Mitteilung besteht in der Durch-
fiihrung der Tatigkeiten, die durch ihre Befehle spezifi-
ziert sind. Bei Einstellbefehlen bedeutet das die Neu-
Einstellung der Gerateeinstellungen und die Aufnahme
dieser neuen Einstellungen in den Einstell-Puffer. Die
Einstellbefehle werden in Gruppen ausgefihrt - d.h,,
eine Reihe von Einstellbetehien wird bearbeitet und in
den Einstell-Puffer aufgenommen, bevor die Ausfihrung
erfolgi. Das eriaubt dem Anwender einen neuen Status
Zu spezifizieren, ohne darauf zu achten, ob eine beson-
dere Reihentolge Gultigkeit hat. Die Durchfihrung der
Einsteliung erfolgt, wenn das Ger&t das Mitteilungs-
Endezeichen, einen Abfragebefeh! oder einen Betriebs-
befehl! in einer Mitteilung bearbeitet.

Bearbeitet das Gerat einen Abfragebefehl in einer
Mitteilung, dann werden zuerst alle vorhergehenden
Einstellbefehle ausgefihri, um den Staius des Gerétes
auf den neuesten Stand zu bringen. Dann wird der Abfra-
gebefehl ausgeflhrt, indem es die entsprechenden
Daten abruft und sie inden Ausgangspuffer gibt. Danach
wird die Bearbeitung und Ausflihrung des Rests der
Mitteilung fortgesetzt. Wenn das Ger&t zum Sprecher
(talker) gemacht wird, werden die Daten an den
Controller weitergegeben.

Wenn das Gerat in einer Mitteilung einen Betriebsbe-
feh! bearbeitet, werden vor dem Betriebsbefehl alie
vorhergehenden Einstelibefehle ausgefonrt.
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Mehrfach-Mitteilungen

Der Eingangs-Puffer hat eine begrenzte Kapazitat und
eine einzelne Mitteilung kann so lang sein, daB er damit
ausgefillt ist. In diesem Falle wird ein Teil der Mitteilung
bearbeitet bevor das Gerat weitere Daten annimmt.
Wéhrend der Befehlsausfuhrung halt das Gerat zusétz-
liche Daten zurlck ( durch NRFD) bis im Puffer Platz zur
Verfligung steht.

Wenn Platz vorhanden ist, kann das Gerat vor Ausfih-
rung der ersten eine zweite Mitteilung annehmen. Es hélt
jedoch zuséatzliche Mitteilungen mit NRFD zurick, bis die
erste Mitteilung vollstéandig durchgefihrt ist.

Nachdem das Ger#t in einer Mitteilung einen Abfrage-
befehl ausgefuhrt hat hilt es die Antwort zurlick, bis es
vom Controller zum Sprecher (talker} gemacht wird.
Empfangt das Ger&t eine neue Mitteilung bevor der
gesamte Ausgang der vorherigen Mitteilung ausgelesen
ist, macht es vor der Ausfihrung der neuen Mitteilung
den Ausgangs-Puffer frei. Dadurch wird verhindert, daB
der Controller unerwinschie Daten aus alien Mittei-
lungen erhélt.

Eine weitere Situation kann das Gerét veranlassen
den Ausgang zu loschen. Die Austfdhrung einer langen
Mitteilung kann dazu fihren, daB Eingangs- und
Ausgangs-Puffer voll werden. Wenn dies geschieht,
kann das Gerét die Austihrung der Mitteilung nicht
beenden weil es darauf wartet, daf§ der Controller die
erzeugten Daten ausliest; der Controller kann die Daten
aber nicht auslesen, weil er mit der Ubertragung seiner
Mitteilung noch nicht zu Ende ist. Da der Eingangs-Puffer
volt ist und das Ger&t den Rest der Mitieilung des
Controllers mit NRFD zurlickh&lt, hangt das System in
der Schwebe weil Controlier und Gerét aufeinander
warten. Erkennt das Ger#t diesen Zustand, erzeugt es
eine Fehlermeldung, gibt ein SRQ aus und lbscht die
Daten im Ausgangs-Puffer. Das ermdglicht dem
Controlier den Rest der Mitteilung zu Gbertragen und der
Controller wird informiert, daB die Mitteilung ausgetihrt
und der Ausgang geloscht wurde.

Ein TM 5000 Gerat kann als Sprecher (talker) adres-
siert werden, ohne das es eine Mitteilung erhalt, die
angibt, was es ausgeben soli. in diesem Falle geben
Erfassungsgerate (Zahier und Multimeter) eine Messung
aus wenn sie beendet ist. Ist keine Messung feriig, geben
sie eine Byte-Mitteilung zurick bei der alle Bits gleich 1
sind (mit Endezeichen): andere TM 5000 Gerate geben
nur diese Mitteilung zurlck.

Geriatereaktionen auf IEEE 488 Interface Mittei-
lungen

interface Mitteiiungen und ihre Auswirkungen auf die
Interface Funktionen des Gerétes sind im IEEE Standard
488-1978 defieniert. Abklrzungen dieser Norm werden
in dieser Diskussion verwendet, in der die Auswirkungen
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der Interface Mitteiilungen auf die Betriebsweise des
Gerétes beschrieben werden,

UNL - Unlisten (63 mit ATN)
UNT - Untalk (95 mit ATN)

Wird der Befehli UNL empfangen, geht die Hbrer
{listener) Funktion des Gerétes in ihren Ruhezustand
(nicht adressiert). Im Ruhezustand nimmt das Gerét
keine Befehle vom GPIB an.

Die Sprecher (talker) Funktion geht in ihren Ruhezu-
stand, wenn das Gerat den Befehl UNT empfangt. In
diesem Zustand kann das Gerét Ober den GPIB keine
Daten ausgeben. Wenn Talker und Listener Funktion im
Ruhezustand sind, ist das Lampchen ,ADRESSED" aus.
Ist das Gerat entweder Talk- oder Listen adressiert, ist
das Lampchen an.

IFC - Interface Clear (GPIB Stift 9)

Diese einieilige Mitteilung hat die gleiche Auswir-
kung wie die UNL und UNT Mitteilungen. Das LAmpchen
ADRESSED auf der Frontplatte ist aus.

DCL - Device Clear {20 mit ATN)

Die Mitteilung Device Clear stellt die Kommunikation
zwischen Controller und Geréat wieder her. Als Antwort
auf DCL |6scht das Gerét alle Eingangs- und Ausgangs-
mitteilungen und jede nicht ausgefihrte Einstellung im
Einstellungs-Puffer. Ebenso werden alle auf Abruf
wartenden Fehler und Ereignisse geldscht, mit
Ausnahme des Einschalt-Ereignisses. Wennausirgend-
einem anderen Grund als dem Einschaltvorgang ein
SRQ ausgegeben ist, wird beim Empfang von DCL das
SRQ geléscht.

SDC - Selected Device Clear (4 mit ATN)

Diese Mitteilung erfiillt die gleiche Funktion wie DCL;
jedoch nur Geréte die als Listener adressiert sind
antworten auf SDC.

GET - Group Exekute Trigger (8 mit ATN)

Das Gerét spricht auf <GET> nur an, wenn es als
Listener adressiert ist und die Gerite-Triggerfunktion
durch den Befehl Device Trigger (DT) freigegeben
worden ist. Wenn die DT Funktion gesperrt ist (DT OFF),
das Gerét auf Frontplattenbedienung eingestellt ist oder
beim Emptang von <GET> eine Mitteilung ausfihrt, wird
die Mitteilung <GET> ignariert und ein SRQ erzeugt.

SPE - Serial Poll Enable (24 mit ATN)
SPD - Serial Poll Disabie (25 mit ATN)

Die Mitteilung SPE gibt das Ger#t fiir die Ausgabe des
Serial Poll Status Byte frei, wenn es als Talker adressiert
ist. Durch die Mitteilung SPD wird das Gerat auf seinen
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normalen Beirieb, die Sendung von Daten aus dem
Ausgangs-Puffer, zurlickgeschaltet.

MLA - My Listen Address
MTA - My Talk Address

Die priméren Listen- und Talk Adressen werden durch
die GPIB Adresse des Gerates erstelit (intern eingestelit).
Die jeweilige Einstellung der GPIB Adresse wird auf der
Frontplatte dargestellt wenn der Knopf D gedriickt wird.
Wenn das Gerat Talk oder Listen adressiert ist, leuchtet
das Lampchen ADDRESSED auf der Frontplatie.

LLO - Local Lockout (17 mit ATN)

LLO wird von dem Gerét mit einem Umschaltvorgang
beantwortet — von LOCS auf LWLS oder von REMS auf
RWLS.

REN - Remote Enable

Wenn REN aktiviert ist und das Geréat hat seine Listen
Adresse empfanden, schaltet es auf einen Fernbedie-
nungsstatus um (von LOCS auf REMS odervon LWLS auf
RWLS). Ist REN nicht aktiv, also falsch, wird aus jedem
Status eine Umschaltung auf LOCS veranlaBt; das Gerét
bleibt solange in LOCS wie REN falsch ist.

Eine REN-Umschaltung kann nach dem Beginn einer
Mitteilungsbearbeitung vorkommen. In diesem Falle wird
die Ausflhrung der in Bearbeitung befindlichen Mittei-
lung durch eine Umschaltung nicht beeinflufBt.

GTL - Go To Local {1 mit ATN)

Nur Listen-adressierte Gerdte antworten auf GTL
durch Umschalten auf Eigenbedienung. Umschaltungen
von Fern- auf Eigenbedienung durch GTL beeinfiussen
nicht die Austiihrung von Mitteilungen, die beim
Empfang von GTL bearbeitet werden.

Remote-Local Operation

Die vorstehende Diskussion der Interface-Mittei-
lungen beschreibt die Statusumschaitungen durch GTL
und REN. Die meisten Bedienungselemente auf der
Frontplatte verursachen eine Umschaltung von REMS
auf LOCS durch eine Mitteilung, die return-to-local {rtl)
genannt wird. Diese Umschaltung kann wéhrend der
Mitteilungsausfihrung vorkommen; aber im Gegensatz
zu GTL- und REN-Umschaltungen wird durch eine
Umschaltung, die durch rtl verantasst wurde, die Mittei-
iungsausfonrung beeinfiuBt. In diesem Fall erzeugt das
Ger#t einen Fehler, wenn es irgendwelche nicht ausge-
fuhrte Einstell- oder Betriebsbefehle gibt. Bedienungs-
elemente aut der Frontplatte, die nur die Darsteilung
andern (wie INST ID) beeinflussen die Fern- Eigenbedie-
nungszustande nicht - nur Bedienungselemente, die
Einstellungen &ndern, kénnen rtl geltend machen.
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Rtl wird unglltig nach Anderung der Einstellungen auf
der Frontplatte. Da rtl Umschaltungen auf REMS verhin-
dert, gibt das Gerét kein rtl aus, wenn eine Folge von
Tasteneingaben nicht in angemessener Zeit beendet
wird (etwa 5 bis 10 Sekunden).

Das Gerat behélt eine Auflistung seiner Einstellungen
im Einsteli-Puffer, die durch neue Einstellungen auf der
Frontplatte oder vom Controller aktualisert werden.
Ferner werden die Einstellungen auf der Frontplatie
durch Befehle auf den neuesten Stand gebracht. Die
Geriteeinsteliungen werden durch Umschaltungen
zwischen den vier remote-local Zustanden nicht beein-
fluBt. Bei REMS oder RWLS ist die Anzeige REMOTE
erleuchtet.

Local State (LOCS)

in LOCS werden die Einstellungen des Gerates durch
die Bedienungsperson uber die Bedienungselemente
auf der Frontplatte gesteuert. In diesem Status werden
nur Bus-Befehle ausgefihrt, die die Einsiellungen des
Gerétes nicht verandern (Abfragebetehle); alle anderen
Bus-Befehle {Einstellung und Betrieb) erzeugen einen
Fehler, da ihre Funktionen Gber die Frontplatte gesteuert
werden.

Local With Lockout State (LWLS)

Das Gerét arbeitet in gieicher Weise wie bei LOCS mit
der Ausnahme, daf rtl keine Umschaltung auf Fernbe-
dienung beinhaltet.

Remote State (REMS)

In diesem Status fuhrt das Gerdt alle Geréitebefehle
aus. Bei Befehlen mit Anzeigen auf der Frontpiatte, wird
nach Ausfihrung dieser Befehle die Anzeige auf der
Frontplatte aktualisiert.

Remote With Lockout State (RWLS)

Die Arbeitsweise des Gerdtes entspricht der bei
REMS mit der Ausnahme, daB die Mitteiiung rtl ignoriert
wird.

STATUS- UND FEHLERBERICHT

Uber die Funktion Bedienungsabtrage (definiertinder
IEEE-488 Norm) kann das Gerat den Controller darauf
aufmerksam machen, daB es Bedienung benétigt. Dieser
Bedienungsruf dient auch zur Anzeige, daB ein
bestimmtes Ereignis (eine Stausénderung oder ein
Fehtler) autgetretenist. Um den Ruf zu bedienen, fihrtder
Controller eine Serienabirage durch; darauf antwortet
das Gerat mit einem Statusbyte (STB) das anzeigt, ob es
eine Bedienung verlangt hat oder nicht. Das STB kann
auch eine begrenzte Menge an Information dber den
Bedienungsruf enthalten. Das Format der im STB
kodierten information wird in Bild 3-2 dargestellt.
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Wenn das Datenbit 8 eingestellt ist, beférdert das STB
Statusinformation, die durch die Bits 1 bis 4 gekenn-
zeichnet sind, Bit 4 wird eingestelit, wenn das DM 5010
auf eine Triggerung wartet; Bit 3 zeigt an, daB eine
Messung zur Verfligung steht.

Da die vom STB beférderte Information Uber ein
Ereignis begrenzt ist, sind die Ereignisse in Klassen
aufgeteilt; die Klasse wird im Statusbyte angegeben. Die
Ereigniskiassen werden wie folgt definiert;

COMMAND Das Gerit hat einen Befehi emptangen,
ERROR den es nicht verstehen kann.

EXECUTION Das Geréat hat einen Befehl empfangen,

ERROR den es nicht ausfOhren kann, verur-
sacht durch Argumente auflerhalb des
Bereichs oder  widersprichliche
Einsteliungen.

INTERNAL Das Gerit hat ein Hardware- oder Firm-

ERROR ware-Problem entdecki, das den
Betrieb verhindert.

SYSTEM Ereignisse, die fir alle Geréte in einem

EVENTS System gleich sind (z. B. Power on, User

Request usw.).
INTERNAL Dadurch wird angezeigt, daB das Gerat

WARNING ein Problem entdeckt hat. Das Gerat
bleibt in Betrieb, aber das Problem sollte
berichtigt werden (z. B. die Kalibrierung
stimmt nicht).

DEVICE Vom Gerét abhangige Ereignisse.

STATUS

__ ]It 0. STB indicates event class
; it 1. STB indicates device status
!
I - 1 requesting service
It
| | |~ — 1mdicates an abnormal event
o
: | } (= 11t message processor is busy
| t
1
(o : I - ——= ==~ Detine Events
A
[ B N
I 1 1 DATABITS | | DECIMAL
| | | I | | 1 |
I [ | I | 1
Status Byte Not
(Exampie} | 8 | 7161 5] 43| 2|1 busy | Busy
Power
on cir|o|xjolofoln 65 | 81

2994-D8

Bild 3-2. Definition der STB Bits

Das Geré4t kann zusatzliche Informationen Ober viele
der Ereignisse liefern, besonders tber die im Statusbyte
berichteten Fehler. Nach der Feststellung, daB das Geréat
nach Service gerufen hat (durch Pr{ifung des STB), kann
der Controller mit einer Fehieranfrage ,ERR?" weitere
Informationen abfragen. Das Gerat antwortet mit einem
Code, der das Ereignis definiert. Diese Codes werden in
Tabelle 3-1 beschrieben.
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Tabelle 3-1
FEHLERABFRAGE UND STATUSINFORMATION

Programmierung - DM 5010

Tabelle 3-2
FRONTPLATTEN UND FEHLERCODES

Antwort | Antwort
auf Fehler-|auf Serial
abfrage Poll®

Beschreibung

Befehis-Fehler:

Ungiltiges Befehls-Kopfteil 101 a7
Fehler im Kopfteil-

Trennzeichen 102 97
Fehler im Argument 103 97
Fehler im Argument-

Trennzeichen 104 a7
Argument fehit 106 a7
Ungultiges Mitteilungs-

Endezeichen 107 87

Austihrungs-Fehler:
Bei Eigenbedienung nicht

ausfihrbar 201 98

Einstellungen durch rtl

verloren 202 o8

Ein- und Ausgangs-Puffer voll 203 o8

Argument auBerhalb des

Bereichs 205 98

Gruppentriggerung ignoriert 206 98

Nicht kalibriert 231 o8

AuBerhalb der Katibrier-

oder Null-F&higkeit 232 a8
interne Fehler:

Unterbrechungs-Fehler 301 99

System-Fehler 302 99

Rechen-Fehler 303 99

Wandier-Ausfall 31 99

Frontplatten-Ausfall 317 99

Schiechte Ohm-

Kalibrierungskonstante 318 99

Kalibrier-Priafsummentehler 351 09

Normale Ereignisse

System-Ereignisse:

Einschaltvorgang 401 65

Arbeit beendet 402 66

ID Anwenderabfrage 403 67
interne Warnung:

Bereichsiberschreitung 601 102
GeratestatusP:

Messung verfigbar 0] 132

Warten auf Triggerung 0 136

Messung verfigbar und

Warten auf Triggerung 0 140

Unterhalb der Grenzwerte 701 193

Oberhalb der Grenzwerte 703 185

Keine Fehler oder Ereignisse 0 128

3wenn das Geritarbeitet, antwortetes miteiner Zahl, die um16 hdher
ist als die angegebene Zahl,

bgei Contraliern der Serie 4050 wird der Befehl POLL fiir Serial Poli-
Antworten zwischen 128 und 192 mit 0 beantwortet; man erhiiit die
aufgelisteten Antworten durch die Statements WBYTE und RBYTE.
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Darstellung Beschreibung

Aust{ihrungs-Fehler

205 Argument auBerhalb des Bereichs
231 Nicht kalibriert
232 AuBerhalb der Kalibrierfahigkeit

Interne Fehler

303 Rechen-Fehler

311 Wandler-Ausfall

317 Fronplatten-Ausfall

318 Schlechte Ohm-Kalibrierkonstante
340 RAM Fehler (positiv)

341 RAM Fehler {negativ)

351 Kalibrier-Prifsummenfehler

372 ROM Piazierungsfehier C000
373 ROM Plazierungsfehler DO00
374 ROM Plazierungsiehler EOOQOD
392 ROM Prufsummenfehler CO000
393 ROM Prufsummentehler DO0O
393 ROM Prixfsummenfehler ECOO
395 ROM Prifsummenfehler FOOO

321 Zeigt an, daB der GPIB Adressenschalter
{Signatur-Analyse) freigegeben ist

Wenn mehr als ein Ereignis zu berichten ist, gibt das
Gerét weiter SRQ aus bis alie Ereignisse berichtet sind.
Nach dem Bericht Uber die Serienabfrage wird jedes
Ereignis automatisch geldscht. Die Interface-Mitteilung
Device Clear (DCL) kann zur Laschung aller Ereignisse,
mit Ausnahme von Power on, verwendet werden.

Zur Steuerung des Berichts einiger individueller
Ereignisse und far das Sperren aller Bedienungsrufe
stehen Befehle zur Verfigung. So bietet z. B. der Befehl
User Request (USER)} individuelle Steuerung Ober den
Bericht der Anwenderabtrage, die nach Driicken der
Taste INST ID auf der Frontpiatte auftritt. Der Befeh|
Request for Service (RQS) steuert, ob das Gerat irgend-
ein Ereignis mit SRQ berichtet.

RQS OFF héalt alle SRQ's zuriick (auBer Power onj, 80
daB die Abfrage ERR? in dieser Betriebsart dem
Controller erméglicht, Ereignisse herauszufinden, ohne
zuerst eine Serienabfrage durchzutlihren. Bei RQS OFF
kann der Controller jederzeit die Abfrage ERR7 stelien
und das Gerat antwortet mit einem Ereignis, das darauf
wartet berichtet zu werden. Der Controlier kann durch
Senden der Fehierabfrage alle Ereignisse Iéschen, bis
ein Nuilcode (0) erscheint. oder alle Ereignisse, auBer
Power on, durch die Interface-Mitteilung DCL 16schen.

Bei RQS OFF kann der Controller eine Serienabfrage
durchfihren, wobei das Statusbyte aber nur geriteab-
hangige Statusinformation enthalt. Bei RQS ON enthalt
das STB die Kiasse des Ereignisses und einen darauffol-
genden im STB berichtieten Fehier.

German 3-25



Programmierung — DM 5010

DAS SENDEN VON INTERFACE
STEUER-MITTEILUNGEN

Die nachstehenden Controller-Befehle gelten far
TEKTRONIX-Controller der Serie 4050 und reprasentativ
fir andere Controller.

Geratebefehle werden an das DM 5010 in ASCll durch
Anwendung der PRINT Statements Ubertragen. Als
Antwort auf INPUT Statements vom Controller gibt das
DM 5010 Daten aus. Zum Beispiel:

PRINT @ 16:,SET?"
INPUT @ 16:AS

wobei 16 die GPIB-Priméaradresse des DM 5010 ist.

interface-Steuermitteilungen  kénnen mit  den
Controlier-Betehien WBYTE an das DM 5010 gesendet
werden. In den folgenden Beispielen sind A und B die
Talk- und Listenadressen des DM 5010. Fir A die Primar-
adresse plus 32; fur B die Primaradresse plus 64.

Listen (MLA) WBYTE @ A:
Unlisten (UNL}) WBYTE @ 63:
Talk (MTA) WBYTE @ B:
Untalk (UNT) WBYTE @ 95:
Device Clear (DCL) WBYTE @ 20:
Selected Device Clear (SDC) WBYTE @ A 4:
Go To Local (GTL) WBYTE @ A 1;
Remote With Lockout (RWLS) WBYTE @ A17:
Local With Lockout (LWLS) WBYTE @ 17:

Group Execute Trigger <GET> WBYTE@ A 8:
Serial Polt Enable (SPE) WBYTE @ 24:
Serial Poli Disable (SPD) WBYTE @ 25

informationen tiber die Anwendung des RBYTE State-
ments enthalt das Handbuch fur Controller der Serie
4050.

wwwéalbetronics.com

EINSCHALT- (ANFANGS-) BEDINGUNGEN

Beim Einschaiten fohrt der Microprozessor des
DM 5010 eine Diagnoseroutine {Selbsttest) durch, um
die Funktion des ROM und RAM zu prifen. Wird Kein
Fehler entdeckt, schaltet das Gerat auf Eigenbedienung
(LOCS) mit den in Tabelle 3-3 aufgelisteten Einstei-
lungen um. Die SRQ Leitung am GPIB ist ebenfalls
geltend gemacht.

Die in Tabelie 3-3 enthaltenen Einstellungen werden
vom DM 5010 auch angenommen, wenn es den Befehl
INIT ausfuhrt. Die Bereichseinstellung fur die Funktion
DCV gilt nur fir die erste Messung, da das Gerat im AUTO
Bereich arbeitet.

Tabelle 3-3
DM 5010 EINSCHALT-EINSTELLUNGEN
Kopfteil Argument
AVE 2
CALC OFF
DER 1
DCV -1.E+3
DIGIT 4.5
DT OFF
LFR OFF
LIMITS 0.0
MODE RUN
MONITOR OFF
NULL 0
OPC OFF
OVER QFF
RATIO 1,0
RQS ON
SOQURCE FRONT
USER OFF
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ASCIl & IEEE 488 (GPiB) CODE CHART

87 ) ) "] 0 1 1 1 1
B )
s ® ] 'ef Y1 %0} 4] o] 4
BrYs NUMBERS
B3 m ;| CONTROL SYMBOLS UPPER CASE LOWER
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1" LT P31 [T3] L3 t m m L3 m
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15 35 L1 75 15 136 g 129
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KEY TO CHART

OCtM mmeee TS rru-+——GPB code
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339113

Bild 3-3. ASCIt und IEEE 488 (GPIB) Code.
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Programm Beispiele

100
110
120
130
140
150
160
170
igD
190
200
210
220
230
240
250
260
270
280
290

Diese Programm-Beispiele erméglichen

Sprecher/Hérer Programm fiir Controller
der TEKTRONIX Serie 4050.

REN DA%0IO0 Talker/Listener Prosras
RER DM5010 Prieary Addrass = 16
INIT

OM SRQ THEM 240

DIA AS(2D0)

PRINT "Entar Masasda(s)r "}
INFUT (s

PRINT R14:C%

REN Chack for asuveries

IF POS(CS, "?",1)<>0 THEM 220
RENR Chetk for *SEND’

IF FOS{CSs,."SEND",1)s0 THEH 15C
REN Inrut frow device

INPUT Ri&tAS

PRINT A$

60 T¢ 150

REM Serisl FOLL Routine

POLL X,YJ1é

FRINT "Ststus Buted: "3Y

RETURNM

einem

Anwender Geratebetehle an das DM 5010 zu senden, um
Gersteeinstellungen zu dndern und die erzeugten Daten
abzurufen.

Weitere Unterstitzung bei der Entwicklung spezieller,
anwendungsorientierter Software finden Sie in den
nachstehenden TEKTRONIX Handblchern.

070-3885-GPIB Programming Guide. Dieses Hand-
buch wurde speziell fir die Anwendung dieses
Gerates in IEEE-488 Systemen geschrieben. Es
enthalt Programmierungsanieitungen, Tipsund einige
spezielle Programmbeispiele.

070-2270-00-4051 GPIB Hardware Support Manual.
Dieses Handbuch bietet eine eingehende Diskussion
des IEEE-488 Bus Betriebs, Erklarungen der Bus
Timing Details und friihe Bus Interface-Schaltungen.

wwwAiGétronics.com

Sprecher/Hbrer Programm fir Controlier
der TEKTRONIX Serie 4040.

98 REM DM3018 TALKER/LISTENER PROGRAM
95 REM DMS5818 PRIMARY ADDRESS = 16
1860 OPEN B1:"GPIB(PR1=16, EOMe(>) "

116 ON SRQ THEN GOSUB 240

115 ENABLE SRQ

120 DIM as TO (200>

130 PRIHT "ENTER COMMAND(S) ~ RUERY *

140 INPUT C#

145 IF Cs="EX" THEN GOTO 230

158 PRINT #1:C$

168 REM CHECK FOR QUERIES

176 IF POS(Cs."?",1)(>@ THEN GOTO 209
188 IF POS(C$.“SEND".1)=@ THEN GOTO 138
198 REM INPUT FROM DEVICE

208 INPUT 81 :A$

218 PRINT A$

228 G010 130

230 STOP

248 POLL SB.P.S/16

256 PRINT "SR@ SEEN, STATUS BYTE WAS:“.SB
268 RETURN

070-2058-01 - Programmieren in BASIC.

070-2059-01 - Graphisches Programmieren in
BASIC.

062-5971-01 - Programmierungshitfen Serie 4050, T1
(incl. Software).

062-5872-01 - Programmierungshilien Serie 4050, T2
{incl. Software).

070-2380-01 - 4807 File Manager Betriebsanieitung.
070-2128-00 - 4924 Anwender-Handbuch.

070-1940-01 - Graphisches System Serie 4050
Betriebsanleitung.

070-2056-01 - Graphisches System Serie 4050
Berzugshandbuch.

070-3918-00 - 4041 Betriebsanleitung.
061-2546-00 - 4041 Programmierungs-Handbuch.
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PROGRAMMIERUNGSHILFEN

Diese Besprechungder Programmierungsvorschlage
und die Programmbeispiele dienen als Hilfe bei der
Entwicklung von Programmen zur Steuerung des
DM 5010. Die Programmbeispiele wurden mit einem
Controller der Serie 4050 und dem DM 5010 entwickelt;
bei einigen Beispielen wurden auch andere TM 5000
Gerate verwendet.

Ein erster Programmierungsvorschlag betrifft die
Einsteliung der Betriebsartenschalter des DM 5010 fir
das Mitteilungs-Endezeichen, die GPIB Adresse und die
Betriebsart Talk Only. Zur Bestimmung ihrer derzeitigen
Einstellung driicken Sie die Taste INST ID. Die darge-
stellte Zahl ist die gewahlte GPIB Priméradresse; das
Dezimalzeichen ganz rechts leuchtet auf, wenn als
Mitteilungs-Endezeichen LF/EQi gewahltist; das Minus-
zeichen leuchtet auf, wenn die Betriebsart Talk Only
gewdhlt ist. Hinweise zur Anderung der Schaltereinstel-
lungen findet qualifiziertes Servicepersonal in diesem
Handbuch im Abschnitt ,Wartung®.

In den Programmbeispielen ist die Variable D der GPIB
Primaradresse des DM 5010 zugeordnet von der ange-
nommen wird, daB sie auf das Dezimalidquivalent 16
eingestellt ist. Die Verwendung einer Variablen eliminiert
die Wiederholung der Adressen-Dezimalzahi und
erméglicht die einfache Anderung der Adresse im
Programm.

Behandlung von Service-Abfragen (SRQ)

Beim Einschalten macht das DM 5010 SRQ geltend.
Das Einschalt SRQ ist eingesetzt, um den Controller zu
informieren, wenn die Spannungsguelle wihrend der
Programmbearbeitung unterbrochen wird, da dies die
richtige Programmausiihrung beeinfiussen kann, Wenn
RQS freigegeben ist, kann das DM 5010 auch fir andere
Ereignisse SRQ geltend machen (siehe Tabelle 3-1,
Fehlerabtrage und  Status-information).  Einige
Controller kénnen SRQ's ignorieren; andere Controlier
miussen alle SRQ's bedienen. Wenn SRQ's im Programm
bedient werden missen, stellen Sie sicher, daB seine
Unterbrechung freigegeben wird.

interrupt Handier

Eine Interrupt gesteuerte Routine zur Bedienung von
SRQ's, die wahrend der Programmbearbeitung aufire-
ten. Ein interrupt-Handler besteht im wesentlichen aus
einem ON SRQ Statement am Anfang des Programms
und einer Serial Poll-Routine irgendwo im Programm.
Das ON SRQ Statement richtet die Programmsteuerung
auf die Serienabfrage-Routine wenn ein SRQ auftritt.
Siehe Programmbeispie! 1 oder 3, Zeile 110 fur ON SRQ
Statements. Wenn ein SRQ Interrupt auftritt, fihrt der
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Controller die Serienabfrage-Routine durch. In einem
POLL Statement gibt die erste Variable die Gerateposi-
tion in der Liste der GPIB Adressen an; die zweite
Variable gibt das Statusbyte an. Eine Serienabfrage
eines Gerétes am Bus wird in Beispiel 3, Zeile 1000 illu-
striert. In Beispiel 4 frag! Zeile 400 drei Geréte auf dem
Bus ab und verwendet die Variable fiir jede Ger4te-
adresse. In jedem Beispiel zeigt POLL das Statusbyte
des Gerstes an, das SRQ geltend gemacht hat.
Programmbeispiel 9 Zeilen 150, 160 und 170 faBt eine
Serienabfrage mit den Statements WBYTE und RBYTE
der Serie 4050 zusammen.

Die Serienabfrage-Routine kann zur Dekodierung von
information Gber das SRQ ausi$sende Ereignis erweitert
werden. Die Zeilen 510 und 520 in Beispiel 1 i¢schen das
Arbeitshit im Statusbyte; die Zeilen 530 bis 560 deko-
dieren das Statusbyte und die Zeilen 1000 bis 7030
drucken die Ereignisklasse aus.

Programmbeispiel 7 verwendet das MONITOR SRQ
um Messungen herauszufinden, die oberhalb oder
unterhalb der mit dem Befehl LIMITS eingestellten
Grenzwerte liegen. Die Zeilen 1020, 1040, und 1045 deko-
dieren das Statusbyte und veranlassen den entspre-
chenden Ausdruck aut dem Controlierdisplay.

in Programmbeispiel 2, Zeile 130 fragt der Controller
das Gerét an Adresse 16 ab, um das Einschalt-SRQ zu
ldschen. Zeile 116 schaltet RQS ab, um weitere SRQ's zu
verhindern. Wenn RQS OFF ist, kann die Abfrage ERR?in
das Programm eingefigt werden, um wenn es erforder-
lich ist, einen Ereignisstatus zu bestimmen.

Frontplatten-Abschaltung

Die Bedienung von der Frontplatte kann abgeschaltet
werden, so daB nur der Controller Geréteeinstellungen
dndern kann. Zur Abschaltung der Frontplatte machen
Sie zuerst REN geltend. Solange Abschaltung der Front-
platte gewlnscht wird, muBf REN giiltig bleiben. Bei
Controllern der Serie 4050 macht das RUN Statement
automatisch REN geltend; das Statement END hebt REN
auf. Dann senden Sie die Interface-Mitteilung LLO (Dezi-
malaquivalent 17 mit ATN}. Bei der Serie 4050 geschieht
dies mit dem Statement WBYTE. Zuletzt adressieren Sie
das Gerét, indem Sie einen Einstell- oder Abfragebefeni
mit dem Statement PRINT @ D: oder nur die Listen-
Adresse mit einem WBYTE Staiement senden. Nach
diesen drei Schritten ist die Frontpaitte abgeschaltet
und bieibt so, bis REN falsch wird oder eine <GTL>
Mitteilung (Dezimal&guivalent 1 mit ATN) gesendet wird.
Siehe Programmbeispiel 4, Zeilen 150 und 180; und
Beispiel &, Zeilen 130 und 220.
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Die Verwendung von INIT

Die Verwendung des Befehis INIT vereinfacht das
Programm, da man gewdhnlich weniger Befehle zur
Einstellung des Geritestatus bendtigt als far die indivi-
duelle Spezifizierung aller Einstellungen. im Programm-
beispiel 6, Zeile 150 empféangt das DM 5010 den Befehl
INIT gefoigt von einer Serie von Befehlen, die den Gerate-
status von den INIT {(Einschalt-) Einstellungen in den
gewinschten Status &ndern.

Léschen einer Darsteliung

Nach einer Anderung des Eingangs kann es
winschenswert sein, die derzeitge Anzeige zu lbschen,
da sie nicht mehr der jetzigen MeBbedingung entspricht.
Eine Mbglichkeit ist es, dem Gerat einen Einstellbefenl zu
senden - dies veranlaBt das Gerat die Daten im
Ausgangs-Puffer zu 16schen. Ein weiterer Weg ist dem
Controller eine Messung einzugeben und sie zu igno-
rieren,

Durch Verwendung von MODE TRIG bei der Messung
konnen unglitige Anzeigen vermieden werden.

Aliowing Settling Time

Um sicherzustellen, daB die an den Controller (ber-
mittelte Messung glltig ist, kann in einem Programm
Settling Time enthalten sein. Siehe Step Response Time
im Abschnitt ,Spezifikation®.

in Programmbeispiel 4 verwenden die Zeilen 230-250
eine FOR..NEXT Schieife zur Eingabe wvon fanf
Messungen in die Variable R. Am Ende der Schleife
enthilt die Variabie R die finfte Messung.

in Programmbeispiel 5 Zeilen 290-320 werden zwei
DM 5010 Messungen verglichen; wenn die Differenz
gréBer als 0,001 ist, wird eine weitere Messung zum Ver-
gleich herangezogen. Die Vergieiche werden wiederholt
bis die Differenz anzeigt, dal zwei Messungen nahezu
gieich sind.

Getriggerte Messungen

Zur Aufldbsung einer einzelnen Umwandiung
verwenden Sie MODE TRIG und initiieren eine Trigge-
rung mit einem der nachstehenden Vorgange:

1. Adressieren Sie das Gerat als Talker. Siehe
Programmbeispiel 2, Zeile 180.

2. Befehl SEND.
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3. Senden Sie DT TRIG. Danntriggern Sie das DM 5010
durch Ubetragung einer Group Execute Trigger (GET)
interface Mitteilung (Dezimalaquivalent 8 mit ATN). Siehe
Programmbeispiel 8, Zeilen 120 und 5.

4. Wenn die Betriebsart EXTRIG freigegeben ist,
haiten Sie fiir 10 s oder weniger P1031-16A am Isolation
Board auf Masse.

5. Veranlassen Sie, daB die Bedienungsperson die
Taste TRIGGERED auf der Frontpiatte drickt.

Fur wiederho'te (freilaufende) Triggerung verwenden
Sie den Befeh! MODE RUN. Ist die Betriebsart EXTRIG
freigegeben, halten Sie P1031-16A am isolation Board auf
Masse.

Verfiigbarkeit von Ablesungen

Wenndas Gerét als Talker adressiert ist oder wenn der
Befehl SEND zum Abruf von Daten verwendet wird, ist es
nicht erforderlich zu bestimmen, ob eine Ablesung
verfugbarist. Fiirjede dieser Abrufmethodentriggert das
Gerat eine Uberiragung wenn keine Ablesung ansteht.

Fur andere Abrufmethoden gibt es mehrere Wege zu
bestimmen, ob eine Ablesung verfligbar ist.

