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Contents:

New Performance Standards in Microwave Spectrum Analysis, by Siegfried H. Linkwitz
1O-Hz resolution bandwidth at 22 GHz gives a new spectrum analyzer unprecedented ability
to resolve closely-spaced microwave frequency components.

Broadband Input Mixers for a Microwave Spectrum Analyzer,by John C. Lamy and Frank
K. David lnputs from 1OO Hz to 22 GHz required new developments in front-end design.

A Synthesized Microwave Locat Oscillator with Continuous-Sweep Capability , by Larry
R. Martin, Kenneth L. Lange, and Stephen f. Sparks 1O-Hz resolution at 22 GHz requires
synthesizer stability in the local oscillator but it also has to sweep smoothly'

A Digital Pattern Generator for FunctionalTesting of Bus-Oriented Digital Systems, by
Gi)nter Riebesett, IJlrich Hi)bner, and Bernd Moravek This instrument with its programmable
memory can simulate a ROM, an interface, or a data source.

An HP-IB Extender for Distributed Instrument Systems, by David H. Guest HP-lB-con-
nectedsystems may now be dispersed over great dlstances using cables or telephone lines.

In this Issue:
Microwave spectrum analyzers were first recognized as practical measurement tools

during World War l l when they were used to evaluate how effectively radar transmitters

concentrated their radiated power into spectral bandwidths detectable by the receivers. The

narrowest resolution bandwidth of these first analyzers was a wide 100 kHz, the maximum

frequency sweep was merely 30 MHz, and results were only qualitative. Nevertheless, the

kind of information they provided-separation and simultaneous display of the frequency

components that make up a signal-proved to be invaluable in analyses of complex signals'

F u r t h e r d e v e | o p m e n t s c a m e s | o w | y , b u t b y t h e l g 6 0 s , b a n d w i d t h h a d n a r r o w e d t o l k H z ,
2-GHz sweeps were possible and spectrum analyzers were beginning to find wide use on the lab bench for

evaluating the performance of mixers, oscil lators, amplif iers, and other high-frequency circuits as well as

providing quantitative measurements of electromagnetic interference and radio spectrum activity. By the 1970s'

resolution had sharpened to 100 Hz and it had become possible to measure amplitude and frequency directly

from the display. l iow for the 1980s, the new microprocessor-controlled Model 85664 is capable of 1O-Hz

resolution, 20-GHz sweeps, and precision digital readout of amplitude and frequency. (The 85664 on the fronl

cover is displaying a 2O-GHz sweep-the steps on the noise floor occur where the sweeping local oscil lator

automaiically steps back in frequency and then conlinues the sweep upwards using the next higher harmonic')

Usually the design of a digital system controller and external hardware is parcelled out to several engineers'

each of whom faces a basic problem: how to test each module thoroughly before integrating the modules into the

system. The 8170A Logic Pattern Generator, described on page 20, addresses this problem by being able to

simulate real-time data-bus traffic, complete with handshake signals when needed. Thus, it can be used to test

modules for  bus compat ib i l i ty  so that  hardware,  f i rmware,  and sof tware development  can proceed

independently.
As the range of applications for HP-interface-bus-controlled instrument systems has expanded, there has

been a growing demand for some means of allowing the bus to operate with units separated by more than the 20

metres that the standard bus circuitry allows. This l imitation on distance is now removed by the development of

the 37201A HP-lB Bus Extender, described on page 26. This device transfers the HP-lB data through a modem

ontotelephone lines and sends it reliably any distancethe telephone system allows-half way around the world if

need be-to another extender that converts it back to HP-IB format for the units at the distant location.

-H. L. Roberts
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New Performance Standards in Microwave
Spectrum Analysis
Low-level microwave signals not prevtously identifiable
with spectrum analyzers can be measured up to 22 GHz
with the aid of this new analyzer's low phase noise, 1)-Hz
bandwidth, and high sensitivity.

by Siegfried H. Linkwitz

DVANCING TECHNOLOGY NOW makes i t  pos-

sible for a spectrum analyzer designed for the mi-
crowave frequency range (above 1, GHz) to achieve

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

In  the  pas t ,  spec t rum ana lyzers  des igned fo r  the  mi -
crowave range had i imited accuracy for the measurement of
an unknown signal 's frequency, and were unable to resolve
c lose ly  spaced spec t ra l  components .  These l im i ta t ions
existed because of the dif f iculty of determining the exact
frequency of the wideband voltage-tuned microwave local

osci l lator used for frequency conversion and because of the
loca l  osc i l la to r ' s  inherent  ins tab i l i t y .

A  new mic rowave spec t rum ana lyzer ,  Mode l  8566A

IF ig .  1 ] ,  incorpora tes  new so lu t ions  to  these prob lems,
br ing ing  to  the  mic rowave reg ion  the  per fo rmance fo rmer ly
assoc ia ted  on ly  w i th  h igh-grade spec t rum ana lyzers  de-
signed for lower frequencies. The performance of the new

Mode l  8566, {  i s  such tha t  i t  i s  poss ib le ,  fo r  example ,  to
measure the frequency of a 20-GHz signal with +32-Hz

accuracy. Furthermore, the new analyzer's stabi l i ty and low
phase no ise  a l low the  use  o f  a  10-Hz reso lu t ion  bandwid th
th roughout  i t s  ex t remely  w ide  100-Hz- to -22-GHz input
range, enabling for the f irst t ime the resolut ion of close-in,
power - l ine  re la ted  s idebands on  a  mic rowave s igna l  (F ig .
2 ) .

To achieve frequency accuracy in this instrument, fre-
quency synthesis techniques are used to establ ish the start
frequency of a sweep very accurately, and a " lock-and-rol l"
technique then al lows smooth continuous tuning across the
sweep. A self-cal ibrat ing discriminator-stabi l ized swept
osci l lator technique, described in the art icle beginning on
page 13 ,  ob ta ins  the  low phase no ise  and res idua l  FM re-
quired to meet the str ingent requirements of narrowband
frequency sweeping (spans as narrow as 100 Hz) while also
a l low ing  the  ins t rument  to  make very  w ide  sweeps (up  to  20

F ig .  1 .  The Hewle t t -Packard
Model 8566A Spectrum Analyzer
haq a f rcntenr:.v ranoc of 100 Hzto
22 GHz and an amplitude range of
-134 dBm to  +30 dBm.  The
10-Hz min imum reso lu t ion
bandwidth rs useful to 22 GHz For
the majori ty of measurements,
only the dark-colored keys need
be used fo se/ect the frequency
^ ^ ^ ^  ^ ^ A  ^ 6 ^ l i + t , A ^r p a t t  a t t u  a , t p t t u w .  r e f e r e n C e

level and lo sel the tunable mark-
ers for frequency and amplitude
rpa.laut Thp nthcr naremetets ate

selected automatically and all con-
t r ^ l  < D t t t n ^ c  n r o  r ' l i c n l a t r a d  n n  t h a

CRT.
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Fig.2. Spectrum display of an IB-GHz signal made by the
Model 8566A Spectrum Analyzer with a 1)-Hz resolution
bandwidth across a frequency scan of 600 Hz. The L marker
(ilghtmost brightened dot) is positioned on a 60-Hz line-
related sideband that is 50 dB below the carrier. Until now,
this high degree of resolution, made possible by the low phase
noise and 1)-Hz resolution bandwidth of the 8566A, had not
been available in microwave slectrum analvzers.

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

response was made possible by extensive use of microcir-
cuit  technology. Ideal ly, 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.9., 15 mm at 20 GHz.
Consequently, the input preselector f i l ter of the new
analyzer was integrated with the input mixer to achieve the
response f latness desired, as wil l  be described in the art icle

beginning on page B.

Microprocessor Control
Simi la r  in  o rgan iza t ion  to  the  100-Hz- to -1500-MHz

Model 8568,\ Spectrum Analyzer, l  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 (2L.a 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 digital ly
with L000 x 1000-point resolut ion for repeti t ive read-out by
the display circuits. The video detector includes a "rosen-
fel l"  detector2 that enables the display circuits to present a
more accurate reconstruction of the video sisnal than is
'Hewlett-Packard's implementation ol ANSI/IEEE 488-1978.
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usually achieved with digital storage of spectrum analyzer
signal traces.

Microprocessor control led to the implementation of

operating features that are especial ly useful for a mi-

crowave analyzer. For example, the instrument can sweep

over its entire 100-Hz-to-Z}-GHz frequency range without
requir ing the operator to be concerned with the four

bandswitching points. For all frequency spans, the manual

tuning control requires the same number of turns (1lz) to
move a signal across the display, an especially convenient
feature in view of the wide range of frequency spans offered,
from 100 Hz Io 2o 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,  thb analyzer can be used for
complicated or t ime-consuming measurement routines
with minimum operator involvement. I t  can also interact
through the HP-IB with other instrumentation such as plot-

ters and signal generators. I t  is thus ideal ly suited for au-
tomatic component test of ampli f iers, mixers, and osci l-
lators, as well as for such tasks as spectrum searches for RFI
or unknown, intermittent signals. Every front-panel func-
t ion can be programmed through the HP-IB and addit ional
functions are provided to simpli fy the data handling be-
tween a control ler and the instrument.

Quiet, Accurate, Local Oscillator
The capabil i ty of resolving low-level signals that I ie close

to a large signal is a function of the phase noise characteris-
t ics of the local osci l lator as well  as of the analyzer's f i l ter
bandwidth and shape factor. The local osci l lator 's phase-
noise characterist ics wil l  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 osci l-
lator of the 85664 was designed for outstanding spectral
puri ty. For example, noise sidebands for input signals up to
5.8 GHz are more than B0 dB below the signal carr ier in a
1O-Hz bandwidth at 32O Hz offset from the carr ier.

Like other microwave osci l lators, the new analyzer's
loca l  osc i l la to r  has  a  l im i ted  tun ing  range (2 -6  GHz)
whereas frequency spans of several gigahertz are desirable
for microwave spectrum analysis. In addit ion, the YIG-
tuned osci l lator commonly used as a local osci l lator in
microwave spectrum analyzers can be set to a given fre-
quency with an accuracy no better than a few megahertz
because of nonl inearit ies in the magnetic tuning structure.
However, for steady-state outputs, much better accuracy
can be achieved by phase-locking the osci l lator to a known
harmonic of a stable lower-frequency reference. This prin-

ciple is appl ied to the sweeping local osci l lator of the
85664 by init ial ly phase-locking the osci l lator to a start
frequency accurately synthesized from a stable reference,



3621 MHz

IOO Hz-22 cHz

Input

321 MHz

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.

Ifthe 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 ofthe 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 85664 for fre-
quency spans as narrow as L00 Hz and as wide as 22GHz-
over eight decades of span width. An internal, oven-
controlled, 10-MHz, crystal frequency standard with a sta-
bility of one part in 10e 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., -+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

lF/Display

Front Panel
HP.IB
BF/IF Module
Display
LO-Synthesizer

lffi 
tAlcirrato,s

<5 MHz >5 MHz Sweep Voltage

ACLU: Amplitier-Coupter-Load Unit LpF: Low-pass Filter
BPF: Bandpass Filter yTO: ytc-Tuned Osciilator
CIA: Coupler-lsolator Amplitier YTX: ylc-Tuned Mixer

Fig.3. Sinplified block diagram of the Model 85664 Spectrum Analyzer. Detailed descriptions
of the front end and the synthesized first local oscillator witl be found in the articles that f ollow.

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).

Sensitivity, Flatness, Distortion
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-Io-22-GHz input fre-
quency range, a YlG-tuned preselecting filter in the Bb66A
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 22GHz.This
is done in the 85664 by integrating the filter and mixer in a
single unit using microcircuit technology. As a result, flat-
ness is better than 'r2.2 dB up to 20 GHz and no lossy
padding is required. Although the lower conversion effi-
cienc! of harmonic mixing degrades sensitivity, sensitivity
aI 22 GHz is sti l l  better than -114 dBm (the highest har-
monic used is the fourth).

