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NOTES AND CAUTIONS 

ELECTRICAL SAFETY PRECAUTIONS 

H 52018-900S 
Vol. 2 

This equipment is protected in accordance with IEC Safety CIa •• I. It has been 
designed and tested according to I~C Publication 348, 'Safety Requirements for Electronic 
Measuring Apparatus', and has been supplied ina safe condition. The followinl pre
cautions must be observed by the user to ensure safe operation and to retain the equip
ment in a safe condition. 

Defects and abnormal stresses 

Whenever it is likely that protection has been impaired. for exa.ple as a result of 
damage caused by severe conditions of transport or storase, tpe equipaent shall be made 
inoperative and be secured against any unintended operation~ 

Removal of covers 

Removal of the covers i. likely to expose live parts althouah reaaoDable precautions 
hav.e been taken in the ctesign Qf the equi~nt to shield such paru. The equipaeat 
shall be disconnected frQm the supply before carryinl out any adjust.-nt. replac.aeRt or 
maintenance and repair during which the equiplllent shall be opened. If any ac1ju.tMnt. 
maintenance or repair unGer volta.e is inevitable it shall oaly be carrieci out by a 
skilled person who is aware of the hazard involved. 

Note that capacitors inside the equipment may still be charged ¥hell the equipaent ' 
has be. disconnected from the supply. Before carrying out .any work insUe the equip
ment, capacitors connec ted to high voltage points should be ciischaraed·; to discharge 
mains filter capacitors, if fitted, short toaether the L (live) and N (neutral) pins of 
the mains plug. 

Mains plul 

The mains plua .ball only be in.ertedin a soc:ket outlet provided with a prot~tiYe 
earth contact. Tbe protectiVe action .hall not be n.,.ted by the UM of an exenai.. 
leac1 without protective coDCluctor. Any interruption of the protective cODductor in.Ue 
or outside the equipment is likely to make the equipment danaerou ••. 

Note that there it. sll9,l)' fuse in both tbe live _ aeutnl rirea of the .lIPP1,. 
lead. If only one of th .. e fuae. abould rupture, certain parts of the;equi.pMnt could 
r ... in at supply potential. 

To provide protection againat breakdown of the .upply lead, ita co .. etoH, a.ncl 
filter where fitted, ~ external supplyfu.e· <e ••• fitted in the cooaectiDl ,lUI> .hould 
be Il.ed in the live lead. 'l'be fuae .boulci have a continuous racilll tIOt .... db. 6 A. 

MIke sure that onl,. tu.e. with the required rated current a.ncl of tbe apecified type 
are used for repl~t. 'l'be USe of mended fuae. _ tbe .hort~ircuit:f.DI of tu.e 
bolder. ahall be avoided. 

RAn to FREQUENCY INTERFERENCE 
Thia equipMnt confonll with the requirement.8 of lie Directive 761889 as to liadtl 

of r.f. interference. 

Sep. 81 Pace (iii) 



CAUTIO;/ STATIC SENSITIVE COMPONENTS 

H 52018-900S 
Vol. 2 

Components identified with the symbol ~ on the circuit ~iagrams and/or 
parts lists are static sensitive devices. The presence of such devices is 
also indicated in the equipment by orange discs, flags or labels bearing the 
same symbol. Certain handling precautions must be observed to prevent these 
components being permanently damaged by static charges or fast surges. 

<I) If a printed board containing static sensitive components <as indicated 
by a warning disc or flag) is removed, it must be temporarily stored in 
a conductive plastic bag. 

(2) If a static sensitive component is to be removed or replaced the follow
ing anti-static equipment must be used. 

A work bench with an earthed conductive surface. 

Metallic !22!! earthed either permanently or by repeated discharges. 

A low-voltage earthed soldering iron. 

An earthed wrist strap and a conductive earthed seat cover for the 
operator, whose outer clothing must not be of man-made f1bre. 

(3) As a general precaution. avoid touching the leads of a static sensitive 
component. When handling a new one, leave it in itsr conducting mount 
until it is required for use. 

WARNING: HANDLI NG HAZARDS 

WARNING 

This equipment is formed from metal pressings and although every endeavour 
has been made to remove sharp points and edges care should be tak~n, parti~ 
cularly when servicing the equipment. to avoid minor cuts. 

TOXIC HAZARD 

Many of the electronic components used in this equipment employ resins and 
other chemicals which give off toxic fumes on incineration. Appropriate 
precautions should therefore be taken in the disposal of these items. 

8e1'111ia (beryllium oxide) is used in the construction of the following 
components in this equip .. nt : 

................. ':1~~~. Act+.. \ .1rMa.it~~9J'. :rJ'.tQ •.••.••••..•..•• 

This material. when in tbe form of fine dust or vapour and inhaled into the 
lungs. CaA cause a respiratory di.ease. In its solid form, as ~sed here, 
it CaA be handle<l quite safely alchOUSh it is prudent to avoid handling con
ditions which promote dust fo~tion by surfaee abrasion. 

Because of this hazard you are. advised to be very careful in removing and 
disposing of these components. 00 not put them in the general indust~ial 
or domestic waste or despatch them by post. They mus.t be separately and 
securely packed and clearly identified to .how the nature of the hazard and 
then disposed of in a safe manner by an authorize<l toxic waste contractor. 
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TECHNICAL DESCRIPTION 
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INTRODUCTION 

H 52018-900S 
Vol. 2 

I. lbe 2018 is a 0.08 MHz to 520 MHz synth~ __ ized signal generator providing 
calibrated output levels from 13 dBm to -127 'dBm. 2019 is a 0.08 MHz to 
1040 MHz synthesized signal generator similar to 2018 except that a frequency 
doubler circuit enables it to cover frequencies up to 1040 MHz with the same 
output level range. The output frequency of both 2018 and 2019 is phase 
locked to a frequency standard and can be set to a resolution of 10 Hz at fre
quencies up to 520 MHz and to a resolution of 20 Hz above 520 MHz (2019 only). 

2. Both instruaaents can be frequency modulated or amplitude modulated from 
external or internal modulation sources. The internal modulation source pro
vides five fixed modulation frequencies; re-selection of components within 
the instrument allows _ alC,emative frequencies to be set if required. 

3. Calibrated output levels from -127dBm to +13 dBm (0.2 ~V to 2 V e.m.f.) 
in the c.w. and f.m. modes and up to +7 dim (t V e.m.f.) in the a.m. mode are 
provided. A choice of nina output level calibration units can be obtained 
on the front panel. The r.f. output level can be set to a resolution of 
0.1 dB or better over the entire output voltage range and features a total 
cum.ulative accuracy of :1:1 dB up to 520 MHz (:1:2 dB, 520 MHz - 1040 ~). 
Protection against the accidental application of up to 50 W of reverse power 
is provided by a fast responding reed relay. 

4. Front panaloperation is curied out by direct _try of requi,red settings 
via the keyboard. Microprocessor eontrol ensures lind ..... flcbility and 
allowspro.r __ ng by the General Purpose Interface Bus (GPIB).' This facility 
is offered as an optional accessory_abling the instrUant tp be used both as 
a DUUlual,lyoperatedbench instrl.llll.ent or as part of a fully _tOllated test 
sy.tem. . Facility i. also ude for the use of an external .tandard reference 
when this is preferred. 

5. A second fUnction mode of operation includes means of .ettina the Gl'IJ 
adcireas, .election of al ternathe r. f. level calibration uni t., access to 
various calibration routines and a facility to aid diagnostic fault finding. 

OVERALL TECHNICAL DESCRIPTION 

6. The 2018/2019 danal generator is divid~ into three .un an... The 
first area is the digital control .,..tea by which the llieroproce •• or board AA2 
receives and send.s data to the various p.c.b', in the in.t~nt. This is 
accomplished by means of an intemal instrulllllnt bus. 

7. The second area consist. ofa' frequency synthesizer and the analoaue 
signal conditioning circuit. that are controlled by the data but in order to 
produce the requi re-d ou'tput lignal. 

8. The third area is the mdulation control 'ystea coutrolliq the audio 
.ignals.used to amplitude IIOdulate (a.II.) or frequency lIOdulate (f.m.) the 
carrier output. 

Sep. 81 
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Digital control system 

Circuit diagram Chap. 7~ Fig. 3 

H 52018-900S 
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9. The internal data bus consists of a total of 17 control lines. The 
first eight lines DO to D7, are data lines. The data bus is bi-directional 
e.g. data may be input .into the microprocessor via the front panel keyboard 
or control data can be sent to the data latches from the microprocessor. 

10. The next four lines AO to AJ, are address lines. These are used to 
control the address of the latch to which the data is to be sent or from which 
data is beiDa read. 

11. The following four lines A4 to A7 are data valid linea. AO to AJ lines 
are fed to address decoders and with it one of tbe data valid lines A4, AS, 
A6 or A7 is connected to each address decoder. Only when this line is acti
vated '0' low is the decoder enabled, and its decoded output then activates 
the required data latch. 

12. The last control line AS is the GPIB interrupt line. 
for the microprocessor to service the GPIB module. 

This .lina calls 

13. Bus interconnections are shown in Chap. 7, Fig. S Servicing diagrams. 
The microprocessor W. serves as the motherboard in the top r. f. box. Some 
of the data is latched on W. in order to minimize the number of interconnec
tions. The addresses of the other latches are alao decoded on AA2 to miniDlize 
intercormections. The entire 17 line data bus is connected to AD2 motherboard 
via an r.f. filter box. The filter box ensures that r.t. signals are not con-
ducted down the data bus. From the motherboard the data bus is distributed 
to the boards outside the top r. f. box. A further connection is made to the 
lower r.f. box containing AC2, AC3, AC4 and AC5 via a second filter box. 

Frequency sunthesizer and silD!l processing 

Cizoauit diagztom : Chap. 7. Fig. 1 

14. The frequancy synthesizer provides a stable frequency source at the output 
of AB3 IF oscillators board coverinl the frequea.cy rqae 260 _ to 520 MHz 
that is phase locked to the internal frequancystandud. boud W with a 
resolution of )0 Hz. A8 an aid to derivul tl\e frequency at any point in the 
syn thesizer the output freq .... cy frOll AB3 is conaicbn:ed to be of the fora 

fo • m x lOOOOO+n x to 
where • is betweea 2600 and, 5200 

n is betw .. n 0000 and 9999 

If an output frequency 0 f S 12.34567' • <is selected then • • 5123 and n • 4567. 

f • 2 ( ... 1) 107 + (104 + a) 103 . 
and the outt"lt ( ) 

o 200 ... i 

Intermediate frequencies at significant points within tbe synthesizer are 
given as fl, f2, £3 and f4 and are shown on the si.,li£ied block diaaram 
Chap. 7. Fig. 1. Each frequency CaD b. detemined by applyina one of the 
following formulae : 

Chap. 4 
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fl • (104 + n) 103 14.567000 MHz 

f2 • 
(104 + n) 103 

m-l • 2.844006 MHz 

f3 • 107 + 
(104 + n) 103 

m-l • 10.002844 MHz 

107 + 
(104 + n) 103 

f4 • 
m-t 

200 • 0.05001422 MHz 

[ 7 4 3) 
f • 2 (5122) 10 + (10 + 4567) 10 '. 512 34567 MHz 
o 200 5122 • 

15. The least significant diait (1.s.d.) loop, board AAI phD. locks an 
oscillator covering the frequency range 10 to 20 MHz to multiples of 1 kHz. 
The resulting signal is divided by .-1 in a variable ratio divider (v.r.d.) 
before being fed to the voltage controlled crystal oscillator (v.c.x.o.) board 
Al5. Its frequency is then between 2 and 8 kHz. 

16. vao board Al5 then pbaae lock. to the SUII frequency of 10 MHz and the 
2 to 8 kHz signal frClll AAI. The resultill8 10.002 to 10.008 MHz lipal is 
divided by 100 before being fed to AB4 Output phase detector board... The 
phase detector on AB4 is used to lock the oscillators on Al3 to .therequired 
output frequency. Al3 output is divided by 2(.-1) by a v.r.d. on board All. 
The resulting signal has a frequency of between 50.01 and 50.04 kHz and is 
fed to AB4. 

17. If the instrumeo.t h .. not been .et to provide f .a. the ph ... detector 
system .operates at the frequency of 50.01 to 50.04 kHz. Rowever if f.a. is 
selected, the phase lQck.ed loop bandwidth is reduced to avoid the loop 
removing the required f.m. The frequenci.s are th.n divided by 5 befol'e 
phase comparison and an alternative ph ... detector and loop filter. i. used 
with a lower gain. The resulti", signal Era Al3 is therefore a 260 to 
520 MHz carrier phase locked to elie internal freque11CY standard and. i. fre
quency lIIOdulated if required. The fivicle-by-two 'Y'tea 0llA12 eli vide, the 
output from Al3 so that it can provide output frequencie, of between 
2.03125 M1tz and 520 MHz. The output at this point is a nominal squeewave • 

18.' The output from Al2 is coanected via a semi-rigid cable to AC5 .• litude 
modulator in the lower r.f. box. AC5 contains a double ballaced _archat 
is used as an amplitude 1IOd.ulator. The reeulting ..,l!tud,e;1IOCluUtH si.~ 
is then passed on to AC3 or AC13 board. Thes. are different "'1"8i088 .of the 
s .. board, AC3 Filter board in 2018, or AC13 Filter cd frequeuey do\sbler 
board in 2019. If the output signal level from the in8tf'Ullllllt is required to 
be ereater tban +7 dBm. then ACS is Sat to live its peak envelope power of 
nominally -5 dBmprovided the amplitude modulation is off. The output from 
ACS 1$ nominally a square wave. -

Sap. 81 
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19. The signal into AC3/AC13 is divided into two main paths. Frequencies 
of 2.03125 MHz to 32.5 MHz are routed via a buffer amplifier to a bank of 
filters operating in a 200 0 characteristic impedance system. The filters 
convert the square wave into a sinusoidal signal. In order to generate a 
0.08 to 2.03125 MHz band a 10 MHz to 12.03125 MHz signal is routed to AC2 
BFO system where the signal is mixed with 10 MHz from the internal frequency 
standard and filtered to produce an 80 kHz to 2.03125 MHz sine wave. 
Frequencies below 80 kHz may be selected but the accuracy of the r.f. level 
output will be impaired. 

20. The output from AC2 is a nominal 40 mV,' 80 kHz to 32.5 MHz sine wave 
operating in a 200 0 system. This signal is fed to AC4 Output amplifier 
board where it is amplified by a variable gain amplifier, the gain of which 
is controlled by two j.f.e.t's used as voltage controlled variable resistors. 
The output from the variable gain amplifier is connected to the output stage 
amplifier where the output signal level is detected by an r.f. detector. 
The resulting d.c. signal is compared to a variable reference voltage by a 
comparator. The comparator output controls the gain of the j.f.e.t. variable 
amplifier so as to obtain the correct output level from AC4. 

21. The 32.5 MHz to 520 MHz signal on AC3/AC13 is switched to an amplifier 
and a 520 MHz lqw-pus filter. If the instrument is a 2019 the signal can 
then be switched to a frequency doubler and filter system to generate a 
520 to 1040 MHz signal. 

22. In both 2018 and 2019 the signal from the 520 MHz low-pus filter goes 
through a filter bank. to produce asinu.oidal output siplal which is then fed 
to AC4 output amplifier. 

23. The 32.5 to 520 MHz (or 1040 MHz for 2019) signal is amplified by a' pin 
diode controlled variable gain amplifier and is then connected to the output 
stage. Tbe output level froa AC4- iscontroUed by an a.l.c. system con
sisting of an r.f. detector, COIfarator and two variable gain amplifiers 
(j • f • e. t. and pin diode cO\'lttoll.d). The lavel 18 normally varied over the 
range + 7 dim to -3 dim by contro 11il11 the rafer_ce vol tap to the a.1. c • 
If lav-Is greater than +7 em. are requested aDd the a.ll. is off the level is 
increased up to a maximum of-+)3 dill. The reference voltage to the a.l.c. 
is also varied to compensate for the insertio\'! loe. of·the attenuator, cable. 
and connectors that -connect th4t OutlNt sign~ to the fraut panel. 

24. The attenuator previae electro-..echauical &tte\'!uatiou of the output 
signal from AC4. Provision is made eo attenuate the output si~l in ) 0 dB 
increments from 0 dB to 120 dB. The ateecuator output ia co1lBected to a 
reverse power protection syseem (RlP) which protects the attenuator pad. from 
the accic1elltal application of reverse power. The UP'uses & coaxial reed 
relay to open circui t the output of the signal generator and can be reset 
froll the front panel or by the GPO. 

Chap. 4 
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Modulation control system 

Ciroauit diagr'C1J77 : Chap. 7" Fig. 1 

25. The internal modulation oscillator is a Wien bridge type and can be pro
grammed to provide one of five fixed frequencies. These can be altered by 
the user simply by changing two resistor values for each frequency. If 
internal modulation is selected the modulation oscillator is connected to the 
MOD INPUT/OUTPUT socket on the front panel. If external modulation has been 
selected the modulation oscillator is disconnected from the front panel and 
the external source is connected directly to the two attenuators shown on the 
simplified block diagram Chap. 7,. Fig. 1. 

26. The audio a.l.c. uses a j.f.e.t. controlled attenuator to produce a 
fixed output audio voltage provided that the input audio voltage is between 
0.8 V and 1.2 V r.m.s. If external modulation is selected the audio a.l.c. 
may be switched on or off by the front panel MOD ALC key. If internal 
modulation is in use audio a.l.c. is always switched on. 

27. The a.m. signal is amplified on AD3 board and routed via the motherboard 
AD2 to the filter box on the lower r.f. box and then to AC5 Amplitude modu
lator. An 8 bit.digital to analogue (D-A) converter is used to control the 
audio level according to the required modulation depth. 

28. The f.m. signal is connected to an 8-bit D-A which controls the signal 
level in accordance with the f.m. tracking data. This data is stored in 
the microprocessor board AA2 EAROM store. The f.m. tracking data is stored 
at 84 frequencies across the fundamental octave band of the instrument (260 
to 520 MHz). The microprocessor provides a straight line interpolation 
between these carrier frequency points and sends the resulting data to the 
8-bit D-A. 

29. The signal is then processed by a 10-bit D-A, this controls the signal 
level in accordance with the required f.m. deviation. The 10-bit D-A also 

.takes account of the scaling factors introduced by following D-A's and the 
frequency division of the carrier by the r.f. signal conditioning circuit. 

30. The f.m. drive signal is attenuated by an 8-bit D-A which divides the 
audio signal level by successive factors of two. This effectively sets the 
f.m. range. The signal is then fed to a filter box on the upper r.f. box, 
and from· there to AB2Divide-by-two chain and f.m. drive board. This board 
provides further variable division of the signal level by factors of four 
using reed relay switches to p"rovide further scaling of the Lm. range. 
The output of AB2 is then connected to AB3 RF oscillators to frequency 
modulate the oscillator. 
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31. This board contains the circuits which control the four least significant 
digits (LSD) of tbe carrier wave output frequency. The board provides the 
reference input to the phase detector on the voltage controlled crystal oscil
lator (VCXO) loop AB5. Control data for 'the LSD loop is brought to four 
8-bit latches ICS to ICII via the instrument bus. 

32. The LSD loop consists of a phase locked loop built around a 10-20 MHz 
voltage controlled .oscillator (VCO) Whose output is divided by a five decade 
variable ratio divider (VRD) and then fed to a phase detector where it is 
phase compared with a 1 kHz reference signal derived from the frequency stan-
dard board AA3. The output from the phase detector is filtered and tbe 
resulting d.c. signal. is used to control the VCO. The control voltage 
changes the VCO frequency so as to annul any phase error at the phase detector, 
and estab Usb phase lock. The modulus of the VRD controls the frequency of 
the VCO. 

33. After buffering, the VCO sipal is fed to each clock input of tbe £i va 
decade counters IC3 to IC7 compriling tbe VRD. The VRD will count upwaT41 
whilst the·8 (QD) and 1 (QA)output of each counteT aTe monitored by a 1IUlti
input NAND gate IC16. When all the monitored outputs reach the hip Itate 
the I'!ft'f' line will go low '0'. 011 the arrival of the next· clock pulae, the 
data held in the latches IC8 and Ie9 i. loaded into the counters" The data 
consists of the nia..· complement of the required divi_ion ratio (IC7 is hard
wired to load in 8). Because a clock pul.e is required for reloading the 
counter this pulse does not increment ·the counter. To compensate for this 
mi.,ed pulae the NAND gate IC16 is wired to detect the VRD .tate 99998'£or the 
end of each count .equence rather than 99999. The VRD is capable of dividing 
by any inteser value between 10000 &l'ld 19999. 

34 • . '!'he i!&f line in the VRD abo dTi vea one input of the pbaae detector, 
let, the other being driven by the 1 kHz' reference siana!. If the 1IIff fre
quencY'1sbelow 1 kHz, a .tream of cunent pulae. will be driven into the loop 
filter (CI, e2. 1.1) by transistor 'lU, this raises the VCO COCltl'OlvolU.alit 
causing the i'.fSft' fTequency to rise towards 1 k.Bz. Siailarly if the 
frequency is abO'9'. 1 kHZ, a stre_ of current pulaes will b.&an. froa the 
loop filter by transistor T1t3 to lower the cOl1trol voltase. Wheal. phue coin
cidence is obtained, equal but opposite pul .. s by TI.2 and TR3 an rroclucecl 
thus maintain ins tbe correct control voltage; the.e pulles are typice1ly 
30 nanoseconds wide. ' . 

35 •. Another buffered oUtput from the VCO go •• to a. four .4ecadeV1m (IC12 to 
IeIS) whicb work. in a dailar a_er to the on. ".criied' aDove. The _CTO-

pToce.sor ensures that the lIOc1ulus of this VRD fall. between 2599 .. '199, 
according to the required carrier wave output frequency. The LSJ)aipal 
output it available at PLBN and bas a fnquency range of approximately 2 kHz 
to 8 kHz. 
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(AAl) - Micr~procesaor system 

Circuit diagram: Chap. 7~ Fig. 7 

36. The microprocessor board AAl contains the whole system necessary to 
drive both address and data bus lines which control the instrument. The 
8085A microprocessor ICI has an 8-bit multiplexed data/low order address bus 
which is demultiplexed by the latch ICtl. 

37. The program is contained in ICt3, 14, t5 and 16, all of which are u'ltra 
violet-erasable PROM's. These are enabled by IC12 which decodes Al2 and AI3 
of the address bus, and is itself disabled by A14 high (addresses 4000 to 
7YFF hexadecimal). The program space is thus contiguous from address 0000 
to 3YFF. 

38. IC3 and IC7 each contain 256 bytes of RAM (read/write), which is 
addressed contiguous ly from address 4000 to 41FF. Port A (pins 21 - 28) in 
IC) carries the instrument's 8-bit bi-directional data bus via a bus trans
ceiver IC4, and Port B (pins 29 -36), the instrument's addreas bus. This is 
in the form of 4 address lines (bits AO - Al) and uncoded data valid lines 
(bits A4 ... A1) giving a total of 64 available latch addresses. 

39. The mode of operation of the address bus is that the requited address is 
presented to the bus with bits A4 - A7 hiah and. the bus is allowed to settle. 
Then the required data valid line is activated by pullina'it low, which either 
latches the information on the data bus onto the add~e.~ latch (for outputs 
from the microprocessor) or allows the addresaed Gata source to drive the data 
bus (for inputs to the microprocusor: either from. keyboard or GlIB board). 
The data valid lines are thut only activate<1 when a valid (and .table) ad.dre .. 
is present on the oth.r 4 adciress lines. The direction of the data bus 
buffer is controll.d by a line on Port C of IC3 (pin 39). 

40. IC6 is the decoder for the first 7 addresses s.rved by.<1aea v&lid line 
A6 (i.e. it supplies chip aables correspouding to bus .octr ••••• A6LO to A6t6), 
and ICIO is the A6LS Gatalatch, used to hold the info1!'Dlation .which ' •• 18ct. 
which oscillator is in u.e via A:a4, and other sipl routeillainfonaation on 
AA3. 

41. The three ports on IC7 are u.ed to contTol the data flow in"'4 out of 
IC8, which is a 4k 'bie l1OD.-volatile read/write ..,ry .Sillc' :t • ....,t"1 is 
arr_le<1' as lk x 4 ·.bit byte., theTe are 4 data liues ami 10 44dr ... linestso 
whil.t the data bits are on Port C (pi.ns 1, 37-39), the a4cl1: ... lines are 
divided between Port A (pius 21-28), which carries the least .iaai~icant 8 bits. 
ar.u1 Port B (pins 29-34), which canie. A8 and A9 in addition to tbe>4 control 
lin •• requirecl to in.~TUCt lea. . 
42. In o~der to write into or erase IC8, a supply of -30 V ... t be m84;le 
available. To avoid accidental corruptioc of the .tOTeQ data, this 'upply 
is 1Ude software switchable (via pin 35 of IC7 Port C), and incorpoJ'&t:etpro
taction ci1:~try to avoid accidental enablina of the supply wbeuewitdhiul 
on udoff. Tbe -30 V is generated by a diode-capacitorvolt .. e dOubter 
(D5, D6 and' Cl7). fed fram TIS and 't'l6, which are in tu1:D.4rim. by eo.cil
laeor, part of IC9. ThiS is. switched on or off by'Ta1 'aa4'fll7. ft8 an1i 
'tUfom a network to detect .the failure of the +5 V supply _0. .the in.tru
_t is switChed off J ensurinl that the oscillator is also bela off. nu 
:aDd. t1l3 enaure that whenever the oscillator is stopped, the -30 V sup}>l1 is 
pulled up to +5 V: Ta4 acts as a buffer to switch off the -30 V output when 
this 'Pull up occurs. . 
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(AAJ) - Freguency standard 

Circui t diagram : Chap. 7 ~ Fig. 8 
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43. The purpose of board AA3 is to select the required frequency standard 
and to distribute the Mcessary reference freque1J,cies derived from the stan
dard throuahout the instrument.· Coutrol data is b~aht OD. two linea from 
a latch on the microprocessor W, via feedthroup c...,aciton cd PLlP pins 5 
and 10. If the INTI!!! ftD liM is bight the voltage supply to the t811p8ra
ture controlled crystal oscillator i. turned on and its 10 MHz output fre
quency appears onPU1t pin 7. 

44. The potentiOlMter MO,a.l provides the _an_ of tn.-iq the crystal 
oscillator frequency. The ovea supply is {)4!aua:tently on and is drawu from 
PLJIl, pin 5. The lope gates. are .... led so that the 10 HRa signal appears 
on ICI pin 3. _ .. The output of tCI is fedo to the VCXO loop. US, via W, and 
also to the rear panel via PlJIJ.,pin 4. The ouq.ut to the VCXO loop is 
nominally a sine wave, the square .... drivebeiaa filtered by the tuned 
circuit Ll and C9. The 10 MBa standard is also divided dCMl tal kH& by 
+100 dividers ICl, IC4 and then routed"to the LSD loop via PLlP pin 13. 

4S. If the nrr/!!f' line is low the internal crystal oscillator. is switched 
off and PLItt pin 4 i. used to input the external frequency standard from. the 
rear panel socket. 
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46. If the BFa ON line is low another 10 MHz output is taken from IC) 
(whichever standard, !NT or EXT is in use) and fed via BLBR pin I 4. This 
is used to generate the BFO band of 80 klU to 2.03125 MHz on AC2. The diode 
Dl provides isolation when the BFa system is not in use. 

ABI - Output v.r.d. 

Ci~it diagram : Chap. 7~ Fig. 9 

47. The board ABI contains the high speed variable ratio divider (v.r.d.) 
which is used in the output phase locked loop to control the four most sig
nificant digits of the carrier wave output frequency. The v.r.d. is driven 
by a signal from the r.f. oscillator board, AB3, and provides the sienal for 
the output phase detector, AB4. Control data for the v.r.d. is fed to two 
eight bit latches iC4 and IC5 via the instruaent bus. 
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48. The r.f. input signal of approximately -6 dBm is amplified by TRI and 
fed to a divide-by-tvo prescaler, ICI, to produce a frequency between 130 -
260 MHz at the input to IC2, pin I. To operate at such a high speed a dual 
modulus (divide-by-IO/II) counter system is used. 

49. The dual modulus counter, IC2, initially divides by 11 its control line 
+lOm low, when the control line is high its modulus is 10. The state of 
this control line can change at any time whilst counting, but before the 
arrival of the eleventh pulse. Thus the ,time period available for a change 
of the control line is approximately ten times the input clock period. 

50. The output from the 10/11 counter drives the clock line, (TPI), for 
the chain of the presettable decade counters. Each counter is loaded with a 
nines complement number and counts upward with each pulse (falling edge at 
each pin no. 8). The tvo least significant counters, tC6 and IC7 are incre
mented simultaneously. 

St. The 10/11 counter tC2 starts in the moduius II mode. After every 11 
input pulses IC6 ~d IC7 are both incremented. When tC6 output reaches 9 
(1001 in b.c.d.) a low level appears at lC3b, pin 3 causing TP2 to 10 high 
to let the 10/11 counter to divide by 10. IC7 is then incremented every 
10 input pulses. 

52. ICS and IC9 are driven in cascade from IC7. IC6 will continue to count 
but there will be no further change at TP2 until the BESET pulse occurs. 
lithe early decocle" method is used at the end of each v.r.d. sequnce in order 
to reset the decade counters for the next sequence. When the couutera IC7, 
ICa and IC9 reach the state 995, TP4 is asserted high, and the last four 
pulses at TPI are counted by IC)) slave counter. 

53. The pulse 997.will cause the !!!!f control line TPJ to be asserted low. 
This reloads the four decade counters to the nines complement data held in 
the 8-bit latChes IC4 and ICS. Pulse 999 will cause TP3 to assert high once 
more to enable the counters and also to clock the flip-flop lCIO resetting 
TP2 low. This revert. IC2, the dual modulus eou:a.ter to the modulus 11 mode 
and so the v.r.d. is ready for the ~ count sequence. 

54. The microprocessor AA2 ensures that the modulus of the v.r.d. falls 
betveen 2599 and 5199 accordina to the required carrier wave output frequency. 
The v.r.d. output is taken froa the'S' output (QD) of IC9 to PLBU., pin 2 and 
has a frequency of just over SO kHz. 

Ai2 - Divide-hy-two chain and f.m. drive 

Cizoouit diagream : Chap. '/1 Fig. 10 

55. Board AB2 baa two fuactions,the. _jade, section is u.ed for the divide
by-two chain and a tainor section for the f .a. clri ve. The purpose of the 
di vide-by-tvo chain is to divide the carrier frequency froa AB3 down to the 
carrier frequency selected by the front p ... l keyboud or via the GPIB. 
The input frequency to AB2 is betveen 260 MHa and 520 MHa. Up to seven 
divide-by-two elements can be switched in to provide frequency cover from 
260 MHa down to 2.01325 MBa. 

56. If 110 division of the basic frequency is r:equired (frequencies in the 
range 260 MlU - 520 MB~) the signal is instead routed directly to the output 
socket SKBX. Frequencies below 2.01325 MH& are derived on a different board, 
for details see (AC2) BFO syatem. 
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57. Seven bits of control data from AA2 microprocessor DO - 06 are used to 
control the dividers, these are fed to ICS octal latch via the instrument bus. 
Different logic technologies are used to implement the chain of dividers and 
consequently different methods are used to switch elements in and out. 

58. The input signal of approximately -6 dBm comes in on SKBW and is ampli
fied by TRI. It is then routed according to the state of latch output 106 
either 

(I) To the output socket SKBX via TR4, other control lines ensure 
that TR6 is held off, or 

(2) The state of LDS cODtrols the divided signal of ICI which is 
either routed through TIS and TR6 to the output (TR4 and TR7 both 
held off) or alternatively, used to clock the second divider IC2. 

(3) Similarly, 104 determines whether the output from IC2 is 
routed through IC6, TR7 and TR6 to the output or is used to clock 
the next divider IC) and so on. Transistors TRl2 and Tall form 
an e.c.l. to t.t.l. interface. The two flip-flops in IC4 are 
driven synchronously with the control lines settiOi the division 
to divide-by-ewo or four as required. IeS operates in a similar way. 

59. The divider outputs are gathered together in an e.c.l. wired-oR cODfigu
ration (IC6, TR7, TRS) so that at the output socket SKBX, all frequencies 
frca 2.03126 - 520 MHz are available the nominal level being 0 dBa. 

60. The f.m. "ive circuit on AB2 proVides the couse adjutant of the f.m. 
drive voltage delivered to the r.f. oscillators on ABl. Three bits of COD
tro1 data DO - D2 are used and brought to the quad latch lC9 via the instru
ment bus. The f.m. drive signal is on PLCJ from where it is fed to lCIO 
voltage follower which in turn drives a network of switched resistors. These 
are operated by relays !LA, ILl and ItC. With all the relays energized, 
mazl.DIUIl f.m. drive signal is applied to the r.f. oscillators AB3, and each 
relay de-energized decreases the drive by a factor of four. 

AB) - RF oscillators board 

Cit'aUit diagram : ~. 1~ Fig. 11 

61. Board AB3 'contains the _in oscillators for tile iu.truaent. rour oscil
lators each one covering a quartet: octave frequeliCy rall,8 between 260 MIIz aDd 
S20 MHz. Only one oseiUator is ever turned on at .y tia 8Dd its output 
frequency is phase locked to ttt. required output fl."equency by the pbase de tec
tor AB4. Each oscillator can be frequency modulated by a sianal from AB2. 
The board is contained in a solid aluainiua box to reduce micropbony to a 
minimum. 

62. Each oscillator uses a resonant circuit with a maineaininl transistor 
capacitively coupled to maintain oscillation. !be tuning inductor is a 
printed track which can be adjusted usiDi a sliding link. Varactor diodes 
are used to voltage tune the oscillator. Chip eapaeitors are used to tap 
the transistors TR29 4, 7, 9, into the tuaed circuit. This avoids spurious 
resonances. Care must be taken whaa. attempting to solder chip coarponenU t 

for details see Chap. 5, Maintenance, Introduction. Each oscillator is 
designed tGhave a substantially linear f .m. tracking curve which is instru
mental in reducinl f.m. distortion and noise. 
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63. The required oscillator is tumecl on by cODaecdns tas 3,4, 5 or6 to 
a negative volta .. on AI4. This luppli.s .mtter curreut toth. required 
uintainins transistor. The coUector current of die trauiltor fOl"Wud 
biases diodes CO'GDected to its collector .. therefore c~ets.tha .r.f. 
signal. to the amplifier TI6. Two output. frOll T1l6 are t.:at.en, OU direct 
via taa il to A.B2 board fOT frequeney division, tne leC4IMia viaiAtolatiq 
traDIistor 'BII and tas to to the outp1&t v.r.d •• Ali, ·to phaU lock the 
earrier frequency. The nOlliul output frOll both tas 10 Dtag 11 is -6 dIm.. 

64. The oscillators are frequency modulated by a sianal appeariAaou tas 12. 
This sianal: is attenuated by IU 8 ad at and is then applied to tAe". _Ode of 
each vuaet.or diode via r.f. choku L2, LS. L1 U1d Lil. The _infrequency 
control is &<:hieved by .the ;h ... atector sipal on tas 2. It iscO!l11ecUd . 
to the catho4e of each v.ractor via _ a-c netwOrk couistiqof 12, R3~ ftl 
and C8. When the f .a. is OIl the phase loclted. loop bandwtctth is low .. 'Bl 
is switche4·off by connecting tal 1 to -lJ. 2 V OIl AB4. B.2 _ CS then have 
a lonl tiM constant &ad filter sisnal' appearing onUS Z. 

65. When the f.a. is off the .loop bandwidth is incr .. ," in order to reduce 
the frequ8Qcy .. t tlins time. The j. f • e • t. TIll ia tll_' turDed on '0 that 
the a-c tiae constant is formed by R3 _d C8. This prevent. potential feed-
back iDitability. 
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AB4 - Output phase detector 

Cirauit diagram: Chap. 7~Fig. 12 
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66. Board AB4 contains the phase comparator u.ed to lock the output frequency 
fr01l ABl output o.cillators to the .electeA frequency. It also contains 
voltage regulators to provide low noise power supplies for ABl and transistor 
switches Tal - Ta4 with ICS. to switch the required AB3 oscillator on. 

67. The output fr01l ABS v.c.z.o. loopinPutl on PLCC, pin 2. Its frequency 
i. approximately tOO kHz. The frequency is then di vic:leA by two in part of 
ICt. The resulting 50 kHz 'quare wave is then routed to the phase coaaparator 
ICS by one of two routes·.· ·If the f .m. i. off the phase locked loop bandwidth 
i. high and the 50 kHz sianal is routed via IC4 to ICS. 

68. If the f.m. i. on, the loop bandwidth Ihould.be lower in order to avoid 
the loop interfering with the required f... This b reduced by .e .. ral 
methods. The phase det"ector current is l'aGuced by a. factor of 50 and the 
loop filter time constant. are altered by switcb.i11l in re.istor. Il4J, Il42. 
In addition the phase detector operatina fraquency it cba1laeel froil SO kHI: to 
to kHz. When the f ••• i. on. the c1iviele-by-five circuit in ICla is enabled 
by ICI, pin S ad itsoutp¥t i.sl\\ute4via IC4 to the pbue coaaparator ICS. 

69. Similarly the t10IIlinal SO kHz aipal £rOIl. A.B1 - OUtput v.r.d. 18 routeel 
to the phase coarparator, ICS via IC4 al.o, IDd if the f .... is on its frequency 
is divided by five in tell» before re&china ICS via Ie4. 

70. In order to ainimize auy traasieu't £r8fluencry cheate "n. switching the 
f.m. on or off the f ••• ·on/off iAStnctiOilOll·PUY. pinS is latCbeel by tel 
so that the divide-by-five circuit. of tel are 'Y'l'c:hrOl1~ly enabled. 

71. Pha.e cO!parator ,ICS .' c_area the phue of the d~U ,on piu 3 aa:l 11. 
If the frequeacy on pin l i. hipr tha1l tbat 011 piu 11 ,~tC5wil1 prociQC8 a 
striDi of pul.M. ou pin 6. If die £requ,eucy OIl piil 3la laver tb&1l tbat' OIl 
pin 11, ICS· will produce a .ttial of pulse. OIl piu a. Wbea the sipals an 
ph .. e loclced by the loop ICS t piu 6 au4 8 are aozaally low except for a 30 AS 
pulae. 

72. Phase detectors, there are two, B12 to TJL11. aM Bla to D23. the.e 
differ only in that the fir.;pb •• 4e,tectoToperat_ at 3_au.d~ .econd 
at· 0.06 mA. If the f .11. i. off bodl the phue detector. open.te. If the 
f .11. is on the 3 ItA detector (Tl.l~-'11U 1) is tume4 off by to6_ .0 the 
gain of the phase locked loop is reeluced. Becau..e both ph .. e detec,ton 
operate in a siJrd.lar ~r oaly ODe i. describ*,. 

73 • The sipal'oc .. IC6 t piu 11 is 1 • ..,.1 shifted by 'm12 lDel ·UMclto c01ltrol 
a eliffereatial pai1.' £oracl:byTJU4 and 'nUS. The sip&! 0S1 ftl swit=-s 
eitber,~lU5 0,1' 'flU "~ ."llft15 i. switched on its baa. volt ... is 
e.tablbhe4 by the z..rc1iocle Dl lDel cuneat flon froa121 iotD i TJU5. 
This C\lrr~cbarie.up the 10.01' filter fomad by C14,1.42, 141 t ... _CIl. 
Siail .. lyftJ:J 1 • ..,.1 shifts thewa..,.fora 011 IC6, pia 6,' in OTcler to control 
CU. differential pair T1U6, TIU 1. Whea ftl7 is OD char .. is c1ran out of 
the loop filter. 
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74. If. the loop looses lock either TR15 or TRI1 (assuming f .m. is off) is 
switched on by the pulses from ICS and either increases or decreases the 
charge on the loop filter and hence changes the vol tag. on TP6 in the direc-
tion r.quir.d to r.gain phase lock. At phase lock TtIS and Ttl1 are off 
except for a nouainal 30 ns time interval when both transistors are on. If 
the f.m. is on TR15 and Ttl4 are held off and TR21 and TR2l control the loop 
filter. 

75. Loop filter time constants, these are switched by TB24 according to 
whether the f .a. is on or off. When the f .a. is on TR24 is ·switched on by 
TR9. This ukes the time constanta of C14, el3 short to ensure stability in 
the loop. If the f .a. b off tbe loop bandwidtb is reduced and the time 
constants of C13, C14 are incr .... ed by turning TlU4 off. The loop filter is 
earth.d on the box containing All via PLBZ pin S. This reduces mains hum 
and phase detector related interferenc •• 

16. The phase dat1letdt';etl~ut' em TP6 is Duffer.d by the source follower TlUS, 
transistor Tl26 is a second.ource follower that ensures the .ource-d.rain 
volta •• of Tl2S is low in order to ~1'1imize gat. leaka •• current (j.f.e.t's 
suffer leaka •• dve to imp.act ionization.if their drain-source vol tage i. high). 
The output from ruSsource is then fed to All via PLBZ pin 14 to control AB3 
osci llators • 

77. The sianal on PUZ, pin 1 controls a filt.r ti_ constant on AB3 board. 
When the f.m. is on PW, pin 1 is conDected to -11.2 V via Tall. If the 
f.m. is off, TRII is switched off _d PLBz, pin I is pulle4 to the s .. voltage 
as PLBZ, pin 14 by R49. Note that PLBZ ,pin I i. a hiah impedece point and 
can only be monitored by • hiah impedance probe. 

18. IC2 and IC7 are voltage r.gulators that produc. -11.2 V and +11.5 V 
suppli.s for us. on Ai3 and AB4. This .nsures that the suppli •• to oscil
lators are fr •• from hum aDd noise. 

79. The r.quired oscillator on W is switched on by the circuita formed by 
Ttl to TR4 and ICa as det.rmined by the lines LDO to LD3 d.rived from. AA2 
microproc.ssor board. 

ABS - Voltale controll.d c=xs~l OIcillatof (VCIO) loop 

Cirauit diagram : Chap_ 'I, 1141> 23 

80. The board ABS phase loCka a v.c.x.o. to a freqll8l1CY .qual to the 10 MHz 
fr.qwmcy standard plus·the output frequency from AAJ, LSD loop. Th. output 
fra. AlS is used as the reference by AB40utput phased.tector. 

81. TRI is the mntainins traDlli..tto1r for • v.c.x.o. uaina tuning .le_nta 
Ll, 12, D2, x:x,l, C3 and C4. the %~,:di.ocle DI provide. a replat.d +12 V 
supply to the oscillator. the ".actor diocie, D2,enables the oscillator to 
be voltage tuned over the fr.quency ran .. 10.002!l'fb to 10.00& MHz. 

82. The output signal bOIl Tal collector is coeected to ICI where the signal 
is couvert.dto t.t.l. l.vela. The output from ICI pin 13 is used to drive 
ICl which divides tbe frequency by 100. The output from IC3, pin 9 is th.n 
fed to AB4 via PLe::, pin 2. 

~ • ...J " .. ... 11 _" ~ ........... _~ .. " tI.. '.' .. 
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83. The .output from IC 1, pin to is ,,"d to dri va the phaM locked loop to 
lock the v.c.x.o. to the selected frequency. !be output i. leval shifted 
cd buffered byTR8 and the sipal _the coUect::or of m it UNd .. ~o drive 
a double balanced mixer, tel. Pin 10 of IC2 is a.c. CdUlple4 topouad. by 
C9 so the v.c.x.o. frequency appears acroas pina 8 and to, thb .. i'fts as 
the local oscillator for the ai.xel'. The linear input for Iq .... r is 
developed across pins 1 and 4 and is a 10 MHz sinusoidal sip;al derived from 
AA.3 frequency standard via PLeD, pin 2 •. 

84. tC2 mixes the 10 MBzdpal with the v. c.x.o. frequeo.c:y to pTOCluce an 
audio difference frequeucy OIl IC2, pi.n 6. Iel, pin 12 ia abo coanecte4 to 
pin 6 via C26, this is _ anti.,.._ COIIpOllent aM proviclas caneeUatiOll of 
the SUll product and possible local oscillator breakthrough (at hiahfrequencies) 
further filtering is provided by CII. 

8S. The resulting sipl&l is then a.c. coupled by C17 in order to produce a 
sipal,referencedto ground at ICS, pin 3. 120, B.2J, C20, C2S prmde 
furtur filtering of the audio .sipal. The c~l:ator tCS conwrts the 
audio signal into a nominal t.t.l. compatible square wave at tCS, pin 7. 
This signal is fed to phase c01llparator t04 via IC6a. 
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86. The phase comparator is formed by IC4 and IC6b comparing the phase of 
the sirnals on pins 3 and 1]. The signal on pin 3 is the output frequency 
from AAl, LSD loop. If the frequency at pin 11 is higher than that at pin 3 
a series of pulses will appear at pin 8. If the frequency at pin 11 is lower 
than a~.pin 3 a series of pulses will appear at pin 5. 

87. The outputs from IC4 drive a phase detector and loop filter to control 
the v.c.x.o. TR6 and TR1 are level shifting transistors that drive two 
differential pairs TR3, TR2 and TR4, TRS •. The differential pairs inject 
current pulses into the loop filter formed by Cl, R35, C2. If the v.C.X.o. 
frequency is low TRS is turned on by the pulses from IC4, pin 5 and the vol-
tage on TP4 will be increased to regain phase lock. Similarly if the v.c.x.o. 
frequency is high TR2 will be turned on by the pulses on pin 8 and the voltage 
on TP4 will be decreased to attain phase lock. At phase lock both TlU and 
TRS are normally off except for a short interval of about 30 ns when both. 
transistors are switched on by narrow pulses from IC4. 

88. Ie7 is a voltage follower that buffers the voltage on TP4. The result
ing d.c. signal is used to control the varactor diode D2 and hence the fre .. 
quency of the v.c.x.o. 

AC2 - Beat frequency oscillator (BFO) systam 

Cirauit diagztam : Chap. 7# Fig. 1S 

89. Carrler frequencies below 2.03126 MHz are generated ia a b.f.o; on this 
boud by mixing a siplof 10 .. 12.03125 MHz with the 10 KHa at_dud. The 
resultiag signal is filtered leaving only the difference frequency, which is 
then fed to the output amplifier AC4. 

90. The 10 .. 12.03125 MHz signal input at FLCV, pin 1 is buffered by TR2 and 
applied to the linear port, pin I of mixer XI. The 10 MHz signal, frOll the 
frequency standard, at PLCU t p1n 2 is amplified by TJ.l and appHeel to the 
local o.scillator port, pin 8 of the mer. the process of mixing produces 
sua and diffennce signals at t~e i.f. port, piu 3, 4. Alow-p ... filter 
(2.1 MHz) Lt, L2, C5 .. C8 suppr ••• e. the sum component so that TR3 is fed 
with a signal of 80 kHz - 2.03125 MHz. TI transfol'Mr prevents breakthrough 
of mixer input frequencies (parti.:.ularly 10 MHz) on the b. f .0. out'put, and 
allows the earth plane to be split; this belps to contain the r.f. earth 
currents. After Tl the signal passes through a second 2.1 MHz low-pass 
filter, L3, L4, C17 .. C20, to join a coaon 1.£. daannal output to AC4 via 
DI, C21 and FLCW, pin I. 

91. For b.f.o. operation thad.c. ~lt ... e on FLCW, pin 3 is high (controlled 
from AC3/AC13) so that D2 is off and Dl is on. ])2, together with other 
diodes on AC3/ACI3, prevent 10 ... 12.03125 MHa signal breakthrough on the out ... 
put from AC2. If b. f.o. O'peradon is aot required (carrier frequency 
>2.03125 MHz) PLCW, pin 3 is low, conHquently D2 is on _d Dl 11 off. This 
allows the 1.f. channel i:ttpUt 'atPI;CW, pill 3 to 0. routed direct to AC4 via 
FLCW, pin 1. At the sse time the )0 MHz and 10 ... 12.0312S MHz signals are 
turned off. 

Chat». 4 
Page 22 Sep. 81 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 
I 
I 
j 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 

From Iilter board AC3/AC13 

PLCV 11 

Sep. 81 

BUFFER 
AMP 

TR 2 

PL CU/2 

10-12'03125 
101Hz 

Xl 

LOCAL 
OSCILLATOR 
DRIVE 
TRI 

From 10MHz Ireq. 
standard AA 3 

Fig. 10 

~ 
""'-' 

L 1,2,C5 - 8 

0'08 - 2·03125 
101Hz 

""1,. 

BUFFER 
AMP 

TR 3 

BFO system (AC2) 

H 52018-900S 
Vol. 2 

~ 
""'-' 

L3,4,Ct7-20 

2'03125 -32' 5101Hz ---PLCW/3 

From filter board 
AC 3/ACt3 

PLCWI1 

To output 
amp. AC' 

Chap. 4 
Page 23 



£ 

Chap. 4 
Page 24 

PLDF 

TR3'--_-....I 

2'03125 -
520 "'Hz 

From Amp. "'od. 
At 5 

AC 3 BOARD 

AC13 

'Ng •• l1 

16'25-23MHz 
FIL TER 

2·03125 -1&,25 

.. 23-32'5 "'Hz 

260-368 MHz 
FILTER 

32'5 - 260 .. 
368 - 520 "'Hz 

_·.~lbuO" batntd (AC3/AC13) 

"'D "2' 



046.47 

16'25-23MHz 
FILTER 

« 
2'03125 -16·25 
& 23-32'5 101Hz 

260- 368 MHz 
FILTER 

049,50 

(2011) 

PlCRIl 

To BFO syst~m AC 2 

110 -12'03125 101Hz) 

PLCTl2 

To BFO system AC2 
12'03125- 32'5 MHZ) 

(2019) 

32'5-520NHz 32'5-1040 101Hz 

~o ______ ~~ __________ ~~~~~~~-~~--~.~~~~~>30 __ ~~ _______ SK_C_S~C 
024,25 If 02',28 031 To Output Amp 

(~ AC' 
32·5 -260 & 

368 - 520 101Hz 

BAND 
REJECT 
FILTERS 

SWITCHED 
NOTCH 
FILTERS 

'Il04l2' 

!n4bl.er board (AC3/AC13) 

520 -1040 101Hz 

Tft6 

'} 

Sep~l 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I L 

ACl/ACll - Filter and frequency doubler board 

Cirouit diagroams : Chap. 7~ Figs. 16 and 19 
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92. The same printed circuit board is used for ACl and ACll. ACIl is used 
in 2019 and has both filter and frequency doublet circuits; AC3 is used in 
2018 having only the filter circuits (the components for-the frequency doubler 
not fitted). A dashed line in the board legend marks the boundary between 
the two circuit areas. -

93. The filter circuits provide harmonic filtering of the r.f. signal from 
ACS by means of switched low-pass filters. The frequency doubler circu~t 
doubles the input frequencies 260 - 520 MHz supplied to it to provide fre
quency cover for the 2019 up to 1040 MHz. The output signals from A93/ACll 
are fed to the output amplifie~, AC4. (Frequencies below 32.5 MHz are fed 
via AC2). 

94. ACl/ACIl also performs the bus address decoding for r.f. box 2 ('C' Deck), 
and the decoded address Unes(A7LO - A7L6 fram ICl) are routed to their 
respective latches on ACS, AC4, ACl/ACll. The power supplies for .ACS, AC4 
andAC2 are distributed frOm A.C3/ACI3. The control data fOT ACl/ACtl is 
brought to lC2, ICl and IC6 vta the instrwleD.t bus. 

95. Filters. The r.f. sienal at P1J)F is switched into the h.f. chazmel 
(32.S - 520 MHz) by DI if the iflJJ3 liSle, IC3, pin 2 is low, or into the l.f. 
channel (2.03126 - 32.S MHz) by 02 if the Une i.s high. The h.f. channel 
input is aaplified by Tal and TI2 (+10 dB gain) aDd then filter.d by the 
520 MHz low-pass filter L6, L7, C2O-CU. If the J'UQU!HCY DOtlItU-1I/OO'J: 
Une, ICl, pin 12, is high, D6 is turned on and the r.f. signal p ..... to the 
main h.f. filter bank. 

96. If the canierfrequancy is between 32.5 and 260 MIla _ of the half
octave low-pas. filters in the main h.f •. filter ba1Ik (L13 ... L24) will b • 
• elected aCCGrding to the data latched on IC2, p1111 12, 15, 16, 19 auclI~t 
pin 5. If the frequency is between 260 and 520 H1k tbebypass, D.16, DO b 
sel~cted. The _in h.f. filter bClk output ,u.e. throuah esO. 

97. For frequencies between 260 and 368 MHz the 368 HHz low-pu. filter i. 
switched in by tuming on 025,027 by the 368 aM 23 • 1.p.f', INIlIf 'high' 
instruction on Iel. pin 6. For all other frequeneie. this liaa i,'low'and 
signals pass through 024,028. If the frequency c10ubler i, not included 030 
is tumed on by the PUQUENCY OOUBLD. 1I/OUT 'high' instruction, this i. in
verted by ICSe and the output is then taken from SlCCS. 

98. The h.f.channel operates in a 50 0 system, but the l.f. cbamiel operate. 
in a 200 n syst_. The .. ce.sary impedance tTan.fer in the l.f. channel is 
accompli.he4 by the Duffer Tll.LP c8aanel .ianals fraa-T13 are fir.t 
filtered by the 32.5 MHz low-pu. filter L63, L64, C96 - Cga_ the pas. to 
th~ main l.f. filter bank. Thi. operate. in a similar ..aner to the h.f. 
filter bank but uses the data on IC2 pins 2, 5, 6, 9 and IC3, pin 5. The 
23 MHz low-pass filter is switched by IC3, pin 6, anel the coaaon output routed 
through C9 5 • 

99. For carrier frequencies of 2.03126 MHz - 32.5 MHz the b.f.o. line, ICl 
pin 9, is high, tuming 1>52 on ami 051 anel 053 off, connecting the output fTam 
C95 through to PLCT, pin 2. 
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100. For carrier frequencies below 2.03126 MHz the b.f.o. line is low tuming 
051 and 053 on and 052 off. The b.f.o. board, AC2, is supplied with a 10 -
12.03125 MHz signal via PLCR, pin 1 which is mixed on AC2 with the 10 MHz 
standard to give the required carrier frequency. 053 helps to prevent break
through of l.f. channel frequencies on the b.f.o. output. 

101. Frequency doubler (520.00002 MHz .. 1040 MHz). The input to phase 
splitter and frequency doubler is taken from after the 520 MHz low-pass filter. 
A transistor phase splitter, TR4, feeds the matched pair of diodes 055 and 056 
in full wave rectification configuration. A bias supply is derived from a 
third diode (057), matched with the other two. 'This ensures thermal compen
sation and a sensibly !i.near output over a wide range of level. Thus a.Dl. 
will be Virtually unaffected by the doubler. The output from the frequency 
doubler is then amplified by TIS. 

102. The output from the frequency doubler contains both sub-harmonics and 
harmonics which must be improved by filtering. The filter must reject the 
sub-harmonic and harmonics while allowing the required frequency to pass with 
low insertion loss. This is effected by a series of band reject filters. 
SVitching between capacitive elements is carried out with diodes and at two 
break frequencies, 660 MHz and 820 MHz, in order to give the frequency res
ponses required. Capacitors Cl19, C120, C123, C124, CI3S, C136 form switched 
notch filters that attenuate the sub-harmonic components in the output. The 
output from the frequency doubler is then amplified by TR6 before being routed 
to the output connector, SKCS, via the diode switch 031. 

AC4 - Output amplifier 

Cirauit diagr-am : Chap. 71 Fig. 17 

103. This board contains the r.f. output amplifiers, the automatic level 
control (a.l.e.) circuit., the electroni.<:. fine attenuator,and the insertion 
loss control (Ll.e.) •. It recei".. h.f. channel signal. from AeJ/AC13, 1.f. 
channel and b.f.o. signata from AC2. ad delivers a levelled and calibrated 
output signal with a 50 $l:.ource impedanee to the coarse attenuator A'!O. 
Control data for the amplifier switching, fine attenuator and i.l.c. is 
brought to AC4 via the instrument bus. 

104. HI' channel and a.l.c. This is selected by a 'hip t instruction on tC2, 
pin S, and a i low' on la, pin 9. TI$ is then turned on and supplies current 
to the h.f. channel .plifiers, whil.t TIU6i. off. The h.f. input (frequen
cies greater than 32.5 MHz) at PLCS is aepUfi:ed by four r.f. tran.istor 
stagea. The first two. TR2, T1t4, give.+6 dB each but the gain can be triuaed 
at the 1 GBz end by lIOving R9. Itl9 alOt!gLl,L4 respectively. The last two 
stages (common with the l.f. channel) have a combined gain of +10 dB. At 
high frequencies the gain of talO tendt to fall; to compensate for this the 
gain of TR8 is held down at low freq~ci .. but allowed to rise with frequency. 

