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A High-Performance Automatic 
Microwave Counter 
This new counter  needs only a s ingle input  to measure 
10 Hz to 18 GHz, and i ts sensit iv i ty is many 
t imes better than previous counters.  I t 's  also 
systems compat ib le.  

By Richard F.  Schneider 

MEASURING FREQUENCIES FROM LOW 
AUDIO all the way to microwave has always 

required many different counters or counter plug- 
ins, a good deal of range switching and cable chang 
ing, and at least â€” 7 dBm (100 mV) of signal. 

Not any more. The new Model 5340A Microwave 
Frequency Counter (Fig. 1) measures frequencies 
between 10 Hz and 18 GHz using only a single input 
connector. Measurements are completely automatic, 
and sensitivity is â€”30 dBm (7 mV) from 10 Hz to 
500 MHz, -35 dBm (4 mV) from 500 MHz to 10 
GHz, and -25 dBm (12 mV] from 10 GHz to 18 GHz. 
Thus measurements may be made where signals 
are inherently low-level, or where directional cou 
plers or lossy elements reduce the original signal 
level. 

A typical sensitivity curve is shown in Fig. 2. 
Note that the counter is usable well above 18 GHz 
and that conservative specifications apply. 

Model 5340A gets its high sensitivity and wide 
bandwidth from the new thin-film samplers used in 
its front end as harmonic mixers (see article, page 
10). A new phase-locked loop design provides not 
only automatic operation, but also greatly reduced 
sensitivity to spurious input signals, harmonically 
related or not. Frequencies from 10 Hz to 250 MHz 
are counted directly, and frequencies above 250 
MHz are measured using an automatic transfer 
oscillator technique. 

Model 5340A is compatible with the new HP bus 
interface system.1 The bus system provides for con 
trol and communication between instruments up to 
51 feet apart. As many as 15 devices can operate on 
the bus, so the 5340A can be part of an easily 
implemented automatic measurement system. 

Equipped with all of its systems options, Model 
5340A can communicate digitally with printers, cal 
culators, card readers, computers, teleprinters, and 

other devices. All of its front-panel controls (except 
power on/off) may be remotely programmed, in 
cluding resolution, range, reset, and sample mode. 

Controls 
There are actually four range selections on the 

counter: 10 Hz to 18 GHz at 50Ãœ input impedance, 
250 MHz to 18 GHz at 50fi input impedance, 10 Hz 
to 250 MHz at 1 MO input impedance, and a time 
base oscillator check at 10 MHz. A precision type 
N connector is used on the 50H input and a BNC 
connector is used on the 1 MO input. 

C o v e r :  B e h i n d  t h e  t y p e  N  
connector on the f ront  panel  
o f  Mode l  5340A  F requency  
C o u n t e r  i s  t h e  a s s e m b l y  
s h o w n  h e r e :  a  p o w e r  s p l i t  
t e r  f o l l o w e d  b y  t w o  w i d e  
b a n d  t h i n - f i l m  h y b r i d  s a m  
p l e r s  a n d  o t h e r  e l e m e n t s  
o f  two  phase- locked  loops .  
The  samp le rs  a re  the  ma in  
r e a s o n  t h i s  s i n g l e  i n p u t  i s  

t h e  o n l y  o n e  n e e d e d  t o  m e a s u r e  f r e q u e n c i e s  
f r om 10  Hz  t o  18GHz .  

In this Issue: 
A  H i g h - P e r f o r m a n c e  A u t o m a t i c  M i  
c r o w a v e  C o u n t e r ,  b y  R i c h a r d  F .  
S c h n e i d e r    
A  d c - t o - 2 0  G H z  T h i n - F i l m  S a m p l e r  
f o r  M i c r o w a v e  I n s t r u m e n t a t i o n ,  b y  
J e r r y  M e r k e l o    
A u t o m a t i n g  t h e  C a l i b r a t i o n  L a b o r a  
to ry ,  by  E .  Rober t  A ik in  and  John  L .  
M inck  
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F i g .  1 .  M o d e l  5 3 4 0 A  M i c r o w a v e  
Frequency  Counter  can  measure  
1 0  H z  t o  1 8  G H z  a u t o m a t i c a l l y ,  
u s i n g  o n l y  a  s i n g l e  i n p u t .  E i g h t  
d i g i t s  a re  d i sp layed .  Reso lu t i on  
is  selectable f rom 1 Hz to 1 MHz. 

Resolution is selectable in decade steps from 1 Hz 
to 1 MHz, and the normal counter reset and sample 
rate controls are also on the front panel. Eight digits 
are displayed along with appropriate annunciators 
indicating mode of measurement (direct or phase 
locked) and units of kHz, MHz, or GHz. 

Counter Organizat ion 
The general block diagram of the new counter is 

shown in Fig. 3. An internal programmer checks to 
see if a directly countable signal is present (by 
sensing its amplitude and frequency range) and if 
it is, the frequency is counted and displayed accord 
ing to the resolution setting. 

The internal programmer also checks to see if a 
phase lockable signal is present. If it is, the auto 
matic transfer oscillator is enabled, the harmonic 
number is calculated, and the gate time is extended 
so that the input frequency is displayed automati 
cally according to the resolution selection. Fig. 4 is 
a simplified flow diagram of the internal program. 

If a directly countable signal is present, this sig 
nal overrides the automatic transfer oscillator mode. 
This assures that the fundamental signal will be 
measured and not a harmonic frequency when the 
fundamental is below the transfer oscillator range. 
Also, for multiple frequency inputs where the larg 
est signal is in the 10 MHz to 250 MHz range, this 
feature assures the correct determination of the 

largest component's frequency. 
For signals within the transfer oscillator fre 

quency range, automatic amplitude discrimination 
circuits assure that only the largest signal is mea 
sured. If a microwave signal in the transfer oscilla 
tor range contains spurious signals, such as power 
supply residuals, that are within the sensitivity of 
the direct count range, the range selection of 250 
MHz to 18 GHz can be used. This enables only the 
automatic transfer oscillator, and the automatic 
amplitude discrimination circuitry then finds the 
largest signal. 

The separate 1 MO input for 10 Hz to 250 MHz 
uses the same direct counting circuitry as the 50O 
input. 

Automatic Transfer Osci l lator 
The automatic transfer oscillator uses an IF-offset 

phase-lock loop with the thin-film sampler operat 
ing as a mixer. As shown in the accompanying 
article (page 10), the sampler IF response is very 
flat from the lowest sampling frequency of 120 MHz 

H i g h  Z  I m p e d  
a n c e  C o n v e r t e r  C o m p u t e r  o r  

R e m o t e  P r o  
g r a m m e r  

Fig .  2 .  Typ ica l  5340A sens i t i v i t y .  

F ig .  3 .  Mode l  5340  A  measures  10  Hz  to  250  MHz d i rec t l y ,  
and  250  MHz  to  18  GHz  us ing  an  au toma t i c  t r ans fe r  osc i l  
l a t o r  t e c h n i q u e .  I n t e r n a l  p r o g r a m m i n g  s e l e c t s  t h e  p r o p e r  
mode. 
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through the 150th harmonic of 18 GHz. This re 
sponse is fundamental in obtaining the performance 

of the counter. 
Fig. 5 is a block diagram of the automatic transfer 

oscillator. The input signal is divided into two equal 
signals by a resistive power divider. The resulting 
signals are the inputs to two thin-film samplers, 
one used in the input phase-lock loop and termi 
nated and the other used to determine the harmonic 
number. The input signal to the second sampler is 
fed through to the direct count circuits. 

The input phase-lock loop consists of a voltage 
controlled oscillator (VCO), a sampler, an IF ampli 
fier, a phase detector, and dc gain and control sys 
tem compensation. The VCO searches over its range 
until an IF signal equal to the reference frequency 
of 20 MHz is found. Phase lock occurs when the 
phase detector output drives the VCO frequency 
Fi such that: 

F x  =  N F i  -  F I F l  ( 1 )  

where FiF] = FIF nEF = 20 MHz at phase lock. (2) 

A quadrature detector assures that the loop locks 
only on the lower sideband to satisfy equation 1. 

Next the VCO frequency Fi is translated to a 
frequency F2 so that 

F 2  =  F i  Â ±  F o  ( 3 )  

where the offset frequency Fn is 20 kHz. 

This is done in a transfer phase-lock loop. The fre 
quency F2 drives the second sampler and produces 
a second IF output FIF, as follows: 

T e r m i n a t i o n  

T o  D i r e c t  C o u n t  C i r c u i t s  

F ig .  4 .  S imp l i f i ed  f l ow  d iag ram o f  5340A  i n te rna l  p rog ram 
m i n g .  S e a r c h  a n d  i n c r e m e n t  p r o g r a m  a u t o m a t i c a l l y  o p t i  
m i z e s  p h a s e - l o c k  l o o p  c o m p e n s a t i o n  a n d  b a n d w i d t h  i n  
the  t rans fe r -osc i l l a to r  mode .  

F ig .  5 .  Wideband th in  - f i lm samplers  a re  used as  harmon ic  
m i x e r s  i n  t h e  a u t o m a t i c  t r a n s f e r  o s c i l l a t o r  p h a s e - l o c k  
l oops .  The  i npu t  l oop  m ixes  t he  s i gna l  w i t h  a  ha rmon i c  o f  
t h e  s a m p l i n g  f r e q u e n c y .  T h e  s e c o n d  l o o p  d e t e r m i n e s  t h e  
ha rmon ic  number .  
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F i r ,  =  N F 2  -  F x  ( 4 )  

=  N f ? !  Â ±  F o )  -  ( N F i  -  2 0  M H z )  ( 5 )  

=  Â ± N F o  +  2 0 M H z  [ 6 ]  

By mixing FIF, with the 20 MHz reference frequency 
and rejecting 20 MHz and higher frequencies, the 
harmonic frequency, NF0, is obtained. Counting the 
number of zero crossings for the period of the off 
se t  f requency  F0  =  20  kHz  then  de te rmines  the  
harmonic  number  N of  the  phase  lock loop.  The 
input  frequency is  then calculated and displayed 
by presetting into the counter the 20 MHz reference 
f requency,  measur ing the  VCO frequency of  the  
input phase lock loop, and extending the gate time 
according to the harmonic number N. 

Compensat ion and Acquisi t ion Time 
Compensat ion of  the  input  phase- lock loop is  

optimized for bandwidth and acquisi t ion t ime by 
using the harmonic number information. First, the 
compensation ranges are divided into octave input- 
frequency ranges from 250 to 500 MHz, 500 to 1000 
MHz, 1 to 2 GHz, 2 to 4 GHz, 4 to 8 GHz and 8 to 
18 GHz. Of course, all the ranges overlap so there 
is continuous input frequency coverage. 
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I n p u t  C a r r i e r  F r e q u e n c y  

18  GHz  

100 I k  1 0 k  1 0 0 k  1 M  

F m - M o d u l a t i n g  F r e q u e n c y - H z  

F i g .  6 .  T y p i c a l  5 3 4 0 A  f r e q u e n c y  m o d u l a t i o n  t o l e r a n c e  
c h a r a c t e r i s t i c s  t o r  s i n g l e - t o n e  F M  o n  i n p u t  s i g n a l .  I n p u t  
l e v e l  i s  â € ” 2 0  d B m .  C a r r i e r  f r e q u e n c y  w i l l  b e  c o r r e c t l y  
m e a s u r e d  i f  m o d u l a t i o n  f r e q u e n c y  a n d  p e a k - t o - p e a k  d e v i  
a t ion  are  be low curves.  

The search ramp rate is then programmed along 
with the proper octave range compensation. When 
phase  lock occurs ,  the  harmonic  number  i s  com 
pared with the allowable numbers for that compen 
sation. If incorrect, the programmer is stepped until 
the proper  combinat ion of  harmonic number and 
compensation is obtained. This procedure is accom 
plished prior to any counting (see Fig. 4). 

The results of this compensation technique are 
normalization of the input phase-lock loop at maxi 
mum bandwidth (200 kHz),  opt imized compensa 
tion for the octave range allowing prescribed FM 
performance, and minimum acquisition time. 

Acquisit ion time is defined as the t ime it  takes 
for the phase-lock loops to acquire a signal that is 
abruptly switched on. Acquisition time is measured 
in production at input frequencies of 400 MHz, 7 
GHz,  and  18  GHz.  These  inpu t  f requenc ies  a re  
switched on with a solid-state RF switch, and the 
HP 5360A Computing Counter is used to measure 
the  t ime in terval  be tween the  RF s ignal  and the  
counter main gate. A mean-time and standard-devi 
a t ion program in  the  5375A Computing Counter  
Keyboard averages a series of acquisition times to 
provide the required data. 

The acquisition time varies depending on where 
the programmer is in the cycle with respect to the 
signal input time, and is found to average 150 ms 
with a 75 ms standard deviation. This time can be 
reduced to 50 ms with a 10 ms standard deviation 
by operating in the octave range programming mode 
(Opt. 003). 

AM and FM Tolerance  
Amplitude modulation tolerance is  determined 

by the sensitivity specification. So long as the mini 
mum voltage in the modulation trough is not less 
than the sensitivity, an accurate count is obtained. 
F o r  e x a m p l e ,  w i t h  a  1 0  d B m  i n p u t  a t  1 0  G H z ,  
94.5% modulat ion index wil l  cause the s ignal  to  
drop to â€”35 dBm (4 mV) at its lowest amplitude 
and would be the limit of modulation possible. 