For the frequency range from 'l,OO 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 -te+

AUGUST 1979 HEwLETT-pAcKARD JoURNAL 5



Frequency
RANGE:

100 Hz to 22 GHz. A
2 GHz to 22 GHz Dreselected. I 40
'lOO Hz to 22 GHz sweep in SINGLE SWEEP mode. gt

RESOLUTION:3-dB bandwidths of 10 Hz to 3 MHz in a 1-3-10 sequence. -E
AccuRAcY t 50

FREQUENCY BEFERENCE ERROR (AGING RATE): E
<1x10-9 /day  and <2x '10-7  tyear .  P

CENTER FREOUENCY: B 60

Spans <5 MHz:  t (zh  o f  f requency  span +  10  Hz +  l requency  re fe rence b
error x center frequency). 3

Zero Span: a frequency reference error x center frequency E 70
FREQUENCY SPAN: S

t1% of indicated separation for spans <5 MHz. 
'6

t3% of indicated separation tor spans >5 MHz. E UO

IVABKERS: Same as Center Frequency. +
SPECTRAL PURITY: Noise sidebands <80 dB below signal, 320 Hz offset, 100 Hz to E

5.8 GHz tuned frequency (tundamental mixing) with 1O-Hz resolution bandwidth. it 90

S U M M A R Y  S P E C I F I C A T I O N S
HP Model 8566A Spectrum Analyzer

120

l l l l l
- - - Sensitivity to 10 Hz BW /

Third Order Intermod Level -7L

| | (2oo-kHz separation) /\ .  |  |  r  I  l l  /

18.6 to 22 GHz I
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-90
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+20+ 1 0-20

1 kHz 10 kHz 100 kHz

Frequency Oftset from Carrier

Effstive Input Level (dBm)
(Signal level minus attenuator setling)

Typical Oplimum Dynamic Range.'

FREQUENCY RESPONSE UNCERTAINTY (FLATNESS):

10.6 dB, 100 Hz lo 2.5 GHz.
!1 .7  d8 ,2 .5  GHz to  12 .5  GHz.
!2.2 dB, 12.5 GHz to 20 GHz.
t3 dB, 20 GHz lo 22 GHz

COMPARISON UNCERTAINTY (resulting from oneof thetollowing techniques for compar-

ing the unknown signal with the calibrator):
REPOSITIONING SIGNAL TO CALIBRATION LEVEL: t 1 .2 dB'.
USING |\4ABKEFI: 13.2 dB'.

1  MHz100 Hz

Typical Single Sideband Noise Normalized lo I Hz BW"

Amplitude
BANGE: 134 dBm to +30 dBm (32 nV to 7.07 volts, 50O). Displayed 10,5,2, or 1 dBl

division or l inear on a 1o-division l inear scale.
DYNAMIC FANGE

SECOND-HARMONIC DISTORTION:
- -80 dBc, '1OO Hz to 700 MHz I
- -70 dBc. Too MHz to 2.5 GHz | 

4u otrm mrxer rever

< 100 dBc, 2.O GHz lo 22 GHz -10 dBm mixer level
THIBD-ORDER INTERMODULATION DISTORTION:

THIRD.ORDER IM INTERCEPT:
^  . . .  . l  |  7  dBm,  lOO Hz lo  5 .8  GHz.
upecrneo l  

+5  dBm.  5 .8  GHz to  18 .6  cHz.
( +12 dBm. l00 Hz to 5.8 GHz.

Typical' { +10 dBm, 5.8 GHz to 18.6 GHz.

[ +5 dBm. 18.6 to 22 GHz.

IMAGE AND N,IULTIPLE RESPONSES: <-70 dBc. 100 Hz to 18.6 GHz.
AVEHAGE NOISE LEVEL (SENSITIVITY): For 10-Hz resolution BW:

134 dBm, 1 l\rHz to 2.5 GHz.
132 dBm,2 GHz to 5.8 GHz.

-125 dBm, 5.8 GHz lo 12.5 GHz.
-119 dBm.  12 .5  GHz to  18 .6  GHz.

1 14 dBm, 18.6 GHz to 22 GHz.

ACCURACY: l\4easurement accuracy is a function of technique. The lollowing sources for

uncertainly can be summed to determine achievable accuracy (at constant ambaent

temperature, assuming the error correction funclion and preselector peak have been

used, and avoiding unnecessary control changes between calibration and measurement).

CALIBRATOR UNCEFTAINTY: t0.3 dB.
'Typical, non-warranted performance parameters uselul in applying the instrumenl.
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Sweep
SWEEP TIME: 20 ms full span to 1500 s full span. Zero Frequency Span, 1 r.s full sweep

(ol display) lo 1 500 s full sweep.

Input
RF INPUT: 100 Hz to 22 GHz, 50(l dc coupled. Precision Type N female. Diode limiter

100 Hz to 2 5 GHz. Preselected 2.O to 22 GHz.
MAXIMUM INPUT LEVEL

AC: +30 dBm ( 1 watt) continuous power.
DC: <100 mA currenl damage level.

ATTENUATOR: 70-dB range in '1o-dB steps.

Outputs
FIRST LOCAL OSCILLATOR:2.3 GHz to 6.1 GHz;>+5 dBm inlo 50(1.
DfSPLAY: X, Y, and Z oulputs lor auxil iary CRT display.
RECORDER: Horizontal sweep output (X), video output (Y), and penlirublanking output (Z)

to drive an X-Y recorder.

Instrument State Storage
Up to 6 sets of user delined control settings may be saved and recalled

Remote Operation
All analyzer control settings (with the exception of video trigger level, focus, align, intensity,
frequency zero, amplilude cal, and line power) may be programmed via the Hewlett-Packard
Interface Bus IHP-lB).

General
ENVIRONMENTAL:  Opera t ion  0 'C to  55 'C.  <95o/ .  re ta t i ve  humid i rv ,  O"C to

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

of MIL STD 461A, and within the requirements ol VDE 0871 and CtSpR publication 1 1 .
WARM-UP TIME

OPERATION: Requires 30 minute warm-up from cold start, O. to 55.C. Internal tempera-
ture equil ibrium is reached atter 2 hr. warm-up at stable outside temperature.

FREQUENCY REFERENCE: Aging rate atlained allet 24 hr. warm-up lrom cotd start at
25"C. Frequency is within 1 x 1O-o of l inal stabil ized frequency within 30 minutes.

POWER BEOUIREMENTS: 50 to 60 Hz; 100,'12O, 22O or 240 votts (+5olo, -1}yo)t ap-
proximately 650 VA (40 VA in standby). 400 Hz operation available.

WEIGHT:  50  kg  (112 lb ) .
Df MENSfONS: 280 mm H x 426 mm W x 600 mm D (1 1 x 163/4 x 231/2 in).
PRICE lN U.S.A.: $47,500. 400-Hz operation, add $400.
MANUFACTURING DIVISION: SANTA ROSA DIVISION

1400 Fountain Grove Parkway
Santa Rosa. Calitornia 95404 U.S.A.

dBm, a f latness of +0.6 dB, and a third-order intermodula-
t ion intercept point of +7 dBm for closely-spaced signals.
The input signal is automatical ly 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 capabil i ty 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. David

O PROVIDE THE USER with state-of-the-art spec-
trum analyzer performance over a broad range of

I 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 YlG-preselected harmonic mixer chain, and a
100-Hz-to-2.S-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 too-Hz-to-22-GHz operating range of

2 GHz-22 GHz

*{e*

2-6 GHz
from YTO
(+15 dBm)

+10  dBm
<

+10  dBm 3.6-6.1 GHz

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

-19.5 dBm
Second Convertet

LPF I
f.=2 GHz j

- 10  dBm

ilnr:
t i t l

_tl_lL
Direcuonat

Filter
fc=3.621 Gllz

-21 dBm * -.i -25 dBm

-10.5 dBm

First Converter
Tuning To Phasclock
Voltage Loop

Fig.1, Block diagram of the input section of the Model 85664 Spectrum Analyzer. The control

microprocessor se/ects the appropriate signal path according to the f requency span se/ecled.
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Fig,2. Schematic representation of the YlGluned filter and
mixer (YTX) used in the 85664. Although this shows all the
coupling loops in the same plane, the two loops for each YIG
sphere cross at an angle so coupling occurs only at the reso-
nant f requency of the YIG sphere, which rs a f unctton of the dc
m A ^ n A t i .  f ; a l d  < t r a n n l h

structure made small  compared to the wavelength of the
s i g n a l .  L O .  a n d  l F  f r e q u e n c i e s .

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 result ing from image frequencies, mult iples (fre-
quencies that beat with harmonics of the LOJ, out-of-band
signals, and signal harmonics. The tradit ional solut ion to
the problem is to precede the input mixer with a tunable
narrow-band f i l ter that tracks the frequency tuning of the
ana lyzer .  Th is  suppresses  the  unwanted responses  bu t
trades off performance because of the impedance mismatch
between the preselector f i l ter and the mixer. The mismatch
causes standing waves to develop on the transmission l ine
between them, introducing substantial variat ions in the
analyzer's frequency response. The solut ion to that problem
has been to insert attenuation between the preselector and
the mixer, which results in some loss of sensit ivi ty.

In short,  the preselector el iminates unwanted responses
but forces a trade-off between f latness and sensit ivi ty, two
key performance characterist ics of the analyzer.

The YIG-Tuned Mixer
This trade-off was el iminated in the 8566A by integrating

the mixer diode with the YIG-tuned preselector such that
there is essential ly zero l ine length between them. The
complete structure is cal led the YlG-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 appl ied to the ACLU (ampli f ier-coupler- load

unit) where i t  is ampli f ied and leveled by a saturating FET
amplif ier. I t  is then coupled to the main l ine where i t  travels
to the YTX diode, switching the diode on and off.  The on-off
rat io (conduction angle) is control led by the dc bias appl ied
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 f i l ter, as shown in Fig. 2. The f i l ter is tuned
to the analyzer's instantaneous frequency by varying the
applied magnetic f ield. An input signal passing through the
fi l ter is alternately transmitted and ref lected back by the
mixer diode as the diode switches on and off.  Frequencies
above 2 GHz in the transmitted part terminate in the 500
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, i t  is not
necessary to use a relat ively high f irst IF to space the image
frequency far enough from the desired signal to make i t  easy
to deal with, another advantage of the preselector approach.

The YTX is designed to mix on the f irst through fourth
harmonics of the LO. The control microprocessor selects
the appropriate harmonic so the harmonic bandwitching is
l ransparent  to  the  user .

Design Considerations
Although the use of microcircuitry solved the major prob-

Iems, there were others that had to be dealt with. The f irst
was how to guarantee 70-dB reject ion of unwanted signals.
A rule of thumb in YIG f i l ter design is that each resonator
sphere can contr ibute about 25 dB ofstopband isolat ion, so
three spheres seemed to be about r ight. But then, how do
you guarantee that al l  three spheres are subject to the same
magnetic f ield intensity as the intensity is varied over a
1O-to-1 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.
S ince  the  H f ie ld  i s  con t ro l led  by  the  1 .35-mm (0 .0s4- inch)
gap in  the  e iec t romagnet ,  a  l l2OOO er ror  i s  less  than O.75 pm
(30 mil l ionths of an inch) of pole-face nonparal lel ism, vir-
tual ly impossible to hold in production since i t  would be
the sum of machining tolerances in three relat ively large
pieces of steel.

The usual way to maintain acceptable paral lel ism in a
mult i-sphere structure has been to shim the pieces with
tape at strategic points. The way used for the YTX is to
intentional ly grind the pole faces with a sl ight t i l t  and then,

Tuning Current
Frequency GHz

Stronfii\
H-F ie ld

Tuning Currenl

Weaker
H-Field

Frequency GHz
Tuning Curves

tor the
Three Sphe.es

1 2

J

\\ Badly Deluned
Un i l o rm  i i  l i  i
H-Fie ld <> t , "  -

Tuning Currenl

Before Alignment After Alignmenl

Fig. 3. Misalignment of the tuning magnet pole faces, shown exaggerated here, causes lhe
three YIG spheres to have different tuning characterlstlcs. Rotating the pole pieces to bring the
tilted faces into parallel alignment achieves rdenticaltuning charactensttcs for the three spheres.