105. Rich frequency gain can be triDaad by IlOnag R34, 135 along L7. Oiodes 
08 - 010 protect TRIO from voltage transients. All fOUT stages use active 
bias networks. TRI, 3, 7 and 9. 
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106. RF level control for the h.f. chanael is accomplisbed using pin diode 
at tenuators in the r. f. amp lifter chain. The two fiDd-aain s t .... , TI2 and 
TR4 are placed between three pin diode attenuator el •• nts, I)l,s-19. 1)2 and 1)4. 

The attenuation produced by these diodes is determiM4.by·tlM coa.t-ro~ voltage 
applied to them; the suller the maguitude of the coatni volta .. , the higher 
the attenuation. This c;OI1trolvoltage· is derived by cOllPariq, .at the voltage 
comparato-r ICtc, a d.c. reference voltalef-rOll ICld with thar.f .. d~tector 
voltage from IClb. The voltage f-rOll Ietc (TP2) cGCItrolaDZ, mel the inverted 
voltage from ICla (TP1) cOiltrols DIB, DI9 and D4. If the r.f. detector vol
tage differs from the reference voltage, the pin diodes will be driven so as 
to annul this difference. Ta16 is off, and prOViding 1)4 is forward biased 
D5 will also be turned off disconnecting the l.f. chaDDel drive. 

107. The r.f. detector measures the peak voltage at the output of the fix.d 
gain transist&rpair, T1t8, TlUO, ~iately before the SO Q resistor, 1147. 
Thus the voltage can be precisely. controlled behind a SO g source impedance. 
D12, C34 form the negative-peak detector who.e voltage i.buffered by IClb. 
D13 provides temperature compensation for the detector diode. Dlt, C33 act 
as a mimic positive-peak detector to help equalize the loading on TRIO. 
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lOB. LF channel and a.l.c. The l.f. channel is selected by a 'high' instruc
tion on tC2, pin 9, and a 'low' on IC2, pin 5. TRI6 is then turned on supply
ing current to the l.f. amplifiers, whilst TRS is turned off. The l.f. chan
nel input (frequencies less than 32.5 MHz) at PLDA is amplified by three tran
sistor stages, TRII, 13, 15, operating in a 200 n system, and then by the com.
mon output transistor pair, TRB, TRIO, operating in a 50 n system. The trans
fer from 200 to 50 n is accomplished with a consequential signal loss of 12 dB, 
this is however compensated for by the ample gain in the amplifier chain. 
When the l.f. channel is on,-DS is forward. biased and D4 reverse biased allow
ing signals to be routed from TRIS to tRB. 

109. LF channel levelline is implemented by makine the first two amplifiers 
variable-gain stages. JFET's are used in the emitter circuits of TRll and 
TRl3 for this purpose. The drain-source resistance of the f.e.t's and hence 
the cain of each stage, is controlled by the control voltaee on TPlj the 
lDOre neeative this voltage is, the lower the gain. The control voltace is 
derived in the same way as for the h.f. channel, except that because TRI6 is 
on, the voltaee on TPI is offset by -7.5 V (due to R69). 

110. ALC referance voltage. The d.c. reference voltage to the comparator 
IC]c is the means through which accurate control of the output r.f. signal 
level is obtained. The actual d.c. voltage required for any given frequency 
and output level is influenced by a number of different circumstances. 
Further complications are present when amplitude lDOdulation (a.m.) is applied 
which are compensated for by the circuits described below. 

Electronic fine attenuator 

Ill. AXO attenuator unit provides the c~arse attenuation of the output signal 
from AC4 in mUltiple steps of 10 dB. An electronic attenuator on AC4 is used 
to give fine control of the output over a ranee of 10 dB, with a resolution of 
1 mV (r.m.s., p.d.). This is . achieved by supplying an accurate d.c. reference 
voltaee to the a.l.c. comparator ICtc. 

112. In the nomal JD)de AC4 is required to give an output between 158 mV and 
500 mV, rising to 1000 mV in the +6 dB mode. For a maximum figure of 1000 
and a resolution of I a to bit binary number is needed i.e. 1000 decimal • 
1111]01000 binary. This requirement is implemented in IC6, IC3d where IC6 
is the 10 bit digital-to-analocue ('D/A) converter to which the binary number 
is sent. The D/A has its own intemal data latche •• 

113. The least significant digit. are sent first to address A7L2, followed by 
the 2 most significant digits to A1L3. '!'he number in the D/A determines the 
gain of IC3d, and hence the O\u:pu.t on pin 14 in relation to the input on IC6. 
pin 3. A change of I in the ID-bit nldlber will give rise to a voltaee chance 
frOll !C3d which in tum causes a eh'" in the _reference voltage 81'plied to 
the camparator. When calibrated this will chanp the output level from AC4 
by I mi. In calibration the voltasa on !C6, pin 3. i. set to give a certain 
r.f. output; R89 is used to calib~ate the fine attanuator acro.s ies working 
ranee. (The purpose of 016, rCte etc. is explained under a.IIl. processing.) 
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114. After the point at which levelling occurs, (TRIO collector) the r.f. 
signal is subject to the insertion loss of coaxial cables, connectors, ATO 
coarse attenuator, etc. before the output socket. The insertion 108s is 
'frequency dependent, and becomes more pronounced the hisher the frequency." 
To compensate for this AC4 output is increased by an amount equal to the 
insertion loss at the selected frequency. This is achieved by adding a 
"small offset to the reference voltage applied to the a.l.c. comparator. 
Clearly the amount ot offset needed will increase with frequency. 

115. This is achieved by IC4 8 bit D/A converter, to which the microprocessor 
sends a number (address A7LI) representing the correction required. At low 
frequencies where insertion loss is low,' the number sent to the D/A gives 
IC3b a gain close to -1, and the output on IC3c t pin 8 will have a certain 
value (depending on the setting of R86). As the frequency is increased the 
number sent to the D/ A reduces, the gain towards 0 and consequently the output 
from IC3c increases in magnitude. This increase in voltage at the input to 
the fine attenuator is amplified according to the r.f. output level required 
and fed to the a.l.c. comparator to bring about the inlertion loss campeU8ation. 

116 • The number sent out to IC4 is calculated by the1li.eroprocessor frOm data 
stored in its memory. A sufficiently accurate approxiaation to the real 
insertion loss i.obtained using just three calibration frequencies 10, 520 
and 1040 'MHz." At 10 MHz a. code number 050 is stored (using Second function 6) 
and R86 adjusted for the correct r.f. output level~ The frequency is then 
set t~ 520 MHz and the stored code Jl\IIDber iucre •• d Ufttil the leftl is again 
correct. Finally the process is reputed at 1040 ~ (2019 only). When a 
carrier frequency is selected the sicroproce •• or calculates the required code 
number from a straight . line araph drawn between neichbouriq calibration points. 
The actual binary number sent to th. D/A is 2S5. ' 

AM pmcessiy 

117. The r.f. detector DI2, C34 _asuret the peak volt ... olthe r.f. sianal. 
When a.m. i.s present the detector .asure. the peak of the a.m. envelope; 
at 100% depth this will be clouble the voltaae at OX.th. To. ensue that 
the r. f. level is s till correct the reference volt .. e app li.il to the ccapara
tor must be increased by an 8'DI01mt e~a.l to the ,deteetcw YOl~ ... incteau due 
to the a.m. If this is not done there will be an r. f. level error introduced 
dependina on the a.m. depth. 

I 18. This is overcome by add.ing to the d. c. reference pToce •• ing chain an 
a.m. drive signal derived frOlllAC5 via PLCZ, pin 1.1 and i=ludiq a mimic 
detector, D16, ess. 'l'he lIlimic detector _asures the p.4kvoltageof the 
a.m. drive signal superimpo.ed on the'd.c. reference which - when calibrated -
will produce the corTect r.f. output level. 

119. In practise the r.f. detector haaa finite tiae cOllstant (145/04) and 
so that changes in r.f. level can take place quickly, the time coutant must 
not be too lona. Consequently at lowmodulatioafraquenci •• the detector 
output will decay between envelope peake at a r&~.·d .. pending on this time 
constant. In order to preserve the a.m. the reference voltage applied to 
the comparator must match the r.f. detector voltage exactly. If this is not 
done the comparator will produce a control sianal that will tend to remove 
the a.m. from the r. f. signal. To make the reference behave in the same way 
as the r.f. detector voltage the admic detector is set to have the same time 
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_ .vW mOduli 
.' ,",u~l.l the output from AC . 

,_ •• &or the a.m. to be correct at low modulation frequencies the audio dl 
level on the ,reference to the comparator must be exactly equal to the aUt 
level from the r.f. detector. Setting this condition also eliminates the 
r.f. level error occurring at higher modulation frequencies caused by the I 
calibrated peak level of the a.m. drive signal on the reference signal. 

I ACS - Amplitude modulator 

Cil'CU.it dia.t;ram : Chap. ? ~ Fig. 18 

122. AC5 board provides ampli~ude modulation of the output signal from AB2, I 
divide-by-two chain (frequency range 2.03125-520 MHz). The modulated signa 
is then routed to the Filter board, AC3/AC13. AM depth from 0 to 99% is 
programmable in 1% steps. using seven b.its of control data which are brOUght, 
to the internal latch in the D/A converter, IC4, via the instrument bus. An 
eighth bit of data is used to activate the "+6 d& mode", in which the r. f. 
output level from ACS is doubled. Under this condition no a.m. is allowed, 
'and the microprocessor instructs 0% a.m. depth. , 

"fOIII ...... Ily ! 
cltoill & f.1II dtl"" 
.... 2 

SXCI! I 

Chap. 4 
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Fig. 13 AmpUtude modu14to%' (ACS) 
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l23. The modulator consists of two double-balanced mixers, Xl and X2, in 
cascade, with a 3 dB pad (R2-R4) and a recovery amplifier, ICl, between them. 
X2 is responsible for the main part of the modulation, with Xl providing a 
lower level of pre-modulation at large envelope depths. The pre-modulator 
can be adjusted by varying the a.m. drive signal to Xl using preset R23. 
The output from X2 is amplified by TRI and fed to SKDF. 

124. The audio input is fed to the linear port of the D/A converter, IC4, 
from PLDD, and is amplified by IC3 whose gain depends on the control data 
latched into the D/A. The resulting a.m. signal is fed to Xl and X2, and 
also to the a.l.c. system on AC4 output amplifier via PLDC, pin 10. If the 
+6 dB mode line is high, Tll is turned on thus doubling the bias current in 
X2. This causes an increase in the r. f. output at SKDF of 6 dB.' 

AD1 - Display board 

Cirauitdiagrarn : Chap. 7 ~ Figs. 20 and 21 

125. The disp lay board incorporates the three liquid erys tal disp lays (1. c. d. ) 
that are used to show the eurrent settings of the instrument. The displays 
are cirive usin.&c.m.o.s. loci-e IC'.s ,to .ply sq\l&Uwav.6s to the saamants of 
the display. Each l.c.d. has a backplane (b.p.) which is connected to the 
backplan~ drive (b.p.d.). The b.p.d. is a 50 Hz square wave. 

. 126. The. segments are driven by a similar square wave that is either in phase 
or out of phase with theb.p.d. If thesepent dri. is inphaae with the 
b.p.d. there is no voltage applied baewe. the segment _d the bf,ckplllli __ d 
the aepellt remains clear. Uthe .eIMnt drive is out of phaHwith th_ 
b.p.d.then a square wave voltage is applied between thes.pent ·and. th, b.p.d. 
and the segment darkens. It should be noted that d.c. volug ... hould not 
be applied to the l.c.d's since this can result in peJ:m8D._tdaaa .. to the 
display. A nominal -5 V supply for the board is generated _ina the Zenar 
diode 01. 

127. The backplane drive is generated by the astable _ltivib1:'ator ICJ9. 
The output from ICI9, pin 10 is a50 Hz square waVe switching between 0 V and 
+5 V. Before being applied to the displays the level of the square wave is 
translated to be between +5 V and -5 Vat the outputs on l.CIS, pin 3 and 
IC26, pin 3. . 

128. Information to control the dilplays enters theboa1:'d via PLAl.. The DO 
to D7 lines an~ the AO to A3 logic levels are made c.m.o •• , campadole by ICI 
and IC2 open collector buffers and the pull up resistors in Rl. ICll, 15 and 
16decoci. the address linu to proviGe. control lines tc) inst~t the latches 

. on the board. When the AS line is held low the output f~ IC1;~, IC16 cor
respandina to the addreu.et on AD - A3 lines goes hiah (+5 V) • . These out
put lines, labell.d ASLO to ASL12, control which latch latches the data on the 
DO to D1 linas. 

129. With the exception of the decimal point driviug syst_the d~a lines . 
and the latch control lines. are connect.dto the reap.cd w 4056 and 4.054 
l.e.d. driver.. The 4056 drive1:'s are used to drive the sewn ""t displays. 
Each IC latches four input data lines, either DO to D3 or D4 to D7, and decode 
the data to drive the "Yell segment display. The 4056 also level shifts the 
decoded ·iAfomatioa and COll'Verts it into a square wave between +5 V and ... 5 V 
suitable for driving the display. If a binary 15 instruedon is latched i1;1 
the. display will remain blank. 
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130. The 4054 display drivers also latch the data line inputs when instructed 
but these drivers simply convert the input info~tion into a square wave 
between +5 V and -5 V without decoding the data. This type of drive circuit 
is used to drive the annunciators on the display where one input line is 
required to control one annunciator. 

!31. In order to reduce the number of addresses and drivers required the 
decimal points are driven by a different systaR. Ose is made of the fact 
that only one decimal point on each display is required to be set at one time. 
The frequency display decimal point is derived by IC14, 17,and 18. ICI7 is 
a I out of 8 decoder which decodes the data linea DO to 02 and its outputs are 
latched by ICt4, 18. Since only one of the output linea of tCt7 can be high 
one of the decimal points can be set. If the nUllber decoded by IC 17 b a 
binary 7 (i.e. DO • I, 01 • 1, 02 • I) then no decimal point i. set since 
pin 4 of ICt7 is not connected. The deciMal points for the modulation aDd 
r.f. level displays work in a similar manner on 03, 04 and OS, 06 lines res
pectively. 

ADZ .. Motherboard 

Circuit; di.agram : Chap. .,. Fig. 22 

132. The primary purpose of AD2 motherboard is to serve as a _ana of inter
coanecting the various areas of the in.t~ t thal: require aCCeU to the 
microproce •• ,or via the internal iU$trume~l: bus. The interconnectioua are 
sen.rallY made by _alUl 0.£ plu .. on the motherboard thal: ccnn.ct eo ribbon . 
cable aDd locket ... ellbUe.. The pluS's on the board cOMiae of array. of 
machine ins.rted square wire wrap postsananpd in a dual in-line configura
tion. The p.e.b. AD3 is eaanected to the motherboard by an edse connector 
socket SKAH mounted on the motherboard. . 

133. The IDOtherboard also latches the concrol data for the attenuator. IC.! 
is an octal 14tch on &ddrea. A6LI0 that latches the data used to control the 
attenuator pad. and the r.p.p. ruet. The outputs f'1'OlR ICI an coanected to 
the open collector driver, IC2, to directly dri_ the lolenoida that op.rate 
the atteauator pads. 

134. In ord.r to .implify the i~tarcoaa.ctioQ8 in the lower r.f. box its data 
valid lin., A7, is sated with the A3 lin. by tel, thus laring a furth.r line 
throuah tha filter box. The r •• ulting A3 + A7 output line goel 'low' ouly 
when both are held low, Le., wh.n infonaatiOl1 is being sant to addre •••• 
betw •• A7LO aDCi A1L7. 

AD) - Modulation o.cilla1:Or aDd f.m. coatro1 

CiztCUit di4gztam : CNrp. .,~ Fig. 23 

135. Control infor.aation for the modulation oscillator and oth.r analogue 
swi tche. on this board are latched by ICS. The latch. 84dr •• s.s are decoded 
by lCU. Th. Zen.r diode D4 senerate. a -7.S V 'upply from the -15 V supply 
for use by the analogue gates on the board. This eGables the analogue gates 
to be cOl1Dected to a supply vol tase of +5 V aDd -7.S V. 

136. The modulation oscillator is a. therai,cor stabilized Vi.n brid" oscil
lator. ICla is the maiGtainins .Ufier .d 12 the thermistor. 'l1\e fre
quency ofoscillatioa is detemined by the -.&1ope Sac., t02, tel ami IC4 
which leleet from a bank of resistors R3 to all, C2 and C3 are the two fre
quency detemining capacitors. 
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137. If internal modulation is selected the output from ICl, pin 1 is routed 
via IClb and IC7 to the modulation oscillator output line. on PLAH, pin 13. 
A similar signal is also routed to ICI0b.. If external modulation is selected 
the modulation oscillator remains on but' the modulation input signal on PLAH, 
pin 13 is routed to ICtOb via IC7 and IClOa. 

138. The output is then fed to two resistor chains. If external modulation 
has been selected and the modulation a.1.c. has been set to off, the output 
from the wiper of RI6 is connected to IC6,. pin 15. If the modulation a.l.c. 
haa beeu set to the ou condition (this is always so if internal modulation is 
selected) the signal on IC6, pin 1 is connected to IC6, pin 15. The signal 
level on pin I is controlled by the j.f.e.t.TRI which is used as a voltage 
variable resistor. TRI is part of an a.l.c. loop which ensures that the sig
nal level on IC6, pin I is substantially independent of input level. 

139. The level on IC6, pin I is amplified by ICSb and its level is peak detec
ted by D2 and C4. The resulting d.c. level is compared to a reference level 
by ICSa and this output is used to control the variable resistor fo~d by 
TIll. The reference level on the junction of R23 and R24 ia temperature com
pensated by DI to offset the temperature coefficient of the detector diode, D2. 

140. If amplitude modulation is. on, the signal on IC6, pin 15 is routed to IC6, 
pin 14 and then amplified by IC9b. The resulting audio signal is connected 
to PLAH, pin I I for routeing to ACS Amplitude modulator. The variable resis
tor 130 is used to vary the audio drive level and is used to set the a.m. 
depth accuracy at I kHz modulation frequency. 

141. If frequency modulation is on the signal is routed to IC6, pin 4 and then 
amplified by lC9a. The signal at IC9a output is set to a nominal 12 V p-p 
by R33. The signal is controlled by a series of 3 c.m.o.s. D/A converters. 
ICII D/A modifies the drive signal level in accordance with the f.m. tracking 
data from the microprocessor. lCtS D/A cont.rols the signal level in accor-
dance with the f.m. deviation set and ICt7 divides the signal level by factors 
of 2 in order to provide tange scaling. 

142. The data required by lCIS is a 10 bit binary number and is loaded into 
the DfA. in two bytes. The first byte is the 8 bits correspondiug to the 
least .ignificantbies while the second byte is the 2 'IDOst sipri.ficant bits. 
The setting of the D/A only changes when the moat sipri.fi.cant bits are loaded 
in. The output from tCIS is then amplified by IC19 and the output taken to 
AD2 via the motherboard AD2 and PLAB.,pin 1. 

AD4. - Keyboard 

Ci~it diagram : Chap. 7~ Fig. 24 

143. Keyboard AD4 carries all the front panel key switches, the l.e.d. indi
cators for the modulation oscillator frequency and the control logic required 
to interface the switches and the l.e.d's to the internal data. bus. 

144. The key switches are arranged as an array organized in rowa and columns. 
The latch IC4 is initially set to give logic 'low' at all its outputs. The 
pull up resistors in R5 set the logic levels at the inputs to ICS to a logic 
'high'. Wben the microprocessor i. monitoring the keyboard tCS buffer is 
enabled to drive the internal data bus and 80 the llieroprocesaor is able to 
monitor the state of the keyboard. For convenience the i!lputs to ICS are 
referred to as colU1DD.S and the outputa fromIC4 are referred to as rows. 
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145. When a key is pressed it shorts that C01UUUl to one of the rows. In 
order to find which key in a column has been pressed the microprocessor sets 
all but the top row (connected to IC4, pin 2) to the high state. If the key 
pressed was in the top row then the column will remain in the 'low' state. 
If not, the column returns to the 'high' state and the microprocessor sets a 
'low' to the next row down (IC4, pin 5) with all other rows set 'high'. This 
is repeated until the correct row is located. Having determined which row 
and which column the key was in this uniquely identifies the key pressed. 

146. The transistors tRl and TR2 form an electronic extension to the keyboard 
allowing the microprocessor to identify when the r.p.p. has operated. If 
the r. p. p. has been tripped tR2 is turned on by the r. p. p. active line and 
pulls the left-hand column to ground in the same way as the keys do. When 
the microprocessor scans the keyboard TR1 holds TR2 off when IC4, pin 12 is 
high and so the keyboard responds in the same way as if a key corresponding 
to that row and column had been pressed. 

147. The l.e.d's in the key switches and the circle of 1.e.d's, indicating the 
modulation oscillator frequency are controlled by the latches IC2 and IC3. 
The resistors Rl and R2 control the current flowing in the 1.e.d's. 

All - Power supply board 

CiflCuit diagroarrt : Chap. 'l~ Fig. 2 

148. The mains supply range is set by two selector switches, SAl and SAS, 
whose position is locked bya cover plate. The mains tranafarmer is located 
in a s tee 1 box underneath board AE t • 

149. The power supply is required to generate regulated +24 V" +ISV. +5 V 
and-15Vd.c.voltage lines. The +5 V supply is deriveafroal.~ary"J 
of the mains transformer. This is rectified by bridge '01 ~f .All) .4:. is ' 
located on the power supply cha .. is under the board Ail. "The,rectifier 
bridges for the other supplies (01, 02, 03 or Ail) are locaeed on the board 
Ail together with the reservoir capacitors Cl, C6, C7and CIO. 

150. The d.c. from the reservoir capaettors is regulated by three te~al 
adjustable regulato~s. The regulators for the +5 V and +15 Vsupplie.are 
IC I and l;C2 of AMO .,,4 are located on the ,heatsiuk on theme of the,'in.-tru
manto The poten.tiometers R2. RS. as and RII enable the outP1Jt volt .... of 
each supply to be adjusted. Each of the regulator's IC's isprotectecl against 
accidental shorts causing high discharge currents by IN4004 rectifiercliQClea. 
The bypass capacitors C3, CS, C8 and CII improve the ripple rejection of the 
regulators. Each regulator also has an internal. thermal protectiOn circuit. 

J 51. The board AE 1 has been carefully arranged such that theear,th point of the 
resistor chain at the output of the regulator has been tersainatedon the 
chassis by a separate route to that of the reservoir capacito".. this 
ensures that the outputs from the regulators are free of mains supply ripple. 

ArO -10 dB step atteauator 

Cil'(:uit diag:roam : Chap. 'l ~ Fig. 25 

152. The p.c.b. ATI is located in a casting and the board is made of· a low 
loss p.t.f.e. based material. Screens are added to provide signal isolation 
at high frequencies. The lid of the attenuator uses a cOlDPressible foam 
backed gasket ·to provide an r.f. seal beeween attenuator sections. 
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153. The board ATI provides precision 10 dB steps in the output level and 
incorporates a reed relay to provide reverse power protection. Each 
attenuator pad consists of 3 precision chip resistors that provide attenuation 
of 10 dB, 20 dB or 30 dB. Each pad is switched in or out of circuit by 
microswitches actuated by a solenoid. When a pad is switched out the r.f. 
signal is connected to a direct bypass route. The insertion loss of the 
direct route and the pad (excluding the intended attenuation) is set up to be 
identical by the adjustment of small flags. These are adjusted by means of 
nylon screws in the screens. Each pad is separately set up and requires the 
use of specialist measuring facilities and'it is recommended that this is 
carried out by the nearest Marconi Instruments agent or Marconi Instruments 
Service Division. 

RPP - Reverse power protection 

154. ResistorsR16 to 120 form a high impedance r.f. signal divider at the 
output of the attenuator which is used to sense the r.f. present at the output 
of the attenuatQr. Diodes 01 and 02 detect the signal level and the result
ing d.c. is connected for use in the r.p.p. system. If the signal level 
exceeds a preset limit the reed relay RLl is set to the open circuit condition 
in order to protect the attenuator from excessive power dissipation. The 
decoupling capacitors CI, C2 result in the detector being more sensitive to 
very low frequencies than to r.f. This ensures that it is not possible to 
daage the attenuator with externally applied d.c. 

155. The reed relay RLl is mounted in a coaxial tube to ensure that the v.s.w.r. 
of the reed assembly is very low. It should be noted that the reed should be 
handled very carefully since it is fragile and is particularly prone to damage 
around the glass seals at each end. The reed is operated by the magnetic 
field from the inductor Ll. L1 is wound on a bobbin and the reed relay, sur
rounded by its coaxial tube, is slid up the centre of the bobbin. 

AT2 - Attenuator control 

Ci~it diagram : Chap. 7~ Fig. 26 

156. Board AT2 controls the attenuator pads and the r. p ~ p. de tector sys tem. 
The board is located directly above the attenaator casting. The control 
lines that energize the atten~tor pad'solenoids come onto the board via PLAE 
frOll the motherboard AD2. Wben one of these lin.. is grounded by the open 

. collector driver on AD2, curre.nt flows through the corr •• ponding solenoid and 
the Solenoid armature moves across and operates the att.nuator microswiteh. 

157. When a solenoid is energized (control line grounded) the attenuator pad 
is switched out of circuit. The Zener diode. D4 to 08 act as clamps to pro
tect the opeii""Collector dri vera on the IIIIOtherboard. When a solenoid is de
energized the stored magnetic field cause. a large voltage spike on the control 
lines whose amplitude is clamped by the Zener diodes. 

158. The power for the solenoids is supplied by PLP, pin I. Normally this 
supply is at approximately +9 V. This, by itself, is not adequate to pull in 
the solenoids, therefore when the microprocessor updates the attenuator setting, 
supply to the solenoids is temporarily increased to approxiaately 20 V for 50 ma. 
This is accomplished by the monostable IC4 and transistors TR2 and TRJ. When 
the attenua.tor setting is updated by AWti'O instruction at PLV, pin 6, IC4 trig
gers producing a 50 ms pulse on pin 8 to turn on TR2/TRJ. This effectively 
connects the +20 V supply to PLP, pin 1. Diode Dl1 prevents tbe two supplies 
from shorting together. When TR3 turns off. 011 turns back on to restore a 
Chap. 4 
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+9 V supply. The use of this pulsed supply reduces the power consumption of 
the attenuator solenoids. 

1!l9. The r.p.p. is also controlled on AT2. The output from the peak detec
tors used to detect the application of reverse power to the attenuator board 
ATI is fed in to AT2 .at PLN, pins I, 3 and 4. ICI detects the difference 
voltage between these detector outputs. The output on ICI, pin 6 is then 
compared with a reference on tC2. 

160. If the detected signal level is excessive IC2, pin 7 is asserted 'high' 
resetting the a-s flip-flop formed by ICl. This results in ICl, pin 13 
going 'hi;;;h' turning off Tal. ' The voltage on PLN, pin I then falls to zero 
and the reed relay on AXl atte~ator is open circuited. The reaction time 
between the application of reverse power and the reed relay going open eircui t 
is typically 80 ~s. The Zener diode, D3, protects .Tal against the voltage 
transient when power is removed from the reed relaytsoperating inductor (l.e.d. 
DIO is on when the reed relay is closed to indicate that operation is normal). 

161. When the reed relay goes open circuit the RPP ACTIVE lina on PLV, 
pin 9 is asserted 'high'. This line is connected to the keyboard A04 where 
the microprocessot detects .its oPt-ration .and resp<mds accordingly. The r.p.p. 
is reset when the microprocesforSets the RiP IESET line on ltV, pin 12 to the 
'low' state and then subsequantly sets to 'high' again. 

AGO - GPIB adaptor module 

Cu-auit diagmm.: Chap. 7~ Fig. 27 

162. This module is an optional i~ and only fitted to. 2018/2019.wbeo remote 
facilities are required. The module when cotmected to there,;- panel, allows 
direct connection from a GPIB talker/listener device and il!ple.tst,he full 
lEa 488 specificatioos (no cont1"01hDction) • 

163. tC2 (8291) GPIB talker/listener integrated circuit is cosmectad toW 
microprocessor via SIWC. and AD2 mothenoal'd providina both-calker andl.iscenel' 
capabilities, decaiisof these al'e liven'in Chapter 3 of the· Operating Manual. 
ICla and ICS detarmine the read and ¥rite address decoding cycle. ICI 
operates as an independent clockwbo.e frequency (between. J and a 'MH2:) is u.ed 
u. ti_ ou.t. an .6pt)roximate 2 lA.del..,. 4ltowiastbe OU8 l'O"ttJ;e after.ending 
data. 

]64. IC4 ~ IC7 t1:ansceivers are used to translate the nesative true logic and. 
a~t .&8 drivers. IC3bprovides the logic 'low' level for the receive 
illl truction TR/I to ICS, pins 7 t 9 ; or tbe talker 'hip' leve1for< ICS. IC6 
and IC7 and also provides the addi tiona:l buff.riog necessary for the. three 
IC's in line. 

SECOND FUNCTION OPERATIONS 
] 65. Second function operations provide the.an. of controlling various 
secondary feature. and calibrations within the instrument. There are three 
levellof operation. two of which require unlock.ins in order to gain acceas. 
Each level of operation and method of access is described below. 
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166. Nor.o~l operation 

Second functions '0' 
, I ' 
, 2' 
, 3' 

Unlock {These functions are unprotected 
Status information and may be accessed directly:-
GPIB address setting Press SECOND FUNCT followed by 
Manual latch setting 0, I, 2 or 3 key as required. 

167. First level operation 

168. 

169. 

Second functions '4' SRQ mask setting 

Second 

Second 

Second 

'5' iF level units seeti 
'6' IF level offset 
, -' RECALL STORE 10 at 

switch-on. 

level operation 

" functions '7' IF level calibration 
'8' PM calibration 
, 9' 2018/2019 software 

flag se tting , . , Calculation and 
storage ·of amended 
EARQ( check sum 

function '3' Kanual latch 

ese functions have first 
deiree protectio.n and--are
accessed by the following pro
cedure:- Press SECOND FONCT, 
0, then the MOD OSC and ON/OFF 
keys simultaneously, holding 
these down for a minimum. of 
5 seconds. Follow this by 
pressing SECOND FUNe! and the 
numeral 4, 5, 6 or ,_, as 
required. 

These functions have second 
de~ee protection and are 
aceeseed by the· following pro-
cedure:- Press SECOND lONCT, 
0, then in the rotation given 
first MOD OSC then ON/OFF and 
finally CARRIER FBEQ keys 
holding down all three keys 
for a minimum of 5 seconds. 
Follow this by pressing SECOND 
FUNe! ancl ~e autll8ral " 8, 9 
or'·' as required. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.ettina 

Second functioaa 0, 1,2,4,5,6 and '-' are fully described in Vol. t. II 
aperatiq Manual. Second function 3, 'Manual latch setting, allows tne operator 
to direct an 8 bit, .binary w~tion to any of the instt"lJ1llent' s internal 
latches for testing aDd fault-finding. The latch is selected first by select- II 
ing the SECOND FONCT 3 1II04e thea entering tba tlUlIber of the data valid line 
(1 digit 4 to 1), this information-is displayed in the Modulation display 
wi.ndow. This is followed byt:!le utaber of the latch (2 digits 00 to 15) and I· 
is display.d in the B!' level cliiplay window. The data is then autered in 
binary (8 binary digits 0000 0000 to 1111 11 II) and is. displayed in the 
Carrier Frequency display winoow. The data is sent to the requested latch on I 

. pressing the 'STORE' key. New data may be sent without re-entering the latch 
addrass if required. 

170. Further. details of th. coatrol data used for iadivid.ual boards is given I 
in Chap. 5, Maintenauce. The example following illustrates the procedure for 
setting the control data to a board su~ as AC5, Amplituda mod.ulator. 

To set 30% modulation .. Qn the board cany out the steps (I) to (3) as I 
follows:-
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+9 V supply. The use of this pulsed supply reduces the power consumption of 
the attenuator solenoids. 

159. The r.p.p. is also controlled on AI2. The output from the peak detec
to~s used to detect the application of reverse power to the attenuator board 
ATI is fed in to AI2 ,at PLN, pins 1, 3 and 4. ICI detects the difference 
voltage between these detector outputs. The output on ICl~ pin 6 is then 
compared with a reference on IC2. 

160. If the detected sigDal level is excessive IC2, pin 7 is asserted 'high' 
resetting the R-S flip-flop formed by IC3. This results in IC3, pin 13 
going 'high' turning oft TRI. The voltage on PLN, pin I then falls to zero 
and the reed relay on AXI ateenuator is open circuited. The reaction time 
betw~en the application of reverse power and the reed relay going open circuit 
is typically 80 ~S. The Zener diode, D3, protects TRI against the voltage 
transient when power is removed from the reed relay'soperating inductor (l.e.d. 
DI0 is on when the reed relay is closed to indicate that operation is normal). 

161. When the reed relay goes open circuit the UP ACTIVE line on PLV, 
pin 9 is asserted 'high'. This line is connected to the keyboard AD4 where 
tba .microproceas.or detects it.soperation.and respon4e .a.cco.rdiqly. The r.p.p. 
is reset when the microprocessor sets the UP RESET line on PLV, pin 12 to the 
'low' state and then subsequently sets to 'high' again. 

AGO -GPIB adaptor module 

Cirauit diagram : Chap. 7. Fig. 27 

162. This module is an optional item and only fitted to 2018/2019 when remote 
facilities are required. The module when connected to the r .. r paoel, allows 
direct c~ction from a GPIB talkerllistener device and t.pl."nts the full 
IEEE 488 specificationa (no CODtrol function). 

163. IC2 (8291) GPIB talker/listener intalrated circuit b COQMc1*i toW 
microprocessor via SIAl and AD2 motherboard providing both talker aa41i.tener 
capabilities, details of the.e are aiven in Chapter 3 ofche Operatinl Hanual. 
IC3a and IC8 detemine the read and write address decodin8 cycle. ICI· 
operates as an independent clock whose frequency (be~ J __ 2 .MB&)t. used 
.eD .. time ms.t. an.appraxi1late 2 llS delay allowmg ,the bus to •• ttle aft.:r s.nding 
data. 

164. IC4 .- IC7 transceivers are used to translate the neptiv •. trMl~e and 
ac:t.as drivers. IC3b provide. the logic 'low' le.,.l for::tta.:rt ..... 
iqstruction TR/I to ICS, pins 7, 9; or the talker 'high' te.lforlC5-... 1C6 
at&d IC7 and. also provides tbe additional buffering necelsary forth •. th;ee 
IC's in line. " . 

SECOND FUNCTION OPERATIONS 

16S. Second function operations provide the _ans of controlling variO\ll 
secondary features and calibrations within che in.t~nt. There are three 
levela of operation. two of which require unlocking in order top.in access. 
Each ,level of operation and method of access is described below. 
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Second functions '0' 
'I ' 
, 2' 
'3 ' 

Unlock {These functions are unprotected 
Status information and may be accessed directly:-
GPIB address setting P:.~ss SECOND FUNeT followed by 
Manual latch setting 0, I, 2 or 3 key as required. 

167. First level operation 

Second func t ions '4' SRQ mask se t ting 
'5' RF level units settin 
'6' RF level offset 
'.' REC.~L STORE 10 at 

switch-on. 

168. Second level operation 

. Second functions '7' Rl level calibration 
'8' PM calibration 
'9' 2018/20t9 software 

flag se tting 
'.' Calculation and 

storage of amended 
EARQ{ check sum 

169. Second function '3' Manual latch setting 

These functions have first 
degree protection and-are
accessed by the following pro
cedure:- Press SECOND FUNCT, 
0, then the MOD esc and ON/OFF 
keys simultaneously, holding 
these down for a minUnum of 
5 seconds. Follow this by 
pressing SECOND FUNCT and the 
numeral 4, 5, 6 or '.1 as 
require4. 

... <=-=::. : ... ji·,' ....... _OOOi'_' ..... __ '" ....... 
.,....; 

These functions have second 
dearee protection and access 
to Second level operation is 
restricted to authorized 
calibration uni ts only. 
Interference with these second 
functions could invalidate the 
ins trument' s calibration. 

,""II''''''_ ___ .... .,.._"'\"_ ... --.".. ... 
. -::'..:~.;;'" (f-' 

f / L l ' --

Second functions 0, t, 2, 4, S, 6 and '_I are fully described in Vol. 1. 
Operating Manual. Second functicm 3, Manual latch setting,allows tne operator 
to direct an 8 bit bi1\ary iMtrucc10n to any of the instt'Ul'Dent's internal 
latches for testina and fault-fiadina. The latch is selected first by select
ing the SECCIm P"OHCT 3 mode then Emtering the number of the data valid line 
(l diait 4 to 7) ,this inforation is displayed in the Modulation display 
window. This is followed by tbe number of the latch (2 digits 00 to 15) and 
is displayed in tbe RF level display window. The data is then entered in 
binary (8 binary digits 00000000 to 1111 1111) and is displayed in the 
Carrier Frequency display window. The data is sent to the requested latch on 
pressing the 'STORE f key. New data may be sent without re-entering the latch 
address if required. 

170. Further details of the control data used for individual boards is given 
in Chap. 5, Maintenance. The eQ1llple following illustrates the procedure for 
setting the control data to a board such as ACS, Amplitude modulator. 

To set 30% modulation on the board carTy out the steps (I) to (3) as 
follows:-
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Latch address for AC5 board is ~ 
NOOULATION 

(1) Address (A7); Press the numeral 7 on. the keyboard. [II .-, , 
III Uf dl.Sp lay shows:-

Press the numeral RF UVEL (2) Latch (LO); o on the keyboard 
twice (La implies LOO~isPl'Y shows:- [II nn 

III UU 

(3) 30% Modulation; To obtain 30% modulation, set a 
binary 30 in the Carrier Frequency 
disp lay by en tering ei ther l' s or 
a's from the keyboard, numbers are 

CARRI ER FREQUI!HCV 
rotated in from the right, rr=====~~==.~====~~~ 

disp lay shows: - II ., n n « f , ,n I j 
.' UUtJ f f. fU 

To complete the operation press the STORE key. ~~~;;:~=~~=~,.;: .. ;; .. ~. 

171. Second function '7' BE level calibration setting 

The output level is calibrated by setting a control number (0 - 255) at 
10 MHz and 520 MHz ·(and 1040 MHz for 2019) via second function 5. At all 
other frequencies the required control data is calculated from these numbers. 
The instrument allows acce .. to one of these numbers at a ti., accorcling to 
the current carrier frequency. The current value is shown in the RF level 
display window when second function 7 is selected: a new number say be 
entered via the keyboard, (or GPIB) or -the displayed number chanaed using the 
UP and DOWN keys. The output level cheges accordingly: to store the new 
number press the 'STORE' key. ., 

172. Second function '8' FK tracking 

The frequency deviation when f.m. is selected i.calibrated at 84 fre
quencies: at other f}:equencies the required data is calculated internally 
from the adjacent traekina point data. In order to set a. calibration figure 
at a tracking point, the generator mu.t first be set ,to the requ4red frequency, 
with f.m. ou, in the normal way. Second function 8 will then diSplay the 
current calibration number in tbe RF 18\7e1 display wiDCIow. ThisnUBlbeT say 
be changed by entering a new number, or incremented.usiul the UP and DOWN keys 
for convenient fine control: the change is effective iaaediately. The STORE 
key is used to overwrite the old number with the new: until tills happens no 
permanent change to the calibration data is effected. 

173. Should the generator be tuned to a frequency which does not correspond to 
a tracking point, second function 8 will display the "_" (retuning required) 
messale. 

174. Second function '9' 2018/2019 software flag setting 

This software package is suitable to drive both the 2018 (520 MHz) and 
2019 (J040MHz) signal generators: second function 9 infontS the microprocessor 
which instrument it is driving. Operation is as for altunative level cali-
bration data selection: ')' indicates 201"9; 0, 2018. 
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oint) . amended 
e ~n1t1a operat1ng mo e 0 t e ~nstrument s ould e 

shown on the front panel display at switch on. This is CARRIER FREQ 520 MHz 
(2019, 1040 MHz) internal MOD OSC 1 kHz, no FM or AM MODULATION and minimum 
RF LEVEL (-127 dBm or equivalent). Before this occurs a check on the service
ability of the RAM and PROM is carried out and a check sum is also carried out 
on the EAROM stored data. If this is in error the instrument will be unable 
to take up the initial operating mode and will instead display the following 
error signal I L I in the CARRI ER FF ~UENCY MOOULA liON 

::u!~o~i:n:Windi~t III :J S Jl] ~ l 11 
cation of the program "7;~ ~~~.=~~====~. 
mod state is also shown in the carrier frequency window. Earlier instruments, 
serial numbers I t 840 I having ei8h t PROMs 44533-025C fi t ted and wi th a program 
mod state of either 01, 02, 03 or 04 do not carry the EAROM check sum capa
bility. 

176. The EAROM store carries the RF level calibration and FM tracking data. 
If this has been changed (as a result of recalibration) the check sum will 
not agree, therefore it is necessary to select Second function 1.1. This 
operation calculates and subsequently stores the 'amended data for use there
after as the valid check sum. 

177. If the check sum is incorrect for reasons other than recalibration and 
this is considered an acceptable condition the instrument may be reset and 
used in the normal ~er by pressing any of the front. panel keys on the 
keyboard. 
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INTRODUCTION 

H 5201;;-9\.iO£ 
Vol. 2 

I. This chapter contains information for keeping the equipment in good 
working order, checking overall performance, fault finding and realigr~:n: 
procedures. Before attempting any maintenance on the equipment you are 
advised to read the preceding chapter containing the technical descri? ti.:;::. 

2. Test procedures described in this chapter may be simplified and of 
restricted range compared with those that relate to the generally more ~om
prehensive factory test facilities, which are necessary to demonstrate com
plete compliance with the specifications. 

3. Performance limits quoted are for guidance and should not be taken as 
guaranteed performance specifications unless they are also quoted in the p~r
formance data in Chap. I. When making tests to verify that the insc"~~en: 
meets the stated performance limits, allowance must always be made for th~ 
uncertainty of the test equipment used. 

4. In case of difficulties which cannot be resolved with the aid of t~i3 
book, please contact our Service Division at the address given inside th~ 
rear cover, or your nearest Marconi Instruments representative. Al~la.yS 
quote the type and serial number ~ound on the d_ta plate at the rear of ~~a 
instrument. 

S. Integrated circuit and semiconductor devices are used throughout t:lls 
instrumant and, although these have inherent long term. reliability and mec~a.
nica1 ruggedness, they are susceptible to damaae by overloading, reverse 
polarity and excessive heat or radiation and the use of insulation testers. 

6. Numerous chip capacitors and resistQrs are fitted·in this equipment. 
These have silver palladium end cap terminations • When soldering t~ese 
devices the following precautions should be obServed. 

(i) Use solder containing 2% silver, and a temperature controlled 
4S watt soldering iron set to 31SoC (600°'). The use of a high wattage 
soldering iron will minimize the time taken to solder the device. 

(ii) When soldering chip components to printed circui t boards a long 
fillet of solder should be laid on the track leading up to each end cap 
texminstion. This reduces the otherwise adverse inductive effects at 
high frequencies. 

7.· Static sensitive components. ~ The· c.m.o.s. integrated circuits· 
used in this instrulMnt have extremely high input resbtanc:e a,nd can be 
damaged by accUllallation of static charges (see preliminary pages, Notes and 
Cautions). Boards that have such intearated circuits all carry ~arning 
notices against damage by static discharge. 

8. Be171Ha heal th hazard. ~ This material is used in the cor..-
~ruction of transistor TRlO in Unit AC4. Warning notices are displayed and 
extreme care must be exercised when wishing to disturb this transistor (see 
preliminary pages, Notes and Cautions). 

9. Bulkhead connectors and gaskets. Special care should be taken to 
ensure that no r.f. leakage occurs. To this end all bulkhead connectors and 
lid sealing gaskets should be secure. It is essential that the unit lids be 
correctly relocated in theirslot~ed recesses after removal .. 

Dec. 81 
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10. Fault location. SOtDe aid to fault finding is provided by the typical 
d.c. voltage and signal levels. tables given are not extensive but are in
tended as a pointer to further investigation. It is emphasized that each 
fault table should be studied having regard for the others,since incorrect 
operation of a circuit may be caused by malfunction of an associated circuit. 

PERFORMANCE CHECKS 

OVerall tests and adjustments 

11. Many of the tests described in this chapter are simplified and of re
stricted range compared with those which would demonstrate compliance with the 
specification as described in paras. 1 to 4. If the results quoted in the 
following paragraphs are not obtainable refer to the related fault finding 
section and tables, and after repair ensure that realignment is carried out 
in accordance with that section, if applicable. 

Frequency accurasr 

Test equipment : items d, Diiital frequency meter 
n, Standard frequency source (10 MHz) 

12. (1) Connect the freq~cy _ter to the output of the instrument. 

(2) It is advisable to synchronize the frequency meter with an external 
standard frequency accuracy 2 parts in lOS if possible. 

(3) With the 201S in any mode of operation and the tNT standard selected 
carry out spot checks throughout the range of the ins trument and ensure 
that frequencies are within specifications. 

(4) Check that the output from the rear panel STD FUQ IN-OOT socket is 
a nominal 3 V p-p frequency sipal at 10 MHz tl Hz.: The .taadard fre
quency trim lUcan be accessed·' throup the upper right-hand side outer 
cover ad enable. the internal standard to be set asain.t a primary 
external standard. 

CAU'1ION. Lh. 

Chap. 5 
Page 4 

Incorrect adjustment of this preset will impair the frequency 
accuracy .0£ the generator. Allow at least 10 ai11Ute. warm-up 
and switch the frequecycounter to Select 'I' J Hz resolution. 
Adjust Rt for a r •• dina of 10 MHz :1 Hz then switch the fre
quency COU1'lter to O. J Hz resolution and check that the indicati-on 
is the same after five counter satea. 
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Descl'iption 

a RF electronic 
millivoltmeter 

b T connec tor 

c N type Son load 

d Digital 
frequency 
meter 

e Kultimeter 

f Power meter & 
tf t power head 

g Distortion 
factor 
meter 

h AKIN lIOc1ulatica 
metal.' with 
cry. tal OSC. 

i AI oscillator 

j Digital 
voltmeter 

k (i) Spectrum 
_alyser 

(ii) Frequency 
extender 

(iii) Zero 1088 
probe 
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TABLE 1 TEST EQUIPMENT 

Minimum use specifications Reconrnended mode 1.; 

Voltage range: ImV to 3V r.m.s. TF 2603 
Frequency range: 50kHz to S20MBz (2018). 

1040KHz (2019). 
Accuracy: ±S% of f.s.d. up to SOMH% 

±2d! up to 900KHz. 
±3dB up to 1500KHz (using coaxial 
'T' connecto~ TM 7948). 

VSWR t 1.2: I at. 1500KHz. terminated in son. 'l'M 7948 

VSWR' t I .05: I up to ISOOMBz. TM 7967 

Frequency range: 10Hz to 2GHz. 2435 
Sensitivity: 56mV r.l'Il.s. p.d. into son. 
Input impedance: LF 1MBz in parallel with 

less than 25pF. 
Nominal son. 

Greater than 20ke/v. GEe Selectest 

Powe.r r-.a. • .. ur ..... nt: O. 03ltW ·to 3W. 6460 
Accuracy: 1%·of f.s.d. 
Frequency range: 10MHz to 520MHz (2018), 

104QM1lz (2019) depen4ina on 
the tit power head in use. 

Pundamental range: 20itz to 20k1l2:. TF 2331A 
Pund_D,tal rejection: 80el!. 
Measurement accuracy: ±2% of full-scale 

t2% of reacling. 

Nfrequeucy range: 4 to 1200Mll11. TF 23001 & 
DeviatiODr-..: 1.5 to 500k1l2:. TIC 2302 
.AM freque~. r_.e: 4 to 40OMHz. 
Kodulatica. depth r_ .. : 30 & 100%. 
II' input frequccy raaae: 4KHz to 1200KHz. 
Calibratioa accuracy: :1::3%. 

Prequency range: 10Ke to 110kHz TF 2104 
Accuracy: ±3% of reacting. 
Distortion: letter the -100di from 10lIz 

to 30kHz. 
Level: 0 to 3V. 

DC volts. lange.: ±IOmV to :I:: I OooV. 
Besolution: 0.01% of range (IOltV on 

1000V r_,e). 
Accuracy: tlOOmV ranse :1::(0.05% of input 

+0.02% of range). 
:l::IV to 1000V r_ae ±(0.02% of 

input +0.01% of range). 

Frequency range: 10k1i2: to 1.2SGHz TF 2370/TlC 2373 
Variable persistance/storage display & TK 2374 

Chap, S 
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TABLE 1 TES! EQUIPMENT (contirzu.ed) 

Minimum use specifications 

1 Ai voltmeter Range: ImV to IOOV f.s.d. 
Frequency range: 10Hz to IOMHz. 
Accuracy: tl%. 

m Oscilloscope Bandwidth: SOMn. 
Volts/division: SmV to 20V. with dual trace 

capability 

n Staudard Output level: 4V p-p. 
Frequency accuracy: 2 parts in 108 • 

o 

p 

q 

Chap. S 
Page 6 

frequency 
source (lOMBa) 

Variable d.c. 
power supply 

o to lOV d.c. at IA. 

Sweep oscillator Frequency rauge: 5MBz to 2GBz. 
& RF plug-in Sweep output: +2V to +IOV. 
uni t Marker., amp li tude - SV 

rl-12 symmetrical ~eep. 

Rho-bridge 
with two 
standard SOQ 
loeds anct 
calibrated 
llismatched loads 

Frequency range: IMBa to IGBz. 
Residual v.s.w.r.: } 1.0\:1 from SMHz 

to IGHz. 
Characteri.tic impedance: son. 
Calibrated mismatched loads: 1.2: I. I.S: 1 • 
Two st_dard son loeds, v.s .w.r. better 
than 1.02: I fro1Il IMBc to IGHz. 

Recommended mode Z 

'IT 2600B 

TELEQUIPMENT D83 
with V4 dual 
channel wide band 
amp. plug-in. 

Rubidium or 
Caesium reference 
unit 

'IT 2155/1 

6700B/6730A 
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I TABLE 2 DECIBEL CONVERSION TABLE 

I 
I 

Ratio Down RatiO. Up 

VOLTAG£ POWE.R OE. Cl8E.ts VOLTAGE. POW:,R -
I 

1·0 1·0 0 1·0 1·0 
·9886 ·9m ·1 1·012 1·023 
·9m ·9550 ·2 1·023 1·047 
·9661 ·9333 ·3 1·035 1-072 

I ·9550 ·9120 ·4 1·047 1-096 
·9+41 ·8913 ·5 1·059 1·122 

'1 
·9333 ·8710 ·6 1'0n 1·148 
·9226 ·8511 ·7 1·084 1·175 
·9120 ·8318 ·8 1·096 1·202 
·9016 ·8128 ., 1·109 1·:30 

I ·8913 ·7943 1·0 1·122 1·259 

·8710 '·7586 1·' 1-1-48 1·318 

I 
·8511 ·n+4 f·4 1·175 1·380 
·8318 ·6918 1·6 1·202 1·~5 
·8128 ·6607 1·8 1.·230 1·5'~ 
·7943 ·6310 2.0 1·259 1·585 

I ·7762 ·6026 1·1 1·288 1·660 
·7586 'S754 1-4 1·318 1·736 

I 
·1413 ·5-495 1-6 1·349 1·820 
·n+4 ·5248 1·8 1·380 1·905 
·7079 ·5012 3-0 1·413 1·995 

I ·6683 ·+i67 ]·5 1·496 2·239 
·6310 ·3981 +0 1·585 2'S~~ 
·5957 ·3548 +5 1·679 2·818 

I 
·5623 ·3162 5·0 1·778 )·1.62 
·5309 ·2818 5·5 1·~ l,S4C! 

·5012 ·2512 6 1~99S 3·~~a~ 

I ·+467 ·1995 7 2·239 5-012 
·3981 ·1585 8 2·512 6·310 
·3548. ·1259 9 2·818 7·943 
·3162 ·1000 10 3·162 10·000 ;1 
·2818 -07943 11 3·548 12-59 
-2512 ·06310 11 )·981 15·CS 

I ·2239 ·0S012 13 4--467 1c.Q C: , '" 
·1995 ·03981 14 5·012 25·")") 

'-
·1778 ·03162 15 5·613 31'£~ 

I 
I 

G!1.ap. .} 

I 
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TABLE 2· DECIBEL CONVERSION TABLE (continued) 

IttJtio Cow" 

VOLTAGE 

·1585 
·1-413 
·1259 
·1122 
·1000 

·079-43 
·06310 
-05012 
·03981 
·03162 

·02512 
·01995 
·01585 
·01259 
·01000 

7·9-43 x 10-' 
6·310 x 10-' 
5·012 x 10-) 
3981 x 10-) 
3·162 x 10-) 

2·512 x 10-1 

1·995 )( 10-) 
1·585 x 10-) 
1·259 x 10-' 
1·000 X 10-) 

5·623 x 1 ()-4 
3·162 x 1()-4 
1·n8 x 1()-4 
1·000 x 1 ()-4 
5·623 x 10-5 

3·162 x 1O-S 
1·000 x 10-5 

3·162 x 10'" 
1'()oo x 10'" 
3·162 x 10-' 
1·000 x 10-' 

Chap. 5 
Page 8 

POWE.R DE.C/8ELS 

.()2512 16 
·01995 17 
·01585 18 
·01259 19 
·01000 20 

6·310 x 10-) 21 
)·981 x 10-' 14 
2·512 x 10-' 16 
1·585 x 10-3 18 
1·000 x 10-' 30 

6·310 x 1()-4 n 
3·981 x 1()-4 )4 
2·512 x 1()-4 36 
1 S85 x 1()-4 38 
1·000 x 1Q-4 .., 
6·310 x 10-5 41 
3981 x 10-5 44 
2·512 x 10-' 46 
1·585 X 10-5 .-
1·000 x 10-5 50 

6·310 x 10"4 n 
3·981 x 10"' 54 
2·512 )( 10"4 56 
1·585 x 10"' sa 
1·000 x 10'" 60 

3·162 X 10-' 65 
1 ·000 x 10-' 70 
3·162 x 10"- 15 
1'()oo x 10'" 80 
3·162 x 10-' IS 

1·000 x 10-' 90 
1.000 X 10-10 100 
1·000 x 10-" 110 
1·000 X 10-11 120 
1-000 x 10-" 130 
1'()oox 10-'" 1. 

