
HEWLETT-PACKARD JOURNAL 

JULY 1970 
© Copr. 1949-1998 Hewlett-Packard Co.



Solid-State Alphanumeric Displays 
By Howard C. Borden and Robert L.  Steward 

'A DISPLAY IS AN INTERFACE BETWEEN A MACHINE AND 

A MAN. The man is affected by the optical characteristics 
of the display. Character font, size, color, viewing angle, 
brightness, and contrast all contribute to the subjective 
effect of the display on the man.'1 It is implicit in this 
statement that the effectiveness of a display as a tool of 
man depends upon his success in coping with these 
characteristics in display design. 

Display development must consider the effect on the 
system (or machine) imposed by the display. For ex 
ample, system size, weight, complexity, response time, 
cost, efficiency, usefulness and competitive potential may 
be affected by limits imposed by the display. With the 
need for larger machine capability, it becomes necessary 
to add alphabetic and symbolic readout to numerics. It 
is then necessary to consider the display as a subsystem 
of the total system; to move from a static display (the 
numeric indicator, HP 5082-7000) to a dynamic display 
for alphanumeric indicators, Fig. 1 . 

In a dynamic display, the LED's are strobed (Fig. 2), 
that is, lighted in sequence at a rate so high that flicker 
is not apparent. Circuits are time-shared in this mode, 
which results in cost savings. Dynamic display is possible 
because of the fast response time of both the LED's and 
1C circuits. 

Display Devices 
Many display devices are available. They use various 

types of light energy mechanisms in their operation. Most 
are limited by using readouts made up of seven segments 
(or bars). A few provide sixteen-bar segment alphanu 
meric readout. Fig. 3, and some have a 5 X 7 dot matrix 
readout for alphabetic, numeric and limited symbolic 
readout. The major types include (1) gas plasma, (2) 
tungsten lamp direct view, (3) tungsten lamp light-pipe 

coupled, (4) tungsten lamp projection, (5) shadow-mask 
electron-beam projection, (6) low voltage phosphor- 
coated anode devices, (7) electric field excited EL panels, 
(8) liquid crystal, and (9) cathode ray tubes (CRT's). 

The obvious question is, 'With all of these, who needs 
injection luminescent light emitting diodes?' In looking at 
the list, the display designer becomes aware of the fragile 
nature of all of these devices. The need for high voltage 
to operate many of them limits size reduction. In addi 
tion, they are not compatible with integrated circuits, and 
in many cases there is a substantial compromise with 
good optical characteristics. 

Without question the CRT is the best answer to display 
flexibility. It is towards matching the CRT capabilities 
that solid state display development is directed. There is 
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little doubt that this target can be realized, in spite of 
some problems with cost, power, color limitations, and 
electrical accessing. 

These problems are not formidable. First, cost is rela 
tive. For example, tracing the evolution of the semi 
conductor industry from the first point contact germa 
nium transistor from its laboratory introduction to the 
'penny a point' current silicon memory pricing will strike 
down most concern for cost. Second, the power require 
ment for the LED is falling as its efficiency is improved. 
In three years, LED drive current has dropped from 

40 mA to 2.5 mA for the same emitted light. Materials 
other than the present Gallium Arsenide Phosphide 
(GaAsP) used in the HP displays promise luminous 
efficiencies at least two orders of magnitude higher than 
the 2 X 10~4 of present materials. Colors other than red 
will also be possible. Achieving lower drive voltages, 
faster response times, and better ruggedness and relia 
bility of LED's coupled with nearly ideal optical charac 
teristics provide real challenge to the designer of solid 
state display systems. 
â€¢Present luminous eff ic iency is approximately 75 fL/A.cm*. 
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Alphanumeric  Display 
The HP 5082-7102 Alphanumeric Display, Fig. 4, is 

a small, rugged display device designed as a flexible 
dynamic display in a GaAsP solid state readout. The 
package, a multilayer ceramic design, is a standard Dual- 
In-Line (DIP) configuration for easy mounting in inex 
pensive plug-in type sockets, or for direct insertion into 
printed circuit boards. Pins are arranged in two lines of 
0.600-inch separation, with the pin-to-pin separation at 
0.100 inch â€” standard printed circuit board line and 
hole spacing. Also, the packages may be assembled end- 
to-end with no change of the three-to-the-inch character 
spacing between packages. While the HP 5082-7102 has 
five characters per package, packages with three and four 
characters are also available. A thermal diffuser built 
into the package takes care of the heat transfer problem. 
The use of buried layer metallization in the package 
permits electrical accessing in a very compact package. 
The display system concept, then, derives from the use 
of this display package with integrated circuit signal 
processing and solid state memory. 

Strobed Dynamic Display System 
Dynamic operation of the display has been developed 

to combine presently available integated circuits, includ 
ing the 2,240 bits of memory needed to provide sixty-four 
characters of 5 X 7 matrix size in large scale integrated 
Read Only Memory (ROM) in a practical electrical drive 
configuration. All of the IC's needed for embodiment of 
the system are commercially available. Dynamic opera 
tion reduces the number of pins on the display package to 
a practical number. At the same time, the user has a 
choice of a large number of designs to drive the display, 
depending upon his needs in terms of character font, 
speed, intensity, electrical interfacing with other parts of 
the total system, as with ECL, TTL, or MOS logic. 
Sharing of timing circuits with functions other than 
display is possible. 

Each basic character or array of the alphanumeric 
display is a 5 X 7 matrix of LED's. These are electrically 
accessed in row and column fashion; there are five con 
nections for the five columns (the LED cathode connec 
tions), and seven connections for the seven rows (anodes). 
Fig. 5. The seven rows of each array of the display are 
connected in parallel, so that all arrays may be driven at 
one time. Thus, for any size of display the number of 
electrical leads for the display package will be 7 + 5NA, 
where NA is the number of arrays in the display, 5 the 
number of columns in an array and 7 the number of 
rows. 

F i g .  2 .  I n  a  s t a t i c  d i s p l a y  ( A ) ,  t h e  d i o d e s  a r e  o n  c o n t i n  
u o u s l y .  C h a r a c t e r s  o f  a  d y n a m i c  d i s p l a y  a r e  f o r m e d  b y  
pu ls ing  one  co lumn a t  a  t ime (B) .  

F i g .  3 .  O n l y  a  l i m i t e d  n u m b e r  o f  c h a r a c t e r s  c a n  b e  g e n  
e r a t e d  b y  s e v e n  b a r  ( A )  a n d  s i x t e e n  b a r  ( B )  s e g m e n t  
d isp lays.  

