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Section I
General Information

SECTION |
GENERAL INFORMATION

1-1. DESCRIPTION.

1-2. The HP 8690B Sweep Oscillator, when used with
one of the 8690-series RF Units, comprises an elec-
tronically tuned signal source. The RF Units used with
the 8690B Sweep Oscillator are of the following basic
types:

LOW FREQUENCY

1) Solid-state with leveled and calibrated output.

Model 8698A/B, 8699B.

MICROWAVE

1) PIN modulated with coaxial output.
8691-4B.

2) Grid modulated with coaxial output. Models
8691 -4A.

3) Grid modulated with waveguide output. Models
8695-TA.

Models

1-3. A summary of specifications coveringthe Sweep
Oscillator/RF Unit combinationsis givenin Table 1-1.
Detailed specifications of 8690B with 8691-7A/B RF
Units are given in Table 1-2.

1-4. The Sweep Oscillator provides three linear auto-
matic sweeps: two broadband, and one narrowband.
The broadband sweeps each have independent, cali-
brated start and stop frequencies which are continu-
ously adjustable over the entire frequency range of the
Oscillator-RF Unit to permit sweeping up or down in
frequency. The narrowband sweep varies the RF out-
put upwardthrougha 0 to 10% segment of the frequency
range, the segment being centered anywhere in the
Oscillator -R¥ Unit range.

1-5. One of the broadband sweeps has two internally-
generated, calibrated frequency markers. The mark-
ers, individually activated and separately tuned, occur
as triangular notches in the RF output. The markers
may also be used with the narrowband sweep and with
external frequency modulation.

1-6. Modulation capability includes internal square
wave, external amplitude and external frequency
modulation. Square-wave frequency is continuously
variable between 950 and 1050 Hz.

1-7. RF outputpower levelis manually adjustable and
there is provision for automatic output leveling. As
an indication of leveling preformance, a panel light
lights automatically if any segment of the sweep is
unleveled.

1-8. Internal leveling may be orderedas an option on
microwave RF Units. A microwave RF Unit with in-
‘ternalleveling is designated by Option 001, andis avail-
able on RF Unit Model 8691-4A and 8693 -4B. Internal
leveling allows the Sweep Oscillator to automatically
hold amplitude constant as output frequency changes.

1-9. Provisionfor oscilloscope and graphic recorder
display of swept-frequency measurements includes RF
shut-off (blanking) and penlift between sweeps. manual
sweep control, a linear sawtoo th voltage output
concurrent with the sweep (to provide frequency refer-
ence for the display), and visual indication of sweep
duration.

1-10. The microwave RF Unit signal source is a
backward-wave oscillator tube (BWO), aself-
contained, voltage-tunable oscillator. Fail-safe,
over-load, and time delay circuits protect the BWO

~ frompower supply malfunctions and turn-on tran-

sients.

1-11. The 8690B Sweep Oscillator and 8690-series
RF Units combine to permit rapid, broadband evalua-
tion of low frequency and microwave device perform-
ance, serving as the swept-frequency source for mea-
suring such transmissionproper ties as reflection
coefficient, attenuation, gain, directivity, and other
network transfer characteristics.

1-12. INSTRUMENTS COVERED BY MANUAL

1-13. This instrument has a two-part serial number.
The first four digits and the letter comprise the
serial number prefix. The last five digits form the
sequential suffix that is unique to each instrument.
The contents of this manual apply directly to instru-
ments having the same serial number prefix (es) as
listed under SERIAL NUMBERS on the title page.

1-14. An instrument manufactured after the printing
of this manual may have a serial prefix that is not
listed on the title page. This unlisted serial prefix
indicates that the instrument is different from those
documented in this manual. The manual for this in-
strument is supplied with a yellow Manual Changes
supplement that contains ‘‘change information’’ that
documents the differences.

1-15. In addition to change information, the supple-
ment may contain information for correcting errors
in the manual, To keep this manual as current and
accurate as possible, Hewlett-Packard recommends
that you periodically request the latest Manual Changes
supplement. The supplement for this manual is keyed
to this manual’s print date and part number, both of
which appear on the title page, Complimentary copies
of the supplementare availablefrom Hewlett-Packard.

1-16. For information concerning a serial number
prefix not listed on the title page or in the Manual
Changes supplement, contact your nearest Hewlett-
Packard office.
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Table 1-1. Summary of Specifications
Sweep Frequency Max. Leveled Frequency
Oscillator /RF Unit Range Power Output Accuracy
8690B - -- --
8691A 1 -2 GHz = 100 mW +1%
8691A Option 200 1.4 - 2.5 GHz 2 100 mW +1%
8691B 1 -2 GHz z 70 mW +10 MHz
8692A 2 - 4 GHz z 70 mW +1%
86928 2 - 4 GHz > 40 mW +20 MHz
86928 Option 100 1.7 - 4.2 GHz > 15 mW +25 MHz
8693A 4 - 8 GHz > 30 mwW +1%
8693A Option 200 3.5 - 6.75 GHz = 40 mW +1%
8693B 4 - 8 GHz z 15 mW +40 MHz
8693B Option 100 3.7 - 8.3 GHz = 5mW +45 MHz
8694A 8 - 12.4 GHz > 50 mW +1%
8694A Option 100 7-12.4 GHz > 25 mW +1%
8694A Option 200 7 - 11 GHz 2 25 mW +1%
86948 8 -12.4 GHz 2 30 mW +40 MHz
8694B Option 100 7 -12.4 GHz > 15 mW +50 MHz
8694B Option 200 7 - 11 GHz 2 15 mW +40 MHz
8695A 12.4 - 18 GHz > 40 mW +1%
8695B 12.4 - 18 GHz > 15 mW +1%
8696A 18 - 26.5 GHz > 10 mW +1%
8697A 26.5 - 40 GHz > 5mwW +1%
8698A 0.1 - 110 MHz 100 mW +1% of F. S,
8698B 0.4 - 110 MHz 20 mW +1%
0.1-2.0 GHz 20 mW
8699B { +1%
2.0 - 4.0 GHz >6.5 mW
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Table 1-2. Specifications of 8690B Sweep Oscillator with RF Unit Installed

SWEEP FUNCTIONS *
Start-Stop Sweep: Sweeps from "'start to "stop"
frequency setting.

Range: Both settings continuously and independ-
ently adjustable over the entire frequency
range; can be set to sweep either up or down
in frequency.

End-point Accuracy: Sameas RF Unitfrequency
accuracy.

Marker Sweep: Sweeps from ''Marker 1" to
"Marker 2'" frequency setting.

Range: Both settings continuously and independ-
ently adjustable over the entire frequency
range; can be set to sweep either up or down
in frequency.

End-point Accuracy: SameasRF Unitirequency
accuracy.

AF Sweep: Sweeps upward in frequency,centered
on CW setting.

Width: Continuously adjustable from zero to
10% of the frequency band; calibrated directly
in MHz.

Width Accuracy: £10% of AF being swept +1%
of maximum AF (220% +2% respectively with
8691A/B RF Units).

Center -frequency Accuracy: Same as RF Unit
frequency accuracy.

FREQUENCY MARKERS
Two frequency markers, independently adjustable
over the entire frequency range, amplitude
modulate the RF output. Amplitude is adjust-
able from the front panel. The markers are
also available for external use.

Accuracy: 1% of full scale for all RF Units.

Resolution: Better than 0.05% of RF Unit band-
width.

Marker Output: Triangular pulse, typically -5V
peak into 1000-ohm load.

CW OPERATION
Single-frequency RF output selected by START/
CW or MARKER 1 control, depending upon sweep
function selected.

Accuracy: Same as RF Unit frequency accuracy.
Preset Frequencies: Start-stop sweep end points

and marker Irequencies can be used as four
preset CW frequencies.

SWEEP MODE
Auto: Sweep recurs automatically.

Manual: Front-panel control provides continuous
manual adjustment of frequency between end
frequencies set in any of the above sweep func-
tions.

Triggered: Sweep isactuated by front-panel push
button or by externally applied signal between
-7.5V and -25V, > 1 usec pulse width, and > 0.1
V/usec rise.

SWEEP CHARACTERISTICS
Sweep Time: Continuously adjustable in four de-
cade ranges, 0,01 to 100 seconds. Can be syn-
chronized with the power line frequency.

Sweep Indicator: Front-panel indicator lights
during the sweep toprovide indication of sweep
duration on slower sweep times.

Sweep Output: Direct-coupled sawtooth, zero to
approx. + 15 V, concurrent with swept RF output.
Zero at start of sweep, approximately +15 V at
end of sweep regardless of sweep width or di-
rection. Source impedance, 10, 000 ohms.

Frequency Linearity: (Correlation between fre-
quency and both the sweepandreference output. )
Same as RF Unit frequency accuracy.

Blanking: RF automatically turnedoff during re-

“Trace, turned on after completion of retrace.
On automatic sweeps, RF is on long enough be-
fore sweep starts to stabilize external circuits
and equipment whose response is compatible
with the selected sweep rate. Blanking disable
switch provided.

Blanking Output: Direct-coupledrectangular pulse
approximately -4 V coincident with RF blank-
ing. Source impedance approximately 3000
ohms.

Penlift: For use with X-Y graphic recorders.
Penlift terminals shorted during sweep, open
during retrace (100-10 and 10-1 sec ranges
only).

POWER LEVELING AMPLIFIER
Internal dc-coupled leveling amplifier provided.

Crystal Input: Approximately -20 to -350 mV
for specified leveling at rated output; for use
with negative-polarity detectors such as 780
series Directional Detectors, 423 and 424 series
Crystal Detectors.

MODULATION
Internal AM: Square wave modulation continuously
adjustable from 950 to 1050 Hz on all sweep
times. On/off ratiogreater than20 dBat rated
output.

1-3
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Table 1-2. Specifications of 8690B Sweep Oscillator with RF Unit Installed (Cont'd)

External AM

Frequency Response:dc to 350 kHz unleveled,

de to 50 kHz leveled.

Sensitivity:

-10 V reduces RF output level at

Dimensions:; 162

} {425} 1’ - “_N"":r'

T CRY

Teast 30 dB below rated CW output (""A™ Model ‘ |2

RF Units, 20 dB for ""B'" Models).

Input Impedance: Approximately 1000 ohms.

External FM

Frequency Response: dc to 3 kHz.

Sensitivity: Deviationfrom CW setting approxi-
mately 6% of the frequency band per volt. ];

Maximum Range: Fullband for modulationfre-
quencies upto 150 Hz (approximately 17 V pp d
input), decreases to about 20% of the band for

3 kHz modulation.

Input Impedance: Approximately 100, 000 ohms.

GENERAL

TOP 163 @67
(416}

] l

~— 19
1482,6)

ﬁ

2590423

NOTES
__ DIMENSIONS N INCHES AND {MILLIMETERS)
(&) E1A RACK HEIGHT .

FOR CABINET HEIGHT (INCLUDING FEET} ADD = {8,0) 70 E14 RACK HEIGHT
(8) REAR APRON RECESS °

Weight (notincluding RF Unit): Net, 53 1lbs. (23,9
kg). Shipping, 71 1bs. (32 kg).

Power: 115 or 230 Vac +10%, 48 to 66 Hz. Ap-

proximately 350 watts with one RF Unit; if RF
Unit holder HP 8707A is used add approximately

30 watts for each RF Unit,
Available:
Directional Couplers 776/
790 series
752 series

Directional Detectors 781-789 series

Detectors 423
424 series
422
478
486 series
Power Meter 432
Adapter 281 series
Loads, Shorts 906
11511/11512
910 series
914 series
X923/920 series
Refl. Coeff. Bridge X8440
Oscilloscopes, 140/1416
X-Y Recorders
130
7035, Opt 01
Filters 360

8430 series

Furnished: 7-1/2 ft (2290 mm) power cable with
NEMA plug; rack mounting kit.

Coaxial Dual coupler, 1 to 4 GHz, 20 dB coupling, high directivity
Ultra-flat coaxial coupler, 1 to 8.3 GHz, high directivity
Waveguide coupler, 2.6 to 40 GHz, 40 dB directivity

Ultra-flat coupler with built-in detector, 1-12.4 GHz

Coaxial crystal detector, 0.01 to 12.4 GHz, flat response
Waveguide crystal detector, 2.6 to 18 GHz, flat response
Waveguide crystal detector, 18 to 40 GHz, +2 dB response

0.01 to 10 GHz

2.6 to 40 GH=z

Coaxial thermistor mount for 432,
Waveguide thermistor mounts for 431,
10 uW to 10 mW full scale.

