3720681-502
CONTROL LEVEL MODULE

: 3720681-503

DC CONTROL MODULE

GENERAL

The DC Control Module and Control Level Module
are used to control regulator transistors that control the
DC power input to the transmitter RF Power Amplifier,
These transistors are mounted on the Power Amplifier
casting to provide heat dissipation. The DC Control
Module contains DC Control, DC Switching, and VSWR
Amplifier stages. The Control Level Module contains
diodes and potentiometers to adjust the feedback loops.

DC SWITCH Q1/Q2

The DC Switch stage, consisting of transistors Q1 and
Q2, functions to turn the DC Cantrol Module circuits on
and off with the transmitter keying signal. When the
transmitter is keyed, +13.6 volts is applied to pin 6,
biasing Q1 into conduction. When Q1 conducts, the
voltage at the junction of R3/R4 becomes less-positive,
biasing Q2 into conduction. When Q2 conducts, it
connects +13.6 volts from pin 7 to the Current
Regulator {Q31, VSWR Amplifiers (Q8/Q8/Q10}, and to
pin 10. The keyed output at pin 10 is used to supply the
switching bias far the antenna switch.

VSWR AMPLIFIERS — Q8/Q9/Q10

The VSWR Ampiifiers amplify the difference
between the forward and reverse power signals cde-
veloped an the VSWR sensor, and produce an output
voltage that is proportional to the standing wave ratio.
This voltage is used as a feedback signal to reduce the
power to the low level stages of the transmitter amplifier
string.

The forward power signal is applied through R20 to
the base of Q9, and sets its conduction level. The reverse
power signal is applied through R19 to the base of O8,
and sets its conduction level. The conduction levels of
Q8 and Q9, when compared with the reference voltage
produced by zener diode CRS5, set the conduction level
of Q10, and consequently, the output voltage.

Q8 and Q9 share a common emitter resistor, R29, If
the reverse power signal increases {becomes more posi-
tive) with respect to the forward power signal, the
conduction level of Q8 increases, producing a more
positive voltage at the junction of R2B/R29, This
increased positive voltage decreases the conduction of
Q9, drawing less current through R26, and allowing the
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voltage on the base of Q10 to increase. As the base of
Q10 becomes more positive, 010 conducts more heavily,
producing a more positive voltage at pin 4.

1f the forward power signal increases with respect to
the reverse power signal, the conduction of Q9 increases.
Increased conduction by Q9 draws more current through
R26, decreasing the voltage on the base of Q10. As the
base of Q10 becomes less positive, Q10 canducts less
heavily, producing a less-positive voltage at pin 4,

DC CONTROL STAGES — Q3/Q4/Q5/Q6/Q7

DC Control Amplifier Q7 supplies the control tevel to
the Driver and Regulator transistors that control the
voltage to the Power Amplifier stage. The base bias for
Q7 is supplied by Current Regulator Q3, which provides
a constant-current output when the transmitter is keyed.,
This constant current flowing through R16, produces
the base voltage. Two feedback circuits are included to
reduce the power to the Power Amplifier stage: the
Undervoltage Gates {Q4/Q5), and the Error Ampli-
fier {Q6).

The Undervoltage gates sense the voltage at the power
amplifier input. 1f the voltage drops too low, Q4 will be
hiased into conduction. When Q4 conducts, base voltage
is developed for Q5, turning it on. When Q5 conducts, it
shunts all of the current from Q3 to ground, removing
the bias from Q7 base, turning it off. This removes all
power from the power amplifier stage.

The Error Amplifier stage reduces the bias on the
base of Q7 when the voltage to the power amplifier
increases beyond the nominal value, when the temper-
ature of the PA transistors increases beyond nominal, or
when the VSWR increases beyond the adjusted limit,
The network R13/R14/R15 is a voltage divider on the
PA input voltage, with R14 adjusting the base bias of Q6
to the threshold of conduction under normal operating
conditions, The reference voltage for the amplifier is
developed by CR3 [{CR4 subtracts this reference for base
bias on Q7). An increase in temperature, SWR, or PA
voltage will drive QB into conduction in proportion to
the error signal. Q6 then shunts some of the current
from Q3 to ground, reducing the bias an Q7 base, and,
consequently, reduces the power input to the power
amplifier stage. The summing resistors R32 and R33 on
the Control Level Module combine the SWR and
temperature feedback signals on the base of Q6.
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3720681-502
CONTROL LEVEL MODULE

