TOROLA INC.

Communications
Sector

RF TRAY
MODEL TUE1761A
MODEL TUE1762A
MODEL TUE1901A

1. GENERAL

The rf tray is a compartmentalized casting that houses
and provides shielding for various radio assemblies as
shown in Figures 1 and 2.

The rf tray also provides mounting for the receiver pre-
selector filter as shown in Figure 2. A detailed descrip-
tion of the rf tray interconnect board as well as
uniboard parts information is included in this section.
All other assemblies are described in their respective sec-
tions of this manual.

2. INTERCONNECTIONS
2.1 INTERCABLING

The rf tray cabling shown in Figure 3, routes various
signals and conirol functions throughout the station.
Refer to the simplified functional block diagram in the
Description section of this manual for specific connec-
tion details.

2.2 INTERCONNECT BOARD

The interconnect board, mounted beneath the rf tray
casting (see Figure 3), provides connections between cir-

cuit boards and assemblies located in the rf tray. Feed-
through plates mounted in the rf tray as shown in Figure
4, provide isolation between the interconnect board, cir-
cuit boards, and assemblies contained in the rf tray cast-
ing. Additional shielding and isolation are provided by
covers over critical circuit areas and compartments, by
metal braid between compartments, and by the rf tray
cover. A connection chart and interconnect circuit
board detail are included at the end of this section.

3. UNIBOARID

The uniboard contains portions of the station receiver
and transmitter circuits. These portions include:

e Receive Synthesizer Circuitry

& Receiver [-FF Amplifier and Detector
e Transmit Synthesizer Circuitry

s Power Control Circuitry

e Synthesizer Reference Oscillator

Refer to Figure 7 for circuit Iocation and interconnect
details. All of these circuits are described in detail in
related sections of the manual. Complete parts list in-
formation is included in this section.

technical writing services

1/20/88-UP

1301 E. Algonguin Road, Schaumburg, 1L 60196

68PE1663K68-B




. INTERMEDIATE
RECEIVE VCO POWER AMPLIFIER TRANSMIT VCO
FRONT END BOARD
\ (PREAMPLIFIER-MIXER) !

r

INJECTION IMAGE UHE UNIBOARD
AMPLIFIER FILTER EAEPS-35730-A
ADJUSTMENTS (1:605)
INJECTION
FILTER
ADJUSTMENTS

Figure 1. RF Tray Assembly Location Detail (Top View)

\

i b
IMAGE & INJECTION RE TRAY FRONT END BOARD INTERCONNECT BOARD PRESELECTOR
FILTERS CASTING (PREAMPLIFIER-—-MIXER}

FAEPS.-38734-0
(PEO3Y
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Figure 4. RF Tray Assembly Feedthru Detail (Uniboard Removed)
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Figure 5. Uniboard Shield Detail
{Solder Side

OTOROLA
JART NO. DESCRIPTION
3498F05 HOUSING, sheli
1301K03 HOUSING, 5-contact
1302K01 PLUG, key
3499F01 TERMINAL, contact; 5 used
1204N01 CABLE, 4-conductor; 6.63" ig
1717MO1 CONTACT, female; 4 used
1751D89 IPA RF Input
includes:
1365D02 CONNECTOR, male; coaxial
1859004 CABLE, coaxial; 6” Ig
011NO1 CLIP, coaxial connector
751D85 XMTR VCO RF Output
includes:
011E05 10.7MHZ
JM1EOS 10.7MHZ
011E05 10.7MHZ
non-referenced items
365R01 LABEL, bar code
300801 HANDLE
350N0O1 SHIELD, circuit board {top); 2 used
121NO1 SHIELD, transmitter
{20N02 SHIELD, circuit board {top); 2 used
122N03 SHIELD, circuit board (top); 3 used
349N01 SHIELD, circuit board (top); 2 used
122N0o4 SHIELD, circuit board {top)
121N03 SHIELD, transmitter
122N01 SHIELD, circuit board (top); 5 used
398N02 SHIELD, I-F
100802 HANDLE; 7 used
23N01 SHIELD, circuit board {bottom)
26N02 SHIELD, circuit board {bottom)
25N01 SHIELD, circuit board (bottom)
100B05 HANDLE
27N01 SHIELD, circuit board (bottom)
{97NO1 SHIELD, transmitter (solder side)
99N02 SHIELD, transmitter
24N01 SHIELD, circuit board {bottom)
21N02 SHIELD, transmitter
49854 WASHER, spacer (used with U201)
02K01 {INSULATOR, crystal; 6 used
14A01 TERMINAL, coaxial; 4 used
nance, diodes, transistors, and integrated circuits must
rt numbers.

| 365D02 CONNECTOR,male; coaxial
859004 CABLE, coaxial; 6” Ig
crystal:i(see note}
396k08 10.796MHZ
011E05 10.7MHZ
011E05 10.7MHZ
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424.3-4649.3 MHZ

UNIBOARD
CIRCUIT LOCATION AND
INTERCONNECT DETAIL
MODEL TRN9880A

- — 435-475 MHZ
RevRESHA ! @ P10t P263 F’32“Ar Mb_f’j P45 P323
(STEERING) I INJ AMP ) Rove  XMTRVCO T O IPA T ] XMTR
Y (RF &DC) { veo (Rey (STEERING) | 4 LY (re) VCO (RF)
W10t - INPUT [} ouTpuT w104 (] INPUT L o[t ouTPuT
(G
a
O
§§ ;;é wqoz‘I l:wsoa égggg wtOSvll;w106
i p P2624A I BN P322A | Paoza
i i 7 | P454 A [ 7 I [ 7
L1 + N o : PR P
RCVR SYNTH IPA (1/0) R409 [ XMTR SYNTH UNIBOARD
| I PWR CTL
! | cut Back
Q e L_av
e | 1 — = =~
| = =
P201 A i J \\
[ ; | N
FRONT END | | N
o ! |
| RECEIVER SYNTHESIZER : TRANSMITTER SYNTHESIZER | POWER
: CIRCUITS | CIRCUITS l CONTROL
! | o : CIRCUITS
MOD
S i
|
?,_ R P U j b e e ]
IF AMPLIFIER 8 DETECTOR CIRCUITS it | paar [y XMTR
44 EXTERNAL
4210 | iz | REFERENCE | Ja13 } INPUTS
210, | Ionan [OSCILLATOR | T3 R
070001 JELEM.. CIRCUITS R426, Qeoo =
0000 ! = _.-—J! : gnoé
L] ] o1 LT
2
METERING SHOWN FROM SOLDER SIDE FREQ £DJ MERING ’
BEPS~35(13 -4
Figure 7.

Uniboard Circuit Location and Interconnect Detail

REFER TO APPROPRIATE MANUAL SECTION
FOR SCHEMATIC DIAGRAMS AND CIRCUIT
BOARD DETAILS

1-20-88 68P81063E68 7




parts list

TRN9880A Uniboard PL-10850-O
REFERENCE MOTOROLA REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
capaciior, fixed: uF x5%; 100V (G355 thru 358 2111014H32 20pF
uniess otherwise stated C359 0811044427 0.1; 50/63V
G20t 2384538G06 47 +20%; 20V G360 2311019A20 10 x£20%; 25V
G202 2111014H50 110pF G361 2311054L14 4.7 = 10%; 50V
G203 2111014H27 12pF (362,363 2311019A40 47 £20%:; 25V
C204 2182450862 0.2pF; 500V G364 2311019A20 10 *20%; 25V
C205 2111014H20 6.2pF + .5pF (365,366 2311054H08 10 +£10%; 25V
C207,208 0811044A24 .01; 63V G367 0811044A24 .01; 83V
G209 2111014H25 10pF =+ .5pF G368 2311019A20 10 +20%; 25V
G210 0811044A24 .01; 63V G369 2311019A46 100 +20%; 25V
G211 2111014H27 12pF G370,371 2111014H32 20pF
G212 2182450844 0.82; 500V G372 0811044A24 .01; 63V
G215 2182450807 0.39pF; 500V G376 0811044A30 0.33; 50/63V
C216 2111014H13 3.3pF = .25pF C381,382 0811044A24 .01; 63V
C217 2111014H32 20pF C384 2111014H25 10pF + .5pF
C218 2111014H30 16pF C402,403 2111014H38 36pF
C219 2111014H28 13pF C405 0811044A24 .01; 63V
C220 0811044A24 .01; 63V C406 2311054K06 1.0 £20%; 50V
G221 0B11044A27 0.1; 50/63V C408 0811051A03 .0022; 63V
C222,223,224 0811044424 .01; 63V C409 2311054L04 0.68 x10%; 50V
C225 2111014H33 22pF C410 2111014H38 36pF
C226 2111014H29 15pF Ca1t 0811044A12 .047; 63V
c227 2182450861 1pF: 500V
C230 2182450829 0.51; 500v diode:(see note}
C231 2111014H38 36pF CR261 4883329G02 silicon
C232 2111014H42 51pF CR262 4882139G01 germanium
C233,234,235 0811044A24 .01; 63V CR321 4883329G02 siticon
C236 0811044A27 0.1; 50/63V CR401 4883654H01 sliicon
c237 2111014H22 7.5pF = .5pF CR403 4811034A01 silicon
C239 2111014H20 6.2pF = .5pF CR404 4883654H01 silicon
C240 thru 244 0811044A24 .01; B3V CR405 4811034A01 silicon
C245,246 2111015B05 220pF =10% CR406,407 4883654H01 silicon
C247,248 0811044A24 .01; 63V CR408 4811034A01 silicon
C249 2311054H08 10 £10%; 25V CR409 4883654H01 silicon
C250,251,252 0811044A24 .01; 63V
‘ G253 2111014H05 1.5pF =+ .25pF connacior:
; C261 2111014H32 20pF J210 0983112N02 female, 8-contact
‘ C262 2111014H08 2pF =+ .25pF J413 0983112N02 female, 8-contact
C263,264,265 2111014H32 20pF
C266 0811044427 0.1; 50/63V ceil:
C267 2111014H32 20pF L201 7683960801 ferrite bead
‘ C268 0811044A27 0.1; 50/63V L202 2411047831 1.8UH
| 269,270 2111014H32 20pF L203 2411047C53 15UH
cari 2111015805 220pF +10% L204 2482549024 15UH
C272 0811051A03 .0022; 63V L205,206,207 2411047C53 15UH
C273,274 2111015805 220pF £10% L208 2482723H35 23UH (red)
C275, 276 0811044A27 0.1; 50/63V 1209,210 2411047C53 15UH
c277 2111015B05 220pF =10% L2t 2482723H35 23UH (red)
Cc278 0811044A24 .01; 63V L212 2411047858 24UH
C279 2311019A40 47 x20%; 25V L213 2482549D24 15UH
C280 2111014H49 100pF L261 2411030A06 86.6NH (violet)
C281,282 2111014H32 20pF L262 2411030A02 21.3NH (orange)
C283 0811051A06 .0068; 63V L263 2482723H28 0.29 UH (yellow)
C284 2311019A40 47 x£20%; 25V L264 2411030C05 choke {green)
C285 0811051A01 .001; 63V L265 thru
C286 0811051A05 .0047; 63V 268,275 2482723H33 14UH (orange)
288 0811051A01 .001; 63V L276 2411030A06 86.6NH (violet)
Cc289 0811044A24 .01; 63V L278 2482835G32 0.8UH (blulyellow/silver)
C290 2111014H32 20pF 321 2411030A06 86.6NH {violet}
G291 0811044A24 .01; 63V L322 2411030A02 21.3NH (orange)
C292 2311013F03 0.15 = 10%; 35V L323 2482723H28 0.29 UH (yellow)
C293 0811044A32 0.68; 50/63V L324 2411030C05 choke (green)
C294 0811044A12 .047; 63V 325,326,327 2482723H33 14UH (orange)
C295 0811044424 .01; 63V 1328 2482723H28 0.29 UH (yeliow)
C296,298 2111014H32 20pF L329 2411030A02 21.3NH (orange)
C305 0811044A27 0.1; 50/63V L330,331,381,382,38382723H33 14UH (orange)
C306 2311019A20 10 £20%; 25V
C307 2311054114 4.7 +10%; 50V connector:
C308 2311019A49 150 +£20%; 16V P201A 0983109N02 femaie, 4-contact
C308 2111014H32 20pF P262A 0983110N01 female, 14-contact
G310 0811044A24 .01; 63V P264A 2883441F05 maie, 5-contact
C311,313,321 2111014H32 20pF P322A 0983110NO1 female, 14-contact
G322 2111014H08 2pF + .25pF P324A 2883441F05 male, 5-contact
(©323,324,325 2111014H32 20pF P402A 0983110NO1 female, 14-contact
C326 0B11044A27 0.1; 50/63V P454A 0983109N02 female, 4-contact
c327 2111014H32 20pF
C328 0811044427 0.1; 50/63V transistori(see note)
329,330 2111014H32 20pF Q201 4800869687 MOSFET
C331 2111015805 220pF x=10% Q202 4800869643 PNP
C332 0811051403 .0022; 63V Q261 4800869839 JFET
(C333,334 2111015805 220pF x£10% Q262,263 4800869643 PNP
C335,336 0811044A27 0.1; 50/63V Q264 4800869642 NPN
C337 2111015B05 220pF x10% Q265 4800869681 PNP
C338 0811044A24 .01; 63V Q321 4800869839 JFET
C338 2311019440 47 x20%; 25V Q322,323 4800869643 PNP
G340 2111014H49 100pF Q324 4800869642 NPN
C341 2111014H32 20pF Q325 4800869681 PNP
C343 0811051A06 .0068; 63V Q326 4884411L83 NPN
C344 2311019A40 47 +20%:; 25V Q327 4800869725 JFET
C345 0811051A01 .001; 63V Q401 4800869643 PNP
C346 0811051A05 .0047; 63V Q402 4800869642 NPN
C348 2183162H07 .002 = 10%; 50V Q403 4800869640 NPN
C349 0811044424 .0t; 63V Q404,405 4800869642 NPN
C350 2111014H32 20pF
C351 0811044A24 .01; 63V resistor, fixed: *5%; l/4W
C352 2311054L02 0.47 +£10%; 50V unless otherwise stated
C353 0883862M02 2 £10% R201 0611009A63 3900