1. Senden Sie den Abrufbefehi RDY?. Ist die Antwort 1
ist eine Ablesung fertig. Siehe Programmbeispiel 3, Zeile
140.

2. Stelien Sie OPC ON und RQS ON. Das Gerat macht
SRQ geltend, wenn eine Abiesung verfigbar ist. Siehe
Beispiel 8, Zeile 150.

3. Wiederholen Sie eine Serienabfrage-Routine mit
den Statements WBYTE bis das Statusbyte 132, 148, 140
oder 156 ist. Siehe Beispiet 8, Zeilen 150 und 200,

RDY?, OPC ON und die Serienabfrage-Routine sind
natzlich, wenn mehrere Aufgaben gleichzeitig ablaufen.

Senden an einen Horer (Listener)

Um eine DM 5010 Messung an einen GPIB Listener
ubertragen zu kdnnen, muB das empiangende Gerét als
Listener adressiert sein. Dann adressieren Sie das
DM 5010 ats Talker for die Ubertragung der Messungen.
Erfoigt die Sendung an einen Controller, kbnnen die
Daten in einen String oder nummerische Variable
gelesen werden. Siehe Programmbeispiele 2, Zeile 180
und 3, Zeile 150.
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WARNING

THE FOLLOWING SERVICING INSTRUCTIONS
ARE FOR USE BY QUALIFIED PERSONNEL
ONLY. TO AVOID PERSONAL INJURY, DO NOT
PERFORM ANY SERVICING OTHER THAN THAT
CONTAINED IN OPERATING INSTRUCTIONS
UNLESS YOU ARE QUALIFIED TO DO SO.
REFER TO OPERATORS SAFETY SUMMARY
AND SERVICE SAFETY SUMMARY PRIOR TO
PERFORMING ANY SERVICE.
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Section 5—DM 5010

PERFORMANCE CHECK

Introduction

This performance check verifies the Electrical Perfor-
mance Requirements as listed in the Specification section in
this manual. Perform the Adjustment Procedure if the instru-
ment fails to meet these checks. For convenience, many
steps in this procedure check the performance of this instru-
ment at only one value in the specified performance range.
Any value within the specified range, within appropriate lim-
its, may be substituted. The performance check may be
done at any ambient temperature between 0° and +50°C.
Performance limits for two ambient temperature ranges are
listed for some steps. Use the data listed for the tempera-

ture at which the instrument is operating. A summary sheet
is provided at the back of this section for recording perfor-
mance check results.

Test Equipment Required

The test equipment listed in Table 5-1, or equivaient, is
recommended to perform the performance check. Specifica-
tions given for the test equipment are the minimum neces-
sary for accurate performance verification. All test
equipment is assumed to be correctly calibrated and operat-
ing within specification.

Tabie 5-1
TEST EQUIPMENT LIST
Minimum Performance Recommended
Description Requirements Check Step Equipment

TM 5000-Series Power all TEKTRONIX TM 5003, Opt. 02
Module
D¢ voltage calibrator +200 mV: £(0.0038% of rdng 1,2, 3 Fluke 335D D¢ Voiltage Standard

+ 0.0025% of range)

+2V.200 V: £(0.0038% of

rdng + 0.0013% of range)

+1000 V: +(0.005% of rdng +

0.0025% of range)
Ac voltage caiibrator 200 mV through 200 V: 2.3.4 Fluke 5200A Ac Calibrator, and

10-20 Hz: +(0.20% of rdng +
0.08% of range)

20-100 H2: +(0.20% of rdng
+0.05% of range)

100 Hz-20 kHz: +(0.05% of
rdng + 0.05% of range)

0.12% of range)

700 V:
10-20 Hz: +{0.20% of rdng +
0.22% of range}

0.15% of range}
100 Hz-15 kHz: +{0.05% of
rdng + 0.15% of range)

20-100 kHz: +(0.25% of rdng +

20-100 Hz: +{0.20% of rdng +

Fluke 5215A Power Amplifier

@
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Performance Check—DM 5G10

Tabie 5-1 (cont)

Minimum Performance Recommended
Description Requirements Check Step Equipment
Resistance standard® 200 ©: +(0.0038% of rdng + 5 Electro Scientific Industries, Inc.
0.0038% of range) D8 62 Dekabox and SR1 10 MQ
2 k-200 k$2: =(0.0038% of rdng Standard Resistor
+ 0.0025% of range)
2 MQ: +(0.025% of rdng +
0.0025% of range)
20 MQ: =(0.038% of rdng +
0.0012% of range)
Counter 100 MHz +{.0016% 4 TEKTRONIX DC 509 Universal
Counter/Timer®
Resistor 100 kf2, =5%, 1/4 W 3 Tektronix Part No. 315-0104-00
Resistor 604 Q, £1%, 1/4 W 6 Tektronix Part No. 322-0172-00
Controller GPIB compatible 9 TEKTRONIX 4050-Series Controller
or TEKTRONIX 4041 Controiler

anesistance of Dekabox and interconnect cable must be known to the accuracy listed in Table 5-1 for each point checked in the Ohms

Accuracy check.

“Requires a TM 500/5000-Series power moduie.

Preparation

Make certain the 50-60 Hz jumper is positioned to match
the power module line frequency. To check the jumper posi-
tion, turn the two plastic fasteners on the left side cover and
remove the cover. Refer to Fig. 10-1 in the pullout pages for
the jumper location and position. Replace the side cover.

{install the DM 5010 in the power module, and apply pow-
er. Allow 30 minutes warm-up time (60 minutes after stor-
age in high-humidity environment) before beginning the
performance check.

Dangerous voltages may be encountered in the fol-
lowing steps. Caution must be exercised. Do not con-
tact the output connectors of the volftage calibrator,
the input terminals of the DM 5010, or the internal cir-
cuitry of the DM 5010. Set all voltage calibrators to a
minimum output before making the necessary
connections.

www’.valuetronics.com

Preliminary Control Settings

DCV on

NULL off

LOW FREQ RESPONSE off

RANGE STEP (200 mV range}
TRIGGER MODE RUN on
CONVERSION RATE FAST off
CALCULATIONS all off

REAR INPUT off

1. Check D¢ Voitage Accuracy

a. Set the DM 5010 front-panel controls to match the
preliminary control settings listed above.

b. Connect the dc voitage calibrater to the DM 5010
HIGH and LOW input connectors through appropriate ca-
bles and adapters.

¢. Set the calibrator cutput to the voltage listed in Table
5-2.

REV JAN 1883



d. CHECK—that the DM 5010 display reads within the
display limits {isted in the table.

e. Set the CONVERSION RATE (FAST button) as listed
in the next line of the table.

f. CHECK—that the DM 5010 display reads within the
limits listed in the table.

Table 5-2

Performance Check—DM 5010

DC VOLTAGE ACCURACY

g. Repeat parts ¢ through f for the succeeding lines of
the table.

h. Set the cailibrator to a minimum output voltage.

i. Remove ali connections to the DM 5010.

Display Limits
DM 5010 D¢ Calibrator DM 5010 Ambient Temp. Range Ambient Temp. Range
Range Voltage FAST +18 to +28°C 0 to +18°C, +28 to
+50¢C
200 mv 0.0V oft +0.02 to —0.02 +0.07 to -0.07
on +0.1to —0.1 +02to —-0.2
2V oov on +.001 to —.001 +.002 to —.002
off +.0001 to —.0001 +.0006 to —.0006
20v oov off +0.001 to —0.001 +0.006 to —0.006
on +0.01 to —0.01 +0.02 to —0.02
200V oov on +0.1to —0.1 +02t0 0.2
off +0.01 to —0.01 +0.06 to —0.06
1000 v ooV off +0.1t0 -0.1 +0.4to —04
on +1.to —1. +2.to -2,
200 mv 190 mv off 189.95 to 190.05 189.82 t0 190.18
on 189.8 to 190.2 189.6 to 190.4
2V 1.9V on 1.898 to 1.802 1.896 to 1.804
off 1.8996 to 1.9004 1.8983 to 1.9017
20V 18,V off 18.996 to 19.004 18.983 t0 19.017
on 18.98 to 19.02 18.96 to 19.04
200V 190. Vv on 189.8 to 180.2 189.6 to 190.4
off 189.96 to 190.04 189.83 to 190.17
1000 V 950. v off 949.7 to 950.3 949.0 t0 951.0
on 948. to 952. 947. to 953.
Set the calibrator output t0 a minimum level.
200 mv —190 mV off —189.95 to —190.05 —188.82 to -190.18
on —189.8 to —190.2 —189.6to —190.4
2V 19V on —1.898 to —1.902 —1.896 to —1.804
off —1.8996 to —1.9004 —1.8983 to —1.9017
20V —18.V off —18.996 to —19.004 —18.983 to —19.017
on —18.98 to —19.02 —18.96t0 —19.04
200V —190. v on —188.8 to —190.2 —18961tc —190.4
off —189.96 to —190.04 —189.83 to —190.17
1000 V -850. v off —949.7 to —950.3 —949.0to0 —851.0
on —~948. to —952. —947. to -953.

REV AUG 1984
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Performance Check—DM 5010

2. Check Ac Voltage Accuracy

a. Set the DM 5010 front-panel controls to the prelimi-
nary control settings with the following exception:

ACV+DCV on

b. Connect the ac sinewave voltage calibrator to the
DM 5010 HIGH and LOW input connectors.

¢. Set the ac voltage calibrator output to the voltage and
frequency listed in Table 5-3 or 5-4, depending on the ambi-
ent temperature.

NOTE

For the 10 and 20 Hz checks, press the LOW FREQ
RESPONSE button to obtain a stable display. Re-
lease the button for the remaining frequency checks.

d. CHECK—that the DM 5010 display reads within the
display limits for the frequencies and FUNCTIONS listed in
the table (Dc input limits using ACV+DCV function are
checked later in this step.)

e. Set the CONVERSION RATE (FAST button) as listed
in the next line ¢of the table.

f. CHECK—that the DM 5010 display reads within the
limits for the frequencies and FUNCTIONS listed in the
table.

g. Repeat parts c through f for each remaining line of the
tabie. For the 200 and 700 V range checks, use the power
ampilifier.

h. Set the ac voltage calibrator to a minimum output and
replace the ac calibrator with the dc voltage calibrator.

i. Setthe DM 5010 range and the FAST button as listed
in the first line of the table.

j. Set the dc calibrator output to the first voltage listed in
the table.

k. Repeat parts ¢ through f for each line of the table,
checking only the display limits for dc input.

I. Set the dc voltage calibrator to a minimum output and
remove all connections to the DM 5010.

Table 5-3
AC VOLTAGE ACCURACY

(Ambient Temp. Range +18 to +28°C)

DM 5010 FUNCTION
ACV+DCV ACY ACV ! ACV+DCV ACY
Calibrator Fregquency
DM 5010!Calibrator| DM 5010 10 HZ* 20 Hz" 20 kHz Dc 100 kHz
Range | Voltage | FAST
Display Limits
200 mV | 180. mV off 1182.12 to 187.88| 191.92 to 188.081 190.78 to 189.22| 191.48 to 188.52 | 192.90 to 187.10
100. mv 101.40 to 98.60 | 101.20 to 98.80 | 100.60 to 99.40 | 101.30 to 98.70 | 102.00 to 98.00
10. mvV 10.68 t0 9.32 10.46 to 9.54 10.42 t0 9.58 11.12 to 8.88 11.10 to 8.90
190. mV on [192.1tc 187.9 |191.9to 1881 190.8 to 189.2 {19151t 188.5 192.9 to 1871
100. mv 101.4 to 98.6 101.2 10 98.8 100.6t0 99.4 101.3 to 88.7 102.0 to 98.0
10. mv 10.7 0 9.3 105t0 9.5 10.5t0 9.5 11.2t0 8.8 11.1t0 8.9
8-4 REV AUG 1984
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Table 5-3 (cont)

Performance Check—DM 5010

DM 5010 FUNCTION

ACV+DCY ACV ACV ACV+DCV ACV
Calibrator Frequency
DM 5010;Calibrator|DM 5010 10 Hz* 20 Hz* 20 kHz De 100 kHz
Range | Voitage | FAST
Dispiay Limits
2V 18V on ]1.921 to 1.879 1.919 to 1.881 1.908 to 1.892 1.929 to 1.871
1.V 1.014 to 986 1.012 to .988 1.006 to .994 1.020 to .980
av .107 to .093 105 to 095 105 to .095 111 to .089
1.9V off 11.9212to 1.8788 |1.9192 to 1.8808 1.9078 to 1.8922 1.9290 to 1.8710
1.V 1.0140 to .9860 (1.0120 to .9880 1.0060 to .9940 1.0200 to .8800
1V .1068 to .0832 |.1046 to .0854 .1042 to .0958 1110 to .0890
20V 19.V off |19.212 to 18.788 |19.192 to 18.808 19.078 to 18.922 19.290 to 18.710
10.V 10.140 to 9.860 |10.120 to 9.880 10.060 to 9.940 10.200 to 9.800
1.V 1.068 to .932 1.046 to .954 1.042 to .958 1.110 to .890
18. V on [19.21 to 18.79 19.19 to 18.81 19.08 to 18.92 19.29 to 18.71
10.V 10.14 t0 9.86 10.12 t0 9.88 10.06 to 9.94 10.20 to 9.80
1.V 1.07 to .93 1.051t0 .95 1.042 to .958 1.11 to .89
200V | 190.Vv on [1921t0 1879 [191.9t0c 188.1 [190.8t0 1892 |191.4t0 1886 |[192.91t0 1871
100. v 101.4 to 98.6 101.2to 98.8 100.6 to 99.4 101.2 to 98.8 102.0 to 98.0
10.V 10.7 to 9.3 10.51t0 9.5 105t0 95 11.1t0 8.8 11.1t0 89
190. V off [192.121t0 187.88(191.92 10 188.08) 190.78 to 189.22| 191.38 to 188.62] 192.90 to 187.10
100. V 101.40 to 98.60 |101.20 t0 98.80 | 100.60 t0 99.40 | 101.20t0 98.8 | 102.00 to 98.00
10.v 10.68 to 9.32 10.46 to 9.54 10.42 to 9.58 11.02 to 9.98 11.10 to 8.90
15 kHz D¢
700V 665. V off |676.6 106534 |6745t0655.5 |670.5t0659.5 |669.51to0660.5
350. v 359.1 10 3409 |357.0t0 343.0 | 354910 3451 |[354.21t0 345.8
100. v 107.1t0 929 105.0t0950 104.4t0 956 103.7 to0 96.3
665. V on |677. to 653. 675. to 655. 671. to 659. 670. to 650.
350. v 358. to 341, 357. to 343. 355. to 345, 355. to 345.
100V 107. to 93. 105. to 95. 105. to 95. 104. to 96.
*Use LOW FREQ RESPONSE.
REV AUG 1984 55
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Table 5-4
AC VOLTAGE ACCURACY

(Ambient Temp. Range 0 to +18°C, +28 to +50°C)

DM 5010 FUNCTION

ACV+DCV ACV ACV ACV+DCY ACV
Calibrator Frequency
DM 5010|Calibrator| DM 5010 10 HZ* 20 Hz* } 20 kHz be 100 kHz
Range ' Voitage | FAST :
Display Limits
2V 1.9V on [1.921t0 1.879 1.919tc 1.881 1.908 to 1.892 1.929 to 1.871
1.V 1.014 to .986 1.012 to .988 1.006 to .994 1.020 to .980
R 107 to 093 105 to 095 105 to 095 .111 to .089
19V off [1.9212 to 1.8788 |1.9192 to 1.8808 1.8078 to 1.8922 1.9290 to 1.8710
1.V 1.0140 to .9860 |1.0120 to .9880 1.0060 to .9940 1.0200 to .9800
AV 1068 to .0932  |.1046 to .0954 1042 to 0958 1110 to .0890
20V 19.V off {19.21210 18.788 |19.192 to 18.808 19.078 to 18,922 19.290 to 18.710
10.V 10.140 to0 9.860 [10.120 to 9.880 10.060 to 9.940 10.200 to 9.800
1.v 1.068 to .932 1.046 to .954 1.042 to .958 1.110 to .890
18. Vv on |19.21t0 1879 18.19 to 18.81 19.08 to 18.92 19.29 to 18.71
10.V 10.14 t0 9.86 10.12 to 9.88 10.06 to 9.94 10.20 to 9.80
1.V 1.07 to .93 1.05 to .95 1.042 to .958 1.11 to .89
200V | 180.V on (1921101879 (191.9t0188.1 |190.8t0 189.2 |191.410 1886 | 192910 187.1
100. V 101.4 to 98.6 101.2t0 98.8 100.6 to 99.4 101.2t0 98.8 102.0 to 98.0
0.V 10.7 t0 9.3 10510 9.5 10510 8.5 11.1t089 11110 8.9
190. V off {19212 to 187.88 {191.92 to 188.08| 190.78 t0 189.22} 191.38 to 188.62| 192.90 t0 187.10
100. V 101.40 t0 98.60 |101.20 to 98.80 | 100.60 to 99.40 | 101.20 to 98.8 | 102.00 to 98.00
10.V 10.68 t0 9.32 10.46 to 9.54 10.42 10 9.58 11.02 t0 9.98 11.10 to 8.90
15 kHz Dc
700V | 665V off |676.6t0653.4 (6745106555 |670.5t0659.5 |669.51t06605
350.V 359.1to 3409 1357.0t0 343.0 [ 3549103451 |354.210345.8
100.V 107.1 t0 92.9 105.0 to 85.0 104.4 to 95.6 103.7 to 96.3
665. V on |677. to 653. 675. to 855. 671. to 659. §70. to 650.
350. V 359, to 341. 357. to 343. 355. to 345. 355. to 345.
100 V 107. to 93. 105. to 95. 105. to 95. 104. to 96.
5-6 REV AUG 1984
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3. Check Dc Common Mode Rejection
a. Set the DM 5010 controis to the preliminary settings.

b. Connect the DM 5010 input connectors to the dc voit-
age calibrator as shown in Fig. 5-1A.

c. Set the de voltage calibrator output to 100 V.

d. CHECK—that the DM 5010 display reads <3.16 mV.

e. Set the calibrator to a minimum output.

f. Add a connection from the DM 5010 GUARD connec-
tor as shown in Fig. 5-1B.

g. Set the dc voltage calibrator output to 100 V.

h. CHECK—that the DM 5010 dispiay reads =<1.00 mV.

i. Set the dc voltage calibrator to a minimum output and
replace it with the ac voltage calibrator and counter.

j- Set the ac voitage calibrator output to 15V rms at
60.2, =0.02 Hz. Use the counter to verify the calibrator
frequency.

k. CHECK—that the absolute value of the DM 5010 dis-
play reads <0.21 mV.

. Remove the connection to the DM 5010 GUARD
connector.

Power Module

Counter DM 5010 Calibrator
I_ —_— e e o _J
HIGH HIGH O -4
OUTPUT
Low Q LOwW D 100 k&
I
[ o -
| |
f 4 i
! = |
e e
A. Setup for unguarded common mode rejection ratio check.
Power Moduie
Counter DM 5010 Calibrator
:— T T T T |
|
' |
|
HigH O HIGRC l 4
100 k2 OUTRUT
Low O Low
1 GUARD

B. Setup for guarded common mode rejection ratio check.

299427

Fig. 5-1. Common mode check setup.

REV JAN 1982
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m. CHECK—that the absolute value of the DM 5010
display reads <2.12mV.

n. If desired, this step may be repeated with the calibra-
tor, counter, and GUARD connected to the LOW side of the
resistor instead of the HIGH side.

0. Set the voltage calibrator to a minimum output, and
remove all connections to the DM 5010.

4. Check Dc Normal Mode Rejection

a. Make certain the DM 5010 50-60 Hz jumper is in the
60 Hz position.

b. Connect the counter, ac calibrator, and DM 5010 as
shown in Fig. 5-2.

¢. Set the DM 5010 controls to the preliminary settings
with the foliowing exception:

RANGE STEP (2 V range)
d. Store 0.0212 for one LIMITS constant.

e. Store —0.0212 for the other LIMITS constant.

f. Enable the COMPARE caiculation.

g- Set the ac calibrator output to 1.5 V rms at the fre-
quency listed in Tabie 5-5. Use the counter to verify the
calibrator frequency.

h. CHECK—that the DM 5010 display reads PASS as
shown in the tabie.

i, Repeat parts g and h for each remaining line of the
table for the 60 Hz jumper position checks. Be sure to set
the DM 5010 CONVERSION RATE (FAST button) as listed
in the table.

j. Reposition the DM 5010 50-60 Hz jumper to the 50 Hz
position.

k. CHECK—that the DM 5010 display reads PASS as
shown in the tabie for the 50 Hz jumper position checks.

I. Remove all connections to the DM 5010.

m. Reposition the DM 5010 50-60 Hz jumper to the
power module line frequency.

Power Module

AC
Calibrator

QUTPUT

Counter DM 5010
]
|
i
HIGHQ) HiGH O
LOW C[) Low O
!

——

2994-28

Fig. 5-2. D¢ normal mode rejection setup.

5-8
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d. Set the DM 5010 front panel controls to the 200 Q

Table 5-5
range and normal conversion rate. Press the NULL button.
DC NORMAL MODE REJECTION Remove the shorting plug and connect the decade resis-
50-80 Hz tance box to the DM 5010 input connectors using a coaxial
Position FAST | Frequency (Hz) | Reading
oft 60.2, £0.02 PASS e. Set the decade box resistance to the value listed in
on 60.2 =0.02 PASS Table 5-7.
60 Hz on 59.8, +0.02 PASS
oft 59.8, £0.02 PASS
off 50.2, £0.02 PASS f. CHECK—that the display reads within the iimits listed
off 49.8, +0.02 PASS in the table.
50 Hz on 498 +0.02 PASS
on 50.2, £0.02 PASS g. Set the DM 5010 CONVERSION RATE as shown in
the next line of the table.
5. Ohms Accuracy
. — he displ ds withi imits li
a. Set the DM 5010 front-panet controls to the prelimi- in trr:e E;;E)CK that the display reads within the limits listed
nary control settings with the following exception: )
OHMS on

i. Set the DM 5010 range, CONVERSION RATE, and
the decade box resistance as listed in the next line of the

b. Connect a shorting plug between the DM 5010 HIGH table.
and LOW input connectors.
j- Repeat parts f through i for the remaining lines of the

¢. CHECK—that the display reads within the limits listed table, except change the equipment setup as shown in Fig.
in Table 5-8, at each conversion rate. 5-3B for the 20 MQ range checks.

k. Remove ail connections to the DM 5010.

Table 5-6
OHMS OFFSET ACCURACY
DM 5010 DM 5010 Display Limits
Range FAST
Ambient Temp. Range Ambient Temp. Range
+18 to +28°C 0to +18°C, +28 to +50°C
200 Q oft +0.03 @2 +0.12 08
on +0.1Q3 +0.2 (®
2 kQ on +.001 kQ *.002 k@
off +.0002 Qb +.0007 kqv
20 Kk off +0.002 kQ +0.007 kQ
on +0.01 kQ +0.02 kQ
200 kQ on +0.1 k2 +0.2 k(2
off +0.02 k2 +0.07 kQ
2MQ off +.0002 M +.0007 MQ
on +.001 MQ +.002 MQ
20 M on +0.01 MQ +0.01 MQ
oft +0.001 MQ +0.002 MQ

8. with NULL, it NULL is not used add +0.2 Q.
b. with NULL, if NULL is not used add +0.0002 kQ.

REV OCT 1984 5.9
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DM 5010
HIGH O -0
Low Om ) Resistance

Standard

T
1 I

A. Initial ohms accuracy setup.

| O
/o Resistance

Standard
DM 5010 (P\
£

)

HIGH o/
Resistance
LW O ) Standard
Q 10 MQ
T T
B. 20 MQ range accuracy setup.
2994-29
Fig. 5-3. Ohms accuracy setup.
5-10 @
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Table 5-7
OHMS GAIN ACCURACY
DM 5010 Resistance DM 5010 Display Limits
Range Standard FAST
Ambient Temp. Range Ambient Temp. Range
| +18 to +28°C 0to +18°C, +28 to +50°C
200 Q 0.00019 MQ off R, +0.060 R, x0240
on R 020 R =040
2 ki1 ; 0.00019 MO on R, = .001 k@ R =.002ka
off R, +.0002 kg R, = .0008 k@
0.00190 M off R +.0005 kQ R, =.0019kQ
on R *.002kQ R, = 004 k2
20 k@2 0.00190 MQ on R, +.01kQ R, x£0.02kQ
off R, +0.002 kQ R_ +.008 ka
0.01900 Mg off R, +0.005kQ R, £0.019kQ
on R, £0.02k0 R +.04kQ
200 kQ 0.01800 MQ on R, =-1k2 ' R *.2kQ
off R, =0.02kQ R +.08kQ
0.19000 MQ off R, *0.05kQ R, +0.19kQ
on R +0.2kQ R +.4kQ
n 4]
2 M2 0.19000 M@ on R, =.001 MQ R, +.003MQ
off R, *.0004 MQ R, +.0017 MQ
1.90000 MG off R, +.0021 MQ R, +.0110 MQ
on i R, *.003MQ R, +.012MQ
20 M 1.90000 MQ on R, =.03MQ R_=.04 MQ
' off R +.004 MQ R, +.016 MQ
0.00000 MQ? off R, +.016 MQ R, =.077 MQ
on R, *.11MQ. R =.017 MQ
9.00000 M0? on R, +.20 MQ ! R, .31 MQ
off R, +.030 MQ R =.145MQ
SSR1 10 MQ standard resistor in series with the DBé&2.
NOTE
6. Diode Test Check The rear interface ohms offset and accuracy checks
a. Set the DM 5010 controls to the preliminary settings. need not be made unless the instrument is used for

measurements via the rear-interface connections.

b. Connect a 604 € resistor between the DM 5010 HIGH 7~ Rear Interface Ohms Oftset Check
and LOW input connectors. For this check, short the power module connections to
the DM 5010 rear-interface pins 28B (Hi) and 28A (Loj on
the ADC board (A17). Access to these pins is most easily

¢. Press the DIODE TEST button (on). made using a TM 5000-Series, Option 02 power module.
d. CHECK—that the display reads between 0.5484 V a. Set the DM 5010 controls to the preliminary control
and 0.6054 V. settings with the foliowing exceptions:
OHMS on
€. Remove the resistor. REAR INPUT on
@ 5-11
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b. CHECK—that the DM 5010 display reads between
—0and -0.59Q.

¢. Remove the short between the power module connec-
tions to the DM 5010 rear-interface input connector pins.

8. Rear Interface Accuracy Checks

To verify the accuracy of the DCV, ACV, ACV+DCV,
and OHMS modes via the DM 5010 rear interface, follow
the steps outlined in the performance check for the front-
panel input connectors, but apply the voltages and resis-
tances to the DM 5010 rear interface pins pins 288 (Hi) and
28A (Lo) on the ADC board {A17) via the power module
connections.

NOTE

The output cable fixture from the calibrating sources
to the rear interface pins may require modification to
accormmodate accuracy checks via the DM 5010 rear
interface.

Press the DM 5010 REAR INPUT button to select rear
interface input.

5-12
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CAUTION

Do not exceed the maximum input voltages specified
for rear interface input.

When rear-interface accuracy checks have been com-
pleted, remove ail connections to the DM 5010.

9. GPIB Communication Check

a. Refer to the talker-listener programs in the Program-
ming section of this manual. Using one of these programs,
send commands to the DM 5010 and observe the front-
panel changes. Send SET? and note the data returned to
the controller.

b. CHECK—that the DM 5010 front panel correctly dis-
plays setting changes as sent and returns the correct set-
ting information when queried.

c. Remove all connections.

This compietes the performance check for the DM 5010.
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PERFORMANCE CHECK SUMMARY SHEET

Date

Serial Number Tested by

Step Description Minimum Measured Maximum

Permission is granted to reproduce this summary sheet for customers data logging purposes only. Reproduction for
commercial purposes is expressly forbidden.
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Section 6—DM 5010

ADJUSTMENT PROCEDURE

Introducticn

This procedure should be performed if the instrument
fails to meet the performance requirements of the electrical
characteristics iisted in the Specification section of this man-
uat. To ensure continued instrument accuracy, adjustment
should be performed every 1000 hours of operation or every
six months if used infrequently. Adjustment is also recom-
mended following instrument repair or modification. Adjust-
ments must be made at an ambient temperature between
+21°C to +25°C. Allow thirty minutes warm-up time be-
fore beginning adjustments (sixty minutes after exposure to
or storage in high humidity environment).

The recommended interval for battery replacement is ap-
proximately every two years. Performance of the Adjust-
ment Procedure is necessary after battery replacement to
restore the calibration factors to memory. See the Mainte-

nance section of this manual for battery replacement
information.

Services Available

Tektronix, Inc. provides complete instrument repair and
adjustment at local field service centers and at the factory
service center. Contact your local Tektronix Field Office or
representative for further information.

Test Equipment Required

The test equipment listed in Table 6-1, or equivalent, is
recommended for adjustment of the DM 5010. Specifica-
tions given for the test equipment are the minimum neces-
sary for accurate instrument adjustment. All test equipment
is assumed to be correctly calibrated and operating within
specification.

Tabie 6-1
TEST EQUIPMENT LIST
o Performance Recommended
Description Minimum Requirements Check Step Equipment

TM 5000-Series Power all TEKTRONIX TM 5003, Opt. 02
Module
DOC voitage calibrator 200 mV: +(0.0038% of rdng + 2 Fluke 335D Dc Voitage Standard

0.0025% of range)

2 V-200 V: =(0.0038% of rdng

+ 0.0013% of range)

1000 V: £(0.005% of rdng +

0.0025% of range)
Ac voltage calibrator 200 mV through 200 V: 67 Fluke 5200A Ac Calibrator, and

10-20 Hz: *({0.20% of rdng +
0.08% of range)

0.05% of range)
100 Hz-20 kHz: £(0.05% of
rang + 0.05% of range)

0.12% of range)

20-100 Hz: +(0.20% of rdng +

20-100 kHz: +(0.25% of rdng +

Fluke 5215A Power Amplifier

@
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Tabile 6-1 (cont)

Description

Minimum Requirements

Performance
Check Step

Recommended
Equipment

700 Vv:

10-20 Hz: +{0.20% of rdng +
0.22% of range)

20-100 Hz: +{0.20% of rdng +
0.15% of range)

100 Hz-15 kHz: +(0.05% of
rang + 0.15% of range)

Resistance standard®

200 ©@: +{0.0038% of rdng +
0.0038% of range)

2 k-200 kQ: £(0.0038% of rdng
+ 0.0025% of range}

2 MQ: £({0.025% of rdng +
0.0025% of range)

20 MQ: +(0.038% of rdng +
0.0012% of range)

Electro Scientific Industries, inc.
DB 62 Dekabox and SR1 10 MQ
Standard Resistor

Digital Voitmeter

Range: 0 to 1 kV.
Accuracy: *(0.05% of rdng
+0.02% of full scale}

TEKTRONIX DM 501A Digital
Multimeter®

Flexible Extender cable
(2 ea)

56,7

Tektronix Part No. 067-0645-02

apesistance of Dekabox and interconnect cabie must be known to the accuracy listed in Table 6-1 for each point adjusted in Step 4.

®Requires a TM 500/5000-Series power module.

6-2
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Preparation

Before adjustments can be performed, the internal CAL
jumper must be repositioned. For access to the jumper, re-
move the instrument's left side cover by tuming the two
piastic fasteners. The jumper is located in the lower rear
corner of the CPU board (A14). See Fig. 10-1 in the puilout
pages of this manual. Reposition the CAL jumper, P1132, to
the CAL position. Also, make certain the 50-60 Hz jumper is
positioned to match the power module line frequency. This
jumper is also iocated on the CPU board. Replace the side
cover.

Since the DCV and OHMS adjustments are more sensi-
tive to temperature variations, these adjustments are made
with the instrument operating in the power module. Install
the DM 5010 in the power module, turn on the power mod-
ule and allow warm-up time before beginning adjustments.

Dangerous voltages may be encountered in the fol-
lowing steps. Caution must be exercised. Do not con-
tact the output connectors of the voltage calibrator,
the input terminals of the DM 5010, or the internal cir-
cuitry of the DM 5010. Also, do not contact the inter-
nal adjustments, since they may be at the DM 5010
input potential; use only an insulated adjustment too!
for adjustments.

Preliminary Control Settings

DCV on
NULL off
LOW FREQ RESPONSE off

RANGE STEP (200 mV range)

TRIGGER MODE RUN on
CONVERSION RATE FAST off
CALCULATIONS all off
REAR INPUT oft

1. Adjust the DCV Offset Calibration Factors

a. Set the DM 5010 front-panel controls to the preiimi-
nary settings.

b. Connect the dual banana shorting plug between the
DM 5010 HIGH and LOW INPUT connectors.

c. Press ENTER.

d. CHECK—that the display reads as shown in Table
6-2. =1 in the least significant digit (LSD).

@
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e. Set the range and FAST button as shown in the next
line of the table.

f. Repeat parts ¢ through e for each succeeding line in
the table.

g. Remove the shorting plug.

Table 6-2
DCV OFFSET CALIBRATION FACTORS
DM 5010 | DM 5010 ' Display
Range FAST Press Reading
200 mv off ENTER 0.00 mv
on ENTER 0.omv
2V on ENTER 00L Vv
off ENTER .0000 V
20v off ENTER 0.000 V
on ENTER 0.00v
200 v on ENTER ooV
L off ENTER 0.00V
1000 V off ENTER 0.0V
on ENTER 0.V

2. Adjust the DCV Gain Calibration Factors

a. Set the DM 5010 controls to the preliminary control
settings.

b. Connect the dc voltage calibrator through appropriate
cables and connectors to the DM 5010 HIGH and LOW
connectors.

¢. Set the dc voltage calibrator output to 180 mV de.
d. Press ENTER.

e. CHECK—that the display reads as shown in Table
6-3, =1 in the LSD.

f. Set the FAST button as shown in the table.
g. Press ENTER.

h. CHECK—that the display reads as shown in the ta-
ble, =1 in the LSD.
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Table 6-3
DCV GAIN CALIBRATION FACTORS
DM 5010 Range Dc Calibrator Voitage DM 5010 FAST i Press ] Display Reading
200 mv 190 mV dc off ENTER 190.00 mv
on ENTER 190.0 mv
2V 1.9 vVde on ENTER 1.900 V
off f ENTER 1.8000 Vv
20V 19 Vde off ENTER 19.000 vV
on ! ENTER 19.00 V
200V 190 Vdc on ENTER 190.0V
off ENTER 190.00 V
1000 V 1000 Vdc off | ENTER 1000.V 4]
on ENTER : 1000.0 V '—a

i. Set the DM 5010 range as shown in the table.

j. Set the dc calibrator output to the next value in the
table.

NOTE

Avoid over-ranging the DM 5010 while performing the
agjustment procedure. Should over-range occur, al-
low several minutes for stabilization before proceed-
ing with adjustments.

k. Repeat parts d through j for each succeeding line of
the table.

|. Set the dc calibrator to 0 Vde and remove the connec-
tions to the DM 5010.

3. Adjust the Ohms Offset Calibration Factors

a. Set the DM 5010 controls to the preliminary settings
with the following exception:

OHMS on

b. Connect the dual banana shorting plug between the
DM 5010 HIGH and LOW INPUT connectors.

c. Press ENTER.

6-4
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d. CHECK—that the display reads as shown in Table
6-4, =1 in the LSD.

e. Set the range and FAST button as listed in the next
line of the table.

f. Repeat parts ¢ through e for each succeeding line in
the tabie.

g. Remove the shorting piug.

Tabile 6-4
OHMS OFFSET CALIBRATION FACTORS
DM 5010 ° DM 5610 Display
Range FAST Press | Reading
200 0 off ENTER 0.00
on ENTER ° 0.0
2kQ on ENTER .000 k5
L off ENTER .0000 k@
20 k0 off ENTER 0.000 ko
on ENTER 0.00 ke
200k2 | on ENTER 0.0 k@
off ! ENTER 0.00 k@
2 Mo off ENTER | .0000 Mg
on ENTER = .000 Ma
20 M0 on ENTER 0.00 M2
off ENTER 0.000 M@




4. Adjust the Chms Gain Calibration Factors

NOTE

The actual resistance of the precision resistance, in-
cluding the interconnecting cable, must be known for
each calibration point before this step can be per-
formed. For convenience, write the actual resistance
in the blank columns (Table 6-5), for each calibration

point.

a. Set the DM 5010 controls to the preliminary settings
with the following exception:

OHMS on

b. Connect the decade box to the DM 5010 input con-
nectors as shown in Fig. 6-1A.

Adjustment Procedure—DM 5310

c. Set the decade box resistance to the value listed in
Table 6-5.

d. Press the keypad numeric and decimat point buttons
listed in the table for the applied resistance vaiue, beginning
with the mest significant digit. (For example; for 190 Q press
1,9, 0, and ENTER; for 190 kQ press 1, 9,0, 0, 0, 0, and
ENTER).

e. Press ENTER.

f. CHECK—that the display reads as shown in the table,
+1in the LSD.

g. Repeat parts c through f for the remaining lines of
Table 6-5 except change the equipment setup as shown in
Fig. 6-1B for the 20 MQ adjustments.

h. Remaove ali connections to the DM 5010.

