
Format No. 3 

Functions: 
PM 6654: Ratio A/B, Ratio C/8. 
PM 6652: Freq. A, Freq. C, Ratio A/B, Ratio C/B. 

Output format: 

Byte 1 2 3 • • , 12 13 14 •• , 21 22 23 24 (25) 

Calculation algorithms: 

Code Calculation 

A (E/(T+1))x107 
B (E/(T+1))x16x107 
D E/(T+1) 
E 16xE/(T+1) 

Format No. 4 

functions: 
PM 6652/54: Single Time, Single period, Tot. A 

gated by B, Tot A start/stop by B. 

Output format: 

Byte 1 2 3 • • 11 12 13 •• 21 22 23 24 (25) 

Calculation algorithms: 

Code Calculation 

F 

s 
Tx1o-7 

T 

Format. No. 5 

Functions: 
PM 6654: Single period, single time. 
PM 6652: 

Output format: 

I CodeiT211T2oi ... JT12jx I T11j ••• ,T1jo I (D) j 

Byte No: 1 2 3 11 12 13 •• • 23 24 (25) 

Calculation algorithm: 

Code Calculation 

Q Tx2x10-9 

Format No. 6 

Functions: 
PM 6652/54: Tot. A gated by B, Tot. A 

start/ stop by B, Single ratio 
AlB, single ratio C/B. 

Output format: 

I Code I E20 I E19[. ·I E111 E11 E1 o 1 .. 1 E21 X I X I o I (D) I 
Byte 1 2 3 •• 11 12 13 •• 21 22 23 24 (25) 

Calculation algorithms: 

Code Calculation 

I E 
U 16xE 
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PROGRAM EXAMPLES 

The following programs will demonstrate how 
PM 6654 or PM 6652 communicate with an HP 85 
controller. 

Program No. 1 will make any desirable number of 
frequency measurements and calculate the mean 
value, standard deviation and max/min values. 

Program No. 2 is simpler and much shorter. Ten 
period measurements are made and only the mean 
value is calculated and displayed. 

Program No. 3 asks the operator for a program
ming string which is sent directly to the coun
ter, whereafter the correspondent measuring 
value is displayed. This program is illustrated 
with a lot of hard-copy print-outs. 

Program No. 4 illustrates the "Program data out" 
command. 

Program No. 5 gives an example how the limit 
monitoring with service request alarm can be 
used. 

Program No. 6 finally, shows how the HP85 is 
programmed for High speed dump mode using the so 
called FHS-teqnique (FHS =fast Hand Shake). The 
dump mode output format is also illustrated. 

The output delimiter in the PM 9696 interface 
should be set to LF (line feed) when a HP 85 
controller is used. 

If the counter will not communicate with the 
controller, i.e. the counter cannot be addres
sed, there will be no input data, or the counter 
cannot be programmed remotely. Press the RESET 
pushbutton on the HP 85 and/or press the POWER 
ON/OFF switch on the counter and try again, If 
the counter still doesn't communicate, check: 

- All connectors of the IEEE-488 bus. 

The trigger LED indicators. If the input sig
nal is lost, the counter might not terminate 
the measurement. 

The address switch on the counter rear panel 
must be set to 10 (binary 01010). 

The output string delimiter in the PM 9696 
interface should be set to Lf when a HP con
troller is used. 

Program No, 1 

The number of samples, which must not exceed 
1000, is given by the operator (INPUT state
ment). The counter is programmed to measure 
fREQ A (default value) with a 10ms measuring 
time, The device address of the counter is 10. 

!NIT/AT£ 

COUNTER 

CAI..CULAT£-' 

H£AN VAI..U£ 

STANDARD DeVIATION 

HAX/HIN VALU£ 

Fig. 5,10 Program No. 1 flow- chart. 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



10 l 
20 
3[1 
40 

IEC-8US PROGRAM 1 FOR 
PM 6652/54 COUNTERS 
AND H~ 85 AS CONTROLLER 

5(1 PRI~H 
60 .PR ItH II FREOUENCY t·IEASUREMENT 

S" 
70 PIUNT 
80 CLEAR ! CLEAR DISPLAY SCREEN 
90 BEEP ! WAKE-UP SIGNAL 

1 (10 D I SP II HOW MANY SAt1PLES? II 
110 INPUT G! 
120 CLEAR AND SET DEFAULT 
130 VALUES IN PM9696-INTER-
140 ! FACE 
150 CLEAR 71€1 
155 WAIT 1'30 
160 SET 10 ms MEASURING TIME 
170 ! AND TRIGGER <X> 
180 OUTPUT 710 ;"SM1E~2.X" 
1.90 DIM A(1000) 
200 ! I HPUT ALL SAMPL E VALUES 
210 FOR H=l TO Q 
220 ENTER 710 ; A$ 
230 ACN>=VAL(A$[4]) 
240 NEXT N 
250 ! CALCULATE MEAN VALUE 
260 M=€1 
270 FOR H=l TO Q 
280 M=t1+A ( N) 
29 0 NEgT N 
300 Ml=M/Q 
310 ! CALC ULAT E ST. DEVIATION 
320 82=0 
330 FOR N=1 TO Q 
340 S2=S2+CM1-A(N))A2 
350 NEXT N 
360 CALCULATE MAX AND MIN 
370 H=A(l) 
380 L=A(1) 
390 FOR N=2 TO Q 
409 IF ACN>>H THEN H=A<N> 
410 IF A(N)<L THEN L=A <N) 
420 NEXT N 
430 ! OUTPUT ALL PARAMETERS 
440 PRINT "NUMBER OF SAMPLES=";Q 
450 Y=l 
460 IF M1<100000 THEN Y=10 
470 IF M1<10000 THEN Y=100 
480 IF M1<1000 THEN Y=1000 
490 IF M1<100 THEN Y=10000 
500 IF M1<10 THEN Y=100000 
510 IF Ml<l THEN Y=1000000 
520 PRINT "AVERAGE="; 
530 PRINT INTCMl*Y)/Y;"Hz• 
540 PRINT "ST. DEVIATION="; 
550 PRINT IHTCSQRCS2/Q)*Y)/Y; 
560 PRINT "Hz" 
570 PRINT "MAX VALUE=";H;"Hz" 
580 PRINT "MIN VALUE=";L;"Hz" 

Program No. 2 

The counter is programmed to do 10 PERIOD 
measurements with 1s measuring time. See 
flow-chart below. 

INITIATE: 

COUNTER 

C,A,L CULA T£ 

HEAN V,liLU£ 

fig. 5.11 Program No 2 flow chart. 

10 DEMO PROGRAM NO 2 
20 FOR PM 6652/54 AND 
30 ! AND HP 85 AS CONTROLLER 
40 ! 
50 CLEAR ! CLEAR DISPLAY 
60 CLEAR 710 ! DEFAULT SET TINGS 
70 ! SELECT PERIOD A <FJ) 
80 ! AND ls MEASURING TiME 
90 OUTPUT 710 ; "F3SM1" 

100 ! INPUT ALL :::AMPLE \..'ALLIES 
1 ua z.,e 
120 FOR N=l TO 10 
130 TRIGGER 710 
140 ENTER 710 ; A$ 
150 Z=Z+UALCA$[4]) 
160 NEXT N 
170 ! GET MEAN VALUE 
180 M=Z/10 
190 ! DISPLAY MEAN VALUE 
200 DISP "AVERAGE=".d·1• "s" 
210 ENO 
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Program no 3. 

This program asks the operator for a programming 
string to be sent to the counter. After that a 
measuring value is entered and displayed for 5 

seconds. See flow-chart below. 

START 

~ 
(line 40) SET COUNTER TO 

DEFAULT SETTINGS 

! 

• (line 70) INPUT STRING 
FROM OPERATOR 

(line 90, 100) 

~ I 

OUTPUT STRING I 
TO COUNTER 
AND TRIGGER 

~ 
(line 120) ENTER MEASURING 

V~LU£ FROM COUNTER 

~ 
(line 140) DISPLAY RESULT 

~ 
(line 150) WAIT 5 SECONDS 

L_ 

Fig 5.12. Program no 3 Flow chart 

The program listing is shown below. 

10 I DEMO PROGRAM NO 3 
20 I FOR PM6652/54 AND 
30 I HP85 AS CONTROLLER 
40 CLEAR 710 t CLEAR COUNTER 
50 CLEAR ! CLEAR DISPLAY 
6(i D I ::;p "r HPUT 't'OUR PROGRmm r NG 

STF.~ I t~G II 
7~~1 INPUT AS 
80 I PROGRAM THE COUNTER AND TR 

IGGER 
90 OUTPUT 710 ;AS 

100 TRIGGER 710 
110 ! GET THE MEASURING RESULT 
120 ENTER 710 ; BS 
130 DISP 
140 DISP "RESULT .IS: ".•8$ 
150 WAIT 5000 ! WAIT 5 SECONDS 
160 GOTO 5(1 
170 END . 

To illustrate the program running, the measuring 
results are copied from the HP85 display to the 
integral thermal printer. 

a) To measure Frequency A with 1s measuring 
time, it is not necessary to program Frequen
cy measurements because that is the default 
function. The programming string is simply: 
"SM1" (Set Measuring time = 1s). 

INPUT YOUR PROGRAMMING STRING 
·-::· 

RESULT IS: FA 084.8633289E+J 

b) The result was a 9 digit result for 1 second 
measuring time (correct). In changing measu
ring time to minimum by means of string "SS1" 
(set Single/minimum): 

INPUT YOUR PROGRAMMING STRING 

RESULT IS: FA 00000084.87E+J 
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c) There are now only 4 digits for approx. 2~s 
measuring time. But the readout is difficult 
to read with 6 leading zeroes. To remove all 
leading zeroes by means of string "LE1" 
(Leading zero suppressi.on Enable): 

INPUT YOUR PROGRAMMING STRING 
? 
LE1 

RESULT IS• FA 84.87£+3 

d) Which gives a ~uch nicer print-out. To 
measure period A instead, fi rat program "0" 
(Default setting) followed by F3 (Function 3 
=period). 

INPUT YOUR PROGRAMMING STRING 
'? 
DF3 

RESULT IS= PA 011.783 11 94£-6 

e) To measure the duty factor of the signal 
(code "F10"). 

INPUT YOUR PROGRAMMING STRING 
? 
F1"0 

RESUL. T IS : OF 0000869 . 64.9E -3 

f) To make a fast Duty Factor measurement by 
programming: 
"551" for shortest possible Measuring time 
"SM1E-4" for shortest possible Display time 
"LE1" for leading zero suppression 

INPUT YOUR PROGRAMMING STRING 
? 
:::::; 1 8 1'11 E -4LE 1 

RESULT IS = OF 0 . 88E+0 

g) To determine the rise time of the input 
signal, program: 
"f9" for Rise Time function 
"55~" and "SM10E-3" for 10ms mess. time . 
"AC0" for De-coupled inputs 
''AT1" for SO Ohm termination 

INPUT YOUR PROGRAMMING STRING 

F9SS0SM10E-3AC0AT1 

RESULT IS: f<:T 1. 48238E-6 

h) To discover the trigger levels used for the 
previous rise time measure~ent, program: 
"RL1" (Read trigger levels), 

INPUT YOUR PROGRAMMING STRING 
·::· 

RESULT IS• TL +0 .02,+0 . 68 

i) To examine the input voltage, Vmax and Vmin 
by using "F14" and "RUI.I" (switch off read 
trigger level mode). 

INPUT YOUR PROGRAMMING STRING 
? 
RL0F 14 

RESULT IS = VM +0 . 75.-0 . 06 

j) To use the 2~ and 80% trigger poi nts instead 
(20% is +0. 10V and 8ret: is +0. S9V), the pro
gramming codes used are: 
"TL 1" for Trigger level via keyboard 
"AL.10" for channel A level = 0.10V 
''BL.59" for channel 8 level= 0.59V 
"RL 1 1' for checking our set levels 

INPUT YOUR PROGRAMMING STRING 
? 
TL 1 AL . 1 BL . 59RL1 

RES IJ L T I S • T-L + 0 . 10 .. + 0 . 59 
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Program no. 4 

This program displays the current programming 
status of the counter as a result of a "P£1"-com
mand. 

The "P0"-command will result in an output of B 

consequtive program data strings which are input 
to the HPBS and displayed. 

At the end of the program there is a "LOCAL 710" 
~;;tatement. This enables manual changes of the 
counter settings before re-running the program 
with new programming status. 

The listing is shown below. 

10 DEMO PROGPAM NO 4 
20 I FOR PM6652/54 AND 
30 i HP8S AS CONTROLLER 
4~~1 CLEAR 
50 r:• I •;:;p 
60 i ASK FOR PROGRAM DATA OUT 
7•~1 OUTPUT 71 B _; "F'~3" 
:::~] D I t·1 P:t[25J 
90 I ENTER AND DISPLAY 8 STRING 

100 FOR f:::=l TO:;:: 
110 EtHEP 710; F't 
120 DI:3F' P$ 
13€1 NE:=<T V 
140 I PETURN TO LOCAL MODE 
150 LOCAL 710 
160. EHD 

A display readout (copied to the integral 
thermal printer) is shown below. 

FBl ~;t16~~1. E-3S':::t1 
AC1AS0AA0AT1AL+B.00 
Bf0BS0BAOBT0BL+B.00 
TL2T00CE0CH0TE0 
SG•0H S0LE0M S0::; D2 
G0HE0ME0RM0RHORL0 
SK+000000B01.E+00 
SL+000B00000.E+01 

After having made some manual changes on the 
front panel t a new "RUN" resulted in the follo
wing print-out .• Note the changed settings. 

F03:;:; ~11 0. F -1 ::;;:=; 1 
RC1AS0AAOAT1AL+0 12 
8C1BS18A18T18L+0 00 
TL 1 TOttCEOC!-H3TEO 
SGI0H~; 0L E01'1 ::;;o:3 02 
GttHE0ME1RM0RH0RLB 
SK+000000001 .E+06 
SL-000000011 .E+00 

Program no 5 

This program activates an upper and a lower li
mit for frequency measurements. When the fre
quency exceeds the set limits, an SRQ is sent to 
the controller, which will display the erroneous 
value together with the limits. 

To activate the limit alarm the counter must be 
programmed with the following commands 
(see line 200): 

- "SK ••• " and "SL ••• " to set the relevant K and 
L values 

- 11ME1" to enable MATH 

- "SQ2" to enable limit alarm SRQ 

The SRQ interrupt is enabled in line 130. Line 
120 instructs the HP85 where to go in case of an 
interrupt (i.e. line 230). The SRQ-interrupt 
routine starts with a "STATUS" statement which 
clears the interrupt cause register (CR1) in the 
HPB5. furthermore, a serial poll (line 260) is 
executed to "take away" the active SRQ line in 
the bus. A test is made (line 270) to see whet
her the SRQ interrupt wss caused by limits ex
ceeded (status 96) or by something else. 

At the very end (line 430)t there are some ne
cessary statements to enable further monitoring 
after the first SRQ interrupt. 

