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THE RF VECTOR VOTTMETER-AN IMPORTANT
NEW INSTRUMENT FOR AMPTITUDE AND

PHASE MEASUREMENTS FROM I MHz TO I0OO MHz

A broodbqnd two-chonnel  mi l l ivo l tmeier  ond phosemeter

s impl i f ies mony meosuremenls heretofore of ien

neglected.  Inc luded ore device goin ond loss,  impedonce

ond qdmit tonce,  length inequol i t ies in  t ronsmiss ion poths,  ond

precision frequency comporisons.

FiS. 1. -hp- Model 84054 Vector Voltmeter measures amplitudes and
phase sirnultaneously. Instrument has frequency range of 1 MHz to I
GHz, sensitiuity of 100 pV full-scale, dynamic range of 95 dB, phase
resolution of 0.1", and is simple to operate. Thus it mahes t'easible many

measurements uhich lormerly were difficult or impossible.

AN rntponteNT NEw TNSTRUMENT,
which seems certain to become one of
the major electronic measuring instru-
ments, has recently been developed by
the -hp- Microwave Division. The RF
Vector Voltmeter (Fig. l) is a two-chan-
nel mil l ivoltmeter and phasemeter: i t
measures the voltage in channel A, and
simultaneously measures the phase an-
gle between the fundamental compo-
nents of the sisnals in channels A and
B; i t  may then be switchecl to measure
the voltage in channel B so that gain
or loss may be determined. I t  makes
these measurements over a broacl fre-

quency range ( l  to 1000 MHz) in a part

of the spectrum where information is
often pecul iarly dif f icult  to obtain.

Vrltage and phase are so fundamen-
tal in electr ical engineering thar the
new Vector Voltmeter has an extraordi-
nary number of applications. It can,
for example, measure complex or vec-
tor parameters such as impedance or
arlmittance, ampli f ier gain and phase
shift ,  complex insert ion loss or gain,
complex ref lect ion coeff icient, two-l)ort
ne twork parameters, and filter transfer
functions. I t  can also be used as a se-
lective receiver and as a design tool:
possible appl icat ions are detecting RF
leakaee, measuring antenn:r character-

istics, detecting Miller effects in tuned
RF amplifiers, tuning feeclback ampli-
fiers, measuring the electrical length of
cables, measuring group delay, and
many others.

Although adequate voltmeters for
measuring ampli tudes over a wide fre-
quency range have been available for
some time, there has been no equally
convenient means for measuring phase.
Consequently, simultaneous measure-
ments of voltage and phase have not
always been easy to make. Most systems
which are able to measure phase angles
require several control adjustments for

each measurement, and many of them
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Fis. 2. Bloch diagram of -hp-

Mod.el 84054 Vector Voltmeter.
Autornatic phase control (APC)

uses phase-Ioched loop to tune
and phase-loch meter to channel
A signal. APC adjusts frequency
of uoltage-tuned local oscillator
(VTO) uhich triggers sarnpling-
type mixers in probes. RF signak
are reconstructed from samples
at intermediate frequency of 2O
hHz,uhere uollage and phase are

measured.

are limited in frequency range, sensi-
tivity, and dynamic range.

The new Vector Voltmeter (VVM),

on the other hand, operates over a fre-

quency range of I MHz to I GHz. It

has high sensitivity and wide dynamic
range. I ts phase resolut ion is 0.1" at

any phase angle at all frequencies, and

it operates with the simplicity of a volt-

meter: the operator merely selects ap-

propriate meter ranges, touch€s two

probes to the points of interest, and

reads voltage and phase on two meters.

As a voltmeter, the WM has nine

voltage ranges, which have full-scale
sensitivities of 100 pV to I V rms. Its

dynamic range is 95 dB, which means

that it can measure gains or losses of

up to 95 dB. The 10:l  voltage dividers

supplied with the instrument enable it

to measure voltages up to l0 V

As a  phasemeter ,  the  VVM wi l l

measure phase angles between +180'
and -180o. I t  has four ranges: -+180o,

-+600, -+18o, and -+6o. The phase

meter can be of iset up to -t-180o in l0o

steps so that any phase angle may be

read on the -+-6o range, which has 0.1o

resolution. For example, a phase angle

of f  145' can be measured with 0. lo

resolution by selecting a phasemeter

ofiset of +140' or f  150' and using

the -+6o range, Phase readings are in-

dependent of the voltage levels in the

two channels.

The reference signal for the phase
measurement is channel A. An auto-
mat ic  phase cont ro l  c i rcu i t  (APC)
tunes and phase-locks the instrument
to the channel A signal. The frequency
range of the APC is selected by means
of a front-panel control; there are 2l
overlapping ranges, each more than an
octave in width. In making a measure-

ment, the operator selects a frequency
range which includes the frequency of

the signal which is driving the circuit
under test. The APC then tunes the

instrument automatically and essen-
t ial ly instantaneously ( I  0 mil l iseconds),

and keeps it tuned even if the input
frequency drifts or sweeps at moderate

rates (up to 15 MHz/second).

In the input probes of the VVM are

sampling-type mixers which convert
the RF signals to a 20-kHz interme-

diate frequency, where the voltage and

phase measurements are made. Feed-

back stabilization of the mixers keeps

the voltage conversion loss at 0 dB de-

spite environmental inf luences, and

common local-oscillator drive for both

samplers keeps the phase difference be-

tween the IF signals equal to the phase

difference between the RF signals.

The RFwaveforms are reconstructed

at the intermediate frequency: the
fundamental components of the RF

waveforms are converted to 20 kHz, the

second harmonics to 40 kHz, the third

harmonics to 60 kHz, and so on, up to
the highest harmonic of the input sig-
nal which falls within the l-GHz band-

width of the samplers. Outputs are

provided directly from the sampling

mixers in both channels. Since the in-

put waveforms are preserved in the IF

signals, the WM can be used to con-

vert many low-frequency oscilloscopes,

wave analyzers, and distortion analyz-

ers to high-frequency sampling instru-

ments for signals of moderate harrnonic

content. A similar sampling principle

was originally employed by -hp- in

sampling-type oscilloscopes.'

Ior the voltage and phase measure-

ments, the IF signals from the sam-

pling mixers are filtered so that only

their 20-kHz fundamentals remain,

and the amplitudes of these funda-

mentals and the phase angle between

them are measured and displayed on

the two front-panel meters (see block

diagram, Fig. 2). Since only the funda-

mentals are measured, the amplitude

and phase readings are not affected by

the harmonic content of the input sig-

nals. The narrow-bandwidth IF filters
(l kHz) also reduce thermal noise at

the meter inputs. The dc meter signals

for both voltage and phase are avail-

able at the rear panel and can be used

to drive recorders.

I  R0der ick  Car lson ,  'The K i lomegacyc le  Sampl ing  0sc i l lo -
scope,' 'Hewlett-Packard J0urnal, ' Vol. 13, No. 7, March,
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PHASE.MEASUR!NG CAPABILITIES

Figs. 3(b) and 3(c) demonstrate the

phase-measuring capabil i t ies of the
Vector Voltmeter. They show, first of

all, how the high phase resolution of

the WM makes possible very precise
measurements of length. Fig. 3(b) also

includes an example of the phase-
measurement accuracy of the instru-

ment.
To obtain the data for Figs. 3(b) and

3(c), a l-GHz signal was applied first

to an unloaded slotted line and then to

the same slotted line with a 50-ohm

load fsee block diagram, Fig. 3(a)].
Probe A of the WM was placed at the

output of the slotted line, and probe B

was attached to the movable slotted-

line probe. Fig. 3(b) is a plot of the

phasemeter readings versus the posi-

t ion of the slotted-l ine probe. The
measured cuwe closely follows the the-
oretical curve for an open-circuited

lossless line.

