C

1

Counters

grammab
quency
PM6685 & PM6685R

Operators Manual

Pro
Fre

o

: 0

5
o

i
o
)

.
Sl «w%m

www.valuetronics.com


https://www.valuetronics.com/

www.valuetronics.com

Table of Contents

Warranty Statament. .

i1 Preface

Introduction . ... .. ..
Design Innovations . .

New fast SCPI Bus .
Rubidium Counter . . .

2 Safety Instructions
Introduction ..................
Safety precautions. .. ..........

3 Preparation for Use
Unpacking.................
Installation .. ...............

4 Using the Controls
About ThisChapée{ e
The User Interface.
Default Settings. . .
Basic conirols ...,
input A confrols . ..
Measurement control keys

Display conirols.

Display. .. ..
Display. . ...
Rear Panel. .
Rear Panel. .

PMB685R Fron

t Panel

4822 872 20033
July 2001 Fifth Edition

S22
ca 2R

Lo032
32

Lo 44
R ]

.o 48

5 1Input Signal Conditioning
introduction to this chapter .., ..,
Input AL ...
ImputC. .. o
Reducing Noise and Inferference .

6 Measuring Functions

introduction to this chapter . ..

Selecting function . ..
Frequency ......
Introduction ... ... ..

Burst Freguency and PRF . . ..

AM Sighals ........
Period..........
Intreduction .. ......

Puise Width and Duty Factor

Infroduction ... ... ..
Pulse Width A ... ..
Dugy Factor . .......
Totalize.........
TOTalize A ........

7 Measurement Contro

Aboutthischapter.............

Measuring Time. .
Display Hold . . ..
Aming. . ... o
Digit Blanking. . ..

Controlling Measurement

Arming Set Up Time .
Arming Examples
Example #1.. .......
Example#2 ........
Example #3 ... ... ..

e B2
oL 82
coe, .56
co.. . 5B

cree B2
ce. B2
ve.. 83
R -
.....58
... 610
... 6-12
ol 812
«vu 613
s B-13
....B6-14
....6-14
...B6-15
...6-18

P £
B
.. 73
R

.75

Timing .76

e 712
oL 713
Y A
v 7-16
R




8 Processing

Introduction . ......... . i, g-2

Averaging . ... 8-2

Nulling ..o oo 8-2

9 Auxiliary Functions _

Aboutthischapter. .................. 9.2

AuxiiaryMenu. . ... ... L 9.2

10 Performance Check

General Information . ............... 10-2

Recommended Test Equipment . ..., .. 10-2 _
Front Panel Controls ... ............. 10-3 =
Short Form Specification Test. ... ... .. 10-5

Rear Input/Cutput .................. 10-8

Measuring Functions. ............... 16-7

PM8621, PMQ624 and PM9625/258 ., . ., 10-8

11 Preventive Maintenance
Calibration and adjustment . ... .. .. ... 11-2
Other Maintenance ................. 114

12 Specifications

Measuring Functions. ............ ... 12-2
Input and Qutput Specifications. . . ... .. 12-3
Auxiliary Funetions. .. ....... ... ... ...
12-4

GPIB(PM96268) . ................. 12-5
Measurement Uncertainties. . ......... 12-6
Time Base Options . ................ 12-7
General Specifications. . ... ....... ... 12-8
Ordering Information ... ........ ... .. 12-8
13 Appendix

Appendix 1, Error Messages. ......... 13-2
14 Index

INDEX ... 14-1

15 Service Centers
Sales and Service office .. ...... ... .. 15-H

www.valuetronics.com



www.valuetronics.com

Warranty Statement

This Fluke guarantee is in addition to all rights which the buyer may have against his supplier under
the sales agreement between the buyer and the supplier and according to local legislation.

Fluke guarantees this product fo be free from defects in material and workinanship under normal
use and service for a period of one {1} year from the date of shipment. This guarantee does not cover
possible required re-calibration and/or standard maintenance actions, This guarantee extends oniy
to the vriginal end purchaser and does not apply to fuses, batteries, power adapters, or to any prod-
net or part thereof that has been misused, altered, or has been subjected to abnormal conditions of
operation and handiing.

Fluke-supplied software is guaranteed to be properly recorded on non-defective media. We will re-
place improperly recorded media without charge for 90 days atter shipment upon receipt of the soft-
ware. Our software is not guaranteed to be error free.

Fluke® obligation under this guarantee is limited to have repaired or replace a product that is re-
turned to an avthorized Fluke Service Center within the guarantee period, provided that Fluke de-
termines that the product is defective and that the failure has not been caused by misuse, alteration
or abnormal operation.

Guarantee service for products mstalled by Fluke will be performed at the Buyer’s facility at no
charge within Fluke’ service travel area; outside this area guarantee service will be performed at the
Buyer’s facility only upon Fluke prior agreement and the Buyer shal} pay Fluke round trip travel
expenses.

1f a failure occurs, send the product, freight prepaid, to the Service Center designated by Fluke with
a description of the difficulty. At Fluke’ option, repairs will be made or the product replaced. Fluke
shall return the product, F.0.B. Repair Center, transportation prepaid, unless the product is to be re-
turned to another couniry, @ which case the Buyer shall pay all shipping eharges, duties, and taxes.
Fluke assume NO risk for damage in transit.

Disclaimer

The foregoing guarantee is exclusive and is in lieu of all other guarantees, expressed or implied, in-
cluding but not limited to any implied guarantee of merchantability, fitness, or adequacy for any
particular purpose or use. We shall not be liable for any direct, indirect, special incidental, or conse-
quential damages, whether based on contract, fort, or otherwise.




DECLARATION OF CONFORMITY

for

Fluke
Universal Frequency Counter PM6685
Universal Frequency Counter / Calibrator PM8685R

Fiuke Precision Measurement Lid.
Norwich Airport [ndustrial Estate -
Norwich
Norfolk NRG 6JB
UK

Statement of Conformity
Based an test resuits using appropriate standards, the product is in conformity with
Flectromagnetic Compatibiiity Directive 8%/336/EEC
L.ow Voltage Directive 73/23/EEC

Sample tests
Standards used.

EN 61010-1 (1993) CATH
Safety Requirements for Electronic Measuring Apparatus

EN 55011 {1991) Group 1, Class B
Limits and methods of measurement of radio disturbance characteristics of industrial,
scientific and medical radio-frequency equipment

EN 50082-2 (1991)
Electromagnetic Compatibility Generic Immunity Standard

The tests have been performed in a typical configuration.

This Conformity is indicated by the symbol (€ | ie. "Conformité eurcpéenne”.
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Preface

Introduction

Your PM6685 Counter is designed to bring you
a new dimension to portable and bench-top
counting. It offers significantly creased per-
formance compared to traditional counters. The
Counter offers the following advantages:

~ Ten digits of frequency resclution per sec-
ond and 230 ps resokution, as a result of
high-resolution interpolating reciprocal
counting

— A 2.7 GHz input frequency option

- A foolproof aute trigger function

New powerful and versatile
functions

The unique versatile aufo sensitivity and auto

waveform compensation takes care of all trig-
gering from 50 Hz and up. It even optimizes it-
self to the requirements of different measuring
functions.

Another unique feature in your instrument is
the bar-graph level monitor. it always shows
vou the input signal level on 2 dB scale to verify
proper signal strength,

The burst frequency and PRF functions mea-
sure hursts and AM signals without any exter-
nal synchronization signal. :

To solve even tougher tasks, the counter has
complete arming possibilities which lets you
synchronize measurements with  external
events. You can even delay the arming of the
counter (compare fo defayed time base trigger-
ing in an oscillescope} Read more about
Arming in Chapter 7, "Measurement Control”.

No mistakes

You will soen find that your new Counter is a
delight to operate. One example is the back

1-2 Introduction
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light LCD that shows you measurement resuis,
setting status, and operator messages. The
AUTO function triggers automatically on any
input wave form. A bus-learn mode simplifies
GPIB programming. With bus-learn mede,
manual counter settings can be transferred to
the controller for later reprogramuming, There is
no need to learn code and syntax for each indi-
vidual counter setting if you are an occasional
bus user.

Design Innovations

State of the art technology
gives durable use

This counter and the other modeis in the
PM668X family are designed for quality and
durability. The design is highly integrated. The
digital counting circuitry consists of just two
custom developed VLSI-ASICs and a 16-bit
micro controller. The high integration and low
component count reduces power consumption
and results in an MTBF of 306,000 hours. Mod-
ern production surface-mount technology en-
sares high production quality and a rugged me-
chanical construction including a meta] cabinet
that withstands mechanical shocks and protects
against EML

High resolution

The use of reciprocal interpolating counting in
this new counter results in excellent relative
resolution: 16 digits in one second for all fre-
quencies, see Figure 1-1.

The measurement is synchronized with the in-
put cyctes insiead of the time base. Simulta-
neously with the normal “digital” counting, the
counter makes analog measwrements of the
time between the start/stop frigger events and
the next fellowing clock pulse. This is done in

AFAARAAAAARAARAARAPAAAARARAAR
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Preface

two identical circuits by charging an integrating
capacitor with a constant current, starting at the
trigger event. Charging is stopped at the leading
edge of the first following clock pulse. The
stored charge in the infegrating capacitor repre-
sents the time difference between the start trig-
ger event and the leading edge of the first fol-
lowing clock pulse.

When the “digital” part of the measurement is
ready, the stored charges in both capacitors are
measured. The capacitors are discharged with a
constant current, which is only 1/400:th of the
charging current, which means that the dis-
charge timne will be 406 times the charging time.
This 400-fold stretched time is digitally mea-
sured by the counter itself, with adequate reso-
{lation.

The counter’s microcomputer calenlates the re-
sult after completing all measurements, i.e., the
digital time measurement and the two interpo-
lation measurements.

The result is that the basic “digital resolution”
of £ 1 clock pulse {100 ns) is reduced to 0.25%
of a clock pulse cycle, or 250 ps,

Since the measurement T
is synchronized with the BBFB
input signal, the resolu~ e
tion for frequency mea-
surements is very high
and is independent of

frequency.

LLELLE: ]

The Counter has 10 display digits to ensure that
the display does not restrict the display resolu-
tion, It also has an overflow function that lets
vou see digit 11 and 12,

# of digits
10 Measure fime =18

9 Measure time = 100 ms
8 Moasure time = 10 ms

7 Measure ime = 1ms

o

1k 10k

100k 1M

| | ;
|

10M  100M

Frequency (Hz)

Fig. 1-1  Resolution for The Counfer.

Design Innovations 1-3
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New fast SCP! Bus

The counter is not only an extremely powerful
and versatile bench-fop instrument, it also fea-
tures extraordinary IEEE-488 bus properties,
To ensure compatibility now and in the future,
the Counter incorporates the latest IEEE-488.2
bus standard and the internationally standard-
ized SCPT Command set (Standard Comuimands
for Programmable Instruments). The bus frans-
fer rate of the Counter is up to 1,000 measure-
ments over the IEEE-488 bus, and 1,600 mea-
surements per second to internal memory. This
very high measurement rate makes new mea-
surements possible. For example, you can per-
form jirter analysis on several thousands of
pulse width measurements and capture them in
a second. Together with the IEEE-488 inter-
faces you get an extensive programming man-
ual that helps you understand SCPI and pro-
gramming of the counter. '

You get an analog recorder output as standard
with all IEEE-488 interfaces. This output pro-
vides an analog signal proportional fo the value
of any three consecutive display digits. The
output can be used for recordings of measure-
ments on a strip-chart recorder or as a feedback
signal to an analog control system.

The counter is easy to use in {EEE-488 bus en-
vironments. A built-in bus-learn mode makes it
possible to set all counter settings manuaily and
to transfer the complete counter setting to the
controiler. The response can later be used to re-
program the counter to the same settings. This
eliminates the need for the occasional user to
learn ali individual programming codes. Com-
plete {manually set) counter settings can also be
stored in 19 internal memory locations and can
easily be recalled at a later oceasion. Another
user-friendly feature is macro-programming.
You can define your own mnemonics and de-
fine group settings for complex measurements,
then reduce them to one macro command,

1-4 New fast SCPI Bus
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Rubidium Counter

The PMG6SSR contains an atomic reso-
nance-controlled time-base (Rubidinm) that
gives a new meaning to 10-12 digit measure-
ments.

Quick to operation, the warm-up time for the
rubidiam counter is only 4-6 minuies, com-
pared to 10 minutes for an oven enclosed
timme-base.

The counter uses a larger cabinet due to the size
and power requirements of the Rubidium
time-base.
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Safety Instructions

Introduction

Read this page carefully before you install and
use the instrament.

This instrument has been designed and tested
according to safety Class 1 requirements of IEC
publication 1¢10-1 and CSA 22.2 No.231, and
has been supplied in a safe condition. The user
of this instroment must have the required
knowiedge of it. This knowledge can be gained
by thoroughly stadying this manuak.

This instrument is designed to be used by
tramned personnel only. Removing the cover for
repair, maintenance, and adjustment of the in-
strument must be done by qualified personnel
who are aware of the hazards involved.

Fig. 2-1 Do not overlook the safefy in-

structions!

2-2 Introduction

Safety precautions

To ensure the correct and safe operation of this
instrument, it is essential that you foilow gener-
ally accepted safety procedures in addition o
the safety precautions specified in this manual.

Caution and warning
statements

CAUTION: Shows where incorrect
procedures can cause damage to,
or destruction of equipment or
other property.

WARNING: Shows a potential danger|
that requires correct procedures
or practices to prevent personat

injury.

Symbols

@Shows where the protective ground ter-

minal is conaected inside the mstrament. Never
remove or loosen this screw,

Indicates that the operator should con-

sult the manual.

One such symbo! is printed on the instrument,
betow the A input. It points out that the damage
level for the input voltage decreases from
350Vp to 12Vrms when vou switch the input
impedance from | MQ to 50 €.

nnAann

MO AOANNNIHNNHNN

nannn



www.valuetronics.com -

Safety instructions

If in doubt about safety

Whenever you suspect that it is unsafe to usc
the instrument, you must make it inoperative by
doing the following:

— Disconnecting the line cord

— Clearly marking the instrument to prevent
its further operation

— Informing your local Fluke Service Center.

For example, the instrument is likely to be un-
safe if it is visibly damaged.

Disposal of hazardous
materials

WARNING: Dispesal of lithium bat-
teries requires special attention.
Do not expose the batteries to
heat or put them under extensive
pressure, These measures may
cause the batteries fo explode,

The counter uses a lithium battery {See Figure
2.2} to power a backup RAM. Return used bat-
teries to the vendor for recycling.

Fig. 2-2 A lithium baitery in the
counter ensures that
all settings are saved
even when the power
is furmed off.

Safely precautions 2-3
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Unpacking

Check that the shipment is complete and that no
damage has ocourred during transportation. I
the contents are incomplete or damaged, file a
claim with the carrier immediately. Also notify
your local Fluke sales or service organization in
case repair or replacerment may be required.

Check list

The shipment should contain the following
{See Figure 3-1):

— The PM6685 Counter

- Line cord

— This Operators Manual

- Options you ordered should be instalied,
Sec "Identification.”

— Programming Manuai {(when GPIB option
is installed),

— N-to-BNC Adapter, (only with prescaler,
PM 9624}

ldentification

Check marks on the rear panel show what op-
tions are installed in your counter, see Figure
3-2.

3-2 Unpacking

Installation

Supply voltage
® Setting

The Counter may be connected to any AC sup-
ply with a voltage rating of 90 80 265V s 45 t0
440 Hz. The counter automaticaily adjusts itself
to the input line voltage.

¥ Fuse

An L6A250V slow blow fuse is placed inside
the counter. This fuse rating is used for the full
voltage range.

&E—L5

1.8AT 5x20mm fuse

Fig. 3-1

CAUTION: If this fuse is blown, it is
likely that the power supply is
badly damaged. Do not replace the
fuse. Send the counter to the local

Service Center.
Grounding

Grounding faults in the line voltage supply will
make any instrument connected to it dangerous.
Before connecting any unit o the power line,
you must make sure that the profeciive ground
functions correctly. Only then can a unit be con-
nected to the power line and only by using a
three-wire line cord. No other method of
grounding is permitted. Extension cords must
always have a protective grouad conductor.

CAUTION: If a unit is moved from a
cold to & warm environment, con-
densation may cause a shock
hazard. Ensure, therefore, that the
grounding requirements are
strictly met.

naAANOMNAAANARMNANONNNON
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Fig 3-2  Check marks on rear pane! showing options included.

WARNING: Never interrupt the
grounding cord. Any fnterruption Fold-down SuPport
of the protective ground connsc- For bench fop use, a fold-down support js avail-
tion inside or outside the able for use underneath the counter. This sup-

instrument or disconnection of the port can also be used as a handle to carry the in-
protective ground terminai is likely,  stument
to make the instrument danger- _
ous. .y .

Orientation and cooling

The counter can be operated in any position de-
sired. Make sure that the air flow through the
ventilation siots at the top, and side panels isnot
obstructed. Leave 5 centimeters (2 inches) of
space around the counter.

Rack mount adapter

If you have ordered a 19 inch rack mount kit for
your instrument, it has to be assembled after de-
livery of the instrument. The rack mount kit
consists of the following:

— 2 brackets, {short, left; fong, right})
- & screws, M5 x 8

Fig. 3-3  Fold-down support for com- -~ 4 screws, M6 x 8
fortable bench-fop use.

Installation3-3
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Preparation for Use

WARNING: When you remaove the
cover you will expose live parts
and accessible terminals which
can cause death.

WARNING: Capacitors inside the in-
strument can hold their charge
even if the instrument has been
separated from all voitage
SOUrces.

® Assembling the rack mount kit

Make sure the power cord is disconnected from
the instrument.

Turn the instrinent upside down,

~ Loosen the two screws (A) at the rear feet.

— Grip the front panel and gently push at the
rear.

— Pull the instrument out of the cover.
— Remove the four feet from the cover.

Use 2 screwdriver as shown in the following 1l-
Tustration or a pair of pliers to remove the
springs holding each foot, then push out the
feet.

3-4 Installation

www.valuetronics.com

- Remove the two plastic lids that cover the
screw holes on the right and left side of
the front panel.