Coax to waveguide adapter, 2.6 to 12.4 GHz

Coaxial sliding load, 1to 12.4 GHz, low load SWR

Coaxial fixed short, 11511 female, 11512 male

Waveguide termination, 2.6 to 18 GHz, low SWR

Waveguide moving load, 2.6 to 40 GHz, 1.01 load SWR
Waveguide adjustable short 2.6 to 40 GHz

Reflection coefficient measurements in coax, 8.2 to 12.4 GHz

Oscilloscope, calibration in dB/cm, high sensitivity

Oscilloscope, calibration in V/cm, high sensitivity
X-Y recorder with AUTOGRIP hold down, high sensitivity
Low pass filters; cut off at 2.2 and 4.1 GHz

Bandpass filters, octave and semi-octave, 1-12.4 GHz
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SECTION (i
INSTALLATION

2.1. INCOMING INSPECTION.

9.9. The Sweep Oscillator was carefully inspected,
both mechanicallyand electrically, prior to shipment.
Inspect it for mechanical damage received in transit,
check for supplied accessories, and test electrical
performance using the performance tests in Section V.
If there is any damage or deficiency, or if electrical
performance isnot within specifications, see the war-
ranty inside the front cover of this manual.

2.3. PREPARATION FOR USE.

9-4, POWER REQUIREMENTS.

9-5. The Sweep Oscillator requires a power source
of 115 or 230 volts +10%, 50 to 60 Hz, single phase,
which can supply approximately 350 watts.

2-6. 115/230 VOLT OPERATION.

9-7. A two-position slide switch, on the rear panel
under the power line fuseholder, permits opera-
tionfrom either a 115- or 230-volt power source. The
number visible on the switch slider indicates the line
voltage for which the instrument is connected. Adja-
cent to the switch is the correct fuse rating for each
line voltage.

2-8. To prepare the Sweep Oscillator for operation,
position the 115-230 volt switch so that the number
visible on the slider corresponds to the available line
voltage, and install a fuse of correct rating.

CAUTION

To avoid damage to the Sweep Oscillator, set
the 115-230 volt switch for the line voltage to
be used BEFORE connecting the power cable.

Note
Fuse ratings when using 8690B with 8T06A
and 8707A:
No. of Acceptable Range of Fuse Rating .
RF Units 115V 230V
1 4 - 6amps 2 - 3 amps
2 4 -6.5amps 2 - 3.5 amps
3 4,5 - 1.5 amps 2.25 - 4 amps
4 5 - 8.5amps 2.5 -4,5amps
5 5.5 - 9 amps 2,75 - 5 amps
6 6 - 10 amps 3 - 5.5 amps
7 6.5 - 10.5 amps 3.25 - 6 amps
8 7 -12 amps 3.5 - Tamps
9 7 -12 amps 3.5 ~Tamps

2-9. POWER CABLE.

2-10. To protect operating personnel, the National
Electrical Manufacturers' Association (NEMA) rec-
ommends that the Sweep Oscillator panel and cabinet
be grounded. Accordingly, the Sweep Oscillator is
equipped with a three-conductor power cable which,
when plugged into an appropriate receptacle, grounds
the panel and cabinet. The offset pin of the three-
prong connector is the ground pin.

9-11. To preserve the protection feature when oper-
ating the Oscillator from a two-contact outlet, use a
three-prong to two-prong adapter (HP Stock No, 1251-
0048) and connect the green pigtail on the adapter to
ground.

2-12. COOLING.

9-13. Forced air cooling is used to maintain safe
operating temperatures within the Sweep Oscillator and
RF Unit. The air intake and exhaust ports, cooling
fan, and air filter arelocated at the rear of the instru-
ment. To ensure adequate ventilation, maintain about
three inches of clearance behind the cabinet.

CAUTION

Do not operate the Sweep Oscillator if the fan
is not operating.

2-14. RF UNIT AIR FILTER.

2-15, The air filter, as received with a new instru-
ment, has a coating of dust-catching substance which
improves air cleaning action. To maintain adequate
ventilation, clean and recoat the air filter at regular
intervals. See Section V for cleaning instructions.

2-16. MAGNETIC INTERFERENCE.

2-17. When using Model 8691A/B RF Units, do not
locate the Sweep Oscillator in the vicinity of a strong
magnetic field; magnetic interference canbe detrimen-
tal to performance.

2-18. BENCH USE.

2-19. The Sweep Oscillator cabinet has plastic feet
and a foldaway tilt stand for convenience in bench op-
eration. The tilt stand permits inclining the instrument
for more convenient viewing of the control panel, and
the plastic feet are shaped to make full width modular
instruments self-aligning when stacked.

2-20. For portability and protection in transit, ac-
cessory Control Panel Covers are available for the
Sweep Oscillator. These are metal covers which fit
between the handles at the front of the instrument.
Each cover has a carrying handle and is readily fas-
tened in place by two pushbutton latches. To obtain a
Control Panel Cover for the Model 8690B, order HP
Stock No. 5060-0829,

2-1
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INSTRUCTIONS

|. REMOVE TILT STAND, PLASTIC FEET,
AND TRIM STRIPS.

2. ATTACH FILLER STRIP AND RACK
MOUNTING FLANGES, KEEPING LARGE
NOTCH ON FLANGES TO INSTRUMENT
BOTTOM.

RACK MOUNTING
FLANGE (LH)*
@ 5020-0712

@ 5040-0164

TILT STAND—

RACK MOUNTING FLANGE (RH)
@ 5020-0713 \

Model 8690B

¥

TRIM STRIP
@500&0053

S_RETAINING SCREWS®
8-32 x 7/16 IN.MS, BH,
SS, PHILLIPS DRIVE

WITH EXT. TOOTH

LOCKWASHER

% PART OF RACK MOUNTING KIT
@ 5060-0777

Figure 2-1. Preparation for Rack Mounting

2-21. RACK MOUNTING.

2-22. Preparation for rack mounting is illustrated in
Figure 2-1. All necessary hardware is contained in
the rack mounting kit supplied withthe Sweep Oscilla-
tor.

Note

If the rack-mounted instrument will be sub-
jected to shock or vibration, provide addi-
tional bracing at the rear of the cabinet.

2-23, REPACKAGING FOR SHIPMENT.

2-24. If the Sweep Oscillator is to be packaged for
shipment use the original shipping container and pack-
ing materials. If these have been discarded or are
not in condition for reuse, contact your local Hewlett-
Packard sales and service office (see rear of this man-
ual for locations), or follow these general instructions.

a. Wrap the Sweep Oscillator in heavy paper or
plastic. (If the instrument is being shipped toa Hewlett-
Packard service facility, attach a tag indicating type
of servicing required, return address, model number,
and full serial number.)

b. Use a strong shipping container. A carton made
of 600 pound test material will usually provide adequate
protection.

¢. Use enough shock-absorbing material(3 to 4inch
layer) around all sides of the instrument to provide
firm cushion and prevent movement inside the con-
tainer. Protectthe control panel with cardboard. With
Hewlett-Packard ''floater pack' packaging, the foam
blocks provide sufficient shock protection, and addi-
tional material is unnecessary.

d. Seal the shipping container securely.

e. Mark the shipping container "FRAGILE" to as~
sure careful handling.

Note
Because of the permanent magnetic field of
Model 8691A/B RF Unit BWO, the Sweep Os-
cillator should not be shipped by air unless
packaged to conform with air shipment reg-
ulations.

2-25. In any correspondence refer to the Sweep Os-
cillator by model number and full serial number.
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SECTION 1ii
OPERATION

3-1. INTRODUCTION.

3-2. The 8690B Sweep Oscillator, when used with one
of the 8690-series RF Units comprises an electron-
ically tuned microwave signal source. Each Oscil-
lator is capable of four types of sweep: start-stop,
marker, AF, and external FM. Thefirstthree sweeps
are internally generated, while external FM permits
remote tuning. The internally-generated sweeps have
adjustable, calibrated end points and sweep times as
well as a choice of sweep modes. The FM sweep has
an adjustable CW frequency.

3-3. For start- stop sweeping independent controls
determine the start and stop frequencies. Each fre-
quency can be set anywhere withinthe RF Unit frequency
range allowing output frequency to increase or de-
crease with time.

3-4. Marker sweep is the same as start-stop sweep
except for a separate set of tuning controls and fre-
quency registers.

3-5. AF sweepisa narrowband, variable-width sweep
centered on a CW frequency. The CW frequency can
be set anywhere within the range of the RF Unit, and
sweep width is variable from 0 to 10 percent of the
RF Unit frequency range.

3-6. For external FM sweep operation, any frequency
within the RF Unit frequency range can be selected as
the CW frequency with RF sweep width, rate and
symmetry controlled by the externally-generated FM
signal.

3-7. For start-stop sweeping, two internal RF fre-
quency markers can be individually positioned any-
where within the selected sweep range. Each marker
is produced by amplitude modulation of the RF output
at the frequency selected. Since each marker is push-
button-selected, one or both markers can be used.
The triangular marker pulses are available ata rear-
panel output and there is amplitude control for the RF-
modulating pulses.

3-8. Common to all three internal sweeps are the
sweep modes, the sweep time selector, and modula-
tion capabilities. Each sweep may be automatically
recurrent, manual, or triggered. Automatically
recurrent sweeping canbe synchronized with the power
linefrequency by rotating the vernier of the sweep time
selector to a detent position. In the manual sweep
mode output frequency variation is operator-con-
trolled. In the trigger mode sweeping is initiated
either by a front-panel pushbutton or by external nega-~
tive signals.

3-9, For CW operation, either of two controls can
be used to set the output frequency: the start control

of the start-stop sweep or the start control of the
marker sweep., Each control is calibrated and has
the full frequency range of the RF Unit.

3-10. The Sweep Oscillator-RF Unit combination has
provision for automatic leveling of output power.
Normally, however, outputpower is unleveled and has
the power-frequency characteristic of the RF oscil-
lator. For both leveled and unleveled operation, the
POWER LEVEL control on the RF Unit is an uncali-
brated output attenuator.

3-11. Automatic leveling maintains output power con-
stantasfrequency changes andis achieved by a closed
loopfeedback system. A typical leveling system con-
sists of a directional coupler for obtaining an RF
sample of known proportion, a crystal detector to
sense the RF level variations, and an amplifier to
furnish a signal of appropriate polarity and magnitude
to control the RF source and maintain RF output con-
stant. In practice, power is not held absolutely con-
stant, but variations can be confined within narrow
limits.

3-12. Option 001 RF Units have a complete internal
leveling system activated by a front panel pushbutton.
Standard Sweep Oscillator-RF Unit combinations con~
tain only the loop amplifier mentioned above.

3-13. Provisions for oscilloscope or graphic recorder
display of swept-frequency measurements include a
sawtooth voltage output of constant amplitude which
can be used as a time base or frequency axis, pen
1lift on the two slowest sweeps to raise X-Y recorder
pens beween sweeps, RF shut-off (blanking) between
sweeps, manual trigger and manual sweep for display
calibration, and visual indication of sweep duration
for positive determination of sweep start and stop.

3-14. GENERAL OPERATING INFORMATION.

3-15. RF OUTPUT CONNECTOR.

3-16. 8691-4A/B, 8699B RF Units, exceptOption 001
Models, have standard 50-ohm type N coaxial output
connectors. The Option001 Models have HP precision
50-chm type N coaxial connectors which are intended
for coupling to standard type N conne ctors (e.g.,
UG-21D/U) only. CAUTION: Do not couple two HP
precision connectors. Dimensions of the precision
connector mating parts are such that coupling two
precision connectors can result in connector damage
and/or damage to devices having plated type (strip)
transmission lines fastened directly to the precision
connector. Since the Option 001 Models utilize the
precision output connector of an HP strip line direc-
tional detector as the RF output connector, other HP
devices having HP precision connectors must not be
coupled directly to the RF Unit.

3-1
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3-17. OUTPUT POWER RANGE.

