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About this Manual

We’ve added this manual to the Agilent website in an effort to help you support your
product. This manual provides the best information we could find. It may be incomplete
or contain dated information, and the scan quality may not be ideal. If we find a better
copy in the future, we will add it to the Agilent website.

HP References in this Manual

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett-
Packard's former test and measurement, life sciences, and chemical analysis

businesses are now part of Agilent Technologies. The HP XXXX referred to in this document is
now the Agilent XXXX. For example, model number HP8648A is now model number Agilent
8648A. We have made no changes to this manual copy.

Support for Your Product
Agilent no longer sells or supports this product. You will find any other available
product information on the Agilent Test & Measurement website:

www.agilent.com

Search for the model number of this product, and the resulting product page will guide
you to any available information. Our service centers may be able to perform calibration
if no repair parts are needed, but no other support from Agilent is available.
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CERTIFICATION

The Hewlett-Packard Company certifies that this mstrumcnt was thoroughly =
" tested and mspected and found to meet its published speczftcations when it

. was sthped from the factory. The Hewlett-Packard Coinpaiiy fiiither
certtfzes that its calibration measurements are traceable to the U.S. National
. Bureau of Standards to the extent allowed by the Bureau’s calibration
~ facilities, or to the calibration factlmes of other Internatwnal Standards
Orgamzatzon members. L o , :

WARRANTY AND ASSISTANCE

This Hewlett-Packard product‘ is warranted agamst defects in materials and

“workmanship. This warranty applies for one year from the date of delivery.

Hewlett-Packard will repair or replace proqmts which prove to be defective

~ 'during the warranty period provided they pre returned to Hewlett-Packard.

No other ‘warranty is expressed or mhphed We are not liable for
' consequentxa] damages. \ .

‘Service contracts or customer asqlstame agreementq are available for

Hewlett-Packard products that require mamtenance and repair on-site.

For any assistance, contact your nearest rlewlett Packard Sales and Service

Otflce Addressps are provnded at the back of this manual.
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o -2 The HP 8690B Sweep Oscillator when used with
. one of the 8690-series RF Units, compri’se an elec-
| tronically tuned signal source. TheRF Units used with
“the 8690B Sweep Oscillator are of the following basic -
types*"~ S

' " LOWFREQUENCY &
- 1) Solid-state with leveled and caliorated nutput
Model 8698A/ B, 8699B ‘ SR

SRR
yot

MICROWAvn
1) PIN modulated W1th coaxial output
L 8691-4B." !
% : 2) Grid modulated with coaxial' output
R 8691-4A.
' 3) Grid m odulated with waveguide output
8695~7A ' : :

l“

.Models' -

Moaets

R -3 A summary oi specifications covermg the Sweep

L Oscillator/RF Unit combinations isgivenin Table 1-1,
Detaiied. spec1fications of 8690B with 8691-‘7A/B RF

; Units are given in "l‘able 1 2.1,~ s S R

1 4 The SweepOscillator provides t‘iree linear auto~ o
matic sweeps: two broadband and one’ narrowband
The broadhand sweeps each; have independent, cali- g
_brated start and 'stop frequencies which are cOntinu- -
,.‘-’ ously. adlustable over the entire frequency range of the
Oscillator -RF Unit to permit sweeping up or dowm in
irequency The narrowband sweepyaries the RF out~
put upward througha 0 to 10% segment of the frequency

" rarge, the Segment bcmg centered 'mywhere in the
" Oscillator ’RF Unitrange. "0 7 o0

/

p‘i ' One of the broadband sweeps has two internally- L
d,exierated, calibrated frequency markers. The mark- o
ers, 1nd1vldually activated and separate[y tuned, occur’ ‘»" ,
Jas triangular notches: in the RF output; The markers/ g ,.’
. may also be used, with the narrowband sweep and with
external frequcncy moc}ulation. o “/ :

. l‘ b

wave, external ampl/itud/e and external frequency .
. rnodulatiou. ; Square-wave frequency i continuously
, Vﬂﬁ’i?ble be?veen 950 and 1050 ﬂat / g f’/. ,/‘. RN

.17, /RF output power level is manually adjustable/ and
" ‘theré is priovision for automati¢ output’ leveling Y.
:4’/;].an indication of - levefing/ preiormance a paziel li t-.
o lights aufomatically it Any segment oi the ,sweepv is /

2 uhlevele« A i ol |
JAE T e ,' - .,: (iv ;

: ,' 3 rl-8 Internal/ leveling mavbe orderedas /an optionJ 6n:, J

" micrownve RF Units, ‘A micx;owave RF/Unit witly in-~

) ternal leveling 18 degignated by Option, 001 and is avail- e

- able o RF Unit'Model 869144A and 869348 ternal*,",c’ N
it leveling allows the' Sweep Oscillator to auton atically |

EI «‘r:hpld ampl tude constant ug cutput frequency changesi ;o

.;.1w V:‘,~:- A ‘_’“( gnacn?|¢>ll 3
S emlAl. erRMATION

1-9 Provnsion for oscilloscope and graphic recorder
- display of swept-frequency measurements includes RF |
' shut-off (hlanking) and penlift between sweeps. manual
alinear sawtooth voltage output

‘- concurrent with the sweep (to provrde frequencv refer-
' ence for the display), and visual indication of SWeep
. duration. n . ,

' 1-10 jThe mtcrowave Rl“ Umt signal source is a’
backward-wave oscillator tube (BWO), aself-

Fail-safe, - o

; “nd time delay circuits proiect the, BWQ. o

" from power supply malfunctions and turn-on tran-

‘ sients \ ‘

f‘over»-load

Models

"l 16 For information concerning a serial number '
. prefix not - listed on, ‘the title page or inthe Manual

S S A Sectionl
.
sweep contru,

contamed voltage -tunable oscillator.

)

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, cerving asthe swept-frequency source for mea-
. suring such transmission prope rties as- reflection
coe;ificient attenuation, gain, directivity, and other
network transier characteristics. i :

'
i

.' 1- 12 INS'I'RUMENTS OOVERED 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 ., SER.I“‘_AL, NUMBERS on the title page.

i “"/“,'x

.,,4 .

documented in this manual. The manual for this in-

_strutnent 'is supplied with a yellow Manual Changes '
.. supplément ‘that ‘contains ‘‘change ini’ormation" that
. R R R / documents the differences

” "/i"\' 1-8./ Modulation capahility includes mtcrnal square ,

/, .l‘
[ . v

l 15 In addition to change information, the supple-

, ‘ment; may contain inforrnation for correcting errors
Aiin the manual "i’o keep this manual as current and

accurate as possible, Hewlett-Packaird recommends

;'tliat 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
ot’ the supplement are available from Hewlett-Packard. '

\"

Changes supplement contact your nearest Hewlett-
Packard office : ' I

4o g General Information

An instrument manufactured after the printing |
‘ of this manual may have a srial prefix that is not
flisted on:'the’ title page. This unlisted serial prefix
indicate.i that the instrumaent is different from those .
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o ;‘-Tﬁbl‘-ﬂ’f““?' Summary of Speciﬁcations i

t

ST C Swee ‘Frequency _ i Max. Leveled | Frequenicy o ‘
e Oscillator FUmt {‘:i-f‘ | L Range \ SR g Power Output | = .. ‘Accuracy o '

‘._."8690B RE TR R T T R
86914 e 1z 2100mW - | %t

7':,\",8691A Optlon 200 Co 1.4 42,5 GHz T R 100 mW S ';}i,ﬂ%"‘ o
| eess” | . c1-2eme oz T0OmW o s
| osesa | ¢ 2-4eme | oz t0mW o % o
|" oz | . 2-4cHz s gomwe | :20MHz
| 8692BOpHon 100, | 1.7-4.2 GHz > 15mW | 25 MHz
s93a L | . a-seme . |% =%0mw o | s1h
,8693A0pnonzoo 0 as-eGE | zomw o | a0 )
“Be93B | 4 acm U R 15'w’,w 1 wowmmz. |
86938 Option 100 " 8.7-8.3 GHz | - vz SmW. +45 MHz.
| sesaa | 8-1240GHz i esemw o | om%
¢+ | 8694A Option 00 | - 7-12.4GHz Sl raesew vl oa%
|~ soaaoptionz00 | 7-11GHz A s maw a0 |
8694B° " | g-t2.4GHz | = 80mW. ([ Mommz |
u8694B0ptiOn 0 |.  7-tzaGEz | = 15mw. | s50MHz .
66948 Option 200 | 7-1 Gz - L. l=18 mw |0, MHz:'-“‘ R
-~ B695A. ) aza-1semz )= domwo oo um% o |
8695B - . 124 -18GHz | Bmw. | 1% .
L 8696A % 18-26,5 GHa e tomw . | a1k e
‘seora ol eesieoome | o smw P % |
eeosa | ot-momme | toemw U | £1% of ¥. .
988 | . Oo4-moMHz . | 20aw . o loooab /
o g '.{0.‘1 2o0GHz | zomw | -

N_

W NS N W

4

1% o

86998 o o
o 2.0-4.0GHz | 26.5 mW " | - 4’:
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Table T{-Z Spec*ficatlons of 86903 Sweep Oscnlator Wlth RF Umt Installed / o 5 P

swesp runcnons
RN Start Qtdp cﬂ”ee
. frequeucy sett

ing.

" ‘ N : v .

| / .‘".:. in frequency

*, RS ~7 accuracy.

Marker Sweep Sweeps frcm;"Marker i to
" "Marker 2” trequency settmg | ) :

X ——éﬁfl'y adjustable over -the entire’ frequency
... range; can be set to: sweep etther up or down
in frequency : ,

accuracy

. Y, , )

~on CW settmg

 wigth;
o 10% of the freqhency band cahbrated d1rectly

‘in MHz. L

Y.

of maximum AF (£20% +2% respectively with
8691A/ B RF Units).

Center-frequency Accuracy Same as RF Umt
frequency accuracy.

FREQU!NCY MARKERS C

Two freyuency markers, mdependently ad]ustable

. over the entire trequency range, amplitude
modulate the RF outpuit.

- able from the front panel.

' also avallable for external use.

¥

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

width, :

peak mto 1000- ohm load

~ CW OPERATION | -
Sing,le-frequency RF output selected by START/

. CWor MARKER 1 control depending upon sweep
function selected

Accuracy Same as RF Umt frequency accuracy
Preset Frequencies Start- stop sweep end pomts

and marker frequencles can be used as four
preset cw frequenme&

I
if

 SWIIP MODE

p: Sweeps from "start" to "stop"”f:.-‘ .%r'-‘?\ .
: ;;;\\ frequendles set m any of the above sweep tunc~ ‘

“ Range Both settmgs contmuously and 1ndepend-‘_f5" |
i Trently. adyustable over the entire frequency
Y range; can be set to sweep elther up or do'm_ :

" ‘ﬂ B End-pomtAccuracy Same as RF Umt frequency |

Range Both settmgs contmuously and mdepend--,

Fnd-polntAccuracy Saxne as RF Unlt frequencyv
AF' Sweep Sweeps upward in frequency,centered .

Continuously ad]ustable from zero to .

~Width Accuracy :L-IO% of AF bemg, swept l:l .

Amplitude is adjust- -
The, markers are .

Resolution: Better than 0. 05%0{ RF Unit band-‘

Marker Output Trlangular pulse, typlcally 5V

'/ Manual Front panel control )rovxdes contmuous
S ~manual’ ‘adjustment of>frequency hetween end
tlons’ N

Triggerec}b éweep 1s actuated by ffront-panelpush
“hutton or by externally’ applied signal between:

-7,5Vand -25V, >1isec. pulse width and 0.1
| V/usec rise. | o

\‘l' )

SWEEP CHARAC'BR&STICS :

- Sweep Time: Contmuously ad]ustable in four de-
cade ranges, 0,01 to 100 seconds, Can be syn-
chromzed w1th the power hne frequency

3

| ‘Sweep Indlcator Front- panel mdlcator hghts
during the sweep to provide indication of SWeep
duratlon on slower sweep times. :

Sweep Output Dlrect coupled sawtooth zero to

approx. + 15 V, concurrent with sweptRF output,

. Zero at start of sweep, approx1mately +15 V at

end of sweep regardléss of sweep width or di-
rect1on Source impedance, 10, 000 ohms.

- Frequency Linearlty (Correlatlon l)etwecn ‘fre-
—quency and both the sweep andreference output. ) ‘
Same as RF' Umt frequency accuracy,

Blanking: RF automatically turned off durlnr, 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 equtpment whose response is compatible
with the selected sweep rate Blanl-ung disable
' sw1tch provided. . , :

Blanklng Output: Direct- coupledrectangulal pulse
approximately -4 V. coincident with RF blank-

~ing. Source’ impedance approxrmately 3000
ohms. . B
- Penlift; ‘For use with X-Y graphic recorders.

Feni‘ft terminals shorted during sweep, open
during; retrace (100 10 and 10-1 sec ranges

: only) ‘ .
. L

POW!R LEVELING AMPI.IFI!R
Inter ual dc~coupled leveling amplifier provxded

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 serxes
Crystal Detectors. \ o

-MODU I.A'I‘ION
Internal AM: Square wave modulation continuously
ad]ustable from 950 to 1050 Hz on all sweep
times.
. output.

e ——————

Auto: Sweep recurs autcmatically

L

On/ off ratio greater than 20 dBat rated |-

\

3
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‘Sectionl P R R S P VA T ,,:'."',f',","fsn.}gv;if'i(-»;‘ L S - Model 8690B
, ‘}enenal lnformal‘.xon ‘, / TR ST . ot .
i "'»‘», R ool e ' e Tag g ‘[- TR o
R ',,.";‘ *rable 1 2 Specxflcatlons o )86965 Sweep Oscxllator w'th RF Unit Installed (Cont d)
L o Z,'f-;i;__;‘;:-; Extex\ml AM o ":’3"‘ Cl e ‘;)"M' i g Dlmenswns | . (62 e a y :
shica o oh Frequency Response dc lo 350kaz unleveled' . " tazs) Y|
S pe L de to 50 kHz leveled;, ;. " S R U
N T Sensitlmty 19 v réduces. RF buﬁput level at-
el W@dsoemwrated CW output (A" Model ~ ~ - ¥ .. . o
"' |' ., BF Usjts, 20 B for "B Models). . o | g
- C Input Impedance Approxu}lately 1000 ohms
'External FM \ | . E : et
Frequency Responsé dc to 3 kHz* o | ‘ :
Sensmwty Deviatmnlrom CW settmg approxx- o T I
Y mafely 6% :0f the frequency band per volt. . . "]
ey , REAR
Maximum Range Fullband for modulatxonfne- : L - L .
- quencies'upto 150 Hz (approximately 17 Vpp - 570 R R
o . L mput), decreaSes to about 20% Of the band for = P i ?&Iﬁfm IN INGHES AND. (MILLIMETERG) o '
A 3 kHZ andUIQtiOﬂ. ) ' , ! ‘ ‘;" : (A)ﬁ(')ln"c%':u'r'?%;lcr [INCLUDING FEET) ADD 9 m.p, Ionnnmummm
’ ‘ , : ' o ',. +(fl) HEAR APRON RECESS ‘
Inputlmpedance Approx1mately 100, OOO ohms " Weight_(not mcludngF Unit) Net 53 lbs (23 9
GENERAL e kg) bhxppmg, 71 Tos. (ﬂg) ‘
- Power: 11%or 230 Vac 1:10%, 48 to 66 Hz Ap— U o N
““proximately 350 watts with one RF Unit; if RF ! F 1
nrmshed 7 1/ 2 ft (2290 mm) power cable with
_Unit holder HP 8707A is used add approxlmately L UTNEMA B | :
30 watts for each RF Unit. o /7 NEMA plug; rack mounting kit. ==
\ | Available: S o - ",r"’ T , B | |
" Directional Codplers . 776/ M Coaxml Dual coupler, 1 to 4 Gll‘z, ?0 dB cuuplmg, high. d;rectwlty ]y ,’
- 190 se,.ries “Ultra- llat cosxldl coupler, 1 to 8 3 GHz hlgh directlvity - " ‘
o - 752 _series 1 Waveguide coupler, 2 6 to 40 GHz, 40 dB d;rectwity o |
' Directional Detectors 781f_78‘9-series © Ultra-flat coupler with built m detector, 1 12 4 GHz
Detectors = 423 Coaxial cr ystal detector, b 01 to 12 4 GHz, flat response
| | . 424 seriesly - Wavegmde crystal detecl‘pi 2.6 to 18 GHz, flat. rcsponse
. 422 Waveguxde cryslal detec‘lor 18 to 40 GHz, | l:2 dB response .
418 Coaxial thermlstor monnt for 432, 7 0. o 010 GHz -
: ::f 486 series. Wavegmde thermlstor xnounts lor 431 2. 6 to 40 GHz"
Power Meter \f", 432 10 nw to 10 mW full scale T
Adapter - "y 281 series Coax to wavegmde adaptex, 2 6 to 12, 4 GHz /
- Loads, Shorts - A0 908 Coaxxal sliding load lto 12 4 GHz, low load swn
' 5 f o
© . 11511/11512 Coaxxal fixed short 11“511 female, 11512 m'lle ‘
910 series Waveguxde termlnahon, 2.8 to 18 GHz, low SWR |
914 series Waveguldc movlr(g load 2 6 to'40 GHz, 1. 01 load SWR "
| | 923/ 920 series Wavegmde adjustable short 2.6 to 40 GHz" o o
Refl. Coeff. Br.idg_e o X8440 Reflectxon coefficxent measurements in coax, 8. 2 to 12. 4 GHz.
"Osc.illo‘scopes,. 140/ 1416 Oscilloscope, cahbratlon m dB/cm, high sensltivitv '
- X-Y Recorders . SRR L o L
| | - | '_ 130 - : Oscilloscope, cahbxatmn in V/cm, high sensitmty
SR _ 7035, Opt [V X Y recorder w1th AUTOGRIP hold down, high sensitwlty L , |
Filters . 360 Low pass fllters, toff at 2.2 and 4. 1 GHz o o | . ,'
IR ) 8430.séries;, Bandpass filters, octave and semi- octave, 1-12.4 GHz o
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| Model 8690B '.
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. 2-2. The SWeep Oscillator was carefully mspocted
both mechanically and electrically, prior to shipment. -

Ingpect it for mechanical damage received in transit,

check for supplied accessories, and test electrical
* - performance using the performance tests in Section V. . -
. H there is any damage or deficiency, or if electrical.

perforinance is not within specifications, see the war-
ranty inside thn front cover of this manual.

'2-3. ,PRIPARAIION FOR USI. :

‘9.4, POWER REQUIREMENTS. "

| 2-5. The Sweep Qscillator requires a power source
- of 115 or 230 volts +10%, 50 to 60 Hz, single phase,
-~which car: supply approximately 350 watts. '

2l 6. 115/230 VOLT OPERATION

2~7 A two~-position slide switCh ‘on the rear panel
' under the power line fuseholder ,
tionfrom either a 115- or 230-volt. power source. The

number visible on the switch slider indicates the line = -

permits opera-

voltage for which the motrument is connécted. Adja-

~ cent to the switch is the correct fuse rating for each
line voltage : \ o

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

CAUTION

| To avoid damage to the Sweep Oscxllator, set
the 115-230 volt gwitch for the line voltageto
be used BEFORE ‘connecting the power cable.

Note

Fuse ratmgs when uSmg 8690B w:th 8706A
-and 8'707A ' — ,

) , ST
- SECTION I
o () : .
PRI , ' ) . - .
— INSTAI.[A'I'ION ‘
' ) "(‘1 . .

-the panel and cabinet.
_ prong connectm is the ground pin

_,_groupd | . SRR o
__9;;.,2 COOLING e

~ RF Unit.

o intervals«

| N‘o of |_Acceptable Range of Fuse Rating
| RF Units 115V o230V
1 -4 . -6amps "2 -3amps |
2 4 -65amps | 2  -3,5amps|
3 | 45-75amps | 2.25- 4 amps
4 5 -8, 5 amps 2.5 - 4.5amps
5 .-8.5 - 8,amps 2.7 -5amps | -
6 6 - 10 amps '3 -5.5amps|
N 6,5 -10.5 amps'. 3.25 - 6 amps |
-8 -7 .~ 12 amps - 3.5 - Tamps
9 T -12 amps 3.5 - Tamps

? Section II"-

Installation -

)

. 2-9. POWER CABLE.

