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New Pe r f o rmance  S tanda rds  i n  M i c rowave  Spec t r um  Ana l ys i s ,  by  S i eg f r i ed  H .  LJnkw i t z  
10-Hz resolut ion bandwidth at  22 GHz gives a new spectrum analyzer  unprecedented abi l i ty  
to  reso lve  c lose ly -spaced mic rowave f requency  components .  

B roadband  Inpu t  M ixe rs  fo r  a  M ic rowave  Spec t rum Ana lyze r ,  by  John  C .  Lamy and  F rank  
K .  Dav id  Inpu ts  f rom 100  Hz  to  22  GHz  requ f :ed  new deve lopmen ts  i n  f ron t -end  des ign .  

A  S y n t h e s i z e d  M i c r o w a v e  L o c a l  O s c i l l a t o r  w i t h  C o n t i n u o u s - S w e e p  C a p a b i l i t y ,  b y  L a r r y  
R .  Mar t in ,  Kenneth  L .  Lange ,  and  S tephen T .  Sparks  10-Hz  reso lu t ion  a t  22  GHz requ i res  
synthesizer  s tabi l i ty  in  the local  osc i l la tor  but  i t  a lso has to sweep smooth ly .  

A  D i g i t a l  b y  G e n e r a t o r  f o r  F u n c t i o n a l  T e s t i n g  o f  B u s - O r i e n t e d  D i g i t a l  S y s t e m s ,  b y  
GÃ¼nter programmable Ulrich HÃ¼bner, and Bernd Moravek This instrument with its programmable 
memory  can s imula te  a  ROM, an in te r face,  o r  a  da ta  source .  

A n  H P - I B  E x t e n d e r  f o r  D i s t r i b u t e d  I n s t r u m e n t  S y s t e m s ,  b y  D a v i d  H .  G u e s t  H P - I B - c o n  
nected telephone may now be dispersed over great distances using cables or telephone l ines. 

In this Issue: 
Mic rowave  spec t rum ana lyze rs  were  f i r s t  recogn ized  as  p rac t i ca l  measurement  too l s  

I  dur ing  Wor ld  War  I I  when they  were  used to  eva lua te  how e f fec t i ve ly  radar  t ransmi t te rs  
|  concentrated their  radiated power into spectral  bandwidths detectable by the receivers. The 
narrowest  resolut ion bandwidth of  these f i rs t  analyzers was a wide 100 kHz,  the maximum 

|  f requency sweep was merely 30 MHz, and resul ts  were only qual i tat ive.  Nevertheless,  the 
k ind of  f requency they prov ided â€”  separat ion and s imul taneous d isp lay of  the f requency 
components that make up a signal â€” proved to be invaluable in analyses of complex signals. 
Fur ther  deve lopments  came s lowly ,  bu t  by  the  1960s,  bandwid th  had nar rowed to  1  kHz,  

2-GHz sweeps were poss ib le  and spect rum ana lyzers  were beg inn ing to  f ind  wide use on the lab bench for  
eva lua t ing  the  per fo rmance o f  m ixers ,  osc i l la to rs ,  ampl i f ie rs ,  and  o ther  h igh- f requency  c i rcu i ts  as  we l l  as  
providing quantitat ive measurements of electromagnetic interference and radio spectrum activity. By the 1 970s, 
resolut ion had sharpened to 100 Hz and i t  had become possib le to measure ampl i tude and f requency di rect ly  
f rom the  d isp lay .  Now fo r  the  1980s ,  the  new mic roprocessor -con t ro l led  Mode l  8566A is  capab le  o f  10-Hz  
resolut ion, 20-GHz sweeps, and precis ion digi ta l  readout of  ampl i tude and frequency. (The 8566A on the front 
cover the osci l lator a 20-GHz sweepâ€” the steps on the noise f loor occur where the sweeping local  osci l lator 
automatical ly steps back in frequency and then cont inues the sweep upwards using the next higher harmonic.)  

Usual ly the design of a digital  system control ler and external hardware is parcel led out to several engineers, 
each of integrating f aces a basic problem: how to test each module thoroughly before integrating the modules into the 
system. being 8170A Logic Pattern Generator,  descr ibed on page 20, addresses this problem by being able to 
s imu la te  tes t  da ta-bus  t ra f f i c ,  comple te  w i th  handshake s igna ls  when needed.  Thus,  i t  can be used to  tes t  
m o d u l e s  f o r  b u s  c o m p a t i b i l i t y  s o  t h a t  h a r d w a r e ,  f i r m w a r e ,  a n d  s o f t w a r e  d e v e l o p m e n t  c a n  p r o c e e d  
independent ly.  

As the range of  appl icat ions for  HP- in ter face-bus-cont ro l led inst rument  systems has expanded,  there has 
been a growing demand for some means of al lowing the bus to operate with units separated by more than the 20 
metres that the standard bus circuitry al lows. This l imitat ion on distance is now removed by the development of 
the 37201 modem HP-IB Bus Extender, described on page 26. This device transfers the HP-IB data through a modem 
onto telephone li nes and sends it reliably any distance the telephone system allows â€” half way around the world if 
need be the location. another extender that converts it back to HP-IB format for the units at the distant location. 

- H .  L .  R o b e r t s  
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New Performance Standards in Microwave 
Spectrum Analysis  
Low- level  microwave s ignals  not  prev ious ly  ident i f iab le 
w i th  spec t rum ana lyzers  can  be  measured  up  to  22  GHz 
with the aid of  th is new analyzer 's low phase noise,  10-Hz 
bandwidth,  and h igh sens i t iv i ty .  

by Siegfr ied H.  Linkwitz 

ADVANCING TECHNOLOGY NOW makes it pos 
sible for a spectrum analyzer designed for the mi 
crowave frequency range (above 1 GHz) to achieve 

the same frequency and amplitude accuracies as the best 
of those designed for lower frequencies. 

In the past, spectrum analyzers designed for the mi 
crowave range had limited accuracy for the measurement of 
an unknown signal's frequency, and were unable to resolve 
closely spaced spectral components. These limitations 
existed because of the difficulty of determining the exact 
frequency of the wideband voltage-tuned microwave local 
oscillator used for frequency conversion and because of the 
local oscillator's inherent instability. 

A new microwave spectrum analyzer, Model 8566A 
(Fig. 1), incorporates new solutions to these problems, 
bringing to the microwave region the performance formerly 
associated only with high-grade spectrum analyzers de 
signed for lower frequencies. The performance of the new 

Model 8566A is such that it is possible, for example, to 
measure the frequency of a 20-GHz signal with Â±32-Hz 
accuracy. Furthermore, the new analyzer's stability and low 
phase noise allow the use of a 10-Hz resolution bandwidth 
throughout its extremely wide lOO-Hz-to-22-GHz input 
range, enabling for the first time the resolution of close-in, 
power-line related sidebands on a microwave signal (Fig. 
2). 

To achieve frequency accuracy in this instrument, fre 
quency synthesis techniques are used to establish the start 
frequency of a sweep very accurately, and a "lock-and-roll" 
technique then allows smooth continuous tuning across the 
sweep. A self-calibrating discriminator-stabilized swept 
oscillator technique, described in the article beginning on 
page 13, obtains the low phase noise and residual FM re 
quired to meet the stringent requirements of narrowband 
frequency sweeping (spans as narrow as 100 Hz) while also 
allowing the instrument to make very wide sweeps (up to 20 

F i g .  1 .  T h e  H e w l e t t - P a c k a r d  
Mode l  8566A  Spec t rum Ana l yze r  
has a frequency range of 100 Hz to 
22 GHz and an ampl i tude range of  
- 1 3 4  d B m  t o  + 3 0  d B m .  T h e  
1 0 - H z  m i n i m u m  r e s o l u t i o n  
bandwidth is useful to 22 GHz. For 
t h e  m a j o r i t y  o f  m e a s u r e m e n t s ,  
on l y  t he  da rk - co lo red  keys  need  
b e  u s e d  t o  s e l e c t  t h e  f r e q u e n c y  
s p a n  a n d  a m p l i t u d e  r e f e r e n c e  
leve l  and to  se t  the  tunab le  mark  
e r s  f o r  f r equency  and  amp l i t ude  
readout.  The other parameters are 
selected automat ical ly  and al l  con 
t ro l  se t t ings  are  d isp layed on the 
CRT. 
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F ig .  2 .  Spec t rum d i sp lay  o f  an  18 -GHz  s igna l  made  by  the  
M o d e l  8 5 6 6 A  S p e c t r u m  A n a l y z e r  w i t h  a  1 0 - H z  r e s o l u t i o n  
bandwidth  across a  f requency scan o f  600 Hz.  The A marker  
( r i g h t m o s t  b r i g h t e n e d  d o t )  i s  p o s i t i o n e d  o n  a  6 0 - H z  l i n e -  
re la ted  s ideband tha t  i s  50  dB be low the  car r ie r .  Un t i l  now,  
this high degree of resolut ion, made possible by the low phase 
no ise and 10-Hz reso lu t ion bandwidth  o f  the 8566A,  had not  
been ava i lab le  in  mic rowave spect rum ana lyzers .  

GHz wide). 
Unprecedented flatness in the new analyzer's frequency 

response was made possible by extensive use of microcir- 
cuit technology. Ideally, front-end circuit elements should 
be small compared to the wavelength of the input signal so 
the elements will behave as lumped circuit constants even 
at the highest frequencies encountered. The front end of a 
microwave spectrum analyzer, however, has to process sig 
nals of extremely short wavelengths, e.g., 15 mm at 20 GHz. 
Consequently, the input preselector filter of the new 
analyzer was integrated with the input mixer to achieve the 
response flatness desired, as will be described in the article 
beginning on page 8. 

Microprocessor  Control  
Similar in organization to the lOO-Hz-to-1500-MHz 

Model 8568A Spectrum Analyzer,1 the new Model 8566A 
uses microprocessors for instrument control, for display 
data processing, and for operation on the HP interface bus 
(HP-IB). A block diagram is shown in Fig. 3. As is com 
monly done in spectrum analyzers, the input signal goes 
through a series of frequency conversions to a fixed IF 
frequency (21.4 MHz) where the resolution bandwidth fil 
tering takes place. The first local oscillator is swept so the 
individual frequency components of the input signal are 
heterodyned one by one into the 21.4 MHz slot for sub 
sequent detection and display on the frequency scale of the 
CRT display. 

The detected video signal is sampled and stored digitally 
with by x 1000-point resolution for repetitive read-out by 
the display circuits. The video detector includes a "rusen- 
fell" a that enables the display circuits to present a 
more accurate reconstruction of the video signal than is 
"Hewlet t -Packard 's  implementat ion o f  ANSI / IEEE 488-1978.  

usually achieved with digital storage of spectrum analyzer 
signal traces. 

Microprocessor control led to the implementation of 
operating features that are especially useful for a mi 
crowave analyzer. For example, the instrument can sweep 
over its entire lOO-Hz-to-22-GHz frequency range without 
requiring the operator to be concerned with the four 
bandswitching points. For all frequency spans, the manual 
tuning control requires the same number of turns (iVz) to 
move a signal across the display, an especially convenient 
feature in view of the wide range of frequency spans offered , 
from 100 Hz to 20 GHz. A signal track mode maintains a 
drifting signal identified by a marker at center screen by 
automatically retuning the analyzer. The frequency of the 
drifting signal is also displayed continuously. 

Digital storage of a spectrum enables flicker-free viewing 
even though the instrument may sweep slowly. Digital 
storage also allows comparisons of two spectra and other 
data manipulations, such as normalizing a trace (subtract 
ing errors stored during a calibration sweep). With the 
analyzer's HP-IB port connected to a desktop computer, the 
stored data can be reformatted in the computer and then 
displayed in the new format on the analyzer's CRT. 

Under computer control, the analyzer can be used for 
complicated or time-consuming measurement routines 
with minimum operator involvement. It can also interact 
through the HP-IB with other instrumentation such as plot 
ters and signal generators. It is thus ideally suited for au 
tomatic component test of amplifiers, mixers, and oscil 
lators, as well as for such tasks as spectrum searches for RFI 
or unknown, intermittent signals. Every front-panel func 
tion can be programmed through the HP-IB and additional 
functions are provided to simplify the data handling be 
tween a controller and the instrument. 

Quiet ,  Accurate,  Local  Osci l lator  
The capability of resolving low-level signals that lie close 

to a large signal is a function of the phase noise characteris 
tics of the local oscillator as well as of the analyzer's filter 
bandwidth and shape factor. The local oscillator's phase- 
noise characteristics will be impressed on any signal on the 
spectrum display and could mask the smaller of two sig 
nals. To minimize this effect, the synthesized local oscil 
lator of the 8566A was designed for outstanding spectral 
purity. For example, noise sidebands for input signals up to 
5.8 GHz are more than 80 dB below the signal carrier in a 
10-Hz bandwidth at 320 Hz offset from the carrier. 

Like other microwave oscillators, the new analyzer's 
local oscillator has a limited tuning range (2-6 GHz) 
whereas frequency spans of several gigahertz are desirable 
for microwave spectrum analysis. In addition, the YIG- 
tuned oscillator commonly used as a local oscillator in 
microwave spectrum analyzers can be set to a given fre 
quency with an accuracy no better than a few megahertz 
because of nonlinearities in the magnetic tuning structure. 
However, for steady-state outputs, much better accuracy 
can be achieved by phase-locking the oscillator to a known 
harmonic of a stable lower-frequency reference. This prin 
ciple is applied to the sweeping local oscillator of the 
8566A by initially phase-locking the oscillator to a start 
frequency accurately synthesized from a stable reference, 
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LO-Synthesizer 

All 
Oscillators 

Digital 
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Scan 
Generator 

ACLU: Ampl i f ier -Coupler-Load Unit  LPF:  Low-Pass Fi l ter  
B P F :  B a n d p a s s  F i l t e r  Y T O :  Y I G - T u n e d  O s c i l l a t o r  
C I A :  C o u p l e r - I s o l a t o r  A m p l i f i e r  Y T X :  Y I G - T u n e d  M i x e r  

Fig. Analyzer. descriptions block diagram of the Model 8566 A Spectrum Analyzer. Detailed descriptions 
of the front end and the synthesized f i rst  local osci l lator wi l l  be found in the art ic les that fol low. 

then opening the phase-lock loop while retaining the cor 
rected tuning voltage on a storage capacitor, and adding a 
precision linear ramp to the tuning voltage to sweep the 
frequency. 

If the selected frequency span exceeds the tuning range of 
the YIG oscillator, the sweep stops at the end of the tuning 
range, a new start frequency at the lower edge of the oscil 
lator's range is synthesized, and the sweep continues using 
the oscillator's next higher harmonic. Known as the "lock- 
and-roll" technique, this occurs under microprocessor con 
trol without any intervention on the part of the operator. 

The lock-and-roll approach is used in the 8566A for fre 
quency spans as narrow as 100 Hz and as wide as 22 GHz â€” 
over eight decades of span width. An internal, oven- 
controlled, 10-MHz, crystal frequency standard with a sta 
bility of one part in 109 per day establishes the basic accu 
racy of the synthesizer. The start frequencies are syn 
thesized with a resolution of one hertz, and the sweep 
contributes an error of less than 1% of span width to the 
resulting stop frequencies, e.g., Â±1 Hz for the 100-Hz span. 
This level of accuracy has not been available for microwave 
spectrum analysis in the past. 

The exceptional stability of the local oscillator allows the 
use of a 10-Hz resolution bandwidth. Microwave signals, 
however, often do not have the frequency stability to permit 
measurements in a 10-Hz bandwidth. Therefore, a wide 
range of bandwidths is provided in the 8566A so an op 
timum bandwidth is available for any measuring situation. 
These range up to 3 MHz in a 1 - 3 - 10 sequence. With this 
large number of bandwidths to choose from, sweep time can 
be minimized since sweep time is generally constrained by 
the selected bandwidth (the sweep time must be slow 

enough to allow the resolution bandwidth filters to respond 
to changes in signal level, the allowed time being inversely 
proportional to the square of the bandwidth). 

Sensit ivi ty,  Flatness,  Distort ion 
In a broadband receiver such as a spectrum analyzer, a 

compromise must inevitably be made between sensitivity, 
frequency-response flatness, and distortion caused by over 
loading the input mixer. For the 2-to-22-GHz input fre 
quency range, a YIG-tuned preselecting filter in the 8566A 
improves distortion performance by attenuating large sig 
nals lying outside the frequency range of interest. However, 
the presence of such a filter can degrade flatness because of 
standing waves that develop as a result of impedance mis 
matches between the filter and the input mixer. In the past, 
the solution to this problem was to insert attenuation be 
tween the two components. This, however, caused a loss of 
sensitivity. 

Another way to avoid this problem is to keep the length of 
transmission line between the filter and the mixer much 
shorter than one-quarter wavelength at the highest fre 
quency of interest, i.e., much less than 3 mm at 22 GHz. This 
is done in the 8566A by integrating the filter and mixer in a 
single unit using microcircuit technology. As a result, flat 
ness is better than Â±2.2 dB up to 20 GHz and no lossy 
padding is required. Although the lower conversion effi 
ciency of harmonic mixing degrades sensitivity, sensitivity 
at 22 GHz is still better than -114 dBm (the highest har 
monic used is the fourth). 

For the frequency range from 100 Hz to 2.5 GHz, the 
instrument uses a broadband single-balanced mixer pre 
ceded by a low-pass filter. This gives a sensitivity of -134 
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S U M M A R Y  S P E C I F I C A T I O N S  
HP Mode l  8566A Spect rum Ana lyzer  

- 5 0  - 4 0  - 3 0  - 2 0  - 1 0  

E f f e c t i v e  I n p u t  L e v e l  ( d B m )  
(Signal  level  minus attenuator sett ing)  

Typica l  Opt imum Dynamic  Range."  