~ Push the instrument back into the cover.

— Turn it upside down

— Install the two rear feet with the screws
{A} to the rear panel.

— Fasten the brackets at the left and right
side with the screws included as iflustrated
below.

- Fasten the PM6685 or PM6683R i the
rack via screws in the four rack mounting
holes

m Reversing the rack mount kit

The instrument may also be mounted to the
right in the rack. Te do so, first remove the plate
on the long bracket and fasten it on the short
one, then perform the preceding steps.
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Using the Controls

About This Chapter

This chapter gives you a guick introduction to
all the controls of the counter, the design of the
user interface, and front panel text. For the oc-
casional user, the information in this chapter is
often sufficient to sobve a measuwrement prob-
lem.

The User Interface

Keys

Most keys are simple toggle keys that turn on
and off the function printed above the key. Most
of the keys have an on/off annunciator in the
display directly over the key. This annuneiator
is on when the finction is active.

Auxiliary menu selection

Functions which are net so frequently used are
gathered together in the AUX MENU., To select
from this menu:

— Press AUX MENU and scroll through the
functions with the
FUNCTION key.

- Press ENTER when the function you are
looking for is displayed. Now new selec-
tions appear.

- Press DATA ENTRY keys or
FUNCTION to select.

— Press ENTER to confirm the selection,

Changing numerical values

You must enter numerical values when you set
the following;

~ Measuring time.

— Arming delay.

4-2 About This Chapter

- Reference values for nulling.
— Timeout.

— Scaling factor for the analog output (when
GPIB eption is installed).

The coumnter has no numerical keypad, so you
must use the foilowing keys:

8 Coarse adjustment

-~ Press DATA ENTRY A or
FUNCTION 1o increase, and
DATAENTRY ¥ or FUNCTION to de-
crease a value in 1-2-5 steps.

W Fine adjustment

— Press SENS ané the parameter to be set
expands over the entire display.

— A cursor flashes to the left of the MSD
digit. Move this cursor {o the digit you
want to change. Using the SENS keys.

— Change the value of the selected digit by
pressing the DATA ENTRY keys.

— The sign (+ or —} is changed when the cur-
sor flashes to the left of the MSD {only
minus is indicated).

Move the cursor to the next digit and repeat the
above procedure until the display shows the de-
sired value. Then press ENTER to confirm the
selection. -

nonnMARARAAAARARARARNARARAR
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Using the Controls

Default Settings

PARAMETER

YALUE/
SETTING

Input

Al

Sepsitivity | ALTO

Trigger level

AUTO

Impedance !

MO

Trigger slope .

Pos

Filer |

OFF

Arming:

Start

QFF

Start Delay

OfF

Stop

OFF

Miscellaneous:

Function

FREQ A

Nulloftse:

OFF

Time out

OFF

Measuring time

0.2s

Check

QFF

Single cycle

OFF

Analog output control

OFF

Auxiliary functions

All switched OFF

Blank LSD

OFF

Table 4-1  Sstfiings directly after the

counter has been switched on,

or the counter has been

PRESET.

Default Settings 4-3




Using the Controls

Basic controls

1
SEF CHECK  FILIE
i ey

Up and running in no time!

— Turn on the counter by pressing
the ON key.

— Connect a signal lo the input.

- Select function with the FUNC-
TION key.

Now the counter automatically mea-
sures with optimum input settings.

4-4 Basic conirols

nAMMAAMORANANAOARAAAAARNN
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Input A controls 4-5
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Using the Controls

Measurement control keys
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4-8 Measurement control keys




Using the Controls

Display controls

&

Display conftrols 4-7
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Using the Controls

Mantissa  Exponent Unit Indicator
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4-8 Display
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Using the Controls
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Display 4-9
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Using the Controls

Rear Panel

GPIB OPTION
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4-10 Rear Panel
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Using the Controls

Rear Panel

BEC 625 INTERFAGE
.75, 14 SRE
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7 arwarros

i . S
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BATTERY

=
H

Rear Panel 4-11
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Using the Controls

PM6685R Front Panel

® Operation

— Switch on the counter.

—~ Locate the “UNLOCKED" indicator {o the
right on the front panel. As leng as this in-
dicator is lit, the time-base is warming up.

— When the indicator turns off, start us-
ing the counter.

— Apart from this UNLOCKED indica-
tor, the counter works fike & normal
PM&68S.

t
=
-
=
=
—
o
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4-12 PMB6685R Front Panel
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Input Signal Conditioning

Introduction to this
chapter

This chapter describes how the input amplifier
operates, and when and how to set its controls.

Input A

The input amplifier adapts the measuring signal
to the measuring logic of the counter.

The built in microprocessor automaticatly con-
trols the trigger level, sensitivity, and attenua-
tion of the input amplifier. This AUTO function
is so powerful that you scarcely ever need to
turt it off. At four measurements per second it
is quick enough to enable real-time adjust-
ments, and it works down to 50 Hz.,

The AUTO function even adapts itself to differ-
ent measurements, It gives frequency-related

measurements a wide hysteresis band that re-
duces noise and gives time measurements the
narrow band they need fo minimize trigger er-
ror. AUTO ON is the recommended setting for
994 of all measurements,

You can easily switch off the AUTO function,
but to successfully set these parameters manu-
ally, it is essential fo understand how the con-
trols work with the AC-coupling of the input,
Read more about it further on wnder AUTO
OFF.

The block diagram shows the order in which
the different contrels are connected. This is not
a complete teclmical diagram; it is only n-
tended to help in understanding the controls.
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® AUTO ON

AUTO  The AUTO key turns the
auto function on. Switching
on the power always acti-
vates AUTO.

The anto triggering function of the counter con-
trols both the sensitivity (also called trigger
window or hysteresis) and the waveform com-
pensation (also called trigger level offset, or
duty factor compensation). Auto measures the
peak-to-peak levels of the input signai and sets
the upper level of the hysteresis band to 66%
and the iower leve] to 33% of that value (for
pulse width and duty factor measurements,
both levels are set to 50%). AUTO accurately
sets the waveform compensation to compensate
for duty factors other than 50%. The waveform

indicator shows the symbol that is closest to the
auto-selection made,

Auto sets the waveform compen-
sation much more accurately
than is possible manually. So i is
likely that the auto trigger can
handle signals that are impossi-
ble to trigger manually.

If the duty factor of the signal changes very
mugch, the auto function can follow a siow
change, but signals with rapidly changing duty
factors are best measured with a DC-coupled
timer/counter, such as the PMG6680.

Tiirn off AUTO:
ﬂgb - If the input frequency is <50 Hz
-If you measure AM signals
-If you measure single shot phe-
nomena

Speed

The counter measures amplisude and calculates
sensitivity and trigger level offset rapidly. The
typical time is 50 ms. If you use the counter in
an autorpatic test system and need faster mea-
surements, read about speed in chapter 19
“How to Measure” in the GPIB Programming
Marnual.

Hysteresis band (SENS)

Trigger level offset( ~nm—v)

Trigger poinis

T

Reset poinis

Fig. 5-2

Parameters conlrofled by SENS and Waveform keys.
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a AUTO OFF

Ny
]

e Switch to manual triggering
by pressing the waveform
key M1 mLJ. Tuiso
that he AUTO TRIG annun-
clator on the display is

switched off,

The sensitivity and waveform indicators return
to the last manual settings, and you can control
the input amplifier by pressing the SENS and
the waveform keys.

When to use manual sensitivity

- The most obvious use for manual settings
is for signals below 30 Hz, for which
AUTO does not function.

— When measuring on non-repetitive signals,
you zlso need to use manual trigger levels;
see Chapter 6.

— When measuring AM signals,

—~ When measuring sine wave signals with
little noise, you may want to measure with
a high sensitivity (narrow hysteresis band)
to reduce the trigger uncertainty, Trig-
gering at or close to the middle of the sig-

nal leads to the smallest trigger (timing)
error sinice the signal slope is steepest at
the sine wave zero crossing, see Figure
5-9.
<SENS > Pressthe < SENS and
SENS > keys to set manual

i sensitivity.

b

[

he hysteresis band can be set
between 10mV and 10V and is shown on the
bar graph.

It is much easier to set the cor-
rect sensitivity if you know the
signal level. Read the level on
the bar graph before switching
aoff AUTO.

B I | B R O

You can use the Waveform
key to compensate a wave-
form in three steps:

~T1(0 - 25% duiy factor)

M (25-78% duty factor)

" (75-160% duty factor)

The vreason for this setting is that
noa-symmetrical signals do not center on GV,
but get a de shift after the ac coupling capacitor.
Signals with less than 50% duty factor have a

The grayed fields show the position of the hysteresis band, and the circles are

trigger points and resct points

_ Lﬁﬂﬂ—h&’i E;

" ac coupling capacitor

Trigger level indication on the

display

Fig. 5-3  Dc shift caused by the ac coupling capacitor.

5-4 Input A
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positive de shift, and sigrals with more than
50% duty factor have a negative de shift, see
Figure 5-3. When the duty factor exceeds a cer-
tain factor, the input will stop triggering uniess
the trigger window is offset to compensate for
the dc shift of the signat.

W AUTO once

Press one of the < SENS> keys when AUTO is
on. Now the counter will switch to manual set-
tings and freeze the last sensitivity and trigger
level offset selections made by AUTO. The
OFFSET annunciator on the display is on to
show that the counter uses a trigger tevel offset
that cannot be manually entered. You can use
the <SENS > keys to adjust the sensitivity
around the frozen trigger level offset, When
you press the waveform key, the counter re-
turns to one of the three ordinary trigger level
offset selections.

& Analog Low-pass, Noise
Suppression Filter

FILTER  Input signals having a sig-
nai-to-noise ratio less than
I approximately 6 dB cannot
be measured successfully
without filtering in ocne way

or another.

The counter has an analog LP (Low Pass) filter
with a cutoff frequency of approximately
100 kHlz and a signal rejection of 40 dB at
1 Miiz.

OdB eses
~20dB
-40dB : Y
100kHz  1MHz
Fig. 5-4  Characteristics of LP filter.

Accurate frequency measurements of noisy LF
(Low Frequency) signals (less than 200 kHz)
can be made, even when the noise compoenents
are significantly higher in frequency than the
fundamental signal.

A !mpedance
500
i

-

The input impedance can
be set fo 1TMQ or 50Q.

Before switching to 500, the counter checks to
see if the amplitude of the signat exceeds the
maximum allowed 12Vims_ If it does, the over-
load annunciator on the display flashes and the
counter does not switch to 5082 unless vou press
the 5062 key once more,

You can force the counter to 3062 this way since
a too high signal may fall below 12Vrms when
loaded with 500,

— If the signal falls below the limit, the over-
load annunciator will turn off and you can
continue to measure.

- If the arnunciator remains on, quickly dis-
connect the signal cable from the input A
BNC connector, Here you must use an ex-
ternal 50Q terminator that can withstand
the power you feed info it.

fnput A 5-5
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If the signal check shows an amplitude above
24Vrms, the overload sanunciator will tarn on
and the counter will refuse switching to 3062,

CAUTION: To avoid permanent dam-
age to the input amplifier, do not
connect signals with amplitudes

- above 12Vrms to the counter when
the counter is already set to 500,

Input C

Input C is the input for the optional prescalers.
As opposed to input A, input C can only mea-
sure frequency, All prescalers are fully auto-
matic and require no settings at all,

Reducing Noise
and Interference

Sensitive counter input circuits are, of course,
also sensitive to noise. By matching the signal
amplitude to the counter’s input sensitivity, you
redace the risk for errongous counts from noise
and interference. These could otherwise ruin a
measurement.

To ensure retiable measuring resuits, the coun-
ter has the following functions to reduce or
eliminate the effect of noise.

— Continuously variable sensitivity,
— Analog fow-pass noise suppression fiter,
— Trigger level offset.

To make reiiable measurements possible on
very noisy signals, you may use several fea-
tares simuitaneously. Optimizing the mput am-
pitude and optimizing the trigger sensitivity by
using the sensitivity control are independent
from mput frequency and usefu? over the entire
frequescy range. LP filters function selectively
over a limited frequency range,

i
Fig. 5-5

5-6 Input C
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Trigger
Hysteresis

Each trigger device
has some hyster-
esis (or trigger win-
dow) that the signal
must cross before
triggering  occurs.
Other names are
“rigger  sensitiv-

ity” or “noise im-

Fig. 8-6  Erroneous munity” and ex-
Counts due o Noise.  piain the various
characteristics of
the hysteresis.

Fig. 5-5 and 5-6
show how spurious
r signals can cause
h [\ the input signal to
W v cross the trigger ot
|V hysteresis window
! more than once per
Trigger input cycle and
eITonects

“Fig. 5-7
Uncertainty due to cause
Noise. counts.

Figure 5-7 shows
that less noise still
influences the trig-
ger point by ad-
vancing or delay-
ing i, but it does
not cause ¢rrone-
ous counts. The
frigger (fiming) un-
certainty in Figure

Fig. 5-8 Low Am- 5-7 15 shown as
plitude delays the Trig- triger uncertainty
ger Point. or (rigger error.

This trigger uncer-
tainty is important
when meastring low frequency signals, since
the signal stew rate (i V/s) is low for LF sig-
nals. To reduce the trigger uncertainty, it is de-

sirable to cross the
hysteresis as fast
ag possible. Figure
3-8 shows that a
wigh  amplitude
signal passes the |,
hysteresis  faster | | 7
than 2 low ampli-
fude signal. For
low frequency
measurements,
where the trigger
uncertainty might
be important, the
sensitivity should
be a5 high as possi-
ble, due to the trigger timing error ( se Figure
3.9,

Fig. 5-8  Timing er-
ror due to slew rafe.

Is practice however, frigger errors caused by er-
roneous counts {Figure 5-5 and 5-6) are much
motre important and require just the opposite
measures to be solved.

To avoid erroneous counting caused by spuri-
ous signals, vou need to avoid excessive input
signal amplitudes. This is particularly valid
when measuring on high impedance circuitry
and when using the 1M& input impedance. Un-
der these conditions, the cables easily pick up
noise.

External attemzation reduces the signal ampli-
rude, inclading the noise, while the internal sen-
sitivity control in the counter reduces the coun-
ter’s sensifivity, inchuding sensitivity to noise.
Reduce excessive signals with external coaxial
aftenuators. You can set the input sensitivity of
the counter continuously between 10 mVp-p
and 16V p-p.

The auto function normaily takes care of setting
the hysteresis band by setting i#s limits to 33%
and 66% of the amplitude,

Reducing Noise and Interference 5-7



Input Signai Conditioning

® Stable readings

As a rule, stable readings are
- fres from noise or inierference.

However, stable readings are not necessarily
correct; harmonic distortion can cause errone-
ous yet stable readings.

If you cannot obtain a stable reading, the sig-
nal-to-noise ratio is toe poor (asstmably poorer
than six to ten decibels), and you should use a
fiiter.

5-8 Reducing Noise and Interference
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Measuring Functions

Introduction to this
chapter

This chapter describes the different measuring
functions of the counter. The functions have
been grouped as follows:

Frequency measurements

- Freguency

— Burst frequency and PRF

- AM

— Ratio

Period measurements

- Period

Pulse width measurements
— Putse width
~ Duty factor

Totalize measurements
- Totalize A-B Manual

8-2 Infroduction to this chapter

Selecting function
FUNCTION

FLLZAR Fegis

g p00ogEoa0s.

EUNCTION Press one end of the
< >

_ FUNCTION key. This

*ﬂsarons the function cursor

--on the display. Release the
key when the desired func-
tion is high-lighted.
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Measuring Functions

Frequency

Introduction

Frequency is the basic function of a frequency
counter. The PM6685 measures frequency be-
tween 10 Hz and 300 MHz on the A input, and
up to 2.7 GHz on the optional C input, Fre-
quencies above 50 Hz are best measured using
the AUTO triggering and the default measuring
time of 200 ms. The counter always starts up
with Frequency A selected and AUTO on,
ready to measure,

Hysteresis band (SENS)

Trigger levet offset| —ru 7y}

Reset points 7

Fig. 6-1  Freguency is measured as
the inverse of the time be-
tween the one frigger point
and the next.
Fal

H

Theory of Measurement

# Reciprocal Counting

Simple frequency counters count the mamber of
input cycles during a preset gate fime, for in-
stance one second. This leads to the =1 input
cyele count error that, at  least for
low-frequency measurements, is a major con-
tribution to uncertainty.

However, this counter nses a high resolution,
input signal synchronized, reciprocal counting
technique. With this technique, the counter
counts an exact number of integral input cycles,
thereby omitting the = lcycle error,

Sat Measuring Tine

?;{;;a% Gale Iy g

Fig. 6-2 Synchronization of a measurs-

ment.

Infroduction 6-3
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Measuring Functions

After the start of the set measuring time, the
counter synchronizes the beginning of the ac-
tual gate time with the first trigger event {1} of
the input signal it measures on.

In the same way, the counter synchronizes the
stop of the actual gate time with the input sig-
nal, after the set measuring time has elapsed.
The multi-register counting technique in the
counter aflows you to simultanecusly measure
the actual gate time (tg) and the number of cy-
cles (n) that eccurred during this gate time.

Thereafter, it calculates the frequency accord-
ing to Mr. Hersz's definition:

n
f=—
!

g

The counter measures the gate time, tg, with a
resolution of oaly 250 ps. independent of the
measured frequency. Consequently the use of
prescalers docs not influence the quantization
error. Therefore, the relafive guantization error
is: 250 psity.

oS
I
For a 1-second measuring time, this value is:

250315 s 250 % 107 = 2.5%10°

Relative RMS quantization error= 25

Except for very low frequencies, tp is nearly
identical with the set measuring time.

s Signal detection

The counter has an automatic signal detection
that terminates the measurement if no frigger-
ing has occurred about 200 ms after the measur-
ing time has expired.

When auto trigger is turned on, the counter wiit
show NO SIGNAL when triggering has
stopped. When auto trigger i3 turned off, the
counter wili show NO trig when triggering
has stopped.

6-4 Introduction

Signal detection is on for ail functions but TOT
A MAN, burst frequency, PRF, arming and sin-
gle measurements.