3-18. Refer to Table 1-1 for RF power output spec-
ifications,

3-19. RF INPUT LIMITATION.

3-20. Excessivereverse RF power applied to the RF
output connector can damage the solid state attenuator-
modulator inthe B Model RF Units, or the backward-
wave oscillator tube in A Model RF Units.

CAUTION

Never apply more than 1 watt RF (CW or

peak pulse) from an external source to the

RF Unit power output connector.
3-21. BWO LIFE.
3-23. Sinceoperating practices affect useful tube life,

a. always provide adequate ventilation for the in-

terior of the Oscillator by maintaining at least three

inches of clearance at the rear of the cabinet;

b. ensure that the air filter is clean; and

f 2630% SwEEP USCILLATOR

Model 8690B

¢. avoid prolonged operation of the Sweep Oscilla-.

tor with the LINE switch atSTANDBY. Although there
is no RF output in this state, the BWO heater is en-
ergized.

3-24. MAGNETIC INTERFERENCE.

3-25. Sweep Oscillator performance can be adversely
affected by strong external magnetic fields such as
those produced by magnetrons andlarge transformers.

3-26. CONTROLS, CONNECTORS &
INDICATORS.

3-27. Front- and rear-panel controls, connectors,
andindicators are shown and described in Figures 3-1
and3-2. Locations anddescriptions apply to all 8690B
Sweep Oscillator-8690 series RF Unit combinations.

3-28. BASIC OPERATING PROCEDURES.

3-29. TURN-ON.

a. Set rear-panel 115-230 switch to match line
voltage before connecting the power cordto the service
outlet. Check that the line fuse has correct rating.
(Correctfuse rating is directly above the visible num-
ber on the switch slider.)

15

14

B690A -A~-25

10

13 12

1

Figure 3-1, Front Panel Controls, Connectors, and Indicators
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10.

START/CW. Selects start frequency for start-
stop sweep, CW frequency for CW operation,
mid-frequency for AF sweepon slide-rule GHz
scale.

MANUAL SWEEP. Manually varies frequency
between end points of start-stop, AF, or marker
sweep (counterclockwise extreme gives start
frequency).

MARKER 1. Selects marker 1 frequency or

marker sweep start frequency.

SWEEP TIME (SEC). Selects range of sweep
time. VERNIER varies sweep time within
selected range (sweep time decreases with
clockwise rotation). Detent position at clock-
wise extreme synchronizes sweep with power
line frequency.

MARKER 2. Selects marker 2 frequency or
marker sweep stop frequency.

STOP/AF. Selects stop frequency for start-
stop sweep on slide-rule GHz scale, frequency
range for AF sweep on MHz scale.

UNLEVELED. Lights if POWER LEVEL set too
high for leveling across selected frequency
range.

POWER LEVEL. Adjusts RF amplitude.

RF Output Connector. Standard 50-ohm type N
connector excepton Option 01 Models which have
hp precision 50-ohm type N connectors.
See text.

INT SQ WAVE FREQ. Adjusts frequency of
internal square wave modulation.

11, AMPLITUDE MOD. Select any combination of

12.

amplitude modulation: external amplitude mod-
ulation (apply signal to connector), markers,
and internal square wave.

MARKER AMP. Adjusts amplitude of RF-mod-
ulating frequency markers, but does not affect
rear-panel MARKER output.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

ALC. Selects automatic RF leveling.

XTAL. Accepts leveling signal from crystal
detector.

FUNCTION. Selects aninternal sweepor exter-
nal FM (SWEEP SELECTOR must be set to CW
for external FM;apply FM signal to connector).

SWEEP OUT. Sweep voltage output (0 to +15V
regardless of RF sweep width or direction),

RF. Indicator on when instrument is on and not
in standby mode.

LINE. Controls line power to instrument; RF
off in STANDBY; 1-min delay between OFF and
RF.

STANDBY. Indicator on when instrument is on.

SWEEPSELECTOR. Selects mode of operation:
CW, automatic sweep (free running orline
synced), manual sweep, or triggered sweep.

EXT. Accepts external triggering signal when
SWEEP SELECTOR is set to TRIG.

MANUAL. Pushbutton to start triggered sweep
when SWEEP SELECTOR is set to TRIG.

. START. Lights when START-STOP function

mode is selected during automatic sweep.
SWEEP. Lights during sweep.

STOP. Lights when START-STOP functionmode
is selected during automatic sweep.

CW. Lights during CW operation or when AF
function mode is selected.

M1, M2, Lights when MARKER SWEEP function
mode is selected. M1 only lights when MARKER
SWEEP function mode is selected during CW
operation,

AF. Lights when AF function mode is selected
during AUTO MANUAL OR TRIG operation.
Does not light during CW operation.

Figure 3-1. Front Panel Controls, Connectors, and Indicators (Continued)
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EXT ALC GAIN. (RF Unit.) Adjusts gain of
ALC circuit to control flatness of leveling,

SWEEP REF OUTPUT. (RF Unit.) Output volt-
age proportional to RF frequency: 40 volts per
octave. CAUTION: Applicationof voltage greater
than +£15 volts may damage A1Q1 in RF Unit.

ALC. (RF Unit.) On Option 01 RF Units, this
switch selects or disables an internal leveling
loop.

PENLIFT. Terminals shorted during sweep
(AUTO or TRIG sweep, two slowest sweep time
ranges only).

ANODE. Overload prevention fuse for backward
wave oscillator tube,

BLANKING. . Allows RF to remain on during
sweep recovery (OFF position). CAUTION:
Application of voltage greater than +15 volts may
damage A10Q3, A10Q4.

10,

11.

®
BUANKING

CFF

MARKER OUTPUT. Frequency markers output,
Pulses are triangular, typically -5 volts ampli-
tude., Pulse amplitude is not affected by front
panel MARKER AMP control. CAUTION: Appli-
cation of voltage greater than +15 volts may
damage A11Q4, A11Q8.

BLANKING OUTPUT. Direct-coupled rectangu-
lar pulse of about -4V amplitude coincident with
RF blanking. Pulse is present during automatic
and triggered sweeping whether or not BLANK-
ING is set to ON.

AC POWER. Power cable receptacle (offset pin
connected to Sweep Oscillator chassis).

115/230.
volts.

Permits operation from 115 or 230

FUSE. Select rating to match line voltage (cor-
rect rating above number visible on 115/230
switch slider).

3-4

Figure 3-2. Rear Panel Controls and Connectors
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b. Ensurethe RF Unit isfirmly seated into position
and the locking handle is secured before applying
power,

¢. Connect Sweep Oscillator to power source.
d. Set front-panel LINE switch to RF. After about
oneto two minutesdelay the RF indicator should glow.

Failure of the indicator toglow is anindication of mal-
function.

CAUTION

Do not use the Sweep Oscillator if the cooling
fan does not operate when power is turnedon.

3.30. STANDBY OPERATION.

3-31. Whenthe LINE switch is set to STANDBY there
is no RF output, but heaters of all electron tubes are
energized and operating potentials are supplied to all
circuits except the RF oscillator. This condition per-
mits nearly immediate RF output when the LINE
switch is set to RF, provided at least one minute has
elapsed between OFF and STANDBY.

3-32. With no FUNCTION selectors depressed, the
CW dial lamp will glow regardless of the settings of
other controls.

3-33. SWEEP FUNCTIONS.

3-34, The Sweep Oscillators have four sweep functions
which are designated Start-Stop, AF, Marker, and
External FM. Four separate pushbuttons, each labeled
for the function it selects, determine thetype of swept-
frequency operation.

3-35. START-STOP SWEEP.

3-36. For the start-stop sweep function, the sweep
start and stop frequencies are separately adjustable
to any frequency within the range of the RF Unit.
Since the output frequency varies from the start fre-
quency to the stop frequency, sweeping can be either
up or down with time. In addition, sweeping can be
automatically recurrent, triggered or manual, with
variable sweep time for recurrentand triggered sweep-

" ing. Allamplitude modulation capabilities canbe used

with the start-stop sweep and output power may be
leveledor unleveled. Instructions for obtaining start-
stop sweep are given in Figure 3-3.

3-37. AF SWEEP,

3-38. With AF sweep, output frequencyvariesupward
through a segment of the RF Unit frequency range
which is adjustable in width from zero to 10% of full
range and centered onany frequency within the RF Unit
range. All trigger and amplitude modulation capa-
bilities may be used and sweep time, in the automatic
and triggered modes, can be varied from 10 milli-
seconds to 100 seconds. RF output power may be
leveled or unleveled. Figure 3-4 gives instructions
for obtaining AF sweep.

Section III
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3-33. MARKER SWEEP.

3-40. Marker sweep is similar to start-stop sweep
with individual start and stop frequency controls and
frequency registers which are separate from those of
the start-stop sweep. The only functional difference
between start-stop and marker sweep is that the RF
frequency markers cannot be used with the marker
sweep. Figure 3-5 gives instructions for obtaining
marker sweep.

3-41. EXT FM.,

3-42. The External FM function provides a means of
obtaining output frequency which varies under the con-
trol of an externally-produced signal. Output fre-
quency variation that is linear with time results from
application of a voltage variation which is also linear
with time. Positive-going voltage causes output fre-
quency to increase while negative-going voltage causes
output frequency to decrease. Maximumupward devi-
ation is the full frequency range of the RF Unit, but
downwarddeviation is restrictedto approximately one-
half the frequency range. The CW frequency of the
FM sweep is calibrated and manually adjustable over
the full frequency range. Whenthe CW frequency is set
below mid-range, total deviation can be the full fre-
quencyrange. The external FMinputis direct-coupled
to permit remote frequency programming.

3-43. During external FM operation both the SWEEP
SELECTORand SWEEP TIME switch are inoperative,
but there is full amplitude modulation capability and
RF output power may be leveled or unleveled. In-
structions for external FM operation are given in
Figure 3-6.

3-44, FM LIMITATIONS.

CAUTION

The Sweep Oscillator can be damaged by ap-
lication of FM signals which exceed the safe
operating limits given in the charts of Fig-
ure 3-1.

Chart A gives the percent of frequency range swept
for each CW setting and FM input voltage (external
FM signal frequencies less than 150 Hz). Chart B
gives voltage limits for external FM signalirequencies
above 150 Hz.

3-45, NEVER EXCEED THE FM VOLTAGE LIMITS
GIVENIN CHARTS A AND B OF FIGURE 3-7. Where
there is adifference between limits indicated by charts
A and B always use the smaller amplitude.

3-46. SWEEP MODES.
3-47, The sweep modes are designated TRIG,

MANUAL, CW, and AUTO, the mode in use being
determined by the setting of the SWEEP SELECTOR.

3-5
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1. Set LINE to RF; RF indicator lights. withred VERNIER: clockwise rotationdecreases
time. To synchronize AUTO sweep with power-
2. Press START-STOP; on dial START and STOP line frequency, switch VERNIER into LINE SYNC
light. Check that all other pushbuttons are re- position. (LINESYNCgives shortest sweep time
leased. of the range selected.)
3. Select sweep start frequency with START/CW. Use POWER LEVEL as an uncalibrated output
attenuator. For standardand Option 01 RF Units
4, Select sweep stop frequency with STOP/AF. RF output is maximum at 10, minimum at 0.
Attenuation range depends on whether RF is
5, Choose AUTO, MANUAL or TRIGgered sweep leveled or unleveled, With unleveled operation
mode with SWEEP SELECTOR. See Sweep range is 30 dB minimum. See RF Power Leveling
Modes for mode characteristics. for leveled operation characteristics.
6. With AUTO or TRIG mode set SWEEP TIME to Start-stop sweep has full amplitude modulation

desired range. Vary time within selectedrange

capability. See Amplitude Modulation.

W0
“‘]/
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Figure 3-3. Start-Stop Sweep Operation
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Set LINE to RF; RF indicator lights.
Press AF;on dial, CWand AF light. Check that
all other pushbuttons are released.

Select sweep center frequency with START/CW.

Select sweep width on MHz scale with STOP/AF.

Choose AUTO, MANUAL, or TRIGgered sweep
mode with SWEEP SELECTOR. See Sweep
Modes for mode characteristics.