+ 1 0  + 2 0  

- 4 0  d B m  m i x e r  l e v e l  

S p e c i f i e d /  

Frequency Offset  f rom Carr ier  

Typ ica l  S ing le  S ideband Noise  Normal ized  to  1  Hz  BW. '  

Ampl i tude 
R A N G E :  d B /  d B m  t o  + 3 0  d B m  ( 3 2  n V  t o  7 . 0 7  v o l t s ,  5 0 ( 1 ) .  D i s p l a y e d  1 0 ,  5 ,  2 ,  o r  1  d B /  

d i v i s i o n  o r  l i n e a r  o n  a  1 0 - d i v i s i o n  l i n e a r  s c a l e .  
D Y N A M I C  R A N G E  

S E C O N D - H A R M O N I C  D I S T O R T I O N :  
< - 8 0  d B c ,  1 0 0  H z  t o  7 0 0  M H z  
< - 7 0  d B c ,  7 0 0  M H z  t o  2 . 5  G H z  
; - 1 0 0  d B c ,  2 . 0  G H z  t o  2 2  G H z  - 1 0  d B m  m i x e r  l e v e l  

T H I R D - O R D E R  I N T E R M O D U L A T I O N  D I S T O R T I O N :  
T H I R D - O R D E R  I M  I N T E R C E P T :  

'  + 7  d B m ,  1 0 0  H z  t o  5 . 8  G H z .  
|  + 5  d B m ,  5 . 8  G H z  t o  1 8 . 6  G H z .  

( + 1 2  d B m ,  1 0 0  H z  t o  5 . 8  G H z .  
+  1 0  d B m ,  5 . 8  G H z  t o  1 8 . 6  G H z .  
- 5  d B m .  1 8 . 6  t o  2 2  G H z .  

I M A G E  A N D  M U L T I P L E  R E S P O N S E S :  < - 7 0  d B c .  1 0 0  H z  t o  1 8 . 6  G H z .  
A V E R A G E  N O I S E  L E V E L  ( S E N S I T I V I T Y ) :  F o r  1 0 - H z  r e s o l u t i o n  B W :  

- 1 3 4  d B m ,  1  M H z  t o  2 . 5  G H z .  
- 1 3 2  d B m ,  2  G H z  t o  5 . 8  G H z .  
- 1 2 5  d B m ,  5 . 8  G H z  t o  1 2 . 5  G H z .  
- 1 1 9  d B m ,  1 2 . 5  G H z  t o  1 8 . 6  G H z .  
- 1 1 4  d B m ,  1 8 . 6  G H z  t o  2 2  G H z .  

A C C U R A C Y :  M e a s u r e m e n t  a c c u r a c y  i s  a  f u n c t i o n  o f  t e c h n i q u e .  T h e  f o l l o w i n g  s o u r c e s  f o r  
u n c e r t a i n t y  c a n  b e  s u m m e d  t o  d e t e r m i n e  a c h i e v a b l e  a c c u r a c y  ( a t  c o n s t a n t  a m b i e n t  
t e m p e r a t u r e ,  a s s u m i n g  t h e  e r r o r  c o r r e c t i o n  f u n c t i o n  a n d  p r e s e l e c t o r  p e a k  h a v e  b e e n  
u s e d ,  a n d  a v o i d i n g  u n n e c e s s a r y  c o n t r o l  c h a n g e s  b e t w e e n  c a l i b r a t i o n  a n d  m e a s u r e m e n t ) .  
C A L I B R A T O R  U N C E R T A I N T Y :  Â ± 0 . 3  d B .  

' T y p i c a l ,  n o n - w a r r a n t e d  p e r f o r m a n c e  p a r a m e t e r s  u s e f u l  i n  a p p l y i n g  t h e  i n s t r u m e n t .  

1  M H z  C O M P A R I S O N  U N C E R T A I N T Y  ( r e s u l t i n g  f r o m  o n e o f  t h e f o l l o w i n g  t e c h n i q u e s  f o r  c o m p a r  
i n g  t h e  u n k n o w n  s i g n a l  w i t h  t h e  c a l i b r a t o r ) :  
R E P O S I T I O N I N G  S I G N A L  T O  C A L I B R A T I O N  L E V E L :  Â ± 1 . 2  d B * .  
U S I N G  M A R K E R :  Â ± 3 . 2  d B ' .  

- 7 0  

- 1 2 0  

- 1 4 0  

3 MHz Bandwid th  

.  1 kHz 

1 0  H z  

2  G H z  3  G H z  5  G H z  

Frequency 

Average Displayed Noise Level  

2 0  G H z  

( c o n t i n u e d )  
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Sweep 
SWEEP TIME: 20 ms full span to 1500 s full span. Zero Frequency Span. 1 /Â¿s full sweep 

(of display) to 1500 s full sweep. 

Input 
RF INPUT: 100 Hz to 22 GHz.  50!!  dc coupled.  Precision Type N female.  Diode l imiter  

100 Hz to 2.5 GHz. Preselected 2.0 to 22 GHz. 
MAXIMUM INPUT LEVEL  

AC: -30 dBm (1 watt)  continuous power. 
DC: -100 mA current damage level .  

ATTENUATOR: 70-dB range in 10-dB steps.  

Outputs 
FIRST LOCAL OSCILLATOR:  2 .3  GHz to  6 .1  GHz;>-5  dBm into  50Ã1.  
DISPLAY: X. Y. and Z outputs for auxiliary CRT display. 
RECORDER: Hor izontal  sweep output  (X).  v ideo output  (Y).  and penl i f t 'b lanking output  (Z) 

to dr ive an X-Y recorder .  

Instrument  State Storage 
Up to recalled. sets of user defined control settings may be saved and recalled. 

Remote Operat ion 
All analyzer control settings (with the exception of video trigger level, focus, align, intensity, 
frequency zero, amplitude cal. and line power) may be programmed via the Hewlett-Packard 
Interface Bus (HP-IB). 

General 
E N V I R O N M E N T A L :  O p e r a t i o n  0 : C  t o  5 5 : C .  < 9 5 %  r e l a t i v e  h u m i d i t y .  0 = C  t o  

40;C. 
EMI: Conducted and radiated interference is within the requirements of CE 03 and RE 02 

of MIL STD 461 A. and within the requirements of VDE 0871 and CISPR publication 1 1 . 
W A R M - U P  T I M E  

OPERATION: Requi res 30 minute warm-up f rom cold s tar t .  0"  to  55;C.  In ternal  tempera 
ture equi l ibr ium is  reached af ter  2 hr .  warm-up at  s table outs ide temperature.  

FREQUENCY REFERENCE:  Ag ing ra te  a t ta ined a f ter  24 hr .  warm-up f rom co ld  s tar t  a t  
25"C.  F requency  i s  w i th in  1  x  to  o f  f i na l  s tab i l i zed  f requency  w i th in  30  minu tes .  

P O W E R  - 1 0 % ) :  5 0  t o  6 0  H z :  1 0 0 ,  1 2 0 ,  2 2 0  o r  2 4 0  v o l t s  ( - 5 % ,  - 1 0 % ) :  a p  
prox imate ly  650 VA (40 VA in  s tandby) .  400 Hz operat ion ava i lab le .  

WEIGHT:  50kg  (112  I b ) .  
D I M E N S I O N S :  2 8 0  m m  H  x  4 2 6  m m  W  x  6 0 0  m m  D  ( 1 1  x  1 6 %  x  2 3 ' / 2  i n ) .  
PRICE IN U.S.A.:  $47,500. 400-Hz operation, add $400. 
MANUFACTURING D IV IS ION:  SANTA ROSA D IV IS ION 

1400 Founta in  Grove Parkway 
Santa Rosa,  Cal i forn ia 95404 U.S.A.  

dBm, a flatness of Â±0.6 dB, and a third-order intermodula- 
tion intercept point of +7 dBm for closely-spaced signals. 
The input signal is automatically switched to the appro 
priate mixer by the microprocessor according to the fre 
quency span selected. 

The combination of high-performance analog circuit 
components and internal data handling by microprocessors 
has resulted in a spectrum analyzer that sets new standards 
for measurement capability and user convenience in the 
microwave frequency range. 
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Broadband Input Mixers for a Microwave 
Spectrum Analyzer 
by  John  C .  Lamy and  Frank  K .  Dav id  

TO PROVIDE THE USER with state-of-the-art spec 
trum analyzer performance over a broad range of 
frequencies, a dual front-end approach was chosen 

for the Model 8566A Spectrum Analyzer. The input section 
has two independent heterodyne conversion channels: a 
2-to-22 GHz YIG-preselected harmonic mixer chain, and a 
100-Hz-to-2.5-GHz up-down converter chain. As indicated 
in Fig. 1, these alternative paths are selected automatically 
by a mechanical relay that is under control of a micro 
processor. 

The dual approach was chosen because present-day YIG 
technology, which provides the analyzer's spurious-free 
microwave performance, is not applicable at lower fre 
quencies. The use of two techniques enables top perfor 
mance over the full lOO-Hz-to-22-GHz operating range of 

the instrument. 

2-to-22-GHz Band 
The 2-to-22-GHz band on the 8566A is a modern im 

plementation of a classical concept: a multiconversion 
heterodyne receiver with a broadband input mixer. Much of 
the system's performance depends on the input mixer, 
which converts the input signal frequency to a fixed IF. 
When the frequency of the sweeping local oscillator (YTO) 
equals the input signal plus or minus the first IF, a response 
is generated in the IF detector. The response appears as a 
pulse on the display, which sweeps in synchronism with 
the LO as the LO sweeps the signal past the IF. 

The broadband front-end mixer traditionally reduces to 
an extremely simple piece of hardware: a single diode in a 

Y T X  

Signal 
Input 

Directional 
F i l t e r  B P F  

f , = 3 . 6 2 1  G H z  f n = 3 . 6 2 1 . G H z  

- 1 0 . 5  d B m  

First Converter 
Tuning  To  Phase-Lock  
V o l t a g e  L o o p  

Fig. Spectrum control diagram of the input section of the Model 8566 A Spectrum Analyzer. The control 
microprocessor selects the appropr iate s ignal  path according to the f requency span selected.  
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Mixer Diode 

Coupling Loops 
(4 Total) 

Fig.  2 .  Schemat ic  representat ion o f  the YIG- tuned f i l te r  and 
mixer  (YTX)  used in  the  8566A.  A/ though th is  shows a l l  the  
coup/ ing loops in the same plane, the two loops for each YIG 
sphere cross at  an angle so coupl ing occurs only at  the reso 
nant frequency of the Y/G sphere, which is a function of the dc 
magnet ic f ie ld st rength.  

structure made small compared to the wavelength of the 
signal, LO, and IF frequencies. 

Simple? Yes, except that there is a great deal more in 
volved than appears on the surface. Four kinds of unwanted 
responses are generated along with the wanted response: 
those resulting from image frequencies, multiples (fre 
quencies that beat with harmonics of the LO), out-of-band 
signals, and signal harmonics. The traditional solution to 
the problem is to precede the input mixer with a tunable 
narrow-band filter that tracks the frequency tuning of the 
analyzer. This suppresses the unwanted responses but 
trades off performance because of the impedance mismatch 
between the preselector filter and the mixer. The mismatch 
causes standing waves to develop on the transmission line 
between them, introducing substantial variations in the 
analyzer's frequency response. The solution to that problem 
has been to insert attenuation between the preselector and 
the mixer, which results in some loss of sensitivity. 

In short, the preselector eliminates unwanted responses 
but forces a trade-off between flatness and sensitivity, two 
key performance characteristics of the analyzer. 

The Y IG-Tuned Mixer  
This trade-off was eliminated in the 8566A by integrating 

the mixer diode with the YIG-tuned preselector such that 
there is essentially zero line length between them. The 
complete structure is called the YIG-tuned mixer, or YTX. 

Operation of the high-band front-end system can be 
explained with reference to Fig. 1. The 2-to-6-GHz swept 
LO signal is applied to the ACLU (amplifier-coupler-load 

Tuning Curves 
.  F r e q u e n c y  G H z  f o r  t h e  

T u n i n g  C u r r e n t  T h r e e  S p h e r e s  

Badly Detuned 

unit) where it is amplified and leveled by a saturating FET 
amplifier. It is then coupled to the main line where it travels 
to the YTX diode, switching the diode on and off. The on-off 
ratio (conduction angle) is controlled by the dcbias applied 
through the bias port of the ACLU. Different conduction 
angles are chosen for the various harmonics of the LO, 
enabling operation to 22 GHz. 

Three YIG spheres with their coupling loops form the 
YTX bandpass filter, as shown in Fig. 2. The filter is tuned 
to the analyzer's instantaneous frequency by varying the 
applied magnetic field. An input signal passing through the 
filter is alternately transmitted and reflected back by the 
mixer diode as the diode switches on and off. Frequencies 
above 2 GHz in the transmitted part terminate in the 50Ã1 
resistor of the ACLU. The 321-MHz IF generated at the 
mixer diode passes through the ACLU tuned circuit and 
into the IF section. Because of the preselector, it is not 
necessary to use a relatively high first IF to space the image 
frequency far enough from the desired signal to make it easy 
to deal with, another advantage of the preselector approach. 

The YTX is designed to mix on the first through fourth 
harmonics of the LO. The control microprocessor selects 
the appropriate harmonic so the harmonic bandwitching is 
transparent to the user. 

Design Considerat ions 
Although the use of microcircuitry solved the major prob 

lems, there were others that had to be dealt with. The first 
was how to guarantee 70-dB rejection of unwanted signals. 
A rule of thumb in YIG filter design is that each resonator 
sphere can contribute about 25 dB of stopband isolation, so 
three spheres seemed to be about right. But then, how do 
you guarantee that all three spheres are subject to the same 
magnetic field intensity as the intensity is varied over a 
10-to-l range? The error can be no more than 1 part in 2000, 
equivalent to a tuning error of 10 MHz, or one-half the 
preselector 3-dB bandwidth at a center frequency of 20 GHz. 
Since the H field is controlled by the 1.35-mm (0.054-inch) 
gap in the electromagnet, a 1/2000 error is less than 0.75 /Â¿m 
(30 millionths of an inch) of pole-face nonparallelism, vir 
tually impossible to hold in production since it would be 
the sum of machining tolerances in three relatively large 
pieces of steel. 

The usual way to maintain acceptable parallelism in a 
multi-sphere structure has been to shim the pieces with 
tape at strategic points. The way used for the YTX is to 
intentionally grind the pole faces with a slight tilt and then, 

Tuning Current Frequency GHz 

Uniform 
H-Field 

Tuning Current 

1 , 2 , 3  

Tuning Current 

Before Alignment After Alignment 

Fig .  exaggera ted  the  o f  the  tun ing  magnet  po le  faces ,  shown exaggera ted  here ,  causes  the  
three YIG spheres to have di f ferent tuning character ist ics.  Rotat ing the pole pieces to br ing the 
ti l ted faces into parallel alignment achieves identical tuning characteristics for the three spheres. 
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Precision Assembly of a YIG-Tuned 
Mixer 

Examinat ion of the YIG-tuned mixer for the Model 8566A Spectrum 
Ana lyzer  ind ica ted tha t  i t  cou ld  not  be  manufac tured by  t rad i t iona l  
m a n u f a c t u r i n g  m e t h o d s .  T o  m a i n t a i n  t h e  d e s i g n e r ' s  i n t e n t  w h i l e  
ach iev ing ef f ic ient  f ix tur ing i t  was conc luded that  the engineer  who 
did the mechanical design of the YTX should also develop the tool ing 
f o r  m a n u f a c t u r i n g .  I n  t h i s  w a y ,  i t  w o u l d  b e  p o s s i b l e  t o  a v o i d  t h e  
p rob lems tha t  occur  when a  manufac tu r ing  eng ineer  deve lops  con  
cepts  heavy d i f fe r  f rom the des ign eng ineer 's .  Th is  p laced a  heavy 
bu rden  on  the  des ign  eng ineer  as  the  assemb ly  f i x tu r ing  was  con  
stant ly  being evaluated and changed,  but  i t  pa id of f  in  that  the f ina l  
des ign  was n ice ly  manufac turab le .  

A photograph of the interior of the YTX is shown in Fig. 1 . The main 
part spheres the circular piece with the three holes where the YIG spheres 
are located. This part is molded of Fiberi te and then gold-plated. The 
D-shaped par t  su r round ing  i t  i s  made o f  copper  fo r  good hea t  con  
duct ion.  The smal l  microc i rcu i t  a t  the upper  r ight  corner  is  a  heater  
and  the  dev ice  a t  the  lower  r igh t  co rner  where  the  f l y ing  lead  con  
nec t s  a  a  t he rm i s t o r .  The  hea te r  ma in ta i ns  t he  Y IG  sphe res  a t  a  
s l ight ly  e levated temperature so the i r  temperature can be he ld  con 
stant  dur ing f luctuat ions in  the ambient .  

Fig. 1 . Internal view of the YIG-tuned mixer (YTX). The circular 
part that has the three holes for the YIG spheres is only 9 mm in 
diameter.  

The thermal circui t  to the three YIG spheres is completed by metal  
rods that  are held in cy l indr ical  spr ing- loaded c lamp c i rcui ts ,  shown 
p ro t r ud i ng  f r om  the  D  r i ng .  The  rod  ends  a re  access i b l e  t h rough  
p lug-holes in  the external  magnet  s t ructure so,  wi th  the magnets in  
place, the rods can be rotated and moved axial ly  to f ind the posi t ion 
fo r  bes t  tempera tu re  compensa t ion .  Th is  ad jus tab i l i t y  i s  ob ta ined  
wh i l e  enough  good  t he rma l  con tac t .  The  c l amps  a re  f i rm  enough  
to obviate the need for  any addi t ional  c lamping device or  cement  to  
p revent  movement  dur ing  shock  and v ib ra t ion .  

