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1. Description

1.1 GENERAL

Figure 1. Typical Systems 9000 Control Unit 

1.2.2 Display

Note
A variety of Motorola’s radio systems use the 
Systems 9000 Control Unit. The differences 
between control units is in the programming 
software and button legends.

The eleven-character vacuum fluorescent display’s pri
mary function is to display mode numbers, mode names, 
volume level, and the status of options. It also functions as an 
on-off indicator for the entire system, and plays an integral 
role in the operator’s reconfiguration of options.

1.2.3 Option Buttons
The Systems 9000 control unit is a microcomputer based 

unit that processes all the button inputs and displays used by 
the radio and the options. It also interfaces with the vehicle via 
the vehicle interface ports (VIP).

Located above the display window is a row of six buttons 
for turning options on and off. Below each is a small indicator 
light to show the status of the option.

1.2 CONTROLS AND INDICATORS 

1.2.1 Power Switch
1.2.4 XMIT and BUSY Indicators

The power switch is a slide switch on the right-hand 
bottom surface of the control unit. It turns the radio and its 
accessories on and off.

Above the six option buttons are XMIT and BUSY 
indicators. The XMIT indicator lights when the radio is 
transmitting. The BUSY indicator lights when the selected 
channel is busy.
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1.2.5 Scan Indicators 2. Alternate Control Units

In the right-hand side of the display window are the 
NON-PRI and PRI indicator lights. When scan operation 
detects activity on a non-priority (NON-PRI) channel, the 
NON-PRI light comes on. Activity on a second priority 
channel causes PRI to light. First priority channel activity 
causes PRI to flash.

1.2.6 Mode Rocker Switch

Below the display window is the Mode rocker. Pressing 
the right side of this rocker switch increases the mode number. 
Press the left side to decrease the mode number. If you press 
and hold the switch, it scrolls the mode numbers up or down. 
The mode names appear in the display window.

1.2.7 Volume Rocker Switch

Below the display window, beside the Mode switch is the 
Volume rocker. Press and release to check volume setting.
Your display shows “VOLUME__ ” and a number value
(0-15). Press and hold the right side of the rocker to increase 
the volume setting. Press and hold the left side to decrease 
volume. The number value scrolls up or down to your desired 
level.

The volume rocker also controls the volume level of the 
public address (PA) and external radio speaker (ExRd) options 
when they are enabled. The display window shows “PA
VOL___” when public address is on and the volume rocker is
pressed.

1.2.8 Home and Sel Buttons

Press the Home button to go to the radio’s pre-pro
grammed “Home” mode. You may use Home instead of Mode 
to change modes. Hold Home until a beep sounds to enter the 
configuration state. The display shows an entry prompt. Use 
the keypad to enter your new mode choice and press Home 
again. Your mode is now changed without scrolling.

Use the Sel button when configuring an option. See the 
descriptions of the options for more specific information.

1.2.9 DIM Button

Above the keypad, on the right side of the control unit, is 
the control for the brightness of the display and button 
backlighting. When you turn on the system, the display comes 
on at the highest level. Press DIM once to reduce the 
brightness of the display to medium level, and twice for low 
brightness level. Press DIM a third time to turn the display and 
button backlighting off. This is called the “surveillance” 
mode.

1.2.10 Keypad

The keypad is for changing the status of options and 
entering numbers to the display. See the Operator’s Manual 
for a complete description of button operation.

Alternate control units are available for different applica
tions. Two of these applications include the Systems 9000E 
(extended) control unit for use in trunking radio systems and 
the MCT-3600 / MCT-4800 control unit. Figure 2 (A through 
D) shows a few of the configurations available.

2.1 CONTROL UNIT FOR SYSTEMS 9000E

Trunking radio systems may use this control unit. It 
allows you to field program your own names to represent talk 
groups. The larger display window allows you to see all the 
key operating information, including the talk group selected, 
the channel being scanned, and the on/off status of various 
options. This control unit can also show Channel Scan lists. 
Private Conversation lists, and frequenctly called telephone 
numbers.

2.2 DESCRIPTION OF SYSTEMS 9000E CONTROLS

The following list describes the custom buttons used by 
the Systems 9000E system. See paragraph 1.2 for information 
covering the standard buttons and switches. See Figure 2A for 
button locations.

MICROPHONE—connector; accepts any Systems 9000 mi
crophone or handset.
[Page]—^button to use the individual page encode/decode 
feature for selectively alerting specific usnits in a trunking 
system.
[Rpgm]—^button used with Dynamic Re-grouping feature for 
some radio systems. It temporarily reassigns fleet/subfleet 
information.
[Srch]—^button initiates the Automatic Multiple Site Switch
ing (AMSS) option to search for a new repeater (site) when 
your radio signal to your home site becomes too weak.
[Site]—button works with the AMSS option to automatically 
switch sites when your radio signal becomes too weak.
[Lock]—button prevents AMSS automatic switching.

2.3 CONTROL UNIT FOR MCT-4800

The MCT control unit has solid state microprocessor 
circuitry that operates the standard and optional features built 
into the system.

2.4 DESCRIPTION OF MCT-4800 CONTROLS

The following list describes the custom buttons used by 
the MCT-4800 system. See paragraph 1.2 for information 
covering the standard buttons and switches. See Figure 2B for 
button locations.

MICROPHONE—connector; accepts any Systems 9000 mi
crophone or handset.
[Scroll]—^rocker switch for cursor movement and message 
scrolling.
[V/A]—rocker switch for selecting volume level, editing 
names, and making certain radio adjustments.



[Clr]—^button clears out entry field of the display.

[Send]—^button sends entered information to base.

[PRTT]—^button sends a Priority Request-To-Talk transmis
sion to the controller.

[RTT]—^button sends Request-To-Talk transmission to the 
controller.

[PA]—^button turns on the Public Address system.

[RtRn]—^button changes the display to show Route/Run 
identification.

[Emp#]—^button displays the Employee number.

[MAck]—^button for acknowledge reception of a text mes
sage.

[M/Wt]—^button for viewing text messages.

2.5 OTHER CONTROL UNITS

Some control unit configurations may use a [Zone], 
[Mode], and [Vol] rocker switches or [System], [Subfleet], 
and [Vol] rocker switches in place of the conventional 
configurations. See Figure 2, C and D.

3. Theory of Operation

3.1 GENERAL

The Systems 9000 control unit has solid state micropro
cessor circuitry that operates the standard and optional 
features built into the system. The control unit design allows 
installation in even the smallest of down-sized vehicles. 
Systems that have many options simply require more control 
unit buttons, not larger control units.

The control unit may be field programmed to alter the 
information stored in certain areas of its electronic memory. 
Some options are also added by field programming.

3.1.1 Display

The control unit has an eleven-character alphanumeric 
vacuum fluorescent display for indicating the following:

• Mode Names

• Squelch Level

• Volume Level

• Status Codes

• Message Codes

• Telephone Numbers

• Identification Numbers

• Alarm Displays

• Option Status.

3.1.2 Controls and Indicators

A twelve button keypad contains traditional alphanu
meric keys. These keys double as function keys for options. 
All buttons are backlit to allow operation in low-light. Six 
ON/OFF option buttons and indicator lights above the display 
window tell whether these options are on or off.

Other indicators include BUSY, TRANSMIT, PRIOR
ITY, and NON-PRIORITY. BUSY lights when activity is 
detected on the channel. The XMIT (transmit) indicator lights 
when you are transmitting.

When activity occurs during a Scan sequence, the 
NON-PRI (non-priority) or PRI (priority) light is on. If the 
detected activity be on a NON-PRI mode, the NON-PRI light 
is on. If the activity is on PRI mode the PRI indicator lights for 
second priority modes, and flashes for first priority modes.

3.2 CONTROL BOARD

The control board’s microprocessor (MPU) communi
cates on the serial bus, receives and interprets keypad data, and 
controls the volume. The MPU sends data to a driver to control 
the display, and sends data to turn the LEDs on or off. The 
control board has a watchdog timer that senses the need for a 
system reset. The vehicle interface ports are also controlled on 
this board.

3.2.1 Microprocessor (MPU)

The MPU operates in expanded bus mode with internal 
ROM active. The clock frequency is 7.9488 MHz that results 
in an internal operating frequency of 1987 kHz. The limited 
number of I/O ports is augmented by using a serial-to-parallel 
shift register (U6) to scan the keyboard, and to switch the VIP 
drivers (Q71, Q72, Q73, Q74, and Q75).

3.2.2 Watchdog Timer

The watchdog timer resides in U4. On system power-up, 
C06 pulls U4-^3 high while the output (pin 4) goes low and 
the microprocessor resets.

As C6 charges, the voltage on U4-43 drops causing the 
output to go high and the microprocessor to start operating. At 
this point, positive bias shifts onto U4-43 causing the voltage 
to begin to rise, eventually causing another reset cycle. A high 
on U4-9 also initiates a reset to occur.

However, when the microprocessor operates correctly, 
the microprocessor sends pulses to U4-2. These pulses tickle 
the watchdog timer and keeps the voltage on U4-43 low 
enough to prevent reset. If the tickle pulses stop for more than 
250 milliseconds, the reset cycle repeats.

3.2.3 EEPROM

The EEPROM stores customer data including mode 
names, button functions, and VIP settings. The customer data 
can be altered only by the control unit programmer.

3.2.4 Bus Transceiver

The serial bus transceiver resides within U4. U4 pins 10, 
16, and 17 connect to the external bus. Pins 11,13,19, and 20



connect to microprocessor U2. These pins act as a serial 
communication buffer.

3.2.5 Vacuum Fluorescent Voltage Converter

Voltage for the vacuum fluorescent display is generated 
by a fixed frequency, variable-duty cycle driven, flyback 
voltage converter. Resistors R56 through R60 with C54 and 
U3B form a triangle wave generator that has an output swing 
between 1.5 and 3.2 volts. This triangle goes to U3A-3 and is 
compared to a feedback signal on U3 A-2. The feedback signal 
comes from the power supply output and is regulated by VR50 
to 43 volts. This voltage increases or decreases as the output 
voltage rises or falls. Consequently, the duty cycle seen at the 
gate of Q50 varies inversely with power supply output voltage 
and regulates it. The supply runs at 160 kHz while the 
secondary of T60 (pins 4 and 6) supplies 3.5 VAC for the VF 
display (U102) filaments.

3.2.6 Vehicle Interface Ports (VIP)

The VIP outputs are driven by a serial-to-parallel shift 
register. Output transistors (Q71, Q72, Q73) can sink 300 mA 
current. Primarily, these transistors control external relays. 
The relay is connected between the collector and switched B+.

Each VIP input connects to a dedicated input port through 
zener diodes (VR8, VR9, and VRIO) for input protection 
while U4 buffers the inputs. These VIP inputs are connected to 
ground with either normally-open or normally-closed 
switches.

3.2.7 Power Supply

The +5 volt supply is a three-terminal regulator IC to 
regulate the 12V SWB+ down for the digital logic hardware.

3.2.8 Ignition Sense Circuits

U4 senses the vehicle ignition’s state through pin 28, 
disabling transmit when the ignition is off. For negative- 
ground systems, the orange lead is typically connected to the 
fuse box (+12V). For more information, see the cable kit 
section.

Note
Q40 supplies an inverting path for positive 
ground ignition sevice.

3.2.9 EEPROM Write-Protect Circuit

Q161, Q162, and associated circuitry guard against 
inadvertently writing into the EEPROM. The circuitry

guarantees the EEPROM is protected during reset and when 
U6 is not in the proper programming state.

3.3 DISPLAY BOARD

This board contains the main operator interface points of 
the system, including the vacuum fluorescent display, the 
status indicator LEDs, and the user keypad.

3.3.1 Vacuum Fluorescent Display

The vacuum fluorescent (VF) display is an eleven digit, 
14-segment display that needs two separate voltages to 
operate: the anode and grids need +43 volts to accelerate 
electrons from cathode and the filament needs 3.5 volts AC at 
80 m A. These voltages are obtained from the VF up-converter 
on the controller board.

3.3.2 Vacuum Fluorescent Display Driver

This IC (UlOl) receives 14 segment display data, digit 
enable data, and indicator state data from the microprocessor 
on the controller circuit board. This data is clocked using 
CLOCK and DATA lines, then framed using LATCH and 
strobed on STB to control brightness. The 32 bit data frame is 
updated every millisecond in such a fashion that a coherent 
display is maintained and totally updated every 11 millisec
onds.

3.3.3 Status LEDs

These LEDs are driven by the display driver as though 
they were decimal points on the VF display. Level shifting 
transistors are required for this since the display driver uses 43 
volts for control signals.

3.3.4 Backlight LEDs

The same signal that turns the VF power supply on and off 
also operates the backlight LEDs. Q134 supplies base current 
to the individual LED driver transistors. The driver transistors 
act as constant current sources to the LEDs. Backlight LEDs 
CR131, CR132, CR133, and CR134 are connected to 
thermistor R133 by way of Q132. This circuit allows more 
current to flow through these LEDs at room temperature and 
reduces current as the temperature rises.

3.3.5 Default Jumper Settings

The factory installs jumpers in each control unit depen
dent on the customer-ordered options. See the following table 
for the standard jumper configuration. See the foldout page 
with the control unit artwork for other configurations.
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Figure 3. Disassembly of the Control Unit

Table 1. Standard Jumper Configuration
JUMPER NUMBER NORMALLY

1 IN
2 OUT

3 IN
4 OUT

5 IN
7 IN
8 OUT

9 OUT

10 OUT
11 OUT
12 OUT

13 OUT

16 OUT
17 OUT

18 IN
19 IN
20 IN
21 OUT

22 OUT

4. Control Unit Maintenance

4.1 DISASSEMBLY OF CONTROL UNIT (SEE
FIGURE 3)

Note
Before disassembling the control unit, note the 
location of the labeled buttons.

Remove the two 30mm slotted screws that hold the front 
and back of the control unit together. The two halves separate 
at the top; at the bottom, they are held together by the flex 
cable that interconnects the circuit boards. Place the unit so the 
PC boards are facing up.

Remove the five 8mm screws in the display board and 
carefully remove the front of the control unit housing. Keep 
the front housing parts as a complete unit (including the front 
housing, buttons, and display board light pipe). Always keep 
the front of the display housing face down when handling.

Remove the two 16mm self-tapping screws on the 
control board. Remove the back of the control unit housing. 
Remove the black gasket around the switch and set it aside. 
Remove the shields from the top and bottom of the control 
board. All components should be easily accessible.



Note
When working with chips and SOT parts, use 
extreme caution when heating. Never reuse a 
chip or SOT part; always replace with correct 
Motorola parts.

4.2 RE-ASSEMBLY OF THE CONTROL UNIT

Be sure the orange gasket is still around the outside of the 
control cable “mini D” connector. If it was removed, replace it, 
ensuring a snug fit to the PC board. Replace the gasket around 
the power switch. Replace the shields on the top and bottom of 
the control board. Place the control board in the back housing, 
being careful to put the toggle switch arm in the proper 
position in the ON/OFF button actuator.

Screw in the two 16mm self-tapping screws to 6-8 inch 
lbs. Also, be sure the ON/OFF actuator still slides back and 
forth easily. Carefully check to see that all buttons are still in 
place, then place the display board in the front housing. Screw 
in the five 8mm self-tapping screws to 6-8 inch lbs. Be sure 
the black gasket is around the outside groove of the front 
housing. When mating the front and back housings, make sure 
the flex cable slides behind the control board and is not 
pinched. Screw in the two 30mm slotted screw to 9-10” lbs.

5. Vehicle Interface Ports

The Vehicle Interface Ports (VIP) allow the control unit 
to operate outside circuits and to receive inputs from outside 
the control unit. There are three VIP outputs that are used for 
relay control. There are also three VIP inputs that accept 
inputs from switches. See the cable kit section for typical 
connections of VIP input switches and VIP out put relays.

5.1 VIP OUTPUT CONNECTIONS

The VIP output pins are located on the back of the control 
unit below the area labeled “VIP.” These connections are used 
to control relays. One end of the relay should be connected to 
switched B+, while the other side is connected to a software 
controlled ON/OFF switch inside the control unit.

The relay can be normally-on or normally-off depending 
on how the VIP outputs are configured. The control unit

provides for three of these VIP output connections. See 
Table 2.

The function of these VIP outputs can be defined by field 
programming the control unit. Typical applications for VIP 
outputs are external hom/lights alarm and horn ring transfer 
relay control. For further information on VIP outputs, see the 
control unit programming manual.

5.2 VIP INPUT CONNECTIONS

The VIP input pins are located on the back of the control 
unit below the area labeled “VIP.” These connections are used 
to accept inputs from switches. One side of the switch is 
connected to ground while the other side is connected to a 
buffered input to the control unit. The switch can be 
normally-closed or normally-open depending on how the 
VIP inputs are configured. The control unit permits three of 
these VIP input connections. See Table 3.

The function of these VIP inputs is defined by field 
programming the control unit. Typical applications for the 
VIP inputs are for a foot switch or a horn ring switch. For 
further information on VIP inputs, see the control unit 
programming manual.

6. Power Connections

CAUTION
Use only Systems9000 cable kits. Connection to 
other cable kits or control panels may cause 
electrical damage.

Replace the fuse in the in-line fuseholder of the red power 
cable coming from the radio in the trunk. Also connect the 
green (and/or orange) fused wire(s) coming from the control 
unit to the ungrounded terminal (or source) of the battery.

Pull all excess cabling into the trunk. Clamp the cables to 
the vehicle body or chassis with the cable clamps supplied. 
Drill 1/8” mounting holes, then attach the clamps with four #8 
by 3/8” tapping screws and four 1/4” lockwashers. Finally, be 
sure all in-line fuses are installed.

Table 2. VIP Output Connections

VIP OUTPUT NO. SWITCHED B+ PIN NO.
ON/OFF SWITCH 
PIN NO.

DEFAULT FUNCTION IS CHANGED
WITH FIELD PROGRAMMER

1 18 2 HORN RELAY (ALARM)

2 19 1 LIGHT RELAY (ALARM)

3 35 34 SIREN-HORN TRANSFER

Table 3. VIP Input Connections

VIP INPUT NO. GROUND PIN NO.
ON/OFF SWITCH 
PIN NO.

DEFAULT FUNCTION IS CHANGED
WITH FIELD PROGRAMMER

1 20 4 SIREN; HORN RING

2 21 3 EMERGENCY (IF OPTION PRESENT)

3 36 37 NONE
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parts list
Control Head Exploded View MXW-7978-0

GXW-7234-0

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

1 13-80087J03 escutcheon
2 HLN5499A button, PRTT
2A HLN5497A button, RTT
2B HLN5067A button, PA
2C HLN5500A button, RTRN
2D HLN5502A button, Emp#
2E HLN5503A button, CLR
2F HLN5498A button, SEND
2G HLN5095A button, blank
2H HLN5504A button, MA/Vt
2I HLN5505A button, M/Ack
2J HLN6220A button, TIME
3 HLN5096A plug
4 61-80095J04 lens, VF display
5 32-80057K02 gasket, lens
6 15-80088JO1 housing, front
8 38-80195P08 pushbutton rocker, SCROLL
8A 38-80195P10 pushbutton rocker, V/A '
9 38-80092J01 key, DIM
10 32-80180J02 gasket, housing
11 61-80185J02 lightpipe, keypad
12 75-80098J01 keypad
13 (U102) VF display (see electrical)
14 75-80184J01 shock pad
15 14-80269K01 insulator
16 26-80220K01 solder side shield
17 43-80011L01 spacer, LED, 8 position
18 43-80012L01 spacer, LED, 2 position
19 — display board (see electrical)
20 — command board (see electrical)
21 03-10945A14 screw, tapping, P3.12 x 1.27 x 8 (5 used)
22 flex cable
23 03-10945A11 screw, tapping, P3.12 x 1.27 x 16 (2 used)
24 05-80200K01 rivet, nyion
25 32-80178J01 gasket, ON/OFF switch
26 75-80268K01 shock pad, 1C
27 26-80003K01 shield, component side
28 55-84300B02 handle
29 32-80179J01 gasket, D-connector
30 38-80128J01 key, ON/OFF
31 (J1) connector, mini-D, 50 contact
32 15-80089J01 housing, back
33 32-80181J01 gasket, face connector
34 03-10908A33 screw, machine, M3.5 x 0.6 x 30 (2 used)
35 07-84323C01 bracket, strain reiief
36 33-80178M01 namepiate
37 03-10908A18 screw, machine, M3 x 0.5 x 6
38 30-80183P01 radio cabie
39 30-80265L02 handset cabie
40 15-80221J01 housing, VIP connector- 39-84257L01 contact, plug
41 32-80275K01 gasket, VIP connector
42 43-80127J01 spacer, trunnion (4 used)
43 07-80263L01 bracket, trunnion
44 03-80160E01 wing screw, M5 x 8 x 10 (2 used)
45 03-00136756 screw, tapping, 10-16 x 5/8 (4 used)
48 03-80077M01 screw, front mount (2 used)
50 15-80062P04 housing, remote front
52 — interconnect board (see electrical)
53 04-83045H01 washer, thrust (3 used)
54 03-10945A11 screw, tapping, P3.12 X 1.27 X 8 (3 used)
55 32-80289L01 gasket, housing
56 15-80005G01 cover, dust

Exploded View and Parts List for 
Systems 9000 Control Unit

PW-8017-O
8/18/90
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CHECK FOR 
SHORTS AND 

OPENS: REPAIR

ARE
PULSES 

AT UI02 PINS 
2-26 

?
SHORTED

REPAIR
SHORTS

CHECK T60 -4. -5. AND -6 FOR SHORTS/OPENS 
AND REPAIR

ACROSS

. NO w CHECK SUPPLY
IS

SUPPLY AT \ NO ^ CHECK FOR 
SHORTS AND>———► TO U6 \/ OPENS: REPAIR

YES

NO ^ REPLACE
UlOl
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SELECTOR BUTTON FAILURE

START

NOTES
1. PERFORM THE FOLLOWING ONLY IF NOT 

ERROR CODE DISPLAYS.
2. ENSURE THE CONTROL UNIT IS PROGRAMMED 

FOR THE INOPERATIVE BUTTONS.

ARE
BUTTONS
SHORTED

RI20-RI24

ARE
^PULSES AT^ 
U6-4.5.6.7. AND 

14 ON BUTTON 
\ PRESS ^

/ ARE \ 
PULSES AT 

U6-I.3 
ON BUTTON 
^ PRESS

PROBLEM
FOUND

GXW-8036-0

CHECK U6 
FOR SHORTS AND 

VOLTAGE 
SUPPLIES

REPAIR

REPLACE
DEFECTIVE

COMPONENTS

TURN SYSTEM ON 
AND CHECK PULL- 

UP RESISTORS 
RI20-RI24

GO TO U2 
FAILURE

TROUBLESHOOTING
CHART

REPLACE
U6

CHECK FOR 
SHORTS ON 

THE 5 KEYBOARD 
ROW LINES

BE SURE SYSTEM 
IS OFF: CHECK 
ALL BUTTONS 
FOR SHORTS

REPAIR

Troubleshooting Charts for 
Systems 9000 Control Unit 
PW-8028-O 
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U2 FAILURECONTROL UNIT SERIAL BUS FAILURESTART )

START ^

U7
INSTALLED IN 

CIRCUIT
DOES
U2-28

TOGGLE
IS

U4-I0
SHORTED

U4-I3U4-I0U2-I7
LOW

U2-28

ORIGINAL
PROBLEM

CORRECTED

GXW-8043-0

U4-I3

START

FAIL 05/82
U2-28

ARE
PULSES 

AT U5-3I
REPROGRAM
SUCCESSFULARE

SHORTS 
OR OPENS 

FOUND

IS
DATA 

AT U2-2I

ARE
PULSES

AT U5-23

DATA
AT U4-I6.I7.II. 

AND 20
PROBLEM

CORRECTED
GXW-8037-0

^^DOES 
^ DISPLAY ^ 
SHOW ANYTHING 

^ AFTER "SELF 
\ CHECK" ^

ARE
SHORTS
PRESENT

PROBLEM
CORRECTED

GXW-80I7-0

^ ARE 
PULSES 

AND POWER 
PRESENT

ARE
PULSES

AT UIO-2.5.6.9. 
^ I2.I3.I6.
\ AND I9 /

REPLACE
U7

COMPLETE

REPLACE
UlO

REPLACE
U2

REPAIR

MONITOR U2-28 
WHILE TURNING 

ON SYSTEM

CONTROL UNIT 
SERIAL BUS IS 

FUNCTIONAL

REPAIR
GO TO CONTROL 

UNIT DISPLAY 
FAILURE 

TROUBLE TREE

REPAIR
SHORTS/OPENS

CHECK AND 
REPAIR U4 FOR 
SHORTS/OPENS

REPLACE
U4

•REPLACE
U4

REPAIR
SHORTS/OPENS

GO TO 
U2 FAILURE 

TROUBLESHOOTING 
CHART

COMPLETE

GO TO 
U2 FAILURE 

TROUBLESHOOTING 
CHART

REPLACE
U4

CHECK FOR 
SHORTS AND 

OPENS

GO TO 
U2 FAILURE 

TROUBLESHOOTING 
CHART

EEPROM U2 
HAS INCORRECT 

CHECK SUM- 
REPROGRAM

CHECK FOR 
SHORTS ON 

U5 ADDRESS; 
I/O LINES

REPAIR

CHECK
QI6I.QI62.CRI6I. 

CRI62. AND CRI63

REPLACE U5

REPLACE U2

REPLACE U2

REPLACE
DEFECTIVE

PART

REPLACE U8

CHECK U2 PINS 
4-8. 9-I6. AND 

35-42 FOR SHORTS; 
REPAIR SHORTS

CHECK U8 FOR 
PULSES AT PINS 

9 a lO. AND POWER 
AT PINS 7 a I4



CONTROLLER BOARD SCHEMATIC

VR0050*» WARNING ** C0246
JOIOISWB+ SWB+ C0053DO NOT PROBE U0003 PIN 

5 WITH POWER APPLIED 
OR DAMAGE TO THE 
CIRCUITRY MAY OCCUR.

:R0056
>33K

• -CR005I +5V/FIL:R005I
-22K

R0058 T00604 R0053 io.OluF LOOOl■ CR007I - -CR0072
33K

U0003B
C005I lOuH

:R0037
IK

SWB+R0I7IQOI7I
L02

. .C002I 
'T470Q007I R0I72

-^VW-
2200
R0I70

4r .OIuF SWB+:;R0057
►33K
C0054

R007I —vw- 
33K

.C007I* L0002L0050 R0055
VW-

R0054 
—WV-R0052

—VNA/------
lOK

U0003A

:R006I
•IK

R0060 lOuH
.C0057

T470

Q0I7O
LOI

..C0037
'T470+5V 

R0I73 t
----- \AA----- 1

4.7K

4^ 470.C027I* _+C0050
T'lOuF

CONTROL HEAD 
CONNECTOR 
P0I03

.C0056
‘O.OluFQ0072

00050R0072 
—VW- 

33K 
C0272*

JU00I2
+5V/FILJU00I3

■9 EAR Erl. _ .C004I 
T*470

C0064
-Y.IErOU.T~2. ’R0038 J_C0038 

:|K T470 ..C006I
'TO.IuF

SPARE-2 SWB+ O.luF 4-
U0005R0033 —— 

IK
PEK-CLOCK U0002 iU0006

4094
CMOS
SHIFT
REG.

C0273*PEK-PATA-OUT. CR0073 R0032latch.VIP-OUT-3
PLO-QK

J_C0072* J.C0073* Q0073NC . +5V/FILR0073 L-
---------——WV--------

33K
SHORT TO GND 
TO DISABLE 
WATCH-DOG TIMER

. .C0039 JLc0040±COOI2 
'T470 X470 T470

LATCH. .C0206* Jc’coooe
*T 'T I.OuF

+5V/FIL 
' kC0066SWB+ CLOCKJU0022 EEPROM..C0063

'TO.IuF
CR0075

CR0074 O.luFR0030Q0075
L04

R008I
CR0I6I

WDT-TIMING-CAPR0087 R0074 
—W\r-

lOK
Q0074

L04
R0I66

—WV—
2.2K

+5V -N^l CR0I62 U0008A
C0207* . .C0074 

'T470JU00I7 DEK-CLOCKWDT-TICKLE :R0098* cooerU0004 C0030 JLc0029 J.C0028 J.C0027 ±C0026 
T470 'T470 T'470 T470 T470R0099PTH-I 68HCIIA8Rq044

^VR0009 ^ ^VROOIOVR0008
15V

C007577M87 I3U0008CI5_NC.
_ .C0044 
'T470 VIP-IN-lI8_NC.JU00I9

DEK-DATA-OUT U0007
JU00I8 BU5V-IN BUSY-INRESETPTH-3 R00I6 resetRESET +5V/FILBUSY
JU00I6 >VR0006

15V BUS-
VIP-2-INBUS+

:R0035
•IK

RESET-FILTER SIOIC
INVERTED-HUBWDT-INPUT-T.CAP-MIC-SWB±.

R00I3 
—'Wv— PROM

A-f/IGN NC 27 
t 39

RX-DATA. .COOOl 
'p.OluF BUSY-OUT BUSY-OUT_ .C0007 

'T.OluF TX-DATAVR0002
lOK

C0020
•470

^VROOII
15V C00I3 J.C00I9 J_C00I7 

'T470 'T470 'T470 ‘
..C00I8 JLcooie 
'T470 'T470

C00I4 JLcoois 
'T470 T470VROOOl

:R0I83
•lOK----- \iy~i

VR0007 =
------------------------ 1

SWB+ 15V 1
R0025

--------V\Ar-47K
A+/IGN !

>VR0004
15V +5V/FIL

R0I82 Q0023 3L0023 JLc0023 
I4IL02 ?22uH T6.8<%^

:R002I
•IM

SWB+SOOOl
JU0004 R0024 

—wv— 
33K

R0034
47K ..C0062

TO.IuF
_.C0047 
T470

UOOlO7.9488MHzJU0002 ..C0024
TI8^VR0005

15V
I U0008DSWB+ ;roi6I

•lOK
Q0040
LOI :R0I63

•lOK
JUOOlOJUOOOl

' JU002I U0046 3SWB+JU0009 R0043 +C0046 
T I.OuF

5 U0008B
Q0I6I
I4IL02

CR0090 47K
:R0022
•33K

..C0I65
T47©:R003I

■47K 74HC373
*JU0020

R0023 
—VW- 

lOKCR0I63
/VR0003
15VMIC-HI

-MLOrE-TX CR0I64 2 [
NOTES:

1. ) ASTERISK (♦) INDICATES PARTS NOT BUILT ON SOME MODELS.
2. ) ALL RESISTANCE IS IN OHMS . ALL CAPACITANCE IN PICO-FARADS UNLESS NOTED OTHERWISE.
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DISPLAY BOARD SCHEMATIC

POIOI

5 SPARE-2

Q0II2

SWB+
BUSYCR0II2 (YEU

RO 2

R0II4R0II6

XMIT
(RED)

QOIII

SWB+

CRO

R0II3ROMS

18
13
12

20
22

CLOCK CLOCK
LATCH-ENABLE .LATCH-ENABLE
DATA-IN DATA-IN

1 C0I4I
■470

C0I39
470

3 
2
I FIL-2

j:
+5V 

C0055*t

NO

+5V
NO

FIL-I

VF-CONTROL

R0I29

QO 34

R0I39

R0I30
4.7K

SWB+

SWB+
2[J^CR0I37 2[;^CR0I40

swat

, rJ^CROI392[j^CROI36

C0I35 R0I23
lOOK

R0I24
lOOK

R0I20
lOOK

R0I2I R0I22
lOOK

2[J^CR0I35 CR0I38

,1 S0I05
I. S

_ii SOIOI
I

S0I02
“1. P

,1 S0I03 
—I.

_il S0I04
-1. 4 SWB+

Q0I3I 
L02

C0I34
+5V Q0I30

L02
2 ^j^CROI34

_il S0I06 
”1. 6

,1 S0I35 
“I. «;fi

S0I07 R0I32
lOK

S0I24
0PT4

.1 S0I32 
MU R0I3IR0I38C0I33

Q0I32 
"1 L02

_|1 S0I09 
“I. 9

W^CR0I332
R0I35,1 S0I08

“1. R
,1 S0I23 

“1- 0PT3
,1 S0I3I 

MD
S0I27 
DIM RT0I33C0I32

2[S5CR0I32'lOOK

_|I S0I22 _|I S0I34 S0I36
~1| 0PT2 J vu H0ME

R0I34
S0I36 SOlOO
HOME “If 0

S0I25 
“1- OPTS

R0I36C0I3I 2 ^/^CR0I3I

_ji S0I2I 
“If OPTI Q0I33

S0I33
SOIIO 

I STAR
R0I37S0I26 

f OPTS

I5 I7
I6 I8
2I I9
23 UOIOI 20
24 25
43 VF DRIVER 28
2

42
6 I2

II
44 lO
29 9
35 7
34 5
33 4
32 3
3I 4I
30 40
I4 39
I3 38
27 37
26 36
8 22

IJU0008 
0

NC
GRID

GRID

ANODE

FILAMENT

1

27 I8
I3 2I
24 20
2 25
22 26
23 4
3 U0I02 6
5 VF DISPLAY 7
9 lO
II I2
I6 I4
8 I5
I I7
28 I9

GRID

gCROII3 < R0I40 
VOPT I <IOK

Q0II3
L02O

CRO 4 CRO 5;R0I4I

Q0II4 QOIIo

Q
R0I52R0I5I

^CROlie
VNPRI ^lOK

Q0II6
L02

2

O

OPT 3

Q01I7
L02

i!
O

R0I53
2200

R0I44
lOK

gCROII8 
"opt 5

Q0II8
L02

^R0I45
>IOK

JU0007 <R0I46
lOK

;^CR0II9 
OPT 4

Q0II9 i 
L02

.CR0I20 
"opt 6 ^lOK

Q0I20
L02

<R0I56
>1500

QOIIO
L02

RO 59 >R0I58
>220

R0I49 
-AAA/—
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NOTES :
1. ) ALL RESISTANCE IS IN OHMS . CAPACITANCE

IS IN PICOFARADS UNLESS NOTED OTHERWISE.

2. ) ASTERISK (*) DENOTES UN-USED PART PER THIS
APPLICATION.
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parts list
HLN5464A Systems 9000 Control Unit (Display Board) MXW-8023-O

REFERENCE
SYMBOL

MOTOROLA 
PART NO.

DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated)
C55 21-13741N69 .1 uF, ±10%
C131-135 21—13740B65 470
Cl 39 21—13740B65 470
C141 21—13740B65 470
diode (see note)
CR111 48—80052R01 LED, red
CR112 48—80052R02 LED, yellow
CR113-115 48-80052R01 LED. red
CR116 48—80052R02 LED, yellow
CR117-120 48—80052R01 LED, red
CR131-140 48—80052R03 LED, green
transistor (see note)
Q110-120 48-80141L02 NPN
Q130-133 48-80141L02 NPN
Q134 48-80141L01 PNP
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R111,112 06—11077B23 100k
R113,114 06-11077B11 33k
R115,116 06—11077A74 Ik
R120-124 06—11077B23 100k
R129 06—11077A98 10k
R130 06—11077A90 4.7k
R131 06—11077A58 220
R132 06-11077A98 10k
R133 06-80149M02 100k, ±10%, 240mW, thermistor
R134 06—11077A78 1.5k
R135 06—11077A94 6.8k
R136 06—11077A82 2.2k
R137 06—11077A36 27
R138 06—11077A58 220
R139 06-11077A82 2.2k
R140-147 06—11077A98 10k
R149 06—11077B11 33k
R150-152 06—11077A78 1.5k
R153 06—11077A82 2.2k
R154-157 06-11077A78 1.5k
R158,159 06—11077A58 220
Integrated circuit (see note)
U101 51-80236C05 VF driver
VI02 72-80242J01 VF display

non-referenced parts
61-80027R01 8 Indicator light pipe
61-80026R01 2 indicator light guide
01-80740T42 VF display & shock pad assembly
75-80094M04 battery shock pad
75-80094M05 VF shock pad
84-80168P01 display circuit board

8/18/90
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.
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HLN5464A Systems 9000 Control Unit (Controller Board) MXW-8022-O MXW-8022-O (2) 5iis 2. 50 V CHI
REFERENCE
SYMBOL

MOTOROLA 
PART NO.

DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated)
Cl 21-13741N45 .01 uF, ±10%
C6 23-11049A37 1 uF, ±20%, 25V, tantalum
C7 21-13741N45 .01 uF, ±10%
Cl2-21 21-13741M13 470, ±10%
C22 21-13740B31 18
C23 21-13740B21 6.8
C24 21-13740B31 18
C26-30 21-13741 Ml 3 470, ±10%
C36-42 21-13741M13 470, ±10%
C44 21-13741M13 470, ±10%
C45 23-80090M24 10 uF, ±20%, electrolytic
C46 23-11049A37 1 uF, ±20%, 25V, tantalum
C47 21-13741M13 470, ±10%
C50 23-11049J27 10 uF, ±10%, 25V, tantalum
C51 21-13741N45 .01 uF, ±10%
C52 23-80090M24 10 uF, ±20%, electrolytic
C53 21-13741N45 .01 uF, ±10%
C54 21-13740B65 470
C56 21-13741N45 .01 uF, ±10%
C57 21-13740B65 470
C61-66 21-13741N69 .1 uF, ±10%
C71-73 21-13740B65 470
C165 21-13741 Ml 3 470, ±10%
Cl 70 21-13741N69 .1 uF, ±10%
C171 21-13740B65 470
C202 21-13740B65 470
C206.207 21-13741M13 470, ±10%
C246 21-13740B65 470
C271-273 21-13741 Ml 3 470, ±10%
diode (see note)
CR51 48-11058B11 silicon
CR71-75 48-80236E08 rectifier
CR90 48-82960R02 rectifier
CR161-164 48-80236E08 rectifier
connector receptacle 
J1 28-80228J01 50 position mini-D connector
jumper
JU1 06-11077A01 0 ohm resistor
JUS 06-11077A01 0 ohm resistor
JU5 06-11077A01 0 ohm resistor
JU7 06-11077AO1 0 ohm resistor
JU18-20 06-11077A01 0 ohm resistor
relay
KP1 75-80098J01 keypad
coil, RF
LI ,2 24-80140E16 10 uH, inductor
L23 24-80289M16 22 uH
L50 24-80140E16 10 uH, inductor
transistor (see note)
Q23 48-80141L02 NPN
Q40 48-80141L01 PNP
Q50 48-80053M03 N-channel, MOSFET
Q71-73 48-80052M01 NPN. Darlington
Q74,75 48-80141L04 NPN
Q161.162 48-80141L02 NPN
Q170 48-80141L01 PNP
Q171 48-80141L02 NPN
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R1 06-11077A98 10k
RIO 06-11077A58 220
R12 06-11077A74 Ik
R13-20 06-11077A98 10k
R21 06-11077B47 1 MEG
R22 06-11077B11 33k
R23 06-11077A98 10k
R24 06-11077B11 33k
R25 06-11077B15 47k
R26-30 06-11077A98 10k
R31,32 06-11077B15 47k
R33 06-11077A74 Ik
R34 06-11077B15 47k
R35 06-11077A74 Ik
R37,38 06-11077A74 Ik
R39 06-11077A98 10k
R40 06-11077A74 Ik
R41 06-11077A98 10k
R43 06-11077B15 47k
R44 06-11077A98 10k
R50 06-11077A66 470
R51 06-11077B07 22k
R52 06-11077A98 . 10k
R53-55 06-11077A19 5.1
R56-58 06-11077B11 33k
R59 06-11077A98 10k
R60 06-11077A94 6.8k
R61 06-11077A74 Ik
R71-73 06-11077B11 33k
R74,75 06-11077A98 10k
R81 06-11077A98 10k
R84 06-11077A98 10k
R87 06-11077A98 10k
R98,99 06-11077A98 10k
R161 06-11077A98 10k
R163-165 06-11077A98 10k
R166 06-11077A82 2.2k
R170 06-11077B23 100k

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

R171 06-11077B15 47k
R172 06-11077A82 2.2k
R173 06-11077A90 4.7k
R181 06-11077B07 22k
R182 06-11077B15 47k
R183 06-11077A98 10k
switch
SI 40-80033K01 toggle
transformer I
T60 j 25-80277J03 voltage conversion
integrated circuit (see note)
U2 51-97024A01 microcomputer
U3 51-80056M01 dual comparator
U4 1 51-83977M87 serial Input/output
U5 1 51-97014A10 EEPROM
U6 51-84704M54 register
U8 51-80177M03 quad NAND gate
U10 51-80177M02 octal latch
U46 51-80068C08 voltage regulator
voltage regulator (see note)
VR1-11 48-80140L20 15V zener
VR50 , 48-80056K40 43V zener
crystal (see note)
Y2 48-80173D10 7.9488 MHz

non-referenced parts
09-80049R01 32 pin socket
32-80179J01 connector gasket
01-80740T38 mini-D connector & gasket assembly
32-80181J01 face connector gasket
84-80167P01 controller circuit board

PFl 5.00 V 5us

8/18/90
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motoroia part number.
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Mobile Products Division
Control Head

1. Description

1.1 GENERAL

The solid-state microprocessor circuits in the SPECTRA 
Control Head operate the standard and optional features buit 
into the system. The compact control head was designed for 
installation in even the smallest of compact cars. Systems that 
have many options simply require more control buttons; not 
more space-consuming control units.

The microphone connects at the lower left comer of the 
front panel. The programming cable, for field programming, 
connects to the rear accessory connector.

1.2 CONTROLS AND INDICATORS (See Figure 1)

PRIVATE
12-BUTTON

KEYPAD
REPROGRAM 

I MESSAGE 
I LOCK/

CONVERSATIONSEARCH
POWER
ON/OFF MODE PHONE SCAN STATUS

[V MODE A| phon|Iscan||call|I selSRCH

VVOLUMEA
7H/L 8M0N

RECALL jDELETE 
TO DIRECT

VOLUME HOME I DIRECT
PRIORITY/ INDICATOR 

NON-PRIORITY 
INDICATORS MONITORSELECT

GXW-4429W3I-0

Figure 1. Typical SPECTRA Radio 
Controls and Indicators

1.2.1 Buttons

Most buttons are backlit to facilitate operation in low 
light. Four ON/OFF option buttons are arranged above the 
display with indicator symbols in the display to tell whether 
the options are on or off. A twelve-button keypad (on keypad

models) contains the traditional alpha-numeric keys, some of 
which double as function keys for other SPECTRA options.

1.2.2 Power Switch

The push-on, push-off power switch, located at the upper 
left comer of the control head front panel, turns the radio and 
its accessories on and off.

1.2.3 Mode Rocker Switch

Located at the left of the display, the Mode rocker switch 
increases the mode number when you push on the right side, 
and decreases the mode number when you push on the left. If 
you push and hold the switch, it scrolls the mode numbers up 
or down. The mode names appear on the display.

1.2.4 Volume Rocker Switch

Located below the Mode rocker switch, the Volume 
rocker switch increases or decreases the volume setting. Push 
and release it to check the volume setting; the display shows, 
for example, “VOLUME 10.” Push and hold the right side to 
increase volume; push and hold the left to decrease. The 
number value scrolls up or down to indicate your desired 
volume level.

1.2.5 Dim Button

Located below the Volume rocker switch, the Dim button 
controls the brightness of the display and button backlighting. 
When you turn the radio on, the display comes on at ‘bright.’ 
Press Dim once to add ‘bright’ button backlighting, twice for 
‘low’, and three times for ‘off.’ Press a fourth time to return to 
the ‘bright’ display setting.

1.2.6 Home Button

Use the Home button (located below the Dim button) to 
go to the radio’s pre-programmed “Home” mode. Also, on 
keypad-models, use it to change modes as follows: press and 
hold Home until abeep sounds, verifying entry into configura
tion state. The display shows an entry prompt. Enter the mode 
number with the keypad and press Home again, the mode 
changes to your selected mode.
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1.2.7 Options (Phon, Scan, Call) Buttons

Use these buttons, located above the display, to activate or 
deactivate the Phone, Channel/System Scan, and Private 
Conversation!Call Alert Options.

1.2.8 Sel (Select) Button

Use the Sel button, located to the right of the Options 
buttons, when configuring an option, see the Operator’s 
Manual for specific information about how this button is used 
with the Options buttons.

1.2.9 Display

Eight 14-segment characters display the mode numbers, 
mode names, volume level, and a number of messages that tell 
you important facts about your radio, or the radio system. 
Also, build into the display are the following indicators:

(1) Options ON/OFF Indicators. Located near the top edge 
of the display, these “up-arrow” indicators are aligned 
beneath the option buttons. Each indicator arrow lights 
when an option is activated, and extinguishes when the 
option is deactivated.

(2) Scan Indicators. Located just beneath the “up-arrow” 
indicators are the priority indicators—PRI and NPRI. 
See Table 1 for meaning of display.

(3) Dir (Direct) Indicator (Conventional modes only). 
Located to the right of the priority indicators, DIR lights 
to indicate a direct radio transmission to another unit 
without going through the conventional repeater system.

1.2.10 XMIT and BUSY Indicators

Located to the right of the display are two LED indicators. 
The XMIT LED lights when the radio is transmitting; the 
BUSY LED lights when the selected conventional mode has 
activity on it.

2. Theory of Operation

The following paragraphs describe the operational theory 
of the components of the control head. See the Control Head 
Block Diagram, PW-4508, for an illustration of these 
components and how the interrelate.

2.1 POWER SWITCH/IGNITION

A pushbutton ON/OFF switch (SI) on the front panel 
controls power to the radio and accessories. In addition to this 
switch, you can wire the vehicle’s ignition and add or remove 
control head jumpers to further control radio operation. The 
three types of operation available to the customer are shown in 
Table 2.

Table 1. Scan Indicator

DISPLAY MEANING
Conventional Mode Trunked Mode

PRI Flashes Indicates displayed mode is 
in the Channel Scan list and 
has FIRST PRIORITY over 
all other modes In the list.

(Will not flash 
on a trunked 
mode.)

PRI Lights 
(Steady)

Indicates displayed mode is 
in the Channel Scan list and 
has PRIORITY over other 
modes except FIRST
PRIORITY.

(Will not light 
on a trunked 
mode.)

NPRI Lights 
(Steady)

Indicates displayed mode is 
in the Channel Scan list but 
does not have priority over 
another mode.

Indicates dis
played mode is 
in the System 
Scan list.

The ignition cable is the fused red wire attached to the 
accessory connector. The control head is shipped with jumper 
JUl out and jumper JU2 in. Configured this way, connect the 
ignition cable to:

“battery hot” on the fuse block to TRANSMIT and 
RECEIVE via the front panel pushbutton ON/OFF 
switch, regardless of the ignition switch setting;

or»

“ ignition” at the fuse block to disable TRANSMIT and 
RECEIVE except when the ignition switch is ON. This 
method is more convenient because you need only to 
switch off your ignition... the radio will not drain your 
car’s battery when you leave the radio switch “ON”.

Table!. Types of Operations

TYPE HOW IT OPERATES
CONTROL HEAD 
JUMPER/STATUS IGNITION WIRING

1 RECEIVE and TRANSMIT enabled 
via Control Head ON/OFF switch 
(Ignition has no effect).

JU1/OUT; JU2/IN Connect Ignition cable 
to “Battery Hot” at
Fuse Block.

2 RECEIVE and TRANSMIT enabled 
only when ignition switch Is ON.

JU1/OUT; JU2/IN Connect Ignition cable 
to “Ignition” at
Fuse Block.

3 RECEIVE enabled by Control Head 
ON/OFF switch; TRANSMIT 
enabled only when Ignition switch 
is ON.

JU1/IN; JU2/OUT Connect Ignition cable 
to “Ignition” at
Fuse Block.



If the customer wants to inhibit TRANSMIT, but allow 
any RECEIVE, the two control head jumpers must be 
changed. Remove the two front panel screws, one from each 
end, and then pull straight out on the control head to detach it. 
The jumper locations on the PC board are shown in the foldout 
toward the end of this section. Locate jumper JU2, carefully 
un-solder it, and remove it from the board. Find the location 
for JU1 and solder a jumper in place. Install the.control head. 
Connect the ignition cable to “Ignition” at the fuse block. (See 
paragragh 2.10 for Ignition Sense Circuitry.)

2.2 5-VOLT REGULATOR

Switched B+ is applied to U45, a 5-volt regulator. C45 
and C46 filter SWB+ and the 5-volt line to ensure U45 
operates properly. CR90 protects against accidental reverse 
polarity connections during installation. The 5-volt supply 
operates the microcomputercircuitry, interface circuitry, VF 
driver UlOl, and Comparator U3.

2.3 MICROCOMPUTER

The microcomputer, Ul, operates on the 5-volt supply, 
and is filtered by LI. A resonator, Yl, oscillates at 4 MHz to 
provide a stable clock for microcomputer timing. U1 handles 
all communication with the radio command board over the 
serial bus, scans the keyboard for button presses, and 
generates the display information needed by the VF driver 
(UlOl) to driver the VF display (U102).

2.4 INTERFACE CIRCUITRY

The bulk of the interface circuitry is contained in bipolar 
custom IC, U4. This IC includes watchdog timer circuits, 
serial bus communication drive circuits, and input buffer 
circuits to protect microprocessor Ul.

2.5 RESET

Tables. Serial Data Bus Logic

On initial power-up the RESET line to U1-1 is held low 
by U4 for approximately 120 milliseconds before going high. 
This resets Ul and starts it operating properly. Then, a pulse 
train generated at Ul-38 sends tickle pulses to the watchdog 
timer circuitry in U4 and sends a STROBE signal to the VF 
display driver, UlOl. The tickle pulse train frequency is kHz. 
If the tickle pulse disappears for more than approximately 120 
milliseconds, C6 charges to about 3.3 volts and triggers a reset 
as described above. Any time a reset occurs, U4-9 goes high, 
causing radio circuitry to also reset via the control cable. 
Should radio circuitry initiate the reset, pin 23 of the control 
unit PC board connector is forced high, triggering the same 
events described above. The control head can reset the radio 
command board and vice-versa via the reset line. (See Table 
3.)

DATA
LINE

NO BUS ACTIVITY 
(Normal) 

Receiving Data)

BUS ACTiViTY 
(Sending or 

Receiving Data)

IN RESET*

Busy Low High Low
BUSY IN High Low High
BUSYUTJT High Low** High
BUS+ High Low and High High
BUS- Low High and Low Low
TXDATA High Low and High** High
RXDATA High Low and High High
RESET Low Low High
RESET High High Low
* Bus activity will occur immediately after a reset.
** Sending only.

2.6 BUS BUSY (See Table 3.)

The control head prepares to send data on the serial bus 
when U1-5 BUSY OUT goes low, causing U4-10 to go high. 
This signals the radio command board that the control head 
has data to send. U4-11 BUSY IN goes low whenever U4-10 
goes high. This informs the control head microcomputer that 
the serial bus is in use.

2.7 SERIAL BUS DATA (See Table 3.)

Two lines, BUS+ and BUS-, send data between the 
control head and the radio command board. Under the normal 
conditionof inactivity, BUS+ is high and BUS- is low. This is 
the “inactive state” on the serial bus. When the two lines invert 
(BUS+ goes low, BUS- goes high), the serial bus is in the 
“active state.”

The control head uses the TXDATA line (U1-33) to send 
data over the serial bus. When TXDATA goes low, the bus is 
placed in the active state by U4; when TXDATA goes high, the 
bus returns to the inactive state.

Data is sent to the microcomputer on the RXDATA line 
(Ul-32). Whenever the serial bus is in the active state, 
RXDATA is low. An inactive state on the bus causes RXDATA 
to go high.

2.8 PUSH-TO-TALK PTT

The PTT line from the microphone keys the transmitter. 
This line (U4-37) is normally biased at 5 volts but goes to DIG 
GND when the microphone PTT button is pressed. This 
causes the PTT line (Ul-21) to go high. The transmit 
command is then sent over the serial bus to the radio command 
board. Releasing the PTT reverses this process. There is no 
PTT hardware connection from the control head to the radio 
command board. (See Table 4.)



Table 4. PTT Logic States

Microphone
Push-to-talk

PTT

PRESSED Low High
RELEASED High Low

2.9 HANG-UP BUTTON (HUB)

The control head senses when the microphone is off- 
hook by monitoring the HUB line from the microphone. When 
the microphone is on-hook, the HUB line (U4-31) is 
connected to ground, placing a high on the inverted HUB line 
(U1-20), and sending the “on-hook” command over the serial 
bus. When the microphone is off-hook, U4-31 biases to 5 
volts, reversing the process, and sending the “off-hook” 
command over the serial bus. (See Table 5.)

Tables. HUB Logic States

Microphone
Hang-up-button

HUB Line inverted HUB

ON-HOOK Low High
OFF-HOOK High Low

2.10 IGNITION SENSE CIRCUITRY

Ignition sense voltage is sensed by U4-28. When this 
voltage is high, U4-29 goes low, resulting in Ul-39 going 
low, and sending the “Ignition-on” command over the serial 
bus. When the ignition voltage drops off, the process is 
reversed.

2.11 KEYPAD SCAN

U1 scans the keypad switches for a button press by 
sending out periodic low-going pulses in sequence on pins 8 
through 12. Keypad sense lines connect back to U1 on pins 13 
through 17. Resistors R120 through R124 ensure that the 
sense lines are high until a key is pressed. When a button is 
pressed, keypad contacts close, allowing the low-going pulse 
to return to the microcomputer on the appropriate sense line. 
This informs U1 that a particular button was pressed.

2.12 VEHICLE INTERFACE PORTS (VIP)

The VIP outputs are controlled by microcomputer U1 
pins 26, 27, and 28. A high level causes the associated 
transistor, Q71, Q72, and Q73 to conduct and sink up to 300 
mA of current to ground. Primarily, these transistors control 
external relays. The relay coil is connected between the VIP 
output pin and SWB+. See to the Installation Manual for 
actual connection details.

VIP input lines connect to U4 pins 22,25, and 35. U4 acts 
as an inverting stage, passing the VIP input signals to U1 pins 
29, 30, and 31 to be read by the microcomputer. VIP inputs 
normally connect to ground via a normally open or normally 
closed switch.

2.13 VACUUM FLUORESCENT (VF) VOLTAGE 
CONVERTER CIRCUITRY

Voltage for the VF display is generated by a fixed 
frequency, variable duty-cycle controlled, flyback voltage 
converter. The switching frequency is about 210 kHz. 
One-half of U3 (pins 5, 6, and 7) from a 210 kMz sawtooth 
oscillator. The sawtooth waveform is produced at U3-6 and is 
applied to pin 3 of the other half of U3. This portion of U3 is a 
duty-cycle controlled comparator. Microcomputer Ul-6 
controls the entire voltage converter. During start up, Ul-6 
pulls to ground, biasing U3-2 to about 1.85 volts via R51 and 
R52. U3-1 and R61 then begin to switch Q50 on and off at a 
210 kHz rate. This allows current to flow through T60, 
building a magnetic field, then collapsing it. When the field 
collapses, the back EMF (flyback) forward biases CR51 and 
charges C52 (after a few cycles) to about 37 volts, causing 
Zener diode CR50 to conduct. The high voltage is regulated by 
the effect that CR50 has on the bias voltage at U3-2. If the high 
voltage supply increases, CR50 pulls U3-2 higher in voltage, 
resulting in a decreased duty-cycle for Q50 (the switching 
frequency remains constant; only the duty-cycle of on-time 
versus off-time decreases). Less power is upconverted to C52 
when the duty-cycle decreases, hence regulation is main
tained.

The voltage converter also produces an AC filament 
voltage for the VF display across T60 pins 4 and 6. R101 drops 
this voltage to approximately 2.4 Vims. This AC voltage rides 
on a positive DC offset due to R50, depending on brightness. 
The positive offset allows a VF display grid to be reverse 
biased with respect to the filament when that particular grid is 
supposed to be shut off. This prevents character “ghosting.”

Display dimming is exclusively controlled by multiplex
ing information sent from U1 to the VF driver IC, UlOl. 
Display dimming has no effect on the voltage converter 
circuitry except in the OFF mode. In this mode, Ul-6 goes 
high resulting in U3-2 going to +5 volts. This keeps U3-1 low 
and Q50 turned off. The high voltage supply drops to about 12 
volts and the AC filament voltage drops to zero, shutting off 
the display.

2.14 VACUUM FLUORESCENT DISPLAY DRIVER IC

VF driver IC, UlOl, receives data directly from the 
microcomputer for multiplexing the VF display. All of the 
grid and anode driver lines from UlOl are either at about 34 
volts (ON) or ground (OFF).

2.15 VACUUM FLUORESCENT DISPLAY

The VF display is an 8-charcter, 14—segment device. 
Anodes are the actual phosphorescent segments and grids are 
the wire-mesh structures located over each character. Multi
plexing allows character generation with a minimum of 
interconnecting lines between display and driver. Anodes and 
grids operate at about 34 volts when “on” and are at zero when 
“off.” The filament operates on AC at about 2.4 Vrms, with 
current flow at 100 mA through the filament. DC current 
flowing from anodes and grids to the filament, and through 
R50 to ground, increases filament voltage by up to 5 VDC.



2.16 BACKLIGHT LEDS

Most buttons on the control head are backlit by ten LEDs 
for easy nighttime viewing. In medium and low brightness 
level settings, U1-19 goes high, turning on Q131 and causing 
a fixed current to flow through the LEDs.

In the OFF mode and the maximum brightness mode, 
Ul-19 goes low, turning off Q131 and the LEDs. (Micropro
cessor U1 does not duty-cycle change the brightness level of 
the backlighting LEDs.)

2.17 TRANSMIT AND BUSY LEDS

Indicator LEDs for XMIT (red) and BUSY (yellow) 
function similarly in brightness level to the display. Multi
plexing signals from UlOl pins 15 and 16 control XMIT and 
BUSY brightness levels respectively. Rill andR113 drop the 
34-volt control voltage from UlOl down to approximately 8 
volts at the base of Qlll. This causes a fixed current to flow 
through CRlll. CR112 operates similarly.

3. Vehicle Interface (VIP)

The VIP allows the control head to control outside 
circuits in the vehicle and to receive inputs from outside the 
control head. This results in greater flexibility and ease of 
installation when interfacing to other systems in the vehicle. 
There are up to three VIP outputs that can be used for relay 
control. There are also up to three VIP inputs that can accept 
input from switches, etc.

3.1 VIP OUTPUT CONNECTIONS

(1) Dash Mount Installations. Two VIP outputs are available 
in dash-mount installations. VIP OUT 1 is on Pin 12 of 
the rear accessory connector; VIP OUT 2 is on Pin 3. 
These connections are used to control relays. Connect 
one terminal of the relay coil to SWB+ (Rear Accessory 
Connector Pin 4); connect the other relay coil terminal to 
one of the VIP outputs. See the Installation Manual for 
the horn and lights connections.

(2) Remote Mount Installations. VIP outputs function 
exactly the same in remote-mount installations as the 
dash mount. However, three VIP outputs are available at 
the remote-mount accessory cable connector: VIP OUT 
1 is on Pin 12; VIP OUT 2 is on Pin 3; and VIP OUT 3 is 
on pin 15.

3.2 VIP INPUT CONNECTIONS (REMOTE MOUNT 
ONLY)

Three VIP input lines are available in remote-mount 
installations. VIP IN 3 is on Pin 9. These connections are used 
to accept input from switches or other circuits in the vehicle. 
The VIP inputs are biased at about 5 volts, and to be 
“activated.” the inputs are switched to ground. Normally, a 
switch is connected from a VIP in put line to ground. The 
switch can be normally-open or normally-closed depending

on VIP programming and the particular function being
performed.

4. Special Repair Instructions and Troubleshooting

4.1 REMOVING THE VACUUM FLUORESCENT 
DISPLAY

(1) Figure 2, Detail A illustrates the removal procedure. Cut 
through the shock pad located opposite the side of the 
display with the soldered leads.

(2) Wear finger protection to prevent cutting your fingers on 
the sharp edges of the glass. Pull up on the edge of the 
display (See Figure 2, Detail B), bending the solder leads. 
Then cut through the remaining shock pad.

(3) Unsolder the leads from the PC board to remove the 
display. Use toluene solvent to remove the remaining 
shock pad and adhesive residue from the board.

VF DISPLAY-

KNIFE

DETAIL A
SHOCK
PAD

DETAIL B

GPW-4505-O

Figure 2. Replacing the Vacuum Fluorescent Display

4.2 INSTALLING THE VACUUM FLUORESCENT 
DISPLAY

(1) Apply the adhesive-backed shock pads to the new 
display. Carefully align the solder leads and insert the 
display into the PC board.

(2) Solder the leads of the new display to the PC board. Do 
not re-use the old display.

4.3 TROUBLESHOOTING

See the Troubleshooting Flow Chart, PW-4510, for 
trouble symptoms and the methods used to locate the causes of 
the problems.

Error and failure messages may appear on the VF display. 
These are identified in the service Manual.
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parts lists
HLN6058A Control Head Interconnect Board MXW-5109-A HLN6066A Control Head Interconnect Board MXW-5959-0
REFERENCE
SYMBOL

MOTOROLA
PART NO. DESCRIPTION REFERENCE

SYMBOL
MOTOROLA 
PART NO. DESCRIPTION

--the following are USED ON 900 MHZ ONLY***** connector receptacle
connector receptacle J103 09-80113M03 vertical, dual row, 28 position
J103 09-80113M03 vertical, dual row, 28 position connector plug
connector plug P502 28-80102M08 vertical, 38 position
P502 28-80102M05 vertical, 38 position 10/15/88

10/15/88

J0I03 P0502

SPKR-LQ
MIC-HI

SWB +

■RESELT.
SPARE-2

N0.TE.rl.

NOTE-3

KEYED-SLOT

NOTE I : CONTROL HEAD SWITCHED B+. 
NOTE 2 : SERIAL BUS RESET.
NOTE 3 : DETECTED AUDIO. GXW-6269-0

Schematic; and Parts Lists for SPECTRA 
Control Head Interconnect Board

PW-6275-0
3/31/89



parts lists
HLN6026B Controi Head Hardware (No Keypad) MXW-6265-0

REFERENCE
SYMBOL

MOTOROLA 
PART NO.

DESCRIPTION

switch
SI 40-80199N01 wiring assemblies

mechanical parts

HLN6026A Control Head Hardware (No Keypad) MXW-6270-O

Button Kits parts list

03—10945A14 tapping screw P3.12 X 1.27 X 16 (6 used)
15-80010P02 front housing
43—80208L02 internai frame spacer \
38-80009P01 pushbutton rocker, MODE
38—80009P02 pushbutton rocker, VOLUME
38—80092J01 key, DIM
38—80092J02 key, HOME
61-80186L01 lightpipe, 23-position
75-80189L02 keypad, 21-position
32—80289L01 housing gasket
38—80227M01 on/off, BUTTON

HLN6101A Control Head Dash Hardware (No Keypad)

3/31/89

MXW-6266-0

REFERENCE 
SYMBOL

MOTOROLA 
PART NO.

DESCRIPTION

03—10945A14 tapping screw P3.12 X 1.27 X 16 (6 used)
15-80010P02 front housing
43-80269N01 internal frame spacer
38-80009P01 pushbutton rocker, MODE
38-80009P02 pushbutton rocker, VOLUME
38-80092J01 key, DIM
38-80092J02 key, HOME
61-80186L01 lightpipe, 23-position
75-80189L03 keypad, 23-position
32-80289L01 housing gasket
38-80227M02 on/off button

HLN6001B Control Head Dash Hardware W/Keypad

3/31/89

MXW-6267-0

REFERENCE MOTOROLA DESCRIPTION
SYMBOL PART NO.

switch
SI 40-80199N01 wiring assemblies

mechanical parts
03-10945A14 tapping screw P3.12 X 1.27 X 16 (6 used)
15-80112L02 front cover housing
43-80208L01 internal frame spacer
38-80091J03 pushbutton rocker, MODE
38-80091J04 pushbutton rocker, VOLUME
38-80092JO1 key, DIM
38-80092J02 key, HOME
61-80186L01 lightpipe, 23-position
75-80189L02 keypad, 21-position
32-80289L01 housing gasket
38-80227M01 on/off button

3/31/89

HLN6001A Control Head Hardware (With Keypad) MXW-6291-0

REFERENCE MOTOROLA DESCRIPTION
SYMBOL PART NO.

switch
SI 40-80199N01 wiring assembiies

mechanical parts
03-10945A14 tapping screw P3.12 X 1.27 X 16(6 used)
15-80112L02 front cover housing
43-80208L01 internal frame spacer
38-80091J03 pushbutton rocker, MODE
38-80091J04 pushbutton rocker, VOLUME
38-80092J01 . key, DIM
38-80092J02 key, HOME
61-80186L01 lightpipe, 23-position
75-80189L02 keypad, 21-position
32-80289L01 housing gasket
38-80227M01 on/off button

3/31/89
REFERENCE MOTOROLA DESCRIPTION
SYMBOL PART NO.

switch
SI 40-80199N01 wiring assemblies

mechanical parts
03-10945A14 tapping screw P3.12 X 1.27 X 16 (6 used)
15-80010P01 front housing
43-80208L02 internai frame spacer
38-80009P01 pushbutton rocker, MODE
38-80009P02 pushbutton rocker, VOLUME
38-80092J01 key, DIM
38-80092J02 key, HOME
61-80186L01 lightpifDe, 23-position
75-80189L02 keypad, 21-position
32-80289L01 housing gasket
38-80227M01 on/off button

V, 01/30/89

HLN6102A Control Head Hardware (With Keypad) MXW-6268-0

REFERENCE MOTOROLA DESCRIPTION
SYMBOL PART NO.

mechanical parts V

03-10945A14 tapping screw P3.12 X 1.27 X 16(6 used)
15-80010P01 front housing
43-80269N01 internal frame spacer
38-80009P01 pushbutton rocker, MODE
38-80009P02 pushbutton rocker, VOLUME
38-80092J01 key, DIM
38-80092J02 key, HOME
61-80186L01 lightpipe, 23-position
75-80189L03 keypad, 23-position
32-80289L01 housing gasket
38-80227M02 on/off button

3/31/89

HLN6105A Button Kit, SPECTRA Control Head (AS)

HLN6061A Emergency Button Kit, SPECTRA Field Option ;

HLN6061B Emergency Button Kit SPECTRA Field Option

HLN6039A Button Kit, SPECTRA Smartnet (C7)

HLN6038A Button Kit, SPECTRA Smartnet (C5)

HLN6037A Button Kit, SPECTRA Smartnet (C2)

HLN6031A Button Kit, SPECTRA Conventional (A5)

HLN6081A Butoon Kit, SPECTRA Conventional Standard (A5)

HLN6083A Button Kit, SPECTRA Bag Option (A5)

HLN6032A Button Kit, SPECTRA Conventionai (A7)

HLN6082A Button Kit, SPECTRA Conventional Expanded (A7)

HLN6084A Button Kit, SPECTRA Bag Option (A7)

HLN6034A Button Kit, SPECTRA Privacy Plus (B5)

HLN6034B Button Kit, SPECTRA Privacy Plus, (B5)

HLN6035A Button Kit, SPECTRA Privacy Plus, (B7)

HLN6036A Button Kit, SPECTRA Dual Privacy Plus, (B9) 1

HLN6040A Phone Button Kit, SPECTRA Field Option

MOTOROLA 
PART NO. DESCRIPTION

1 2 2 2 2 1 2 2 2 2 38-80253K01 Option Button Piug !

