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A  P R E C I S I O N  A C - D C  D I F F E R E N T I A L  
V O L T M E T E R / D C  S T A N D A R D  W I T H  H I G H  V E R S A T I L I T Y  

A  v e r s a t i l e  n e w  i n s t r u m e n t  m e a s u r e s  a c  v o l t a g e s  w i t h  h i g h  a c c u r a c y  f r o m  
2 0  c / s  t o  T O O  k c / s  b y  c o m p a r i n g  t h e  u n k n o w n  t o  a  p r e c i s i o n  d c  v o l t a g e .  I t  
a lso  measures  dc  vo l tages  to  0 .02  % and supp l ies  h igh- reso lu t ion  dc  vo l tages .  

J.HE accuracy of ac voltage measure 
ments has always been tempered by the 
lack of a primary standard of ac volt 
age. It is thus necessary to measure ac 
voltages in terms of related dc voltages 
that in turn can be referenced to a 
basic standard. 

Highest accuracy in ac voltage meas 
urements is achieved by a substitution 
technique that uses vacuum thermo 
couples to relate theac toan accurately- 
known dc. Highly refined versions of 
this technique achieve accuracies of 
0.01% but painstaking, time-consum 
ing, laboratory procedures are required 
for this level of accuracy. 

A new instrument now makes it pos 
sible to make ac voltage measurements 
to better than 0.05% accuracy in fewer 
steps and without the environmental 
restrictions or precautionary measures 
required of thermocouple measure 
ments. The new instrument uses a pre 
cision rectifying circuit to convert the 
unknown ac directly to dc, and the re 
sulting dc is read to 5-plaÂ«' resolution 

by a differentia] voltmeter technique. 
The measurement is straightforward in 

Fig. Standard makes -hp- Model 741A AC/DC Differential Voltmeter/DC Standard makes 
highly differential measurements of ac voltages as well as serving as dc differential 
voltmeter and as stable source of dc voltages. As shown here, ac differential volt 
meter long is useful for calibrating oscillators and for making long term ampli 

tude, stability measurements. 

that the ac remains connected to the 
converter at all times and can be moni 
tored continuously. 

T H E  A C - D C  D I F F E R E N T I A L  
V O L T M E T E R / D C  S T A N D A R D  

Besides a precision ac-to-dc con 
verter, the new instrument, the -hp- 

Model 741A AC-DC Differential Volt 
meter/DC Standard, has the stable 
reference voltage source, precision re 
sistive divider, and sensitive null in 
dicator required for differential volt 
meter measurements,1 and it makes 
1 Robert  E. Watson, "A Combined DC Voltage Standard and 
D i f f e r e n t i a l  V o l t m e t e r  f o r  P r e c i s e  C a l i b r a t i o n  W o r k , "  
Hewlett-Packard Journal, Vol. 16, No. 9, May '65. 

Fig. 2. Basic elements of AC-DC Differential Voltmeter/ DC 
Standard. Function switch is set for ac differential voltmeter 
mode (AC &VM), in which \ull Meter indicates difference 
(differential) between Adjustable Reference Voltage and dc 

output of AC -to- DC Converter. In DC A I/A/ mode, meter 
reads difference bettreen fie/erenee Voltage anil voltage cor 
responding to dc input. Adjustable Reference Voltage becomes 
input to amplifier when instrument is in dc standard mode 
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1 0 ~  3 0  5 0  1 0 0 -  3 0 0 5 0 0  I k c / s  

FREQUENCY 
3  5  1 0 k c / s  3 0  5 0  1 0 0 k c / s  

Fig. 3. Typical accuracy of new ac differential voltmeter is 
shown here by curves which plot errors as a function of fre 
quency and of signal amplitude. Compensated ac-to-dc con 
verter enables high accuracy throughout wide frequency band. 

such measurements on either ac or clc 
voltages (Fig. 2). The instrument's cir 
cuits can also be switched to function 
as a highly accurate source of stable dc 
voltages, selectable over a range of 0 to 
1000 V. In addition, the instrument is 
useful as a precision power or a voltage 
amplifier, and as either an ac or dc: 
high-impedance, direct-reading elec 
tronic voltmeter. Obviously, the new 
instrument, which has many of the 
basic functional blocks of a secondary 
voltage standards laboratory, performs 
a variety of measurement and calibra 
tion tasks, as suggested by the capabili 
ties summarized in Table I. It achieves 
this versatility, however, at a cost con 
siderably lower than that of an assem 
blage of separate instruments of com 
parable accuracy. 

As an ac differential voltmeter, the 
new instrument is capable of reading 
sine-wave voltages greater than 50 mV 
with an accuracy of better than Â±0.05% 
of reading Â±0.01% of end scale within 
a frequency range of 100 c/s to 10 kc's. 
Over the full-rated range from 20 c/s 
to 100 kc/s, accuracy is Â±0.2% of read 
ing Â±0.01% of end scale. The instru 
ment is thus well-suited for measuring 
ac voltages in high accuracy amplifiers 
and servo systems, for measuring the 
stability of inverters and ac power sup 
plies, for calibrating oscillators, for 
measuring the turns ratio of transform 
ers, and for making many other preci 
sion ac voltage measurements. 

The instrument also responds to sig 
nals with frequencies higher than 100 
kc/s, providing indications to 500 kc/s 

Fig. 4. New -hp- Model 7 41 A AC /DC Differential Voltmeter/ 
DC Standard has low capacitance probe for ac input. Probe and 
dc input and output are floating. Four VOLTAGE SET controls 
set resistive divider and push-buttons concentric with VOLT 
AGE SET knobs select sensitivity of front panel meter. RANGE 
switch sets illuminated decimal point indicators. OVERLOAD 
indicator lights if input voltage exceeds selected range or if out 
put current exceeds selected limit. Overload protection to 1000 

volts is provided on all ranges. 

with accuracies typically better than 
5%. Stability remains high above 100 
kc/s and the instrument is thus useful 
for measuring the amplitude drift of 
oscillators and amplifiers with high 
resolution at any frequency up to 500 
kc/s. 

H I G H - I M P E D A N C E  I N P U T  

The accuracy of ac measurements is 
enhanced by the high-impedance probe 

attached to the instrument. The input 
capacitance of the 1 -megohm probe is 
less than 5 pF and this is at the point 
of contact with the measured circuit, 
three feet from the front panel. 