The YIG sphere coupling loops are just visible in the photo. Only 50 
/ t tm (0.002 inch) thick,  these have to be dimensioned and posi t ioned 
very precisely .  For  example,  the d is tance between a loop and a YIG 
sphere must not vary by more than 25 Â¡j .m (0.001 inch).  I t  would be 
ve ry  d i f f i cu l t  fo r  even  a  h igh ly  sk i l l ed  person  to  fo rm and  pos i t i on  
these loops wi th the precis ion required.  This problem was solved by 
u s i n g  l o o p s  c h e m i c a l  m i l l i n g  t e c h n i q u e s  t o  m i l l  t h e  l o o p s  

f r o m  o f  c o p p e r ,  o b t a i n i n g  s t u r d y  p a r t s  w i t h  a  t o l e r a n c e  o f  Â ± 5  
Aim (0.0002 inch) and excel lent  repeatabi l i ty .  These are checked in 
the assembly area with an opt ical  comparator just before assembly. 

Molding on the Product ion Line 
Molding of  the d ie lect r ic  for  the coaxia l  sect ions presented some 

spec ia l  p rob lems .  I n jec t i on  mo ld ing  was  cons ide red  bu t  re jec ted  
because of the fragil i ty of the coax parts (there is a 665-10-1 72-/n.m 
center conductor t ransi t ion) and the fear that  the air- f i l led microbal-  
loons requ i red to  obta in  the cor rec t  d ie lec t r ic  constant  cou ld  sepa 
rate f rom the resin and f i l lers when exposed to restr icted f low under 
h igh  p ressure .  Too l ing  was  deve loped tha t  wou ld  a l low the  cen te r  
conductor  to  be  inser ted  and pos i t ioned accura te ly  a f te r  the  outer  
sect ion is  f i l led wi th the die lectr ic  in a p last ic  state.  The assembled 
un i t  i s  o f  cured in  a  pressure  vesse l  to  min imize  any  expans ion  o f  
t rapped air  due to the elevated cur ing temperature. After the cur ing, 
the lead lengths and excess epoxy are t r immed,  and then the coax 
assembly  i s  tes ted  w i th  a  t ime-domain  re f lec tometer  to  assure  i t s  
acceptab i l i t y .  A l l  o f  these opera t ions  are  per fo rmed in  the  f ina l  as  
sembly  area to  assure maintenance of  the to lerances des i red.  

Specia l  Solder ing Techniques 
A key  o f  i n  the  moun t ing  o f  the  ve ry  sma l l  pa r ts  was  the  use  o f  

s o l d e r  a  ( s o l d e r  g r a n u l e s  s u s p e n d e d  i n  f l u x ) .  I t  i s  u s e d  a s  a  
l i q u i d  p r e f o r m  t h a t  e n a b l e d  u s  t o  s o l d e r  p a r t s  t h a t  c o u l d  n o t  b e  
so ldered by convent iona l  means.  

YIG 
^ " A s s e m b l y  

Input  

Fig.  2.  Cross-sect ion of  the YTX. 
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I t  became apparent that solder ing the ent i re structure at  one t ime 
was imprac t ica l ,  so  some means had to  be  found tha t  wou ld  a l low 
solder ing wi thout  ref lowing prev iously-made solder  jo ints .  The solu 
t ion was to use solders with higher melt ing temperatures for the early 
operations. As a result, it is possible to solder the coax sections to the 
assemb led  cen t ra l  un i t  du r i ng  f i na l  ope ra t i ons ,  ob ta in ing  a  we l l -  
bonded ground ing s t ruc ture .  

Thermal  Design of  the Magnet  
A major object ive was to provide a constant, uniform magnetic f lux 

under a l l  envi ronmental  condi t ions.  A cross-sect ion of  the magnet ic  
st ructure wi th the YIG-sphere assembly in p lace is  shown in Fig.  2.  
The pole tips of the magnet are made of a material that has a different 
t h e r m a l  e x p a n s i o n  r a t i o  f r o m  t h e  m a i n  b o d y  s o  t h e  m a g n e t  g a p  
remains constant  desp i te  changes in  the ambient  temperature.  

However ,  some shor t - te rm d i f fe ren t ia l  heat ing  o f  the  magnet  oc  
curs  whenever  the tun ing co i l  cur rent  is  changed wi th  the greatest  
change occurr ing at  the high end of  the YIG tuning range where the 
current is proportionately high. Because of the relatively poor thermal 

conduct iv i ty  o f  the  n icke l - i ron  a l loys  used,  a  tempera ture  grad ient  
would ex is t  between the poles and the main body s ince the outs ide 
surface dissipates heat more readily than the pole faces. This results 
in changes in the gap spacing, hence in the YIG tuning. This problem 
was minimized by insta l l ing a luminum discs between the pole faces 
and the outer  r ing as shown in Fig.  2.  These serve as thermal  short  
c i rcu i ts  be tween the  po le  faces and the  magnet  body reduc ing the  
differential heating by a factor of 1 0 (a single slot cut radially in each 
d isc  prevents  the format ion o f  eddy cur rents) .  Res idua l  shor t - term 
temperature di f ferent ials are compensated for by the microprocessor 
cont ro l  sys tem (see box,  page 15) .  
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with the structure assembled, use a desktop computer test 
program that indicates to the test technician how much the 
pole pieces should be rotated with respect to each other 
around their common axis so the tilt in one pole face will 
match the tilt in the other (Fig. 3). The computer controls 
test instruments that make frequency response curves as the 
filter is tuned throughout the 2-to-22-GHz range. Mis 
alignment of the pole faces causes the frequency response 
curves to have three humps. The technician measures the 
frequency separation between adjacent humps and enters 
this value into the computer, which then calculates the 
amount of rotation required to bring the pole faces into 
alignment. Usually, one pass is sufficient to achieve virtu 
ally perfect parallelism. This procedure takes less than 15 
minutes. 

A second problem concerned the impedance match look 
ing from the diode toward the ACLU load where the input 
signals would normally terminate. To meet our flatness 
goals, the return loss had to exceed 20 dB over the entire 
2-to-22-GHz range. Although this can be done up to 6 GHz, 
it is unrealistic to expect this performance of the SMA 
connector pairs used for the connections, not to mention the 
transitions from coax to microstrip and so on. To surmount 
this problem, the YTX uses polyiron-loaded dielectric in a 
specially designed molded coax assembly (Fig. 2). The 
polyiron is lossless at the IF and LO frequencies, but above 6 
GHz it becomes lossy and acts as a good termination to 
signals above 12 GHz, giving outstanding flatness. 

Ampli f ier /Coupler /Load Unit  
Of the several functions that the amplifier/coupler/Ioad 

unit (ACLU) performs, its contribution to the high-band 
flatness is most noteworthy. 

First, it provides a relatively constant LO power to the 
YTX's single-diode harmonic mixer. For some harmonics, 
the mixer's conversion efficiency is a function of the diode's 
conduction angle, and the conduction angle changes with 
changing LO power level. The FET amplifier in the ACLU 
operates in a saturated mode, and therefore provides gain 
compression that greatly reduces the YTO power variations 
that exist unit-to-unit and as a function of frequency and 

temperature. The amount of gain compression is shown in 
Fig. 4. 

The second contribution to flatness is the isolation and 
match that the coupler load portion of the ACLU provides 
for the signal input to the YTX. Input signals in the 2-to- 
22-GHz range go into the YTX, mix in the diode, and then go 
into the ACLU. If any significant portion of this signal 
reflects off the ACLU's input and returns to the YTX, ripple 
will be produced in the YTX's conversion efficiency. This 
doesn't happen, due in part to the isolation from the 
amplifier's output provided by the coupler, and also to the 
termination provided by the 50fi thin-film resistor. The 
50ÃÃ resistor is ac-coupled to ground through the 16-pF 
capacitor (see Fig. 1) such that it terminates frequencies of 2 
GHz on up, but allows 321 MHz to exit the IF port with only 
small loss (about 3 dB). The 16-pF capacitor and some 
thin-film inductors provide a 321-MHz tuned matching 
network to match the nominal 50Ã1 IF impedance to the 
series combination of the 50ÃÃ resistor and the mixing diode 
in the YTX (a combination of approximately 150Ã1). 

Fig. the Variat ions in the local osci l lator power supplied to the 
mixer diode are compressed by operat ing the FET ampli f ier in 
a  saturated mode.  
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Sapphire Substrate 

L O  3 . 6 - 6 . 1  G H z  

Planar, Edge-Coupled 
Marchand Balum 

Signal 
0-2.5 
GHz 

Ground Plane Fig .  5 .  D iagrammat ic  represen ta  
t i on  o f  t he  second  conve r te r  m i -  
c roc i rcu i t .  The 50ÃI  terminat ions 
lor the directional f i l ter are actually 
f o r m e d  a s  t h i n  f i l m s  a l o n g  t h e  
edge of  the substrate.  

0-to-2.5-GHz Band 
As shown in Fig. 1, the ACLU is the supplier of local 

oscillator power for both frequency bands. To remove the 
problem of image response in the 0-to-2.5-GHz band, a 
double frequency conversion is performed on the input 
signal. First there's an up-conversion to a fixed 3.6-GHz IF 
and then, after some filtering, a down-conversion to a 
321-MHz IF. 

Although the image response is effectively removed by 
this technique, the added components compound the prob 
lem of trying to fit maximum performance into minimum 
space. This problem was kept in check by using thin-film 
technology and a high degree of integration of components. 
Microcircuit technology is used in the assembly of the limi- 
ter, first converter, second converter, and ACLU. 

Limiter 
The limiter's function is to reduce the burn-out suscepti 

bility of the first-converter mixing diodes from an overload 
at the input. It does this very well for CW input powers 
between 1 milliwatt (onset of limiting action) to 10 watts. 
When not limiting, the device is virtually transparent to the 
incoming signal (loss <1 dB, VSWR <1.25). A back-to-back 
diode arrangement eliminates the need for dc blocks or 
returns allowing the limiter to operate to very low frequen 
cies, even dc. 

First  Converter 
The first converter is designed to achieve a good balance 

of flatness, low distortion, and conversion efficiency. Be 
cause the frequency response and distortion characteristics 
in the 0-to-2.5-GHz range are determined primarily by the 
first converter's conversion flatness and distortion, these 
parameters were optimized in a trade-off with conversion 

efficiency, giving a flatness of Â±0.6 dB for the input signal 
range of 100 Hz to 2. 5 GHz. Fora -30-dBm input to the first 
converter, the harmonic distortion and third-order distor 
tion products are 70 dBc and 90 dBc respectively over the 
range of 100 Hz to 700 MHz, which covers the important 
communication bands. 

Several specific parts of the first converter, shown in Fig. 
5, contribute significantly to its good performance. The 
planar, edge-coupled, realization of a Marchand balun,1 
which carries the LO signal to the diodes, contributes to 
good flatness by isolating the signal and IF paths from the 
LO port. Distortion is reduced by bringing the LO in on the 
broadband, balanced structure. Distortion is further re 
duced by use of an integrated dual beam-lead diode that has 
closely matched parameters for each of the diodes in the 
pair. Finally the directional filter is crucial in achieving 
good flatness without excessive reduction in conversion 
efficiency. This filter passes the 3.6-GHz IF with minimal 
insertion loss while providing a good resistive termination 
for all of the other frequencies produced in the mixer. 

Second Converter  
The second converter achieves its function in a small 

volume with good efficiency and low phase noise. 
The 3.3-GHz VCO in the second converter is a push-pull 

two-transistor oscillator using a microstrip horseshoe re 
sonator.2 Typically, microstrip resonators have compara 
tively low unloaded Q (around 250), and hence are not 
noted for particularly low phase noise when used in oscil 
lators. By optimizing the resonator's dimensions (for 
maximum unloaded Q) and by running low bias current in 
the transistors (7 mA per transistor) the loaded Q of the 
oscillator was improved to the point that at 1 MHz away 
from the carrier, phase noise in this oscillator is as low as 
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that in a typical YIG-tuned oscillator (-135 dBc/Hz). The 
close-in phase noise performance is improved by phase- 
locking the oscillator to a harmonic of the instrument's 
100-MHz reference frequency. A microcircuit sampler 
serves as the phase detector. It samples the 3.3-GHz signal at 
the 100-MHz rate and the resulting dc is used to control the 
VCO. 

The conversion efficiency of this converter was enhanced 
by taking advantage of the fact that the frequencies at all 
three mixer ports are fixed. These ports are tuned so as to 
reflect the energy of higher mixing products back to the 
mixing diodes where they are reconverted to the IF fre 
quency. This raises the conversion efficiency, which ini 
tially was 25%, up to 40%. 
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A Synthesized Microwave Local  Osci l lator  
wi th Cont inuous-Sweep Capabi l i ty  
by Larry  R.  Mart in ,  Kenneth L .  Lange,  and Stephen T.  Sparks 

THE FREQUENCY ACCURACY and stability of the 
Model 8566A Spectrum Analyzer allows the use of 
a resolution bandwidth of 10 Hz anywhere within 

the lOO-Hz-to-22-GHz range of the instrument. The instru 
ment's accuracy, stability, and sensitivity also give it the 
ability to measure microwave frequencies at very low sig 
nal levels with an accuracy approaching that of the best 
microwave frequency counters. The low phase noise 
enables the analyzer to make measurements in the audio 
frequency range as well as the RF and microwave ranges, 
and in many cases allows it to measure the phase noise of 
microwave oscillators directly. 

Performance of this caliber requires synthesizer accuracy 
in the local oscillators. To achieve this accuracy along with 
a sweeping capability, the frequency-conversion chain in 
the Model 8566A uses seven phase-locked loops, two of 

which have direct sweeping capability. A block diagram is 
shown in Fig. 1. 

When the analyzer's input frequency is in the O-to-2.5 
GHz range where the broadband front end is used, the 
instrument operates as a conventional high-IF machine 
with a first IF of 3.6214 GHz. A 3.3-GHz source reduces this 
IF to a second IF of 321.4 MHz, which is further down- 
converted by a 300-MHz signal to a final IF of 21.4 MHz. 
When the input frequency is in the 2-to-22-GHz range 
where the preselector is used, the 321.4-MHz IF becomes 
the first IF and the 3.3-GHz source is disabled. 

The YTO (YIG-tuned oscillator) loop shown in Fig. 1 is 
the final summing loop of the synthesizer system that func 
tions as the first local oscillator in both frequency ranges. 
The inputs to this loop are a fixed reference frequency from 
the M/N loop, a fixed or swept frequency from the low- 
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RF In IF Out 

1 0 M H z  
Standard 

F i g .  1 .  F r e q u e n c y  c o n v e r s i o n  
c h a i n  u s e s  s e v e n  p h a s e - l o c k e d  
loops, two of which can be swept.  
A l l  a r e  r e f e r e n c e d  t o  a  1 0 - M H z  
oven-contro l led crysta l  f requency 
standard that has an aging rate of  
less than one part  in 109 per day. 

frequency synthesizer, depending on the sweep range, and 
a sweep control from the sweep generator, also depending 
on the sweep range. The M/N loop provides YTO tuning 
steps in 10-MHz increments and the low-frequency syn 
thesizer interpolates between the 10-MHz steps. 

Before the start of a frequency scan, the YTO is tuned by a 
12-bit digital-to-analog converter (DAC) such that its un 
locked frequency lies 20 to 30 MHz below the Nth harmonic 
of the M/N loop output. The YTO output is mixed with the 
Nth harmonic and the resulting difference frequency is 
applied to a phase-frequency detector, as shown in Fig. 2. 
The other input to the phase-frequency detector comes from 
the low-frequency synthesizer. When the loop is closed the 
output of the phase detector is applied to the YTO tuning 
coils, forcing the YTO to track a combination of the M/N 
loop and low-frequency synthesizer frequencies. 

The output frequency of the M/N loop, which ranges 
between 182 and 198 MHz, is defined by the equation: 

fM/N = 200 - 10M/N MHz 

so the Nth harmonic is 200N-10M. Thus, the frequency of 

the YTO loop in the locked condition is: 

ÃYTO = 200N - 10M - flfs MHz 
where f]fs, the output of the low-frequency synthesizer, 
can be varied between 20 and 30 MHz in 1-Hz steps when 
setting a start frequency. 

For frequency sweeps greater than 5 MHz, the M/N loop 
and the low-frequency synthesizer establish a precise start 
frequency, as determined by the main control microproces 
sor in response to the front-panel or HP-IB inputs. The YTO 
control voltage for this frequency is then retained on a 
capacitor, the YTO phase-lock loop is opened, and the 
sweep voltage is added to the YTO tuning voltage (see Fig. 
2). When the frequency sweep is less than 5 MHz, the 
frequency sweep is generated within the low-frequency 
synthesizer and the YTO remains phase-locked to it and the 
M/N loop throughout the sweep. 

10-MHz Increments 
The high-purity M/N output originates in a voltage- 

controlled oscillator (VCO) that uses the same type of fore- 

Sweep Ramp to RF Module  

2 5  m A / G H z  

12 
Y T O  O u t  

2 . 3 2 1 4 - 6 . 1 2 1 4  G H z  

Coupler- 
Isolator- 
Amplifer 

(CIA) 

M/N In 

15-30 MHz From Low- 
Frequency Synthesizer 

Fig. 2.  YTO (YIG-tuned osci l lator)  
c o n t r o l  l o o p  l o c k s  t h e  Y T O  t o  a  
combina t ion  o f  the  M/N and  low-  
f r e q u e n c y - s y n t h e s i z e r  l o o p  f r e  
quencies. 
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Some Microprocessor Contributions 
to 

Spectrum Analyzer Performance 

by Michael  S.  Marzalek 

The new Model  8566A Spectrum Analyzer  uses v i r tual ly  the same 
digital hardware as the Model 8568A.1 In fact, both instruments share 
the  same IF /D isp lay  un i t ,  wh ich  means they  are  iden t ica l  f rom the  
21 -MHz third IF on through the video detector to the display process 
ing circuits.  The di f ferences, from the digi tal  point of view, are in the 
cont ro l  o f  the f ront  end and the f i rs t  and second IF s tages.  