FM tolerance character is t ics  are  a  funct ion of  
modulation rate and input frequency. A family of 
curves  descr ibing the  FM capabi l i ty  a t  -20 dBm 
for six input frequencies is shown in Fig. 6. These 
curves show, for example, that with an 8 GHz input 
frequency, residuals due to power supply FM can 
be tolerated to 100 MHz peak-to-peak deviation at 
a 100 Hz rate. 

These FM tolerance characteristics were obtained 
using single-tone modulation. Multiple tones will 
decrease the capability if they are within the phase- 
lock loop bandwidth. 

An excellent example of 5340A performance is 
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O d B m  

1  MHz /cm 

F i g .  7 .  F r e q u e n c y  s p e c t r u m  o f  a  l o c a l  t e l e v i s i o n  s t a t i o n  
( C h a n n e l  3 6 ) .  M o d e l  5 3 4 0 A  c o r r e c t l y  m e a s u r e d  t h e  v i d e o  
c a r r i e r  f r e q u e n c y  ( 6 0 3 . 2 5  M H z )  w i t h  o n l y  a  U H F  a n t e n n a  
c o n n e c t e d  t o  i t s  i n p u t .  

shown in Fig. 7. Here the video carrier frequency of 
a local UHF television station (channel 36] is mea 
sured at 603.25 MHz. The video carrier amplitude 
modulation, the color subcarrier frequency, and the 
FM sound carrier and sidebands were automatically 
disregarded by the counter. This measurement was 
made on a signal received from a UHF antenna 
connected directly to the counter input. 

The carrier frequency of signals with frequency 
modulation rates greater than the phase-lock loop 
bandwidth can also be measured. Since the devi 
ation tolerance increases by at least 6 dB/octave at 
modulation frequencies above about 1 MHz, these 
sidebands will be rejected, while those within the 
bandwidth will be averaged. Broadband noise sig 
nals will be processed in the same manner. For 

3 MHz/cm 

F i g .  8 .  S p e c t r u m  o f  a n  8  G H z  m i c r o w a v e  t e l e p h o n e  s i g  
n a l  w i t h  2  m a s t e r  g r o u p s  ( 1 2 0 0  c h a n n e l s ) .  M o d e l  5 3 4 0 A  
co r rec t l y  measu red  the  ca r r i e r  f r equency .  

example, the carrier frequency of a microwave tele 
phone relay transmitter signal, about 8 GHz, was 
correctly measured in the presence of frequency 
modulation equivalent to two master groups or 1200 
telephone channels. Random noise was used to sim 
ulate traffic in the telephone channels. Modulation 
rates ranged from less than 100 kHz to nearly 6 
MHz, and frequency deviation was 141 kHz rms 
per channel. The spectrum of this signal is shown 
in Fig. 8. 

Automatic Ampli tude Discriminat ion 
The high sensitivity and wide dynamic range (42 

dB) of the 5340A present a formidable challenge 
with regard to spurious signals. For example, if an 
input signal of + 7 dBm has harmonically related 
components 35 dB down, these signals will be at 
â€” 28 dBm, well within the instrument's sensitivity. 
Another important example is that of frequency 
multiplier or synthesizer chains, where spurious 
signals can occur anywhere in the input frequency 
range. 

OdBm 

10 kHz/cm 

OdBm 

1 MHz/cm 

F ig .  9 .  Mode l  5340A i s  des igned  to  measu re  on l y  t he  l a rg  
e s t  s i g n a l  i n  i t s  p a s s b a n d .  T o p  s p e c t r u m  i s  o f  s i g n a l s  1 0  
k H z  a p a r t  a n d  d i f f e r i n g  i n  a m p l i t u d e  b y  1  d B .  I n  b o t t o m  
spec t rum,  s igna ls  a re  1  MHz apar t  and  d i f fe r  by  3  dB.  The  
l a rge r  s igna l  i n  each  case  was  measured .  
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OdBm 

2 GHz/cm 

F i g .  1 0 .  T y p i c a l  w o r s t - c a s e  5 3 4 0 A  a m p l i t u d e  d i s c r i m i n a  
t i on .  He re  the  s igna ls  a re  a t  450  MHz  and  12  GHz  and  an  
8  dB  amp l i t ude  d i f f e rence  was  requ i r ed .  

Automatic amplitude discrimination is incorpor 
ated in the design of the input phase-lock loop and 
harmonic frequency circuits. Circuits in the input 
phase-lock loop simultaneously observe all the sig 
nals within the bandwidth and sensitivity of the 
instrument. Next these signals are amplified by a 
hard-limiting amplifier and are filtered at the refer 
ence frequency. Assuming that the largest signal 
present is sufficiently large, the filtered output sig 
nal contains the frequency of the largest signal, 
frequency-modulated by the undesired signals. A 
small-dynamic-range phase detector then allows 
only the largest signal to phase lock. The signals 
can be present within or outside the bandwidth of 
the phase-lock loop; the circuit will respond and 
lock onto only the signal of largest magnitude. 

By using a similar technique of a hard-limiting 
amplifier in the harmonic frequency circuit, zero 
crossings are counted only for the largest signal 
present there also. 

The spectrum of two signals within the band 
width of the input phase-lock loop is shown in Fig. 
9. The larger signal was correctly measured, illus 
trating that at frequencies of 405.500 MHz and 
405.501 MHz an amplitude difference of less than 
1 dB is required to discriminate between the sig 
nals. Also shown are two 400 MHz signals 1 MHz 
apart; here a 3 dB difference in amplitude was re 
quired. Fig. 10 is the spectrum of signals at 450 
MHz and 12.0 GHz. Here an 8 dB amplitude differ 
ence was required to discriminate between the two 
signals. 

Direct Counting System 
For frequencies below the second harmonic of 

the input phase-lock loop, the direct count system 

shown in Fig. 11 is automatically activated. The 
input signal from the main input connector is ampli- 
field to a detectable level, then fed to a broadband 
diode detector and to the triggering circuit in the 
counter. The threshold of the detector is set to a 
level just above that required for correct counting. 
A detector output is required for the control system 
to display an answer, so only stable, noise-free 
answers are displayed. 

The direct count amplifier is ac coupled so dc 
levels may exist on input signals and no external 
offset adjustment is necessary. Because of the ac 
coupling, unsymmetrical signals, such as pulse 
trains, can generally not be tolerated by this input. 
The measurement of pulses is best accomplished by 
the high-impedance input. This amplifier is ac 
coupled also, and requires no external offset adjust 
ment, but it has a special circuit to accommodate 
pulse trains. The baseline offset characteristic of an 
unsymmetrical input, such as a pulse train, is auto 
matically corrected for inputs with a duty factor as 
low as 0.1%. Full sensitivity is thereby maintained, 
making this input suitable for use with a 10:1 
divider oscilloscope probe on such signals as IF 
responses and logic levels. 

Digi ta l  Input /Output  
The digital output is ASCII-coded and TTL or 

DTL compatible. The output string has the follow 
ing format: 

D  !  L  0  |  S p  S p  d d d d d d d d  E  +  d  C r  L f  
w h e r e  D  =  D I R E C T  

L  =  L O C K  
O  =  O V E R F L O W  

S p  =  S P A C E  
d  =  D I G I T  0  t h r u  9  

C r  =  C A R R I A G E  R E T U R N  
L f  =  L I N E  F E E D  

A manually programmable five-bit address is 
located on the rear panel along with a local-systems 
switch. If, for instance, the counter is used with a 
printer only, the switch would be placed in the 
local position. If the counter is part of a measure 
ment system, the switch would be placed in the 
systems position and the counter would respond to 
the signals on the bus when properly addressed. 

The 5340A is remotely programmed by placing 
its address on the bus, followed by a string of ASCII 
characters. Programmable functions include reso 
lution, range, octave program, reset, sample mode, 
sample trigger, output mode, and local-remote 
codes. 

Options 
The counter is available with a rear-panel con 

nector for the 50Q input, and with a 10 MHz to 250 
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  4  d B  A t t e n u a t i o n    \  
D e t e c t o r /  
Low Pass 

F i l te r  
.  T o  C o n t r o l  S y s t e m  

F r o m  C o n t r o l  
Sys tem F i g .  1 1 .  5 3 4 0 A  d i r e c t - c o u n t  c i r  

cuitry. 

MHz iMn rear-panel input in parallel with the 
front-panel input. A 50ÃÃ termination is provided 
so that the front-panel connector may be terminated 
where the additional capacitance of the cable to the 
rear panel cannot be tolerated. If the termination 
is used, the input impedance of the rear-panel input 
is reduced to 50fi. 

An optional oven time-base oscillator is avail 
able. It has an aging rate of less than 5 X 10~10/day. 
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S P E C I F I C A T I O N S  
H P  M o d e l  5 3 4 0 A  

Frequency Counter  

Signal  Input  
I N P U T  1  

R A N G E :  1 0  H z  t o  1 8  G H z .  
S Y M M E T R Y :  S i n e  w a v e  o r  s q u a r e  w a v e  i n p u t  ( 4 0 %  d u t y  f a c t o r ,  

w o r s t  c a s e ) .  
S E N S I T I V I T Y :  - 3 0  d B m ,  1 0  H z - 5 0 0  M H z ;  - 3 5  d B m ,  5 0 0  M H z -  

1 0  G H z ;  - 2 5  d B m ,  1 0 - 1 8  G H z .  
D Y N A M I C  R A N G E :  3 7  d B ,  1 0  H z  t o  5 0 0  M H z ;  4 2  d B ,  5 0 0  M H z  t o  

1 0  G H z ;  3 2  d B ,  1 0  G H z  t o  1 8  G H z .  
I M P E D A N C E :  5 0 0  
V S W R :  < 2 : 1 ,  1 0  H z - 1 2 . 4  G H z ;  < 3 : 1 ,  1 2 . 4 - 1 8  G H z .  
C O N N E C T O R :  P r e c i s i o n  T y p e  N .  
C O U P L I N G :  d c  t o  l o a d ,  a c  t o  i n s t r u m e n t .  
D A M A G E  L E V E L :  + 3 0  d B m  Â ± 7  V  d c  ( t o t a l  p o w e r  n o t  t o  e x c e e d  

1  W ) .  
A C Q U I S I T I O N  T I M E :  < 1 5 0  m s  m e a n  t y p i c a l .  

I N P U T  2  
R A N G E :  1 0  H z - 2 5 0  M H z  d i r e c t  c o u n t .  
S E N S I T I V I T Y :  5 0  m V  r m s .  1 5 0  m V  p - p  p u l s e s  t o  0 . 1 %  d u t y  f a c t o r ,  

m i n i m u m  p u l s e  w i d t h  2  n s .  
I M P E D A N C E :  1  M i !  s h u n t e d  b y  < 2 5  p F .  
C O N N E C T O R :  T y p e  B N C  f e m a l e .  
C O U P L I N G :  a c .  
M A X I M U M  I N P U T :  1 0  H z  t o  1 0 0  H z  2 0 0  V  r m s .  

1 0 0  H z  t o  1 0 0  k H z  2 0  V  r m s .  
1 0 0  k H z  t o  2 5 0  M H z  2  V  r m s .  

A U T O M A T I C  A M P L I T U D E  D I S C R I M I N A T I O N :  T h e  c o u n t e r  w i l l  a u t o  
m a t i c a l l y  s e l e c t  t h e  l a r g e s t  o f  a l l  s i g n a l s  p r e s e n t  ( 2 5 0  M H z  t o  1 8  
G H z  p h a s e - l o c k  r a n g e ) ,  p r o v i d i n g  t h a t  s i g n a l  i s  2 0  d B  ( 1 0  d B  
t y p i c a l )  l a r g e r  t h a n  a n y  o t h e r .  

M A X I M U M  A M  M O D U L A T I O N :  A n y  m o d u l a t i o n  i n d e x  a s  l o n g  a s  t h e  
m i n i m u m  v o l t a g e  o f  t h e  s i g n a l  i s  n o t  l e s s  t h a n  t h e  s e n s i t i v i t y  
s p e c i f i c a t i o n .  

Time Base 
C R Y S T A L  F R E Q U E N C Y :  1 0  M H z .  
S T A B I L I T Y :  

A G I N G  R A T E :  < Â ± 3  x  1 0 - '  p e r  m o n t h .  
S H O R T  T E R M :  < 5  x  1 0 - ' Â °  r m s  f o r  1  s e c o n d  a v e r a g i n g  t i m e .  
T E M P E R A T U R E :  < Â ± 2  x  1 0 - '  o v e r  t h e  r a n g e  o f  - 2 0 Â °  t o  +  6 5 Â ° C .  
L I N E  V A R I A T I O N :  < Â ± 1  x  1 0 - '  f o r  1 0 %  l i n e  v a r i a t i o n  f r o m  1 1 0  V  

o r  2 3 0  V  l i n e .  
O U T P U T  F R E Q U E N C Y :  1 0  M H z  > 2 . 4  V  s q u a r e  w a v e  ( T T L  c o m p a t i b l e )  

a v a i l a b l e  f r o m  r e a r  p a n e l  B N C .  

Opt iona l  T ime Base  
(Opt ion 001)  

O p t i o n  0 0 1  p r o v i d e s  a n  o v e n - c o n t r o l l e d  c r y s t a l  o s c i l l a t o r  t i m e  
b a s e  w i t h  a n  a g i n g  r a t e  n e a r  t h a t  o f  a  t i m e  s t a n d a r d .  T h i s  o p t i o n  
r e s u l t s  i n  b e t t e r  a c c u r a c y  a n d  l o n g e r  p e r i o d s  b e t w e e n  c a l i b r a t i o n .  

