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Configuration of a 2-18 GHz
Synthesized Frequency Source
Using the 8620C Sweep Oscillator

HP-IB
CALCULATOR

SYNCHRONIZER

2-18 GHz
SWEEP OSCILLATOR

UHF SYNTHESIZER

HARMONIC

MIXER
= SYNTHESIZED

Designing and testing telecommunication equipment, radar, telemetry systems, and instrumen-
tation often requires an ultra-stable microwave source. The additional requirement of automating
these operations suggests a programmable frequency synthesizer.

This application note describes the configuration of a calculator-controlled 2-18 GHz synthe-
sized frequency source using the Hewlett-Packard Interface Bus (HP-IB) as the common link
between the instruments and the calculator. This source can then be easily integrated into an
entire measurement system via the HP-IB or it can be expanded to provide 1 MHz to 18.6 GHz
coverage with slight modification.

The key components of the source include the HP 8620C/86290A 2-18 GHz Sweep Oscillator,
the HP 8660 UHF Synthesizer, the HP-IB, and a programmable calculator such as the HP 9820A,
0821A, or 9830A. For operation with the HP 8620A mainframe see Application Note 187-1.
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CONFIGURATION BLOCK DIAGRAM

In this application the microwave sweeper acquires
the accuracy and stability of the UHF synthesizer
through phase-locking. The basic technique involves
generating harmonics of the synthesized reference and
mixing with the sweeper signal. The resultant differ-
ence frequency is then compared with a 20 MHz
standard which can either be the internal crystal in the
synchronizer or, for more stability, the synthesizer’s 10
MHz standard which would then be doubled and in-
jected into the synchronizer.

Within the sweeper, the 2-18 GHz signal is genera-
ted by taking the fundamental, second, or third har-
monic of a 2-6.2 GHz oscillator. See Figure 1. A side
benefit of this multiplier approach is the availability of
the 2-6.2 GHz “AUX OUT"” signal at a rear panel
connector. Although the sweeper signal in the phase-
lock loop could be sampled at the main RF output,
this would require a broadband coupling device and
harmonic mixer capable of producing acceptable har-
monic content from 2-18 GHz. It is preferable,
therefore, to use the “AUX OUT” since phase-locking
this signal will also lock the output.

The reference and “AUX OUT" signal enter the
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where Fo is the desired output frequency; Nj is the
multiplier of the 86290A’s fundamental oscillator (i.e.,
either 1, 2, or 3) and N3 is the lowest integer which
will result in the FREF <1300 MHz. N2 will be between
2 and 5. Once Fo is input to the calculator, it will
determine FREF and through the HP-IB instruct the
8660 to output that frequency. It will also tune the
86290A to within 20 MHz of Fy. The phase-lock loop
will then fine tune the 86290A producing a synthe-
sized Fo.
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Figure 1 2-18 GHz Synthesizer Configuration



Programmable Calculator with

appropriate ROMS and HP9820A, 9821A,

Accessories or 9830A
Calculator Printer (9830A only) HP9866A
HP-1B Calculator Interface HPS9405A

Math ROM Block (9820A, 9821A
only) HP11221A

ASCII Interface Cables HP10631A, B, or C

Connect equipment as shown in Figure 1.
8620C/86290A
Rear panel FM/NORM/PL switch must be in PL
(phase-lock)
Ensure that Listen Address = “&"
Other plug-in controls are determined by power level
required and leveling mode used.
8660
Ensure that Listen Address = ‘3"
8709A
Set MOD SENS switch to 6.0 MHz/VOLT
9820A, 9821A, or 9830A
Install the 5940SA HP-IB calculator interface and
(for the 9820A or 9821A) the 11221A math ROM
block.
Ensure that the 9866A Calculator Printer is attached
when using the 9830A.

Key into the calculator the program appropriate to
the calculator being used (Figure 4 or S). The pro-
gram will ask the user whether a “CW?" frequency or
digitally “STEPPED" frequencies are desired. After
keying in this and other inputs, press “RUN" (9820A/
21A) or “"EXECUTE" (9830A). If “CW" is chosen, it
will ask the user to input the "NEXT FREQ (MHz)."”
This frequency can be anywhere between 2000 and

18000 MHz. Once this frequency is entered, the cal-
culator will set the sweeper and synthesizer to the
proper frequencies. Then the phase-lock loop takes
over and removes any error in the output frequency.
This frequency remains until another frequency is
input from the keyboard.