HIGH O/

LOW

DM 5010
HIGH O O
Resistance
Low
O o Standard
A. Initial ochms gain adjusiment setup.
e} Resistance
Standard
DM 5010

'
=

]

Resistance
-0 Stangard
10 MQ

0

B. 20 MQ range adjustment setup.

|I|—

2994-3C

Fig. 6-1. Ohms adjustment setup.
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Table 6-5
OHMS GAIN CALIBRATION FACTORS
DM 5010 DM 5010 Resistance ENTER Dispiay Reading
Range FAST Standard applied resistance (entered resistance)
200 Q off 0.00019 MQ
on 0.00019 MQ
2KkQ on 0.00190 MQ i
off 0.001%0 MQ
20 k2 off 0.01900 MQ
on 0.01900 MQ
200 kQ on 0.19000 MQ
off 0.19000 MQ
2 MQ off 1.80000 MQ
on 1.90000 MQ +1in LSD
20 M2 on 9.00000 MQ *3inLSD
off 9.00000 MQ

*rannect SR1 10M standard in series with the DB 62. To minimize the effect of noise, make physical contact with the DM 5010 chassis

ground terminal.

5. Adjust the ACV Offsets

a. Turn off the power module, remove the DM 5010, and
connect the DM 5010 rear-interface connectors to the pow-
er module via the fiexible extender cables. Turn on the pow-
er module.

b. Connect a shorting plug between the HIGH and LOW
input connectors.

¢. Set the DM 5010 controis to the preliminary settings
with the following exceptions:

ACV+DCV on

d. Set the DM 501A to measure 200 mV dc.

e. Connect the DM 501A low connector to the DM 5010
Lo test point (TP1701) and the high connector to the
DM 5010 Atten Out test point (TP1503). Refer to Fig. 10-1
for test point locations.

f. ADJUST—the Atten Offset (R1601), using an insulat-
ed adjustment tool, for a DM 501A reading of 0 +0.05 mV.

6-6

www.valuetronics.com

g. Move the DM 501A high !ead to the DM 5010 Amp
Out test point (TP1201).

h. ADJUST—the Amp Offset (R1305) for a DM 501A
reading of 0 =£0.50 mV.

i. Disconnect the DM 501A leads and remove the short-
ing plug.

6. Adjust ACV Gain Calibration Factors

a. Set the DM 5010 controls to the preliminary settings
with the following exception:

ACV+DCV on

b. Connect the ac calibrator to the DM 5010 HIGH and
LOW input connectors.

c. Set the 200 Hz ac calibrator output to the voltage list-
ed in the table.

d. Press ENTER.



e. CHECK—that the display reads as listed in Tabie 6-6.

. Set the DM 5010 range and FAST button as listed in
the next line of the table.

g. Repeat parts ¢ through f for each remaining line of the
table. Use the power amplifier for the 200V and 700 V

range adjustments.

LOW input connectors.

h. Set the calibrator cutput to a minimum level and re-

Adjustment Procedure—DM 5010

7. Adjust the Ac Frequency Compensation

a. Set the DM 5010 controls to the prefiminary settings

ACV+DCV

RANGE

with the following exceptions:

on
STEP (200 V range)

b. Connect the ac cailibrator to the DM 5010 HIGH and

c. Set the ac calibrator output to 190.00 V at 20 kHz,

meove all connections to the DM 5010, =200 Hz.
Table 6-6
ACV GAIN CALIBRATION FACTCRS
DM 5010 Ac Calibrator DM 5010 |
Range (200 Hz) FAST | Press Display Reading
200 mv 19 mv off ENTER 19.00
on ENTER 19.0
190 mv on ENTER 190.0
off ENTER 190.00
2V 180 mv off ENTER .1900
on ENTER 180
1.9V on ENTER 1.900
off ENTER 1.8000
2V 1.8V off ENTER 1.900
on ENTER 1.80
19v on ENTER 19.00
off ENTER 19.000
200V 19V off ENTER 19.00
on ENTER 18.0
190 v on ENTER 190.0
off ENTER 190.00
700V 190 v off ENTER 190.0
on ENTER 190.
700V on ENTER 700.
off ENTER 7000 +3in LSD

@
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d. ADJUST—the 200V H.F. Comp. (C1607) for a
DM 5010 display reading of 190.00, £0.02 V, using an insu-
lated adjustment tool. Refer to Fig. 10-1. After adjustment,
recheck the DM 5010 display reading and readjust, if
necessary.

NOTE

If C1607 approaches the end of its adjustment range,
turn off the power module, and remove the AMS
board (A16). Adjust C1605 several complete turns in
the same direction required for additional range by
C1607. Reinstall the board, turn on the power moduile,
and readjust C1607.

e. Set the ac calibrator output to 1.9000 V at 20 kHz,
+200 Hz.

f. Set the DM 5010 range to the 2 V range.

6-8
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g. ADJUST—the 2 V/200 mV H.F. Comp. (C1503; for a
display reading of 1.9000, =0.0002 V.

h. Set the DM 5010 to the 20 V range.

i. Set the ac calibrator output to 19.000 V at 20 kHz,
+200 Hz.

j. ADJUST—the 20 V H.F. Comp. (C1403) for a display
reading of 19.0000, +0.005 V.

k. Set the DM 5010 to the 200 V range and repeat parts
b through j to verify that the adjustments have not changed.

|. Set the ac calibrator output t¢ a minimum level and
remove connections to the DM 5010.

m. Turn off the power module and reposition the CAL
jumper to the normal position. Replace the cover.

This completes the adjustment procedure.



Section 7—DM 5010

MAINTENANCE

This section of the manual describes preparation for use {internal jumper and switch settings} and provides general mainte-

nance and troubleshooting information.

To prevent damage to the DM 5010, turn off the power module before installing or removing the instrument. Do
not use excessive force to install or remove.

Table 7-1
PREPARATION FOR USE IEEE 488 (GPIB) PRIMARY ADDRESSES
Setting the GPIB Address Switches Primary
A5 A4 A3 A2 A1 Address

For access to the GPIB address switches, remove the
DM 5010 ieft side cover. Five of these switches (A5 through

A1} set the decimal value of the primary GPIB address for g g g g ? ?
the DM 5010. Refer to Fig. 7-1. Setting the primary address

to 31 untalks and unlistens the DM 5010; the instrument 0 0 0 1 0 2

does not respond to GPIB commands. Refer to Table 7-1 0 0 0 1 1 3

for switch settings. 0 0 1 0 0 4

0 0 1 0 1 5

0 0 1 1 0 6

0 0 1 1 1 7

0 1 0 0 0 8

0 1 0 0 1 9

0 1 ¢ 1 0 10

0 1 0 1 1 11

0 1 1 0 0 12

0 1 1 0 1 13

0 1 1 1 0 14

Anuaslsfs“safﬁcnnm 0 1 1 1 1 15

SIGNATURE 1 0 ¢ 0 0 16

[GT<1] ANALYSIS 1 0 0 0 1 17

T | TALK ONLY 1 0 0 1 0 18

E01 oNLY | ET=3 ] LFrED 1 0 0 1 1 19

I 1 0o 1 0o o0 20

ADODRESS (A3 ZT=1 | 4 | SINARY ! 0 ! 0 1 21

a2 o7 | 2 | WEIGHT 1 0 1 1 0 22

M 1 0 1 1 1 23

PUSH FOR _ PUSH FOR 1 1 0 0 0 24

LGGIC 0  LOGIC 1 1 1 0 0 1 25

1 1 0 1 0 26

1 1 0 1 1 27

sooa31 1 1 1 0 0 28

1 1 1 0 1 29

Fig. 7-1. GP!B address and message terminator switches ! ! ! ! 0 30

o ) 1 1 1 1 1 kh
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Message Terminator Switch Setting

The EQI ONLY switch selects the DM 5010 message
terminator. For access to this switch, remove the instru-
ment’'s left side cover. The switch is located on the CPU
boargd (A14). Refer to Fig. 7-1. Operation of the DM 5010
with either switch position is described in Section 3 under
Messages and Communication Protocol,

Talk Only Switch Setting

The Taik Only switch is one of the bank of eight switches
located on the CPU board (A14). Remove the instrument’s
left side cover for access to this switch. Refer to Fig. 7-1.
Setting the Talk Only switch to logic 1 selects the Talk Oniy
mode.

Using the Rear Interface Connections

For rear interface connector pin assignments, see Tables
10-13, 10-14, and 10-15 in the puilout pages of this manual.

Rear-interface pins 28B (Hi} and 28A (Lo) on the ADC
board (A17) are the input connections for measurements via
the rear interface.

A negative-going TTL signal may be used to trigger in-
strument measurements via rear interface connections to
the Isolation board (A15). Use of this function requires mov-
ing a jumper on the CPU board (A14). For access to the
jumper, remove the instrument’s left side cover. Connect
pins 2 and 3 of J1733 using its EXTRIG jumper, P1733.
Refer to Fig. 10-1. Apply the EXTRIG signal to the Isolation
board rear interface pins 16A and 16B (Ground).

GENERAL MAINTENANCE

Rear Circuit Board Removal

To remove the CPU, Isoiation, RMS, or ADC boards,
turn off the power module and remove the piug-in. Turn the
two plastic fasteners on each side cover and remove the
covers. Next, remove the four screws on the instrument
back plate and remove the plate. See Fig. 7-2. Then, re-
move the retainer bar. Carefully pult the selected board to-
ward the rear of the instrument.

NOTE

Before removing the CPU board, unplug the ribbori
cable connector from the Front Panel Driver board.
Before removing the ADC board, remove the screw
on the front panel between the input connectors.

7-2
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A calibration fixture (Tektronix Part No. 067-1052-00)
contains a board extractor for disengaging these boards. It
also contains two extender boards designed for operating
boards cutside the instrument.

To reinstall boards, carefully align the board edqges in the
guides attached to the top and bottom instrument covers.
Press the board firmly to seat it in the Main Interconnect
board connectors. When inserting the ADC board, slide the
board in until the input connectors contact the front panel.
From the front of the instrument, insert a small screwdriver
into the front panel connector holes and carefuily align the
input connectors with the holes while maintaining slight
pressure on the back edge of the board. When properly
aligned, press the board in firmly.

Phillips screws

WEEERRBINY

Backplate

Bullet screws
2094-32

Retainer bar

Fig. 7-2. Backplate and retainer bar removal.

Front-Panef Board Removal

To remove the Front Panel and Front Panel Driver board
assembly, first remove the instrument side covers and back
plate. Remove the front panel screw between the input con-
nectors and remove the ADC board. Refer to Fig. 7-3. It is
necessary to disengage the latch before removing the front
panei boards. To disengage the latch, use a small
screwdriver to push forward slightly on the rear latch (1) just
in front of the spring. Press down on the latch knob to raise
the iatch knob extension at the point where the two latch
pieces engage. While holding the latch knob down, push up
on the front parel latch piece at the point of engagement (2)
to disengage the two pieces. Then, pull the latch knob out.
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CAUTION

Do not install the plug-in in the power module while
Latch knob the latch is disassembled. Removal of the plug-in with-
out use of the latch can be extremely difficuft.

Next, remove the two screws near the front of the instru-
ment top cover (see Fig. 7-4) and remove the cover. Then,
remove the other front panel screw and the chassis ground
terminal. Pull forward to remove the front panel assembly.
Disconnect the ribbon cable from the Front Panel Driver

board.
@ To remove the front panet from the board assembly, re-
2894-33 move the five screws on the Front Panel board. To separate
the two circuit boards, carefully pull the boards apart, main-
Fig- 7-3. Latch disassembly. taining nearly equal separation until the interconnecting pins

disengage. Aeassembie in the reverse order.

Top cover
screws

Switch assembly
cover nut

Front panel
screws

Chassis ground

terminal
2894-34

Fig. 7-4. Front panel removal.
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Input Switch Assembly

For access to the input switch, remove the ADC board
(A17) from the instrument. Then, remove the input connec-
tor assembly mounting nut and screw, and remove the
guard shield. Refer to Fig. 7-4. Unsolder the wires to the
switch. Next, remove the two screws in the back of the
input connector assembly and remove the plate. The switch
can now be removed. Be careful not to lose the actuator
and spring located inside the input connector assembly.
Reinstall the guard switch and input connector assembly in
reverse order.

Adjusting C1301 and C1404

If the transformer is reptaced, the adjustment of C1301
and C1404 should be checked. To accomplish this, place
the Isolation board {A15) on an extender board and connect
the plug-in to the power module via a flexible extender ca-
ble. The recommended equipment is listed below:

Oscilloscope TEKTRONIX 7603
Dual Trace Ampiifier TEKTRONIX 7A18
Time Base TEKTRONIX 7B50A

a. Connect the DM 5010 HIGH input connector to the
LOW connector. Connect the oscilioscope as shown in Fig.
7-5. Apply power to the power module.

b. ADJUST—C1301 for minimum amplitude of the dis-
played square wave (=33 us pericd). Refer to Fig. 7-6.

¢. Add a connection from the DM 5010 GUARD connec-
tor to the DM 5010 chassis ground.

d. ADJUST—C1404 for minimum amplitude of the dis-
played square wave.

e. Remove all connections to the DM 5010 and turn off
the power module. Reinstall the Isolation board in the plug-
in.

Battery Repiacement

The recommended interval for battery replacement is ap-
proximately two years.

NOTE

Disconnecting the battery causes the loss of calibra-
tion factors stored in memory. Battery replacement
must be followed by a 24-hour period of opegration and
then performance of the Adjustment Procedure.

For access to the battery, unplug the ribbon cable con-
nector from the Front Panel Driver board and remove the
CPU board (A14). The battery is located in the rear, bottom
corner of the board. Unsoider the battery ears from the
wires attached to the circuit board. Use diagonal pliers to
cut the two plastic straps holding the battery in position.
Piace the new battery in the circuit board cutout with correct
polarity. Fasten new plastic straps around the battery and
through the circuit board hoies. Soider the battery ears to
the circuit board wires.

Power up the instrument for about 24 hours to properly
charge the battery. Then, perform the Adjustment Proce-
dure to restore calibration factors to instrument memory.

DM 5010

HIGH Q

Oscilloscope
3

Duai . ’/
Trace | Jime

Ampt. Base

GuarD Q

O /
7%

: LOwW ¢

—1

2994-25

Fig. 7-5. Setup for C1301 and C1404 adjustment.
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Fig. 7-6. Location of C1301 and C1404,

Troubleshooting Aids

Piagrams. Complete circuit diagrams are located in the
foldout pages in the Diagrams and Circuit Board Illlustra-
tions section. The portions of the circuit mounted on circuit
boards are enclosed by a solid ling. The circuit number of
each component in this instrument is shown on a diagram.
See the first page of the Diagrams and Circuit Board lllus-
trations section for definitions of the symbols and reference
designators used on the diagrams.

Circuit Board Hlustrations. Circuit board illustrations are
provided in conjunction with circuit diagrams. Each board-
mounted component shown on a diagram is also identified
on the circuit board illustration by circuit number. A table is
provided with each diagram listing components by assembly
and circuit number. The table aiso lists the component grid
locations on both the diagram and circuit board illustrations.

Adjustment Locations. To aid in locating test points and
adjustable components, the adjustment locations pullout
page (normally used with the Adjustment Procedure) per-
mits rapid location of adjustments and associated test

points,
Calibration Fixture

Several calibration fixtures are available from Tektronix,
Inc. that are helpful in troubleshooting the DM 5010.

067-1052-00—contains two extender boards and a
board extractor.

067-0645-02—--provides a flexible extender cable.
067-0996-00—contains a GPIB extender cable.

Contact your nearest Tektronix, Inc. Field Office or repre-
sentative for ordering information.

@ .
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Troubleshooting Equipment

Befor using any test equipment to make measurements
on static-sensitive components or assemblies, be certain
that any voltage or current supplied by the test equipment
does not exceed the limits of the component to be tested.

Static-Sensitive Components

CAUTION g

[ P PN T T v

Static discharge can damage any semiconductor
component in this instrument.

This instrument contains electrical components that are
susceptible to damage from static discharge. See Table 7-2
for relative susceptibility of various classes of semi-
conductors. Static voltages of 1 kV to 30 kV are common in
unprotected environments.

Observe the following precautions to avoid damage.
1. Minimize handling of static-sensitive components.

2. Transport and store static-sensitive components or
assemblies in their original containers, on a metat rail, or on
conductive foam. Label any package that contains static-
sensitive assemblies or components.

3. Discharge the static voltage from your body by wear-
ing & wrist strap while handling these components. Servic-
ing static-sensitive assemblies or components should be
performed only at a static-free work station by qualified ser-
vice personnel.

4, Nothing capable of generating or holding a static
charge should be allowed on the work station surface.

5. Keep the component leads shorted together when-
ever possible.

6. Pick up components by the body, never by the leads.
7. Do not slide the components over any surface.

8. Avoid handling components in areas that have a floor
or work surface covering capable of generating a static
charge.
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9. Use a soldering iron that is connected to earth
ground.

10. Use only special anti-static suction type or wick type
desoldering tools.

Table 7-2
RELATIVE SUSCEPTIBILITY TO
TO STATIC DISCHARGE DAMAGE

Relative
Susceptibility
Levels®

Semiconductor Classes

MOS or CMOS microcircuits or i
discretes, or linear microcircuits ,
with MOS inputs. (Most Sensitive) |
ECL :
Schottky signal dicdes 5
Schottky TTL ;
High-frequency bipoiar transistors !
JFETSs 1
Linear microcircuits 1
Low-power Schottky TTL 1
TTL {Least Sensitive} |
'Voltage equivalent for levels:
100 to 500V 4 =500V 7 = 400 to 1000 V(est.)

{1 =
2=200t0500V 5=400t0600V B =900V
3=250V 6=600t0800V 9=1200V

(Voitage discharged from a 100 pF capacitor through a resis-
tance of 100 Q.}

W |~ (|0 IR ~

Obtaining Repiacement Parts

Electrical and mechanical parts can be obtained through
your local Tektronix Field Office or representative. However,
it may be possible to obtain many of the standard electronic
components from a local commercial source. Before pur-
chasing or ordering a part from a source other than
Tektronix, Inc., check the Replaceable Electrical Parts list
for the proper value, rating, tolerance, and description.

NOTE

When selecting replacement parts, remember that the
physical size and shape of a component may affect its
performance in the instrument.

Some parts are manufactured or selected by Tektronix,
Inc., to satisfy particular requirements or are manufactured
for Tektronix, nc., to our specifications. Most of the me-
chanical parts used in this instrument have been manufac-
tured by Tektronix, inc. To determine the manufacturer,
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refer 1o the replaceable parts lists and the Cross Reference
Index, Mfr. Code Number to Manufacturer.

When ordering replacement parts from Tektronix, Inc..
include the following information:

1. Instrument type (include modification or option
number);

2. instrument serial number;

3. a description of the part (if electrical, include complete
circuit number); and

4, Tektronix part number.

Soldering Techniques

To avoid electric-shock hazard, disconnect the instru-
ment from the power source before soldering.

The reliability and accuracy of this instrument can be
maintained only if proper soldering techniques are used
when repairing or replacing parts. General soldering tech-
niques, which apply to maintenance of any precision elec-
tronic equipment, should be used when working on this
instrument. Use only 60/40 rosin-core, electronic grade soi-
der. The choice of soldering iron is determined by the repair
to be made.

Y CAUTION
?/'\Mmf\s

The CPU, ADC, Front Panei Driver, Front Panel and
Isolation boards are multitayer type boards with a con-
ductive path laminated between the top and bottom
board layers. All soidering on these boards should be
done with extreme care to prevent breaking the con-
nections to this conductive path.

Do not aflow solder or solder flux to flow under printed
circuit board switches. The printed circuit board is part
of the swilch contacts; intermittent switch operation
can occur if the contacts are contaminated.

When soldering on circuit boards or smail wiring, use
only a 15 watt, pencil-type soldering iron. A higher wattage
soldering iron can cause the etched circuit wiring to sepa-



rate from the board base material and meit the insulation
from small wiring. Always keep the soldering iron tip proper-
ly tinned to ensure the best heat transfer to the solder joint.
Apply only enough heat to remove the component or to
make a good solder joint. To protect heat-sensitive compo-
nents, hold the component lead with a pair of long-nose
pliers between the component body and the solder joint.
Use a solder removing wick to remove excess solder from
connections or to clean circuit board pads.

Semiconductors

To remove in-ine integrated circuits mounted in sockets,
use an extracting tool. This tool is available from Tektronix,
inc.; order Tektronix Part No. 003-0618-00. !f an extracting
tool is not available, use care to avoid damaging the pins.
Pull slowly and evenly on both ends of the integrated circuit.
Try to avoid disengaging one end before the other end.

Exterior Cleaning

Chassis. Accumulated dust on the instrument chassis
can be removed with a soft cloth or smail brush. Remove
dirt that remains with a soft cloth dampened in a mild deter-
gent and water solution; then remove the detergent with a
soft cloth dampened in clean water. Do not use abrasive
cleaners.

Front Panel. Use only a cotton swab or soft cloth,
dampened in isopropyl alcohol or water.

CAUTION

To avoid damage, use only isopropy! afcohol or water.
Do not use petroleum based cleaning agents. Before
using a cleaner other than isopropyi alcohol, consuit
your Tektronix Service Center or representative.

Interior Cleaning

Clean circuit boards only when required for operation to
specified performance. Cleaning and ringing solutions can
be used on all boards except the Front Panel board. The
recommended cleaning and rinse solutions, plus specific
cleaning precautions for each board are listed below by
board name. Observe this board-specific information and
the following general board cleaning information.

General Board Cleaning

1. For boards that can be cleaned with a detergent solu-
tionr, use only a 20:1 solution of distilled water and Kelite
Spray White'.

1Allied-Kelite Products Division of the Richardson Co.; Los An-
geles, CA.
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2. Cleaning after minor repairs to circuit boards can be
done by using a soft plastic tool to carefully chip away flux
residue. Be careful not to damage circuit board paths and
components.

3. Do not immerse boards in cleaning or rinsing solu-
tions; use spray pottles to spray on the specified soiutions.

g\mvwvw‘
; CAUTION é
mwms

Rinse the area extremely well to completely remove
cleaning residue.

4, After cleaning, use dry, low-velocity air {approximately
5 Ib/in®) to blow-dry the board (except the Front Panel
board).

5. To finish board drying, place in an oven at 40°C to
60°C for a minimum of twenty-four hours.

\J\MN\AMJ\S

To prevent damage and to ensure proper operation,
circuit boards and components must be dry before ap-

plying power.

Board Cleaning

Front-Pane! Board {A11). Do not use any type of clean-
ing or rinsing solutions, water, or compressed air on this
board, since cleaning may leave residue and contaminants
inside the switch assemblies or on the circuit board contact
areas; interfering with both mechanical and electrical oper-
ation. If the front-panel switches are intermittent, then re-
place the switches.

Front-Panei Drive Board (A12). Use the detergent solu-
tion specified under General Board Cleaning. Rinse with
isopropyl alcohol or warm distilled water.

Main Interconnect Board (A13). Use isopropyl aicohol
or the specified detergent solution for cleaning. Rinse very
well with warm distilled water or clean isopropy!t aiconol.
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CPU Board (A14). Use the specified detergent solution
or isopropyl alcohel for cieaning. Rinse well with clean
isopropy! alcohol or warm distilled water.

CAUTION
Ef\.ﬁMwM

To prevent instrument damage and performance deg-
radation, do not allow cleaning or rinsing solutions on
the GPIB switches (S1515), or on the battery or bat-
tery circuit. Board cleaning around the battery area
may be done if the battery is removed first; however,
this requires new battery straps for re-instaflation of
the battery and performance of the adjustment proce-
dure to restore calibration constants in memory. To
heip protect the GFIB switches, apply wide tape to
the swilch sides and top.

Isoiation Board (A15). Use the specified detergent solu-
tion for cieaning; rinse well with distilled water.

CAUTION

Do not affow cleaning or rinsing solutions on the trans-
former. Isopropyl alcohol may be used for cleaning if
the transformer is first removed from the board. Rinse
very well with generous amounts of clean isopropy!
alcohol.

RMS Board (A 16). For cleaning, use the specified deter-
gent solution. Rinse with distilled water.

; CAUTION 2

fsopropy! alcohol may be used for cleaning this board
if the board is very well rinsed with generous amounts
of clean isopropy! alcohol.

ADC Board {A17) and Relay Board (A18). For cleaning,
use the specified detergent solution; rinse very well with
distilled water. isopropyl alcohol may be used for cleaning
provided the circuit board is very well rinsed with generous
amounts of clean isopropyl alcohol.

m

Do not allow cleaning or rinsing solutions in or on the
rear input relay (K1631 on the Relay board), or the
guard input switch assembly (51731).
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CPU Board Coating

Some solder connections and board surface areas of the
CPU board are coated with a clear, moisture-proof material
called Humiseal. These areas are indicated by a gray shad-
ing in Fig. 10-6 in the pullout pages (see lower rear area of
component side of board). After any soldering on these
areas, the shaded solder connections and board surfaces
must be recoated to ensure operation to specified perfor-
mance in a high hurmidity environment. Clean the worked
area by carefully scraping away the damaged portions of
the coating. Remove any flux residue; then reapply
Humiseal to the indicated surfaces and solder connections,
on both sides of the board. Humiseal may be obiained by
ordering Tektronix Part No. 006-1744-00.

TROUBLESHOOTING

Introduction

Troubleshooting information for the DM 5010 includes
detailed instructions using traditional techniques and signa-
ture analysis for selected digital circuit troubleshooting. For
troubleshooting purposes, the circuitry in the DM 5010 is
broken into circuit sections. Table 7-3 lists typical problem
symptoms for these sections. Use these symptoms to help
select the malfunctioning circuit; then perform the verifica-
tion in the table for the selected circuit. Any discrepancy
found in verification confirms that the selected section is
malfunctioning. If the instrument symptoms suggest mal-
functions in several circuit sections, do the verification for
the lower numbered section first. Then follow the detailed
troubleshooting procedures iisted by the circuit section and
number following the table. Although the troubleshooting in-
formation cannot address every possible fault, it may help
isolate the problem area. A review of the Theory of Oper-
ation section in this manual should aiso prove heipful. Refer
to board illustrations adjacent to the diagrams in the putlout
pages for component and test point locations.

If an error code is either displayed on the instrument front
panel or returned to the controller in response to an ERR?
query, refer to the error code definitions in the Programming
section of this manual. The only error codes that indicate
instrument malfunction are those classified as Internal Er-
rors in the error code list. The displayed error code 521
indicates that the Signature Analysis switch is enabled. If
CAL is displayed, the internal CAL jumper is set for instru-
ment adjustment. Enabiing the signature analysis or adjust-
ment mode affects normal instrument operation.

For access to troubleshooting points on the four rear
boards, use the DM 5010 extender boards listed under
Troubleshooting Aids in this section of this manual. Also
listed are flexibie extender cables for operating the DM 5010
outside of the power moduie.
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Signature Analysis

Signature analysis information for troubleshooting some
DM 5010 digital circuitry is provided in the pulout pages in
the back of this manual. it is probable that, over a pericd of
time, product modifications and updates wiil become avail-
able, or necessary, or both. Due to the impact they have on
instrument diagnostics and firmware, some modifications
andg updates must be installed in a serial manner; that is, all
earlier modifications and updates may be a prerequisite to
installation of the most recent one requested or suggested.

To determine the applicable signature version for your
instrument, compare the board assembly (670-) and
firmware {160-) numbers in the DM 5010 Signature Versions
Table (in the back of this section) with those on the instru-
ment boards. Use the signature analysis information in the
puliout pages for the signature version indicated in the table
for your instrument board and firrnware configuration.

Signature Table 10A provides signature anaiysis infor-
mation for checking the microprocessor, ROM, and address
decoding on the CPU board. The DM 5010 setup informa-
tion for these checks requires positioning the NOP jumper to
disable bidirectional buffer U1435 and the buffered data
bus. It also enables the NOP buffer, which sends NOP (no

Maintenance—DM 5010

operation) instruction code to the microprocessor. This code
causes the microprocessor to sequentially address each
memory space in ROM. Signature analysis verifies that the
data read from ROM is correct, thus ensuring that the
microprocessor, data bus, and ROM are operational. After
checking signatures, reset the NOP jumper to the normai
operating position. The instrument must be powered down
and then back up to reset the microprocessor to normal
operation.

Signature Table 10B checks the range shift registers.
These tests require setting the DM 5010 Signature Anaiysis
switch to the SA mode. This causes the microprocessor to
read and perform a special signature anaiysis routine, This
routine uses a repeatable pattern to set the registers to

known states.

Dangerous voltages may be encountered in the fol-
lowing troubleshooting procedures. Caution must be
exercised. Do not contact the output connectors of
the voltage source, or the input connectors or internal
circuitry of the DM 5010.

Table 7-3
TYPICAL TROUBLE SYMPTOMS

Typical Symptoms

Circuit Section-—Verification

Extinguished or unchanging display.

{gnd).

(gnd).

Unchanging or fiickering display, or inter-
nal error code.

CPU Board, Diagram 7

1a. POWER SUPPLIES—Check for +5 V dc on P1731-1A or 1B and 2A or 2B

1b. CLOCK—Check for 1 MHz squarewave between TP1535 (CK) and TP1531

1c. PON CIRCUIT—Check for TTL logic 1 at U1320-40 (PON).
CPU Board, Diagrams 7, 8

2. MICRCPROCESSOR—Place NOP jumper P1425 in the enable position.
Check for a squarewave on the buffered address lines at U1235 and U1420A:;
each line should be one-half the frequency of the previous line, going from BAUC to
| BA11, Check the outputs of U1620 and U1520. Check that the ROM Enables
{pin 18 of U1200, U1300, U1305, and U1400) are not locked high or low. With
power off, reposition the NOP jumper to connect J1425, pins 1 and 2. Apply
power and check that the data lines on both sides of U1435 are not locked high
or low. Check that [RQ at U1320-4 is not locked low. Check that VMA and R/W
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Tabte 7-3 (cont)

Typical Symptoms

Circuit Section—Verification

Dead. unchanging, or flickering display, or
no response to pushbuttons.

Error code 311

No response to REAR INPUT button,
wrong reading, hunts for range, displayed
measurement drifts.

Error code 311, wrong reading, hunts for
range.

One or more DCV readings is out of
specification or 311 error code.

One or more ACV or ACV +DCV readings
is out of specification.

One or more OHMS readings is out of
specification.

CPU Board, Diagram 9

3. FRONT PANEL—Check that U1605-1 (RW3) is a logic 1. With the DIODE
TEST button held in, check the same point for a 0.6 ms logic 0 puise at =5 ms
intervals.

Isclation Board, Diagram 4

4. ISOLATED SUPPLIES—Using an isolated ground reference, check the fol-
lowing supply voitages:

P1701-7A +35.1Vde =11%
P1701-13B +36.9Vde x11%
P1701-13A —369Vdc, £11%
P1701-14A —176Vade, =11%
P1701-14B +17.6Vde, =11%
P1701-158 —-17.6Vde, £11%
P1701-15A —27 V dec, 2%

Isolation Board, Diagram §
ADC Board, Diagram 2
RAMS Board, Diagram 3

5. FUNCTION & RANGE REGISTERS-—Repeatedly press the REAR INPUT
button and check that the relay clicks with each button press.

Isolation Board, Diagrams 4 and 5
ADC Board, Diagram 1

6. A/D CONVERTER~Connect U1120-3 on the ADC Board to analog ground.
Display reads =~zer¢ in all DCV ranges.

Dc Voltage Measuring Circuits, Diagram 1

7. Apply 0V dc and 95% of the full scale dc voltage at the DM 5010 inputs for
each DCV range. All readings are within specification.

AMS Board, Diagram 3

8. RMS CONVERTER—For both ACV and ACV +-DCV, apply a 200 Hz, 5% and
95% of full scale input at the DM 5010 inputs, for the 200 mV through 200 V
ranges. Apply a 200 Hz, 14% and 95% of fuil scale input for the 700 V range. All
readings are within specification.

RMS Board, Diagram 3
9. OHMS CONVERTER-—Apply 0 Q and 95% of the full scale input resistance,

at the DM 5010 inputs, for each OHMS range. All readings are within
specification.

7-10

www.valuetronics.com

ADD JAN 1882



Maintenance—DM 5010

Table 7-3 (cont)

Typical Symptoms

Circuit Section—Verification

Hangs up bus, or will not communicate
over bus with controller.

¢ following:

PRI A%

is received, type:

POLL X,Y;16

10. GPIB—Connect a 4051 or 4052 to the DM 5010 power moduie. Turn all
power on. If the message:

NO SRQ ON UNIT-MESAGE NUMBER 43

where 16 is the instrument address. Short the DM 5010 inputs. Type the

PRI @16: "DCV 2°
INP @16: AS

The last line on the controlier display should be: 0.; or 0.0001; or —0.0001;. The
instrument does not have to be within specification to verify bus operation.

Before beginning troubleshooting on the selected circuit
section, visually inspect the circuit board for broken,
damaged, or loose components, damaged or shorted circuit
paths, etc.

1. POWER SUPPLY, CLOCK, PON CIRCUITS
a. POWER SUPPLY, Isolation Board, Diagram 4

If verification indicated a +5 V malfunction, remove the
{solation board from the DM 5010, but leave the board con-
nected to the flexible extender cable. Check for +5V at
J1733-1A or 1B. If +5 V is present, then a load on either
the Main Interconnect board or CPU board is pulling down
the +5 V supply.

Check the 3 A fuse on the Isolation board.

Check for +5V at U1000-2. If not present, check
Q1105 Q1104, and PWR (P1031-6B) from the power
module.

Check that VR1216 is not shorted.

Check U1000 and Q1101.

Reinstall the Isolation board.
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b. CLOCK, CPU Board, Diagram 7

Check U1320-37 for a 1 MHz squarewave.

Check U1320-38 and 39 for a 4 MHz squarewave.

c. PON, CPU Board, Diagram 7

Check VR1232.

Check L1230 (all pins).

2. MICROPROCESSOR, CPU Board, Diagram 7

To troubleshoot this circuit, do the following steps or use
a signature analyzer to check the signatures in Tabie 10A in
the pullout pages.

a. On U1320, check that the address and data lines are
toggling; IRQ, RESET, NMI, and HALT are not stuck iow;
check for clock pulses on pins 37, 38, 39. Check power and
ground to U1320.

b. Check power, ground, data, and address lines in the
cireuit area including U1235, U1420, U1510, U1520, U1620,
U1720, U730, U1435, U1430, U1425, U1200, U1300,
U1305, U1400, U1600, U1505, U1220.
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3. FRONT-PANEL, Front-Panel Drive board,
Diagram 11

a. If all indicators and push buttons are inoperable,
check J1820-12 for 45 V and J1820-20 for +-8 V.

b. If one or more LEDs do not illuminate, check the asso-
ciated anode driver and the circuit path from the anode driv-
er to the front panel.

¢. If the same segment in atl LEDs stays off or on, check
the associated cathode drivers and circuit paths.

d. If only one LED or segment is always off, check that
LED and its circuit paths.

e. If one of the push buttons is inoperabie, check the
push button switch and its circuit board paths.

f. If several push buttons are inoperable, check the col-
umn drivers and row fines and their paths between the
Front-Panel Drive and Front-Panel boards.

4. ISOLATED SUPPLIES, Isolation Board,
Diagram 4

if any of these supplies are working, the problem with a
malfunctioning supply is located in the isolated section.
When troubleshooting a supply on the Isolation board, use
an extender board only for the bottom Isolation board con-
nector to the Main Interconnect board; leave the top con-
nector unconnected.

a. Check the following no load supply voltages on the
Isolation board:

Table 7-4
NO LOAD POWER SUPPLY VOLTAGES

+ lead ~ lead Voltage Limits (V dc)
P1701-15B ' P1701-15A +92Vio +1168V
148 4A0r4B  +16.6Vto +20.8V

-14A 4AordB —208BVto —166V

-13B . 4Aord4Bd +333Vio +41.7V

-13A : 4A0rd4B . —417Vto ~33.3V

TA | .78 | +33.3V10 +41.7V

If any of these voltages are outside the limits, check the
associated rectitiers and filter capacitors.

7-12

www.valuetronics.com

b. Check for a 50 V peak-to-peak squarewave (18 »s up
and 18 us down) between the collectors {cases) of Q1201 or
Q1202 and ground {TP1421). if the squarewave is not
present, check the 1/2 A fuse.

¢. Check for a 1t MHz TTL squarewave at J1733-118
(Bo2 on diagram 6). If not present, check the circuit back to
1230 on the CPU board.

d. Check for & 27.78 kHz TTL squarewave at U1325B-8
and 9 {on diagram 4). if present, check the transistors and
associated components of the transformer drive circuit.

e. Check for a 250 kHz squarewave at U1535B-8 and 9
{diagram 8). If not present, check U1535.

f. Check for a 4 us pulse every 72 us at U1730-15. If not
present, check the =18 circuit (U1635B, U1730, U1635C,
U15308B, U1320B).

NOTE

A blown fuse may indicate an overload in another cir-
cuit. To troubleshoot an overfoad condition, it may be
helpful to temporarily replace the fuse with a 75 to
200 2, 3 W resistor. After troubleshooting, be sure to
reinstall the fuse.

