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- Specifications

Measurement Parameters and Modes: Series or paraliel R and Q,
series or paraliel L and Q, series or paraliel C and D. Continuous-
repetitive, single, or averaged (set of 10) measurements; start button
initiates single or averaged messurements. Kevboard seiection of
these and all measurement conditions.

Main Displays: (3 selections}: Value display is LED-type numerical
readout with automatically positicned-decimal points and illumina-
tion of units; five digits for RLC {89899} and simultaneousiy four
digits for DQ {9889}, Limits display shows comparator bin limits
and nominal vaiues. Bin No. display shows the bin assignment of the:
measured device,

Measurement Rates: Approximately 2, 3, and 7 measurements/second,

Keyboard selections are: 'slow, medium, fast.”

Test Frequencies: Keyboard seiection between 2. Accuracy re
panel legends is +2%, —.01%. Actual frequencies: for 1658-9700,
120.00 Hz £ .01% and 1020.0 Hz £ .01% (panel iegend "1 kHz'"}; for
1658-9800, 100.00 and 1000.0 Hz £ .01%.

Ranges:  Automatic ranging for best accuracy; autorange can be in-
hibited by keyboard selection. Three basic ranges (best accuracy,
see tabiel of 2 decades each, for each parameter. Automatic ex-
tensions to minand max, as tabulated.

Parameter Minimum Basic ranges Maximum
R: 1 kHz 0.0001 29102 MO 9.9999 MQ
R; 120 Hz* 0.0001 @ 2 t02 M0 59.999 MO
L1 kHz 0CG0T mi 0.2mHto 2004 09299 H

- Ly 120 Hz* 0.000% mH 2 mH 10 2000 H 9989.9 H
C; 1 kMz 00001 nF 0.2 nF to 200 uF 89999 uF
C: 120 Hz* 0.0801 nF 2nF 1o 2000 uF 99999 uF
Q {with R} 0001 {fully automatic!  8.999
Q {with L) 00.01 {fully automatic} 999.9
D {with €} 0001 {fully automatic)  9.999

“120 Hz or 100 Hz, depending on the instrument.

Accuracy: For R, L;and C: £ 6.1% of reading in basic ranges, if
quadrature component is smatl {< 10% of principal measurement},

far slow measurement rate. More details given in tabie. Accuracy
of O (with R): £ .001; of Q {with L): £ .01; of D (with G} * .0005;

Applied Voltage: 0.3 V rms, maximum. in basic ranges, for D or Q << 1; lotherwise, see tabia},

. r——mm Basic accuracy Cross-term
Parameter F* Low extens Basic ranges  High extensions factor
R, either freq LM [2 M, 0.1% of rdg, {R/20 MQ) % of rdg]  (1+Q)
L; 1 kHz EM{0.2uH,  0.1% of rdg, - {L/2000 M) % ofrdg] (1+1/Q}
L; 120 Hz** M 12 uH, 0.1% of rdg, {L/20 kK % of rdg] (1+1/0}
C; 1 kHz M I0.2pFt,  ©.1% of rdg, {C/2000 uF) % of rdg] {(1+D)
C; 120 Hz** EM [2pFt, 0.1% of rdg, (C/.02 F} % of rdgl] {1+D}
QG {with R) TKM [ .001 o+ 001 Q {1+l ]
Qiwith L} K [ .01+ .001 mMai1+Q) |
BiwithCl KM [ .0005 + .001 D {1+D} ]

Factors: Mis 1, 2, or 5 for SLOW, MEDIUM, or FAST measurement
rate, raspectively. K is the guotient {RLC basic accuracy) / (RLC basic
accuracy in basic rangel. Therefore, K = 1 in basic ranges. **120 Hz
or 100 Hz. T Fixed offset "zero’ capacitance is < 2.0 pF.

low is 6.0 to +G.4 V {current is 0.4 mA max!'snd logic high is +2.4
te +5.0 V; for outputs, open-collector drivers rated at +30 V max, 40 mA
max (sirnk}, each, this port only. (External power supply and putiup re-
sistors are required.),

<
Env'!)ronmam: TEMPERATURE: 01to 40 C operating, —40 to
+75 C storage. HUMIDITY: 0 to 85% R.H., operating.
Supplied: Power cord, axial-lead adaptors, bias cable, instruction
manual.

Bias: Connector for exiernal voltage source, on-off switch, and in-
dicator light. Limit, 80 V {max). External source reguirements:
ripple < 1 mV pk-pk, dynamic Z << 1 £ with currents of £ 50 mA
pk {source and sink}; external discharge circuit recommended.

" Supplementary displays: Paramaters, modes, overrange and under-
range conditions, range heid, bias on, and remote control.

Sorting: Limit comparator sorts vs 8 DC limit and up to 8 pairs of aLe
limits into 10 bins, conveniently defined by keyboard entries.

GO/NO-GO is indicated, whether bin number or measured value is
selected as malin display.

Intarface option: 2 ports {1 with cheice of 2 modes); a 24-pin con-
nector for sach port. |EEE-488 INTERFACE PORT: Functions are
SHT, AH1, T5, L4, SR, RLZ, PPO, DCO, DT1, CO. Refer to IEEE
Standard 488-1978. Switch selection betwsen 2 modes as follows,
TALKER-LISTENER MODE: input commands from system con-
troller can disable keyboard and program all functions (except set-
ting Himits for sorting); any or all measurement results are avaiiable

- agoutputs, TALKER-ONLY MODE: Measured results are always
output, for use in systems without controllers, HANDLER INTER-
FACE PORT: 1 input (start signal), 2 output (status signais), and -
set of 10 output lines (sorting dets); active-dow logic; for input, logic

Patent appiied for.
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Line Voltage and Power: - 80 to 125 V or 180 1¢ 250 Vv, 50 to 60 Hz.
Either of these ranges seiected by rear-panel switch, 35'W max.
Mechanical: Bench mounting. DIMENSIONS: {wxhxd): 375x112x
343 mm (14.8x4.4x13.5 in}. WEIGHT: 6 kg (13,5 ibl net, 10 kg
{22 Ib} shipping.

Catalog
Description Number
1658 RLC Digibridge TM
120'Hz and 1 kHz Test Frequencies 1668.9700
Sarme with Interface Option 1658-9701
106 Hz and 1 kHz Test Freguencies 1658-9800
Samé with Interface Option 1658.9801
Extender Cabtle {for remote measurements; 16572600
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Introduction—Section 1

1.1 PURPOSE . . 1-1
1.2 GENERAL DESCRIPTION T A
1.2 CONTROLS, INDICATORS, AND CONNECTORS . . . . . . 11
1.4  ACCESSORIES 1-1

1.1 PURPOSE.

The 16568 Digibridge {TM} is z digital impedance meter
and fimit comparator embodying use of a microprocessor
and other L.SI circuitry to provide convenience, spead, ag-
curacy, and refiability at fow cost. With the interface option,
this Digibridge can controi other equipment and respond to
remote control. :

The versatile built-in test fixture, lighted keyboard, and
angied display panel make this Digibridge convenieni to use.
Measurement results are clearly shown with decimal points
and units, which are automatically presented to assure cor-
rectness. Display resolution is B digits for R, C, and L
4 for D or Q) and the basic accuracy is 0.1%.

Long-term accuracy and reliability are assured by the meas-
urement system. It makes these accurate analog measure-
ments over many decades of impedancge without a single
calibration or "“trimming” adjustment {not even in original
manufacture),

The built-in test fixture, with a pair ¢f piug-in adaptors,
receives any common component part {axial-lead or radial-
lead), so easily that insertion of the device under test (DUT}
is a one-hand operation. Four-terminal {Kelvin} connections
are made automaticaily, ungrounded, with guard at ground
potential. An extender cabie is available for measurements
at a distance from the instrument, typicaily for bulky com-
ponents, '

Bias can be applied fo capacitors being measured, by con-
nection of an external voltage source and siiding a switch,
Bias levels from 0 to 60 V are suitabie.

The interface option provides full “taiker/tistener’ and
“talker only" capabilities consistent with the standard
|1EEE-488 Bus. [1] A separate connector also interfaces
with component handling and sorting equipment.

1.2 GENERAL DESCRIPTION.

1.2.1 Basic Digibridge, _
Convenience is enhanced by the arrangement of test fix-

tire and controls on the front ledge, with all controls for

manual operation arranged on a lighted keyboard, Above

and behind them, the display panel is inclined and recessed

1o enhance visibility of digital readouts and indicators. These

11} 1EEE Stancard 488-1975, Standard Digital interface for Pro-
grammable instrumentation. {(See para 2.8, beiow,}
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indicators and those at the keyboard serve to inform and
giide the operator as e manipulates the simpie controls, or
to indicate that remote control Is in effect;

The instrument stands on a table or bench top. The study
metal cabinet is durably finished, in keeping with the long-
life circuitry inside. Glass-epoxy circuit boards interconnect
and support high-quatity components to assure years of
dependable performance.

Adaptability to any common ac power line is assured by
the removable power cord and the convenient line-voltage
switch, Safety is enhanced by the fused, isclating power
transformer and the 3-wire connection.

1.2.2 interface Option.

The interface option adds capabilities to the instrument,
enabling it to control and respond fo parts handting/sorting
equipment. Also {via separate connectar) this option can be
connected in a measurement system using the |EEE:488 Bus.,
Either “talker/listener’’ or “tatker only" roles can be performed
by the Digibridge, by switch selection.

1.2.3 References.

A functional description is given in Theory, Section 4,
Electrical and physical characteristics are listed in
Specifications at the front of this manual; dimensions, in
tnstaliation, Section 2. Controls are described below; their
use, in Operation, Section 3.

1.3 CONTROLS, INDICATORS, AND CONNECTORS.

Figure 1-1 shows the controls and indicators on the front
of the instrument. Table 1-1 identifies them with descrip-
tions and functions. Similarly, Figure 1-2 shows the con-
trols and connectors on the rear; Table 1-2 identifies them,

1.4 ACCESSORIES.

GenRad makes several accassories that enhance the use-
fulness of this Digibridge. The extender cable facilitates
making connection to those devices and impedance standards.
that do not readily fit the built-in test fixture. The cable..
branches into 5 parts, each with a stackable banana plug,
for true 4-terminat connections {and guard) to the device
being measured, without appraciable reduction in meas-
urement accuracy. Other useful accessories are offered, such

INTRODUCTION 1.1



14 8 through 18 7 [

Figure 1-1. Front controls and displays. Upper, whole instrument. Lower, keyboard, detail.
1.2 INTRODUCTION
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Table 1-1

FRONT CONTROLS AND INDICATORS

Figure 1-1
Item - Name Dascription Eunction
1 ALC display Digital display, B numerals with decimal Display of principal measured value, Light spot
. points. Unit labels M&, k&2, £2, H, mH, indicates units,
nF, uF, with 7 {ights.
2 OUT QF RANGE and Legend with arrows and 3 lights, {nciicates when measurement is GUT OF basic
AANGE HELD lights, RANGE: underrange {left arrow), overrange (right
arrow), or DUT not compatible with selected para-
maeter [both arrowst. For low underrange, neither
arrow is {it. {However, if RLC display has less than
4 cligits, the measurement was made on low under-
range.) When RANGE HELD indicator is cut, the
range is automatically optimized,

3 DO dispiay Digital display, 4 numersals with decimal Display of secondary measured vaiue, D if you

points. select C/D, Q if you select L/Q or R/Q with item 17.

4 POWER switch Pushbutton {push again to release). Turns instrument ON when in, GFF when out.

OFF position breaks both sides of power ¢ircuit,

5 Tast fixture ‘Pair of special connactors; each makes dual Receives radial-lead part, making 4-terminal con- -

contact with inserted wire lead of DUT. nection automatically. Adaptors are supplied to
make simifar connection with axial-lead part.

6 BIAS light L.egend with light, Light shines when bias is appiied fvia EXT BIAS

: switch, item 8.
7 REMOTE CONTROL t.egend with light, Light shines when ramotg control is established by
light external command, Functions only if you have the
interface option.-

8 EXT BIAS switch Shide switch, 2 positions: ON, GFF. To connect and disconnect the external bias circuit.
See Item 6. Use an external switch routinely to
apply bias and to discharge capacitors. Always leave
OF§F when bias circuit 1s not in use.

3 GO/NO-GO lights LED indicator lights GO means measured value is acceptable, based on
the limits stored by item 18. NO-GO means un-
acceptability of basic parameter, loss factor, or both.