The low capacitance results from the 
use of a triaxial cable. The inner shield 
of the cable is driven in phase with the 
input signal to reduce the voltage dif 
ference between center conductor and 

TABLE i 
A B B R E V I A T E D  S P E C I F I C A T I O N S ,  - h p -  M O D E L  7 4 1 A  A C - D C  D I F F E R E N T I A L  V O L T M E T E R / D C  S T A N D A R D  
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Fig. 5. Amplitude stability of Model 741 A AC Differential Volt 
meter is shown here by measurements made simultaneously by 
two instruments on one 10-volt, 1-kc/s source during period of 

four volt To remove drift of source from results, source volt 
age was adjusted to standard level by thermocouple transfer 
measurement prior to each measurement. 

inner shield. Charging currents are 
thus reduced to negligible proportions. 
In high frequency ac measurements, 
the low input capacitance causes less 
error from source loading than does 
the more commonly-found instrument 
input capacitance of 25-50 pF, a figure 
which does not include the added, and 
often unknown, capacitance of con- 
necting cables. 

The low input capacitance is also 
important in measurements where 
capacitance loading is critical as, for 
example, in feedback systems where 
added capacitance might cause insta 
bilities by affecting the performance of 
stabilizing networks. The low capaci 
tance also makes it possible to measure 

high ac voltages without drawing 
overly large reactive currents. 

D C  M E A S U R E M E N T S  
As a dc instrument, the new AC-DC 

Differential Voltmeter/DC Standard 
may be used for precision dc voltage 
measurements on devices such as trans 
ducers, attenuators, thermocouples, 
and power supplies, either differen 
tially with 0.02% accuracy, or directly 
with 2% accuracy (see Table I). DC in 
put impedance is exceptionally high 
(>10Â° ohms) on all ranges regardless 
of whether or not the instrument is 
adjusted for a null reading. 

As a source of dc standard voltages 
from 0 to 1000 volts, the new instru 
ment, with its 0.02% accuracy and 6- 
place resolution on each of four ranges, 
is well suited for the calibration of digi 
tal voltmeters or other precision instru 
ments. An adjustable current control 
limits the output current within a 
range of 4 to 20 milliamperes for the 
protection of external circuits. The in 

strument also functions as a precision 
power amplifier with unity voltage 
gain or, when the output is taken from 
the rear-panel recorder output, as a 
voltage amplifier with up to 60 dB 
gain. 

A C  D I F F E R E N T I A L  V O L T A G E  
M E A S U R E M E N T S  

A block diagram of the new instru 
ment in the ac differential voltmeter 
mode of operation is shown in Fig. 7. 
To  make  an  ac  d i f fe ren t ia l  vo l tage  
measurement, the voltage derived from 
the highly precise resistive divider is 
bucked against  the  dc  output  of  the  
converter.  The resistive divider is ad 
justed by the front panel VOLTAGE SET 
cont ro ls  un t i l  i t s  ou tput  equals  the  
converted ac, as shown by the sensitive 
null meter. The sensitivity of the null 
meter, selected by the front panel SEN 
SITIVITY controls, can be made as high 
as 1 mV full scale. The setting of the 
res i s t ive  d iv ider  thus  ind ica tes  the  
value of the ac input voltage with high 
resolution. 

+ .01 

Fig. 6. Strip chart recording made during 24-hour period by 
Model 741 A AC Differential Voltmeter on 100-volt output of Holt 

Model 323 A Audio Voltage Standard at 10 kc/s. Voltage Stand 
ard has specified stability of Â±0.02% (10 seconds to 60 days). 
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Fig. 7. voltmeter block diagram of new instrument in ac differential voltmeter 
mode. To function as direct-reading ac voltmeter, meter circuit is switched to 
read (not output directly. Meter has low-drift amplifier (not shown) for 

increased sensitivity in either mode. 

A C - T O - D C  C O N V E R T E R  

The accuracies of ck differential volt 
meter measurements are determined 
primarily by the resistive divider and 
the reference voltage2, but in ac meas 
urements, these are overshadowed by 
considerations of the accuracy of the 
ac-to-dc conversion. An accurate ac-to- 
dc converter, usable over a broad 
bandwidth, therefore became a prime 
objective in the design of the new 
instrument. 

A simplified block diagram of the 
converter and related circuitry is 
shown in Fig. 8. A dc voltage equiva 
lent to the average value of the ac sig 
nal is obtained by integration of the 
half-cycle current pulses passing 
through diode D2. The converter thus 
responds to the average value of the 
input waveform but the high-precision 
circuit constants were chosen so that 
the smoothed dc equals the rms value 
of a sine wave input. 

Inaccuracies caused by the resistance 
change in the diodes, from 50 to 500 
ohms during a 10-to-l dynamic change 
in the input signal, have been made 
less than 0.01% by designing the ampli 
fier to have an effective output imped 
ance greater than 40 megohms. Diode 
capacitance, however, bypasses some of 
the signal at frequencies above 15 kc/s. 
This is compensated for by a low-pass 
filter in the feedback (Beta) network 
that attenuates the feedback signal at 
higher frequencies to increase the sys 
tem forward gain. High frequency loss 
in the diodes is also a function of signal 
amplitude, hence the filter cut-off fre 
quency is shifted according to signal 
amplitude. The change in cut-off fre 
quency is caused by a voltage-variable 

* See reference 1, page 2. 

capacitance that has been placed in 
parallel with the filter capacitance and 
which is biased according to signal 
level by a voltage derived from the dc 
output of the converter. 

With compensation thus obtained 
for both the frequency and the ampli 
tude of the input signal, it has been 
possible to achieve accurate ac-to-dc 
conversion that is linear over an am 
plitude range from 1/10 of full scale 
to full scale throughout a broad fre 
quency range (Fig. 3). With proper 
calibration procedures, it is possible to 
reduce errors to less than Â±0.03% of 
reading, Â±0.01% end scale between 100 
cps and 100 kc/s under normal labora 
tory conditions. 

L O N G  T E R M  S T A B I L I T Y  
Particular emphasis in the design of 

the new instrument was placed on 
achieving long term stability. Special 
high-frequency wire-wound resistors 
are used in the input attenuator and in 
circuit areas which determine amplifier 
gain stability. These resistors have tem 
perature coefficients of less than 5 

ppm/Â°C and, along with the large 
amount of negative feedback, have 
made it possible to design the ac-to-dc 
converter to have a typical stability of 
100 ppm/month, under normal condi 
tions, and to have a temperature co 
efficient of less than 10 ppm/Â°C be 
tween 0 and 40Â°C for frequencies up to 
10 kc/s. AC measurements may thus be 
made with stabilities that normally 
have been achieved only with dc meas 
urements, and without requiring a 
carefully controlled environment. 

The stability achieved by the instru 
ment is shown in Fig. 5, which is a plot 
of measurements on one ac voltage 
standard made simultaneously by two 
of the new instruments over a 4-month 
period. The record shows a long-term 
stability of Â±0.02% for each instru 
ment, and the maximum deviation be 
tween instruments is only 0.01%. 