A  s e p a r a t e  p o w e r  s u p p l y  k e e p s  t h e  c r y s t a l  o v e n  o n  a n d  u p  t o  t e m  
p e r a t u r e  w h e n  t h e  i n s t r u m e n t  i s  t u r n e d  o f f  a s  l o n g  a s  i t  r e m a i n s  
c o n n e c t e d  t o  t h e  p o w e r  l i n e .  
F R E Q U E N C Y :  1 0  M H z .  
S T A B I L I T Y :  

A G I N G  R A T E :  < Â ± 5  x  1 0 - K > / d a y  a f t e r  2 4 - h o u r  w a r m - u p  a n d  
< 1 . 5 0  x  1 0 - V y e a r .  

S H O R T  T E R M  S T A B I L I T Y :  1  x  1 0 - "  f o r  1  s  a v g .  t i m e .  
1  x  1 0 - "  f o r  1 0  s  a v g .  t i m e .  
2  x  1 0 - "  f o r  1 0 0  s  a v g .  t i m e .  

L I N E  V A R I A T I O N :  < Â ± 5  x  1 0 - " >  1 0 %  c h a n g e .  
T E M P E R A T U R E :  < Â ± 1  x  1 0 - '  f r e q u e n c y  c h a n g e  o v e r  a  - 5 5 Â °  t o  

6 5 Â ° C  t e m p e r a t u r e  r a n g e .  < Â ± 2 . 5  x  1 0 - '  o v e r  0  t o  4 0 Â ° C  r a n g e .  
W A R M - U P :  W i t h i n  5  x  1 0 - '  o f  f i n a l * * *  v a l u e  1 5  m i n u t e s  a f t e r  t u r n - o n ,  

at 25Â°C. 
*  F o r  o s c i l l a t o r  o i l - t i m e  l e s s  t h a n  2 4  h o u r s .  

*  7  m i n u t e  r e q u i r e d  f o r  u n i t  t o  s t a b i l i z e .  
*  F i n a l  v a l u e  I s  d e f i n e d  a s  f r e q u e n c y  2 4  h o u r s  a f t e r  t u r n - o n .  
F R E Q U E N C Y  A D J U S T M E N T  R A N G E :  > 2  x  1 0 - Â »  ( > Â ± 4 0  H z  f r o m  1 0  

M H z )  w i t h  1 8 - t u r n  c o n t r o l .  
F R E Q U E N C Y  A D J U S T M E N T :  1  x  1 0 - '  ( 0 . 0 1  H z )  1 8 - t u r n  c o n t r o l .  

General  
A C C U R A C Y :  Â ± 1  c o u n t  Â ±  t i m e  b a s e  e r r o r .  
R E S O L U T I O N :  F r o n t  p a n e l  s w i t c h  s e l e c t s  1  M H z ,  1 0 0  k H z ,  1 0  k H z ,  

1  k H z ,  1 0 0  H z ,  1 0  H z ,  o r  1  H z .  
D I S P L A Y :  E i g h t  i n - l i n e  l o n g - l i f e  d i s p l a y  t u b e s  w i t h  p o s i t i o n e d  d e c i  

m a l  p o i n t  a n d  a p p r o p r i a t e  m e a s u r e m e n t  u n i t s  o f  k H z ,  M H z ,  o r  G H z .  
S E L F  C H E C K :  C o u n t s  a n d  d i s p l a y s  1 0  M H z  f o r  r e s o l u t i o n  c h o s e n .  
O P E R A T I N G  T E M P E R A T U R E :  0 Â °  t o  5 0 Â ° C .  
P O W E R :  1 1 5  V  o r  2 3 0  V  Â ± 1 0 % ,  5 0 - 6 0  H z ,  1 0 0  V A .  
R E A R  P A N E L  C O N N E C T O R S  ( O P T I O N  0 0 2 ) :  T h i s  o p t i o n  p r o v i d e s  I n  

p u t  c o n n e c t o r s  o n  t h e  r e a r  p a n e l .  I n p u t  s p e c i f i c a t i o n s  r e m a i n  t h e  
s a m e .  I n p u t  1  ( T y p e  N )  i s  o n  t h e  r e a r  p a n e l  i n  p l a c e  o f  i n s t a l l a t i o n  
o n  t h e  f r o n t  p a n e l .  I n p u t  2  ( B N C )  i s  a v a i l a b l e  o n  t h e  f r o n t  a n d  
r e a r  p a n e l s .  I n p u t  i m p e d a n c e  i s  r e d u c e d  t o  5 0  S 3 .  

R E M O T E  P R O G R A M M I N G  A N D  D I G I T A L  O U T P U T  ( O P T I O N  0 0 3 ) :  
O p t i o n  0 0 3  a d d s  t h e  c a p a b i l i t y  o f  d i g i t a l  o u t p u t t i n g  a n d  r e m o t e  
p r o g r a m m i n g  v i a  a  2 4 - p i n ,  s e r i e s  5 7 ,  M i c r o r i b b o n  c o n n e c t o r  o n  
t h e  r e a r  p a n e l  m a r k e d  D I G I T A L  I N P U T / O U T P U T .  T h e  T T L  a n d  D T L  
c o m p a t i b l e ,  b i d i r e c t i o n a l  b u s  c o n s i s t s  o f  e i g h t  ( 8 )  d a t a  l i n e s  p l u s  
7  s t a t u s  a n d  c o n t r o l  l i n e s .  

P R I C E  I N  U . S . A . :  5 3 4 0 A ,  $ 5 , 3 0 0 . 0 0  
O P T I O N  0 0 1 :  $ 4 0 0 . 0 0  
O P T I O N  0 0 2 :  $ 1 0 0 . 0 0  
O P T I O N  0 0 3 :  $ 3 5 0 . 0 0  

M A N U F A C T U R I N G  D I V I S I O N :  S A N T A  C L A R A  D I V I S I O N  
5 3 0 1  S t e v e n s  C r e e k  B o u l e v a r d  
S a n t a  C l a r a ,  C a l i f o r n i a  9 5 0 5 0  
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A dc-to-20-GHz Thin-Fi lm Signal  Sampler  
for Microwave Instrumentation 
This rugged,  min iature,  wideband sampler  is  
responsib le for  many of  the advanced capabi l i t ies 
o f  the  new Mode l  5340A Mic rowave Counter .  

By Jerry Merkelo 

ESCALATING DEMAND FOR HIGH-PERFORM 
ANCE MICROWAVE INSTRUMENTS that 

meet tougher specifications of bandwidth, sensi 
tivity, standing-wave ratio, and size prompted the 
development of the improved sampling devices that 
serve as wideband harmonic mixers in the new 
Model 5340A Microwave Counter. These devices 
have bandwidths exceeding 20 GHz, very low line 
reflections (SWR <1.7 typical), and wide tolerance 
to drive-pulse shape. They are miniature, simple, 
and rugged, and their physical configuration makes 
them adaptable to a variety of uses. 

The design of these new sampling devices is 
based on proven design concepts developed by 
Grove1,2 and Cohn3, but uses up-to-date thin-film 
quartz-substrate technology and advanced solid- 
state devices. The design breaks new ground in sev 
eral ways: 
â€¢ Beam-lead diode chips improve balance, mini 

mize parasitic reactances, and increase diode 
burnout power level. 

â€¢ A double microstrip structure with slot-line cou 
pling is used. 

â€¢ Circuit geometry is naturally balanced. Filter em 
bedding of active circuits maximizes bandwidth. 

â€¢ The drive line is terminated to ease gate-pulse- 
generator design. 

Sampler  Design 
Conceptually, the basic design of the new sam- 

â€¢See article, paje 2. 

pling device is illustrated by Fig. 9 of reference 1, 
which is reproduced here as Fig. 1. This design 
calls for the ground plane to be split to form a 
transmission line with shorted ends. The leading 
edge of the gate pulse turns on the sampling diodes, 
travels down the transmission line, is reflected at 
the shorted ends, and arrives back at the diodes 
with inverted phase, turning them off. Thus the di 
odes are turned on and off within a few picosec 
onds to form a very short sampling pulse. The di 
odes are capacitively coupled to the gate pulse 

Sampl ing Pulse 
Input Line 

F i g .  1 .  S a m p l e r  e q u i v a l e n t  c i r c u i t .  D e s i g n  i s  b a s e d  o n  a  
s p l i t  g r o u n d  p l a n e ,  w h i c h  a c t s  a s  a  t r a n s m i s s i o n  l i n e .  
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through Ci and C2 and the sampled output appears 
across the diodes. 

The signal voltage developed across each diode, 
neglecting nonlinear effects, is (Eq. 12, ref. 1): 

e,n 
V8 = 

s2 + / R + Zo/2 \ 
LC 

The central role of the diode inductance L, capaci 
tance C, and resistance R is apparent in this equa 
tion. The diode circuit is series-resonant and shunts 
the signal line, so the resonant frequency must be 
moved above the band of interest by reducing L 
and C. To obtain the minimum LC product, beam- 
lead diodes may be used. Such diodes are manu 
factured from the same wafer and inherently have 
identical characteristics. The additional benefit of 
good diode matching improves symmetry and there 
fore improves balance and decoupling in the sam 
pler. 

A central concept in the design is the balancing 
of the gate pulse with respect to the signal line as 
shown in Fig. 1. The slot line, introduced by S. 
Cohn3, provides a natural circuit topology for this 
purpose. A slot line consists of a narrow gap in a 
conductive coating on one side of a dielectric sub 
strate, the other side of the substrate normally be 
ing bare. Slot line can be used alone, or with micro- 
strip line on the other side of the substrate as it is 
in the new thin-film sampler. 

Experimental slot transmission lines coupled to 
microstrip lines were constructed, characterized by 
s-parameter measurements over a wide frequency 
range, and modeled. A slot parallel to and beneath 
a microstrip transmission line is not coupled to the 
line and raises the line impedance slightly. This 
can be compensated by increasing the microstrip 
line width over the length of the slot. A short slot 
transverse to the microstrip line can be accurately 
modeled as a parallel resonant line or tank circuit. 

The design takes advantage of these properties 
by using two microstrip lines on opposite sides of 
a substrate with a slot in their common ground 
plane. The slot is parallel to and beneath the signal 
line, and transverse and symmetrical below the 
gate-pulse drive line. See Fig. 2 for details. A fast- 
rising voltage on the drive line develops a pulse 
across the slot but is not coupled to the signal line. 
The beam-lead diode pair is connected across the 
slot through capacitors and the node between the 
two diodes is connected to the signal line through 
a plated hole in the substrate at the center of the 
slot. This construction fits the simplified represen 
tation shown in Fig. Ã. 

Construction 
Fig. 2 shows the actual sampler layout with the 

ground plane slot and drive transmission line. The 
other side of the substrate supports the signal filter 
structure. The details of construction are deter 
mined by the requirement to minimize stray reac 
tances, especially the inductance which appears in 
the sampling diode circuit. This inductance includes 
the diode beam leads and the plated-through hole 
in the substrate which connects to the signal trans 
mission line. 

The substrate thickness is a compromise between 

Termination 

Slot 

Signa l  
O u t p u t  

S a m p l e d  
O u t p u t  

F i g .  2 .  N e w  t h i n - f i l m  2 0  G H z  s a m p l e r  h a s  a  d o u b l e -  
m i c r o s t r i p  s t r u c t u r e  w i t h  s l o t - l i n e  c o u p l i n g .  T h e  t w o  s a m  
p l i n g  d i o d e s  a r e  o n  b e a m - l e a d  c h i p s .  

i i  
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minimizing inductance and substrate fragility. For 
a thin substrate, quartz is used to minimize dielec 
tric constant and line losses and obtain the widest 
signal transmission line for a characteristic imped 
ance of 50 ohms. 

With these choices, the sampling series induc 
tance is about 250 pH and the diode capacitance 
must be about 0.1 pF to obtain a resonance above 
30 GHz. With these values for the central element, 
three- to seven-section low-pass filters were de 
signed using empirical methods to reduce signal line 
reflections. Table 1 shows the final results of opti 
mized signal-line VSWR for a 20-GHz-cutoff fiker 
design. VSWR is less than 1.7 over the entire band 
width. 

The drive pulse enters a piggyback microstrip 
line attached to the ground plane side of the sub 
strate. A ribbon connection in air is made from the 
end of this substrate across the sampling slot to a 
terminating load resistor. The input pulse is capaci- 
tively coupled to the diodes and the remaining 
energy dissipates in this internal load. Output is 
taken from the two sampling capacitors through 
resistors and a bias circuit. The entire device is 
mounted in a metal package with three miniature 
coaxial connectors. 

Operat ion and Exper imental  Resul ts  
Fig. 3 shows a typical circuit used for testing 

sampler operation. In normal operation, the sampler 
is driven by a source of fast-risetime signals which 
may approximate step or pulse waveforms. 

A source of repetitive signal waveforms is con 
nected to either end of the signal transmission line 
which is terminated at the other end in a load. An 
amplifier with two inputs is connected to the two 
sampling capacitors. These inputs are de-coupled 

P o w e r  
Level  

M o n i t o r  

S w e e p  
O s c i l l a t o r  

S a m p l e r  
U n d e r  
T e s t  

Horizontal  
Level  

M o n i t o r  
o r  D i s p l a y  

O s c i l l o s c o p e  

F i g .  3 .  T y p i c a l  c i r c u i t  u s e d  t o r  t e s t i n g  s a m p l e r  o p e r a t i o n  
( conve rs ion  e f f i c i ency ,  IF  response ,  e t c . ) .  

to a bias circuit and ac-coupled to the amplifier 
stages. Bias may be adjusted to effect a good com 
promise between maximum bandwidth [maximum 
bias) and maximum output (minimum bias). The 
amplifier may have a normal IF bandpass charac 
teristic and be followed by a detector feeding an 
oscilloscope display. 

