


Time Domain Reflectometry
in Narrowband Systems

By Gene A. Ware

TIME DOMAIN REFLECTOMETRY, or TDR as it
is affectionally known, has become well established
as a technique for identifying the location and na-
ture of impedance discontinuities in broadband
transmission systems. Since reflections from sep-
arate discontinuities are spaced apart on the CRT
display, the effects of the measuring system may
be separated from the system under test, and the
location and identity of each of several discon-
tinuities becomes easy-far easier than with CW
techniques.'

In waveguide and other band-limited systems,
though, application of wideband TDR has not been
so straightforward.' This is because only a small
part of the energy in the incident voltage step can
enter the system under test while the major part is
reflected back to the source. As a result, energy in
the reflections may be at too low a level to be de-
tectable, and that which can be detected is of a
highly oscillatory form with a long time duration,
yielding less than satisfactory time and amplitude
resolution in the measurement. This suggests that
to be successful, energy in the TDR incident pulse
should be confined to a narrow band of frequencies.

Thus, a new TDR system has been developed.
This one uses a short burst of RF for the incident
pulse, rather than a fast voltage step. Proper selec-
tion of the carrier frequency and the burst width
confines most of the energy within a frequency
spectrum corresponding to the passband of the
system under test, This makes it possible to get de-
tectable reflections from small discontinuities-
impedance differences as small as 7o/o being detect-
able by this system. Hence, the advantages of TDR
now become available for use in narrowband
systems.

An Elfective Cure
Like its wideband counterpart. the narrowband

system easily resolves multiple discontinuities, a
capability that deserves special emphasis. Multiple
discontinuities in the antenna feedline of a multi-
channel communications system, for example, have
much the same effect on system performance that
multipath transmissions do, resulting in intermodu-
lation distortion, lower signal-to-noise ratios and,
hence, less than maximum system usability. The
new narrowband TDR system makes it possible
to locate the individual discontinuities, usually re-
sulting from bad connections or corrosion, cracks,

Cover: Keeping a micro-
wave communicat ions re-
peater-like the one shown
on the lront cover-operat-
ing at tull efticiency means
that the waveguide feedlines
must be free of impedance
d i sconti n u iti es. P arti c u I ar ly
disconcerting are multiple
discontinuities, which de-
grade syslem pertormance

in much the same way that multipath transmis-
sions do. Described in this first article is an in-
strument that tells in iust a few minutes when
more than one discontinuity exists, and where
to look lor them. This means that cleaner per-
lormance can be obtained in less time.
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or fore ign objects in  the waveguide,  so that  the
system can be 'c leaned up'very quick ly  to achieve
full use of all channels in the communications
system.

Contraindications

Because the bandwidth of the incident signal is
I imi ted,  however,  th is  system does not  have the
resolut ion capabi l i ty  of  the wideband systems.  The
closest  spacing between d iscont inui t ies that  can be
resolved in waveguide is  about  a foot  or  so depend-
ing on the waveguide and d iscont inui ty  locat ion.
Also,  s ince i t  is  necessary to examine the phase
of the RF carrier to find the nature of a discontinu-
i ty  ( induct ive,  capaci t ive,  or  pure ly  res is t ive) ,  the
system does not  easi ly  prov ide posi t ive ident i f ica-
t ion of  the k ind of  d iscont inui t ies encountered.
Nevertheless,  the system provides in format ion
about  the magni tude and posi t ion of  d iscont inui t ies
quick ly  and c lear ly ;  i t  is  especia l ly  usefu l  where
multiple discontinuities are involved.

Applications in waveguide

To make most effective use of this system in
checking out the performance of a waveguide sys-
tem, certain characteristics of waveguide must be
borne in mind. Just about all of the electrical pa-
rameters of  waveguide are f requency dependent ,

Fig. 1. I mped ance d isconti nu ities
in waveguide and narrowband
coaxial transmission syslems are
easily located with Model 15804
Narrowband Time Domain Re-
'Ilectometer Syslem Microwave
signal source (not shown) sup-
plies energy lor BF bursts Sys-
tem can also be used tor wide-
band applications with optional
tunnel diode voltage step gener-
ator.

usually in a non-linear fashion. The frequency
dependence of propagation velocity, or group
velocity, is one that can have a pronounced effect
on TDR measurements.

Propagation velocity, shown in Fig. 2, is zero aI
the waveguide's cutoff frequency but rises rapidly
as the frequency increases, approaching the speed
of light. This can cause dispersion spreading of
RF bursts since the frequency components travel
at differing velocities. Obviously, pulse dispersion
spreading increases with waveguide length, but in
addition to that, dispersion spreading is inversely
related to burst width (the narrower the burst, the
wider the frequency spectrum). The effect is most
pronounced for energy at frequencies near the
waveguide cutoff frequency.

Ordinarily, resolution is increased as the incident
RF burst is narrowed but in the case of waveguide,
resolution may suffer from dispersion distortion
when the burst is made too narrow. There exists,
then, an optimum burst width for any measurement
situation. This can be found for a given carrier fre-
quency by varying the width of the incident RF
burst while observing the echo returned from a
short or other discontinuity at the end of the wave-
guide run. The optimum incident width is that
which gives the minimum echo width. Fig. 3 shows
approx imate  pu lse  w id ths  in  RG52 and RG48
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Fig. 2. Velocity ot propagation in waveguide as a lunc
tian of telative trequency

for  d i f ferent  pulsed carr ier  f requencies.  For  exam-
ple,  the opt imum width at  11 GHz is  about  6 ns for
300  fee t  o f  RGS2 .

At  11 GHz,  propagat ion veloc i ty  is  1.23 f t lns in
RG52,  so on the TDR display a 6-ns burst  occupies
the equivalent  of  about  7 feet .  Two discont inui t ies
spaced somewhat  c loser  than th is  could be d is t in-
guished but  care must  be exerc ised in physical ly
locat ing the d iscont inui t ies because inter ference
between the carr iers of  the two returns may cause
the peaks on the resul t ing d isplay to show the d is-
cont inui t ies as spaced fur ther  apar t .

I f  measurement  parameters a l low a choice in
carr ier  f requency (normal ly  the carr ier  is  set  to  the
frequency that  is  expected to be used dur ing normal
operat ion of  the waveguideJ,  bet ter  resolut ion is
obta ined by set t ing the carr ier  towards the upper
end of  the guide 's  passband.  This is  because the
propagat ion veloc i ty  changes less steeply as a func-
t ion of  f requency at  the upper end of  the passband
than i t  does at  the lower end,  resul t ing in  less pulse
dispers ion fsee Fig.  2) .

Vary ing the f requency whi le  watching f  or
changes in the magni tude of  a ref lect ion,  inc i -
denta l ly ,  is  a means of  determin ing rvhether  a d is-
cont inui ty  is  induct ive or  capaci t ive.  In  addi t ion,
sweeping of  the carr ier  f requency wi l l  a id in  the
locat ion of  h ighly  resonant  d iscont inui t ies.

Appl icat ions in  coaxia l  cable

The narrowband TDR system also has appl ica-
t ions in  coaxia l  cable,  the t radi t ional  domair" r  of
wideband TDR's.  Most  important  is  i ts  use in  cont-
mur. r icat ions system where f  i l ters may intcr f  erc
wi th wideband TDR operat ion.  The narrowband
TDR system can ' look through'  the f i l ters to exam-

Fig.  3.  Approxtntale opt tmum pulse width vs gutde length
i n  X  band  wavegu tde  RG 52  (a ) ,  and  t n  S -band  wave -
gr. t ide BG 48 (b)

i ne  cha rac te r i s t i cs  o f  t he  t r ansm iss ion  svs ten l
bcyond .