Fig. 6 shows a 24-hour recording of 
the output of one instrument while 
connected to a laboratory ac voltage 
standard. The maximum deviation 
here, which also reflects the stability 

A C  I N  

DC OUT 

( V a r i a b l e  c a p a c i t o r  b i a s )  

Fig. current through of precision ac-to-dc converter. Half-cycle current pulses through 
diode D2 are integrated to obtain output equivalent to average value of ac input. 
Diode Dl restores charge withdrawn by D2 from capacitor C. Two diodes working 

together feed full waveform to feedback network. 
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of the standard, is 30 ppm. 
At higher frequencies, the stabilities 

of the high-frequency compensating ca 
pacitors influence overall instrument 
stabili ty.  At 50 kc/s,  stabili ty is typi 
cally better than 0.03%/month and at 
100 kc/s ,  i t  i s  typica l ly  be t ter  than 
0.1%/month. 

D C  F U N C T I O N S  
A block diagram of the new instru 

ment operating in the dc differential  
voltmeter mode is  shown in Fig.  10.  
The input voltage is applied directly 
to a summing point where it is opposed 
by the voltage output of the amplifier 
chain.  The amplif iers function as an 
automatic null-seeking system that as 
sures the equality of the two voltages. 
The dc input therefore has very high 
input impedance (> 109 ohms) and this 
input impedance is maintained at all  
t i m e s  o n  a l l  r a n g e s ,  r e g a r d l e s s  o f  
whether or not the measuring circuits 
are  adjusted for  a  nul l  reading.  The 
impedance of the source thus has negli 
gible effect  on the measurement and 
the accuracies of long-term measure 
ments are not affected by drift in the 
measured voltage. 

The output of  the amplif ier  chain,  
a t t enua ted  i f  necessa ry  to  wi th in  a  
range of 0-1 volts, is compared to the 

Fig. 9. Amplitude stability of new instrument in dc differential 
voltmeter mode plotted for period of four months while instrument 

monitored voltage of nine series-connected standard cells. 

output of the resistive divider and the 
resulting difference is displayed by the 
null  meter .  The resis t ive divider ,  ad 
justed to bring the difference to a mini 
mum, indicates the voltage with four- 
place resolution and the residual meter 
reading provides a fifth digit of read 
out. 

When the instrument functions as a 
dc standard, the resistive divider out 
put  becomes the  ampli f ier  input ,  as  
shown in Fig. 1 1. An output voltage is 
selected by choice of the desired range, 
which controls the amplifier gain, and 
by the setting of the four VOLTAGK si r 
switches. These provide the first four 
d igi ts  of  the  se lec ted vol tage  and a  
front panel VERNIER control provides 
the 5th and 6th digi ts ,  displayed on 
the front panel meter.  

Fig. 10. Circuit arrangement for dc differential uoltage measurements. AC ampli 
fier is photoconductive to low-drift dc chopper amplifier by addition of photoconductive 
modulator at input and synchronous demodulator at output. High-voltage ampli 
fier is at in, enabling input voltages of up to 1000 volts to be re-created at 
output. For use as direct-reading dc voltmeter, null meter is switched to read 

attenuated output voltage. 

In the dc voltmeter modes, the volt 
age at the input is re-created at front 
pane l  ou tpu t  t e rmina l s ,  bu t  w i th  a  
capability for supplying up to 20 mA 
of current.  The instrument therefore 
functions as  a  power amplif ier  with 
unity voltage gain and with the high 
dc input impedance that is  character 
istic of the dc voltmeter modes of op 
eration.  The instrument may thus be 
used to  supply power under  the  con 
t ro l  o f  low-power  dev ices ,  such  as  
standard cells. 

In  a l l  modes  o f  opera t ion ,  a  rea r  
panel RECORDER output supplies a volt 
age  (0 -1  V)  tha t  i s  d i rec t ly  p ropor  
tional to meter deflection. The instru 
ment thus also serves as a dc voltage 
amplifier with up to 60 cl B of gain (on 
the 1-volt range with x 1000 meter sen 
sitivity). Use of the RECORDER output 
also enables the instrument to serve as 
a precision ac-to-dc converter in the ac 
modes of operation. 

D C  S T A B I L I T Y  
The basic dc stability of the instru 

ment is  determined primarily by the 
1-V reference source, the resistive di 
vider  and the range st ick.  The large 
amount of feedback makes the ampli 
fier gains essentially independent of 
changes in the other parameters. 

The 1-V reference voltage is derived 
from a pre-aged Zener diode which,  
along with associated circuitry, is in 
stalled in a proportionally-controlled 
oven. The resistors have matched tem 
perature coefficients. The total instru 
ment  t empera tu re  coef f ic ien t  in  dc  
operation is less than 0.0003%/Â°C, en 
abling precision measurements to be 
made with confidence in the environ 
ment normally encountered in labora 
tory or production facilities. Each new 
instrument must exhibit  an accuracy 
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Fig. in In DC standard mode, output of resistive divider becomes in 
put to amplifier chain. Summing point compares input to attenuated 
sample of output taken from Range stick. Amplification by Â¡actors 

of 10 are thus obtained by use of RANGE switch. 

of better than 0.008% on all dc func 
tions if it is to pass final factory inspec 
tion. 

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

Wi l l i am G.  Smi th  
Fo l low ing  g radua t ion  f rom Utah  S ta te  

Un ive rs i t y  w i th  a  BSEE degree  in  1957 ,  
B i l l  S m i t h  j o i n e d  H e w l e t t - P a c k a r d  a n d  
worked on the  c i rcu i t ry  fo r  the  â€”  hpâ€”  
M o d e l  1 2 0 A  O s c i l l o s c o p e .  D u r i n g  t h i s  
t ime,  he  ob ta ined  an  MSEE degree  f rom 
S t a n f o r d  U n i v e r s i t y  i n  t h e  - h p -  H o n o r s  
Coopera t i ve  p rogram.  B i l l ' s  m i l i ta ry  com 
m iss ion  was  ac t i va ted  on  comp le t i on  o f  
h i s  g r a d u a t e  s t u d i e s  a n d  h e  s p e n t  t h e  
nex t  th ree  yea rs  a t tached  to  the  A rmy 's  
E n g i n e e r i n g  a n d  E v a l u a t i o n  S e c t i o n ,  
Whi te  Sands Prov ing  Grounds,  New Mex 
i co ,  i n  connec t ion  w i th  the  deve lopment  
of  the Sergeant  miss i le .  