® Sample-hold

if the input signal disappears during the mea-
surernent, the counter will show NO SIGNAL.
If you probe test points and you cannot simulta-
necusly view the display this wili be a problem.

In such case, press DISPL HOLD to activate
hold, put your probe tip on the test point and
press MEAS RESTART. Now the counter
makes one measurement, and when you re-
move the probe tip from a test peint, the counter
continues to display the measured value and be-
haves like a voltmeter with a sample-hold fea-
ture,

B Timeout

Mainly for GPIB use, you can manually selecta
fixed timeout in the AUX MENU. The range of
the fixed timeout is 100 ms to 25.3s and the de-
fault setting is OFF.

Select a timeout that is longer than the cycle
time of the lowest frequency you are going to
measure; muitipty the timeout by the prescaling
factor of the input channel. When no triggering
has occwrred during the timeout time, the coun-
ter will show Ti.Cut.

Measuring Speed

The set measuring time determines the measur-
ing speed. For continuos signais,

Speed = 1 + 02
g
when AUTO is on and can be increased to:

Speed = + 0.001

Y

with AUTO tumed off.

nAn

&
@
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Measuring Functions

® Frequency Average and Single
Cycle Measurementis

“To reduce the actual gate time or measuring ap-
erture, the counter has very short measuring
times and a measuring time called SINGLE.
The latter means that the counter can measure
during only one cycle of the input signal. In ap-
plications where the counter uses an input chan-
nel with a prescaler, the divider causes the SIN-
GLE measurement to last as many cycles as the
divider factor. IT you want to measure with a
very short aperture, use an input with the lowest
possible divider factor.

® Prescaling May influence
Measuring Time

Prescalers do infhuence the actual gate time to
some extent. This may be a problem for exam-
ple when measuring the carrier wave frequency
iir a short burst signal.

Fig 6-3 shows the effect of the 2.7 GHz
prescaler, For 16 input cycles, the prescaler
gives one (shaped) output cycie. When the
counter uses a prescaler, it counts the mamber of
prescaled output cyeles, here £/16. The display
shows the correct input frequency since the mi-
crocomputer compensates for the effect of the

dividing factor d as follows: f=n x4
‘ trput

i

& t

f f
fAffef " F

;presoaler i :

A

i

i

i 16 pedads

Fig. 6-3 Divide-by-16 Prescaler.

Prescalers do not reduce resolution in recipro-
cal counters. The relative quantization error is
. ps
still: 250 27,
_ e
The prescaling factors are:

Function Prescaling factor
BURST A 1 (160 MHz)
FREQ A 2 {300 MHz)
FREQ A, negative slope- || {160 MHz)
FREQ C 16 (2.7 GHz)

Al other functions ! (160 MHz)

Note that a "SINGLE” cycle measurement in
FREQ A measures two input cycles. You can
however force FREQ A SINGLE to measure on
one input cycle by selecting negative trigger
slope via the AUX MENU.

® LF Signals

Possible trigger events

i

’Set measuring ' ] C

. tme !

L

__..E Time for one measurement

Fig. 6-4  Measuring time.

Signals below 30 Hz must be measured with
manual triggering. The lower frequency limit
for the counter is 10 Hz for sine waves. How-
ever, the counter can measure pulses with a
lower repetition rate. For example, when you
measure a 0.1 Hz pulse with a non-prescaled
function like PERICD, the measurement wili
require at least the duration of one cycle, thatis

.10 seconds, and worst case nearly 20 seconds,

The worst case is when a trigger event took
place just before the beginning of a measuring
time (Fig. 6-4). Measuring the frequency of the
same signal will take twice as long, since fre-
quency prescales the signal by two.

Introduction 6-5




Measuring Functions

Even if you have chosen a short measurement
time, the measurement wiil require between 20
and 44 seconds.

% HF Signals

As mentioned before, & prescaler in the C input
divides the input frequency before it is counted
by the normal digital counting logic. The divi-
sion factor is called prescaler factor, see table
on previous page. For example, the 2.7 GHz
inputhas a value of 16, That means thatan input
C frequency of, e.g., 1.024 GHz is transformed
to 64 MHz.

Prescalers are designed for optimum perfor-
mance when measuring stable continuous RF.
The prescalers have a nasty habit, and that is
that they sre not stable and would like to
seif-oscillate when there is no inpui signal pres-
ent, To prevent a prescaler {rom oscillating, the
prescaler incorporate a “go-detector.™ The
go-detector continuously measures the level of
the input signal and simply blocks the prescaler
output when no signal, or a signat that is too
weak is present,

s [ [ ;
Sy NG 1 To gounting
- W‘ & g"“““““’ logic

i
LI Gougetestor j -----

Fig. 6-5  Go detector in the prescaler.

Burst Frequency
and PRF

A burst signal as in Figure 6-6 is an AM modu-
lated signal with 100% modulation depth. The
signal has a carrier wave (CW) frequency and a
modutation frequency, also called the pulse rep-
etition frequency (PRF), that switches the CW
signal on and off.

8-8 Burst Frequency and PRF

www.valuetronics.com

With PM6685’s built-in measurement control
facilities, you can measure burst signaks with-
out the external arming signals that traditional
counters need. You can also make measure-

4

r"‘"""""‘\. | [ e
}pap.......é J i, i i

Fig. 6-6  Burst signal.

ments using external arming signals with the
counter. See Chapter 7 “Measurement Control”
about zeming and arming delay.

When measuting Burst A or PRF '

A, the maximum burst frequency
is 160 MHz and the minimum
number of cycles in a burst is
three.

® Triggering

Bursts with a PRF above 50 Hz can be mea-
sured with auto friggering on.

The out of sync error described under heading
“Possible errors” on page 6- § may occur more
frequently when using aufotrigger.

When PRF is belew 50 Hz and when the gap
between the bursts is very small, use manual
riggering,

Try using aute ouce to make the counter set
fixed trigger levels, it will work in most cases.

Burst PRF

The pulse (burst) repetition frequency can be
measured as follows by using the PRF function
in the AUX MENU:

— Press MEAS TIME and enter 2 measuring
time that gives you the resohution you
want.

RANANAANAAG

IONNOANAAANE




www.valuetronics.com

IWVIGEADWE B B AL 3

- Switch off SINGLE.

~ Press AUX MENU, select PRF, and press
ENTER.

— Select channe! A or C as measurement in-
put, and press ENTER

- et a sync deiay longer than the burst du-
ration and shorter than the burst repetition
period. See Fig. 6-7.

— Press ENTER to measure.

s ———l—
Signat |

‘ Syne. delay l
Fig. 6-7  Set the sync delay so that it ex-

pires in the gap between the
bursfs.

# How does PRF work?

The PRF is the number of bursts per second.
This means that the counter must count one
pulse in each burst.

MM
Elti=ill

LR

N\
—+ Sync-Delay

3 Gate Time

Fig. 6-8  Measuring Burst Pulse Repeti-

tion Frequency.

When the PRE function is on and the counter is
triggered, all further input triggering is biocked
until the PRF sync detay has expired. When

correctly set, the PRF delay should expire inthe -

gap between the bursts, making the counter
ready fo measute again when the next burst ar-
rives.

The selected measuring time is not used for
synchronization. It only decides how many
bursts the counter should usc in its averaging,
1.e., the resolution.

Burst Frequency
using sync. delay

You can measure the frequency on input A to
160 MHz and on input C {using PMY625 or
PM9625B) to 2.7 GHz with the internally syno-
chronized BURST function as fellows:

internal burst synchronization
works best with the PM9625 and
PMB625B prescalers. You can
also use PM8621 and PM9624,
but with limited specifications.

— Select a measuring time that is shorter
than the burst duration minus two burst
frequency cycles or pulses.

— Press AUX MENUY, select BURST, and
press ENTER.

_ Select channel A or C as measurement in-
put, and press ENTER.

— 8et a sync delay longer than the burst du-
ration and shorter than the burst repetition
period. See Figure 6.7,

— Press ENTER fo measure.

a Selecting measuring time

The measuring time must fit inside the burst.
Should the measurement also include a part of
the burst gap, ne matter how small, the mea-
surement is ruined. Choosing & measuring time
that is too short is better since it only reduces
the resolution. Making busst frequency mea-
surements on short bursts means using short
measuring times, giving a poorer resolution
than normally achieved with the couater.

Burst Frequency and PRF 6-7
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& How does the sync delay
work?

The sync delay works as an internal start arm-
ing delay: it prevents the start of a new mea-
surement until the set sync delay has expired.
See Figure 6-9.

A

i [l 2

e ] i
4 ‘L‘ iu ’ E\, ‘ ‘j< | é‘v
- i\ Sync-DIeIle’\ = \ S |

S T S R N B (N
Gate Time
Fig. 6-8  Measwing the frequency of the

carrier wave signal in a burst.

After the set measuring time has started, the
counter synchronizes the start of the measure-
ment with the second trigger event in the burst.
This means that the measurement does not start
erroneously during the Burst Off duration or in-
side the burst,

® Possible errors

Before the measurerment has been synchronized
with the burst signal, the first measurement(s)
could start accidentally during the presence of a
burst. If this would happen and if the remaining
burst duration is shorter than the set measuring
tfime, the readout of the first measurement will
be wrong. However, after this first measure-
ment, a properly set start-arming sync delay
time will synchronize the next measurerents.

In manually operated épplica&ions, this is not &
problem. In avtornated test systems where the
result of a single measurement sample must be
reliable, at least two measurements must be
made, the first to synchronize the measurement

6-8 Burst Frequency and PRF

and the second from which the measuring result
can be read out.

Autosync on slow-starting
bursts

Burst may start a bit slowly especially RF
bursts. The result when measuring the burst fre-
guency will then be erroneous unless the first
few pulses are excluded from the measurement.

A delay can be used that starts on the first nega-
tive stope of the burst, and expires when the set
anm start delay ends.

B Preparations
- Switch off the AUTO function

~ Check that the waveform compensation

o eed

shows

- Set a suitable sensitivity

M Switching on burst
measurements

— Press AUX MENU

— Select BURST

— Press ENTER

- Select 4 or C

- Press ENTER when the display shows
SYNC DELAY

— Enter a synchronization delay that is lon-
ger than the burst duration but shorter than
the burst repetition time.

— Press ENTER

— Press MEAS TIME and select 800 ns

— Increase the measuring time until you get
the number of digits you want. Take care
not to increase it so much that the counter
counts incorrectly

nTARAAAAARAANAARAAAANAAA N
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Measuring Functions

— Now the counter measures the burst fre-
quency on the burst, starting with the first
pulse

So far this description is the same as for normal

burst frequency.

m Switching on arming delay
- Press AUX MENU
~ Select ARM START

Arm Stari delay
\ Measuring time

Burst Sync delay

Fig. 6-10

Three time values must be set
fo measure the correct part of
a burst

— Press ENTER and the display will show
POS

~ Regardless of selecting POS or NEG, the
arming delay will trigger on the negative
slope of the signal

- Select DELAY ON

—~ Enter a defay that equals the part of the
burst that yvou want to mask

— Press ENTER

Now the counter measures on the remaining
part of the burst,

Make sure that the delay pius
meas time is shorter than the
burst length.

As long as burst is ON, the arm-
ing delay is triggered by the burst
itself, not by the arming signal on
input E.

® Switching off burst

Don’t forget to switch off arming start when
you switch off BURST in the AUX MENU or
change function. Otherwise the counter will not
medsure unless there is an arming signal on the
E input.

Burst Frequency
using external arming

The counter can alse measure burst frequencies
on the GHz input C options. However, to ensure
good synchronization, this requires an external
syachronization signal and the use of arming
and arming delay.

The counter witl measure correctly when an ad-
equate, continuous, isput signal is present.
When this signal disappears, however, as is the
case with burst signals, the prescaler oscillates
and generates an output frequency on its own.
The counter would erroncously display this sig-
nal if the go-detector did not block the signal.

There is a drawback with the go-detector. It
takes some time before the go-detector is con-

~vinced that an input signal is really present. It

cannot enable the prescaler output immediately.
The go-detector delay time is dependent on the
imput signal levels. High level input signals re-
sult in a fast go-detector reaction; whereas,
low-level input signals mean a longer delay.
The delay is at most 50 us for the go-detector to
switch on, and Sms for the go-detector to switch
oft.

This means that bursts shorter than 50 ps can-
ot be measured at ail unless you take “special
actions” and use ext. arming for synchroniza-
tion.

§ How fo disabie the go-detector

The counter automatically disablés the
go-detector when both start arming and

Burst Frequency and PRF 6-9
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FREQ C are active; thus, there is o special
function to cnable.

® Do the seif-oscillations disturb
my burst measurement?

The answer is yes if you starf to measure imme-
diateby at the first buzst ¢ycle.

The answer is no if you are wise and use start
arming delay to delay the ineasurement:
> 2 * prescaling factor * period.

For instance when measuring { GHz burst fre-
quencies using input C, the delay time should
be

>2%16%1ns = >32ns. Thus, the mini-
mum delay of 200 ns is OK.

# How do | set up my
measurement?

Use arming with time delay as described in the
previous exampie.

Set up a correct burst frequency measurement

- as follows:

-- Connect burst signal to input C,
- Connect external SYNC to input E.

— Use the FUNCTION key to select FREQ
C.

~ Set a measuring time shorter than the burst
duration.

— Press the AUX MENU key, select ARM
START, and positive slope (ARM STA+).

— Press ENTER.
— Enter a delay time and press ENTER.

- Measure.

6-10 AM Signals

AM Signals

The counter can usually measure both the car-
rier wave frequency and modulation frequency
of AM signals. These measurements are much
like the burst measurements described earlier in
this manual.

Carrier Wave Frequency

The carrier wave (CW) is only continuously
present in a narrow band in the middie of the
signal. If the sensitivity is too low, eycles will
be lost, and the measurement ruined.

To measure the CW frequency:

— Select 3 measuring fime that gives you the
resolution you want,

— Turn off AUTO.

~ Press the waveform key and select sym-
metrjcal signais.

— Press <SENS to select the highest sensitiv-
ity and then decrease the sensitivity until
the measurement result is no longer stable.

-- Increase the sensitivity a couple of dB’s
and measure.

o
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Fig. 6-11

Effects of different sensitivity
when measuring the CW Fre-
guency of an AM signal,
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Modulating Frequency

The easiest way fo measure the modulating fre-
gquency is after demodulation. If no suitable de-
modulator is available, use the PRF function to
measure the moduiation frequency in the same
way as when measuring Burst PRE

- Press MEAS TIME and enter a measuring
time that gives you the resolution you
want.

- Switch off SINGLE.

— Press AUX MENU, sciect PRF, and press
ENTER.

— Select input A as measurement input, and
press ENTER

- Set a gync delay of approximately 75% of
the modulating period. See Figure 6-7.

-~ Press ENTER to leave the AUX MEN{J,

— Switch off AUTO.

- Press the waveform key to select symmet-
rical signal.

— Press SENS > until the counter stops trig-
gering.

— Increase the sensitivity a couple of dB’s
and measure.

Sync. delay

Measured cycles

Fig. 6-12  Effects of different sensitivity
when measuring the CW Frs-
quency of an AM signal.

Ratio

To find the ratio between two input frequencies,
the counter counts the cycles on two channels
simultanieonsly and divides the result on the pri-
mary channel with the result on the secondary
channel.

Ratio can be measured between A and E inputs
or between C and A inputs,

The input frequency range of in-
E%’ put E is fimited to 50 Miz.

Note also that the resclution cal-
culations are very different as
compared fo frequency measure-
ments.

AM Signals 6-11
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Period

Introduction

From a measuring point of view, the period
function is identical to the frequency function.
This is because the period ofa cyclic signal has
the reciprocat value of the frequency ( Mk

In practice there are two minor differences.

1. Where the counter
FREQUENCY as:

calculates

cycles

f=numberof — "7 ..
actual gate time

6-12 Introduction
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it calculated PERIOD as:

actual gate time
number of cycles
2. in the PERIOD mode, the counter uses

no prescaler, resufting in a 160MHz
maximum frequency,

All other functions and features as described
eartier under “Frequency” apply to Period mea-
surements.
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Pulse Width and Duty Factor

Introduction

ysioresis bond (SENS)

‘,{;”mmﬁﬁai points

Fig. 6-13  Time is measured belween
the trigger point and the
reset point, Accurate mea-
surement are possible onfy
if the hysteresis band is
narrow and centered
around 50 % of the ampli-

fude.

This counter can measure Pulse Width and
Duty Factor.

Triggering

If AUTO is on when these functions are se-
lected, the counter sets & 56% trigger level and
the highest possible sensitivity.

The set trigger level and trigger slope define the
start and stop friggering. The manual frigger
function of the counter allows only three trigger
fevel settings. This limited selection makes it
possible to trigger correctly only on signals
with very steep slopes.

Always use AUTO or AUTO

ONCE when measuting Pulse
Width and Duty Factor,

N Hysteresis

in pulse width measurements the trigger hyster-
esis, among other things, causcs measuring er-
rors. Actual triggering does not occur when the
input sigral crosses the trigger level at 50 per-
cent of the amplitude, but when the input signal
has crossed the entire hysteresis band. At maxi-
nmnum sensitivity, the hysteresis band is as small
as possible, about 10 mV,

introduction 6-13
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Pulse Width A

The counter measures pulse width on input
A

Normaily the connter measures the positive
pulse width. ¥f you want to measure the
negative pulse width, you must select nega-
tive trigger slope in the AUX MENU. The
selected trigger slope controls the start trig-
ger slope. The counter automatically selects
an inverse polarity as stop slope. Thus, a se-
lected positive slope lets the counter start
measuring oa the first positive slope trig-
gering; thereafter, the first negative slope
trigger event stops the counting.

Duty Factor

A duty factor (or duty cycie) measurement

consists of two measurements: one pulse
width measurement and one period mea-
surement. The duty factor is then calculated
as:

Pulsewidth

Duty factor =
Period

This takes 2x the set measur-
ing time

6-14 Puise Width A
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Measuring Functions

Totalize

TOTalize A

This mode enables you to totalize (count) the

Start and stop the
totalization manually by
pressing the DISPLAY

number of trigger events on channel A, Start HOLD key.

and stop of the totalizing is manually con- Repetitive start/stops

trolled. causes the counter to accu-
. T . mulate the number of

The counting capability is 1* 10" events at rates events

to 160 MHz.