- "SEND 7; UNT" means that the counter is told 
to "untalk", otherwise the counter will not 
measure but wait forever for a handshake pro
cedure with the HPBS. 
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"TRIGGER 710" is needed to start further mea
surements. 

- "ENABLE INTR 7;8" is needed to re-enable SRQ 
interrupts . 

The listing is shown below: 

10 I DEMO PROGRAM NO 5 
20 I FOR PM 6652/54 AND 
30 ! HP85 AS CONTROLLER 
40 LOCAL 710 
50 CLEAR ! CLEAR SCREEN 
60 OISP "INPUT LOWER LIMIT=u 
70 IHPUT A 
80 OISP ~INPUT HIGHER LIMIT=u 
9f1 HIPUT 8 

110 ! ENABLE SRQ-INTERRUPT 
120 ON INTR 7 GOTO 230 
130 ENABLE INTR 7;8 
140 ! CALCULATE K AND L 
150 K=l/(8.,-A) 
160 L=-A/( 8-A) 
170 KS="SK"&VALS(K) 
180 LS="SL"&UALS(L) 
185 CLEAR 710 ! DEFAULT SETTINGS 
190 ! OUTPUT DESIRED K AND L VAL 

UES, ENABLE MATH AND ENABLE 
LIMIT ALARM MONITORING 

200 OUTPUT 710 ;KS&LS&"SQ2ME1" 
210 GOTO 210 
220 ! INTERRUPT ROUTINE 
230 STATUS 7,1 ; D 
240 BEEP 
250 DISP @ DISP 
260 S=SPOLLC710) 
270 IF 8=96 THEN 340 
280 OISP "SERVICE REQUESTED FOR~ 
290 OISP "OTHER REASONS" 
300 ENABLE INTR 7;8 
310 OISP "PRESS 'END LINE' TO RE 

START" 
320 INPUT 0$ 
330 GOTO 440 
340 ENTER 710 ; BS 
350 DISP "MEASUREMENT RESULT:~ 
360 DISP " ";CVALCB$[4])-L)/K 
370 DISP "HAS EXCEEDED LIMITS=" 
380 DISP A;" AND ";8;" RESP." 
390 DISP 
400 OISP "DO YOU WANT TO CONTINU 

E THE" 
410 DISP "MEASUREMENT? <YJN)" 
420 INPUT RS 
430 IF RS="Y" THEN SEND 7 ; UNT 

@ TRIGGER 710 @ ENABLE INTR 
7;8@ GOTO 2H3 

440 END 

The hard ... copy output of a test run is shown 
below: 

INPUT LOWER LIMIT• 
? 
70E3 
INPUT HIGHER LIMIT= 
... ;. 

MEASUREMENT RESULT • 
61153.306 

HAS EXCEEDED LIMITS= 
70000 AND 80000 RESP. 

DO YOU WANT TO CONTINUE THE 
MEASUREMENT? CY/N) 
? 

Program no 6 

This program example demonstrates how 1000 
single period measurements can be transferred in 
a few seconds to HPBS using High speed dump 
mode. 

For this purpose HP85 must be programmed for 
"Fast Handshake Transfer" (fHS) using a large 
I/O-Buffer (25000 bytes is used in the pro
gram). In High speed dump mode every measuring 
result contains 24 bytes. This explains line 170 
which says:" Trans fer data from the counter (ad

dress 710) to the 25000 byte I/O-buffer 8$ using 
fast Hand-Shake (FHS) and do not stop until 
1000 measurements (24000 bytes) have been coun
ted!" 

The program listing is shown on next page. 
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10 I DEMO PROGRAM NO 6 
20 I FOR PM 6652,54 AND 
30 I HP85 AS CONTROLLER 
4€1 CLEAP 
50 OI::;;p 
60 OISP ~HIGH SPEED DUMP MODE" 
70 OISP ~1000 PERIOD MEASURMENT 

8(1 [I I ::;;p 
90 I DIMENSION I/O-BUFFER 

100 DIM BS£25000] 
110 IOBUFFER 8$ 
12€1 CLEAI': 710 
130 ! PROGRAM SINGLE PERIOD, KEY 

BOARD SET LEVEL (0U) AND DUM 
P 1'10DE 

140 OUTPUT 710 ;"F3SS1TE1HS1TL1" 
15€1 TRIGGER 710 
160 ! HIGH SPEED INPUT TRANSFER 
170 TRANSFER 710 TO 8$ FHS ; COU 

HT 24000 
180 OUTPUT 710 ;"HS0" 
190 FOR I=0 TO 99 
200 FOR K=0 TO 9 
210 OISP 8$[240*I+24*K+1,240*I+2 

4:;:1(+23] 
220 HDn K 
230 OISP "PRESS 'CONT' TO SEE MO 

REI" 
240 DISP "(MEASUREMENTS N0";10*I 

+l;"T0";10*I+10;"ARE NOW SHO 
l•jN) II 

;~50 PAUSE 
260 CLEAR 
270 NEXT I 
280 OISP "THAT'S ALL" 
290 EtiD 

NOTE: If ENTER is used instead of TRANSFER at 
line 170, the number of measurements/ 
second will be reduced by approximately 

50%~ 

A hard-copy printout is shown below. The first 
byte is code non saying &hat all bytes (except 

byte No 12) contain time counts and that the 
data should be multiplied by 2 ns to get the 
correct result. In this example we see that the 
periods are 218 or 220 ns. 

Q0000000000400000000109 
Q0000000000400000000109 
Q0000000000400000000109 
Q0000000000400000000110 
Q0000800000480000000109 
Q0000000000400000000109 
Q0000000000400000000109 
Q0800000000400000000109 
Q0800000000400000000109 
Q0000000000400000000109 
PRESS 'COHT' TO SEE MORE! 
<MEASUREMENTS NO 231 TO 240 
ARE NmJ SHOwt-D 

See sect ion "High speed dump mode" , page 5. 19 
("Format No 5") for a detailed explanation, 
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INTRODUCTION 

This chapter contains the operating manuals for 
all options for the counters PM 6652,-54 with 
exception of t he IEEE-bus interface (PM 9696), 
whi ch is included in chapter 5 of this manual. 
The technical specification for each option is 
included in chapter 9. Mounting instructions for 
the options are included in the service manual. 

WARNING: Mounting of the different options shall 
only be carried out by personel quali
fied to do so. To reduce the risk of 
electric shock do not perform any form 
of servicing other than that speci fied 
in the operating manual unless yo•• Are 

full y qualified to do so. 

Please note that some options e.g. Blind panel, 
Fan unit and Rear inputs are factory options . 

CHANNEL C PM 961 0 ------------- ----------· 

With the option PM 9610 is the frequency range 
for PM 6652,-54 extended to 1.5 GHz. This HF
input is on the front panel marked input C. 

The C channel option is principally a prescaler 
which divides the input frequency by 16. For 
example, an input frequency of BOO MHz will be 
counted by the counting logic as if it were a 
50 MHz s ignal ; see Fig. 6.1. 

P IN
d iode 
limit e r 

Ampli
fier 

Fig . 6.1 Input C block diagram 

A signal level detector enables counting only 
when the input level is high enough. Below that 
level no measur ement at all is made. A "clean 
drop-out" is thus provided and no erroneous 
measurements are made on RF noise. This circuit 
is automatically disabled* when the C-input is 
used for FREQ.AVG. measurements to improve the 
burst capability. 

*) Not on the PM 6652,-54. 

NOTE : If FREQ . C and AVG. is selected and the 
C-input left open, the display will show a 
f alse readout instead of being blanked 
out. 

The input amplifier is automatically protected 
against signal levels above + 10 dBm. This ena
bles a wide dynamic range of 10 mVrms···12 Yrms 
and exce llent overload protection. 

Amplitude modulated signals can be measured as 
long as the minimum amplitude in the modulation 
envelope is higher than the sensit ivity of the 
C-channel (see fig. 6.2). 

>Inpu t 
St!nsilivi ty 

Fig. 6.2 Amplitude modulated signals can be 
measured down to 10 mVRMS· 

REAR INPUTS PM 9611 

The rear inputs PM 9611 is a factory mounted 
option. With this option are the front panel in
puts A, 8 and C substituted by the rear panel 
inputs K, L and M. 

...-----AUXILIARY-----... 

® 

Fig. 6.3 The rear panel inputs K, L and M. 

In order to preserve the SO Ohm input impedance 
it is necessary to disconnect the front panel 
inputs when installing the rear panel inputs. 
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FAN UNIT PM 9612 
----------·------~ 

The fan unit is designed for applications were 
the environmental temperature increases to over 
40 °C and the natural air circulation is pro
hibited. There must anyhow be sufficient free 
space available around the counter (at least 
20 mm). 

In order to make the fan unit efficient there 
must be sufficient free air available around the 
counter. The ventilation holes for the fan is 
located in the side panels at both sides of the 
counter. 

The fan unit is a factory option. 

OSCILLATORS 
PM 9678, ·79, ·9()_L':~1 

The frequency of the reference crystal oscilla
tor is the main accuracy defining parameter in a 
counter. The frequency is effected by external 
conditions like the ambient temperature and sup
ply voltage but also by ageing. 

When making a recalibration, the reference crys
tal oscillator is only compensated for deviation 
in frequency due to ageing . 

Some important points: 

The high stability oscillators has been built 
into an oven in order to keep the oscilator 
temperature as stable as possible. Continous 
operation is also important for the stabili
ty. After a mains-voltage interruption the 
oscillator restarts at a slightly different 
frequency. It will then, as time goes on fol
low an equal ageing rate. 

The stabilities indicated for the oscillators 
are valid within a temperature range of 0 ••. -
SO °C, with a reference temperature of 
23 °C. If the counter is used in a room tem
perature of 20 •.• 30 °C, the temperature sta
bility will be increased with a factor of 3. 

The temerature stability indicated for TCXO 
and standard oscillators are mainly dependent 
on the ambient temperature. At power on there 
is always a temperature increase inside the 
counter which will influence the oscillator. 

Recal.ibration 

The Mean Time Between ReCalibration, MTBRC, is 
defined as: 

MTBRC = Acceptable error - Temp. stability 
Ageing 

It can be calculated when the total acceptable 
error and the oscillator specifications are 
known. 

The total acceptable error is defined as: 

Acceptable 
error: = 

Deviation of ref. frequency 
Nominal ref. frequency 

Example: 
- A user can accept a maximum of t3 Hz deviation 

on the 10 MHz frequency of the oscillator, 
this results in: 

- Acceptable =-----3--~~---= 
error: 10 x 106 Hz 

3 X 10-7 

The Ageing and temperature factors can be selec
ted from the table in Chapter 9. 

The value of the Ageing factor is correctly se
lected from the table when the calculation of 
MTBRC results in 1 •• • 30 days, 1 ••• 12 months or 
over 1 year (not e.g. 43 days or 17 month or 
0.8 years). 

Example: 
- The user has the same requirements as in the 

example above. The counter has an oscillator 
PM 9690. 

- Look up information about P~1 9690 in the Tech
nical Specification, Chapter 9. The results 
will be the following: 

Relative Frequency deviation caused by: 
Ambient 
temperature 
variation: 
Ageing/year: 

Less than 3 x 10-8 
Less than 1.5 x 1o-7 

- Use the MTBRC formula with the above values. 
This gives a MTBRC of maximum: 

3 x 1o-7 - 3 x 1o-B 

1.5 X 10-7 = 1.8 year 

NOTE: When making a recalibration, the reference 
crystal oscillator will only be compen
sated for relative frequency deviation 
caused by ageing. 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



ANALOG RECORDER OUTPUT PM 9695 

The PM 9695 converts the digital information of 
the PM 6652/54 counters into an analog signal. 
One application for the analog output is for 
recording the stability of oscillators and fil
ters on a strip chert recorder. In frequency 
control systems with analog feedback, the DAC 
serves as an accurate frequency to voltage con
verter. 

Output and switches 

The analog output signal from the PM 9695 is 
sent: out: via a BNC conneetor on t.he rear panel. 
A resolutioin selector and an offset switch are 
used to select the desired output digits. 

Resolution selector 

Any 3 consecutive digits can be selected with 
the 12-position resolution selector. The conver
ter functions as a magnifying glass to focus on 
the desired part of the read-out. The resolution 
selector has two scales. One scale (marked s) is 
for time measurements from 1o-13s to 10-2s. 
The other scale (marked Hz) is used for voltage, 
degrees, ratio, counts and frequency, from 10-4 
to 107. See Fig. 6.4. 

The position of the resolution selector corre
sponds to the least significant of the digits 
selected. 

OHSET 10 o3 
3 ~ 1 0 1 <? -:~ 4 5 

'6 ' tb OUT 

o 10"-''~'·'~-·r··-~S ~~ 
\\l ®> --_,- ~ \\l 

+500 R£SOLUTfON SELECTOR • 
PM 9695 DIGITAl ANALOG CONVERTER 

Fig. 6.4 The digital-to-analog converter panel 
with the resolution selector. 

When the resolution selector is set to a posi
tion where one or two of the digits to be con
verted are outside the display of the counter, 
then these digits will be converted as zeros. 

At power on or reset, the output is OmV. If an 
overflow occurs on the converter display, the 
analog output will be 1023mV. 

Some examples 

If the display shows 1 2 3 4 5 6 7 B 9 kHz and 
the resolution selector is set to 103Hz as indi
cated in the left-hand column below, then the 
digits 123 (marked in the middle column, example 
1) are converted to an analog output signal. 
this is shown in Table 6.1, together with some 
additional examples. 

Position of reso- Converted Analog 
lution selector, digits output 
upper scale signal 

103Hz [ill.456789 123mV 

102Hz ~6789 234mV 

104Hz ~.456789 012mV 

10-4Hz 123.456-0 890mV 

Table 6.1 

Offset switch 

In normal operating mode, the offset switch 
should be set to position o. The analog output 
is then directly proportional to the digital 
input, which means that 000 produces O.OOOV and 
999 produces 0.999V. 

For offset mode operation, the offset switch is 
set to position +500. this adds 500 to the digi
tal input, and 500 then produces O.OOOV, whereas 
499 produces 0.999V. Thus, for a display chang
ing between 9. 99999999MHz and 10. OOOOOOOOMHz, 
the frequency will be recorded at the center of 
the strip chart, rather than shooting between 
zero and full scale. 
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REFERENCE FREQUENCY 
MULTIPLIER PM 9697 

With this option installed, the PM 6652/S4 coun
ters csn accept external reference frequencies 
of 1MHz, 5MHz or 101f-!z· via input D (EXT SID IN) 
on the rear panel. The multiplier can however 
only be installed together with the standard 
oscillator. 

Selection of multiplication factor 

The selection of multiplication factor has to be 
reconsidered at installation (see instruction 
manual PM 9697) or change of external reference. 

Note that only trained personel are slowed to 
work with an opened instrument . 

- Disconnect the mains cable. 
- Remove the top cover of the counter. 
- Find the two jumpers BU103 and BU104 on 

PM 9697, see Fig. 6.5. 

