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Microwave CW and Pulse Frequency
Measurements to 40 GHz
A new harmonic heterodyne frequency converter plug-in
adds automatic 40-GHz frequency measurements to the
universal caoabilities of HP's too counter.

by Richard F. Schneider,  Ronald E. Felsenstein, and
Robert W. Offermann

'  
O BE USEFUL in the widest possible range of appl i-
cations, a microwave counter should be capable of
measuring the carr ier frequencies of pulsed or CW

signa ls ,  and fo r  pu lsed s igna ls ,  shou ld  a lso  prov ide  fo r
t ime interval or frequency measurement of the pulse modu-
Ia t ion .  The des ign  shou ld  be  op t im ized w i th  w ide  IF  band-
widths for nanow pulses and wide FM deviat ions, and
shou ld  have h igh  sens i t i v i t y .  Cos t -e f fec t i ve  f requency
range selection and automatic operation are essential.

A new system that operates as a plug-in to the HP 5345A
500-MHz Universal Counterl  is designed to meet these re-
quirements over a carrier frequency range of 0.4 to 40 GHz.
The system, which consists of the 5355A Automatic Fre-
quency Converter and the 5356A/B/C Frequency Converter
Heads, is shown in Fig. 1. I t  provides an effect ive alternative
to the complex special ly assembled systems that formerly
were the only way to measure up to 40 GHz.

The 5356'\/8/C Frequency Converter Heads el iminate the

need for microwave transmission I ines to connect the mea-
sured source to the counter. Coaxial cables, while conve-
nient, cannot always be used, since two-metre coaxial l ines
typical ly have about t0 dB loss at 1B GHz and get worse at
higher frequencies. To circumvent this, hybrid microwave
circuits in the heads down-convert incoming frequencies to
intermediate frequencies (IF) that are easily transmitted
over a 1.7-metre miniature coaxial cable to the 5355A Au-
tomatic Frequency Converter Plug-in. This eliminates the
transmission Iine loss and effectively improves system sen-
sit ivi ty by that amount. Heads with various coaxial or
waveguide connectors can be selected to meet the mea-
surement requirement (see art icle, page 14).

Microprocessor control in the plug-in makes operation
automatic in either pulse or CW mode. The new system uses
the single-sampler harmonic heterodyne technique.2 The
microprocessor computes the input frequency according to
the desired resolut ion set on the 5345A Counter front panel

Fig. 1. Model 5355A Automatic
Frequency Converter plug-tn for
Model 5345A Counter measures
the frequenctes of CW or pulsed
s igna ls  up  to  40  GHz.  Down-
conversion of the input frequency
takes place tn the interchangeable
5356AlBlC Frequency Converter
Heads, eliminating the need for
highJrequency transmtsston l tnes
between the  source  and the
. A t t n t 1 /  F y f a t n t l  ^ . t t n ^  F 1 L ^ . . lL ^ t a t t t o t  v a u t t g  t t t d A Y J  1 I

p oss i bl e to meas u re th e f re qu en cy
profile withrn a pulse.
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5355A Automatic
Frequency Converter

External Gate

5356A/B/C Head

'AAD= Automatic Amoli tude Discrimination

and displays the frequency on the counter 's eleven-digit
display.

The 5355A plug-in has a simpli f ied keyboard that al lows
the user to select automatic or manual CW or pulse opera-
tion, to specify frequency offsets or multiplication of the
measured frequency by a constant, to display frequency
deviat ion, and to select the prescaler bui l t  into the plug-in.
The prescaler divides the input frequency by eight. I t  is
used to measure frequencies from 0.4 to 1.6 GHz; no fre-
quency converter head is needed in this range. The pre-
scaler has its own fused front-panel connector.

Pulse repetition frequency measurements and time inter-
val measurements such as pulse width, pulse repeti t ion
interval,  pulse repeti t ion period, and pulse-to-pulse spac-
ing are made by the reciprocal-taking 5345A Counter, using
the detected IF from the 53554 Converter plug-in. The
counter mainframe also measures frequencies from 50 pHz
to 500 MHz. The counter has a maximum time interval
resolut ion of two nanoseconds for single-shot intervals and
two picoseconds for t ime interval average measurements.

The complete microwave counter system consist ing of
the 5345A Counter with the 5355A Frequency Converter
and the 5356A/B/C Heads measures any frequency from b0
p.Hz to 4O GHz. I ts sensit ivi ty with the 5356,\/8 Heads is
-20  dBm f rom 1 .5  to  1 .2 .4  GHz and -15  dBm f rom 12.4  to
26.5 GHz. With the 5356C Head, sensit ivi ty is 5 dB better up
to 26.5 GHz and decreases to -10 dBm at 4OGHz. Prescaler
sensit ivi ty is -15 dBm from 400 MHz to 1.6 GHz.

In the automatic mode, the system measures the frequen-
cies of RF pulses from L00 ns to 20 ms wide at pulse repeti-
t ion frequencies of 50 Hzto 2 MHz. In manual mode, pulses
as narow as 60 ns can be measured, and external gates as
narrow as 20 ns may be applied to the counter for appl ica-
tions such as measuring the frequency profiie within a pulse.

For pulsed RF-signals, the FM tolerance is 50 MHz peak-
to-peak for a 100-ns pulse in the automatic mode, and B0
MHz p-p for a 60-ns pulse in the manual mode. Automatic
cal ibrat ion of the 534SA mainframe assures accuracy to 3
kHz in pulsed carr ier frequency measurements. Resolut ion
is selectableto as f ine as 100 Hzbyfrequencyaveraging, For
example, a 26.5-GHz pulse radar with a 1-ps wide pulse
could be measured with a 1O-ms gate t ime to a resolut ion of
10.3 kHz and an accuracy of+g kHz or about 2 parts in 106
(assuming no t ime-base errorl .

For CW (continuous) signals, the maximr,rm resolut ion is
O.1 Hz up to 10 GHz and 1 Hz from 10 to 40 GHz. The FM
tolerance is 15 MHz p-p in the normal mode and 60 MHz p-p
in the special FM mode.
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Fig. 2. Srmpltfred block diagram
of the harmontc heterodyne fre-

Y;,' : : r" : : :Z' ;' :I ::i:'' " "' "'
Harmonic Heterodyne System

The harmonic heterodyne technique has been described
in previous art icles.2 Basical ly, a microwave sampler is
driven at programmed synthesized frequencies, as shown
in Fig. 2, unti l  a signal occurs in the passband of the IF
amplifier, indicating that some harmonic of the sampling
frequency is mixing with the incoming microwave signal to
produce a countable IF. The microprocessor then executes
an algorithm to identify the harmonic number N and the
sign of the IF (sum or difference), and solves for the input
frequency, according to the equation:

f* :  \ f ,  + lP (1)

where f* is the input frequency, N is the harmonic number,
and f" is the programmed synthesized frequency.

The harmonic number is determined by changing the
synthesized frequency slightly and measuring the change
in the IF frequency.

N -  
f t P t - f ' o '

f r  -  f s  
t 2 )

where f1p1 : IF when f. : fr

fp3 : IF when f, : f3

The sign of the IF in equation 1 is determined by whether
f1p3 is larger or smaller than fp1.

Pulse Mode
The basic design parameters of the system were derived

from the pulse requirements and the mainframe counter's
capabil i t ies. Linear programming3 was used to optimize the
system. Seven equations in f ive variables were solved sub-
j e c t  t o  v a r i o u s  b o u n d a r y  c o n d i t i o n s ,  i n c l u d i n g  t h e
minimum input frequency, the IF bandwidth, the IF guard
band, the maximum harmonic number, and the minimum
synthesizer frequency. The linear programming equations
were entered into the computer and famil ies of solut ions
were obtained for the five variables. Tradeoffs were then
made to minimize the tuning range of the synthesizer osci l-
lator and optimize the IF bandwidth. Final ly, a separate
computer program was derived to determine the minimum
number of frequencies required to obtain complete fre-
quency coverage. The result is a set of frequency tables, one
for each frequency converter head. For example, with the
1B-GHz Model 5356A head, only 13 synthesizer frequencies
are required.

Delay
L ineInput

fx



In the search routine the synthesizer is stepped instead of
swept. The synthesizer frequency tables are stored in a
ROM, and the synthesizer is stepped to the next frequency
in the table after waiting the longest specified pulse repeti-
tion interval of 20 ms. This is repeated until a signal appears
in the IF passband of 157 to 330 MHz. Next the synthesizer
frequency is digitally incremented 4 MHz and the IF
passband is tested. If the incremented-synthesizer IF falls
outside the passband, the search routine proceeds to the
next frequency in the table. If the IFs for both synthesizer
settings are within the passband, the calculation of N and

by Hans J. Jekat

Behind the 0.4-to-1.6-GHz inout on the front oanel of the 53554
Automatic Frequency Converter is a prescaler that divides the lnput
frequency by eight to bring i t  within the range of the 5345A Counter
mainframe. The prescaler operates in both the CW and pulsed RF
modes.  An arming c i rcu i t  senses  marg ina l  s igna ls  to  keep the
counter f  rom miscounting. The prescaler input is protected by a fuse
that is accessible from the front panel.

Fig 1 is a block diagram of the prescaler. The latest state-of-the-art
techno logy  has  been app l ied  in  the  des ign  o f  the  a t tenuator ,
ampli f ier, and binary circuits.

AGC Attenuetor
The attenuator and the AGC (automatic gain control) circuit  (see

Fig 1)are used in both CW and pulsed RF modes AGC is very
important in the pulsed RF mode, since unwanted signal during the
off condit ion of the pulse signal could cause the pulse detector to
delay i ts gate closrng. Therefore, the AGC is set to a level where the
RF pulse can be counted, and the off port ion o{ lhe pulse is then

Armed----lSe!eilEA

Input  400 MHz to 1600 MHz

the sign of the lF can proceed.
After the initial acquisition in the IF passband of t57 to

330 MHz, the IF can shift into the IF guard band without
affecting the measurement. The guard band extends down
to 78 MHz and up to 375 MHz, as shown in Fig. 3. If the
IF moves out of the guard band, the 5355A reacquires
the input and discards the results of any measurement
in progress.

Automatic gain control of the IF amplif ier in the pulse
mode minimizes the required input signal on/off ratio and
maintains the sienal-to-noise ratio. An IF detector and a

am

Fig,2. Attenuator (1.), amplifier, and binary (r.) are housed in
TO-12 packages.

O u t + 8

PRS Gate

LV AGC

loon't cor',nt
Count

Fig. 1. Block dtagram of the 400-
1600 MHz +B prescaler in the
5355A Automat ic  Frequency
Converter.
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(1.!'v)
compressed to a point below the input sensit ivi ty, thereby preventing
noise counting and gate j i t ter. The attenualor contains four PIN
diodes connected in a zr configuration. There are two PIN diodes rn
the transmission l ine compared to the one that is commonly used in a
'.  attenuator. The advantage is that the off capacitance is only half  as
great and therefore, the attenuatron in the off condit ion is higher. The
tradeoff is a sl ightly higher input VSWR. To get good high-frequency
attenuation, the bypass capacitors are paral lel-plated capacitors
with an extremely low profi le of 0.13 mm. Paral lel resonances and
inductive reactances are not discernible. The attenuator is oackaoed
in a TO-12 {our- lead package (see Fig. 2).