C354 0811044A26 .022; 63v R202,203 0611009A73 10K




REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTICN

R204 0611009A 17 47
R205 0611009A41 470
R206 0611009A91 56K
R207 0611009A41 470
R208 0611009A87 39K
R209 0611009A41 470
R210 0611009A29 150
R211 0611009A91 56K
R212 0611009A41 470
R213 0611009A87 39K
R214 0611009A45 680
R215 0611009E49 1000
R216 0611009E65 4700
R218 0611009804 180K
R219 0611009A99 120K
R220 0611009A49 1000
R221 0611009E79 18K
R222 0611009A47 820
R223 0611009A99 120K
R224 0611009A25 100
R225 0611009E89 47K
R226 0611009A33 220
R250 0611009A17 47
R251 0611009A33 220
R261 0611009A25 100
R262 0611009A17 47
R263 0611009A25 100
R264 0611009A19 56
R265 0611009A73 10K
R266 0611009A49 1000
R267,268 0611009E65 4700
R269 0611009A41 470
R270 0611009E65 4700
R271 0611009A41 470
R272 0611009A49 1000
R273 0611009E67 5600
R274 0611009A65 4700
R275 0611009A01 10
R276 0611009A29 150
R277 0611009A39 390
R278 0611009A33 220
R279 0611009A89 47K
R280 0611009A01 10
R281 0611009A56 2000
R282 0611009A59 2700
R283 0611009A92 62K
R284 0611009805 200K
R285 0611009A71 8200
R286 0611009A61 3300
R293 0611009A81 22K
R295 0611009A99 120K
R321 0611009A25 100
R322 0611009A17 47
R323 0611009A25 100
R324 0611009A19 56
R325 0611009A73 10K
R326 0611009A49 1000
R327,328 0611009E65 4700
R329 0611009A41 470
R330 0611009E65 4700
R331 0611009441 470
R332 0611009A49 1000
R333 0611009E67 5600
R334 0611009E65 4700
R335 0611009A01 10
R336 0611009A29 150
R337 0611009A39 390
R338 0611009A33 220
R339 0611009A89 47K
R340 0611009A01 10
R341 0611009A56 2000
R342 0611009A59 2700
R343 0611009818 680K
R344 0611009805 200K
R345 0611009A77 15K
R346 0611009461 3300
R347 0611009A11 27
R348 0611009E56 2000
R349 0611009A 14 36
R350 0611009A11 27
R351 0611009A67 5600
R352 0611009E58 2400
R353 0611009E35 270
R357 0611009A73 10K
R358 1884248R09 variable; 10K 20 1/2W
R359 0611009E41 470
R360 0611009A99 120K
R361 0611009A92 62K
R362 0611009A99 120K
R363 0611009E32 200
R364 0611009A33 220
R365 0611009A483 1000
R366 0611008A73 10K
R367 0611009A81 22K
R368 0611009A73 10K
R369 0611009A71 8200
R370 0611009A99 120K
R371 0611009E65 4700

REFERENCE MOTOROLA REFE}
SYMBOL PART NO. DESCRIPTION SYW
R372 0611009A73 10K
R373 0611009A80 20K
R374 0611009A99 120K
R381 0611009A25 100
R40t 0611009E81 22K
R402 0611009E49 1000
R403 0611009E09 22 W105
R404 0611009E97 100K .
R405 0611009E99 120K pP451
R406 0611009E49 1000
R407 0611009A61 3300
R408 0611009A64 4300 W106
R409 1884248R09 variable; 10K 20 1/2W
R410 0611009E73 10K P323
R413 0611009A29 150
R414 0611009E49 1000
R415 0611009A81 22K
R416 0611009E73 10K
R417 0611009E65 4700 Y201
R418 0611009E97 100K Y202
R419 0611009A42 510 Y203
R421 0611009E66 5100 Y204
R422 0611009E97 100K Y205
R423 0611009E65 4700 Y206
R424 0611009A73 10K —
R425 0611009E69 6800
R426 1884248R26 variable; 10K 20 1/2W
R427 0611009A49 1000
R428 0611009E65 4700
R429 0611009A57 2200
R430 0611009E97 100K
R431 0611009E81 22K
R432 0611009E93 68K
R433,434 0611009E73 10K
R435 0611009E81 22K
R436 0611009E66 5100
R437 0611009A57 2200
R438,439 0611009F 18 680K
R440 0611009A65 4700
R441 0611009A73 10K
R442 0611009E69 6800
R443 0611009F18 680K
R444 0611009806 220K
R445,446 0611009E65 4700
R447,448 0611009E73 10K
R449 0611009F06 220K
R450 0611009A01 10
thermistor:
RT261 0600858402 1K @25C
RT321 0600858402 1K @25C note: For
, L be orderec
integrated circuiti(see note)
U201 5183629M47 Operational Amplifier
U202 5184561184 Limiter/Quadrature Detector
U261 5180235C10 Prescaler
U262 5184768F63 Divider
U263 5183977M36 Phase Detector
U264 5184887K84 Quad Analog Gate
U265 5184768F65 Super Filter
U321 5180235C10 Prescaler
U322 5184768F63 Divider
U323 5183977M36 Phase Detector
U324 5184887K84 Quad Analog Gate
U32s 5184768F65 Super Filter
U326 5184621K32 Quad Op Amplifier
uU3s1 5180291802 Oscillator
U401 5184621K74 Quad Comparator
U402 5184621K89 Dual Op Amplifier
voltage reguiator: (see note)
VR322 4882256C03 4.7V
VR401 4882256C15 5.1V
cable assembly:
W101 0180711E54 Receiver VCO Steering
inciudes:
1583498F05 HOUSING, shelt
1584301K03 HOUSING, 5-contact
2884302K01 PLUG, key
2983499F01 TERMINAL, contact; 5 used
3084204N01 CABLE, 4-conductor; 3" Ig
3982717M01 CONTACT, female; 4 used
W102 0180751084 Injection Amplifier RF & DC Inpul
includes:
3084158N01 CABLE, coaxial
(incls connector
P101)
4284011NO1 CLIP, coaxial connector
w103 0180751D87 RCVR VCO RF Output
includes:
P263 2882365D02 CONNECT,male; coaxial
3000859004 CABLE, coaxial; 7.25” Ig
W104 0180711E53 XMTR VCO Steering

inciudes:




REFERENCE MOTOROLA REFERENCE MOTOROLA

SYMBOL PART NO. GESCRIPTION SYMBOL PART NO. DESCRIPTICN
R372 0611009A73 10K 1583498F05 HOUSING, shell
R373 0611009A80 20K 1584301K03 HOUSING, 5-contact
R374 0611009A99 120K 2884302K01 PLUG, key
R381 0611009A25 100 2983499F01 TERMINAL, contact; 5 used
R401 0611009E81 22K 3084204N01 CABLE, 4-conductor; 6.63" ig
R402 0611009E49 1000 3982717M01 CONTACT, female; 4 used
R403 0611009E09 22 W105 0180751089 {PA RF Input
R404 0611009E97 100K . includes:
R403 0611009E99 120K P451 2882365D02 CONNECTOR,male; coaxial
R406 0611009E49 1000 3000859004 CABLE, coaxial; 6” ig
R407 0611009A61 3300 4284011NO1 CLIP, coaxiat connector
R408 0611009A64 4300 W106 0180751085 XMTR VCO RF Output
R409 1884248R09 variable; 10K 20 1/2w includes:
R410 0611009E73 10K P323 2882365002 CONNECTOR,male; coaxial
R413 0611009A29 150 3000859004 CABLE, coaxial; 6" Ig
R414 0611009E49 1000
R415 0611009A81 22K crystak{see note)
R416 0611009E73 10K
R417 0611009E65 4700 Y201 4884396k08 10.796MHZ
R418 0611009E97 100K Y202 9180011E05 10.7MHZ
R419 0611009A42 510 Y203 9180011E05 10.7MHZ
Ra21 0611009E66 5100 Y204 9180011E05 10.7MHZ
R422 0611009E97 100K Y205 9180011EQ5 10.7MHZ
R423 0611009E65 4700 Y206 9180011E05 10.7MHZ
R424 0611009A73 10K T
R425 0611009E69 6800 non-referenced items
R426 1884248R26 variabte; 10K 20 t/2w 5483865R01 LABEL, bar code
R427 0611009A49 1000 5584300801 HANDLE
R428 0611009E65 4700 2683950N01 SHIELD, circuit board (top); 2 used
R429 0611009A57 2200 2683121N01 SHIELD, transmitter
R430 0611009E97 100K 2683120N02 SHIELD, circuit board (top); 2 used
R431 0611009E81 22K 2683122N03 SHIELD, circuit board (top); 3 used
R432 0611009E93 68K 2683949N01 SHIELD, circuit board (top); 2 used
R433,434 0611009E73 10K 2683122N04 SHIELD, circuit board (top)
R435 0611009£81 22K 2683121N03 SHIELD, transmitter
R436 0611009E66 5100 2683122N01 SHIELD, circuit board (top); 5 used
R437 0611009A57 2200 2684398N02 SHIELD, I-F
R438,439 0611009F 18 680K 5584300802 HANDLE; 7 used
R440 0611009A65 4700 2683123N0t SHIELD, circuit board {bottom)
R441 0611009A73 10K 2683126N02 SHIELD, circuit board {bottom)
R442 0611009E69 6800 2683125N01 SHIELD, circuit board (bottom)
R443 0611009F18 680K 5584300805 HANDLE
R444 0611009B06 220K 2683127N0t SHIELD, circuit board {bottom)
R445,446 0611009E65 4700 2684397N01 SHIELD, transmitter (solder side)
R447,448 0611009E73 10K 2684399N02 SHIELD, transmitter
R449 0611009F06 220K 2683124N01 SHIELD, circuit board {bottom)
R450 0611009A01 10 2683121N02 SHIELD, transmitter
0400049854 WASHER, spacer (used with U201)
thermistor: 1484602K01 INSULATOR, crystal; 6 used
RT261 0600858402 1K @25C 2980014A01 TERMINAL, coaxial; 4 used
RT321 0600858402 1K @25C note: For optimum performance, diodes, transistors, and integrated circuits must

R - be ordered by Motorola part numbers.
integrated circuil:{see note)

U201 5183629M47 Operational Amplifier
U202 5184561184 Limiter/Quadrature Detector
u261 5180235C10 Prescater

U262 5184768F63 Divider

U263 5183977M36 Phase Detector

U264 5184887K84 Quad Analog Gate
U265 5184768F65 Super Filter

us21 5180235C10 Prescaler

U322 5184768F63 Divider

usas3 5183977M36 Phase Detector

U324 5184887K84 Quad Analog Gate
U325 5184768F65 Super Filter

U326 5184621K32 Quad Op Amplifier
U381 5180291B02 Oscillator

U401 5184621K74 Quad Comparator
U402 5184621K89 Duat Op Amplifier

voltage regulator: {see note)

VR322 4882256C03 4.7V
VR401 4882256C15 51V
cable assembiy:
w101 0180711E54 Receiver VGO Sieering
inctudes:
1583498F05 HOUSING, sheli
1584301K03 HOUSING, 5-contact
2884302K01 PLUG, key
2983499F01 TERMINAL, contact; 5 used
3084204N01 CABLE, 4-conductor; 3" ig
3982717M0O1 CONTACT, female; 4 used
W102 0180751D84 Injection Amplifier RF & DC input
includes:
3084158N01 CABLE, coaxial
(incis connector
P101)
4284011NO1 CLIP, coaxial connector
w103 0180751087 RCVR VCO RF Output
inciudes:
P263 2882365002 CONNECT,male; coaxial
3000859004 CABLE, coaxial; 7.25" Ig
W104 0180711E53 XMTR VCO Steering

includes:
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CONNECTOR DESCRIPTION  DES, <= | O Sl IR IO RE S 11 B v B B LR LR L L L il L e I IR I I B I R B e
ANTENNA RELAY J500 2113
PA POWER CONTROL | J502 5 P W R 3 6%
RECEIVER SYNTHESIZER | P2628 211 14 3* 7% 4% 13 wl1f2|sislsa]ls
TRANSMIT SYNTHESIZER P3228 9 8% 13 3 14 2 ] 107 1 5 7 12* 4* 1
UNIBOARD POWER CONTROL P4028 11 2,3 . 9 13110 6* 8 14* 1 12 5 7 4
MAIN POWER SUPPLY | peoz | 3 % | 4™ 7 * 5 * 8.9] 5% 7%
STATION CONTROL DC POWER P701 5 1 4 2 3 6
) * ¥ ks e # I R D I D B R #
RADIO INTERFACE P80l 24,8 11 9 1 7 10 |14 12 116 5 115 {13 )25 24 {22 120117 119 |21 |23 3 8 18 126
DEPS—35095--B
HOW TO READ CHART
1. This chart shows all interconnections made by the plating on both sides of the
interconnect board and includes cabling where applicable.
2. Ali pin numbers in sach vertical column are electrically common.
: 3. To trace interconnections from any starting point to all other common points
proceed as follows:
Step 1. Find the connector description or reference designation in the teft w202 —{
hand column of the chart. N.C PBO1
Step 2. Find the desired pin number. All pins of a specific connector == % S
are listed in the row that extends to the right. . P701 6§ 3453 2
Step 3. Note the function of the desired pin. The function is listed at the top
of the calumn in which the pin number appears. All other pins listed in P2628
the same column have the same function. Trace back to the left hand MAIN .-
column to find the descriptions and reference designations of other +5vy 1014 10 13,8V (A4) sad | O
connectors having electrically common pins. RECEIVE | 5, 20 L_OG}C GND MODULATION ENABLE | O
4. (% )indicates function source. STROBE RECEIVE e |
sa2 {012 301 Aoio TRANSMIT LOCK
EXAMPLE: SAt o 40 { RECEIVE LOOP sbz 1O
Radio Interface Connector, P801, pin 24 provides the SAG (synthesizer addres_s SaZ {o10 50| sDg SDY 1O
bit @) input to the Interconnect Board for distribution to the Transmit soi los 6ol so3 AUDIO GND 5
Synthesizer Connector P322B, pin 3 and to Receiver Synthesizer Connector (GND A)
P2628, pin 10. sDz {08 7 O} RECEIVE +9.8Y |0
LOCK L
{PIN VIEW) {

J500
ANTENNA RELAY ENABLE 3@
+9.6v @@
ANTENNA RELAY ENABLE[ @
(PIN VIEW)

SHOW
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w202

N.C.

P70} 65 345 1 2

+9.6v
TRANSMIT MODULATION AUDIO
RECEIVE AUDIO
ANTENNA RELAY ENABLE

+5v

LOGIC GND

RECEIVE LOOP

'RECEIVE LOCK

Sy

SDi

sbz

SD3

RECEIVE STROBE

!

10 oz
o e}
e} e}
o o
e} e}
e} e}
o o
o o
o o
e} e}
o o]
o] o

250 ©z8)
P8OI
(PIN VIEW)

AUDIO GND
(GND A)

TRANSMIT LOCK

PA FULL POWER
PA ON

PA KEY

PA POWER CUTBACK
TRANSMIT LOOP
saz

sat

sAQ

TRANSMIT STROBE

CONNECTOR DETAIL

A

W204AFLAT-CABLE)

CONNECTOR DETAILS

p2628 P322B
MAIN
+5v |04 101 1 an) sat | 014 10| TRANSMIT STROBE
RECENE lois 20| Looic oND MODULATION ENABLE | Of3 20} saz
saz |oiz 30| RESEIVE TRANSWIT LOCK | 012 30| sag
sal |on 40| RECEIVE LOOP spe | ot 40| TRANSMIT LOOP
sag oo §0|sbg so1 | o010 50| sos
AUDIO GND
so1 |09 60| sp3 UDIO D | og 80| sog
sz [o8 7 0| RECEVE +9.6vV |08 TO| TRANSMIT MOD
[GCK AUDIO
(PIN VIEW) (PIN VIEW)

4500
ANTENNA RELAY ENABLE [38
+9.6V @
ANTENMARELAY ENABLE|®
(PIN VIEW)

NOT USED
AUDI GMD {GND &)
FORWARD VYOLTAGE

PA_POWER

CUTBACK

MAIN +13,8V {At)
MAIN +13.8V (A9

SPARE 3
SPARE
PA FULL
SPARE 2

COMPONENT SIDE @
30LDER SIDE

P402B
Pa OM|O14 10
FORWARD YOLTAGE| 013 20
REFLECTED VOLTAGE | 012 30
AUDIO GND (GND &) | O 40
HEATSINK TEMPERATURE | 010 50
CIRCULATOR TEMPERATURE | Q9 80
PA KEY | OB 70
(PIN VIEW)
Js0z
28 3 | H.C.
&5 28 | CIRCULATOR TEMPERATURE
@4 1@ | HEATSINK TEMPERATURE
{PIN VIEW)

SHOWN FROM COMPONENT SIDE

POWER

BD-CEPS~35395-0
8D-CEPS-35356-0
OL~DEPS-35387-4A

AUX +13.8V {A4+4)
MAIN+13,8V{At)

SUDI0 GND (GHD A}

GHND B

OVERVOLTAGE  ALATHM
BATTERY REVERT {AC FAIL)
REMOTE EQUALIZE

N.C.