MEAS Press the RESTART key
RESTART wheén you want to reset the
1 total sum to zero.

FUNCTION Select TOT A MAN with the
"] FUNCTION key.

AUTQ is switched off during
totalize. You must always set
manual trigger level.

TOTalize A 6-15
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Measurement Control

About this chapter

This chapter explains how yeu can control the
start and stop of measurements and what you
can obtain by doing that. The chapter starts by
explaining the keys and the functions behind
thern, then gives some theory, and ends with ac-
mal measurement examples,

Measuring Time

Meas
Time

] \

The measuring time is pre-
set to 200ms. This gives
nine digits on the display,
and four measurements
each second.

Increasing the measuring time gives more dig-
its, but fewer measurements per second.

To change the measuring time:

— Press the MEAS TIME key. -

— Increase/decrease the value by pressing the
FUNCTION key.

— Confirm your selection by pressing MEAS
TIME again.

7-2 About this chapter

The measuring time changes in 14/5 steps from

50 us and up.

Range: 860 ns to 400 s. The range is di-
vided info a confinuous section be-
tween 50 us and 400 s and & discrete
section with the following steps:
800 ns, 1.6 us, 3.2 us, 6.4 us, and
12.8 us. Preset Measuring Time is
200 ms.

if you sefect SINGLE, the set
Measuring Time becomes the
Display Time (time between
measurements).

® Fine-tuning the measuring time

For times above 50 us, you can set your own
measuring time as follows:

— Prass MEAS TIME.

~ Press SENS> and the parameter to be set
expands over the entire display.

— A cursor flashes to the left of the MSD
digit. Move this cursor to the digit you
want to change. Using the < SENS> keys.

— Change the value of the selected digit by
pressing the DATA ENTRY keys & and
Y.

- Move the cursor ¢ the next digit and re-
peat the above procedurs unzil the display
shows the desired value. Then press
ENTER o confirm the selection.

SINGLE When SINGLE is on, the
counter shows the results
from a single measurement

cycle.

When SINGLE is off {defavlt setting), the
counter makes an average measurement over
the set measuring time.

Use SINGLE when you want to measure on
singte-shot phenomena or when you just want
fast resulis without the need for many digits.

NTMAMANAANANNAARAAAAANANANA
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The number of input periods in 2 SINGLE mea-
surement depends on the prescaler factor of the
inputand which function is selected as follows:

Frequency A measurements: The result is
the average of two consecutive peri-
ods,

Duty factor measurements: The counter
does a composife measurement (one
petiod and one pulse width).

Totalize A measurements: This is always a
single measurement; the result is al-
ways from one period.

Period A, Pulse Width A Ratio A/E mea-
surements: The result is from one pe-
riod.

Freguency C measurements:

The prescaling factor sets the number
of pericds used:

256 for prescaler, PM9621

18 for prescaler, PM3624

32 for prescaler, PM9625

32 for prescaler, PM96258

* Gate indicator

The GATE LED is on when the counter is busy
counting input cycles.

Display Hold

Pressing DISPLAY HOLD
freezes the result on the
display. The dispiay is not
frozen until one measure-
ment has been completed
after DISPLAY HOLD has
been pressed.

MEAS RESTART initiates a
new measurement.

DISPLAY
HOLD

MEAS
RESTART

]

Arming

- |

AL
Menu

External arming gives you

the opporiunity to start and
stop a measurement when
R an external gualifier event

ocCurs.

Start and stop of the srming function can inde-
pendently be set to positive slope, negative
slope, or switched off, '

Input E on the rear panel is the ar‘iniug input.

Arming is somewhat complicated, so use the
examples later in this chapter to see what you
can oblain by using it. There is normaily no
need to use arming other than in complex sig-
nals {non continuos wave),

Display Hold 7-3
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Start Arming

Start arming acts like an EXT TRIGGER on an
oscilioscope, It allows the start of the actual
measurement to be synchronized to an external
trigger event.

In a complex signal, you may wane to select a
certain part, where to perform measurements,
For this purpose, there is an arming delay func-
tion which delays the actual start of measure-
ment, with respect fo the arming pulse, in a sim-
ilar way as a "delayed time base” does in an 0s-
cilloscope.

Activate start arming as follows:

- Press AUX MENU; use the FUNCTION
key to seleet AR, START and press
ENTER.

- Select POS or NEG trigger slope with the
DATA ENTRY keys, and press ENTER,

~ Seiect DELAY ON or OFF with the DATA
ENTRY keys and press ENTER.

— If you enabled delay, sefect delay time
from the predefined times using the DATA
ENTRY keys. You can also eater a delay
of your own by selecting a digit with the
< SENS > keys and increasing/decreasing
that digit with the DATA ENTRY keys.
Continue with other digits until the dispiay
shows the desired delay. End by pressing
ENTER.

Start arming can be used for ail functions ex-
cept burst and PRE. If you use start arming to
arm an average measurement, it only controls
the start of the first sample.

Stop Arming

Stop arming prevents the stop of a measure-
ment until the counter detects a ievel shift on
the E input. Combining Start and Stop Arming
results in an “external gate” function which de-
termines the duration of the measurement.

7-4 Arming
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Activate stop arming as follows;

~ Press AUX MENU, sclect AR. STOP with
the FUNCTION key, and press ENTER.

~ Select POS or NEG trigger slope with the
DATA ENTRY keys, and press ENTER,

Stop arming can be used for all functions except
pulse width, duty factor, burst, and PRF.

-
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Digit Blanking

BLANK

Blarking switches off un-
necessary digits on the dis-
e play. Press BLANK DIGIT
) once for each digit you
want blanked.

To turn off blanking, press BLANK DIGIT
once after you have blanked ali digits.

% Two methods to reduce the
number of digits

Reading a 10 digit display when you do net
need more than five or six takes more time than
necessary, and makes the result more difficult
to read.

Reducing the measuring time gives fewer digits
on the display. However, it also means that each
result is shown for a shoster time, with more
display updates per second. If the display is to
be easy to read, it should not be updated more
than a few times per second as with the default
measuring time, which gives four display up-
dates each second.

Digit blanking on the other hand, decreases the
number of digits on the display without increas-

ing the display update frequency. Tt makes it
possible to switch off any number of digits be-
tween zero and ten. This means that the nnmber
of digits displayed is zero to ten less than as cal-
culated by the counter’s truncation algorithm,

5432 16
432 ¢
436
!.{m“- &

5Hz

5 iz,
- AR G e

5432 16.

Fach press on the BLANK
DIGITS key removes one digif.

oy
[

Lt LT LM g

Fig. 7-1

Digit Blanking 7-5
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Controlling Measurement
Timing

The Measurement Process

Basic free-running measurements
Since the counter uses the reciprocal counting
technique, it always synchronizes the start and
stop of the actual mezsuring period to the input
signal trigger events, In free-sunning mode a
new measurement automatically starts when
the previous measurement is finished. This is
ideal for continuos wave signals.

The start of a measurement takes place when
the following conditions have been met (in or-
der:

~ The counter has fully processed the previ-
ous measurement,

— If the counter makes SINGLE measure-
ments, the display time {(==set measuring
time) must have expired.

-~ All preparations for a new measurement
are made.

— The input signal triggers the counter’s
medsuring input.

The measurement ends when the input signal
meeis the stop trigger conditions. That happeas
directly after one of the following events:

7-6 Digit Blanking

— The set measuring time has expired {in
frequency measurements, for example).

~ In SINGLE, the measurement stops imme-
diatety when the input signal fulfils the
stop trigger conditions (which is normally
when it passes the trigger window the sec-
ond time}.

Measuring Time and
Measurement Rates

The set measuring time decides the length of a
measurement in all qverage types of measure-
ments. Iz & single-shot type of measurement,
hawever, the meastring thme instead acts as a
“display time” setting. For example, if & mea-
suring time of 360 ms is set in & single period
measurement, and the period is 00 ns, the dis-
play wiil show the result for 5300 ms before the
next meagurement can start.

This is important to know when you want 10
make fast measurements, for example, when
using the GPIB bus.
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To get a high measuring speed, Jt
is-not enough to set the coutiter
for single-cycle measurements.
You should also sef the measur-
ing time to the minimum value.

The time between the stop of one measurement
and the start of the next one can be below 1 ms
in free-running mode if you do the following:

— Do not use AUTO,
— Do not use NULL.
— Switch off the dispiay via GPIB.

Additional controls over start and stap
of measurements

Free-rinning measurements may be easy to un-
derstand, but measurements can get more coni-
plex.

Besides input signal triggering, the start of a

measurement 1s further controlled by the fol-

lowing elements:

— Manual MEAS RESTART, if Display
Hold is selected.

- GPIB triggering (<GET> or ¥TRG), if
bus triggeting is selected,

— External arming signal, if Start Arming is
selected.

— Expired start arming delay, if Arming De-
iay ig selected.

In addition to expired measuring time and stop

signal triggering, the stop of measurement is

further controlled by:

— Bxternai arming signal triggering, if Stop
Arming is selected.

GPIB triggering is described in the Program-

mer’s manual. Now let’s look deeper inio the

concept of arming.

Resolution as function of
measuring time

The quantization error and the number of digifs
on the display mainiy define the resolution of
the counter, that is the least significant digit dis-
played.

As explained on page -4 under Reciprocal
Counting, the calculated frequency fis:

n
fal
fS

while the relative rms quantization error = %
250ps/te.

The counter calculates the mantissa of fwith up
to 15 digits, However, the number of justified
digits depends on the selected measuring time
and the measured frequency, and is much more
limited.

The counter truncates irrelevant digits so that
the rms quantization resciution cannet change
the 18D (least-significant digit) more than
+ 2.5 units. This is when the displayed vaiue is
99999999, and the guantization error is worst
case.

+1 unit in 99999999 (=1£8)

ﬂ%’ means 10 times more relative
resolution than =1 unitin
10000000 (=1E7), despite the
same number of digits.

In practice, the quantization esror is two to three
times better than the specified value, and the
meastred value can range from 10000000 to
90999999,  Therefore, in practice the
quantization uncertainty shown as instability in
the LSD can range from 0.25 to 2.5 LSD unis.

A gradual increase of the measuring time re-
duces the instability in the LSD caused by the
quantization sncertainty, At & specific measur-
ing time setting, the counter is justified to dis-
play one more digit. That one additionat digit

Digit Blanking 7-7
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suddenly gives ten tines more display resolu-
tion, but not a ten times less quantization uncer-
tainty. Consequently, a measuring time that
gives just one more display digit shows more
visual uncertainty in the last digit.

For a stable LSD read out, the maXirnum mea-
suring time selected should be one that still
gives the required number of digits. Such opti-
mization of the measuring time enables the total
resolution to be egual to the quantization reso-
lution. This is shown in Figure 7-2 as a function
of the selected measuring time.

What is arming?

Arming is a pretrigger condition {“qualifier”)
that must be fulfilled before the counter aliows
a measurement to start. The pretrigger condi-
tion ¢can be compared to using a gun, When you
yuse a gun, you must first arm the gun before you
can pull the rrigger.

Arming can also be used to qualify the stop of'a
measurement, This is called “stop arming” as
opposed to the more commons “start arming.”

When you use arming, you diszble the normal
free-run mode, i.e., individual measurements
must be preceded by a valid start arming signai
transition,

Retative
Quagigjﬂon QUANTIZATION RESOLUTICN

10
10-4 T
0%
10
07 T
1078 -
0% T
101 -
10 -1

107

Measuring Time in s

Fig. 7-2  Resolution as a function of measuring time.
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If you use start arming and stop arming together
you get an externally controlled measuring
time,

# Manual arming

The counter has a manual arming fonction
cailed DISPLAY HOLD. Here you manuaily
arm individual measurements one-by-one by
pressing the RESTART key.

Use this manual arming mode to measure sin-
gle-shot phenomena, which are either triggered
manually or oceur at long intervals, Another
reason for using this manuai arming could sim-
ply be fo allow sufficient fime to write down in-
dividual results,

® When do ! use start arming?

Start arming is useful for measurements of fre-
quency in signals, such as the following:

~ Single shot events or non-cyclic signals.
- Burst signals.

- Signals with frequency variations versus
time (“profiling”™).

— A selected part of a complex waveform
signal.

Signal scurces that generate complex wave

forms like puised RF, pulse bursts, tv line sig-

nals, or sweep signals, usually also produce a

sync signal that coincides with the starf of a

sweep, length of an RF burst, or the start of a tv

iine. These sync signals can be used to arm the

counter. See Figure 7-3.

Syng ﬂmf-L_—

Pulse

B

Fig. 7-3 A synchronization signal starts
the measurement when start

arming is used.

# When do | use stop arming?

You normally use stop arming together with
start arming. That means that the external
gating signal controls both the start and the stop
of the measurement. Such a gating signal can be
used to force the counter to measure the fre-
quency of a pulsed RF signal. Here the position
of the external gate must be inside a burst, See
Figure 7-4.

™ tart Amm _i_ Stop Amm
Ext Gate | |
Burst
Signal il i
— ﬂ i W,
i L
Fig. 7-4  Start and stop arming togsther

is used for burst signal gating.

N The Arming input

Input £ is the arming input. This input is snit-
able for arming (sync) signals that have TTL
levels. The trigger level is fixed at 1.4V and
cannot be changed. The trigger slope can be set
to positive or negative.

B When do | use arming with
delay?

You can delay the start arming point with re-
spect to the arming signal. Use this function
when the external arming signal does not coin-
cide with the part of the signal that you are in-
terested in.

The range for time delay is 200 ns to 1.6 sec-

onds with a setting resolution of 10¢ ns.
¢

Digit Blanking 7-9
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® Getting the whole picture

The fiowchart in Figure 7-5  ilustrafes how
arming enables precise control of the start and
stop of the actnal measurement when you oper-
ate the counter from the front panel. If you use
the counter via the GPIB, read more about bus
arming and triggering under the heading “How
to use the trigger sysiem’™” in Chapter 18, ™ Trig-
ger Subsystem” of the GPIB Programming
Maruat.

7-10 Digit Blanking
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e 0]

a £8
- - SHOW "NO SIGNAL"

SHGNAL
DETECTED?

goui 180
i i

SHOW "NG TRIG"

H

_ DISPLAY es, PRESS
i HOLD RESTART

¥ ¥

START
ARMING

WAIT FOR o ,
EXT. SIGNAL |

no : ;
¥ ¥ no |!

WAIT FOR INPUT
SIGNAL TO TRIGGER WAIT PRESET TIME |
i

START OF
MEASUREMENT -

%

STOP cs WAIT FOR
ARMING? w1 gy gianaL

no

END OF PRESET
MEASURING TIME

WAT FOR INPUT
SIGNAL TO TRIGGER

3TOP
MEASUREMENT

PROCESS RESULT
& DISPLAY

'

Fig. 7-5  Measurement controf fiow diagranm,

Digit Blanking 7-11

www.valuetronics.com



www.valuetronics.com

Measurement Control

Arming Set Up
Time

The arming logic needs 2 set up time of about 5
ranoseconds before the counter is really armed;
see Figure 7-6.

Arming Signal

Measured Signal

-

e

e :
Setup Time

Fig. 7-6  Time from active exfernal con-
frol edge before the measure-
ment is armed: E channel . <

5ns

7-12 Arming Set Up Time

When arming delay is selected, the setup time
is different; see Figure 7-7. It illustrates the eft
fect of the 100ns delay resolution.

Arming Signat
Programmed
Delay
Measured — i
Signal = : [*
St Up Tima: by
range from -60 o +40ns
Fig. 7-T  Time from expired time delay

untfl the measurement is armed:
-80 to +40 ns.

Figure 7-7 shows that a start trigger signal may
be detected although it appears 60 nanoseconds
before the programmed time delay has expired,
The start trigger signal must come 40 nanosec-
onds after the programmed time delay has ex-
pired to guarantee correct start of the measure-
ment.
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Arming Examples

Example #1:

Measuring pulse width in a
pulse burst

In the first example we will measure the width
of pulse #1 in a repetitive pulse burst. In this ex-
ample, a synchronization signal (SYNC) with
TTL levels is also available. Seg Figure 7-8.

Sync E

8 8 ) SR Wy

Hput A

|
|
|

Fig. 7-8  Synchronizing the measure-
ment 50 that the pulse width of

the first puise is meastred.

Our task is to synchronize the start of the mea-
surement (start frigger) to the leading edge of
the first pulse. Depending on the signal timing,
this can be easy, difficult, or very difficult.

® A Auto synchronization
without arming

If we are lucky, we can manage without using
the arming function at all. Often, the counter
can aufomatically synchronize the measure-
ment start o the triggering of the first pulse.
The cenditions for success are that the pulse
burst does not repeat itself more than 50 to 150
times per second. The duration of a pulse burst
(between first and Iast pulse) must be substan-
tially less than the distance to the next burst,

Do the following steps to perform auto syn-
chronization without arming:

- Connect the burst signal to input A.

~ Adjust the manual sensitivity and trigger
level until the burst signal triggers the
counter correctly.

— Use the FUNCTION key to select Puise
Width.

— Select SINGLE measuring mode.

— Press MEAS TIME and set a measuring
time according to the following text.

The measuring time setting can be used for syn-
chronization purposes. The preset measuring
time does not influence the actual measurement
time in single interval measurements, but it wiil
influence the time between measurements. If

Example #1: 7-13
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you select a measuring time that almost equals
the  duration of 2 burst, the
aute-synchronization will work.

Not Used

A= Measure

B= Process ime + display
time{=set measuring fime) mint-
mum 3 to 4 ms

C= Waiting for nexf input signal
trigger event.

If the repetition rate is too high, synchroniza-
tion wiil not be guaranteed, but there is a high
probability that auto-synchronization will work
anyway. However occasional erroneous values
wili be displayed. To achieve guaranteed syn-
chronization, use the Start Arming function.