2-te1 600-MHz Amplilier
The ampli f ier used in the prescaler is constructed on a sapphire

substrate measuring 2.5 by 6.4 mm. Only two transistors and one
chip capacitor have to be mounted on the sapphire substrate. The
rest of the circuitry consists of thin-f i lm resistors and thin-f i lm induc-
tors. The low parts count in the ampli f ier yields a very high rel iabi l i ty.
The ampli f  ier has + 1 dB f latness and 24 dB gain, and is housed in a
TO-12 package (Fig 2), which uses i i t t le space on the prescaler
printed circuit  board.

1.6-GHz Binary
The 1 .6-GHz b inary  (+2  c i rcu i t )  i s  a  mono l i th ic  h igh- f requency

d iv ider  c i rcur t  (see  F  g  3 ) .  Two cur ren t -mode f  l rp - f rops  are  c ross-
coup led  in  a  master -s lave  conf igura t ion .  Second- leve l  cur ren t
switches control updating and latching of the f l ip- l lops Two input
bias l ines to the master f l ip-f lop second-level current switch control
self-osci l latron and bandwidth by prebiasing the data transistors.
This makes them switch f aster, since they do not have to wait for the
total output swing of the slave f l ip-f lop. This technique requrres a
larger voltage swing for lower frequencies, and since the voltage
swing is l imited, the low-frequency response is degraded. In other

6 rrwrerr PAOKARD JouBNAt ApR L i98o

Fig. 3. 7.6-GHz binary (+2 ctr-
cu i t )  cons is ts  o /  [yy6  51955-
coupled current-mode flip-f lops in
a maste r- sl av e conf i g u rati on.

words, we are trading off low-frequency toggle speed for high-
frequency toggle speed.

By control l ing the clock input bias, the binary can be pushed into
self-osci l lat ion around 1200 MHz At this point, the binary is in i ts most
sensjt ive region over the entire bandwidth. The binary stops osci l lat-
ing and begins dividing when an RF pulse appears at the prescaler
input. In CW mode, the 1.6-GHz binary is biased to a point of no
self-osci l lat jon. This sacri f ices some sensit ivi ty but assures that the
counter wi l l  not respond to noise. In pulsed RF mode, the binary can
be biased in the more sensit ive osci l lat ing mode since the gate signal
dictates which signal is counted.

The binary is packaged in a four- lead TO-12 package (see Fig 2)
and the casting of the prescaler acts as a heat sink for i t .

Hans J. Jekat
Hans Jekat is an electr ical engineering
graduate of the Technische
Hochschule in Munich. He moved to the
U.S A.  in  1958,  and s ince  1964 has
been with HP's Santa Clara Division. He
served as project leader for the 5300
MeasLrrrng System and designed the
53004 maintrame, the 53054/8 Count-
ers, several of the MOS/LSl circuits
used in the 5300 system and other in-
struments, and the prescaler and lF
ampli f  ier for the 5355A Frequency Con-
verter. His counter work has resulted in
several patents. Hans rs married, has
two sons, and ives in Redwood City,

Cali fornra. For many years a trainer o{ show horses, he also enjoys
soccer  and sk i inq .



Pulse

Fig. 3. 53554 lF passband extends from 157.5 to 330 MHz
for the down-converted carrier frequency. The guard band
allows for worst-case FM on the earrier of 45 MHz peak. The
specification is B0 MHz peak-to-peak for pulsed signals.

gate generator provide the 5345,\ Counter with an external
gate signal about 30 ns shorter than the pulse burst and
centered on the burst to eliminate measurement of the rise
and fall frequency transients.

Calibration
The main gate circuits in the 53454 Counter have an

asymmetry that causes a small difference between the time
it takes for the gate to open and the time it takes for the gate
to close. This difference, typically about 300 picoseconds,
becomes significant when the gate is opened and closed
many times for a single measurement on narrow pulses. The
enor is proportional to the intermediate frequency and in-
versely proportional to the input pulse width.

To minimize the effect of this error, an automatic calibra-
tion routine in the 5355A is used whenever pulse bursts
narrower than 100 ps are measured. The calibration routine
uses the synthesizer signal for a reference frequency by
switching this signal into the IF after dividing by four.
Using the gate derived from the input signal, this reference
signal is measured, and the ratio of the actual synthesizer
frequency to that measured is computed and used as a
calibration factor. To improve the accuracy of the calibra-
tion factor, it is averaged for the first ten measurements after
the signal is acquired. The letter c is displayed in the left-
most position of the 5345A display during these ten mea-
surements to indicate that calibration is taking place.

A change in the input pulse width of more than 12%, or
loss and reacquisition of the input, will cause a new calibra-
tion cycle to take place. A special operating mode disables
the calibration scheme for relative frequency measurements
where absolute accuracy is not required.

Pulse Algorithm
The flow diagram shown in Fig. 4 outlines the search,

acquisition, calibration, computation, and measurement
cycles of the pulse algorithm. The harmonic number de-
termination is made with a 100-g.s minimum gate time. A
normal pulsed frequency measurement is made of f1p1 and
f1p. for synthesizer frequencies f1 and f3, respectively'
The harmonic number N is then computed as follows:

* : ttT;JT' x calibration Factor

Oefinltion of Symbols: See Fig. 6, Page 9

Fig. 4. Search, acquisition, calibration, camputation' and
measu rement algorith m for pulse measu rements.
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N is continually measured during an automatic measure-
ment.

For a 100-ps gate t ime, the t ime required for a pulse
frequency measurement is 2x100 prs divided by the duty
factor of the pulse signal. Since the duty factor is the gate
width multiplied by the pulse repetition frequency, a 1-ps

H:*#|rc 
with a 1-kHz repetition rate requires 200 ms to

CW Mode
Harmonic number determination in the CW mode uses a

pseudorandom sequence technique described previouslya
to improve tolerance to FM. The counter's FM tolerance of
15 MHz p-p is related to the length of the sequence, which is
normally set for 22 ms. A special mode lengthens the se-
quence to 360 ms for 60 MHz p-p FM tolerance.

The pseudorandom sequence is applied to the frequency
synthesizer at the VCO (voltage-controlled oscillator) in-
put, as shown in Fig. 5, at a rate outside the phase-locked-
l o o p  b a n d w i d t h .  T h e  l o o p  r e m a i n s  l o c k e d ,  b u t  t h e
pseudorandom sequence modulates the VCO frequency
about 4 MHz peak-to-peak. The harmonic number and the
sign of the IF are determined by switching the counter
between the A and B channel inputs synchronously with
the 4 MHz modulat ion step. The pseudorandom sequence is
activated twice, once to measure the synthesizer frequency
change and once to measure the corresponding IF change.
In each case the frequency change is the difference between
the A and B counts. To determine N the IF change is divided
by the synthesizer change and the result is rounded to the
nearest integer (see next section). With this technique, only
one synthesizer is needed (many systems switch between
two synthesizers to determine N). The CW frequency reso-
lut ion, a measure of the synthesizer noise spectral density,
is typically less than -rZ Hz at 18 GHz with a one-second
gate t ime.

8 nEwlErr,pncrARD JouBNAL ApRtL 1980

A Channel

Fig. 5. /n CW mode, a pseudo-
random sequence generator
modulates the VCO frequency. A
and B counters measure the two
VCO frequencies and the corres-
ponding intermediate frequen-
cies. fhis information makes it
posslb/e to identify which har-
monic of the VCO is mixing with the
input to produce the lF . The length
of the pseudorandom sequence
determines the allowable FM in the
CW mode.External Gate

Automatic amplitude discrimination is provided in the
CW mode by using a l imit ing IF ampli f ier and providing an
IF bandwidth that is greater than half the sampling rate.
This tends to make the average zero-crossing rate equal to
the frequency of the highest- level signal present. The
counter will measure this frequency, provided that this
signal is more than B dB greater than signals within 500
MHz and 20 dB greater than other signals within the fre-
quency range of the 53564 and 53568 Heads.

CW Algorithm
The CW algorithm is shown in Fig. 6. Note that the syn-

thesizer deviation is measured as well as the IF deviation.
This is required to determine the synthesizer deviation
accurately, since the modulation sensitivity of the VCO is
not perfectly linear. The harmonic number N is then com-
puted as fol lows:

Afrp
N : _

af"

The harmonic number is checked every ten gate times to
make sure i t  is correct.

Synthesizer
The divide-by-M frequency synthesizer is phase-locked

to the 10-MHz time base of the 53454 mainframe. It oper-
ates from 885.2 to 1056 MHz. A two-modulus divider, con-
trolled by the microprocessor according to the frequency
table stored in the ROM, sets the frequency as shown in Fig.
7. Each converter head is coded so that when it is plugged
into the 5355A, the proper frequency table is accessed. The
VCO steps through the frequencies in a nonlinear manner.
The minimum change is 400 kHz.

The VCO output is amplified and sent to the 5356A/B/C



,'t'\

I
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Fig. 6. CW measurement algorithm.

Mnltlon of Symbols for Flg3. tl and 6

fp Unknown proscaler frequency Input

t. Synthe3lzerfrequency

I, Unknown RF hoad trequoncy lnput

lr Down-conyertedlF(lntermodlatslrequoncy)

N Harmonlc of t. that, mlxed wlth 1,, produces l|F

f- Keyboard-onteredmanualfrequency

lF" lF cGnler passband 157.5 to 330 mHz

ft Value for tr from a syntheslzet table

f z  f r + 2 M H z

f g  f r + 4 H H z

frr Down-converted lF when f. = f1

lrg Oown-convorted lF when f. = f3

Head and to the phase-locked loop buffer amplifier. This
signal is then divided by four and applied to the micro-
processor-controlled +M two-modulus divider. The two-
modulus divider permits the setting of frequencies other
than the normal integer values by switching 6"1u7ssn +40

and +41 division factors. The phase detector has a reference
frequency input of 100 kHz derived from the 10-MHz
counter time base.

In the CW mode, the harmonic number is determined by
applying the pseudorandom sequence to the VCO input.
The pseudorandom rate is outside the loop bandwidth so
that the center frequency ofthe synthesizer is not perturbed.
A high-and-low-gain amplifier is used to optimize the sys-
tem performance for both frequency measurement and N
determination. Low gain is used during harmonic number
determination so the maximum peak-tb-peak deviation is
obtained, while high gain is used during the frequency
measurement to obtain the best spectral purity'

Elliptical filtering is used to minimize the 100-kHz
sidebands that are caused by noise on the 100-kHz reference
signal feeding through and modulating the VCO. Another
operational amplifier is used to condition a tuning signal
that goes to a filter in the IF amplifier. This filter tracks the
synthesizer tuning and maintains the IF amplifier cutoff
frequency at about one-half the sampling frequency (syn-

thesizer frequency) to minimize spurious responses'
Special precautions were taken to reduce the power-line

sidebands in the synthesizer spectum. It was necessary to
wrap the elliptical filter inductor with a mu-metal shield
and place a sheet of transformer steel alongside the printed
circuit board casting to obtain the specified resolution.

lF Falter/Detector/Gate Generator
The various IF bands are determined by three analog

filters followed by level detectors as shown in Fig. B' The
edges of the acquisition band have individual filters and
detectors, while the guard band is determined by cascaded
high-pass and low-pass filters followed by a single detector.
All filters are five-pole Chebyshev type and all detectors
consist of a low-barrier Schot&y diode and a capacitor.