H.C,

(PIN VIEW)

—~
5
3 N.C.
4
6
i
2
w203 §502
3
4
&
2
7
5
4
N N.C 8
w204 we ks
PEO3

P701

10 | AUX +13.8V {a+4)
288 | PLUG KEY
30

CVERVOLTAGE ALARM

40 | BATTERY REVERT {AC FAIL)
50| GNDB

SO | REMOTE EQUALIZE

{PIN VIEW)




parts list

TRNS3B2A interconnect Board PL-B1471-A
REFEREMCE MOTORGLA
SYMBOL PART NO. DESCRIPTION
capacitor, fixed:

C1 23-827471.26 1000 uF +100-10%; 12V
connector, receplacie:

J500 28-84315N01 3-contact; male

J502 — consisis of:

15-849541L01 HOUSING, 6-position
29-B470BE05 TERMINAL, crimp; 6 used
connecior, piug:

P2628, 3228, 9-83111N02 14-contact; female

4028

£603 — consists af:

S-83360N02 HOUSING,; 9-position
29-83499F01 TERMINAL; contact; 7 used

P701 — consists of:

15-83498F37 HOUSING, 6-position
29-83499FD1 TERMINAL, contact; 5 used

£801 — 26-contact; p/o W201
cable, assembly:

Waot 30-84213N01 268-conductor, flat; 9.5” used (Radio
interface); includes rel. tem P801 and PCB
header

w202 1-B0752019 5-conducior; 127 used (Station Conirol DG
Power); includes ref. item P701, and

W203 1-80751D55 5-conductor; 11.25” used (PA Power
Controf); includes ref. item J502

W204 1-80752D20 7-conductor; 48” used (Main Power Supply);

includes ref. item PBO3

non-referenced items

3-B3498N10 SCREW, tapping; slotted star; 2 used
7-83104N01 SRACKET, board mounting; 2 used
42-10217AD2 STRAP, tie; 3 used
5
3 iNC
4
g
1
Y 2 TRN5142A RF Tray Hardware Kit PL-8252-A
w203 J502 AEFERENCE MOTOROLA
3 SYMBOL PART NO. DESCRIPTION
4 cable:
& AZ01 1-80752D47 I-F BF tray feedthru plate, includes:
2 J201 A and B
7 7-83162N01 SUPPORT, feedthru 4 pin
5 891-84012M03 FILTER, RF1; 2 used
! 91-84012M06 FILTER, RF1; 2 used
‘;;04 H.C 8 A261 1-80752D14 receiver synth. RF tray feedthru plate
H.C 2 includes: J2624 and B
PEOY 7-83164N01 SUPPORT, feed-thru 14 pin
3.8V {A++) 91-84012M06 FILTER, RFi; 14 used
A321 1-80752D15 {PA RF tray feedthru plate includes:
13.8v{at) J454A and B
N 7-83162N01 SUPPCRT, feedihru 4 pin
SND {8ND 2) AUX +12.8Y (a+4) 91-84012M06 FILTER, RF1; 4 used
PLUG KEY A401 1-80752D23 RF iray feedthru plate xmtr synth in-
cludes:
JLTAGE  ALARM OVERVOLTAGE ALARM 43224 and B, J402A and 8
e 7-83143N01 SUPPORT, feedthru 28 pin
Y REVERT (AC FAIL) 40 | BATTERY REVERT (AC FAIL) 64-83151NO1T PLATE, mag. 2 spacer
= EGUALIZE 50 GNDB 91-84012M06 FILTER, RFi; 28 used
co | FECTE EGUALIZE mechanical parts
3-10943M17 SCREW, tapping 7T3.5 x 0.6 x 13", 19 used
(PIN VIEW) 3-10943M60 SCHEW, tapping TT3.5 x 0.6 x 8; 3 used
3-83408N10D SCREW, tapping M3.5 x 0.6 x & 6 used
15-83133N02 TRAY, rod cost
15-83176M01 COVER, LL amplifier core
15-83176N02 COVER, LL amplifier core
15-83180N01 COVER, rod tray
32-82796H02 GASKET
42-10217A10 CLAMPF, cable
42-82387D08 CLAMP, cable
42-B3501N01 RETAINER, E ring
42-83501N02 RETAINER, E ring
42-84244N01 CLAMP, wire tie; 2 used
45-83153M01 CAM, 1114 turns lock; 2 used
47-83154N01 BAR, control support
55-83354M01 HANDLE, power supply

64-83159N01 PANEL, front




MOTOROLA INC.

Communications
Sector

TRANSMIT

FREQUENCY SYNTHESIZER

p/o MODEL TRIN9880A UNIBOARD

i. INTRODUCTION

The MSF 5000 transmit frequency synthesizer generates
the transmit carrier. The synthesizer employs a phase-
locked loop (PLL) to lock a voltage-controlled oscillator
(VCO) to a reference oscillator to produce the desired
frequency. Major functional blocks which are located
on the uniboard, are: a 14.4 MHz reference oscillator,
programmable divider, phase detector, and adaptive
loop filter. An isoclation buffer stage and DPL signal
compensation circuit are included with the synthesizer
circuits. The transmit VCO is a separate assembly lo-
cated in the RF Tray.

2. THEORY OF OPERATION
2.1 PHASE-LOCKED LOOP OPERATION

2.1.1 Various cutput frequencies are generated by the
synthesizer by using a single negative-feedback loop,
wherein the phase difference between two signals at the
phase detector is used to control the VCO output fre-
quency. The input waveforms compared are the refer-
ence signal and the loop pulse signal.

2.1.2 The reference signal is created by dividing the
output of a 14.4 MHz high-stability crystal oscillator
down to a 5 kHz or 6.25 kHz square wave, us ing the
reference divider. The loop pulse signal is the negative
feedback component of the PLL, created by dividing
the VCO rf output frequency by the programmable loop
divide number, N.

2.1.3 Both the loop and reference signals are applied
to the phase detector, which issues a de¢ control voltage
proportional to the phase difference between the loop
and reference frequencies. The phase error output is
passed through the adaptive loop filter, which damps
the loop transient response and attenuates noise and
spurs, to drive the VCO steering line. The steering line
increases or decreases the VCO output frequency as its
voltage level rises or falls. If, for instance, the VCO out-
put frequency increases, the loop signal frequency also
increases, causing a phase change at the phase detector.
The phase detector then drops its de output in accord-

technical
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ance with the phase slippage, and the steering line moves
the VCO frequency back down.

2.2 DIVIDER

2.2.1 The 14.4 MHz signal produced by the reference
oscillator is acted upon by the programmable reference
divider in U322, The internal bits R: and R: in U322
determine the reference signal frequency (5 kHz or 6.25
kHz).

2.2.2 The VCO output frequency is divided by the
programmable loop divider to produce the loop pulse
signal. The divisor, N, is created by two dual modulus
dividers. The first is a divide-by-3 or -4 prescaler U321.
With the rising edge of the loop pulse signal, this presca-
ler divides the VCO frequency by four for I, 2, or 3
counts of its internal “C” counter programmed by the
1 and Co bits latched from U322. When the prescaler’s
“C” counter reaches zero, the VCO frequency is divided
by three for the rest of the cycle which restarts with the
rising edge of the next loop pulse. When the loop pulse
goes low, the “C” counter is reset for the next cycle.

2.2.3 The other dual modulus divider, divides by 63 or
64 and is located, along with the reference divider, in
U322, Divide-by-64 is started with the rising edge of the
loop pulse and continues until the internal “A” counter
reaches zero. The loop pulse is then sent low and the
divider divides by 63 until the internal “B” counter goes
to zere. The loop pulse then goes high and another cycle
begins. If no input signal is seen from the divide-by-3 or
-4 prescaler, then U322 issues a free-running loop pulse.

2.3 SYNTHESIZER PROGRAMMING FROM
MICROPROCESSOR

2.3.1 For data loading into primary divider U322, the
microprocessor reads data from the code plug on the
station control board, and multiplexes the information
into six 4-bit words. Each word is loaded into U322 as
four lines of data (SDo through SD3) and a correspond-
ing three lines of address (SAoc through SA2), so that the
words are properly demultiplexed in U322,

 Services
68P81077E16-0



2.3.2 The received data bits inform primary divider
U322 and divide-by-3 or 4 prescaler U321 of the appro-
priate numbers for the “A”, “B”, and “C” counters for
the desired PLL output frequency. The data bits also
program the synthesizer to disable or enable its DPL
modulation compensation signal or to go into its
“change frequency” mode for fast lock.

2.4 PHASE DETECTOR

2.4.1 Phase detector U323 issues a dc output signal
proportional to the phase difference between the refer-
ence and loop pulse signals sent from divider U322. The
phase difference is measured by the phase detector. It
turns ramp current source Q322 on when the reference
signal goes high and switches Q322 off at the leading
edge of the loop pulse signal. The current generated dur-
ing this interval charges C348, forming a voltage ramp.

2.4.2 Theramp voltage is then held constant for a time
interval determined by C343, allowing two hold capaci-
tors C345 and C346 to charge to the ramp voltage level.
Ramp capacitor C348 is discharged at the end of the
hold interval in preparation for another ramp sequence
that begins with the next reference signal leading edge.

2.4.3 The hold capacitors are discharged through a
push-pull output transistor pair via a high-to-low impe-
dance output buffer. This creates the phase detector out-
put signal.

2.4.4 When the reference-to-loop-pulse phase slippage
1s too great for the ramp capability, the ramp remains at
a high or low limit. The VCO cannot be steered to the
intended frequency and an unlocked state occurs. The
phase detector then issues an “adapt” signal (on the
ADAPT and ADAPT lines). The ADAPT line control
voltage switches the analog gates in the adaptive filter to
the “normal” or “adapt” mode, as well as forcing lock
indicator Q324 into a no-lock, open-collector condition.
The “adapt” mode is automatically attained whenever
the phase detector encounters a “change-frequency”
positive pulse from U322. The duration of a single
adapt duration is 12 msec, which is hard-wire controlla-
ble at the phase detector. Adapt cycles continue until
reference and loop pulse signals are again locked in fre-
quency.

2.4.5 For fast lock, the synthesizer must be loaded
when the loop pulse is low (i.e., only counter “B” is in
operation). The phase detector sends a SYN THESI-
ZER SYNC signal, at the loop pulse rate, to the micro-
processor for loading synchronization.

2.5 ADAPTIVE LOOP FILTER

2.5.%  The adaptive loop filter is used for effective loop
lock. When the PLL is unlocked, or when a “change
frequency” pulse is sent to the synthesizer from control,
the ADAPT and ADAPT lines are sent high and low,

respectively, by the phase detector. Analog gates
U324A, B, and C are switched closed, shorting the
phase detector output to the steering line, keeping C352
uncharged, and charging C353 quickly to the new steer-
ing voltage. Gate U324D is switched open, detaching the
loop filter output from the steering line. In this mode,
the loop filter is essentially out of the PLL and fast lock,
due to reduced damping, is possible.

2.5.2 When the loop reaches its new frequency, (at the
end of the last adapt cycle), ADAPT goes low and
ADAPT goes high. Analog gates U324A, B, and C are
then switched open, returning the loop filter to its nor-
mal connection to the output of U323 and breaking the
direct connection between this output and the steering
line. Gate U324D reconnects the loop filter output to
the steering line. During this switching, C354 remains
charged to the new phase detector output voltage, keep-
ing the VCO tuned to the new frequency.

2.5.3 The transmit loop filter, when in normal opera-
tion, has a natural frequency of 75 Hz and a third order
Integral-Times-Absolute-Value-of-Error response, a
method for minimization of transients. The filter damps
steering line excursion due to voltage increments of the
phase detector output and attenuates reference signal
spurs and noise.

2.6 SUPER FILTER

2.6.1 Because of the VCO requirements for a very
pure dc supply voltage, an ultra-low-pass filter U325 is
used to provide the VCO with a low noise + 8.6 output
voltage. Any ripple or noise present on the +9.6 V sup-
ply line is removed by the filter, preventing unwanted
modulation of the VCO. A 1 V drop occurs across the
filter. The output voltage is +8.6 V.

2.6.2 The super filter consists of a low-pass filter, an
error amplifier, and external series-pass transistor Q325.
The +9.6 V supply is connected to U325-1 as well as to
the emitter of 3325, Internally, the input from U325-1
passes through a low-pass filter to the noninverting in-
put of the error amplifier. Capacitor C360, connected to
U325-2, forms part of the low-pass filter. The cutput
line (also connected to the collector of 3325) is fed back
to the inverting input of the error amplifier through
U325-4. The error amplifier output is connected to the
base of Q325 via U325-3 and is used to control the con-
duction of this transistor. These connections enable the
super filter to compare the output line voltage with the
filtered input line voltage and to increase or decrease the
conduction of Q325 to remove any ripple or noise
present on the VCO supply line. The super filter cutput
itself is filtered by C361 and C362 before being routed
from the synthesizer to the VCO.
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2.7 ISOLATION BUFFER

The isolation buffer stage applies the transmit VCO rf
signal to the first stage of the intermediate power ampli-
fier (IPA). The buffer stage consists of input and output
matching circuits and an active device (Q326), biased
for class A operation. The buffer ensures isolation be-
tween the VCO output and the IPA, and prevents pull-
ing of the VCO output frequency during IPA key-up.

2.8 DPL MODULATION COMPENSATION

2.8.1 The DPL modulation compensation circuit of
the transmit synthesizer enables low-frequency modula-
tion (DPL) to be transmitted without being “tracked
out” by the loop. When the VCO is modulated by DPL,
the modulation appears as an error signal at the phase
detector, after it is divided down and compared to the
reference signal. Unless compensated, this error signal
passes through the loop filter and modulates the steering
line, distorting the intended DPL modulation.

2.8.2 The DPL modulation compensation circuit
sends a cancellation signal to the phase detector output
buffer summing point (U323-11). This cancellation sig-
nal is the original low-frequency DPL signal, after being
integrated, delayed, and inverted. Thus, DPL modula-
tion of the VCO results without loop tracking interfer-
ence.

2.9 VOLTAGE-CONTROLLED OSCILLATOR
(VCO)

2.9.1 Each MSF 5000 radio contains a transmit VCO
that provides the frequency modulated (FM) transmit
excitation frequency. The transmit VCO has a mechani-
cal tuning range from 435 MHz to 475 MHz. Over this
mechanical tuning range, the transmit VCO has an asso-
ciated operational electronic bandwidth of 6.1 MHz,
minimuim.

2.9.2 Oscillator Circuit

The VCO uses a grounded-gate Colpitts oscillator that
contains JFET Q26 as the amplifying element. The
drain and source of the JFET are capacitively coupled
to a resonant cavity via an encapsulated probe assembly.
This coupling network provides the positive feedback
necessary for oscillation.

2.9.3  Oscillator Quiput Amplifier/Low-Pass Filter
Cireuit

A second probe assembly (power output probe) is used
to bring the oscillator signal out of the cavity and into
output amplifier Q27. The output amplifier is a com-
mon emitter stage that is low-pass filtered. The ocutput
of the low-pass filter is then applied to the VCO’s out-
put phono connector J323. The ocutput of the VCO

drives 10:1 power tap on the uniboard, via coaxial cable
W166.