5. FUNCTION & RANGE REGISTER

To troubleshoot this circuit, do the foliowing steps or use
a signature analyzer to check the signatures in Table 10B in
the pullout pages. For the following steps, use an oscilio-
scope; connect the external trigger (— slope) to U1520-7 on
the CPU board, diagram 7. Set the DM 5010 to the fast
conversion rate. Set the oscilloscope to 5 V/em and
2 ms/cm.

a. Check RC at J1731-10B. Look for a closely grouped
set of 32 pulses; then check for a second group of 32
pulses, not as closely or as evenly spaced as the first group.
Note the position of the last pulse. Then check RD at J1731-
9B. It should have a fixed bit pattern only during the second
puise group checked previously. Change the DM 5010
range or function and check that the bit pattern changes.
The RD ine also has a short pulse just following the last RC
pulse.. Also check RC and RD on the Main Interconnect
board (diagram 10) and at the opto-isolators, U1515-3 and
U1610-3 {diagram 5). Change the oscilloscope ground refer-
ence to PGND (P1701-4A or 4B, diagram 3), and position
the trace near the top of the crt display. Check IRC and IRD
at U1515-6 and U1610-6, and on diagram 10 at J1701-11A
and 11B.
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Next, check the STROBE signal on the ADC and RMS
boards at shift registers U1500-1, diagram 2, and U1330-1,
diagram 3, respectively. The strobe should appear oniy dur-
ing the short pulse at the end of the RD pulse train. Check
the input and output {pins 2 and 9) of each register.

I the shift registers are working and a range problem still
exists, check the latches and the switches they drive for the
matfunction. Refer to Figs. 10-2 and 10-5 in the pullout
pages.

6. A/D CONVERTER, Isolation Board, Diagram 5

First determine whether the problem is in the isolated or
grounded parts of the A/D Converter. To do this, place the
Isolation board on one extender, leaving the top board con-
nector unconnected. Jumper U1710-3 (U/D) to U1510-6
(COMP) on the Isolation board. Check the display with U/D
jumpered to COMP, an overrange negative voltage indi-
cates the fault is in the isolated circuit; a displayed error
code 311 suggests the fault is in the grounded circuit. Re-
move the jumper between U/D and COMP, and check the
indicated circuit.

a. Isolated A/D Circuit: If the problem is in the isolated
section, refer to the sections in the DC Voltage Measuring
Circuit Troubleshooting section dealing with 311 errors and
the Charge-Balancing Converter.

b. Grounded A/D Circuit: Check the path of the TRIG
pulse through the control ICs at the following points:

U1530A-8 (in Progress)
U1435C-8

U1425A-5 (M/Z)
U1435A-3

U1330A-5 (Override)
U1230A-5

U1420C-8

U1425B-8

Check U1330B-8 (U/D) and U1335B-10 (COMP). COMP
should follow U/D.

On diagram 6, check U1635A-12 (EOC} and U1520A.3
(EOQAZ). Check Q1 through Q12 of U1525 for a squarewave
signal; each signal should be one-half the frequency of the
preceding signal.

To check the data generation, trigger the oscilloscope on
TP1625. Stop, on diagram 7; then check that U1235-15 and
U1320A-6 count out the 17 Advance pulses (diagram 6).
Check U1030B-6 (DATA) for a serial representation of the
17 bit input to U1125 and U1030C-8. Check U1125-10 for a
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parailel representation of the counters inputs from U1020,
U1120, U1220, and U1130. Trigger the oscilloscope on
U1425A-5, M/Z, diagram 5; then check that the UP and
DOWN pulses beginning at U1020-5 and 4 propagate
through the counter ICs and that their outputs toggle appro-
priatety. Check that the counter is reset to 0 by the RS
pulse, U1020-11.

7. DC VOLTAGE MEASURING CIRCUITS, ADC
Board, Diagrams 1, 2
a. To check the supply voltages to this circuit, place the

ADC board on an extender board and measure the voltages
listed in Table 7-5.

Table 7-5
POWER SUPPLY AND REFERENCE VOLTAGES
Measurement

Location Diagram Voltage Limits
U1230-18 1 +114Vto +128V
U1230-6 —126Vitio —114V
VR1321-C +6.28Vto +642V
VR1223-C +215Vto +225V
VR1225-A —-225Vto 215V
VR1001-C +325Vto +417V
VR1013-A —417Vto -325V
U1400-14 2 typically —22 V
U1400-7 -275Vto —265V
VR1501.C +48Vito +54V

If the voltages are correct, continue troubleshooting at
part 7b.

{f these voitages are incorrect, remove the RMS board
from the plug-in and remove the ADC board from the ex-
tender board. Measure the voltages in Table 7-6, on tne
extender board connector. The measurement locations are
the Main Interconnect board connector pin numbers.

Table 7-6 :
NO LOAD POWER SUPPLY VOLTAGES
Measurement i
Location Voltage Limits
(+ lead) {— lead)

158 15A +92V to+1186V
148 6B +166Vto +208V
14A 68 —208Vto —1686V
138 €8 +333Vito +41.7V
13A 6B —417Vto —-333V
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If these voltages are incorrect, refer to the Isolated Sup-
piies troubleshooting information. If they are correct, check
the regulation circuit U1601, U1603, U1605, VR1514,
CR1611, R1611, and Q1613 on diagram 2 for the proper
voltages.

Next, perform one of the troubleshooting parts, based on
these symptoms: part b if the dispiay indicates a 311 error
code; part c if the displayed measurement is out of specifi-
cation for the applied d¢ input voitage.

b. Set the DM 5010 to the power-an settings and check
the waveforms in Fig. 7-7 at the locations given. If the
waveforms are incorrect, check the components or
troubleshooting procedure listed in Table 7-7 for the indicat-
ed system.

Table 7-7
ERROR CODE 311 FAULTS
Symptoms Component
One or more power See part a

supplies is incorrect

I M/Z high, U1615 on diagram 5, A/D Con-

I U/D low verter troubleshooting procedure
I M/Z low 11230, C1139 on diagram 1

| U/D high Q1514, C1514, R1514 on dia-

gram 2

¢. Check the FET gate waveforms shown in Fig. 7-8 for
the indicated FETs with 0 V applied to the DM 5010 input.
Set the DM 5010 settings to the power-on states.

If one or more gate waveforms are incorrect, the problem
is associated with the FET, the DCV Signal Conditicner
bootstrap buffer, or the FET gate drive circuits.

To check the bootstrap buffer, measure the voltage at
the juction of the emitters of Q1017 and Q1021 {diagram 1).
This voltage should be no more than a few miilivoits. if not,
troubleshoot the DCV Signal Conditioner, using the proce-
dure provided below.

If the bootstrap buffer is cperating correctly, trace the
gate signal back through its driver and to the Function and
Range Register or the Measurement Enable circuit. Refer to
the Function and Range Register, it the problem is in that
circuit. Tables 10-2 and 10-5 in the pullout pages show the
register output states. If the problem is in the Measurement
Enable circuit (no | M/Z at U1400-1, diagram 2), check
Q1511, Q1512, and CR1511.

7-14
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The remainder of this procedure  provides
troubleshooting information for each of the functional blocks
in the isclated section.

Input Switch

Measure the voltage between the input end of R1637
and the isolated grounds (diagram 1).

if the voltage is not equal to the front panel input, check
C1723, L1723, K1631, and the solder connections between
K1631 and the ADC board.

If the voitage is not equal to the rear interface input,
check K1631 and the solder connections between the reiay
and the ADC board.

If K1631 does not cperate, check its drive circuit and the
Function and Range Register (U1300-12} output (diagram
2).

Attenuator

Measure the voltage between the junction of R1521 and
R1427, and the isolated ground (diagram 1). The junction
will be loaded slightly by the test equipment used. Check the
components listed in Table 7-8 for the symptoms indicated
for the measured voltage. The Function and Range Register
states are given in Tables 10-2 and 10-5 in the puilout
pages.

Overvoltage Protection and Function Switching

Retain the measurement connections frem the previous
check, with the DM 5010 set to its power-on state. If the
measured voitage is approximately —22 V or +22 V, check
Q1327 or Q1323 (diagram 1).

Connect an oscilloscope between the input end of R1222
and the isolated ground. Use the | M/Z (U1230-3) trailing
edge as the external trigger; set the oscilloscope for
50 mV/cm and 50 ms/cm. Apply 100 mV to the DM 5010
input. if the displayed waveform is not the same as the
waveform in Fig. 7-9, check Q1312 and Q1317.

DCV Signal Conditioner

Connect the oscilloscope between the input end of
R1121 and the isolated ground {diagram 1). Use the trailing
edge of | M/Z (U1230-3) as the external trigger. Set the
oscilloscope for 1 V/iem and 50 ms/em. Set the DM 5010 to
its power-on state. Apply 100mV, 1V, and 10V to the
DM 5010 input. For each input, check that the displayed
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Tabile 7-8
ATTENUATOR FAULTS
Symptom [ Diagram —Il Components
Voltage = applied input (any range) ‘ 1 R1637
Voltage = applied input in 200 mV through f 1.2 R1521, K1527, and its drive circuit, Function and

20 V ranges. Checks good in 200 and 1000 V

ranges |
Voltage = appiied input in 200 or 1000 V 1,2
ranges. Checks good in 200 mV-20 V ranges |

Voltage = one-haif the applied input in 200 mV | 1,2
through 20 V ranges

Voitage > appiied input in 200 and 1000 V 1,2

ranges

Range Register (U1500-12) output

R1429, K1525, and K1425, and their drive circuits.
Function and Range Register (U1500-5, 7} outputs

K1425 and its drive circuit, Function and Range
Register (U1500-7) output

K1527 and its drive circuit, Function and Range
Register, {U1500-12) output

waveform matches that shown in Fig. 7-10. If it does not,
check U1210, R1101, R1102, Q1105, Q1106, Q1112,
Q1114 (diagram 1), and their gate drive circuits (diagram 2);
also check the output of the Function and Range Register
{U1300-5, 4, 7, 6, on diagram 2). See Tables 10-2 and 10-5

in the pullout pages.

Connect the oscilloscope between U1110-2 and the iso-
lated ground. Set the oscilloscope to 100 mV/cm and apply
100 mV to the DM 5010 input. Check that displayed
waveform matches that shown in Fig. 7-10. If it does not,
check the components listed in Table 7-9 for the indicated

symptoms.

Table 7-9
DCV SIGNAL CONDITIONER FAULTS

Symptom

T

Components >

U1110-2 at the + or — rail

U1110-2 oscillating

OM 5010 display is correct
but varies at least =3 least
significant digits

U1110, U1210, 01101,
Q1111, Q1017, and
Q1021

C1017, C1019

U1210

Charge-Balancing Converter

Connect the oscilloscope between the input end of
R1229 and the isolated ground. Set the oscilloscope to
1 V/cm and 50 ms/em and apply 100 mV to the DM 5010

input.
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i the displayed waveform does not match that in Fig.
7-10, check R1121, CR1123, CR1125, VR1124, VR1128,
and U1120.

Compare the DM 5010 dispiay to the symptoms listed in
Table 7-10 and check the indicated components on diagram
1.

Table 7-10
CHARGE-BALANCING CONVERTER FAULTS

Symptom Components

Display indicates 311 error code when | CR1123,
a 500 V or greater transient is applied | CR1125,
to the DM 5010 input VR1124, and
VR1126

Display indicates 311 error code when | CR1129, VR1129
the DM 5010 is in a fixed range and the
applied input is more negative than the
negative full scale value

8. RMS CONVERTER, RMS Board, Diagram 3

a. To check the first stage of the converter, apply a sig-
nal that reflects the problem to the DM 5010 input connec-
tors. Be sure the DM 5010 is set to the ACV or ACV+DCV
mode, and to the appropriate range (or autorange). Connect
a digital multimeter to TP1701 (low) and TP1503 (high).
Check that the nominal ac voltage measured is as listed
below for the DM 5010 range:

DM 5010 Range Nominal Ac Voltage
200mvVor2y same as applied input
2V 0.1 times the applied input
200 or 700 v 0.001 times applied input
7-15
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Fig. 7-8. FET Gate timing diagram.
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- e 200mS -

2994.24

Fig. 7-9. Over-voltage protection and function switching
waveform.

If the measured voltage is correct, troubleshoot the next
stage, according to part 7b. If incorrect, check the compo-
nents listed in Table 7-11 for the indicated symptoms.

Table 7-11
RMS CONVERTER FAULTS

Maintenance—DM 5010
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Fig. 7-10. DCV Signal Conditioner and Charge-Balancing
Converter waveform.

If no error is found, check the final stage of the converter
in part 7c. If an error is detected, check the components
listed in Tabie 7-12 for the DM 5010 symptoms.

Table 7-12
RMS CONVERTER FAULTS

Symptom Component

Symptom Component

Error occurs in ACV mode but | C1621

not in ACV +DCV mode

Error occurs in ACV-+DCV
mode with a dc or low fre-
quency ac input

K621, R1621

R1603, R1501, K1621,
U1500, C1605, C1607,
C1609, C1503, C1505,
+ and —12 V supplies

Error occurs in all ranges

Error ocours in 200 mv, 2V R1501, C1505, C1503

ranges

R1403, R1401, C1403,
C1504

Error occurs in 20 V range

Error occurs in 200, 700V R1309, C1311

ranges

b. To check the second stage of the RMS Converter,
move the digital multimeter high lead to TP1201 (low lead
remains at TP1701). Set the applied input voltage to a full
scale value for the DM 5010 range being checked. Check
that the nominal a¢ voltage measured is as listed below for
the DM 5010 range.

DM 5010 Range

200 mv—200 V 2V
700V 07V

Nominal Ac Voltage

ADD JAN 1982
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R1307, R1201, U1200,
+ and —12 V supplies

Eror occurs in all ranges

Error occurs in 200 mV, R1201

200 V ranges

Error occurs in 2V, 20V, R1211, K1201%

700 V ranges ‘

c. To check the final converter stage, move the digital
multimeter high lead to U1100-8 {low lead remains at
TP1701). Check that the measured dc voltage is equal to
the rms value of the applied input, scaled to a maximum of
2V for a full scale input. If an error is detected, check
U1100, C1101, C1103, C1001, and R1101. if no error is
found, check Q1217 on the ADC board (diagram 1). If
Q1217 is good, make sure the A/D Converter is functioning
properly by measuring a dc input in the DCV mode. If not,
refer to the A/D Converter and Dc Voltage Measuring Cir-
cuits troubleshooting information.

9. OHMS CONVERTER, RMS Board, Diagram 3

To troubleshoot the Ohms Converter, place the RMS
board on an extender board and set the DM 5010 to the
OHMS mode, with the range (in STEP mode) and input con-
dition as listed in Table 7-13. Measure the voltage between
the component listed in the table and ohms ground. if the
voltage is outside the limits listed, check the designated
component.

7-17
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After making the voltage measurements in Table 7-13,

If the cutput of U1417-2 is correct, disconnect the RMS
check the components listed below for the indicated

board from the extender board and remove the ADC board.

On the extender board, measure the voltage between pins symptoms.
7B and 8B. if the voltage is not between 33.3 and 41.7 V,
refer to the Isolated Supplies troubleshooting information.
Continue with the measurements in the table.
Table 7-13
POWER SUPPLY AND REFERENCE VOLTAGES
Measurement
Conditions Lecation Limits Components

200Qrange, 0Q | U1417-2 22.81025.2 See text
input

U1120-4 —-23t0 -3 VR1415

I VR1123-C 8.82 to 9.18 R1221, VR1123, C1111
Ut120-3 0.638 to 0.671 R1123, R1121, CR1021, CR1121, U1120
P1711-8A 8.50 10 10.76 U1120, CR1227, RT1227, CR1225, R1229. R1321,
R1225, R1223, K1313 and its drive circuit, U1330-11

VR1013-C 1.8t0 26 R1013, VR1013
200 @ range, P1711-4A or 4B 351047 Q1021, CR1011,RT1011, R1331, K1131 and K1231
open input J and their drive circuits, U1300-12, and 14

1
2kQrange, 00 | P1711-8A 11210 1.27 K1313 and its drive circuit, U1330-11
input
20kQ2range, 0Q | P1711-8A 9.50 to 10.76 Ut1330-11
input
200 k2 range, 09 | P1711-BA 1.12 10 1.27 U1330-11
input
2M@range, 02 | P1711-8A 11210 1.27 U1330-11
input
20Mirange, 00 | P1711-8BA 1.12t0 1.27 U1330-11
input ‘
Table 7-14

OHMS CONVERTER FAULTS

Symptom

Component

Display is incorrect in all

ranges

Display indicates
191.90 0 with a
190.00 © input

13)

Q1315 and its drive circuits (diagram 1) and the output of the Function and Range F\egister; U1400-
11, U1500-6 (diagram 2). For each OHMS range, check the output of the Function and Range
Register U1330-11, 12, 13, and 14 (diagram 3).

K1031 and its drive circuit, and the output of the Function and Range Register U1330-13 (diagram

7-18
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Nenlinearity in the 20 MQ range is caused by a lowering
of the insulation resistance between High and Low, High
and Q Out, and Low, and chassis ground. Check the compo-
nents between these signal lines to find the fault.

Signal ADC Board :+ RMS Board 2
High P1713-4A P1711-4A
Low P1713-2A P1711-2A
{2 Cut P1713-8B P1711-8A

10. GPIB, CPU Board, Diagram 9
GPIB circuit faults may appear in four places:

GPIB IC U1105
Data buffer U1100
Control buffer U1110
Circuit board

Visually inspect the circuit board paths and solder con-
nections in the GP!B circuit for damage and poor connec-

Maintenance—0DOM 5010

tions. Place the CPU board on an extender board plugged
into the DM 5010 and apply power via a fiexible extender
cable to the power moduie.

a. Check that the data on both sides of data buffer
LJ1100 are the same.

b. Check that the control lines are the same on both
sides of control buffer U1110. Check that the lines are in a
valid state.

¢. To check U1100, remove U1105, using proper static
handling procedures; then force U1100-1 (TE) high or low.
Force the data buffer inputs (U1100-12 to 19) high and low,
checking its outputs (pins 2 to 9). A similar procedure can be
used on Ut110.

d. If U1100 and U1110 are not faulty, change U1105.

Table 7-15 Signature Versions

Assembly
ROM 1.0
A14, CPU 670-6815-00
u1200 160-1329-00
U1300 160-1328-00
U1305 160-1327-00
U1400 160-1326-00
A15, Isolation 670-6814-00
A18, RMS 670-6816-00
A17, ADC 670-6817-00
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OPTIONS

No options are available.

@ 8-1
www.valuetronics.com



www.valuetronics.com



Section 9—DM 5310

REPLACEABLE
ELECTRICAL PARTS

PARTS ORDERING INFORMATION

Repiacement parts are available from or through your local
Tektronix, Inc. Field Ofice or representative.

Changes to Tekironix instruments are sometimes made 1o
accommodate improved compgenents as they become avaiiable.
and to give you the benefit of the latest circuit nprovements
developed in our engineering department. itis therefore impor-
tant, wnen ordering parts. toinclude tne tollowing informationin
your order: Part number, instrument type or number, serial
number, and modificaton number if applicable.

If a part you have ordered has been replaced with a new or
improved part, your local Tektronix, Inc. Field Officeor represen-
rative will contact you concerning any change in part number

Change information, if any. is located at the rear of this
manual.

LIST OF ASSEMBLIES

A list of assemblies can be found at the beginning of the
Electrical Parts List. The assemblies arelisted in numerical order.
When the complete component number of a partisknown, thislist
will identify the assembly in which the part is located.

CROSS INDEX-MFR. CODE NUMBER TO
MANUFACTURER

The Mfr Code Number to Manufacturer index for the
Electrical Parts List is located immediately after this page. The
Cross index provides coges, names and addresses of manutac-
turers of components listed in the Electrical Parts List.

ABBREVIATIONS

Abbreviations conform to American National Standard ¥1.1.

COMPONENT NUMBER (column one of the
Electrical Parts List)

A numbering method has been used o identify assemblies,
subassemblies and parts. Examples of this numbering method

and typicat expansions are illustrated by the following:
Example a. component number
A23R1234 A23 R1234

Assembiy number Circuit number

Read: Resistor 1234 of Assembly 22

Example b. component number

AZ23AZ2R1234 A23 A2 R1234
Assembly Supassembly Circuit
number number number

Read: Resistor 1234 of Subassembly 2 of Assembly 23

@ i
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Only the circuit number will appear on the diagrams and
circuit board illustrations. Each diagram and circuit board
illustration is clearly marked with the assembly number.
Assembly numbers are also marked on the mechanical exploded
views located in the Mechanical Parts List The compcnent
number is obtained by adding the assembly number prefix to the
circuit number

The Electrical Parts List is divided and arranged by
assemblies in numerical seguence (e.g., assembly A1 with its
subassemblies and parts, precedes assembly A2 with its sub-
assemblies and parts).

Chassis-mounted parts have no assembly number prefix
and are located at the end of the Electrical Parts List.

TEKTRON!X PART NO. (column two of the
Electrical Parts List)

indicates part number to be used when ordering replace-
ment part from Tektronix.

SERIAL/MODEL NOC. (columns three and four
of the Electrical Parts List)

Column three (3) indicates the serial number at which the
part was first used. Cotumnn four (4) indicates the serial number at
which the part was removed. No serial number entered indicates
part is goog for all senal numbers.

NAME & DESCRIPTION (column five of the
Electrical Parts List)

in the Parts List, an ltem Name is separated frgm the
description by a coton {:). Because of space limitations, an Item
Name may sometimes appear as incomplete Fgr further Item
Name identification, the U.S. Federal Cataloging Handbook H6-1
can be utilized where possible.

MFR. CODE (column six of the Electrical Parts
List)

Indicates the code number of the actual manufacturer of the
part. (Code to name and address cross reference can be found
immediately after this page)

MFR. PART NUMBER (column seven of the
Electrical Parts List)

Indicates actual manutacturers part number.
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CROSS INDEX -

MFR. CODE NUMBER TO MANUFACTURER

Mir.
Code Manutacturer Address City, State, Zip Code
00779 AP INC P 0 BOX 3608 HARRISBURG PA 17105
00853 SONGAMO MESTON INC SONGAND RO PICKENS SC 29671
SANGOMO CAPACITCR DIV £ 0 BOX 128

01002 GENERAL ELECTRIC €O JOHN ST HUDSON FALLS NY 12839
CAPACITOR PRODUCTS DEPT

01121 ALLEN-BRADLEY €O 1201 SOUTH 2ND ST WILWAUKEE W1 53204

01295 TEXAS INSTRUMENTS INC 13500 N CENTRAL EXPRESSHNAY DALLAS TX 75265
SEMICONDUCTOR GROUP P Q BOX 225012 M/S 49

01963 CHERRY ELECTRICAL PRODUCTS CORP 3600 SUNSET AVE NAUKEGAN 1L 50085

02735 RCA CORP ROUTE 202 SOMERYILLE NJ 08876
SOLID STATE DIVISION
03508 GENERAL ELECTRIC CO ® GENESEE ST BUBLRN NY 13021
SBMI-CONDUCTOR PRODUCTS OEPT
(3888 KD} PYROFILM CORP 60 § JEFFERSON RD WHIPPONY NJ 07981
08222 AVX CERAMICS DIV OF AVX CORP 19TH AYE SOUTH MYRTLE BEACH SC 29577
P 0 80X 867
04713 MOTOROLA INC 5005 E MCOOWELL RO PHOENIX A1 85008
SEMICONDUCTOR GROUP
05397 UNION CARBIDE CORP MATERIALS SYSTEMS 11901 MADISON AVE CLEVELAND OH 44101
HYY
05574 VIKING CONNECTORS INC 21009 NORDHOFF ST CHATSMORTH CA 81311
05828 GENERAL INSTRUMENT CORP 600 W JOHN ST HECKSYILLE MY 11802
GOVERNMENT SYSTEMS D1V
07263 FAIRCHILD CAMERN OND INSTRUMENT CORP 464 ELLIS ST MOUNTAIN YIEW CA 94042
SEMICONDUCTER DIV
07716 TR INC 2850 MT PLEASANT AVE BURLINGTON 1A 52601
TRE ELECTRONICS COMPONENTS
T IRC FIXED RESISTORS/BURLINGTON
12969 UNITRODE CORP 580 PLERSANT S7 NATERTOMN MR 02172
14433 ITT SEMICONDUCTORS DIV NEST POLM BEACH FL
14552 MWICRO/SEMICONDUCTOR CORP 2830 S FAIRVIEW ST SANTA ANR CR 92704
14782 ELECTRG CUBE INC 1710 S DEL MAR AVE SN GRBRIEL €A 91776
15636 ELEC-TROL INC 26477 N GOLDEN VALLEY RD SAUGUS CA 91350
17856 SILICORIX INC 2201 LAURELWBOD RO SANTA CLARA CH 95054
18324 SIGNETICS CORP 811 E DRQUES SUNNYVALE CA 94088
19209 GENERAL ELECTRIC CO 449 HRY N GAINESVILLE FL 32602
BATTERY BUSINESS DEPT P 0 BOX 881
19647 CADDOCK ELECTRONICS INC 3127 CHICAGO AVE RIVERSIDE €A 92507
18701 MEPCOD/ELECTRA INC P 0 80X 760 MINERAL WELLS TX 76067
fi NORTH OMERICAN PHILIPS CO
22526 DU PONT € I DE NBMOURS AND (O INC 30 HUNTER LANE CAMP HILL PR 17011
DU PONT CONNECTOR SYSTENMS
248355 ANRLOG DEVICES INC RT 1 INDUSTRIAL PK NORNOOD MA 02062
P 0 80X 280
24586 CORNING GLASS WORXS 550 HIGH ST BRADFORD PA 16701
27014 NATIONAL SEMICONDUCTOR CORP 2900 SEMICONDUCTOR DR SANTA CLARA CA 95059
31433 UNION CARBIDE CORP PO BOX 5928 GREENVILLE SC 29606
ELECTRONICS DIV
32997 BOURNS INC 1200 COLUMBIA AVE RIVERSIDE CA 92507
TRIMPOT DIV
33096 COLORADD CRYSTAL CORP 2303 K B8TH ST LOVELAND €O 80537
34335 AOVANCED MICRO DEVICES 901 THOMPSON PL SUNNYVALE CA 94086
34371 HARRIS SEMICONDUCTOR DIV OF HRRRIS P 0 BOX 883 MELBOURNE FL 32901
CORP
50157 MIOMEST COMPONENTS INC 4981 PORT CITY BLVD WUSKEGON M1 49443
P 0 BOX 787
50434 HEMLETT-PACKARD €0 OPTOELECTRONICS 640 PAGE MILL RD PALO ALTO CA 94304
DIy
52763 STETTNER ELECTRONICS INC 6135 QIRMAYS BLVD CHATTANODGAR TN 37421
PO 8OX 21947
52769 SPRAGUE-GOODMAN ELECTRONICS INC 134 FULTON AVE GARDEN CITY PARK NY 11040
58473 MATSUSHITA ELECTRIC CORP OF AMERICR  ONE PANASONIC wAY SECAUCUS Nd 07094
55680 NICHICON /RMERICA/ CORP 927 E STATE PKY SCHAUMBURG TL 60195
56289 SPRAGUE ELECTRIC CO 87 MARSHALL ST NORTH ADAMS MA 01247
57668 ROHM CORP 16931 MILLIKEN AVE IRVINE CB 92713
58361 GENERAL INSTRUMENT CORP 3800 HILLVIEW AVE PALD ALTO CA 94304
OPTOELECTRONICS DIV
9-2 REV JUN 1986
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Mir,
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Replaceabte Electrical Parts - DM 5010

CROSS INDEX - MFR. CODE NUMBER TO MANUFACTURER

Manufacturer

Address

City, State, Zip Code

59660
71400

74970
75042
75915
80009
81073

91637
TRir27

TUSONIX INC

KCGRAM-EDISON CO

BUSSMONN WFG DIV

JOHNSON E F CD

TRM INC

TR ELECTRONIC COMPONENTS

IRC FIXED RESISTORS PHILADELPHIA DIV
LITTELFUSE INC

TEKTRONIX INC

GRAYHILL INC
DALE ELECTRONECS INC

PHILIPS NEDERLAND BV
AFD ELONCO

REV JUN 1386

www.valuetronics.com

2155 N FORBES 8LVD
502 EARTH CITY PLAZA
P 0 BOX 14460

299 10TH AVE S M
431 N BROAD ST

800 E NORTHWEST HWY
4800 S W GRIFFITH DR
P 0 BOX 500

561 HILLGROVE AVE

P 0 80X 373

P 0 BOX 609

PGSTRBUS 90059

TUCSON, ARIZONG B5705
ST LOUIS MO 63178

WASECA WMN 56093
PHILADELPHIA PR 19108
DES PLAINES IL 60016
BEAVERTON QR 97077
LA GRANGE It 60525

COLUMBUS NE 68601
5600 PB EINDHOVEN THE NETHERLANDS



Replaceable Electrical Parts - DM S010

Tektronix Serial/Assembly No. Mfr.
Component No. Part No. EHective Dscont Name & Description Code Mfr, Part No.
A1t 670-6812-00 CIRCUIT BO ASSY:FRONT PANEL 80008  670-6812-00
A11051000 150-1066-00 LAMP  LED ROOUT:ORANGE ,6 SEG,+/-1. 58361  03384/MON4G05A
A11051005 150~10563-00 LAMP  LED RDOUT :QRANGE, 58361  MAN4G104/Q3411
A11051010 150-1043-00 LT EMITTING DIO:ORANGE,G35NW, 35MA MAX 58361  My5774C
A11051015 150-1043-00 LT EMITTING OI0:0RANGE GIGNM, 35MB MOX 658361  MV5774C
811051020 150-1043-00 LT EMITTING DIO:QRANGE 535NN, I5MA MAX 58361  Mvs77aC
11051030 150-1043-00 LT EMITTING DIO:ORANGE ,G3I5NM, 35MA MaX 58361  MVS5774C
811051032 150-1043-00 LT EMITTING DI0:0RDNGE  G35NM 3540 MAX £8361  Mvs77al
A11051100 150-1053-00 LAMP,LED RDOUT:ORDNGE, 68361  MAN4B10R/03411
11051105 150-1053-00 LAWP ,LED RDOUT :ORONGE, 58361  MAN4AE10A/03411
A110S1110 150-1043-00 LT EMITTING DIO:ORANGE B3ISNM,35MA MOX 58361  Mv5774C
A11051115 150-1043~00 LT EMITTING D10:0RANGE 535N, 35MA MOX 58361  MV5774C
A11051120 150-1043-00 LT EMITTING O10:0RDNGE 635NN, 35M0 MAX 58361  MV&774C
f110511430 150~1043-00 LT EMITTING DIO:ORANGE 635NM,35MA MAX 58361  Mvs77aC
#411051135 150-1043-00 LT EMITTING 010:CRANGE,635NM , 35MA MOX 58361  WMv5774C
841051200 150-1053-00 LAMP ,LED RDOUT :ORONGE, 58361  MANGB10A/Q3411
A11051210 150-1043-00 LT EMITTING DI0:0RANGE 635N, 35MA MAX 58361  My5774C
A11051215 150-1043-00 LT EMITTING DI0:0RONGE ,G35NM, 35MA MAX 58361  My577aC
At11051217 150-1043-00 LT EMITTING DI10:0RANGE G3ISNM,35MA MAX 58361  MvS/7aC
B11051220 150-1043-60 LT EMITTING DIC:0RANGE,B35NM 35MA MAX 58361  MVS774C
M11051225 150-1043-00 LT EMITTING DI0:ORANGE ,6I5NM , 35M0 MAX 68361  MV5774C
811051230 150-1043-00 LT EMITTING DIO:0RANGE ,635NM ,35M0 MAX 58361  Mv5774C
n11051237 150-1043-00 LT EMITTENG DIO:ORONGE,BISNM, 35MA MAX 58361  MV5774C
A11051302 150-1043-00 LT EMITTING DIO:DRANGE ,635NM,35M0 MAX 58361  Mvs77aC
A11051304 150-1043-00 LT EMITTING DIO:ORANGE 535N 35MA MAX 58361  Mv5774C
A11051306 150-1643-00 LY EMITTING DIQ:ORANGE 63ISNM ,35M0 MOX 58361  Mys577aC
A11054502 150-1043-00 LT EMITTING DI0:DRANGE ,5I5NM , 35MA MOX £B361  WY5774C
11051504 150-1043-00 LT EMITTING DID:ORANGE ,6ISNM, 35MA MOX 58361 Mv5774C
A11051506 150-1043-00 LT EMITTING DIQ:DRANGE 635N, 35MA MAX 58361  Mvs77aC
A1141120 136-0263-04 SOCKET ,PIN TERM:U/R 0.025 SQ PIN 77526  75377-001
A11J1300 136-0263-04 SOCKET ,PIN TERM:U/® 0.025 50 PIN 22526  75377-001
A1141320 136-0263-04 SOCKET ,PIN TERM:U/N 0,025 SQ PIN 2826  75377-001
A441J1460 136-0263-04 SOCKET ,PIN TERM:U/W 0.025 SQ PIN 22528  75377-001
£1151010 263-0019-35 SKITCH PB QSSY:MOMENTARY 80009  263-0019-35
1151015 263-0019-35 SHITCH PB ASSY:MOMENTARY 80008  263-0019-35
A1151020 263-0019-35 SRITCH PB ASSY:MOMENTARY 80008 263-0019-35
#1151025 263-0019-38 SHITCH PB ASSY:MOMENTARY 80009 263-0019-38
A1151030 263-0019-35 SAITCH PB ASSY:MOMENTARY 80009  263-0019-35
A1151032 263-0019-35 SHITCH PB ASSY:MOMENTARY 80008  263-0019-35
A1151035 263-0019-38 SNITCH PB R55Y:MOMENTARY BOOOS  263-0019-38
A1151037 263-0019-38 SHITCH PB NSSY: MOMENTARY 80009  263-0018-38
1151039 263-0013-38 SNITCH PB ASSY:MOMENTARY 80009  263-0019-38
A1151110 263-0019-35 SNITCH PB ASSY:MOMENTARY 80009  263-0019-35
A1181115 263-0019-35 SNITCH PB ASSY:MOMENTARY 80009 263-0019-35
A1151120 263-0019-35 SNITCH PB ASSY:MOMENTARY 80009  263-0019-35
A1151130 263-0019-35 SNITCH PB ASSY:MOMENTARY 80009 263-0019-35
A1151135 263-0019-35 SWHITCH PB ASSY:MOMENTARY 80009 263-0019-35
1151139 263-0013-38 SRITCH PB DSSY: MOMENTARY 80009  263-0019-38
1151210 263-0019-35 SHITCH PB ASSY:MOMENTARY 80009 263-G0D18-35
A1151215 263-0019-35 SKITCH PB ASSY:MOMENTARY BOC09  263-0019-35
A1151217 263-0019-35 SHITCH PB QSSY:MOMENTARY 80009  263-0019-35
A1151220 263-0019-35 SKITCH PB ASSY:MOMENTARY 80009  263-0019-35
11151225 263-0019-35 SHITCH PB ASSY:MOMENTORY 89009  263-0019-35
1151230 263-0019-35 SHITCH PB ASSY:MOMENTRRY 80009  263-0019-35
01181232 263-0019-38 SNITCH PB ASSY:MOMENTARY 80009  283-0018-38
01151235 263-0019-38 SHITCH PB ASSY:MOMENTARY 80009  263-0019-38
01151237 263-0019-35 SHITCH PB ASSY:MOMENTORY 80009  263-0019-35
1151239 263-0019-38 SHITCH PB ASSY:MOMENTARY 8000%  263-0019-38
414151310 263-0019-38 SHITCH PB ASSY:MOMENTARY 80009 263-0019-38
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#1151315 263-0019-38 SMITCH PB ASSY:MOMENTARY 80009  263-0019-38
81181320 263-0019-38 SKITCH P ASSY:MOMENTARY 80009  263-0019-38
A1151325 263-0019-38 SHITCH P8 ASSY:MOMENTARY 80009  263-0019-38
A1151410 263-0019-38 SEITCH P8 ASSY:MOMENTARY 80009  263-0019-38
A1151412 263-0019-28 SKITCH P8 ASSY:MOMENTORY 80008  263-0019-38
A1151a315 263-0019-38 SHITCH PB ASSY:MOMENTARY 80009  263-0019-38
A1151817 263-0019-39 SWITCH PB ASSY:MOMENTARY B800GS  263-0013~38
A1151420 263-00138-38 SNITCH PB ASSY:MOMENTARY 80009  263-0019-38
41151422 263-0019-38 SRITCH P8 ASSY:MOMENTARY 80069  263-0019-38
A1151425 263-0019-38 SKITCH PB ASSY:MOMENTARY 80009 263-0019-38
1151427 263-0019-38 SRITCH PB ASSY :MOMENTARY 80009  253-001%9-38
41151510 263-0019-36 SKLTCH PB ASSY:MOMENTARY 30009  263-0018-36
A1151520 263-0019-38 SHITCH P ASSY:MOMENTARY 80009 263-0019-38
1451525 263-0019-37 SHITCH PB ASSY:MOMENTORY 80009 263-0019-37
A12 570-6813-G0 CIRCUTT BD RSSY:FP GRIVE 80009  670-6813-00
41201315 281-0775-00 CaP FX0 CER DI:0.1UF,20% 50V 04222  WAZ05E104MAA
A12C1431 281-0775-00 CaP ,FX0,CER D1:0.1UF,20% 50V 04222  mA205E104m00
fA12C1531 281-0775-00 CAP FXD,CER DI:0.1UF,20%,50V 04222  WOZDSE104MAR
1201533 281-0775-00 CAP,FXD,CER DI:D.1UF,20% 50V 04222  MA205E104MAR
12017414 290-0727-00 CAP,FXD,ELCTLT:300UF ,+75-10% , 25V 56288  S000307G0Z5EH?
A12C1821 281-0775-00 CAP, FXD,CER DI:0.1UF,20% 50V 04222  MA205E104MAR
A12C1823 281-0775-00 CAP, FXD,CER DI:0.1UF,20% 50V 04222  WA205E104M00
81241820 131-2514-00 CONN,RCPT ELEC:CKT 80,2 X 10,MALE 00779 864791
R12L1731 108-0336-00 COIL,RF:FIXED,100UH 80009  108-0336-00
A12P1120 131-0580-00 TERMINAL ,PIN:D.71 L X 0.025 59 PH BRI 80009  131-0580-00
A12P1300 131-0590-00 TERMINAL ,PIN:Q.71 L X 0.025 S0 PH BRI 80008  131-0590-00
A12P1320 131-0590-00 TERMENAL ,PIN:0.71 L X 0.025 SO PH BRI 80002  131-0530-00
f12P1400 131-0590-00 TERMINAL PIN:G.71 L X 0.025 SQ PH BRI 80009  131-05%0-00
81201001 151-0391-00 TRANSISTOR:PNP,SI,X-81 04713  SPSBBETK
1241005 151~0391-00 TRANSISTOR:PNP ST, %-B81 04713  SPSEBB7K
A1201101 151-0381-00 TRANSISTOR:PNP ST, X%~81 04713  SPSBIGTK
A1201105 151-03%31-00 TRONSISTOR:PNP ST, %-81 04713 SPSBEBTK
A1201201 151-0391-00 TRANSISTOR:PNP,S1,X-81 04713  SPSE8APK
A1201205 151-0391-00 TRONSISTOR:PNP,S1,X-B1 04713  5PSHBE?X
21201301 151-0391-00 TRONSISTOR:PNP,SI,X-81 04713 SPS6867X
A1201305 151-0391-00 TRANSISTOR: PNP S|, X-81 04713 SPSBBE7X
R12R1121 315-0912-00 RES ,FXD,FILM:9.1K DHM 5% ,0,25M §7668  NTR25.-EQSK14
A12R1123 316-0563-00 RES,FXD,FILM:56K CHM 5% 0.25W 19701  5043CX56K00)
Q1281125 315-0812-00 RES,FXD,FILM:9, 1K OHM,5%,0,254 57668  NTRZGJ-£09K1
a12r1127 315-0563-00 RES,FXD,FIEM: 56K OHM, 5% 0.25% 19701 BD43CX56K004
A12R1129 315-0912-00 RES,FX0,F1LM:9,1K QMM 5% 0,258 57668  NTRZ5J-ED9K1
A12R1221 315-0553-00 RES,FXD,FLLM:56K DHM ,5%,0.25M 19701  5043CX56K00J
A12R1223 315-0912-00 RES , FXD,FILM:9.1K OHM 5% 0.25M 57668  NTR25J-E09KA
A12R1225 315-0563-00 RES,FXD,FILM:56K OHM 5% 0,250 19701 5043CX56K00J
A12R1227 315-0912-00 RES,FXO,FILM:9.1K OHM 5% ,0.29W 57668  NTR25J-EQ9K1
A12R1229 315-0563-00 RES,FXD,FILM:58K OHM,5%,0.250 19701 5043CX56K00J
A12R1311 315-0563-00 RES,FXD,FILM: 56K OHM 5% ,0.25M 19701  5043LX56K00J
f12R1313 315-0563-00 RES,FXD,FILM:56K OHM 5% 0.25M 19701 5043Cx56KD0J
A12R1315 315-0563-00 RES,FXD,FILM:56K OHM 5% 0,25M 19781  5043CXS6K00J
A12R1321 315-0912-00 RES ,FXD,FILM:9.1K OHM 5% ,0.25M 57668  NTR254-E09KS
A12R1323 315-6912-00 RES,FXD,FILM:9.1K OHM,5%,0,25M 57668  NTRZ5.-ED9K1
A12R1325 315-0912-00 RES ,FXD,FILM:9.1K OHM 57.0.25N0 657668  NTR25J-E09K1
A12R1511 315-0151-00 RES ,FXD,FILM:150 OHM,5%,0.250 57668  NTR2S4-£150E
41201513 315-0151-00 RES,FXD,F[LN 150 OHM 5% ,0.254 57668 NTR25J-E1S0E
A12R1515 315-0151-00 RES,FX0,FLIM: 150 OHM,5%,0.250 57668 NTR25J-E150E
R12R1517 315-0151-00 RES ,FXD,FILK: 150 OHM 5% ,0.25K §7668 NTR25J-E150E
A12R1519 315-0151-00 RES,FXD,FILM: 150 OHM 5% 0.25M 57668  NTRZ5J-E1S0E
A12R1611 315-0151-00 RES,FX0 FILM 150 OHM 5% ,0.250 57668 NTR2S5J-E150E
A12R1613 315-0151-00 RES,FXD,FILM: 150 OHM,5%,0.250 57668  NTR25J-E150E
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A12R1615 315-9151-00 RES,FXD,FIlM:150 OHM 5% ,0.250 57568 NTR25J-E150E
A12R1821 307-0107-00 RES,FXD,CMPSN:5.6 OHM 5% 0.25W 01121 CB56GS
A12U1040 156-0469-02 MICROCKT ,DGTL:3/8 LINE DCDR 01295  SNPALS13BNP3
R12U1130 156-0140-02 MICROCKT ,DGTL:HEX BUFFERS W/OC HV QUT, 18324  N7417{NB OR FB)}
A1201230 156-0180-02 MICROCKT ,DGTL:HEX BUFFERS W/QC HV OUT, 18324  N7417(N8 OR FB})
A1201330 156-0140-02 MICROCKT ,DGTL:HEX BUFFERS W/0C HY QUT, 18324  N7417(NB OR fB)
A12U1820 156~1528-00 MICROCKT ,OGTL:81POLAR,QUARD 2~INP NOND PNR 56289  UHP-408