The IF input is limited and has constant amplitude. The
detected level on each capacitor is compared to a reference
voltage by a high-speed voltage comparator, the output of
which gives a digital indication of the presence of a signal
in the passband of the associated filter. By designing the
filter so that the band edge frequency is several dB into the
filter's stopband, the exact cutoff frequency can be set by a
simple adjustment of the reference voltage. This allows
precise determination of the band edges without precision
trimming of the filters themselves. The outputs of the three
comparators are combined by logic that produces four data
lines from which the microprocessor can determine when a
CW or pulse signal is present in the acquisition or guard
bands.

The detection scheme is fast enough to detect the pres-

ence of a valid IF signal from a single 60-ns wide burst. This
not only minimizes acquisition time in the pulse mode, but
also allows these same circuits to be used for generation of a
signal to gate the 5345A for pulse measurements, When a
pulsed-RF signal is present in the passband of one of the
filters, the output of the associated comparator approxi-
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Microprocessor
Control

mates the modulation envelope of the input RF signal. By
using the comparator  fo l lowing the 78- to-37S-MHz
bandpass filter, a gate will be obtained whenever there is a
countable signal present. However, it is not desirable to use
this detected envelope directly as a gate. This is because
pulse modulators commonly introduce a significant
amount of phase distortion in the process of turning the RF
signal on and off. Also, if the gate signal is the same width as
the burst to be counted, the timing of the gate relative to the
burst becomes extremely critical. For these reasons it is
desirable to make the gate signal narrower than the burst to
be counted, thus avoiding miscounts due to both turn-on
and turn-off distortion and to incorrect alignment between
the gate and the RF burst. This is done by using a com-
parator in the detector that has two outputs, each with an
independent enable. One output is delayed and then used
to enable the other output, thus causing the leading edge of
the second output to be delayed. However, when the RF
burst ends, both outputs return to the no-signal state simul-
taneously. The result is a pulse on the second output that is
narrower than the input pulse by the amount of the delay,
which in this case is 30 ns. This output is translated to the

Fig. 7. The ff55r''s frequency
synthesizer generates the local
oscillator signal to down-convert
the input signal in the 5356AlBlC
Frequency Converter Head.

proper levels and routed to the "gate out" connector on the
5355A's rear panel. From there, it is connected to the gate
control input on the 5345A using the cable supplied with
each 53554. The IF signal is internally routed to the 534bA
via a delay line of the proper length so that the gate pulse is
centered in the IF burst at the 5345A's main gate flip-flop.
This timing relationship is shown in Fig. 9.

Front Panel
The 53554 has two inputs, one with a range of +00 to

1600 MHz, and the other for the removable high-frequency
RF head. A simple seven-pushbutton keyboard handles all
the measurementand diagnostic functions. Most of the user
applications are handled by three of the keys. The two
right-hand keys determine a PULSE or CW measurement,
and the bottom key selects the appropriate input.

The four remaining keys are used for more sophisticated
measurements, such as manual or offset measurements.
These measurements require keyboard-entered frequen-
cies. To enter a manual frequency, the gold MAN FREe key is
pushed to place the 53554 in gold data entry mode. In this
mode, the gold legends on the front panel apply. By using

HPR/IF (lnput Soloct)

q
ar- I

Fig.8. lF filter, detector, and gate
generation circuits.

10 rrwLerr-pncKAnD JouFNAL ApRIL iggo



RF Burst

Comparator Output

Fig. 9. 53554 gate timing. The gate signal ls shorter than the
detected RF pulse and centered on it. This eliminates mis-
counts due to turn-on and turn-off distortion.

the two keys labeled UP and Do\/N, the desired manual
frequency can be entered. For a manual measurement the
frequency entered must be within 50 MHz of the input
frequency. Pushing the gold key again restores the 5355A to
its previous measurement mode.

To enter an offset frequency, the blue OFFSET FREQ key is
pushed to place the 5355A in blue data entry mode. In this
mode, the blue legends apply. Using these keys, the sign,
mantissa, decimal point, and units of the offset frequency
can be entered. Pushing the blue key again restores the
5355A to its previous measurement mode.

Diagnostics and special functions are engaged by push-
ing two keys simultaneously. Pushing CW and PULSE acti-
vates one of two specialized measurementmodes. When the
5355A is in CW mode, a long pseudorandom sequence is
activated so that more FM can be tolerated at the input.
When the 5355A is in pulse mode, the calibration factor is
computed continuously (normally it is computed on only
the first ten measurements).

Pushing the blue and gold keys simultaneously engages
various diagnostics and specialized modes. Each time these
two keys are pushed, two digits centered between equals
signs are displayed in the 5345A mainframe for one second.
The digits identify which mode is being activated. A total of
21 modes are available. Presently, 17 have been assigned.

All of the front-panel functions are remotely programma-
ble via the HP-IB.* The programming resembles pushbut-
ton operation for all measurements, diagnostics, and
specialized modes. For data entry of manual and offset
frequencies, a floating-point input format is used.

Resolution and Accuracy
The resolution of a frequency measurement is directly

proportional to the gate time. For example, a 1-ps gate time
provides a resolution of t MHz. To improve the resolution
on CW or repetitive pulsed RF signals, frequency averaging
is used. Averaging improves the resolution by Vn where n
is the number of samples averaged.s For a 1-ps external gate
signal and a 5345A gate time setting of 10 ms, 10a external
gates are required to complete one measurement and im-
*Compatible 

with IEEE 488-1978.

prove the resolution to 10 kHz. By frequency averaging,
resolution may be increased to 100 Hz, depending upon the
total measurement time, as shown in Fig. 10,

Gating errors in the 5345A, described previously in the
calibration section, cause frequency errors inversely pro-

Special Function KeYs

-r-. - \
Enable lnout An Automatic Microwave Frequency

Gate Output
Counter Test System to 40 GHz

by Larry L. Koepke

Testing the 53434 Microwave Frequency Counter, the 53554 Au-
tomatic Frequency Converter, and the 5356fuB/C Frequency Con-
verter Heads for conformity to all of their specifications over their
entire frequency ranges is not a tr ivial task. To handle this formidable
job, a special automatic test system had to be devised. Some of its
features are:
1. The software programs are structured to allow the operator to run

a iull set of tests automatically (without operator assistance), to
select a single test to run, or to select frequencies and power
levels manually (see Fig. 1).
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Fig. 1. fest program structure and special function key as'
signments in the Microwave Counter fest System.
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2. The system can make numerous repetrtive frequency measure-
ments at different power levels automatically, freeing the test
technician to al ign and/or repair instruments that have fai led the
automatic tests.

3. The system provides failure reports to help the test technician
locate instrument failures.

4. In the data log mode the system provides a printout of the com-
plete test.

5. The operator is made aware of a failure or the end of a test by an
aud ib le  s igna l .

The Microwave Counter Test System is controlled by an HP 9825A
Desktop  Computer  us ing  HP- lB-  s igna l  sources  (HP 33308,
HP8660C, HP 8672A) to derive the frequencies of 10 Hz to 40 GHz.
Frequencies of 18.5 GHz to 26.5 GHz are derived by doubling the
86724 frequencies of 9.25 GHz to 13,25 GHz. Freouencies of 26.5
GHz to 40 GHz are derived by quadrupl ing the 86724 frequencies oi
6,625 GHz to 10 GHz.

The system is capable of supplying CW or pulsed RF to the instru-
ments under test. A 5359A Time Synthesizer is used to generate
pulses to modulate the CW signal generator outputs. HP 33311BiC
Coaxial Switches used for signal switching and an HP 8495K 1O-dB
Step Attenuator are controlled via the HP-lB by three HP 59306A
Helay Actuators. Two HP 4364 Power Meters controlled via the HP-lB
and one HP 432C Power Metercontrol led via an HP 98032A.16-brt yO
Interface make the required power measurements. Frequency mea-
surements on the combined 53554 Converter ( l isten only) and
53564/B/C Heads are made by the 5345A Counter and output via the
HP-lB to the 98254 Desktop Computer. 5343A Microwave Frequency
Counter frequency measurements are output direct ly via the HP-lB to
the 98254. A separate HP 980344 HP-lB l/O interface was used for

'Compatlble with lEEE 488-1978.

H
To Ext

Counter Gate

the instruments under test (53434 or 53554), so that an HP-lB fai lure
in one of these instruments would not affect the system instruments
under HP-lB control,  which are on another 980344 HP-lB l /O Inter-
face. Fig, 2 is the system block diagram.

The instrument test programs, associated data f i les, and special
function keys are stored on the HP 9885M Flexible Disc. When the
system is first powered up the 98254 Computer automatically loads
track 0, file 0; the Start program loads the special function keys from
the f lexible disc and displays eFESS s.F. KEy FoR oesrneo unrr. The
operator presses the special function key on the gB25A correspond-
ing to the instrument being tested, and the instrument test program
selected by the operator is loaded from the 9885M Flexible Disc into
the 9825A memory and executed from line 0. The operator now
answers questions asked by the 9825A: do you wish to data log? yes
or no; i f  yes enter the date; enter the instrument serial number. The
complete test is then executed.

Larry L. Koepke
Larry Koepke has been a test and elec-
tronic tool ing technician with HP since
1959. Born in Rockford, lowa, he
learned his electronics in the U.S. Army.
He assembled the test system and
wrote the test programs for the 53554
Frequency Converter, the 5356A/B/C
Heads, and the 5343A l,4icrowave
Counter. A resident of San Jose,
Cali fornia, Larry is married, has two
daughters and one grandson, and l ikes
to r ide horses and bicycles.
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10  MHz

1 MHZ

100 kHz
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1 kHz

100 Hz

10  Hz

20 ns 100 ns 1 rrs 10 ps 100 ps 1 ms 10 ms

External Gate Width

Fig. 10. Gate error and resolutton of f requency average mea
surements as a function of gate width.

port ional to external gate width. The cal ibrat ion routine

improves the accuracy about one order of magnitude. The

residual gate error, shown in Fig. 10, is independent ofgate

t ime and may be decreased to 3 kHz for external gate widths
from about 4prs to 100pts. Since the resolut ion ofthe cal ibra-

t ion factor is not zero and secondary 5345A main gate errors

are present, 3 kHz is the accuracy l imit.  However, cal ibra-

t ion is not used for external gate widths greater than 100ps,

so the accuracy is the same as the 5345A Counter in this

region.