Tuning Current
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Precision Assembly of a YIG-Tuned
Mixer

Examination of the YIG-tuned mixer for the Model 8566A Spectrum
Analyzer indicated that it could not be manufactured by traditional
manufacturing methods. To maintain the designer's intent while
achieving eff icient f ixturing i t  was concluded that the engineer who
did the mechanical design of the YTX should also develop the tool ing
for manufacturing. In this way, i t  would be possible to avoid the
problems that occur when a manufacturing engineer develops con-
cepts that dif fer from the design engineer's. This placed a heavy
burden on the design engineer as the assembly f ixturing was con-
stantly being evaluated and changed, but i t  paid off in that the f inal
design was nicely manufacturable.

A photograph ot the interior of the YTX is shown in Fig. 1 . The main
part is the circular piece with the three holes where the YIG spheres
are located. This part is molded of Fiberite and then gold-plated. The
D-shaped part surrounding it is made of copper for good heat con-
duction. The small  microcircuit  at the upper r ight corner is a heater
and the device at the lower r ight corner where the f lying lead con-
nects is a thermistor. The heater maintains the YIG spheres at a

sl ightly elevated temperature so their temperature can be held con-

stant during f luctuations in the ambient.

Fig. 1. I nte r n al v i ew of th e Y I G lu ned mr x er (YT X ). Th e ci r cu I ar
part that has the three holes f ot the Y lG spheres ls only 9 mm tn
diameter.

The thermal circuit  to the three YIG spheres is completed by metal
rods that are held in cyl indrical spring-loaded clamp circuits, shown
protruding from the D r ing. The rod ends are accessible through
plug-holes in the external magnet structure so, with the magnets in
place, the rods can be rotated and moved axial ly to f ind the posit ion
for best temperature compensation, This adjustabi l i ty is obtained
while maintaining good thermal contact. The clamps are f irm enough
to obviate the need lor any addit ional clamping device or cement lo
prevent movement during shock and vibrat ion.

The YIG sphere coupling loops are just visible in the photo. Only 50
pm (0.002 inch) thick, these have to be dimensioned and posit ioned
very precisely. For example, the distance between a loop and a YIG
sphere must not vary by more than 25 prm (0,001 inch). l t  would be
very dif l icult  for even a highly ski l led person to form and poslt ion
these loops with the precision required. This problem was solved by
using state-otthe-art chemical mil l ing techniques to mil l  the loops

from beryllium copper, obtaining sturdy parts with a tolerance of *5

p.m (0.0002 inch) and excellent repeatability. These are checked in
the assembly area with an optical comparator just before assembly.

Molding on the Production Line
Molding of the dielectr ic for the coaxial sections presented some

special problems. Inject ion molding was considered but rejected
because of the fragility of the coax parts (there is a 665-to-172-pm
center conductor transit ion) and the fear that the air-f i l led microbal-
loons required to obtain the correct dielectr ic constant could sepa-
rate from the resin and f i l lers when exposed to restr icted f low under
high pressure. Tooling was developed that would al low the center
conductor to be inserted and positioned accurately after the outer
section is f i l led with the dielectr ic in a plast ic state. The assembled
unit is then cured in a pressure vessel to minimize any expansion of
trapped air due to the elevated curing temperature. After the curing,
the lead lengths and excess epoxy are tr immed, and then the coax
assembly is tested with a t imb-domain ref lectometer to assure i ts
acceptabi l i ty. Al l  oi  these operations are performed in the frnal as-
sembly area to assure maintenance of the tolerances desired.

Special Soldering Techniques
A key element in the mounting of the very small parts was the use of

solder cream (solder granules suspended in f lux). l t  is used as a
l iquid preform that enabled us to solder parts that could not be
soldered by conventional means.

YIG
Assembly

Aluminum
Thermal

Shon
Circui t

Pole
T ip

/
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Fig. 2, Cross-section of the YTX



It became apparent that soldering the entire structure at one time
was impractical, so some means had to be found that would allow
soldering without ref lowing previously-made solder joints, 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
assembled central unit  during f inal operations, obtaining a well-
bonded grounding structure.

Thermal Design of the Magnet
A major objective was to provide a constant, uniform magnetic flux

under al l  environmental condit ions. A cross-section of the magnetic
structure with the Y|G-sphere assembly in place is shown in Fig 2.
The pole tips of the magnet are made of a material that has a different
thermal expansion ratio from the main body so the magnet gap
remains constant despjte changes in the ambient temperature.

However, some short{erm differential heating of the magnet oc-
curs whenever the tuning coi l  current is changed with the greatest
change occurring at the high end of the YIG tuning range where the
current is proport ionately high. Because of the relat ively poor thermal

conductivi ty of the nickel- iron al loys used, a temperature gradient
would exist between the poles and the main body since the outside
surface dissipates heat more readi ly than the pole faces. This results
in changes in the gap spacing, hence in the YIG tuning. This problem
was minimized by instal l ing aluminum discs between the pole faces
and the outer r ing as shown in Fig. 2. These serve as thermal short
circuits between the pole faces and the magnet body reducing the
differential heating by a factor of 10 (a single slot cut radial ly in each
disc prevents the formation of eddy currents). Residual shorl-term
temperature differentials are compensated for by the microprocessor
control system (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 t i l t  in one pole face wil l
match the t i l t  in the other (Fig. 3). The computer controls
test instruments that make frequency response curves as the
fi l ter is tuned throughout the 2-to-22-GHz range. Mis-
al ignment 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 rotat ion required to bring the pole faces into
al ignment. Usually, one pass is suff icient to achieve virtu-
al ly perfect paral lel ism. 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 f latness
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 unreal ist ic to expect this performance of the SMA
connector pairs used for the connections, not to mention the
transit ions from coax to microstr ip and so on. To surmount
this problem, the YTX uses polyiron-loaded dielectr ic in a
special ly 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 f latness.

Ampli f  ier/Coupler/Load Unit
Of the several functions that the ampli f ier/coupler/ load

unit (ACLU) performs, i ts contr ibution to the high-band
flatness is most noteworthy.

First,  i t  provides a relat ively constant LO power to the
YTX's single-diode harmonic mixer. For some harmonics,
the mixer's conversion eff iciency is a function of the diode's
conduction angle, and the conduction angle changes with
changing LO power level.  The FET ampli f ier in the ACLU
operates in a saturated mode, and therefore provides gain
compression that greatly reduces the YTO power variat ions
that exist unit-to-unit and as a function of freouencv and

temperature. The amount of gain compression is shown in
F i g .  a ,

The second contr ibution to f latness is the isolat ion and
match that the coupler load port ion of the ACLU provides
for the signal input to the YTX. Input signals in the 2-to-
22-GHzrange go  in to  the  YTX,  mix  in  the  d iode,  and then go
into the ACLU. If  any signif icant port ion of this signal
ref lects off the ACLU's input and returns to the YTX, r ipple
wil l  be produced in the YTX's conversion eff iciency. This
doesn ' t  happen,  due in  par t  to  the  iso la t ion  f rom the
ampli f ier 's output provided by the coupler, and also to the
termination provided by the 50O thin-f i lm resistor. The
50f) resistor is ac-coupled to ground through the 16-pF
capacitor (see Fig. 1) such that i t  terminates frequencies of2
GHz on up, but al lows 321.MHz to exit  the IF port with only
small  loss (about 3 dB). The 16-pF capacitor and some
thin-f i lm inductors provide a 321-MHz tuned matching
network to match the nominal 50O IF impedance to the
series combination of the 50O resistor and the mixing diode
in the YTX (a combination of approximately 150O).

Power
dBm

t t + 1 0From YTO
FET LO Power

Fig.4. Variations tn the local osctllator power supplied to the
mixer diode are compressed by operating the FET amp[fier in
a saturated mode.

Amplifier I to
Output YTX
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Sapphire

LO 3.6-5.1 GHz

Signal
G2.5
GHz

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

osci l lator power for both frequency bands. To remove the
problem of image response in the 0-to-2.S-GHz band, a
double frequency conversion is performed on the input
signal. First there's an up-conversion to a f ixed 3.6-GHz IF
and then, after some f i l ter ing, a down-conversion to a
321-MHz IF .

Although the image response is effect ively 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-f i lm
technology and a high degree of integration of components.
Microcircuit  technology is used in the assembly of the l imi-
ter, f i rst converter, second converter, and ACLU.

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

bi l i ty of the f irst-converter mixing diodes from an overload
at the input. It does this very well for CW input powers
between 1 mil l iwatt (onset of l imit ing action) to 10 watts.
When not l imit ing, the device is virtual ly transparent to the
incoming signal ( loss <1 dB, VSWR <1..25). A back-to-back
diode arrangement el iminates the need for dc blocks or
returns al lowing the l imiter to operate to very low frequen-
c ies ,  even dc .

First Converter
The f irst converter is designed to achieve a good balance

of f latness, low distort ion, and conversion eff iciency. Be-
cause the frequency response and distort ion characterist ics
in the 0-to-2.S-GHz range are determined primari ly by the
first converter 's conversion f latness and distort ion, these
parameters were optimized in a trade-off with conversion
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Fig, 5, Diagrammatic representa-
tion of the second converter mi-
crocircuit. The 50o- rcrminations
for the directional frlter are actually
formed as thin f i lms along the
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eff iciency, giving a f latness of +0.6 dB for the input signal
range of ' tooHzIo 2.5 GHz. For a -3O-dBm input to the f irst
converter, the harmonic distort ion and third-order distor-
t ion products are 70 dBc and 90 dBc respectively over the
range of 100 Hz to 700 MHz, which covers the important
communication bands.

Several specif ic parts of the f irst converter, shown in Fig.

5, contr ibute signif icantly to i ts good performance. The
planar, edge-coupled, real izat ion of a Marchand balun,l
which carr ies the LO signal to the diodes, contr ibutes to
good f latness by isolat ing the signal and IF paths from the
LO port.  Distort ion is reduced by bringing the LO in on the
broadband, balanced structure. Distort ion 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.  Final ly the direct ional f i l ter is crucial in achieving
good f latness without excessive reduction in conversion
eff iciency. This f i l ter passes the 3.6-GHz IF with minimal
insert ion loss while providing a good resist ive termination
for al l  of the other frequencies produced in the mixer.

Second Converter
The second converter achieves i ts function in a small

volume with good eff iciency and low phase noise.
The 3.3-GHz VCO in the second converter is a push-pul l

two-transistor osci l lator using a microstr ip horseshoe re-
sonator.2 Typical ly, microstr ip resonators have compara-
t ively low unloaded Q (around 250), and hence are not
noted for part icularly low phase noise when used in osci l-
Ia to rs .  By  op t im iz ing  the  resonator ' s  d imens ions  ( fo r
maximum unloaded Q) and by running low bias current in
the transistors (7 mA per transistor) the loaded Q of the
osci l lator was improved to the point that at 1 MHz away
from the carr ier, phase noise in this osci l lator is as low as
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that in a typical YlG-tuned osci l lator (-135 dBc/Hz). The
close-in phase noise performance is improved by phase-
locking the osci l lator to a harmonic of the instrument's
100-MHz re fe rence f requency .  A  mic roc i rcu i t  sampler
serves as the phase detector. I t  samples the 3.3-GHz signal at
the 100-MHz rate and the result ing dc is used to control the
VCO.