DRVR
A12U1520 156-1528-00 MICROCKT ,OGTL:BIPOLAR ,QUARD 2-INP NAND PMR 56289  UMP-408

DRVR
f1201720 156-0277-00 MICROCKT LINEAR:VOLTAGE REGULATOR 04713 LW340T-5.0
a3 670-6818-0C CIRCUIT BO ASSY:MAIN INTERCONNECT BO0GS  670-6818-00
84331704 131-1362-01 CONN ,RCPT ELEC:CKT BD,15/30 CONTACT 80009  131-1362-01
A13417141 131-1362-01 CONN ,RCPT ELEC:CKT BD,15/30 CONTACT 80009  131-1362-01
f1341713 931-1362-01 CONN ,RCPT ELEC:CKT BD,15/30 CONTACT 80008  131-1362-0%
A1341731 131-2063-00 CONN ,RCPT ELEC:CIRCUIT BOARD,15/30 FEMALE 05574  000-204-4986
n1341733 131-2063-00 CONN ,RCPT ELEC:CIRCUIT BOARD,15/30 FEMALE 0574  000-201-4986
A4 670-6815-00 B010100 8010989 CIRCUTT BO ASSY:CPY 80008  570-6815-00
n14 670-6815-01 B010990 CIRCUIT BO ASSY:CPU 80009 670-6815-01
R14BT71124 146-0037-00 BATTERY ,STORAGE:2.4V 0.15AH @ 14MA,(2)1/3 A 19209  41B021AC00401

CELLS NICRD
n14¢1104 281-0775-00 CAP,FXD ,CER DI:0.1UF,20%,50¥ 04222  WA205E104MO0
f18C1102 281-0775-00 CAP,FXD,CER DI:0.10F,20%,50¥ 04222  WAZ05E104MAN
R14C1133 281-0775-00 CAP FXD,CER DI:0.14F,20%,50v 04222  WR205E104MAR
n14C1204 281-0775-00 €OP,FX0,CER D1:0.1UF,20% 50V 04222  WN205E104M0A
A14C4213 283-0643-00 CAP,FX0 MiCo D1:22PF,0.5%,500V 00853  D105E22000
R14C1215 283-0643-00 CAP, FXD,MICR DI:22PF,0.5%,500V 00853  0105E22000
A14C1223 230-9524-00 BC10100 8010988 CAP FXD ,ELCTLY:4.7UF ,20% 10V 05397  T368n475M010Q7
n1401223 290-0527-00 BO40990 CAP,FXD,ELCTLT: 15UF ,20% , 20V 05397  T368B156M020A5
n14C1233 281-9775-00 ChP,FXD,CER DI:0.1UF,20% 50V 04222  WAZOSE104M04
01401235 281-0775-00 CAP,FXD,CER DI:0.1UF,20% 50V 04222  MAZ0SE1DAMAN
11401301 281-0775-00 CAP,F%D,CER DI:0.1UF 20% 50V 04222  WAZ0SE104M00
A14C1302 281-0775-00 CAP,FXD,CER DI:0,1UF,20% 50V 04222  MAZ05E108MAR
f14C1324 281-9775-00 ChP,FXD,CER DI:0.1UF,20% 50V 04222  WAZOSE104MAA
£14C1801 281-0775-00 cap,FXD,CER DI:0.1UF,20% 50V 08222  WAZDSE104MRA
n44C1a24 281-0775-00 CAP,FXD,CER DI:0.1UF 20% 50V 04222  MAZ0SE109M0A
A1401426 281-0775-00 CoP,FXD,CER DI:0.1UF,20Z 50V 08222  WAZ0SE104MAA
R14C1431 281-0775-00 €ap FxD,CER DI:0.9UF 20% 50V 04222  WAZ0SE104MBA
B14C1435 281-0775-00 CAP,FXD,CER 0I:0.1UF 20%,50v 04222  WAZ0SE104M00
A14C1501 284-0775-00 CAP,FXD,CER DI:0.1UF, 20% 50V 04222  WAZ0SE104MAL
A14C1521 281-0775-00 CAP,FX0,CER DI1:90.1UF, 20X, 50V 04222  WAZOSE104MAR
A14C1523 281-0775-00 CAP,FXD,CER DI:0.1UF 20% 50V 04222  MAZOSE104MAA
A14C1601 281-0775-00 CAP,FXD,CER 01:0.%UF,20%,50V 04222  WN205E104M00
A14c1602 281-0775-00 CAP,FXD,CER DI:0.1UF 20% 50V 04222  WAZ0SE104MAR
A14C1621 281-0775-00 cAP,FxD,CER DI:0.1UF,20%,50v 04222  MA205E104MA0
A14C1631 281077500 cap,FXD,CER 01:0.9UF, 20%,50V 04222  WAZ205L104m00
A14c1721 281-0775-00 Chp,FXD CER DI:0.1UF 203,50V 04222 NAZOSE104MAD
A14C1723 283-0108-00 B010990 Cap,FXD,CER DI:220PF 10%, 200V 31433 C(3200221K2G5CH
A14C1731 283-0177-00 CAP ,FXD,CER DI:1UF,+80-20%,25V 04222  SR302E105ZRATR
A14CR1133 152-0245-00 SEMICOND OVC, D1:5W,S1 40V, DO-7 03508 BAzZ7a0
A14CR1235 152-0245-00 SEMICOND OVC,DI:SM, 51,40V DO-7 03508 DAZ7A0
A141132 131-0608-00 TERMINOL ,PIN:0.365 L X 0.025 BRI GLD PL 22526  48283-036

Ty 3
A14.1425 131-0608-00 TERMINAL ,PIN:0.3565 L X 0.025 BRI GLD PL 22526  48283-036

ey 9
A1401721 131-0608-00 TERMINAL ,PIN:0.365 L X 0.025 BRI GLD PL 22526 48283-036

oY
A14J4723 131-0608-00 TERMINAL ,PIN:0.385 L X 0.025 BRI GLD PL 22526  48283-036

(0TY 3)
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A1aG1121 151-0130-00 TRONSISTOR:NPN,ST,70-92 80009  151-0190-00
A4401123 151-1103-00 TRANSISTOR: FE N CHONNEL ST,70-72 17856  OM1001
A14R1104 315-0472-00 RES,FXD,FILM:4.7K OHM,5%,0.250 57668  NTRZSJ-E04K7
A19R1121 315-0103-00 B010160 8010989 RES ,FXD,FILM:10K OHM, 5% ,0.250 19701  5043CX10K0CS
A14R1123 315-0103-00 RES, FXD,FILM:10K OHM 5%, 0.25K 19701  5043CX10K00J
414R1129 315-0103-00 RES, FXD,FILM:10K OHM, 5%, 0,250 19701 5043CX10K00Y
A14R1131 315-0101-00 RES,FXD,FI1M:100 OHM, 5%,0.258 57668  NTR25J-E 100E
A14R1132 315-0103~-00 RES,FXO, FILM: 10K OHM 5% ,0.251 19701 S043CX10K00J
014R1133 315-0222-00 RES . FXD . FILM:22K OHM,ST.0.25N 19701 5043CA22K00492U
A14R1134 315-0223-00 RES ,FXD,FILM:22K DHM 5% 0.254 19701  S043CX22K00.32U
At4R1135 315-0101-00 RES ,FXD,FI1M:100 OHM, 5%,0.25M 57668  NTR25J-E 100E
A14R1221 315~0222-60 RES,FXO,FILM:2.2K OH¥,5%,0.251 57668  NTR25J-~E02K2
A14R1223 315-0104-00 RES, FXD,FILM: 100X OHM,5%,0.25M 57668  NTR2SJ-E100K
A1aR1225 315-0103-00 RES FXD FILM: 10K OHM,5%,0.254 19701 5043CX10K004
A14R1227 315-0103-00 8010100 B010989 RES,FXD,FILM:10K OHM 5% ,0.25MW 19701  5043CX10K004
AvaR1227 315-0133-00 8010930 RES,FX0,FILM:13K OHM, 5% ,0,250 19701 S043CX13K004
A14R1231 321-0216-00 RES,FXD,FIiM:1.74K OHM, 1%,0.1250 TC=TO 07716  CEAD*7300F
A14R1232 321-0666-00 RES,FX0,FILM:3.04K OHM,0.5%,0, 4250, TC=T2 07716 CENC304000
A14R1233 315-0102-00 RES, FX0,FILM: 1K OHM,5%,0.254 57668  NTR2Z5JED1KD
fA14R1311 315-0393-00 RES  FXD,FILM:39K OHK SZ ,0.250 57668  NTRZ25J-E39K0
A1aR1313 315-0472-00 RES,FXD,FILM:4.7K OHM ,SZ,O 25 57668  NTR25J-E04K7
A14R1321 315-0472-00 RES ,FXD,FILM:4.7K OHM 5% ,0.251 57668  NTRZ25J-EQ4K?
814R1811 307-0445-00 RES NTHK,FXD,FI:G 7K OHM 20%, (9)RES 32997  4310R-101-472
A14R1621 367-0445-00 RES NTNK_FXD.F1:4.7K OHM, 20%, (9)RES 32997  4310R-101-472
A14R1623 315-0271-00 BO0109%0 RES ,FXD,FILM:270 OHM,5%,0.25M 57668  NTR25J-E270E
A1451515 260-1721-80 SWITCH,ROCKER:8 ,SPST, 12540 30VDC 81073  765B08S
A14TP1531 218-0579-00 TERM, TEST POINT:BRS CO PL 80003  214-0579-00
A14TP1533 214-0579-00 TERM ,TEST POINT:BRS €D PL 80009  214-0579-00
A14TP1535 214-0573-00 TERM,TEST POINT:BRS CO PL 80009  214-0579-00
A14TP1621 2148-0573-00 TERM,TEST POINT:BRS CD PL 80009  214-0579~00
A14TP1625 214-0579-00 TERM,TEST POINT:BRS CD PL 80008  214-0579-00
21441100 156-1414-00 MICROCKT ,BGYL;TTL,0CTAL GPIB XCVYR DATA BUS 01295  SN75160 (N OR J)
A14U1105 156-1444-00 8010100 B101819 MICROCKT ,BGTL:GPIB ADAPTER 01295  TMS9914NL
A18U1105 156-1441-01 8010820 MICROCKT ,LINERR:10 BIT VIDED SPEED D/A CONV 80009  156-1a41-Q1
A15U1110 156-1415-00 MICROCKT ,0GTL:TTL,0CTAL GPIB XCVR MGT BUS 01285 SN?51B14 K
014u1200 168-1329-00 MICROCKT ,DGTL:4096 X 8 EPROM PROGRAMMED 8000%  160-1329-00
A4Y1220 156-0887-00 WICROCKT ,DGTL:CM0S,255 X 4 ROM 34371 HM1-6562-9
1881230 156-1225-00 WICROCKT , LINEAR:QUAL COMPARATOR 01235  tM393P
A14U1235 156-0955-02 MICROCKT ,DGTL:0CTAL BFR N/3 STATE OQUT 01295  SN74L5248NP3
A1401300 160-1328-00 MICROCKT ,DGTL:4096 X 8 EPROM,PROGRAMMED 80008  160-1328-00
A14U1305 160-1327-00 MICROCKT ,DGTL:4096 X 8 EPROM,PROGRAMMED 80009  160-1327-00
fA1aU1320 156-1342-00 MICROCKT ,DGTL:NMOS,8 BIT N/CLOCK & RAM 04713 MCBB0ZP
f1411400 160-1326-00 MICROCKT ,DGTL:4096 X 3 EPROM,PROGRAMMED 80009  160-1326-00
A14111420 156-0956-02 MICROCKT ,DGTL:OCTAL BFR W/3 STATE OUT 01295  5N7415244NP3
fAa1a2s 156-0385-02 MICROCKT ,DGTL:HEX INVERTER 07263  741S04PCOR
A13U1430 156-0914-02 MICROCKT ,0GTL:DCT ST BFR N/3 STATE QUT 01285  SN74LS240NP3
At4U1435 156-1111-02 MICROCKT ,DGTL:0CTAL BUS TRANSCEIVERS 01295  SN74LS245N3
A14U1505 156-1127-01 MICROCKT ,OGTL:1024 X 4 STATIC RAW 80009  156-1127-01
A1801510 156-0541-02 WICROCKT ,DGTL:DUAL 2-TO 4-LINE DCDR/DEMUX 04713 SN74LS139NDS
A1401520 156-0469-02 MICROCKT ,DGTL:3/8 LINE DCOR 01295  SN731S138NP3
A18U1660 156-1127-01 MICROCKT ,BGTL:1024 X 4 STATIC RAM 80009  156-1127-01
A14U1605 156~1535~00 MICROCKT ,DGTL:NMOS ,PROGROMMABLE KYBD/DLY IN 34335  AM8279-5(N OR )

TERFACE,

R14U1610 156-0914~-02 MICROCKT ,DGTL:OCT ST 8FR W/3 STATE QUT 01295  SN74LS240NP3
n1au1620 156-0869-02 MI1CROCKT ,BGTL:3/8 LINE DCOR 01295  SN74LS13BNP3
A14u1630 156-0386-02 MICROCKT ,OGTL: TRIPLE 3-INP NOND GATE 07263  74LS10PCOR
A14U1720 156-0804-02 M1CROCKT ,DGTL:QUADRUPLE S-R LATCH 01295  SN74L5279NP3/JP4
R14U1730 156~0724-02 MICROCKT ,DGTL:HEX INV W/0C OUT ,SCRN, 01295  SNP4LSOSNP3
R14YR1232 152-0667-00 SEMICOND DVC,DI:ZEN,SI,3.0 V & 2L AT 208 04713  SIG30025RL
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f1aY1221 158-0251-00 XTAL UNIT,QTZ:4.0MHZ ,0.001% ANTIRESONANT 33096 P8 1370
f15 670-6814-00 B010100 B021285 CIRCUIT BD ASSY:ISOLATION 80009 670-6814-00
A15 §70-6814-01 B021245 8021349 CIRCUIT BD ASSY:ISOLATION 80009  670-6814-01
A15 B70-6814-02 B021350 CIRCUIT B0 ASSY:ISOLATION 80009 670-6814-02
A15C1001 281-9775-00 CaP,FXD,CER D1:0.1uF,20% 50V 04222  MAZ0SE1D4MON
A15C1005 283-0198-00 CAP,FXD,CER D1:0,22UF 201,50V 05397  (330C228M5U1CA
1501021 281-0775-00 CAP ,FXD,CER 01:0.1UF ,20% 50V 04222  WA205E104MA0
#45C1101 281-0775-00 CAP,F%D,CER DI:0.1UF, 20% 50V 04222  WAZ0SE104MAN
f#15C1107 281-0775-00 CAP,FYXD,CER O1:0.1UF,20% 50V 04222  WAZ0SE104MAA
A15C11 N1 283-0212-00 CAP,FXD,CER D1:2UF,20% ,50¥ 04222  SR4DSE205MA0
f15C1113 280-0755-00 CAP, FXD,ELCTLT: 100UF , +50%-10% , 10V s4473  £CE-A10V100L
A15C1121 281-0775-00 CAP,FXD,CER DI:0.1UF,20% 50 04222  WAZOSE104MAA
A15C1131 281-0775-08 CAP,FXD,CER D1:0.1UF,20% 50V 04222 MAZ20SE104MOA
A15C1201 283-0100-00 CAP, FXD,CER 01:0.0047uf 10X, 200V 04222  SR306R47ZKAA
501203 283-0212-00 Chp FXD,CER DI:2UF,20% 50V 04222  SRAOSE205MAN
#15C1215 281-0775-00 B010100 BO4036% CAP,FXD,CER DI:0.1UF,20% 50V 04222  MR20SE104M0A
B15C1215 281-0813-00 B01G6370 CAP,FXD,CER DI:0.047UF 20% 50V 05397 C4120473M5V2CA
n15C1216 281-0775-00 B010100 B0O10368 €ap,Fx0,CER D1:0.1UF,20% 50V 04222  MAZ205E104M0A
A15C1216 281-0813-00 8010370 CAP FXD,CER DI1:0.047UF 20,50V 05397 Ca12C473MsY2CH
ni5C1221 290-0114-00 CAP FXD,ELCTLT; 47UF  20% ,6Y 05397  T110B47EMBOSAS
815C1223 281-0775-00 CAP,FXD ,CER 01:0.1UF,20% 50V 04222  MAZ205E104MAA
8415C1301 281-0116-00 €AP VAR ,AIR DI:1,5-9.1PF 530V 74970  189-0754-075
81501321 281-0775-00 €nP,FXD,CER DI:0.9UF,20% 50V 04222  MAZ05E108MAN
A1501326 281-0775-00 CAP ,FXD,CER DI:0,9UF 207,50V 04222  MA205E104MAA
A15C1331 281-0775-00 CAP,FXD,CER D1:0.1UF,20%,50V 04222  MAZOSE04MAN
A15C1401 293-0434-00 8010100 8010499 CAP,FXD,CER 01:26.5PF,2%,1000V 59660 B0BDODLOGOZE53F
A15C 1401 283-0109-00 BO10500 CAP,FXD,CER DI1:27PF,5%,1000V 59660 858-534C060270J
A15C1a03 283-0199-00 Cap,Fxp,CER 01:25PF 10% 4000V 59660 0818617C0GE250K
A15C1404 281-0184-00 CAP VAR, PLASTIC:2-18PF ,500vOC Y4727 2222-809-05003
A15C1421 284-0775-00 CAP,FXD ,CER ©I:0,1UF 20%,50V 04222  MAZOSE104MA0
A15C1426 281-0775-00 CAP,FXD,CER DI:0.9UF 20%, 50V 04222 WRZ0SE104MOA
A15C1501 281-0775-00 {np,FXxD,CER DI:0.9UF, 20%,50V 04222  MA205E£104MAA
A15€1502 281-0775-00 Cap,Fxp,CER DI:0.1UF,20% 50V 04222 WA205E104M00
A15€1503 290-0768-00 CAP,FXD,ELCTLT: 10UF,+50-10% , 100VDC 58473  ECE-MCGOVI0L
A15C1504 281-90775-00 Cop,Fx0,CER DI:0.1UF,20% 50V 04222 WAZ05E104MBA
A415C1505 290-0850-00 CAP FXD,ELCTLT:100UF ,+50-10% 50V EE680  ULBAH101TJANNA
A15C1511 281-0775-00 CAP,FXD,CER DI:0.1UF 207,50V 04222  WAZOSE104MA0
f15C1513 281-0775-00 AP FX0,CER DI:0.1UF,20%, 50V 04222  WAZ20SE104MAR
A15C151% 290~0768-00 CAP,FXD,ELCTLT: 10UF ,+50-10% ,100VDC 54473  ECE-A1G0V10L
1501521 281-0775-00 Cap,Fx0,CER DI:0.1UF,20% 50V 04222  WA20SE104MAA
A15C1526 281-0775-00 CAP FXD,CER DI:0.1UF,20% 50V 04222  MAZOSE108MAR
15C1601 290-0950-00 CAP,FXD,ELCTLT: 106UF , +50-10% 50V 55680  ULB1H101TJANNA
A15C1603 290-0745-00 CAP, FXD,ELCTLT : 220F , +50-10% , 25V 54473  ECE-AZ25V2ZL
R15C1611 290-0768-00 CAP,FXD,ELCTLY: 10UF,+50-10% , 100VIC 54473  ECE-A100V40L
A15C1621 281-0775-00 CaP,FXD,CER DI:0.1UF,20% 50V 04222  MAZOSE104MAG
B15C1626 281-0775-00 Cap,Fx0,CER DI:0.1UF 20%,50¥ 04222  MRZ0SE104MOA
A15C1701 281-0775-00 Cap,FX0,CER BI:0,1UF 20K 50V 04222  MAZOSE104MAA
B15C1702 281-0775-00 Cap, XD ,CER 0]:0,10F, 20X 50V 04222  MR20SE104MA0
A15C1713 281-0775-00 CAP,FXD,CER 01:0.1UF,20% 50V 04222  MWAZ05E104MAA
A15C1721 281-0775-00 CAP,FYD,CER DI1:0.1UF,20% 50V 08222  MAZ0OSE104MAA
A15C1731 283-0177-00 Cap,FXD,CER D1:1UF,+80-20%,25¥ 04222 SR30ZE105IRATR
A15CR1201 182-0574-00 SEMICOND OVC,DI:54,51,120v,0.154,00-35 12969  NDP56B
A15CR1203 162-0574-00 SEMICOND DVC,DI:SN,SE,120V,0.158,00-35 12969  NOP566
f15CR1211 162-0574~-00 SEMICOND DVC,DI:5W,51,120v,0.150,00-35 12969  NDP566
A15CR1242 152-0574-00 SEMICONG OVC,DI:SW,S1,120v,0.15Q,00-35 12969  NOP5E6
A15CR1501 152-0574-00 SEMICOND DVC,D1:5W,51,120v,0.150,00-35 12869  NDPS66
A15CR1503 152-0574-00 SEMICOND DVC,D1:5M,51,120v,0.450,00-35 12969  NDPS66
A15CR1505 152-0574-Q0 SEMICOND DVC,DI:SH,ST,120v,0.150,00-35 12969  NDPS66
A15CR1507 152-0779-00 SEMICOND OVC,DI:RECT,S1,200V,0.750 05828 RMO2M
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A15CR1509 152-0574-00 SEMICOND DVC,DT1:SW,S1,120v,0.154,00-35 12969  NDPSEE
A15CR1515 162-0779-00 SEMICOND DVC,DI:RECT, SI,200v,0.758 05828 RO2M
A15CR1605 152-0307-00 SEMICOND DVC,DI:SW,S1,100V,0.13R,00-92 04713 5501150
fA15CR1715 162-0141-02 SEMICOND DVC,DI:SW,S1,30V,150M0 30V 03508 DAZ527 (1NB152)
A15F1111 159-0015-00 FUSE , CARTRINGE:306,3A,250v,0.655EC 79915 312 003
415F1113 158-0025-00 FUSE,CARTRIDGE:30G,0.50,250V,0.255EC 71400  PAGC-CW-1/2
A15L1201 108-0200-00 COIL,RF:FIXED,52UH 80009  108-0200-00
A15L1203 108-0260-00 COIL RF;FIXED, 52UH B00OS  108-0200-00
A1501101 151-0301-00 TRANSISTOR:PNP,51,70-18 04713 57898
A1501104 151-0188-00 TRANSISTOR:PNP ,SI,70-32 80008  151-0188-00
R1501105 151-0190-00 TRANSISTOR:NPN S1,T0-92 80009  151-07180-00
1501201 151-0200-00 TRANSISTORNPN ,S1,T0-5 04713 2N3099
f1501202 151-0200-00 TRANSISTORINPN,S1,T0-5 04713 2N3499
f81501211 151-0190-00 TRANSISTOR:NPN, ST ,T0-92 80008  151-0190-08
f15Q1212 151-0190-00 TRANSISTOR:INPX ,S1,T0-G2 80008  151-0190-00
041501213 151-0188-00 TRANSISTOR:PNP,S1,T0-82 80009  151-0188-00
1501214 151-0188-00 TRANSISTOR: PNP S1,T0-82 80009 151-0188-00
f1501421 151-0190-00 TRANSISTOR:NPN, ST, T0-92 80609  151-0180-00
A1501615 151-0391-00 TRANSISTOR:PNP,S1,70-18 04713 57898
A15R1001 315-0434-00 RES FXD,FILN;:430 OHM,5%,0.25M 19701 5043CX430R0J
A15R1003 315-0333-00 RES,FXD,FILM:33K OHM, 5% ,0,25M 57668  NTR25J-E33K0
A15R1005 315-0102-00 RES ,FXD,FILUM;1K OHW 5%, 0.250 57668  NTR25JED1KO
A15R1104 315-0204-00 RES, FXD , FILM:200 OHM 5% ,0.250 67668  NTR25J-E200E
A15R1102 315-0821-00 RES,FXD,FILM:820 OHM 5% ,0.251 18701  5043CX820R0J
A15R1103 315-0123-00 RES,FX0 , FILM: 12K OHM 5% ,0.250 57668  NTR25J-E12KD
1581104 315-0662-00 RES ,FXD,FILM:5.6K OHM 5% 0,250 57668  NTR25J-E0SKE
A15R1108 315-0333-00 RES,FXD, FiLM:33K OMM 5% ,0.25M 57668  NTR2SJ-E33KD
A15R1106 317-0047-00 RES, FX0 ,CMPSN:4.7 OHM 5% ,0.1250 31121  BBATGS
A15R1107 315-0391-00 RES ,FXD,FILM:390 OHM 5L, 0.25M 57668  NTR25J-E390E
A15R1108 315-0123-00 RES,FXD,FI1LM: 12K OHM,5%,0.25M 57668 NTR25J-E12KD
A15R1108 315-0423-00 RES,FXD FILM: 12K OHM,5%,0.250 57668  NTR2GJ-E12KD
A15R12M1 315-0910-00 RES,FXD,FILM:91 OHM 5%,0.254 19701  5043Cx31R00J
A15R1211 315-0102-00 RES ,FX0, FILM: 1K OHM 5% ,0.250 57668 NTRZSJED1XD
n15R1212 315-0102-00 RES FXD FILM: 1K OHM 5%,0.250 57668  NTR2SJEDKD
n15R1213 315-0751-00 RES,FXD,FiLH:?Sﬂ OHM 5% ,0, 250 57668  NTR2SJ-E750E
a15R1214 315-0751-00 RES, FXD,FILM:750 OHM,5%,0.25W 57668  NTR25-E7S0E
A15R1215 315-0271-00 RES ,FXD,FILM:270 OMM, 5L,0.250 7668  NTR25J-E270F
A15R1216 316-0271-00 RES ,F¥D,FILM:270 OHM,5%,0.25M 57668 NTR254-£270E
A15R1217 315-0122-00 RES ,FXD,FILM:1.2K OHM 5% ,0.250 S7668 NTR25J-E01K2
01581421 315-0122-00 RES, FXD,FILM:1.2K OHM 5%,0.250 57668 NTR25J-ED1K2
A15R1521 315-0271-00 RES FXD FILM:270 OHM 5%, 0.25W 57668 NTR254-E270E
A15R1526 315-0271-00 RES ,FXD,FILM:270 OHM,5%,0.25H 57668 NTRZ5J-£270F
A1581531 315-0102-00 RES,FXD,FILM: 1K OHM 5% ,0.25" 57668  NTRZSJED1KO
A15R1815 315-0262-00 RES ,FXD,FILM:2.4K OHM 5%,0.250 57668  NTR25J-E02K4
R15R1621 315-0271-00 RES,FXD,FI{M:270 CHM,5%,0.250 57668 NTR25J-E270E
01581626 315-0271-00 RES ,FXD,FILM: 270 BHH,SZ 0.25K 57668  NTR25J-E270E
A15R1701 315-0102-00 RES, FXO, FILM:1K OHM,5%,0.25M 57668  NTRZ25JEDYKD
A15R1703 315-0562-00 RES,FXD,FILM:5.6K OHM 5%,0.25K 57668  NTRZ5J-E05K6
A15R1711 315-0562-00 RES,FXD,FI1M:5.6X OHM 5% ,0.25% 57668  NTR25.-EQSKE
A1SR1712 315-0750-00 RES,FXD FIiM:75 OHM 5%,0.250 67668 NTR25J-E7SED
A15R1713 315-0102-00 RES,FXD, FILM: 1K OHM 5% ,0.250 57668 NTRZS5JEDIKO
1581715 315-0303-00 RES,F!B,FILH:BOK OHM,SZ,G 25/ 19701  S043CX30K00J
A15R1724 315-0750-00 RES,FXD,FILM:?5 OHM 5%, 0.25NW 57668  NTRZ5J-EVSED
1571311 120-1348-00 TRANSFORMER ,RF: ISOLATION 800098  120-1349-00
At5TP1821 214-0579-00 TERM,TEST POINT:BRS CD PL 80008  214-0579-00
A15U1000 156-0067-00 MICROCKT ,LINEAR:OPNL AMPL SEL 04713  WC1781CP
A15U1020 156-0412-02 KICROCKT ,DGTL:SYN 4 BLIT UP/DOWN CNTR 27014 DM7aLS193NA+
1501030 156-0382-02 MICROCKT ,DGTL:GUAD 2 INP NANG GATE BURN 18324  N7aLSOONB
A15U1420 156-0412-02 MIEROCKT ,BGTL:SYN 4 BET UP/DOWN CNTR 27014 DM74LS133NR+
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B1501125 156-0299-02 MICROCKT ,DGTL:TTL, 16817 DATR SELECTOR 18328 N73150(MB OR FB)
A1501130 156-0812-02 KICROCKT ,DGTL:SYN 4 BIT UP/OOMN CNTR 27014 DWM73LS193ND+
R15U1135 156—-0386-02 MICROCKT ,DGTL:TRIPLE 3-INP NANO GATE 07263  78L510PCOR
f1501220 156-0812-02 MICROCKT ,DGTL:SYN 4 BIT UP/DOMN CNTR 27014 DWM74LS193NA+
A15U1230 156-0567-02 MICROCKT ,DGTL:DUAL J-K NEG EDGE TRIG FF 27014  DM73LS113NA+
A15U1235 156-0844-02 MICROCKT ,DGTL:SYN 4 BIT CNTR 01295  SN7ALS161A(NP3)
A8U1320 156-0567-02 MICROCKT ,DGTL:DUAL J-K NEG EDGE TRIG FF 27014  DM7aLS113NA+
A1501325 156-0567-02 MICROCKT ,DGTL:DUAL J-K NEG EDGE TRIG FF 27014 DM7ALS113NA+
41501330 156-0567-02 MICROCKT ,D6TL:0UAL J-K NEG EDGE TRIG fF 27014 DM7ALS113NO+
A15U1335 156-0864-02 MICROCKT ,DGTL:DUAL 4-INP NAND GATE 09295  SN74LS20NP3
A1501420 156-0382-02 MICROCKT ,DGTL:QUAD 2 INP NOND GATE BURN 18324  N74LSOONB
A15y1425 156-0567-02 MICROCKT ,BGTL:BUAL J~K NEG EDGE TRIG fF 27014 DMPALS113NG+
8415414830 156-0382-02 MICROCKT ,DGTL:QUAD 2 INP NAND GATE BURN 48326  N74LSOONB
f1541435 156-0480-02 MICROCKT ,BGTL:QUAD 2-INP & GATE 01295  SNP4LSOBNP3
H1541510 156-1522-00 CPLR,OPTOELECTR:LED & PHOTOTRANSISTOR 50434  HCPL-2601
1581515 156-1522-00 CPLR OPTOELECTR:LED 8 PHOTOTRANSISTOR 50434  HCPL-2601
A1501520 156-0382-02 MICROCKT ,0GTL:QUAD 2 INP NAND GATE BURN 18324  N74LSO0NB
#1501525 156-0545-01 MICROCKT ,DGTL: 12 BIT BINARY CNTR 02735 (D4040BFX
A15U1530 156-0382-02 MICROCKT ,DGTL:QUAD 2 TNP NOND GATE BURN 18324  N74LS00MNB
f1501535 156-0041-05 B010100 8024349 MICROCKT ,BOTL:OUAL D FLIP FLOP SCRN 01295  SN7474NP3
R1541535 156-0331-03 B021350 RICROCKT ,DGTL:;PUAL D TYPE POSITIVE EDGE 01295  SN74574NP3
A1501605 156~-0991-00 MICROCKT , LINEAR:VOLTAGE REGULATOR 04713  MCPRLOSACP
A1501610 156-1522-00 CPLR OPTOELECTR: LED & PHOTOTRANSISTOR 50434  HCPL-2601
A1501613 156-0991-00 MICROCKT ,LINEAR: VOLTAGE REGULRTOR 04743 MC78LOSACP
A15U1615 156-1522-00 CPLR OPTOELECTR:; LED & PHOTOTRANSISTOR 50434  HCPL-2601
A1501620 156-0465-01 MICROCKT ,DGTL:B-INP NAND GATE,CHX 80002  156-0465-01
A1501625 156-0465-01 WICROCKT ,BGTL:8-INP NAND GATE CHK 80008  156-0465-01
A1501630 156-0388-03 WICROCKT ,0GTL:BUAL O FLIP-FLOP 01295  SN74LS74RNP3
A1501635 156-0386-02 WICROCKT ,BGTL: TRIPLE 3-INP NOND GATE 07263  74LS10PCQR
A1sU1710 156-1522-00 CPLR,OPTOELECTR:LED & PHOTOTRANSISTOR 504384 HCPL-2601
1504720 156-0465-01 MICROCKT ,GGTL:8-INP NAND GATE,CHK 80008  156-0465-01
A15U1730 156-0784-02 MICROCKT ,DGTL:SYNCHRONOUS 4-BIT BINARY CNTR 01295  SN74LS1630M P3
A15vR1001 152-0662-00 SEMICOND OVC,DI:2EN,S1,5v,1%,400K8 00-7 04713 SIG195RL
A15vR1216 152-0279-00 SEMICOND DVC,DI:ZIEN,51,5.1v,5%,0.40,00-7 18552 103810889
f16 670-6816-00 CIRCUIT BD ASSY:RMS 80009 670-6816-00
8161001 285-080%-00 CAP, FXD,PLASTIC: 1Uf 10X, 50V 56289  LPBBAIAT0SK
A16C1013 290-0768-00 CAP,FXD,ELCTLY: 10uF ,+50-10% ,100YDC 54473  ECE-A100VAOL
A16c1101 290-0121-00 CAP, FXD ELCTLT:2UF  +75-10% ,25V 01002 7B6FIZ2KL2R0
R16C1103 290-0488-00 CAP FXD,ELCTLT:2.2UF 10X, 20¥ 05397  T3228225K02045
A1601105 281-0775-00 Cap ,FXD,CER DI:0.1UF,20% 50V 04222  MR20SE104MOA
#186C1107 281-0775-00 CAp,FXD,CER Di:0.1UF 20% 50V 04222  MA205E104M00
416011114 281-0775-00 CAP,FX0,CER 0I:0.1UF,20% ,50v 04222  MR205E103MOA
A16C1113 281-6775-00 CAP,FXD ,CER DI:0.1UF,20%,50V 04222  MA205E104MNA
f16€1301 281-0775-00 Cap,Fxb,CER DI:0.1UF,20% 50V 04222  MA205E104K04
A16C1303 281-0775-00 CAP,FX0,CER DI1:0.1UF,20% 5av 04222  MAZ20SE104MRQ
1601311 283-0593-00 CAP,FXD MICA D1:0.04UF 12 100V oo853  DI04F103F0
01801403 281-0248-00 CRP,VOR AIR D1:1.8-10.16PF,7SHVOC 74970  1B6-0613-105
A1601805 283-0675-00 CAP, FXD MICA DI1:82PF,1%,500V 00853  D105EBZ0FD
A16C1415 281-0775-00 CaP,FXD,CER DI:0.1UF,20%,50v 04222  MOAZ205E104MON
f16C1417 283-0203-00 CAP,FXD,CER DI:0.47UF,20% 50V 04222  SR3ID5SCA74MAD
A1601503 281-0064-00 CAP ,YOR PLASTIC:0.25-1.5PF,600Y 52769  ER-530-013
A16C1505 281-0658-00 8010100 BO10199 CAP,FXD,CER 0I1:6.2PF,+/-0.25PF 500 652763  2RDPLI007 6P20CC
A16C1505 281-0645-00 B010200 CAP FXD,CER 01:8.2PF,+/-0.25PF 500V §2763  2RDPLI0C? BP20CC
f16C1513 281-0775-00 CAP,FXD,CER DI:0.1UF,20% ,50¥ 04222  MAZOSE104MAR
A16C1515 283-0203-00 CAP,FXD,CER DI1:0.47UF ,20%,50Y 04222  SR305SC474MAA
A16C1525 283-0203-00 CAP,FxB ,CER DI:0.47UF,20% 50V 04222  SR3I0SSC474MAR
A16C1526 281-0775-00 CAP,£X0,CER DI:0,1uF,20% 50V 04222 MAZ05E104MAN
A16C1527 283-0203-00 cap,FxD, CER DI1:0.47UF,20% 50V 04222  SRIDSSCH74MAA
A16C1528 281-0775-00 CAP,FXD,CER D!:0.10F, 20T 50V 04222  WAZDSE104MAN
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A1B6C1601 281-0779-00 CAP,FXD,CER DI1:0.1UF,20% 50V 04222 WA205E104MAA
A16C1603 281-0775-00 CAP,FXD ,CER D1:9.1UF,20% 50V 04222  WAZ05E104MAN
A16C1605 281-0064-00 CAP VAR PLASTIC:0.25-1.5PF, 600V 82769  ER-530-013
A16C1607 281-0064-00 CAP, VAR PLASTIC:0.25-1.5PF, 600V 62769  ER-530-013
A16C1609 283-0342-00 Cap,FXD,CER Di:6.5PF,0.5%,2000V 59660 938564COHOG530
A16C1621 285-1077-00 CAP,FXD,PLASTIC:0.1UF ,20%,600V 147652  Z30B1F10aM
A16CR1011 152-0704-00 SEMICOND OVC,DI:RECT,SI,%A,1KV,D0-41 06828  NAOOTG
f416CR1021 152-0141-02 SEMICOND OVC ,DI:SW,S1,30V 150MA 30V 03508 BA2527 (1N4152)
A16CR1023 152-0141-02 SEMICOND OVC,DI;SW,S1,30V 15088 ,30V 03508 DAZS27 (INA152)
816CR1121 152-0141-02 SEMICOND OVC,DI:SM,51,30V,150M0 30V 03508 DA2527 (1ING152)
A16CR1225 152-0704-00 SEMICOND DVC ,DI:RECT,ST,1R,1KV,D0-41 05828  1NAQO7TG
f16CR1227 152-0141-02 SEMICOND DVC,DI:SW,S1,30V,150M0,30V 03508 DA2527 (1N4152)
A18CR12319 152-0191-02 SEMICOND DVC,DY:SW,ST,30V,150K0,30V 03508 DAZ527 (IN4152)
A16CR1233 162-0141-02 SEMICOND DVC,DI:5W,S1,30V,150MA, 30V 03508 DAZ527 (N4152)
A16CR1815 152-0141-02 SEMICOND OVC,D1:SW,ST,30V,150M0,30V 03508 DA2927 (1N4152)
A16CR1511 152-0141-02 SEMICOND DVC,01:5W,S[,30V,150MA,30V 03508 DAZ527 (1N4152)
A18CR1513 152-0141-02 SEMICOND OVC DI1:SW, SE, 30V, 150MA, 30V 03508 DA2527 (1N4152)
A16CR1527 152-0141-02 SEMICOND OvC,DI:5%,5[,30v,150MA, 30V 03508 DAZS27 {1N8152)
A16CR1529 152-0141-02 SEMICOND OvC,01:5M,50,30V,150MA 30V 03508 DA2527 [1N4152)
R16CR1613 162-0323-00 SEMICOND DVC,01:SM,S1,35v,0.14,00-7 16433  WG1518
A16CR1615 152-0323-00 SEMICOND DvC ,DI:SK,S1,359v,0.14,00-7 14433  WG1518
£16K1031 148-0141-00 RELAY ,REED:1 FORM A,0.5,100VDC,COIL 15¥DC, 15636 R7620-2

