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A New Programmable, Building-Block
Pulse and Digital System

A pulse generator sysfem consisting of a series of plug-ins

that can be combined to provide a wide variety of digital
tesf signals. Variable rise and tall time pulses and digital
words in a number of formats are among ifs capabilities.

By Gordon K. Blanz and Ronald L. Knauber

Fig. 1. Four ot the building blocks ot the Model 1900
Pulse System are shown here.They are the Model 1900A
Mainlrame, the Model 1905A Rate Generator, the Model
1908A Delay Generator and the Model 1915A Variable

f ransition Time Outqut.
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Pursn, AND DIGITAL TESTING

requires compatibility with

state-of-the-art develop-

ments and components and

techniques. There is a need

for a variety of pulse genera-

tion, t iming and shaping

methods for easier digital

systems desigrr, for remote

operation of digital equip-

ment, and at the same time

a need to reduce the effects

of electrical radiation. To

meet these needs the HP

Model 1900 Pulse System,

Fig. 1 was developed as a

versatile plug-in system. At

vide a total of 300 watts.

Any supply is available to

any plug-in via connectors

on a motherboard. There

are two lO-volt unregulated

supplies, two 25-volt fixed,

regulated supplies and two

20-to-7o volt variable regu-

lated supplies. To minimize

use of power, the variable

supplies were designed with

switching regulators, Fig. 2.

This circuit is easily pro-

grammed to supply large

currents at variable voltages.

To reduce electromagnetic

radiation in the svstem en-

present it consists of two mainframes and seven plug-ins'

Others are planned. It was designed to be electronically

programmable as an option, and special care was taken

to reduce radiation.

The two mainframes, the key to the system flexibility,

are the Models 19004 and 19014. The Model 1901A

omits two high voltage variable power supplies included

in the Model 19004.

The mainframes are five-inch high cabinets with four

compartments designed to accept any combination of Y+-

module and l/z-module plug-ins (except two Model

1915A's). The Model 1900,{ has six supplies which pro-

vironment, several techniques are used, Fig. 3. A line

filter is used as well as two inner and two outer top and

bottom covers. There are gaskets between plug-ins and

mainframes, and beads between Vq-module plug-ins'

Also die castings are used for plug-in front panels.

Plug-ins

Plug-ins initially available include the Model 1905,4.

Rate Generator, Model 19084 Delay Generator, Model

19104 Delay Generator, Model 19154 Variable Transi-

tion Time Output, Model l9I7 A Variable Transition

Time Output, Model l92OA 350 ps Transition Time



Output and the Model 1925A Word Generator. The
Model 19054 has an internal clock rate of 25 Hz to
25 MHz in six decade ranges with a 10:1 continuous
vernier. It supplies a positive clock pulse of less than
10 ns pulse width. In the external mode it can be driven
from dc to 25 M}{z with a 0.5 volt peak-to-peak positive
signal with selectable trigger level and slope. By over-
driving, it will provide a 50 MHz clock rate for the
Model 1925A. The Model 1905A has a gating feature in
which the clock pulses are synchronous with the gating
signal. Programming allows remote control, computer
interfacing, and phase/frequency locked loops.

The Model 19084 Delay Generator provides trigger
pulses and drive pulses (each similar to the Model 1905,4,
rate output pulse) which are used for the system timing
sigtals. The Model 19084 can be operated in any of the
following modes: drive pulse delay, drive pulse advance,
double pulse and programmed. The time interval varies
in six ranges from 15 ns to 10 ms with a 10: I continuous
vernier. The double pulse mode can be used to provide a
50 MHz pulse train.

The Model 1910A Delay Generator provides trigger
and drive pulses up to a repetition rate of 125 MHz. The
delay between trigger and drive pulses is available in
twenty ranges from 5 ns to 100 ns in 5 ns increments.
The Model 19104 has low jitter and can be used to ob-
tain delays greater than a period at high repetition rates.

Varying Transition Time

Transition times variable from 7 ns to 1 ms with a
100:1 vernier can be obtained with the Model 1915A
Variable Transition Time Output. Variable transition
time is especially useful for testing of magnetic memory
devices and MOS integrated circuits. See page 5. The
leading edge and trailing edge transition times are de-
termined by a capacitance-current source circuit, Fig. 4.
A synchronous switch alternately connects a charging
current source and a discharging current source to the
selected capacitance C to determine the rise and fall time
of the pulse. With no signal at the base of Ql, Ql and Q4
are off, Q2 and Q3 are on and trailing edge constant cur-
rent I.r linearly charges C to the baseline voltage deter-
mined by V". Leading edge constant current I" flows
through Q2. A negative signal at the base of Ql turns on
Ql and Q4, turns ofi Q2 and Q3, and Io linearly dis-
charges C through Q4 to clamp CR3. A positive signal at
the base of Ql reverses the procedure and returns the
output to its quiescent level. Assuming a fixed voltage
Vc, the time rate of change of the transition time output
voltage is:

Fig. 2. The voltage refetence trom a plug-in changes
the inverse current source through the adjustable bias.
The currcnt controls the duty cycle ot the astable multi-
vibrator which in tum controls the opetation ol the
ttansistor switch. When the sr,vitch rs closed, the LC
tilter charges lrom the rectitiet. When it is open, the
LC tilter discharges. The voltage at the output ot the LC
tilter is variable lrom 20 to 70 volts. Since power is dis-
sipated only during the switching interval and not during
the open and closed interval, powet in the transistor
switch (the high-cutrcnt path) is reduced.

d v I-;: ^ : constant since the charging currents are
clt L constant.

(v - peak-to-peak output voltage, t - time required for
peak-to-peak voltage change, I : f1 or Ir, C : selected
capacitance.) Ir and 11 can be changed by a ratio of
1 0 0 : 1 .

Variable rise and fall time pulse generators can be
classified as either constant transition time or constant
slope as a function of amplitude change. Unlike the con-
stant slope instruments, the Model 1915A provides the
highly useful constant transition time.

If the output pulse amplitude is to change without
changing the pulse width, the rise time or the fall time,
then both leading and trailing edge transition time cur-

Cover: Two Model 1925A Word Generators
are cascaded to produce a 32-bit word in a
nonreturn-to-zero f ormat shown on the f ace of
a Model 143A Oscilloscope.

Inthis Issue: A New Programmable, Buitding
Block Pulse and Digital System;page 2.Why
Use Variable Rise and Fall?;page 5. Generat-
ing Words tor Digital Testing; page 8. Fre-
quency Domain Oscilloscope Now Measures
To 1250 MHz; page14. f ne Meaning of 'Fre-

quency Domain Oscilloscope' ; page 16. ge-
yond Traditional Spectrum Analyzer Uses,'
page 18.



:. conslant

(k :. lront panel antplitude vernier setting)

Thc arnplitucle vcrnicr circuit ir lso changcs thc current in

the output current sourcc 16 so the voitagc across re-

sistor R, V1,, is proportional to the pulse amplitude' In

Fig. 5 on waveforur 2, V1, - IeR.

Thc Moclcl 1915A can provide 50 n"rA to 1 arnpere

output currcnt (or 50 volts rnaxintunr into 50 ohns) in

four ranges at a repetit ion ratc frorr dc to 25 MHz. This

currcnt is provided by fivc curt'cnt sourccs which supply

four output dif lercntial anrplif iers. A sinrplif icd positive

output anrplif ier and rcprcscntativc wavefornls ars shown

in Fig. 5. During thc quiescent statc Q7 is on and Ql4

is off. When a positive pulsc (wavefornr 2 for thc positive

output amplif ier) is applied to thc base of Q7, the se-

qucnce clf turning on Q14 and turning ofi Q7 is started.

At about thc 10a/c lcvel of ntaxinturtt amplitude of the

posi t ive t ransi t ion,  Ql4 turns on and conducts n lore

hcirvily as the anrplitude increases. At about the 90cZ

level Q7 turns ofl conrpletely, clipping the top l0% of

thc pulsc. As the negative transiticln of wavefornl 2 starts.

Q7 is  fu l ly  of f  and Q14 is  fu l ly  on.  At  about  90c/o o l

rruxinrunr amplitude Q7 turns on. As the negative transi-

tion falls toward thc baselinc, Q7 current increascs and

Q14 currcnt  dccreases.  When thc 10% Icvel  is  again

u" ('"0sr#*)

reached. Ql4 turns off, cl ip-

ping the bottom 1)c/o of the

pulse.  This 'window, f rarned

by the clipping levels and

represented by voltagc V,' in

Fig. 5. can be adjusted by

changing thc base voltagc of

O  14 .  I t s  pu rpose  i s  t o  t t t u i n -

ta in i r  c lean output  pulse .

However, it causes a small

corncr shift as arlplitude is

changed.

- 4,7

Transition
Time

Output

Fig.4. Linear leading edge and
trai l ing edge ttansit ion t imes
are produced by discharging
capacitor C with constant cur-
rent l t  and by charging the ca-
pacitot with constant current lr .
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Fig. 3. Reducing RFI is accomplished
by th is  combinat ion ot  techniques.

rents must be nroclif ied, as weli as the output currctrt, i tt

accordancc with any change in amplitudc. This is ac-

complished by the amplituclc vcrnier circuitry (sec trig.