\A/ithout the 50-ohm load. the stand-

ing-wave ratio on the line was 50.5.
This was determined by measuring the
maximum and minimum voltages on

the line with the voltmeter of the VVM

switched to channel B. The phase-vs-
position curve is the step-like curve of
Fig. 3(b), and Fig. 3(c) shows one of the

steep portions of this curve with an

expanded horizontal scale. The maxi

mum rate of change of phase can be

determined from Fig. 3(c) to be 50o per

mil l imeter, or 0.05' per micrometer.
Thus, a change equal to the diameter

100 200 300 400
PROBE POS|T|ON (mm)

(b)

Fig. 3. D emonstration of phase-measuring capabilitie s
of Vector Voltmeter. Phasemeter readings us. slotted-
line probe positions for setup of (a) a.re plotted in (b).
Steepest portion of (b) curues is shown expand.ed in
(c). Maximum rate of change of phase of 50" /mtn, or
2" per human hair diarneter, is ea"sily measured. With
slntted line terminated in 50 ohms, maxirnurn d.euia-
tion of phase from linear, theoretically 22.8" for meas-
ured VSWR ol 2.26, is measured as 22". Frequency is

1.003 GHz.

of a human hair in the position of the

slotted-line probe was accompanied by

about a 2o phase change, and was easily
resolvecl by the high-resolution (0.1')

phasemeter.
With the 50-ohm load, the VSWR

was 2.26. Had the VSWR been 1.0, the

phase-vs-posit ion curve would have

CORRECTION
In  the  ar t i c le 'RF l  Measurements  Down to

10 kHz With Spectrum Analyzer Converter, '
Vof. 17, No- 7, March, 1966, the mixer input
ports in FiE- 4 are incorrectly labeled. Top
port should be labeled 'L,' and center port
shou ld  be  labe led  ' x . '  l t  i s  poss ib le  to  burn
out  the  mixer  i f  the  c i rcu i t  i s  no t  connected
properly, or if local oscil lator power is too
high Optimum LO power is about 5 mW.
Lower power levels can be used, but the third-
order intermodulation products of the mixer
w i l l  be  la rger .
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been linear, as shown by the dashed
line in Fig. 3(b). The theoretical maxi-
mum deviat ion from l inear of the
phase curve for a VSWR of 2.26 is

2.26 - |
4 6 - a r c s i n -  - 2 2 . 8 " .'  2 . 2 6 + l

The measured maximum cleviat ion
shown in Fig. 3(b) is about 22'.

AMPLIFIER MEASUREMENTS

Fig. a(b) shows curves of gain, phase,
and group delay versus frequency for
a tnrnsistor ampli f ier stage operating
in the l0-to-12-MHz range. The curves
were measured with the Vector Volt-
meter in the setup of Fig. 4(a). Com-
pared with previously-available meth-
ods, the time and effort required to
take the data were minimal.

Two sets of curves are shown in Fig.
4(b). With the switch shown in Fig.
4(a) in the closed position, the gain of

the second amplifier stage was reduced
to zero. The solid curves of Fig. a(b)
were obtained with rhe switch open
(second stage gain ) l) and the dashed
curves were obtained with the switch
closed. The dif ference between rhe
curves shows that the impedance seen
by the first stage has been changed by
the Miller effect of the collector-to-
base capacitance of the second transis-
tor and the gain of the second stage.

Besides amplitude and phase curves,
Fig. a@) shows group-delay curves, in
which delay distortion produced by the
Miller effect is apparent. A group de-
lay curve can be obtained either by
plotting the slope of the phase curve,
or directly from the phasemeter. By
changing the input frequency in incre-
ments of 2.78 kHz, or 27.8 kHz, or 278
kHz, etc., the group delay can be read
d i rec t ly  f rom the  cor respond ing

changes in the phasemeter readings.
The scale factors will in this case be
lps, 100 ns, or l0 ns, etc., per degree,
since I 7rs 

- I degree ^t 2.78 kHz, and
so on. Group delay information is very
useful in cable testing, where constant
time delay for all frequencies is desir-
able.

MEASUREMENTS OF TRANSISTOR AND
NETWORK PARAMETERS

Another important application for
the new WM is measuring transistor
gain and other transistor parameters.
The wide frequency range of the VVM,
and its ability to measure very small
signals, make it well-suited for rran-
sistor measurements.

Fig. 5(a) shows a test setup which is
being used a[ -hp- to measure transistor
scattenng Parameters, or s-parameters.
The s-parameters contain the same in-
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Fig,. 4. Typical atnplifier gain, phase, and

lroup delay measurements, mad.e uith Vec-
tor Voltmeter in setup shown in (a). Solid
curues of (b) were tahen with switch on
second amplifier stage open, so that second-
stage gain was Ereater than one. Dashed
curues of (b) were measured. with switch
closed,, second-stage gain = 0. Difierence

betuteen curues shows Miller efiect of sec-
ond-stage collector-base capacitance. Group
delay curues can be obtained by d,ifierentiat-
ing phase curue, or by changing input fre-
quency in increments ol 2.78 X lohHz and
d.etermining delay f rom conesponding
phasemeter changes uith scale factor of 10'"
ps per degree, where n = 0, tl, +2, . . .
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formation as other common types of

two-port network parameters, such as

y-, z-, h-, or d-parameters, but are much

easier to measure and to work with at

high frequencies because, unlike the

other parameters, J-parameters are not

defined in terms of short circuits or

open circuits, which are difficult to ob-

tain at high frequencies. Now that

transistor gain-bandwidth products

greater than 1000 MFIz are becoming

common, new methods for specifying

transistor high-frequency performance

are coming into use. The s-parameters

will probably be employed for this pur-

TIME SIGNAL ADJUSTMENT

Time s igna ls  b roadcas t  by  NBS Standards
Rad io  S ta t ion  WWVB (60  kHz)  w i l l  be  re ta rded
2 0 0  m r l l i s e c o n d s  a t  0 0 0 0  h o u r s ,  U n i v e r s a l
T ime,  on  June 1 ,  1966,  accord ing  to  an  an-
n o u n c e m e n t  f r o m  t h e  N a t i o n a l  B u r e a u  o f
Standards  Th is  ad jus tment  i s  in  accordance
wi th  the  po l i cy  o f  ma in ta in ing  the  WWVB
pulses ,  wh ich  conform to  the  a tomic- re fe r -
enced second,  w i th in  100 mi l l i seconds o f  t ime
ou lses  re fe r red  to  Un iversa l  T ime.

pose more often in the future.z
The parameter s' is the complex re-

flection coefficient at the input, or port
l, of a two-port network, with the net-
work terminated in equal source and
load impedances, usually 50 ohms. The
reflection coefficient at port 2 is srr.

The parameter s, is the complex

transducer gain or loss from input to

output, or port I to port 2, of a two-
port network, again with equal source
and load impedances. The reverse gain

ls  s1 : .
Fig. 5(b) shows a Smith-chart plot of

input and output reflection coefficients
s' and sr2 as a function of frequency

for a high-frequency transistor. The

measurements were made over a wide

measurement range from 100 to 1200

MHz with the new Vector Voltmeter,

using the setup of Fig. 5(a). The Smith

chart is useful for plotting s' and s,
because the amplitude and phase of

these reflection coefficients can be plot-
2 George E. Bodway, 'Two-Port Power Flow Analysis of Linear

ifJlli,t'iT'iio'Y$ng. 
the Generalized scatterins Param-

Parame te r :  F requency  (MHz )

(b)

Fig. 5. (a) Setup for measurernent of transistor scat-
tering parameters, or s-parameters. Input reflection
coefficient su is rneasured. with probe B in- position B'.
Forward Eain sl is measured uith probe B in position
B'. Output reflection coefficient szz drld. reuerse gain

sp ar€ rl€QSttrred, by turning transistor around in spe-
cial jig and mahing sdftLe meosuretnents as for su and.
s,', respectiuely. (b) Amplitude and phose of s" and
szz ftL€esur€d, uith Vector Voltmeter are plotted on
Smith chart using polar coordinates. Normalized in-
put and output impedances can then be read on im-
pedance scales. (c) su afl.d sa for same transistor.
Transistor wos in grounded-emitter configuration uith

50-ohm source and load impedances.

ted using the polar coordinates of the

chart, and then the normalized input

reactance and resistance of the network

can be read directly from the reactance

and resistance scales.
Fig. 5(c) shows plots of reverse and

forward gain s' and sr1 obtained with

the same transistor as Fig. 5(b), in the

circuit of Fig. 5(a).
All of the measurements discussed

here, as well as many others, some of

which are described briefly on pages 7,
l0 and ll can be made quickly and

easily with the new Vector Voltmeter.

In the past, these measurements were

difficult to make, and often were not

made at all, because of the difficulty of

obtaining phase information.