B i l l  re jo ined  -hpâ€”  in  1961,  th is  t ime 
i n  t he  Eng inee r ing  Sec t i on  o f  t he  Love -  
l a n d  D i v i s i o n .  I n i t i a l l y ,  h e  w o r k e d  i n  
p o w e r  s u p p l i e s  a n d  t h e n  a s  p r o j e c t  
l eade r  on  the  Mode l  741A  AC-DC D i f f e r  
e n t i a l  V o l t m e t e r / D C  S t a n d a r d .  A t  p r e s  
e n t  h e  i s  G r o u p  L e a d e r  o f  t h e  a c  p r e c i  
s i o n  i n s t r u m e n t a t i o n  g r o u p .  B i l l  i s  a  
m e m b e r  o f  P h i  K a p p a  P h i  a n d  S i g m a  
Tau. 

Fig. 9 is a typical plot of readings 
made in the dc differential voltmeter 
mode on a bank of a standard cells over 
a 4-month period. Typical total instru 
ment stability is shown here to be 
Â±.001%/dayor Â±.002%/month. 

A C K N O W L E D G M E N T S  
The design and development team 

of the 741 A AC-DC Differential Volt 
meter/DC Standard consisted of Jerry 

L. Harmon, Robert B. Moomaw, Rex 
James, Fred L. Hanson, Gale C. Hamel- 
wright and the undersigned. The as 
sistance of Robert E. Watson pertain 
ing to the high dc input impedance has 
been most helpful. Appreciation is also 
extended to Marco Negrete for his 
many helpful suggestions and encour 
agement. 

-William G. Smith 

A D D I T I O N A L  S P E C I F I C A T I O N S  ( S e e  T a b l e  I )  
- h p -  M O D E L  7 4 1  A  A C - D C  D I F F E R E N T I A L  

V O L T M E T E R / D C  S T A N D A R D  
A C  D I F F E R E N T I A L  V O L T M E T E R  

N U L L  R A N G E S :  1  m V  t o  1 0 0 0  V  e n d  s c a l e .  
R E P E A T A B I L I T Y :  B e t t e r  t h a n  0 . 0 1 %  o n  a l l  

r a n g e s .  
L I N E  R E G U L A T I O N :  < Â ± 0 . 0 1 %  c h a n g e  f o r  

Â ± 1 0 %  l i n e  v o l t a g e  c h a n g e .  
T E M P E R A T U R E  C O E F F I C I E N T :  < 4 0  p p m / Â ° C  

f r o m  2 0  c / s  t o  5 0  k c / s ,  < 6 0  p p m / Â ° C  f r o m  
5 0  k c / s  t o  1 0 0  k c / s ,  b e t w e e n  0 Â ° C  a n d  
+50Â°C. 

D C  D I F F E R E N T I A L  V O L T M E T E R  
N U L L  R A N G E S :  1  m V  t o  1 0 0 0  V  e n d  s c a l e .  
R E P E A T A B I L I T Y :  B e t t e r  t h a n  0 . 0 0 1 %  o n  a l l  

ranges .  
L I N E  R E G U L A T I O N :  <  Â ± 0 . 0 0 2 %  c h a n g e  f o r  

Â ± 1 0 %  l i n e  v o l t a g e  c h a n g e .  
T E M P E R A T U R E  C O E F F I C I E N T :  < 3  p p m / Â ° C  

f r o m  0 Â ° C  t o  + 5 0 Â ° C .  
S U P E R I M P O S E D  A C  N O I S E  R E J E C T I O N :  

< 0 . 0 1 %  r m s  e r r o r  ( a b o v e  5 0  c / s ) ,  5 0 %  o f  
i n p u t  o r  2 5  V  r m s ,  w h i c h e v e r  i s  l e s s .  

H I G H  I M P E D A N C E  D C  V O L T M E T E R  
S U P E R I M P O S E D  A C  N O I S E  R E J E C T I O N :  S a m e  

a s  d c  d i f f e r e n t i a l  v o l t m e t e r .  
D C  S T A N D A R D  

O U T P U T :  F l o a t i n g  ( u p  t o  5 0 0  V ) .  
O U T P U T  C U R R E N T :  0  t o  2 0  m A ;  l i m i t e r  c o n  

t i n u o u s l y  v a r i a b l e  f r o m  4  t o  2 0  m A .  O v e r  
l o a d  i n d i c a t o r  l i g h t s  u p  w h e n  c u r r e n t  e x  
c e e d s  s e l e c t e d  l i m i t .  

L I N E  R E G U L A T I O N :  <  Â ± 0 . 0 0 2 %  f o r  Â ± 1 0 %  
l i n e  v o l t a g e  c h a n g e .  

L O A D  R E G U L A T I O N :  <  Â ± 0 . 0 0 2 %  o r  Â ± 5 0  Â ¡ i M ,  
w h i c h e v e r  i s  g r e a t e r ,  n o  l o a d  t o  f u l l  l o a d .  

T E M P E R A T U R E  C O E F F I C I E N T :  < 3  p p m / Â ° C  
f r o m  0 Â ° C  t o  + 5 0 " C .  

R E M O T E  S E N S I N G :  P e r m i t s  o u t p u t  r e g u l a t i o n  
a t  p o i n t  o f  a p p l i c a t i o n .  

N O I S E  A N D  H U M :  d c  t o  1  c / s ,  1 0 0  d B  b e l o w  
f u l l  s c a l e ;  1  c / s  t o  1  M c / s ,  1 0 0  d B  b e l o w  
f u l l  s c a l e  o r  2 0 0  / Â ¿ V ,  w h i c h e v e r  i s  g r e a t e r .  

D C  P O W E R  A M P L I F I E R  
B A N D W I D T H :  d c  t o  0 . 1  c / s .  
L I N E  A N D  L O A D  R E G U L A T I O N :  S a m e  a s  d c  

s t a n d a r d .  
N O I S E :  S a m e  a s  d c  s t a n d a r d .  
S U P E R I M P O S E D  A C  N O I S E  R E J E C T I O N :  S a m e  

a s  d c  d i f f e r e n t i a l  v o l t m e t e r .  

G E N E R A L  
R E C O R D E R  O U T P U T :  A v a i l a b l e  i n  a l l  m o d e s  o f  

o p e r a t i o n .  
R E C O R D E R  A M P L I F I E R :  R e c o r d e r  v o l t a g e  o u t  

p u t  d i r e c t l y  p r o p o r t i o n a l  t o  m e t e r  d e f l e c t i o n .  
6 0  d B  g a i n  ( m a x . ) ;  1  m A  i n t o  1  k  o h m  l o a d .  

P O W E R :  1 1 5  o r  2 3 0  V  Â ± 1 0 % ,  5 0  t o  1 0 0 0  c / s ,  
1 2 5  w a t t s  m a x .  

S I Z E :  N o m i n a l l y  1 6 %  i n .  w i d e  b y  7  i n .  h i g h  b y  
1 3 %  i n .  d e e p  o v e r a l l .  

W E I G H T :  N e t :  4 6  I b s .  ( 2 0 , 7  k g ) .  
S h i p p i n g :  6 0  I b s .  ( 2 7  k g ) .  