In  such  an  app l i ca t i on ,  i t  shou ld  be  remembered
tha t  t he  pu l se  i v i d th  w i l l  be  i nve rse l y  p ropo r t i ona l
t o  t he  f i l t e r  bandw id th .  Th i s  can  cause  a  reduc t i on
in  reso lu t i on .  I f  t he  bu rs t  w id th  i s  i nc reased  to  t he
po in t  t ha t  r e  f  l e r c t i ons  a re  supe r imposed  on  the
cxc i t a t i on  wave fo rm.  t hese  re f l ec t i ons  . " v i l l  add
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algebraical ly  to  the inc ident  waveform. As in  the
case of  over lapping mul t ip le d iscont inui t ies,  the
nature of  the waveform depends on the re lat ive
phase of  the carr iers in  the inc ident  and ref lected
signals.  The waveform is  thus af fected by the
locat ion as wel l  as the nature of  the d iscont inui t ies.
In th is  case,  quant i ta t ive in format ion about  the
magni tude of  the d iscont inui ty  is  d i f f icu l t  to  obta in.

Another  appl icat ion is  in  f ind ing narrowband
discont inui t ies in  a wideband t ransmiss ion system.
The RF burst  carr ier  can be tuned or  swept  to f ind
these d iscont inui t ies.  A good example is  the ident i -
f icat ion of  low- level ,  per iodic  d iscont inui t ies re-
sul t ing f rom regular ly  recurr ing var iat ions in  the
mechanical  s t ructure of  coaxia l  cable [a cable wi th
a center  conductor  support  formed in a hel ix ,  for
cxampleJ.  By us ing an RF burst  wide enough to
span a large number of  these d iscont inui t ies,  the
indiv idual  d iscont inui t ies-normal ly  too smal l  to  be
detected by wideband techniques- integrate up to
form a large d iscont inui ty  at  a carr ier  f requency
determined by the per iodic i ty  of  the d iscont inui t ies.
To determine th is  'suck-out '  f requency,  the pulse
carr ier  f requency is  var ied unt i l  such a d iscont inu-
i ty  appears,  The d iscont inui ty  spacing can then be
determined f rom the carr ier  f requency and the
magni tude of  the indiv idual  d iscont inui t ies can be
determined f rom the r is ing por t ion of  the ref lect ion.

The System

The Model  1580A Narrowband TDR System
consists  of  a 180D Osci l loscope wi th a modi f ied
1815A TDR plug- in and a new RF gat ing uni t  ( the
1815A TDR plug- in is  modi f ied to a l low t r igger ing
on s ine waves when in the TDR mode of  oDera-
t i onJ .

A block diagram is shown in Fig. 4. An external
microwave source feeds a PlN-diode swi tch and a
tr igger  countdown uni t .  The t r igger  countdown out-
put  is  fed in to the t r igger  c i rcu i t ry  of  the 18154
TDR plug-in which in turn triggers the pulse
generator  that  contro ls  the PlN-diode swi tch.  This
arrangement a l lows the user  to synchronize the
gat ing pulse wi th the RF carr ier ,  making possib le
the use of  the s ignal -averaging c i rcu i t  o f  the TDR
plug- in to improve the s ignal - to-noise rat io ,

The PlN-diode swi tch is  normal ly  of f ,  In  th is
condi t ion,  the PIN d iodes are b iased on,  shor t ing
the RF source to prevent  any s ignal  t ransfer  to  the
output  por t .

The pulse generator  turns on the PIN-diode
swi tch (d iodes b iased of f l  to  produce a burst  of
RF.  The width of  the burst  is  contro l led by the
pulse generator  and may be var ied f rom less than
5 ns to more than 100 ns.  The system generates
an RF burst  wi th a r iset ime of  less than 1.5 ns.
The burst  is  somewhat  Gaussian in  shape for  burst
widths of  a few nanoseconds but  i t  becomes rec-
tangular  for  longer bursts.  A typ ical  burst  is  shown
in Fig.  5.

The RF burst  is  passed through a broadband iso-
lator  that  removes low-f requency t ransients gen-
erated by the swi tch ing of  the PlN-diode swi tch.
The iso lator  a lso provides a good (1.5:1 VSWR)
output  impedance match.  This is  necessary s ince
the PlN-diode swi tch presents a shor t  c i rcu i t  a t
i ts  output  when of f .  The pulse is  then passed
through a jumper to the 1817A Sampl ing Head and
then into the system under test  ( the jumper cable
can be removed to a l low t ransmiss ion measure-
men tsJ .

The PlN-diode swi tch can sate RF carr iers in  a

Fig.  4.  Block diagram ol  RF gal-

ing uni t  in Narrowband fDA sys-
tem

Triggerto Trigger from To l8l5A/180D
1815A TDR 18154 TDR Vertical Display

Trigger Pulse
Countdown Generator
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Fig. 5. Typical narrowband TDB display showing interro-
gating 1O-ns burst ot 6-GHz carrier and 20o/o retlection
from impedance discontinuity. Horizontal scale tactor ol
10 tt/div estab/lshes distance to discontinuitv as 44 feet

range from 7 GHz through 72.4 GHz, and on up
to 18 GHz with some reduction in specifications.
The isolator normally supplied with the system op-
erates from 3.5 GHz to 72.4 GHz. Other frequency
ranges may be obtained by using other isolators,
optionally available.

The vertical scale of the TDR display is cali-
brated in units of reflection coefficient by adjust-
ing the incident RF burst to the 'one' level on the
display. The magnitude of a reflection (reflection
coefficientJ may then be read directly from the
display, but it must be corrected for guide losses.
The loss per foot of guide is usually available but
if not, guide losses may be determined by placing
a short at the point where the discontinuity occurs.
Alternatively, the display may be calibrated with
the reflection from the short.

The correction for waveguide losses is best han-
dled by converting the reflection coefficient into
return loss. The HP Reflectometer Calculator or a
nomograph such as the one in Fig. 6 may be used
for the conversion. The return loss can then be

corrected by subtracting the round trip waveguide
losses.

Dispersion, if present, can affect the calibra-
tion. Normally, dispersion effects are eliminated
by lengthening the RF burst, but if this is not
practical, then the effects of dispersion may be
normalized by using a short at the point of dis-
continuity.

Dynamic Range
Several factors affect the size of the smallest

observable return on the Model 1580A NBTDR
System. One factor is the noise in the 1815A/
7877A TDR plug-in/sampler combination [(8 mV).
A second is leakage through the PlN-diode switch.
Normally, the on/off ratio of the switch is greater
than 40 dB. This provides 40 dB of dynamic range
if the incident pulse is at least 40 dB above the
noise of the sampler. Higher RF levels, limited to
f 20 dBm by the PIN diode switch feedthrough
and the maximum signal level acceptable to the
L877A Sampler (2 V peak-to-peak), can give some-
what greater dynamic range.

The dynamic range is also interrelated with the
maximum usable distance range, Although the dis-
play can read up to 10,000 feet, waveguide losses,
typically 8.64-6.02 dB/100 ft in X band, limit the
maximum range at which any discontinuity can be
discerned. The maximum range also depends on
the magnitude of the continuity.

Provision has been made to allow use of the
18154 TDR plug-in as a conventional TDR for
wideband applications. This usage requires the
addition of either the Model 1106A (20 ps) or 1108
[60 psJ tunnel-diode mounts for generating voltage
steps.
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Fig. 6. Nomograph converts retlection coetticient into rcturn loss.
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Fig. 7. Multiple discontinuities
are separated on display tor easy
identitication Photo at far lell,
with horizontal scale ol 10lt /div,
clearly shows discontinuities at
22 feet and 54 ft and it indicates
possibilitv ot discontinuitles at
32 and 40 feet Expanding hori-
zontal scale 2 times and vertical
sca/e 5 times (photo near lelt)
shows that these suspecled dis-
continuities do exist, that they
have a retlection coetlicient of
0.03, and that lhey are 7 leel
apart

S P E C I F I C A T I O N S
HP Model 1580A
Narrowband TDR

SYSTEM
FREQUENCY: 3.5 GHz to 12-4 GHz. Measuremenls may be 6x-

tended to  1  GHz and 18  GHz w i th  reduced per fo rmance

AMPLITUOE RESOLUTION:  >40 dB (w i th  70  mW s igna l  source)
equ iva len t  to  re f lec t ion  coe l f i c ien t  o t  1  70 .