Samplers have been built and tested as illustrated 
in Fig. 3. Fig. 4 shows the relative conversion effi 
ciency, normalized to unity at low frequencies. The 
seven-element low-pass filter structure designed 
for 20 GHz cuts off sharply at this frequency and 
maintains a VSWR of less than 1.7 in the frequency 
band. 

In Fig. 5, the oscillators are used in their swept 
mode, showing a response at IFn = NFa Â± Fs where 
IFn is the output frequency of the bandpass ampli- 
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F ig .  4 .  Re la t i ve  convers ion  e f f i c iency  o f  th in - f i lm  samp le r .  

fier, Fs is the sampled signal frequency, and NFd is 
the drive pulse repetition rate multiplied by the 
harmonic number. A response is obtained when 
ever IFn is in the IF amplifier passband. Note that 
the responses are nearly equal in amplitude at all 
frequencies. 
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Automating the Calibration Laboratory 
This  new fami ly  o f  systems,  combin ing s tandard and 
specia l ly  developed hardware and sof tware,  great ly  
reduces inst rument  ca l ibrat ion t imes wi thout  sacr i f ic ing 
prec is ion or  thoroughness.  

by E.  Robert  Aikin and John L.Minck 

COMPUTER-BASED AUTOMATIC TEST STA 
TIONS have been around for a number of 

years. They found their earliest uses in production 
areas, where throughput is high, and in engineering, 
where they provide increased technical perform 
ance that's impossible to achieve in other ways. In 
many cases the complexity of tests, such as a com 
munications satellite, simply make manual mea 
surements hopelessly slow, and so an automatic 
system has been installed. 

Instrument calibration, on the other hand, has so 
far proved resistant to automation. Automated test 
ing is most successful and most easily implemented 
where little human intervention is required, while 
instrument calibration, test, and repair have always 
called for the highest of skill levels and consider 
able manual manipulation. 

Now, however, it's likely that even the calibra 
tion laboratory will begin to turn to automation 
as the most cost-effective solution to its needs.1 
Instruments are becoming substantially more com 
plex in design and sophisticated in operation. 
Training loads are increasing as instrument types 
proliferate. Instrument circuitry is becoming more 
digital, making tests more difficult manually, but 
matching computerized systems better. Corpora 
tions are focusing increased attention on the accu 
racy of  their  production test ing to document  
compliance with new product liability responsibili 
ties. New federal laws concerning worker safety 
will mean procedures, instrumentation, and training 
may have to be reexamined for safety considera 
tions. All these factors tend to increase the pres 
sures on the calibration laboratory. 

At the same time, instrument manufacturers are 
beginning to design their products with automatic 
testing in mind. The computer-testable instrument 
is becoming an increasingly large part of the cali 
bration laboratory's workload. 

Prototype Leads to New Cal ibrat ion Systems 
To study the impact of computer-assisted instru 

ment calibration, HP has operated a prototype sys 
tem in its Customer Service Center in Mountain 
View, California, for several years. This system is 
used in the calibration of a wide variety of elec 
tronic meters, digital voltmeters, oscilloscopes, 
plug-ins, counters, and oscillators. The Service Cen 
ter handles a diverse workload and hence very 
much resembles a typical industry calibration and 
repair shop. 

The CSC system has served as the forerunner of 
a new family of systems specifically designed to 
match many of the requirements of industry cali 
bration laboratories. 9550 Instrument Calibration 
Systems, Fig. 1, are modular systems that can be 
specialized for selective workloads or expanded to 
test a broader range of instruments. The systems 
use a software operating executive well oriented to 
a calibration laboratory. 

9550 systems will be provided with a library of 
calibration programs for many instruments in com 
mon use. For instruments not included in the li 
brary, test technicians can quickly learn to write 
special programs. The computer language is ATS- 
BASIC, an instrumentation version of the easy-to- 
learn language BASIC. Test programs now being 
written by HP are primarily for performance test 
and alignment. Repair and diagnostics are being re 
served for a later phase. 

What Automation Saves 
Calibrations with these automatic systems have 

proved three to five times faster than manual tech 
niques. For instance, a performance test of the HP 
412A Multimeter runs in 6 minutes, the HP 400E 
Voltmeter in 4 minutes, the HP 200CD Oscillator in 
5 minutes, and the HP 180A Oscilloscope main 
frame in about 10-15 minutes. 

1 4  
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F i g .  1 .  9 5 5 0  I n s t r u m e n t  C a l i b r a  
t i o n  S y s t e m s  a r e  m o d u l a r  c o m  
p u t e r - c o n t r o l l e d  d e d i c a t e d  s y s  
t ems  des igned  to  he lp  so l ve  ca l  
i b r a t i o n  l a b o r a t o r y  p r o b l e m s  o f  
w o r k  o v e r l o a d ,  p e r s o n n e l  t r a i n  
ing,  and laboratory management .  
L a r g e  a n d  s m a l l  s y s t e m s  a r e  
a v a i l a b l e .  C a l i b r a t i o n - q u a l i t y  
s t i m u l u s  a n d  m e a s u r i n g  i n s t r u  
m e n t s ,  p l u s  c o m p u t e r - a p p l i e d  
c o r r e c t i o n s ,  a s s u r e  t h a t  a u t o  
m a t e d  c a l i b r a t i o n s  e q u a l  o r  e x  
ceed  manua l  me thods .  

This experience, along with comprehensive data 
gathered from many calibration laboratories, has 
been used in a detailed analysis of the time and cost 
savings to be expected from automated instrument 
calibration.2 This analysis is much too detailed to 
attempt even to summarize it here. It does show, 
however, that with experienced technicians, auto 
mation can save 5-25 dollars per calibration, based 
on the time saved just in performance test, align 
ment, and overhead functions. 

Not considered in this detailed analysis, but also 
very important, is that automation permits routine 
calibrations to be done by less experienced person 
nel. It thereby frees the experienced technician to 
perform more challenging tasks, such as repairing 
defective instruments and writing test programs 
for newly acquired instruments. 

S t i m u l u s  S u b s y s t e m s  
9550 systems use calibration-quality stimulus and 

measuring instruments recognized by calibration 
laboratory managers for their accuracy and sta 
bility. A complete list appears on page 24. 

Low-frequency ac stimulus to 1100 volts rms is 
obtained from the HP 745/746 AC Calibrator. The 
HP 3320B Synthesizer provides frequencies up to 
13 MHz, and RF stimulus to 1300 MHz comes from 
the HP 8660A/86602A Synthesized Signal Gener 
ator. 

DC calibrations to Â±1100 volts and to Â±110 mil- 
liamperes are done with a Fluke 3330B. An HP 
6263B Power Supply provides up to 5 amperes dc. 

Pulses for testing oscilloscopes are provided by 
an HP 8004A Pulse Generator and an HP 211B 
Square-Wave Generator. 

In addition to these stimulus instruments, a pro 
grammable line regulator (GR 1592A) controls ac 
line power to the unit under test so line sensitivity 
tests can be run under software control. 

Operator safety was a prime design objective in 
9550 systems, since lethal voltages must be used 
in many calibrations. In computer systems high 
voltages can appear without the operator's turning 
a knob or switch, so special hardware and software 
interlocks are provided and warnings to the oper 
ator are displayed before high voltage is applied. 

Most of the stimulus signals are routed through 
a special switching and safety panel. All dc and ac 
voltages over 100 volts must be connected behind 
a transparent protective door on the systems inter 
face panel (Fig. 2). The door is arranged to accept 
typical instrument probes inside its access space. 
This door is hardware interlocked to the high-volt 
age supplies so they will remove all high voltage if 
the door is opened while high voltage is applied to 
any terminals behind it. Before voltages are ac 
tually applied to the terminals behind the closed 
interlocked door, the software instructions ask for 
a response from the operator to alert him that lethal 
voltages are coming. 

W A R N I N G  â € ”  H I G H  V O L T A G E S  N O W  B E I N G  
A P P L I E D  D O  N O T  T O U C H  O U T P U T  
C O N N E C T I O N S  
D O  Y O U  U N D E R S T A N D ?  Y E S  

Other interlocks, both hardware and software, 
prevent switching high voltages through unex 
pected paths to terminals outside the protective 
door. This applies not only to high stimulus volt- 
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Fig .  2 .  H /gÃ­ i  vo l tages  in  9550 Sys tems appear  beh ind  th is  
i n te r l ocked  sa fe t y  doo r .  Ha rdware  and  so f twa re  i n te r l ocks  
are prov ided.  

ages applied by the system, but also to external 
high voltages being measured by the system. 

Measurement  Subsystems 
The primary measuring subsystem in 9550 sys 

tems is the HP 3480B/3484A Digital Voltmeter 
which makes up to 1000 dc measurements per sec 
ond and provides track-and-hold for ramp and 
waveform sampling. Also, its true-rms detector 
provides accurate ac readings up to 10 MHz. Mod 
erate accuracy resistance measurements are also 
possible. 

Waveform and signal analysis can be performed 
with a manually operated oscilloscope, an HP 
180D/1801A/1820C. 

Expanded versions of the 9550 family include 
additional measuring subsystems under computer 
control. The HP 3450B DVM provides higher accu 
racy and resolution in dc measurements. The HP 
432C Microwave Power Meter measures RF power 
up to 3 GHz (to 18 GHz with optional thermistor 
mounts). The HP 5327B Counter measures frequen 
cies up to 550 MHz. The HP 334A Distortion Ana 
lyzer makes measurements on oscillators and 
sources up to 100 kHz. 

Most of the measurement subsystems are con 
nected to the unit under test through the switching- 

interface panel. This panel provides high-voltage 
scanning, the ability to monitor frequencies with 
the counter and other capabilities. 

Among the other functions provided by the 
switching/interface panel, standard fixed resistors 
from 1 ohm to 1.0 megohm are switched under 
computer control to a front-panel jack so ohmme- 
ters may be checked or currents measured. A spe 
cial data scanning function is used for interfacing 
the system to instrument data outputs such as 
printer outputs on DVMs and counters. Called 
"BCD scanning" and described on page 19, this 
function offers a flexible method of reading a wide 
variety of logic levels and codes used in different 
instruments from different manufacturers. 

In the future, instruments are expected to be 
come more programmable. Therefore, 9550 systems 
have a programming connector that permits com 
puter control of 48 contact closures to exercise 
programmable test units and further reduce the 
need for human intervention. 

Computer  and Per ipherals 
9550 Instrument Calibration Systems are dedi 

cated, "stand-alone" systems. A 16K word mini 
computer, the HP 2100A, operates with a mass 
memory disc, the HP 7900A. The disc drive has one 
fixed disc and one replaceable disc pack for a total 
of 2.5 million words of storage. The disc serves 
as mass storage for a variety of instrument pro 
grams. Thus the system can be calibrating voltme 
ters and within seconds call up programs to cali 
brate oscilloscopes as the new workload comes in. 

A standard line of peripherals is available for 
various needs. A medium-speed tape punch is used 
in program writing and to generate master record 
tapes for archive storage or mailing. Various hard- 
copy peripherals, such as teleprinters and line 
printers, provide program listings and permanent 
copies of test reports. A typical test report printout 
is shown in Fig. 3. 

The system is under the control of a special sys 
tem control panel. On the panel is a key-operated 
switch that selects either operator or supervisor 
mode. In supervisor mode, on-line debugging and 
program writing are possible. In operator mode, the 
programs can be run by the operator but cannot be 
modified by him. A CRT/keyboard unit acts as the 
principal interface between the operator and the 
system. 

Human Engineering 
Considerable attention was given to the human 

engineering of the system, since a substantial 
amount of human intervention is still needed in 
calibrating any manual piece of test equipment. A 
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F ig .  3 .  Typ i ca l  9550  t es t  r epo r t  shows  f a i l u re  po i n t s  ( * " * )  
and  runn ing  t ime .  

small hand-held operator keyboard (see Fig. 4] was 
designed to allow the operator to communicate with 
the computer. This remote control unit is especially 
valuable when the operator is switching ranges 
with one hand, watching for the instructions on the 

Some Definitions for 
Calibration Laboratory Work 

Per formance Check â€”  Pr imar i l y  a  f ron t  pane l  e lec t r ica l  cer  
t i f i c a t i o n  w i t h  n o  a l i g n m e n t  p e r f o r m e d .  M i g h t  a l l o w  f o r  i n  
t e r n a l  c h e c k s  s u c h  a s  p o w e r  s u p p l y  v o l t a g e s .  G e n e r a l l y  
i n c l u d e s  a d j u s t m e n t  o f  c o n t r o l s  a c c e s s i b l e  w i t h o u t  r e m o v  
ing covers.  
A l i gnmen t  â€ ”  Ad jus tmen t  o f  mos t l y  i n te rna l  con t ro l s  wh i ch  
s e t  r a n g e  s e n s i t i v i t i e s ,  f r e q u e n c y  r e s p o n s e ,  e t c . ;  m a y  b e  
e lec t r i ca l  o r  mechan ica l .  Ve ry  m ino r  repa i r s  pe rm i t ted  such  
as  chang ing  a  s ta r red  res is to r  va lue .  In  genera l ,  i f  a  con t ro l  
r e a c h e s  t h e  e n d  o f  i t s  t r a v e l  a n d  m u s t  b e  r e p l a c e d ,  i t  i s  
cons ide red  a  repa i r .  
R e p a i r  â € ”  D i a g n o s i s  a n d  r e p l a c e m e n t  o f  d e f e c t i v e  c o m p o  
n e n t s  a n d  m o d u l e s  o f  t h e  i n s t r u m e n t  u n d e r  t e s t .  
Prevent ive Maintenance â€” Rout ine serv ice procedures,  such 
a s  a i r  f i l t e r  c l e a n i n g ,  v a c u u m i n g  u p  p a p e r  p a r t i c l e s ,  o r  o i l  
ing s l id ing par ts .  
Mechan ica l  Inspec t ion  â€”  C leanup  and  touchup  p rocedures  
s u c h  a s  w i n d o w  p o l i s h i n g ,  c a b i n e t  p a i n t  t o u c h u p ,  k n o b  
t ightening,  etc.  