2.9.4 Steering Line Circuit

The steering line, in conjunction with the tuning screw,
determines the VCO operating frequency. The steering
line is driven by phase detector U323 and is coupled to
the YCO via the adaptive loop filter. The phase detector
provides a dc output voltage to maintain the VCO out-
put at the desired frequency. When the oscillator fre-
quency is changed, the phase detector dc output voltage
shifts to change the oscillator frequency and then main-
tains this new frequency. The steering line is coupled
frem the uniboard via P324A-4 of VCO interconnect
cable W104 to the VCO feedthru plate A26. This plate
contains rf filters that decouple the VCO circuits from
the uniboard. The steering line dc voltage determines
the capacitance of diodes CR29 through CR34, which
electronically control the oscillator’s frequency. An in-
crease in the steering line voltage causes the capacitance
of these diodes to decrease and the oscillator frequency
to increase. Conversely, a decrease in the steering line
voltage causes an increase in the capacitance of the di-
odes and a reduction in the oscillator frequency.

2.9.5 Modulation Line

The VCO is directly modulated by the transmit audio
signals. This is achieved by using a second varactor cir-
cuit that employs CR27 and CR28. The transmit audio
signal is coupled, via P324A-2 of VCO interconnect ca-
ble W104, to CR27 whose function is to modulate the
oscillator frequency. The second device, CR28, is used
to maintain the modulation level constant throughout
the radio operating frequency range. Without CR28, the
VCO modulation sensitivity would naturally increase as
the steering line increased the oscillator frequency. With
CR28 in use, the series combination (of CR27 and
CR28) decreases in capacitance with increasing steering
line voltage, since a sample of the steering line biases
CR28. Thus, modulation sensitivity is level across the
VCO electronic bandwidth.

3. SYNTHESIZER TROUBLESHOOTING
PROCEDURE

3.1 Refer to the Transmit Frequency Synthesizer Trou-
bleshooting Chart at the end of this section for a com-
prehensive procedure for troubleshooting the transmit
frequency synthesizer.

3.2 The major problems that may occur in the trans-
mit frequency synthesizer are:

synthesizer does not lock

synthesizer locks on wrong frequency

excessive reference frequency feedthrough (spurs)
noisy frequency lock

slow switching response.

@ @ 6 @ @
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3.3 A summary of the problems and possible causes in
the frequency synthesizer is provided in Table 1. Also
refer to the other tables that provide pin connections
and voltages for the phase detector, divider, prescaler,
and super filter.

3.4 VCO TESTS
3.4.1 VCO Flectronic Bandwidth Test

Step 1. Remove the wire from P324A-4 to open the
steering line. Connect a 1 kilohm resistor to the positive
terminal of a 0-10 V adjustable power supply and con-
nect the other end of the resistor to P324-A. Connect
the negative terminal to VCO ground. This power sup-
ply will serve as a steering line in this test. Connect a
frequency counter to VCO output connector J323.

Step 2. Adjust the power supply for 8.0 V and record
the frequency.

Step 3. Adjust the power supply for 3.0 V and sub-
tract this frequency from the frequency obtained in Step
2. The difference is the electronic bandwidth (EBW) of
the VCO. The EBW should be a minimum of 10+0.5
MHz for the transmit VCO. If the EBW is less than
specified or if the VCO does not steer at all, refer to the
VCO steering line short/open test.

3.4.2 Steering Line Short/Open Test

Step 1. Check the varactor stack for a short (with an
ohmimeter) by placing the positive lead on the steering
line and the negative lead on the VCO ground. The
reading should be greater than 20 megohms. A reading
of less than 20 megohms indicates a defective or shorted
component in the steering line circuit.

Step 2. Reverse the ohmmeter leads. This reading
should be 500 to 1000 chms.

Step 3. Lift one end of 1.30 and repeat Steps 1 and 2.
If unit now passes [ and 2, check CR28 and test EBW;
otherwise, continue.

Step 4. Lift one end of L31 and one end of L32. Indi-
vidually check CR29 and CR30 for a short or open and
make necessary repairs.

Step 5. Reconnect L30, L31, and L32.

Step 6. Repeat Steps 3 through 5 for the following
groups of varacters and chokes.

L33, L34 & CR31, CR32
139, L40 & CR33, CR34

Step 7. If the unit still does not pass Steps 1 and 2,
remove C34 and C41, one at a time, and repeat Steps |
and 2. If the VCO is still defective, replace the VCO.

3.4.3 VYCO Steering Line Leakage

The VCO steering line leakage can be checked by re-
moving the wire to P324A-4 and connecting one end of
a 1 megohm resistor in its place. The free end of the
resistor should be connected to an adjustable power
supply set to 9.5 V. A high impedance voltmeter (greater
than 10 megohms) should be used to verify that the volt-
age drop across the resistor is less than 10 mV. A higher
voltage (greater than 10 mV) is an indication of either a
leaky VCO feedthru assembly A26 or defective VCO
steering line varactors CR29 through CR34. To deter-
mine which is defective, remove the VCO cover from
the VCO and perform the same test again (with the
VCO interconnect cable connected to the cover). If the
voltage drop becomes less than 10 mV, the steering line
varactors are leaky and need replacement. If the voltage
across the resistor is still greater than 10 mV, feedthru
assembly A26 is defective and requires replacement.
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Tuble 1. Problems and Their Possible Causes in a MSF 5000 Transmit Synthesizer

Probiems

Possible Source of Trouble

Synthesizer does not lock

Refer to Transmit Synthesizer Troubleshooting Chart.

Synthesizer does not lock all channels

Refer to Transmit Synthesizer Troubleshooting Chart.

Synthesizer locks on wrong frequency

Refer to Transmit Synthesizer Troubleshooting Chart.

Excessive reference frequency feedthru (spurs)

Defective hold capacitors (open or leaky) €345, C346

Defective ramp capacitor €348,

Defective phase detector U323,

Adaptive filter in ADAPT mode or shorted input to output; guard band shorted o
VCO steering line or other adaptive filter mode.

Noisy frequency lock

Leaky VCO varactor diodes.

Marginal input level to prescaler U321-1, loop divider U322-25 or reference divider

U322,

Loose connection, cold solder joint, or faulty component.

Noisy (322,

Defective phase detector U323,

Defective reference divider U322 or prescaler U321 (jittery).

Noisy 5 V or 9.6 V supplies, noisy super filter output.

Defective adaptive filter (open capacitors).

Slow frequency switching response

Malfunctioning adaptive filter, check U324,

Phase detector U323 gain too low {overdamped response) or (0o high (underdamped
response); check R336, R337, R338, RT321, Q322.

Check ramp slope at U323-24.

Leaky adaptive filter capacitors or transmission gates €353, C352, C354 or U324,

Leaky VCO varactor diodes.

Table 2. Phase Detector U323 Pin Connections and Vollages
[ Pin No. Function To/From Mominal Voltage
i high current ground e 0V de.
2 REFERENCE IN from U322-35 0 to 4.3 V square wave (160 usec period); U323-17, 5 V dc trans-
mit.
3 adapt select - 0V de
4 SYNTHESIZER SYNC to microcomputer 60 usec positive pulse, 0-5 V at loop pulse rate; equal to pin 2 if
pin 7 is low.
5 FREQUENCY CHANGE | from U322-18 0.5 V, 11.1 usec when frequency changes. ]
6 N.C. - — D
7 ADAPT to lock transistor via R339 9.6 to 0.6 V single pulse, {2 msec.
3 N.C. - -
9 N.C. - - o
10 ADAPT to adaptive filter 0to 9 V single pulse; 12 msec Tx (U232).
il mod input from R369 (U323 only) 4.9 to 0.62 V dc (use high impedance). B
12 HOLD 1 to C345 1.4 to 8 V dc (use high input impedance voltmeter),
13 HOLD 2 to C346 1.4 to 8 V de (use high input impedance voltmeter).
14 A+ 9.6 V de }
15 PHASE DET OUTPUT 1o adaptive filter 1.2 t0 9.5 V de¢ (depending on loop output frequency).
16 low current ground — 0V de.
17 EXT PNP BASE to (3323 base 8.9 V de
18 Vee from regulator 9.6 V dc
19 RAMP BASE to 322 base (ramp gener- | 9.1 V dc
ator)
20 FILTERED 9.1 V to R336, RT321, R337, 9.1 Vde
C344
21 ramp resistor to R378, U322 emitter 8 to 8.7 V dc rectangular wave at reference rate. o
bp) SAMPLE TIMING CAP. |to C343 0 1o 2 V sawtooth wave at loop pulse rate. T
23 LOOP IN PULSE from U322-9 via €340 1.4 V pulse riding on 1.6 V dc (160 usec, typical period)
24 RAMP CAP. from (348 and ramp Q322 | flat top ramp waveform at reference rate, top voltage 1.4 107 {/‘*/k
collector (depending on loop output frequency). -

1-20-86
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Table 3.

Divider U322 Pin Connections and Voltages

Pin No. Fuanction To/From Nominal Voltage
I GND e 0V de.
2 REF IN from U268 (reference
oscillator) 1.5 Vde +0.6 V pp ac (14.4 MHz).
3 N.C. — o
4 N.C. — —
5% REFERENCE OUT to U323 (phase detector) 0 to 4.3 V square wave (5.0 kHz to 6.25 kHz).
6 N.C. — —
7 N.C. — —
8 N.C. —_— e
9* LOOP OUT to phase detector and 2.9V to 4.3 V narrow pulse (1.4 Vpp) (160 usec nominal period).
prescaler
10* Vee from regulator 5V de.
11 Do from microcomputer 0 to 5V pulse train.
12 D1 from microcomputer 0 to 5 V pulse train.
i3 D2 from microcomputer 0 to 5 V pulse train.
14 D3 from microcomputer 0 to 5V pulse train.
15 Co to prescaler 0to 5 Vde
16 Ci to prescaler 0to 5V de.
17 VCG3 to Q327 gate 0to 5 Vde.
18 FREQ CHANGE to phase detector U323-5 Gto 5V de.
19 VCo1 N.C. —
20 vCo2 N.C. —
21 N.C. o e
22 Vag R331, C337, R271, C277 1.5V de.
23 AD from microcomputer 0 to 5 V pulse train.
24 Al from micrecomputer 0 to 5 V pulse train.
25 FiN from prescaler U321-3 1.5 V.de +0.7 Vpp ac (approx 150 MHz).
26 A2 from microcomputer 0 to 5 V pulse train.
27% STROBE from microcomputer 0 to 5 V pulse train (7 pulses/train).

* should be checked first

Table 4. Prescaler U321 Pin Connections and Voliages

Pin No. Function To/From Nominal Voltage
1 FIN from VCO buffer -15 dBm to 0 dBm riding on 3.8 V dc.
2 VBB — 3.8 V dc, bypassed for rf,
3 PRESCALER OUT to divider 1J322-25 0.6 Vpp riding on dc level of 3.6 V de¢ at approx one-third VCO
freq (+ 10%).
4 GND — 0 Vde
5 Fv from divider U322-9 1.4 Vpp narrow pulse at reference freq (6.25 kHz) riding on 3.4 V
de.
6 C1 from divider U322-16 de level {programming bit) 0 or 5 V dc.
7 CO from divider U322-15 dc fevel (programming bit) 0 or 5 V dc.
3 Ve from regulator +5 +£0.1V
Table 5. Super Filter Pin Connections and Voltages
Pin No. Function To/From Nominal Voltage
i Voo from 9.6 V regulator 9.6 V de
I 2 FILTER CAP. 360 7.1V de
3 EXT. DRIVER CON-
TROL Q325 8.9V de
4 8.6 VOUT tc VCO 8.6 Vdc
5 Ground (internal NPN from regulator 0V dc
emitter)
6 N.C. — —
7 N.C. — -
8 N.C. — —

6
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TRANSMIT

FREQUENCY SYNTHESIZER
<> TROUBLESHOOTING CHART

EREQUENCY

INSPECT U321 AND
SURROUNDING
CIRCUITRY,

REPLACE U321

PHASE DETECTOR OPERATION
SET UP STATION

FOR TROUBLESHOOT.
SEE PREREQUISITES

o i

IS

IS1T pyrpp— i MEASURE f ars
APPROX. RF INPUT 15070 —15 Ve ouTPUT LOOP =" 'REF
AT U321-1 OWER AT
15v? dBm? P323 TURN TUNING
SCREW TO LOCK
L{MITS AND MONITOR
U323-15,

MEASURE
DC VOLTAGE AT
U323-15

ARE
VOLTAGE LIMITS AT
U323-15LT 3V
AND GT 8 V2

REPAIR BiAS
CIRCUITRY OR
REPLACE U322

REPAIR COAX
OR POWER
SPLITTER OR
PRESCALER
BUFFER

AF FEEDBACK LOOP
CHECK €343,

€348,Q322, OR
REPLACE V323
REPAIR SHORT MEASURE DC
ACROSS PEZA» 1 ) VOLTAGE AT
OR REPLACE U325 P324--1 YES CHECK
L PROGRAMMING
INTO U322
OSCILLATOR INOPERATIVE: LOW OR CHECK DiVIDER
NO QUTPUT POWER u322-11,12,13,
14, 23, 24, 26
FOR LOGIC SIGNALS
LIVE

REPAIR STATION CONTROL
BOARD (REFER TO
PROCESSOR TS CHART).

CHECK 8.6 V

ON VCO PCB
PROGRAMMING

ON DATA AND
ADDRESS
LINES?

CHECK C348, R337,
R336, RT321, R338,
0323,0322 FOR
SHORTS, ETC. OR
REPLACE U323,

REPAIR STATION
CONTROL 80ARD OR
INTERCONNECT!ONS

LIVEQTO SV
PROGRAMMING?,

CHECK FOR SHORTS
AT C26, C42, OR
P3248 AND FOR
SOLDER SHORTS

1IS1T
86+0.7V

RE--LOCK PLL
USING TUNING SLUG;

CHECK FOR

iT
Aplgnox SHORTED STEERING
oe SAME AS LINE (P324--4)
A P324--4 DC OR NO LOOP MEASURE VCO OUTPUT
VOLTAGE ADAPTIVE FILTER REPLACE FREQ OF BOTH RX AND
? CONTINUITY. U322 OR TX SYNTHESIZERS
CODE PLUG

CHECK BAS
AT Q26 GATE OSCILLATOR 81AS

CHECK COMMAND
LINES C1 AND

1

WARP

PHASE DETECTOR OUTPUT/ B e RENCE Frvco—tinl
—HNT
OSCILLATOR e :rcczopoa BoTH Q1o UL
REPLAC
ELEMENT ON YNTHESIZERS, OR CODE P

FREQUENCY

STEERING LINE CONTINUITY
NO ST CHECK L26
chECK 8o VAT 86407V FOR OPEN:
REPLACE
YES
START ALL CHANNELS DO NOT REPLACE U322
VCO MECHANICAL TUNING O LocK OR CODE PLUG
MEASURE I
CHECK BIAS
LT (¢ + 1 MH, BUFFER AMP
G 'N\; 2l TRANS BIAS PTS AT C26 SOURCE SET UP STATION
UG CCW. FOR TROUBLESHOOT. TROUBLESHOOTING PREREOUISITES
GT (fyn7 + 1 MHz), SEE PREREQUISITES.
UG CW. 1. THE FOLLOWING TEST EOUIPMENT iS REQUIRED FOR
TROUBLESHOOTING THE SYNTHESIZER CIACUITS:
CHECK FOR SHORTED Car; ' AN RF FREQOUENCY COUNTER, RF PROBE, DC VOLTMETER,
REPAIR BIAS 15 1T SOLDER SHORT FROM SOURCE TOAN TUNING 30 MHZ BANDWIDTH OSCILLOSCOPE, OMM METER, 270 OHM
O REPLACE 057007V TO GND: SHORT IN GATE SCREW TO Loex +5%, 1/4 W RESISTOR (MOTOROLA NO. 8--11009C35), V.CO
027, CIRCUIT OR OPEN L28: LIMITS (CW + CCW) TUNING TOOL, REFERENCE OSCILLATOR TUNING TOOL,
REPLACE 026, MONITOR U323-15. ANO RF POWER METER.
2 WITHSTATION POWERED AND DE-KEYED, UNLATCH AND

SLIDE AF TRAY OUT, TILT UP STATION CONTROL TRAY, AND
THEN REMOVE RF TRAY COVER.