Rollo Up 

VOLTAGE POWE.It 

6·310 39·81 
7·079 50·12 
7·9-43 63·10 
8·913 79·-43 

10'()oo 100·00 

12-59 158·5 
15·85 251·2 
19·95 398·1 
2512 631·0 
31·62 1.000 

39·81 1·585 x 103 
50·12 2·512 x 103 
63·10 3·981 x 103 
79--43 6·310 x 103 

100.00 1.000 x 1()4 

125·9 1·585 x 1()4 
158·5 2512 x 1()4 
199·5 3·981 x 10' 
251·2 6·310 x 1()4 
316·2 1·000 x 10S 

398·1 1'58$ )( 10S 
501·2 2·512)( 10S 
631.0 3·981' )( 10S 
79+3 6·310 x 10· 

1,000 1.000 )( 10' 

1·n8)( 103 3·162 x 10' 
3·162 x 10' 1·000 x 10' 
5·ill x 10s 3·162 )( 107 

1·000 x 10" 1·000 x 10i 
1·778 x 1()4 3·162 x 10' 

3·162 x 1()4 1·000 x 10' 
1-000 x 10S 1·000 x 10.0 

3·162 )( 10S 1·000 x 10" 
1'()oo x 10' 1·000 x 1012 

3162 x 10' 1·000 x 10n 

1'()oo x 1 ()1 1'()oo x 10'-4 
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dBn 

-130 
-129 
-128 
-127 
-126 

-125 
-124 
-123 
-122 
-121 

-120 
-119 
-118 
-111 
-116 

-115 
-.\14 
-113 
-112 
-111 

-110 
-109 
-108 
-107 
-106 

~O5 
-104 
-103 
-102 
-101 

-100 
-99 
..gs 
-97 
-96 

-95 
-94 
-93 
-92 
-91 

-90 
-89 
-88 
-87 
-86 

-85 
-84 
-83 
-82 
-81 
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TABLE 3 

FJIF dB\lV 
(r.m. 8.) (e.m·f· ) 

.141\1V -17 

.159 ,-16 

.178 -15 

.200 -14 

.224 -13 

.251 -12 

.282 -II 

.311 -10 

.355 -9 

.399 -8 

.441 -1 

.502 -6 

.563 -5 

.632 -4 

.100 -3 

.195 -2 

.892 -I 
1.00 0 
1.12 +1 
1.20 +2 

1.41 +3 
1.59 +4 
1.18 +5 
2.00 +6 
2.24 +7 

2.51 Li +8 
2.82 ,. +9 
3.17 +10 
3.55 +11 
3.99 +12 

4.41 +13 
5.02 +14 
5.63 +15 
6.32 +16 
1.09 +11 

1.95 +18 
8.92 +19 

10.0 +20 
11.2 +21 
12.6 +22 

14.1 . +23 
15.9 +24 
11.8 +25 
20.0 +26 
22.4 +21 

25.1 +28 
28.2 +29 
31.7 +30 
35.5 +31 
39.9 +32 

dBlIV CONVERSION TABLE 

dIm FMF dB\lV dIm EMF dBlJV 
(r.m. 8.) (e.m·f· ) (r.m. 8.) (e.m·f· ) 

-80 44.7\1V +33 -30 14.lmV +83 
-79 SO.2 +34 -29 15.9 +84 
-78 56.3 +35 -28 17.8 +85 
-77 63.2 +36 -21 20.0 +86 
-16 10.9 +31 -26 22.4 +81 

-15 19.5 +38 -25 25.1 +88 
-14 89.2 +39 -24 28.2 +89 
-13 100 +40 -23 31.1 +90 
-12 112 +41 -22 35.5 +91 
-11 126 +42 -21 39.9 +92 

-10 141 +43 -20 44.1 +93 
-69 159 +44 -19 SO.2 +94 
-68 118 +45 -18 56.3 +95 
-61 200 +46 -11 63.2 +96 
-66 224 +41 -16 10.9 +91 

-65 251 +48 -IS 79.5 +98 
-64 282 +49 -14 89.2 +99 
-63 311 +50 -13 100 +100 
-62 355 +51 -12 112 +101 
-61 399 +52 -11 126 +102 

-60 441 +53 -10 141 +103 
-59 S02 +54 -9 159 +104 
-58 563 +55 -8 118 +105 
-57 632 +56 -1 200 +106 
-56 709 +51 -6 224 +101 

-55 195 +58 -5 251 +108 
-54 892 +59 -4 282 +109 
-53 1.000V +60 -3 317 +110 
-52 1.12 +61 -2 355 +111 
-51 1.26 +62 -I 399 +112 

-SO 1.41 +63 0 441 +113 
-49 1.59 +64 +1 502 +114 
-48 1.18 +65 +2 563 +115 
-41 2.00 +66 +3 632 +116 
-46 2.24 +67 +4 109 +111 

-45 2.51 +68, +5 795 +118 
-44 2.82 +69 +6 892 +119 
-43 3.11 +10 +7 I.OOV +120 
-42 3.55 +11 +8 1.12 +121 
-41 3.99 +12 +9 1.26 +122 

-40 4.41 +13 +10 1.41 +123 
-39 5.02 +14 +11 I. 59 +124 
-38 5.63 +15 +12 1.18 +125 
-31 6.32 +76 +13 2.00 +126 
-36 1.09 +17 +14 2.24 +121 

-35 1.95 +18 +15 2.51 +128 
-34 8.92 +19 +16 2.82 +129 
-33 10.0 +80 +11 3.11 +130 
-32 11.2 +81 +18 3.55 +131 
-31 12.6 +82 +19 3.99 +132 

+20 4.41 +133 
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RF output 

Test equipment items a, RF electronic voltmeter 
b. T connector 
c, N type 50 n load 
f, Power meter 

H 52018-9005 
Vol. 2 

13. The a.l.c. and fine attenuator output level is accurate to within to.S dB 
for carrier frequencies up to 520 MHz an~ within ±t.O dB for carrier fre
quencies from 520 to 1040 MHz. Test equipment shown in Fig. 2 below enables 
the output to be checked for carrier frequencies up to 50 MHz only. Output 
levels at frequencies higher than this should be checked using a power me~er 
fitted with the appropriate tft head. 

TF2603 

It F NI~LIVOUNETER 

Fig. 2 Test gear arzoangemerrt for r.f. output mfN.%8UHl1lents 

14. Select an appropriate carrier frequency, AM on, II' LEVEL +.13 dim, . 
increment the BJ'LEVEL in steps of 0.1 dB and check that tlle ouq,ut level 
remains accurate down to a level of -3 dBra. Selection of levels below 
-2.9 dBm include the operatioa of the coarse attenuator and althoughtbe 
output may be measured at any level low power measurementl require the use 
of specialized attenuator measuring equipment. 

Coarse attenaator functio~l check 

Test equipment : item k, Spectrum analyser 

15. The 10 dB step attenuator contains three 30 4B. pads. OIle 20 dB pad and 
one 10 dB pad. Each of these may be selected individually by utilizing the 
second function 3 mode. Connect the spectrum analy •• r to the IF OUTPUT 
socket and select +3 clBm on the 201S. The coarseattelluator ATO is con
trolled fram AD2 motherboard, address A6LJO. To select each of the relays 
in turn carry out the following procedure:-

( I) Select SECOND FtJNCT 3. 

(2) Select by means of the' instrument keyboard, the address valid 
followed by the address latch number. The modulation display window 
will indicate 06 and the RF level display window to. 

Dec. 81 
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(3) Enter the data in binary 1 or 0 from the keyboard, numbers are 
rotated in from the right and are displayed in the carrier frequency 
window. Each relay may be selected by the binary number shown below 
in Table 4. 

TABLE 4 ATO ATTENUATOR FUN(ZfIONAL CHECK 

Binary No. 
D? D6 05 04 03 02 01 

ReZay de-energized Attenuator pad RP output 
DO 

0 0 1 ; 0 1· RLE 10 dB -3 dBm 

0 0 0 ·RLD 20 dB -13 dBm 

0 0 1 0 RLC 30 dB -23 dBm 

0 0 1 0 RLB 30 dB -23 dBm 

0 0 0 aLA 30 dB -23 dBm 

(4) Check that the output level falls to the appropriate level on 
the Spectrum analyser as each attenuator pad is selected. 

16. The only electrical adjustment provided on Atl board is a series of flags 
which may be used to adjust the calibration of each pad. In the 0 dB attenua
tion condition the attenuator has an insertion lOIS which is dependent upon 
the frequency selected. This insu-tion 1088 is compensated for by the ALC 
system on AC4. The flags are used to adjust the attelN&tioll of each pad so 
that the difference betweeu the attenuati01l of each pad beins .in or out is 
equal to the nominal attenuation of the pad at 1 Gas. To carry out compre
hensive attenuator accuracy checks ..• realigllll8nt requires each pad to be 
separately set up using specialized measuring facilities and it is recommended 
that this be carried out only by the nearest MarcOni Instruments agent or 
Service Division. 

Kodulation olcillator performance 

Test equipment : items d, Dilital frequency meter 
I, Distortion factor meter 

./17. To test the frequency, distortion and output of the modulation oscillator 
proceed as follows:-

(1) Connect the freque.ncy _tel' to the HOD IIPUT/OUlPOr locket of the 
instrument using a BNC type connector (noaiD41 output level and source 
impedance is 1 V e.m.f. and 1 kQ reapectively). 

(2) Select by succeuive pre •• es of the MOD OSC kay each of the five 
pre-set modulation frequencie. cbeckina that the frequency indicated 
corresponds to the one selected :5% and that each l.e.d. indicator on 
the instrument is lita. appropriate. 

(3) Disconnect the frequency meter and connect the distortion factor 
meter. The measured distortion should QOt exceed 0.3%. 

(4) Switch the distortion fact~r _tel' to Hi Z and check the output 
level. This sbould be greeter than 800 mV e.m.f. 
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FM deviation 

Test equipment : item h, AM/FM modulation meter 

·-18. To check the deviation accuracy proceed as follows:-

H S2018-900S 
Vol. 2 

(1)' Select CARRIER FREQ 100 MHz, MOD OSC 1 kHz, FM 100 kHz) tr': I.!V€L +/J8/1'" 

(2) Connect the TF 2300B to the RF OUTPUT socket and tune to the 
carrier frequency. 

(3) Measure the deviation and check that it is within ±S% of the 
selected deviation. 

(4) Repeat the test for other deviation frequencies within the range 
of the instrument (1% of the carrier frequency in use). 

FM tracking 

Test equipment : item h, AM/FM modulation meter 

19. To check the f.m. t1:acking proceed as follows:-

(I) Connect the modulation metn. to the RF OUTPUT socket. 

.(2) Set to PM lOa kHz, MOD OSC 1 kHz, RF UV£L +1 dBm. 

(3) Tune modulation meteT to various ca1:1:ier f1:equencies between 261 
and 520 MHz and cheek that the output deviation remains at 100 kHz ±S%. 

AM depth 

Test equipment : item h, AM/FM modulation meter' 

20. To check the a.m. depth proceed as follows:-

(l) Select CARRIER FUQ 100 MHz, AM 80%, MOD OSC I kHz, IF LEVEL 
+:i ~Q QB,,¥ • , •. ~f • 

(2) Connect the modulation meter r.f. input to the 2018 RF OUTPUT 
socket. 

(3) Tune the modulation meter to the 2018 caTrieT frequency and check 
that the a.m. depth is accurate to within ±4% of depth setting +1%. 

(4) Check tbe a.m. depth at other carrier frequencies up to 400 MHz. 

21. If a lIOdularion meter is not available the a.m. depth can be assess.ed 
by using an oscilloscope to measure the peak and trough values of the modu
lation envelope. The a.m. depth is then determined by 

AM depth % • Vp - Vt x 100 
Vp + Vt 

whe~e Vp and Vt are the measured peak-to-peak and trough-to-trough amplitudes 
respectively. 
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-
Fig. 3 Modu~tion depth measurement 
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External f.m. modulation sensitivity (ALC) 

Test equipment : items h, AM/FM modulation meter 
i, AI oscillator 
1, At voltmeter 

/22. The modulation level should remain reasonably constant for a given change 
in external modulation voltage and frequency. This sensitivity is checked as 
follows: -

'''''11' 

(1) Connect the test equipment as shown in Fig. 4. 

(2) Select FM 300 kH2!, MOD OSC 1 kH2!, CARRIER. FREQ 30 MHz, RF LEVEL 
o dBm, check that the internal modulation oscillator frequency is 1 kHz 
±40 Hz at a level of 1 V to.2S V. 

(3) Set 2018 to 1M EXT, ALe ON, set the Ai oscillator to give a 1 kHz, 
1 V amplitude output and check that'the f.m. deviation is the same as 
that for internal modulation. 

(4). Vary the input voltage between 0.8 and 1.2 V and check that the 
deviation remains constant. 

oo~o 0 
o 0 .0 ...... 0 

I kHz a·e-I·n 

• 
00 

Fig. 4 Test gear a:z:rrangement fof" the aneckiw; of 
e=te:rrnal, modu~ticn sensitivity 

"'tlOOI 
VIO£O VOLTMETER 

• Olt 

Chap. 5 
Page 14 Dec. 8] 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

AM distortion 

Test equipment items g. Distoreion factor meter 
h, AM/FM modulation meter 

.H 52018-9005 
Vol. 2 

./23. To check the internal a.m. distortion p·roceed as follows:-

(I) Connect the test equipment as shown in Fig. 5 below. 

(2) Select CARRIER FREQ 100 MHz, MOD OSC 1 kHz, AM 80%, RF LEVEL 7 dBm. 

(3) Tune the modulation meter to the 100 mHz signal, checking that the 
distortion factor does not exceed an indicated 3% reading. 

(4) Repeat the test with CARRIER FREQ set to 400 MHz. 

f~I'U' 

TF 23008 
FIll/AM MClDiILATION METER 

~----o 

@o~o 0 
o 0 
.~o .-. 0 0 

TF 23311. 

DISTORTION FACTOR METER 

o O@OI . -
o ~ 

.... 00 

Fig. 5 Test gear arrangement for "he"king f.m. and 
a.m. distortion 

FM distortion 

Test equipment items g, Distortion factor meter 
h, AM/FM modulation meter 

24. To check the f.m. distortion proceed as follows:~ 

(1) Connect the test equipment as shown in Fig. 5. 
FREQ 30 MHz, MOD OSC 1 kHz, FM 200 kHz. 

Select CARRIER 

(2) Tune the modulation meter to the instrument and check that the 
distortion is not in excess of 3%. 

(3) Repeat the test for other amounts of deviation. The distortion 
over the total range should not exceed 3% for deviations of up to 70% 
of the maximum available at any carrier frequency. 
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VSW'R (5 MHz to GHz) 

Test equipment ite~ m, Oscilloscope with dual trace capability 
p, Sweep oscillator & RF plug-in unit 
q, Rho-bridge with standard loads and calibrated 

mismatches 

/25. The impedance measurement may be carried out over almost all the fre
quency range of the instrument. Conne~t the test equipment as shown in 
Fig. 6 below. 

10"1" 
SIGN"~ otNIII .. TOA 

SWill' OSCIU. ... TOA 67001 

I I 
~@·o@@ ongo 
© 0 @ @ 0 g; U -Q) ~~ 

~----------'ru~" ~, OUTPlJT 

(::r'<lsa.. 

• INti'll RHO 1"""1. I.....-.::..:.:;:..;.:..-------------c::!_ l"'OGe ..L.Jl----' 

CoH., .... 

j-frf'rr. 
I.....-----------------------------~, .. ~ .. =,,~ 

Fig. 6 Test gear azrttangetTltmt to aheck V.S.lN.!'. 

(1) Set tne sweep oscillator to FI-F2 and sweep from 5 MHz to 520 MHz, 
insert standard 50 0 loads into the rho-bridge and set datum point near 
the top of the 08ci~lo8cope display. Replace OI'1e SO g with a 1.2: 1 
mismatched load and adjust the d.c. output of the rho-bridge so that .the 
vertical deflectiOl'1 of .the oscilloscope occupies 5 or 6 c .m. s. for the 
mi81Datch change. Using a chinagraph draw the pattern on the oscilloscope 
graticule. 

(2) Remove the mismatched load and connect the 2018/2019 to the rho
bridge instead. Check that the v.s.w.r. does not exceed 1.2: 1 with the 
B!' LEVEL select:ed to -4 dBm or le8s. 

(3) For 20)9 Signal Ganerators repeat steps (1) and (2) sweeping this 
time from 5 MHz to 1 GHz and using the I.S: I mismatched load to check 
that the v.s.w.r. does not exceed 1.5:1. 
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Carrier harmonics and spurious signals 

Test equipment : item It, Spectrum analyser 

H 52018-900S 
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~. To check the level of harmonics of the carrier frequency in a c.w. output 
proceed as follows:-

(I) Counect tbe spectrum, analyser to the RF OU'tPUT socket and set the 
instrument to give a c.w. output at • convenient level below +7 dBm 
(I Ve ••• f.). 

(~) Tune the instrutaentth,rough its ·r. f. ranse and cbe.ck that the 
amplitude of any .barmoaic is greater than 30 dB down on the fundcmantal 
for carrier frequencies from 80 kHz to 520 MHZ, and 20 dB down on 
carrier frequ~ncies 520 MHz to 1040 MHz (2019). 

Reverse pOwer protection 

Test equipment : ite1ll8 e, Kultimeter 
o. VU'iable d.c.power Jupply 

.' 27. Set the d.c. power _upply to +5 V and apply this to the 2018 ar OUTPUT 
50 Q s,ocket causinlthe RPP circuit to trip. 

, ' 

(1) Au but1cadon that the.1IV PWI. LmIT nas ""u~e4i.aai:ven in 
.tbe IF L!VIL eli.play window, a further indicatioaoftrip;,b siwn .A), 
the IF' L!VEL fUnction keys intesral l.e. d. 'this will -Cd-ca.ual1y flash 
until tile relet is operated. 

(2) ~veth.+S V source an4 c.n.ck that tben is ~'F~timdqb.tween 
,the 'Nt type connector centre pin ad earth (tlkins .~,:~t.c to ....... 
the CO'llDector pin). " J, ,', .. '"'" 

, '.' 

(3) .Ralet Qe an bypnuing the, U t.IVlt key .,. •• ~~. that. jio,*, 
trip in4icatiou aret,,u:u.d off~~t the d.c.p..r.'\l.Plllyto -,~~ 
and apply tbb acain t6 the IF ourm SO Q socketc:bedd:.ll& that.~RPP 
once IIOre trip.. ltac:nJe the d.c. source and. teset;ti. IPP. 

FAULT LOCATION 
;, Introduction 

2'8'~ The fctllovins section contists of fault filu1iUJ:pr,~c1\11'8it·c:tu';tt •• d. 
teststoud i4elltU,.iaJtaults. To ... ist with fault:7 ftad~llcit· ia.vi.able 
tost:u4Y thed •• i:rip;t4on <>'O~, over&l1 iut:~t.eDatai.M4ta-i~.,'4. The 
fuacti.~ictf the,v.n:0U81:»O"a~d8 &1:'8, "Dera11,. well dafina4lte(~i. •• __ t of 
each odWr a Jar u poaatble' an~t.t:1)e ,.r .. tera o.f tllesi~' & ..... 4, be
tween thaa~ _tct:i'U~l. All bo.ard.l.,4ule. ve,iuterc..-cte4b,i,<a 
varietyofeoiatwc~or •• , A uaeful _thod of c:onfind.".,~f bouo4 or:quleu 
fauJty f;a>to ••• ti~ the. unit with a unittbat iltDbwaeo be 1OOd'(e.,. 
fr~ « .p:arewoi'kUiiastt'U1Dent). This can save cOusiderabl:e. faultfi:ndina 
~. 

29 .'Wbe-n di..~n,_ r.f~.,-4otmection. 'between twouniU eneureth.t eba 
_tal clad coQueeto~ cenot accidentally C&USa short circuiU on, Chepdnted 
board. ..4 create ad4i tional faul t:8 • U aay of the rlbb011. cab J.e, con'nector. 
are unplucaed a.me that when they are raC:OIlnectrithey are correctly pod-
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tioned since the connectors do not incorporate polarizing plugs. 

H 52018-9005 
Vol. 2 

30. "If any rectification work is carried out in areas containing chip co~ 
ponents certain precautions should be taken. Always use solder containing 
2% silver and use a high wattage temperature controlled soldering iron set to 
315°C (600°F). The temperature controller should preferably directly sense 
and centrol the temperature of the soldering iron bit. The soldering iron tip 
should also be earthed in order to avoid potential damage to static sensitive 
devices.' The chip resistors used in are·as other than the 10 dB step attenua
tor have nickel barrier terminations and are virtually immune to termination 
leaking problems. ~ The ceramic chip capacitors used have palladium silver 
terminations that can dissolve or weaken in' molten solder. If there is any 
possibility that a termination has been weakened during rectification work the 
suspect device should be replaced. 

31. A useful technique for checking the soundness of chip capacitor termina-' 
tions is to set the carrier frequency as low as applicable to the relevant 
circuit and then GENTLY tap the printed board (not the chip co_anent) with a 
blunt non-matallic object (e.g. the handle of a screwdriver) checking the cir
cuit for any intermittent level changes. Chip components can be lIechanically 
ctamapd by rough handling or excessive flexing of the printed boarcla. 

Use of second function 3 

32. Second function 3 Catl be used as a diagnostic aid Under certain circum
.tances. Its use requires that the, microprocessor sy.te. and the keyboard 
is waTking normally. Second functiOn 3 may then be used to sand data to any 
specified latch. This will enable the operator to establish that the correct 
data is arriving at the input to the latch by using a storage oscilloscope 
triggered from the clock input of the latch and observing the data at the 
latch input as the latc:l1 is clocked: Each latch is iaentified on the circuit 
diagr_ by a data valid Une and _ address. e.g. on ACS the address of the 
D-A converter, IC4, is liven.. AM. the elata valid line is 7 and the latch 
address is 00 (2 digits ue reqUire4 to implie. 00, -Ll implies 01 etc.) • 
Data can be sent to this latenby pYas.ing th,key. ttSECOND P'UNCT", Itl", £01-
l0we4 by the elata "Valid Une 1f1" _d the latch address "ott, "0", (2 digits) • 
The elata valid line will be displayed in the .,aulation dbplay and the address 
is displayed in the r.f. level dbpl",. 'l'hb is followed by entering a acring 
eight binary dili ts (1 t sand.O' .) cornsponding to the data to be sent. 
Pressing the store key will eause the microproea.sor to Ht'ld the elata to the 
specified' latch. If the."-ta that it being send needs to be lent again 
pressing the STOlE key again will send the sama data. If tne data is to be 
modifiad this can beac~Cll'Plisbed by entering a new string of data and then 
pressing the STOlE key again. 

33. When data is to be sellt to the 10 bit D-A type AD7522 the data has to 
be .ent in two byte.. The laaat sil'li~iC8llt eight digits are .ent first to 
on*-l.atch address (as specified in the cOntl'ol data infonaation, this is 
stored in a buffer (inside the D-A chip). A an latch address is then 
entered conespending to the IDOst sianificant liits, followed by the required 
binaTY data. On pressing the STOU keythia ,data is sent to the D-A and the 
D-A in turn is set to data specifie4 by the whole 10 bit number. Any data 
sent via lacond function 3 remains in the receiving latcb until one of the 
orange function keys is pressed. The mtcrop~ocessor will then overwrite 
any data sent and restore the instrtlllent tonotmal operation. 
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Main tenance ki t 

H 52018-9005 
Vol. 2 

34. The maintenance kit contains the following items which may be used for 
fault finding and servicing. 

(J ) BF lead part number 43129-835R.. A 20 em long SHe female to SHC 
male connector assembly. Intended to be used when the upper r.f. box 
is raised for servicing. This lead enables the operator to reconnect 
the free end of the semi-rigid cable assembly PLAV to PLAX (which con
nects the synthesizer output from the upper r.f. box to the lower r.f. 
box) to SKAV in the upper r.f. box. 

(2) BF lead part number 43129-834C. A 70 em SHe to BNC lead to enable 
the output from SHe connectors to be monitored. 

(3) BF lead part number 43129-836B. A 70 em 5MB to BNC lead to enable 
the output.from SHB connectors to be monitored. 

(4) Connector assembly part number 54129-833M. A 70 em crimp to BNC 
lead to enable the output from a p.e.b. to be monitored where the output 
is on .025 in square wrap posts. 

(5) Adapter part number 44828-753H. A 50 to 200 n adapter which ean be 
used in conjunction with 43129-833 to monitor a 200 n output from a board 
on .025 in square wrap posts. The adapter introduces a 12 dB insertion 
loss •. 

(6) 3.7 in l.c.d. extraction tool part number 46883-531V. 

(7) 4.7 in 1.c.d •. axtraction tool part number 46883-53OG. 

(8) LCD insertion tool part number 46883-529S. 
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FAULT FINDING TO BOARD LEVEL 
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35. The following seetion describes fault finding routines and algorithms 
which ~y be used to help diagnose faults down to board level. The fault 
finding routines start from a generalized fault condition and guide the 
operator to the most likely area of the fault. The generalized fault con
ditions used as a starting point are as follows: 

(a) Front panel failure. 

(b) Output frequency error. 

(c) Output t.f. level error. 

(d) Carrier harmonic problem. 

(e) AM fault. 
(f) FM fault. 

(g) Residual f .111. problems • 

(h) UP failure. 

Choose the description. that IIOst cl0.ely describes the fault condition and 
use the fault finding guide to establish the area of the fault. Before using 
the fault finding tables read the notes that accompany the tables. 

Front panel failure 

,36. A chart to aid f aul t finding a' fron t pcel fa'ilure is gi van in Tab le 5. 
'A front panel failure is defined as a fault in which the keyboard or the dis
play is not operating co.rrectly. One of the first objectives is to establish 
if the display or keyboard is causing the fault or whether the microprocessor 
system is not operatina. If the microprocessor system is functioning but has 
a I*IIOry fault an error ••• a .. will be displayed. The error _saaae will 
appear as the letter P in ttle axNlation display if there is a PROM error .. a 
letter B if it is a UH errof~' or a letter L if an EAllOK "check .um is invalid. 
In the event of a microprocessor failure in which the mic~oproces.or cannot 
run the check .~ no error .saa .. will be dlap layed. In this case testing 
to see if the microproce.'OI' board is w&i tina for a keyboard press should 
indicate if the microprocessor pl'Oar- ia running. 
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Fault QD::ur 
board AD4. 

Disconnect PLY,PLAA, 

the fault persist? rYES -PLL fro_ AD2. Does 

Trace back from 
1.e.d./1.c.d. 
key at fault. 

Dec. 81 

p .. .......... ' ...... ' .... . 
. .' .';; 

, " •• ~.:: > 

. J)c)"d.lj".functionkei 
_____ .............. ;,\i1io;;.~-, 1i~.~4.,. 1."Uponci· tb'.c 

'~r~ea? 



7EL FAILURE 
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____ Do the front panel displays __ _ I YES and l.e.d' s come on? NO ~ 

YES -

Are a random selection 
of displays and annun-
ciators being displayed- NO 
on the 1. e. d's 1 

Check fuses, check 
power supply AEI and 
connections to the 
front panel boards 
ADI, AD4, AD2. 

don key 

rand to - NO I YES- Is an error message_ NO 

r being displayed? l 
Disconnect PtY,PLAA, 

- YES -PLL from AD2. Does - NO 
the fault persist? 

ltemal data bus 
~ filter box on 
Le upper r.f." box 
DO to D7, AI to 

:AO and A7 low? -
Ihows whether the 
'awaiting an input 
rboard.) 

NO l 
i 

o Discaonect AA2 SIBC, repeat 
previous test on AA2, PLBC. 
If this is incorrect, fault 
is on AA2; if correct, fault 
is on data bus. R.euw3ve all 
connectors from AD2 to check 
bus is not being incorrectly 
driven. 

~ interconnection 
'A' deck to AD2, 

See AA2 notes 
on error 
messages. 

Trace the connector 
causing the fault by 
loading the internal 
data bus or power 
supply. 

Fault on ADI or 
AD4. Trace back 
from l.c.d. seg
ment or l.e.d. to 
locate fault. 
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TABLE 6 OUTPlll FREQUENCY 

Moni tor, output fll'OJI.,;;' 
YES-- to conltrm a synthei'" 

,. fault. Is the frecr~.~ I . outputsatisfactOryt{ 

Monitor output from ' c"i 
oscillator on SKDH. "~ 
Level should be .:~ 

,--___ Level & freq.~ 
sadsfactory.---approx. -5 dB~ :md No signal -it 

Fault on AB2. 
''$ 

freq. as spec1.fl.ed". 
for fundamental:~~ 
octave. .:) 

I 1 
.~( 

:;1 

F8uj Freq. Torrect 
Is the fundamental 

":,.,; 
.,:\ 

,J 

p .................. Yf$:-;--....octijave freq. in ,', • error by > 1 MHz? 
, .. , , . 

, Is the. freq.Qtl 

' (approx. IOP;,~), , 

• 
':" r-

y~ -ASS PLCP correctt-N°l 

YES _Is tb.e"'divisiQll'· fado ......... -- "0 ... '---, ....... ·.·.' I of ABI correct! , , . ". I Fault on AB5. J) 

I
'~ 

•..• '.l.· -;-:~:~ 

Fault on AB4 or 
varactor control 
line in AB3. 
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Fault on,ABI or 
insufficient 
signal frOll AB3, 
smt (nominal 
-6dBm). 

Check divisicm:; ratio ~ 
of AB 1 by DIOlti tori ng f! 

rYE S - fundamental octave - NIl 
freq. and output freq. "1 
of ABI. Is it correct? 1 

Fault on phase F~ 
detector AB4. " 



FREQUENCY ERROR 

output from SKCV 
.rm a synthesizer -- NO 

Is the freq. std. l 
fatis factory? 

Fault on AA3. 

signal -----, 

Fault on AB3. 

I 
:rement carrier in 
I kHz steps. Does __ _ 
~ output increment YESi 
100 kHz steps? I 

Monitor v.c.x.o. freq. r- YES ---- on AB5 at TPI also PLCF. - NO 'I 
I pin 2. Is it correct? I 

l ratio Is the 10 MHz stand-ard 

H 52018-900S 
Vol. 2 

.toring r YES -on PLCD pin 2, AB5 --- NO l. 
tut freq. 
~tave -- NO l present? 

.t correct? Is the correct freq. Fault possible 

rYES-present on AB5, -N.O.l . on AA3 or con-
Fault on ABI. PLCD pin 3? nections to AA3. 

Fault on AB5. Check connection 

'

YES_back t.o MI. Is 
I kHz present on 
AAI, PLBM? 

Fault on AAI. Trace back 
to AA3. 
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Output frequency error 

H 52018-900S 
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37. A chart to aid fault finding an output frequency error is given in 
Table 6. An output frequency error is defined as a fault in which the output 
carrier frequency. when measured using a frequency counter operating from the 
same frequency standard as the instrument, indicates that the output frequency 
differs from the value set. 

38. If the instrument has 'been set to operate from an external frequency 
standard, ensure··that. an external standard of 10 MHz at 1 V r.m.s. across 50 n 
is applied to the external standard input on the rear panel. Since the out
put frequency is synt.hesized in the upper r. f. box any frequency synthesis 
fault is likely to be in the upper r.f. box with the exception of frequencies 
below 2.03125 MHz. Faults confined to this b.f.o. band are covered in the 
section relating to r.f. level faults. For ease of fault finding the r.f. 
output from the SHe connect.or, SKAV, at the rear of the upper r.f. box should 
be used to monitor the output frequency. The output level from this connec
tor should be approximately 0 dBm but its absolute level and flatness is not 
criticAl. The waveform. i$.' nominally a square wave and so it has a high har
monic content. Certain frequency counters and modulation analysers may be 
prone to acquiring harmonic frequencies of the output. 

39. The carrier frequency is synthesized over 'the frequency range 260 to 
520 MHz (the fund..-ntal octave) and then divided down by factors of two. 
If the fault exists on.the fundamental octave it is aiwayseasier to locate 
the fault wi~ the instrUll8rit set on this range, since it is easier .to calcu.
late the intermediate frequencies used to generate the output. Before start
ing to fault find, read and understand the description of the synthesizer 
given in Chap. 4 since it may be necessary tp calculate theinte~diate fre
quencies very precisely in order to locate the fault. When dealing with 
small frequency errors it is advisable to operate the counter measuring the 
output frequency from the same frequency standard as the inst.T\IIaftt. 
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40. A chart to aid fault finding an r.f. level fault is given in Table 7. 
An r.f. level fault is defined as a failure which results in the r.f. level 
being out of specification but t~e carrier frequency is correct and the out
put signal is net unduly distorted. In assessing if the r.f. level is out 
of specification the r.f. offset facility should be switched off (second 
function 7). It is also assumed that the error is such that the instrument 
does not just require recalibrating. 

41. !he r.f. level accuracy is set up using second function 7. If it is 
found that the instrument is out of calibration but can be recalibrated using 
second function 7 it is poasible that the fault is due to the KAROM store on 
W not permanently storiDl data (see fault finding AA2). Usually (but not 
always) such faults will alao be accompanied by f.m. tracking faults and 

, failure to store inatTUant settings. r.£. level units or GPIB address. RF 
level errors are only likely to originate in the lower r.f. box, the attenuator 
module, or the associated control systems and connectors. The lower r.f. box 
derives its input from the upper r.f. box, via SlAW as a nominal 0 dim square 
wave. Because the AmPlitude Modulator ACS acts as a signal limiter the input 
level to AC5 is not critical. 

42. For carrier frequencies above 32.5 MHz: the square wave output from ACS 
is routed through a low-p ... filter bank on AC3/13. The filters convert the 
sianal into a sine wave at SKCS of· AC3/13~ Frequencies above 520 MHz: are 
generated by a frequency doubler on AC13 (2019'only) and also appear on SKCS 
of ACl3. !he sig11&l then goes to AC4 via PLCS and 11 amplified by a variable 
gain amplifier before goingoa.to the output stages of AC4. RF level faults 
which are confined to frequencies above 32.5 MHz are most likely to arise be
cause of faults in the filters of AC3/13 or the r.f. amplifiers on AC4. 

43. Frequencies bel._32.S. are routed through a bank of low-pass filters 
on AC3/13. If the output frequency is above 2.0312SMHz it is then routed to 
AC2 via !LCT and thetl. to a ~able gain amplifier on AC4. If the required 
output frequeDCY h be low ~. 0312S NH£ a to MHz to, 12.03125 MHz: signal is 
routed to AC2 via PLCWin>:ft4er to be mixed with tOMBz to produce the low 
frequency slanal. IF ~evel faul ta which are confined to frequencies below 
32.5 MHz. can tbe~for.~sinate anywhere along this signal path. It should 
.be noted that sch of this law frequency s'i,anal path boperating in a 200 G 
.yst_ and not the GOra Wlul SO Q .ystem. r'Or this re&lon when using a 
SOO 0 probe to fAUlt fiild UOI1I'the signal path some allowance IlUSt be made for 
the loading effect. of the probe. If it isnquired to monitor the output 
from PLCT of AC3/13 With a SO o spectrum analyser or modulation meter with 
SKCT disconnected then a .eries ISO G resi.tor should be used (at the SKCT end) 
to convert the load into 200 G and due allowance made for the resul ting inser-
tion loss of t2 dB. . 

44. RF level faults can be caused if the amplifier system has too much or too 
little gain and the a.l.c. is therefore unable to cont1'ol the signal level 
correctly. The20ta has been designed to have a considerable gain margin and 
a typical iustt'lman t will have • margin of 8 dB at its wors t frequency. The 
gain margin can be checked if necessary by fir.t setting the output level to 
7 dim and then shorting the junction of R44 and 1.45 of ACf to around using a 
screwdriver or similar implement. !he output level should rise by at least 
3 dB (typically a miDimula of 8 dB). The signal chain can then be tested for 
having too much gain by setting the output level to -2.9 dIa and then shorting 
the junction of 1.87 and 1.90 on AC4 to ground. The output level should fall 
by at least 4 dB. 
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Fault on J.A2 or . . " .," Is the 0 dBDl 

operator error ' ~ ... YES - at the output of 
dtlring reciti- tipper r. f. box? 

. b~ation of·f .m. 
or r. f. leve 1. 

Is the output . 
-------YES ----_·'oiI-i __ level frOll the ____ NO ___ ...... ~ 

I : lower r. f", . box 
, .' at SlAY correct? 

_Isthe~tlt;~i.. 

rYES ~ -~:~t~OJ 
-tiJ£'-

Is tbe outp 

r YES--II dBa ••• (.' 
wi th r. f. 1:' 

Output con- <A~UuuatQJ; _clule 
nector fault. ,A.;tCrf.lt. 

Is the outPtlt from .. 

Is dliti<,·'tiiI 

f
VES -

-6 

Fault on AC4. 

SlCDF at -5 dBm . ~~ 

witb r.f. output . 
level set to 13 dBm? : 

YES - n<?l'inal square wave -- NO 1',#, 

the ~tPut Fa4 

Elr1!'!~~r_Jlt ;;~~ =~r NO I j 

1 below 32.5 MHz? "\ 
I ~ 
.~. 

~j 
,1,;,/ ;' ,.c{ Does the fatll t 

"~;"-"';"'\>'I' '.' ...... ' '. YES +- only ocCur below --- NO --........ 1"..... ..,. l2 03125 MHz? 

,'~, ~~;{ ... C~.;~·> r . 

'h",,".j£~ ~.... '. ,S1g-
na:ton SlCU. 

Monitor 
AC3/13 r-YES --load) •. 

I level -1 

Fault on AC4 
orAC2 elec
tronic switch. 



F" liF LEVEL FAULT 

, 
~r message 'L' displayed __ NO 
~trument is switched on? I 

Is the 0 dBm signal present 

~ I 
YES - at the output of SKAV from --- NO I 

upper r.f. box? 

t Is the output Fault in output 

tr---level from the N0i from AB2. 
1 lower r. f. box 
, at SKAY correct? 

-r7Jb-
Is the output from SKDF a 

rYES--ll dBm nominal square wave -N0l 
with r.f. level set to 7 dBm? 

Is the output from Fault on AC5. 
SKDF at -5 dBm 

YES - n~nalsquare wave -- NO l 
with r.f. output 
level set to 13 dBm? 

,utput Fault on AC5. 
occur ----NO,-----. 

r MHz? 

~ Does the fault 

I rYES-~:~~O~~~~ MHz?-- MOl 
I Does the fault Fault on AC4. 

r' . only occur below NO ~ 
2.03125 MHz? I 

Mani tor output from 
AC3/13 PLCT (200 0 

I 
YES ---load) • Is output 

level -13 dBm nominal 
sine wave? 

Fault· on AC4 
or AC2 elec
tronic switch. 

"; 

Fault on AC4. 
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TABLE 8 AM FAUL: 

J 
,,?;~ 

J 
G 

Is therlj 
,YES -a.m. pr~ 

Increment a.m. ;~ 
depth in 1% steps. . r-- YES -Does the a.m. in- , I ciease monotonically? 

Is the a.m. distortion 
YES ----~ out of .peeific.ti"'?~, - NO l 

1$ the level accuracy 

r
'. . .... YE,S - at 1 kHz rate out of 

specification? 

Monitor AC5, SIDl·. I YES -- Is a.m .. dis~ortion - NO I <2.U? "" 

Look for point at which 
distortion is introduced 
in C deck after ACS. 
If a.m. distortion is 
high it may also produce 
high harmonic levels for 
outputs of +13 dBm. 

~ a 
·t 

~~k~l.tion 1, 
La~l>.c. on AD3 is i,~ 
working;, recali-:~ 
brate • Is the:i 

'

YES-50 kb.~. specif~ 
t1 

.., - '" > ~,i 

Investigate a.m. 
dd ve path to 
identify problem. 

. Is audio ~;l~ics, r-- YES - PLIID dis tortllcit - NO l 
Check back toAD3 Fault on ACS. 
to find the source 
of distortion. 
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Is the mod. osc. I YES ---output present? ---- NO ------, 

Is there some 
,YES -a.m. present? ------- NO 

Lcrement a.m. Monitor C17 of 
filter box on ADO 

Fault on AD3. 

~pth in f% steps. 0 
,es the a.m. in- -- N l 
:ease monotonically? 

_ (lower r.f. box). __ NO 
YES Is there an audio 

L Fault on AC5 
- NO - or control data 

to D-A. 

signal of approx. 
5 V p-p present? 

i the level accuracy Is there a 5 V p-p 
: 1 kHz rate out of - NO 
,ecification? 

YES _(approx) audio sig-.:.:... NO 

r' nal on AC5 PLDD ' l 
pin 2? 

Fault on AD3 or 
interconnection 
from AD3 to AC5 
(via AD2 and lower 
r.f. box filter). 

Fault on AC5. Fault on connection 
from filter box. 

Is the bandwidth, at I YES -50 kHz out of I specification! 

lvestigate a.m. 
~ive path to 
lentity problem. 

-at 

NO~ 

Low frequency a.m. depth 
out of specification. 
Checktnat'''a .• m. signal 
from ACS, PLDC pin 10 is 
connected to AC4 and that 
the audio appears on AC4, 
IC3 pin 1. 
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45. Investigating harmonic distortion faults is usually a straightforward 
problem so a fault finding algorithm has not been provided. Until the signal 

. arrives on AC3/13 its harmonic content has little effect on the performance of 
the instrQment. On AC3/13 the nominal square wave is filtered by a bank of 
low-pass filters which converts the signal into a sine wave. 

46. For problems above 32.5 MHz monitor. the nominal -6 dBm signal from SKCS 
of AC3/13. If the harmonic content is high the fault is on AC3/13. If the 
harmonics are -40 dBc or better the fault is on AC4. For problems below 
32.5 MHz trace the signal path from the filters on AC3/13 to AC2 and AC4 and 
identify where the harmonic problems start. Much of the low frequency channel 
operates in a.200 0 transmission system so care must be taken not to load the 
system with less than 500 0 when probing the signal path. 

AM fault 

47. An a.m. fault finding algorithm is given in Table 8. It is assumed that 
the output frequency is correct and the r.f. level accuracy and harmonic dis
tor.don is in specification. The fault finding algorithm first establishes 
if the fault is inside the lower r.f. box or is on AD2 or AD3. 

48. When monitoring the output from SIDF AC5 it should be reuaembered that the 
output signal is a .quare wave and the lIIOdulation meter used must be capable 
of rejecting the high level of carrier harmonics present. If the modulation 
meter is automatically tuned care should be taken to ensure that the instrument 
tunes to the fundamental and not a harmonic. 
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49. An f.m. fault finding algorithm is given in Table 10. The f.m. drive 
system is complicated by the requirement to provide f.m. tracking and range 
scaling to account for the division or multiplication by two of the funda
mantal octabe as well as providing fine control of the deviation. Most of 
the algorithm is therefore devoted to identifying which part of the 'control 
system is at fault. 

50. Information on the use of second function 8 is given in the calibration 
section. In addition second function 3 can be used to check that the various 
digital to an&l.osue converters are working. A digital a.c. voltmeter can be 
used to check the input and output levels of a D-A converter and hence esta
blish if the gain of the converter is correct;. If the divide-by-two system 
dividing the f.m. deviation is at fault it should be remembered that the 
division is accomplished using a divide-by-four system on A82 as well as a 
divide-by-two, Iel7, on AD3. 

51. As an aid to diagnosing a fault in the f.m. tracking store Table 9 gives 
a list of the carrier frequencies used as f.m. tracking points together with 
the typical values of f.m. tracking data. Typically instruments will be 
witlrl.n approximately 20% of the listed values. 

aBC 1 
Frequ~ 

260.00001 
262.45 
264.9 
267.35 
269.8 
272.25 
274.7 
277.15 
279.6 
282.05 
284.5 
286.95 
289.4 
291.85 
294.3 
296.75 
299.2 
301.65 
304. I 
306.55 
309 
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164 
182 
186 
183 
187 
189 
189 
189 
189 
187 
182 
183 
ISO 
178 
175 
175 
175 
175 
176 
175 
177 

TABLE 9 TYPICAL PM TRACKING DATA 

aBC 2 aBC 3 aBC 4 
Fre~'MY Data Frequency Data Fr-equency Data 

309.00001 157 368.00001 136 437.00001 113 
311.95 166 371.45 142 441.15 118 
314.9 ISO 374.9 150 445.3 125 
311.85 178 378.35 150 449.45 125 
320.8 182 381.8 151 453.6 127 
323.7S 183 385.25 150 457.75 127 
326.7 183 388.7 150 461.9 127 
329.65 182 392.15 145 466.05 123 
332.6 174 395.6 142 470.2 123 
335.55 169 399.05 142 474.35 117 
338 • .5 t 71 402.5 134 478.5 117 
341.45 167 405.95 131 482.65 112 
344.4 157 409.4 131 486.8 113 
347.35 159 412.85 125 490.95 110 
350.3 155 416.3 125 495.1 107 
353.25 150 419.7S 123 499.25 107 
356.2 151 423.2 121 503.4 106 
359.15 ISO 426.65 121 507.55 106 

·362. I 152 430.1 121 511. 7 106 
365.05 155 433.35 121 515.85 109 
368 154 437 121 520.0 108 
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,YES 

I 
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.YES f t? .• m. presen . 

Is faul t p~.eat on 
~. .'. YES --- internal __ '.tion, 
I . I kB& ratel 
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over lim ted p~s Qf 
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YES - and is the fault present - NO 
at all deviatiODSOf 
those carrierhequen-
cies by a sillil:4r' ratio 'I 

Q 

;~ r--.. YES;"' . 

Check data in f.m. tracking . 
___ YES __ .... Ii the distol~tiioa.'411 

', .. out of 
table. Check f .m. tracking 
AD3,ICll,D-Ais monotonic 
and functioning using 
Second function 3. 

..:1:~_ ._ I 
Sai" rier freq. to 30 
..ai' • deviation to 
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4BLE 10 FM FAULT 

e 'L' displayed 
is switched on?---- NO 

YES _Is modulat~on osc. r--- output sat,sfactoryl N°i 
~S ____ Is there some _____ NO -----.., 

f .m. present? 
Fault on AD3. 

Is the fault 
- YES -- a bandwidth -- NO --

problem? I 

Check that data is present 
in the f.m. tracking table 
(Second function 8). Check 
through f.m. drive system 
AD3-AD2-AB2-AB3 to find 
where signal fails. 

.ong 

.ve to 
!re 
ori-

Fault on AD3 
INT/EXT switching 
system. 

• YES ___ Is the dis tortion 
out of specification? 

f .m. 
1e 

Set carrier fraq. to 400 MHz. 
Increment f.m. deviation in 
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10 Hz steps from 0 Hz to 100 Hz, 
in 100 Hz s teps ~from 100 Hz to -- NO l 
1 kHz, and 1 kHz steps from 
1 kHz to 10kHz. Does the 
deviation increase monotonically? 

Set carrier freq. to 30 MHz 
and f.m. deviation to 300 kHz. 

-- Keep halving the f.m. deviation ---- NO l 
down to less than 700 Hz. Does 
the f.m. deviation continue 
halving? 

Check AD3, IC17, +2 D-A 
and AB2 relay operated +4 system. 

i 'I 

Check AD3, IC 15 
10 bit D-A using 
Second function 3. 

·,yithi 
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52. This section provides guidance for identifying the source of residual 
f.m. problems. No fault finding algorithm is provided. Residual f.m. 
problems are usually the result of spurious modulation of the oscillators in 
the upper r.f. box. The internal frequency standard should be checked first 
for spurious modulation. The most sensitive oscillator is the'bank of four 
oscillators on AS3 (only one is in use at any given ti~) whose varactor diode 
sensitivity can be up to 10 MHz/V. Even- very low level signals can cause 
spurious signals. 

53. If the spurious signal is related to the mains frequency check that the 
d.c. power supplies do not have high levels of ripple. Typically the +5 V 
supply has 100 lJV of 100 Hz (or 120 Hz) and the +15, -15 and +24 V supplies 
have 30 lJV or less. Check that the regulators on AS4 (+11.5 ~d -11.2) are 
within 12% of their nominal value. Check that the +5 V regulator ICI on AAO 
is operating correctly. 

54. Instability in a phase locked loop can eause coherent spurious signals to 
be generated. This cart be checked by observing the varactor diode voltages 
on AAI, ABS and AB4 with an a.c. coupled oscilloscope and checking for coherent 
signals. Phase locked loop instability will normally produce significant 
signal excursions while maintaining the average frequency of the loop at the 
correct frequency. It should be noted that the input to the oscilloscope 
DUst be a.c. coupled since.the loading of even quite high impedances (10 Mn) 
can result in the phase detector having to produce a significant output at the 
phase detector rate. 

55. The output phase locked loop ean be made unstable in the f .m. off mode 
if the loop filter control lines on AB4 and AB3 are not operating correctly. 
A similar problem can exist in the f .m. on mode but normally one of the modes 
wi 11 operate if the faul t is due to the loop fil ter cou.t1:0 1 lines.. Phase. 
locked loop instability, where the averasa output fr.quency is correct, but 
the f-requency is very u'OJItable, is most likely to be caused by faulty components 
in the analogue part of the phase detector where the output current pulses 
are directed to the loop filter and the resulting d.c. is fed to the varactor 
diodes. 

56~ If the amount of residual f.m. is small (though not out of specification) 
and 'RO~OUS fau1-t 'Call be found ehe problem°m&'1 oriainate in AI!. More 
fault finding data for AB3 is given in the board level fault finding section. 

RPP failure 

57. The UP system use. a reed to protect the output of the attenuator from 
the accidental application of reverse power (d .c. or r.f. power). The UP 
can be tested by applying ±S V d.c. to the r.f. output connector. If the 
l.e.d. in the IF LEVEL key flashes and the REV PWR L~IT annunciator ia set 
but the RPP delay does not go open circuit. first check to se. if the yellow 
l.e.d. 010, on !X2 is on. If it is on this indicates that although the 
detector has alerted the keyboard the UP delay has been left on and the fault 
is on AT2. If 010, AT2 is not on check that the voltage on Cl, ATO is at 
approximately 0 V. If it is, re lay assamb ly lU.F, AT 1 has been damaged. 

58. If applying :t5 'V to the r. f. output fails to produce a front panel res
ponseand the BPP relay remains elosed check that approximately 0.75 V is 
present on C2, ATO if +5 V has been applied, or that -0.75 V appears on C3, 
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ATO if -5 V is applied. If this voltage is not present the fault is on ATI 
and if the voltage is present the fault is on AT2. 

59. If the front panel does not respond but the RPP relay is open circuit 
this will indicate that the control line from AT2 to the keyboard AD4 is not 
operating the electronic switch on AD4 an~ the fault can be traced from AT2 
to AD4 via AD2. 

60. If the front panel responds as soon as the instrument is switched on and 
without reverse power being applied, tl'iis indicates that there is a fault in 
the detector system on AIO or the RPP is not being reset when the instrument 
is switched on. The RPP reset line can be traced using second function 3. 
It should be noted that if AD3 is not plugged into its edge connector, the 
RPP will not be r~set because the attenuator address latch (A6LIO) is decoded 
on AD3. 

BOARD LEVEL FAULT FINDING 
61. The following section gives guidance on fault finding at board level. 
Where appropriate~ guidance is given on how to fault find on the printed 
board; the control data generated by the microprocessor; information on the 
waveforms that can be expected at various points on the circuit, and how to 
realign the board before recalibrating the instrument. 

AAI : LSD loop 

62. AAI includes a complete phase locked loop and an additional variable 
ratio divider (VIm). Pbase locked loop faults can be traced by checking each 
element in the system i.e., the oscillator, the VRD and the phase detector. 

63. First check that the oscillator is working (not necessarily at the cor
rect frequency) by mOllitori~a TPI. In a functioning loop, its frequency will 
be between 10 and 19.999 MHz. A fault elaewbere on the board may result in 
the frequency being incorrect in which case the voltage on TP2 should be 
checked to see.if it is giving the expected varactor voltage for the observed 
oscillator frequency. If the frequency on TP} is correct the fault will be 
the V1D formed by ICIO - ICI1 and fault finding can be carried out in the same 
way as when fault Hnding on the phase locked loop f s VRD. 

64. If the oscillator is functioning correctly but is. not at the correct fre
quency, check the division ratio of the VID by measuring its input and output 
frequency and calculating the ratio. If the VID is at fault check that the 
data latched by ICa and IC9 is correct. If no fault is found check that each 
of the counters IC3 to 1 have clock input pulse. on pin 2 and that the QA and 
QD outputs (pins 14 and It) have pulses which reduce in frequency by factors 
of approximately 10 as the signal progresses down the counter chain. Failure 
of a device to produce these pulses would indicate that either the um 
line is low (fault ICt6) the relevant·· IC is faulty or the.;e is a fault with 
the carry out pulse from pin 15 of the previous counter IC. 

65. If the VRD is not at fault check .the phase detector circuit for faults. 
As a further aid to fault finding the mini-jump linking TP3,4 may be removed 
and a variable positive voltage applied to TP4 in order to directly control 
the oscillator frequency. If the oscillator frequency (on TPI) is adjusted 
just above the correct frequency, TP2 should be pulled down to 0.2 V by the 
phase detector. If the fr.quency is pulled too low then TP2 should be driven 
to 14.8 V by the phase detector. 
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66. Control data AAI. To calculate the control data for AAI first cal"culate 
the carrier frequeIlcy generated by AB3 using the block diagram. This will 
equal the Ol,1tput frequency if it is be tween 260.00001 MHz and 520 MHz. Con-
sider the frequency to be ABC.DEFGH MHz. Data sent is then as shown in 
Table 11 below. 

67. 

TABLE 11 CONTROL DATA AA1 

Latah Ie Data 
address numbers Lines Data 

A6LO ICll DO-D3 Second m.s.b. of (l0000 - ABCD) 
m.s.b. of (l0000 - ABCD) 

A6LI lCIO DO-D3 1. s.b. of (10000 - ABCD) 
tCIO D4-D7 Second 1. s.b. of (10000 - ABCD) 

A6L2 IC9 Do-D3 Nines complement of F 
IC9 D4-D7 Nines complement of E 

A6L2 IC9 DO-D3 Nines complement of F 
IC8 D4-D7 Nines camp lement of G 

Test data AAI. 

TPI 

TP2 

TP3,4 

TPS,6,7,8 

IC16, pin 9 

Output from l.s.d. oscillator. Frequency between 
10 and 20 MHz. Waveform amplitude is typically 
5 V p-p at 10 MHz and 4 V p-p at 19.999 MHz. 

Varactor voltage fQr l.s.d. oscillator. DC level 
2.28 V at ,10 MHz, 10.1 V at 19.999 MHz. 

Mini jump may be removed and ad.c. vol tale applied 
to TP4 to control the l.s .d. oscillator while fault 
finding. 

Used by Marconi Instruments Autotest only. . 

Normaliy high with. 50 ns pulse to low s.tate with 
• p. r.f. of 1 kHz if the 1. s .d •. loop is working. 
An add'ttional verynarTowpulse may be preaent 400. 
to 800 us previous to this pulse - this is nota 
fault. 

IC7, pin 14 Pulse waveform with p.r.f. of 1 kHz. Mark to space 
ratio is variable, being low· for 100 nswben the 
l.s.d. is at 10 ~ and approximately a sq~rewave. 

ICI, pin 11 Pulse wavefbrm 1 kHz p.r.f • 

. ICl, pin 5 When phase locked normally high with low 60 DB pulses 
at a p.r.f. of 1 kHz. If l.s.d. loop oscillator 
frequency is high (not phase locked) it should pro
duce wider pulses to·try to pull the oscillator fre
quency lower. 

ICl, pin 8 When phase locked normally low with high 50 us pulses 
at p.t.f. 1 kHz. If the l.s.d. loop oscillator fre
quency is low (not phase locked) it should produce wider 
pulses to try to pul,l the oscillator frequency higher. 
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68. contains the microprocessor controller and an interconnection 
system for dis uting control data. All the complex IC' s on this board are 
plugged into IC~ sockets in order to aid hul t finding. Wi thout these sockets 
fault finding': can be difficult because of the complex nature of the operations 
undertaken on this board. If the error message "H" is displayed at switch
on this indicates a RAM fault in either IC3 or IC7. If the error message "P" 
is displayed at switch-on this indicates a fault in the PROM set ICI3,14,15 or 
16. This set of IC's is normally replaced as a set. Faulty IC sockets, 
breaks or shorts in tracks may also lead to error messages being displayed if 
they result in the RAM/PROM being incorrectly read. If error message "L" is 
displayed the calibration data in the EAROM store has changed and does not 
agree with the check sum. This would indicate a faulty EAROK or that the 
-30 V supply is being incorrectly switched during switch-on or off. 

\ 69. Failure to display an error message does not eliminate RAM or PROM faults 
",1 ,i,)~ if the microprocessor is unable to run the system. If no obvious fault can 
'ft_-b~founcLJe.g. IC's running hot) first check that there is a clock signal on 

ICI . _2in 7-:;; If there is not check for loading effects by removing the mini
jump fr'Om TP7,8 and then try replacing ICI and XLI. 'If no fault can be found 
try replacing each IC in turn until the cause can be found. 

70. Faults confined to the EAROM store should be investigated by first check
ing that the -30 V supply to the EAROM, ICa, is opera~ed during a store opera
tion. Also check that at switch-on and switch-off th* ... 30 V line is not 
turned on. If the.e tese. are satia.factory replace ICa and re-calibrate the 
instrument. The replacement EAROM will have to be initialized as described 
in the calibration section. 

71. Test data AA2. 

ICI, pin 37 

IC7, pin 3S 

IC9, pin 12 

IC9, pin 2 

Microprocessor clock. 3.072 MHz. 

Normally lOW. When campletina a store operation 
it should go intermittently high (and sometimes 
tri-scate) in order to tum on the -30 V supply 
to ICa, 

Normally at -IS V. When completing a store 
operation it should oscillate be~een -IS V 
and groua.d. 

Normally at 0 V. On completing a store operation 
it should oscillate between 0 and -15 V. 

TRS collector Normally at 0 V. Wben completing a store operation 
it should oscillate between +5 and -IS V. 

TR4 emitter 

ICS, pin 
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Normally at '-IS V. When completing a store opera
tion it falls to -30 v. 

Normally at +5 V. On completing a store operation 
it falls to -30 V intermittently. 
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AA3 : Frequency standard 

72. Control data AAJ. The control data for AAJ is latched on AA2 as shown 
in Table 12 below. 

La.tch aildzte88 
and 

data l.ine 

A6L5 D4 

A6L5 D6 

73. Test data AA3. 

ICl, pin 4 

-ICI t pin 5 

IC2, pin 10 

ICl_, pin 3 

ICl, pin 9 

IC4, pin 9 

IC2, pin 4 

R8,R9 junction 

PLBP, pin 14 

ASI : Output v.r.d. 