With simple X-Y accessing of a matrix, only time 
sharing will provide control of all points of the matrix. In 
the case of the HP display, any subset of diodes can be 
lighted, Fig. 6. Recommended operation for the 5082- 
7102 alphanumeric display is to scan the arrays from top 
to bottom, row by row, with the encoded signal for each 
row of all characters appearing simultaneously. This is 
vertical strobing, Fig. 7. A very important feature of 
vertical strobing a 5 X 7 array versus horizontal strobing 
is that the display 'on' duty cycle is about 14%, and the 
addition of many arrays of display need not significantly 
change this duty cycle. (See The Mathematics of Strobed 
Arrays,' inset.) Because of the speed of integrated cir 
cuits, the expensive ROM needed to provide conversion 
from the encoded (ACSII, EBCDIC, etc.) input signal 
may be shared with a number of arrays, materially re 
ducing the display system cost. 

Referring to Fig. 8, a block diagram of one electrical 
driving system, one can follow the operation of a display 
from a keyboard. The basic functions are: 
1. Input keyboard, with six line ASCII output, 
2. Master clock and timing circuits, 
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F i g .  4 .  H P  a l p h a n u m e r i c  d i s  
p l a y  p a c k a g e s  c a n  b e  a s s e m  
b l e d  e n d - t o - e n d  a n d  a  t h r e e  
c h a r a c t e r  p e r  i n c h  s p a c i n g  
m a i n t a i n e d .  

3. Array select circuit (distributes ASCII code to input 
storage buffers), 

4. Input storage buffers (holds display message in ASCII 
code form), 

5. 2240 bit ROM (converts 6-line ASCII to 5-bit single 
character row information), 

6. Output storage buffers (holds a five bit word for each 
display character, one row at a time), 

7. Column drivers (provide current pull-down capability 
and current regulation for all columns of the display), 

8. Row drivers (provide drive power for sequential oper 
ation of each row of all arrays), 

9. LED display (HP 5082-7102). 

Vert ica l  Strobing System Operat ion 
Operation of this system is as follows: 

1. Characters are selected by means of the keyboard. 
Depressing a key provides a system timing signal and a 
six-bit ASCII coded output. Obviously, this input might 
alternatively be a six-bit parallel input from a driving 
system or six bit serial input converted to parallel with a 
serial in, parallel out shift register. 
2. The Master Clock and Timing Circuits synchronize 
the display system, and in many cases could be tied in 
with the timing of the driving system, a computer, count 
er, or other signal source. The timing circuits set the rate 
at which the display operates, including the breakup of 
the character information into individual row words for 
each character. As the LED display does not contain 
memory, and the individual diodes have very fast optical 
response to electrical currents (approximately 10 nano 
second rise and fall times), the display is continually re 
freshed as in a CRT display, but vertically row by row 
rather than with a point-scanning beam. At refresh rates 
above 100 Hz, flicker is indiscernible. However, if the 
display is subject to vibration during operation, the field 
rate should be increased to 1 to 10 kHz as required to 
avoid character breakup. 

3. The Array Select Circuit accepts the asynchronous 
keyboard output timing pulses and enables the next Input 
Storage Buffer to accept a new input. 
4. The Input Storage Buffers are enabled sequentially left 
to right #1 to #NA, with #1 following #NA. It is a 
simple matter to erase all characters and start at # 1 for 
a new message. The display message is available at the 
input storage buffers in 6 bit ASCII format at all times 
and is read from them 6 bit parallel, character serial 
form. 
5. The heart of the system is the 2240 bit, character- 
generating ROM. This 'reference table' of fixed informa 
tion allows one to 'look up' the 5 X 7 character font data 
for any one of 64 standard alphanumeric characters. The 
font information is outputted, bit parallel, in a five bit 
word, one row at a time; the exact row is determined 
through the ROM's Row Select input. The ROM's 1 
microsecond response time is fast enough for loading of 
the Output Storage Buffers for a 25 character display at a 
refresh rate of 1 kHz, or up to 100 characters at 250 Hz. 
6. The ASCII coded message in storage is brought to life 
by generating, storing, and displaying the character for 
mat information one row at a time. Thus, row #1 for all 
characters is generated and stored at the Output Storage 
Buffers in a character sequential, bit parallel manner. 
Following the display of this data on row #1 of the LED 
arrays, row #2 information is obtained from the ROM 
and stored. Upon loading of the last Output Storage Buf 
fer, row #2 of the message is presented on the second 
row of the display. The remaining rows are presented 
analogously. Following row #1, the process is repeated. 
Using row #1 as an example, the exact operational 
sequence is: the ROM accepts character # ASCII input 
from Input Storage Buffer #\ and outputs the character 
#1, row #1 five bit word to Output Storage Buffer 
#1; accepts display character #2 ASCII input from 
Input Storage Buffer #2 and outputs a five bit word 
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F i g .  5 .  A  s i n g l e  c h a r a c t e r  o f  a n  H P  a l p h a n u m e r i c  d i s p l a y  
s h o w i n g  t h e  e l e c t r i c a l  a r r a n g e m e n t  o f  t h e  l i g h t - e m i t t i n g  
d iodes.  

F i g .  7 .  V e r t i c a l  s t r o b i n g  f o r m s  c h a r a c t e r s  b y  t i m e  
s e q u e n t i a l l y  s e l e c t i n g  r o w s  a n d  e n e r g i z i n g  t h e  c o r r e c t  
d i odes  i n  each  co lumn .  

F i g .  6 .  I n d i v i d u a l  c o n t r o l  o f  e a c h  d i o d e  i n  t h e  m a t r i x  i s  
n o t  p o s s i b l e  w i t h o u t  u s i n g  a  s t r o b i n g  t e c h n i q u e .  I n  ( A ) ,  
s i m p l e  s w i t c h i n g  w i l l  l i g h t  A 1 ;  i n  ( B )  A 1  a n d  8 7  c a n  b e  
l i gh ted .  I n  (C ) ,  i t  i s  no t  poss i b l e  t o  l i gh t  on l y  A1 ,  A2 ,  and  
B 1 .  B 2  a l s o  l i g h t s .  

representing character #2, row #1 to Output Storage 
Buffer #2;. . . . ;  accepts character #NA ASCII input 
from Input Storage Buffer #NA and outputs the char 
acter #NA, row #1 five bit word to Output Storage Buf 
fer #NA. Row Driver #1 and the Output Storage Buffers 
are then enabled to supply LED drive current for the 
desired display time. The data in the Output Storage 
Buffers determines which column drivers will provide 
a path to ground and, hence, which LED's of row #1 
will be lit. Display tradeoffs available to the designer 
are discussed in the inset. 
7. Column drivers with current limiting resistors can 
easily sink the 35 mA peak pulse current at each column. 
Since a row is turned on only V? of the time, the peak 
drive current per diode must be seven times the desired 
average current level of 5 mA. Since only one row is 
driven at a time, the resistive current limiting is ade 
quate. The uniformity of the forward voltage character 
istic of the LED's permits a low voltage compliance 
range, with resulting small power consumption in the 
current limiting resistors. 
8. Row Drivers are required to drive as many as the full 
number of columns in the display. As this may be as 
much as an ampere for a five array display, the satura 
tion voltage of the switching transistor must be consid 
ered, along with the driving current requirement for 
saturated operation. However, it is not hard to find ade 
quate, inexpensive transistors or core driver blocks. For 
luminous intensity control it is recommended that a 
variable duty cycle be used to permit a wide range of 
brightness with good overall uniformity. 
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F i g .  8 .  B l o c k  d i a g r a m  o f  v e r t i  
c a l  s t r o b i n g  o f  L E D  a r r a y s .  