Because o f  the  fundamenta l  d i f fe rences  be tween the  ana log  c i r  
c u i t s  i n  t h e  n e w  8 5 6 6 A  a n d  t h o s e  i n  t h e  8 5 6 8 A ,  t h e r e  w e r e  n e w  
opportuni t ies to use the power of  microprocessor control  to enhance 
pe r fo rmance .  One  a rea  in  wh ich  d ig i ta l  con t ro l  con t r i bu tes  to  the  
8566A's  per formance is  in  he lp ing the YTX (YIG-tuned mixer)  t rack 
t h e  Y T O  t e c h  l o c a l  o s c i l l a t o r ) .  T h r o u g h  p h a s e - l o c k i n g  t e c h  
niques, the YTO is always tuned precisely at the start of a sweep but, 
by necessity, the YTX operates open loop. Delays between the actual 
f requency  scan and the  tun ing  ramp,  hys te res is  in  the  tun ing  mag 
nets, and self-heating of the tuning coi ls al l  contr ibute to mistracking 
of the the and the YTX. Since i t  is necessary for the YTX to track the 
YTO wi th in Â±10 MHz (3-dB bandwidth)  in  spi te of  s tep changes as 
wide YTX 22 GHz, methods of compensating for mistuning of the YTX 
had to  be  deve loped.  

Sweep delays are equal ized by res is tor -capaci tor  t ime constants  
inserted in the faster circuits. Hysteresis effects are compensated for 
by tuning the YTX well  below the start frequency before the start of a 
s w e e p  s o  i t  a p p r o a c h e s  t h e  s t a r t  f r e q u e n c y  f r o m  b e l o w  a n d  c o n  
t i nues  upwards  du r ing  the  scan .  The  dec i s ion  made  by  the  m ic ro  
processor on how far to go below the start frequency and how long to 
ho ld i t  there before s tar t ing the sweep is  based on the re la t ionship 
between the previous f requency of  the YTX and the new f requency.  

Heating Effects 
The  e f fec ts  o f  d i f f e ren t ia l  t he rma l  expans ion  in  the  YTX tun ing  

magnet ,  a l ready reduced a  fac tor  o f  10 by  a luminum thermal  shor t  
c i rcui ts (see page 10),  are fur ther reduced by f i rmware rout ines to a 
p o i n t  f r e  t h e y  a r e  n e g l i g i b l e  f o r  m o s t  a p p l i c a t i o n s .  W h e n  a  f r e  
quency change is  cal led for ,  the microprocessor calculates the f inal  
temperature, Tx, that the YTX magnet would arr ive at,  proport ional to 
t h e  p o w e r  d i s s i p a t e d  i n  t h e  Y T X  ( T x  =  t ^ x f , , 2 ,  w h e r e  t h e  c e n t e r  
f requency fc,  is  proport ional  to the coi l  current  that  causes the heat 
ing). The microprocessor also stores a variable that is indicative of the 
magnet 's  p resent  temperature ,  TÂ¡ .  A t  the  end o f  each sweep,  the  

microprocessor  then ca lcu la tes a  new va lue of  T ,  such that :  

TÂ¡Â«-TÂ¡ + K2 (Tx-TÂ¡)(ts + tp) 

whe re  K2  i s  t he  se l f - hea t i ng  the rma l  conduc t i v i t y  o f  t he  magne t ,  
ts  is  the sweep t ime,  and tp  is  the nominal  end-of -scan process ing 
time. 

The  m ic rop rocesso r  t hen  uses  T !  t o  ca l cu la te  a  t un ing  co i l  cu r  
rent offset,  appl ied through a DAC, to compensate for the short- term 
se l f - hea t i ng  e f f ec t .  The  on l y  res t r i c t i on  i n  t he  app l i ca t i on  o f  t h i s  
technique is that the analyzer should be kept sweeping since i t  is the 
on ly  way the processor  has o f  keeping t rack o f  t ime.  

Another new funct ion performed by the microprocessor is  determi 
na t ion  o f  the  t ime requ i red  fo r  phase-er ro r  t rans ien ts  to  d ie  down 
before a sweep starts. An example wil l  i l lustrate the need. I f  the YTO 
w e r e  s w e e p i n g  a  5 - M H z  s c a n ,  t h e  n a r r o w e s t  o p e n - l o o p  s c a n ,  a  
change in center frequency could cause the frequency to step over a 
band-swi tch ing  po in t ,  caus ing the  YTO to  s tep  f rom one end o f  i t s  
tuning range to the other. This frequency step could be as large as 3 
GHz, yet the sweep start must be within 2% of 5 MHz or 1 00 kHz when 
the sweep starts.  The microprocessor,  by knowing the frequency the 
YTO is coming from, the frequency to which i t  is going, and the span 
w id th ,  ca lcu la tes  the  t ime the  YTO must  be  he ld  in  the  phase- lock  
state to al low transients to die down to the point where the frequency 
spec i f icat ion can be met .  

Preselector Peaking 
In  cases where a cr i t ica l  leve l  measurement  requi res the YTX to  

be  tuned  exac t l y  to  a  s igna l ' s  f requency ,  the  m ic rop rocessor  can  
per form a prese lec tor  peak ing rout ine.  Th is  rout ine is  ca l led  when 
the  d i sp lay  marke r  i s  pos i t i oned  on  the  s igna l  o f  i n te res t  and  the  
PRESEL PEAK pushbutton Â¡s pressed. Using the offset DAC, the micro 
p rocesso r  t unes  t he  YTX  to  max im ize  t he  amp l i t ude  response  o f  
the  d isp layed s igna l  and then re ta ins  the  o f fse t .  The o f fse t  i s  a lso  
stored along with the control sett ings whenever the SAVE pushbutton 
is pressed. 

Reference 
1 .  M .S .  Marza lek  and  L .W.  Whee lw r i gh t ,  "Deve lop ing  t he  D ig i t a l  
Cont ro l  Sys tem for  the  Model  8568A Spect rum Ana lyzer , "  Hewle t t -  
Packard Journal ,  June 1978.  

shortened coaxial cavity resonator as the Model 8672A 
Synthesized Signal Generator.1'2 To obtain the desired tun 
ing range with a high-Q resonator, the VCO runs at twice the 
M/N output frequency, or 364 to 396 MHz. The oscillator 
output is mixed with a 400-MHz reference to derive a differ 
ence frequency in a range of 4 to 36 MHz (Fig. 3). The mixer 
output is amplified and then divided down in frequency by 
the factor M, which ranges from 8 to 27. This is applied to 
one input of a phase-frequency detector. The 20-MHz refer 
ence is divided by N and applied to the other input of the 
phase-frequency detector, the output of which controls the 
VCO. When locked, the VCO frequency must then satisfy 
the relationship: 

20/N = (400 - fvco)/M MHz 
or, 

= 40Â° -20 M/N MHz 
This is divided by 2 to derive the M/N output frequency: 

ÃM/N = 200 - 10 M/N MHz 
Since the YTO is locked to the Nth harmonic of this 

frequency such that: 
ÃYTO = 200N - 10M -flfs MHz, 

it can be seen that the Nth harmonic moves in 10-MHz steps 
when M is incremented, and 200-MHz steps when N is 
incremented. M and N were selected such that N changes 
after M steps through its range. Stepping M through its 
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1 8 2 - 1 9 8  M H z  
O u t  

E n a b l e  

2 0  M H z  

Fig .  3 .  B lock d iagram of  M IN loop.  

range causes the Nth harmonic to step across 200 MHz in 
10-MHz increments. 

Interpolation 
The low-frequency synthesizer has three VCO loops that 

are interconnected in various ways to enable the analyzer to 

scan frequency spans as narrow as 100 Hz with the same 
relative accuracy and low phase noise as the broadband 
sweeps. This is done with a divide-and-upconvert scheme. 

The basic source of the low-frequency synthesizer sweep 
frequencies is loop 1 in Fig. 4. It has a 75-150 MHz VCO 
whose output frequency is divided by 5 to generate an 
output in the 15-30 MHz range. This output is used directly 
by the YTO phase-lock loop for frequency sweeps ranging 
from 100 kHz to 5 MHz. In this range, the start frequency is 
settable with 1-kHz resolution. 

For narrower frequency spans, the other two loops come 
into play. The loop 1 output is then divided down by a 
factor of 5 or 100, depending on the sweep range. Loop 2 
serves to up-convert the divided-down sweep frequency to 
a range between 160.15 and 166 MHz (see Fig. 4). 

The final frequency translation takes place in loop 3. This 
loop has a VCO operating in a range of 199 to 300 MHz. This 
VCO output is applied to a mixer whose other input is the 
output of loop 2. The difference frequency output of the 
mixer is divided by 2 and the result is divided down to 
5 MHz by a factor Nj, using fractional-N techniques,2 and 

' T h e s e  f r e  f o r  s p a n  w i d t h  a n d  s t a r t  f r e q u e n c y  s e t t a b i l i t y  a p p l y  w h e n  t h e  i n p u t  f r e  
quency input  be low 58 GHz where  LO fundamenta l  mix ing  is  employed-  For  h igher  input  
f requenc ies  where harmonic  mix ing is  used,  the  numbers  are  mul t ip l ied  by  the harmonic  
number. For example, at 20 GHz (4th harmonic mixing), the span width can be as wide as 20 
MHz  w i th  t he  YTO locked  to  t he  l ow- f requency  syn thes i ze r ,  and  the  s ta r t  f r equency  i s  
set table wi th 4-kHz resolut ion 

P r e t u n e  
D A C  

1 0 0 - 1 5 0  M H z  

S c a n  R a m p  
2 5  M H z  M a x  

L o o p  1 .  S y n t h e s i z e d  S w e e p e r  

V C O  N u m b e r  1  
7 5 - 1 5 0  M H z  

t o  Y T O  L o o p  

1 5 - 3 0  M H z  
1 - k H z  R e s o l u t i o n  
0 . 1 - 5  M H z  S w e e p s  L o o p  3 .  P r o g r a m m a b l e  T r a n s l a t o r  

3 - 6  M H z  
2 0 0 - H z  R e s o l u t i o n  
0 . 0 5 - 1  M H z  S w e e p s  

1 5 0 - 3 0 0  k H z  
1 0 - H z  R e s o l u t i o n  
1 - 5 0  k H z  S w e e p s  

T r a n s l a t i o n  M i x e r  
I 3 = f j - H i .  
f ,  S e t  B y  N , .  
f 2  S e t  B y  N 2 .  
S c a n  R a m p ,  
a n d  S w i t c h  S 1 A .  

L o o p  2 .  1 6 0 - M H z  U p - C o n v e r t e r  1 6 0  M H z  

Fig. the frequency low-frequency synthesizer has three loops. Loop 1 is the basic source of a frequency 
t h a t  l o o p  a n  d o w n  t h e n  u p - c o n v e r t e d  b y  l o o p  2  a n d  t r a n s l a t e d  b y  l o o p  3  t o  d e r i v e  a n  

appropr ia te f requency for  contro l  o f  the YTO. 
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A Precision Discriminator with a 
Controllable Slope 

by Stephen T .  Sparks  

The VCO tha t  genera tes  p rec is ion  sweeps  in  the  low- f requency  
syn thes i ze r  o f  t he  Mode l  8566A  Spec t rum Ana l yze r  i s  con t ro l l ed  
th rough a  feedback  loop tha t  inc ludes  a  d isc r im ina tor  (see  F ig .  4 ,  
page 16). A key characterist ic of this discriminator is that the slope of 
i t s  vo l tage / f requency  response  curve  i s  ad jus ted  by  a  phase- lock  
loop,  thus  enab l ing  h igh ly  accura te  nar rowband sweeps.  

A b lock d iagram of  the sweep- f requency contro l  system is  shown 
in Fig. input . The discriminator is the pulse-count type in which the input 
s ignal  t r iggers a pulse generator ,  which generates a s ingle pulse of  
constant  width and height  for  each cyc le of  the input .  These pulses 
are integrated to obtain a dc current that  is  proport ional  to the input 
f requency.  

The transfer character ist ic of  the discr iminator is character ized by 
the equat ion: 

I 2  =  K f  +  B  

where K is the s lope of  the response curve, f  is  the input f requency, 
and B an an of fset  (see Fig.  1) .  A f requency change Af  resul ts  in an 
o u t p u t  c h a n g e  A l  t h a t  i s  a  f u n c t i o n  o f  K  o n l y .  I n  t h e  u s u a l  d i s  
cr iminator ,  the term K is  subject  to warm-up and long-term dr i f t  that  
exceeds the 0.1% accuracy desi red for  the 8566A. Therefore,  some 
prec ise  means o f  mod i fy ing  K is  needed to  main ta in  accuracy .  

Given that two points determine the slope of a l ine, f ixing two points 
w i l l  f i x  K .  I n  t he  d i sc r im ina to r  desc r i bed  he re ,  ca re  was  taken  to  
reduce the offset B to negligible proportions. Thus, the origin is one of 
the f ixed po in ts  on the response curve.  

T h e  s e c o n d  p o i n t  i s  f i x e d  d u r i n g  t h e  p r e - s w e e p  i n t e r v a l  w h i l e  
phase  lock  i s  be ing  es tab l i shed .  Dur ing  th i s  i n te rva l ,  t he  scan  in  
put where the sweep ramp is appl ied is zero ( I3 in Fig.  1) .  A precise 
pre-tune current ( I4)  corresponding to the start  f requency is fed into 
the VCO control  loop. The N2 phase-lock loop (Fig. 4, page 16), also 
programmed to the star t  f requency,  then funct ions to adjust  current  
source I ,  unt i l  lock is  achieved. The discr iminator response curve is  
thereby rotated to the point where the pre-tune current drives the loop 
to the desired start  f requency. This,  in ef fect ,  sets the second point ,  
f i x ing  K .  The  d isc r im ina to r  response  i s  thus  t ied  to  the  ana lyzer ' s  
f requency s tandard  by  way o f  the  500-kHz re ference.  

When sample- scan starts, the voltage that sets I-, is stored in a sample- 
and-hold,  opening th is leg of  the phase- lock loop.  The discr iminator  
is in the feedback loop that controls the VCO and i t  causes the VCO 
frequency to closely fol low the tuning ramp, el iminating the effects of 
any  tun ing  non l i nea r i t i es  o r  t empera tu re  coe f f i c i en t  t ha t  .may  be  
in the VCO. 

Precision Pulses 
I f  the discr iminator is to be truly l inear, the width and height of the 

D i s c r i m i n a t o r  

la 
S c a n  

V i r t u a l  G r o u n d  
S u m m i n g  P o i n t  

v,. 

S t a r t  m A  
F r e q u e n c y  

R F  G r o u n d  

Fig. that I /CO control  systems uses a pulse-count discr iminator that has control lable response. 
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Vref 

P h a s e - E r r o r  
V o l t a g e  F r o m  

P h a s e / F r e q u e n c y  
De tec to r  

T o  
Dlscrimi- 

S a m p l e -  n a t o r  
a n d - H o l d  

Fig .  2 .  D ig i ta l  sample-and-ho ld .  

discr iminator output pulses must be uni form at  a l l  input f requencies.  
Uni form pulses are obta ined in  th is  d iscr iminator  by us ing the input  
pu lses to  dr ive a common-emi t ter  t rans is tor  that  has a resonant  LC 
c i r cu i t  i n  i t s  co l lec to r  c i r cu i t .  Each  pu lse  sa tu ra tes  the  t rans is to r ,  
caus ing  the  LC c i rcu i t  to  r ing  a t  5 .2  MHz.  The  r ing ing  wavefo rm is  
app l ied  to  a  -^16 counter .  Pr io r  to  each input  pu lse ,  the  counter  i s  
p r e s e t  t o  6 .  I t s  M S B  o u t p u t  t h e n  g o e s  h i g h  o n  t h e  s e c o n d  z e r o  
c ross ing  o f  t he  r i ng ing  wave fo rm  ( coun t  =  8 )  and  goes  l ow  aga in  
e ight  cyc les la ter  (count  = 16) .  The width of  the pulse generated by 
the  MSB the  i s  t hus  de te rm ined  p rec i se l y  by  the  f requency  o f  t he  
r ing ing c i rcu i t .  These pulses are in tegrated to obta in I2  (F ig.  1) .  

An  impo r tan t  f ea tu re  o f  t h i s  a r rangemen t  i s  t ha t  p rese t t i ng  t he  
counter and using the MSB output causes it  to ignore the f irst cycle of 
t h e  r i n g i n g  w a v e f o r m .  T h e  f i r s t  c y c l e  i s  o f  l o w  a m p l i t u d e  a n d  o f  
var iab le  per iod  because o f  the  f in i te  sa tu ra t ion  t ime o f  the  d r i v ing  
transistor.  Also, at high input frequencies the LC circuit  may not have 
sett led down from the previous pulse, causing further variat ions in the 
first improvement Skipping the first cycle results in a significant improvement 

in discriminator l ineari ty. 
The discr iminator response deviates f rom a straight  l ine less than 

Â±0.002% for an integrated pulse current (I2 in Fig. 1) ranging from 0 
to 2/3 the I2 max, and the incremental l inearity, which determines the 
accuracy of narrow scans, is within Â±0.03%. The discr iminator actu 
a l l y  a n  b e t w e e n  1 / 3  a n d  1 / 2  o f  I 2  m a x ,  c o r r e s p o n d i n g  t o  a n  
input  range of  200 to  300 kHz.  