10 START button Pushbutton switch. Starts measurement sequence. (Normally used when
measurement mode is either SINGLE or AVERAGE.)
11 {see below) Each key has associated LED indicators Selection of indicated function, accompiished by
: at right. pressing key repeatediy {causing corresponding in-
. dicators to cycie through the alternatives) until de-
15 sired choice is Ht.
11 DISPLAY key indicators: VALUE, BIN NO,, ENTER Two choices enable measurement, with display
LIMITS. senses as follows: VALUE = measured parameiers,
BIN NO. = limit category into which value fits,
When ENTER LIMITS is sglected, measurernents are
inhibited, {imit-entry keys are enabled, and dispiay
is limits or nominal value, depending on use of
itern 18,
12 MEASURE RATE key Indicators: $1.OW, MED, FAST Selection of measurement speed as indicated,
{Accuracy is best with SLOW.)
13 EQUHVALENT CIACUIT Indicators: SERIES, PARALLEL. Selaction of eguivalent circuit assurned for the DUT.
kay '
14 FREQUENCY key Indicators: 120 Hz and 1 kHz Selection of test'signal' frequency.
{or 100 Mz, 1 kHz),
15 MEASURE MODE key Indicators: CONT, AVERAGE, SINGLE.

www.valuetronics.com

Maode selection: continucusly repeating measure-
maents; running average of 10 measurements and
display held after the 10th; single measurement
{display held). Continuous mode does not requirs
“start.”
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Tabte 1-1 {Cont.}
FRONT CONTROLS AND INDICATORS

Figure 1-1
Item Name Description Fuaction
16 HOLD RANGE key Key associsted with RANGE HELD Key action zlternates state between "autorange”
light. {See item 2.} {indicator off} and RANGE HELD {indicator on},
which tiolds the present range for subsequent meas-
uremaents.

17 Parameter keys Set of 3 kays, labeled: R/Q, L/Q, C/D. Seiection of basic parameter to be measured: R, L,
or C. Alsg, during ""limit entry’’, (see item 11}, re-
peated pushing of any one key sefects measurement
units {for limits}, as displayed in item 1.

18 Liméf-em:rv keys Group of 16 kays with numbers and Manual entry of limits that define go/no-go

other labals, categorias and 10 bin assignmensts, and selection of
limit displays on items 1 and 3. Functional onty
if ENTER LIMITS has been sefected by item 11.
19 Reference card Captive pull-out card. Handy reference information for basic cperation,

limit entry, and programiming,

SCREWS FOR INTERFACE OPTION
OH COVER PLATE

Figure 1-2. Rear controls and connectotrs.

as standards for checking the performance of the Digibridge. tmpedance Standards and Precision Bridges, available from
_ Refer to Table 1-3 in this manual and the brochure of GenRad upon request.

14 INTRODUCTION
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Figure 1-2
Ref. No.

Name

Tabte 1-2

REAR CONNECTIONS AND CONTROLS

Daseription

Function

R

2R

3R

4R

&R

6R

7R

BIAS INPUT connector

TALK switch*

Power connector
labeled 50-60 Hz)

Fuse {labeted 260 V,
0.5 A, SLOW BLOW)

Line-voitage switch

HANDLER INTERFACE
connector®

{EEE-488 INTERFACE
connector®

Recessed plug, 2-pin, Labeled: 80 V max,
+, -, trear view!,

Toggle switgh,

Safety shrouded 3-wire plug, conforming
to International Electrotechnical
Commission 320.

Fuse in extraction post holder.

Slide switch, Upper position, 90 to
125 V' lower position, 180 to 250 V.

Socket, 24-pin; receives Amphenal
“Microribbon’ plug P/N $7-30240
{or equiv),

Socket, 24-pin. Receives |EEE-488
interface cable {see para 2.8).

*TALK switch and 24-pin connectors are suppiied with the Interface Option oniy.

Quantity

Table -3
ACCESSORIES

Daescription

Connection of external voitage source for biasing
capacitors via test fixture. Observe instructions in
para 2.6,

Selection of mode for iEEE-488 interfage: TALK/
LISTEN or TALK ONLY, as tabeied,

Ae power input. Use appropriate power cord, with
Belden SPH-386 socket or equivalent. The GanRad
4200-9625 power cord {supplied} is rated for 125 V.

Shart cireuit protection. Use Bussman type MDL. or
equivaient fuse, 1/2 A, 250 V rating.

Adapts power supply to ling-voitage ranges, as in-
dicated. To operate, use small screwdriver, not any
sharp object,

Connections to component handler {bin numbers

and status, out; “start”, in}.

fnput/output connections according to [EEE Sd
488-1978. Functions: complete remote control,
output of all dispiay values.

Part Number

1 suppiled

2 supplied

1 supplied

1 supplied

1 recommended

1 availabie

www.valuetronics.com

Power cord, 210 cm (7 1) long, 3-wire, AWG No. 18, with

4200-9625

maolded connector bodigs. One end, with Beiden SPH-386
socket, fits instrument. Other end is stackabie {hammer-
head} conforming to ANSI standard C73.11-1866 {128 V max/.

Test-fixture adaptors, for axial-lead parts.

Bias cable, 120 cm {4 f1} fong, 2-wire. One end fits BIAS

1686-1¢10

1658-2450

INPUT connector, Other end has stackabie banana piugs

{black, red),

Keyboarg cover,

Extender cable for connection to multi-terminal standards
and large or remote DUT’s. Length 100 cm {40 in.),

Rack-mount kit (stides forward for complete access}

1687-2210

1657-8660

16579000
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CONDENSED OPERATING INSTRUCTIONS

GenRad 1658 Digibridge®
1. GENERAL INFORMATION
Refer to instruction manual for details of specification,
instaliation, operation, and service.

MEASUREMENT RANGES

Perameter;  Minimum Basic Ranges, Maximum
Frequenty  [Reduced Accl Fuil Accuracy {Reduced Ace)
R: 1720 Hz* 20001 0 20 t0 2 MG 99.999 MO
R; 1 kHz P.0001 0 2010 2 MG 9.9599 M0
Q{with R} 0001 e o — 0,999

L kHz L2081 mH 0.2mHto 200 H 299,89 H
L; 120 Hz*  3.0007 mHM 2 mH o 2000 1 9999.8 H
Q {with L} #8001 e 9829

Ci 1 kMz 00001 #F 0.2 nF 1o 200 uF  909.89 uF
C; 120 HzY 9.0001 nF 2 nF 0 2000 pF 09990 uF
DlwithC} 000 e — 9.499

120 Hz or 100 Hz, depending on model,

2. EXTENDER CABLE
Available from GenRad {P/N 1657-9600).

COLOR CODE OF EXTENDER CABLE

Colors Signal DUT Digibridge

Red i+ “High' end Signal source (hi)
Red and white P+ “High' end Potential sense (hi)
Black — “Low’ end Currant sense (o)
Biack and white P “Low' end Poiential sense {lo)
Biack and green GND Shield only Guard

3. EXT BIAS SWITCH )

Keep this switch OFF {regardless of whether any bias
source is connected) for all measurements except when
anplying de bias to capacitors. {Refer to manual, para 3.7.}

4. OPERATION

a. Select VALUE mode with [DISPLAY] key.

b. Selest measurement conditions with keys at right.
Repeat keying advances selection as Indicated nearby,

c. With [HOLD RANGE] key, select autorange {no
indication) or RANGE HELD {indicator on panel}.

d. Select parameter with B/Q, L/Q, or C/D key; note
confirmation by type of unit, on panel. {Repeat keying has
no effect except in entry mode; see para 6.)

e. Refer to manual for details of test fixture connec-
tions. Keep EXT BIAS switch generally OFF {see above).

f. Use START button for AVERAGE or SINGLE
MEASURE MODE.

5. Read RLC and DQ displays. Observe range lights:

Underrange: <} GUT OF RANGE D
hetter accuracy is} (both arrows lighted)

available on a WRONG PARAMETER
lower range. ™ R/Q, L/Q, or /D,

Qverrange;
RLC value is too large
for basic range of the
currently used range.”

=Selact autorange lavoid RANGE MELD! to obiain best availabie
accuracy and minimize the number of under- and over-range
measurements,

h. ¥ fimits have been entered and enabled {para 6},
obsarve GO/NO-GO tights.

i. 1% limits have been entered and enabied {para B}, o0
see display of bin number instead of measured values, use
{DISPLAY] key toselect BIN No, and remeasure the DUT.

16 INTRODUCTION .
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5. INTERFACE QPTION, USE OF IEEE—488 BUS
Set the TALK switeh (rear panel} as follows:
TALK ONLY — whenever bus is not Iin use and while
communicating only with “listen-onty”” devices.
TALK/LISTEN — to enable use in a system with a
o wtrotler device, e.9., calculator, Refer to table below for
e-dependent messages to control Digibridge,

PROGRAMMING COMMANDS

Comrand Code  Command Code  Command Code
Display MNeasure made Data output*®
Entry ® Do Single (e None X
Bin o1 Average 1.3 Bin number X1
Walue D2 Continuous 1.2 [n30) w2
Measurement rate Parameter 2Q, bin no. X3
Fast 50 L/ MG ALC X4
Medium 31 C/b M1 RLE, pinng. XB
Siow 52 R/Q M2 RLC, DQ X6
Equivatent circuit Hange controf ®LC, DG, bin X7
Paraltel [854) Hold range RO initistion
Series C1 Hold rng 1 Rj Start*** G
Fraguency Moldra 2 R2  Manual start
120 Hz (100) F@ Hoidrng3 R3 Enable switch  E®
1 kHz F1 Autorange R4 Disabie sw E1

*Enables entry of bin limits, which must be entered via keyboard.
**Must be specified before initiation of measurement.
% An alternative command is given in manual,
6. ENTRY MODE
Entry-mode keys lleft rear block of 18 Keys) are
effective only when selected DISPLAY is ENTER LIMITS.

LIMIT ENTRY PROCEDURE | DISPLAY

With [FREQUENCY] select: 120 Hz {100 Hz} or 1 kHz.

With [DISPLAY] select: ENTER LIMITS.
Use [R/Q] (L/QT or [C/D] 1o | MEL, kE2, 8, H, mH, nF,
satect units by repeat keying or ukF.

{(X) =] [BIN Neo.] [8]

{X is the desired DQ limit}™
(Y)Y [=7 [NOM VALUE]

tY = number; above units) *
{S) (%] =] [BIN No.} {2}

{for symmetrical limit pair)

{S is number up to 100.00)°

(Zis1,2,3,..8.
(HY 967 [—=1 (L) 9] [=]

[BIN No.] (Z) {for unsym-

metrical limit pair)

{H is number up to 10000}*

{L is number up to 100.00.)"
To change nom val, reenter,””
To change bin limits, reenter.
To closa a bin,- use zero for S,
To see, press [NOM VALUE!
To see, key in [BIN No.j {Z)
inhibit: 0] [=] [NOM VALLUE]
Enable: {Y) [=] [NOM VALUE]

(X} in DQ display area;
max 4 digits and dec pt.
{Y§ in RILC display area;
max b digits and dec pt.
Upper limitin RLC area,
Jower limit in DQ ares,
{values, not percents).

Upper limit in RLC area,
lower {imit in DQ area,
{vatues, not percants.)

{Y} in RLC display area.
Both limit values.
Identical limit values.
(Y] in RLC display area.
Limit values {as above}.
0 in RLC display area.
(Y} in RLC display area.

GENERAL ASSIGNMENT

BIN No.

Bind DQ fatlure

Bin 1 RILC pass, tightest tolerance
Bin 2 RLL pass, next looser tolerance
[E— {progressively looser tolerances)
Bin8 RLC pass, fast availabie bin

Bin g BLC fail (defauit bin}

*Use numerical and. decimal-point keys in sequence 1o enter
number; max of B digits and decimal pt valid, even if display
5 limited to 4,

**Naw nominal value does not affect bins aiready set up,

To resume operation using {imits entered as above, press
[DISPLAYT key {ses para 4}; do not change frequency.



Installation—Section 2

2.1 UNPACKING AND INSPECTION
2.2 DIMENSIONS .o
2.3 POWER-LINE CONNECTION
24 LINE-VOLTAGE REGULATION

2.5 TEST-FIXTURE CONNECTIONS .

2.6 EXTERNAL BIAS

2.7 HANDLER INTERFACE (OPTION}
2.8 IEEE-48B INTERFACE (OPTION) .

2.9 ENVIRONMENT

2.1 UNPACKING AND INSPECTION,

If the shipping carton is damaged, ask that the carrier’s
agent be present when the instrument s unpacked. Inspect
the instrument for damage {scratches, dents, broken parts,
etc.). if the instrument is damaged or fails to meet specifi-
cations, notify the carrier and the nearest GenRad field
office. (See list at back of this manual.) Retain the ship-
ping carton and the padding material for the carrier’s inspeg-
tion,

2.2 DHVMENSIONS. Figure 2-1.

The instrument is supplied in a bench configuration, i.e.,
in a cabinet with resilient feet for placement on a table. The
overalt dimensions are given in the figure,

2.3 POWER-LINE CONNECTION,

The power transformer primary windings can be switched,
by means of the line voltage switch on the rear panel, to ac-
commodate ac line voltages in either of 2 ranges, as labeled,
at a frequency of 50 or 60 Hz, nominal. Using a small screw-
driver, set this switch to match the measured voltage of your
power line.

If your line voltage is in the lower range, connect the
3-wire power cahle (P/N 4200-8628} to the powser connector
on the rear panet {Figure 1-2} and then to the power line.