SAMPLING MIXERS

Fig. 7 is a block diagram of the sam-
pling-type harmonic mixers, which are

located in the probes. These mixers are
similar to those used in -hp sampling
oscilloscopes. They operate on a strob-
oscopic principle, sampling a high-
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Fig. 6. Design team for -hp- Model 84054 Vector Voltmeter included
(1. to r.) Fritz K. Weinert, final-phase project leader, William R. Han-
isch, AIIen Baghdasarian, Sieglried H. Linhwitz, Jefirey L. Thomas,

and Roderich Carlson, initial-phase project leader.

frequency periodic input signal at a
slightly different phase irt each sam-
pl ing instant ancl reconstructing a low-
frequency image of the signal from the
samples. The t ime between sampling
pulses is cletermined by the frequency
of the voltage-tunable local osci l lator
(VTO) ,  wh ich  is  cont ro l led  by  the
pl-rase-locked loop.

In operation, the sampler gate is
opened for about 300 picoseconds. The
input voltage at this t ime is stored in a
'zero-order hold' circuit  unti l  the next
sample .  The ou tpu t  waveform is  a
t a i t h t u l  r e p l i c a  o f  t h e  i n p u t ,  c o n -
structed in small  steps.3 Negative feed-
back is employed to stabilize the volt-
age conversion loss at 0 clB (output
ampli tude is same as input ampli tude)
ancl to give a high input impedance.

The two probes are ac-couplcd and

permanently attache(l to the instru-

ment with 5-foot cables. Loading of the
system uncler test is minimizecl by the
high input impeclance of the probes
(0.1 megohm shuntecl by 2.5 pF; with

cl ivider, I  megohm shunted by 2 pF).

AUTOMATIC PHASE CONTROL

The phase-lockecl loop, shown in
Fig.
nal
b y o

8, tunes the instrument to the sig-
frequency. The loop is precedecl
high-gain amplifier-limiter which

THE VECTOR VOLTMETER
AS A  PRECTSION FREQUENCY COMPARATOR

Adjust ing a precis ion osci l la tor  so that  i ts
f requency is  the same as that  of  a standard
cal ls  for  a precise f requency compar ison be-
tween two highly stable s ignal  sources.  Such
frequency compar isons are also needed in
studies of  aging ef fects,  or  long. term stabi l i ty ,
in precis ion osci l la tors.  In these compar isons,
f requency di f ferences of  a few parts in 10r?
are s igni f icant  and must be detected.

Most methods for  compar ing the f requen.
c ies of  two stable osci l la tors require long t ime
per iods to achieve the required precis ion.  For
example,  i t  takes about one day to compare
two 5-MHz frequency standards to a precis ion
o f  one  pa r t  i n  10 r r ,  by  t he  bes t  o f  t hese
methods.

By using the Vector  Vol tmeter to detect  the
phase di f ference between the two osci l la tors,
the t ime required to achieve a precis ion of  one
pad in 10' '  can be reduced to a few minutes,  at
typical  standard f requencies of  I  MHz or more-
The block diagram shows the measurement
arrangement.

t t t  f 2  l t  =  f 2

l f  the f requencies of  the two osci l la tors are
the same their  phase di f ference wi l l  be con-
stant .  l f  the f requencies di f fer ,  the phasemeter
reading wi l l  change at  a rate g iven by

Ad'  
: 3 6 0 A f

At

where AC :  phase change in degrees,  indi .
cated by VVM
At:  t ime in seconds required for  phase
change AO
Af:  f requency di f ference in Hz be,
tween input  s ignals.

The di rect ion of  the phase change te l ls
which f requency is  h igher:  c lockwise rotat ion
of  the phasemeter pointer  indicates that  the
frequency in channel  B is  h igher than that  in
channe l  A .

The phase change and di rect ion of  change
can b--  recorded on a str ip-chart  recorder by
connect ing the recorder to the dc phasemeter
output  jack on the rear panel  of  the WM. The
record shown is a typical  recorder t race for
two 1-MHz osci l la tors wi th a f requency of fset
of  2.3 X 10 '  Hz,  or  2.3 parts in 10".  The t ime

scale is  12 seconds per d iv is ion,  and the fu l l .
scale phase di f ference is  3 ' .  The s lope of  the
trace can be determined wi th in less than one
minute,  whereas older methods would have re-
quired much longer to achieve th is precis ion.

When the Vector  Vol tmeter is  used as a
precis ion f requency comparator ,  the two osci l .
la tors must have low noise,  the osci l la tor  f re-
quencies must fa l l  wi th in the range of  the
VVM (1 MHz to 1 GHz),  and the osci l la tor
f requencies must d i f fer  by less than a few
hertz.  Osci l la tors whose f requencies di f fer  by
more than a few hedz should f i rs t  be tuned
coarsely using a counter or  an osci l loscope.

3 '

' h p - 8 4 0 5 4
VECTOR

VOLTI\4ETER

I  Th is  p r0cess  is  essent ia l l y  d is to r t ion less :  d is to r t i0n  in -
t roduced by  the  sample  and-ho ld  sys tem does n0 t  appear  in
the  lF  s igna s  un t i l  the  50 th  harm0n ic ,  wh ich  is  usua l ly
much h igher  than the  h ighes t  s ign i f i can t  harm0n ic  in  the
InpuI  s rgna l
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Fie. 7. Bloch diagram of sarn'

pling-type hartnonic mixers used

in new VVM. Mixers oqerate on

stroboscopic principle' sampling

RF signal at different Points in

cycle at successiue sarnPling in'

stants. RF uauefortns are recon'

structed, in small s[ePs al inter'

mediate f requencY : fundamental
component of RF signal is trans'

posed to 20 kHz,second hormonic

to 40 hHz, and so on. Feedbach

heeps IF uoltage equal to RF
uoltage.

clelivers a constant output regardless

of the inPut voltage.

When an RF signal is aPPlied to

channe l  A  and the  ins t rument  i s  no t

[uned ptoPerlY, the IF is not 20 kHz'

and the search generator produces a

ramp voltage which adjusts the fre-

qr"tr.y of the VTO. This changes the

t lme between samPles  and,  conse-

quently, changes the intermediate fre-

q.,.t't.y. When the IF reaches 20 kHz'

the loop locks and colrtrols the VTO

so as t; correct for changes in VTO

lrequency, signal lrequency, or phase

modulat ion.

When the looP is locked, the difler-

ence between the signal Irequency and

a harmonic of the VTO frequencY is

exactly the 20'kHz reference oscillator

frequency:

f " i"  
-  f l fvro: -+20 kHz'

The 20-kHz IF can be either the 
'in-

ver ted '  mode or  the  
'non inver ted '

mode, tlepending uPon whether the

signal is 20 kHz below or 20 kHz above

a VTO harrnorric. Thc IF phase cIiI-

ference is identical to the RF phase

difference only for the noninverted

mocle. For the inverted mocle' the

phase angle is correct' but is lagging

when the RI phase angle is leading' A

sideband decision circuit detects the

sideband mocle and starts the search

generator again if the IF mode is in-

verted. The time required to complete

the tuning oPeration is about l0 mil l i

seconds.
Overal l  gain of the Phase-locked

loop is a linear function of the har-

morri. number to which the signal is

locked. A variable attenuator adjusts

the loop gain to an optimal value for

any signal frequency so that the gain

will bi sufficient to ensure phase lock

but not so high that the loop oscillates'

The attenuator control knob is labeled

FREeuENcY RANcE, and has 2l overlap-

ping octave-wide bands'

METER CIRCUITS

The voltmeter and Phasemeter clf-

Fig- 8. Bloch diogram of auto-

matic phase control (APC) cir-

cuit, which tunes and Phose-lochs
Vector Voltmeter to channel A

signal. APC looP adjusts fre'

quency of uoltage-tuned local os'

cillator (VTO) which generates

sampling pulses for mixers, thus

heeps IF at 20 kHz- APC re-

quires onIY 10 ms to tune meter'

and. remains loched euen if inPut

frequencY changes at rates uP to

tS MHz/s.  Sidebanddecis ion c i r -

cuit ensi,ures that f ,rs - nfr',o is

always 120 hHz,neuer -2O hHz'

C h a n n e l  A sAMPLER I
cArE l-

ZERO-ORDER-l HoLD I
8V

PULSE
GEN ERATOR

VTO From APC LooP

T o  C h a n n e l  B
S a m  P  l e r

I F  .  C H A N N E L  A

20 'kH z
R EFERENCE
OSCI LLATOR

AM PLI FI ER
A N D

L IM ITER

TO.VOLTAGE
CONVERTER

I
I

F r e q u e n c Y
Range

Con t ro  I

To VTO
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PHASE ZERO
Con t ro  I

I
I

PHAST  OFFSET
Con  t r o  I

I
I

C H A N N E L  A

Phase
M e t e r

CHANNEL

I

: u t t S L l

Con t ro l s

ELECTRON IC
PHASE

SH I  FTER

ADJUSTABLE
C U R R E N T

A M P L I F I E R
B ISTAB LE

M U L T I -

CONSTANT-
C U R R E N T
SOURCE

1 - k H z
FILTER

AMPLI F I ER
A N D

L IMITER

Fis. 9.

cuits are shown in Fig. 9. The 20_kHz
phasemerer has identical ampli f iers
and l imiters in both channels so that
the meter reading is independent of
the input signal levels.