2.2K OHM
A16K1131 148-0141-00 RELAY ,REED:1 FORM A,0.54,100VDC,COLL 15VDC, 15636 R7620-2

2.2 OHM
0816K1201 448-0126-00 RELAY ,REED: FORM A ,Q0MR,250vDC,COIL 5VOC 15636  RB8IS-1
A16K1231 148-0141-00 RELAY ,REED:1 FORM A,0.5,100VDC,CGIL 15VDC, 15636 R7E20-2

2.2K OHM
A16K1313 148-0126-00 RELAY ,REED; FORM £ ,00MA,250VDC,COTL SvOC 15636  RBB9S5-1
A16K1405 148-0126-00 RELAY ,REED:FORM R, 00WA,250VDC,COIL 5VOC 15636 RB89S-
A16K1503 148-0126-00 RELRY ,REED: FORM fi,00KA,250vDC,COIL 5vDC 15636  R6895-1
A16K1621 148-0141-00 RELAY REED:1 FORM 0,0.5A,100V0C COIL 15VDC, 15636 R7B20-2

2.2K OHM
A16K1633 148-0141-00 RELAY REED:1 FORM 0,0,5A,100V0C COIL 15¢DC, 15636 R7B20-2

2.2K OHM
A1601021 151-1131-00 TRANSISTOR: FE N-CHANNEL ,S1,70-72C 17856  FN4582
1601320 156-1527-00 MICROCKT ,LINERR:5 XSTR ARRAY 02735 CA3183AE-98
71601420 156-1527-00 WICROCXT,LINEAR:S XSTR ARRAY 02735 CA3183RE-98
#16R1001 311-1337-00 RES, VAR NONWH: TRMR 25K OHM 0.5N 32997  3006P-W84-253
A16R1003 315-0103-00 RES,FXB,FILM: 10K OHM,5%,0.250 19701  5043CX10K00J
A16R1013 315-0103-00 RES,FXD,FILM: 10K OHM,5%,0,254 19701  5043CX10K0DJ
f16R1021 315-0101-08 RES,FX0,FILM;100 OHM,5%,0.250 57668 NTRZ5J-E 100E
A16R1031 325-0355-00 RES,FYXD,FILM: 1M OHM,0.1%,0.258 91637  PTFGE5T46100038
A16R1032 315-0162-00 RES,FXD,FILM:1.6K OHM 5% 0.254 19701  5043CX1KBOOJ
A16R1033 321-1389-07 RES,FXD FILM; 111K OHM,0.1%,0.125% TC=T9 19701 5033RE1113BB298F
A16R1101 321-0959-03 RES,FXD,FILM:24.01K OHM,0.25%,0. 125H T2 24545  NC55(24.01k(
A16R1121 321-0908-02 RES,FXD,F!LM:1.31K OHM,0.5%,0.125K, TC=12 26546  NC55C13110
MER1123 321-1310-03 RES,FXD,FILM:16.7K OHM,0. 251,0 1250 TC=T2 19701  S033RC1GKT2C
A16R1201 321-0318-07 RES,FXD,FILM:20.0K OHM,0.1%,0.925N, Tc=19 19701 SOIIREZ0KO0BCM
A16R1211 321-0703-00 RES,FXD,FILM:2.19K OHM 0.25%,0.129M,T0=T9 19701 S5033REZK190C
A16R1221 321-0289-00 RES,FXD ,FiLM:10.0K OHM, 12,0.125K TC=T0 19701 5033ED10KOF
A16R1223 321-0364-03 RES,FXD,FILM:60.9K OHH,B 25% 0.125H 1=12 19701 S033RCEOKAO0C
N16R1225 321-0481-01 RES,FXU,FILH:1H OHM 0.57,0.1254 TC=TO Q7716  CERAD100030
RM16R1229 323-0443-01 RES,FXD,FILM:402K OHM,0.5%,0. SN,TC =10 24546  NABSD 40230
A16R1231 315-3162-00 RES,FXD ,FILM; 1,0K GHM,5%,0.250 19701  5043CX1KB004J
A16R1233 315-0162-00 RES,FXD,FILM:1.6K OHM 5%, 0,251 18701 5043CX1K600J
A16R1303 315-0184-00 RES,FXD,FILN: 180K OHM 5% 0,251 19701 5043CX180K0J
A16R1305 314-1337-00 RES ,VOR NONWM : TRMR , 25K OHM 0,58 32997  3006P-MB4-253
A16R1307 321-0222-07 RES,FXD,FILM:2.0K OMM,0.1%,0,1250 TC=TS 19701  SO33RE2K000B
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A16R1309 321-0222-07 RES , FXD,FILM;2.0K OHM 0.1%,0C. 1250 TC=T9 19701  5033REZK000B
A16R1321 323-0445-01 RES,FXD,FILM:422K ,0HM 0. 51,0.5&,TC=T0 24545  NABOD 42230
fA16R1323 322-0254-02 RES, FXD FILH 4.32K OHN,O 5%.,0.25M TC=12 28538  NCBOCA321C
R16R1325 315-0562-00 RES,FXD,FILM:5.6K OHM,5% 0,28 57668  NTR25J-E0SK6
n16R1327 315-0562-00 RES  FXD,FILM:5.6K OHM 5% ,0.25M 7668  NTRZ5J-E05KG
A16R1331 325-0354-00 RES,FXD,FXLN:10K OHM ,0.1%,0.258 19701 5033IQ10K008
A16R1333 325-0349-00 RES,FXD,FILM:10M OHM 0.25%,0.58,TC=T9 03688  PMEFD 10MOHM,.25%
A16R1401 321-1610-03 RES,FXD FIiM:22.22K OHW,0,.25%,0.1258, TC=T2 19701 S033RC22K220
A16R15603 321-0414-07 RES, FXD , FILM: 200K OHM,0.1% 0. 125W TC=T9 24546  NESSE20038
A16R1815 321-1133-02 RES ,FXD,FILM: 280 OHW 0,5%,0,125K,7C=T2 24546  NCBOD24000
A16R1421 315-0562-00 RES,FXD FILM:5.6K OHM 5% 0.25W 57668  NTR25J-E05K6
A16R1423 315-0562-00 RES,FXD,FILM:5.6K OHM,5X%,0,250 57668  NTR25J-E05KE
H16R1425 315-0562-00 RES,FXD,FILM:5.6K OHM,5% ,0.250 57668  NTR25J-E0SKB
A16R1426 315-0582-00 RES,FXD,FILM:5.6K OMM,5%,0,25M 57668  NTR25)-E05K6
N16R1427 315-0562-00 RES,FXD,FILM:5.6K OhM,5%,0.25M 7668  NTR25J-E0S5K6
A16R1429 315-0562-00 RES ,FXQ,FILM:5.6K OHM 51 .0,250 57668  NTR2SJ-E0SKE
A16R 1501 321-0510-07 RES , FXD,FI1LM:2.00 MEG OHM 0.1%,0.125W,7C=T0 19701  S033RE2MCOB
f16R1521 315-0562-00 RES,FXD,FIiM:5.6K OHM,5%,0,25N0 S7668  NTR25J-€05KE
A16R1523 315-0122-00 RES,FXD,FILM:1.2K OHM 5% ,0.258 57668  NTR26J-EC1K2
A16R1525 315-0122-00 RES,FX0,FILMA:1.2X OHM,51,0,250 57668  NTR254-E01K2
A16R1501 311-1337-00 RES, ‘vor NDNNH TRMR , 25X OHM,0.5R 32997  3008P-WB4-253
A16R15603 323-0510-07 B040100 6010769 RES FXD FILM:2. OHEG OHM ,0.1%,0.50,TC=T9 91637 OMFB5116-C200038
A16R15603 325-0385-00 BO10710 RES,FX0,FILM: 2N OHM 0, 11 ,0.58,7C=79 03888  PME?PD 2MOHM 1%
A16R1609 321-0306-00 RES FXD,FILM:15.0K OHM 11 ,0.1250,7C=T0 19701  5033E015J00F
A16R1621 315-0201-02 RES FXD,CMPSN:200 OHM 5%,0.25M 01121 (82015
A16R1633 315-0102-00 RES ,FXD,FILM: 1K OHM 5%,0.25M 67668  NTR2SJEC1KD
H46RT1011 307-0662-00 RES , THERMAL: 1X OHMW,a80% 50157 180010216
A16RT1227 307-0767-00 RES , THERMAL:5K OHM, +80%-20% 50157 180050203
A16TP1201 214-0579-00 TERM TEST POINT:BRS (D PL 80009 214-0579-00
A16TP1503 218-0579-00 TERM,TEST POINT:BRS CO PL 80008  244-9579-00
A16TPI70 Z214-0579-00 TERM , TEST POINT:BRS CD PL 80009  214-0579-00
A16TP1703 214-0579-00 TERM, TEST POINT:BRS CD PL 80009  214-0579-00
A16U1100 156-1457-01 MICROCKY ,LINERR:TRUE RMS TO DC CONVERTER, 24355  AD41134
a16U1120 156-1149-01 MICROCKT ,LINEAR:OPERATION NMP JFET INPUT 27014 AL160307
A16U1200 156—0762-01 MICROCKT ,LINEAR:OPNL AMPL FUNCTEIONAL TEST 80008  156-07a2-01
f16U1330 156-0796-00 MICROCKT ,DGTL:8 STG SHF 3 STORE BUS RGTR 02735 CD40948F
A16U1447 156-1529-00 MICROCKT ,LINEAR:3-TERM ADJ OUT POS V RGLTR 04713 LM317LI
A16U1430 156-0796-00 MICROCKY ,DGTL:8 STG SHF & STORE BUS RGTR 02735 CDA0S4BF
A15U1500 156-1156-00 MICROCKT , LINEAR:OPERATIONAL AMPLIFIER 27014  LF356N
1601515 156-0991-00 MICROCKT ,LINEAR:VOLTAGE REGULATOR 04713  MC78LOSACP
A16U1526 156-1207-00 MICROCKY ,LINERAR:VOLTAGE REGULATOR -12 ¥ 04713 MCPIL128CG
fi6U1527 156-1160-00 MICROCKT ,LINEAR:YOLTAGE REGULATOR 04713 MC7BL128CG
B16U1530 156-0480-02 MICROCKT ,DGTL:QUAD 2-INP 3 GATE 01295  SNPSLSDBNP3
A16VR1013 152-0278-00 SEMICOND OVC,DI:ZEN,SI,3V,5%,0.9M D0-7 04713 S1635009K20
n16VR1123 152-0611-00 SEMICOND DVC,DI:IEN,SI,Q , 2L 0,40, D0-7 04713 57114347
A16VR1415 152-0278-00 SEMICOND DVC,DI:ZEN,SI,3v 5%, 0.4W,D0-7 04713  SI635009x20
A16M1105 431-0566-00 BUS  CONO:DUMMY RES,0.094 0D X 0.225L 26536  OWh 07
a97 §72-1015-00 B010100 B020979 CIRCUIT BD ASSY:RELAY 60008 672-1015-00
a17 672-1015-01 B020980 B021903 CIRCUIT BD RSSY:RELAY 80009 672-1015-01
f17 672-1015-03 B021304 CIRCUIT BO ASSY:RELAY 80009 672-1015-03
A17C1001 281-0775-00 CoP,FXD,CER DI:0.1UF,20%,50v 04222  MAZOSE104MAR
A17C1013 281-0775-00 CAP,FXD,CER DI:0.1UF,20%,50V 04222  MA20SE104M0A
1701017 281-0770-00 CAP,FxD,CER OJ:1000PF ,20%,100V 04222  MA101C102MAN
A17C1018 281-0770-00 caP,Fxp,CER DI:1000FF,20%,100V 04222  MA101CI02M0A
81701021 290-0770-00 B010100 B010369 Cap,FXD,ELCTLYT: 100UF , +50-10% ,25VDC 54473  ECE-A25V100L
1709031 290-0770-00 BO10100 B010369 CAP,FXD ,ELCTLT:100UF , +50-10% ,25VDC S4473  ECE-A25V100L
A17C1123 281-0775-00 CaAP,FXD,CER DI:0.1UF,20%,50V 04222  MAZ20SE104MDA
1701126 281-0811-00 CAP,FXD,CER DI:10PF, 10,100V 08222  MA101A100KAA
81701128 281-0775-00 CAP,FxXD,CER 0I:0.1UF,20% 50V 04222  MAZ05E104MAA
9-12 REV JUN 1386

www.valuetronics.com



Replaceable Electrical Parts - DM 5010

Tektronix Serial/Assembly No, Mfr,

Component No, Part No, Effective  Dscont Name & Description Code Mitr. Part No.
A17€1131 2891-0775-00 CAP,FXD,CER D1:0.1UF,20%,50V 04222  WAZ0SE104MAR
A17C1133 290-0770-00 BO10100 B010369 CAP,FXD,ELCTLY : 100UF ,+50-10% , 25V0C 54473  ECE-AZ5V100L
A17C1435 230-0770-00 8010100 8010369 CAP,FXD,ELCTLT: 100UF ,+50~-10% , 25VOC 54473  ECE-AZ25V100L
AM7C1137 281-0775-00 CAP,FXD ,CER DI:0.1UF, 20%,50v 04222  HA205E104MRA
A17C1139 285-0809-00 CAP,FXD,PLASTIC:1UF,10% 50V 56289  LP66A1A105K
1701202 281-0786-00 CAP,FXD,CER BI:150PF 10% 100V 04222  MA1018151KA0
A17C1204 281-0786-00 COP,FXD,CER DBI:150PF 0%, 100V 04222  MA1D1A151XKDA
A17C1206 281-0786-00 CAP,FXD,CER DI:150PF,40%,100V 04222  HO101A151KLA
M7C1211 281-0796-00 CAP,FXD,CER 01:150PF,50%, 100V 04222  HA101A151KAR
M7C1229 283-0601-00 CAP,FXD MICA DI:22PF,10%,300V 00853  D155E220K0
A17C1226 285-1220-06 Cap,FXD ,PLASTIC:1200PF ,10% , 200V 14752 41509
AM7C1311 281-0786-00 CAP, FXD,CER DI:150PF,10%,100¥ 08222  ¥A10181571KAR
f17C1312 261-0786-00 CAP FXO,CER DI:150PF ,10%, 100V 04222 MA101RT51KAR
n17¢1323 281-0775-00 CAP,FXD,CER DI:C.1UF,20%,50V 04222  MAZOSE10aMAN
A47C1331 290-0770-00 CAP, FXD ELCTLY: 10QUF,+50-10% ,25VIC 54473  ECE-RZ25V100L
A1ecid11 281-9786-00 CAP,FXD,CER DI:150PF,10%,100¥ 04222  WA1018151KAN
A17C1412 281-0786-00 CAP,FXB,CER DI:150PF 10%,100V 04222  MA101R15IKAR
A17€1513 281-0775-00 CAP,FXD,CER DI:0.1UF,20%,50V 04222  WAZ20SE104MAN
A17C1514 290-0177-00 CAP,FXB,ELCTLT:1UF,20%,50V 05387  T320A105M050A5
171601 281-0775-00 CAP,FXD,CER 01:0.10F, 20% 50V 04222  MAZ205E104MA0
1701602 283-0203-00 CAP,FXD,CER DI:0.47UF,20%,50V 04222  SR305SCazampn
41701603 281-0775-00 CAP,Fxb,CER DI:0.10UF,20%,50V 04222  MA205E104MAQ
A47C1604 283-0203-00 CAP,FXD,CER DI:0.47UF 20%,50V 04222  SR305SCarvamnd
A17C1605 281-0775-00 CAP,FXD,CER D1:0.1UF,20% 50V 04222  WRAZ05E104MAR
A17C1606 283-0203-00 CAP,FXD,CER DI:0.47UF 200, 50V 04222  SRIDSSCA74MAR
A17C1611 281-0775-00 CapP,FXD,CER DI[:0.1UF,20% 50V 04222  WA205E104MB0
A7 1612 290-0177-00 CAP,FXD,ELCTLT: 1UF, 200 50V 05387  T3208105M05085
/171613 283-0212-00 CAP,FXD,CER DI:2UF,20% 50V 04222  SRA0BEZ05MAN
84171723 283-0109~00 Cap,FxD,CER DI1:27PF,5%,1000V 59660 858-534C0G02704
A17CR1111 152-0141-02 SEMICOND OVC,DI1:5K,51,30V,150MA 30V 03508 DA2527 (1N4152)
A17CR1113 152-0141-02 SEMICOND DVC,D1:5K,51,30V,150M8 30V 03508 DA2SZ7 (1N4152)
ATPCR1121 153-0057-00 8010100 8021469 SEMICOND OVC,D1:SELECTED 89009  153-0057-00
af7cR1121 152-0323-00 B021470 SEMICOND DVC,D1:5%,S1,35v,0.14,00-7 14433 MG1518
A17CR1122 153-0057-00 B010100 8021469 SEMICONDG OVC,D1:SELECTED 80008  153-0057-00
A17CR1122 152-0323-00 B021470 SEMICOND DVC,DI:SW,SE,35v,0.14,00-7 14433 WG58
A17CR1123 153-0057-00 8010100 8021869 SEMICOND DVC,DI1:SELECTER 80009  153-0057-00
A17CR1123 152-0323-00 B021470 SEMICOND OVC,DI:SW,S1,35v,0.10,00-7 18433 WG1518
A17CR1125 153-0057-00 8010100 802146% SEMICOND DVC,DI:SELECTED 80009  153-0057-00
A17CR1125 152-0323-00 B0Z1470 SEMICOND DVC,DI:SW,SI,35v,0.18,00-7 14433  WG1518
A17CR1129 152-0141-02 SEMICOND DVC,DE:SN,SI,30V,150uA, 30V 03508 DAZSZ7 (1NA152)
A1PCR1Z2Y 153-0057-5¢ 8010100 8021469 SEMICOND DVC,DE:SELECTED 80009  153-0057-00
A17CR1221 152-0323-80 B021470 SEMICOND OVC,DE:SN,S1,35V,0.14,00-7 18433 WG1518
AM17CR1223 153-0057-0C 8010100 B021469 SEMICONDG OVC,DI:SELECTED 80009  153-0057-00
A17CR1223 152-0323-00 8021470 SEMICOND OVC ,DI;SK,51,35V,0.1A,00-7 14433 MWG1518
#17CR1419 152-0141-02 SEMICOND OVC,DI:SK, ST, 30V, 150Ma 30V 03508 DA2527 (1N4152)
A17CR1S1Y 152-0141-02 SEMICOND OVC,DI:SW,S1,30V,150MA, 30V 03508 DA2527 (1N4152)
A17CR1517 152-0141-02 SEMICOND OVC,DI:SM,SI 30V, 150Ma 30V 03508 [DA2527 (1N4152)
A17CR1518 162-0141-02 SEMICOND DVC ,DI:SW,SI,30V,150MA,30V 03508 DAZ527 (1NA152)
A17CR1611 182-0141-02 SEMICOND DVC D1:SW,S1,30V,150M8,30V 03508 DA2527 [1N4152)
A17CR1612 162-0141-02 SEMICOND DVC,DI:SW,ST,30V, 150MA,30V 03508 [DA2527 (1N4152)
A17CR1621 152-0141-02 SEMICONG OVC, DI:SW,S1,30V,150M0, 30V 03508 DA2627 (1N4152)
A17CR1623 152-0141-02 SEMICOND DVC,DI:SW,S1,30V, 150M0,30V 03508 DAZ2527 (IN4152)
4171425 148-0141-00 RELAY ,REED:1 FORM A,0.5A,100vDC,COIL 15vDC, 15636  R7620-2

2.2K OHM
A17K1525 148-0131-00 RELAY ,REED:1 FORM 4,0.5A,100VDC,COTL 15VDC, 15636 R7E20-2

2.2K OHM
A17K1527 148-0141-00 RELAY ,REED:1 FORM &,0.5A,100VDC,COIL 15vVDC, 15636 R7620-2

2.2K OHM
A17K1631 —— ——— {RELAY ,ARMATURE:4 FORM C 6V, 2A)
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Af7LI723
A1701001
A1701015
A1701097
A17g1021
A1701101

A1701105
A1701106
A1701111
At701112
A1701114
A1701201

A17Q1202
A1701211
1701212
A17Q1215
1701217
A1701222

A17Q1311
A1701313
A17Q1315
R1701317
M701319
R1701321

M7u323
n17Q1327
M701a 11
81701413
A17Q1511
A17¢1512

A1701513
81701518
1791515
A1701611
A1701613
A17R1001

A17R1011
R17R1013
A17R1033
A17R1101
A17R1102
A17R1103

A17R1108
A17R1115
A7R1116
A17R1117
A17R1120
A17R1121

A17R1122
A17R1124
A17R1125
A17R1126
A17R1129
A17R1139

A17PR1201
R17R1203
A17R1205
A17R1207

9-14

Tektronix
Part No,

108-1134-00
151-0350-00
151-0347-00
181-0347-00
181-0350-00
151-0407-00

151-1133-00
151-1133-00
151-0406-00
151-1133-00
151-1133-00
151-0347-00

151-0347-00
151-0347-00
151-0347-00
151-0347-00
151-1134-00
151-1131-00

151-0347-00
151-0347-00
151-1134-00
151-1134-00
151-1134-00
151-1131-00

151-1131-00
161-1131-00
151034700
151-0347-00
151-0301-00
161-0190-00

151-0347-00
151-1066-00
151-0347-00
151-0264-00
151-0134-00
321-0178-00

315-0513-00
321-0178-00
315-0a32-00
325-0350-00
325-0351-00
315-0513-00

315-0105-00
315-0562-00
315-0104-00
315-0510-00
321-0983-00
315-0303-00

315-0510-00
315-0243-00
315-0432-00
315-0432-00
315-0362-00
315-0472-00

315-0363-00
315-0363-00
315-0363-00
315-0363-00

Serial/Assambly No. Mfr.
EHective  Dscont Name & Description Code Mir. Part No.

(PART COF A17A1 ONLY)
COIL RF:FIXED,5.3UH 80009  108-1134-00
TRANSISTOR:PNP ST, T0-92 04713  SPS6700
TRANSISTOR:NPN,SI,T0~92 04713  5PS7951
TRANSISTOR:NPN ST, TG-92 04713  SPS7951
TRANSISTOR:PNP ,SI,T0-92 04743 SPSE700
TRONSISTOR:NPN S, T0-39 04713 552456
TRANSISTOR: FE N-CHANNEL ,S1,70-18C 17856 FNAST9
TRONSTSTOR: FE N-CHANNEL 51 ,T0-18C 17856  FPN4579
TRANSISTOR:PNP ST ,T0-39 04713 871264
TRANSISTOR: FE N-CHANNEL ,S1,T0-18C 17856  FPNAS79
TRANSISTOR: FE N~CHANNEL ,51,70-18C 17856  FN4579
TRONSISTOR:NPN ST, T0-92 04743  5PS7951
TRANSISTOR:NPN 51 ,T0-92 04713 SPS7951
TRANSISTOR:NPN ,S1,T0-92 04713  5PS7951
TRANSISTOR:NPN ST, T0-92 04713 SPS7e51
TRONSISTOR:NPN 51 ,T0-32 04713 SP57951
TRANSISTOR: FE N-CHANNEL 51 ,T0-72 17856  FPN4594
TRONSISTOR: FE N-CHANNEL ,51,70-72C 17856  FNA5B2
TRANSISTOR:NPN S1,T0-92 04713  SPS7951
TRANSISTOR:NPN ST,70-92 04713 SPS7951
TRONSISTOR: FE N-CHANNEL 51 ,T0-72 17856  FNAS594
TRANSISTOR: FE N-CHANNEL 51 ,70-72 478556  FN4598
TRANSISTOR: FE ,N-CHANNEL 5] ,TO-72 17856  FN4598
TRANSISTOR: FE N-CHOMNEL ,S1,78-72C 17856  FN4582
TRANSISTOR: FE N~CHANNEL 51 ,T0-72C 17856  FNA582
TRANSISTOR: FE N-CHANNEL 51 ,70-72C 17856  FN4582
TRANSISTOR:NPN S1,70-92 04713 SPS7951
TRANSISTOR:;NPN ST ,T0-92 B4713  SPS7851
TRANSISTOR:PNP ,S1,T0-18 04713 ST898
TRBNSISTOR:NPN ST, T0-92 80009  151-0190-00
TRANSISTOR:NPN 51 ,T0-92 04713 SPS7951
TRANSISTOR: FET ,P-CHON,S1,T0-82 04713  SPF3038
TRANSISTOR:NPN ST ,70-92 04713  SPSP951
TRANSISTOR: DARLINGTON NPN, 51 03508 X38L3118
TRANSISTOR:PNP,S1,70-39 04713 SM3185
RES FXD,FILM:698 OHM, 1%L,0.125M,TC=T0 0r716  CEADG9BROF
RES , FXD, FILM:51X QMM 5% 0,254 57668  NTRZ25J-E51KD
RES,FXD,FILW:698 OHW, 1%,0.125W, TC=TO 07716  CEADGYBROF
RES ,FXD,F1LM:4.3K OHM,5%,0,250 57668  NTR25J-E04K3
RES,FXD,FILM:5.9K OHM,0.1%,0. 1250 18701 5033145K9008
RES  FXD,FILM:S3% OHM,0.1%,0,125W 18701  5033IA53K008
RES,FXD,FILM:51X OHM,5%,0.250 57668  NTR25J-E51K0
RES,FXD,FILM: 1% OHM 5% .0,25W 19701 S043CX1M000J
RES,FXD,FILM:5.5K OHM 5%, 0.25M 57668  NTRZSJ-E05K6
RES, FX0,FILM: 100K OHM 5% ,0,25M 57668  NTR25J-E100K
RES,FXD,FILM:51 OHM 51,0 254 18701 5043CX51R00J

B010370 RES FXD,F1LM:4.5 MEG OHM, 1%,0.125M,T(=T0 91637  CMFB5116-645003F
RES,FXD FILH 30X OHM,5%,0.25M 19701 5043CX30K00J
RES FXD,FILM:5% OHM 5% 0.20M 19701 5043CXS1R00J
RES  FXD, FTLM:24X OHM, 5%, 0.25W 57668  NTR25J-E24KD
RES FXD,FILM:4.3K OHM,5%,0.25M 57668  NTR2SJ-EDBK3
RES ,FXD,FILM:4.3K OHM,5%,0.250 57568  NTR25J-ED4K3
RES ,FXD,FILK:3.6K OHM,5%,0.250 19701  5043CX3K6004
RES ,FXD,F1LM:4. 7K OHM,5%,0.250 57668  NTRZ5J-£04K7
RES,FXD,FILM:36X OKW 5% ,0,25M 67668 NTRZ25J-E36KD
RES,FX0,FILM:36X OHM, 5%, 0,258 S7668  NTR25J-E3I6KD
RES , FXD,FTULM: 36K Ok, 5%,0.250 67668 NTR25J-E3EKD
RES,FXD,FTLM;36X OHM,5%,0.25M 57668  NTR25J-E36K0
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Replaceable Electrical Parts - DM 5010

Tektronix  Serial/Assembly No. Mfr .,

Component No, Part No. Effective  Dscont Name & Description Code Mtr. Part No.
A17R1212 315-0105-00 RES,FXD,FILM: 1M OHM 5% ,0.25K 19701  5043CX1MD00.
A17R1213 321-0685-00 RES,FXD, FILM:30K OHM 0,.5%,0,1250 TC=T2 18701 5033RC30K000
A17R1218 321-1427-02 RES,FXD,FILM: 277K OHM,0.5%,0.1250 TC=T2 19701  S033RC277X0D
A17R1215 321-0646-00 RES Fxn FIUM:200K OHM,0.5%,0.1254,TC=T2 0?7716  CEAC2000620
A17R1222 315-0243-00 RES,FXD,FILM:24K OHM 51 SN 57668  NTR25J-E24K0
A17R1223 315-0752-00 RES,FKD,FILH:?.SK OHM 51 25 57668  NTRZSJ-ED7KS
817R1225 315-0752-00 RES,FXD,FILM:7.5K OHM 5% ,0.25% 57668  NTR2SJ-E07KS
R17R1227 315-0473-00 RES,FXD,FI{M: 47X OHM 57. 25N 57668  NTR25J-E47K0
817R1228 321-0510-00 8010100 8010769 RES,FX0,FLiM:2.00M OHH 3 125n TC=T0 03888  PMESS020003F
81701229 325-0352-00 8010100 8010769 RES,FXIJ,F[LH:?LSI( UHH,O L0 19701 50331A71KS08
A17R1229 325-0353-00 BO10770 RES,FXD,FILM: 90K OHM,0.1%, 125H 19701  50331A30K008
A17R1231 325-0353-00 B010100 B010769 RES,FXD ,FILM:90K OHM ,0.1%,0,1254 19701  50331A30K008
A17R1231 325-0384-00 B010770 RES FX0,FILM: 117K OHM 0, 11 ,0.125R TC=T16 19701 50237811708
A17PRI2N 321-0361-00 RES,FXD,FILM:56.2K OHM 1%, 0.1250 , TC=T0 Q7716  CEADSG201F
A17R1301 307-0839-00 RES, FXO,FELM: 200K OHM 1%, 30, TC=250PPM/DEG C 07716  GS3 200K OHM+-1%
A17R1313 315-0363-00 RES ,FXD,FTILM:35K OHM 5% 0.25M 57668  NTR25J-£36K0
A17R1314 315-0363-00 RES,FXD,FILM:36K OHM S‘L, .25% 57668  NTR254-E36KD
A17R1315 315-0203-00 RES,FXD,FILM:20K OHM, 5%, 0.258 57668 NTR25J-E 20K
A17R1316 315-0203-00 RES,FXD,FIiM:20K OHM, 5% 0.25M 57668 NTR25J-E 20K
A17R1321 321-0182-00 RES,FXD,FILM:768 OHM,1%,0.1258, TC=T0 07716  CERQD7BBROF
A17R1323 315-0271-00 RES,FXD,FILiM:270 OHM,5%,0.250 57668 NTR25J-E270E
A17R13N 315-0123-00 RES,FXD,FILM:12K OHM 5% ,0.254 57668 NTR25J-E12K0
A17R1413 315-0363-00 RES,FXD,FILM; 36K OHM 5% ,0,25M 57668 NTR25J-E36XD
A17R1814 315-0363-00 RES ,FXO,FILM: 36K OHM 5% ,0.25M 57668  NTR25J-E36KT
81701415 315-0104-00 RES,FXD,FILM: 100K OHM 5% ,0,258 57668  NTRZ2SJ-E100K
A17R1416 315-0203-00 RES,FXD , FILM: 20K OHM 52,020 57668  NTR2SJ-E 20K
B17R1817 315-0562-00 RES,FXD,FILM:5.6K OHM,5%,0.25N 57668  NTRZ5J-EO5KE
41781418 321-0646-00 RES ,FXD,FILM: 200K OHM,0.5%,0.1250,TC=T2 07746  CEAC200020
A17R1419 315-0162-00 RES,FXD,FILM:1.6K BHN,SZ,G 250 19701 5043CX1KB00J
A17R1427 321-0645-00 RES,FXD,FILM: 100K OHM,0.5%,0.129M,TC=T2 19701 5033RC10030
R{7R1429 307-0763-00 RES NTWX, FXD, F1:1,9.9M OHM, 80K DHM 10K OHM, 19647  1776-9