SPURIOUS RESPONSE:  T ime fo r  spur ious  responses  to  se t t le  to
wi th in  5% or  less  o f  inc ident  burs t  ampl i tude is  less  than l0  ns
a f te r  end o f  inc ident  burs t .

BURST GENERATOR
INSERTION LOSS:  Nomina l l y  10  dB
R I S E T I M E :  N o m i n a l l y  1 . 5  n s
ON/OFF RATIO:  >40 dB.
PULSE BURST WIDTH:  <5  ns  to  >1OO ns .

SAMPLER
B A N D W I D T H :  d c  r o  1 2 . 4  G H z . 3  d B  d o w n  a t  1 2 . 4  G H z .
INPUT DYNAMIC RANGE:  2  V  p-p .

M A X I M U M  S A F E  I N P U T :  t 3 ' . .
N O I S E :  I  m V .

osctLLoscoPE
Standard 5ya-inch high rack-modol oscil loscope, reler to 180 sys-

tem data  sh€et  fo r  sDec i f i ca t ions  Main f rame can a lso  be  used
wi th  1800 ser ies  p lug- ins  fo r  genera l  purpose t roub leshoot ing
and des ign .

TDF/SAMPLER PLUG- IN
1815A/B p lug- in  mod i f ied  (op t ion  001)  to  accept  ex te rna l  t r iggor -

ing  in  TDR mode.  Refer  to  1815A/B da ta  sheet  fo r  comple te
soec i f i ca t ions  Mode l  1815A is  ca l ib ra ted  in  f t ld iv  and 18158
is  ca l ib ra ted  in  meter /d iv .

GENERAL
W E I G H T :  N e t , 4 4  l b  ( 2 0  k s ) ; s h i p p i n g , 5 9  l b .  ( 2 6 , 8  k g ) .
DIMENSIONS:  19  in  w ide  x  gVq in  h igh  x  21% in  deep (483 x

222 x 543 mml.
PRICE lN U.S,A. :  Mode l  1580A/B Nar rowband TDR (w i th  180D Os-

c i l loscope and 1815A/B TOR p lug- in )  $6000.
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Measuring High-value Capacitors
By Yoshihisa Kameoka

High-capacitance electrolytics have been ditticult to measure. New circuit
developments make'touch and read' measuremenfs possib/e.

HIGH-VALUE ELECTROLYTIC CAPACITORS ATC
used in very large quantities in all types of elec-
tronic equipment, including computers, consumer
products and in many industrial applications. Ca-
pacitor values up to 0.1 farad (1OO,O00 y,FJ are quite
common in low-voltage power supplies, Measure-
ments of these high-value electrolytics are difficult
because of their low impedance, high dissipation
factor and limited voltage rating. A dc bias is also
required during measurement. Until recently, there
have been no convenient measuring methods.

Electrolytic capacitors can degrade in storage, so
in many cases it is necessary to verify their charac-
teristics before use. AIso, they slowly degrade in
use in power supply circuits. For the manufacturer
and user of such capacitors, two new Hewlett-Pack-
ard instruments. the HP Model 4350A and +3508
High Capacitance Meters, Fig. 1, have been de-
signed. These instruments simultaneously measure
capacitance and dissipation factor (tan 8). The
Model 4350A also measures capacitor leakage cur-
rent. They are 'touch and read' instruments, not
bridges, so they are convenient to operate. Mea-
sured values are immediately displayed on front-
panel meters, so measurement is quick.

Twelve ranges cover from 1 1tF to 300 millifarads.
Resolution can be as good as 0.02 i.F. Basic accu-
racy of capacitance measurement is 2o/o Io 4o/" de-
pending upon range. Dissipation factor ftan 8J is
measurable from 0,05 to 5 in two ranges. The inter-
nal test frequency is 1,20 Hz, which is the funda-
mental of the ripple frequency of a full-wave power
supply. (For electrolytic capacitors a '1.2O-Hz test
frequency is generally standard; lhere are special
exceptions.)

The test voltage across the capacitor under test

is usually between 0.5 mV rms and 2.5 V rms, de-
pending upon dissipation factor. An internal dc
bias from 0 to 6 volts is available to superpose the
ac test signal upon a dc bias voltage, This satisfies
a MIL specification for testing tantalum electrolytic
capaci tors.  The Model  4350A measures leakage cur-
rents from 0.02 pA to 10 mA in nine ranges. Accu-
racy is +3% of full scale. Internal dc bias voltages
up to 100 volts, for leakage current measurement,
are available. Up to 600 volts dc bias may be con-
nected to the sample through the instrument, using
an external dc voltage source. Leakage current and
the dc bias voltage are indicated simultaneously on
the front-panel meter.

Four-Terminal Measurements

To measure devices of very low impedance with
high accuracy, the four-terminal method is useful
to eliminate errors due to contact resistance and
test lead impedance. For example, the reactance of
a 300-mill i farad capacitor is only 4.4 mill iohms at
L2O Hz. Often the impedance of contacts and test
leads is  30 mi l l iohms or  more,

A general four-terminal measurement circuit is
shown in Fig. 3. Two of the four terminals are cur-
rent terminals; the others are pofentiol terminals.
The current terminals supply constant current to
the unknor,vn sample, and the potential terminals
detect  the vol tage drop across the sample.  In  F ig.  3,
R. is the range resistor; its value is set much larger
than 2., the current test lead impedance Zi and the
contact  res is tance r i .  Therefore,  the current  i  is
affected very l itt le by them. Thus, the effect of Zr
and r' in the current terminals loop can be neglected.

The potential terminals are connected only to the
two sides of the unknown, so we measure onlv the



voltage drop, e*, across Z*. Since the input imped-
ance of the voltmeter is very large we can neglect
both the impedance, 2,, and the contact resistance,
r , ,  o f  the potent ia l  test  leads.

Another type of error that can occur in high
capacitance measurements is the result of mutual
inductance between the current leads and the po-
tential leads. Fig. 4 shows this as a transformer
effect; the measured capacitance value is increased

Fig. 1. Iwo new instrumenls lor
measurement of high-value ca-
paci tors : Hew I ett - Packa rd M od e I
43504 (lett) and 43508 (right)
The Model 4350A reads capaci-
tor leakage current in addition
to capacitance.

or decreased depending upon the d i rect ion of  cou-
pling. This error is effectively eliminated if either
the current leads or potential leads are twisted to
reduce the mutual inductance.

Capacitance Measurements

Generally, a capacitor is represented by a series
equivalent circuit. Capacitance in a series equiva-
lent circuit is usually measured using the voltage-

Fag. 2. ln this block diagram ot
the Model 43504, switch posi-
tion T is lor capacitance and
Tan 6 measurement; switch po-
slfion S is lor leakage measure-
ment and bias voltage setting
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Fig. 3. Equivalent diagram ot the tour-letminal melhod ol
measurement (top) compared to a simple two-terminal
method (botton)

current  method,  F ig.  5.  A '1.20-Hz osci l la tor  suppl ies
a test signal to the unknown sample, and the volt-
age drop across the unknown is  ampl i f ied and
measured.

In F ig.  5 the range res is tor ,  R",  is  much larger  than
the unknown impedance,2, ,  so the current  f lowing
through the unknown sample depends only upon
the selected range res is tor ,  Rs,  and the output  vo l t -
age of Ihe 72O-Hz oscil lator. The ac differential
amplif ier amplif ies the voltage drop across the un-
known sample, and supplies it to the synchronous
detector .