Since no pulse burst standard exists, pulse accuracy mea-

surements are made with a CW source with the mainframe

counter externally gated. Actual pulse measurements using
the test equipment described on page 11 typical ly are more

accurate than the specif icat ion. Fig. 11 shows the results of

typical pulse rneasurements on an 1B-GHz synthesizer as a

function of pulse width.
Pulse modulat ion of a source causes phase modulat ion of

the carr ier, especial ly during the r ise and fal l  t imes of the
pulse. This can be a result of direct FM or OM, AM-to-FM

conversion, or frequency pul l ing of the source. A video

signal (feedthrough of the pulse modulat ion) may also be

present along with the modulated carrier, further distorting

t h e  w a v e s h a p e .  A l t h o u g h  t h e  5 3 5 5 A ' s  a d a p t i v e  g a t e

generator removes about 15 ns from the leading and trai l ing

edges of the pulse, some phase modulat ion may remain,

especial ly for short pulses. Therefore, frequency accuracy
for burst measurements depends on input signal purity; any
phase perturbations that cannot be removed by the 53554

wil l  cause errors.
A typical CW stat ist ical measurement of a synthesized

1B-GHz source with the source and counter t ime bases t ied
together using a L-s gate t ime had a standard deviat ion (one

sigma) of 0.52 Hz and a mean dif ference of -o.oe Hz for

1000 measurements.

Self Check
The 5355A can perform six measurements, two using the

prescaler input and four using the RF head input. With the
prescaler, either pulse or CW mode can be selected. With

the RF head, pulse auto, CW auto, pulse manual, or CW

manual can be selectec.
The 6800 microprocessor executes these complex al-

gori thms using 12K bytes of ROM and 1K bytes of RAM.

With the flexibility the microprocessor allows, it was easy

to implement special self-check routines that execute
whenever the instrument is turned on. In the 5355A, the

two RAM integrated circuits are verified for data-pattern
read/write and addressability. Then the two ROM inte-
grated circuits are tested via a checksum. Fol lowing RAM

and ROM tests, the synthesizer is programmed to three

known frequencies and performs three 100-ps measur-
ments to veri fy each sett ing. Should any of these power-on

tests fai l ,  the operator gets a unique ten-second warning

display per fai lure. Thereafter, the 5355A wil l  attempt to
fol low the measurement algori thm specif ied by the user.
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40-GHz Frequency Converter Heads
by Mohamed M. Sayed

HERE IS AN UPPER LIMIT to the frequencies at
which automatic microwave frequency measure-
ments may be made simply by connecting a coaxial

cable between the source and the counter. This is because
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the cable's losses are generally greater for higher frequen-
cies, thus demanding more sensitivity from the counter,
while microwave counters become less and less sensitive at
higher frequencies. Thus a frequency is reached where not



enough signal reaches the counter to trigger it properly.
These conditions dictate using a waveguide instead of a
coaxial cable. However, waveguides are suitable only for
certain frequency bands, e.g., K-band (18-26.5 GHz) or
R-band (26.5-40 GHz). Moreover, they are expensive and
lack the mechanical flexibility of the coaxial cable.

Frequency Converter Heads Models 535OA/B/C, Fig. 1,
combine the convenience of coaxial cables with the broad
frequency band of a microwave counter (1.5-40 GHz), and
can be used for either CW or pulse measurements. These
heads convert microwave frequencies to intermediate fre-
quencies (IF) using the sampling technique. The sampling
frequency input to the head and the IF output from it  are
connected by a 1.68-metre cable to the 5355A Automatic
Frequency Converter (see art icle, page 3). The microwave
input frequency to the head is calculated from measure-
ments of the IF and the answer is displayed on the 5345A
Counter (the 5355A is a plug-in for the 5345.A). The down-

Table 1
Frequency Ranges and Connectors of

Model 5356A/B/C Frequency Converter Heads

choice of tnput connectors and fre-
quency ranges lor microwave fre-
quency counting up to 40 GHz.

conversion is performed completely in the head and only
the  IF  i s .connected  to  the  5355A.

To cover the frequency band up to 40 GHz, four dif ferent
conrrectors are avai lable: N, SMA, APC-3.5 and waveguide.
Three models and two options are avai lable to suit  various
applications. Table 1 shows the frequency ranges of the f ive
heads.

The heads have male connectors because sources gener-
al ly have female connectors. The 53564 has an N-type
connector and is useful up to 18 GHz. The 53568 has an
SMA connector ,  and can be  used up  to  26 .5  GHz.  To
strengthen the SMA male connector, a special col lar was
designed to protect i t .  The col lar also makes i t  easier for the
customer to connect i t  to the source. Some customers prefer
using a K-band waveguide from 1B to 26.5 GHz; the 53568
Option 001 has a WR-42 connector to meet this need. The

., Iii'J;, >-mt t@ ffi ',F ourput
+ 1-528 MHz

to 5355A Automatic
Frequency Converter

FREOUENCY HEAD

1.5-18  GHz 5356A

7.5-26 .5  GHz 53568
18-26.5  GHz 53568 Opt .  001

1.5-40  GHz 5356C
26.5-40 GHz 5356C Opt. 001

CONNECTOR HEAD CODE

N O

SMA 1
Waveguide 2

[wR-42)
APC-3.5  4

Waveguide 5
(wR-28)

w
A

lfifll. ( vco 'lnpur
E 

885.2-1056MHz
from 5355A

Fig.2. Simplif ied block dragram of the 5356AlBlC Frequency

Converter Heads.
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4O-GHz Synthesizer Tests Frequency
Converter Heads

by Mohamed M. Sayed

To test the accuracy of the 5356/5355 system in CW and pulse

modes, a synthesized source is needed, especial ly to check for
+ 1-count accuracy with a one-second gate time. Both synthesizers
and pulse modulators are commerical ly avai lable up to 1B GHz, and
these are used in the 5356/5355 test system. To cover the 18-to-
26.5-GHz band, an ampli f ier and a K-band doubler are used, The
input frequencies to the doubler are 9 to 13.25 GHz and the output
frequencies are 1B to 26.5 GHz as shown in Fig. 1.

To 53568/C
m )trtffifl ?d "?@*EC']::'-T-  g13 .25cHz

Fig. 1. Generation of an 1B1o-26.5-GHz signal to fest lhe
53568lC Heads.

In the 26.5-to-40-GHz range an R-band doubler can be used, with
the primary synthesizer operating from 13.25 to 20 GHz. This means
that the synthesizer, the pulse modulator, and the ampli f ier must also
operate up to 20 GHz. Since most of the instruments operate only up
to 18 GHz, ma.lor modif icat ions would have been needed.

The simpler method that is actually used to generate a synthesized
signal to 40 GHz is to use an ampli f ier and two doublers in cascade.
The f irst stage is an ampli f ier-doubler, and the second stage is
another doubler. The primary synthesizer, the pulse modulator, and
the ampli l ier operate in the frequency range 6.625 to 10 GHz. Fig. 2
shows a block diagram of the 26,5{o-40-GHz synthesizer.

APC-3.5 connector, which is mode-free to 34 GHz,1 is used

up to 40 GHz in the 5356C. The effect of this connector 's

moding between 34 and 4O GHz is taken into account by

reducing the specif ied sensit ivi ty by 5 dB in this region. A

special col lar was designed for the APC-3.5 connector to

strengthen it and to protect it from damage. Waveguide
connector WR-28 is also offered, for customers using only

R-band (26.5 to ao GHz).

Frequency Converter Head Design
Fig. 2 shows the block diagram of the 5356A/B/C. The

input voltage-controlled oscillator (VCO) frequency to the

5356A/BiC varies from 885.2 MHz to 1056 MHz and the

output IF to the 5355A varies from 1 MHz to 528 MHz. The

IF  ou tpu t  i s  p ropor t iona l  to  the  RF input  w i th in  the

5356A/B/C's dynamic range. Al l  of the components in the

head are bui l t  in thin-f i lm microcircuit  configurations.

The coaxial assemblv shown in Fig. 2 is replaced by a

high-pass f i l ter for the 5356A Option 001. Since the 5356/

5355 is a pulse counter, the input pulse may contain a video

signal. This signal may be so large that i t  overloads the

counter, especial ly since the IF gain is about B0 dB. To

attenuate such video signals, Model 5356,\ option 001 has a
high-pass f i l ter between the input connector and the sam-
pler. The f i l ter 's maximum insert ion loss from 1.5 to 1B GHz

Fig,3, Photo and schematic of the 5356418lC sampler driver.
L, is drive inductance and C1 is tuning capacitance. L2' C2,
Lr, and C3form a matching network to match the impedance
seen al C, to 50Q.

6.625-10 GHz 13.2$20 GHz

ffi
TH

Fig. 2. Generation of a 26.5-to-40-GHz signal to test the
J J J O U .
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is 1 dB, and i ts minimum insert ion loss below 100 MHz is
more than 35 dB.

The power ampli f ier is housed in a TO-B package using a
thin-f i lm alumina substrate. I t  consists of two stages, a gain
stage and a power stage. The ampli f ier is driven to satura-
t ion so that i ts output is insensit ive to input variat ions. The
IF ampli f ier is housed in a TO-12 package using a thin-f i lm
sapphire substrate. I t  also consists of two stages.

The head casting consists of an upper half  and a lower
half.  The sampler and the two printed circuit  boards are
mounted on the lower half. Heat sink materials are attached
to the upper half  to dissipate the heat from the power
ampli f ier and the IF ampli f ier. There is also a heat sink on
the lower half  for the power ampli f ier. As a result,  the
temperature rise is less than 9'C. The heat sink materials
also serve as shock absorbers for mechanical vibrat ions. The
casting is designed to accept the dif ferent input connectors:
N,  SMA,  APC-3.5 ,  wavegu ide  WR-42,  and wavegu ide
WR-2S. The casting is also designed for improved EMI
(electromagnetic interference) performance. All of the parts
inside the head can be disassembled easi ly, using a screw-
driver and an SMA wrench. As a result,  the 5356A/B/C is
easy to troubleshoot.

Sampler Driver
The heart of the frequency converter head is the sampler

driver. Fig. 3 shows a schematic diagram. The driver is built
in a coaxial package. The step-recovery diode has a very fast
rise time that generates a comb of harmonics of the VCO
frequency. One of the comb frequencies is heterodyned
with the input microwave frequency to produce an IF out-
put in the proper range.

When time domain measurements were used to test the
sampler driver, the test parameters were very sensitive to
operator error and test equipment limitations. Therefore,
frequency domain measurements are used. Since a 1-to-
4O-GHz spectrum analyzer (without external mixer) wasn't
commercial ly avai lable, an in-house 4O-GHz spectrum
analyzer was designed. Fig. a shows typical comb l ines up
to 40 GHz for a 1-GHz VCO. A 4O-GHz test fixture was also
designed to test the driver and to adjust the tuning element
before sealing it. The input VCO frequency is varied from
BB5 MHz to 1056 MHz and the 3B comb l ines are adjusted
to meet the required counter sensitivity. The input to the

Fig. 4. Spectrum of the sampler
driver output shows comb lines to
40 GHz. The input [requency is
1 GHz.