With AUTO or TRIG mode set SWEEP TIME to
desired range. Vary time withinselected range
withred VERNIER: clockwise rotation decreases

—— 4
7
=7

time. To synchronize AUTO sweep with power-
line frequency, switch VERNIER into LINE SYNC
position, (LINESYNCgivesshortestsweep time
of the range selected.)

Use POWER LEVEL as an uncalibrated output
attenuator. For standard and Option01 RF Units
RF output is maximum at 10, minimum at 0.
Attenuation range depends on whether RF is
leveled or unleveled. With unleveled operation
range is 30 dB minimum. See RF Power Leveling
for leveled operation characteristics.

AF sweep has full amplitude modulation capa-
bility. See Amplitude Modulation,

Figure 3-4.

AF Sweep Operation

3-1
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Set LINE to RF; RF indicator lights.

Press MARKER SWEEP; M1 and M2 light. Check
that all other pushbuttons are released.

Set start frequency with MARKER 1 START/CW.
Set stop frequency with MARKER 2 STOP.
Choose AUTO, MANUAL, or TRIGgered sweep
mode with SWEEP SELECTOR. See Sweep Modes
for mode characteristics.

With AUTO or TRIG mode set SWEEP TIME to

desired range. Varytime within selected range
withred VERNIER: clockwise rotation decreases

time. Tosynchronize AUTO sweep with power-
line frequency, switch VERNIER into LINE SYNC
position. (LINE SYNCgives shortest sweep time
of the range selected.)

Use POWER LEVEL as an uncalibrated output
attenuator. For standardand Option 01 RF Units
RF output is maximum at 10, minimum at 0.
Attenuation range depends on whether RF is
leveled or unleveled. With unleveled operation
rangeis 30 dB minimum. See RF Power Leveling
for leveled operation characteristics.

Marker sweep has external amplitude and inter-
nal square wave modulation capability. See
Amplitude Modulation.

3-8

Figure 3-5. Marker Sweep Operation
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SWLEP SELECTOR
[, e

>

Set LINE to RF; RF indicator lights.

Set SWEEP SELECTOR to CW.

. Press EXT FM; on dial, CW lights: Check that

all other pushbuttons are released. Specified
calibration accuracy requires additional 3 min-
ute stabilization time.

Select the desired CW frequency with START/
CW.

Connect frequency-modulating voltage to exter-
nal FM input.

veamen
SWEEP Tmeg (SEC)

WARKER £

T ST WAVE FREC

AWPLITUDE WOE

CAUTION

Observe voltage and frequency limits given
in Figure 3-7.

Use POWER LEVEL as an uncalibrated output
attentuator. For standard and Option 001 RF Units
RF output is maximum at 10, minimum at 0.
Attenuation range depends on whether RF is
leveled or unleveled. With leveled operation
rangeis 30 dB minimum. See RF Power Leveling
for leveled operation characteristics.

External FM operation has full amplitude mod-
ulation capability. See Amplitude Modulation.

Figure 3-6. External FM Operation
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Figure 3-7. External FM Limitations
3-48. AUTwu. 3-54. During a triggered sweep the output frequency

3~-49. The AUTO sweep mode provides automatically
recurrent sweeping for any sweep time selected by
the SWEEP TIME controls and may be used with any
sweep function except external FM. When the red
SWEEP TIME vernier is in the detent LINE SYNC
position, automatic sweeping is synchronized with the
power-line frequency.

3-50. During AUTO sweeping the output frequency
changes linearly with time and SWEEP light is on
during each sweep.

3-51. Four sweep-synchronized outputs areactivated
during AUTO operation: SWEEP, SWEEP REF,
BLANKING and PENLIFT. In addition, the RF output
isautomatically turned off, or blanked, between sweeps
if the rear-panel BLANKING switch is ON,

3-52. TRIGGERED.

3-53. Thetriggered sweep mode permits manual one-
shot sweeping and recurrent sweeping synchronized
with an externally-produced signal, and may be used
with any sweep function except external FM. A single
sweep starts each time the front-panel MANUAL push-
button ispressed and/or each time a suitable negative
pulse is applied to the EXT input. Sweeping time is
determined by the SWEEP TIME (SEC) controls but
LINE SYNC is inoperative during triggered sweeping.

3-10

changes linearly with time, and the SWEEDP light is on.

3-55. Externally-produced trigger signals must have
negative polarity, width greater than 1 uysec and rise
time of at least 0.1 volt/usec. Less than 25 volts
amplitude will trigger a sweep. During slow sweeps
a sweep can be interrupted and reset by pressing the
MANUAL pushbutton.

3-56. Four sweep-synchronized outputs are activated
during TRIG operation: SWEEP, SWEEP REF,
BLANKING and PENLIFT. In addition, the RF output
is automatically turned off, or blanked, between sweeps
if the rear-panel BLANKING switch is ON.

3-57. CW.

3-58. The CW mode gives single-frequency operation
and may be used with either the start-stop or marker
sweep functions. Output frequency canbe set anywhere
in the RF Unit frequency range. Obtain CW output as
follows:

a. Set LINE to RF.

b. Set SWEEP SELECTOR to CW; on dial, CW

lights.

c. Press START-STOP or MARKER SWEEP.

)
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d. Tune to desired frequency using START/CW or
MARKER 1asindicated by the sweep function selected.

e. Controloutputpower with POWER LEVEL. For
standard andOption 01 RF Units output power is maxi-
mum at 10, minimumat 0. POWER LEVEL is uncali-
pbrated but has an attenuation range of at least 30dB
with unleveled output, 10 dB with leveled output.

f. Internally square wave or externally amplitude
modulate the RF output. See Amplitude Modulation.

g. Use automatic RF power leveling to stabilize
output level and improve source match. See RF Power
Leveling.

3-59. During CW operation RF blanking, PENLIFT,
SWEEP, and SWEEP outputs are not operational.
However, a voltage proportional to output frequency
is available at the RF Unit rear-panel SWEEP REF
OUTPUT.

3-60. MANUAL.

3-61. The manual sweep mode permits manual tuning
between the end frequenciesof the start-stop, marker,
or AF sweep. Any of the amplitude modulationfunc-
tions may be used with manual sweep, and RF output
can be leveled or unleveled. Both the SWEEP and
SWEEP REF outputs are operational during manual
sweeping, but RF blanking, PENLIFT and the SWEEP
light do not function.

3-62. Tosweep a frequency range manually, set con-
trols for the desired sweep function using the appro-
priate instructions from Figures 3-3, 3-4, or 3-5 but
set SWEEP SELECTOR to MANUAL anduse MANUAL
SWEEP to vary output frequency. Clockwise rotation
varies output frequency toward the stop frequency of
the selected sweep. Counterclockwise rotation varies
output frequency toward the sweep start frequency.
The SWEEP light doesnot function with manual sweep-
ing.

3-63. Manual sweep is particularly useful for calibra-
tion of a display device such as an oscilloscope or
graphic recorder prior to automatic swept-frequency
measurements. Itsuse inthisapplication is described
in more detail under Displaying Swept-Frequency
Measurements.

3-64. SWEEP TIME CONTROL.

3-65. The sweep time control consists of a four-
position range selector and a vernier for continuous
adjustment of sweeping time within the limits of each
time range. Clockwise rotation of the vernier de-
creases sweeping time, the clockwise rotation limit
giving the minimum time, and the counterclockwise
limit giving the maximum time of the range selected.
The detent LINE SYNC position of the vernier synchro-
nizes sweeping with the power line frequency, but re-
stricts sweeping time to the minimum of the range
selected.

Section IIT
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3-66. The sweep time controls are operational with
start-stop, AF, and marker sweeps in the AUTO and
TRIG modes. However, LINE SYNC does not function
with triggered sweeps.

3-67. SWEEP OUTPUT.

3-68. SWEEP OUTput is an output frequency related
positive voltage to provide a time or frequency axis
for displaying swept frequency measurements. This
positive voltage has fixed range, typically 0 to 15 volts,
irrespective of sweep width. Zero is always coinci-.
dent with the sweep start frequency and +15 volts is
always coincident with the sweep stop frequency. With
automatic and triggered sweeps, SWEEP OUT is a.
linear ramp synchronized with the RF sweep. During
manual sweeps, SWEEP OUT voltage change is con-
current with output frequency change. SWEEP OUT
functions with start-stop, marker, and AF sweeps in
the AUTO, MANUAL and TRIG modes.

3-69. SWEEP REFERENCE OUTPUT.

3-70. The RF Unit rear-panel SWEEP REF OUTPUT
is a direct-coupled positive voltage proportional to
output frequency. SWEEP REF is 40 volts per octave
and is determined by RF Unit A1R36 and A1R37 for the
particular frequency range of the RF Unit used. Volt-
age changeis concurrent with output frequency change,
the actual range and dc limits being determined by the
RF sweep width and its location inthe frequency range.
SWEEP REF OUTPUT is provided with all sweep func-
tions and modes.

3-71. PENLIFT.

3-72. The rear-panel PENLIFT terminals furnish a
sweep-synchronized writing control for graphic re-
corders equipped to write in response to a remote
short circuit. The PENLIFT terminals are shorted
duringthe RF sweep, open between sweeps. The PEN-
LIFT circuit operates during AUTO and TRIG sweeps
in the two slowest sweep time ranges only.

3-73. RF BLANKING.

3-74. The RF blanking automatically attenuates the
power output at least 30 dB ("A" Model RF Units,
20 dB for "B'" Models) between sweeps giving a
no-output reference trace on an oscilloscope display
of swept-frequency measurement. Blanking can be
used with start-stop, marker, and AF sweeps in the
AUTO and TRIG modes. With AUTO sweeps the
blanking interval ends slightly in advance of RF sweep
start to allow external circuits and equipment to sta-
bilize. The RF blanking can be disabled with the
rear-panel BLANKING On-Off switch.

3-75. During automatic and triggered sweeping a
rectangular negative pulse coincident with the RF
blanking is present at the rear-panel BLANKING OUT-
PUT. The pulse has 3.5 to 4 volts amplitude and is
independent of the BLANKING ON-OFF switch setting.

3-11
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3-76. EXPANDED SWEEP OPERATION.

3-77. Certain swept-frequency measurements, such
as bandpass filter evaluation, require rapid examina-
tion of more than one frequency band (e.g., filter
overall response characteristic, pass and stop bands).

3-78. Because the start-stop and marker sweeps are
independent they can be used in combination with the
internal frequency markers to obtain expanded sweep
presentation. For instance, start-stop sweep can be
used to cover a broad frequency range such as the
overall response characteristic of the filter mentioned
above. If a segment of this range (the stop band, for
example) merits detailed examination, the internal
frequency markers can be activated and tuned to
bracket the important segment. Then, pressing
MARKER SWEEP expands the bracketed segment to
occupy the full presentationand full sweep time. With-
out further adjustment, the original sweep may be
restored by pressing START-STOP.

3-79. The foregoing example of expanded sweep op-
eration assumes one sweep range within another. How-
ever, the two sweep ranges need not be one within the
other or even overlap; they may each cover separate,
remote segments of the RF Unit frequency range.

3-80. FOUR PRESET CW FREQUENCIES.

3-81. The manual sweep control, in conjunction with
the CW mode and the start-stop and marker sweep
functions, can be used to obtain four preset CWire-
quencies as follows:

a. Select four different frequencies using START/
CW, STOP/AF, MARKER 1, and MARKER 2 controls.

b. Rotate MANUAL SWEEP fully clockwise.
¢. Set SWEEP SELECTOR to CW.

d. Press START-STOP toobtain CW output at fre-
quency indicated by START/CW dial pointer.

e. Press MARKER SWEEP to obtain CW output at
frequency indicated by MARKER 1 setting.

f. Set SWEEP SELECTOR to MANUAL to obtain
CW output at frequency indicatedby MARKER 2 setting.

g. Press START-STOP toobtain CW output at fre-
quency indicated by STOP/AF dial pointer.

3-82. AMPLITUDE MODULATION.
3-83. EXTERNAL AM,

3-84. The Sweep Oscillator RF output may be ampli-
tude modulated by signals applied to the front-panel
connector under the EXT AM pushbutton. External
amplitude modulationis possible with any sweep mode
or function. Frequency response is dc to 350 kHz for
unleveled RF output and dc to 50 kHz for leveled out-
put. Negative 10 volts reduces RF output at least
30 dB below rated CW output (A" Model RF Units,
20 dB for "B Models).