Fast  Lag and Slow Droop 
Current  I6 in Fig.  1 is  a por t ion of  the sweep ramp that  is  appl ied 

d i r ec t l y  t o  t he  VCO,  reduc ing  t he  excu rs i ons  o f  vo l t age  V5 .  Th i s  
reduces sweep lag, the amount by which the VCO frequency lags the 
scan  ramp.  The  lag ,  wh ich  i s  p ropor t iona l  to  scan  ra te ,  occurs  be  
cause of  the f in i te  bandwidth o f  the d iscr iminator ,  which was made 
low to  reduce  no ise  con t r i bu ted  by  the  d i sc r im ina to r .  The  I6  feed  
forward current reduces sweep lag by a factor of 1 0, so the maximum 
sweep lag is  on ly  0 .15% of  scan wid th .  

Very  s low sweeps ,  on  the  o ther  hand ,  a re  a  po ten t ia l  source  o f  
another  problem: droop in the sample-and-hold c i rcu i t .  S ince scans 
can take as long as 1 500 seconds each, leakage in the sample-and- 
ho ld  capac i to r  wou ld  have  to  be  less  than  50  pA to  ma in ta in  scan  
accuracy .  

The sample-and-hold voltage is held in an integrator, shown in Fig. 
2 .  To reduce the ef fects  o f  sample-and-hold dr i f t ,  the osc i l la tor  sys 
tem was designed so the integrator has only a l imited influence on the 
frequency; i t  can adjust the frequency by only Â±0.04%. This range, 
h o w e v e r ,  i s  i n s u f f i c i e n t  t o  c o r r e c t  f o r  l o n g - t e r m  d r i f t  i n  t h e  d i s  
c r im ina to r .  Thus ,  a  d ig i ta l - to -ana log  conver te r  (DAC)  and  re la ted  
circuitry was added to the integrator, as shown in Fig. 2. I f  the output 
o f  t he  i n teg ra to r  a t t emp ts  to  exceed  Â±5V du r ing  the  phase - lock  
interval, one of the two oscil lators shown in Fig. 2 is turned on, either 
c locking the counter up or down. The counter dr ives the DAC whose 
output is summed with the analog integrator output, thus contr ibut ing 
to  the past  V0.  Count ing cont inues unt i l  the to ta l  output  s teps past  
the  va lue  requ i red  to  ach ieve phase lock .  The phase er ror  vo l tage 
then causes the analog c i rcu i t  to  re t reat ,  cancel l ing the overshoot .  
This shuts off the oscil lator, and leaves the analog circuit in the middle 
o f  i t s  a f t e r  T h e  c o n t r i b u t i o n  o f  d r o o p  i n  t h e  a n a l o g  c i r c u i t  a f t e r  
t h e  s a m p l e - a n d - h o l d  s w i t c h  o p e n s  i s  t h u s  r e d u c e d  t o  n e g l i g i b l e  
propor t ions because the major  por t ion of  V0 is  he ld  in  the DAC. 

compared to a 5-MHz reference. The following equation 
thus applies: 

(fVG03 - flooP2)/2Ni = 5 MHz 
or. 

f f v c 0 3  =  j  +  i o o p 2 .  

The VCO3 frequency is thus offset from the loop 2 fre 
quency by NjXlO MHz, where Nj ranges from 3.60 to 
13.97. 

The VCO3 frequency is divided by 10 to place it in the 
19.9-to-30-MHz range and then supplied to the YTO loop. 
The output of loop 1 is thus divided down by factors of 50 or 
1000 and then offset in frequency to place it in the proper 
range for the YTO. 

What this scheme accomplishes is the reduction of the 
phase noise, residual FM, and synthesis-related spurious 
outputs of loop 1 by as much as 60 dB (20 log 1000) for 
frequency spans of less than 5 kHz, thus enabling the 
analyzer to meet the more stringent requirements of 
narrow-band scans. In addition, for spans less than 25 kHz, 
the gain of the YTO loop is increased about 10 dB. Although 
this degrades the far-out phase noise somewhat, it improves 

the close-in phase noise and line-related spurious perfor 
mance. Of course, loops 2 and 3 make their own phase-noise 
and spurious contributions but these have been held to a 
minimum through careful circuit design and shielding. 

As a result of these measures, residual FM, start fre 
quency offsets, and drift during a scan are always less than 
0.1% of scan width (one "bucket" of the 1000-point 
digitally-stored display is 0.1% of the scan width). Note that 
there is no overlap of the tuning ranges of any of the VCOs in 
the instrument. Overlapping VCO frequencies are a prime 
source of troublesome "crossing spurs" in a synthesizer, so 
this system eases the difficulty of meeting the desired 
spurious specifications. Spurious outputs are at least 90 dB 
below the carrier while broadband phase noise is at least 10 
dB below that of the YTO loop. 

For frequency spans greater than 5 MHz, where the sweep 
ramp is applied directly to the YTO, the synthesizer sweep 
ing function is disabled and it then provides start frequen 
cies with 1-Hz resolution. 

Discriminator-Stabi l ized VCO 
Loop 1 uses a stabilization system that includes a fre- 
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quency discriminator in the phase-lock loop, as shown in 
Fig. 4. During a sweep, the loop 1 VCO is controlled by the 
discriminator output and is therefore sensitive to the dis 
criminator's frequency-to-current response. During the 
pre-sweep interval, the phase-lock error voltage tunes the 
VCO by adjusting the slope of the discriminator's response 
while a known input current is applied to the discriminator, 
as explained on page 17. Then, when the VCO output di 
vided down to 500 kHz becomes phase-locked to a 500-kHz 
reference, the discriminator slope is precisely known. 

When a sweep is initiated, the error voltage from the 
phase detector is stored in a sample-and-hold circuit, effec 
tively opening this feedback loop. A voltage ramp for 
sweeping the VCO is applied to a summing network along 
with the discriminator output (and the dc pretune voltage). 
The discriminator output thus functions as a negative feed 
back signal to cause the VCO frequency to closely track the 
ramp, thus correcting for any nonlinearities in the VCO 
tuning curve. Since the discriminator frequency-to-current 
response has been set accurately by the phase-lock loop, 
outstanding sweep accuracy results. 

Control l ing Residual  Responses 
Because the M/N output remains enabled during these 

sweeps (it is disabled during sweeps greater than 5 MHz), 
there is a possibility that residual responses could be gener 
ated by M/N harmonics that mix with the YTO in the input 

mixer to produce sum or difference frequencies near the 
first IF. An analysis of this situation determined that such 
mixing products could occur. Therefore, the YTO output is 
coupled to the phase-lock loop through a microcircuit di 
rectional coupler that has a 2-to-6-GHz GaAs FET amplifier 
in the coupled arm (see Fig. 2). Pads in the amplifier input 
and output attenuate the YTO signal such that the net gain 
through the pads and amplifier is 0 dB. The reverse isola 
tion, however, is increased by the pads which, with the 
reverse isolation of the amplifier, gives a total reverse isola 
tion more than 40 dB greater than the reverse isolation of the 
coupler itself. Residuals due to the M/N loop have thus been 
reduced to the point that most lie below the noise floor of 
the analyzer, even with the 10-Hz resolution bandwidth. 

Acknowledgments  
Rick Chan designed the scan generator and YIG driver 

circuits. We would also like to thank Jim Thomason, Ken 
Astrof, and the other members of the 8672A Synthesized 
Signal Generator design team on whose work much of the 
8566A local oscillator design was based. 

References 
1. J.L. Thomason, "Expanding Synthesized Signal Genera 
tion to the Microwave Range," Hewlett-Packard Journal, 
November 1977. 
2. K.L. Astrof, "Frequency Synthesis in a Microwave Sig 
nal Generator," Hewlett-Packard Journal, November 1977. 

Stephen T.  Sparks 
Steve  Sparks  rece ived  h is  BSEE de  
gree in 1968 and MSEE degree in 1969 
from the Universi ty of  Cal i fornia at  
Berkeley.  AT HP, he contr ibuted to the 
c i rcui t  design of  the 8601 A and 8605A 
Sweepe rs ,  t he  8407A  and  8754A  Ne t  
work  Analyzers ,  and the 8672A Signa l  
Generator  (he jo ined HP short ly  af ter  
graduat ion f rom h igh school ) .  Steve 
keeps busy wi th a var iety of  act iv i t ies:  
backpack ing,  jeep t r ips ,  photography,  
restor ing ant ique radios,  brewing beer 

  a t  h o m e ,  c o o k i n g ,  w i n e t a s t i n g ,  a n d  f l y -  
JfÂ£ ing smal l  p lanes. He also grazes catt le 

and plans to develop a vineyard on his 
50-acre ranch.  

-  ^  

Larry R. Martin 
Larry Mart in received his BSEE degree 
in 1967 f rom Kansas State Universi ty.  
An HP employee since that same year, 
Lar ry  was a pro ject  manager  for  the 
8672A Synthesized Signal  Generator ,  
contr ibuted to the design of  the 8555A 
spectrum analyzer tuning sect ion,  and 
earned an MSEE from Stanford Univer 
si ty along the way. Larry l ives in Santa 
Rosa,  Cal i forn ia,  is  s ingle,  and keeps 
busy wi th  photography,  wine tast ing,  
Softball, tennis, and basketball. He also 
enjoys f ly ing a sai lp lane occasional ly .  

Kenneth L.  Lange 
A na t i ve  Oregon ian ,  Ken  Lange  re  
ceived his BSEE and BAEE degrees in 
1967 from Oregon State University and 
his MSEE degree in 1 968 from Stanford 
Univers i ty .  Ken jo ined HP in  1973 and 
was responsible for circuit design in the 
8557A Spect rum Ana lyzer  and the  
85660A RF Module. A resident of Santa 
Rosa,  Cal i forn ia,  Ken is  marr ied and 
has two young sons,  ages three and 
one.  Handbal l ,  garden ing,  and f ly ing 
small planes keep him busy in his spare 
time. 

Michael  S.  Marzalek 
Mike  Marza lek  rece ived  h is  BSEE de  
gree in 1969 f rom the Univers i ty  of  
Cal i fornia at  Berkeley and his MSEE 
degree  in  1972  f rom Stan fo rd  Un iver  
sity. With HP since 1 969, Mike designed 
the microprocessor  sof tware for  the 
8566A,  des igned hardware for  the  
8568A Spec t rum Ana lyze r ,  and  con t r i  
buted to severa l  synthesized s ignal  
generators .  Born  in  Spr ingf ie ld ,  Mis  
souri, and raised in southern California, 
Mike is married and spends many of his 
le isure hours crosscountry ski ing,  
down-hil l  skiing, playing folk guitar, and 
work ing in sta ined glass.  

AUGUST 1979  HEWLETT-PACKARD JOURNAL 19  

© Copr. 1949-1998 Hewlett-Packard Co.



A Digital Pattern Generator for Functional 
Testing of Bus-Oriented Digital Systems 
Simple in ter fac ing enables th is  f lex ib le  pat tern generator  
to  dr ive d ig i ta l  buses or  o ther  mul t ichannel  log ic  systems 
for  funct ional  test ing wi th  long d ig i ta l  sequences 

by GÃ¼nter Riebesell, Ulrich HÃ¼bner, and Bernd Moravek 

AS MICROPROCESSORS and other sequential state 
machines continue to penetrate more and more 
applications areas, component manufacturers add 

a greater variety of LSI devices to their range of products 
that support digital processor systems. Thus, data buses, 
for carrying data traffic between devices within a digital 
system as well as handling data traffic between the system 
and its peripherals, are being found in a growing number 
of system designs. 

This is raising special problems in hardware testing dur 
ing the design and development of a digital system. With 
data traffic in modern digital systems routed over a shared 
bus, the controller and all logic subassemblies must be 
tested for bus compatibility under real-time conditions at 
every stage of the design. Until recently, thorough checkout 
of the subassemblies was not possible until the controller 
software was developed. On the other hand, the controller 
software could not be finalized until the system subas 
semblies were completed. Thus, design verification during 

the early stages of system development has generally been a 
trial-and-error procedure that inevitably led to critical de 
sign changes when debugging the system during the later 
development phases. These design changes occurred at a 
time when wrong decisions would lead to severe cost 
penalties and loss of time. 

Lab-built toggle switch boxes have been used for setting 
lines high or low for functional testing of subassemblies 
in which specific input patterns are supposed to result in 
specific output patterns according to the truth table of the 
device under test. Unfortunately, switch boxes are capable 
of static testing only, and investigations of complex devices 
over  several  clock cycles are awkward and t ime- 
consuming. As an alternative, many users build pattern 
generators. These, however, generally have limited sets of 
patterns, are usually restricted to a narrow range of bit rates 
and output levels, and are unable to interact with the de 
vices under test. 

F i g .  1 .  M o d e l  8 1 7 0 A  L o g i c  P a t  
t e r n  G e n e r a t o r  p r o d u c e s  l o n g  
sequences  o f  8 -o r  16-b i t  para l le l  
d i g i t a l  w o r d s  a s  b u s  s t i m u l i  f o r  
f u n c t i o n a l  t e s t s  o f  m u l t i c h a n n e l  
d i g i t a l  h a r d w a r e .  I t  o p e r a t e s  a t  
clock rates up to 2 MHz, internal ly 
or external ly suppl ied. 
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F i g .  2 .  M i n i a t u r e  p r o b e s  l i k e  t h o s e  u s e d  w i t h  l o g i c  s t a t e  
analyzers fac i l i ta te hook-up to the system being tested.  

A Mult ichannel  Source 
To resolve the testing problem, a new programmable data 

generator has been designed for functional checkout of 
multichannel digital hardware. The new generator, Model 
8170A (Fig 1), produces sequences of 8-bit parallel words 
up to 1024 words long for functional testing. Alternatively, 
it can produce 16-bit parallel words with a maximum se 
quence length of 512 words. An option expands these se 
quence lengths by a factor of four. Functional checkout with 
this generator simulating all operational conditions is a 
powerful fault-finding technique which, if applied early in 
the design stage, allows the hardware, firmware and 
software to be developed independently. 

The new instrument can generate the sequence data in 
synchronism with an external clock or with its own clock at 
rates up to 2 MHz, enabling most systems to be tested 
functionally at full operating speed. The instrument also 
outputs a clock signal and a data-valid (DAV) signal equiv 
alent to a clock signal, for the use of the device under test. 

Output levels are pushbutton selectable to be compatible 
either with TTL circuits (0V low, 5V high) or CMOS circuits 
(0V low, 3-15V high, adjustable). Both output modes also 
have a 5-kil idle or off state. Miniature probes connected to 
pods, like the probing systems used with HP logic state 
analyzers,1 facilitate hook-up to the device under test 
(Fig. 2). 

Internal Organization 
The heart of the Model 81 70 A Logic Pattern Generator is a 

battery-supported, nonvolatile, read-write random access 
memory (RAM). Data, memory addresses, and operating 
modes are entered into the memory through the front-panel 
keyboard, by way of the HP-IB, *or through an RS 232C/ 
CCITT V.24 input. Depending on user practice, data can be 
entered in the binary, octal, or hexadecimal number sys 
tems and addresses can be entered in decimal, octal, or 
hexadecimal. The instrument converts the inputs to binary 
for entry into the memory, eliminating the need for the user 

â€¢HP-IB: the Hewlett-Packard interface bus, HP's implementation of ANSI/IEEE 488-1978. 

to perform numerical base conversions. When addressidata 
check or recall is wanted, alphanumeric LEDs display the 
selected memory address and its contents individually 
using the selected code (see Fig. 1). 

Typical bus traffic is simulated by the 8170A as it reads 
out the data in its memory in an ascending address se 
quence at a rate determined by the selected clock. This 
mode of operation, shown in the simplified block diagram 
of Fig. 3, is known as the internal address mode. On receipt 
of a START command the 8 170 A outputs the stored data 
continously (AUTO cycle) or just once (SINGLE cycle) be 
tween the first and last addresses selected by the user. 

The ascending address sequence is generated by a 
counter that accesses the data stored in the RAM. Because 
the RAM actually consists of several RAM ICs that may have 
slightly different access times, the data bits are held briefly 
in latches and then strobed to the outputs simultaneously to 
avoid skew problems. 

An output stage is shown in Fig. 4. It is basically a TTL- 
to-MOS driver with a switch (Ql) that shuts off the CMOS 
supply voltage when the outputs are to be placed in the idle 
(high-impedance) state. The instrument's outputs automat 
ically revert to the idle state after data at the last address has 
been produced in the SINGLE cycle mode. -This state allows 
the probes to remain hooked to a data bus without loading 
the bus. It also allows the data in the instrument's memory 
to be changed without affecting the device under test while 
the change is being made. The outputs also revert to the idle 
state when the instrument is turned on, and whenever the 
STOP command is given. 