Fig.5, 40-GHz sampler used rn the 5356C Head is a thrn-f ilm
hybrid circuit. R, and R2 are chosen to optimize bandwidth
and dynamic range.
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sampler driver is almost constant since the power amplifier
is working in the saturation region. Therefore, the comb
lines are insensitive to power arnplifier variations and
temperature.

Sampler
Fig. 5 shows a schematic diagram of the sampler. It con-

sists of a thin-film hybrid mounted in an aluminum pack-
age. Two versions of the sampler are used. The 5356A/8
sampler is the same as the one in the 5343A Counter with-
out the thin-film buffer amplifier.2'3'a The 5356C  o-GHz
sampler is the same basic design with slightly different
component values. For the 5356C, R1 and R2 are chosen to
maximize the sampler's dynamic range up to 40 GHz.

In both vers ions of  the sampler ,  two beam-lead
Schottky-barrier diodes are placed on the hybrid across the
slotted line. This type of diode provides a low, easily con-
trolled inductance and is easy to mount on the thin-film
substrate by the thermocompression bonding technique.

To work up to 40 GHz, the diodes are chosen for
minimum series resistance, junction capacitance, and stray
capacitance. The diode capacitance is incorporated in a
low-pass filter that has a cutoff frequency of 41 GHz. The
circuit is optimized for low SWR up to 40 GHz using an
in-house OPSNAP computer program. Fig. 6 shows the
relative sampler conversion efficiency up to 40 GHz, and
Fig. 7 shows the return loss up to 40 GHz. Four experimen-
tal setups were used for these measurements: 1.5-2.4 GHz,
2-1.8 GHz, 1B-26.5 GHz and 26.5-4o GHz.

The sampler's IF output is designed to be insensitive to
sampler driver variations. The minimum output from the
sampler driver is enough to drive the sampler into satura-
tion. Therefore the IF output is also insensitive to tempera-
ture variations.

5355A Compatibil i ty
The design goal was to make any 5356A/B/C work with

any 5355A. The interface between these two instruments is
analog, since the VCO signal comes from the 5355A to drive
the power amplif ier in the 5356A/B/C, and the IF comes
from the 5356A/B/C to drive the IF amplif ier in the 5355A.
To guarantee compiete compatibil i ty the following condi-
t ions were establ ished

"r The IF output from the 5356A/B/C is insensitive to the
level of the VCO input from the 5355A. The lowest VCO
input power level at any frequency is sufficient to drive

Frequency (GHz)

Fig,6. Relative conversion eff iciency of the 40 GHz sampler.
The lF is 300 MHz and the VCO frequency from the 53554 ls
1 GHz.
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Fig,7. Return ioss o/ the 40 GHz sampler.

the power ampli f ier to saturation. Thus the output of the

sampler driver is insensit ive to the 5355A VCO level.
r The IF output from the 5356A/B/C to the 5355A is suff i-

cient to guarantee the minimum sensit ivi ty of the com-
bined system. The counter sensit ivi ty is defined as the

5356A/B/C conversion eff iciency (RF to IFJ plus the

5355A IF sensit ivi ty. The 5355A IF sensit ivi tyis adjusted

to meet the required specif icat ions and the 53564/B/C

conversion eff iciency is tested from 1.5 to 40 GHz to

assure that i t  meets the necessary levels.
m The input of the 53 55A is uncondit ional ly stable so that i t

wi l l  not osci l late with any 5356A/B/C. Also, the output of

the 5356A/B/C is uncondit ional ly stable with any 5355A.
This is especial ly important since the IF gain of the com-

bined system can exceed B0 dB.

Sensitivity, Flatness, and Distortion
Since the 5356C is so broadband, there were trade-

offs to be made among sensitivity, frequency response flat-

ness, and distort ion caused by sampler overload. The bias

resistor R2 between the sampler IF output terminals (Fig. s)

was chosen to maximize the dynamic range of the com-

bined sgs6C and 53554 up to 4o GHz.
Dynamic range is a function of frequency. For the 5356C

it ranges from -25 dBm to +5 dBm below 12.4 GHz and

from -20 dBm to +15 dBm aboveL2.4 GHz for ful l  accuracy
(+1 count). However, the harmonic number is correctly

10 20 30 40

FrequencY (GHz)

Fig, 8. Relative conversion ef f iciency of the 5356418 lC up to
40 GHz. The lF is 100 MHz and the VCO frequency is 1055
MHz. Note the higher sensitivity of the 5356C.
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Fig, 9. Relative change of 53564lBlC conversion effiaency
with temperature. The lF is 100 MHz and the V CO f requency ts
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determined for a wider range of input signal levels: - 30 to
+B dBm be low 12.4  GHz and -25  to  *18  dBm above
12.4 GHz.

The dynamic range of the 5356,A, can be shif ted by using
one of the HP 8493B-Series Attenuators to replace the coax-
ial assembly (see Fig. 2J. For example, the 84938 Option 010
wil l  make the dynamic range -10 to +15 dBm instead of
-2O to +5 dBm, The damage level wi l l  change from *25
dBm to  +33 dBm CW and *35  dBm pu lse .

Fig. B shows the relative conversion efficiency of the
53564 up  to  18  GHz,  the  53568 up  to  26 .5  GHz,  and the
5356C up to 40 GHz. These curves are for 25"C. Fig. 9 shows

10 20 30 40
Frequency (GHz)

Fig. 10. (a) Sensitivity of the 5356C15355A system. (b) Sen-
sitivity of the 5356415355A and 53568153554 systems. ln all
cases lhe 53554 ls a worst-case unit.

the variation of the conversion efficiency with temperature.
A 53554 that has the lowest IF sensit ivi ty within the

system specif icat ions is used to test each 5356A/BiC. Fig. 10
shows the combined sensitivitv for CW and oulses.
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A 26.5-GHz Automatic Frequency Counter
with Enhanced Dynamic Range
A new sampler provides higher frequency coverage and
10 dB greater sensitivity than previous designs.

by Al i  Bologlu

IRECT-COUNTINC FREQUENCY COL]NTERS ATE
res t r i c ted  by  the  speed o f  today 's  log ic  c i rcu i t ry

to  max imum f requenc ies  o f  soo  MHz or  so .  Con-

sequent ly ,  au tomat ic  mic rowave counters  must  employ

some method o f  c lown-convers ion  to  ex tend count ing  in to

the  g igaher tz  range.  Trad i t iona l  techn iques ,  such as  the
t r a n s f e r  o s c i l l a t o r  a n d  h e t e r o d y n e  t e c h n i q u e s ,  w e r e

supp lernented  by  the  harmon ic  he terodyne techn ique w i th

the  in t roduc t ion  o f  the  HP 5342.A in  the  spr ing  o f  192u.1  The

advent  o f  the  mic roprocessor  made th is  techn ique poss ib le

a long w i th  a  s ign i f i can t  reduc t ion  in  ins t ru rnent  cos t .
A  new mic ror , r 'ave  f requency  counter ,  Mode l  sg+gA,

makes i t s  own cont r ibu t io r . r  by  ex tend ing  the  f requency
range to  26 .5  GHz and improv ing  sens i t i v i t y  and dynamic
range by  about  1  0  dB across  the  band.  Fur thermore ,  fea tures
have been added,  mak ing  the  ins t rument  more  sys tem-
or i  en tec l .

System Architecture
The block diagrarn of the 53,13A is very similar to that of

the 53424 (see reference 1). Besides software, the maior

changes are irr the sampler area, which wil l  be dealt with in

detai l  later in this art icle. The operating algori thm is as

fol lows. The mult iplexer selects the main osci l lator output

and the rnain osci l lator frequency f,  is swept frorn 350 MHz

Fig.1 . Model 5343A Mtcrowave Frequency Counter provides

high sensitivity and automatic amplitude discilrnination tn CW
f requency measurements to 26.5 GHz. Off sets and scale fac
tors can be entered vra the front panel.
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to 300 MHz in 100-kHz steps. The offset osci l lator fre-

quency f,  is maintained at f ,  -  500 kHz by a phase-locked

Ioop. When the IF detector indicates the presence of an

IF signal in the range of so MHz to 100 MHz the synthesizer

stops i ts sweep and the counter starts i ts determination of

the harmonic number N. The pseudorandom sequence out-

put switches between the main osci l lator and the offset

osci l lator and between counters A and B. Counter A ac-

cumula tes  fyp ,  and counter  B  accumula tes  f11 ,2 '  The

pseudorandom sequence is then disabled, the main os-

ci l lator is selected and the frequency fr is measured by

counter A to the selected resolut ion. The pseudorandom

sequence prevents any coherence between the switching

rate of the mult iplexer and the modulat ion rate of the I"M

that might be present on the input signal. Such coherence

might produce an incorrect computation of N. Final ly, the

harmonic number and the sign of the IF are computed and

the input frequency f* is computed as fol lows:

t* - Nfr frr', ( fnz < frrr )

f * :  N f ,  +  f 1 p ,  I f r p z  > f r p t )

f t r ,  -  f r r ' '
\\'nere .\ - -1;-.1;

I t  has been shown2 that the length of the pseudsorandom

0 5 1 0 1 5 2 0
Frequency (GHz)

Fig. 2. 5343A sensitivity
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Thus to al low the counter to tolerate 10 MHz peak FM on
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sequence required to tolerate frequency modulation on the
input signal is given by the expression

Thin Film
Amplifier

Sampler

+5V

1 k O

lF Out

100  pF 100 pF
22 ktl

RF Input

1 00{)

1 .8  pF

100()

1 .8  pF

toof f  looo Microstr ip
Balun

the input signal with Af :  500 kHz, the P value should
exceed 25,600. Since P : Zm - 1 where m is the number of
sh i f t  reg is te r  s tages  in  the  pseudorandor r r  sequence
generator, a 1s-stage shif t  register would be needed to gen-
erate this sequence. I t  is obvious from the expression for P
that the more FM one wants to tolerate the longer the se-
quence has to be, which in turn affects the counter 's mea-
surement t ime.

The 5343A has three dif ferent sequence lengths of 22 ms,
360 ms, and 2.2 s. The corresponding FM deviat ions the
instrument tolerates in the automatic mode are 6 MHz, 20
MHz, and 50 MHz peak to peak, respectively. These l imits
in fact only apply when the modulation rate is synchronous
with the pseudorandom sequence. Since the modulat ion in
microwave communication systems is usually either data
or voice, the probability of synchronization is very remore.
Consequently, although the deviat ion may be large, the
signals may often be measured by the 5343A using the short
sequence length, thereby making acquisition times faster.

New Sampler lmproves Sensitivity
53434 sensit ivi ty is shown in Fig. 2. The main con-

tr ibutor to this improved sensit ivi ty is a new mrcrowave
sampler, which is the only microwave component in the
instrument. Operation of the sampler is similar to the sam-
pler used in the 5342,A,,1 the main dif ference being the use of
a thin-film buffer amplifier to provide a better impedance
match between the output of the sampler and the f irst IF.

