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Low dis tor t ion of  output  waveform f rom new 10 c/s  -  10 Mc/s so l id-s tate Test  Osci l la tor  
is typically well below â€”40 dB throughout major part of broad frequency range. In addition 
to  low un i fo rm Tes t  Osc i l l a to r  has  exce l len t  amp l i tude  s tab i l i t y ,  un i fo rm f requency  re  
sponse ,  and  90 -dB  ca l i b ra ted  a t t enua to r  w i t h  bo th  50 -ohm and  600 -ohm ou tpu ts  f o r  
increased wideband measurement f lexibi l i ty. (This is Fig. 1 of art icle beginning on page 2.) 
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Maximum power output vs.  f requency of  typical  â€” hpâ€” Model 467A Power Ampl i f ier  is 
shown by upper  curve,  wh ich p lo ts  max imum vo l tage obta inab le  w i thout  waveform c l ip  
p ing.  input .  curves show output  vol tage vs.  f requency wi th constant  level  input .  General  
purpose power  ampl i f ie r  combines s tab le  DC-coupl ing wi th  response to  wel l  beyond 1  

Mc/s .  (Th is  is  F ig .  2  o f  a r t i c le  beg inn ing on page 5 . )  

SEE ALSO: 
CPS and HERTZ, p. 8 
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A  N E W  1 0 c / s - 1 0 M c / s  T E S T  O S C I L L A T O R  W I T H  
E N H A N C E D  O U T P U T  C A P A B I L I T I E S  

T h e  p e r f o r m a n c e  p o s s i b l e  w i t h  s t a t e - o f - a r t  t e c h n i q u e s  h a s  
b e e n  i n c o r p o r a t e d  i n  a  g e n e r a l - p u r p o s e  t e s t  o s c i l l a t o r .  

UNE OF THE workaday helpmates of 
many laboratories has been the -hp- 

Model 650A Test Oscillator, an instru 
ment that is widely appreciated as an 
easy-to-use, reliable, source of sine 
waves from 10 c/s to 10 Mc/s. By virtue 
of its 1,000,000 to 1 frequency range, 
the Model 650A has found extensive 
use as a basic laboratory tool in testing 
circuits in the audio, ultrasonic, video 
and radio frequency ranges, in wide 
band response testing of filters, trans 
formers and broadband amplifiers, or 
in just plain tinkering. 

Now, a new wide-range test oscilla 
tor, one that uses new solid-state com 
ponents to achieve improved perform 
ance, has been designed in the â€”hp- 
Loveland laboratories.  This l ight 
weight instrument likewise has a 10 
c/sâ€” 10 Mc/s frequency range, a 6-volt 
open-circuit output capability, and an 
output that is matched for 600-ohm 
loads, but it also has a second output 
capable of supplying up to 200 mW 

Fig. 2. Solid-state test oscil 
lator has wide frequency 
range and output flexibility 
required by laboratory ap 
plications. Accurate atten 
uator and monitor meter 
assure well-defined output 
power levels. New test os 
cillator has frequency and 
amplitude stabili t ies of  

high order. 

into a matched 50-ohm load. However, 
i t  is  not necessary that a load be 
matched to either output, as the oscil 
lator can drive any load impedance 
without distortion, including more 
than 60 mA rms into a short circuit. 

The amplitude of the signal deliv 
ered by the new oscillator is excep 
tionally stable, varying typically less 
than Â±0.1% from nominal in a 17- 
hour period (Fig. 3) . Stability of this 
constancy is especially appreciated 
when the oscillator is used as a power 
source for af or rf bridge measure 
ments or in other precision measure 
ments where small changes in the test 
signal amplitude could affect the 
measurement significantly. 

The oscillator has a highly accurate 
output attenuator with a range of 90 
dB in 10-dB steps, enabling the instru 
ment to supply calibrated voltages 
from 10 (U.V to over 3 V rms into 
matched loads from either output. An 
output monitor meter that is specified 

Fig. 3. variations of typical amplitude stability of new Test Oscillator shows variations 
less than Â±0.1% for 17-hour period. 

with regard to accuracy is included, a 
fact which places this new instrument 
in the class of signal generators, even 
though by convention it is called a 
test oscillator. 

In other respects as well, the new 
oscillator attains higher levels of per 
formance. The frequency response 
varies less than Â±2% and the distor 
tion is less than 1% over most of the 
frequency range. Short term frequency 
stability is typically within 10 ppm 
and total hum and noise is less than 
0.05% of the output. On the whole, 
the new oscillator supplies a high qual 
ity, stable waveform over a wide fre 
quency range. 

O U T P U T  I M P E D A N C E  

The 50-ohm output is of special 
interest because of the flexibility it al 
lows in oscillator usage. Transmission- 
line analysis has shown that the volt 
age at the far end of a lossless line 
matched to the source is independent 
of frequency and line length and, as 
long as the load is resistive, the output 
voltage is affected only by the ratio of 
the load and source impedances. If the 
load is reactive, the output is also af 
fected by frequency but is independent 
of line length. The oscillator thus may 
be brought directly to a distant load, 
in effect, simply by carrying the oscil 
lator signal on a cable matched to the 
oscillator output. 