1 1 1 1 1 1 1 38-80043M44 Option Button, PHON

1 1 1 1 1 1 1 1 1 1 38-80043M03 Option Button, SCAN

1 1 1 1 1 1 1 1 1 1 1 38-80043M18 Option Button, SEL

1 1 1 1 1 1 1 1 1 1 38-80043M12 Option Button, CALL j

1 38-80043M61 Option, Button, SRCH

1 1 1 1 1 38-80043M26 Option Button, EMER (White)

1 2 38-80176M01 Keypad Button Plug ;

1 1 1 1 1 38-80172L01 Keypad Button, 1 I

1 1 1 1 1 38-80172L02 Keypad Button, 2 i

1 1 1 1 1 38-80172L03 Keypad Button, 3
1 1 1 38-80172L04 Keypad Button, 4 I

1 1 1 1 38-80172L05 Keypad Button, 5 !

1 1 1 38-80172L06 Keypad Button, 6
1 38-80172L07 Keypad Button, 7 i

1 1 1 1 1 38-80172L33 Keypad Button, H/L

1 1 1 1 38-80172L29 Keypad Button, 7H/L j

1 38-80172L08 Keypad Button, 8 !

1 38-80172L09 Keypad Button, 9 '

1 1 1 1 38-80172L32 Keypad Button, MON I

1 1 1 1 1 38-80172L30 Keypad Button, 8MON

1 1 1 1 38-80172L31 Keypad Button, 9DIR 1

1 1 1 1 1 38-80172L21 Keypad Button, *RCL

1 1 1 1 38-80172L10 Keypad Button, 0
1 1 1 1 1 38-80172L22 Keypad Button, #DEL

1 1 1 1 1 38-80172L34 Keypad Button, DIR

1 38-80172L23 Keypad Button, 1STE

1 38-80172L25 Keypad Button, 3LCK

1 1 38-80172L26 Keypad Button, 4STS

1 38-80172L27 Keypad Button, 5RPG

1 1 38-80172L28 Keypad Button, 6MSG

1 38-00028M01 Emergency Button

1 38-00029M01 Insert Plunger

1 , ' 38-80043M52 Option Button, Emergency

1 38-80043M49

i MXW-4485-B

SPECTRA Button Kits and Control Head 
Hardware Kits Parts Lists
PW-6258-0
3/31/89



SETTINGS:
1 Volt/Div.
1.5 uSec/Div. 
DC Coupled

GPW-4520-O

1. Sawtooth Oscillator Waveform

SETTINGS:
1 Volt/Div.
1.5 uSec/Dic. 
DC Coupled

GPW-4521-0

2. Q50 Gate Drive Voltage

SETTINGS:
10 Volts/Div.
1.5 uSec/DIc. 
DC Coupled

3. Transformer Flyback Voltage

SETTINGS:
2 Volts/Div.
1.5 uSec/Div. 
DCOoupled

(Pin 1 to 
Pin 25)

0.00
SETTINGS:
1 Volt/Div.
2 uSec/Div. 
DC Coupled

SETTINGS:
1 Volt/Div.
0.5 uSec/Div. 
DC Coupled

4. VF Display AC Filament Voltage 5. R50 Voltage Waveform 6. Watchdog Timer Tickle Pulse waveform

SETTINGS:
1 Volt/Div.
0.1 uSec/Div. 
DC Coupled

■■■■■III

SETTINGS: 
2 Volts/Div. 
2 uSec/Div. 
DC Coupled

7. Microcomputer 4 MHz Resonator Waveform 8. Keypad Scan Waveform SPECTRA Control Head Waveforms
PW-6274-0

3/31/89
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Troubleshooting Charts for 
SPECTRA Control Head 
PW-4510-B 
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3/31/89
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HLN6020A, HLN6020B, AND HLN6078A SCHEMATIC

+ 5V

+5V SWB +

CONTROL HEAD 
CONNECTOR

R007I
VW-

ROOOI* i^CROOTI
Q007I

P0I03 SWB + 

i^CR0072

00072VIP OUT I
R0072

VP OUT 2
KEYED SLOT SWB + 

*CR0073*
0073*VIP OUT 3

R0073*
WvSPARE 2

SPARE I

R008I*
WV
lOK

R0099
WV
lOK

VP N
CR008I* 
15V

R0084*
VP N 2

CR0082

15

23

VIP IN 3 ♦ R0087
---- WV------

lOK
♦CR0083 

15V

N£
SHORT JU5 
TO DISABLE 
WATCH-DOG TIMER

C0006
NC_

WDT TIMING CAP

I.OuF O.IV
RESET

BUSY

BUSY
BUS-
BUS+

RESET FILTER
WDT INPUT T.CAP

NOTE: ON/OFF SWITCH 
MOUNTED TO RADIO 
FRONT HOUSING

MIC HI
MIC LO
HQ-
Ho
rn.

♦ NOT ON ALL UNITS 
SEE PARTS LIST

I2 39
6 2
3 4
25 U0004 29
00 SIOIC 24cc
26 21
27 36
40 14
35 15
4I 13
43 18
8 II
9 23
lO 30
I6 33
17 38
7 20
44 19
42 31

■ 1 37
■ 5 32
■ 28 34

SWB^

NC Cl
NC jHf
'busv out = 470pF

/iyCR0006 
P0I04 ^^I5V

CR0007
P0I04 C0007

0.0 uF
BUS-

COOOI
O.OluFCR0002 ih 

15V

CR0005
¥R0025

SWB+
U0045 TC0046

C0045
J0I02P0I02

SOOOl

CR0090n

R003I
------WV-

47K

SWB +
SWB + XMIT

(RED)CROiii

BUSY
(YEL)

CRO 2

R0II200112
lOOK R0II5 RO 3

R0II6 R0II4LOOOl

R0028 Ic0002
lOK T470pF

C002I lOuH 
470pF JU4

SHORT FOR CLOCK
DIAGNOSTIC LATCH ENABLEC0041 DATA IN470pF NC

NC
VDISPLAY

+5V FIL
CR0050

J_C0040 
J470pF

R0029
lOOK CR005I

ITOO6O4
C0052

C0039 SWB+
470pF

R005I L0050 
l0uH R0055 

WV 
12R0052 

lOK 
----- WV

C0038 R006I C0050T470pF
U0003A 

3 CRO 40
00050

R0050<
CR0I39 3UOOOl 

MC68HC05C4
R0058CLOCK

LATCH ENABLE
R0059 
lOK

CRO 38DATA N U0003B 
7DATA N R0057 

47K * WARNING CR003731C0037 C0054
l( DO NOT PROBE U0003 

PIN 5 WITH POWER 
APPLIED OR DAMAGE 
TO THE CIRCUITRY 

MAY OCCUR.

VTPIN 470pF
BUSY OUT ANODEJ_ 470pF R0060

CR0I36 ANODE

BACKLIGHT ON/TJFF CRO 35

C0036
470pF CRO 34--

CR0I33
ROIOI
WV
[2

R0I23
lOOK

R0I24
lOOK

R0I20<R012I 
lOOK >IOOK

R0I22
lOOK

F LAMENTC0020
470pF FILAMENTC0022

CR0I32
YOOOl 
4.000MHz

R0030
IMEG C0034

CR0I31 II
470pF
C0033 
4

Q0I3IMIC
CONNECTOR 

P0I04 R0I3I 
I----- WV

_L 560SWB+

HOME

i]r'U u
r STAR

P0I04 MICROPHONE CONN. PINOUT 
DETAIL SHOWN FROM CONTROL HEAD FRONT VIEW 

DIG GNDBUSY
M C LOMIC HI

MIC LO BUS +

p
SWB+ P0I04

RESET
IGNITION
VIR IN 1 reset-
ViR IN 2 IGNITION
VIR IN 3 VIP IN 1

15 42
|Clo
21 1 40
23 39
24 38
43 37
2 36
6 35

1 34
12 UOIOI ; 33
13 VF DRIVER i 32
44 ! 31
14 30
17 27
22 26
18 3
19 4
20 5
25 7
28 8
29 9
II 10

NC + 5V FIL
BUSY IN ' 1 1 BUSY IN
NC
INVERTED HUB
NC
PTT PTT
RX DATA
TX DATA 1 RX DATA
HUB NC
PTT TX DATA

3 4
2 5
9 6
10 ; 7
II 8
12 U0I02
1A

13
IQ

VF DISPLAY 19

15 20
16 18
17 21

1
22
231

25 24

ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE

NOTE: JUI NORMALLY OUT. JU2 AND JU3 
NORMALLY IN. JU3 OUT FOR 
SPECIAL CUSTOMER APPLICATIONS. 
IGNITION CABLE SHOULD BE CONNECTED 
AS INDICATED BELOW:

THE FOLLOWING PARTS 
ARE LAID OUT ON THE 
PCB, BUT NOT INSTALLED: 
(PARTS CONNECT FROM 
THE INDICATED NODE 
TO GROUND.)

DESIGNATOR LOCATION
COIOI UlOI. 44
C0009 UOOOl. 39
C00I9 UOOOl. 32
C00I3 UOOOl. 31
00014 UOOOl. 29
coon UOOOl. 27
COOIO UOOOl. 26
C0012 UOOOl. 28
C0024 UOOOl. 21
C0025 UOOOl. 20
R0004 UOOOl. 24
C00I8 UOOOl. 41
C0042 UOOOl. 2
C00I6 UOOOl. 1
C0026 UOOOl. 17
C0027 UOOOl. 16
C0028 UOOOl. 15
C0029 UOOOl. 14
C0030 UOOOl. 13
R005I U0003. 2 TO +5V

NOTE: CIRCLED NUMBERS. E.G. © 
DENOTE WAVEFORM w 
PHOTO LOCATIONS.

r ./CR0003 r ./CR0004

JUMPER TABLE
CUSTOMER OPTIONS JUI JU2 COMMENTS

RX a TX ENABLE VIA
ON / OFF SWITCH OUT IN CONNECT IGNITION CABLE TO ' BATT HOT '

RX a TX VIA IGNITION SWITCH OUT IN CONNECT IGNITION CABLE TO IGNITION

RX VIA ON / OFF SWITCH AND 
TX VIA IGNITION SWITCH IN OUT CONNECT IGNITION CABLE TO IGNITION

NOTE: SEE MIC CONNECTOR 
PINOUT DETAIL. BUSY

MIC HI

MALE PIN ( FRONT PANEL ) VIEW GXW-4I86-B

Schematic, Circuit Board Diagrams, and Parts Lists 
for HLN6020A, HLN6020B, and HLN6078A 
SPECTRA Control Head 
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parts lists
HLN6O2OA Control Head Board 900 MHz Early Version MXW-4487-B

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, uF, ±10%, 50V (unless otherwise stated) 
Cl
C2
C6
C7
C17
C20.21
022,23
C31-41
C45
C46

21-11032A21 
21-60521C09 
23-62998B59 
21-11032A21 
21-60521C09 
21-60521C09 
21-11031A26 
21-60521C09 
23-80090M24 
23-62998B59

0.01 
470 pF, 25V 
1, ±20%, 16V, tantalum 
0.01
470 pF, 25V 
470 pF, 25V 
30 pF, ±5%
470 pF, 25V
10, ±20%, electrolytic
1, ±20%, 16V, tantalum

C50 23-62998D81 10, 25V, tantalum
C52 23-80090M24 10, ±20%, electrolytic
C54 21-11031A55 470 pF, ±5%, 25V
diode (see note)
CR1-7 48-82958R91 zener, 15V
CR50 . 48-80049M38 zener, 36V
CR51 48-80066M01 signal
CR71-72 48-80066M01 signal
CR73 48-80066M01 signal
CR81-83 48-82958R91 zener, 15V
CR90 i 48-82960R02 rectifier
CR111 48-83636N06 LED, red, type 36N06
CR112 48-83636N02 LED, yellow , type 36N02
CR131-140 48-80050M01 LED, green
connector •
JU2-3 06-11077A01 jumper
coil, RF
LI 24-80140E16 10 uH
L50 24-80140E16 10 uH
connector plug
PI 02 28-80109N01 2-pin, male
PI 03 28-80102M07 28^)in, male
PI 04 28-80068M01 microphone header, 10-pin, male
transistor (see note)
Q50 48-80053M01 n-channel type BSS-87
Q71-72 . 48-80052M01 NPN, Darlington MXTA27
Q73 1 48-80052M01 NPN, Darlington MXTA27
Q111-112 48-80141L02 NPN, type 41L02
Q131 48-80141L02 NPN, type 41L02
resistor, fixed, bhni, ±5%, 1/8 watt (unless otherwise stated)
R25 06-11077B15 47k
R28 06-11077A98 10k
R29 06-11077B23 100k
R30 06-11077B47 1 meg
R31 06-11077B15 47k
R34 06-11077B15 47k
R50 06-11077A68 560
R51 06-11077B07 22k
R52 06-11077A98 10k
R55 06-11077A28 12
R56 . 06-11077B11 33k
R57 06-11077B15 47k
R58 06-11077B11 33k '
R59 06-11077A98 10k
R60 06-11077A78 1.5k
R61 06-11077A74 Ik
R71-72 06-11077B11 33k
R73 06-11077B11 33k
R81 06-11077A98 10k
R84 06-11077A98 10k
R87 06-11077A98 10k
R99 06-11077A98 10k
R101 06-11077A28 12
R111-112 06-11077B23 100k
R113-114 06-11077B11 33k
R115-116 06-11077A74 Ik
R120-124 06-11077B23 100k
R131 06-11077A68 560
transformer
T60 25-80277J02 voltage conversion, shielded
T60 1 25-80277J01 voltage conversion (HLN6078A ONLY)
integrated circuit (see note)
U1 51-97026D01 microprocessor
U3 51-80056M01 dual comparator, LM2903D
U4 51-83977M87 serial input/output device
U45 51-82276R13 voltage regulator, 5V
U101 51-80236C05 driver, vf display
U102 72-80032M01 display, vf, 14 segment, 8 character
crystal (see note)
Y1 48-80065M01 resonator, ceramic 4.00 MHz

mechanical parts
75-80094M02 shock pad, VF display (2 used)
43-80290L01 LED spacer( 54-80004N01 barcode label

j 9/12/88
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motoroia part number.

HLN6020B 900 MHz Control Head 
HLN6078A 900 MHz, UHF/VHF Control Head MXW-5819-A

REFERENCE
SYMBOL

MOTOROLA
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated)
Cl 21-13741B45 0.01 uF
C2 21-13741A13 470
C6 23-62998B59 1.0 uF, ±20%, 16V, tantalum
C7 21-13741B45 0.01 uF
C17 21-13741A13 470
C20,21 21-13741A13 470
C22,23 21-13740B36 30
C31-41 21-13741A13 470
C45 23-80090M24 10 uF, ±20%
C46 23-62998B59 1.0 uF, ±20%, 16V, tantalum
C50 23-62998D81 10 uF, ±10%, 25V, tantalum
C52 23-80090M24 10 uF, ±20%
C54 21-13740B65 470

diode (see note)
CR1-7 48-82958R91 zener, 15V
CR50 48-80049M38 zener, 36V
CR51 48-80066M01 signal
CR71 48-80066M01 signal
CR72 48-80066M01 signal
CR90 48-82960R02 rectifier
CR111 48-83636N06 LED, red
CR112 48-83636N02 LED, yellow
CR131-140 48-80050M01 LED, green

connector receptacle
JU2-3 06-11077A01 jumper
coll, RF
LI 24-80140E16 10 uH
L50 24-80140E16 10 uH

connector plug
PI 02 28-80109N01 2-pin, male
PI 03 28-80102M07 28^Dln, male
PI 04 28-80068M01 microphone header, 10-pin, male
transistor (see note)
Q50 48-80053M01 n-channel type BSS-87
Q71,72 48-80052M01 NPN
Q111,112 48-80141L02 NPN
Q131 48-80141L02 NPN

R25 06-11077B15 47k
R28 06-11077A98 10k
R29 06-11077B23 100k
R30 06-11077B47 1 MEG
R31 06-11077B15 47k
R34 06-11077B15 47k
R50 06-11077A68 560
R51 06-11077B07 22k
R52 06-11077A98 10k
R55 06-11077A28 12
R56 06-11077B11 33k
R57 06-11077B15 47k
R58 06-11077B11 33k
R59 06-11077A98 10k
R60 06-11077A78 1.5k
R61 06-11077A74 Ik
R71,72 06-11077B11 33k
R99 06-11077A98 10k
R101 06-11077A28 12
R111,112 06-11077B23 100k
R113,114 06-11077B11 33k
R115,116 06-11077A74 Ik
R120-124 06-11077B23 100k
R131 06-11077A68 560

transformer
T60 25-80277J01 voltage conversion

integrated circuit (see note)
U1 51-97026D01 microprocessor
U3 51-80056M01 dual comparator, LM2903D
U4 51-83977M87 serial input/output device
U45 51-82276R13 voltage regulator, 5V
U101 51-80236C05 driver, vf display
U102 72-80032M01 display, vf, 14 segment, 8 character.

crystal (see note)
Y1 48-80065M01 resonator, ceramic 4.00 MHz

mechanical parts
75-80094M02 shock pad, VF dispaly (2 used)
43-80290L01 LED spacer
54-80004N01 barcode label

3/31/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

Schematic, Circuit Board Diagrams, and Parts Lists 
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HLN6078B SCHEMATIC SWB+
SWB+ XMIT

(RED)

+ 5V + 5V FIL

+5V SWB+

CONTROL HEAD 
CONNECTOR

R007I
AAAr-

ROOOI*
CR007I

Q007I

P0I03 SWB+

CR0072

Q0072VIP OUT I
R0072

VIP OUT 2
KEYED SLOT SWB +

*CR0073*
0073*VIP OUT 3

R0073*WvSPARE 2
SPARE I

R008I*
Wv
lOK

R0099
VW
lOK

VIP IN I
/i/CR008l* 
*I5V

LOOOl
C002I lOuH 
‘470pF JU4 

-0--
SHORT FOR 
DIAGNOSTIC 

TEST

VIP IN 2

VIP IN 3

R0084*
lOK ^

♦ CR0082/. 
I5V 4

♦R0087 "
AAA

^ JU5. N£_
SHORT JU5
TO DISABLE N£_
WATCH-DOG TIMER

lOK I
*CR0083^

IRV/

^ +^V C0006 N£_
WDT TIMING CAP

23

25
24

RESET RESET

I2 39
6 2
3 4
25 U0004 29
22 SIOIC 24
26 2I
27 36
40 I4
35 I5
4I I3
43 I8
8 II
9 23
lO 30
I6 33
I7 38
7 20
44 I9
42 3I
I 37
5 32
28 34

6
13
27
3

21
9

20
NOT ON ALL UNITS 
SEE PARTS LIST

SWB+

WDT TICKLE

NC
BUGV OUT 70pF

R0028 J.C0002
lOK T470pF^4

+5V FIL

VDD
VSS

Reset
IGNITION
VIP IN I RESET'
VIP IN E IgNItIoN
VIP IN 3 VIP IN I

VIP In 3
BlisYDirr

BUSY/i/CR0006 
»I5VPOI04

BUSH-
BUSY RESET FILTER

WDT INPUT T.CAPCR0007
PO 04 J_C0007

O.OluF
BUS-

COOOI
O.OluFCROOOl 

15V
CR0002 
15V

CR0005R0025

SWB+
U0045 +C0046C0045

P0I02 J0I02

SOOOl

NOTE: ON/OFF SWITCH 
MOUNTED TO RADIO 
FRONT HOUSINGCR0090A

MIC HI

NC + 5V FIL
Eurrm ■ ] BUSY IN
NC
INVERTED HUB
NC
PTT PTT
RX DATA
TX DATA _________ RX DATA
HUB NC
PTT TX DATA

. C0020 
“470pF C0022 

30pF 
C0023 

± 30pF
SWB

R003I
----- VW—

47K

R0034
-VW-
47K

-CR0003
15V

fCR0004
15V

CROIII It5®
CR0II2 BUSY

(YEL)
R0II2Q0II2
lOOK R0II5 R0II3

R0II6 R0II4

STROBE
CLOCK

LATCH ENABLEJLC004I
470pF DATA IN

NC 
NC

VDISPLAYCR0050
Xc0040

470pF
R0029
lOOK J+C0052

lOuF
CR005I

I TOO6O4
C0039 SWB+
470pF NC 2 :

R005I L0050 
l0uH R0055 

WA/—t
12 IR0052 

lOK 
----- VW

C0038 R006I
470pF C0050

U0003A 
3 CRO 40

QOOoO
R0050<

R0056 
33K

CR0I39 31
CLOCK R0058
LATCH ENABLE 33K

0003B 
7

R0059 CR0I38DATA IN
DATA IN

R0057 
47K

* WARNING:
DO NOT PROBE U0003 

PIN 5 WITH POWER 
APPLIED OR DAMAGE 
TO THE CIRCUITRY 

MAY OCCUR.

CR0037![C0037 C0054470pF
470pF R0060 ANODECR0I36 31 ANODE

BACKLIGHT ON/OFF CR0I35

C0036
470pF CR0I34

CR0I33
R0I20^R0I2I 
lOOK >IOOK

R0I22
lOOK

R0I23
lOOK

R0I24 ROIOI FILAMENT
lOOK F LAMENTC0035

CR0I32
R0030

C0034
CR0I3I

470pF
C0033 i4 i i J

J^ OPT J^MD ^ DIM ^
© Q0I3I

CONNECTOR
P0I04 R0I3I

r---- VW
± 560SWB+

pPT VD STAR ^ PND

HOME

P0I04 MICROPHONE CONN. PINOUT 
DETAIL SHOWN FROM CONTROL HEAD FRONT VIEW

MUDA ^^D,GGND
NC

BUSY
MIC HI MIC LO
MIC LO

BUSH-

BUS-
SWB+

44 37
22 4
2 24
26 UOOOl 38
27 MC68HC05C4 36
28 7
I 35
39 34
29 1 6
30 19
3I 8
5 9
4I 10
25 II
3 12
20 13
23 14
2I 15
40 16
32 17
I8 43
33 42

15 42
16 41
21 40
23 39
24 38
43 37
2 36
6 35

1 34
12 UOIOI 33
13 VF DRIVER 32
44 31
14 30
17 27
22 26
18 3
19 4
20 5
25 7
28 8
29 9
II 10

^YOOOI
?4.000MHz

10 7
II 8
12 U0102 13

14 VF DISPLAY 19
15 20
16 18
17 21

22
1 23
25 24

NOTE: JUI NORMALLY

ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE

NORMALLY IN. JU3 OUT FOR 
SPECIAL CUSTOMER APPLICATIONS. 
IGNITION CABLE SHOULD BE CONNECTED 
AS INDICATED BELOW:

THE FOLLOWING PARTS 
ARE LAID OUT ON THE 
PCB, BUT NOT INSTALLED: 
(PARTS CONNECT FROM 
THE INDICATED NODE 
TO GROUND.)

DESIGNATOR LOCATION
COIOI UlOI. 44
C0009 UOOOl. 39
C00I9 UOOOl. 32
C00I3 UOOOl. 31
00014 UOOOl. 29
coon UOOOl. 27
COOIO UOOOl. 26
C0012 - UOOOl. 28
C0024 UOOOl. 21
C0025 UOOOl. 20
R0004 . UOOOl. 24
C00I8 UOOOl. 41
C0042 UOOOl. 2
C00I6 UOOOl. 1
C0026 UOOOl. 17
C0027 UOOOl. 16
C0028 UOOOl. 15
C0029 UOOOl. 14
C0030 UOOOl. 13
R005I U0003,, 2 TO +5V

NOTE: CIRCLED NUMBERS. E.G. (T) 
DENOTE WAVEFORM w 
PHOTO LOCATIONS.

JUMPER TABLE
CUSTOMER OPTIONS JUI JU2 COMMENTS

RX a TX ENABLE VIA
ON / OFF SWITCH OUT IN CONNECT IGNITION CABLE TO " BATT HOT #

RX a TX VIA IGNITION SWITCH OUT IN CONNECT IGNITION CABLE TO IGNITION

RX VIA ON / OFF SWITCH AND 
TX VIA IGNITION SWITCH IN OUT CONNECT IGNITION CABLE TO IGNITION

NOTE: SEE MIC CONNECTOR 
PINOUT DETAIL.

d^>m,c hi
P0I04

MALE PIN ( FRONT PANEL ) VIEW

BUSY

GXW-6257-0
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for HLN6078B SPECTRA Controi Head 
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HLN6078B CIRCUIT BOARD

CR73... Q72 .

I “

UlOl

CR6 i :

14'.

CR82'

CR83

GPW-5051-0SOLDER SIDE

COMPONENT SIDE
COMPONENT SIDE 

OVERLAY

GPW-5052-0

GXW-5006W03-A

CR50

PIO'4
PI03

f •'f ^ STAR

SOLDER SIDE GPW-5051-0

SOLDER SIDE
COMPONENT SIDE 

OVERLAY

GPW-5052-0 
GXW-5006W04-A

parts list
HLN6078B Control Head Board MXW-6256-0
REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated)
Cl 21-13741N45 0.01 uF, ±10%
C2 21-13741 Ml 3 470, ±10%
C6 23-11049A37 1.0 uF, ±20%, 25V
C7 21-13741N45 0.01 uF, ±10%
C17 21-13741 Ml 3 470, ±10%
C20,21 21-13741M13 470, ±10%
C22,23 21-13740B36 30
C31-41 21-13741M13 470, ±10%
C45 23-80090M24 10 uF,±20%
C46 23-11049A37 1.0 uF, ±20%, 25V
C50 23-11049J27 10 uF, ±10%, 25V
C52 23-80090M24 10 uF, ±20%
C54 21-13740B65 470
diode (see note) 
CR1-7 48-82958R91 zener, 15V
CR50 48-80056K38 zener, 36V
CR51 48-80066M01 signal
CR71,72 48-80066M01 signal
CR90 48-82960R02 rectifier
CR111 48-80026P01 LED, red
CR112 48-80026P02 LED, yellow
CR131-140 48-80050M01 LED, green
connector receptacle 
JU2,3 06-11077A01 jumper
coll, RF
LI 24-80140E16 10 uH
L50 24-80140E16 10 uH
connector plug
P102 28-80109N01 2-pin, male
P103 28-80102M07 28^)in, male
P104 28-80068M01 microphone header, 10-pin, male
transistor (see note) 
Q50 48-80053M01 n—channel MOSFET, type BSS-87
071,72 48-80052M01 NPN, Darlington
0111,112 48-80141L02 NPN
0131 48-80141L02 NPN

R25 06-11077B15 47k
R28 06-11077A98 10k
R29 06-11077B23 100k
R30 06-11077B47 1 MEG
R31 06-11077B15 47k
R34 06-11077B15 47k
R50 06-11077A68 560
R51 06-11077B07 22k
R52 06-11077A98 10k
R55 06-11077A28 12
R56 06-11077B11 33k
R57 06-11077B15 47k
R58 06-11077B11 33k
R59 06-11077A98 10k
R60 06-11077A78 1.5k
R61 06-11077A74 Ik
R71,72 06-11077B11 33k
R99 06-11077A98 10k
R101 06-11077A28 12
R111,112 06-11077B23 100k
R113,114 06-11077B11 33k
R115,116 06-11077A74 Ik
R120-124 06-11077B23 100k
R131 06-11077A68 560
transformer
TOO 25-80277J02 voltage conversion
integrated circuit (see note)
U1 51-97026D01 microprocessor
U3 51-80056M01 dual comparator, LM2903D
U4 51-83977M87 serial input/output device
U45 51-82276R13 voltage regulator, 5V
U101 51-80236C05 driver, vf display
U102 72-80032M01 display, vf, 14 segment, 8 character
crystal (see note)
Y1 48-80065M01 resonator, ceramic 4.00 MHz

mechanical parts

75-80094M02 shock pad, VF Display (2 used)
43-80290L01 LED spacer
54-80004N01 barcode label

3/31/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.
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parts list
HLN6075A Control Head Board

HLN6075A CIRCUIT BOARD
MXW-6263-0

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless othenwise stated)
Cl 21-13741N45 0.01 uF, ±10%
C2 21-13741 Ml 3 470, ±10%
C3,4 21-13741N45 0.01 uF, ±10%
C5 21-13741N69 0.1 uF, ±10%
C6 23-11049A37 1.0 uF, ±20%
C7,8 21-13741N45 0.01 uF, ±10%
C13 21-13741N69 0.1 uF, ±10%
C17 21-13741M13 470, ±10%
C20,21 21-13741M13 470, ±10%
C22,23 21-13740B36 30
C31-41 21-13741M13 470, ±10%

r C43 21-13741N69 0.1 uF, ±10%
C45 23-80090M24 10 uF, ±20%
C46 23-11049A37 1.0 uF, ±20%, 25V
C48 21-13741N69 0.1 uF, ±10%
C50 23-11049J27 10.0 uF, ±10%, 25V
C52 23-80090M24 10 uF, ±20%
C54 21-13740B65 470
diode (see note) 
CR51-55 48-80066M01 signal
CR71,72 48-80066M01 signal
CR90 48-82960R02 rectifier
CR111 48-80026P01 LED, red
CR112 48-80026P02 LED, yellow
CR131-140 48-80050M01 LED, green
connector receptacle 
JU2,3 06-11077A01 jumper
coll, RF
LI 24-80140E16 10 uH
L50 24-80140E16 10 uH
connector plug
PI 03 28-80102M07 28-position

microphone header, 10-pin, malePI 04 28-80068M01
transistor (see note) 
Q50 48-80053M01 n-channel MOSFET, type BSS-87
Q51 48-80002P01 MOSFET
Q52 48-80141L01 PNP
Q71,72 48-80052M01 NPN, Darlington
Q111,112 48-80141L02 NPN
Q131 48-80141L02 NPN
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R3 06-11077B07 22k
R4 06-11077B47 1 MEG
R6,7 .06-11077A98 10k
R8 06-11077A74 Ik
R25 06-11077B15 47k
R28 06-11077A74 Ik
R29 06-11077B23 100k
R30 06-11077B47 1 MEG
R31 06-11077B15 47k
R34 06-11077B15 47k
R50 06-11077A68 560
R51 06-11077B07 22k
R52 06-11077A98 10k
R55 06-11077A28 12
R56 06-11077B11 33k
R57 06-11077B15 47k
R58 06-11077B11 33k
R59 06-11077A98 10k
R60 06-11077A78 1.5k
R61 06-11077A74 Ik
R71,72 06-11077B11 33k
R99 06-11077A98 10k
R101 06-11077A28 12
R111,112 06-11077B23 took
R113,114 06-11077B11 33k
R115,116 06-11077A74 Ik
R120-124 06-11077B23 100k
R131 06-11077A68 560
transformer
T60 25-80277J02 voltage conversion
integrated circuit (see note)
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GXW-6262W0I-0

U1
U3
U4
U45
U101
U102

51-97026D01
51-80056M01
51-83977M87
51-82276R13
51-80236C05
72-80032M01

voltage regulator (see note)
VR1-7 48-82958R91
VR20-22 48-82958R91
VR50 48-80056K38
crystal (see note)
Y1 48-80065M01

microprocessor 
dual comparator, LM2903D 
serial input/output device 
voltage regulator, 5V 
driver, vf display
display, vf, 14 segment, 8 character

diode, 15V 
diode, 15V 
diode, 36V

resonator, ceramic 4.00 MHz

0PT2 • 0PT4 7

. Qiia

- Qill

STARHOME .
UI02

n_n
SOLDER SIDE GPW-6260-0

SOLDER SIDE
COMPONENT SIDE

OVERLAY

GPW-6261-0

GXW-6262W02-0

mechanical parts
75-80094M02
43-80290L01
54-80004N01

vf shock pad, 2 used 
LED spacer 
barcode label

2/28/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

R8 is piggy backed on C43.
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Mobile Products Division

RF Board

1. Description

The SPECTRA RF Board contains the common synthe
sizer circuits (synthesizer section) and dual IF receiver and de
modulation circuits (receiver back-end).

The synthesizer section includes the Prescaler IC (U601), 
the Synthesizer IC (U602), and the Reference Oscillator 
(U600). the Prescaler and the Synthesizer chips are complete

ly controlled by the serial data bus. The Prescaler IC (See Fig
ure 1) provides the following:

• Multi-dual modulus prescaler
• 5-volt regulator
• Super filter 8.6-volt regulator
• Fixed divide-by-8 circuit for the Reference Oscillator
• Progranunable divide-by-N and charge pump phase de

tector to support the second injection VCO.

MOD
CONT

PRE
VREF

PNP BASE

5V OUT BASE

LATCH

S.F. VIN

S.F. BASE

S.F. OUT 300 KHZ

S.F. CAP

CLOCKS.F. GND

0 PET REF IN

DATA OUT

-rB
BIAS OUT NCTANK

2ND L.O. -r N

2ND L.O. VCO (NOT USED)

MOSAIC
PRESCALER

2ND L.O. CHARGE - PUMP 
PHASE DETECTOR

MULTI - MODULUS 
PRESCALER

GCW-4531-A

Figure 1. Prescaler IC Block Diagram
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The Synthesizer IC (See Figure 2) provides:

• Reference divider
• Phase modulator
• Dual bandwidth adaptive filter
• Ramp generator
• Sample-and-hold phase detector
• Programmable loop divider
• Auxiliary output bits for system control

The Reference Oscillator generates the 16.8 MHz signal 
that serves as the reference for all radio frequency accuracy. It 
uses a proprietary temperature compensation circuit to keep 
the radio within its specified frequency tolerance.

The receiver back-end includes the first and second IF 
stages, the second mixer, demodulation circuit, and squelch 
circuit.

2. Theory of Operation

2.1 SYNTHESIZER

2.1.1 Reference Frequency Generation

Reference Oscillator (U600) generates a 16.8 MHz refer
ence signal that is tuned onto frequency via a DC-fed varactor 
input. The Digital/Analog IC (U502), which is on the com
mand board and is under the control of the serial data bus, gen
erates the DC voltage to the varactor. The reference signal 
from U600-3, is capacitively coupled into the Prescaler 
(U601-21), where it is divided by 8. The resulting 2.1 MHz 
signal is routed to the Synthesizer IC (U602). The 2.1 MHz 
signal is buffered and routed to the command board where it 
serves as a clock for the audio filter and signalling filter chips.

m <

RAMP

RAMPCLOCK.

RAMPDATA
PNP BASE

RAMP

RAMP

LOOP
DIVIDER

RAMP
G.B.

PRESCALER
CONTROL AUX. CONTROL 

BIT LATCHES
0MOD
RAMP

GCW-4530-A

OUTPUT
BUFFER

U602
CMOS SYNTHESIZER

PHASE

MODULATOR

RAMP CONTROL 
STEERING, a 

SAMPLE LOGIC

ADAPTIVE FILTER

Figure 2. Synthesizer IC Block Diagram



The 2.1 MHz signal is divided by 7, with the result, a 300 
kHz signal, serving the following purposes:

• Input to the Prescaler IC for second VCO reference

• A source for the negative voltage generator

• Input to the programmable reference divider.

2.1.2 First VCO Frequency Generation

Important
For reasons of clarity and simplicity, 900 MHz 
is used as the example product in all synthesizer 
text. Band-to-band and kit-to-kit variations 
are noted in the text as required.

The first VCO in SPECTRA radios is a thick-film hybrid 
transmission line resonator. Its frequency is controlled by a 
DC fed varactor bank.

On the HRN6000A and HRN6002A kits, the output fre
quency is coupled back to the Prescaler via J602 and through 
Q601, which serves as a unity-gain buffer. The HRN6005A 
kit still makes use of the feedback coax and its mating recep
tacle, J602, but does not require the buffer Q601. The 
HRN6001A, HRN6004A, HRN6003A, HRN6006A,
HRN6007A, HRN6009A, and HRN6010A kits use neither 
J602 nor Q601. A transmission line feedback path from J601, 
Pin 1 to C604 eliminates the need for the jack and buffer. The 
signal from the Prescaler output (U601, Pin 40) is routed to the 
Synthesizer input (U602, Pin 27) where it is divided by the 
A&B counters of the loop divider. The loop equations re
quired for calculating the counter values are as follows:

Note
These are examples—the prescaler modulus 
and the reference frequency are programmable 
and vary from band-to-band. The examples 
that follow are for 900 MHz and assume P/P+1 
= 255/256 and Fr = 6.25 kHz. For UHF and 
VHF, P/P+1 = 127/128 and Fr = 5 kHz.

Plug in the calculated numbers to test the value of N with 
the following equation:

EQUATION: N = B(P) + A(P + 1)

EXAMPLE: N = (192)(255) + (90)(256); or N = 72,000

The synthesizer generates a modulus control output 
which instructs the prescaler to divide by either P or P+1 (e.g. 
255 or 256). When modulus control is low, the prescaler is di
viding by P+1 (256) and the A counter is running; whenmodu- 
lus control is high, the prescaler is dividing by P (255) and the 
B counter is running. One complete cycle of loop division is 
repeated for each reference period.

Assume that the VCO is operating correctly at 450 MHz, 
and the reference frequency is 6.25 kHz. The prescaler and 
loop divider work in tandem to divide the VCO frequency 
down to the reference frequency. The waveforms in Figure 3 
depict what happens in a locked system. Notice in the 
waveforms that the leading edge of Fr goes high to turn on the 
constant current source Q607. The ramp capacitor (C634) be
gins to charge through Q607 and R627, charging at a constant 
rate while the prescaler and loop divider are dividing the VCO 
frequency by N (72,000 in the example).

At this point, the loop divider generates a loop pulse (Fv) 
which turns off the current source. The voltage that was on 
C634 is sampled and held by the phase detector. This voltage is 
amplified approximately 1.8 times and applied to the VCO va
ractors via the adaptive loop filter and the steering line. This 
event is repeated at the reference rate so that frequency errors 
will always be corrected.

Assume that the VCO frequency tends to drift low. If this 
happens, the loop pulse will occur at some later time. The cur
rent source still begins at the rising edge of Fr, but it stays on 
longer because the leading edge of Fv has been time-delayed. 
Thus, C634 charges to a higher value and the steering line 
drives the VCO to a higher frequency. The opposite case also 
applies.

EQUATION: N = Fvco
FR

EXAMPLE: N= Fvco “ 450 MHz orN=72,000
FR = 6.25 KHz

EQUATION: A = (fractional remainder of — ) (P)

EXAMPLE: A = —= 72>0— = 282.3529; .3529x255or A=90 
P = 255 --------------

EQUATION: B = N - {A X (P + 1)}

EXAMPLE:B■ 7Z’°00 ~ I255 * orB.192

2.1.3 Programmable Reference Divider

The reference frequency for 900 MHz is 6.25 kHz; for 
VHF and UHF, the typical reference frequency is 5.0 kHz.

2.1.4 Phase Modulator

SPECTRA radios use a dual-port modulation scheme. 
The nature of the Synthesizer loop is to track out low-frequen
cy errors. In order to enable low-frequency modulation, such 
as DPL, the reference signal is modulated with the same signal 
as the VCO. Effectively, this prevents the low-frequency er
ror in the loop (DPL) from tracking out because the same error 
is on the reference signal. The net effect is that the leading 
edge of the reference pulse is time-varying at the same rate as 
the loop pulse, and therefore, there is no phase error between 
the two signals, and low-frequency modulation is allowed to 
pass.



REFERENCE
FREQUENCY

LOOP
DIVIDERSAMPLE 

AND HOLD

RAMP
CAPACITOR

RAMP DISCHARGE
GPW-4532-A

Figure 3. Loop Divider Waveforms

The phase modulation comparator has two inputs, U602, 
Pins 28 and 29. R625 and C630 form an exponential ramp into 
the plus side of the comparator on U602, Pin 29. This ramp is 
tickled at the reference rate. R626 and C631 form an integrator 
through which modulation is applied to the minus side of the 
comparator. The comparator trips when the ramp voltage 
reaches the voltage on U602, Pin 28. The output of the com
parator is the time-shifted leading edge of Fr.

2.1.5 Loop Filter

SPECTRA radios use a switchable, dual bandwidth, loop 
filter. It also uses adaptive filter switching to achieve fast lock. 
The output of the phase detector is routed to an external device 
(Q608), the output of which is routed back into the IC for prop
er filter path selection.

In normal operation, the high drive buffer output is routed 
through the appropriate transmission gates into the selected 
filter. A simplified schematic is shown in Figure 4.

The loop filters greatly minimize voltage transients that 
contribute to system hum and noise, but due to their low-pass 
nature, it takes considerable time to change the average charge 
in the filters. Therefore, the adapt scheme was implemented. 
When the radio is changing frequency, the loop goes into the 
adapt mode. Selected transmission gates in the IC effectively 
place a short across the resistors in the filter (eliminating asso
ciated R-C time constants) and quickly charge the loop filter 
capacitors to the correct steering line voltage for the new fre
quency. At the end of the adapt sequence, the appropriate filter 
is reconnected via internal transmission gates.

2.1.6 Auxiliary Control Bits

The auxiliary control bits are system control outputs 
whose states are controlled by the microprocessor via the seri
al data bus. AUX1 and AUX 2 are sent to the first VCO to con
trol pin shift states. AUX 3 controls the state of the negative 
steering line.

R615 R616 R617
IN-----

C654

NARROW BAND WIDE BAND

GPW-4533-A

Figure 4. Loop Filter Schematic



2.1.7 Negative Voltage Generator and Switches

300 kHz from U602, Pin 7, is routed to C638 of the nega
tive voltage generator. Once through C638, CR602 clamps the 
maximum positive voltage at 0.7 volts and CR603 peak recti
fies the signal to -9 volts. R637 and R640 form a voltage di
vider to drop the voltage further to the desired voltage. R637 
and C640 form a low-pass network which filters noise from 
the negative steering line.

Note
This section on negative voltage switching ap
plies only to HRN6000A and older versions of 
the HRN6002A. On newer model kits, the 
switching circuitry is deleted and bypassed by 
JU602.

When selected, Q612 passes the negative voltage through 
to the negative steering line, and thus to the VCO varactor 
bank.

2.1.8 Second VCO

The second VCO is a grounded-gate FET Colpitts oscil
lator. The resonator consists of a fixed inductor and a varactor. 
The varactor is reverse-biased with a -9 volt potential on 
HRN6000A and HRN6002A. On the newer kits, a potentiom
eter has been added (R634) to adjust the negative voltage to 
the varactor. This adjustment is performed at board test to 
bring the phase detector output to the center of its linear re
gion—i.e. approximately 2.25 volts. The negative voltage is 
filtered by R611 and C612. The oscillator output is coupled 
into the IF IC (U301) as a second injection source. It is also fed 
back to the prescaler (U601, Pin 26) for phase locking. The

prescaler contains a programmable, single modulus, divide- 
by-N circuit, and a charge pump phase detector. The reference 
frequency (Fr) is 300 kHz and comes in on U601, Pin 31. The 
low-side injection oscillator runs at 109.2 MHz and is divided 
by 364 inside the IC. The phase detector in the chip compares 
the divided signal to Fr and either sources or sinks current as 
necessary in order to maintain frequency control.

The phase-detector output is routed to the varactor via 
decoupling choke L604. A divide-by-N test point is also pro
vided from U601, Pin 29.

2.1.9 Power Distribution

The command board provides all power to the synthesizer 
in the form of 9.6 VDC. The prescaler has on-board voltage 
regulators for 5V and Super Filter 8.6V. The 5V regulator 
drives the external series pass device Q602; the super filter’s 
pass device is Q603.

2.2 RECEIVER BACK END (See Figure 5)

2.2.1 First IF (See Figure 6)

Through J350, the 109.65 MHz IF signal reaches the RF 
board. Q350 amplifies the signal approximately 9 dB and sup
plies the proper impedance for crystal filter Y350. Q351 sup
plies filtered A+ for powering Q350 and the receiver front 
end. Q352 switches the filtered A+ supply by robbing base 
current from Q351.

Note
Since there is 12.5 VDC on J350, it is important 
to use a DC block when connecting J350 to an 
external source.

i09.2 MHz 
FROM 2ND L.O.

SECOND
MIXER/ 6 POLE 

FILTER
6 POLE 
FILTER

XTAL
FILTER

IF AMP

-109.65
FROM RX FRONT END 
iST MIXER I________ J

IF IC 
U30-1
44PIN PLCC PLL DETECTOR LIMITER

TP 302

GBW- 4757-0

Figure 5. Back End Block Diagram



Y350, is a 4-pole crystal filter, comprised of two inde
pendent 2-pole crystal filters contained in a single package. 
The filter package has a polarization mark located on the top to 
ensure proper installation.

Y350 supplies the 109.65 MHz IF selectivity. L352 and 
R357 couple the two 2-pole filters. Y350’s output passes 
through a matching network and then goes, via U301, Pin 44, 
to the input of a 109.65 MHz amplifier inside the IF IC. After it 
is amplified approximately 11 dB,the signal exits U301 at Pin 
42 and returns at U301, Pin 4. Inside the IF IC, the second mix
er takes the signal at Pin 4, mixes it with the second local oscil
lator signal that enters the IC at Pin 2, produces the second IF 
(450 kHz), and outputs that signal at U301, Pin 41.

2.2.2 Second IF
After leaving the second mixer, the second IF signal goes 

to Q301, which amplifies it approximately 20 dB. From there, 
the signal passes to a 6-pole ceramic filter FL301, and then re
turns to U301 at Pin 39. Inside U301, a 450 kHz amplifier 
boosts the signal another 35 dB, and outputs it, via U301, Pin 
36, to FL302, a 6-pole ceramic filter. Together, these two fil
ters provide the 450 kHz IF selectivity. FL302 outputs to the 
limiter/demodulator at U301, Pin 34. U301 outputs the demo
dulated signal at Pin 26 at a level approximately 100 mV peak 
for every 1 kHz of peak FM deviation. A receive-signal 
strength indicator (RSSI) is output on U301, Pin 5, in the form 
of DC voltage. ^

2.2.3 Squelch

Squelch noise exits U301, Pin 28, and is coupled by C315 
to U301, Pin 20. The signal is limited by a squelch limiter in
side U301 and then exits U301 at Pin 18 to be coupled to the 
command board.

3. Troubleshooting

This information will help field service technicians 
troubleshoot the SPECTRA radio. Use this information, along 
with the theory of operation, to diagnose and isolate the cause 
of failures. The principle tools needed to troubleshoot a circuit 
to the component level are the schematic and the theory of op
eration.

In addition to the schematic and theory, the following 
troubleshooting information identifies tests and checks de
signed to help isolate problems.

Prior to troubleshooting, it is important to review the 
theory of operation, including specific precautions and 
troubleshooting methods. Because much of the radio’s 
circuitry operates at high frequencies, measurements must be 
taken very carefully. Notes and cautions are added to the text 
to alert the reader to this need in areas of greatest sensitivity. 
However, the need for extreme care does exist in all 
measurements and tests.

BASE
DRIVEADAPT 2.5V SQ. 

1—RECT.
IN FILT.SQ. LIM

5V'comparator squelch
------------------ ► TAIL
. I—► CIRCUIT

SQUELCH
RECTIFIER

5V
REGULATOR

^HYST
COMPARATORsq.limI

RF IN
SPEED UP

L.O.IN
BYPASS

ICO TUNE

IF. PREAMP IN

DEMOD
BUR MIXER

MIXER
LOOP
FILT

30 K I ■ —
PLlI Iu Z] 

N0ISE[^M0D[:r r

MIX. GND

"33] I 34 I '35~| I 36 I I 38 I [39 GCW 4534-0

Figure 6. IF IC Block Diagram



3.1 DISPLAY FLASHES “FAIL 001”

This display indicates a synthesizer “out-of-lock” condi
tion. Check the DC power supplies for the correct voltages at 
the following locations:

VOLTAGE LOCATION REMARKS
4-5VDC Q602 Collector
+8.6VDC Q603 Collector
+5VDC J500 Pin 1 Power from command board
+3.25VDC J500 Pin 2 to reference oscillator.

(1) If any of the DC voltages are not correct, troubleshoot the 
source of the supplied power and correct the problem. If 
the voltages are correct, continue with the following 
checks.

(2) Check U602, Pin 19 for reference frequency, 0 to 9 volt, 
square wave. If not correct, go to paragraph 3.1.1; other
wise, continue with the following checks.

(3) Check U602, Pin 25 for reference frequency, 0 to 9 volt, 
square wave. If not correct, go to paragraph 3.1.2; other
wise, continue with the following checks.

(4) Check the negative steering line, J601, Pin 4. If not cor
rect, go to paragraph 3.1.3; otherwise, continue with the 
following checks.

(5) Check the positive steering line, J601, Pin 1 or2forposi- 
tive voltage between 1.0 and 8.0 volts. If not correct, go to 
paragraph 3.1.4; otherwise, continue with the following 
checks.

Note
It is common for both steps 3 and 5 to be incor
rect in an “out-of-lock” condition.

(6) Check U602, Pin 27 for a 1.5V p-p square wave whose 
frequency is determined in the following equation. If the 
values are not correct, go to paragraph 3.1.5.

Freq into U601-1 II

illdi 455 MHz =1.77 MHz, or — = 455 MHz =1 76MHz
Prescaler Modulus P = 255 P+1 = 256

Note
The frequency at U601, Pin 40, is seldom exact
ly equal to “Fin” divided by “P” or “P+1” be
cause the prescaler is continuously changing 
from one division to the other. In the above ex
ample, P is 255 and P+1 is 256.

3.1.1 Incorrect Values at U602 Pin 19

(1) If the reference frequency is not equal to 6.25 kHz (900 
MHz) or 5.0 kHz (VHF/UHF), check U602-7 for 300 
kHz, 0 to 9 volt square wave. Then:

• If300 kHz is good, check the power to U602, Pins 30 and 
37. Also, check the serial data programming by pressing 
and holding the mode select button and probing pins 11, 
12, and 13. The 0 to 5V logic waveforms should appear 
similar to the following:

PIN 13 (Chip Select) 

PIN 12 (Data)

PIN 11 (Clock)

1 rmn__m.
mjiLjir

Note
The above waveforms are crude representa
tions. See the microcomputer (Command 
Board) section for specific timing and program
ming information.

• If the programming appears normal and the power sup
plies have all checked out correctly, the out-of-lock con
dition is caused by a defective synthesizer IC (U602).

(2) If 300 kHz is not present, check U602, Pin 16, for 2.1 
MHz, 1.5V p-p square wave.

• If the signal is present and the power to the chip is normal, 
the condition is caused by a defective synthesizer IC 
(U602).

• If the signal is not present, check for the same signal at 
U601,Pin 18. If not on Pin 18, check the reference oscil
lator output signal at U601, Pin 21; it should be 16.8 
MHz, 300 millivolt p-p. If the reference oscillator signal 
is present and the prescaler power supply voltages are 
normal, the prescaler IC (U601) is defective.

• If the reference oscillator signal (16.8 MHz) is not pres
ent on U601, Pin 21, check U600, Pin 1 for 3.25 VDC,Pin 
2 for ground. Pin 3 for 16.8 MHz at 300 millivolt p-p, and 
Pin 4 for 5 VDC.

Note
Before concluding that the reference oscillator 
is defective, remove it from its socket, power it 
up externally, and test it as an independent 
circuit.

3.1.2 Incorrect Values at U602 Pin 25 
(MODLHLUS CONTROL)

If the frequency is not 6.25 kHz (or 5.0 kHz for VHF), 
verify the proper VCO pin-shift logic. See VCO block dia
gram for pin-shift logic. Also, check the VCO feedback for 
approximately -10 to 5 dBm at proper VCO frequency. Use 
the following table:



VCO Feedback Frequency

900 MHz VCO Feedback Freq. = ^rec^' or
2

800 MHz RX Freq-109.65 MHz
2

UHF VCO Feedback Freq = TX Freq or
RX Freq+ 109.65 MHz

VHF VCO Feedback Freq = TX Freq x 2 or
RX Freq+ 109.65 MHz

If the VCO is running at approximately the correct level 
and frequency, proceed to step 3.1.5.

3.1.3 Incorrect Value at J601 Pin 4 
(Negative Steering Line)

Check for the following (HRN6000A and HRN6002A 
only):

• -6.0 volts at drain of Q612
• -6.0 volts at source of Q612
• +5.0 volts at gate of Q612
• 0 volts at U602 Pin 24.

Also, check the following (all boards):

• -8.2 volts at anode of CR603
• +0.7 to -8.3 volts, 300 kHz square wave at cathode of 

CR603.

Troubleshoot missing 300 kHz signal. (Refer back to 
paragraph 3.1.1, Step 2.)

3.1.4 Incorrect Voltage at Positive Steering Line

Verify that the VCO is running—check VCO feedback 
for -10 to 0 dBm. Verify that the feedback buffer (if used) is 
working—check U601-1.

3.1.5 Incorrect Values at U602 Pin 27

Check prescaler (U601) operation; U601-40 should be:

EQUATION: F =
Fvco 

P or P+1

3.2 REVIEW OF SYNTHESIZER FUNDAMENTALS

(1) The synthesizer is a phase-locked loop system with a 
sample-and-hold phase detector.

(2) In a locked system, the prescaler, in conjunction with the 
counters in the synthesizer chip, counts the VCO fre
quency down to the reference frequency. Think of this di
vision process as a time domain function rather than fre
quency domain.

(3) For each reference period (if using 6.25 kHz reference), 
you have 160 microseconds in which the VCO frequency 
is divided by N. Recall the equations:

EQUATION: N = Fvco
FR

irvAKJinirr. M FVCO = 450 MHz ____EXAMPLE: N = ----------- --------- or 72,000
FR = 6.25 KHz

EQUATION: A = (fractional remainder of — ) (P)

EXAMPLE: A = —= -2,°Q0 = 282.3529; .3529 x 255 Or A=90 
____________ P= 255________ __ ________________

EQUATION: B= {A X (P + 1)}
P

EXAMPLE: B = 72,000 - {90 x (255 + 1)} oM92 
255

At450 MHz, there are 72,000 counts of 2.22 nanoseconds 
each per reference period. When modulus control (MCT) is 
high, the VCO output is prescaled by 255 (see the diagram be
low). The output frequency of the prescaler is 1.765 MHz 
which corresponds to a period-per-cycle of567 nanoseconds.

MODULUS 1 HI HI HI
1

CONTROL: | 1 LOW LOW LOW 1

COUNTER: A B A B A B
COUNTER RESET: 90 192 90 192 90 192
PRESCALER DIVIDES BY: 255 256 255 256 255 256
TIME (Microseconds): 51 109 51 109 51 109
1 OOP niv TiMF rii9pp\* ■1 cnLmKJKJi U/IV. 1 IIVIC ^UOUUy«



The “A” counter runs long enough to count down 90 cycles 
which equals 51 microseconds. When MCT is low, the pres
caled output equals 1.758 MHz which corresponds to a period 
of569 nanoseconds. The “B” counter counts 192 cycles which 
takes 109 microseconds. The total time required for proper 
loop division is thus 160 microseconds (the reciprocal of 6.25 
kHz).

3.3 SECOND VCO CHECKS

(1) Check for 300 kHz reference frequency at U601, Pin 31.

(2) Check for 0.5 to 4.0V phase detector output at U601, Pin 
30.

(3) Check for -12 to -16 dBm at 109.2 MHz feedback 
(U601, Pin 26).

(4) Check the divide-by-N test point for a 700 millivolt p-p 
waveform at 300 fflz (the second VCG frequency di
vided by 364). See example.

= 300 kHz 
364

Note
The second VCO circuit is external to U601, 
and while it does depend on U601 for proper 
phase-locking, it should free-run, open loop, at 
some frequency if U601 fails. If the 8.8V super 
filter and the oscillator are “dead,” U601 is de
fective.

3.4 TROUBLESHOOTING THE BACK END

See the Back End Troubleshooting Chart PW-4750. The 
chart details sequential testing and checking designed to iso
late the probable failure areas of the RF board back end.
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220 pF, ±5%
1000 pF, ±5%
0.01
0.1
0.01
10 pF, ±.5pF 
0.1
2.2, ±20%, 20V, tantalum 
10 pF, ±.5 pF
6.8 pF, ±.5 pF 
24 pF, ±5%
0.001
10, ±20%, 16V, tantalum 
0.1 
0.01 
0.1 
0.1 
0.01
18 pF, ±5%
39 pF, ±5%
0.01
0.1, ±5%, 25V 
0.1 
0.01
10 pF, ±.5 pF 
0.001 
1.0, 100V 
0.01
0.22, 25V 
0.01
1500 pF, +5%
3.3, 16V, tantalum
10, ±20%, 16V, tantalum 
1500 pF, ±5%
10, ±20%, 16V, tantalum
47, ±20%, 16V, electrolytic
0.1
0.01
0.1
10, ±20%, 16V, tantalum 
1 pF, ±.25 pF 
0.1
100 pF, ±5%
0.1
100 pF, ±5%
0.1
100 pF, ±5%
0.01
10, ±20%, 16V, tantalum 
0.1
12 pF, ±5%
0.01
12 pF, ±5%
0.1
1500 pF, ±5%
390 pF, ±5%
0.01
12 pF, ±5%

diode (see note) 
zener, 15V 
zener, 5.6V 
varactor 
rectifier 
varactor

FL301
FL302

J500
J302-313
J350
J601
J602
J603-605

JU603

L351 
L352 
L353 
L354 
L603 
L604 
L605 
L608 
L610,611

Q301
Q302
Q350
Q351
Q352
Q353
Q601
0602,603
0606
0607
0608 
0609,610 
0612,613 
0614-616

RT630

R302
R303
R304
R305
R306
R307,308
R309
R310
R311
R312
R313
R314
R315
R316
R317
R318
R319
R320
R321,322
R323
R324
R350
R351
R353
R355
R357
R601
R602
R603
R604
R605
R606
R607
R608
R609
R610
R611,612
R613
R614
R615
R616
R617
R618,619
R620
R621
R622
R623
R624
R625

91-80297K03
91-80297K02

09-80104M01 
09-80103N01 
09-80110M01 
09-05287007 
09-80110M01 
09-05287007

06-11077A01

24-80140E11 
24-80140E15 
24-80140E11 
24-80140E16 
24-80260N01 
24-80140E01 
24-80140E06 
24-80140E16 
24-60140E01

48-80182D48 
48-80141L01 
48-80182D49 
48-80052M01 
48-05128M66 
48-80048M01 
48-82940R01 
48-05128M27 
48-05128M66 
48-80182D48 
48-80141L01 
48-80141L02 
48-80182D47 
48-80141L01

06-80149M02

06-11077A68
06-11077B21
06-11077B23
06-11077A01
06-11024H03
06-11077A98
06-11077A62
06-11077B07
06-11077A78
06-11077A70
06-11077A78
06-11077A01
06-11077B19
06-11077B07
06-11077A50
06-11077B19
06-11077A01
06-11077A01
06-11077A78
06-11077A90
06-11077A50
06-11077A62
06-11077A36
06-11077A78
06-11077A98
06-11077A98
06-11077A42
06-11077A50
06-11077A90
06-11077A98
06-11077A50
06-11077A68
06-11077A74
06-11077A98
06-11077A62
06-11077A42
06-11077B31
06-11077B11
06-11077A90
06-11077B47
06-11077A86
06-11077B11
06-11077A36
06-11077A74
06-11077A94
06-11077A74
06-11077A26
06-11077A90
06-11077A78

filter I
ceramic, 450 kHz, 7.5 kHZ bandwidth 
ceramic, 450 kHz, 7.5 kHZ bandwidth

connector receptacle 
receptacle, bottom entry 
socket circuit board 
coax,! PC board mount 
socket circuit board 
coax, PC board mount 
socket circuit board

jumper, resistor 
0 ohm

coll, rf 
360 nH 
275 nH 
360 nH 
10 Atri
9 turns, toroid (See R632, R633)
1.2 /tH 
130 nH 
10/iH 
1.2 AtH

transistor (see note)
PNP, type 82D48, SOT-23 
PNP, type 41L01
NPN, type 82D49, SOT89 <
NPN, Darlington, typo MXTA27
JFET, type 28M66
NPN, digital 47k/47k
NPN, typo 40R01
PNP, typo 28M27, SOT89
JFET, type 28M66
PNP; type 82D48, SOT-23
PNP, typo 41L01
NPN, type 41L02
n-channel MOSFET, 2N7002
PNP, type 41L01

thermistor 
100k ohm

resistor, fixed, co, ±5%, 1/8 watt 
unless otherwise stated 
560 
82k 
100k 
0
13k, +1%
10k 
330 
22k 
1.5k 
680 
1.5k 
0 :
68k :
22k ,
100
68k
0
0
1.5k
4.7k,
100 i 
330 
27 
1.5k 
10k 
10k 
47 
100 
4.7k 
10k 
100 
560 
Ik 
10k 
330 
47 S 
220k 
33k 
4.7k 
1 meg 
3.3k 
33k I 
27 j Ik I
6.8ki 
Ik 1

Zi
1.5k

R626
R627-630
R631
R632
R632
R633
R633
R633
R637
R638,639
R640
R641
R642
R643
R644
R645
R646-648
R649-652
R653

U301
U601
U602

Y350

06-11077B23 
06-11077A78 
06-11077B31 
06-11077B31 
06-11077B35 
06-11077B19 
06-11077B31 
06-11077B15 
06-11077B19 
06-11077A98 
06-11077B31 
06-11077A42 
06-11077A98 
06-11077B31 
06-11077B19 
06-11077B47 
06-11077A98 
06-11077B47 
06-11077B11

51-83977M76 
51-83977M77 
51-83977M78

91-80084M01

100k
1.5k
220k
220k (If L603 has YELLOW or NO DOT) 
330k (If L603 has BLUE or ORANGE DOT) 
68k (If L603 has YELLOW or NO DOT) 
220k (If L603 has BLUE DOT)
47k (If L603 has ORANGE DOT)
68k
10k
220k
47
10k
220k
68k
1 meg
10k
1 meg
33k

Integrated circuit (see note)
IF 10
prescaler 10 
synthesizer 10

crystal (see note)
4-pole 109.65 MHz

non-referenced parts
26-80003M01
26-80004M01
26-80005M01
26-80006M01

Shield, high IF 
shield, output match 
shield, doubler feedback 
shield, second VCO

7/19/88
note: For best performance, order diodes, transistors, and integrated circuits by Motorola 
part number.
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HRN6002A SCHEMATIC 

900 MHz

R305
0 KHzX'

700 mV P-P
R3I5 c SQUAREWAVE
68K VJWHEN LOCKED

Schematic, Circuit Board Diagrams, and 
Parts List for HRN6002A SPECTRA RF Board 
PW-5665-0 
(Sheet 1 of 2)
7/25/88

R3I2Q35I*
-8..0V C340

l(R6I2 t —AVV-1R350
lOOpF220K+C355

2.2uF
J_C354

.OIuF
CR35I Y350L354JoOOB

L353
360nH

L35I
360nHC322 J350 C350 R308

lOK
+9.6V

X C3I6 
^.2uF■ OluF

R357
lOK

L352
275nHJ_C324

O.luF TP30I

C304 C348leSQUELCH ATTENUATOR OUT 680pF .OOluF
SOUELCH MUTE
CHANNEL ACTIVITY
RSS
SQUELCH ATTENUATOR O.luF
DEMODULATOR OUT

R307

lOK
C335
lOOpF

C33I
470pF

XC327
.OOluF

J_C346
lOOpF

C347
220pF9 RARE

JLC3I4
390pF

PIN 
3.25VDC 
PIN 4 

5VDC

C3I5
O.luFR642

VWREF TUNE
16.8MHz 

300mV P-P 
SINEWAVE

NOTE C329
luF

CblOR64I I6.8MHZU600
C330
lOOpF

O.OluF
OSCILLATOR

DATA
PRESCALER SELECT
CLOCK
SYNTH SELECT

R620VW2.1 MHZ
LOCK R62I

6.8KREF MODI J_C332 J_C333 JLC334 J.C339 J_C336JLC345
O.luF lOOpF

KEYED 9.4V

JLC323 _LC34I 
lOOpF TIOOpF

6.25 KHz. 
0 TO 9V SO 

WAVE TP602

DATA
2.1MHz

CHIP SE-KEYED..9.4Y
VCO MOD

MOD INC647
O.luF CLOCK

DATA
clock JU603 R6I5

VWPOS S.L JLC648
lOOpF

C650
lOOpF R6I4

Xc^44L C643
IlOOpF 1

S.F.8.6V1
Rbib
3.3KC654 _LC626

O.OluF JO.OluF

R638
lOK

TP603 AUX IO.OluF
R646

9.6V 0609C642
O.luF

C653
lOOpF R647

L608
R645
VW

I MEG
C645

VCClOK
CR604

8.0V
6.0V CR603R629

VWJ.C662
390pF

C640
JIOuF

L-r
R640
220K

C639
O.luF

R652 _L C663
390pFR650

C655 
JIOuF

R644
68K

R643
220K

I MEG I MEG

NOTE

42 7
4 8

6
9 12
32 U30I 25
44 33
21 IFIC 37
22 II
27 14
29 34
43 30
35 19
38 31
3 36
15 24
10 39
13 41
5 2
18 16
26 23
28 17
20 40

C656
luF

+C32I
2.2uF

C307
luF

C3I0
O.luF

R303
82K

C309
O.luF0302

R320
FL30I

FL302

TP302
'TISOOpF 
-1 R32I

VW

_LC303
0. uF

-10 TO 
OdBm

ADAPT.IN. R306
I3K

C3I2
I.OuF R60I

VW
47

R602
VWJ602+5V VCC +5V VCC

R6030601

R304 J_C624 
lOOK TO.OluF

C344 R606 R605 R604
VW- .
I0K Xc602

C604 T.OOluF

C605 J_C660 
lOuF TO.IuF

.0 uF470pF

OOluF
.OOluF 0602

C606
U60I 

PRESCALER
DATA OUT +5V VCC

tTP60I®
DATA PHASE DET OUT

CHIP SELECT S.F.8.6V
C6I4 L604

rvw-i
R6 0CLOCK

\ 0606l8pF2. MHz C658
O.OluF

J_C6I6 <R608 
O.OluF >I0KCR605 CR60IL603*SYNC 0603 lOpF _L7MHz

PRE OUT
C64I C3I8MOD CONT

R607 Xc659
IK TI2pF

L605
l30nH

SINEWAVE 300 KHz O.luFRoll
220K

L6I0
l.2uH

O.luF

C628
.OluF

C629
O.OluF C6I3 - 

.OluF
R609
3306.25SQ 

WAVE WHEN 
LOCKED

R631
220K

C609
O.luF

C664
:oiuF

C622
.OOluF

TP604
2.1MHz
SYNC

0608

R628
.5KMOD CONT

+C636 Jj-C635
47uF TIOuF

RAMP VDD
0607 =

R627RAMP RES

RAMP CAP
C634
ISOOpF

D G VDD

LINEAR RAMP AT 
REFERENCE 

RATE

PHASE MOD RAMP
300 KHZ

R624

Xc66l J_C630 
ISOOpfTISOOpF

J+C633
lOuF

8V
-TLJ'X-n^

B.25KHZ

C638

trarm

19 16
12 21
17 27
13 10
20 38
28 U602

SYNTHESIZER

25
II 42
6
1

41
37

2 ( 36
5 34
3 35
4 33
44 32
43 31
9 26
8 30
14 29
18 7
22 39
23 40
24 ' 15

RT630L0-1
lOOK AT 25° C

NOTES:

R630
-VW

CR602

*SEE PARTS LIST FOR VALUE.
2. UNLESS OTHERWISE SPECIFIED.