3-12
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3-85. INTERNAL FREQUENCY MARKERS.

3-86. Two calibrated frequency markers can beinde-
pendently adjusted over the full frequency range of the
RF Unit. One is tuned by the MARKER 1 control and
the other by the MARKER 2 control. Each marker
amplitude-modulates the RF output with a wedge-
shaped notch at the frequency indicated by the appro-
priate marker dialpointer. The front-panel MARKER
AMP control permits amplitude adjustment of the
amplitude-modulating marker but does not affect the
amplitude of the pulses at the rear-panel MARKER
OUTPUT. The amplitude of these pulses is typically
-5 volts peak into a 1000-ohm load.

3-87. Activated separatelyby the MARK 1 and MARK
2 pushbuttons, the markers can be used individually or
simultaneously during start-stop, AF, or external FM
operation with the auto, manual, or triggered mode.
In addition, markers may be used in combination with
external amplitude or internal square-wave modula-
tion.

3-88. INTERNAL SQUARE WAVE.

3-89. Internally-generated square-wave modulation
can be used with any sweep function or sweep mode
and with marker or external amplitude modulation. At
rated RF output the square wave on-off ratio exceeds
20 dB. The INT SQ WAVE pushbutton selects square
wave modulation, and INT SQ WAVE FREQ permits
continuous adjustment of frequency from 950 to 1050 Hz.

3-90. RF POWER LEVELING.

3-91. A requirement for rapid, broadband evaluation
of microwave devices is constant RF power in the fre-
quency range of interest. Thebackward-wave oscilla-
tor (BWO) used as the microwave sourcein the RF Unit
does not generate constant RF power throughout the
operating frequency range. The RF power output of a
BWO usually consists of minor, narrowband variations
superimposed on a gross variation, as illustrated in
Figure 3-8. Minor variations are typically less than
3 dB while the gross variation may be as great as 10
dB. By deriving a signal which is the inverse of this
power characteristic andapplying it as amplitude con-
trol, the RF power output can be maintained essentially
constant with changing frequency. This control of out-
put power is called leveling.

3-92, The leveling system in the 8690B Sweep Oscil-
lator-8690 series RF Units is a negative feedback
closed loop. The system senses RF power variations
and automatically produced amplitude-control signals
which reduce power variations.

3-93. Atypical negative feedback closed leveling loop
(Figure 3-9) consists of a directional coupler to sam-
ple RF output, acrystal detector to convert instantane-
ous RF power variations in the sample to proportional
dc, and a differential amplifier to compare the dc
against areference and furnishan amplified difference
signal. This difference signal, applied as RF ampli-
tude control, determines magnitude of leveled power
and reduces power variations.
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Figure 3-8. Typical RF Power Output
Characteristics of 1-2 GHz and
12.4-18GHz BWO Tubes

3-94, In the leveling loop the differential amplifier
acts to keep the input from the crystal detector equal
to the dc reference and, by feedback action, causes
the leveling loop to maintain crystal detector output
constant. The same feedback action would also main-
tain RF power in the coupler main line constant, but
between the detector output and the coupler main line
are several frequency-dependent variables which pre-
vent main line power from being absolutely constant.
Such factorsas detector frequency response, coupling
variation with frequency, coupler-to-detector match,
and coupler directivity each affect the flatness of RF
power in the coupler main line. Nevertheless, the
leveling loop can reduce power variations from a devi-
ation as great as 10 dB to less than 1 dB over the
RF Unit tuning range.

3-95. In addition to holding RF power constant with
changing frequency, the leveling loop also improves
source match. The amount of improvement is deter-
mined bythedirectivity and main-line SWR of the RF-
sampling directional coupler: the greater the direct-
ivity and the smaller the main-line SWR, the greater
the source match improvement. Thepractical limit to
the effect of directivity, however, isusually the coupler
main-line SWR. For coaxial couplershaving main-line
SWRof 1.2:1, for instance, directivity exceeding 26 to
30 dB produces no significant source match improve-
ment. Similarly, for a waveguide coupler having main-
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line SWR of 1.05:1 the practical directivity limit is
about 40 dB.

3-96, LEVELING POINT CONSIDERATIONS.

3-97. The closed leveling loop holds RF power con-
stant at the point of RF sampling. Thus, if sampling
is done at the RF Unit power output connector, discon-
tinuities in the transmission system between the con-
nector and load causeuncontrollable power variations
at the load. However, if the sampling point is located
asnear the load aspossible, transmission system dis-
continuities are contained within the leveling loop and
their effects are automatically compensated.

3-98, The effect of leveling point location on power
variations at the load is shown in Figure 3-10. Al-
though X-Y recorder plot A was obtained with the
coupler-detector external to the Sweep Oscillator, the
plot isalso valid for Option 01 RF Units which have an
internal directional detector. Although the plots were
madeusing a1-2 GHz BWO, this comparison is typical
for all RF Unit frequency ranges.

3-99. Recorder plot A was made with a HP 360 Low-
Pass Filter (arrow, Figure 3-10) connected between
the sampling coupler and load to simulate transmission
irregularity between leveling loop and load. The filter
has maximum SWRof 1.4:1 and the load, consistingof
a 50-ohm termination and HP 478 Thermistor Mount,
hasan SWRof about 2:1. The resultant power variation
in the frequency range swept is approximately 1 dB.
In contrast, recorder plot B shows power variation at
the load reduced to 0.25 dB with the leveling point at
the load.

3-100. Remote-point leveling is accomplished using
the same systems and procedures as those given in
succeeding paragraphs for leveling at the RF output,
the only difference being that the RF-sampling direc-
tional detector or directional coupler and RF detector
arelocated at the system point where leveled RF power
is required, not at theRF Unit power output connector.

RF SAMPLER
SWE’EFF’ING (DI.RECTIONAL COUPlLER) LEVELED
RF = ' RF
OSCILLATOR }outeur { RF SAMPLE
AM
INPUT RF_LEVEL
DETECTOR
AN (CRYSTAL)
S‘GNAd DIFFERENTIAL
(COMPARISON) = O R TRVEL
AMPLIFIER . a—DC VARIATIONS
ADJUSTABLE

DC REFERENCE

Figure 3-9. Typical Leveling Loop
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Figure 3-10. Effect of Leveling

3-101. DEPENDENCY OF MAXIMUM LEVELED
POWER ON FREQUENCY.

3-102. Maximum leveled RF power cannot exceed the
minimum available from the BWO in the frequency
range being swept. Also, the maximum leveled RF
power available from a particular Sweep Oscillator
depends upon the frequency range being swept and the
output power characteristic of the microwave oscil-
lator (BWO) in the RF Unit used, Figure 3-11 shows
the output power characteristics of atypical 1 to 2 GHz
and 12.4 to 18 GHz oscillators. The Figure indicates
the maximum leveled RF power available for three
sweep ranges within each frequency range. Dot shading
indicates maximum leveled power available over a full
frequency range; diagonal shading shows additional
leveled power available in segments of the frequency
range. Microwaveoscillatorsin the frequency ranges
2 to 12.4 GHz and 18 to 40 GHz have similar output
power characteristics; that is, RF output is minimum
toward the lower frequency limit of the tuning range
and increases with frequency to a maximum at, or
near, the upper limit of the tuning range, However,

3-14

|.2GHz , B. X-Y PLOT, FILTER OUT 2 OGHz

Point on Power Variation

actual maximum and minimum RF power available
varies from frequency range to frequency range and
from BWOto BWO in the same frequency range. There-
fore, a microwave power meter such as the HP Model
431 with an appropriate thermistor mount is required
both for determining maximum leveled RF power and
for obtaining required RF power.

3-103, LEVELING EQUIPMENT.

3-104. Theleveling amplifier in the Sweep Oscillator -
RF Unit combination is intended for use with HP423
and 424 Crystal Detectors, HP directional detectors,
HP directional couplers. Since these components are
available in both coaxial and waveguide models, RF
leveling is possible in either transmission system.
Components for coaxial RF leveling systems and
waveguide leveling systems are listed in Table 1-2.

3-105. THE RF SAMPLER. The RF power output
can be sampled either by a directional coupler or a
directional detector. A directional detectoris a direc-
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tional coupler matched to a sensitive, flat-responding
crystal detector. With the directional detector, per-
formance variables such as coupling variation with
frequency, detector frequency response, and coupler-
detector match aregrouped and specified as frequency
response.

3-106. Whether the RF sampler is a directional coup-
ler or directional detector thereis a critical coupling
attenuation required to assure proper operation of the
leveling loop. Coupling attenuation should be 20 to
23 dB with the Models 8691A/B, through 8694A /B, and
8695A, 10 to 13 dB with the Models 8696A and 8697A.
In addition, the smaller the coupling variation with
frequency and the greater the directivity, the better
the leveling.

3-107. THE RF DETECTOR. A crystal detector
may be used to derive the dc signal proportional to
RF power variations required to operate the leveling
amplifier, which must receive a negative polarity
signal, is intended for use with HP 423 and 424 Cry-
stal Detectors, and HP directional detectors.

3-108. A crystal detector permits use of the full sweep
time range of the Sweep Oscillator. Thus, sweeping
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time can be short enough to give steady oscilloscope
display of swept-frequency measurements, a capability
especially useful for continuous display of the effects
of tuning or adjusting a device under test.

3-110. LOW-PASSOR BANDPASS FILTER. Tomini-
mize the effects of RF harmonics, which can degrade
leveling and cause measurement errors, a low-pass
or bandpass filter should be inserted into the RF main
line within the leveling loop. Including the filter in
the leveling loop providesautomatic compensation for
its transmission properties.

3-111. OSCILLOSCOPE MONITOR. For RF power
leveling using a crystal detector, an oscilloscope
should be used to indicate when the RF Unit POWER
LEVEL and EXT ALC GAIN controls are set to give
optimum leveling. If anoscilloscope is used to display
the results of swept-frequency measurements, it can
serve to monitor leveling performance as well. If no
such display is used, the monitor oscilloscope should
be connected between the RF detector and the Sweep
Oscillator. For standard RF Units, loop performance
can be monitored by means of atype BNC tee connector
at the crystal detector video output or at the Sweep
Oscillator XTAL input.

3-112. LEVELING PERFORMANCE.

3-113. For proper leveling without ALC loop oscil-
lations, the ALC voltage returned to the 8690B XTAL
input must be 100 mV or less. To ensure this require-
ment, always maintain an open loop ALC voltage of
50 mV or less. For RF detectors such as the HP
Model 423, with a square law load, this voltage will
not be exceeded if the input power to the RF detector
is held to 1 mW or less.

3-114, When a traveling wave tube (TWT) amplifier
isused, leveling signals shouldbe appliedto the 8690B.
A low pass filter should be connected to the output of
the TWT and an isolator connected to the input of a
directional coupler. Directional Couplers should be
used to provide RF input to the RF detector, rather
than to use a directional detector. The directional
coupler permits insertion of additional attenuation if
required to hold the power at the detector to 1 mW or
less.

3-115. The RF power leveling capability of the sys-
tems illustratedin Figures 3-12 through 3-17is deter-
mined mainly by the frequency-dependent performance
variables of the RF sampler and RF detector. Coupling
variation with frequency, coupler-to-detector mis-
match, coupler directivity and detector frequency
response all affect leveling, The level variations
given in Tables 3-1 and 3-2 are those resulting from
the maximum effect of the error sources present in
leveling loops assembled from appropriate components

3-15
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Table 3-1. Leveling Performance of Coaxial Leveling Loops

Maximum Power Variation (dB)!

Leveling Loop Load SWR = 1

Load SWR = 1.5

1-2 GHz | 2-4 GHz [4-8 GHz

8-12.4 GHz ||1-2 GHz | 2-4 GHz | 4-8 GHz |8-12.4 GHz

Figure 3-12 with

e e Detactor | 0-68 | :0.68 | +0.72 £0.82 | :0.88 | +0.92
%ﬁg&;ﬁgﬁ&ctor £0.40 | +0.40 | +0.40 +0.60 £0.56 | :0.60 | £0.60 +0. 80

1

Worst case: Errors summed arithmetically (see Paragraph 3-115).