When supplying data to an interface bus, the 8170A can 
operate asynchronpusly in a handshake mode, enabling 
real-time simulation of system/peripheral interaction. As 
shown in the timing diagram of Fig. 5, it can work with 
either a 2-wire or 3-wire protocol. The DAV (data valid) 
signal generated by the 8170A is output through one of the 

Clock 
Source 

Data POD 

OPT 002 
Address 
Output 

,  Tr igger Out 

Fig.  3 .  B lock d iagram of  the 8170A operat ing in  the in terna l  
a d d r e s s  m o d e .  I n  t h i s  m o d e ,  t h e  m e m o r y  c o n t e n t s  a r e  
supp l ied  to  the  outputs  in  ascend ing order  beg inn ing  a t  the  
f i r s t  a d d r e s s  s p e c i f i e d  a n d  e n d i n g  a t  t h e  l a s t  a d d r e s s .  A  
tr igger output pulse is generated whenever the address being 
accessed  in  memory  matches  the  address  in  the  t r igger  ad  
dress latch. 
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O u t  

Idle 

T T L - t o - M O S  D r i v e r  

Q 1 :  S w i t c h  F o r  P o s i t i v e  V o l t a g e  
C R 1 :  C l a m p  D i o d e  

Fig .  4 .  Output  d r ive  leve l  i s  de termined by  the  vo l tage Vvar  
s u p p l i e d  t o  t h e  M O S  b i a s  i n p u t  o f  U 1 ,  a  T T L - t o - M O S  
dr iver .  01 turns of f  Vvar  to p lace the output  in  the id le (h igh-  
impedance)  mode .  

probe pods, and the RFD (ready for data) and DAC (data 
accepted) signals generated by the system under test are 
brought in through probes on the same pod. 

Breakpoints 
For detailed investigation of device operation with a 

logic analyzer or oscilloscope, the 81 70 A generates a trigger 
output pulse when a particular address in the memory is 
reached. Any address between the first and last addresses 
can be selected as the trigger address. 

The trigger output is particularly helpful in determining 
when and why a system "crashes." Knowing approxi 
mately where in the program the fault occurs, the user can 
enter an address from this part of the program into the 
trigger register and then feed the TRIG OUT signal to the 
8170A's BREAK IN input. During execution of the program, 
the trigger pulse will halt the program at the trigger address 
with the data outputs remaining in the active state. The 
precise address at which the fault occurs may then be found 
by single-stepping the stored program in ascending or de 
scending order by using the FWD or BACK keys. 

The BREAK IN capability may also be used to stop the 
program in response to a signal or qualifier from the device 
under test. This signal could be one that indicates a possible 
malfunction or forbidden condition. Any pulse greater than 
+ 2V in height and 40 ns in width will stop data generation 
at the current address. Data generation may be resumed 
from the most recent address by pressing the START button 
or by applying a pulse (> + 2V, 40ns) to the START IN con 
nector. 

ROM Simulat ion 
When operating in its external address mode, the 81 70 A 

Logic Pattern Generator can function as an erasable, pro 
grammable, read-only memory (EPROM), outputting data 
in response to externally supplied addresses and enable 

signals (Fig. 6). Unlike EPROMs, however, the logic pattern 
generator allows program steps to be changed quickly via 
the front-panel keyboard. This can be a great help during 
the finalization of software for a system under develop 
ment. All ROM-related functions can be quickly checked 
out and the ROM design corrected and verified before the 
actual ROM goes to manufacture. 

When the 8170A is being used as a ROM simulator, a 
separate probe pod with active address line receivers en 
ables the system under test to select the addresses of data 
stored in the generator's memory. Access time is typically 
520 ns. 

Also provided are four ENABLE lines that function as 
qualifiers in the external address mode. For example, these 
may be used as four additional address lines when testing 
digital machines that have 16-bit addresses, thereby provid 
ing a means of selecting the portion of the total 64K address 
space in which the 8170A addresses will lie. If more mem 
ory space is required, two or more 8170As may be used in 
parallel with the ENABLE inputs functioning essentially as 
instrument-select lines. 

Friendly Syntax 
The syntax for operating the instrument from the 

keyboard makes operation straightforward. Some examples 
of user convenience are short-form entry of addresses and 
data (omitting leading zeros), multiple consecutive data 
entry (holding down the ENTER key causes the same data to 
be loaded into successive memory locations), automatic 
incrementing of the address register when a data entry is 
made, and the single-step FWD and BACK keys. 

Syntax similar to the keyboard is used for programming 

Id le  

D A V  D e l a y  
( R e a r  P a n e l  A d j u s t m e n t )  

3 - W i r e  H a n d s h a k e :  I g n o r e  D o t t e d  A r r o w s  
2 - W i r e  H a n d s h a k e :  F o l l o w  D o t t e d  A r r o w s  

F ig .  5 .  Handshake  p ro toco l  f o r  ope ra t i ng  the  8170A in  t he  
asynchronous (non-clocked) mode. I t  works with ei ther 2-wire 
or  3-wi re  protoco ls ,  as se lected by f ront -panel  pushbut tons.  
The delay (DAV) is adjustable over a range of  300 to 800 ns.  
(ACS high means the outputs are in the act ive rather than the 
idle state). 
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the 8170A via the HP interface bus. Two HP-IB modes, 
accessed through separate HP-IB addresses, are provided. 
When the keyboard mode has been addressed, all functions 
controlled by the front-panel pushbuttons are programma 
ble using mnemonics related to the pushbutton functions. 
When the data mode is addressed, data supplied over the 
HP-IB is loaded into successive memory locations between 
START and STOP addresses defined while the instrument 
was in the keyboard mode. The data mode also enables the 
8170A to report its memory contents to the test system 
controller. 

Simpli f ied Data Entry 
Until now, parallel data generators used individual LEDs 

to display the status of each channel at a particular address. 
This meant that the operator had to scrutinize the 16 LEDs 
of a 16-channel instrument to check the memory status at 
each memory address. The 8170A makes things much 
easier by allowing data to be entered and displayed in a 
variety of number bases (octal, decimal, or hexadecimal for 
addresses, and binary, octal, or hexadecimal for data). For 
example, to load the pattern 01101011 into address 10 using 
hexadecimal the user executes the following keystrokes: 

A D D R  1  0  D A T A  6  B  E N T E R  
Since data is always stored in binary, changing the number 
base affects only the display (and numerical entry) and does 
not affect the stored data or the data output 

When a key in the ADDRESS/DATA group is pressed, the 
binary equivalent of that key is stored in one of the 4-bit 
display registers and the content of the register is displayed 
in the selected format in the corresponding position on the 
display. When the ENTER key is pressed, all the information 
in the data display registers is converted to a single binary 
number and stored in memory at the indicated address. 

Data transfer into and out of memory is always carried out 
in 8-bit bytes. To display the contents of a memory address 
in hexadecimal, each 8-bit byte is separated into two 4-bit 
segments and then each 4-bit segment is converted to the 
equivalent hexadecimal digit for display. To convert to 

0 - 7  

F i g .  6 .  B l o c k  d i a g r a m  o f  t h e  M o d e l  8 1 7 0 A  L o g i c  P a t t e r n  
Genera to r  opera t ing  in  the  ex te rna l  address  mode.  Da ta  i s  
output  whenever  the address-change detec tor ,  cons is t ing  o f  
exclusive-NOR gates, detects that there has been a change of 
address.  A l ternat ive ly ,  one of  the enable inputs may be used 
as a clock input for t iming the data output.  A data-val id s ignal  
is  a lso generated.  

MS Digit 
Ã­ To'From 8170A Memory 

LS Digit 
Binary 

Data Buffer 
of iiP 

Display 
Processing 
Registers 

To Display 
Scan Electronics 

Fig .  7 .  Convers ion o f  a  16-b i t  b inary  number  s tored in  mem 
ory to  an octa l  number for  d isp lay involves separat ion of  the 
binary number into 3-bit  groups and addit ion of a leading zero 
to each group. The resul t ing 4-bi t  number may then be stored 
in a d isplay register .  

octal, the two 8-bit bytes, taken together, are separated into 
groups of three bits, as shown in Fig. 7, and by addition of a 
leading zero, each group of three bits is expanded to a 4-bit 
segment for storage in a display register. The same hexadec 
imal conversion is then performed on each 4-bit segment 
but in this case the highest digit will be 7 because of the 
leading zero. 

Binary-to-decimal conversion is more complex since, un 
like octal and hexadecimal, decimal numbers are not re 
lated to integral powers of 2. In this case, to match the 
capabilities of the 6800 microprocessor, the "add-3" al 
gorithm2 is used to convert a binary number to decimal for 
display. For the decimal-to-binary conversion when data is 
entered, the Horner scheme is used. 

Preselected Patterns 
To facilitate the entry of certain often-used data patterns, 

entry of the following patterns has been reduced to a few 
keystrokes: 

Pattern 
All Os 
All is 
Ascending count 
Descending count 
Pseudorandom data 

A p p l i c a t i o n  K e y  
C l e a r  m e m o r y  0  
S e t  m e m o r y  1  
Simulate counter ,  check C 

D A C  l i n e a r i t y ,  e t c .  D  
N o i s e  s i m u l a t i o n  E  

To select one of these, the operator holds down the DATA 
key while pressing the selected pattern key (0, 1,C, D,E) for 
two seconds. The display then reads "Mem chg?" (memory 
change?), which the user confirms by pressing key 1 (for 
"yes"). The selected pattern is then loaded into the mem 
ory. If key 0 were pressed, the memory would remain un 
changed and the display would revert to display of address 
and data. This routine prevents accidental loss of memory 
contents by unintentional loading of the memory with one 
of these patterns. 
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Fig. 8. The ENABLE SELECT switches and two of the four ENABLE 
inpu ts  a re  on  the  rear  pane l .  A lso  on  the  rear  pane l  a re  the  
L O G I C  P O L A R / T Y  S w i t c h e s ,  D A V  D E L A Y  a d j u s t m e n t ,  R S 2 3 2 C  B A U D  R A T E  
select, and HP-IB addresses (KEYBOARD and DATA MODES). 

The PRBS (pseudorandom binary sequence) pattern is 
generated by firmware. By means of the microprocessor's 
rotate instruction, one of the microprocessor's accumu 
lators functions as the shift register of a hardware equiva 
lent. A counter detects 16 shift operations and then ini 
tiates an operation that loads the current pattern into 
memory. Since the firmware program always begins by 
loading 0001 16 into the accumulator, the PRBS pattern 
is always the same. 

Designed- in Serviceabi l i ty  
As with other complex, microprocessor-based devices, 

traditional troubleshooting techniques would be in 
adequate for the 8170A so serviceability had to be designed 
in. Serviceability is optimized by inclusion of test routines 
in the firmware and by making the necessary provision for 
signature analysis,3 such as including switches for opening 
feedback loops and disabling certain circuits, and includ 
ing the necessary stimulus programs in the controller ROM. 

When turned on, the 8170A automatically runs through a 
self-check routine that includes illumination of all LED 
indicators to give the operator confidence that the basic 
system is functioning. 

Two methods of generating the stimulus for signature 
analysis are implemented. In one, free run, the data bus is 
opened at the microprocessor and the CLRB instruction is 
applied. This causes the microprocessor to step through its 
entire address field. The most significant address line is 
used as both a START and STOP signal for the signature 
analyzer, defining the entire address field as a measurement 
window. Thus, the functioning of the processor, address- 
bus and data-bus ROMs, and decoding circuitry are verified 
in one measurement. 

In the second method, implemented when the free-run 
method has been completed, ROM-resident routines for 
signature analysis of various subunits are accessed through 
the keyboard. Several of these routines are associated di 
rectly with particular circuit boards, making it easier to 
locate the circuit at fault. 
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S P E C I F I C A T I O N S  
HP Model  8170A Logic  Pat tern  Generator  

MEMORY 
CAPACITY:  8192 b i ts .  

DATA  BUS FORMAT:  8  b i t s  x  1024  wo rds  o r  16  b i t s  x  512  wo rds .  
POWER-OFF STORAGE:  In terna l  bat tery  prov ides memory  re tent ion for  approx imate ly  

3 weeks on.  room temperature.  Bat tery recharges when 8170A is  swi tched on.  
O P E R A T I N G  S T A T E S  

IDLE: Permits entry of  address,  data and operat ing parameters.  Data and DAV output  in 
3- state. 

ACTIVE: Cont inuous data output .  
BREAK: address. data output.  FWD/BACK enables data change by stepping address. 

A D D R E S S  M O D E S  
INTERNAL:  Data generat ion in  ascending address sequence f rom f i rs t  to  las t  address.  

Rate governed by c lock (see Clock ing ' ) .  
EXTERNAL: Data output  fo l lows external  address and enable s ignals.  DAV generated at  

each enabled. address. Data and DAV in 3-state when instrument not enabled. Clock and 
cycle modes disabled.  
MAXIMUM ADDRESS RATE :  2  MHz .  
ADDRESS TO OUTPUT DELAY:  400  ns  t yp ica l ,  550  ns  max imum.  
E N A B L E  T O  O U T P U T  D E L A Y :  1 0 0  n s  t y p i c a l ,  1 3 0  n s  m a x i m u m .  D A V  a t  m i n i m u m  

delay. 
CLOC K IN G 

INTERNAL:  20 Hz to  2  MHz in  5  decade ranges,  ad justab le  by vern ier .  
RATE J ITTER:  <0 .2%.  

EXTERNAL:  dc to  2 MHz.  For  input  specs,  see 'Auxi l iary  inputs ' .  
MANUAL:  Opera ted  by  FWD and BACK keys .  
HANDSHAKE: 2-wire/3-wire handshake capabi l i ty selectable. External handshake signals 

de te rmine  t im ing  o f  da ta  readout .  I f  MAN and  Handshake  se lec ted ,  FWD/BACK pro  
v ides t r igger for  next  handshake cycle.  

C Y C L E  M O D E S  
AUTO CYCLE :  Da ta  i s  con t i nuous l y  gene ra ted  be tween  f i r s t  add ress  (F -ADDR)  and  

last  address (L-ADDR).  
SINGLE completion, Data is generated once between F- and L-ADDR. After cycle completion, 

8170A returns to IDLE state.  

Output Signals 
DATA:  Pods  p rov i de  16  ou tpu t  l i nes  DO to  D7  (Mode l  15455A) ,  and  D8  t o  D15  (Mode l  

15456A),  Pos/neg t rue selectable on rear panel .  
CONTROL:  Data  va l id  (DAV)  genera ted  w i th  each word .  Pos /neg t rue  se lec tab le  on  rear  

panel .  DAV l ine v ia  Cont ro l  Pod Model  15454A.  
DAV DELAY (ad jus tab le  on  rear  pane l ) :  

NON-HANDSHAKE:  100  ns  to  700  ns .  
2 -  OR 3-WIRE HANDSHAKE:  300  ns  to  800  ns .  

DAV WIDTH (a t  +1.3  V) :  See fo l lowing tab le :  

Clock Mode 
Internal Clock 
Manual  Clock 
External  Clock 

Wid th  40 ns  -  200 ns  
W i d t h  > 2 0 0  n s  

D A V  W i d t h  
Clock period/2 Â±50 ns 
10 us (typical) 

250 ns (typical) 
External width Â±50 ns 

STATUS:  I d l e ,  Ac t i ve  and  B reak  s ta tes  i nd i ca ted  on  l i nes  ACS (Ac t i ve  s ta te )  and  BRS 
(Break state)â€” fed via Control Pod Model 15454A: 

Status 

Idle 
Active 
Break 

A C S  

LO 
HI 
LO 

BRS 

HI 
HI 
LO 

P O D  O U T P U T  C H A R A C T E R I S T I C S  
TTL  SETTING 

FAN OUT:  5  s tandard  TTL  max imum.  
LEVELS:  h igh  +4 .5  V  to  +  5  V ;  l ow  -0 .5  V  to  +0 .4  V .  Id le  (3 -s ta te )  5  k i l  t yp i ca l .  
S IGNAL CHARACTERISTICS (1  s tandard  TTL load) :  

TRANSIT ION T IMES (+0 .4  V  TO +2 .4  V ) :  25  ns  t yp i ca l ,  50  ns  max imum.  
DISTORTED HIGH LEVEL: Â» +3.5 V ( i .e.  preshoot,  overshoot,  r inging l ie above this 

level). 
DISTORTED LOW LEVEL:  3+0.8  V ( i .e .  p reshoot ,  overshoot ,  r ing ing l ie  be low th is  

level). 
VARIABLE SETTING (CMOS)  

MAXIMUM LOAD:  50  pF (h igh  impedance) .  
L E V E L S :  h i g h  + 3  V  t o  + 1 5  V  a d j u s t a b l e ,  l o w  - 0 . 5  V  t o  + 0 . 4  V .  I d l e  ( 3 - s t a t e )  

5  k f l  typ ica l .  
H I G H  L E V E L  T O  M E A S U R E M E N T  P I N  V O L T A G E  T R A C K I N G :  Â ± 0 . 2  V  t y p i c a l ,  

Â±0.5 V maximum. 

S IGNAL  CHARACTERIST ICS (50  pF ,  +15  V ) :  
TRANSITION TIMES (20% to  80%):  35  ns  typ ica l ,  60  ns  max imum.  
DISTORTED HIGH LEVEL:  a  +  12 .0  V .  
D ISTORTED LOW LEVEL:  Â«^2 .5  V .  

O U T P U T  e x  A l l  o u t p u t s  p r o t e c t e d  a g a i n s t  s h o r t  c i r c u i t  a n d  e x  
ternal  voltages from -1.0 V to +18 V.  

AUXIL IARY OUTPUTS 
TRIGGER: Generated a t  t r igger  address (T-ADDR).  

FORMAT:  NRZ .  
LEVEL: s tandard TTL.  
FAN OUT:  5  s tandard  TTL max imum.  

PROBE:  +5  V  dc ,  400  mA max imum.  
POD INPUT  S IGNALS  

ADDRESS: 12 l ines (pos i t ive t rue) ,  AO to A9 v ia  Address Pod Model  15453A;  A10,  A11 
( for  Opt ion 001 Extended Memory)  v ia  Contro l  Pod Model  15454A.  Addi t ional  enable 
l i nes  o f  EN2v ia  Con t ro l  Pod ;  EN3,  EN4 v ia  rea r  pane l )  a l l ow a  number  o f  81  70A 's  
to be addressed f rom a 16-bi t  bus;  selectable levels pos/neg/don' t  care.  