3. REMOVE SOLDER SIDE SHIELDS FROM MALFUNCTIONING
SYNTHESIZER CIRCUIT AREA ON UNIBOARD.

ARE
VOLTAGE
LIMITS

MEASURE RF LEVEL CHECK FOR SHORTED CR26
AT L35 AND C37 OR SOLDER SHORT FROM
SOURCE TQ GATE.

LT3V
AND GT 8 V?

STION

SYMBOLS AND ABBREVIATIONS USED IN THE CHART
CHECK ALL VOLTAGE MEASUREMENTS ARE DC, UNLESS OTHERWISE STATED
U323-7 = PINNO.7 OF U323

PROGRAMMING
AT U322
= TEST TO BE DONE [ = PEAK-TO-PEAK
fyco = VCO OUTPUT FREQUENCY

INTENDED FREQUENCY

CHECK L35 FOR COLD
SOLDER JOINTS,
SHORTED (38, €39, C40,
OR REPLACE Q27

is

RF VOLTS

GT 1V RMS
?

QUTPUT BUFFER_

CHECK FOR ¢ -
OPEN OR SHORT T
N LPF OR REF. "\ = LOOP PULSE FREQUENCY
TOR.
OUTPUT CONNECTO LIVE REPAIR CONTROL « DECISION ta < REFERENCE FREQUENCY
1 SHORT, RD. REFER TO
PROGRAMMING? B O CEEsOn 8 CHART PCB = PRINTED~CIRCUIT BOARD
GT = GREATER THAN
LT = LESS THAN

fl

TROUBLESHOOTING
PHASE~LOCK LOOP

[

CHECK MODE SWITCHING ON

D - SouRCEOF FAULT s
PLL
DC REMOTE OR REPLACE
EEPS--35637—0

CODE PLUG
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PHASE DETE

INSPECT U321 AND
SURROUNDING
CIRCUITRY,

REPLACE U321

NO

fLoor ST fRee

START
! SYNTHESIZER DOES NOT LOCK
SET UP STATION FOR
TROUBLESHOOTING., USE
1S PREREOUISITES ON
THIS CHART.
150 MHZ CHECK DC MEASURE T MEASURE
£10% AT APPROX. (EVEL AT RFINPUT 15070 ~15 V€O OUTPUT
600 mV PP U322-25 AT U327t POWER AT
OBSERVE DG mv P P pow
VOLTAGE AT
U323-1,
MEASURE
OBSERVE
LOOP WAVEFORM REPAIR BIAS DC VOLTAGE AT
AT U323-23 AND CIRCUITRY OR REPAIR COAX D oLt
REFERENCE REPLACE U322 QR POWER
SPLITTER OR
WAVEFGRM SPLITTER O
AT U323-2
BUFFER
RF FEEDBACK LOOP
YEs

MEASURE DC
nd

REPLACE
Q324 OR
REPAIR STATION
CONTROL BOARD.
4v
PP SQ
- INSPECT FOIL REPAIR SHORT
WAVE REF. RUNNING TO ACROSS P324—1 VOLTAGE AT
SIGNAL AND SPIKED U323-2 AND —23 OR REPLACE U325 P324-1
LOOP AND TO U322--5
SIGNAL? AND -9
OSCILLATOR INOPERATIVE; LOW OR CHECK DIVIDER
NO QUTPUT POWER u322-11, 12,13,
14,23, 24, 26
FOR LOGIC SIGNALS

CHECK B6 V

MONITOR 8.6 V AT
U323-14
AND 5V AT
u322-10
SET RADIO TO ON VCO PCB
CHECK €348, R337,
LIVEGTO5V
PROGRAMMING?,

R336, RT321, R338,

HIGHEST CHANNEL;

UNPLUG P323;
MONITOR VCO
OUTPUT FREQUENCY

Q323, Q322 FOR
SHORTS, ETC. OR
REPLACE U323,

CHECK FQR SHORTS
AT C26, C42, OR

CHECK INTERCONNECTIONS
OR REPA{RB.6 V
REGULATOR ON IPA, OR
5V SUPPLY IN DC-OC

AND DC VOLTAGE
P324B AND FOR
SOLDER SHORTS

AT P324-4

VOLTAGES
PRESENT

REPLACE
U322 OR
CODE PLUG

CHECK FOR

WITHOUT
RIPPLE? CONVERTER
CHECK o SHORTED STEERING
U322--2 1S P324--4 MEASURE DC LINE (P324-4)
v VOLTAGE AT ORNO_ LOOP
REFERENCE OSCILLATOR LOOP U323-15 VOLTAGE ADAPTIVE FILTER
? CONTINUITY,
CHECK BIAS
AT Q28 GATE OSCILLATOR BIAS
22701V CHECK 14.4 MHz INSPECT AND
PP AT PIN 3 ON 027101V REPAIR CIRCUITRY
INEWAVE? REFERENCE OSCILL p_p FROM REF. OSC. is PHASE DETECTOR OUTPUT/
S ! BOARD BOARD TO U322, 4 OR
P324- STEERING LINE CONTINUITY.
U323-15 i NO ST
SHORTED 9.6 V CHECK 8.6 V AT CHECK L26
526 DRAIN B6+0TV FOR OPEN;
LINE? ., REPLACE
CHECK FOR 9.6 V AT
YES
START
VCO MECHANICAL TUNING
BUFFER AP CHECK BiAS ~
TRANS BIAS PTS AT €26 SOURCE SET UP STATION
FOR TROUBLESHOOT.
SEE PREREQUISITES.

PIN 4 OF REF. OSC.

BOARD QR
REPLACE BOARD.

IF fyop LT T + 1 MHz),
TUNE SLUG CCW.

IF ‘VCO GT ”lNT +1 MHz),
TUNE SLUG CW.

TURN TUNING
SCREW TO LOCK
LIMITS {CW + CCW]
MONITOR U323-15.

CHECK FOR SHORTED C31;
SOLDER SHORT FROM SOURCE
TO GND; SHORT N GATE
CIRCUIT OR OPEN L28;
REPLACE 026.

INSPECT
REFERENCE
SIGNAL AT

U322-5

fyco AT P232
APPROX. EQUAL
TO{F T + T MHZ)

ST
057007V

REPAIR BIAS
OR REPLACE

027.

SEE IF PIN
5 SHORTED OR
REPLACE U322

OBSERVE
OC VOLTAGE
AT U322--22

ARE
VOLTAGE
LIMITS

LT3V
AND GTBV?

INSERT 270—0OHM SHUNT
RESISTOR P324--4 TO
GROUND.

CHECK FOR SHORTED CR26
OR SOLDER SHORT FROM
SOURCE TO GATE.

MEASURE RF LEVEL
AT L35 AND C37.

OBSERVE CHECK PiN REPAIR
LOOP PULSE U322-27 FOR SHORT AT U322--22
AT U322-9 FAST LOGIC PULSE OR REPLACE U322
PROGRAMMING LOOP GO 10
TEST SECTION
342
CHECK L35 FOR COLD
SOLDER JOINTS,
P FFER
SHORTED a8, 39, CA40, QUTPUTBUFFER.
CHECK
PROGRAMMING
AT U322

OR REPLACE 027

CHECK FOR SHORT
AT U322-27 OR

ARE

REPLACE R330;
CHECK FOIL RUNNERS 1.4V PP 0TOEV aT U2z
BREAK OR PULSES AL
REPLACE U322 PULSES? PRESENT? FROM STATION
! CONTROL MODULE
REMOVE 270—~OHM SHUNT
RESISTOR AND RECONNECT
LIVE NO
PROGRAMMING?

P323; MONITOR U323--22
CHECK FOR

OPEN OR SHORT

CHECK FOIL RUNNERS
CHECK PINS FOR BREAKS FROM
23,24, 26, 11,12, STATION CONTROL
13, 14'0F U322 8OARD OR REPAIR
FOR LOGIC SIGNALS STATION CONTROL

BOARD

IN LPF OR REF,
2V PEAK OUTPUT CONNECTOR.
SAWTOOTH REPAIR SHORT,
OR REPLACE
€343 OR U323
CHECK MODE SWITCHING ON
DC REMOTE OR REPLACE

AT LOOP
CODE PLUG

CHECK RF REPLACE U322 PULS
LEVEL AND OR REPAIR LSE
COUNT FREQ PROGRAMMING RATE?
AT U322--25 {SEE PROCESSOR
TS CHART IN
THIS MANUAL),
MEASURE
WAVEFORM
PERIODS AT
U323-2 AND
u323-23




SERIES TRANSMIT VCO
CIRCUIT BOARD DETAIL, BLOCK DIAGRAM,
AND PARTS LISTS

MODEL TTE1470A

FROM
UNIBOARO

|

MODULATION
CIRCUIT

The resonator cavity (Z26) is not repairable. If defective, the
entire VCO assembly must be replaced.

TLES371A Transmit VCO Hardware Kit (403-435 MHz)

FROM STEERING LINE . LOW PASS
5 I BUFFER AMP FILTER
UNIBOARD INPUT hl
NETWORK
RESONATOR 0
caviTy X B UNIBOARD
BANDWIDTH o v
ADJUST =
OSCILLATOR BEPS~ 35610~ 0
m‘r
’ LEGEND:
L = 403-435 MHz
M = 435480 MHz
parts 3% No Code = 403-480 MHz
IMPORTANT CAUTION

Do NOT remove circuit board from VCO assembly. To do so witl
destroy proper VCO operation.

TTEB111A Transmit VCO Board; L

TLES372A Transmit VCO Hardware Kit (435-480 MHz) PL-8140-D TRE6112A Transmit VCO Board; M PL-8139-E
REFERENCE MOTOROLA REFERENCE MOTOROLA
MUMBER PART NO. DESCRIPTION NUMBER PART NO. DESCRIPTION
feedihru plate assembly: capacitor, fixed: pF *5%; 50 V:
A2Z6 1-80752D21 transmit VCO uniess otherwise stated
C26 21-11035B821 100
coennector, receptacle: c27 21-11059B05 .01 uF; £20%
J323 9-84135B02 phono, female cz8 21-11035B21 100
J324A, 3248 p/o A26 C29 21-11035B12 39
resenator cavity: C30 21-11035B21 100
726 not-repairabie replace entire VCO C31L 21-11035816 10
. i C31M 21-11035B29 75
non-referenced items €32 thry 37 21-11035B21 100
2-83718N01 NUT, tension G38 21-11035819 4.7+0.25 pF
3-10932M09 SCREW, tapping: 3 x 0.6 x 6 mm; 5 used C39 21-11035815 12
3-10943M16 SCREW, tapping: 3.5 x 0.6 x 10 mm; C40 21-11035819 4.7%0.25 pF
4 used C41, 42 21-11035B21 100
3-83100N05 SCREW, tuning (TLE5372A) C43 21-11078A21 4.7 %025 pF
3-83100N10 SCREW, tuning (TLE5271A) C44 21-11031A01 1
3-83677N02 SCREW, captive; 4-used
4-84081NO1 WASHER, shoulder; 3-used diode: {see note)
32-82796H02 GASKET, rf mesh CR26 48-84616A01 siticon, hot carrier
41-83147N01 SPRING; 4 used CR27, 28 48-82190H60 silicon, varactor
42-83517N01 RETAINER, spring; 4-used CR29 thru 34 48-82190H59 silicon, varactor
15-83190N01 HOUSING; VCO resonator
15-83191NO1 CASTING; VCO resonator coil, rf: nH:
unless otherwise stated
L26, 27, 28 24-82723H40 290
L29 24-82723H41 140
L30 24-82723H40 290
L3tL 24-84331M03 5-turns
L31M 24-84331M26 8-turns
L32, 33, 34 24-82723H40 290
L35L 24-84331M03 5-turns
L35M 24-84331M04 4-turns
L36L 24-84331M03 5-turns
L36M, 37 24-84331M02 5-turns
L38 thru 41 24-82723H40 290
142 24-82723H40 290
L43, 44L 76-83960801 ferrite bead
cennector, plug:
P324B 9-83730M04 4-contact; female
transistor: {see note)
Q26 48-869839 FET, N-channel; type M9839
Q27 48-84411L83 NPN; type M1183
resistor, fixed: 5% 1/8 W:
uniess otherwise stated
R26 6-11024A87 100k
R27 6-11024A29 150
R28 6-11024A73 10k
R29 6-11024A55 1.8k
R30L 6-11024A51 1.2k
R30M 6-11024A63 3.9k
R31 6-11024A59 2.7k
R32 6-11024A35 270
R33L 6-11041C67 1.2k
R33M, 34 6-11024A49 1k
R35L 6-11024A13 33
8 68P81077E16 1-20-88 )
thermistor:
RT26 6-82990E22 180 ohms @ 25C

note: For optimum performance, diodes, transistors, and integrated circuits must
be ordered by Motorola part numbers.