3720681-503
DC CONTROL MODULE

REPLACEMENT PARTS

©

Symbol Stock No. Drawing No. Description

3720681503 DC CONTROL MODULE

P/L 37120681-503 REV 16

22C1 255900 3457333-451 Tantalum, 1.5MF 10% 10V
2202 231679 3457333-156 Tantalum, 1.5MF 20% 20V
22C3 249692 3457333-093 Tantalum, 3.3MF 20% 15V
22(4 225842 3457333-095 Tantalum, 4.7MF 20% 15V
22C5 233878 3463453-118 Ceramic 0.02 MFD, +80-20% 25V
2208 232752 3460490-015 Dise, 0,02MFD, +80-20% 25V
220C% 232752 3460490-015 Disc, 0.02MFD, +80-20% 25V
22C10 232752 3460490-015 Dise, 0.02MFD, +B80-20% 25V
22C11 232752 3460490-015 Disc, 0.02MFD, +80-20% 25V
22CR1 249695 3731199-006 Dicde-Zener, 3.9V
22CR2 242522 3464611-001 Diode, Silicon - Type 1IN%14
22CR3 2496584 3731194-008 Diode-Zener, 3.9V
22CR4 421009 3722331-002 Diode-Zener, 3.9V 5%
22CR5 246976 3457639-005 Diode-Zener, 11.0V
22CR8 421004 3720731-006 Diode-Zener, 6,0V 5%
22Q1 242758 3468182-001 Transistor-Silicon, NPN
22Q2 242780 3468183~001 Transistar-Silicon, PNP
22Q3 242760 3468183-001 Transistor-Silicon, PNP
2204 242760 3465183-001 Transistor-5ilicon, PNP
22Q5 242758 3468182-001 Transjstor-Silicon, NPN
22Q6 242758 3468182-001 Transistor-Silicon, NPXN
22Q7 230254 3463099-001 Transistor-Silicon, NPN
22Q8 242758 3488182-001 Transistor-Silicon, NPN
22Q9 242758 3468182-001 Transistor-Silicon, NPN
22Q10 "1 * 242758 3468182-001 Transistor-Silicon, NPXN
22R1 218499 99206-074 10, 000 Ohms 100 1/4W
22R2 108871 59206-082 47, 000 Ohms 10% 1/4W
22R3 108861 §99206-050 100 Ohms 10% 31/4wW
22R4 108865 599206-062 1000 Ohms 10% 1/4W
22R5 219458 99206-056 330 Ohms 10% 1/4W
22R G 285442 99206~060 680 Ohms 10% 1/4W
22R7T 285405 99206~069 3500 Ohms 10% L1/4W
22R8 218758 5920 6-054 220 Ohms 10% 1/4W
22R9 1058866 99206-066 2200 Ohms 1059 1/4W
22R 10 108865 99206-062 1000 Ohms 10% 1/4W
22R11 215493 99206-074 10, 000 Ohms 10% 1/4W
22R12 2R54472 99206-060 650 Ohms 10% 1/4W
22R 13 219459 99206-064 1500 Ohms 105 1/4W
12R 14 236640 3463187-008 Variable, 1000 Ohms
22R 15 3006490 99206-061 §20 Ohms 10% 1/4W
22R 16 300850 99206-061 §20 Ohms 10% 1/4W
22R17 502033 £2283~044 33 Ohms 105% 1/2W
22R 18 502210 £2283-062 1000 Ohms 105 1/2W
22R 19 249929 34B53187-009 Variable, 10,000 Ohms
22R 20 249930 3463187-G10 Variable, 100,000 Ohms
22R21 105869 89206-076 15, 000 Ohms 10% 1/4W
22R22 502210 99206-062 1000 Ohms 10% 1/4W
22R23 300630 99206-061 820 Ohms 10% 1/4W
22R 24 108870 89206-077 18,000 Ohms 10% 1/¢4W
22R 25 218758 89206-~054 220 Ohms 10% 1/4W
22R 26 219459 99206~064 1500 Ohms 105 1/4wW
22R 27 300739 899206-070 4700 Chms 10% 1/4W
29R 28 108865 99206-062 1000 Ohms 109 1/4W
22R29 108864 95206-058 470 Ohms 10% 1/4W
22R 30 108870 99206-077 18, 000 Ohms 10% 1/4W
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3720681-502