Conclusion 
The use of a solid-state light-emitting display for 

alphanumerics is a commercial reality. Economics of 
this type of display are presently most favorable for 
limited numbers of arrays, say, less than 20, or where 
operation is under adverse environmental conditions, 
where space is limited, or where solid state reliability 
is needed. Semiconductor prices have been dropping 
about 30% per year. It is likely that solid-state displays 
will fellow this pattern. 
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S P E C I F I C A T I O N S  
(at 25Â°C unless otherwise specified) 

HP Models 5082-7100â€”5082-7102 
Sol id  Sta te  Alphanumer ic  Ind icator  

P O W E R  D I S S I P A T I O N  ( a t  5 0  ( L  ' A p p a r e n t 1  l u m i n o s i t y * )  
C h a r a c t e r  B  ( 2 0  d i o d e s )  
A l l  3 5  d i o d e s  l i t  

P E A K  F O R W A R D  C U R R E N T  ( p e r  d i o d e )  
O P E R A T I N G  A N D  S T O R A G E  

T e m p e r a t u r e  
R E V E R S E  B R E A K D O W N  V O L T A G E  A T  1 0  A  
L U M I N A N C E  O F  E M I T T I N G  S U R F A C E  O F  D I O D E  A T  1 0  m A  

( d i o d e  a v e r a g e )  
*  ' A p p a r e n t '  r e f e r s  t o  t h e  s u b j e c t i v e  e q u i v a l e n t  l u m i n a n c e  v a l u e .  T h e  
d i s p l a y  o u t p u t  i s  p u l s e d .  
T Y P I C A L  C H A R A C T E R I S T I C S  

L u m i n a n c e  o f  e m i t t i n g  s u r f a c e  o f  d i o d e  a t  1 0  m A  
( d i o d e  a v e r a g e )  

F o r w a r d  V o l t a g e  a t  1 0  m A  
P e a k  W a v e l e n g t h  
S p e c t r a l  l i n e  h a l f w i d t h  

P R I C E :  P e r  c h a r a c t e r  
1 - 8  $ 7 0  
1 0 - 9 9  $ 5 5  
1 0 0 - 4 9 9  $ 4 5  
5 0 0 - 9 9 9  $ 3 5  
1 0 0 0  a n d  o v e r  $ 3 0  

M A N U F A C T U R I N G  D I V I S I O N :  H P  A S S O C I A T E S  
6 2 0  P a g e  M i l l  R o a d  
P a l o  A l t o ,  C a l i f o r n i a  9 4 3 0 4  
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The Mathematics of Strobed Arrays 
M a n y  t r a d e o f f s  a r e  a v a i l a b l e  t o  t h e  d e s i g n  e n g i n e e r  i n  h i s  
s e a r c h  t o  o p t i m i z e  t h e  d i s p l a y  s y s t e m  t o  h i s  n e e d s .  I n  t h i s  
d i s c u s s i o n ,  a s s u m e  a  f i v e  c o l u m n  b y  s e v e n  r o w  a r r a y .  
T h e  p a r a m e t e r s  i n v o l v e d  a r e :  

N A  =  t h e  n u m b e r  o f  a r r a y s  i n  t h e  d i s p l a y .  
r F  =  f i e l d  r a t e ,  t h e  r e f r e s h  r a t e  o f  t h e  w h o l e  d i s p l a y .  
t F  =  f i e l d  t i m e ,  t h e  c y c l e  t i m e  f o r  t h e  w h o l e  d i s p l a y ;  

r o w  l o a d  t i m e ,  t h e  t i m e  s p e n t  l o a d i n g  a l l  t h e  O u t  
p u t  S t o r a g e  B u f f e r s  w i t h  a  r o w  o f  c h a r a c t e r  f o n t  
in format ion.  
r o w  d i s p l a y  t i m e ,  t h e  t i m e  s p e n t  d i s p l a y i n g  a  r o w  
o f  cha rac te r  f on t  i n f o rma t i on .  
b u f f e r  l o a d  t i m e ,  t i m e  r e q u i r e d  t o  l o a d  a  5 - b i t  
w o r d  i n t o  a n  O u t p u t  S t o r a g e  B u f f e r .  
R O M  r e s p o n s e  t i m e ,  t h e  p r o p a g a t i o n  d e l a y  t i m e  

o f  t he  ROM.  
=  r o w  d u t y  c y c l e ,  t h e  t i m e  s p e n t  l o a d i n g  a n d  d i s  

p l a y i n g  a  r o w  o f  i n f o r m a t i o n ,  t h e  p e r c e n t  o f  t i m e  

u s e d  t o  d i s p l a y  f tÂ» ' U+ 
d D  =  d i s p l a y  d u t y  c y c l e ,  p e r c e n t  o f  t h e  f i e l d  t i m e  t h a t  

any  g i ven  row  d r i ve r  i s  enab led ;  (  â€ ”5 -  o r  - ^  

F o r  a  s y s t e m  c o n t a i n i n g  o n e  R O M  a n d  o n e  s e t  o f  s e v e n  
r o w  d r i v e r s ,  t h e  f o l l o w i n g  e q u a t i o n s  c a n  b e  d e r i v e d :  

- 7 r F A / A f R O M )  x  1 0 0  
-  7rf  ROM x  100 ,  ( i n  pe rcen t )  

F o r  e x a m p l e ,  i f  w e  w i s h  a  9 0 %  r o w  d u t y  c y c l e ,  a  2 0 0  H z  
f i e l d  r a t e ,  a n d  u s i n g  a  R O M  w i t h  1  u s  r e s p o n s e  t i m e ,  w e  
c o u l d  d i s p l a y  u p  t o  7 2  c h a r a c t e r s .  
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Adding More Precision to 
Spectrum Analyzer  Measurements 
Augmen ted  w i th  a  comb ina t i on  t rack ing  s igna l  gene ra to r  and  coun te r ,  

t he  spec t rum ana lyze r  becomes  a  swep t  measur ing  sys tem 
o f  g rea t  f requency  p rec is ion  and  dynamic  range .  

By Patrick J. Barrett, Robert R. Hay and Paul G. Winninghoff 

ACCURATE MEASUREMENT of the frequency of low 
level RF signals, especially when intermixed with higher 
level signals, has always been difficult and sometimes im 
possible. Equally challenging have been frequency re 
sponse measurements of very narrow-band devices over a 
wide dynamic range. A new instrument which incorpor 
ates a tracking generator and a counter (HP Model 
8443A) combines with the HP Model 8552/8553 Spec 
trum Analyzer to make such measurements simple in the 
100 kHz to 110 MHz range. The system that emerges 
adds up to more than the sum of its parts. It performs the 
functions of many test systems. 