ALL RESISTANCES ARE IN OHMS,
3. IF 0613 "ON",THEN 0613 GATE

= 5V AND 0612 GATE = -8V: IF 
0612 "ON", THEN 0612 GATE =
5V AND 0613 GATE = -8V.

4. THE 5-VOLT SOURCE TO THE
- REFERENCE OCCILATOR ORIGINATES 

ON THE COMMAND BOARD. IT IS NOT 
COMMON TO THE PRESCALER 5-VOLT 
SOURCE NOR TO THE I.F. 5-VOLT 
SOURCE

GXW-4I90-B
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parts list
HRN6002A RF Boarci (12.5 kHz Channel Spacing) MXW-5768-0

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, uF, ±10%, 50V (unless otherwise stated)
C6302.6303
C6304
C6307
C6309.6310
C6311
C6312
C6313
C6314
C6315
C6316
C6317
C6318
C6319
C6320
C6321
C6322
C6323
C6324
C6325.6326
C6327
C6328
C6329
C6330
C6331
C6332-6341
C6343
C6344
C6345
C6346
C6348
C6350
C6351
C6352
C6353
C6354
C6355
C6356
C6357
C6601
C6602-6604
C6605-6608
C6609
C6610
C6611,6612
C6613.6614
C6615
C6616
C6617-6619
C6620
C6621
C6622
C6623
C6624
C6625
C6626-6629
C6630
C6631
C6632.6633
C6634
C6635
C6637
C6638
C6639
C6640
C6641
C6642
C6643.6644
C6645
C6646
C6647
C6651-6653
C6654
C6656
C6657
C6658
C6659
C6660
C6664

diode (see note)
CR6350
CR6351
CR6601
CR6602.6603
CR6605

21-11032A33 
21-11031A59 
21-11032A33 
21-11032A33 
21-11032A21 
23-62998B59 
21-11032A33 
21-11031A53 
21-11032A33 
23-62998B64 
21-11031A64 
21-11031A01 
23-62998B59 
23-62998B73 
23-62998B64 
21-11032A33 
21-11031A39 
21-11032A33 
21-11031A39 
21-11032A09 
21-11031A39 
21-11032A33 
21-11031A39 
21-11031A55 
21-11031A39 
21-11031A17 
21-11031A55 
21-11032A33 
21-11031A39 
21-11031A61 
21-11032A21 
21-11032A33 
21-11032A21 
21-11031A15 
21-11032A33 
23-62998B64 
21-11031A15 
21-11031 All 
21-13740B34 
21-11032A09 
23-62998B73 
21-11032A33 
21-11032A21 
21-11032A33 
21-11032A21 
21-11031A29 
21-11032A21 
21-11032A33 
21-11032A21 
21-11031A15 
21-11032A09 
08-80027B09 
21-11032A21 
21-60521K41 
21-11032A21 
21-11031A64 
23-62998B16 
23-62998B73 
21-11031A64 
23-62998B73 
21-11032A33 
21-11032A21 
21-11032A33 
23-62998B73 
21-11031A01 
21-11032A33 
21-11031A39 
21-11032A33 
21-11031A39 
21-11032A33 
21-11031A39 
21-11032A21 
21-11032A33 
21-11031A17 
21-11032A21 
21-11031A17 
21-11032A33 
21-11032A21 
21-11031A17

48-82958R91
48-82958R78
48-80006E09
48-80066M01
48-80006E09

0.1
680 pF, ±5%
0.1
0.1
0.01
1, ±20%, 16V, tantalum 
0.01
390 pF, ±5%
0.1
2.2, ±20%, 20V 
1500 pF, ±5%
1.0 pF, ±.25% pF 
1, ±20%, 16V, tantalum 
10, ±20%, 16V, tantalum 
2.2, ±20%, 20V, tantalum 
0.1
100 pF, ±5%
0.1
100 pF, ±5%
0.001
100 pF, ±5%
0.1
100 pF, ±5%
470, +5%
100 pF, ±5%
12 pF, ±5%
470 pF, ±5%
0.1
100 pF, ±5%
1000 pF, ±5%
0.01
0.1
0.01
10 pF, ±5%
0.1
2.2, ±20%, 20V tantalum 
10 pF, ±.5 pF 
6.8 pF, ±.5 pF 
24 pF, ±5%
0.001
10, ±20%, 16V 
0.1 
0.01 
0.1 
0.01
39 pF, ±5%
0.01
0.1
0.01
10 pF, ±.5% pF 
0.001 
1.0, 100V 
0.01
0.22, 25V 
0.01
1500 pF, ±5%
3.3,16V, tantalum 
10, ±20%, 16V tantalum 
1500 pF, ±5%
10, ±20%, 16V, tantalum 
0.1 
0.01 
0.1
10, ±20%, 16V, tantalum 
1 pF, ±.25% pF 
0.1
100 pF, ±5%
0.1
100 pF, ±5%
0.1
100 pF,±5%
0.01
0.1
12 pF, ±5%
0.01
12 pF, ±5%
0.1
0.01
12 pF, ±5%

zener, 15V 
zener, 5.6V 
varactor 
rectifier 
varactor

HRN6002A RF Board (12.5 kHz Channel Spacing) MXW-5768-0 (2)

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

fuse
FL6301,6302

connector receptacle
J6500
J6301
J6350
J6601
J6602
J6603-6605

jumper, resistor 
JU6603

coll, RF
L6351
L6352
L6353
L6354
L6603
L6604
L6605
L6608
L6610,6611

transistor (see note)
Q6301
Q6302
Q6350
Q6351
Q6352
Q6353
Q6601
06602,6603

Q6607

06609,6610
06612
06616

thermistor
RT6630

resistor, fixed,
R6302
R6303
R6304
R6305
R6306
R6307,6308
R6309
R6310
R6311
R6312
R6313
R6314
R6315
R6316
R6317
R6318
R6319-6322
R6323
R6324
R6325
R6350
R6351
R6353
R6355
R6357
R6601
R6602
R6603
R6604
R6605

91-80297K03

09-80104M01 
09-80103N01 
09-80110M01 
09-05287C07 
09-801 lOMOl 
09-05287C07

06-11077A01

24-80140E11 
24-80140E15 
24-80140E11 
24-80140E16 
24-80260N01 
24-80140E01 
24-80140E06 
24-80140E16 
24-80140E01

48-80182D48 
48-80141L01 
48-80182D49 
48-80052M01 
48-05128M66 
48-80048M01 
48-82940R01 
48-05128M27 
48-05128M66 
48-80182D48 
48-80141L01 
48-80141L02 
48-80182D47 
48-80141L01

06-80149M02

ceramic, 450 kHz, 7.5 kHZ bandwidth

receptacle, bottom entry 
socket circuit board 
coax, PC board mount 
socket circuit board 
coax, PC board mount 
socket circuit board

0 ohm

360 nH 
275 nH 
360 nH 
10 uH
90 nH, 9 turns toroid (See R632,R633)
1.2 uH
130 nH
10 uH
1.2 uH

PNP, type 82D48, SOT-23
PNP, type 41L01
NPN
NPN, Darlington, type MXTA27
JFET, type 28M66
NPN, digital 47k/47k
NPN, type 40R01
PNP, type 28M27, SOT89
JFET, type 28M66
PNP, type 82D48, SOT-23
PNP, type 41L01
NPN, type 41L02
n-channel MOSFET, 2N7002
PNP, type 41L01

100k ohm

ohm, ±5%, 1/8 watt (unless otherwise stated)

R6607
R6608
R6609
R6610
R6611,6612
R6613
R6614
R6615
R6616
R6617
R6618,6619

06-11077A68 
06-11077B21 
06-11077B23 
06-11077A01 
06-11024H03 
06-11077A98 
06-11077A62 
06-11077B07 
06-11077A78 
06-11077A70 
06-11077A78 
06-11077AO1 
06-11077B19 
06-11077B07 
06-11077A50 
06-11077B19 
06-11077A01 
06-11077A90 
06-11077A50 
06-11077B41 
06-11077A62 
06-11077A36 
06-11077A78 
06-11077A98 
06-11077A98 
06-11077A42 
06-11077A50 
06-11077A90 
06-11077A98 
06-11077A50 
06-11077A68 
06-11077A74 
06-11077A98 
06-11077A62 
06-11077A42 
06—11077B31 
06-11077B11 
06-11077A90 
06-11077B47 
06-11077A86 
06-11077B11 
06-11077A36

560 
82k 
100k 
0
13k, ±1% 
10k 
330 
22k 
1.5k 
680 
1.5k 
0
68k
22k
100
68k
0
47k 
100 
560k 
330 
27 
1.5k 
10k 
10k 
47 
100 
4.7k 
10k 
100 
560 
Ik 
10k 
330 
47 
220k 
33k 
4.7k 
1 meg 
3.3k 
33k 
27

HRN6002A RF Board (12.5 kHz Channel Spacing)

900 MHz
MXW-5768-0 (3)

REFERENCE
SYMBOL

MOTOROLA 
PART NO.

DESCRIPTION

R6620
R6621
R6622
R6623
R6624
R6625
R6626
R6627-6630
R6631,
R6632
R6632

R6633
R6633
R6633
R6637
R6638,6639
R6640
R6641
R6642
R6645
R6646,6647
R6651,6652
R6653

06-11077A74 
^6-11077A94 

06-11077A74 
06-11077A26 
06-11077A90 
06-11077A78 
06-11077B23 
06-11077A78 
06-11077B31 
06-11077B31 
06-11077B35

06-11077B19 
06-11077B31 
06-11077B15 
06-11077B19 
06-11077A98 
06-11077B31 
06-11077A42 
06-11077A98 
06-11077B47 
06-11077A98 
06-11077B47 
06-11077B11

integrated circuit (see note)
U6301 51-83977M76
U6601 51-83977M77
U6602 51-83977M78

Ik
6.8k
Ik
10
4.7k
1.5k
100k
1.5k
220k
220k (if L603 has YELLOW or NO DOT) 
330k (if L603 has BLUE or ORANGE 
DOT)
68k (If L603 has YELLOW or NO DOT) 
220k (if L603 has BLUE DOT)
47k (If L603 has ORANGE DOT)
68k
10k
220k
47
10k
1 meg
10k
1 meg
33k

IF 1C
prescaler 1C 
synthesizer 1C

crystal (see note) 
Y6350 91-80084M01 4-pole 109.65 MHz

mechanical parts
26-80003M02
26-80004M02
26-80005M01
26-80006M01
54-80004N01

shield, high IF 
shield, output match 
shield, doubler feedback 
shield, second VCO 
label barcode

7/15/88
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.
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HRN6005A RF CIRCUIT BOARD parts list
HRN6005A 900 MHz RF Board (12. 5 kHz Channel Spacing) MXW-5769-A
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SOLDER SIDE 

COMPONENT SIDE 

OVERLAY

y'} GAW-4695-B

GAW-4694-B

GXW-4696W0I-B

COMPONENT SIDE VIEW

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, uF, ±10%, 50V (unless otherwise stated)
06302,6303 21-13741N69 0.1
C6304 21-13740B76 1500 pF, ±5%
C6307 21-13741N69 0.1
C6309 21-13741N69 0.1
06311 21-13741N45 0.01
06312 23-11049A37 1, ±20%, 25V, tantalum
06313 21-13741N69 0.1
06314 00-00000000 NOT USED
06315 23-11049A35 0.47, ±20%, 25V
06316 23-11049J04 2.2, ±20%, 20V
06317 21-13740B39 39 pF
06318 21-13740B01 1.0 pF, ±.25 pF
06319 23-11049A37 1, ±20%, 25V, tantalum
06320 23-11049J26 10, ±20%, 16V, tantalum
06321 23-11049J04 2.2, ±20%, 20V, tantalum
06322 21-13741N69 0.1
06323 00-00000000 NOT USED
06324 21-13741N69 0.1
06325,6326 21-13740B49 100 pF, ±5%
06327 21-13741N21 1000 pF
06328 00-00000000 NOT USED
06329 21-13741N69 0.1
06330 21-13740B49 100 pF, ±5%
06331 21-13740B65 470 pF, ±5%
06332-6340 21-13740B49 100 pF, ±5%
06341 00-00000000 NOT USED
06343 21-13740B27 12 pF, ±5%
06344 21-13740B65 470 pF, ±5%
06345 21-13740B49 1000 pF
06346 21-13740B57 220 pF
06347,6348 21-13740B65 470 pF, ±5%
06350 21-13741N45 0.01
06351 21-13741N69 0.1
06352 21-13741N45 0.01
06353 21-13740B15 3.9 pF, ±.25 pF
06354 21-13741N69 0.1
06355 23-11049J04 2.2, ±20%, 20V, tantalum
06357 21-13740B21 6.8 pF, ±.5 pF
06601 21-13740B34 24 pF, ±5%
06602 00-00000000 NOT USED
06603 00-00000000 NOT USED
06604 21-13741N21 1000 pF
06605 23-80090M06 10, ±20%, 16V
06606,6607 23-11049J26 ,10, ±20%, 16V
06608 23-80090M06 10, ±20%, 16V
06609 21-13741N69 0.1
06610 21-13741N45 0.01
06611,6612 21-13741N69 0.1
06613 21-13741N45 0.01
06614 21-13740B31 18, ±5%
06615 21-13740B39 39, ±5%
06616 21-13741N45 0.01
06617-6619 21-13741N69 0.1
06620 21-13741N45 0.01
06621 21-13740B25 10 pF, ±.5 pF
06622 21-13741N21 1000 pF
06623 08-80027B09 1.0, 100V
06624 21-13741N45 0.01
06625 21-13741D28 0.22
06626-6629 21-13741N45 0.01
06630 21-13740B76 1500 pF, ±5%
06631 23-11049J07 3.3, 20V
06632 23-80090M06 10, ±20%, 16V
06633 23-11049J26 10, ±20%, 16V
06634 21-13740B76 1500 pF, ±5%
06635 23-80090M06 10, ±20%, 16V
06636 00-00000000 NOT USED
06637 21-13741N69 0.1
06638 21-13741N45 0.01
06639 21-13741N69 0.1
06640 23-11049J26 10, ±20%, 16V
06641 21-13740B01 1 pF, ±.25 pF
06642 21-13741N69 0.1
06643,6644 21-13740B49 100, ±5%
06645 21-13741N69 0.1
06646 21-13740B49 100, ±5%
06647 21-13741N69 0.1
06648 00-00000000 NOT USED
06649 00-00000000 NOT USED
06650 00-00000000 NOT USED
06651-6653 21-13740B49 100, ±5%
06654 21-13741N45 0.01
06655 00-00000000 NOT USED
06656 21-13741N69 0.1
06657 21-13740B27 12 pF, ±5%
06658 21-13741N45 0.01
06659 21-13740B27 12 pF, ±5%
06660 21-13741N69 0.1
06661 00-00000000 NOT USED
06662 00-00000000 NOT USED
06663 00-00000000 NOT USED
06664 21-13741N45 0.01
06665 21-13740B27 12 pF, ±5%
diode (see note)
OR6350 48-82958R91 zener, 15V
OR6351 48-82958R78 zener, 5.6V
OR6601 48-80006E09 varactor
OR6602,6603 48-80066M01 rectifier

MXW-5769-A (2)
REFERENCE
SYMBOL

MOTOROLA
PART NO. DESCRIPTION

CR6604 00-00000000 NOT USED
CR6605 48-80006E09 : varactor
CR6606 48-82958R91 1 zener, 15V
fuse
FL6301,6302 91-80297K03 , ! ceramic, 450 kHz, 7.5 kHz bandwidth
connector receptacle
J500 09-80104M01 receptacle bottom entry
J601 09-80103N02 sockets 12-position
J6350 09-80110M01 coax, PC board mount
J6602 09-80110M01 coax,- PC board mount
Jumper |
JU6301 00-00000000 NOT USED
JU6601-6603 06-11077A01 1 0
coll, RF
L6351 24-80140E11 360 nH
L6352 24-80140E15 275 nH
L6353 24-80140E11 360 nH
L6354 24-80140E16 10 uH
L6603 24-80260N01 90 nH, 9 turns
L6604 24-80140E01 1 1.2 uH
L6605 24-80140E06 1 130 nH
L6608 24-80140E16 1 10 uH
L6610,6611 24-80140E01 1.2 uH
transistor (see note)
06301 48-80182D48 PNP
06302 48-80141L01 PNP
06303 . 48-80141L02 ’ NPN
06350 48-82971R01 NPN
06351 48-80052M01 NPN
06352 48-05128M66 JFET
06353 48-80048M01 NPN
06601 00-00000000 NOT USED
06602,6603 48-05128M27 PNP
06606 48-05128M66 JFET
06607 48-80182D48 PNP
06608 48-80141L01 PNP
06609,6610 48-80141L02 NPN
06612 00-00000000 I NOT USED
06613 00-00000000 1 NOT USED
06614 00-00000000 NOT USED
06615 00-00000000 NOT USED
06616 00-00000000 NOT USED

900 MHz
MXW-5769-A (3)

R6301 06-11077B23 100k
R6302 06-11077A68 560
R6303 06-11077B47 1 MEG
R6304 06-11077B23 100k
R6305 06-11077A01 0
R6306 06-11024H03 13k, ±1%
R6307 06-11077A90 4.7k
R6308 06-11077A98 10k
R6309 06-11077A62 i 330
R6310 06-11077B07 22k
R6311 06-11077A78 1.5k
R6312 06-11077A62 330
R6313 06-11077A78 . 1.5k
R6314,6315 06-11077AO1 0
R6316 06-11077B11 33k
R6317 06-11077A50 100
R6318 06-11077A98 10k
R6323 06—11077A74 Ik
R6324 06-11077A50 100
R6325 00-00000000 NOT USED
R6326,6327 06-11077A74 Ik
R6328 06—11077B47 1 MEG
R6329 06-11077A01 0
R6350 06-11077A58 220
R6351 06-11077A36 27
R6353 06-11077A78 1.5k
R6354 06-11077A28 12
R6355 06-11077A98 10k
R6356 06-11077A52 120
R6357 06-11077A98 10k
R6601 00-00000000 NOT USED
R6602 00-00000000 NOT USED
R6603 00-00000000 NOT USED
R6604 00-00000000 NOT USED
R6605 00-00000000 NOT USED
R6606 00-00000000 NOT USED
R6607 06-11077A74 ! 1 Ik
R6608 06-11077A98 ' 10k
R6609 06—11077A62 330
R6610 06-11077A43 51
R6611,6612 06-11077B31 220k
R6613 06-11077B11 33k
R6614 06-11077A90 ; 4.7k
R6615 06-11077B47 1 MEG
R6616 06-11077A86 3.3k
R6617 06-11077B11 1 33k
R6618 06-11077A26 1 10
R6619 00-00000000 1 NOT USED
R6620 06—11077A74 , Ik
R6621 06-11077A94 6.8k
R6622 06-11077A74 Ik
R6623 06-11077A26 10

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

R6624 06-11077A90 4.7k
R6625 06-11077A78 1.5k
R6626 06-11077B23 100k
R6627-6630 06-11077A78 1.5k
R6631 06-11077B47 1 MEG
R6632 00-00000000 NOT USED
R6633 06-11077B21 82k
R6634 18-80273N01 200k, potentiometer
R6635 06-11077B23 100k
R6637 06-11077B19 68k
R6638,6639 06-11077A98 10k
R6640 06-11077B31 220k
R6641 06-11077A43 51
R6642 06-11077A98 10k
R6643 00-00000000 NOT USED
R6645 06-11077B47 1 MEG
R6646,6647 06-11077A98 10k
R6648 00-00000000 NOT USED
R6649 00-00000000 NOT USED
R6650 00-00000000 NOT USED
R6651 00-00000000 NOT USED
R6652 00-00000000 NOT USED
R6653 06-11077B11 33k
R6655 00-00000000 NOT USED
thermistor
RT6630 00-00000000 NOT USED

Integrated circuit (see note)
U6301 51-83977M86 iF
U6600 51-80291 BIO reference osciiiator, 16.8 MHz 1PPM
U6600 51-80291B11 REF OSC KXN1144A 16.8MHZ 1PPM 

(after 12-31-89)
U6601 51-83977M77 prescaler
U6602 51-83977M78 synthesizer
crystal (see note)
Y6350 91-80084M01 4 pole, 109.65 MHz

mechanical parts

E6301 26-80003M02 shield, hight IF
E6302 26-80004M02 shield, output match
E6602 26-80006M01 shield, second VCO
MP6301 54-80004N01 barcode label
MP6601 75-80154M01 pad, reference oscillator

4/15/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.
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parts list
HRN6007A 900 MHz RF Board (12.5kHz Channel Spacing) MXW-6357-A

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, uF, ±10%, 50V (unless otherwise stated)
C6302,6303 21-13741N69 0.1
C6304 21-13740B76 1500 pF, ±5%
C6307 21-13741N69 0.1
C6309 21-13741N69 0.1
C6311 21-13741N45 0.01
C6313 21-13741N69 0.1
C6314 00-00000000 NOT USED
C6315 23-11049A35 0.47, ±20%, 25V
C6316 23-11049J04 2.2, ±20%, 20V
C6317 21-13740B39 39 pF, ±5%
C6318 21-13740B01 1.0 pF, ±.25 pF
C6319 23-11049A37 1, ±20%, 25V
C6320 23-11049J26 10, ±20%, 16V
C6321 23-11049J04 2.2, ±20%, 20V
C6322 21-13741N69 0.1
C6323 00-00000000 NOT USED
C6324 21-13741N69 0.1
C6325,6326 21-13740B49 100 pF, ±5%
C6327 21-13741N21 1000 pF
C6328 00-00000000 NOT USED
C6329 21-13741N69 0.1
C6330 21-13740B49 100 pF, ±5%
C6331 21-13740B65 470 pF, ±5%
C6332-6340 21-13740B49 100 pF, ±5%
C6341 00-00000000 NOT USED
C6343 21-13740B27 12 pF, ±5%
C6344 21-13740B65 470 pF, ±5%
C6345 21-13740B49 100 pF, ±5%
C6346 211-3740B57 220 pF, ±5%
C6347.6348 21-13740B65 470 pF, ±5%
C6350 21-13741N45 0.01
C6351 21-13741N69 0.1
C6352 21-13741N45 0.01
C6353 21-13740B15 3.9 pF, ±.25 pF
C6354 21-13741N69 0.1
C6355 23-11049J04 2.2, ±20%, 20V
C6357 21-13740B21 6.8 pF, ±.25 pF
C6600 21-13740B49 100 pF, ±5%
C6601 21-13740B34 24 pF, ±5%
C6604 21-13741N21 1000 pF
C6605 23-80090M06 10, ±20%, 16V
C6606,6607 23-11049J26 10, ±20%, 16V
C6608 23-80090M06 10, ±20%, 16V
C6609 21-13741N69 0.1
C6610 21-13741N45 0.01
C6611 00-00000000 NOT USED
C6612 21-13741N69 0.1
C6613 21-13741N45 0.01
C6614 21-13740B31 18 pF, ±5%
C6615 21-13740B39 39 pF, ±5%
C6616 21-13741N45 0.01
C6617 21-13741N69 0.1
C6618,6619 21-13741N69 0.1
C6620 21-13741N45 0.01
C6621 21-13740B25 10 pF, ±5%
C6622 21-13741N21 1000 pF
C6623 08-80027B09 1.0,100V
C6624 21-13741N45 0.01
C6625 21-13741D28 0.22
C6626-6629 21-13741N45 0.01
C6630 21-13740B76 1500 pF, ±5%
C6631 23-11049J07 3.3, 20V
C6632 23-80090M06 10, ±20%, 16V
C6633 23-11049J26 10, ±20%, 16V
C6634 21-13740B76 1500 pF, ±5%
C6635 23-80090M06 10, ±20%, 16
C6636 00-00000000 NOT USED
C6637 21-13741N69 0.1
C6638 21-13741N45 0.01
C6639 21-13741N69 0.1
C6640 00-00000000 NOT USED
C6641 21-13740B01 1.0, ±.25 pF
C6642 21-13741N69 0.1
C6644 21-13741N69 0.1
C6645 21-13740B49 100 pF, ±5%
C6646 23-11049A37 1, ±20%, 25V
C6647 21-13741N69 0.1
C6648-6650 00-00000000 NOT USED
C6651-6653 21-13740B49 100 pF, ±5%
C6654 21-13741N45 0.01
C6655 00-00000000 NOT USED
C6656 21-13741N69 0.1
C6657 21-13740B27 12 pF, ±5%
C6658 21-13741N45 0.01
C6659 21-13740B27 12 pF, ±5%
C6660 21-13741N69 0.1
C6662,6663 00-00000000 NOT USED
C6664 21-13741N45 0.01
C6665 21-13740B27 12 pF, ±5%
diode (see note) 
CR6350 48-82958R91 zener, 15V
CR6351 48-82958R78 zener, 5.6V
CR6601 48-80006E09 varactor
CR6602,6603 48-80066M01 rectifier
CR6604,6605 00-00000000 NOT USED
CR6606 48-r82958R91 zener, 15V
fuse
FL6301,6302 91-80297K03 ceramic 450 KHZ, 7.5 kHZ bandwidth

MXW-6357-A (2) MXW-6357-A (3)

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

connector receptacle' 
J500 09-80104M01 receptacle, bottom entry
J601 09-80103N02 socket, circuit board
J6350 09-80110M01 coax, PC board mount
J6602 00-00000000 NOT USED
connector receptacle 
JU6301 00-00000000 NOT USED
JU6351 00-00000000 NOT USED
JU6352 06-11077A01 Oohm
JU6602,6603 06-11077A01 Oohm
JU6604,6605 00-00000000 NOT USED
JU6606 00-00000000 NOT USED
JU6607 06-11077A01 Oohm
JU6608 00-00000000 NOT USED
JU6609 06-11077A01 Oohm
JU6611-6614 00-00000000 NOT USED
JU6615 06-11077A01 Oohm
JU6616-6619 00-00000000 NOT USED
JU6620 06-11077A01 0 ohm
coll, RF
L6351 24-80140E11 360 nH
L6352 24-80140E15 275 nH
L6353 24-80140E11 360 nH
L6354 24-80140E16 10 uH
L6600 24-80140E06 130 nH
L6603 00-00000000 NOT USED
L6604 24-80140E01 1.2 uH
L6605 00-00000000 NOT USED
L6608 24-80140E16 10 uH
L6610,6611 24-80140E01 1.2 UH
transistor (see note)

; 06301 48-80182D48 PNP
06302 48-80141L01 PNP
06303 48-80141L02 NPN
06350 48-82971R01 NPN
06351 48-80052M01 NPN
06352 48-05128M66 JFET
Q6353 48-80048M01. NPN
06602,6603 48-05128M27 PNP
06606 48-05128M66 JFET
Q6607 48-80182D48 PNP
06608 48-80141L01 PNP
06609,6610 48-80141L02 NPN
06612,6616 00-00000000 NOT USED
thermistor
RT6630 00-00000000 NOT USED
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R6301 ,06-11077B23 100K
R6302 06-11077A68 560

i R6303 06-11077B47 1 MEG
, R6304 06-11077B23 100K
' R6305 06-11077A01 0

R6306 06-11024H03 13K, ±1%
R6307 06-11077A90 4.7k
R6308 06-11077A98 10k
R6309 06-11077A62 330
R6310 06-11077B07 22k
R6311 06-11077A78 1.5k
R6312 06-11077A62 330

: R6313 06-11077A78 1.5k
R6314,6315 06-11077A01 0

i R6316 06-11077B11 33k
1 R6317 06-11077A50 100
i R6318 06-11077A98 10k

R6323 06-11077A74 Ik
1 R6324 06-11077A50 100
i R6325 00-00000000 NOT USED
i R6326,6327 06-11077A74 Ik
i R6328 06-11077B47 1 MEG
1 R6350 06-11077A58 220
i R6351 06-11077A36 27

R6353 06-11077A78 1.5k
R6354 06-11077A28 12
R6355 06-11077A98 10k

: R6356 06-11077A52 120
R6357 06-11077A98 10k
R6358 00-00000000 NOT USED
R6601 00-00000000 NOT USED
R6602 0&-11077A43 51
R6607 06-11077A74 Ik
R6608 06-11077A98 10k
R6609 06-11077A62 330
R6610 06-11077A43 51
•R6611,6612 06-11077B31 220H
R6613 06-11077B11 33k
R6614 06-11077A90 4.7k

1 R6615 06-11077B47 1 MEG
R6616 06-11077A86 3.3k
R6617 06-11077B11 33k
R6618 06-11077A28 12
R6620 0&-11077A74 Ik
R6621 06-11077A94 6.8k
R6622 06-11077A74 Ik
R6623 06-11077A26 10

1 R6624 06-11077A90 4.7k
R6625 06-11077A78 1.5k

1 R6626 06-11077B23 100k

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

R6627-6630 06-11077A78 1.5k :
R6631 06-11077B47 1 MEG
R6632 00-00000000 NOT USED
R6633 06-11077B21 82k
R6634 18-80273N01 200k, potentiometer
R6635 06-11077B23 100k
R6636 00-00000000 NOT USED
R6637 06-11077B35 330k
R6638,6639 06-11077A98 10k
R6640 06-11077B47 1 MEG
R6641 06-11077A43 51
R6642 06-11077A98 10k
R6643.6644 00-00000000 NOT USED
R6645 06-11077B47 1 MEG
R6646,6647 06-11077A98 10k
R6648-6652 00-00000000 NOT USED
R6653 06-11077B11 33k
R6654 06-11077A01 0
R6661 00-00000000 NOT USED
thermistor
RT6630 00-00000000 NOT USED
integrated circuit (see note)
U6301 51-83977M86 IF
U6600 51-80291B11 ref oscillator, 16.8MHz 1PPM
U6601 51-83977M77 prescaler
U6602 51-83977M78 synthesizer
crystal (see note) 
Y6350 91-80084M01 4 pole, 109.65 MHz

mechanical parts

E6301 26-80003M02 shield, high IF
E6302 26-80004M02 shield, output match
E6602 26-80006M01 shield, second VCO
MP6301 54-80004N01 barcode label
MP6601 75-80154M01 reference oscillator pad

2/25/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.
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HRN6001A VHF RF Board 25 kHz Channel 5PPM 
HRN6004A VHF RF Board 25 kHz Channel 2.5PPM MXW-5766-A MXW-5766-A (2)

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, uF, ±10%, 50V (unless otherwise stated)
06302,6303
C6304
C6307
C6309
C6311
C6312
C6313
C6314
C6315
C6316
C6317
C6318
C6319
C6320
C6321
06322,6623
C6324
C6325
C6326
C6327
C6328
C6329
C6330
C6331
C6332-6341
C6343
C6344
C6345
C6346
C6347
C6348
C6350
C6351
C6352
C6353
06354,6355
C6357
C6600
C6601
C6604
C6605
06606,6607
06608
06609

21-13741N69 
21—13740B76 
21-13741N69 
21-13741N69 
21-13741N45 
23-11049A37 
21-13741N69 
00-00000000 
23-11049A35 
23-11049J04 
21-13740B39 
21-13740B01 
23-11049A37 
23-11049J26 
23-11049J04 
00-00000000 
21-13741N69 
21-13740B65 
21-13740B49 
21-13741N21 
00-00000000 
21-13741N69 
21-13740B49 
21-13740B65 
21—13740B49 
21-13740B27 
21-13740B65 
21-13741N69 
00-00000000 
21—13740B69 
21-13740B65 
21-13741N45 
00-00000000 
21-13741N45 
21-13740B15 
21-13741N69 
21—13740B21 
21—13740B49 
21-13740B34 
21-13741N21 
23-80090M06 
23-11049J26 
23-80090M06 
21-13741N69

0.1
1500 pF, ±5%
0.1
0.1
0.1
1, ±20%, 25V, tantalum 
0.1
NOT USED
0. 47, ±20%, 25V, tantalum 
2.2, ±20%, 20V, tantalum 
39 pF
1.0 pF, ±.25 pF
1, ±20%, 25V, tantalum 
10, ±20%, 16V, tantalum 
2.2, ±20%, 20V, tantalum 

■NOT USED
0.1
470 pF, ±5%
100 pF, ±5%
1000 pF 
NOT USED 
0.1
100 pF, ±5%
470 pF, ±5%
100 pF, ±5%
12 pF, ±5%
470 pF, ±5%
0.1
NOT USED 
680 pF, ±5%
470 pF, ±5%
0.01
NOT USED 
0.01
3.9 pF, ±.25 pF 
0.1
6.8 pF, ±.5 pF 
100 pF, ±5%
24 pF, ±5%
1000 pF 
10, ±20%, 16V 
10, ±20%, 16V, tantalum 
10, ±20%, 16V 
0.1

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

fuse
FL6301,6302 91-80297K05 ceramic, 450 kHz, 12 kHz bandwidth
connector receptacle 
J500 09-80104M01 receptacle bottom entry
J601 09-80103N02 sockets, 12-position
J6350 09-80110M01 coax, PC board mount receptacle
Jumper 1
JU6301 00-00000000 NOT USED
JU6351 06-11077A01 0
JU6352 00-00000000 NOT USED
JU6602,6603 06-11077A01 0
JU6604-6606 00-00000000 NOT USED
JU6607 06-11077A01 0
JU6608 00-00000000 NOT USED
JU6609 06-11077A01 0
JU6611 00-00000000 NOT USED
JU6612 06-11077A01 0
JU6613-6616 00-00000000 NOT USED
JU6617 06-11077A01 0
JU6618-6620 00-00000000 NOT USED
coll, RF
L6351 24-80140E11 360 nH
L6352 24-80140E15 275 nH
L6353 24-80140E11 360 nH
L6354 24-80140E16 10 uH
L6600 24-80140E06 130 nH
L6603 00-00000000 NOT USED
L6604 24-80140E03 1.2 uH
L6605 00-00000000 NOT USED
L6608 24-80140E16 10 uH
L6610,6611 24-80140E01 1.2 uH
transistor (see note) 
06301 48-80182D48 PNP
06302 48-80141L01 PNP
06303 48-80141L02 NPN
06350 48-82971R01 NPN
06351-6353 00-00000000 NOT USED
06602,6603 48-05128M27 PNP, type 28M27, SOT89
06606 48-05128M66 JFET, type 28M66
06607 48-80182D48 PNP
06608 48-80141L01 PNP
06609,6610 48-80141L02 NPN
06612-6616 00-00000000 NOT USED

MXW-5766-A (3)

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

R6628-6630 06-11077A78 1.5k
R6631 06-11077B47 1 MEG
R6632 00-00000000 NOT USED
R6633 06-11077B21 62k
R6634 18-80273N01 200k, potentiometer
R6635 06-11077B23 100k
R6636 00-00000000 NOT USED
R6637 06-11077B31 220k
R6638,6639 06-11077A98 10k
R6640 06-11077B31 220k
R6641 06-11077A43 51
R6642 06-11077A98 10k
R6643,6644 00-00000000 NOT USED
R6645 06-11077B47 1 MEG
R6646,6647 06-11077A98 10k
R6648-6652 00-00000000 NOT USED
R6653 06-11077B11 33k
R6654 06-11077A01 0
thermistor
RT6630 00-00000000 NOT USED
Integrated circuit (see note)
U6600 51-60291B08 reference oscillator, 16.6 MHz, 5PPM

U6600 51-60291B09
(HRN6001A only)

reference oscillator, 16.6 MHz, 2PPM

U6301 51-63977M86
(HRN6004A only)

IF
U6601 51-63977M77 prescaler
U6602 51-63977M78 synthesizer
crystal (see note) 
Y6350 91-60064M01 4-pole, 109.65 MHz

mechanical parts

E6301 26-60003M02 shield, high IF
E63Cl^ 26-60004M02 shield, output match
E6602 26-60006M01 shield, second VCO
MP6801 54-60004N01 barcode label
MP6601 75-60154M01 reference oscillator pad

2/25/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

06611 00-00000000 NOT USED R6301 06-11077B23 100k
06612 21-13741N69 0.1 R6302 06-11077A68 560
06613 21-13741N45 0.01 R6303 06-11077B47 1 MEG
06614 21-13740B31 18 pF R6304 06-11077B23 100k
06615 21-13740B39 39 pF, ±5% R6305 06-11077A01 0
06616 21-13741N45 0.01 R6306 06-11024H03 13k, 1%
06617-6619 21-13741N69 0.1 R6307 06-11077A82 2.2k
06620 21-13741N45 0.01 R6308 06-11077A98 10k
06621 21—13740B25 10 pF, ±.5 pF R6309 06-11077A62 330
06622 21-13741N21 1000 pF R6310 06-11077B07 22k
C6623 08-80027B09 1.0,100V R6311 06-11077A78 1.5k
C6624 21-13741N45 0.01 R6312 06-11077A62 330
C6625 21-13741D28 0.22, 25V R6313 06-11077A78 1.5
C6626 21-13740B76 1500 pF, ±5% R6314,6315 06-11077A01 0
06627-6629 21-13741N45 0.01 R6316 06-11077B11 33k
06630 21-13740B73 1000 pF, ±5% R6317 06-11077A50 100
06631 23-11049J07 3.3, ±10%, 20V, tantalum R6318 06-11077A98 10k
C6632 23-80090M06 10, ±20% 16V R6323 06-11077A74 Ik
C6633 23-11049J26 10, ±20%, 16V R6324 06-11077A50 100
C6634 21-13740B76 1500 pF, ±5% R6325 00-00000000 NOT USED
C6635 23-80090M06 10, ±20%, 16V R6326,6327 06-11077A74 Ik
C6636 23-80090M07 47, ±20%, 16V R6328 06-11077B47 1 MEG
C6637 21-13741N69 0.1 R6350 06-11077A52 120
C6638 21-13741N45 0.01 R6351 06-11077A32 18
C6639 21-13741N69 0.1 R6353 06-11077A78 1.5k
06640 23-11049J26 10, ±20%, 16V, tantalum R6354 06-11077A28 12
06641 21—13740B01 1 pF, ±.25 pF R6355 06-11077A01 0
C6642 21-13741N69 0.1 R6356 00-00000000 NOT USED
C6644 21-13741N69 0.1 R6357 06-11077A98 10k
06645,6646 21-13740B49 100 pF, ±5% R6358 06-11077A10 2.2
06647 21-13741N69 0.1 R6601 00-00000000 NOT USED
06648-6650 00-00000000 NOT USED R6602 06-11077A43 51
06651 21—13740B49 100 pF, ±5% R6607 06-11077A74 Ik
06652 00-00000000 NOT USED R6608 06-11077A98 10k
06653 21-13740B49 100 pF, ±5% R6609 06-11077A62 330
C6654 21-13740B76 1500 pF, ±5% R6610 06-11077A43 51
C6655 00-00000000 NOT USED R6611 06-11077B31 220k
C6656 21-13741N69 0.1 R6612 00-00000000 NOT USED
C6657 21-13740B27 12 pF, ±5% . R6613 06-11077B11 33k
06658 21-13741N45 0.01 R6614 06-11077A90 4.7k
06659 21-13740B27 12 pF, ±5% R6615 06-11077B47 1 MEG
06660 21-13741N69 0.1 R6616 06-11077B07 22k
06661-6663 00-00000000 NOT USED R6617 06-11077B11 33k
C6664 21-13741N45 0.01 R6618 06-11077A28 12
C6665 21-13740B27 12 pF, ±5% R6620 06-11077A74 1k
diode (see note) R6621 06-11077A94 6.8k.
CR6350 00-00000000 NOT USED R6622 06-11077A74 Ik
CR6351 48-82958R78 zener, 5.6V R6623 06-11077A26 10
CR6601 48-80006E09 varactor R6624 06-11077A98 10k
CR6602,6603 48-80066M01 rectifier R6625 06-11077B07 22k
CR6604,6605 00-00000000 NOT USED R6626 06-11077B23 ,100k
CR6606 48-82958R91 zener, 15V R6627 06-11077A90 4.7
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POS-S.L.~
SYNTH-FDBK 

SYNTH-FDBK t 
12 S.F.8.6V

AUX-I

0647
'O.luF

S.F.8.6V

0649* 0648* X0650*

0645J^IOd"

^60^

0665 0625
‘.22uF

;R638
MOK

:R639
•lOK

AUX-2
.0642
‘O.luF

0653
‘100

|r643*|r644*_
+0655*

1

0651
'100

- R636# 
VA—

Q 610 R647

Q609

R648*

:R645
•IMEG

0654
■1500

0626
1500

-AW-
4.7K :R6I7

-33K

R6I6
i-AW
22K

DATA
OHIP-SEL

2.IMHZ
LOCK

PHASE-MOD-IN
CLOCK

+ SL
TX-FLTR-OUT

TX-FLTR-IN
RX-FLTR-OUT

RX-FLTR-IN
LOOP-CAP

0623
'luF----- L

R646
lOK

TP603

0627
O.OluF 4r

+9.6V +5V^CC

AUX-
AUX-2
AUX-3

.CR604*

19 16
12 21
13 27
17 U602 25
20 10
28 SYNTHESIZER 38
II 39
9 40
6 15

42
2 41
5 37
3 36
4 34
44 35
8 33
43 32
14 31
18 30
22 29
23 26
24 7

2.IMHZ
SYNC
FIN
MOD-CONT

1

LIN-VDD
RAMP-VDD

RAMP-RES

DIG-VDD
PH ASE-MOD-RAfllP

300KHZ

0614*

4 NEG-S.L.

0615* 0616*
-8.0V

R650* t R65I*

+5V-VCC

16.8MHz

R60I*

R654
0

R602

■0605
■lOuF

0660
‘O.luF

I

NOTES: I
1. )ALL RESISTANCE IN OHMS . ALL CAPACITANCE IN

PICOFARADS UNLESS NOTED OTHERWISE.
2. )>tN0T USED IN ALL APPLICATIONS.

SEE TABLE AND PARTS LIST
3. )REFERENCE FREQUENCY (FR) IS TYPICALLY 

5.0KHZ OR 6.25KHZ.
4. )THIS 5V SOURCE ORIGINATES ON THE COMMAND BOARD.

IT IS NOT COMMON TO ANY OTHER 5V SOURCE ON THIS BOARD.

BOARD INDICATORS

DATA

0620
.OluF

>CR606 0608 
lOuF1 f

NO

DATA-OUT
NO

+ 8.6V
0628 2.IMHZ
.OluF SYNC
0629 PRE-OUT

O.OluF MOD-CONT
300KHZ

TP604
FR SO 

WAVE WHEN 
LOCKED

;R652* 10663*

0613*
:R649* -8.0V

0646
'100

220K
;R640
►220K

JU602

I.5K

CR603
►I

R630
WW

O.OluF
CR602

TP60I®- /N
NO

19 U60I 1
27 5
23 PRESCALER 7

8
30

21
33
36 10
32 II

12
38 26
39 25
4 44
13 22
14 20
9
16
2
35 28
18 34
37 43
40 42
41 24
31 17
29 15
3 6

VCO-IN

5V-0UT
PHASE-DET-OUT

+^6V 0603

50-OHMS

S.F.8.6V

0604
‘.OOluF

0602

“O'
0606 
-"He- JL
lOuF ■X 

■5V-VCC

TOP

L600*. 
l30nH ‘

SF-OUT
SECOND-LO-FDBK

1c609
JO.IuF

^T~r

"lc664
pOluF

~lc622
OOluF

^+5V-VCC

JU608* 
O-

BCI
BC2

-o-j-o-JU607 JU606>
-O-i-o------ 0

l.2uH
0606

R607

R609
330

l5dBm 
AT 109.2MHz

^OQ0*06,1.1* L605*

. 39
1L603*

1CROOSiCRO1
L604

ol'2uH

0343
‘12

;R6II
>220K

R632*

O.luF

0616
■O.OluF

RT630* I
0617
O.luF

0613
'.OluF

JU609 
-o------a

20 OK 13

:R63I :R635
•lOOK

+ 9.6V

0608
;R623
■10

R6I8

NOTE 31 :R653
■33K

J.C637
J^O.IuF

oOOKHz, 
700mV P-P 

SOUAREWAVE 
WHEN LOCKED

R625
-WV
22K

E4 E3
E5

C66U

■•■0633
lOuF

R624
-VW-
lOK

I.5K

■•■0636
T47uF

+0635
lOuF

0607

+0632
lOuF

RE^RAMk

.0634
‘1500

NOTE

NOTE 3

BOTTOM I

<|> JU6II*

f '
1 JU6I2

t
1 JU6I3*

t
1 JU6I4*

t
Vju6l5»'=

t
L V u 8

* J_
9

JU6I6*

^__
^ JUGI7

i___
|jU6l8»

J___
^ JU6I9*

1___
i Jr
1JU620*

1

i

i
GXW-5765-A
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HRN6003A UHF RF Board 25kHz 5PPM 
HRN6006A UHF RF Board 25kHz 2PPM MXW-5828-A

REFERENCE
SYMBOL

MOTOROLA 
PART NO.

DESCRIPTION

capacitor, fixed, uF, ±10%, 50V (unless otherwise stated)
06302,6303 
C6304 
06307,6309 
C6311 
C6312 
C6313 
C6314 
C6315 
C6316 
C6317 
C6318 
C6319 
C6320 
C6321 
C6322 
C6323 
C6324 
06325,6326 
C6327
06328
06329
06330
06331
06332-6340
06341
06343
06344 
C6345 
C6347 
C6348
06350
06351 
C6352 
C6353 
C6354 
C6355 
06357 
06600 
06601 
C6604 
C6605 
06606,6607 
06608
06609
06610 
06611 
06612
06613
06614
06615
06616 
06617-6619 
06620 
06621 
06622
06623
06624
06625
06626 
06627-6629
06630
06631
06632
06633
06634
06635
06636
06637
06638
06639
06640
06641
06642
06644
06645
06646
06647 
06648-6650 
06651-6653 
06654,6655
06656
06657
06658
06659
06660 
06661-6663
06664
06665

diode (see note)
OR6350
OR6351
OR6601
OR6602,6603
OR6604,6605
OR6606

fuse
FL6301,6302

21-13741N69 
21-13740B76 
21-13741N69 
21-13741N45 
23-11049A37 
21-13741N69 
00-00000000 
23-11049A35 
23-11049J04 
21-13740B39 
21-13740B01 
23-11049A37 
23-11049J26 
23-11049J04 
21-13741N69 
00-00000000 
21-13741N69 
21-13740B49 
21-13741N21 
00-00000000 
21-13741N69 
21-13740B49 
21-13740B65 
21-13740B49 
00-00000000 
21-13740B27 
21-13740B65 
21-13740B49 
21-13740B69 
21-13740B65 
21-13741N45 
21-13741N69 
21-13741N45 
21-13740B15 
21-13741N69 
23-11049J04 
21-13740B21 
21-13740B49 
21-13740B34 
21-13741N21 
23-80090M06 
23-11049J26 
23-80090M06 
21-13741N69 
21-13741N45 
00-00000000 
21-13741N69 
21-13741N45 
21-13740B31 
21-13740B39 
21-13741N45 
21-13741N69 
21-13741N45 
21-13740B25 
21-13741N21 
08-80027B09 
21-13741N45 
21-13741D28 
21-13741N37 
21-13741N45 
21-13740B73 
23-11049J07 
23-80090M06 
23-11049J26 
21-13740B76 
23-80090M06 
23-80090M07 
21-13741N69 
21-13741N45 
21-13741N69 
23-11049J26 
21-13740B01 
21-13741N69 
21-13741N69 
21-13740B49 
21-13740B49 
21-13741N69 
00-00000000 
21-13740B49 
00-00000000 
21-13741N69 
21-13740B27 
21-13741N45 
21-13740B27 
21-13741N69 
00-00000000 
21-13741N45 
21-13740B27

48-82958R91 
48-82958R78 
48-80006E09 
48-80066M01 
00-00000000 
48-82958R91

91-80297K05

0.1
1500 pF, ±5%
0.1
0.01
1, ±20%, 25V, tantalum 
0.1
NOT USED
0. 47, ±20%, 25V, tantalum 
2.2, ±20%, 20V, tantalum 
39 pF, ±5%
1.0 pF, ±.25 pF
1, ±20%, 25V, tantalum 
10, ±20%, 16V, tantalum 
2.2, ±20%, 20V, tantalum 
0.1
NOT USED 
0.1
100 pF, ±5%
1000 pF, ±5%
NOT USED 
0.1
100 pF, ±5%
470 pF, ±5%
100 pF, ±5%
NOT USED 
12 pF, ±5%
470 pF, ±5%
100 pF, ±5%
680 pF, ±5%
470 pF, ±5%
0.01
0.1
0.01
3.9, ±.25 pF 
0.1
2.2, ±20%, 20V, tantalum 
6.8, ±.5 pF
100 pF, ±5%
24 pF, ±5%
1000 pF, ±5% 
lOuF, electrolytic 
lOuF, ±20%, 16V, tantalum 
lOuF, electrolytic 
0.1 
0.01
NOT USED 
0.1 
0.01 
18 pF
39 pF, ±5%
0.01
0.1
0.01
10 pF, ±.5 pF 
1000 pF, ±5%
1.0,100V 
0.01
0.22, 25V 
4700 pF 
0.01
1000 pF, ±5%
3.3, ±10%, 20V, tantalum 
lOuF, electrolytic
10, ±20%, 16V, tantalum 
1500 pF, ±5% 
lOuF, electrolytic 
47, ±20%, 16V 
0.1 
0.01 
0.1
10, ±20%, 16V, tantalum 
1 pF, ±.25 pF 
0.1 
0.1
100 pF, ±5%
100 pF, ±5%
0.1
NOT USED 
100 pF, ±5%
NOT USED 
0.1
12 pF, ±5%
0.01
12 pF, ±5%
0.1
NOT USED 
0.01
12 pF, ±5%

zener, 15V 
zener, 5.6V 
varactor 
rectifier 
NOT USED 
zener, 15V

ceramic, 450 kHz, 12 kHz bandwidth

MXW-5828-A (2)

REFERENCE
SYMBOL

MOTOROLA 
PART NO.

DESCRIPTION

connector receptacle
J500
J6302
J6350
J6601

jumper
JU6301
JU6351
JU6352
JU6602
JU6603
JU6604
JU6605,6606
JU6607
JU6608
JU6609
JU6611,6612
JU6613
JU6614—6617
JU6618
JU6619,6620

coll, RF
L6351
L6352
L6353
L6354
L6600
L6603
L6604
L6605
L6608
16610,6611

transistor (see note)
06301
Q6302
06303
06350
06351 
Q6352 
06353 
06602,6603 
06606 
06607

06609,6610
06612-6616

thermistor
RT6630

resistor, fixed,
R6301
R6302
R6303
R6304
R6305
R6306
R6307
R6308
R6309
R6310
R6311
R6312
R6313
R6314,6315
R6316
R6317
R6318
R6323
R6324
R6325
R6326,6327
R6328
R6350
R6351
R6353
R6354
R6355
R6356
R6357
R6358

09-80104M01 receptacle, bottom entry

09-80212N01 receptacle, coax, PC board mount
09-80103N02 sockets, 12 position

00-00000000 I^OT USED
00-00000000 NOT USED
06-11077A01 0
06-11077A01 0
06-11077A01 0
00-00000000 NOT USED
06-11077A01 b
00-00000000 NOT USED
06-11077A01 0
00-00000000 NOT USED
00-00000000 NOT USED
06-11077A01 0
00-00000000 NOT USED
06-11077A01 0
00-00000000 NOT USED

24-80140E11 360 nH
24-80140E15 275 nH
24-80140E11 360 nH
24-80140E16 10 uH
24-80140E06 130 nH
00-00000000 NOT USED
24-80140E01 1.2 uH
00-00000000 NOT USED
24-80140E16 10 uH
24-80140E01 1.2 uH

48-80182D48 PNP
48-80141L01 PNP
48-80141L02 NPN
48-82971R01 NPN
48-80052M01 NPN
48-05128M66 JFET
48-80048M01 NPN
48-05128M27 PNP
48-05128M66 JFET
48-80182D48 PNP
48-80141L01 PNP
48-80141L02 NPN
00-00000000 NOT USED

00-00000000 NOT USED

ohm, ±5%, 1/8 watt (unless otherwise stated)

R6602
R6607
R6608
R6609
R6610
R6611,6612
R6613
R6614
R6615
R6616
R6617
R6618
R6620
R6621
R6622
R6623

06-11077B23 
06-11077A68 
06-11077B47 
06-11077B23 
06-11077A01 
06-11024H03 
06-11077A82 
06-11077A98 
06-11077A62 
06-11077B07 
06-11077A78 
06-11077A62 
06-11077A78 
06-11077A01 
06-11077B11 
06-11077A50 
06-11077A98 
06-11077A74 
06-11077A50 
00-00000000 
06-11077A74 
06-11077B47 
06-11077A58 
06-11077A36 
06-11077A78 
06-11077A28 
06-11077A98 
06-11077A52 
06-11077A98 
00-00000000 
00-00000000 
06-11077A43 
06-11077A74 

.06-11077A98 
06-11077A62 
06-11077A43 
06-11077B31' 
06-11077B11 
06-11077A90 
06-11077B47 
06-11077B01 
06-11077B11 
06-11077A28 
06-11077A74 
06-11077A94 
06-11077A74 
06-11077A26

100k 
560 
1 MEG 
100k 
0
13k
2.2k
10k
330
22k
1.5k
330
1.5k
0
33k
100
10k
Ik
100
NOT USED 
Ik
1 MEG 
220 
27 1 
1.5k 
12 
10k 
120 
10k
NOT USED
NOT USED
51
Ik
10k
330
51
220k 
33k 
4.7k 
1 MEG 
12k 
33k 
12 
Ik 
6.8k 
Ik 
10

MXW-5828-A (3)

REFERENCE
SYMBOL

MOTOROLA 
PART NO.

DESCRIPTION

R6624
R6625
R6626
R6627
R6628-6630
R6631
R6632
R6633
R6634
R6635
R6636
R6637
R6638,6639
R6640
R6641
R6642
R6643,6644
R6645
R6646
R6647
R664-6652
R6653
R6654

thermistor
RT6630

06-11077A90 
06-11077A94 
06-11077B23 
06-11077A82 
06-11077A78 
06-11077B47 
00-00000000 
06-11077B21 
18-80273N01 
06-11077B23 
00-00000000 
06-11077B31 
06-11077A98 
06-11077B31 
06-11077A43 
06-11077A98 
00-00000000 
06-11077B47 
06-11077A98 
06-11077A98 
00-00000000 
06-11077B11 
06-11077A01

00-00000000

Integrated circuit (see note)
U6301 51-83977M86
U6600 51-80291B08

U6600

U6601
U6602

crystal (see note) 
Y6350

51-80291B09

51-83977M77
51-83977M78

91-80084M01

4.7k,
6.8k
100k
2.2k
1.5k
1 MEG
NOT USED
82k
200k potentiometer
look
NOT USED
220k
10k
220k
51
10k
NOT USED 
1 MEG 
10k 
10k
NOT USED
33k
0

NOT USED

IF
reference oscillator 5PPM 

(HRN6003A)
reference oscillator 2PPM 

(HRN6006A) 
prescaler 
synthesizer

4-pole, 109.65 Mhz

mechanical parts

E6301
E6302
E6602
MP6301
MP6601

26-80003M02 
26-80004M02 
26-80006M01 
54-80004N01 
75-80154M01

shield, high IF 
shield, output match 
shield, second VCO 
barcode label 
pad, reference oscillator

2/25/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

Schematic, Circuit Board Diagrams, and 
Parts List for HRN6003A and HRN6006A 
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HRN6009A AND HRN6010A 

SCHEMATIC 
800 MHz
J500B

NOTES:
UALL RESISTANCE IN OHMS . ALL CAPACITANCE IN 

PICOFARADS UNLESS NOTED OTHERWISE.
2.)X DENOTES BAND DEPENDENT PART.

(SEE TABLE AND PARTS LIST)

BOARD INDICATORS

j’jueii

t
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L V u 8
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9
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J__
^ 0U6I8

J—
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J__
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J___ ,

+9.6V

JU35I

+ 9.6 VR355 JU352
WV

K9.4V O.luFR350
+C355

O.luF
CR350

L352 ■ 
275nHY350 C340 FL30IC307

luF
PRE-AMP-OUTCR35I

F- NSPARE-1

450KHZ

TP303C324
O.luF

R3096.8
L353 
360nH

PRE-AMP-IN
L35I
360nH

+5V-VCCC350
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parts list
HRN6009A 800 MHz RF Board 
HRN6010A 800 MHz RF Board

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

MXW-6358-A

06302,6303 21-13741N69 0.1
C6304 21-13740B76 1500 pF, ±5%
C6307 21-13741N69 0.1
C6309 21-13741N69 0.1
C6311 21-13741N45 0.01
C6312 23-11049A37 1, ±20%, 25V
C6313 21-13741N69 0.1,
C6314 00-00000000 NOT USED
C6315 23-11049A35 0.47, ±20%, 25V
C6316 23-11049J04 2.2, ±20%, 20V
C6317 21-13740B39 39 pF, ±5%
C6318 21-13740B01 1.0 pF, ±.25 pF
C6319 23-11049A37 1, ±20%, 25V
C6320 23-11049J26 10, ±20%, 16V
C6321 23-11049J04 2.2, ±20%, 20V
06322,6323 00-00000000 NOT USED
C6324 21-13741N69 0.1
C6325 21-13740B49 100 pF, ±5%
C6326 21-13740B49 100 pF, ±5%
C6327 21-13741N21 1000 pF
C6328 00-00000000 NOT USED
C6329 21-13741N69 0.1
C6330 21-13740B49 100 pF, ±5%
C6331 21-13740Bfe5 470 pF, ±5%
C6332-6340 21-13740049 100 pF, ±5%
C6343 21-13740S27 12 pF, ±5%
C6344 21-13740665 470 pF, ±5%
C6345 21-13740B49 100 pF, ±5%
C6346 21-13740B49 100 pF, ±5%
C6347 21-13740B69 680 pF, ±5%
C6348 21-13740B65 470 pF, ±5%
C6350 21-13741N45 0.01
C6351 00-00000000 NOT USED
C6352 21-13741N45 0.01
C6353 21-13740B15 3.9 pF, ±.25 pF
06354,6355 21-13741N69 0.1
06357 21-13740B21 6.8 pF, ±.25 pF
C6600 21-13740B49 100 pF, ±5%
06601 21-13740B34 24 pF, ±5%
06604 21-13741N21 1000 pF
06605 23-80090M06 10, ±20%, 16V
06606,6607 23-11049J26 10, ±20%, 16V
06608 23-80090M06 10, ±20%, 16V
06609 21-13741N69 0.1
06610 21-13741N45 0.01
06611 00-00000000 NOT USED
06612 21-13741N69 0.1
06613 21-13741N45 0.01
06614 21-13740B31 18 pF, ±5%
06615 2lr-13740B39 39 pF, ±5%
06616 21-13741N45 0.01
06617-6619 21-13741N69 0.1
06620 21-13741N45 0.01
06621 21-13740B25 10 pF, ±5%
C6622 21-13741N21 1000 pF
C6623 08-80027B09 1.0, 100V
C6624 21-13741N45 0.01
C6625 21-13741D28 0.22
C6626 21-13741N45 .01
06627-6629 21-13741N45 0.01
06630 21-13740B76 1500 pF, ±5%
06631 23-11049J07 3.3, 20V
C6632 23-80090M06 10, ±20%, 16V
C6633 23-11049J26 10, ±20%, 16V
C6634 21-13740B76 1000 pF, ±5%
C6635 23-80090M06 10, ±20%, 16V
06636 23-80090M07 47, ±20%, 16V '
C6637 21-13741N69 0.1
C6638 21-13741N45 0.01
06639 21-13741N69 0.1
C6640 00-00000000 NOT USED
C6641 21-13740B01 1.0 pF, ±.25 pF
06642 21-13741N69 0.1
06644 21-13741N69 0.1
C6645 21-13740B49 100 pF, ±5%
C6646 23-11049A37 1, ±20%, 25V
C6647 21-13741N69 0.1
06648-6650 00-00000000 NOT USED
06651 21-13740B49 100 pF, ±5%
06652 00-00000000 NOT USED
C6653 21-13740B49 100 pF, ±5%
C6654 21-13741N45 .01
C6655 00-00000000 NOT USED
06656 21-13741N69 0.1
C6657 21-13740B27 12 pF, ±5%
C6658 21-13741N45 0.01
C6659 21-13740B27 12 pF, ±5%
06660 21-13741N69 0.1
06661-6663 00-00000000 NOT USED

MXW-6358-A (2)

REFERENCE
SYMBOL

MOTOROLA 
PART NO.

DESCRIPTION

06664 21-13741N45 0.01
06665 00-00000000 NOT USED ,
diode (see note) 
CR6350 00-00000000 NOT USED
CR6351 48-82958R78 zener, 5.6V
CR66bl 48-80006E09 varactor
CR6602,6603 48-80066M01 rectifier
CR6604,6605 00-00000000 NOT USED
CR6606 48-82958R91 zener, 15V
fuse
FL6301 91-80297K03 cerarnic, 450 kHz 7.5 kHz
FL6302 91-80297K05 ceramic, 450 kHz 12 kHz
connector receptacle 
J500 09-80104M01 receptacle, bottom entry
J601 09-80103N02 sockets, 12 position
J6350 09-80212N01 coax, PC board mount
J6602 00-00000000 NOT USED
Jumper
JU6301 00-00000000 NOT USED
JU6351 06-11077A01 Oohm
JU6352 00-00000000 NOT USED
JU6602,6603 06-11077A01 Oohm
JU6604 00-00000000 NOT USED
JU6605 06-11077A01 Oohm
JU6606 00-00000000 NOT USED
JU6607 06-11077A01 Oohm
JU6608 00-00000000 NOT USED
JU6609 06-11077A01 Oohm
JU6611-6613 00-00000000 NOT USED
JU6614 06-11077A01 Oohm
JU6615-6618 00-00000000 NOT USED
JU6619 06-11077A01 Oohm
JU6620 00-00000000 NOT USED
coil, RF
L6351 24-80140E11 360 nH
L6352 24-80140E15 275 nH
L6353 24-80140E11 360 nH
L6354 24-80140E16 10 uH
L6600 24-80140E06 130 nH
L6603 00-00000000 , NOT USED
L6604 24-80140E01 1.2 uH
L6605 00-00000000 NOT USED
L6608 24-80140E16 10 uH
L6610,6611 24-80140E01 1.2 uH
transistor (see note) 
06301 48-80182D48 PNP
06302 48-80141L01 PNP
06303 48-80141L02 NPN
Q6350 48-82971R01 NPN
06351-6353 00-00000000 NOT USED
06602,6603 48-05128M27 PNP
06606 48-05128M66 JFET
06607 48-80182D48 PNP
06608 48-80141L01 PNP
06609,6610 48-80141L02 • NPN
06612-6616 00-00000000 NOT USED

R6301 06-11077B23 , 100k
R6302 06-11077A68 560
R6303 06-11077B47 1 MEG
R6304 06-11077B23 100k
R6305 06-11077A01 0
R6306 06-11024H03 13k, ±1%
R6307 06-11077A82 2.2k
R6308 06-11077A98 10k
R6309 06-11077A62 330
R6310 06-11077B07 22k
R6311 06-11077A78 1.5k
R6312 06-11077A62 330
R6313 06-11077A78 1.5k
R6314,6315 06-11077A01 0
R6316 06-11077B11 33k
R6317 06-11077A50 100
R6318 06-11077A98 10k
R6323 06-11077A74 Ik
R6324 06-11077A50 100
R6325 00-00000000 NOT USED
R6326,6327 06-11077A74 Ik
R6328 06-11077B47 1 MEG
R6350 06-11077A52 120
R6351 06-11077A32 18
R6353 06-11077A78 1.5k
R6354 06-11077A28 12
R6355 06-11077A01 0
R6356 00-00000000 NOT USED
R6357 06-11077A98 10k
R6358 06-11077A10 2.2

MXW-6358-A (3)

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

R6601 00-00000000 NOT USED
R6602 06-11077A43 51
R6607 06-11077A74 Ik
R6608 06-11077A98 10k
R6609 06-11077A62 330
R6610 06-11077A43 51
R6611 06-11077B31 220k
R6612 00-00000000 NOT USED
R6613 06-11077B11 33k
R6614 06-11077A90 4.7k
R6615 06-11077B47 1 MEG
R6616 06-11077A86 3.3k
R6617 06-11077B11 33k
R6618 06-11077A28 12
R6620 06-11077A74 Ik
R6621 06-11077A94 6.8k
R6622 06-11077A74 Ik
R6623 06-11077A26 10
R6624 06-11077A90 4.7k
R6625 06-11077A78 1.5k
R6626 06-11077B23 100k
R6627-6630 06-11077A78 1.5k
R6631 06-11077B47 1 MEG
R6632 00-00000000 NOT USED
R6633 06-11077B21 82k
R6634 18-80273N01 200k, potentiometer
R6635 06-11077B23 100k
R6636 00-00000000 NOT USED
R6637 06-11077B47 1 MEG
R6638,6639 06-11077A98 10K
R6640 06-11077B47 1 MEG
R6641 06-11077A43 51
R6642 06-11077A98 10k
R6643,6644 00-00000000 NOT USED
R6646,6647 06-11077A98 10k
R6648-6652 00-80000000 NOT USED
R6653 06-11077B11 33k
R6654 06-11077A01 0
thermistor
RT6630 00-00000000 NOT USED
integrated circuit (see note)
U600 51-80291 BIO reference osciiiator 16.8 MHz, 1PPM 

(HRN6009A only)
U600 51-80291B09 reference oscillator 16.8 MHz, 2PPM 

(HRN6010A only)
U6301 51-83977M86 IF
U6601 51-83977M77 prescaler
U6602
crystal (see note)

51-83977M78 synthesizer

Y6350 91-80084M01 4-pole, 109.65 MHz

mechanical parts

E6301 26-80003M02 shield, high IF
E6302 26-80004M02 shield, output match
E6602 26-80006M01 shield, second VCO
MP6301 54-80004N01 barcode label
MP6601 75-80154M01 reference oscillator pad

2/25/89
note: For best performance, order diodes, transistors, and integrated circuit devices, by 
Motorola part number.
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 MOTOROLA
Mobile Products Division

Command Board

1. Description

The control section of the command board consists of the 
following integrated circuits and attached kits:

• U520 Microcomputer IC (MC68HC11A1)
• U521 Support Log IC(SLIC)
• U522 Serial Input/Output IC (SIOIC)
• U500 Regulator/Power Control IC (RPCIC)
• Memory Board
• Board (900 MHz only)
• Control Head

The microcomputer controls all functions of the radio 
with either direct logic control or a serial communications 
path to the device. Functions controlled include audio levels, 
signalling, receive/transmit frequencies, power levels, etc.