CRT, and answering DONE, YES, or NO with the 
hand-held remote control unit in the other hand. 
The remote control unit has a long cord su the op- 
orator can move conveniently. 

A novel approach to assist alignments and ad 
justments is a three-light cluster on the remote con 
trol unit. These can be used for a number of pur 
poses, but one example is as follows. The three 
lights are labeled "HIGH," "PASS" and "LOW." 
As an operator is making an adjustment on an in- 

Tex t  con t i nued  on  page  20 .  

F i g .  4 .  A  h a n d - h e l d  r e m o t e  c o n t r o l  u n i t  w i t h  l i g h t s  a n d  
b u t t o n s  t o r  o p e r a t o r  / s y s t e m  c o m m u n i c a t i o n  i s  u s e f u l  i n  
many procedures.  
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Novel Procedures Speed Automatic Calibrations 

The  des ign  o f  9550  I ns t rumen t  Ca l i b ra t i on  Sys tems  rep re  
s e n t s  a n  e f f o r t  t o  s t r i k e  a n  o p t i m u m  b a l a n c e  b e t w e e n  h a r d  
ware  and  so f tware  sys tems ,  w i th  due  cons ide ra t i on  g i ven  to  
h u m a n  f a c t o r s  a n d  t h e  n a t u r e  o f  t h e  u n i t  u n d e r  t e s t .  T o  
a u t o m a t e  a  t e s t ,  i t ' s  n o t  e n o u g h  t o  t r a n s c r i b e  t h e  m a n u a l  
t e s t  p r o c e d u r e s  o n t o  t h e  c o m p u t e r  o r  s i m p l y  t o  r e c o r d  a l l  
o f  t h e  i n s t r u c t i o n s  o u t  o f  t h e  s e r v i c e  p r o c e d u r e .  I n s t e a d ,  
i t ' s  i m p o r t a n t  t o  s t e p  b a c k  f r o m  m a n u a l  p r o c e d u r e s  a n d  
look  a t  the  fundamenta l  purpose  o f  each  tes t  be fo re  s ta r t ing  
to  p rogram an  ins t rument  fo r  au tomat ic  tes t .  A  few examples  
w i l l  g i v e  a  b e t t e r  p e r c e p t i o n  o f  t h i s  t e c h n i q u e .  

Electronic  Meter  Cal ibrat ion 
I n  ca l i b ra t i ng  an  e l ec t r on i c  me te r ,  much  o f  t he  t ime  (and  

e r ro r )  i s  assoc ia ted  w i t h  t he  ope ra to r ' s  v i sua l l y  r ead ing  t he  
me te r  movemen t .  On  a  mu l t i f unc t i on  me te r ,  such  as  t he  HP  
41  2A ,  t he  ope ra to r  mus t  sw i t ch  t h rough  13  range  pos i t i ons  
f o r  t h e  t h r e e  d i f f e r e n t  f u n c t i o n s  o f  v o l t s ,  m i l l i a m p e r e s  a n d  
o h m s ,  a  t o t a l  o f  3 9  s w i t c h  p o s i t i o n s .  A t  e a c h  p o s i t i o n  h e  
m u s t  i n t e r p r e t  t h e  f u l l - s c a l e  i n d i c a t i o n  a n d  d e c i d e  w h e t h e r  
t h e  i n s t r u m e n t  i s  w i t h i n  s p e c i f i c a t i o n s .  H e  m u s t  a l s o  r u n  a  
m e t e r  m o v e m e n t  l i n e a r i t y  t e s t  o n  o n e  r a n g e  t o  m a k e  s u r e  
t h a t  t h e  m e t e r  m o v e m e n t  i s  l i n e a r .  H e r e ' s  h o w  t h e  9 5 5 0  
does  i t  ( see  d iag ram) .  

F i rs t ,  the  sys tem programs the  s t imu lus  to  a  nomina l  10% 
o f  f u l l  s c a l e  ( 0 . 1  v o l t )  a n d  t h e  n e e d l e  d e f l e c t s  t o  a p p r o x i  
m a t e l y  1 0 %  o f  f u l l  s c a l e .  T h e  o p e r a t o r  h o l d s  t h e  r e m o t e  
c o n t r o l  b o x ,  w i t h  i t s  " U P / D O W N "  b u t t o n s ,  i n  h i s  h a n d .  

Watch ing  the  need le  de f l ec t i on ,  he  p resses  the  approp r ia te  
bu t ton  to  p rov ide  more  o r  l ess  s t imu lus  vo l tage  and  qu ick l y  
ad jus ts  the  s t imu lus  so  the  need le  de f lec t ion  i s  exac t l y  over  
t he  0 .1  ca rd i na l  po i n t .  He  t hen  p resses  t he  "DONE"  bu t t on  
on  the  remote  con t ro l l e r .  The  sys tem measures  and  records  
t he  vo l t age  a t  t he  41  2A  me te r  ou tpu t  j a ck  ( p ropo r t i ona l  t o  
me te r  de f l ec t i on ) .  The  sys tem a l so  reco rds  the  t rue  dc  vo l t  
a g e  r e q u i r e d  a t  t h e  i n p u t  o f  t h e  i n s t r u m e n t  t o  d e f l e c t  t h e  
need le  to  the  0 .1  po in t .  

T h e  s y s t e m  n e x t  a p p l i e s  a  n o m i n a l  2 0 %  F S  s i g n a l  a n d  
t h e  s e q u e n c e  i s  r e p e a t e d .  A n d  s o  i t  g o e s ,  t h r o u g h  e a c h  o f  
the  ca rd ina l  po in ts  as  the  opera to r  ad jus ts  the  s t imu lus  and  
a l i g n s  t h e  n e e d l e  t o  t h e  e x a c t  c a r d i n a l  p o i n t .  A t  e a c h  o f  
t h e s e  p o i n t s ,  t h e  s y s t e m  i s  c h a r a c t e r i z i n g  t h e  m e t e r  m o v e  
m e n t  i n  t e r m s  o f  t h e  e l e c t r i c a l  o u t p u t  r e q u i r e d  t o  g e t  a  
p a r t i c u l a r  m e c h a n i c a l  d e f l e c t i o n .  T h e  w h o l e  p r o c e s s  t y p i  
c a l l y  t a k e s  3 0  s e c o n d s .  T h e  d a t a  i s  s t o r e d  i n  a  c o r r e c t i o n  
tab le  in  memory .  

The  sys tem  Â ¡ m m ed i a te l y  de te r m i nes  w he the r  t he  me t e r  
m o v e m e n t  i s  l i n e a r  f r o m  t h e  r e c o r d e d  s t i m u l u s  r e q u i r e d  
f o r  t he  se r i es  o f  ca rd ina l  po in t  de f l ec t i ons .  

T h e  r e a l  t i m e - s a v i n g  i m p a c t  n o w  o c c u r s  a s  t h e  o p e r a t o r  
t e s t s  a l l  t h r e e  f u n c t i o n s  i n  e a c h  o f  t h e  1 3  d i f f e r e n t  r a n g e  
p o s i t i o n s .  T h e  s y s t e m  i n s t r u c t s  h i m  t o  s e t  t h e  r a n g e  t o  1  
m i l l i v o l t  a n d ,  w i t h  o n e  h a n d  o n  t h e  r a n g e  s w i t c h ,  h e  c l i c k s  
ove r  t o  t he  bo t t om range .  I n  h i s  o the r  hand  he  p resses  t he  
" D O N E "  b u t t o n  a n d  t h e  s y s t e m  i m m e d i a t e l y  a p p l i e s  o n e  
m i l l i v o l t .  T h e  o p e r a t o r  n o  l o n g e r  h a s  t o  l o o k  a t  t h e  m e t e r  
movemen t  because  the  e lec t r i ca l  ou tpu t  and  the  p rev ious l y  
cha rac te r i zed  me te r  da ta  t e l l s  t he  sys tem whe the r  t he  nee  
d l e  i s  d e f l e c t e d  t o  p r e c i s e l y  f u l l  s c a l e .  T h e  s y s t e m  q u i c k l y  
t a k e s  i t s  d a t a  a n d  t h e n  i s s u e s  a  n e w  i n s t r u c t i o n  f o r  t h e  
operator  to  swi tch the range to  3  mi l l ivo l ts .  He again presses 
t h e  " D O N E "  b u t t o n  a n d  t h e  s y s t e m  e l e c t r i c a l l y  r e a d s  t h e  
me te r  de f l ec t i on .  The  me te r  f ace  m igh t  as  we l l  be  cove red  
w i th  a  mask  s ince  the  opera to r  no  longer  pays  any  a t ten t ion  
to the meter  def lect ion.  

O n c e  t h e  v o l t a g e  f u n c t i o n  t e s t  i s  c o m p l e t e d ,  t h e  m i l l i -  
a m p e r e  f u n c t i o n  a n d  t h e n  t h e  o h m s  f u n c t i o n  a r e  c h e c k e d  
w i t h  much  t he  same  speed ,  aga in  w i t hou t  any  need  f o r  t he  
o p e r a t o r  t o  w a t c h  t h e  m e t e r  s c a l e .  T h e  o p e r a t o r ' s  t o t a l  a t  
t e n t i o n  i s  o n  t h e  C R T  v i e w i n g  s c r e e n ;  h e  k e e p s  o n e  h a n d  
on  the  range  sw i t ch  and  the  remote  con t ro l  box  in  the  o the r  
hand .  The  en t i r e  pe r f o rmance  t es t  t akes  on l y  6  m inu tes .  

Oscil loscope Time Base 
A n o t h e r  u n c o n v e n t i o n a l  t e c h n i q u e  c a n  b e  a p p l i e d  t o  o s  

c i l l oscope  t ime  base  ca l ib ra t ions .  Us ing  the  t rad i t i ona l  tech  
n iques  and a  t ime mark  genera to r ,  and  check ing  each  range 
o f  t h e  t i m e  b a s e  p l u g - i n  f o r  s w e e p  a c c u r a c y ,  m o s t  o f  t h e  
t ime  i s  spen t  check ing  the  ve ry  l ong  sweeps .  Fo r  i ns tance ,  
t h e  l o n g e s t  s w e e p  a t  5  s / c m  w o u l d  t y p i c a l l y  t a k e  5 0  s e c  
o n d s .  I t ' s  n e c e s s a r y  f o r  t h e  o p e r a t o r  t o  w a i t  a l l  t h e  w a y  
t h r o u g h  e a c h  s w e e p  t o  s e e  h o w  t h e  l a s t  t i m e  m a r k  c o m e s  
o u t .  M i n u t e s  o f  w a i t i n g  t i m e  a r e  c o n s u m e d  o n  t h e  s l o w  
s w e e p s .  W o r s e  y e t ,  w h e n  a d j u s t m e n t s  a r e  n e e d e d ,  t h e  o p  
e r a t o r  m u s t  w a i t  f o r  t h e  s w e e p  r e t r a c e  a n d  s t a r t  a  w h o l e  
n e w  r u n  t o  s e e  w h e t h e r  h i s  t i m e  a d j u s t m e n t  w a s  a c c u r a t e .  

System setup for  ca l ib ra t ion  o f  e lec t ron ic  meter .  
' S o m e  o l d e r  i n s t r u m e n t s  d o n ' t  h a v e  a  m e t e r  o u t p u t  j a c k  a n d  t h e  c o v e r  
m u s t  b e  r e m o v e d  t o  g a i n  a c c e s s  t o  t h i s  v o l t a g e .  
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Wi th  an  au toma t i c  sys tem,  t ime  base  ca l i b ra t i ons  can  be  
m u c h  f a s t e r .  F i r s t ,  t h e  s y s t e m  d i g i t a l  v o l t m e t e r  w i t h  h i g h  
i n p u t  i m p e d a n c e  i s  a t t a c h e d  t o  t h e  h o r i z o n t a l  d e f l e c t i o n  
p l a t e s  o f  t h e  o s c i l l o s c o p e  ( u s u a l l y  t h r o u g h  s o m e  i s o l a t i o n  
r e s i s t a n c e ) .  T h e n  t h e  C R T  i n s t r u c t s  t h e  o p e r a t o r  t o  a d j u s t  
t h e  b e a m  m a n u a l l y  t o  z e r o  c e n t i m e t e r s  a n d  t h e  s y s t e m  
m e a s u r e s  t h e  v o l t a g e  r e q u i r e d  t o  d e f l e c t  t h e  s p o t  t o  t h a t  
pos i t i on .  The  opera to r  ad jus ts  the  beam to  the  5 -cen t imete r  
g r a t i c u l e  a n d  t h e n  t o  1 0  c m ,  a n d  t h e  s y s t e m  r e c o r d s  t h e  
v o l t a g e  r e q u i r e d  f o r  t h o s e  d e f l e c t i o n s .  A f t e r  a  q u i c k  c o m  
p u t a t i o n  o f  t h e  v o l t s  p e r  c e n t i m e t e r  s e n s i t i v i t y  o f  t h e  C R T  
tube ,  t he  sys tem i ns t r uc t s  t he  ope ra to r  t o  s t a r t  t he  sweep .  
S o  f a r  w h a t  h a s  h a p p e n e d  i s  e q u i v a l e n t  t o  t h e  m e t e r  c h a r  
ac te r iza t ion  a l ready  descr ibed .  