In this sampler structure (Fig. 3), the sampling pulse
couples to the slotted l ine through a microstr ip balun that
generates two opposite-polari ty pulses to drive the sam-
pling diodes. The down-converted signal is taken from two
isolated resistors to the second substrate in the structure,
which is the buffer amplifier. Resistors across the slot are
used to absorb secondary reflections introduced by the
sampling pulse. The input structure forms the essence of a
low-pass filter with an effective cut-off greater than 26.5
GHz. This structure provides an input return loss as shown
in  F ig .  4 .

Front-Panel Inputs and Controls
The 53434 has two inputs, one going from 10 Hz to E2O

MHz and the other from 500 MHz to 26.5 GHz. The right-
hand side of the front panel deals with input signal channel
selection and sample rate control of the measurement. The
left-hand side ofthe front panel enables the user to do data
manipulat ion by keyboard control of the processor. Instruc-
tions for doing this are on a label that is affixed to the
instrument top.

The panel layout is in algebraic notat ion, thereby making
panel operation closely resemble remote programming via
the HP Interface Bus (HP-IB * 

). When the instrument powers
up i t  is in the auto mode with 1-Hz resolut ion. As the user
selects other resolut ions, insignif icant zeros are truncated.
Display digits are in groups of three to faci l i tate reading.

In case the user wants to bypass the acquisit ion cycle of
the algori thm, a manual mode of operation is avai lable. In
this mode the user should know the unknown frequency
within 50 MHz and enter i t  via the keyboard. The counter
then acts like a receiver making frequency measurements.

Offsets can be specified from the front panel. Any fre-
*Compat  b ie  wr th  ANSI r  EEE 488 1978

Pulse Input
from

Sampler
Driver

I
I

\
I

Fig. 3. Ihe pilncipal design contribution rn the 53434 Mi-
crcwave Counter is this new sampler, a refined version of
previous designs. A thinJilm buffer amplifier improves the
tmpedance match between the sampler output and the tirst lF
amplifier.
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Fig.4. Return /oss ol fhe 53434 sampler.

quency offset can either be subtracted from or added to the

measured frequency. In the auto offset mode of operation
the counter holds the init ial  measurement and then dis-
plays al l  succeeding measurements as deviat ions about the
init ial  reading. Frequency readings may also be mult ipl ied

by integers and offsets then added to the product, in effect
solving the equation

Y : m x + b
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where m is the mult iplying integer, x the measured fre-

quency  and b  the  o f fse t .
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Microwave Counter Measurements
by Richard F. Schneider

OR CONVENTIONAL PULSE RADARS, the major
parameters that must be measured are the average
burst frequency, the pulse repetit ion frequency

(PRF), the pulse repeti t ion period (PRP), the pulse repeti-
t ion interval (PRI), and the pulse width. These measure-
ments are automatically made by connecting the equipment
as shown in Fig. 1. To measure the average burst frequency,
the user need only assure that the peak pulse power is
within the counter system specif icat ions. Usually a test port
is avai lable in the form of a direct ional coupler bui l t  into the
radar system, or a test horn can be connected to the 53564/
B/C Head for measurements after the radar system has been
"buttoned up", such as on the f l ight l ine. Since the gating
signal for the 53454 Counter is generated by the 535SA
Converter, no auxi l iary equipment is required. This gate
signal, as described in the art icle on page 3, is about 30 ns
shorter than the RF burst to avoid turn-on and turn-off
transients. The measurement is made by selecting the
plug-in and external gate functions of the 5345A Counter
and the pulse mode of the 53554 Converter. The average
burst frequency is then displayed on the 5345A Counter.

Gate 
-U-

,r/

( I r

5356A/B/C
Frequency Converter Head

Fig. 1. fest setup for conventional radar measurements (av-
erage burst frequency, pulse repetition frequency, pulse
repetttion period, pulse repetition interval, pulse width).

Since the IF is detected in the 5355A Converter plug-in
and is avai lable on the rear panel PULSE OUT connector, this
signal can be used to make the other measurements. PRF is
measured by sett ing the 5345A Counter function switch to
FREQ A after adjusting Channel A to the proper levels. PRP
is measured by simply sett ing the 5345A Counter function
switch to PERIOD A. Pulse width is measured by sett ing the
function switch to TIME INT A To B, the input to CoMMoN,
channel A slope to -,  and channel B slope to +. PRI is
measured by reversing the A and B channel slope polari t ies.

Fig, 2, fest setup for frequency profiling of an RF burst.

Since the IF is l imited before detection, pulse width mea-
surement accuracy is dependent on the r ise t ime and the
pulse width. For slow rise t imes, the pulse out (and the
measured width) will probably be longer than the width
defined by the time interval between actual 50% points,
while for fast r ise t imes i t  wi l l  be within 3% of the actual
pulse width. This occurs since the pulse out signal starts
and stops when the input RF level exceeds the system
sensit ivi ty. Ji t ter can also occur in the pulse width mea-
surement i f  the pulse modulat ion is not coherent with the
carrier. This can cause the IF envelope to vary by one period
of the IF, or in the worst case, as much as +10 ns. However,
this j i t ter is automatical ly averaged out i f  t ime interval
averaging is used.

Frequency Profiling and CW Measurements
Frequency profi l ing of an RF burst is done using a t ime

synthesizer such as the HP 5359A, as shown in Fig. 2. Here
the 5359A Time Synthesizer is tr iggered by the pulse out-
put signal from the 5355A Converter plug-in. The 5359A's
delayed output pulse, a -1.0-volt  signal, is used to enable
the 53454 Counter's gate control input. The width of this
external gate signal determines the gate t ime of the 5345A.
The delay is incremented after each measurement so that
measurements are made at successively later t imes within
the RF burst. Fig. 3 shows the frequency profi le and spec-
t rum o f  a  250-ns  w ide  ch i rp  pu lse .  The ch i rp  has  a
bandwidth of 200 MHz; i t  was generated by ramping a
voltage-control led osci l lator (VCOJ and synchronously
pulse modulat ing i ts output. For chirp radar appl icat ions,
the l inearity of the ramp is paramount, while Doppler
radars require minimal FM on the burst. These measure-
ments can be made to IOO-Hz resolution with external gates

as narrow as 20 ns.
For CW measurements, such as on a CW radar, a STALO

(stabi l ized local osci l latorJ ,  or a COHO (coherent osci l lator),

Oscilloscope

l
o-1 r-- '.oN
-l l*
As Narrow
as 20 ns

Ext
Trig

Pulse
Out

Control
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Fig, 3. Frequency profile and spectrum of a 250-ns chirp
pulse. Profile can be measured using a 20-ns gate.

frequencies are measured to 1-Hz resolution in one second.
Also, the average frequency of a fully loaded microwave
carrier with traffic can be measured, since the counter sys-
tem's specif ied FM tolerance is 15 MHz p-p (80 MHz p-p in
the special FM mode).

VCO Measurements
Transient measurements needed to evaluate a VCO are

settling time and post-tuning drift, as shown in Fig. 4. The
settling time is the time (t"j required for the output fre-
quency to enter and stay within a specified error band
(*f"t) centered around a reference frequency (fl after appli-
cation of a set input voltage. Post-tuning drift is the maxi-
mum change in frequency (tfota) during the time interval
t1 to t2, where t1 is a specified-time after to, the start of the
step input voltage. These measurements may be made with
the equipment shown in Fig. 5.

In this measurement, the tuning voltage pulse generator
is set to the necessary step voltage levels to drive the VCO.
This generator also provides an external trigger to the
5359A Time Synthesizer, which synchronizes the 5345A
Counter by generating a gate control input signal. The time
(t ) that it takes the VCO to reach the reference frequency is
then set into the time synthesizer as a delay, and the width
of the synthesizer output pulse is set to an appropriate gate
width for the measurement. Then selecting the automatic or
manual pulse mode of the 5355A Converter plug-in causes
the counter to display the VCO reference frequency.

The start of the reference frequency step may also be

24 nrwrrrr-pncKARD JouRNAL ApRIL 19Bo

Fig. 4. Transient measurements needed to evaluate a
voltage-controlled oscillator (VCO) are settling time and post-
tuning drift.

observed by stepping the time synthesizer delay by one-half
the step generator period. In this manner, the absolute
levels of the VCO step generator may be adjusted to set the
initial and final reference frequencies. Next, the delay is
decreased until the displayed counter frequency exceeds
the specified error band (+fr,). This delay defines the set-
tling time. In a similar manner, the post-tuning drift may be
measured by observing the change in frequency from delay
time t1 to time t2. In both measurements, changes of fre-
quency may be easily observed by setting the counter to

50 llHz

10,55 tHz

+tpta

I
t6

Gate
Control

Fig. 5. fesl setup tor VCO measurements shown in Fig. 4
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Fig. 6. Sett/ing time measurement on a VCO.

display deviations from the reference frequency. This is
done by subtracting the reference frequency by entering the
last measurement into the 5355A Converter as a frequency
offset.

For large frequency steps, the 5355A Converter will have
to reacquire the signal when changing from the initial to the
final frequencies. This can be prevented if the initial and
final frequencies fall within the 53554 IF bandwidth for
two harmonics of the 5355A synthesizer frequency that is
used to down-convert the microwave input signal (see arti-
cle, page 3). For instance, if the VCO is stepped from B to 12
GHz, a synthesizer frequency may be found to satisfy both of

these frequencies. By using the 535SA's diagnostic mode 9,
the synthesizer frequency may be set to 1025.2 MHz. The
8th harmonic is 8201.6 MHz, and the IF frequency is 201.6
MHz. The 12th harmonic is L2.3O24 GHz and the IF fre-
quency is 302.4 MHz, which is still within the limits of the
IF bandwidth. The actual IF can be observed in diagnostic
mode 10.

By adjusting the synthesizer frequency and the initial or
final VCO frequency, it is possible to nearly center both IFs
so maximum deviations can be measured. It is possible then
to observe frequency transients whose excursions are less
than one-half the IF bandwidth. The size of the step from
initial to final VCO frequencies is ultimately limited by the
bandwidth of the 5356A/B/C Frequency Converter Head
being used.

A settling time measurement of a VCO is shown in Fig. 6.
Fully automatic measurements can be configured using the
HP-IB to control the time synthesizer (delay generator),
plotter, tuning voltage pulser, and digital voltmeter. Other
VCO measurements, such as frequency accuracy, frequency
range, frequency linearity, pushing and pulling factors,
modulation sensitivity, hysteresis, and warm-up frequency
drift may be easily made in the CW mode.

CORRECTION
Here is the caption that was missrng from page 31 of our l\y'arch ssue.

Fig.7. Calibration oscillator. The LC tank circuit alternately
turns off each transistorso the output power is restrictedto lo2R14
loand R were chosen to make this equal to -10 dBm.