5). As thc amplitudc is changed by the front panel ampli-

tudc vernicr control, the pulsc basciine clantp voltage in

the transition tirne circuit is changccl. This results in a

change in waveform l amplituclc Vr. Simultaneously. the

leading and trail ing cdge currents which charge and dis-

chargc capacitor C are changed by thc amplitude vernier

circuit to keep thc transition tinres constant. From the

basic transition cquation given previously:

I  I t

T
Io" *O va

OO' *O 
VB



Why Use Variable Rise and Fall?
A var iab le  r i se  and fa l l  pu lse  genera tor  i s  an  ex t remely  va l -
uab le  too l  in  e lec t ron ic  c i rcu i t  des ign .  l t  can  be  used to
determine the  e f fec t  o f  the  speed o f  an  input  d r iv ing  pu lse
on a  c i rcu i t  ou tpu t .  For  example ,  magnet ic  memory  dev ices
are  genera l l y  tes ted  w i th  pu lses  w i th  l inear  r i se  and fa l l
t imes rang ing  f rom 10 to  700 ns .  Dr ive  cur ren ts  up  to  800 mA
are  needed.  Tes t ing  o f  cores  in  a  magnet ic  core  p lane is
another  app l i ca t ion  o f  a  var iab le  r i se  and fa l l  pu lse  sys tem.

A typ ica l  se tup  (be low)  i s  used to  tes t  the  ou tpu t  o f  the
sense w ind ing  o f  a  core .

In  these scope photos ,  the  upper  waveform is  the  dr ive
s igna l  (500 mA/cm)  and the  lower  waveform is  the  sense
outpu t  (200 mV/cm) .  The hor izon ta l  ca l ib ra t ion  is  500 ns /cm.
Note  tha t  as  the  input  d r ive  r i se t ime increases ,  ou tpu t
ampl i tude inc reases ,  ou tpu t  de lay  decreases  and re f lec t ions
appear  and increase in  ampl i tude.
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Internal 500 Terminations
Disconnected in l9l5A's

To prevent cxcessive powcr dissipation in the output
arrrplif ier at Iow output lcvels, the high voltage variable
supply level is controllcd by a sample and hold circuit.
the peak detector, which sanrples the peak output volt-
age and stores it on a capacitor (sec Fig. 5). This peak
voltage controls the retercnce vclltage input to the vari-
able supply in the rnainfrante. It ntaintains the variable
supply (and thus the output base supply referenced to it)
a t  min imum for  outputs lcss than l0 vol ts .  Above l0
volts, both supplies change one volt for every one volt
change in the output. These supply changes keep the
output anrplif ier about f ive volts from saturation, which
reduces its power dissipation.

The Model 1915A has unique overload protection
circuits for both positive and negative output stages. The
instantaneous power in the output stage is monitored. If
excessive dissipation occurs, the output is disabled. At

the same tintc an overlclad l ight on the front panel is
l ighted. It stays ctn unti l thc overload is eliminated by
reducing the output arrplif icr dissipation with the front
panel controls.

Negative Overload Protection

The currents in current sources 2 and 1, Fig. 6, are
proportional to the currents in output current sources 1
and 3. Since V. is at the same voltage as V,,, the current
in  Q30A, I , .  is  proport ional  to  Q14 emit ter  current  and
the current  in  Q29A, [ , ,  is  proport ional  to  Ql4 base-
collector voltage. Q29A, Q29B and Q30A are rlatched
transistors connectcd as diodes. The collector current of
Q308, clerived from basic cliode voltagc-current relation-
ships in thc I,I, nrult iplier circuit, is proportional to the
product of I, and I,. Therefore, the output voltage of
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Fig. 5. This ampli tude vernier circuit  maintains constant leading
and trai l ing edge transit ion t imes as output ampli tude is changed.

cmittcr I 'ollower Q3 I wil l be proportionrl to thc instan-
taneous power in  Q1r1.  Due to the 3 ns rcsponse t ime of
the c l ioc lc  rnul t ip l icr .  a  srra l l  capaci tor  Cl  was inc ludcd

to prevcnt  vcry shor t  ovcr load s ignals l ronr  cncrg iz ing
the c l isablc c l r ivcr .  Dur ing a longer ovcr load.  the ncgat ivc

disable driver (a Schnritttr i_eger circuit) switches. disabling
the output current sources and encrgizing thc ovcrload

l ight .  As I ,  and I .  are reduced.  the c i rcu i t  returns to i ts

quicsccnt statc. 
-fhe 

cyclc repeats as long irs the overload

cor"rtinr,rcs. Tlie repetit ion l 'atc of the circuit is cletern'rined

by thc tinrc ratc of clischirrgc of C2 thrt)usli Q3 I ancl the

sevcritv of the overloacl. It varies lrom 5 kHz to 30 kHz
(see Fig.  7) .

Vary ing Pulse Widths

lntcrnal  pulsc widths f roni  l (J  ns to.10 rns wi th a con-

V1

Q29A

11 12 Multiplier

V2

Q30A

L* r, " u, o., Outpul
Load

Q29B
Q14

Q30Bo
vl

Negative
Output

Amplilier

Io
c 1 v l

vl

NEGATIVE
OUTPUT

CURRENT
SOURCE
DISABLE

V2

Q31a)
"r*

NEGATIVE
DISABLE
DRIVER

OVERLOAD
DRIVER

OVERLOAD
LIGHT

Fig. 6. Two currents, one proport ional to output ampli f  ier current and one proport ional
to output amplifier base-collector voltage are multiplied in a diode multiplier circuit.
This product represenls the instantaneous output ampli t ier power. A voltage propor-
t ional to the power disables the output when the power exceeds a predetermined level.

o



t inuous 10:1 vernier are supplied by the Model 19154.

Duty cycles up to 90Vo can be obtained with internal

width operation. The Model 1915A also provides an ex-

ternal width setting which converts the width circuit to a

pulse amplifier. The external width mode allows the

Model 1915A to accept a variable width pulse train, and

to shape and amplify the pulses but retain the initial

widths. In this mode l0o7o duty cycles are possible. Also

three of the four basic logic formats can be used with the

external width mode: return-to-zero, non-return-to-zero

and bi-phase. Only bi-polar logic cannot be used. The ex-

ternal width mode is extremely useful in conjunction with

the HP Model 1925A Word Generator (see page 8).

To fill the needs of bipolar transistor and IC testing
and general purpose work, a low-power output plug-in

was designed. This Model l9l7A Variable Transition

Time Output is a low-power, low-cost version of the

Model 19154 with many of the same features. Width

capabilities are identical. Transition times available are

7 ns to 500 ps in five ranges with a 50:1 vernier. Five

amplitude settings span a range from 0.2 to l0 volts into

an external 50 ohm load. A maximum of 100 mA offset
(or 2.5 volts into an external 50 ohms) in both polarities

is provided.

A fast 350 ps, fixed rise and fall time is available in

the Model 1920A 350 ps Transition Time Output. It

provides an output amplitude of 0.5 to 5 volts in three
ranges, continuously adjustable, at repetition rates to

25 MHz. Pulse width is 0 to 10ps in four ranges, also

continuously adjustable. Outputs are available in either
positive or negative polarity with offsets up to 2 volts

into 50 ohms.
The Model 1925A is a serial digital word generator

(see accompanying articie) which provides variable word

length at clock rates from dc to 50 MHz. It has a pseudo-

random bit sequence, and programming that is compat-

ible with integrated circuits.

Designed lor Programming

Programming is an integral part of the pulse system
design. The circuits are designed so that the programming
response times are as short as possible. With few excep-
tions, response times are between 3 and 30 prs. Circuit
functions are designed with electronic controllability in
mind, that is, with the application of a voltage or a cur-
rent, not by a mechanical method. For example, in the
Model 1915,A', the output current sources are turned on
and off by applying a voltage to transistor bases. This
allows easy programming of the output current and
avoids wasteful dissipation (as much as 50 watts) in a

Fig. 7. How the overload protection circuit disables out-
put cutrent during excessive power dissipation in the
output amplitier. This output wavelorm is 50 volts into
50 ohms with a rise and tall time ot 1 ms.

mechanical attenuator. Also, the set of range capacitors
are linearly charged and discharged in the rate, delay,
width and transition time range circuits, Fig. 8.

At the present time the two mainframes can be wired

with a program cable assembly used to connect the plug-

ins to the rear panel. Four rear panel connectors, one
for each lq-module plug-in compartment, provide the
interface between the Model 1900 system and an external
programming system. The required programming cir-
cuitry is provided by plug-in boards or other boards
which can be installed at the factorv or in the field.

Fig, 8, fhe tansition time rcnge capacitot CT can be
energized mechanically or electronically with the cih
cuit shown here. When point A is grounded, 12 mA
passes into the base of Ql causing it to saturate. Thus
CT isconnected tothe -25V supply.Then capacitor CT
will charge and discharge in accordance with the tran-
sition time switching circuit. During saturation, both the
lorward and reverse beta charccteristics of the trcn-
sistor Q7 ate impottant, since current will llow in both
directions thtough the ttansistor.
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The range and the'not-continuously-adjustable' func-

tions are digitally programmed by a contact closure to

ground that also is a 10 mA current sink. An open circuit

deactivates a program line. A continuously adjustable

function requires an analog program current of 0 to

10 mA.
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Generating Words for Digital Testing
By Eddie Donn

Drcrrlr EeurpMENT TEsrrNG requires a wide variety of

special test signals. The most practical way to meet these

varied requirements is with the programmable plug-in

system used in the HP Model 1900 Pulse System. A key

element of this system, the HP Model 1925A Word Gen-

erator, Fig. 1, is capable of generating a variable length,

serial digital word at clock rates up to 50 MHz, in several

operating modes. Front-panel switching on the plug-in

permits selection of: return-to-zero (RZ) or non-return-

to-zero (NRZ) format, Fig. 2(a), complementary output,

Fig. 2(b), command or automatic word recycling, and

electronic programming. In addition a long pseudo-ran-

dom sequence (32,767 bits) is provided for testing com-

muncations channels and LSI memories. The internal

registers may be set or cleared from the front panel to

establish reference levels and sequences.

lnterface

The Word Generator will interface with all other plug-

ins in the 1900 system. It accepts clock signals from the

Rate Generator (HP Model 1905) or the Delay Genera-

tor (HP Model 1908A), and it can supply compatible



trigger pulses to the Output Stages (Models 1915 or
19r7).