The  sys tem d ig i t a l  vo l tme te r  has  a  t r ack -and -ho ld  op t i on  
t h a t  c a n  d e t e r m i n e  a  v o l t a g e  a t  a  p r e c i s e l y  k n o w n  t i m e .  
Us ing  th i s  capab i l i t y ,  t he  sys tem qu ick l y  measures  two  vo l t  
a g e s  a t  a n  a c c u r a t e l y  t i m e d  i n t e r v a l  a n d  c o m p u t e s  t h e  
s w e e p  v o l t a g e  s l o p e  i n  v o l t s / s e c o n d .  A f t e r  c o m p a r i n g  t h a t  
n u m b e r  w i t h  t h e  p r e c a l i b r a t i o n  i n  v o l t s / c m ,  t h e  s y s t e m  
e a s i l y  d e t e r m i n e s  w h e t h e r  t h e  s l o p e  o f  t h e  C R T  r a m p  i s  
a d e q u a t e l y  c a l i b r a t e d .  I t  i s  n o t  n e c e s s a r y  t o  w a i t  f o r  t h e  
en t i re  sweep  to  occur  s ince  the  s lope  over  a  sma l l  segment  
i s  adequa te  f o r  t he  compu te r  t o  make  a  go /no -go  dec i s i on .  

F ina l l y ,  the  opera to r  i s  i ns t ruc ted  to  sw i t ch  th rough  a l l  o f  
t r e  s w e e p ' s  s p e e d s  a n d  b e f o r e  t h e  t r a c e  m o v e s  m o r e  t h a n  
abou t  one - t h i r d  o f  t he  t o t a l  sweep ,  each  sweep ' s  accu racy  
c a n  b e  a s s u r e d .  T h e  s w e e p  i s  p e r m i t t e d  t o  g o  c o m p l e t e l y  
t h r o u g h  o n e  f u l l  s w e e p  s o  s w e e p  l i n e a r i t y  c a n  b e  a s s u r e d  
f o r  t he  en t i r e  d i s t ance ,  bu t  i t  i s  gene ra l l y  no t  necessa ry  t o  
d o  t h i s  s t e p  i n  e v e r y  r a n g e  p o s i t i o n .  

Na tu ra l l y ,  i t  i sn ' t  poss ib le  to  use  th i s  techn ique  on  fas te r  
s w e e p s .  T h e  t e c h n i q u e  i s  c h a n g e d  a t  a b o u t  f i v e  m i l l i s e c  
o n d s  p e r  c e n t i m e t e r  d u e  t o  t h e  s a m p l i n g  r a t e  a n d  t i m e  
r e s o l u t i o n  o f  t h e  D V M ,  a n d  h i g h - f r e q u e n c y  l o a d i n g  o f  t h e  
C R T .  H o w e v e r ,  a s  m e n t i o n e d  b e f o r e ,  t h e  f a s t  s w e e p s  a r e  
n o t  t h e  t i m e  c o n s u m i n g  p a r t  o f  t h e  c a l i b r a t i o n .  

A  u s e f u l  b y p r o d u c t  o f  t h i s  t e c h n i q u e  c o m e s  i n t o  p l a y  
w h e n  a d j u s t m e n t s  a r e  r e q u i r e d  o n  t h e  s w e e p  t i m e .  T h e  
s l o p e  r e a d o u t  o f  t h e  s y s t e m  i n d i c a t e s  w h e t h e r  t h e  a d j u s t  
m e n t  m a d e  i s  c o r r e c t .  T h u s  i t  i s  n o t  n e c e s s a r y  f o r  t h e  o p  
e r a t o r  t o  w a i t  f o r  t h e  e n t i r e  s w e e p .  

V a l i d a t i o n  t e s t s  h a v e  b e e n  r u n  o n  t h i s  t e c h n i q u e  a n d  
co r re la t ions  w i th in  0 .5  percen t  o f  t rad i t i ona l  t ime-mark  tech  
n i q u e s  h a v e  b e e n  a c h i e v e d  r e p e a t e d l y .  T h e  s a m e  b a s i c  
t e c h n i q u e  c a n  b e  u s e d  o n  t h e  v e r t i c a l  a t t e n u a t o r s  a n d  
a m p l i f i e r s  b y  c h a r a c t e r i z i n g  t h e  v e r t i c a l  C R T  s e n s i t i v i t y  a t  
m i d f r e q u e n c y  r a n g e s  i n  v o l t s / c e n t i m e t e r .  T r a d i t i o n a l  h i g h -  
f r e q u e n c y  r e s p o n s e  a n d  p u l s e  r e s p o n s e  t e s t s  a r e  s t i l l  p e r  
formed.  

T h e  a u t o m a t i c  s y s t e m  a l s o  p r o v i d e s  b e n e f i t s  w h e n  c a l i  
b r a t i n g  t h e  f a s t e r  s w e e p s .  U s i n g  c o n v e n t i o n a l  t i m e - m a r k  
t echn iques  t he  ope ra to r  mus t  es t ima te  t he  number  o f  cen t i  
m e t e r s  o f  e r r o r  b y  o b s e r v i n g  t h e  p o s i t i o n  o f  a  t i m e  m a r k  
r e l a t i ve  t o  a  ma jo r  g ra t i cu l e  ma rk .  H i s  v i ew ing  accu racy  i s  
t yp ica l l y  one-ha l f  m inor  d iv i s ion  o r  0 .1  cm.  In  9550  sys tems 
t h e  p r e c i s e  H P  3 3 2 0 B  S y n t h e s i z e r  t r i g g e r s  t h e  H P  8 0 0 4 A  
P u l s e  G e n e r a t o r  t o  s e r v e  a s  a  p r o g r a m m a b l e  t i m e  m a r k  
g e n e r a t o r .  T h e  o p e r a t o r  u s e s  t h e  r e m o t e  c o n t r o l  u n i t  t o  
v a r y  t h e  s y n t h e s i z e r  f r e q u e n c y  U P  o r  D O W N  t o  a l i g n  t h e  
l ead ing  edge  o f  t he  t ime  ma rk  pu l se  exac t l y  unde r  a  ma jo r  
g r a t i c u l e  m a r k .  H e  t h e n  p r e s s e s  D O N E  a n d  t h e  s y s t e m  
reads  the  f requency  o f  t he  osc i l l a to r  and  conve r t s  t he  read  
ing to  t ime per  cent imeter .  Thus operator  er ror  is  e l iminated,  

r esu l t i ng  i n  a  mo re  accu ra te  ca l i b ra t i on .  

B C D  S c a n n i n g  f o r  C o u n t e r s  a n d  D V M s  
I n  c a l i b r a t i n g  a  t y p i c a l  d i g i t a l  v o l t m e t e r ,  a n  o p e r a t o r  

n e e d s  t o  s e e  e v e r y  n u m e r i c a l  v a l u e  o f  e v e r y  d i s p l a y  d i g i t  
t o  c h e c k  f o r  d e a d  s p o t s .  H e  m u s t  a l s o  c h e c k  r a n g e  a c c u  
racy  and  l inear i t y  and ,  a t  the  same t ime,  look  a t  the  b inary -  
c o d e d  d e c i m a l  d a t a  c o m i n g  f r o m  t h e  p r i n t e r  o u t p u t  c o n  
n e c t o r  o n  t h e  r e a r .  B y  c o n s i d e r i n g  t h i s  g r o u p  o f  f u n c t i o n a l  
t e s t s  f r o m  s c r a t c h ,  i t  i s  p o s s i b l e  t o  r e o r d e r  t h e m  i n t o  a n  
e x t r e m e l y  f a s t  s e q u e n c e ,  m a k i n g  u s e  o f  t h e  p o w e r  o f  t h e  
computer .  

F i r s t ,  t he re  i s  a  seve re  i n te r face  p rob lem in  dea l i ng  w i th  
a  var ie ty  o f  manufac tu rers '  BCD s tandards .  A  BCD code can 
b e  w e i g h t e d  Â ± 1 2 2 4  o r  Â ± 1 2 4 8 ,  a n d  l e v e l s  m a y  h a v e  a n y  
o f  t he  f o l l ow ing  comb ina t i ons  o f  va lues  as  we l l  as  o the rs .  

L o g i c O  :  0 V  - 2 4 V  - 8 V  - 2 8 V  
L o g i c  1  :  +  5 V  - 1 V  + 1 8 V  - 2 V  

Th i s  i s  j us t  f o r  one  manu fac tu re r .  O the r  manu fac tu re rs  use  
t h e i r  o w n  l o g i c  l e v e l s ,  a n d  s o m e  o l d e r  c o u n t e r s  a n d  i n s t r u  
men ts  use  s ta i r cases  fo r  d ig i ta l  ou tpu t .  

I ns tead  o f  requ i r i ng  an  ind i v idua l  i n te r face  ca rd  fo r  each  
c o m b i n a t i o n  o f  l o g i c  c o d e s  a n d  l e v e l s ,  9 5 5 0  s y s t e m s  u s e  
a n  i n t e r f a c e  t e c h n i q u e  t h a t  r e l i e s  o n  t h e  v e r y  f a s t  d c  s a m  
p l i n g  o f  t h e  s y s t e m  d i g i t a l  v o l t m e t e r .  T h e  f o u r - l i n e  B C D  
g r o u p s  f r o m  t h e  u n i t  u n d e r  t e s t  a p p e a r  o n  a  s c a n n e r  
s w i t c h  t h a t  i s  g a t e d  t o  t h e  f a s t - s a m p l i n g  s y s t e m  d i g i t a l  
v o l t m e t e r .  T h e  D V M  r e a d s  t h e  v o l t a g e  o n  e a c h  o f  t h e  B C D  
l i nes ,  and  t he  sys tem so f twa re  dec i des  t he  l og i c  l eve l  and  
l og i c  we igh t i ng  o f  t he  i ns t r umen t  unde r  t es t .  

F i rs t ,  the  sys tem app l ies  0  vo l t  s t imu lus  and  the  opera to r  
a d j u s t s  t h e  z e r o  a d j u s t  u n t i l  t h e  d i s p l a y  r e a d s  a l l  z e r o s .  
W h e n  h e  p r e s s e s  t h e  " D O N E "  b u t t o n ,  t h e  s y s t e m  s c a n s  
a c r o s s  a l l  1 6  B C D  o u t p u t  l i n e s .  A s s u m i n g  a  l o g i c  c o d e  o f  
+  1 2 4 8  a n d  l o g i c  l e v e l s  o f  â € ” 8  a n d  + 1 8  v o l t s ,  t h e  s y s t e m  
D V M  w o u l d  s e e  â € ” 8  v o l t s  o n  a l l  t h e  B C D  l i n e s .  

T h e  s y s t e m  t h e n  p r o g r a m s  a  n o m i n a l  1 . 1 1 1  f r o m  t h e  d c  
s t i m u l u s  a n d  t h e  o p e r a t o r  i s  i n s t r u c t e d  t o  a d j u s t  t h e  " U P /  
D O W N "  b u t t o n  u n t i l  a l l  o n e s  a p p e a r  i n  t h e  d i s p l a y .  W h e n  
h e  p r e s s e s  t h e  " D O N E "  b u t t o n ,  t h e  s y s t e m  s c a n s  a c r o s s  
a l l  1 6  l i n e s  a n d  s e e s  t h e  v o l t a g e s  a p p e a r  a s  f o l l o w s :  + 1 8 ,  
- 8 ,  - 8 ,  - 8 ,  + 1 8 ,  - 8 ,  - 8 ,  - 8 ,  e t c .  

The  sys tem then  p rog rams  2 .222  and  aga in  t he  ope ra to r  
m a k e s  a d j u s t m e n t s  t o  t h e  s t i m u l u s  u n t i l  a l l  t h e  d i s p l a y  
d i g i t s  a re  2 ' s .  Aga in  t he  sys tem scans  t he  e l ec t r i c  ou tpu t s  
a n d  s e e s  - 8 .  + 1 8 ,  - 8 ,  - 8 ,  e t c .  

R e p e a t i n g  t h i s  p r o c e s s  f o r  0 . 0 0 0  t h r o u g h  9 . 9 9 9 ,  t h e  o p  
e ra to r  sees  eve ry  number  i n  eve ry  d ig i t  pos i t i on  and  a t  t he  
same  t ime  t he  sys tem l ooks  a t  eve ry  e l ec t r i ca l  ou tpu t  com 
bination. 

T h e  a d v a n t a g e  o f  t h e  t e c h n i q u e ,  h o w e v e r ,  i s  t h a t  t h e  
o p e r a t o r  d o e s n ' t  h a v e  t o  r e a d  t h e  d i s p l a y  w h e n  o t h e r  f u n c  
t i o n a l  t e s t s  a r e  t o  b e  p e r f o r m e d ,  s u c h  a s  o h m s ,  o r  m A .  
The  sys tem has  a l r eady  compared  i npu t s ,  v i sua l  r eadou ts ,  
a n d  B C D  o u t p u t s .  I n  e f f e c t ,  t h e  s y s t e m  c a n  n o w  " r e a d "  
t h e  u n i t  u n d e r  t e s t .  T h e  o p e r a t o r  h a s  a l r e a d y  s e e n  t h a t  
t h e r e  a r e  n o  d e a d  s p o t s .  S o  i n  o n e  f a s t  r u n  t h r o u g h  t e n  
pos i t ions ,  the  l inear i ty ,  the  d isp lay  and the  BCD outpu ts  a re  
a l l  c h e c k e d  i n  l e s s  t h a n  o n e  m i n u t e .  
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strument, the system may be monitoring, for exam 
ple, the voltage of a power supply. 