TABLE 12 CONTROL DATA AA3 

PLBP 
pin no. Data 

5 Logic high if tNT STD. 
low if EXT STD. 

10 Logic high if output frequency is 
>2.03125 MHz. 

On !NT STD 3 V p""P 1 0 MHz standard. 
On EXT STD logic low. 

High for !NT STD. 
Low for EXT STD, 

On !NT STD t • t.1. ,leve 1 10 MHz signal. 
On EXT STD lojic low. 

TTL level 1 0 MHz si gnal. 

TTL level 100 kHz signal. 

TTL level I kHz signal. 

For carrier frequencies from 2.03126 MHz losie low. 
For carrier frequencies up to 2.03125 MHz t.t.l. 
level 10 MHz signal. 

Nominal sine wave 0.6 V p-p. 

Nominal sine wave 0.6 V p-p with spurious amplitude 
modulation caused by the v.c.x.o. frequency on ASS. 

74. If a faUlt on ASI has been diagnosed first check that the r.f. ~ltase 
on the collecto~ of Tal is correct. If the fault results in there being GO 

out~t froa PLBU this nonaal1y indicates a catastrophic failure of one of the 
components in the divider chain. Use an oscilloscope to check that there is 
a clock pulse on TPI. If there is not this indicates a fault in one of the 
dividers ICI ,IC2 or the buffer stage ICla. Then use the oscilloscope to 
check that the QA aDd QD outputs of IC7 ,8, 9 are toggling. If none are 
togglinS check that TP3 is generally high. If it is not, this indicates a 
fault in the subsidiary counter system formed by ICII,12. If TP3 is high 
and none of the IC's tosgle the fault is likely to be in IC7. 
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75. If the VRD is functioning and the division ratio is controllable (though 
the ratio is wrong) check that the correct data has been latched on IC4,5. 
If the incorrect division ratio seems to be related to one decade of the 
division ratio only~ replace the respective counter (IC6 for 100 kHz decade, 
IC7 for 1 MHz decade, ICS for 10 MHz decade and IC9 for 100 MHz decade of the 
fundamental frequency). When the 100 kHz decade (IC6) is suspected it is 
possible that a fault exists in the 10 OT 11 divider, IC2, or its associated 
control circuit. 

76. If the VRD produces an output signal but the division ra~io is not con
tTollable this indicates a fault in one of the devices that reset the counter 
chain. Check that all the inputs to ICl2 are toggling and that periodically 
there is an output pulse on TP4 which enables the subsidiary counter ICII. 

77. Control data ASI. ASI uses two latch addresses to recieve control data. 
These addresses are ldentical with two addresses on AAI. As with AAI assume 
the output frequency from AB3 is of the form ABC.DEFGR MH% where ABCD is be
tween 2600 and .5200. The data sent to ABI is then as shown in Table 13 below. 

TABLE 13 CONTROL DATA ABl 

Aam.ess IC No. Data Unes Data 

A6LO IC5 D4 - D7 MSB of {IOOOO - ABCD) 
DO - 03 Second m.s ~b. of (10000 ... ABCD) 

A6Ll IC4 04 ... 07 Third m.s.b. of (10000 - ABeD) 
LSD of (10000 ... ABCD) 

7S. Test data ASI. 

nu collector 0 dBlll signal at fund_ntal frequ*ncy. 

TP-J nL·level signal. Frequency approx. 13 to 26 MHz 
according to fundamantal frequency set. 

TP2 TTL level. Normally hiah with a low pulse of be
twe. 0 a. (non existent) and. 750 nil according to 
the fUDclamental frequency set and the s.tting of 
the l.s.d. (tOO kHz decade of fundamental fraq.) 
of VRD setting. 

TP3 TTLlevel. Normally high with low pulse of 75 ns 
to 150 'ns duration according to fund_ntal fre- ' 
queney setting. 

TP4 nL level. NOrmally low with two high pulses close 
together. The first and only significant pulse is 
between 40 ns and 80 ns wide according to the funda
_ntal frequency. Frequency is approximate ly 50 kHz. 

TPS For Marconi Instruments Autotest use. 

IC9, pin 12 TTL level. Output fTom VID. Frequency approx. 
50 kHz. 
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79. The r. f. di vide-by-ewo system on AB2 is generally s.traightforward. 
A fault will normally result in a failure to frequency divide the signal over 
one or more octaves and either produce the wrong output frequency or no output 
at all. The fault will normally be found in the highest frequency circ .. i:: 
that fails to operate correctly. Check that when the fault occurs the da~~ 
latched by ICS is correct and check the input and output circuits of the 
divide-by-two that normally generates the'required octave of frequency. The 
relevant dividers are listed below : 

Output frequenay 
range 

260-520 MHz 

130-260 MHz 

Output 
IC No. 

65-130 MHz 2 

32.5-65 MHz 3 

16.25-32.5 MHz 4 

S.12S-32.5 MHz 4 

4.0625-S.125 MHz 5 

2.03125-4.0625 MHz 5 

If all frequencies below 130 MHz are affected, check thatIC6 is not faulty. 

SO. Control data AB2. Two sets of c01ltrol data are required for AB2. The 
data lent to the ~ctal latch IC8 control the circuits that divide the output 
from Al2 by factors of two a. shown in Table 14 below. 

TABLE 14 DIVIDE-BI-TWO CONTROL~ DATA AB2 

Output frt.quency Data sent to Z4tch~A6L4 ICS of AB2 
of instrument D? D6 DS D4 D$ D2 Dl DO 

(M&) 

1040 - 520.00002 1 t 0 0 0 1 1 1 

520 .. 260.00001 I I 0 0 0 1 1 1 
260 - 130.0~0001 1 0 1 0 0 . 1 I 1 

130 - 65.00001 1 0 0 1 0 1 1 1 

65 .. 32.50001 1 0 0 0 0 0 1 1 

32;5 .. 16.25001 1 0 0 0 0 1 0 0 

J6.25 - 8.12501 1 0 0 0 I 1 0 0 

8. t 2S .. 4.0625 1 1 0 0 0 1 1 O. 1 

4.0625 .. 2.03126 1 0 0 0 I I 1 1 

0.08·- 2.03125 I 0 0 0 I 1 0 0 

81. The •• con4 let of control data is required to provide range data for 
the f .a. drive circui t:s • From the f ~a. deviation the ins truant is se t to 
first calculate the f.m. deviation required from AB3. This calculated 
deviation has to take into account the fact that if AB2 has to be set to 
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divide the f~equency from AB3 then it will also divide the f.m. deviation. 
The f~equency multiplier in 2019 that generates the 520 to 1040 MHz band 
doubles the f.m. deviation and the b.f.o. band of 0.08 - 2.03125 MHz is gene
rated f~om 10 to 12 MHz. From this deviation. called the fundamental devia
tion, the control data required is as shown in Table 15 below. 

TABLE 15 RANGE CONTROL DATA AB2 

Fundamenta t deviation Data sent to A6L6 lca of AB2 
(kHaJ D7 D6 D5 D4 D3 D2 D1 DO 

1280 - 5200 ,., ,., ,., ,., ,., I 1 1 

320 ... 1280 ,., ,., ,., ,., ,., 1 1 0 

8Q - 320 ,., ,., ,., ,., 
* 1 0 0 

o -80 ,., 
* 

,., ,., ,., 0 0 0 

Note'" indicates a "don't ca~elt state. 

82. Test data AB2. 

nil collecto~ 

T1l2 emitter 

Ie], pin 7 

TItS baae 

PLCJ, pin 2 

AB3 : RF 08cillato.~s 

Approximately 0 dBm at fundamental frequency. 

Fo~ output f~eq. >260 MHz signal level -14 dBm. 
Fo~ output f~eq. <260 MHz signal level 0 dam with 
some sub-:harmoal.cS p~eunt. . 

Fo~ output f~eq. >130 MHz signal level less than 
... 20 dBa. 
Fo~ output f~eq. <130 MHz signal le¥el 0 dBm 
cove~ing octave 130 MHz· to 260 MHz. Some sub
harmonics p~esent. 

For output f~eq. <130 MHz dgnals are a t -IS dBm. 
Fo~ output f~.q. 130 to 260 lOb: signal -5 dBm. 
F~ output f~eq. >260 MHz only low level signals. 

with ear~ie~ f~equency 520 MHz, f... deviation 
5.2.MHz at ) kHz ~ate. Auaio signal typically 
8 V rP. 
As above at 2.6 MHz lieviadOQ audio signal 4 V p-p. 
As above at 1.2 MHz deviation audio signal 7.7 V p-p. 

83. Paults OQ Al3 which ~esult in one or lIDZ'e of the oscillators not operating 
can sene rally be found by first identifying which oscillator is at fault and 
then checking the d.c. biaacondicions of the active and off oscillators. If 
the active device is not at fault it will be necessary to check or replace 
each element of the tuned ci~cuit. 

84. lesid~l f ••• p~obl8JIS are .. ne~ally mo~e difficult to find. There are 
many possible causes but the most likely ones ~r. noisy v.ractors. noisy t~an
sis to~s or intel'mi ttent capacitors. ThedacaupU,ng capacitor. e9, C I 0, C2S ,C2 6 
can cau.e residual f .m. p~obl ... even when theoecillato~ to which they are 
connected is not on. This is because they cause «'1 additional coupling diode, 
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D3, D4, DIO or Dil to be partially turned on. 

85. Microphony can be caused if the inductors LI ,12,L5,L6,L7 ,L8,111,LI2 are 
not securely varnished to the printed circuit board. 

86. Test data AB3 

87. 

SKDL 

C1l2 

TR6 base 

(Output from pin 1). Output level varies from 
approximately -3 dBm to 2 dBm according to fundamental 
frequency selected. Frequency is that of the funda
mental octave. 

(Input from pin 1). Between 3 V and 15 V according 
to the frequency sel~cted. 

Approximately 6 dBm varying with fundamental octave 
frequency. 

TRII collector Approximately -3 dBm. 
of harmonics present. 

May have significant levels 

The following data applies with a carrier freque-ncy of 520 MHz set: 

TlU collector 11.5 V d.c. 

TR4 co llector ll.S V d.c. 

TR7 collector 11.5 V d.c. 

tR9 collector 8.5 V d.c •. 

88. B.ealil!ll!nt 4ata AB3. Each of the 4 oscillators incorporate. a sliding 
link on its tunin, inductor which may be used tOS8t up the oscillator. 
Durin, adju.~t the heat of the soldering iron used to lIIOVethe ];ink will 
cause sOlllllr.action from the oscillator frequency. Excessive heatinl should 
be avoided in order to avoid long settling times. 

(1) Qne.cilatorl, adjust the sUdin, link such that at an output -
frequency of 260.00001 MH%, the vo1tale on tag 2, is nominally 3.6 V 
without the lid of the oscillator on. 

(2) On oscillator 2, adjust the slidinl link such that at an output 
frequency of 309.00001 MHz, the voltage on tal 2, is nominally 3.3 V 
without the lid of the oscillator on. 

(3) On oscillator 3, adjust the slidina link such th.t at an output 
frequency of 368.00001 MHz, the voltage on. tal 2, is nominally 3.3 V 
without the lid of the oscillator on. 

(4) On oscillator 4, adjust the slidinl link such that. at an output 
freq.uency of 437.00001 MHz, the voltage on. tal 2, is nominally 3.3 V 
without the lid of the oscillator on. 

Dec. 81 
Chap. 5 
Page 39 



AB4 : Output phase detector 

H 52018-9005 
Vol. 2 

89. Digital faults on AB4 are generally easy to find using the test data 
provided. If necessary the mini-jump linking TP6,7 can be removed and a 
voltage applied to TP7 to control the oscillators on ABl, but most faults 
can be found without using this method. Faults in the digital part of the 
phase comparator are also relatively easy to find. 

90. If the fault is in the analogue part of the phase detector first check 
all the d.c. voltages given in the test'data. If the fault has not been 
located, remove the mini-jump and connect 0 V to TP7. Ies, pin 8 should 
produce pulses which will pull TP7 to 18 V. Check that this happens. If 
it does not, the fault is in the current pulse generator (Ta12 to TR23) part 
of the phase detector. Rapeat the test while applying 15 V to TP7. rcs, 
pin 6 should generate pulses which pull TP6 down to -8 v. 

91. Diagnosing which transistor in the current pulse generator is at fault 
can be time consuming and as a result, it is often quicker to replace all the 
transistors. 

92. If the phase loc:lted loop sets the output frequency to approximately the 
correct value but the frequeucy is uustable, check that the p.l.l. filter .con
trol liues are workiug. If the fault cannot be found, replace the components 
iu the loop filter. If TR6 develops a drain to source short circuit it may 
result in T!.2S developing excessive input leakage current (because of impact 
ionizatiou) and cause excessive phase detector breakthrough on the output 
carrier signal. 

93. Control data A84. The control data for AB4 is latched on the micro
processor board AA2. The latch address is A6LS. It should be noted that 
the latch address A6LS also controls the frequency standard on W. 

PLBI 
Pin No. LiM DatQ 

3 LDO High for fundameuta! fnquencies of 260.000€>1 
to 309 MHz. 

1.2 LDI High for fundamental frequencies of 309.00001 
to 368 MHz. 

4 LD2 High for fundamental frequencies of, 368.00001 
to 437 MHz. 

11 LD3 High for fundaautal frequeucies of 437.00001 
to 520 MHz. 

5 LDS High if f .m. is l'lOt ou. 

If data to latch A6LS is being sent under second function control ensure that 
the data sent on D4 and D6 is also correct (see AA3). 
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94. Test data AB4 

ICI,pin8 TTL signal. Approx. 50 kHz square wave. 

IC4, pin 8 TTL signal. FM OFF. Approx. 50 kHz square wave. 
FM ON. Approx. 10 kHz signal. 

IC4, pin 6 TTL signal. If output loop is locked then with 
f.m. of~ p.r.£. is approx. 50 kHz, and with the 
f.m. on it is 10 kHz. 

ICS, pin 9 TTL signal. Normally high with a 50 ns low pulse 
at p.r.f. of approx. 50 kHz (FM OFF) or 10 kHz 
(EM ON). If the loop is out of lock and the 
oscillator (AB3) frequency is low, wider pulses 
should be produced to increase the oscillator 
frequency. 

IC5, pin 6 TTL signal. Normally low 'with a 50 ns high pulse 
at a p.r.f. of 50 kHz (FM OFF) or 10 kHz (FM ON). 
If the loop is out of lock and the oscillator fre
quency is higA., wideTpulses will be produced to 
decrease the oscillator frequency. 

TRIO collector With PM ON 0 V. 
PMOFF -It.2V •. 

TR9 collector With PM. OFF 0 V. 
PM ON -11.2 V. 

. TPI DC level approx. 17.5 V. When locked and the f .m. 
is off it bas a 1 V positive pulse 50 ne wide. 
With the f.m. on the pulse should disappear. 

TP2 DC leve 1 approx. -8 V. When locked and the f .m. 
is off it has a 0.7 V negative pulse SO os wide. 
No pulse when f.m. is on. 

TP3 DC level approx. 17.5 V. When locked it has a I V 
P"iti ve pulse 50ns wide with a p.r. f. of SO kHz 
with the f .m. off and 10 kHz with the f ••• on. 

TP4 DC ieva 1 approx.· -8 V. When locked it has a 0.7 V 
negative pulse 50 ns wide with a p.r.f. of 50 kHz 
with the f .m. off and 10 kHz with the f.m. on. 

TP6,7 Mini-jump may be removed to control the oscillators 
onAB3 directly by applying a variable d.c. voltage 
to TP7. 
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ABS : Voltage controlled crystal oscillator (v.c.x.o.) loop 

95. ABS contains the complete v.c.x.o. phase locked loop. There is a poten
tial latch up condition which can occur only under fault conditions, whereby 
the phase locked loop can lock to a frequency less than 10 MHz. To avoid 
any possible confusion it is often easier to fault find with the mini-jump 
linking TP2,3 removed and the v.c.x.o. frequency controlled by a voltage 
applied to TP3. 

96. An unusual fault can be caused if'the capacitor CI9 is open circuit. 
The spurious pick-up on pin 7, IC5, can cause multiple transitions on the 
output of IC6a and result in erratic failure to iock. This fault can be 
diagnosed by checking the output from IC6a for spurious edges on pulse tran
sitions. 

97. Test data ABS. 

TIll collector 

TPI 

TB.8 collector 

IC2, pin I 

IC2, pin 6 

ICS, p.in 3 

ICS, pin 7 

IC4, pin 3 

IC4, pin I I 

,IC4, pin 8 

IC4, pin 5 

TP4 

!P2,3 
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Distorted 3 V p-p signal. When phase locked frequency 
is between approx. 10.002 and 10.008 MHz (v.c.x.o. freq.). 

TTL sianal. VCXOfrequenc.y. 

Distorted signal at V.C.X.o. frequency 1 V p-p. 

10 MHz sine wave 0.6 V p-p. 
the v.c.x.o. frequency. 

Some spurioua a.m. from 

DC level 9 v. Audio signal approximately 1.5 V p-p. 
Frequency (when locked) of approx. 2 to 8 kHz. 

Audio siana! about ground. Approx. 1.5 V p-p. 

Square wave signalS V p-p. TTL compatible, freq. 
appros. 2 to 8 kHz. 

TTL signal. Freq. of 2 to 8 kHz. 

TTL signal. Freq. 2 to 8 kHz if v.c.x.o. is locked. 

TTL danal. Nontally low with a 60 ns politiva pulse. 
If the v.c.x.o. frequency is too low it produces wider 
pulse. to pull the v.c.x.o, frequency lower. 

TTL silnal. No13ally hip with a negad ve 60 118 pu lse • 
If the v.c.x.o. frequency is too hiah it produces wider 
puhes to pull the v.c.x.o. frequency higher. 

With carrier frequency set to 520 MHz (v.c.x.o. approx. 
10.002 MHz)d.c. level 3.6 V. 
With carrier frequency set to 260.09999 MHz (v.c.x.o. 
approx. 10.008 MHz) d.c. level 10 V. 

Mini-jump may be removed and an external d.c. voltage 
applied to TP3 to control the v.c.x.o. frequency. 
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98. Test data AC2. 
of 2 MHz. 

The following data applies at a carrier output frequency 

PLCU, pin 2 10 MHz square wave 0.6 V p-p. 

TR1 collector )0 MHz square wave 0.6 V p-p. 

PLCV, pin ) 12 MHz sine wave 90 mV p-p. 

TR2 collector Very distorted signal approx. 8.0 mV p-p. 

L4,L5 junction -20 dBm 2 MHz signal and 2 V d.c. 

PLCW, pin 3 4 V d.c. 

PLCW, pin -20 dBm at 2 MHz. 

99. The following data applies at an output frequency of 10 MHz. 

PLCU, pin 2 o V. 

L4,5 junction No signal. 

PLew, pin 3 +0.05 V d.c. RF signal level -15 dBm. 

PLew, pin IF signal -15 dBm. 

AC3/13 : Filter and frequency doubler 

100. Faults in the filter sections of AC3 or ACt3 will Qaually result in the 
signal faults occurring ovel: specific half octaves of frequency cover. The 
half octaves involved will usually give some idea of where the fault is. If 
the error occurs only at frequencies greater than 32.S MHz, check the d.c. 
voltages at the output of IC4 against the test data. These d.c. volt .. es 
control the diodes that switch the filters. Faults in the frequency doubler 
section of ACl3 (2.019 only) can be difficult to trace because of the high 
frequencies invoh.<l. The recoumended pr.ocedure is tofirs.teat&blish that 
the active stases are wOTking (TR4, TllS, TR6). Check that the filter 'control 
outputs from IC7 are correct. If the fault is diagnosed as "i11l .in the 
filter circuits it may be necessary to replace the components one at a time, 
in order to find the fau! t. It should be noted that the aarth end of lU 12 
may be disconnected in order to improve the sUb-barmonic content of the output 
signal at 1.04 Gaz. 
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101. Control data AC3/13 

TABLE 16IC2 CONTROL DATA AC3/13 

Output frequenay Data sent to A7L4 IC2 of AC3/13 
(MHz) D? D6 D5 D4 D3 D2 D1 DO 

'20.00002 - 1040 1 1 1 1 I I 1 I 

260.00001 - 520 0 1· I 1 1 1 1 1 

130.00001 - 260 I 0 1 1 1 1 1 I 

65.00001 - 130 1 1 0 1 1 I 1 1 

32.50001 - 65 1 1 1 0 1 1 1 I 

16.25001 - 32.5 1 1 1 1 0 1 1 1 

8.12501 - 16.25 1 I I 1 1 0 I I 

4 • 0625 1 - 8. 1 25 I 1 I 1 1 I 0 I 

D4 

03 

02 

01 

DO 

2.03126 - 4.0625 I I 1 1 1 1 1 0 
0.08 - 2.03125 I 1 1 1 1 0 I 1 

L~ \1 \4- \~ 1 ~ Lf ~ 
Data sent to A7LS IC3 of AC3/13 

High for frequencies less than or equal to 520 ~ 
(2019 emly). 

High for frequencies of 2.03126 to 1040 MH%. 

High forfreqpencies of 16.25001 to 23 MHz and for 
frequencies of 260.00001 to 368 MHz. and for fre
quencies of 32.50001 ~o 65 MHz. 

Kish for frequencies of 260.00001 to 1040 MHz, 
16.25001 to 32.5 ·KHz .ad fundamental frequencies 
of 368.00001 to 520 MHz. 

Hiah-for frequencies of 0.08 MHz to 32.5 MB%. 

Note Fundamental frequency is defined .. the output frequency from AB3. 
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TABLE 17 IC8 CONTROL OMA AC1J 

Output fItflqu.tmey Data sS'1f.t to A7L8 IC8 of AC13 
(MHz) 07 08 06 D4 03 D2 D1 

520.00002 - 660 * * * * 1 0 1 

660.00002 - 820 * * * * 1 0 0 
820.00002 - 1040 * * * * 0 1 1 

Note * indicates a "don't care" condition. 

DO 

0 

I 

I 
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10'2. Test data AC3/13. The following data applies to conditions where the 
output frequency has been set to be >32.5 MHz. Measurements have been taken 
with a carrier frequency of laO' MHz unless otherwise stated. RF levels q~oted 
are with the output level set to 7 dBm unless otherwise noted. 

TRI base RF level -15 dBm, nominal square w~ve. 

TRZ collector RF level -2 dBm. 

D24 cathode RF level -4 dBm. 

SKCS RF level -5 dBm. 

10'3. Table 18 gives a list of the expected output voltages on the open c~~ -
lector outputs of IC4. 

TABLE 18 DC VOLTAGES ON IC4, OUTPUTS AC3/13 

Carrier IC4 pin numbers 
' ! 

I frequency 2 4 12 10 8 i 

1040 MHz 15 15 15 1.5 0.13 I 
520 MHz 0'.15 .4.61 , 4.37 9.16 1 1.67 ! 
260 MHz 15 ' 0.15 5.18 2.87 10'.79 

130 MHz 15 15 15 0.15 7.86 

65 MHz 15 15 15 15 0' .13 

IO'4.'The following data applies to conditions where the output frequency has 
been set to <32.5 MHz. Measurements generally refer to a carrier of 10 MHz 
unless otherwise stated. 

TR3 collector RF level -14 dBm. 

PLCT RF level -15 db. 

105. The following data applies to AC13 (2019) only. 

ClIO 

TRS collector 

TR6 base 

Carrier 5'30 MHz -5 dBm, St1b-hatmonic -24 dB. 
Carrier 1040 MHz -3 dBm, sub-harmonic -10 dB. 

Carrier 530 MHz 3 dBm, sub-harmonic -27 dB. 
Carrier 10'40 MHz 0' dBm, sub-harmonic -7 dB. 

Carrier 530 KHz -8 dBm, sub-harmonic -40 dB. 
Carrier 1040 MHz -9 dBm, sub-hanaonic -33 dB. 

106 ... alignment procedure. 
-I J ciS. 

Connect an r.f. signal source to PLDF, level 

LF Charme t : 

Monitor output from PLCT (providing a 200 0 load impedance). Select 
each of the low-pass filters in turn by keying-in the S!T FREQ on the 20'16/19 
keyboard, and cheek the PASS BAND ripple and relative attenuation at ~he 
2wf (min) FREQ. 
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Nominal output level 
PASS BAND ripple : 
2*f (min) le~el : 

40 mV (r.m.s. p.d.) into 200 n * 
not greater than 4 dB 
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Better than -18 dBc for 32.5 - 4.0625 MHz, 
better· than -IS dBc for 4.0625-2.03126 MHz. 

TABLE 19 LF LOW-PASS FILTER ALIGNMENT (1-32 MHz) 

SET FREQ PASS BAND 2*, (min) FREQ 
MHa MHa MBa 

32 23 - 32.5 46 

23 16.25 - 23 32.5 

16 11.5 - 16.25 23 
II 8.125 - 11.5 16.25 

8 5.75 - 8.125 11.5 . 

5 4.0625 - 5.75 8.125 

4 2.875 - 4.0625 5.75 
2.8 2.03126 - 2.875 4.0625 

Monitor the output fram Plea pin I (200 0 load imoedance) to check 
the output to the b.f.o. board. Same conditions as above. 

SE'P lREQ 
MBa 

2 
I 

PASS BAND 
M11a 

11.5 - 12.03125 MHz 
10.08 - 11.5 

2", (min) FREQ 
MBa 

23 
20 

*NOTE If 200 0 load i. made up by including alSO 0 resistor in 
series with the SO 0 input of the _48U:1n, iDStrument a 
12 ell insertion loss will be introduced. This will resul t 
in a level of 10 .V aero •• SO 0, 0.1' -21 dBlI. . 

!IF Cht:z:nM Z .. 

107. Monitor output bOIl UCS (load imped.ance SO Q). Tests similar to those 
for the U Channel are perfomed, but the sr Chaanel filters need to be indi
vidually adjusted to meet the followins conditions : 

Nominal output level 
PASS BAND ripple : 
2*£ (min) level: 

-6d .. 
not sreater than 4 dB 
better thau -20 dk. 

(l) To tria the 520 and 368 MH% low-p .. s filters, unsolder sliders on 
printed coils and re-position as required.. (There is no need to switch 
off the power supplie •• ) Moving the slider. towards the filter capaci
tors will reduce the inductance and so raise band ed,e frequency. Pro
vidin, the PASS BAND ripple and 2*f(min) level are correct the actual 
band ed,e frequency is unimportant. 

(2) To trim the Uturret" low-pas. filters, start with the ferrite slugs 
flush with the turret top.. Wind. the slul iu the lower numbered coil 
downward. until the filter band edle drop. by I dB; . then unwind I full 
turn. aepeat this operation for the aecOl1d ·coil. Finally check the 
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conditions above and make further minor adjustMents as necessary. 

TABLE 20 HF LOW-PASS FILTER ALIGNMENT (46-520 MHz) 

SET FREQ PASSBAND 2*1 (min) FREQ 
MHz MHz MHz 

520 260 - 520 736 ** 
368 260 - 368 520 
260 184 - 260 368 
184 130 - 184 260 
130 92 - 130 184 
92 65 - 92 130 
65 46 - 65 92 
46 32.5 - 46 65 

** NOTE 520 MHz low-pass filter is checked down to 260 MHz 
(rather than 368 MHz) to ensure correct operation 
of frequency doubler (2019 only). 

108. Fre.SHeney daub br . Monitor the ou.tpu t fr·om SKCS. Selec t the three 
SET FREQ points in turn and check the level of "doubled" signal, its sub
harmonics and harmonics (up to about 1.2 GHz) across the appropriate INPUT 
FREQ range. The following conditions should be met for the "doubled" signal: 

Nominal output level: .-6 dBm (±3 dB) 
Level of sub-harmonics/harmonics: Better than -35 dBc. 

SET FREQ 
MBa 

660 
820 

1040 

TABLE 21 FREQlJENCY DOUBLER AC13 

INPlJT FREQ RANGE 
Mliz 

~o ... 330 
330 - 410 
4JO - 520 

OUTPTI! PREQ RANGE 
MHz 

520 ... 660 
660 - 820 
820 - 1040 

AC4 : Outptit amplifier ~. 

109. If, for any reason, it is necessary to remove the board AC4 from the 
inst~nt take care not to damage the integral Beryllium Oxide washer ion 
TRIO. The device is robust but it should be protected from aceidaneal damage. 
If it is naeesaary to remove the heat sink from the scud, ensure that the nut 
is not overtightened. A tightening torque of 0.8 Nm is recOIIIl8ndedby the 
manufacturer. See Notes and Cautions re the disposal of defective devices. 

110. Control data AC4 

At:l.dre88 IC No. Data t.ines 

A7Ll 4 DO-D7 
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Data. sent 

Insertion loss control data. Binary number 
of between 0 and 255 provides fine control 
level, 255 gives minimum level and 0 gives 
maximum level. Data to be sent is calculated 
by the microprocessor from the data entered to 
compensate for insertion loss. 
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Address Ie No. Data tines Data sent 

A7L2 6 00-07 

A7L3 6 00-01 
2 06 
2 07 

The 8 l.s.bls of a 10 bit number used to con
trol the r.f. output level from AC4. The 
10 bit number is a number between 0 and 1000 
which can control the output level with a 
I mV p.d. resolution. The number IC6 is 
set to is not updated until the m.s.b. is 
sent on A7L3. 

The m.s.bls of the number sent to A7L2. 
High for frequencies of 32.50001 to 1040 MHz. 
High for frequencies of 32.5 MHz or less. 

III. Test data AC4. All test data results are with the a.m. off unless 
otherwise stated. 

tC3, pin I +2 V d.c. If 99% a.m. is set an audio signal should 
be present whose negative peaks almost reach 0 V. 

Ie3, pin 7 DC voltage. typically -1.5 V at 10 MHz, -1.2 V at 520 MHz, 
-0.66 V at 1040 MHz. 

te3, pin 8 

tC3, pin 14 

leI, pin 8 

IC2, pin 9 

Ie2, pin 5 

TP2 

DC level at intermediate carrier frequencies is linearly 
interJ)olatedbetween these voltages. 

DC voltage typically -2.9 V at 10 MHz, 13.4 V at 520 MHz, 
-4.1 V at 1040 MHz. 

DC voltage at 520 MHz carrier typically 1.69 V at 7 dBm, 
3.37 V at 13 dim, 0.546 V a1= -2.9 dim. 

DC voltage at 520 MHz carrier typically 1.61 V at 7 dBm, 
3.28 V at 13 d~ 0.471 at -2.9 dim. 

Logic high for earders 432.5 MHz. 

Logic. high for carriers )32.5 MHz. 

ALC voltage. Will be between 0 V and -8 V if the 
a.l.c. IYst .. is opera tina. 

ACS : Amplitude modulator 

112. If, durilll the couru of fault findina on ACS, it is necessary to remove 
or replace X2 ensure that wa.n it i. replaced the metal case is soldered to 
the printed board in the s ... way as originallY manufactured. Failure to do .0 will result in poor a.m. perfot'1D8nc~. 
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113. Control dataAC5 

Latah 
Address Ie No. 

A7LO 4 

2 

114. Test data AC5 

IC4, pin 4 

IC3, pin 6 

TR3 collector 

Xl, pin 

X2, pin 5 

X2, pin 

TRI collector 

ADI· : Diaplay 

Data 
Lines Data sent 

H 52018-9005 
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DO-D6 7 bit binary number between 0 and 99 corres
ponding to the modulation depth set in %. 

D7 Single bit instruction that is set high for 
r.f. levels of 7.1 dBm or greater. In this 
mode the a.m. is set off and the mod. depth 
is set to 0%. 

With a.m. on typically 6.5 V p-p audio. 

With a.m. set to 99% audio signal 5 V p-p decreasing 
linearly with reducing a.m. depth. 

-0.2 V for r.f. levels <7 dBm, 
-15 V for r.f. levels >7 dBm. 

RP signal -6 dim square wave. 

RF signal 0 dBm square wave. 

RF signal -18 dBm square wave. 

RF signal -12 dBm square wave. 

lIS. The 1.c.d. units are driven by square waves. which areeithar in phase or 
out of phase in ordar to avoid generating any d.c. componeDt aero ••. the dis
play. In order to fault find on parts of the circuit where the drive w:ave
form haS been converted to a square wave' use a dual channel o.cillolcope. 
CQaect .-i.aput to tM backplane 4ri ve on pin I or pin SO. of the carrier 
frequency diaplay Xl. Connect the second. input to the point beiugtested and 
th,n observe the second input square wave is in phase or out of phase with 
the backplane drive. An in phase signal will result in a clear se~nt and 
an out of phase signal will result in a dark segment. The maintena~e kit 
contains information on the use of the l.c.d. insertion and extraction tools. 
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116. Control data AD1 

Address 

ASLO 

ASLI 

ASL2 

ASL3 

ASL4 

ASLS 

ASL6 

ASL1 

ASL8 

ASL9 
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Dcrt:a 
Lines 

D4-D1 
DO-D3 

D4-D7 
DO-03 

04"07 
DO-03 

04-07 
00-03 

DO-D3 

D4-D1 
DO-D3 

D4 
00-03 

04-07 
DO-D3 

DO-D2 

03-04 

D4-06 

DO 
DI 
D2 
03 
D4 
OS 
06 
D7 
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TABLE 22 CONTROL DATA ADl 

IC No. 

4 
5 

6 
7 

8 
9 

10 
II 

21 

22 
23 

27 
29 

30 
31 

8 & 18 

26 

27 

3 
3 
3 
3 

12 
12 
J2 
12 

Data sent 

Frequency display m.s.d. 
Frequen~y display second m.s.d. 

Frequency display third m.s.d. 
Frequency display fourth m.s.d. 

Frequency display fifth m.s.d. 
Frequency display sixth m.s.d. 

Frequency display seventh m.s.d. 
Frequency display l.s.d. 

Modulation display m.s.d. 

Modulation display second lIl.s.d. 
Modulation display l.s.d. 

RF level display m.s.d. 
IF level display ~econd m.s.d. 

IF level display third m.s.d. 
IF level display 1. s • d • 

Frequency display decimal point. Lines 
decoded as lout of 8. A 0 gives a decimal 
point to the right o~ the m.s.d. and this 
moves to the riaht with increasing decoded 
output. An oueput of 7 gives no decimal 
point. 

Modulation display decimal point. Lines 
decoded as I out of 4. An output of 0 gives 
a decimal point to the right of m.s.d. and 
this moves to the riaht with increasing de
cocled.output. An output of 4 gives no 
decimal point. 

IF level display decimal point. Lines de
coded as lout of 4. An output of 0 gives 
a decimal point to the right of the m.s.d. 
aDd this ~es right with increasing output. 
An outpu.t of 3 ai ves no decimal points. 

Prequency display REMOTE annunciator. 
Frequency display ADOR annunciator. 
Frequency display LIMIT. 
Frequency displayMH%. 
Frequency disp lay kHz. 
Frequency display Hz. 
Frequency display EXT STD. 
Modulation display OFF. 
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TABLE 22 

Data 
Address Lines IC No. 

ASLIO DO 20 
DI 20 
D2 20 
D3 20 
D4 24 
D5 24 
D6 24 
D7 24 

ASLI I DO 28 
Dl 28 
D2 28 
D3 28 
D4 32 
DS 32 
D6 32 
D7 32 

ASLl2 DO 33 
DI 33 
D2 33 
D3 33 

CONTROL DATA ADl (aontd. ) 

Data sent 

Modulation display EXT. 
Modulation display L~IT. 
Modulation display AM. 
Modulati~ display FM. 
Modulation display %. 
Modulation display MHz. 
Modulation display kHz. 
Modulation display Hz. 

RF level display OFF. 
RF le,vel display REV PWR. 
RF level display LIMIT. 

H 52018-9005 
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RF level display - (minus sign). 
RF level display + (vertical bar of + sign). 
iF level display dim. 
RF level display dB. 
RF level display V. 

RF level display mV. 
RF level display ~V. 
RF level display e .m.,f. 
RF level display p.d. 

AD2 : Motherboard 

117. Control data AD2. The data to ~ontrol the 10 dB step attenuator and, the 
RPP is l~tch.d 011 AD2 by ICI acidress A6LIO. The 10 dB step atteuuator con'" 
trol data is as in Table 23 below. 

TABLE 83 10 dB srEP ATTENUATOR CONTROL DA!!A AD! 

Requi1.'8d attenuation Data 8-'1: ' 
. dB DS D4 D3 DB Dl 

0 1 1 1 I I 

10 1 1 1 . 1 0 

20 1 1 1 0 1 

30 1 I 1 0 0 

40 0 1 1 1 0 

50 0 1 1 0 I 

60 0 I 1 0 a 
70 a 1 0 1 0 

80 a 1 a 0 1 

90 0 1 a a a 
100 0 a 0 1 0 

110 0 0 0 a 1 

120 a 0 0 0 0 

Dac. 81 
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If the RPP is tripped it can reset by sending a logic 0 on A6L10 DO followed 
by a logic I on the same address. Sending a logic 0 on A6LI0 DO will cause 
the RPP reed relay to go open circui t. 

AD3 : Modulation oscillator and f.m. control 

118. Control data AD3. The latch A6LI5 controls the modulation oscillator 
and the type o£ modulation being used •. The data sent to A6L15 is as follows: 

TABLE 24 MOD OSC CONTROL DATA ADS 

MOD OSC FREQ Data on DO-DS 
Ha D3 D2 Dl DO 

300 0 0 0 0 

400 0 0 0 I 

1000 0 0 0 

3000 0 0 I 

6000 1 0 0 

OFF 0 0 0 

04 Hiah for internal aodulatioG 
05 Hiah if f .m. is OG 
1)6 High if the mod. a.Lc. is on 
07 High if a.m. is on 

119. The latches A6L14, A6LJZ and A6L13 control the .£.m. deviation. The data 
sent is calculated by first determining the deviation required of the oscil
lators OG Ai3 after allowiGg for division by Ai2 and frequency translation by 
the b.f~o. band. This daviation is referred to as the fundamental deviation. 
The data sent to A6L14 is given in Table 2S below. 

TABLE 25 FN . DEVIATION CONTROL DATA ADS 

Fundamen·tal. d~iation 
kBa 

5120 - 5200 

5120 .. 2560 

2560 - 1280 

1280 - 640 
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640 - 320 

320 - 1.60 

160 - 80 

80 - 40 

40 - 20 

20 - 10 

o - 10 

D7 

I 

I 

0 

1 

0 

I 

0 

I 

0 

0 

0 

Data sent to A6L14 IC1? of ADS 
De D5 D4 D3 D2 Dl 

I 1 1 1 I I 

0 0 0 0 0 0 

1 0 0 0 0 0 

0 0 0 0 0 0 

1 0 0 0 0 0 

0 0 0 0 0 0 

I 0 0 0 0 0 

0 0 0 0 0 0 

1 0 0 0 0 0 

0 I 0 0 0 0 

0 0 ) 0 0 0 

DO MuZ tip U,Sft 

I 0.1 

0 0.2 

0 0.4 

0 0.8 

0 1.6 

0 3.2 

0 6.4 

0 12.8 

0 25.6 

0 51.2 

0 102.4 
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120. The multiplier shown in the right-hand column above is used to derive the 
data sent to A6L12 and A6L13. If the multiplier is mUltiplied by the funda
mental deviation in kHz the resulting number is between 0 and 1023 and can be 
expressed as a 10 bit binary number. This number is sent as 2 bytes .The 
eight least signifi~ant digits are sent to A6LI2 followed by the two ~st sig
nifieant digits to A6LJ3 on 00 and Dl.The setting of the 10 bit D-A receiv
ing this data, lC15, is only updated when the most significant bit is sent. 
The data sent to A6LlI is an 8 bit number, usually between binary 80 and 200, 
which is calculated from information stored in the EAROM store. Is is instru-
ment dependent and therefore has no unique values. 

121. Test data AD3 

D4 anode 

ICI, pin 

ICI, pin 7 

IC7, pin 14, 

ICIO, pin 

ICIO, pin 7 

IC6, pin I 

, ICS, pin 7 

D2 anode 

ICa,pin 

-7.5 V doC. 

Audio signal at modulation frequency set 3.2 V p-p. 

Audio signal 3.2 V p-p. 

tNT MOD 3.2 V p-p audio. 
!3tT MOD, audio lignal corresponding to the external 
modulation input. 

lIft KOD. no signal. 
EXT MOD,. signal corresponding to external modulation input. 

:tNT MOD, 3.2 V p-paudio signalat,.mod .o.e. ,frequency. 
EXT MOD, audio signal equal to the ext. mod. input. 

Audio signal 900 mV p-p. If EXT MODis set its l.evel 
sbouldbe independel'lt of input l.velfor input 1.".11 9£ 
800 mV, to 1. 2v r .. I1 ••• 

6 V p-p audio lignal. 

-2.6 V d.c. 

DC voltage between 0 V and -8 V. Typical1Y,-5~on 
1lfr MOD. 

122. All the following data assumes tNT MOD is selected. 

le9, pin 1 

lC9, pin 7 

ICI2, pin 6 

ICI6, pin 6 

ICI9, pin 6 
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With PM ON r 2 ,V p-p audio, !'M OFF .. no, d~L 

With AM ~ - typically 6.7V p-p, AM on - no signal. 

PM ON, carrier 520·MItz (typically) 5 V p-p aUdio • 
. FM ON, carrier 260. ) MHz (typically) 7.4 V p-p audio • 

I'M ~, carrier 520 MHz, f.ll. deviation 9.9 kHz typically 
4.9 V p-p au4io. 
PM ON, carrier 520 Mflz, f .m. deviation 5.2 MHz typically 
2.5 V p-p aUdio. 

PM ON, carrier 520 MHz,f .11. deviation 5.2 MHz typically 
9.8 V p-p audio. 
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AXO and ATI : to dB step attenuator 

123. Except for simple faults which do not affect the main r.f. path on ATI, 
it is not recommended that repairs are atteMpted on ATI unless very accurate 
attenuator =easurina equipment is available. It is generally not advisable 
to attempt to remove the r.f. cover over ATI, but if the covel." is removed do 
not atteMpt to adjust or remove AXI since to do so can alter the calibration 
of the pads. If it is established that one of the micro-switches required 
adjustment this can be accomplished by.the following procedure: 

(I) Adjust the large nylon nut so that the armature of the solenoid 
pulls in when between 13.5 V and 15 V d.c. is applied to the coil. 
The d·.c. must be applied with Sl<1.P diaconne~ted from AT2. 

(2) Energize all the solenoids except the one being adjusted. 

(3) Connect a short circuit across SKAZ and an ohmmeter across SKBA. 
As the armature is manually closed a change of resistance should be 
observed when the micro-switch nearest SKBA operates. Adjust the cor
respondina adjustment screw so the switch operates at mid-tTavel. 

(4) Repeat (3) with the ahort circuit across SKBA and the ~ter across 
SXAZ for the other micro-switch of the pad beina adjusted. 

(5)· Lock t.he adjustment nut and screwe with locking varnish. 

At2 : Attenuator contTol 

124. Test data AX2 

IC4, pin 8 ttL level. Normally low but on pressing the r.f. 
18'11;411 key goes hiah for 40 1118. 

T1l3 collector Normally unregulated 10 V. Go .. to unregulated 25 V 

IC3, pin 8 

IC3, pin 2 

IC3, pin 13 
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for 40 1118 when r.f. level key is pressed. 

'ITt level. Low except when attempting to reset the RPP. 

TtL level. Lowul'lless reverse power has been applied. 

TTL level. Low unless RPP baa been tripped. 
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RF LEVEL 

o dBm 

I -10 dBm 

I -20 dBm 

-30 dBm 

-40 dBm 

-50 dBm 

-60 dBm 

-70 dBm 

-80 dBm 

-90 dBm 

-100 4Bm 

-110 dBm 

-120 dBm 

TABLE 26 VOLTAGES ON PLP~ AT2 

PLP pin numbers 
1 J 4 5 6 

10 V o V o V o V o V 

10 V o V o V o V o V 

10 V o V o V o V 10 V 

10 V o V o V o V 10 V 

10 V 10 V o V 0 V o V 

10 V 10 V o V o V 10 V 

10 V 10 V o V o V 10 V 

10 V 10 V o V 10 V o V 

10 V 10 V o V 10 V 10 V 

10 V 10 V o V 10 V 10 V 

10 V 10 V 10 V 10 V o V 

10 V 10 V 10 V 10 V 10 V 

10 V 10 V 10 V 10 V 10 V 

? 

o V 

10 V 

o V 

10 V 

10 V 

o V 

10 V 

10 V 

o V 

10 V 

10 V 

o V 

10 V 

H 52018-9005 
Vol. 2 

Where the above table show. a volta.e of 10 V this is taken asbeit1g the 
nominal unresulated voltqe that appears on .,in 1. Where 0 V is shown there 
will be· a small positive voltage, not exceeding 0.4 V, due to the saturation 
voltage of the driver Ie2 on AD2. 

INSTRUMENT CALIBRATION 

EAROM it1itialization 

I 25. If the UllOM s tore on AA2 Kicroproc ... or board has beenrep"lac~ or 
erased, it is fir.t necessary to set the EAllOM to sensible storedva~s. 
Af.eer·.W1loeki.rt.atbe teeoud .func.tionsuse. Second Funcdon 9to~nterand store 
o if the instruant is a 2018 anti a t if the inst~nt is a 2019. 'then 
enter the required r. f. level utdts into Second Function S m4,a t<¢e GlIIB 
address (if fitted). Then ente.r valid instl:Ullent .ettina. ixa,to the ,.inaeru
mant stone labelled 10 to 19. If it is required to check thAt tb. f.m. 
system is functioning, enter valid f .m. tracking number. into thef~ •• ,traCk
ing points at the carrier frequency of interest. On completion selectSecOlld 
Function '.' (decimal point) to re-calculate and store the ~nded EAaOK check 
sum data. 

Internal frequency .tandard 

126. Using a frequency counter operated fromahigb accuracy frequency stan
dard monitor the frequency standard output from the rear panel socket. The 
frequency.tandard uybe adjusted without removing the external' covers of the 
instrullent by adjuting III on MIlO. Access to itl is gained u.ing a small 
screwdriver inserted through the group of vents on the right-hand side of the 
instru'llllllnt at the top frontcorne.r. Itt is located in line with the vent that 
is second f~om the rear of that group of vents. 
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127. Calibration of the output r.f. level requires the access to second 
function operations. An accurate power meter is required to set up the 
c.f. level calibration. The 10 dB step attenuator contributes significantly 
.0 lev~l errors for outputs below -3.0 dBm. Specialized equipment is re
quired to set up the attenuator and is not covered in detail in this procedure. 
The following procedure is used to set up the r.f. level at levels greater 
than -3.1 dBm. If the recalibration is required only on a routine basis 
(i.e. their has been no major fault in 'the level control system) steps (2) and 
(3) may be omitted if the difference in r.f. level between 7 dBm and -2.9 dBm 
is 9.9 dB ±C.1S dB. 

(1) Enter SECOND ruNe! "0" and overcome the second degree protection by 
carrying out the Second level operation unlocking procedure. Details of 
this procedure are given in Chap. 4, page 38. 

(2) S~t the carrier to 10 MHz and enter SECOND FUNCT 
number 050 on the keypad followed by the STORE key. 
cedure at 520 Mlk and 1040 MHz (only if it is a 2019) 

~ J numbers 100 and 170 respectively. 

"7". Enter the 
Repeat this pro
and entering the 

(;1':. I (3) Set the canier to~ and the level to~ Adjust i)il on 
~1~'_' f1/~}: AC4 for an output of 7 ~sur.ed OJ~"" . r ~~~.~r.f-:-6!tPut 

.' 1'; connector. Set the output level to''';· ~.. AdJust··lt8 on AC4 to 
... ' obtain the eonect ou~P"t level. Rep.. s ps 2 and untl.l levels 

/ are correct to within 0.1 dB. 

(4) The output level can now be accurately set up from the front panel 
alone by adjustina the calibration at 3 carrier frequencies using the 
second function operation. Set the canier to 10 MHz and the level to 

.7 dBm. Enter SECOND ruNCT "7". The output level may be adjusted by 
enterina a 3 digit number between 000 and 155 followed by the ,STORE key. 

Note ••• 

Do not exceed the number entered at 520 MHz - in this case 100. 

Increasing the number entered will increase the output level. When a 
satisfactory entry 18 obtained th1spToce4ureilt'epeeted at a carrier 
fl'equency of 520 Mlz. In this case the UU'IIItereatered should not be 
less than that stored at 10 HBz and should not be IlIOn than that stored 
at t040.MRz. After camp1etina the entry at 520 MHz repeat the same 
procedure at t 040 MBa if the illS tl'Ulll.e.D.t it a 2019. The number entered 
should not be le8. than that entered at 520 MBc. 

(5) Check the r.f. 1..-1 accuracy at 7 4Bm a~ -2.9 dBm is better than 
:0.4 dB from 10 KHz to 520 MHz, and bettel' than 0.8 dB froa 520 MHz to 
1040 KHz. On 2019, if uC8saary, the calibration number at 1040 MHz 
can be adjusted to live the best avera,. accuracy froa 520 MHz to 1040 MHz. 

(6) On completion of step (5) select SECOND 1UMCT '.' to recalculate 
and store the amended EAltOH check sua data. 

(7) block the second function. by antenna SECOND FUNCT "0". 

(8) After calibrating the r.f. level it i. advisable to check the a.m. 
calibration. 
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128. An accurate modulation meter and a distortion meter are required to cali
brate the a.m. 

(1) Set R23 on AC5 (PRE-MOD) fully clockwise. 

(2) Set the instrument to give 0 dBm at 100 MHz with the a.m. set to 
internal modulation at 1 kHz rate and; 80% depth. Adjust R30 on AD3 to 
give 80% modulation depth as measured by the modulation meter. 

(3) Adjust R23 on AC5 to give minimum a.m. distortion. Recheck step (2). 

(4) Set the carrier frequency to 400 MHz and check that the a.m. distor
tion and level accuracy is within specification. 

(5) Monitor pin 14 of ICl on AC4 with a d.c. coupled oscilloscope. Set 
the modulation depth to 99%. Switch the a.m. off temporarily and note 
the d.c. voltage level observed on the oscilloscope. Switch the a.m. 
back on and adjust R77 on AC4 such that the negative tips of the sine 
wave on pin 14 of IC3 come to a voltage, with respect to ground, of 1% 
of that noted previously. 

(6) Set the instrument to give 80% depth at 300 Hz rate internalmodu
lation. Adjust R9Son AC4 to give the minimUm ripple at·the modulation 
frequency on ICI, pin I on AC4 (TP2) •. 

FM calibration 

129. An accurate modulation meter is required to calibrate the f.m. Cali
bration adjustment. can take one of two fot'JIB. If the f ~m •. is out of cali
bration at all carrier frequencies and deviations by a consistentpe~~tage . 
the calibration can be adjusted using 1133 on ADJ·. If .• however. recali.bration 
is necessary because of work carried out which may result inle ... predictable 
changes (e.g •. to Al3) the f .m. should be recalibrated as foUonunder.econd 
function control. This recalibration can be easily accomplished using the 
GPIB ifthemoclulation meter and 2018/2019 have a GPIB fitted and. a controller 
with a suitable program is available. 

(l) Set the instrument to 520 MHz at 0 dim. Set the f .m. to tOO kHz 
deviation at t kHz rate in the internal mode. Set the carrier frequency 
increment lize to 4. 15 MHz. Enter SECOND FUNCT "0" and overc_ the 
second degree protection by carrying out the Second level operation un
locking procedure. Details of this procedure are given in Chap. 4, page 38. 

(2) Enter SECOND ruNCT "8". The r.f. level display will show a number 
cortespending to the tracking data at 520 MHz. This nU1llber is changed 
in order to obtain 100 kHz deviation al measured by the modulation meter. 
The number can be changed by entering a new 3 dicit number or by uaina 
the increment keys. When the belt value is found pressing the STOB! 
key will store the data in the non-volatile _mory. If the store key 
is not pressed the number will return to its previous setting when you 
exit from the second function mode. 

Dec. 81 
Chap. 5 
Pace 57 



a 520id-900S 
Vol. 2 

(3) Enter CARRIER FREQ and increment down in frequency by pressing tile 
increment key. Then repeat the procedure given in section 2 at the 
new carrier frequency. Keep repeating this procedure until a cart'iel: 
frequency of 437 MHz is reached. Then reset the carrier to 437.00001 MHz 
and rep«.:at the procedure for entering new tracking data. This ,vi 11 :.:om
plete the crackina of ~scillator 4 on AS3. 

(4) The above procedure has to be repeated for the other 3 oscillators 
on AB3. oscillator 3 is tracked by setting an incremental carrier ;;·f 
3.45 MP..z and starting at a carrier of 437 MHz. On reaching 368 !1Hz the 
carrier is reset to 368.00001 MHz and the 18.st tracking point for oscil
lator 3 can be entered. Oscillator 2 is tracked by setting an incre-
mental carrier of 2.95 MHz and starting at a carrier of 368 MHz. On 
reaching 309 MHz the carrier is set to 309.00001 MHz and the last track
ing point for osdllator 2 ·::an be entered. Oscillator I is tracked by 
setting an incremental carrier of 2.45 MHz and starting at a carrier of 
309 MHz. On reaching 260 MHz the carrier is reset to 260.00001 MHz and 
the laDt tracking point for oscillator I can be entered. 

(5) On completion select SECOND FUNC! I.' (decimal point) to recalcul~te 
and s tore the amended !AltOM check sum data. 

(6) Relock the second function by entering SECOND FUNe! "0". 

Extemal modulation 

130. There is no need to calibrate the external modulation when the modulation 
a.l.c. is on. An accurate a.c~ voltmeter and a modulation meter is required 
to calibrate the external modulation when the a.l.c. is off. 

(1) Set the instrument to exte~l modulation at any convenient modu-
lation setting (a.m. or f.lll.). . 

(2) Apply an external modulation source of 1 kHz frequency and adjust 
its lavel to.give 1 V r.m.s. as maasured by the voltmeter. 

(3) S.~ the modulation a.l.c. on and note the reading on the modulation 
meter. Switch the a.l.c. off and adjust lU6 on AD3 to give the s.ame 
reading on the modulation meter. 
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MEASUREMENT OF PHASE NOISE IN SIGNAL GENERATORS 

CONTENTS 

Page 
I Side band noise 

Reprint of article 'Measurement of phase noise in signal generators t 

Fig. 
I A typical phase noise plot for.the 'l'F 2Q20 
2 Basic quadrature technique 
3 Quadrature technique incorporating a p.l.l. to obtain phase 

quadrature at the mi~r 
4 Quadrature technique with a low noise pre-amplifier 
5 FK discriDdnator method 
6 An amplifier configuration 
7 Residual phase noise characteristics 

Sid,e band noise 

1 • Side band noise.measurements require the use of apecializeel equipment 
which ia not always available to the user. Some methods of measuring aiele 
band· noise are contained in this &ana. 
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In recent yea ... there has b .. n considerable intereat in 
the meuurement of the ph ... characteristics of 
frequency sourc ... Two nMthoda of m ... uring ph .. e 
noi .. are preHnted. the quadretureand the f.m. 
dlscrlminetor methods. The oaU-.retion of e.ch system 
I, explained In terms of simpl. n.row band 
modulation theory and a minimum of mathematical is 
uNd throughout. 

Measurement of phase noise 
in signal generators 
D. P. oWen. "So. (HOM) 

AU··tianai . SOUl'tlIS eldubit some ... of randomness in 
their frequeacy and. amplitude due to theeifecls of 1'Ilftdom 
noise. itatelfer........ temperat\U'e· ttuctuations all4 other 
pbyaical inftgmces Pot ~ these eft'ects can be 
considereclas beiaaequiYaitDt tOa~ OflPDplitude 
modulation and aD'" momlWion, i.e. . .,. or l'teqlleDc:y. 
The amplitude .,.......don COIbfOl'ltQt is ~ mucb 
1_ trcNbleeoIDo ill sipal ....... sinCe ita mqoia.ade is 
uauaIly ft'IUCb smaller tIsaft tbe ru.dont ...... modulation. 