Swept  Transmiss ion Test  Set  
Transmission is measured over more than 120 dB 

dynamic range with 0.1 dB resolution. There is a mov 
able frequency marker. Frequency resolution is 10 Hz. 

Swept  Ref lec t ion  Test  Set  
Return loss measurements may be made to more than 

40 dB. Again, resolution is 0.1 dB in amplitude, 10 Hz 
in frequency. 

Synthes izer  wi th  Track ing Detector  
With peak-to-peak residual fm under 0.1 Hz and a 

full-screen scan width as narrow as 200 Hz, the fre 
quency response of narrow-band devices may be seen 
with 120 dB dynamic range. Frequency is shown with 
Â±10-Hz accuracy. 

Select ive  Frequency Counter  
Maximum sensitivity is â€” 140 dBm â€” 20 nanovolts. 

Selectivity is 10 Hz, resolution 10 Hz, and accuracy 
Â±10 Hz, resolution 10 Hz, and accuracy Â±10 Hz, even 
in the presence of other signals as much as 70 dB greater. 
Measurements thus may be made which are otherwise 
very difficult, if not impossible. 

Spect rum Analyzer  
As a spectrum analyzer pure and simple, it is cali 

brated in amplitude from â€” 140 dBm to +10 dBm, with 

flatness of Â±0.5 dB, resolution from 10 Hz to 300 kHz, 
and displayed dynamic range 70 dB. 

Using the System 
The 8443A Tracking Generator/Counter will indi 

cate the frequency of any signal that may be displayed 
on the Spectrum Analyzer CRT; to select a signal the 
operator simply positions an intensified marker on 
the desired signal using the marker position control, 
and the counter displays the marker frequency. 

The Tracking Generator and Spectrum Analyzer also 
form a swept measurement system since the Tracking 
Generator output signal exactly tracks the input tuning 
of the Spectrum Analyzer. In essence it is a sweeper 
which tracks a receiver. The system will display the 
amplitude response of any device placed between the 
Tracking Generator output and Spectrum Analyzer input. 

The tracking generator is available alone, without the 
counter, as HP Model 8443B. Measurements made with 
the resulting system retain the amplitude range and fre 
quency s tabi l i ty  of  the 8443A, but  of  course the 
frequency information available will be only that which 
may be derived from the spectrum analyzer. Counter 
circuitry can be added at any later time to an 8443B, 
converting it into an 8443A. 

The counter section of the 8443A measures the fre 
quency of the tracking signal by stopping the Spectrum 
Analyzer scan at some predetermined point in the scan, 
counting the frequency, then resuming the scan. When 
the scan is stopped, an intensified marker appears on the 
CRT where the scan stopped. The marker can be posi 
tioned with the MARKER POSITION control. In this 
way, the counter is able to measure the frequency of any 

signal appearing on the Spectrum Analyzer CRT. The 
MARKER POSITION control can be turned into a 
manual sweep control, by placing the counter in the 
SCAN HOLD mode. Using this mode the operator can 
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F i g .  1 .  C o m b i n a t i o n  T r a c k i n g  
G e n e r a t o r  a n d  C o u n t e r  ( a b o v e )  
m a t e s  w i t h  S p e c t r u m  A n a l y z e r  
( b e l o w )  t o  f o r m  p o w e r f u l  s w e p t  
m e a s u r i n g  s y s t e m .  

slowly trace out any signal and carefully study details 
of interest, while the counter is continually updating the 
frequency readout. 

High-resolution frequency response measurements can 
be made with the system using the calibrated output 
attenuators on the 8443A and the LINEAR (or alterna 
tively the 2 dB LOG) display mode on the Spectrum 
Analyzer. High dynamic range is available in the 10 dB 
LOG display mode and the Spectrum Analyzer IF atten 
uator may be used to extend the display range of a 
measurement. 

There are many applications for such a system. In 
the communications field, for example, it will check com 
munication channels by measuring carrier and modu 
lation frequency and level, and by locating spurious, 
harmonic, and interfering signals. There are additional 
applications in the RFI analysis, spectrum surveillance, 
and laboratory design fields. 

Using the system for swept measurements one can 
characterize filters, amplifiers, attenuators, and systems 
comprised of these elements, such as IF strips. This 
single system can measure the center frequency, flatness, 
bandwidth, shape factor, and pass/stop band ratio, for 
example, in filter testing. With a directional bridge, 
return loss or reflection coefficient as well as transmis 
sion measurements can be made with the system. Thus 
the system should find usefulness not only in laboratory 
design but also in production testing and field service. 

Theory of Operation â€” System Description 
The 8552A/8553B Spectrum Analyzer is a triple con 

version swept receiver calibrated in frequency and am 
plitude. As shown in the block diagram (Fig. 2) the input 
is mixed with a 200-310 MHz signal to convert it up to 
the 200 MHz first IF. The first local oscillator (LO) is 
swept for scan widths of 500 kHz or greater, enabling the 
Spectrum Analyzer to display as much as 100 MHz of 
the whole 1 kHz to 110 MHz band at one time. The 
crystal-controlled 150 MHz second LO down-converts 
the signal to 50 MHz for the second IF. The 50-MHz 
signal is then mixed with the 47-MHz third LO to pro 
duce 3 MHz. For scan widths of 200 kHz or less the 
first LO is tuned to a fixed frequency and the third LO 
is swept. For optimum frequency stability the first LO 
can be phase locked to an internal crystal controlled 
reference at 100-kHz intervals, when the third LO is 
being swept. The 3-MHz signal which results from mixing 
the 50-MHz and 47-MHz signals passes through the 
bandpass filters and logarithmic amplifier in the third IF 
to the detector, and the output of the detector is displayed 
on the CRT. The 3-MHz bandpass filters determine the 
receiver bandwidth; they are selected by a front panel 
control on the Spectrum Analyzer. 

The Tracking Generator recombines the signals from 
the Spectrum Analyzer to produce an output signal which 
exactly tracks the tuned frequency of the Spectrum Ana 
lyzer. As may be seen from the block diagram a 3-MHz 
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signal from a crystal oscillator in the Tracking Generator 
is mixed with the 47 MHz LO signal from the Spectrum 
Analyzer to produce 50 MHz. This signal in turn is up- 
converted to 200 MHz by the 150-MHz LO signal, and 
the 200-MHz signal is mixed with the 200-3 10 MHz first 
LO to produce the tracking signal. The tracking signal is 
amplified to a level of +10 dBm; that signal is made flat 
within Â±0.5 dB over the frequency range by an auto 
matic level control (ALC) circuit. Various output signal 
levels can be selected with the output attenuators. 