AMP

LOW PASS
FILTER
B TO
*\ UNIBOARD

Loz

BEPS~ 35610-0

LEGEND:
403-435 MHz

M = 435-480 MHz

No Cod

e = 403-480 MHz

CAUTION

sircuit board from VCO assembly. To do so wiit
CO operation.

oard; L
oard; M PL-8139-E
‘OROLA
RT NO. DESCRIPTION
capacitor, fixed: pF +5%; 50 V:
uniess otherwise stated
35821 100
59B05 .01 uF; £20%
35B21 100
35B12 39
35B21 100
35B16 10
35B29 7.5
35821 100
35819 4.7+0.25 pF
35B15 12
35B19 4.7+0.25 pF
35B21 100
78A21 4.7%0.25 pF
31A01 1
diode: {see note}
16A01 silicon, hot carrier
30H60 siticon, varactor
J0H59 silicon, varactor
coil, rf: nH:
unless otherwise stated
23H40 290
23H41 140
23H40 290
31M03 5-turns
3tM26 8-turns
23H40 290
31MO03 5-turns
311MO04 4turns
31MO03 5-turns
31MO02 5-turns
23H40 290
23H40 290
50BO1 ferrite bead
connector, piug:
IMO4 4-contact; femaie
transistor: (see notie)
139 FET, N-channel; type M983%
1L83 NPN; type M1183
resistor, fixed: +5% 1/8 W:
uniess otherwise stated
-A97 100k
{A29 150
AT3 10k
-A55 1.8k
-‘A51 1.2k
AB3 3.9k
A59 2.7k
A35 270
o7 1.2k
A49 1k
A13 33
thermistor:
E22 190 ohms @ 25C

ance, diodes, transistors, and integrated circuits must
numbers.
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TRANSISTOR DETAIL
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TRANSISTOR DETAIL

IRANSISTOR DETAIL
Q26 Q27
G C
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23 ? s
J3 TOP VIEW
H LOW LEVEL RF
i 403- 435MHZ
10MW NOMINAL YARACITOR DETAIL
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2 = CR34
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TTE1472A TRANSMIT VCO (435-480 MHz)

TRANSISTOR DETAILS

Q26 Q27
G C
S E
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TOP VIEW

LOW LEVEL RF
435 - 480 MHZ

tOMW NOMINAL  yARACTOR DETAIL

CR27
I l CR34

VCO MODULATION

COMPONENT sSiDEY

BD-CEPS—-35200-A
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TRANSMIT FREQUENC HESIZER

SERIES TRANSMIT VCO
SCHEMATIC DIAGRAMS

MODEL TTE1470A
TTE1472A TRANSMIT VCO (435-475 MHz)

ELECTRONIC
BANDWIDTH
TRIMMING
CAPACITORS
(FACTORY SET)
STEERING LINE
INPUT VOLTAGE £SO ZngR AT 8.6V
1 R NA CAVITY
k3 OSCILLATOR r 1
vCo 3108V N N N N
sTES'?éNG B & B P e TUNING g
L 4
SCREW 4% NOTE2
GND A4 €A L40 L34 L32 L26 OSCILLATOR
L 100 290 290 290 290
3-0.9 T0-2.5V Ler . —_]m«
-
" [P R,
m_l oot iox » cre on33 Py cnar CR30 cnz9 s 5 ol w26
CR26 ~ce8 L cae R2S6 ce7 4 + e + T3t LLams < Moa30 y .
100 39 100K TooHuF a6V > 86V I s I 4¢ - p'a | AR, ' K3\ -11T0-2.5 L
L28 3 ENCAP- . 290
L39 L33 L3y SULATED Y 5 S YCR26 A.cos Lceg r26 ca7
290 L 290 290 8T PROBE A osroom |- T o0 T 39 100K GOtUF
- ASSEMBLY | "7 - g
ca4 ~ 3 c3o L28
) ke i 7F 290
1 = 1A 100 i
MODULATION] POWER cas
MODULATION {NPUT d INPUT ouTPUT 3
i
R27 ( RT26 r PROBE PROBE L4z A
150 190 82 290
Q@ 25°C 1t 8
= Y 431 R27 RT26
BUFFER AMPLIFIER L29 ?, 150 90
< b Q@ 2s5°¢C
-2
140
8 S
Rz pro L BUFFER AMPLIFIER
sk ) cre7
INTERMEDIATE b T
R32 POWER AMPLIFIER = R
270 VIA UMBOARD P32 3, a6V
16V w106, ISOLATION BUFFER 1K v
Q326 WIS, AND P45! TO INTERMEDIATE
403 435 MHZ a6y L4y g_?g POWER AMPLIFIER
0 d8m) N \d VIA UNIBOARD P323,
R29 fi v 290 1.6V R31 4.6V WIOE, ISOLATION BUFFER
1.8% (32 Q326105 AND #4571
100 27K 415—«"00!"#(1
L3 o vl 14 2 = A-C35 R29 L38 A C36 118 déim)
et VY N g v = ca3 ES S
= 5T oo 5T st v > A3 > ‘ 100 18K 290 100 ‘
c3 c3s €40 ! XMIT RF 2390 a7 30 .
47 12 47 €34 ' = 1 % Q27 L35 3 L36 L37 L J323
d 1 1 100 oL §) cras = MiiE3 ""?}“""‘ioo s T o
= - - - e os8v c38 c39 €40 | XMIT RF
= ES 0 > :[4_7 I [H Ia.? [ masumend
A SAMPLE OF THE STEERING VOLTAGE IS APPLIED = = = = =
TO CR28 TO MAINTAIN MODULATION SENSITIVITY OVER
THE STEERING LINE VOLTAGE RANGE
'CONNECT DETAIL
A26 .
LEGEND:
FEEOTHRU T INTERCONNECT  DETAIL
PLATE vCo O THEORY NOTE o
2. THE TUNING SCUREW 15 FACTORY SET FOR THE PROPER XMIT VCO LEGEND:
pazealuzzan ss2a8lp3248 ' MAINTEMANCE NOTE RANGE OF FREQUUNCIES. FEPELDATTHERU 5%3’ HEORY MOTE
‘ 1 = 1 — L P
i —p—— BF SIGNAL FLOW UNIBOARD Wi04
\ 2 2 OP—O A0 SIGNAL FLOW 14724 MODEL BREAKDOWN CHART p324a]J3zan J3zaslr3zan ., MAINTENANCE WOTE
o —f»—— CONTROL SIGNAL FLOW RED ‘ - '
3 3 RF SIGNAL FLOW
~ ——
I 4 . 4 GRN 2 :I: P PO a0 SIGNAL FLOW
BLX :E —Pp—— CONTROL SIGNAL FLOW
EY [ 3 3
WHT 4 T 4
DEP3 -40582-A
- BlK-orG NEY g 5
- — - DEPS-35083-C
pe

1-20-88
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TTE1471A TRANSMIT VCO (403-435 MHz)

ELECTRONIC
BANDWIDTH
TRIMMING

CAPACITORS
(FACTORY SET)

STEERING LINE
INPUT VOLTAGE 226 a6V
P324B f 1 , RESONATOR CAVITY
VCO K}
STEERING | 4 To 8y B B B B
LIRE ral La3 Ts”c':a'é'ﬁ A note2 c2
GND | 3 v 44 L40 33 L34 L32 L26 I 8% OSCILLATOR p324B -
L 100 290 290 290 230 veo 3708V
veo = = STEERING | 4 £ B
2 —-o—P CR34 CR33 CR32 CR3t CR30 CRe9 O R LINE
MODULATION - i
- o -~ ) ~ . Y et & o 26 GND i 3 N4 e
N 1 [ R - M9839 - s T
Bev | 1 b aev Ik 4 S+ 4 Ik £ AR S e 0.9 10 -2.5v L2 +
L33 ENCAP- H ! - 290 veo 2 OB
53% 250 Ly SULATED | 1 H B ?/ JCR26 _Lczs J.c29 R26 ca7? MODULATION . i
L4a 5T PROBE [ 100 T 39 100K O.0tUF
AssemsLy | S 057007V 30 28 86v| | j—w 86V
[0} © 3t " 3%
= 1\ 100 290 =
MODULATION| POWER =
MODULATION INPUT INPUT ouTPUT ca4
r L 3 PROBE PROBE L42 7
R33 L e ! .
2
2« T 0
A\ 4 CH R27 < RT26
129 10 150 1) 190
o B © > © m’_mo 1 (@ 25°C
R28 033
10K I 00 ~ BUFFER AMPLIFIER
i g; CR27
= = R
8.8V
Iy 3 0
INTERMEDIATE
LAY R32 POWER AMPLIFIER
8.6V B ’Yz‘g'a 270 VIA UMBOARD P323,
42 dem 1.6V R3t 46V w106, ISOLATION BUFFER
400" Fioo P%I% QB26,W105,AND P451
N 403 435 MHZ
= S C35 R29 138 = C36 (18 d8m)
o S Tio  fisk 30 Ti00 A 3
i l 290 P
c3s 5 = R0 o7 L35 €37 L36 L37 4323
100 " e 1.2K e PV Ao .
SF§)crae M{483 5T 100 5T ST v i
e . oav c38 c39 €40 H XMIT RF
£+ » 47 [ 47
D Y = = =3 2
A SAMPLE OF THE STEERING VOLTAGE IS APPLIED - - - =
YO CRZ8 TQ MAINTAIN MODULATION SENSITIVITY OVER
THE STEERING LINE VOLTAGE RANGE.
NOTES: INTERCONNECT  DETAIL
A28 LEGEND:
1. Unless otherwise specified, all resistor values are in ohms, all capacitors in ?E'élrl’.ﬁﬂ T
picofards, and all inducators in nanohenries. PLATE veo O THEORY ROTE
. . . UNIBOARD
2. The tuning screw is factory set for the proper range of frequencies. win4 pazaaliseaa J3z24BlP3248 - MAINTENANCE NOTE
RED ~
TTE1471A Model Breakdown Chart ! ) ! —P—— RF SIGNAL FLOW
GRN & ow
TLES371A VCO Hardware Kit 2 T z O s somar riow
TTEG111A VCO Board BLK 3 2 3 —» e
WHT N
4 = 4
I [eiv-ore "“k i
- DEP3-20582-A
=
S—




TRANSMIT SYNTHESIZER

p/o TRN9880A UNIBOARD
SCHEMATIC DIAGRAM 196V

T
R359
4re R3T 4
Ko
365 c366
T i i 363 MODULATION COMPENSATION ADJ
10UF 10UF 200
Tw
R362 R365 " pisg R368
120K i® oK 10K
6
ISOLATION “x;sf R3¢0 9 7 R366 i3 M°9372275
BUFFER A R o | raa 5. 10K \,4 MITED oarp
£
R361 10ls 220 u3zen R367 12| 3060 10K
P323 w108 c356 —__L 62K u326C 22K s
PR > R347  R350 Tl 0.8y Q326 =
i — 27 27 1 R374
T e ) " t P it
IZO R349 R351 1 &
L 36 56K L wio L
= R348 c3s7 L329 105 -
e - — &
FILTERED +5V Bt L3214 = l 20 3T %f P
7T €355 CR =
:[20 R352 L328
FROM C 314 IN = 2.4K 290
RCVR SYNTH SECTION 5y 4
[cass 4 R353
C322 ¢ FILTERED +9.6V# RAMP GENERATOR TRANSMITTER
I 270 ] case Q322 LOCK SWITCH
= §L322 <50 RT321 M3643
RN L2758 IN 3T < N R338 1 0.1+3y N
£
RCVR SYNTH SECTION X \IKJ 220 : [ ﬂ 0324
14.4~MHZ w323 R323 R337 ! : r3zo | M9642
REFERENCE c348 L327 L33
OSCILLATOR ey . < R325 < 390 ev |1 2600 120K 0 e e
SIGNAL < o% J_ il Lc3so c349 14 14
P/Q J381 c3za Mj i R339 [ 20 I O1UF
= + <+ 47K A4 !
EXT. REF. INPUT | 2 > ) » 2l cer N & oy L c344 W, = . L FILTERED +9.6V
0022UF mcs3s - 5328 . 1:47UF L| jNoTE 3)
v | L TOJUF 270 Loor |50 c340 X A TO XMTR
Iggz“ Y 15y 22l ae PULSE[ ¥ (A L33 21 19 24 7 MTR®
I L1323 l T R330 " 20 ESISTOR BASE CAPAGITOR ADAPT DETECTOR
BUFFE c337 R332 91v  RESISTO PACITO!
PRREszCALER R Ezgo Le 1 7K SYNTHESIZER| 4 ggs:ggT Pt
22 D_._§ 21py PRESCALER|3 €333 = 251F,, & 3335 R336 SYNC :_[.O‘IUF
out R329 220 = 0 150 |
L324 R326 Bivee 17 8.5v R3de 14
iT 1K 470 = Lc33a PNP BASE Q323 K
38y 2 . 15]— T OtUF > MO€43 e
- caer  Lcaze Acazs vee e < ez = Pluzzac
= 20 TOWF T20 " Irsea NECT R327 on3ez Boate U323 R340 6 ADAPTIVE FILTER
Locic. GND = = 56 PRESCALER 47K AC341 Hc3ze PHASE i - A
o L > o w1 . e e e
R328 8 1 J—
2o L8 Q & 231 o pROM/UP J28 dU321 11 {MODULATION 880K I HHu3240
P/O P3224A _lj" 8 47K SELECT ° COMP. R34
= 9 24 = 2K " 4
+9.6V]| 8 FILTERED 9.6V & AL N 23
Leazo Leari tlcaes Lesre Lcars L325 lng 2 = LOOP PULSE IN A0apTHC o 13 L
aubio ono| o 429 20 THOOUF Tt Tossvr 14 20 > Az A =
dc33i 5 2 5 U324A
40| 3 b = Toe=o Yoo REF. ouT > REF.IN a3 po - — —
= = = o T i
Al 14 b SYNTHESIZER ADDRESS BUS & D1 U P A 3 3 . C346 R342 B
& 3 Vo3 = ADAPT SELECT HoLp 21 1% 2.7K
a2l 2 o %) & 02 (NOTE 2) 14~8U 10047uF
14 C345
. 18 5 I
e § i’ o3 cmﬁgt & FREQ. CHANGE TIMING  LC HC HOLD 1 ;g—avLJ i p CR321
27 CAPACITOR GND  GND - QOIUF
ot} 10 b srnoeaso vee ZZJ_ % 1 oted | |
R333 R334 c343 |
D2 | 14 b SYNTHESIZER DATA BUS J_i 10 56K 47K "0068UF
D3| 5 ) -
TX STROBE| 1 Lcass A c334
Touwr %22‘5 220
TX MOD AUDIO| 7 FILTERED +5V & = =
PN Lc330
=20
P70 438 =
REF. MOD | 1 > > R357 4, C363

1OK 47 UF

SEE RF TRAY SECTION FOR
CIRCUIT BOARD DETAIL AND PARTS LIST
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+9,6V
A4
R359
470
R371 XMTR SYNT
L 47K
o0r c3 3 7
65 c366 =
1: ¢ e R363 MODULATION COMPENSATION ADJ vO8V o o
10UF 10UF 200 _ auoio ono g 5
oW
R362 R385 R368
R‘%!:(B SDt jo g
120K 1« 10K 0,
. Q327 sD2 ;)o
c364 ~ 1
R360 R366 13
I 2 z > M9728 TRANSMIT LOZK |o &
1OUF 120K 8 R364 5ke 10K 19 ~ S __ D R3T2 12 -
220 U326 i 10K MODULATION ENABLE [0 of §
R361 101+ B R367 2]+ 13260 2
62K u3zec 22K G i
SAf {0 O} T
A “i\VR322 »xC367 R374 P322A
4 =
Fazv Otk 120K (PIN VIEW
v
= w;oj\s = = w105 pasy
) B> - = T
"‘\t i
P/O 4404
P/O P322A RF TRAY
RAMP GENERATOR TRANSMIJ‘TTER [ S—— FEEDTHRU
UNIBOAR
RT321 33323 LoCK 3 CH 13 | MODULATION ENABLE o p 3224l 3555 PLATE =
N\ R338 1 0./ =3V N P R L
T/ 220 [RED Q324 v 12 | TRANSMIT LOCK -
T R3%y i R370 M9642 4 | TRANSMIT LoOP 1 T
I Lcaas L3z L330 VOLTAGE REGULATOR .
<4 R3S v 90 av 111 2000 120K T ( 14 e ! I
< o J_ i €350 c349 Lcase 3
1 R339 I 20 I O1UF IOJUF
A = o 344 =+ = 47K 2 L FILTERED +9.6V L | ’\/L‘J
REF N lcaze +9.6V Taror I oTe 3 vee LA =
=~ = LiL (g N -
OAUF \ 1o PP |3 Q328 "\T“
Loop Jo, | €340 & 1 AR BASE M9681 "
vEB PULSE] ® oy L331 21 i9 24 7 I
out ta RAMP  PNP _ RAMP ADAPT DETECTOR U325 -
R330 20 X RESISTOR BASE CAPACITOR CURRENT c354 SUPER FILTER I
a7k
£ 1 R335 R336 SYN;%?ZER 4 SOURCE I.OiUF P324A 4
IN = 10 150 = w104 L
8dvee 17 8.9v Ren  1a 2| FTER  +86V|4 RED B
L caze PNP BASE &5 Q323 200K oDl s F’“"CAPACITOR ouT _L t |a6v
. O1UF MoBa3 o360 tLcasr thcsez — —L
ez Pluzzac 008 Gho AN AT GRN| , | Tx MOD AUDIO =
u3zz - 14} care U323 R340 s ADAPTIVE FILTER B 1" I |10 MopuLATION)
DIVIDER -ch'u cazg PHASE 10 i - N = WOTE 3 = T 3 | GND
_ 2 a7UF q 1 +
Ti :_[ L DETECTOR DETECTOR| !5 LI 293V o R343 . | . R346 11710 e e e e e MRS S |E WHT VCO STEERING
= ouTPUT 880K ; g 33K e e - ¢ LINE
Juazi 11 - u3240
PROM/UP}28 MODULATION [ S —— et
ad seLecT [ ° COMP. R344 BLK-ORG kevl s
at = 2 ! & ~
. : F
p—-231 00P PULSE IN apapTH2 > 13 R3S 4] 1 o022V
Az =
5 . 5 2luz2aA LEGEND:
Do REF. OUT - REF. IN sPs p— o — — ~_F - THEORY NOTE
——————— !
U324 (NOTE 3} i
bl - A 3 5 7 €396 R342 248 L - - PRIMARY SIGNA
VvCo3 B ADAPT SELECT HOLD 2 e 2.7K i
02 (NOTE 2) 14841 | poarur B - + CONTROL SIGNA
€345 =
b3 FReq, 118 & S1FReq. CHANGE TIMING  LC He HOLD 1 ;s—av‘ul I g CR321 - VAINTENANCE
7 CAPACITOR GND GND - OOHUF
STROBE 35 E T (NOTE 3) L1 Y * LOGIC GND
GND vee _I' T =
! 10 B3a2 R3% 3l L - AUDIO GND
J_ 56K 47K .0068UF i =
dcazs dc33a
Toir %225 220
5 B R357 +’[C 363
kel 1