2-1
2-1
2-1
2-2
2-2
2-2
2-3
2-4
2-8

The instrument is fitted with a power connector that is
in conformance with the internationsat Electrotechnical
Commission publication 320. The 3 flat contacts are sur-
rounded by a cylindrical plastic shroud that reduces the
possibitity of electrical shock whenever the power cord is
being unptugged from the instrument. In acidition, the center
ground pin is longer, which means that it mates first and dis-
connects last, for user protection. This panel conngctor is a
standard 3-pin grounding-type receptacie, the design of
which has been accepted worid wide for electronic instru-
mentation. The connector is rated for 260 V at 6 A. The
receptacie accepts power cords fitted with the Belden type
SPH-386 connector.

The associated power cord for use with that recepiacie,
for line voltages up to 125 V, is GenRad part no. 4200-9625.
Itis a 210-cm (7 ft}, 3-wire, 18-gage cable with connector
bodies moldead integrally with the jacket. The connector at
the power-ling end is a stackable hammerhead design that
conforms to the “Standard for Grounding Type Attachment
Plug Caps and Receptacles,”” ANSI C73.11-19686, which
specifies limits of 1256 V and 15 A. This power cord is
listed by Underwriters Lahoratories, Inc., for 128V, 10 A,

If the fuse must be replaced, be sure 10 use a ""slow blow™
fuse of the current and voltage ratings shown on the rear
panel, regardless of the |ine voltage.

FRONT SiDE 11.2 cm
. 4.4 in.
1 i
FEem ] '______ M2em
14.8 in. 138 in.

Figure 2-1, Qverall dimensions
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If your iine voltage is in the higher range sefectable by the
iine voltage switch, use a power cord of the proper rating
{250 V, 15 A) that mates with both instrument and

your receptacie. it is possible to repiace the "hammerhead™
connector on the power cord that is supplied with a suitable
connector. Be sure 1o use one that is approved for 260 V,
15 A, A typical configuration is shown in Figure 2-2,

2.4 LINE-VOLTAGE REGULATION.

The accuracy of measurements accomplished with precision
elactronic test equipment operated from ac line sources can
often be seriousiy degraded by fluctuations in primary in-
put power. Line-voltage variations of £ 15% are commonly
encountered, even in laboratory environments. Although
most modern electronic instruments incorporate some degree
of regulation, possible power-source problems should be con-
sidered for every instrumentation setup. The use of line-
voltage regulatars between power lines and the test equip-
ment is recommended as the only sure way to rule out the
effects un measurement data of variations in ling voltage,

2.5 TEST-FIXTURE CONNECTIONS.

Because an unusually versatile test fixture is provided on
the front sheif of the instrument, no test-fixture connection
is generally required. Simply plug the device to be measured
(DUT) into the test fixture, with or without its adaptors. For
details, refer 1o para 3.2.

The accessory extender cable 1657-8600 is neaded to con-
nect to & DUT that is multiterminal, physically large, or other-
wise unsuited for the built-in test fixture, (Refer to Table 1.3.)
This cable is needed also to connect impedanee standards for

FACE OF PLUG

accuracy checks. Use the following procedure to install the
extender cable on the instrument.

a. Remove the adaptors, if present, from the test fixture,
{See para 3.1.)

b. Plug the single-connector end of the extender cable into
the test fixture, so that its blades enter both slots. Then lock
the connector with the 2 captive thumb screws (which also
provide a ground connection}.

¢. Motice the color coding of the 5 banana plugs. (I+ s
“current source’’; 1— is “current sense”’; both P are “"potential
sense’’.)

{+=RED P+=RED/WHITE Guard=BLACK/GREEN
— = BLACK P—=BLACK/WHITE.

EXTERNAL BIAS

WARNING
s Maximum bias voitage is 60V, Do NOT ex-
ceed.
e Bias voltage is present at connectors, test
fixtures, and on capacitors under test.
s Capacitors remain charged after measurement.
e Do not leave instrument unattended with
bias applied.

2.6

Futl bias voitage appears on test leads, bias-voltage-
source terminals, and on the leads of the DUT. Capacitors
that have been measured with bias applied can be dangerocus
until properly discharged, if several of them become con-
nected in series by chance contact. For safety, all personnel
aperating the instrument with bias must be aware of the
hazards, follow safe procedures, and remove bias before
leaving the equipment unattended, Refer to para 3.7.

Ny }
i s fe 1.52
21.41 MAX i
l 3.18 MIN
?
1188 ? il 15.88 MIN |+—
v e 318
~5.35
e
? r | E— ‘ T
=h ' 25.10 . 18.23
11,39
MIN  MAX | I
£.78 i b“_,i_ 4.75 { Y
) r
ALTERNATE FORM !
OF “G” PIN 6.35

Figure 2-2 Configuration of 250-V 15-A piug.

Dimensions in mm, This is listed a3 NEMA

6-15P. Use for exampie Hubbeil plug number 5668.
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in order to measure a capacitor with do bias voltage ap-
pliegd, connect an external voltage source as follows.

a. Plug the bias cable, supplied, into the BIAS connector,
at the rear. Be sure to orient the plug so that the red-tipped
wire connects to the + pin, (Refer to the label at the BIAS
connector.) .

b, Connect the black and red tips to the external bias
supply — and + terminals, respectively. The bias voltage
seurce must satisfy several criteria:

1. Supply the desired terminal voltage {de).

2. Serve as source for charging current; but have current
Hmiting, set to 200 mA.

3. Serve as source and sink for the measuring current (ac),
which is 50 mA peak.

4. Present a low, linear terminal impedance (< <10 8) at
measuring frequency.

1 the bias voltage source is a regulated power supply with
the usual characteristic that it functions properly oniy as a

source, not a sink, then the foilowing test setup is recommended,

Connect across the power supply a bleader resistor that
draws dc current at least as great as the peak measuring cur-
rent {50 mA). In parallel with the bleeder, connect a 100-uF

capacitor. (I the power supply has exceptionally good transient

response, the capacitor is not necessary.}

No single bleeder resistor will suffice for all bias condi-
tions; so it may be necessary to switch among several. Each
resistance must be small enough to keep the sower supply
regutator current unidirectional (as mentioned above) for the
smaliest bias voltage in its range of usefulness. Also, the re-
sistance and dissipation capacity must be large enough so that
neithar the power supply is overloaded nor the resistor it-
setf damaged, for the highest bias voitage in its range of ap-
plication.

NOTE
For convenience, a suitable active current sink
can be used in tieu of bleeder resistors,

A discharge circuit is also required, (Do not depend on
the switch on the Digibridge, nor on the above-mentioned
bleeder resistor.) if more than 30 V is sometimes used, a dual
discharge circuit is recommended, as follows. One {to be
used first} should have a 10-£) resistor in series; the other
(as a backup) should make a direct connection across the
hias circuit.

If the measurement program warrants the expense of a
remote test fixture (perhaps in conjunction with a handler),
for biased capacitor measurements, it should be provided
with the kind of circuit described sbove. 1t should have con-
venient switching to remove the bias source, to discharge
through 10 £2, and finally to short out the capacitor sfter
megsurement. For automated test setups, it is also feasible
to precharge the capacitors before attachment to the test
fixture and to discharge them after they have been removed.
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The equipment should be designed to safeguard personnel
from slectrical shock and adiusted to avoid the passage of
large transient currents through the test fixture,

2.7 HANDLER INTERFACE (OPTION).

If you have the interface option, connect from the HANDLER

INTERFACE on the rear pane! to a handler, printer, or other
suitable paripherai equipment as follows. (The presence of
the 24-pin connectors shown in Figure 1-2 verifies the inter-
face option.} Refer 1o Table 1-2 for the appropriate con-
nector. Refer to Tabhle 2-1 for the key to signal names,
functions, and pin numbers,

As indicated in the Specifications at the front of this
manuat, the output signals eome from open-collector drivers
that pull each signal line to a low voltage when that signal is
active and iet it float when inactive. Each external circuit
must be powered by a positive voltage, up to 30 V {max},
with sufficient impedance to limit the active-signat {logic
tow) current to 40 mA {max),

CAUTION
Provide protection from voltage spikes over
30 V.

The cautionary note ahove means typically that each relay
or other inductive ioad requires a rectifier across it {cathode
connected to the power-supply end of the load},

The input signal is also active low and also requires a
positive-voltage external circuit, which must pull the signal line
down below +0.4 V, but not less than 0.0 V {i.e., not negative}.
The logic-iow current is 0.4 mA {max). For the inactive state
{logic high}, the external circuit must pul! the signal line
above +2.4 V but not above +5.0 V.

Table 2-1
HANDLER INTERFACE KEY

Signal Name _ Pin Mo, Function (All signals ‘‘active low’’}

——————— 5,6,7 Ground connection,
mmmmmmm 10 Ptus 5V, if internal jumper in place. {Limit
current to 250 mA,)

INPUT:

START 1 {nitiates measuremsant {single or avg).
QUTPUTS:

EQT 18 “End of test’’; bin signals are valid,

ACOQOVER 22 "*Data acguisition over”: DUT remaval OK.

BINO 16 No-go because of D or Q {imit,

BiN 1 17 Go, bin 1.

BIN 2 19 Ga, bin 2,

BIN 3 21 Go, bin 3.

BIN 4 23 Gao, bin 4.

BIN B 14 Ga, hin B.

BIN 6 16 Go, bin 6.

BiN 7 20 Go, bin 7.

BinN G 24 Go, bin 8.

BING 13 No-go by default {suits no other bin},
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Refer to Figure 2-2A for timing guidelings. Notice that
START must have a duration of T us {minimum) in each
state (high and low). If START is provided by a mechanical
switch without debounce circuitry, the Digibridge will make
many faise starts; but these will not cause extranecus test-
result signals if START is made to settle down (low} within

a b
Clean 1 L 1 -
START Hs minimum u4$ minimum
a c
Bouncy l
START
Id 3
ACQ QVER" Refer to Table 2-1A.
| f
---l
BIN 1 § Same as EQT,
) PR
| !
EQT Refer to Table 2-1A.
1687-20

Figure 2-2A. Handler interface timing diagram.
External circuitry must keep a-b > 1T us, b-a > 1 us,
and (if START is not “debounced’'} a-c < 20 ms.
The DUT can be disconnected after "8, The
selected "BIN" line goes low at “§”; the others stay
high. Refer to Table 2-1A for the values of ACQ
OVER and EQT.

20 ms {maximum) of the first transition to high. After
completion of the measurement, ACCG QVER goes low,
indicating that the DUT can be changed. Then after 10 to
50 ms, measurement results are available for sorting, ie,, one
of the BIN lines goes low. A few microseconds later, EQT
goes ow {can be used to set a {atch holding the bin assign-
ment}. ACQ OVER, the selected BIN line, and EOT then
stay tow until the next start command.

Be sure the TALK switch is set to TALK ONLY, if the
FEEE-488 bus is not used. )

2.8 IEEE-488 INTERFACE (OPTION).

2.8.1 Purpose. Figure 2-3,

if you have the interface option, you can connect this
mstrument into a system {containing a number of devices
such as instruments, apparatus, peripheral devices, and
generaliy a controller or computer) in which each component
meets i EE Standard 488-1978, Standard Digital interface
for Proegrammable {nstrumentation. A complete under-
standing of this Standard (about 80 pages) is necessary to
understand in detail the purposes of the signals at the |[EEE-
488 INTERFACE connector at the rear panel of this instru-
ment. Cemmendable introductions to the Standard and its
application have been published separately, for example:
“Standard Instrument Interface Simplifies Systam Design”
by Ricci and Netson, Electronies, Vol 47, No. 23,
November 14, 1974.

]

NOTE
For copies of the Standard, order “1EEE Std
488-1978, |EEE Standard Digital Interface for
Programmable Instrumentation”, from |EEE
Service Center, Department PB-8, 445 Hoes Lane,
Piscataway, N. J. 08854.

Table 2-1A
HANDILER INTERFACE TIMING DATA

Test Freguency Line Frequency

Measurement Speed

Time from START signal to
ACQ OVER EOT

1 kHz 50 Hz . FAST 180 ms 185 ms _
MEDIUM 335 376
SLOW 835 860

1 kHz 60 Hz FAST 1486 ms 170 mis
MEDIUM 311G 335
SLOW 588 810

120 Hz 60 Hz FAST 240 ms 265 ms
MEDIUM 400 425
SLOW 660 £85

100 Hz 50 Hz FAST 255 ms 280 ms
MEDIUM 425 450
SLOW 710 735

2-4 INSTALLATION
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Each device is connected to a system bus, in parailel,
usually by the use of several stackable cables. Refer to the
figure for a hypothetical system. A full set of aonnections
is 24 {16 signals plus shield and ground returns), as tabulated
helow and also in the Standard. Suitable cables, stackable at
each end, are available from Component Manufacturing
Service, inc., West Bridgewater, MA 02379; U.S.A. {Their
part number 2024/1 is for a t-meter-long cable.)

This instrument will function as either a TALK/LISTEN
or a TALK ONLY device in the system, depending on the
position of the TALK switch. “TALK/LISTEN" denotes
full programmability and is suited for use in a system that
has a controiler or computer to manage the data flow. Tha
“handshake” routine assures the active talker procesds stowly
er]ough for the slowest listener that is active, but is not
limited by any inactive funaddressed) listener, TALK ONLY
issuitedto a simpler system — a.4. Digibridge and printer —
with no controller and no other taltker, Either mode provides
measurement results 1o the active listeners in the system.