RF Sect ion 
One of the most critical components in the RF portion 

of the 8443A is the 3-MHz crystal oscillator. If the 
Tracking Generator output signal is to track the Spectrum 
Analyzer accurately, the 3-MHz oscillator's frequency 
must match the center frequency of the 3-MHz IF crystal 
filters within a few hertz. The oscillator was designed 
around the same crystal that is used in the IF filters to 
minimize tracking errors from thermal drifts; in conse 
quence, the crystals in both instruments drift in the same 
direction at approximately the same rate. In addition, 
there is some frequency adjustment capability in the oscil 
lator to compensate for slight variations in the actual 
center frequencies of the crystals. The equivalent circuit 
of a crystal is a series RLC circuit. If a capacitor is con 
nected in series with the crystal, it will shift the resonant 
frequency higher; similarly a series inductor will shift the 
frequency lower. To permit an adjustment of approxi 
mately Â±150 Hz about the center frequency of the crys 
tal, the 3-MHz oscillator has a variable capacitor and an 
inductor in series with the crystal, as illustrated in the 
simplified schematic in Fig. 3. The 3-MHz oscillator is 

F ig .  3 .  3 -MHz Crys ta l  Osc i l l a to r .  

aligned with the center frequency of the 3-MHz IF filters 
in the Spectrum Analyzer by connecting the Tracking 
Generator output to the Spectrum Analyzer input and 
then adjusting the variable capacitor for maximum signal 
level indication on the Analyzer CRT. This adjustment is 
the TRACKING ADJUST, accessible from the front 
panel. 

All three mixers in the Tracking Generator are doubly 
balanced and are similar in design to those used in the 
Spectrum Analyzer. The LO signal to each mixer is 
supplied by a buffer amplifier which provides isolation 
between the Spectrum Analyzer and Tracking Generator, 
to prevent spurious mixing products from getting into the 
Analyzer. The amplifiers also boost the signal to a level 
high enough to drive the mixers, since the signals come 
out of the Analyzer at a relatively low level; and the 
amplifiers provide the necessary 50-ohm terminations for 
the LO lines from the Spectrum Analyzer. 
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Product Design 

T h e  p r i m a r y  o b j e c t i v e s  o f  t h e  p r o d u c t  d e s i g n  o f  t h e  8 4 4 3 A  
w e r e  1 )  t o  b u i l d  a n  i n s t r u m e n t  t h a t  c a n  b e  e f f i c i e n t l y  m a n u  
f a c t u r e d ,  2 )  t o  m a k e  i t  a e s t h e t i c a l l y  c o m p a t i b l e  w i t h  t h e  
8 5 5 2 / 8 5 5 3  S p e c t r u m  A n a l y z e r ,  3 )  t o  s h i e l d  i t  e f f e c t i v e l y  
a g a i n s t  R F  l e a k a g e ,  a n d  4 )  t o  m a k e  i t  e a s y  t o  t e s t ,  t r o u b l e -  
s h o o t  a n d  r e p a i r .  

E s s e n t i a l l y  t h e  e n t i r e  i n s t r u m e n t  i s  a s s e m b l e d  o n t o  t h e  
m a i n  c i r c u i t  b o a r d  o r  ' m o t h e r b o a r d ' .  I n t e r l o c k i n g  a l u m i n u m  
e x t r u s i o n  ' p o c k e t s '  a r e  m o u n t e d  d i r e c t l y  t o  t h e  b o a r d .  T h e  
m a j o r  b o a r d  a s s e m b l i e s  p l u g  i n t o  t h e s e  p o c k e t s  a n d  b e  
c o m e  i n d i v i d u a l l y  s e a l e d  m o d u l e s .  T h e  f r o n t  p a n e l  s w i t c h  
b o a r d  a s s e m b l y  a n d  c o u n t e r  b o x  a l s o  p l u g  d i r e c t l y  i n t o  t h e  
m o t h e r b o a r d  a s  s h o w n  a t  l e f t ,  b e l o w .  T h e  o n l y  h a n d  w i r i n g  
i n  t he  i ns t rumen t  i s  f o r  t he  po ten t i ome te rs  on  the  f ron t  pane l  
and  the  p r imary  and  seconda ry  t r ans fo rmer  w ind ings .  

C o m p a t i b i l i t y  w i t h  t h e  8 5 5 2 / 8 5 5 3  S p e c t r u m  A n a l y z e r  h a s  
b e e n  a c c o m p l i s h e d  b y  u s i n g  t h e  s a m e  p a n e l  c o l o r  a r r a n g e  
m e n t ,  s i m i l a r  p a n e l  t r i m  a n d  m a t c h i n g  r e c e s s e d  d i a l s  f o r  
a t tenua t ion  readou t ,  as  shown on  page  11 .  

E f f e c t i v e  R F I  s h i e l d i n g  h a s  b e e n  a c h i e v e d  w i t h o u t  r e l i  
a n c e  o n  e x p e n s i v e  c a s t i n g s .  E a c h  m a j o r  b o a r d  a s s e m b l y  
p l u g s  i n t o  i t s  o w n  c o m p a r t m e n t  o n  t h e  m o t h e r b o a r d .  E a c h  
c o m p a r t m e n t  i s  e n c l o s e d  o n  i t s  f o u r  s i d e s  b y  t w o  c l o s e l y -  
mach ined  a lum inum ex t rus ions ,  on  the  top  w i th  a  t i gh t - f i t t i ng  
c a s t  a l u m i n u m  c o v e r ,  a n d  o n  t h e  b o t t o m  b y  t h e  g r o u n d  
p l a n e  o n  t h e  m o t h e r b o a r d .  ! n  s o m e  c a s e s  w h e r e  h i g h  R F  

By Wil l iam H. Bull  
a t t e n u a t i o n  i s  r e q u i r e d ,  c r i t i c a l  c i r c u i t s  h a v e  b e e n  i n s t a l l e d  
i n  add i t i ona l  sh ie ld ing  cans  i ns ide  the i r  compar tmen ts .  H igh -  
l e v e l  R F  s i g n a l s  a r e  c a r r i e d  b e t w e e n  m o d u l e s  i n  d o u b l e -  
s h i e l d e d  c o a x i a l  c a b l e .  D C  c o n n e c t i o n s  a r e  m a d e  t h r o u g h  
t h e  m o t h e r b o a r d  t h r o u g h  s m a l l  c i r c u l a r  h o l e s  i n  t h e  g r o u n d  
p l ane .  I n  add i t i on ,  t he  exposed  l eads  and  connec to r  p i ns  on  
t h e  b o t t o m  s i d e  o f  t h e  m o t h e r b o a r d  a r e  s h i e l d e d  w i t h  a  
s h e e t  a l u m i n u m  c o v e r .  T h e  c o u n t e r  b o x  p r o v i d e s  R F  s h i e l d  
i n g  o f  t h e  l o w - f r e q u e n c y  c o u n t e r  c i r c u i t r y  u s i n g  o v e r l a p p i n g  
r i v e t e d  s h e e t  m e t a l  a n d  a  u n i q u e  m e t a l  e t c h e d  s c r e e n  i n  
f r o n t  t o  a t t e n u a t e  t h e  R F  r a d i a t i n g  f r o m  t h e  n u m e r i c  i n d i  
c a t o r  t u b e s .  A l l  t h i s  r e s u l t s  i n  a  u n i t  w e l l  s h i e l d e d  a g a i n s t  
RF I  suscep t ib i l i t y  and  rad ia t i on .  