Table 3-2. Leveling Performance of Waveguide Leveling Loops

Maximum Power Variation (dB)1

Leveling Loop Load SWR = 1

Load SWR = 1.5

2.60- 3.95- 5.85- 7.05-
3.95GHz|5.85 GHz |8.2 GHz |10.0 GHz

8.2~ 2.60- 3.95- 5.85- 7.05- 8.2~
12.4 GHz || 3.95GHz {5.85GHz |8.2GHz|10.0GHz |12.4 GHz

Fig. 3-13 with
Coupler and +0.95 +0.95 +0.94 +0.94

+1.04 +0.98 +0.98 +0.98 £0.98 +1.08

Detector

Fig. 3-13 with

Directional +0.60 +0.64
Detector

Fig., 3-14 +0.64 +0.64 +0.64 +0.64 +0.74 +0.68 +0.68 +0.68 +0.68 +0.78

1 Worst case: Errors summed arithmetically (see Paragraph 3-115).

%f

listed in Table 1-2. However, the error effects in
such leveling systems are vector quantities having
phase relationships which vary with frequency and do
not always cause maximum error, Rather, total error
is more usually the rms of the error quantities, There-
fore, leveling likely will be better than indicated, but
the performance figures given permit comparing the
capabilities of the systems illustrated in Figures 3-12
through 3-14.

3-116. Two values of load SWR are included in the
tables to indicate how the load on the leveling system
influences leveling performance, This loading effect
results from the imperfect directivity of the RF-
sampling coupler which allows some of the power re-
flected from the load to reach the RF detector and
cause level variations, For a given coupler, load-
produced level variation is proportional to load SWR,

3-117, LEVELING CONTROLS, INDICATORS AND
INPUTS.

3-118, ALC PUSHBUTTON. The ALC pushbutton
activates the internal leveling amplifier,

3-16

3-119, ALC SWITCH. On Option 001 RF Units only,
the rear panel ALC switch activates aninternal leveling
system,

3-120, POWER LEVEL CONTROL. The two-section
RF Unit POWER LEVEL control sets magnitude of
leveled RF power,

3-121, EXT ALC GAIN CONTROL. This rear panel
RF Unit control varies leveling loop sensitivity to RF
level variations,

3-122. LEVELING SIGNAL INPUTS. The front-panel
XTAL input accepts crystal detector-derived leveling
signals.

3-123. POWER LEVEL INDICATOR. The UNLEV-
ELED indicator functions only when the ALC pushbutton
is pressed (rear panel RF Unit ALC switch is set to
INT). When the UNLEVELED light is off, the entire
sweep is leveled; when on, all or part of sweep is
unleveled.
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I. SWEEP OSCILLATOR

2. LOW PASS OR BANDPASS FILTER

3. DIRECTIONAL COUPLER AND CRYSTAL DETECTOR
OR DIRECTIONAL DETECTOR

Figure 3-12, Coaxial Leveling Loop Using
CrystalDetector

3-124, Ingeneral, the RF UnitEXT ALC GAIN control
determines the ability of the leveling system to reduce
RF power variations and POWER LEVEL controls the
magnitude of leveled power. Thus, EXT ALC GAIN
can be considered an RF flatness control and POWER
LEVEL an RF amplitude control. RF Unit Models
8691A thru 8697A have enough functionoverlap between
EXT ALC GAIN and POWER LEVEL that the settings
of both controls must be optimized during initial level-
ing adjustments and thereafter whenever RF amplitude
is changed. Clockwise rotation of EXT ALC GAIN
improves RF flatness but can cause the leveling loop
to oscillate; hence, the optimum EXT ALC GAIN setting
is just counterclockwise of that which causes loop
oscillation.

3-125. LEVELING AT THE RF OUTPUT.

3-126. Figures 3-12 through 3-14 illustrate closed
loop leveling systems for automatically leveling the
RF power output. The systems of Figures 3-14 and
3-17 each use two directional couplers to minimize
coupling variation with frequency. The coupling vari-
ation of one coupler compensates for the coupling vari-
ation of the other, reducing coupling inaccuracy to the
difference in coupling characteristics between the
couplers. This remaining factor can be effectively
eliminated with couplers selected for nearly identical
coupling characteristics. Such matched couplers are
available from Hewlett-Packard in various combina-
tions of coupling attenuation, For each combination,
attenuation accuracy between main and secondary line
output is specified and is typically +0, 2 dB or better,

3-127, STANDARD SWEEP OSCILLATOR USING
CRYSTAL DETECTOR.

3-128. LOOP ASSEMBLY.

a, Assemble the leveling loop of Figure 3-12, 3-13,
or 3-14 using appropriate equipment listed in Table
1-2.

b, Connect crystal detector video output to Sweep
Oscillator XTAL input.
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I. SWEEP OSCILLATOR

2.LOW PASS OR BANDPASS FILTER
3,WAVEGUIDE TO COAXIAL OUTPUT
4, DIRECTIONAL COUPLER
5.CRYSTAL DETECTOR

(®) FOR COAXIAL OUTPUT RF UNITS
FOR WAVEGUIDE OUTPUT RF UNITS

Figure 3-13, Waveguide Leveling Loop Using
CrystalDetector

c. Connect an oscilloscope to monitor leveling loop
performance. Connect the oscilloscope vertical input
(dc-coupled) to a BNC tee connector at the crystalde-
tector video output, and connect the horizontal input
(dc-coupled) to the Sweep Oscillator SWEEP OUT.

3-129, LOOP OPERATION.

a. Obtaindesired mode of operation from the Sweep
Oscillator,

b. Adjust EXT ALC GAIN maximum clockwise.
(Rear panel, RF Unit.)

c. Press ALC.

d. Rotate POWER LEVEL knob to a convenient
reference on the 0 to 10 scale, (For maximum reso-
lution set to 10.)

e. If POWER LEVEL is setfor moreRF power than
the least available in the selected sweep range, the
UNLEVELED light will light, To level the entire
sweep, rotate POWER LEVEL until the UNLEVELED
light goes out, Leveled RF power is now the maximum
available in the selected frequency range,

f. If an oscilloscope monitoring ALC loop perfor-
mance shows loop oscillation, adjust RF Unit rear
panel EXT ALC GAIN until oscillation just ceases.
Always adjust RF Unit EXT ALC GAIN and LEVEL
SHUNT/POWER LEVEL controls in combination to
ensure maximum leveled RF power without loop os-
cillation.

Note

To change power level control resolution,
remove the top cover of the sweep oscillator
and set screwdriver operated RF Unit A1R1
LEVEL SHUNT until the UNLEVELED light
goes out.

g. To reduce leveled RF power rotate POWER
LEVEL knob counterclockwise: attenuation range is
10 dB, minimum. When using RF Unit Models 8691A
thru 8697A, readjust EXT ALC GAINafter eachchange
of power level.

3-17
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. SWEEP OSCILLATOR

2. LOW PASS OR BANDPASS FILTER

3. WAVEGUIDE TO COAXIAL ADAPTER

4.8 5. MATCHED DIRECTIONAL COUPLERS
6. LOAD

7. CRYSTAL DETECTOR

(A) FOR COAXIAL OUTPUT RF UNIT
FOR WAVEGUIDE QUTPUT RF UNIT

Figure 3-14. Coupler-Compensated Waveguide
Leveling Loop Using Crystal Detector

3-130. OPTION 001 RF UNITS.

3-131. LOOP ASSEMBLY.

3-132, Option 001 RF Units, having internal leveling
loops, requirenoexternal equipment to furnish leveled
RF power. However, Option 001 RF Units do require
a power meter to indicate actual leveled power, and
an oscilloscope to indicate optimum leveling. Note:
the rear panel ALC switch must be at INT to activate
the internal leveling loop. In the EXT position, the
loop is disabled.

Incorrect

Model 8690B

3-133. LOOP OPERATION.

a. Set Sweep Oscillator for desired mode of
operation.

b. Set ALC switch to INT.

c. If POWER LEVELis set for more RF power than
the least available in the frequency range being swept,
the UNLEVELED light will light. Rotate POWER
LEVEL counterclockwise until UNLEVELED light re-
mains off during the sweep interval. Output power is
now leveled at maximum possible in the selected fre-
quency range.

3-134. EXT ALC GAIN ADJUSTMENT.

3-135. Gain of the leveling loop is affected by the
directional coupler used. The EXT ALC GAIN ad-
justment on the RF Unit rear panel permits operafor
adjustment of ALC loop gain.

3-136. Proper ALC gain adjustment is obtained by
observing an oscilloscope display of the leveled RF
output. With 8690B square wave modulation on, ad-
just EXT ALC GAIN for optimum leveled display with-
out square wave overshoot as shown in Figure 3-15.

3-137. DISPLAYING SWEPT-FREQUENCY
MEASUREMENTS.

3-138. OSCILLOSCOPE DISPLAY.

3-139. The use ofanoscilloscope in conjunction with
a sensitive, fast-responding detector suchas a crystal
permits continuous visual display of swept-frequency
measurements, a capability whichis especially useful
if a device is to be adjusted while under test.

Correct

Figure 3-15. Example Oscilloscope Displays of Correct and Incorrect EXT ALC GAIN Adjustment
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3.140. For oscilloscope display the Sweep Oscillator
SWEEP OUT furnishes the horizontal deflection signal.
Since SWEEP OUT is a linear sawtooth voltage syn-
chronized with the sweep, itprovides an accurate axis
of frequency for the display. In addition, automatic
blanking of the RF output during retrace results ina
continuous zero-power reference tracefor the display.

3.141. The display oscilloscope should have direct-
coupled vertical and horiz ontal inputs and 10 kHz
minimum vertical bandwidth. Reflection measure-
ments can require vertical sensitivity of microvolts
per centimeter: 50 to100 uV/cm is usually adequate.
The HP 140 Oscilloscope with 1400 and 1420 horizontal
plug-ins satisfies these requirements.

3.1492. Detailedinformationaboutimproved measure-
ment systems and calibration techniques for trans-
mission studies using the Sweep Oscillatoris available
in HP Application Note 65, Swept-Frequency Tech-
niques. The Note contains: procedures for assem-
bling, calibrating, and operating systems for trans-
mission and reflection measurements using leveled HP
Sweep Oscillators; instructions for using the HP 1416
Swept Frequency Indicator oscilloscope plug-into dis-
play measurements directly in dB; and a list of mea-
suring equipment for the 1 to 40 GHz frequency range.
The Note also contains a set of scales calibrated in
reflection and transmission units which canbe affixed
tothe graticule of a conventional oscilloscope to adapt
it to swept-frequency measurements. Copies of Ap-
plication Note 65 are available atno charge from your
local Hewlett-Packard sales and service office.

3-143. X-Y RECORDER DISPLAY.

3.144. The X-Y graphic recorder affords a con-
venient means of permanently recording swept-
frequency measurements, providing a plot of trans-
mission variations with time or frequency. Tofacili-
tate X-Y recording, the Sweep Oscillator has manual
sweep for recorder calibration; a linear ramp voltage
output synchronized with output frequency to operate
the recorder X-system; indication of sweep duration
for positive determination of sweep start and stop;
internally-generated, tunable frequency markers for
accurate calibration of frequency range; and automatic
penlift to raise the recorder pen between sweeps.

3.145. Penlift is intended for recorders equipped to
raise the pen in response to an opencircuit. The
Sweep Oscillator rear-panel PENLIFT terminals are
open-circuit in the interval between sweeps during CW
and triggered sweep operation with either of the two
slowest sweep time ranges.

3-146. RECORDER CALIBRATION.

3-147. Figure 3-16 shows a setupfor X-Y plotting of
the output power-frequency characteristic of the Sweep

Section III
Operation

Oscillator. Other swept-frequency measurements for
which the recorder is a popular display device include
SWR, attenuation, gain, directivity, and leveling

~ performance.