PM 9697 

Fig. 6.5 Component layout PM 9697. 

- If necessary change the jumpers. 
- Refit the cover. 

BLIND PANEL 

Counters used only in IEEE-BUS applications, may 
from the factory be equipped with a blind panel. 
The counter is still electrically identical to 
the "normal" version. 

The blind panel includes: 

- Three input connectors A, B and C. These in
puts can be substituted by the rear panel in
puts K, L and M {PM 9611). 

- One potentiometer, protected by a screw
fastened cover, for setting the HOLD OFF time, 
which cannot be set via the IEEE-BUS. 

- The secondary power switch. 
- Three LED:s on the left hand side of the 

panel, indicating: POWER ON, REMOTE and STAND 
BY. 

--- ...-~ • .,..,_,l,w.._ >;..;.;.., ,_~~ ' ~ 

' ' ' ~ 
,........,. ~~j~"',' ', 'J!'""'t' ....... ' ,> ,_.,._ - ~ ,' 

;;,., ::. ~4. ··~~ . ·~ ;; ~· 1,\ • 
~ ~ , \ < -~ ~ "' ..... ~l· ' / .. ~ '>~ t ~ 

Fig. 6.6 Blind panel for counters PM 6652/54. 
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Chapter 7 

MEASUREMENT THEORY 
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INTRODUCTION 

The microcomputer-based PM 6652 and PM 6654 ti
mer/counters provide a wide range of frequency 
and time m~aauring functions, including time in
terval, rise or fall time, phase, duty factor, 
etc. The counters also offer voltage measure
ments such as Vmax, Vmin and V pp of the input 
signal. A summary of all possible measuring 
functions is given below: 

frequency related Time related 
measuring functions: 
frequency A 
frequency C 
Ratio A/B 
Ratio C/ B 
Period A 
Totalize (3 modes) 

measuring functions: 
Time interval 
Pulse width 
Rise or fall time 
Phase 
Duty factor 

Voltage measuring functions: 

Vmax• Vmin• Vpp 

Block diagram 

The counters contain two microprocessors and a 
"counter-on-a-chip" LSI. The LSI, together with 
the input circuit, performs all counting func
tions; whereas the master microprocessor con
t rols the logic functions of the counter and 
does all calculations on the counting result. 
The slave microprocessor performs the communica
tion between control panel (controls, indicators 
and the display) and the master processor. 

IN P. ,;, 

IN P. 8 

INP.C 

10 /'IHz<>-<lt--------' 
01./T 

Fig. 7,1 Block diagram PM 6652/54 

The microprocessors computing power allows mat
hematical manipulations of the result (offset 
and/or scaling). The PM 6652/54 also features 
automatic truncation of digits so that only sig
nificant digits are displayed. Thus, no overflow 
can occur. A block diagram is shown in fig. 7.1 , 
Two ident.ical input channels are used for accu
rate time interval measurements. 

The PM 6652 and PM 6654 have identical measuring 
functions. The difference is found in the input 
synchronization and in the internal clock pulse 
frequency. The PM 6652 operates with a clock 
frequency of 10MHz, whereas the PM 6654 operates 
with a clock frequency of 500MHz in most measu
ring functions. 

The PM 6654 has a synchronization network that 
operates at 500MHz, 100MHz or 10MHz depending on 
the measuring function, 

500MHz operation is found in Frequency A or 
C, Period and Single Time measurements. 
100MHz operation is found in average time 
measurements (time interval, pulse width, 
rise and fall time) totalize modes and time. 
10MHz operation is found in phase, duty fac
tor and ratio. 

In any measuring function, the use of hold off 
or external gate will automatically convert the 
PM 6654 to 10MHz clock frequency operation. The 
use of AVG (average) in time measurements will 
automatically result in 10MHz operation, whereas 
the AVG function in frequency or period measure
ments will not affect the resolution. 

TRI IJ. L £ VCL A 

TRI G. L t:Vt:L 8 

MICRO· 

COM -

P UT£R 

GAT£ OPCN t:XT. Rt:SCT 
OUT / NP. 

/ t:££ - .1,88 
..._ __ ..;..;..__. 8 115 

n 
I i 
~ i 
~ . . 
r: 
i 1 
l .. . i 

.. , 
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Clock frequency: SOOMHz 100MHz 10MHz 
Resolution: 2ns 10ns 100ns 

Frequency A or C, Period X 
Single Ti me Interval X 
Mult i ple Time Interval AVG X 
Totalize X 
Phase , Duty factor , Ratio, X 
Ext ernal gate, Hold-off X 
AVG and Frequency A or c X 
AVG and Time average X 

Table 7,1 Resolution vs function in PM 6654 

INPUT TRIGGERING 

Functions - Channel A and B 

As the input signal can have very different wave 
forms, i t is necessar y to shape the signals so 
that the counting circuits can handle the sig
nals, The i nput circuits must be ab l e to t r i gger 
on narrow pulses, signals superimposed on DC le
vels, noisy signals and low level signals as 
well as on high level signals. The input must 
also have selectable impedance (1MOhm/ SO Ohm) t o 
fit various system configurations. The input 
circuits consist of: 
- A 1MOhm/ 50 Ohm input termination selector; 
- AC/DC-coupl ing selector; 
- An input attenuator (x10), to attenuate exces-

sive input signals to fit the ±5V trigger le
vel off-set range; 

INPUT I 
~ 

- A differential amplifier for trigger level 
setting; 

- Schmitt trigger circuit with fixed hysteresis 
band (trigger window) for pulse shaping. 

Schmitt-trigger function 

The Schmitt-trigger function is i llustrated in 
Fig. 7.3. 

Tr,"gg~r 
l e v e l 

l roi'Yl 

tr/g9~r 

I 
Oufpu t I 
Ct.rC ;.u· f '-----'-- ----__...__ __ _ 

Fig. 7. 3 Illustration of the t r igger function. 

The hysteresis band (trigger window) is centered 
around the trigger level and the width of the 
hysteresis band at the input is the same as the 
effective input sensitivity in Vpp. 

CONTR OL S IGN~LS 

F R OH _,u.C 

TO 
..----.SYNC. 

N E: TI.IORK 

TR IG . L EVE L 
FROM OA C 

T R I G. L C V£L 
P O T. 

'- -l 
I 
I TO 
J.,.o~D---·· C H ANNCL 8 0>--------.C1"j 

INPUT 
8 

(COM VI~ A) 

Fig. 7. 2 Block diagram of the input circuits. 
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Trigger level settings 

When the trigger level setting is changed, the 
hysteresis band is shifted with respect to the 
input signal; see fig 7.4 

•IV~ - ... ::·::::.:=::.::::::::~ ... ::::::~-:-
OV 

· IV 

•IV ~-- --=.-~=· 

ov 

-IV 

Trig.level = OV 
Safe triggering 

Trig. leve/=0.5V 
Risk of erroneous 
triggering due to 
signal instability 
or amplitude variations 

Trig. /evel=f.OV 
No triggering 

Fig. 7.4 Trigger level offset. 

For reliable triggering the trigger level 
should, in almost all cases, be positioned at 
50% of the signal's peak-to-peak voltage. This 
is assured by the counter's AUTO t rigger func
tion. 

When AUTO is selected, the microcomputer, not 
the operator , is doing the trigger level set
ting. The microcomputer will automatically mea
sure max and min values of the input voltage, 
calculate the mid-value and position the trigger 
level accordingly. For rise or fall time mea
surements, the microcomputer will calculate 
trigger levels as .the 10~ and 90% values of the 
input voltage. If nesseccary, the microcomputer 
will automatically change the attenuator setting 
(x1 or x10). AUTO requires a repetitive input 
signal > 100Hz. 

Trigger level can also be set manually vi a the 
kerboard or with the potentiometers. The range 
is -5V ••• +SV . The trigger level is set in 10mV 
steps via the keyboard. The real trigger level 
with respect to the input signal is then: 

(Attenuator setting) x (Keyboard setting) 

The set trigger level can also be read on the 
display with 10mV resolution for all three trig
ger level modes (AUTO, KEYBOARD, Potentiometers) 

Frequency measurements 

Timer/counters are used for both frequency and 
time interval measurements. However, frequency 

and time interval measurements have contradicto
ry requirements in respect of correct trigge
r ing. For frequency measurements, too narrow a 
hysteresis band (i.e. too high a sensitivity) 
means that the counter is too sensitive to 
noise; see Fig. 7.5. The hysteresis band is the 
noise immunity band. 

W'RONG 

Thrt!~ ~oun-fs p~r cycle One cot.~nl p~r <yclt-

Fig. 7.5 Do not use a higher sensitivity than 
needed for correct triggering. 

Signals which are superimposed on a DC voltage, 
must be separated via a capacitor (i.e. AC-coup
ling). The advantages of AC coupling are: 
- No DC drift. 
- Good protection against DC overload . 

AC coupling, however, gives a drop in sensitivi
ty for very low frequencies. 

When measuring low frequency signals with super
imposed high-frequency noise, one can use the 
HOLD-OFF as a low-pass filter with a variable 
cut- off frequency for input signals between 5Hz 
and 150kHz. For optimal noise rejection, set 
HOLD-OFF time to approx. 3/4 of the input sig
nal's period duration. The function of HOLD-OFF 
is illustrated in Fig. 7.6 . 

I 
II 

1; , :11 

~ 
I I 
I I 

--1 w~-----
1 HOLD· OFF1 I 

' • TJHE a! 1 
I 1 I 

J ur---
CORRE:C T COUNTS 

a; Coun led c'lcl~s 
'-JIInov I Hold· off 

HOLD -OFF 
S l !iNAL 

b; Counled C':Jcles 
w r l h Hold-orr 

Fig. 7.6 ·HOLD-OFF acts as a noise rejection 
filter. 
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After the first triggering the HOLD-OFF period 
starts; during which time the counter is unable 
to perform any further input triggering. The 
selected Hold-Off time should expire when the 
signal is at maximum amplitude, to enable reco
very and the start of a new Hold-Off at the be
ginning of the next pulse. 

Time interval measurements 

For time interval measurements, too wide a hys
teresis band (i.e. too low a sensitivity), means 
that differ-ent signal slopes at the start and 
stop trigger point cause different delays bet
ween the trigger level crossing and the trigger 
point; see Fig. 7.7. 

~=--~ 
~~-~! se d u r o 110'_2~ : 

I t1eos u red fu-ne ! , .. 
IA/RONG 

Fig. 7.7 Too wide a hysteresis might cause in
correct time interval measurements. 

Systematic trigger errors are kept at a very low 
level thanks to the nar-row hysteresis band 
(40 mVpp) and the microcomputer controlled auto
matic hysteresis compensation. The resultant 
maximum trigger level error is only 5 mVPP; see 
Fig. 7 .8. 

l 
1 Measured time 

Trigget· 

level J 

equals 

~--------~- ---p-ul_s_e--du_r_a_t-io_n ___________________ _j 
Fig. 7.8 Systematic trigger level errors are 

reduced with hysteresis compensation. 

By lowering the trigger level on positive trig
ger slopes and raising it on negative slopes, 
one can compensate for the error due to hystere
sis. 

However, a calibrated input attenuator is neces
sary to enlarge the trigger level setting range. 
A separate x1 0 attenuator, which expands the 
trigger level range to -50 v •.• +50 V is avail
able on the PM 6652,-54. 

DC-coupling, trigger slope selection and a con
tinuously variable setting of the trigger level 
is necessary for setting the trigger level at 
any required point of the input signal, indepen
dent of waveform or duty factor. Two identical 
inputs are also necessary to minimize the syste
matic channel mismatch error. 

Input C 

The counters have an optional RF input (input C) 

which extends the frequency measuring range up 
to 1. 5 GHz. 

The C channel option is principally a prescaler 
which divides the input frequency by 16. For 
example, an input frequency of 800 MHz will be 
counted by the counting logic as if it were a 
50 MHz signal; see Fig. 7.9. 

INPUT 
c 0 

Fig. 7.9 Input C block diagram 

-TO SYNC. 

The input signal is automatically attenuated 
over a wide range by means of a PIN-diode atte
nuator. This enables a wide dynamic range of 
10 mVRMS• •• 12 VRMS and excellent overload 
protection. 

A signal level detector enables counting only 
when the input level is high enough. Below that 
level no measurement at all is made. A "clean 
dr-op-out" is thus provided and no erroneous mea
surements are made on RF noise. 

To improve t.he burst-measuring capability, the 
level detector is automatically disabled* when 
the input C is used for FREQ.AVG. 

NOTE: If the input C is left open in FREQ.AVG. 
mode, the display will show a false read
out. 

*) Not on PM 6652,-54, only on PM 6652C,-54C 
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MEASURING TIME AND RESOLUTION 

The measuring time can be varied in 33 steps per 
decade between 0.1ms and 96s. Using the MINIMUM/ 
SINGLE measuring time push button gives a mini
mum gate ~ime of 1,,,2~s for (e.g,) frequency 
measurements. Minimum/single gives a single pe
riod measurement when (e.g.) PERIOD A is selec
ted. The set measuring time can be displayed by 
pushing the READ measuring time push button. 
This resets the counter and a new measurement 
will start. In the reciprocal mode, the counter 
totalizes input cycles until the set measuring 
time has elapsed and the synchronization condi
tions are met. Hence, the effective measuring 
time (also called gate time) is longer than the 
set measuring time . 

The number of eye 1 es (N) is: 

Effective measuring time 
N = 

Period duration 

NOTE: When measuring frequency with PM 6652, "N" is 

always rounded to the nearest higher multiple of 

10. 

When the measuring time has elapsed, the micro
computer reads the count registers and computes 
the measuring result with an 11-digit resolu
tion. The number of digits displayed, however, 
is limited only to the significant digits, de
pending on the ~easuring resolution. This meas u
ring resolution is defined by the input frequen
cy and the measuring time. 

The number of digits is selected in such a way 
that the measuring resolution is equal to 
0. 2 ••• 2 units of the least-significant digit 
(LSD), where: 

5 x frequency S x Period x 1o-9s 
LSD= or 

Meas.time x 109Hz Meas. time 

for the PM 6654 and: 

2.5 x frequency 2.5 x Period x 1o-7s 
LSD: or--------------------

Meas.time x 107Hz Meas . time 

for the PM 6652. 

MEASURING MODES 

frequency A or c, Period A 

The PM 6652/54 perform frequency and period 
measurements as given in the definitions: 

Number of cycles 
frequency :: 

Time 

Time 
Period :: 

Number of cycles 

The counter: 

Measures the effective measuring time. 
Counts the number of input cycles during the 
measuring time. 
Computes the number of eye les per second 
(frequency) or time units per cycle (period). 

The measurement in the PM 6654 is always syn
chronized with the input signal . This is called 
the input synchronized or reciprocal method. 

In the input synchronized mode, both the opening 
and closing of the main gate are synchronized 
wi.th the .. input signal, so that only completed 
input cycles are counted. This means that a ±1 

input cycle error is avoided. During the gate 
time, the counter also totalizes the number of 
clock cycles; see fig. 7.10. 