The conversion eff iciency ofthis converter was enhanced
by taking advantage of the fact that the frequencies at al l
three mixer ports are f ixed. These ports are tuned so as to
ref lect the energy of higher mixing products back to the
mixing diodes where they are reconverted to the IF fre-
quency. This raises the conversion eff iciency, which ini-
t ial ly was 25o/o, up to 4oo/o.
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A Synthesized Microwave Local Oscillator
with Continuous-Sweep Capability
by Larry R. Martin, Kenneth L. Lange, and Stephen T. Sparks

HE FREQUENCY ACCURACY and stability of the
Model 85664 Spectrum Analyzer allows the use of
a resolution bandwidth of 10 Hz anvwhere within

the 100-Hz-to-22-GHz range of the instrument. The instru-

ment's accuracy, stabi l i ty, and sensit ivi ty also give i t  the
abil i ty to measure microwave frequencies at very low sig-
nal levels with an accuracy approaching that of the best
mic rowave f requency  counters .  The low phase no ise
enables the analyzer to make measurements in the audio
frequency range as well  as the RF and microwave ranges,
and in many cases al lows i t  to measure the phase noise of
microwave osci l lators direct ly.

Performance of this caliber requires synthesizer accuracy
in the local osci l lators. To achieve this accuracy along with

a sweeping capabil i ty, the frequency-conversion chain in
the Model 8566,{ uses seven phase-locked loops, two of

which have direct sweeping capabil i ty. A block diagram is
shown in  F ig .  1 .

When the analyzer's input frequency is in the 0-to-2.5
GHz range where the broadband front end is used, the
instrument operates as a conventional high-IF machine
with a f irst 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 f inal 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 f irst IF and the 3.3-GHz source is disabled.

The YTO (YlG-tuned osci l lator) loop shown in Fig. 1 is

the f inal sumrping loop of the synthesizer system that func-
t ions as the f irst local osci l lator in both frequency ranges.
The inputs to this loop are a fixed reference frequency from
the M/N loop, a f ixed or swept frequency from the low-
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100
MHz 1oo MHz

frequency synthesizer, depending on the sweep range, and
a sweep conirol 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 i ts un-
locked frequency l ies 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 appl ied 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:

fvrN : 200 - 10MiN MHz

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

21.4
MHz

Fig .  1 .  F requency  convers ion
chaln uses seven phase-locked
loops, two of which can be swept.
AII are referenced to a 10-MHz
oven-controlled crystal f requency
standard that has an agng rate ot
/ess lhan one part in 10Y per day.

the YTO loop in the locked condition is:

fyro : 200N - 10M - f11, MHz

where f11", 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 Ioop
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 i t  and the
M/N loop throughout the sweep.

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

control led osci l lator (VCO) that uses the same type of fore-

+10v

O'A
Sweep Ramp

Input

High-Pass

-3 MHz/V

Sweep Ramp to RF Module

Fig.2. YTO (YlGluned oscillator)
control loop locks the YTO to a
combination of the MIN and low-
f requency-synthesizer loop fre-
quencies.
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Some Microprocessor Contributions
to

Spectrum Analyzer Performance

by Michael S. Marzalek

The new Model 8566A Spectrum Analyzer uses virtually the same
digital hardware as the Model 85684.1 In fact, both instruments share
the same lFlDisplay unit,  which means they are rdentical from the
21-MHz third lF on through the video detector to the display process-
ing circuits. The dif ferences, from the digital point of view, are in the
control of the front end and the first and second lF stages.

Because of the fundamental differences between the analog cir-
cuits in the new 85664 and those in the 85684, there were new
opportunit ies to use the power of microprocessor control to enhance
performance, One area in which digital control contr ibutes to the
8566A's performance is in helping the YTX (YlG-tuned mixer) track
the YTO (YlG-tuned local osci l lator),  Through phase-locking tech-
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
frequency scan and the tuning ramp, hysteresis in the tuning mag-
nets, and self-heating of the tuning coi ls al l  contr ibute to mistracking
of the YTO and the YTX. Since it is necessary for the YTX to track the
YTO within +10 MHz (3-dB bandwidth) in spite of step changes as
wide as 22 GHz, methods of compensating for mistuning of the yTX
had to be developed.

Sweep delays are equalized by resistor-capacitor time 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
sweep so rt approaches the start frequency from below and con-
t inues upwards during the scan. The decision made by the micro-
processor on how far to go below the start frequency and how long to
hold jt there before starting the sweep is based on the relationship
between the previous frequency of the YTX and the new frequency,

Heaiing Effects
The effects of differential thermal expansion in the YTX tuning

magnet, already reduced a factor of 10 by aluminum thermal short
circuits (see page 10), are further reduced by f irmware routines to a
polnt where they are negl igible for most appl icat ions. When a fre-
quency change is cal led for, the microprocessor calculates the f inal
temperature, T", that the YTX magnet would arrive at, proportional to
the power dissipated in the YTX (T": K,,xf"z, where the center
frequency f",  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 present temperature, T. At the end of each sweep, the

microprocessor then calculates a new value of T such that:

T, r- T, + K2 (Tx-TiXts + tp)

where K, is the self-heating thermal conductivity of the magnet,
t .  is the sweep t ime, and tp is the nominal end-of-scan processing
t ime.

The microprocessor then uses T1 to calculate a tuning coi l  cur-
rent offset, applied through a DAC, to compensate for the short-term
self-heating effect. The only restriction in the application of this
technique is that the analyzer should be kept sweeping since it is the
only way the processor has of keeping track of t ime.

Another new function performed by the microprocessor is determi-
natjon of the time required for phase-error transients to die down
before a sweep starts. An example will illustrate the need. lf the YTO
were sweeping a S-MHz scan, the narrowest open-loop scan, a
change in center frequency could cause the frequency to step over a
band-switching point, causing the YTO to step from one end of i ts
tuning range to the other. This frequency step could be as large as 3
GHz, yet the sweep start must be within 2/o oI SMHzor 100 kHz when
the sweep starts. The microprocessor, by knowing the lrequency the
YTO is coming from, the f requency to which i t  is going, and the span
width, calculates the t ime the YTO must be held in the phase-lock
state to al low transients to die down to the point where the frequency
specification can be met.

Preselector Peaking
ln cases where a critical level measurement requires the YTX to

be tuned exactly to a signal 's frequency, the microprocessor can
perform a preselector peaking routine. This routine is called when
the display marker is posit ioned on the signal of interest and the
eRESEL eEAK pushbutton is pressed, Using the offset DAC, the micro-
processor tunes the YTX to maximize the ampli tude response of
the displayed signal and then retains the offset. The offset is also
stored along with the control settings whenever the SAVE pushbutton
rs oressed.

Relerence
1. M.S. Marzalek and L.W. Wheelwright, "Developing the Digital
Control System for the Model 85684 Spectrum Analyzer," Hewlett-
Packard Journal, June 1978.

shortened coaxial cavity resonator as the Model 8672A
Synthesized Signal Generator. l '2 To obtain the desired tun-
ing range with a high-Q resonator, the VCO runs at twice the
MiN output frequency, or 364 to 396 MHz. The osci l lator
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 ampli f ied and then divideci down in frequency by
the factor M, which ranges from B to 27. This is appl ied 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 relat ionship:

20/N : (400 _ fy6s)/M MHz
or,

fvco : 4oo - 20 M/N MHz

This is divided by 2 to derive the IWN output frequency:

fvm : 200 - 10 M/N MHz

Since the YTO is locked to the Nth harmonic of this
frequency such that:

fyro : 20oN - 1oM -f1;s MHz,

it can be seen that the Nth harmonic moves in 10-MHz steps
when M is incremented, and 2OO-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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Fig. 3. B/ock diagram of MIN 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 1.00 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 L00, 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. a).

The final frequency translation takes place in Ioop 3. This
Ioop 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 Ioop 2. The difference frequency output of the
mixer is divided by 2 and the result is divided down to
5 MHz by a factor Nr, using fractional-N techniques,2 and

'These numbers for span width and start trequency settabil ity apply when the input lre-
quency is below 5.8 GHz where LO fundamental mixing is employed. For higher input

frequencies where harmonic mixing is used, the numbers are multiplied by the harmonn

number. For example, al 20 GHz (4th harmonic mixing), the span width can be as wide as 20

MHz with the YTO locked to the lowjrequency synthesizer, and the start frequency is

settable with 4-kHz resolution.

Loop 1. Synth$ized Sweepel

vCO Number 1
75.150 MHz

1&30 MHz
1-kHz Resolution
0.1-5 MHz Sweeps

frsrso
to YTO Loop

s lBScan Ramp
25 MHz Uax

Loop 3. Programmable Translato.

3

15G300 kHz
10.H2 Resolution
1-50 kHz Sweeps

3.6 MHr
20GHr Resolulion
0.05-1 MHz Sw€eps

2
O 1
s1A N' =3.60-13.97

VCO Number 3
19$300 MHz

, 1 2

fi ls+160 MHz

Translation Mix€r
fa=tr*fr'
t1 Set By Nr.
f2 Set By N2.
Scan RamP,
and Switch SlA.

36-139.7 MHz
0.1 MHz Resolution

Loop 2. 160-ilHz Up-Converter

Fig.4. Thelow-frequencysynthesizerhasthreeloops.Loopl isthebasicsourceofafrequency

that is divided down then up-converted by loop 2 and translated by loop 3 to derive an

appropriate frequency for control of the YTO.
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A Precision Discriminator with a
Controllable Slope

by Stephen T. Sparks

The VCO that generates precision sweeps in the low-frequency
synthesizer of the Model 85664 Spectrum Analyzer is controlled
through a feedback loop that includes a discriminator (see Fig.4'
page 16). A key characteristic of this discriminator is that the slope of
its voltage/frequency response curve is adjusted by a phase-lock
loop, thus enabling highly accurate narrowband sweeps.

A block diagram of the sweep-frequency control system is shown
in Fig. 1. The discrrminator is the pulse-count type in which the input
signal tr iggers a pulse generator, which generates a single pulse of
constant width and height for each cycle of the input. These pulses
are integrated to obtain a dc current that is proportional to the input
frequency.

The transfer characteristic of the discriminator is characterized by
the equation:

l z : K f + B

where K is the slope of the response curve, f  is the input frequency,
and B is an olfset (see Fig. 1). A frequency change Af results in an
output change Al that is a function of K only. In the usual dis-
criminator, the term K is subject to warm-up and long{erm dri f t  that
exceeds the 0.1 % accuracy desired for the 85664. Therefore, some
precise means of modifying K is needed to maintain accuracy.

ss
RF Ground

Start
Frequency

Fig. 1. VCO control systems uses a pulse-count discilminator that has controllable response

Given that two points determine the slope of a line, fixing tvvo points

will fix K. In the discriminator described here, care was taken to
reduce the offset B to negligible proportions. Thus, the origin is one of
the fixed points on the response curve.

The second point is fixed during the pre-sweep interval while
phase lock is being establ ished. During this interval,  the scan in-
put where the sweep ramp is appl ied is zero (13 in Fig. 1). A precise
pre{une current (lo) corresponding to the start frequency is fed into
the VCO control loop. The N2 phase-lock loop (Fig. 4, page 16), also
programmed to the start frequency, then functions to adjust current
source I '  unti l  lock is achieved. The discriminator response curve is

thereby rotated to the point where the pre{une current drives the loop
to the desired sta( frequency. This, in effect, sets the second point,
fixing K. The drscriminator response is thus tied to the analyzer's
frequency standard by way of the 500-kHz reference.

When the scan starts, the voltage that sets l, is stored in a sample-
and-hold, opening this leg of the phase-lock loop. The discriminator
is in the feedback loop that controls the VCO and it causes the VCO
frequency to closely follow the tuning ramp, eliminating the effects of
any tuning nonlinearit ies or temperature coefi icient that.may be
in the VCO.