2- 10. To pi otect operating personnel, the Nationalp

Electrical Manufacturers' Association (NEMA) rec-

* omimends 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 approprizate receptacle, ground.s a

three-prong to two-prong adapter (HP Stock No. 1251-

The offset pin of the three-

'2 11 To preserve the protection t’eature When oper-
ating the Oscillator from a'two-coniact’ outlet, use a

0048) and, connect the grven pigtatl on the! adapter to ‘

i

2-13. Forced air r‘oolmg is used to maintain safe
operating temper.ttures W1thin the Sweep Oscillator and

fan, and airfilter arelocated at the rear of the instru-

~ ment. To ensure adequate Ventilation, maintain about
-three mches of cleara::ce behind the cabinet ,

' CAUTION

Do not operate the Sw eepOscillator if the l‘an
1s not operating, \

" 2-14 RF UNIT AerFILTER

2- 15 The air fiiter, as received with a new; mstru-'
~ment, has a coating of dust-catching substance which |
: -improves air cleanmg action.

The air intake wdnd exhaust ports, cooling

-

To maintain adequate - -

ventilation, clean and recoat the air filter at regular’

See Section V for- cleanmg instructions.

‘2 -16. MAGNETIC INTERFEREN("E

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-
-fal to pex formance

- 18. BENCHUSE.

/

and a foldaway tilt stand for convenierice, in hench op-

. eration. The tilt stand permits inclining the instrument
- for more convenient viewmg of the contro! panel, and

- 2-19. The Sweep Oscillator c'tbinet has plasti feet

the plastic feet are shaped to make full width modular )

‘ :‘instruments sell’-alignmg when stacked.

cessory Control Panel Covers aie available for the
Sweep Oscillator. These are metal covers which fit
between the handles at the front of the instrument.

Each cover has 2 rcarrying 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 .

vl

2-1

2-20. For portability and protection n transit, ac- |




' ‘"'Section 11 o ) R
‘Installanon ‘ o

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, , o

\
'

RACK'MOUNTING
FLANGE (LH)*..
(h 8020-0712 ™

FILLER STRIP*—"" .
(y B040-0164

TILT STAND —5+""

|

~ 2-21. RACK MOUNTING

2-22.

Figure 2-i.. Al necesgary hardware is contained in

. the rack mounting kit supplied W1th the Sweep Oscilla-" " |
tor. , | N

If the rack—mounted mstrumont Will be sub-
jected to shock or vibration, provide adda-'
tional bracing at the rear of the cabinet

'2-23.‘IIPACKAGING IOI SI‘"PMINT. ‘

' 2-24., ¥ the Sweep Oscillator is to: be packaged for
. shipment use the original shipping container and pack-
I these have .been discarded or are

~ ing materials.
not in condition for reuse, contagt your local Hewlett-

: " Packard sales and service off1ce(see rear of this man- .
ual for locations), oy follow these general instructxons. o

the Sweep Oscillator in heavy paper or ”

Wrap

: plastic (If the instrument is being shipped to 2 Hewlett-
- Packard service facility, attach a tag indicating type
.of servicing required, return address y model number, o
: and full serial nunrber ) ‘

RACK MOUNTING FLANGE(RH)\\
(5,, 5020-0713

Dreparat:on for rack mounting is ﬂluvtrated in "

Ud Seal the dxhippmg comamer securely

. . i :
b o . ) o L . ‘."’ .

e
‘ 4

‘\RETAINING SCREWS™
© B-32x7/16 IN.MS, BH,
58, PHILLIPS DRIVE
WITH EXT. TOOTH
LOCKWASHER ,

_—PLASTIC FOOT -

FOOT RELEAoE BUTTON

“BOTTOM COVER

% PART OF RACK Moumrmo KIT
\ (;,) 50600777 ,

¥ / Flgure 2- 1 Preparation for Ratx‘{ Mounting

b. Uge a strong shlppmg container. A carton made

\ of 600 pound test material will usually provide .mdequate
protectim\\ b :

.c. Useé \=nough shock-absorbmg maternl(S to 4inch

‘layer) aroynd all sides of the instrument to provide
firm. cushicn . and prevent movement ingide the con-
"tainer. Protéctthe\control panel with cardboard. With
. Hewlett-Packard !floater pack' packaging,
o ‘-u--,'blocks prov1dn sufficient shock protectlon, and addi-
,tional matemal is unnecessary e

. _e. Mark the r-;hlpping container "FRAGILE" to as- - |
"‘-'sure careful handling o . ’

e N S . A
“/'z‘: X N \\ \
’ ' 'Note SR
Because of the permanem magnatic fieldof
. Model 8691A/B RF Unit BWO, the Swes#p Os-
cillator$hould not be shipped by air unless|
. ,«packaged to-¢onform with air shipment reg- \
' .ulations y -
2 25 In any corres ondence reit'er to the Sweop Os-
cillator by model n mber and \full serial number.

the foam

e
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Model 86908~

o ,3-1. mnonucﬂon

o 3-2, The 8690]3 Sweep Osc 2% ator , when used w1th one
of the 8690- series RF Unn., 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. The first three 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 frequen¢izs. - Each fre-

“ - quency canbe set anywhere within the 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

C except for a separate get of tuning controls and fre-

‘ quency registers

3- 5 Asteep isa narrowband variable- width sweep

centered on a CW frequency. The Ccw 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 fr equency range

3~ 6 For exterml F’M sweep operation anyfrequency’»‘

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.
‘8ignal, - SR

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 tne

sweep modes, the Sweep time selector, and modula-

Each sweep may be automatically
or triggered. Automatically

*tion capabilities.
recurrent, ' manual,

B recurrent sweeping canbe synchronized withthe power

...line frequency by rotating the vernier of the sweep time
Selector to a detent position.

. trolled. In the trigger mode sweeping is initiated
* either by at‘ront -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 o

~precision’ connectors.

In the manual sweep connector mating parts are such that coupling two

: mode ‘ output. frequency variation is. operator—-con-’

. connector,
p j{cision output connector of an HP strip line direc- '

- d
coupled directly to the RF Unit

- ‘ R 1 Sectionm
EERRA EERE Operation

- SECTION I
N oein‘ﬂou
~ 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, output power is unleveled and has

the power-freyuency characteristic of the RF oscil-
lator. . For both leveled and unleveled operation, the

4 -POWER ‘LEVEL control on the RF Unit 1s an uncali-
brated output attenuator.

- 3-11, Automatic leveling maintains output power con-

stant asfrequency changes and is achieved by a closed
loop feedback system. A typical leveling system con-
sists of a directional coupler for obtaining an RF
sample of known proportion, z crystal detector to
sense the RF level variations, and an ampiifier 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-
stani, but variations can be confmed within narrow
limitc

- 3- 12 Option 001 RF Units have a complete internal

leveling system activated by a front panel pushbutton.
Standard Sweep Oscillator-RF Unit combinations cop-

- tain only the loop amplifier mentioned above

| 3-13. Provismns 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
lift 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 OPIIA‘I‘ING INIOIMATION.

: 3-15 RF OUTPUT CONNECTOR

 3-16. 8691-4A/B, $699B RF Units, except Option 001
- Models, have standard 50-ohm type N coaxial output-

connectors. The Option 001 Models have HP precision
50-ohm type N coaxial connectors which are intended

for coupling to standard type N connectors (e.g., -
UG-21D/U) only. CAUTION: Do not couple two HP
‘Dimensions of the precision

precision connectors can result in connector damage
and/or damage to devices having plated type (strip)
transmission lines fastened directly to the precision
Since the Option 001 Models utilize the

tignal detector as the RF outpui connector, otker HP
‘vices having HP precision connectors must not be




. Sectionm s PR e
'Operation: B

3 17 OUTPUT POWER RANGE

3-18, Refer‘ to Table 1- l for RF power output spec-v

iﬁcations.

\

3 19. RF INPUT LIMITATION

3 20 Excessive reverse RF power applied to the RF
. output.connector can damage the solid stateattenuator-

modulator inthe B Model RF Units, or the backward- ’

‘wave' oscillator tube in A Model RF Umts

)

: CAUTION x
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. Since operating 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 cabixet;

b. ensure rhat the air filter is clean; and

 Model 86908

C. avmd prolonged operatlon of the Sweep 0501118.-

tor with the LINE switch at STANDBY. Although there

is no RF output in this state the BWO heater is en-
erglzed . , ,

3- 24 MAGNETIC INTERFERENCE

3- 25 SweepOsclllator performance can be adversely
affected by strong external magnetic fields such as

" those produced by magnetrone and large transformers.

3-26. CONTROLS, CONNICTORS ‘-
INDICATORS. -

3-21. Front- and rear- panel controls, connectors,
andindicators are shown and described in Figures 3-1
and3-2. Locations and descrlptxons apply to all8690B

-Sweep Oscillator 8690 series RF Umt combmatmns.

| 3-2'. IASIC OPIIATINO 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,

(Correct fuse rating is directly above the v1sible num-~
‘ber on the swm:h shder ) .

Hig Byt 15

4 1312

" Front 'Pa'nel Cootrols; Connectors, and 'Ipd.icators |
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" Model'8690B .,

" SectionIH .|
Operation

vmld—frequency for AF sweepon shde rule GHz
~ scale. »

‘2. MANUAL SWEEP. Manually varies frequéncy

'MARKER 1.

clockwise rotation).

STAR’I‘/ CW Selects start frequency for start-

stop sweep, CW frequency for CW operation,

between end points of start- -stop, AF, or marker

sweep (counterclockwwe extreme gives start
,frequency) : .

Selects marker 1 frequency or
marker sweep start frequency.

SWEEP TIME (SEC). Selects rangé of sweep

time. VERNIER varies sweep time within
(sweep time decreases with

selected  range
Detent position at clock-

wise extreme synchronizes sweep with power
lme frequency

MARKER 2. Selects marker 2 frequency or

 marker sweep stop trequency

b

STOP/AF, Selects stop frequency for start-

. stop sweep on slide-rule GHz scale, frequency

range for AF sweep on MHz scale.

. ‘UN(LEVE LED. Lights if POWER LEVEL set too
high for leveling across selected frequency'
range.

.. POWER LEVEL, :Adjusts RF amplitude,

RF Output Connector
connector excepton Option 01 Models which have

‘hp precision 50-ohm type N connectors.

. See text.

10.

11.

INT SQ WAVE FREQ Adjusts frequency ot'-
: internal square wave modulation., :

AMPLITUDE MOD. Select any combination of

- amplitude modulation: external amplitude mod-

ulation (apply signal to connector), markers, -

' and 1nternal square wave.

»

MAPtKER AMP. AdJusts amplitude of RF-mod-
- ulating frequency markers, but does not affect

rear panel MARKER output

Standard 50-Ghm type N

13.,

14

15,

16.
.

~ -18..

19.

20,
. CW, automatic sweep(freerunning or line

21,
22,

23.

ALC.' Selects auto‘mati\c,‘RF leveling..

“detector,

XTAL Accepts leveling 51gna1 from crystal

FUNCTION. Selects aninternal sweepor exter-
nal FM (SWEEP SELECTOR must he set to CW

for external FM;apply FM signal to connector).

SWEEP OUT. Sweep voltage output (0 to +15v |
regardless of RF sweep w1dth or dlrectlon)

RF Indicator on when 1nst1 ument is on and not
1n standby mode

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

" RF.

STANDBY. Indicator on when tnstrument is on,’
N . » , :

SWEEPSELECTOR. Selects mode of operation:

synced), manual sweep, or triggered sweep.

EXT. . Accepts exter nal trigger ing sxgnal 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 L‘p;hts when START -STOP function mode ‘

is selected cu.ving automatic sweep.

" CW. Lights during CW operatlon or when AF |

tunctlon mode is selected,

M1, M2 Lights when MARKER SWEEPtunctlon

mode is selected. M1 only lights when MARKER
SWEEP tunction ‘mode is selected during CW

. operation. . )

AF. Lights when AF function mode is selected

. pduring AUTO MANUAL OR TRIG operation,

Does not light durmg Cw operation

. rl‘l‘igure 3-1.

-Front Pane\l_fControl's, ‘Connectors, ‘and‘»lndi‘cators (Continued)
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' Operation

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: Application of voltage greater
‘than +15 volts may damage AIQI in RF Unit.

ALC. (RF Unit.) On Option 01 RF Units, this
- switch selects or disables an 1nternal levelmg‘

loop.

PENLIFT. Termmals shorted durmg sweep

" Y(AUTO or TRIG sweep, two slowest sweep time -

anges only).

ANODE Overload prevcntion fuse for backwardw :

wave oscillator tube.

BLANKING Allows RF to remain on during |

CAUTION:
- Application of voltage. greater than 15 volts may .

sweep 'recovery (OFF  position),

~damage A10Q3 AL0Qd.

~1¢. 115/230

7. 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 Al11Q4, A11Q8 C

8. BLANKING OUTPUT, Direct- coupledrectangu—

lar pulse of about -4V amplitude coincident with
RF blanking. Puise is present during automatic
and triggered sweepmg whether or not BLANK-
ING is set to ON.

’9 ‘AC POWER. Power cable receptacle (otfset pin

connected to Sweep Oscillator chassis).

Permits operation from 115 or 230
“volts, .

11. FUSE Select rating to match line voltag (cor-

rect rating above number visible on 115/230
switch shder) |

V
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R b Ensure the RF Umt is fxrmly seated mto posmon
and the locking handle is secured bel’ore applying

power

¢, Connect Sweep Osclllator to power\source

" d. Set front-panel LINE switch to RF.. After about
‘'oneto two minutes delay the RF indicator should glow.
Failure of the indlcator to glow is anmdlcatmn of mal-.

functlon

CAUTlON

Donot uge-the Sweep Osculator if the coolmg
fan does not operate when power is turnedon.

- 3-30. STANDBY OPERATION

3‘—31 When the LINE switch is set to STANDBY tnere
is no RF output, but heaters of all electron tubes are
energized and operating potentials are supplied to all

- circuits except the RFoscillator. This condition per-.
mits nearly immediate. RF output when the LINE

switch is set to RF, provided at least one mmute 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 hwe four sweep functmns

* 'which are designated Start-Stop, AF, Marker, and
- External FM. Four separate pushbuttons, each labeled
for the function it selects, determine. the type of swept-

frequency oper'ttlon

3-35. START-STOP SWEED.

3-36. For the start-stop sweep function, the sweep
‘start and stop [requencies'are separately adjustable
to any f{requency 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. 1In-addition, sweeping can be
automatically recurrent, triggered or manual, with

variable sweeptime for recurrentandtriggered 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 gwen in Figure 3 3.

3-37. AF SWEEE_

- .:3-38. 'With Asteeo, output frequencyv'trles upward
B through -a segment of the RF Unit trequency range

o

which is adjustable in width from zero to 10%.0f full

" range and centered onany-fr equency within the RF Un1t
. range. All trxgg:er 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 poi..r may be
-, leveled or unleveled, Figure 3- 4 g1ves instructions ,
. glor obtammg AF sweep .

3.39, MARKER SWEEP.

3- 40 Marker sweep is similar to st'wrt-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 mstructmns for obtaimng

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 cime 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. Maximum upward devi-

ation is the full frequency range of the RF Unit, but

downwarddeviation is restricted to 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-

quency range. The external FM 1nputls direct-coupled

to permlt remote frequency programmmg

3-43. Durmg exterml FM operation both the SWEEP
| ASELECTOR and 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 operatlon are given in

, .Fxgure 3 6

3-44, FM LIMITATIONS

CAUTION

’l‘he Sweep Oscillator can be damaged by ap-
‘lication of FM signals which exceed the safe
‘operating limits given in the charts of Fig-

ure 3-17. ‘ |

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 signalfrequencies
above 150 Hz \

3-45. NEVER EXCEED THE FM VOLTAGE LIMITS
" GIVENIN CHARTS A AND B OF FIGURE 3-7. Where
~ ‘thereis adiftference between limits indicated by charts
. Aand B always use the smaller amplitude. '

“ a-«f. sw 5P MODIS.

| 3"-'47.'; The sweep modes are deS‘ignated - TRIG,
'MANUAL, CW, and AUTO, the mode in use being
determined by the setting of the SWEEP SELECTOR.

oo

| l/ L ' Section I |
A - ,Operation |

« 3-5°
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Operation ~ ~ . ' . o

. Model 8690B

1, Set LINE to RF; RF indicator lights.

‘2, Press START-STOP; on dial START and STOP
~ light. Check that all other pushbuttons are re-
leased. h |

3. Select sweep start frequency with START/CW.
4. Select sweep stop frequency with STOP/AF.

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

6. ‘Wxth AUTO or TRIG mode set SWEEP TIME to

S
' [

desired range. Vary time within selectedrange

with red VERNIER: clockwise rotationdecreases
time. To synchronize 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, minimvm 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,

Start-stop sweep has full amplitude modulation

capability. - See Amplitude Modulation.

 Figure 3 ¢,

‘Start-Stop Sw‘eep‘lOpérat'iQn‘ |

'
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RPN

Set LINE to RF; RF indicator lights,

Press AF;on dial, CWand AF light.
‘all other pushbuttons are released.

‘Select sweep center frequency with START/CW

Select sweep 'width on MHz scale ‘with STOP/AF‘.

Chonse AU’I‘O
mode with SWEEP SELECTOR.
Modes for mode characteristics.

‘With AUTO or TRIG mode set SWEEP TIME to

desired range. Vary time withinselected range
withred VERNIER: clockmse rotation decreases

.Check that

MANUAL, or TRIGgered sweep
See Sweep

time, To synchronize AUTO sweep with power-
line frequency, switch VERNIER into LINE SYNC

position. (LINESYNC gives shortest sweep time

' of the range selected.)

Use POWER LEVEL as an uncalibrated ‘o‘utput“ .
attenuator. For standardand 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
rangeis 30dB minimum, See RF Power Leveling
for leveled operation characteristms

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

)

; Eiguré. 3-4, AF SWeep Operation

\
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t

. Set LINE to RF; RF indicator lights.

'

Press MARKER SWEEP; M1and M2 light. Check

‘that all other pushbuttons are released.

Set start frequency with MARKER 1 START/ CW

Set stop frequency‘ with MARK}LRZ STOP.

Choose AUTO, MANUAL, or TRIGgered sweep

mode with SWEEP SELE CTOR See Sweep Modes

.lor mode clmractorlstlcb.

14

‘With AUTO or TRIG mode set SWEEP TIME to

desired range. V'n'v time within selected range
with red VERNIER: clockwise rotation decreases

time. Tosynchronize AUTO sweep with power~-

line frequency, switch VERNIER into LINE SYNC
position. (LINE SYNC gives shortest sweep tlme
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
range is 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.

S ’,Fig;,ur_e 3-5. Marker Sweép Oper_'atibnl : o
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" Set LINE to RF; RF indicator lights.
Set SWEEP ‘SELEC/TOR to CW..

Press EXT FM; on dial, CW lights. Check that
‘calibration accuracy requlres addltlonal 3 min-
ute st ibilization time. -

Select the desxred (0} frequency with START/
CW ‘

'

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

all other pushbuttons are released. Speclhed'

¥,

CAUTION L

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

6. Use POWER LEVEL as an uncalibrated output
attentuator. For standardandOption 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
range is 30 dB minimum. See RF Power Leveling
for leveled operation characteristics. |

7. External FM operatwn has full amphtude mod-
u_lat10n capability. See Amplitude Modulation.

. (R
'I: SN A

"'Extex nal“F
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3-49. The AUTO sweep mode prov1des 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 thé detent LINE SYNC
position, automatic sweeping is synchromzed with the, '
power- line frequency. |

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

31—51» " Four sweep-synChronized outputs are activated
during AUTO 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.

.3-52.7 TRIGGER‘ED.

3-53. Thetriggeredsweep mode permits manual one-
shot sweeping and recurrent sweeping synchronized
with an externally-prouuced 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

-Operation o
B . . 175 T
111 v NOTES . TN
+H78 -1 ‘o LIMITS APPLY TO fexr ¢ #m 2 150Hz 100
‘ a @ FOR > IS0Hz 'SEE CHART B |
1B . EXT FM ) | | 18
' - ."’b,g/’ ' 75 t - L
. /‘/ ' ) w R
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' Figure 3-7. External FM Limitations
3-48. AUTU. '3-54, During a triggered sweep the output . equency."

changes lmearly with time, and the SWEEP light is on.

3-55. Externally-produced trigger signals rnust have

_negative polarity, width greater than 1 usec 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.