2. Theory of Operation

2.1 MICROCOMPUTER IC, SUPPORT LOGIC IC, AND
MEMORY BOARD

The microcomputer executes a program stored in PROM 
on the memory board, which also contains an EEPROM for 
long term variable parameters and an SRAM for system-stack 
and scratch-pad operations. Data is transferred to and from 
the memory board via the microcomputer data bus (U520, 
Pins 9 through 16). The memory location from which data is 
read, or to which data is written, is selected via the address 
lines. The upper eight address lines (U520, Pins 35 through 
42) are applied directly from the microcomputer to the 
memory board while the lower address lines are latched by the 
Support Logic IC (U521) and then applied via U521 (Pins 4,5, 
51, 53,55,63, 65, and 66) to the memory board.

The lower address is multiplexed onto the data bus and 
latched into the SLIC (U521, Pins 17,19, 21, 23, 28, 30, 31, 
and 32) via the address strobe (AS) line from the microcom
puter (U520), Pin 4). The upper address lines are also applied 
to the SLIC (U521, Pins 3,36,37,45,46,58,59, and 68) for 
device decoding. The SLIC determines which device is

requested and applies a logic low to the memory board on Pin 
13,14, or 15 to select a device-Pin 13 for PROM, Pin 14 for 
EEPROM, and Pin 15 for SRAM. The direction of data to or 
from the memory board device is determined by the read/write 
and output enable lines as follows:

DATA DIRECTION R/W (U521-16) OE (U521-57)
Write to Memory LOW
Read from Memory HIGH

HIGH
LOW

The microcomputer and SLIC also have lines that control 
radio operation. These control lines are either drivers or 
receivers, depending on their application. Each line will be 
described in the subject area where it is used.

2.2 SERIAL INPUT/OUTPUT IC

The Serial Input/Output IC (SIOIC) enables the functions 
described in the following:

(1) Buffer for PTT to SLIC (U522, Pins 37 and 38). 
Normally a contact closure for PTT is detected by the 
control head, which sends a command to the microcom
puter via the external serial bus. However some applica
tions require direct PTT control. To generate PTT via the 
buffer, a contact closure to ground at J502, Pin 24, will 
generate a logic high to the SLIC (U521, Pin 22).

(2) Buffer for Channel Active from the RF Board to SLIC 
and External Bus (U522, Pins 21,22, and 23). A logic low 
from the RF board (J500, Pin 7) generates a logic high at 
the SLIC (U522, Pin 29) and a logic low at the External 
Bus (J502, Pin 4). This indicates that the selected radio 
channel is not active.

(3) Buffer for Squelch Mute from the RF Board to the SLIC 
(U522, Pins 35 and 36). A logic low from the RF board 
(J500, Pin 8) generates a logic high at the SLIC (U522, 
Pin 54). This indicates the radio is squelched.

(4) Buffer for Busy from the Microcomputer to the External 
Bus and back to the Microcomputer. This function is 
described in the SERIAL COMMUNICATIONS ON 
THE EXTERNAL BUS description.
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(5) Buffer for Data Transmission from the Microcomputer to 
the External Bus and back to the Microcomputer. This 
function is described in the SERIAL COMMUNICA
TIONS ON THE EXTERNAL BUS description.

(6) Inputs to accept Switched B+ or Emergency that enable 
the Power Regulators and make up the Microcomputer. 
This function is described in the POWER UP/DOWN 
SEQUENCE description.

(7) Reset Circuits for the Command Board and External Bus. 
This function is described in the RESET CIRCUITS 
description.

2.3 POWER UP/DOWN SEQUENCE

Note
This paragraph discusses the power up/down 
sequence. Initial application of A+ to the radio 
is discussed in the RESET CIRCUITS 
paragraph.

Normally, Switched B+ (SWB+) is switch-connected to 
a battery voltage. When the radio is in the OFF mode, placing 
SWB+ (J502, Pin 31) to the active state (switch closed) puts 
the radio in the ON mode.

The EMERG (Emergency) input (J502, Pin 3) also is 
switched, but in this case, either battery or ground may be 
connected to the switch. EMERG’s active state depends on the 
Emergency Polarity (EMERG POL) input to the SIOIC 
(U522, Pin 32). When jumper JU502 is installed, EMERG is 
in the active state when the switch is open; when JU502 is not 
installed, EMERG is active when the switch is closed. Either 
way, activating the switch turns the radio on, enabling it to 
transmit and receive, although there is no power to the control 
head.

When SWB+ or EMERG become active, the RPCIC EN 
line (U522, Pin 15) goes to a logic low, enabling Switched 
+5V and +9.6V regulators. Approximately ten milliseconds 
later, the IRQ line (U522, Pin 24) goes to a logic low, 
awakening the microcomputer, which then applies a logic low 
to 9.6 and 5V EN (U521, Pin 40). Therefore, if SWB+ or 
EMERG go inactive, the regulator will remain enabled until

the microcomputer turns them off as a result of taking 9.6/5 V 
EN to logic high. (This is especially true since the Emergency 
Switch is usually momentary.) The microcomputer now 
examines EMERG (U522, Pin 30) and SWB+ (U522, Pin 29) 
to determine which switch turned on the radio.

To turn off the radio, SWB+ is taken inactive. The 
microcomputer periodically examines SWB+ at U521, Pin 
20, to see if it has returned to a logic high. When it sees the high 
(caused by an inactive switch), the microcomputer initiates 
the power sequence. In the latter part of that sequence, when 
9.6/5V EN goes to a logic high, the regulators are turned off 
and the microprocessor enters the “sleep” mode.

2.4 REGULATORS

The regulator circuits include an Unswitched +5V 
(UNSW5 V) discrete circuit and the Regulator/Power Control 
IC (RPCIC) that produces Switched +5V (U500, Pin 14) and 
9.6V (U500, Pin 17). The UNSW5V source is used by the 
RPCIC as a reference (U500, Pin 20) for its switched +5V 
source. It is also filtered to produce UNSW5 VFILA/B/C. The 
RPCIC is controlled at Pin 24 via a digital transistor Q538 
from 9.6/5V EN.

The various voltages used by the IC’s on the command 
board are shown in Table 1.

2.5 RESET CIRCUITS

The reset circuits consist of the power-on-reset (POR), 
high/low battery voltkge reset, and the external bus system 
reset. The reset circuits allow the microcomputer to recover 
from an unstable condition, such as no battery on the radio, 
battery voltage to high or too low, and remote devices on the 
external bus not communicating.

When the battery (A+) is first applied to the radio, the 
voltage at the junction of R538 and C532 rises until the SLIC 
RESET (U521, Pin 1) detects a logic high. This time duration 
is approximately 200 milliseconds. The logic level passes 
through the SLIC and on to the microcomputer (U520) at Pin 
17. When Pin 17 goes high, the microcomputer can execute 
code.

Table 1. Integrated Circuits Voltage Chart

Integrated Circuit UNSW5V UNSW5VFIL (A/B/C) SW +5V 9.6V

Serial Input/Output U522-6, -24 U522-3, -12 U522-14
(SIOIC)

Regulator/Power
Control (RPCIC) 

Microcomputer

U500-20

(A) U520-26

U500-14 U500-17

Support Logic (B) U521-9, -27,
(SLIC) -43, & -61

Memory Board
Audio Filter IC

(C) J505-13-29
U400-5, -41 U400-1, -20

(AFIC)
DIgital/Analog IC U502-1, -28

(DAIC)
Signalling Filter IC U700-27

(SFIC)



Another reset circuit monitors 9.6V from the RPCIC 
(U500). When 9.6V is enabled, yet not present because of too 
high or too low battery voltage, a reset will be generated at 
SLIC RESET (U521, Pin 1). The radio remains in reset until 
A+ returns to a voltage defined by the RPCIC to allow 9.6V to 
recover. This A+ voltage ranges from 8.6V to 18.0V. There are 
two possible locations for the circuit: on the HearClearhodir&
or in the SIOIC./ '

The microcomputer resets external (control head) de
vices on the external bus, usually when communication is not 
established on the bus. Likewise, if an external device cannot 
communicate with the microcomputer, the microcomputer 
can be reset by the external device. The microcomputer can 
generate a system reset by setting pin 49 on the SLIC (U521). 
This sets the SIOIC SYSTEM RESET line (U522, Pin 9), 
which resets the external bus (J502, Pin 11). If an external 
device needs to reset the microcomputer, then it would 
generate a logic high on the external bus system reset. Pin 4 of 
the SIOIC would produce a logic high at Pin 2 of the SLIC. 
The SLIC would then reset the microcomputer via Pin 47.

2.6 SERIAL COMMUNICATIONS ON THE
EXTERNAL BUS

Serial communications on the external bus use BUS+ 
(J502, Pin 25), BUS- (J502, Pin 22), and BUSY (J502, Pin 9). 
These three lines are bidirectional; therefore numerous 
devices can be in parallel on the bus. All devices monitor the 
bus while data is being transmitted (at 9600 baud rate). The 
transmitted data includes the address of the device for which 
the data is intended. Examples of the different types of data are 
control head display data and button closure data.

Data bus drivers for BUS+ and BUS- are differentially 
driven (BUS+ and BUS- should always have different logic 
states). Their idle states are: BUS+ = logic high; BUS-=logic 
low; and BUSY = logic low. The drivers are so designed that 
any of the devices on the bus can drive these lines to their 
non-idle state without loading problems.

In a typical transmission, the microcomputer examines 
the BUSY line. If the BUSY line is in the idle state, the 
microcomputer sets the BUSY line and then transmits. At the 
end of transmission, the microcomputer returns the BUSY 
line to idle. The microcomputer monitors the BUSY line via 
J502-9, U522 (SIOIC) Pins 10 and 11, and U520 (microcom
puter) Pin 33. The microcomputer sets the BUSY line via 
microcomputer Pin 30, SIOIC Pins 10 and 13, and J502-9.

Data transmission is sent onto the bus asynchronously. 
When the microcomputer sends data onto the bus, the 
microcomputer also monitors the transmitted data as a 
collision detection measure. If a collision is detected as a result 
of receiving a different data pattern, the microcomputer will 
stop transmission and try again. The microcomputer monitors 
and receives data via BUS+ (J502-25) to SIOIC (U522, Pin 
17), and BUS- (J502-22) to SIOIC (U522, Pins 18 and 20), 
and microcomputer Pin 20. Data is transmitted via microcom

puter Pin 21 to SIOIC Pin 19, SIOIC to BUS+, and SIOIC to 
BUS-.

In the remote version of the radio, option cards can be 
installed. If data transmission is required, it is transmitted via 
J502-20 to SIOIC Pin 19, SIOIC to BUS+, and SIOIC to 
BUS-.

2.7 SYNCHRONOUS SERIAL BUS

The synchronous serial bus is an internal bus used by the 
microcomputer for communicating with various ICs. The 
following are on the bus:

Audio Filter IC U400 Command Board
Signalling Filter IC U700 Command Board
D/A Converter IC U502 Command Board
Prescaler IC U601 RF Board
Synthesizer IC U602 RF Board

The ICs require different length data strings for program-
ming. For example, U400 is programmed with up to 48 bits of 
data, while U700 requires only 16 bits. Clock (U520, Pin 24) 
and Data (U520, Pin 23) lines are routed in parallel to all 
serially programmed ICs from the microcomputer. Also, 
separate Chip Select lines (U521, Pins 41,42,48,62, and 64) 
are routed to each IC. The ICs are programmed one at a time by 
the microcomputer, with each IC ignoring activity on its clock 
and data lines unless it has been selected. The SLIC applies an 
active low on the IC’s Chip Select line to select the IC before 
data is transmitted.

2.8 CRYSTAL PULL

The purpose of the crystal-pull circuit is to adjust the 
crystal oscillator’s frequency on the microcomputer so that 
the E-Clock (U520, Pin 5) frequency harmonics do not cause 
interference with the radio’s receive channel. For each 
channel frequency stored in the code plug, a corresponding bit 
has been assigned to determine if it is necessary to pull the 
oscillator’s frequency. The pulling circuit is inactive if SLIC 
Pin 38 is a logic high. A logic low inserts L521 and C522 into 
the oscillator, changing its loading characteristics and, 
effectively, adjusting the oscillator’s frequency.

2.9 2.1MHz CLOCK

The Audio Filter IC (U400) and Signalling Filter IC 
(U700) contain switched-capacitor filters that require an 
external 2.1 MHz clock signal to function. The 16.8 MHz 
reference oscillator (U600) is divided by 8 on the RF board 
and routed to the command board via J500-21. This signal is 
then capacitively coupled to the 2.1 MHz inputs of the audio 
and signalling ICs. The command board audio is NOT 
functional with the RF board removed, unless an external 2.1 
MHz source is applied to J500-21 on the command board.

2.10 U400 CONTROL LINES

The Audio Filter IC (U400) has six output control bits 
that are controlled by serial programming of U400. These 
outputs are 0 to 9.6 volts logic, and are assigned as follows:



U400 Pin FUNCTION
2

42
43 

. 44
3
4

2.11 VAG CIRCUIT

Keyed 9.4V Enable 
IF Bandwidth Select 
Audio PA Enable 
Flutter Fighter Enable 
Blanker Enable 
Compandor Enable

VAG, the “AC Ground” for audio circuits, has bias 
voltage one-half of 9.6V through the divider circuit of R417 
and R418. VAG is used by quad op-amp (U401), transmission 
gate U523, HearClear op-amps, and options op-amps (if 
any). The audio filter IC (U400) and signalling filter IC 
(U700) internally generate DC biases for audio circuits that 
may be different from the 4.8V VAG. Therefore, all audio 
inputs and outputs for U400 and U700 are capacitively 
coupled.

2.12 RECEIVE AUDIO/DATA (See Figure 1)

2.12.1 Receive Audio

Receive audio from the detector enters the command 
board on J500-4. The signal is routed through C408 to 
U401D, Pin 13. The output of U401D is sent to J502-13 for 
options, and to P501-11, which is the HearClear flutter 
fighter (900 MHz only) input. The flutter fighter output signal 
returns to the command board on P501-18 and is sent to 
U523B, Pin 3. Transmission gate U523B switches between 
flutter fighter audio on Pin 3, and direct detected audio on Pin 
5. The output of U523B, Pin 4, is AC-coupled through C409 
to the RX input of audio filter IC, U400, Pin 9. U523B, Pin 9, 
controls the switch with a signal from U400, Pin 44.

Inside U400, receive audio passes through the priority 
sample mute gate, PL/DPL rejection filters, de-emphasis, and 
the 8-bit volume control. The volume control is adjusted by 
serial programming of U400. Receive audio exits U400 on Pin 
26 and is routed to the HearClear expander input (P501-2) 
and to transmission gate U523A, Pin 2. U523A switches either 
direct receive audio or expanded receive audio to the audio 
PA. Expanded receive audio comes from P501-7 to U523A, 
Pin 1. The output of U523A, Pin 15 goes to divider/lowpass 
filter components (R455, R456, and C455), and then is 
AC-coupled through C454 to the Audio PA (U450, Pin 2). 
U523A, Pin 10, controls the switch with a signal from U400, 
Pin 4.

The audio PA, U450, is a DC-coupled output, bridge- 
type amplifier. The gain is internally fixed at 36dB. Speaker 
audio leaves U450 on Pins 11 and 13, and, in dash-type radios, 
is routed to the speaker via P503-14 and 16. The amplifier 
outputs are at one-half of 13.8V and are directly connected to 
the speaker. The speaker outputs must NOT be grounded in 
any way. An audio isolation transformer must be used if 
grounded test equipment (such as a service monitor) is to be 
connected to the speaker outputs.

When the radio is squelched, the audio PA is disabled. 
U400, Pin 43 is programmed low by the microcomputer, and 
inverted twice through Q401 and Q400 to remove SWB+ 
from U450, Pin 10, the audio PA. When U450, Pin 10 does not 
have S WB+, the speaker is totally muted and audio PA current 
drain is greatly reduced. However, the audio PA remains on 
during priority sample muting.

2.12.2 Alert Tones

Whenever alert tones are required (out-of-range, busy, 
private call alert, telephone ring, mode change, etc.), the 
microcomputer produces a clock signal on U520, Pin 29. This 
clock signal is at the desired tone frequency, and is routed to 
U400, Pin 14. Internally, U400 routes the tone through the 
volume control to transmission gate U523A. The alert tones 
are not expanded, so U400, Pin 4 will switch U523A so that the 
tones go directly to the audio amplifier and speaker. The alert 
“tone” waveform is actually a slightly filtered square wave.

2.12.3 Receive Signalling Data

The SPECTRA radio is capable of operating in either a 
Trunking or a Conventional Mode. In Trunking modes, 
receive signalling is either High Speed (HS), used for control 
channel access, or Low Speed (LS), used to maintain a voice 
channel. On Conventional modes, receive signalling is either 
MDC-1200 data or PL/DPL (described later). High Speed, 
Low Speed and MDC-1200 signals are processed by the 
Signalling IC (U701) before being sent to the microprocessor 
(U520) for decoding.

DETECTED AUDIO (J500-4) is routed from the 
demodulator on the RF board to the Signalling IC via coupling 
capacitor C701. A Guard Ring (U700, Pins 37 and 41) is 
provided on the RX IN (U700, Pin 39) line to minimize 
leakage on this high input impedance point. The guard ring 
should be at the same DC voltage as the TX IN line. The input 
signal is filtered in the Signalling IC with a filter determined 
by its serial programming. The filtered signal is then applied 
to an internal limiter to provide a 0 to 5 volts signal that is 
usable by the microprocessor and output on RX DATA (U700, 
Pin 30). The limiter uses capacitor C707 for HS and 
MDC-1200 signals and C706 for LS signals to determine its 
low frequency response. In order for the limiter output to be 
valid, the DATA STROBE (U700, Pin 11) line must be low. 
The state of this line is determined by the microprocessor and 
switches between Transmit and Receive modes of operation. 
The limited signal is then filtered by C555/R543 and applied 
to the microprocessor (U520, Pin 34).

The limiter in the Signalling IC has a programmable 
minimum deviation level. If the input deviation is less than 
this minimum level, there will not be an output, and if it 
exceeds this minimum level, the output will be a 0 to 5 volt 
waveform that resembles the input waveform. The minimum 
deviation level is programmed by the microprocessor, de
pending on the signalling type.

When the radio is on a Conventional mode with 
MDC-1200 enabled, the 1200 Hz output (U700, Pin 5) will be 
a 1200 Hz square wave which is routed to the microprocessor



(U520, Pin 32) via C567/R522 to assist in demodulation of 
MDC-1200 data.

2.12.4 Received PL/DPL

DETECTED AUDIO (J500-4) is routed from the 
demodulator on the RF board to the Audio Filter IC via 
coupling capacitor C407. The input signal, PL/DPL IN 
(U400, Pin 10), is filtered to eliminate the effects of 
voice/signalling modulation and then applied to its internal 
limiter to provide a 0 to 5 volt signal that is usable by the 
microprocessor. It is output on PL/DPL RX DATA (U400, Pin 
30) and is routed to the microprocessor (U520, Pin 43) via 
R548/C558. The limiter uses capacitor C403 for DPL signals

and C402 for PL signals to determine its low frequency 
response. When the microprocessor samples the limited 
PL/DPL signal, it places a pulse on PL/DPL STROBE (U520, 
Pin 31). This is routed to the Audio Filter IC (U400-35) via a 
filter composed of L530/C557. The falling edge of this signal 
latches the current state of the limited signal in the Audio 
Filter IC for decoding by the microprocessor. On PL modes, 
this pulse will occur every 933 microseconds on DPL modes, 
every 1.86 milliseconds.

The radio Test Mode provides a rapid method to 
troubleshoot the Receive Signalling paths. See that section for 
additional details.
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Figure 1. Receive AudiolData Signal Flow



2.13 TRANSMIT AUDIO/DATA (See Figure 2)

2.13.1 Microphone Audio

The microphone connects to the front of the control head. 
Mic HI enters the command board via P502-6. Components 
R414,R415, and C416 provide DC to the condenser micro
phone element and convert the microphone output current into 
an audio voltage. Microphone audio always connects to the 
//^arC/^<3rboardcompressorinputatP501^.The//^arC/^ar 
board returns compressed audio through P501-19 to U523C, 
Pin 13. In addition, Mic audio goes directly to U523, Pin 12.

U523C switches between microphone audio and com
pressed microphone audio. A 0 to 9.6V logic signal from 
U400, Pin 4 (Controlled by software) connects to U523C, Pin 
11 to control U523C switching. The output of switch U523C, 
Pin 14 connects to pre-emphasis components R420, C419, 
and R419. R419 is the feedback resistor of an op-amp in 
U400. R419 and C419 set the pre-emphasis comer frequency. 
The pre-emphasized Mic audio on U400, Pin 11 goes through 
the limiter, splatter filter, modulation summer, and exits on 
U400, Pin 24. The signal then goes to the 4-bit (deviation) 
attenuator input, U400, Pin 16.

The 4-bit attenuator output, U400, Pin 22, has a 4.1V 
bias, and is routed two places. First, it goes to the RF board via 
J500-17 to the CMOS Synthesizer IC, U602, Pin 28. This 
signal is applied to the phase modulator input via a lowpass 
filter formed by R626 and C631. Second, the signal goes to the 
5-bit (compensation) attenuator input, U400, Pin 17.

The 5-bit attenuator output, U400, Pin 23, also with a 
4. IV bias, goes through the RF board via J500-11 to the VCO 
connector J601-10. This modulating signal is capacitively 
coupled to the negative steering line of the VCO. The 4-bit 
and 5-bit attenuators are adjusted during radio alignment with 
an IBM PC.

2.13.2 Transmit Signalling Data

The SPECTRA radio is capable of operating in either a 
Tmnking or a Conventional mode. In Trunking modes, 
transmit signalling is either High Speed (HS), used for control 
channel access, or Connect Tone, used to maintain a voice 
channel (described later). On Conventional modes, transmit 
signalling is either MDC-1200 data or PL/DPL (described 
later). In addition, DTMF tones can be sent in either Tmnking 
or Conventional modes.

MDC-1200 or High Speed data originates from the 
microprocessor (U520, Pin 28) and is routed to the Signalling 
IC (U700, Pin 11) via R544/C556. The microprocessor 
generates a rising edge at its output for each required transition 
in the data waveform. Therefore, to generate a 1500 Hz tone, 
the microprocessor generates a 3000 Hz waveform at its 
output. The data waveform is then filtered and its level is 
controlled by an attenuator in U700. The selection of filter and 
level is determined by serial programming. The modulation 
output (U700-19) is summed with other modulation in 
U401C and routed to Audio Filter IC (U400, Pin 15) via C411.

R700 determines the gain applied to the signalling data as it 
goes through the summing amp (U401C) and C700 deter
mines the low frequency responses of this path. In the Audio 
Filter IC, the transmit signal is routed through the same 
attenuators used for voice. Serial programming determines 
any filtering used in the Audio Filter IC.

DTMF tones are generated using two lines from the 
microprocessor. The low frequency tone is generated at U520, 
Pin 29 (the same pin that is used to generate alert tones) and 
routed to U700, Pin 8. The high frequency tone is generated at 
U520, Pin 28 (the same pin that is used to generate 
Trunking/MDC-}200 data) and routed to U700, Pin 11. The 
waveform used to generate the low frequency tone will be six 
(6) times the frequency of the desired tones due to internal 
dividers in U700. The waveform used to generate the high 
frequency tone will be either 10 or 6 times the frequency of the 
desired tone, depending on the tone frequency. The Signalling 
IC sums the two tones with the proper gain between the two 
tones (the level of the high frequency tone is 2 dB greater than 
the low frequency tone), and applies this signal to an internal 
attenuator. The attenuator level and selection of tone fre
quency multiplier is determined by serial programming. The 
modulation output (U700, Pin 19) follows the same path as for 
Trunking or MDC-1200 data. To enable the operator to hear 
the DTMF tones as they are generated, the same signal that is 
sent on U700, Pin 19 is also sent on U700, Pin 21. This is 
routed to gain-determining resistor R705 and coupling 
capacitor C704 to summing amplifier U401B. The output of 
the amplifier is coupled to the Audio Filter IC (U400, Pin 8) 
via C413 where it is routed to the volume attenuator. Audio 
PA, and the speaker.

2.13.3 TRANSMIT PL/DPL AND CONNECT TONE

The PL/DPL and Connect tones are produced by the 
microprocessor generating a clock signal to the Audio Filter 
IC (U400, Pin 35). This signal is generated at U520, Pin 31 and 
filtered by L530/C557. For PL and Connect tones, the 
microprocessor generates a clock signal 12 times the desired 
tone frequency, and for DPL, the microprocessor generates six 
clock pulses for each transition in the DPL waveform (e.g*., 
from a 1 to a 0). The Audio Filter IC converts the clock pulses 
to the proper waveform and applies it to the proper internal 
filter. It then adjusts the level to obtain the proper deviation as 
determined by serial programming. Different deviation levels 
are used for PL/DPL and Connect tone. This waveform exits 
U400, Pin 24 and is then routed through the same attenuators 
as are used for voice.

On Conventional modes without PL/DPL, no signal will 
be generated at the microprocessor output. The PL/DPL 
signal is combined in U400 with either voice, MDC-1200, or 
DTMF data as specified on that channel.

On Trunking modes, the connect tone is combined in 
U400 with either voice or DTMF.

The radio Test Mode provides a rapid method to 
troubleshoot the transmit signalling paths. See that section for 
additional details.



3. Troubleshooting

This information will help field service technicians 
troubleshoot the SPECTRA radio. Use this information, along 
with the theory of operation, to diagnose and isolate the cause 
of failures. The principle tools needed to troubleshoot a circuit 
to the component level are the schematic and the theory of 
operation.

In addition to the schematic and theory, this section 
includes Troubleshooting Charts that will guide you through a 
sequence of tests and checks designed to isolate problems. For

the purpose of troubleshooting it, the command board is 
divided into three parts - one for audio circuitry, one for digital 
circuitry, and one for signalling circuitry. (See Foldout Pages 
PW-4752, PW-4744, and PW-4761)

Prior to troubleshooting, review the theory of operation, 
including specific precautions and troubleshooting methods. 
Take measurements very carefully on all band radios, but take 
special care on the higher-frequency radios. Notes and 
cautions are added to the text to alert you to this need in areas 
of greatest sensitivity. However the need for extreme care 
does exist in all measurements and tests at high frequencies.
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ON U400-2 DURING 

MODE CHANGE OR 
WHILE UNSQUELCHED 

CHECK FOR 
BLOWN F0500

SYNTHESIZER LOCKED.
START TRANSMITTING: NO TRANSMIT AUDIO

MIC
AUDIO AT 
U400-I6

RX
AUDIO
WORKS

MIC
AUDIO AT 
U400-I7

I-4VDC 
PRESENT 

AT P50I-6

MIC
AUDIO

PRESENT

MIC
AUDIO AT 
U400-II

GXW-4753-0

CHECK U523C. 
R420. C4I9. R4I3 
AND HEARCLEAR 

COMPRESSOR

CHECK R4I4. 
R4I5, C4I6. 

AND MICROPHONE

CHECK P50I-6 
FOR I TO 4 VDC 

WHEN KEYED

CHECK FOR 
RECEIVE AUDIO 

WORKING

CHECK FOR 
SHORT AROUND 
U400-23 AND 

J500-II

CHECK MIC AUDIO 
AT U400-I7

CHECK MIC AUDIO 
AT U400-II

CHECK MIC AUDIO 
AT U400-I6

CHECK FOR MIC 
AUDIO AT 
U400-23

GO TO RX AUDIO 
TROUBLESHOOTING 

CHART. ENSURE 
U400 IS WORKING

CHECK FOR SHORTS 
OR OPENS AROUND 

U400-II. 12. 16 
AND 24. REPLACE 

AS NECESSARY__

CHECK FOR SHORTS 
AROUND U400-I7. 22: 

J500-I7. REPLACE 
U400 IF 

NECESSARY

Troubleshooting Chart for SPECTRA 
Command Board Audio Circuitry 

PW-4752-0 
9/18/87



CONTROL HEAD DISPLAY: -FAIL 01/90' OR BLANK

CONTROL HEAD DISPLAY:

START

"FAIL 01/82" 
"FAIL 01/84" 
"FAIL 01/88" 
"FAIL 01/02"

PROBLEM
CORRECTED

GXW-4747-0

MEMORY 
BOARD WAS 

FAULTY

MICROCOMPUTER 
U520 IS 

PROBLEM. 
REPROGRAM OR 

REPLACE

REPLACE AND/OR 
REPROGRAM 

MEMORY BOARD

CONTROL HEAD DISPLAY: 
"FAIL 01/81"

ERROR IN 
MEMORY BOARD. 
REPLACE BOARD

GXW-4746-0

Troubleshooting Chart for SPECTRA 
Command Board Digital Circuitry 
PW-4744-A
3/31/89

START

NOTE I: SEE CONTROL HEAD TROUBLESHOOTING CHART

VOLTAGES
OK

IS
IT LOGIC 

LOW
ACTIVITY

ANY
SHORTS 

OR OPENS
ACTIVITYACTIVITYACTIVITY

PRESENT

SEE, 
NOTE I

IS
IT LOGIC 

LOW

PROBLEM
SOLVEDACTIVITYIT LOGIC 

HIGH

IS
IT LOGIC 

HIGH
ACTIVITYACTIVITY

ACTIVITY
PRESENTACTIVITYCORRECT

TRANSITION
IT LOGIC 

HIGH
IT LOGIC 

LOW

ACTIVITY

ACTIVITYACTIVITYACTIVITYIT LOGIC 
HIGH

GXW-4745-AIT LOGIC 
HIGH

LOGIC
CORRECT

PROBLEM WITH 
SLIC U52I

PROBLEM WITH 
SLIC U52I

PROBLEM WITH 
SIOIC U522

PROBLEM IS 
WITH SI0IC-U522

CHECK ADDRESS 
STROBE. SLIC 

U52I-35

PROBLEM IN 
U522

CHECK BUS+/-: 
P502-25 AND 22 
(PRESS A CTRL 
HEAD BUTTON)

CHECK RX DATA 
U520-20 

(PRESS CTRL 
HEAD BUTTON)

PROBLEM IS 
WITH R579 

AND/OR C583

PROBLEM IS 
WITH U520 

MODE JUMPERS

CHECK U522-I9 
(PRESS A CTRL 
HEAD BUTTON)

MEMORY BOARD 
OR CONNECTOR 

WAS BAD

CHECK U52I-I3, 
I6 AND 57 

FOR ACTIVITY

PROBLEM IS 
WITH R580 AND/ 

OR C584

PROBLEM IS 
IN RPCIC 

REGULATOR 
CIRCUITS

PROBLEM WITH 
RESET CIRCUIT 

ON HEAR- 
CLEAR BRD.

CHECK TX 
DATA U520-2I 

(PRESS A CTRL 
HEAD BUTTON)

CHECK U52I-2

PROBLEM IS 
WITH U522, CR524, 

OR CR530

PROBLEM IS 
WITH SW B+ 

CIRCUIT

CHECK RES 
SW B+ AT 
U522-28

CHECK BUSY OUT 
U520-30 

(PRESS A CTRL 
HEAD BUTTON)

CHECK BUSY iN 
U520-33 

(PRESS A CTRL 
HEAD BUTTON)

PROBLEM IS 
WITH U520

CLEAR FAILED 
AREA

EXCHANGE
MEMORY
BOARD

PROBLEM IS 
WITH R578 

AND/OR C582

CHECK U522-20 
(PRESS A CRTL 
HEAD BUTTON)

PROBLEM IS 
IN SLIC-U52I

CHECK U522-I3 
(PRESS A CTRL 
HEAD BUTTON)

PROBLEM IS IN 
MICROCOMPUTER 

U520

CHECK U522-II 
(PRESS A CTRL 
HEAD BUTTON)

PROBLEM IS 
IN SIOIC 

CIRCUITS

CHECK IRQ TO 
U520 AT TURN 
ON FOR LOGIC 
HIGH TO LOW 
TRANSITION

CHECK RESET 
U52I-49

RPt1C"ENTOTE
AT U522-I5

CHECK

CHECK SYSTEM 
RESET P502-II

PROBLEM AT 
SLIC U52I-I

PROBLEM IS 
IN SIOIC 

CIRCUITS U522

CHECK RESET 
SLIC-U52I-I

CHECK uC FOR 
ADDRESS AND 

DATA BUS 
ACTIVITY

CHECK uC RESET 
U520-I7

CHECK P502-9 
(PRESS A CTRL 
HEAD BUTTON)

PROBLEM IS 
WITH U522 
OR CR534

PROBLEM WITH 
R573, C577

CHECK uC ADDRESS 
AND DATA LINES 
FOR SHORTS OR 

OPENS

PROBLEM IS 
WITH R58I 
OR C585

REMOVE HEAR- 
CLEAR BRD. 

CHECK RESET SLIC 
U52I-I AGAIN

CHECK VOLTAGES: 
UNSW +5V. SW+5V 

+ 9.6V

CHECK uC RESET 
U520-I7

FOR +(20-25mSEC) 
AND - (2-4mSEC)

EXAMINE U0522 
PIN 14 FOR 5.6V 

PIN 24 FOR LOGIC 0 
PIN 15 FOR LOGIC 0



SIGNALLING ENCODE OR DECODE PROBLEM 
(SYNTHESIZER LOCKED. RX AND TX AUDIO FUNCTIONING)

I
ENCODE PROBLEM DECODE PROBLEM PL/DPL DECODE PROBLEMSTART

MDC.
HS. OR LS 
PROBLEM

MDC
PROBLEM

MDC 
OR HS 
ENCODE 

PROBLEM

DETECT
AUDIO

OK

SIGNAL
OK

ACTIVITY
PRESENT

PL.
DPL. OR 

LS ENCODE 
PROBLEM

SIGNAL
OK

ANY
OPENS OR 

SHORTS
SIGNAL

PRESENT
SIGNAL

OK
SIDETONE

OK

ANY
OPENS OR 

SHORTS

SIGNAL
OK

PULSES
PRESENT

TO I.5VDC

SIGNAL
PRESENT

SIGNAL
PRESENTSIGNAL

PRESENT

SIGNAL
PRESENT

ENCODE
PROBLEM

GXW-4760-0

CHECK DETECTED 
AUDIO FROM 
J500-4 TO 

U400-I0

CHECK FOR 
OPEN OR SHORT 

POSSIBLY 
BAD U400

CHECK FOR 0-5V 
SIGNAL FROM 
U520-3I TO 
U400-35

CHECK R704 FOR 
OPEN OR SHORT

CHECK C42I. R70I. 
AND R702

CHECK FOR 0-5V 
PULSES FROM 
U520-3I TO 

U400-35

CHECK FOR 0-5V 
DECODED SIGNAL 
FROM U400-30 

TO U520-43

CHECK C705 FOR 
OPEN OR SHORT

CHECK FOR 2.1MHz 
>IV P-P ON 
U700-25 

WITH 2.5V BIAS

CHECK FOR 
OPEN R546: 

POSSIBLY 
BAD U700

CHECK FOR 
DETECTED 

AUDIO FROM 
J500-4 TO 
U700-39

CHECK SIGNAL 
PATH

THRU U40IC

CHECK SIGNAL 
LINES BETWEEN 

U700-I3. 14. 
I5AND

MICROCOMPUTER

CHECK FILTERED 
SIGNAL ON 
U400-24

CHECK FOR 
OPEN L530

CORRECT THE 
OPEN OR SHORT

CHECK FOR 
OPEN C70I

CHECK FOR 
CLEAN 2.5V ON 

U700-35

PROBLEM WITH 
DTMF ENCODE 

OR DTMF 
SIDETONE

CHECK FOR 
OPEN L530

CHECK FOR 
I-I.5VDC 

ON U700-2

CHECK FOR 
OPEN R552

MAKE SURE 0-5V 
CLOCK GETS FROM 

U520-29 
TO U400-I4

CHECK FOR 
OPEN R544

CHECK FOR 
OPEN R543: 
CHECK FOR 
BAD U700

CORRECT THE 
OPEN OR SHORT

TRANSMIT AUDIO 
PROBLEM

CHECK FOR 
OPEN C407

CHECK TONE 
CLOCK FROM 
U520-29 TO 

U700-8

CHECK FOR 
OPENS OR SHORTS 

AROUND
C707 (HS. MDC) 
OR C706 (LS)

CHECK FOR 0-5V 
ACTIVITY ON U700 

PINS 13-15 WHEN 
SCROLLING VOLUME

CHECK FOR 
OPENS OR SHORTS 
AROUND C402 (PL) 

OR C403 (DPL)

CHECK FOR 0-5V 
DECODED SIGNAL 

FROM U700-30 TO 
U520-34

CHECK FOR SHORTS 
AROUND U700-I9: 
ALSO. POSSIBLE 

BAD U700

' POSSIBLE 
SOFTWARE PROBLEM 

OR OPERATOR 
ERROR

CHECK FOR SIGNAL 
ON U400-22: 23:

MDC-1200 ONLY: 
CHECK 1200Hz. 0-5V 
CLOCK FROM U700-5 

TO U520-32

CHECK FOR 0-5V 
CLOCK SIGNAL FROM 
U520-28 TO U700-II

ENTER TEST MODE 
(SEE SERVICE MANUAL 
SEC. 2.1-2.3. 2.9. 4.9 

FOR PROCEDURES)

MAKE SURE 
SIDETONE GETS 
FROM U700-2I 

THRU U40I8 TO 
U400-8

POSSIBLE
SOFTWARE PROBLEM 

OR OPERATOR 
ERROR

CHECK FOR SAME 
SIGNALS AS ABOVE 

(BUT LOWER 
AMPLITUDE) AT 

U400-I5

CHECK FOR SIGNAL 
FROM U700-I9 
(FILTERED FOR 

MDC. NON-FILTERED 
FOR HS

IF BANDWIDTH OK 
POSSIBLE SOFTWARE 

> PROBLEM. OPERATOR 
ERROR OR BAD 

U700

APPLY 1.5 KHz DEV. 
INPUT SIGNAL: CHECK 

BANDWIDTHS U700-30: 
MDC: 900-2100 Hz 

HS: 0-2050 Hz 
LS: 0-210 Hz

Troubleshooting Chart for SPECTRA 
Command Board Signalling Circuitry

PW-4761-0
9/18/87



P0503 RFPA/ACCY. CONN. 
B+

20
21

26
17

24
25 
15 

23
12

S^E
HLN6024A SCHEMATIC

NOTE 3.
NOTE ■ 2.
NOTE I.
EMERGENCy,
BUSY-

BUS:

1 UNSW5V

J0502 RADIO CONN. SWB+

31 
36
14 
27 
29

2
19 
22 
25

9

3
15 

23
16

32

20 
II
4

PA
8

10 
3::

SPARE. I
SPARE-2
OPT SPARE

BATT STQ-
RKDA-IA.
BUS-..
BUSI-
BUSY ,

EMERGENCY
NOTE I.
NOTE 2.
NOTE 3
KEYED-SLOT

TX DAIA.
RESET-
CHANNEL ACTIVITY-

PTT

FUSED A+

P050I HEARCLEAR CONN.

3 
14 
12 
10 
16

I
24

21
4

NQTE-L
NOTE 2-
NQTE 3.
1E£L
RPCIC. EN-
RESE3L
FUSED-A+-
RSSl-

UNS]

SW

UNSW5VFIL

CR0529nr-
CRO520nr-
CR0527

15V

SW

C0548
^br
luF

+ 5V

CR0530nr-
CR0524

CR0534nr-
CR0535

CR0538nr-
CR0537nr-

R0528
47K

9.6V SOLDER JUMPER 
FOR BOOTSTRAP

UNSW5V

CB/CH
OW V DET.

+5V
+5V

RES SWB+
BUS-
BUS+
BUSY

R0527 —
-----Wv—I EMERG.RES.
. W47K TXU5TS

SYSTEM RESET
CR0536-r- CHANNEL Activity

I5\

UNSW5V
R0524 
—AAA/— 

lOOK

CO 5 27
—H(—

O.luF

R0529 
—VW— 

47K

PTT
IRQ R-C

I RESET FIL7

C0524 
----1(—
O.OluF

EMERG. POL.
JU0502 IN FOR NIC.

EMER6.SW.

P0504 RX FRONT END CONN.

RSSl.

PRQBE-

J0500A RF BOARD CONN.

RSSL
OAT A
CLOCK.
CHANNFI ACTIYIjy-

RQ530 CHAN. ACTIVITY 
-AAA/--------------------------------

GOIIEI CH MUTE

C0477
470PF

.C0478
J470PF

47K

R053I —AAAr- 47K
SQUELCH MUTE

RYNTHF6I7FR SELECT
PRERCAI FR SELECT

GXW-6477-0

6 SERIAL 39
34 INPUT/ 20
14 OUTPUT 19
3 1C 13
12 U0522 II
28 24
16 27
17 40
10 41
26 42
31 2
18 44
9 (SIOIC) 33
23 30
37 29
25 8
7 4
32 36
22 21
35 36
15 43
5 1

A+

RX DATA
TX DATA
BUSY OUT
BUSY IN

NC
SLIC RESET

9.6/5V EN
EMERGENCY
SWB+
BUS reset-

bus RESET
PTT
CH.ACt

BUS RESET

1
L0520

lOuH
^C0534 ^ 
LO.OluF

^(^585

^(^584

^^583

:0582

J058I

:056l

+C0526 Xc0533
luF TO.OluF

R0566 C05S0 
470PFJJ

FWn PWR MON

P0503

TX PA'iENA'BEE-

----------MON Bt
47K 1___________ XIRQ

UNSW5V.FJL

VRIr

C0562 ,0uH

1^0586

^^0587

lOuH 
R0557 

—AAA/— 
lOK

R0534 R0535 
—AAA/——AAAr

100 lOOK
/i/CR052l
^I5V

;R0533
■47K

R0563 
—AAA/—f— 

IM J_

C052I
I6PF

RX DATA.
TX DATA.

Rll.RY OUT
RIIRY IN

IRQ

■ DATA.
■ CLQ.CK.

RSSI
RARE

-XIAL
FXTAI

ECLQCK.
-A§r

R/W

,uP RESEX.
MODE B
MODE A 

mL

_L,0.52I_

C0522 
—
6.8PF

Q0520
4IL02

Y0520 
7.9488MHZ

UNSW5VFIL

,00520
I5PF

25 MICROCOMPUTER 34
50 U0520 28
44 1 31
IB 43
26 29

48
51 32
22 27
20 49
21 47
30

■’

42
33 41
19 l[ 40
23 39
24 38
46 37
45 MC68HCIIA8 36
8 35
7 j 9
5 ! 10
4 i II
6 12
17 13
2 14
3 [ 15
52 16

R054I

lOK

^^553

C0554

■> RPCIC EN. U0522-I5

JU0520

R0549 
—AAA/— 

lOOK

’R0550
“lOK

UNSW5VFIL

C0523
‘O.OluF

R0538
lOOK

TP3

+-C0532
lOuF

|C0588

RESET
R/W..
.AS.

FCI ncK
Rl IP. RF.^FT
UNSWSVEiL

^^0579

J0572

;0578

L053I
—/-WW-

lOuH
R0555 

—AAA/— 
lOK

R0574

;0577

UNSW5VFIL

.C0529
■O.OluF

50576

^00575

CH. ACTIVITY
^(^0574

SO. MUTE
30571

0573
l^470pF

^C0570

R0572 
—AAAr 

lOK _

lOK
R0570

lOK
R0554

9.6V / 5V ENABLE
EMERGENCYL

.S.WB±.
BUS RESET-
RIIR RESET

PTT
CHANNEL ACTIVITY.

RQUFI CH MUTE

RYNTHFRI7FR SELECT
PRFRCAI FR RFI FCT

UNSW5VFIL

-►RPCIC EN. Q053B BASE 
► DATA U0700-I4 
►CLOCK U0700-I3

^(^569

L0529_rv-w-i—
lOuH

LP528
1oulT

.00528 . .00530

—

'O.OluF ' 'O.OluF

Schematic, Circuit Board Diagrams, and Parts List 
for HLN6024A SPECTRA Command Board 
PW-4709-A 
(Sheet 1 of 2)
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MDC/TRK RX. DATA.
MDC/TRK TX.DAIA-
Pl /PPL TX DATA/STRQBE_
PL/DPL RX DATA.
DTMF/AI FRT TONES
THERMISTOR MONITOR.
IPnOH7 TO nP
MDC WATCHDOG
CONT vni T MON-
DET.AUDIO MQN.

:R05I9 
►lOK

R0543 
—AAA/— 

2.2K 
R0544 
—AAA/— 

lOK
L0530

00538
^00556

;0557
I—4-
J lOuH

A9
AlO
All
A12_____ '
AI3__
AL4_____ '

AI5

R04I9
lOOK

R0546 
-I----- VW—

lOK 
R0547

^C055B

50559'

lOK
R0548 
—AAA/— 

lOK
R0552 

—AAA/— 
2.2K 

R0553 
—AAA/— 

lOK 
R05I8 

—AAA/— 
47K 

R04I6 
—AAAr- 

lOK

jC0560

1^0568

30551

50552

TP I UNSW5VFIL

JJ3SJL

R055I 
—AAA/— 

lOK
L0527

lOuH
L0525

"louhT"

1^0563

jC0566

jC0564

^^0565

lOuH

UNSW5VFIL

MEM.
CONN. P0505

8 SUPPORT- 32
47 LOGIC 1C 31
33 U052I 30
35 28
34 23

21
12 19
38 17
6 5
7 4
43 66
27 65
24 63
25 55
39 53
56 51
40 (SLIC) 36
16 37
20 45
49 46
2 58
22 59
29 68
54 3
II 52
48 42
41 62
9 64
61 50
10 14
26 13
44 15
60 16
67 57

DAIC SELECT
SEIC SELECT

48M0I

TX PA ENABL
EggK-

FWn BIJF OUT

R0508

R0509
JL. —AAAr- —AAAr] 

68K 47KI
TEMP .

68K 47K ISET B.QUT
CONT AMP IN

Q052I UNS.W5V 
82046 f

5V .REFi,

I O.OluF

C0500
'riOuF

2.5VNC 2-

ittiREF. 
HC.5. 8
NC 7

U0503 J. 
56M02 -

9.6V SENSE.
CR0500

\K9.4\
66M0I

Q0500 
82045

100 
R050I 
IKC0508 41

Q050I 
53M02 

C0506 
lOuF

9.6 DR

R0500
100

33 REGULATOR/37
35 POWER 4
II CONTROL 38
8 1C 13
12
7 (RPCIC) 9

42
2 U0500

20
27
24
44

5 21
25 18
26 43
28 10
29
30 34

36
17 15

16
19
14

39 1
3

32 22
41
31

40
23 6

CURRENT SENSE.
CQNT VOLT LIMIT
CURRENT SENSE -
■TEMP. SENSE-

\K9.4\\

FWD DET. VOLT..
CQNT. AMP-QUJ- U0523B':

A+ 5V
R05I4
560

R0503 
—»AA/-------

GUARD RING 7 AUDIO FILTER 
1C

. (AFIC)

ENABLE.
CQNT .j.AMP_REF-

9.6V FILTER.
5V-CQMP-

C0505

0.47uF
R05I2 : 

220 ■

lOK

R05I5
IK

R0568
lOK

C050I
—

lOuF 
C0502 
----1(—

30PF
Cjp505

5V I SENSE,
DRIVE.

5Y
SENSE

■yrCosoT
lOuF

lOOK

5V
R0502

—AAA/------
2.2

f ,0UF Q0502
82046

;R0569
-lOK 5V

C04I7
—le-
O.luF

9.6V

C04I8
—le—

O.luF 
C0400
___ \|________ WDT

O.luF VAfi_Bm
PI CAP

DEL.

0.47uF 
C0403 
—)\jL-

luF
R0400 
—WSA— 

47K

PL / PPL TX DATA / STROBE
PL / PPL RX DATA
DTMF / ALERT TONES FROM uP

DTMF/ALERT-XONES-

DATC-SEE

Cl QCK
OAT A

CLOCK
DATA

U0400

20

Ml
Ml
Ml
Ml

fi
C0409 

4-0.luF :
00407* 

O.luF

PI IN

\K9.4\\ 9.6V A+

K9.4 EN ‘to,v,w 
AUDIO ENABLE..
VQL.CQNI^QUJ-
COMPAND FNARI E

AUX.RX..IN.
AUX TX IN
FILTERED AUDIO
FLUTTER FIGHTER EN
MIC. AUDIO IN.
PREEMPH OUT-
REF.. MOD.

VCQ MOD
SO. ATT....OUT

■2JMH Z

C0420_
O.luF'

-t.TO J0500A-I9 
.wTO J0500A-I8

I LIM SET.
ITX PWR SET

IMDC/TRK RX 
IMDC/TRK TX 

llZOQHZ-T.O-uE- 
IMDC WATCHDOG

SEIC SEL

5.V
C0708 
O.luF

.. I NORM.JU0709 I ||yj
C0709 
3.3uF 
CO707 Hs CAP

r

0.47uF
C07Q6

3.3UF
C0705

O.luF 1 
R0704 
—AAAr 

47K

ML
ML
ML

30 SIGNALING 8
II FILTER 13
5 1C 14
4 (SFIC) 9
15 U0700 10
37 12
41 16

17
18

20
27 22

24
26
28

1 29
23 19
43 21

33
39

3 34
6 36
7 38

31 40
32 25
35 42
2 44

5V

SIDE TONE

C070I 
RX IN )|—
Ml O.luF

1 D TO A 10
28 CONVERTER i&
2 ■C 26
3 (DAIC) 27
20 9
25 12
24 U0502 14
23 II
22 16
21 17
8 18
7 19
6 13
5 4

OLK.
DAT.A.

C0480 
—
470PF 
C0474
—le-
470PF 
C0476
--- 1C---
470PF 
C0473 
—1^— 

_L 470PF 
- R0422 
I—AAAr1 IiKsq.

9-f6V 5|

DFT.. Aiinin.

.SQ.AT.TN..IN-

R0423 
I—VW 

560 v;

SO ATTN nil]

yen MOO
R0424 

I—VW—
I IKRFF MOf
REF TUNE

2.IMHZ

5V 
R070I t—VW----- 1
47K 

C042I 
)|-

.P.I-MH7-
•fW

O.luF
R0702

—AAA/----- 1
47K

PI ANK SWITCH

00540

48M0I

9.

5 6 13

P0504

BLANKER-S-WrTCTI
IF BANDWIDTH-SELECX-

9.6V

:R04I4
►IK

R04I5 
—AAA- 

560

VAC
QLj

Q0506
28M27

VAG

R05IO
lOK

R05II
IK

R0454 
I—VW—

O.luF

U0523A
04M60

10

R05I5 R0504
ioo I IK F0500

Q0504
28M2700503 

4IL02 R0505 
AAA R042I

4l^R0506 
220

Q0400
4IL0I

Q040I
48M0I

KEY SLOT 
CURRENT SENSE +
CONT VOLT LIMIT

CURRENT SENSE -
TEMP SENSE

FWD DET VOLT
CONT VOLT DRIVE

SPEAKER LO

82K

9.6V VAG
C04I3
O.OluF

U040IB
R0409

R04I0
6.8K

JL C04II

U040IC
R0407

R0408
6.8K

22M49

U040IA

C04I6 
lOuF

U040ID

coy+8 RQ4q5
—iouF 33^ lOOK U0523C

C04I9
---)l---

82K

R0420 
—AAA— 

3900PF IK
14

12

13

14 2 17 II 5 3 6 410 15 I 12 21 13

J0500A RF BOARD CONN.

R0700 
—AAA— 

lOK
R0705 

—AAA— 
lOK

C0700

3.3uF
C0704

)l
O.luF

•R0456I 
:33K C0454
----------

JLC0455 O.luF 
‘220PF C0453

0.1 uF

t
C046I 
10 uF

.00460 
‘ 10 uF

2 AUDIO PA 12
5 NC 10
7 NC U0450
3 NC4
9 65CI7 1
I4NC 8
I5NC 13
6 II

ENABLE,

9.6V
VAG

• R04I7 
:ioK

,SBKEL±.Q_
SPKR HI.

C045I
‘O.IUF

:R0458
•2.2

C0452
'O.IUF

-R04I8
:iOK

C0406
'lOuF

CR0402

CR040I

SZL
CR0403

CR0404

-iT-
CR0400nr-

SPEAKER HI
MIC HI

IGNITION
VOI

V02

i

RFPA/ACCY CONN.

RADIO CONN. 
5V J0502

9.6V
A+

VAG.
V02
VOI

IGNITION
SPEAKER HI
SPEAKER LO

RX AUDIO
TX AUDIO

FILTERED AUDIO
MIC HI

DETECTED AUDIO

F

37

I

UNSW5V P050I 
VAG t__Jl3

9.1
15

22

MIC.H I.TO.COMPR.

23

HEARCLEAR CONN.

NOTES:
1. PTT IN SP CUSTOMER 

APPLICATIONS.
2. TX AUDIO IN SP CUSTOMER 

APPLICTIONS.
3. DET AUDIO IN SP CUSTOMER 

APPLICATIONS.

FROM FLUTTER FIGTHER
COMPAND ENABLE

FROM.COMPRE5SOR
FROM. EXP ANDOR

F.FEN.
TX AUDIO
RX AUDIO

DETECTED AUDIO.TO.F.F
_________ TO.EXPANDER

KEY.SELECT

<



parts list
HLN6024A Command Board

HLN6024A CIRCUIT BOARD
MXW-4662-A MXW-4662-A (2)

REFERENCE
SYMBOL

MOTOROLA
PART NO. DESCRIPTION

capacitor, fixed, uF, ±10%, 50V (unless otherwise stated)
C400 21-60521B37 0.1, ±5%, 25V
C401 21-11032A33 0.1
C402 23-62998B55 0.47, ±20%, 25V, tantalum
C403 23-62998B59 11 ±20%, 16V, tantalum
C406 23-62998B73 10, ±20%, 16V, tantalum
C407 21-11032A33 0.1
C408 23-62998B73 10, ±20%; 16V, tantalum
C409 21-11032A33 0.1
C411 21-11032A33 0.1
C413 21-11032A21 0.01
C416 23-62998B73 10, ±20%, 16V, tantalum
C417,418 21-11032A33 0.1
C419 21-11032A16 .0039
C420,421 21-11032A33 0.1
C451-454 21-60521B37 0.1, ±5%, 25V
C455 21-11031A47 220 pF, ±5%
C456 23-80090M24 10, ±20%, electrolytic
C457 21-11032A33 0.1
C460,461 23-80090M06 10, ±20%, 16V, electrolytic
C473,474 21-60521C09 470, 25V
C476-478 21-60521C09 470, 25V
C480 21-60521C09 470, 25V
C500,501 23-62998B73 10, ±20%, 16V, tantalum
C502 21-11031A26 30 pF, ±5%
C503 23-62998B59 1, ±20%, 16V, tantalum
C504 21-11031A26 30 pF, ±5%
C505 23-62998B55 0.47, ±20%, 25V
C506,507 23-62998B73 10, ±20%, 16V tantalum
C508 23-62998B59 1, ±20%, 16V, tantalum
C520 21-11031A19 15 pF, ±5%
C521 21-11031A20 16 pF, ±5%
C522 21-11031A11 6.8, ±.5pF
C523,524 21-11032A21 .01
C526 23-62998B59 1, ±20%, 16V, tantalum
C527 21-60521B37 0.1, ±5%, 25V
C528-530 21-11032A21 .01
C532 23-62998B73 10, ±20%, 16V, tantalum
C533-535 21-11032A21 .01
C548 23-62998B59 1, ±20%, 16V, tantalum
C550-554 21-60521C09 470, 25V
C556-566 21-60521C09 470, 25V
C568-579 21-60521C09 470, 25V
C581-588 21-60521C09 470, 25V
C700 23-62998B66 3.3, ±20%, 16V, tantalum
C701 21-11032A33 0.1
C704,705 21-11032A33 0.1

^C706 23-62998B16 3.3,16V, tantalum
C707 23-62998B55 0.47, ±20%, 25V, tantalum
C708 21-11032A33 0.1
C709 23-62998B16 3.3,16V, tantalum
diode (see note)
CR400-404 48-82958R91 zener, 15V
CR500,501 48-80066M01 signal, type RSL4148
CR521 48-82958R91 zener, 15V
CR523 48-80066M01 signal, type RLS4148
CR524 48-82958R91 zener, 15V
CR527-530 48-82958R91 zener, 15V
CR534-538 48-82958R91 zener, 15V
fuse
F500 65-80011N01 3.5 amp fast blow
connector receptacle
J500A 09-80104M01 bottom entry, 24 contact
J502 09-80103M02 right angle, 38 contact
Jumper
JU502 06-11077A01 Oohm
JU709 06-11077A01 Oohm
coll, RF
L500 24-80140E16 inductor, 10 uH
L520 24-80140E16 inductor, 10 uH
L521 24-80289M16 inductor, 22 uH, ±3%
L523-531 24-80140E16 inductor, 10 uH
connector plug
P501 28-80102M01 vertical, 24 contacts
P503 28-80267M01 right angle, 26 contacts
P504 28-80102M04 vertical, 6 contacts
P505 09-80168M01 37 contacts
transistor (see note)
Q400 48-80141L01 PNP
Q401 • 48-80048M01 NPN
Q500 48-80182D45 PNP
Q501 48-80053M02 NPN
Q502 48-80182D46 NPN
Q503 48-80141L02 NPN
Q504 48-05128M27 PNP
Q505 48-80048M01 NPN
Q506 48-05128M27 PNP
Q520 48-80141L02 NPN
Q521 48-60182D46 NPN
Q538 48-80048M01 NPN
Q540 48-80048M01 NPN
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated) 
R400 06-11077B15 47k ■
R405 06-11077B11 33k
R406 06-11077B23 100k
R407 06-11077A74 Ik

REFERENCE 1 MOTOROLA DESCRIPTION
SYMBOL PART NO.

R408 j 06-11077A94 6.8k
R409 06-11077A74 Ik
R410 06-11077A94 6.8k
R413 06-11077B21 82k
R414 06-11077A74 Ik
R415 1 06-11077A68 560
R416-418 ! 06-11077A98 10k
R419 ! 06-11077B23 100k
R420 ! 06-11077A74 Ik
R421 06-11077A90 4.7k
R422 06-11077A74 Ik
R423 06-11077A68 560
R424 06-11077A74 Ik
R454 06-11077B23 100k
R455 06-11077B21 82k
R456 06-11077B11 33k
R457,458 06-11077A10 2.2
R500 06-11077A50 100
R501 06-11077A74 Ik
R502 06-11077A10 2.2
R503 06-11077A98 10k
R504 06-11077A74 Ik ■
R505,506 06-11077A58 220
R507 i 06-11077B15 47k
R508,509 06-11077B19 68k
R510 06-11077A98 10k
R511 06-11077A74 Ik
R512 06-11077A58 220
R513 06-11077A50 100
R514 06-11077A68 560
R515 06-11077A74 Ik
R516 06-11077B23 100k
R517 06-11077A10 2.2
R518 06-11077B15 47k
R519 06-11077A98 10k
R520 06-11077A74 Ik
R521 06-11077B15 • 47k
R522,523 06-11077A82 2.2k
R524 06-11077B23 100k
R525 06-11077A50 100
R526-531 06-11077B15 47k
R533 06-11077B15 47k
R534 06-11077A50 100
R535 06-11077B23 100k
R537 06-11077A82 2.2k
R538 06-11077B23 100k
R541,542 06-11077A98 10k
R543 06-11077A82 2.2k
R544 06-11077A98 10k
R546-548 1 06-11077A98 10k
R549 06-11077B23 100k
R550,551 06-11077A98 10k
R552 06-11077A82 2.2k
R553-557 06-11077A98 10k
R558 06-11077A74 Ik
R559 06-11077A98 10k
R560 06-11077A74 Ik
R563 06-11077B47 1 MEG
R564 06-11077A86 3.3k
R566 06-11077B15 47k
R568-572 06-11077A98 10k
R573 06-11077A74 Ik
R574 06-11077A98 10k
R577,578 06-11077A98 10k
R579,580 06-11077A74 Ik
R581 06-11077A98 10k
R700 06-11077A98 10k
R701,702 06-11077B15 47k
R704 06-11077B15 47k
R705 06-11077A98 10k
Integrated circuit (see note)
U400 51-83977M74 audio filter
U401 51-83222M49 quad op-amp, 22M49
U450 51-80065C17 bridge, audio amplifier 4.5 amp 20 watt
U500 51-83977M70 regulator, power control bipolar
U502 51-83977M73 digital-analog converter CMOS
U503 51-80056M02 precision voltage reference, 2.5V
U520 , 51-97024A01 microprocessor, MC68HC11A1CFN
U521 i 51-82862N09 gate array, HCA6312
U522 51-83977M72 serial input/output device
U523 51-84704M60 analog multiplexer, CMOS 04M60
U700 i 51-83977M75 signalling filter, CMOS
crystal (see note)
Y520 48-80173D10 crystal 7.9488 MHz

mechanical parts

26-80119M01 shield, command fence
75-05295B01 pad, crystal

i 54-80004N01 barcode label

R400 ' 40F500

39 . V

C409
C407

C70B‘
' 28 ‘ '

C'408 ■ 5 i ll
•' |r423'|

J500'
12 « Mo* 9 8 T' 6' S 4 3 2,1

0000000:00:00:0

L530

C456CR52I

46 R54I

U500

.522

C500 CR5O0^ P503
25’- : ^

Q5000502

n_n
SOLDER SIDE ; 6PW-4692-0

COMPONENT SIDE GPW-4691-0

OVERLAY ■■ GXW-4693W0I-A COMPONENT SI DE VI EW

RVI'5'

fV» * *

C707

0506'

_ fcvi

o;o 0:00:00 0:0 o;op

0400 L525 T

4 CRS23

0505' U503

0538

0520

SOLDER SI DE VI EW

SOLDER SIDE V GPW-4692-0

COMPONENT SIDE ' GPW-4691-0

OVERLAY M GXW-4693W02-A

03/31/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.
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P0503 RFPA/ACCY.
B+ CONN.SVj/t HLN6062A SCHEMATIC

NQTE„,3.
NOTE 2
NOTE-
EMERGENCY.
BUS.Y-
aus:
aiiS:

J0502 RADIO
CONN.

UNSW5V 
SWB

OPT SPARE
BATT STQ
RX-DAIA-
RIJR-
ausj

FMFROFNOY
NOTE I
NOTE 2
NOTE 3
KEYED SLOT

TX DATA
RESET-
CHANNEL ACTIVITY.

PTT

P050I HEARCLEAR
CONN.

NOTE I___________

JU0500 
FUSED A+

NOTE 2.
NQTF 3

RPCIC. EN
RESET
FUSED-A+-
RSSI

P0504 RX FRONT END 
CONN.

4 IRSSI__________ 4______

UNSj^SV 

SWB +

UNSW5VFIL

CR0529 
——

15V
CR0528 
--- -----

15V
CR0527

NOTE 4

15V

CR0530
--- Hr-

15V

NOTE 4 SWB +

NOTE 4

C0548
-3F
luF

5V

R0528
47K

CR0524

CR0534

-tT-
CR0535

CR0538
---

15V
CR0537

CR0536

9.6V SOLDER JUMPER 
FOR BOOTSTRAP

UNSW5V

CB/CH
LOW V DET.

+5V
+5V

RES SWB+
BUS-
BUS +
BUSY

R0527

47K

NC
EMERG.RES.

TX DATA
SYSTEM RESET

CHANNEL ACTIVITY

UNSW5V_
t R0524 

I—-VW-

C0527
—K—

O.luF

R0529 
—WW- 

47K

PTT
IRQ R-C

RESET FIL.

lOOK C0524
---
O.OluF

JU0502

2 PROBE

J0500A RF BOARD 
CONN.

RSSI____________
DATA.
■CLQ.QK.
CHANNEL .AC.TLVJTY-

CHAN. ACTIVITY

C0477
470PF

SQUELCH MUTE.

_]_C0478
T470PF

47K

R053I
-Wv— squElcH mute
47K

II

6 SERIAL 39
34 INPUT/ 20
I4 OUTPUT I9
3 IC 13
I2 U0522 II
28 24
I6 27
I7 40
lO 4I
26 42
3I 2
I8 44
9 (SIOIC) 33
23 30
37 29
25 8
7 4
32 38
22 2l
35 36
I5 43
5

A+

RX DATA
TX DATA
BUSY OUT
BUSY IN
IRQ
NC
SLIC RESET
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NC
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9.6/5V EN
EMERGENCY
SWB +
BUS RESET
BUS RESET 
PTT 

CH. ACT

BUS RESET

J-0520 
lOuH 

C0534 7^ItaOluF

^^585

luF
I+80526 I C0533
'TO. OluF

R0559
I---- VW-
± lOK

CR523
-w-

66M01 
R0560 
—VW-— 

IK

47K ^^553 RPCIC EN. U0522-I5

TP2

FWn PWR MON
TX PA ENABLE. R0542 r -WV—A- 

lOK

(^0554

_25 microcomputer34 mDC/TRK RX DATA-

C0584
■MQN-B:

XIRQ

CQ583

^^0582
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■VRL.
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RX DATA

:0581

:0561

^^0562
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C0587 lOK
R0534 R0535
———WV

100 lOOK
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47K

R0563 
WV- 
IM

C052I
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BUSY OUT
■ BUS.Y—LN-
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■DATA.
CLOCK

RSSI.
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■EX.TAL
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,uP RESET.

MODE B
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a Y0520
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L052I
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00520
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2.2K 
R0544
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RESET.
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FCI QCK
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4 C0500
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-----W—
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48M0I J_ O.luF
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SWB +
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C0452
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C04I3
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RADIO CONN. 
5V J0502
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R0458 
2.2

R0457 
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lOK
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NOTES:
PTT IN SP CUSTOMER 
APPLICATIONS.
TX AUDIO IN SP CUSTOMER 
APPLICTIONS
DET AUDIO IN SP CUSTOMER 
APPLICATIONS 
THIS PART NOT USED 
ON HLN6062A.

C04^ R0405 R0406

C04I9
)1 R0420 

AAA
3900PF IKR04I3

MIC.H I.TO.COMPR.
FROM FLUTTER FIGTHER

COMPAND ENABLE
FROM.COMPRESSORL0500

FROM.EXP ANDOR
F.FENC0700
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JU0522 OUT
JU0709 IN
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REFERENCE
SYMBOL

MOTOROLA
PART NO.