Loborotory Notebook
A Flexible Software Development Technique

A common problem in the development of microprocessor-

based instruments is thot there comes o tim e when the softwore hcs

to be committed to firmware in the form of read-only memories

iROMsJ. Generoily the softwarc development engineer deloys
committing to mosked ROMs os long os possible to ovoid the costly
mosk chonges thot would be required should "bugs" or necessory
modi/icotions oppeor in the future. The softwarc development
technique used for the 5355,4 Automotic Frequency Converter (see

article, page 3) is /.lexible enough to allow an early commitment to
ROMs without beingpenolized for chonges .loter on. This technique
con be used in ony instrument where the ROMs ore not coded tofull

capacity.
The technique olso o/fers odvontoges once the instrument is in

production. Generolly, it is possib.le to impiement a relatively
complex softwore modificotion by chonging one correction ROM
insteod of oll ROMs. If the correction ROM con be reploced with on
EROM (erosoble ROM), then the production chonge con be im-
plemented without incurring o long leod time for o new mosked
ROM.

To expioin the technique, the 53554 con be used os o cose
history. Approximoteiy one yeat before product re.leose, it wos

evident thot it would toke 9K to T0Kbytes of microcode to complete

the 5355A. Our microprocessor boord hod two 24-pin sockets to

occommodote ROMs. With the ROMs ovoilobli ot the time, the

microcode could hove been progrommed into SKxB and 2Kx8

ROMs, thusfilling up both ROMs. Foro slight incrementol cost, the
2Kx8 ROM wos repioced with a 4KxB ROM, moking the totol
avoi.loble microcode space 72K bytes. The extra 2K bytes of ROM

become voluoble spoce to occommodote corrections /or the 8K x8

ROM microcode.
Unlike the 4KxB ROM, the 8K x8 ROM could not be simuloted

with o single pin-for-pin-compotib.le EROM . It was theref ore neces-

sory to order o mosked ROM eight months before product releose.
In onticipotion of future microcode corrections, any software
routine lorger thon 25O bytes wos portitioned into relocotob.le sec-
tors with coding toking up 25O bytes or .less.

To moke o sector relocotob]e, one or more jump instructions were
required. The jump instructions have a fixed locotion within the
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4Kx8 oddress spoce. Thus, whenever o correction ond/ormodifico-
tion wos needed, the operond oddress code ofthe oppropriotejump
instructions wos chonged from one pointing to the 8K x8 ROM to
onepointing to some unused oddress spoce within the4KxS EflOM
fsee exomple in Figs. 7 and 2 on ]ine 15.). I/ necessory, an entire
sector con be redone. On the averoge, however, o correction wil] be
needed half-woy into o sector. Following the corrected code, an
extro jump instruction is odded to get bock to the usoble port of the
sector in the origino.l 8K x8 ROM fsee Fig. 2 line 24). Assuming 2K
bytes of correction space ond 2\O-byte relocotoble sectors, one con
expect 16 conections (725 bles on the overage)beforethe memory
is filled. In the cose of the 53554, mony routines were much
smoller than 25O bytes. Therefore, the 2K-byte correction space
wos odequote for more thon 16 corrections.

With this technique only one yersion of the 8Kx8 masked ROM
wos needed. When the time come to produce the instrum ent,the4K
bytes of software code cou.ld be implemented ond shipped in either
a 4Kx8 EffOM or a 4KxB ROM. The choice between the two wos
determined by 1) how "final" the software appeared, to be, and 2)
the cost tradeoff between the higher EROM unit price and the mosk
charge of the ROM. For the 53554, the breok-even point between
EROMs ond ROMs wos one production run. It wos therefore de-
cided to build thelirst two production runs initioily with EROMs.
Mqsked ROMs were ordered with sufficient leod time to allow a
Iost-minute replocement before shipping the instruments.

Foutine Call

Should software bugs be discovered in the /uture, a new 4Kx8
ROM wou.ld be ordered. In the event thot the 4K x8 flOM runs out of
correction space, then the complete set of ROMs will be required.
At that time, it willbebeneficiol to cleon out the correction space in
the aK ROM by chonging the jump operond oddresses back to the
8K ROM. Note that the exomple in Fig. 2 has been omply onnotated
so thot o correction con be spotted eosi.ly. Removing the specio.l
corrections months or years loter is therefore o simpie tosk.

Figs. 1 ond 2 show on exomple of a corcection in 6800 micro-
processor code . The 4KxB correction EROM is ossigned oddresses
S5000 to $SFFF ond the 8K ROM is ossigned oddresses 96000 to
$7FFF. Note thot the correction penalty here is 72 bytes in the
4K xB EROMplus oboutfive microseconds for the jump instruction
ot the end of the corcection. Redoing the entire routine would hove
required 26 bytes' -Ronold E. Felsenstein

Routine

Correction ROM
or EROM

Firm ROM

(a)

0 0 0 1
0 0 0 2
0 0 0 3
0 0 0 4
0 0 0 J
0 0 0 6
0 0 0 7
0 0 0 8
0 0 0 9
0 0 r  0  0 t 6 0
0 0 t  I  5 0 8 0
0 0 r  2
0 0 1 3
0 0 1  {  5 { a l
0 0 t 5  S a a l

3112
5 a  a 3

0 0 t 6
0 0 t  2
0 0 t a
0 0 t  9  5 a 5 0
0 0 2 0  5 8 5 0

5 A 5 l
5832

0 0 2 r  5 4 5 3
5894

0022 5855
5856

0023 5457
5458
5459

002a 5a5t
5058
5a5C

l l - 1 3 - 7 9  F I L E  t A r E :  C I R C ; F

C I R C U f r F E R E N C E  O F  C I R C L E  C A L C U L T T I O N
U S E S  i A T H  P A C (  S I N I L A R  T O  N . P  P O C X E T  C A L C U L A T O R

S U B R o U T I f , E  C A L L r  J S R  C I R C L E
E X r R Y  R E I U I P € i E X T S :  R A O I U S  I X I T I A L I 2 € 0
E X I I  S T A T U S :  X X  R E G I S T E R  C O X T A I N S  R € S U L ]

(a)

0 0  0 l
0 0 0 2
0 0 0 3
0 0 0 t
0 0 0 5
0 0  0 6
0 0 0 7
0 0 0 9
0 0 0 9
0 0 t  0  0 t 6 0
0 0 t  t  5 0 8 0
0 0 1 2
0 0 1 3
0 0 t a  S a a l
0 0 t 5  5 4 . 1 r  ? E

5 a a 2  7 3
5t43 2a

0 0 1 5
0 0 t 7
0 0 t a

0 0 t 9

0 0 2 0

0 0 2 1

0022

0  0 2 3

0 0 ? {

o  0 2 5

0  0 2 6
0 0 2 7

(b)

Correction ROM
or EROM

RADIUS
P I

7 E  C I R C L E
5a

+ C C C C C c D U C

B D  S T N R T
5 0
2 1
8 6
0 2
9 ?
2 0

0 l

?3
3 l

€ o u  t r 6 0
€ o u  1 6 0 8 0

DRG t5a4t
JIP START

D R U  1 5 8 5 0
JSR FCLR

L O A  A  T ?

SIA A T I

L D X  I R A O T U S

J r P  a 7 3 3 t

I  0 a - 1 2 - 7 9  F I L E  r A i E !  A R E A

.  AR€A OF CIRCLE DELCULATION
I  US€S iNTH PACK SI i ILAR IO X-P POCKET CTLCULATOI

.  S U B R o U T I H E  C A L L T  J S R  C T R C L E
I  E H T F Y  R E O U I R € r E l l S r  R T D I U S  I I I T I t L I Z E D
*  € X t T  S l t T U S r  X X  R E C I S T E R  C o i l A l t s  R E S U L T

R A D I U S  E O U  ' 1 6 0  R A D T U g  V t R t t B L E  N A i  A D D R E S S
P T  E O U  ' 6 0 8 0  P I  C O N S ' A N T  R O i  C O D R E S S

O R C  ' 5 ' { I  F I X E O  A O D R E g S  U I T H T N  ' K  B Y T E  E R O I
CIRCLE J f ,P  S 'ARI

Firm ROM

T?32A ADDRESS IITNIN 8X SYTE ROI
FCLR CLETR tLL iETH REGISTERS

R A O I U S  V A R I A A L E  R A i  A D D R € S S
Pt  DOTSIANT ROI  TODRESS

F I X E O  A D O E E S S  I I I X I N  ' X  8 Y T €  E R O I

S T A R I  C O R R E C T I O N c c c c t c c c c t c c

J IJ iP  TO USASLE SECTIOT OF AX ROi

A V A I L A E L €  A D O R E S S  U I I H I I  4 X  E R O i l
E L E A T  t L L  N A I H  R E G T S T E R S

xx(?

7324
7328 AD S?ARI
7329 30
73?A 2l
7324 CE
732C 01
732D 60
732E 8D
?32F 50
7 3 3 0  0 0
7 3 3 r  A D
7 3 3 2  5 0
7 3 3 3  0 0
7 3 3 {  E D
7 3 3 5  5 0
7336 1 5
7337 CE
7 J 3 8  5 0
7 3 3 9  8 0
7334 AD

7 3 3 8  0 0
733D 9D
? 3 3 E  5 0
7!3F |  5
7340 39
7 3 4 r

0025
0t25
0027
0 0 2 8  ? 3 3 1
0 0 2 9  7 3 3 1  A O

7332 50
7 3 3 3  0 0

0030 7334 ao
7 3 3 5  5 0
7335 i  5

0 0 3 r  7 3 3 7  C E
7 3 3 8  5 0
7 3 3 9  8 0

0032 733t BD

i D C D C C C C T C  E H D CDRREIT IO i l c c D c c c c c c u c c

ORG
JSR

L D X  I R A D I U S

JSR FRCL XX€RADIUS

JsR FRCL XX€RADIU9,  YY<RADIUS

JSR FIULT XX€RADIUS*RAOIU9

L D X  I P I

JgR FFCL XX+PL YY<RADIUSiRAOIUS

JSR FNUIT XX€PITRADIUS*RIOIUS

R T S  R E T U R T !  E a O  O F  R O U T I N E
E N D

ADDRESS OF UNCORRECTED CODE
XX€RAD I US, YY+z

Xx€2*RAD ruS

I X ( P I ,  Y Y ( 2 * P A O I U S

xx(2*P I  *RAOIUS

R E T U R { :  E t D  0 F  R o U T I X E

o R c  t 7 3 3 1
JSR FRCL

JSR F iULT

L O X  I P I

JSR FRCL

JSR FNUL1

7 3 3 3  5 0
7 3 3 C  0 0
7330 8D
7 3 3 E  5 0
?33F |  5
7340 39
7341

eTs
ETD

003a
0 0 3 3

Fig.1. (a) Relationship of the correction ROM to the firm ROM
for routines that have not been corrected. (b) An example in
6800 microcode.