The impedance of the load, whether 
reactive or resistive, whether high or 
low, has negligible effect on the per 
formance of the oscillator. The oscilla 
tor is able to drive any load impedance 
through either output without distor 
tion or frequency "pulling!' As men 
tioned previously, it can drive a short 
circuit, supplying undistorted current 
sine waves of more than 60 milliam- 
peres rms at any frequency through 
the 50-ohm output. 
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The instrument can be source-  
matched to any cable impedance Z0 
higher than 50 ohms simply by addi 
tion of an appropriate padding resistor 
Rs in series with the 50-ohm output 
(Rs = Z0 â€” 50). It is thus possible to 
use the oscillator for testing 135-ohm 
carrier system telephone lines and 900- 
ohm local subscriber loops as well as 
the 600-ohm program lines. 

O U T P U T  C I R C U I T S  

The wide-range output  a t tenuator  
has four 50-ohm pi-sect ions,  two of 
which  are  des igned for  30  dB of  a t  
tenuation, one for 20 dB and one for 
10 dB. The attenuator switch cascades 
the sections in various combinations to 
reach 90 dB attenuation in 10-dB steps. 
T h e  a t t e n u a t o r  i s  a c c u r a t e  w i t h i n  
Â±0.1 dB at all settings, an accuracy 
that makes the oscillator well-suited 
for measuring the range-to-range track 
ing accuracy of  AC voltmeters .  The 
frequency response of the attenuator 
is  f lat  throughout a frequency range 
well beyond that of the oscillator itself. 

The  average- responding  moni to r  
meter  reads the input  vol tage to the 
attenuator with an accuracy of Â±2% 
of full  scale and with a frequency re 
sponse f latness that  varies less than 
Â±1% from 20 c/s to 4 Mc/s. The flat 
response of the meter, in conjunction 
with the excellent amplitude stability 
and frequency response of the oscilla 
tor ,  makes  the  new inst rument  wel l  
suited for calibrating AC voltmeters 
over a wide frequency range. The os 
cillator need be calibrated at only one 
frequency, and it  may then be swept 
manually through the frequency range 
of an AC voltmeter to find any peaks 
or dips in the voltmeter response. Os 
ci l lator  response is  part icularly con 
s t an t  t h roughou t  t he  a l l - impor t an t  
audio range. 

CIRCUIT FUNDAMENTALS 

A block diagram of the new wide- 
range test oscillator is shown in Fig. 4. 
The master oscillator-power amplifier 
circuit configuration is used to isolate 
the  osc i l la tor  f rom the  load .  In  the  
oscillator section, positive feedback for 
sustaining oscillations is supplied from 
the osci l lator  amplif ier  to a  capaci-  

Fig. 4. Block diagram of Model 651 A Test Oscillator. 

tively-tuned Wien bridge that estab 
lishes the operating frequency. 

Negative feedback, which assures 
waveform purity by limiting the oscil 
lation amplitude to the linear operat 
ing range of the transistors, is applied 
through an amplitude-controlled cir 
cuit. Forward-biased diodes serve as 
variable resistances in the negative 
feedback path to control the feedback 
ratio, as in the popular -hp- Model 
204B 5 c/s-600 kc/s transistorized Os 
cillator.1 Diode bias is closely regulated 
by a circuit that derives a control sig 
nal from comparison of the oscillator 
output to the stable breakdown volt 
age of a zener diode. An exceptionally 
high degree of amplitude stability is 
thus achieved. 

The tight control of the output am 
plitude also contributes to the flat fre 
quency response, which is level within 
Â±2% between 100 c/s and 4 Mc/s, 
within Â±3% between 10 and 100 c/s, 
and within Â±4% between 4 and 10 
Mc/s. 

1  D a v i d  S .  C o c h r a n ,  
H e w l e t t - P a c k a r d  J o u  

' T h e  T r a n s i s t o r i z e d  R C  O s c i l l a t o r , "  
n l ,  V o l .  1 3 ,  N o .  5 ,  J a n . ,  1 9 6 2 .  

The power amplif ier  is  a lmost  
identical in design to the oscillator- 
amplifier, including a complementary- 
symmetry emitter-follower pair in the 
output stage, but it is capable of larger 
voltage swings and much more output 
power, up to 200 mW into a 50-ohm 
load. A potentiometer between the 
oscillator and the power amplifier pro 
vides more than 20 dB of continuous 
amplitude control for interpolating 
between the steps of the output atten 
uator. 

S O L I D - S T A T E  C I R C U I T R Y  

While attaining the definite advan 
tages of reliability, ruggedness, light 
weight, and cool operation, the use of 
recently-developed solid-state circuitry 
in the new instrument has also realized 
important improvements in perform 
ance. The oscillator-amplifier, with the 
aid of new high frequency transistors 
and a boot-strapped differential ampli 
fier in the front end, has a frequency 
response that extends to 35 Mc/s at the 
3-dB point. The phase shift at 10 Mc/s 
thus is negligible, even when driving 

Fig. 5. is frequency stability of Model 651 A Test Oscillator at 5 Mc/s is 
shown for an 8-hour period. 

© Copr. 1949-1998 Hewlett-Packard Co.



Fig. 6. New -hp- Model 651 A Test Oscillator has cali 
brated outputs for either 50 or 600 ohms but can drive 
any load impedance without distortion throughout 10 c/s 
to 10 Mc/s frequency range. Options provide for out 
puts calibrated for and matched to higher impedances. 