If “STEP” is chosen the user has the alternative of
stepping through the desired range a “SINGLE” time
or in a “"REPETITIVE" mode. The user then is asked
to input “F-START (MHz)" and “F-STOP (MHz)"
with the same limits as “CW" and ‘“STEP-SIZE
(MHz)" which can be as small or large as desired.
The calculator begins with F-START and steps through
the frequency range at the rate of approximately
one frequency change per second. To exit from the
program push “STOP."

The attached programs allow 2.000 to 18.000 GHz
operation. Output Power level is >+5 dBm. Fre-
quency accuracy, stability, and purity are almost
entirely dependent on the reference oscillator used.
For example, using the 8660 Opt 001 Synthesized
Signal Generator as reference and as injection-lock
source for the 8709A, typical accuracy and stability
can be * 54 Hz/day (£3 parts in 10%) at 18 GHz.
Resolution and step-size are typically 15 Hz. Single
sideband phase noise is approximately equal to the
Reference Oscillator phase noise plus 20 log (N;xN>)
plus approximately 10 dB between 2 kHz and 15 kHz
offset from the carrier and 5 dB elsewhere, due to
the phase-locked loop. See Figure 2. For example, at
25 kHz from the 3 GHz carrier the SSB phase noise
is 90 dB down in a 1 Hz BW. Settling time to within
1 kHz is approximately 100 msec.
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Figure 2 Actual Phase-Noise Measurement. Two phase-locked systems in phase quadrature made in a 1 kHz
BW and scaled to a 1 Hz BW.
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Special sweeper characteristics are extremely im-
portant for successful operation:

A) Frequency accuracy plus programming resolution
must be within the capture range of the synchro-
nizer (~35 MHz).

B) An auxiliary output which ‘is related to RF output
frequency, but which does not exceed the range of
the harmonic mixer (~6th harmonic) is required to
ensure adequate harmonic content.

C) There must be reasonable overlap at band switch-
overs to allow sufficient analog frequency control.

D) Harmonic-related signals from the sweep oscillator
must be low enough to prevent falselocking.

In applications requiring a frequency or phase
modulated source this can be accomplished by modu-
lating the reference oscillator. This involves inserting
the proper modulation section in the 8660 mainframe.
The deviation of the microwave output will be that
of the reference multiplied by N; x Nj.

Since the pin medulator in the 86290A is outside
the phase-locked loop (after the AUX OUT coupler) it
has relatively little effect on the frequency. In most
AM applications, therefore, as long as the 86290A is
in the leveled mode, no external modulator is necessary.
This includes internal 1 kHz square wave modulation
and the 27.8 kHz square wave modulator drive signal
from the 8755 Swept Amplitude Analyzer. It should
be noted, however, that some incidental FM may be
produced at high AM rates (>100 kHz).

If operation to 18.6 GHz is desired, it can be
obtained by special programming of the 8620C. The
sweeper requires >10V to produce >18 GHz. Since the
8620C allows only four digits of input (i.e., V.XXX)
there is a special symbol which denotes V = 10. The
ASCII character for that symbol is **:”". For example,
a frequency of 18.3 GHz requires 10.500V; the required
ASCII string would be **:500". Instructions for modi-
fying the programs are included at the end of each one.

Synthesized operation from 1 MHz to 18.6 GHz is
possible using the 86603A 2.6 GHz plug-in for the
8660 instead of the 86602B. The output is then
switched using two 8761A/B coax switches controlled
by a 59306A Relay Actuator. A 12V or 24V power
supply is also required. The software must be modified
to set the proper 1 MHz to 2 GHz frequencies and to
include control of the Relay Actuator.