Precision Pulses
lf  the discriminator is to be truly l inear, the width and height of the

Discriminator

l 6+A l

l6

f6  fs  +Af

l:55 ps

11

1 2 =  1 1  x
f tn

645 kHz

*t
' 1 2

$ 
scan crouno

+
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Phase-Error
Voltage From

Phase/Frequency
Detector

---|
(FET)

Sample-
and-Hold

Integrator

To
Discrimi-

nator

in discriminator l inearity.
The discriminator response deviates from a straight line less than

+0.002"/o for an integrated pulse current (12 in Fig. l ) ranging trom O
to 213 of l2 max, and the incremental linearity, which determines the
accuracy of narrow scans, is within *0.03%. The discriminator actu_
ally operates between 1/3 and l12 of l, max, corresponding to an
input range of 200 to 300 kHz.

Fast Lag and Slow Droop
Current lu in Fig, 1 is a port ion of the sweep ramp that is appl ied

directly to the VCO, reducing the excursions of voltage Vr. This
reduces sweep lag, the amount by which the VCO frequency lags the
scan ramp. The lag, which is proportional to scan rate, occurs be-
cause of the f ini te bandwidth of the discriminator, which was made
low to reduce noise contr ibuted by the discriminator. The lu feed-
forward current reduces sweep lag by a factor of 10, so the max jmum
sweep lag is only 0.15% of scan width.

Very slow sweeps, on the other hand, are a potential source of
another problem: droop in the sample-and-hold circuit .  Since scans
can take as long as 1500 seconds each, leakage rn the sample-and-
hold capacitor would have to be less than SO pA to maintain scan
accuracy.

The sample-and-hold voltage is held in an integrator, shown in Fig.
2. To reduce the effects of sample-and-hold dri f t ,  the osci l lator sys-
tem was designed so the inlegrator has only a l imited inf luence on the
frequency; i t  can adjust the frequency by only *6.947o. This range,
however, is insuff icient to correcl for long-term dri f t  in the dis-
criminator. Thus, a digital-to-analog converter (DAC) and related
crrcuitry was added to the integrator, as shown in Fig. 2. I f  the output
of the integrator attempts to exceed +5V during the phase-lock
Interval,  one of the two osci l lators shown in Fig. 2 is turned on, either
clocking the counter up or down. The counter drives the DAC whose
output is summed with the analog integrator output, thus contr ibuting
to the output Vo. Counting continues unti l  the total output steps past
the value required to achieve phase lock. The phase error voltage
then causes the analog circuit  to retreat, cancel l ing the overshoot.
This shuts off the osci l lator, and leaves the analog circuit  in the middle
of i ts range. The contr ibution of droop rn the analog circuit  after
the sample-and-hold switch opens is thus reduced to negl igible
proportrons because the major portion of Vn is held in the DAC.

Fig. 2. Digital sampte-and-hotd.

discriminator output pulses must be uniform at al l  input frequencies.
Uniform pulses are obtained in this discriminator by using the input
pulses to drive a common-emitter transistor that has a resonant LC
circuit  in i ts col lector circuit .  Each pulse saturates the transistor,
causlng the LC circuit  to r ing at 5.2 MHz. The r inging waveform is
applied to a +16 counter. prior to each input pulse, the counter is
preset to 6. l ts MSB output then goes high on the second zero
crossing of the r inging waveform (count :  g) and goes low again
eight cycles later (count :  16). The width of the pulse generated by
the MSB output is thus determined precisely by the f requency of the
ringing circuit .  These pulses are integrated to obtain t ,  (Flg. 1).

An important feature of thrs arrangement is that presetting the
counter and using the MSB output causes i t  to ignore the f irst cycle of
the r inging waveform. The f irst cycle is of low ampli tude and of
variable period because of the f ini te saturation t ime of the driving
transistor. Also, at high input frequencies the LC circuit  may not have
sett led down f rom the previous pulse, causing further variat ions in the
first cycle. Skipping the f irst cycle results in a signif icant improvement

compared to a S-MHz reference. The fol lowing equation
thus  app l ies :

or,
(fvcos - f loop2)/2N1 : 5 MHz

f v c o e : 1 0 N 1  * f l o o o r .

The VCOS frequency is thus offset from the loop 2 fre-
quency  by  Nrx10 MHz,  where  N,  ranges  f rom 3 .60  to
1 ,3 .97  .

The VCO3 frequency is divided by 10 to place i t  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 i t  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 b kHz, thus enabling the
ana lyzer  to  meet  the  more  s t r ingent  requ i rements  o f
narrow-band scans. In addit ion, for spans less than 28kHz,
the gain of the YTO loop is increased about 10 dB. Although
this degrades the far-out phase noise somewhat, i t  improves
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the close-in phase noise and l ine-related spurious perfor-
mance. Of course, loops 2 and 3 make their own phase-noise
and spurious contr ibutions 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 dri f t  during a scan are always less than
O.1% of  scan w id th  (one "bucket "  o f  the  1000-po in t
digital ly-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 oftroublesome "crossing spurs,, in a synthesizer, so
this system eases the dif f iculty of meeting the desired
spurious specif icat ions. Spurious outputs are at least g0 dB
below the carr ier while broadband phase noise is at least 10
dB below that of the YTO loop.

For frequency spans greaterthan 5 MHz, where the sweep
ramp is app' l ied direct ly to the YTO, the synthesizer sweep-
ing function is disabled and i t  then provides start frequen-
cies with 1-Hz resolut ion.

Discriminator-Stabi l ized VGO
Loop 1 uses a stabi l izat ion system that includes a fre-



quency discriminator in the phase-lock loop, as shown in

Fig. 4. During a sweep, the loop 1 VCO is control led 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 appl ied 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 ini t iated, the error voltage from the
phase detector is stored in a sample-and-hold circuit ,  effec-
t ively opening this feedback loop. A voltage ramp for

sweeping the VCO is appl ied 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 nonlinearit ies 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.

Controlling Residual Responses
Because the M/N output remains enabled during these

sweeps ( i t  is disabled during sweeps greater than 5 MHzJ,

there is a possibi l i ty 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-
rect ional coupler that has a 2-to-6-GHz GaAs FET ampli f ier
in the coupled arm (see Fig. 2). Pads in the ampli f ier input
and output attenuate the YTO signal such that the net gain

through the pads and ampli f ier is 0 dB. The reverse isola-
t ion, however, is increased by the pads which, with the
reverse isolat ion ofthe ampli f ier, gives a total reverse isola-
t ion more than 40 dB greater than the reverse isolat ion of the
coupler i tself .  Residuals due to the M/N loop have thus been
reduced to the point that most l ie below the noise f loor of
the analyzer, even with the 1O-Hz resolut ion bandwidth.

Acknowledgments
Rick Chan designed the scan generator and YIG driver

circuits. We would also l ike to thank | im Thomason, Ken

Astrof, and the other members of the 8672A Synthesized
Signal Generator design team on whose work much of the
8566,{ local osci l lator design was based.

References
1. l .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.

:, l$l

Stephen T. Sparks
Steve Sparks received his BSEE de-
gree in 1968 and MSEE degree in 1969
from the University of Cali fornia at
Berkeley. AT HP, he contributed to the
circuit  design of the 8601A and 86054
Sweepers, the 8407A and 87544 Net-
work Analyzers, and the 8672A Signal
Generator (he joined HP short ly after
graduation from high school).  Steve
keeps busy with a variety of activities:
backpacking, jeep tr ips, photography,
restoring antique radios, brewing beer
at home, cooking, winetasting, and f ly-
ing small  planes. He also grazes catt le
and plans to develop a vineyard on his
SO-acre ranch.

Kenneth L. Lange
A native Oregonian, Ken Lange re-
ceived his BSEE and BAEE degrees in
'1967 from Oregon State University and
his MSEE degree in 1968 from Stanford
University, Ken joined HP in 1973 and
was responsible for circuit  design in the
85574 Spectrum Analyzer and the
856604 RF Module. A resident of Santa
Rosa. Cali fornia. Ken is married and
has two young sons, ages three and
one. Handball ,  gardening, and f lying
small  planes keep him busy in his spare
time,

Larry R, Martin
Larry Martin received his BSEE degree
in 1967 from Kansas State University.
An HP employee since that same year,
Larry was a project manager for the
86724 Synthesized Signal Generator,
contributed to the design of the 85554
spectrum analyzer tuning section, and
earned an MSEE from Stanford Univer-
sity along the way. Larry lives in Santa
Bosa, Cali fornia, is single, and keeps
busy with photography, wine tast ing,
softbal l ,  tennis, and basketbal l .  He also
enjoys f lying a sai lplane occasional ly.

Michael S. Marzalek
Mike Marzalek received his BSEE de-
gree in 1969 from the University of
Cali fornia at Berkeley and his MSEE
degree in 1972 trom Stanford Univer-
sity. With HPsince 1969, Mikedesigned
the microprocessor software for the
85664, designed hardware for the
85684 Spectrum Analyzer, and contr i-
buted to several synthesized signal
generators. Born in Springfield, Mis-
souri,  and raised in southern Cali fornia,
Mike is married and spends many of his
leisure hours crosscountry skirng,
down-hi l lski ing, playing folk guitar, and
working in stained glass.

AUGUST 1979 HEWLETT pACKARD lounxnr 19



A Digital Pattern Generator for Functional
Testing of Bus-Oriented Digital Systems
Simple inbrtacing enables this flexible pattern generator
to drive digital buses or other multichannel logic sysfems
for functional testing with long digitalsequences

by GUnter Riebesell, Ulrich Hribner, and Bernd Moravek

S MICROPROCESSORS and other sequential state
mach ines  cont inue to  penet ra te  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 traff ic between devices within a digital
system as well  as handling data traff ic between the system
and its peripherais, are being found in a growing number
o f  sys tem des igns .

This is raising special problems in hardware test ing dur-
ing  the  des ign  and deve lopment  o f  a  d ig i ta l  sys tem.  Wi th
data traff ic in modern digital systems routed over a shared
bus,  the  cont ro l le r  and a l l  log ic  subassembl ies  must  be
tested for bus compatibi l i ty under real-t ime condit ions at
every stage of the design. Unti l  recently, thorough checkout
of the subassemblies was not possible unti l  the controi ler
software was developed. On the other hand, the control ler
software could not be f inal ized unti l  the system subas-
semblies were completed. Thus, design veri f icat ion during

the early stages of system development has general ly been a
tr ial-and-error procedure that inevitably led to cri t ical de-
s ign  changes when debugg ing  the  sys tem dur ing  the  la te r
development phases. These design changes occurred at a
t ime when wrong dec is ions  wou ld  lead to  severe  cos t
pena l t ies  and loss  o f  t ime.

Lab-bui l t  toggle switch boxes have been used for sett ing
l ines high or low for functional test ing of subassemblies
in which specif ic input patterns are supposed to result in
specif ic output patterns according to the truth table of the
device under test. Unfortunately, switch boxes are capable
of stat ic test ing only, and investigations of complex devices
o v e r  s e v e r a l  c l o c k  c y c l e s  a r e  a w k w a r d  a n d  t i m e -
consuming.  As  an  a l te rna t ive ,  many users  bu i ld  pa t te rn
generators. These, however, general ly have l imited sets of
patterns, are usually restr icted to a narrow range of bit  rates
and output levels, and are unable to interact with the de-
v ices  under  tes t .

Fig. 1. Model 81704 Logic Pat-
Lern  Genera tor  p roduces  long
seguences of B'or 16-fut paral lel
digital words as bus stimuli tor
functional tesls ol mult ichannel
digital hardwate. lL operates at
clock rates up to 2 MHz, internallv
or externally supplied.
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Fig, 2, Miniature probes like those used with logic state
analyzers lacilitate hook-up to the system being tested.

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

generator has been designed for functional checkout of
multichannel digital hardware. The new generator, Model
81704 (Fig f),  produces sequences of A-bit  paral lel  words
up to 1024 words long for functional test ing. Alternatively,
i t  can produce 16-bit  paral lel  words with a maximum se-
quence length of 512 words. An option expands these se-
quence Iengths by a factor offour. Functional checkout with
this generator simulating all operational conditions is a
powerful fault-f inding technique which, i f  appl ied early in
the design stage, al lows the hardware, f i rmware 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, adl 'ustable). Both output modes also
have a 5-kO idle or off state. Miniature probes connected to
pods, l ike the probing systems used with HP logic state
analyzers, l  faci l i tate hook-up to the device under test

I F i g .  2 ) .