Â£3= +2.0 
25Ã¨; +1.0 
Ã 2 5 g  O  
Â°=S~ -10 
2 ^ 1 - 2 . 0  
Â£Sg; -3.0 

Fig. 7. Typical frequency response of new wideband Test 
Oscillator with fixed setting of Amplitude and Attenu 
ator controls. Adjusting Amplitude control to main 
tain monitor meter at constant deflection enables output 
level to be held within better than 1% up to 4 Mc/s. 

the low impedance of the Wien bridge 
at that frequency. The advantages of 
the Wien bridge oscillator circuit, i.e., 
low distortion, high stability, and flat 
frequency response, are thereby made 

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

M O D E L  6 5 1  A  
TEST OSCILLATOR 

F R E Q U E N C Y  R A N G E :  1 0  c / s  t o  1 0  M c / s .  6  
b a n d s ;  d i a l  c a l i b r a t i o n :  1  t o  1 0 .  

D I A L  A C C U R A C Y  ( i n c l u d i n g  w a r m - u p  d r i f t  a n d  
Â ± 1 0 %  l i n e  v a r i a t i o n s ) :  
Â±2%, 100 c/s to 1 Mc/s 
Â ± 3 % ,  1 0  c / s  t o  1 0  M c / s  

F R E Q U E N C Y  S T A B I L I T Y :  T y p i c a l l y  1 0  p p m /  
m i n u t e .  

O U T P U T :  2 0 0  m W  ( 3 . 1 6  V  i n t o  5 0  o h m s ) ;  1 6  
m W  ( 3 . 1 6  V  i n t o  6 0 0  o h m s ) ;  6 . 3 2  V  o p e n  

D I S T O R T I O N :  L e s s  t h a n  1 %  1 0  c / s  t o  5  M c / s ,  
a p p r o x i m a t e l y  2 %  a t  1 0  M c / s .  

H U M  A N D  N O I S E :  L e s s  t h a n  . 0 5 %  o f  m a x i  
m u m  r a t e d  o u t p u t .  

O U T P U T  M O N I T O R :  V o l t m e t e r  m o n i t o r s  l e v e l  
a t  i n p u t  t o  a t t e n u a t o r  i n  v o l t s  o r  d B .  T o p  
s c a l e  c a l i b r a t e d  i n  v o l t s .  B o t t o m  s c a l e  c a l i  
b r a t e d  i n  d B .  
ACCURACY: Â±2% at  fu l l  sca le .  
FLATNESS: 

Â±1% at  fu l l  scale ,  20  c /s-4  Mc/s .  
Â±2% at  fu l l  scale ,  10  c /s-10 Mc/s .  

FREQUENCY RESPONSE: 
F l a t  w i t h i n :  Â ± 2 %  1 0 0  c / s  t o  1  M c / s .  

Â ± 3 %  1 0  c / s  t o  1 0 0  c / s .  
Â ± 4 %  1  M c / s  t o  1 0  M c / s .  

A M P L I T U D E  C O N T R O L -  2 0  d B  r a n g e  ( n o m i n a l ) .  
A T T E N U A T O R :  

R A N G E :  9 0  d B  i n  1 0 - d B  s t e p s .  
O V E R A L L  A C C U R A C Y :  Â ± 0 . 1  d B .  
Z 0  =  5 0  o h m s  a n d  6 0 0  o h m s .  

T E M P E R A T U R E  R A N G E :  0 Â ° C  t o + 5 0 ' C .  
S I Z E :  N o m i n a l l y  5 %  i n .  h i g h  x  1 6 3 / Â «  i n .  w i d e  x  

1 3  y ,  i n .  d e e p .  
W E I G H T :  N e t ,  1 7  I b s .  ( 7 , 6 5  k g ) .  S h i p p i n g ,  2 2  

Ibs. (9,90 kg). 
P O W E R :  1 1 5 V / 2 3 0 V  Â ± 1 0 % ,  2 0  w a t t s ,  5 0  t o  

1 0 0 0  c / s .  
P R I C E :  

- h p -  6 5 1 A ,  $ 5 9 0 . 0 0 .  
O p t i o n  0 1 :  O u t p u t  M o n i t o r  t o p  s c a l e  c a l i  

b r a t e d  i n  d B m / 6 0 0 n .  B o t t o m  s c a l e  c a l i  
brated in vol ts .  $615.00.  

O p t i o n  0 2 :  O u t p u t  i m p e d a n c e :  7 5  o h m  a n d  
6 0 0  o h m .  O u t p u t  m o n i t o r  t o p  s c a l e  c a l i  
b r a t e d  i n  d B m / 7 5 1 2 .  B o t t o m  s c a l e  c a l i  
brated in volts. $615.00. 

A C C E S S O R I E S  A V A I L A B L E  ( N o t  f u r n i s h e d ) :  
1 1 0 0 5 A  L i n e  M a t c h i n g  T r a n s f o r m e r  f o r  b a l  

a n c e d  6 0 0 - o h m  l i n e s ,  2 0  c / s - 4 5  k c / s  
( $ 8 0 . 0 0 ) .  

1 1 0 0 4 A  L i n e  M a t c h i n g  T r a n s f o r m e r  f o r  b a l  
anced 600-ohm or  135-ohm outpu t ,  5 -600 
kc/s ($60.00).  

1 1 0 0 1 A  C a b l e ,  m a l e  N B C  t o  d u a l  b a n a n a  
p l u g  ( $ 5 . 5 0 ) .  

11048B 50-ohm Feed- thru  Terminat ion 
($10.00). 