.. 282 . Interface Functions,

The following functions are implemented. Refer to the
Standard for an explanation of the function subsets, re-
presented by the identifications below. For example, T5
represents the most compiete set of talker capabilities, where-
as PPO means the absence of a capability.

SH1, source handshake (talker)

AH1, acceptor handshake {listener)

T5, talker {full capability, serial poli)

L4, listener {but not listen-only)

OATA BUS

{8 SIGNAL LINES) I3 SIGNAL LINES)

/

HANDSHAKE OR DATA-BYTE-
TRANSFER CONTROL BUS

SR1, service request {request by device for service from
controiler)
RL2Z2, remote control {no iocal lockout, no return-to-iocal
switch)
PPQ, no paralte! poli
DCO, no device clear
DT1, device trigger {typically starts measurement)
C0, no controller functions.
The handshalke cycle is the process whereby digital signals
effect the transfer of each data byte by means of status
and control signals. The cycle assures, for exampie, that the
data byte has settled and all listeners are ready before the
talker signals “'data valid”. Similarly, it assures that all
listeners have accepted the byte before the talker signals
"data not vaiid’ and makes the transition to another byte.
Thiree signal fines are involved, in addition to the 8 that convey
the byte itseif. Refer 1o Figure 2-4.

2.8.3 Signal Identification.

Refer to Table 2-2 for a key to signal names, functions, and
pin numbers, Further expéahaﬁoa is found in the Standard.
The first 3 signals listed take part in the “'handshake” routine,
used for any multiline message via the data bus; the next 5
are used to manage the flow of information; the last 8 con-
stitute the muitiline message data bus.

2.8.4 Codes and Addresses.

The device-dependent messages, such as instrument program-
ming commands and measurement data {which the digital
interface exists to facilizate}, have to be coded in a way that

GENERAL INTERFACE
MANAGEMENT BUS
15 SIGNAL LINES;

P om——— o
r———— X i T

£ 080 18 - DATA INPUT/QUTPUT LINES

e

DAV — DATAVALID

NRFD - NOT READY FOR DATA®
NZAG — DATA NOT ACCEFTED”

T T

IFC - INTERFACE CLEAR

ATN — ATTENTIGN
SRQ -~ SERVICE REQUEST

REN — REMOTE ENABLE

INSTRUMENT §

£.6.SIGNAL
SENERATOR

E.G. HGITAL
VOLTMETER

E.G. CALCULATOR

EQt ~ END OROENTIFY

*INGICATES THAT NEGATION
1S REPRESENTYED 8y LOW
STATE ON THESE TWO LINES
GNLY.

£.G. TAPE READER

Figure 2.3, Block diagram of a generalized system interconnected by the 16.signal-line bus
specified in the IEEE Standard 488, Reprinted from Electronics, November 14, 1874; copy-

right MeGraw-Hill, tne,, 1874,
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Table 2-2
{EEE-488 INTERFALE KEY

Pin No. Signal Name Function or Significance

6 DAV Low state: “data is available” and valid on the DI01 ... D108 lines.

7 NRFD Low state: at least 1 listener on the bus is “'not ready for data.”

3 NDAC l.ow state: 2t least one listener on the bus is “"not done accepting
data.”

11 ATN “Attention”, specifies 1 of 2 uses for the D107 . .. DIQB lines, as
follows, Low state: controller command messages. MHigh state: data
bytes from the taiker device.

9 IFC “Interface clear.”” Low state: returns portions of interface system to
a known quiescent state.

10 SRG "Service request.” Low state: s talker or listener signais (to the con-
trotler) need for attenzion in the midst of the current sequence of
events.

17 REN "Remote enable.’” Low state: enables each device to enter remate
mode when addressed to listen; {Remote-control commands are con-
veyed while ATN is high.} High state: -all devices revert to local control.

5 EOIL "End or identify.” “END if ATN is in high state, then, low state of
EOI indicates end of a multiple-byte data transfer sequence.* "IDY"
if ATN is in low state; then, low state of EO! activates a parailel poll. **

1 o1 The 8-line data bus, which conveys interface

3 0102 massages {ATN low state} or device-dependent

3 DI03 maessagas (ATN high state}, such as

4 D4 remote-contrel commands fram the controller or

13 D08 from a taiker device.

14 108

15 DIg7

16 Dlog

* END s typisally sent concurrently with the defimiter ™’

linefeed’’ character that terminates the stringls) of data ocutput from the

Digibridge {1, 2, or 3 lines; see para 2.4.8}. ** DY s not implemented in the 1658 Digibridge.
FIRST DATA BYTE SECOND DATA BYTE
Di0y. .. 8 :
(COMPOSITE) — — . 3// / W /
Hot (/ NOT VALID VALID
DAV 10 12 435
L VALID /} VALID

- H / AlLL

NRFD 1 Rmov
ﬂ‘g:gv i some ‘nEanv

L L | S T S W . 23

r t 7’- 77 ALL j ‘L -7 f" ATl @
NDAC 8' [ ACCEP ff’ J———«J* 19 "CCE”ED E

SOME ACCEFTED 3 NONE-ACCEPTED >OM= ACCEF'TEG 212
ol 2 - 23
ty 4oty oy tn T3 Yy . g Ty g g teg 4y o 1 Yy
SONS == = "’L | STRS —omermi | l: SGNS ——- } SOURCE HANDSHAKE FUNCTION
i ACTIVE §TATE SEQUENCE
SDYS > 2
ANRS P ACD§ et mm ANAS —g ACCEPTOR HANDSHAKE FUNCTION
4 2 1 ACTIVE STATE SEQUENCE
to): peere - E }

Figure 2-4. The handshaka process, illustrated by timing diagrams of the pertinent signais for a
systam with one talker and severai listeners. For details, refer to the Standard.
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Table 2.3
INSTRUMENT PROGRAM COMMANDS

'iCategory

Seiection Comwnand
Display Enter limits* Do
Bin D1
Value D2
Measurament rate Fast 50
Medium 351
Slow 32
Eguivalent circuit Paratiel Co
Series Cc1
Fraguency 120 {100} Hz FO
1 kHz F1
Measurement mode Single LO
Average 1.1
Continuous 1.2
Range controi Hold range RO
Hold range 1 R1
Hold range 2 - R2
“Hold range 3 S R3
Auto-range R4
Parameter Inductance {L/Q} MO
Capagitance (C/D} M1
Resistance {R/Qj M2
Data output** None X0
Bin number ) X1
Da X2
DA, bin number X3
RLC X4
RLC, bin number XB
RLC, DO X6
RL.C, DQ, bin no. X7
Initiation*** Start GO
START switch Enable £Q
Disable E1

*Enables antry of- limits, which must be entered manualily (para 3.6).
**Must be specified before initiation of measurement.

¥ An alternative “start”’ command is GET (group execute trigger},
which Is binary 0 001 000 in conjunction with ATN in the low state,

is compatible between taikers and listeners. They have to use
the same language. Addresses have 1o be assigned, except in
the case of a single "“talker only” with one or more “listeners’”
always listening. The Standard sets ground ruies for these
codes and addrasses.

I this instrument, codes for input and output data have
been chosen in accordance with the rules, The address {for
both talker and listener functions) is user selectabie, as ex-
ptained below,

_Instrument Program Commands. Refer to Table 2-3. This
inpyt data code is a set of commands to which the instru-
ment will respond as & “"talkerflistener”, after beingset to a

‘remote code and addressed to listan to device-dependent com-
mand strings.
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Notice that the set includes all the keyboard functions ex-
cept entry of limits, which are not remotely programmabile.
Also, some of the remote-controi commands have no manual-
control equivalents. Range contro! includes the option of
selecting specific ranges. Data output commands enable
selection of specific classes of measurement resuits, independ-
ently from the actual displays. _

Each command is 2 byites; each byte is coded according
to the 7-bit ASCii code, [1] using the DI0T. .. D107 lines.
The most significant bit is DIJ7, as recommended by the
Standard. Thus, for example, the command for “1-kHz test
frequency’ is F1, having octai code 106 061, The 7-bit
binary bytes are therefore: 1000 116and 0 110 001, {The
ASCH  code can be written out as follows. For the numerals
G, 1,2...9, write the series of octal numbers 080, 061,

062 ...071; for the alphabet A, B, C ... 2, writs the series
101, 102, 103 ... 132. Refer also to the table in the para-
graph about “Address”’, below. The ASCH code conforms to
the 7-bit code 150 646 used internationatiy:) Notice that
the 8th bit {D108) is ignored.

Address. The inttial setting of address, provided by the
factory, is binary 00011, Conseguently, the talk-addrass
command (MTA} is C in ASC!H code and, similarly, the
listen-address command (MLA} is &, 1] a different addrass
pair is desired, set it manuaily using the following procedure.

WARNING

Because of shock hazard and presence of electronic
devices subject to damage by static electricity {eon-
veyed by hands or tools), disassembly is strictly a
“service’ procedure,

a. Take the instrument 10 a quslified electronic
technician who has the necessary equipment; refer to para 5.6.
Have him remove the interface option assembly, as described
in that paragraph. {There is no need to remove the top cover
first.)

b. Have him set the switches in "DIP” switch assembiy
52 1o the desired address, which is a 5-bit binary number,
{Refer to the comments below.)

~¢. Have him replace the interface option assembly in
its former place.

Notice that S2 is located at the end of the interface option
board, about 3 cm {1 in.) from the TALK switch S1. 1§ 52
is covered, 1ift the cover off, exposing the “DIP'* switch,
which has 2 rows of 6 tiny square pads with numbers 1 ... 6
between the rows. To enter logical 1's, depress pads nearest
the end of the board. To enter logical O's, depress pads on
the other side of the “DIP* switch, the side marked with a
+sign. The address is read from B'to 1 {not using 6}, Thus,

{11 "X23.4 - 1968, Code for information interchange’, availabie
from American National Standards Institute, 1430 Broadway, New York,
N.Y. 16018,
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Table 2-4
ADDRESS PAIRS AND SETTINGS FOR SWITCH 82

Talk addrass Listen address Switch setting *
Symbol . Binary Symbol Binary 5 4 3 2 1
® 1000 000 (space} 0100000 . 0 0 O O O
A 1 00D 001 i 0 100 001 000 01
B 1000 010 0 100 010 00010
¢t o0o 011 # 0100 011 000 11
D1 060 160 $ 0100100 0 0 1 0O
E 1 000 101 % 0 100 101 001061
£ 1000 110 & 0100410 0 0 1 10
G 1000 111 ‘0100 111 0011
H 1001 000 { 0101000 0 10 6 0
i 1001 001 ) 0 101 001 01001
J 1001 810 = 0101010 01 0 10
K1 001 011 + .0 101 011 0101 1
L1801 100 y 0101100 0 1 1 00
M1 001 101 “ 0101 1 0110 1
N1 001 110 0101 190 0 1 1 1 0
O 1001 111 {0101 111 01 1 1 3
#1010 00C 6 0110006 1 00 ¢ 0
a1 010 00% 10 110 001 100 0 1
R 1010 010 2 01001 1 00 10
$ 1010 013 3 0110 om 100 1 1
T 1010 100 4 0MR100 1 0 1 00
U1 016 101 5 0 110 101 101 01
Vo1 016 110 6 01010 .1 01 10
w1019 111 7 6 110 111 1011 9
X1 011 000 g8 o111 6o 1 10 0 0
Y T 011 001 g 0 111 00t 1100 71
Z 1011 010 6111016 1 1 0 1 ¢
[ 1011 on ;0111 011 11 8 1 1
N 1011 100 < 9111100 11 1.0 0
I 1011 101 = 0111 10 1117 0 1
A toll 110 > 0mMi1 1w 1 1 110

* Do NOT set the switch to 11111, because a listen address of "7
would be confused with an “attention’” command. {ASC11 code
for “underiine’ 18 1 911 111, and for "2 is 0 111 111.}

2.8 INSTALLATION
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for example, to set up the address 0001 1, enter 0's at posi-
tions b, 4, 3; enter 1's at positiens 2, 1, {This makes the tall
address “"C' and the listen address “#".) Strictly speaking,
the address inciudes more; 52 determines only the device-
dependent bits of the address. You cannot choose tatk and
tisteny addresses separately, only as a pair, The list of possible
pairs is shown in Table 2-4.

in the above example, the remote message codes MLA
and MTA are X0100011 and X1000011, respectively. Thus
the tisten address and the talk address are distinguished, al-
though they contain the same set of device-dependent bits,
which you set into S2.

Data Qutput. Data (results of measuremeants) are pro-
vided on the DIGY . .. D107 lines as serial strings of characters.
Each character is a byte, coded accarding to the 7-hit
ASCH code, as expiained above. The alphanumeric characters
used are appropriate to the data, for convenience in reading
printouts, The character strings are always provided in the
same sequence as that shown in Table 2-3; for example:

REC value, DQ vaiue, bin number — if all 3 were selected
(by the X7 command). The carriage-return and line-feed
characters at the end of each string provide a printer {for
example) with the basic commands to print each string on a
separate line,

For example, If the measurement was .00325 kQ {range
2}, the character string for RLC value is:

U{space} R{spacetkO{space)(space)0.00325(CRHLF).