Internal Organization
The heart of the Model 8170A Logic Pattern Generator is a

battery-supported, nonvolat i le, 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 232Cl
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, el iminating the need for the user

.HP lB: the Hewlett 'Packard nterface bus, HP's imolementation of ANSI/IEEE 488-1978.

to perform numerical base conversions. When address/data
check or recall is wanted, alphanumeric LEDs display the
selected memory. address and i ts contents individual ly
using the selected code (see Fig. 1).

Typical bus traffic is simulated by the B17OA 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 simpli f ied block diagram
of Fig. 3, is known as the internal address mode. On receipt
of a START command the 81704 outputs the stored data
continously (AUTO cycle) or just once (SINGLE cycle) be-
tween the f irst and last addresses selected by the user.

The ascend ing  address  sequence is  genera ted  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. I t  is basical ly a TTL-
to-MOS driver with a switch [Q1) 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 al lows
the probes to remain hooked to a data bus without loading
the bus. I t  also al lows 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 asynchronously in a handshake mode, enabling
real-time simulation of system/peripheral interaction. As
shown in the t iming diagram of Fig. 5, i t  can work with
either a 2-wfte or 3-wire protocol. The DAV (data valid)
signal generated by the B17OA is output through one ofthe

Data Lines
DAIA POD

Data POD

Addreos Lines $0
oPT 002
Address
Output

Trigger Out

Fig.3, Block diagram of the 8170A operating in the internal
address mode. ln thrs mode, the memory contents are
supplied to the outputs in ascending order beginning at the
first address specified and ending at the last address. A
trigger output pulse is generated whenever the address being
accessed rn memory matches the address tn the tilgger ad-
dress /atch,
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+5V -3V

01: Switch For Positive Vollage
CR1:  C lamp Diode

Fig.4. Output drive level is determined by the voltage Vvar
supplied to the MOS bias input of U1, a TTL-Io-MOS
driver. Q1 turns off Vvarto place the output in the idle (high-
imoedance) mode.

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

Breakpoints
For detai led investigation of device operation with a

logic analyzer or osci l loscope, the B1 70A generates a tr igger
output pulse when a part icular address in the memory is
reached. Any address between the f irst and last addresses
can be selected as the tr igger address.

The tr igger output is part icularly 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
tr igger register and then feed the TRIG OUT signal to the
8170,\ 's BREAK IN input. During execution of the program,
the tr igger pulse wil l  halt  the program at the tr igger 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 capabil i ty may also be used to stop the
program in response to a signal or qual i f ier from the device
under test. This signal could be one that indicates a possible
malfunction or forbidden condit ion. Any pulse greater than
+2V in height and 40 ns in width wil l  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 Simulation
When operating in i ts external address mode, the 8170A

Logic Pattern Generator can function as an erasable, pro-

grammable, read-only memory (EPROM), outputt ing data

in response to external ly supplied addresses and enable
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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. AII 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 t ime is typical ly
520 ns .

Also provided are four ENABLE l ines that function as
quali f iers in the external address mode. For example, these
may be used as four addit ional address l ines when test ing
digital machines that have 16-bit  addresses, thereby provid-
ing a means of select ing the port ion of the total 64K address
space in which the B"l7OA addresses wil l  l ie. I f  more mem-
ory space is required, two or more 8170As may be used in
paral lel with the ENABLE inputs functioning essential ly as
instrument-select l ines

Friendly Syntax
The syn tax  fo r  opera t ing  the  ins t rument  f rom the

keyboard makes operation straightforward. Some examples

of user convenience are short-form entry of addresses and

data (omitt ing leading zeros), mult iple 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 naCK keys.
Syntax similar to the keyboard is used for programming

DAV Delay
(Rear Panel Adiustment)

3-Wire Handshake: lgnore Dotted Arrows
2-Wire Handshake: Follow Dotted Arrows

Fig. 5. Handshake protocol for operating the 81704 in the
asynchronous (non-clocked) mode, lt works with either 2-wire
or 3-wire protocols, as se/ected by front-panel pushbuttons.
The delay (DAV) is adjustable over a range of 300 to B00 ns.
(ACS high means the outputs are in the active 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, al l  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 Iocations between
START and Stop addresses defined while the instrument
was in the keyboard mode. The data mode also enables the

81704 to report i ts memory contents to the test system
controller.

Simplified Data Entry
Unti l  now, paral lel data generators used individual LEDs

to display the status of each channel at a part icular address.
This meant that the operator had to scrut inize the 16 LEDs
of a 16-channel instrument to check the memory status at
each memory address. The 8170A makes things much
easier by al lowing 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 01 101011 into address 10 using
hexadecimal the user executes the fol lowing keystrokes:

A D D R  1 O  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 a-bit
display registers and the content of the register is displayed
in the selected format in the corresponding posit ion on the
display. When the ENTER key is pressed, al l  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 carr ied out
in B-bit  bytes. To display the contents of a memory address
in hexadecimal, each B-bit  byte is separated into two 4-bit
segments and then each +-bit  segment is converted to the
equivalent hexadecimal digit  for display. To convert to

AO

A 1 1

Binary
Data Buffer

ol pP

Oisplay
Processing
Registers

"""Tr?1""0,13'n,""
Fig.7. Conversion of a 16-bit binary number stored in mem'
ory to an octal number for display involves separation of the
binary number into 3-bit groups and addition of a leading zero
to each group. The resulting 4-bit number may then be stored
i n  a  d i c n l a t t  r a n i c l a r

octal,  the two B-bit  bytes, taken together, are separated into

groups of three bits, as shown in Fig. 7, and by addit ion 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  wi l l  be 7 because of the

leading zero.
Binary-to-decimal conversion is more complex since, un-

l ike octal and hexadecimal, decimal numbers are not re-
lated to integral powers of 2. In this case, to match the
capabil i t ies of the 6800 microprocessor, the "add-e" al-
gori thm2 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 faci l i tate the entry of certain often-used data patterns,

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

Pattern Application Key
All os Clear memory 0
AII 1s Set memory 1,
Ascending count I  Simulate counter, check C
Descending count I  DAC l inearity, etc. D
Pseudorandom data Noise simulat ion 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. I f  key 0 were pressed, the memory would remarn 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.

Address Lines

Enable
Lines

Fig. 6. Block diagram of the Model 8170A Logic Pattern
Generator operating in the external address mode. Data ts
output whenever the address-change detector, consisting of
exclusive-NOR gates, delects thatthere has been a change of
address. Alternatively, one of the enable inputs may be used
as a clock input for timing the data output. A data-valid signal
is also qenerated.

E1

E4

MS Digit LS Digil
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Fig, 8. Ihe ENABLE sELEcrswitches and two of the four rueatr
inputs are on the rear panel. Also on the rear panel are the
LoGtc poLARtry switches , otv ottx ad justment, Rs 232c BAUD BATE
select, and HP-lB addresses (xrvsomo and onrt uoors).

The PRBS (pseudorandom binary sequence) pattern is
generated by firmware. By means of the microprocessor's
rotate instruct ion, 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-
t iates an operation that loads the current pattern into
memory. Since the firmware program always begins by
loading 000116 into the accumulator, the PRBS pattern
is always the same.

Designed-in Serviceability
As with other complex, microprocessor-based devices,

t rad i t iona l  t roub leshoot ing  techn iques  wou ld  be  in -
adequate for the Bl7OA so serviceabil i ty had to be designed
in. Serviceabil i ty 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 disabl ing certain circuits, and includ-
ing the necessary stimulus programs in the controller ROM.

When turned on, the B1,7OA 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 st imulus 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 i ts
entire address f ield. The most signif icant address l ine 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.

Acknowledgments
Arndt Pannach initiated the 8170A project while lcirn Kos

was responsible for overall guidance. Dietmar Seiffert op-
t imized the HP-IB programmabil i ty. Mechanical design
was by Horst Link.

24 rewrErr-pncKARD JoURNAL AUGUST r 979

References
1. W.A. Farnbach, "The Logic State Analyzer-Displaying
Complex  D ig i ta l  Processes  in  Unders tandab le  Form,"
Hewlett-Packard Journal, January 1974.
2. "Analog-to-Digital Conversion Techniques with the
6800 Microprocessor System," Motorola Application Note
7 5 7 .
3. R.A. Frohwerk, "Signature Analysis: A New Digital
Field Service Method." Hewlett-Packard Iournal. Mav
7977.

Ulrich Hribner
Born and raised in Stuttgart, Germany,

.l Ulrich Hubner studied at the technical
universit ies in Aachen and Stuttgart,  He
ioined HP GmbH's medical division in
1967, then moved to the instrument
group, where he developed low-cost
osci l loscooes. Since 1975 Ulr ich has
been involved in data generator design

]i6 and was responsible for the 8170A
hardware design. Ulr ich is married, has
one chi ld, and enjoys swimming and
ski ing in his spare t ime,

Bernd Moravek
A native of the Rheinland area (Ger-
many), Bernd Moravek earned his Dip-
lom Ingenieur degree at the Technische
Hochschule Aachen in 1977. He joined
HPthe same year, plunging direct ly into
the 8170A project. The serial interface
and the implementation of signature
analysis are his contr ibutions. Bernd is
married and spends much of his spare
time playing organ at home and in
cathedrals.

Gtinter Riebesell
A native of Hamburg and a graduate
(Diplom Ingenieur) of the Technische
UniversitAt Braunschweig, GLinter
Fiebesell  joined HP in 1973, working
init ial ly on the 8016A and B0B4A Data
Generators, He then became project
leader for the 81 70A and was responsi-
ble for development of the instrument's
software. Gunter is married, has a two-
year-old son, and enjoys f i lming and
ski ing in his leisure t ime.



S P E C I F I C A T I O N S
HP Model 8170A Logic Patte.n Generatol

MEMORY
CAPACITY: 8192 bits.

DATA BUS FORMAT:8 bits x 1024 words or 16 bits x 512 words.
POWER-OFF STORAGE: Internal batt€ry provides memory retention for approximalely

3 wsks al r@m temperature. Battery recharges when 8170A is switched on.
OPEFATING STATES

IDLE: Permits entry of addfess, data and operating parameters. Data and DAV output in
3-slate.

ACTIVE: Continuous data outDut.
BREAK: Static data output. FWD/BACK enables data change by stepping address.

AODRESS MODES
INTERNAL: Data generation in ascending address sequence from firsl to last address.

Rale governed by clock (see'Clocking').
EXTERNAL: Data output follows external address and enable signals. DAV generated at

each new address. Data and DAV in 3-state when instrument not enabled. Clock and
cycle modes disabled.
MAXIMUM ADDRESS RATE: 2 MHz.
ADDBESS TO OUTPUT DELAY; 400 ns typical, 550 ns maximum.
ENABLE TO OUTPUT DELAY: 100 ns typical, 130 ns maximum. DAV at minimum

oeray.
CLOCKING

INTERNAL: 20 Hz Io 2 l\,lHz in 5 decade ranges, adjustable by vernier.
RATE JITTER: <0.2%.

EXTERNAL: dc lo 2 MHz. For input specs, see Auxil iary inputs.
MANUAL; Operated by FWD and BACK keys.
HANDSHAKE: 2-wire/3-wire handshake capabil ity selectable. External handshake signals

dete.mine timing of data readout. lf MAN and Handshake selecled, FWD/BACK pro-

vides trigger for next handshake cycle.
CYCLE MODES

AUTO CYCLE: Data is continuously generated between lirst address (F-ADDR) and
last address (L-ADDR).

SINGLE CYCLE: Data is generated once between F- and L-ADDR. Atler cycle completion,
8170A returns to IDLE state.