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  

"  Other output  impedances above 50 ohms avai lable on 
special  order.  

available up to 10 Mc/s. In the new 
oscillator, distortion is less than 1% 
from 10 c/s to 5 Mc/s and is no more 
than 2% at 10 Mc/s (see Fig. 1, front 
page). With total distortion products 
of this low order, the oscillator is well- 
suited for testing circuit linearity. Fre 
quency stability is as high as 10 ppm at 
5 Mc/s in a normal room environment, 
as shown in Fig. 5, and is even better 
than this at lower frequencies. 

Low impedance transistor circuitry, 
however, severely loads a capacitively- 
tuned Wien bridge at low frequencies 
where the impedance of the bridge is 
high. For instance, to oscillate at 10 c/s 
with a typical 600 pf variable air ca 
pacitor, the bridge resistors have to be 
about 26 megohms (f0 = 1 /27rRC). For 
this reason, earlier transistorized RC 
oscillators used fixed capacitors of rela 
tively large size and are tuned by vari 
able resistances of a value compatible 
with transistor circuitry. 

The field-effect transistor (FET) now 
makes available a solid-state circuit 
that has an input impedance of over 
2500 megohms. The low-noise FET in 
the new test oscillator is connected as 
a "source-follower the FET equiva 
lent of the emitter-follower, to couple 
the high impedance Wien bridge to 
the low impedance transistor ampli 
fiers on the low-frequency ranges. Thus 
it is that the new â€” hp- Model 651 A 
Test Oscillator can use a capacitively- 
tuned Wien bridge to span the entire 
frequency range from 10 c/s to 10 
Mc/s with an all solid-state oscillator- 
amplifier. 

M O N I T O R  M E T E R  
The monitor meter is driven by an 

amplifier that has a boot-strapped col 
lector load. The amplifier therefore 
functions as a linear high-impedance 

current source that is insensitive to 
temperature-induced changes in resist 
ance of the copper meter coil. 

The voltage scale of the meter is 
calibrated when either the 50-ohm or 
600-ohrn output is properly loaded. A 
50-ohm feedthrough termination (-rip- 
Model 1 1048B) may be used to obtain 
a calibrated output when driving high 
impedance loads. 

The dBm scale normally is cali 
brated to read the power delivered to 
a 50-ohm system, and optional meter 
circuits with the dB scale calibrated 
for operation with 600-ohm systems 
have been designed. Meter and attenu- 
ator circuitry for a 75-ohm output 
have also been designed and, on spe 
cial order, the instrument may be built 
for calibrated operation with higher 
impedances. 

G E N E R A L  
The backlash-free FREQUENCY dial 

has an indicia that lies in the same 
plane as the dial to eliminate parallax, 
thus achieving accurate setability and 
resetability. Accuracy of dial setting is 
better than 3% throughout the entire 
frequency range, including warm-up 
drift and Â±10% power line variations, 
and is better than 2% between 100 c/s 
and 4 Mc/s. 

A C K N O W L E D G M E N T S  
The design team for the new -hp- 

Model 651 A Test Oscillator consisted 
of project leader Noel Pace, product 
designer Kay Danielson, and electrical 
engineers Don Pauley, James Colwell, 
and the undersigned. Many helpful 
suggestions and ideas were provided 
by Marco Negrete. 

-Myles A. Judd 

A  b i o g r a p h i c a l  s k e t c h  o f  t h e  d e s i g n  l e a d e r s  
f o r  t h e  n e w  J e s t  O s c i l l a t o r  

a p p e a r s  o n  p .  8  
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A  L O W - D I S T O R T I O N  A M P L I F I E R  
S U P P L Y I N G  1 0  W A T T S  P E A K  
F R O M  D C  T O  B E Y O N D  1  M c / s  

A new  amp l i f i e r  has  su f f i c i en t  
bandw id th  to  enab le  i t  t o  se rve  

a t  dc  o r  RF and su f f i c ien t  power  to  
be  used  as  an  e lec t ro -mechan ica l  d r i ve r .  

Â£\. WIDE-BAND power amplifier can per 
form a number of useful functions in 
instrumentation set-ups. It can increase 
the signal power from oscillators or 
other signal sources for directly driv 
ing long transmission lines, galvanom 
eters, magnetic tape recording heads, 
memory cores, transducers, or other 
electro-mechanical devices. It can serve 
as an RF power amplifier and, if it 
also has dc capability, it is useful as a 
data amplifier or as a driver for ser 
vomotors in breadboard set-ups. 

In response to the demand for an 
amplifier that has both power capabil 
ity and wide frequency response, a new 
wideband power amplifier has been de 
veloped in the -hp- Laboratories. This 
amplifier has a rated ac power capabil 
ity of 5 watts over a frequency range 
from 0 to beyond 1 Mc/s, and at dc or 
on ac peaks it is capable of 10 watts 
output. It has an output impedance 
that is virtually zero, actually less than 
0.005 ohms in series with 1/tH, and it is 
thus able to drive practically any load 
impedance within its 40 volt and 1 am 
pere peak-to-peak ratings. 

The gain of the new amplifier is con 
trolled by a front panel switch in four 
steps, X 1. X 2, X 5, X 10- Gain ac 
curacy is within 0.3% of the indicated 
setting for the fixed gain positions but 
a variable position allows selection of 
any value of gain between 0 and 10. 