® B. Synchronization using start
arming

The SYNC signal can be directly used to arm

the measurement. This requires that the leading

edge of the SYNC signal occurs more than 5.

nanoseconds before the leading edge of the first
puise in the burst. See the Figure 7-10.

E

Sync E

f,L Slart Arming |y

w--E-F »hns

input A

“Fig. 7-10

Synchronization using start
arming.

Do the following steps to perform synchroniza-
tion using start arming:

7-14 Example #1:

— Connect SYNC to input E.

~ Connect the burst signal to input A,

- Adjust the manual sensitiviey and trigger
level until the burst signal triggers the
counter correctly.

~ Press AUX MENU, select ARM START,
and select arming on positive slope (ARM
STA+).

— Use FUNCTION key to select Pulse
Width,

~ Press MEAS TIME and sef a short mea-
suring time.

— Select SINGLE measuring mode and mea-
sure.

If there is no (or too little) time difference be-

tween the arming signal and the first pulse in

the pulse burst, arming must be combined with

a delay. See example c.

m C. Start signal synchronization
using start arming with fime
delay

If the puise bursts have a stable repetition fre-
quency, you synchronize the measurement us-
ing Start Arming with Time Delay. Here you
use the SYNC pulse belonging to a preceding
burst to synchronize the start of measurement,
Set the time delay to a time longer than the du-
ration of & pulse burst and shorter than the repe-
tition time of the pulse bursts. See Figure 7-11.

Sync B

I

T I NN N T T AT AaTamnmn

|
|
|

. Delay
Iput A
Fig. 7-11  Synchronization using start

arming with time delay.

=
e
=
=
=
=
=




Measurement Control

Do the following steps to start signal synchroni-
zation using start arming with time delay:

- Connect SYNC to input E.
— Connect the burst signal to input A.

— Adjust the manuai sensitivity and wave-
form untif the burst signal triggers the

counter correctly.

g — Press the AUX MENU, select ARM
START, and arming on positive slope
(ARM STA+), and press ENTER.

- Select ‘delay ON’ using DATA ENTRY
keys and press ENTER.

— Hater a suitable delay, and confirm with
ENTER.

— Use FUNCTION key to select Pulse
Width.

— Press MEAS TIME, and set a shorf mea-
suring time.

- Select SINGLE measuring mode, and
neasure.,

Example #1: 7-15
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Example #2

Measuring frequency in
two-tone bursts

Sonar bursts can censist of two different fre-
quencies with different durations. See Figure
712

-
SYNC
Input Aor €
sianal
Fig. 7-12 A two-tone burst with its

sync-pulse.

To measure the frequency of the first part is nor-
maily no probiem. Because of the reciprocal
measurement, the counter automatically syn-
chronize the measurement with the start of the
burst. And for fool-proof synchronization, start
arming can be used, as in Figare 7-13. The mea-
suring time should of course be short enougl.

7-16 Example #2
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Arming Input

o

Input Aor C
signal

Measuring time
L....
Fig. 7-13  Autosync or extetnal arming

makes it possible to measure
the first tone in the burst.

To measure the frequency of the second halfre-
quires the use of arming delay. The delay time
should be set to a value slightiy longer than the
duration of the first tone in the two-tone burst.
See Figure 7-14.

Arming Bput
Arming delay

st A o €
signat

~\ W

teasuning lma J

Add a delay fo the External
arming, and the second tone
can be measured.

Fig. 7-14
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Example #3

Profiling

Profiling means measuring frequency versus
time. Exampies are measuring warm up drift in
signal sources over hours, measuring the linear-
ity of a frequency sweep during seconds, VCO
switching characteristics during milliseconds,
or the frequency changes inside a “chirp radar”
pulse during microseconds. The counter can
handle many profiling measurement situations,
Profiling can theoretically be done manuaily,
i.e., by reading individual measurement results
and plotting in a graph. However, to avoid get-
ting bored long before reaching your 800th or
50 measurement result, you must use some
computing power and a counter with GPIB in-
terface. In profiling applications, counter zcts
as & fast, high resofution sampling front end,
storing results in its internal memory. These re-
sults are later transferred to the controller for
analysis and graphical presentation.

You must distinguish between two different
type of measurements called fiee-running and
repeiitive sampling.

B Free-running measurements

Free-running measurements are performed
over a longer period, e.g., to measure the stabil-
ity over 24 hours of oscillators, to measure ini-
tial drift of a generator during a 30-minute
warm-up time, or o measure short-term stabil-
ity during 1 or 10s,-In these cases, measure-
ments are performed at intervals from half a
millisecond and upwards. In other words, the
maximum sampling rate 1s 1.6 kHz. There are
several different ways of performing the mea-
surements at regular intervals.

Single-cycle  measurements using
measuring time selting for "pacing”

When single measurements are set on the coun-
fer, the measuring time acts as a “measurement
hold fime™. By setting the measuring time to
10s for example, single-cycle measurements
ar¢ aulomatically made at 10s intervals.

Using a controller as “pacer”

With fairly large intervals such as seconds be-
tween mndividual samples, the timer in the con-
trolier can be used for pacing the individual
measurements.

Using external arming signals

External arming signals can alse bé used for
“pacing.” For example with an arming signal
consisting of 10 Hz pulses, individual measure-
ments are armed at 100 ms intervals.

Letting the counter run free

When the counter is free running, the shortest
distance between measurements is approxi-
mately 630 ps plus set measuring time. For ex-
ample when a measuring time of 2 ms is set, the
time between each sample is approximately
2.6 ms. You have to perform seme special ac-
tions in search of that high speed, for instance
blanking the display. This is described in Chap-
ter 19 of the Programming Mantzal,

B Repetitive sampling profiling

The measurement setup just described will not
work when the profiling demands less than
600 ps intervals between samples.

Example #3 7-17
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How to do a VCO step response profil-

ing

_ With 100 samples during a time of
10 ms, i.e., 100 us between sam-
ples.

This measurement scenario requires a repetitive

input step signal, and you have to repeat your

measurement [00 times, taking one sample per

switch peried. Anc every new sample should be

defayed 100 us with respect to the previous one.

This is easiest controlled by a controller, al-
though it is possible but tedious 10 manually set
and perform all 100 measurements.

The following are required to set up a measure-
ment:

— A repetitive input signal {e.g., frequency
output of VCO}.

- An external SYNC signal (e.g., step volt-
age input to VCO).

- Use of arming delayed by a presct time
(z.g., 100, 200, 300 us).
See Figures 7-15 and 7-16.

& .

Woilaga steo o
genesater

Set up for transient profiling of a
VCO.

L
7-15

7-18 Example #3

When alt 100 measurements have been made,
the results can be used to plot frequency versus
rime. Note that the absolute accuracy of the
time scale is dependent on the input signal it-
seif, Although the measurements are armed at
100 ps+100 ns intervals, the actual starf of mea-
surement is always synchronized to the first in-
put signal frigger event after arming.

-

Results from a transient
profiling measurement.

Fig. 7-16
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Processing

Introduction

Two different ways to process a measuring re-
sult are available: Averaging and Nuiling.

Averaging

T ey

Singla
s

L]

§ P i

inogeaozna

O&

W

e

SINGLE  If SINGLE is switched off,
= the counter makes a muilti-
J ple period average. That

means that it averages all
data captured during the
set measuring time and dis-
plays the result.

8-2 Introduction

One press on the NULL
key stores the current by
displayed result, then
shows all the foliowing re-
sults as deviation from that
result.

It can be difficult to freeze the

ﬂ%’ display in exactly the right mo-
ment when all ten digits show the
desired value. Don't worry, you
can display and change the null
value by entering the AUX
MENU.

To show the stored nulling vaiue:

— Press AUX MENU, sefect NULL with the
FUNCTION key and press ENTER.

To change the value:

— Press the < SENS > keys to select the
digit you want to change and press the
DATA ENTRY A ¥ keys to change the
value,

— Press ENTER, and the new value is
stored.

¥ Manually entering a null value
When nulling is offt

;o
=
=
=
=
=
i
=
=
=
=
=
=
E=
=
=
=
=
=
=
=
b




Processing

— Press the AUX MENU key
— Select NULL with the FUNCTION key

— Press ENTER and the display shows the
previous Nuli value (if any),

— To use the shown value, press ENTER.

- To change the value, press the
< SENS > keys to select the digit you
want to change, and increase/decrease the
digit with the DATA ENTRY A W keys.
Repeat these steps for all digits you want
to change, then exit the AUX MENU by
pressing ENTER.

The NULL anaunciator on the display is

swiiched on and the display shows the devia-

tion from the entered value.

‘Nulling 8-3
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About this chapter

This chapter describes less commonly used
functions that are “hidden” in the auxiliary
mient.

Auxiliary Menu

Introduction

All the counter s measuring logic and input set-
tings are computer controlled. The ability fo se-
lect, combine, and add new functions is limited
only by the number of centrols on the front
panel.

To keep the normal operation of the counter as
simple as possible, the use of dual or triple
function keys has been aveided. For the same
reason the number of keys has been restricted,
however, the counter contains many “hidden”
features. The AUX MENU key gives you ac-
cess to all the extras that are not generally found
in a traditional counter.

§-2 About this chapter

If you frequently need to use some AUX
MENU functions, we recommiend that you save
your favorite complete front panel setup in one
ofthe 19 memory locations for easy recall later.

You can use such preprogrammed settings ag
default settings for your particular applications,
from which vou can marnualty medify the vari-
ous individual control settings.

When you select something in the AUX
MENTU, that cannot otherwise be indicated, an
AUX annunciator on the display is switched on.

The AUX annunciator shows
ﬁg only that a change has been
made in the AUX MENU. The
- unfgue setlings that have been
made are not shown on the dis-
play.

www.valuetronics.com
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Auxiliary Functions

FUNGTHON

DISPLAY BACKLIGHT
O+ OFF

RECALL MEMORY

H

NULL
Read/Change
3

SAVE MEMORY

DISPLAY OVERFLOW
ON I OFF

TRIGGER $1.0PE
Postiive or negative

ANALOG OUTPUT
OWNIOFF + Control Staling

GPiB-ADDRESS ARMING START ARMING DELAY

Read ON/OFE/DELAY Tiae 20005 to 1.675
THAECUT
it} TOR
set Time Out, 100ms to Aﬂ%ﬁﬁ%}i
25.58 and OFF
BURST CW
A, Cand OFF
¢ SYNC DELAY
! Time 200ns to 1,675
PROGRAM IDENTIFY pRE
Counter and GPIB programs AC an& OFF

Fig. 9-1  You will enter the AUX MENU at the same selection as you used the previous
time, except after power on when you enter the menu af RECALL. To recafl the

fast sefting before power off, recafl memory 0.

Auxifiary Menu -3
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Plain Engiish AUX MENU
Commands

AUX The selection of functions

MEN

u from the menu that you find

1 when you press the AUX

(.
L. ..U MENU key is simpie. Just

The texts

scroll through the list with

FUNCTION the FUNCTION key untit

1 you find the function you
are locking for. Pressing
ENTER will select the func-
tion or take you to a
submenu with more selec-

tions.

on the display are messages in abbre-

viated English. However, the ability to express
oneself using ten, 7-segment indicators is
somewhat limited. Here is a list of all display

messages

with explanations.

AnRl ol Out

Analog output ON/OFF and scaling factor
Ar. SERFE

Arming Start

Ar. SEOP

Arming Stop

biir 5k

Burst Frequency
BUS 123

Identity of the GPIB firmware

d/5P L I8kE
Display light
d &P OFL.

Display overflow

Err.
You tried

ProkEc

to save a front panel setting while the

memory was protected

9-4 Auxiliary Menu

8P e Addr
GPIB Address Read/Set
inStr. 1 23
identity of the Instrumenyt firmware
ey
Negative
fo bl

No GPIB interface is installed
L
Nuil
OFF
Off
{n
On
H
Positive
PrF
PRF Puise Repetition Frequency
Pra8. id n
Program Ideﬁtity
Pratbck
Memory Protect Menu
rEcALL
Recall from memory position 0 to 19.
SALE
Save in memory position 1 to 19
S4nc. ALY

Synchronization delay

LESE

Enter the test submenu
EESE ALt

All tests in seguence

e
snd
e
%
i
o=
m
=
=
=
B=
=
=
=
=
E=
=
=
=
—
=
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EESE RS
Test of measurement logic

EESE o ISP

.Display test

FESE AR

Internal RAM test
EESE L.
Internal ROM test
k. Ouk
Timeout menu

Er 9 SLOPE

Trigger slope

Recall

Recalls one of the 20 previously stored front
panel settings. Press AUX MENU, select RE-
CALL and press ENTER, then select one
memory location from zero to 19, with the
DATA ENTRY keys and confirm by pressing
ENTER.

Memory O always contains the seftings the
counter had when if was last tumed off.

The memory annunciator is on as long as the re-
called setting remains unchanged.

If the memeory annunciator is on when you turn
off the counter, it will recall that memory auto-
matically when the counter is turned: on again.

Save

Saves the current front panel setting in one of
the 19 front panel memory locations. Press
AUX MENU, select SAVE and press ENTER,
then uge the DATA ENTRY keys to select an
unused memory location between 1 and 19.
Confirm by pressing ENTER.

The MEMORY arinunciator is
only on as long as no changes
from the saved setting have
been made.

Memory protect

Protects memory 106-19 from accidental over-
write, just like the write-protect tab on a dis-
kette.

Trig slope

Selects what slope the counter should trigger
on. The default trigger slope is positive.
Changing to negative trigger slope enables you
to measure negative pulse width and duty fac-
for.

Changing slope makes normally no sense in

frequency, period or ratio measurements.
Selecting negative trigger slope
means that the maximum input

frequency of the counter de-
creases o 160 MHz.

Arming Start

Selects if the counter shouid free-run, or if a
separate signal must arm the start of each mea-
surement, Press AUX MENU, seject
ARSTART, press ENTER, select POS, NEG
or OFF, and press ENTER. If you select POS or
NEG, the display shows DELAY QFF. Seleet
ON and you can enter a defay from the arvival
of the arm start signal and the actual start of a
measurement. Press ENTER to exit the memu,

Arming Stop

Selects if the counter should stop measuring
when the measuring time expires, or if a sepa-
rate signal must arm the stop of cach measure-
ment. Press AUX MENU, select AR.STOP,
and press ENTER. Select POS, NEG or OFF
and press ENTER.

Auxifiary Menu 9-5
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Burst Frequency

Turns the burst frequency function on or off and
select measuring input, Read the explanation of
this function in the Chapter 6 “Measuring Fune-
tions”.

PRF

Turns the burst PRF function on or off and se-
tect measuring input. Read the explanation of
this function in the Chapter 6 “Measuring Func-
tions”.

Program ldentity

Shows the firmware version of the instrument
and the GPIB interface.

Test

In the Test meny, you can choose (o run tests
used in the power up test one at a time:

— Setect the test submenu by pressing the
FUNCTION key untl the dispiay shows
TEST.

— Enter the test menu by pressing the
ENTER key.

Selections for internal self-tests are as follows:

TEST ALL (the four tests below in sequence)

TEST DISP (Display Test)

TEST Logic (Measuring Logic)

TEST RA (RAM)

TEST RO (ROM)

If any fault is detected, an error message will
appear on the display and the program halts.
Possible error mesgsages are as follows:

- Internal ROM test failed.

— Internal RAM test failed. The hex-address
where an error Is detected is shown.

— Test of measuring logic failed.

9-6 Auxiliary Menu

The display test turns on all seg-
ments of the display for a visual
inspection. No failure is reporied.
Press ENTER to end the test.

If an error message is displayed, press any key
0 make the instrizment continue even though an
errer was detected. Contact your Local Service
Center for repair.

Time Out

Turns the time out on and off for measurements.
Use the DATA ENTRY keys to change. If you
select ON, you enter a submenu where you can
set the value of the timeout. Timeout is a pro-
gramumable stop for a measurement in progress.
The timeout starts when the counter starts a
measurement, and it interrupts the measure-
ment if a result is not ready within the fimeout
period.

The range is 100 ms to 25.3 s. Preset timeout is
OFF.

The timeout is mainly used for
GPIB applications.

TANAANNANAAAAAARAAANA
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GPIB Address

Shows and changes the GPIB address. The new
address is stored in nonvelitile memory and re-
mains until changed again via this meny, the
address switches on the rear panel or via a bus
command.

This means that the ad-
dress of the counter can
differ from the address
indicated by the switches
on the rear panel.
The last set address is the valid
address whether it is set via the
aux ment, address switches or
GPIB command.

The counter shows the used address during the
power up test.

Auxiliary Menu 9-7
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Auxiltary Functions.

Analog Output (GPIB option
only)

The analog ovtput is tamed off as a default. You
turn it on/off and set the scaling factor under
ANALOG OUT in the aux menu.

Scaiing factor selects |
full scada valise

8899 scaling factor 1
J511 scalng tactor 4

67890 on the display gives
3,38V with scaiing factor 1

Analog Oul = ON, set scaling factor and exponent

Fig. §-2  The anaiog output function.
® Scaling factor
The scaling factor has two functions:

— It’s exponent selects whick digits to output
on the analog output

— [t’s value sets what reading should repre-
sent full scale

As default, the scaling factor is § (1E0). This

means that the full scale value is $.999 and the

analog cutput converts the fraction (digits to the

right of the decimal point) to a voltage.

The scaling factor should be:
1

Scaling Jaclor = .
Jullscale value

where full scale value is the value for which you

9-8 Auxifiary Menu

want the analog output to output ifs maximum
voltage (5 V).

Example:

— Take a measurement result, for instance:
12.34567890 E+6 Hz

— Reptesent this result without exponent:
12345678.50 Hz

— Multiply this value with the scaling factor,
for instance 0.001.
12345.678%0

- Take the fractional part of the resulf;
67899

—This is the value that will determine the
output voltage, .00 will give 0 V and .99
wiil give 5 V. this means that “our” read-
ing will give .67890%5=3.3945 V.
This is output as 3.38 V due to the 0.02 V
resolution of the analog output.

Gsfauit scaling factor = 1

Same exponent, opposite sign

Seaitng facter = 1£-6

1234567890 ¢

" To use the shown decimal
point as reference, set the
exponent of the scaling fac-
tor to the same value as the
exponent of the measure-
meni result but with opposite
sign.