If a dissipation-factor measurement was .2345, the character -
string for DQ value is:

{space}{space) D{6 spaces}0.2346{CR){LF}.

If the measurement falls into bin 9, the character string for

© bin number is:

F{space)BiN(space) {space)3{CR){LF},

The character string for RLC value has the length of 17
characters; for DQ value, 17 characters; for bin number,
10 characters — inctuding spaces, carriage-return, and
line-feed characters. Refer to Tables 2-5, 2-6, and 2.7 for
detaiis.

Status. The Digibridge responds with a status byte when
the bus is in the serial poll mode and the Digibridge is
addressed to talk. The status is encoded as shown in Table 2-8
and senit on the data lines DIOT . .. D108,

2.8.5 Programming Guidelines,

If the Digibridge is to be programmed (TALK switch set
to TALK/LISTEN), keep the following suggestions in mind.

1. An “unlisten” command is required before measure-

ment is possibie.

2. lf not addressed to talk, the Digibridge sends a

service request {SRQ low) when it has data ready to

send.

3. Then SRQ will not go false (high) until the Digi-

bridge has beer addressed to talk or has been serially

poiled.



A typical program might inciude these faatures: 2.9 ENVIRONMENT.

e |nitial setup: with ATN true, “untalk, unlisten, my listen The Digibridge can be operated in nearty any environment
addrass (of Digibridge), my talk address {of CPUY"; then that is comfortable for the operator. Keep the instrument and
with ATN false, measurement conditions {Table 2-3). all connections to the parts under test away from electro-

€ Measurement-enabling sequence, for example: untalk " magnetic fields that may interfere with measurements.

the Digibridge, send a GET, uniisten the Digibridge. Refer to the Specifications at the front of this manual for
® After CPU receives the SRQ, necessary enabling of temperature and humidity tolerances. To safeguard the in-
data transfer: with ATN true, "untalk, unlisten, my strument during storage or shipment, use protactive packaging.
tistens address (of CPU), my taik address {of Digibridge}”; Refer to Section 5.

then ATN false.

Table 2-5
RLC-VALUE DATA QUTPUT FORMAT

Character Purpose Atlowed Meaning
sequence characters
1 Status {space) Normat operation
U Underrange
o CQverrange
W Wrong parameter or other invalidity
2 Format (spacs) ——
3 Parameter R Resistance
) L tnductance
c Capacitance
4 Farmat {space) e
5,6 Units {space}Q Ohms .
kO . Kilohms
MO Megohms
{spacelH Henries
mH Millihenries
uF Microfarads
nF - Nanofarads
7.8 Format {space} e
5...15 Number 012345 Measured number, right justified in format field; like the RLC
6789. ) " display except the zero before the decimal point is explicitly
{space) provided and this number can be as long as 7 characters.
16 s {CR} The customary “'‘carriage-return’ and "line-feed” characters,
17 Delimiter (LF) end of string.
Table 2-6
DOQ-VALUE DATA QUTPUT FORMAT
Character Purpose Allowed Meaning
sequence characters
1,2 Format {space} o e
3 Parameter D Dissipation factor
Q Quality factor
4...8 Format {space) R ——
10...15 Number 012345 Maasured number, right justified in format field, like the DQ
6789. display except the zero before the decimal point is explicitly
{space} provided and this number can be as long as 6 characters.
18 e {CR) The customary “carriage-return’ and “line-feed” characters,
17 - Celimiter {LF) and of string.
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Table 2.7

BIN-NUMBER DATA QUTPUT FORMAT

Character Purpose Allowed Meaning
sequence characters
1 Pass/fail {space) GO {bins 1...8)
F NO-GO (bin Qor Q)
2 ~ Farmat {space) e
3 Label B The word “BIN".
4 |
5 N
6,7 Format {space) ——
8 Category 01234 Bin numbar assignment.
56789
a8 R — {CR) . The customary “carriaga-return’ and “Hne-fead"’ characters,
10 Delimiter (LF) ) end of string.
Table 2-8
STATUS CODE
Line Significance of a 1" Significance of a "0"
DioB Remote Loeal
D7 Request for service, RQS. {This device asserted No request by this Digibridge for service
SRQ.}
D106 Wrong parameter Normai operation
Dios Busy, measurement in process Measurement completed
2404 Limits were tested. Lirnits were not testad,
DIO3 RLC messured value is available. RLC value is not available,
D102 DQ measured value is available. DQ value Is not available,
juleny} Bireno. assignment is available.

2-10 INSTALLATION
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BASIC PROCEDURE.

For initial familiarization, follow this procedure carefully.
After that, use this as a ready reference and refer to later
paragraphs in Qperation for details.

Refer also to the Operation Reference Information, found
stored in a pocket under the instrument. Reach under the
front edge and pull the card forward as far as it slides easily.
After use, slide it back in the pocket, for protection.

3.1

CAUTION
Set the line voltage switch properly {rear panel)
before conngcting the power cord.

a. Before connecting the power cord, siide the line-voltage
switch {rear panet} to the position that corresponds to your
power-iine voltage. Power must be nominally 80 or 60 Hz
ac, in either range: 98 to 1256 V or 180 to 250 V. Connect
the power cord to the rear-pane! connector, and then to
your power line.

Power. Depress the POWER button so that i1 stays in the
depressed position. {To turn the instrument off, push and
release this button so that it remains in the released positicn.)

b. Connect a typical device, whose impedance is o be

measured, as follows. {This device under test is denoted
DUT.)

NOTE
Clean the leads of the DUT if they are noticeably
dirty, even though the test-fixture contacts will
usuaity bite through a fiim of wax to provide
adequate connections.

Radial-fead DUT. |nsert the leads into the test-fixture
slots as shown in Figure 1-1. For details of wire size and
spacing limits, refer to para 3.2.

Axial-lead DUT, Figure 3-1A.
install the test-fixture adaptors, supplied, one in each
stot of the test fixture, as shown in the accompanying figure.
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Slide the adaptors together or apart so the body of the DUT -
will fit easily between them. Press the DUT down so that the
leads enter the slots in the adaptors as far as they go easily.

For details of wire size and DUT size limits, refer to para 3.2,

NOTE
To remaove each adaptor, lift with a gentle tilt
taft or right. Fora DUT with very short leads, it
Is important to arient each adaptor so its internal

contacts (which are off center} are close to the
DUT,

Any other DUT or test fixture. Use the accessory extender
cable,. Refer to para 2.2.

c. Choose the conditions of measurement, For the first
@ selections, below, the recommended choice is automatical-
iy provided when you switch the POWER ON. {To obtain
another choice, press the corresponding key in the keyboard
as many times as necessary, watching the indicator lights.)

Display: VALUE

Measurement Rate: MEDIUM

Equivalent Circuit: SERIES

Frequency: 1 kHz

Measurement Mode: CONTINUOUS

Hold Range: NOT selected; autorange is indicated by hav-

ing the RANGE HELD light out

External Bias switch: OFF

Talk switch: TALK ONLY (rear panei). [1]

Parameter. Far resistance, press R/Q; for industance,
press L/Q; for capacitance, press C/D. The chaice is con-
firmed by illumination of appropriate unit labet in the RLC
display.

d. Read the measurement on the main displays. The RLC
display is the principat measurement, complete with decimal -
point and units which are indicated by the light spot behind
ME2, k82, 2, H, mH, nF, or F. [2] The DQ display is D if
the selected parameter is C/D; it is Q if the selected parameter
is L/Q or R/Q.

{1] This switch is provided oniy if you have the Interface Option.

[2] 1f the extender cable is used, it may be necessary to cotrect for
s capacitanca.
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Figure 3-1A. Use of the test fixture adaptors.

NOTE
The following actions or conditions will abort
measurements in Progress or prevent measurement,

1. Pressing any key listed in step ¢ above except HOLD
RANGE, will abort the current measurement.

. 2. Ifthere is no proper 1EEE-488 system connection and

the TALK switch-on:the fear panel is switched to TALK/
LISTEN, continruous measurement is inhibited. {If you have
the Interface Option, generally keep this switch set to TALK
ONLY.)

T,

3.2 CONNECTION OF THE DUT.
3.2.1 The Integral Test Fixture,

The test fixture provided on the front ledge of the Digi-
brridae provides convenient, reliable, guarded 4-terminai con-
nection to any common radial-lead or axial-lead component
part.

The slots in the test fixture accommodate wires of any
diameter from 0.258 mm {.01 in., AWG 30) tc 1 mm (.04 in.,
AWG 18}, spaced from 8 to 98 mm apart (0.23 10 2.9 in.)
ar equivalent strip conductors. Tach “radial” wire must be
at least 1 cmlong (0.4 In.), The divider between the test stots
contains a shiefd, at guard potential, with its edges exposed.
The adaptors accommodate wires of any diameter up to
1.5 mm (.06 in,, AWG 15}, The body of the DUT that will
fit between these adaptors can be 80 mm long and 44 mm
diameter (3.1 x 1.7 in.) maximum. Each "axial’’ wire must
be at least 3 mm long (0.12 in.).

For radial-lead parts, remove each adaptor from the test
fixture by a gentle puil upward, made sasier by tilting the
adaptor left or right (never forward or back). For axial-lead
parts, insert the adaptors, one in the left siot and the other
in the rightsliot of the test fixture, by pushing vertically
downward. Each adaptor can be slid teft and right 1o
mateh the length of DUT to be measured, Notice that the
contacts inside the adaptor are off center; be sure to orient the
adaptors so the contacts are close to the body of the DUT,
especially it it has short or fragile leads.

3.2 OPERATION
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Insert the DUT so one lead makes connection on the left
side of the test fixture, the other {ead on the right side.
Insertion and removal are smocth, easy operations and con-
nections are reliable it leads are reasanably clean ard straight.

Be sure 10 remove any obvious dirt from leads before
inserting them. The test-fixture contacts will wipe through
a film of wax, but wili become clogged and ineffeciual if
vou are careless about cleanliness. Be sure the contact pair
inside each half of the test fixture is held open by asingle
item ONLY, whether that is one lead of an axial-lesd DUT or
one adaptor. {Otherwise you will not obtain true “'Kelvin®’
connections to the DUT.)

3.2.2 The Extender Cabie, Figure 3-1B.

The accessory extender cable described in Table 1.3 is
needed to connect any DUT that is multiterminal, physicaily
large, or otherwise unsuited for the buiit-in test fixture. This
cable is needed, for example, to connect impedance standards
or a remote test fixture. Make connections as foilows.

a. Remove the adaptors from the test fixture. Plug the
extender cabie into the basic test fixture and lock the con-
nection with the 2 captive thumb screws,

. Using the branched end of the cable, connect to tha
DUT with careful attention to the following color code. The
cable tips are stackable banana plugs {adaptable with stip-on
altigator clips, supplied). Notice that the 2 red tips must con-
nect to the same end of the DUT. Connect both black and
black/white tips to the other end.

EXTENDER CABLE COLOR CODE

RED: I+, current connection 1o "high” end of DUT.
RED & WHITE: P+, potential connection to same.
BLACK: |-, current connection to "low” end of DUT.
BLACK & WHITE: P—, potential connection tosame.
BLACK & GREEN: G, guard connection to shield or case
(if isoiated from the preceding terminais). Do not con-

. nect G to the case of a capacitor if the case serves as (or
is connected to) one of its 2 main terminals. ’

3.2.3 Correction for Cable Capacitance.

The extender cable adds capacitance in parallel with the
DUT (because shielding of the ieads is imperfect), The
1657-8600 cable adds about 0.5 pF. Because the physical

“arrangement and spacing of the cable branches and connectors

is significant, a correction should he determined for each
measurement setup. The foilowing procedure applies to con-
nection with a precision 3-terminal capacitor, GR 1404 or
1413, for exampie.

a. Install an adaptor, GR 874-Q2, on each of the two coaxial
connectors, L and M, of the capacitor.

b. Connect cable branch G to the ground post of the
Mlow’ terminal adaptor, With a ¢lip tead or plain wire, con-
nect this point to the ground post of the “high’ adaptor.

c. Connect cable branch P-- to the main post of the “low™
adaptor and stack |— on top of P—. "



i

Figure 3-1B. Extender cable, attached to test fixture.

d. Simiiarly, connect P+ with |+ stacked on top of it,
1o the main post of the “"'high' adaptor. _

e. Measure this total capacitance, the sum of the desired
measurement and the cable capacitance, Cx + Ce.

f. Carefuily iift the stacked pair of cable tips, |+/P+, from
the “high’* adaptor and hold them about 0.5 em {1/4 in.)
above the binding post whera they were connected. DO
NOT rearrange the cable branches or change their spacing
more than is absolutely necessary to foliow these directions.
Hold the piastic tips (not the wires} and touch the guard (G)
circuit firmly with a couple of fingers, to minimize the effect
of capacitanes in vour body.

g. Measure the cable capacitance, Ce.

h. Subtract the resuit of step g from that of step &, to
obtain the desired measurement, Cx.