Output Signals
DATA: Pods provide 16 output l ines D0 to D7 (Model 154554), and D8 to D15 (Model

1 54564), Pos/neg true selectable on rear panel.

CONTROL: Data valid (DAV) generated with each word. Pos/neg lrue selectable on real
panel. DAV line via Control Pod Model 1 54544.

DAV DELAY (adjustable on rear panel):
NON-HANDSHAKE: 100 ns to 700 ns.
2- OB 3-WIRE HANDSHAKE: 300 ns to 800 ns.

DAV wIDTH (at + 1.3 v): See following table:

SIGNAL CHARACTERISTICS (50 pF, +15 V):
TRANSITION TIMES (20olo to 80o/o): 35 ns typical, 60 ns maximum.
DISTORTED HIGH LEVEL:  >+12.0v .

DISTORTEO LOW LEVELj <+2.5 V.
OUTPUT PROTECTION:  A l l  ou tpu ts  p ro tec ted  aga ins t  shor t  c i rcu i t  and ex-

ternal voltages from - 1.0 V to + 18 V.

AUXILIARY OUTPUTS
TRIGGER: Generated at trigger address (T-ADDR).

FORMAT: NRZ.
LEVEL: standard TTL.
FAN OUT: 5 standard TTL maximum.

PROBE: +5 V dc,400 mA maximum.
POD INPUT SIGNALS

ADDRESS: 12 l ines (positive true), A0 to A9 via Address Pod Model 15453A; A10, A11
(foI Option 001 Extended Memory) via Control Pod Model 15454A. Additional enable
lines (EN'l, EN2 via Control Pod; EN3, EN4 via rear panel) allow a number ol 8170A's
to be addressed from a 16-bit bus; selectable levels pos/neg/don't care.

CONTBOL (Model 154544): Ready tor OATA (RFO) and Oata Accepled (DAC). In 2-wire
handshake, RFD level p6/neg selectable. In 3-wire handshake, RFD and OAC conlorm
to ANSUIEEE ,A8-1978.

POD INPUT CHARACTERISTICS
INPUT IMPEOANCE:  -10  kOl  |  =ZS pr .
LEVELS:  h igh  >+2.0  V;  low <+0.8  V.
MAXIMUM EXTEBNAL VOLTAGE; t18 V.

AUXILIARY INPUTS
CLOCK lN: For external clock signal input.
START lN: External signal starts data generation. Prompts 81704 lransition lrom ldle/

Break to Active state.
STOP lN: External signal stops data generation. Prompts 8170A kansition from Active/

Break to ldle state.
BREAK lN: External signal halts 8170A at current address, oulputs remain active.

Prompts 81 70A lransition lrom Active to Break slate.
INPUT CHARACTERISTICS (all positive edge triggered):

I N P U T I M P E D A N C E :  . 1 0 k ( l  |  * 2 s p F .

LEVELS:  h igh  >+2.0  V,  low <+0.8  V.
MINIMUM WIDTH (a t  +1 .3  V) :  40  ns .
MAXIMUM EXTERNAL VOLTAGE: 418 V.

HP-IB CAPABILITY
INTERFACE FUNCTIONS IMPLEN, IENTED:  SH1,  AHl ,14 ,  SR1,  RL l ,  T5 ,  PPo,  OCo,

DTo, C0.
KEYBOARD MODE: Bemote programming of all lront panel keys and tunclions. Coded

loading and readoul ol dala. Speed: 3 ms per character typical.
DATA i{ODE: Fast binary loading and readout ol data only. Speed:3 ms per byte

typical.
BS 232C|CC|TT V.24 CAPABTLTTY

Remote programming and listing of memory content, and display of current data bus
format and address/data coding. ASCII 7, parity even.

BAUD RATE: 1 10, 150, 300, 600, 1200, 2400, 4800, 9600 selectable. Automatic genera-

tion of 2 stop bits for 1 10 baud, one slop bit for others.

General
POWER: 100, 12O, 22O ot 24O V, +sok'l0olo: 48-66 Hz, 1 10 VA maximum.
ENVfRONMENTAL: 0 to 55'C, with relative humiditv to 95A al40"C.
WEIGHT:  11  kg  (24 .3  lb ) .
DfMENSfONS:  133 mm H x  426mm W x  422mmD (5 .2  x  16 .8  x  16 .6 in ) .
ACCESSORIES SUPPLIED

2 data output pods (Models 154554, 15456A)
1 address input pod (Model 15453A)
1 control pod (Model 15454A)
Pods complele with Snap-on Assembly, wires, hook-on clips and carying case.

OPTIONS
001: Additional 24K-bit memory for output tormat 8 bits x 4096 words or 1 6 bits x 2048 words.
002: Address driver (Model 15452A). Provides 10 address output l ines A0 to A9, positive

true.3-state capabil ity in idle state.
FAN OUT: 10 standard TTL maximum.
LEVELS:  H igh  >+2.4  V,  low <+0.5  V.
SIGNAL CHABACTERISTICS (into 1 standard TTL):

TRANSITION TlN,IES (+0.5 V to +2.4 V): <50 ns.
DISTOFITED HIGH LEVEL: >+2.4 V.
DISTORTED LOW LEVEL: <+0.8 V.

PRICES lN U.S.A.: 8170A, $5000; Opt. 001, $500; Opt. 002, $250.
MANUFACTUFING DIVISION: BOBLINGEN INSTRUMENT DIVISION

Herrenbergerstrasse l10
D-703 B6blingen
Federal Beoublic of Germanv

Clock Mode
lnternal Clock
Manual Clock
Exlernal Clock

Width 40 ns - 200 ns
Width >200 ns

DAV Widrh
Clock period/2 t50 ns
10 ps (typical)

250 ns (typical)
External width t50 ns

STATUS: ldle, Aclive and Break states indicated on l ines ACS (Active stale) and BRS
(Break state)-fed via Conlrol Pod Model 15454A:

Status ACS BRS

ld le  LO Hl
Aclive Hl Hl
Break LO LO

POO OUTPUT CHARACTERISTICS
TTL SETTING

FAN OUT: 5 standard TTL maximum.
LEVELS: high +4.5 V to +5 V; low -0.5 V to +0.4 V. ldle (3-state) 5 kO typical.
SIGNAL CHARACTERISTICS (1 standard TTL load):

TRANSITION TIMES (+0.4 V fO +2.4 V); 25 ns typical, 50 ns maximum.
DISTORTED HIGH LEVEL: > +3.5 V (i.e. preshoot, overshoot, ringing l ie above this

level).
DISTORTED LOW LEVEL: >+0.8 V (i.e. preshoot, overshoot, ringing l ie belowthis

level).
VARIABLE SETTING lCMOS)

l\, lAXlMUM LOAD: 50 pF (high impedance).
LEVELS: high +3 V to +15 V adjustable, low 0.5 V to +0.4 V. ldle (3-slate)

5 kO typical.
H IGH LEVEL TO MEASUREMENT PIN VOLTAGE TBACKING:  a0 .2  V  typ ica l ,

10.5 V maximum.
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An HP-IB Extender for Distributed
lnstrument Systems
This instrument ehminates the 2}-metre distance restriction
for HP-lB systems, enabling local and remote groups of
instruments to operate together, usually with no extra
programming. Modems or twin-pair cable provide the
com mu n i cati ons med i u m.

by David H. Guest

d% INCE ITS INCEPTION in the early 70s, the HP Inter-

% fu . "  Bus  (HP- IB)  has  grea t ly  s imp l i f ied  the  as-
% #  s e m b l y  o f  d o - i t - y o u r s e l f  i n s t r u m e n t  s y s t e m s ,

lessening the need for custom engineering.l  I ts adoption
as a standard* encouraged a prol i ferat ion of interest at a
t ime when the industry real ized the need for more organ-
ized methods of interconnecting instruments and other
products with an intel l igent control ler. Such has been i ts
success that now avai lable are over six hundred dif ferent
products worldwide, each of which is compatible with
the standard and capable of being interfaced readi ly with
any of the others.

When the HP-IB was original ly devised, i ts designers
init ial ly 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-
trol ler, but i t  makes no direct attempt to solve the problems
of those wishing to access remote groups of instruments.
Engineers are now f inding an increasing need to monitor
and control production processes from a central si te, ac-
quire data from diverse locations, and perform measure-
ments that are inherently remote, as in test ing communica-

*HP-lB rs Hewlett-Packard's mplementaton of ANSt/IEEE Standard 488-1978 and s in
general comp|ance wrlh the draft IEC Standard 625-1 expected to be pubilshed in t979.

t ions plants. These applications st i l l  tend to require special
engineering, or they might use a remote minicomputer
to schedule detai led operations and communicate results
v ia  an  RS232C modem data  l ink  to  the  cent ra l  s i te -
no t  an  e f f i c ien t  o r  cos t -e f fec t i ve  approach fo r  s imp le
measurements.

The new HP Model 372orA HP-IB Extenders (Fig. r)
overcome the problem of distance. Used in pairs, they pro-
vide a direct extension of HP-IB faci l i t ies to a distant si te,
thereby putt ing al l  the convenience of the HP-IB technique
directly at the disposal of those configuring distr ibuted
instrument systems.

The extenders do not provide a new interface scheme, but
do provide a means of overcoming the 20-metre distance
l imitat ion of the exist ing standard bus, adding a whole new
dimension to the HP-lB's possibi l i t ies. An assembled HP-lB
system may be spl i t  into two isolated groups of instruments
that communicate through a pair of extenders connected by
a data l ink. The remote instruments appear functional ly as
if  they were direct ly cabled to the local bus. The pair of
HP-IB extenders and their associated data l ink are essen-
t ial ly transparent, that is, the interface behavior of pro-
grammed HP-lB systems is operational ly identical with and
without the extenders. For simple configurations, addi-
t ional systems programming is usually unnecessary. Fig. 2

F ig .  1 .  The Hewle t t -Packard
Model 37201A HP-lB Extender
converts standard HP lnterface
Bus activity rnto a serial form for
communication via normal full-
duplex modems or twtn-pair
cable. Functioning in pairs, exten-
ders enable two distant clusters of
bus-interfaced instruments to op-
erate as one.
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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-lB 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 direct ion 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 NIRC),
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, Eol and REN) is also sent,
giving a pair of bytes for transmission. Addit ional ly, upon

any change in one of the relevant management lines, a new

copy of al l  f ive l ines 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 specif i-
cally for the purpose. This protocol is distinct from the
HP-IB, although extension of HP-IB systems is, of course, i ts
purpose. The user or programmer does not become in-
volved with the protocol in any way, control st i l l  being

through HP-IB operations. Al l  translat ions are done au-

tomatical ly by the extenders.
Those closely famil iar with detai ls 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.

Remote Bus

Up lo 14 Remote Instruments

Fig,2, Two distant clusters of in-
st/'umenfs are connected througn
a pair of 37201 A HP-IB Extenders
in this basic configuration. The
controller can communicate with
the remote instruments as thougn
they were connected to the local
ous.

Serial pol l ,  however, is ful ly accommodated. Also, the

372o1.A does not al low 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.

Serial Transmission between Extenders
For communication, Ihe 3720LA 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 al low
extension of HP-IB operation to any part of the world linked
by telephone, either using switched-network (dialed) oper-

at ion or dedicated leased l ines. Both synchronous (up to

19.2 kbit /s) and asynchronous modems (150, 300, 600, and
1200 bit/s) are supported by the 372o1,A. 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 l ines. The higher transmission speeds,
however, usually require leased-l ine 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

str ings of HP-IB data bytes, this gives a useful transmission
rate up to at least 775 data bytes per second.

For transmission purposes, the 37201A'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 avai lable, up to a maximum of 30 byte pairs.
Variable packet length improves efficiency. Each packet

also has an identi f icat ion header, a tai l ,  and certain protocol

in fo rmat ion .  In  synchronous opera t ion ,  the  rece iver
searches for the header on a bit-by-bit  basis as a means of
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Local 37201A HP-IB Extender

Remote 37201A HP-lB Extender

L

F19.3. Simpli f iedblockdiagramil lustratesthefunctional operationof apairof 37201 AHPJB
Extenders.