The utility of the source is greatly enhanced by the
HP-IB which controls it. With the HP-IB a total
automatic measurement system can be configured. Up
to 12 additional instruments can be controlled. For
example, the 436A Power meter could be added to the
HP-IB to control output power of the source to
approximately the accuracy and resolution of the power
meter. Or a programmable attenuator could be added
to control power over a 110 dB range.

Of course, since the calculator is part of the system,
it can be used for error correction, manipulation of
data, and printout of required information. It can also
be used as a diagnostic aid.

Irneteal

Band Information

ize Frequancy

Input

Start Frequency

Stop Frequ
Step Siz

Set

Sta

Input

ency
e

Freqency = A

rt = A

Calc Band & Frequency
Convert to % of Band
Set Sweeper

Print
CW Frequency

Calc Ref Frequency
Set 8660

Fo/N, — 20 MHz

Fage = T

Increment A
By Step Size

Print
Start Frequency
Stop Frequency
Step Size

Yeu

Figure 3 Program Flow Diagram
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2-18 GHZ FREQUENCY S VHTHESLIZER PROGRAM
SEFTEMBER 19 1378
U=98303 3=8660 7 & =;
RICE] .

D15 2:3)=LOW LIMITS OF BAHDS 1s2,3
DE4: G 6)=UIDTH OF BANDS 1.2,3
D(7:8)=EAND SWITCH POINTS

DL 2 1=Dl & 1=g08n
ae I 3)=12a04
I{ 4 1=42048
I 5 )=€4049
Di7)=c108a
DI 81=12208
FENM Us L=UFFER, LGUER LIMITS OF SHEEPER
U=18000

L=2000

‘DISP "STEP:1 OR CW:2":
IHPUT M
GOTD h OF o1
DISP "SIHGLE
IHPUT N
DISP “START FREQIMHZ) ™}

y 340
1 OR REPET.:2":

%]
1

A1 THEN S4@
CMHZ> "3
IF F2<L OR F2>U THEN 548
DISF "STEP-SIZECMHZY "3
INPUT F3
A=F 1
328 GOTO 379
PRINT "FREG =
DISP "NEXT FREQC
g INPUT A e
IF A<L OR AU THEN 84@ o
CosuE 730 REH
2 - RE6=(R>DL7)+¢ADLS 1
IF f=2 THEN 330 REM R6=0:1,2 FOR BANDS 1.3.3

HRIT 1@68 C=(A-DL 1+RE 11510 DL 4+KE 1
IF A >= F2 THEN 430 e cEE L R
e

R=A+F3 .
@ REM HEXT IF STHT ALLOMS COVERRGE OF F2 5,

REM EVEN 1F CF2-F1).F3 13 HOT AN INTEGER g e e B A T
3 IF A <= F2 THEN 27 o c

ber2 FORMAT “M1iE“;F1000.8: "¥",F1088. 3, "E"
OUTPUT (13:696)R6+1+C

SHEEFER TUNE SUEROUT INE

GOTO 7@
IF N=3 THEH S48

PRINT “STRET raeu:"rx"ﬂgZ'
PRINT “STDF FREQ ="R"HHZ" X = .
PRINT -STEE-S128 -3 Maz" ggn SYNTHESIZER TUME SUBROUT]HE
L B 5@ R3=A/ (RE+1)-20

2 s = . R3=R3-CINTIRZ-130@5+1)

PRINT “REFEATING R3=INT(R3#1E+@6)/ LE+@3

v it
EBiD 3 FORMAT F109@. 8, " " s F 1886, 8. "C"

OUTPUT ¢13,880852, 300

OUT QF RANGE SUBROUTINE

M
PRINT “OUT OF RANGE!! 11"
HRLT S@8e
GOTO M OF 21Gs34@

BE6@ INVERSION SUBROLTINE

Y=ABSR2

2=8

2=Z+WU* INTY
Y=1@%(=-INTY
W=18+W

IF Y#0 THEN 358
RETURN

990

1808 END
FOR OPERATION TO 18.86 GHZ
CHAMGE OR RDD LINES BELOW

U=1g6&ia
IF C<39.93%5 THEN 700

FORMAT “"M1B3Y:",F16080.3: "E"
OUTPUT (13:6733ABSE
RETURH