P R I C E :  - h p -  M o d e l  7 4 1 A :  $ 1 4 7 5 . 0 0 .  

P r i c e s  f . o . b .  f a c t o r y  
D a t a  s u b j e c t  t o  c h a n g e  w i t h o u t  n o t i c e .  
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A  2 0 0  k c / s - 5 0 0  M c / s  F R E Q U E N C Y  C O N V E R S I O N  U N I T  F O R  M I X I N G ,  
M O D U L A T I N G ,  P H A S E - D E T E C T I N G  A N D  L E V E L - C O N T R O L L I N G  

A  n e w  u n t u n e d  m i x e r  o p e r a t e s  o v e r  t h e  e x t r e m e l y  
w i d e  f r e q u e n c y  r a n g e  f r o m  2 0 0  k c / s  t o  5 0 0  M c / s  a n d  
u s e s  a  d o u b l e - b a l a n c e d  c i r c u i t  f o r  h i g h  v e r s a t i l i t y .  

J-JABORATORiES engaged in hi and vhf 
system and circuit development have in 
the past been forced to build mixers, 
phase detectors, and modulators as the 
need arose. Consequently, such units 
have generally been narrow-band, spe 
cial-purpose items and in most cases 
the engineering time was not available 
to obtain adequate information about 
their performance. The new mixer de 
scribed here has been designed to meet 
the varied needs of signal processing 
from 200 kc/s to 500 Mc/s with per 
formance that compares favorably with 
that which could be obtained in a spe 
cial-purpose unit. 

From 500 kc/s to 50 Mc/s this 50- 
ohm mixer typically provides a single- 
sideband conversion efficiency less than 
6 dB, flat within a small fraction of a 
dB, with a noise figure that does not 
greatly exceed this 6-dB value. A typi 
cal rejection of more than 50 dB for the 
high-level signal is obtained over this 
frequency range. This performance is 
approached on up to 500 Mc/s on any 
one of the ports. 

One of the ports of the mixer is cou 
pled to dc, thus allowing efficient oper 
ation as a low-noise phase detector, an 
amplitude or pulse modulator, and a 
current-controlled attenuator over the 
200 kc/s to 500 Mc/s range. 

C I R C U I T R Y  

The circuit shown in Fig. 2 was 
chosen for the mixer to minimize the 
feed-thru from any one port to another, 
to provide good impedance matching 
at the low-signal-level ports, and to 
allow for several different modes of op 
eration. The transformers were spe 
cially developed to provide very good 
balanced operation with a minimum 
of loss over the 200 kc/s to 500 Me s 
range. This balancing provides a mini 
mum of feedthru between any two 
ports. The circuit is arranged so that 
efficient use is made of the local oscil- 

M I X E R  

Fig. 1. New -hp~ 10514 A Bal 
anced Mixer, reproduced here 
at full size, gives high-per 
formance mixing over an ex 
tremely broad frequency range 

(200 kc/s-500 Mc/s). 

lator broadband power in that both 
halves of the input sine wave are load 
ed by the diodes. With this arrange 
ment the impedances at the "R" and 
"X" ports are not much greater than 50 
ohms. The discussion here assumes that 
the new mixer is used in a 50-ohm sys 
tem, but the use of a 75-ohm load at the 
IF, or "X," port should yield about the 
same results. 

The diodes used are a specially- 
selected quad of "hot carrier" diodes 
produced by hp Associates. These diodes 
are closely matched, so that only a rela- 
tively small amount of higher order in- 
termodulation products is produced. 
The diodes also have such a small 
amount of charge storage (short life 
time) that the mixing is not deterior 
ated by this factor even at 500 Mc/s. 

Fig. 2. Basic circuit arrangement 
of new broadband mixer. Circuit 
is double-balanced to permit effi 
cient conversion to sum and dif 
ference frequencies with little 
feedthrough of input signals and 
low generation of intermodula- 

tion products. 

C O N N E C T I O N S  

In all of the applications discussed 
here a nominal 5-mW level signal is fed 
into the "L" port. ("L" is a mnemonic 
designation alluding to "local oscillat 
or" or "large" signal.) The 5-mW signal 
level is, however, not critical in the 
mixing or phase detecting modes of op 
eration. For example, the conversion 
efficiency is decreased as the high-level 
signal is decreased as shown in Fig. 5. 
The "L" port has a useful frequency 
range of 200 kc/s to 500 Mc/s. 

The "R" port (for "rf" signal port) 
is the normal low-level input port for 
mixing and phase-detecting modes. For 
modulation applications, this port 
would normally be the output port. It 
has a useful frequency range of 200 
kc/s to 500 Mc/s. 

8 
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Fig. 3. Oscillogram of spectrum analyzer presentation show 
ing excellent carrier rejection in balanced modulator out 
put of new mixer. A 50-Mc/s signal is being modulated by 
a 1-Mc/s signal. Vertical scale is 10 (IB/cm so carrier re 
jection is well above 50 dB. Horizontal scale is 1 Mc/s/cm. 

Fig. 4. Dual-trace oscillogram showing balanced output of 
new mixer and the modulating waveform. Carrier was re 
inserted at balanced modulation output to obtain ordinary 
(noncarrier-suppressed) modulation, but ordinary modula 
tion (or control of output level) can also be obtained by 
applying a dc current with modulating signal. Modulating 

signal can be any frequency from dc to 500 Mc/s. 

The "X" pon ("X" standing for 
"sum or difference" signal) is the nor 
mal output port for mixing and phase 
detecting modes. For modulation and 
attenuation applications, however, this 
port would normally be an input port. 
It has a useful frequency range of dc: to 
500 Mc/s. With either polarity of dc 
applied there will be two diodes in par 
allel at this port, requiring care when 
using external power supplies. A peak 
limitation of 40 milliamperes (much 
less than 1 volt) is specified to protect 
the diodes. 

P E R F O R M A N C E  

When the new mixer is used as a 
phase detector or down-converting 

mixer, single-sideband conversion effi 
ciency like that shown (for a sample 
unit) in Fig. 6 can be expected. Note 
that the response is constant within 
Â±0.2 dB from 500 kc/s to 50 Mc/s. 
About 0.5 dB improvement in conver 
sion efficiency can be achieved by pro 
viding a short circuit at the undesired 
side-band frequency at the output port. 
Near the 3-d B response points about 
the same amount of improvement can 
be achieved by raising the high-level 
signal a few dB. For an up-converting 
mixer the response will be quite similar 
to that in Fig. 6 with the output fre 
quency taken as the abscissa. 