The phase detector is a bistable mul-
tivibrator which is triggered to one of
i ts stable srates by channel A and to
the other by channel B. The multivi_
brator operates a transistor switch,
which turns the meter current on and
off. Another meter input curyent pro-
vides rhe phase offseL, which is adiust_
able in I0o sleps. This kint l  oI pirase
detector has a very l inear characrerist ic
and gi'l,es precise phase offser steps in
sp i te  o f  ex t reme env i ronmenta l  cond i_
t ions or intermediate-frequency shif ts.
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SELECTED VECTOR VOLT.
. COMPLEX INSERTION LOSS OR GAIN
. COMPLEX REFLECTION COEFFICIENT
. COMPLEX IMPEDANCE OR

ADMITTANCE
. TWO-PORT NETWORK PARAMETERS
. ANTENNA IMPEDANCE AND PHASE

CHARACTERISTICS

The arrangement shown in (a)  is  l imi ted to the
frequency range of  the di rect ional  couplers (usu-
al ly  )200 MHz).  The cable or  l ine-stretcher may
be needed at  the higher f requencies to compen-
sate for  ohase shi f t  in  the di rect ional  couolers and
other c i rcui t ry.  A s impler  arrangement,  useful  at
lower f requencies,  is  shown in (b) .

Ref lect ion coef f ic ients,  input  parameters,  and
impedances are measured wi th probe B in posi-
t ion 81.  Transmission parameters,  loss,  and gain
are measured wi th probe B in posi t ion 82.  Input
impedance can be determined by plot t ing magni-
tude and phase of  ref lect ion coef f ic ient  on Smith
chart  and reading normal ized impedance on re-
s istance and reactance scales.

( c \  , . r : i :\ ' /  .  . .
. . .

:  . . . - : .  . ]  :
P a r a h e t e / r  F r e q u e n c y ( M H z )

Expanded Smith chart plot of refleciion coefficlent
of  50-ohm +1% metal  f i lm resistor  at tached to
BNC connector-  Circui t  was (a)  wi th probe B in
posi t ion B1, resistor  as device X,  and only one

direct ional  coupler .

.  GAIN AND PHASE OF ONE OR MORE
AMPLIFIER STAGES

. GROUP DELAY AND DISTORTION

. COMPLEX TRANSMISSION
COEFFICIENTS

. FILTER TRANSFER FUNCTIONS

. ATTENUATION

Measurements of  gain,  phase shi f t ,  and group
delay of  any device can be made by placing one
probe (A or B) of the Vector Voltmeter at the
input  of  the device and the other probe at  the
outout .  The di f ference between channel  A and
channel  B vol tmeter readings in dB is the gain or
loss.  Phasemeter reading is  the phase shi f t ,  Group
delay is  the s lope of  the phase-vs. f requency curve.

l f  s ignal  f requency must be measured more
accurately than is  possib le wi th the s ignal-gen-
erator  d ia l ,  a counter may be used to measure
frequency, or a frequency synthesizer may be
used as a s ignal  generator .

P h a s e

A m p l i t u d e

- 3 6 0

. OPEN.LOOP GAIN OF FEEDBACK
AMPLIFIERS

. GAIN AND PHASE MARGINS

Closed- loop gain of  a feedback ampl i f ier  is

A (a 
"ornole* 

number) .
1 -AB

AB is open' loop gain.  l f  -AB :  -1,  the feed-

back is  posi t ive and osci l la t lons occur.

lmportant  quant i t ies in feedback ampl i f ier  de-

s ign are gain margin and phase margin,  which

are measures of  the degree of  stabi l i ty  of  an am-

pl i f ier .  Gain margin is  the magni tude of  -AF, in

dB, at  the f requency for  which the phase of  -Ap

is -180' .  Phase margin is  the di f ference between
-180" and the phase of  -AF at  the f requency

for  which the magni tude of  -A,B is  O dB Typical

gain margins are -10 dB to -40 dB, typical

phase margins greater  than 30".

The Vector  Vol tmeter great ly  s impl i f ies the

design of  feedback ampl i f iers and osci l la tors by

giv ing both ampl i tude and phase of  open- loop

gain s imul taneously and quickly.

|  2  4  1 0  2 0  4 0
FREQUENCY (MHz)

Open- loop gain and phase shi f t  for  a t ransistor
ampl i f  ier  c i rcui t  as measured wi th RF Vector  Vol t -
meter Ampl i f ier  was unstable,  as gain and phase

margins indicate.

E

l 8 0  f

_20

-
z - ^

t9 9960 20 0000 20 0040
F R E Q U E N C Y  ( l V H z )

Gain and phase shift ot -hp- Model 8442A 2O-
MHz Crystal  F i l ter  as measured wi th new RF Vec-

tor  Vol tmeter

D U A L
D I R E C T I O N A L

C O U P L E R

L i n e  S t r e t c h e r

- h p  8 4 0 5 A
V E C T O R

V O L T I V  E T E R

T e r m i n a t i o n s

0 p e n  L o o p  G a i n
M  e a s u  r e m  e n t s

h p - 8 4 0 5 A
V  E C T O  R

V O L T M E T E R

V E C T O R
VOLTM ETER

l 0



METER MEASUREMENTS
.  AMPLITUDE MODULATION INDEX

. RF DISTORTION

. CoNVERSTON OF LOW-FREQUENCY
INSTRUMENTS TO SAMPLING
INSTRUMENTS FOR OBSERVATION
AND MEASUREMENT OF
HrGH-FREQUENCY STGNALS

Device X is  any s ignal  source,  1 MHz to I  GHz.

The Vector  Vol tmeter converts the fundamental

of the RF signal to a 2O-kHz lF, the second har-
monic to 40 kHz. and so on.  so RF waveforms are
preserved in the lF s ignals.  The lF output  can be

used as the input  to a low.f requency osci l loscope,

distortion analyzer, wave analyzer, or other in-

stru ment.
For ampl i tude-modulated s ignals,  the vol tme-

ter is synchronized to the carrier frequency f. and

the s idebands f .  + Af  are reproduced at  the lF

as 2O kHz +Af.  Modulat ion index can be meas-

ured using an osci l loscope.

ZO'kHz lF output of Vector Voltmeter observed on
-hp- I2OB oscr l loscope (bandwidth -  450 kHz).
Input  to VVM was 300-MHz carr ier ,  ampl i tude
modulated by 1-kHz s ignal  Osci l loscope was syn-

chronized to modulat ing s ignal  only.

. ELECTRICAL LENGTH OF CABLES

. PHASE TRACKING BETWEEN
SIGNAL PATHS

The electr ical  length of  a cable can be adjusted
precisely using the phase resolut ion of  the Vector
Vol tmeter.  One arrangement for  doing th is is
shown in the block diagram.

To cut  a cable to an electr ical  length of  one-
quarter wavelength at frequency f, the signal gen-
erator is first tuned precisely to frequency f. Next,
wi th a short  c i rcui t  at  the outout  of  the di rect ional
coupler ,  the system is cal ibrated by ad. iust ing the
PHASE ZERO control  of  the WM unt i l  the ohase-
meter reads 180".  Then the sho* c i rcui t  is  re-
placed by the cable and the cabte length is  ad-
justed unt i l  the phasemeter again reads 180' .
The electrical length of the cable is then one-
quader wavelength.

A cable can be adjusted to the same electr ical
length as another cable by 1)  connect ing the f i rs t
cable to the di rect ional  coupler  and not ing the
phasemeter reading,  and 2)  connect ing the sec-
ond cable and cut t ing i t  unt i l  the phasemeter
reading is  the same as for  the f i rs t  cable.