The amplif ied voltage drop is fed to one input

i M Current M
Lead

Potential
Lead

Current Volt
Soufce meter

€ r G l e ,

Rs

l2OHz G

Oscillator

Differential
AC Amplifier

o c i

Synchronous
Detector

90' Phase
Shifter

eii

Gx Meter

Fig. 5. Voltage-current method commonly used fot ca'
p ac i tan ce measu re m e nts.

te rmina l  o f  the  synchronous de tec tor ,  and the

square-wave reference signal is connected to the

other .  So the output  of  the detector  is  a dc vol tage
proport ional  to  that  component  of  the ampl i f ied
vol tage drop that  is  in  phase wi th the reference
square-wave s ignal .  A 9o-degree phase shi f ter  sup-
pl ies the reference square-wave to the synchronous
detector ,  and th is  square-wave lags the measur ing
120-Hz s ignal  by 90 degrees.  I t  can be shown mathe-
mat ica l ly  that  the output  to  the meter  is  not  l inear ;
th is  cr :eates cal ibrat ion d i f f icu l t ies.

L inear  output  is  obta ined wi th the new capaci -
tance measur ing c i rcu i t ,  F ig.  6,  used in the Model
4350A/8.  The level  contro l ler  has ac input  and out-
put  terminals,  p lus a dc input  terminal  which is  used
for  gain contro l .  AC gain of  th is  level  contro l ler  is
varied by the dc input signal. Then the voltage drop
ei  ocross the unknown samPle is

p r 1

€i  :  / 'G s,  (1)

R . t R *  
] ; G

where e" ,  -  output  vo l tage of  the level  contro l ler .
In  the Model  4350A/B the range res is tor ,  R. ,  is

about  one thousand t imes larger  than the imped-
ance of the unknown sample at full scale. Therefore

/ R ,  1  \
€ i  a l :

\R. 
+ 

,'.c:.R" / 
t (2)

The output dc vol tage of the synchronous de-
tector is

Kt€' '
D , - -v r J  

, C * R .

where K'  is  the gain of  the synchronous detector
and ac ampl i f ier  [a  constantJ.

This dc vol tage is  compared to the constant  dc

(3 )

Fig. 4. Mutual inductance
leads can result in errors

between current and vol lage
in capacitance measurement

" '  
:  (# + r 'm ) i '  or(#- i " . ) i
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voltage V,"r of the comparator. When ei', is lower
than V,"r, the output voltage of the comparator is
proportional to the difference, and is fed back in-
versely to the control input terminal of the level
controller. Hence its ac gain is increased.

Conversely,  when e i5 is  h igher  than V,"r ,  the ac
output  of  the level  contro l ler  is  decreased.  There-
fore,  thc fecdback c i rcu i t  o f  F ig.  6 contro ls  e i ;  so
as to make it equal to Vret in spite of the unknown
sample value. These relations are expressed by the
fo l lowing equat ions:

Kr€.,

" ' ,  
:  

;Cii  
:  V,.r :  constant t4l

or, c. : 5'9'l'
oR" V."r  t5)

Since R" and o are constant,

C * : K r . € , ,
whe re  K " :  K r / ^Rs  V , " r  :  cons tan t

Fig, 6. Linear output to the C,
meter is obtained with this new
measuring circuit used in the
Models 4350A/B

Equation [6) shows that the capacitance of the un-
known sample is proportional to the output volt-
age of the level controller. Thus the capacitance
of the unknown sample can be read directly on the
ac vol tmeter ,  which has a capaci tance-cal ibrated
l ineor  scale.

Dissipation Faclor (tan 8) Measurements

Electro ly t ic  capaci tors have some loss res is tance
in ser ies wi th thei r  capaci tance.  The d iss ipat ion
factor  of  the capaci tor  is  def ined in a ser ies equiva-
lent  c i rcu i t  as fo l lows:

Diss ipat ion Factor  :  j ,C*R* (7)
where R- : equivalent series resistance of

capaci tor
C* : capacitance

Fig. 7 is a vector diagram showing the phase
relations of each voltage or current of Fig. 6. Phase
di f ference I  is  ca l led a loss angle.  In  F ig,  7,

Et ^ /t1
tanD:  

" . , t : * r "_r i :  
j ,uc_R_ (Bl

Therefore, the dissipation factor of the capacitor
can be represented as the tangent  of  the phase
di f ference 6.  Thus i f  we measure the phase d i f fer-
ence between e"  and €r  we cdrr  determine the d is-
s ipat ion factor  of  the unknown capaci tor .

Fig. 8 is a simplif ied block diagram for the dis-
s ipat ion factor  measurements.  The phase detector
has two input terminals and one output terminal.
Output  vo l tage of  th is  detector  is  a dc vol tage pro-
por t ional  to  the phase d i f ference between the two
signals at its input. This output voltage is ampli-
f ied and disnlaved on the tan I calibrated meter.

t6l

Fig. 7.

RrGm
R3

l' €' €n

Gr

R,

€n

j,QR"

Vector diagram showing phase relat ionshlps in
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Leakage Current Measurements

The simplif ied block diagram of the leakage
current  measur ing scheme (Model  4350A onlyJ is

shown in F ig.  9.  V is  the dc source that  suppl ies
the rated dc b ias to the sample capaci tor .  Rr  is

the range res is tor  of  the leakage current  measure-
ments.  The d i f ferent ia l  ampl i f ier  has h igh dc gain

and h igh input  impedance,  and i t  operates as a

current- to-vol tage converter .  Then the b ias vol tage
is appl ied through a l imi t ing res is tor  R to the sam-
ple capaci tor .  The leakage current  of  th is  capaci tor
f lorvs in to the negat ive input  terminal  of  the d i f -
ferent ia l  ampl i f ier .  But  the posi t ive input  terminal
is  connected to ground.  The potent ia l  o f  the nega-
t ive input  is  forced to ground potent ia l  by i ts  own
high gain and negat ive feedback c i rcu i t .  Therefore
current  through the feedback res is tor  R, .  is  cqual
to the leakage current  I r . .  Thus the leakage current
can be measured by detect ing the vol tage drop
across Rr. .

Fig. 8. Measunng circuit to delermine dtssipation tactar

Outputs

The HP Model  4350A/B has two analog outputs
proport ional  to  capaci tance and one proport ionai
to loss angle.  One of  the capaci tance outputs is  1
vol t  fu l l  scale for  any capaci tance range and the
other is either 1 or 0.3 volts full scale depending
upon range set t ing.  The loss angle output  is  pro-
por t ional  to  the loss angle at  the rate of  0.1 voi t
per  degree.  The 1-vol t  capaci tance output  and loss
angle output  can be used wi th an analog compara-
tor  as a rapid golno-go test  system for  e lect ro ly t ic
capaci tor  measurements,  or  wi th an analog recorder .
The 1 or  0.3 vol t  capaci tance output  can be con-
nected to a d ig i ta l  vo l tmeter  for  h igher  accuracy.