The resolution in the input synchronized mode is 
caused by truncat i on of the clock pulses, which 
results in a ±1 clock pulse error (2ns or 
100ns). The resolution of t.he measurement thus 
only depends on the measuring time. For example, 
the resolution for 1s measuring time is 1o-7 
(100ns/1s) for the PM 6652 and 2 x 10-9 (2ns/1s) 
for the PM 6654, independent of input frequency . 

In conventional counters, the gate time is syn
chronized with the clock signal. The first and 
last input cycle can therefore be truncated, 
causing a ±1 cycle error . This results in a good 
resolution for high frequency measurements; but 

a poor resolution for low frequency measurements 
(t1/frequency for 1s measuring time). 
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fig. 7.10 Input synchronized mode. 

for this reason, the PM 6652 uses input synchro
nized mode (reciprocal) for frequencies up to 
10MHz and clock synchronized mode (conventional) 
above 10MHz. This ensures optimal resolution for 
all frequencies • 

The PM 6654 with its very fast internal clock, 
uses the reciprocal mode for all frequencies. 

fig 7.11 and 7.12 shows the relative resolution 
of PM 6652 and PM 6654 for 1s measuring time. 

~ 
~ 

1o-7 PM 6652 ~ 
...1...-::--=-=:-=-:=:-=-:==-=-:=-:~ - - -- -

/: 
~/ I 

..._<::>~ / I 
if/ I 

'-'<::>~'i I 
/ frequency I 

/ in MHz : 
OL--------------1+0---~c<~ 

RECIPROCAL 

F"ig 7.11 The resolution of PM 6652 

RECIPROCAL 
2x1o-9 

Frequency 
in MHz 

0 120 

Fig. 7.12 The resolution of PM 6654 

Frequency measurements on channel C (fREQ C) are 
made in the conventional mode in the PM 6652 and 
in the reciprocal mode in the PM 6654. The reso
lution in the PM 6654 remains the same as for 
FREQ A, i.e. 2x1o-9 for a measuring time of 1s. 

Depending on the 
PM 6652 and on the 
resolution is 16 

conventional mode in the 
'divide by 16' prescaler, the 
times the resolution of a 

fREQ A measurement, i.e: 
16 

Rel. resolution ::.------- (for 1s) 
FREQUENCY C 

The resolution for 1s measuring time varies over 
the FREQ C range from 1.6x1o-7 (at 100MHz) to 
1.1x1o-8 (at 1.5GHz). 

Ratio measurements 

The counters measure the frequency ratio between 
signals connected to input A and input B or 
between the input signals on channel C and 
channel B • 

A ratio measurement is useful, for instance, 
when calibrating oscillators with an odd fre
quency. For example, say that the frequency 
should be 4. 3625872MHz. This is difficult to 
recognize on the display. By connecting such a 
reference signal to input B and measuring the 
ratio instead, the oscillator is correctly cali
brated when the display shows 1.0000000, which 
is much easier to read. 
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When MINIMUM/SINGLE measuring time is selected, 
the counters perform a single ratio measurement: 
that is, the counter will count the number of 
input cycles on channel A or C during one single 
period on channel B. 

Totalizing of events 

There are three different modes of totalizing. 

Manual: 
the counter totalizes events at input A, during 
the time interval between releasing and depress
ing the START/STOP TOTALIZE A push button. An 
event is defined as a positive-going transition. 

Gated by B: 

the counter totalizes events at input A, between 
the leading and trailing edge of the input B 
signal. 

Start/Stop by B: 
the counter totalizes events at input A, between 
the start and stop event at input B. 

Time interval single measurements 

Time interval measurements are made in modes 
TIME A-B, RISE/FALL TIME A and PULSE WIDTH A, 
Single time intervals are measured when MINIMUM/ 
SINGLE measuring time is selected. Otherwise, an 
average measurement is made, 

In TIME A-B single mode, the time (i.e. number 
of 100ns or 2ns clock pulses) is measured 
between a start event at channel A and a stop 
event at channel B. The start and stop trigge
ring can be set individually with respect to: 
coupling, trigger level, slope and attenuation 
(x1 or x10). 

In single source TIME measurements (RISE/FALL 
TIME and PULSE WIDTH) only input A is connected. 
The input B connector is disconnected. However, 
channel B is internally connected to input A. 
Channel B will automatically get the same atte
nuation, coupling and input termination as 
channel A. 

Single channel time intervals can also be measu
red in the TIME A-B mode by pushing the COM 
pushbutton. In this case, the input impedance 
setting of channel B is disconnected (identical 
to that of channel A). The coupling, attenua
tion, trigger level and slope in channel B can 
still be set independently of the channel A set
ting. The resolution of the single measurement 
is 1 clock pulse (2 or 100ns). 

~--·Trigger 
I 

I e ve l A Channel A 

I 
I 
I 

T r ig9e r l e v el 8 - pannef 8 

! 

Go te signal 

_JlflJuuuuL _____ ~:::ck purses 

Th e measured l1rn e / nf ervo 1 : 
• n<-<rnber of cfocl< puls e s toto fi z~d 

Fig. 7.13 Time interval single mode. 

Pulse width measurements 

These measurements are similar to single time 
interval measurements. When PULSE WIDTH A is 
selected, the counter automatically: 

- Activates COM via A; 
- Sets trigger level B = trigger level A; 
- Sets coupling B = coupling A; 
- Sets attenuation B = attenuation A; 

Sets slope B = in~erse slope A. 

When AUTO triggering is selected, the counter 
automatically sets the trigger level to 50% of 
the pulse amplitude in channel A. Note that AUTO 
requires a repetitive input signal > 100Hz. 

Rise/fall time measurements 

Rise or fall time measurements (RISE/FALL time) 
are very similar to TIME A-B measurements. When 
RISE/FALL time is selected, the counter 
automatically: 
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Activates COM via A function; 
- Sets coupling B : coupling A; 
- Sets attenuator B = attenuator A; 

Sets slope B = slope A. 

A rise tim~ measurement is selected by choosing 
positive trigger slope A; fall ti.me by choosing 
negative slope. When AUTO triggering is selected 
(in a rise time measurement) , the counter also 
sets trigger level A to 10% and trigger level B 
to 90% of the Vpp value. For fall time measure
ments (negative slope on input A), the trigger 
levels are automatically set to 90% in channel A 
and 10% in channel B. 

Time interval average measurements 

By using the time interval average technique, 
which means multiple measurements of a repeti
tive signal, the measuring accuracy and resolu
tion are greatly improved. Compared to single 
time interval measurements, the basic 2ns or 
100ns resolution is improved by a factor of 
1/V N, where N is the number of time intervals 
being averaged. 

Measuring time 
N :---------------------

For a signal as illustrated in Fig. 7 .14, app
roximately 10000 time intervals are being avera
ged during a measuring time of 10ms. Say that 
6000 are measured as 200ns (2 clock cycles) and 
4000 as 100ns. The statistical average is calcu
lated in the microcomputer. In this case the 
average is 160ns. The resolution is 100ns/ 
V 10000' = 1ns. 
Note that the input signal must be repetitive 
and asynchronous with respect to the time base 
and that the minimum dead time from stop to 
start is 50ns for the PM 6654 and 250ns for the 
PM 6652. 
In time interval average mode in the PM 6654, 
the internal clock resolution is 10ns, not 2ns 
as in single shot measurements, The PM 6652 has 
the same internal clock resolution (100ns) for 
both average and single measurements. 

Phase delay measurements 

The timer/counters can measure the phase delay 
between two signals connected t o inputs A and B. 
The measurement is performed by simultaneously 
measuring the time interval A-B and period. The 
phase delay is calculated as: 

Pulse repetition time Time Interval A-B 

Averaging of TIM£ A-B, RISE/FALL time A and 
PULSE WIDTH A measurements are normally perfor
med as long as MINIMUM/SINGLE measuring time is 
not selected. Whe~ using time interval average, 
the number of leading edges of the clock pulses 
occurring in each individual "time window" are 
totalized. Fig. 7.14 illustrates a rise-time 
measurement. 

Fig. 7.14 Time interval average mode, PM 6652. 

Phase delay = x 360° 
Period 

The measurement is made as an average measure
ment to improve accuracy and resolution; see 
Fig. 7.15. 

P HAS E D[LAY ~ •-360° 
n)(T 

Fig. 7 . 15 The phase delay measurement. 
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In order to obtain a high accuracy time interval 
measurement in the phase delay function, the 
setting of the trigger level is very important. 
The trigger levels should be identical for both 
channels and as close to zero as possible. This 
is normally ·achieved with AC coupling and trig
ger levels , = OmV. Unequal settings of the trig
ger levels will result in inaccurate time inter
val measurements; see fig. 7.16. 

- Tr/gg t! r I t! ve t 8 

-Tr,gge r lev~/ A 
~--~~r----r--r---

fig. 7.16 Unequal settings of the trigger le
vels will result in inaccurate time 
interval measurements. 

Very large differences in slew rate between the 
two signals, can result in a systematic phase 
error, which can be up to 1.5°. This is caused 
by the hysteresis band (typically ±5mV after hy
steresis compensation). Although the trigger 
level is set to OmV, the actual trigger point 
could be +5mV . With variations in slew rate, the 
time before crossing the +5mV limit will vary, 
It is therefore ·important to keep the signals at 
about equal amplitude (sine and triangular wa
ves) . see fig. 7.17. 

fig. 7. 17 Variation in slew rate will result in 
phase error. 

The systematic phase error for sine waves can be 
expressed as: 

arcsin(5mV I UmaxA) - arcsin(5mV I UmaxB) 

Since a normal time interval average measurement 
is made, there is also a restriction concerning 
minimum dead time between stop and start of the 
time interval (i .e. 250ns). The dead time also 
determines the maximum signal frequency, which 
is 2MHz. 

Note that the PM 6654 has exactly the same per
formance as the PM 6652 in phase measurements. 

Duty factor measurements 

Duty factor (or duty cycle) measurements are 
similar to phase measurements. A simultaneous 
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measurement of pulse width and period is per for- 1 ··~ 

med . The duty factor is then calculated as: 

Pulse width 
Duty factor =-------

Period 

Fig. 7.18 illustrates the measurement. 

~ tpW 
DUTY FA CTOR • 

N· T 

Fig. 7.18 Duty factor measurements 

Voltage Measurements 

Measurement of the input voltage levels Vmax 
Vmin on channel A can be performed on DC input 
voltages and on repetitive signals in the fre
quency range 100Hz ••• 20MHz. 

for input signals up to 20MHz the measurement 
has "voltmeter performance" (i.e. an accuracy of 
about 3~ of the reading). Voltage measurements 
can be performed up to BOMHz with reduced accu
racy. 
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Vpp is the calculated result of a Vmin and Vmax 
measurement, which means that both functions 
"Vmax Vmin A" and "Vpp A" are the same as far as 
voltage measurement is concerned. The displayed 
result when "Vpp A" is selected is then calcula:.. 

ted as Vmax - Vmin· 

When the shape (sine, pulse) of the input signal 
is known, half the crest factor can be set as 
the constant K in the mat hem at ical function. The 
display will then show the actual VRMS value 
of the input signal. 

EXAMPLE: A sine wave has a crest factor of 
0.707 (v-l/z).Half the value is loaded 
as the MATH constant "K::" :: 0. 354. 
With AC coupled inputs and with Vpp 
selected, the display will now show 
the RMS value of any sine wave input. 

If the sine wave is superimposed on a 
DC voltage, the RMS value is found as: 
0.354xVpp+Vdc· If Vdc is not known it 
can be found as: 

Vmax + Vmin 
Vdc =-----

2 

SPECIAL FUNCTIONS 

External Control 

General 

EXT CONTROL is a switch located on the rear pa
nel. This switch allows an external signal to 
start or stop measurement. With ARMING the start 
is defined; with EXT GATE the start/stop is de
fined; and with AVG a number of samples is taken 
during the set measuring time. The start and 
stop of sampling is defined by the AVG control 
signal. 

The active slope of the EXT CONTR signal can be 
set to NORMAL or INVERTED with the SLOPE
button* . The selection is indicated on the front. 
panel. NORMAL-slope will be presumed in the 
following text. 

*) Only on PM6652C,-54C. 

Arming enables the counter to avoid starting on 
unwanted signals. The external ARMING input (in
put E on the rear panel) allows an additional 
trigger condition. When input E goes high (above 
2 V) , the counter is prevented from starting a 
new measurement. However, t.he counter makes all 
preparations for a measurement. When input E re
turns to low (below 0.5 V), the measurement will 
start with a minimum of delay. The delay is 
approx 50 ns; see Fig . 7.19. 

NOTE: Arming cannot be used for TOT A manual 
mode, phase and duty factor measurements. 

ARI1/NG 
SIGNAL 

INPUT 
A 

NE:ASUR/NG 
TIH£' ________ -i 

COUNTED A/10UNT 

OF PERIODS 

Fig. 7.19 The ARMING function. 
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Ext Gate 

The External Gate function allows full control 
of the start and stop of the measurement. When 
EXT GATE is selected and the control input sig
nal is low the counter makes all necessary pre
parations for a measurement. 

On a low-to-high transition of the gate signal, 
measurement starts when the input signal trig
gers. Measurement stops on the first tri gger 
after the gate signal goes high to low. See 
Fig. 7.20. 

£ XT.GATC ~ 
SIGNAL __j 

INP UT A 

NO. OF 
COUNTS 

Fig. 7.20 External gate 

IL__ __ 

External gate can be used in FREQ A, FREQ C and 
PERIOD measurements. Note that the use of EXT 
GATE in a PM 6652 will result in reciprocal fre
quency measurements for all frequencies. 

Also note that the use of EXT GATE in a PM 6654 
will result in the same performance as a 
PM 6652 (i.e . a 100ns internal clock is used and 
relative resolution (in 1s) is altered from 
2x1o-9 (normal PM 6654 resolution) to 10-7). 

Average 

By using the average function it is possible to 
take samples of the input signal during measure
ment. This can be useful (when for instance, 
measuring the frequency in repetitive bursts; 
see Fig 7. 21. The input frequency range is for 
PM 6652 channel A, 0 • • • 100MHz, for PM 6654 chan
nel A, 0 • •• 120MHz. When the C-channel option is 
used 50 • •• 1500MHz for both counters. 

A l/6 
Conlro( .stgna f 

8ursf 
.signo I 

Me a s u ring 
t i rne 

fig. 7.21 Frequency average. 

The bursts can be as short es 200ns (PM 6654) 
or SOOns (PM 6652). The measurement is interrup
ted when the ext. control input is high ( > 2V). 
The effective gate time is thus the sum of the 
"sample pulses" during the set measuring time, 
according to rig. 7.21. 

In order to ensure synchronization of measure
ment, each sample pulse must stop before the 
burst input stops. 

In the PM 6654 the control signal (sample pulse) 
must go high at least SOns before the burst 
stops; see Fig. 7.22. 