3.148. Calibrate the recorder as follows:

a. Set the Sweep Oscillator to sweep the frequency
range of interest using a sweep time compatible with
recorder response.

b. Set SWEEP SELECTOR to MANUAL.

c. Rotate MANUAL SWEEP maximum counter-
clockwise (for CW output at sweep start frequency),
and adjust recorder Y-zero for conve nient pen.
position. ‘

d. Adjust recorder X-system to locate pen at a
convenient start point.

e. Rotate MANUAL SWEEP from full counterclock-
wise to full clockwise (for CW output at sweep stop
frequency) observing maximum vertical displacement
of the pen during the sweep.

f. Setrecorder X-sensitivitytoterminate recorder
pentraverse at a convenientlocation onthe chart, and
adjust Y-sensitivity to give required resolution.

g. If sensitivity and zero of the recorder X and Y
systems are interdependent, repeat steps d through f
to ensure desired chart calibration. -

h. Set SWEEP SELECTOR to TRIG. For one-shot
sweeps, set SWEEP SELECTOR to TRIG and press
MANUAL TRIGGER to start sweep. (A sweep can be
terminated and restarted by pressing MANUAL
TRIGGER.) The recorder pen lifts automatically
during retrace if the recorder is equipp ed for pen
1ift in response to an open circuit.

SWEEP PENLIFT
OSCILLATOR CUTPUT PENLIFT XY RECORDER
(REAR) INPUT]
RF _}%_—\—Ji Y—|NPvUTl
5 ___.,___ul:l?"
SWEEP : XTAL !

OUTPUT DETECTOR X~INPUT

Figure 3-16. Typical X-Y Recorder Setup to Plot
Sweep Oscillator Power Output Characteristic
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P.0. Box 4928

Ave, Mariuel Espinosa No. 13-50
Bidg. Alina

Panama City

Tel: 230833

Telex: 3481003, Curundy,
Canal Zone

Cable: ELECTRON Panama City

PARAGUAY

7. Melamed SR.L.
Division: Aparatos y Equipos
Medicos

Salon de Exposicion y Escritorio:

Chile 482

Edificio Victoria—Planta Baja
Asuncion, Paraguay

Tel: 4-5069, 4-6272

Cable: RAMEL

CANADA

MANITOBA

Hewlett-Packard (Canada) Ltd,
513 Century St.

Winnipeg

Tel: (204) 786-7581

TWX: 610-671-3531

NOVA SCOTIA
Hewlett-Packard (Canada) Ltd.
2745 Dutch Viilage Rd.

Suite 206

Halifax

Tel: (902) 4550511

TWX: 610-271-4482

QHI0

25575 Center Ridge Road
Cleveland 44145

Tel: (216) 835-0300
TWX: 810-427-8129

3460 South Dixie Drive
Dayton 45439

Tel: (513) 298-0351
TWX: 810-459-1825

1120 Morse Road
Columbus 4322%
Tel: (614) 846-1300

OKLAHOMA

2919 United Founders Boulevard
Oklahoma City 73112

Tel: (405) 848-2801

TWX: 310-830-6862

OREGON

Westhitls Mail, Suite 158
4475 S.W. Scholls Ferry Road
Portland 97225

Tel: (503) 292-9171

TWX: 910-454-6103

PENNSYLVANIA
2500 Moss Side Boulevard
Monroeville 15146
Tel: (412) 271.0724
TWX: 710-797-3650

1021 8th Avenue

King of Prussia Industrial Park
King of Prussia 19406

Tel: (215) 265-7000

TWX: 510-660-2670

RHODE ISLAND
873 Waterman Ave.
East Providence 02914
Tel: (401) 434-5535
TWX: 710-381-7573

STENNESSEE
Memphis
Tel: (901) 274-7472

TEXAS

P.0. Box 1270

201 E. Arapaho Rd.
Richardsan 75080
Tel: (214) 231-6101
TWX: 910-867-4723

PERU

Compafiia Electro Medica S.A.
Ave. Enrique Canaual 312
San Isidro

Casilla 1030

Lima

Tel: 22-3900

Cable: ELMED Lima

PUERTO RICO

San juan Electronics, Inc.
P.0. Box 5167

Ponce de Leon 154

Pda. 3-PTA de Tierra

San Juan 00506

Tel: (809) 725-3342, 722-3342
Cable: SATRONICS San Juan
Telex: SATRON 3450 332

ONTARIO

Hewlett-Packard (Canada) Ltd.
1785 Woodward Or,

Ottawa 3

Tel: (613) 255-6180, 255-6530
TWX: 610-562-1852

Hewlett-Packard (Canada) Ltd.
50 Galaxy Blvd.

Rexdale

Tel: {416) 677-9611

TWX: 610-492-4246

P.0. Box 27409

6300 Westpark Drive
Suite 100

Houstsa 77027

Tel: (713) 781-6000
TWX: 910-881-2645

231 Bitly Mitchell Road
San Antonio 78226
Tel: (512) 434-4171
TWX: 916-871-1170

UTAH

2890 Scuth Main Street
Sait Lake City 84115
Tel: (801) 487-0715
TWX: 910-925-5681

_VERMONT

P.0. Box 2287

Kennedy Orive

South Burlington 05401
Tel: (802) 658-4455
TWX: 510-299-0025

VIRGINIA

P.0. Box 6514
2111 Spencer Road
Richmand 23230
Tel: {703) 285-3431
TWX: 710-856-0157

WASHINGTON
433-108th N.E.
Bellevue 98004
Tel: (206) 454-3971
TWX: 910-443-2303

*WEST VIRGINIA
Charfaston
Tel: (304) 768-1232

FOR U.S. AREAS NOT
LISTED:

Contact the regional office near-
est you: Atlanta, Georgia...
North Hollywoed, California. ..
Paramus, New Jersey . ., Skokie,
Ilinois. Their complete ad-
dresses are listed above.

*Service Only

URUGUAY

Pablo Ferrando S.A,
Comercial e Industrial
Avenida italla 2877
Casilla de Correo 370
Montevideo

Tel: 40-3102

Cable: RADIUM Montevideo

VENEZUELA
Hewlett-Packard De Venezuela

C.A.

Apartado 50933

Caracas

Tel: 71.88.05, 71.88.69, 71.99.30
Cable: HEWPACK Caracas

Telex: 21146 HEWPACK

FOR AREAS NOT LISTED,

CONTACT:

Rawlett-Packard
INTERCONTINENTAL

3200 Hillview Ave.

Pala Alte, Callfornia 94304

Tel: (415) 493-1501

TWX: 810-373-1267

Cable: HEWPACK Palo Alto

Telex: 034-8300, 034-8493

QUEBEC

Hewlett-Packard (Canada) Ltd.
275 Hymus Boulevard

Pointe Claire

Tel: (514) 697-4232

TWX: 610-422-3022

Telex: 01-20607

FOR CANADIAN AREAS NOT

LISTED:
Contact Hewlett-Packard (Can-

ada) Ltd. In Pointe Claire, at

the complete address listed

above.
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HEWLETT - PACKARD

ELECTRONIC INSTRUMENTATION SALES AND SERVICE

AUSTRIA
Hewlett-Packard Ges.m.b.H
Innstrasse 23/2

Postfach 45

A-1204 Vienna

Tel: (0222) 33 66 06 to 09
Cable: HEWPAK Vienna
Telex: 75923 hewpak a

BELGIUM
Hewlett-Packard Benelux
WORY

Avenue du Col -Vert, 1
B-1170 Brussels

Tel: (02) 72 22 40

Cable: PALOBEN Brussels
Telex: 23 494

DENMARK
Hewlett-Packard A/S
Datavej 38

DK-3460 Birkerod
Tel: (01) 81 66 40
Cable: HEWPACK AS
Telex: 16840 hp as

Hewiett-Packard A/S
Torvet 9
DK-! 8500 Silkeborg

Cable HEWPACKAS

FINLAND
Hewlett-Packard Oy
Bulevardi 26 °

P.0. Box 12185

SF-00120 Helsinki 12

Tel: 13-730

Cable: HEWPACKOY-Helsinki
Telex: 17-1563 hel

FRANCE
Hewlett-Packard France
Quartier de Courtaboeuf
Boite Postale No. 6

F-91 Orsay

Tel: (1) 907 78 25
Cable: HEWPACK Orsay
Telex: 60048

ANGOLA

Telectra Empresa Técnia
de Equipamentos Eléctricos
SAR

Al

Rua de Barbesa Rodrigues
42.1°

Box 6487

Luenda

Cable: TELECTRA Luanda

AUSTRALIA

Hewlett-Packard Australia
Pty. Ltd.

22-26 Weir Street

Glen Iris, 3146

Victoria

Tel: 20-1371 (6 lines)

Cable: HEWPARD Melbourne

Telex: 31 024 -

Hewlett-Packard Australia
Pty. Ltd.

61 Alexander Street
Crows Nest 2065

New South Wales

Tel: 43-7866

Cable: HEWPARD Sydney
Telex: 21561

Hewle‘! Packard Australia
Pt

97 Chur:hn Road
Prospect 5082

South Australia

Tel: 65-2366

Cable: HEWPARD Adelaige

Hewlett Packard Australla
ty. Ltd.

2nd Fioor, Suite 13
Casablanca Buildings
196 Adelaide Terrace
Perth, W.A. 6000

Tel: 21-333

Cable: HEWPARD Perth

Hewlett-Packard Australia
Pty. Ltd.

10 Wool|ey Street

P.0.

nlch:un A.n.", 2802

Tel: 49-8194

Cable: HEWPARD Canberra ACT

Hewlett-Packard Australia
Py, Ltd.

6 Harvard Street

P.0. Box 135

Kenmore 4069 Queensiand
Tel: 70-4050

CEYLON

Unlted Elec!vlcals Ltd.
P.0. Box 681

Ynha\a Bqu ng

Staples Street

Colombo 2

Tel: 5496

Cable: HOTPOINT Colombo

EUROPE, AFRICA, ASIA, AUSTRALIA

Hewlett-Packard France
4 Quai des Etroits

F-69 Lyen S¢me

Tel: (78) 42 63 45
Cable: HEWPACK Lyon
Telex: 31617

Hewtett-Packard France
29 rue de fa Gare

F-31 Blagnac

Tel: (61) 85 82 29
Telex: 51957

GERMAN FEDERAL
REPUBLIC

Hewiett-Packard Vertriebs-GmbH
Berliner Strasse 117

Postfach 560 140

D-6 Nieder-Eschbach/Ffm 56
Tel: (0611) 50-04-1

Cable: HEWPACKSA Frankfurt
Telex: 41 32 49 FRA

Hewlett-Packard Vertriebs-GmbH
Herrenbergerstrasse 110
D-7030 Bébtingen, Wiirttemberg
Tel: (07031) 66 72 86-87

Cable: HEPAK Boblingen

Telex: 72 65 739 bbn

Hewlett-Packard Vertriebs-GmbH
Vogelsanger Weg 38

0-4 Diisseldorf

Tel: (0211) 63 80 31/35

Telex: 85/86 533 hpdd d

Hewlett-Packard Vertriebs-GmbH
Wendenstr. 23

D-2 Hamburg 1

Tel: (0411) 24 05 51/52

Cable: HEWPACKSA Hamburg
Telex: 21 53 32 hphh d

Hewlett-Packard Vertriebs-GmbH
Unterhachinger Strasse 28

1SAR Center

0-8012 Ottobrunn

Tel: (0811) 60 13 061-7

Telex: 52 49 85

Cable: HEWPACKSA Miichen

CYPRUS

Kypronics

19 Gregorios & Xenopoulos Road
P.0. Box 1152

Nicosia

Tel: 6282-75628

Cable: HE-1-NAMI

ETHIOPIA

African Salespower & Agency
Private Ltd., Co.

P. 0. Box 718

58/59 Cunningham St.

Addis Ababa

Tel: 12285

Cable: ASACO Addisababa

HONG KONG
Schmidt & Co. (Hong Kong) Ltd.
P.0. Box 297

1511, Prince’s Building 15th Floor

10, Chalar Road

Heng

Tel: 240165 232735

Cable: SCHMIDTCO Hong Kong

INDIA

Blue Star Ltd.
Kasturi Buildings
Jamshedji Tata Rd.
Bombay 20BR, India
Tel: 28 50 21

Telex: 3751

Cable: BLUEFROST

Blue Star Ltd.
Band Box House
Prabhadevi
Bombay 250D,
Tel: 45 73 01
Telex: 3751

Cable: BLUESTAR

Blue Star Lid.
14/40 Civil Lines

Indla

Cable: BLUESTAR

Blue Star, Ltd.
7 Hare Street
P.0. Box 506
Cajcutta 1, India
Tel: 23-0131
Telex: 655
Cable: BLUESTAR

Biue Star Ltd.
Biue Star House,
34 Ring Road
Lajpat Nagar

New Delhi 24, Indi
Tel: 62 32 76
Telex: 463

Cable: BLUESTAR

Blue Star, Ltd.