CONTROL LEVEL MODULE

3720681-503

DC CONTROL MODULE

Symbol Stock No. Drawing No. Description
22 226124 3450797-003 Contact Pin, Bead Chain {Package of §)
20 228192 3450525-001 Socket , 093 Diameter {Package of 3)
17 248228 5985442-001 Washer, Insulator, for Q7
16 3467007-004 Heat Sink
PA REGULATOR COMPONENTS - MOUNTED
EXTERNAL TO THE DC CONTROL MODULE
NOT PART OF P/L 3720651-503
249711 3731353-001 Regulator Transistor (PNP)
232628 3463100-001 Driver Transistor (NPN}
230143 3463424-001 Regulator Transi stor Socket
240243 3464535-001 Driver Transistor Socket
522012 99126-039 120 Ohms, 10%, 2ZW
256444 3465422-0306 4 Ohms, 5%, 20W
249693 3450123072 1 Ohm, 0%, 5W
Symbol Stock No. Brawing No. Description
CONTROL LEVEL MODULE
P/L 3720651-502 REV 18
22046 232752 3460490-015 Dise, 0.02MFD
22CT 232752 3460490-015 Dise, 0.02MFD g
22CRéE 242522 3464611-001 Diode, Silicon
22CR7T 2423322 3464611-00] Diode, Silicon
22ZRIZ 249929 3463187-00% Variable, 10,000 Chms
Z22R33 248820 3463187-009 Variable, 10,000 Obhms
228124 3450797-003 Contact Pin, Bead Chain (Package of 5)

EMERGENCY SUBSTITUTES-SOLID STATE DEVICES

In the event of a semiconductor failure, the exact replacem
should be used. In an emergency,

ductor types may be tempora

system performance.

Component Designation

Emergency Substitute

ent found in the replacement parts list
to minimize equipment downtime, the foliowing common semicon-

rily used. However, use of these substitutes may result in degraded

Component Designation

22CRI1
22CR2
22CR3
22CR4
22CRb5
22CR6
22CR7T
22CRS8
22Q1

Zener, 3.9V

1N914

Zener, 3.9V

Zener, 3.9V 5%
1N5241 Zener, 11.0V
1N914

1N914

IN5233B Zener, 6.0V
2N4123

Emergency Suhstitﬁte

22Q2
22Q3
22Q4
22Q5
22Q6
52Q7
22Q8
22Q9
22Q10

2N4125
2N4125
2N4125
2N4123
2N4123
2N3053
2N4123
2N4123
2N4123
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'k<:> 3720681.504 . B
o DC CONTROL MODULE

#0553 T DESCRIPTION -7+

GENERAL

‘The DC Control Module is used to control regulator
transistors that contro! the DC power input to the
transmitter power amplifier, These transistors are
mounted on the Power Amplifier casting 1o provicle heat
disstpation, The module contains DC Control, DC
Switching, and VSWR Amplifier stages. :

DC SWITCH — 01/Q2

The DC Switch stage, consisting of transistors Q1 andl
Q2, functions to turn the DC Control Module circuits on
and off with the transmitter keying signal, When the
transmitter is keyed, +13.6 volts are applied to pin B,
biasing Q1 into conduction. When Q1 conducts, the
voltage at the junction of R3/R4 becomes less positive,
biasing Q2 into conduction. When Q2 conducts, it
connects +13.6 volts from pin 7 to the Current Requ-
lator {Q3), VSWR Amplifiers (Q8/Q9/Q10), and to pin

- 10. The keyed output at pin 10 is used to power

axternal circuitry, such as the temperature feedback net-
work, or to supply the switching hias for the antenna
switch,

VSWR AMPLIFIERS — Q8/Q%/Q10

The VSWR Amplifiers amplify the difference
between the forward andd reverse power signals devel-
opedt by the VEWR sensor, and produce an output
voltage that is proportional to the standing wave ratio.
This voltage is used as a feedback signal to control the
transmitter RF power output.

The forward power signal is apphed through RZ0 to
the bhase of Q9, and sets its conduction level. The raverse
power signal is applied to the base of Q8, and sets its
conduction level, The conduction levels of Q8 and Q9,
when compared to the reference voltage produced by
zener dhode CRE set the conduction leve! of Q10, and,
consequently, the output voltage.

Q8 and Q9 share a common emitter resistor, B29. If
the reverse power signal increases (bhecomes mare posi-
tivee]l with respect to the forward signal, the conduction
fevel of Q8 increases, producing a more positive voltage
at the junction of R2B/R29. This increaseq positive
voltaye decreases the conduction of Q8, drawing less
current through R26, and allowing the voltage on the
base of Q10 to increase. As the bhase of Q10 becomes
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more positive; Q10 conducts more heavily, producing a
more positive output veltage at pin 4.