DESCRIPTION

capacitor, fixed, uF, ±5%, 50V (unless otherwise stated)
C400 21-13741B45 0.01
C401 21-13741B69 0.1
C402 23-62998B55 0.47, ±20%, 25V, tantalum
C403 23-62998B59 1, ±20%, 16V, tantalum
C406 23-62998B73 10, ±20%, 16V, tantalum
C407 21-13741B69 0.1
C408 23-62998B73 10, ±20%, 16V, tantalum
C409 21-13741B45 0.01
C411 23-62998B55 0.47, ±20%, 25V, tantalum
C413 21-13741B45 0.01
C416 23-62998B73 10, ±20%, 16V, tantalum
C417 21-13741B45 0.01
C418 21-13741B69 0.1
C419 21-13741B35 0.0039
C420,421 21-13741B45 0.01
C451-454 21-13741B69 0.1
C455 21-13740B57 220 pF
C456 23-80090M24 10, ±20%, electrolytic
C457,458 21-13741B69 0.1
C460,461 23-80090M06 10, ±20%, 16V, electrolytic
C474 21-13741A13 470 pF
C476-478 21-13741A13 470 pF
C480 21-13741A13 470 pF
C500,501 23-62998B73 10, ±20%, 16V, tantalum
C502 21-13740B36 30 pF
C503 23-62998B59 1, ±20%, 16V, tantalum
C504 21-13740B36 30 pF
C505 23-62998B55 0.47, ±20%, 25V, tantalum
C506,507 23-62998B73 10, ±20%, 16V, tantalum
C508 23-62998B59 1, ±20%, 16V, tantalum
C520 21-13740B29 15 pF
C521 21-13740B30 16 pF
C522 21-13740B21 6.8 pF ± 0.25 pF
C523,524 21-13741B45 0.01
C526 23-62998B59 1, ±20%, 16V, tantalum
C527 21-13741B69 0.1
C528-530 21-13741B45 0.01
C532 23-62998B73 10, ±20%, 16V, tantalum
C533-535 21-13741B45 0.01
C548 23-62998B59 1, ±20%, 16V, tantalum
C554 21-13741A13 470 pF
C556-559 21-13741A13 470 pF
C561-566 21-13741A13 470 pF
C569-572 21-13741A13 470 pF
C574-579 21-13741A13 470 pF
C581-586 21-13741A13 470 pF
C588 21-13741A13 470 pF
C700 23-62998B16 3.3, ±10%, 16V
C701 21-13741B69 0.1
C704,705 21-13741B69 0.1
C706 23-62998B16 3.3, ±10%, 16V, tantalum
C707 23-62998B55 0.47, ±20%, 25V, tantalum
C708 21-13741B45 0.01
C709 23-62998B16 3.3, ±10%, 16V, tantalum

diode (see note)
CR400-402 48-82958R91 zener, 15V (HLN6062B ONLY)
CR404 48-82958R91 zener, 15V (HLN6062B ONLY)
CR500,501 48-80066M01 signal, type RSL4148
CR524 48-82958R91 zener, 15V (HLN6062B ONLY)
CR530 48-82958R91 zener, 15V (HLN6062B ONLY)
CR534-536 48-82958R91 zener, 15V (HLN6062B ONLY)
CR538 48-82958R91 zener, 15V (HLN6062B ONLY)

fuse
F500 65-80011N01 3.5 amp fast blow

connector receptacie
J500A 09-80104M01 bottom entry, 24 contact
J502 09-80103M02 right angle, 38 contact

Jumper
JU502 06-11077A01 0
JU709 06-11077A01 0

coii, RF
L500 24-80140E16 Inductor, lOuH
L520 24-80140E16 inductor, lOuH
L521 24-80289M16 inductor, 22uH, ±3%
L523-531 24-80140E16 inductor, lOuH

connector piug
P501 28-80102M01 vertical, 24 contacts
P503 28-80267M01 right angle, 26 contacts
P505 09-80168M01 37 contacts

transistor (see note) •
Q400 48-80141L01 PNP
Q401 48-80048M01 NPN
Q500 48-80182D45 PNP
Q501 48-80053M02 NPN
Q502 48-80182D46 NPN
Q503 48-80141L02 NPN
Q504 48-05128M27 PNP
Q505 48-80048M01 NPN
Q506 48-05128M27 PNP
Q520 48-80141L02 NPN
Q521 48-80182D46 NPN
Q538 48-80048M01 NPN

REFERENCE
SYMBOL

MOTOROLA 
PART NO.

DESCRiPTiON

resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R400 06-11077B15 47k
R405 06-11077B11 33k
R406 06-11077B23 100k
R407 06-11077A74 Ik
R408 06-11077A94 6.8k
R409 06-11077A74 Ik
R410 06-11077A94 6.8k
R413 06-11077B21 82k
R414 06-11077A74 Ik
R415 06-11077A68 560
R417,418 06-11077A98 10k
R420 06-11077A74 Ik
R421 06-11077A90 4.7k
R422 06-11077A74 Ik
R423 06-11077A68 560
R424 06-11077A74 Ik
R454 06-11077B23 100k
R455 06-11077B21 82k
R456 06-11077B11 33k
R457,458 06-11077A10 2.2
R500 06-11077A50 100
R501 06-11077A74 Ik
R502 06-11077A10 2.2
R503 06-11077A98 10k
R504 06-11077A74 Ik
R505,506 06-11077A58 220
R507 06-11077B15 47k
R508,509 06-11077B19 68k
R510 06-11077A98 10k
R511 06-11077A74 Ik
R512 06-11077A58 220
R513 06-11077A50 100
R514 06-11077A68 560
R515 06-11077A74 Ik
R516 06-11077B23 100k
R517 06-11077A10 2.2
R520 06-11077A74 Ik
R521 06-11077B15 47k
R522 06-11077A78 1.5k
R523 06-11077A82 2.2k
R524 06-11077B23 100k
R525 06-11077A50 100
R526-531 06-11077B15 47k
R537 06-11077A82 2.2k
R538 06-11077B23 100k
R542 06-11077A98 10k
R543 06-11077A82 2.2k
R544 06-11077A98 10k
R546,547 06-11077A98 10k
R549 06-11077B23 100k
R550,551 06-11077A98 10k
R552 06-11077A82 2.2k
R554,555 06-11077A98 10k
R557 06-11077A98 10k
R558 06-11077A74 Ik
R563 0&-11077B47 1 MEG
R564 06-11077A86 3.3k
R568-572 06-11077A98 10k
R573 06-11077A74 Ik
R574 06-11077A98 10k
R577,578 06-11077A98 10k
R579,580 06-11077A74 Ik
R581 06-11077A98 10k
R700 06-11077A98 10k
R701,702 06-11077B15 47k
R704 06-11077B15 47k
R705 06-11077A98 10k

integrated circuit (see note)
U400 51-83977M74 audio filter
U401 51-83222M49 quad op-amp, 22M49
U450 51-80065C17 bridge, audio amplifier 4.5 amp 20W
U500 51-83977M70 regulator, power control bipolar
U502 51-83977M73 digital-analog converter CMOS
U503 51-80056M02 precision voltage reference, 2.5V
U520 51-97024A01 microprocessor, MC68HC11A1CFN
U521 51-82862N09 gate array, HCA6312
U522 51-83977M72 serial Input/output device
U523 51-84704M60 analog multiplexer, CMOS 04M60
U700 51-83977M75 signalling filter, CMOS

crystai (see note)
Y520 48-80173D10 crystal 7.9488 MHz

mechanical parts
26-80119M01 shield, command fence
75-05295B01 pad, crystal
54-80004N01 barcode label

note: For best performance, order diodes, transistors, and 
Motorola part number.
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REFERENCE
SYMBOL

MOTOROLA
PART NO.

DESCRIPTION

capacitor, fixed, uF, ±10%, 50V (unless otherwise stated)
C400 21-60521B37 0.1, ±5%, 25V
C401 21-11032A33 0.1
C402 23-62998B55 0.47, ±20%, 25V, tantalum
C403 23-62998B59 1, ±20%, 16V, tantalum
C406 23-62998B73 10, ±20%, 16V, tantalum
C407 21-11032A33 0.1
C408 23-62998B73 10, ±20%, 16V, tantalum
C409 21-11032A33 0.1
C411 23-62998B55 0.47, ±20%, 25V, tantalum
C413 21-11032A21 0.01
C416 23-62998B73 10, ±20%, 16V, tantalum
C417,418 21-11032A33 0.1
C419 21-11032A16 0.0039
C420 21-11032A33 0.1
C451-454 21-60521B37 0.1, ±5%, 25V
C455 21-11031A47 220 pF, ±5%
C456 23-80090M24 10, ±20%, electrolytic
C457,458 21-11032A33 0.1
C460,461 23-80090M06 10, ±20%, 16V, electrolytic
C473,474 21-60521C09 470, 25V
C476-478 21-60521C09 470, 25V
C480 21-60521C09 470, 25V
C500,501 23-62998B73 10, ±20%, 16V, tantalum
C502 21-11031A26 30 pF, ±5%
C503 23-62998B59 1, ±20%, 16V, tantalum
C504 21-11031A26 30 pF, ±5%
C505 23-62998B55 0.47, ±20%, 25V, tantalum
C506,507 23-62998B73 10, ±20%, 16V, tantalum
C508 23-62998B59 1, ±20%, 16V, tantalum
C520 21-11031A19 15 pF, ±5%
C521 21-11031A20 16 pF, ±5%
C522 21-11031A11 6.8 pF, ±5%
C523,524 21-11032A21 0.01
C526 23-62998B59 1, ±20%, 16V, tantalum
C527 21-60521B37 0.1, ±5%, 25V
C528-530 21-11032A21 0.01
C532 23-62998B73 10, ±20%, 16V, tantalum
C533 21-11032A21 0.01
C534,535 21-11032A21 0.01
C548 23-62998B59 1, ±20%, 16V, tantalum
C550-553 21-60521C09 470, 25V
C554 21-60521C09 470, 25V
C556-566 21-60521C09 470, 25V
C5G8-572 21-60521C09 470, 25V
C574-579 21-60521009 470, 25V
C581-588 21-60521C09 470, 25V
C700 23-62998B16 3.3, +80,-20%
C701 21-11032A33 0.1
C704,705 21-11032A33 0.1
C706 23-62998B16 3.3, +80,-20%
C707 23-62998B55 0.47, ±20%, 25V, tantalum
C708 21-11032A33 0.1
C709 23-62998B16 3.3, +80,-20%

diode (see note)
CR40O-404 48-82958R91 zener, 15V
CR500,501 48-80066M01 signal, type RSL4148
CR521 48-82958R91 zener, 15V
CR523 48-80066M01 signal, type RSL4148
CR524 48-82958R91 zener, 15V
CR530 48-82958R91 zener, 15V
CR534-538 48-82958R91 zener, 15V

fuse
F500 65-80011N01 3.5 amp fast blow

connector receptacie
J500A 09-80104M01 bottom entry, 24 contact
J502 09-80103M02 right angle, 38 contact

Jumper
JU502 06-11077A01 0 ohm
JU709 06-11077A01 0 ohm

coil, RF
L500 24-80140E16 inductor, 10 uH
L520 24-80140E16 inductor, 10 uH
L521 24-80289M16 inductor, 22 uH, ±3%
L523-531 24-80140E16 inductor, 10 uH

connector plug
P501 28-80102M01 vertical, 24 contacts
P503 28-80267M01 right angle, 26 contacts
P504 28-80102M04 amp, 5 contacts
P505 09-80168M01 37 contacts

transistor (see note)
0400 48-80141L01 PNP
0401 48-80048M01 NPN
0500 48-80182D45 PNP
0501 48-80053M02 NPN
0502 48-80182D46 NPN
0503 48-80141L02 NPN
0504 48-05128M27 PNP
0505 48-80048M01 NPN
0506 48-05128M27 PNP
0520 48-80141L02 NPN
0521 48-80182D46 NPN
0538 48-80048M01 NPN
0540 48-80048M01 NPN

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R400 06-11077B15 47k
R405 06-11077B11 33k
R406 06-11077B23 100k
R407 06-11077A74 Ik
R408 06-11077A94 6.8k
R409 06-11077A74 Ik
R410 06-11077A94 6.8k
R413 06-11077B21 82k
R414 06-11077A74 Ik
R415 06-11077A68 560
R416-418 06-11077A98 10k
R419 06-11077B23 100k
R420 06-11077A74 Ik
R421 06-11077A90 4.7k
R422 06-11077A74 Ik
R423 06-11077A68 560
R424 06-11077A74 Ik
R454 06-11077B23 100k
R455 06-11077B21 82k
R456 06-11077B11 33k
R457,458 06-11077A10 2.2
R500 06-11077A50 100
R501 06-11077A74 Ik
R502 06-11077A10 2.2
R503 06-11077A98 10k
R504 06-11077A74 Ik
R505,506 06-11077A58 220
R507 06-11077B15 47k
R508,509 06-11077B19 68k
R510 06-11077A98 10k
R511 06-11077A74 Ik
R512 06-11077A58 220
R513 06-11077A50 100
R514 06-11077A68 560
R515 06-11077A74 Ik
R516 06-11077B23 100k
R517 06-11077A10 2.2
R518 06-11077B15 47k
R519 06-11077A98 10k
R520 06-;11077A74 Ik
R521 06-11077B15 47k
R522 06-11077A78 1.5k
R523 06-11077A82 2.2k
R524 06-11077B23 100k
R525 06-11077A50 100
R526-531 06-11077B15 47k
R533 06-11077B15 47k
R534 06-11077A50 100
R535 06-11077B23 100k
R537 06-11077A82 2.2k
R538 06-11077B23 100k
R541,542 06-11077A98 10k
R543 06-11077A82 2.2k
R544 06-11077A98 10k
R546-548 06-11077A98 10k
R549 06-11077B23 100k
R550,551 06-11077A98 10k
R552 06-11077A82 2.2k
R553-555 06-11077A98 10k
R557 06-11077A98 10k
R558 06-11077A74 Ik
R559 06-11077A98 10k
R560 06-11077A74 Ik
R563 06-11077B47 1 MEG
R564 06-11077A86 3.3k
R566 06-11077B15 47k
R568-572 06-11077A98 10k
R573 06-11077A74 Ik
R574 06-11077A98 10k
R577,578 06-11077A98 10k
R579,580 06-11077A74 , Ik
R581 06-11077A98 10k
R700 06-11077A98 10k
R701,702 06-11077B15 47k
R704 06-11077B15 47k
R705 06-11077A98 10k

integrated circuit (see note)
U400 51-83977M74 audio filter
U401 51-83222M49 quad op-amp, 22M49
U450 51-80065C17 bridge, audio amplifier 4.5 amp 20 watt
U500 51-83977M70 regulator, power control bipolar
U502 51-83977M73 digital-analog converter CMOS
U503 51-80056M02 precision voltage reference, 2.5V
U520 51-97024A01 microprocessor, MC68HC11A1CFN
U521 51-82862N09 gate array, HCA6312
U522 51-83977M72 serial Input/output device
U523 51-84704M60 analog multiplexer, CMOS 04M60
U700 51-83977M75 signalling filter, CMOS

crystal (see note)
Y520 48-80173D10 quartz, 7.9488MHZ

mechanical parts
26-80119M01 shield, command fence
75-05295B01 crystal pad
54-80004N01 label barcode

i

3/31/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.
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4. HLN6074A USES 39C27. HLN6064B USES 4IL0I. 
RECOMMENDED REPLACEMENT PART 39C27.
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JU9730 OUT
R9745 OUT
ROOOl OUT
JU0709 IN
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parts list
HLN6064B Command Board MXW-5774-A MXW-5774-A (2) MXW-5774-A (3)

I

I

I

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, uF, ±5%, 50V (unless otherwise stated)
C400 21-13741N45 0.01, ±10%
C401 21-13741N69 0.1, ±10%
C402 23-11049A35 0.47, ±20%, 25V, tantalum
C403 23-11049A37 1, ±20%, 25V, tantalum
C406 23-11049J26 10, ±20%, 16V, tantalum
C407 21-13741N69 0.1, ±10%
C408 23-11049J26 10, ±20%, 16V, tantalum
C409 21-13741N45 0.01, ±10%
C411 23-11049A35 0.47, ±20%, 25V, tantalum
C413 21-13741N45 0.01, ±10%
C416 23-11049J26 10, ±20%, 16V, tantalum
C417 21-13741N45 0.01, ±10%
C418 21-13741N69 0.1, ±10%
C419 21-13741N35 0.0039, ±10%
C420,421 21-13741N45 0.01, ±10%
C451-454 21-13741N69 0.1, ±10%
C455 21-13740B57 220 pF
C456 23-80090M24 10, ±20%, 50V, electrolytic
C457,458 21-13741N69 0,1, ±10%
C460,461 23-80090M06 10, ±20%, 16V, electrolytic
C474 21-13741M13 470 pF
C476-478 21-13741M13 470 pF
C480 21-13741M13 470 pF
C481 21-13741N21 .001, ±10%
C500,501 23-11049J26 10, ±20%, 16V, tantalum
C502 21-13740B36 30 pF
C503 23-11049A37 1, ±20%, 25V, tantalum
C504 21-13740B36 30pF
C505 21-11049A35 0.47, ±20%, 25V, tantalum
C506,507 23-11049J26 10, ±20%, 16V, tantalum
C508 23-11049A37 1, ±20%, 25V, tantalum
C510 21-13741N69 0.1, ±10%
C520 21-13740B29 15 pF
C521 21-13740B30 16 pF
C522 21-13740B17 4.7 pF, ±.25 pF
C523,524 21-13741N45 0.01, ±10%
C526 23-11049A37 1, ±20%, 25V, tantalum
C527 21-13741N69 0.1, ±10%
C528-530 21-13741N45 0.01, ±10%
C532 23-11049J26 10, ±20%, 16V, tantalum
C533 23-11049A37 1, ±20%, 25V, tantalum
C534,535 21-13741N45 0.01, ±10%
C548 23-11049A37 1, ±20%, 25V, tantalum
C549 21-13741M13 470 pF
C554 21-13741M13 470 pF
C556-559 21-13741M13 470 pF
C561-566 21-13741M13 470 pF
C569-572 21-13741M13 470 pF
C574-579 21-13741M13 470 pF
C580 21-13740B65 470 pF
C581-586 21-13741M13 470 pF
C588 21-13741M13 470 pF
C589 21-13740B65 470 pF
C700 23-11049J07 3.3, ±10%, 20V, tantalum
C701 21-13741N69 0.1, ±10%
C704,705 21-13741N69 0.1, ±10%
C706 23-11049J07 3.3, ±10%, 20V ,tantalum
C707 23-11049A35 0.47, ±20%, 25V, tantalum
C708 21-13741N45 0.01, ±10%
C709 23-11049J07 3.3, ±10%, 20V, tantalum
C800 21-13740B65 470 pF
C802-815 21-13741M13 470 pF
C816 21-13740B65 470 pF
C817-823 21-13741M13 470 pF
C860-864 21-13741M13 470 pF
C865-868 21-13740B65 470 pF
C869-872 21-13741 Ml 3 470 pF
C873,874 21-13740B65 470 pF
C875,876 21-13741M13 470 pF
C877 21-13740B65 470 pF
diode (see note)
CR500,501 48-80066M01 signal, type RSL4148
fuse
F500 65-80011N01 3.5 amp fast blow
connector receptacle
J500A 09-80104M01 bottom entry, 24 contact
J502 09-80103M02 right angle, 38 contact
Jumper
JU502 06-11077A01 0 ohm
JU514 06-11077A01 Oohm
JU709 06-11077A01 Oohm
coll, RF
L500 24-80067M01 inductor, 28Mz
L506 24-80067M01 inductor, 28Mz
L521 24-80289M16 inductor, 22uH, ±3%
L528 24-80067M01 inductor, 28Mz
connector plug
P501 28-80102M01 vertical, 24 contacts
P503 28-80267M01 right angle, 26 contacts
P505 09-80168M01 37 contacts
transistor (see note)
Q400 48-80141L01 PNP
Q401 48-80048M01 NPN
Q500 48-80182D45 PNP
Q501 48-80053M02 NPN

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

Q502 : 48-80182D46 NPN
Q503 . 48-80141L02 NPN
Q504 48-05128M27 PNP
Q505 48-80048M01 NPN
Q506 48-05128M27 PNP
Q520 48-80141L02 NPN
Q521 48-80182D46 NPN
Q538 48-80048M01 NPN
resistor, fixed, ohm, ±5%, 1/8 watt (unless othenvise stated)
R400 06-11077B15 47k
R405 06-11077B11 33k
R406 06-11077B23 100k
R407 06-11077A74 Ik
R408 06-11077A94 6.8k
R409 06-11077A74 Ik
R410 06-11077A94 6.8k
R413 06-11077B21 82k
R414 06-11077A74 Ik
R415 06-11077A68 560
R417,418 06-11077A98 10k
R420 06-11077A74 Ik
R421 06-11077B07 22k
R422 1 06-11077A74 Ik
R423 06-11077A68 560
R424 06-11077A74 Ik
R454 06-11077B23 100k
R455 06-11077B21 82k
R456 06-11077B11 33k
R457,458 06-11077A10 2.2
R500 06-11077A50 100
R501 06-11077A58 220
R502 : 06-11077A10 2.2
R503 06-11077A98 10k
R504 06-11077A74 Ik
R505,506 06-11077A58 220
R507 06-11077B15 47k
R508,509 06-11077B19 68k
R510 06-11077A98 10k
R511 06-11077A74 Ik
R512 06-11077A58 220
R513 06-11077A50 100
R514 06-11077A68 560
R515 06-11077A74 Ik
R516 06-11077B23 100k
R517 ! 06-11077A10 2.2
R518 06-11077A19 5.1
R520 06-11077A74 Ik
R521 06-11077B15 47k
R522 06-11077A78 1.5k
R523 06-11077A82 2.2k
R524 06-11077B23 100k
R525 06-11077A50 100
R526-531 06-11077B15 47k
R537 ; 06-11077A82 2.2k
R538 06-11077B23 100k
R542 06-11077A98 10k
R543 06-11077A82 2.2k
R544 06-11077A98 10k
R545 06-11077A50 100
R546,547 06-11077A98 10k
R549 06-11077B23 100k
R550,551 06-11077A98 10k
R552 06-11077A82 2.2k
R554,555 06-11077A98 10k
R557 06-11077A98 10k
R558 06-11077A74 Ik
R561,562 06-11077A50 100
R563 06-11077B47 1 MEG
R564 1 06-11077B07 22k
R565 1 06-11077A50 100
R567 06-11077A50 100
R570-572 06-11077A98 10k
R573 , 06-11077A74 Ik
R574 1 06-11077A98 10k
R575,576 06-11077A50 100
R577,578 06-11077A98 10k
R579,580 06-11077A74 Ik
R581-583 06-11077A98 10k
R584,585 06-11077A50 100
R586 , 06-11077A98 10k
R700 1 06-11077A98 10k
R701,702 06-11077B15 47k
R704 06-11077B15 47k
R705 06-11077A98 10k
integrated circuit (see note)
U400 51-83977M90 audio filter

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

mechanical parts
26-80119M01 shield, command fence
75-05295B01 pad, crystal
54-80004N01 barcode label

3/31/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motoroia part number.

HLN6064B CIRCUIT BOARD

J502-
CO "V ,»v-o '

'>'1| C4lB I'

F500 R400 ;40 ' '

D522' ' ' |r^29
C409' 7^ [cMl ! c4o7

U700

I .u

10480

C823l| >

! I '} A ^ IJ500A_

U450

in Itn C456

U520 0554

P504
z\ ' i

\P503’ ! ^
, Y520

GPW-5778-0SOLDER SIDE

GPW-5779-0COMPONENT SIDE

OVERLAY GXW-5780W0I-A
U401
U450
U500
U502
U503
U520
U521
U522
U523
U700

crystal (see note) 
Y520

51-83222M49 
51-80065C17 
51-83977M70 
51-83977M73 
51-80056M02 
51-97024A01 
51-82862N09 
51-83977M87 
51-84704M60 
51-83977M75

48-80173D10

quad op-amp, 22M49 
bridge, audio ampiifier 4.5 amp 20W 
regulator, power control bipolar 
digital-analog converter CMOS 
precision voltage reference, 2.5V 
microprocessor, MC68HC11A1CFN 
gate array, HCA6312 
serial input/output device 
analog multiplexer, CMOS 04M60 
signalling filter, CMOS

crystal 7.9488 MHz 4.00 MHz

COMPONENT SIDE VIEW

'"•s .'7 S'] 7i 0 7; 0:
1 rj[rf J 1} <-■) A

R4T4~ II R4l5j ;/ r;

—^

'?>506!);IS

m I i ?! \ 2

V V y4 tU

<< SI

XiO ;

Q520

SOLDER SIDE 
COMPONENT SIDE 

OVERLAY

GPW-5778-0

GPW-5779-0

GXW-5780W02-A

SOLDER SIDE VIEW
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P0503 RFPA/ACCY. 
SVe+ CONN.

HLN6074A SCHEMATIC UNSW5V UNSW5VFIL
R05I8

+C0526 JLC0533 
luF TIuF

DVP KID/DET AUDIO ?kC0534DVP KEY/TX AUDIO O.OluF
DVPWE
EMERGENCY

. R0586 
I—VW 

lOK

BUSY CSbO
BUS+

C0585C870 R058I R052I
9,SV SOLDER JUMPER 

FOR BOOTSTRAP
SW 3+ +

lOK
R0580 

VW
C0583 IK

XIRQ0584
UNSW5VFILUNSW5V JU0522

J0502 RADIO SVVB+ 
CONN. J

R0579 
VW

C0582 IK

C0548 R0526

RX DATAR0578R0528 TX DATA
UNSW5V BUSY OUTR0577J_C8I3 J_C807_LC805 BUSY IN

R576BATT STO
RX DATA

DATA
CLOCK

bus-
serial 
INPUT/ 

OUTPUT 
1C

U0522

100
I R0557 

C0587 l0K

BUS+ PROBE
RX DATACB/CHBUSY XTAL
TX DATADET.OPT SPARE EXTAL
BUSY OUT , R0534 R0535 

■ VW VWEMERGENCY
BUSY INDVPWE/PTT NOTE I NOTE I NOTE 1C804 RES SWB+DVP KEY/TX AUDIO CR052I

SLic reset
BUS-DVP KID/DET AUDIO NOTE I NOTE I up RESET
BUS+C800KEYED SLOT
BUSY ODE A

TX DATA R0527 EMERG.RES. I C052I JLC0520TX DATACHANNEL ACTIVITY ^ Y0520 
7.9488MHZJ_C8I2 JC802

III
9.6/5V ENSYSTEM RESET (SIOIC) LOS 21

CHANNEL ACTIVITY EMERGENCY
UNSW5VFIL

BUS RESET R0549IRQ R-C
^JUOSOO

FUSED
UNSW5V

t R0524 
I—-VW

BUS RESETRESET FIL.
4.7PF

Q0520
4IL02

CHLACT
R0538

HEARCLEAR 
CONN.

DTMF DIGIT VALID/

P050I ROSSO RESETUNSW5VF1L
JU0502

DVP KEY/TX AUDIO I C0523DVP KID/DET AUDIO FCLQCKO.OluF
SI 1C RFRFT

RPCIC

FUSED A4- UNSW5VFILC0579 
----- 1RSSI

LOAD/DwP RX NOTE
R0555M SO

lOK
R583
VW

C573 
NOTE IO.OluF

P0504 ^RX FRONT END CONN. MU 3 9
r>TMF mClT VAI IDCO 5 78►TO R9745 

TO JU9730
R0574NOTE I

9.6V / 5V ENABLE
EMERSENCjlR0573BUS RESET

PROBE RIIS RESET

BUS RESET.
R0530

VW CHAN. ACTIVITY j^0575
ic0477
T470PF

R057I CHANNEL ACTIVITY.
J0500A RF BOARD 

CONN
RS.SJ

SQllFI CH MUTE
C0574

I OAn/nvp RYR0570CH. Activity
SYNTHESIZER SELECTR053I

VW SQUELCH MUTE lOK
R0554

VW
lOK

PRFSrai FR SFI FHT
SQ.' MOTEr.i ocK C0478

470PF UNSW5VF L
ACTIVITY jCOSBO

SnilFI nH MIITF
SYNTHESIZER SFI FCT lOK

R584
VW

C0570
PRFSCAI FR SFI FCT _LC0528 J.C0530

O.OluF0.0 uFC0569
RPCIC EN. 00538 BASE 
DATA U0700-I4 
CLOCK U0700-I3

RPCIC EN. U0522-I5

TX PA ENABLE

25 MICROCOMPU'rER34
50 U0520 28
44 3I
|8 43
26 29

48
5I 32
22 27
20 49
2I 47
30 42
33 4I
I9 40
23 39
24 38
46 37
45 MC68HCIIA8 36
8 35
7 9
5 lO
4 II
6 I2
I7 I3
2 I4
3 I5
52 I6

lOK

TX PA ENABLE
Q0538

FWD BUF OUTR0543VW R0508

R0507R0509

_^^554

MDC/TRK RX DATA
MDC/TRK TX DATA
PL/DPL TX DATA/STROBE

C0556 
R0544j—If

PL/DPL RX DATA 100
DTMF/ALERT TONES
NC
I200HZ TO uP

A9
AlO
All
AI2
AI3
AI4
AI5
po
D| '
D2
D3
D4
D5
D6

s

D7 '

rPi UNSW5VFIL
T R0558 4—-A?W----JU0520

I JU052I
LOCK

8 SUPPORT 32
47 LOGIC IC 3I
33 U052I 30
35 |. 28
34 23

2I
I2 I9
38 I7
56 ! 5
II 4
43 66
27 65
24 63
25 55
39 53
7 5I
40 (SLIC) 36
IB 37
20 45
49 46
2 i 58
22

i
; 59

29 68
54 3
6 52
48 ! 42
4I I 62
9 ' 64
6I 50
lO I4
26 I3
44 I I5
60 ^ I6
67 , 57

CO 55 8

lOK C0559 
R0547 I—1( —

lOK

R0552
-VW—

jC0567

NOTE I
2.2K

AFIC SFI FCT
DA 1C SFI FCT

R055I 
—VW— 

lOK 
R56I 

—VW— 
100 

R562 
—VW—

(C0563

|:0566

C0564

100 
R565

----- VW-
100

SFIC SELECT

(C0565

P0505
UNSW5VFIL

r

26
13
14
23
15 
22
16
19
24
25
9
29
7
34
3 
2
8
30
31 
6 
5
32 
28
10 
37

36
17 
21
20
18
33
4 
12

dr —VW— —VW-i 
68K 47KL

TEMP.
47K IBFT B.QUT

CONT AMP IN

00521 UNS.W5V

5V REFr

iLcosoo
TlOuFR0522

O.OluF

6
U0503 T
56M02 -

9.6V SENSE

CR0500 \K9.4\
66M0I

Q0500
82D45 R0525

A+/B+

R050

C0508
Q050I 
53M02 

C0506 
lOuF

9.6 ,DR

R0500

C05I0 O.luF ^

DIMr/ALbH ICNbo

DA C SEL

33 REGULATOR/37
35 POWER 4
II CONTROL 38
8 IC I3
I2 9
7 (RPCIC) 42
2 U0500

20
27
24
44

5 2I
25 I8
26 43
28 lO
29
30 34

36
17 I5

I6
I9
I4

39 I
3

32 22
4I
3I

40
23 6

CONT VOLT LIMIT

FWD DET. VOLT
CONT AMP OUT

._C877 
‘470

A+ 5V
R05I4
560

ENABLE
CONT 1 AMP REF

R0503
n(oK

C0504
30PF

R05I5 
IK

9. P0503

■ C872 ^C864
UQ523B"

GUARD RING

<R0564
>22K

5V

C04I7 
—1(— 

-L .OIuF

9.6V FILTER 9.6V
5V COMP

COSOS

0.47uF
R05I2 : 

220'

5V I SENSE
5V DRIVE
_l 5Y
SENSE

CLOCK-
DATA

MDC/TRK RX
MDC/TRK TX

I200HZ TO uP
NC

SFIC SEL

5V
C0708
—K-----

.OIuF < 
JU0709 

C07q?<

3.3uF

NORM.
IN

C0707

0.47uF
C070^

HS CAP

3.3uF LS 
C0705

NC
NC.
NC

O.luF 
R0704 
—VW— 

47K

30 SIGNALING 8
II FILTER I3
5 IC I4
4 (SFIC) 9
I5 U0700 lO
37 I2
4I I6

I7
I8

20
27 22

24
26
28

I 29
23 I9
43 2I

33
39

3 34
6 36
7 38
3I 40
32 25
35 42
2 44

TO J0500A-I9 
TO J0500A-I8
5V

C050I
-±^(r

lOuF 
C0502 
----1(—

30PF
C0503

luF
R05I6
lOOK

lOuF

5V
R0502

—VW-------
2.2

R05I7 ■

2-2 A+ 
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82D46

C04I8
He-
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C0400
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C040I
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C0403

luF
R0400 
—s/VX/— 

47K
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VAG BYP
IPLCAP 

PPL

'AFIC~SEi:
CLOCK

PL / PPL TX DATA / STROBE
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DATA

I LIM SET
TX PWR SET

7 AUDIO FILTER
I9 IC
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24

(AFIC)

U0400

5
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20 lO
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32 43
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I4 42

. 36 3

. 34 38

. 33 29
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Vcc
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KEY SLOT 
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CONT VOLT LIMIT

CURRENT SENSE -
TEMP SENSE
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VAG

•R04I7 
:ioK

► R04I8 1Lc0406 
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.C045I
O.lUF

R0458
2.2

C0452
•O.IUF

R0457
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5V

C8I6

NOTE I 
ROOOI< 
loK:

JU05I4 JU05II 
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NOTE I
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SPEAKER HI
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J0502
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NOTE :
1. NOT INSTALLED.

2. CAPACITORS WITH NO VALUES ARE 470pF.
3. ALL RESISTANCES ARE IN OHMS. AND ALL 

CAPACITANCES ARE IN PICOFARADS UNLESS 
OTHERWISE INDICATED.

4. HLN6074A USES 39C27. HLN6064B USES 4IL0I. 
RECOMMENDED REPLACEMENT PART 39C27.

TO.EXPANDER
CLOCK

TO P050M2
JU9730
-O------ GXW-6298-

JUMPER STANDARD
JU0500 OUT
JU0502 IN
JU05I0 OUT
JU05II OUT
JU05I2 OUT
JU05I3 OUT
JU05I4 IN
JU0520 OUT
JU052I OUT
JU0522 OUT
JU9730 OUT
R9745 OUT
ROOOl OUT
JU0709 IN
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parts list
HLN6074A Command Board MXW-6293-0 MXW-6293-0 (2) MXW-6293-0 (3)

I

I

I

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, uF, ±5%, 50V (unless otherwise stated)
C400 21-13741N45 0.01, ±10%
C401 21-13741N69 0.1, ±10%
C402 23-11049A35 0.47, ±20%, 25V, tantalum
C403 23-11049A37 1, ±20%, 25V, tantalum
C406 23-11049J26 10, ±20%, 16V, tantalum
C407 21-13741N69 0.1, ±10%
C408 23-11049J26 10, ±20%, 16V, tantalum
C409 21-13741N45 0.01, ±10%
C411 23-11049A35 0.47, ±20%, 25V, tantalum
C413 21-13741N45 0.01, ±10%
C416 23-11049J26 10, ±20%, 16V, tantalum
C417 21-13741N45 0.01, ±10%
C418 - 21-13741N69 0.1, ±10%
C419 21-13741N35 0.0039, ±10%
C420,421 21-13741N45 0.01, ±10%
C451-454 21-13741N69 0.1, ±10%
C455 21-13740B57 220 pF
C456 23-80090M24 10, ±20%, 50V, electrolytic
C457,458 21-13741N69 0.1, ±10%
C460,461 23-80090M06 10, ±20%, 16V, electrolytic
C474 21-13741M13 470 pF
C476-478 21-13741M13 470 pF
C480 - 21-13741M13 470 pF
C481 21-13741N21 .001, ±10%
C500,501 23-11049J26 10, ±20%, 16V, tantalum
C502 21-13740B36 30 pF
C503 23-11049A37 1, ±20%, 25V, tantalum
C504 21-13740B36 30pF
C505 21-11049A35 0.47, ±20%, 25V, tantalum
C506,507 23-11049J26 10, ±20%, 16V, tantalum
C508 23-11049A37 1, ±20%, 25V, tantalum
C510 21-13741N69 0.1, ±10%
C520 21-13740B29 15 pF
C521 21-13740B30 16 pF
C522 21-13740B17 4.7 pF, ±.25 pF
C523,524 21-13741N45 0.01, ±10%
C526 23-11049A37 1, ±20%, 25V, tantalum
C527 21-13741N69 0.1, ±10%
C528-530 21-13741N45 0.01, ±10%
C532 23-11049J26 10, ±20%, 16V, tantalum
C533 23-11049A37 1, ±20%, 25V, tantalum
C534,535 21-13741N45 0.01, ±10%
C548 23-11049A37 1, ±20%, 25V, tantalum
C549 21-13741M13 470 pF
C554 21-13741M13 470 pF
C556-559 21-13741 Ml 3 470 pF
C561-566 21-13741 Ml 3 470 pF
C569-572 21-13741M13 470 pF
C574-579 21-13741M13 470 pF
C580 21-13740B65 470 pF
C581-586 21-13741M13 470 pF
C588 21-13741M13 470 pF
C589 21-13740B65 470 pF
C700 23-11049J07 3.3, ±10%, 20V, tantalum
C701 21-13741N69 0.1, ±10%
C704,705 21-13741N69 0.1, ±10%
C706 23-11049J07 3.3, ±10%, 20V ,tantalum
C707 23-11049A35 0.47, ±20%, 25V, tantalum
C708 21-13741N45 0.01, ±10%
C709 23-11049J07 3.3, ±10%, 20V, tantalum
C800 21-13740B65 470 pF
C802-815 21-13741 Ml 3 470 pF
C816 21-13740B65 470 pF
C817-823 21-13741M13 470 pF
C860-864 21-13741M13 470 pF
C865-868 21-13740B65 470 pF
C869-872 21-13741M13 470 pF
C873,874 21-13740B65 470 pF
C875,876 21-13741M13 470 pF
C877 21-13740B65 470 pF
diode (see note)
CR500,501 48-80066M01 signal, type RSL4148
fuse
F500 65-80011N01 3.5 amp fast blow
connector receptacle
J500A 09-80104M01 bottom entry, 24 contact
J502 09-80103M02 right angle, 38 contact
lumper
JU502 06-11077A01 Oohm
JU514 06-11077A01 Oohm
JU709 06-11077A01 Oohm
coil, RF
L500 24-80067M01 inductor, 28Mz
L506 24-80067M01 inductor, 28Mz
L521 24-80289M16 inductor, 22uH, ±3%
L528 24-80067M01 inductor, 28Mz
connector plug
P501 28-80102M01 vertical, 24 contacts
P503 28-80267M01 right angle, 26 contacts
P505 09-80168M01 37 contacts
transistor (see note)
Q400 48-84939C27 PNP
Q401 48-80048M01 NPN
Q500 48-80182D45 PNP
Q501 48-80053M02 NPN

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

Q502 , 48-80182D46 NPN
Q503 1 48-80141L02 NPN
Q504 48-05128M27 PNP
Q505 48-80048M01 NPN
Q506 48-05128M27 PNP
Q520 48-80141L02 NPN
Q521 ' 48-80182D46 NPN
Q538 ; 48-80048M01 NPN
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

mechanical parts
26-80119M01 shield, command fence
75-05295B01 pad, crystal
54-80004N01 barcode label

3/31/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motoroia part number.

HLN6074A CIRCUIT BOARD

R400 ! 06-11077B15 47k
R405 06-11077B11 33k
R406 06-11077B23 100k
R407 06-11077A74 Ik
R408 06-11077A94 6.8k
R409 06-11077A74 1k
R410 06-11077A94 6.8k
R413 06-11077B21 82k
R414 06-11077A74 Ik
R415 06-11077A68 560
R417,418 06-11077A98 10k
R420 06-11077A74 Ik
R421 06-11077B07 22k
R422 06-11077A74 Ik
R423 06-11077A68 560
R424 06-11077A74 Ik
R454 06—11077B23 100k
R455 06-11077B21 82k
R456 06-11077B11 33k
R457,458 06-11077A10 2.2
R500 06-11077A50 100
R501 06-11077A58 220
R502 06-11077A10 2.2
R503 06-11077A98 10k
R504 06-11077A74 Ik
R505,506 06-11077A58 220
R507 06-11077B15 47k
R508,509 06-11077B19 68k
R510 06-11077A98 10k
R511 1 06-11077A74 Ik
R512 06-11077A58 220
R513 06-11077A50 100
R514 06—11077A68 560
R515 06-11077A74 Ik
R516 06-11077B23 100k
R517 06-11077A10 2.2
R518 06-11077A19 5.1
R520 06-11077A74 Ik
R521 06-11077B15 47k
R522 06-11077A78 1.5k
R523 06-11077A82 2.2k
R524 06-11077B23 100k
R525 06-11077A50 100
R526-531 06-11077B15 47k
R537 05-11077A82 2.2k
R538 06-11077B23 100k
R542 06-11077A98 10k
R543 06-11077A82 2.2k
R544 06-11077A98 10k
R545 06-11077A50 100
R546,547 06-11077A98 10k
R549 06-11077B23 100k
R550,551 06-11077A98 10k
R552 06-11077A82 2.2k
R554,555 06-11077A98 10k
R557 06-11077A98 10k
R558 06-11077A74 Ik
R561,562 j 06-11077A50 100
R563 ; 06-11077B47 1 MEG
R564 06-11077B07 22k
R565 06-11077A50 100
R567 06-11077A50 100
R570-572 06-11077A98 10k
R573 06-11077A74 Ik
R574 06-11077A98 10k
R575,576 1 06-11077A50 100
R577,578 I 06-11077A98 10k
R579,580 06-11077A74 Ik
R581-583 06-11077A98 10k
R584,585 06-11077A50 100
R586 06-11077A98 10k
R700 06-11077A98 10k
R701,702 06-11077B15 47k
R704 06-11077B15 47k
R705 06-11077A98 10k
Integrated circuit (s;ee note)
U400 51-83977M90 audio filter
U401 51-83222M49 quad op-amp, 22M49
U450 51-80065C17 bridge, audio amplifier 4.5 amp 20W
U500 51-83977M70 regulator, power control bipolar
U502 51-83977M73 digital-analog converter CMOS
U503 : 51-80056M02 precision voltage reference, 2.5V
U520 ! 51-97024A01 microprocessor, MC68HC11A1CFN
U521 1 51-82862N09 gate array, HCA6312
U522 1 51-83977M87 serial input/output device
U523 ! 51-84704M60 analog multiplexer, CMOS 04M60
U700 51-83977M75 signalling filter, CMOS

crystal (see note) '
Y520 1 48-80173D10 crystal 7.9488 MHz 4.00 MHz

J502
^ /I IJ) ^'4

R400F500

39 ' '

C407
U700, \ <\

29 ^ / ;> I

18' ‘xl "V AV*)

I f > '<’4>

U450

^ ' dR52i')
} ro ll in 

ro ro 
in in to |oo

C456

" 34/

/ICS56
U52f U520

S >

CR500

P504

"5UZ Q5TK7
Y520' \

GPW-5778-0SOLDER SIDE

COMPONENT SIDE 6PW-5779-0

OVERLAY GXW-5780W0I-A

COMPONENT SIDE VIEW

C8t3 C8II

)1 >1 > '■

' Q505.^/^40;
' C70I

JU5I4
C707'

«■>

I'LSO©

H 1° M

T; ',
I

^ ^ :> < V >

53'8/:<Q50,f
y » s

’osoDOaio'') 1 0520

SOLDER SIDE 
COMPONENT SIDE 

OVERLAY

GPW-5778-0

GPW-5779-0

GXW-5780W02-A

SOLDER SIDE VIEW
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P0503

20

RFPA/ACCY. 
B+ CONN.

HLN6094A SCHEMATIC
t^cJU0508

C8i3
08.62

BUSY.
BUS±.
BMSz-

A+

J0502 RADIO
CONN.

UNSW5V 
SWB+

.0813 O8O7X08O5

RX DATA

BUS+

S.NETWE
S.NET KEYLOAD/<EYFAIU.
S.NET.KIP.
KEYED SLOT
A3 DATA IN

JU509
-0—0-

JU'5^
to—-0-*

PTT

CLOCK

P0501

12

3 S.NET VyE.

OPTION 
CONN. ^

S.NET KID

,0820

08.63

08,60

C8.70

C86I

UNSW5V

R532

R518

RPCIO EN. U0522-I5

»T0 R9745

JU500

SWB+ +5V 9.6V

I
00548^hr-

luF R0528
47K

Jc8l4 _ 0804_ _082l_ 0822
7 % ? N r •s

X08I2.-0802--0823

SOLDER JUMPER 
FOR BOOTSTRAP

JU0522
---------- O------O---------

R0526 
47K

UNSW5V A+

OB/CH
L3WVDET.

•fSV
+5V

RES SWB+
BUS-
BUS+
BUSY

R0527 —
—WV—1 EMERG.RES 

47K ------- ---------
¥ TX DATS

SYSTEM RESET

R0529
OHANNEL ACTIVITY

JU05I5 t

(WIRE) TO 
P0503 
PIN 13

:C800

S.NET-RST/LO^
OPT.LATCH EN.
Rgsi.
S.NET
S.NFT RX/DATA IN

P0504 ^ RX

NOTE I

FRONT END 
CONN.

J0500A RF BOARD 
CONN.

LESSJ-----------------

-WA—r 
47K IRQ R-C

ff w

lOOK

RESET FIL.

.0527
■0.1 0524

^e-
0.01

JU0502

-WY-
R0598

100

CHANNEL ACTIVITY

00477
470PF

RQ530 CHAN.—V\A/——-------
47K

ACTIVITY

00478
470PF

R053I 
—VYV- 

47K
S6UFL6N' MOTE

SYNTHESIZER SELECT

GXW-6295-0

6
34

SERIAL
INPUT/

39
20

I4 OUTPUT 19
3 1C 13
I2 U0522 II
28 24
I6 27
I7 40
lO 41
26 42
3I 2
18 44
9 (SIOIC) 33
23 30
37 29
25 8
7 4
32 38
22 21
35 36
15 43
5 1

RX DATA
TX DATA
BUSY our
BUSY INnro
NO
^0 RESET
NO 
NO 
NO 
NO
9.6/5V EN

;R0599 
►NOTE I 4595

+00526^00533
TIuF 'TIuF

► UNSW5VFILC

► UNSW5VFILB

•UNSW5VFILA :0554 50555
TX PA ENABLE

TX PA ENABLE. R0542 r ^WV—^ lOK
R595 T*r 25 MICROCOMPUTERMDC/TRK RX DATA

R0543 
—AAAr

NOTE I 
50556

EMERSERg?
sWb+
BUS RESET
BUS RESET
PTT
OH.ACT

1'

_j^549

1^585
UNSW5VFILA Tp2

_^^584

^583

-1^
R0580

t R052I T 
4—WV—^ 
I 47K____

505 82 roITs
50581

A3 VOLUME
XIRQ

UNSW5VFILA
V55

•zTlvrT 
S.NET RX/DATA IN

RX DATA
TX DATA

BUSY OUT
BUSY IN

^!i^50 U0520 MDC/TRK TX DATA
PL/DPL TX DATA/STROBE
PL/DPL RX DATA
DTMF/ALERT TONES
NO
I200HZ TO up
LOAD/SHIFT
NO

47LNC_ 
A8

0561

505 62
R576 l-
-WV--------L.

100 
R575

IRQ
DATA

jC05B6

CLOCK
RSSI

^00587

NOTE I

100
R0557 

—VW- 
lOK

R0534 R0535 
-AAA/——VW

PROBE MC68HCIIA8
XTAL

A9
\

AlO
All
A12
AI3
AI4

“"'N

AI5
N

lOK 
R545 
-AAA/— 
100

lOK
R0547 

AAA/— 
lOK

R0552 
—AAA/— 

2.2K

50557

50558

^C0559

jC0567

NOTE I

R594 
—AAAr 

100

TO J0502-27 
■> JU05I3

5594

NOTE I NOTE I 
. ./VR052I 
^NOTE I

:R0533 
►NOTE I

00521
“I6PF

i ^
IQ0520 
I 4IL02,

R0563 
—AAAr— 

IM

LQ52[
22u?r

00525 
—1(—
NOTE 
005

EXTAL- m.
ECLOCK

_AS_
R/W

uP RESET
M0DE_B_

4.7PF

Y0520
7.9488MHZ

.00520
I5PF

UNSW5VFILB
t R0549
4-------- -V\Ar—f

lOOK i

MODE A
VRH

JU0520

TP3

BUS RESEt

ON. AcYlvit?

SO. MUTE

•RPCIO EN. Q053B BASE 
►DATA U0700-I4 
• CLOCK U0700-I3

00523
O.OluF R059I 

f-AAArn 
I lOK

1^0588 \

R0538 
lOOK

UNSW5VFILB

TP I UNSW5VFIL
R0558
—AAA/------

IK
R0520 IK 

--------AAA/----- LOCK

R055I 
—AAAr- 

lOK 
R56I 

—AAAr- 
100 

R562 
—AAAr-

505 66

1^0564

100
R565

----- AAAr-
100 

R593 
r—AAAr- 

lOK

505 65

JU506 
-o—o-

5934
UNSWSVFILCi

0531

MEM.
CONN.

NO
KEY

)02”I4

J0505

i I.OuF

I - KEY

Xc592|X
I "

+00532
lOuF

R592

lOK

RESET
R/W

AS
ECLOCK

0579 R567 unsWSVFILB j0
S.NET KBY LOAD/KEY FAIL

50572

4589

1 100 
R0555

lOK 
R583 

—AAAr-
lOK r

_J lOK
50578

-----I u ^
P50l-lo

-CC0529 
^ I.OuF

J-C573
NOTE

SLIC RESET
UNSWSVFILB

-AAAr R556
NOTE I

A3 DATA IN
OPT.LATCH EN.

S.NET RST/LOAD
9.6V / 5V ENABLE

505 77

R0574 
—AAA/— 

lOK
R0573

EMERGENCY
SWB+

^^0576
0573 f

BUS.BESEX

50575

^ii< r
0572 AAA/------ 1

BUS RESET.
PTT

^^0574

40571

_g>580

|C0570

C0569---- r

R0572 
—AAAr 

lOK 
R057I 

—AAA/— 
lOK

R0570 
—AAA/— 

lOK
R0554 
—AAA/— 

lOK 
R5B2 
-AAA/— 
lOK 

R584 
—AAA/— 

100 
R585 

—AAA/— 
100

CHANNEL ACTIVITY
SQUELCH MUTE

S.NET-RX-SQ/DTMF-DIG.VAL

PRESCALER SELECT

UNSWSVFILB

O.OluF
..00528 ±00530 _

O.OluF

56 -
8 SUPPORT 32.
47 LOGIC 1C 31.
33 U052I 30.
35 28.
34 23 .
1 21.
12 19.
38 17.
24 5.
II 4
43 66
27 I 65

63
25 55
39 53
7 51
40 (SLIC) 36
IB 37
20 45
49 46
2 58
22 ; 59
29 68
54 3
6 52
48 42

.41 62

.9 64

. 61 50

.10 14

.26 I 13

.44 15

.60 16

.67 57

A3 VIP LATCH EM.

SFIC SELECT ^

r

FWD BUF OUT

TEMP
SET B.OUT

CONT AMP IN

Q052I
82D46

UN£

I O.OluF

C0500
'TiOuF

ii§i2.5V
ilOi 8
NiC 7

U0503 JL 
56M02 -

9.6V SENSE

CR0500

66M0I 
Q0500 
8

A+ \ K9.4 \
J

0^506

R0525 
—AAA/— 

100 
R050I 
220

A+/B±

luF
Q050I
53M02

lOuF ^

9.6 DRIVE

.OIuF

33 REGULATOR/37
35
II

POWER 4 .
CONTROL

1C
38 .

8 13 .
12 9 .
7 (RPCIO 42 .
2 U0500

20
27
24
44

5 21
25 18
26 43
28 10
29
30 34

36
17 15

16
19
14

39 1
3

32 22
41

1 31
40

. 23 6

CONT VOLT LIMIT

A+ 5.V

CONT AMP OUT

48M0I

\K9. 4\\ 9-ev 
±C868

P0503

GUARD
I RING

;R0564
►22K

±0877 
470

# ----- AAA-
R05I4
560

ENABLE
CONT I AMP REF

9.6V FILTER
5V COMP

VNAA-

R0503
lOK

R05I5

5V

IK1_^5or' ±

0^505

0.47uF
R05I2 : 

220'

5V I SENSE
5V DRIVE,

5Y
SENSE

lOuF
00502
30S-

0^503

luF
R05I6

—AAA/-------
lOOK _

- 5 V 
R0502 -►

2.2 
R05I7

2^2 A+

Q0502 
82D46

±00507
lOuF

00417

.OIuF

9.BV

00418

O.luF
00400 

)[-
.OIuF
00401[£Ij

WDT
VAG BYP

PLCAP
PPL

O.luF
C040p

0.47uF
00403

luF
R0400 
—VW^ 

47K

AFIC-SEC
CLOCK
Dm

PL / PPL TX DATA / STROBE
PL / PPL RX DATA
DTMF / ALERT TONES FROM uP

7 AUDIO FILTER
19 1C
16
24

(AFIC)

U0400

5
41 12

37
39
40

1 9
20 10

2
32 43
31 26
28 4
27 B
6 15

25
44
13
II

\ 22
17

23
35 21
30 18
14 42
36 3
34 38
33 29

NO

3
\K9.4V\ 9.6V

A+
R05I3 R050-

00409 
±.OIuF . 

00407' 
.luF

PL IN
K9.4 EN 
AUDIO ENABLE

00505 
48M0I J-

VOL.CONT.OUT
COMPAND EN.
AUX RX IN
AUX TX IN
FILTERED AUDIO
F.F.EN.
MIC. AUDIO IN
PREEMPH OUT
REF MOD

VCO MOD
SO. ATT. OUT
SO. ATT. IN

2.IMHZ

BLANKER SWITCH 
'pk IF BANDWIDTH SELECT

DTMF/ALERT TONES

DAIC SEL

MDC/TRK RX
MDC/TRK TX

I200HZ TO uP
JJCJ

SFIC SEL

5V
00708

HF-
.OIuF 

JU0709
00709

3.3uF

00707+ HS CAP
0.47uF
00706

3.3uF
00705

O.luF 
R0704 
—AAAr 

47K

LS CAP.

30 SIGNALING 8
II FILTER 13
5 1C 14
4 (SFIC) 9
15 U0700 10
37 12
41 16
3 17
6 18
7 20
27 22

24
26
28

1 29
23 19
43 21

31 33
39
34

32 36
38
40

35

42
2 44

TO J0500A-I9 
TO J0500A-I8 
5Y

I LIM SET
|TX PWR SET

NC
rr NC

NX

1 D TO A 10
28 CONVERTER |5
2 10 26
3 (DAIC) 27
20 9
25 12
24 U0502 14
23 II
22 16
21 17
8 18
7 19
6 13
5 4

9-|V \k9.4v\

CLK
DATA

PET. AUDIO 9.6V R04I5

SQ.ATJN.IN-
;R04I4
•IK

Q0506
28M27

R05II
IK

U0523A
04M60

Q0503 
4IL02 R0505 

/W
R0506 
220

FUSED A+

00504
28M27

R042I

5-5AOC

/AG
00401
48M0I

Q0400
4IL0I

CR0400«-

0871

0869

0867

C865 
—1(-

rA+ ±0872 ±0864

±0866
X KEY SLOT
J CURRENT SENSE +

CONT VOLT LIMIT |i
\ CURRENT SENSE -
______ TEMP SENSE
. FWD PET VOLT

CONT VOLT DRIVE

lOOK
00457

.luF

R0455 
—WVA- 

82K

).6V

U040IB
R0409

IK
R04I0
6.8K VAC

UPJ

U040IC
R0407

IK
R0408 
■vW----------
a

I
00416 112
lOuF

U040ID 
13

14

SIDE TONE

D V I Kl 00701RX IN

R0423 
I—AAAr 

560 V

C,g|OQ R0,405

R0424
YCQ-MQX

1000

REF MOD
REF TUNE

lOuF

82K

’0405 R0406-«AAA—±—WSA— 
33K lOOK U0523C

R0420-\AAA—
3900PF

14

VR0400
15V

12

13

TO R0556 4-

LOCK.
BLANK SWITCH

R9745
TO P0503-26

.OIuF
R0702
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NOTE :

1. NOT INSTALLED.
2. STANDARD IS COMPATABLE WITH 

SIREN.HANDHELD C.H..SECURENET, 
DTMF DECODE.

3. W308 IS INCOMPATABLE WITH SIREN.

JUMPER STANDARD
JU0500 IN
JU0502 IN
JU05I0 OUT
JU05II OUT
JU05I2 OUT
JU05I3 OUT
JU05I4 IN
JU0520 OUT
JU052I OUT
JU0522 OUT
JU9730 IN
R9745 lOK
ROOOl OUT
JU0709 IN
JU508 OUT
JU509 OUT
JU507 OUT
JU506 IN
JU505 IN
JU524 OUT
JU523 OUT
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parts list
HLN6094A Command Board MXW-6299-0 MXW-6299-0 (2) MXW-6299-0 (3)

Schematic, Circuit Board Diagrams, and Parts List 
for HLN6094A SPECTRA Command Board 
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(Sheet 3 of 3)
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REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, uF, ±5%, 50V (unless otherwise stated)
C400 21-13741N45 0.01, ±10%
C401 21-13741N69 0.1, ±10%
C402 23-11049A35 0.47, ±20%, 25V, tantalum
C403 23-11049A37 1, ±20%, 25V, tantalum
C406 23-11049J26 10, ±20%, 16V, tantalum
C407 21-13741N69 0.1, ±10%
C408 23-11049J26 10, ±20%, 16V, tantalum
C409 21-13741N45 0.01, ±10%
C411 23-11049A35 0.47, ±20%, 25V, tantalum
C413 21-13741N45 0.01, ±10%
C416 23-11049J26 10, ±20%, 16V, tantalum
C417 21-13741N45 0.01, ±10%
C418 21-13741N69 0.1, ±10%
C419 21-13741N35 3900 pF
C420-421 21-13741N45 0.01, ±10%
C451-454 21-13741N69 0.1, ±10%
C455 21-13740B57 220 pF
C456 23-80090M24 10, ±20%, 50V, electrolytic
C457,458 21-13741N69 0.1, ±10%
C460,461 23-80090M06 10, ±20%, 16V, electrolytic
C474 21-13741M13 470 pF
C476-478 21-13741M13 470 pF
C480 21-13741 Ml 3 470 pF
C481 21-13741N21 .001, ±10%
C500,501 23-11049J26 10, ±20%, 16V, tantalum
C502 21-13740B36 30 pF
C503 23-11049A37 1, ±20%, 25V, tantalum
C504 21-13740B36 30pF
C505 21-11049A35 0.47, ±20%, 25V, tantalum
C506,507 23-11049J26 10, ±20%, 16V, tantalum
C508 23-11049A37 1, ±20%, 25V, tantalum
C509 23-11049J26 10, ±20%, 16V, tantalum
C510 21-13741N69 0.1, ±10%
C520 21-13740B29 15 pF
C521 21-13740B30 16 pF
C522 21-13740B17 4.7 pF, ±.25 pF
C523,524 21-13741N45 0.01, ±10%
C526 23-11049A37 1, ±20%, 25V, tantalum
C527 21-13741N69 0.1, ±10%
C528 21-13741N45 0.01, ±10%
C529 23-11049A37 1, ±20%, 25V, tantalum
C530 21-13741N45 0.01, ±10%
C531 23-11049A37 1, ±20%, 25V, tantalum
C532 23-11049J26 10, ±20%, 16V, tantalum
C533 23-11049A37 1. ±20%, 25V, tantalum
C534,535 21-13741N45 0.01, ±10%
C548 ■ 23-11049A37 1, ±20%, 25V, tantalum
C549 21-13741M13 470 pF
C554 21-13741M13 470 pF
C556-559 21-13741M13 470 pF
C561-566 21-13741M13 470 pF
C569-572 21-13741M13 470 pF
C574-579 21-13741M13 470 pF
C580 21-13740B65 470 pF
C581-586 21-13741M13 470 pF
C588 21-13741M13 470 pF
C589 21-13740B65 470 pF
C590-593 21-13741M13 470 pF
C594,595 21-13740B65 470 pF
C700 23-11049J07 3.3, ±10%, 20V
C701 21-13741N69 0.1, ±10%
C704,705 21-13741N69 0.1, ±10%
C706 23-11049J07 3.3, ±10%, 20V
C707 21-11049A35 0.47, ±20%, 25V, tantalum
C708 21-13741N45 0.01, ±10%
C709 23-11049J07 3.3, ±10%, 20V
C800 21-13741M13 470 pF
C801 21-13740B65 470 pF
C802-815 21-13741M13 470 pF
C816 21-13740B65 470 pF
C817-823 21-13741 Ml 3 470 pF
C860-864 21-13741M13 470 pF
C865-868 21-13740B65 470 pF
C869 21-13741M13 470 pF
C870 21-13740B65 470 pF
C871,872 21-13741M13 470 pF
0873,874 21-13740B65 470 pF
0875,876 21-13741A13 470 pF
0877 21-13740B65 470 pF

diode (see note)
OR400 48-80066M01 signal, type RSL4148
OR500,501 48-80066M01 signal, type RSL4148
fuse
F500 65-80011N01 3.5 amp fast blow
connector receptacie
J500 09-80104M01 bottom entry, 24 contact
J502 09-80103M02 right angle, 38 contact
J505 09-80113M05 vertical, 40 contact
jumper
JU500 06-11077AO1 0 ohm
JU502 06-11077A01 0 ohm
JU505,506 06-11077A01 0 ohm
JU514 06-11077AO1 0 ohm
JU709 06-11077A01 0 ohm
JU9730 06-11077A01 0 ohm

REFERENCE i 
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

coil, RF
L500 24-80067M01 inductor, 28Mz
L506 ! 24-80067M01 inductor, 28Mz
L521 1 24-80289M16 inductor, 22uH, ±3%
L528 1 24-80067M01 inductor, 28Mz
connector plug
P501 28-80102M01 vertical, 24 contacts
P503 28-80267M01 right angle, 26 contacts
P505 09-80168M01 37 contacts
transistor (see note)
Q400 48-80141L01 PNP
Q401 48-80048M01 NPN
Q500 j 48-80182D45 NPN
Q501 48-80053M02 NPN
Q502 48-80182D46 NPN
Q503 ! 48-80141L02 NPN
Q504 , 48-05128M27 PNP
Q505 1 48-80048M01 NPN
Q506 ! 48-05128M27 PNP
Q520 48-80141L02 NPN
Q521 1 48-80182D46 NPN
Q538 1 48-80048M01 NPN

R400 ! 06-11077B15 47k
R405 06-11077B11 33k
R406 06-11077B23 100k
R407 06-11077A74 Ik
R408 06-11077A94 6.8k
R409 06-11077A74 Ik
R410 06-11077A94 6.8k
R413 06-11077B21 82k
R414 06-11077A74 Ik
R415 06-11077A68 560
R417,418 06-11077A98 10k
R420 06-11077A74 Ik
R421 06-11077B07 22k
R422 06-11077A74 Ik
R423 06-11077A68 560
R424 06-11077A74 Ik
R454 06-11077B23 100k
R455 06-11077B21 82k
R456 06-11077B11 33k
R457,458 06-11077A10 2.2
R459 06-11077B23 100k
R500 06-11077A46 68
R501 06-11077A58 220
R502 06-11077A10 2.2
R503 06-11077A98 10k
R504 06-11077A74 Ik
R505,506 06-11077A58 220
R507 06-11077B15 47k
R508,509 06-11077B19 68k
R510 06-11077A98 10k
R511 06-11077A74 Ik
R512 06-11077A58 220
R513 06-11077A50 100
R514 06-11077A68 560
R515 06-11077A74 Ik
R516 06-11077B23 100k
R517 06-11077A10 2.2
R518 06-11077A26 10
R519 06-11077A26 10
R520 06-11077A74 Ik
R521 06-11077B15 47k
R522 06-11077A78 1.5k
R523 06-11077A82 2.2k
R524 06-11077B23 100k
R525 06-11077A50 100
R526-531 06-11077B15 47k
R532 06-11077A26 10
R537 06-11077A82 2.2k
R538 06-11077B23 100k
R542 06-11077A98 10k
R543 06-11077A82 2.2k
R544 06-11077A98 10k
R545 06-11077A50 100
R546,547 06-11077A98 10k
R549 06-11077B23 100k
R550,551 06-11077A98 10k
R552 ! 06-11077A82 2.2k
R554,555 | 06-11077A98 10k
R557 ! 06-11077A98 10k
R558 ' 06-11077A74 Ik
R561,562 06-11077A50 100
R563 j 06-11077B47 1 MEG
R564 06-11077B07 22k
R565 06-11077A50 100
R567 06-11077A50 100
R570-572 06-11077A98 10k
R573 06-11077A74 Ik
R574 06-11077A98 10k
R575,576 06-11077A50 100
R577,578 06-11077A98 10k
R579,580 i 06-11077A74 Ik
R581,582 06-11077A98 10k
R583 06-11077A98 10k

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

R584,585 06-11077A50 100
R586 06-11077A98 10k
R590-593 06-11077A98 lOkR
594 06-11077A50 100
R595 06-11077A98 10k
R598 06-11077A50 100
R700 06-11077A98 10k
R701,702 06-11077B15 47k
R704 06-11077B15 47k
R705 06-11077A98 10k
R9745 06-11077A98 10k

integrated circuit (see note)
U400 51-83977M90 audio filter
U401 51-83222M49 quad op-amp, 22M49
U450 51-80065C17 bridge, audio amplifier 4.5 amp 20W
U500 51-83977M70 regulator, power control bipolar
U502 51-83977M73 digital-analog converter CMOS
U503 51-80056M02 precision voltage reference, 2.5V
U520 51-97024AO1 microprocessor, MC68HC11A1CFN
U521 51-82862N09 gate array, HCA6312
U522 51-83977M87 serial input/output device
U523 51-84704M60 analog multiplexer, CMOS 04M60
U700 51-83977M75 signalling filter, CMOS

varactor
VR400 48-82958R91 15V

crystal (see note)
Y520 48-80173D10 crystal 7.9488 MHz 4.00 MHz

mechanical parts

26-80119M01 shield, command fence
75-05295B01 pad, crystal
54-80004N01 barcode label

2/28/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.



 MOTOROLA
Mobile Products Division

HearClear Board

1. Introduction
The HearClear board’s audio shaping circuitry decreases 

the effects of multipath (Rayleigh) fading in 900 MHz bands 
that have 12.5 kHz channel separation. Multipath fading is 
more pronounced at 900 MHz because of reduced system 
deviation. Primarily, through dynamic attenuation and com
panding, the HearClear IC reduces noise caused by fading.