Over tbe years many methods of meuurinl random·pbase 
.....m,lauon have beea used. For C.1!l.applk:ationstbe most 
conwuient J!MICISUUleut technique is to tneaS\IR the equiva
lent f.m. deYiatioD .1COYetd by a low noise teeeiveI' tWIIId 
to the carrier fNQuiIIncy. The·teIIidlIal cfeIt!odulatai r.m. is 
meuured in a s1*ified. audio bud..« a weiclHtci· ban<l 
sucb as tba& UIId for te!ephODll, aacl rep: II. tbe ........ 
~ f.m.·deYiatioo. Al~in .PbaM IDa ........ 
appliqationa me ~·residul·· pbaM modulation 
....,., I.d in radiaDs or __ ClIft be I'MUUl'ed. As with 
C.m. m.... ....at, the measuremeM is taken in a· speci1!ed 
~ancll."'ltI ttae averqe peak pbaM dlwiatiota, 
thoutb . ocx:ationaDY tbe ~.tC>1*lk value is· quotod. 
These l'IIISQ1ts. boWewIr, only live a lirnitecl idea of the 
chIInctcristics of a ~ and. for many applications tile 
sinal. fiture is not adequate. A more convenient memod 
of deflninl phase noise· modulation is to .... the noise 
as me noise power contained in a .. sideband in a 1 Hz 
bandwidth, at a specifte<l offset frequency from the carrier, 
relative to the CU'rierpower.lfthe nc;JiIe at variO'lll &equeuey 
o«sets is measured aft 5.$.b.noise plOt such as that shown 
in Fie. 1 ClIft bedmwD. The ratio of pbaM noise power to 
carrier power is ...... y apr uml as a loprithmic ratio 
and. tbenfore his. units of dBcIHz. whete 4Bc is decibels 
relative to carrier power. 

In ....... phue noise is biPat.at low offset Crequoncies 
an<l CalJswith inc:reasinl 01'_ frequency until the amplifier 
noise floor is reacbed. 'Tbe white noise addec1 to tho ~ 
sipal by. the ampIiftea in the sipal source eft'ectively 
contributes equal amounts of phase. and. amplitude noise 
modulation and benc:ewill contribute a phase noise power of 
- 3 dB relative to tbewhite noise power in a 1 Hz band.
wicltb. Provided tbat the t*A equivalent phase mo<luladon 
(ph.m.) deviatiocl is much I_than I radian the phase noise 
plot may be use<l to <*ive an approximation to tho residual . 
pb.m. or f.m: ctmation usinI a fairly simple if somewhat 
tedious alpbraic routine. 

For phase modulation the bant.l of interest can be split in 
sub-ba.tads of freqt,Mincy c:aGh havin. rou&h1y constant phase 
noise power; The totalpbase noise power. N. in a sub-band 
can. then be catcuIatecl from the. pneral fonnula 

Nl - N.,.loI8t4Bc 
whereN .. is the averqenoile power/Hz in the sub-band of 
bamlwiclth 8t. 

From dUstbe~t~. deviation in eaCh band can 
becaladaUJcl bynotinl U. narrow band modulation theory 
lives the reSult tbatJ.l'IdlIn de¥iadon lives a -6 dB carrier 
sideband. Hence if the noise in a liven 'SUb-ben<l is -66 dB 
this is ec(w'" tOo a deviadon.«'O«nra4ian (-60dB 
reIt.tM to l~Tbe toeal·ptLm..diMatiOn is tbenfound 
by takinI- .... root of me sUa. ottM. ~of the 
dtYiatiQns .. u, ... 0ancL 

Tho ~f ... ~ can'''' fowacl uaiDI the same 
tedaUquo blat thesidebbdpoWw ill each sub-band. is' 
com.ted,iato·an.~·'r~ ~ UIin& narroW 
buc1~ 1bIi:In'. Itdie.~ad. power is -.66 dB 
aacl theavergeoftM'freqUeacyGt the a,tbobancl is I kHz 
the equMl.encr."",'~.iI. 1Hz; .1. ..... ~ dB teJative to 
l'kHz. ~ _ ... fiat;., i doll: is round by takinI the 
square rootoCtbe ·swa.rit··tbe .... oftbe dlwiations. in 
the sub-buds..1'bi$ metbocl Will <WIlY .-an I.I'Pt'OXimate 
idea of the residual mocIWadOn- it ClIft be a utef'ul 
tec:hDiqueif the menut\aClhan W~does not Jive the 
resi<luaJ. modu18cion in me ftqujndbaJt<lWiclth. 
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:\ leasurement of phase noise 
The most significant area of phase noise performance in 
signal generators is the phase noise a_t offset frequencies 
greater than 100 Hz from the carrier frequencY and up to 
frequency offsets where the white noise of the amplifiers 
used contributes most of the noise. ihis amplifier noise fioor 
should ideally be at least -140 d&iHz in a high quality 
signal generator and so any useful measurement system 
should have a residual noise fioor of better thun - ISO 
dBc' Hz at offsets greater than 10 kHz. 

I t is technically not practical to measure this level of 
phase noise directly with a spectrum analyser because of the 
required dynamic range and so measurement techniques 
usually rely On first removing the carrier power. 

There are two useful techniques for signal generator 
measurement - Lhe quadrature and the r.m. discriminator 
method. Both of these systems rely on the availability of a 
reference source to effectively help to remove the carrier 

REFEReNCe SOURCE ......, 

T'2016 
IOkHz-I2QMHZ 

AM/FM SIGNM. G(NERAfOR 

0' ,±LSi : 

VI 

0 O. 0 0 eaO 
-OO@ 

SIGHAL GeN!RATOR 
UNO!R TEST 

....... 

V\ 
MIXER 

, 

- ' 

-x.... 
'""'-" 
~p 

FilTER 

si"nal. In the following discussion it is assumed that the 
reference source contributcl\ a nejligibte amount of phase 
noise to the signal generator. This is norrrudly the case if a 
low noise crystal oscillator is uscQ as the reference source. 

The quadrature teclmique 
Fig. : shows the busic quadrature technique. The frequency 
,ource under test is mixed with a si"nal from a reference 
source in a double bali,mced mixer with a d.c. coupled output 
I')()int. The output sign"l is then tiltered to remove the high 
frequency ,ignals from the mixer. amplified; if ncc:essury. by 
an optional preamplifier and is then nwasured by a selective 
:lmllyser o;uch as a wave analyser or a SflI.'C1rum amllyscr. 
The input frequcncies 10 the mi~r >Ire "d;1.jsteu '\~i\ ttltli 
the tl\ltl,ut from the mixl."f' is a low I'reqll1:ncy be~lt 1l0!1:. As 
lhe two I'n:quencies :Ire adjW\ted to be succ\,'Ssivc!y closer 
the nutpu! frequency from the mixer becnm\,'S lower until 
\\hen the lwo frequencies 'Ire ilienlicul th.: outf')(lt is just ;1 

d.c . .level. If the twO frequencies are in phase the d.c. level 
is a maximum and if they are in phase quadrature. i.e. 90-
OUt of phase. the output level is "pproximately zero. The 
quadrature condition corresponds to the point at which the 
mixer is behaving as a phase detector since if the phase of 
one signal was changed by a small amount the d.c. level 
from the mixer would change. In a similar manner the 
in-phase condition corresponds to the mixer behaving as 
an amplitude detector. Clearly if the input signals are set 
to phase quadrature any phase noise on the signals would 
appear at the output of the mixer as a baseband noise signal 
and hence the selective analyser will measure a noise signal 
which is directly proportional to the phase noise of the 
source under test at an offset frequency corresponding to 
the frequencY at which the selective analyser is set. 

The system may be calibrated by offsetting the two input 
signals such that a beat note is generated at the output of 
the mixer. The r.m.s. beat note amplitude. !In. is then 

·TF i330A 
. ·:";'"t-~.~.!· :"~ 

WAvE ANALYSER 

OSC1\J.OSCOfols 

@ (£) • • -'~~:::-:-":'~"; 

~ ,6 • • 
0 • 
0 © 0 c 0 

~ 
• 0 

~Q 

u u 

Fir. 2. /Josie qlladratllre techlliqlle. 

measured by the selective analyser and this level is used as a 
reference level that is equivalent to a coherent "huse sideband 
6 dB below the carrier. This c~\n be intuitivelv uml.:rstood 
by noting that the peak voltage output from' the mixer is 
equivalent to the phase sensitivity of the mixer at quadr:uurc 
in radianslvolt. ~nce the beat note C'Jn be considered as 
correspondini to an equivalem narrow band phase modula
tion of I radiarl llnd narrow bLind modui;ltiull theory tells 
us that this is equivalent 10 a sidebtmd level of -61.1B. 

There are further correction f:\ctors which ha\c to be 
taken il1tu aCCOUnt for the selective anal,ser .::har:l.::t.:ristics. 
which ;lre depemient 00 the tYI1I! of al;aly.;cr u~eu. If the 
TF :!.330A Wave ,40nalyser is used its l'Iundwidth alld J.:tector 
ch:lracleristics must 00 accounted for. The detech'f uses an 
<lv .. "f':tgin\{ !\,'l:hnique which is C:llibrat"'d III ,how the r.m.s. 
value of .\ sine w,\ve. I I' the .mull'scr is llleaSurill}; a noise 
signal rather than :\ coherent silll: W:I\e it C'III he ,hlHvn' 
thaI it is IICCCSS.lry to aud I'OS dB tll the n':a,linll in MY.:r tll 
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obtain the correct noise level. As the wave analyser noise 
bandwidth is approximately 7 Hz. it isneccssary to weight 
the analyser reading to give the equivalent noise in a I Hz 
bandwidth. The wave analyser therefore gives a reading 
approximately 8·5 dB higher than the noise in a I Hz 
bandwidth. The meter indication on the wave analyser will 
exhibit a significant amount of jitter and so the meter 
indication has to be averaged visually or the meter movement 
has to be damped by adding capacitance in parallel. 
Alternatively a damped meter may be connected to the 
external monitor jack providing the constraints on loading 
the monitor are observed. 

The TF 2310 Spectrum Analyser2 may also be used as a 
tuned voltmeter. The noise bandwidth of the filter being 
used in the spectrum analyser should be checked if a~urate 
noise measurements arc required but generally the effective 
noise bandwidth of most analysers is approximately I So~ 
greater than the 3 dB bandwidth of the filter. The correction 

REFEReNCE SOURCE 

TF2016 
10k HI-12QMtf1 

AlAIF'M SIGHAL GEtCIWOR 

C i .... :=-;;1: 
PLL 

ONfcn:F SWITCH 
I 
I 

51 

Summary of calibration /ac{(Jrs 
In the quadrature method the required calibration factors 
can be summarized as follows. 

For a wave analyser or a spectrum anulyscr in the line:lr 
mode the phase noise. N. at the offset frequency. /;,. of the 
analyser is 

,v"" -6 - 1·05 -10 log 8 - 20 log ~~" V/I dSc Hz 

where 8 is the analyser noise bandwidth; 

V,I is the measured output voltage from the mi.xer :H 
phase quadrature. 

and V 11 is the measured beat note amplitude. 

For coherent sidebands it is not necessary to correct for the 
analyser characteristics and the phase sideband level is 
given by 

tV = -6 - 20 log VIIi VII dBc: Hz 

TF2330A 
WAve ANALYSER 

~.~'® 
© © coO 

• 0 

'--<:::J---oTP1 
R 

factor for the bandwidth of the spectrum analyser is givl!n 
by the generalformuJa: -10 log 8 
where 8 is.the analyser noise bandwidth. 

The detector correction factor for the 5. SO and 500 Hz 
filters of the TF 1310 i~ the same as that for the wave 
analyser. i.e. -I-OS dB. provided that the anal~r is usetl 
in the linear mode. If the analyser is used in the IOlJUrithmie 
modI! the pe:lks of the noise wavllform ,Ire effllctively 
'crushed' and the correction factor has. to be eh<lngc\i to 
·_·2·5 dB. 

TF 2370 should be used in the manual "-Can modll since 
in this mode a I- 5 Hz video IlIter is autolll.ltically inClll'f\onl
teu. The frequency setting of the anl1l~"er 1ll11Y be nmnually 
.;c:UlIlCU and ,I permanently stored di)ophlY of the fre4ucI1cy 
ehar'lcleristics of the ph:lsc noi-;c -;td.:hands is obt;linllu. 
The internal frequency cout1tllr can.lbo be used ttl accuratdy 
identify the freljuellcy of any .;puritHls .;il,llmh th:lt arc 
!'rescIH. 

Fill.). QlltldratUTt: ~htt"que iltCor;,omting a p_l.I. 
Itl fJbtain pliase quodrarlire at tlie mi,,,". 

For a spectrum unalysec in the log,lrilhmic n1l>\II; tile 
phase noise is given by 

N - -6 2·5 --10 loy 8 .. :0 log I;, I !: d He 1-1,:, 

O/I/uinilll! flltas.: (/IIU(/rUIIII't' 

The principal problem in using the qu,ldralllre le.:hnklue 
for measurements on sillilalyenenuofs is to l.'St:lblish I'h:1';C 
4uudr:llure. Unless the gl:fll:r;tWI' hilS <I syntlwsiled frl.'qul.'n.:y 
source itis unlikl!ly th.lt .. iu frC\t.uellcy will remain in qu;\\lr,l
tun: for a sulficie"t length of lime fl.r ;\ meaSlIrelllCI\I t,. be 
t<lken. If this is the C:ISC the llilly .. ,)llIIi"1l j, t,> u,e ;\ "h;1,e 
lo<,;k.:u 10\lp a~ ,hllwn in Fi,,:. ). The l'ha,e IIIckcd ;''''1' 
• .,.1.1.1 lIsllsthe ek'll!(ollic j,f contl',,1 ,,1' the ~i~I1;1I ~':Iler:th.r 
to '-'l)mn'! thel)tltput frequency "I" the !olcnl.'rah1r: The I'h(\~ 
locked 10011 hllndwidlhhas III I'I! ,lcsi!,!ul.'ll tt, be ,i~nilicalHb 
I.:ss thun the ll)\~·est. 1,Il".;e! frequencY'at \\hieh til.: l'h;I~'" 
noi'iC is 10 be I1l\:u:.ljreusillce the 11)01' \\ It! 1I1,\,lil\- thc 
in-h"nu phuS!: noise cI~lraclerisli.:)o. The '~·~lell1 i,; .::lilbr,u,·d 



by removing the phase lock and measuring the ~\mplitude 
of the beat note as before. 

\Vhen the 'y~tem is phase locked the p.!.!. bandwidth can 
be checked by injecting a low level variable frequency at 
TPI in Fig. :; ~md varying the frequency of tile source until 
the ,Implitude of the signal appearing on TP: is within 3 loiS 
of the ,ignal level at TP2. This frequency will be appro~i
mately equal to the loop bandwidth and phase noise 
measurements should only be taken at frequencies at least 
an OClave above this. 

QuadfCITllre meCl.\'IIremenl capahility 
The measurement capability of the system is determined 
by the beat note level recovered from the mixer and the 
noise and dynamic range of the selective analyser used. 
In most cases the resolution may be improved by using a 
low noise preamplifier to amplify the signal from the mixer 
as shown in FiJi. 4. When the system is being calibrated the 
preamplifier is removed to prevent overloading the pre
,Implitier and the selective analyser. When the noise is beinJi 

"'- REFERENCE SOURCE 

MIXeR 

TF2016 
IOIe HI -, ZI»otHZ 

AM/FM SIGHAt. GlfCfWCR 

o. n: --. - -_ .. _--
o 

LOW PASS 
FILTER 

TERMINATION 

Im'asured the preamplitier is switched in and an oscilloscope 
is useJ to check thul the mu.'timum input level to the analyser 
i, not e.'tcl . .'eded ,md that phase quadrature has been set. 
The gain of the preamplifier has to be correetod for when 
culculatiny the rnetlsured phase noise. . 

If the preamplifier hus a gain sufficiently high $0 that the 
Imise of the anulys .... r has no effect on the system resolution 
the noise !loor C"<lpubility of the syStem CliO be ~'Stjmuted if 
the equivalent input noise voltage of the flreampliticr is 
known and the amplitudc or the bcut note is tncusureU. In. 
practice the best discrete' audio amplHiers will have an 
elluivulelll input noi~ lIohuge of appro~im.ltely 2 nV Hz (It 

frequencies !,Ire:.ller lhan 4 kHI. which is m\lghly eqLliv'lknt 
til the tilerm,,1 noise of" 150 n resis(()r. For a recovcred bc:tt· 
1l0le of 30 mV r.tn.s. tile noise l100r is then /,tiven by 

1 10 <. 
20Iog----

30 10': 

"10" common u[lemlinnul :lIllplitier~ have an input noise 

voltage of 15 n V Hz so the ,ystem 11001' noise using one of 
these devices as a preamplitier would be "rollnu 13: 
u B Hz. A low noise operational amptilier such as thc 
TDA I034N with a typic,\1 performunce of 3·5 nV Hz \lould 
give a noise 11001' of :lround-l44 uB. Hz. Clearly. increasing 
the drive level to the mixer will improve thesc results in 
proJ'lortion to the increased beat note dcriv.:J from the 
mi~er. provided that the reference source Joes not contrlbutc 
,Iny significant noise to the system. 

The main drawbacks of the quadruturc technique .Ire tl1:11 
the signal sources have to be very stable. or a phase lod.ed 
loop has to be used. and thm the system calibrution changes 
every time the recovered level from mixer is changed. There 
are methods of automating the measurements'; but these 
techniques add significantly to the cost and the complexity 
of the system. . 

F\l discriminator method 
\flarconi Instruments has used the Lm. discrimimlLOr tech-

UNITY GAIN 
AMP. 

L(NI NOISE 
mAMPLIFIER 

CALIBRATEIMEASURE 
I 
I 
I 
I 
I 
t 
I 
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TF2330A 
W/J#IE ANALYSER 

Fig. 4. QUlldrQ"tI'~ r«hn;ql/I! with a low IlOise preamplifier. 

nique shown in Fig. 5 for lhe laSI 7 years 10 check the rh<lsc 
notse characteristics of low noise si~n.1f ycnennors. The 
outputS of the reference source .lIld the sign,,1 yetler"tor are 
combineQ in a uouble balanced mi~er to deri"..: a 110milml 
I'SMHz Lf. frequency. This is tiltered to rcmo'e the UII

wanted components from the mi~er and then <lltlplilkd by a 
low ntli.sc amplifier before p'<ls!>ing to <I high g:lin limiting 
'Imt1fitier. This is fOllowed by 'In 1'.01. discrimimnor that 
demodulutes the spurious LI11. present in Ihe 1·5 \I H..: i.f. 
The detnoduilited signal is thell :Implilied ami me<l:;ureJ on 
a \\Iuve annlyser. 

The r.tn.dhcrimina{(lr is d~'Si~n\;\I such 'that il has a 
1.lrye chall\,IU 1)1' uutllllt v(lilayc with .1 "11<11/ change of 
input fn:tjwl1ey ,1/1I! hm. "" f.m. 1:'I .. ,,\lwill{h of 4\) k Hz. The 
hi~h ~ltl!'e 01' 11'It: lliscrimimllllr I11C:IIIS Ihal the i.t'. frequency· 
has to be tunel.! to withill at11lto'tim:n..:!y 5 HI/. Ilft·5 :vi Hz 
in OM'!' to remain in the Ii~r 1'Ilrtinn "I' the ,Iiscrimimlhlr 
c/mr:lclcristil.:lI. As an aid III Ihis adiuMIllCnt Ihe tullcd 
voltnlClcr that detects the i.f. lev..:! has:\ (! 'uch Ihal if the 
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signal generator frequency is tuned to obtain a peak reading 
on the i.f. voltmeter the iJ. frequency accuracy is adequate. 

The calibration of the system is independent of the i.f. 
level recovered from the mixer since the limiter ensures 
that the drive level to the discriminator is always the same. 
Another advantage with this system is that when it is used 
for non-synthesized sources slow chanies in the free running 
frequency ohhe'generator will have no effect on the,measure
ment accuracy provided that the drift is not sufficient to 
cause the I.f. frequency to drift outside the linear part of 
the discriminator characteristics. 

When using the system it is important to realise tltat the 
demodulated output is the demodulated f.m. noise and not 
the phase noise and hence an adc1itional correction factor 
is required which is dependent upon offset frequency. 

The system is calibrated using a standardized f.m. source. 
With the amplifier gain set to unltythe signal generator is 
replaced with an f.m. source modulated at I kHz to give 
I kHz deviation. The demodulated audio output is then 

--, '.~-

TUNED"· 
I'F' " 

. VOtTMl! 

TF 20'16 
IOkHz-I2OM!U 

AM/I'M SIGHAL GlH(1WOR 

o tt--=----=-tl: 
o 0 * 00 &il'O 

.. 0 Co 

measured by the wave analyser. This level is again equivalent 
to a phase sideband at -6 dB. As in the quadrature method 
if a TF 2330A Wave Analyser is used there is a correction 
faclor of -I'OS dB for the detector and -8'S dB for the 
analyser bandwidth. In adtiition there is another correction 
factor dependent on the offset frequency being me:uured. 
The disc:riminator effectively hll$ a linearly increasing phase 
gain as the offset frequency is increased. Hence the phase 
noise is given by the expression 

N = -6 - 1·05 -10 log B -AI' -20101/0/10'1 20 log 
Vol V R d.8c:i Hz. 

where B is the noise bandwidth of the wave analyser. 
,,11' is the audio preamplifier gain. 

/rJ is the offset frequency at which the noise is being 
me'.1sured. 

VI) is the me-.1sured output noise voltage. 
and Vn is the output \lolta\Je measured in the c:llibration 

described previously. 

If coherent signals are being measured the formula is 
reduced to 

:V = -6 -AI' -20 log 10/102 -- 20 log VI)' Vn dBc:Hz. 

In practice. the system only has to have an occa'sional 
calibration check since all the factors above are dependent 
upon the s.ystem characteristics and not the d. input le\cl. 
A table of correction factors is provided on the front panet 
of the instrument which gives correction figures for various 
offset frequencies of interest. The correction factors include 
the wave analyser chal'1lcteristics and hence the rhase noise 
of the signal generator is given by adding the correction 
factor for the offset frequency being measured to the 
measured output voltage in dB referred to a fixed datum 
level. 

The input level to the wave analyser is monitored by an 
oscilloscope in order to ensure that the wave analyser is 
not overloaded. In this respect, however, the system has a 
further advantage over che quadrature technique. The lower 

UNITY GAIN 
AMP 

AUDIO AMPUFleR 

TF2330A 
WAllE ANALYSER 

• 0 

OSCll.l.OSCOPE 

Fi,. $. FM discrimintltOl' ",,!thad. 

frequency phase noise sidebands arenol amplified as much 
as the hiVh frequency components. by the discriminator. ;lI1d 
hence the.dynamic range required in the;lAlllyser is les •. This 
C".1II be an important advantage when ITI\:'.lllurin" the charac
teristics of valve genel'1ltors. Such sources frequently haVe! 
very good phase noise characteristic$ at a ~O kHz offset but 
can have strong mains hum and low frcl.Iuency phase noiSe! 
components whieh eou!d overload the mensurenlent syst.:m. 

If required. the output of the uiscriminator can be con
verted to be directly proportional to phase noi~. as oPI'\ll;e!d 
to frequency noi~. by using a suitabl.: ilmrliner ;\s shown 
in Fig. 6. 

,\[t'USlIrt'lIIt'lII "uptlbilil,l' 

The system noise !loor of a discrimimltor 'YSh:tI1 ill lISC 

at M'lrCol)i Instruments is shown in Fig. - 1M a reco\ered 
i.t'. level of 30 mY. The 11o(lr nois.: at ':0 kHI. ".1: ...... 1 i, 

153 dB .IOU is due to the nt.'tise gen.:r:ltcd al the input t" 
the \·S MHz amplitier. This low noise 11('or I" fairly easil\' 



INPUT 2kfl. 200kn. 

OUTPUT 

Fig. 6 .. ~" amplifier configl/ration capable of com'erring fill. 'lIoise 
i",o p/rase noise. The KOill at tile calibration frequency of 1kHz is 
ullity ami its lower) dB handwidth is 10 Hz. 

achieved since transformer techniques can be used to 
optimize the operating conditions of the amplifier. The audio 
amplitier after· the discriminator is driven from a 100 kn 
source impedance, which is the output impedance of the 
discriminator. and as a result a j,f.e.t. source follower 
followed by an operational amplifier. such as the J.1A 741,· 
is perfectly adequate for recovering the output signal. The 
high gain of the discriminator ensures that the noise per
formance of the amplifier is not critical. 

The noise floor at 20 kHz is directly dependent upon the 
i.f. level but below I kHz it is indepenaent of i.f. level for 
levels greater than IS mY. Its source is beHeved to be in 
either the discriminator or the limiters but so far no attempt 
has been made to minimize it since the noise floor is more 
than adequate for signal generator applications. 

~90 

-100 
NOISE POWER 
(dBc)IN 'Hz ~ll0 
BANDWIDTH 

-120 

-130 

-140 

-150 

-160 1-__ '--____ --' __ _ 

0,' 10 100 

OFFSET FREQUENCY (kHz) 
Fig. 7. Residual pllase noise ('IIaracreristics of till! fill. di!Jcrilllillator 
51'stem flsed lor' a l'ecol'ered iJ I/!I'e/ of .J() III V 1'.111.5. Tilis 11'</.' 

measured at I'.f iI/pili /h!£II1f!/Icies 0{10 alUl /1·5 .HH:. I~I <111<1 
141-5 MHz "nd 4:!() ,,"eI 421·5 'vlH: IIsimf low lIoise ClT"I,,1 
oscilla/ors . 

The principal limitation on the technique is that the 
offset frequency that can be measured is limited to 40 kHz 
by the r.m. bandwidth of the discriminator. Ho\\c\er. in 
many applications this does nOt reduce the usefulness of 
the system. 

Ref_* 
I. 8ftooEal('K. P.: 'Soisc MC3.Suremenu with diearoftic: \'oIutltlten'; \Jar~on; 
InS/Tlln'rnlaliM. A ... 1IIt 1965. 10. p. u. 
1. lofIDOt.ETO!'<. J. D. 01 al: '110 MHz Spec:ltUm Anlllyscr': .11",·cOIli /tI.trll. ""·,,,al/o ... Decembet 1973. 14. p.'O. 
3. l~scF.. A. L~ .:t al: 'Automated I'hase noise mC2Surements'; \/icr,1I\(o'li 
JOllmal, JIUlC 1911. 10. :"0. 6. p.~1. 
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1. Each sub-ua.bly or printed circuit board 1ath1aequ1P1MDt baa been 
allocated a reference deaignator code, e.s- .1.0, ,1, .A2 etc. 

2. The complete component rete!"eDce inolWSee it.a referece 4eatpator u a 
prefix e ••• A2C1 (capacitor C1 on sub-aaseabl, 12) tmt tor COISYenleDOeiD the 
text and diagrams the pret.1x 1s _tted Ual.... it 18 needed to aVoid 
confusion. However when ord.ring replaceaents or .10 coz-responclenoe tbe 
cOliplete ccmponent reference lIUSt be quoted. 

Sep. 81 
Chap. 6 
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ABBREVIATIONS 

H52018-900S 
Vol. 2 

3. Electrical componenta are liated in alpha-numerical order of their 
complete circuit reference and the following standard abbreviationa are used: 

CAP 
CARR 
CAllS 
CC 
C])E CHV 
CEIl 
C!RH 
cr 
COAX 
CON 
cn 

])AC 
])Ic/ma 
])ECO]) 
])IL 
DIV 
])IIV 

£LIC 
INCO]) 

P'!H 
PF 
FILTUCON 

Gill 
OP 

lCA 
XC]) 
IN]) 

IlfV 

L])/T 

HF 
KG 
MISe 
MO 
MP 
MP SUPP 
MUX 

NIT 

PC 
PETP 
PS 
PLL 

Chap. 6 
Pap 2 

analogue-d1&1 tal converter 

capacitor 
carrier 
carbon 
carbon co.poaition 
code OOl1Yerter 
ceramic 
cermet 
carbon film 
coaxial 
connector 
counter 

di&1tal-analogue converter 
decoder/demultiplexer 
decoder 
dual in-line 
divider 
driver 

electrolytic 
encoder 

female 
nip-nop (biatable) 
fUter1ns capacitor 

,ermaniua 
seneral purpo.e 

il'1ugatec1 c~t, ualo.,.. 
intecrated. o~cQitt diC1tal 
1ncluctor 
inverter 

lead tllrou&b 

_tal filii 
_tal. Sla .. 
lI1aee.Uaneoua 
_tal ond. 
1li00000prooea..
lI10r0prOo"~ support 
IIUlt1pleur 

lUttwork 

polyoarboDate 
(polJUter)polyethel... terepbtllalau 
pol.,st1"l18 
pbUe-looked loop 

Sap. 81 
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Q/ACT 

RECT 
RES 
RV 
RI 

SAP PH 
SEC 
SH REG 
SIL 
SW 

TIUG 
TAN! 
TOG 
TRANS 
TX 

VAR 
VREG 

ww 

% + 

COMPONEBT VALUES 

quick acting' 

rectifier 
resistor 
resistor, variable 
receiver 

sapphire 
secondary 
shift "Sister 
silicoo 
switch 

time lag 
tantal\.ID 
toale 
transistor 
transmitter 

variable 
voltage regulator 

wirewound 

statiO sensitive oomponent 

asymmetric tolerance 

H52018-900S 
Vol. 2 

4. One or 1I0re ot the oomponents fitted in the equis-mt may ditfer trcra 
tboae listed in this chapter tor any ot tbe tollOWinS reaaona: 

(a) Components inetioated by a I bave tbeir values seleoted durins. teet 
to achieve partioular pertormance 11m1ts. 

(b) OWing to supply ditt1cul ties, oomponenta 01' ditferent value or 
type uy be substituted provided tbe overall pertOl"UD08 of the 
equipment is maintaineet. . 

(0) As part ot a policy of continuous development t oomponents U1 be 
chanced in val ue or type to obtain d .. tall illprovements in 
performance. 

5. Wben tbe" is a differenoe bet,,"n the component fitted and tbe one 
listed t always use as a replacement the ... e type and yt.lue u found in the 
equ1 .. ent. 

Sap. 81 



ORDEBING 

H52018-900S 
Vol. 2 

6.' When ordering replacements, address the order to our Service Oi vision 
(address on rear oover) or nearest agent and specify the following for each 
oomponent required:-

( 1) Type' and serial number of equipment. 

(2) Complete oircuit reference. 

(3) Description. 

(4) Part number. 

'As 81ven on the serial number label at the rear of the equipment; if this is 
superseQed b.y a model nUIDber label, quote the aaodel number instead' of the 
type number. 

Chap. 6 
Page 4 Sap. 81 
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I H5201S-90OS 
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I Circuit Part 
Ret Description Number 

I Unit AAO - RF BOX 1 AA/BQ(44990-351V) Issue 9 

I 
7. When order ins, prefix ciroui t refer'enee with AAO 

C1 CAP CES .001UF 300V 20S+ LD/T 26373-733IC 

I C2 CAP CER .001UF 300V 20S+ LD/T 26373-733lC 
C3 CAP CER .001UF 300V 20S+ LD/T 26373-7331 
C4 CAP CER .001UF 300V 20%+ LD/T 26373-733K 

I 
C5 CAP CER .001UF 300~ 20S+ LD/T 26373-7331( 

C6 CAP CER .001UF 300V 20S+LD/T 26373-733lC 
C7 CAP CER .001UF 300V 20S+ LD/T 26373-733K 

I 
C8 CAP CER .001UF 300V 20S+ LDIT 26373-733K 
C9 CAP CER .001UF 300Y 20S+ LDIT 26373-733K 
C10 CAP CER .001UF 300V 20S+ LD/T 26373-733K 

I Cll CAP CER .001UF 300V 20S+ LD/T 26373-733lC 
C12 CAP CEa .00 lUF 300V 20S+ LDIT 26373-7331 
C13 CAP CD .00lUF 300V 20S+ LDIT 26373-7331 

I 
C14 CAP CEI .001t1F 300Y 20S+ LDIT 26373-133lC 
C15 CAP CER .001UF 300Y 20S+ LDIT 26373-133IC 

C16 . CAP CER .00111F 300V 20J+ LDIT 26313-133IC 

I Cl1 CAP CEI .00 10F 300V 2OS+ LD/T 26313-1331 
C18 CAP CER .00 1UF 300V 20S+ LDIT 26313-7331 
C19 CAP CER .00 10F 300V 20S+ LD/T 26313-133lC 

I 
C20 CAP CER .001UF 300Y 20S+ LDIT 26313-1331 

C21 CAP CER .00 1UF 300V 20S+ LD/T 26313-1331 
C22 CAP Cli .001UF 300V 20S+ LDIT 2631)-733lC 

I C23 CAP CEI .001UF 300V 20S+ LD/T 26313-133IC 
C24 CAP CD .00 1UF 300Y 2OJ+ LDIT 26313-1331 
C2S CAP ClR .001UF 300V 20S+ LDIT 26313-133lC 

I C26 CAP CER .001UF 300V 20S+ LD/! 26313-133lC 
C21 CAP CER .001UF 300V 20S+ LDIT 26313-133lC 
C28 CAP CD .001UF 300V 20S+ LD/T 26313-1331 

I C29 CAP CEI .001UF 300V 20S+ LD/T 26313';'1331: 
C30 CAP CER .001UF 300V 20S+ LDIT 26313-1331 

I 
C3l CAP CER .00 1UF 300V 2OS+ LD/T 26313-1331: 
C32 CAP CD .00 lUF 300V 20S+ LOIT 26373-1'31 
C33 CAP CD .OO1UF 300V 20S+ LDIT 26373-1331: 
C34 CAP ClR .001UF 300Y 20S+ LDIT 26313-1331 

I C35 CAP CER .OO1UF 300Y 20S+ LDIT 26313-1331 

C36 CAP CER .001UF 300V 20S+ LOIT 26313-1331 

I 
C31 CAP CER ~001UF 300V 20J+ LDIT 26313-133IC 
C38 CAP CEI • 001UF 300V 20S+ LD/! 26313-7331: 
C39 CAP en .OOHW 300Y 20S+ LOIT ' 26313-133IC 
C40 CAP CEI .00 1UF 300V 20S+ LDIT 26313-1331: 

I 
Chap. 6 
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I Cil'"cuit Pal'"t 
Ref Oescl'"iption Number 

I Unit AAO -RF SOX 1 AA/BO (Contd.) 

I 
Ca4 CAP CER .001UF 300V 20J+ LO/T 26373-733K 
Ca5 CAP CER .001UF 300V 20%+ LO/T 26373-733K 

ca6 CAP CER .001UF 300V 20%+ LO/T 26373-733K 

I Ca7 CAP CER .OOlUF 300V 20J+ LO/T 26373-733K 
Ca8 CAP CER .001UF 300Y 20%+ LO/T 26373-7331: 
Ca9 CAP CER .001UF 300V 20J+ LO/T 26373-7331 

I 
C90 CAP CER .001UF 300Y 20$. LO/T 26373-7331: 

C9l CAP CElt .001UF 300V 20J+ LOfT 26373-7331 
C92 CAP CElt .001UF 300V 20$+ LO/T 26373-7331 

I C93 CAP CER .001UF 300V 20%+ LO/T 26373-7331: 
C94 CAP CElt .001UF 300V 20%+ LO/T 26373-7331: 
C95 CAP CER .001UF 300V 20%+ LO/T 26373-7331 

I C96 CAP CElt .001UF 300V 20%+ LO/T 26373-7331: 
C97 CAP CElt .001UF 300V 20J+ LOIT 26373-7331 
C98 CAP CElt .001UF 300V 20%+ LD/T 26373-7331: 

I 
C99 CAP CElt .001UF 300Y 20%+ LOfT 26373-7331 
Cl00 CAP CElt .00 lOF 300Y 20%+ LOfT 26373-733lt 

ClOt CAP CER .00 lUF 300Y 20%+ LOfT 26373-7331: 

I Cl02 CAP CElt .001OF 300Y 20J+ LDIT 26373-133lC 
Cl03 CAP CElt .00 lUP' 300Y 20J+ LOIT 26373--733lC 
Cl04 CAP CER .00 lUF 300V 2OJ+ LOIT 26373-1331 

I 
Cl05 CAP CER .00 lUF 300V 20%+ LOIT 26373-133' 

Cl06 CAP CER .001U¥ 300V 20S. LOIT 26313-1331 
Cl07 CAP CER .001UF 300V 20J+ LOfT 26373-73. 

I Cl0a CAP CElt .00 lUF 300V 20S. LOIT 26313-133K 
Cl09 CAP CElt .00 lOF 300V 20J+ LOIT 26373-733lC 
Cl11 CAP CEa .00 lUF 500V 20%+ LIT 26373-11'" 

il Cll2 CAP CER .001OF 500Y 20%+ LIT 26373-714F 
Cll3 CAP CER .001UF 500V 20$+ LIT 26373-714' 
Cll4 CAP eBa .001UF 500V 20%+ LIT 26373-714F 

I Cll5 CAP CElt .001UF 500Y 20%+ LIT 26373-114' 
C1l6 CAP CEa .001OF 500Y 20J+ LIT 26373-714F 

I 
Cll7 CAP CIa .00lor 500V 20%+ LIT 26373-7l4F 
Clla CAP CER .001UP' 500V 20J+ LfT 26313-114' 
Cll9 CAP TANT ... 7UF 3$V 20$ BEAD 26486-219P 
C120 CAP TANT 4.7OF 35Y 20$ BEAD 26486-219P 

I C121 CAP ELEC 47UF 10V 20%+ 26415-809E 
01 DIODE ZENER IN82S/A 6.2V 5% 28371-494Z 
ICI UA7805 28461-707G 
Ll lND CHOICE 100UM 10$ 23642-56111 

I L2 I'ND CHOiCE 100UB 10J 23642-561W 
L3 IHD CHOD 100UH 10J 23642-S61W 
L4 IHD CHoa 100UH 10J 23642 .. 561W 

I 
L5 I'ND CHoa 100UB 10$ 23642-561W 
L6 IHD CHOICE 100ua 10$ 23642-561W 

Cbap. 6 
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Cirouit Part I 
Ref Desoription Number 

Unit !AO - nF BeX 1 AAlSO (Contd. ) I 
L7 IND CHOKE 100Un 10% 23642-561W I L8 IND CHOKE 100UM 10% 23642-561W 
L9 IND CHOKE 100UH 10% 23642-561W 
Ll0 IND CHOKE 1000H 10% ' 23642-561W 

I Ll1 INDCSOKE 100US lOS 23642-561W 
L12 INDCHOKE 10QUH lOS 23642-561W 
L13 INDCHOKE 100UH lOS' 23642-561W I L14 IND CHOKE 100U8 10% 23642-561W 
LiS IUD CHOICE 100U8 10% 23642-561W 

L16 INDCHOKE 100UH 10% 23642-561W I L17 IND CHOKE 100UH 10% 23642 .. 561W 
L18 IND CHOKE 100US 10% 23642-561W 
L19 urn CSOKE 10003 10' 23642-561W 

I L20 IND CHO!{E 100UH 10% 23642-561W 

L21 IND CHOKE lOOUH 10% 23642-561W· 
L22 IND CHOKE 100UH lOS 23642-561W I L23 INDcaOKi 100UH lOS 23642-561W 
L24 !NO CHOKE 100U8 10% 23642-561W 
L25 IND CHOKE 100U'H 101 23642-561W 

I L26 IND CHOKE 10OU8 10% 23642-561W 
L27 IND CHOKE 100UH 10$ 23642-561W 
L28 IND CHOKE 100UH lOS 23642-561W I L29 INDCHOKE l00u8 lOS 23642-561W 
L30 INDCHOKE 100Un lOS 23642-561W 

L31 !ND CHOKE 100UH 10% 23642-561W I L32 IND CHOn 10QUH 10% 23642-561W 
L33 INDCSOn: 100UH lOS 23642-561W 
L34 IbID CHOKE 1 COUl! lOS 23642-561W' I L45 DID CHOKE 100UK 10$ 23642-561W 

L46 IND CHOKE 100TJH 10% 23642-561W 

I 
Pt..BW CONN ASSYPLSW-PLD8 43129-692K 
PLax CONN ASSY PLax-SKAV 43129-664B I Rl RV CERM 1KO LIN lW PANEL M'tG 25148-499T 

R2 RES HF 620R 1/4W 2S 24773-268S 

SKAD CON RF SHB MAL! 50 BOD SOLDER 23444-3318 I 
SKAU CON RF SMa MALE 50 BOD SOLDER 23444-3318 
soc CONN ,ASS! sac 43129-6691 I SlCBJ) CO~IH ASSY 43129-6718 
SlCBI CONN ASSY SlCBE-SlCBL 43129-670Z 

Sl:sr CONN ASSY 43129-6718 I SXBB CONN ASSY 43129-6118 

Chap. 6 
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I H52018-900S 
Vol. 2 

I Circuit Part 
Ref Description Number 

I Unit AAO - RF BOX , AAiBO <Contd.) 

I SlCBJ CONN ASSY 43129-6718 
SKBK CONN ASSY SDK 43129-659C 

I 
SKBM CONN ASSY SKSM-SKBP 43129-660X 

SKBN CONN ASSY SKBN 43129-661M 
SKBR CONN ASSY 43129-678F 

I SICBS CONN ASSY 43129-6718 
SDT CONN ASSY SKBT-PLDL 43129-663R 
SKBU CONN ASSY SKBU-SKCB 43129-662C 

II SOV CONN ASSY 43129-6718 
SOY CONN ASSY 43129-678F 
SOZ CONN ASST 43129-671H 

I SICC CONN ASSY SKCC-SKCF 43129-665K 
SICD CONN ASSY 43129-69314 

I 
SKCE CONN ASS! SIC! 43129-666A 
SKCJ cONN ASST 43129-69314 
SKCK CONN ASSY SKCK-PLDJ 43129-667Z 
SED8 COR RF 5MB MALE 50 KHD SOLDEll 23444-331H 

'I SIO)J CON RF 5MB MALE 50 BKHD SOLDER 23444-331H 

SKDL CON RF 5MB MALE 50 BKHD SOLDER 23444-331B 

I X6 '1QHHZ CRYSTAL OSCILLATOR 44990-3311 

Xl1 FERRITE BEAD 41372-006'.t 

I X12 FERRITE BEAD 41372-006T 

X13 FERRITE BEAD 41312-0061 
X14 FERRITE BEAD 41372 .. 006T 

I X15 FERRITE BEAD 41372 .. 006T 

I 
I 
I 
I 
I 
I Chap. 6 
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Cirouit 
Ref 

Unit A.\1 

Descr-ipti"n 

- L.S.J~ ~OOP 

8. When orderi~g, ~r-efix circuit referenoe with AAl 

C1 
C2 
C3 
C4 
CS 

C6 
C7 
C8 
C9 
Cl0 

C11 
C12 

o cn 
C14 
C15 

C16 
C17 
C18 
C19 
C20 

C2l 
C22 
C23 
C24 
C2S 
C26 
C27 
C28 
D1 
D2 
D3 
D4 

ICl 
IC2 
IC3 
IC4 
ICS 

Chap. 6 
Page 10 

Complete unit 

CAP PEr? O. lUF 100'1 10~ 
CAP FE'!? 1.CUF lOCV 10% 
CAP CER'470?F 63V ;C:~ ?!..ATE 
CAP CER O.OlUF 10011 20% DISC 
CAP cn O.OlUt:' 100V 20% DISC 

CAP '1'.,\NT .4/uF 35V 20% BEAD 
CAP n::T .l+TJF 35V 20~ BEAD 
CAP C!1:R 0.01UF 100V 20~ DISC 
CAP CE:-; c. \) "501 leO\f 20% eISC 
CAP CER O.01UF 100V 20% OISC 

CAP CE~ O.OiUF 10CV 20~ OISC 
CAP CER 0.01UF 100'1 20% DISC 
CAP t:ER C. 0 iUF 100V 20% DISC 
CAP CER O.C1Ui! 100'l 20% D!SC 
CAP CER O.OlUF 100'1 20% DISC 

CAP CER O.C1UF' lOOV 20% DISC 
CAP CER O.OlUF 100V 20$ DISC 
CAP CER 0.01UF JOOV 20~ DISC 
CAP CEE O. 0 1i1F 'OC~l 20S DISC 
CAP CE!i O. 0 101 1QCV 20% DISC 

CAP CE~ O.UW?' 100'1 20$ DISC 
CAP e'En C.O~UF 1001 20% DISC 
CAP GZR 0 • 0 1 t;F 100V 20% DISC 
CAP CER .OOl5UF 63V 10% PLATE 
CAP CER ~ •• j ~Tjf 100;; 20% DISC 
Cl.:E CER G o~ :-lJ7 ;001:' 20% DISC 
C.U' CEB. !.t7~~·;: 5.~·.~ ~ 07. Pt'ATE 
CAP crR 470?F 63V 10% PLATE 
D:ODE VAR CAr MVAM125 w SOOP' 
DIODE SIL 'IN4l48 100V JUNC 
DIODE SIL lN4148 100V JUNe 
DIODE: aCT CARR 1NS390 

ICD FF D 74LS74 DUAL +EDG TR 
ICD NAND 7 4LS O! 0 TRIP 3INP 
ICD ~'!'~ 74LS160 48!T BIN PRE 
ICD ~1'R 741..S160 48!T BIN PRE 
ICD CtR 74LS160 481T BIN PRE 

Part 
Number 

Issue 

44828-426W 

26582-211B 
26582-2170 
25383-582T 
26383-055L 
26383-055L 

26486-207L 
26486-207L 
26383 ... 055L 
26383-055L 
26383-055L 

26383-055L 
26383-055L 
26383-055L 
26383-055L 
26383-05SL 

26383-055L 
26383-055L 
26383-055L 
26383-055L 
25383-055L 

25383-055L 
26383-055L 
26363-055L 
2638~593A 
26383-055L 
26383-582T 
26383-582T 
26383-582T 
28381·340V 
28336-676J 
283360-616J 
28349-005Z 

28462-611A 
28466-3S1Y 
28464-123P 
28464-123P 
28464-123P 

H520l8-900S 
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Circuit 
Ref 

Unit AA 1 

IC6 
IC7 
IC8 
IC9 
IC10 

IC11 
IC12 
IC13 
IC14 
IC15 

IC16 
IC17 

L1 
L2 

PLBL 
PLSM 
PL.BN 

R~ 

R2 
R3 
R4 
R5 

R6 
R7 
R8 
R9 
R10 

R11 

T1'1 
1'R2 
TR3 

sep. 81 

Desoription 

• L.S.D. LOOP 

ICD CTR 74LS160 4BIT BIN PRE 
ICD CTR 74LS160 4BIT BIN PRE 
ICD FF D 74LS273 OCT +EDG TR 
ICD FF D 74LS273 OCT +EDG TR 
ICD FF D 74LS273 OCT +EDG TR 

ICD FF D 74LS473 OCT +EDG TR 
ICD CTR 7 4LS 160 4BIT BIN PRE 
ICD CTR 74LS160 4BIT BIN PRE 
ICD CTR 74LS160 4BIT BIN PRE 
ICD CTR 74LS160 4BIT BIN PRE 

ICD NAND 74S133 13m 
ICD NAND 74S133 13IMP 

IND CHOICE • 47UH 10S 
IND CHOICE .47UH 10S 

CON PART PCB POST SQUARE PIN 
CON PART PCB POST SQUARE PIH 
CON PART PCB POST SQUARE PIN 

RES HF 6K8 1/4W 2$ 
RES HF 2IC2 l/4W 2S 
RES HF 313 1/4W 2S 
RES HF 110 1I4W 2S 
RES HF 2IC2 l/4W 2S 

RES HF 2IC.2 1/4W 2S 
RES HF 2IC.2 1/4W 2S 
RES HF 110 1/4W 2$ 
RES HF 110 1/4W 2S 
RES HF tKO 1/4W as 
RES HF 110 1/4W 2$ 

TRANS MPN SIL ZTX 1 09CL 20V 
TRANS PNP SIL Be308 2SV 
TRANS MPN SIL ZTX109CL 20V 

Part 
Number 

(Contd. ) 

28464. 123P 
28464-123P 
28462-615U 
28462-615U 
28462-615U 

28462-615U 
28464-123P 
28464. l23P 
28464. 123P 
28464-123P 

281466-357V 
28466-357V 

23642-547Y 
23642-547Y 

23435-188V 
231135-188' 
23435-188V 

24713-293D 
24713--2811 
24113-285F 
24113-2131 
24713-2811 

24713-2811 
2417J.i..281Y 
24773-213A 
2"113-2731 
24773-273& 

24713--2131 

28452-111P 
28433-11551 
28452-771P 

H52018-900S 
Vol. 2 
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Cireuit Part I Ref :r;~":~:'ption Number 

I 
Unit AA2 - i,i::?C?RCC::;SSOR SYSTEM Issue 4 

9. When orderir.~, 9r~fix circuit referenc~ withAA2 I 
Complete '-'nit 44828-427D 

Cl CAP etR O.OlUF 100V 20% DISC 26383-055L 
I 

C2 CAP TANT 4.7UF 35': 20~ BEAD 26486-219P 
C3 CA? ELEC 11'\· .... ' ...... ?~,. 20%+ PICeT 26423-24314 I IV .... ;,.): -~. 
C4 CAP S~ZC !OOUF 25V 20$+ P/CCT 26423-24314 
C5. CAP ELEC 100UF 25V 20%+ PICCT 25423-24314 

C6 CAP CEo? J.O~U: leov 20% DISC 26383-0$5L I 
C1 CA?':Zi: i~. C ~ 0F iCOV 20~ DISC 25383-055L 
C8 CAP CE:: ~.;;::TF ~ocv 20$ DISC 26383-05% 
C9 CAP :-':~ ~. o. ';::r~ 1 ~C·!J· 20~ DISC 26383-055L I Cl0 CAP :ER C.O~lJF 1COV 20% DISC 25383-055L 

C1l CAP CE::i O.Q JUt=' 100V 20% DISC 25383-055L I Cl2 CAP CZR 3.0'(JF 100Y 20% DISC 26383-055L 
C13 C.1P CE:i J.O '!i17 'j OOV 20~ DISC 26383-055L 
Cl4 CAP CZR .... i" ~ .,,'!"'\ 100V 20'£ DISC 26383-055L IJ. '-' .;Jt 

C15 CAP CZ!'l 4jOPF 6311 10$ ?LATE 26383-582T I 
Cl6 CAP ELEC 22U? 23V ,20~+ 26415-80SK 
Cl7 CAP PET? j. 1\,;1 1 ~O1" 10% 26582-211B 

I C18 CAP PETP O.lUF 100V lOS 26582-211B 
C20 CAP EU{; 1 m:TJr 23V 20~ P ICCT 26423-24314 
C2l ClP CErt. ,;~ 7' c;: ~ 63V 10~ PLATE 26383-582T 

C22 CAP CZR D.C.U? ·IOOV 20% DISC 26383-055L I 
C23 CAP CER O. C 1;';:' 1 ac'] 20' DISC 26383-055L 
C24 CAP CEf. O.CriGt 1001 20% DISC 26383 ... 055L -I C25 CAP Cll:~ O.OiUF ~ 00°" 20$ DISC 2638~055L 
C26 CAP CEE C;.C~'JF lC()V 20% DISC 26383-055L 

C27 eil,,? CEii C.:~'CF i:':':7 21J~ DISC 26383-055L I C28 CAP TAUT 4. iUF 35V 20' BEAD 26486-219P 
C32 CAP ~LZC 100UF 25V 20$+ P/CCT 26423-24314 

Dl DIODESIL 1N4148 100V JUNC 28336-676J I D2 DIODE ZSN~l, BZY88C3VO 3V 5J 28371-2030 
03 DIODE ZENEE aZY88C3VO 3V 5S 28371-2030 
04 DIODE Zi::NER aZY88C15 15V 5% 28372 .. 30314 I D5 DIODE SIL ~N4148 100V JUNC 28336-676J 

D6 DIODE S:L iN4148 1001 JUNC 28336-676J 
07 DIODE ZEZ1Ea BZY88C15 15V 5S 28372-30314 I D8 DIODE: 3::'" ;U~148 100V JUNC 28336-616J 
D9 DIODE 31:' 1:i iq48 100V JUNC 28336-616J 

I 
Chap. 6 
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I Cirouit Part 
Ref Desoription Number 

I Unit AA2 - MICROPROCESSOR SY~TEM (Contd. ) 

I 
ICl ICD MP P8085A 8BIT NMOS 28469-396K 
IC2 ICD NAND 74LSOO QUAD 2INP 28466-345H 
IC3 ICD MP SUP 8155 2iCRAM+I/O+TIM 28469-304E 
IC4 ICD BUFF 74LS245 OCT TIRX 28469-188B 

I IC5 ICD BUFF 74LS244 OCT 3ST 28469-182T 

IC6 ICD DEC/DMX 74LS138 3-8 28465-027F 

I 
IC7 ICD MP SUP 8155 2lCRAM+I1O+TIM 28469-304E 
IC8 ICD PROM ER3400 lKX4BIT EA 28471-010B 
IC9 ICD BUFF· 4049 HEX I 28469-162Z 
IC10 ICD FF D 74LS273 OCT +EOG TR 28462-6150 

I ICll ICD LATCH 74LS373 OCT 3ST 28462-410E 
IC12 ICD DECIDHX 74LS138 3-8 28465-027F 

I 
IC13 ICDB2732 EPROM A 
IC14 ICD 82732 !PROM B Set of four 4J1533-027B 
IC15 ICD B2732 EPROM C 
IC16 ICD B2732 EPROM D 

I PLBC CON PART PCB POST SQUARE PIN 23435-188V 
PLBD CON PART PCB POST SQUARE PIN 23J135-188V 

I 
PLBE CON PART PCB POST SQUARE PIN 23J135-188V 
PLBF CON PART PCB POST SQUARE PIN 23J135-l88V 
PLBB CON PART PCB POST SQUARE PIN 23J135-188V 

I PLBJ CON PART PCB POST SQUARE PIN 23J135-188V 
PLBK: CON PART PCB POST SQUARE PIN 23435-188V 

R1 RES MF 47K 1/4W 2% 24773-3138 

I R2 RES MF 10K 1/4W 2% 24773-291M 
R3 RES MF 10K 1/ 4W 2% 24773-291M 

I 
R4 ftESMF 19K 1/4W 2J 2Jl7V3-291M 
R5 RESMF 3lC0 1/4W 2% 24773-284.1 

R6 RES MF 3lC0 1/4W 2% 24773-284J 

I R7 RES MF 3lCO 1/4W 2J 24773-284J 
R8 RES MF 3lC0 1/4W 2% 24773-284J 
R9 RES MF 10K 1/4W 2% 24773-291M 

I 
R10 RES MF 10K 1/4W 2J 24773-291M 

R11 RES MF 15K 1/4W 2J 24773-301P 
R12 RES MF 4K7 1/4W 2% 24773-289W 

I R13 RES MF 15K 1/4W 2% 24773-301P 
R14 RES MF 330R 1/4W 2% 24773-261]) 
R15 RES MF 10K 1/4W 2% 24773-291M 

I R16 RES MF 31(0 1/4W 2% 24773-284J 
R17 RES MF 10K 1/4W 2% 24773-291M 
R18 RES MF 4K7 1I4W 2% 2477;-289W 

I R19 RES HF 4K7 1/4W 2% 24773-289W 
R20 RES MF 10K 1I4W 2% 24773-291M 

I 
Chap- 6 
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C1rou1t 
Ref 

Unit AA2 

R21 
R22 
R23 
R24 
R25 

TRl 
TR2 
TR3 
TR4 
TR5 

TR6 
TR7 
TR8 
TR9 

XLl 

Cbap. 6 
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Description 

- l·~rCRC?ROCESSOR SYSTEM 

RES MF 10K 1/4W 2S 
RES MF 10K 1/4W 2% 
RES HF 15K 1/4W 2S 
RES HF lKO 1/4W 2% 
RES HF 4ne 1/4W 2S 

TRANS PNP SIL BC307A 45V 
TRANS PNP SIL BC307A 45V 
TlIlM1S NPN SIL ZTX107AL 45V 
TRANS NPN SIL ZTX107AL 45V 
TRANS NPN SIL ZTX107AL 45V 

TRANS PNP SIL BC307A 45V 
TRANS NPN SIL ZTX107AL 45V 
TRANS PNP SIL SC307A 45V 
TRANS PNP SIL BC307A 45V 

CRYSTA!.. 6. 144i1HZ FLY LOS 

Part 
Number 

(Contd. ) 

24773-297M 
24773-297M 
24773-301P 
24773-273A 
24773-313H 

28435-227H 
28435-227H 
28455-1I21X 
28455-421X 
28455-1I21X 

28435-227H 
28455-421X 
28435-227H 
28435-227H 

28312-OSllJ 

H52018-900S 
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I Circuit Part 
Ref Desoription Number 

I Unit AA3 - FREQUENCY STANDARD Issue 4 

I 
10. When ordering, prefix oirouit reference with AA3 

Complete unit 44828-428T 

I Cl CAP CER O.OlOF 100V 20% DISC 26383-055L 
C2 CAP CER O.OlUF 100V 20% DISC 26383-055L 

I 
C3 CAP TANT 4.7UF 35V 20% BEAD 26486-219P 
C4 CAP TANT 4.7UF 35V 20% BEAD 26486-219P 
C5 CAP CER 0.01OP 100V 20% DISC 26383-055L 

I 
C6 CAP TANT 4.7UF 35V 20% BEAD 26486-219P 
C7 CAP CER O.OlUF 100V 20J DISC 26383 .. 055L 
C8 CAP CER 0.01UF 100V 20% DISC 26383-055L 
C9 CAPPS· Z20PF 350V2% 265,,'!-6-'329B 

I Cl0 CAP CER O.OlUF 100V 20% DISC 26383-055L 

01 DIODE SIL BA482 35V JUNC 28335-675R 

I ICl ICD NAND 74t..s00 QUAD 2INP 28466-3458 
IC2 ICD NOll 74128 QUAD 2INP BUF 28466-22"'5 
IC3 ICD CTR 7"'LS390 DUAL 4BIT DEC 2846~121ll 

I 'IC4 ICD CTR 74LS390 DUAL 4BIT DEC 28464-127R 

Ll IND CHOICE 1. OUB 10% 236J&2-5"9L 

I PLIP CON PART PCB POST SQUARE PIN 23435-1sav 
PLIR CON PART PCB POST SQUARE PIN 23435-188V 

I R2 RES HP' 10K 1/4W 2% 24773-297M 
83 RES HP' 10K 1/4W 2% 24773-297M 
R4 RES HF 4K7 1/4W 2% 24173-28911 , 

I 
R5 RES HF 10K 1/ 4W 2% 24773-297M 
ll6 RES MP' 100R 1/4W 2% 211113-249.1 

R7 RES MF laOR l/IIW 2% 24713-255V 

I R8 RES HF lKO 1I4W 2J 24713-2731 
R9 RES HF 180R 1/4W 2% 24173-255V 
Rl0 RES HF lKO 1I4W 2% 24773-213A 
Rll RES HF 180R 1/4W 2% 211773-255V 

I TRl TRANS PNP SIL BC308 25V 28"'33-1l55R 
TR2 TRANS NPN SIL ZTX109Q. 20V 28"'52-771P 

I 
TR3 TRANS NPN SIL ZTX 109CL 20V 28452-771P 

I 
I 
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Circuit Part I Ref Description Number 

Unit AB1 - OUTPUT LOOP V.R.D. Issue 3 I 
11. When ordering, prefix circuit reference with AB1 

I Complete unit 44828-429P 

Cl CAP CEB .001UF 63V 10S PLATE 26383-S8SM I 
C2 CAP CEB 0.0101 100V 20S DISC 26383-0S5L 
C3 CAP CER .0010F 63V 101 PLATE 26383-S8SM I C4 CAP CER .00101 63V lOS PLATE 26383-58SM 
CS CAP CER .0010F 63V 10S PLATE 26383-S8SM 

C6 CAP CEB .001U1 63V lOS PLATE 26383-S8SM I C7 CAP CER 0.01UF 100V 20S DISC 26383-055L 
C8 CAP CER 0.0101 100V 20S DISC 26383-055L 
C9 CAP CER 0.010F 100V 20S DISC 26383-055L 

I Cl0 CAP CER 0.010F 100V 20S DISC 26383-055L 

Cl1 CAP CER O.01UF 100V 20S OISC 26383-055L 
C12 CAP CD 0.0 lUF l00V 20S DISC 26383-055L I C13 CAP CER 0.0101 100V 20S DISC 26383-055L 
C14 CAP CER 0.01U1 100V 20S DISC 26383-055L 
C15 CAP CER O.OlUF 100i 20S DISC 26383-055L 

I C16 CAP CEB 0.010F 100Y 20S OISC 26383-055L 
C17 CAP CER 0.0101 100V 20S DISC 26383-055L 
C18 CAP CD 2.2PF 63V .SPF PLATE 26343-457R I C19 CAP TANT 2201 16Y 20S BEAD 26486-230B 

01 DIODE SIL lN4148 100V JUNC 28336-676J 

I 04 DIODE SIL 1N4148 100V JUNe 28336-676J 

ICl lCO OIV SP8607B ECL 12 PBESC 28462-0238 
IC2 ICO DIV SP8647B/10, 1 1 :TTL OIP . 28Ji.6Jt-015W I IC3 leo NAND 74S0OH QUAl) 21MP 28466-3310 
Ie4 leo FF 0 74LS273 OCT +lOG TR 28462-6150 
IC5 ICD FF 0 14LS273 OCT +EDG TR 28462 .. 6150 

Ie6 leo CT! 74LS196 4BIT OIC PRI 28464-0160 I 
IC7 Ieo CT! 74196 4BIT DEC PI 28464-.0041 
IC8 ICD CTR 74LS196 4BIT Ole PRE 28464-0160 

I IC9 ICD CTR 74LS196 4BIT DEC PRE 28464-0160 
IC10 lCO FF 0 74S74 DOAL +ElXi TR 28462-6011: 

IC11 leo FF JK 74S112 DOAL -EDG TR 28462 .. 015P I IC12 leo NAND 74S133 13INP 28466-357V 

PLBS CON PART PCB POST SQUARE PIN 23435-188V 

I PLBT CON PART PCB POST SQUARE PIN 23435-188V 
PLBU CON PART PCB POST SQUARE PtB 23435-188V 

Rl RES CC 51R llSW SS 24331-989P I R2 RES MP 10K: 11 4W 21 24773-297M 

Chap. 6 

I Page 16 S8p. 8~ 



I H52018-900S 
Vol. 2 

I Cirouit Part 
Ref Desoription Number 

I 
Unit AB1 - OUTPUT LOOP V.R.D. (Contd. ) 

I R3 RES Ml" 1ICS 1/4W 2S 24773-279N 
R4 RES CC 22R 1/SW 5S 24331-988T 
R5 RES CC 100R l/SW 5S· 2433l-997B 

I R6 RES Ml" 1 OIC 1/4W 2S 24773-297M 
R7 RES HF 2IC7 1/4W 2S 2477"3-283L 

I 
R8 RES HF 3IC3 1/4W 2S 24773-285F 
R9 RES HF 56R 1/4W 2J 24773-2438 
R10 RES MF 470R 1/4W 2% 24773-265M 

I 
R11 RES HF lK5 1/4W 2S 24773-2770 
R12 RES HF 680R 1/4W 2S 24773-269IC 
R13 RES MF 2IC2 1/4W 2S 24773-281Y 
R14 RES HF 2IC2 1/4W 2S 24713-281Y 

i I TRl TRANS MPN SIL BrR90 15V 28452-167U 

I Unit AB2 - DIVIDE-BY-TWO CHAIN AND PM DRIVE Issue 1 

12. When ordering, prefix cirouit reference with A82 

I Complete unit 44828-4300 

I Cl CAP CER .001UF 63V lOS· PLATE 26383-585M 
C2 CAP CER .00 lur 63V lOS PLATE 26383-,85M 
C3 CAP CEft .001UF 63V lOS PLATE 26383-585M 

I C4 CAP CER O.OlUr 100V 20S DISC 2638;-0551. 
C5 CAP CER O.Olor 100V 20S DISC 26383-0551. 