To  ach ieve  good  se rv i ceab i l i t y  a l l  c i r cu i t s  a re  modu la r i zed  
a n d  a r r a n g e d  i n  l o g i c a l  o r d e r  i n  a g r e e m e n t  w i t h  t h e  i n s t r u  
m e n t  b l o c k  d i a g r a m .  T e s t  p o i n t s  a n d  s i g n a l  p a t h s  a r e  a c c e s  
s i b l e  s o  t h a t  a  p r o b l e m  c a n  b e  i s o l a t e d  t o  a  s i n g l e  m o d u l e  
w i t h o u t  a n y  d i s a s s e m b l y  o t h e r  t h a n  r e m o v i n g  t h e  t o p  c o v e r .  
Then ,  w i t h  t he  remova l  o f  a  f ew  sc rews ,  a  f au l t y  modu le  can  
e a s i l y  b e  u n p l u g g e d ,  r e m o v e d  a n d  r e p l a c e d .  A  f a s t  f a c t o r y  
m o d u l e  e x c h a n g e  p r o g r a m  i s  b e i n g  i n s t i t u t e d  f o r  t h i s  p r o d  
u c t .  I s o l a t i n g  p r o b l e m s  b e l o w  t h e  m o d u l e  l e v e l  i s  a l s o  
s i m p l e .  E x t e n d e r  b o a r d s  a r e  t h e  o n l y  t o o l s  n e c e s s a r y  t o  
e x p o s e  a l l  c i r c u i t  b o a r d s  i n c l u d i n g  t h e  c o u n t e r ,  f o r  t r o u b l e  
s h o o t i n g  u n d e r  o p e r a t i n g  c o n d i t i o n s ,  a s  s h o w n  a t  r i g h t ,  
be low.  

A careful computer analysis of all the possible mixing 
products from each of the mixers was used to predict 
the amount of isolation necessary in the buffer amplifiers 
and to indicate the IF filtering necessary in the Tracking 
Generator to minimize spurious signals at the output. For 
example, mixing 3 MHz with 47 MHz in the first mixer 
in the Tracking Generator results in 50 MHz, but it also 
results in 44 MHz. If this signal were not prevented from 
returning to the Spectrum Analyzer through the 47-MHz 
LO line, it would mix with the 47 MHz and produce a 
spurious 3-MHz signal in the Analyzer IF. This same 
signal must also be filtered out in the Tracking Generator 
50-MHz IF since otherwise it will appear as a spurious 
signal offset 6 MHz from the output signal. There can 
be many such spurious signals, some not nearly this 
obvious, in a triple conversion system with two swept 

LO's. The computer analysis was a powerful aid in 
locating potential problems. 

As noted in the discussion of the block diagram, the 
Tracking Generator output signal is kept at a constant 
level by an ALC circuit. Automatic leveling requires 
either an amplifier with a variable gain or a variable 
attenuator to adjust the RF level in response to the output 
detector. Such gain adjustments are simplest at a single 
frequency, but it is also desirable to have the input signal 
levels to the mixers remain constant to minimize spurious 
signals. Therefore, the 200-MHz IF amplifier was de 
signed to have a voltage variable gain, since it operates 
at essentially a single frequency and it is the last element 
before the broadband third mixer. The gain is adjusted 
by placing a voltage tunable notch or trap between ampli 
fier stages (see Fig. 4). As the ALC feedback voltage is 
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increased, the center frequency of the notch moves closer 
to 200 MHz, increasing the attenuation of the signal. This 
type of gain-adjusting element gives a range of more 
than 30 dB with a minimum of components. 

ALC â€” Video Amplif ier 
The Tracking Generator provides a leveled output 

signal which is flat to Â±0.5 dB from 100 kHz to 110 
MHz. The output level can be varied from +10 dB to 
â€” 123 dBm with 1 and 10 dB step attenuators and a 0- 
1.2 dB gain vernier in the leveling circuit. Harmonics are 
more than 35 dB below the fundamental, while other 
spurious responses are more than 50 dB below the funda 
mental. 

The Automatic Level Control circuit is shown in Fig. 
5. The output level measured by the detector is compared 
with the reference voltage by the leveling amplifier, and 
the error signal from that amplifier is fed back to the 
variable-gain 200-MHz IF amplifier, as mentioned ear 
lier. The major design objectives for the output circuitry 
of the 8443 A were: 1) flat frequency response over the 
operating range, 2) a stable output level, 3) minimum 
level of spurious signals, 4) rapid recovery when sweep 
ing through zero frequency. 

Peak detection is used in the Tracking Generator be 
cause it has definite advantages over other diode detec 
tion schemes: it is accurate over a broad frequency range 
and stable over a broad temperature range; the output 
level of the 8443 A varies less than Â±0.3 dB from 0 to 
55 Â°C. A peak detector is also simple, but it has one 
major problem: response to the rapid change in output 
power while sweeping through 'zero' frequency. This 
problem was solved by optimizing the dynamic input 
impedance of the leveling amplifier and limiting the 
charge on the detector filter capacitor due to the 'zero' 
frequency transient. 

It was necessary to make some trade-offs in choosing 
the ALC loop gain to achieve optimum output signal flat 
ness. Undesired mixing products from the RF Section 
can appear on the output as spurious signals. If the swept 
output signal crosses any of these signals, a zero beat or 
'birdie' is produced on the signal when displayed on the 
Spectrum Analyzer. While these spurious signals have 
been minimized in the design of the RF Section, they are 
nonetheless multiplied by the amount of the loop gain in 
the ALC circuit. Therefore, it was necessary to make the 
unleveled system as flat as possible, to minimize the 
amount of loop gain needed. 

Thin-film microcircuit technology met the need for 
flat, high-gain output amplifiers. A high-gain amplifier is 

required to give a high, level output, since the output of 
the third mixer is made low in level to minimize spurious 
signals. Flat frequency response is easier to achieve with 
a thin-film circuit because of its relative freedom from 
parasitic inductive and capacitive effects. Placing the de 
tector on the thin-film circuit very close to the 50f2 thin- 
film output resistor promotes the achievement of good 
VSWR characteristics in the leveled output. Microcircuit 
techniques are also advantageous because of the excellent 
heat sinking that is obtained by putting the active device 
directly on the sapphire substrate. This allows the active 
device to be biased at higher than normal current levels, 
which improves the overall frequency response of the 
transistors and minimizes the distortion in the output 
amplifier. 

Counter  Sect ion 
The 8443 A marker control circuit stops the scan 

ramp generator in the 8552 IF Section during a part 
of each sweep cycle and counts the 8443A output fre 
quency during the period when the scan is stopped and 
the frequency is fixed. 

Because the scan is stopped at the same point on each 
sweep, the CRT beam is directed at the same point on 
the CRT for a large percentage of the scan time, causing 
an intensified spot at that point. This spot is an easily 
recognizable marker, and its position corresponds pre 
cisely to the frequency measured by the counter. By use 
of a continuously variable MARKER POSITION con 
trol, the operator can locate the marker on any point of 
the swept frequency display he chooses. 