10K 47 UF
EEPS -45400-0




w:‘o\f’ P45
—“T i
P/O P322A
13 | MODULATION ENABLE
12 | TRANSMIT LOCK
4 { TRANSMIT LOOP
50 VOLTAGE REGULATOR
EA .
4 Lcase
Io.mr
L [
vCe
PNP é_@ Q325
BASE M9681
v325
SUPER FILTER
P324A
w104 I
2] FILTER  +86V4 . REDL 4 |aev
N CAPACITOR  OUT . i -
+
€360 ND 7 C361 €362 GRN TX MOD AUDIO
I'OUF 915 a7UF I«WUF 2 | (vCO MODULATION)
+ =+ = = I BLK 3 | eND
(NOTE 3) =
——————————————————— R WHT| 4 |VCO STEERING
___________________ Ing LINE
BLK-0RG | o | o
J:: N

EEPS ~45400~0

COMMECTOR DETAILS
XMTR SYNTH
XMTR VCO
7 STEERING
+9.6V g° TRANSMIT AUDIO Notes:
6
AUDIO GND g o) SD9 jo] Bev 1. Unless otherwise specified, all resistor values are in ohms, alf capacitor values
-3 i .
- 100 3 sp3 20| VCO MODULATION in picofarads, and all inductor values are in microhenries
sp2 |o g TRANSMIT LOOP s0| eND 2. Long Adapt Signal Period (Stow Lock} is 12 ms.
"
TRANSMIT LOCK [o 3 SAQ 40) VCO STEERING 3. Copper guard bands connected to phase detector U323 output circuit (denoted
12 2 by dashed lines) surround pins 12, 13, and 24, as well as portions of adaptive
MODULATION ENABLE 1% 0| sA2 50| KEY filter U324 and the steering line
sat |o <': TRANSMIT STROBE P324A
(PIN VIEW) Ret. Desig. +5V{(Pin) | +8.86 V(Pin)| Gnd (Pin) IC Type Description
P322A
(PIN VIEW) U321 8 4 Prescaler
U322 10 1 Divider
U323 18, 14 1,16 Phase Detector
U324 14 7 Analog Gate
u3z2s 1 5 Super Filter
u3ze 4 1 Quad Op. Amplifier
INTERCONNECT DETAILS A2¢
P/O A401 XMIT VCO
FEEDTHRU
RF_TRAY PLATE o]
FEEDTHRU T
UNIBOARD PLATE INTERCONNECT BOARD' UNIBOARD XMIT VCO
P322A1J322A 13228|p3228 P324A]4324A J324B8iP324B
Va ~ Wi04 4
| E ) RED 4 ~ '
2 I 2 GRN 2 % 2
3 3 BLK 3 I 3
L T wr| | L,
g e USRI
T KEY 5
12 12
I L leuk-ore
13 I 13
’—.——__
14 = 14 e {
. J/
v .
\ =
B,
t
I 3
a - MODULATION
LEGEND. TX AUDIO —p P COMPENSATION
Q » THEORY NOTE v
. MODULATION MODULATION
’ PRIMARY SIGNAL FLOW REFERENCE SUMMING POINT STEERING
AL LINE
£ - CONTROL SIGNAL 14.4-MHZ REFERENCE SIGR VOLTAGE -
- REFERENCE ADAPTIVE .
OSCILLATOR SIGNAL ——fp—— DIVIDER B> P LooP FILTER B CONTROLLED
' = MAINTENANCE NOTE (FROM RX SYNTH) PHASE OSCILLATOR
& * LOGIC GND DATA DETECTOR B ADAPT RF OUT
IN
L < AUDIO GND
= 4 LOOP
¥ £ SIGNAL DATA
DATA <N '
DATA (NPUTS ~ ~ IN COUNTER -
(FROM PROCESSOR) v v A 4
RF
ISOLATION A —
BUFFER TO PA
DATA
P TO PROCESSOR

BEPS-35604-0




MOTOROLA INC. INTERMEDIATE POWER AMPLIFIER

Communications
Sector

(IPA) AND 9.6 V REGULATOR

TLE2230A SERIES

1. [PA THEORY OF OPERATION

1.1 The MSF 5000 IPA consists of four cascaded am-
plifier stages. The four stages are incorporated ontc a
single ceramic substrate using micro-strip line design.
The IPA input and output impedance is 50 ohms.

1.2 The rf output generated by the XMIT VCO (at
least 10 mW), at the required transmit frequency, is ap-
plied to the first stage of the IPA (Q459), a class A am-
plifier with a fixed supply voltage, A + . The remaining
three amplifiers operate with a variable control voltage.
The power output from the IPA depends upon the level
of control voltage. Therefore, the power output of the
radio can be smoothly varied by changing the IPA con-
trol voltage. DC power for the IPA is routed from the
uniboard through cable W701 to P452. The IPA module
has a rated power output of 0 to 9 watts.

1.3 Since the transmit VCO operates whether the radio
is in the transmit mode or receive mode, it is possible for
rf energy at the transmit frequency to be conducted
through the IPA to the antenna even when the radio is
operating as a receiver. An IPA attenuation circuit re-
duces this undesirable signal to a very low level by turn-
ing the IPA “off” (saturating it} . That is, the
attenuation circuit is composed of transistor switches
Q453, Q454, and Q455. When in the receive mode, each
of these transistors provides a direct current that for-
ward biases the base-emitter junctions of each of the
first three IPA amplifier stages. In this saturated condi-
tion very little rf energy can be conducted through the
amplifiers. Therefore, the VCO transmit signal is effec-
tively reduced during receiver operation., During trans-
mit, the three attenuation transistors are switched off
and the IPA amplifier stages operate normally.

2. 9.6V REGULATOR THEORY OF
OPERATION

The 9.6 volt output is obtained from a series regulator
circuit on the TPA carrier circuit board (TRNSI45A).
The 9.6 volt regulator uses the A+ output from the fer-
roresonant power supply as a source voltage. A 9.6 volt
sensing circuit regulates the amount of current that is

technical i
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allowed to pass through the series regulator, thus con-
trolling the voltage across the load. Filtering of the 9.6
volt regulator’s output is done on the uniboard.

3. MAINTENANCE
3.1 IPA REMOVAL

The MSF 5000 IPA assembly can be removed as fol-
lows, after removal of the rf tray cover.

Step 1. Disconnect IPA input cable W105 rf connector
P451.
Step 2. Disconnect IPA output cable W601 connector

P453 from prefilter (p/o FL500 transmitter filtering op-
tion) or straight adapter CP451 (standard models). Re-
move cable restraint(sy holding the IPA output cable
W601 to the station chassis.

Step 3. Disconnect IPA dc interconnect cable W701
connector P452.

Step 4. Loosen five captivated IPA mounting screws.
The IPA assembly (hybrid + carrier board + heat sink)
can now be lifted from the rf tray.

Step 5. Remove IPA assembly handle with a pair of
needlenose pliers.

CAUTION
Do not stress the IPA hybrid when remov-
ing the IPA handle.

Step 6. Remove the nuts from the two stud-mounted
transistors (461 and Q462) wiith a 1/4” nut driver.

Step 7. Carefully unsolder the two grounding straps
and center conductor of IPA output cable W601.

Step 8. Carefully unselder the four Omega straps con-
necting the IPA hybrid to the IPA carrier board.

riting services
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CAUTION
Excessive heating during the unsoldering op-
eration can cause the microstrip solder lugs
to become loose.

Step 9. Carefully unsolder the seven wire jumpers from
the solder lugs on the IPA hybrid.

Step 10. The IPA hybrid can now be lifted from the TPA
printed-circuit board and replaced.

3.2 IPA REPLACEMENT

Use the following procedure to replace the 1PA ceramic hy-
brid:

Step . All steps relating to the removal of the IPA can be
reversed, with particular attention being paid to the follow-
ing items:

& Wakefield Thermal Compound should be applied as re-
quired around the clearance holes in the IPA heat sink for
the studded transistors.

e Follow the proper procedure for installing Omega straps,
as described in the Maintenance section of this manual.

e Before placing the IPA assembly back into the rf tray, a
coating of Wakefield Thermal Compound should be ap-
plied to the IPA mounting surface of the rf tray.

CAUTION
Application of a thick coating of thermal
compound or the presence of foreign mate-
rial on the mounting surface may cause poor
thermal contact and may result in early tran-
sistor failure.

4. IPA TROUBLESHOOTING
PROCEDURE

4.1 POWER OUTPUT

Refer to the IPA Troubleshooting Chart at the end of this
section while performing these procedures. Also, refer to the
Station Functional Block Diagram in the Description sec-
tion of this manual.

Step 1. With station powered up, put station in transmit
mode (set S802 to XMIT). Measure IPA power output.
Power output should be at least 8 W.

Step 2. If power output is low or zero, check for IPA con-
trol voltage at the collectors of G460, (3461, Q462, and A +
on the collector of (459,

Step 3. If control voltage is at least 11 volts on all three
controlied stages and A+ is available to (3459, check the
VCO buffer amplifier gain (greater than 1 dB) and the VCO

output (greater than 7 mW). If the buffer amp or VCG are
operating incorrectly, then refer to the Synthesizer Trouble-
shooting Charts in this manual.

Step 4. If the control voltage is below 11 volts, check
Q451 for an open circuit. If Q451 is defective, replace it.

Step 5. Check the IPA attenuation circuit, as follows:

Step 6. If all voltage levels on the amplifier and attenua-
tion circuit are within limits, replace 1PA. See IPA removal
procedure.

4.2 ATTENUATION CIRCUIT

The attenuation circuit can be tested in either the receive
mode or the transmit mode. The following steps are appli-
cable to both modes, but with information relating to the
transmit mode in parentheses; e.g. (transmit).

Step 1. Make sure station is in the receive (transmit)
mode.

Step 2. Measure the voltage at the collector of Q455.
Measure the voltage at the emitter of Q453 and (454. These
voltages should be at least 11 volts (approximately O volts).

Step 3. If Q455 is less than 11 volts (approximately 0
volts), check P452-2. It should be approximately 0 volts
(A+). If P452-2 voltage is OK, replace Q455. If voltage is
incorrect, check the power control troubleshooting guide.

Step 4. If Q453 or Q454 is less than 11 volts (approxi-
mately O volts), check the collector of Q452. It sheuld be
A+ volts (approximately O volts). If not, replace Q452. If
(452 is at A+ (approximately 0 volts), replace either Q453
or Q454 as required.

5. 9.6 V REGULATOR
TROUBLESHOOTING PROCEDURE

Step 1. Check that A+ is available at the emitter of
(456.

Step 2. Check that the regulator output is not shorted.
Regulator output is shorted if CR453 is forward biased. If
the regulator is shorted, investigate and repair.

Step 3. Check the voltage across VR451. If regulator out-
put is above 9 volts, the voltage across VR451 should be
approximately 8.2 volts. If regulator voltage is below 9
volts, the regulator output and diode voltage should be
identical. If not, replace VR451.

Step 4. If the voltage is above 10.5 volts, check the voltage
on the base of (457. It should be under 4 volts. If it is under
4 volts, replace Q456. If it is under 4 volts, replace (456. If
it above 4 volts, replace Q458 or Q457.

Step 5. If the output voltage is too low (less than 8.5
volts), check the voltage on base of Q457. It should be
above 4 volts. If it is above 4 volts, replace Q458 or Q457.