Distortion in the new amplifier has 
been held to an extremely low level. 

Fig. dc New Model 467A Power Amplifier (foreground) combines dc 
coupling and greater than 1 Mc/s response with power capability. Here 
it increases output power of test oscillator for driving synchronous motor 
in frequency response test of photodetectors. New amplifier also serves 

as Â±20 V, J/2~amP power supply. 

Distortion is less than 0.01% at 1 kc/s, 
even at full power output, and at 100 
kc/s, it is less than 1%. Amplitude lin 
earity is within 0.01% at a full output 
of 1 ampere peak-to-peak from dc to 
1 kc/s, and within 0.5% up to 100 kc/s. 
In addition, the dc drift is low, the out 
put level changing less than Â±0.01% 
of the full scale range per degree C. 

A C C I D E N T - P R O O F  

The amplifier is designed to be vir 
tually indestructible from overloads or 
abnormal signal levels, a desirable fea 
ture when it is to be used for bread 
board applications in the laboratory. 
It survives without damage input volt 

ages as high as 200 volts p-p and is not 
at all harmed by short circuits across 
the output terminals. To protect deli 
cate components that may be con 
nected to the output terminals, special 
circuitry is included to eliminate turn- 
on and turn-off transients. 

D C  P O W E R  S O U R C E  

The amplifier also serves as a power 
supply capable of supplying Â±20 V 
with a regulated output that changes 
less than 10 mV for a 0-to-i/2 ampere 
change in output current. Because of 
its dc coupling, its low output imped 
ance and i/2-ampere dc capability, it 

Fig. Amplifier. Graph shows typical dc stability of new wideband Power Amplifier. 
(Noise at output is independent of gain setting.) 

Fig. 4. Oscillogram shows typical step re 
sponse of new Power Amplifier driving 
40-ohm load for both positive and negative 
1-volt steps at input. Sweep speed: 0.1 

f-s/cm; vertical sensitivity: 5 V /cm. 
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Fig. Power Simplified block diagram of -hp- Model 467 A Wideband Power 
Amplifier. Use of separate pre-amps for low and high frequencies in 

sures wideband response with dc stability. 

â€¢was a simple matter to increase the am 
plifier's versatility in this way simply 
by including a reference voltage in the 
circuit design to control the output 
voltage.  The reference voltage is  
switch-controlled from the front panel, 
allowing the full scale power supply 
output to be set from Â± 1 V to Â± 20 V. A 
vernier control provides 0.1% resolu 
tion in each position. 

An interesting characteristic of the 
instrument as a power supply is that 
the vernier control can sweep continu 
ously through the whole range from 
maximum negative to maximum posi 
tive volts. The output voltage polarity 
may thus be changed without switch 
ing or lead changing, a useful feature 
in semiconductor diode testing, for ex 
ample, where a continuous sweep from 
reversed bias to forward bias is re 
quired. 

C I R C U I T  D E S I G N  C O N S I D E R A T I O N  

The new Power Amplifier has sepa 
rate pre-amplifiers for the low and 
high frequencies, as shown in the block 
diagram of Fig. 5. This allows the tran 
sistors in the high frequency pre-amp 
to be biased for optimum high fre 

quency performance while at the same 
time the transistors in the low fre 
quency pre-amp can be operated at 
low current levels to minimize drift. 
Thus, low dc drift and flat high fre 
quency response are both obtained. 
Over 80 dB of feedback is employed in 
a multiple-loop circuit configuration 
to maintain low distortion and stable 
gain. 

The dc stability of the new amplifier 
is shown by the strip chart recording in 
Fig. 3. The excellent high frequency 
performance is attested to by the step 
response shown in the oscillogram of 
Fig. 4. Risetime is faster than 0.2/Â¿s 
and there is no overshoot. The fre 
quency response is specified conserva 
tively as dc to 1 Mc/s, but this is at full 
power output with less than 3% distor 
tion. The frequency response plotted 
in Fig. 8 shows that the response is 
essentially flat to 1 Mc/s and that the 
3-dB points occur considerably above 
1 Mc/s, depending somewhat on the 
load. The power output capability as a 

function of frequency is diagrammed 
in Fig. 2 (on front page). This shows 
the maximum peak-to-peak voltage 
across a 40-ohm load that it is possible 
to obtain without waveform clipping. 
The maximum available output power 
in ;my event is not limited by thermal 
considerations but rather by peak 
available voltage and current. 

The distortion is plotted as a func 
tion of frequency in Fig. 6. This shows 
that the distortion is extremely low in 
the audio range, in fact so low that it 
is difficult to measure. Distortion is still 
well below 3% at 1 Mc/s. Phase shift 
vs. frequency is shown in Fig. 7. Here 
it is noted that the phase shift is less 
than 1% at 10 kc/s and is much less 
than 45Â° at 1 Mc/s. 

The basic gain of the amplifier is de 
termined by low-temperature-coeffi 
cient metal film resistors in the feed 
back networks and is accurate within 
0.1% at dc. In combination with the 
precision attenuator, this assures an 
overall gain accuracy of better than 
0.3% from dc to 1 0 kc/s. The input im 
pedance is 50 k ohms shunted by less 
than 100 pF capacitance. 