0.25M,1200v0C
R17R1501 315-0272-00 RES,FXO,FILM:2,7K OHM, 5% 0,250 57668  NTR25J-£02K7
A17R1511 315-0473-00 RES,FXD,FILK:47K OHM 5% ,0.254 57668 NTR25.-£47K0
A17R1512 315-0242-00 RES,FXD ,FTILM:2.4K OHM 5% 0,254 57668  NTR25J-EQZ2KS
A17R1513 315-0102-00 RES,FXO ,FILM: 1K DHM,5%,0.250 57668 NTRZ5JEDIKO
41781514 315-0364-00 RES ,FXD,FILM:360K OHM 5% ,0.250 57668  NTR25J-E380K
A17R1515 315-0132-00 RES,FXD,FELM:1.3K OHM,5%,0.25M 57668 NTRZ5J-E01K3
fA17R1916 315-0562-00 RES, FXD,FILM:5.6K OHM S5%,0.250 57668  NTR25J-EQSKD
A17R1517 315-0162-00 RES  FXD FILM;1.6X OHM 5% 0,29M 19701 5043CX1K6004
A17R1518 315-0562-00 RES,FXD,FILM:5.6K DWW, 5%,0.250 57668 NTR25.J-E0SKE
AT7R1518 315-0162-00 RES, FXD,FIUM:1,6K OHM,5%,0.250 19701 5043CX1X5004
A17R1521 307-0839-00 RES,FXD,FILM: 200K OHM, 1% 3N, TC=250PPM/DEG C 07716  GS3 200K OKM+~-1%
A17R1611 315-0202-00 RES FXD, FILM:2K OHM 57 ,0,250 57668 NTR25J-E 2K
A17R1615 308-0642-00 RES ,FXD ,M:40.0 OHM 0,.5% 0,50 91637  RS12040R000
A17R1621 315-0103-00 RES ,FX0,FILM; 10X OHM 57 ,0.250 19701  5043CX10K00J
A17R1626 315-0105-00 QES,FXD,FILM: 1M OHM, 5% 0,250 19701 5083CX1M000
A17R1537 308-0788-00 RES ,FXD ,m:20 OHM,S%, 1A 75042  BN-20F-20R00J
A1791731 260-1518-00 SHITCH,SENS:DPDT 5/, 125VAC  MOMENTARY 01963  E61-000
1701110 156-1149-01 MICROCKT ,LINEAR:OPERATION AMP JFET INPUT 27014  AL160307
81741120 156-1156-00 MICROCKT ,LINEAR:QPERATIONAL AMPLIFIER 27014  LF3IS6N
A17u1210 156-1492-01 WICROCKT ,LINEAR:OPERATIONAL AMPLIFIER,SCRN 24355  ADAO7TE4

(EARLY INSTRUMENTS MAY USE SELECTED

156-0921-01.PARTS ARE INTERCHANGEABLE.)
81701230 156-1306-00 KICROCKT LINEAR:TTL 4.5 DIGIT A/D CONVERTER 17856  SLN2004
41701300 156-0726-01 WICROCKT ,DGTL:8 STG SHF & STORE BUS RGTR 02735 (CD4094BFY
a17U1400 156-0350-01 BO10160 B021903 WICROCKT ,BGTL:CMOS ,QUAD 2-ENPUT NAND GATE 80009  156-0350-01
A17uU1400 156-0350-05 B021904 KICROCXT ,DGTL:QUAD 2 INPUT NAND GATE 02735 CD4011BFX
81701560 156-0795-01 MICROCKT ,DGTL:B STG SHF & STORE BUS RGTR 02735 CD4094BFX
REV JUN 1886 9-15
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Replaceable Electricai Parts - DM 5010

Tektronix Sarial/Assembly No. Mér.
Component No, Part No, EHective  Dscont Name & Description Code Mfr, Part No.
41701601 156-1160-00 MICROCKT ,LINEAR:YOLTAGE REGULATOR 04713 MC7BL12A8C0
41701503 1568-0991-00 MICROCKT ,LINEAR:VCLTAGE REGULATOR 08713 MC78LO5ACP
41701505 156-1207-00 WICROCKT ,LINEAR:VOLTAGE REGULATOR,-12 ¥ 04713 MC73L1200G
A17YR1001 162-0278-00 SEMICOND DVC,DJ:2EN,SI,3V,5%,0.49N,00-7 04713 510635009K20
A17VR1G41 152-0227-00 SEMICOND DVC,DI:2EN,SI,6.2Y,5%,0.4% 00~7 04713 S§713903
A17VR1013 152-0278-00 SEMICOND DVC,0D1:2EN,51,3V,5%,0.40,00-7 04713 S1635009K20
A17VR101S 152-0227-00 SEMICOND DVC,0DI;2EN,S1,6.2Y,5%,0.4%,00-7 04713 5713903
{17VR1124 152-0278-00 SEMICOND DVC,D1:2EN,S!1,3Y,5%,0.90,00-7 04713 $1635009K20
A17VR1126 152-0278-00 SEMICOND OVC,DI:7EN,51,3V,5%,0.40,00-7 04713 S1635009K20
417VR1129 152-0217-00 SEMICOND DVC,D1:2EN,S1,8.2v,5%,0.4M D0O-7 gar13  sIG20
A17VR1223 152-0778-00 SEMICOND OVC,DI:ZEN,51,22v,2% ,0.44,B0-35 04713  SIG30337RL
A17VR1225 152-0778-00 SEMICOND DVC,DI:IEN,51,22v,2%,0.4M,00-35 04713 $1630337RL
f17YR1321 152-0526-00 SEMICOND DVC,D1:26EN,S1,5.35V,1%,0.4¥ 00-7 14552  DT8406150
A17VYR1501 152-0195-00 SEMICOND DVC,D1:2EN,S1,5.1Y,5%,0.48,00-7 64713 SI19795RL
A17VR1514 152-0777-00 SEMICOND GVC,DI:ZEN,S1,27V,2%,0.48 DO-35 08713  SI630383RL
A17N1613 131-0566-00 BUS ,COND:DUMKY RES,0.094 00 X 0,225L 24546 OMR 07
A1701 670-6845-00 B010100 B021803 CIRCUIT BO ASSY:RELAY 80008 670-6945-00
a1781 §70-6945-01 B021904 CIRCUIT BD ASSY:RELAY 80009 670-6945-01

{NO ELECTRICAL PARTS)
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Section 10—DM 5010

DIAGRAMS AND CIRCUIT BOARD ILLUSTRATIONS

Symbols
Graphic symbols and class designation letters are
based on ANSI Standard Y32.2-1975.

Logic symbology is based on ANSI Y¥32.14-1973 in
terms of positive logic. Logic symbols depict the logic
function performed and may differ from the manufac-
turer’'s data.

The overline on a signal name indicates that the signal
performs its intended function when it is in the low state,

Abbreviations are based on ANSI Y1.1-1972.

Other ANSI standards that are used in the preparation
of diagrams by Tektronix, Inc. are;

Assembly Numbers and Grid Coordinates

Each assembly in the instrument is assigned an
assembly number {(e.g., A20). The assembly number
appears on the circuit board outline on the diagram, inthe
title for the circuit board component location illustration,
and in the lookup table for the schematic diagram and
corresponding component locator ilustration. The
Replaceable Electrical Parts listis arranged by assemblies
in numerical sequence; the components are listed by
component number *(see following iliustration for
constructing a component number).

The information and special symbols below may appear in this manual.

¥14.15, 1866 Drafting Practices.
Y14.2, 1973 Line Conventions and Lettering.
¥10.5, 1968 Letter Symbols for Quantities Used in
Electrical Science and Electrical
Engineering.
American National Standard Institute

1430 Broadway
New York, New York 10018

Component Values
Electrical components shown on the diagrams are in
the following units unless noted otherwise:

Capacitors = Values one or greater arein picofarads (pF).
Values less than one are in microfarads
(uF).

Resistors = Ohms (2).

The schematic diagram and circuit board component
location illustration have grids. A lookup table with the
grid coordinates is provided for ease of locating the
component. Only the componentsillustrated onthefacing
diagram are listed in the lookup table. When more than
one schematic diagram is usedtoillustrate the circuitry on
a circuit board, the circuit board illustration may only
appear opposite the first diagram on which it was il-
lustrated; the iookup tabte will list the diagram number of
other diagrams that the circuitry of the circuit beard
appears on.

O

Function Block Title

Modified Compaonent
(Depicted in Grey, or With
Grey Quitline) - See Parts List

Internal N
Screwdriver

Strap or Link

Adjustment

Cam Switch

Closure Chart
(Dot indicates
switch closure)

Etched Circuit Board ...
Qutlined in Black

Flug to £.C. Board

- |[dentities Panel
o]

nirals, Connecters and

Refer to Waveform Indicators
Funetion Block E:n(;?exml connectors:
Outline female
I1C type - Plug Index; signifies pin No. 1
Test Voltage Externai Screwdriver Adj.
Shielding
Heat Sink = -
Selected value, see Parts List
Board Name and Marntenance Section for
Selection Criteria
P/O—Part of

circuit board

Assembly Number — -

Tektronix Part No. - * COMPONENT NUMBER EXAMPLE

for circuit boards Gomponess Wumber
A2 A2 R1234

SYNC GENERATOR @

Decoupled or Filtered
Voltage

Refer to Diagram Number

~ Schematic Name

and Number

REV DEC 1981
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CPU Board

A14

GPIB Address Switch

See Maintenance section

for setting information

Extrigger Jumper

P1721

- CHI-F

MET102-3

5 - EF. a

Pi011

[

<
B

JHU

WS
4

Ui 10%

Widdo

| i
BT1121 :5* ,}
[ENE ] b,
e R S
. [ i | ]
i il U130 o L;'l unrae &s ==
[ ¥ 1 1 { ' 173 (]
rreeh e 1 | i W =]
—l RH’ AT T
NOP
enable

. mm normal
CAL Jumper

P1132

Fig. 10-1 Jumper and GPIB address switch locations.
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(o]

(ma

disable

NOP Jumper @

P1425

50/60 Hz Jumper @

P1723

2994-53

] |

Dangerous voltages may be encountered in making
internal adjustments. Do not contact the internal ad-
Justments, since they may be at the DM 5010 input
potential; use only an insulated adjustment tool for
adjustments.

Step 5

Amp Out, TP1201 -—ba

Amp Offset, R1305 ——»
Step 7

«—— 20 V H.F. Comp. C1403

«—— 2 V/200 mV H.F. Comp. C1503
Atten Out, TP1503 ———3
Atten Offset, R1601——>

5} €—— C1605
E«— 200 V H.F. Comp. C1607

Lo, TP1701 —MM8MM ™

TOP VIEW

Fig. 10-2. Location of DM 5010 adjustments and test points. <i>

DM 5010

2994-37

QINJW I CACAY ANY
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«, FRONT-PANEL INPUT /2
»

REAR INTERFACE INPUT/2

A/D CONVERTER
INPUT o RHS CHARGE-
et OVERVOLTAGE CONVERTER T
PROTECTION & e | |converTeR
N -
ATTENUATOR | | FUNCTION
SWITCH Joger MEAUREMENT
H COND1TONER a4 ENABLE
Lo OHMS & @
CONVERTER
& O o ]
FUNCTION &
RANGE
CONTROL
YSOLATED ISOLATED
REGULATORS | PCVER
o6 SUPPL 1ES

ISOLATED SECTION

NOTE :

MOST OF THE [NTERCONNECTION SHOWN
[S ¥1A THE MAIN-INTERCONNECT 3OARC

ON DIAGRAM
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Table 10-1
COMPONENT REFERENCE CHART

P/C A17 ASSY ADC BOARD @
CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
7 B2
€1001 B6 B2 213211 88 B2
C1013 cs B3 R1013 o B2
c1017 D7 B3 R1033 19 cs
€1019 D§ B3 R1101 G7 D1
c1021* J6 B4 R1102 G7 D2
c1031~ J7 BS R1103 G6 D2
c1123 J6 ca R1104 G6 D2
C1126 C6 D4 R1115 E5 D2
Cc1128 J9 C5 Ri116 F8 D2
C1131 J7 C5 R1117 D7 D2
C1133* J9 cs R1120* H6
C1135* 19 D5 R1121 HY c4
c1137 J9 C5 R1122 D9 D4
c1139 J7 D6 R1124 D6 D4
c1221 C6 D4 R1125 17 C5
C1225 K6 E4 R1126 16 c4
c1323 K8 F5 R1129 L6 D5
C1331 J8 Fs5 R1139 J7 C5
c1723 c3 L5 R1212 H8 E2
R1213 H8 E3
CR1111 D7 c2 R1214 H8 E3
CR1113 D9 C3 R1215 L3 E3
CR1121- D8 c4 R1222 cs E3
CR1122+ cs c4 R1223 13 D4
CR1123+ H§ c4 R1225 Ja D4
CR1125+ H7 c4 R1227 K6 ES
CR1129 L6 D4 R1228 J7 E5
CR1221+ D5 D4 R1229 J6 E5
CR1223- C5 D4 R1231 K6 E5
CR1419 G5 G3 R1233 J7 ES5
CR1517 33 H3 R1301 L5 F2
CR1519 F2 H3 R1315 K3 E3
CR1621 c2 Ja R1316 K5 F3
CR1623 D1 Ja R1321 J7 F5
R1323 J7 F5
J1731 B2 N5 R1331 L7 F5
R1415 Ja G3
K1425 G4 H4 R1416 Ja G3
K1525 F4 H5 R1418 K5 G3
K1527 F2 Hs R1419 G5 G3
K1631 D1 K5 R1427 G3 G4
R1429 G4 Ha
L1723 c2 M5 R1517 E4 H3
R1519 F2 H3
P1713 H9 K3 R1521 G3 G5
R1615 C1 J3
Q1001 c7 B2 R1626 E3 L3
Q1015 c8 B3 R1637 E2 J5
Q1017 E? B3
a1021 Es s 51731 B3 N5
Q1101 D6 C2
R 7 w09 s
Q1106 H7 D2 U1210 D5 D2
Q1111 D9 c3 U1230 L7 E5
. . Q1112 F6 D2
See Parts List for Q1114 G6 D2
serial number ranges. 012 17 K3 Ea VR1001 BT B2
VR1011 cs B2
Q1222 1S E4 VR1013 B9 B3
Q1315 K5 F3 VR1015 cs B3
Q1317 K4 F3
VR1124 17 c4
Q1319 43 F3 VR1126 16 ca
Q1321 H4 F4
Q1323 1 Fa VR1129 L6 D5
Q137 HS Fa VR1223 14 E4
VR1225 J3 E4
VR1321 Js F5
w1613 c1 J3
P/O A17 ASSY also shown on <2>
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Table 10-3
COMPONENT REFERENCE CHART
(See Fig. 10-3)

P/O A17 ASSY ADC BOARD @

CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD

NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
C1202 Jb E1 Q1513 J7 H3
C1204 J5 E2 Q1514 E3 J3
C1206 J4 E2 Q1515 Js J3
c1211 Js E2 a1611 J7 J3
C1311 J2 E2 Q1613 D& K2
Cin2 Jé F2
c1a11 J3 G2 R1201 J7 E1
Cia12 J2 G2 R1203 J6 E2
C1513 G5 H3 R1205 J5 E2
C1514 E3 J2 R1207 Jd5 E2
C1601 D3 Ji1 R1313 J2 E2
C1602 B3 K1 R1314 J4 F2
C1603 D4 J1 R1413 J3 G2
C1604 B4 K1 R1414 Ja G2
C1605 D5 J2 R1417 JB G3
C1606 B5 K2 R1501 F1 H2
C1611 D6 K2 R1511 E1 H2
C1612 cé J3 R1512 E1 J2
C1613 Cs J3 R1513 G2 H2

R1514 E3 J2
CR1511 F2 H2 R1515 F2 H3
CR1611 B6 K2 R1516 J7 H3
CR1612 cé J3 R1518 J8 H3
R161% Cé K2
Q1201 J6 D1 R1621 J7 J3
Q1202 J6 D2
Q1211 J5 D2 U1300 H5 F2
Q1212 J5 D2 U1400 + 12 G2
Q1215 J2 E3 U1500¢ F6 H2
Q1311 J4 F3 U1601 Cc2 J2
Q1313 J3 F3 U1803 (o ) K2
Q1411 J3 G3 u1605 C4 K2
Q1413 J8 H3
Q1511 F2 H2 VR1501 E1 H2
Q1512 G2 H2 VR1514 BS J2
P/O A17 ASSY also shown on <>

*See Parts List for
serial number ranges.
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R1417 Q prefie—see end of Replaceable Electrical Parts List
5.6K )
2 Static Sensitive Devices
R1519 5
ee Masntenance Sectron
8 Q1515 <>
RiStE
5.6K
-27v
I P/0 A17 ADC BOARD
DM 5218 REV JULY 1986 INPUT SIG CONDITIONING CONTROL @
2994121 0D

www.valuetronics.com

HYHD JONIHISTH ANINOLINGD

1
® TTOYLINCD ONOD 9IS LNdN!



Table 10-4
COMPONENT REFERENCE CHART

A16 ASSY RMS BOARD @
CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
C1001 19 82 R1003 K7 B2
C1013 12 B3 R1013 13 B3
C1101 37 B2 R1021 H1 B3
C1103 16 C2 R1031 K3 B5
C1105 J6 Cc2 R1032 L6 B5
ci1107 J8 D2 R1033 K3 BS
C1111 Ga c3 R1101 19 c2
C1113 12 Cc3 R1121 H3 C3
Cc1301 F8 E2 R1123 G2 c3
C1303 F9 E2 R1201 H7 D2
C1311 G9 F3 R1211 H8 D2
C1403 G8 F2 R1221 G2 D3
C1405 G8 F2 R1223 G1 D3
C1415 E1 G3 R1225 H1 D3
C1417 C1 G3 R1229 1 E3
C1503 F7 H2 R1231 L5 ES
C1505 F7 H2 R1233 L& ES
C1513 D3 H3 R1303 H7 E2
C1515 Cc3 H3 R1305 H7 F2
C1525 c3 Ha R1307 G7 F2
C1526 D3 H4 R1309 G9 F2
C1527 C2 H4 R1321 11 E3
C1528 D2 H4 R1323 D2 E3
C1601 E8 J2 R1325 K5 F4
C1603 E9 J2 R1327 K& F4
C1605 D9 J2 R1331 K3 ES
C1607 D& K2 R1333 Jz2 ES
C1609 D8 K2 R1401 G7 F2
c1621 C7 J5 R1403 G7 F2
R1415 D1 G3
CR1011 J3 B3 R1421 K6 F4
CR1021 H2 B3 R1423 KS F4
CR1023 L5 B4 R1425 K8 G4
CR1121= H2 C3 R1426 K8 G4
CR1201 L8 D2 R1427 K7 G4
CR1225 J2 D3 R1429 K9 G4
CR1227 12 D3 R1501 E7 G2
CR1231 L4 E4 R1521 KS G4
CR1233 L6 E4 R1523 L9 H4
CR1415 L5 G3 R1525 L9 H4
CR1511 L7 G3 R1601 E? J2
CR1513 L7 H3 R1603 D7 J2
CR1527 L9 H4 R1609 Cc8 K2
CR1529 LS H4 R1621 c7 K4
CR1613 D7 J3 R1633 B7 K6
CR1615 D7 K3 RT1011 J3 A3
RT1227 12 D3
K1031 Lé BS
K1031 K3 B5 TP1201 17 E2
K1131 L3 Cs TP1503 F7 H2
Kt1131 L6 C5 TP1701 D7 K1
K1201 HB D2
K1201 L8 D2 u1100 J7 C2
K1231 J4 D5 U1120 H2 Cc4
K1231 L5 D5 U1200 H7 E2
K1313 G1 F3 u1200 E9 E2
K1313 L5 F3 U1330 13 F5
K1405 L8 G2 ut417 D1 G3
K1503 F7 H2 U1430 G4 G5
K1503 L7 H2 U1500 D9 H2
K1621 L9 Ka U1500 E7 H2
K1621 ca K4 u1515 C3 H3
K1633 L9 K5 U1525 D3 H4
K1633 C7 K5 uU1527 D2 H4
u1530 E8 HS
P1711 B7 L3 U1530 F5 H5
Q1021 13 B4 VR1013 13 B3
Q1320 L4 F4 YR1123 G3 D3
Q1420 L7 G4 VR1415 G4 G3

*See Parts List for
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RMS BOARD (A16)
COMPONENT REFERENCE CHART

DM 5010
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Fig. 10-4. RMS Board (A 16).

Static Sensitive Devices
See Mantenance Section

COMPONENT NUMBER EXAMPLE

Component Number
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Table 10-6

COMPONENT REFERENCE CHART

P/O A15 ASSY ISOLATION BOARD @
CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION

C1001 D2 B2 CR1509 HS H2
C1005 F3 B2 CR1515 H6 G3
c1021 J3 BS CR1605 H8 J2
c1101 E2 C1

C1107 F1 Cc2 F1111 B1 c3
C1111 G1 c2 F1113 c7 c3
C1113 H1 C2

c1121 J3 C5 L1201 F8 D2
C1131 J3 Ccé L1203 FS p2
C1201 F6 D2

C1203 E7 E2 P1031 B1 A6
C1215 D8 D3

C1216 D7 E3 Q1101 F2 Cc1
c1221 13 E4 Q1104 D2 c2
C1223 J3 ES Q1105 c2 c2
C1301 H¢ F1 Q1201 F8 D1
C1321 J3 E5 Q1202 F6 D2
C1326 J3 F5 Q1211 E8 D3
c1aa1 J3 E6 Q1212 E6 E3
C1401 19 G2 Q1213 D9 D3
1403 H9 G2 Q1214 D7 E3
C1404 19 G1

c1421 J3 F5 R1001 D2 B2
C1426 K3 G5 R1003 D3 B2
€1501 Jé H1 R1005 F3 B2
1502 J7 J2 R1101 E1 Ct
C1503 Jé H1 R1102 E2 c1
C1504 J7 J2 R1103 D2 c2
C1505 17 J1 R1104 c2 c2
C1511 J6 H2 R1105 F3 D1
C1513 J6 H3 R1106 F2 D1
C1515 16 J2 R1107 E1 C1
c1521 K3 H5 R1108 B2 c2
C1526 K3 H5 R1109 B2 Cc2
c1601 17 J1 R1201 F6& E2
C1603 Ja K1 R1211 E8 D3
c1811 16 J2 R1212 E6 E3
c1621 K3 J5 R1213 D8 D3
C1626 K3 J5 R1214 D6 E3
C1701 J8 K1 R1215 D8 D3
C1721 K3 K5 R1216 D6 E3
C1731 13 Lé R1217 E4 D3
CR1201 F7 D2 T1311 Gé F2
CR1203 F5 D2 TP1421 B4 F3
CR1211 E8 D2

CR1212 E5 E2 U1000 E2 B1
CR1501 15 H2 U1325 Cc7 F4
CR1503 H5 H2

CR1505 15 H2 VYR1001 D3 B2
CR1507 H7 H2 VR1216 E4 E3

P/O A15 ASSY also shown on @ @
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Static Sensitive Devices
See Maintenance Section
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Table 10-7
COMPONENT REFERENCE CHART
(See Fig. 10-5)

P/O A15 ASSY ISCLATION BOARD <5>
CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION

C1702 M3 K2 R1713 L5 K2
C1713 Mé K2 R1715 M7 K2
CR1715 M7 K3

U1135 J5 Cé6
P1701 M7 L2 u1230 17 D6

U1330 G2 E5
Q1421 13 G3 U1335 F5 Fs5
Q1615 K7 K3 U1420 J8 F4

U1425 D1 G4
R1421 17 G4 U1430 E6 F5
R1521 J1 H4 u143as E1 G5
R1526 J2 H4 Y1510 K6 H3
R1615 L7 J2 U1s15 K1 H3
R1621 J3 Ja U1530 Cc1 HS
R1626 J4 K4 U1605 L2 K2
R1701 L1 K2 U1610 K2 J3
R1703 L2 K2 U1613 LS K2
R1711 L4 K2 U1615 L3 K3
R1712 L5 K2 U1710 L4 K3

P/O A15 ASSY also shown on <|>
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Table 10-8
COMPONENT REFERENCE CHART
(See Fig. 10-5)

P/O A15 ASSY ISOLATION BOARD
CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
P1733 Mé LS u1220 15 E4
u1235 Jé E5
R1531 E1 H6 u1320 K7 E4
uU1520 F6 H4
u1020 L8 B4 U1525 E5 H4
u1020 G5 B4 U1535* D1 H5
U1030 L6 BS U1620 F6 J4
U1120 L8 c4 u162s F7 J4
ut1120 HS C4 U1630 12 J5
U112s K6 D4 U1835 F7 J5
Ut130 L9 C5 U1720 FB8 K4
U1130 J5 C5 U1730 D2 K5
u1220 L8 E4
P/O A15 ASSY also shown on @ <5>

*See Parts List for
serial number ranges.
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Table 10-9
COMPONENT REFERENCE CHART

P/O A14 ASSY CPU BOARD @
CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION

c1101 E4 B1 R1223 E3 D4
c1102 E4 C1 R1225 D2 D4
C1201 E4 D1 R1227 C2 D4
C1213 E3 E3 R1231 C3 D5
C1215 F3 E3 R1232 c2 D5
cl1223 D3 C5 R1233 B3 Dé
C1233 E4 D6 R1311 Fa F3
C1235 ES E6 R1313 F2 F3
C1301 ES E1 R1321 F2 E4
C1302 E5 F1 R1621 H3 Ja
c1321 E4 E4
1401 E4 G1 TP1531 B5 HE
C1a1 E4 G3 TP1533 H3 J5
C1426 E4 G3 TP1535 K5 J8
C14: E5 G6 TP1621 L6 K4
C1435 E5 H5 TP1625 K5 K4
C1501 ES5 H1
C1521 E4 H3 u1230 E2 D5
C1523 E4 H4 U1235 E6 E5
c1601 E4 J1 u132o G1 F4
Cc1602 E4 K1 uU1420 E7 G4
cC1621 E5 K4 u1425 H4 G3
C1631 ES K5 U1430 K3 G5
C1721 ES K4 U1435 K1 G5
C1731 D4 LS Uu1s10 16 H3

u1520 K8 H4
J1425 13 G4 u1620 K5 Ja

U1r20 L7 K4
P1425 13 G4 u1730 LS K5
P1731 B4 L5

VR1232 B2 D5
R112%9 D2 C5
R1132 D3 Cs Y1221 E3 E4
R1221 E2 D4

P/O A14 ASSY also shown on @
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Shaded areas indicate coated areas of circuit board {bath sides).

Fig. 10-6. CPU Board (A14).
Sea CPU Board Coating in Maintenance section, g ¢ )

Note: Even numbered connections on side shown.

Static Sensitive Devices Odd numbered connections on back side of connector.

See Marntenance Section

COMPONENT NUMBER EXAMPLE

Lomponent Number

A23 A2 R1234

: Schematic
Assembly # Lo Crecutt
Number Subassembly Number

Mumber {1 useq)

Chassis maunted components have no Assembiy Mumber REV JuL 1 984
wefix—see enet of Replaceable Electrical Parts List
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COMPONENT NUMBER EXAMPLE

Aszembiy
Mombe:

Componient Number

A23 A2 R1234

Schemahc

- L\l [E——
Subassembly
Number (f used)

Corcant
Number

Chass 5-mounted tampnens have no Assemely Number
peef z—see end of Replaceable flrcinca Parts List

Static Senmsitive Devices
See Mantenance Section
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COMPONENT NUMBER EXAMPLE

Component Number

—
A23 A2 R1234
T Schematc
—= Drouit
Rumber

Assembly
Nymber Subassembly
Nom#er (if used;

Chassis-mounted COmMponents have ne Assembly Number
prefix—see ead of Replaceable Flectncal Parts List

Static Sensitive Devices
See Maintenance Section

DM 5010



Table 10-10

COMPONENT REFERENCE CHART

(See Fig. 10-6)

P/O A14 ASSY CPU BOARD
CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
BT1121 19 C5 R1131 18 Cé
R1132 Js Cé
C1133 J8 Cé R1134 18 C5
CR1133 18 Cé6 R1135 H8 Ccé
CR1235 H8 D&
U1200 D2 D2
J1132 I7 Cs u1220 Ké D3
J1505 H5 H2 U1300 F2 E2
U1305 H2 F2
P1132 I7 Cs U1400 K2 G2
U1505 H5 H2
Q1123 18 Cc4 u1600 F5 J2
P/O A14 ASSY also shown on @ @

www.valuetronics.com




D. {A12)

F.F. DRIVE B
COMPONENT REFERENCE CHART

DM 5010

PARTS LOCATION GRID

Table 10-16
COMPONENT REFERENCE CHART

A12 ASSY FRONT PANEL DRIVE BOARD @
CIRCUIT  SCHEMATIC BOARD CIRCUIT  SCHEMATIC BOARD
NUMBER LOCATION  LOCATION NUMBER LOCATION  LOCATION
C1315 c7 c2 R1127 18 B2
AN PAA K¢ C1431 E7 D4 R1129 H9 B2
o "El infofofo 31531 57 D4 RR1§21 |98 B2
o o o o 1533 7 D4 1223 H B2
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2994-51

Fig. 10-8. Front Panel Drive Board (A12). ASSY A 1 2

A12 FP Drive [~

Static Sensitive Devices
See Maintenance Section

COMPONENT NUMBER EXAMPLE

Companent Mumber

A23 A2 R1234
R Schematic
Assembiy b —  Direut
Number Subassembiy Number
Number i} usad)

2994-44

Chassis-maunted companents haye no Assedbly Number @
preter—see end of Replaceatie Electrical Parts ¢ist
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Table 10-11
COMPONENT REFERENCE CHART
(See Fig. 10-6)

P/O A14 ASSY CPU BOARD @
CIRCUIT  SCHEMATIC  BOARD CIRCUIT  SCHEMATIC  BOARD
NUMBER LOCATION  LOCATION NUMBER  LOCATION  LOCATION
ci723° ca K4 R1623+ cs
J1721 ca L4 1518 De ‘,:43
41723 Cs L4
P1011 KS A3 u1100 J5 B2
u110s H5 c2
P1721 c3 L4 U1110 J7 B3
P1723 Ccs L4
L1605 1 K2
U110 Fé J3
Qi1 g7 Ca U1630 G1 35
R1101 a7 3 U1720 D3 Ka
R1121 HE 4
R1123+ J7 ca w1820 K2 L2
R1611 D6 J3
P/O A14 ASSY also shown on @

*Sea Parts List for
serial number ranges.
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Py i i I BAL 2,2 g |l BO2 A
ey i 51 K B2 3. o e BO1_A COMPONENT NUMBER EXAMPLE
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8 C T R11Z4 < R1133 See Maintenance Section
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OPERATING POSTION, stz L
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Table 10-14
REAR INTERFACE
CONNECTOR ASSIGNMENTS
ISOLATION BOARD (A15)

FUNCTION FIN PIN FUNCTION
GROUND | 16 16 | BxTrRIG ¥
15 15
14 14
13 13
426V OC |12 12 | +28v DC
COLLECTOR LEAD OF| ,, 11 | BASE LEAD OF
PNP SERIES PASS PNP SERIES PASS
19 1g | EMITIER LEAD OF
PNP SERIES PASS
CROUND | 8 9 { GROUND
8 | seos| ®
COLLECTOR LEAD OF| 7 |BARRIER| 3 | EMITTER LEAD OF
NPN SERIES PASS SLOT NPN SERIES PASS
PWR | B B | ReN SER{Es pasS
5 5
GROUND | 4 4 | GROUND
3 3
+8 FILTERED VDC | 2 2 | +8 FILTERED vDC
1 1

¥REQUIRES INSTALLATION OF INTERNAL JUMPER.