Fig. §-3
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® Resolution

The analog output range is 0 to 5 Vin 2530 steps,
s0 one step is 0.02 V. If the scaling factor is 1,
one such step is taken each time the display
changes with X.004, and if the scaling factor is
4, one step is taken each time the display
changes with X.001.

The X in the above paragraph can be any digit
and does not influence the output voltage, If the
display changes from 0.996 to 1.000, the volt-
age drops from 498 V to OV. If the display
value increases further, the output voitage starts
to increase again,-see Figure 9.4,

Cutput voltage Sealing factor 1
488V
050V &
0.000 / 1000 / 2,000 Displayed
0,996 1806  vele
Cuiput voitage Seating factor 4
498V
0
I2Dm\/
ooov it d i
QQB / !Q{ ‘( N Displayed
QY T AT valg
“p@ Q- @c} o
A% o

Fig. 8-4  Output voltage versus dis-
played value for two different
scafing factors.

Display overflow

Display overtlow makes it pessible to make
12-digit measurements. When OVERFLOW is
on and the measurement justifies 11 or 12 dig-
its, the OVERFLOW annunciator tusns on, and
the counter truncates one or two MSD:s and
shows one or two extra [.SD:s instead. You
have to keep track of the decimal point your-
self, compare the values with everflow on and
off to see if one or two overflow digits are
skown when the OVERFLOW annunciator is
on. :

Using OVERFLOW with display hoid

When display hoid is active, The enter key tog-
gles overflow on/off. If the counter has mea-
sured a result with more than 10 digits and you
press ENTER, the OVERFLOW annunciator
will switch on and the display show the addi-
tional digits. The counter is designed this way
because switching on overflow in the AUX
MENU will initiate 2 new measurement. This is
undesirable if you want to study & single shet
phenormena or a long term totalizing.

In totalizing the resuit can be up to 167, that is
17 digits, but overfiow will not show more than
12 digits.

Auxiliary Menu 8-9




www.valuetronics.com

Auxiliary Functions

Nuii

The null function stores the result currently dis-
plaved, then shows all the following results as

‘deviations from that resuit.

You store the current display reading by press-
ing the NULL key on the front panel. You can
read and change the stored result in the AUX
MENT.

When NULL is on:

— Press AUX MENU

— Select NULL with the FUNCTION key.

— Press ENTER and the display will show
the stored value.

Change the value in 1-2-5 steps with the DATA
ENTRY keys, or select what digit you want to
change with the SENS keys and change it with
the DATA ENTRY keys.

— When the display shows the desired vakue,
press ENTER.

As default the nul! value is negative and sub-
tracted from the new readings, but you can also
enter a positive null value.

Turn off the nulling by pressing NULL again.

If you want to turn on nuiling without storing
the currently displayed value but keep the old
one, press AUX MENU, select NULL and
press ENTER twice.

9-10 Auxitiary Menu

Display light
You can tarn the display backlighting on or off:
— Press AUX MENU

— Select DISP LIGHT with the FUNCTION
key

- Press ENTER

— Select ON or OFF with the DATA EN-
TRY keys

- Press ENTER again to exit the aux men.

-
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Performance Check

General
Information

WARNING: Before turning cn the in-
strument, ensure that it has been
instafled in accordance with the in-
stallation instructions outlined in
Chapter 3 of this manual,

This performance procedure is intended to do
the following:

- Check the instrument’s specification.

— Be used for incoming inspection fo deter-
mine the acceptability of newly purchased
instruments and recently recalibrated in-
struments.

— Check the necessity of recalibration after
the specified recalibration intervals.

The procedure does nof check
ﬂ%’ every facet of the instrument's
calibration; rather, it is concerned
primatily with those parts of the
instrument which are essential
for determining the function of
the instrument.

I¢ is not necessary o remove the cover of the in-
strument to perform this procedure.

If the test is started fess than 30 minutes after
turning on the instrument, results may be out of
specification, due to insufficient warm-up time.

10-2 General Information

Recommended
Test Equipment
Type of in- Required Suggested In-
strument Specifica- tions strument
LF Synthe- | Square; Sine up
sizer o 10 MHz
Power 56 Q PMG584/02
Splitter
T-piece
Termination | 500 PMI5BS
Reference 16 MHz Fluke G908, or
oscillator 215107 for a counter with
standard oscilla- calibrated PM
tor and TCXO 9691%)
1 Mﬂg Fluke 909
=¥ 7 for Gi0R,
PMO691 and PMGO8SR or
PMO6G2. PM6O6SIR*)
19 MHBz Fluke 910R or
17167 for Cesivm
PMOG]SR. Standard
HF signal 500 MHz (no
generator aption}
1.5 GHz
(PMO621)
3 GHz
(PM9624)
5 GHz
{(PMI625(BY)
Pulse Gen- to 125 MHz PM3786B
erator
Oscillo- 350 MHz
scope
BNC-cables | 5-7 cables**) | PMO388
Table 10-1  Recommended Test Equip-
ment

% This test equipment is needed if an op-
ticn is installed.
* Two of the cables must have 10 ns dif-
ference in delay, for example: 5 ns and

15 ns.
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Performance Check

Preparations

Power up your instruments at
feast 30 minutes before begin-
ning the performance check to
let the instrument reach nor-
mal operating {emperature.
Failure to do so may result in certain test steps
not meeting equipment specifications.

Front Panel
Controls

Power-On Test

At power-on the counter performs an autematic
self-test of the following:

~ Microprocessor

— RAM

-~ ROM

— Measuring circuits

— Display

If a GPIB interface is installed, the GPIB ad-
dress is displayed.

If there are any test failures, an error message is
shown.

— Turn on your counter and check that all
segments light up on the display and that
NO error Message appears.

Internal Self-Tests

The built-in test programs from the power-on
test can also be activated from the front panel as
follows:

- Enter the Auxiliary Menn by pressing
AUX MENU.

— Select the test submenu by pressing DATA
ENTRY up or down,

— Enter the test menu by pressing the
ENTER key.

Selections for internal self-tests are as follows:

TEST RO (ROM)

TEST RA (RAM}

TEST ASIC (Measuring Logic)

TEST DISP (Display Test)

TEST ALL {Test 1 to 4 in sequence)

- Use DATA ENTRY up/down to select
TEST ALL, then press ENTER.

- If any fault is detected, an error message
appears on the display and the program
halts.

LS

— 1 no faults are detected, the program re-
turns fo measuring mode.

HBABARAABAE -

PWIDTHA TOTA MAN

FREGA FREGC PERA  RATIQA/E RATIOC/A

CHECK  FILTER 15QMLY

REMOTE EXT REF
SRQ OVERLOAD HOLD NULEL

e
OFFSET  TRIG

SINGLE
BLURST

ARM  ARM

DUTYF A sTAt 8TOt

AUTO LEVEL A SENSITIVITY A
llllﬂillillllllilli!b

R

Fig. 10-1 Text on the display
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Performance Check

For the instrzment to respond correctly, this
test must be carried out in sequence, and you
must start with the preset (power on) setting.

Keyboard Test

The keyboard test verifies that the counter re-
sponds when you press any key. To check the

function behind the keys, see the tests further DATA 200075
on in: this chapter. ENTRY |
Press the keys as described in the left column E“t” - NO SIGNAL
and lock on the display for the text, as described ME;{\&:;RE HOLD %
in the second column. Some keys change more ME :.;URE
text on the display than described here. The dis- Iil‘ol d m
Key(s) Display Note Pass Single SINGLE
d i 4 ol 5 T -~
. iFail FUNiTION DUTY F A m
Standb Display Off | Red
e o L;D FUNCTION | TOT A MAN m
beside =
the key FUNCTION | DUTY F A
On bt m o
ON Back tight on FUNCTION | FREQ A
PRESET | DEFAULT? | Default =  cime
Local NO SIGNAL | setting I\?UX RECALL
Ext Ref | EXT REF £ay
Input A MEASURE | NO SIGNAL M
Restart
i Filt FILTER :
| o SELQ PRESET | DEFAULT? Defauit s
: — Local NO SIGNAL setting
Auto AUTO TRIG Nuil NO SIGNAL %
: disappears & - =
TRGLVL (2 l._-.l Check 104(}00(}(}009 Hz 2(()2;1":%-
: times} ing W
‘ Sens = | Bar graph: ]
(2 times) . (thlia!:i(s) i0.00GOO.. Hz m
— B :
ée:;:ms) i : ; Iglr :g:“ ¥enu Displays all available
Oth funetions, processes and m
: ther input controls. Selected
PRESET | DEFAULT? | Default items are blinking,
Loczi NO S[g}NAL setting PRESET | DEFAULT? Default m
Meas 20007s Locat NO SIGNAL setting
Time e &
DATA | 500.07s
ENTRY1 Table 10-2  Keyboard test. W
* The LSD digit may vary.
play text mentioned here is the text mostly asso- ™ MENU Is not disabled by =
clated with the sefected key. sefting DEFAULT, press menu :
again. m
10-4 Front Panel Controls e

www.valuetronics.com
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Performance Check

Short Form
Specification Test

Sensitivity and Frequency
Range '
- Press the PRESET key to set the counter

in the default setting, Then confirm by
pressing ENTER.

— TFurn off AUTO.

~ Select 50 Q / Input A and maximum sensi-
tivity.

— Connect the output from an HF generator
to a BNC power splitter.

— Connect the power splitter to your counter
and an oscilloscope.

- Set mput knpedance to 50 Q on the oscil-
loscope,

- Adjust the amplitude according to the fol-
lowing table. Read the level on the oscillo-
scope. The Counter should display the cor-
rect frequency.

Reference Osciliators

Crystal osciflators are affected by a number of
external conditions such as ambient tempera-
ture and supply voltage but also by aging.
Therefore, it is hard to give limits for the al-
lowed frequency deviation. You must decide
the limits depending on your application, and
recalibrate the oscillator accordingly. See
Chapter 11 Preventive Maintenance.

Freq Level Pass/
Fail
MH:z mvpp mv dBm Inpat
RMS A

| 30 19 -27

25 30 10 ~27

50 30 19 -2

150 45 15 23

206 60 20 ~21

250 90 30 -17

300 120 44 ~15

Table 10-3  Sensitivity for input A at vari-

ous frequencies

Oscilla- Manx. Max. Max. ag-
tor tempera- aging ing per
ture de- per vear
pendence | maonth
Standard | + 100 Hz | £5 Hz +30 Hz
PM96788 | = [} He + 1Hz = 5 Hz
PMO6GE | =0.05H» | x0.1 Hz | 2075 Hz
PMS692 | +0,025Hz | =0.03Hz @ 0.2 Hz
Rubidium | ®0.003Hz | +0.0005 +0,002
Hz Hz
Table 10-4  Deviation {for PMS691 and

PMI682 after 48 hours
warm-up time).

To check the accuracy of the oscillator, you
must have a calibrated reference signal that is at
least five times as stable as the oscillator that
you are testing. See the foilowing table,

— Set the counter to default settings by
pressing PRESET and ENTER.

~ Connect the reference to input A

— Check the read-out against the aceuracy
requirements of your application.

Short Form Specification Test 10-5
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Performance Check

® Acceptance Test
As an acceptance test the following table gives
a worst case readout figure after 30 minutes
wanm-up time. All deviations that can occur in
a year are added together.

Oscilla- | Erequency Suitable | Pass/
| tor . read-out J?i‘i‘i?i‘ﬁ?_fiﬁm
Somadacd | 10.00000000° | PMO69L |
oz e L
978 | 10.00000000° | PMOES2

B . ixlSHz P B
PM9691 | 10.00000000° | 909, |
ERE) pME6SSR ||
PM9692 [6.00060000° | of %m

| +0.25Hz PM668IR |

Table 10-5  Acceptance test for oscilla-
fors

®» Acceptance Test, PM6685R

To fuily test the accuracy of the PM66ESR, an
extremely high stability reference signal is
neaded, Examples of such references are Ce-
sium Atomic references, or transmitted signals
from a nationally or internationally traceable
source.

Recommended Test Equipment

T T
_ Type _ Stabilily . Model |
19 MHz ls 1x107Y 1910R with sateliite con-
reference | tact during the fast 72

i | Bowrs.

10-6 Rear Input/Output

Test Procedure

. Connect the covater to the line power,

. Check that the UNLOCK mdicator (urns
on, and then turss off again withins 6 min-
uies afier connecting line power.

— Connect the 10 MHz reference signat to
input A of the connter.

— Select FREQUENCY A measurement.

— Select 2 s measuring time.

. Check that the displayed frequency is
10.00000000 MHz £0.05 Hz = 10 minutes
after connection to line power,

Rear Input/Output

INT REF Output

— Comnect an oscilloscope to the 10 MHz
output on the rear of the counter. Use ¢o-
axizl cable and 30 € termination.

— Check that the output voltage is sine wave
shaped and that the amplitude is minimum
1.4 Vpp.

EXT REF Input

_ Set the counter to Default Setting by
pressing PRESET and ENTER.

— Apply a 10 MHz sine wave signal o input
A equipped with a T-piece and to the Exi
Ref input at the rear, terminated with
50 Q. Amptitude on 10 MHz signal;

500 mVrms, (1.4 Vep)

— Press the EXT REY key.

— The display should show
£0.00060000° Hz =5 1L.8D.

nonnannnAanNAANAAAAAAANARARARRN
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Performance Check

EXT ARM INPUT

- Press the PRESET key, and confirm by
pressing the ENTER key to set the coun-
ter in the default setting.

— Select 50 Q input impedance,

— Apply 10 MHz 300 mVgms, (1.4 Vpp)
sine to input A :

-~ The counter measures and displays
10 MHz.

— Press AUX MENU key.

— Press PATA ENTRY UP/DOWN keys
until display shows ‘Ar Start’, confirm by
pressing the ENTER key.

~— Press DATA ENTRY UP/DOWN keys
until display shows *POS’, confirm by
pressing the ENTER key.

— Press ENTER once more.

- The counter does not measure.

- Conneet a pulse generator fo Ext Arm in-
put.

— Settings for pulse generator:
- singie shot pulsé
- TTL levels (0 and +2 V}
- 10 ns duration

— Apply one single shot pulse to Ext Arm
input.

— The counter measures once and shows
10 MHz on the display.

Measuring
Functions

Preparation for Check of Measuring Function is
as follows:

— Connect a 16 MHz sine wave signal with
2.8 Vpp amplitude via a T-piece o In-
put A.

~ Conngct a cable from the T-picce to Input
E (Ext Arm).

~ Select the measuring function as in the
‘Selected Function® column and check that
the counter performs the correct measure-
ment, by displaying the resulf as shown
under the “Display” column in the follow-
ing table.

Selected Function Display Pass/
) Fail
PRESET DEFAULT?
ENTER 10 MHz
50 60 Input A | 10 MHz
Non AUTO 10 MBz &
PER A 100 ps =/
RATIO A/E, 10006000
PWIDTH A 50 ps
TOT A MAN
DISPLAY HOLD | Siart counting
DISPLAY HOLD : Stop counting
BUTY FACT | 0500000
AUTO 0500000
Table 10-6  Measuring functions check

1) Value depends on the
symmelry of the signal

2) Exact value depends on
fnput signal,

Measuring Functions 10-7




Performance Check

PM9621, PM9624
and PM9625/25B

Prescaler Check
To verify the specification of the HF input in the
instrument:

— If your counter do not have a any input C
connector, skip this rest.

— Connect the output of the signal generator
to the HF-input of the counter.

Required Test Equip- | Suggested instrument

ment |
HF sipnal generator P Wiltron 6717B-20
Tahie 10-7  Test equipment

Connect the 10 MHz REFERENCE OUT of the
generator to the REFERENCE IN at the rear
panel of the counter.

-

Fig 702 Gomnecton.

- Preset the counter.
— Set Function to FREQ C.
~ Select EXT REF.

- Generate a sine wave in accordance with
the corresponding tables below.

Frequency Amplitude Pass
MHz mVryms | dBm
70-90 10 —23
900-1100 18 -23
14801300 | 40 15
Table 10-8  Sensitivity of PM 9621.
Frequency Amplitude Pass
MHz mYRMS | dBm
100-300 20 -21
300-2500 10 27
2500-2700 20 1 -2
Tabie 10-9  Sensitivity of PM9624
Frequency Amplitude Pass
 _MHz mVRMs | diim
. 150-300 20 -21
500 | t0 | 27
| -3500 15 -23.5
4200 25 -19
-4500 50 -13
Table 1010  Sensitivity of PMS625
Frequency Amplitude Pass
MHz mYRMS | _dBm
156-300 20 -21
-2200 10 -27
-3500 16 <235
4200 L 25 | 18 ]

Table 10-11

10-8 PM9621, PM9624 and PM9625/258

www.valuetronics.com
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Preventive Maintenance

Calibration and
adjustment

o maintain the performance of the {requency
counter, we recommend that you calibrate the
time base of your instrument every year, or
more often if you require greater time base ac-
curacy. Calibration should be performed with
traceable references and instruments at a certi-
fied calibration laboratory. Contact your local
service center for calibration,

To know the present status of your instrument,
test your counter from time to time. The test can
be made according fo the information in Chap-
ter 10, “Performance Check.”

Osciliators

The frequency of the reference crystal oscilla-
tor i3 the main parameter that influences accu-
racy of a counter. External conditions, such as
ambient temperature and supply voltage, influ-
ence the frequency, but aging is also a factor.
When adjusting, vou compensate the reference

crysial oscillator only for deviation in fre- -

quericy due to aging.

m Some important points:

— The high-stability oscillators, PM 5691
and PM 9692, have been built into an oven
to keep the oscillator temperature as stable
as possible, Continuous operation is also
important for optimum stability, For exam-
ple the PM 9692 has an aging/24h that is
3x16™ when operating continuously. After
a power interruption, the oscillator drift is
higher and the specification of 3x1 o't per
24h is reached first after 48k continuous
operation.