AVG 

Burs t 
Inpu t 
s ignal 

I.__ _ _ _ ~ 

Fig. 7.22 AVG signal in the PM 6654 must go 
high at least 50ns before the burst 
stops. 

In the PM 6652 the input signal must contain at 
least 20 cycles; 10 of these before the AVG 
signa~ goes high and then at least another 10 
cycles after the low to high transition of the 
AVG signal; see rig. 7.23. 
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AVG 

Burst 
input 
.signal 

I ---wm-
) .. 0:./0c!fcles I 

.. I 
I ~!Ocycles 

Fig. 7.23 The AVG signal in the PM 6652 must go 
high at least 10 input cycles before 
the burst stops. 

The use of AVG in a PM 6652 will r~sul t ln reci
procal measurements (FREQ A, FREQ C) for all 
frequencies. 

The difference in propagation delay in the two 
i nternal channels for input event counts and 
clock pulses is very small; approx. 15 ns for 
the PM 6652 and approx 1 ns for the PM 6654. In 
FREQ A AVG mode with very short sample pulse . 
times, this delay will cause a measurable error 
as the 1ns or 15 ns will be repeated for each 
external sample pulse. 

It is possible, however, to compensate for this 
error. Measure a stable, continuous signal of 
approx. the same frequency, in the normal mode 
without external control signal (measured value 
= F1). Then measure t he same signal with an ex
ternal control signal having the same number of 
samples and the same sample pulse duration as 
will, ultimately be used (measured value= F2). 
To compensate for the error obtained i n the fre
quency average mode, multiply the reading with 
the factor K=F1/F2 using the MATH function . 

The total relative error for a multiple frequen
cy average measurement in PM 6652 is approx: 

15 ns 100 ns t trig errorA 
± ± ± 

± rel . time-base error. 

The relative error in PM 6654 is approx: 

1 ns 2 ns ± trig err or A 
i: ± ± 

tEe tEe x I[N1 

± rel. time-base error • 

Where: tEe = sample time duration 
N = number of burst samples 

External reset 

External reset (rear panel input) provides an 
equivalent function to the front panel reset 
push button except for the LOCAL-function of 
the button in the PM 6652C,-54C. The counter is 
always reset when the input is set to high logic 
level (above 2 V). A new measurement can be made 
when input E has returned to low (below 0.5 V). 

The counters are equipped with trigger Hold-Off, 
which avoids false stop triggering on spurious 
or unwanted signals. The Hold-Off function is 
valid in all time modes ( TIME A-8, PWIDTH A and 
RISE/FALL time A). A typical example is to sup
press the effect of pulses from relay contact 
bounce, as illustrated in Fiq. 7.24. 

Spv.riou.s signal pa.sse..s 
through trigger window 

Trigger hold- oFF time 

Cor-reef rnt!!a.suremenf 

Measurement obtained 
wilho<.<f trigger hold-orr 

_] 

Fig. 7.24 Hold-off avoids false triggering. 
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Hold-Off can also be used in FREQ A and PERIOD A 
measurements as a digital noise suppression fil
ter for input frequencies between 5 Hz and 
150kHz. Fig. 7.25 shows a low frequency signal 
with added noise, 

' .I 
! ;! jll 
I I' Ill 

~ 
I I 

I 

--1 H 
jii0LD-OFF 1 I 

~-,..~.(____...j : 
I I 

Jl----~u~-· ---
CORR£C T COUNTS 

c9 Counted c~cl~s 
i.Jllhou I Hold- D rr 

HOLD-OFF 
SIGNAL 

b; Counted C'fcles 
with Hold-orr 

Fig. 7.25 Hold-Off as a noise rejection filter. 

Without Hold-Off, the counter might trigger on 
the noise, thereby causing some erroneous extra 
counts. See Fig. 7.25. 

With Hold-Off set to approx. 3/4 of the period 
time of the input signal, additional noise trig
gerings are ignored until the signal reaches its 
maximum negat.ive amplitude. Retriggering is then 
allowed and will occur at the beginning of the 
next input cycle (a new Hold-Off period starts, 
etc). Hold-Off is also active in the RATIO A/B 
and TOTALIZING A modes, 

Time-Interval Delay (Programmable Hold-Off) 

The PM 6654C (not the PM 6652,-54 nor PM 6652C) 
is capable of measuring single shot time-inter 
vals using the Time-Interval Delay function, 
where the delay time can be programmed via the 
IEEE-488 bus. 

When Time-Interval Delay is selected, the coun
ter rejects stop-pulses for a time equal to the 
set Measuring time. 

The use of the function is the same as that of 
Hold-Off. It is applicable to the following 
functions: 

Time interval A-B, single ("F6SS1") 
Single pulse width A ("F7SS1") 
Single rise/fall time A ("F9SS1") 

NOTE: Time-Interval Delay cannot be 
together with Hold-Off, and it can 
programmed via the IEEE-488 bus. 

Gate open 

selected 
only be 

The PM 6652,-54 is equipped with a gate open 
output for monitoring on an oscilloscope. 
Fig. 7, 26 is an illustration of the gate open 
function. Note that the gate open signal is 
longer than the set measuring time due to the 
synchronization time. 

GAT£ OPEN 
36ms 

j· "I 
Sef m~as. tirne'l i-~---.?.SV 

25ms f-· ------~1----- 0 V 

i 
I 
I 

Input A signal. 
Period A 
se!t-cled. 

Displayed vafv.e' 1 .. /8ms .. 1 _...j J,.Jms 
9ms 

GAT£ OPEN 
"i!h Ho!d·O(f 

sel !o !Oms 

Fig. 7.26 An illustration of the gate open 
function, with and without Hold-Off. 
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PERFORMANCE CHECK 
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---··--·-.... -·=-::-::-=-=---===-:=-=-==-==:-:=:-=-::-==---
INTERNAL TEST PROGRAMS 

Both the PM 6652 and PM 6654 have built in test 
programs, which can be activated and monitored 
by the user. To activate these programs: 

-Set t he FUNCTION cursor to TEST. 
-Press any of the keyboard buttons 1 ••• 6. 

When a test is act.i vated, the display .indicates 
the relevant test number. When the test is com
pleted satisfactorily, the display will return 
to show zeroes. 

Test No. What is tested Duration ( s) 

1 Program memory 12 
2 Working memory 2 
3 Non-volatile memory 12 
4 Measuring logic 4 

5 Display 50 
6 Test no 1. •. 5 in 

one sequence 80 

Table 8.1 

Test 5 is a check of the display and all LED:s. 
The test has the fol lowing sequence: 

- The display shows 0000000000 EXP 0 
1111111111 EXP 1 
2222222222 EXP 2 
3333333333 EXP 3 
4444444444 EXP 4 
5555555555 EXP 5 
6666666666 EXP 6 
7777777777 EXP 7 
8888888888 EXP 8 
9999999999 EXP 9 

- The display shows all decimal points. 

The display shows a shifting 8 plus the "-" 
in front of the exponent. 

- All unit indicators, function cursors and 
LED:s in the control buttons are lit in se
quence. 

- The entire display and all LED:s will light at 
the same time, except for the function cursor 
FREQ A ••. TEST and ST BY. 

All test programs can be stopped by pressing 
RESET. The counter then returns to normal wor
king mode . 

If an error is detected, it is indicated by an 
"E" followed by the test number that failed. 

The indication "E4" could be caused by incorrect 
setting of the INT/EXT STD IN switch on the rear 
panel. 

In most cases, any error indication generated in 
a test program can be cleared by activating 
RESET. Measurements may be possible, but the 
results of any such measurement are likely to be 
inaccurate. 

A POWER ON TEST is activated whenever power is 
switched from ST BY to ON. This test consists of 
tests numbers 2, 4 and part of number 5. 
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START/STOP TOTALIZE A 

- Select the function TOT A/MAN and check that 
it is possible to turn the gate indicator on 
and off using START/STOP TOTALIZE A. 

LOCAL/RESET 

- Check that the display is turned off while 
this control is pressedt and that it reverts 
to zeroes when it is released, 

DISP = K x X + L 

- Check that the LED can be turned on and off. 

K=, L= and KEYBOARD 

- Press K:. The ENTER LED should light. 
- Press 1 2 3 4 5 6 7 8 9 ± EE 9 ±. 
- Check that the display shows:-123456789 EXP-9. 
- The ENTER LED should be blinking. 
- Press ENTER. The value on the display should 

disappear. 

Press K= again, The display should indicate: 
-123.456789 EXP-3 

Press K: again. 
- Press L:::. 

- Check that the ENTER LED is lit. 
- Press 1234.5. 
- Check that the ENTER LED is blinking. 

- Press ENTER and L=. 
The display should indicate 1.2345 EXP 3. 

- Press L= again. 

HOLD OFF 

- Press HOLD OFF ON. The LED should light, 

- Press READ. Now both LEOs should light. 

- Adjust the potentiometer and check the display 
reading against table 8.2. 

Display readings 

Potentiometer setting 

counter-
clockwise clockwise 

Pulled <999 x 1o-6 >200 x 1o-3 

Pushed < 5 X 10-6 >1.00 X 10-3 

Table 8.2 
- Press the potentiometer and switch the HOLD 

OFF and the READ function off. 

DISPLAY HOLD 

- Check that the LED can be turned on and off. 

Measuring time, READ and potentiometer 

- Press the READ button. The LED should light. 
- Turn the potentiometer fully CCW. 
- Check that the display shows 0.1 ms. 
- Turn the potentiometer fully CW. 
- The display should indicate 96 s. 
- Switch the measuring time READ off. 

MINIMUM/SINGLE 

- Check that the LED can be turned on and off. 

FUNCTION 

Check that the cursor can be moved through all 
functions and programs both stepwise and in 
repetitive "scrolling" mode. The cursor jumps 
over the C function if the option is not in
stalled. It hesitates in position FREQ A and 
TEST. 

- Test both pushbuttons 

STORE 

- Press STORE once. The LED should light. 
- Press RESET. The STORE LED should be turned 

off. Be careful with any existing stored panel 
programs. Only press STORE once. 
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Input controls 

- Check that each LED is lit and turned off by 
the relevant push button. 

Triggering controls 

- Press AUTO and check that the LED is turned on 
and off. 

- Press KEYBOARD and leave it on (LED on). 
- Press AUTO twice. Both AUTO and KEYBOARD 

should be turned off. 
-Press READ (LED on). 
- Check that both attenuators are off. 
- Tur'n both potentiometers fully CCW. 
- Check the set levels. They should be below 

-5.00 v. 
- Repeat for the fully clockwise position, The 

values should be above +5.00 V. 

SET A and SET B 

- Press SET A. The ENTER LED should light. 
- Enter 123, the display should read 1.23. 
- The ENTER LEO should be blinking. 

Press ENTER, the LED should go off. 
- Repeat the same exercise for channel B. 
- Press the KEYBOARD button. 
- Press READ. 

Check that the attenuator is in position x1. 
- The display should now show 1.23 and 1.23. 

REAR PANEL CONTROLS 

External control 

- Set the switch on the rear panel to position 
EXT GATE. 

- Check that the front indicator EXT GATE is on. 
- Repeat for FREQ AVG and ARMING. 
- Depress the SLOPE button. 
- Check that the indicator on the front panel is 

on. 
- Set the EXT CONTR back to off and SLOPE back 

to NORMAL. 

EXT/INT standard 

- Set the switch to position EXT STD. 
- Switch the counter off and on. 

With no signal connected to the rear EXT STD 
input the counter should indicate error E4. 

- Set the switch back to position INT. 

SHORT FORM SPECIFICATION TEST 

Test equipment required 

LF-Synthesizer e.g . Philips PM 5190 
Voltmeter e.g. Philips PM 2517 
Lowpass filter e.g. Philips PM 96658 
PM 9584 50 Ohm T-piece 
50 Ohm termination PM 9581 or PM 9585 
Oscilloscope e.g. Philips PM 3215 
HF signal generator e.g. Wavetek 2002A 
Frequency counter e.g. Philips PM 6672 
IEC-Bus controler e.g. HP 85 
Sampling oscilloscope BW min. 500 MHz 

Sensitivity and frequency range, inputs A and 8 

Fig. 8.1 Measuring set up. 

- Switch on the counter in non programmed mode. 
- Select "50 Ohm" on channel A and KEYBOARD. 
- Adjust the measuring time to approx. 10 ms. 
- Connect the units according to fig • 8. 1 • 
- Set the HF generator to 60 MHz and -15 dBm. 
- The oscilloscope should indicate approx. 

56 mVpp and the counter 60 MHz. 
- Change the HF-generator to 120 MHz and 

-12 dBm. 
- Check that the oscilloscope indicates approx. 

80 mVpp and the counter 120 MHz. 

- Select RATIO A/8 and COMMON. Change the HF
generator to 10 MHz and -17 dBm, 

- The oscilloscope should indicate approx 
45 mVpp· 

- The counter shows 1.00 E. 
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Sensitivity and frequency range, input C 

- Select the function FREQ C. 
- Connect the HF generator to input c. 
- Check that the counter counts correct! y · frdm 

100 ••• 1000MHz at a signal level of - 27dBm . 
- Check the correct counting at -17dBm signal 

level from 1000 •• • 1500MHz. 

Check Vmax and Vmin 

- Select the function Vmax Vmin, but do not con
nect any input signal. 

- The counter should now indicate 
Vmax = 0 ± 30mV and Vmin = 0 ± JOmV . 

- Connect a 4. 00V DC level to channel A, using a 
low pass filter on the input. 

- The readings should be Vmax=4.00 ±0.09V, 
Vmin=4.00 ±0. 09V. 

- Change the DC level to 40V. 
- The counter should indicate Vmax=40.0 ±1.3V, 

Vmin=40.0 ±1.3V. 

- Repeat the measurement with inverted polarity. 

- Connect a sinusoidal signal to channel A from 
the PM 5190 with an amplitude 4.00Vpp and a 
frequency of 100kHz. 

-The indication should be Vmax=2.00 ±0.15V, 
Vmin=-2.00 ±o.15V. 

- Change the amplitude to 18Vpp• 
- The display should read Vmex=9.0 ±1.2V, 

Vmin=-9.0 ±1.2V 

The relatively high inaccuracy is due to the 
specification of the generator. 

Trigger indicators and controls 

- Start the counter in non programmed mode. 
- Connect the following signal to channel A: 

sinus, 10kHz, 1. 0VPP and +0.50Voc· 
- Select trigger level setting via potentio

meter. 
- Turn t he potentiometer for channel A and veri

fy that the three modes of the trigger indi
cator are working properly. 

- Repeat the exercise with channel B. 
- Connect the generator to channel A and check: 

Trigger setting 

level -200mV 
DC 
level +700mV 
50 Ohm 
level +200mV 
AC, 1M0hm 
X 10 

level :tOV 
X 1 

Trigger indicator 

blinking 
on 
blinking 
off 

blinking 
blinking 
off 
blinking 
blinking 

- Select AC coupling on channel B and repeat the 
previous settings for channel B. 