*-
i

establishing byte-sync.

Error Detection and Correction
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 372014.

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, 372O'l.A's use the only other possi-
ble approach, namely, correction by retransmission.

For error detection purposes, each transmitted packet has
redundant longitudinal and vert ical pari ty 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
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cycl ic redundancy check, but i t  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,
Ieaving 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-the acknowledgment i tself  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-they merely stop,
continuing faultlessly when the link is restored.

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

able to cope with further data bytes prevents overflow by



A Comprehensive Approach to
Automatic Troubleshooting

Designers of microprocessor-based instruments usually incorpo.
rate routines to enable their oroducts to self-test themselves. The
overhead incuned is generally little more than the cost of some extra
read-only memory, provided the technique is designed in from the
outset. This is perhaps fortunate, because the complexity of features
now available means that the user often has no other simple way of
checking that the equipment is fully functional.

Very often these tests go no further than a pass/fail decision and
make little attempt at aiding troubleshooting of a fault. One reason for
this is that the lengthy program needed for fuller fault diagnosis
cannot be accommodated economically, and even when it can,
many instruments lack a suitable method of displaying results to the
service technician.

While also incorporating a pass/fail test, the 37201A solves these
two difficulties with a different approach to implementing a trou-
bleshooting aid. Desktop computers such as the HP Model 98254
are commonly found in HP-lB environments, and for this reason, the
37201A's fault-diagnostic system is based partly on facilities avail-
able with this machine. At first sight, use of the 37201A's HP-IB port to
give access for fault location using the computer would seem an
obvious approach but in practice, so much of the 37201A is con-
cerned with the HP-lB that an unacceptably large proportion of faults
would prevent diagnosis from even beginning. Instead, an edge-
connector is provided for coupling the 98254 Desktop Computer's
standard 16-bit UO interface card (980324) directly into the 37201 A's
microprocessor.

Some 18 test files, each dedicated to testing individual parts of the
372014, are available on a tape cartridge along with a master pro-
gram. Under control of this master program running in the desktop
computer, one file at a time is transferred to the 37201A with the aid ot
a short loader program resident in the 37201A firmware. For check-
ing, a copy is also passed back to the master program. The first two
bytes transferred indicate to the loader where in RAM the file is to be
stored. The file is really a subroutine suitable for running on the
3720'tA's microprocessor and, having executed the transfer, the
loader executes a subroutine call to the address given by the first two
bytes. Each of the files (subroutines) has been carefully designed,
along with facilities in the 37201A's hardware, to perform a simple
diagnostic test as unambiguously as possible. Results of each test
are passed back to the desktop computer, using the same routine
used in checking the initial transfer, for interpretation by the master

program. An appropriate printout or display then shows the operator
which components are likely to be associated with any failure
discovered.

Although individually they arelaily elementary, taken together the
18 sets of tests do a very comprehensive job of indicating the area of
failure. Depending upon how closely the microprocessor is tied in to
each functional circuit, a fault can often be pinpointed right to a
particular lC pin, although in other cases only a small group of lOs can
be identified. Appropriate routines have been designed for each of
the areas tested. Stimulus-and-response tests with various bit pat-
terns are used for random logic, the communications paths are
exercised with data and looped-back progressively further from the
processor, store and load of test patterns checks the RAM, parity
tests are performed on each ROM device, and checks are carried oul
on operations of the microprocessor itself. Simple loop-back ligs are
needed to test the drivers and receivers of the rear-panel interfaces
because otheruise the processor cannot monitor or drive the out-
board sides of these devices.

The technique does have its limitations, however. lf the processor
has a fundamental fault then even the loader will not run and no
diagnosis can be reached, other than that the immediate area of the
processor has failed. In this event, facilities for the use of signatu.re
analysisl are provided.

For convenience, tests are divided into three functional circuit
areas (processor, HP-IB, and serial communications), with a com-
plete test of the entire 3720'l A taking less than three minutes. Othei
advantages of cartridge storage for test routines are that extra ROM is
avoided in the instrument (some 50o/o ffior€ would have been re-
quired) and that tests and operator readouts can easily be corrected
and amended at late stages of development without atfecting the
oroduct itself.

By its nature the 37201A HP-IB Extender presents very much a
"black box" image to the user and service technician, and could
easily have been a difficult device to troubleshoot. The diagnostic tesl
system has already been invaluable in production testing and should
prove a most useful aid in occasional field servicing.

-Peter Roubaud

Reference
1. B.A. Frohwerk, "Signature Analysis: A New Digital Field Service Method," Hewlett-
Packard Journal, Mav 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 Dialing
Although the pair of 3z zot['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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Control Center

Remote
Site N

Flg.4, Multipoint connection using a 4-wire telephone circuit
enables a controller to communicate with instruments at uD to
31 remote sltes, one site at a time.

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 stat ion
"off-hook" and therefore unable to respond to further call
attempts, clearly an undesirable situation for an unmanned
station.

Multipoint Operation
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. AII 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
372O7A following an addressed instruction from the con-
trol ler. This causes the 372014 that recognizes i ts own
address to turn on i ts modem's carr ier and begin corre-
sponding with the controller 372o1.A. Any previously ad-
dressed stat ion automatical ly 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 Mz.
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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 372o7A'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 37201A 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-l ink fai lure is rel iably signal led within
eight seconds. In the absence of HPIB 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 Considerations
Without actual physical disconnection, the pair of exten-

ders can effectively be isolated from the local (controller)
bus by addressing an IDLE instruct ion to the local 3720LA.
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 372o1.Ato 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-not an uncommon
event in dialed-up connections. Data-link breakdown may
result in the I ocal37 2o'l.A' s transmit buffer rapidly reaching
capacity since the data has nowhere to go, and in this event,
Ihe 37201.A 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-

Remoie Remote
Site 1 Site 2



Applying the 372O7AHP-IB Extender

Uses for extended HP-lB systems are virtual ly unl imited, but the
system outl ined here clearly demonstrates many of their possibi l i t ies.
The diagram shows how a telecommunications test center can per-
form remote measurements on large numbers of leased telephone
circuits as they pass through distant off ices, High quali ty private-l ine
telephone circuits, often used for data transmission and other de-
manding tasks, may be accessed for testing at the offices through
which they are routed. Transmission measurements, for example ot
level,  noise and transient phenomena, need to be carr ied out
routinely to verify quality, and as required when faults are reported.

Using 37201A HP-lB Extenders, the necessary equipment at any
two remote offices may be operated readily from a conveniently
placed testcenter, el iminating the need for remote personnel. Control
of the circuit  access swrtching and of the measurement equipment ls

Local Test Center

Oia led

i 9oir9"!i91

by standard HP-IB commands. The bus is extended to the remote
sites by pairs of 37201As over modem connections, using auto-
dialers and auto-answering modems. This enables the appropriate
two offices in the network to be called simultaneously tor end-to-end
testing of the desired circuit .

Normally, circuits are routed straight through the channel selectors
at each site but, under HP-IB control,  each end of any part icular
circuit can be rntercepted and switched to data-line analyzers for
transmission measurements. Control of the measurements is also
from the local center and results are passed back there, all via the
HP-IB. With more complex switching arrangements, powerful net-
work management systems can be bui l t  using readi ly avai lable
tecnnroues.

Remote Oflice 1

-Simon Munay

Bemote Ottice 2

cal ly upon prolonged loss of remote data, thereby enabling
handshake operations to resume. Data is lost, but a data-l ink
fai lure results in loss of remote control anyway, and the
feature enables local operation to continue without manual
intervention (given a suitable control ler program). Upon
such a data-l ink fai lure, the local 3720LA can also request
service (SRQ) from the control ler to alert i t  of the event.
Fol lowing the service request and a serial pol l ,  the control-
ler 's next act ion should be to idle the extender so that local
bus operations can proceed uninhibited by the fai led data
I ink.

Monitoring the Extenders
With many of i ts faci l i t ies in use, the 372O1A interacts in

a complex manner with a data l ink, modems, dialer, in-

struments and other 372O1.A's. Keeping track of system
activi ty could be a signif icant problem, part icularly when

the unexpected occurs at an unattended stat ion. Being de-

signed for systems work, however,the 37201,4 goes a long

way toward providing ful l  information about i ts own opera-

t ional state and that of i ts interfaces.
Basic information is provided by front-panel LEDs, and

for unattended operation similar data may be obtained from

the local 372O"LA's status byte by serial pol l ing. The local

372O1.A can be enabled to request service (SRQ for report-

ing the occurrence of several events including the success
or fai lure of an automatic dial ing operation and of data-l ink

breakdown. Further useful operational data can be obtained

by addressing the local 372o1A to talk, whereupon i t  issues

four data bytes of addit ional information to the control ler.

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

lust described are undertaken by a microprocessor. In fact,

along with i ts RAM and 7K bytes of program ROM, the

microprocessor is the very heart of the 372O1,A and per-

AUGUST 1979 FiEWLETT-pAcKAFo lounrar 31



.,rf

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

HP-IB DATA RAIES'
TWIN-PAIR CABLE INTERFACE:775 data bytes/s.
SYNCHRONOUS MODEM INTERFACE:744 data bvtes/s at 19.2k bits/s and oro-rata

at lower serial data ratos.
ASYNCHRONOUS MODEM INTERFACE: 38 data bvtes/s at 1 200 bits/s and Drcrata at

lower serial data rates.
*Assumes continuous data byle transter between two devices on short errotrtree link.
SERIAL DATA RATE

TWIN PAIR CABLE OPERATION: 2okbits/s lixed.
ASYNCHRONOUS MODEM OPERATION: 150,3O0,600, 12OO birs/s.
SYNCHRONOUS MOOEM OPERATION: Uo to ' l9.2kbits/s.

TWIN PAIR CABLE II{TERFACE
RANGE: 1000 metres.
CABLE TYPE: Twin twisted pair with separate shields (fecommended type Hp8'l2O-

1187).
LONGITUDINAL ISOLATION: Provides rejection oI common-mode inlerference.

MODEM INTERFACE: Compatible with EIA RS-232C and CCITT V.24.
AUTODIALEF INTERFACE: Compatible with EIA RS-366 and CCTTT V.25.
POWEF REOUIREMENTS: 100/120/22Ol24OVac, +10-13o/o;49 to 66 Hz;30VA max.
OPERATING TEMPERATUFE: O Io +55.C.
DfMENSfONS:89 mm H x 426 mm W x 356 mm D (31hx16qax14in.r.
wEIGHT:5 .7  kg  (12 .5  tb ) .
PRICE lt{ U.S.A.: $1840.
MANUFACTURING DlvlS|ON: HEWLETT-PACKARD LTD.

South Queensferry
West Lothian 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
fai led device is needed. To this end, the 372014 has a
self-test mode that causes repeated exercising and testing

David H. Guest
David Guest's early interest in amateur
radio led to a B.Sc. honors degree at
Heriofwatt University, Edinburgh,
Scotland. After joining HP in 1970 he
continued part-time study leading to an
M.Sc. degree. At HP, he contributed to
the 3761A Bit Error Detector and was
proiect leader on the 37704 Amplitude
and Delay Distortion Analyzer, earning
two patents relating to techniques used
in the 37704. When family respon-
sibi l i t ies permit (he has a son, 1) David
relaxes by water-color painting and ex-
tending his musical appreciation with
his wife's professional guidance. He

recently built a traditional mercury barometer-not a measuremenl
technique he expects HP to adopt.

by  the  mic roprocessor  o f  near ly  a l l  the  ins t rument 's
hardware. In addition to tests on ROM, RAM and the pro-
cessor itself, the HP-IB and serial interfaces are automati-
cally looped-back for verification of correct operation. Fail-
ure is clearly indicated by the wrong pattern on the front
panel LED indicators.
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