A relay in the output circuit delays 
connection to the output for a fraction 
of a second on turn-on until the ampli 
fier stabilizes. The same relay discon 
nects the output terminals on turn-off. 
This protects external circuitry from 
possible damage caused by output 
surges on turn-on or turn-off or by line 
power interruptions. Such surges, often 
overlooked in amplifier design, are 
otherwise difficult to avoid. The out 
put transistors are protected from 
damage resulting from any load condi 
tion, including short circuit, by inter 
nal current limited power supplies and 
convection-cooled heat sinks. 

Fig. while Harmonic distortion in output of typical amplifier while 
driving 40-ohm load with 40 V p-p sine wave (5 watts). 

FREQUENCY 

Fig. 7. Typical phase shift in new amplifier as a function 
of frequency for two values of load resistance. 

© Copr. 1949-1998 Hewlett-Packard Co.



lOOKC 

A P P L I C A T I O N S  

The high power capabilities and low 
output impedance of the new ampli 
fier make it useful in many applica 
tions. The low distortion level insures 

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

M O O E L  4 6 7 A  
P O W E R  A M P L I F I E R / P O W E R  S U P P L Y  

P O W E R  A M P L I F I E R  
V O L T A G E  G A I N  ( n o n - i n v e r t i n g ) :  

F I X E D  S T E P S :  x  1 ,  x  2 ,  x  5 ,  x  1 0 .  
V A R I A B L E :  0 - 1 0 .  r e s o l u t i o n  i s  b e t t e r  t h a n  

0 . 1 %  o f  o u t p u t .  
G A I N  A C C U R A C Y :  Â ± 0 . 3 %  f r o m  d c  t o  1 0  k c / s  

w i t h  l o a d  o f  4 0  o r  m o r e  o h m s .  
F R E Q U E N C Y  R E S P O N S E  ( o n  f i x e d  s t e p s ) :  

Â ± 1 . 0 %  f r o m  d c  t o  1 0 0  k c / s  Â ± 1 0 %  f r o m  
d c  t o  1  M c / s .  

O U T P U T :  Â ± 2 0  V  p e a k  a t  0 . 5  a m p  p e a k .  
D I S T O R T I O N :  L e s s  t h a n  0 . 0 1 %  a t  1  k c / s ;  l e s s  

t h a n  1 %  a t  1 0 0  k c / s ;  l e s s  t h a n  3 %  a t  
1  M c / s .  

I N P U T  I M P E D A N C E :  5 0 k  o h m s  s h u n t e d  b y  
1 0 0  p F .  

T E M P E R A T U R E  C O E F F I C I E N T :  L e s s  t h a n  Â ± 2  
m V / Â ° C  a t  o u t p u t .  

D C  P O W E R  S U P P L Y  
V O L T A G E  R A N G E :  G r e a t e r  t h a n  Â ± 2 0  V ,  Â ± 1 0  

V ,  Â ± 4  V .  Â ± 2  V ,  Â ± 1  V ;  w i t h  c o n t i n u o u s l y  
v a r i a b l e  v e r n i e r  b e t w e e n  r a n g e s  w i t h  r e s o l u  
t i o n  b e t t e r  t h a n  0 . 1 %  o f  f u l l  o u t p u t .  

C U R R E N T :  Â ± 0 5  a m p .  
L O A D  R E G U L A T I O N  ( f r o n t  p a n e l  c o n n e c t o r ) :  

L e s s  t h a n  1 0  m V  f o r  l o a d  c h a n g e  f r o m  0  t o  
0 . 5  a m p .  

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

T E M P E R A T U R E  C O E F F I C I E N T :  
L e s s  t h a n  Â ± 0 . 0 5 % / " C .  

G E N E R A L  
O U T P U T  I M P E D A N C E  ( F r o n t  p a n e l  c o n n e c t o r ) :  

Less  than  5  mt l l i ohms  in  se r i es  w i th  1  Â¿Â¿H.  
C A P A C I T I V E  L O A D :  0 . 0 1  Â ¡ i f  o r  l e s s  d o e s  n o t  

c a u s e  i n s t a b i l i t y .  
R I P P L E  A N D  N O I S E :  L e s s  t h a n  5  m i l l i v o l t s  

p e a k - t o - p e a k  a t  o u t p u t .  
C U R R E N T  L I M I T :  L e s s  t h a n  8 0 0  m A .  
I N P U T - O U T P U T  T E R M I N A L S :  F r o n t  p a n e l :  3 / , "  

s p a c e d  b a n a n a  t e r m i n a l s  f o r  i n p u t ,  o u t p u t ,  
a n d  c h a s s i s .  R e a r  p a n e l :  B N C  t e r m i n a l s  f o r  
i n p u t  a n d  o u t p u t .  A m p l i f i e r  c o m m o n  m a y  
b e  f l o a t e d  2 0 0  V  d c  a b o v e  c h a s s i s .  

O P E R A T I N G  T E M P E R A T U R E  R A N G E :  
0 to Â±50Â°C. 

W E I G H T :  N e t ,  1 0  I b s .  ( 4 , 5  k g ) .  S h i p p i n g ,  1 6  
I b s .  ( 7 , 2  k g ) .  

P O W E R  R E Q U I R E D :  1 1 5 / 2 3 0  V  Â ± 1 0 % ,  5 0 -  
1 0 0 0  c / s ;  a p p r o x i m a t e l y  3 5  W  a t  f u l l  l o a d .  