7 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. | | | -

determined by the SWEEP TIME (SEC) controls but : o

LINE SYNC is inoperative during triggered sweeping

- c. Press START-STOP or MARKER SWEEP

Modél 8608

. .
|
f ;
‘ |
g
e
|




- light do not function. - N

' . time range.

~d, ’I'une to desired frequency using START/ CW or‘
MARKER las indicated by the sweep function selected. o

e Controloutputpower with POWER LEVEL “For

- 'standard andOption 01 RF Units output power is maxi-
~mum at 10, minimum at 0. POWER LEVEL is uncali- .
- brated but has an attenuation range of at least 30dB -
. 'with unleveled output 10.dB with leveled output. o

f. Internally .square wave or externally amplitude .
‘.modulate the RF output

See Amphtude Modulation.

» g~.‘ Use automatic RF power leveling to stabilize‘
- output leveland improve source match. See RF Power

Levelmg -

‘3 59, Durmg, CW operatlon RF blankmg, PENLIFT,
" SWEEP, and SWEEP outputs are not operatwnal

However a’ voltage proportional to output frequency

‘is available at the RF Umt rear- panel SWEEP REF.
‘fOUTPUT.

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 modulation func-

ol

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 SWEFP‘ :

3 62, To sweep a irequency range manually, set. con-\‘

~ trols for the desired sweep function using the approw ;

priate instructions from Figures 3-3, 3-4, or 3-5' Pt
setSWEEP SELECTOR to MANUAL and use MANUJ}I,'/"
SWEEP to vary output frequency. Clockwise rotnt}‘oh
varies output frequemcy toward the stop frequency qﬁif‘
8 £
output frequency toward the sweep start frequencyv,f’

the selected sweep. Counterclockwise rotation v‘arté

The SWEEP l1ght does not function with manual swee -
ing.. o : RS
| | ' : \ \

| 3-63. Manuai sweep is particularly useful fer cahbra-.
" 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.

v ,344. swnp M co'nnot,

' 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
Clockwise rotation of the vernier de-
‘ﬂ'creases sweeping time, the clockwise rotation limit

giving the minimum time, and the counterclockwise
limit giving the maximum time of the ‘range selécted.

The detent LINE SYNC position of the vernier synchro-

IR

i

‘\\‘."

nizes sweeping with the power line frequency, but re-

| gtricts sweeping time to the mimmum of the range -
& selected. ' S

.irrespective of sweep width..

| ." Y
.‘ 'y' J
AR o
/V' R
A

AUTO and TRIG modes."
blanking interval ends slightly in advance of RF sweep

'\\'SectionHI"'
o | Operatlon*

' 3- 66 The sweep time controls are operatlonal W1th :
- start-stop, AF, and marker sweeps in the AUTO and -

TRIG modes. However LINE SYNC does not functmn'

with triggered sweeps.

| 3767-, swep oumn.

3-68. SWEEP OUTput is an output frequency related -
posxtive voltage to provide a time or frequency axis
for displaying swept frequency measurements. This
positive voltage has fixed range, typically 0 to 15 volts,
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. Durmg
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

- 3-89. SWIIP IIPIIINCI OUTPU‘I'.

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 forthe -

particular frequency range of the RF Unit used. Volt-

"age change is concurrent with output fregquency change,
'y the actual range and dc limits being determined by the

‘W‘ ‘aweep width and its location inthe frequency range.

ts‘aVEEP REF OUTPUT is provided with all sweep func-

m’ns and modes.

3. PINUIFY. |

A 3 72. The rear-panel PENLIFT terminals furmsh a
e sweep-synchronized writing control for graphic re-
. ‘\‘\.“.'g}, corders equipped to write in response to a remote
v\ short circuit.
during the RF sweep, open between sweeps. The PEN-
"\‘\LIFT circuit operates during AUTO and TRIG sweeps

The PENLIFT terminals are shorted .

in the two slowest ‘sweep time ranges only.

3'730 .' .lANK 'NG.

3-74. The RF blanking automatlcally 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 -
With AUTO sweeps the

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

independentof the BLANKING ON-OFF switch setting.

P " 31
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3-76. IXPANDID SWIIP OPIIATION. 8

3-77. Certam swept-frequency measurements, such
as bandpass filter evaluation, require rapid examina-

tion of more than one frequency band (e.g., filter

overall response charactemstxc 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 E
presentation. For instance, start-stop sweep can be

used to cover 2 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 1nternal

frequency markers can be activated and’ tuned to

bracket the 1mportant segment. - Then, pressing

MARKER SWEEP expands the bracketed segment to .

occupy the full presentation and. full sweep time. With-
out turther adjustment,., .the orwinal sweop may bu
restored hy pressmg START STOP

3-79. The foregomg example of expanded sweep op-

erat1on assumes one sweep range withinanother. How-

ever, the two sweep ranges need not ve one within the

other or even overlap; they may each cover sepax ate, -

remote segments of the RF Umt frequency range.

3-00. FOUI PRESET C\V IR!QU!NCI!S

3 81. The manual sweep control, in con]unctlon w1th .

‘the CW mode and the start-stop and marker sweep
fupctions, can be used to obtain four preset CW fre-
quencxes as follows ‘ '

a. Select lour different trequencles using START/ ‘
CW, STOP/AF, MARKER 1, and MARKER 2 controls.

“'b. "Rotate MANUAL SWEEP fully clockwise.
c. Set SWEEP SELECTOR to CW.

o d Press START-STOP to obtain CW output at fre-
quency 1nd1c'1ted by START/ CW dial pomtex

e‘. Press MARKER SWEEP to obtam 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'clial pointer. .. .

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

3-84." The Sweep Oscillator RF output may be amph-
“tude modulated by signals applied to the front-panel
connector under the EXT AM pushbutton. External

amphtude 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 Umts
: 20 dB for "B" Models)

ERTE

" the other by the MARKER 2 control.

" Model 8690B

[ SR
. [

3-85. INTERNAL ‘FREQ“UENCYLMARKERS.-' |

3-86. Two cahbrated frequency markers can be inde-
 pendently ad]usted over the full frequency range of the

RF Unit. - One is tuned by the MARKER 1 control and
‘Each marker

amphtude -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 doesnot affect the
amplitude of the pulses at the rear-panel ‘MARKER
OUTPUT. The amplitude of these pulses is typlcally

-5 volts peak into'a 1000-ohm load. '

3-87. Activated separately by the ‘MARK 1 and MARK.

. 2 pushbuttons, the markerscan.be used 1nd1v1dually or
. . simultaneously during start-stop, AT, or external FM -

operation with the auto, manual, or trlggered mode.

In addition, mackers may be used in combination with

external amphtude or internal ‘square-wave modula-
tlon.

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 ad justment of frequency {rom 950 to 1050 Hz.

' 3-90. RF POWER LEVELING.

3-91. A requirement for rapid, broadb'md evaluation
of microwave devices is constant RF power in the fre-

quency rangeof inter est. Thebackward-wave oscilla-

tor (BWO) usedas the microwave source in 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 var mtmn, 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 s1gna1 which is the inverse of this
power characteristic and applying it as amplitude con-

trol, the RF power outputcan be maintained essentially
constant with changing frequency. This control of out- -
put power 1s called levelim_,

3 92, The leveling system in the 8690B Swecp Oscxl?
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. 'wn :

3-93. Atyplcal negativeleedback closed levelmg loop
(Figure 3-9) consists of a directional coupler to sam-
ple RF output, acr ystal detcctor to convert instantane- -
ous RF power variations in the sampie to proportional
dc, and a differential amplifier to compare the dc

B agamst a reference and furnishan amplified difference

signal. This. difference signal, applied as RF ampli-
tude control, determines magnitude: of leveled power

and reduces pdwex varxatlons. -
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3-94. In the levelmg loop the dlfferentlal amphfler
.acts to keep the input from the crystal detector equal
to the dc reference and, by feedback action, causes’
- the leveling loop to mamtam 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:
areseveral 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 canreduce power variations from % dev1- N

ation as great as 10 dB to less than 1 dB over the

| | RF' Umt tuning range. ,

e 3 95. ‘In additlon to holding RF power constant w1th '.
changmg frequency, the leveiing loop also improves.
" source match. The amount of improvement is deter-

mined by the directivity 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 1mprovement. The pract1cal 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 mgnihcant source match improve-.
ment Slmllarly, forawaveguide coupler huvmg main-

o
ol

-Section I
Ope ra,tlon

L ,:’wl_

e line SWR of 1. 05: 1 the prar‘tlra‘ dxrectlwty limlt is’
fl’*‘;,’;.‘,,‘labout 40 dB/ PR : ‘

. _3 96 LFVELING POINT CONSIDERATIONS R

¥

 3-97.. The closed 1evelmg loop holds RF power con-
I stant at the point of RF. samplmg ‘Thus, .if sampling

is doneat. theRF Unit power. output connector, ‘discon-

- tinuities in the transmission system between thé con-

nector and load cause uncontrollable power variations

‘at the load. However, if the samplmg point* 15 lorated '
- asnear theload aspossible, transmission gystem dis-

continuities are contained within the leveling IOOp and

their effects are autdmatmally compensated. oot

b
‘V "

©3- 98 The effect of levelmg point locatmn on. power] -

variations at the load is shown in Figure 3-10. Al-

'though X-Y recox‘der plot. A was obtained w1th the
" coupler-detector"external to the Sweep-Oscillator, the

" plot isalso valid for Option 01 RF Unitswhich have an -

. internal. dlrectlonal detector . ‘Although the. plots were
. made usingal -2 GHz BWO, this comparison IS typlca,l
- for all RF Umt frequency ianges.‘ o N

K \\lr.‘ .
LN

3-99. Recorder plot A was made with a‘HJP‘)J60 Low-'
Pass Filter, (artow, Figure 3-10) connectéd between

. -the qamplmg coupler and load to simulate transmmsmn
'1rregu]ar1ty bet.veen levelmg lpop and load: . The filter

. has maximum SV'Rof 1.4:1vand the load, consistingof
.a 50-ohm . termir wion and HP 478 Thermistor Mount,
has an SWR of about 2:1. The resultant power varlatron

- in the frequency range swept is approximately 1 dB.
‘In contrast, re(,order 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 ditference being that the RF-sampling direc-

- tional detector or directional coupler and RF detector

are located at the system point where leveled RF power

is required, notlat theRF Unit power ou*pu* connector.

“RFSAMPLER‘ I

: TN
‘ OSC"_LATOR ouTRUT ‘ : : *RF SAMPLE '
IAN'?-’UT ‘ RF L E .
| ‘ ETECTOR .
ol | : CRYSTAL) . ™
sionact DIFFERENTIAL | J |
o (CoMPARISONY | ¥ 0F WX LEVEL
. AMPLlFIER__H——T"." VARIATIONS

" ADJUSTABLE
DG REFERENCE /

o
- i

. Figure 3-9. Typical L'eve,li'ng]Loop -
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| Flgure 3-10. Effect of Leveling Pcint on Power Variat‘ion‘ |

B SUS DEPENDENCY OF MAXIMUM LEVELFD

POWER ON FREQUENCY.

o 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
~theoutput power characteristicssi a. ‘ypical 1 to 2 GHz
- and 124 to 18 GHz oscillatore. The Figure indicates
- - the maximum leveled R¥ power available for three =
" . sweepranges within each frequency range. Dot shading
. indicates maximum leveled poweravailable over a full
. frequency range, diagonal shading shows additional .
. leveled power available in r ;gments of the frequency .
...-range: “Microwave oscillatorsin the frequency ranges -
" 2 to 12,4 GHz and 18 to 40 GHz have similar output '
L L 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 llmit ot the tuning xange, l-lowever,;

-‘,;‘_.“_“3-14 B

actual maximum and minimum RF power available

~ varies from frequency range to frequency range and
. from BWO to 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 obtaming required RF power.

: 3-103. LEVELING FQUIPMENT.

3-104. The leveling ampliher in the Sweep Osclllator -

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.

waveguide leveling systems are listed in 'l'able 1-2

' 3-105. THE RF SAMPLER. The RF power output
can be sampled either by a directional coupler or a -
| directional detector. Adirectional detectoris a direc- |

Components for coaxial RF leveling systems and =~
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 formance variables such as coupling variation with
frequency, detector frequency response, and coupler-
detector match are grouped and specified as frequency
' response :

o 3- 106. Whether the RF sampler is a directional coup-

. attenuation required to assure proper operation of the
~ leveling loop. Coupling attenuation should be 20 to
23 dBwith the Models 8691A/B, through 8694A/B, and

~ 8695A, 10 to 13 dB with the Models 8696A and 8697A.

. tional coupler matched to a sensitive, -flat‘-responding ,
~ crystal detector. With the directional detector, per-

ler or directional detector thereis a critical coupling -

5 In addition the smaller the coupling variation with

' the levelmg

‘may be used to derive the dc signal proportional to
G “amplifier, which ‘must receive a negative polarity

stal Detectors and HP directional detectors

‘RF power variations required to operate the leveling'

: frequency ‘and the greater the directivity, the better .

3- 107, THE RF DETECTOR. A crystal ' detector

‘signal, is intended for use with HP 423 and 424 Cry-

'7' '.3 108. A crystal detector permits use of the full sweept
L time range of the Sweep Oscillator.. Thus, sweeping

~ line within the leveling loop.
the leveling loop provides automatic tompensation for

3-111.

2.0

50 mV or less.
Model 423, with a square law load, this voltage will

e e Section Il
L o \ S Operation

- ,Mtime 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 To mmi-"

_mize the effects of RF harmonics, which can degrade
“leveling and cause measurement errors, a low-pass
" or bandpass filter should be inserted iato the RF main

Including the filter in’

its transmission properties. o

OSCILLOSCOPE MONITOR. For RF power
leveling using a crystal detector,

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 todisplay

the results of swept-frequency measurements, it can. |
serve to monitor leveling performance as well.
such display is used, the monitor oscilloscope should

be ‘connected between the RF detector and the Sweep e

Oscillator, For standard RF Umts loop performance
canbe monitored by means of atype BNC tee connector
at the crystal detector video output or at the Sweep
Osc1llator XTAL 1nput ~

'3-112. LEVELING PERFORMANCE.

1

© 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 reguire-

ment, always maintain an open loop ALC voltage of
‘For RF detectors such as the HP

not be exceeded if the input power to the RF detector
is held tc 1 mW or less.

3- -114. When a traveling wave tube (TWT) amplifier

is used, leveling signals shouldbe applied to 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 illustrated in 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

315‘
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' Table3-1,

VA v o Sy

~ Leveling Pe’rfdrma"nc'e 'of Coaxial Leveling Lo‘ops .

3

Maxlmum Power Varlation (dB)1

Load SWR -1

Load. SWR = 1. 5

l 2GHz 2-4 Gl'lz 4 - BGHz

8- 124 GHz 1 ZGHZ 2-4 GHz 4 BGHz BfIZ;QGHz

| Coupler and Detector | **- 66 1:0.6?‘

' :l:o. 72 ,

10,82 | s0.88 l—0 92

: Figure'S-l?‘thh |

Dlrectwnal Detector t'*’fo’- 40

l0.40r

;co."40‘ .

40,60 ‘v;‘seo."se | 10.60 f';+;o."60 | 0,80

\»,

Worst cctse

Errors summed arlthmetlcally (see Paragraph 3- 115)

Leve_ling Performance of Waveguide Leveling.'fLoops” |

Table 3-2

Maximum Power Variation @p)l

..

Load SWR = 1.5 -

“-"I‘.'q',@iVéling Loop R “'llaoad‘ SWR= 1
)2, 60- o 3“.954{ - |5.85- | 7.05-
3 95 GHZ 5‘.85 GHZ 8.2 GHz 1O!,OGHZ

8?-

; 2 60- ‘
12 4 GHz

3.95~ . |5.85- |7.05-
395GHz

1 8.2~

B Detector

. ) . ) ‘\““ »
»_to'.ee 1098 | +0.98 | 16i98 | 11,08 |

l 413 w1th ;
Dlreetxonal\ A o
- Detector: S

S Ho+0.80 f[ - L

~ :&0”;64‘

"-‘.v":h0;74.‘

::0:.64 o "3&0;64

' :1:0‘.68

‘ LO 68 10.68 ':I-.O‘..,‘:V'TB

:IrO.GB 1

1 Worst case Errors summed arlthmetlcally (see Paragraph 3 115) }‘ L : I ‘ '

,‘"' :‘.‘ b '
. , Lo 5
) \' v
) '
o
“\ \

R}
{

hsted m Table 1-2. However, the error effects in

.,é"'.such levelmg systems are\ ‘vector quantltles having
“phase’ relatlonships whlch vstry w1th frequency and do

not alwayw cause maxxmum ‘error, Rather, total error.

is: more usually the rms; of the error quantities. There-

. Afore, leveling’ llkély will'be better than indicated, ‘but / /
the performance. figures given permit comparing the
_capabilities of the systems illustrated in Figures 3-12°

o through 3-14, S RS

- "»3-117

Sy

| 3- 116 Two values of load SWR are mcluded 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-
L sampling coupler which allows some of the power re-

. flected from the load to reach the RF detector and
‘cause  level variations,

: produced level variatmn is proportional to load SWR,

For a given coupler, load-

LEVELING CONTROLS, INDICATORS AND
INPUTS :

3-118 ALC PUSHBUTTON The ALC pushbutton o

" activates the mternal leveling amphﬁer. '

,’.l ‘”-\ ) ." : .A‘

) leveled 'RF power,

0

I,

' therear panel AI..C switch aetwates an internel levelmg

"";,-system L S

[ , : '
/

1
[

_ RF Unitl 'POWER LEVEL control sets magnitude ot

3- 121

- RF Unit control varies levellng loop sensit1v1tv to RF

" level variations, ‘ ,_// S
’ , /)",'. ‘ /} .

s ,,1,‘
S /i

3- 122 LEVELING SIGNAL IN"U’I’Sl The front-panefl

XTAL input accepts crystal detector—derived lﬂvelmg
- signals.

3-123. POWER LEVEL INDICA'[‘OR ’I‘he 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

unleveled

) '

. ‘Model 86908 -

5.85 GHz 8.2 GHz[10.0 GHz iz 4GHz|"

10.64 |

3 119 ALC swncn On Option 001 RF Units only,
-+3-120, POWER LEVEL CONTROL The two—sectlon

'EXT ALC GAIN CONTROL This rear panel

sweep is leveled when on, all or part of sweep is
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LEVELED
~— T RF

Come [RAL

| SWEEP OSCILLATQR :
2. LOW PASS OR BANDPASS FILTER

3. DIRECTIONAL COUPLER AND CRYSTAL DETEC\ OR
OR DtRECTlONAL DETECTOR .

F1gure 3-12, Coaxial Levelmg Loop Using
CrystalDetector ‘

e

_ 3-124, Ingeneral, the RF Unit EXT ALC GAIN control
determines the ability of the leveling system to reduce

" 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 func tion overlap between

. of both controls must be optimized during initial level-
- ingadjustments 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
18" just counterclockwise of that which causes loop
) i{',f?*osclllatnon ‘ |

u',"" )I’\' a ' ‘ o '
- ‘}.Mzs. uvnme AT THE RF ounur

s 8- 126 «Flgures 3- 12 through 3-14 illustrate closed
LN ‘loop leveling systems for automatically leveling the
' RF power output, The systems of Figures 2-14 and
' - '43-17 each uge two directional couplers to minimize
s “:jaupling varlatlon with frequency. The coupling ‘Vari-
.. ation'of one coupler mmpensates for the coupling vari-
' ‘.atxolt of the other, reducing coupling inaccuracy to the
\.difference in, ‘coupling characteristics. between the
S 'couplers‘ . This remaimng factor can be effectively
,;.ehminated with couplers selected for nearly identical
-jt.,,g‘couplhng characterlshcs. Such matched couplers are
. available from: Hewlett—Packard in various combina-

. ' tions. of: coupling attenuatlon. For each combination,.
- attenuation accuracy between main and secondary line
AT :/output is specxfied and is typlcally +0, 2 dB or better.

: . ",",":'
VR B

R
. 1"", .,'/ ‘.‘ o
e

' 3-121. STANDARD SWEEP OSCILLATOR USING
' CRYSTALDETECTOR.

o 128 LOOP ASSEMBLY

o a Assemble the leveling loop¢” Flgure 3- 12, 3 13 ,
y - or 3- 14 using appropriate equ1pment listed in Table,
s 2 , o ‘ ,
Mo, Connect crystal detector vxdeo output to Sweep'
.Osc1llator XTAL 1nput o |

~ RF power variations and POWER LEVEL controls the

'EXT ALC GAIN and POWER LEVEL that the settings .