Most pulse generators accept only return-to-zero (RZ)
trigger inputs because they operate only upon the leading
edge of the trigger pulse. A special trigger input on the
1900 output stages, External Width, assures compati-
bility with all data formats of the Word Generator. In
this mode the output stage is operated as a pulse amplifier
(the pulse width is determined by the incoming signal).
This special mode is essential when NRZ digital wave-
forms or any form of the biphase formats is used. The
usual Internal Width mode on the Output Stage will ac-
commodate RZ formats (the pulse width is determined
by the output stage).

Logic power supplies in the Model 1900.4 mainframe
are capable of driving two Word Generators; power
supplies in the Model 1901 mainframe are capable of
driving four Word Generators. Both positive and negative
voltages are available for powering either saturated or
emitter-coupled types of logic.

Logic

Emitter-coupled integrated circuit logic is used in the
Word Generator. Emitter-coupled, non-saturated circuits
are quite at home in the Model 1900 system, since that is
basically the technique used in most of the pulse gen-
erator circuits.

The digital word is generated by first loading it in par-
allel into an open-ended shift register at the end of each
word, Fig. 3. This is essential for rapid reprogramming

Fig.1, Characters are generated by setting the
approptiate toggle switches on the front panel
ol this HP Model 1925A Word Generator ptug-
in. Complement, pseudo-random noise, and RZ
and NRZ lotmats can be selected.

of the word. The parallel data can be set by the front
panel switches or brought in from the electronic pro-
gramming inputs. The word is then shifted out of the
register in synchronism with the clock input. The shift
register output is operated upon to produce the desired
format: non-return-to-zero or return-to-zero, normal or
complemented. A transmission line driver then delivers
the word to its destination.

WORD recycling is accomplished by a flip-flop which
keeps track of the WORD state. When the WORD state
is false the instrument loads the shift reqister with incom-

Fig.2. oscilloscope tfaces (lett) show a return-to-zero (top trace) and nonreturn-to-zerc
fotmat (middle trace) with END pulses on the bottom trace. At (right), the top trcce is
a normal output signal while its complement is the middle trace. The woRD outDut

is torced to zeto at the END signal (bottom trace).



ing data and presets a counter according to the desired
word length. In the AUTO recycle mode, this occurs for
one period of the clock. In the MANUAL recycle mode
the WORD state remains false until the receipt of a
START sigral or a command from the MANUAL push-

button, Fig. 4. The END output is the logical comple-
ment of the WORD state. It goes true between words in
the AUTO recycle mode. This information may be used
for scope sync or to command a new word from an elec-
tronic programmer.

Variable Word Length

Word length is determined by a variable modulus
counter. Words shorter than 16 are generated by reduc-
ing the modulus of the counter which controls the word
state, Fig. 5. This is accomplished by four switches inside
the Model 1925A which are set in the 17's complement

Fig. 3. For rcpid progrcmming,
the input word to the Model
1 9 2 5 A  W o r d  G e n e r a t o r  i s
loaded in parallel into the shift
rcgistet. The word is then
shifted out in sync with the
clock. Pseudo-random noise
seguences arc generated by a
digital feedback technique.

of the desired word length-0001 for 16, 1000 for 9,

etc. Unused data switches are simply set to zero.

Long Words

Words longer than 16 bits, Fig. 6, are generated by

either continually programming new sequences with the

parallel inputs or by stacking the word generators. Stack-

ing is accomplished by connecting the END of the one

generator to the START of the next. The loop is com-

pleted by connecting the END of the last generator to

the START of the first.

Pseudo Random Noise

In the pseudo-random-noise (PRN) mode, the WORD

state is forced true, hence END is inoperative. In this

mode a digital feedback circuit is enabled such that the

input to the first register is equal to the Exclusive-Or of

$
,l
t l1 l

. l

I
I
I

Fig.4. (lett) Synchronous gating of a wotd from an external source is posslb/e by pro-

viding a signal (top trcce) to both the Rate Generctot GATE input and the Wotd Gen-
erator START input. The rcsulting word (middle trace) and the END pulses (bottom

trace) are shown. Fig.5. (right) Word lengths from 2 to 16 bits may be constructed'
Shown trom top to bottom are word lengths ot 16,11,7 and 3 bits.
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the contents of the l4th and 15th cells in the register.

This results in a maximal length linear shift register se-
quence of 2'5-l or 32,767 bits. Other sequences can be
provided. The sequence starts with the current contents

of the shift register. This will be the same as the data

input if the machine is in the MANUAL mode. The se-
quence will continuously recycle.

The sequence has the following randomness proper-

ties: ones and zeros occur equally often; after a run of

ones and zeros there is a 50Vo chance the run will end with

the next bit; and it is not possible to predict an entire

sequence from any partial sequence. The runs of ones

and zeros are useful for investigating duty cycle prob-

lems. In this sequence there are 4096 runs of length one,

2048 runs of length two, 1024 runs of length three, etc.,
1 run of 14 zeros, and 1 run of 15 ones.

Construction

Logic is on three multilayer printed circuit boards

separated into logical functions. The shift register flip-

flops and their loading gates are located on one board

to minimize the transmission of high frequency signals

to other parts of the instrument. The other two circuit

boards contain the control circuitry for the various modes

of operation. Two additional multilayer PC boards con-

tain interconnections and programming circuitry. Multi-

layer PC boards allow better transmission of the high

speed ECL (emitter-coupled logic) signals and reduce

the need for elaborate wire harnesses.

The plug-in boards permit fast trouble-shooting with

high packaging density. The problem of rigidity is solved

by anchoring the boards with a sheet metal top cover.

This also provides good airf low and increases RFI

shielding.

Programming

Programming is accomplished by an interface network

which transforms contact-closure or TTL type inputs (0

to f4 V) to MECL levels (-0.7 to -1.5 V). The front
panel switches are disabled by gates during programmed

operation. When they are enabled, the front panel

switches override any information on the programming

lines.
When fast programming is desired, the electronic in-

puts should be provided via transmission lines (twisted

pairs are most economical). The programming source

should be matched to the impedance of the transmission

line by a series resistor if it is a voltage source (approxi-

mately 100 ohms for twisted PVC wire).

Fig. 6. Long words are consttucted by ganging word
generators together. The top trace shows a 48-bit word.
Below are END pulses trom the tirst, second and third
wotd generatots.

Two methods of programming may be used. The fast-

est is to reprogram at the start of each word. This allows

the maximum possible time for the programming lines to

settle to their new values. Alternately, the programmed

data may be strobed into the word generator during

END. The data gates to the internal memory are open

during END and the memory will latch on the strobed
data bits. The time constant of the interface network is

about 0.1 ps, so END must have a duration of at least

O.2 p.s. The need for buffer storage of the parallel pro-

gramming data is eliminated.

Circuits

CLOCK and START inputs are terminated in 50

ohms and designed to receive 1 volt or 20 mA signals.
The width of the CLOCK signal is important; the word
generator is designed to receive the output of the 1905,4

or 19064 Rate Generators. The rate generators, how-

ever, are designed to receive external signals with arbi-

trary waveforms. The leading edge of the START input

is di-fferentiated internally, so it may be of any width

between 10 ns and the period of the word cycle.

WORD and END outputs are from current source line
drivers. The complementary MECL outputs are used to

drive two pairs of emitter-coupled differential amplifiers.

The result is a fast, clean signal suitable for triggering.

The propagation delay between the incoming CLOCK

and the WORD and END outputs is less than 20 ns.

Since the outputs of the Word Generator are intended

to drive 50 ohm trigger inputs of the 1900 system, they
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are unterminated. To drive unterminated or ac termi-
nated loads (such as some scope trigger inputs), END and
WORD may be terminated at the plug-in or at the load,
whichever is appropriate.

Similar to other 1900 System plug-ins, the electronic
inputs and outputs of the Word Generator may be
switched to the front panel or to the mainframe con-
nector. Complicated configurations are thus patched to-
gether inside the mainframe rather than by cables on the
front panel. Any one or all of the inputs and outputs may
be connected in this manner.

Noise induced problems are eliminated by adequate
grounding and power supply filters. Ground loops are
eliminated with balun transformers. For accurate phase
control, all clock signals are transmitted to the logic

boards via coaxial transmission lines.
Noise between plug-ins is reduced by having separate

power supply regulators in each digital plug-in. This also
provides better voltage regulation and very fast current
limiting in case of a malfunction.