It is expected that this unit will find 
application as a component in single 

side-band systems. Fig. 3 shows the sup- 
pressed-carrier modulation perform 
ance obtainable in the hi frequency 
range. Note that the vertical scale is 
10 dB per cm, showing that the carrier 
is suppressed by well over 50 dB. With 
carrier suppression like this, the carrier 
rejection requirements placed on an 
associated single sideband filter are 
greatly reduced. Also, carrier rejection 
of this degree allows the possibility of 
generating a more than acceptable sin 
gle-sideband by the phasing method. 
Balance is a very important feature of 
the mixer and the specifications give 
limit feed-thru values which should be 
of interest for general signal-processing 
applications. These conservative levels 
show, for example, the amount of isola 
tion between the local oscillator and 
the IF port (in a receiver application) 
without the benefit of filtering. 

0 2 4 6 8  
A V A I L A B L E  P O W E R  ( D B M )  A T  " L "  P O R T  

Fig. mixer Single side-band conversion efficiency of a typical mixer 
as a function of power available from a 50-ohm source. Input 

signals at 1 Mc/s with lower-level input at 10 mV. 

1  1 0  1 0 0  l O O C  
F R E Q U E N C Y  O F  F L  A N D  F ,  I N P U T  S I G N A L S  ( M C / S )  

Fig. as Relative frequency response of a typical mixer used as 
a down-converting mixer. The lower-frequency input Fi. was at 
+ 7 dBm, the higher FK at â€”3 dBm. 0-dB reference was 5.3 dB 

conversion efficiency. 

â€¢ 9 
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(a) (b) 

Fig.  7.  mixer.  showing fast-pulse modulation performance of  new mixer.  
Modulating pulse is 0.1 psec wide, repetition rate is 1 Mc/s, carrier is 50 Mc/s. 
(a) shows clean rf pulses obtainable, (b) is (a) expanded 10 times to show more 
clearly the precise turn-on and turn-off capability of the mixer, (c) is a spectrum 
analyzer presentation of modulated carrier showing dispersion and envelope of 
spectral components on a log scale (10 dB/cm). (d) is a frequency expansion of 
(c) and more clearly suggests the use of pulse modulation with the mixer as a 
spectrum or comb generator. Vertical scale is 10 dB/cm and horizontal is 1 Mc/s /cm. 

The new mixer can be converted 
from a suppressed carrier modulator to 
an amplitude modulator (with good 
control of the amplitude level) by add 
ing some dc current with the modulat 
ing signa' (Fig. 4). The dc current can 
be adjusted to control the amplitude 
modulation level by unbalancing the 
diode bridge. 

The last application leads naturally 
to the thought of pulse modulation. 
The mixer's capabilities in this area are 
shown in Figs. 7(a) to (d). These oscillo- 
grams show the quality of pulse modu 
lation obtained using short, high-repe 
tition-rate pulses. A 1-Mc/s repetition 
rate, 300-mV, ICH-sec-wide pulse was 
applied at the "X" port, and a 500-mV, 
50-Mc/s signal at the "L" port. Fig. 7(a) 
shows the mixer output on a linear ver 
tical scale as a function of time with a 
2 X 10"7 sec Per cm sweep. Fig. 7(b) is a 
time expansion of this to show more 
detail at 2 X 10~s sec per cm. Fig. 7(c) 
shows the output on a log vertical scale 
as a function of frequency with a 7 
Mc/s per cm sweep. Fig. 7(d) is a fre 
quency expansion at 1 Mc/s per <ni. 

C U R R E N T - C O N T R O L L E D  
R F  A T T E N U A T O R  

As a straight current-controlled at 
tenuator the performance at 50-Mc/s 
is shown in Fig. 8. A 50-Mc/s signal 
at a level of +3 dBm (a larger input 
will result in greater insertion loss) was 

applied to the "L" port. The dc control 
current was then applied to the "X" 
port, and the output taken from the 
"R" port. Note the low insertion loss 
and the 50-dB range over which the at 
tenuation is highly linear with control 
current. The second harmonic content 
in the output in this mode of operation 
is quite low, as shown in Fig. 8, while 
the third harmonic can be easi ly 
blocked from following circuits by a 
simple filter. The 40-mA limit value of 
current mentioned earlier also applies 

(d) 

in this work and a series resistor of 
sufficient value should be used directly 
in series with the "X" port. 

For general signal processing, the 
mixer intermodulation product levels 
are of considerable interest. These sig 
nal levels are ordinarily troublesome to 
measure, so as a convenience to the 
user typical values are given in the 

1 0 " '  1  1 0  
D C  C O N T R O L  C U R R E N T  I N  M I L L I A M P E R E S  

4 0  1 0 0  

Fig. port) sig attenuation (solid line) at mixer output ("R" port) of a sig 
nal applied to "L" port as a function of a dc control current applied to "X" 
port. 50 also Fig. 4.) 0 dB is +3 dBm input level. Input signal is 50 
Mc/s. vs. lines show relative harmonic content in mixer output vs. 
control current for a typical mixer. 1 Mc/s inpu: signal level at +3 dBm. 

1 0  
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Fig. mixer Block diagram of measurement arrangement using new mixer 
in evaluating short-term stability of high-quality signal sources. 

specifications for distortionless inputs 
at a particular fK level with resistive 
terminations. This performance is sig 
nificantly better than that measured 
with other diode mixers evaluated. 
These intermodulation products are 
not a strong function of the high-level 
signal, but they are highly dependent 
on the low-level signal. A reduction in 
the low-level signal will greatly reduce 
the intermoduation levels. 

F R E Q U E N C Y  S T A B I L I T Y  M E A S U R E M E N T S  

When used as a phase detector, the 
new mixer is valuable in determining 
the short-term stability of high-quality 
signal sources. Two signal sources can 

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

Vic to r  E  Van  Duzer  
V i c  V a n  D u z e r  o b t a i n e d  a  B S E E  d e  

g r e e  f r o m  t h e  U n i v e r s i t y  o f  I l l i n o i s  i n  
1 9 5 7  a n d  a n  M S E E  d e g r e e  a t  S t a n f o r d  
U n i v e r s i t y  i n  1 9 5 9 .  H e  h a s  b e e n  w i t h  
H e w l e t t - P a c k a r d  f r o m  1 9 5 8  t o  p r e s e n t ,  
work ing  as  a  deve lopment  eng ineer  and  
.a  deve lopment  sec t ion  manager .  H is  de  
v e l o p m e n t  w o r k  h a s  i n c l u d e d  s a m p l i n g  
o s c i l l o g r a p h y ,  v e r y  f a s t  r i s e - t i m e  p u l s e  
generat ion,  and f requency synthes is .  Mr .  
Van  Duzer  has  pa ten ts  and  app l i ca t ions  
f o r  p a t e n t s  f i l e d  i n  t h e s e  a r e a s  o f  d e  
ve lopment .  

be applied to the mixer to translate the 
instability down to a lower frequency 
for easier evaluation. If the two signals 
are adjusted to the same frequency and 
to quadrature phase position, the out 
put phase noise can be monitored with 
a low-frequency analy/er for phase 
noise plots. A band-limited voltmeter 
can be used for a gross measure, as can 
a frequency counter for averaged time 
sample measurements (by providing 
some frequency offset of the signals to 
be checked). With a suitable low-noise 
amplifier placed after the mixer, the 
performance of the highest quality sig 
nal sources can be evaluated. A block 
diagram for this application is shown 
in Fig. 9. The DC LOCKING line is bro 
ken when a frequency offset is used for 
counter measurements. If the sources 
are both of the type to be evaluated, 
the noise power from each is generally 
considered equal and the results are 
improved by 3 dB to represent the per 
formance of a single source. 