S I Z E :  5 V ,  i n .  w i d e  x  6 > / 2  i n .  h i g h  ( w i t h  d e t a c h  
a b l e  f e e t )  x  1 1  i n .  d e e p  b e h i n d  f r o n t  p a n e l .  

P R I C E :  $ 5 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  

Fig. 8. Typical amplifier 
small-signal frequency re 
sponse (below level of volt 
age or current limiting) is 
essentially flat to several 
Mc/s with either low or 
high impedance load. Ordi- 
nate is voltage gain in dB. 

l O M C  2 0 M C  

that the power output of oscillators 
can be increased without impairing 
performance. The exceptionally low 
distortion in the audio range means 
that audio components may be evalu 
ated without concern for signal deg 
radation in the amplifier. 

The fast step response and 500-mA 
current output enable the amplifier to 
drive magnetic cores or tape recorder 
heads directly. It may also be used to 
power incandescent lamps or, with the 
aid of a step-up transformer, neon 
lamps to provide excitation for photo- 
diodes or photoconductors. Since full 
power is available up to 1 Mc/s, the 
new amplifier can also function as a 
radio frequency transmitter or as a 
driver for ultrasonic transducers. 

If signals greater than 40 volts p-p 
are needed, two power amplifiers, 
driven from a differential source such 
as the -hp- Model 200CD Oscillator, 
may be connected as shown in Fig. 10. 
This enables 80 volts p-p at 1 amp p-p 
to be obtained. 

Because of the gain adjustment pro 
vided, the amplifier also functions as an 
accurate stepped attenuator with 0.1% 
accuracy or as a continuously variable 
attenuator with 0.1% resolution. 

The small phase shift introduced by 
the amplifier, as shown in Fig. 7, en 
hances the use of the amplifier in feed 
back systems. The positive gain and 
wide bandwidth allow the new power 
amplifier to be enclosed in the feed 
back loop with little difficulty. 

One interesting application con 
cerns use of the new power amplifier 
enclosed in an operational loop with 

4 C 7 *  P O Â « E S  * * P U F I Â £ R  

e 

Fig. 9. Model 467 A Power Amplifier has 
maximum output of Â±20 V peak at 0.5 
amp peak, and response that extends from 

dc to beyond 1 Mc/s. 

the Dymec Model 2460A Operational 
Amplifier as a preamplifier, as shown 
in Fig. II. With this combination, the 
power capabilities of the Model 467A 
are combined with the low drift and 
high gain of the Dymec 2460A to make 
an operational amplifier of excep 
tional characteristics. Add a d-c motor 
to the above combination, and it forms 
a complete servo system. 

The amplifier may also be consid 
ered a programmable power supply 
since plus or minus two volts across 
the input terminals (which draws Â±40 
microamps) is sufficient to provide full 
output. Because of the wide band 
width inherent in the device, transient 
recovery time for a i/2-amp current 
change is less than 50 Â¿ts. 

*  R o b e r t  J .  S t r e h l o w ,  " A  S o l i d - S t a t e  O p e r a t i o n a l  A m p l i f i e r  
o f  H i g h  S t a b i l i t y , "  H e w l e t t - P a c k a r d  J o u r n a l ,  V o l .  1 4 ,  N o .  
3 - 4 ,  N o v . - D e c .  1 9 6 2 .  

1  

Fig. 10. Use of two power amplifiers in 
push-pull configuration doubles available 

output voltage. 
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Fig. 11. Use of cascaded high-gain opera 
tional amplifier and new power amplifier 
achieves operational power amplifier of 

high stability. 

M E C H A N I C A L  D E S I G N  

The new â€” hp- Model 467A Power 
Amplifier/Power Supply is in the -hp- 
i/j-rack-width module, suitable for use 

T E S T  O S C I L L A T O R  
D E S I G N  L E A D E R S  

N o e l  M .  P a c e  M y l e s  A .  J u d d  

Noel  Pace,  wi th  Hewlet t -Packard s ince 
1 9 5 7 ,  w a s  a s s i g n e d  i n i t i a l l y  t o  w o r k  a s  
a  d e v e l o p m e n t  e n g i n e e r  o n  t h e  M o d e l  
405A D ig i ta l  Vo l tmete r ,  fo l lowed by  work  
o n  t h e  4 5 7 A  A C - t o - D C  C o n v e r t e r .  N o e l  
t ransferred to the â€” hpâ€” Loveland Divi  
s i o n  i n  1 9 6 1  w h e r e  h e  h a s  b e e n  c o n  
c e r n e d  w i t h  t h e  4 0 3  B  T r a n s i s t o r i z e d  
V o l t m e t e r ,  t h e  3 5 5 0 A  T e l e p h o n e  T e s t  
S e t ,  t h e  4 6 5 A  A m p l i f i e r ,  a n d  t h e  6 5 1 A  
T e s t  O s c i l l a t o r .  H e  p r e s e n t l y  i s  g r o u p  
l e a d e r  i n  o s c i l l a t o r  a n d  a m p l i f i e r  d e v e l  
o p m e n t  w i t h i n  t h e  a u d i o - v i d e o  s e c t i o n  
a t  the  Love land  D iv is ion .  

N o e l  g r a d u a t e d  f r o m  S t a n f o r d  w i t h  a  
B S E E  d e g r e e  a n d  h a s  d o n e  g r a d u a t e  
s tudy  a t  t he  Un ive rs i t y  o f  Ca l i f o rn ia .  He  
a l s o  s e r v e d  3  y e a r s  a s  a  c o m m u n i c a  
t i o n s  o f f i c e r  i n  t h e  U .  S .  A r m y  S i g n a l  
Corps. 