Applications

Several features of the word generator may be illus-
trated by a typical application which requires a return-
to-zero format with 11 bits of data of width t,, and a
sync bit of width t,, Fig. 7(a). The equipment needed
includes a rate generator and two word generators. One
of the following combinations of output stages may be
used: A 1901A low power mainframe with two 1920A's
for fast risetime applications, or a 1900,4. with two 1915A
plug-ins modified for two positive, two negative, or posi-
tive and negative outputs. The rate generator provides
the clock for both word generators. Word generator
#1 provides timing for the data (which could be pro-
grammed), and word generator #2 provides timing for
the sync. Similarly, output stage #7 provides the data
outputs of width t, and output stage #2 provides the sync
output of width tr. The two output stages are summed
together for the desired output. Both word generators
are set for a word length of 12 bits (11 data bits plus 1
sync bit).

Using a similar configuration it is possible to generate
bipolar outputs, Fig. 7(b). In that case output #1 would
generate the positive pulses and output #2 would gen-
erate the negative pulses of the bipolar pulse train. Using
Model 1915A or the Model l9llA plug-ins, the pulse
widths, rise and fall times, amplitude, current offset
and polarity can be independently controlled and pro-
grammed.

Fig.7. Two wod generators and two output stages are used to generate this word (tett)
conslsting ol one wide sync bit and 11 narrow data bits. Bipotar words (right) can be

genetated with the same combination.
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S P E C I F I C A T I O N S

HP Mode l  1900

Pulse SyElem

The HP Mode l  1900 P l ls€  Sys lem is  a l l  so l id -s la le  w i th  p l lg - in

cspab i l i l y  and can be  ass€mbled  in  a  var ie ly  o f  combina t ions .

A l l  ma jor  func t ions  can be  programmod wi th  an  added op l ion .

Mode l  1900A Main l lame
PLUG-rXS:

Main f ram€ accepts  any  1900 ser ies  quaneFs ize  or  ha l i s i2e
p lug" ins .  P lug- ins  may be  in te rchanged in  any  mannef  w i th in

lhs  main i rame-

ITTERCONNECTION AEruEEX PLUG. INS

Ei ther  €x te rna l  (w i th  BNC cab les)  o r  in teha l l y  se lec lab l€  w l th

swi lch€s  in  the  p lug- ins-

GENENAL
DfMENSIONS:  16y4 in .  w ide ,  sV4 in .  h igh ,  21% in .  deep overa l l

(42s  x  133 x  543 mm).

PowER:  115 or  230 vo l l s  410% 50 to  60  H2,  300 wats  max-

PRICE:  HP Mode l  1900A,  $750.00 .

Mode l  1901A Main l lame
PLUG{NS:

Main i rame accepts  low power  1900 ser i€s  qua i le r -s ize  o .  ha l l

s i re  p lug- ins-  P lug- ins  may be  in te rchanged in  any  mEnnor

wi ih in  the  mainkame.

INTERCOi lTECTIONS BETWEEN PLUG{NS:

E i ther  ex te rna l  lw i th  BNc cab les)  o r  jn te rna l l y ,  se lec tab le  w l th

swi tches  in  lhe  p lug- ins .

GENERAL
D I M E N S I O N S : 1 6 7 a  i n -  w i d e , 5 7 .  i . .  h i 9 h , 2 1 %  i n .  d e e p  o v e r a l l

(425 x  133 x  543 mm).

POWER:  115 or  230 vo l ts  t10%,  50  to  60  Hz,  250 wa l ts  max

PRICE:  HP Modet  1901A,  1450.00 .

Model 1905A Fate Generator
INTERNAL

REPETITION RATE:25 Hz lo  25  MHz in  6  decade ranqes.  10 :1

vern ;er  a l lows con l inuoos  ad jus tn€n l  on  any  ranqe.

PEFIOD J lTTEnr  <0 .1  % o l  se lec led  per ;od .

EXTERTAL IXPUT
REPETITION RATE:0  to  25  MHz.

INPUT IMPEDANCE:  50  (1 ,  dc-couPled .

SENSlT lv l f l :  0 .5  vo l ts  peakro-peak .

LEVEL:  Cont inuous ly  var iab le  ove t  a3  vo l l  rango.

SLOPE:  +  or  - ,  se lec tab le .
DELAY:  Approx .  10  ns  be tween t ig96r  input  and ra te  ou tpu l .

SYNCHFONOUS GATING
SENSI I Iv ITY:  -2  vo l l s  o r  mo.e  requ i red  to  ga le  pu lse  ta in  on .

INPUT IMPEDANCE:  50  A,  dc-coup led .

OELAY:  Approx .27  ns  be tween ga te  input  and f i f s t  ra t€  ou lpu t .

MANUAL OPERATION:  Pushbut ton  to r  s ing le  pu lse .

RATE OUTPUT
AMPLITUOET >1 vo l t  in to  25  0  (d r ives  lwo 1900 se . ies  p lug-

ins) .
R I S E T I M E :  < 5  n s .
W I D T H :  < 1 0  n s .

GENEFAL
PRICE:  HP Mode l  19054,  i200.00 .

Mode l  1908A De lay  Genera tor

FUNCTIONS (DBIVE OUTPUT SWITCH)

OELAY:  Dr ive  ou tpu l  de layed w i lh  respec t  to  t r igger  ou tpu l .

ADVANCE:  Tr isser  ou tpu t  de layed w i lh  respec l  lo  d r ive  ou tpu l .

DOUBLE PULSE:  Genera ted  f rom dr ive  ou tpu t  connec lo r .  Spac-

ing  d€ le rmined by  t ime in16rva l  se t t ing .

T IME IXTERVAL
RANGE:  15  ns  to  10  ms in  6  ranges .  10 :1  vern i€ r  a l lows cod-

l inuous  ad jus tment  on  any  range.

J ITTEB:  <0 .1% o f  se lec ted  t ime in te rua l .

EXCESSIVE OELAY INDICATOB:  L igh t  comes on  when se-

lec led  t ime in te rua l  exceeds pu lse  per iod .

RATE IXPUT
REPETI I ION RATE:0  to  25  MHz.

INPUT IMPEOANCE:50 0 ,  dc-coup led .

SENSITIVITY:  >  + l  vo l t  peak .

WIDTH:  Pon ion  o f  inpu t  U isqer  abov€ 0 .8  vo l ts  must  be  <7  ns .

TAIGGER AND DRIVE OUTPUTS
AMPLITUDE:  >+1 vo l r  in to  25  [ ]  (d r ives  two 1900 ser ies

p lug- ins) .

W I D T H :  < 1 0  n s .

RISETIME:  <5  ns .
MINIMUM DELAY AFTER RATE INPUT:  Tr igger  ou lpu l  occurs

in  approx-  14  ns  in  d r ive  ou ipu t  de lay  mode i  approx .29  ns  in
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dr ive  ou tpu l  de lay  mode i  approx .  14  ns  in  d r iv€  ou tpu t  ad-

GEXERAL
PRICE:  HP Mode l  19084,  1200.00 .

Mode l  19104 De lay  Genefa tor

T IME INTENVAL
aANGE:  5  ns  to  100 ns ,  5  ns  s leps .

J I T T E R :  < 1 0  p s .

BATE INPUT
BEPETITION RATE:0  lo  125 MHz.

INPUT IMPEDANCE:50 Q,  dc-couPled .

SENSITIv ITY:  >+1 vo l t  peak .

CONNECTION:  Rate  input  may be  connected  in te rna l l y  o r  ex_

terna l ty  f rom o ther  p lug- ins ,  se lec ted  by  in lo rna l  sw i tch .

TBIGGER AND DRIVE OUTPUTS

AMPLITUDE:  >+1 vo l t  in to  25  ohms (dr ives  two 1900 ser i€s

p lug- ins) .

BASE WIDTH:  <8  ns .

R I S E T I M E :  < 3  n s .

MINIMUM DELAY AFTER BATE INPUT:  i  5  ns .

GENERAL
PR|CET HP Mode l  1910A,  $150.00 .

Mode l  1915A Vs l iab le  Trans i t ion  T ime Output

OUTPUT
SOUBCE IMPEDANCE

50 O or  h igh  Z ;  se l f  con la ined 50  ( ]  l s rmina t ion

hay  be  connec led  or  d isconnected .

HIGH Z OUTPUT:  Approx  5  k  ohms shun l€d  by  45  pF

50 I  OUTPUT:  Approx  50  g  shunted  by  45  pF.

AMPLITUDE (SHORT CIRCUIT CURRENT)

50 mi l l iamperes  to  1  ampere  in  4  ranges :  2  5 :1  vern ie r  a l lows

cont inuous  ad jushsnt  on  any  range.  Vo l lage in to  ex terna l

50  o  i s  12 .5  v  to  t50  V w i th  h igh  z  source ;  - l :1 .25  v  to

125 V w i th  50  g  source .  Max imum ampl i tud€ ( inc lud ing

oifset) is t50 v.

PULSE TOP VARIATIONS

WITH 50 I  SOURCE ANO 50 O LOAD:  a5% tor  taDs i l ion

t imes 7  ns  to  10  ns ;  12% lo r  Fans i l ion  t imes >  l0  ns .

WITH HIGH Z SOUBCE AND 50 ( l  LOAD:15% io r  a l l  tansn

PoLARITY:  +  o r  - ,  se lec tab le .

DUTY CYCLE:0  lo  >90% in le rna l  w id th  mode;  0  to  100% €x-

te rna l  w id th  hode.
BASELINE OFFSET:  i60  mi l l iamp€res .  Max imum o l fs€ t  in lo

ex terna l  50  g  i s  11 .5  vo l ts  w i lh  50  I  source ;  t3  vo l ts  w i th

h igh  Z  source .