E N V I R O N M E N T A L  P E R F O R M A N C E  

The mixer was designed to with 
stand adverse environmental condi 
tions. For less severe conditions this 
ability is generally considered a meas 
ure of reliability. This mixer has been 
type tested to meet its specifications 
over 0 to 55Â°C and thru five cycles of 
40Â°C and 95% humidity. Other tests 
include â€” 40Â°C to +75Â°C exposure, 
0.01 inch peak-to-peak vibration to 55 
cycles, 4 inch bench drop, and altitude 

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

M O D E L  1 0 S 1 4 A  
D O U B L E  B A L A N C E D  M I X E R  

I N P U T / O U T P U T  F R E Q U E N C I E S :  " L "  a n d  " R "  
p o r t s :  2 0 0  k c / s  t o  5 0 0  M c / s ;  " X "  p o r t :  d c  
t o  5 0 0  M c / s .  

M A X .  I N P U T :  4 0  m A  m a x .  
I M P E D A N C E :  D e s i g n e d  f o r  u s e  i n  a  5 0 - o h m  

s y s t e m .  
M I X E R  C O N V E R S I O N  L O S S :  

( A )  7  d B  m a x .  f o r  f L  a n d  f ,  i n  t h e  5 0 0  k c / s  
t o  5 0  M c / s  r a n g e  a n d  f x  f r o m  d c  t o  5 0  
M c / s  ( f L  l e v e l  a t  5  m W  a n d  f ,  l e v e l  l e s s  
t h a n  1  m W ) .  

( B )  1 0  d B  m a x .  f o r  f L  a n d  f R  i n  t h e  2 0 0  k c / s  
t o  5 0 0  M c / s  r a n g e  a n d  f x  f r o m  d c  t o  5 0 0  
M c / s  ( f L  l e v e l  a t  5 m W  a n d  f ,  l e v e l  l e s s  
t h a n  1  m W ) .  

N O I S E  P E R F O R M A N C E :  
8  d B  m a x .  n o i s e  f i g u r e  f o r  c o n d i t i o n s  o f  ( A )  

a b o v e  e x c e p t  f x  m i n .  f r e q u e n c y  o f  5 0  
k c / s .  

1 1  d B  m a x .  n o i s e  f i g u r e  f o r  c o n d i t i o n s  o f  ( B )  
a b o v e  e x c e p t  f x  m i n .  f r e q u e n c y  o f  5 0  
k c / s .  

l O - 7  v o l t s  p e r  r o o t  c y c l e  m a x .  a t  o u t p u t  f o r  
c o n d i t i o n s  o f  ( A )  o r  ( B )  e x c e p t  f x  a t  1 0  
cycles.  

M I X E R  B A L A N C E :  
A S  I N  ( A )  A S  I N  ( B )  

4 0  d B  f .  a t  R  w i t h  f .  r e f e r e n c  4 0  d B  
45  
4 5  
25  
'. 
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f L  a t  X  w i t h  f L  
f ,  a t  L  w i t h  f R  
f ,  a t  X  w i t h  f ,  

e f e r e n c  
e f e r e n c  
e f e r e n c  
e f e r e n c  
e f e r e n c  

f x  a t  L  w i t h  f .  
f x  a t  R  w i t h  f ,  

T Y P I C A L  C O M P R E S S I O N :  B y  f R 1  s i g n a l  p r e s  
e n c e  i n t e r f e r i n g  w i t h  f R (  s i g n a l  ( f L  l e v e l  
a t  5  m W ) :  

1  d B  f o r  f R !  l e v e l  o f  1  m W .  
1 0  d B  f o r  f R ,  l e v e l  o f  1 0  m W .  

I N T E R M O D U L A T I O N :  T y p i c a l  i n t e r m o d u l a t i o n  
p r o d u c t  p r o d u c t i o n  w i t h  f L  l e v e l  o f  5  m W  a n d  
f ,  a t  7 0  m V :  

P r o d u c t  L e v e l  r e f e r r e d  t o  f x  l e v e l  
2 f L - f ,  3 5  d B  
3 f L  -  2 f R  7 0  
4 f L  -  3 f ,  7 0  
5 f L  -  4 f R  8 5  
6 f L  -  5 f R  9 0  
7 f L  -  6 f R  1 0 0  
2 f ,  -  f L  6 0  d B  
3 f R  -  2 f ,  5 5  
4 f R  -  3 f L  8 5  
5 f ,  -  4 f L  7 5  
6 f ,  â € ¢  5 f L  9 5  
7 f R  -  6 f L  8 5  

C O N N E C T O R S :  B N C .  
D I M E N S I O N S :  2 . 3  i n .  x  0 . 6  i n .  x  1 . 8  i n .  

( 5 9  x  1 5  x  4 7  m m )  
M O U N T I N G :  T a p p e d  4 - 4 0  N C  h o l e  p a i r  o n  

2 . 0 6 2  i n .  c e n t e r s  o n  c o n n e c t o r  s i d e .  
W E I G H T :  5  o u n c e s  ( 1 4 0  g r a m s ) .  
P R I C E :  $ 2 5 0 . 0 0 .  
N o t e :  A l l  s p e c i f i c a t i o n s  a r e  f o r  5 0 S 2  t e r m i n a  
t i o n s  a n d  F L  l e v e l  o f  5  m W .  

P r i c e s  f . o . b .  f a c t o r y .  
D a t a  s u b j e c t  t o  c h a n g e  w i t h o u t  n o t i c e .  

to 15,000 feet while operating. One of 
the'most important environmental fea 
tures of this unit is the type test com 
pliance with rigid RFI specifications 
suchasMIL-I-6181D. 

â€” Victor E Van Duzer 
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5 0 0  k c / s - 5 0 0  M c / s  F R E Q U E N C Y  D O U B L E R  

f i t ]  
w ̂ "̂*"?BM JB <  *  â € ¢  â€¢ ... ,. ̂  

  \ 1 f t O \ J O M  V * f c . A  

D O U B L E R  I05I5A 

â€” .Â¿5 TO aacr MO 

Fig. 2. Basic circuit of new doubler. Use of 
balanced circuit achieves high rejection of 
first and third harmonics. Doubler can be 
used as a very broadband AC-DC con 

verter if no external dc return is used. 