PLUG-IN REAR VIEW
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Table 10-15
REAR INTERFACE
CONNECTOR ASSIGNMENTS
ADC BOARD (A17)

FUNCTION PIN PN FUNCT 10N
HI INPUT | o 29 | LO INPUT
27 27
26 26
25 25
24 24
23 23
22 22
21 21
22 20
19 w8
18 | BARRIER| g
17 1+ sor | 17
16 16
15 15
14 14

PLUG-IN REAR VIEW

www.valuetronics.com



DM 5010

A B C D E o G H I J K

sy u16@s
YHA U16308
U132B-5 741518 8273-5
@ 3 48
R/ 4 [ VR 18l ver gpl32 SCi 14 -
TvPE | +5v { oo 5975 %o S pvs 6 -
741818 14 7 sL2 |34 SC3 18 -
748279 | 18 | 8 @uwszc-12—= FON S Jrecer &9 i; Eg; ; -
VN 1= 81 -
MISCELLANEQOUS BUFFER UIB3BA=12 — g L] AW 29 o3 g -
82
EFF — 7
@ U1528-12 g EFE s B3 zg Eg; .
g2 3 L) ™ pigza
2 @ U14250-5 —e- ¢ CLE " 128 CDE ki - YIA
25 co7 13 . ¥1820
21 a2 -
BA Aa a3 |22 cos 15 - @
A R 2 -
EDR 12 28 RW2 4 -
U142@8 DB2 ALY
BD1 13 1 RWZ g
74L5244 DE? RLZ
BD2 14] oo fLs |2 R4 8 .
¥ eoz 15] e e |5 RWS e, .
~ a Bo7?
173158 P1731-54 DATA LI . o gg; :;s i
- 13 7 0BS
3 T1781-4a P1731-4A IN_PROCRESS 2az o2 BUG T 8] 26 A
_ EMISC 18] _— " ®o7 19 ERONT
® EXTRIGGER Y1520-13 ~> 26 De7 PANEL 2
ENABLE JUPER CONTROL |2
T e acea-oFFF
¥SEE NOTE | DGRt el U1728c F—HiE l
7415279
S NV g —ie
- YTRIG 3| 2
D1731-138 e SPITRITI3A 1215 - 17| aa oval® 04 r]:“ 19
5V
1
RIB21J
Sa.7k
@ 52/60 15543 avz |2 BOS
35 ESW 14
20p2-28FP
GND FRONT PANEL CONTROL
TR e I ED|
pizzs [ ) L. ¥SEE NOTE
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B0 1] oot 2psclanjSEE A7 68 HI 2] vee,, |18 eoe 804 14/, orev |32 18] o, g7l 8 Die7 PIO1I=6 SEE PARTS LIBY RO ELNLER
6 - Bo? PN 7 2va| 3 B0 905 15| o p1es |31 12| g gl 9 nies Plavi-g YALUES AmD SURIAL NUMBER
) z-o/cr 1sm_n T 204 [ o[16 Bo2 4 206 6] 0 Py SANGER OF FARTS QUYLIRED
BAG g 3_0/0 ! A az  2v3(2 . BO3A NB07 171 pp ; OF BESCYED N GREY.
BAl . '3 LF/ED] 5 1yz |14 BDA AR 6| pep PuR
» |14 Bpa, N
BAZ 3 o0 = 243 4|7 BOS A BA1 7 | et MOL
5| 52 8 1as  1ye LE_BDB \.BAz 8 | pea
6 A4 (8] 13 oy L8807/ v STATIC SENSITIVE DEVICES
Lo ot rEmTy 2r2 — RI12] _ SEE MAINTENANCE SECTION
7_0/ 2 LI 29@3-27 4.7K TE P1D11-18
Lo gls = 2w [sviTcres Sp® Q1121
2 _
7/ o —wm 12 sz iokg COMPONENT NUMBER EXAMPLE
[———( 1G Wi 4 VE
U1528-14 Esv '8 5 DAV P1B11-13 COMPGNENT NUMBER
= rve———
£ro 4 NDAC P1B11-17 &
ﬂl7m DAY s NRFD P1@It-15 APZ A2 R1234
- HEMATIC
- R 3 PO L e 17} noac EO! ; ::Eé ::::,:; *ﬁﬁﬁggk'j I [:sglscun
ursae-34 —» — . Y] Eo R— VT IFC PTTRT SUBASSEMBLY NUMBER
(" Sy 45V U1628-15 — EG 2ATE Eol }27 14) to; REN| 2 REN NUMBER ([F USED!
<7> e g IFe 123 18] oo 5o 9 SRQ P1B11-14
-1 = < RESET 19 8 ATN P1A11-16 CHASS1S-MOUNTED COMPONENTS HAVE NO ASSEMBLY
L 3= U128 T 9| — REN |22 5| REN ATR NUMBER PREF1X—SEE END OF REPLACEASLE
U1320-4 4— INT sRg |22 12| sro ELECTRICAL PARTS LIST
ATh |28 13) oy
¥NOTE - 2008-23FF Ves GND
JUMPERS AND SWITCHES SHOWN [N NORMAL - /#a
OPERATING PCSITION. GPIB ADDRESS SWITCHES
Al THROUGH AS SHOWN SET TO SHIPPING ADDRESS
DECIMAL 16. l P/0 A4 CPU BOARD
DM 5810 REV JUL 1984 GPIB, F.B. CONTROL

DJD
2934-128

www.valuetronics.com
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REAR INTERFACE CUNNELTWUHO

DM 5010

PARTS LOCATION GRID

Table 10-12
COMPONENT REFERENCE CHART

A13 ASSY MAIN INTERCONNECT BOARD
CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
J1701 £1 E3 J1731 c6 E5
J1711 G1 ca J1733 E6 E4
A B J1713 41 B4
@ &
A B A B gg
& @ & @ & @
@ @ d S & &
o o o @ o
B @ & ©
D S -
g% @9 o2 Table 10-13
- = Z & &
3 REAR INTERFACE
Z & > © ©
s 9 o e & & CONNECTOR ASSIGNMENTS
4 B & @ & @
o ® & 16 & CPU BOARD (A14)
5 & & @ J1701
o @ & &1
51713 J1711 FUNCTION PIN PIN FUNCTION
A ISOLATION
Dic 1 2 D105
J1733 J1731
156 @15 158 @15 ploz 3 4 Dloe
@ @ & & D103 5 5 D107
R 9 9
@ {3‘; & D 0104 7 8 oios
® @ & ©
& & & @ 9 19
& @ & G
& & & @ EOI 11 12 IFC
& @ & &
& D & @ DAV 13 14 SRQ
& @ & @
& G & & NRFD 15 16 ATN
& @ [CIRSS
S D &; @j NDAC 17 18 REN
P & 14 91 19 20
A B A B__l_
I PLUG-IN REAR VIEW

A13 Main Interconnect

2994-50

Static Sensitive Devices Fig. 10-7. Main Interconnect Board (A13}. ASSY A 1 3

See Maintenance Section

COMPONENT NUMBER EXAMPLE

Companent Number

e,
A23 A2 R1234
. | ¢ Schemahc
Assembly ' = (oot s
Number Subassambl " Wl "
sbssenty " yunge REV DEC 1982 / 289443

Number {df used)

Chassis: meunted companents have ad Assembly Number
Drefix—see end of Repiaceable Electncal Parts List

www.valuetronics.com
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DM 5010

MAIN INTERCONNECT

@

COMPONENT NUMBER EXAMPLE

Component Number

Schematic
Lt
Number

R1234
S
L

A2

A23
Assembiy T

Number

Subassembly
Number (it used)

Chassis: maunted components have no Assembly Number
preliz—see end of Replaceable Electrical Parts Lrst

tatic Sensitive Devices
See Maintenance Section

®S

A13 MAIN [NTERCONKECT BCARD

MAIN INTERCONNECT
DJo

IS e e W B B e N e s e T2 IR WS

ADC
NNz

A &z s | e & g
FiECI-E R AR I
~ U]+ S| x|

-
oy
oy
—
oy

. ot
P

LA AA & Yi Y4 44 AL Y

1. BOARD A% VIEWED FROM FRONT OF INSTRUMENT

MNOTE -

RME
nrn

2894-199

REV DEC 1982

L £
N O E 2 ool 2|
R H o .
el R e by B &

Ad a4 44 Ak YA & &b 4b 4

ROl Eroll E>e gl VS S L S L L il ol COPY RS By SO

o> <las ey -

{SOLATION
Jimn

ISOLATION
J1733

el e OIS LS DS S

{SOLATED SECTION
GROUNDED SECTION
]

g ot B DY LY D DI I IS LS IS IS

CPU
ERRE]

o ey o > dsladadolade o ol o
© O OO O ©

DM 5818
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DM 5010

PARTS LOCATION GRID

Table 10-17
COMPONENT REFERENCE CHART

A11 ASSY FRONT PANEL BOARD @

- CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD

@ ala zlg P @E bE1she NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION

16 [ &) S e & 8 >.<

g gg gg gg B 0S1504 321380 35 gg 21025 H7 B4
: 2 1005 5 1030 17 A5
@5”"%}&5’5"%@?5‘"’%@0512"%} o515 DS1010 K2 A3 $1032 17 BS
& &S o D @) DS1015 J1 B3 51035 J7 A5
o e _ s _ el gl DS1020 H2 A4 $1037 J7 B5
= = = = DS$1030 J3 A5 $1039 G7 B6
EEEE“W EEE DS1032 J5 BS S1110 F7 B2
051100 E5 B2 S1115 F8 c2
- : DS1105 F5 c2 51120 H8 c4
510 51110' s1115 | | s1210l DS1110 K5 B3 $1130 18 cs
DS1115 K5 c3 $1135 Js C5
O o oﬁo @ﬁ@ DS1120 H5 c4 S1139 G8 C6
a smo s111o 51031115 BlDS121 DS1130 J5 C5 $1210 F8 c2
sw15 DS1135 J2 C8 51215 F9 D2
DS1200 GS c2 51217 G9 D3
D$1210 K3 c3 51220 H8 c4
alos s DS1215 K4 D3 $1225 H9 D4
DS1217 J2 D3 $1230 18 C5
DS1220 H4 ca $1232 i9 D5
D51225 H3 D4 51235 J8 cs
- DS1230 Ja c5 51237 Jg D5
- e DS1237 J3 D6 §1239 G8 cs
swzo $1025! snﬂ sm?-i 51225 $1425] 271 5 D$1302 H5 E1 51310 D8 E2
Pty L] D$1304 H3 E1 $1315 co E3
o @ o 1o [ ole [ yelo 4 DS1306 H2 E2 $1320 c7 E3
nnswzo IDS1120 -Ds1zzo nusuzs : DS1502 K1 F1 $1325 c7 E4
DS1504 K2 F1 51410 D8 E2
DS1506 K3 F2 S1412 D9 F2
51415 D7 E3
J1120 B7 c4 S1417 D7 F3
51230, = J1300 B5 D2 $1420 C8 E3
0. ‘ J1320 B6 D3 51422 c8 F3
T J1400 B4 F2 51425 E7 E4
51427 (] F4
51010 F7 A2 51510 ES F2
51015 G7 B3 §1520 ES F3
51020 H7 A4 51525 E7 F4

2894-52

Fig. 10-9, Front Panel Board (A11). ASSY A1 1

A11 Front Panel

Static Sensitive Devices
See Maintenznce Section

COMPONENT NUMBER EXAMPLE

Component Number

Jl\23_3= R1234

Schematic

A;sem;ﬁfy‘ - s oa' " —e Lircal
e ubassembly Number

Number (f used) o

Chassis-mounted compdnents fave no Assembly Number
pretin—see end of Replaceatte Electrical Parts List @
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F1488-8 —>| T1d4ve-8 LS
PragE-7 — S 19887 AN
P14D0-6 —an —T190E6 NG
| oy rue premar |
P1498-5 ——= A5
P14dE-4 —= A4
P1409-3 —m A3
P1408-2 —= ANZ
Pl4DE-1 —- ANt I ]
I| Isl'ns Enﬂy Ia DS19@5 (3 )14 ost1e@ |3 14 DS1185 |3 [14 psizee |34 ost1zg 051138 > os s
s ad -
051898 d1d2 a b cdp a _ i 1 !
L e /ol 7 [ I, & & 2
@l /v dp 3?/c.¢ L,../. /_/. N - Z @ i I
a bd2di c dp abodsers dp abcde fg dp abecdefg dp abecdafg op DS1302 DS1832 ps111@
1380~y 1130071 car RIS [ 419 JEL S TE [ pshele T2 o [ I3[efa P [z]n = JUECGHEENE
P1IpE-2 — 212082 a2 [ i l l
P1380-3 —m -3 LA3
13884 —a “m:; 3; J
4 —
13805 —m & 113886 LAB,
P1388-7 — z CAT
13008 —m & 31308-8 cAB
P1328-1 - & J1520-1 W L1
P1320-2 —= j::i; 2
]
e {numa e
P1528-5 —m 113285 s
18205 — . G_113286 tLe
P1328-7 —an G 21328-7 ey
P132p-5 — 113208 ae
S1415 51525 S1918 s1815 51228 S1938 $1935
[s] » G r v wre] r LI
1 1 1 | 1 1 |
R T w1 00 [0 0 070 070 © o [ o o o | Frow PaeL oviTOHER |
§1417 51425 S111P 1939 $1825 51932 S1637
1 ¥ (o] » v y v E v v
1 I 1 1 ! 1
P1120-2 p— »—11120-2 Ry2 [o\o-« 1_0\0_1 l—o\‘~o—4 JL_O\LD—< I—o\ko« fo\o_' FSJ“”
51427 s1115 51138 sit2e 51130 51135
r T T T v v
- ! 1 I I 1 1 |
Pl128-3 g1 1203 Rv3 I —Lo P ° I L—O i e
§1422 §1410 51520 s1218 51238 s1220 $12308 51235
5] » Y v Y v v T T
1 1 ] 1 1 | I 1
P1120-4 oy 11288 e [0 o1 ce [°o > il [°£° [° o oo
$1315 51412 s1s18 51225 51232 51237
L] - v v v REOLL| o
I 1 1 ! 1
~d ~ ~J
1205 - J11285 RVS r o= e IOW Io\ko
Sy K I ATt FRONT PANEL BOARD
oM 5810
2984-111

www.valuetronics.com

DM 5010

COMPONENT NUMBER EXAMPLE

Assempty
Number

Component Number

A23 A2 R1234

- 1 [

Subassembly
KNumber [if used)

Schemane
Circutt
Number

fihassis-mounted campanents have no Assembiy Number
prefa —see end of Replaceable Electrical Parts List

Static Sensitive Devices

CRONT PANEL @
nJo

See Mantenance Se

chion



U142

[Shads]
C 0
8 |88 37C5
START/STOP O 160 6u28
U1518-13 O O
QO 140 8321
o] O
O 120 77N
0 o]
U1435 Y1435
oYo oY o
@] O @] O
O 180] 514 O 180 Tcuz
QO 170 45PP O 170 U318
START/STOP O 180 3411 START/STOP O 18Q)| A64S
U1518-6 O 150 esry u1sie-7 O 150| P748
O 40| vra O 140)| 2822
O 30| c5FH O 130 2870
O 120| uTue QO 120 33FF
O 1Q 1nsg O 1104 HeFI

@ AFTER TESTS ARE COMPLETED, RETURN
NOP JUMPER TO DISABLE POSITION.

www.valuetronics.com



DM 5010

SIGNATURE TABLE 10A
SIGNATURE VERSION 1.0

® FOR TESTING: MICROPROCESSOR, ROMs, AND ADDRESS DECODING.
B ON ASSEMBLY: A14, CPU BOARD.

B EQUIPMENT REQUIRED: sa 581 SIGNATURE ANALYZER
TM SP@@ SERIES POWER MODULE
EXTENDER CABLE (@57-0645~82)

B | FCTRICAL CONDITIONS
NECESSARY TO PERFORM TEST: +SV SUPPLY REGULATING PROPERLY.

B pM 5@1@ SETUP: NOP JUMPER IN ENABLE POSITION,

M Sp SEY SETUP: GND TO TP1531.
THRESHOLO = TTL.
QUALIFIER CFF.
CLOCK (SEE STEP 1 ,2,3}
START AND STOP TIED TOCETHER. MAKE CONNECTION TO CPU BOARD
AS INDICATEQ IN INOIVIOUAL TESTS.
START, STOP AND CLOCK SLOPE ~ REFER TD INDIVIDUAL TESTS,

NOP JUMPER
P1425

Y1

ENABLE

Y1523 uigza  TPI1E2Y
ge- T e —ﬁ|
¢

Al4

2994-54A
Fig. 10-10. CPU board signature analysis.

www.valuetronics.com

u1328
1., SASTART I O ¥ o
sa stop I 8 8
SA CLOCK  "L— (7p1535) o o
e} e u1235
+5vV P93 O O oY ol
CND D229 8 8 o O
ww 108 O FFFF 83 180 vuuu
FFFF P
START/STOP  £P00 8 10 8 START/STOP  pog3 105 160)| 8484
n1s18-13 pre3 1012 o U1518-13 0 O
U1sP |O13 's) 8356 |07 14| 1USP
#3s6 |O14 O Q o
urse |O1s o 6FgA |09 120| U759
gFar (016 250| eg2 O _©O
7791 |O17  240| 9wt
§321 {018 230 4868
37c5 (O19 220 4FCA
guzg |28 8]
2. SA START 1
SA STOP i ” acp2
B48A
SA CLotx "L (1132@-371 START/STOP ABA START/STOP u1U2
uts1@-12 BHS8 U1s18-12 P352
+5V 755U seaH 348A
CND @208 9978 8UHg
guzu Us4A 2F25
3H41 F615
3. SA START 1.
SA STOP I
SA CLOCK 1 0 a
(TP1535) 0 0
Q 2618 O PEGP
+5V  P254 O 9499 0 987H
CND 2280 START/STOP 0 PF18 START/STOP 0 IFAH
u1sie-4 O 1429 U1518-5 0 ciay
o) gFa7 e} FIF3
e} H4B2 (@) 52C1
O P541 0 SP3A
O 454C 0 7796

REV DEC 1981




SIGNATURE TABLE 10B
SIGNATURE VERSION 1.0

FOR TESTING:

FOR

ON ASSEMBILIES:

RANGE SHIFT REGISTERS,

A15, ISOLATION BOARD.
A16, RMS BOARD.
A17, ADC BOARD.

EACH TEST, PLACE THE BOARD

ON EXTENDER BOARD({S).

DM SP1@ SETUP:

SA S5B1 SETUPR:

www.valuetronics.com

EQUIPMENT REQUIRED:

SA 501 SICNATURE ANALYZER.

T SPP@ - SERIES POWER MOOULE,

DM SP19 SERVICE KIT (@867-1852-0@)
EXTENDER CABLE (067-0645-82).

SIGNATURE ANALYZER SWITCH (ON CPU BOARD)
TO SIGNATURE ANALYSIS POSITION, 00 NOT
CHANGE THE OTHER SWITCHES.

THRESHOLD = TTL.
QUALTIFIER OFF.

CLOCK —1___ -~ CONNECT TO TP1535 ON CPU BOARD.
START ~1__ - CONNECT TO TP1621 ON CPU BOARD.
STOP  _I— =~ CONNECT TO TP1625 ON CPU BDARD.

GND — CONNECT TO TP1531 ON CPU BOARD.
SEE FIG. t@-18, CPU BOARD.



DM 5010

CONNECT W1515-5 (1SOLATED -27v) TO
TP 1531 (CHASSIS GROUND) ON CPU BOARD.

U1st5 UtEE +3V  35PP

U
(o]

O
O %o O %o
o 0 o O
BHS3 |03 60| 5P B48U (03 60| 848U
o 0O o 9

A 1 5 2994-55

Fig. 10-11. Isolation board signature analysis.

u13ee p » u1Sed
= o 2. CcoNnECT U15@2-8 (ISOLATED -27v) TO
TP1531 (CHASSIS GROUND) ON CPU BODARD,
u1seg
g1 aun
AP 4927
BHSP PHSP
7514 Azt P718
IP3H Bery HeP1
40UA 7847
2CH3 P78U 5728
AP41
A16
Fig. 10-12. ADC board signature analysis. 289456
3. CONNECT U1330-8 (ISOLATED -27V) TO
TP1531 (CHASS1S CROUND) ON CPU BOARD.
U181
uusc
ut43@ 48c3
7SPA
u1538
U336 % L A 4827
—l—l 7
A17 2994-57

Fig. 10-13. RMS board signature analysis.

@ B AFTER TESTS ARE COMPLETED, RESET THE SIGNATURE ANALYSIS SWITCH.

www.valuetronics.com

g0L 318v1



www.valuetronics.com



www.valuetronics.com



www.valuetronics.com



FIG. 1 EXPLODED

DM 5010

REV JUN 1986
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Section 11—DM 5010

REPLACEABLE
MECHANICAL PARTS

PARTS ORDERING INFORMATION

Repiacement parts are avaiiable from or through your local
Tektronix, Inc. Field COffice or representative.

Changes to Tektronix instruments are sometimes made to
accommadate improved components as they become available,
and to give you the penefit of the latest circuit improvements
developed in our engineering department. It is therefore
important, when ordering parts, to include the following
information in your order: Part number, instrument type or
number. seriai number, and medification number if applicable.

it a part you have ordered has been replaced with a new or
improved part, your local Tektronix. tnc. Field Office of
representative will contact you concerning any change in part
number.

Change information, if any, is located at the rear of this
manual.

SPECIAL NOTES AND SYMBOLS
X000
00X

Part first added at this serial number

Part removed after this senal number

FIGURE AND INDEX NUMBERS

ltems in this section are referenced by figure and index
numbers to the illustrations.

INDENTATION SYSTEM

This mechanical parts list is indented to indicate item
relationships. Foltowing is an example of the indentation system
used in the description column.

12345 Name & Description

Assembly and/or Component
Attaching parts for Assembly and/or Componert

Detail Part of Assembly and/or Componant
Attaching parts for Detail Part

Parts of Detaif Part
Attaching parts for Parts of Detail Part

Attaching Parts always appear in the same indentation as
the item it mounts, while the detail parts are indented to the right.
Indented items are part of, and inciuded with, the next higher
indentation. The separation symbol - - - * - - - indicates the end of
attaching parts.

Attaching parts must be purchased separately, uniess otherwise
specified.

ITEM NAME

In the Parts List, an ltem Name is separated from the
description by a colon (:). Because of space limitations, an Item
Name may sometimes appear as incomplete. For further Item
Name identification, the U.S. Federal Cataloging Handbouk HE-1
can be utilized where possible.

ABBREVIATIONS

INCH ELCTRAN  ELECTRON
* NUMBER SIZE ELEC ELECTRICAL
ACTR ACTUATOR ELCTLT ELECTROLYTIC
ADPTR ADAPTER ELEM ELEMENT
ALIGN ALIGNMENT EPL ELECTRICAL PARTS LIST
AL ALUMINUM EQPT EQUIPMENT
ASSEM ASSEMBLED EXT EXTERNAL
ASSY ASSEMBLY FiL FILLISTER HEAD
ATTEN ATTENUATOR FLEX FLEXIBLE
AWG AMERICAN WIRE GAGE FLH FLAT HEAD
BE BOARD FLTR FILTER
BRKT BRACKET FR FRAME or FRONT
BRS BRASS FSTNRA FASTENER
BRZ BRONZE FT FOOT
BSHG BUSHING FXo FIXED
CAB CABINET GSKT GASKET
CAP CAPACITCR HOL HANDLE
CER CERAMIC HEX HEXAGON
CHAS CHASSIS HEX HD HEXAGONAL HEAD
CKT CIRCUIT HEX SOC HEXAGONAL SOCKET
COMP COMPOSITION HLCPS HELICAL COMPRESSION
CONN CONNECTOR HLEXT HELICAL EXTENSION
cov COVER HY HIGH YOLTAGE
CPLG COUPLING c INTEGRATED CIRCUNT
CRAT CATHODE RAY TUBE 10 INSIDE DIAMETER
DEG DEGREE SDENT IDENTIFECATION
DWR ORAWER IMPLR IMPELLER

www.valuetronics.com

1N INCH SE SINGLE END
INCAND INCANDESCENT SECT SECTION
INSUL INSULATCR SEMICOND SEMICONDUCTOR
INTL INTERNAL SHLD SHIELD
LPHLDR LAMPHOLDER SHLDCR SHOULDERED
MACH MACHINE SKT SOCKET

MECH MECHANICAL SL SLiDE

MTG MOUNTING SLFLKG  SELF-LOCKING
NIP NIPPLE SLVG SLEEVING
NON WIRE NOT WIRE WOUND SPAR SPRING

08D ORDER 8Y DESCRIPTION SO SQUARE

oD QUTSIDE DIAMETER SS8T STAINLESS STEEL
QVH OVAL HEAD STL STEEL

PH BRZ PHOSPHOR BRONZE Sw SWITCH

PL PLAIN or PLATE T TUBE

PLSTC PLASTIC TERM TERAMINAL

PN PART NUMBER THD THREAD

PNH PAN HEAD THK THICK

PWR POWER TNSN TENSION

RCPT RECEPTACLE TPG TAPPING

FAES RESISTOR TRH TRUSS HEAD
AGD RIGID v VOLTAGE

RLF RELIEF VAR VARIABLE
ATNR RETAINER W/ WITH

SCH SOCKET HEAD WSHR WASHER
SCOPE OSCILLOSCOPE XFMR TRANSFORMER
SCR SCREW X5TR TRANSISTOR

1141



Replaceable Mechanical Parts - DM 5010

CROSS INDEX -

MFR. CODE NUMBER TO MANUFACTURER

Mfr.
Code Manutfacturer Address City, State, Zip Code
01536 TEXTRON INC ROCXFORD IL 61108
chMcar DIV 1818 CHRISTINA ST
SEMS PRODUCTS UNIY
05820 €G AND G WAKEFIELD ENGINEERING 60 AUDUBON RO MAKEFIELD wh 01880
06383 PANDUIT CORP 17301 RIDGELAND TINLEY PARK IL 50477
09922 BURNDY CORP RICHARDS AVE NORmALX €T 06852
13103 THERMALLOY CO INC 2021 W YALLEY VIEW LONE DALLAS TX 75234
P 0 BOX 34829
22526 DU PONT £ T DE NEMOURS AND CO INC 30 HUNTER LANE CAMP HILL PA 17011
OU PONT CONNECTOR SYSTEMS
71785 TRA INC 1501 MORSE AVE ELX GROVE VILLAGE IL 60007
TRM CINCH CONNECTORS
72228 AMCD INTERNATIONAL CORP 459 WY PLERSANT NEM BEDFORD MR 02742
CONTINENTAL SCREM CO BIV
75915 LITTELFUSE INC 800 E NORTHWEST HAWY DES PLAINES IL 60016
78189 TLLINGIS TOOL MORKS INC ST CHARLES ROAD ELGIN IL 60120
SHAKEPROOF DIVISION
80009 TEXTRONIX INC 4900 S W GRIFFITH DR SEAVERTON OR 97077
P 0 BOX 500
83385 MICRODOT MANUFACTURING INC 3221 m BIG BEAVER RD TROY W] 48098
GREER-CENTRAL DIV
834886 ELCO INDUSTRIES INC 4101 SAMUELSON RD ROCKFORD 11 61101
93907 TEXTRON INC 600 18TH AVE ROCKFORD 1L 61101
COMCOR DIV
983978 INTERNATIONAL ELECTRONIC RESERRCH 135 W MAGNOLIA BLVD BURBANK CA 91502
CORP
SUB OF OYNAMICS CORP OF OMERICH
TXK0835  LEWIS SCREW CO 4114 S PEORIA CHICAGD 1L 60609
TKO502 CONNOR SPRING AND MFG CO 9400 NE COLFOX PORTLAND OR 97220
11-2 REV JUN 1986

www.valuetronics.com



Aeplaceable Mechanical Parts — DM 5010

Fig. &
Ingex Tektronix Serial/Assambly No, Mtr.
No. Part Mo. Eftective Dscont Qty 12345 Name & Description Code Mir. Part No.
1-1 337-2807-00 2 SHIELD ELEC:SIDE,PLUG-IN INIT 80008 337-2807-00
-2 105-0832-00 L) LATCH,PANEL:SIDE 80008 105-0932-00
-3 214-3354-00 4 FASTENER , LATCH:ACETAL SIL GRAY 80009 214-3364-00
-4 334-4460-00 2 WORKER,IDENT:MKD GPIB ABDRESS SWITCH BOO0S 334-4460-00
-5 366-1851-01 1 KNOB , LATCH: IVORY GY,0.625 X 0.25 X 1.09 80009 366-1851-01
-6 220-0633-00 4 NUT PLAIN, XNURL:0.25-28 X 0.375 0D,BRS NP 80009 220-0633-00
-7 355-0170-00 1 STUD ,SHLORSSTEP:BINDING POST 80009 355-0470-00
-8 333-2736-00 1 PANEL , FRONT : 80009 333-2736-00
(ATTACHING PARTS)
-9 213-0875-00 1 SCR,ASSEM WSHR:6-32 X 0.5,TAPTITE,PNH STL 83486 ORDER BY DESCR
-0 210-1365-00 2 WASHER FLAT:0.141 1D X 0,266 0D X 0.5,AL 80008 210-1365-00
-1 241-0537-00 1 SCREN MACHINE:6-32 X 0.375 TRH STL TK0435 ORDER BY DESCR
(END ATTACHING PARTS)
-12 334-4032-00 1 MORKER , IDENT:MKD DMS10P PROGRAMMABLE 80009 334-4032-00
-13 378-0158-04 1 LENS ,LED DSPL:RED W/MORKING 80009 378-015%-04
-14 255-0581-00 AR PLASTIC CHANNEL:0.456 X 0.156, POLYETHYLENE 80008 255-0581-00
-15  333-2822-00 1 PAMNEL REMR: 80009 333-2822-00
(ATTACHING PARTS)
-16 213-0868-00 2 SCREW,TPG,TF:6-32 X 0.375 L FILW,STL 93907 ORDER BY DESCR
-1? 386-3657-01 2 SUPPORT ,PLUG-IN: 93907 ORDER BY DESCR
(END ATTRCHING PARTS)
-18  426-1798-00 1 FR SECT,PLUG-IN:TOP 80009 426-179%-00
{ATTACHING PARTS)
-1$ 241-0541-00 2 SCREM MACHINE:6-32 X 0.25 FLH, 100 BEG,STL TK0435 OROER BY DESCR
-20 211-0105-00 2 SCREW MACHINE:9-40 X 0,188 FLH, 100 DEG TK0435 ORBER 8Y DESCR
=21 213-0815-00 2 SCREW,TPG TR:4-20,0.188L PLASTITE, FLH,STL 72228 ORDER 8Y DESCR
(END ATTACHING PORTS)
-22 214-1061-00 1 CONTACT ,ELEC:GROUNDING CU BE B0O0S 213-1061-00
-23 214-3089-00 1 LOCKOUT , PLUG~IN:PLASTIC BOCOS 214-308%-Q0
-24 351-0604-00 2 GUIDE,CKT BOORD:PLASTIC 80008 351-0604-00
=25 = = 1 CKT BOARD ASSY:FP DRIVER(SEE A12 REPL)
(ATTACHING PARTS)
-26 214-0017-00 5 SCREM ,MACHINE: 440 X 0.75 PNH STL 93907 ORDER BY DESCR
(END ATTACHING PORTS)
CKT BOARD ASSY INCLUDES:
-27 361-1086-00 5 .SPACER ,SLEEVE:0.65 L X 0.125 1D ,BRS 80009 361-1086-00
-8 - 1 CONN RCPT ELEC: (SEE A12J1820 REPL)
-29 wrmm mm——— 29 CONTACT ELEC: (SEE A12P1120,P1300,P1320,
P1400 REPL)
=30 342-0584-00 1 INSULATOR  PLATE:SHIELD POLYESTER 80009 342-05@4-0C
-3 337-2940-00 1 SHIELD,ELEC:CIRCUIT BOARD 80009 337-2940-00
-2 e - 1 CXT BOARD ASSY:FRONT PONEL(SEE A1t REPL)
=33 - 29 LSOCKET ,PIN TERM: (SEE A11J1120,J1300,
.J1320,)1400 REPL)
-3 - 21 LSMITCH PR ASSY: (SEE A1151025,51035,
.51037,51039,51139,51232,51235,51239,
.§1310,51315,51320,51325,51410 51412,
.51815 51417 51420,51622,51425 51427,
.51520 REPL)
=35  --——= - 17 .SWITCH,PB ASSY: (SEE A151010,51015 $1620,
.51135,51030,51032,51110,51115,51120,
.51130,51210,51215,51217,51220 51225,
-51230,51237REPL)
o I 1 LSHITCH P8 ASSY: {SEE A1151510 REPL)
-37 e 1 LSNIYCH,PB ASSY: {SEE 1151525 REPL)
-38 396-4568-00 1 SUBPANEL , FRONT: 80009 386-4569-00
-39 ————m = 1 CKT BOARD ASSY:MAIN INTERCONNECT(SEE A13 RE
(ATTACHING PARTS)
-40 211-0661-00 5 SCR ,ASSEM WSHR:4-40 X 0.25 PNH STL POT 01536 B821-01855-024
(END ATTACHING PARTS)
CKT BOARD ASSY INCLUDES:
-41 —— 2 CONN RCPT ELEC: (SEE R13J1731,.41733 REPL)
-42 ———— 3 .CONN RCPT ELEC: {SEE A13J1701,J1711,
.J1718REPL)
-43 407-2555-00 2 BRACKET ,ANGLE:CIRCUIT BOARD AL 80009 407-2555-00
-44 343-0946-00 1 RETAINER CKT BB:0.123 00 X 4.99 L W/540 TH 80009 343-0946-00
D ONE END
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Index Tektronix Serial/Assembiy No. Mfr.
No., Part No. Effective  Dscont Gty 12345 Name & Description Code Mfr. Part No.
1-45 —— 1 CKT BOARD ASSY:PROCESSOR{SEE A14 REPL}
-46 175-3884-00 1 .CA ASSY ,S5P,ELEC:20,26 AMG,6.85 L RIBBON 80009 175-3884-00
-47 131-0993-00 4 .BUS ,CONQUCTOR: SHUNT ASSEMBLY ,BLACK 22526 65474-005
-89 —— r——— 12 LTERMINAL PIN: (SEE N14J1132,41425,J1721,
1723 REPL)
-49 136-0751~-00 4 LSKT ,PL-IN ELEK:MICROCKT 24 PIN 09922 DILBZ4P108
-50 136-0757-00 3 LSKT ,PL-IN ELEX:MJCROCIRCUIT 40 BIP 09922 DILBAOP-108
-51 ——— - 5 JTERM ,TEST POINT:(SEE 4147P1531,TP1533,
.TP1535,TP1621 ,TP1625 REPL)
-52 343-0549-00 2 LSTRAP TIEDOWN E:0.091 N X 8.0 L,2YTEL 06383 PLTYK
-53 e = 1 CKT BOARD ASSY:CPU(SEE A15 REPL)
-54 —_— 1 JTERM TEST POINT:(SEE A15TP1421 REPL)
-85 344-0326-00 4 .CLIP ELECTRICAL:FUSE BRASS 75915 102074
-56 136-0751-00 1 .SKT PL-IN ELEK:MICROCKT,24 PIN 08922 DILB23P108
-57 351-0658-00 4 GUIDE ,CKT BOARD:PLASTIC,1.45 L 80009 351-0654-00
-58 337-2856-00 1 SHIELD ,ELEC: CONVERTER ,BOTTOM 80009 337-2856-00
(ATTACHING PARTS)
-59 213-0815-00 2 SCREM,TPG TR:4-20,0.188L PLASTITE FLH,STL 72228 OQRDER BY DESCR
-60 211-0007-00 4 SCREW MACHINE:4-40 X 0.188,PNH,STL TX0435 ORDER BY DESCR
(END ATTACHING PARTS)
-61 337-2857-00 1 SHIELD,ELEC:CONVERTER,TOP B0O09 337-2857-00
-62 m———— e 1 CXT BOARD ASSY:RMS(SEE 816 REPL)
-563 —oe— e 3 LTERM TEST POINT:(SEE A16TP1201,TP1503,
.TP1701 REPL)
-b4 136-0231-00 1 .SKT,PL~IN ELEX:MICROCIRCUIT,10 CONT PCB MY 71785 133-93-12-064
§72-1015-00 1 CIRCUIT BD ASSY:RELAY 80009 672-1015-00
-55 ————m e 1 .CKT BOARD ASSY:AOC(SEE A17 REPL)
-56 337-2930-00 1 ..SHIELD,ELEC:GUARD , FRONT 80009  337-2930-00
.. (ATTACHING PORTS)
-67 211-0812-00 1 . .SCREW MACHINE:4-40 X 0.375,PNH STL TKD435 ORDER BY DESCR
-68 240-0586~-00 1 ..NUT PL ASSEM WA:4-40 X 0.25,STL CD PL 78189 211-041800-00
..(END ATTACHING PARTS)
-69 343-0944-00 1 . .RETRINER CONT:SWITCH, FIBER SHEET 80009 343-0934-00
.. {RTTACHING PARTS)
-70 213-0088-00 1 ..SCREW TPG,TF:4-24 X 0.25,TYPE B,PNH 83385 ORDER BY DESCR
.. [END ATTRCHING PARTSY
-71 —meme m—— 1 . .SRITCH PUSH: (SEE A17S1731 REPL)
-72 214-1157-00 1 . .SPRING ,HLCPS5:0.137 00 X 0,36 L MWUN TK0502 ORDER BY DESCR
-73 105-0875~06 8010100 8020979 1 . .ACTR,PUSH SK:PLASTIC 80009 105-0875-00
106-0875-01 8020980 1 . .ACTR ,PUSH SW:PLASTIC B000S  105-0875-01
-74 352-0620-00 1 . .HOLDER CONT/SW:RANANA JAREK PLASTIC 80009 352-0620-0C
-75 136-0729-00 1 ..SKT PL~IN ELEX:MICROCKT, 16 CONTACT 09922 DILB16P-108%
~76 136-0727-00 1 ..SKT,PL~IN ELEK:MICROCKT,® CONTACT 09922 DILBBP-108
-77 214-2496-00 4 ..HEAT SINK XSTR:T0-5 AL a|g78 7-175-80
-78 214-1291-00 1 . .HEAT SINK XSTR:T0-5,SIL BRI PTD BLACK 05820 20758
-79 342-0324-00 5 .. INSULATOR D1SK:TRANSISTOR NYLON 13103 7717-SN-BLUE
-80 407-2783-00 8010100 BO21903 1 . .BRACXET ,CMPNT :RELAY 80009 407-2783-00
-80.1 407-3431-00 8021904 1 . .BRACKET RELAY:PLASTIC 80009 407-3431-00
.. (ATTACHING PARTS)
-81 211-0008-00 B010100 B0Z1903 1 ..SCREM WACHINE:4-40 X 0.25,PNH,STL 93907 ORDER BY DESCR
-82 211-0698-00 8010100 B0Z21903 1 ..SCREN WACHINE:3-498 X 0.188 PNH, STL Tx0435 ORDER BY DESCR
-82.1 211-0008-00 8021904 2 . .SCREM MACHINE:3—40 X 0.25,PNH STL 93907 ORDER BY DESCR
.« (END ATTACHING PARTS)
-3 - = 1 .CKT BOARD ASSY:RELAY{SEE A1781 REPL}
-84 ——— —— 1 . .RELOY ,ARMATURE: (PART OF B17)
-85 407-2559-00 1 BRACKET ,ANGLE: INTERFACE CKT 8D 4L 80002 407-2559-00
{ATTACHING PARTS)
-B86 211-0105-00 1 SCREW MACHINE:G-40 X 0.188,FLH,100 DEG TKD435 ORODER BY DESCR
(END ATTACHING PARTS)
-87 251-0653-00 2 GUIDE,CXT BOARD:PLASTIC,2.226 L 80008  351-0653-00
-88 214-3143-00 1 SPRING RLEXT:0,125 00 X 0.545 L XLOOP 80008 214-3143-00
-89 105-0866-00 1 LATCH RETAINING : SAFETY 80009 105-0866-00
-90 105-0865-00 1 BAR,LATCH RLSE: 80009 105-0865-00
-91 215-3089-00 1 LOCKOUT ,PLUG-IN:PLASTIC 80009 214-3083-00
-92 426-1800-01 1 FR SECT ,PLUG-IN:W/SPRING & EYELET 80009 426-1800-01
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1- STANDARD ACCESSORIES
003-0120-00 1 LEAD , TEST:ONE PAIR 80009 003-0120-00
070-2994-01 1 MONUAL  TECH: INSTR ,OM5010 80009 070-2994-01
070-3542-00 4 MANUAL  TECH:REFERENCE ,DM5010 80009 070-3542-00
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