Fig. 2. ( a ) R el ati onsh i p of th e cor r ecti o n R O M to th e f i r m R O M
for a routine that has been corrected. (b) 6800 micrccode
example.
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S P E C I F I C A T I O N S
HP Model 5355A Automatic Frequency Converter and

HP Models 5356A/B/C Frequency Converter Heads

lnput Specifications
CW and Pulse Modes

53564 $564 53568 5356C
Opt. 001

25 dBm
-20 dBm
-20 dBm

1 5  d B m
1 0  d B m

+ 5  d B m
+'15  dBm
+ 1 5  d B m
+ 1 5  d B m

sl56c
opr. 001

+ 1 5  d B m

1 5  d B m
10 dBm

S!55A 0.4-1.6 GHz Input:
SENSITIVITY:  15  dBm.
MAXIMUM INPUT:  +5  dBm.
DYNAMIC RANGE: 20 dBm.
DAMAGE LEVEL: +24 dBm (Fuse in BNC Connector).
IMPEDANCE: 50O nominal.
SWR: <2.5: 1 typical.
CONNECTOR: BNC.

53564 OPTION (X)1 HIGH-PASS FILTER:
INSERTION LOSS:  <1  dB f rom 1 .5  to  18  cHz.
INSERTION LOSS BELOW 100 MHz: >35 dB.

General
lF OUT: Down converted signal in range of 80-375 MHz available at 5355 rear panel lF OUT

connctor. 0 dBm nominal level.
GATE OUT: 0 to 1 volt detected lF signal used to drive 5345A external gate control input.

Width ol gate out is approximately 30 ns less than rf burst width.
PULSE OUT: Detected lF signal: TTL levels; TTL low indicates signal present; + 1 to 0V

typical into 50O.
OPERATING TEMPERATURE: 0'to 55'C.
WEIGHT;

53554: 3.75 kg (8 lb, 4 oz) net.
53564,/B/C: 0.54 kg (1 lb, 3 oz) net.

5356A/B/C DIMENSIONS:27.4 mm x 138 mm x 56.5 mm (1.08 x 5.43 x 2.23 in). Cable
lenglh: 1.68 metres (66 in).

PRICES lN U.S.A.: 53554 Automatic Frequency Converter Plug-ln (HP-lB Standard),
$41 50.

5356A 18 GHz Frequency Converter Head, $1300.
Option 001 High Pass Filter, add $125.

53568 26.5 GHz Frsquency Converter Head, $1800.
Option 001 18-26.5 GHz Waveguide Input, add $600.

5356C 40 GHz Frequency Converter Head, $2400.
Option 00'1 26.5-40 GHz Waveguide lnput, add $500.

5345A Electronic Counter, $490C
Option 01 1 HP-lB, add $800.
Option 012 HP-IB (includes Programmable Trigger Level), add $1450.

MANUFACTUAING DIVISION: SANTA CLARA DIVISION
5301 Stevens Creek Boulevard
Santa Clara, California 95050 U.S.A.

5356C Input
Aulo Mode

60 MHz p-p
Rate: dc-10 MHz

5356C Input
Man Mode

80 MHz p-p
Flate: dc-10 MHz

SENSITIVITY:
1 . 5 - 1 2 . 4  G H z
12.4-18  GHz
18-26.5  GHz
26.5-34 GHz
34-40 GHz

MAXIMUM INPUT:
1 .5-12 .4  GHz
12.4-18  GHz
18-26.5  GHz
26.5-40 GHz

DYNAMIC RANGE:
1 .5-12 .4  GHz
12.4-18  GHz
18-26.5  GHz
26.5-34 GHz
34-40 GHz

DAMAGE LEVEL:

IMPEDANCE:

SWR (TYPICAL):
1 . 5 - 1 0  G H z
10-18 GHz
18-26.5  GHz
26.5-34 GHz
34-40 GHz

CONNECTOB:

-20  dBm -20  dBm
15 dBm 15 dBm

1 5  d B m  1 5  d B m

15 dBm +5 dBm
+5 dBm +5 dBm

+5 dBm +5 dBm

25 dB 25 dB
20 dB 20 dB

20 dB

30 dB
35 dB

20 dB 35 dB
30 dB
25 dB

30 dB
25 dB

+25 dBm
peaK

+25 dBm +25 dBm +25 dBm +25 dBm
peak peak peak peak

50O nominal 50O nominal

'-2:1
<3 :1

.-211

< 3 : 1
< 3 :  l

50O nominal

< 2 : 1
< 3 : 1

< 3 : l  < 3 : 1
< 3 : 1
< 5 : 1

< 3 r 1
< 5 : 1

FM TOLEBANCE:

{ AM TOLEFANCET

MULTIPLE SIGNAL
DISCRIMINATION:

, (typical)

I
t

ACQUISITION TIME:
(typical)

MEASUREMENT TIME:

N Male

LSO DISPLAYED:

RESOLUTION:

ACCURACY:
(atter 1 minute warmup)

5356A/B Input
Auto Mode

( 1 .1 s in special FM mode)

Acquisit ion time + 4 x 53454 Gate Time
+ 5345A Sample Rate + 125 ms (Gate

T ime <100 ms)
Acquisit ion time + 5345A Gate Time
+5345A Sample Rate + 35 ms

(Gate Time >1 s)

<1 ms (Freq >800 MHz)
53454 Gate Time + 45 ms

(Freq <800 MHz)

Acquisit ion time
+5345A Gate Time

+5345A Sample Rate
+35 ms

SMA Male WG APC-3.5 Male WG
with collar WR-42 with collar WR-28

Operating Mode Specifications

CW Mode

5356A/8 Input 5355A
Man Mod€ 0.4-1.6 GHz Inpul

15 MHz p-p 80 MHz p-p Instantaneous frequency must
(60 MHz p-p in special FM Rate; dc-l0 MHz not exceed 0.4-1.6 GHz
mode). Rate: dc-10 MHz range.

Any modulation index provided the minimum signal level is greater than the counter sensitivity

Automatic Amplitude Discrimination (AAD).
Automatically measures largest signal provided
signal is 8 dB (typical) greater than any signal
within 500 MHz and 20 dB (typical) greater than
any s rgna l  over  range 1 .5-26 .5  GHz.

400 ms 1 5  m s

1 H z
5345A Gafe Ttrre

t 2 x L S D  t  1 x 1 0  1 0  r m s  x  F r e q

1 2 x L S D  t 1 x 1 O  1 0 r m s  r  F r e q
r Time Base Erro. x Freq

t5  x  LSD

t5  x  LSD
r Time Base Error x Freq

8 dB within 500 MHz range, 8 dB within 5O0 MHz range
20 dB w i th in  1 .5 -26 .5  GHz,
'15 dB within 26.5-40 GHz
(Option 001: 20 dB within
26.5-40 GHz)

1 . 4  s  1 5  m s
(Option 001 : 1 .1 s)

Gate Time <100 ms: Acquisit ion time + 4xGate Time
+ 53454 Sample Rate + 125 ms

Gate Time>100 ms: Acquisit ion time + 53454 Gate Time
+5345A Sample Rate + 35 ms

1 H z
53454 Gate Time

a 2 x L S D  a  1 r 1 0  1 o  r m s  x  F r e q

Resolution 1 Time Base Error x Freq
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Pulse Mode

5il56A,/B Inpui
Aulo Mod.

53564'/E Input
t.n Mode

5!t554*
0.{-1,6 GHz lnpul

5356C Input
Auto f,o(b

6&tOC Inpul
llan llod.

FM TOLERANCE:
(typical)

50 MHz trp chirp 80 MHz pp chirp Instantaneous f requency must
nol excssd 0.4-1.6 GHz

Enge

50 MHz p-p chirp 80 MHz trp chirp

ACOUISITION TIME:
(typical)

100 ps
Ext. Gats Width x PRF

+650 ms (Exl. Gate <100 ps)

pfi; *u* r"
(Ext. Gale >100 ps)

0 0 (Freq. >8O0 MHz)

5345A Gate Time
Exl. Gate Width x PBF

+45 ms (Froq <8O0 MHz)

Eld. Gate <100 rls:
I (Oplion 001: 7)/PRF

+1.55 s{Option 001: 1.25 s)
+100 r.s/(Ext. Gate widlh

X PRF)
Ext. Gate >100 ps:

10 (Option 001:g)/PRF
+1.55 s

(Option OOi: 1.25 s)

0

TIME: 53454 Gat6 Time
Ext. Gate Width x PRF 

' '- "'"

Porlormed during 10 consecutive measuremenls when pulse mode is se-
lectsd, aftor any front panel change, or when the exlernal gate width
changes by more than 'l2o/.. Only €librates if external gate is < t00 ps

IIEASUREMENT TIIIE:
(typical)

Acquisition l'ime
+Calibralion Time

+5345A Sample Fate

+ 53454 Gate Time or 100 pst
Ext. Gate Width x PRF

+100 ms

fwhichever is greater

Acquisition Time + Calibration Time
+5345A Sample Rate

*  1 & '
Ext. Gate Width x PBF

53454 Gale Time+ -
Ext. Gate Width x PRF

+60 ms

Acquisilion Time
+Calibration Time

+5345A Sample Rate
+100 ms

,5345A Gate Time or 100 psl
' 

Ext. ca{r wdth t PRF

twhichever is greater

I Acquisition Time

| +Cati*ation rime
+53454 Sample Rate

+60 ms
+(1 ps + ,Cate Time)

Ext. Gate Wdlh x PRF

'100 ns
20 ms

60 ns
20 ms

PULSE REPETITION FREOUENCY
MINIMUM:
MAXIMUM:

ilrNriltuil ot{/oFF RATto:

50 Hz
2MHz

50 Hz
2MHz

25 dB typical

100 Hz
2MHz

50 Hz
2MHz

25 dB typical

IIAXIMUM VIDEO FEEDTHROUGH: 15 mV pp typical for RF burst rise and fall times >10 ns 15 mV p-p typical for RF burst rise and tall times >10 ns

HIMMUM EXT. GATE WIDTH:
(534sA)

60 ns 20ns  |  40ns 60 ns 20 ns

LSD DISPLAYED: 1 H z
5345A Gate Tme

l H z

e345A Gate Time

FESOLUTION: !2 x LSO i rms jitter' !10  x  LSD
15 x rms jitter '

2 x LSD 1 rms jitter '

ACCUFAGY:
(atte|I minute warmup)

a2 x LSD r rms jitter'

'E;[G;reffirh *3 kH'
rTime Base Error x Freq

r'!6 x LSD
!5 x rms iitter'

.08
- 

Ext. Gate Width
!24 kHz

a Time Base Error x Freq

12 x LSD t rms jitter '

aTime Base Error x Freq t3 kHz
'04

- 
Ext. Gate width

'rms jiner : (S45A Gate Time x Ext. Gate Width)-h +1OO Hz
"Specificalions apply only to external gating of 5345/5355.

Address  Cor rec t ion  Requested
Hewle t t -Packard  Company 1501 Page Mr l l

Road Palo Alto Calr fornia 94304

Bulk Flate
U.S.  Postage

Paid
Hewlet t -Packard

Company

A ow 6C al i / : l

ffiTfifi&'l.ffiffEJAoo
t f; lfle5if8#*'c r, 

I'o,.u *
C H A N G E O F A D D R E S S : :H#; fi,;.,i';;:'-;l""l,i;; :', l;ii",?,il ; J:il B; "