Limiting Resistor RL

R lr. 16(=-11)
+

U 
Hieh.Gain

' 
Cr Di{ferential

Amplif ier Leakage
Bias Voltmeter Current

Meter

Fig. 9. Leakage current measuring circuit used in the
Model 4350A
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S P E C I F I C A T I O N S
HP Model 4350A/B

High Capacitance Meters

CAPACITAI{CE MEASUREMENT
CAPACITANCE

RANGE:  I  r rF  to  300 mF lu l l  sca le  in  12  ranges  in  1 ,3 ,10  s teps .
MINIMUM RESOLUTION:  0 .02  pF a t  1  pF fu l l  sca ls .
ACCUBACY (% of full scals):

TAN 6
BANGE:  0 .5  o r  5  fu l l  sca le  In  2  rang6s .
MINIMUM RESOLUTION:  0  05  a t  0 .5  tu l l  sca le .
ABSOLUTE ACCURACY:

0.5 Full Scale: =0.025

5 Fu l l  Sca le :  ( read ing)z
+ 0 . 0 6 +  n

_ 0.06 + 
(reading)2

25

INTERNAL TEST SIGNAL
FBEQUENCY: 120 Hz +5 Hz.
STABILITY: +0.5% 0'C to 50'C.
VOLTAGE ACROSS UNKNOWN: 0.5 to 2.5 mV rms, dspending on

magn i tude o t  tan  6 .  Open c i rcu i t ,  t yp ica l l y  1V rms.
INTERNAL DC BIAS

VOLTAGE RANGE: 0 to 6V dc, continuously edrustabl€ Voltags
can be monltorsd by Intsrnal voltmeler.

VOLTMETER: 10V dc tull scale. tsolo ot lull scals.
RESPONSE TIME (C and tan  0) :  Typ ica l l y  1s . '

LEAKAGE CURRENT MEASUREMENT (4350A only)
CUFRENT

RANGE:  1  tA  lo  10  mA lu l l  sca lo  In  9  ranges  in  1 ,  3 ,  10  s teps .
MINIMUM RESOLUTION:  0 .02  pA a t  1  pA fu l l  sca ls .
ACCURACY: t37o ot full scale.
METER PROTECTION: Moter ls prolectsd from charging surge

currents.
DC BIAS VOLTAGE

INTERNAL:  Up lo  100V dc  in  2  ranges ,  con t inuous ly  ad lus tab le .
EXTERNAL: 600V dc maxlmum.
VOLTMETER MONITOR

RANGES:  10V or  100V dc  lu l l  sca lo  fo r  in te rna l  dc  b ias .
1000V dc full scale for oxternal dc bias.

ACCURACY:  t57o o f  lu l l  sca le .
PROTECTION RESISTOR

Used to protect sdmple and Internal dc source trom damage by
larg€ charge currents.

INTERNAL:1  kQ.
EXTERNAL:  Res is to r  may be  us€d to  reduce chargs  t ime.

WARNING LAMP
{nd ica tes  'DANGER'  when dc  vo l tage across  unknown is  h igher

than 1.5V do.
ANALOG OUTPUTS

CAPACITANCE OUTPUTS
1V dc  a t  any  tu l l  sca le  rang€:  to r  use  w l th  ana log  compara tor .
lV  dc  or  0 .3V dc  fu l l  sca ls :  fo r  uso  w i th  DVM.

ACCURACY:

Capac l tance Ran(te Full Scals

Tan 6 1 pF to  100 mF 300 mF
0 t o  r t (1 .57o o t  r€ad ing

+ 0 5olo of full scale)
t3% o f  fu l l  sca le

0 t o 5 t ( l .57o  o f  read lng
+ 1 5olo of tull scale)

t4% o f  fu l l  sca le

OUTPUT IMPEDANCE:  Less  thAn 1 .5  KQ.
OVERRANGE: 2570 ot lull scale.
RESPONSE TIME:  Typ ica l l y  0 .5  e . '
LOSS ANGLE (6)

Analog output voltage vs 6: 0.1Vldegree.

t a n  o d Output voltago

0 to 0.5 0' to 26 6' (0 to 2.66V dc) +0.13V dc

0.5 to 5 26.6' to 78 7" (2.66 to 7.87V dc) t0.3V dc

RESIDUAL NOISE:  40  mV p-p  max imum
RESPONSE TIME:  Typ lca l l y  0  6  s . '

GENERAL
TEMPERATURE RANGE:  0 'C to  50 'C.
POWER: 115V or 230V t10o/o, 50 Hz to 400 Hz, approx.35 W.
DfMENSIONS:  7 -25132 in  w lde ,6-17132 In  h lgh ,  12  in  deop

(198 x 166 x 305 mm).
WEIGHT:  Not  11  lb  (4 ,8  kg) ,  sh ipp lns  1s  lb  (6 ,8  ks) .

ACCESSORIES FURNISHED
160:15A iest cabls with four all igator cllps.
16036A test cablo wilh two all igator clips
7-foot powsr cable wlth NEMA plug.

PRICE IN U.S.A. :
HP Model €50A, $880.
HP Model 4{1508. $775.

MANUFACTURING DlV lS lONr
YOKOGAWA-HEWLETT-PACKARD, LTO,
9-1 Takakura-cho
Hach loJ i -sh i ,  Tokyo,  Japan

'l l measutement wlth dc blas ls rcqulrcd sdmple should be allowed
to cherce ptior lo rcading-

Capac i tance Range Fu l l  Sca le

Tan 6 Range 1 !F  to  100 mF 300 mF

0 l o  I +3o/o +4o/"

1 t o s +4o/o +5o/"



Measuring True RMS AC Voltages
To 1OO MHz

By J. B. Folsom

Broadband measurements of true rms voltage
used to be costly or inaccurate or both.

UNTIL RECENTLY. GENERAL PURPOSE AC
VOLTMETERS FELL INTO TWO CATEGORIES:
analog instruments having midband accuracies of
1o/o or 2"/", and digital instruments with midband
accuracies of O.t"/" or better. The analog instru-
ments had the widest bandwidths and the lowest
prices. Those who wanted accuracy or resolution
better than about 1% were forced to use a digital
instrument. The digital instruments, in general,
were accurate 4- or S-digit dc voltmeters that in-
cluded ac converters. If the ac converter were one
of the 'average-detecting' or quasi-rms types, errors
of L'h or 2oh were stil l probable unless the wave-
form happened to be a harmonically-pure sine
wave for in some instruments, one or two other
specific waveforms]. If the converter were a true-
rms type such waveform-related errors were not
present, but it was even more expensive. The ini-
tial choice was quite simple: low accuracy or high
cost.

Thus the project which wound up with the HP
3403A and g+OgB True-RMS Voltmeters aimed at
a combination of features and capabilities previ-
ously unobtainable. The 100-MHz bandwidth tar-
get was 5 times that of even the widest band ana-
log types fexcluding, of course, the RF-only volt-
metersJ. Midband accuracy was to be better than
that realizable by anything other than very costly
true-rms digital types.

As developed, the 34034 [Fig. rJ in addition to
measuring true rms ac can also measure directly
the rms value of a waveform containing both ac
and dc, and it can measure the dc component
alone; the 34038 measures true rms ac only. A dB
option allows the choice of readings either in volts

or in dB; the dB reference is adjustable. Autorang-
ing is optionally available, as are systems features
(remote programming and control, and BCD out-
puts, isolated or notJ. The 34034 input connector
can be floated, a common need for dc or low-fre-
quency measurements. Input impedance is high, so
any of the usual voltmeter measurements may be
made. The block diagram is shown in Fig. 2.

Input Atlenuator
Although the characteristics of the input atten-

uator are respectable enough, they are not individ-
ually particularly unusual. What is unusual is that
characteristics which tend to be mutually exclu-
sive are achieved simultaneously. Consider this
combination of characteristics:
L. DC to 100 MHz bandwidth
2. Input impedance 10 Mo in parallel with 19 pF
3. 1000 V maximum input voltage (at any range

setting)
4. Remotely programmable

Attenuators designed for frequencies up to 100
MHz are usually low impedance [e.9. 50o), but
such an input impedance is not compatible with
the requirements of a general-purpose voltmeter,
which is often used to make measurements where
the source impedance may be as high as l-0a or
105 o, or where the voltage may be as high as 1 kV.

The 3403 attenuator is a typical RC design. The
100-MHz bandwidth was achieved only by paying
strenuous attention to all the stray capacitances
and inductances in the layout. Because of the high-
voltage remotely-control led switching required,
reed switches are used.