Blue Star House
11/11A Magarath Road
Bangalore, 25

Tel: 51473

Telex: 430

Cable: BLUESTAR

®

EUROPE

(West Berlin)

Hewlett-Packard Vertriebs-GmbH
Wilmersdorfer Strasse 113/114
0-1000 Berlin W. 12

Tel: (0311) 3137046

Telex: 18 34 05 hpbind

GREECE

Kostas Karayannis

18, Ermou Streét
Athens 126

Tel: 3230-303

Cable: RAKAR Athens
Telex: 21 59 62 rkar gr

IRELAND
Hewlett-Packard Ltd.
224 Bath Road

Slough, SL1 4 DS, Bucks
Tel: Slough 753-33341
Cable: HEWPIE Slough
Telex: 84413

ITALY

Hewlett-Packard italiana S.p.A.
Via Amerigo Vespucci 2
1-20124 Milan

Tel: (2) 6251 (10 lines)

Cable: HEWPACKIT Milan
Tetex: 32046

Hewlett-Packard Maliana S.p.A,
Piazza Marconi

1-00144 Rome - Eur

Tel: (6) 5312544/5, 5915947
Cable: HEWPACKIT Rome
Telex: 61514
Hewiett-Packard ltaliana S.p.A.
Vicolo Pastori, 3

1-35100 Padova

Tel: (49) 66 40 62

Telex: 32046 via Milan

Hewlett-Packard Italiana S.p.A.
via Colli, 24

1-10129 Turin

Tel: (11) 53 82 64

Telex: 32046 via Mitan

AFRICA, ASIA,

Blue Star, Lid.
1-1-117/1

Sarojini Devi Road
Secunderabad 3

Tel: 763 91,7 7393
Cable: BLUEFROST

Blue Star, Ltd.

23/24 Second Line Beach
Madras 1, India

Tel: 2 39 55

Telex: 379

Cable: BLUESTAR

Blue Star, Ltd.

1B Kaiser Bungalow
Dindii Road
Jamshedpur, (ndia
Tel: 38 04

Cable: BLUESTAR
INDONESIA

Bah Bolon Trading Coy. N.V.
Djalah Merdeka 29
Bandung

Tel: 4915; 51560
Cable: ILMU

Telex: 08-80%

fRAN

Multicorp International Ltd.
Avenue Soraya 130

P.0. Box 1212

Teheran

Tel: 83 10 35-3¢

Cable: MULTICORP Tehran
Telex: 2876 service tn

ISRAEL

Electronics & Engineering
Div. of Motorola Israel Ltd.

17 Aminadav Street

Tel-Aviv

Tel: 36941 (3 lines)

Cable: BASTEL Tel-Aviv

Telex: MOTIL IL

JAPAN
Yokogawa-Hewlett-Packard Ltd.
Ohashi Building

1-59-1 Yoyogi

Shibuya-ku, Tokyo

Tel: 03-370-2281/92

Telex: 232-2024YHP

Cable: YHPMARKET TOK 23-724

Yokogawa-Hewlett-Packard Ltd.
Nisel Ibaragi Bldg.

2-2-8 Kasuga

tbaragi-Shi

Osaka

Tel: (0726) 23-1641

Telex: 5332-385 YHP 0SAKA

Yokogawa-Hewlett-Packard Lid.
to Bullding

No. 59, Kotorl-cho
Nakamura-ku, Nagoya City
Tel: (052) 6510215

LUXEMBURG
Hewiett-Packard Benelux
S.A/NV.

Avenue du Col-Vert, 1
8-1170 Brussels

Tel: (03/02) 72 22 40
Cable: PALOBEN Brussels
Telex: 23 494

NETHERLANDS
Hewiett-Packard Benelux, N.V.
Weerdestein 117

P.0. Box 7825

Amsterdam, 7 11

Tel: 020-42 77 77

Cable. PALOBEN Amsterdam
Telex: 13 216 hepa n!

NORWAY
Hewlett-Packard Norge A/S
Box 149

Nesveien 13

N-1344 Haslum

Tel: (02)-53 83 60

Telex; 16621

PORTUGAL

Telectra-Empresa Tecnica de
£quipamentos

Electricos S.a.r.b.

Rua Rodrigo da fonseca 103

P.0. Box 2531

P-Lisbon 1

Tel: (19) 68 60 72

Cable: TELECTRA Lisbon

Telex: 1598

SPAIN

Hewlett-Packard Espafiola, S.A.
Jerez No 8

Madrid 16

Tel: 458 26 00

Telex: 23515 hpe

Hewlett-Packard Espaiiola, S.A.
Milanesado 21-23

E-Barcelona 17

Tel: (3) 203 62 00

AUSTRALIA

Yokcgawa-Hewlett-Packard Ltd.
Nitto Blde.

2-4-2 Shinohara-Kita
Kohoku-ku

Yokohama 222

Tel: 045-432-1504

Telex: 382-3204 YHP YOK

JORDAN

Constantin E. Macridis
Clemenceau Street

P.0. Box 7213

Beirut, Lebanon

Tel: 220846

Cable: ELECTRONUCLEAR Beirut

KENYA

Kenya Kinetics
P.0. Box 18311
Nairobi, Kenya
Tei: 57726
Cable: PROTON

KOREA

Amtraco Corperation
tndustrial Preducts Div.
Seoul P.O. Box 1103

8th floor, DaeKyung Bidg.
107 Sejong Ro
Chongro-Ku, Seoul

Tel: 73-8924-7

Cable: AMTRACO Seou!

LEBANON

Constantin E. Macridis
Clemenceau Street

P.0. Box 7213

Belrut

Tel:

Cable ELECTRGNUCLEAR Beirut

MALAYSIA

MECOMB Malaysia Ltd.

2 Lorong 13/6A

Section 13

Petaling Jaya, Selangor
Cabie: MECOMB Kuala Lumpur

MOZAMBIQUE

A. N. Goncalves, LDA.
4.1 Apt. 14 Av. D, Luis
P.0. Box 107
Lourence Margues
Cable: NEGON

NEW ZEALAND
Hewlett-Packard (N.2.) Ltd.
94-98 Dixson St.

P.0. Box 9443

Wel!mztnn R.Z

Tel: 56559

Cable: HEWPACK Wellington

Hewiett Packard (N.Z.) Ltd.
Box 51092

Pukuranga

Tel: 56-9637

Cable: HEWPACK, Auckland

SWEDEN
Hewlett-Packard Sverige AB
Enighetsvigen 1-3

Fack

$-161 20 Bromma 20

Tel: (08) 98 12 50

Cable: MEASUREMENTS
Stockholm

Telex: 10721

Hewlett-Packard Sverige AB
Hagakersgatan 9C

$-431 41 Midlndal

Tel: (031) 27 68 00/01
Telex: 21 312 hpmindl s

SWITZERLAND

Hewlett Packard (Schweiz) AG
Ziircherstrassg 20

P.0. Box 64

CH-8952 Schiieren Zurich
Tei: (01) 98 18 21/24

Cable: HPAG CH

Telex: $3933

Hewlett-Packard (Schweiz) AG
Rue du Bois-du-Lan 7

P.C. Box 85

1217 Meyrin 2 Geneva

Tel: (022) 41 54 00

Cable: HEWPACKSA Geneva
Telex: 27333 hpsa ch

TURKEY

Telekom Engineering Bureau
P.0. Box 376

Karakdy

istanbul

Tel: 49 40 40

Cable: TELEMATION Istanbu!

PAKISTAN

Mushko & Company, Lid.
Oosman Chambers
Abdullah Haroon Road
Karachi 3

Tel: 511027, 512927

Cable: COOPERATOR Karachi

Mushke & Company, Ltd.
388, Sateilite Town
Rawalpindi

Tel: 41924

Cabie: FEMUS Rawalpindi

PHILIPPINES
Electromex Inc.

5th Floor, Architects
Center Bidg.

Ayaia Ave., Makati, Rizal
€.C.P.0. Box 1028
Makati, Rizal

Tel: 86-18-87, 87-76-77
Cable: ELEMEX Manila

SINGAPORE

Mechanical and Combustion
Engineering Company Ltd.

9, Jalan Kilang

Red Hill Industrial Estate

Singapore, 3

Tel: 642361-3; 632611

Cable: MECOMB Singapore

Hewlett-Packard Far East
Area Office
P.0. Box 87
Alexandra Post Office
Smgapnre 3

Tel: 633022
Cable: HEWPACK SINGAPORE

SOUTH AFRICA

Hewlett Packard South Africa
(Pty.), Ltd.

P.0. Box 31716

Braamfentein Transvaal

Mifnerton

30 De Beer Street

Johannesburg

Tei: 725-2080, 725-2030

Telex: 0226 JH

Cable: HEWPACK johannesburg

Hewlett Packard South Africa
Pty.), Ltd.

Breecastle House

Bree Street

Cape Town

Tei: 3-6018, 3-6545

Cable: HEWPACK Cape Town

Telex: 5-0006

Hewlett Packard South Africa
(Pty.), 1td,

641 Ridge Road, Durban

P.0. Box 89

Overport, Natal

Tel: 88-6102

Telex: 567954

Cable: HEWPACK

UNITED KINGDOM
Hewlett-Packard Ltd.
224 Bath Road

Siough, SL1 4 DS, Bucks
Tel: Slough (0753) 33341
Cabie: HEWPIE Si ough
Telex: 84413

Hewlett-Packard Ltd.
*The Graftons”
Stamford New Road
Altrincham, Cheshire
Tei: (061) 828-8626
Telex: 668068

SOCIALIST COUNTRIES
PLEASE CONTACT:
Hewtett-Packard Ges.m.b.H
Innstrasse 23/2

Postfach 45

A-1204 Vienna, Austria

el: (0222) 33 66 06-09
Cable: HEWPACK Vienna
Telex: 75923 hewpak a

ALL OTHER EUROPEAN

COUNTRIES CONTACT:

Hewlett-Packard S.A.

Rue du Bois-du-Lan 7

P.0. Box 85

CH-1217 Meyrin 2 Geneva
Switzerland

Tel: (022) 41 54 00

Cable: HEWPACKSA Geneva

Telex: 2.24.86

TAIWAN

Hewlett Packard Taiwan
39 Chung Shiao West Road
Sec. 1

Overseas Insurance
Corp. Bldg. 7th Floor
Taipei

Tel: 389160,1,2, 375121,
Ext. 240-249

Telex: TP824 HEWPACK
Cable: HEWPACK Taipel

THAILAND

UNIMESA Co., Ltd.
Chongkoinee Building
56 Sunwcngse Road
Bangkol

TE! 37956 31300, 31307,

Cab!e: UNIMESA Bangkok

UGANDA

Uganda Tele-Electric Co,, Ltd.
P.0. Box 4449

Kampala

Tel: 57279

Cable: COMCO Kampala

VIETNAM

Penlnsular Traulng inc.

P.0.

216 Hien Vuong

Saigon

Tei: 20-805, 93398

Cable: PENTRA, SAIGON 242

ZAMBIA

R. J. Titbury (Zambia) Ltd.
P.0. Box 2792

Lusaka

Zambia, Central Africa
Tel: 73793

Cable: ARJAYTEE, Lusaka

MEDITERRANEAN AND
MIDDLE EAST COUNTRIES
NOT SHOWN PLEASE
CONTACT:
Hewlett-Packard
Co-ordination Office for
Mediterranean and Middle
East Operations

Via Marocco, 7

1-00144 Rome-Eur, Italy
Tel: (6) 59 40 29

Cable: HEWPACKIT Rome
Telex: 61514

OTHER AREAS NOT
LISTED, CONTACT:
Mewlett-Packard

INTERCONTINENTAL
3200 Hillview Ave,
Palo Aito, California 94304
Tel: (415) 326-7000

(Feb. 71 493-1501)

TWX: 910-373-1267
Cable: HEWPACK Palo Altg
Teiex: 034-8300, 034-8493
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