3.3 ACCURACY AND SPEED.

The basic accuracy of this Digibridge is 0.1% of reading
.8, L, or C, over wide ranges of values, for suitable measure-
ment conditions, Qutside of these ranges and conditions,
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accuracy drops off in known ways, which should be under-
stood by the operator. For example, selection of a faster
measurement rate leads to less accurate measurements. To
facilitate choice of conditions {if optional} and determination
of accuracy for any particular results, refer to the accuracy
statement in the specifications at the front of this manual,

as well as the fotlowing graphs.

3.3.17 RLC Basic Accuracy. Figure 3-2.

This graph shows that the basic accuracy extends for 6
decades {for example 2 §1 to 2 ME2), over the 3 basic ranges.
In high overrange and fow underrange, the best available
accuracy rises a factor of 10 for each decade of impedance
(45° lines on graph}. If a range is "'heid", the basic accuracy
is valid for only 2 decades, beyond which thare are similar
overrange conditions.

Measurement Rate. The same graph shows the effects of
choosing rate. To obtain 0.1% accuracy, select SLOW MEAS-
UREMENT RATE. Lower accuracies {higher percentage) -
are obiained at higher rates, as shown by the alternative scales
at the left.

OPERATION 3-3
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Figure 3-2. RLC basic accuracy as a percent of reading. Heavy lines {solid and dotted} represent
auto-ranging {range not heid}. Lighter lines represent reduced-accuracy operation due to a

range boing held. Range 2 is dotted. Naotice that L and C scales above graph are for 120 Hz
{*equally valid for 100 Hz} and the 2 below graph are for 1 kHz. The DQ accuracy factor {right-
hand scale} is the multiplier that, applied to the DQ basic accuracy, yields complete DQ ac-
curacy, for range extensions as well as the basic ranges. (Range extensions are all represented

by stanted lines.}

This basic RL.C accuracy is valid only for "pure” R, L,
or C, For the effect of quadrature impedance, multiply each
hasic accuracy value by the RLC accuracy factor; see below.

3.3.2 RLC Accuracy Factor. Figure 3-3.
This graph shows the effect of D {or Q} on the accuracy

of R, L, and C measurements. Multipiy the RLC basic accura-

cy by this factor, For example, suppase a resistor is measured

at SLOW MEASUREMENT RATE 1o be 1.0 £, with QO = 0.5,

The RLC basic accuracy is 0.2% and the RLC accuracy factor

is 1.5; 50 the accuracy of the R measurement is 0.3%.

« (3 of Inductor
1

RLC Accuracy Factor

C.1 1 10

B, ot Q of Resistor

Figure 3-3. RLC accuracy factor (or cross term), as a
funetion of ) or Q. Muitiply the RLC basic accuracy
by this factor to obtain complete RLC accuracy. Notice
that for nearly “pure” resistance or reactance, this
factor is unity,

3-4 OPERATION
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3.3.3 D and Q Accuracy. Figures 3-4, 3-B.

These graphs show the basic accuracy ofeach D and G
measurement directly for impedances in the basic ranges
{the main, horizontal line ir the RLC basic accuracy graph).
For the above-mentioned example (Q = 0.5} the graph shows a
basic accuracy of 0.25%. However, for any averrange or
underrange measurement {45° lines on RLC basic accuracy
graph), use the following correction factor.

DQ Accuracy Factor. This factor is directly proportional
to the RLC basic acocuracy; refer to the scale at the right of
that graph {above), For the above-mentioned exampie, the
DQ accuracy factor is 2; therefore, the Q measurement accura-
cy is 0.5%.

3.3.4 Convenience of Logarithmic Scales.

The logarithmic scales on these figures make it very easy
to apply the accuracy factors visually. For example, suppose
& capacitor is being measured on one of the basic ranges,
with the SLOW measurement rate; and the D display is about
1. Figure 3-3 shows that the C accuracy factor is about 1/3
of a decade on the logarithmic scale. On Figure 3-2, find
the heavy horizontal line and point to the basic C accuracy
{0.1%) at the left. Now apply the C accuracy factor by mov-
ing the pointer up about 1/3 of a decade. The pointer now
shows the corrected C accuracy, 0.2%.

3.3.5 Insignificant Digits.
Ore or more of the digits at the right end of the RLC
and/or DQ displays may be insignificant. This is particularly
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Figure 3-4. ( basic accuracy as a percent of reading.
fach curve applies for one measurement rate, as
labeled, For measutements on any of the range exten-
sions, multiply by the BQ accuraey factor, shown in
Figure 3.2, A. Qof resistors. B. Q of inductors.
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Figure 3-8, D basic accuracy as a percent of reading

{for capacitors). Each curve apoplies to one measure-

ment rate, as labeled. For measurements on any of the

range extensions, muitiply by the DQ accuracy factor,

shown in Figure 3-2,
true at the upper extension of a range. if there are more
than one insignificant digits in a disblay, the least significant
is typically noisy. That is, it will appear to flicker at random
over a range of values and should be ignored.
- For example, it you measure a 4-M£2 resistor, the display

might ideally be 4.1234 ME2; but the one or two final digits
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might be changing at random. This flickering is entirely
normat. The specified accuracy (+ 0.4%) is the key 1o ex-
pected performance; in this example, the last 2 digits are in-
significant and the last digit is quite unnacessary. Typically,
one would record this measurement as 4.12 M£2 = .02 M.

3.3.6 Measurement Rate.

Chioose one of 3 rates with the MEASURE RATE kay:
SLOW, MEDIUM, or FAST. The continuous-maode rates are
respectively about 2, 3, and 7 measuraments per second.

Range changes introduce some delays. For details, refer to
the following specifics.

For CONTINUOUS measurement mode, steady state,
each measurement requires a base period of about 570, 310,
or 145 ms, depending on whether the measurement rate is
SLOW, MEDIUM, or FAST, respectively. To that hase period,
add approximately 25 ms {for test frequency 1 kHz) or 100 ms
{for 120 or 100 Hz) for startup following each press of the
START button. {f the Digibridge is autoranging and a given
measurement is out of range, the next measurement requires
as much time as startup plus base period {the same total as
for SINGLE measurement initiated by START). in AVERAGE
measurement mode, the time raquired for an entire measyure-
ment sequence, initiated by START, is startup pius 70 base
periods.

3.4 TEST FREQUENCY AND EQUIVALENT CIRCUIT.
3.4.1 General.

Except for very large values of the principal measiyrement,
you can select either measurement frequency: 1 kHz or 120
(1001 Hz. The lower frequency is required to measure above
10 ML, 1000 1F, or 1000 H. There is no such restriction on
the choice of equivalent circuit, although there are rules to
foliow, as explained below, ‘

The vatue of the principal measurement (R, L, or C) of a
certain DUT depends on which of 2 equivalent circuits is
chosen to répresent it. (Many impedance measuring instry-
ments provide no choice in the matter, but this one altows
selection}. The more nearly “pure’” the resistance or reactance
the more nearly identical are the “series” and “"parallel” val-
ues. However, for D or Q near unity, the difference is sub-
stantial. Also, the principal measurement often depends on
measurement frequency. The more nearly “pure” the re-
sistance or reactance, the less is this dependenca. However,
for D or Q near unity and/or for measuring frequency near
the self-resonant frequency of the DUT, this dependence is
quite substantial. We first give general rules for selection of
measurement paramesters, then some of the theory,

3.4.2 Rules.

Specifications. The manufacturer or principal user of
the DUT probably specifies how to measure it. (Usually
“series” Is specified for C, L, and low values of R.) Select
“paraliel” or “series” and 1t kHz or 120 Hz (100 Hz} accord-
ing to the applicable specifications. 1f there are none known,
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be sure to specify with your results whether they are “‘parallel’””  Resistance and Inductance
or “series” and what the measurement frequency was,

Resistors, below about 1 kS): Series, 120 Hz (100 Hz}. Z=R_ +jwl 7= !
Usually the specifications call for dc resistance, so select a s 3 R+ jwh 1+02
low test frequency to minimize ac losses. Select “series’” P H
because the reactive cemponent most likely to be present 0
in a low resistance resistor is series inductance, which has no 5} R wlL
effect on the measurement of series R, 1 the Q is less than
0.1, the measured Rs is probably very close to the de resistance. ) )

Resistors, above about T kS Parallel, 120 Mz (100 Hz). $ 1407 P S 1+p* P
As explained above, select a low test frequency. Select
“parailel’ because the reactive component most likely to L
be prasent in a high-resistance resistor is shunt capacitance, P o °
which has no effect on the measurement of parallel . if
the Qs less than 0.1, the measured Rp is prokably very close n
to the dc resistance,

Capacitors befow 2 nF: Serigs, 1 kHz. Unless otherwise
specified or for spacial reasons, always select “'series” for R o= S
capacitors and inductors. This has traditionatly been standard S
practice. Select a high measurement frequency for best ac-
curacy. '

Capacitors above 200 ufF: Series, 120 Hz (100 Hz/.

Select “series’ for the reasons given above. Select a low meas-
urement frequency for best accuracy and to enable measure-
ment of capacitors larger than 1000 F. ‘ 1 R D Ry + Vjwiy

ol R R_+ ;sz;

Resistance and Capacitance

Inductors below 2 mH: Series, 1 kHz. Select “'series” as Z=Ry*- L= - Z= "
axplaired above. Select a high measurement frequenay for ijS T MRDCQ D
best accuracy.

Inductors above 200 H: Series, 120 Hz (100 Hz). Select =
“series” 35 explained before. Selsct a low measurement fre- : prp
quency for best accuracy and to enabie measurement of in- 1
ductors larger thar 1000 H. _ Cy= i+ D?) Cy c

2.4.3 Series and Parallel Parameters. Figura 3-6. n? 1+ D?

An impedance that Is neither pure reactance nor 3 pure 5
resistance can be represented at any specific frequency by
either a series or 3 parallei combination of resistance and D 1 1
reactance. Keeping this concept in mind will be valuable in 5
operation of the instrument and interpreting its measurements. s P P
The values of resistance and reactance used in the equivalent
circuit depend on whether a series or parallel combination is
used. The equivaient circuits are shown in the accompanying
figure, together with usefui equations relating them. Notice
that the Digibridge measures aniy Rs, Ls, or Cs, if you select
SERIES EQUIVALENT CIRCUIT. !t measures only Bp, Lp, .
or Cp if you select PARALLEL. 1 c

3.4.4 Equivalent Series R for Capacitors. Lp P

The total loss of a capacitor can be expressed in several R
ways, including D and “ESR", which stands for “equivalent
series resistance’”. To obtain ESR, one can measure directly; 1608
push the R/Q parametar key and select SERIES EQUIVA-
LENT CIRCUIT.

Both € and ESR should be measured on the same range. Figure 3-6. Equivatent circuits and mathematical relation-
i D is below 1, depress the C/D key and measure Cs first, ships for lossy inductors and capacitors.

3-6 OPERATION
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select HOLD RANGE, depress the R/Q key, and measure Rs.
On the other hand, if D is above 1, measure Rs first, select
HOLD RANGE, and then measure Cs.

“Equivaient series resistance’” is larger than the actual
resistance of the wire leads and foils that are physically in
series with the heart of a capacitor. £SR includes also the
effect of dielectric loss. Generally, measurad ESR is closer
to actual series resistance for capacitors with lower reactance
{larger capacitance and/or higher test frequency),

3.4.5 Parailel Equivalent Circuits for Inductors,

Even though it is customary to measure series inductance
of inductors, there are situations in which the parallel equiv-
alent circuit better represents the physical device.” At low
frequencies, the significant loss mechanism is usually “ohmic”
or “copper loss’” in the wire; and the series cireuit is appropriate
If there is an iron core, at higher frequencies the significant
foss mechanism may be “'core loss” {related to eddy currents
and hysteresis}; and the parallel equivaient circuit is appro-
priate. Whether this is true at 1 kMz should be determined by
an understanding of the DUT, but probably it is so if the
following is true: that measurements.of Lo at 1 &Mz and at
120 Hz {100 Hz) are more nearly in agreement than measure-
ments of Ls at the same 2 frequencias.

35 PARAMETER, RANGE HOLDING, AND MODE.
3.5.1 Parameter — R, L, or C.

The selection of the parameter to be measured is almost

i seif-explanatory. Depress the appropriate button: R/Q,

L/Q, or C/D to measure resistance, inductance, or capacitance.
The instrument will tolerate, to some degree, a poor choice

of parameter, but accuracy is-thereby reduced. The readout
will indicate a completely wrong choice, as explained below.
Notice that the appearance of a device can be misleading.

(For example, a faulty inductor can be essentially capacitive
or resistive; @ component part can be mislabeled or unlabeted.)

Incorrect choice of parameter, for the measured DUT, is
best avoided by watching for indications such a simultaneous
lighting of both OUT OF RANGE arrows or an extreme DQ
display. Refer to Table 3-1, which shows conditions of pcor
choice of parameter {sometimes useful) as well 2 wrong choice
{measurement generally useless}. Another possible indication
of wrong choice of parameter is repeated autoranging between
2 ranges, with meaningless measurements being made in each
{with or without a dispiay). 1 is also possible to have a zero
RLC display that results from trying to measure & very large
L or smali C, but erroneously selecting C/D or L/Q respectively.