‘ cillat(xon

Section I

ALe "nﬂﬂ J= P
| lem== At a
L 1 —> RF
R JT
| SWEEP OSCILLATOR

2. LOW PASS OR BANDPASS FILTER
3. WAVEGUIDE TO COAXIAL OUTPUT

. 4. DIRECTIONAL COUPLER

5.CRYSTAL DETECTOR

(@) FOR COAXIAL OUTPUT RF UNITS
(B) FOR WAVEGUIDE OUTPUT RF UNITS

Figure 3- 1{"3.. Wa\reguide Leveling Loop Using
CrystalDetector '

C. Connect an oscrlloscope to monitor levelmg loop
‘performance. Connect the oscilloscope vertical input
(dc~coupled) to a BNC tee connector at the.crystal de-
tector video output, and connect the horizontal input
~ (de -coupled) to the Sweep Oscillator SWEEP OUT.

3-129, LOOP OPERATION

' a. - Obtaindesired mode of operation from the Sweep

Os cillator,

'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, ) : C ,

e. If POWER LEVEL is set for more RF 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
avaxlable in the selected frequency range.

It an oscilloscope monitoring ALC loop pertor-

' 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 o

ensure maximum leveled RF power without loop 08~

i

Note .
~..To chango 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, o

g. To reduce leveled RF power rotate POWER
" LEVEL knob counterclockwise; attenuation range is
110 dB, minimum. When'using RF. Unit’Models 8691A

“thru 8697A, readjust EXT ALC GAINater eachchange -
of power level ‘

LEVELED -
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Section lII
Opera.tlon

I SWEEP OSCILLATOR

2. LOW PASS OR BANDPASS FILTER

3. 'WAVEGUIDE TO COAXIAL ADAPTER
4.8 5. MATCHED DIRECTIONAL COUPLERS

6. LOAD :

7. CRYSTAL DETECTOR

@ FOR COAXIAL oumn RF UNIT
Q FOR WAVEGUIDE OUTPUT RF UNIT

Flgure 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 mternal leveling

. loops, require no external equipment toturnish leveled

RF power. However, Option 001 RF Units do require
a power meter to 1nd1cate actual leveled power, and
an oscxlloscope to indicate optimum leveling. Note:

~ the rear panel ALC switch must be at INT to activate
the internal leveling loop. In the EXT posltion, the
. loop 18 dxsabled ' | '

O

Incorrect

Figure 3-15 Example Oscilloscope Displays of Correct and Incrrect EXT ALC GAIN Adjustment

-18

Ao+ Model 8690B
L ‘3 133 LOOP OPERATION

- : ‘operation.. o - :
LE\F‘ELED‘ :

: .the least available in the frequency range being swept,

- mains off during the sweep interval.
" now leveled at maximum possible in the selected fre-

| -justment on the RF Unit rear panel permits operator

- output.

' 3.138. OSCILLOSC‘OPE,DISPLAY;

‘a sensitive, fast-responding detector suchas a crystal

i ' '

a. Set Sweep Oscnlator for desnred mode of"

b Set ALC sw1tch to INT
c. If POWER LEVELis set for more RF power than

the UNLEVELED light will light. Rotate POWER
LEVEL counterclockwise until UNLEVELED light re-
Output power is

quency range. |
3-134; EXT ALC GAIN ADJUSTMENT.

3-135. Gam of the leveling loop is affected by the .
d1rectional coupler used. The EXT ALC GAIN ad-

ad]ustment of ALC loop gain,

3 136 Proper, ALC gain adjustment is obtained by
observing an oscilloscope display of the leveled RF
. 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 swnn-nloumcv
© MEASUREMINTS. |

3-139. The'use ofan oscilloscope in conjunc'tion with

permits contmuous visual display of swept-frequency
measurements, a capability which is especially useful
1f a device is to be adjusted while under test.

y ,r.-vr»u.nrmm.r\m wmew-m "Wm'ﬁ

L i mar b g e e R L e 0 Wil )
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- 3-141,

3143, X-Y RECORDER DISPLAY

R ',Modéiiaeeoef’f Y

In addition automatic

.‘continuous zero-power reference trace for the display.

" " minimum vertical bandwidth. ~Reflection measure-
ments can require vertical sensitivity of microvolts
per centimeter: 50 to 100 1V/cm is usually adequate.

. The HP 140 Oscilloscope with 1400 and 1420 horizontal -

‘plug~ins satisﬁes these requirements.

- 3142, Detailed information about improved measure-
ment systems and calibration techniques for trans-
mission studiesusing the Sweep Oscillator is 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 HP1416
Swept Frequency Indicator oscilloscope plug-iiito 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 B

it to swept-frequency measurements. Copies of Ap-
plication Note 85 are available atno charge from your

| , * local Hewlett-Packard sales and service office.

s 3-‘44 ’I’he X- Ygraphic 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 reécorder calibration; a linear ramp voltage
output ‘synchronized with output frequency to operate.
the recorder X-system; incication 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 setup for X-Y plotting of
R 'I'the output power-frequency characteristic of the Sweep

TR -140 For oscilloscope display the Sweep Oscillator |
- SWEEP OUT furnishes the horizontal deflection signal.
| ‘;;;"'Since SWEEP OUT is a linear sawtooth voltage syn-
V' .. chronized with the sweep, it provides .an accurate axis
ol of frequency for the display.
. blanking of the RF output during retrace results ina

‘ ‘The display oscilloscope should have direct- _‘
" coupled vertical and horizontal inputs and 10 kHz

i)

i

: Oscillator. Other swept-frequency measurements for

" whichthe recorder is a popular display device include

“SWR, attenuation, ‘gain, directivity, and leveling
o performance., .

Sectio‘n‘ m

| ‘Operation

3-148 “'Calibrate 'the recorder ’as folltlws- '

. a. -Set the Sweep Oscillator to sweev the frequency

range of interest using a sweep time compatible with .
s recorder reSponse _

J

'b. Set SWEEP SELEC’I’OR to MANUAL

c. Rotate MANUAL SWEEP maximum counter-
clockwise (for CW output at sweep start frequency)

and adjust recorder Y-zero for convenient pen

position,

d. Adjust recorder X-system to locate pen ata -
. 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. Set recorder X-sensitivity to terminate recorder
pen traverse at a convenient location on the chart, and

- adjust Y-sensitivity to give required resolution.

g It sensitivity and zero of the recorder X and Y

systems are interdependent, repeat steps d through f
to ensure desired chart cahbration.

“he 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 equipped for pen
lift in response to an open circuit

SWEEP

X PENLIFT ‘
‘ ~ (PEAR) ANPUT| T
! ' |‘RF!~ | _,P_&El—-ﬁ Y-INPUTI
wrrreaas XTAL ‘
SWEEP DETECTOR X=INPUT.

OUTPUT

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

3-19
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| 42.INTRODUCTION,

- 4-2, This section contains explanations of the opera- -
tion of the SweepOscillator and RF Unit circuits. Fig-
. ure 4-1 is a simplified block diagram showing princi-
~... . pal circuit sections and operating controls. Figure
. "4=2, a more complete block diagram, shows the main
- -constituents of the circuit sections. Each circuit sec-
-+ tion and important individual circuits are explained in
...  Succeeding paragraphs. = . - ' '

4-8. Ag illustrated in Figure 4-2, the SweepOscilla-
tor congists.of the RF Unit, a Frequency Control Sec-
' tion, anAmplitude Modulation Section, an Automatic
“Level Control Amplifier and a Power Supply Section.

The RF Unit contains ALC gain, sweep reference out-

- put, anode supply and unleveled lamp circuits in addi-
. tion to the' Backward Wave Oscillator and a frequency
./ -shape eircuit. The "A" series RF Units containa grid
- ‘modulator circuit, In the "B" series RF Units the

grid modulator circuit function is replaced by a PIN
Modulator (solid-state attenuator-modulator). Inaddi-
tion, Option 01 RF Units contain a directional detector.

- The Frequency Control Section includes the frequency-

modulating circuits.. The Amplitude Mbdulation Sec~

_tion includes a square-wave generator, two marker -
" generators, and a blanking switch.. The Power Supply
-+ Section includes automatic over-current and over-

- Voltage protection for the Voltage-Tuned Oscillator.  p oy o bt 4 wave has masiimin, amplitude for

SR , R | o ; - the existing operating conditions.
' 4-4.THEBACKWARD-WAVE OSCILLATOR TUBE. o
“4-5. The Backward-Wave Oscillator (BWO) tube, a

. ‘Voltage-tunable microwave oscillator, is the radio-
.. frequency source in the Sweep Oscillator.

4-6. The BWO tube is an electron tube in which an

- electron beam in%e-i'acts. with a guided electromagnetic
. wave in.away to transfer energy from the beam to the
- wave. The elements of the tube and their arrangement
- are shown in Figure 4-3. The tube consists of an
electron gun, a wire helix through which an electron .
- beam is directed, and acollector to receive thebeam,
_ allwithin avacuum tube. The electronbeam is hollow
.+ and focused to travel as close as possible to the helix
-~ 'without touching it. Beam focus is maintained by the
- fieldof a cylindrical permanent magnet encircling the -
~*vacuum tube. The magnet or its housing completely
' covers 'the tube and cannot be removed or adjusted.
- Operating potentials are supplied to the tube elements

" through flexible leads.

.. 4-7, Thewire helix is a microwave transmission line

.. equal'in length to several wavelengths of the lowest
. output frequency. The RF output signal is generated
- . on the helix and is coupled out of the tube at the gun
. end through a dc blocking capacitor. or balun. Ap-

 _proximate potentials required tooperate the BWO are

-l

shown in. Figdre 4-3. Tir'bical. cétho‘dé. ‘culrr‘ent is 'less.
‘than 30 milliamperes and divides between anode and

‘helix in BWO tubes having no collector, or between
‘helix and collector in BWO tubes having a collector,

Helix and anode operating currents are critical oper-

 ating parameters and must not exceed the power dis-
. sipating capability of the element. Operating current
‘maximums for the anode and helix are specified on

the data sheet accompanying each new BWO tube,
Because of wide variations in optimum operating cur-
rents and current division among BWO tubes of the

- same type, RF power output is the primary indicator

of tube performance.

4

'4-8. As the BWO is turned on, oscillation eirolves |

from shot noise in the electron beam. The shot noise
in the beam induces noise voltages on the helix, and
the noise voltages on the helix produce electron bunches

‘in the beam. These electron bunches move toward the °

collector at a velocity controlled by accelerating po-
tentials. As the electron bunches pass the spaces
between helix turns their electric fields appear out-

- side the helix. At some frequency these electric fields
. are in step (resonate) with the electron bunches along

the helix and a backward-moving wave is generated,
The backward wave further bunches the beam, the
beam in turn amplifies the backward wave, and so on,
until a maximum bunch density is reached. At this

ot

4-9, Frequency of oscillation, a function of beam

velocity, is set by the accelerating electrode whichhas
the same potential as the helix. Frequency of oscilla-
tion varies linearly with time as helix voltage varies

. exponentially with time: the more positive the voltage,

the higher the frequency of oscillation. In the Sweep
Oscillator, ' the frequency-changing voltage is'applied

‘to both'the helix and collector. In some BWO tubes the

helix and collector are connected internally; in others,
the collector element is operated at a more positive
potential than the helix. - .

4-10. Output RF power is a function of beam current:
“the greater the beam current, theé greater the “output

power with maximum beam current determined by the

-power dissipating capacity of the helix and anode.

Beam current is controlled both by grid bias andanode
voltage. Anode voltage, however, influences fre-

. quency of oscillation as weil asybeam current. The
RF output of the BWO tube in the A model RF Units is

amplitude modulated by a grid modulator circuit. The

“circuit controls beam current without “appreciably
_ changing the accelerating anode cathode voltage, there-

by maintaining frequency stability during amplitude

- modulation. BWO tubes in B model RF Units are op-

erated with. zero grid bias, beam current being con-
trolled by anode voltage. - .

4-1
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Figure 4-3. The"B‘ackward-Wlave"Oscil_lator Tube

©4-11. THE FREQUENCY CONTROL SICTION.

4-12 The Frequency Control Section determines the

Sweep Oscillator output frequency.
ramp that sweeps the RF output, .or a dc voltage that

produces smgle-frequency output, or a combination

" ramp and dc voltage foy narrowband sweeps, or a com-
_bination of a dc voltage and an external signal to give

external frequency mgdulation. The sectionals. ~ro-

‘duces automatically repetitive or triggered sw.cps,
~and permits manual sweepingaswell as individual tun-
. ing of the frequency markers.

4-13. The Frequency Control Section consists of a

‘ "Tuning Voltage Generator and a Helix Voltage Genera-

tor. ' The Tuning Voltage Generator (Figure 4-4) con- -
. gists of a Ramp Generator that generates a linear,

" negative-going ramp voltage, a Reciprocal Amplifier
. that produces a mirror-image posxtive-gomg ramp
" voltage, and a Ramp Combining Circuit that combines

the two ramps and produces either a positive or -«
o negatlve—going ramp continuously adjustable in ampli~
 tude that is supplied to the Helix Voltage Generator
for. application' to the BWO helix. This adjustable’

L ramp controls the output frequency of the Backward

‘Wave Oscillator, and can be monitored at the SWEEP

‘ REF output connector on the RF Unit for testing pur-

 poses.

e quency is approximately 40 volts per octave.: .

4

'“AF is selected a small adjustable ramp is super-

ramp is replaced by an adjustable dc voltage. ‘When

s B

It generates a -

‘The: approximate ramp voltage vs output fre-

When Cw operation is selected, the adJustable- o
- Penlift Circuit that opens relay contacts, to lift the pen

1mposed on the CW dc voltage. When external FM is'
selected, the external sig nal is superimposed on the

-CW dc voltage

" 4 15 The Frequency Control Section also supplies a
' positive-going sweep voltage for operating’ the X-

system of graphic recorders and oscilloscopes, a
penlift contact for lifting the penof a recorder batween
sweeps, and a blanking pulse that cuts off RF output
between sweeps

4-16. THE RAMP GINIRATOI.

4-17. GENERAL. The complete Ramp’ Generator =
(Figure 4-4)consists of Ramp Generator tube A10V1,

- Cathode Follower A3V2B with ramp limiting diodes

' A3CR41, A3CR42, and A3CR43 The ramp generator tube
produces a linear, negative- going sawtooth of fixed

" amplitude and adjustable period which is applied

through switching circuits to the cathode follower and
ramp-limiting (clamp) diodes. These diodes fix the
‘voltage limits at the start and stop ends of the ramp.

The low voltage end is clamped to near 0 volts by -
. diodes A3CR42 A3CR4:iand isadjustedby A3R53. The

highvo’tage end is clamped by A3CR41to the regulated

+156-volt (+4 volts) supply. The clamped ramp isthen

“applied to the START/CW side of the Ramp Combining
Circuit and to the Reciprocal Ampliﬁer '

 4-18. 'l‘he Ramp Generator also supplies two outputi

pulses during its flyback period: 1) a short negative
- pulse to the Blanking Switch to turn off the RF output
during flyback and, 2) a longer negative pulse to the

of an external graphic recorder between SWeeps. -

| Model 8690B . .
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,4-‘19 The ramp generator tube operates in a free-run !
‘mode for automatically repetitive sweeps, in a trigger‘, ]

" ‘mode to start a ramp ‘from a trigger received, or it

L e

R 4-20, RAMP GENERATOR OPERATION Ramp Gen- -
o .{erator tube A10V1, a phantastron, has a two-stage
" “eycle: 1) plate current cutoff, and 2) plate conducting -
.. current and producing a linear, negative-going voltage
. --‘ramp G e ‘ |

y ‘4 21 Switching grid (pin 7) switches the tube from
. one stage to the other. Bias more negative than about -
=5 volts cuts off plate current and causes the screen’
.. grid (half of which is located ahead of the switching
grid) to conduct heavily..
‘about -5 volts allows 1), plate current to flow and
- starta negative-going ramp and- 2), ‘screen current.
Co o decrease causing .screen’ voltage to rise and light
.~the SWEEP indicator.
"SWEEP indicator lights at the start of a ramp, the”

 Bias more positive than

‘Note that, although the

. RF sweep does not start until the ramp voltage crosses

'4-22 During AUTO operation,

the + clamp voltage.

“the sw1tching grid

. receives plate current cutoff bias of about -13 volts
" from voitage divider A10R7, A10RS8; during trigger

~

“ operation, -40 volt bias is supplied from divider A10R9,
. A10R10, The bias required to turn plate current on

is received from one of three places 1) for manual

* trigger operation, pressing the TRIGGER MANUAL

' ‘button applies a positive-going pulse from C6 directly
- to the switching grid; 2) for external triggering, an -
_ external negative pulse applied through ¢ (Figure 4-5)

P R

O SWEEP
e SELECTOR

Lext|

, }{switching grid: ,
f},’j-can be switched ofi to permit manual frequencycontrol . - positive-going plate ilyback is delayed by A10R3,
- o _,‘;A10C2 and applied through A10CR1 to the switching% R
The delay allows the Helix' Voltage Generator '

: After plate current has:

" been turned on by any of -the foregoing methods, in-.
creased screen voltage forward-biases A10CR2 and "
‘A10CR3.
switching grid pin7 tokeep A10V1 plate current llowing

. ..and complete the ramp.

4-23. After triggering,

- -r-n—— -»—...n--—...—..-.._—.u--——-n—_?

‘ +275V-+20V +27%V

' TRIGGER -

CINPUT
- ‘:y'l .-_."vv.fr.""' o L
f”ﬂffj T SWEeP L
R | miMetsee) |
';‘tli "~ .]. VERNIER. i'
'4-6

to recover between sweeps:

A10CR2 maintains a positive voltage at

at A10V1 plate. In the circuit, shown simplified in
Figure 4-6, C is an integratmg capacitor initially

charged to the grid-plate voltage of A10V1 (about +235
volts). .

4~ 24 At the instant of triggering, plate current is

turned on abruptly by switching grid pin 7. The result-

-ant sharp drop in plate voltage is coupled by grid-
plate capacitor C to A10V1 control grid and steps grid .
_voltage enough negative to cause the control grid to
- assume control of tube current. Capacitor C then be-
'gins discharging through resistors A10R1,R2 at a rate

determined by the gain of the tube and the RC time
constant , ,

4- 25 As plate voltagefalls, screen current increases
‘and screen voltage decreases. At a screen voltage of

about +73V the reduced yoltage at A10R9, A10R10
Junction opens diodes A10CR2 and AIOCR3 Anegative

4278V

AIOR2

®RAMP OUTPUT.

+2T8V +278V

TRIGGER] =
MANUAL

1

e

.-SOOV -300V

Figure' 4-5. Simplified Schematic Diagram of Ramp Generator in Trigger Mode

) "feedback integrator" cir-
~ cuit produces a linear, negative-gomg, voltage ramp

 owismon

_;vf'j';'to the control grid, causes a positive-going pulse on-.‘. i “ 5
* the screen gridwhich is coupled through A10R9 to the =
and 3) for AUTO operation, the-

‘
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" volts, .putting a_15-volt charge on C8.
- -grounds the negative side of this charge, thus applying

~~ (Figure 4-7, point D).

SectionTv .

" voltagefrom the A10R7, A10RB junction is thenapplied

| ~to switching grid pin 7 and cuts off plate current.
' .. Plate voltage, control grid voltage and tube .current

o ‘rise sharply. The increased tube current goes to the

. . screen grid reducing screen voltage to a saturation
. level of +30 volts. Capacitor C recharges thréugh-
~© Al0R2and the circuit is ready for another cycle.- ~

~ 4-26. SWEEP TIMING, The SWEEP TIME (SEC)se-
~lector connects a different capacitor in the circuit for

" each time range.. To provide continuous adjustment

- of time between ranges, the VERNIER potentiometer - o
. adjusts the voltage: supplied to the gird circuit; the

‘more positive the voltage, the faster the gird return,
and the shorter the sweep time. To prevent a large
© transient from occurring when the sweep time range
'~ is changed diode CR1 holds the charge on the out-of-
-circuit timing capacitorsto the plate voltage of A10V1

prior to triggering. - ‘ : C

'4-27. EXTERNAL TRIGGER CIRCUIT. In theexter-
nal trigger input circuit, Figure 4-5, diode A2CR1 |

~ passes only negative-going pulses from the EXT input

o connector, while clamp diodes A2CR2 and A2CR3 limit -

- the amplitude of the input pulse to 20 volts. Coupling
- diode A2CR4 is forward-biased by A10V1 plate voltage
between ramps to pass. negative-going trigger pulses.