If the voltage is out of tolerance and on the high 
side, only the "HIGH" light will turn on. The sys 
tem may even tell the operator which direction to 
turn the adjustment, and, as he moves down into 
the in-tolerance region, the "HIGH" light will stay 
lighted and the "PASS" light will turn on. Finally, 
as he moves through the center of the tolerance 
band the "HIGH" light will switch to "LOW" with 
the "PASS" light remaining on. Subsequently, the 
"PASS" light will go out when the voltage is below 
the tolerance band. 

Thus a very precise center-of-range indication is 
provided to the operator. Since the box is movable, 
it can be placed close to the operator's field of view 
as he makes his adjustments. This can be a major 
safety feature if adjustments are being made on 
very high voltage supplies. The operator does not 
have to look over to the system panels. 

Software  Operat ing System 
The software operating system is a disc-based 

executive called TODS (Test Oriented Disc Sys 
tem). TODS is designed to eliminate restrictions on 
the size and scope of software programs that might 
otherwise be limited by the available computer core 
memory. It provides for segmenting of programs 
on the disc and easy access to the various seg 
ments via program and subroutine linking. HP ATS- 
BASIC, FORTRAN, and HP Assembly Language are 
all compatible with TODS. 

TODS also provides editing routines that can 
automatically delete or change source programs on 
the disc. This is important when new programs are 
being written and debugged. 

Another important feature of TODS is the cata 
log and librarian system. As the system stores pro 
grams on the disc it catalogs their locations so they 
can easily be accessed by instrument test routines. 
On command, the librarian will print out a list of 
the programs stored on any selected portion of the 
disc. It will also print the amount of space remain 
ing on the disc. 

In addition to programs, the disc also provides 
data storage for test results. Test data is normally 
stored in data files using a standardized system 
format that allows easy access for printed test rec 
ords or other more permanent files. 

Cal ibrat ion Programs 
A widely used rule of thumb for system planners 

is if entirely new applications software must be 
generated, costs can easily run between one and 
three times the cost of the hardware in the system. 
Therefore, careful concern must be given to plan 

ning for these software costs which accrue not 
only at the installation of a system but involve a 
continuing expense during its useful lifetime. 

There is substantial advantage in having the in 
strument manufacturer generate test programs. In 
ternal knowledge of the instrument under test as 
evidenced in a program written by technicians ex 
perienced with the instrument can offer subtle im 
provements over a test program merely transcribed 
from the instrument manual by a professional pro 
grammer. 

Therefore, HP has planned a user interchange li 
brary starting with a group of HP-furnished pro 
grams to allow early cost-effectiveness for installed 
systems. The early programs will cover high popu 
lation instruments typical of many calibration labo 
ratories. Fig. 5 is a list of these programs. 

These application programs include performance 
tests plus alignment and adjustment procedures. 
For HP instruments, the program content is at least 
equal in capability to the calibration techniques 
described in the service manuals, and frequently 
includes tests and techniques learned in years of 
instrument test experience (see page 18). 

Of course, it will be impossible for HP to provide 
test programs for all instruments that require peri 
odic calibration, so most users will at some time 
write programs of their own. Because instrument 
testing has many common aspects regardless of 
where it is done, there is substantial advantage in 
standardizing instrument calibration programs and 
operating systems. With suitable standards, there 
can be general compatibility and interchange of 
programs among dozens and perhaps even hun 
dreds of users for better efficiency. 

It is often surprising even to experienced pro 
grammers what degree of conformity is required 
and how detailed standards must be to guarantee 
compatibility. To assure compatibility among cali 
bration programs written not only by HP but also 
by different users, relatively strict standards have 

F ig .  5 .  HP w i l l  supp ly  pe r fo rmance  tes t  and  a l i gnment  p ro  
g rams  t o r  many  i ns t r umen ts ,  s t a r t i ng  w i t h  t hese .  A  use rs '  
g r o u p  i s  b e i n g  e s t a b l i s h e d  s o  u s e r - w r i t t e n  p r o g r a m s  c a n  
a lso be shared.  
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T E S T  P R O G R A M  F O R M A T  

T y p i c a l  P r o g r a m  M a i n f l o w  

REM 

REM 
R E A D  
â€¢ ' 
L E T  
'  -  

: ,- i 

â€¢- 
I  I  |  

OPERATOR INSTRUCTIONS 
8500 

"DEPRESS DONE WHEN COMPLETED" 

VALUES 
R C  n . P C S ]  

S A V E  E X P E C T E D  *  T O L E R A N C E  V A L U E S  

t  1  J - V  
C I  ) - T  

D S P L A Y  R A N G E  R E Q U I R E D  
7  D S P L A Y  R C  1  1 / I 0 0 0 Ã  T A B ( 0 > ; " V "  
6  D S P L A Y  R t  I !  i T A B Ã 0 ) ; " V "  

DON E 7 
7  M l  

O T  P C  1  ]  G O T O  I  1 6 0  
I  T  R A N G E  >  1  0  M V  G O T O  I  5 0 8  

3  G O T O  1 5 0 0  
APPLY CURRENT ACROSS i OHM RESISTOR j n 

5 . 3 1  >  
3 7 . 4 1  )  
EXPRESS CURRENT IN MA 

LET PC2J=1000Â»PC2] 
REM * APPLY VOLTAGE 

GOSUB 7800 
WAIT 200 
GOTO 2000 
REM * SET SWITCHING FOR VOLTAGE PROGRAMMING 

T y p i c a l  S u b r o u t i n e  f o r  E n t e r i n g  R a n g e s  a n d  T o l e r a n c e s  

5 8 1 0  R E M  *  E X P E C T E D  V A L U E  4  F U L L  S C A L E  T O L E R A N C E  
S f l 2 0  D A T A  I  .  . 0 1  
5830 REM * RANGE (MV) t FULL SCALE VOLTAGE (V> 
5840 DATA I,. 00 1. 3. .00316. I 0. . 01 , 30. .03 I 6. 1 00. . I. 300,. 31 6 
5850 REM * RANGE (V) t FULL SCALE VOLTAGE (V) 
5660 DATA I/ 1,3, 3- 16. 10. 10. 30, 31. 6, I 00. 100,300.316. 1002, 1000 

T y p i c a l  M e a s u r e m e n t  S u b r o u t i n e  

â€¢ - * 
- -  -  
â€¢ â€¢ .â€¢ 
-â€¢ . - 
-â€¢ â€¢ 
-â€¢ 

9 6 6 0  

M -â€¢ 

R Â £ M    M E T E R  D C  O U T P U T  M E A S  
R E M  â € ¢  

D V M S U ( I ,  , 2 >  
F O R  K - l  0  2 0  
D U M M U C 2 .  (  7 ) .  4 0 0 )  
R E M  *  S E  T L E D  T O  - I t  ?  
I F  A P S  t  P  

-  
7 3 - P 1 8 1  X . 0 0 1 Â « P t ? )  G O T O  9 6 8 0  

T L E O  T O  2  M I L L I V O L T S  O N  S C A L E S  

NEXT K 
R E M  â € ¢  P A S S  V O L T A G E  R E A D  

. -  -  
. -  .  .  

F i g .  6 .  S t r i c t  s t a n d a r d s  w i l l  h e l p  a s s u r e  c o m p a t i b i l i t y  o f  
H P  a n d  u s e r - w r i t t e n  p r o g r a m s .  P r o g r a m  f o r m a t  i s  f i x e d ,  
a n d  R E M  s t a t e m e n t s  a r e  u s e d  l i b e r a l l y  i n  p r o g r a m s  t o  
e n a b l e  o t h e r s  t o  u n d e r s t a n d  t h e m .  L a n g u a g e  i s  A T S -  
B A S I C ,  a n  i n s t r u m e n t a t i o n  v e r s i o n  o f  t h e  e a s y - t o - l e a r n  
language,  BASIC.  

been established. Fig. 6 shows the required test pro 
gram format and some typical program segments. 
Notice that REM (remark) statements are used ex 
tensively to communicate the function of each sec 
tion of the program. 

Executive Sequence Control  
As common and standardized as instrument cali 

brations are (a 400D is calibrated much the same 
in all calibration laboratories), it is still true that 
most laboratories have their own special test phi 
losophies and operating rules. Based on experience 
with the Customer Service Center system and other 
work, Hewlett-Packard has developed a special ex 
ecutive sequence control for 9550 Instrument Cali 
bration Systems. This operating executive serves 
as a central traffic director for the ongoing techni 
cal tests. 

Generally, most of the tests made on an instru 
ment are divided into technical test segments as 
shown in Fig. 7. The HP 412A test program, for 
instance, consists of a test directory, five technical 
test segments, a test record segment, and an align 
ment segment. In this case, the sequence control 
handles the entry into each test segment and pro 
vides for an orderly sequence through the test seg 
ments. At the same time, it is controlling the dis 
position of data and keeping track of the status and 
sequence of test segments. 

The sequence control is needed because various 
things happen in a typical calibration sequence that 
require operator intervention, and these events 
must be made compatible with a computerized 
system. For example, if a probe falls off the inter 
face panel during a test, the operator must halt the 
program and return to some point from which he 
can proceed forward again. In 9550 systems, a 
"bailout" button is provided. Pressing this button 
turns off stimulus and clears switching in an orderly 
way, returns to the sequence control, displays the 
test directory (Fig. 7), preserves the previous data, 
and asks the operator where to restart. 

Another example: an internal malfunction causes 
an instrument to start smoking when a high voltage, 
such as 1000 volts, is applied to it during a normal 
test cycle. In some systems, stopping the program 
simply halts the computer, leaving all switches 
closed and 1000 volts still applied to the instrument. 
In 9550 systems, pressing the bailout button starts 
an orderly shutdown sequence which opens all 
switches and turns off the high voltage. Then the 
sequence control places the test directory back on 
the screen to inform the operator of the present 
status of the test sequence. 

Another function of the sequence control is to 
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E n t e r  

I n s t r u m e n t  
Se lect  

TEST DIRECTORY Â«12 

T E S T  S E T U P  i  
M L T E R  C H A R A !  
V O L T A G E  R A M !  

I D  G E N E R A L  T E S T S  
F t H I Z A T T O N  
:  ACCURACY 

R E S I S T A N C E  R A N G E  A C C U R A C Y  

T E S T  R E P O R T  

. . .  S E L E C T  S E G M E N T  N U M B E R  I  

Entry  
T r a p  E x i t  

F i g .  7 .  E x e c u t i v e  s e q u e n c e  c o n  
t r o l  a d a p t s  s o p h i s t i c a t e d  9 5 5 0  
s o f t w a r e  t o  t h e  c a l i b r a t i o n  l a b o  
ra to ry  env i ronmen t .  A  no rma l  se  
quence  p roceeds  au toma t i ca l l y ,  
b u t  t e s t  i n t e r r u p t i o n s  a n d  d e  
c i s i o n  p o i n t s  c a u s e  t h e  t e s t  d i  
rec to ry  to  appear  on  the  CRT so  
t h e  o p e r a t o r  c a n  s e l e c t  w h a t  t o  
do next .  

provide for operator alignment or adjustment se 
quences after any performance test. If a particular 
test segment fails, the operator gets a "segment fail" 
indication and may then choose an associated align 
ment test segment to adjust the instrument within 
specification. 

Probably the most important feature of the 
sequence control is that it is written in the same 
ATS BASIC language as all test segments. Thus, 
although HP personnel have written the executive 
with their best ideas of proper sequence and test 
philosophies, it is easy for the local calibration 
laboratory to add its own administrative procedures 
and test philosophies to the basic control. If the 
local laboratory needs to enter technician badge 
numbers or output special instructions to the op 
erator, it can easily insert them. If the local labora 
tory doesn't want an operator to perform alignment 
or adjustment segments, it takes only a few ATS- 
BASIC statements to implement this capability. The 
great advantage is that a change need only be made 
in the sequence control and it is automatically in 
corporated in all test programs without modifying 
the test programs. 

Better  than Manual  Accuracy 
The power of the computer offers a chance to get 

substantial improvements in instrumen accuracies 
by means of computer-stored correction routines. 
Correction factors and cable losses as well as in 
strument calibration factors can all be worked into 
the programs so that substantially better accuracies 
can be achieved than with any one of the instru 
ments themselves. Hence automated calibration 
gives up nothing in precision compared to manual 
techniques; in fact the opposite is true. 
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Observations from 
an Operating System 

T h e  f o l l o w i n g  o b s e r v a t i o n s  f r o m  t h e  o p e r a t i n g  s y s t e m  i n  
t h e  H P  C u s t o m e r  S e r v i c e  C e n t e r  i n  M o u n t a i n  V i e w  m a y  b e  
appropr iate.  

A u t o m a t i c  c a l i b r a t i o n  s y s t e m s  m u s t  k e e p  b u s y .  R u n n i n g  
t i m e  f o r  a  t y p i c a l  s t a t i o n  i s  w o r t h  a b o u t  $ 1  p e r  m i n u t e ,  d e  
p e n d i n g  h o w  o v e r h e a d  i s  a s s i g n e d .  T h i s  m e a n s  t h a t  t h e  
sys tem mus t  have  i ns t rumen ts  ava i l ab le  i n  a  wa rmup  mode  
i n  f r o n t  o f  t h e  s y s t e m  b e f o r e  t h e y  a c t u a l l y  r e a c h  t h e  t e s t  
p o s i t i o n .  F o r  i n s t a n c e ,  i f  s i x  o r  e i g h t  m e t e r s  c a n  r u n  p e r  
hou r  and  a  g i ven  me te r  r equ i r es  a  one -hou r  wa rmup ,  e i gh t  
o r  t e n  w a r m u p  p o s i t i o n s  m u s t  b e  p r o v i d e d .  