Another method for adjusting two cables to
the same length is  s imply to dr ive both cables
with the same signal  source and measure the
phase di f ference between the cable output  s ignals
wi th the VVM. Zero degrees phase di f ference indi-
cates equal  e lectr ical  lengths.  Phase t racking be-
tween any two s ignal  paths can be measured in
the same way,  that  is ,  by dr iv ing both paths wi th
the same source and measur ing the phase di f fer-
ence at  the path outputs wi th the VVM.

l f  the cable or  cables must be longer than one-
quarter  wavelength at  the f requencies wi th in the
range of  the WM, cable length must f i rs t  be de-
termined to wi th in one-quarter  wavelength by
other means (e.g. ,  t ime domain ref lectometry) .

. SELECTIVE RECEIVER

. NEAR.FIETD ANTENNA
CHARACTERISTICS

. RF LEAKAGE

The Vector Voltmeter can be used as a selec-
t ive receiver by synchroniz ing channel  A to the
desired f requency or  s ignal ,  and equipping the
channel  B probe wi th an antenna. Meter band-
width of  the VVM is I  kHz.  RF leakage f rom any
device can be detected by th is technique.  An-
tenna character is t ics can be measured also.

. COMPLEX IMPEDANCE AND
ADMTTTANCE (AT FREQUENCTES
BELOW 100 MHz)

Two simple techniques for  measur ing imped-
ances at  lower f requencies are shown in the ac-
companying diagrams. These methods are useful
i f  the probe and c i rcui t  impedances are negl ig ib le
in comoar ison wi th the unknown and i f  the reac-
tance of the current transformer or resistor is
sma l l .

C O I J N T E R

E shor t

srcnar I
GENERATOR I

D U A L
I R E C T I O N A L
C O U  P L E  R

c a D t e

C a b l e

' h p - 8 4 0 5 A

V E C T O R
VOLTIVETER

1 1 9
9 9 4  9 9 6  9 9 8  I  0 0 0  I  0 0 2  I  0 0 4  1  0 0 6

L E N G T H  ( m e t e r s )

Phase versus length of  cable for  system shown in
block diagram, cal ibrated at  75 MHz (quarter-
wavelength:  1 m).  Phase resolut ion of  VVM is
0 1 ' ,  a l lowing length to be determined wi th in 0.6
mm at 75 MHz, or more accurately at higher

frequencies

1 8 1

9  t a o

I

;1f"l"f,l;

i l
\

\ \

. S l o P e  =
q u a r t e r

\

\ C u r r e n t
I r a n s f o r m e r



Fie. 10. Probes and accessories f or -hp- Model 84054 Vector Voltmeter.
Top to bottom: assembletL probe; exploded uiew of probe, showing sam-
pler circuit; isolators, i0:1 diuiders, and ground clips supplied with
probes. Isolators (or diuiders) and ground clips are used tahen probing
by hand in arbitrary circuits. (Tees and adapters are auailable t'or prob-

ing in 50-ohm coaxial systems.) Diuiders extend upper limit of uoltmeter
range to 10 V. See Specifications for details.

S P E C I F I C A T I O N S
-hp-

MODEL 8405A
VECTOR VOLTMETER

I n s t r u m e n t  T y p e :  T w o - c h a n n e l  s a m p l i n g  R F  m i l l i -
v o l t m e t e r - p h a s e m e t e r  w h j c h  m e a s u r e s  v o l t -
a g e  l e v e l  i n  t w o  c h a n n e l s  a n d  s i m u l t a n e o u s l y
d i s p l a y s  t h e  p h a s e  a n g l e  b e t w e e n  t h e  t w o
s r g n a l s

Frequency Range: I  MHz to 1 GHz in 2I over-
lapping octave bands ( lowest band covers two
octaves)

M e t e r  B a n d w i d t h : 1  k H z

T u n i n g :  A u t o m a t i c  w i t h i n  e a c h  b a n d  A u t o m a t i c
p h a s e  c o n t r o l  ( A P C )  c i r c u i t  r e s p o n d s  t o  t h e
c h a n n e l  A  i n p u t  s i g n a l  S e a r c h  a n d  l o c k  t i m e ,
a p p r o x i m a t e l y  1 0  m i l l i s e c ;  m a x i m u m  s w e e p
s p e e d , 1 5  M H z l s e c

Voltage Range:

C h a n n e l  A :  1  5  m V  t o  I  V  r m s  f r o m  I  t o  5
MHz; 300 pV to 1 V r lns, 5 to 500 MHz; 500
p V  t o  1  V  r m s ,  5 0 0  M H z  t o  I  G H z ;  c a n  b e
extended by a factor of 10 with 10214A
1 0 : 1  D i v i d e r .

C h a n n e l  B :  1 0 0  p V  t o  1  V  r m s  f u l l  s c a l e  ( i n p u t

t o  c h a n n e l  A  r e q u i r e d ) ;  c a n  b e  e x t e n d e d  b y
a  f a c t o r  o f  1 0  w i t h  1 0 2 1 4 A  1 O : 1  D i v i d e r .

Meter Ranges: 100 pV to 1 V rms ful l  scale
in lO-dB steps

Ful l -Scale Voltage Accuracy: Within t2o% t to
l 0 O  M H z ,  w i t h i n  t 6 0 1 0  t o  4 O O  M H z ,  w i t h i n
L l 2 y o  t o  I  G H z ,  n o t  i n c l u d i n g  r e s p o n s e  t o
t e s t - p o i n t  i m p e d a n c e i '

Voltage Response to Test Point lmpedance:1'

+O, -2% from 25 to 1000 ohms. Effects of
t e s t - p o i n t  i m p e d a n c e  a r e  e l i m i n a t e d  w h e n
1 0 2 1 4 A  1 0 : 1  D i v i d e r  o r  1 0 2 1 6 A  l s o l a t o r  i s
used

R e s i d u a l  N o i s e :  L e s s  t h a n  1 0  p V  a s  i n d i c a t e d  o n
t h e  m e t e r

P h a s e  R a n g e : 3 6 0 ' ,  i n d i c a t e d  o n  z e r o - c e n t e r
m e t e r  w i t h  e n d - s c a l e  r a n g e s  o f  ! 1 8 0 ,  1 6 0 ,
: 1 1 8 ,  a n d  t 6 ' .  M e t e r  i n d i c a t e s  p h a s e  d i f f e r -
e n c e  b e t w e e n  t h e  f u n d a m e n t a l  c o m g o n e n t s  o f

t h e  i n p u t  s a g n a l s

R e s o l u t i o n :  0  1 "  a t  a n y  p h a s e  a n g l e

M e t e r  O f f s e t :  1 1 8 0 '  i n  1 0 '  s t e p s

P h a s e  A c c u r a c y :  W i t h i n  t 1 ' ,  n o t  i n c l u d i n g
p h a s e  r e s p o n s e  v s  f r e q u e n c y ,  a m p l i t u d e ,  a n d
t e s t  D o i n t  i m D e d a n c e  n

Phase Response vs. Frequency: Less than t0 2"
1  M H z  t o  1 0 0  M H z ,  l e s s  t h a n  t 3 '  1 0 0  M H z
t o  1  c H z

Phase Response vs. Signal Ampl i tude: Less than
. L 2 "  l o (  a n  a m p l i t u d e  c h a n g e  f r o m  1 0 0  p V

t o  1 V  r m s

Phase Response vs- Test Point lmpedance+:
L e s s  t h a n  t 2 '  0  t o  5 0  o h m s ,  l e s s  t h a n  - 9 o

25 to 1000 ohms Effects of test point imped-

a n c e  a r e  e l i m i n a t e d  w h e n  1 0 2 1 4 4  1 . 0 : l  D i v i d e r

o r  1 0 2 1 6 A  l s o l a t o r  i s  u s e d

lsolat ion Between Channels:  Greater than 100

d B  1  t o  4 0 0  M H z ,  g r e a t e r  t h a n  7 5  d B  4 0 0
M H z  t o  1  G H z