TRANSITION TIMES:  7  ns  (10  ns  w i th  h igh  Z  source)  to  1  ns

in  11  ranges  (1 ,2 ,s  sequence) ;  lwo 100:1  ve .n ie rs  a l low inde-
pendent  conFo l  o f  r i se  and la l l  t imes.

WIOTH
INTERNAL

RANGES:  10  ns  to  40  ms in  7  decade rang€s (€xcept  fo r  t i re t

range wh ich  is  10  to  40  ns) ;  10 : l  vern ie r  a r lows cont inuous

adtusrment  on  any  range.

WIDTH J ITTER:  <0 .5% o f  se lec ted  pu lse  w id lh .

EXTEBNAL
Prov id€s  pu lse  ampl i f ie r  opera i ion ;  ou lpu t  pu lse  w id th  d€-

te rmined by  w id th  o f  d r ive  input .

DNIVE INPUT
BEPETITION RATE;0  io  25  MHz.

INPUT IMPEDANCET 50 {1 ,  dc-couPled .

sENSlT lV lTYi  >+1 vor t  peak .

GENERAL
PRICE:  HP Mod€ l  19154,  $1600.00 .

Mode l  l917A Var iab le  Trans i t ion  T ime Output

OUTPUT PULSE
SoURCE IMPEDANCET Approx  50  ohms shunted  bv  45  pF am-

p l i l ! d e  ( v o l l s  i n l o  5 0  o h n s )  0 . 2  l o  1 0  v o l l s ; 2 5 : l  v e r n i e r

a l lows con l inuous  ad jus lmen l  on  anv  range

PULSE ToP VARIATIONS:  15% for  tans i l ion  t imes >7 ns .

POLABITY:  +  o r  - ,  se lec tab le .

DUTY CYCLE:0  lo  >90% in te rna l  w id ih  mode

0 1o  100% ex le rna l  wadth  mode

BASELINE OFFSETj  12 .5  vo l ts  in to  ex terna l  50  ohms

T R A N S I T I O N  T I M E S : 7  n s  t o  5 0 0  r s  i n  5 . a n g e s i  l w o  s 0 : 1

vern ie rs  a l low independent  con l ro l  o f  r i se  and fa l l  l im€s.

WI  DTH

INTEBNAL

D R I V E  I N P U T
nEPETITION RATE:0  lo  25  MHz.

INPUT IMPEOANCE:50 ohms,  dc  coup lsd .

S E N S I T I V I T Y :  > + 1  v o l t  p e a k .

GENENAL
PRICE:  HP Mode l  19174,  4525.00 .

Model 19204 350 ps Transition Time Output
OUTPUT PULSE

SOUBCE IMPEDANCET Approx  50  ohms-

AMPLITUDET 0 .5  lo  5  vo l ts  in  th ree  ranges;2-5 :1  vern ie r  a l lows
cont in !ous  ad jus lment  on  any  ran96.

TBANSITION TIME|  R ise  and ta l l  l imes <350 ps  a t  max am-

PULSE TOP VABIATIONS:  <8% at  max ampl i lude .

POLARITY:  +  o r  - ,  se lec lab lo .
BASELINE OFFSET:  Max o f ise t  in to  ex le rna l  50  ohms is  +2

WIOTH:  0  lo  10  ns  in  lour  ranges ,  l0 :1  vern ie r  a l lows cont 'n -
uous  ad t !s tment  on  any .an9e.

D R I V E  I N P U T
REPETITION RATEr  0  lo  25  MHz.

INPUT IMPEOANCE:  50  ohms,  dc 'coup led .
S E N S I T I V I T Y :  > + 1  v o l l  p e a k .

GENERAL
PRICE:  HP Mode l  19204,  $1750.00 .

Mode l  1925A Word  Genera lo r

WORO GETERATION
WORO LENGTA:2  to  16  b i ts ,  se t  bv  in te rna l  sw i tches '  no l  Pro_

WOBD CONTENT:  Set  by  i ron t  Pane l  sw i tches  or  rear  panBl

proqramminq.  Loaded in lo  sh i l t  regbter  be tween each word

cyc l€  dur ing  END.

WORD FORMAT:
NBZ/RZ,  se lec tab le  rom f ron t  pane l  o r  p rogrammed RZ

pu lse  w id lh  less  than c lock  per iod /2 .  WORD or  WORD se lec !

ab le  tom t ron l  pane l  sw i lch .

WORD CYCLING:  Automat ic  (cont inuous  w i th  one c lock  per iod

de lay  be tween words) ,  ex le rna l  s tad  command,  o r  man lar

MANUAL/AUTO:  Se lec tab le  t rom l ron t  pane l  sw i tch  or  p ro_

srammed.  In  AUTO mode,  word  cont inuous lv  recvc les  w i lh

one c lock  per iod  de lay  be tween words .  In  p rogram node '

con len l  o l  each word  coresponds to  the  p fev ious  para l le l

word  input  tha l  ex is ted  >200 ns  be fore  and dur ing  END In

manua l  mode,  a  word  s lads  a l le r  rece iv ing  an  ex terna l  s tad

s igna l  o r  p ress ing  MANUAL pusn bu l ton  and s lops  a l te r  16

END OUT:  Ava i lab le  l rom l ron t  pane l  BNC cor respond ing  1o

SET:  Ser ia l l y  loads  ones  in to  sh i r t  req is le r .  Ou lpu t  word  b i ts

are  a l l  ones  a f te r  l6  c lock  Pu lses .
CLEAR:  Resets  sh i l t  res is te r  in  para l le l .  Outpu t  word  b i ts  a re

PSEUDO-RANDOM NOISE:  Prov ides  a  l inear  sh j t t  reg is le r  se-

quence o f  32 ,767 b i ts .  The ssq lence s tads  w[h  the  las t  16

b i t  word  in  the  sh i f t  reg is te r .

PnOGRAMMING:  A l l  da la  b i ts ,  NRZ/FZ,  PRN/WORD,  and

MAN/AUTO.

INTEBFACE
CLOCK INPUT:  (1905A or  19064)

R E P E T I T I O N  R A T E : 0  l o  2 5  M H z

AMPLITUDE:  >0 .9  vo l l s  <4  vo l l s

W I D T H :  > 4  n s ,  < 1 8  n s  a t  + 0 . 6  v o l l s

INPUT IMPEDANCE:  50  ohms dc-coup led

STABT INPUT
PERIOD:  Word  lengtn  +15 ns

AMPLITUOE:  >0 .9  vo l l s ,  <4  vo l ts

W I O T H :  > 5  n s

INPUT IMPEDANCE:  50  ohms dc-coup led

P R O G R A M M I N G  I N P U T S
TBUE:  Con lac l  c losure ,  sa tu .a ted  DTL,  o r  vo l tag€ source

(T 'L )  <  +0 .2  V.
FALSE:  Open,  o f f  DTL or  vo l tage sourc€  (T ,L)  >2 .5  V ,

WORO AND END OUTPUTI
T B U E : 4 0  1 1 0  m a  c u r e n t  s o u . c 6  o r  2 - 0  t 0 - 5  V  I n t o  5 0

FALSE:  <1  ma.

R r s E  A N D  F A L L  T r M E S :  < 4  n s  ( 1 0 %  t o  9 0 % ) .

P E R T U R B A T I O N S :  < 1 5 % ,
SOURCE IMPEOANCE:  Untermina led  curen t  source .

BANGES:  10  ns  to  40  ms in  7  decad€ ranges (except  io r  GENEBAL
f i r s t r a n g e w h i c h i s l 0 t o 4 0 n s ) ; 1 0 : l v e r n i e r a l l o w s c o n -  p B t C E : H P M o d e t t 9 2 5 A . 3 8 5 0 . O O .

t inuous  ad i !s tment  on  any  range.

EXTEBNAL
Prov ides  pu lse  ampl i f ie r  opera t ion ,  ou tp ! t  pu lse  w id lh

determined by  w id lh  o f  d r ive  input .

MAIUFAGTURING Dlv lS lON:  COLORADO SPBINGS DIV ls loN

1900 Garden o t  the  Gods Boad

Colorado Spr ings ,  Co lorsdo 80907
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Frequency-Domain Oscilloscope Now
Measures to 1250 MHz

With this new RF plug-in, HP's absolutely calibrated RF spectrum analyzer can disptay
any part of the f requency range trom 500 kHz to 1250 MHz-or the whole range at once.