Obviously, it is necessary to stop the scan for a period 
sufficiently long to count the generator output to the de 
sired resolution. For a direct counting counter, this period 
is simply the inverse of the desired frequency resolution. 
However, the intensity of the marker relative to the inten 
sity of the rest of the scan is a function of the ratio of the 

F i g .  4 .  V a r i a b l e - g a i n  2 0 0 - M H z  I F  A m p l i f i e r .  
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stopped period to the scanning period. As the operator 
changes either the counter resolution or the scan speed, 
the marker intensity will change. Since this characteristic 
is undesirable, a method was devised to minimize this 
effect. Given any resolution and scan speed, we can in 
crease the marker intensity by stopping the scan for a 
period of time longer than the counting period, or we can 
decrease the intensity by blanking the CRT for a portion 
of the stopped time. The solution, then is to fix the ratio 
of the marker display time to the scan time at a value 
determined by the operator. This function is performed 
in the 8443A by a simple capacitor charge-discharge 

circuit. F ig .  5 .  Ou tpu t  Leve l i ng  Sys tem.  

S Y S T E M  C H A R A C T E R I S T I C S  
H P  M o d e l  8 4 4 3 A * / 8 5 5 3 B T / 8 5 5 2 B *  

Spectrum Analyzer â€” Tracking Generator/Counter 
F R E Q U E N C Y  C H A R A C T E R I S T I C S  

F R E Q U E N C Y  R A N G E :  1 0 0  k H z  t o  1 1 0  M H z '  
S C A N  W I D T H :  

P E R  D I V I S I O N :  1 8  c a l i b r a t e d  s c a n  w i d t h s  f r o m  2 0  H z / d i v  t o  
1 0  M H z / d i v  i n  a  1 ,  2 ,  5  s e q u e n c e  o n  a  1 0  d i v  d i s p l a y .  

P R E S E T :  O t o  1 0 0  M H z .  
Z E R O :  S y s t e m  i s  f i x e d  t u n e d .  C o u n t e r  r e a d s  f r e q u e n c y .  

D I G I T A L  F R E Q U E N C Y  D I S P L A Y :  C o u n t e r  r e a d s  f r e q u e n c y  o f  m o v a b l e  
m a r k e r  o n  C R T .  7  d i g i t s  w i t h  1  d i g i t  o v e r r a n g e .  R e a d s  t o  Â ± 1 0  H z  
i n c r e m e n t s .  

F R E Q U E N C Y  A C C U R A C Y :  
C O U N T E R  A C C U R A C Y :  Â ± 1  c o u n t  Â ±  t i m e  b a s e  a c c u r a c y .  

T i m e  B a s e  A g i n g  R a t e :  < 3  x  1 0 - ' / d a y  a f t e r  w a r m u p .  
R E S O L U T I O N :  

B A N D W I D T H :  3  d B  b a n d w i d t h s  o f  1 0  H z t  t o  3 0 0  k H z  p r o v i d e d  i n  
a  1 ,  3  s e q u e n c e .  

B A N D W I D T H  S E L E C T I V I T Y :  6 0  d B / 3  d B  I F  b a n d w i d t h  r a t i o  
< 1 1 : 1  f o r  I F  b a n d w i d t h s  1 0  H z  t o  3  k H z  
< 2 0 : 1  f o r  I F  b a n d w i d t h  1 0  k H z  t o  3 0 0  k H z .  

S T A B I L I T Y :  
R E S I D U A L  F M :  

S t a b i l i z e d :  < 0 . 1  H z  p e a k - t o - p e a k  t y p i c a l .  t  
U n s t a b i l i z e d :  < 1  k H z  p e a k - t o - p e a k .  

N O I S E  S I D E B A N D S :  M o r e  t h a n  7 0  d B  b e l o w  C W  s i g n a l ,  5 0  k H z  o r  
m o r e  a w a y  f r o m  s i g n a l ,  w i t h  1  k H z  I F  b a n d w i d t h .  

S P E C T R A L  P U R I T Y :  
H A R M O N I C  S I G N A L S :  A t  l e a s t  3 5  d B  b e l o w  o u t p u t  l e v e l .  
I N H A R M O N I C  ( S p u r i o u s )  S I G N A L S :  A t  l e a s t  5 0  d B  b e l o w  o u t p u t  

level. 
D I S P L A Y  C H A R A C T E R I S T I C S  

S C A N  i n  1 6  i n t e r n a l  s c a n  r a t e s  f r o m  0 . 1  m s / d i v  t o  1 0  s / d i v  i n  
a  1 ,  2 ,  5  s e q u e n c e .  S c a n  h o l d  m o d e  a l l o w s  m a n u a l  s c a n .  

D I S P L A Y  O P T I O N S :  S p e c t r u m  a n a l y z e r  i s  a v a i l a b l e  w i t h  v a r i a b l e  p e r  
s i s t e n c e  ( 1 4 1 T )  o r  n o r m a l  p e r s i s t e n c e  ( 1 4 0 T )  a n d  l a r g e  s c r e e n  
(1438 ) .  

A M P L I T U D E  C H A R A C T E R I S T I C S  
A B S O L U T E  A M P L I T U D E  C A L I B R A T I O N  R A N G E :  

S P E C T R U M  A N A L Y Z E R :  
L o g :  F r o m  - 1 4 0  t o  + 1 0  d B m ,  1 0  d B / d i v  o n  a  7 0  d B  d i s p l a y  o r  

2  d B / d i v  e x p a n d  b e l o w  L O G  r e f e r e n c e .  
L i n e a r :  F r o m  0 . 1  / Â ¿ V / d i v  t o  1 0 0  m V / d i v  i n  a  1 ,  2  s e q u e n c e  o n  a n  

8 - d i v i s i o n  d i s p l a y .  
T R A C K I N G  G E N E R A T O R :  < - 1 2 0  d B m  t o  + 1 0  d B m  i n  1 0  a n d  

1  d B  s t e p s  w i t h  a  c o n t i n u o u s l y  a d j u s t a b l e  1 . 2  d B  v e r n i e r .  
M E A S U R E M E N T  R A N G E : *  

G A I N  C O M P R E S S I O N :  F o r  < - 1 0  d B m  s i g n a l  l e v e l  a t  t h e  i n p u t  
m i x e r ,  g a i n  c o m p r e s s i o n  < 1  d B .  

S P U R I O U S  R E S P O N S E S :  F o r  - 4 0  d B m  s i g n a l  l e v e l  a t  t h e  i n p u t  
m i x e r ,  s p u r i o u s  r e s p o n s e s  a r e  m o r e  t h a n  7 0  d B  d o w n  ( 2  M H z -  
1 1 0  M H z ) .  