After triggering, the plate voltage drops and back-

. biases A2CR4, disconnecting the trigger circuit from
‘the integrator circuit. At the end of the plate flyback,
plate voltage again forward-biases A2CR4 and the trig-
.. ger circuit is reactivated. ,

are generated by S2 (Figure 4-5). Before triggering,
" the junction of A10R9 and A10R10 is about -30 volts
and the junction of A10R12 and A10R13 is about -45

4-28. MANUALTRIGGER CIRCUIT. Manual triggers’

the +15 volt charge. to the switching grid (previously
- about -30 volts) to start a sweep. |

14-29. During theSweep, the A10R12, A10R13 junction

. is near +15 volts, the switching grid is +0. 6 volt, and
“the charge on C6is about 15 volts.. Pressing S2 grounds
- the + end of C8, thus applying a -15 volt pulse to the
. switching grid which stops the sweep and returns the
Plate voltage to the start condition. Pressing S2 ugain
. starts another sweep. S ‘

. 4-30. BLANKING PULSES. The Ramp Generator .
produces two pulses, one for the penlift circuit, the .

~ other for internal blanking of the RF output. Both

- -pulses are initiated from voltage divider A10R14 and
A10R15 between A10V1 screen grid and ~-300 volts
' The lowered voltage of the
- screen grid between sweeps starts both pulses. The
" penlift pulse is taken directly from point D and lasts
. until the screen voltage again rises at the start of the
- next sweep: At the PENLIFT, output connector, the *
- penlift signal‘is an opening of relay contacts for the
- entire period between sweeps. The RF blanking pulse
+ . is terminated before the endof the penlift pulse by the
" plate flyback voltage delayed by Al0R5 and A10C3.

Pressing S2-

Lot

-~ 4-31. During the sweep, screen grid voltage drops in
- step withthe plate voltage; point D is clamped to about
+1.7 volts through A10CRS5 to the bases.of A10Q1 and
- Al0Q2. At the end of the sweep, screen grid voltage .
- ‘arops to about +30 volts, and point D drops to about
. =7 volts cutting off emitter followers A10Q5, A10Q6
to de-energize A9K1 and open the penlift contacts.

- 4-32. During,‘the sweep, point B is vmovi'ng‘from_ poSi-'
tive to negative, but is ¢clamped by A10CR5 to- +1.7

voltsat pointD. At the end of the sweep, when A1OCR5
is ‘opened by the drop in screen voltage, point D is

pulled negatively by point C to about -0.5 volt (the

clamping voltage of A10CR4) initiating the blanking

-signal fed to A10Q1.

3-33. During plat‘e volt:ige flyback point C voltage
moves positive and, near the end of the flvback, passes

through 0 volts opening A10CR4. - Point C excursion
stops at +1.2 volts ending the blanking pulse fed to

A10Ql. Refer to the explanation of the Blanking Switch

for further blanking action.

4-34. THE RECIPROCAL AMPLIFIRR. |
4-35. For'AUTO,_ AF, and MANUALoperation; the

 Reciprocal Amplifier receives the negative-going ramp
from the Ramp Generator and produces a mirror-

image, positive-going ramp with identical period and

- dc voltagelimits. This ramp isapplied to the STOP/AF

side of the Ramp Combining Circuit as shown in Fig-

ure 4-4. -

4-36. The Reciprocal Amplifier consists of differen-

tial amplifier Q2/Q3/Q4, inverter amplifier V1,and emitter

follower Q6 - on etched circuit board A3. Unity gain
is achieved by a degerierative feedhack circuit around
the entire amplifier as shown in Figure 4-8. The gain

of A3V1 is 70 to 75 db, but the net gain of the circuit

s equal to the ratio.of feedback resistor A3R56 to in-

put (series) resistor A3R55. For swept and single

R - frequency output, equal resistors give unity gain. For .
- ' external frequency modulation, unequal
~ A2R13.and A2R15 are substituted to obtain amplifica-

- tion. ., S . ' ,

resistors

4-37. The voltage at (2), Figure 4-8, is preset to
+78V, half the amplitude of the linear ramp from the

| Ramp Generator. When operating as a unity gain in-

verter, the circuit acts to maintain the voltage at (1)

. equal to the voltage at (2). To achieve this, the cir-

cuit produces a positive-going ramp at (3). The in-
stantaneous ramp voltages at (3) and (4) are averaged
by resistors A3R55 and A3R56 to produce about +78V
at (1). The negative- and positive-going ramps sup-
plied to the Ramp Combining Circuit must have exactly
the same dc voltage limits. To obtain this equality,

- the.dc voltage limits of the positive ramp from the

Reciprocal Amplifier are adjustable. AJR50 sets the
low voltage limit, and A3R75 sets the high voltage
limit. K :

" 4-38. When the Sweep Oscillator is set for external
- frequency medulation, the amplifier circuit is modi-
" fied by 1) replacing the dc reference voltage at A3Q2B

gate. with-the modulation signal, 2) replacingequal

~resistors A3R.56' and A3R55 with unequal resistors

 Model 86908
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Figuré 4-8. Reciprocal Amplifier Functional Schematic Diagram

A2R13 and A2R15 to obtain 10:1 gain, and 3) substi-
tuting adc reference from A2R38 for the ramp voltage. -

_This reference is adjusted so that there is no RF fre--

quency shift when EXT FM'is pressed and no modu-
lating signal is applied. The amplified external FM

~ signal, applied tothe STOP/ATF side of the Ramp Com-
+bining Circuit, modulates the dc Ievel at the combmmg

pomt

o
3 .

4 39. Diodes A30R46 andA3CR47 provide the voltage
- drop necessary to dc- ~couple the plate of A3V1 to the
gr1d of A4V1B and to A3Q5 .

_voltage levels that determine the Oscillator output .
frequency. The Ramp Combining Circuit consists of .
- ‘the START/CW-and STOP/AF potentiometers R6 and
R9 on the frequency dial mechanism, Unity Gain Fol- ..
lowers Q1/V1A, Q2/V1B and combining resistors R3, . .}
- R4 on etched circuit A4:. Figure 4-9 shows how’ thest{-’"',f,f,.-:: !
FUNCTION pushbuttons and SWEEP SELECTOR con-. L
nect the Ramp Combmmg Circuit for the vamic»us modes' o

¥

4-43. THE RAMP COMBINING CIRCUIT.

4-44. The Ramp Combining Circuit controls the dc

~ of operatlon

4-40. When the Sweep Osclllator is set to produce a

" single frequency (CW mode of operation), the recipro-
cal amplifier is disconnected and the STOP/AF side
of the combining circuit is grounded. The Oseillator
output frequency is then selected only by the START/ |

CW side.

4-41. THE UNITY GAIN FOLLOWERS.

4-42. The Unity Gain Followers A4V1A/A4Qi and
A4V1B/A4Q2 provide near unity coupling of the

, negatlve—gomg ramp from the START/CW potentiom-
. eter to the Ramp Combining Circuit, and of the posi-

tive going ramp from the STOP/ AF potentiometer to
~the - other side of the Ramp Combining Circuit. The
purpose of each follower is to couple the large (up to
~150 volt) dc swing of the input ramp to the combining

~circuit with minimum loss in signal linearity and mini-

\

- mum loading of the potentiometers.
the START/CW side through' the emitter follower and
diode A4Q1/A4CR1 with cathode follower A4V1A sup-

plying a relatlvely constant base-collector voltage for

. the transistor.  A4Q2/A4CR2 and A4V1B function in
"the same way for the STOP/AF side. Unity gain fol-

" This is done for

_negative-going. Figure4-10 shows a downward sweep -
from the high end of a frequency range (START/CW
setting) to a frequency of 2/3 the full range (STOP/AF

-

. obtained from A2R19 (Figure: 4-9). The ramp from -
_'the Reciprocal Amplifier, is attenuated and applied to
. the STOP/AF potentiometer. The voltage at the com= -
_ bining point, selected by the START/CW.' potentiom~'

lower A4V2A/A4Q3/A4Q4 provides near unity coupling

“of the tuning voltage from the summmg pomt to the

hehx voltage generator.

,4-19 -

4-45. Durmg swept- lrequen(.y operatlon, the Ramp

',Combming Circuit receives the clamped, negatwe- '
.. going ramp from the Ranip Generator and: the mirror=.;

image, positive-going ramp from the Rec iproc'il Am-

~ plifier, adjusts their’ amphtudesand feeds the adjusted AR,
amplitude through Unity Gali Followers to the ramp.. ;.

combining resistors. A resultant ramp of eontrollable,’
amplitude and direction is produced/ and fed tothe Hellx;
Voltage Generator. ‘By adjusting. the amplitude ‘of
either or both ramps, the resultant ramp amplxtude is
made contmuously ad]ubtable and either positlve- or

setting). Resultant output down ramp(sohd line) tunes:

sweeper output downward from 100% (7.) volts) to 66 6% o

(50 volts) of the full range

- 4-46. Durmg AF operatlon, the ramp to: the START/ _
CW potentiometer is disconnected and. ‘réplaced bya " -

static voltage, . equal to the upper limit - of the ramp,

_eter, is thus modulated by an amount set by the STOP/ .~
AF potentlometer A2R25 adjusts the amplitude of the -

j"'),"" :
R
NP AR




modulatmg ramp fed to the STOP/ A,F potentlometer to,
.give a maximum AF sweep equal: to '10% of the full
To prevent{:_-}“:,
" shifting the CW' (center) frequency set by the START/
cw. potentiometer as the amount of AF is changed the. .
... voltage center of the modulatmg ramp must be set to. ¢
exactly 0. The attenuated ramp from A3Q6 is all

. Oscillator range (about 15 volts at ‘RY).

positive potential; A?R28 shifts the ‘dc 'limits of the

ramp negatively until they are equally above and below

‘ zero .

/"’,

R '_‘E;E4-47 Durmg CW operaticn, the Ramp Lvenerator is . -
' turned off and the srgnal fed to the START/CW poten- “

Dy P
b . g'"
'
. . ' ¢
t S 1 L :
bty [ I -
. L ! [ R | [
' ' o Ll e

t) .

[ ’..';.‘~_
\.,4‘

b tiometer is a steady dc voltage equal to the upper

" voltage lxmxt of the ramp (+150 volts-at R6) obtiined
The STOP/AF potentiometey -
1S replaced bv a ground The voltage at the combining " e
o point is adjustable from 0 to+75 volts (giving full band; e

from. A3V2B cathode.

coverage) by the START/CW potentiometer.

“from A3V2B ‘¢athode.
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' 4-48. During EXT FM operatlon, the Ramp Generator‘-f o
is‘disconnected and the signal to the START/CW po-""“' A
: tentiometer is a steady de voltage equal to the upper
.voltage Timit of the ramp (+150 voltsat R6) obtained
“The STOP/AF potentiometer .~ .-
is dlsconnected and replaced by the external modula- S




"'tlon signal.

Section v

Prmciples of Operation '
- = RAMP couamms CIRCUIT —————
" FROM A3v2g FROM A306

" (NOMINAL I58V) ~ (NOMINAL 158V) |

v '
START/CW : .

A2R2)
) . . [
ty ot |
[sTaRT/CW] " - ISTOP/AF
aal | AdR4| AdRS| agaq2
A4VIA "l -AsviB
' , AACR) A4CR2 B
SETTOO0O . . SEYTO O
BYA3R53 o BYA3R50
7 S— D % FREQ
‘ A Ly
o “Yos -7 Lo
=TS ~ P T
o N >
> o _ e COF1s 29
50 e = am B
N . ’ ‘Q 3 .
- / \.‘s‘ 2g> gx
l/ - T“s . v ou
0 e - . \‘5 0 ‘
t, : 1,
' ) +E2 o
MEyinsT * _.1_2__3. '

) .

Flgure 4 10. Ramp Combining Circult
' Slmphfxed Dxagram

[N

The sagnal fed to the Hehx Voltage Gen-
erator is thus a dc voltage that is continuously adJust- '

able, by R6, from 0 to +75 volts, and which is modu- -

‘ lated by the external modulation signal.

. 4-49. DuringMARKER SWEEPoperatlon, the MARK- :

ER 1 potentjometer is substituted for the START/CW
' poteptiometer, and the MARKER 2 potentiometer is
_substituted for the STOP/AF potentlometer, W1thout‘

- any other circuit changes

3 l
i

4-soL ‘ml‘ HELIX vo'unol?emlnrou.

~ 4-51. To.sweep the RF output from the backward- '

wave oscillator tube linearly: with time, the voltage

: ‘.fapplled to the helix must change exponentially with

time. The Helix Voltage Generator (Figure 4-11)

" . receives the linear sweep rampor dc voltage from the'

412

" Tuning Voltage Generator and converts it to an ex-
ponential voltage change within the l;lmits required by o
) the BWO helix and collector. ‘ ,

"4-52 The Hehx Voltage Generator consxsts of an :
;"electromcally regulated power supply for which A8V2

and A8V3 are the series regulators, A4V5 and A4V2B

“ are the differential ""comparison amplmer, and A4V6,
is the control amphfier.

. higher than helix. potentlal
. tional .collector voltage ig supplied by regulated power

connected . to the hellx voltage.
tracks with the helix about 110 volts more positive.

Model 869(lB' -

i

‘ 4-53 There are two main differences between ‘he, 3

Helix Voltage Generator. and the power supply shown

in Figure 4-14: 1) the dc reference voltage applied to

one side of the Comparison. Amplifier is replaced by
the linear normalized ramp from the Tuning Voltage

" Generator, and 2) the feedback voltage from the regu-

lator output is obtained through a non-linear voltage
divider (shown simplified in Figure 4-11); Ry is a

‘linear element, Rb is the ncn-linear element. Rbcon-.
sists of 9 diodes, each with a factery selected resist- -
- ance in series, connected in parallel to the steps of a

_voltage divider. - At the low-frequency end of theband,
- ....when helix voltage is lowest, all diodes are non-con-

ducting; Rp is RF unii potentlometers A2R1, A2R2.
As ‘the Oscillator output frequency is tuned upward
helix voltzge increases, the diodes conduct one-by-one

shunting RF Unit A2R1 and A2R2 with their seriesre-

sistance and decreasing the value of Rb. Since the

gain of differential amplifier is proportlonal to the ratio

Ra/Rb, as Rp decreases the gain increases.

4-54, Because BWO tuning characteristlcs vary N

slightly from tube io tube, the factory selected resist-
ances in series with diodes A1CR3-CR11 adjust helix

voltage to track the RF output frequency with the fre-" .
‘Note that as the output frequency in-
creases, more diodes conduct; thus, setting of alower .

quency dial..

frequency affects factory resistance values for all

hlgher frequencxes

4-55. Some BWO . tubes require Lollector potentlal
For these tubes, the addi-
supply ASCR1, A8V1, the negative side of which is
The collector thus

d .
4-56. ln't he helix voltage ,regulator circuit, ampli- .
fier A4V6 provides the output voltage swing needed to
produce ithe approxxmate 1000-volt variation from the
" series regulators.

Clamp diode A4CR6 limits A4V6
grid-cathode voltage to about 7 volts during STANDBY

operation whenthe helix voltage supply is disabledand
grid voltage would othexwise drop very low. Diode .
‘A4CR8 maintains a’constant screen-cathode voltageto '

hold A4Va gain eonstant with chang_mg cathode voltage. .

)

- 4-57. THE ANOD! SUPPLY CIICUI'I’.

| 4-58. The RT‘ Unit Anode Voltage Ger.erator A1(A8)Q, |
A1(A8)Q6 receives the tuning voltage from A4Q4 and

may if desirad automatically raise BWO tube anode

voltage in the lower half of the RF tuning range to
. coarse-level BWO output power. Tuning voltages for
" output frequencies below midband are shifted nega-
tively relative 'to ground potential in divider A4RS,

A4R9. Tuning voltzges for Irequencies above mid-
band are clamped to ground by A4CRT. ;. Tuning vol-

~ tage at RF Unit A1(A8)Q1 base is most negative at the ..
~ lowes. output frequency, diminishes to near 0 about .
‘Anode Voltage

midband, and is static above midband.
Shape RF Urnit A1R40 sets the amount of 'anode voltage

" increase and RF Unit A1R42, Anode Adjust, sets the
. anode voltage to obtain the cathode current specxlied
- by the BWO tube manufacturer

- ‘\l._.
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il 4.50. l'l-ll lwo OIID MODUI-“O'

- "'3:.ersized;_-and;‘»cOnnects the BWO tube anode to the, out-‘

i put of ‘cathode follower - A3V2A At the same time
o ABKL connects. A3CR7 ‘A3C11 junction to +275 volts
A through A3R30. As capacitor A3C11 charges toward .
- the +2T5volts diodes A3CR7 stops conducting. A3CR7
~.isolates A3Y2A grid from A3C11 allowing the anode

) voltage preset by RF Unit A1R42 to be applied to the

i;'f'f?q BWO tube.

461 The A model RF Units contain a grid modu-

" lator, on' Assembly Al that receives amplitude modu-
lation signals. The signals are applied to the BWO

- grid circuit s0 as to modulate the BWO beam current
without affecting the cathode-anode voltage.

4-62 The BWO tube cathode (beam) current is con-

~ trolled by RF Unit transistors A1Q2, A1Q3 and associ-
ated circuits. Clamp diode A1CR13 prevents exces-
sive negative BWO tube grid voltage."
provides a low impedance path for grid current topre-~
vent negative self-bias at the BWO tube grid. Poten-

~ tiometer A1R14, GRID CUTOFF VOLTAGE ADJUST,
o provides a small range of grid-to-cathode voltage |
- -adjustment to minimize. output frequency shift when the
 BWO cathode is driven to maximum current during a'

- modulation cycle.

© 4-63. THE AMPLITUDE MODULATION SICTION.

. 4-64, The Amplitude Modulation Section consists of
. the: Blanking Switch, the Square Wave Generator, -and

the Frequency Marker Section. All amplitude modu-
' lationand RF powerlevel control signals are combined

~ and applied to the Attenuator-Modulator in the RF

Section. When the Automatic Level Control Amplifier

~is in use, all amplitude mofulationand RF powerlevel .

.fcontrol signals are routed with the ALC signal through
. the ALC Amplifier before ap,)lication tothe Attenuator-
~ Modulator.

468 ‘l’l-ll II.ANKING swncn.
486, The Blanking Switch consists of transistors Ql

’ .through Q4 on etched circuit plug-in A10. The purpose
. of the switch is to provide automatic turn-off of the

B 'Sweep Oscillator RF power during automatically re-

* current and triggered sweeping when the rear-panel

- BLANKING switch S13 is set to ON. Automatic RF
SRR blanking is possible with automatlcally leveled RF
\ poWer. o ool o

"4-67 The Blanking Switch receives a 1. 7-volt pulse

a irom the Ramp Generator and supplies a concurrent

ﬂ4-1431v77

\_,,n-on delay period. and duringf:*
"v"the BWO tube andde is grounded"

~ tive voltage at the base of A10Ql.
" starts at ground potential and ends at -6 volts. This
same pulse is also present at the rear-panel BLANK-

Diode AICR14

0 volts.

e A Modelaagoa AR

i .-v'}negative 6-volt pulse for application directly to the R 0

~Attenuator-Modulator or to the ALC Amplifier, de- -~ -

" "'.wfpending upon - 'whether  the Sweep Oscillator output is . |
" unleveled or leveled The blanking pulse shape and
timix‘;g with respect io the RF sweep is shown in Fig-.

- ure 4=T. .

. impedance. to prevent loading A10RS5 inthe Raxnp Gen-
.erator and a low output impedance to.drive the Atten-
~ uator-Modulator or ALC Amplifier. ‘
" A10CR4. termmates the pulse received from the Ramp

“The switch circuit. presents' a - high input

Generator at -0 5 volts and prevents excessive nega-

ING outputJ 9 in AUTO and TRIG sweep modes'whether )

_' or not BLANKING is ON B '
- ,4-«. THE sounl-wnvr omrnron.

1 4-69. The Square-Wave Generator produces a square

wave modulation signal adjustable over a narrow fre~
quency range centered on 1000 cps. It consists of
relaxation oscillator A11CR16, A11C3 A1ll1R34, R12,
and A2R32; Schmitt Trigger A11Q9, AllQlO andEmit-

ter Follower AllQll

4-'70 In the relaxation oscillator, All1C3 charges
through A2R32 and R12 toward +275 volts. At +20
volts, four-layer diode A11CRI16 triggers itself into

‘ conduction, discharges Al11C3, and the cycle repeats.