By Siegfried Linkwilz

DtstcNpRs oF BRoADCAST, coMMUNICATIoNS, NAVIGA-
TtoN, and other electronic equipment operating in the
frequency range from 500 kHz to l25O MHz can now
make absolutely calibrated frequency-domain measure-
ments with a spectrum analyzer as easily as they have
always made lower-frequency time-domain measure-
ments with an oscilloscope. The instrument that makes
this possible consists of a Display Section (Model 140S,
1415, or l43S), a plug-in IF section (Model 8552A),
and a plug-in RF section, the new 0.5 to 7250 MHz
Model 8554L (Fig. 1). Al-
though it's a spectrum an-
alyzer, this instrument has
many of the qualities that
have made the oscilloscope

such a universal instrument.
It has absolute calibration
on both horizontal anci ver-
tical axes, it's easy to oper-
ate, it gives unambiguous
spurious-free displays, and it
has high stability and sensi-
tivity. Because it has these
qualities, it is beginning to
acquire the name frequency-
domain oscilloscope.*

The new Model 8554L is the second spectrum an-
alyzer RF Section to be designed for the same display
sections. The display sections, the IF plug-in, and the
first RF plug-in, a I kHz to 110 MHz instrument, were
described in these pages in August 1968.{1l.lrl Also de-
scribed at that time were many of the frequency-domain
*  See page 16 f0r  more about f requency-domain osci l loscopes.

measurements that the new spectrum analyzer can make.
They include such traditional spectrum-analyzer meas-
urements as spectrum surveillance and EMI testing,
measuring pulse spectra, and checking multichannel com-
munications systems. More important, however, are the
measurements the new analyzer can make in general RF
circuit design. For example, it can measure the flatness,
harmonic content, and spectral purity of oscillators; it
can measure AM and FM modulation indexes: it can
measure gain, frequency response, harmonic and inter-

Fig. 1. A new plug-in RF section makes this a 0.5-to-1250-MHz
specttum analyzer- or frequency-domain oscilloscope, it you
preter. lt has absolute amplitude calibration, automatic phase
lock, and simple controls. lts trequency rcsponse is flat within
t 1 dB trom 1 to 1000 MHz. lt has a 60 dB spurious tree dis-
play range, -120 dBn maximum sensitivity, and scan widths
trom 20 kHz to 1250 MHz. Variable-persistence and latge-
screen displays are optional.
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STABILIZATION

Wide
Scans

Third
550 MHz lF Mixer
AMPLIFIER
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FI LTER

50 MHz lF
AMPLIFIER
AND BAND"
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AMPLIFIER
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or l4ilS
DISPLAY
SECTION
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t l

Fig .2 ,Aquadrup leconvers ion  process ,  p lus low-pass inputand lF t i l te rs ,keepspur ious
/'esponses off the display. For wide scan widths the Ylcluned first LO is swept. For
narrow scan widths the third LO is swept and the t irst LO is phase-locked to a stable

relerence to teduce residual FM to less than 300 Hz.

modulation distortion, and parasitic oscil lations in am-
plif iers; it can measurc mixer conversion loss and local-

oscil lator supprcssion in balanced mixers. The new RF

section extends all these measurements to 1250 MHz. A

few examples of its use are described on page 18.

Analyt ica l  Capabi l i t ies

One of the new spcctrum analyzcr's most powerful

capabil: it ies is its scanning versati l i ty. It can display the

f ull spectrunt from 0 to 1250 MHz, or any part of it.

When set lor the 1250-MHz scan, a marker pip appears

on the display at the frequency to which the analyzer is

tuned. The pip points downwarcls to clistinguish it from a

signal. When thc analyzer is switched to any of its ten

narrower scan widths, the scan is synruretrical about the

nrarker frequency. Thc narrowest scan width is 2O kHz,

and the widest synrmetrical scan width is 1000 MHz.

Alternatively, scanning can be halted and the analyzer

can be operatcd as a sensitive manually tuned receiver

with variable bandwidth.
The analyzcr's anrplitude scalc is absolutely calibrated

in dBnr and 1,V Hence the analyzer doesn't nterely dis-

play a spectrum, it accurately measurcs the components

of  the spectrum. Input  s ignals can be as smal l  as -120

dBrn (0.3 y,V)  or  as large as f10 dBnr (0.8 V) .  Fre-

quency rcsponse is flat within I I dB fron.r I MHz tcr

1000 MHz, and most amplitude measurements can be

made to within | 1.5 dB or better.
Rcsidual responses and harmonic mixing responses

are kept ofT the display by microcircuit f i l tcrs. This rnakes

it easy to identify signals and to read their frequencies

directly on the analyzcr's scalcs. The distortion-free and

spurious-free display range is greater than 60 dB.

The analyzer has seven calibratcd bandwidths ranging

from 300 Hz to 300 kHz. Thc narrowest bandwidths givc

high resolution for analyzing sienals close together in fre-

qucncy, and thc widcr bandwidths allow fast scanning of

wide frequency ranges. If the operator selects a band-

width too narrow for the scan rate. a red l ight warns him

that the display is uncalibrated.

To provide thc stabil ity ncedecl to nrake its narrow

bandwiclths ancl narrow scan widths uscful the analyzcr

has a phase-lock systerl that automatically stabil izcs thc

first locii l  oscil l irtor whcn a narrow scan width is selectcd.

Thc phasc-lock system reduces residual FM to less than

300 Hz pcak-to-peak. Thc operirtor doesn't have to ma-

nipulatc any controls to achievc phase lock.

Aclvanccd tcchnology was needcd to get nrany of the

new RF plug-in's capabil it ies into such a snrall package.

Most notcworthv are its YIG-tuned solid-state first local
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oscillator, its microcircuit filters, and the microcircuit

sampler in its phase-lock loop.

Whal's Inside

The new spectrum analyzet is essentially an electron-

ically tuned superheterodyne receiver. The amplitude of

the received signal is displayed on the CRT as vertical

deflection. The frequency of the receiver is changed in

synchronism with the horizontal movement of the elec-

tron beam across the CRT The result is a display of

amplitude vs frequency, that is, a display of the spectrum.

The block diagram, Fig. 2, illustrates the operation in

detail. The low-pass filter at the analyzer input has a fre-

quency response which is flat to 1300 MHz, down 3 dB

at 1500 MHz, and down 70 dB at 2050 MHz. Following

the filter, the input mixer and the YlG-tuned solid-state

first local oscillator convert the incoming sigral to 2050

MHz, the first intermediate frequency. Even signals as

low as 500 kHz are transformed to this high frequency.

The high first IF and the low-pass input filter eliminate

image responses which might otherwise occur for input

frequencies from 4000 to 5300 MHz. This is a major

The Meaning of oFrequency-Domain Oscilloscope'
Excerpts from an informal talk by Roderick Carlson of Hewlett-Packard's Microwave Division

"'Frequency-domain oscilloscope' is a term that we at Hewlett-
Packard have adopted to describe a certain type ol spectrum
analyzer. As a name, ifs not important; in fact, 

'spectrum

analyzer' is a much more accurate name than 'oscilloscope'.

What is important is the concept behind the name - a new

way of thinking about spectrum analyzers and a new way
ol :using them.

"To deserve the name 'lrequency-domain oscilloscope', a

spectrum analyzer has to be lully calibrated, Iike an oscil-
Ioscope, and just as easy to use as an oscilloscope. There
are now t't'tto spectrum analyzers that have evolved this far;
they are the lI0 MHz instrument described in the August
1968 HP Journal  (Model  8552A/8553L),  and the new 0.5
to 1250 MHz unit described in the accompanying article
(Model 8554L/8552A).

"These lully calibrated, easy-to-use instruments have an
area of application that is, quite literally, immense. This ap-
plicatiott area is general circuit design - |hg saas area in
which the oscilloscope finds most of its applications. The
spectrunl analyzer is a basic measuring tool Jor designing
oscillators, antplifiers, mixers, modulators, filters and stt on.
Like a scope or a dc voltmeter, it's a general-purpose, con-
stanl-use tool -not a special purpose instrument, but one
that has a broad range ol uses'.'

Usefulness Found by Experience
"We recognized the broad usefulness ol the spectrunt an-

alyzer through experience in our own laboratories with our
microwave spectrum analyzer (Model  851B/85518).  In our
laboratories we tlo much the same kind ol circuit design that
everyone else does. Our microwave spectrum analyzer was
conceived with the classical spectrum-analyzer applications
in mind. These are such things as looking at the spectra oJ
radar pulses or looking at the signals in microwave carrier
systems. This analyzer was also designecl lor some new ap-
plications, such as spectrum surveillance and radio-frequency'
interlerence measurement. However, as soott as ihe analyzer
was put to use in our laboratories, it became apparent that
it was an excellent general-purpose tool Jor observing the
everyday signals we were working with. In fact, it was better
than an oscilloscope for most ol our purposes. Now we have
several of these analyzers and they are in constant use, We
wonder how we ever got along without them. To lose them
would be like losing one ol our senses, like going deal or
going blind.

"Now, oscilloscopes and spectrun't analyzers aren't rivals.

They complement each other. Each has its own place: the

oscilloscope is the instrument Ior working in the time do-

main, arul the spectrum analyzer is the instument for wotk-

ing in the lrequency domain. ll/hen we call a spectrum an-

alyzer a frequency-domain oscilloscope we mean that the

spectrum analyzer is exactly analogous to the oscilloscope,
but is lor the lrequency domain, and that the spectrum

analyzer has the same general usefulness as the oscilloscopel'

Charscteristics of FDO's
"Our new spectrum analyzers are designed to be well suited

to general circuit-design work, and so are true frequency'
domain oscilloscopes. They have several characteristics that
other spectrum analyzers don't have. One is absolute ampli-
tude calibration, which allows you to measure signal levels
accurately with the spectrum analyzer. Some day all spectrunt
analyzers will have absolute amplitude calibration-users are
going to demand it. Imagine how lar you would get with an
oscilloscope these days iJ it didn't have vertical calibration.

"Another characteristic ol these frequency-domain oscil'
loscopes is an easy-to-interpret, unambiguous display. This
comes lront an input filter which allows the analyzer to have
only a single response, thereby avoiding the confusion of
images and multiple responses due to harmonic mixing.