I n p u t  l m p e d a n c e  ( n o m i n a l ) :  0 l  m e g o h m

s h u n t e d  b y  a p p r o x i m a t e l y  2  5  p F ;  I  m e g o h m

shunted by approximately 2 pF when 1O214A

l 0 : l  D i v i d e r  i s  u s e d ;  0  I  m e g o h m  s h u n t e d  b y
a p p r o x i m a t e l y  5  p F  w h e n  1 0 2 1 6 4  l s o l a t o r  i s

u s e d ,  a c  c o u p l e d

Maximum ac lnput ( for proper operat ion):  3 V
p - p  ( 3 0  V  p - p  w h e n  1 0 2 1 4 4  1 0 : 1  D i v i d e r  i s

u s e d )

M a x i m u m  d c  I n p u t :  : t 1 5 0  V

20 kHz lF Output (each channel) :  Reconstructed
s i g n a l s ,  w i t h  2 0  k H z  f u n d a m e n t a l  c o m p o -
n e n t s ,  h a v i n g  t h e  s a m e  a m p l i t u d e ,  w a v e f o r m ,

a n d  p h a s e  r e l a t i o n s h i p  a s  t h e  i n p u t  s i g n a l s

O u t p u t  i m p e d a n c e ,  l 0 0 O  o h m s  i n  s e r i e s  w i t h

2 0 0 0  o F .  B N C  f e m a l e  c o n n e c t o r s

Recorder Output:
A m p l i t u d e :  O  t o  - l - 1  V d c  a 6 7 o  o p e n  c i r c u i t ,

p r o p o r t i o n a l  t o  v o l t m e t e r  r e a d i n g  O u t p u t

i m p e d a n c e ,  l 0 0 O  o h m s ;  B N C  f e m a l e  c o n -
n e c t o r

P h a s e :  0  t o  t 0  5  V d c  t 6 0 1 0 ,  p r o p o r t i o n a l  t o
phase meter reading; less than 1o/" ef tect
o n  R e c o r d e r  O u t p u t  a n d  m e t e r  r e a d i n g

w h e n  e x t e r n a l  l o a d  i s  > I 0 , 0 0 0  o h m s ;  B N C

f e m a l e  c o n n e c t o r

R F I :  C o n d u c t e d  a n d  r a d i a t e d  l e a k a g e  l i m i t s  a r e

b e l o w  t h o s e  s p e c i f i e d  i n  M I L - l - 6 1 8 1 D  a n d

M I L - l - 1 6 9 1 0 c  e x c e p t  f o r  p u l s e s  e m i t t e d  f / o m
p r o b e s  S p e c t r a l  i n t e n s i t y  o f  t h e s e  p u l s e s  i s

approximately 60 pV /MHzt spectrum extends
t o  a p p r o x i m a t e l y  2  G H z  P u l s e  r a t e  v a r i e s

f r o m  1 t o 2  M H z .

P o w e r :  1 1 5  o r  2 3 O  V  : t 1 0 % ,  5 0  t o  4 0 0  H z ,  3 5
watts-

W e i t h t :  N e t  3 0  l b s  ( 1 3 , 5  k g )  S h i p p i n g  3 5  l b s
( 1 5 , 8  k s )

Dimensions:
I6ya in wide, 7s/32 in hi8.h, 187a in deep
(425 x 185,2 x 467 mm) overal l  Hardware
f u r n i s h e d  f o r  c o n v e r s i o n  t o  r a c k  m o u n t  1 9  i n
wide, 63%z in hiqh, 76/8 in deep behind
p a n e l  ( 4 8 3  x  1 7 7 , 2  x  4 1 6  m m )

Accessories Furnished:

1 0 2 1 4 4  1 0 : 1  D i v i d e r  ( t w o  f u r n i s h e d )  f o r  e x -
t e n d i n g  v o l t m e t e r  r a n g e  V o l t a g e  e r r o r  i n '

t r o d u c e d  i s  l e s s  t h a n  : ! 6 %  I  M H z  t o  7 0 0
M H z ,  l e s s  t h a n  ) . l , z y o  t o  1  G H z ;  i f  u s e d  o n
o n e  c h a n n e l  o n l y ,  p h a s e  e r r o r  i n t r o d u c e d  i s
l e s s  t h a n  i ( 1  + '  O  0 1 5 f / M H z ) '

1 0 2 1 6 A  l s o l a t o r  ( t w o  f u r n i s h e d )  f o r  e l i m i n a t -

i n g  e f f e c t  o f  t e s t  p o i n t  i m p e d a n c e  o n  s a m -

p l e r * .  V o l t a g e  e r r o r  i n t r o d u c e d  i s  l e s s  t h a n

t6% 1 to 200 MHz, response is 3 dB down

a t  5 0 0  M H z ;  i f  u s e d  o n  o n e  c h a n n e l  o n l y ,
p h a s e  e r r o r  i n t r o d u c e d  i s  l e s s  t h a n  t ( 3  +
0 1 8 5 f , i  M H z ) ' .

1 0 2 1 3 - 6 2 1 0 2  G r o u n d  C l i p s  ( s i x  f u r n i s h e d )  f o r

102144 and 10216A-

5O2O-O457 Probe Tips (six furnished)

Accessories Avai lable:

l O 2 1 8 A  B N C  A d a p t e r ,  c o n v e r t s  p r o b e  t i p  t o

m a l e  B N C  c o n n e c t o r ,  $ 6  0 0
10220A Adapter,  for connect ion of Microdot

s c r e w - o n  c o a x i a l  c o n n e c t o r s  t o  t h e  p r o b e ,

$ 3  5 0
1O22lA 50 ohm Tee, with GR874 RF f i t t ings,

f o r  m o n i t o r i n g  s i g n a l s  i n  5 0  o h m  t r a n s m i s -

s i o n  l i n e  w i t h o u t  t e r m i n a t i n g  t h e  l i n e ,

$40 00
1 1 5 2 9 4  A c c e s s o r y  C a s e ,  f o r  c o n v e n i e n t  s t o r -

a g e  o f  a c c e s s o r i e s ,  i n c l u d e s  t w o  c o m p a r t -
m e n t e d  s h e l v e s  a n d  s n a p - s h u t  l i d ,  $ 8  5 0 .

12500774 Adapter,  both connectors type N

m a l e  ( U G - 5 7 8 / U ) .

1 2 5 0 - 0 7 8 0  A d a p t e r ,  t y p e  N  m a l e  a n d  B N C

f e m a l e  ( U G ' 2 0 1 A /  U )
1 2 5 0 - 0 8 4 6  A d a p t e r ,  T e e ,  a l l  c o n n e c t o r s  t y p e

N  f e m a l e  ( U G ' 2 8 A / U )

G e n e r a l  R a d i o  t y p e  8 7 4 - W 5 0  5 0 - o h m  L o a d
( a l s o  a v a i l a b l e  f r o m  - h p -  u n d e r  p a r t  n o -

0950-0090)
c e n e r a l  R a d i o  t y p e  8 7 4 - Q N P  A d a p t e r ,  G R  8 7 4

a n d  t y p e  N  m a l e  ( a l s o  a v a i l a b l e  f r o m  - h p -

u n d e r  p a r t  n o .  1 2 5 0 - 0 8 4 7 )
General  Radio type 874-QNJA Adapter,  GR

8 7 4  a n d  t y p e  N  f e m a l e  ( a l s o  a v a i l a b l e  f r o m
- h p -  u n d e r  p a r t  n o  1 2 5 0 - 0 2 4 0 ) .

G e n e r a l  R a d i o  t y p e  8 7 4 ' Q B P A  A d a p t e r ,  G R

8 7 4  a n d  B N C  m a l e  ( a l s o  a v a i l a b l e  f r o m
- h p -  u n d e r  p a r t  n o -  1 2 5 0 - 0 8 4 9 )

G e n e r a l  R a d i o  t y p e  8 7 4 - Q B J A  A d a p t e r ,  G R
8 7 4  a n d  B N C  f e m a l e  ( a l s o  a v a i l a b l e  f r o m
- h p -  u n d e r  p a r t  n o  1 2 5 0 - 0 8 5 0 )

Complementary Equipment:

7 7 4 D  D u a l  D i r e c t i o n a l  C o u p l e r , 2 1 5  t o  4 5 0

MHz, $200 00.