3.5.2 Ranges and Range Holding.

Descriptions of ranges, extensions, and subranges are ex-
plained beiow. Refer to the RLC-basic accuracy graph (Fig-
ure 3-2) for itlustration. .

Basic Ranges. The 3 basic ranges together cover the 8
decades of basic accuracy {such as 2 £ t0 2 M), The 3 are
distinguished as fow, mid, high, in order of increasing para-
meter value or 1, 2, 3, in order of increasing impedance. Mid
range is the same as range 2.

Each basic range is slightly more than 2 decades wide, from
an RLC display of #1800, with an automatic decimal-point
change between the decades, to 199989, {The symbol @ repre-
sents a bianked zero. initial zerces to the left of the decimat
point are always blanked out of the RLC display.)

Extensions. Each of the 3 ranges goes beyond its basic
range, with both upper and lower range extensions {shown by
tighter Hines in the RL.C basic accuracy graph). Most of
these extensions are sefdom used because they overlap basic
portions of other ranges.

Underrange. The "tow" extension of each range goes
from § 1999 down to BOQOO, with reduced accuracy. The
low extension of each high and mid range has the decimai
point unchanged from its position in the lower decade of the

Tabte 3-1
INDICATIONS OF PARAMETER MISMATCH TO HUT

Parameter Corregt
sgtected® Indication Significance parameter
R/C QUT OF RANGE, both arrows Wrong parameter .C/Dor LD
o] OUT OF RANGE, both arrows Wrong parameter C/Dor RIC
c/i OUT OF RANGE, both arrows Wrong parameter L/Qor R/IQ
RIC Q= 1.001 to 9.999 R accuracy reduced {(LiQor G/

Q = biank Wrong parameter LIGorC/D
L/Q G= 000110 00.99 ~ L-accuracy reduced (F)

Q= 00.00 Wrong parameter R
C/D 3= 1.001 10 9.999 C accuraey reduced (R}

5 = blank Wrong parameter R
®]/Q R = biank, units changing - Wrong parameter C/Hor L/Q
*The unit designation {M{) ... 4F) under the RLC display indicates which parameter has been selected.
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basic range. However, the low extension of the low ranga is
displayed with the decimal one place farther left than the
basic low range, thus providing fine resolution for small values
of RLC. [f the measured value is small enough to reduce ac-
curacy by a factor of 20, the operator is alerted by the re-
dueed number of digits displayed. (For exampie, an RLC
dispiay of £.0889, having only 3 significant digits, is recogniz-
able in this way.)

Overrange. The “high’ extension of each range is a factor
of b {with 2 exceptions}, going from 19998 up 1o 99999, and
finally to blank, without any change in decimal point, but
with reduced accuracy. The high overrange (above 2 ME2
for example} is always used for the very large values of RLC
that exceed the basic high range. The operator is alerted to
the accuracy reducticn by seeing the right-hand QUT OF
RANGE arrow lighted, the “overrange indication.”

The high overrange for R and G only, at 120 Hz {100 Hz)
only, is a factor of B0, going from 19999, with an automatic
decimal-paint change, up to 99999, and finally to blank,
with reduced accuracy. For high overrange, there is an over-
range indication, as described above.

Subranges. Each range includes 2 or 3 subranges, dis-
tinguished by the automatic decimal-point shift, The operator
can NOT control them. Subranges are detailed in Table 3-2.
Motice, for example, on C, 1 kHz, RANGE 1, there are 2
subranges: 18-uF and 990-uF. if a series of measurements
is made with C increasing siowly above 19 uF, the auto-
matic subrange change takes place at 21. But with C de-
creasing, the change takes place at 20. This hysteresis eli-
minates a possibia cause of flickering of the display.

Autoranging. Autoranging is narnﬁai; it is inhibited only
if you select RANGE MELD. There is a slight hysteresis in
the changeover {at 20 as the vaiue increases, at 19 as it de-
creases) to eliminate a possible cause of display fiickering.

Tabie 3-2

‘Range Holding. To inhibit autoranging, select this mode
with the HOLD RANGE putton, and verify that the RANGE
HELD light is on. Whatever range the instrument is using
far current or previous measuremeants will be held.. For ex-
ample, if a 100-§2 resistor is being measured when you select
HOLE range, then the operation of the instrument is locked
to the low range, Range 1, including the reguiarly unused cver-
range portion (labeled “low range held’’ on the RLC basic
accuracy graph), i

An advantage of holding a range is time saved. Forex-
ample, if a larga number of resistors are being measured in
values below 900 §2, one might “hold” range 1. Some
accuracy- of measurement would be sacrificed for values above
200 £2. But the system would save the time that would be
required to change to range 2 and perhaps {Tor open-circuited
parts} to range 3. For details of the time required t make
typical measurements, refer 1o para 3.3.6.

The OUT OF RANGE arrows will indicate whenever a
measurement is made on a range extension (except for the
low underrange}. Thus:

Neither arrow = all basic ranges and low underrange
Left arrow = underrange (except low underrange)
Right arrow = overrange

Both arrows = wrong parameter seiected.

NOTE
The OUT OF BANGE and RANGE HELD in-
dicators alert the gperator 1o unusual meas-
urement conditions that could be sefected by
mistake. Be watchful for these indicators.

3.5.3 Measurement Modes

Continuous. Select CONT for automatically repeating
measurements, at one of 3 rates (approx. 2, 3, or 7 per second

FULL SCALE READIOUTS ON EACH SUBRANGE

Automatic 4 23 L L Cc c
Range subrange 1 kHz 120 {100) Hz 1 kHz 120 {100} Hz 1 kHz 120 {100} 4=z
1At 19989 1.89499 1 19898 mH 1.9999 mH
1 iB 19.999 0 19,999 o 1.9489 mH 19.899 mHM 18.899 uf 199.99 uE
(Z2,=104 1C* 999.89 £ 999,99 0 99.999 mH 998,99 mH 999.89 uF Q989.9 uF
1D+ e e e P ——— 98999, uF
2 2B 1.9898 k& 1.8999 k2 18999 H 1.9699 H 19999 uF 1.9989 ufF
(2, =1 kb acr 99,899 ki 99.999 k&t 89,9999 H 99.999 H 3.9899 uf 99.999 uF
3af 0 e e e e 18999 nF 1.8999 nF
3 38 19999 M .18999 MG 19,989 H 199.99 + 1.9999 nF 18,899 nF
{Zy = 100k} 3C* 9.89999 MO 3.9999 MO 999.99 H 9999.9 H 45,999 nF 988.99 nF
D e 99999 MO 0 e s e e

T Each "A' subrange is the low extensian of the lowest range (example 0.C0C1 ta 2 1),

a

Each "'C' subrange covers a full decade {example, 20 to 200 {2) in the basic range and an upper range extension (example 200 10 988+ 2}, in

which accuracy is reduced and the overrange light is on {(the right-hand CUT OF RANGE indicator},
** Each "D’ subrange is a further extension of the highest rangs {axample 10 10 99.9+ M$L).
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as you choose SLOW, MED, or FAST. The displays will
NOT be held after the DUT is removed or changed. Although
there may be some annovance due to changeability of the -
least significant digits in the displays, this mode provides a
rapidly updated “current” measurement automatically. So

it is the narmal mode.

Single. Select SINGLE for a measuremeant te be made
with each depression of the START button. The resuiting
RLC and DO displays are held until a subseguent measure-
ment is made, regardiess of changing the DUT. This mode
is suitable for many kinds of “production’ testing programs.

Average. Select AVERAGE for a string of 10 measure-
ments to be made after each depression of the START but-
ton. A running average is displayed, that is, each time a meas-
urement is completed, the RL.C and DQ displays are updated
to be the average of all measurements made since "'start”,
After the 10th measurement {6 or 7 s after-"'start”, if
selected RATE is SLOW)}, the displays are held, as described
above, This mode provides smoothing of any possible “'noise”
or slight variation from one measturement to another
thecretically identical measurement, in a particularly con-
venient way.

3.6 LIMIT-COMPARISON BINS.
3.6.1 Introduction.

if a group of similar DUT’s are to be measured, it is often
convenient to use the Himit-comparison capability of the
Digibridge to categorize the parts. This can be done in fieu
of or in addition to recording the measured value of sach
part. For example, the instrument can be used to sorf a
group of nominaily 2.2-uF capacitors into bins of 2%, 5%,
10%, 20%, jossy rejects, and other rejects. Qr it can assign
DUT's to bins of (for example) a 5% series such as 1.8, 2.0,
2.2, 2.4, 27 uF, ete. The bin assignments can be displayed,
for guidance in hand sorting, or {with the interface option)
output automaticaily to s handler for mechanized sorting.

Up to 8 regular bins are provided for, in addition to a
bin for DQ rejects and a bin for all other rejects; total = 10
bins. To set up the desired categories, use the 16 limit-entry
keys in the left corner of the keyboard, as described betow.

Limits are normally entered in pairs {defining the upper
and lower limits of a bin), in the form of “nominal valug”
and “percent” above and below that nominal. 1f only cne
“parcant” value is entered for a bin, the limit pair is sym-
metricat {such as £2%). Two “percent” values must he
entered, the higher one first, t¢ set up a non-symmetrial
pair of limits. Any overlapping portion of 2 bins is auto-
matically assigned 1o the lower-numbered bin.

For simple GO/NO-GO testing, set up a DQ limit and J
raguiar bin. Entry of limits in additional bins will define ad-
ditional GO conditions. Be sure the unused bins are closed.
{Bins 1...8 are initially ciosed, at power-up.}
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3.6.2 Limit Entry Methods Figures 3-7, 3-8.

The figures illustrate 2 bhasic methods of limit entry:
nested and sequantial. Nested limits are the natural choice
for sorting by tolerance around a single nominal value. The
lower numbered bins must be narrower than the higher
numbered ones. Symmetrical Himit pairs are shown; but un-
symmetrical ones are possible. (For example, range AB
could be assigned to bin 3 and range FG to bin 4 by use of
unsymmetrical limit pairs for these bins.)

Sequential limits, on the other hand, are the natural choice
for sorting by nominal value, Any overiap is assigned 1o the
lower numbered hin; any gap between bins defauits to bin 9.
The usual method of entry uses a redefined nominal value for
each bin, with a symmetrical pair of imits, 1T it is necessary
to define bins without overlap or gaps, use a single nominal
value and unsymmetrical limit pairs. 1t is possible to set up
one or more tighter-tolerance bins within each member of a
sequence.

3.86.3 Limit Entry Procedure,

a. With FREQUENCY key, select test frequency.

b, With DISPLAY key, select ENTER LIMITS.

c. With parameter key R/Q, L/Q, C/D, {by repeat keying)
select convenient units as shown in the RLC display.

d. Enter the desired DQ limit by keying:

[X]{=] [BIN No.] [0,

in which X represents 1 to 8 numerical keys and (optionaily)
the decimal-point key, depressed in sequence. Confirmation
is shown on the DQ display, up to 4 significant digits,

e. Enter a nominal vaiue for limits by keying:

[Y) [=] [NOM VALUE], _

in which Y represents 1 to 8 numerical Keys and {optionally)
the decimal-point key, depressed in sequence. Confirmation
is shown on the RLC display.

f. For a symmetrical pair of limits (centered on the
nominal value just entered}, enter one percentage, by keying:

[81 1% [=] [BIN No.1 [2];

in which § represents 1 to b numerical keys and {opticnally)
the decimal-point key, depressed in sequence, forming a num-

_ ber not exceeding 100.00; and Z represents one key for the

chosen bin: 1, 2, 3, 4, 5, 6, 7, or 8. Confirmation is shown,
upper limit on the RLC display, lower timit (4 significant digits)
on the DC display. Notice that these dispiays are actual R, L,
or C values, not percentages.

g. Foran unsymmetrical pair of limits, similarly, key in:

[H] %] [=] L] [%] [=] [BIN No.} [2];

in which H represents a number not exceeding 10000 and L
a number hot exceeding 100.00. Both H and L (or neither)
may have a negative-sign prefix; but H must atways yield a
higher limit {absclute value) than L.

h. To enter another pair of limits based on the estabiished
nominai value, repeat step f or g, choosing another bin num-
ber.
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BIN 3 BIN 3
- e e e . . — - s
BIN 2 BiN 2
BINS: e e ——
BIN 1
MEASURED
VALUE
LinMiTS: A B C £ F G AXIS
Nom Value: Y
e =51 % +§4% —
ENTRIES . '
Percentages: < —Sn% +54% .
hg——— -—-33% +Sa%____y
Figure 3-7, Nested limits. A single nominal value Y is used and all limit pairs are symmetrical
in this basic plan.
BINS: BiN 1 BIN 2 BIN3 | BIN4 BIN B
MEASURED
. VALUE
LIMITS: A B C i) E F AXiS :
T T T T T b
Nom Valuss: Yy Yo Yy Yy Yy
ENTRIES p .
Breentages: 18.% Z8,% * 84% 8% 1% -v-é—i%L
13 -

Figure 3-8, Sequential limits. A different nominal valug is entered for aach bin and all limit
pairs are symmetrical except for the unsymmetrical pair shown for example in bin 5.

i. To enter ancther pair of limits based on a different
nominal value, repeat step e and then step f or g, similarly,

j. To change the limits in any of the 8 hins, reenter the
pair, as above.

k. To close a bin that has limits entered in it, repeat step f
with zero for 8. Confirmation is shown by 2 identical num-
bers appearing in the RLC and DQ displays.

i, To resume operation of the Digibridge, using the fimits
entered as above, press the DISPLAY key, The display will
be either measured VALUE, or BIN No.;, whichever you
select, In either case, if you have the Interface Option, the
available cutput data are not Himited to the display selection.