In keeping lead lengths as short as possible to
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f/rx 34034 TRUE RMS VOLTMETER
l l  L I V L E T T .  P A C K A R D

Fig. 1. Model 3403A 100-MHz true-rms Ac voltmeter

minimize inductances f in  one case the length of
the reed swi tch i tse l f  is  the l imi t ing factorJ,  com-
ponents are p laced physical ly  c lose to each other ,
and thereby st ray capaci tances are made larger .
The design was s impl i f ied somewhat  by the fact
that  the fu l l  100-MHz bandwidth isn ' t  necessary
on the h igh at tenuat ion set t ings;  the engineer who
needs to measure 1 kV at  100 MHz is  rare indeed!
An upper l imi t  o f  108 V Hz is  speci f ied.

Input  Conneclor

Even an item so apparently trivial as the input
connector  can present  problems when a t ru ly
general -purpose input  is  requi red.  For  f requencies

up to 100 MHz,  a coaxia l  connector  such as BNC
must  be used.  But  the typ ical  user  at  dc or  audio
f requencies is  accustomed to us ing the fami l iar
dual  banana jack,  and of ten wants to make meas-
urements where the common is  f loated by as much
as several  hundred vol ts .  A l lowing a BNC connector
to be f loated at  such vol tages presents an unaccep-
table safety hazard.

The solution to this dilemma is in arranging so
the input may be either BNC or floating, but not
both simultaneously. A special adapter is pro-

vided which changes the grounded BNC connec-
tion to a floating dual banana jack. Attaching the
adapter to the BNC input opens a microswitch
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which completes the ground path and therefore
precludes f loat ing when the adapter  is  not  used.

Input  Ampl i f ier

The input  ampl i f ier  [F ig.  S) ,  l ike the input  at tenu-
ator ,  is  unusual  not  because of  any s ingle character-
is t ic ,  but  because of  the combinat ion.  This inc ludes:
'1.. Input offset voltage temperature coefficient:

17O pY/"C
2.  Input  of fset  current :  (500 pA,  0 to 75 'C

[external ly  compensa ted)
3 .  Open  l oop  ga in :86  dB
4 .  Power  supp l y  re jec t i on :  >60  dB
That  sounds pret ty  much l ike a respectable FET-

Fig. 2. The basic design ot the
3403A is simple and straightlor-
ward. The pertormance ol the
instrument is largely due to the
capabilities ot the hardware
used. lncluded are HP-built
components uslng six dittetent
new technologies: 1) thin-f i lm
hybrid, 2) monolithic bipolar
(conventional),  3) monoli thic bi-
polar (high lrequency), 4) MOS
LSI monoli thic, 5) thin-l i lm vac-
uum thermopile, and 6) GaAsP
I i n h l - a m i l l i n a  d i a d o c

input  op-amp unt i l  we add the f ina l  i tem:
5.  Frequency response:  -+0.5 dB,  dc to 100 MHz

fGa in  : 5 ,  Eu " t : 0 .5  V  rms ,  R r , -704
paral le led by 10 pF)

To accommodate a 10-mV range,  the gain of  the
ampl i f ier  is  swi tched f rom 14 dB to Sa dB by swi tch-
ing the feedback network on the substrate.

An interest ing design problem was that  of  ob-
ta in ing good h igh- f requency grounds in a p lug- in
package.  For  ease of  use the dual- in- l ine p lug- in
conf igurat ion was desi red,  but  grounding was in-
adequate.  The soiut ion is  a metal  b lock which
serves as both ground path and heat  s ink.  The
ceramic substrate is  cemented into the U-shaoed

Fig. 3. lnput amplitier sinplilied
schematic The 3403 input am-
pl i l ier uses a combination ot
technologies 7he subslrale is
ceramic with laser-tr immed thin-
l i lm resistors and conductors.
Mounted on the substrate in chip
lorm are JFET's, diodes, bipolar
lransislo/s, a high-lrequency
monoli thic bipolar IC, MOS ca-
^ ^ ^ i l ^ . ^  ^ ^ A  ^ ^ . ^ ^ i ^  ^pactLo ts ,  ano ce ta i l l tu  uapac l -

tors. Except for emilter-tollower
output drive the entire circuit is
dillerential.
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block, which is screwed directly to the hermetic
aluminum casting which houses the entire ac to dc
converter. The ground path is from the ceramic
to the heat sink (via leads at each corner of the
substrate) and from there to the casting. Thus the
package is essentially a plug-in but has ground
connections screwed to the casting. The heat-sink
block gives some important side benefits: heat
conduction to the casting is excellent and the sub-
strate is made nearly isothermal, all of which aids
in minimizing dc drift. The bathtub shape reduces
the possibility of damage due to handling during
fabrication by recessing the substrate.

For the 34038, or when the 3403A is used in the
ac mode, one might expect that the dc performance
of the input amplifier would not matter, but this
is not quite true. Because of the combination of
low and high frequencies which must be handled,
coupling capacitively to the amplifier load is im-
practical. A capacitor large enough to pass the low
frequency end of the spectrum would be out of
the question due to its high-frequency constraints.
Therefore the amplifier must stil l be dc-coupled.
Since any dc output heats the thermopile just as
well as does ac, the dc must be well controlled
even for measuring only ac. This is done by adding
a high-gain low-pass feedback path around the
input amplifier, so any dc at the output is fed back
to the input amplifier's second stage. The dc offset
at the output thus is reduced to the value of the
input offset of the feedback amplifier. In addition
to eliminating the effects of both the offset voltage
drift and offset current drift of the input amplifier
itself, the effect of any dc leakage of the input
coupling capacitor is also eliminated. When measur-
ing millivolts of ac while blocking hundreds of volts
of dc, the leakage of even a good capacitor can
become significant, particularly at higher tempera-
tures.

RMS Converter
The basic circuit of the true-rms converter [Fig. +)

is really quite simple; the departures from prior
designs are made possible primarily by hardware
produced by new technologies. The dual thermopile
originated as a variation of the optical thermopile
designed for the HP 8334A Radiant Flux Detector.'

The basic configuration was modified to use re-
sistive rather than radiant power input. Because
of the high sensitivity resulting from the multi-
junction thermopile, amplifier A, could be built
without using choppers. A' is a bipolar monolithic
amplifier tailor-made in-house for the application;
the chip also includes amplifier Ar. Since A' has

Fig. 4. frus RMS AC-DC convetter. Heat produced by the
signal power in the input hall of the dual thermopile drives
the input of amplilier A'. A' drives teedback halt until the
leedback signal equals the input signal; thus the output
dc equals the rms (heating) value of the input signal. At
low lrequencies, where the thermal time constant of the
input halt ls loo shorf to tilter the thermopile output eflec-
tively, the ac feedback path through Az provides necessary
tiltering.

a square-law device fthe feedback thermopile) in
its feedback path, the closed loop gain of the combi-
nation of those two elements has a 'square-root-law'

characteristic. If A' were a linear gain element, the
ac feedback signal would also be related to the in-
put level by the square root, with the result that
the effective time constant of the circuit would be
inversely proportional to the signal level. Therefore
A, is made approximately square law, giving a time
constant independent of level. It is interesting to
note that the lower limit of frequency which the
converter can handle is determined only by prac-
tical limitations on the size of the feedback capaci-
tor. The minimum frequency of the standard 34034
is 2 Hz [1 Hz can be measured accurately if the
input contains little or no dcJ. Special versions can
be built extending the lower limit by as much as a
decade,

As with conventional thermocouples, the thermo-
pile can be easily burned out if the input element
is overdriven. The output of amplifier A, is used
to prevent burnout via a circuit which switches off
the power supplies to the output driver stage of
the input amplifier whenever the voltage generated
by the input thermopile exceeds a given level.