When either a fade occurs or high frequency noise 
(greater than 3 kHz) is present, the HearClear IC circuitry 
dynamically attenuates the audio signal. Companding, similar 
to that used in cellular radios, further reduces the audible 
effects of fading by lowering the noise floor of the audio 
signal.
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parts lists
HLN6100A HearClear Board MXW-6330-O
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REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, uF, ±10%, 100V (unless othenvise stated)
C9730 23-11049J26 10, ±20%, 16V
C9731-9733 21-13741N35 .0039, 50V
C9734 21-13741N69 0.1,50V
C9736 23-11049A35 0.47, ±20%, 25V
C9737 23-11049J07 3.3, 20V
09738,9739 21-13741N45 .01,50V
09740,9741 23-11049A34 0.33, ±20%, 35V
09742-9745 21-13741N69 0.1,50 V
09746 23-11049J07 3.3, 20V
09749-9751 21-13741M13 470 pF, 50V

connector receptacle
J501 09-80113M04 24 contacts, 2 rows
jumper
JU9732 06-11077A01 0 ohm
JU9751 06-11077A01 0 ohm

resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R9730 06-11077A90 4.7k
R9731 06-11077A74 Ik
R9732 06-11077B23 100k
R9733 06-11077B15 47k
R9734 06-11077B21 82k
R9735 06-11077B07 22k
R9738 06-11077A90 4.7k
R9739 06-11077B11 33k
R9740 06-11077A98 10k
R9741 06-11077B11 33k
R9743 06-11077A98 10k
R9744 06-11077A94 6.8k

integrated circuit (see note)
U9730 51-83977M89 custom CMOS

mechanical parts

43-80121M01 PCB spacer
54-80004N01 barcode label

C9734
•O.luF

3/31/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

♦ NORMALLY OUT: IN FOR SP APPLICATIONS 
NOTE: U973I PINS I-3, 5-I0 ARE NC.

** SEE PARTS LIST
NOT INSTALLED ON HLN6I00A AND LATER KITS. 
SEE PARTS LIST.
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HLN6019A HearClear Board MXW-4661-0

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed. uF, ±10%, 50V/t6/ (unless otherwise stated)
C9730 23-62998B73 10, ±20%, 16V, tantalum
C9731-9733 21-11032A16 .0039
09734,9735 21-60521B37 .1, ±5%, 25V
C9736 23-62998B55 .47, ±20%, 25V, tantalum
C9737 23-62998B66 3.3, ±20%, 16V, tantalum
09738,9739 21-11032A21 .01
09740,9741 23-62998B59 1, ±20%, 16V, tantalum '
09742 21-60521B37 .1, ±5%, 25V
09743 21-11032A33 .1
09744 21-60521B37 .1, ±5%, 25V
09746 23-62998B55 .47, ±20%, 25V, tantalum
09749-9751 21-60521009 470, 25V

diode (see note)
CR9585 48-82958R78 Zener, 5.6V
CR9586 48-80066M01 signal, type RLS4148
CR9730 48-82958R48 Zener, 6.8V
connector receptacle
J501 09-80113M01 24 contacts, 2 rows
transistor (see note)
Q9585 48-80141L01 PNP, type 41L01
Q9586-9588 48-80048M01 NPN, 47K/47K digital
Q9589 48-80141L01 PNP, type 41L01
09590,9591 48-80141L02 NPN, type 41L02
resistor, fixed, ohm,±5%, 1/8 watt (unless otherwise stated)
R9585-9589 06-11077A98 10K
R9590 06-11077A90 4.7K
R9730 06-11077A90 • 4.7K
R9731 06-11077A74 IK
R9732 06-11077B23 100K
R9733 06-11077B15 47K
R9734 06-11077B21 82K
R9735 06-11077B07 22K
R9738 06-11077A90 4.7K
R9739 06-11077B11 33K
R9740 06-11077A98 10K
R9741 06-11077B11 33K
R9743.9744 06-11077A98 10K ;
R9748 06-11077B47 1 MEG
R9749 . 06-11077B23 100K
R9751 06-11077A58 220
R9753 06-11077A90 4.7K
R9754 06-11077A98 10K

integrated circuit (see note)
U9730 51-83977M81 custom bipolar, HearClear
U9731 51-83222M49 quad op-amp 1

8/3/88
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.
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HLN6019B/HLN6063A HearClear Board MXW-5781-0

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, uF, ±10%, 50V (unless otherwise stated)
C9730 
C9731-9733

23-62998B73 
21-13741B35

10, ±20%, 16V, tantalum 
.0039

C9734 21-13741B69 0.1
C9735 21-13741B69 0.1 (HLN6019B ONLY)
C9736 23-62998B55 0.47, ±20%, 25V, tantalum
C9737 23-62998B66 3.3, ±20%, 16V, tantalum
09738,9739 21-13741B45 0.01
09740,9741 23-62998B54 0.33 ±20%, 35V, tantalum
09742-9744 21-13741B69 0.1
C9745 21-13741B69 0.1 (HLN6063A ONLY)
09746 23-62998B16 3.3,16V, tantalum
09749-9751 21-60521009 470 pF, 25V
diode (see note)
CR9585 48-82958R78 zener, 5.6V
CR9586 48-80066M01 signal, type RLS4148

connector receptacle --
J501 09-80113M04 24 contacts, 2 rows

Jumper
JU9732 06-11077A01 Oohm
transistor (see note)
Q9585 48-80141L01 PNP
Q9586-9588 48-80048M01 NPN
Q9589 48-80141L01 PNP
09590,9591 48-80141L02 NPN

resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R9585-9589 06-11077A98 10k
R9590 06-11077A90 4.7k
R9730 06-11077A90 4.7k
R9731 06-11077A74 Ik
R9732 06-11077B23 100k
R9733 06-11077B15 47k
R9734 06-11077B21 82k
R9735 06-11077B07 22k
R9738 06-11077A90 4.7k
R9739 06-11077B11 33k
R9740 06-11077A98 10k
R9741 06-11077B11 33k
R9743 06-11077A98 10k
R9744 06-11077A90 4.7k (HLN6019B ONLY)
R9744 06-11077A94 6.8k (HLN6063A ONLY)
R9749 06-11077B23 100k
R9751 06-11077A01 Oohm

integrated circuit (see note)
U9730 51-83977M89 custom CMOS

mechanical parts
43-80121M01 spacer
54-80004N01 barcode label

8/3/88
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.
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Mobile Products Division
Memory Board

1. Description

Most of the data that the SPECTRA radio’s command 
board requires is stored in memory devices on the memory 
board. The devices are: a static random access memory 
(SRAM) for stack and scratch pad operations, a program
mable read-only memory (PROM) for program storage, and 
an electrically erasable programmable read-only memory 
(EEPROM) for variable system parameters. The memory 
board is initially programmed at the factory for specific 
customer data. Radio Service Software is available for field 
prograhiming of all conventional features and limited pro
gramming of trunked features. All other trunking system 
parameters may be changed only through TCMS (Trunking 
Code Management System).

2. Board Replacement

Each memory board is configured to function with a 
specific radio and may not be interchanged with any other 
radio. If you attempt to interchange memory boards, the 
control head will display “FAIL 999” and the transceiver will 
be disabled. However, all radio test modes remain accessible 
for troubleshooting purposes.

The memory board is not field repairable; replacement 
memory boards are available on an exchange-only basis from 
Motorola National Parts Department. The Radio Service 
Software must be used to replace a memory board. Once 
initialized for a specific radio, a replacement memory board 
may not be initialized a second time. Before you initialize a 
replacement board, use the radio test modes to be sure that 
replacing the memory board will solve the problem.

3. Reprogramming the Radio

After the replacement board has been installed and 
initialized, restore the radio to service by reprogramming it 
from the codeplug archive file. If the radio codeplug was not

archived, conventional radios may be reprogrammed with the 
Radio Service Software. Replacement codeplug data for 
trunked radios must be obtained from TCMS. Find additional 
information in the Radio Service Software User’s Manual.

The radio requires no additional tuning or alignment after 
replacing only the memory board. All alignment parameters 
are stored in the command board microprocessor (U520) 
EEPROM.

4. Operation

Normal operation of the memory board is similar to that 
of any other random^ access memory device (see Figure 1). 
When a “read” operation is initiated by the microprocessor 
and support logic IC, the desired address is placed on the 
address BUS and carried to the memory board. The OE 
(Output Enable) line and the desired CS (Chip Select) line are 
taken to a logic low. Data from the selected memory device is 
placed on the data BUS and carried to the microprocessor. 
Similarly, in the “write” operation, the address is provided to 
the memory board, but in this case, the CS and R/W 
(ReadAVrite) lines are taken to a logic low. Data then passes 
from the microprocessor to the selected memory device via 
the data BUS.

SRAM PROM EEPROM

ADDRESS
BUS

DATA BUS

GPW-4716-A

Figure 1. Memory Board Block Diagram
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Mobile Products Division

Voltage Controlled Oscillator (VCO)
(VHF)

1. General

The frequency injection string consists of a voltage 
controlled oscillator (VCO) constructed on a ceramic 
substrate, and amplifier and divider stages located on the PC 
board. The components associated with the PC board may be 
repaired by conventional methods while the VCO substrate 
should be replaced as a unit.

2. Theory of Operation

2.1 DC VOLTAGE SUPPLIES

The 9.6-volt supply enters the VCO carrier board at 
J601-2. It powers the receiver amplifier (Q3675) and its 
associated biasing components. The Keyed 9.4-volt supply 
enters the carrier board at J601-5, but only during the transmit 
mode. K9.4 powers U3675 (the 5-volt regulator for divider, 
U3676) and the transmit amplifier (Q3676) and its biasing 
components. The 8.6-volt supply enters through J601-12 and 
passes to MP3652, MP3653, and MP3654 on the VCO 
substrate. 8.6 supplies Q3640 and Q3641, which bias the 
output buffer on the VCO substrate, and supplies Q3642 and 
Q3643, the PIN diode drivers.

2.2 VCO

The VCO utilizes a common-gate FET in a Colpitts 
configuration as the gain device. The LC tank circuit’s 
capacitive portion consists of a varactor bank and a laser- 
trimmed stub capacitor. The inductive portion consists of 
microstrip transmission line resonators. The stub capacitor 
serves to tune out build variations. Tuning is performed at the 
factory and is not field adjustable. The varactor network 
changes the oscillator frequency when the DC voltage of the 
steering line changes. The microstrip transmission lines are 
shifted in and out of the tank by PIN diodes for coarse 
frequency jumps. The varactor bank consists of CR3644, 
CR3645, and L3648. The positive steering line connects to the 
cathodes of both varactors through L3647, an RF choke. This 
line is normally between 0.5 and 8.5 volts DC, depending on 
the frequency programmed in the synthesizer. The negative 
steering line connects to the anodes of the varactors through 
L3646 and is normally -3.9 (±0.3) volts DC.

CR3643, a third varactor tapped into the main trans
mission line resonator, modulates the oscillator during 
transmit. 8.6 volts DC supplies bias to the cathode; the anode 
is referenced to DC ground through R3639. Modulation is 
coupled to the anode through C3639. R3636, C3636, and 
R3637 provide filtering and attenuation to the modulation 
path.

CR3650, C3668, and R3655 provide automatic gain 
control for the FET. CR3650, a hot carrier diode, detects the 
peak RF voltage swings on the source of the FET. A negative 
voltage, proportional to the magnitude of the RF voltage 
swing, is applied to the gate of the FET, thereby lowering its 
gain and accomplishing automatic gain control. Typical DC 
value of the gate bias is -0.8 to -1.7 volts, depending on the 
state of the oscillator.

PIN diodes, CR3640, CR3641, and CR3642, serve to 
couple secondary transmission lines into and out of the main 
oscillator tank, depending on which range the VCO is 
operating in. AUX 1 controls CR3642 and CR3643; AUX 2 
controls CR3640. When AUX 1 goes high, Q3643 turns off 
and a reverse bias voltage of about 8.6 volts DC is applied to 
the PIN diodes to turn them off. When AUX 1 goes low, 
Q3643 turns on and a forward bias current of about 15 mA is 
supplied to the PIN diodes to turn them on. The other PIN 
diode driver network operates similarly.

The VCO output is coupled through C3672 to Q3675 to 
amplify the signal and provide load isolation for the VCO. 
Q3640 and Q3641 provide bias to the stage. Q3675 collector 
voltage is normally about 5 volts DC.

2.3 SYNTHESIZER FEEDBACK

The synthesizer locks the VCO on-frequency by the 
VCO feedback to the Prescaler IC on the RF board. The output 
of the VCO goes into a low-pass filter consisting of C3685, 
L3676, and C3687. After it is filtered, the signal splits into 
three directions—the majority of which passes to the RX 
buffer through a 2 dB attenuator. A smaller portion of the 
signal passes through C3679 and R3676 to the Divider IC. 
Finally, another small portion of the signal is fed back to the 
RF board through L3684 and C3676 to P601-1. Although on a 
DC connector, P601-1 is an RF-sensitive node. To measure
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the synthesizer feedback power, use a high-impedance probe, 
or operate the VCO in an external fixture.

2.4 RX BUFEER CIRCUITRY

After the low-pass filtering stage, VCO power is 
attenuated 2 dB by R3678, R3680, and R3676. The RX buffer 
is a 50-ohm in-and-out stage that uses L3681 and C3689 for 
the input match and C3691, L3678, C3692, and R3699 for the 
output match. 9.6-volts DC supplies the RX buffer for a gain 
of about 10 dB. R3677 and C3686 help to filter out some of the 
9.6 volt supply’s noise from the RX buffer. Q3677, Q3678, 
and associated resistors set the bias level of the RX.buffer 
device, Q3675. The collector voltage and current should be 
near 6.6 V and 29 mA, respectively. R3682 feeds the base of 
Q3675 while L3677 is used as the collector choke; R3681, 
C3690, and C3688 are added to increase stability. Power is fed 
to the RX Front End through the stand-up connector, J3642.

3.1 VCO HYBRID ASSEMBLY

The VCO hybrid substrate is glued to the carrier board. 
The hybrid is not a field-repairable assembly. If a failure is 
indicated in this assembly, replace the complete hybrid. You 
will need a hot air source to heat and soften the glue to separate 
the hybrid from the carrier board. If no hot air source is 
available, replace the entire carrier board.

3.2 OUT-OF-LOCK CONDITION

The probable cause of an out-of-lock condition is a 
failure in the synthesizer circuit. (See the synthesizer 
troubleshooting information in the RF Board Section.) If the 
voltages on the AUXl and AUX2 lines do not conform to the 
table in Figure 1, troubleshoot the synthesizer.

2.5 DIVIDER IC

The VCO operates at twice the transmit frequency for 
ease of VCO design. To return the frequency into VHF range, 
U3676 divides the transmit frequency by two. U3676, an 
MCI2090, high-speed, master flip-flop MECL device, is 
capable of toggle rates in excess of700 MHz. A portion of the 
VCO power is fed to the first clock pin through R3676. R3695 
andR3696 set a 3.9-volt bias on the input. The device requires 
a 5-volt source as its supply to Vccl and Vcc2. U3675 is the 
5-volt regulator; C3694 and C3696 are added to decrease 
noise. Keyed 9.4 volts (off during receive mode) supplies 
U3675, and therefore, U3676. Turning these devices off 
during receive mode conserves radio current drain. Q and Q 
are at a DC offset and require biasing resistors (R3697 and 
R3686) to set the current drain (and therefore the power-out) 
of the device. C3681 and C3697 simply block DC. Both Q and 
Q should have the same impedance; therefore R3698 is added 
to Q to keep its load at 50 ohms. The output of Q is sent to the 
TX buffer.

2.6 TX BUFFER CIRCUITRY

The TX buffer is a simple amplifier with about 10 dB 
gain; it uses K9.4 volts for its DC supply. Q3676 is matched to 
50 ohms using L3682, C3699, C3683, L3680, and C3698. 
Q3679, Q3680, and associated resistors set the bias level 
while R3688 and L3679 feed the bias to the device. The 
collector voltage and current of the TX buffer should be 
approximately 5 volts and 33 mA, respectively. The output of 
the TX buffer goes through a 2.9 dB attenuator (R3692, 
R3693, and R3694) to the TX-to-PA connector, J3641.

If the AUXl and AUX2 voltages are correct but the 
synthesizer feedback level is not within the range indicated, 
troubleshoot the first buffer on the VCO carrier board. If no 
problem is found with the first buffer and the level out of the 
VCO is below that indicated on the block diagram, then 
replace the VCO assembly.

If the AUXl and AUX2 voltages are correct and the 
synthesizer feedback level is correct but an out-of-lock 
condition persists, troubleshoot the synthesizer.

3.3 NO OR LOW OUTPUT POWER 
TX OR RX INJECTION

Use the test cables listed in the Service Aids in the Service 
Manual. Measure the power at the synthesizer feedback 
port—if it is not within the range specified in the block 
diagram, troubleshoot the first buffer. If failure is found in the 
first buffer, replace the defective component. If no failure is 
found in the first buffer and the level out of the VCO 
(measured with an RF millivolt meter) is below that indicated 
in the block diagram, then replace the VCO assembly.

If the level at the synthesizer feedback port is within the 
indicated range, then troubleshoot the divider, RX and TX 
buffer.

3.4 NO OR LOW MODULATION

3. Troubleshooting

Use these instructions along with the theory of operation, 
the block diagram, and the schematic to help isolate failures, 
first, to the individual circuits, and finally to the failing piece 
part.

Under standard test conditions with a 1 kHz tone injected 
and 4.5 kHz (±500 Hz) deviation, there should be at least 0.8 
volts peak-to-peak present on J601, Pin 10 (modulation 
input). (See the circuit board overlay for location.) If this level 
is not present, troubleshoot the audio circuitry. If it is present, 
check the VCO modulation circuitry.
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RX1 >8Vdc >8Vdc

RX2, TX1 <1Vdc >8Vdc

TX2 >8Vdc <1 Vdc

TX3 <1Vdc <1 Vdc

Figure 1. VCO Block Diagram

Table 1. VCO Frequency

Mode AUX 1 AUX 2 Radio Freq (MHz) VCO Freq (MHz) Port Freq (MHz) Port
VHF RANGE 1
RX HIGH HIGH 136.00-158.35 245.65-268.00 245.65-268.00 (RX)
RX LOW HIGH 158.35-162.00 268.00-271.65 268.00-271.65 (RX)
TX LOW HIGH 136.00-145.20 272.00-290.40 136.00-145.20 (TX)
TX HIGH LOW 145.20-157.00 290.40-314.00 145.20-157.00 (TX)
TX LOW LOW 157.00-162.00 314.00-324.00 157.00-162.00 (TX)

VHF RANGE 2
RX HIGH HIGH 146.00-166.15 255.65-275.80 255.65-275.80 (RX)
RX LOW HIGH 166.15-174.00 275.80-283.65 275.80-283.65 (RX)
TX LOW HIGH 146.00-150.00 292.00-300.00 146.00-150.00 (TX)
TX HIGH LOW 150.00-162.00 300.00-324.00 150.00-162.00 (TX)
TX HIGH HIGH 162.00-174.00 324.00-348.00 162.00-174.00 (TX)

Note: “HIGH” is >8V, “LOW” is <1V.



VHF VCO HYBRID SCHEMATIC
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VHF VCO HYBRID BOARD
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parts list;
HLD6062A VHF VCO Hybrid, Range 2.146/174 MHz MXW-5860-A

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, 
C3647-3652 
C3653-3558 
C3659.3660 
C3661 
03662,3663 
C3664 
C3665 
C3666 
C3667 
C3668 
C3669 
C3670 
C3671 
C3672 
C3681
diode (see note) |
CR3640-3642
CR3643
CR3644.3645
CR3646
connector receptacie
JU3602
coii, RF
L3640-3647
L3648
13649,3650
L3651
transistor (see note)
Q3644
Q3645
thermistor
RT3640

pF, ±5%, 50V (unless otherwise stated)
21-13740B65 
21-11078B59 
21-13740B11 
21-13740B21 
21-13740B65 
21-13741N45 
21-11078B59 
21-11078B23 
21—11078B27 
21-13741N45 
21-11078B11 
21—11078B11 
21—13740B65 
21—13740B05 
21-13740B65

48-80142L01 
48-80006E09 
48-80006E10 
48-80236E05

06—11077A01

24-80140E01 
24-05452C87 
24-80140E01 
24-80091G06

48-80141L06 
48-82940R01

470
470, 100V
2.7, ±.25 pF
6.8, ±.25 pF 
470
0.01 uF 
470, 100V 
24, 100V 
30, 100V 
0.01 uF
8.2, ±.5 pF, 100V 
8.2, ±.5 pF, 100V 
470
1.5, ±.25 pF 
470

PIN
varactor 
varactor 
hot carrier

1.2 uH 
39 nH 
1.2 uH 
airwound

n-channel JFET 
NPN

470 ohms06-80149M01
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R3652 06-11077B07 22k
R3655 06-11077B07 22k
R3656 06-11077A50 100
R3657_______________ 06-11077A98 10k_________

______________________ mechanicai parts_______

MP3640-3653 07-80299L01 frame, j-strap
3/31/89

note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

parts list
HLD6061A VHF VCO Hybrid, Range 1,136/162 MHz MXW-5842-A

REFERENCE
SYMBOL

MOTOROLA
PART NO. DESCRiPTiON

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated)
C3647-3652 21-13740B65 470
C3653-3558 21-11078B59 470,100V
C3659 21-13740B11 2.7, ±.25 pF
C3660 21-13740B05 1.5, ±.25 pF
C3661 21-13740B19 5.6, ±.25 pF
03662,3663 21-13740B65 470
C3664 21-13741N45 0.01 uF
C3665 21-11078B59 470, 100V
C3666 21-11078B23 24, 100V
C3667 21-11078B27 30,100V
C3668 21-13741N45 0.01 uF
C3669 21—13740B21 6.8, ±.25 pF
C3670 21-11078B08 6.2, ±.25 pF, 100V
C3671 21-13740B65 470
C3672 21-13740B05 1.5, ±.25 pF
C3680 21-13740B05 1.5, ±.25 pF
C3681 21-13740B65 470
diode (see note) 
CR3640-3642 48-80142L01 PIN
CR3643 48-80006E09 varactor
CR3644,3645 48-80006E10 varactor
CR3646 48-80236E05 hot carrier
connector receptacie 
JU3602 06-11077A01 0
coii, RF
L3640-3647 24-80140E01 1.2 uH
L3648 24-05452C87 39 nH
L3649.3650 24-80140E01 1.2 uH
L3651 24-80091G06 airwound
transistor (see note) 
Q3644 48-80141L06 n-channel JFET
Q3645 48-82940R01 NPN
thermistor
RT3640 06-80149M01 470 ohms
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R3652 06-11077B07 22k
R3655 06-11077B07 22k
R3656 06-11077A50 100
R3657 06-11077A98 10k

mechanicai parts

MP3640-3653 07-80299L01 frame, j-strap
3/31/89

note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

Schematic, Circuit Board Diagram, and 
Parts Lists for HLD6062A and HLD6061A 
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HLD6000A SCHEMATIC

9.6V

8.6

P60I

9

10

SYNTH FDBK >R3642 
>I0K

SYNTH FDBK

AUX I

AUX I Q364I
4IL0I

R3641
270

K9.4

K9.4
^R3643
>I0K

Q3640
4IL0I

AUX 2

AUX 2

C3640 _LC3646
I.OuF

BIAS

30pF

MOD

9.6

R3636 
—VW— 

6.8K 
9.6

C3639

03636
1000

luF
JR3637
>22K

8.6

JR3639
>47K

8.6 R3638 
—VW— 

0
-SL

+ SL

03637
1500

03638
1500

JU3672
----VW—

0

03645
O.OluF

MOD

8.6

8.6

-SL

+SL
GND

MP3640 MP364I

VCO

MP365I

MP3654

MP3652

MP3649 MP3644

MP3650
MP3643
MP3647

MP3642 MP3645
MP3646
MP3648

V

RF OUT

1L3675
5|.2uH

V

.03675
■O.O'uF SYNTH

FEEDBAOK'4”

R3674
VW

Q3678
4IL0I

0.0 uF
+03686

3.3uF R3684 Q3677 
4IL0I

R368L3677
l.2uHO.OluF

LOW-PASS
FILTER RX NJ

R3680 Q3675
7IR03 03691

R3678 <R3679 
330 >330

L368I
50nH

J3642

470

PIN 10
PIN lA
PIN 20
PIN 30
PIN 3A
PIN 2A

AUX 2
8.6

R3644
----VW—

lOK
IQ3642 
' 4IL0I

:R3645
>680

AUX I 8.6 :R3646
>IOK

R3647 
—VW— 

lOK
R3648 

—VW— 
680 

R3649 
—VW— 

680

IQ3643 
1 4IL0I

;R3650
>I0K

K9.4

JR3676
>150

01

VOO I

03694
\0luF

.8 I.

.7 U3675 2. 

.6 3.

.5 4.
78L05

03696

3.3uF

U3676

VCC 2 20 M0I2090LN 10 VEE

Dl

A Q3680
J 4IL0I

(t
'R369I
>6.8K

I .03680

R3690
AAA/-
6.8K

iQ3679 
1 4IL0I

O.OluF

R3689
150

03682 
—----- \(^

O.OluF

5L3679
<l.2uH

V
03681

R3688
IK

1000 
JR3697 
>560

03699 
—

62 
JL3682 
<G23

! Q3676 
1 40R0I

JR3687
>2.2K

L3680
lOOnH

03683
“18

i

NOTE:
ALL RESISTANOE IS IN OHMS .
ALL OAPAOITANOE IS IN PIOOFARADS 
UNLESS NOTED OTHERWISE.

i
03684 

----1^-
1000

03698
“18

R3693 
—VW— 

18

JR3692
>330

TX
INJ -€)J364I

JR3694
>330

V

03697

JR3686
>560

1000 :R3698
>51

GXW-5756-A

Schematics, Circuit Board Diagrams, and 
Parts Lists for HLD6000A and HLD6000B 
SPECTRA VHP VCO Carrier Board 
PW-6383-0 
(Sheet 1 of 4)
3/31/89



parts list HLD6000A CIRCUIT BOARD

I

HLD6000A VHF VCO Carrier Board, Divider/Buffer MXW-5845-A

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

C3636 21-13741N21 ■■ 1000, ±10%
03637,3638 21—13740B76 1500
03639,3640 23-11049A37 1 uF, ±20%, 25V tantalum
03645 21-13741N45 0.01 uF
03646 21-13740B36 30
03675 21-13741N45 0.01 uF
03676,3677 21-13740B65 470
03679 21-13740B65 470
03680 21-13741N45 0.01 uF
03681 21-13741N21 1000, ±10%
03682 21-13741N45 0.01 uF
03683 21-13740B31 18
03684 21-13741N21 1000, ±10%
03685 21-13740B25 12
03686 23-11049J07 3.3, ±10%, 20V
03687 21-13740B25 10
03688 21-13741N45 0.01 uF
03689 21-13740B44 62
03690 21-13741N45 0.01 uF
03691 21-13740B11 2.7, ±.25 pF
03692 21-13740B65 470
03694 21-13741N45 0.01 uF
03696 23-11049J07 3.3, ±10%, 20V
03697 21-13741N21 1000, ±10%
03698 21-13740B31 18
03699 21-13740B44 62
connector receptacle 
J3641 09-80110M01 coax, PC board mount
J3642 09-80212N03 coax, PC board mount
jumper
JU3672 06-11077A01 0
JU3675 06-11077A01 0
coll, RF
L3675 24-80140E01 1.2 uH
L3676 24-80091G01 airwound
L3677 24-80140E01 1.2 uH
L3678 24-80140E03 50 nH
L3679 24-80140E01 1.2 uH
L3680 24-80140E10 100 nH
L3681 24-80140E03 50 nH
L3682 24-80091G23 airwound
connector plug
P601 28-80099M03 vertical
transistor (see note) 
Q3640-3643 48-80141L01 PNP
Q3675 48-82971R01 NPN
Q3676 48-82940R01 NPN
Q3677-3680 48-80141L01 PNP
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R3636 06-11077A94 6.8k
R3637 06-11077B07 22k
R3638 06-11077A01 0
R3639 06-11077B15 47k
R3641 06-11077A60 270
R3642-3644 06-11077A98 10k
R3645 06-11077A70 680
R3646,3647 06-11077A98 10k
R3648,3649 06-11077A70 680
R3650 06-11077A98 10k
R3674,3675 06-11077A50 100
R3676 06-11077A54 150
R3677 06-11077A36 27
R3678,3679 06-11077A62 330
R3680 06-11077A26 10
R3681,3682 06-11077A74 Ik
R3683 06-11077A50 100
R3684 06-11077A86 3.3k
R3685 06-11077A98 10k
R3686 06-11077A68 560
R3687 06-11077A82 2.2k
R3688 06-11077A74 Ik
R3689 06-11077A54 150
R3690,3691 06-11077A94 6.8k
R3692 06-11077A62 330
R3693 06-11077A32 18
R3694 06-11077A62 330
R3695 06-11077A80 1.8k
R3696 06-11077A94 6.8k
R3697 06-11077A68 560
R3698 06-11077A43 51
R3699 06-11077A26 10
Integrated circuit (see note)
U3675 51-82276R13 voltage regulator, 5V
U3676 51-80135011 prescaler 1C

mechanical parts

MP3675 54-80004N01 barcode label
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HLD6000B SCHEMATIC

8.6

P60I
SYNTH FDBK ^R3642 

>IOK

9

10

SYNTH FDBK
AUX I 

AUX I I

Q364I
4IL0I

R364I
270

K9.4

K9.4
iR3643
>I0K

Q3640
4IL0I

AUX 2

AUX 2

C3640
I.OuF

BIAS

C3646
30pF

MOD

8.6

R3636 
—VW-

6.8K 
9.6 

9.6 t

C3639

luF
C3636 ^R3637 
1000 >22K

8.6

JR3639
>47K

R3638 
—VW— 

0
-SL

+ SL

Ic
Tl:

C3637 J_C3638 
1500 TI500

JU3672
----Ws/—

0

C3645
O.OluF

MOD

8.6

8.6

-SL

+ SL
GND

MP3640 MP364I

VCO

MP365I

MP3654

MP3652

MP3649 MP3644

MP3650
MP3643 
MP3647

MP3642 MP3645
MP3646
MP3648

J3642

Q3678
4IL0I O.OluF+C3686

3.3uF 03677 
4IL0I

R368IL3677
l.2uHO.OluF

LOW-PASS
FILTER

RX INJ
R3680 Q3675

7IR03
RF OUT

C369I 
2.7

L368I
50nH

K9.4
C3675
O.O'uF SYNTH

FEEDBACK^

6.8K
L3684
lOOnH

©AUX 2 03679 
4IL0I

O.OluF
R3644 03642 

4IL0I
PIN IC R369I

6.8KPIN A
PIN 2C
P N 3C
PIN 3A
P N 2A

AUX I
O.OluF

L3680R3647 03643 
4IL0I

U3676 lOOnHQ3676
40R0I1000 

R3697 
560VCC

VCC 2 MCI2090LN

R3686 1000 
560U3675 3.3uF

78L05

NOTE:
ALL RESISTANCE IS IN OHMS .
ALL CAPACITANCE IS IN PICOFARADS 
UNLESS NOTED OTHERWISE.

i
C3684 

------ 1^“
1000

C3698
18

R3693
----VSAr-

18

:R3692
>330

TX
INJ J364I

JR3694
>330

GXW-6384-0

Schematics, Circuit Board Diagrams, and 
Parts Lists for HLD6000A and HLD6000B 
SPECTRA VHP VCO Carrier Board 
PW-6383-0 
(Sheet 3 of 4)
3/31/89

i



►

parts list HLD6000B CIRCUIT BOARD
HLD6000B VHF VCO Carrier Board, Divider/Buffer MXW-6385-0
REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated)
C3635 21-13740B65 470
C3636 21-13741N21 1000, ±10%
C3637,3638 21-13740B76 1500
C3639,3640 23-11049A37 1 uF, ±20%, 25V tantalum
C3645 21-13741N45 0.01 uF
C3646 21-13740B36 30
C3675 21-13741N45 0.01 uF
C3676,3677 21-13740B65 470
C3679 21-13740B65 470
C3680 21-13741N45 0.01 uF
C3681 21-13741N21 1000, ±10%
C3682 21-13741N45 0.01 uF
C3683 21-13740B31 18
C3684 21-13741N21 1000, ±10%
C3685 21-13740B25 10
C3686 23-11049J07 3.3, ±10%, 20V
C3687 21-13740B25 10
C3688 21-13741N45 0.01 uF
C3689 21-13740B44 62
C3690 21-13741N45 0.01 uF
C3691 21-13740B11 2.7, ±.25 pF
C3692 21-13740B65 470
C3694 21-13741N45 0.01 uF
C3696 23-11049J07 3.3, ±10%, 20V
C3697 21-13741N21 1000, ±10%
C3698 21-13740B31 18
C3699 21-13740B44 62
connector receptacle 
J3641 09-80110M01 coax, PC board mount
J3642 09-80212N03 coax, PC board mount
Jumper
JU3672 06-11077A01 0
JU3675 06-11077A01 0
coil, RF
L3675 24-80140E01 1.2 uH
L3676 24-80091G01 airwound
L3677 24-80140E01 1.2 uH
L3678 24-80140E03 50 nH
L3679 24-80140E01 1.2 uH
L3680 24-80140E10 100 nH
L3681 24-80140E03 50 nH
L3682 24-80091G23 airwound
L3684 24-80140E10 100 nH
connector plug
P601 28-80099M03 vertical
transistor (see note) 
Q3640-3643 48-80141L01 PNP
Q3675 48-82971R01 NPN
Q3676 48-82940R01 NPN
Q3677-3680 48-80141L01 PNP
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R3636 06-11077A94 6.8k
R3637 06-11077B07 22k
R3638 06-11077A01 0
R3639 06-11077B15 47k
R3641 06-11077A60 270
R3642-3644 06-11077A98 10k
R3645 06-11077A70 680
R3646,3647 06-11077A98 10k
R3648,3649 06-11077A70 680
R3650 06-11077A98 10k
R3674,3675 06-11077A50 100
R3676 06-11077A54 150
R3677 06-11077A36 27
R3678.3679 06-11077A62 330
R3680 06-11077A26 10
R3681,3682 06-11077A74 Ik
R3683 06-11077A50 100
R3684 06-11077A86 3.3k
R3685 06-11077A98 10k
R3686 06-11077A68 560
R3687 06-11077A82 2.2k
R3688 06-11077A74 Ik
R3689 06-11077A54 150
R3690,3691 06-11077A94 6.8k
R3692 06-11077A62 330
R3693 06-11077A32 18
R3694 06-11077A62 330
R3695 06-11077A80 1.8k
R3696 06-11077A94 6.8k
R3697 06-11077A68 560 1
R3698 06-11077A43 51
R3699 06-11077A26 10
integrated circuit (see note)
U3675 51-82276R13 voltage regulator, 5V
U3676 51-80135C11 prescaler 1C
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Mobile Products Division
Voltage Controlled Oscillator (VCO)

(UHF)

1. General

The VCO oscillator is located on an alumina substrate 
with a metallic cover. The buffer-doubler-buffer section is 
located on the PC board and may be repaired using normal 
repair methods.

2. Theory of Operation

2.1 SUPER FILTER 8.6V

Super-filtered 8.6 Volts enters the carrier board at 
J601-12, thru an R-C filter, then on to the drain of Q9610 and 
the collector of Q9635.

2.2 VCO

The oscillator consists of Q9610, the main transmission 
line (T-line), varactor bank (CR9616-9617, C9616-9617, 
L9616) and feedback capacitors (C9611-9613). Components 
CR9610, C9614, and R9613 form an AGC circuit to prevent 
breakdown of the FET. Components CR9626 and C9626 form 
a bandshift circuit to shift the oscillator frequency up 5-10 
MHz; C9630-9631 and CR9630 form the Receive shift circuit 
which shifts the VCO up 50 MHz. The main modulation 
circuit consists of C9621 and CR9621 in conjunction with the 
deviation compensating capacitors (C9622 and C9623). 
Finally, transistor (Q9635), resistors (R9635-9639), and 
capacitors (C9635-9636, C9638) form the output buffer.

This VCO utilizes both a positive and negative steering 
line. The SL- should be ^.OV (±.3V) at all times. The SL+ 
will range from 1 to 8 volts, depending on frequency and AUX 
bits.

2.3 RECEIVE MODE (MJX2 LOW)

When AUX2 input is low, the receive pin diode, CR9630, 
is forward biased by 8.6V supply thru Q5650 and R5652. This 
current is then sunk into the RE board thru R5654. At this time 
the voltage divider output of R5649, R5651, and R5653 will 
keep Q5651 turned off.

2.4 TRANSMIT MODE (AUX2 HIGH)

When AUX2 is high (8.4 V), Q5650 will be off and Q5651 
will be on. This puts -8V on the anode of CR9630 and +8.4V 
on its cathode. With approximately 16V reverse bias on the 
diode, the receive bandshift T-line is removed from the 
circuit.

2.5 BANDSHIFT CIRCUIT

R9625, C9625, L9628, and C9628 form a bandshift 
circuit which shifts the frequency of the oscillator slightly. 
There is one bandshift in receive and one in transmit. The 
circuitry works similar to the receive pin circuitry but with the 
cathode of CR9626 returned to ground. This results in a 
maximum of 8V reverse bias on this diode.

2.6 OUTPUT BUFFER

Transistor (Q9635), resistors (R9635-9639), and capa
citors (C9635-9636, C9638) form a simple common-emitter 
buffer to provide isolation to the VCO and an output power of 
+10 dBm.

2.7 FIRST BUFFER

The VCO output is coupled to the first buffer via blocking 
capacitor (C5661), resistive pads (R5661 and R5662), and a 
high-pass filter (L5660 and C5662). Q5660 is a self-biased, 
common-emitter amplifier which provides approximately 
+10 dBm drive to the doubler as well as reverse isolation to the 
VCO.

2.8 DOUBLER

The first buffer output is coupled to the input of the 
doubler by C5663. Q5660 doubles the drive frequency and 
increases power by approximately 3 dB as a result of the high 
and low impedances presented to its collector at the doubled 
frequency and drive frequency, respectively. The collector 
impedances are presented by an elliptical high-pass filter 
(C5670-C5674, L5670, and L5671). The filter is terminated 
in a resistive pad (R5676-R5678) which also serves to 
terminate one end of the elliptical low-pass filter (C5675, 
C5677, and L5672-L5674). In addition to filtering, the 
low-pass filter provides part of the impedance match required
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between the resistive pad and the second buffer. The 
remaining impedance match is accomplished with L5680 and 
C5680, configured to provide additional high-pass selectiv
ity.

2.9 SYNTHESIZER FEEDBACK

The base of Q5680 provides the tap location for the 
synthesizer feedback circuit (C5685-C5688, L5681, L5683, 
R5674) and two microstrip T-lines. R5674 sets the tapped 
power level to approximately -5 dBm while C5685-C5686 
and L5681 provide low-pass filtering and C5688 and L5683 
provide high-pass filtering.

2.10 SECOND BUFFER

The second buffer, Q5680, is a common-emitter ampli
fier with approximately 12 dB gain. It is biased to 40 
milliamps with an active current source, Q5681 and 
R5580-R5587, which ensures saturated operation.

2.11 RECEIVE/TRANSMIT SWITCH

In the receive mode where K9.4V is off, Q5640 conducts 
current to turn on the part of CR5690 (a dual-common 
cathode pin diode) that is in series with the receive path, and 
the part of CR5691 that is in shunt with the transmit path. The 
output of Q5680 is then coupled to a resistive pad 
R5697-R5699 which sets the power out of J5642 to approxi
mately+12 dBm.

In the transmit mode, K9.4V applies 9.4 volts to the anode 
of CR5640, thus turning off Q5640. K9.4V is also applied to 
resistors R5688 and R5694 which turn on the parts of CR5690 
and CR5691 that are in series with the transmit path. The 
output of Q5680 is then coupled to a resistive pad 
(R5689-R5691) which sets the power out of J5641 to 
approximately +16 dBm.

3. Troubleshooting

Use these instructions along with the theory of operation, 
the VCO block diagram, and the schematic to help isolate 
failures, first to the individual circuits, and finally to the 
failing piece part.

3.1 VCO HYBRID ASSEMBLY

The VCO hybrid substrate is glued to the carrier board. 
The hybrid is not a field-repairable assembly. If a failure is 
indicated in this assembly, replace the complete hybrid. You 
will need a hot air source for heating and softening the glue to 
separate the hybrid from the carrier board. If no hot air source 
is available, replace the entire carrier board.

3.2 OUT-OF-LOCK CONDITION

The probable cause of an out-of-lock condition is a 
failure in the synthesizer circuit. (See the synthesizer 
troubleshooting information in the RF board section.) If the 
voltages on the AUXl, AUX2, or -8V lines at P0601 do not 
conform to the values shown in figure 1, check the pin shift 
circuitry on the carrier board for proper operation. If no 
trouble is found, troubleshoot the synthesizer.

If the AUXl, AUX2, and -8V voltages are correct at 
P0601, check the pin shift circuitry on the carrier board for 
proper operation. If no problem is found, probe the level of the 
synthesizerfeedbackatP0601-l using an RFmilli-voltmeter. 
The meter should indicate greater than -15 dBm. If it does not, 
troubleshoot the synthesizer feedback circuitry; then 
troubleshoot the first buffer on the VCO carrier board. If no 
trouble is found and the level out of the VCO is below that 
indicated on the block diagram, then replace the VCO 
assembly.

If the AUX1, AUX2, and -8 V voltages are correct and the 
synthesizer feedback level is correct but an out-of-lock 
condition persists, troubleshoot the synthesizer.

3.3 NO OR LOW OUTPUT POWER 
(TX OR RX INJECTION)

Using an RF milli-voltmeter, probe the synthesizer 
feedback level at P0601-1. If the meter indication is not 
greater than -15 dBm, troubleshoot the first buffer. If no 
failure is found and the level out of the VCO (measured into 
50 ohms at the RF output of the hybrid) is below that indicated 
in the block diagram, then replace the VCO assembly.

If the level of synthesizer feedback at P0601-1 is correct, 
troubleshoot the doubler, second buffer, and then the RX/TX 
pin diode switch.

3.4 NO OR LOW MODULATION

Under standard test conditions with a 1 kHz tone injected 
and 4.5 kHz deviation, there should be 700 millivolts (RMS) 
±20% present on P0601-10. If this level is not present, 
troubleshoot the modulation circuit on the carrier board and 
then troubleshoot the audio circuitry. If the proper level is 
present, troubleshoot the modulation circuitry on the VCO kit. 
If no failure exists, replace the VCO.
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UHF VCO HYBRID SCHEMATIC
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HYBRID RANGE 3

MP14

MP36 MP37 MP38 MP33 MP32 MP39

CR30|

CR26|

CRld—

_ _ _ pji pq________
MP11 MP19 MP12 MP18 MP24 MP25

MP28

MP13

SUBSTRATE GPW-5864-0

OVERLAY — GPW-5865-A

parts list
HLE6103B UHF VCO Hybrid Range 3 MXW-5938-A

REFERENCE
SYMBOL

MOTOROLA 
PART NO.

DESCRiPTiON

capacitor, fixed, pF, ±5%, 100V (unless otherwise stated)
C9610 21-11059B11 0.01 uF, ±10%
C9611 21-11078B22 22
C9612,9613 21-11078B15 12
C9614 21-11078B59 470
C9616 21-11078B16 13
C9617 21-11078B59 470
C9618 21-11059B11 0.01 uF, ±10%
C9619 21-13740B65 470, 50V
C9621 21-13740B11 2.7, ±.25 pF, 50V
C9622 21-13740B15 3.9, ±.25 pF, 50V
C9623 21-13740B05 1.5, ±.25 pF, 50V
C9624 21-13740B76 1500 pF, 50V
C9625 ! 21-11059B11 C0.01 uF, ±10%
C9626 21-11078B59 470
C9628 21-13740B65 470, 50V
C9630.9631 21-11078B59 470
C9632,9633 21-13740B65 470, 50V
C9635 21-13740B11 2.7, ±.25 pF, 50V
C9636 1 21-11059B11 0.01 uF, ±10%
C9638 1 21-11059B11 0.01 uF, ±10%
diode (see note)! 
CR9610 48-80236E05 hot carrier
CR9616,9617 48-80006E10 varactor
CR9621 48-80006E10 varactor
CR9626 1 48-80154K05 dual pin
CR9630 48-80154K05 dual pin
coii, RF
L9610,9611 24-80140E01 1.2 uH
L9616 24-80140E06 130 nH
L9618,9619 24-80140E01 1.2 uH
L9628 24-80140E01 1.2 uH
L9632,9633 24-80140E01 1.2 uH
transistor (see note) 
Q9610 ! 48-80141L06 n-channel JFET
Q9635 48-82940R01 NPN
thermistor
RT9611 I 06-80149M01 470 ohms
resistor, fixed, ohm. ±5%, 1/8 watt (unless otherwise stated)
R9611 ' 06-11077A32 18
R9612 06-11077A46 68
R9613 06-11077B07 22k
R9624,9625 06-11077B07 22k
R9635 06-11077A01 0
R9636 06-11077A82 2.2k
R9637 06-11077A74 Ik
R9638,9639 06-11077A50 100

mechanical parts

07-80299L01 frame lead, j-strap (15 used)
2/25/89

note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

HYBRID RANGE 4
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j--- ) 1-- i -- 1 1--- iii| ■ ■ pz|________
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SUBSTRATE

OVERLAY

GPW-6544-0

GPW-6545-0

parts list
HLE6104B UHF VCO Hybrid Range 4 MXW-5939-A

REFERENCE
SYMBOL

MOTOROLA 
PART NO.

DESCRIPTION

capacitor, fixed, pF, ±5%, 100V (unless otherwise stated)
C9610 21-11059B11 0.01 uF, ±10%
C9611 21-11078B22 22
C9612,9613 21-11078B15 12
C9614 21-11078B59 470
C9615 21-13740B65 470, 50V
C9616 21-11078B11 8.2, ±.5 pF
C9617 21-11078B59 470
C9618 21-11059B11 0.01 uF, ±10%
C9619 21-13740B65 470, 50V
C9621 21-13740B11 2.7, ±.25 pF, 50V
C9622 21-13740B29 15, 50V
C9623 21-13740B05 1.5, ±.25 pF, 50V
C9624 21-13740B76 1500 pF, 50V
C9625 21-11059B11 0.01 uF, ±10%
C9626 21-11078B59 470
C9628 21-13740B65 470, 50V
C9630,9631 21-11078B59 470
C9632,9633 21-13740B65 470, 50V
C9635 21-13740B11 2.7, ±.25 pF, 50V
C9636 21-11059B11 0.01 uF, ±10%
C9638 21-11059B11 0.01 uF, ±10%
diode (see note)
CR9610 48-80236E05 hot carrier
CR9616,9617 48-80006E10 varactor
CR9621 48-80006E10 varactor
CR9626 48-80154K05 dual pin
CR9630 48-80154K05 dual pin
coil, RF
L9610,9611 24-80140E01 1.2 uH
L9616 24-80140E04 65 nH
L9618,9619 24-80140E01 1.2 uH
L9628 24-80140E01 1.2 uH
L9632,9633 24-80140E01 1.2 uH
transistor (see note) 
Q9610 48-80141L06 n-channel JFET
Q9635 48-82940R01 NPN
thermistor
RT9611 06-80149M01 470 ohms
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R9611,9612 06-11077A43 51
R9613 06-11077B07 22k
R9624,9625 06-11077B07 22k
R9635 06-11077A01 0
R9636 06-11077A82 2.2k
R9637 06-11077A74 Ik
R9638,9639 06-11077A50 100

mechanical parts

07-80299L01 frame lead, J-strap (15 used)
^25/89

note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.
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HLE6000A SCHEMATIC PIN SWITCH AND 
OUTPUT ATTENUATORS
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HLE6000A CIRCUIT BOARD parts list
HLE6000A UHF VCO Carrier Board MXW-5937-A MXW-5937-A (2)
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REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (uniess otherwise stated)
C5640 23-11049J26 10, ±20%, 16V
C5641 23-11049A35 0.47, ±20%, 25V !
05642,5643 21-13740B76 1500
C5646 21-13740B65 470
C5650 23-11049A37 1, ±20%, 25V
C5661 21-13741N45 0.01 uF, ±10%
C5662 21-13740B28 13
C5663-5665 21-13741N45 0.01 uF, ±10% 1
C5666 23-11049J26 10, ±20%, 16V 1
C5670 21-13740B34 24
C5671 21-13740B39 39
C5672 21-13740B17 4.7, ±.25 pF
C5673 21-13740B27 12
C5674 21-13740B29 15
C5675 21-13740B21 6.8, ±.25 pF
C5676 21-13741N45 0.01 uF, ±10% ,
C5677 21-13740B09 2.2, ±.25 pF 1
C5680 21-13740B32 20
C5682-5684 21-13741N45 0.01 uF, ±10% 1
05685,5686 21-13740B19 5.6, ±.25 pF ■ :
C5687 21-13741N45 0.01 uF, ±10%
C5688 21-13740B34 24
C5690-5699 21-13741N45 o;oiuF,±io% i
diode (see note) '
CR5640,5641 48-80066M01 signal
CR5690,5691 48-80154K05 dual pin
connector receptacle
J5641 09-80212N01 coax, PC board mount
J5642 09-80212N03 coax, PC board mount
Jumper
JU5643 06-11077A01 0
JU5668 06-11077A01 0
JU5670 06-11077A01 0
JU5680-5683 06-11077A01 0
coil, RF
L5660 24-80140E04 65 nH 1
L5670 24-80091G21 4 turns, airwound
L5671 24-80091G24 5 turns, airwound
L5672 24-80091G21 4 turns, airwound '
L5673 24-80091G24 5 turns, airwound
L5674 24-80091G21 4 turns, airwound
L5680 24-80091G20 3 turns, airwound
L5681 24-80091G24 5 turns, airwound
L5682 24-80091G32 6 turns, ainvound
L5683 24-80140E04 65 nH
connector plug
P601 28-80099M03 vertical, 12-contacts
transistor (see note) 
Q5640 48-80141L01 PNP i
Q5650 48-80141L01 PNP !
Q5651 48-80141L02 NPN 1
Q5652 48-80141L01 PNP
Q5653 48-80141L02 NPN
Q5660 48-82940R01 NPN
Q5670 48-80182D50 NPN
Q5680 48-80182D50 NPN
Q5681 48-80141L01 PNP
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R5640 06-11077A98 10k
R5641 06-11077A90 4.7k
R5642 06-11077A98 10k ,
R5643 06-11077B07 22k 1
R5645 06-11077A32 18 i
R5646 06-11077B19 68k ,
R5647 06-11077A90 4.7k *
R5648 06-11077B31 220k 1
R5649 06-11077B47 1 MEG
R5650 06-11077A98 10k
R5651 06-11077B47 1 MEG '
R5652 06-11077A60 270
R5653 06-11077B23 100k j
R5654 06-11077A60 270
R5655 06-11077B47 1 MEG
R5656 06-11077A68 560 I
R5657 06-11077B23 100k
R5658 06-11077A98 10k
R5659 06-11077B23 100k
R5660 06-11077B47 1 MEG
R5661,5662 06-11077A46 68 1
R5664 06-11077A82 2.2k !
R5665 06-11077A74 Ik
R5666,5667 06-11077A50 100 1
R5670 06-11077A90 4.7k 1
R5671,5672 06-11077A74 Ik (
R5674 06-11077A32 18 i
R5675 06-11077A74 Ik
R5676 06-11077A68 560
R5677 06-11077A30 15
R5678 06-11077A68 560
R5679,5680 06-11077A74 Ik
R5681 06-11077A82 2.2k
R5682 06-11077A74 Ik
R5683,5684 06-11077A50 100
R5686,5687 06-11077A50 100
R5688 06-11077A74 . Ik
R5689 06-11077A64 390

REFERENCE MOTOROLA DESCRIPTIONSYMBOL PART NO.

R5690 06-11077A28 12
R5691 06-11077A64 390
R5692-5696 06-11077A74 Ik
R5697 06-11077A62 330
R5698 06-11077A32 18
R5699 06-11077A62 330

mechanical parts

MP5675 54-80004N01 barcode label
MP5676 15-80223N02 cover shield

2/25/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motoroia part number.

Schematics, Circuit Board Diagrams, and Parts 
Lists for HLE6000A, HLE6000B, and HLE6041B 

SPECTRA UHF VCO Carrier Board 
PW-6370-O 

(Sheet 2 of 4)
3/31/89



HLE6000B (R3) & HLE6041B (R4) SCHEMATIC PIN SWITCH AND 
OUTPUT ATTENUATORS
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HLE6000B & HLE6041B CIRCUIT BOARD parts list
HLE6000B UHF Carrier Board (Range 3) MXW-6379-0
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REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated)
05630,5631 21-13741N45 0.01 uF, ±10%
C5640 23-11049J26 10, ±20%, 16V
C5641 23-11049A35 0.47, ±20%, 25V
05642,5643 21-13740B76 1500
C5646 21-13740B49 100
C5650 23-11049A37 1, ±20%, 25V
C5651-5658 21-13740B49 100
C5661 21-13741N45 0.01 uF, ±10%
C5662 21-13740B28 13
C5663-5665 21-13741N45 0.01 uF, ±10%
C5666 23-11049J26 10, ±20%, 16V
C5670 21-13740B34 24
C5671 21-13740B39 39
C5672 21-13740B17 4.7, ±.25 pF
C5673 21-13740B27 12
C5674 21-13740B29 15
C5675 21-13740B25 10, 50V
C5676 21-13741N45 0.01 uF, ±10%
C5677 21-13740B09 2.2, ±.25 pF
C5680 21-13740B27 12
C5682-5684 21-13741N45 0.01 uF, ±10%
05685,5686 21-13740B19 5.6, ±.25 pF
C5687-5688 21-13741N45 0.01 uF, ±10%
C5690-5693 21-13741N45 0.01 uF, ±10%
C5695-5699 21-13741N45 0.01 uF, ±10%
diode (see note) 
CR5640,5641 48-80066M01 signal
CR5690,5691 48-80154K05 dual pin
connector receptacle 
J5641 09-80212N01 coax, PC board mount
J5642 09-80212N03 coax, PC board mount
jumper
JU5643 06-11077A01 0
JU5668 06-11077A01 0
JU5680-5683 06-11077A01 0
coll, RF
L5660 24-80140E04 65 nH
L5670 24-80091G21 4 turns, airwound
L5671 24-80091G24 5 turns, airwound
L5672,5673 24-80091G21 4 turns, airwound
L5674 24-80091G06 2 turns, airwound
L5680 24-80091G20 3 turns, airwound
L5681 24-80091G24 5 turns, airwound
L5682 24-80091G32 6 turns, airwound
connector plug
P601 28-80099M03 vertical, 12-contacts
transistor (see note) 
Q5630 48-82940R01 NPN
05640 48-80141L01 PNP
Q5650 48-80141L01 PNP
Q5651 48-80141L02 NPN
Q5652 48-80141L01 PNP
Q5653 48-80141L02 NPN
Q5660 48-82940R01 NPN
Q5670 48-80182D50 NPN
Q5680 48-80182D50 NPN
Q5681 48-80141L01 PNP
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R5630 06-11077A32 18
R5631 06-11077A46 68
R5632 06-11077A32 18
R5633,5634 06-11077A50 100
R5635 06-11077A82 2.2k
R5636 06-11077A74 Ik
R5639 06-11077A01 0
R5640 06-11077A98 10k
R5641 06-11077A90 4.7k
R5642 06-11077A98 10k
R5643 06-11077B07 22k
R5645 06-11077A32 18
R5646 06-11077B19 68k
R5647 06-11077A90 4.7k
R5648 06-11077B31 220k
R5649 06-11077B47 1 MEG
R5650 06-11077A98 10k
R5651 06-11077B47 1 MEG
R5652 06-11077A60 270
R5653 06-11077B23 100k
R5654 06-11077A60 270
R5655 06-11077B47 1 MEG
R5656 06-11077A68 560
R5657 06-11077B23 100k
R5658 06-11077A98 10k
R5659 06-11077B23 100k
R5660 06-11077B47 1 MEG
R5661,5662 06-11077A46 68
R5664 06-11077A82 22k
R5665 06-11077A74 Ik
R5666,5667 06-11077A50 100
R5670 06-11077A90 4.7k
R5671,5672 06-11077A74 Ik
R5674 06-11077A36 27
R5675 06-11077A74 Ik
R5676 06-11077A68 560
R5677 06-11077A30 15
R5678 06-11077A68 560

MXW-6379-0 (2)
REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION j

R5679,5680 06-11077A74 1k I
R5681 06-11077A82 2.2k
R5682 06-11077A74 Ik
R5683 06-11077A46 68R5684 06-11077A50 100 !
R5686 06-11077A46 68
R5687 06-11077A50 100
R5688 06-11077A74 1k IR5689 06-11077A68 560 ''
R5690 06-11077A26 10 J
R5691 06-11077A68 560
R5692-5696 06-11077A74 1k IR5697 06-11077A58 220
R5698 06-11077A40 39 '
R5699 06-11077A58 220 r

MXW-6380-O (2)

mechanical parts
MP5675 54-80004N01 barcode label 'J
MP5676 15-80223N02 cover shield

2/25/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number. j

parts list
HLE6041B UHF VCO Carrier Board R4 MXW-6380-O

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated) 1
05630,5631 21-13741N45 0.01 uF, ±10%
C5640 23-11049J26 10, ±20%, 16V
C5641 23-11049A35 0.47, ±20%, 25V ■ 1'
05642,5643 21-13740B76 1500 (
C5646 21-13740B49 100
C5650 23-11049A37 1, ±20%, 25V }

C5651-5658 21-13740B49 100 1
}

C5661 21-13741N45 0.01 uF, ±10%
C5662 21-13740B28 13 1

C5663-5665 21-13741N45 0.01 uF, ±10% 1
C5666 23-11049J26 10, ±20%, 16V 1

C5670 21-13740B34 24 j
C5671 21-13740B39 39
C5672 21-13740B17 4.7, ±.25 pF I
C5673 21-13740B27 12 v.i
C5674 21-13740B29 15 1
C5675 21—13740B25 10, 50V
C5676 21-13741N45 0.01 uF, ±10%
C5677 21-13740B09 2.2, ±.25 pF
C5680 21-13740B27 12
C5682-5684 21-13741N45 0.01 uF, ±10%
05685,5686 21-13740B19 5.6, ±.25 pF
C5687-5688 21-13741N45 0.01 uF, ±10%
C5690-5693 21-13741N45 0.01 uF, ±10%
C5695-5699 21-13741N45 0.01 uF, ±10%
diode (see note) 1
CR5640,5641 48-80066M01 signal
CR5690,5691 48-80154K05 dual pin
connector receptacle
J5641 09-80212N01 coax, PC board mount 1
J5642 09-80212N03 coax, PC board mount
jumper
JU5644 06-11077AO1 0
JU5668 06-11077A01 0
JU5680-5683 06-11077A01 0 1
coll, RF
L5660 24-80140E04 65 nH
L5670 24-80091G21 4 turns, airwound
L5671 24-80091G24 5 turns, airwound
L5672,5673 24-80091G21 4 turns, airwound j
L5674 24-80091G06 2 turns, airwound
L5680 24-80091G20 3 turns, ainvound
L5681 24-80091G24 5 turns, ainwound
L5682 24-80091G32 6 turns, airwound

connector plug 1
P601 28-80099M03 vertical, 12-contacts 1
transistor (see note)
Q5630 48-82940R01 NPN
Q5640 48-80141L01 PNP
Q5650 48-80141L01 . PNP
Q5651 48-80141L02 NPN I
Q5652 48-80141L01 PNP
Q5653 48-80141L02 NPN
Q5660 48-82940R01 NPN
Q5670 48-80182D50 NPN
Q5680 , 48-80182D50 NPN 1
Q5681 48-80141L01 PNP 1

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R5630 06-11077A32 18
R5631 06-11077A46 68
R5632 06-11077A32 18
R5633,5634 06-11077A50 100
R5635 06-11077A82 2.2k
R5636 06-11077A74 Ik
R5639 06-11077A01 0
R5640 06-11077A98 10k
R5641 06-11077A90 4.7k
R5642 06-11077A98 10k
R5643 06-11077A94 6.8k
R5645 06-11077A32 18
R5646 06-11077B19 68k
R5647 06-11077A90 4.7k
R5648 06-11077B31 220k
R5649 06-11077B47 1 MEG
R5650 06-11077A98 10k
R5651 06-11077B47 1 MEG
R5652 06-11077A60 270
R5653 06-11077B23 100k
R5654 06-11077A60 270
R5655 06-11077B47 1 MEG
R5656 06-11077A68 560
R5657 06-11077B23 100k
R5658 06-11077A98 10k
R5659 06-11077B23 100k
R5660 06-11077B47 1 MEG
R5661,5662 06-11077A46 68
R5664 06-11077A82 22k
R5665 06-11077A74 Ik
R5666,5667 06-11077A50 100
R5670 06-11077A90 4.7k
R5671,5672 06-11077A74 Ik
R5674 06-11077A36 27
R5675 06-11077A74 Ik
R5676 06-11077A68 560
R5677 06-11077A30 15
R5678 06-11077A68 560
R5679,5680 06-11077A74 Ik
R5681 06-11077A82 2.2k
R5682 06-11077A74 Ik
R5683 06-11077A46 68
R5684 06-11077A50 100
R5686 06-11077A46 68
R5687 06-11077A50 100
R5688 06-11077A74 Ik
R5689 06-11077A68 560
R5690 06-11077A26 10
R5691 06-11077A68 560
R5692-5696 06-11077A74 Ik
R5697 06-11077A58 220
R5698 06-11077A40 39
R5699 06-11077A58 220

mechanical parts

MP5675 54-80004N01 barcode label
MP5676 15-80223N01 cover shield
MP5676 15-80223N02 cover shield

2/25/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.
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Mobile Products Division
Voltage Controlled Oscillator (VCO)

(800 MHz)

1. General

The VCO oscillator is located on an alumina substrate 
with a metal cover. The buffer-doubler-buffer section is 
located on the PC board and may be repaired using normal 
repair methods.

2. Theory of Operation

2.1 SUPER FILTER 8.6 VOLTS

Super filter 8.6 volts is applied to the VCO carrier board 
at J601-12. From there, SF8.6 passes to the drain of Q9641, to 
the emitters of Q9643 and Q9644, and to the collector of 
Q9642.

2.2 VCO

Q9641, the main and transmit/talkaround transmission 
lines, and the varactors CR9641 through CR9644 form the 
major circuitry of the oscillator. CR9645, C9648, C9647, and 
R9641 make up an automatic gain control (AGC) circuit.

The positive steering line connects to the cathodes of the 
four varactors and the negative steering line connects to the 
anodes. The negative line should be -4.0 ±0.3 volts and the 
positive line can go as high as 9 volts, allowing a difference of 
15 to 16 volts between the two. Normally, at room tempera
ture, the positive steering line will be between 1.5 and 5.5 volts 
and will fluctuate with temperature change in the radio. 
Modulation is connected to the negative steering line via 
R9651 and C9651.

When the radio is transmitting, the oscillator’s frequency 
will be in the 403 to 412 MHz range. When receiving, the 
frequency will be between 370.675 and 379.675 MHz. If the 
radio is in the talkaround mode, the frequency will be between 
425.5 and434.5 MHz. The transmit and talkaround ranges are 
produced by coupling an additional length of transmission 
line to the main transmission line and is done by a high or low 
on the AUX 1 or AUX 2 input lines.

2.3 RECEIVE MODE—AUX 1 AND AUX 2 HIGH

When AUX 1 is HIGH, 8.6 volts is applied to the cathode 
of CR9646. Q9643 is turned off and Q9647 is turned on 
placing approximately -6.2 volts at the anode of CR9646 
reverse biasing it. Likewise with AUX2 high the same occurs 
except CR9647 is reversed biased with Q9644 off and Q9646 
on. This isolates the TRANSMIT/TALKAROUND transmis
sion line from the MAIN transmission line.

2.4 TRANSMIT MODE-AUX 1 HIGH; AUX 2 LOW

When AUX 1 is high, the same occurs as mentioned 
above, however, with AUX 2 low, CR9647 is forward-biased, 
connecting the TRANSMIT/TALKAROUND transmission 
line through C9658 and C9657 to the MAIN transmission line.

2.5 TALKAROUND MODE-AUX 1 LOW; AUX 2 LOW

With AUX 1 and AUX 2 low, CR9647 and CR9646 are 
forward-biased, connecting the TRANSMIT/TALK
AROUND transmission line through C9656, C9655, C9657, 
and C9658 to the MAIN transmission line.

2.6 VCO BUFFER

Q9642 amplifies and provides reverse isolation to the 
oscillator. The frequency is then applied to the buffer- 
doubler-buffer section of the VCO carrier board.

2.7 FIRST BUFFER CIRCUIT

The VCO output is coupled to the first buffer section 
through C9677. Q9660 amplifies and provides additional 
isolation between the doubler and the VCO.

2.8 DOUBLER

The first buffer output is coupled to the doubler section 
through C9662 and a lowpass input match circuitry (C9675, 
L9675, C9676, and L9676), which serves two purposes—it 
matches the input of the doubler to 50 ohms, and improves 
isolation between the VCO and doubler. It also keeps the 
desired doubler output frequency from getting to the synthe
sizer. The synthesizer feedback frequency is via C9674 and 
R9669.
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Q9675 doubles the frequency applied to its base. The 
components on the collector are built so that a400 MHz signal 
is effectively shorted to ground, while the 800 MHz signal 
sees high impedance to ground. The doubler is coupled to the 
buffer through C9681, and into a 50-ohm matching network 
made up of C9683 and L9680.

Doubler-biasing differs between receive mode and 
transmit mode. For receive, R9677, R9678, and R9676 (in 
parallel to dissipate power) plus R9679 and R9680 bias the 
base of Q9675 to 0.7 volt potential, if NO input RF power is 
applied to the base. For transmit mode, keyed 9.4 volts is fed 
through CR9694 and another parallel resistor network R9674 
and R9675. This raises the current to the collector of Q9675 
via L9678, producing more power out.

2.9 SECOND BUFFER

The second buffer circuit is Q9676 with a 460 MHz trap, 
made up of L9682 and C9686, on the collector. The signal is 
coupled by series LC network of L9683 and C9687. For the 
receive mode, Q9676’s gain is approximately 1 to 4 dB; in 
transmit, its gain is approximately 7 dB.

In receive mode, K9.4 volts is off so that the base voltage 
of Q9692 is controlled by voltage divider, R9694 an R9695. 
With temperature changes, the emitter-base junction of 
Q9691 tracks that of Q9692’s, stabilizing the collector current 
and collector voltage of Q9676. R9690, R9691, and R9692 set 
the current level to the collector of Q9676 in receive.