4-71, The sawtooth from the relaxation oscillator, ‘,
integrated by A11C4, A11R35 and A11R36, switches

'A11QQ in and out of conduction as it passes through
Diode A11CR17 protects the base of A11Q0 .
- from excessive negative voltage ' .

4-72. 'I'Hl FIIQUINCY MAIKII SIC'I'ION.

4 73 The Flequency Marker Circuits produce two
independent frequency markers on the swept RF out-
put at-frequencies selected separately on the MARK-
ER 1 and MARKER 2 controls. The complete Fre-

“quency Marker Section consists of two identical chan-
nels, one for MARKER 1, another for MARKER 2. In

the following explanation, references to parts and
circuits in the MARKER 1 channel apply equally to

* the MARKER 2 channel

4-74. The MARKER 1 channel consists of precision
potentiometer R8 (MARKER 1) a summing circuit
A4R12, A4R14, Cathode Follower A4V4B, Amplifier
A11Q5, Marker Generator A11Q6, A11Q7, and Emitter
Follower A11Q8

4-15. The frequency marker pulses can be added to -

the START STOP sweep, AF sweep, or external fre-
quency modulation. Markers cannot be added to the
MARKER sweep. To locate the marker at the desired
output frequency, a duplicate of the frequency-con-
trolling signal from A4V2A in the ramp combining
circuit is fed to the two marker channels in.parallel.

 The instantaneous voltages along this ramp are com-

pared against a reference voltage from the MARKER 1

- control through equal resistors A4R12, A4R14 and a

difference voltage is obtained from their ]unction
When this difference voltage passes through 0 volts,

Clamp ‘diode -

The output pulse *‘




Sponds to'the: selected output, frequency For example,

- exactly midband, the voltage at the A4R12, - AdR14
. ‘marker.1 control’ must be set fc. -38.5 volts. (Actu-

'~ voltage of Cathode Follower A4V3A),
.- the Oscillator tuning ‘range by setting the MARKER 1

marker is desired

L 4 76 Although the foregoing explanation of  marker .
t . triggering assumes START STOP sweep operation, '
marker triggering occurs in the same manner for AF o

and EXT FM operatlon )

477, The voltage at the junction of A4R15 AdR16

. is amplified by A11Q5, and applied to Marker Gener-

ator A11Q6, A11Q7. As the voltage at the. A4R12,
" A4R14 junction crosses’ zero going positive, it causes
,AllQ6 collector. voltage’' to fall,

- tion of A11R25, A11R27. At the same time, this
e positive zoing input is coupled through A11Q6 to the

. torise, and thus form the trailing edge of the frequenov
marker pulse at the Junction‘,of A11R25 Al1R27.

4 '78 The rise ‘and fall of the collectm voltages as

* ‘positive to negative, and the resultant voltage at the
~ resistor junction are shown 'in the graph in Figure
“ 4-12. The resultant voltage (E3), shown as a perfect.
nyr, is the marker pulse obtained when the A11R30,
.A11R31 junction voltage is optimum. -If the’ junction
‘voltage is lower, the marker pulse will have a flat
- bottom; if higher, the pulse will be reduced in ampli-.

is returned to its previous state and a second marker
pulse is produced but is obscured by the blanking pulse

~amplitude of the marker pulse and protect A11Q6 and
A11Q7 from excessive negative collector voltages.
, Clamp diode A11CR8 prevents excessive negative volt-
~ age at the base of A11Q5; A11CK13 holds Al1Q8 base
L e voltage near 0 volts between marker pulses.- Before
-0~ and after the marker pulse, A11CR14 is back-biased
o to prevent amplitude’ modulation signals from bemg
| oo fod back into the Marker Generator. :

~circuit from transistor amplifier A11Q5.
S ‘(MARKER 1 HF) sets marker 1 frequency at the high
. end of the Oscillator tuning ra .ge. A11R18(MARKER
% 1LF) sets marker 1 frequency at the low end of the
BT fOscillator tuning range ' \

4*81 When MARKER swszp is selected the grids‘_ o
- of A4V3A and A4V3B are grounded disabling ‘the Fre-, ,

. quency Marker Section. ‘Frequency markers are thus

.~ .not available with the Marker ‘Sweep.

i‘a frequency,marker pulse s’ generated. The dc ref—
" rence is adjustable so that the zero' crossing canbe
‘positioned at the point on-the input ramp that corre-. -

for a full band sweep ‘upward in frequency, the ramp. -
\-jvoltage input from the Frequency Control Section in- '
,__'-'creases linearly: from about +1 volt to'about +76 volts.
M, for 'instance, the selected Marker frequency is

start and stop frequencies are selected by the. marker' g

: ‘fnot include markers
.- junction must cross zero when the' input ramp crosses =

L +38.5 volts. For this to happen, the voltage fromthe . ' 4- 82. The marker sweep circuit consists of the

 MARKER 1 START/CW (R8) and MARKER 2 STOP

- ally, the marker 1 control:-voltage must be slightly (R10) potentiometers with calibration adjustments

. more -negative to compensate for the grid-cathode“
Frequency

' markers are obtained at any other frequency within the Ramp CombiningCircuit inplace of R6 START/CW
-:' ‘reference to equal the instantaneous ramp’ voltage -

| ‘which corresponds to the, output frequency at which a place of R9, no other marker circuitry is operational.

A2R22, A2R30 and AIR2, A1R3 calibrate the MARKER =

" 4-84. The Automatic Level Control (ALC) Amnlifier
R for_ use in.a negative-feedback system for reducing

: and thus form the
. leading edge of the frequency marker pulse at the junc-

T emitter of A11Q7 and causes A11Q7 collector voltage\ i

— ~— MARKER GENERATOR ~— -
| +20V L
INpUT 2 | © 420v

FROM ANQS : AR +20

IV e
/
|
" +4.7V l

" the input signal goes from. negative to positiv. - or

}
' .
+ t4v\ :
“+47v' -
. tude. During the ramp flyback the Marker Generator

4-179. Clamp diodes A11CR11 and A11CR12 Limit the

' 4-80. Cathode Follower A4V4B jsolates the summing- |
"A2R23

Principles of Opel‘a.tton_“‘ S

‘The marker. =
sweep is simply a'second: sweep having all the charac-
‘teristics of the START STOP sWeep except that its.

.settings on the slide rule dial A marker sweep can-‘ ,

f

rA2R22 A2R30 and A1R2 AlR3 respectively When
MARKER SWEEP is . selected R8 is connected into =

(see Figure 4-9) and performs all the functions of R6;
R10is connected into the Ramp Combining Circuit in

SWEEP sothere isno difference in RF output frequency
between the START STOP and - MARKER sweeps for
identical end -point. settmgs

4-83. THE AUTOMA'I‘IC LveL comnom
_AMPLIFIRR.

OR

[
i
i
!
1
{
|
t

AlIR27

‘t! 2

AlICRII A& ANICRI3 #Ancma

Y0y N 0

e TIME @

(FOR + GOING INPUT,
~ READ LEFT TO RIGHT)

(FOR - GOING INPUT,
READ RIGHT TO LEFT)

" Figrre 4-12. Marker Generator
| S1mplified Schematic, Diagram




Principles of,} Operation %

| signal is: to hold RF output. power nearly constant as
‘ output frequency changes.

power

" | 4 85 The ALC Ampllfler consxsts of a modulator,"

'a d1fferent1al amphfier, a leveling loop monitor, and
"an ALC gam circuit‘in the RF Unit.
amplifier compares a voltage proportlonal to RF level
~to an internal reference voltage and provides a differ-
‘... .ence voltage. ' Output amplifier A12Q3 inverts and
. amplifies the differential amplifier output. The dif-
ference voltage is applied to the modulator circuits to
. level-set RF output power and to reduce RF power
‘variations. For ampiltude modulatlon of RF power
leveled by a system using a crystal detector, modu-

lator A11Q12 superimposes amplitude modulation sig-

_ nals on ‘the reference voltage L
' ¢ ) ' ) . I

fiers that function as one. Double transistor Al2cH
forms an input differential amplifier, and A12Q1,
A12Q3 form an output dlfferentlal amphfler

1

4 -87. A12V1 (,ouples the ‘high 1mpedance collectors of |

the input amplifier to the low impedance base circuits
of the output amplifier.
- ferential amplifier, obtained from RF Unit POWER

. LEVEL control R1," is apphed to A12Q4A base. A

voltage pr oportxonal toRF power is applied toA12Q4B
‘base, and a difference voltage is obtainecl at A12Q2
collector

4 -88.. Screwclriver-operated RF Umt LEVEL SHUNT

"AlR1, shunting R1, determines the range of reference

voltage available from Rl

L

4 -89, The eftectlveness of the RF power leveling sys-

~ tem depends upon the gain of the ALC amplifier and
“the, sensitivity of the RF power-sensing device. RF
“Unit EXT ALC. GAIN ‘control R3 adjusts loop gain of
_the RF leveling systemto (1) prevent the system from
oscxllatmg at high POWER LEVEL settings when sys-
. tem gain is high, and (2) to optimize leveling perfor-

. ‘mance at low POWER LEVEL s ttmfrs when system, )

gam is reduced

power .‘evel Variations at theSweep Oscillator RFout- o :»’4 90 A12Q4 iS
put.: I he: feedback system, ' the ALC amplifier re- '
ceivesu.;a.negative voltage: directly proportiolt al to: RF .
power from an: extern@l crystal detector or- ‘power
.'ff"meter., It compares ‘this voltage; against an internal
reference voltage and develops a difference ‘signal
i r({which s, amplified, .inverted, 'and applied to the
Attenuator-Modulator. - The effect of this difference

The internal reference

' _'voltage is adjustable by the RF Unit POWER.LEVEL
“control Rl to provide manual control of RF output -

- The differential

- transmission line.
.. semiconductor material between P and N regions.. The
_intrinsic material causes a forward-biased diode to

' 4-86. THE DIFFERENTIAL AMPLIFIER. The dif- =
L ferentlal amplifier consists of two differential ampli-.

Reference voltage for the dif-

| Option 01 RF Units, completes an internal RF power -

. | 4-91. THI AT‘I'INUATOI!-MODUI.ATOI.

492, The RF Unit Attenuator-Modulator unit A4 is

located inthe RF transmission pathbetween Backward-

' Wave Oscillator tube V1-and the Sweep Oscillator RF -

output The unit performs the functions of attenuation,

- leveling, 'and. amphtude modulation of the BWO tube -
- RF output remote from the. BWO tube. This capablhty
"results in greater frequency accuracy and stability
~ than application of ampl1tude-controllmg stgnals di- -
' rectly to the BWO tube SR '

4-93, "I“m Attenuator-Modulator unit is a current-
~controlled absorption attenuator which consists of a

number of solid state PIN diodes shunting a microwave
" The PIN diode has intrir _.c (I)

absorb microwave energy, the amount of absorption

‘being determined by the amount of bxasmg current:

the greater the biasing current, the greater the ab-
sorptlon Since a single diode cannot absorb enough
microwave ' energy without ‘causing a discontinuity,
several diodes, biased in parallel, are spaced along
the transmission line. Appropriate control of biasing ’
current permits RF power leveling, RF power atten-
uation, .ampiitude ' modulation and combinations of
leveling, attenuationand modulation. The Attenuator-
Modulator unit in the Sweep Oscillator has an attenu-.
ation range of 30 db minimum produced by a bms cur-

" rent range of about 4to 7 ma.

4-04. During unleveled operation amplitude modula-

tion signals are superimposed on diode bias current

supplied through RF Unit POWER LEVEL control R1.

During automatic RF power leveling bias current for»

- level control and amplitude modulation is supplied by
" the AL«C Amplifter

‘ @.ﬁ .OPTIONAI. DIIICTIONAL D!TICTOR.

Dxrectional Detector unit A5, supplied. thh

leveling loop. The Directional Detector is a direc-

“tional coupler with a crystal detector at the secondary

line output. Located between Attenuator-Modulator |

- A4 and the Sweep Oscillator RF output, the Directional -
. Detector samples RF power output and converts level

variations in'the sample to proportional dc. During

 -automatic leveling, this dc signal is applied to the
" ALC (leveling) amplifier which controls attenuation in
~ Attenuator-Modulator A4 and reduces RF levelvaria-

tions. INT-EXT switch S1, must be at INTernal for

~ ‘internal RF power leveling. The EXTernal position
" opens the internal leveling loop to permit external
| remote-pomt and: power meter levelmg

¢

dual transmtor to equahze dc-,- L !
“drift with temperature between the two sidesof thein- = -
‘ 'put differential amplifier. During RF power leveling,
o " voltages equal within ‘0.1 mv occur at the bages of
. Al12Q4A and A12Q48 “An mdicatior of mgmﬁcant dif-
ference between these: voltages is astep inthe normally
straight- hne, between-sweep Osc11103cope display of

s blanked RF power 4 B




Section W"

fcr ohtput voltage tp change is immediately counter-

| | o - acted by -the ‘control voltage, and the. supply outputi‘.-"‘
4-98. Low-'Pass Filter FLl is a passive low-pass : voltage remains constant : L
"RF filter with cut-off frequency close’ to the upper
‘limit of the Sweep Oscillator frequency range. The . ‘4-106 Since the gain of the Comparison Amplifier:
;-,filter reduces harmonic effects whlch degrade RF ' determines the degree of regulation, it may be fol-

e : “to improve regulation. . The Comparison Amplifier is-
4.99, ﬂ“ PIIMAIY POWII TUIN-ON .. . adifferential type for temperature stability. The dc

SIQUINCI. | | . from voltage regulator electron tubes, from semi-
,‘4-100 Primary power turn-on to the Sweep Osc1lla- - conductor voltage reference diodes, or by voltage
s ‘{f"tor circuits occurs. in timed stages to provide longer = division from another, regulated power supply. When
. vlife. and protection for the expensive BWO tube and  an adjustable power supply is used as the reference’
~ " other. components. At turnwon, thermistor A9RT1 . - for 'another ‘supply, changing’ its. output level also
. - prevents a high-current surge-in-the ac- operated tube . changes the level of the’ supply for which it is the
- heaters. and power supplies connected to T2. Initially; reference

‘~ there is a 40-volt drop across A9RT1 that' diminishes
£+ to' 1 volt in about 15 seconds. Time delay circuit
A8CS, A8R13 'A8Q1, K2 prevents application of oper-
' ating helix and anode voltages to the BWO tube before S . |
" the BWO. tube cathode reaches operating temperature. : , L - .

t " The delay period starts after the -6.3 and +20 volt

“ . " -supplies are turned on. ' A8C6 then begins to charge ‘
. toward these voltages through A8R13. Eventually (60- - 4-1017. +275 AND 300V POWER SUPPLY
" " 120 seconds) the charge on A8C6 forward- biases A8Q1 N TURN-ON SEQUENCE

which actuates K2. Contacts of K2 energize T1 pri- -

.+ mary winding and actuate A3K1 to energize the helix | . o ' :

-~ and anode voltage generators. The +20' volt supply ~ 4-108. The fouo“wing paragra'phs describe the +275V.

- “and relay K2 are interlocked by the’ RF Unit. The power supply. A similar description applies to the

S primary power turn-on sequence is shown m the dia- =300V supply, with exceptwns noted. . ,
o 'gram .of, Figure 4- 13 : : ‘

. | - 4-109, A5CR1 ASCRZ and A5CR3 form a voltage ref-
-4 101 To protect the BWO tube from _excessive . erence stick, and provide +180V to forward bias
heater voltage or helix current, the turn-on circuits A5CR20. Current flows through A5R29 and A5R24,

Jiarg: held Cpethoual by sale V;‘I“es d°ff helx current and then into the base of A6Q7. A5V1 will not conduct
- and healer voliage, and are release elther 1s ex- at first because filaments have not heated.

- -cessive. 'This power shut-off results in a lock-out
. ‘condition that requires the. LINE switch to be set to . o S ‘ | o
OFF before normal operation can be restored. The 4-110. The resulting large A6QT7 ‘base current (about

" - BWO tube anode is protected from excessive dissma- 0.9 mA) causes ABQT to saturate. The high A8Q7 col-
tion by fuse Fl. - ‘ \ lector current robsbase current from A6Q6 and shuts
L , off series regulator A6Q10 by making A6Q5 and A6Q10
| 4.102. THE pow“ SUPPI.IIS. © .+ collector currents zero. This prevents current flow
S through -the series regulatm ‘Because ABQ10 is cut
C _‘4-103 GENERAL OPERAT]NG PRINCIPLES, - '+ off, theimpedance of the power supplyis high and very

httle current flows through AJR34 into the +275V sup-

 4-104. All the dc operating voltages shown in Figure -+ Ply load.’
" 4-2 are electronically regulated. Some are obtained

e directly from regulated supplies,  others are derived 411 1 Voltage at ABF1 (mput to the +275V supply volt-‘

| by voltage dxvmmn from regulated supplies. age limiter)is about 360V. Thus, current.flows through
o , ' A5R2, A6CR4, AGCR5, A6R6 and A6Q7. Initial +40V _

. ~ out ut voltage is established by voltage division between
= 4- 105 There are five transistor type electronic reg- _ Aﬁlgz and AgRB The output vgltago gstays at about 40V
‘ ‘ulated power supplles providing +275, -300, +20, 12.6 . magnitude (+ for +275V supply; - for -300V supply)

and -6.3 volts. Allof the regulators operate as tollows g

until after A5V1 vacuum tube filaments have heated
~ As shown in Figure 4-14, a regulating element (Series - up. The output voltages track as they increase from
- Regulator) is connected in series with the'loadand the the 40V level to the normal output levels : ,

dc power source (Rectifier). The resistance of the
L 'regulating element is made adJustable so that the volt- ' ‘ '
~-age at its. output will be adjustable. The resistance 4-112, A few Seconds after turn—on A5V1 conducts

"' ig adjusted by a control voltage the higher the control and shunts base current formerly avallable to A6QT7,
fvoltage, the higher the output Voltage. ‘A sample of . ABQT collector current then’ decreases, allowing cur-
~ theSeries Regulator output voltage is compared against _rent toflow through the base of A6QB. Series regulator .
.. a stable dc reference voltage by a Comparison Ampli- ABQ10 then conducts only through the load impedance

" fier and the difference voltage is inverted and applied becauge the current path through A6CR5 and ASRS6 is

,to the Series Regulator Asa result any tendency . Closed by limited A6Q7 base current

- 4-17

Principles of Operation ey

-“t;power leveling R RISt AR - lowed by an additional control, or driver, amplifier =

‘reference voltage used for comparison is: obtained’
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4-113. The output' voltage begins. to rise. as A6Q10

o 5 collector current flows into the load and charges C8B.

" When the output reaches +275V, A5V1 shunts just
. enough current away from the base of A6QT to control

-the output current, maintaining a constant voltage re-

gardless of the load impedance. The initial condi ‘ions
hold until A5V1 begins to conduct apprecxable current
' and the power supply outputs increase in voltage toward
stable condition.

J

4 -114. When the ~300V supply output voltage i mcreases. ‘

more negative than -82V, A5V2 turns on to regulate

the A5QI and A5Q2A base voltages at this level. When |
“the output voltage is -300V, voltage at the center tap
of A5SR7 -300V ADJ is set to -82V and A5Q2A will take
over control of the A6Q9 base current. This control

- establishes the stablhzed -300V output voltage.

4-115. ance the voltage difference between A5V1
‘cathode and A5CRI14 cathode is less than 10V, ASCR)7
prevents current from. -passing through A5R16 andinto
A5R22 when a stable condition is reached. This mini-
mizes +275V supply drift by reverse biasing A5CR15;
~i.e., there are no voltage variations across non-

i conducting ASCRIS.

‘_4-1“16 4275V AND -300V POWER SUPPLY
‘ - INTERDEPENDENCE. | : |

| 4-117 When the +2'7 5V supply output voltage exceeds‘

: +180V,, A5CR21 conducts, ASCR20 is reverse biased,
. -and A5V1 is supplied with a well regulated plate volt- ‘
age A5V1 can conduct the proper current only if the

_ Figure 4-14. Begulated Power Supply Block Diagram “

4 .