I 
C6 CAP CER .00 lUF 63V lOS PLATE 26383-585M 
C7 CAP CER O.OlUF 100V 20S DISC 2638;-0551. 
C8 CAP CER .001UF 63V lOS PLATE 26383-585H 
C9 CAP CEft .001OP 63V lOS PLATE 26383-585H 

I 
Cl0 CAP CEft .001qF 63V 10% PLATE 26383-585M 

Cll CAP CEft O. 0 lUP' 100V 20S DISC 2638)-055L 
C12 CAP CER O.OlOP 100V 20S DISC 26383-0551. 

I C13 CAP CER .039UF 50V 20S CHIP 26386-4931 
C14 CAP CER 1. spr 63V .5PF PLATE 26343-456C 
C15 CAP CEft O.OlUF 100V 20S DISC 26383-055L 

I C16 CAP CEft .001or 631' lOS PLATE 26383-585M 
C17 CAP CER .001Ur 63V lOS PLATE 26383.585M 
C18 CAP CEft .00lor 63V lOS PLATE 26383-585M 

I C19 CAP CEft .001UF 63V lOS PLATE 26383-585M 
C20 CAP CER O",OlUF 100V 20% DISC 26;83-055L 

I 
I Chap. 6 
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Circuit Part I 
Ref' Description Number 

Unit AB2 - DIVIDE-BI-TWO CHAIN AND FM DRIVE (Contd. ) I 
C21 CAP CER 0.01UF 100V 20% DISC 26383-055L I C22 CAP CER O.OlUF 100V 20% DISC 26383-055L 
C23 CAP CER 0.01UF 100V 20' DISC 26383-055L 
C24 CAP CD O.01UF 100V 20% DISC 26383-055L 

I C25 CAP CER O.OlUF 100V 20% DISC 26383-055L 

C26 CAP CD O.OlUF 100V 20% DISC 26383-055L 
C27 CAP CER 0.01UF 100V 20% DISC 26383-055L I C28 CAP CD O.01UF 100V 20% DISC 26383-055L 
C29 CAP TANT 4.7UF 35V·20% BEAD 26486-219P 
C30 CAP TANT 4.70F 35V 20% BEAD 26486-219P 

I C31 CAP TART 4.70F 35V 20% BEAD . 26486-219P 
C32 CAP CER 22PF 63V SJ PLATE 26343-1169N 

01 DIODE SIL 1N4148 100V JUNC 28336-676J I D2 DIODE SIL lN4148 100V JUNC 28336-616J 
D3 DIODE SIL lN4148 100V JUNC 28336-676J 
04 DIODE SIL lN4148 100V JUNC 28336-676J I D5 DIODE SIL 1N4148 1001' JUNC 28336-676J 

D6 DIODE SIL 1N4148 1001' JUNC 28336-676J 

I 07 DIODE SIL 1N4148 1001' JUNC 28336-676J 
08 DIODE SIL 1N4148 100V JUNC 28336-676J 

ICl ICD DIV SP86078 ECL /2 PRESC 28462-023B I IC2 ICD DIV SP8604B ECL 12 PRlSC 28~2-022R 
IC3 ICD FF 0 10231 MISLAVE 28462-6101 
IC4 ICD FF JX 74S112 DUAL ... EDQ Tll 28462-015P 

I IC5 ICD FF JK 74LS112 DUAL -100 Tll 281162-02OH 

IC6 ICD AND 10104 QUAD 2INP ECL 28466-0150 
IC7 ICD NAND 74LSOO QUAD 2I1fP 28~6-345H I IC8 ICD FF D 74LS273 OCT +100 Tll 28462 .. 615U 
IC9 ICD FF D 14LS175 QUAD +EOO Tll 28462-614E 
IC10 ICA AMP N!5534AH H-PRF T099 28461 ... 3291' 

I L1 IND CHOICE 4. 7UH 10% 23642-553J 
L2 IN» CHOKE 4. 7UH 10% 23642-553J 
L3 IND CHOKE 4.7UH 10% 23642-553J I PLBV CON PART PCS POST SQUARE PIN 23435-188V 

PLCJ CON PART PCS POST SQUARE PIN 23435-188V 

I PLCK CON PART PCS POST SQUARE PIN 23435-188V 

Rl RES CC 100R 1/~ 5J 24331 ... 997B 
R2 RES MF lJC51/4W 2S 24173-271U I R3 RES MF 150R 1/ 4W 2% 24773-2531" 
R4 RES MF 51R 1/4W 2S 24173-242Z 
R5 RES CHIP lOR 5% 2~81-042B 

R6 RES MF 4K7 1/4W 2S 24173-289W I 
Chap. 6 
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Circuit 
Rer Description 

Unit AB2 - DIVIDE-BI-TWO CHAIN AND FM DRIVE 

R7 RES MF 10K 1/4W 2S 
R8 RES MF 470R 1/4W 2S 
R9 RES MF 4K7 1I4W 2S 
Rl0 RES MF 51R 1I4W 2S 

Rl1 RES MF 470R 1/4W 2S 
R12 RES MF 4'7 1/4W 2S 
R13 RES CC 51ft 1/aw 5% 
R14 RES CC 100R l/aw 5% 
R15 RES MF 10K 1/4W 2S 

R16 RES MF 2lt7 1/4W 2% 
R17 RES MF 10K l/4W 2% 
R18 RES MF lIC2 1/4W. 2J 
R19 RES MF 41C7 1/4W 2S 
R20 RES MF 51R 1/4W 2S 

R21 RES MF 220R 1/4W 2J-
ft22 ftES MF 51ft 1/4W 2S 
R23 RES CC 51R l/BW 5% 
R214 RES CC 270ft 1/8W 5S 
R25 RES MF llCO 1/4W 2J 

R26 . RES MF lKO l/4W 2S 
R21 RES MF 470ft 1/4W 2S 
R28 lIES HP4I7 1I4W 2J 
R29 RES MF 51R 1/4W 2S 
R30 RES MF 10K 1/4W 2J 

R31 RES MF 417 1/4W 2J 
ft32 RES MF 10K 1/4W 2S 
R33 RES MF 10K 1/4W 2J 
R34 RESMF 51Rl/4Y 2J 
R35 RES MF 10K 1/4W 2S 

R36 RES MF 680R 1/4W 2J 
R37 RES MF lIC5 1/4W 2S 
R38 RES MF "5 1/4W 2S 
R39 RES MF lIC5 1/4W 2S 
R40 RES MF 1lCO 1/4W 2S 

R41' RES MF 91ft 1I4W 2J 
R42 RES MF 11:5 1I.W 2S 
R43 RES MF 2IC1 1I4W 2S 
ft44 RES MF 3It0 1/4W 2J 
R.5 , RES MF 5lt6 114W 2S 

R46 RES MF 330R 1/4W 2S 
R47 RES MF litO 1/4W 2S 
R48 RES MF '3It0 1I4W 2J 
R49 RESMF 5K6 1/.W 2J 
R50 RES MF 330R 1/4W 2S 

Sep. 81 

Part 
Humber 

(Contd.) 

24773-291M 
24773-265M 
24773-289W 
2-773-242% 

24713-"265M 
24173-289W 
24331-989P 
24331.-997B 
24773-"291M 

24773-283L 
24713-291M 
24773-275H 
24113-289W 
24773-2_2% 

2-773-251W 
24773-2"2% 
24331-9891 
24331-992' 
24773-2131. 

24773-2731 
24173-265M 
247'13-189W 
24173-2UZ 
24173-291M 

24113-289W' 
24773-~1K 
24773--2.91K 
22rT13-ZI42Z 
24713-291M 

24773-26. 
2-773-2m 
24773-2710 
24773-277U 
2-773 ... 2731 

2&f773-248L 
214773-2710 
24713-283L 
24773-284J 
24773-291S 

24773 ... 2610 . 
24713-2731 
2J1773-284J 
24773-291S 
24773-261D 

H52018-900S 
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I H5201S-900S 
Vol. 2 

I Circuit Part 
Ref Description Number 

I 
Unit AB3 - OSCILLATORS BOARD Issue 7 

I 13. When ordering, prefix oircuit reference with AB3 

Complete unit 44828-431T 

I Cl CAP CER 100PF 63V 2S PLATE 26343-477V 
C2 CAP TANT .47UF 35V 20S BEAD 26486-207L 

I C3 CAP CER 2. 7PF 63V • 5PF PLATE 26343-458B 
C4 CAP CER 22PF 50V 5S CHIP 26343-781N 
C5 CAP CER 33PF 50V 5S CHIP 26343-777Y 

I C6 CAP CER 33PF SOV 5S CHIP 26343-777Y 
C7 CAP CER .001UF 63V lOS PLATE 26383-585M 
C8 CAP TANT .47UF 35V 20S BEAD 2&486-207L 

I C9 CAP CER .039UF 50V 20S CHIP 26386-493F 
Cl0 CAP CEI .039UF 50V 20S CHIP 26386-493F 

I 
Cll CAP CEft .001UF 63V lOS PLATE 26383-585M 
C12 CAP CER 33PF 50V 5S CHIP 26343-777Y 
C13 CAP CER 22PF 50V 5S CHIP 26343-781N 
C14 CAP CEft 22PF 50V 5S CHIP 263ll3-781N 

I C15 CAP CER .001UF 63V lOS PLATE 26383-585M 

C16 CAP CER .00 lUF 63V lOS PLATE 26383-585H 

I 
c18 CAP CER .039UF 50V 20S CHIP 26386-ll931 

• C19 CAP CER 2.2PF 63V .5PF PLATE 263ll3-llS7B 
C20 CAP CER 5.6PF 63V .5PF PLATE 263ll3-lJ62lt 
C21 CAP CEft 68PF 50V 5S CHIP' 26343-782L 

I C22 CAP CER 47PF 50V 5S CHIP 26343-78OY 
C23 CAP CEft 47PF 50Y 5S CHIP 263"3-18OY 

I 
C24 CAP CElt .001UF 63V lOS PLATE 26383-585M 
C25 CAP CER .039UF 50V 20S CHIP 26386.ll931 
C26 CAP CER .039UF 50V 20S CHIP 26386-4931 

I 
C21 CAP CER .00 lUF 63V lOS PLATE 26383-585M 
C28 CAP CEK 33PF 50V 5S CHIP 263ll3-1m 
C29 CAP CEft 22PF 50V 5S CHIP 26343-781N 

I 
C30 CAP CER 22PF 50V 5% CHIP 26343-781N 
C31 CAP CER 3. 3PF 63Y • 5PF PLATE 26343-4591 

C32 CAP CEft • 039UF SOY 20S CHIP 26386--931 

I 
C33 CAP CEft .OOlUF 63Y lOS PLATE 26383-585M 
C37 CAP TANT .41UF 3Si 20S BEAD 26486-207L 

01 DIODE YAH CAP BB809 3V 29PF 28381-132G 

I 03 DIODESIL BA482 35V JUNC 28335-675R 
04 DIODE SIL 8A482 35V JUNC 28335-615R 
06 DIODE VAH CAP 11809 3V 29PF 28381-132G 

I 
07 DIODE VAH CAP BB809 3V 29PF 28381-132G 

09 DIODEVAR CAP 88405 28V 28381-101V 

I Cbap.6 
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H52018 ... 900S 
Vol. 2 I 

Cirouit Part I Ret' Desoription Number 

Unit AB3 - OSCILLATORS BOARD (Contd. ) I 
010 DIODE SIL BA482 35V JUNC 28335-675R 

I 011 DIODE SIL BA482 35V JUNC 28335-675R 
012 DIODE SIL BA482 35V JUNC 28335-675R 
013 DIODE VAR CAP BBI09 3V 29PF 28381-132G 
015 DIODE SIL 1N4148 100V JUNC 28336-676J I 
Ll RF COIL 10UH 4T 44290-80SW 
L2 RF COIL 100H 4T 44290-80SW 

I L3 PRIN'l"Q'.,.D COIL 
L4 PRINTED COIL 
L5 SF COIL 10ua 4T 44290-80SW 

L6 ItF COIL 10UH 4T 44290. 80 SW I L1 RF ceIL 10UH 41' 44290-80SW 
L8 RF COIL 10UP. 41' 44290-80SW 

I L9 PRINTED COIL 
Ll0 PRINTED COIL 

L 11 RF COIL 10ua 4T 442go .. 80SW I L12 SF COIL 10ua 4T 44290-80SW 

Rl RES MF 50ft 1I4W 0.25S 24723-388I 
R2 RES MF 5IC6 1/4W 2' 2"113-291S I R3 RES MF 470R 1/4W as 24113-26!IC 
R4 RES CHIP 22ft 5% 24681.044'0 
R5 RES MF 330R 1/4W 2S 24713-2611) 

I R6 RES MF 470R 1/4W 2' 24113-26. 
R7 RES MF 10K 1/4W 2' 2"173-291M 
R8 RES MF 10K 1I4W 2' 2"113-291M I R9 RES CHIP 22R 5% 24681-0"_ 
Rl0 RES HF 330R 1/4W 2' 24113-2611>-

Rl1 RES MIl' 470B 1/4W 2S 2"113-265M I R12 RES MF 100R 11 4W 2S 211111-249.1 
113 RES MF 10K 1I4W 2S 211113491M 
R14 RES HI' aOOR 1/ 4W 2' 2"113-256$ I R15 RES HI' 470R li4W 2S aJ&113-C65M 

R16 RES HI' 620R 1/4W 2' 2"173-268! 

I R17 RES CC 33ft l/SW 5' 24331 .. 918J 
Rl8 RES HI' 250R 1/4W 0.25S 24123-3891f 
R19 RES CHIP 22R 5' 24681-044'0 
R20 RES MF 330ft 1/4W 2' 24173-2610 I R21 RES MF 390B 1/4W 2' 24773-263P 
R22 RES !-iF 10K 1/4W 2' 24713-297M 

I R23 RES MF 10K 1/4W 2S 24113-297M 
R24 RES CHIP 2211 5S 24681-044'0 
R25 RES MF 330B 1/4W 2' 24113-2610 

R26 RES MF 270B 1/4W 2S 24173-259T I 
Chap. 6 
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H52018-90OS I Vol. 2 

Circuit Part I Bet' Description Number 

Unit AH4 • OIP PHASE DETECTOR (Contd. ) I 
C19 CAP CER O.OlUF 100V 20% DISC 26383-055L 

I C20 CAP TANT 4.1UF 35V 20% BBAD 26486-219P 
C2l CAP CER O.OIUF l00V 20% DISC 26383-055L 
C22 CAP CER O.OIUF lOOV 20% DISC 26383-055L 
C23 CAP CER 220PF 63V 2% PLATE 26343-4815 I 01 DIODE ZENER HZl88C6V2 6.2V 5% 28311 ... 483P 
02 DIODE ZENER B;I88C6V2 6.2V 5S 28311-4831 

I 03 DIODE ZENER Str88C6V2 6.2V 51 28371-483P 
04 DIODE ZENER BZY88C6V2 6.2V 51 28371 ... 483P 

IC' IC1l FF D 74LS14 DUlL +J!:1)G TB 28_62 .. 611, I IC2 ICA VIIO- LM304HPBOG 01025 28_61-7231 
IC3 ICD CTI 74LS390 DOAL 4BIT DEC 28464-tm 
IC4 leD ANDIOI 74LS51 DOlL 2-3INP 28466~541 

I ICS ICD FF 0 74LS74 DUAL +EDG TR 28462-611A 

IC6 leD NANn 74LSOO QUAD 2INP 28466-3458 
IC1 lCA VBEG+ ~~376N PIOG OA045 28461-125IC 

I Ica IC' ARRAY CA3046 5 HPN THAN 28461-9011 

Pt.Bt CON PUT PCB POSt SQOdE PIN 23"35-18. 
P1.8Z CON PART PCB POST SQUABE PIN 23435-188V I PLCB COB PABT PCB POST SQUUE PIN 23Jt35-188V· 
PLCC COB PdT PCB POST SQUABE PIN 2343S-18" 

Rt RES MF 8201 1 I 4W 2~ 2-113-271. I R2 HIS MF 8aOR 1/4w 2S 24713-211. 
B3 RES HF 820R 1 14W 2% 24173"'271B 
B4 RES MF 820R 1 14W 2S 24113-211H I RS RES MF 21C 4 11411 2% 24773-0-282N 

R6 RES MF SK6 1/4W 2% 24113-2915 

I B7 RES MF 15ft 1/4W 2S 2"773-2291 
R8 RES KF1OB: 1/4W 2% 24173-297M 
R9 IllS HF 621: 1/4W 2% 2"11'3-316t 
Rl0 HIS MF lOOK 1/ 4W 2S 2"773-321L I Rl1 US MF 4leT 11411 2S 24113-289W 
R12 RES KF 4K1 1/4\1 2S 21tT13-a89W 

I B13 RES MF 10fC 11 4W 2S 24113-297M 
R14 Ra MF 6ac 1/411 2% 24173-316y 
R15 RES MF 41lC 1/4W 2S 24173-3138 

R16 RES HI' tOOK 114W 2S 24773-321L J1 
R17 RES Hi' .lK3 114W 2% 24113-2761 
R18 RES MF 118 1/4W 2S ,2'I713-2191f 

I 119 RES HF 5IC6 1/4W 2% 2111T3-291S 
R20 RES MF 430R 1/4W 2S 211713-26-1 

R21 'RES HF 2lt0 1/ 4W 2% 21l173-28OU I R22 US HF 1001 11_ 2S 211773-2119J 

Chap. 6 

I Paae 24 Sep. 81 



I H52018-900S 
Vol. 2 

I Circuit Part 
Ber Description Number 

I Unit AB4 .. OIP PHASE DETECTOR (Coatd.) 

I B23 RES MF 100R· 1/4W 2% 24773-249J 
B24 BES MF 10K 1/4W 2% 24773-297M 
B25 RES MF 4K7 1/4W 2% 24773-289W 

I R26 RES MF 5K6 1/4W 2% 24773-291S 
B27 BES MF 430R 1/4W 2% 24773-264X 
B28 RES HF aKO 1/4W 2J 24113-280U 

I R29 BES HF 5K6 1/4W 2% 24113-291S 
B30 RES MF 430B 1/4W 2J 24773-264X 

,I B31 RES HF lOOK 1/4V 2J 24773-321L 
B32 RES MF 1IC3 1/4W 2% 24773-2761 
B33 RES MF lK8 1/4W 2% 24713 .. 279N 
834 RES MF llCO 1/4W 2J 24113 .. 273A 

I B35 RES MF lKO 1/4W 2% 24773-273A 

B36 RES HF 10K l/4W 2J 2"TT3-291M 

I 
R37 US MF 4IC7 1/4W 2% 24113-289W 
R38 RES MF 5'6 1/4V 2J 2IJ773-291S 
B39 RES MF 430R 1/4W 2J 24713-264X 
B40 RES MF lOOK 1/4W 2J 24113-3211,. 

I B41 BES MF 390R 1/4W 2J 24173-U3P 
B42 RES HF 3(9 1I4W 2J 24T13-2an 
R43 RES MF l1CO 1/4'W 2J 2411"'21" 

I B44 RES MF 4K7 1/4W 2J 24113-289W 
R45 RES MF lOR 1/4W 2J 24713-22511 

I 
R46 RES HF 12K 1/4W 2J 24173-2991 
R47 BES HF 2K2 1/4W 2J 2JJ17W81Y 
ft49 RES HF 1MO 1/4W 2J 2JJ113-3"1 
ft50 RES MF 10K 1/4W 2J 2.n~91M 

I R5' RES HF 10K 1I4W 2J 2"'?~297M 
R52 R~S MF 10K 1/4W 2% 24713-297H . 
R53 RES MF 10K 1/4W 2% 24773-297H 

I R54 RES MF IOOR 1/4W 2% 24173-249J 

TRl TRAMS PNP SIL.BC308 25V 28433-"551 
TR2 TRANS PNP SIL BC308 25V 2P33-J&S5'R 

I TR3 tRANS PIP SIL BC30S 25V 28433-4551 
Tll4 TRANS. PNP S~L Be308 25V 28433--551 
TR9 TAlKS PIP SIL Be308 25V 28433-455R 

I Tll0 TBAHS PIP SILBC308 25V 28_33-455R 
TIll TRANS MPH SIL ZTX109CL 20V 28452-171P 
TI12 TRANS MPH SIL ZTX109CL 20V 28452-171P 

I TR13 TUNS l'''SIL BC30a 25V 28433 .. 455R . 
TR14 TRANS PUP S~L BFR99 25V 28433-336' 

I 
TR15 TRANS PKP SIL BFR99 25V 28433-336, 
TR16 TJWISHPN SIL ZTXl09CL 20V 28452-111P 
Tl17 TlANSHPN SIL ZTX109CL 20V 28452-171P 

-1- Chap. 6 
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Cirouit Part t Ret Oesoription Number 

Unit AB4 - OIP PHASE DETECTOR (Contd.) I 
TR18 TRANS NPH SIt. ZTX109CL 20V 28452-771P 

I TR19 TRANS PHP SIt. BC308 25V 28433-455R 

TR20 TRANS PHP SIL BFR99 25V 28433-336F 
TR2' TRANS PNP SIL BFR99 25V 28433-336F I TR22 TRANS HPN SIL m 109CL 20V 28452-771P 
TR23 TRANS MPN SIt. ZTX 109CL 20V 28452-171P 
TR24 TRANS FET J)10 25V 28459-028E 

I TR25 TRANS FET J310 25V 28459-028E 
TRa6 TRANS FIT J310 25V 28459-028E 

I Unit ASS - VCC LOOP Issue 3 

15. When ordering, prefix oircuit reference w1tb ASS I 
Complete unit 44828.,.Jl33X 

C1 CAP PITP 1. OUF 100Y 10' 265h-211U 
,I 

ca CAl P!TP O. 220r l00v 10' 2658%-2260 

I C3 CAP PS ,100PF 350V 2ft' 26516-243J 
C4 CAP PS 100PF 350V m 26516<i-~q3J 
C5 CAl CER 0.0 lUI' 100V 20S DISC 2638~s.. 

C6 CAP CD 0.01UJ' 1001120' DlSC 26383-0551.. I C7 CAP ClR O.OlUF 100'; 20J DISC 26383-0551.. ' 
C8 CAP CD 0.0 lUF 100l 20' DISC 2638)0.4551.. 

I C9 CAP CD 0.01UP' 100Y 20S DISC 2638)-0551.. 
C10 CAP CD 0.0 lU' 100Y 20J OISC 26383--055L 

Cl1 CAP CER .001Ui' "3' 10' PLAt! 26;83-58SH 

1 C12 CAP CD O. 010F 100' 20S DISC 26383-0551.. 
C13 CAP CDO. 01UF roov 20' DIsc 26383-0551.. 
C14 CAP CD o.oror 100V 20S DUC 26383..o5~ 
C15 CAP en 0.0 lUF 100V 20J DISC 26383-0551.. I 
C17 CAP pm 0.22UF l00V 10' 26582-2260 
Cl8 CAP cD 0.011" l00v 20J Due 26383-0551.. 

I C19 CAP CD ~OOltJF 63V .10',PLA1'! 26383-585H 
C20 CAP CERO.Olt1F 1001' 20, DUQ 26383-055L 
C2l CAP CER 0.0 lUi' 100V 20' DISC 26383-055L 

C22 CAP CER 0.0 lVF lOOV 20, DISC 26383..Q55L I C2l CAP CER 0.0 lUF 100V 20' DISC 26383-055L 

I 
I 
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I Circuit Part 
Ref Descr1ption Number 

I Unit AB5 - VCXO 1..00P <Contd. ) 

I C24 CAP PS 100PF 350V 2PF 26516-243J 
C25 CAP CER O.OlUF 100V 20% DISC 26383-0551.. 
C26 CAP CEa .OOlUF 63V 10% Pl..ATE 26383-585H 

I 
C27 CAP CER 220PF 63V 2% PLATE 26343-4815 
01 DIODE ZENER BZY88C12 12V 5% 28372-143U 
02 DIODE VAR CAP BB809 3V 29PF 28381-132G 
03 DIODE HOT CARR lN5390 28349-005Z 

I 004 DIODE ZENER BZY88C3V6 3.6V 5% 28371-223Z 

ICl ICD NOR 74LS02 QUAD 2INP 28466-214Y 

I 
IC2 ICA MOD/DMOD HC1496N BAL. 011..14 28461-924X 
IC3 ICD CTR 74LS390 DUAl.. 4BIT DEC 28464-127R 
IC4 ICD FF 0 741..S74 DUAL +EDG TR 28462 ... 6111 
ICS ICA COMP L.M311N OILS 2846'.695tJ 

I IC6 ICD NA~" 741..S20 DUAL 4INP 28466-3410 
IC7 ICA AHPTL071CP FE! lIP DIL8 28461·3"71 

I 1..1 IND CHOICE 1 SUH 5% 23642-4694 
L2 IND CHOKE 1. SUB 10% 236Jt2 .. 5501' 

I PLCD CON PART PCB POST SQUARE PIN 23435-188V 
PLCE CON PART PCB POST SQUARE PIN 23435-188V 
PLCF CON PART PCB POST SQUARE PIN 23435-188V 

I R1 RES H,f' 150Rl/4W 2% 24773-253' 
R2 RES MF 10te 1/4W 2J 2"11l-297M 
R3 RES MF 10K 1/4W 2S 24173-291M 

I R4 RES MF 10K 1/4W 2S 24113-291M 
R5 RES MF 1KO 1/4W 2S 24713-2131 

I 
R6 RES MF 2K0 1/4W 2% 24173;-2_ 
R7 RES MF 2KO 1/4W 2S 2-173-280'0 
R8 RES MF 2KO 1/4W 2S 2Jt113-28oo 
R9 RES MF 15K 1/4W 2% 24713-301P 

:1 Rl0 RES MF 12K ~/4W 2S 24173-299R 

Rl1 RES MF lKO 1/4W 2S 2"773-273.\ 

I 
R12 RES MF 150R' 14W 2% 2Jt173-253F 
R13 RES MF 0300R 1/4W 2$ 24773-26OW 
R14 RES MF 319 1/4W 2% 24713-287Y 
R1S RES MF 319 1I4W 2% 24173-287Y 

I R16 RES MF 18 1/4W 2S 24173-2991 
R17 RES MF 10K 1/4W 2% 24713-291M 
R18 RES HF 84 1/4W 2% 24713-283 

I R19 RES MF 68R 1/4W 2S 24173-2450 
R20 RES MF 1KO 1I4W 2% 24773-2731 

I 
R21 RES HF 1KO 1/4W 2% 24773-273A 
R22 RES HF 1K5 1I4W 2% 24773-2170 
R23 RES MF lK5 1/4W 2% 24773-2110 
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Cirouit Part I 
Ref Desoription Number 

Unit AB5 ... VCXO LOOP (Contd.) I 
R24 RES MF SK2 1/4W 2% 24773-295P I R25 RESMF 2K4 1/4W 2% 24773-282N 

R26 RES MF lKO 1/4W 2% 24773-273A I R27 RES MF lICO 1/4W 2% 24773-273A 
R28 RES HF 39K 1/4W 2S 24773-311A 
R29 RES HF SIC2 1/ 4W 2S 24773-295P 
R30 RES HF 300R 1/ 4W 2S 24773 ... 26OW I 831 RES MF 300H 1/4W 2% 24773-26OW 
833 au HF 3IC9 1I4W 2S 24773-287V 

I R35 RES HF 2!C0 1I4W 2' 24773-280U 
H36 RES HF 10K 1I4W 2' 24713-29'1M 
H37 RES KF 10K 1/4W 2' 24713-297H 

Tal TRANS MPH SIL ZTX 109CL 20V 28452-771P 1 TR2 TRANS MPH ~IL ZTX109CL20V 28452-171P 
TR3 THAWS lIPH SlL m 109CL 20V 28452 ... 111P 

I TR4 nwtS PIP SlL ·8C308 25V 28433-4551 
Tl5 1'JWIS PHP ·m8C308 25V 28433-Jf55B 

Tl6 TJWfS PtfP SIL 8C308 2" 28433-4551 I Tlt7 T1WfS NPN SIL m 109CL 20V 28"'S2-711P 
TR8 TRANS MPN SIL ZTX 109CL 20V 28"'52-111P 

XLl CRYSTAL 10 .OlMBZ PLnlfG LEADS 28312 ... 013 I 
Unit ACO ... RP BOX 2 (44990-352S) lsaue 3 ,t 
16. When ordering, prefix oirouit reterenoe with ACO 

I 
Cl CAP CD .001OP 300V 2OS. LD/T 26313-1331 I C2 CAP CEil .00 rOP 300V 2OS. LDIT 26313-1331 
C3 CAP CEil .00 lUI' 300V 20S+ lJ)/T 26313-1331 
C4 CAP CElt .00 lOP 300V 20S. LD/T 26313-1331 
C5 CAP CElt .00 lUF 300V 20S. LDIT 26313-1331 I C6 CAP CEft .00 lUF 300V 20" LD/T 26373-733K 
C7 CAP CElt .00 lOP 300V 20,. LOIT 26313-733K 

I C8 CAP CElt .00 1lJr 300V 20S. LOIT 26373-733IC 
C9 CAP CEft .00 lOP 300V 2Ds. LD/T 26373-133IC 
C10 CAP CEft .0010P 300V 20S. LOIT 26373 ... 7331 

Cll CAP CElt .00 lUF 300V 20S+ LO/T 26373-733IC I 
I 
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I Circuit Part 
Ret Description Number 

t Unit ACO .. RF BOX 2 <Contd.) 

I C12 CAP CEll .001UF 300V 20~ LO/T 26373-733K 
"- C13 CAP CEll .001UF 300V 20~ LO/T 26313-733K 

C14 CAP CER .001UF 300V 20~ LO/T 26373-733K 

I C15 CAP CER .001UF 300V 20J+ LO/T 26373-733K 

C16 CAP CER .001UF 300V 20J+ LOIT 26373-733K 

I 
C17 CAP CER .001UF 300V 20J+ LO/T 26373-733K 
C18 CAP CER .001UF 300V 20J+ LD/T 26373 .. 733K 
C19 CAP CEll .001UF 300V 20~ LD/T 26373-733K 
C20 CAP CER .001UF 300V 20S+ LDIT 26373-733K 

I C21 CAP CER .001UF 300V 20J+ LD/T 26373-733K 
C22 CAP CER .001UF 300V 20~ LD/T 26373-133K 

I 
C23 CAP CD, .001UF 300Y 20S+ LO/T 26313-133K 
C24 CAP CEll .001UF 300V 20J+ LO/T 26313-733K 
C25 CAP CEll .001UF 300V 20~ LD/T 26373-733K 

I C26 CAP CEll .001UF 300V 20J+ LD/T 26373-733' 
C21 CAP CER .001UF 300V 20S+ LD/T 26313-733K 
C28 CAP CEll .001UF 300V 20S+ LD/T 26313-133K 
C29 CAP CEll .001UF 300V 20J+ LD/T 26313-733K 

I C30 CAP CER .001UF 300V 20~ LO/T 26373-733' 

C31 CAP CER .001UF 300V 20S+ LO/T 26373-133' 

I 
C32 CAP CEll .001UF 300V 20J+ LD/T 26373 ... 133' 
C33 CAP ,CD .001UF 300V 20J+ LO/T 26373-1331: 
C34 CAP CER .001UF 300V 20S+ LO/T 26313-7331 
C35 CAP CEll .001UF 300V 20S+ LD/T 26313-733IC 

I C36 CAP CEll .001UF 300V 20J+ LOIT 26373-7331 
C37 CAP CEll .001UF 300V 20~ LD/T 26373-733' 

,~ 
C38 CAP CER .001UF 300V 20S. LO/T 26373-733' 
C39 CAP CEll .001UF 300V 20S. LOIT 26373-7331: 
C40 CAP CEll .001UF 300V 20J+ LD/T 26373-733K 

I C4l CAP CER .001UF 300V 20S+ LO/T 26373-733' 
C42 CAP CEll .D01UF 300V 20~ LOIT 26373-733' 
C43 CAP CER .001UF 300V 20J+ LO/T 26373-733K 

I 
C44 CAP CEll .001UF 300V 20~ LO/T 26373-133K 
C45 CAP CEll .001UF 300V 20S+ LO/T 26373-733K 

C46 CAP CER .001UF 300V 20S+ LO/T 26373-733K 

I C41 CAP CER .001UF 300V 20~ LO/T 26313-133K 
C48 CAP CER .001UF 300V 20S+ LO/T 26373-733K 
C49 CAP CEll .001UF 300V 20%+ LD/T 26373-733' 

I 
C50 CAP CEll .001UF 300V 20%+ LD/T 26373-733K 

C5l CAP CER .001UF 300V 20%+ LD/T 26373-733K 
C52 CAP CER 50PF 300V 10S LD/T 26333-229U 

I C53 CAp· CER .D01UF 300V 20~ LO/T 26373-733K 
C54 CAP CER .001UF 300V 20~ LO/T 26373-733K 
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Circuit Part ,I 
Ref Description Number 

Un1t ACO -RrBOX2 (Contd. ) -
Ll IND CHOKE 100ua 10J 23642-561W I L2 IHO CHOICE 100UB 10~ 23642-561W 
L3 !NO CHOKE 10008 10~ 23642 ... 561W < , 

L4 IHD CHOKE 100UB 10~ 23642-S61W 

I L5 !NO CHOKE 100UB lOS 23642-561W 

L6 !NO CHOKE 10QUH 1 ~ 23642-561W 
L7 IND CHOD 100UB lOS 23642 .. 561W I La IND CHOKE 100UB 10J 23642-561W 
L9 !NO ClOKE 10008 1 O~ 23642-561W 
Ll0 !NO CHOICE 100UB 1 ~ 23642-561W 

I L 11 IIt) CHOKE 1000H 1 ~ 23642-561W 
L12 IND CHOI(! 100UB 1 O~ 23642-561W 
L13" IHD CHOICE 100UB 1 O~ 23642-561W I L14 !NO CHOICE" 100UB lOS 23642-561W 
L15 IHD CHOKE 1000H 1 O~ 23642-561W 

L16 IHD CHOD 10008 1 O~ 23642-561W I L17 IND CBOD 100W lOS 23642-561W 
L18 :oro CHOU 100UH lOS 236.1l2-561W 
L19 nm CHOKE l00UB 1 O~ 23642-561W 

I L20 IND CHOKE 10QUH 1 O~ 23642 ... 561W 

L21 :am CHOa 100tlH lOS 236Jl2-561W 
L22 DIJ) CHOU: 1000K lOS 23642-561W 1 L23 !NO CHOU lOOtn1 lOS 23642-561W 
L24 :om CHOICE 100UB 10' 23642-S61W 
L34 nm CHOKE 100UH lOS 23642-561W I PLOE CONN ASS! PLDE 43129-6871 

snw CON RF 5MB·MALE 50 BIRD SOIJ)IJl 23"40.331H 

~ SUX CON RF SMC MAL! 50 BICBJ) SOLJ)II 23~382'1' 
SECM CONN ASST SICCM 4312~680J 
SleN CONN ASS! SKCN-sIC»C 43129-683v 

I SIC? CONN ASS! SICP -slCZ 4312g...68a; 
'I 

SlCR CONN ASS! SlCR 43129-68" 
SKCtJ CONN ASS! SltCU 43129-6851 I 
SJCCY CONN ASS! SlCY 43129-686D 
SID! CONN ASSY SlDA-SXCT-SECW 43129-68118 

I SlDD CONN ASS! SlC)D 4312g...688P 

X3 FERRITE HAJ) 41372 ... 0061 
X4 FERRITE B£.AI) 41372-OO6T I X5 FERRITE BIll) 41372-0061 

I 
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I Circuit Part 
Ref Description Number 

,I Unit AC2 - B.F.O. SYSTEM Issue 3 , 17. When ordering, prefix circuit reference with AC2 

Complete unit 44828-435C 

I C1 CAP CER O.OlUF 100V 20% DISC 26383-055L 
C2 CAP CER O.OlUF 100V 20% DISC 26383-055L 

I C3 CAP CER 0.01UF 100V 20% DISC 26383-055L 
Cil CAP CER 0.01UF 100V 20% DISC 26383-0551. 
C5 CAP CER 560PF 63V 10% PLATE 26383-5810 

I C6 CAP CER 100PF 63V 2% PLATE 26343-471' 
C7 CAP CiR .001UF 63V 10% PLATE 26383-585M 
C8 CAP cn 560PF 63V lOS PLATE 2638~58'1> 

I C9 CAP TANT .47UF 35V 20S BEAD 26486-201L 
Cl0 CAP CER 0.01UF 100V 20S DISC 26383-055L 

Cl1 CAP CER O.OlUF 100V 20S DISC 26383-0551. 

I C12 CAP TANT .47UF 35V 20S BEAD 26486-201L 
C13 CAP TANT .47UF 35V 20S SEAn 26486-201L 
C14 CAP CEft O.OlUF 100V 20S DISC 26383-055L 

I 
C15 CAP CER 0.01UF 100V 20S DISC 26383-0551. 

C16 CAP CiR O.OlUF 100V 20S DISC 26383-0551. 
C17 CAP CiR 560PF 63V lOS PLATE 26383-5811> 

I C18 CAPCift .001UF 63V lOS PLATE 26383-585M 
C19 CAP cn 100PF 63V 2S PLATE 26343-471' 
C20 CAP CER 560PF 63V10S PLATE 26383-5811) 

I C2l CAP TANT .47UF 35V 20S SEAn 26486-201L 
C22 CAP TANT .47UF 35V 20S BEAD 26486-201L 
C23 _CAP TANT .470F 35i 20S BEAD 26486-201L , 01 DIODE SIL BA482 35V JUNC 28335-6151 
02 DIODE SIL SA482 35V JUNe 28335-675lt 

I Ll IKD CHOICE lSOH lOS 23642 ... 556V 
L2 IND CHon 15UH 10S 23642 .. 556V 
L3 lHO CHOU 15tJH lOS 23642-556v 

I L4 IHD CHOn: 15UH 10S 23642 ... 556, 
L5 IHD CHOICE 1000UH lOS 23642-s61C 

I 
PLCU CON PART PCB POST SQUARE PIN 23435-188V 
PLCV CON PART pca POST SQUARE PIN 23435-188V 
PLCW CON PARTPca POS'!' SQUARE PIN 23435-188' 

I 
I 
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Circuit Part ,I 
Ret Description Number 

Unit AC2 - B.F.O. SYSTEM (Contd. ) I 
R1 RES HF 51R 1/4W 2~ 24773-242Z 

I R2 RES HF 10K 1/4W 2~ 24773-297M 
R3 RES HF 10K 1/4W 2S 24773-297M 
R4 RES HF 270R 1/ 4W 2~ 24773-259T 
R5 RES HF 470R 1/4W 2~ 24773-265M I 
R6 RES HF 18R 1/4W 2' 24773-231P 
R7 RES HF 10K 1/4W 2~ 24773-297M I RS RES HF 10K 1/4W 2S 24773-297M 
R9 RES MP 1K8 1/4W 2~ 24773-279H 
Rl0 RES HF 2208 1/4W 2S 24773-257W 

R11 RES HF 680R 1 /411 2S 24773-269C I 
R12 RES MP 51R 1/4W 2S 24773-242% 
R13 RES HF 560R 1 /4W 2' 24773-261R 

I R14 RES HF 91R 1/4W 2' 24773-248L 
R15 RES HF 10K 1/4W 2S 24773 .. 297M 

R16 RES HF 1K5 1/411 H 24173-217U I R17 RES HF 220R 11411 2S 24773-257W 
R1S RES HF '&:O 1/4W 2S 24773-273A 
R19 RES HF 3301 1/4W 2S 24773-2611) 

I R20 RES HF lKO 1/4W H 24773-273A 

TRl Tl'WIS &PH SIL 212369 1" 28452.1978 
TR2 Tl'WIS MPH SIL 2H2369 15V 28452 ... 197B 

I TR3 Tl'WIS lIPH SIL 212369 lSi 28Jt52-197B 

T1 CORE BEAD .079X.158I.197LG 23635-8331 

I '", 

I 
I 
I 
t 
I 
I 
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I Cirouit Part 
Ref Desoription Number 

I Unit AC3 - FILTER BOARD (2018 only) Issue 7 

I 18 •• When ordering, prefix oirouit referenoe with AC3 

Complete unit 44828-436R 

I Cl CAP CEa .039UF 50V 20% CHIP 26386-493F 

t 
C2 CAP CER 0.01UF 100V 20% DISC 26383-055L 
C3 CAP CER .039UF SOY 20% CHIP 26386-493F 
C4 CAP CER .039UF 50V 20% CHIP 26386-493F 
C5 CAP CER .039UF 50V 20$ CHIP 26386-493F 

I C6 CAP CEll .039UF SOY 20% CHIP 26386-493F 
C7 CAP CEll .039UF SOY 20$ CHIP 26386-493F 
C8 CAP CEll .039UF SOY 20% CHIP 26386-4931 

I C9 CAP CER .039UF 50Y 20% CHIP 26386-4931 
C10 CAP CEI O.OlUF 100V 20% DISC 26383-055L 

I 
C11 ClP CER 0.041UF 25V 20$ DISC 26383-011U 
C12 CAP CEll 0.0 lUF l00v 20% DISC 26383-055L 
C13 CAP CEll 0.01UF 100Y 20% DISC 26383-055L 
C14 CAP CEll 0.01U? 100V 20$ DISC 26383-055L 

I C15 CAP CER O.OlUF 100V 20% DISC 26383-055L 

C16 CAP CEll 0.01UF 100V 20% DISC 26383-055L 

I 
C18 CAP CEll 0.01UF 100V 20% DISC 26383-055L 
C19 CAP CEll 0.0101 100V 20% DISC 26383-055L 
C20 CAP CD 8.2pr 63V .5PF PLATE 2634,..'''% 
C21 ClP C!R 12ft 63V 5% PLATE 263",..66! 

I C22 CAP CEll 8 .. 2PF 63V .5PF PLATE 2634"'64% 
C23 ClP CEI .00101 63V 10% PLA'l'E 26381-585K 

I 
C24 CAP CEll .001UF 63Y 10% PLATE 26383-58" 
C25 CAP CER .001UF 63V 10% PLATE 2638$-S85M 
C26 CAP CEll .001UF 63V 10% PUTE 26383 ... 585M\ 

I 
C27 CAP CEll .0010!' 63V 10% PLATE 26383-585M 
C2S CAP CEI 6. 8PF 63V .5PF PLA'l'E 26343-4631 
C29 CAP CER 18PF 63V 5% PLATE 26343-4681' 
C30 CAP CD 22PF 63V 5% PLATE 26343-46911 

I C31 CAP CER 18PF 63V 5% PLATE 26343-4681' 

C32 CAP CER 22PF 63V 5% PLATE 26343-4691 

I C33 CAP CEll 33PF 63V 5% PLATE 263"3-4711 
C34 CAP en 22PF 63V 51 PLATE 26343-46911 
C35 CAP CER 33PF 63V 5% PLATE 26343-4711 
C36 CAP CER47PF 63V 5% PLATE 26343-473L 

I C37 ClP CEll 33PF 63V 5% PLATE 26343-4711 
C38 ClP CllI 4Tn 63V 5% PLATE 26343-473L 

I 
C39 CAP CER 68PF 63V 2% PLATE 26343-475F 
C40 CAP CD 41PF 63V 5S PLATE 26343-413L 
C41 CAP CBR 68PF 63V 2% PLATE 26343-415F 
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Circuit Part I 
Ref Description Number 

Unit AC3 - FILTER BOARD (Contd.) I 
C42 CAP CEa 100PF 63V 2% PLATE 26343-477V I C43 CAP CER 68PF 63V 2% PLATE 26343-475F 
C44 CAP CEa 82P' 63V 2% PLATE 26343-4760 

I C45 CAP CEI 150PF 63V 2S PLATE 26343-479W 
C46 CAP CEI 82PF 63V 2% PLATE 26343-4760 

C47 CAP CEa • 00 1U' 63V lOS PLATE 26383-58514 I C48 CAP CER .001U' 63V 10% PLATE 26383-58514 
C49 CAP CEI .001UF 63V lOS PLATE 26383-58514 
C50 CAP ClI .OOH" 63V lOS PLATE 26383-58514 

I CSl CAP CER 12PF 63V 5' PLATE 26343-466£ 

C52 CAP ClI 18PF 63V 5S PLATE 26343-468y 
C53 CAP CElt 12PF 63V 5' PLATE 26343-466E I C54 CAP CEI .001OP' 63V lOS PLATE 26383-58514 
C55 CAP CEI 1.8pP' 63V .5PP' PLATE 26343-456C 
C56 CAP CEI • 00 1tJF 63V lOS PLATE 26383-585M 

C58 CAP CER .001UP" 63V lOS PLATE 26383-585M I 
C59 CAP eEl O.OlUP' 100' 20S DISC 26383-0551. 
C60 CAP ClIO. 01UP" 100' 20S DISC 26383-0551. 

I C6l CAP Cia O.OlUP' 100' 20S DISC 26383-055L 
C62 CAP C!R O.OlUP' 100' 2OS,DISC 26383-055L 

C63 CAP CD 2.2PF 63V .5P' PLATE 26343-.lf51R I C64 CAP CD lOOP' ,63V 2S PLATE 26343-477V 
C65 CAP Cli 120P' 63V 2S PLATE 26343-4788 
C66 CAP ClR 33P' 63v5S PLATE 263.1f3...Jl71Y 

I C67 CAP CEI 100PF 63V as PLATE 26343...Jlm 

C68 CAP CEa 22PP' 63V 5' PLATE 26343-4691 
C69 CAP CEa 150PF 63V 2S PLATE 26343-479W 1 '\ C70 CAP CER 180P' 63V 2S PLATE 26343-48OV 
C7l CAP CEa 150P' 63V 2S PLATE 26343-479\1 
C72 CAP CER 22PF 63v 5S PLATE 26343-469N ,I C73 CAP CEa 180P' 63' 2S PLATE 26343-480V 
C74 CAP CElt 270P' 63' 2S PLATE 26343...Jl82W 
C75 CAP CllI 180W 63V 2' PLATE 26343-480V I C76 CAP CElt 270PF 63V 2S PLATE 26343-482W 
C77 CAP CER 390P' 63V toS PLATE 26383-598t 

C78 CAP CElt 270PF 63' 2S PLATE 26343-482W I C79 CAP ClI 470PF 63V lOS PLATE 26383-5821 
c80 CAP Cllt560PF 63V 10' PLATE 26383-581D 
CSl CAP CEll 470P' 63V lOS PLATE ' 26383 .. 5821 I C82 CAP CEI 560P' 63V lOS PLATE 26383-581D 

C83 CAP CEI 820PF63V lOS PLATE 26383-5841 

I C84 CAP ClI 47PF 63' 5' PLATE 26343 .. 473L 
c85 CAP CER 560P' 63' lOS PLATE 26383-581D 
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I Circuit Part 
lief Description Number 

I Unit AC3 - FILTER BOARD (Contd. ) 

I C86 CAP CER 0.01UF 100V 20% DISC 26383-055L 
C87 CAP CER o.omF 100V 20% DISC 26383-055L 

II C88 CAP CER O.OlUF 100V 20% DISC 26383-055L 
c89 CAP CER 0.01UF 100V 20% DISC 26383-055L 
C90 CAP CER 68PF 63V 2% PLATE 26343-475F 

I 
C91 CAP CER 82PF 63V 2% PLATE 26343-476G 
C92 CAP CER 6aPF 63V 2% PLATE 26343-475F 

C93 CAP CER 33PF 63V 5% PLATE 26343-471Y 

I 
C94 CAP CEll 2.2PF 63V .5PF PLATE 26343-457R 
C95 CAP CER 0.01UF 100V 20% DISC 26383-055L 
C96 CAP CER 47PF 63v 5% PLATE 263J.l3-473L 
C97 CAP CER 68PF 63V 2% PLATE 26343-475F 

t C98 CAP CEll 47PF 63v 5% PLATE 26343-413L 
C99 CAP CEil 0.01UF 100V 20% DISC 26383-055L 

I 
Cl00 CAP CER 0.01UF 100V 20% DISC 26383-055L 
C101 CAP CEll .001UF 63V 10% PLATE 26383-58514 
C102 CAP TANT 4.7UF 35V 20% BEAD 26486-219P 

I C103 CAP TA~~ 4.7UF 35V 20% BEAD 26486-219P 
C104 CAP. TANT 4.7UF 35V 20% BEAD 26J.l86-219P 
C132 CAP CER .001UF 63V 10% PLATE 26383-585M 

I 
C144 CAP CEB 0.01UF 100V 20% DISC 26383-0551. 