If the forward power signal increases with respect 1o
the reverse power signal, the conduction level of Q9
increases. Increased conduction by Q8 draws more
current through R26, cecreasing the voltage on the base
of Q10. As the base of Q19 becomes |less positive, Q10
concducts less heavily, producing a less positive putput
voltage at pin 4,

DC CONTROL STAGES — Q3/Q4/Q5/Q6/Q7

DC Control Amplifier Q7 supplies the control level to
the Driver and Regulator transistors that control the
voltage to the RF Power Amplifier stage of the trans.
mitter. The Dbase bias for Q7 is supplied by Current
Regulatoer Q3, which produces a constant-current output
when the transmitter is keved, This constant current
flowing through R16 produces the base bias. Two feed
back circuits are included to recluce the power to the
Power Amplifier: the Undervoltage Gates (Q4/Q5) and
the Ercor Amplifier {QB6}. -

The Undervoltage Gates sense the voltage at the
power amplitier ‘input. If the voltage drops too low, Q4
will be biased into conduction. When Q4 conducts, base
voltage is developed for Qb, turning it on. When Q5
conducts, it shunts all of the current from Q3 to ground,
removing the bias fram the base of Q7, and causing it to
be cut off. This, in turn, causes the external regulator
transistors to turn off the power to the transmitter RF
power amplifier. ' )

The Error Amnlifier circuit reduces the bias on the
base of Q7 when the voltage to the transmitter RF
power amplifier increases beyvond nomina!, when the
temperature of the power amplifier transistors increases
beyond a safe limit, or when the SWR increases beyond
the adjusted himit. The network R13/R14/R15 is a
voltage divider on the power amplifier input voltage,
with R14 adjusting the base bias of QB to the threshald
of conduction under normal operating conditions. The
reference voltage for the amplifier is developed Ly CR3
{CR4 subtracts this reference for base bias on Q7). An
increase 1N temperature, SVWR, or power amplifier input
voltage will drive Q6 nto conduction in proportion to
the error signal. QG then shunts some of the current
from Q3 to ground, reducing the bias on Q7 base, and,
consequently, reducing the power input to the trans-
mitter power amplifier.



3720681.504 @
DC CONTROL MODULE
PRODUCTION VARIATIONS
The production level of the madule is indicated by tion levels. To determine the difference between a given
a legend (example: CODE B} stamped on the module production level and the level shown an the pathfinder,
near the identifying drawing number. The following schematic, and parts list, note the differences tabulated
table lists the differences between the various produc- for the desired level and all subsaquent levels.

DC CONTROL MODULE
Current Version: 3720681-504 CODE F

Code Level Instruction Book Changes for Code Level Differences
Difference Reference
D-E Component Symbol Stock No, Invg. No, Description
Values 22R3 108861 99206-050 100 OHMS 10% 1/4W
E-F Component Symbol Stock No. Dwg. No, Description
Values 22R16 300690 95206-061 BZ20 OHMS 10% 1/4W

EMERGENCY SUBSTITUTES-SOLID STATE DEVICES

[n the event of u semiconductor failure the exact replucement found in the replucement parts list
should be used. In an emevgency, (o minindze equipment downtime, the following common semicon-
ductor Lypes may be temporarily used. However, use of these substitutes may result in degraded

system performuance,

Eumpu‘nen't"ﬁ';ﬁgnatinn Emergency Substitute Companent Designatian Emergency Substitute
22CH! Zener, 3.9V 2231 2M4125
22CR2 1NS14 2202 254125
22CR3 Zener, 3.3V 2203 2N$125
22CR4 Zeoer, 3.9V 5 22 284125
22CHRS5 ING231 Zener, 11,0V 22035 21123
22CR6 1x3014 22Q06 231123
22CR7 1NY14 22Q7 2NN
22CRS IN5233 B Zener, 6,0V 22Q8 2N4123
22ZCRHS INOL4 2294 2N4123

22Q10 254123
MN3LKL
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3720681-504
DC CONTROL MODULE