A V E R A G E  N O I S E  L E V E L  ( 1  M H z - 1 1 0  M H z ) ;  
I F  B a n d w i d t h  A v e r a g e  N o i s e  L e v e l  

1 0  H z  - 1 4 0  d B m  

100  Hz  
1  k H z  

1 0  k H z  
1 0 0  k H z  

- 1 3 0  d B m  
- 1 2 0  d B m  
- 1 1 0 d B m  
- 1 0 0  d B m  

R E S I D U A L  R E S P O N S E S  ( r e f e r r e d  t o  s i g n a l  l e v e l  a t  i n p u t  m i x e r ) :  
2 0 0  k H z  t o  1 1 0  M H z :  <  - 1 1 0  d B m  

A M P L I T U D E  A C C U R A C Y :  
S P E C T R U M  A N A L Y Z E R :  

F r e q u e n c y  R e s p o n s e :  Â ± 0 . 5  d B  
S w i t c h i n g  b e t w e e n  B a n d w i d t h s : 3  Â ± 0 . 5  d B  
A m p l i t u d e  D i s p l a y : 4  Â ± 1 . 5  d B  
C a l i b r a t o r ,  - 3 0  d B m  a t  3 0  M H z :  Â ± 0 . 3  d b  

T R A C K I N G  G E N E R A T O R :  
F r e q u e n c y  R e s p o n s e :  Â ± 0 . 5  d B  
O u t p u t  A t t e n u a t o r s :  

i O d B S i e p s :  Â ± 0 . 2  d B  
1  d B  S t e p s :  Â ± 0 . 1  d B  

C a l i b r a t o r ,  - 3 0  d B m  a t  3 0  M H z :  Â ± 0 . 3  d B  
I N P U T / O U T P U T  C H A R A C T E R I S T I C S  

S P E C T R U M  A N A L Y Z E R :  
I N P U T  I M P E D A N C E :  5 0 Â £ 2 ,  R e f l e c t i o n  C o e f f i c i e n t  < 0 . 1 3  ( 1 . 3  S W R )  

f o r  i n p u t  a t t e n u a t o r  > 1 0  d B .  
M A X I M U M  I N P U T  L E V E L :  P e a k  o r  a v e r a g e  p o w e r  + 1 3  d B m .  

T R A C K I N G  G E N E R A T O R :  
O U T P U T  I M P E D A N C E :  5 0 0 ,  R e f l e c t i o n  C o e f f i c i e n t  < 0 . 0 9  ( 1 . 2  S W R )  

f o r  o u t p u t  < 0  d B m .  
G E N E R A L  

T E M P E R A T U R E  R A N G E :  O p e r a t i o n  0 - 5 5 Â ° C ,  s t o r a g e  - 4 0 Â ° C  t o  7 5 Â ° C .  
P O W E R :  1 1 5  V  a n d  2 3 0  V ,  4 8 - ^ Â » 4 0  H z  ( 7 5  w a t t s ) .  
D I M E N S I O N S :  L e n g t h ,  1 8 %  i n  ( 4 6 6 , 7  m m ) ;  w i d t h ,  1 6 %  i n  ( 4 2 5 , 4  m m ) ;  

h e i g h t ,  3 V e  i n  ( 9 8 , 4  m m ) ,  i n c l u d i n g  h e i g h t  o f  f e e t .  
W E I G H T :  N e t ,  2 4  I b  5  o z  ( 1 1 , 0 4  k g ) .  S h i p p i n g ,  3 1  I b  1 4  o z  ( 1 4 , 4 7  k g ) .  

P R I C E  ( 8 4 4 3 A -  o n l y ) :  $ 3 5 0 0 . 0 0  
8S53B :  $2200 .00  
8 5 5 2 A :  $ 1 9 0 0 . 0 0  
8 5 5 2 B :  $ 2 8 5 0 . 0 0  

1 4 1 T :  $ 1 7 0 0 . 0 0  
* N o r e  a v a i l a b i l i t y  o l  M o d e l  8 4 4 3 B  w i t h o u t  c o u n t e r ,  a t  $ 1 9 7 5 . 0 0  
^ I n t e r f a c i n g  t h e  8 4 4 3  S p e c t r u m  A n a l y z e r s  w i t h  t h e  e a r l i e r  H P  M o d e l  
8 S 5 3 L  R F  S e c t i o n ,  a  m o d i f i c a t i o n  k i t ,  w i l l  b e  r e q u i r e d .  
$ W h e n  t h e  H P  M o d e l  8 5 S 2 A  I F  s e c t i o n  i s  u s e d ,  m i n i m u m  b a n d w i d t h  
b e c o m e s  5 0  H z ,  r e s i d u a l  F M  ( i n  s t a b i l i z e d  m o d e )  i s  2 0  H z  p e a k - t o - p e a k .  
O n l y  t h e  n e w e r  8 S 5 2 B  I F  s e c t i o n  h a s  t h e  2 - d B  L O G  E X P A N D  d i s p l a y  
m o d e .  
i  T h e  8 5 5 3 B  h a s  a  f r e q u e n c y  r a n g e  o l  1  k H z  t o  1 1 0  M H z  w i t h  t w o  t u n i n g  

r a n g e s :  0 - 1 1  M H z  a n d  0 - 1 1 0  M H z .  
i  M e a s u r e m e n t  r a n g e  i n  t h e  ' F r e q u e n c y  R e s p o n s e  M o d e '  i s  d e t e r m i n e d  

b y  m a x i m u m  s i g n a l  l e v e l  a t  t h e  h i g h  e n d  a n d  t h e  a v e r a g e  n o i s e  l e v e l  
a t  t h e  l o w  e n d .  

3  E r r o r  c a n  b e  c a l i b r a t e d  o u t  b y  c a l i b r a t i n g  o n  s p e c i t i c  b a n d w i d t h .  
Â «  Â ± 0 . 2 5  d B / d B  b u t  n o t  m o r e  t h a n  Â ± 1 . 5  d B  o v e r  7 0  d B  d i s p l a y .  E r r o r  c a n  

b a  c a l i b r a t e d  o u t  u s i n g  I F  s u b s t i t u t i o n  t e c h n i q u e s .  ( L o g  R e f e r e n c e  
L e v e l  C o n t r o l  a c c u r a c y ,  1 0  d B  s t e p s :  Â ± 0 . 2  d B . )  

M A N U F A C T U R I N G  D I V I S I O N :  H P  M I C R O W A V E  D I V I S I O N  
1 5 0 1  P a g e  M i l l  R o a d  
P a l o  A l t o ,  C a l i f o r n i a  9 4 3 0 4  
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Bill  Bull  
Bi l l  Bu l l  g rew up  in  Men lo  Park ,  
Ca l i fo rn ia ,  pu t  in  th ree  years  a t  
D a r t m o u t h  C o l l e g e  i n  N e w  
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8443A. 
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in  a  1940 Chevy  tha t  runs  as  no  new one ever  d id .  

Pat  Barret t  
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research  assoc ia te  a t  Mon tana  
State. 

Pau l ' s  f i r s t  p ro jec t ,  upon 
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