- Connect the signal to channel A. 
- Only the trigger indicator for channel A 

should be blinking. 
- Press common. 
- Both indicators should be blinking. 
- Connect the signal to channel B. 
- No trigger indicator should be blinking. 

Check of the Time interval function 

- Switch the counter on in non programmed mode. 
- Select the functions TIME A-B, KEYBOARD, COM, 

50 Ohm and negative slope on channel A, 
measuring time approx. 10 microseconds. 

- Set a LF generator to 1. 5MHz and 2Vpp• 
- Connect the generator to channel A. 
- The counter should show approx. 333ns. 
- Select positive slope for channel A and 

negative for channel B. 
- The display should indicate approx. 333ns. 

Rear inputs 

EXT CONTR, EXT RESET and EXT STO IN 

- Start the counter in a non programmed posi-
tion . 

- Measuring time 100ms and select CHECK. 
- Ext control to ARMING. 
- The counter should measure and display 10MHz. 
- Connect a 1.9V DC level to the EXT control 

input. 
- The counter should not measure (gate diode 

off) 
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- Reduce the DC level at the EXT input to 
0.50 v. 

- The counter should measure and display 10 MHz. 
- Depress the SLOPE button so that the indicator 

for INVERTED is switched on. 
- The counter should not measure. 

- Set the rear EXT CONTR to OFF. 
Connect the DC-level of 1.9 V to EXT RESET in
put. 

- The display should show zero. 
- Reduce the EXT RESET DC level to 0.50 V. 
- The counter should indicate 10 MHz. 

- Set the INT/EXT STD switch to EXT STD. 
- The counter should not measure. 
- Connect a 10.00 MHz signal with an amplitucle 

of 400 mVRMS (terminate with 50 Ohm) to the 
EXT STD input. 

- The counter should measure and show 10 MHz. 
- Set the EXT STD switch to position INT STD. 

Rear outputs 

TRIGG LEVEL OUT 

-Set the counter.to position FREQUENCY A. 
- Connect a voltmeter to TRIGG LEVEL OUT A. 
- Select a trigger level via the potentiometer 

(KEYBOARD and AUTO off) and press READ. 
- Adjust the trigger level to 5. 00 V ±0. 01 V. 
- Check that the voltmeter shows 4.92 .•• 5.08 V. 
- Adjust the trigger level to -5.00 V. 
-Check that the voltmeter shows -5.08 •• -4.92 V. 

- Select KEYBOARD. 
- Set 5.12 V, the voltmeter should read 

5.07 •.• 5.17 v. 
-Set -5.11 V and check: -5.16 ••• -5.06 V. 

Set 0 V and check: -10 ••• +10 mV. 

10 MHz OUT 

- Connect an oscilloscope to the 10 MHz output. 
Use coaxial cable and 50 Ohm termination. 

-The output voltage should be above 1.3 Vpp· 

GATE monitor 

- Switch the counter off when in non programmed 
mode. Switch on again. 

- Select CHECK, KEYBOARD triggering and RATIO 
A/B. 

Turn the measuring time potentiometer fully 
counter clockwise, 

- Connect, via a coaxial cable, an oscilloscope 
(no 50 Ohm termination) to the GATE monitor 
output. 

- Sw.itch the HOLD OFF on with the potentiometer 
pressed in and turned to the fully counter 
clockwise position. There should be a signal 
as in fig. 8 . 2 , where the frequency of the 
superimposed pulses on the square wave is 
adjustable by means of the HOLD OFF. 

/OOps 

The nurnber of pulses 

con he changed by HOLD OFF 

4.5V 

1.5 v 
0.5V 

Fig. 8.2 Gate monitor pulse with HOLD Off pres
sed and turned to minimum position. 
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Connect a controller to the IEEE Bus interface 
PM 9696 in the PM 6652,-54. 
Set the PM 9696 to position "talker only" off. 
Select an address (all allowed except 31). 
Switch on the PM 6652,-54. 
Select measuring time 100 ms and press CHECK. 
The counter should display 10MHz. 
Do not change the measuring time setting during 
the test. 

Via the controller, give bus command REMOTE. 
The counter should go to remote mode, the 
indicator "REMOTE" should light and the 
measurements shout d continue with all front 
panel controls disabled. 
From the controller, program the unit to measure 
PERIOD A, send the command F3 from the 
controller. 
The counter should measure and display 100 ns. 

Give bus command LOCAL. 
The counter should go back to LOCAL mode; the 
remote indicator should go off. 
Activate the DISPlAY HOLD function by pressing 
the control. 
Give bus command REMOTE. 
The counter should go over to remote, the 
indicator "REMOTE" should be on, all controls 
disabled and no measurements take place; the 
display shows only zeros. 

Ask, via the controller for the status byte of 
the counter (serial poll). 
The result should be 19 (decimal). 

Give a bus TRIGGER command (GET) via the 
controller. 
The counter should perform one measurement. 
The result should be 100 ns. 
Read the result via the controller. For a 
PM 6652 it should be: PA 000100.0000E-9 ± 2 in 
the LSD-position. For a PM 6654 it should be: 
PA 00100.00000E-9 ± 2 in the LSD-position. If 
the reading fails then check the set DEFAULT 
DELIMITER in the PM 9696. 

The counter should not be measuring. 
Give a bus TRIGGER command {GET) via the 
controller. 
The counter shout d perform one measurement; 
check the GATE indicator. 

Give bus command SELECTIVE DEVICE CLEAR (SOC). 
The counter should go to the FREQ A function. 

The functions DISPLAY HOLD and CHECK should be 
switched off. 
The display should only shew zeros. 

Program the CHECK function, command CH1. 
Send the command F17 via the controller. 
The counter should stop the measurement and give 
the message SERVICE REQUEST. 

Ask, via the controller, for the status byte of 
the counter (serial poll}. 
The answer should be 111 (decimal). 
The counter should start to measure and display 
10 MHz. 

Give bus command SELECTIVE DEVICE CLEAR (SOC). 
The function CHECK shall be switched off. 
The counter should not measure and the display 
should show only zeros. 

Give bus command LOCAL. 
The counter should go to local mode, the remote 
indicator goes off and all controls are 
activated again. 

Give bus command REMOTE. 
Make a quick depression of the LOCAL/RESET

button. 
The counter should go to local mode, the remote 
indicator goes off and all controls are 
activated again. 
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DEFINITIONS 

Inaccuracy 

The inaccuracy (relative error) of a measurement 
depends on 4 factors: 
- rel. resolution 
- rel. time base error (if any) 
- rel. trigger error (if any) 
- rel. systematic error (if any) 

Inaccuracy = ± re 1. res o 1 uti on ± re 1. time base 
error* rel.trigger error± rel.systematic error 

Trigger error 

Trigger error (T.E.) is the absolute measurement 
error due to input noise, causing triggering 
which is too early or too late. 

FREQUENCY, PERIOD, RATIO 

T.E.:±Noise Voltage (Vpp)/Signal slew rate (V/s) 
T .E.= ± 1/FREQ x 1t x SIN-ratio (sine wave) 

TIME INTERVAL, RISE/FALL TIME, PULSE WIDTH, 
DUTY FACTOR 

T .E.= ± Noise Voltage (Vp)/slew rate at START 
point ± Noise voltage (Vp)/slew rate at 
STOP point 

PHASE 

T .E.= ± 1 /FREQ x 7t x S/N-ratio (Sine wave, same 
S/N-ratio for both channels) 

Resolution 

Multiple event measurements 

FREQUENCY, PERIOD and RATIO, the resolution is 
the smallest increment between two measuring 
results. The measuring resolution is due to the 
±1 count error. After calculation, the result to 
be displayed is truncated to include only signi
ficant digits giving a measuring resolution 

of 0.2 ••• 2 LSD units. Total resolution, inclu
ding LSD resolution, is therefore 1 LSD unit 
(70% probability) or 2 LSD units (30~ probabi
lity) but can always be reduced to 1 LSD unit by 
increasing the measuring time somewhat. 

Single event measurements 

PERIOD SINGLE and TIME INTERVAL SINGLE, resolu
tion is one clock pulse period, regardless of 

· the measuring time. 

Statistical measurements 

TIME INTERVAL AVERAGE, RISE/FALL TIME, PULSE 
WIDTH, PHASE and DUTY FACTOR, the resolution is 
the smallest increment between two measuring 
results with a confidence level of 95%. 

Systematic error 

When a systematic error is known, the measured 
value can be compensated before display by using 
the MATH functions. 

TIME INTERVAL, PULSE WIDTH 

Syst. error < ±2ns (PM6654) or < ±4ns (PM66S2) 

RISE/FALL Tit£ 

Syst. error = TIME INTERVAL syst. error ± 
± 2% of Vpp (A) + 5mV * 

slew rate (A) at 10% (V/s) 
± 2% of VPP. (A) + SmV 

slew rate (A) at 90% (V/s) 

PHASE (AC-coupling, trigger level = OV) 

Sine wave: 
Syst. error < arcsin( SmV /Umax A)-arcs in( 5mV /UmaxB) 

Triangular wave: 

Syst. error < ---
Umax B 

,--, 
j ! 
I i 
! I 

, .. -, 
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Syncronization modes 

Conventional mode 

Means that the gate time is synchronized with an 
integer number of clock pulses . The error is 
±1 input cycle. (Only used in the PM 6652 above 
10 MHz). 

Reciprocal mode 

Means that the gate time is synchronized with an 
integer number of input cycles. The enor is ± 1 
cloc~ pulse, i . e. ± 100 ns (PM 6652 ) or ± 2 ns 
( PM 6654). The use of this mode gives 7 digits 
(PM 6652) or 9 digits ( PM 6654) resolution for a 
one second measuring time . 

OSCILLATORS 

I .1. I .2. 

LSD displayed 

Unit value of the Least Significant Digit dis
played. All calculated LSDs (see section Measu
ring modes) should be rounded to the nearest de
cade before displayed (e.g. 5 ns will be 10 ns 
and 0.4 Hz will be 0.1 Hz) and cannot exceed the 
10th digit . 

Time base error 

The relative time base error is the relative de
viation of the clock pulse frequency from 
10 MHz. Rel. time base error = .t>. f/10 MHz. See 
specification for oscillators version/ 01 •• • 05. 

/ . 3. / .4. / .5. 

RElA~ fREQtENC 
standard 
crystal 

oscillator 

PM 967{i TCXO 
oscillator 

PM 9679 oven 
enclosed 

oscillator 

PM 9690 oven 
enclosed 

oscillator 

PM 9691 oven 
enclosed 

oscillator DEVI 

Ageing: /24 h 
/month 
/year 

(continous operation) 

Ambient temperature vari
ation: Range 0 . • • +50 •c 

Refered to +23 ·c 

Supply voltage change of 
± 10 %: 

WARMING-UP TIME: To reach 
a maximum deviation of 
1x1o-7 from final value 

n.a. 
<5x1o-7 
< 5x1o- 6 

<1x1o-5 

<1x1o-8 

n.a. 

n.a. 
<1x1o-7 
< 5x1o-7 

<1x1o-6 

<1x1o-9 

n.a. 

* 
n.a. 

After 48 hours of continuous operation . 
Not Applicable 

n.a. 
<1x1o-7 
<5x1o-7 

<1x1o-7 

<1x1o-9 

<10 min 

<1.5x1o-9 * 
< 3x1o-8 
<1.5x1o-7 

<3x1o-8 

<5x1o-10 

<15 min 

< 5x1o-10 * 
< 1x1o-8 
<7. 5x1o-8 

< 5x1o-9 

< 5x1o-10 

<15 min 
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PM 6652 MEASURING FUNCTIONS -- ---·----

FREQUENCY A 

0.1 Hz ••• 120 MHz. (0.01 Hz •.• 
200 kHz when Hold Off is selected) 
Typically 0.1 Hz ••• 160 MHz at 
50 mV sensitivity. 

Conventional above 10 MHz. Recipro
cal below 10 MHz and when Hold Off 
EXT GATE or AVERAGE is selected. 

2.5 x 10-7 s x FREQ (reciprocal) 
measuring time 

2.5 (conventional) 
measuring time 

1 or 2 LSD units 
resolution ± trigger error ± 

FREQ measuring time 
± time base error 

CW, SINGLE BURST , MULTIPLE BURST 
AVERAGE 

EXT GATE, AVERAGE, ARMING 

100 MHz .•• 1.5 GHz 
Typically ••• 1.6 GHz 

Conventional. (Recipr. when EXT. 
GATE and F'REQ AVG is selected. ) 

40 (conventional) 
measuring time 

2.5 x 10-7 s x FREQ (reciprocal) 
measuring time 

1 or 2 LSD units 
resolution ± time base error 

fREQ 
CW, SINGLE BURST, MULTIPLE BURST 
AVERAGE 

EXT GATE, AVERAGE, ARMING 

PERIOD A 

100 ns ••• 100 s (average) 
100 ns ••• 1o10 s (single) 

2.5 X 10-7 s X PERIOD 
measuring time 

1 or 2 LSD units. LSD and reso
lution is 100 ns when single 
peri od is selected 

resolution ± trigger error ± 
PERIOD measuring time 

TIME INTERVAL A·B~, PULSE WIDTH A, 
RISE/F~_~L A; SINGLE 

1 00 ns • •• 1 01 0 s 

100 ns (TIME below 103 s) 

5 X TIME (TIME above 103 s) 
1010 

1 LSD unit 

trigger error ± 
TIME 

time base error 

RISE/FALL TIME measurements: 
500 mVpp· If any part of the signal 
is above +5 V or below -5 V, 
then: min. amplitude = 5 Vpp 

TIME INTERVAL A-B, PULSE WIDTH A, 
RISE/FALl~ A; AVERAGED _ _ _ 

TIME INTERVAL 0 ns ••• 100 s 
PULSE WIDTH 4 ns ••. 100 s 
RISE/FALL TIME 10 ns •• 100 s 

2.5 x 1o-B s 

VN' 

100 ns 
VN' 

or 1 LSD unit, 
whichever is greatest 

resolution ± trigger error 
TIME V'N' x TIME 

± time base error± syst . error 
TIME 

250 ns 

measuring t i me 
pulse repetition time 

RISE/FALL TIME 500 mV , if any 
part of the signal isp~bove +5 V or 
below -5 V, then min. 
amplitude:5 v 

PP 

AVERAGE, ARMING 

± time base error NOTE: EXT. CONTROL setting "AWG" results in an 
internal delay time of 40 ms. The range is 
then approx.: 40 ns •.• 100 s. 

measuring time or a single 
PERIOD period 

EXT GATE, AVERAGE, ARMING 
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----··-------------
PM 6654 MEASURING FUNCTIONS 

Range: 

FREQUENCY A 

0. 01 Hz • • • 120 MHz. ( 0. 01 Hz ••• 
200 kHz when Hold Off is selected) 
Typically 0.1 Hz ••• 160 MHz at 
50 mV sensitivity. 