dB Option
With this option, the reading can be displayed

either in voltage or in dB, In the dB mode, the dis-
play is normally in dBV (0 dB:1 volt). To accom-
modate other dB reference levels, two controls are
provided, a 'dB Reference' control and a 'dB Cal'
screwdriver adjustment. By turning the 'dB Ref-
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e reuce '  con t ro l  f r om the  de te r - r t ed  'Ca l '  pos i t i on ,
t he  re fe rence  l eve l  can  be  sh i f t ed  downward  more
than 10 dB.  This means that  any arb i t rary level  on
any range can be made to read e i ther  0 dB or  some
mul t ip le of  10 dB.  This can be very convenient
r vhen ,  f o r  i ns tance ,  a  f r equency  response  i s  meas -
u red .  The  'Ca l '  pos i t i on  o f  t h i s  con t ro l  can  i t se l f  be
adjusted approximately  3 dB by us ing the 'dB Cal '
adjust rnent ,  enough to change the detented posi t ion
to  0 .775  V  [0  dBm,  6000 ) ,  wh i ch  i s  a  common ly
used refcrence level .  By us ing both contro ls ,  thc
0  dB  l eve l  can  be  se t  as  I ow  as  0 .224  V  [0  dBm,
5001.  A s impl i f ied schemat ic  of  the dB opt ion 's  Log
Converter  is  shown in F ie.  5.

dB Display Ranging

As in most  d ig i ta l  vo l tmeters,  the basic  ranging
method involves changing the input  at tenuat ion or
gain by factors of  10 and changing the decimal
point  and/or  uni ts  d isp layed.  However,  when the
display is  to  be in  dB,  a d i f ferent  scheme must  be
used,  s ince a change of  one range requi res the d is-
p lay to change bv 20.0 dB.  F ig.  6 shows how an
internal ly-produced d ig i ta l  IC,  bui l t  in to the Dig i ta l

Fig. 5. Log Converter uses thP
log ar i th m i c re I  at ion sh i  p between
base-emitter voltage and col lec-
tor culrent:

,  - ,  l ^  q V t ,  - r  \t c_  r ,  
\ | '  nKT 

,  
I

For lorward-biased tunctions the
1 is negl igible and the input to
the second ampli t ier can be writ-
len as

v r r ,  -  v r e r -  
n K T  (  l n ! : '  - t n  l " \

- -  q  \  1 . ,  l " l

5 / D C €  / a 1  :  
-
n l

Q ^ t \
and  e " r :  _  ,  lVe r r_  V r r ,  l ,

H r \  I

Ba  nKT
R t q

(  r ,  *+ -n! : ' \
1  H r L z  I ' z  I

fransislors Q' and Q, are labri-
. a t F r l  a q  n s , t  n l  e  m n n n l ; t h i C  b i -

polar lC which includes circuitry
that maintains the chip lempera
ture at a constant value Thus
the rat io 1,,/1,,  rs f ixed, as is the
ga in  cons tan t  nKT/q  The dB
. ^ r ^ . - - ^ ^  t ^ . ^ t  : ^  ^ ^ - , ' . .  s h i l l e dt  Y t c t  c t t u v  r g v c l  r J  s d J t / y  r

by vary ing ei ther R'  or  l . t  (v ta Rz)

Panel  Meter ' ,  is  used to add or  subtrac i  increments
o f  z o  d R .

Mechanical  Design

To as great  an cxtent  as was physical ly  possib le,
each  o f  t he  f unc t i ona l  b l ocks  was  made  a  p lug - i n
rnodule or  p lug- in PC board.  Removal  of  the s ide
cove rs  a l so  re leases  the  bo t tom cove r ,  g i v i ng  access
to a l l  thc p lug- ins.  Thc power supply,  for  example,
can be separatcd f rom the rest  of  the inst rument
and  ope ra ted  i ndependen t l y  by  remov ing  two
scre\vs and unph-rgging i ts  PC board edge connector ;
the two rv i res to the power swi tch are the only
rema in ing  t i e .  Sa fe t y  requ i remen ts  p reven t  t hese
from being run through the PC boards.

AC Converter

The AC Converter  Assembly is  a complete ly  sel f -
conta ined moclu le,  compr is ing a l l  those funct ions
ins ide  the  do t ted  l i ne  on  the  b lock  d iag ram.  Excep t
for  the input  s ignal  i tse l f ,  a l l  the connect ions to
th i s  modu le  a re  dc :  dc  ou tpu t ,  power  supp l i es ,  and
programming logic  l ines.  To prevent  RFI ,  the at tenu-
ator ,  input  ampl i f ier ,  and thermopi le  rvere bui l t
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within a closed metall ic container [Fig. 6]. This con-
tainer is a casting, which was expanded in size to
include the entire ac-dc conversion function. The

Fig. 6. Ranging ol dB display A single MOS chip, a serial
adder, performs display ranging in the dB mode Signals
lrom range-switching circuits command the adder chip to
add or subtract 20, 40 or 60 dB to or trom the serial BCD
generated by the A-D Converter of the digital panel meter

Fig,7. AC converter assembly Aluminum casting is her-
metically sealed to prevent high-frequency humidity prob-
lems. lnside is the thin-film thermopile and the dc-to-
100 MHz thin-film hybrid IC amplitier.

ln put

ih
Ft

casting was designed to be hermetically sealed,
eliminating the problems which normally occur in
such high-impedance circuits under high-humidity
conditions. From the block diagram it may be seen
that this protection encompasses most of the instru-
ment's crit ical analog circuits.

Rear Input

Especially in systerns applications it 's desirable
to have the input on the rear of the instrument, In
most  vol tmeters th is  is  accommodated by some
special adaptation, which usually involves some
cabling from the front to the rear of the instrument
and sorne sacrif ice in performance at higher fre-
quencies.  Where a h igh- impedance 100-MHz input
is involved, such an approach is simply out of the
question. The 3403 solution to this problem is
unique.  The ac converter  assembly is  symmetr ica l
about the connector fon the back of the castingJ
which is its t ie to the instrument's motherboard;
moreover it is symmetrically located with respect
to the front and rear panels. To obtain a rear input
to the inst rument ,  the AC Converter  Assembly is
simply unplugged from the motherboard, turned
end-for'-end, and replaced into the instrument. The
input characteristics and the frequency response
are unaffected by the change.
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S P E C I F I C A T I O N S
HP Model 34034

T.ue RMS Vollmele.

l0  hV and 100 EV r6nqes:20  Mot lo% shun l€d  by  14  pF

10 MHz and 100 MHz:  Tab l6  q ives  max lmum load ing  across

AANGES

F U L L  R A N G E  D I S P L A Y :  F r o m  1 0 0 0  n V  ( a c  o n l y )  l o  1 0 0 0  V  i n  6

O V E R R A N G E :  > 9 0 %  o n  a l l  r a n q e s  e x c a p t  a s  l i m r l e d  b y  m a x  i n p u l

R A N G I N G  I N F O F M A T I O N :  F r o n t  p a n e l  a n n u n c i a l o 6  i n d i c a l 6  o ! € r

ranqo (appror 190o/q ol l l l l  ranse) of uhd€ranse (appror 17olo

A C  F F E O U E N C Y  F A N G E i

S l o w  r e s p o n s e  2  H z  l o  1 0 0  M H z

F a s l  r € s p o n s e : 2 5  H z  l o  1 0 0  M H 2

E E S P O N S E  T I M E  ( t o  w i t h  n  l 0  1 %  o t  i n p u t  c h a n q e ) :

F a s l  r e s p o n s e :  1  s

S l o w  r e s p o n s e  l 0  s

F s s l  . a s p o n s e :  4  r e a d i n 9 s  p e r  s

S l o w  r € s p o b s € : 1  r e a d i n 9  p e r  s

F U N C T I O N S

O C :  R e s p o n d s  t o  d c  c o m p o n e n i  o '  i n p u l  s i s n a l

A C :  R € s p o n d s  l o  k u €  r n s  v r l u 6  o f  a c - c o u p l e d  i n p ! t s i g n a l