3.6.4 Examples of _Limit Entry.

Mested Limits. To enter a set of nested limits, operate
the keyboard as described beiow for the example of resistors
having 0 <.001, R = 33 k{2 £ 0.35%, £ 1%, £ 8%, +7 —8%,

a. With FREQUENCY key, select the desired test fre-
guency. ) '

b. With DISPLAY key, select ENTER LIMITS,

. With parameter key R/Q, selsct RLC units: ME2,

d. Enter O limit thus: [2 03[0} (11 =1 [BIN No.} [0].

a. Enter nominal RLC value: {1 {013} (3] [=]1INOM
VALUET.

f. Set bin 1 Himits:

g. Set bin 2 limits:

[.] [31 (51 1%] (=] [BIN No.J{1].
£11 [%] [=] [BIN No.} [2].
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[5] [%] {=1[BIN No.] {3].

i, Set bin 4 limits: (71 (%] [~]19] [%] [=] [BIN No.] {4].

. Close bin 5, by keying: [0 (%] [=] [BIN No.] [5].

k. Close hins 8, 7, and 8, similarly, if used before.

Sequential Limits, To enter a set of sequentiat limits,
operate the keyboard as described below for the following
capacitor sorting example: D <.005, C=0.91, 1.0, .1,
1.2, 1.3 uF {the standard 5% series}.

a. With FREQUENCY key, select the desired test fre-
quency.

b, With DISPLAY key, setect ENTER LIMITS.

c. With parameter key C/D, select RLC units: uF.

h, Set bin 3 limits:
|
]

d. Enter D fimit: [.]1{0]{0] (5] [=] [BIN No.] [0].

e. Enter nominal RLC value: [.] 18] {1] [=] [NOM
VALUE]L.

f. Setbin 1 limits: [5][%] [=] [BIN No.1 [1].

g. Redefine nominal: [1] [=] INOM VALUE].

h. Set bin 2 limits: [8] [%] [=] [BIN No.] [2].

i. Redefine ﬂommai {i] [.1E1] [=] [NOM VALUE].

i. Set bin 3 limits: b1 {%] =] [BEN No.] {31,

k. Redefine ncmsnai (1101121 =] [INOM VAE.,L%E}.

{. Setbin 4 limits: [5] [%] [} [BIN No.} [4].

m. Redefine nominal: 111 {.71{3]) {=1 [NOM VALUE].

n. Set bin 5 iimits: [5] {%][=] [BIN No.] [B].

o. Close bin 6: [0] [%] [=] [BIN No.] [6].

p. Close bins 7 and 8, simitarly, if used before.



3.6.5 Entries in General.

For additional detail, refer to the condensed instructions
on the reference card under the Digibridge, and to the foi-
lowing notes.

Frequency. Select the test frequency first, Comparison
results are liable 1o error if the test frequency is changed
later in the entry/measurement procedure,

Bin 0. The limit entered in bin 0 is always DQ. For Ritis
Q; for Citis D, both upper limits. For L itis O, a lower limit.

Unsymmetrical Limit Pairs. Enter 2 percentages for the
bin. QOne or both may be + {unspecified sign} or —. Enter
first the one that yields the larger absolute value of RLC,
{Exampies are shown above.)

- Unused Bins. nitially, at power-up, bins 1. ... 8 are
closed so that unused ones can be ignored. Every unused
bin that has previously been used {except 9) must be ciosed by
entaring 0%, as in the above examples. Once closed, it will
stay closed until non-zero percent limits are inserted.

Allowsble Limits. Positive limits up to 10 000%, negative
limits down to —100%, maximum of B significant figures
{for example: 38.671%).

Bin Order. (Qptional except for nesied hins; be sure the
narrower limit pairs go into lower numbered hins {because
all overlap goes to the lower bin),

Inhibiting Comparisons. To inhibit DQ comparisons, set
bin O to the “all pass” extreme, i.2., to 0000 for Q or 9920
for D. To inhibit ali comparisons, set NOM VALUE to zero.
{Then GO/NO-GO indicators stay off.) Subsequent setting
of NOM VALUE to any number except zerc enables ali com-
parisgns as previocusly set up, .

When POWER is switched ON, “nominal value” is
initialized at zero. (Comparisons are inhibited.]

Changing Entries. Enter new valuels} — or 2 zerg — 1o
delete obsolete or erroneous nominal value or bin limits.

Do not attempt to change or enter a singie separate limit

in & bin; any single percentage entered for a bin will be
interpreted as a symmaetrical pair of limits. Changing
“nominal value™ does not change any limits, but does deter-
mine the base for subsequent Himit entries for specific bins,

RLC Unit Sefection. No distinetion is made between the
2 ranges that display in units of H or between the 2 ranges
that display in units of UF, in limits entry progedures, 1t is
NOT necessary to select {for Himit entry} the range that the
Digibridge will use in measuring. For example {see para
3.6.4}, it is equally valid to-enter a nemingl value of .033 MS2,
33 &2, or 33000 ). '

3.6.6 Verification of Nominal and Limit Values.

White the BISPLAY selection is ENTER LIMITS, the
exact values entered into the Digibridge can be seen by
either of 2 methods, as follows:

During the Entry Process. A confirming display is auto-
maticalty provided immediately after the final keystroke of
each entry step. For exampie, after the [NOM VALUE)
keystroke, the entered value appears on the RLC dispiay.
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After the [BIN No.] and number keystrokes, the actual limits
of RLC value {not percentages) appear across the full display
area: upper limit on the reguiar RLC display, lower limit
{minus the least significant digit) in the regular DQ display area.
For bin 0, the DQ limit appears in the DO area.

Upon Demand. To see the current “‘nominal value”’, de-
press the [NOM VALUE] key {(while ENTER LIMITS is lit.
To see the limits in any particular bin {or 10 verify that it
has been ciosed), depress [BIN No.] and the desired number,
similarly. Displays selected in this way are limited by the
units that are shown on the panet. For example, if the bin-3
limits are 182 and 198 k{2, but the display units are §2,
when you press the [BIN No.] [3] keys, the display will go
blank. Select either k&) or M {instead of £3) to obtain a
display of these limits.

However, any "nominal vatues’ previous to the current one
are lost and cannot be displayed {unless entered again). Bin
limits are not lost until replaced by new entries in the partie-
ujar bin; but they are lost when POWER is switched QFF.

3.6.7 Value, Bin, and Go/No-Go Displays.

The Digibridge measurement wili be presented either of
2 ways; VALUE or BIN, but not both ways for a single meas-
urement. This distinction is unimportant for most meas-
urements, in the continuous mode. But for singie or average-
mode operation, select the desired display before pushing
START. . :

Value. Select VALUE with the DISPLAY button. When
measurement is completed, the vaiue will be shown on the
RLC and DQ displays.

Bin. Alternatively, select BIN with the DISPLAY button.
When measurement is completed, the bin assignment will be
shown on the RLC display {a single digit), with the follow-
ing significance: ’

0 = No-Go because of D or Q limit

1= QGo, hin 1

2=Go, bin 2

... Go, bin 3, 4, B, 8, 7 or 8, as indicated.

3 = No-go by default {suits no other bin}.

GO/NO-GO. if comparison is enabied, by a non-zero
entry for “nominal value” (see para 3.6.5), this indication
is provided. Thae DISPLAY seiection can be either VALUE or
BIN. GO means the measurement fallsin bin 1 ... 8; NO-GO
maans bin 0 or 9.

3.7 BIAS.
WARNING
e Maximum bias voltage is 60 V. Do NOT ax-
ceed.

s« Bias voltage is present at connectors, test
fixtures and on capacitors under test,
» Capacitors remain charged aftér measurement.
¢+ Do not leave instrument unattended with
bias “on”.
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NOTE
Keep the EXT BIAS switch OFF (regardless of
whether any external bias socurce is connected)
for all measurements made WiITHOUT dc bias
appiied to the DUT. {Switch ON, without a low-
impedance bias source Causes errors in
measurement.}

To measure capacitors with de bias voltage applied:

3.7.1 Bias Less Than 30 V and C Less Than 1000 uF,

a. Connect a bias supply via rear-panel conpector, observing
polarity, as described in para 2.8. Be sure the bias supply
meets the requirements (such as current sinking and Hmit-
ing to 200 mA) given in that paragraph. Generally, the ex-
ternal circuit must include switching for both application of
bias and discharge of the DUT.

b. For capacitors less than 1000 uF only, with bias less
than 20 V, use the EXT BIAS switch on the keyboard to ap-
ply bias (GN) and to discharge the DUT (OFF}

Notice that this switch should NOT be used for this
purpose above 30V, or 1000 uF, or for production guantity
measurements. in such cases, leave the EXT BIAS switch
ON and use switches in the external circuit.

c. Be sure to orient the DUT correctly, positive terminat
to the right.

d. Operate the bridge in the usual way. Disregard any
measurements that may be made by the Digibridge in con-
tinuous measurement mode during the charge or discharge
transients. Notice that the BIAS ON light indicates the
presence of bias voitage; it goes off when the voltage drops
to zera even though the EXT BIAS switch may be ON. itwili
not light if the bias power supply polarity is inverted.

3.7.2 Bias Up to 60 V.

“a. Observe the warning above,

b, Connect bias power supply and external swrtc?&mg cir-
cuit as deseribed above,

c. Keep the EXT BIAS switch DN (toward the rear)
regularly, unless you want 1o use it as an extra safety device.
As a safety device, be suyre to turn it ON before the external
switch and OFF asecond or more after the extemal switch
is off.

To protect the operator and to avoid damaging the in-
strument, define a safe procadure like the one that follows and
use it regulariy:

a. Set the bias voltage to zero.

b. Attach the DUT, with correct polarity.

¢. Raise the bias voltage to the specified value.

d. Allow a specified charging and soaking time.

e. Observe and record measurements {usually Cs and D},

f. Set the bias voitage source to zero.

g. Connect the 10-8) discharging circuit.

h. After about 2 s, connect the safety short circuit.

i. Remove the DUT.
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3.8 CPERATION WITH A HANDLER

[¥ you have the interface option and have made the sys-
tem connections to a handler {parz 2.7}, the essential Digi-
hridge cperating procedure is as foliows:

a. Enter the bin limits as described above.

h. Select the measurement conditions as desired:
MEASUREMENT RATE, EQUIVALENT CIRCUIT, MEAS
UREMENT MODE (SINGLE), RANGE HBOLD (or autorange).
{Do NOT change FREQUENCY or parameter — 8, 1., C
after limits have been entered.)

¢. Select either BIN or VALUE DISPLAY for incidental
monitoring of measurements while the handler automatical-

Iy sorts the parts being processed.

3.9 SYSTEM CONSIDERATIONS

These considerations appiy only if you have the interface
option. {If you do, there wiil be interface connectors at
the rear. See Figure 1-2.}

3.9.1 |IEEE-488 Interface Unused.

If there is no system connection to the [EEE-488
INTERFACE connector, be sure to keep the TALK switch
set to TALK ONLY.

3.2.2 Talk-Only Use.

This pertains 1o a relatively simply system, with the Digi-
bridge outputting data to one or more "listen-only” (IEEE-488
compatible) devices such as a printer.

Operate the Digibridge in the usual way {manually}. The
system may constrain operation in scme way. For exampie
a slow printer wiil limit the measurement rate because it
needs time t¢ print cne value before it can accept the next.

3.9.3 Talk/Listen Use.

Observe the REMOTE CONTROL indicator light. if it
is lighted, there is no opportunity for manyal operation {ex-
cept entry of limits). The displays may be observed then,
hut their content is controled by the system controtler, via
the {EEE-488 bus.

Entry of Limits. Any remotely controlled systems use
invoiving limit comparisons must be designed for manual
entry of limits, as follows:

a. Be sure the REMOTE CONTROL light is out.

t. Enter the limits as described in para 3.6.

c. Enable the controller to proceed. {This step may
reguire attention to contrels on some other device.)

3.10 CARE OF DISPLAY PANEL.

Use caution when cleaning the display window, not to
scratch it nor 1o get cleaning substances into thé instrument.,
Use soft cioth or a ball of shsorbent cotton, moistened with
a mild glass cleaner, such as ““Windex" {Drackett Products
Co., Cincinnati, Ohio). Do NOT use a paper towel; do NOT
use enough liquid to drip or run,

if it should be necessary to place marks on the window,
use paper-based masking tape (NGT any kind of marking
pen, which could be abrasive or react chemically with the
plastic). To minimize retention of any gummy residue,
remove the tape within a few weeks.
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