Reciprocal 

5 x 10-9 s X FREQ 
measuring time 
When HOLD-OFF or EXT GATE is se
lected, see spec . for PM 6652 

1 or 2 LSD units 
resolution ± trigger error ± 

FREQ measuring time 
± time base error 

Signal mode: CW, SINGLE BURST, MULTIPLE BURST 
AVERAGE 

.Ext pq~trols: EXT GATE, AVERAGE, ARMI NG 

FREQUENCY C _Optional 

Resolution : 

! Inaccuracy: 

Signal mode: 

100 MHz .•• 1.5 GHz 

Reciprocal 

5 x 1o-9 s x FREQ 
measuring time 
When EXT GATE is selected, see 
specification for PM 6652 

1 or 2 LSD units 

r esolution ± time base error 
fREQ 

CW, SINGLE BURST, MULTIPLE BURST 
AVERAGE 

~Xf co'1t-f9~S .: EXT GATE, AVERAGE, ARMING 

PERIOD A 
--------· 

Resolution: 

< ln~r;:curacy: 

Bns ... 100 s (average) 
100ns .•• 1o10 s (single) 

5 X 10-9 s X PERIOD 
measuring time 

When Hold Off or EXT GATE is se
lected see PM 6652 specifi cation 

1 or 2 LSD units , LSD is 1 ns and 
resolution 2 ns, when single 
period is selected 

resolution t trigger error t 
PERIOD measuring time 

± time base error 

\,~~:~~~,~~~~~lt~ mea;~~~~~ time 
or a single 

period 

TIME INTERVAL A·B~,. PULSE WIDTH A, 
RISE/ FALL A; SINGLE 

8 ns ••• 100 s 
1 ns (T IME below 10 s ) 

5 x TIME ( TIME above 10 s) 
1010 

2 ns (TIME below 10 s) 
1 LSD unit (TIME above 10 s) 

resolution t trigger err or 
TIME TIME 

+ time base error ± syst. error 
- TIME 

RISE/fALL TIME measurements: 
500 mVpp· If any part of the sig
nal is above +5 V or below -5 V, 
then: min. amplitude = 5 Vpp 

ARMING 

NOTE: When Hold Off is selected, see PM 6652 
specification 

TIME INTERVAL A·B, PULSE WIDTH A, 
RISE/FALL A; AVERAGED __ 

TIME INTERVAL 
PULSE WIDTH 
RISE/FALL TIME 

2.5 X 10-9 S 

VN"' 

0 ns . .. 100 s 
4 ns ... 100 s 
B ns ••• 100 s 

1 LSD unit, whichever 
is greatest 

resolution + trigger error 
TIME - \f"N' x TIME 

± time base error ± syst. error 
TIME 

50 ns 

measuring time 
pulse repetition time 

RISE/FALL TIME 500 mVPP' if any 
part of the signal is above +5 V 
or below -5 V, then minimum 
amplitude = 5 vpp 

iE.ll:t i Jp()t!'tt,lll~~! AVERAGE, ARMING 

NOTE: When Hold Off or AVERAGE is selected , 
see PM 6652 specification 
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----- ···- .. --·----- --"- "" ___ , __ ........ ____ _ 
PM 6652 and PM 6654 MEASURING FUNCTIONS 

·---------------- -----·-------·----

DUTY FACTOR A --------

250 ns x Pulse rep. rate) 
0 ... 0.9999 at 50 Hz 
0 ••• 0.9997 at 1 kHz 
0 .•• 0.5 at 2 MHz 

0. 03 Hz ... 2 MHz 

resolution ± 
DUTY FACTOR 

triqg error 
VN x PULSE WIDTH 

Measuring time x pulse rep. rate 

PHASEA·B 

0 ••• 360" X (1- 250 ns x FREQ). 
Example: 0 ••• 360" at 50 Hz 

0 ••• 359.9" at 1 kHz 
0 .•• 180° at 2 MHz 

0.03 Hz ••• 2 MHz 

~"'l;'+•···c '· 1" measuring time below 180 ~,~s 
0.1° measuring time 180 ~,~s •• 1.8 ms 
0.01° measuring time above 1.8 ms 

1 LSD unit 

Measuring time x FREQ A 

100mV ••• 3.5V I 1V ••• 35V (RMS sine) 

4 ns x 360" x FREQ ± Resolution 
PHASE PHASE 

FREQ x 360° x trigger error ± 
VN'x PHASE 

± systematic error 
PHASE 

None 

Vmax, Vmin, Vpp A 

-50 V ••• +50 V; DC and 100Hz ••• BOMHz 

10 mV for signals within t 5 V 
100 mV for signals outside ± 5 V 

1 LSD unit 

Input signal within ± 5 V: 
20 mV ± 2 % of reading 
Input signal outside ± 5 V: 
200 mV ± 3 % of reading 

Input signal within ± 5 V: 
20 mV ± 6 % of reading 

Input signal outside t 5 V: 
200 mV t 7 ~• of reading 

The result of simultaneous Vmax and 
Vmin measurements 

Above 80 MHz (50 ohm) or above 
20 MHz (1 Mohm), the deviation 
is typically t3 dB 

None 

RATIO A/B 

10-9 ... 1010 

, .. ,...,,..,,, ... ·.·.·. 0.1 Hz ••• 120 MHz/0.01 Hz ... 10 MHz 
and 0.01 Hz ••• zoo kHz/0.01 Hz ••• 
10 MHz when Hold Off is selected) 

2.5 x RATIO 
measuring time x FREQ A 

1 or 2 LSD units 

resolution ± 
RATIO 

ARMING 

tr igg error B 
measuring t.ime 

RATIOC/B 
--------·--·--.. ·- .. - -·---· 

1o1 ••• 1o11 

100 MHz ••. 1.5 GHz/0.01 Hz ••• 10 MHz 

40 X RATIO 
measuring time x FREQ C 

1 or 2 LSD units 

resolution ± trigger error B 
RATIO measuring time 

ARMING 

TOTALIZE A 

1 ... 1018 

"·"'''·'"'<'·• .· 0 ••• 120 MHz and 0. 01 Hz ... 200 kHz 
when Hold Off is selected 

8 ns 

.,,,,.,,.. .. ~-·,. Controled by pushbutton START/STOP 

Totalizing on A during pulse dura
tion on B or between start/stop 
pulses on B 

40 ns 

pulse rep rate A x trigger error B 
total counts 

co,ot:roJls; ARMING (not valid in manual mode) 
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INPUT SPECIFICATIONS 

Inputs A and 8 

Freq. range: DC coupled: 0 ••• 160 MHz 
AC coupled: 20 Hz ••• 160 MHz 

·Rise time.: approximately 1 ns 

fi~i~~iill~ 20 mVRMS or 60 mVpp 
30 mVRMS or 90 mVpp 
50 mVRMS or 140 mVpp(typ.) 

: W~·i~@~\ W*.d~h'~ ::; Minimum 4 ns 

At'f.k~J$t$tih}/ x1 x10 (fixed) 
' ~y~~~r-~~{~ ; .>: approx 40 mVpp· Hysteresis compen

.:· sation is automatically performed 
in TIME A-B, P Width A, RISE/FALL-
A, PHASE A~B and DUTY FACTOR mea
suring modes; resulting in a resi
dual hysteresis band which is vir
tually 10 mVpp 

. Dynamic input 60 mVpp". 5 Vpp ':'it~in ±5 Voc x1 
; vqltage range: 600mVpp··50Vpp w1th1n ±50Voc x10 

~l~i~i~:~~~~·b~~:ll ~ : i: ~r.:::i::, ;;~~ ,' ''P' J ' 
i ./,',,(. ',}i i)'\ Auto trigger. 

'G~!fl~~~i: :lo"v::~~'~ v 

· ~etting 
: accuracy: 

(x1) 
(x10) 

· ±10 mV ±1 % of set value. 

Trigg. slope: Positive or negative 

Trigger 
, level 

output: 

Set trigger levels for channel A 
and 8, -5 v ... +5 V, available ·at 
rear panel ( SNC-connectors). 

A and B or common via A 

Separate A and B 1 MOhm//35 pF 
nominal or 50 Ohm nominal (A and 
B) 

•'•·>·•·.-::.·.::<:::·•::•: ··:.<:·,··::-· Common A 0. 5 MOhm/ /70 pF nominal 

Input C 

or 50 Ohm (A) open input (B) 

1 MOhm x1: 260 VRMS up to 20kHz 
declining to 12 VRMS 
at 1 MHz 

x10: 260VRMS up to 20 kHz 
declining to 100 VRMS 
at 1 MHz and to 25 VRMS 
at 120 MHz 

12 VRMS DC • •• 120 MHz 

100 MHz ••• 1.5 GHz • 
10 mVRMS···12 VRMS from 

100 MHz t.o 1 GHz, 30 mVRMS• •• 
12 VRMS from 1 GHz to 1.5 GHz. 

AC 

50 Ohm nominal; VSWR below 2. 

tJo1iei:'1inC::e.: 98 %; minimum signal must exceed 
minimum operating input voltage 

12 VRMS· Overload protection with 
PIN diodes, 

Input 0 (ext. standard in) 

... Set trigger levels for channel A and i. R~hge: ;: > 100 kHz • • .10 MHz 
··•·• B are displayed with a resolution : c0J~J.±J9{ . · AC 

of 10 mV (x1) or 100 mV (x10) 

Three state LED indication: 
O:: il1q~(:l~t9iFl3 ,::•\/ • .. ·.·. On: Signal is above the set 

trigger level 

Blinking: Triggering occurs 

Off: Signal is below the set 
trigger level 

·AUTO trigger: The AUTO trigger will automati
cally set A and B trigger levels 
to 50 % of input signal amplitude 
( 10 % and 90 % for RISE/ FALL TIME 
measurements). The frequency range 
is 100 Hz ••• 120 MHz. The measuring 
cycle time is approximately 300 ms 

. plus ·the measuring time. 