In transmit mode, K9.4 volts is applied to CR9693 and 
through R9697, R9699, and R9693, increasing the current 
flow to Q9676. K9.4 volts on the anode of CR9690 increases 
the voltage on the base of Q9692. This increases voltage at 
Q9692’s emitter and Q9676’s collector. In the transmit mode, 
the buffer draws approximately 60 milliamps.

2.10 K9.4V SWITCH

In the receive mode, K9.4 volts is off. CR9691 is 
reverse-biased, CR9692 is forward-biased; therefore Q9693 
conducts to produce 9.4 volts on the collector. This forward- 
biases CR9678 and CR9677, allowing RF to pass through 
C9688. R9687, R9688, and R9689 drop the 12 dBm signal on 
the anode of CR9678 down to 0 to 5 dBm. This is the receiver 
injection signal which is applied to the first mixer in the front 
end of the radio.

In the transmit mode, K9.4 volts is on. Q9693 turns off, 
reverse biasing CR9678 and CR9677. However, CR9675 and 
CR9676 are forward-biased, allowing the RF signal to pass 
through C9689. The signal (approximately 20 dBm) at the 
junction of CR9675 and CR9677, is attenuated about 1 dB 
across the diodes. The transmit signal, at approximately 18 to 
23 dBm, is applied to the power amplifier via C9689.

3. Troubleshooting

Use these instructions along with the theory of operation, 
the block diagram, and the schematic to help isolate failures, 
first, to the individual circuits, and finally to the failing piece 
part.

3.1 VCO HYBRID ASSEMBLY -

The VCO hybrid substrate is glued to the carrier board. 
The hybrid is not a field-repairable assembly. If a failure is 
indicated in this assembly, replace the entire carrier board.

3.2 OUT-OF-LOCK CONDITION

The probable cause of an out-of-lock condition is a 
failure in the synthesizer circuit. (See the synthesizer 
troubleshooting information in the RF Board Section.) If the 
voltages on the AUX1 and AUX 2 lines do not conform to the 
table in Figure 1, troubleshoot the synthesizer.

If the AUX 1 and AUX 2 voltages are correct but the 
synthesizer feedback level is not within the range indicated, 
troubleshoot the first buffer on the VCO carrier board. If no 
problem is found with the first buffer and the level out of the 
VCO is below that indicated on the block diagram, check J 
straps MP9656-MP9668. If no problem is found with these, 
replace the entire carrier board.

If the AUX 1 and AUX 2 voltages are correct and the 
synthesizer feedback level is correct but an out-of-lock 
condition persists, troubleshoot the synthesizer.

3.3 NO OR LOW OUTPUT POWER 
(TX OR RX INJECTION)

Use the test cables listed in the Service Aids in the Service 
Manual. Measure the power at the synthesizer feedback 
port-if it is not within the range specified in the block diagram, 
troubleshoot the first buffer. If failure is found in the first 
buffer, replace the defective component. If no failure is found 
in the first buffer and the level out of the VCO (measured with 
an RF millivolt meter) is below that indicated in the block 
diagram check J straps MP9656-MP9668. If no problem is 
found with these, replace the entire carrier board.

If the level at the synthesizer feedback port is within the 
indicated range, then troubleshoot the doubler, second buffer, 
and PIN diode switch.

3.4 NO OR LOW MODULATION

Under standard test conditions with a 1 kHz tone injected 
and 4.6 kHz (±250Hz) deviation, there should be between 500 
and 1000 millivolts present on J601, Pin 10 (modulation 
input). (See the circuit board overlay for location.) If this level 
is not present, troubleshoot the audio circuitry. If it is present, 
check J601, Pin 4 (NEG S.L.). The negative steering line 
should be -4.0 (±0.3) volts. If this is not correct, check the 
negative steering line circuitry on the RF board and/or check 
R9651 and C9651 on the carrier board. If no problem is found, 
check J straps MP9656-MP9668. If no problem is found with 
these, replace the entire carrier board.
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parts list
HLF6079A 800 MHz VCO Hybrid MXW-6398-0

REFERENCE
SYMBOL

MOTOROLA 
PART NO.

DESCRIPTION

capacitor, fixed, pF, ±5%, 100V (unless otherwise stated)
C9630 21-11078B19 16
C9641 21-13740B49 100, 50V
C9642 21-11078B42 100
C9643 21-11078B13 10, ±.5 pF
C9644 21-13740B49 100, 50V
C9645 21-11078B11 8.2, ±.5 pF
C9647 21-11078B27 30
C9648 21-11078B42 100
C9649 21-13740B36 30, 50V
C9652 21-13740B05 1.5, ±.25 pF, 50V
09653,9654 21-13740B49 100, 50V
09655-9658 21-11078B42 100
09659-9661 21-13740B49 100, 50V
09663,9664 21-13740B49 100, 50V
09667 21-13740B49 100, 50V
09669 21-13741N45 0.01 uF, 50V
diode (see note) 
OR9641-9644 48-80006E09 varactor
OR9645 48-80236E05 hot carrier
OR9646,9647 48-80142L01 pin
coil, RF
L9641 24-80140E07 680 nH
L9642 24-05452087 39 nH
L9643-9650 24-80140E07 680 nH
transistor (see note) 
Q9641 48-80141 LOB n-Channel, JFET
Q9642 48-82971R01 NPN
thermistor
RT9643 06-80149M01 470 ohms
resistor, fixed, ohm, ±5%, 1/4 watt (unless otherwise stated)
R9641 06-11077B15 47k
R9642 06-11077A46 68
R9646 06-11077A68 560
R9652 06-11077A60 270
R9653 06-11077A50 100
R9654 06-11077A46 68
R9655 06-11077A50 100
R9657 06-11077A50 100
R9658,9659 06-11077A68 560
R9660 06-11077A94 6.8k
R9661 06-11077A78 1.5k

mechanical parts

MP9656-9668 07-80299L01 frame, j-strap
E8641 84-80105P01 800 VCO substrate

02/27/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.
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parts list
HLF6080A 800 MHz VCO Carrier Board MXW-6403-O

REFERENCE MOTOROLA DESCRIPTION
1
j.

SYMBOL PART NO.

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated) r|;
C9635,9637 21-13740B49 100
C9638,9639 21-13741N45 0.01 uF, ±10% I'
C9640 21-13740B49 100 1,
C9651 21-13740B69 680
C9661-9663 21-13741N69 .1 uF±10%
C9665 21-13740B49 100
C9667,9668 21-13740B76 1500, ±5 pF
C9669 21-13740B49 100
C9670 21-13741N69 .1 uF, ±10%
C9671-9674 21-13740B49 100
C9675 21-13740B30 16 1

C9676 21-13740B36 30 i'
C9677 21-13741N69 .1 uF, ±10% 1
C9678 21-13740B05 1.5, ±.25 pF I'
C9679 21-13741N45 0.01 uF, ±10%
C9680 21-13740B49 100 1
C9681 21-13740B15 3.9, ±.25 pF
C9682 21-13740B28 13 1
C9683 21-13740B11 2.7, ±.25 pF 1
C9684,9685 21-13741N45 0.01 uF, ±10%
C9686 21-13740B15 3.9, ±.25 pF
C9687,9688 21-13740B36 30
C9689 21-13740B25 10
C9690-9695 21-13741N45 0.01 uF, ±10%
C9696 21-13741N69 .1 uF, ±10%
C9697 23-11049A37 1, ±20%, 25V
C9698,9699 21-13741N45 0.01 uF, ±10%
diode (see note) 1
CR9675-9678 48-80142L01 pin 11
CR9690-9694 48-80066M01 diode
connector receptacie
J9641 09-80212N01 coax, PC board mount
J9642 09-80212N03 coax, PC board mount
jumper
JU9645 06-11077A01 Oohm
JU9647 06-11077A01 Oohm
coii, RF
L9675 24-80091G20 3 turns, ainvound
19676,9677 24-80091G06 2 turns, airwound '
L9678 24-80140E04 65 nH
L9679 24-80091G20 3 turns, airwound '
L9680 24-80091G06 2 turns, ainvound
L9681 24-80140E06 130 nH 1
L9682 24-80091G01 7 turns, ainvound
L9683 24-80091G20 3 turns, ainvound
L9684 24-80140E06 130 nH l..
L9685 24-80091G01 7 turns, airwound
connector piug i
P9601 28-80099M03 vertical

1

transistor (see note) 1
1

09643,9644 48-80141L01 PNP 1
09646,9647 48-80141L02 NPN j
09660 48-82940R01 NPN i
09675 48-80182D50 NPN
09676 48-82971R01 NPN
09691-9693 48-80141L01 PNP "■ 1

resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R9621 06-11077B47 1 MEG
R9622 06-11077B23 100k
R9643 06-11077B23 100k
R9644 06-11077A90 4.7k
R9649 06-11077A90 4.7k J
R9651 06-11077A94 6.8k i
R9656,9657 06-11077B47 1 MEG j
R9663 06-11077A82 2.2k 1
R9664 06-11077A74 Ik j
R9665,9666 06-11077A50 100 j
R9668 06-11077B23 100k
R9669 06-11077A54 150
R9670 06-11077A50 100
R9671 06-11077A98 10k 1
R9672 06-11077A90 4.7k j
R9673 06-11077A98 10k
R9674 06-11077A70 680 !
R9675 06-11077A78 1.5k 1
R9676 06-11077A74 Ik
R9677 06-11077A70 680
R9678 06-11077A74 Ik

MXW-6403-O (2)
REFERENCE MOTOROLA DESCRIPTIONSYMBOL PART NO.

R9679 06-11077A94 6.8k
R9680 06-11077A74 Ik
R9681 06-11077A82 2.2k
R9682 06-11077B47 1 MEG
R9683 06-11077A74 Ik
R9684 06-11077A82 2.2k
R9685 06-11077A74 Ik
R9686 06-11077A82 2.2k
R9687-9689 06-11077A50 100
R9690-9692 06-11077A70 680
R9693 06-11077A58 220
R9694 06-11077A90 4.7k
R9695 06-11077A74 Ik
R9696,9697 06-11077A70 680
R9698 06-11077A36 27
R9699 06-11077A50 100

mechanical parts

MP9676 15-80223N02 cover shield
MP9655 11-80117M01 adhesive Preform VCO

3/31/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.
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 MOTOROLA
Mobile Products Division

Voltage Controlled Oscillator (VCO)
(900 MHz)

1. General

The VCO oscillator is located on an alumina substrate 
with a ceramic or metal cover. The buffer-doubler-buffer 
section is located on the PC board and may be repaired using 
normal repair methods.

2. Theory of Operation

2.1 SUPER FILTER 8.6 VOLTS

Super filter 8.6 volts is applied to the VCO carrier board 
at J601-12. From there, SF8.6 passes to the drain of Q9641, to 
the emitters of Q9643 and Q9644, and to the collector of 
Q9642.

2.2 VCO

Q9641, the main and transmit/talkaround transmission 
lines, and the varactors CR9641 through CR9644 form the 
major circuitry of the oscillator. CR9645, C9648, C9647, and 
R9641 make up an automatic gain control (AGC) circuit.

The positive steering line connects to the cathodes of the 
four varactors and the negative steering line connects to the 
anodes. The negative line should be -6.0 (+0.3) volts and the 
positive line can go as high as 9 volts, allowing a difference of 
15 to 16 volts between the two. Normally, at room tempera
ture, the positive steering line will be between 1.5 and 4.5 volts 
and will fluctuate with temperature change in the radio. 
Modulation is connected to the negative steering line via 
R9651, C9650, Q9645, R9650, and R9662.

When the radio is transmitting, the oscillator’s frequency 
will be in the 448 to 451 MHz range. When receiving, the 
frequency will be between 412.675 and 415.675 MHz. If the 
radio is in the talkaround mode, the frequency will be between 
467.5 and 471.5 MHz. The transmit and talkaround ranges are 
produced by coupling an additional length of transmission 
line to the main transmission line and is done by a high or low 
on the AUX 1 or AUX 2 input lines.

2.3 RECEIVE MODE—AUX 1 AND AUX 2 HIGH

When AUX 1 is high, 8.6 volts is applied to the cathodes 
of CR9651 and CR9646. Q9643 turns off, placing a low 
potential on the anodes of the two diodes, reverse-biasing 
both. Likewise, with AUX 2 high, the same occurs except 
CR9650 and CR9647 are reverse-biased and Q9644 turns off. 
This isolates the TRANSMIT/TALKAROUND transmission 
line from the MAIN transmission line.

2.4 TRANSMIT MODE—AUX 1 HIGH; AUX 2 LOW

When AUX 1 is high, the same occurs as mentioned 
above, however, with AUX 2 low, CR9650 and CR9647 are 
forward-biased, connecting the TRANSMIT/ 
TALKAROUND transmission line through C9658 and 
C9657 to the MAIN transmission line.

2.5 TALKAROUND MODE—AUX 1 LOW; AUX 2 LOW

With AUX 1 and AUX 2 low, CR9650, CR9647, 
CR9651, and CR9646 are forward-biased, connecting the 
TRANSMIT/TALKAROUND transmission line through 
C9656, C9655, C9657, and C9658 to the MAIN transmission 
line.

2.6 VCO BUFFER

Q9642 amplifies and provides reverse isolation to the 
oscillator. The frequency is then applied to the buffer- 
doubler-buffer section of the VCO carrier board.

2.7 FIRST BUFFER CIRCUIT

The VCO output is coupled to the first buffer section 
through C9677. Q9660 amplifies and provides additional 
isolation between the doubler and the VCO.

2.8 DOUBLER

The first buffer output is coupled to the doubler section 
through C9662 and a lowpass input match circuitry (C9675, 
L9675, C9676, and L9676), which serves two purposes—^it 
matches the input of the doubler to 50 ohms, and improves 
isolation between the VCO and doubler. It also keeps the 
desired doubler output frequency from getting to the synthe
sizer. The synthesizer feedback frequency is via C9674 and 
R9669.
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Q9675 doubles the frequency applied to its base. The 
components on the collector are built so that a 450 MHz signal 
is effectively shorted to ground, while the 900 MHz signal 
sees high impedance to ground. The doubler is coupled to the 
buffer through C9681, and into a 50-ohm matching network 
made up of C9683 and L9680.

Doubler-biasing differs between receive mode and 
transmit mode. For receive, R9677, R9678, and R9676 (in 
parallel to dissipate power) plus R9679 and R9680 bias the 
base of Q9675 to 0.7 volt potential, if NO input RF power is 
applied to the base. For transmit mode, keyed 9.4 volts is fed 
through CR9694 and another parallel resistor network R9674 
and R9675. This raises the current to the collector of Q9675 
via L9678, producing more power out.

2.9 SECOND BUFFER

The second buffer circuit is Q9676 with a 460 MHz trap, 
made up of L9682 and C9686, on the collector. The signal is 
coupled by series LC network of L9683 and C9687. For the 
receive mode, Q9676’s gain is approximately 1 to 4 dB; in 
transmit, its gain is approximately 7 dB.

In receive mode, K9.4 volts is off so that the base voltage 
of Q9692 is controlled by voltage divider, R9694 an R9695. 
With temperature changes, the emitter-base junction of 
Q9691 tracks that of Q9692’s, stabilizing the collector current 
and collector voltage of Q9676. R9690 and R9691 set the 
current level to the collector of Q9676 in receive.

In transmit mode, K9.4 volts is applied to CR9693 and 
through R9697 and R9693, increasing the current flow to 
Q9676. K9.4 volts on the anode of CR9690 increases the 
voltage on the base of Q9692. This increases voltage at 
Q9692’s emitter and Q9676’s collector. In the transmit mode, 
the buffer draws approximately 60 milliamps.

2.10 K9.4 V SWITCH

In the receive mode, K9.4 volts is off. CR9691 is 
reverse-biased, CR9692 is forward-biased; therefore Q9693 
conducts to produce 9.4 volts on the collector. This forward- 
biases CR9678 and CR9677, allowing RF to pass through 
C9688. R9687, R9688, and R9689 drop the 12 dBm signal on 
the anode of CR9678 down to 0 to 5 dBm. This is the receiver 
injection signal which is applied to the first mixer in the front 
end of the radio.

In the transmit mode, K9.4 volts is on. Q9693 turns off, 
reverse biasing CR9678 and CR9677. However, CR9675 and 
CR9676 are forward-biased, allowing the RF signal to pass 
through C9689. The signal (approximately 20 dBm) at the 
junction of CR9675 and CR9677, is attenuated about 1 dB 
across the diodes. The transmit signal, at approximately 18 to 
23 dBm, is applied to the power amplifier via C9689.

3. Troubleshooting

Use these instructions along with the theory of operation, 
the block diagram, and the schematic to help isolate failures, 
first, to the individual circuits, and finally to the failing piece 
part.

3.1 VCO HYBRID ASSEMBLY

The VCO hybrid substrate is glued to the carrier board. 
The hybrid is not a field-repairable assembly. If a failure is 
indicated in this assembly, replace the entire carrier board.

3.2 OUT-OF-LOCK CONDITION

The probable cause of an out-of-lock condition is a 
failure in the synthesizer circuit. (See the synthesizer 
troubleshooting information in the RF Board Section.) If the 
voltages on the AUX1 and AUX 2 lines do not conform to the 
table in Figure 1, troubleshoot the synthesizer.

If the AUX 1 and AUX 2 voltages are correct but the 
synthesizer feedback level is not within the range indicated, 
troubleshoot the first buffer on the VCO carrier board. If no 
problem is found with the first buffer and the level out of the 
VCO is below that indicated on the block diagram, check J 
straps MP9656-MP9668. If no problem is found with these, 
replace the entire carrier board.

If the AUX 1 and AUX 2 voltages are correct and the 
synthesizer feedback level is correct but an out-of-lock 
condition persists, troubleshoot the synthesizer.

3.3 NO OR LOW OUTPUT POWER
(TX OR RX INJECTION)

Use the test cables listed in the Service Aids in the Service 
Manual. Measure the power at the synthesizer feedback 
port-if it is not within the range specified in the block diagram, 
troubleshoot the first buffer. If failure is found in the first 
buffer, replace the defective component. If no failure is found 
in the first buffer and the level out of the VCO (measured with 
an RF millivolt meter) is below that indicated in the block 
diagram check J straps MP9656-MP9668. If no problem is 
found with these, replace the entire carrier board.

If the level at the synthesizer feedback port is within the 
indicated range, then troubleshoot the doubler, second buffer, 
and PIN diode switch.

3.4 NO OR LOW MODULATION

Under standard test conditions with a 1 kHz tone injected 
and 2.25 kHz (+250 Hz) deviation, there should be between 
200 and 500 millivolts present on J601, Pin 10 (modulation 
input). (See the circuit board overlay for location.) If this level 
is not present, troubleshoot the audio circuitry. If it is present, 
check J601, Pin 4 (NEG S.L.). The negative steering line 
should be -6.0 (+0.3) volts. If this is not correct, check the 
negative steering line circuitry on the RF board and/or check 
the emitter follower circuitry (Q9645 and associated parts) on 
the carrier board. If no problem is found, check J straps 
MP9656-MP9668. If no problem is found with these, replace 
the entire carrier board.
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parts list
HLF6072A 900 MHz VCO Hybrid MXW-4655-B

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 100V (unless otherwise stated)
C9641 21-13740B49 100, 50V
C9642 21-11078B42 100
C9643 21-11078B08 6.2, ±.25 pF
C9644 21-13740B49 100, 50V
C9645 21-80075N05 3.9, ±.25 pF, 63V
C9646 21-80075N06 4.7, ±.25 pF, 63V
C9647 21-11078B42 100
C9648 21-11078B27 30
C9649 21-13740B36 30, 50V
C9650 21-11078B15 12
C9652 21-13740B05 1.5, ±.25 pF, 50V
C9653,9654 21-13740B49 100, 50V
C9655-9658 21-11078B42 100
C9659-9661 21-13740B49 100, 50V
C9663,9664 21-13740B49 100, 50V
C9667 21-13740B49 100, 50V
C9669 21-13741N45 0.01 uF, 50V •
diode (see note) 
CR9641-9644 48-80006E09 varactor, type MMBV109 350mW
CR9645 48-80236E05 hot carrier
CR9646,9647 48-80142L01 pin, type MMBV3401
CR9650,9651 
coil, RF

48-80142L01 pin, type MMBV3401

L9641 24-80140E07 680 nH
L9642 24-80140E06 130 nH
L9643-9650 24-80140E07 680 nH
L9651 24-80091G01 air wound
L9652-9653 24-80140E07 680 nH
transistor (see note) 
Q9641 48-80141L06 n-channel JFET
Q9642
thermistor

48-82971 ROI NPN

RT9643 06-80149M01 470 ohms
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R9641 06-11077B15 47k
R9645 06-11077A94 6.8k
R9646,9647 06-11077A68 560
R9648 06-11077A94 6.8k
R9652 06-11077A60 270
R9653 06-11077A50 100
R9654 06-11077A46 68
R9655 06-11077A50 100
R9657 06-11077A50 100
R9658,9659 06-11077A68 560
R9660 06-11077A94 6.8k
R9661 06-11077A78 1.5k

mechanical parts

MP9656-9668 07-80299L01 frame, j-strap
substrate
E9641 84-83185R01 CKT, thick film, type E

02/21/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.
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0
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MP9663
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MP9662
1
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SUBSTRATE GPW-6411-0
OVERLAY — GPW-6412-0

6XW-6409-0

FREQ
RANGE AUX 1 AUX 2 OUTPUT FERQUENCY

TX HI LOW 448 - 451

TA LOW LOW 467.5 - 471.5

RX HI HI 412.675 - 416.675

rTNDIOATEsI
ON I 

OARRIER I 
1^ BOARDJ

INDICATES SCREENED ON RESISTORS 
L965I IS OMITTED ON HLF6072B

parts list
HLF6072B 900 MHz VCO Hybrid MXW-6410-O

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 100V (unless otherwise stated)
C9641 21-13740B49 100, 50V
C9642 21-11078B42 100
C9643 21-11078B08 6.2, ±.25 pF
C9644 21-13740B49 100, 50V
C9645 21-80075N05 3.9, ±.25 pF, 63V
C9646 21-80075N06 4.7, ±.25 pF, 63V
C9647 21-11078B42 100
C9648 21-11078B27 30
C9649 21-13740B36 30, 50V
C9650 21-11078B15 12
C9652 21-13740B05 1.5, ±.25 pF, 50V
09653,9654 21-13740B49 100, 50V
09655-9658 21-11078B42 100
09659-9661 21-13740B49 100,50V
09663,9664 21-13740B49 100, 50V
09667 21-13740B49 100, 50V
09669 21-13741N45 0.01 uF
diode (see note)
OR9641-9644 48-80006E09 varactor, type MMBV109 350mW
OR9645 48-80236E05 hot carrier
OR9646,9647 48-80142L01 pin, type MMBV3401
OR9650,9651 48-80142L01 pin, type MMBV3401
coll, RF
L9641 24-80140E07 680 nH
L9642 24-80140E04 65 nH
L9643-9653 24-80140E07 680 nH
transistor (see note)
Q9641 48-80141L06 n-channel JFET
Q9642 48-82971R01 NPN
thermistor
RT9643 06-80149M01 470 ohms
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)

MP9659
1

R9641 06-11077B15 47k
R9645 06-11077A94 6.8k

1 R9646,9647 06-11077A68 560
R9648 06-11077A94 6.8k

MPQRRO R9652 06-11077A60 270mraoou
r R9653 06-11077A50 100

R9654 06-11077A46 68
R9655 06-11077A50 100
R9657 06-11077A50 100
R9658,9659 06-11077A68 5601 R9660 06-11077A94 6.8k
R9661 06-11077A78 1.5k

i mechanical parts

1 MP9656-9668
substrate

07-80299L01 frame, J-strap

E9641 84-83185R01 CRT, thick film, type F
02/21/89

note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

Schematic, Circuit Board Diagram, and Parts List 
for HLF6072B SPECTRA 900 MHz VCO Hybrid
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HLF6002A AND HLF6073A SCHEMATIC

P60I 9.6V9.6V
K9.4V K9.4V9.6VK9.4V

ACTIVE BIAS8.6V R9694
4.7K

CR9693
CR9690

C9694R969I <R9690 -^R9692 ^R9693 ^R9697 <R9699 
680 >680 >680 >220 >680 >100

DATA NO C9695 O.OluFO.Ol.uFQ969ICLOCK NO
R9696SEL NC

V Q9692
BUFFER+ S.L.POS S.L. MP9665 MP9656 K9. 4V R9695 C9693

O.OluFC9670
O.luF

C9640
100 K9.4VGUARD BAND C9669 C9667

I500PF
C9668
I500PF

C9635
tC9699

CR9694.OIuF
9.6V C9690 L9684

130
C9689

TX INJECTION8. 6V O.OluF
OSCILLATOR-S.L.NEG S.L. MP9664 MP9666

R9675C9679 R9676
IK

R9678 <R9677 
IK >680

R9674
680

C9636C9656 C9650 C9637 O.OluFV C 0Q9645 L9686+C9649 CR9676C9684R968I <R9698 
2.2K >27

R9679 L9678 C9685R9662V R9684
2.2K

O.OluF6.8KR965I
150 O.OluF C9660__ l^__L96^5_^w^

C9696 25 R9670
O.luF 100

C9680
100

9.6V CR9675
R9683 L968I

130
R9650
IK 8.0 VDC TX “L9683 C9687 TX / RX 

SWITCH
2.5 VDC RX+C9663R9663 <R9666

C968I L9682L9680
_rwv^H

4.2
CATHODESAUX I MP966I

Q9675R9644
4.7K

C967I
100

C9683 Q9676C9662 L9676L9675 L9679 C9686

L9677 R9680
IK BUFFERC9682ANODES MP9662 C9676:R9669

■150
C9674

>100

C9675Q9660
ROI

MP9657 CR9677C9678C9639 C9672Q9643AUX 2 C9677O.OluF
DOUBLER RX INJECTIONR9664 >R9665

IK >100 +
C966li 

r .luF

9.6V CR9678
J642C9688 R9688 

—VW- 
100

CATHODES MP9659 R9672
R9686 30C9673 R9689R9649

4.7K
Q9693K9.4V R9687

100CR9692
CR969I C9698ANODES R9673

lOK
MP9658 O.OluF C969I

O.OluFR967I
lOKC9638 C969209665Q9644O.OluF O.OluFTO SYNTHESIZER 

FEEDBACK J602
MP9660, MP9667 
MP9663, MP9668 K9.4V SWITCH

NOTE:
ALL VALUES ARE OHMS.PF AND 
NH UNLESS OTHERWISE NOTED. GXW-4I83-B

Schematic, Circuit Board Diagrams, and Parts List
for HLF6002A and HLF6073A SPECTRA
900 MHz VCO Carrier Board
PW-4712-C
(Sheet 1 of 2)
3/31/89



parts list HLF6002A AND HLF6073A CIRCUIT BOARD
HLF6002A 900 MHz VCO Carrier Board 
HLF6073A 900 MHz VCO Carrier Board MXW-4651-D MXW-4651-D (2)
REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

C9635-9637 21-13740B49 100
09638,9639 21-13741N45 0.01 uF
C9640 21-13740B49 100
C9649 21-13741N69 .1 uF
C9650 21-80027N01 .015 uF, ±10%
C9661-9663 21-13741N69 .1 uF
C9665 21-13740B49 100
09667,9668 21-13740B76 1500
C9669 21-13740B49 100
C9670 21-13741N69 .1 uF
C9671-9674 21-13740B49 100
C9675 21-13740B30 ‘ 16
C9676 21-13740B36 30
C9677 21-13741N69 .1 uF
C9678 21-13740B07 1.8 (HLF6002A only)
C9678 21-13740B05 1.5 (HLF6073A only)
C9679 21-13741N45 0.01 uF
C9680 21-13740B49 100
C9681 21-13740B15 3.9
C9682 21-13740B28 13
C9683 21-13740B11 2.7
09684,9685 21-13741N45 0.01 uF
C9686 21-13740B15 3.9
09687,9688 21-13740B36 30
C9689 21-13740B25 10
C9690-9695 21-13741N45 0.01 uF
C9696 21-13741N69 .1 uF
09698,9699 
diode (see note)

21-13741N45 0.01 uF

CR9675-9678 48-80142L01 pin
CR9690-9694 48-80066M01 diode
connector receptacle
J9602 30-80152M04 CBL coax assembly
J9641 09-80110M01 coax, PC board mount
J9642 09-80111M01 coax, PC board mount

coll, RF
09-80107M02 female

L9675 24-80091G20 3 turns, airwound
L9676,9677 24-80091G06 2 turns, airwound
L9678 24-80140E04 65 nH
L9679 24-80091G20 3 turns, airwound
L9680 24-80091G06 2 turns, ainwound
L9681 24-80140E06 130 nH
L9682 24-80091G01 7 turns, ainwound
L9683 24-80091G20 3 turns, airwound
L9684 24-80140E06 130 nH
L9685
connector plug

24-80091G01 7 turns, airwound

P9601 28-80099M01 vertical (HLF6002A only)
P9601
transistor (see note)

28-80099M03 vertical (HLF6073A only)

09643,9644 48-80141L01 PNP
Q9645 48-80141L02 NPN
Q9660 48-82940R01 NPN
Q9675 48-80182D50 NPN
Q9676 48-82971R01 NPN
09691-9693 48-80141L01 PNP
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R9644 06-11077A90 . 4.7k
R9649 06-11077A90 4.7k
R9650 06-11077A74 Ik
R9651 06-11077A54 150
R9662 06-11077A78 1.5k
R9663 06-11077A82 2.2k
R9664 06-11077A74 Ik
R9665,9666 06-11077A50 100
R9669 06-11077A54 150
R9670 06-11077A50 100
R9671 06-11077A98 10k
R9672 06-11077A90 4.7k
R9673 06-11077A98 10k
R9674 06-11077A70 680
R9675 06-11077A78 1.5k
R9676 06-11077A74 Ik
R9677 06-11077A70 680
R9678 06-11077A74 Ik
R9679 06-11077A94 6.8k
R9680 06-11077A74 Ik
R9681 06-11077A82 2.2k
R9683 06-11077A74 Ik
R9684 06-11077A82 2.2k
R9685 06-11077A74 ,1k
R9686 06-11077A82 2.2k
R9687-9689 06-11077A50 100
R9690-9692 06-11077A70 680
R9693 06-11077A58 220
R9694 06-11077A90 4.7k
R9695 06-11077A74 Ik
R9696,9697 06-11077A70 680
R9698 06-11077A36 27
R9699 06-11077A50 100

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

mechanical parts
MP9601,9602 
MP9655
MP9676
MP9676

75-05295B01
11-80117M01
15-80223N01
15-80223N02

crystal base pad (HLF6002A only) 
adhesive preform-VCO 
shield cover (HLF6002A only) 
shield cover (HLF6073A only)

PC board
E9677 84-80191L01 BD CKT VCO carrier

02/21/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motoroia part number.
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J642
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CR6T$ 0660
0686L685

jt)cner7^
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CR676A
0680

U6?P

L676^

O i
S I

1 C696 R680

1R679
■C679 o.

SOLDER SiDE 

COMPONENT SIDE 

OVERLAY

GPW-4683-0

GPW-4682-0

GXW-4684W0I-B

C637

R650

Q6^5V

0644

f;: <j>

CR694
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SOLDER SIDE GPW-4683-0
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OVERLAY
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Schematic, Circuit Board Diagrams, and Parts List 
for HLF6002A and HLF6073A SPECTRA 

900 MHz VCO Carrier Board 
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HLF6084A SCHEMATIC

P60I 9.6V
K9.4VK9.4V K9.4V

ACTIVE BIAS8.6V
R9694
4.7K

CR9693
CR9690

C9694DATA NC C9695 R969I
680

R9690 <R9692 ^R9693 <R9697 -^R9699 
680 >680 >220 >680 >100 O.OluFCLOCK NC O.OluFQ969

R9696SEL NC
680 • V Q9692

+ S.L. BUFFERPOS S.L. MP9665 MP9656 K9. 4V R9695, C9693
C9670
O.luF

C9640
100

O.OluF K9.4VC9669 C9667
I500PF

C9668
I500PF

C9635
tC9699

.OIuF CR9694
9.6V C9690

O.OluF
L9684
130

C9689

TX INJECTION
-S.L.NEC S.L. OSCILLATORMP9664 MP9666

9.6V C9679 R9676 R9678 <R9677 
IK >680

R9674 <R9675 
680 >I.5K

C9666 C9650 C9636C965I
1500

C9637 O.OluFV C 0 L9686
R968I <R9698 ±C9684 
2.2K >27 ^^O.OluF

J_C9680 y 
Tl°0 R9683 <

ik:

CR9676R9679 L9678
65 R9684

2.2K
C9685R9662R965I 6.8K C9660O.OluFL9685

Q9645 9.6V CR9675R9650 C9696 R9670
100

L968I
130 8.0 VDC TX “O.luF L9683 C9687 2.5 VDC RX TX / RX 

SWITCHR9663 <R9666 JtC9663
C968I L9682L9680

4.2
CATHODES MP966I

Q9675 
D50 /.R9644

4.7K
C967I
100 C9683C9662 Q9676L9675 L9676 L9679 C9686

L9677 R9680
IK BUFFERANODES C9682MP9662 R9669 C9675 C9676Q9660 s|5o 

ROI 1MP9657 C9678 CR9677C9639 C9672Q9643AUX 2 O.OluF C9677 C9674
DOUBLER RX INJECTIONR9664

IK R9665 9.6V CR9678
C9688 J642CATHODES R9688MP9659 R9672

100C9673 R9686 30R9649 R9689Q9693K9.4V R9687CR9692
CR969I C9698ANODES MP9658 R9673O.OluF __C969|R967I

lOKC9638 C9665Q9644 C9692O.OluF O.OluFTO SYNTHESIZER 
FEEDBACK P60I PIN

MP9660, MP9667 
MP9663, MP9668 K9. 4V SWITCH

NOTE:
ALL VALUES ARE OHMS.PF AND 
NH UNLESS OTHERWISE NOTED. 6XW-64I4-0

Schematic, Circuit Board Diagrams, and 
Parts List for HLF6084A SPEC7/?/l 
900 MHz VCO Carrier Board 
PW-6413-0 
(Sheet 1 of 2)
3/31/89



parts list HLF6084A CIRCUIT BOARD
HLF6084A 900 MHz VCO Carrier Board MXW-6415-0

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated)
C9635,9637 21-13740B49 100
C9638,9639 21-13741N45 0.01 uF
C9640 21-13740B49 100
C9651 21-13740B76 1500
C9661-9663 21-13741N69 .1 uF
C9665 21-13740B49 100
C9667,9668 21-13740B76 1500
C9669 21-13740B49 100
C9670 21-13741N69 .1 uF
C9671-9674 21-13740B49 100
C9675 21-13740B30 16
C9676 21-13740B36 30
C9677 21-13741N69 .1 uF
C9678 21-13740B05 1.5, ±.25 pF
C9679 21-13741N45 0.01 uF
C9680 21-13740B49 100
C9681 21-13740B15 3.9, ±.25 pF
C9682 21-13740B28 13
C9683 21-13740B11 2.7, ±.25 pF
C9684,9685 21-13741N45 0.01 uF
C9686 21-13740B15 3.9, ±.25 pF
C9687,9688 21-13740B36 30
C9689 21-13740B25 10
C9690-9696 21-13741N45 0.01 uF
C9698,9699 21-13741N45 0.01 uF
connector receptacle
J9641 09-80110M01 coax, PC board mount
J9642 09-80212N03 coax, PC board mount
coll, RF
L9675 24-80091G20 3 turns, ainwound
19676,9677 24-80091G06 2 turns, ainvound
L9678 24-80140E04 65 nH
L9679 24-80091G20 3 turns, airwound
L9680 24-80091G06 2 turns, airwound
L9681 24-80140E06 130 nH
L9682 24-80091G01 7 turns, ainwound
L9683 24-80091G20 2 turns, airwound
L9684 24-80140E06 ' 130 nH
L9685 24-80091G01 7 turns, ainwound
diode (see note) 
CR9675-9678 48-80142L01 pin
CR9690-9694 48-80066M01 diode
connector plug
P9601 28-80099M03 vertical
transistor (see note) 
09643,9644 48-80141L01 PNP
Q9660 48-82940R01 NPN
Q9675 48-80182D50 . NPN
Q9676 48-82971R01 NPN
09691-9693 . 48-80141L01 PNP

R9644 06-11077A90 4.7k
R9649 06-11077A90 4.7k
R9651 06-11077A98 10k
R9663 06-11077A82 2.2k
R9664 06-11077A74 Ik
R9665-9666 06-11077A50 - 100
R9669 06-11077A54 150
R9670 06-11077A50 100
R9671 06-11077A98 10k
R9672 ' 06-11077A90 4.7k
R9673 06-11077A98 10k
R9674 06-11077A70 680
R9675 06-11077A78 1.5k
R9676 06-11077A74 Ik
R9677 06-11077A70 680
R9678 06-11077A74 Ik
R9679 06-11077A94 6.8k
R9680 06-11077A74 Ik
R9681 06-11077A82 2.2k
R9683 06-11077A74 Ik
R9684 06-11077A82 2.2k
R9685 06-11077A74 Ik
R9686 06-11077A82 2.2k
R9687-9689 06-11077A50 100
R9690-9692 06-11077A70 680
R9693 06-11077A58 220
R9694 06-11077A90 4.7k
R9695 06-11077A74 Ik
R9696,9697 06-11077A70 680
R9698 06-11077A36 27
R9699 06-11077A50 100

mechanical parts

MP9655 11-80117M01 adhesive preform-VCO
MP9676 15-80223N02 cover shield
PC board
E9677 84-80103P01 BD CKT VCO carrier

o o

r-cvj|| . . CO
1 ^ CD.
; to (r. —

-3 ^ 00
Is**’
00
<0

CO
CD
o R686

CR87S
CR677

CR676

' 1684

C69I
R664

C677 R669

L682p |<:68e
^ i ■:

Q660:

CD
CD

S
C662

C673
C676

C678

1C6871
00

R685
COcr

tn
00
toC690
o

Q676

L680
.L677 1L679

R680

O

R
69

8 CD
N- "< 1 1

C680 CD
Oi 00 1 

CD
.a:

CD
(T

R679,

C679 o

C637 iiii
C667

R650

Q 64 5

Q644

R689

R665

0693

CR693 ft-S 0692 ' 0694

R674 ^

R675

SOLDER SIDE 

COMPONENT SIDE

OVERLAY m

GPW-6416-0

GPW-6417-0

GXW-64I8W0I-0

SOLDER SIDE 

COMPONENT SIDE 

OVERLAY

GPW-6416-0

GPW-6417-0

GXW-64I8W02-0

02/21/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

COMPONENT SIDE SOLDER SIDE
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Mobile Products Division

Receiver Front-End 

(VHF)

1. General

The Receiver Front-End (RXFE) performs the first 
conversion of the received signal. The inbound signal is mixed 
with the high side injection signal, to produce the 109.65 MHz 
first IF. The pre-amp/mixer configuration of the RXFE 
includes a factory-tuned, 5-pole preselector, a fixed injection 
filter, and a double balanced mixer.

2. Theory of Operation

The factory-tuned preselector filter accepts RF input 
frequencies ranging from 136-162 MHz (Range 1) or 
146-174 MHz (Range 2). The fixed 2-pole injection filter 
accepts frequencies of both ranges.

The RF board supplies DC voltage to the pre-amp. 
Transistors Q3200 and Q3201 stabilize the bias for pre-amp 
device Q3202 through temperature changes. L3200, L3201, 
L3203, C3200, and C3201 form the high pass filter; R3206, 
R3200, R3210, R3208, and R3209 are adjusted to meet radio 
performance specifications for High or Low sensitivity.

The double-balanced mixer has an injection level of +20 
dBm, common for both ranges; at its output, a diplexer helps 
terminate the IF port at all frequencies of interest, and forms 
the bandpass filter.

From the pre-amp input to the IF output, there should be a 
conversion gain of -1.5 to +3.5 dB for high sensitivity, and 
+7.0 to +10 dB for low sensitivity specifications.

3. Troubleshooting

This information will help field service technicians 
troubleshoot the SPECTRA radio. Use this information, along 
with the theory of operation, to diagnose and isolate the cause 
of failures. The principle tools needed to troubleshoot a circuit 
to the component level are the schematic and the theory of 
operation.

In addition to the schematic and theory, this section 
includes a Troubleshooting Chart that will guide you through 
a sequence of tests and checks designed to isolate problems.

Prior to troubleshooting, it is important to review the 
theory of operation, including specific precautions and 
troubleshooting methods.

©Motorola, Inc. 1989 
All Rights Reserved 
Printed in U.S.A.

'technical publicatB n s-«Vicesa
5555 North Beach Street, Fort Worth, Texas 76137

W10002S70-A
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START

SI NAD 
<-120

VOLTAGE
=9.6V

VOLTAGE AT 
Q3202 OK

GXW-5876-0

^ >-l3 WITH \
PREAMP; >-22 NON- 
sv. PREAMP /

^ SINAD \ 
<-122 WITH PREAMP 
^ <-117 NON- >
^^PREAMP

^ >-7dBM WITH ^ 
PREAMP; >-l7dBM 

NON-PREAMP^

CHECK 
DC VOLTAGE 

AT IF 
OUTPUT

RECHECK RF 
BOARD AND! 

TRANSCEIVER 
SINAD

CHECK BIAS 
CIRCUIT AND 
ASSOCIATED 
COMPONENTS

CHECK
INJECT LEVEL 
AT INJECTION 

INPUT PAD

MEASURE 
RF LEVEL AT 

INPUT OF 
1ST MIXER

NO PROBLEM 
WITH RX 

FRONT END 
OR RF BOARD

TROUBLESHOOT 
RF BOARD

TROUBLESHOOT 
DC FEED FROM 

RF BOARD

MEASURE SINAD; 
INJECT 106.5 MHz 

INTO RF BOARD 
AT J350

MEASURE 
TRANSCEIVER 

SINAD INJECTION 
SIGNAL AT J9I27

TROUBLESHOOT 
RF INJECTION 
OR CARRIER 

BOARD

CHECK BIASING 
ON 03202 

VCOLLECTOR =7.5V 
VBASE -0.9 

TO 1.6V

CHECK 1ST MIXER 
AND ASSOCIATED 

COMPONENTS 
REPLACE AS 
NECESSARY

CHECK THE 
PRESELECTOR AND 
ITS COMPONENTS 

REPLACE AS 
NECESSARY

CHECK MODULE GAIN: 
INJECT 160MHz 

-20dBM AT J9I27 
MEASURE AT 
IF OUTPUT I

Troubleshooting Chart for 
SPECTRA VHF Receiver Front-End 

PW-5875-0
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VHF RECEIVER FRONT-END SCHEMATIC

)IF OUT 
DC IN

[L3204
!1.2uH

PREAMP

Q3200

;R3203
51

R3204
0

.C3205
‘.OIuF

C3208
‘.OIuF

RF INPUT

R320

© Q320

boOnH

C3200
K

C320I
l(

L3200
65nH

L320I
50nH

L3202
65nH

R32IO R3209

R3206 <R3200

HRD60IIA HRD600IA
HRD60I2A HRD6002A
(PREAMP) (NON-PREAMP)

R3200 0 5I
R3206 lO 68
R3208 lO I8
R3209 680 560
R32I0 680 560
R3I0I NO RES 680
R3I27 NO RES 680
R3I25 NO RES 680
R3I00 JUMPER lO
R3I26 JUMPER lO

PRESELECTOR FLTR. MIXER INJECTION FLTR,
C3I26
‘27

1L3I26
ll30uH

R3I28

R3I27.
I —VVS/----- 1

R3I26

L3I25

l30nH

C3I25

15

C3I0I C3I04 C3I05 C3I06 C3I07 C3I02
1------- ------- ------- ---- ----- ----- ---- ----

*** *** ***
J.C3I00 ^ L3I00 3 L3I0I .C3I08 3 L3I02 .C3I09 3 L3I03 C3II0 3 L3I04l * \l/ M/

J
* 7 * T

C3I52 L3I5I
-|(---------nrw-u
12 623

V

R3I30 
WV 
0R3 00

R3IOI

CR3 25

C3I03

L3I50 C3I5I
oo, —G23 12

C3I54
27

C3I50
•12

^ NOT FIELD REPLACEABLE 
SEE PARTS LIST

\L0 IN COAX

NOTE:
ALL RESISTANCE IN OHMS. ALL CAPACITANCE 
IN PICOFARADS UNLESS OTHERWISE NOTED. GXW-59I0-A

Schematic, Circuit Board Diagrams, and
Parts Lists for SPECTRA VHF Receiver Front-End
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VHF RECEIVER FRONT-END 
CIRCUIT BOARD DIAGRAMS

Q
T3ia5

L3104

L3I03

L3I02

CR3I25

3

13204 
0312$ I ^ .

L3I26

UlOl

in R3I26
|R3I

CM
fO0^

00
CM

C3I25 Jo
or

L3I25
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L3IOO

in
too

C3I53

L315I C3I54

N 00 
K r-
liilii
iSiiiii

• |L3I50 [C3I5I;

a
’L3203, : m

^ fS R3200

llieniisii 
siiiilllllii

L3202
m

L320I
m

L3200
m ;

o
&

o

03103

R3I0I R3I00

C31I0

C3I09

C3108C3209

TP-9
C3I00

TP-13 R3208

Q3200 sTP-14

'Q3201
R320Iiilil

Q3202
CVt O

rO .

parts list
HRD6001A Receiver Front End Board ( 1136/162 MHz

MXW-5869-A

parts list
HRD6002A Receiver Front End (R2) 146/174 MHz

REFERENCE 
SYMBOL '

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated)
03100,3101 1 1 21-13740B34 24
C3102 I 21-13740B30 16
C3103 : 21-13740B34 24
C3104 i 21-13740B11 2.7, ±0.25 pF
03105,3106 i 21-13740B09 2.2, ±0.25 pF
C3107 i 21-13740B11 2.7, ±0.25 pF
C3108 1 21-11078B16 13, 100V
C3109 i 21-11078B15 12, 100V
C3110 j 21-11078B16 13,100V
C3125 1 21-13740B29 15
C3126 21-13740B35 27
C3150-3153 21-13740B27 12
C3154 21-11078B25 27, 100V
C3200 21-13740B30 16
C3201 21-13740B24 9.1
03202,3203 21-13740B49 100
C3205-3208 21-13741N45 0.01 uF
diode (see note)
CR3125 48-80236E17 Diode Quad Ring
connector receptacle
J3102 1 09-80110M01 coax, PC board mounted
jumper
JU3175 06-11077A01 0 ohm resistor (HRD6001A only)
JU3177 06-11077A01 0 ohm resistor (HRD6011A only)
JU3178 1 06-11077A01 0 ohm resistor
JU3180 1 06-11077A01 0 ohm resistor
JU3181 06-11077A01 0 ohm resistor (HRD6001A only)
JU3182 06-11077A01 0 ohm resistor (HRD6011A only)
coil, rf 1
L3100-3104 24-80148M07 4-1/2 turns, 82 nh
L3125 24-80140E06 inductor, 130 nh (HRD6001A)
L3125 24-80140E04 65 nH (HRD6011A)
L3126 I 24-80140E06 inductor, 130 nh
L3150,3151 ,1 24-80091G23 airwound
L3200 1 ; 24-80140E04 inductor, 65 nh
L3201 1 24-80140E03 inductor, 50 nh
L3202 , 24-80140E04 inductor, 65 nh
L3203 1 1 24-80140E07 inductor, 680 nh
L3204 1 24-80140E01 inductor, 1,2 uH
transistor (see note)
03200,3201 i 48-80141L01 PNP
Q3202 : 48-82971R01 NPN
resistor, fixed, ohm, 
R3100
R3101 I
R3125
R3126
R3126 I
R3127 f
R3128 !
R3130 
R3200
R3201 !
R3202 1
R3203 
R3204 
R3205 
R3206 
R3206 
R3208 
R3208 
R3209.3210 
R3209.3210
transformer 
T3125,3126

±5%, 1/8 watt (unless ( 
06-11077A26 
06-11077A70 
06-11077A70 
06-11077A01 
06-11077A26 
06-11077A70 
06-11077A43 
06-11077A01 
06-11077A43 
06-11077A98 
06-11077B15 
06-11077A43 
06-11077A01 
06-11077A98 
06-11077A46 
06-11077A26 
06-11077A32 
06-11077A26 
06-11077A68 
06-11077A70

24-05548Q02

mechanical parts
29-80014A01 
26-80003M02 
26-80004M02

dip coax terminal (2 used) 
shield, high IF (2 used) 
shield, output match

REFERENCE
SYMBOL

MOTOROLA 
PART NO.

I-TW/ 1 f-T IVII liC. IVIAVV-aO/U—M

DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless othen/vise stated)
C3100,3102 21-13740B31 18
C3101 21-13740B35 27
C3103 21-13740B35 27
C3104 21-13740B13 3.3, ±0.25 pF
C3105,3106 21-13740B11 2.7, ±0.25 pF
C3107 21-13740B13 3.3, ±0.25 pF
C3108 21-11078B19 16, 100V ■
C3109 21-11078B16 13, 100V
C3110 21-11078B19 16, 100V
C3125 21-13740B29 15
C3126 21-13740B35 27
C3150-3153 21-13740B27 12
C3154 21-11078B25 27, 100V
C3200 21-13740B30 16
C3201 21-13740B24 9.1
C3202,3203 21-13740B49 100
C3205-3208 21-13741N45 0.01 uF
diode (see note)
CR3125 48-80236E17 Diode Quad Ring
connector receptacle
J3102 09-80110M01 coax, PC board mounted
jumper
JU3175 06-11077A01 0 ohm resistor (HRD6002A only)
JU3176 06-11077A01 0 ohm resistor
JU3177 06-11077A01 0 ohm resistor (HRD6012A only)
JU3179 06-11077A01 0 ohm resistor
JU3181 06-11077A01 0 ohm resistor (HRD6002A only)
JU3182 06-11077A01 0 ohm resistor (HRD6012A oniy)
coil, rf
L3100-3104 24-80148M04 3-1/2 turns, 62 nH
L3125 24-80140E06 inductor, 130 nH (HRD6002A)
L3125 24-80140E04 65nH (HRD6012A)
L3126 24-80140E06 inductor, 130 nH
L3150,3151 24-80091G23 airwound
L3200 24-80140E04 inductor, 65 nH
L3201 24-80140E03 inductor, 50 nH
L3202 24-80140E04 inductor, 65 nH
L3203 24-80140E07 inductor, 680 nH
L3204 24-80140E01 inductor, 1.2 uH
transistor (see note)
03200,3201 48-80141L01 PNP
Q3202 48-82971R01 NPN

10 (HRD6001A) R3100 06-11077A26
680 (HRD6001A) R3101 06-11077A70
680 (HRD6001A) R3125 06-11077A70
0 ohm jumper (HRD6011 A) R3126 06-11077A26
10 (HRD6001A) R3126 06-11077A01
680 (HRD6001A) R3127 06-11077A70
51 R3128 06-11077A43
0 ohm jumper R3130 06-11077A01
51 (HRD6001A only) R3200 06-11077A43
10k R3201 06-11077A98
47k R3202 06-11077B15
51 R3203 06-11077A43
0 ohm jumper R3204 06-11077A01
10k R3205 06-11077A98
68 (HRD6001A) R3206 06-11077A46
10 (HRD6011A) R3206 06-11077A26
18 (HRD6001A) R3208 06-11077A32
10 (HRD6011A) R3208 06-11077A26
560 (HRD6001A) R3209,3210 06-11077A68
680 (HRD6011A) R3209,3210

transformer
06-11077A70

RF T3125,3126 24-05548Q02

> otherwise stated)
10 (HRD6002A)
680 (HRD6002A)
680 (HRD6002A)
10 (HRD6002A)
0 ohm jumper (HRD6012A) 
680 (HRD6002A)
51
0 ohm jumper 
51 (HRD6002A only)
10k
47k
51
0 ohm jumper 
10k
68 (HRD6002A)
10 (HRD6012A)
18 (HRD6002A)
10 (HRD6012A)
560 (HRD6002A)
680 (HRD6012A)

RF

mechanical parts

u ! 3/31/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

29-80014A01 
26-80003M02 
26-80004M02

clip, coax terminai (2 used) 
shield, high IF (2 used) 
shield, output match

* r- u 3/31/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.
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Mobile Products Division
Receiver Front-End 

(UHF)

1. General

The receiver ceramic filter has a typical insertion loss of 
about 0.5 to 1.5 dB; it should not have a loss greater than 2.0 
dB. If any soldering must be done on the filter, be very careful 
not to get any solder on the filter tuning pads.

The injection filter is a printed pattern on the substrate 
which is laser-tuned at the factory. The insertion loss of this 
filter is about 3 dB.

2. Theory of Operation

The factory-tuned ceramic preselector filter accommo
dates RF input frequencies ranging from 450 to 482 MHz 
(Range 3) or482 to 512 MHz (Range 4). The injection filter is 
tuned to pass frequencies from 559 to 592 MHz for Range 3 or 
592 to 622 for Range 4. Each frequency is connected at a node 
just before C9138 via a transmission line which acts as a high 
impedance input to the other frequency.

The RF board supplies DC voltage to bias the mixer, 
Q9125. Transistor Q9126 controls the voltage to the base of 
Q9125. The voltage at the collector of Q9125 should be 
approximately 10 volts.

From the input of the ceramic filter to the IF output, there 
should be 2 dB power gain presented to the IF. If the beta of 
Q9125 falls below 60, the mixer (Q9125) is probably bad and 
must be replaced.

3. Troubleshooting

This information will help field service technicians trou
bleshoot the SPECTRA radio. Use this information, along 
with the theory of operation, to diagnose and isolate the cause 
of failures. The principle tools needed to troubleshoot a cir
cuit to the component level are the schematic and the theory of 
operation.

In addition to the schematic and theory, this section 
includes a Troubleshooting Chart that will guide you through 
a sequence of tests and checks designed to isolate problems.

Prior to troubleshooting, it is important to review the 
theory of operation, including specific precautions and 
troubleshooting methods. Because much of the radio’s 
circuitry operates at 500 MHz, measurements must be taken 
very carefully.

©Motorola, Inc. 1989 
All Rights Reserved 
Printed in U.S.A.
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O
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SINAD
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NO
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RXFE BOARD
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GXW-5916-0

Troubleshooting Chart for 
SPECTRAVHF Receiver Front-End Hybrid

PW-5915-0
10/3/88



UHF RECEIVER 
FRONT-END-PREAMP 
HRE6013A AND HRE6014A QI26

4IL0I

.OIuF

LI25
IF OUT/DC IN 
I09.65 MHZLI28 Q125

82049
lOOnH I500 JLcI32_LcI30

50 OHMS J_CI38 JLcI26J_CIOI

QlOO
82049RF INPUT

T-LINE 2 
50 OHMS

JLcI36

35 OHMS

35 OHMS

35 OHMS

GXW-594I-A

LI29

T-LINE 4

T-LINE I

T-LINE 3

T-LINE 5

CERAMIC
PRESELECTOR

UHF RECEIVER FRONT-END HYBRID

INPUT FROM RX BUFFER

UHF RECEIVER FRONT-END-STANDARD 
HRE6003A AND HRE6004A

QI26
4IL0I

.OIuF

QI25
82049

lOOnHRF INPUT CI32
24J_CI30

. 50 OHMS J.CI38 JLcI26

T-LINE 2 
50 OHMS

_LcI36

35 OHMS

jJ2^
"33nh?T-LINE

T-LINE 3

CERAMIC 
.PRESELECTOR

IF OUT/OC IN 
I09.65 MHZ

parts list
HRE6003A Receiver Front End, UHF Range 3 
HRE6004A Receiver Front End, UHF Range 4 MXW-5935-A

T-LINE 4

35 OHMS

CI34

---- 13.3 4r

Q125

Q126
CR100

n nn n
R130 R129 C128 C129 I

SUBSTRATE GPW-5919-0

REFERENCE
SYMBOL

MOTOROLA
PART NO. DESCRIPTION

capacitor, fixed. pF, ±5%, 50V (unless otherwise stated)
C5125 21-13740B76 1500
C5126 21-13740B09 2.2, ±.25 pF
C5127-5129 21-13741N45 0.01 uF, ±10%
C5130 21-13740B34 24
C5131 21-13740B76 1500
C5132 21-13740B34 24
C5133-5135 21-13740B13 3.3, ±.25 pF
C5136 21-13740B46 75
C5137 21-13741N45 0.01 uF, ±10%
C5138 21-13740B09 2.2, ±.25 pF
hybrid (see note) 
HY5126 91-80209N03 ceramic filter, bandpass, 465 MHz (Range 3)
HY5126 91-80209N04 ceramic filter, bandpass, 497 MHz (Range 4)

connector receptacle
J5127 09-80212N01 coax, PC board mounted

coil, RF
L5125 24-80140E10 100 nH
L5126,5127 24-80140E01 1.2 uH
L5128 24-80091G21 4 turns, airwound
L5129 24-80091G33 5 turns, airwound

transistor (see note)
Q5125 48-82971R01 NPN
Q5126 48-80141L01 PNP

resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R5126 06-11077A74 Ik
R5127 06-11077A36 27
R5128 06-11077A52 120
R5129 06-11077A80 1.8k
R5130 06-11077A94 6.8k
R5131 06-11077A52 120
R5132 06-11077A43 51

mechanical parts
26-80015P01 
26-80002M01 
07-80091P01 
07-80214N01 
42-80191N01
42- 80013P01
43- 80025P01

shield
shield, injection filter 
bracket
frame, preselector lead 
clip
retainer wire 
spacer wire

3/31/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motoroia part number.

OVERLAY GPW-5920-A

Schematics, Hybrid, and Parts Lists for 
SPECTRA UHF Receiver Front-End 
PW-5917-A
3/31/89

CI33

I------_L 3.3
T-LINE 5

35 OHMS Q

parts list
HRE6013A Receiver Front End Range 3 UHF Pre-amp 
HRE6014A Receiver Front End Range 4 UHF Pre-amp MXW-5940-A

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated)
C5100 21-13740B76 1500
C5101 21-13740B19 5.6, ± .25 pF
C5102 21-13740B76 1500
C5103 21-13740B48 91
C5126 21-13740B09 2.2, ±.25 pF
C5127-5129 21-13741N45 0.01 uF, ±10%
C5130 21-13740B34 24
C5131 21-13740B76 1500
C5132 21-13740B34 24
C5133-5135 21-13740B13 3.3, ±.25 pF
C5136 21-13740B46 75
C5137 21-13741N45 0.01 uF, ±10%
C5138 21-13740B09 2.2, ±.25 pF
diode (see note) 
CR5100 48-82958R78 zener 5.6V
hybrid (see note) 
HY5126 91-80209N03 ceramic filter, bandpass 465 MHz (R3)
HY5126 91-80209N04 ceramic filter, bandpass 497 MHz (R4)
connector receptacle 
J5127 09-80212N01 coax, PC board mount
coil, RF
L5125 24-80140E10 100 nH
L5126 24-80140E01 1.2 uH
L5127 24-80140E01 1.2 uH
L5128 24-80091G21 4 turns, airwound
L5129 24-80091G33 5 turns, airwound
transistor (see note) 
Q5100 48-82971R01 NPN
Q5125 48-82971R01 NPN
Q5126 48-80141L01 PNP
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise
R5100 06-11077A26 10
R5101 06-11077A26 10
R5102 06-11077A70 680
R5103 06-11077A62 330
R5104 06-11077A43 51
R5126 06-11077A74 Ik
R5127 06-11077A36 27
R5128 06-11077A52 120
R5129 06-11077A80 1.8k
R5130 06-11077A94 6.8k
R5131 06-11077A52 120
R5132 06-11077A43 51

mechanical parts

E5125 26-80015P01 shield
E5126 26-80002M01 shield, injection fitler 900
MP5126 07-80091P01 bracket
MP5127 07-80214N01 frame, preselector lead
MP5128 42-80191N01 clip
MP5129 42-80013P01 retainer wire
MP5130 43-80025P01 spacer wire

3/31/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motoroia part number.

INPUT FROM RX BUFFER GXW-59I8-A



 MOTOROLA
Mobile Products Division

Receiver Front End 

(800 MHz)

1. General

The receiver ceramic filter has a typical insertion loss of 
about 1.6 to 1.7 dB; it should not have a loss greater than 2.5 
dB. If any soldering must be done on the filter, be very careful 
not to get any solder on the filter tuning pads.

The injection filter is a printed pattern on the substrate 
which is laser-tuned at the factory. The insertion loss of this 
filter is about 3dB.

2. Theory of Operation

The factory-tuned ceramic prescaler filter accommo
dates RF input frequencies ranging from 851 to 870 MHz. The 
injection filter is tuned to pass frequencies from 741 to 760 
MHz. Each frequency is connected at a node just before 
C8126 via a transmission line which acts as a high impedance 
input to the other frequency.

DC voltage, supplied from the RF board, biases the 
mixer, Q8126. Transistors Q8127 and Q8128 control the 
voltage to tha base of Q8126. Q8128 acts as a diode to 
maintain a voltage on the base of Q8127, which keeps the bias 
of Q8126 stable through temperature changes. The voltage for 
the collector of Q8126, which passes through R8128, L8131, 
and L8130, should be approximately 8 volts.

C8129, L8129, C8131, and L8130 form the output 
network for the mixer. C8131 is a large capacitor that appears 
as a short to all frequencies of interest, the remaining 
components form a bandpass filter centered at the IF 
frequency.

R8130, R8129, and R8131 form an attenuator on the 
output path to stabilize both the mixer output impedance and 
the source impedance for the IF amplifier.

From the input to the ceramic filter to the IF output, there 
should be an 8 dB power gain presented to the IF. If the beta of 
Q8126 falls below 60, the mixer (Q8126) is probably bad and 
must be replaced.

3. Troubleshooting

This information will help field service technicians 
troubleshoot the SPECTRA radio. Use this information, along 
with the theory of operation, to diagnose and isolate the cause 
of failures. The principle tools needed to troubleshoot a circuit 
to the component level are the schematic and the theory of 
operation.

In addition to the schematic and theory, this section 
includes a Troubleshooting Chart that will guide you through 
a sequence of tests and checks designed to isolate problems.

Prior to troubleshooting, it is important to review the 
theory of operation, including specific precautions and 
troubleshooting methods. Because much of the radio’s 
circuitry operates at 800 MHz, measurements must be taken 
very carefully.

Motorola, Inc. 1989 
All Rights Reserved 
Printed in U.S.A.

technical publicatb q services*
5555 North Beach Street, Fort Worth, Texas 76137
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PW-6422-0
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parts list

HRF60004A SCHEMATIC

JLC8I35R8I35
390

R8I28
100 O.OluFQ8I28

4IL0I
R8I32

R8I27
lOK C8I33

O.OluFQ8I27
4IL0I
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l.2uH
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l.2uHO.OluF
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lOK
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O.OluFCERAMIC

PRESELECTOR
FL8I00 C8I30 R8I30 08136

----- 1(----- f—VsAr
33

L8I30
lOOnH
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^R8I3I
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C8I3I
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INPUT FROM 
DOUBLER/BUFFER

P8642

INJECTION
FILTER GXW-6425-0

HRF6004A 800 MHz Receiver Front-End MXW-6428-0

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 100V (unless otherwise stated)
C8126 21-11078B42 100
C8129 21-11059D57 27, 50V
C8130 21-13741N45 0.01 uF, ±10%
C8131 21-13741N69 .1 uF, ±10%
C8132-8136 21-13741N45 0.01 uF, ±10%
ceramic filter
FL8100 91-83722P01 filter RF
connector receptacle
J8127 09-80110M01 coax, PC board mount
coil, RF
L8129 24-80140E06 130 nH
L8130 24-80140E10 100 nH
18131,8132 24-80140E01 1.2 uH
transistor (see note)
08126 48-80182D49 NPN
08127,8128 48-80141L01 PNP
resistor, fixed, ohm, ±5%, 1/4 watt (unless otherwise stated)
R8126 06-11077B15 47k
R8127 06-11077A98 10k
R8128 06-11077A55 160
R8129 06-11077A54 150
R8130 06-11077A38 33
R8131 06-11077A54 150
R8132 06-11077A01 0
R8134 06-11077A98 10k
R8135 06-11077A66 470

mechanical parts

E8127 26-80002M01 shield, injection filter 900
E8128 29-80258M01 solder lug
E8129 29-84985K01 terminal chain
E8130 26-80010N01 shield
MP8126 07-80259M01 preselector lead frame
MP8128 07-80031P01 bracket

02/27/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

HRF60004A CIRCUIT BOARD
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Schematic, Circuit Board Diagram, and Parts List 
for SPECTRA 800 MHz Receiver Front End
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 MOTOROLA
Mobile Products Division

Receiver Front End 

(900 MHz)

1. General

The receiver ceramic filter has a typical insertion loss of 
about 1.6 to 1.7 dB; it should not have a loss greater than 2.5 
dB. If any soldering must be done on the filter, be very careful 
not to get any solder on the filter tuning pads.

The injection filter is a printed pattern on the substrate 
which is laser-tuned at the factory. The insertion loss of this 
filter is about 3dB.

2. Theory of Operation

The factory-tuned ceramic preselector filter accommo
dates RF input frequencies ranging from 935 to 941 MHz. The 
injection filter is tuned to pass frequencies from 825 to 831 
MHz. Each frequency is connected at a node just before 
C9126 via a transmission line which acts as a high impedance 
input to the other frequency.

DC voltage, supplied from the RF board, biases the 
mixer, Q9126. Transistors Q9127 and Q9128 control the 
voltage to the base of Q9126. Q9128 acts as a diode to 
maintain a voltage on the base of Q9127, which keeps the bias 
of Q9126 stable through temperature changes. The voltage for 
the collector of Q9126, which passes through R9128, L9131, 
and L9130, should be approximately 10 volts.

C9129, L9129, C9131, and L9130 form the output 
network for the mixer. C9131 is a large capacitor that appears 
as a short to all frequencies of interest. The remaining 
components form a bandpass filter centered at the IF 
frequency.

R9130, R9129, and R9131 form an attenuator on the 
output path to stabilize both the mixer output impedance and 
the source impedance for the IF amplifier.

From the input to the ceramic filter to the IF output, there 
should be an 8 dB power gain presented to the IF. If the beta of 
Q9126 falls below 60, the mixer (Q9126) is probably bad and 
must be replaced.

3. Troubleshooting

This information will help field service technicians 
troubleshoot the SPECTRA radio. Use this information, along 
with the theory of operation, to diagnose and isolate the cause 
of failures. The principle tools needed to troubleshoot a circuit 
to the component level are the schematic and the theory of 
operation.

In addition to the schematic and theory, this section 
includes a Troubleshooting Chart that will guide you through 
a sequence of tests and checks designed to isolate problems.