" -300V supply voltage for A5R22, A5R23 and A5R26 is

approximately correct. Thus, the +275V supply is de-
pendent on the -300V supply for proper operation |

4-118. Further the -300V supply needs correct bias
current supply by the +275V supply. The -300V sup-~
ply sequencesthrough the following states. asthe output
voltage mcreases from -40V to -300V :

 4-119. At turn-on some of the A5R15 (next to test

loop.B) current flows through the base of A6Q9, turning
on A6Q9 A6Q8 and the -300V series regulator A6Q11.
ABQl1 collector currentpasses through the -300V sup--

‘ply load impedance and develops an output voltage

which is controlled by the relationghip between A5R15, -
ABR16 and A5R22. Assuming that A6Q9 base current
is negligible and that the voltage at ASCR14 cathode is

‘always about 4.5 volts, the current flowing through

A5R15 will also flow through A5R16 and A5R22 (A5V1
is off because filaments have not yet heated) and will
develop a voltage at test point 1 about equal but of op-
posite polarity to the voltage at test point 2, because
the registive sum of A5R22 and A5R16 is about equal
to A5R15. The two power supply outputs approximately
track each other during turn-on because equal currents
flowing through equal resistances yield equal voltages.

" The small base current required by A6Q6 to maintain

trackmg is controlled by the voltage at either end of
the A5R15/A5R16/A5R22 re51stor stick. . :

4-120 +275 AND -3OOV CURRENT LIMITERS

\

4 121 The two current limlters are identical in

‘function; the following paragraphs describe the +275V

current llmiter. The current llmiters are similar to

4-19
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~6.3VOG'SUPPLY VOLTAGE EXCESSWE |

CR2 CONDUCTS

ENERGIZING:
‘OVER-VOLTAGE

RELAY A9K|

lfwo“nttlx CURRENT EXCESSIVE |

. OVERCURRENT"
CORELAY
D £
ENERGIZED

. OVER-VOLTAGE -
~ RELAY ASKI
ENERCIZED THRU
. K3 CONTACTS

g

- 1
A9KI CONTACTS
“(1)DISABLE

~6.3V SUPPLY
~(2)H0LD K

. ENERGIZED

AIKI CONTACTS
OPEN HOLD CKT
FOR TIME DELAY
- RELAY K2

AOH CONTAGTS
DISABLE

1 -300vDC suppLy |

| ‘ue DE-ENERGIZED I
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ANODE VOLTAGE
CONTROL RELAY
DE-ENERGIZED
BY X2 CONTACTS
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LANP D58 BNO ANODE f

SuppLY

‘420

T) PRINARY CKT
OPENED BY K2
CONTACTS

BWO HELIX
SUPPLY
DISABLED

Figure 4-15 Sequence Diagram for BWO Tube Heater 0ver~Voltage and

Helix Over-Current Protection
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0 aiz.
S turned off and the series regulator can have as much
.'base current as it needs. If the load. resnstance begins

‘_.a bridge circuit A5Q4 acts as a sWitch to shunt base
current awayfrom A6Q6 which drives the series reg-

}-".ff:ulator thus turmng off the current available to the

load.” The unique characteristic of ‘the circuit is that

the maximum current available to the load is roughly
proportional to output voltage. :

t.'.b'

Under normal operatmg tondltions A5Q4 is

to decrease so that the load current increases, A6QI10

I emitter voltage increases due to the increase of volt-

age across A5R34. A5Q4 base voltage also increases

o and ‘eventually exceeds A5Q4 emitter voltage. This -

" turns on A5Q4, unbalances the bridge and provides a

" current path from the base of A6Q6 to the emitter of |

A5QM, hmlting the base .current available to A6Q6

4 123 Once A5QM collector current starts to flow,
“the output voltage decreases as series regulator AGQIO
base current is limited. A6Q7 will cut off 'as the feed-
‘back circuit tries to restore the output voltage, but the

resulting extra base current available for the base of |
" A6Q6 will be limited by the amount of A5Q4 collector

" current. - With this limiting, the output voltage is no
: 'longer controlled by the feedback circuit, but is in-
: stead controlled by the current limiting circuit

4 124 +275V° AND -300V VOLTAGE LIMITERS.

'4 125 The two volt'lge limiters are identical in
function; the followmg paragraphs describe the +275V
- voltage hmitex

turn-on, normal operation, and short circuit operation

. 4-126. Under normal operating conditions, A5Q4

emitter (+275V output) is at +275V so that the voltage ‘

difference between this point and the collectors of A6Q1
‘and A6Q3 is about 125V. (Maximum voltage at A6Q3
is +400V at high line.) With only 125V available, AGCR1
and A6CR2 will not conduct'so that A6Q1 and A8Q3 will
- saturate.
'ABQ1/A6Q3 collectors and the collector of A6Q10 is
" nearly zero.

,level for collector currents in excess of 200 mA

4- 127 If the +2'75V supply load resnstance should sud-
denly decrease to zero, A6Q10 emitter voltage will be -
about zero. A maximum of +400V at A6F1 will drop

"‘across AB6R1/A6R2/A6CR1/A6R15/A6CR2. A6CR1
and A6CR2 together drop approximately +140V, leaving
' 260V drop across A6R1 and A6R2. Disregarding A6Q1
base current, A6Q10 collector voltage level is then
about 270V, i.e
about the same as the voltage at the junction of A6R1
and A6R2. In this state, series regulator A6Q10 col-
lector to emitter voltage will be about 270V. This is
a safelevel because the cui rent limiter limits the cur-
rent through A6Q10. AGCRI/AGCRz and A6R1/A6R2
values are such that for any combination of lead cur-

The +275V voltage limiting circuit -
‘works in conjunction with the +275V current limiterto
control voltage and current levels during all phases of

In this state, the voltage drop between the -

Thus, the A6Q10 series regulator col-.
. lector to emitter voltage is a maximum of 125V; a safe:

, the collector voltage of A6Q10 is -

',‘4-128 THE -6. 3 vom" SUPPLY

4-1 129 The -6 3 volt supply provides electron tube

 heater power as well as transistor operating power

~and clamp refeérence voltages for various: circuits..: .
" The supply operates as explained under General Oper-
" ating Principles - except that it is self-referenced and -
requires two series regulators (Q2, Q3, and Al14Q4)
. in parallel to supply the requn'ed current : ’

4-131.
vention to protect the BWO tube heater from excessive
-voltage resulting from a short-circuit of one of the
series regul‘uor transistors. The over-voltage pre-

vention circuit,A9Kz,A9CR17,A9R8,and A9R9 disconnects

the supply from its rectifier and initiates an action

“whichremoves the other BWO tube operating voltages.
" If a series regulator transistor short circuits, the

supply output voltage rises enough to cause break-

down diode CR2 to conductand provide anoperate cir-
cuit for heater Over-Voltage relay A9K1. A9K1 ener- . .
gizes. K1 contacts disconnect rectifiers AOCR7, ASCR8 .

from the -6.3 volt regulator and connect their output -

~directly to the coil of A9K1, holding A9K1 operating.The
. complete sequence for removing the BWO tube opera-

" ting voltages is shown diagrammatically in Figure

" rent and output voltage, the voltage across A6Q3 col- -

. lector to emitter will be large enough to limit the series
regulator power dissmatlon thhm sa.fe limits. '

4-15. The SweepOscillator remains in the state shown
in Figure 4-15 until LINE S11 is set to the off position,
allowing the relays to reset for a normal turn-on
cycle. " The time delay will not recycle unless the RF

. Unit is installed. However, a turn-on cycle should

not be restarted until the cause of shutdown has been
1nvestigated '

- 4-132. THE 12 6 ,VOLT SUPPLY

4- 133 The 12 6 volt supply provides regulated elec-
tron tube heater power. The positive side of the sup-
ply is connected to a +65 volt tap on voltage divider

- A14R4, Al4R5 from which the supply maintains a
-12.6 volt difference. The regulator output voltage is

coupled, without signal loss, by A14CR2 to the base

- of A14Q1. This base signal is inverted and amplified

.. in A14Q1,
amplified in A14Q2, the signal becomes degenerative

and applied to A14Q2 ‘base. Current-

feedback at the base of series regulator Q4 to counter-
act voltage variations at Q4 base.

4-134. THE'+20 VOLT SUPPLY.

A

4- 135., The +20 volt supply provides regulated ‘tran-
sistor operating power. The regulator circuit oper-
ates as explained under General Operating Prmciples

" DC reference for the Comparison Amplifier is obtained.

from voltage divider A14R8, A14R9 connected between -
the regulated +275 volts and ground potential The
- Comparison Amplifier A14Q5, A14Q6 is. followed by

current amplifier (Driver) A14Q3 Wthh supplies base
current to Series Regulator Q1. :

" "4-136. BWO run nlux ovn-cunmr

PIOTICTION.
4-21
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The‘ -6.3 volt supply‘ has over-voltage pre-
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Comparison Amplifier A14Q5, ‘A14Q6 is followed by
current amplifier (Driver) A14Q3 which supplles base
. current to Series, Regulator Ql

" 4-136. BWO TUBE HELIX ovn-cunmr
_PROTECTION. | .

" sive current by Overload Relay K3. Each type of

T

E 'DC reference for the Comparnson Amplifier is obtamed '
- from voltage divider A14R8, A14R9 connected between
- the regulated +275 volts. and ground - potentlal The '

‘ 4-137 The BWO tube hehx is brotected from exces- |

: backward-wave oscnllator ‘tube has a maximum helix

o -Model-‘ 8_6_90;3 o

current ratmg whnch is Specmed by the tube manuiac-'

- turer. This rating insures that helix power dlSS,lp&-

tion remains within' safe operatmg limits, Over’uad

. Relay K3, in series with the Helix Voltage Generator,
.dlsconnocts ‘oprrating voltage from the helix if helix -

current ‘exceeds the tube manufacturer's specified
maximum. If helix current exceeds the operate value

, for the overioad relay, the relay is energized to remove

all operating voltages from the BWO tube as shown
diagrammatically in Figure 4-15. The SweepOscnllator
remains in the state shown at the end of the sequence
inFigure 4 15unt11 LINE S11 is set to the off position,

allowing the relays toreset for a normal turn-oncycle.’ - |

However, a turn-on cycle should not be restarteduntil
the cause of shut-down has been investigated.







5-1. mnonucnon. o

. (

L . tion to (1) perform performance tests, (2) make ad-

' justments and perform: calibration, (3) troubleshoot, .

' .and -(4) repair the 8690B Sweep ‘Oscillator. Where

P fapplicable, these procedures include the information -

-+ required. to perform maintenance on the 8690 series
... RF Units used with the 86908 ,

'5-3. TEST EQUIPME NT REQUIRED The test instru-
‘ments required for maintenance are listedin Table5-1.

" . 'Test'instruments other than those listed may be used

. r",provided performance equals or exceeds Critical
SpecxficatiOns »

5_4 MAmummc: PHCAUTIONS

VOLTAGES IN EXCESS OF 1000 VOLTS
' INSIDE CABINET o

. B D top sxde near fan on A8V2 and A8V3 plate A
| (anode) connectors
. = under side on exposed Tl c2 and C3 ter-
‘minals
- right side on BWO tube terminal assembly
A3, RF Unit =
- left side on high voltage power supply
assembly AB '

: DO N OT SHORT CIRCUIT CASES OF CHASSI{S-, '
‘ MOUN TED TRANSISTORS TO CHASSIS

. sicrioNv
| = MAIN‘I'!NANCE

'5 2 This sectionprovides instructions and informa- :

.remove and wash it in detergent and water , Ire
. stricted air flow gives longest component life. Keep
the filter clean. . .

" (4) Testing after repair.

Maintenance

| 's;s;'rnloolc MAINTENANCE

~ 5-6. CLEANING THE RF UNIT AIR FILTER.

5- 7 lnspect theair filter regularly and, if necessary, :
- Unre-

5-8. wu,scnqon |

5-"9.. No routine lubrication is needed. Mechanical

parts are lubricated at the factory.

5-14. PERFORMANCE TESTS.

5-15. The procedures listed in Table 5-2 test the

.. electrical performance of the 8690 series Sweep Oscil-

lator-RF Unit combinations for: (1) Incoining inspec- .
tion, (Z) Periodic evaluation, (3) Calibration, and
'The tests can be performed
without access to the instrument interior. ~Specifica-

_tions of Section I in this manual, and in the applicable

RF Unit manual, are the performance standards. If

- the Sweep Oscillator-RF Unit combinationfails to meet

any of the performance test specifications, and a cir- -

~ cuit malfunction is not suspected, refer to the adjust-

ment procedures. If a circuit malfunctionis suspected,

' refer to the troubleshooting paragraphs

[
i R B ¢
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.- Model 8690B -

~SeetionV. ... . L
Maintenance ’ (.
E _Table 5-1. Test ‘EQuiptnenf R66‘1‘(1;i’i‘.tj'.f'd''f"vor'Maintenan‘ce .
s I"St"“me"t 7 ‘Cf,it?¢a1_8pe¢ification5_-'..',' o ~ Recommended Models

‘Adjustable line voltage. ;

E Voltage Range 90 to 130 volts -

" General Radio W1OMT3A

transformer o . Current: 7.5 amperes , : Superior Electric UCIM
S ‘Voltmeter Accuracy +1 volt o - o S
‘| Oscilloscope  Vertical Bandwidth: 5 MHz HP140 with 1402 and 1420 Plug-

.1 ~ Vertical Sensitivity: 5 mV/cm
1 SW.eep»Time Accuracy,: 5:3% :

Ins

| HP175 with 1752 Plug In

‘Accuracy: 0. 1%

- ,Crystal-Detector | Frequency Range Same as RF Unit  HP423 |
o - used' =
Sensn‘ivity 100 mV de from <0.35 mW,
- high level; > 0.4 mV.dc/uW, low level
Frequency Response "£0.5 dB or better
. Fixed Attenuator Frequency Range: Same as RF Unit HP 8491 Op. 03 = 3 dB -
. e used : 06 = 6 dB
Attenuatlon 3, 6, 10, 120, 30 dB as 10 = 10 dB
: requu'ed - 20 = 20dB
30 = 30 dB
Frequenc-y Meter " | | Frequency Range: W-Sa,meas RF Unit - HP536
o : used HP537

" HP 532 series for waveguide bands

Power Meter and

Thermistor Mount

- 'Frequency Range Same as RF Unit

used
Power- Range luW to 10 mw

HP 432 with HP 8478 and HP 486

Waveguide to- Coaxial

| Frequency Range Same as RF Unit

HPH, X281

- Accuracy: 3% |
j‘Input Impedance: . 20k, ohms/volt '

) Adapter used
Square-Wave . : Frequency Range' 40 to 1200 Hz HP 211 \
- Generator Output: -13 volts peak |
S . Symmetry 50~ 50
Audio Oscillator Frequency Range 100 Hz +10 Hz "HP 200,‘ 20,
S I 'Output 0—14Vrms , .
AC Voltmeter Average - respondmg, rms HP 400
,J o ' ‘ calibrated ‘
b, . Range:. -28'to -60 dBm minimum
Accuracy: ¢5% | .
~ DC Vollmeter * Range: 0 to +300 volts 'HP 34608

. DC Voltage Source .

Output regulated variable

Range: 0+ 20 volts
_Polarity negative

HP 721 Transistor Power 'Supply

5-2

————




|

' Section V

© d. Press MANUAL TRIGGER pushbutton,

S S | “Maintenance
. TAmE v;j-z‘.;_pumuMA‘Ncl‘ TESTS
: ) NOTE
ALLOW 30 MINUTES WARM UP
l. Powor Vurialion, Unlovoled
Procedure ' S S
Lo Connect equlpment as shown in. Figure 5-1, Omit connection of oscilloscope.
' b. Set RF Unit controls as follows R |
. ALC’(Option 01) ., sereeeveenes oEXT
' POWER LEVEL . . “.l....‘.‘,...‘.‘....MAxcw
.~ 'c. Set 8690 controls as follows: - | L
- PWR MTR LEVEL...... OFF SWEEP TIME VERNIER ..... ' MAX CCW
ALC........c.... ... RELEASED = START/CW.. .+ + v+ ... Low end of specified range
SWEEP SELECTOR. .« » . TRIGGER STOP/AF. . ......vv .. High end of spec1fied range .
3 SWEEP TIME (SEC). ... . 100-10

LINE.......... S . RF

e. Measure power output over specified RF Unit frequency range.
f. TEST LIMIT Maxlmum power output varlatlon less than 10 dB.

2. Power Vcriction, !xurncl lovoling.

Procedure Y

A, Cormect equipment as shown in Figure 5-3 accordmg to RF Umt model used Omltconnection AandB

| | b Set RF Unit controls as follows: o
! ALC(Optlonol)‘o'oooo"onvoou“o.-‘-o-uul

- POWER LEVEL

CALC... ...
 SWEEP SELECTOR ... .... . ...
START/CW . ..... S
CUSTOP/AF v vvee et
LINE ....... T e

CW
Low end of specified range
ngh end of specified range :

RF

d Set POWER LEVEL for maximum leveled power output (as indicated by UNLEVELED lig,ht)

e. Measure maximum leveled power output on power meter, Compensate for characterlstxc changes
with frequency for the cables, attenuator, adapter, and callbratxon factor of thermistor mount, if any.

f Measure dc level, V1, at XTAL ALC connector using oscnlloscope
g Set POWER LEVEL for a-1.0 dB change in power meter readmg
h Measure de level, V2, at XTAL ALC connector using oscxlloscope

i‘.' Calculate the test limit for an ALC mgnal change which corresponds to (A) +0 2 (0.4 pk-pk) dB power

| output variation, or (B) +0.1'(0. 2 pk-pk) dB power output variation accordmg to RF Unit model used:

(A) -—'2—'5—- (V pk-pk)
(A type RF Units)

j Set 8690 SWEEP SELECTOR to AUTO

k. Set POWER LEVEL for maximum leveled power output (as mdlcated by UNLE VELED hg,,ht)
L 1 Measure vultage variation in ALC signal. '

{

e L5 (V, pk-pk)
(B type RF Units)

m. TEST LIMIT: The (V, Pk-Pk) value calculated above ThlS test limit excludes coupler and detector
~variation. Maximum power output variation in dB as follows

Al "A" Model RF ‘Units: +0.2 dB.
All "g" Model RF Umts eO 1 dB

(Continued)
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{0 ""‘Sectionv S Model 8890B.
]»‘:.Malntenance ' s T s e LT e e | S

rmtfc'sj.'z;fip‘mo]mnct s 0

| 3. Powor Vcricﬂon, lntornol lovollng(Op!ion O‘I II Uniu)
Procedure : ‘

Coa. Connect equipment as shown in Figure 5-1 to include power meter thermlstor mount and attenuator.
Omxt connectmn to oscilloscope. :

b 'Set RF Umt controls as follows - SR
ALC(OpuonOl) ..,._...‘..A..'...‘.INT

- POWER LEVEL . ceeiedeaie.. . MAXCCW S
L c.. Set 86908 controls as follows - ST B
- ALC. e e s e s e a e ane s e ++....DEPRESSED PUIRTE
SWEEP SELECTOR ....... veesssse. TRIGGER :
R SWFEP,TIME(SEC) Che s esesaasasss100-10
. START/CW .....'eiesvvesensisass LOw end of speclfled range
STOP/ AF, ....... e et e e e High end of specified range
LINE .....vvrirnunsrneasnnsee o RF |

~ d. Press MANUAL TRIGGER pushbutton,
& Set POWER LEVEL for maximum leveled power output (as mdicated by UNLEVELED light)

f. Measure power output over specified RF Unit frequency range . Compensate for characterisitc
changes with frequency for the cables, attenuat.r and calibration factor of the thermistor mount, 1f ‘any.

; g TEST LIMIT: Maxlmum power output varlatxon in dB as follows: :
8691A: 0.4 dB L 86938 option 100: +0, 4dB -

. 8692A:  :0.4dB ' - 8694A/B ' +0, 75 dB
8693A:  40.5dB | ... 8694A/B option 100 +0. 75 dB.