01 DIODE SIL 81482 35V JUNC 28335-675B 
02 DIODE SIL BA482 35V JUNC 28335-6158 

I 03 DIODE SIL 194148 100V JUNC 28336-616J 
04 DIODE SIL 1N4148 100V JUNC 28336-G16J 
06 DIODE SIL BA482 35V JUNC 28335-615R 

I 07 DIODE SIL 8A482 35V JUNC 28335-61511 
D8 DIODE SIL BA482 35V JUNC 28335-675R 
09 DIODE SIL BA482 35V JUNC 28335-6751 

I 
010 DIODE SIL B1482 35V JUNC 28335-615R 
011 DIODE SIL 8A482 35V JUNC 28335-6751 

012 DIODE SIL BA482 35V JUNC 28335-6158 

I 013 DIODE SIL 8A482 35V JUNC 28335-6751 
014 DIODE SIL 84482 35V JUNC 28335-6751 
015 DIODE SIL BA482 35V JUNC 28335-6151 

I 
016 DIODE SIL 8A482 35V JUNC 28335-6751 

017 DIOO! SIL 81482 35V JUNC 28335-6751 
018 DIODE SIL BA482 35V JUNC 28335-675R 

I 019 DIODE SIL 8A482 35V JUNe 28335-675R 
020 DIODE SIL 8A482 35V JUNC 28335-675R 
021 DIODE SIL BA482 35V JUNC 28335-6751 

I 022 DIODE SIL BA482 35V JUNC 28335 ... 675R 
023 DIODE SIL BA482 35V JUNC 28335-615R 
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, 

024 DIODE SIL SA482 35V JUNC 28335-675R I 025 DIODE SIL 8A482 35V JUNC 28335-675R 
026 DIODE SIL BA482 35V JUNC 28335-675R 

021 DIODE SIL 8A482 35V JUNC 28335-6751 I 028 DIODE SIL BA482 35V JUNC 28335-615R 
030 DIODE SIL BA482 35V JUNC 28335-675R 

I 032 DIODE SIL BA482 35V JUNC 28335-675R 
033 DIODE SIL BA482 35V JUNC 28335-675R 

034 DIODE SIL 8A482 35V JUNC 28335-675R I 035 DIODE SIL BA482 35V JUNC 28335-6751 
036 DIODE S!L 8A482 35V JUNC 28335-675R 
031 DIODE SIL 8A482 35V JUNC 28335-675R 

I 038 DIODe SIL 81482 35V JUNC 28335-675R 

039 DrODE 31L 8A482 35V JUNC 28335-6151 
040 DIODE SIL BA482 35V JUNC 28335-615R 

I 041 DIODE SIt 8A482 35V JUNC 28335-6151 
042 DIODE SIL 8A482 35V JUNC 28335-615R 
043 DIODE SIL BA~82 35V JUNC 28335-615R 

044 DIODE SIL BA482 35V JUNC 28335-6151 I 045 DIODE SIL 8A482 35V JUNC 28335-615R 
046 DIODE SI!.. BA482 35V JUlfC 28335-615R 

I 041 DIODE SIL 8A482 35V'JUNC 28335-6151 
049 DIODE SIt BA482 35V JUNC 28335-615R 

050 DIODE SIt 8A482 35V JUNC 28335-6151 I 051 DIODE SIL 8A482 35V JUNC 28335-6151 
052 DIODE SIL 8A482 35V JUNC 28335-615R 
053 DIODE SI!.. 8A482 35V JUNC 28335-6151 

I 014 DIODE HOT CARR 1N5390 28349-005Z 

015 DIODE HOT CARR 1N5390 28349-005Z 

IC1 leD DEC/DHI 74LS138 3-8 28465-027F I IC2 leD FF 0 74LS213 OCT +EDG n 28462 .. 6150 
IC3 leD F? 0 74LS273 OCT +ElXl TI 28462-6150 

I IC4 teD BUFF 7401 HEX O/C 281469-703% 
IC5 leD INV 7405A HEX OIC 281469-157t 

L1 IND CHOICE 68UH , O. a3642-560S I L2 tND CHOICE 4.7UH 10S 23642 ... 553J 
L3 IND CHOKE 68UH lOS 23642-560S 
L4 6-HOLE FERRITE, 2.408 INDUCTOR 44290-7900 
L5 6-80LE FERRITE, 2.4UH INDUCTOR 44290-790U I 
L6 PRINTED COIL 
L7 PRINTED COIL 

I L8 nm CHOKE 4. 7UH 10. 23642-553J 
L9 IND CHOKE 4. 7UH 10. 23642-553J 
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I L10 IND CHOKE 4. 7UH 1 O~ 23642-553J 

L 11 IND CHOKE 4. 1UH 1 O~ 23642-553J 

I 
L12 lND CHOKE 4.7UH 1 O~ 23642-553J 

. L13 ADJ. IND. 30NH 1 3/4 T 44290-799W 
L14 ADJ. IND. 30NH 1 3/4 T 44290.-799W 
L15 ADJ. IND. 43NH 2 1/4 T 44290.-800J 

I L16 ApJ. IND. 43NH 2 1/4 T 44290-800J 
L17 ADJ. IND. 61NB 2 3/4 T 44290-801F 

I 
L18 ADJ. IND. 6urn 2 3/4 T 44290.-801F 
L19 ADJ. IND. 86NH 3 3/4 T 44290-8020 
L20 ADJ. IND. 80NH 3 3/4 T 44290.-8020 

I L21 ADJ. IND. l2WH 4 3/4 T 44290-803V 
L22 ADJ. I}JD. 12Ui3 4 3/4 T 44290-803V 
L23 !OJ. !m>. 172N8 6 3/4 T 44290-8048 

I 
L24 ADJ. IND. 112!!H 6 3/4 T 44290 .. 8048 
L25 INJ) CHOD: 4. 7UH 1 O~· 23642-553J .. 

L26 IND CHOKE 4. 7UH 10~ 23642-553J 

I L21 IND CHOKE 4 .. 7UH 10~ 23642:..553J 
L2S IN'D CHOICE 4. 7UH 10~ 23642-553J 
L30 PRINTED COIL 

I 
L3l PRImD COIL 

L33 IND CHOKE 4 .. 7UH 1 O~ 23642':'"553.1 
L34 INDCltOKE 4.1UB 1 O~ 236~":553J. 

I 
L36 IND CHOKE 4.7UH 10% 23642~553J 
L31 IND CHOU 68tm 10% 23642 ... 560$ 
L38 IND CHOKE 68t!H 1 O~ 2~2"560S 

I L39 . IND CHOn 680H lOS 236~ .. 5JOS 
L40 IND CHOKE 630n 10S 23642-560$ 
L41 . IND CHOKE 1. BUH 5~ 23642:..4951 . 

I 
L42 IND CHOKE 1. 8iJ:1 5J 23642~.95X 
LIl3 IND CHOKE 3.omi 5% 236oU;.o411l1f 

1.44 IND CHOICE 3.0UH. 5~ 23642-4148 

I L45 nm CHOU 4.3UB 5% 23642-4661 
LII6 IlIJ) CHOICE ". 30B 51 23642--4661 
L41 nmCHOa 6.208 5~ 23642-4558 

I 
L48 :om CBOltE 6.2OH 5% 23642-455S 

L49 DItICSOKE 8.208 51 23642-4681 
LSO IHD CHOKE 8.2UHSS . 23642-468tC 

I L51 lID CHOKE 12UH 5J 23642 .. "-56W 
t.S2 DID CHOKE t2UD 5% 23642,.ll56W 
1.53 UD CHCIE 68UH t OS 23642 .. 560S 

I L54 DID CHO~CE .s8UH 10~ 23642-5600 
1.55 IND CHOn: 6.8UH 10~ 23642-5603 , 0.,. 6 s.,. 81 Pap 31 
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1.56 IND CHOKE 6aUR 10% 23642-560S I 1.57 IND CHOKE 6aUR 10% 23642-560S 
1.58 IND CdOn 1. sua SS 23642-494P 

1.59 IN» CHOU: 1. SUB 51 23642 ... 494P I 1.60 IND CHom 68UB 101 23642 ... S 60S 
1.61 IN» CHOU: 6aUR 10~ 23642-560S 
1.62 IND CHOKE 68UR 1 O~ 23642 ... 560S I 1.63 INn C:ictt o. 82UB SI 23642:-454B 

1.64 L'm Cdca o. 82U"d 51 23642-4548 

I 1.65 IND CBC~ 68UR 10% 23642-560S 
1.66 INP CECKE 68mi 10J 23642-560S 
1.90 6-H01.E FERRITE, 2.4UH INDUCTOR 44290-790U 
1.91 W. !.EAD LEUGTH I 1.92 RES. LE.:tD. LENGTH 

PLCM CON , .. ~r.T PC8 POST SQUAll PIB 23435-188V I PLCN , CON F ;i.i:T pca POST" SQUARE pn 23435-188V 
PLCP CO~l l~ ,~17 p~ P~ST SQUARE PIN 23435 ... 188V 
PLeft CON ? A:~'r PCS POST SQUARE PIN 23435-188V I P1.CT CON PART PCB POST SQUAaE PIN 23435-188V 

PLDF CONN ASSY 43129-537Y 

I R1 RES HF 360R 1/4W ~ 2417W62T 
H2 RES MF lKO 1/4W 2% 24773-273A 
113 RES MF 47011 l/l£W 2~ 24113-265M I R4 RES MF :KO 1/4W 2% 24773-284J 
R5 RES MF 3KO 1/~w 2S 24713-284J 

R6 RES Mf 75R 1/4W 2' 24173-246Y I R7 RES MF lIe5 1I4W 2' 24773-2770 
R8 RES CC 1501 'law 5% 24331-9900 
R9 RES CC 150ft 1/aw 5% '24331 ... 9900 

I Rl0 RES CdIP 16ft 5S r- 24681-043£ 

R11 RES CHIP 161 5S 24681-043£ 
R12 RES HF 51R 1/4W ~ 24713-242% I R13 RES MF 51R 1!4W ~ 24773-242Z 
R14 RES MF 6IC8 1/4W ~ 24173-293D 
R15 RES MF 6K8 1/4W 2' 24173-293D I R16 RES MF 200R , 14il ~ 24713 ... 256S 
R17 RES MF 820R 1/4W 2~ 24713-2718 
R18 RES HF 75R 1/4:1 2' 24173 ... 246Y I R19 RES H! ~,y.4 1/4~; 2' 24713-282tf 
R20 RES MF :201.1/:·7.2J 24113--271B 

R21 RES MF 820ft 1/4W 2~ 24773-2718 I R22 RES MF 3K9 1/4W 2' 24713-287V 
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I 
R23 RES t1F 360R 1/4W 2~ 24773-262T 
R24 RES MF 470R 1/4W 2% 24773-265M 
R2S RES MF 5K6 1/4W 2% 24773-291S 

I R26 RES MF 300R 1/4W 2% 24773-26OW 
R27 RES MF 300R 1/4W 2% 24773-26OW 
R28 RES MF 6K8 ~/4W 2% 24773-2930 

I 
R29 RES MF 270R 1/4W 2% 2li773-259T 
R30 RES MF 240P 1!~W 2~ 24773-2580 

R31 RES HF 10K 1/4W 2% 2-773-297M 

I 
R32 RES MF 240R 1/4~1 2~ 24773-2581) 
R33 RES MF 1KO 1/4W 2% 24773-273A 
R34 RES HF 470R 1/4W 2i 24713-265M 

I 
R35 RES MF 1K5 1/4W 2% 2li113-277U 

R36 RES MF 470R 1 i !iv.I 2% 2"713-265M 
R37 RES MF 1KO 1/4W 2% 24173-213' 

I 
R38 RES MF 470ft 1/4W 2% . 24113-265M 
R39 RES HF lKO 1/4W 2% 2"713-2131 
R40 RES i'1? 4iOR l/14W 2i 211113-265M 

I R42 RES Hf 470ft 1/4W 2S 21171l-265M 
R43 RES MF 680R 1/4W 2% 24113-2691 
R44 RES MF 680R 1/4W 2% 211173-26. 

I 
R45 RES MF 680Ft 1/4W 2% 2471~2691 
R46 RES MF 6GOB 1/4W 2% 24713-2691: 

R41 RES !-If" tr~O 1/4" 2i 24113-213' 

I a48 RES M? 470R 1/4W 2S 24173-265M 
R50 RES MF. ~7 Oil 1/ 4W 2i 24113-265M 
R51 RES !-iF nco 1/4W 2S 2411~213A 

I 
R52 RES MY 1~70R 1/4W 2S 24"1~265M 

R53 RES MF 1[0 1/4W 2J 24113-273' 
R54 RES HF ~K5 1/1r~ 2% 24773-2770 

I R55 RES UF 4703 1/4W 2S 24173-265K 
R56 RES MF 410E 1; 4W, 2% 211773-265M 
R57 RES HF 470P. 1/4i1 2% 24113-265M 

I R92 RES MF lKO 1/4W 2J 24713-27'31 
R93 RES MF 470R 1/4W 2% 24773-265M . 

I 
SKCS CON RF 5MBMALE 50 PCB STR 234'-4-334Y 

TR1 TRANS NFl SIL BrR96 15V 28452. 171Y 
TR2 TRANS MPN SIL 8"96 15V 28452. 171Y 

I. TR3 TRANS :;?tt SIL 2N2369 15V 28452-1978 

I 
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- OUTPUT AMPLIFIEll 

Part 
Number 

Issue 4 

19. When ordering, prefix oircuit reference with AC4 

Cl 
C2 
C3 
C4 
C5 

C6 
C7 
C8 
C9 
Cl0 

Cll 
C12 
C13 
C14 
C15 

C16 
C17 
C18 
C19 
C20 

C21 
C22 
C23 
C24 
C25 

C26 
C27 
C28 
C29 
C30 

C31 
C32 
C33 
C34 
C35 

C36 
C37 
C38 
C39 
C40 

Chap. 6 
Page 40 

Complete unit 

CAP CD .039UF 501' 20S CHIP 
CAP TANT 4.7UF 3Si 20S BEAD 
CAP CD .OO1UF 631' lOS PLATE 
CAP CEll .039or 50' 20S CHIP 
CAP CO .039or "50V 20S ClIP 
~ .... ~., i,. "'lit 

CAP CElt 2. 2PF 63V • SPF PLATE 
CAP CElt 100PF 63V 2S PLATE 
CAP CEll .039or 50V 20S CHIP 
CAP TANT 4.7UF 3Si 20S BEAD 
CAP all .001UF 63V lOS PLATE 

CAP CEll .039Ul' 501' 20S CHIP 
CAP CEll .039or 50V 20S CHIP 
CAP CEll 2.2PF 63V .SP' PLATE 
CAP. aR 100?F 63V 2S PLATE 
CAP CER 4.7PF 63V .5PF PLATE 

CAP CER .OOlUF 63V 10' PLATE 
CAP TANT 4. 7t1F 3Si 20' BEAD 
CAP TANT .41UF 35V 20J BElD 
CAP CD .039or SOV 20S CHIP 
CAP ClR .039or 50V 20S CHIP 

.CAP CER t. aPF 63V • 5PF PLATE 
CAP CER .039UF 50V 20S CHIP 
CAP CEll 10PF SOY 5' CHIP 
CAP CEll lOOP' 63V 2S PLATE 
CAP TANt 4.7UF 351' 20S BUD 

CAP TANT .41UF 351' 20S BEAD 
CAP CD 4.7PF 63V .SPF PLATE 
CAP CEll 4."" 631' .SPF PLATE 
CAP TANT 4.7UF 3Si 20S B!lD 
CAP CEll .lor SO, 20~ CHIP 

CAP CD 4. m 63' .m PLAft 
CAP C04.m 63' .5" PLAT! 
CAP CEll .01or 100V 20SaBIP 
CAP CEll ...... 01UF 2OS:.:CItn 
CAP CEll. 0.0 ltJl' 20. Due " 

CAP 
CAP 

'~p 

. , . .,' 

CAP 1m .41tJf 35V 20S BUD 
CAP CElt 0.0 ltJP 100Y 20J DISC 

44828-439A 

26386-493F 
26486-219P 
26383-585M 
26386-493F 
26386-493F 

26343-457R 
26343 ... 4771' 
26386-493F 
26486-219P 
26383-585M 

26386-493F 
26386-4931 
26343-457R 
26343-477V 
26343 ... 4618 

26383-585M 
26486-219P 
26486-207L 
26386-493F 
26386-493F 

26343-456C 
26386 .. 493F 
26343-7678 
26343 .. 477V 
26486-219P 

26486-201L 
26343-4618 
26343-4618 
26486-219P 
26386-496S 

26343-4618 
26343-461B 
26386-4940 
26386-4940 
26383-05SL 

26486-201L 
264M-201L 
26383..Q5!L 
26486-201L 
26383-0SSL 
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I C41 CAP CER O.OlUF 100V 20S DISC 26383-055L 
C42 CAP TAN! .47011' 35V 20J BEAD 26486-207L 
C43 CAP CER O.OlUF 100V 20S DISC 26383-055L 

I C44 CAP CEI O.OlUF 100V 20S DISC 26383-055L 
C45 CAP TANT .41UF 35V 20S BEAD 26486-207L 

I 
c46 CAP CER O.OlUF 100V 20S DISC 26383-055L 
C47 CAP PETP O. lUF 100V 10S 26582-211B 
C48 CAP CER .001UF 63V lOS PLATE 26383-585H 
C49 CAP TANT 4.1UF 35V 20% BEAD 264'86-219P 

I C50 CAP TANT 4.1UF 35V 20S BEAD 26486-219P 

C5l CAP TAN! 4.1UF 35V 20S BEAD 26486-219P 

I 
C52 CAP CER 0.0 lUF 1 OOV2OJ DISC -26383-055L 
C53 CAP CER O.OlUF 100V 20J DISC 26383-055L 
C54 CAP CER O.OlUF 100V 20S DISC 26383-055L 
C55 CAP CER O.OlUF 100V 20S DISC 26383-055L 

I C56 CAP CEI O.OlUF 100V 20S DISC 26383-055L 
C57 CAP CER O.OlUF 100V 20% DISC 26383-055L 

I 
C58 CAP PETP O.OlUF 400V 10J 26582 .. 232'1 
C59 CAP CER .039UF 50V 20J CHIP 26386-493F 
C60 CAP CEI .001UF 63V 10J PLATE 26383-5.85M 

I 
C61 CAP CEI 2.2PF 63V .5PF PLATE 26343-457tt 
C62 CAP CU 1.8n 63V .5PF PLATE 26343-45~ 

01 DIODE SIL lM4448 75V JUNe 28336-246M 

I 02 DIODE PIN 5082-3379 50V 28313-'91T 
03 DIODE SIL 1.4448 75V JUNC a8-3l6-2-"Qf 
04 DIODE PIN 5082-3319 50V 28"3-99Tl' 

I 05 f).:EeDE SlL 'B!4-82 35V JUNC i8335-675R 

06 DIODE aIL 1.4448 75V JUNC 28336-a4t6M 
07 DIODE SIL lN4448 75V JUNC 28336-246M 

I 08 DIODE SIL lN4448 75V JUNC 28336-211&1 
D9 DIODE SIL 1.4448 75V JUNC 28336~246M 
010 DIODE SIL 1.4448 75V JUNC 28336-246M 

I 011 DIODE HoT CARR HP508a-2826 28349-011'0 
012 DIODE BOT CARIBP5082-2826 28349-0110 
013 DIODE BOT CARR HP5082-2826 28349-011'0 

I 014 DIODE SIL 1M4448 75V JUNC 28336-246M 
D15 DIODE SIL 1.4448 75V JUNC 28336-2116M 

I 
016 DIODE BOT CARR RP5082-2826 28349-011'0 
D17 DIODE ROT CARR BP5082-2826 28349-011'0 
018 DIODE PIN 5082-331950V 28383-9911 
019 DIODE PIM 5082-3379 50V 28383-9911 

I ICl ICA AMP !L074eN QUAD FET lIP 28461-349B 

I 
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IC2 leD FF 0 7474 DUAL +EDG TR 28462-002N I IC3 ICA AMP TL074CN QUAD FET lIP 28461-349H 
IC4 ICA DAC AD7524JN 8BIT 28469-400R 
ICS ICD INV 74LS04 HEX 28469-171L 

I IC6 ICA DAC A07S22LN 10BIT HOS 28469-4021 

Ll RES. LEAD LENGTH I L2 PllINTED COIL 
L3 US. LEAD LENGTH 
L4 PllINTED COIL 

I L5 RES. LEAD LENGTH 

L6 6-HOLE mRnE, 2. _ INDUCTOR 44290-790U 
L7 PRINTED COIL I La IlfD CHOICE 1000US 10J • 18A 23642-62OY 
L9 6-HOLE FERRITE, 2 .. 4US IlWUCTOR 44290-790U 
Ll0 6-HOLE FElUUTE, 2. 4U8 Df1)UCTOR 44290-7900 

I L 11 nm CHOICE 1000UR 10J 23642-567C 
L12 IlfD CHOICE 1000UR 10J 23642-567C 
L13 IlfD CHOICE 10000a 10J 23642-567C I PLCS CONN !SSY 43129-668H 

PLCZ CON PART PCB POST SQUARE PIB 2343S-188V 

I PLOA CON PART PCB POST SQUARE PIN 23435-188V 

Rl RES MF 750R 114W 2' 24713-210R 
R2 RES MF 101 1I4W 2J 24713-291M I R3 RES MF 620R 1/4W 2J 24713-268s 
R4 RES MF 2K7 1/4W 2J 24713-283L 
R5 RES MF 33R 1/4W 2J 24713-237X 

R6 RES MF 240B 1/4W 2J 24113-2580 I 
R7 RES CC 200R 1/SW 5% 24331-999A 
R8 RES CHIP 16R 5S 24681-0431 

I R9 RES CHIP 22ft 5S 24681-0440 
Rl0 RES MF 7501 1I4W 2J 24713-2101 -

Bll us MF 101 1/4W U 24713-297M I R12 us MF 6201 1/4W 2J 24113-2688 
B13 HIS MIl' 620R t/4w 2J 24113-2688 
R14 RES MF at? 11_ "2J 24713-283L I B15 RES MF 331 1/4W 2J 2"?73-237K 

R16 lIS MF 240R 1I4W 2J 24113-2580 
B17 RES CC 200R 1/SW 5. 24331-999A I R18 RES CHIP 168 5J 24681-0431 

I 
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I 
R19 RES CHIP 22R 5J 24681-044U 
R20 RES MF 620R 1/4W 2% 24773-268B 

R21 RES MF 620R 1/4W 2J 24773-268B 

I R22 RES MF 3K3 1/4W 2J 24773-285F 
R23 RES Hi' 10K 1/4W 2J 24773-297M 
R24 RES Hi' 10K 1/4W 2J 24773-297M 

I 
R25 RES Hi' 150R 1/4W 2J 24773-253F 

R26 RES CHIP 22R 5J 24681.044U 
R27 RES Hi' 750R 1/4W 2% 24773-270R 

I R28 RES KF 10K 1/4W 2J 24773-297M 
R29 RES Hi' 2K7 1I4W 2J 24773-283L 
R30 RES CC 82R 1/SW 5% 24331-996R 

I R31 RES KF 22ft 1I4W 2J 24773-233M 
R32 RES Me 150R 1/2W 2J 24573-053K 
R33 RES CHIP 16R SJ 24681-0431 

I R34 RES CHIP 16R 5J 24681-0431 
R35 RES CHIP 16R 5% 24681.0431 

I 
R36 RES HF lKO 1/4W 2J 24773-2731 
,r37 RES MF 15K 1/4W 2% 24773-301P 
R38 RES MF lICO 1/4W 2J 24773-2731 
R39 RES MF lOR 1/4W 2J 21&773-225W 

I 
R40 RES CHIP 16R 5J 2468~-0431 

R41 RES CHIP 161 5J 24681.0431 
RJi2 RES HF 200R 1/4W 2J 24173-256$ 

I R43 RES Ml ~7 1/4W 5% 2"321-8S1F 
lJi4 RES HF lICO 1/4W 2% 2IJ773-213.& 
RJi5 RES Ml ~7 1/4W 5J 24321-8811 

I 146 RES HG 4H7 1/4W 5% 24321.88" 
147 RES KF 50RO 1/4W. 1% N-I 24762-5581 
148 RES KF'10K 1/4W 2J 24773-297M 

I R49 RES MF 200R 1/4W 2% 24773-256$ 
R50 RES MF 10IC 1/4W 2% 211773-297M 

I 
R51 RES HF 8201 1/ 4W 2J 24773-2719 
R52. RES HF 21ft 1/ lfti 2J 24773-2358 
853 RES MF , OK 1I4W 2% 24773-297M 
854 RES MF 200R l/lfti 2% 24713-256$ 

I R55 IES HF 10K 1/4W 2% 24713-297M 

156 RES MP 10IC 1/4W 2% 21&113-~97M 

I 
R57 RES MF 10K 1/ 4W 2% ·24173-297M 
R58 RES MF 8201 1/4W 2J 24173-271B 
R59 RES MF 21ft 1/1ni 2J '24113-2358 
160 RES MF 10K 1/4W 2J 24173-297M 

I R61 RES MF 10K t/4W 2% 24173-29'7M 

I 
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R62 RES MF 10K 1/4W 2S 24773-297M I R63 RES MF lKO 1/4W 2S 24773-273A 
R64 RES MF 200R 1/4W 2S 24773-2565 
R65 RES MF 3lC3 1/4W 2S 24773-285P' 

I R66 RES MF 150R 1/4W 2S 24173-2531 
R67 RES MF 51R 1/4W as 24113-242Z 
R68 RES HF 15K 1/4W 2S 24773-301P I R69 RES MF 30K 1/4W 2S 24173-308A 
R70 RES HF 15K 1/4W 2S 24773-301P 

R7l RES HF 10IC 1/4W 2S 24773-297M I R72 RES MF 3lC3 1/ 4W 2S 24773-285P' 
R73 RES MF 10K 1/ 4W as 24773-297M 
R74 RES MF 33IC 1/4W as 24773-309Z 1 R75 RES MF 33IC 1/4W 2S 24113-309Z 

R76 RES m 10K 51 SoIL OIL 24681·511P 

I R77 IV CDH ltO Lnf .511 lOJ BOltZ 25111.638G 
R78 RES MF 21:0 1/W 2S 2'173-2800 
R79 RESHF 15K 1/4W 2$ ;2"773-301P 
R80 RES MF 2K0 1/4W 2S 24713-280U I 
R81 RES HF 10K 1/4W 2S 24773-297M 
R82 RES HF 11:5 1/4W 2S 24773-2770 
R84 RES HI' 3lC0 1/4W 2$ 24773-284J I R8S IES HI' 3lC3 1/4W 2'S 24113-285P' 
186 IV CERM 5001 LIN .511 10'S BOIZ 25711-637F 

RS1 RES MF 150R 1/4W 2'S 24773-2531 I R89 RV CERM SOl: LIN .511 lOS BOIZ 25711-643S 
190 RES MF 22IC 1/4W 2S 24773-309 
ft91 RES MG 3M3 1/4W '51 24321-8790 I R92 RES MG 3M3 1/4W 51 24321 ... 8790 

R93 W MF 11:0 1/4W 2S 24173-2731 

I R94 RES HF 10K 1/4W as 24773-297M 
R95 RV CUM 10K LIN .511 10' HOIZ 25711-6410 
R96 RES MF at2 1/ W 2' 24173-295P 
R97 RES MF 2K7 1/4W 2' 24773-283L I 
R98 RES MF 620R 1/4W 2' 24773-268B 

SUY CONN ASSY SUY 43129-6790 I 
TRl TRANS PNP SIL BC308 25V 28433 ... 459 
Tl2 TlWlS MPN SIL 8f'I91 12V 281&51-696U I TR3 TRANS PMP SIL BC308 25V 28.3~455. 
TR4 TRANS MPH SIL Brl91 12V 281&51-6960 
TIS TRANS PNP SIL 8C308 25V 28433-455. 

I TI6 TRANS MPH SIL ZTX109CL 20V 28452 ... 771P 
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Circuit 
Ref 

Unit AC4 

TR7 
TR8 
TR9 
TR10 

TRll 
TR12 
TR13 
TR14 
TR15 

Description 

- OUTPUT AMPLIFIER 

TRANS PNP SIL BC308 25V 
TRANS RPN SIL Bn96 15V 
TRANS PNP SIL Be308 25V 
TRANS RPH SIL BFQ34 18v 

TRANS NPN SIL 2N2369 15V 
TRANS FET J310 25V 
TRANS NPN SIL 2N2369 15V 
TRANS FET J310 25V 
TRANS NPN SIL 2N2369 15V 

TI16 TIANS PNP SIL BC308 25V 
TI17 TRANS NPN SIL ZTX109CL 20V 

Unit AC5 .. AMPLITUDE MODULATOR 

Part 
Number 

(Contd.) 

28433-455R 
28452-171Y 
28433-1t55R 
28452-247V 

28452-197H 
28J159-028E 
28452-197B 
28459 ... 028E 
28452-1978 

28433-455R 
28452-771P 

Issue 4 

20. Wben ordering, prefix circuit referenoe with AC5 

C1 
C2 
C3 
C4 
C5 

C6 
C7 
C8 
C9 
C10 

Cl1 
C12· 
C13 
C14 
C15 

C16 

ICl 
IC2 
IC3 
IC4 

PLDC 

. s.p. 81 

Complete unit 

CAP eEa .00lUP' 63V 10J PLATE 
CAP CBB .039UF 50V 20J CHIP 
CAP CER O.OlUF 100V 201 DISC 
CAP . CER .039UF 50V 20J CHIP 
CAP CER .0010F 63V 10J PLATE 

CAP CER O.OlUF 100V 20J DISC 
CAP CER .039UF 50V 20J CHIP 
CAP eER .039UF 50V 20J CHIP 
OAP OBa .039UF SOV a&J CHIP 
CAP TANT 4.7UF 35V 20J BEAD 

CAP TANT 4.?OF 35V 20J BEAD 
CAP TANT 4.7UF 35V 20J BEAD 
CAP CER 0.010r 100V 20J DISC 
CAP CER O.OtUF 100V 20J DISC 
CAP CER O.OlUF 100V 20J DISC 

CAP CER O.OtOP 100V 20J DISC 

HOI> HIS OM345 VHF/UHF AMP SIL 
leD FF D 7474 DUAL +EDG Tft 
ICA AMP TL071CP FET lIP DILS 
ICA DAC AD7524JN 8SIT 

CON PART PCB POST SQUARE PIN 

44828-440B 

26383-585M 
26386-4931' 
2638];.00551. 
26386-4931 
26383-585M 

263834551. 
2638~93F 
26386-.931 
26386-4931 
26486-219' 

26486-2'19P 
2""86-219' 
26383-0551. 
26383-0551. 
26383-0551. 

2638~055L 

28461-351Z 
28462 ... 002N 
2S461 ... 341A 
28J169-400R 

23435-188v 

H52018-900S 
Vol. 2 



Cirouit 
Ref Desoription 

Unit AC5 • AMPLITUDE MODULATOR 

PLDD CON PART PCB POST SQUARE PIN 

R1 RES CC 51R 1/8W 5% 
R2 RES CC 270R 1/8W 5S 
R3 RES CHIP 16R 5% 
R4 RES CC 210R 1/8W 5% 
R5 RES MF 330R 1/4W 2S 

R6 RES CC 22R 1/SW 5S 
R1 RES CC 51R 1/SW 5S 
R8 RES MF 511 1/4W 2S 
R9 RES MF 10K 1/4W 2S 
Rl0 RES MF 240R 1/4W 2S 

Rl1 RES MF 240R 1/4W 2S 
R12 RES caIP 16R 5S 
R13 RES MF 31C6 1/4W 2S 
R14 RES HI' 5tOR 114W 2S 
R1S RES MP 330R 11_ as 
R 1 6 RES R'1' 10X 5S 8DIL DIL 
R11 RES HI' 10K, 1/4W as 
R18 RES MF 3KO 1/4W 2S 
R20 RES MF 10K 1/4W 2S 
R21 RES MF 18K 1/4W 2S 

R22 RES MF 18K 1/ 4W 2S 
R23 RV eEltM 500R LIN • 5W lOS BORZ 

SCE COIf RF SMa HALE SO PCB STR 
SKDF CON RF SMa KALE 50 PCB STR 

TR 1 TRANS MPN SIL BFR90 15V 
TR2 TRANS PHP SIL BC308 25V 
TR3 TRANS MPH SIL ZTX109CL 20V 

x 1 MIXER saL 1 DOUBLE BAL DIOO£ 
X2 MIXER TFM2 DOUBLE BAL 

Part 
Number 

(Contd. ) 

23435-188V 

24331-989P 
24331-992P 
24681-043£ 
24331-992P 
24173-2610 

24331-988T 
24331-989P 
24773-290V 
24173-297M 
24173-2580 

24773-2580 
24681.043£ 
24173-286G 
24113-266C 
24773-261D 

24681-511P 
24113-291M 
24113-284-1 
24113-297M 
24113-309M 

24113-303M 
25111-631F 

23"4-334Y 
23444-334Y 

28452-1670 
28433-4551 
28452-111P 

28531.002.1 
28531-003Z 

Unit AC13 .FILTER & FRSQ DOUBt.O BQllU) (2019 ollly)Iaaue 10 

21 • When ordering, prefix o1rcui t reterence wi th AC 13 

C1 
C2 
C3 

Chap. 6 
Page 46 

Complete unit 

CAP CER .039UP' 50V 20$ CRIP 
CAP C!I 0.01UP' 100V 20$ DISC 
CAP eEl .039UP' 50V 20S CRIP 

44828-437B 

26386-493F 
26383-055L 
26386-4931' 

852018-900S 
Vol. 2 
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Vol. 2 

I Cirouit Part 
Ref Description Number 

I Unit AC13 - FILTER & FREQ DOUBLER BOARD (Contd. ) 

I C4 CAP CER .039UF 50V 20% CHIP 26386 .. 493F 
C5 CAP CER .039UF 50V 20% CHIP 26386-493F 

I 
C6 CAP CER .039UF 50V 20J CHIP 26386-493F 
C7 CAP CER .039UF 50V 20% CHIP 26386-493F 
C8 CAP CER .039UF 5CV 20% CHIP 26386-493F 

I 
C9 CAP CEP. .039UF 50V 20% CHIP 26386-493F 
C10 CAP CER O.OlUF 100V 20% DISC 26383-055L 

Cll CAP CER 0.047UF 25V 20% DISC 26383-0170 

I 
C12 CAP CER 0.01UF 100V 20% DISC 26383-055L 
C13 CAP CER 0.01UF 100V 20% DISC 26383-055L 
C14 CAP CEE 0.01UF 100V 20% DISC 2.6383-055L. 
C15 CAP CER O.OlUF 100V 20% DISC 26383-055L 

I C16 CAP C2R o. ;:)1UF 100V 20% DISC 26383-055L 
C18 CAP CER O. 01UF' 100V 20% DISC 26383-055L 

I 
C19 CAP CER O.OlUF 100V 20% DISC 26383 ... 055L 
C20 CAP CER 8.2Pf 63V .5PF PLATE 26343-464Z 
C21 CAP CER 12PF 63V 5% PLATE 26343-466E 

I C22 CAP CER 8.2PF 63V .SPF PLATE 26343-464Z 
C23 CAP CER .001UF 63V 10% PLATE 26383-585M 
C24 CAP CEE .001UF 63V 10% PLATE 26383-585M 

I 
C25 CAP CER .OOiUF 63V 10% PLATE 26383-585M 
C26 CAP CER .001UF 63V 10% PLATE 26383-585M 

C27 CAP CER .001UF 63V 10% PLATE 26383-585M 

I 
C28 CAP CER 6.BPF 63V .SPF PLATE 26343-463A 
C29 CAP CER l8PF 63V 5% PLATE 26343-468Y 
C30 CAP CER 22PF 63V 5% PLATE 26343-469N 

I 
C31 CAP CER 18PF 63V 5% PLATE 26343-468Y 

C32 CAP CER 22PF' 63V 5% PLATE 26343-469N 
C33 CAP CEP. 33PF 63V 5% PLATE 26343 ... 471Y 

I 
C34 CAP ::ER 22PF 63V 5% PLATE 26343-469N 
C35 CAP CER 33PF 63V 5% PLATE 26343 ... 471Y 
C36 CAP CER 47PF 63V 5% PLATE 26343-473L 

I C37 CAP CER 33PF 63V 5% PLATE 26343-471Y 
C38 CAP CER 47PF 63V 5% PLATE 26343-473L 
C39 CAP CER 68PF 63V2% PLATE 26343-475F 

I 
C40 CAP CER 47PF 63V 5% PLATE 26343-473L 
C41 CAP CER 68PF 63V 2% PLATE 26343-475F 

C42 CAP CER 100PF 63V 2% PLATE 26343-477V 

I C43 CAP CER 68?F 63V 2% PLATE 26343-475F 
C44 CAP CER 82PF 63V 2% PLATE 26343-476G 
C45 CAP CER 150PF 63V 2% PLATE 26343-479W 

I 
C46 CAP CER 82PF 63V 2% PLATE 26343-476G 

C47 CAP CER .001UF 63V 10% PLATE 26383-585M 

I Chap. 6 
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Cirouit Part I Ref Oesoription Number 

Unit ACn - FILTER & FRBQ DOUBLER BOARD (Contd.) I 
C48 CAP CEK .001UF 63V 10J PLATE 26383-585M ' I C49 CAP CEB .0010F 63V lOS PLATE 26383-585M 
C50 CAP CER .0010F 63V 10J PLATE 26383-585M 
C51 CAP CER 12PF 63V 5S PLATE 26343-466E 

C52 CAP CER 18PF 63V 5S PLATE 263.43-468Y I 
C53 CAP CER 12PF 63V 5J PUTE 26343-466£ 
C54 CAP CER .0010r 63V lOS PLATE 26383-585M 

I C55 CAP CElt 1.8PF 63V .5PF PLATE 26343-456C 
C56 CAP CElt .001UF 63V 10J PLATE 26383-585M 

C57 CAP CElt .001UF 63V 10J PLATE 26383-585M I C58 CAP CER .0010f' 63V 10J PLATE 26383-585M 
C59 CAP CBB 0.010f' 100V 20J DISC 26383-055L 
c60 CAP CER 0.010f' 100V 20J DISC 26383-055L 

I C61 CAP CElt O.OlUF 100V 20J DISC 26383-055L 

C62 CAP CElt O.OlUF 100V 20J DISC 26383-055L 
C63 CAP CElt 2.2PF 63V .5PF PLATE 26343-457R I C64 CAP CElt 100PF 63V 2~ PLATE 26343-471V 
C65 CAP CElt 120PF 63V 2J PLATE 26343-478S 
C66 CAP CElt 33PF 63V 5J PLATE 26343-4711 

I C67 CAP CER 100PF 63V 2S PLATE '26343-471' 
C68 CAP CElt 22PF 63V 5J PLATE 26343-469N 
C69 CAP CElt 150PF 63V 2S PLATE 26343-479W I C70 CAP CElt 1BOPF 63V 2S PLATE 26343-480V 
C71 CAP C!1l 150PF 63V 2J PLATE 26343-479W 

C72 CAP CElt 22PF 63V 5J PLATE 26343-469N I C73 CAP CElt 1 BOPF 63V 2J PLATE 26343-4BOV 
C74 CAP CEB 270PF 63V 2S, PLATE 2634~82W 
C75 CAP' CElt 180PF 63V 2S PLATE 26343-48OV I C76 CAP CElt 270PF 63V 2~ PLATE 26343-482W 

C77 CAP CElt 390PF 63V 10J PLATE 26383-598Y 
C7a CAP CElt 270PF 63V 2S PLATE 26343-482W I C79 ' CAP CElt 470PF 63V lOS PLATE 26383 ... 582T 
C80 CAP CElt 560PF 63V 10J PLATE 26383-5810 
C81 CAP CElt 470PF 63V lOS PLATE 26383-582T I C82 CAP CElt 560PF 63V lOJ PLATE 26383-5810 
CB3 CAP CElt 820PF 63V lOS' PLATE 26383-584X 

I C84 CAP CElt 47PF 63V 5J PLATE 26343-473L 
C85 CAP CElt 560PF 63V lOJ PLATE 26383-5810 
C86 CAP CEltO.010f' 100V 20J DISC 26383-055L 

C87 CAP CElt 0.010f' 100V 20S DISC 263B3-055L I CaB CAP CER O.OlUF 100V 20J OISC 26383-055L 
C89 CAP CElt 0.010f' 100V 20J DISC 26383-055L 
C90 CAP CElt 68PF 63V 2S PLATE 26343-475F I C91 CAP CElt 82PF 63V 2J PLATE 26343-476G 

Chap. 6 
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I Circuit Part 
Ret Description Number 

t Unit AC13 - FILTER"' FRSQ DOUBLER BOARD (Contd.) 

I C92 CAP CER 68PF 63V 2S PLATE 26343-415F 
C93 CAP CD 33PF 63V 5J PLATE 26343-411Y 

I 
C94 CAP CBR 2.2PF 63V .5PF PLATE 26343-JJS1R 
C95 CAP CD 0.01UF100V 20S DISC 26383-0551. 
C96 CAP CD 41PF63V 5S PLATE 26343-413L 

I C91 CAP CER 68PF 63V 2i PLAtt 26343-JJ15F 
C98 CAP CD 47PF 63V 5S PLATE 26343-473L 
C99 CAP CER O.OlUF 100V 20S DISC 26383-0551. 
Cl00 CAP CD O.OtUF 100V 20S DISC 26383-0551. 

I Ct01 CAP CER .00nJP' 63V 10J PLATE 26383-585M 

C102 CAP TANT 4.7UF35V20J BEAD 26486..219P 

I 
Ci03 elP TANT 4.7UF 35V 20JBEAD 26486-219P 
C104 CAP TANT 4.7UF 35V 20S BEAD 26486-219P 
C106 CAP CD .039UFSOV 20J CHIP 0 26386-493F 
Cl01 CAP CD .039UF 50V 20J CHIP 26386-493F 

I Cl08 CAP ClR .039UF SOV 20J CHIP 26386-493F 
, C109 CAP CBS .039UF 50V 20j CHIP 26386-493F 

I 
CliO CAP CER .039OF 50V 20S CHIP 26386-493F 
Clll CAP CD .oon" 63V tOJ PLATE 26383-585M 
Ctt2 CAP CER .039or SOV 20J CHIP 2638&'4931' 

I Clt3 CAP CBS' 10PP 63T .5PF PLATE 2634;..4658' \ 
C114 CAP cP .Ol9UF 50V 20S CHIP 26386-J193F 
Cll5 CAP CBS 2.2PF 63V .m PLATE 2634,...'TR 

I 
Clt6 CAP CEll 0.0 tUF 100V 20J DISC 26383-0'51. 
C111 CAP CD O.Otor 100Y 20S DISC 2638~055J,. 

CltS CAP CER 2.1PF 63V .5PF PLATE 263'43-4'. 

I CH9 CAP CR1,S',. ']'v SJ PLAU 2634,3-461U 
C120 CAP CD 8.m 63V .S" PLATE 26343-461&z 
C121 CAP CBR 1. OPF 63V • SF PLAT! 26343-S0a 

I 
C122 CAP CER .0011" 63V lOS PLATE 2638~585M 

C123 CAP CER 10PF 63V .5PF PLATE 26343-4658 
Ct24 CAP CD 5. 6PF 63t .5" PLATE 2634~21 

I C12S CUCEB' 1. OfF ~3V • SF PLATE 26343-502% 
Ct26 CAP CD .039UF· SOV 20S CRIP 26386-4931 
Ct21 CAP CD .039UF 50V 20S CHIP 26386-4931' 

I et28 CAP CD .OOlUF 63V lOS PLATE 26383-585M 
C129 CAP CER.039UF 50V 20S CRIP 26386-4931' 
C130 CAP en .00tUF 63V 10J PLATE 26383-5i5M 

II Ct31 CAP CIR.039UF SOy 20S CHIP 263&6-4931' 
C132 CAP CEJl .00tUF 63V lOS PLATE 26383-585M 

C135 CAP 'CP3.3Pf'63V .5PF PLATE 26343-45. 

I C136 ONCL PRImD CAP 
C131 CAP CD 5.6PF 63V .5" PLATE 26343-462' 

I 
Cbap. 6 
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Cirouit Part I 
Ref Desoription Number 

I 
(Contd.) Unit ACl3 - FILTER & FREQ DOUBLER BOARD 

C138 CAP CER 2.7PF 63V .SPF PLATE 26343-458B I C139 CAP CER .001UF 63V 10% PLATE 26383-585M 

C140 CAP CER 3.9PF 63V·.5PF PLATE 26343-460R I C141 CAP CER 2.2PF 63V .5PF PLATE 26343-457R 
C142 CAP CER 0.01UF 100Y 20% DISC 26383-055L 
C143 CAP CER 0.01UF 100Y 20% DISC 26383-055L 

I C144 CAP CER 0.01UF 100V 20% DISC 26383-055L 

C145 CAP CER .001UF 63V 10% PLATE 26383-585M 
C146 CAP CER .001UF 63V 10% PLATE 26383-585M I C147 CAP CER .001UF 63V 10% PLATE 26383-585M 
C148 CAP CER .001UF 63V 10% PLATE 26383-585M 
C149 CAP CER 2. 7PF 63V .5PF PLATE 26343-458B 

I C151 CAP CER 4.7PF 63V .5PF PLATE 26343-461B 
C152 CAP CER .001UF 63V 10% PLATE 26383-585M 

01 DIODE SIL BA482 35V JUNC 28335-6751 I 02 DIODE SIL BA482 35V JUNe 28335-675R 
03 DIODE SIL lN4148 100Y JUNC 28336-676J 
04 DIODE SIL lN4148 100V JUNC 28336-676J I 05 DIODE SIL BA482 35V JUNC 28335-675R 

06 DIODE SIL. BA~82 35V JUNC 28335-675lt 

I 07 DIODE SIL BA482 35V JUNC 28335-6751 
08 DIOD! SIL BA482 35V JUNC 28335-675. 
09 DIODE SIL 8A482 35V JUNC 28335-675lt 
010 DIODE SIL BA482 35V JUNC 28335-675R I 
011 DIODE sr~ 8A482 35Y JUNC 28335-675. 
012 DIODE SIL 8A482 35Y JUNC 28335-675lt 

I 013 DIODE SIL 8A482 3SY JUNC 28335-6751 
014 DIODE SIL B1482 35V JUNC 28335-675. 
015 DIODE SIL 8A482 35V JUNC 28335-675R 

016 DIODE SIL BA482 3SV JUNC 28335-6751 I 017 DIODE SIL BA482 35V JUNe 28335-675R 
018 DIODE SIL 8A482 35V JUNC 28335-6751 

I 019 DIODE SIL BA482 35V JUNC 28335-6751 
020 DIODE SIL 8A482 35V JUNC 28335-675. 

021 DIODE SIL 8A482 35V JUNC 28335-6751 I 022 DIODE SIL BA482 35Y JUNC 28335-6751 
023 DIODE SIL BI482 35V JUNC 28335-675. 
024 DIODE SIL BA482 35V JUNC 28335-6751 

I 025 DIODE SIL BA482 35V JUNC 28335-6751 

026 DIODE SIL BA482 35V JUNC 28335-6751 
027 DIODE SIL BA482 35V JUNC 28335-675. I 028 DIODE SIL BA482 35V JUNe 28335-6751 
029 DIODE SIL BA482 35V JUNC 28335-6751 
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Cirouit 
Ret 

Unit ·Ae13 

D30 

031 
D32 
D33 
D34 
D35 

036 
D31 
038 
039 
040 

1)41 
.042 
~3 
04.4 
1>45 . 

Description 

DIODE Slt.aA482 35V JUNC 

DIODE SIlih,48a3,vJUHC_ 
OIODE SIt. BJ,lJ82 351'., JUNC 
DIOD!' $:rL".Ji$235V .JUlIC 
DIODI Slt. "4~ 3SVJUNC 
DIODE ,SILSA1t$2:' 3StJUNC 

DIaD! 'SIL'iBl482 ,35'1' JUNC 
DIODI: . $lL h4~ 3Sf .. ,;JUIIe 
0101)£. SIt. ',.482 35V·. DC 
DIODI: 's.n.' at482 35VJUNC 
DI~$~8A1t8235V mc . 
'~D1oW:~,r!i~:.4.mJVtfC . 
; ·~.Sa;;.4J2;35V'.e· 

DIO!>! ,$#-: ••• i-3sY JUlIe 
DIQD! ~StL ·1A.b 3St:· .JUJtC 
l)IODB'Sn.~4823'lJtfNC 

Part 
.. Number 

(Contd. ). 

28335-6158' 

28335-6'15i. 
:2833sJ;.6~ .. 

28335'-619' 
. 28335-6'751. 
2i33~1sa 

B52018-900$ 
Vol. 2 

, .. ~ ~ ~ 

":".· ... ·; .. ',,'.L···:.·~··· t};~j)~"~I~{, .. ·. 

2&,3$.0'$-· 
•• ~~: ',/:" '.;"','> ,::.~ ..• 3~'" 

.' 2I~16.1 
. '283~6,!5I, 

,·2833$-6"" 
~33~151 

2l3"'~151 
2'3:~'5I 

, 283js;.6151 ' 
2&33 .... 61'9·· 
28335-6151 

,.;.", .. ',. ,.,., 

2I31s.-6tSl 
_j~15I' 

,.A" 



CirCuit 
Ret Description 

Gn1t AC'] - FILTER" PUQ DOUBLEB SOAR]) 

D74 DIODE HOT~4RR '.5390 
D75 DIODE HOT CAa! 1H5390 

IC' leD DECIDMI 74LS138 3-8 
IC2 IOn' D 74t.S213 OCT +!DG T1I 
IC] leD " D 1~3 ocr +EDG, TlI 
IC4 leD BUFr740TIIX OIC 
IC5 ICD IRV T40S! &IX OIC 

, , 

IC6 leD rr D 14LS115 QUAD +IJ)G T1l 
ICT leD sur, 1407 B£X OIC 
IC8 leA AMP UA141C1GP' DIL8 

1. 1 nm CHOU 68UB 10' 
La XJP) CHOU, 4~7UlI 10J 
1.3 DID CHOQ 6. 10' 
1.4 6-oBOLl ,.RIU, 2.4UII I1mUCTOR 
1.5 WOLI rUal'rB, 2.4U1 muCTOR 

1.6 ,taI'tIJ) 'COn. 
1.1,. ,~ COXL,~ 
1.8 IID ,CHOIi~.7UH 10, 
1. 9 IIID CIOa 4.1'OH 10' 
1. 10 nm CHOO: 4.1UB 10' 

1. 11 DmCHOD 4.1UH '0' 
1. 12 DID CHOU 4. TUB lOS 
1. 13 ADJ. DID.3OItB 1 3/4 1 
1.14 ADJ. m. 3_1 3/4 T 
1.15 ADJ. tID. 43MB 2 1/4 1 

1. 16 ADJ. nm.431li2 1/41 
1. 17 ADJ. m. 61118 2i/it, 1 
1.18 ADJ. nm,'P;""~.p~ 31111 
1. 19 ADJ .l1ft).~,'3314 1 
1.20 ADJ._. " .• "'33111 l' 

La1 AJ)J. ",xn. ~1t1.;.'3141 
L22 AJ)J .lID~tt.J,f 3:11- 1 
1.23 1Ji.J. '''~l;.;'6<'/~)r 
1.24 AJ)J;. _~~1"~6', ". ,1 
1.25 IID *"'4. tel: 1"" 

1.26 IlfJ)'_'~~"';1.; 
1.27 lQ, oaqf:"~-' 1.Q$ 
1.28 11m "QIOII,'/IUB lOS 
1.30 PUIftJ) CO~ 
1.31 PllUTD CO:Q,. ", 

1.33 IID C8OII4.1UI 101 
1.3. DID CSOQ 4.1UII 101 
1.36 IIID CHOU 4..1U8 '0' 

Chap. 6 
Pap 52 

Part 
Humber 

(Contd. ) 

2834g..005Z 
28349-005Z 

2846S-02'7F 
28462-6150 
28462 .. 6150 
28469-1031 
28469-1511 

a8"'2 .. 614! 
a8Jl69-7()~ 
2846'-3041 

2361&2-5608 
2)642 .. '53J 
23642-560S 
.. 290-1900 
"290-1900 

236J'J2-553J 
23642-553.1 
23642-S53J 

23'1&2~S3J 
21642~53J 
.taU9Q-"9tW 
44290-19. 
"290 800J 

44290'·8OOJ 
"290-8011' . 
44no.-aoll' ::=-= 
"290-403v 
"290-8031' 
"atO-I04S 

'1U4290-4011S 
236"""53.1 

t36"a .. S53J 
236.2-553.1 
23'.2-553.1 

23642-553.1 
236"2-5BJ 
23642-553J 
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Circuit 
Ref 

Unit AC13 

L37 
L38 

L39 
L40 
L41 
L42 
L43 

L44 
L45 
L46 
L47 
L48 

L49 
L50 
L51 
LS2 
LS3 

L5. 
LS5 
LS6 
L51 
L58 

L59 
L60 
1.61 
L62 
L63 

1.64 
L65 
L66 
L61 
1.6' 

L69 
L10 
1.72 
1,13 
1.14 

L15 
1.16 
1.11 
1.79 
1.80 

1.83 

Sep. 81 

Description 

.. ··FILTER & FRIQ DOllBLIR i&ARD 

IND CHon 6SUB lOS 
IND CHOO 6SOH 10' 

IND CHOO 680S lOS 
IND CHOU 68tJS lOS 
nm CHOD 1. 80B 5S 
IND CHOU. l.b 5S 
IND CHOU 3.OUH SS 

" IND CHOU 3.- OUR SJ 
nm CHOU Ai. 3UH 5S 
tID CHon 4. 3UIl 5S 
IND .CHOU 6.2UH 5S 
IND CBOD6.2UH SS 

IND CHOKE B.D5S 
IND CHOU 8.2UH 5S 
IND" CHOU 12UH 5S 
IND CHOU .1. 5S 
IND CHOU 68UH. lOS 

IND CIGU. $JI'. 10S 
IND CHOU 6801.10' 
IND CSQ06aos lOS 
IIJ)CSOD 68UH 10J 
nm ~ t.508 S' 

IND caoa 1._ 5' 
IND CHOU 6_ 10J 
:om CBOD 680S lOS 
:om . CBOD 68VB lOS 
IHDCHOD D.82UB 5S 

1'Ml>. CBOU ~ O. 82UB 5S 
IND' CHOa"68UB 10J 
Ift]) CHOD 68UB 10J 
1'ftIlftEi> CQIL 
ruNTED COIL 

~.~fi.o.ra 
PlUlt., COIL 
ntDitD COIL 
U'COIL10t1a 4T 

RF COIL '"008 4T 
IF COlJ,.lOUH.lJT 
1lU~>" ~t.DGTH 
,..,.Cbt1. 
~~COIL 

PJlIJlUDCOIL 

Part 
Number 

(Contd. ) 

23642-560S 
23642-560S 

236J12-S6DS 
23642-560S 
23642-49SX 
23642 .. 4951 
236J12-4,14H 

23642-414H 
23642 .. 4668 
23642 .. ,.66R 
23642 .. 45SS 
23642';;'II'5SS 

23642...IJ68JC 
23642 ... 68JC 
23642':'456W 
2~2-,"6W 
23'.a-s603 

~ ~ 

< .U~~~;60S. 
""'~~6O.f 
2~t~~,', .:,." 
23A2-$60S,: . 
2~~"" 

2364a;.Jt9_ 
2~'_ 2_"",*, 
2161(2 .. '* 

.···23~!JJ.· 

2S~2 .... ,,. 
236'&2"S6t$ 
23M2-S6GS 

4.1l2go..ao5W 

44290-&05W 
4429o-80SW· 

H52018-900S 
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I Circuit Part 
Ret DeScription Humber 

I UnU AC13 - FILTER & FUQ DOUBLER BOARD (Contd. ) 

I R316 RES MF 1670R 1/IN 2S 24773-265M 
R35 RltS HF 115 1/JRi 2S 24773-2770 

I 
R36 RES HF 470R 1I4W 2S 24773-265H 
R37 RES MF 110 1I4W 2S 24773-2731 
R38 RES MF 470R lIJRi 2S 24773-265H 
R39 US MF 110 lIIN 2$ 24773-2731 

I R40 R!S MF 410R 11_ 2S 24773-265M 

R41 RES MF 240R lIIN 2S 24773-258D 
R42 US MF 470R lIIN 2S 24773-265M 

I R43 RES MF 680a 1/IN 2S 24773-269K 
R44 8ES MF 680R 1/IN 2S 24773-269K 
R45 RES MF 680R lIIN 2S 24773-2691 

I R46 RES MF 6808 1I4W 2S 24713-269K 
847 RES MP 110 lIJRi 2S 24113-2131 
R48 RES iii 11101 11. 2S 2411~6~ 

I ISO RES Mil' 1I1OR 1/4W 2S ·.24173-265M 
151 RES HF 110 11_ 2S 24113-213A 

I 
852 RES Mr 410R 1/tAl 2S 211113-265M 
853 RES Hi' 110 11_ 2S . 24113-2131 
854 W MP "5 lItAl 2S 24113-021'tU: 
855 RES til' 4101 lItAl 2S 2411)-2'." 

I 156 US MF 4101 lIW 2S 24f13..:t6,. 