A C  +  D C :  R e s r o n d s  t o  r r u €  r n s  v a l u e  o t  d c  a n d  a c  I n p u t  s i q n a l i

T E M P E R A T U F E  C O E F F I C I E N T :  0 1  x  r e a d i n s  a c c u r a c y / " C  o u !

s i d e  2 5 " C  1 5 ' C  l e h p e r 6 l u r 6  r a n 9 6

R E A D I N G  A C C U F A C Y  ( =  t  %  O F  F A N G E  1  %  O F  R E A D I N G )

O/O OF READING (FLATNESS)

DC

1

5

5

5

For  90  days  (25 'Ca5"C,  <9s% AH 17% or  rang€ io190% o l

C A U T I O N :  F r 6 q u e n c i € s  a n d  r a n q € s

l n v 6 l i d  r e a d i n g s  w d h o u t  r a n g i . g  i n d i c a l i o n
rdc + ac lunclion and slow respons€ lime only

INPUT CHAFACTEFISTICS
INPUI  IMPEDANCE

1 V to  1000 V r .ns€ :10  Mc t10% shunted  by  l8  pF !10%

MEASUREMENT FANGE:  103 dB (  43  dB V to  +60 dE V)
CALIBRATED dA FEFEFENCE.0  dB =  1  @0 V i  re rerence lev€ l
hay  be  se t  lo r  0  dBm {6000)  by  ad jus t ing  t ionr  pane l  dB car i -
b ra l ion  ad jus lmen l

VARIABLE da REFEFENCE:  Be lere .ce  leve l  may be  sh i l ted  down-
ward  l ron  ca l lb rar€d  pos i t ion  by  >13 dB

dB RECOROER OUTPUT:
Oulpu l  Vo l rase :200 mV lo r  20  dB
Output B€sistance: I kll 1500 !l

HP Model 34038
T.ue RMS Vollmelel

Spec  i rca l ions  ar€  iden l i ca l  ro  thos€ or  Mode l  34034 w i th  lo l low ing

AC FFEOUENCY FANGE:25 Hz ro  100 MHz excep l  10  mV ranqe
10 mV ranqe 50  H2 h in

F E S P O N S €  T I M E : 1  s
FUNCTIoNS:  AC v . l t s ,  ac  dA (oprona l )
INPUTT BNC srcunded lo  chassrs  nonf loa t ing

o iq i ia l  ou tpu l  (op l ion  002)
dB Oisp lay  (Op l ion  006)

GENERAL (borh moder6)
OPEFATING CONDITIONS:

Temp€ra lu re  Bange:0"C lo  50"C
H u m i d i l y :  . 9 5 %  R r l

FECOFDEB OUTPUT:
Oulpu t  Vo l laOe 1  V dc  open c i fcur l  lo r  lu l l  rang€ inpur
Oulpu l  Fes is la rce :1  k l l  a10%

POWER 115 V o .  230 V 110%,  43  H l  to  440 H2,35  VA mar inum
( inc lud ins  . l  op t ions)

INPUT TEFMINALS:  BNC konLp.n€ l  connec lo r  s tandard  lo r  Lo
and Hr  te rmina ls i  r€ar  pane l  connector  ava i lab le  by  in le r .a l l y
revers ing  pos i ron  o l  AC Conv6 i le r  Modu le

0 IMENSIONST 77a in  w id6  x  5  in  h iqh  x  9 / .  i .  deep
{197 x  127 r  23s  mm)

WEIGHT ( inc lud inq  a l l  op l ions) :  Ne1 11  lb  (5  ks ) i  sh ipp ins ,  l2  lb

2 tst to 20O Ha 2 1 ar t0ll ra.ge inpul

> 2 A O  H z  1 0 : 1  a r  l u l l  r a n q e  i n p l l

1000 V rms, 1500 p68k or 103 V-Hz on any range

5 0 0  v  d c ,  w h e n  i l o a l e d  w i l h  s p e c i a l  b a n a n a t o , B N c  a d a p l e r

N O F M A L M O O E  F E J E C T I O N  > 6 0  H z  ( 0 C  n o d e ) :  > 6 0  d S

E F F E C T I V E  C O M M O N  M O D E  F E J E C T I O N  6 0  H 2  ( w i l h  1  k t  u n b a r

a n c €  i f  e i l h e r  l e a d ) :

A c  o o d e :  > 6 0  d B

D C  6 o d e :  > 1 2 0  d B

o P t t o N s

A U T O F A N G I N G  ( O p t i o n  0 0 1 )

A U T o M A T I C  F A N G | N G  U p r a n s e  a t  a p p r o /  1 9 0 %  o r  r u l l  r a n g e l

d o w n r a n g e s  a t  a p p r o x  1 7 %  o t  l u l l  r a n q o

A U T O F A N G E  T I M E :

F a s l  r e s p o n s e : 1  s  p € r  r a n q €  c h a n g e

S l o w . o s p o n s e :  1 0  s  p o r  r a n g e  c h a n g e

D I G I T A L  O U I P I T  ( O p l i o n  0 0 2 )

O U T P U I  L I N E S .

4  l i n e  B C O  ( + 3 4 2 1  l o w  t u e ) ,

4  c o l ! m n s  t o r  m e a s u r € m e n l  m . g n i t ! d e

1  c o l ! m n  l o r  d e c i n a l  p o r n r  l o c a r i o n

I  c o  ! m n  t o r  p o l a r i r y  a n d  o u L o l r a n g e  i n l o . o a t  o n

I  c o l ! m n  l o r  l u n e l i o n

I N P U T  L I N E S :

P r i n l € .  H o l d - o l l

F E M O T E  C O N T F O L  +  O I G  A L  O U T P U T  +  A U T O F A N G I N G

P r o v r d e s  a  I  t e a t u r e s  o l  D i q i t a l  O u t p u l  a n d  A u l o r a n O i n g  p t u s  r e

m o l e  p r o q r a m f r i n g  o l  a l l  k o n t  p a n e l  l ! n c l i o n s

I S O L A T E O  D I G T T A L  O U T P U T  ( O p t i o n  0 0 4 )

I n  a d d i t o n  l o  l h e  r e a l ! r e s  o t  O p l i o ^  0 0 2 ,  p r o v i d e s  i s o l a l o f  b e

l w e e n  m e a s u r e m e n t  i n p u r  l e . h i n a l s  a n d  d i g i t a l  o u t p ! r  l r n 6 s
I S O L A T E D  B E M O T E  C O N T R O L  +  D I G I T A L  O U T P U T  +  A U T O

B A N G I N G  ( O p t i o n  0 0 5 )

Cohbines leatures ot Options 003 and 004

d S  D l s P u Y  ( o p l i o n  0 0 6 )

Opt lon  001 AUTORANGING
opl  o .  002 DIGITAL OUTPUT
Opnon 0G FEMOTE CONTFOL +  DIGITAL

OUTPUI  +  AUTORANGING
,OPI iON CO4 ISOLATED DIGITAL OUTPUT
'Op l io .oos  ISOLAIEO REMoTE CoNTROL +

DIGITAL OUTPUT + AITORANGING
'Opl ion  006 db  DISPLAY

'Op l ion  004,005,  006 are  ava i lab le  on ly  as  lac rory  ins ta l red  op t ions
HP s4O3B $1150

opt io .  002 o lG l rAL OUTPUT $150
Oprron  006 dB DISPLAY $250

i lANUFACIUFING OIVISIOi l :  LOVELAND DIVISION
415 Fouileenth Sreet, S W
Lov6rand, Colo.ado 80537

c i25
$t50

$290

$450
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