8693B:  :0.4dB y _8694A/B option 200: - 20.75dB
4. Maximum Leveled Powor Output. | AR
"'Procedure , S ~ S
~ a, . Perform steps a through e of Perforrnance Test 2, except set Optxon ‘01 RF Unit ALC switch to INT
. :b, TEST L'l\ IT: As spec1f1ed in Table 1-1, Summary of Speciflcations

| 5. sum/cw Aceurccy (Start-!'op Funcﬁon)
Procedure |

~a. Connect equipment as shown in Figure 5-2 accordmg to RF Unit model used Omit connectxons A,
"B, and C." Omit the directional detector combmation at the RF output connector

. b. Set the RF Unit controls as follows o |
POWER LEVEL ...... B T AT MAX CW

. AIAC (Optlon 01) .. ‘u I R S Y ‘- Y I ; * o 0w EXT ‘

‘¢, Set 8690 controls as follows: ,‘ o o —
AMPLITUDE MOD pushbuttons + + v+ . All released ' |
ALC nnnnnnn IR R o s 5 0 0 s s Released I
IJINE " 2 .0 0 0 & 9 » ‘-' “ o » ‘0 - ¢« v o . b v s 5 B R n e " RF

o d Adjust oscnlloscope to observe CRT beam dot dxsplacement as frequenc»y meter is tuned through RF
output frequency, An osulloscope horlzontal sweep is not requlred

e. Set 8690 controls as follows

- START/STOP...............».....Depressed
" SWEEPSELECTOR...A..f..'.....‘....CW r
START.CW .... e h e e s e . Low end of. specified range
- STOP/AF . R - - High'end of specified range

O Tune trequency meter to obtain maximum vertical dxsplacement of oscilloscope display. Note and
record difference in frequency reading between frequency meter and START/CW dial indicator, Repeat
; 'for START/CW at mldpomt and then at high end of speclfned range, .

\ TEST LIMIT: The START/CW dial mchcator and frequency meter reading agree to wnthln the ap- |
phcable RF Unit Frequency Accuracy specnfncations listed in Table l 1

' (Continued),
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'I’All.l 5-2. PIIPOIMANCI TISTS

‘. 3..,9/cw Accurocy (Al luncﬂon)
R J\‘Procedure | | .
R a. Perform steps a through d of Performance Test 5

L b Set’ 8690B controls as follows:

AF oooeoncoc--ooooo,oo.-_“oa" Depressed

SWEEP SELECTOR. . . ... 1. srsrs.. CW S
START/CW . .0 ennennnnn EEEEERE . Low end cf specnfxed range
CSTOP/AF. .o eeeeeeaeeaninnn.

o Hig‘: end of speclfned range
L e Perform steps £ and g of Performance Test 5, '
e 7. sun/cw Acwrocy (IXT IM runchon)
" Procedure , , . ,
. a. Perform steps a through d of Performance Test 5 o | '
b Set 8690B controls as follows | -

T U SMEETS O ce St ot Ee alt e YRR LT

EXTFM.......... 'Depressed

SWEEP SELECTOR oW '
| ‘STAR,T/CW S veveee.. Low end of specified range
f~ " STOP/AF . P £ 114 end of specified range

o c. Perform steps f and gof Performance Test 5.
8. Marker 1 - snm/cw Accuracy.
- Procedure , ¢ S

‘A Perform steps a through d of Performance Test 5

b Set 8690B controls as follows S oL
- MARKER SWEEP..... evecuiee.s...Depressed

SWEEP SELECTOR. ........ cesieeCW
MARKER‘I e st e e ++sessas... Highend of specifled range

"¢ Tune frequency meter to obtain maximum vertical displacement of oscilloscope display. Note and
- ‘record any difference in frequency reading between frequency and MARKER 1 dial mdmator Repeat for
MARKER 1, MARKER 2 at low end of specifled range. . S o

- d. 'I‘EST LIMIT The MARKER 1 dial mdncators .and the frequency meter agree to thhm the applxcable
- RF Umt Frequency Accuracy specifications listed in Table 1 l o

9. Marker 2 - Stop Accuracy.

Procedure , ‘
a. Perform steps a through d:of Performance Test 5.

b Set 8690B controls as follows::

'~ MARKER SWEEP....... w+vvsnen...Depressed
SWEEP SELECTOR. e ieeeeeees s MANUAL '
MARKER2 ............. i ngh end of specified range
_ MANUAL SWEEP . ..... . MAX CW

. ¢. Perform steps c and d of Perform_ance Test 8.

lo Stop/Al Accurocy (Sturt-sup lunction)

Procedure - .
. a. Perform steps a through d of Performance Test 5.
- b Set 8690B controls as follows: o

START/STOP. . A Depressed ) | |

SWEEP SELECTOR P MANUAL o !
MANUALSWEEP ...‘.‘-........,.‘..v.MAXCW - | o
STOP/AF . ngh end of speclfled range~ |

(Continued)
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s 7'fi’A.ll’.’lil{""s-2'.n PERFORMANCE TESTS

SR A ‘

| c. Tune frequency meter to obtain maximum vertical dlsplacement of oscilloscope display Note and

7 " record any difference in frequency reading between frequency meter and STOP/AF dial indicator. Repeat
~for STOP/ AF at low end of specified range. '

d. TEST LIMIT The STOP/AF dial mdicator and the frequency meter agree to within the applicable

S RF Unit Frequency Acchracy specifications listed m Table 1-1

! ‘l,_ll. Mcrkcr l cnd Markcr 2 Accurccy. ;

: Procedure R o . '. \ .‘ .
| a. Perform steps a through d of Performance Test 5. Add connection A, Figure 5 2 v

b Set 86908 controls as follows ' '
'AF....................................Depressed
-~ SWEEP SELECTOR .....vuveeseensenssss AUTO ‘
'START/CW............................Highendofspemfiedrange'
MARKERr............................HighendofspecifiedrangeT'

MARKER 2 ...cvcvcnvncenrscscnsnsennsn High end of specified range

~ ¢. Tune frequency meter to obtain maximum vertical displacement of oscilloscope display. Note and
record any difference in frequency readmg between frequency meter and START/CW MARKER 1, and
MARKER 2 dial indicators. ’

d. Repeat step c for START/CW MARKER 1, and MARKER 2 set to the midpoint and then at end of
specified range. '

e. TEST LIMIT: The START/CW MARKER 1, ‘and MARKER 2 dial mdicators and the frequency meter _
agree to within 1% of full scale for all RF Units. | .

S

12. Swoop Output und S\woop lof Output !roquoncy I.mourity

‘ Procedure

| a. Connect equipment as shown in Figure 5-2, accordmg to RF Unit model used Omit connections A
B, and C. Omit directional detector or directional coupler-crystal detector combination at RF output.

| b. Set RF Unit controls as follows: ‘
POWRLEVELO..!I..I’......'I.ll'..l.. MAXCW
ALC (Option 01) ..voeveeveesecssesnsnsessss Not applicable

~¢. Set 8690B controls as follows: | | . N

| START/CW....'................'......... Low end of specified range
STOP/AF v e dinssenasassnansssssisanns Highendofspecifiedrange
.START-STOP...........................Depressed :

SWEEP SELECTOR ...cveetenscossscnnns 'MANUAL

ALC. ...................................Released

"MANUAL SWEEP ..'..................... MAX CCW

LINE ...vieesveeeonvesscenssssscncassss RF

d. Connect accuratc dc digital voltmeter to SWEEP OUT connector. .
e. With MANUAL SWEEP maximum CCW, note voltmeter reading. Record as V1.
- f, With MANUAL SWEEP maximum CW, note voltmeter- reading. Record as V2. _
‘g. Calculate SWEFP ouT voltage change, V2-Vl, equal to full frequency range sweep, Record as V3.

" h. Divide V3 into & convement number of steps (e.g., 10) and calculate the SWEEP ouT voltage equal to . '-
each step.

i. Divide the RF Unit frequency range into the same number of steps. Calculate the frequency that

R :corresponds to each step,

o Measure RF output frequency at each voltage step.
k. TEST LIMITS RF output frequency and the calculated frequency agree to withm the applicable RF

> , ,f‘"‘Unit Frequency Accuracy specifications listed in Table 1-1.

i o Add connection A Figure 5-2. | _
' (Continued)'.
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 TABLE sei'z."i' PIRFORMANCE TESTS .. |

Change 86908 controls as follows o R IR A O o
- SWEEP SELECTOR,. . A AUTO ' ' e ‘ ‘ g
" SWEEP TIME(SEC) Ceeer e Sultable for- dlsplay

T An‘;',vAdJust oscxlloscope horxzontal sensxtmty for cahbrated sweep (e g, 10 cm)

" o. SetSWEEP SELECTOR to MANUAL. | . . t |

~ p. Adjust MANUAL SWEEP to set voltage at SWEEP ouT connector to voltage steps calculated in step h,
SRR . q. At each step, ‘mark dot posmon on oscilloscope gratlcule . o o | T e
r. Set SWEEP SELECTOR to AUTO. | ' | | .

8. Tune frequency meter to posmon maximum vertlcal dlsplacements over gratlcule marks. Note and
record frequency meter readmg for each setting. | :

- t, 'TEST LIMITS Output voltage is proportional to RF frequency, 0+ 2V. Atlow end of - RANGE
mcreasing 40 + 3V per octave. -

5 " . u, For Sweep Ref Output Frequency Linearlty tests, repeat ‘steps a through t using the RF Unitrear' panel
L o SWEEP REF OUTPUT connector SR T | , '

l3. vaoop l‘.ino Sync.

{

Procedure

a. Connect SWEEP ouUT connector to the vertical mput of an osc1lloscope set for internal sweepmg

synchronized with the ac line frequency. “ )

b, Set 8690 controls as follows: o S
SWEEP SELECTOR ......... v v e e AUTO

SWEEP TIME (SEC) . ......... ceveelWl=,01
.~ SWEEP TIME VERNIER e e LINE SYNC
. LINE .ooviinennnennn, e e RF

"¢, TEST REQUIREMENT Waveform dlsplayed by oscilloscope is synchromzcd with oscllloscope sweep
M. Swoop Output. '

| | Procedure
. a, Perform steps a and b of Performance Test 13 |
“b.. Measure period and amplxtude of the ramp portion of the waveform displayed on the oscilloscope.

- TEST LIMITS: Ramp period-is 10 +3 mllhseconds Ramp amplitude. is 15V 42 volts. SWEEP OUT
should be activated for START -STOP, MARKER and AF sweep functions with AUTO, MANUAL or TRIG
modes 'SWEEP OUT amplxtude should not change with sweep tlme sweep dlrectlon or sweep width.

15. Sweep Ref Output.
Procedure « . :
a. Perform steps a and b of Performance Test 13, ~using the SWEEP REF OUTPUT connector

b. Measure voltage hnnts of the lmear ramp portion of the dlsplayed waveform

3 ¢, TEST LIMITS: For a full specified trequency range sweep, ramp voltage limits are 0 + 2V at the

low end of range, increasing approximately 40 *. 3V per octave SWEEP REF OUTPUT is activated for
all sweep modes and functions. o | o o o

}.

u. AM SQnutivi‘i‘y.‘ |
Procedure

I

a. Connect equlpment as shown in’ anure 5 1 accox ding to RF Unit model used Omxt connections to .
oscxllbscope ‘

' '(Continued)
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l - b. Set RF Unit controls as follows - - o
‘ POWER LEVEL s 0 0 00 ". o c " o0 e -‘- o o o MAXCW
- ALC (OptionOI) Gt e ne e s nsnnne oo ;E'XT

N c Set 8690 controls as follows: , | o

.1ALC.................‘.......-...Released : :
CSTART/CW .. i iv e eveisnecnncnsns Lowendofspecmedrange
SWEEPSELECTOR.....-..'..-..... . CW : ‘
‘ LINE o s 00 ouob'-o-a--occ.o,oc RF

d. Note power meter reading with connection A omitted Figure 5-1.

e. Connect dc voltage source to EXT AM inpul, shown as connection A ‘Figure 5- 1 Depress EXT AM
~pushbutton. .

‘ f TEST LIMIT: Power output decreases at least 30 dB from the level measured in step d.
l7. internal Squoro Wave AM and AM !roquoncy Inponu. .

IS

Procedure

a. Connect equipment as shown in Figure 5-3 to include power meter and thermistor mount. Omit con-
nections A, B, and D. If Option 01 RF Unit is used, omit connections C, and directional detector or
‘directional coupler-crystal detector combmation at RF output. Co i ’

b, Set RF Unit controls as follows

POWER LEVEL...... .. e ... . MAXCW
ALC(OpttonOl)...‘..'.'..’..........‘.‘INT '
c. Set8690B controls as follows: - ’ :
CALC . L. i e e ‘e e s s nns Released
- SWEEP TIME (SEC). ...... ceesees100-10
- INT SQ WAVE . ........._........Depressed L
START/CW ....oveeeeinssisesassa.  Midpoint of specified range
START-STOP. . .. v . vv v v v e =+« « s+ Depressed o
CLINE ., e0eeens S 1 7
SWEEP SELECTOR . . .. ........ e .CW

d. Use oscilloscope sweep time calibration to measure square 'wave frequency. Rotate INT SQ WAVE
FRE;Q from maximum CW to maximum CCW. Repeat for all sweep times.,

e. TEST LIMIT ‘Square wave frequency range is >950 to 1050 Hz.

f.” Use power meter to measure on/ off ratio, Turn square wave off and read maximum leveled output |
~ power,

~ g. Rotate POWER LEVEL maximum CCW and note power meter reading.

h. TEST LIMIT: On/off ratio is >20 dB at maximum leveled output. R ' )

i. To check internal square wave AM under leveled conditions, repeat steps c through e with ALC
pushbutton depressed and RF Unit POWER LEVEL get for maximum leveled power output.

Js Include connection B, Figure 5-3.

. k. Set 86903 controls as follows:
ALC...........................Released
SWEEP TIME (SEC) +vvevveves..100 - 10
- SWEEP SELECTOR........cc0...CW |
\START/CW.....3..............Midpointofspecifiedrange
| EXTAM....coovivinedenndinn Depressed

R Monitor square waire generator with oscilloscope. Set frequency to 1000 Hz. Set amplitude to 10 volts
peak-fo-peak ' ‘

m. Remove connection B from oscilloscope. Substitute connection A m place of power meter and
thermistor mount,

S n. Connect in parallel with the oscilloscope vertical input a resistance which gives minimum decay time
" . and overshoot for the displayed square wave. Use the smallest value of resistance that will obtain a suitable
oscilloscope display, typically between 50 and 2000 ohms. Larger resistance increases rise time.

(Continued).’
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- 0., Set START/CW to output frequency at which detected Square wave display shows maximum rise and
decay times. : t

p. TEST LIMIT (Unleveled power output )Maximum rise and decay times for input frequencies as follows' -

8691A through 8694A, Option 100 . : | - 2.0 usec DC - 500 kHz
- 8695A through 8697A | ' 3.0 usec - DC - 750 kHz
8691B through 8694B including Options 100 and200 1.0 usec’ DC -1 MHz

’l’o check External AM Frequency Response. under leveled conditions repeat steps j through o with
ALC pushbutton depressed and RF Unit POWER LEVEL set for maximum leveled power output. -

r. TEST LIMITS: (Leveled power output )Maximum rise and decay t times for input frequencies asfollows:

8691A through 8694A, including Option 100 15.0-.usec DC - 175 kHz
8695A through 8697A . | 20.0 usec DC - 50 kHz
8691B through 8694B includmg Options 100 and 200 "10.0 psec DC - 100 kHz

‘.o I.lldl)ﬂ' AM- ' : . : ‘ , C ’ » o 4 ,{“{,

Procedure

a. Connect equipment as shown in Figure 5- 1 accordm:g to RF Unit model used. Orp: ;iéwer meter
and connection C. Substitute connections B and assocnated equipment. "
b. Set 869013 for CW operation, any frelquency.,
c. D.epress INT SQ WAVE pushbutton - o
. Vary RF Umt POWER LEVEL to obtam -28 dB- readmg onAC voltmeter
e. Release INT SQ WAVE pushbutton - T

o f. TEST LIMIT Voltmeter reading decreases at least 32 dB (e g., to -60 dB). Due to voltmeter re-
- sponse to a square wave.and crystal detector square law response a 32 dB reduction in reading equals a
40 dB reduction in signal level. : . :

19. lxternol IM lnquency losponu and Sensm\my.

Procedure ‘

.a, Connect equipment as shown in Flgure 5- 2 according to RF Unit Model used Include connection‘C'.
Omit connections A and B, ‘

b. Set RF Unit controls as follows: | . S
 POWERLEVEL............ es o0+ AS required

ALC(Option 01) . . .....ovvvvununann EXT

c. Set 8690B. controls as follows: |
EXTFM.....oinvinnnnnnnnn ... .. Depressed
AMPLITUDE MOD pushbutton ....... . . All Released
ALC. v iiveen i viininnnnnnn . Released '
SWEEP SELECTOR ......... heeaie s CW '

START/CW........ fe e e e "« ... Midpoint of specified range

LINE!......."...'..‘...t.'.'..f.. . RF

d." With audio oscillator, apply known sine wave voltage to EXT FM input

e. (Unleveled power output.) Measure frequency response and voltage sensitivity at both the high and
low ends of the specihed range,

. (Leveled power output) For standard RF Units, add connection B, Figure' 5-2. For Option 001 '
RF Units, set ALC switch to INT, depress ALC button, and adjust for maximum leveled power.

g. TEST LIMITS: Frequency Response de to 3 kHz. Sensitivity: deviation from CW setting approxi-
"mately 6% of specified frequency range per volt. . e

(o 20. Penliﬂ. |

Procedure | o o | |
a. COnnect‘an_' ohmmeter to measure resistance between the rear-panel PENLIFT terminals. (Continued)
- 5-9




T Procedure

CSection V. L © Model 8690B
‘Maintenance = = S A | a o o
R ."”u'ul 5-2. nuounmerns‘rs’f

N
\

b. Set 86903 for full frequency range auto sweep, sweep txme range 100-10 seconds Ohmmeter should = ‘
_register short circuit between PENLIFT termmals when SWEEP lS hghted open circuit when SWEEP is | :
not lighted. . ' ‘ ‘

C. Repeat step b w1th 10 1 second sweep txme range
d Repeat steps band ¢ with SWEEP SELECTOR at TRIG

e. Chmmeter should register an open circuit between the PENLIFT terminals when the SWEEP SELECTOR
is set to any posntlon except AUTO or TRIG and when SWEEP TIME (SEC) is set to any posntxon except 100-
10 and 10- . . .

Can. llonk'i_ng Outpm_.'

Procedure

a. Use an oscnlloscope to test for a blanking sxgnal at, the rear-panel BLANKING output.. The' blanking
signal is a rectangular -3 to -5 volt pulse coincident with the RF-off interval between sweeps. Blanking
pulses should be present at the BLANKING output during AUTO and TRIG sweeps whether or not the = r
BLANKING switch is set to ON. The BLANKING switch disables only EF output blanking. For oscillo- :
scope display of the blanking pulse when the BLANKING switch is at/OFE, termmate the osc1lloscope }
vertlcal mput with approximately 1000 ohms. o ) AN ;

22. Mo'rlt‘o’r Output.

a. Use an osc1110scope to test for Marker signals at the rear-panel MARKER output The marker sxgnals
‘are narrow, triangular, -4 to -6 volt pulses coincident with the RF- -modulating frequency markers. MARK-
ER output is activated by the MARK 1 and MARK 2 pushbuttons with the START STOP, AF and EXT FM |
. sweep functions. No marker pulses are available with MARKER SWEEP. 'The front-panel MARKER
. AMPlitude control varies the amplitude of the RF -modulatmg marker pulses, but does not affect pulse
amplitude at the MARKER output .

| 23. Iroquoncy !Mt,ility with Power Level Chungo.

Because tlme-varymg magnetic fields of transformers and electric motors (espec1ally cooling fan motors) -
can frequency modulate the backward wave oscillator, do NOT -operate these devlces close to the Sweep
0sc1llator

Procedure

~ a. Connect equlpment as shown in Flgure 5-2, according to RF Umt used Omit connections A, Bto
- oscilloscope, and C. A

b. Set RF Unit co_ntrols as follows: -
ALC(OptiOnOOl)..II.I.....Q.......l.........‘...uVVEXT

c. Set 8690 controls as follows:

! : ‘ ¢

ALC e P8O0 es ' e s e suer0 Semoenoenveocesdaosn . o9 08O . L Depressed .
AM push[’uttons. o8 00 S0 00 ‘. LI BB ."". . L lv a0 es o RO . "800 All Released
SWEEP SELECTOR S0 60O B OSSR ; .,. Sevesssrssssesson s Cw

START/CWIOBI.Q.I.I;I................0......... ngh end of speCIfied range
LmElI.DIl'...........l‘..."....II.I....I...'... RF ' . .

- d, Adjust POWER LEVEL for maximum leveled power.

" e. Tune frequency meter for optlmum vertlcal deflectlon on oscilloscope. Note and record frequency
reading. .

f. Connect equlpment as shown in Figure 5-1 to include p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>