CONTROL (Model  15454A):  Ready for  DATA (RFD) and Data Accepted (DAC).  In  2-wire 
handshake. RFD level pos/neg selectable. In 3- wire handshake, RFD and DAC conform 
to ANSI/ IEEE 488-1978.  

POD INPUT CHARACTERIST ICS 
INPUT IMPEDANCE: >10 kÃ­ l j  |  Â«25 pF.  
LEVELS:  h igh  a+2 .0  V ;  l ow Â«+0 .8  V .  
MAXIMUM EXTERNAL VOLTAGE:  Â±18 V.  

AUXIL IARY INPUTS 
CLOCK IN:  For external  c lock s ignal  input .  
START IN:  Externa l  s igna l  s tar ts  data  genera t ion .  Prompts  8170A t rans i t ion  f rom Id le /  

Break to Act ive state.  
STOP IN:  External  s ignal  s tops data generat ion.  Prompts 8170A t rans i t ion f rom Act ive/  

Break to Idle state. 
B R E A K  I N :  E x t e r n a l  s i g n a l  h a l t s  8 1 7 0 A  a t  c u r r e n t  a d d r e s s ,  o u t p u t s  r e m a i n  a c t i v e .  

Prompts 8170A t ransi t ion f rom Act ive to Break state.  
INPUT CHARACTERISTICS (a l l  pos i t ive edge t r iggered) :  

INPUT  IMPEDANCE:  >10  k f !  |  Â«25  pF .  
LEVELS: h igh Â»+2.0 V,  low Â«+0.8 V.  
MINIMUM WIDTH (a t  +1 .3  V) :  40  ns .  
MAXIMUM EXTERNAL VOLTAGE:  Â±18 V.  

H P - I B  C A P A B I L I T Y  
INTERFACE FUNCTIONS IMPLEMENTED:  SH1,  AH1,  L4,  SR1,  RL1,  T5,  PPO,  DCO,  

DTO, CO. 
KEYBOARD MODE: Remote programming of  a l l  f ront  panel  keys and funct ions.  Coded 

loading and readout  of  data.  Speed:  3 ms per  character  typ ical .  
DATA MODE:  Fas t  b i na ry  l oad ing  and  readou t  o f  da ta  on l y .  Speed :  3  ms  pe r  by te  

typical. 
RS  232C /CCITT  V .24  CAPABIL ITY  

R e m o t e  b u s  a n d  l i s t i n g  o f  m e m o r y  c o n t e n t ,  a n d  d i s p l a y  o f  c u r r e n t  d a t a  b u s  
format and address/data coding.  ASCII  7,  par i ty  even.  

BAUD Automatic 110, 150, 300, 600, 1200, 2400, 4800, 9600 selectable. Automatic genera 
t ion of  2 stop bi ts  for  110 baud, one stop bi t  for  others.  

General 
P O W E R :  1 0 0 ,  1 2 0 ,  2 2 0  o r  2 4 0  V ,  + 5 % - 1 0 % ;  4 8 - 6 6  H z ,  1 1 0  V A  m a x i m u m .  
ENVIRONMENTAL: 0 to 55Â°C, with relat ive humidity to 95% at 40Â°C. 
WEIGHT:  11 kg  (24.3  Ib ) .  
D I M E N S I O N S :  1 3 3  m m  H  x  4 2 6  m m  W  x  4 2 2  m m  D  ( 5 . 2  x  1 6 . 8  x  1 6 . 6  i n ) .  
A C C E S S O R I E S  S U P P L I E D  

2 data output  pods (Models  15455A,  15456A) 
1 address input  pod (Model  15453A) 
1 contro l  pod (Model  15454A) 
Pods car ry ing wi th  Snap-on Assembly ,  w i res ,  hook-on c l ips  and car ry ing case.  

OPTIONS 
00 1 :  words 24K-bit  memory for output format 8 bits x 4096 words or 1 6 bits x 2048 words. 
002: Address dr iver (Model 15452A). Provides 10 address output l ines AO to A9, posit ive 

true. 3-state capabi l i ty in idle state. 
FAN OUT:  10  s tandard  TTL  max imum.  
L E V E L S :  H i g h  3 + 2 . 4  V ,  l o w  s  + 0 . 5  V .  
S IGNAL CHARACTERISTICS ( in to  1  s tandard  TTL) :  

TRANSITION TIMES (+0 .5  V  to  +2 .4  V) :  Â«50 ns .  
D ISTORTED H IGH LEVEL :  3=+2A  V .  
D I S T O R T E D  L O W  L E V E L :  s + 0 . 6  V .  

PRICES IN U.S.A. :  8170A,  $5000;  Opt .  001,  $500;  Opt .  002,  $250.  
MANUFACTURING DIVISION: BÃšBLINGEN INSTRUMENT DIVISION 

Herrenbergerstrasse 110 
D-703 Boblingen 
Federal Republ ic of Germany 
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An HP- IB Extender  for  Distr ibuted 
Instrument  Systems 
This instrument el iminates the 20-metre distance restr ict ion 
fo r  HP- IB sys tems,  enab l ing  loca l  and remote  groups o f  
inst ruments to  operate together ,  usual ly  wi th  no ext ra 
p rogramming .  Modems o r  tw in -pa i r  cab le  p rov ide  the  
communica t ions  med ium.  

by David  H.  Guest  

SINCE ITS INCEPTION in the early 70s, the HP Inter 
face Bus (HP-IB) has greatly simplified the as 
sembly of do-it-yourself instrument systems, 

lessening the need for custom engineering.1 Its adoption 
as a standard encouraged a proliferation of interest at a 
time when the industry realized the need for more organ 
ized methods of interconnecting instruments and other 
products with an intelligent controller. Such has been its 
success that now available are over six hundred different 
products worldwide, each of which is compatible with 
the standard and capable of being interfaced readily with 
any of the others. 

When the HP-IB was originally devised, its designers 
initially tackled the immediate problems of local bench-top 
and rack-mount systems. As incorporated in products fre 
quently described in these pages, the HP-IB provides a 
convenient means of interfacing local devices and a con 
troller, but it makes no direct attempt to solve the problems 
of those wishing to access remote groups of instruments. 
Engineers are now finding an increasing need to monitor 
and control production processes from a central site, ac 
quire data from diverse locations, and perform measure 
ments that are inherently remote, as in testing communica- 

â€¢HP-1B in Hewlet t -Packard 's implementat ion of  ANSI/ IEEE Standard 488-1978 and is  in 
genera l  compl iance w i th  the  dra f t  IEC Standard  625-1  expected to  be  pub l ished in  I979.  

tions plants. These applications still tend to require special 
engineering, or they might use a remote minicomputer 
to schedule detailed operations and communicate results 
via an RS232C modem data link to the central site â€” 
not an efficient or cost-effective approach for simple 
measurements. 

The new HP Model 37201A HP-IB Extenders (Fig. 1) 
overcome the problem of distance. Used in pairs, they pro 
vide a direct extension of HP-IB facilities to a distant site, 
thereby putting all the convenience of the HP-IB technique 
directly at the disposal of those configuring distributed 
instrument systems. 

The extenders do not provide a new interface scheme, but 
do provide a means of overcoming the 20-metre distance 
limitation of the existing standard bus, adding a whole new 
dimension to the HP-IB's possibilities. An assembled HP-IB 
system may be split into two isolated groups of instruments 
that communicate through a pair of extenders connected by 
a data link. The remote instruments appear functionally as 
if they were directly cabled to the local bus. The pair of 
HP-IB extenders and their associated data link are essen 
tially transparent, that is, the interface behavior of pro 
grammed HP-IB systems is operationally identical with and 
without the extenders. For simple configurations, addi 
tional systems programming is usually unnecessary. Fig. 2 

F i g .  1 .  T h e  H e w l e t t - P a c k a r d  
M o d e l  3 7 2 0 1  A  H P - I B  E x t e n d e r  
c o n v e r t s  s t a n d a r d  H P  I n t e r f a c e  
Bus  ac t i v i t y  in to  a  ser ia l  fo rm fo r  
c o m m u n i c a t i o n  v i a  n o r m a l  l u l l -  
d u p l e x  m o d e m s  o r  t w i n - p a i r  
cable.  Funct ion ing in  pa i rs ,  exten 
ders enable two distant clusters of 
bus - in te r faced  ins t ruments  to  op  
erate as one. 
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Local Bus 

Remote Bus 

Up to 14 Remote Instruments 

F ig .  2 .  Two d is tan t  c lus te rs  o f  i n  
s t ruments  are  connected th rough 
a pair  of  37201 A HP-IB Extenders 
i n  t h i s  b a s i c  c o n f i g u r a t i o n .  T h e  
con t ro l l e r  can  commun ica te  w i th  
the remote inst ruments as though 
they  were  connec ted  to  the  l oca l  
bus. 

illustrates how devices are linked together using extenders. 
Although fundamentally the extenders operate in pairs, 

various techniques (to be described later) may be used to 
provide access through one extender to more than one 
remote site. 

Transparent  HP- IB Extension 
In general, HP-IB data travels in both directions between 

extenders so each extender is required to accept or source 
data, depending on the direction of transmission, in place 
of the distant responding device. Each 37201A Extender 
does this by hand-shaking HP-IB bytes from the device into 
its serial transmit buffer, or out of its serial receiver buffer to 
the device (see Fig. 3). This avoids end-to-end transmission 
of the three bus handshake lines (DAV, NRFD and NDAC), 
and the much slower system operation that this would 
entail. Along with each data byte, a copy of the five man 
agement lines (IFC, ATN, SRQ, EOI and REN) is also sent, 
giving a pair of bytes for transmission. Additionally, upon 
any change in one of the relevant management lines, a new 
copy of all five lines is sent; the associated data byte is 
marked as a dummy in this case. 

Interpretation of data received by one extender from 
another is governed by a private protocol designed specifi 
cally for the purpose. This protocol is distinct from the 
HP-IB, although extension of HP-IB systems is, of course, its 
purpose. The user or programmer does not become in 
volved with the protocol in any way, control still being 
through HP-IB operations. All translations are done au 
tomatically by the extenders. 

Those closely familiar with details of the complete set of 
HP-IB functions will realize that strict implementation of 
the parallel-poll function subset is an insoluble task for any 
extension scheme. Devices are required to respond to a 
parallel poll in a much shorter time than interextender 
communications can achieve. Consequently, this HP-IB 
function is not supported by the 37201A HP-IB Extender. 

Serial poll, however, is fully accommodated. Also, the 
37201 A does not allow passing of bus control to a device at 
the remote site, a feature not usually required in the instru 
ment systems for which it is mainly intended. 

Ser ia l  Transmission between Extenders  
For communication, the 37201A Extenders require a 

full-duplex data link, that is, one that allows transmission 
in both directions simultaneously. Standard data modems 
connected to the extender's RS232C (V.24) interface allow 
extension of HP-IB operation to any part of the world linked 
by telephone, either using switched-network (dialed) oper 
ation or dedicated leased lines. Both synchronous (up to 
19.2 kbit/s) and asynchronous modems (150, 300, 600, and 
1200 bit/s) are supported by the 37201A. Where continuous 
monitoring or control is not required, remote instrumenta 
tion can be called on a dialed connection, automatically if 
required, only when information is needed, thus avoiding 
the cost of leased lines. The higher transmission speeds, 
however, usually require leased-line operation. 

Communication over short distances of up to 1000 metres 
can be provided without modems by using low-cost twin- 
pair cable (four wires) directly connected to the extenders. 
Balanced differential drive and transformer isolation give 
excellent immunity to interference pickup. The twin-pair 
bit rate is fixed at 20 kbits/s and during transfer of long 
strings of HP-IB data bytes, this gives a useful transmission 
rate up to at least 775 data bytes per second. 

For transmission purposes, the 3720lA's serial protocol 
takes byte pairs (data and bus-control bytes) from its trans 
mit buffer and assembles them into variable-length trans 
mission blocks or packets, each packet containing as much 
data as was available, up to a maximum of 30 byte pairs. 
Variable packet length improves efficiency. Each packet 
also has an identification header, a tail, and certain protocol 
information. In synchronous operation, the receiver 
searches for the header on a bit-by-bit basis as a means of 
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Fig.  operat ion o f  b lock d iagram i l lus t ra tes the funct iona l  operat ion o f  a  pa i r  o f  37201 A HP- IB 
Extenders. 

establishing byte-sync. 

Error  Detect ion and Correct ion 
Corruption of data in transit between devices is a problem 

not usually encountered with normal HP-IB systems, but 
this becomes a matter of great importance in extended 
buses. Particularly with dialed-up modem connections, 
data transmission errors due to transient phenomena are 
highly probable. Since even a single-bit error on the bus is 
enough to cause complete operational breakdown, such 
errors obviously cannot be tolerated. Effective elimination 
of communication errors was therefore a prime objective in 
the design of the 37201A. 

Forward error-correction techniques, such as those used 
in space applications for correction of relatively few iso 
lated errors, are quite inappropriate in telephone data 
transmission where long strings of bits are commonly cor 
rupted. For this reason, 3720lA's use the only other possi 
ble approach, namely, correction by retransmission. 

For error detection purposes, each transmitted packet has 
redundant longitudinal and vertical parity information 
added so that when received, packets can be checked for 
parity correctness in two dimensions. This technique is not 
quite as efficient in detecting certain errors patterns as a 

cyclic redundancy check, but it avoids special-purpose 
generating and checking hardware and may be performed 
very rapidly by microprocessor firmware. In fact, the verti 
cal (byte) parity is automatically created and checked by the 
microprocessor system's serial-communication devices, 
leaving only a longitudinal byte summation for firmware. 
When a packet is received correctly, a short acknowledg 
ment packet is returned to the originating extender, allow 
ing it to proceed with new data. A corrupted packet is 
discarded and no acknowledgment returned. This causes 
the originator to retransmit the packet, which of course 
must be clearly marked as a repeat otherwise there is danger 
the receiver might implement the same data on the local bus 
.twice â€” the acknowledgment itself may have been cor 
rupted. 

The user is unaware of these operations taking place, 
except in so far as HP-IB operation might slow down notice 
ably in the event of repeated errors. Even prolonged data- 
link breaks do not upset HP-IB functions â€” they merely stop, 
continuing faultlessly when the link is restored. 

Coordinat ing Data Flow 
In local HP-IB systems, any instrument temporarily un 

able to cope with further data bytes prevents overflow by 
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A Comprehensive Approach to 
Automatic Troubleshooting 

Designers  o f  mic roprocessor -based ins t ruments  usua l ly  incorpo 
ra te  rou t ines  to  enab le  the i r  p roducts  to  se l f - tes t  themselves .  The 
overhead incurred is general ly l i t t le more than the cost of some extra 
read-on ly  memory ,  p rov ided the  techn ique is  des igned in  f rom the  
outset.  This is perhaps fortunate, because the complexity of features 
now avai lable means that  the user of ten has no other s imple way of  
checking that  the equipment  is  fu l ly  funct ional .  

Very  and these tes ts  go no fu r ther  than a  pass/ fa i l  dec is ion  and 
make reason attempt at aiding troubleshooting of a fault. One reason for 
t h i s  i s  t ha t  t he  l eng thy  p rog ram needed  fo r  f u l l e r  f au l t  d i agnos i s  
c a n n o t  b e  a c c o m m o d a t e d  e c o n o m i c a l l y ,  a n d  e v e n  w h e n  i t  c a n ,  
m a n y  t h e  l a c k  a  s u i t a b l e  m e t h o d  o f  d i s p l a y i n g  r e s u l t s  t o  t h e  
service technician. 

Whi le also incorporat ing a pass/ fa i l  test ,  the 37201A solves these 
t w o  d i f f i c u l t i e s  w i t h  a  d i f f e r e n t  a p p r o a c h  t o  i m p l e m e n t i n g  a  t r o u  
b leshoot ing  a id .  Desk top  computers  such  as  the  HP Mode l  9825A 
are commonly found in HP-IB environments,  and for th is reason, the 
37201 A 's  fau l t -d iagnost ic  system is  based par t ly  on fac i l i t ies  avai l  
able with this machine. At first sight, use of the 37201A's HP-IB port to 
g i ve  access  fo r  f au l t  l oca t i on  us ing  the  compu te r  wou ld  seem an  
obv ious  app roach  bu t  i n  p rac t i ce ,  so  much  o f  t he  37201  A  i s  con  
cerned with the HP-IB that an unacceptably large proport ion of faults 
wou ld  p reven t  d iagnos i s  f r om even  beg inn ing .  I ns tead ,  an  edge -  
connec to r  i s  p rov ided  fo r  coup l ing  the  9825A Desk top  Computer ' s  
standard 16-bit I/O interface card (98032A) directly into the 37201 A's 
microprocessor .  

Some the 8 test files, each dedicated to testing individual parts of the 
37201 A,  are  ava i lab le  on a  tape car t r idge a long wi th  a  master  pro  
gram.  Under  cont ro l  o f  th is  master  program runn ing in  the desktop 
computer, one file at a time is transferred to the 37201 A with the aid of 
a shor t  loader program res ident  in  the 37201 A f i rmware.  For  check 
ing, a copy is also passed back to the master program. The f i rst  two 
b y t e s  b e  i n d i c a t e  t o  t h e  l o a d e r  w h e r e  i n  R A M  t h e  f i l e  i s  t o  b e  
s to red .  The  f i l e  i s  rea l l y  a  sub rou t i ne  su i t ab le  fo r  runn ing  on  the  
37201  A ' s  m ic rop rocesso r  and ,  hav ing  execu ted  the  t rans fe r ,  t he  
l oader  two  a  sub rou t ine  ca l l  t o  the  address  g i ven  by  the  f i r s t  two  
bytes.  Each of  the f i les  (subrout ines)  has been carefu l ly  des igned,  
along simple faci l i t ies in the 37201 A's hardware, to perform a simple 
d iagnost ic  tes t  as  unambiguous ly  as poss ib le .  Resul ts  o f  each test  
a re  passed  back  to  the  desk top  computer ,  us ing  the  same rou t ine  
used in checking the in i t ia l  t ransfer ,  for  interpretat ion by the master  

program. An appropr iate pr intout or display then shows the operator 
w h i c h  c o m p o n e n t s  a r e  l i k e l y  t o  b e  a s s o c i a t e d  w i t h  a n y  f a i l u r e  
d iscovered.  