Fig. 1. New â€”hpâ€” 105I5A Frequency Dou 
bler (shown actual, size) produces outputs 
from 1 to 1000 Mc/s from inputs of 0.5 to 
500 Mc/s and thus doubles the usable 
frequency range of existing signal sources. 

J.T is OI-TKN valuable to be able to in 
crease the frequency coverage of signal 
generators, frequency synthesi/ers and 
other signal sources. To permit this, a 
new broadband frequency doubler has 
been designed which operates on in 
puts from 500 kc/s to 500 Mc/s, yield 
ing outputs from 1 to 1,000 Mc/s. The 
doubler is extremely convenient (see 
photo), has a quite flat frequency re 
sponse with a 10-dB conversion effi 
ciency, and has high rejection of the 
first and third harmonics of the input. 

The doubler uses a pair of matched 
hot-carrier diodes in a circuit thai is 

oplimi/ed for use in a 50-ohm system. 
The frequency response of the output 
is typically constant within 1 dB from 
I to 1,000 Mc/s for input signals be 
tween 5 and 180 mW and an output 
load of 50 ohms resistive. On single 
frequency input, the rejection of the 
first and third harmonics of the input 
is typically greater than 30 dB relative 
to the desired output. This rejection 
applies for highest rated frequencies; 
for outputs in the region from 1 to 100 
Mc/s the rejection of the first and third 
harmonics is typically greater than 45 
dB, 

The device can also be used as a 
broadband ac-to-dc converter by oper 
ating it without an external dc return 
path. 

â€” Victor E \'<ni Itn-i-r 

Fig. 3. Dual-trace oscilloscope presenta 
tion of typical operation of new doubler 
showing relative absence of undesired out 
put components. Input (top) to doubler is 
a Â¡-volt, 500-Mc/s signal: corresponding 
1000-Mc/s output (lower) is delivered to 
external 50-ohm load. At lower operating 
frequencies the output will typically con 
tain somewhat more fourth harmonic and 
appear more like full-wave rectification. 

Fig. 4. Spectrum analyzer presentation of 
typical output of new doubler when driven 
by a 1-volt, 500-Mc/s input. First through 
fourth harmonics are displayed. Vertical 
scale is 10 dB/cm; thus more than 30 
dB rejection occurs for first and third 

h n r m n r j  f f .  

S P E C I F I C A T I O N S  
- h p -  

M O D E L  1 0 5 1 S A  
F R E Q U E N C Y  D O U B L E R  

F R E Q U E N C Y  R A N G E :  0 . 5 - 5 0 0  M c / s  i n p u t  
1 - 1 0 0 0  M c / s  o u t p u t  

I M P E D A N C E :  5 0  o h m  n o m i n a l  ( s o u r c e  a n d  
l oad ) .  

I N P U T  S I G N A L  V O L T A G E :  0 . 5 - 3 . 0  V r m s .  
I N P U T  S I G N A L  P O W E R :  1 8 0  m W  ( m a x . ) .  
C O N V E R S I O N  L O S S :  

< 1 2  d B  ( t y p i c a l l y  < 1 0  d B )  f o r  > 1  v o l t ,  
0 .5  to  50  Mc /s  i npu t .  

< 1 3  d B  ( t y p i c a l l y  < 1 1  d B )  f o r  > 0 . 5  v o l t ,  
0 .5  to  500  Mc/s  inpu t  

S U P P R E S S I O N  O F  1 S T  A N D  3 R D  H A R M O N I C  
O F  I N P U T :  

> 3 5  d B  f o r  0 . 5  t o  5 0  M c / s  i n p u t  ( t y p i c a l l y  
> 4 5  d B ) .  

> 2 0  d B  f o r  i n p u t  t o  5 0 0  M c / s  ( t y p i c a l l y  
> 3 0 d B ) .  

E N V I R O N M E N T A L  P E R F O R M A N C E :  T y p e  
tested toO-55Â°C, 40Â°C/95% humidi ty ,  and 
c o m p l i a n c e  w i t h  M I L - I - 6 1 8 1 D  i n t e r f e r e n c e  
s p e c i f i c a t i o n .  

D I M E N S I O N S :  
D I A M E T E R :  0 . 7  i n  ( 1 8  m m )  
L E N G T H :  2 . 5  i n .  ( 6 4  m m ) .  

C O N N E C T O R S :  
I N P U T :  B N C  m a l e .  
O U T P U T :  B N C  f e m a l e .  

W E I G H T :  A p p r o x i m a t e l y  2  o u n c e s  ( 5 6  g r a m s ) .  
P R I C E :  $ 1 2 0 . 0 0 .  

P r i c e s  f . o . b .  f a c t o r y .  
D a t a  s u b j e c t  t o  c h a n g e  w i t h o u t  n o t i c e .  

*  Wi th  Ã  50-ohm res is t i ve  load  and a  s ing le  inpu t  f re  
quency.  Suppression values are referred to the desired 
output level.  

W H I C H  D C  V O L T M E T E R ?  
T h e  m e a n i n g  o f  v o l t m e t e r  s p e c i f i c a  

t ions ,  techn iques  fo r  ca l ib ra t ing  h igh  ac  
c u r a c y  d c  v o l t m e t e r s ,  a n d  m e t h o d s  o f  
deal ing wi th  ext raneous no ise in  dc vo l t -  
tage  measurements  a re  some o f  the  top  
ics  d iscussed in  a  new app l ica t ion  note ,  
" W h i c h  D C  V o l t m e t e r ? " ,  a v a i l a b l e  w i t h  
ou t  charge  f rom Hewle t t -Packard .  Other  
a r t i c l e s  i n  t h e  a p p l i c a t i o n  n o t e  s u r v e y  
t h e  v a r i o u s  t y p e s  o f  a n a l o g  a n d  d i g i t a l  
d c  v o l t m e t e r s ,  r e v i e w  t h e  a d v a n t a g e s  
a n d  l i m i t a t i o n s  o f  e a c h  t y p e ,  a n d  c o m  
men t  upon  the  fac to rs  to  be  cons ide red  
in  se lec t ing a  dc vo l tmeter .  

T o  o b t a i n  a  c o p y ,  a s k  y o u r  n e a r e s t  
- h p â € ”  f i e l d  o f f i c e  f o r  - h p -  A p p l i c a t i o n  
N o t e  N o .  6 9  o r  w r i t e :  

Hewle t t -Packard Love land Div .  
P.O.  Box 301 
Love land,  Co lo .  80537 
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