— The frequency uncertainty for standard os-
citlators is mainly dependent on the ambi-
ent temperature. Variations in ambient

11-2 Calibration and adjustment

www.valuetronics.com

temperature between 0 and 30 degrees
may cause a frequency change of up to
100 Hz, whereas the aging per month is
only 5 Hz. There is always a temperature
increase inside the counfer, during the first
30 minutes of operation, that will influ-
ence the osciliator,

How offen to calibrate?

In the table below you can see the uncertainty of
your time base oscillator for varions MTBRC
(Mean Time Between Recalibration) intervals.

Compare the requirements of your application
with the values in the table, and select the
proper MTBRC accordingly.

Please note that the frequency uncertainty when
operating in a temperature controlled environ-
ment is different from field use. See the two
sections it the fable.

AANAAAAAANAAAAAAAAANANRR




Preventive Maintenance

® Stability of time base cscillators:

Model | PMB685 PM668SR
Option: | Standard ~ |PM9678B | PM 9691  PM 9692
Time base type: UCXO TCXO OCXC ocx0 Rubidium

Total uncertainty, for oper-
ating remperature G°C o 50°C,
at 26 (95%) confidence in-

ferval:

- 1 menth after calibration <j2x [0_5 1.1 x w"f‘ <3x 10% [<gx10” [<4x I(}_;g
- 3 month after calibration <12x 107 11y EOMS <4x 107 1= 12x107 <4 x l(}_m .
- 1 year after calibration <12x 107 12x 107 |=1x107 {<25%10° j<4% 10

-2 year after calibration 155107 x0T <2107 f<sx 107 le6x 107

Typical total uncertainty,
for operating temperature 20°C
to 26°C, at 20 (95%) confi-

dence interval: % . . 5 "
-1 month after ealibration <4 %10 3.0 x 107 <3x 107 [<8x 107 |<1x10

« 3 month after calibration < 4 X ]0“2 42x igq <4x 10—7 <12 xlO_S <2x 10-1
- | year after calibration <7xi0 o Tx 1 <1x 197 1<25x10° <25x 10

-2 yeat after calibration <12x10” 122100 |<2x107 l<sxi0? <sx10tt”

" Atter 1% year of operation. For 1%° year add: < 3 x 10°7°

For complete specifications see chapter 12
{specifications ).

Calibration and adjustment 11-3
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Preventive Maintenance

Other Maintenance

Fan Replacement

The PM6685R is equipped with a fan, and if it
is operating in a 24h/day system, yvou need to
replace the fan every second year to maintain
high reliability. For part-time applications and
low ambient temperatures, an extended service
interval is acceptable,

Backup Battery Replacement

The counter has a lithium battery to power the
memoty that stores the setting data when the
power is switched off. The lithium battery has
an estimated lifetime of five to ten years. We
recommend you to replace the battery every
five years to avoid loss of data in operation.

Contact your local service center to replace the
battery.

When the battery is empty, the counter will lose
all settings and any data in memory.

11-4 Other Maintenance
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Specifications

Measuring
Functions

Refer to table | for measurement uncertainty
information. :

Frequency A, C

Range

Input A: 10 Hz to 300 MHz

Input C: 70 MHz to 1.3 GHz (PM 9621}
160 MHz to 2.7 GHz (PM 9624)

150 MHz to 4.2 GHz (PM 9625B)
150 MHz to 4.5 GHz (PM 9623)

Resolution: 10 digits/s measurement time

Burst Frequency A

Frequency Range: 100 Hz o 160 MHz

PRF Range: | Hz to 100 kHz

Burst duration: | us fo 50 ms; min. 3 periods of
this signal

Period A

Range: 6 ns to 100 ms
Resolution: 10 digits/s measurement time

12-2 Measuring Functions

Ratio A/E, C/A
Range: 16710 10"

Frequency Range:

Input A: 10 Hz to 160 MHz

input E: 10 Hz to 50 MHz

Input C: 70 MHz to 1.3 GHz (PM 9621
160 MHz to 2.7 GHz (PM 9624)
150 MHz to 4.2 GHz (PM 9625B)
150 MHz to 4.5 GHz (PM 9625)

Pulse Width A

Range: 3 ns to 10 ms
Frequency Range: 50 Hz to 160 MHz
Voltage Range: 100 mV p-p to 70V p-p

Duty Factor A

Range: 0to 1
Frequency Range: 50 Hz to 160 MHz
Voltage Range: 100 mV p-p to 70V p-p

Totalize A

Event counting on input A with manual start
and stop

Range: 0 to 10!
0 to 160 Milz

www.valuetronics.com
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Specifications

Input and Output
Specifications

Input A

Frequency Range: 10 Hz to 300 MHz
Coupling: AC
Impedance: 1 MEY/23 pF or 5683, VSWR 2:1
Sensitivity:

Sinewave: 10 mV rmg, 10 Hz fo 50 MHz

15 mV rms, 50 MHz to 100 MHz

20 mV rms, 160 MHz to 150 Mz
30 mV rms, 150 MHz to 200 MHz
50 mV rms, 200 MHz to 300 MHz

Pulse: 50 mV p-p, 3 ns minimum pulse width

Dynamie Range: 30 mV p-p to 70V p-p
Manual Trigger;
Sensitivity Range: 10 mV rms to 16V
mms, variable in 3 dB steps, indicatedona
bar graph.
Trigger Level: Selectable for optimum
triggering on waveforms with duty fac
tors, §.25 t0 0.75 and 0.75.
Trigger Slope: Positive or negative

Auto Trigger: Automatic setting of input signal
conditioning circuits for optimum triggering on
different amplitudes and waveforms
Frequency: Minimum 50 Hz
Sensitivity Range: 10 mV rms to 25V rms

Signal Monitor: A bar graph displays actual in-
put signal level in 3 dB steps, 10mV rms to 10V
ms
Low Pass Fiter: 100 kHz nominal 3 dB point.
Minimum 40 dB attenuation at § MHz,
Damage Level: '
FME2: 350V (de + ac peak) at de to 440
Hz, falling to 12V rms at | MHz and
above
50 € 12V ms

Input C (PM 9621)

Frequency Range: 70 MHz to 1.3 GHz

Prescaler Factor: 256

Operating Input Voltage Range:
70 to 900 MHz: 10 mVrms to 12Vens
900 to 1100 MHz: 15m Vrms to 12Vems
1100 to 1300 MHz:40m rms to 12Vims

Amplitude Modulation:
de to 0.1 MHz: Up to 94% depth
0.1 to 6 MHz: Up to 85% depth

Minimum signal must exceed minimum operat-
ing input voltage.

Impedance: 5082 nominal
Coupling: AC coupled
VSWR: <2:1

Max Voltage Without Damage:
12V rms, pin-Giode protected
Comnector: BNC

Input C (PM 9624)

Frequency Range: 100 MHz t0 2.7 GHz

Prescaier Factor: 16

Operating Input Voltage Range:
{0010 300 MHz: 20mV rmsto 12V rms
031025 GHz 10 mV rmsto 12V rms
2.5t0 2.7 GHz:20 mV rms to 12V rms

Amplimade Modulation: As in PM9621

Impedance: 308 nomina}
Coupling: AC coupled
VSWR: <2.5:1

Max Voltage Without Damage:
12V mms, pin-diode protected
Connector: Type N Female

Input and Output Specifications 12-3
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Input C (PM 9625B)

Frequency Range: {50 MHz to 4.2 GHz
Operating Input Voltage Range:
150 to 300 MHz: 20 mV rms to 1V rms
(-21 to +13 dBm)
0.3 t0 2.2 GHz:10 mV rms to 1V rms
{-27 to +13 dBm)
2.5t03.5 GHz: 15 mV rms to 1V rms
(-23.5to +13 dBm)
3.5 to 4.2 GHz:25 mV rms to 1V rms
{(-19 to +13 dBm} '

All other parameters as PM9625

Input C (PM 9625)

Frequency Range: 150 Mz to 4.5 GHz
Burst frequency Range: 150 MHz to 4.5 GHz
Prescaler Factor: 32

Operating Input Voltage Range:
150 to 300 MEz: 20 mV rms fo 1V yms
(-21 to-+13 dBm)
0.3t02.5 GHz: 10 mV rms to IVims
(-27 to +13 dBm)
2.51t03.5 GHz:15 mV rms to 1V rms
{-23.5to +13 dBm)
35042 GH2z25 mV rms to 1V rms
{-19 to -+13 dBm)
42 to4.5 GHz: 50 mV rms to 1V rms
(-13 to +13 dBm)

Amplitade Modulation: As PMS62
Impedance: 30€2 nominal

Coupling: AC coupled

VSWR: <2.5:1

Max Voltage Without Damage:

12V s (+34 dBm), pin-diode protected
Connector: Type N Female

12-4 Auxiliary Functions

External Reference Input D

The use of external reference is indicated on the

“display.

Input Frequency: 10 MHz
Voltage Range: 500 mV rms fo 10V rms
Impedance: Approx. | k€2 (ac coupled)

InputE

Used in Ratio A/E and external arming/gafing
modes,

Frequency Range: DC to 50 Milz

Pulse Width: 10 ns minimum

Slew Rate: 2V/us minimum

Trigger Level: TTL level, {4V nontinal
Trigger Slope: Positive or negative
Impedance: Approx. 2 k€2 (dc coupled)
Damage Level: 25V peak

Reference Qutput G

Frequency: 10 MHz, sine wave

Output Level: 0.5V rms into 50€2 load,
0.7V rms into high impedance load

Coupling: AC

Auxiliary Functions

External Arming/External Gate

An external signal on inpat E can be used to in-
hibit start and/or stop friggering.

Stop arming is not appiicable to Pulse Width and
Duty Factor measuring modes,

Start Arming Delay: OFF or 200 ns to 1.6s in
100 ns steps.

Nulling/Frequency Offset

Nulkiag enable measurernents to be displayed rel-
ative to a previously measured vatue or any fre-
quency offset vaiue entered via front panel keys,




www.valuetronics.com

Specifications

Other Functions

Measuring Time: Single cycle, 0.8, 1.6, 3.2,
6.4, 12.8 us and 50 us to 20 s, (up to 400 s, de-
pending on measuring function and input signal
frequency).

Local/Preset: Go to local function in remote
mode, or preset counter to default setting i Jo-
cal mode.

Restart; Starts a new measurement

Digplay Hold: Freezes measuring result, Start
and stop of the totalization in TOT A MAN.
Check: Applies 10 MHz to the measuring logic
Display: LCD with high-fuminance Back light
Number of Digits: 10 digits plus exponent
Blanking: Least significant digits can be
blanked.

Bar graph: Displays input signal level or sensi-
tivity setting in 3 dB steps from 10mV rms to
10V rms.

Auxiliary Menu:

Functions available from AUX MENU or via
GPIB (PM 9626B):

Save/Recall: 19 complete instrument settings.
10 settings can be user protected
GPIB-Address: Read and temporarily change
via front panel keys

Burst Frequency A: Select Burst function, set
synchronization delay time

PRF: Select PRF function, set synchronization
delay time '
Trigger Stope: Positive or negative trigger
slope

Arming Start: Positive or negative arming
slope, set start arming delay time

Arming Stop: Positive or negative arming slope
Null: Read and change stored offset frequency
Display Overflow: Display of the 11th and 12th
-digits ‘

Test: Select seif-tests

Program Version: Display instrument and
GPIB program versions

Time Out: OFF or 100 ms to 25.5s ia 100 ms

steps
Analog Output: Select digits and scaling factor
Display Back light: On/Off

GPIB (PM 9626B)

Programmable Functions:

All front panel and AUX MENU functions
Compatibility: TEEE 488.2-1987, SCPI 1991.0
Interface Functions: SHI1, AHI, T6, L4, SR1,
RL1, DCI, DTH, B2
Maximum Measurement Rate to Internal Mem-
ory:
200 to 1600 readings/s, depending .on
measurement function and internal data
format
Internal Memory Size: 764 to 2600 readings,
depending on measurement function and inter-
nal data format
Data Output Format: ASCII, IEEE double pre-
cision floating point

Analog output {included with
GPIB option)
The analog output produces a voitage that is

propostional to three selected consecutive dis-
play digits showing the measurement result

Output Voltage: 6.00 t04.98 Vin 20 mV steps
Quiput Impedance; 200
Output connector: BNC

GPIB (PM 96268) 12-5
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Measurement Uncertainties

Mea- Random Uneertainty rms

Systematic Uncertainty LSD Displayed

suring

function i

Freg- y QF* « 2x (Trigger Ervory » = Time Base Errorx Freg. Per| 250 psx Freg. or Per,
+ - X Fregq, or Per v TH

;::c};i Measiring Time 4 Measuring Time

Perip

250 ps

% [req. or Per.
Meas, Time

Ratio i\f (presc. factorY + 2% { f; x Trig. Err.of f,)

Prescaler Factor

/1 s T
112 £ % Meas Time Sy x Meas Time

Pulse !z\/ OF* + (Start TEY + (Stop TEY xTime Base Err.x Pulse Widih100 ps

Width ‘g £0.5 x Transition Time

{Auto i =5 ns

Trigger)

Duty Ii\/ OE* + (Start TEY + (Stop TE)? x Freg. £ (0.5 x TranisitionTime + 1w 107t

Facter | V 15ns) = Frequency

Table 12-1  Measurement Uncertainties and 1L.SD Displayed

B Random Uncertainty

(QE) Quantization Errer: 259 ps

(N} Number of samples:
Frequency <2 kHz: Measuring Time x
Frequency/2
Frequency >2 kHz: Measuring Time x
1000

® Start/Stop Trigger Errors (TE):

V! (Vroise~ input)’ + (Vnoise- signaly s

Signal slewrate (V / s} af trigger point

V noise-input: 250 uV rms typical
V noise-signal: The rms noise of the input sig-
nal over a 300 MHz bandwidth

12-6 Measurement Uncertainties

® Systematic Uncertainties

Time Base Error: See Table 2 “Time Base Op-
tions” for total uncertainty specifications

s Display Resolution

LSD Displayed

Unit value of Least Significant Digit (LSD) dis-
played. After calculation, the LSD value is
rounded to the nearest decade before display
{for example 0.5 Hz will be 1 Hz and 0.4 Hz
will be 0.1 Hz), LSD bianking is available to re-
duce dispiayed resolution. Measuring time s
can give significance in 10 digits. The 11th and
12th digits can be displayed using the display
overflow function,

www.valuetronics.com
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Specifications

Time Base Options

Product Family PM6685 /PMG68SR series
Model:| prreeRs PM6685 | PM6685 | PM6685 | PM66SSR
Option: | Standard [PMS6T3B PMI&9] PM9692
Time base tvpe: UCXO [TCXO OCXO OCX0 Rubidium
Uncertainty due to:
- Cal. adjugtment tolerance, at
23°c3°C c1x10® cax” | eaxae® L <sxi0” | <sxan”
- Aging:
per 24 . na. pa. , <5 ]9-_§01) <l x iO'}O # 10t Sprﬂczfi?g
per month | <5x 10 <ix 07 |<1x10 <3xi0 <5x 10 5
— B peryear | <s5x 10 <5x107 le7sxi0® |caxio® | <2x o103
- Temp, Variation:
iy 07 -20°C. cix1wd <1x108 | <sx10” l<2sx16” | <3x10"
i 207 -26°C (typ. values) <3x10° 1 <2x107 |<6x 09 l<axio® <2 x 0!
- Power voltage variation: 10% | < 1% 0% [<ax10” (<sxi07 i<sx 107 <1x1g'!
Short term siability :
) T=1s not not t<sx10 [<sx102 | <sxio
: (ract Allan Variance) t= 105 specified. specified. | <5x 1{}-1 <5 x W7 < 1.5x 10‘“
Typical values
Power-an stability:
- Deviation versus final value not speci- ‘ <
after 24hr on time, fied n.a. <1x10° 5% 107 <4y
o after & warm-up time of’ 30 min 30 min 16 mig 19 min 18 min
Time to tock at 25°C 4. n.a, na 2. approx. 5 min.
EER (PM668SR only):
Total uncertainty, for operat-
ing temperature
0°C t0 50°C.at 26 (95 %)
nfidence interval:
“ year after calibration 12510512108 <ix107 j<25x 1% <ax 100y
- 2 vear after calibration <1.5x 107 < 15x 10°] <2x 107 | <s5x 16 <HX e d
Typical total uncertainty, for
operating temp. 20°C 10 26°C, at
26 (95 %) confidence mterval: % P = 5 163
- 1 year after calibration <7x 10 <7x 1D <1x10 <25x107: <235x 10
- 2 vears after calibration cioxi05]<12x10®] <2x107 | <s5x10® | <sxatt¥
Piafter 48 hours of continuous operation. quency after a calibration. When the reference
after 1 month of continuous operation. frequency does not exceed the tolerance limits
3jafter 1% year, aging during 1% year: at the moment of calibration, an adjustment is
<5x 10710 not needed.
;?after 14‘day3 of contintious operation. QCX0 = Oven Controlled X-tal Oscillator.
xplanation

Calibration Adiustment Tolerance:Is the maxi- (JCXO = Un-Compensated X-tal Oscillator.
mal tolerated deviation from the true 10MHz fre-

Time Base Options 12-7
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Specifications
General
Specifications
B Environmental Conditions
Temperature ‘
Operating:  6°C 10 +50°C
Storage: -40°C to +70°C
Humidity: 95% RH, 0°C to 30°C
Altitude
Operating:  Up to 4600m (15000 ft)
Non-operating: Up to 12000m (40000 £1)
Vibration: 3G at 55 Hz per
MIE-T-28800D,Class 3,
Style D
Shock: Half-sine 40G per
MIL-T-28800D, Class 3,
Style D. Bench handling.
Shipping container.
Reliability: MTBF 30 000 hours
Safety: CSA 222
No. 231, EN61010, CE
EMC: EN 55014, group 1, class B;

25°C)

AC voltage:
PM668S
PM66BSR

Power rating:
PM668S
PMG685R

Width:
PMOG68S:

PMGGESR:

Mechanical Data

EN 50082-2;
FCC Part 157 Class A, CE

# Power Line Requirements (at

90 to 264Vrms, 47 to 440 Hz
90 to 264Vrms, 47 to 63 Hz

max 30 W

max 100W during warm-up
(5 min.)

max 47 W {continuous oper
ation)

210 mm (8,25 i)
35mm(l12.4in)

12-8 General Specifications
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Height 86 mm (3.4 in}
Depth 395 mm (15.6in)
Net Weight:
PM6683: 32kg (7 1b)
PM6683R: 55kg (121}
Shipping Weight:
PM66SES: 55kg (12 1)
PM6685R:  B.8kg (19 ig)

Ordering

Information
Basic models
PM6685 300 MHz Frequency Coun
ter including standard
time base (5X10'7/1nentb)
PM6685R 308 MHz Freguency Coun

ter/Calibrator including
rubidium time base
(%16 /month)

Inciuded with Instrument
Power line cord
Users manual
Prograrmming manunal {only when
GPIB is inciuded)
Certificate of Calibration

Input Frequency optionsﬁ

PM6685/4 __ Standard 300 MHz Frequency

Counter

PM6685/4 1.3 GHz Input C (PM9621}
PM6685/6 2.7 GHz Input C (PM9624)
PM6685/7 _ _ 4.5 GHz Input C (PM9625)

PM6685/8 4.2 GUz Input C (PM9625B)

o i
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Specificaticns

Timebase Options
PM6685/ _1_ Standard Timebase
PM6685/ 2 TCXO (PM9678B)

PM6685/ 5 Very High Stability Oven
Timebase {PM9691) ’

PM6685/ _ 6_ Ultra Stability Oven Timebase
(PM9652)

PMG685/ _ 8_ Standard Timebase plus 1 and 5
MHz External Reference Frequency Multiplier
(PMOGHT)

Battery Unit and GPIB
Options

PM6685/ 1 No Battery Unit or GPIB
PMG68S/ __ 3 Battery Unit (PM9623)
PM668S/ 6 GPIB (PM9626/02)

PM6685/ 8 Battery Unit plus GPIB

Example Ordering
Configuration

To order the 300 MHz version of PM6685 with
the TCXO Timebase and GPIB, select the
Compilete Model Number PM6685/026.