151 RES MP -7OR 11_ 2S a&r7TS-2'.' 

I 
158 IllS Hi' 1« 11_ 2S 2411,.29$ 
159 lIS HI', 1« 11_ 2S 24173-291M." , 
R60 RES MF 101 11_ 2S ' a-11l-291M 
861 RES HP 101C 11_ 2S 2m3-291f1 

'I R62 RES .. 21:1 lItAl 2S 24713-283L 
163 lIS Hr 6801 1/_ 2S 2411)-26" 

I 
864 RES CHXP 511 5$ 21l681-0Jt5t 
165 RES C8IP 511 5$ 24681-045'1' 
866 lIS'" ,. 11. 2S 24173-231P 

I 161 RES ill' "1OR 11_ 2S 2411)-265M 
168 US .. 1KO 11"" 2S 21l1T~3A" 
169 IISCC511 l/ew 5$ 24331-"9P 
110 ' RES HF 319 11_ 2S 24113-287'1 

I 871 RlSMr. 0801l l/JRi 2S '2-113-26., 

R12 RES CHIP 161 5$ 24681-0431 

I 813 RESCC 1001 1/aw 5$ 2-331·9911 
814 RES 'CHIP 101 5$ 2Wl.01laH 
875 USCC'lOO1 lIew5$ 211331-991B 

I 
R16 RES MP 264 11_ 2S 24113-282M 

811 US MF 2;C" lIIN 2S 2"1Tl-a8ai 

I 
Cbap. 6 
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Circuit Part I 
Ret DescriPtion MUlIlber 

Unit AC13 - FILTER & FREQ DOUBLER BOARD (Contd.) I 
R78 RES MF 2.'t4 1/4W 2~ 24773-28211 I R79 RES MF 2K4 1/4W 2~ 24773-28211 
R80 RES MF 47K 1/4W 2~ 24773-313H 
R81 RES MF 36R 1/4W 2~ 24773-2381 

I R82 RES MF 2K4 1/411 2S 24173-282lf 
R83 RES MF 214 1/4W 2~ 24773-28211 
R84 W CC 82R 1/SW 5S 24331-9968 I R85 RES MF 3K9 1/4W 2S 24773-287V 
R86 RES MF 680R 1/411 2~ 24773-269IC 

R87 W CHIP 16R 5% 24681.043E I R88 RES CC 68R 1/SW 5% 24331-979F 
889 RES Hf' 240R 1/4W 2S 24773-2580 
R90 RES CC 150R 1/8W 5. 24331~990D I R91 RES MF 470R 1/4W 2S 24773-265H 

R92 RES Hf' lKO 1/4W 2S 24173-213A 

I 893 RES· MF 4708 1/4W 2S 24173-265M 
899 RIS !wiF 3K9 1/4W 2S 24173-287V 
Bl00 RES MF 3iC9 1/4W 2S 24713-287V 
Rl01 RES MF 3K9 1/4W 2S 24773-287V I 8102 RES MF 3K9 1/4W 2S 24773-287V 
Rl03 RESMF 319 1/4W 2S 24773-287V 

I R104 RES HF lKO 1/4W 2S 24713-273A 
Rl05 RES MF 470B 1/4W 2S 24173-265M 
B106 RES MF 31C9 1/4W 2S 24173-287V 

Rl07 RES HF 3K9 1/4W. 2S 24173-287V I Rl08 RES MF 470B 1/4W 2S 24713-265M 
Rl09 RES MF 470R 1/4W 2S 24173-265H 
Rll0 '- RES CHIP lOB 5. 24681-0428 I 8111 RES CC 100B 1/SW 5. 24331-9911 

R112 RES CC 100R 1/aw 5' 24331-997B 

I SKCS CON RF 5MB MlU! 50 PCB S'l'R 23444-334Y 

TRl TRANS ·NPM ·SIL BFR96 15V 28452. 171! I TR2 'l'lWfS RPM Sn. . BPI94 l5V a-52-17,.t 
TB3 TRANS RPM sn. 2112369 15V 281152- 197B 
n4 TlABS ·NPN·· siLan96 lSi. 28_52. 171Y 

I TH5 TlWfS MPH SIL BFl90 lSi 2a.'2-16TU 

TH6 TRANS HPH SIL BFB91 121 28451-6960 

I 
I 
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Circuit 
Ref 

Unit AD1 

Description 

- DISPLAY BOARD 

Part 
Number 

Issue 2 

22. When ordering,pref1x circuit reference with AD1 

Complete unit 44828-4.1l11C 

C1 CAP TANT 4.1OP 35V 20J BEAD 26486-21gP 
C2 CAP TANT 4. 7UF 35V 20J BEAD 26486-219P 
C3 CAP PETP 0.022UF 250V 10J 26582-2041 
C4 CAP TAIT 4. 7UF 35V 20J BEAD 26486-219P 

D1 DIODE ZENER 8Zl88C10 10V 5J 28371-8431 

ICl ICDBUPF 7407 HEX OIC 28469-103X 
IC2 ICD BUFF 1401 BIX Olc 28469~103X 
IC3 ICD DRIV 40S4LCD 28JJ69-398Z 
IC4 ICD DECOD. 4056 BCD-7SEG LCD 28469-4018 
ICS lCD DECOD 4056 BCD-7SSGLCD 28469-4018 

IC6 lCD DECOD4056BCD-7SEG LCD 2P69~Q18 
IC7 ICD DECOD 4056JCD-7SEG LCD 28469-4018 
IC8 ICD DECOD40S6BCD-7SEG LCD 2SJ169-40 ,. ' 
IC9 ICD DECOD 4056,SCD-7SEG LCD 28469-04011 
IC10 ICD DECOl) 4656 8CD-7SEG LCD 2aq,-401, 

lCl1 ICD DECOD 4056 BCD-7st.c LCD I 284~.O~B 
IC12 tCD DlIV 4054 LCD f 2"69-3981, , 
IC1] ICD lOll 74LS02. QUAD 2UP 28~11ft 
IC1. ICD DRIV 40511 LCD 2N9-039C 
IC15 ICD DICOD 4028 8CD-DEC _65-0138 

. '. 

IC16 ICDDECOD 4028 8CJ)-D&C ' 2:.~13B. 
len ICD DEC'OD!t028 .8CD4EC "5-0131 .... 
IC18 ICDDRIV 4054 LCD 28469-398%' ' 
IC1g leD MOllO 401f1 AS'tABLE tlJLTI 281f68-301C 
'IC20 lCD DUV 4054 LCD 28JJ69-398%. 

I~1 ICDDECOD405o BCD-7SEG LCD 28469-4018 
IC22 ICDDECOD405b8CD-7SIG LCD 28469-4018 
IC23 ICD DECOD .4056 .JCD..7SEG LCD 28JJ69~01B 
IC24 ICD:DlIV ,IM)54 LCD 28.69-3941 
IC25 leD DEC/DMX 4555 DUAL 2-4 28465-017H 

IC26 leD DRIV·. 40SJI LCD 28469-398% 
IC21 leD DUl 4054 LCD 28Jt69-398Z 
IC28 lCD DUV 405lt LCD 281169-398% 
IC29 ICD DlCOD' 1&05b BCD-7SEG LCD 28469-1&018 

$ep.81 
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Circuit Part. I 
Ret Description Number 

Unit ADl - DISPLAY BOARD (Contd. ) I 
IC30 ICD DlCOD 4056 BCD-7SEG LCD 28469-401B I 
IC3' ICD DECOD 4056 BCD-7SEG LCD 28469-401B 
IC32 ICD DRIV 4054 LCD 28469-398Z 

I IC33 ICD DRIV 4054 LCD 28469-398Z 

PLAL COlI PART PCB POST SQUARE PIN 23435-188V 

Rl HIS NET 6K8 5S 15DIL 24681-51 tee I 
R2 RES MF 2201 1/4W 2' 24773-329T 

Xl LCD 4575-363 .. 060 44990-361M I 
X2 LCD 4576 .. 363-060 44990-362C 
X3 LCD 4577-363-060 44990-363!l I 

Unit AD2 - tl)TB!ll BOARD Issue 1 
~ I 23. When ordenne, pref1x c1rcuit reterence w1th AD2 

COIIplete unit 44828-442A 

I 
C1 CAP CER 0.01UP' 'OOY 20' DISC 26383-055L 
C2 CAP CER 0.01UP' 100V 20' DISC 26383-Q5SL I 

ICl Ic]) " D 74LS273 OCT +800 Ttl 28462 .. 615U 
IC2 ICD BUFF 1406 HEX OIC I 28469-158A 

I ICl ICD NOR 14128 QUAD 2m BOP' 28466-224S 

PLL CON PART PC8 POST SQUARE PIN 23435-18" 
PLV COIf PART PCB POST SQUARE PIN 23.1l35-188V I PLX CON PART PCB POST SQU;AUPDI 23435-1889 
PLY COB PART PCB POST SQUAll PIN 23435-1889 
PLZ COlI PART PCB POST SQUARE PIN 23435-18" 

I PLU COB PlIT PCB POST SQUAll 'II 231135-188V 
PLAB COB PART PCB POST SQUAll PDf 231135-1889 
PLAD CON PART PCB POST SQUAM PIN 23.1l35-18" I PLA! COlI PART PCB POST SQUARI PII 23435-188V 
PLAP' COl PART PCB POST SQUAB PIN 23435-188V 

PLDM CON PART PCB POST SQUARE PIlI 23435-188V I 
SUB COB EDG£ rEM 13 FXD • 15 2S 23435-145£ 

I 
I 
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I Cirouit Part 
Ref Deaori])tion Number 

I 
Unit AD3 - MOD. OSC. AND FH CONTROL BOARD Issue 7 

I 24. When ordering, prefix circuit referenoe with AD3 

I 
COIIlplete unit 44828.443Z 

Cl CAP CER O.OlUF 100V 20% DISC 26383-055L 

I C2 CAP PS O.OlUF 63V 1% 26515-002C 
C3 CAP PS O.OlUF 63V 1% 26515-002C 
C4 CAP PETP 0.68UF 100V 10% 26582-216£ 
C5 CAP PETP O. 15UF 100V 10J 26582 .. 2121( 

I C6 CAP CEI 0.01UF 100V 20% DISC 26383-055L 
C7 CAP CER O.OlUF 100V 20S DISC 26383 ... 055L 

I 
C8 ·eaP CEI O.OlUF lOOV 20% DISC 2638;"055L 
C9 CAP CEI 0.01UF 100V 20S DISC 26383-055L 
Cl0 CAP CER 0.01UF 100V 2QJ DISC 26383-055L 

I C1l CAP CER O.OlUF 100' 20S DISC 26383-055L 
Cl2 CAP CER O.OlUF 100' 20S DISC 26383-055L 
Cn CAP CER 56P' 63' 2' P~ATE 26343-474J 

I 
Cl5 CAP CER 0.01UF 100Y 20S DISC 26383-055L 
C16 CAP CER 0.010F 100V 20S DISC 26383~055L 

C17 CAP CER 0.01UP' 100V 20S DISC 26383-055L 

I C18 CAP CD 0.01UP' 100Y 20S DISC 26383-055L 
C19 CAP CER O.OlUF 100V 20SDISC 26383-0SSL . 
C20 CAP CER 0.0 1UF lOOV 20S DISC 26383-055L 

I 
C21 CAP TANT .41UF 35V 20) BEAD 26486-20TL 

C22 CAP TART .47UF 35V 20~ BEAD 26486.-20TL . 
C23 CAP tANT .47UF 3Si 20% BEAD 26486-2Q7L 

I D1 DIODE SIL 1N4148 100V JUNC 28336-676J 
D2 DIODE SIL 1N4148 100V JUNC 28336-676.1 

I 
D3 010))1 SIL 1N4148 100V JUNC 28336-616.1 
D4 . DIODI mu BU88c7VS 7. 5V 5% 28371-6038 
D5 DIODI SIL lN4148 100V JUNC 28336-676J 

I 
ICl teA AMP TL072CP OVAL· FET lIP 28461·348Z 
IC2 IClHUX 405STRIP 3IMP 28469-714B 
IC3 IC! MIJX. 4052 DUAL 4:tHP 28469-713Z 
IC4 ICA HDX 4053 TRIP 3IMP 28469-7'ltB 

I ICS leD F' D 7ltLS273OCT +EDO TR 28lt62 .. 615l1 

IC6 leA HOI 4053 TRIP 3INP 28469-7148 

I 
I 
I 

Chap. 6 
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Circuit Part I 
Ret Description Number 

I 
Unit AD3 - MOD. OSC. AND FM CONTROL BOARD (Contd. ) 

IC7 ICA HDX 4053 TRIP 3INP 28469-7148 I IC8 ICA AMP TL072CP DUAL rET liP 28461-348Z 
IC9 lCA AMP TL072CP DUAL rET liP 28.461-348Z 
IC10 ICA AMP TL072CP DUAL FIT IIP 28461-348Z I 
IC11 lCA OAC AD7524JN 8IIT 28469-400R 
IC12 leA AMP TL071CP rET lIP DIL8 . 28461-347A 

I IC13 ICD IIV 74LS04 HEX 28469-171L 
IC14 ICD DIC/DMX 74LS138 3-3 28465-027F 
IC15 lCA OlC AD7522LN 10BIT MOS 28469-402K 

IC16 ICA AMP TL071CP FETIIP OILS 28461-3471 I 
IC17 ICA DlC AD7524JN SBIT 28469-4001 
I.C18 ICl AMP TL071CP rET liP OIL8 28.461-347A 

I IC19 ICA AMP NE5534AS H-PRF T099 28461-329V 

R1 RBS MP 130R 1I4W 2S 24773-252J 
R2 RV TBIRM 101 m GWS U14 25683-3891 I R3 RBS MF 21:56 1I4W o. 5~ 25PPM 2IJ753-56.4' 
R4 RBS HI' SE05 1I4W o. 5S SOPPH 24753-667G 
R5 RES MF 15IC83 1/4W 0.5S 24753-56OY 

R6 RES MF 39IC7 1/4W 0.5S 24753-561N I 
R7 RES MF 531C0 1/4W 0.5S 24753-562L 
R8 RES HF 5IC05 1I4W 0.51 50PPH 2J&753-667G I 89 RES MF 15183 11411 0.5S 24753-56OY 
Rl0 BIS HI' 391:7 1/4W 0.5S 2IJ153-561N 

811 RES MF 531C0 114W 0.51 24753-562L I 812 RES MF 21:56 114W 0.5S 25PPM 24753-564, 
813 RES MP 100lt 1/ 4W 2S 24713-321L 
R14 RES MP 470R 1I4W 2S 2477~265M 

I R15 RES HF 41:7 1/4W 2S 24713-289W 

R16 RV CERM 2IC LIB • 3W 10~ PLAT 25748-505T 
R17 RES MF 1OS: 11 4W 2S 24173-297M I R18 RES HI' 390R 1/4W 2S 24713-263P 
R19 RIS MP 6208 1/4W 2S 24173-2688 
R20 RES MF 1001 1I4W 2S 2J&113-249J 

I R21 RES MF 1MO 1I4W 2S 24173-3461 
R22 RES HP 1HO 1/4W 2S 24113-3461 
R23 RES MF 121: 11 4W 2. 24713-299R I R24 RES MF 3IC0 114W 2~ 24773-284J 
825 RES MF 2701 1/4W 2S 24773-3310 

R26 RIS MF 2701: 1/4W 2S 24713-3310 I R27 RES MF 51 6 1/ 4W 2S 24713-291S 
R28 RES MF 110 1/4W 2S 211773-2131 
R29 RBS MF 110 1/4W 2S 211113-2731 I R30 RV CERM 500R Lili .3W lOS PLAT 25748-503W 
R31 RES HP 618 1/ 4W 2S 24713-293D 
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Circuit 
Ref Description 

Unit AD3 -MOu • esc. :.tiD F'i-j CONTROL BOARD 

R32 RES MF 12K 1/4W 2% 
R33 RV CERH 500R LIN .3W 10% FLAT 
R34 RES MF lKO 1/4W 2S 
R35 RES NET 10K 5% cOIL DIL 

R 36 RES MF 390R 11 ~;l 2~ 
R37 RES MF 10K 1/4,; 2;; 
R38 REs MF 240R 1/4W 2~ 
R39 RES MF 39K 1/4;; 2~ 
R40 RES MF 470R ~/4W 2$ 

R41 RES MF 240B 1/ ,+ioi 2~ 
R42 RES MF 10K 1/4w 2~ 
R43 RES MF 10K 1/4+i-i 2<; 
R44 RES MF lOr. 1/4~ 2~ 
R45 RES MF 10K 1/4",; ;~~ 

R46 RES MF 10K 1/4W 2~ 
R47 RES MF 10K 1/4\: 2~ 
R48 RESMF 10K 1/4W 2% 
R49 RES MF 10K 1/4W 2~ 

TR 1 TRANS FET J310 25v . 

0111 t AD4 - anOA?'!) 

Part 
Number 

(Contd.) 

24113-299R 
25748-503W 
24113-213A 
24681-511P 

24173-263P 
24173-297M 
24773-2580 
24173-3111 
24113-265M 

24113-258D 
24173-297M 
24773-297M 
2471'3-297M 
24113-297M 

24713-297M 
24773-297M 
24173-297M 
24113-297M 

28459-028E 

Issue, 3 

25. When ordering, pr~~'iy. circuit roeferenoe with AD4 

Cl 
C2 
C3 
C4 
C5 

D1 
02 
03 
D4 
05 

08 
Dl0 
Dll 
D12 
])13 

Sap. 81 

Complete un:i..t 

CAP CER O.01tI!' !.Ie\' 20%+ PLATE 
CAP CER O.OlOF J.:GV 20S+ PLATE 
CAP CER O.OlUF 40V 20S~ PLATE 
CAP CER 0.01CF ~0V 2C%+ PLATE 
CAP C£P. O.01UF 407 20S+ PLATE 

DIODE LED ~LL37 2.4V YELLOW 
DIODE LED LLL31 2.4V ~~LLOW 
DIODE LED LLL37 2.4V YELLOW 
DIODE LED LLL37 2.4V YELLOW 
DIODE UD LLL37 2.4V YELLOW 

DIODE LED CQY81V1S0P 2.4V YEL 
DIODE ~ED CQY87V1aOp 2.4V YEL 
DIODE LED CQY87V180P 2.4V YEL 
DIODE LED CQY87VleOp 2.4V YEL 
DIODE LEDCQ!87V180P 2.4V ~.L 

26381-253K 
26381-253K 
26381-25,. 
26387 ... 253M 
26387-253M 

28624-106T 
28624-106T 
28624-106T 
28624-106T 
28624-1061 

28624-121%' 
28624-121% 
28624-121~ 
28624-121Z 
28624-121% 
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Circuit Part I 
Ref Description Number 

Unit AD4 - KEYBOARD (Contd.) I 
014 DIODE LED CQY87V180P 2.4V YEL 28624-121Z I 015 DIODE LED CQY87V180P 2.4V YEL 28624-121Z 

ICl ICD DEC/DHX 14LS138 3 ... 8 28465-027F I IC2 ICD " D 74LS213 OCT +EDG TR 28462-615U 
IC3 leD FF 0 74LS273 OCT +EDG TR 28462-6.15U 
IC4 leD " 0 74LS213 OCT +EDG TR 28462-615U 

I IC5 ICD BUFF 74LS244 OCT 3ST 28469-1821 

R1 RES MP' 3308 1/4W 2~ 24773-2610' 
R2 RES NET 100R 5S BsIHGLE OIL 24681":515R I R3 RES MF lOOK 1/4W 2S 24773-321L 
R4 RES MF lOOK 1/4W 2S 24773-321L 
R5 RES NET lOKSS SDIL OIL 24681-511P 

I SA SW PUSH 8UTTON speo 24V 100 23465-4118 
sa SW PUSH BUTTON SPCO 24V 100 23465-4118 
sc $V PUSH 8UttOI SPCO 24' 100 23465-4118 I SO SW PUSH SOTTOrf sreo 24' 100 23465-4118 
SI SW PUSB SUtToli S'CO 24V 100 23465-4118 

SF sw PUSH 8tJT'1'OH spec 24, 100 23465-4118 I SH SW PUSH 8UTTON speo 24V 100 23465-4118 
SJ SW PUSH BUTTON SPCO 24V 100 23465 ... 4118 
SK SW PUSH BunON speo 24V 100 23465-4118 I SL SW PUSH BUTTON SPCO 24V 1 CIU 23465-4118 

SH SW PUSB BUTTON SPCO 21f' 100 23465-41t8 
SP SW PUSH 8UTTON speo 24V leMA 231f65-4118 I SR SW PUSB BUTTON SPeO 24v lOMA 23465-4118 
ss SW PUSB BUTTON SPCO 24V lOMA 23465-4118 
ST SW PUSH BUTTON SPCO 24V 100 23465-4',8 I 50 SW PUSH 8UTTeR speo 24, lOMA 23465-4118 
SV SW PUSB BUTTON speo 24V lOMA 23465-4118 
SW SW PUSH BUTTON sPec 24v 100 23465-4118 I SX SW PUSH BUTTON speo 24V 100 23465-4118 
S1 SW PUSH BUTTON SPCO 214' lCMA 23465..Jl118 

SZ SW PUSB BUTTON SPCO 24' 100 23465-4118 I SAA SW PUSH BUTTOII SPCO 24, 1<IU 23465-4118 
S18 SW PUSB BtJT'1'OH spec 24' 1 <IU 23465-4118 
SAC . SW PUSH BUTTON SPCO 24V lOMA 23465-4118 I SAD SW PUSH BUTTON SPCO 214' 100 23465-4118 

SAl!: SW PUSH BUTTON SPCO 24' lCIU 23465-4118 

I SAP' SW PUSB BUTTON SPCO 214V HIU 231f65..Jl118 
SAH SW PUSB BUTTON SPec 24V 1CIU 23%5-411B 
SAJ SW PUSH 8UTTON speo 24V lCMA 23465-4118 

I 
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Circuit 
Bef 

Unit AD4 

SAl{ 

SAL 
SAM 

TBl 
Tll2 

Unit AE1 

Description 

- n:l'BOARD 

SW PUSH BUTTON SPCO 24V 10M! 

SW PUSH BUTTON SPCO 24V 100 
SW PUSH BOTTON SPCO 24V 100 

TRANS HPH SIL ZTX 1 09CL 20V 
TRANS MPN SIL ZTX109CL 20V 

- POWEB SUPPLY BOARD 

Part 
Number 

(Contd.) 

23465-411B 

23465-411B 
23465-411B 

28452-711P 
28452-771P 

. Issue 4 I 
I 
I 
I 
I 

26. When ordering, prefix circuit referenoe with AE1 

I 
I 
I 
I 
I 
I 
I 
I 
II 

Cl 
C2 
C3 
C4 
C5 

C6 
C7 
ca 
C9 
C10 

Cll 
C12 

Dl 
1>2 
D3 
D4 
D5 

D6 . 
D7 
~8 

ICl 
IC2 

PLa 
PLC 
PLD 
PLE 
PLa 

pLJ 
PLK 

Sep. 81 

COGlplete unit 

CAP !LEC 1500001 16V .10+30' 
CAP !LEC 22UF 25V 20" 
CAP !LEC22UF 25V 2~ 
CAP ELEC 220F 25V 20,. 
CAP ELEC 22UF 25V 20" 

CAP ELEC 4 7oo0F40.V -10+ 30S 
CAP !LEC 22000F 40V 20" 
CAPELEC 22UF 25V 20J+ 
CAP JUC 4.7OF 6]V 2~ 
CAP !LEe 2200F 63V 20S. 

CAP'lLEc 22UF 25V 20" 
CAP ELEC 4.7OF 63V 20" 

DIODE BRIDGE 2DB20R 200V 1. 9A 
l)~EIR~ME 2DB20R 200V 1. % 
DIODE IJlIDGE 2tBB20R 200V 1. 9A 
DIODE RECT 1N4004 400V 
DIODE BEer 1N4004 400V 

DIODE BECT 1N4004 400V 
DIODE HCT 1N4004 400V 
DIODE HCT 1N4004 400V 

leA VREG-LM337T PROGtA5 
ICA VREG+ LM317T PBOG lAS 

CON PART PCI POST SQUARE PIN 
CON PART. PCI POST SQUARE PIN 
CON PART PCB POST SQUARE PIN 
CON PART PCB POST SQUARE PIN 
CONP'ART PCB POST SQUAB! PIN 

CON PART PCB POST SQUARE PIN 
CON PART PCB POST SQUARE PIN 

6",cr·;" {:!,," •... +.~ ;~':;IW:;;~iri~dD;;i~ffefV)"'h#j~: ," 

44828-4460 

26422-32OS 
26415-8051 
26415-8051 
26415-8051 
26415-8051 

26.U-321W 
,26415-8311' 
a6lt's-805I 
~-1"' •. 
26.15-1201 

26. 1 s-t0.5t 
26415-80,,, 

"283~189D'" " 
28~1_ 
2835,.;18,., 
28351-02. 
28357-02. 

28357~028K 
28357:..0. 
28357-0281 

28Jl6t-721Z 
28461,..7261 

23435-188V 
23435-188V 
23435-188V 
23435-188V 
23435-188V . 

23435. 188V 
23435-188v 
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Circuit Part I 
Ref Description Number 

I 
Unit AI1 - POWER SUPPLY BOARD (Contd. ) 

I 
Rl RES HF 220R 1/ 4W 2S 24773-257W 
R2 RV CUM 50B LIB .5W lOS HORZ 25711-6348 I R3 RES HF 6801 1/~ 2S 24773-269lC 
R4 RES HF 220R 1/4W 2S 24773-257W 
R5 RV. ClSH 50R LIlf .5W lOS HORZ 25711-6348 

R6 RES MP 2!C7 1/ 4W 2S 24773-283L I 
R7 RES MF 220B 1/ 4W 2S 24773-257W 
R8 IV ClSH SORLIN .5W lOS 80RZ 25711 ... 6348 I R9 RES MP 2!C7 11 4W 2S 24773-283L 
R10 RES HP 220B 1/ 4W 2S 24773-257W 

Rl1 BV CESH 50B LIN .5W lOS 80RZ 2571'-6348 I R12 RES MF 4[3 1I4W 2S 24173-288S 

Unit AM:) ... BASIC ~ULI (IUJ990-380J) Issue 7 I 
27. When orderin&. prefix circuit reference with AKO I 

Dl DIODE BRIDGE BY260 200V 121 28359-190S I 
FSl FUSE T ILAG .50A 201_ 23411-056X 
FS2 rosE T/LAG .50A 20%_ 2341.1-0561 I FS3 FUSE T/UG 1. 01 2~ 2341,-o58C 
FI4 FUSE T /LAG 1.0& 201_ 234"-058C 

ICl lCA VUG+ t.M350lt PROG ]A Tel 28461-122C I lC2 lCA VUG+ LM317I PROG lAS T03 28461-1288 

·1 

I 
I 
I 
I 
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I Circuit Part 
Ret Description Number 

I Unit AHO - BASIC MOOt1J..E (Contd.) 

I PLA CON PWR MALE 3 FIn RF FILTER 23423-150L 
PLAU CONN ASSY PLAU.PLAW 43129-655T 

I 
PLAV CONN A.SSt PLAV-PLAI 43129.;..656P 
PLAY CONN ASSY PLAY·PLAZ 43129-657% 
PLBA CONN ASST PLBA-SICBB 43129-658M 

I 
SAP -sw TOG 2P2W LEVER MAINS 23462-249Z 
SAR SWSLIDE OPCO PANEL HTG 23467-161W 
SAS SW SLIDE OPCO PANEL HTG 23467-161W 

I SICB CONN ASSY SICB 43129-694C 
SlCC CONN ASSY SlCC 43129-695R 
sa CONN ASSY SO-SICM 43129-643H 

I 
SO con ASS! SO· ... SO 43t29-6JtSJ 
SKJ CONN ASSY SKJ 43129 .. 646r 

So: CONN ASSY so: 43129-6410 

I Sit. CONN ASS! sn 43129-651V 
SlCV CONN ASSY sgy-SKAE 43129-649S 
sa CONN ASSY SlOC 43129-6500 

I 
SlCY CONN ASSY SKY -SKAK 43129-691P 

sa CONN ASSY SKZ 43129-644L 
SUA COD ASSY SUA 4312~52S 

I SlAB CONN • ASSY SnB-SKAL 43129453'1 
snt CONN ASSY wr 43129-648V 
SUN CON IF INC P'EH. 50 KHI> 23443-4.68 

I SUP CONN ASS SUP.PLAR 43129-65'» 

T1 MAINS TRANSFORMER 43'9Q.07"Z 

'··1 R1 RES HF 220R 1/4W ~ 2''77l-'~'''' 
R2 RV CERM 5011 LIN .5W lOS 80RZ 25711-63411 ." 

I 
R3 RES HF 68011 1I4W 2S 2471,..26" . 
R4 RES HF 2208 1/4W 2S 2411~5'7V 
R5 IIV CERM 50R LIN .5W lOS 80RZ 25111';'63_ 

I Xl FUSE HOLDER .PUEL tl)tJNTEI) 23.,6-1921 
X2 COT!R ·FOR FUSIBOLDER 23416-19. 

I 
X3 com MAINS rILTER 31590-15OP 
X4 COVER (MAINS SW) 37'590-2980 

I 
I 
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Circuit Part I 
Ref Oescript:1on Number 

Unit ATO - 100B STEP ATTENUATOR ASSEMBLY Issue 3 I 
28. When ordering, prefix circuit reterencewith ATO I C01Ilplete unit 44990-353W 

C1 CAP CE" .001UF 500V 20S+ LIT 26373-714F I 
C2 CAP CER .001UF 500V 20S+ LIT 26373-714F 
C3 CAP CD .001UF 500V 20S+ LIT 26373-714F I 

RLA SOLENOID ASSY 4499Q-370Z 
RLB SOLENOID ASSY 4499Q-370Z I RLC SOLENOID ASSY 44990-370Z 
JUJ) SOLENOID ASSY 44990-370Z 
RLE SOLENOID ASSY 44990-370Z 

I SO CONM ASSY SO 43129-6891 
SO CONN . ASSY SICP 43129-690T 
snz CON RF SHe MALi 50 BlCHD SOLDER 23444-3B2T I SDA CON RF SMA n:H 50 PdEL SOLDER 23444-5038 

Unit AT1 - ATTENUATOR BOARD Issue 3 I 
29. When ordering, prefix cirouit reterence with AT1 

Ccmplete unit 44828-448H I 
C1 CAP CER .039UF 50V 20S CHIP 26386-4931' I C2 CAP CER .039UF 50V 20S CHIP 26386-4931' 

01 OIOD! HOT CARR HP5082-281l 28349-008U I 02 DIODS HOT CARR HPS082-2811 283119-0oau 

L1 COIL ASSY 44290-7SOIC 

I R1 RES CHIP 53R3 1S 24681.0238 
R2 RES CHIP 790B 1S 24681-.033C 
R3 RES CHIP 53R3 1 S 24681-0238 I R4 RES CHIP 53R3 1S 24681-023$ 
RS RES CHIP 790R 1S 24681-Q33C 

I 
I 
I 
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I Circuit Part 
Ref Description Number 

I Unit ATl - ATTENUATOR BOARD <Contd. ) 

I R6 RES CHIP 53R3 lJ 24681-0235 
R7 RES CHIP 53R3 lJ 24681.0235 
R8 RES CHIP 790R lJ 24681-033C 

I R9 RES CHIP 53R3 lJ 24681-0235 
Rl0 RES CHIP 61R1 lJ 24681-024W 

Rl1 RES CHIP 2418 lJ 24681-030P 

I R12 RES CHIP 61Rl lJ 24681.024W 
R13 RES CHIP 96R3 2J 24681-027P 
R14 RES CHIP 71R2 lJ 24681-025D 

I 
R15 RES CHIP 96R 3 2J 24681-027P 

R16 RES CHIP 470R 5J 24681-04611 
R17 RES CHIP 410R 5J 24681-046N 

I R18 RES CHIP 51R 5J 24681-045Y 
R19 RES CHIP 51R 5% 24681-045Y 
R20 RES CC 150R 1/aw 5% 24331-990D 

I RLl SW REED 1110 REED 23486-452P 

SA SW MICRO 1PaI PLtJNGR OPER 23483-14.-0 

I SB SW MICRO 1PaI PLUNGR OPER 23483-14~ 
SC SW MICRO lPai PLDliGR OPER 23483-14JKl 
SD SW MICRO 1P2W PLUNGR OPER 23483-14.-0 

I 
SE SW MICRO 1P2W PLONGB OPER 23"~1~ 

SF SW MICRO 1P2W PLUlGR OPER 23U3-1_ 
sa SW MICRO lP2W ·PLUNGR OPER 23483-1_ 

I SJ SW MICRO 1P2W PLOUGR OPIB 23483-14.-0 
SIC SW MICRO 1P2W PLUlIGR OPER 23483-14~ 

. SL SW MICRO 1P2W PLDlIGR OPER 23483-14JtC 

I X2 RELAY TUBE 35902-731V 

I 
I 
I 
I, 
I 
I Chap. 6 

5ep. 81 "p 61 



Circuit 
Ret 

Un1t AT2 

Description 

- ATTENUATOR CONTROL 

Part 
Number 

bsue 3 

30. When ordering, pretix circuit reterence witb AT2 

Cl 
C2 
C3 
C4 
CS 

01 
D2 
D3 
D4 
DS 

D6 
D1 
DB 
D9 
Dl0 

Dl1 

Complete unit 

CAP ClR 41P' 63V SI PLAT! 
CAP TANT .41UF 3SV 201 BEAD 
CAP CER 1.8n 63V .5P' PLAT! 
CAP ClR 0.01UP' 100V 201 DISC 
CAP TANT 4.7UF 35V 201 BEAD 

DIODE SIL 1N4148 100V JUNC 
DIODE SIL lN4148 100V JUNC 
DIODE ZENER aZY88Cl0 10V 51 
DIODE ZENER aZY88C24 24V 
DIODE ZENER Szt88C24 24V 

DIODE ZENER 8Zl88C24 24V 
DIOR ZIHIR SZt$8C24 24V 
DIODE ZlBI SZI88C24 24V 
DIODB SIL ,.4148 100V JUNC 
DIODE LSD LLL37 2.4V YELLOW 

DIODE RlCT lN4004 400V 

ICl ICA AMP CA3130S OP MaS T099 
IC2 leA COHP LH311N DIL8 
IC3 ICD NOR 14LS02 QUAD 2INP 
IC4 lCD MONO 14LS122 RETR 

PLM CON PART PCB POST· SQUARE PIB 
PLV CON PART PCB POST SQUARt: PIB 
PLP CON PART PCB POST SQUARE PIN 
PLV ~. PART PCB POST SQUARE PIB 

R1 RES HF lOOK: 1/411 2S 
R2 RES HF47t 1I4W 2S 
R3 RES HF lOot 1I4W 2S 
84 RES HF 101 1I4W 2S 
RS RES HF 101 11411 2S 

R6 RES HF 2_ 1/4W 2S 
R1 . RES HF 11[3 1I4W 2S 

. R8 RES HF 31[9 1/4W 2S 
R9 RES HF 101 1/4W 2S 
R10 RES HF 1OJ: 1/4W 2S 

Rl1 RESHF 510R 1/4W 2S 
R12 RES HF 411[ 114W 2S 
R13 lIS HF 10K: 1I4W 2S 
RlIt B!S HF 2_ 1I4W 2S 
R1S RES HF 31[9 1/4W 2S 

Chap. 6 
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44828-44SE 

26343-473L 
26486-207L 
26343-4S6C 
26383-0S5L 
26486-219P 

28336-616J 
28336-616.1 
28371-8431 
28313-271J 
28313-211J 

28313-211J 
28373-211J 
28373-211J 
28336-616J 
28624-106T 

28351-G28K: 

28461-3231' 
28461-695U 

.2P66-214t 
28468-3100 

23435-188V 
23435-188V 
23435-188V 
23435-188V 

24713-321L 
24713-3138 
24713-321L 
2"113-297M 
2"113-297M 

24113-306S 
24113-216! 
24113-287V 
2"173-297M 
24773-297M 

24173-266C 
211173-3138 
24173-297M 
2"773-306a 
2"113-281V 

H52018-900S 
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II Cirouit Part 
Ref Description Number 

I Unit AT2 - ATTENUATOR CONTROL (Contd. ) 

I R16 RES HF 200R 1I4W 2% 24113-256S 
R11 RES HF 10K 1I4W 2J 24113-291M 

I TRl TRANS PIP SIL aC308 25V 28433-455R 
TR2 TRANS RPH SIL BFY51 60V 28455-821T 
TR3 TRANS PIP SIL 212905 40V 28434-8191 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Chap. 6 
Sep. 81 Pace 69 



H 52018-9005 I Vol. 2 

MECHANICAL COMPONENTS I 
31. Order without prefix. 

Fig. I 
Item Description Part no. I 

1 Bottom outer cover 35903-279B I 2 Front panel switch caps, marked:-
STOBE 37590-323X 
RECALL 37590-324M 

I MOD OSC 37590-371U 

MOD ALe 37590-372Y 
INCREMENT 37590-373N 

I CARRIER FREQ 37590-374L 
1M 37590-375J 
AM 37590-376F 

RF LEVEL 37590-377G I 7 37590-334H 
4 37590-331K 
I 37590-328K I 0 37590-325C 

8 37590-33SE 
5 37590-332A 

I 2 37590-329A 
37590-326R 

9 37590-336U 

6 37590-333Z I 3 37590-330B 
37590-327B 

MHz/V 37590-390X I kHz/mV 37590-391M 

Hz/J,lV 37S90-392C 
%/dB 37S90-393R I INT/EXT 37590-394B 
TOTAL 37590-395K 
UP 37590-396A 

I ON/OFF 37590-397Z 
RETURN 37590-39811 
DOWN 37590-399E 

I SECOND FUNC! 37590-400B 

3 Front panel as.y. 3S903-115A 
4 Carrier frequency beul 37590-40SN 

I Modulation and r.f. level bezel 37590-409L 
5 Front trim panel 34900-477G 
6 Front trim infi11 35902-371Z 

7 Left-hand side trim infill 35902-384V I 8 Left-hand side frame assy. 35903-3 14M 
9 Top outer cover 35903-278R 

10 Back foot 37590-514L I Stud 37590-223C 

I 
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MECHANICAL COMPONENTS I 
31. Order without prefix. 

Fig. I 
Item Description Part no. I 

1 Bottom outer cover 35903-279B I 2 Front panel switch caps, marked:-
STOBE 37590-323X 
RECALL 37590-324M 

I MOD OSC 37590-371U 

MOD ALe 37590-372Y 
INCREMENT 37590-373N 

I CARRIER FREQ 37590-374L 
1M 37590-375J 
AM 37590-376F 

RF LEVEL 37590-377G I 7 37590-334H 
4 37590-331K 
I 37590-328K I 0 37590-325C 

8 37590-33SE 
5 37590-332A 

I 2 37590-329A 
37590-326R 

9 37590-336U 

6 37590-333Z I 3 37590-330B 
37590-327B 

MHz/V 37590-390X I kHz/mV 37590-391M 

Hz/J,lV 37S90-392C 
%/dB 37S90-393R I INT/EXT 37590-394B 
TOTAL 37590-395K 
UP 37590-396A 

I ON/OFF 37590-397Z 
RETURN 37590-39811 
DOWN 37590-399E 

I SECOND FUNC! 37590-400B 

3 Front panel as.y. 3S903-115A 
4 Carrier frequency beul 37590-40SN 

I Modulation and r.f. level bezel 37590-409L 
5 Front trim panel 34900-477G 
6 Front trim infi11 35902-371Z 

7 Left-hand side trim infill 35902-384V I 8 Left-hand side frame assy. 35903-3 14M 
9 Top outer cover 35903-278R 

10 Back foot 37590-514L I Stud 37590-223C 

I 
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Fig. I 
Item 

II 
12 
13 
14. 

15 
16 
17 
18 
]9 

20 
2] 
22 
23 

24 
25 
26 
27 

Sep. 8] 

Selector plate 
Bear trim 
Bear panel assy. 
End cap 
End cap 

Liner 
Cov~r moulding 
Steel liner 

Description 

Right-hand side trim infill 
Side rail assy. 

Right-hand side frame assy. 
PVC extrusion 
Bush 
Rear lower foot 
Stud 

Side trim infill (handle) 
Screw 
Screw cup washer 
Front foot 
Tilt stand 

Part no 

35902-441Z 
34900-470E 
35903-229F 
37590-255C 
37590-256R 

22315-584T 
37590-257B 
22315-587M 
35902-386W 
34900-723V 

35903-315C 
22315-59OM 
35900-785V 
37590-224R 
37590-223C 

35902-368Z 
21 857-465C 
2]] 71-550W 
37590-253X 
37590-254M 
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Chapter 7 

SERVICING DIAGRAMS 

CONTENTS 

Para. 
I Circuit notes. 
1 Component values 

. 3 Symbols 

Fig. 

1 

2a 
2 
3 
4 
5 
6a 
6 
7a 
7 
8a 
8 
9a 
9 

Unit 

2018/2019 

AEI 
AMO 
AHa 
AMO 
AA/BO 
AAI 
AAI 
AA2 
AA2 
AA3 
AA3 
ADS 
ADI 
AD2 
AB2 
AD3 
AB3 
AB4 
AD4 
AB5 
AB5 • 

Title 

Frequency synthesis and signal processing, 
simplified block diagram 

Component layout ••• 
Power supplies (inc lucies board Ai 1 ) 
Basic module interconnections 
Control and power supply lines 
RF box 1 interconnections •• 
Component layout ••• 
LSD loop ••• 
Component layout ••. 
Microprocessor system 
Component layout ..• 
Frequency standard 
Component layout .•. 
Output v.r.d. 
Component layout ••. 

. .' '. 

Divide by 2 chain and f.m. drive 
Component layout .•• 
RF O:lcillators board 
Component layout ••. 
Output phase detector 
.CGarpoae.nt layout ••• 

· .. ' · . ., 

· .. 

· ' .. 

· . " · ~ . · .. 

Voltage controlled crystal oscillator loop 
RF box 2 interconnections •. 
Component layout ••• 
BFO system 

H 52018-9005 
Vol. 2 

Page 

3 
4 

5/6 
7/8 
9/10 
1 J 
12 
13 
14 
15 
16 
17 
18 .... 19 
20 ... 21 
22 
23 
24 
25 
26 

27/28 
29 
30 ... 31/32 

lOa 
10 
Ila 
11 
12a 
12 
1.3a 
13 
14 
15a 
15 
16 
17a 
17 
18a 
t8 
19a 
19 
20a 
20 
21 
22a 
22 
23a 
23 

ACO 
AC2 
AC2 
AC3 
AC4 . 

Filter board (for component layout see Fig. 19'a) 
Component layout .•• 

33 
34 

Sep. 81 

AC4 
AC5 
AC5 
ACt3 
ACt3 
ADI 
ADI 
ADI 
AD2 
AD2 
AD3 
AD3 

Output amplifier •.. ~ 
Component layout ••• 
Amplitude modulator 
Coaponent layout. (AC3 & ACt3) 
Filter and frequency doubler (2019 only) 
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Fig. Title Page 

24a AD4 Component layout 48 
24 AD4 Keyboard 49/50 

AEI Power supply board (part of AMO, Fig. 2) 

25 ATO 10 dB step attenuator 51 
26a AI2 Component layout 52 
26 AT2 Attenuatol: control •. 53 
27a AGO Component layout 54 
27 AGO GPIB adapter module , 55/56 

CIRCUIT NOTES 

1 • Component values 

Resistors 

Capacitors 

Inductors 

t SIC 

Code letter R • ohms, k • kilohms (103
),M • megohms (10

6
). 

Code letter m • millifarads (10-3),~ • microfarads (10-6), 
-9 -12 n • nanofarads (10 ),p. picofarads (10 ), 

Code lettel: H • henrys, m • millihenrys (10-3), 
~ • microhentys (10-6), n • nanohenrys (10-9). 

value selected during test, nominal value shown. 

2. Components are marked normally with ewo, three or four figures according 
to the accuracy limit ±10%, ±1% or to'.I%. The code lettel: used indicates 
the multiplier and replaces the decimal point. Because a mal:king 4m7 could 
be interpreted as milliohma, millifarads or millihenrys all values al:e placed 
near to its related symbol. 

3. Symbols 

Symbols are based on the provisions of BS 3939 with the following 
additions : 

Chap. 7 
Page 2 

Xl ---- --- ... -- --

P 

"se connec tor 

ferrite bead 

warning. see pale (iv), notes and cautions 

Beryllia : health has&rd, s.e page (iv), notes 
and cautions 

unit identification number 

printed component 
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It )2018-9005 
'101. 2 

OiSi,~L ~onc~o l $yst~m 

CiNUi~ at:ag:ram : C'i:a:p~ '!~ F·i&y I 3 

9. The incernal 4.j,~ ;l b1,1s <lonsi.s~s ,,£ a tc tal of 11 contTol linea. The 
:iratei:g~t lin';3 DO co D7. ;) t:e Qa.~<1 line $. The data ::;us is bi-direction a.l 
e. g. daca. lDAy be in~lUt into the Illicrop1:oeessor · .. ia :hc hont panel keyboar<i 
CT oencrol dsca c..!!Il be se:lt co c!l", d"ea l.ttd1.(1$ from che oriCTOS>"oc..a s·or . 

10. The n.xe f Our lines ~o to A3, are address l inea. These are used co 
conc~oL ~he .J.ddrass of th. l atoh to ~hich the data i3 to be senc or fro~ ~hic.h 
dat a is boll.'! 113 r. <1d • 

1 1 • The fo L owillg f em lines A4 to A 7 ,,~ iL.-it;l '7:1 lid Enas. .\j} to A3 lin" • 
.11'. fed to addrees decoders and "ith it olle ·of t !le data "did lines 1\4, A~. 
A6 01: A7 i s connBc~ed co each sddre88 decoder. 01\ly ·"be" this .i.~,e 1,$ act i -
vaced I 0' 10\1 i. s che d<l<code" snab 10 d, and its decoded 01,1 tpll c then ac ci v a ce s 
ene required daca 1 at ch . 

L 2. The ~t oon ct'~l l ine AS is L',., GPlB interrupt line. 
for the mic.:roprocessoe to s4rvice the GP I B modul e. 

13. !\.us intel'c'mneecion~ are $110"11 ~Il Chap. 1, Fig. 5 S .. rvicing diagr .... s. 
The microprocBssor AA2 serveg as the ·motne1:bo.l1:d in the cop r.f. box. Some 
o f the data is l atd, .. d on AU 1<\ order Co min:i.mi6C tile =ber of intel'conn .. e
ti ons , TIle sd&1:e$$e:s of the other ls eche s are al.~a deeoded on Ml c,o ;;;lin imiJ:" 
int.:reOlUleet:!.¢tls. Thl!; "ntire 11 line data bus i$ COO\'Lecced ~o AD2 ,",oth"l'board 
via an r.f. filter box. Th~ filt.r box enaures that r.i .... ig~aLs ~re no~ con-
ducted down the d41 C4I bus. ?rem th... mo the rb oa:cd c!le d;l C41 bus is dis tribu te d 
eo the boards out~ide ~he ~op i.f. box. A furTher connectio~ i5 made to t he 
lQV~r r.f. box containi ng AC2. AC3. Ac4 and ~C5 via a second f i lter box. 

Frequency S urich. a i. ter and ~i ~.nal oro<;e$ 5 i OS , 

14. The frequency $ynth8aizer !?rovides a Hab 11' fn.q\Oi!ncy SOllrell ac the outpuc 
of AllJ· 1U' o$ci atot's "oard covering the frequency r",ns. 250 HIlz; to 520 MH2. 
t h;l.c is phsse locl< .. d ~o the inCemil.l fnquBney standard, bou~ AI~ .. ith a 
res" 1 ution of L 0 H2. A.s an .;.i d to d .. ..:i viog the frequeo.ey at ""Y !loin t. in the 
ayntbasizllr the output f1:equeney fr~ ASJ i~ consi~red co be of the !ol:m 

fo - ., l( toOOOO .. n x 10 
·Jhe ra m is be tween 26(JO and 5100 

n is b .. twelln 0(100 and 9'199 

If an Output ~quency of 512 . 34567 *Iz 

fo = 2 {m-1} (10
1 

200 

is ~elected chen m • 5123 and [) = 

.. (I 04 + n) 1 [)3 ) 
;lnd the 00 cpu c 

III"' I 

Intetlkdiate frequEnciee at sign~ficanc ;><>ints within the syn thesizer are 
gi ve!'l as f 1, f2. fJ and ~4 an d ue shawn on the s illl!llified b lock diagram 
CJ1ap. 7. 'fig. I. Each froqueney can ba determined by "Pl' tying one e>f the 
foll~ing fOIlllUla.: : 

4567 . 

ell;;!'. 4 
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(AA3) - Frequency standard 

Cirr::ui t diagram: C"h.ap . 'l , Pig . 8 
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Fif!. 4 IntePnaZ./ezternaZ frequency standard (AA3) 

43. The purpose of board AA3 is to select the required frequency standard 
and to distribute che necessary reference frequencies derived from the stan
dard throughout the instrument. Control data is brought on two lines from 
a latch on the microprocessor AA2, via feedthrough capacitors and PLBP pins 5 
and 10. If the rnT / EXT STD line is high, the voltage supply to the tempera
ture controlled crystal osci llator is turned on and its 10 MHz output fre 
quency appears on PUR pin 7 . 

410 . The potentiometer AAO,RI provides the lO8ans of trimming t he crystal 
oscillator frequency. The oven supply is permanently on and is drawn from 
PLBR, pin 5. The l ogi c gates are enabled so that the 10 MHz signal appears 
on l e i pin 3. The output of l ei is fed t o the vexo loop, ADS, via TRJ, and 
also to the rear panel via PLBR. pin 4. The output to the vcxa loop is 
nominally a sine wave, the square wave drive being filte r ed by the tuned 
circuit LI and e9 . The 10 MHz standard is also divided dawn to 1 kHz by 
flOO dividers Ie3, Ie4 and then r outed to the LSD loop via PLBP pin 13 . 

45. If the mT/ffi line is low the internal crystal oscillator is switched 
of f and P1BR, pin 4 is used to input the external frequency standard from the 
rear panel socket. 
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68. ':'h e bqol'("~ MZ c :Jn~aiD.s :::.-.£1 a:i:.ro:!~n"o '':'E:3aar .:.c.n.e..:r (Jl~ ~r It'::! ;.I,:] Lnc;~r.::.onna cticn 
s:~'!g .:!:!:~ h l 'C ;li:;~ri·:-':J :: i :1 .g c;):1~r':J1 dac,:. I .. &:. ... 1: e..h.~ ": L: C'.tF ~L~ :< T·::; P G ::rr:. ::: .. i.:i beard '.3'r::: 

p: uggf!U ~t\C:o IC sock..::t.s i:1 0rd.e r to aid fault f il'1d ~f~g. j';\~ .. 1vv-: ttlese sv cki:=t.; 
fau:t finding C(Jr-.. ~c di.~ei'::'·Jlt be cause o f the ~C'.=!p:'~x l~tlJ"te :)( l.h~ r:l' (' .. rtAtio::-.~ 
und2:-=ca.~en an t!li~ e oard .. :.. ~ e..h~ c't"::r::c c.ess;q~e liE" is ":'i:.pL~yed ae.. g~",ji ;: ~~ ~ ~-

on th:::'s indi c 3.:tc'; :3.. R.jJ1 f.sule.. ~:~ t-~t " l: r le3 or 1'::7. I: t:-;E e~r0r messag~ 11p ll 

1$ 2{..$t' layec a-:: .5l.lit.;:.h-cn thia i.ndic:at:!:::1 a !:;:tul ~ i;, ~~N: PRCH -5et Ie] ), ~4 ~ i s ur 
L6. 1'hi$ sec !),; IC' s i, c;cr:nillly ""'placed ." a ~eL. ;:-a,-, Lt >, U; sac:< 8~s , 

:'r eaks ·or ahorc$ \ n o1:il.d.s !:iil)' a i s" ~ '=9d to e~rcr me3 S.:l Ii:~ $ b. ~(\S ~bp lay"d. :' f 
t~ey resule i~ ch.1:! ~"'?RCi'"!: b l]in~ in:::orre<:cly re..s.d. If e r't'~ e =e!l;S.;l..iS~ .. tT, '" i.. :i 

d isplayed cne. c.alib r ati·:)fJ. Lla: a io n ~~Q ~AROM .5 tore tl.s.a changec anc doe.s :'lO t 
~St'e.~ "'i~h ttl .. c~.eck a=, :his '.ouid ifl<!i c" ~ ,, ;, £au l ty ~;;M or : :' a.c ene 
-30 11 $U?9 ly Hi bai:Jg inccrrecc ly =.lI,1i :c.l .... eci dut'i :".g $':Il"i tc;.h-on :"l r Jt.: ~ 

,69 . Fail ure. co J i$pby .n'l eCt:<') c "",>sage does O.ct =li::lLoace. RAl'l 0,. P?(:« f;'ul~$ 

~: ~ JI " ) · if th.e. miQTc~·r:)c.eg8ar is ...:. 1:\.a;' 11! r.o 'tUn t.he. SYS!2I:1. E ~o I) t.vicus: r:! ul t: C~n 
,:' .. . _C6 fC'u:l,d... ... ~e ~ g. Ie r:3 running ?:!ot ;. ~i rs t cb.ack that ::::::~cre is 9. ;.:.l oc.k sig.M l :It''. 

Ie l ~in 7. , If the.t:2 is nae ~he.d_ f t:'t: l G,ldins .~:2"C= ',y =emo';i~s :he ",i ,,;-
~ • .unp Ero:u TIi ~8 5I:nd t hen cry t'"e.~ I .:lC~ ;;' ~ le i an-d :LI. I f ~0 t::l!le.. can b e I:ll.Jt' .. d 
~~ ru:piacing i! 9;~h _c i~ cu. !:'l1 u~ t i ~ the causa :::sn ~c :ouno::. 

70 , Faults """,fined to the. !:J..RDM . :qre s«ould. i:>e i.:Iveati.§ace.d bO" fin~ cI,e.ok· 
i ng that c he -SO 'I supp ly to the ~C.I(? 1CB • . c.; o .. ",ra{:"d d'-'ring a s:ore. c~· e.r;l-
t i an . '\:$0 ehe~.;~ t;hSiC at i3l.d Cc:h-.)fl and svi ~~h-oft ttle - 30 V l:ne :' s r .. ce.. 
turned an. . f ~hese ~"Gta ilTe sati.fac~,~y ;e.71;,,,," lCS and re-cali:;'!" ,~e th e 
instTUlD.en !!: .. T ~~.It: t"l:!placem.E!nt :::"'~.RCM rNill h.:1ve. r:.o bu i n :' t:'a:;..i zed ;3S c.e. s~rib!:d 
in c~e c~lib ~aci¢rt ~ ection. 

71. Tese data AAZ . 

lC7. pin .~5 Normally lar,; . ~het\ :!Qt;J'pl aci:1g 9 s.core Clpera.t:'~n 
l e sho~ld go inte!."~i :t~Q.~ly h. i~h (and ';0!J],et:':::tea 
t~i-s~aC~ 1 ~n orce= cu ~ur~ on 'h~ - 20 v sup ~:: 
to res, 

re9, pi ll :2 ti"o=ally at -15 V. '.1,,,,\ ,,-O!O\' l.t in'l' " scur:. 
Dp <lT .. tion i~ s~.o:.:ld o8c!1l.:l ~e b.:t:-..-een ~ l 5 V 
and ~",o·Joc. 

l eg. pi n 2 t(oTlJlSll:r 3t: 0 'I , On "-Oolp ~" tin~ .. ' .D=e. o.,er a c ~ ot'. 
i;: ~ho .... ld ()~ c. t 1 L a.~ 8 be C'PHC en t) sf'..i _ I ;' ~\i I 

fR5 <:o lleGtot: liormaUy at 0 '.'. ''-hen '~'Jm;>le ~: ,,~ " S t<;>n cper3.tiun 

TR4 em t te r 

rca. lar. 

C-• .:l9. 5 
~a.ge 24 

i t .hDulLl cs~i.lla te C>e tT.· .. '''' +5 ""d - 1 ~ 'J. 

NIH.'call )" ~lt -I S V. lNhe.n c.ccple.ti [lg a ~~~H: ';'~ J?era.-
tieD ( t f~t l $ Co - 30 v, 

UC'["IIla_ly at:: . ~ i,i l Or'. c.ompl eci.'l ,g e .3 co!!'¢. o{,!ecr}.t;;icn 
i r: :9113 co -],CI ·\i inta:r:::rittantly. 
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Fig. I 
It~ Description Part no 

II Selector plate 35902-441Z 
12 Rear t.rim 34900-470E 
13 Rear panel assy. 3590J-229F 
14 End cap 37590-255C 

End cap 37590-256R 

15 Liner 22315-584T ~ 16 Cover moulding 37590-257B 
17 Steel liner 22315-587M 
I S Right-hand side trim infill 35902-386W 
19 Side rail assy. 34900-723V 

20 Right-hand side frame assy. 35903-315C 
21 PVC extrusion 2231S-S9OM 
22 Bush 35900-785V 
23 Rear lower foot 37S90-224R 

Stud 37590-223C • 
24 Side trim infill (handle) 35902-368z , 
25 Screw 2J857-465C 
26 Screw cup washer 21171-550W 
27 Front foot 37590-253X • 

Tilt stand 37590-254M 

, 

, 

, 

Fig . 1 Mit 
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