I t  i s  e s p e c i a l l y  i m p o r t a n t  t o  p r o v i d e  a d e q u a t e  i n t e r f a c e  
s w i t c h i n g  r a t h e r  t h a n  r e l y  o n  a n  o p e r a t o r  t o  c a b l e  a n d  u n -  
c a b l e  i n t e r c o n n e c t i o n s .  A  g i v e n  c o n n e c t i o n  a b s o r b s  a b o u t  
3 0  s e c o n d s  o f  r u n n i n g  t i m e ,  i n c l u d i n g  t h e  t i m e  i t  t a k e s  t o  
r e a d  a n  i n s t r u c t i o n ,  t o  u n d e r s t a n d  i t ,  t o  c o n n e c t ,  t o  c h e c k  
t h e  c o n n e c t i o n ,  a n d  a n  a v e r a g e  t i m e  t o  c o r r e c t  m i s t a k e s .  
Thus  spec ia l i zed  sw i t ch ing  i s  qu i t e  cos t -e f fec t i ve .  

T h e  c o m b i n a t i o n  o f  t h e  c o m p u t e r  s y s t e m  a n d  a n  i n n o v a  
t i ve  p rog rammer  know ledgeab le  i n  me t ro logy  t echn iques  i s  
h a r d  t o  o v e r e s t i m a t e .  E x p e r i e n c e  w i t h  a  t y p i c a l  p r o g r a m  
wr i t i ng  cyc l e  f o r  t he  HP  412A  Mu l t ime te r  i s  i n s t r uc t i ve .  On  
the  f i rs t  pass ,  the  HP 41 2A sequence ran  about  11  minutes .  
M u l t i p l e  p r o b e  c h a n g e s  w e r e  r e q u i r e d  a n d  a  n u m b e r  o f  
t e c h n i q u e s  w e r e  q u i t e  c l u m s y .  B y  c h a n g i n g  s w i t c h i n g  a n d  
p r o v i d i n g  f a s t e r  a n d  n o v e l  m e a s u r i n g  t e c h n i q u e s ,  t h e  t i m e  
w a s  r e d u c e d  t o  9  m i n u t e s ,  a n d  f i n a l l y  t o  6  m i n u t e s .  

Don Lawrence and Ron Gould is in charge of pro 
duction engineering. 
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tem safety to meet IEC and other standards. J 

References 
1. "Management Strategy for Calibration Labs," HP 
9550 Tech Note 2, HP Publication 5952-1382. 
2. J. Minck, "Justifying Automatic Calibration Systems," 
Instruments and Control Systems, October 1972. Also 
published as "HP 9550 Automatic Calibration System 
Investment Analysis," HP Publication 5952-1378. 

John L.  Minck 
John Minck is  Market  Manager  fo r  Ins t rument  Ca l ib ra t ion  
Systems at  HP's  Automat ic  Measurement  Div is ion.  A 
member  o f  the  Prec is ion  Measurement  Assoc ia t ion  and 
the Amer ican Society  for  Qual i ty  Contro l ,  he a lso serves 
as Region 1 2 Coordinator  for  the Nat ional  Conference of  
Standards Laborator ies.  He's the author of  several  ar t ic les 
in  techn ica l  pub l ica t ions and co-ed i tor  o f  a  tex tbook on 
microwave measurements .  John rece ived h is  BSEE degree 
in 1952 f rom the Univers i ty  of  Notre Dame and h is  
MSEE-Admin is t ra t ion  degree f rom Stanford  Univers i ty  in  
1956.  He jo ined HP in 1958 as a sales and appl icat ions 
engineer  and la ter  served as reg ional  sa les manager .  In  
1 964 he became market ing manager of  the Microwave 
Div is ion,  and f ive years later ,  manager of  the Sol id State 
Disp lay Depar tment .  He assumed h is  present  pos i t ion 
in 1971. 

E. Robert Aikin 
After  serv ing in  the U.S.  Navy,  Bob Aik in at tended the 
Univers i ty  o f  Colorado,  graduat ing wi th  a BSEE degree in  
1 952. He came to HP the same year.  Since then, he's 
been ass is tant  serv ice  manager ,  app l ica t ions eng ineer ,  
f ie ld  serv ice  eng ineer ing  manager ,  p rogram manager ,  and 
engineer ing pro jec t  manager ,  h is  la tes t  pro jec t  be ing the 
9550 Inst rument  Cal ibrat ion System.  Bob and h is  wi fe  
have an unusual  fami ly ;  bes ides one ch i ld  o f  the i r  own 
they have four adopted ones â€” two from Korea, one from 
Greece,  and one f rom Cal i forn ia .  Bob serves on the board 
of  d i rectors of  the local  area associat ion and favors 
outdoor  recreat ional  pursu i ts ,  inc lud ing sa i l ing,  
backpack ing,  and sk i ing .  

23 

© Copr. 1949-1998 Hewlett-Packard Co.



S Y S T E M  I N F O R M A T I O N  
HP 9550  Inst rument  Ca l ibra t ion  Systems 

Stimulus 
A C  C A L I B R A T I O N  S O U R C E  

H P  7 4 5 A - H 1 8 / 7 4 6 A - H 1 7  A C  C a l i b r a t o r  
F r e q u e n c y  R a n g e :  1 0  H z  t o  1 1 0  k H z  
V o l t a g e  R a n g e :  1  m v  t o  1 1 0  V  r m s  ( 7 4 5 A )  t o  1 1 0 0  V  r m s  ( 7 4 6 A )  

A C  S O U R C E  
H P  3 3 2 0 B  1 3  M H z  S y n t h e s i z e r  

F r e q u e n c y  R a n g e :  . 0 0 1  H z  t o  1 3  M H z  
O u t p u t  L e v e l :  - 7 3  d B m  t o  + 2 6 . 9 9  d B m  ( 5  V  r m s  i n t o  5 0 0 )  

R F  S O U R C E  
H P  8 6 6 0 A / 8 6 6 0 2 A  1 3 0 0  M H z  S y n t h e s i z e r  

F r e q u e n c y  R a n g e :  1  M H z  t o  1 3 0 0  M H z  
O u t p u t  L e v e l :  - 1 4 6  d B m  t o  1 3  d B m  ( 1 . 0  V  r m s  i n t o  5 0  Ã ! )  

D C  C A L I B R A T I O N  S O U R C E  
F l u k e  3 3 3 0  B  D C  C a l i b r a t o r  

V o l t a g e  R a n g e :  0  t o  Â ± 1 1 0 0  V d c  
C u r r e n t  R a n g e :  0  t o  Â ± 1 1 0  m A  

P U L S E  S O U R C E  
H P  8 0 0 4 A  P u l s e  G e n e r a t o r  ( M a n u a l  O p e r a t i o n ,  R a t e  P r o g r a m m e d )  

R e p e t i t i o n  R a t e :  1 0 0  H z  t o  1 0  M H z  
T r a n s i t i o n  T i m e s :  <  1 . 5 n s  
P u l s e  A m p l i t u d e :  Â ± 0 . 0 5  V  t o  Â ± 5  V  p e a k  ( i n t o  5 0  Ã ­ Â ¡ )  
P u l s e  W i d t h :  0  t o  1  m s  

S Q U A R E  W A V E  S O U R C E  
H P  2 1 1  B  S q u a r e  W a v e  G e n e r a t o r  

F r e q u e n c y  R a n g e :  1  H z  t o  1 0  M H z  
O u t p u t  V o l t a g e :  0  t o  5  V ,  5 0  ! . '  

0  t o  6 0  V ,  O p e n  C i r c u i t  
H I G H  C U R R E N T  S O U R C E  

H P  6 2 6 3 B  H i g h  C u r r e n t  S o u r c e  
C u r r e n t  R a n g e :  0  t o  5  A  
V o l t a g e  R a n g e :  0  t o  5  V  

A C  L I N E  P O W E R  S O U R C E  
G R  1 5 9 2  A C  L i n e  R e g u l a t o r  

O u t p u t  V o l t a g e :  1 0 2 ,  1 1 5 ,  1 2 5  V  r m s  
O u t p u t  C u r r e n t :  0  t o  1 0  A  
I n p u t  V o l t a g e :  1 0 0  t o  1 3 0  V  r m s  

R E S I S T A N C E  S O U R C E  ( P r o g r a m m a b l e )  
F ixed Va lues:  1  !> ,  10  Ãœ, 100 S,  1  kÂ«,  

1 0  k u ,  1 0 0  k S J ,  1  M O  

Measurement  
D C  V O L T A G E  

H P  3 4 8 0 B / 3 4 8 4 A  M u l t i f u n c t i o n  D V M  
V o l t a g e  R a n g e :  1 0 0  m V  t o  1 0 0 0  V ,  F . S .  

A C  V O L T A G E  
H P  3 4 8 0 B / 3 4 8 4 A  M u l t i f u n c t i o n  D V M  

F r e q u e n c y  R a n g e :  1  H z  t o  1 0  M H z  
V o l t a g e  R a n g e :  1 0 0  m V  t o  1 0 0 0  V ,  F . S .  

R E S I S T A N C E  
H P  3 4 8 0 B / 3 4 8 4 A  M u l t i f u n c t i o n  D V M  

O h m s  R a n g e :  1 0 0  ! !  t o  1 0  M f i ,  F . S .  
W A V E F O R M  

H P  1 8 0 D / 1 8 0 1 A / 1 8 2 0 A  5 0  M H z  D u a l - C h a n n e l  O s c i l l o s c o p e  
( M a n u a l  O p e r a t i o n )  

H I G H  R E S O L U T I O N  D C  V O L T A G E  
H P  3 4 5 0 A  D i g i t a l  V o l t m e t e r  

V o l t a g e  R a n g e :  1 0 0  m V  t o  1 0 0 0  V ,  F . S .  
F R E Q U E N C Y  

H P  5 3 2 7 B  T i m e r / C o u n t e r  
F r e q u e n c y  R a n g e :  0  t o  5 5 0  M H z  
P e r i o d  R a n g e :  0  t o  1 0  M H z ,  1  t o  1 0 '  p e r i o d s  
T i m e  I n t e r v a l :  0 . 1  M S  t o  1 0 '  s e c  

D I S T O R T I O N  
H P  3 3 4 A - H 1 5  D i s t o r t i o n  A n a l y z e r  

F u n d a m e n t a l  R a n g e :  5 0  H z  t o  1 0 0  k H z  
D i s t o r t i o n  R a n g e :  0 . 1  t o  1 0 0 %  

R F  P O W E R  
H P  4 3 2 C / 4 7 8 A  P o w e r  M e t e r  

F r e q u e n c y  R a n g e :  1  M H z  t o  3  G H z  ( 1 8  G H z  o p t i o n a l )  
P o w e r  R a n g e :  1 0  ^ W  t o  1 0  m W .  F . S .  ( b e y o n d  1 0  m W  w i t h  

c a l i b r a t e d  a t t e n u a t o r s )  
H I G H  V O L T A G E  A N D  S W I T C H I N G  

H P  0 9 5 5 1 - 6 0 0 0 2  S i g n a l  S w i t c h i n g  I n t e r f a c e  a n d  
H i g h  V o l t a g e  S a f e t y  I n t e r l o c k  P a n e l  

Computer  and Per iphera ls  
H P  2 1 0 0  A  C o m p u t e r ,  1 6 K  C o r e  M e m o r y  
H P  2 7 5 2 A  T e l e p r i n t e r  
H P  2 7 4 8 A  P h o t o  R e a d e r  
H P  9 4 0 3 A  S y s t e m  C o n t r o l  P a n e l  
H P  7 9 0 0 A  D u a l  D i s c  M e m o r y  ( o n e  d i s c  p a c k  r e p l a c e a b l e )  
H P  2 6 0 0 A  K e y b o a r d / D i s p l a y  
H P  9 4 0 4 A  C o n t r o l  U n i t  
H P  2 1 5 5 A  I n p u t / O u t p u t  E x t e n d e r  
H P  1 2 5 3 9 B  T i m e  B a s e  C l o c k  

Options 
H P  2 8 9 5 . A  M e d i u m  S p e e d  P u n c h  
H P  2 7 6 7 A  L i n e  P r i n t e r  
H P  2 7 5 4 B  H e a v y  D u t y  T e l e p r i n t e r  
H P  1 1 1 6 3 A  W o r k t a b l e  

General  
S I Z E :  3 - b a y  o r  4 - b a y  C a b i n e t  

6 4 . 2 5  i n c h e s  ( 1 6 3 2  m m ) ,  o v e r a l l  h e i g h t  
P O W E R :  3 - P h a s e ,  2 0  A  p e r  p h a s e  
P R I C E  I N  U S A :  $ 1 2 5 , 0 0 0  t o  $ 1 7 5 , 0 0 0  d e p e n d i n g  u p o n  c a p a b i l i t y  

a n d  o p t i o n s .  
M A N U F A C T U R I N G  D I V I S I O N : A U T O M A T I C  M E A S U R E M E N T  D I V I S I O N  

9 7 4  E a s t  A r q u e s  A v e n u e  
S u n n y v a l e ,  C a l i f o r n i a  9 4 0 8 6  

H e w l e t t - P a c k a r d  C o m p a n y .  1 5 0 1  P a g e  M i l l  
R o a d .  P a l o  A l t o ,  C a l i f o r n i a  9 4 3 0 4  
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