"A third characteristic ol the new analyzers is a phaseJock

systent that operates almost automatically, so the operator
doesn't even realize that the local oscillator has been stabil-
iaed by phase-locking.This is something that in the past has re-
quired some skill and a bit ol hope on the part ol the operator.

"Finally, the new spectrum analyzers are much smaller in
size and lower in cost than are many older analyzersi'

F r e quenc y- D o main M e as ur e m e nt s

"Very few ol the lrequency-domain meast4lements that can
be made with the spectrum analyzer are new, Nearly aII are
very familiar. They just haven't been made with spectrum
analyzers in the past. What engineers need to realize now is
that the spectrum analyzer has evolved to a point where it is
the most convenient and accurate instrument available lor
making these measurements. In many cases, with a Jully cal-
ibrated spectrum analyzer on his bench a design engineer
doesn't need an RF voltmeter, or a power meter, or a wave
analyzer, or a distortion meter, or a swept-frequency indi-
cator, Whafs more, he can make much more eye-opening
measurements with his spectum analyzer than he can with a
collection ol these other instruments'.'
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factor in keeping the display free of spurious signals.

To get narrow analyzing bandwidths, it is necessary to

convert to a lower intermediate frequency. This is done

in 3 steps, to avoid undesired image responses. A 1500

MHz fixed-frequency transistor oscillator and a second

mixer convert the 2050 MHz first IF signal to a 550 MHz

signal, the second IF The signal has so far undergone two

conversions and is now amplified for the first time in a

550 MHz amplifier.

After further mixing with a 500 MHz third-local-

oscillator signal, followed by amplification of the result-

ing 50 MHz IF signal and mixing with a 47 MHz fourth-

local-oscillator signal, the final 3 MHz IF is obtained.

It is at this last frequency that the bandwidth is narrowed

to seven calibrated bandwidths between 300 kHz and 300

Hz, one of which is selected by the user. Finally, the 3

MHz signal is amplified by a logarithmic amplifier which

has a dynamic range of 70 dB, and the amplifier output

is detected to produce the video signal which is applied to

the vertical deflection circuits of the CRT,

The horizontal deflection of the electron beam of the

CRT is controlled by a sawtooth generator. The same

sawtooth generator causes the analyzer's frequency to

scan, centered on the value set by the coarse frequency

tuning control and indicated on the slide-rule dial on the

front panel. For scan widths of 125O MHz to 5 MHz, the

first local oscillator is swept. For narrower scan widths,

the sawtooth voltage is removed from the first LO and

applied to the third LO. The bandwidth of the IF stages

preceding the third mixer is sufficiently wide to allow for

the maximum tuning range of the third LO. When the

third LO is being swept, the first LO is automatically

phase-lock stabilized to a constant reference frequency,

and acts strictly as an up-converter. Narrow-band fre-

quency tuning and scanning are accomplished with the

third LO. Stepping the scanning operation between the

first LO and the third LO gives in one instrument the ad-

vantages of both very wide scans and very stable narrow-

band scans.

YIG-Tuned Solid-State First LO

The YlG-tuned solid-state first local oscillator made

it possible to get the new RF plug-in into the required

small package. 
'Ihis 

oscillator is not only smaller, but also

far superior in frequency stability and tuning linearity

to previously used backward-wave-tube oscillators. The

tuning element is a highly polished 0.035 inch diameter

sphere of Yttrium-Iron-Garnet, a ferrite material. Its

electrical equivalent is a parallel tuned circuit of low loss.

The resonance frequency of the YIG is a linear function

Ylc-Tuned Solid-Stale

Fig. 3. Four hybrid microcircuits are used in the new RF
ptug-in. One i$ the YlG-tuned transistor tirst local oscil-
Iatot, two are low-pass tilters (one is hidden under the
first and second converter section), and the tourth is a

sampler in the phase-/ock sysfem (see Fig. 5).

Fig, 4, When the analyzer is switched to stabilized oper-
ation and the phase-lock system is unlocked, the posi-

tive teedback loop oscillates at a rcte of about 5 Hz,
tuning the YIG oscillator until its lrequency is equal to
a harmonic ot 1 MHz. Then, with the samplet acting as
a phase detector, the negative feedback loop takes over
to keep the YIG oscillator phase-locked to the reterence
oscillator. The oftset voltage to the third LO keeps the
display trcm shitting when phase-lock occurs.
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of the strength of the magnetic field applied to it.
The YIG sphere is mounted between the pole pieces

of an electromagnet and the magnet current controls the
first LO frequency, to the degree with which the magnetic
field follows this current. By careful selection of the mag-
net material, excellent tuning linearity and small hyster-
esis were obtained over the range from 2000 to 3300
MHz. The oscillator's center frequency is always within
l0 MHz of the front-panel dial setting, and the frequency
error between any two points on the display is less than
1O% of the indicated separation.

A loop around the YIG sphere fornrs the RF coupling

to a single-transistor oscillator. The oscillator is followed
by two stages of power amplification, which act as a
buffer against variations in the load on the oscillator,
which could otherwise pull the frequency.

The magnet/YlG combination has high tuning sensi-
tivity (20 kHz/ yA), so an extremely low-noise-current
power supply had to be designed for the magnet. Careful
magnetic shielding against extraneous fields was also re-
quired to maintain spectral purity, since the frequency
depends on magnetic fleld strength. In the final design,
residual FM is less than 10 kHz peak to peak without
phase-lock stabilization.

Beyond Traditional Spectrum Analyzer Uses
Absolute cal ibrat ion, ease of use, free-
d o m  f r o m  s p u r i o u s  r e s p o n s e s ,  a n d
automatic stab i  I  izat ion-characterist ics
tha t  qua l i f y  the  new 1250 MHz Spec-
trum Analyzer as a frequency-domain

1.  SPECTRUM SURVEILLANCE

Signa l  spec t rum observed a t  Pa lo  A l to ,  Ca l i fo t r
n ia  w i th  a  s ing le - tu rn  16"  x  24"  loop an tenna
Ver t i ca l  sca le  (ampl i tude) :  Logar i thmic ,  -20
d B m  t o  - 9 0  d B m ,  1 0  d B / d i v i s i o n ,  r e f e r e n c e
-  2 0  d B m .

0 to 200 MHz Band at 20 MHz/division
Note  FM band a t  cen te t  sc reen,  TV Channe ls  2 ,

4 ,5 ,7 ,  and I  a l l  c lea t ly  v is ib le

0 to 1000 MHz Band at 100 MHz/division
ln addition to FM and VHF-TV channels, note

UHF Channe l  36  a t  600 MHz,  and o ther  s igna ls .

osc i l loscope-obv ious ly  g ive  i t  sub-
stantial ly greater analyt ical capabil i t ies
than o lder  spec t rum ana lyzers  in  the
same app l ica t ions .  But  a  f requency-
d o m a i n  o s c i l l o s c o p e  i s n ' t  l i m i t e d  t o
such t rad i t iona l  a reas  as  radar ,  com-
munica t ions ,  and EMI  measurements .
I t ' s  a  genera l -purpose des ign  too l ,  use-
f u l  f o r  m e a s u r e m e n t s  o n  o s c i l l a t o r s ,
modu la to rs ,  m ixers ,  ampl i f ie rs ,  and f i l -
ters. Shown here are a few measure-
ments  made w i th  the  new ana lyzer .

Three main- f rame Disp lay  Sec t ions
wi l l  accept  the  1250 MHz Mode l  85541
RF Sect ion .  Mode l  1405 is  the  bas ic
main f rame;  i t  has  a  5  inch  in te rna l -
g ra t i cu le  CRT wi th  a  normal -pers is t -
ence P11 phosphor .  Mode l  141S has
the  add i t iona l  advantages  o f  var iab le
persistence and storage; these features
are  use fu l  fo r  measur ing  in te rmi t ten t
s igna ls ,  fo r  compar ing  s igna ls  be fore
and a f te r  ad jus tments ,  and fo r  mak ing
h igh- reso lu t ion  measurements  a t  low

2 .  M E A S U R I N G  R E S I D U A L  F M

Centet trequency : 300 MHz
Horizontal scale (frequency) : 20 kHz/division,

thus FM deviation : 30 kHz.

s w e e p  s p e e d s  w h e r e  f l i c k e r  m i g h t
o therw ise  be  a  p rob lem.  The th i rd  ma in-
f rame,  Mode l  143S,  has  a  la rge  8  by  10
inch  d isp lay ,  use fu l  in  p roduc t ion  areas
or classrooms.

3.  NETWORK CHARACTERIZATION

l /easur ing  Ga in  and Frequency  Response
of  an  Ampl i f ie r

Hor izon ta l  sca le  ( f requency) :  0 -1000 MHz,  100
i /Hz ld iv is ion .
V e r t i c a l  s c a l e  ( a m p l i t u d e ) :  L o g a r i t h m i c ,  + j O
d B m  t o  - 6 0  d B m ,  1 0  d B / d i v i s i o n ,  r e t e r e n c e
+  1 0  d B m .

IH]

Swept Source Dircctly lnto Analyzel

tifi l

Amplit iet Output
Gain : 20 dB, -3 dB point : 700 MHz
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Thin-film microcircuit technology, computer-aided de-

sign, and the ability to accurately characterize microwave

devices by scattering parameters were key factors in the

development of the YIG oscillator circuitry. The oscil-

lator and amplifier are small enough that they can be

mounted together with the YIG sphere in the 0.10 inch

gap between the pole pieces of the driving magrret. The

entire oscillator, including magnets, is in a package just

2 inches high and 2.5 inches in diameter (Fig. 3).