7 7 5 D  D u a l  D i r e c t i o n a l  C o u p l e r , 4 5 O  t o  9 5 0
M H z ,  $ 2 0 0  0 0

8 4 9 1 A  ( O p t i o n  1 0 )  1 O - d B  C o a x i a l  A t t e n u a t o r ,

$ 5 0  0 0
8 4 9 1 A  ( O p t i o n  2 0 \  2 O . d B  C o a x i a l  A t t e n u a t o r ,

$50 00

Price: Model 8405A, $2500 00

P r i c e s  f o b  f a c t o r y

Data subject to change without not ice

"  V a r i a t i o n s  i n  t h e  h i g h - f r e q u e n c y  l m p e d a n c e  o f
t e s t  p o i n t s  a s  t h e  p r o b e  i s  s h i f t e d  f r o m  p o i n t

t o  p o i n t  i n f l u e n c e  t h e  s a m p l e r s  a n d  c a n  c a u s e
t h e  i n d i c a t e d  a m p l i t u d e  a n d  p h a s e  e r r o r s
These errors are di f ferent from the effects of
a n y  t e s t - p o i n t  l o a d i n g  d u e  t o  t h e  i n p u t  i m p e d -
a n c e  o f  t h e  p r o b e s

.  7 2  .



A PORTABTE BATTERY-POWERED MUTTI-FUNCTION METER
WITH IAB-QUAIITY PERFORMANCE

A fully-portoble loborotory instrument is useful from
I hertz to 4 megohertz ot levels to below I mil l ivolt. The

instrument is olso o sensitive dc vohmefer ond ohmmeter.

Tgr nvnn-usEFul poRTABLE voLT-
oHMMETER finds wide application pri
marily because it is a passive device
requiring no external power. Unen-
cumbered by a line cord, it is easily
movecl from place to place ancl it can
be readi ly operated where ac l ine
power is not available. The absence o{
a line cord has a further advantage in
that a common source of ground loops
is thereby eliminated.

On the other hand, voltmeters with
active components are widely used,
even though ac line power may be re-

quired, because of the advantages that
amplifiers bring to voltmeter perform-
ance. Compared to the passive voltme-

ters, the active types have greater sensi-

tivity, higher input impedance, and,
where ac as well as dc voltages are con-

cerned, broader bandwidths.
Nowadays, transistor circuits can be

readily included in the design of bat-
tery-powered voltohmmeters, combin-

ing the advantages of both the active
and passive types of instruments with
no sacrifice in portability. Accordingly,
a new portable transistorized mult i-
function meter has been designed with

performance comparable to laboratory
instruments, but it requires only an
inexpensive dry-cell battery for power.

The use of active devices makes it

possible for this instrument to have
h igh-ca l iber  ac  per fo rmance.  The
banclwiclth of the new mult imeter

(-hp- Model 427 A) is specified as I 0 Hz

to I MHz but this range represents only
the flat portion of the response curve,
as shown in Fig. l. Actually, the instru-
ment is useful throushout a range from
I Hz to 4 MHa The most sensitive of
the ten ac voltage ranges has been
made l0 mV full scale, and the highest
range is 300 V full scale. Furthermore,
the ac input impedance is l0 megohms
on all ranges (shunted by 20 pF or 40

pF, depending on range). Of especial

significance, the meter circuitry is av-
erage-responding, which provides read-
ings that approximate true rrns values
on distorted waveforms more closely
than peak-reading voltmeters do.

The dc measuring capabilities also
benefit from the use of active devices.
DC input impedance is I0 megohms on
all dc voltage ranses, in contrast with
the usual 20,000 ohms per volt of the
passive multimeters, and the most sen-
sitive of the nine dc voltage ranges has
been made +-100 mV full scale with
I -mV scale resolution (the highest range

is I000 V full scale). Accuracy for both
dc and ac voltage measurements is
-t-2/o of full scale, and this accuracy is

maintained throughout a temperature
range of 0o to 50"C. Temperature drift
in dc measurements is typically only
r/2 mV l"C and a front panel control
allows any drift on the sensitive dc
voltage ranges to be zeroed.

As an ohmmeter, the new mult i-

3

2
6'

;
] U
c
F r

-2

-3
5  1 0

t1z

Fig. L. Frequency response of neu -hp- Model 4274 Multi-func-
tion Meter is essentially flat frorn 10 Hz to 1 MHz but uset'ul

response ertends to 4 MHz at S-dB point.

7  2  3 4
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I
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T
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Fie. 2. -hp- Model 4274 Voltmeter measures ac uolts lrom 10 mV
to 300 uolts full scale, resistance in 7 ranges from 10 ohns to l0
megohms center scale, and dc uolts t'rom + 100 mV to + 1000 V

full scale. Input impedance is 10 megohms in both ac and dc
uol tage -  m easu t  in g mod es.

function meter has 7 mid-scale ranges

from 10 ohms to l0 megohms with a

micl-scale accuracy of +5u/o, and it can

read resistance v:rlues to as low as 0.2

ohrn

The instrument thus has lab-quali ty

performance, but it retains the rugged-

ness and portability of the passive mul-

t imeter. In addit ion to being well-

suitecl for all-around use in the lab or

service shop, it brings laboratory Per-
formance to the field, to boats, to air-

craft,  or to any situation where ac l inc

power is not readily available.

COMMON AC AND DC INPUTS

The new multimeter was tlesigned

with large rejection of superimposed ac

on clc so that the same f loating input

terninals crrn be used for both ac ancl

r lc voltage rneasurenrents. AC voltages

at frequencies of 60 Hz and higher and

with peak zrmpli tucles 100 t imes grea[er

than ful l  scale (up to 450 volts peak)

affect a dc teacling less than lo/o. In the

:rc mocle, the input is capacitively-cou-

plecl to remove any tlc component from

the ac. Thus, both the ac anrl dc signals

at the same 1loint in a circuit ,  such as

clc bias ancl ac signal level, may be

rneasurc t I  r , r ' i thou t  chang ing  inp t t t  con-

nectrons.

The separ:rte ohms input is cliscon-

nec ted  by  in te rna l  sw i tch ing  wh i le

making voltage measurements to pro-

Cr i t i ca l  l p

Vds

- -  -  -  ( lncreased temperature)

Fig. 4. Ty picaL characteristic curues

for field-efiect transistor. Increase in
temperoture changes Vn'" ol load
line to compensate for temperature-
induced changes of operating points

in as soc iat e d b i- polar tr ansistor s.

D E S I G N  L E A D E R S

{
ames  M .  Co lwe l l Noel  M. Pace

Jlm Colwell  joined the -hP- Love-
land Division development group after
graduat ion  f rom Purdue Un ivers i ty
with a BSEE degree in 1964. Since
joining -hp-, Jim has worked on am-
pl i f iers and metering circuits with the
Model 427A Voltmeter as his major
responsibi l i ty. He is presently studying
toward his MSEE degree at Colorado
State University. Jim is a member of
Eta Kappa Nu and IEEE.

Noel Pace graduated from Stanford
University with a BSEE degree in 1956
and did graduate work at the Univer-
sity of Cali fornia at Berkeley. He began
working for Hewlett-Packard in Palo
AIto in 1957 as a Development Engi '
neer on the 4054 Digital Voltmeter and
the 457A AC-to-DC Converter. In 1961,
Noel transferred to the Loveland Divi '
sion where he worked on the 4038
Voltmeter, 35504 Test Set, 4654 Am-
pl i f ier, and 651A Test Osci l lator. At
present, he is a Group Leader in osci l-
lator and ampli f ier development in the
-h5 Loveland Research and Develop-
ment Laboratories. Noel also spent
three years as a communication offi'
ce r  in  the  U.  S .  Army S igna l  Corps .

@ n.rr*. 
"^oo*o E;

Y

Fig. 3. Each mirror-backed meter scale t'or new Multi-function
Meter is indiuidually calibrated on -hp-'s seruo-controlled meter
calibrator. Meter face, shown here three-fourths actual size, also
includ.es dB scale calibratecl for 600-ohm systems. Meter has

temperature-compensated, 100- pA, taut-band mouernent.
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tect both the instrument and the cir-
cuit. All inputs are disconnected when
the instrument is turned off, thus re-
moving any loading from external cir-
cuits that remain connected to the
voltmeter.

TEMPERATURE COM PENSATION

A major problem in the design of
any sensitive dc measuring instrument
concerns drift, which affects reading
accuracy. Although chopper amplifiers
are widely used to eliminate drift, the
design of the -hp- Model 427 A Volt-
meter did not include a chopper am-

plifier for two reasons. First of all, the
current drain of a chopper system
would not permit the use of an inex-
pensive dry-cell battery. Secondly, the
chopper system would increase the cost
above the target price level.