REPLACEMENT PARTS

Symbal Stock No. Drawing No. Dascription

421017 3720681~504 BC CONTROL MODULE~-CODE F
P/L 3720681-504 Rev 18

22C1 255900 3457334-451 Tantalum, 1.5UF 10% 10V

2202 231679 3457334-156 Tantalum, 1.5UF 20% 20V

2203 249692 3457334~093 Tantalum, 3.3UF 20% 15V

22C4 421435 3457334-095 Tantalum, 4.7UF 209 15V

22C5 233878 3463453-118 Ceramic, 0,02MFD, +80-20%, 25V

2206

Thru 232752 3460490-015 Dise, 0.02MFD +E0-20% 25V

22C13

22CR1 249694 3731199-~006 Dicde, Zener 3,%V

22CR2 242522 3464611-001 Diode, Silicon

22CR3A 421481 3731199-104 Diode, Zener 3.3V 5%

22CR4 421009 3722331-102 Diode, Zener 3.9V 5%

22CRS 246976 3457639-005 Diode, Zener 11.0V

22CR6 242523 3464611-001 Diode, Silicon

22CR7T 242522 3464611-001 Dicde, Silicon

22CRB 421004 A720731~0086 Diode, Zener 6.0V 5%

22CR9 242522 3464611-001 Diode, Silicon

22Q1 242758 3468182-001 Transistor, Silicon

22Q2

Thru 242M0 J468183-001 Transistor, Silicon

22Q4

22Q5 242758 3468182-001 Transistor, Silicon

2208 242758 3468182-001 Transistor, Silicon &

22Q7 230254 3463099-001 Transistor, Silicon

22Q8

Thru 242758 J468182-001 Transistor, Silicon

22Q10 : = o * )

22R1 218493 93206~074 10K Ohms 10% 1/4wW

22R2 108871 99206-082 47K Ohms 10% 1/4wW

22H3 227741 89206-059 S600hms 10% 1/4W

22R4 108865 99206-062 1000 Ohms 10% 1/4W

22R5 219458 99206-056 330 Ohms 109 1/4wW

22R6 285442 99206-060 680 Ohms 10% 1/4W

22R7 285405 59206-069 3900 Ohms 10% 1/4W

22R 8 218758 99206-054 220 Ohms 10% 1/4W

22R9 108866 99206-066 2200 Ohms 10% 1/4W

22R10 108865 99206-062 1000 Ohms 10% 1/4W

2ZR11 218499 89206-074 10K Ohms 109 1/4W

22R12 227741 $59206-059 560 Ohms 10% 1/4W

22R13 219459 95206-064 1500 Ohms 10% 1/4W

22R 14 236640 3463187-008 Varlable, 1000 Ohms

22R 15 300690 99206-061 820 Ohms 10% 1/4w

22R 16 227741 89206-059 560 Ohms 10% 1/4W

22R17 502033 B2283~044 33 Ohms 10% 1/2W

22R 18 502210 82283-062 1000 Ohms 10% 1/2wW

22R 20 249930 3463187-010 100K Ohms

22R 21 1088869 99206-076 15K Ohms 10% 1/4W

22R22 108865 G9206-062 1000 Ohms 10% 1/4W

22323 300650 95206-061 820 Ohms 10% 1/4W

22R 24 108870 99206-077 18K Ohms 10% 1/4W

22R25 218758 99206-054 220 Ohms 10% 1/4W

22R26 2194589 §9206-064 1500 Ohms 10% 1/4W

22R27 300739 99206-070 4700 Ohms 109 1/4W

22R28 108865 99206-062 1000 Ohms 10% 1/4W

22R25 108864 99206-058 470 Ohms 10% 1/4W

TH 149
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3720681-504
DC CONTROL MODULE

Symbal Stock Nao. Drawing Nao. Description
22R30 108870 DYHIG-UTT 18K OHMS 10% 1/4W
22R31 106861 9920G-050 100 OHMS 107 1/4W
22R32 249929 3463187-009 VARIABLE, 10K OHMS
22R33 245929 3363187 -000 VARIABLE, 10K OQILMS
22R34 108864 99206-055 470 OUMS 107 1/4W
22R35 106864 59206-U58 470 OHMS 1097 1/4W
246225 £985442-001 WASHER, INSULATOR, FOR Q7
225124 3450797 -003 CONTACT PIN, (PACKAGE OF 3)
PA REGULATOR COMPONENTS - MOUNTED
EXTERNAL TO THE DC CONTRCL MODULE -
NOT PART OF P/L 3720681-504
248711 3731353-001 REGULATOR TRANSISTOR (PNF)
232625 3463100-001 DRIVER TRANSISTOR {N PN)
240343 J463424-001 REGULATOR TRANSISTOR SOCKET
240243 3464535~001 DRIVER TRANSISTOR SOCKET
522012 9912G-039 12 OHMS, 104 2w
2536444 3465422-036 4 OHMS, 5% 20W
2449693 33450123-072 1 OHRIL, 10% 5W
Cq 010__ CRS ; R9 €1
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% TCﬁ & T Q”Cb@ —'I'{:E T o A11 & [ Shis
R365L JRas b CR2 5 1
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R
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CRB @ '@ ; o2 R& c-liT CZT R16
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1. ALL RESISTOR WALUES ARE 1N OHMS,
1o%, l/4 WATT, EXCEPT AS HOTED.

2. ALL CAPACITORS VALUES ARE IN
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