2 68PRI0G3ES4 1-20-88
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TROUBLESHOOTING PREREQUISITES

STEP 1. INSTALL STATION CONTROL BOARD
SERVICE JUMPER {JU1) ONTO TS SERVICE
INSTALLATION POSITION

IMPORTANT
WHEN TROUBLESHOOTING 1S COMPLETED,
RETURN JU? TO ITS ORIGINAL POSITION

STEP 2. DISCONNECT THE IPA QUTPUT CABLE
{W601) BY UNSCREWING PA53 FROM THE
STRAIGHT ADAPTER CP451

STEP 3 CONNECT W80 (VIA PA53) TO A
WATTMETER TERMINATED IN A 50..QHM LOAD
BE SURE THE WATTMETER AND LOAD ARE
RATED FOR USE AT UHF

DEPS-35642--0

IPA AND 96 V REGULATOR

IPA AND 9.6 V REGULATOR
TROUBLESHOOTING CHART

MODEL COMPLEMENT

T

| MODEL DESCRIPTION

p/o TUEI761A RF Tray: 403-435 MHz
p/o TUEL762A  RF Tray; 435-475 MHz
p/o TUEIS0IA  RF Tray (T/R = 3-20 MHz); 403-435 MHz
LEGEND:
X = one item supplied

[ KIT

DESCRIPTION
X X TFE6481A Injection/Image Filters; 403-435 MHz
X TFE6482A Injection/Image Filters; 435-475 MHz
X X TLES321A Injection/Amplifier Board; 403-435 MHz
X TLES322A Injection/Amplifier Board; 435-475 MHz
X TLE5391A Preselector; 403-435 MHz
X TLES392A Preselector; 435-475 MHz
X TLES401A Front End; 403-435 MHz
X TLES402A/B | Front End; 435-475 MHz
X TLES701A Front End (T/R = 3-20 MHz); 403-435 MHz
X TLES711A Preselector (T/R = 3-20 MHz); 403-435 MHz

MODEL COMPLEMENT BREAKDOWN

|  MODEL DESCRIPTION
— TLE2231A Intermediate Power Amplifier; 403-435 MHz
];— TLE2232A Intermediate Power Amplifier; 435-475 MHz
l‘ LEGEND:
[ X = one item supplied
| KIT DESCRIPTION
X X TKN8843A IPA Output Cable Kit
X TLES331A IPA Hybrid Circuit Kit (403-435 MHz)
X TLES332A IPA Hybrid Circuit Kit (435-475 MHz)
X TRNS145A IPA Carrier Board Kit (435-475 MHz)
X X TRNS5146A IPA Hardware Kit
X TRN9667A IPA Carrier Board Kit (435-475 MHz)
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IPA AND 9.6 V

REGULATOR (403-435 MHz)

CIRCUIT BOARD DETAIL AND PARTS LISTS
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TRANSISTOR DETAILS

Q457
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CONTROL VOLTAGE
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(PIN VIEW)

RFE INPUT

403~ 435 MHZ
10mW NOMINAL

parts list

Field repairof thes
replaced in theiren
erence purposes o

TRNS145A1PA Carrier Board
TRNGE674 1PA Cartier Board |

REFERENCE
NUMBER

C451

C452

C453 thru 473
CA474M

C475

CR451,452
CR453
CR454
CR455M
CR456M

J452
J451

Q451
Q452,453,454
455
Q456
Q457
Q458

R451
R452
R453L
R453M
R454L
R454M
R455
R456
R457
R458
R458,460
R461
R462,463
R464M

VR451

MOTOI
PART

23-84538
8110178
not pfo K
21-85129

48-11034/
not plo K
48:11034|

48:86980
48.86964/
48.86964
48-86980
48-86964
48:86964;

1782291
6-11009E
17:820361
1782291
6-110454
17-82291)
6-11009E
6-11009E
6-11009E
611009
6:11009E
8-126C29
6-10621A
6-11009E

TRNS146A 1PA Hardware Ki

REFERENCE
NUMBER

MOTO!
PART

.
.
3

27007
2:8364
3-83677N
3-83678N
47691
4823454
10-10043)
14-83820
42-836801
54-84697]
55-83679]
64-83132]
75-10605)

i

5

-

TKNB842A 1PA Feedthru Cabl

REFERENCE
NUMBER

MOTol
PART

P452
P454B

i

15:83142
15.84301]

:

39:82717
4240217

TKNB843A Coaxial Cable wit

REFERENCE .. MOTO
NUMBER PAR]

™

P453 Jg.844H
30-8417

33-8808]

438315




pai‘ts list LEGEND:

LEGEND: L = 403-435 MHz
L = 403-435 MHz M = 435-475 MHz
M = 435-475 MHz No Code = 403-475 MHz
No Code = 403-475 MHz
IMPORTANT
IMPORTANT Field repair of these kits is not recommended. They should be
Field repair of these kits is not recommended. They should be replaced in their entirety. The following parts are listed for ref-
replaced in their entirety. The following parts are listed for ref- erence purposes only.
erence purposes only.
TRN5145A IPA Carrier Board Kit; M TLE5331A I1PA Hybrid Circuit; L
TRNY667A {PA Carrier Board Kit; L PL-8132-C TLES5332A IPA Hybrid Circuit; M PL-8130-C
REFERENCE MOTOROLA REFERENCE MOTOROLA
NUMBER PART MNO. DESCRIPTION NUMBER PART NO. DESCRIPTION
capacitor, fixed: capacitor, fixed: pF £5% 50 V:
C451 23-84538G23 15 uF £20%; 20V unless otherwise stated
C452 8-11017B11 022 uF £5%;50V C453L 21-11059D59 100
C453 thru 473 not p/o kits C453M,454 4551 21-11059B13 0.1 uF £10%
CA74M 21-851299 600 pF + 10%; 600 V C456,457,458M  21-11059B13 0.1 uF £10%
C475 21-11014H32 20 pF +5%; 100 V C453M 21-11059D60 2.7x0.25 pF
C460 thru 470 21-11059D59 100
diode: {ses note) C471L 21-11059D59 100
CR451,452 48-82466H 18 siticon C471M 21-11078827 30
CR453 48-11034D01 siticon C472M,473M 21-11078B34 47
CR454 not p/o kits C474 thru 479 not pfo kits
CR455M 48-11034D01 silicon C480L 21-11059D59 100
CR456M 48-83654H01 silicon C481L,482L 21-11059C21 100
C483L 21-11078B34 47
connector: C484L 21-11059C21 100
J452 28-83143M05 male, 4 contact €485 thru 489 not p/o kits
J451 9-84231B02 femnale, single contact C480L 21-11059D59 100
C491L 21-11078B19 16
{ransistor: (see note) C4921.,493L,494L 21-11078B25 27
Q451 48-869807 PNP; type M9807 C495L 21-11078B34 47
Q452,453,454 48-869642 NPN; type M9642
Q455 48-869643 PNP; type M9643 diode: (ses note)
Q456 48-869807 PNP; type M9807 CR454,455L 48-82392B05 silicon
Q457 48-869640 NPN; type M9640 CR456L 48-83654H01 siticon
Q458 48-869642 NPN; type M9642
coil, rf:
resistor, fixed; £5% 1/4 W: L451L 24-82723H40 290 nH; YEL-BLK
uniess otherwise stated L451M 1-80702T04 assembly, wire and bead includes:
R451 17-82291B21 100; 3 W 76-83960B01 BEAD, ferrite
R452 6-11009E41 470 L4521 24-82723H40 290 nH; YEL-BLK
R453L 17-82036G24 013 £5%;2 W L452M 24-80202B01 assembiy; choke; 3-turns and bead
R453M 17-82291829 0.20 21%;2W L453L 24-82723H40 290 nH; YEL-BLK
R454L 6-11045A12 30; 112 W L454 not p/o kits
R454M 17-82291B43 82 =10%; 3 W L4550 24-83035N27 8-turns
R455 6-11009E57 2.2k L456L 24-84331M25 8-turns
R456 6-11009E65 4.7k L457L 24-82723H40 290 nH; YEL-BLK
R457 6-11009E57 2.2k L458L 24-84331M25 8-turns
R458 6-11009E73 10k L459L 24-83035N12 3-turns
R459,460 6-11009E57 2.2k L460Lthru 463L  24-84331M25 8-turns
R461 6-126C29 150 £10%; 1 W L464L 1-80702T04 assembly, wire and bead includes:
R462,463 6-10621A60 412 £1%; 118 W 76-83960B01 BEAD, ferrite
R464M 6-11009E49 1k L465L 24-84331M25 8-turns
L466L 24-82723H40 290 nH; YEL-BLK
veoltage, regulator: L4670 24-84331M25 8-turns
VR451 48-83461E32 Zener; 8.2 V L468M 1-80702T04 assembtly, wire and bead inciudes:
76-83960B01 BEAD, ferrite
TRN5146A {PA Hardware Kit PL-8131-C L469L 24-83035N12 3-turns
o gmm s
NUMBER PART NO. DESCRIPTION
non-referenced items transistor: (see note)
27007 NUT, hex 8-32 x 1/4 x 3/32"; 2-used Q459 48-84939C31 NPN; type M3931
2.8364 NUT, hex 3/8-32 x 1/2 x 3/32" Q460 48-84411L37 NPN; type M1137
3.83677N02 SCREW, captive; 5-used Q461 48-84411L63 NPN; type M1163
3-83678N03 SCREW, tapping, 2-used Q462 48-84411L05 NPN; type M1105
4-7691 WASHER, lock; 3/8"; internal . .
4-82345A18 WASHER, shoulder; 2-used resistor, fixed: ohms = 5%; 1/4 W:
1010043402 STRAP, tie-wrap; 6-used unless otherwise stated
14-83820M02 INSULATOR, thermoconductive; 2-used R4B4L screened norrl!nal value on schemahg
42-83680N04 STRAP, omega; 4 used R465 thru 470 screened nomfnal values on schematic
54-84697B0" LABEL R471L screened nominal vatue on schematic
55-83679N01 HANDLE R471M 6124857 33
64-83132N01 PLATE, heatsink R472 screened nominal value on schematic
7510605404  CUSHION, plastic foam; 12"-used Ra73L. 611024437 330; 118 W A
R473M screened nominai value on schematic
R474,475,476 screened nominal values on schematic
TKNB842A IPA Feedthru Cabie PL-8251-A RA77L 6-11024A10 24;1/18 W
REFERENCE MOTORCLA R477M screened nominal value on schematic
NUMBER PART NO. DESCRIPTION R478L 6-83070E56 2.7
R478M screened nominal value on schematic
p4s2 15.83142M05 ;onn_ector, '“?F."““’: R479L screened nominal value on schematic
- ousing, 4-position
P454B 15-84301K02 housing, 4-position R479M 6-11009C25 Tk
! R480L screened nominal vaiue on schematic
non-referenced ilems R480m 6-124B57 3.3
39-82717M01 CONTACT, receptacle; B-used R481L thru 484L screened nominal values on schematic
42-10217A02 STRAP, tie-wrap;, 2-used R485L 6-11041C31 39, 118 W )
R486L screened nominal value on schematic
TKNB8B43A Coaxial Cable with Connector PL-8277-A non-referenced items
REFERENCE MOTORCLA 29-83208M01 LUG, solder; 7-used
NUMBER PART NO. DESCRIPTION 42-83680N03 STRAP, omega; 4-used
connector, plug: note: For optimum performance, diodes, transistors, and integrated circuits must
P453 28-84476G01 male, single contact be ordered by Motorola part numbers.
non-referenced items
30-84173E01 CABLE, coaxial; doubie shiseid; 36"-used
33-88083C06 DECAL, color strip; BLU

43-83152N02 BUSHING, cabie
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IPA AND 9.6 V

REGULATOR (403-435 MHz)
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IPA AND 9.6 V

REGULATOR (435-475 MHz)
CIRCUIT BOARD DETAILS

SHOWN FROM COMPONENT SIDE
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IPA AND 9.6 V REGULATOR

IPA AND 9.6 V

| REGULATOR (435-475 MHz)
SCHEMATIC DIAGRAM
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NOTES:

1. Unless stated otherwise, all capacitors are listed in picofarads, all resistors in
ohms.

#iodel Complaement

fodel Description Version
TLE5332A Hybrid o]
TRN5145A Carrier Board o}
TRN5146A Hardware Kit o}
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POWER CONTRQOL CIRCUIT

1. GENERAL

The power control circuit can be functionally divided
into three main parts:

e RF power leveling
e Power cutback
e Transmitter shutdown

Throughout this discussion, refer to the rf power con-
trol loop block and schematic diagrams at the end of
this section. In normal operation, power output from
the station is controlled by the rf power leveling circuit.
This circuit maintains station output power constant
over variations in supply voltage and power amplifier
temperature. The power cutback circuit reduces station
output power under conditions of high temperature,
high VSWR, or as directed by station control. If power
control is unable to level the power output from the sta-
tion, a situation exists that is potentially damaging to
the station. The transmitter shutdown circuit senses this
condition and signals station control to turn off the
transmitter.

2. RF POWER LEVELING

When a push-to-talk (PTT) signal is generated, the PA
KEY line from station control goes low. This turns off
Q402 in the power control circuit and enables the IPA
for transmission. The low PA KEY signal also causes
Q401 to conduct and apply the power set voltage to op-
erational amplifier U402B driving Q403, which pro-
duces the control voltage input to the IPA and turns on
series pass device Q451. The IPA output drives the
power amplifier (PA) and the forward power sensor, lo-
cated on the PA signal combiner stage senses PA output.
The forward power sensor provides a de signal, FOR-
WARD VOLTAGE, which is proportional to PA output
power. The FORWARD VOLTAGE signal is applied to
operational amplifier U402B which varies its drive until
the FORWARD VOLTAGE is equal to the power set
voltage and maintains the two equal. The status of nor-
mal power leveling is indicated by the PA ON and PA
FULL POWER lines being low and their respective
front panel LED’s being on.

3. POWER CUTBACK

3.1 Station output power is reduced under the follow-
ing conditions:

I. Station control can generate a power cutback signal
by pulling down the PA POWER CUTBACK line.
This causes the power set voltage to decrease and
reduce station output power. The level of reduction
can be varied from 20 percent of rated cutput to 50
percent of rated output by adjusting R409 in the
power control circuit.

2. When the PA heat sink temperature exceeds 100°C,
thermistor RT501, (located in the PA), reduces the
voltage on the HEAT SINK temperature line. This
causes CR403 to conduct and decrease the power set
voltage.

3.2 To prevent damage to the PA circulator load when
high VSWR’s are applied to the station at high ambient
temperatures, thermistor RT571 pulls the positive (+)
input of comparator U402A below the 3-volt reference
on the (—) input, and the output of U402A latches low.
In this situation, the station output power is dropped to
below 20 percent of the power setting, by the conduc-
tion of CR405 pulling down the power set voltage. In
the standby mode, (3401 turns off and removes the 3-
volt reference from the inverting (—) input of U402A,
resetting the comparator.

3.3 Anytime station output power is reduced to 50 per-
cent or less of its set value, the noninverting (+ ) input
of power cutback detector U401B falls below the invert-
ing input, causing its output to go low. This turns off
(J404 and signals station control of the reduced power
level. Front panel LED, PA FULL, also turns off.

4. TRANSMITTER SHUTDOWN

Comparators U401C and U401D detect conditions
where power control cannot level the station output
power. The output of U401C goes low if the signal on
the inverting (—) input of U402B is greater than the
power set voltage, indicating station output power is

technical writing services
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greater than its set value. If the output of U402B goes to
full drive limit (8 volts), the inverting (—) input of
U401D rises to 4 volts and the output of U401D goes
low. Both comparator outputs are tied together; if ei-
ther goes low, Q405 turns off and the PA ON signal rises
to 3.5 volts, signaling the processor that a control loop
failure has occurred. However, when PA ON rises,
CR406 stops conducting and the inverting (—) input of
comparator U401 A rises to 3 volts, latching its output
low. This pulis the power set voltage down and reduces
station output by 50 percent in an attempt to correct the
leveling problem. If the problem is not corrected by this
attempt, station control detects that the PA ON signal
has remained high and, after 30 msec, removes the
PA KEY signal, shutting down the transmitter.

5. BATTERY REVERT POWER SET
PROCEDURE

Step 1. Set the power output to the rated level by ad-
justing front panel power set control R426.

Step 2. With the batteries connected to the station, re-
move ac power from the station and adjust power cut-
back potentiometer R409 for a 50§ reduction in power.
To access R409, the rf tray cover must be removed to
expose the uniboard. R409 is adjustable from the solder
side, through the synthesizer shield. (It is not necessary
to remove the shield.) Insert tuning tool through shield
hole labeled “R409” and adjust.

2 68PRIOTTELT 1-20-88
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POWER CONTROL CIRCUIT
p/0 TRN9880A UNIBOARD
SCHEMATIC DIAGRAM

NOTES:

1. Uniess otherwise specified, resistor values are in ohms and capacitor values are
in microfarads.

2. Voitage references are identified as foliows:

a. Asterisk (*) indicates voltage is dependent upon station output ievel or A— volt-
age level. Ranges are typical.

b. () indicate voltage measured in standby (receive) conditon.
c. All other voltages measured in transmit condition.

3. Battery charging option may cause controi voitage level to decrease 2 to 3 volts
in receive condition.

Integrated Circuit Data Chart

Ret. a5V Audio Gnd
Desig. {Pin) {Pin) Description
U401 3 12 Quad Comparator
U402 8 4 Dual Op-Amp

SEE RF TRAY SECTION FOR
CIRCUIT BOARD DETAIL AND PARTS LISTS
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