M y l e s  J u d d  j o i n e d  t h e  - h p -  L o v e l a n d  
Labora to r ies  as  a  deve lopment  eng ineer  
i n  1 9 6 2  f o l l o w i n g  g r a d u a t i o n  f r o m  B r i g -  
h a m  Y o u n g  U n i v e r s i t y  w i t h  t h e  d e g r e e  
o f  B a c h e l o r  o f  E n g i n e e r i n g  S c i e n c e  ( 5 -  
y e a r  c o u r s e ) .  S i n c e  j o i n i n g  - h p -  M y l e s  
has  worked on prec is ion  tes t  osc i l la to rs .  
A s  a  s t u d e n t ,  h e  h a d  s u m m e r t i m e  e m  
p l o y m e n t  a s  a  j u n i o r  e n g i n e e r  i n  l o g i c  
d e s i g n  f o r  a  c o m p u t e r  m a n u f a c t u r e r .  

on the bench or  instal led with other  
instruments  in a  rack adapter .  Input  
and output connectors are provided on 
both front and rear panels. 

The instrument is completely solid- 
s ta te  and is  qui te  compact  and cool  
runn ing  compared  t o  vacuum- tube  
amplifiers in this power range. It con 
sumes  only  35  wat ts  a t  fu l l  output .  
Careful design of the heat sink for the 
power supply and output  t ransistors  
allows the dissipation of considerable 
i n t e rna l  power .  I n  an  amb ien t  t em 
perature as high as 50Â°C, the junction 
t empera tu res  o f  the  t rans i s to r s  a re  
maintained well  within their  rat ings 
even at continuous full power output 
or in short circuit operation. 
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C Y C L E S  P E R  S E C O N D  A N D  H E R T Z  

A year  o r  so  ago the  Hewle t t -Packard  
Jou rna l  pub l i shed  a  t ab le  o f  t he  S I  Sys  
tem of  Un i ts  o f  Phys ica l  Quant i t ies .  Th is  
T a b l e  h a d  b e e n  a d o p t e d  b y  t h e  I n t e r  
n a t i o n a l  C o n f e r e n c e  o n  W e i g h t s  a n d  
M e a s u r e s  a n d  s u b s e q u e n t l y  b y  t h e  N a  
t i o n a l  B u r e a u  o f  S t a n d a r d s  f o r  u s e  i n  
i t s  pub l ica t ions .  

O n e  o f  t h e  u n i t s  l i s t e d  i n  t h e  t a b l e  
w a s  t h e  u n i t  h e r t z  f o r  f r e q u e n c y .  A s  a  
resu l t  o f  th is  l is t ing in  the Journa l ,  many 
h a v e  i n q u i r e d  a n d  u r g e d  o u r  a d o p t i o n  
of  th is uni t  in p lace of  cycles per second. 

Recent ly ,  however ,  the  IEEE,  th rough 
i t s  A b b r e v i a t i o n s  S u b c o m m i t t e e  o f  t h e  
S y m b o l s  C o m m i t t e e ,  i s s u e d  a  n e w  
S t a n d a r d  S y m b o l s  f o r  U n i t s  ( I E E E  N o .  
2 6 0 ,  d a t e d  J a n u a r y ,  1 9 6 5 ) .  T h i s  S t a n d  
a rd  i s  cons i s ten t  w i t h  mos t  o f  t he  un i t s  
i n  t h e  I n t e r n a t i o n a l  S y s t e m .  W i t h  r e -  
*  " I n t e r n a t i o n a l  S y s t e m  o f  U n i t s , "  H e w l e t t - P j c k j r d  

Jivnal,  Vol.  15, No. 7,  March, 1965. 

g a r d  t o  u n i t s  o f  f r e q u e n c y ,  t h o u g h ,  t h e  
Standard re ta ins  cyc les per  second (c /s)  
w i t h  t h e  n o t a t i o n  t h a t  t h e  I n t e r n a t i o n a l  
E l e c t r o t e c h n i c a l  C o m m i s s i o n  r e c o m  
mends  the  name her tz  (Hz) .  Very  l i ke ly ,  
a  ma jo r  r eason  f o r  r e t a i n i ng  cyc l es  pe r  
second  i s  t he  f ac t  t ha t  t he  un i t  he r t z  i s  
l i t t l e  k n o w n  i n  t h e  p o w e r  f i e l d  i n  t h e  
U. S. 

I t  i s  unde rs tood  t ha t  t he  IEEE ,  i n  i t s  
pub l i ca t i ons ,  w i l l  u se  wh i cheve r  un i t  i s  
p re fe r red  by  an  i nd i v i dua l  au tho r .  

T h e  H e w l e t t - P a c k a r d  J o u r n a l  h a s  
adopted a s imi lar  pol icy,  i .e . ,  both cycles 
per  second and her tz  may be  used fo r  a  
t rans i t i ona l  t ime  o f  a  yea r  o r  more .  I t  i s  
e x p e c t e d  t h a t  f u l l  a d o p t i o n  o f  t h e  u n i t  
h e r t z  w i l l  t h e n  b e  m a d e  a f t e r  t h i s  t i m e  
and  a f te r  b roader  know ledge  o f  the  un i t  
exists. 

â€” Editor 
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