Microcircuit Filters

The input low-pass filter, which helps establish the 60

dB spurious-response-free display range of the new RF

plug-in, and the low-pass filter in the first IF, which

rejects undesired mixing products, were designed using

thin-film circuit elements. These filters operate in the

microwave region and exhibit excellent attenuation char-

acteristics in their stop bands, a result of the small phys-

ical size of the filter elements in relation to the wavelength

at which they are used. Because of their size, individual

capacitors and inductors in the filter can be characterized

as discrete rather than distributed elements. A com-

puterized synthesis procedure determines the actual di-

mensions and the layout for the plating masks. Element

losses are taken into account so filters with sharp cutoffs

in their attenuation characteristics can be realized.

Both filters are thirteen-element, thirteen-pole Tsche-

byscheff low-pass filters. The input filter has a 3 dB cutoff

frequency of 1500 MHz and has more than 70 dB rejec-

tion in its stop band from 2050 MHz through 72 GHz.

It is 2 inches long and 0.25 inch in diameter. The filter

in the first IF has a cutoff frequency of 5.0 GHz and has

70 dB rejection through 2O GHz. Its dimensions are 0.7

by 0.1 by 0.04 inch.

Sampling Phase-Lock System

The resolution which can be obtained in any spectrun

analyzer is limited by the bandwidths and shape factors

of the IF filters and by the stability of the local oscillators

which are used to frequency-translate the input signal. In

practice the limitation is set by oscillator stability, which

in turn determines the narrowest usable filter bandwidths.

One way to improve the stability of an oscillator is to

phaseJock it to a stable reference frequency. This ap-

proach has been widely used in spectrum analyzers, but

it has always required some effort from the operator in

setting up the instrument. In the new RF plug-in, phase-

locking of the first local oscillator (YIG) occurs auto-

matically for narrow scan widths and does not require

operator intervention.

Fig. 5. fhls balanced, two-diode hybrid-microcircuit
sampler  ac ts  as  a  phase de tec tor  in  the  au tomat ic
phase-lock systern ot the Model 8554L RF Section. The
relerence signal, a 1 MHz square wave, drives the two
step-recovery-diode stages to produce voltage steps
with very lasf risetlmes. The balanced conliguration ot
shorted fransrnrsslon lines then dilterentiates this wave-
lorm and the resulting narrow pulses switch the two hot
carrier diodes on and oft to sample the voltage f rom the
Y lG oscillator.

Coupling Loops to 5.O GHz
Microcircuit Low-Pass Filter (nol shown)

Second LO
(1.5 GHz)

Fig. 6. fo get tlat frequency response in the tirct mixet,
the two hot carrier mixer diodes (it's a balanced mixer)
are mounted so thelr packages and leads are part of the
mixer operation and don't contribute parasitic eftects.
The two diodes are inductively coupled to the stripline
ltom the l irst LO and to thefirst lF ti l ter cavity. A similar
technique is used in the second mixer.

The phase-lock system is shown in Fig. 4. An impor-

tant part of thc system is a balanced, two-diode micro-

circuit sampler which produces a voltage proportional to

the phase difference between the YIG oscillator output

signal and the reference oscillator output signal. Fig. 5

is a photograph of the sampler.

samdued signal 1 MHz Input

RF Output

RF lnDul Hot"Carrier' 
Sampling Diodes

Step-Recovery
Diodes
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S P E C I F I C A T I O N S

HP Model 8554L/8552A
Spectrum Analyzer

FNEOUEXCY
FREOUENCY RANGE:500 kHz-1250 MHz
SCAN WIDTH:  (on  10  d lv is ion  CRT hor izon ta t  a r ts )

Per  D lv l3 lonr  15  ca t lb fa t€d  scan w id ths  fom 1OO MHz/d iv  to
2  k H z / d l v  I n  1 , 2 , 5  s e q u e n c e .

Pros€t :  f1250 MHz
2610: Analyz€r ls llx6d-tuned 16c6lvsr,

FREOUENCY ACCURACY:
C€nter  Fr€quoncy  Accurscy :  Th6 d ia t  ind ica t€s  lh6  d isp lay

csn lo r  i f6qusncy  w i th in  10  MHz.
Scan Llngadtyt Fr€quency eror betwe€n two polnts on th€

dlsplay ls l€ss than 100/6 of th€ indicat€d separation.
RESOLUTION:

lF  Bandwldrh :  Bandwld ths  o t  0 .3  to  300 kHz Drov tdod tn  a  L
3  sequ€nce

lF  Bandwtd th  Accuf6cy :  lnd tv tduat  bandwid th3 '3  dB potn ts
calibret€d to !2O./. i'10 k{z bsndwidth tS%).

lF  Bandwid ih  S€ lsc t i v i t y :60  dB/3  dB bendwld th ,s i lo  <20r1
tor lF bsndwtdihs ,rom 1 kHz to 3OO kHz, 60 dB/3 dA
bendwid th  r6 t io  <25:1  fo r  300 Hz tF  bgndwtd th .

STABIL ITY:
Rss ldua l  FM:

Stab l l i zed :  <300 Hz p€ak{o-peak .

uns tab i l t zed :  <10 kHz p66k{o-peak
Nols€  S id€bandsr  Mor€  than 60  dB b€bw CW s ign6t ,  ZO kHz

or  more  away t rom s igna l ,  to r  I  kHz bandwidrh .

ATPLITUOE
ABSOLUTE AMPLITUDE CALTBRATION RANGE:

LOG:  From -  1A to  t  10  dBm,  10  dB/d iv  on  a  70  dB d isp tay .
L IN:  From 0 .1  l v /d tv  lo  100 mv/d tv  In  a  1 ,  2  ssquonce on  an

8 d lv is ion  d lsp l6y .
DYNAMIC RANGE:

Av€rage Lo iss  L€ve l :  <  -  102 dBm wi th  10  kHz tF  bandwtd th .
Spur lous  R€sponsos :  For  -40  d8m s ignat  teve t  to  th€  Inpu l

mixgr ' ,  Imag€ rospons€s ,  ou l  o l  band mtx ing  6spons€s ,
harmon ic  and In te rmoduta i lon  d is ton lon  r r€  a l l  mor€  lhan
60 dB be low rhe  Input  s tgnat  tsve t .

R6s idua l  Rospons€s :  <  -  100 dBm.

'S igna l  leve l  to  input  r i xers  -  s ignat  teve l  a t  inpu t  -  inpu t  RF a t ten-

AUPLI IUoE ACCUnACY:  LOG LTNEAF
Frequsncy Rospons6 (Flatn€ss):

( r  MHz to  1 .0  cH: )  t1  dB !12 to
(500 kHz to  1 .25  cH: )  t2  dB

Swl tch ingb€tweonBandwid ths : : to .SdB t5 .8o l .
(Ar 20.c)

Ca l ib ra to r  Outpu t :  Ampt i tud6 -30  dBm,  j :0 .3  dB
Frsquency  30  MHz,  10 .3  MHz

INPUT SPECIFICATIOTS:
Inpu i  lmpedancs :  50  O nomlns t .  Rof lsc t ion  cos f i i c len t  <0 .30

(Rstun  loss  >10.5  dA) .
Max imum Input  Lsvo t i  Peak  or  avorag€ power  +13 d8m f i .4

vac  P€sk ,  a50 vdc) .

SCAN TIME SPECIFICATIO{S:
Scan T im€:  16  In to rna l  scan ra t€s  t rom 0 .1  ms/d iv  lo  10  3 /d iv

Ampl i lud€  D lsp lay i0.25 dB/dB !2.A./o ol tutl
but not morg 8 dlv d6tlecllon
than a1 .5  dB

70 dB d lsp lay
range,

In  a  1 ,  2 ,  5  s€qusnc€.
Scan T im€ Accurecy :

0 .1  ms/d lv  to  20  ms/d iv  a10%
50 ms/d lv  to  l0  s /d lv  120%

PRICES:
Modo l  85541 RF S€ct ioD
Mod6l 8552A lF S€ctton
Modo l  140S Disp lay  56c t ton

13300.00
4r900.00
I 725.00

Mod€l  14 lS  Oisp lay  Soc t ion  a ts2S,OO
MAtuFACtUn l tc  DtVtS lOi l :  Hp MTCROWAVE DtVTStON

1501 psg€ Mi l t  Road
pato Ano, C6titornla 94304

First and Second Converters

In an absolutely calibrated spectrum analyzer, the fre-
quency response of the input mixer is very important.
The responses of the other mixers, amplifiers, and filters
in the signal path have an effect only at fixed frequencies
or over very narrow bandwidths. The input mixer, how-
ever, is broadband, so its response largely determines the
instrument's accuracy. The input mixer in the new RF
plug-in is a balanced mixer mounted inside the coaxial
cavity of the 2050 MHz first IF bandpass filter. Two
standard hot carrier diodes in glass packages mounted on
a printed circuit board are inductively coupled to the IF
cavity and to a balanced stripline which carries the first-
local-oscillator signal (Fig. 6). Thus the diode packages
and their leads are used as part of the mixer operation
to avoid parasitic effects.

A similar technique is used for the second mixer,
which uses a single hot carrier diode. The diode is
mounted in the wall between the IF filter cavity and the
second LO cavity. It couples to the second LO cavity
with one lead and to the IF filter cavity with its other lead.
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