In place of a chopper amplifier, an
amplifier was designed in which the
unavo idab le  d r i f t  o f  t rans is to rs  was

9 p m

Fig. 5. Typical zero stability of -hp- Model 427A Voltmeter. Rec-
ord uas made in laboratory enuironment subject to usual tempera-

ture fluctuations of + 2" C.

3am

counteracted by an equal but opposite
drift in the field-effect transistor (FET)

input circuit .  The FET drain current
is supplied from a constant current
source, thus placing the load l ine
shown in Fig. 4 parallel to the constant
gate-source voltage (V.") l ines. The
FET is biased above the critical bias
point (operating point of zero tempera-
ture coefficient) so that the FET oper-
at ing point (Q) shif ts sl ightly with a
change of temperature to compensate
lor temperature-inclucecl changes in the
rest of the amplifier.

Leakage current from the FET gate,
which actually amounts to only a frac-
tion of a nanoampere, is opposed in
the input attenuator by an equal re-
verse leakage current from a diode con-
nected in paral lel with the FET gate.
Minimum offset voltage in the atten-
uator is thus assured. The reverse-
biased cliode was selected to have a

Fig. 6. Bloch diagrarn ot' new multi-function meter in dc uoltage
measuring configurotion. Range switch at input attenuator also

ad.justs sensitiuity of meter circuit.

temperature coefficient similar to the
FET gate.

The measures taken in this instru-
ment to compensate for the tempera-
ture susceptibility of solid-state devices,

plus the use of metal film resistors,
wire-wound potentiometers, and tem-
perature-compensated voltage regula-
tor-s. result in a total instrument tem-
perature coefficient typically less than
t/2 rnYl"C. Operating temperature
range is 0 to 50'C. The overall dc zero
stability oI the new multimeter under
laboratory conditions is shown by the
graph of Fig. 5.

GIRCUIT ARRANGEMENT

A block diagram of the new multim-
eter in the dc voltage mode of opera-
tion is shown in Fig. 6. The input is

fed direct ly to the precision attenuator
and then through the two-section dc
filter to the Impedance Converter. The
Impedance Converter is a unity-gain

.  l 5  .



Fig.7. AC uoltage measuring con-
figuration. Meter rectifier circuit is

auerage-responding.

amplificr that matches thc input to thc

low impeclance of the meter move-
ment, using the FET to achieve very

higl.r input impeclance.
The Imperlance Converter, which

has a response from dc to 4 MHz, is

also usecl in the ac mode of operatiorl

to match the high impedance of the in-

put to the low impeclance of the broarl-

band ac attenuator (the ac rnode also

Lrses a two-steP ac attenuator at the

irrput). A seconcl amplifier is switchecl

into the circuit  in the ac mocle to pro-

vide the addecl eain required for the
ac-to-dc conversion (Fig. 7).

The rneter rectifiers are arrangecl in

a bridge confisuration which perrnits

ac feedback for better linearity ancl

stable gain in the ac mode. Each rec-

t i f ier conducts for a ful l  half  cycle of

the ac waveform; hence, the meter re-

sponds to the aver-age value of the

waveform. The scale, however, is cali-

brated to reacl the rms value of a sine
\,\'ave rnPut.

Resistance measurements use the dc

voltage measurement circuits but in-

+6 7V

clucle a voltagc sourcc to drive current
t l r r o u g h  t l r e  u n k n o w n  l  e s i s t : r n c e ,  a s
shown in Fig. 8. The sets of series re-

sis[ances, R. ancl R;, are chosen such
that an open circuit  at the input causes
full scale (infinity) cleflection of the
rneter. \\rhen the unknolvn resistance,

R_,, has the s.rme value as R" in parallel
with R',  meter deflect ion is half  scale.

The ohmmeter inl ini ty adjustment
is rnarle by the same lront panel con-
trol that zeroes the dc voltage ranges.

BATTERY POWER

The voltmeter circuits were designed
for low clrrrent drain, total rnaximum
power clissipation being onl,v 400 m\\4
One 22.5-V battery thus provides over
300 l rours  o [  con t inuor rs  o l )e ra t ion  or
up  to  700 hours  o I  i r r te r rn i t ten t  oper r -
tion (a series regulator allows the in-
strument to lunction n'ith rated accu-
l 'acy on battery voltages as low as 15
volts).

For those applications where the in-
st lumenr may rernain in one place, a
built-in po\{er supply has been de-
signecl for operation on an ac line.
Instrumcnts with this modif icat ion
have a rear panel switch that discon-
nects the power line and places the
instrument on battery operation when
complete isolat ion from power l ine
ground is desired.
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S P E C I F I C A T I O N S

-hp-
MODEL 4274
VOLTMETER

DC VOLTMETER
VOLTAGE RANGES:  t10O mV to  11000 v

fu l l  sca le  in  a  1 ,3 ,  10  sequence (9  ranges)
ACCURACY:  tz l "  o f  fu l l  sca le  on  any  ran8e

( 0 ' C  t o  5 0 ' C )
INPUT RESISTANCE:  10  megohms on a l l

ranges ,
AC REJECTION:  Super imposed peak  AC vo l t -

ages  60  Hz and above and 100 t imes
greater  than fu l l  sca le  a f fec t  read ing  less
Ihan IYo 450 vo l ts  peak  max imum

OVERLOAD:  1200 Vdc on  any  range.

AC VOLTMETER
VOLTAGE RANGES: 10 mV to 3O0 V rms full

sca le  in  a  1 ,  3 ,  10  sequence (10  ranges)
FREQUENCY RANGE:  10  Hz to  I  MHz
ACCURACY:  L2o/ "  o l  fu l l  sca le  10  Hz to  1

MHz,  .01  V-30 V (10  Hz to  100 kHz,  100
V-300 V) ,  0 'C  to  50"C.

FREQUENCY RESPONSE:  (See graph,  F is .  I ,
page 13) .

INPUT IMPEDANCE:  10  megohms shunted
by  40  pF on  10  mV to  1  V  ranges;  20  pF
o n 3 V t o 3 0 0 V r a n g e s

RESPONSE:  Responds to  average va lue  o f
inout :  ca l ib ra ted  in  rms vo l ts  fo r  s ine
wave inout

OVERLOAD:300 V rms momentar i l y  up  to
1 V range. 425 V rms maximum above 1 V
range

OHMMETER
RESISTANCE RANGES:  l0  ohms center  sca le

to  10  megohms center  sca le  (7  ranges)
ACCURACY:  f :5o /o  o t  read ing  a t  midsca le

(0 'C to  - .+ -50"c) .
SOURCE CURRENT;

GENERAL
FLOATING INPUT:  May be  opera ted  up  to

500 Vdc above ground.  (Ohms input  open
in  any  func t ion  except 'OHMS' ;  vo l ts  inpu t
o p e n  w h e n  i n s t r u m e n t  i s ' O F F ' ) .

POTNER: 22r/z volt dry cell battery (Eveready
No.  763 or  RCA VSl02) .
Opt ion  0 l :  Ba t te ry  opera t ion  and ac  l ine
opera t ion  (se lec tab le  on  rear  pane l )  115
o r  2 3 0  V  + 2 O y . , 5 0  H z  t o  1 0 0 0  H z ,  y 2  W

SIZE:  S tandard  -hp-  y3  modu le .  Nomina l l y
5% in wide, 6r/a in. high, I in. deep.

WEIGHT;  Net ,  5% lbs  (2 ,36  ke) ;  Sh ipp ing ,
6Y2 lbs. (2,9 k1.).

ACCESSORIES AVAI LABLE:
11039A Capac i t i ve  vo l tage d iv ider  (10O0:1)
25  kV max.

PRfCE: -hp- 427A: $195 0O with battery.
Opt ion  01 :  AC l ine  and ba t te ry  opera t ion
$230.00 .

Prices f.o.b. factorv
Data  sub jec t  to  change w i th -ou t  no t ice

RANGE O P E N  C I R C U I T
VOLTAGE

S H O R T  C I R C U I l
C U R R E N T

x10
x100
Xl  K
XlO K
X1OO K
X1 M
x10 r\1

10 mA
l m A
l m A

100 aA
1o sA
l p A

0 1 a A

a - ' -  - - - - - - - - -  7

AC INPUT
ATTENUATOR

M ETER
AMPLI FI ER

Fie. 8. Ohrutneter circuits
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