To order the 2.7 GHz version of PM6&685R in-
cluding GPIB, select PM6685R/GT0.

Options and Accessories
PM9621 1.3 GHz Input C

PM9622/62 Rack-Mount Kit
PMY623 Battery Unit
PM9624 2.7 GHz Input C
PM9625B 4.2 GHz Input C
PM9625 4.5 GHz Input C

PM9626/62 GPIB-Interface

PM9627 Carrying Case

PM9627H Heavy Duty Carrying Case
PMY678B TCXO Timebase

PM9691 Very High Stability Oven Timebase
PM9692 Ultra High Stability Oven Timebase

PM9697 External Reference Frequency Multi-
pher (1, 5, 10 MHz)

When ordered with the bastc counter, options
are factory instalied. Options erdered sepa-
rately can be retrofitted by the customer.

PMY697 can be used only with the Standard
Timebase.

Ordering Information 12-9



Chapter 13

Appendix

www.valuetronics.com



Appendix

Appendix 1, Error
Messages

If the counter detects an infernal error or an -
valid setting, it shows an error message on the
display. This appendix lists alt possible error
essages.

If the counter has PM 96268 ( GPIB } instalied,
GPIB error messages can be displayed in addi-
tion to the messages shown below. When a
GPIB error is placed in the GPIB error queve,
the display shows an error code number which
is explained in Chapter 21 of the GPIB Pro-
gramming Manwal. This error message is re-
moved the next time the counter uses the dis-
play for s message or a measuring result.

Messages due to False
Settings:

Err. FRIL

Error Failure: The internal instrument setting
is not valid.

Err. Tla SRL

Error No Save: An atternpt to recall 2 memory
that has never been saved

Err. OFLE

Error Overflow: Amath operation in the coun-
ter caused an overflow error,

Err. PrESL.

Errer Prescaler: An attempt fo use the
prescaler functions without a prescaler.

Err. rRAnLE

Error Range: An attempt to enter a value
above the maximum or below the minimum
limit was made.

13-2 Appendix 1, Error Messages

Frr. UFLD

Underflow: A math operation in the counter
caused an underflow error.

nfl bil
No Bus: No GPIB interface is installed.

il dRER

No data: A reading of statistics data is rade be-
fore data is captugred.

Iz
nd PrESL
No Prescaler: No Prescaler is installed.
noognnm
it i L
No signal: Displayed when measurement is in-

terrupted by a timeout. Disable Timeout {in
Auxiliary Menu) or set a longer time.

Err. ProkEc.

Error Protect: An attempt to make a save ina
protected memory position.

[ Ny |

arLi

Overflow: The measurement has been aban-
doned due to an overflow condition.

i
B
B

nArAAAAMAN
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Appendix

Messages due to Severe
Errors:

Ere. ARSI

Error ASIC: Displayed when this is a Mea-
suring Logic Circuits failure.

E. ~R HBEB

Error RAM XXXXh: Displayed when there is

a RAM test failure, XXXXh is the hexadecimal
address where failure is detected first.

Ere. PO

Error ROM: Displayed when ROM test fail-
ure.

Err. UP-CL.

Error Microprocessor: Displayed when an er-
ror is detected in the microprocessors internal
RAM, timers, or 1O port.

Appendix '1, Error Messages 13-3
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INDEX

i
+-1cycle counterror. . .......... 6-3
50chm/MMohmkey. ... ... ... .. 4-5
A
ACcoupling ............... ... 5-5
Address
Reading the GPIB Address. ... 8-7
Addressswitch. .............. 4-10
Adjustments
timebase ................ 11-2
Arflow . ... ... ... . .... 3-3
AM modulated signals ...... ... 6-10
Analog output
connector ... ... ... ... 4-11
specification .............. 12-5
using ... ... 9-8
Aperture
SEE Measuring time
Arming
delay................. 7-4 -9-5
description. . ............... 7-8
exampies. ................ 7-13
indication. . ................ 4-8
inputE. ... ... oL 4-11
manually . ............. ... -9
selection ... ...... . ... ... 7-3
setuptime................ 7-12
start. ... 8-5
stop. .. ... 9-5
sync.delay . .......... ... .. 7-9
Auto
ONCE ...t 5-5
time to determine leveis . .. ... 5-3
timeout . ............... ... 6-4
Auto trigger
fevels. .. ... o, 5-3
Aux
annunciator. . .......... ... 9-2
indication. . . ............... 4-8
I-D
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i

menu description . ... .. 9-2 - 810

menukey ... L. 4-6
Averaging ................ 6-5, 8-2
B
Battery

replacement of backup . .. ... 11-4

safety when handling .. ...... 2-3
Blankdigits. .................. 75
Burst......... ... oL 6-6

Frequency (CW)..... 6-7, 6-8, 9-6

indication. ...... ... ... ... 4-9

PRF.. ... ... ... ... 6-6, 9-6

specification .. ... ... ..... 12-2
C
Calibration

intervals. ................. 11-2
Carrier wave frequency AM ... .. 6-10
Caution statements. ... .. ... ... 2-2
Channel

SEE Input
Check.. ... .. ... ... ... ... ... 4-6
Cooling...................... 3-3
Counterror, +-1cycle. ... ....... 6-3
Counting

erronecusly .. ... ... ... .. 5-7

events.............. 6-15 - 6-18

reciprocal . ... ... L 6-3
Coupling .. .......... ... ...... 5-5
Crystal oscillators

calibrations . . .......... .. .. 112
cw

AM. .. 6-10

burst ... ... L 9-6
D
Defaultsettings. . .............. 4-3
Delay

arming sync. . ... ........... 7-9
Delayedtimebase . ............ 7-4
Delta measurements

SEE Nulling

IAnnoAnAARNRARN
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Digit blanking . ... ... ... . 7-5-7-11
Disclaimer.. ..... ... .. ... .. . -V
Display

holdkey. ............ ... .. 4.7
Displayhold. .. ....... ... .. 7-3, 7-8
Dispiay time. ... ....... .. .. 7-2, 76
Driit measurements ., ... ... . 7-17
Duration

SEE Puise width
Buty cycle

SEE Duty factor
Dutyfactor ............... ... 8-14
Duty Factor

specification . ......... ... . 12-2

uncertainty ........ ... ... 12-6
E
Earthing

SEE Grounding
End of a measurement . .. ... .. .. 7-6
Enter

indicator ......... ... .. .. .. 4-8

key ..o 4-8
Efroneous counts .. ...... ..., .. 5-7
Ertor

Messages .............. .. 13-2
ErerASIC ... ... 13-3
ErrorFailure . ..., ... ... ... .. 13-2
Error Microprocessor ... ... .. .. 13-3
ErorNOSIGNAL. ........... .. 6-4
EmorNOTRIG ............ ..., 6-4
ErrorPrescaler .. ....... .. ... . 13-2
ErorProtect. ... ... . ... ... . 13-2
Error RAMXXXXh ... ... . ... .. 13-3
ErrorRange ................. 13-2
ErmorROM .. ... ........ ... .. 13-3
Event counting

SEE Totalize
Exampies

aming................... 7-13
Ext Ref

Key ... 4-6

outputtest. .. .. ... ... . .. ., 10-6

specification ... ... . 12-4
External Arming

mputtest. ... .. ... . . .. .. 10-7

specification ..., .. ... ... .. 12-4
External Gate

specification . .... ... . .. .. 12-4
F
Fan

replacement ... ... .. ... ... 11-4
Filter

analogLP ...... ... ..... ... 5-5

characteristics. . .. ....... . ., 5.5

Key ... 4-5

Firmware release
SEE Program version

Fixed
timeout ........ .. ... ... .. 6-4
Fold-down Support......... .. .. 3-3
Free-running
measurements. .. .. ... . 7-8, 7-17
Freezing the display
SEE Display held
Frequency........ ... ... .. .. 6-3
burst ... . L 9-6
burstPRF .. ... ... ... ... 9-6
rangetest .. ..., ... .. ... 10-5
retio, ... 6-11
specification .. ... . .. . ... . 12-2
uncerfainty .......... ... .. 12-6
Frequency versus time
SEE Profiting
Function
indication. . ..... ... ... .. 4-8
perfod .. ... .. ... ... ..., .. 6-12
ratio. ... 8-11
selection . ....... .. ... .. . . 4-4

Functions hidden
SEE Aux meny

Fuse ,................. .. ... 30>




G
Gate
nglcator .. .. ca o 7-3
Go-detector, . oo 6-9
GPIB
Address switch ... .. ...« L. 410
connector ... ... 4-10
reading the address .. ... -~ 9-7
specification ... 12-5
Grounding. . . ..o 3-2
H
Handle ..o oveeeeei 3-3
Hidden functions
SEE Aux menu
Hiding digits
_ SEE Digit blanking
High measuring speed .. ... 7-7
Hold display .. ..o cooev 4-7
Hysteresis . ... ... 5-7,6-13
SEE ALSO Sensitivity
I
tdentfication . .. . 3-2
impedance _
KBY « v 4-5
setting . ... oo 5-5
Input
impedance ... ... 4-5
selection .. ....... - 6-3-6-5
MUt A L 4-4
. A 4-5
specification ....... - 12-3
FOSE .o 10-5
input C
specification . ........ 12-3 - 12-4
FESL .t 10-8
Input D
specification . . ... 12-4
Input £
specification . ... ... 12-4
Interference .. ......--- 5-6 - 5-8
interpolators ... oo a e 1-2
G-N
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K

Keyboard
$BSE L L e 10-4
L
Lithium battery
SEE pattery
LOCal . . e e 4-4
towpassfilter...........oooeon 5-5
M
Maintenance
packup battery ... 11-4
11 PP 11-4
Manuat
N t111117 PR 7-9
senstivity ... .o 5-4
Measurement
BAD . e 7-6
free-rUnning. « . ..o oo 7-47
PAEE e 7-6
SHAM. oo 7-8
GNING o ccvv e 7-6
Measurement start control
SEE Start Arming
Measurement stop control
SEE Stop Arming
Measuring Functions
1BSE . e 10-7
Measuring speed. . .... ... -~ 6-4, 7-7
Measuring time ... ... ... -+~ 4.5, 7-6
influence by prescaling ...... 6-5
SEHING . v v 7-2
specification . ... i2-5
Memory
specification ..o 12-5
Y O IR 4-7
with more functions. . . .. 0-2 - 9-10
Moduiating frequency AM.... ... 6-11
N
NOBUS ..o oeeremene 13-2
NOQAEA . oo rcerm e 13-2
AT

emmmmraannAnARNARNARNNRARNARDN
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NoPrescaler. ................ 13-2
NoSave .................... 13-2
Nosignal. ................... 13-2

displaymessage. ........... 6-4
No trig

display message. . .......... 6-4
Noise ................... 5-6 - 5-8
Noise Suppression Filter ... ... .. 5-5
Null

annunciator. .. ... ........ .. §-3
Nulling. . ... ... oo L 8-2

copy measurement resuftto ... 8-2

O

Offset
SEE Nulling
On
key . .. 4-4
seflingsafter............. .. 4-3
Oscillators
caithration . ... ... ...... ... 11-2
Cutput G :
specification .......... .. .. 12-4
Overflow . ................... 13-2
P
Packinglist................... 3-2
Period...................... 6-12
specification .............. 12-2
uncerfainty ............... 12-6
PMO621
specifications .. ........... 12-3
test .. ... 10-8
PMo624
specifications ........... .. 12-3
fest ... 10-8
PMog25
specification .............. 12-4
test .. ... . 10-8
PM9625B
specifications .. ......... .. 12-4
test ........ . ... ... .. 10-8
PMO626B

specifications ... ..........

PM8691

specifications ............. 12-7

test .. ... 10-5
PMO692

specifications . ............ 12-7

test ... o 10-5
Power-OnTest. . ... ....... ... 10-3
Prescaler

test ... 10-8
Prescaling

effectof. ... .. .. FR 6-5
Preset

key ... 4-4

settingsafter. . ............. 4-3
PRF

busst . ... 9-6

specification .............. 12-2
Frocessing

measuring results .. ... ... ... 8-2
Profiling. . ......... ... .. ... 7-17

transient . ........ ... ... . 7-17

VCO step response. . ... .. .. 7-18
Programversion. ... ........... 8-6
Pulseperiod .......... ... .. 6-12
Pulse Width ................. 6-14

specification ........ ...... 12-2

uncerfainty ............... 12-6

R

Rack mount adapter

installation. . ............... 3-3
Rate of measurement. . .. ... . ... 7-6
Ratig

function. ... .............. B-11

specification . ............, 12-2

uncertainty ..... ... ... ... 12-6
Recatibration

intervals. . ................ 11-2
Reciprocal counting . ........... 6-3 .

Recommended Test Equipment. . 10-2
Reference
input ... 4-10
input specification. . ........ 12-4
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otput L. 4-1G
output specification. .. ...... 12-4
Reference Oscillators
PG . o e e 10-5
Retative measurements
SEE Nulling
Ramote. . .. vt ceraie s 4-9
Reset
fotalizing . ... oo 6-15
Resolution
test .. 10-6
Regtarf .. ... i 4-6
Rubidium reference . ........... 1-4
specification . ... 12-7
108 L e 10-5
S
Sample-hold . ... 6-4
Scaling factor
analogoutput . ... ... 9-8
Selfdest. ... ..o 9-6, 10-3
SENSkey. . ... Bud
Sensiivity .. ... 6-13
SEE ALSO Hysteresls
manual setting. . ... .- 5-4
speed of auto setting. . ..... .. 5-3
BEBY . v 10-b
Selup time
forarming .. .. ..o ae e 7-12
Signal detection .. ... ... 6-4
Single. .. ... 4-8,8-5 - 7-8, 8-2
Single-shot phenomena . .. ... .. 7-9
SIOPE v 4-5
Spe@d. ..o 7-7
P=11111121 PP 7-12
of measurement .. ... ... 6-4
ofthe aufo function . ... ... ... 5-3
SR e s 4-9
Standard Oscillator
test .. e 10-5
Stand-by
indicator ... ... o 4-4
KEBY oo 4-4

Start
anew measurement. ... .. ... 4-8
AMRAING. e 7-3,7-9, 95
of a measurement. . ... .. 7-6-7-7
totalizing . ... 6-15
Stop
arming. .. ..o evae e 7-3,7-9,9-5
of measurement ... ... ... .. 7-7
totalizing . ... .o 6-15
Supply voltage
SEHING . .o 3-2
Support
fold-down ... e 3-3

Suppression of noise
SEE Analog lowpass fiiter

Synchronization of a measurement 6-3
Syncronization delay

AMMING. . e 7-9
T
Test Equipment . ... ..o 10-2
Test programs
SEE Self test
Time:
setthemeasuring . .........- 7-2
period ... 6-12
tosetuparming .....-....- 7-12
Time intervai
SEE Puise width
Time base
calibration . . . ... ... o 11-2
Timeout
UL . s e 6-4
FXEE .o 6-4
Manual ...« e 6-4
SEL. v e 9-6
Totalize. . ... . ..o 6-15 - 6-16
specification . ... 12-2
Totalizing
reset .. s 6-15
SlaF. .. 6-15

siop..........,..........6—?5

Touch-hold
SEE Sampiehold




Transientprofiling. .. ... ..., . 7-17

Trigger
autolevel. ... .. ... .. .. 5-3
BIOr L 5-4
hysteresis ... ... ... . . . . 5.7
slope selection .. . ..., .. . . 45
uncertalnty ... ... . 5-7
Triggerlevel . ..., ... .. . .. . 4-5

SEE ALSO sensitivity

outputtest. .. . .. .. .. . 10-7
U
Uncertainty
dutyfacter. ... ... .. . .. 12-6
frequency ..., . ... . .. 12-8
period .. ... ... ... ... . 12-6
PME6O1. . 12-7
PMOBO2. ... ... .. 12-7
pulsewidth ... ..., . 12-8
random. ... 12-6
ratio, ... 12.8
rubidium reference . . ... .. 12-7
standard time base . .. ., .. 127
systematic. ... ... . . .. . 12-6
Underflow ... . ... .. .. . 13-2
vV
VCO
step response profiling . ... .. 7-18
Voltage, supply. . ...... .. . 3-2
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