Although individual ly they are fair ly elementary, taken together the 
1 8 sets of tests do a very comprehensive job of indicating the area of 
fa i lure.  Depending upon how closely the microprocessor is t ied in to 
each  func t i ona l  c i r cu i t ,  a  f au l t  can  o f t en  be  p inpo in ted  r i gh t  t o  a  
particular 1C pin, although in other cases only a small group of ICs can 
be ident i f ied.  Appropr ia te  rout ines have been des igned for  each of  
the  areas tes ted.  St imulus-and- response tes ts  w i th  var ious b i t  pa t  
t e r n s  a r e  u s e d  f o r  r a n d o m  l o g i c ,  t h e  c o m m u n i c a t i o n s  p a t h s  a r e  
exerc ised wi th data and looped-back progressive ly  fur ther  f rom the 
processor ,  s to re  and load o f  tes t  pa t te rns  checks  the  RAM,  par i t y  
tests out performed on each ROM device, and checks' are carried out 
on operat ions of the microprocessor i tsel f .  Simple loop-back j igs are 
needed to test  the dr ivers and receivers of  the rear-panel interfaces 
because  o the rw ise  the  p rocessor  canno t  mon i to r  o r  d r i ve  the  ou t  
board s ides of  these dev ices.  

The technique does have i ts l imitat ions, however.  I f  the processor 
h a s  a  n o  f a u l t  t h e n  e v e n  t h e  l o a d e r  w i l l  n o t  r u n  a n d  n o  
diagnosis can be reached, other than that the immediate area of the 
processor has fai led. In this event,  faci l i t ies for the use of s ignature 
analysis1 are provided. 

Fo r  conven ience ,  tes ts  a re  d i v ided  in to  th ree  func t i ona l  c i r cu i t  
a reas  (p rocessor ,  HP- IB ,  and  se r ia l  commun ica t ions ) ,  w i th  a  com 
plete Other of the entire 37201 A taking less than three minutes. Other 
advantages of cartridge storage for test routines are that extra ROM is 
a v o i d e d  i n  t h e  i n s t r u m e n t  ( s o m e  5 0 %  m o r e  w o u l d  h a v e  b e e n  r e  
quired) and that tests and operator readouts can easi ly be corrected 
and  amended  a t  l a te  s tages  o f  deve lopment  w i thou t  a f fec t ing  the  
product i tself .  

By  i t s  na ture  the  37201 A HP- IB Extender  p resents  very  much a  
"b lack  box"  Â¡mage to  the  user  and  serv ice  techn ic ian ,  and  cou ld  
easily have been a diff icult device to troubleshoot. The diagnostic test 
system has already been invaluable in product ion test ing and should 
prove a most  usefu l  a id  in  occasional  f ie ld  serv ic ing.  

-Peter  Roubaud 
Reference 
1 .  R . A ,  H e w l e t t -  " S i g n a t u r e  A n a l y s i s :  A  N e w  D i g i t a l  F i e l d  S e r v i c e  M e t h o d , "  H e w l e t t -  
Packard Journal ,  May 1977.  

holding up the three-wire handshake sequence. With ex 
tended buses, however, no such direct mechanism exists. 
What, then, stops a sourcing device from pouring bytes 
down the serial data-link at a rate faster than a distant 
instrument can accept them? This is an additional function 
of the error-correction protocol. A slow acceptor device 
soon causes the associated extender's receive buffer to fill to 
capacity with bytes awaiting transfer. At this point, the 
extender prevents transmission of new data by failing to 
acknowledge any further packets until buffer space be 
comes available, thereby avoiding overflow. In turn, the 
transmitting extender holds up the source's handshake 
when its transmit buffer reaches capacity. 

Automatic Dial ing 
Although the pair of 3720lA's carry out their basic exten 

sion function without need for program control, the exten 

der at the HP-IB controller end can be addressed as an HP-IB 
device in its own right for several purposes. One of these is 
the control of an automatic dialer that may be connected to 
the RS366 (V.25) interface provided on the extender. This 
enables a local controller and its associated extender to dial 
one of a number of extenders, each with its individual 
group of HP-IB instruments, automatically under program 
control. The dialer accepts the required telephone number 
from the controller via the extender's RS366 (V.25) interface 
and when the call is automatically (or manually) answered, 
transparent HP-IB control of that group of instruments 
can begin immediately. This provides an economical way 
of occasionally accessing remote data collection stations, 
avoiding the expense of dedicated leased circuits. 

When HP-IB activity with a particular remote station is 
complete, the local station disconnects (goes "on-hook"), 
again on an addressed instruction from the controller. 
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Fig.  4.  Mul t ipo int  connect ion us ing a 4-wire te lephone c i rcu i t  
enables a control ler  to communicate with instruments at  up to 
31 remote s i tes,  one s i te  at  a  t ime.  

Within a minute of losing recognizable data packets, the 
remote extender also disconnects. This automatic discon 
nection was felt to be essential since otherwise any failure 
of the dialed connection could leave the remote station 
"off-hook" and therefore unable to respond to further call 
attempts, clearly an undesirable situation for an unmanned 
station. 

Mult ipoint  Operat ion 
If several distant stations must be accessed frequently, a 

multipoint (often called multidrop) arrangement is called 
for (Fig. 4). Telephone companies arrange leased telephone 
circuits specifically for this type of configuration, enabling 
all the remote modems' receive ports to be functionally 
connected in parallel with the local controlling modem's 
transmit port, and all remote transmit ports in parallel with 
the local receive port. All remote modems receive continu 
ously so that each extender is able to wait for its own 
address (preassigned by switch selection). A packet con 
taining the required address is sent from the controller-end 
37201A following an addressed instruction from the con 
troller. This causes the 37201A that recognizes its own 
address to turn on its modem's carrier and begin corre 
sponding with the controller 37201A. Any previously ad 
dressed station automatically turns off. For example, 
switching from any other multi-point station to station 7 in 
the middle of an HP-IB applications program is executed 
very quickly and conveniently by means of the addressed 
instruction M7. 

Loss of  Remote Data  
Although the extension of an HP-IB system adds a degree 

of hardware complication, great stress has been laid on 
simplicity of use and verification of correct system opera 
tion. The latter is most important when remote stations are 
inconveniently located. In particular, facilities have been 
provided for determining that a pair of 3720lA's and their 
associated data link, which usually will be under control of 
a telephone company, are properly cabled-up and function 
ing correctly. 

Each 37201 A has a LOSS OF REMOTE DATA LED indicator 
that gives immediate confidence of correct operation by 
extinguishing when the extender pair has been brought 
successfully into mutual communication. It stays off as long 
as packets are both received and acknowledged, but any 
prolonged data-link failure is reliably signalled within 
eight seconds. In the absence of HP-IB traffic, when packets 
would not otherwise be sent, the extenders exchange 
dummy packets to keep testing the link. This means that 
extinction of LOSS OF REMOTE DATA indicates correct oper 
ation of the link and extender pair regardless of whether 
other HP-IB devices are connected or operating. 

System Considerat ions 
Without actual physical disconnection, the pair of exten 

ders can effectively be isolated from the local (controller) 
bus by addressing an IDLE instruction to the local 37201A. 
This prevents communication with the remote site until a 
future ACTIVATE instruction occurs, leaving the local in 
struments to run a program on their own. At first sight, this 
idling of the extension functions may seem a strange feature 
to want, but it provides solutions to several very practical 
operational problems. 

Being transparent, the extenders do not know the physi 
cal location of the device for which any particular message 
is destined. Consequently, normal operation requires that 
all messages be transmitted to the opposite site. This means 
that all bus operations, even local ones, ordinarily can pro 
ceed only at a speed limited (usually) by the rate at which 
the serial link allows data to be transmitted. At 1200 bits/s 
asynchronous, for example, the effective HP-IB rate will be 
about 38 data bytes/second. For local transactions not in 
volving distant instruments, such a relatively slow speed 
may be inconvenient. Using the IDLE function increases the 
bus speed, enabling the local 37201A to complete the hand 
shake cycle at a rate of up to some 2400 data bytes/s (and of 
course watching for its own address) but otherwise taking 
no active part in bus operation. Judicious use of IDLE and 
ACTIVATE instructions can thereby reduce the effects of 
slow data rates. 

Another use of the IDLE function is in avoiding system 
hang-up when data-link failure occurs â€” not an uncommon 
event in dialed-up connections. Data-link breakdown may 
result in the local 37201 A's transmit buffer rapidly reaching 
capacity since the data has nowhere to go, and in this event, 
the 37201A automatically avoids data overflow by holding 
up the handshake. Such a suspended handshake, of course, 
usually means that further normal bus operation cannot 
proceed, not even local transactions. 

To cope with such situations a feature may be preselected 
by the programmer to clear the transmit buffer automati- 
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Applying the 37201A HP-IB Extender 

Uses the extended HP-IB systems are v i r tual ly  unl imi ted,  but  the 
system outl ined here clearly demonstrates many of their possibi l i t ies. 
The d iagram shows how a te lecommunicat ions  tes t  center  can per  
fo rm remote  measurements  on  la rge  numbers  o f  leased te lephone 
circuits as they pass through distant off ices. High qual i ty pr ivate-l ine 
te lephone  c i rcu i t s ,  o f ten  used  fo r  da ta  t ransmiss ion  and  o ther  de  
manding tasks ,  may be accessed for  tes t ing  a t  the  o f f ices  through 
wh ich  o f  a re  rou ted .  T ransmiss ion  measurements ,  fo r  examp le  o f  
l e v e l ,  n o i s e  a n d  t r a n s i e n t  p h e n o m e n a ,  n e e d  t o  b e  c a r r i e d  o u t  
rout inely to ver i fy qual i ty,  and as required when faul ts are reported. 

Using 37201A HP-IB Extenders,  the necessary equipment  at  any 
two  remo te  o f f i ces  may  be  ope ra ted  r ead i l y  f r om  a  conven ien t l y  
placed test center, el iminating the need for remote personnel. Control 
o f  t he  i s  access  sw i t ch ing  and  o f  t he  measu remen t  equ ipmen t  i s  

by  s tandard  HP- IB  commands.  The  bus  i s  ex tended to  the  remote  
s i t es  by  pa i r s  o f  37201  As  ove r  modem connec t i ons ,  us ing  au to -  
d ia lers  and auto-answer ing modems.  Th is  enables  the appropr ia te  
two off ices in the network to be cal led simultaneously for end-to-end 
test ing of  the desired c i rcui t .  

Normally, circuits are routed straight through the channel selectors 
a t  each  s i te  bu t ,  under  HP- IB  con t ro l ,  each  end  o f  any  pa r t i cu la r  
c i rcu i t  can  be  in te rcep ted  and  sw i tched  to  da ta - l i ne  ana lyzers  fo r  
t ransmiss ion  measurements .  Cont ro l  o f  the  measurements  i s  a lso  
f rom the local  center  and resul ts  are passed back there,  a l l  v ia  the 
HP- IB .  W i th  more  comp lex  sw i t ch ing  a r rangements ,  power fu l  ne t  
w o r k  m a n a g e m e n t  s y s t e m s  c a n  b e  b u i l t  u s i n g  r e a d i l y  a v a i l a b l e  
techniques. 

-S imon Murray  
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cally upon prolonged loss of remote data, thereby enabling 
handshake operations to resume. Data is lost, but a data-link 
failure results in loss of remote control anyway, and the 
feature enables local operation to continue without manual 
intervention (given a suitable controller program). Upon 
such a data-link failure, the local 37201A can also request 
service (SRQ) from the controller to alert it of the event. 
Following the service request and a serial poll, the control 
ler's next action should be to idle the extender so that local 
bus operations can proceed uninhibited by the failed data 
link. 

Monitor ing the Extenders 
With many of its facilities in use, the 37201 A interacts in 

a complex manner with a data link, modems, dialer, in 
struments and other 3720lA's. Keeping track of system 
activity could be a significant problem, particularly when 
the unexpected occurs at an unattended station. Being de 

signed for systems work, however, the 37201A goes a long 
way toward providing full information about its own opera 
tional state and that of its interfaces. 

Basic information is provided by front-panel LEDs, and 
for unattended operation similar data may be obtained from 
the local 3720lA's status byte by serial polling. The local 
3 7201 A can be enabled to request service (SRQ) for report 
ing the occurrence of several events including the success 
or failure of an automatic dialing operation and of data-link 
breakdown. Further useful operational data can be obtained 
by addressing the local 37201A to talk, whereupon it issues 
four data bytes of additional information to the controller. 

Implementation and Self-  Test 
Needless to say, the data handling and control functions 

just described are undertaken by a microprocessor. In fact, 
along with its RAM and 7K bytes of program ROM, the 
microprocessor is the very heart of the 37201A and per- 
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O P E R A T I N G  C H A R A C T E R I S T I C S  
HP Model  37201A HP- IB  Extender  

H P - I B  D A T A  R A T E S '  
TWIN-PAIR CABLE INTERFACE:  775  da ta  by les /s .  
SYNCHRONOUS MODEM INTERFACE:  744  da ta  by tes /s  a t  19 .2k  b i t s / s  and  p ro - ra ta  

at lower serial  data rates. 
ASYNCHRONOUS MODEM INTERFACE:  38 data  by tes /s  a t  1200 b l ts /s  and pro- ra ta  a t  

lower serial  data rates. 
â€¢Assumes continuous data byte transfer between two devices on short error-free l ink. 
S E R I A L  D A T A  R A T E  

TWIN PAIR CABLE OPERATION:  20kb i ts /s  f i xed .  
ASYNCHRONOUS MODEM OPERATION:  150 ,  300 ,  600 ,  1200  b i t s / s .  
SYNCHRONOUS MODEM OPERATION:  Up  to  19 .2kb i t s / s .  

T W I N  P A I R  C A B L E  I N T E R F A C E  
RANGE: 1000 metres.  
CABLE  TYPE:  Tw in  tw i s ted  pa i r  w i t h  sepa ra te  sh ie l ds  ( r ecommended  t ype  HP8120 -  

1187). 
LONGITUDINAL ISOLATION:  Prov ides re jec t ion  o f  common-mode in ter ference.  

MODEM INTERFACE:  Compat ib le  w i th  E IA  RS-232C and  CCITT  V .24 .  
AUTODIALER INTERFACE:  Compa t ib le  w i th  E IA  RS-366  and  CCITT  V .25 .  
P O W E R  m a x .  1 0 0 / 1 2 0 / 2 2 0 / 2 4 0 V a c ,  + 1 0 - 1 3 % ;  4 8  t o  6 6  H z ;  3 0 V A  m a x .  
OPERATING TEMPERATURE:  0  to  +55Â°C.  
D I M E N S I O N S :  8 9  m m  H  x  4 2 6  m m  W  x  3 5 6  m m  D  ( 3 1 / 2 x 1 6 % x 1 4  i n . ) .  
WEIGHT:  5 .7  kg (12.5 Ib) .  
PRICE IN U.S.A. :  $1840.  
M A N U F A C T U R I N G  D I V I S I O N :  H E W L E T T - P A C K A R D  L T D .  

South Queensferry 
West  Lo th ian  EH309TG 
Scotland 

forms nearly every activity. It is surrounded by specialized 
parallel I/O for controlling the HP-IB, modem, and dialer 
interfaces, and serial I/O devices for asynchronous and syn 
chronous serial communication. Line coding and decoding 
circuits condition the serial data for transformer-coupled 
balanced transmission in the twin-pair cable mode, thereby 
providing excellent immunity to longitudinal (common- 
mode) noise interference. 

Means of verifying correct operation of a data handling 
device such as the 3 7201 A are most important, since there is 
ordinarily little the user can tell about its continuing ability 
to fully perform the task. This is particularly true in the 
event of system failure when quick identification of the 
failed device is needed. To this end, the 37201A has a 
self-test mode that causes repeated exercising and testing 

David H.  Guest  
David Guest 's ear ly interest in amateur 
rad io  led to  a  B.Sc.  honors  degree a t  
Her iot-Watt  Universi ty,  Edinburgh, 
Scot land.  Af ter  jo in ing HP in  1970 he 
cont inued part- t ime study leading to an 
M.Sc. degree. At HP, he contr ibuted to 
the 3761 A Bi t  Error  Detector  and was 
pro ject  leader  on the 3770A Ampl i tude 
and Delay Distort ion Analyzer,  earning 
two patents relating to techniques used 
in  the  3770A.  When fami ly  respon 
sibilities permit (he has a son, 1 ) David 
re laxes by water-color  paint ing and ex 
tend ing h is  musica l  apprec ia t ion wi th  
h is  wi fe 's  profess ional  gu idance.  He 

recently bui l t  a tradit ional mercury barometer â€” not a measurement 
techn ique he expects  HP to  adopt .  

by the microprocessor of nearly all the instrument's 
hardware. In addition to tests on ROM, RAM and the pro 
cessor itself, the HP-IB and serial interfaces are automati 
cally Fail for verification of correct operation. Fail 
ure is clearly indicated by the wrong pattern on the front 
panel LED indicators. 
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