NOTE: Auto trigger requires a repetitive signal. 
The input signal may have any duty factor. 

~~~~i~~~; :~~ ~::, n~inol 
~a~ JB~~tf• 25 VRMS 

NOTE: As external reference frequency, only 
10 MHz will give correct decimal point and 
unit indication. With the optional fre
quency multiplier PM 9697 references of 
and 5 MHz can also be accepted. 
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Input F {ext. reset) 

Electrical reset, equivalent to front panel 
RESET pushbutton. Counter is reset when input F 

is high. A new measurement can be made after 
input F has returned low. The measurement will 
start after a delay of approx. 50 ms to 100 ms 
(depending on selected function) plus time nee
ded for synchronization with the input signal. 

Above 2 V 
Below 0.5 V 
2 kOhm (typical) 
±-25 v 

50 ns 

Input E (arming, ext. gate, average) 

The active slope of the INPUT E 
signal can be changed (inverted) 
by pushing the SLOPE button. 
(PM 66S2C,-54C only). The NORMAL 
(default) setting gives the func
tions described below. 

A 4-position rear panel switch gives choice of 
external control of the counter. 

No function selected. 

The counter is prevented from 
starting a new measurement when 
input E is high. A high-to-low 
transition (normal slope) arms the 
counter to start a new measure
ment. 
Arming is not applicable in TOT A 
(manual), PHASE and DUTY FACTOR 
measurements. 

Frequency (channel A or C), period 
A and time interval A-B measure
ments are interrupted when input E 
is high (normal slope). The 
measurement is continued again 
when input E is low. 

The signal on input E defines 
start and stop of the measuring 
time and overrides the set MEASU
RING T£ME. When input E goes high 
(normal slope), the measurement 
will start after a synchronization 
delay. The measurement will stop 
when input E returns low, after a 
synchronization delay. 

Above 2 V 
Below 0. 5 V 
2 kOhm nominal 
±25 v 
approx. 50 ns. 

Minimum pulse duration: 
200 ns 
500 ns 
PM 6652: 500 ns and PM 6654: 
200 ns 

---=-0-=-U-=-TPUT SPECIFICATIOt!_S __ _ 

Output G (10 MHz out) 

Ohm load 

Output H (gate open) 

The gate status output allows monitoring on an 
oscilloscope of the actual measuring time and 
the trigger Hold Off time. 

dale dirised:··· 
.• n~~¥iQf>~ll:i ?/ •• 
·Hol<i· ..• ·.otf ... ··.t.t~e:·· · 

. ri~t~Jtilink~~- i··· 
• Int~!'hai•.<fetay: 
·J>ftit:~dt:irih.: }····· 

l --~ - :---' .-: , .· - ' ----;. . . 

4.5 V output level (typical) 
0 V output level (typical) 
1.2 V output level (typical) 
1.5 kOhm (typical) 
150 ns (typical) 
Short circuit proof 

Outputs I and J (trigg level out) 

Buffered output for set trigger levels on chan
nels A and B. The range is -5 V ••• +5 V unaffec
ted by the input attenuator setting (x1 or 
x10). These can be used as two independent bus 
programmable DAC. 

PpdteBiforli······· 
N<J~~ir~~!'jty:•··· . 
oc;,..of'fsel:: .\ · · 

2 kOhm (typical) 
Short circuit proof 
less than ±-10 mV 
less than ±7 mV 

is~t.f+.{r.i~ t:illi~: less than 1 ms 
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AUXILIARY FUNCTIONS 

Measuring time/Display time 

Setting of the measuring time can be made in 
three different ways: 

1 Variable 

The measuring time is continuously variable, 
0.1 ms ... 96 s, with clear setpoints at 0.1 ms, 
1 ms, 10 ms, 0.1 s, 1 s, 10 s, and 96 s. Selec
ted variable measuring time is displayed, with
out any delay, when depressing the measuring 
time '!READ" push button. 

2 MINIMUM SINGLE 

With MINIMUM/SINGLE activated the counter will 
perform single event measurements for: PERIOD A, 
RATIO A/B, RATIO C/B, TIME A-8, P WIDTH A and 
RISE/FALL A. 

A minimum measuring time of approximately 2 t,~s 

is performed for FREQ A, FREQ C in PM 6654. 

A minimum measuring time of approximately 1 I,!S 

is performed for FREQ A, FREQ C in PM 6652 and 
for PHASE A-B and DUTY FACTOR A in both PM 6652 
and PM 6654. 

The variable MEASURING TIME/DISPLAY TIME control 
will now act only as display time control. The 
measured result is displayed during the set dis
play time and a new measurement will start at 
the next input signal. The MINIMUM/SINGLE func
tion is useful for measurements of single-shot 
phenomena and measurements of signals present 
during a short time, e.g. single burst frequen
cy. 

3 EXT.GATE 

The use of EXT. GATE (see INPUT E specification) 
will override the set measuring time. The exter
nal gate duration must be in the range 500 I,!S.,, 

96 s, The resolution is always 100 ns, i.e. a 
PM 6654 will have the same speci fie at ion as a 
PM 6652. 

Actual measuring time 

The actual measuring time equals the selected 
measuring time (whether being set continuously 
via MINIMUM/SINGLE or via EXT GATE) plus the 

time needed to synchronize the measurement with 
an integer number of cycles of the input signal, 
for all reciprocal measurements. 

OISPLA Y HOLD 

Depressing the DISP HOLD pushbutton sets display 
time to infinity and freezes the last measure
ment result. A new measurement can be initiated 
using RESET. 

Hold-off 

With trigger Hold Off activated the counter 
ignores retriggering (channel A) or stop trig
gering (channel B) during the set Hold Off time, 

The Hold Off function is applicable in all chan
nel A measuring modes and also on channel B in 
the TIME A-B mode. The Hold Off function can be 
used as a low-pass filter with variable cut-off 
frequency between 5 Hz .•• 150 kHz for FREQUENCY 
and PERIOD measurements. 

5 ~s ••• 200 ms or 0 (off) 

The Hold Off time is measured and 
displayed by pressing the read 
button 

The set Hold Off duration is visi
ble via the gate open output 

NOTE: When Hold Off is active, the frequency 
range for period and frequency measurements is 
limited to 0.01 Hz ••. 200 kHz (PM 6652 and 
PM 6654) and clock resolution in all measuring 
modes will always be 100 ns (PM 6654). 

Time interval delay (programmable hold-off) 
(Only the PM 6654C) 

When Time Interval Delay is activated, the 
counter disables stop-pulses (Hold Off) for a 
time equal to the set Measuring ti11e. 

100 I,!S ••• 99 s. 

·.·Pt~'Pl.lti;llp}'::•.·•·•iii ±25 I,IS t1 % of set value, 

Single time interval A-B 
Single pulse width A 
Single rise/fall time A 

NOTE: Hold Off cannot be selected at the same 
time as Time Interval Delay. Time interval 
delay is only accessible via the IEEE-488 
bus. 
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Mathematics 

The mathematical functions of PM 6652,-54 makes 
it possible to offset a measuring value or to 
change scale factor (normalizing), 

The offset facility allows adding or subtracting 
a reference value to the measured value before 
display, e.g . measurement of t.uned receiver fre
quency, by measuring the local oscillator fre
quency (IF-offset), 

The scaling facility allows multiplying of the 
measured value by a constant before display, 
e.g. conversion of frequency to RPM. The scaling 
and offset features may be combined, so that the 
displayed value equals K x X + L. X is the mea
sured value and K and L are constants. Mathema
tics cannot be applied to the function Vmax, 

Vmin· 

Check 

10 MHz internal reference is connected to the 
counting logic of input channels A and B. Self
test of most measuring functions can be selec
ted. 

Reset 

Manual via pushbutton or electrical via input F. 
Reset will clear keyboard entry, status, an ac
tive STORE state, and/or start a new measure
ment. 

Power on/Stand by 

In "ST BY" position, power is available to main
tain an ovenized crystal oscillator. 

Test function 

The counter performs a choice of 5 self test 
routines of the logic and computing functions. 
The functions tested are: ROM (No.1), RAM 
(No.2), EAROM (No.3), measuring logic (No.4) and 
display (No.5). Test No.6 when selected will 
perform all tests 1 ••• 5 in a sequence. At power
up a limited test sequence is performed, 

Programs P1 ... P8 

Eight front panel "menus" can be stored in and 
recalled from a non-volatile memory. All front
and rear panel settings can be stored, except 
Hold Off value (but status of pushbutton "Hold 
Off on/off" is stored). Programs P7 and P8 can 
not store the mathematical functions. 

Display 

GENERAL 

10 dig its, sign and exponent 
(11 mm high-efficiency LED) 

3 LEOs indicating Hz, s or V. Any 
prefix (kHz, t,~s) is indicated by 
the exponent on the display. 

(hllilfJf! i / > Indicates that main-gate is opened 
and measurement takes place. 

Stand-by indication with LED when 
instrument is not switched ON. 

Indicates that the counter is re
motely controll ed via the BUS 
interface option (IEC-625/ 

.·.· . ......... ...... ·. IEEE-488). 

Indicates position of rear panel 
EXT CONTROL switch (LOCAL mode) or 
programmed setting of EXT CONTROL 
function (REMOTE mode) 

Indicates active slope of INPUT E 

y(\~~ptr; (/ ~> Indicates selected measuring func
tion and/or selected front panel 
menu (Programs 1 ••• P8). 

Power requirements 

In addition to the normal line voltage supply, 
the PM 6652 and PM 6654 can also be powered by 
an external DC voltage. 

115/230 V ±15%; 45 •.. 440 Hz below 
60VA. 

Voltage 17 •• 29 V; max 2 A at 24 V. 

Below VDE 0871 Band MIL STD 461. 

Accord. to IEC 348 and CSA 5568. 

Dimensions and weight 

440 mm (excluding 19" brackets) 
89 mm 
440 mm 
Net: B kg. 
Shipping: approx. 10 kg 
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Environmental conditions 

Ambient temperature 

-5° C .•• +50° C. To allow air con
vection, at least 2 em free space 
is required above and below the 
counter. Without any free air 
space around the counter (tightly 
packed 19 inch racks), the 
built-in fan option PM 9612 is 
necessary at ambient temperatures 
above 40° C. 

10 ••• 90% RH, no condensation 
Storage: 5 ••• 95% RH. 

Operating: 53.3 kN/m2, 
( 15000 ft). 

Storage: 15.2 kN/m2, 
(50000 ft). 

According to IEC 68 Fe. 

According to IEC 68 Eb. 

OPTIONS 

5000 m 

15000 m 

In the PM 6652,-54 several options can be used, 
the. specification for some of these are descri
bed previously in this manual, i.e. different 
crystal oscillat.ors, the IEEE bus interface and 
the 1.5 GHz Input-C. 

This section will describe the analog recorder 
output PM 9695 and the external reference fre
quency multiplier PM 9697. 

Analog recorder output PM 9695 

The digital-to-analog converter PM 9695 provides 
a high resolution analog output e.g. for recor
ding frequency stabilities of oscillators, fil
ters and crystals on a strip chart recorder. In 
frequency control systems having analog feed
back, the DAC serves as an accurate frequency
voltage converter . The PM 9695 permits conver
sion of any three consecutive digits; as such it 
functions as a magnifying class to focus on the 
most important part of the read-out. 

Any three consecutive digits can 
be selected. fhe value of the 
least significant of the 3 digits 
can be selected with a 12 position 
switch. 
1o-13 ... 1o-2(s) or 1Q-4 ... 107(Hz~ 
V, degrees, counts or ratio). 

Analog output is directly propor
tional to digital input. 000 pro
duces 0.000 V and 999 produces 
0.999 v. 

Uf'fg,~f fulitdef Adds SOO to digital input to ob
.:.,·.· ... , .. ,. , tain half scale offset. 500 produ

ces 0.000 V and 499 produces 
0.999 v. 
Zero output 0 V 
Full scale deflection 0.999 V 
Impedance 100 Ohm ± 1% 

Connector 

ACCI,.Il~!)(:y:.· '< ':'.·.,.·. ± 2 mV 

± 0.5 mV 

BNC 

Output voltage settling time max 
100 ms after end of measurement. 

emoA1o£~tt·": ••·,' ±(0.1 mV+0.03% of reading)/°C 

External reference -frequency multiplier PM 9697 

To accept external reference frequencies other 
than 10 MHz, the frequency multiplier PM 9697 
can be used. 

With this option installed, the PM 6652 or 
PM 6654 can accept external reference frequen
cies of 1 MHz, 5 MHz or 10 MHz. All other input 
specifications as for "Input D". 
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ACCESSORIES 

Supplied with the instrument 

Mains cable. 
Fuses 0.4 A and O.B A. 
Two adapter with screws M6 for 19"-rack. 
Operating Manual. 
Pocket Guide. (Only supplied with instruments 
with IEEE-488 bus interface. 

To be ordered separately 

MATE/CIIL Interface, ace. to Mate 
System Control Interface Standard 

.· .. · .... .. ... ''·'(No. 2806763), 
1,5 GHz option (Input-C), 

.. pJYI9()Ft: \i Built-in rear panel wiring option. 
96,1Z:,:·:,,>•c•. Built-in fan option. 

Rack-mount slide kit. 
Training course set incl.: 
- Cassette tape for HP 85 controller 
- Pocket guide for PM 6652,-54. 
- Text book, (can be ordered sepa-

rately: order No. 9498 465 01011) 
Low pass filter, 50 kHz. 
TCXO oscillator (version/.2 . ). 
Oven encl. oscillator (version/.3.). 
Oven encl. oscillator (version/.4.). 

P~!,()?;lj/((' Oven encl. oscillator (version/.5.). 
: ·.·~4~J~q'~~·.•:. ::·:>Analog recorder output (DAC). 

IEEE-488 bus interface. 
External reference frequency multi
plier. 

IEEE/IEC adapter. 
hl'1.4il:\:ll>;f[J~J.f IEEE-cable (length 0.5 m). 
et.1<,2l~9~.(1~1: IEEE-cable (length 1 m). 
PM ??:11'>/?n•··~· .. IEEE-cable (length 2 m). 
P~P95Wlf · 50 Ohm feed-through termination 3W. 

.., , .. , ... , .. ....... ·. 50 Ohm feed-through termination 1W. 
120 MHz 1 MOhm probe 1:1 and 1:10. 

7P::p.:;; ,., •... ·. 1.5 GHz 500 Ohm probe 1:10. 
650 MHz 50 Ohm/1 MOhm FET probe. 

All options but the following are customer 
retro-fit table: 
MATE/CIIL-interface, PM 9611 and PM 9612. 

The multiplier PM 9697 can be installed only in 
the /.1.-version (standard oscillator). 

The counters can only be equipped with one of 
the following options at a time: CIIL interface, 
Analog Recorder Output or IEEE-488 interface. 

There are several versions of the IEEE-488 bus 
interface; 

Timer/Counter suitable bus interface 

PM 6652,-54 PM 96968 and PM 9696 
PM 6652C,-54C PM 96968 and 'PM 9696 RTL update' 

PM 6652 and PM 6654C versions and options 

The ordering number conists of the basic type 
number and a 3 digit XYZ suffix, specifying the 
recuired customer version. 

fr
indicating maximum frequency. 
Indicating reference oscillator. 
Indicating interface. 

PM 6652C/XYZ 

Type-No. 

PM 6652C/011 

PM 6654C/011 

/5 .. 

/.2. 
/.3. 
/.4. 
/. 5. 

/.8. 

/ .. 2 

/ .. 5 

/ •• 6 

Description 

Programmable high resolution 
timer/counter, 120 MHz basic fre
quency range, 100 ns single shot 
resolution, standard oscillator 
5X1 o-7/month, incl. 19" rack mount 
brackets, excl. IEEE-488 bus in
terface, 
Idem, but with 2 ns single shot 
resolution. 
including 1,5 GHz input channel 
PM 9610. 
including PM 9678 TCXO • 
including PM 9679 Oven-Oscillator. 
including PM 9690 Oven-Oscillator. 
including PM 9691 Oven-Oscillator. 
including standard oscillator and 
external reference frequency mul
tiplier PM 9697. 
Blind panel version including 
IEEE-488 bus interface PM 96968. 
normal panel version including 
analog recorder output PM 9695. 
Normal panel version including 
IEEE-488 bus interface PM 96968. 

/ • • 7 Normal panel version including 
MATE/CIIL interface. 
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ADDENDUM 

Introduction 

The PM 6652C and PM 6654C are now available with 
two different HF·inputs, the 1.5 GHz input 
PM 9610 and the 2.3 GHz input PM 9619. This ad
dendum describes the differences between the 

1.5 GHz version described in the manual and the 
new 2.3 GHz version. It also describes how to 
identify which input that is fitted in your in
strument. 

Identification 

Read the text on the strip at the top of the front panel edging. Strips like the one below indicate 
standard instruments without HF-inputs: 

programmable high resolution timerjcounter 120MHz PHILIPS 

The strip below is fitted on instruments equipped with factory installed PM 9610 1.5 GHz HF-inputs: 

programmable high resolution timer ;counter 120M Hz /1.5GHz PHILIPS 

Strips like the one below are fitted on instruments equipped with factory installed PM 9619 2.3 GHz 
HF-inputs: 

programmable high resolution timerjcounter120MHz I 2.3GHz PHILIPS 

Adhesive Labels indicating the frequency range should be fitted on the strips of instruments upgraded 
with HF-inputs. If the Timer/Counter is upgraded with a PM 9610, the strip with the label fitted should 
look like the one below. The label is included in the PM 9610 option: 

programmable high resolution timer ;counter 120M Hz ::p;:ji~1ii$G.H$::; 
' ............ ········ .. ... ' .. . PHILIPS 

If the Timer/Counter is upgraded with a PM 9619 the strip with fitted label should look like the one 
below. The Label is included in the PM 9619 option: 

programmable high resolution timer ;counter 120MHz tQ.:;:j·f~ii'j:~B.~:~!! PHILIPS 
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Operation 

Operating the Timer/Counter with the 2 . 3 GHz HF
i nput is done exactly in the same way as de
s cribed in the Operators• Manual. 

Specifications 
Input C (Option PM 9619) 

Frequency range: 100 MHz •.• 2.3 GHz 

Coupling: AC 

Operating input voltage range: 
20 mvrms ··-12 V rmsi 100 • .• 300 MHZ 
10 mV rms • • . 12 v . 300 •.• 2000 MHZ rms' 
15 mvrms··-12 V rms; 2000 ... 2100 MHZ 
25 mV rms ... 12 Vrms; 2100 •. . 2300 MHZ 1 ) 

AM Tolerance: 94% at max 100 kHz modulation 
frequency. Minimum signal must exceed minimum 
operating input voltage requirement 

Input illpedance: 
50 n nominal 

VS\IR: Max 2.0:1 0.1 ... 1.5 GHz 
Max 2.5:1 
Max 3.5:1 

1.5 .. • 2.0 GHz 
2.0 .•. 2.3 GHz 

Max voltage without damage: 12 Vrmsi 
overload protection with pin diodes 

Ordering information 

This is addit i onal information to the ordering 
informat ion on page 9·12 in the Opera to rs • 
Manual. 

'olhen the new 2.3 GHz HF·input is to be ordered 
separately, order a PH 9619. 

\.lhen a new counter is to be ordered the first 
digit after t he stroke indicates the maximum 
frequency: 

PH 6654C/XYl 

I ndica ting maximum frequency 

Indicating reference oscillator 

Indicating interface 

PM 6652C/0.. Is a PM 6652C Timer /Counter without 
HF-input. 

PM 6652C/5 .• Is a PM 6652C Timer/Counte r with a 
1.5 GHz HF-input, PM 9610. 

PM 6652C/6 .. Is a PM 6652C Timer/Counter with a 
2.3 GHz HF-input, PM 9619. 

PM 6654C/0 •. Is a PM 6654C Timer/Counter without 
HF· input. 

PM 6654C/5 •. Is a PM 6654C limer/Counter with a 
1.5 GHz HF·i nput , PM 9610. 

PM 6654C/6 •. Is a PM 6654C limer/Counter with a 
2 . 3 GHz HF · input, PM 9619. 

1)0nly guaranteed when the PM 9619 is factory installed. \.lhen retro-fitted in the field, performance 
up to 2.1 GHz is guaranteed. 
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