Prior to troubleshooting, it is important to review the 
theory of operation, including specific precautions and 
troubleshooting methods. Because much of the radio’s 
circuitry operates at 900 MHz, measurements must be taken 
very carefully.
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HRF6002A HYBRID

parts list
HRF6002A Receiver Front-End Hybrid Board MXW-4715-B
REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, uF, ±10%, 100V (unless otherwise stated)
C9126 21-11078B42 100 pF, ±5%
C9129 21-11059D57 27 pF, ±5%, 50V
C9130 21-11059B11 0.01
C9131 21-11032A33 0.1,50V
C9132-9136 21-11059B11 0.01
filter
FL9100 91-80087M01 ceramic
connector receptacle
J9127 09-80110M01 coax
coil, RF
L9129 24-80140E06 130 nH
L9130 24-80140E10 100 nH
L9131,9132 24-80140E01 1.2 uH
transistor (see note)
Q9126 48-80182D49 NPN
09127,9128 48-80141L01 PNP
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R9126 06-11077B15 47k
R9127 06-11077A98 10k
R9128 06-11077A78 1.5k
R9130 06-11077A38 33
R9132 06-11077A01 0 ohm jumper
R9134 06-11077A98 10k

I.F. OUTPUT TO RF BOARD 
AND DC INPUT TO FRONT ENDRX INJ. IN

FROM VCO BUFFER

Q9128

R9132

Q9127 L9131 L9130

Q9126

SUBSTRATE
OVERLAY

GPW-4703-A
GPW-4704-B

* = SCREENED COMPONENTS
RX IN FROM 

PRESELECTOR

3/31/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

HRF6002A SCHEMATIC

Schematic, Circuit Board Diagram, and Parts List 
for HRF6002A SPECTRA 900 MHz 
Receiver Front End Hybrid 
PW-4714-B
3/31/89
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HRF6002B HYBRID
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HRF6002B SCHEMATIC
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parts list
HRF6002B 900 MHz Receiver Front-End Hybrid MXW-6429-0

REFERENCE 
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 100V (unless otherwise stated)
C9126 21-11078B42 100
C9129 21-11059D57 27, 50V
C9130 21-11059B11 0.01 UF
C9131 21-13741N69 .1 uF, ±10%
C9132-9136 21-11059B11 0.01 uF
fuse
FL9100 91-80087M01 ceramic 938 MHz
connector receptacle
J9127 09-80110M01 coax, PC board mount
coil, RF
L9129 24-80140E06 130 nH
L9130 24-80140E10 100 nH
L9131,9132 24-80140E01 1.2 uH
transistor (see note)
Q9126 48-82971R01 NPN
09127,9128 48-80141L01 PNP
resistor, fixed, ohm, ±5%, 1/4 watt (unless otherwise stated)
R9126 06-11077B15 47k
R9127 06-11077A98 10k
R9128,9129 06-11077A54 150
R9130 06-11077A40 39
R9131 06-11077A54 150
R9132 06-11077A01 0
R9134 06-11077A98 10k
R9135 06-11077A90 4.7k

mechanical parts

E9127 26-80002M01 900 injection filter shield
E9128 29-80258M01 solder lug
E9129 29-84985K01 terminal chain
E9130 26-80010N01 shield
MP9126 07-80259M01 preselector lead frame
MP9127 54-80004N01 barcode label
MP9128 07-80244M01 bracket

02/27/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

Schematic, Circuit Board Diagram, and 
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HRF6003A HYBRID

RF INPUT FROM 
DOUBLER BUFFER MODULE

parts list
HRF6003A 900 MHz Receiver Front-End Hybrid MXW-6430-O

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 100V (unless otherwise stated)
C9126 21—11078B42 100
C9129 21—11059D57 27, 50V
C9130 21-11059B11 0.01 uF
C9131 21-13741N69 •1 uF, ±10%
C9132-9136 21—11059B11 0.01 uF
fuse
FL9100 91-80087M01 ceramic 938 MHz
connector receptacle
J9127 09-80110M01 coax, PC board mount
coil, RF
L9129 24-80140E06 130 nH
L9130 24-80140E10 100 nH
L9131,9132 24-80140E01 1.2 uH
L9133 76-83466K01 ferrite bead
transistor (see note)
09126 48-82971R01 NPN
09127,9128 48-80141L01 PNP
resistor, fixed, ohm, ±5%, 1/4 watt (unless otherwise stated)
R9126 06-11077B15 47k
R9127 06-11077A98 10k
R9128,9129 06-11077A54 150
R9130 06-11077A40 39
R9131 06-11077A54 150
R9132 06-11077A01 0
R9134 06-11077A98 10k
R9135 06-11077A90 4.7k

mechanical parts

E9127 26-80002M01 900 injection filter shield
E9128 29-80258M01 solder lug
E9130 26-80010N01 shield
MP9126 07-80259M01 preselector lead frame
MP9127 54-80004N01 barcode label
MP9128 07-80031P01 bracket

C$136Q9128
L9132

R9132 S
IF OUTPUT 

. DC.INPUT
Q9127 19131 |L9130|

C9134
Q9126

C9129

SUBSTRATE
OVERLAY

GPW-6437-0
GPW-6438-0 RF INPUT FROM 

PRESELECTOR

03/03/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

HRF6003A SCHEMATIC
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 MOTOROLA
Mobile Products Division

50-Watt Power Amplifier
(VHF)

1. Transmitter

The 50-watt SPECTRA power amplifier is discussed in 
the following text. A block diagram of the circuit is shown on 
the foldout drawing PW-5816.

1.1 TRANSMIT LOW LEVEL AMPLIFIER (LLA)

Note
The minimum input drive level to the PA into 
E3850 is 10 milliwatts. Refer to the synthesizer 
section if input drive is less than 10 milliwatts.

The Low Level Amplifier, the first stage of the PA, pro
vides a gain that is a function of a control voltage. This control 
voltage comes from the Regulator Power Control IC (RPCIC) 
on the command board. The magnitude of the control voltage 
depends on PA output power, temperature, and final amplifier 
current drain. See Section 3 for a detailed explanation of the 
power control circuitry.

The LLA, Q3801, is unique in that its gain is controlled by 
varying the collector’s current rather than its voltage. Q3801 
and associated circuitry (Q3806, Q3802, R3804, and R3818) 
are best described as a voltage-controlled current source. This 
means that the collector current of Q3801 is controlled by the 
magnitude of the control voltage. Proper operation of the LLA 
can be checked by monitoring the voltage across the resistor 
R3804. The voltage should measure in the range of 0.1 volt to 
1.0 volt, depending on the value of control voltage. A 0.1 volt 
reading corresponds to a low control voltage (1 to 5 volts) and 
a 1.0 volt reading corresponds to a high control voltage (up to 
control voltage limit).

1.2 PREDRIVER STAGE

The second stage of the PA, Q3804, is the predriver. The 
purpose of this stage is to amplify the output of the LLA to a 
level sufficient to drive the driver device, Q3850. Input power

to this stage is approximately 100 milliwatts; output power 
from this stage is 1.0 watt.

1.3 DRIVER STAGE

The driver is a 1.2 to 15 watt device. It is driven by the 
predriver device through a matching circuit that consists of 
C3815, C3816, C3817, C3818, and L3811. A ferrite bead, 
L3810, and a parallel resistor, R3815, give the driver a zero- 
DC bias (required for the driver’s class-C operation) and pro
vides a low-Q network to prevent unwanted oscillations. The 
network of L3851, L3854, C3858, C3856, C3855, andR3850 
provide A+ to the collector. L3851 and L3854 provide the DC 
path and block RE from coming up the DC line. R3850 resis- 
tively loads down the collector at low frequencies, preventing 
unwanted oscillations. C3856, C3855, C3858, and C5855 are 
bypass capacitors.

1.4 FINAL STAGE

The final device is a 12 to 75 watt device and is driven by 
the driver through a low-pass matching circuit that consists of 
C3850, C3851, C3852, C3853, C3854, and associated trans
mission lines. Base network, L3852, L3853, and R3851, pro
vide the zero-DC bias required by the final device’s class-C 
operation. L3852 and L3851 provide the DC path from base to 
ground. R3851 helps lower the network’s Q at low frequen
cies. The collector DC network consists of L3875, L3876, 
R3876, C3880, C3885, C3881, C3882, and CR3875. This net
work provides the A+ voltage to the final while blocking RF 
from getting up the DC line. L3875 and L3876 provide the DC 
path and block RF. R3850 resistively loads down the final’s 
collector at low frequencies and prevents unwanted oscilla
tions. C3881, C3882, C3880, and C3885, are all bypass ca
pacitors ranging from very low frequencies up to VHF fre
quencies. R3875 is the current-sense resistor. CR3875 
protects against reverse polarity. Finally, the RF signal goes 
through a low-pass matching network (C3875, C3876, 
C3877, C3878, C3879, L3877, and associated transmission 
lines) to the rest of the output network (Directional Coupler, 
Antenna Switch, and Harmonic Filter).
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2. Antenna Switch and Harmonic Filter 

2.1 ANTENNA SWITCH

The antenna switch’s impedance inverter circuit, made up 
of C3920 and L3920, takes the place of a quarter-wave 
microstrip line. During transmission, Keyed 9.4 volts for
ward-biases CR3921, producing low impedance on 
CR3921’s anode and high impedance on the C3920/L3920 
node. Effectively, this isolates the transmitted power from the 
receiver. C3910 couples the power to the harmonic filter and 
on to the antenna.

Total TX to RX isolation exceeds 55 dB from 136-174 
MHz. The impedance inverter contributes approximately 35 
dB to transmit isolation. A second shunt switch, made up of

CR3922, L3921, and C3921, provide additional isolation. 
C3922 and C3923 block DC.

During RX, CR3920 has an OFF capacitance of approxi
mately 1 pF. CR3921 and CR3922, incorporated in the RX 
match, have similar OFF capacitance.

2.2 HARMONIC FILTER

The 50-watt harmonic filter is a 7-pole, low-pass filter, 
consisting of high Q chip capacitors (C3911, C3912, C3912, 
and C3914) and discrete inductors (L3911, L3912, and 
L3913). The filter’s primary function is to attenuate harmonic 
spurs generated by the transmitter. It also adds low-pass selec
tivity for the receiver. L3914 protects the PA from static dis
charge.

RPCIC ENABLE

REGULATOR
9.6 VOLT 
REGULATOR

5V REGULATOR

TX P.A. ENABLE PA ENABLE
THERMISTER

U500

W1 DE-BAND

DIRECTIONAL

CURRENT SENSE

CURRENT SENSE - CURRENT

KEYED 9.4V INPUT PACKAGE FLAGPOWER CONTROL POWER SET 
BUFFER

REGULATOR/POWER CONTROL IC U500

9.6V SENSE INPUT

5V DRIVE TO Q502

5V CURRENT SENSE

5V FEEDBACK

TEMPERATURE SENSE 
INPUT

TEMPERATURE SENSE 
OUTPUT TO 500-2

POWER SET FROM 
U502 1.5V—*5V0LTS

FORWARD DET. VOLTAGE

FORWARD BUFFERED OUT

POWER SET OUT TO 
PIN 2 VIA R507

Figure 1. Regulator!Power Control IC Block Diagram



3. Power Control Circuitry

3.1 COMMAND BOARD CIRCUITRY

Inside U500, the Regulator Power Control IC (See Figure 
1, RPCIC Block Diagram), is an operational amplifier that has 
four inverting inputs, and one non-inverting input (at Pin 44) 
which is the reference input for the entire power control loop 
of the power amplifier. The 3.2V reference voltage at 
U500-44 is produced by dividing SW +5V with the voltage 
divider circuit, R514 and R515.

The power control loop is controlled by the microproces
sor, U520, on the command board. The microprocessor en
ables the RPCIC by pulling TX PA ENABLE low while the 
radio synthesizer is locked. Each is felt on Pins 33 and 35 re
spectively. U520 writes data to a digital-to-analog converter, 
U502, to change and control the power-set voltage from Pin 
10 of U502 to Pin 6 of U500. The voltage on this line, 1.5 to 5 
volts, will be inversely proportional to the power out of the PA, 
with 5 volts producing the lowest power output. This voltage 
may be set with an IBM PC or with a built-in program oper
ated through the radio’s control head. On U500, the voltage at 
Pin 6 is buffered internally and exits on Pin 7. Through R507, 
it is summed at the node connected to Pin 2, one of the invert
ing inputs.

3.2 CONTROL VOLTAGE LIMITER

R3807 and R3808 form a voltage divider that connects to 
control voltage drive. The output of this voltage divider is con
nected to the control-voltage-limit input (Pin 4) of the 
RPCIC. If the voltage at this input reaches 3.2 volts, then the 
control voltage will be clamped to a maximum value. For the 
50-watt VHF PA, this maximum value is 8 volts. This volt
age-control limit is set by the values of R3807 and R3808.

3.3 CURRENT LIMITER

U520, the processor on the command board, sends data to 
U502, the digital-to-analog converter, to properly set the 
voltage on U502, Pin 15, which is the TX CURRENT LIMIT 
control line to the RPCIC (U500, Pin 40). Sixteen different 
voltages, ranging from 1.5 to 4.5 volts, can be programmed 
from U502.

The collector current of the 50-watt amplifier is moni
tored by sensing the voltage across R3875. CURRENT 
SENSE + connects to one end of R3875; CURRENT SENSE 
- connects to the other end. These lines connect to the com
mand board on U500, Pins 37 and 38, respectively. If the TX 
CURRENT LIMIT is set for 1.5 volts, then the voltage differ
ence between U500, Pins 37 and 38 must be 0.1 volts before 
the current through R3875 is reduced. If U500, Pin 40 is pro
grammed for 4.5 volts, then the difference of potential be
tween Pins 37 and 38 must exceed 0.3 volts before current lim
iting begins. The voltage across R3875, where current sense 
occurs, can be determined by multiplying the voltage on 
U500, Pin 40, by 0.067. When current is being limited, the out

put of the op-amp (U500, Pin 42) begins shutting down the 
conduction of Q503 and Q504, reducing PA control voltage, 
and reducing drive to the final amplifier to, effectively, control 
the final amplifier’s maximum current.

3.4 FORWARD POWER LIMITER

After the final amplifier, a parallel pair of non-symmetri- 
cal microstrip lines form a forward power-sensing directional 
coupler. Because of increased coupling with frequency, 
C3902 is used to compensate and filter out harmonics. R3905, 
R3906, C3902, and L3903 provide DC bias to CR3900, which 
rectifies the signal. During normal transmission, the DC volt
age from the forward-detect line to the RPCIC ranges from 2 
to 4.5 volts. This voltage connects to U500, Pin 9, the direc
tional coupler buffer input.

The directional coupler’s output, U500 Pin 8, is summed 
to Pin 2 with the digital/analog buffer’s output through R509 
and R507, respectively.

Closed loop operation reduces the control amp’s output 
(Pin 42), reduces the power module’s gain, and reduces power 
output to maintain the coupler buffer output (U500, Pin 2) at 
3.2 volts regardless of the d/a voltage level. If the d/a voltage is 
high (4.5 volts), little detected voltage is needed to keep Pin 2 
at 3.2 volts, and the power, consequently, is low. If the d/a volt
age is low (1.5 volts), a large forward detected voltage is 
needed to keep Pin 2 at 3.2 volts and power, consequently, is at 
maximum value. The voltage at Pin 2 drops below 3.2 volts 
under proper operation during low line voltage conditions 
where the PA cannot produce rated power, or if, under any* 
conditions, the control voltage, or the final device current ex
ceeds safe levels.

3.5 TEMPERATURE SENSING

The temperature-sensing circuit of the PA works with the 
RPCIC to protect the PA devices from excessively high tem
peratures. On the PA board, this circuit, formed by resistors 
R3878, R3879, R3880, and thermistor RT3877, provides a 
temperature-dependent voltage to the RPCIC via P0853, Pin 
7. As the PA temperature increases, the resistance of RT3875 
decreases, causing the voltage at Pin 7 to increase. This volt
age is routed to the RPCIC, U500, Pin 13, which is the input to 
the thermistor buffer. The buffer’s output on Pin 12 is con
nected to Pin 2 via resistor R508. Note that Pin 2 is the control 
amp input and is a summing point for temperature, forward- 
power detect, and power set signals. If the PA temperature be
comes high enough so that the voltage at Pin 7 exceeds 3.2 
volts, the thermistor buffer starts supplying current to the node 
at Pin 2. Due to the fixed output current of the power-set 
buffer, the control loop can maintain 3.2 volts at Pin 2 only by 
reducing the forward-power detect voltage and, therefore, re
ducing the PA output power. Since power output is reduced, 
the generated heat is reduced to a safe level. If temperature de
creases, the power output of the PA gradually increases to its 
nominal value. Temperature cutback should occur at about 
140 degrees F (60 deg C).



The temperature sense circuitry can easily be tested by 
placing an ordinary leaded 4.7k ohm resistor across RT3875. 
PA output power should drop significantly if this circuit is 
working properly.

Note

Under severe environmental conditions, more 
than one circuit may be attempting to reduce 
power output at the same time (i.e., during high 
VSWR conditions, the current limiter may 
initially reduce power, but eventual heat 
build-up will cause further power reduction by 
the thermal cut-back circuit).

IMPORTANT

Due to high operating frequencies, you must use 
specified Motorola parts when component 
replacement is necessary. Substitute 
components may not work. It is also critical that 
you use great care when replacing parts. 
Excessive solder or flux, longer than original 
leads on coax connectors, mis-orientation of 
parts, and other commonly benign 
imperfections may cause the radio’s 
performance to degrade.

j

4.2 PA FUNCTIONAL TESTING

4. Transmitter Troubleshooting

This information will help field service technicians 
troubleshoot the SPECTRA radio. Use this information, along 
with the theory of operation, to diagnose and isolate the cause 
of failures. The principle tools needed to troubleshoot a circuit 
to the component level are the schematic and the theory of op
eration.

In addition to the schematic and theory, this section in
cludes troubleshooting information that will help you test and 
check the circuits to localize and isolate problems.

Prior to troubleshooting, it is important to review the the
ory of operation, including specific precautions and 
troubleshooting methods. Because much of the radio’s cir
cuitry operates at high frequency, measurements must be 
taken very carefully. Notes and cautions are added to the text 
to alert the reader to this need in areas of greatest sensitivity. 
However, the need for extreme care does exist in all measure
ments and tests at high frequency.

4.1 GENERAL TROUBLESHOOTING AND REPAIR 
NOTES

Most of the common transmitter symptoms are caused by 
either failure of the power amplifier or a failure in the control 
circuitry. The initial troubleshooting effort should be toward 
isolating the problem to one of those two areas. If either the 
control voltage or keyed 9.4 volts are zero, then the problem is 
likely to be in the control circuit. If those voltages are present, 
then the problem is more likely in the power amplifier circuit.

If, for diagnostic reasons, a chip component needs to be re
moved to facilitate testing, such as a series capacitor removed 
to allow for signal insertion, then the component(s) returned to 
the circuit should be new parts. The application of a soldering 
iron to many chip components will tend to cause leaching 
which could lead to failure.

After a PA board is replaced, or if any power control cir
cuitry components are replaced, readjust the power according 
to instructions in the Service Manual.

To test the PA assembly for proper operation, perform the 
following steps:

(1) Disassemble the PA assembly from the radio, leaving the 
power cable connected to the rear connector. Replace the 
PA shield and cover. Disconnect the coax connectors and 
the ribbon cable. Connect a power meter to the antenna 
port using minimum cable length.

Notes

(a) When setting or measuring RF power, 
follow these guidelines to avoid measurement 
errors due to cable losses or non 50-ohm 
connector VSWR:

• All cables should be very short and have 
Teflon dielectric.

• Attenuators and 50-ohm loads should have 
at least 25 dB return loss.

• ’Mini UHF’ to ’N’ adapter, P/N 
58-80367B21, should be used at the antenna 
connector. All other connectors should be 
’N’ type. No other adapters, barrel 
connectors, etc. should be used.

(b) Maximum input level to the PA is 20 
milliwatts. Too much input power could result 
in damage to the LLA stage.

(2) Apply the input power and DC voltages indicated in 
Table 1 to the power amplifier assembly. To make the DC 
connections, use small spring-clips or make a test 
adapter similar to that shown in Figure 2.

Table 1. DC Voltages and Input Power Chart

TEST KEYED 
9.4 V

9.6
V

CONTROL
VOLTAGE

POWER
IN (mW)

A+
.V

Transmit 9.4 9.6 See note 10 13.6
Receive 0 9.6 0 0 13.6

Note: Set initially to zero. Increase value until power equals 55 
watts or 8.0 volts maximum. Do NOT exceed 8.0 volts.



(3) Apply the required input power via an adapter cable. For 
this application, non ’N’ type connectors are acceptable.

(4) With the applied control voltage initially at zero volts, 
slowly increase the voltage until power out equals 55 
watts. Power should rise smoothly with control voltage 
once the tum-on threshold is reached. Control voltage 
should not exceed 8.0 volts.

(6) Refer to the voltage chart (See Table 2). Measure the 
indicated voltages. If they are not within the limits shown 
in the chart, then a failure exists in the PA assembly.

(7) If the voltages in the chart are correct, verify that the 
injection is at least 10 milliwatts. (See the VCO 
troubleshooting section.)

(5) If 8.0 volts does not produce 55 watts, then a failure exists 
in the power amplifier circuit.

(8) If no failure is located from the previous checks, 
troubleshoot the power control circuitry.

A+TO COMMAND 
BOARD A+TO COMMAND BOARD
CURRENT SENSED

CONTROL VOLTAGE- 
LIMIT

CURRENT SENSE-

Cp Cp ' CS> Cp
FEMALE RECEPTACLE 
CONNECTOR W100 MIL 
SPACING MATES TO P853

REGULATED 9.6V 
V DETECT 
•TEMP SENSE

GAW-4759-0

V DRIVE4-

Figure2. PA Test Adapter.

LOCATION
LOCATION

RX MODE
LOW TYP HI

TX MODE
LOW TYP HI COMMENTS

P0853
1 KEY (NO PIN OR WIRE)

2.0 3.2 CONTROL VOLTAGE LIMIT
2.0 7.0 8.0 DRIVE VOLTAGE

10.8 13.6 16.5 10.0 13.0 16.0 CURRENT SENSE +
9.2 9.4 9.8 KEYED 9.4

10.8 13.6 16.5 10.0 13.0 16.0 A+ TO COMMAND BOARD
1.2 TEMP SENSE (CUTBACK BEGINS AT 3.3V)

KEY (NO PIN)
2.0 3.5 5.0 FORWARD DETECT VOLTAGE

10 10.8 13.6 16.5 10.0 13.0 16.0 A+ TO COMMAND BOARD
11 9.4 9.6 9.9 9.4 9.6 9.9 9.6V SUPPLY FROM COMMAND BOARD
12 10.8 9.8 12.8 15.8 CURRENT SENSE—(VOLTAGE DELTA 150mV)

U0500
1 GROUND

3.2 CONTROL AMP INPUT
CONTROL AMP INPUT (NOT USED)

3.2 CONTROL VOLTAGE LIMIT (CUTBACK AT 3.3V)

Table 2. Power Control DC Voltage Chart



Table 2. Power Control DC Voltage Chart (Continued)

LOCATION
LOCATION

RX MODE
LOW TYP HI

TX MODE
LOW TYP HI COMMENTS

N.C.
1.5 3.0 4.5 1.5 3.0 4.5 POWER SET FROM D-A (MAX POWER AT 1.5V)

1.5 3.0 4.5 POWER SET BUFFER OUT
1.3 3.5 6.0 COUPLER BUFFER OUT
1.3 3.5 6.0 FORWARD DETECT VOLTAGE

10 REFLECTED POWER DETECT (NOT USED)
11 1.3 3.5 6.0 SAME AS PIN 8 (NOT USED)
12 1.2 6.0 THERMISTER BUFFER OUT 

(INCREASES AS PA GETS HOT)
13 1.2 6.0 THERMISTER BUFFER IN
14 5.0 5.0 5V SENSE INPUT (FOLLOWS PIN 20 ±0.1 V)
15 4.9 5.0 5.7 4.9 5.0 5.7 5V CURRENT LIMIT (LIMITS AT 5.7V)
16 5.0 5.7 6.4 5.0 5.7 6.4 5V SERIES PASS DRIVE (6.4V AT MAX CURRENT)
17 9.5 9.6 9.9 9.5 9.6 9.9 9.6 VOLT SENSE INPUT
18 5V REG. COMPENSATION CAPACITOR
19 5.7 5.7 N.C.
20 4.9 5.0 5.1 4.9 5.0 5.1 5V REFERENCE INPUT (UNSW5V)
21 1.2 1.2 9.6V REG. COMPENSATION CAPACITOR
22 N.C.
23 0.9. 9.6 1.2 9.6 9.6V SERIES PASS DRIVE
24 2.9 3.3 REGULATOR ENABLE/COMPENSATION
25 9.6V PROGRAMMING (N.C.)
26 N.C.
27 13.6 13.6 N.C.
28 9.6V PROGRAMMING (N.C.)
29 9.6V PROGRAMMING (N.C.)
30 9.6V PROGRAMMING (N.C.)
31 GROUND
32 10.8 13.6 16.5 10.0 13.0 16.0 DECOUPLED A+
33 4.0 5.0 0.2 TX PA ENABLE (FROM U520-25)
34 1.3 CONTROL AMP ONE-SHOT
35 LOCK (5V OF SYNTH OUT OF LOCK)
36 0.8 CONTROL AMP ONE-SHOT
37 10.8 13.6 16.3 10.0 13.0 16.0 A+(CURRENT SENSE +)
38 10.8 13.6 16.3 10.0 13.0 16.0 CURRENT SENSE—VOLTAGE DELTA 150mV 

(30 WATT ONLY)
39 9.2 9.4 9.8 KEYED 9.4V IN
40 1.5 3.0 4.5 1.5 3.0 4.5 CURRENT LIMIT D-A (MAX CURRENT AT 4.5V)
41 GROUND
42 2.2 9.6 CONTROL AMP OUTPUT (APPX 1/2 V CONTROL)
43 1.3 7.0 LOOP INTEGRATOR CAPACITOR
44 2.1 3.2 CONTROL AMP REFERENCE

Q0500E 13.0 13.0 A+ —CR0500 DROP
00501C 12.3 12.3 VQ0500E—B/E DROP
00501E 0.2 0.2 V PIN 23—B/E DROP
Q0503E 1.5 V PIN 42—B/E DROP (TX)
Q0503C 13.6 9.0
Q0504B 13.6 12.9 A+ —B/E DROP (TX)

Note: For antenna switch transmit bias conditions, RF drive must be removed from PA.



Table 2. Power Control DC Voltage Chart (Continued)

LOCATION TYPICAL RX TYPICAL TX 
NO PRE-DRIVE

COMMENTS

CR3920 ANODE
CATHODE

1.6
0.8

CR3921 ANODE
CATHODE

0.8

CR3922 ANODE
CATHODE

<0.8

4.3 LOCALIZING PROBLEMS

Failiire locations often can be determined by externally 
nieasured symptoms. Basic symptoms are noted below with 
probable failure locations.

(1) Low Power and High Current

• Check for improper load conditions caused by high 
VSWR external to the radio.

• Check output coax and mini-UHF connector.

• Check harmonic filter.

• Check output impedance-matching circuitry from the 
final device to the harmonic filter.

(2) Low Power and Low Current

• If control voltage is equal to 8.0 volts, then check per the 
above.

• If control voltage is less than 8.0 volts, then check the 
control circuitry.

(3) Power Intermittently Low (or Zero) and Current Less 
than 1-Amp When Power Drops

• Check LLA stage.

(4) Power Zero and Current Greater Than 5 amps

• Check harmonic filter, antenna switch, and matching 
circuits beyond final stage.

(5) Power Zero and Current Between 2 and 5 Amps

• Check driver and/or final stages.

(6) Power Zero and Current Less Than 1 Amp

• Check LLA/pre-driver circuitry.

4.4 ISOLATING FAILURES

Methods of analyzing individual stages of the Power Am
plifiers are detailed below. Most of the stages are class C and 
must be analyzed under relatively high RF power levels. Gen
erators capable of such levels may not be available in all serv
ice shops, therefore the tests below are arranged in order of as

cending power. This tends to allow the preceding stage to be 
the source of RF power for testing the next stage.

(1) Testing Low-Level Amplifier (LLA) Circuitry

The required DC and RF conditions are defined in Table 1. 
Measure LLA voltages according to Table 3.

If the above DC bias conditions are correct, check to see if 
the LLA is providing drive power to the pre-driver, Q3804. 
Do so by checking Q3804’s collector current under normal 
drive conditions, as follows:

• Remove R3810 and L3806 (Be sure to reinstall after 
testing.)

• Solder wires to the remaining pads.

• Place an ammeter in series with Q3804 collector.

• Check for 0.1 to 0.5 amps (depending on control 
voltage).

Note
With no RF drive to the input of the PA, Q3804’s 
collector current should be zero.

Table 3. LLA and Pre-driver Typical Voltages

CONTROL RF DRIVE OFF RF DRIVE ON
VOLTAGE 8.0 V 6.0 V 8.0 V 6.0 V
Q3801 — — — —
BASE 0.7 0.7 0.7 0.5
COLLECTOR 8.3 9.0 8.0 8.8

Q3802 — — — —
BASE 7.7 8.4 7.5 8.2
COLLECTOR 2.0 1.4 2.3 1.2
EMITTER 8.3 9.0 8.0 8.8

Q3806 — — — —
BASE 5.1 4.1 5.1 4.1
COLLECTOR 7.7 8.4 7.5 8.2
EMITTER 4.5 3.4 4.5 3.4

Q3804 — — — —
BASE 0.5 0.5 0.0 0.2
COLLECTOR 9.6 9.6 9.5 9.5

Note: The LLA voltages change with different control voltages. 
An example of LLA voltages with control voltage equal to 8.0 
volts and 6 volts is shown.



If the above DC bias conditions are correct, check to see if 
the LLA is providing drive power to the pre-driver, Q3804. 
Do so by checking Q3804’s collector current under normal 
drive conditions, as follows:

Unsolder either L3854, R3875, or L3851 to isolate the 
driver and final stages. Measure the collector-emitter 
DC resistances. If the resistance is below 5 kilohms, then 
replace the driver device.

• Remove R3810 and L3806 (Be sure to reinstall after 
testing.)

• Solder wires to the remaining pads.

• Place an ammeter in series with Q3804 collector.. Check 
for 0.1 to 0.5 amps (depending on control voltage).

Note
With no RF drive to the input of the PA, Q3804’s 
collector current should be zero. ^

If Q3804 draws no current under normal conditions, then 
check for shorted or open input cable, or for defective parts in 
the input network or matching circuitry between Q3801 and 
Q3804. If all of the above check out OK, then replace Q3801.

(2) Testing Pre-Driver Circuitry.

The pre-driver is a typical class-C stage, except the base is 
biased with resistors R3809 and R3806. The necessary condi
tions for proper operation of this stage are input drive power, 
and bias conditions as shown in Table 3, above.

Note
If it is necessary to replace Q3804, use a hot-air 
blower to remove and replace the part. It is 
important that the replacement device’s case be 
properly soldered to its heatsink. Do so by 
flowing a small bead of solder around the rim of 
the device while it is clamped in the hot-air 
soldering device. The base and collector leads 
must be hand-soldered on the bottom side of the 
board.

(3) Troubleshooting the Driver Stage

• Make sure A+ is at the collector.

• Check for shorts and/or opens in the matching circuitry. 
Also look for faulty components.

• Measure the DC resistance from Base to Emitter. It 
should be less than 1-ohm. If not, check L3810 for proper 
soldering, and replace if faulty.

• Check the current drain of the driver. It should be around 
0.5 to 2.5 amps for 50 watt operation. If current drain is 
low, go to next step.

• Unsolder the base lead. Making sure the lead is not 
touching the PC board, check the Base-Emitter and 
Base-Collector junction diode drops. Normal voltage 
drop should be between 0.4' and 1.0 volts. If either 
junction reads outside this range, replace the driver 
device.

(4) Troubleshooting the Final Device

• Make sure A+ is at the final’s collector; if not, check for 
shorts and/or opens.

• Check the matching circuitry for shorts and/or opens. 
Also, check for faulty components.

• Measure the resistance from base to emitter; it should be 
less than 1 ohm. If not, check for proper soldering on 
L3852 and L3853; replace faulty component(s).

• Current drain on the final device should be >6 amps for 
50 watt operation. If low current, go on to the next step.

• Remove L3853 from the board and check the 
Base-Emitter and Base-Collector junction diode drops. 
Normal voltage drop should be between 0.4 and 1.0 volts. 
If either junction is outside this range, replace the final 
device.

• Unsolder either L3859, R3875, or L3851 to isolate the 
driver and final stages. Measure the collector-emitter 
DC resistances. If the resistance is below 5 kilohms, then 
replace the driver device.

Note

The position of capacitors C3853 and C3854 is 
critical to the performance of the circuit. If they 
are removed for any reason, they must be 
re-installed as close to the cap of the final 
device as possible.

When replacing either the driver or final device, 
apply thermal compound on the heatsink 
surface. Torque the screws to the correct value 
(See Service Manual).

(5) Testing the Antenna Switch and Harmonic Filter

Verify that most of this circuit is functioning properly by 
testing the receiver insertion loss as follows:

• Apply a low-level signal source at the antenna connector.

• Apply the conditions indicated in Table 1 for RX tests.

• Measure the power at the receive coax.

• If the difference between the input and output (insertion 
loss) is less than 1 dB, then the circuitry is functioning 
properly.



• Check CR9922 with an ohmmeter for forward and 
reverse continuity.

• In the transmit mode, adjust control voltage for 34 watts 
at the antenna connector. Check for less than 25 mW at 
the end of the receive input cable. If power exceeds 25 
mW, then check CR9922 and associated circuitry. 
Receiver sensitivity can degrade if power at this port 
exceeds 25 mW.

• Check for proper DC current through the PIN diodes; 
correct current is indicated if approximately 1.5 volts is 
present at the junction of C9920 and L9920 during 
transmit mode.

WARNING
DO NOT measure bias directly at the pin diodes 
while in transmit mode unless TX Injection is 
removed.

4.5 POWER CONTROL AND PROTECTION 
CIRCUITRY

(1) Localizing Problems to a Circuit

Power leveling and current limiting (30-watt models 
only) are set to values detailed in the Service Manual. These 
values will vary from unit to unit, depending on the unique 
variations of each unit. If symptoms indicate that either of 
these circuits have failed, verify that the radio has been 
properly aligned before investigating the circuitry.

Temperature sense, voltage control limit, and interstage 
drive limit (on 30-watt only) are fixed by design and are not 
influenced by the alignment of the radio. If symptoms indicate 
that these circuits have failed, then troubleshoot the circuit.

The tests that follow are intended to provide a convenient 
means of verifying that a particular circuit is functioning 
properly. These tests will isolate the failure to a minimum 
number of components. Refer to the theory of operation and 
the schematic for information needed to identify the failed 
component(s).

(2) Temperature Sense Circuit Test

Temporarily install a 6.8k ohm resistor in parallel with 
R9650. Key the transmitter and monitor the output power. The 
power meter should read approximately 1/2 the rated power (6 
watts or 15 watts).

(3) Control Voltage Limit Circuitry Test

Disconnect P9641 (Transmitter injection) from the 
internal transceiver chassis. This will require removal of the 
power amplifier assembly. With all other connections in 
normal condition, key the transmitter and monitor the control 
voltage on Pin 2 of the power module. If the voltage exceeds 
12.5 volts, troubleshoot the control voltage limit circuitry.

(4) Interstage drive Limiter Circuitry Test (30—watt models)

Check this circuit only when the final device (Q9880) has 
failed. With the radio off, check CR9930 and associated 
components.

(5) Current Limiting Circuitry Test (30-watt models)

Refer to section .2 of the Service Manual for current limit 
setting instructions. When ready to adjust current limit, 
decrease the relative current limit value with the keyboard per 
instructions. After several decrements, the current limit 
should reduce power from 0.1 watt to 0.5 watt. After this test, 
reset the current limit. If the circuitry does not perform as 
indicated, troubleshoot the current limit circuitry.

(6) Power Leveling Circuitry Test

With the radio connected for po^er measurements, vary 
the line voltage from 12.5 to 16 volts. The power should not 
vary more than 3 watts. At a line voltage of 13.6 volts, vary the 
frequency using the three test modes. If power varies more 
than 3 watts, measure the detected voltage on P0853, Pin 9. If 
this voltage varies more than 0.2 volts over line and frequency 
variations, the power control circuitry (most of which is 
located on the command board) may be malfunctioning. If the 
detected voltage varies less than 0.2 volts, the problem is 
likely in CR9900, the harmonic filter, the antenna switch, or 
the output coax. Check continuity through 12 pin DC 
connector P0853 on the PA board; check digital/analog 
circuitry, and check 5 V regulator operation. See the Table 2, 
DC Voltage Chart, for typical values.

Note
If any part of the power leveling circuitry is re
placed, perform the power set procedure. See 
the Service Manual for details.
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HLD6022A VHF 50 WATT PA SCHEMATIC
NOTES:

1. ) ALL RESISTANCE IS IN OHMS . ALL CAPACITANCE
IS IN PICOFARADS UNLESS NOTED OTHERWISE.
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HLD6022A 50-WATT PA CIRCUIT BOARD
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parts list
HLD6022A PA Board, SOW VHP 136/174 MHz MXW-5897-A

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated)
C3801-3804 21-13741N45 0.01 uF, ±10%
03805,3806 21-13740B65 470
C3807 21-13740B41 47
C3808 21-13740B48 91
C3810 21-13741N45 0.01 uF,±10%
C3811 21-13740B65 470
C3812 21-13741N45 0.01 uF, ±10%
C3813 21-13740B65 470
C3815 21-13740B65 470
03816,3817 21-13740B44 62
03818 21-13741N69 0.1 uF, ±10%
03819 21-13740B44 62
03850,3851 21-11078B49 180, 100V
03852 21-11078B59 470, 100V
03853,3854 21-11078B53 270, 100V
03855 21-13740B65 470
03856 23-80090M24 10 uF, ±20%, electrolytic
03857 21-13741N45 0.01 uF, ±10%
03858 21-13740B65 470
03859 21-13741N69 0.1 uF, ±10%
03875,3876 21-11078B49 180,100V
03877 21-11078B42 100,100V
03878 21-11078B27 30,100V
03879 21-11078B59 470,100V
03880 21-13740B65 470
03881 21-13741N69 0.1 uF, ±10%
03882 21-13741N45 0.01 uF, ±10%
03883-3885 21-13740B65 470
03890-3901 21-13740B65 470
03902 21-13740B36 30
03903,3904 21-13740B65 470
03910 21-11078B59 470,100V
03911 21—11078B19 16,100V
03912 21-11078B32 39,100V
03913 21-11078B31 36,100V
03914 21-11078B23 24,100V
03920 21-11078B22 22,100V
03921 21-11078B32 39,100V
03922-3924 21-13740B65 470
03925 21-11078B19 16,100V
03926,3927 21-13740B65 470

diode (see note)
OR3875 48-80236E07 zener, 28V
OR3900 48-80236E05 hot carrier
OR3920,3921 48-80236E20 pin
0R3922 48-80142L01 pin

coll, RF
L3801 24-80067M01 chip bead
L3802 24-80091G23 7 turns, airwound
L3806 24-80132N01 ferrite bead
L3807 24-80091G23 7 turns, ainwound
L3808 24-80067M01 chip bead
L3810 24-80067M01 chip bead
L3811 24-80091G24 5 turns, airwound
L3851 24-80091G24’ 5 turns, airwound
L3852 24-80132N01 ferrite bead
L3853 24-80091G23 7 turns, airwound
L3854 24-80132N01 ferrite bead
L3875 24-80090G03 3 turns, airwound
L3876 24-80132N01 ferrite bead
L3877 24-80090G03 3 turns, ainvound
L3890 24-80132N01 ferrite bead
L3900 24-80140E01 1.2 uH
L3903 24-80140E01 1.2 uH
L3904 24—80067M01 chip bead
L3911 24-80090G15 5 turns, airwound
L3912 24-80090G10 5 turns, airwound
L3913 24-80090G15 5 turns, airwound
L3914 24-80090G13 10 turns, airwound
L3920,3921 24-80090G14 5 turns, airwound
L3922 24-80140E01 1.2 uH

connector plug
P0850 28-80102M06 vertical, 12 position
P0853 09-80103M04 right angle, 12 position

transistor (see note)
Q3801 48-80182D50 NPN
Q3802 48-80141L01 PNP
Q3804 48-00869859 NPN
Q3806 48-80141L02 NPN
Q3850 48-80225C28 NPN
Q3875 48-84411L04 NPN

thermistor
RT3877 06-80149M02 100k ohm
RT3905 06-80149M02 100k ohm

resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R3801 06-11077A26 10
R3802 06-11077A54 150
R3803 06-11077A43 51
R3804 06-11077A26 10
R3805 06-11077A82 2.2k
R3806 06-11077A26 10
R3807 06-11077A86 3.3k
R3808 06-11077A82 2.2k

•R3809 06-11077A74 Ik
R3810 06-11077A43 51

HLD6022A PA Board, SOW VHF 136/174 MHz MXW-5897-A (2)

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

R3812 06-11077A74 Ik
R3813 06-11077A50 100
R3815 06-11077A26 10
R3816 06-11077A80 1.8k
R3817 06-11077A74 Ik
R3818 06-11077A62 330
R3850,3851 06-11077A26 10
R3875 17-80228N02 shunt resistor, 0.020, ±10%, 2W
R3876 06-80195M01 10, 0.5W
R3878 06-11077A70 680
R3880 06-11077A90 4.7k
R3900,3901 06-80194M18 51,1W
R3903 06-80195M25 100, 0.5W
R3904 06-11077B11 33k
R3905,3906 06-11077A74 Ik
R3907 06-11077A78 1.5k
R3910 06-11077A50 100
R3911 06-11077A50 100
R3912 06-11077A50 100
R3920,3921 06-11077A78 1.5k

mechanical parts
26-80187N01 heatsink, transistor
26-80188N01 shield, harmonic filter %
26-80286N01 shield, coax
29-80014A01 clip coax (3 used)

3/31/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.
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HLD6022B VHF 50-WATT PA SCHEMATIC

E385I TO BATT A+

NOTES:
1. ) ALL RESISTANCE IS IN OHMS . ALL CAPACITANCE

IS IN PICOFARADS UNLESS NOTED OTHERWISE.
2. ) ASTERISK * DENOTES CONTI6ENCY PARTS.
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HLD6022B 50-WATT PA CIRCUIT BOARDS
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parts list
HLD6022B PA Board, SOW VHP 136/174 MHz MXW-6532-0 HLD6022B PA Board, SOW VHP 136/174 MHz MXW-6532-0 (2)
REPERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

C3801-3804 i 21-13741N45 0.01 up, ±10%
03805,3806 :! 21-13740B65 470
C3807 21-13740B41 47
C3808 21-13740B48 91
03810 21-13741N45 0.01 uF, ±10%
03811 21-13740B65 470
03812 ! 21-13741N45 0.01 uF, ±10%
03813 ( 21-13740B65 470
03815 21-13740B65 470
03816,3817 21-13740B44 62
03818 21-13741N69 0.1 uF, ±10%
03819 21-13740B44 62
03850,3851 j 21-11078B49 180, 100V
03852 1 21-11078B59 470, 100V
03853,3854 21-11078B53 270, 100V
03855 21-13740B65 470
03856 23-80090M24 10 uF, ±20%, electrolytic
03857 1 21-13741N45 0.01 uF, ±10%
03858 ; 21-13740B65 470
03859 21-13741N69 0.1 uF, ±10%
03875,3876 21-11078B49 180, 100V
03877 21-11078B42 100, 100V
03878 21-11078B27 30, 100V
03879 21-11078B59 470, 100V
03880 21-13740B65 470
03881 • 21-13741N69 0.1 uF, ±10%
03882 21-13741N45 0.01 uF, ±10%
03883-3885 21-13740B65 470
03890-3901 I 21-13740B65 470
03902 ' 21-13740B36 30
03903,3904 21-13740B65 470
03910 21-11078B59 470, 100V
03911 21-11078B19 16, 100V
03912 21-11078B32 39, 100V
03913 21-11078B31 36, 100V
03914 21-11078B23 24,100V
03920 21-11078B22 22, 100V
03921 21-11078B32 39, 100V
03922-3924 21-13740B65 470
03925 21-11078B19 16, 100V
03926,3927 i; 21-13740B65 470
diode (see note)
OR3875 1 48-80236E07 zener, 28V
OR3900 48-80236E05 hot carrier
OR3920,3921 48-80236E20 pin
OR3922 1 48-80142L01 pin
coil, RP ;
L3801 24-80067M01 chip bead
L3802 24-80091G23 7 turns, ainwound
L3806 1 24-80132N01 ferrite bead
L3807 l' 24-80091G23 7 turns, airwound
L3810 24-80067M01 chip bead
L3811 i 24-80091G24 5 turns, airwound
L3851 24-80091G24 5 turns, airwound
L3852 24-80132N01 ferrite bead
L3853 24-80091G23 7 turns, airwound
L3854 24-80132N01 ferrite bead
L3875 24-80090G03 3 turns, airwound
L3876 24-80132N01 ferrite bead
L3877 24-80090G03 3 turns, airwound
L3890 . I 24-80132N01 ferrite bead
L3900 ' 24-80140E01 1.2 uH
L3903 ! 24-80140E01 1.2 uH
L3904 i 24-80067M01 chip bead
L3911 24-80090G15 5 turns, airwound
L3912 24-80090G10 5 turns, ainwound
L3913 24-80090G15 5 turns, airwound
L3914 24-80090G13 10 turns, airwound
L3920,3921 24-80090G14 5 turns, ainwound
L3922 24-80140E01 1.2 uH
connector plug j
P0850 28-80102M06 vertical, 12 position
P0853 j 09-80103M04 right angle, 12 position
transistor (see note)
Q3801 48-80182D50 NPN
Q3802 48-80141L01 PNP
Q3804 48-00869859 NPN
Q3806 48-80141L02 NPN
Q3850 48-80225C28 NPN
Q3875 48-84411L04 NPN
thermistor
RT3877 ! 06-80149M02 100k ohm
RT3905 ! 06-80149M02 100k ohm
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R3801 06-11077A26 10
R3802 06-11077A54 150
R3803 06-11077A43 51
R3804 06-11077A26 10
R3805 06-11077A82 2.2k
R3806 06-11077A26 10
R3807 06-11077A86 3.3k
R3808 06-11077A82 2.2k
R3809 06-11077A74 Ik
R3810 06-11077A43 51
R3812 i i 06-11077A74 Ik
R3813 06-11077A50 100

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

R3815 06-11077A26 10
R3816 06-11077A80 1.8k
R3817 06-11077A74 Ik
R3818 06-11077A62 330
R3850,3851 06-11077A26 10
R3875 17-80228N02 shunt resistor, 0.020, ±10%, 2W
R3876 06t80195M01 10, 0.5W
R3878 06-11077A70 680
R3880 06-11077A90 4.7k
R3900,3901 06-80194M18 51,1W
R3903 06-80195M25 100, 0.5W
R3904 06-11077B11 33k
R3905,3906 06-11077A74 Ik
R3907 06-11077A78 1.5k
R3910 06-11077A50 100
R3911 06-11077A50 100
R3912 06-11077A50 100
R3920,3921 06-11077A78 1.5k

mechanical parts
26-80187N01 heatsink, transistor
26-80188N01 shield, harmonic filter
26-80286N01 shield, coax
29-80014A01 clip coax (3 used)

3/31/89
note: Por best performance, order diodes, transistors, and Integrated circuit devices 
by Motorola part number.
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 @) MOTOF^OLA

Mobile Products Division
40-Watt Power Amplifier

(UHF)

1. Transmitter

The 40-watt SPECTRA power amplifier is discussed in 
the following text. A block diagram of the circuit is shown on 
the foldout drawing PW-5942.

/
1.1 TRANSMIT LOW LEVEL AMPLIFIER (LLA)

Note
The minimum input drive level to the PA into 
P5850 is 30 milliwatts. Refer to the synthesizer 
section if input drive is less than 30 milliwatts.

The Low Level Amplifier, the first stage of the PA, 
provides a gain that is a function of a control voltage. This con
trol voltage comes from the Regulator Power Control IC 
(RPCIC) on the command board. The magnitude of the 
control voltage depends on PA output power, temperature, and 
final amplifier current drain. See Section 3 for a detailed ex
planation of the power control circuitry.

The LLA, Q5801, is unique in that its gain is controlled by 
varying the collector’s current rather than its voltage. Q5801 
and associated circuitry (Q5806, Q5800, R5805, and R5818) 
are best described as a voltage-controlled current source. This 
means that the collector current of Q5801 is controlled by the 
magnitude of the control voltage. Proper operation of the LLA 
can be checked by monitoring the voltage across the resistor 
R5805 The voltage should measure in the range of 0.1 volt to 
1.0 volt, depending on the value of control voltage. A 0.1 volt 
reading corresponds to a low control voltage (1 to 5 volts) and 
a 1.0 volt reading corresponds to a high control voltage (up to 
control voltage limit).

1.2 PREDRIVER STAGE

The second stage of the PA, Q5803, is the predriver which 
amplifies the output of the LLA to a level sufficient to operate 
the driver device, Q5850. This stage amplifies the LLA output 
from, approximately, 250 milliwatts in to 2.0 watts out.

1.3 DRIVER STAGE

The driver is a six-leaded 2.5 to 16 watt device. It is 
driven by the predriver device through a matching circuit that 
consists of C5851, C5852, C5850, C5858, andL5850. L5851 
and L5852 give the driver a zero-DC bias (required for the 
driver’s class-C operation). L5852, a ferrite bead, helps lower 
the driver base Q and prevent unwanted oscillations. The net- 
workof L5853, L5854, C5856, C5857, and R5850 provide A+ 
to the collector. L5853 and L5854 provide the DC path and 
block RF from coming up the DC line. R5850 resistively loads 
down the collector at low frequencies, preventing unwanted 
oscillations. C5856 and C5857 are bypass capacitors.

1.4 FINAL STAGE

The final device is a six-leaded 15 to 50 watt device and is 
driven by the driver through a quasi-low pass matching circuit 
that consists of C5853, C5854, C5855, C5875, C5876, and as
sociated transmission lines. Base network, L5875, L5876, 
L5883, C5891, R5881, and R5882, provide the zero-DC bias 
required by the final device’s class-C operation. L5875, 
L5876, and L5883 provide the DC path from base to ground. 
C5891, in parallel with L5875, presents a high impedance at 
UHF frequencies, thus minimizing RF losses in the base net
work. R5881, R5882, and L5883 resistively load down the 
base at low frequencies, thus preventing unwanted oscilla
tions. The collector DC network consists of L5878, L5879, 
R5879, R5880, R5883, R5884, R5875, C5881, C5883, 
C5884, C5885, C5886, C5893, and CR5875. This network 
provides the A+ voltage to the final while blocking RF from 
getting up the DC line. L5878 and L5879 provide the DC path 
and block RF. R5879, R5880, R5883, and R5884 resistively 
load down the final’s collector at low frequencies and prevents 
unwanted oscillations. C588I, C5883, C5884, C3885, C5886, 
and C5893 are all bypass capacitors ranging from very low 
frequencies up to UHF frequencies. R5875 is the current- 
sense resistor. CR5875 protects against reverse polarity. Fi
nally, the power goes through a low-pass matching network 
(C5877, C5878, C5887, C5892, C5880, and associated trans
mission lines) to the rest of the output network (Directional 
Coupler, Antenna Switch, and Harmonic Filter). .
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2. Antenna Switch and Harmonic Filter

2.1 ANTENNA SWITCH

CR5922, incorporated in the RX match, have similar OFF 
capacitances.

2.2 HARMONIC FILTER

The antenna switch’s impedance inverter circuit, made up 
of C5923 and L5921, takes the place of a quarter-wave 
microstrip line. During transmission. Keyed 9.4 volts 
forward-biases CR5921, producing low impedance on 
CR5921’s anode and high impedance on the C5923/L5921 
node. Effectively, this isolates the transmitted power from the 
receiver. C5922 couples the power to the harmonic filter and 
on to the antenna.

Total TX to RX isolation exceeds 45 dB from 450-512 
MHz. The impedance inverter contributes approximately 35 
dB to transmit isolation. A second shunt switch, made up of 
CR5922, L5922, and C5924, provides additional isolation. 
C5926 and C5927 block DC.

During RX, CR5920 has an OFF capacitance of approxi
mately 1 pF, which is tuned out by L5904. CR5921 and

The 40-watt harmonic filter is a 7-pole, low-pass filter, 
consisting of screened plate capacitors and discrete inductors 
(L5924, L5925, and L5926) on a 35-mil alumina substrate. 
The filter’s ground plane is attached to the PA printed circuit 
board with solder, while input and output connections are 
made via MP5901 and MP5902. The filter’s primary function 
is to attenuate harmonic spurs generated by the transmitter. It 
also adds low-pass selectivity for the receiver. L5910, 
grounded through MP5903, protects the PA from static 
discharge.

Note
When removing any of the discrete coils, take 
care to avoid leaching the plate capacitor 
metalization. Removal of the entire hybrid is 
best accomplished by heating the hybrid/PC 
board assembly with a heat gun or heat blower 
until the solder joint reflows.
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Figure 1. RPCIC Block Diagram



3. Power Control Circuitry

3.1 COMMAND BOARD CIRCUITRY

Inside U500, the Regulator Power Control IC (See Figure 
1, RPCIC Block Diagram), is an operational amplifier that has 
four inverting inputs, and one non-inverting input (at Pin 44) 
which is the reference input for the entire power control loop 
of the power amplifier. The 3.2V reference voltage at 
U500-44 is produced by dividing SW +5V with the voltage 
divider circuit, R514 and R515.

The power control loop is controlled by the micropro
cessor, U520, on the command board. The microprocessor en
ables the RPCIC by pulling TX PA ENABLE low while the 
radio synthesizer is locked. Each is felt on Pins 33 and 35 re
spectively. U520 writes data to a digital-to-analog converter, 
U502, to change and control the power-set voltage from Pin 
10 of U502 to Pin 6 of U500. The voltage on this line, 1.5 to 5 
volts, will be inversely proportional to the power out of the PA, 
with 5 volts producing the lowest power output. This voltage 
may be set with an IBM PC or with a built-in program oper
ated through the radio’s control head. On U500, the voltage at 
Pin 6 is buffered internally and exits on Pin 7. Through R507, 
it is summed at the node connected to Pin 2, one of the invert
ing inputs.

3.2 CONTROL VOLTAGE LIMITER

R5807 and R5808 form a voltage divider that connects to 
control voltage drive. The output of this voltage divider is con
nected to the control-voltage-limit input (Pin 4) of the 
RPCIC. If the voltage at this input reaches 3.2 volts, then the 
control voltage will be clamped to a maximum value. For the 
40-watt UHF PA, this maximum value is 10 volts. This volt
age-control limit is set by the values of R5807 and R5808.

3.3 CURRENT LIMITER

U520, the processor on the command board, sends data to 
U502, the digital-to-analog converter, to properly set the 
voltage on U502, Pin 15, which is the TX CURRENT LIMIT 
control line to the RPCIC (U500, Pin 40). Sixteen different 
voltages, ranging from 1.5 to 4.5 volts, can be programmed 
from U502.

The collector current of the 40-watt amplifier is moni
tored by sensing the voltage across R5875. CURRENT 
SENSE + connects to one end of R5875; CURRENT SENSE 
- connects to the other end. These lines connect to the com
mand board on U500, Pins 37 and 38, respectively. If the TX 
CURRENT LIMIT is set for 1.5 volts, then the voltage differ
ence between U500, Pins 37 and 38 must be 0.1 volts before 
the current through R5875 is reduced. If U500, Pin 40 is 
programmed for 4.5 volts, then the difference of potential 
between Pins 37 and 38 must exceed 0.3 volts before current 
limiting begins. The voltage across R5875, where current 
sense occurs, can be determined by multiplying the voltage on 

%U500, Pin 40, by 0.067. When current is being limited, the out
put of the op-amp (U500, Pin 42) begins shutting down the

conduction of Q503 and Q504, reducing PA control voltage, 
and reducing drive to the final amplifier to, effectively, control 
the final amplifier’s maximum current.

3.4 FORWARD POWER LIMITER

After the final amplifier, a parallel pair of microstrip lines 
form a forward power-sensing directional coupler. Because 
of increased coupling with frequency, C5903, L5902, C5904, 
L5903, and C5905 are used to compensate and filter out har
monics. CR5900 rectifies the signal. R5904, R5905, and 
RT5904 provide thermal compensation. During normal trans
mission, the DC voltage from the forward-detect line to the 
RPCIC ranges from 2 to 4.5 volts. This voltage connects to 
U500, Pin 9, the directional coupler buffer input.

The directional coupler’s output, U500 Pin 8, is summed 
to Pin 2 with the digital/analog buffer’s output through R509 
and R507, respectively. Closed loop operation reduces the 
control amp’s output (Pin 42), reduces the power module’s 
gain, and reduces power output to maintain the coupler buffer 

•output (U500, Pin 2) at 3.2 volts regardless of the,d/a voltage 
level. If the d/a voltage is high (4.5 volts), little detected 
voltage is needed to keep Pin 2 at 3.2 volts, and the power, con
sequently, is low. If the d/a voltage is low (1.5 volts), a large 
forward detected voltage is needed to keep Pin 2 at 3.2 volts 
and power, consequently, is at maximum value. The voltage at 
Pin 2 drops below 3.2 volts under proper operation during low 
line voltage conditions where the PA cannot produce rated 
power, or if, under any conditions, the control voltage, or the 
final device current exceeds safe levels.

3.5 TEMPERATURE SENSING

The temperature-sensing circuit of the PA works with the 
RPCIC to protect the PA devices from excessively high tem
peratures. On the PA board, this circuit, formed by resistors 
R5878, R5876, R5877, and thermistor RT5875, provides a 
temperature-dependent voltage to the RPCIC via P0853, Pin 
7. As the PA temperature increases, the resistance of RT5875 
decreases, causing the voltage at Pin 7 to increase. This 
voltage is routed to the RPCIC, U500, Pin 13, which is the in
put to the thermistor buffer. The buffer’s output on Pin 12 is 
connected to Pin 2 via resistor R508. Note that Pin 2 is the con
trol amp input and is a summing point for temperature, for
ward-power detect, and power set signals. If the PA tempera
ture becomes high enough so that the voltage at Pin 7 exceeds 
3.2 volts, the thermistor buffer starts supplying current to the 
node at Pin 2. Due to the fixed output current of the power-set 
buffer, the control loop can maintain 3.2 volts at Pin 2 only by 
reducing the forward-power detect voltage and, therefore, 
reducing the PA output power. Since power output is reduced, 
the generated heat is reduced to a safe level. If temperature de
creases, the power output of the PA gradually increases to its 
nominal value. Temperature cutback should occur at about 
140 degrees F (60 deg C).

The temperature sense circuitry can easily be tested by 
placing an ordinary leaded 6.8k ohm resistor across RT5875. 
PA output power should drop significantly if this circuit is 
working properly.



Note
Under severe environmental conditions, more 
than one circuit may be attempting to reduce 
power output at the same time (i.e., during high 
VSWR conditions, the current limiter may 
initially reduce power, but eventual heat 
build-up will cause further power reduction by 
the thermal cut-back circuit).

4. Transmitter Troubleshooting

This information will help field service technicians 
troubleshoot the SPECTRA radio. Use this information, along 
with the theory of operation, to diagnose and isolate the cause 
of failures. The principle tools needed to troubleshoot a circuit 
to the component level are the schematic and the theory of op
eration.

In addition to the schematic and theory, this section 
includes troubleshooting information that will help you test 
and check the circuits to localize and isolate problems.

Prior to troubleshooting, it is important to review the 
theory of operation, including specific precautions and 
troubleshooting methods. Because much of the radio’s 
circuitry operates at UHF frequencies, measurements must be 
taken very carefully. Notes and cautions are added to the text 
to alert the reader to this need in areas of greatest sensitivity. 
However, the need for extreme care does exist in all measure
ments and tests at UHF frequencies.

4.1 GENERAL TROUBLESHOOTING AND REPAIR
NOTES

Most of the common transmitter symptoms are caused by 
either failure of the power amplifier or a failure in the control 
circuitry. The initial troubleshooting effort should be toward 
isolating the problem to one of those two areas. If either the 
control voltage or keyed 9.4 volts are zero, then the problem is 
likely to be in the control circuit. If those voltages are present, 
then the problem is more likely in the power amplifier circuit.

If, for diagnostic reasons, a chip component needs to be 
removed to facilitate testing, such as a series capacitor 
removed to allow for signal insertion, then the component(s) 
returned to the circuit should be new parts. The application of 
a soldering iron to many chip components will tend to cause 
leaching which could lead to failure.

If the harmonic filter is damaged and needs to be 
replaced, then removal and replacement requires the use of a 
hot-air source capable of reflowing the solder beneath the

filter hybrid. When replacing it, add small amounts of fresh 
solder paste to the silver regions beneath the ceramic to assure 
adequate electrical ground contact. Save the original input and 
output connectors (J-straps); these are not included with the 
replacement kit. No tuning is required. The harmonic filter 
may be ordered separately, but if the PA kit is ordered, a filter 
kit comes with the PA kit.

After a PA board is replaced, or if any power control 
circuitry components are replaced, readjust the power accord
ing to instructions in the Service Manual.

Important
Due to high operating frequencies, you must use 
specified Motorola parts when component 
replacement is necessary. Substitute 
components may not work. It is also critical that 
you use great care when replacing parts. 
Excessive solder or flux, longer than original 
leads on coax connectors, mis-orientation of 
parts, and other commonly benign 
imperfections may cause the radio’s 
performance to degrade.

4.2 PA FUNCTIONAL TESTING

Test the PA assembly for proper operation as follows:

(1) Disassemble the PA assembly from the radio, leaving the 
power cable connected to the rear connector. Replace the 
PA shield and cover. Disconnect the coax connectors and 
the ribbon cable. Connect a power meter to the antenna 
port using minimum cable length.

Notes
(a) When setting or measuring RF power at 
UHF, follow these guidelines to avoid 
measurement errors due to cable losses or non 
50-ohm connector VSWR:
• All cables should be very short and have 

Teflon dielectric.
• Attenuators and 50-ohm loads should have at 

least 25 dB return loss.
• ‘Mini UHF to ‘N’ adapter, P/N 

58-80367B21, should be used at the antenna 
connector. All other connectors should be ‘N’ 
type. No other adapters, barrel connectors, 
etc. should be used.

(b) Maximum input level to the PA is 50 
milliwatts. Too much input power could result 
in damage to the LLA stage.

Table 1. DC Voltages and Input Power Chart
TEST KEYED

9.4 V
9.6
V

CONTROL
VOLTAGE

POWER
IN (mW)

A+V

Transmit 9.4 9.6 See note 30 13.0
Receive 0 9.6 0 0 13.0

Note: Set initially to zero. Increase value until power equals 46 watts or 10.0 volts 
maximum. Do NOT exceed 10.0 volts.



(2) Apply the input power and DC voltages indicated in 
Table 1 to the power amplifier assembly. To make the DC 
connections, use small spring-clips or make a test 
adapter similar to that shown in Figure 2.

(3) Apply the required input power via an adapter cable. For 
this application, non ‘N’ type connectors are acceptable.

(4) With the applied control voltage initially at zero volts, 
slowly increase the voltage until power out equals 46 
watts. Power should rise smoothly with control voltage 
once the tum-on threshhold is reached. Control voltage 
should not exceed 10.0 volts.

(5) If 10.0 volts does not produce 46 watts, then a failure 
exists in the power amplifier circuit.

(6) Refer to the voltage chart (See Table 2). Measure the 
indicated voltages. If they are not within the limits shown 
in the chart, then a failure exists in the PA assembly.

(7) If the voltages in the chart are correct, verify that the 
injection is at least 30 milliwatts. (See the VCO 
troubleshooting section.)

(8) If no failure is located from the previous checks, 
troubleshoot the power control circuitry.

A+TO COMMAND 
BOARD A+TO COMMAND BOARD
CURRENT SENSE +

CONTROL VOLTAGE- 
LIMIT

CURRENT SENSE-

(ty cP Ci
C© Cp

FEMALE RECEPTACLE 
CONNECTOR W100 MIL 
SPACING MATES TO P853

REGULATED 9.6V 
V DETECT 
•TEMP SENSE

GAW-4759-0

V DRIVED-

Figure!. PA Test Adapter.

LOCATION
LOCATION

RX MODE
LOW TYP HI

TX MODE
LOW TYP HI COMMENTS

P0853
1 KEY (NO PIN OR WIRE)

2.0 3.2 CONTROL VOLTAGE LIMIT
2.0 7.0 10.0 DRIVE VOLTAGE

10.8 13.6 16.5 10.0 13.0 16.0 CURRENT SENSE +
9.2 9.4 9.8 KEYED 9.4

10.8 13.6 16.5 10.0 13.0 16.0 A+ TO COMMAND BOARD
1.2 TEMP SENSE (CUTBACK BEGINS AT 3.3V)

KEY (NO PIN)
13.0 9.3 5.0 FORWARD DETECT VOLTAGE

10 10.8 13.6 16.5 10.0 13.0 16.0 A+ TO COMMAND BOARD

11 9.4 9.6 9.9 9.4 9.6 9.9 9.6V SUPPLY FROM COMMAND BOARD

12 10.8 13.6 16.5 9.8 12.8 15.8 CURRENT SENSE—(VOLTAGE DELTA 150mV)

U0500
1 GROUND

3.2 CONTROL AMP INPUT
CONTROL AMP INPUT (NOT USED)

3.2 CONTROL VOLTAGE LIMIT (CUTBACK AT 3.3V)
N.C.

1.5 3.0 4.5 1.5 3.0 4.5 POWER SET FROM D-A (MAX POWER AT 1.5V)

Table!. Power Control DC Voltage Chart



Table 2. Power Control DC Voltage Chart (continued)

LOCATION
LOCATION

RX MODE
LOW TYP HI

TX MODE
LOW TYP HI COMMENTS
1.5 3.0 4.5 POWER SET BUFFER OUT
1.3 3.5 6.0 COUPLER BUFFER OUT
1.3 3.5 6.0 FORWARD DETECT VOLTAGE

10 REFLECTED POWER DETECT (NOT USED)
11 1.3 3.5 6.0 SAME AS PIN 8 (NOT USED)
12 1.2 6.0 THERMISTER BUFFER OUT 

(INCREASES AS PA GETS HOT)
13 1.2 6.0 THERMISTER BUFFER IN
14 5.0 5.0 5V SENSE INFfUT (FOLLOWS PIN 20 ±0.1 V)
15 4.9 5.0 5.7 4.9 5.0 5.7 5V CURRENT LIMIT (LIMITS AT 5.7V)
16 5.0 5.7 6.4 5.0 5.7 6.4 5V SERIES PASS DRIVE (6.4V AT MAX CURRENT)
17 9.5 9.6 9.9 9.5 9.6 9.9 9.6 VOLT SENSE INPUT
18 5V REG. COMPENSATION CAPACITOR
19 5.7 5.7 N.C.
20 4.9 5.0 5.1 4.9 5.0 5.1 5V REFERENCE INPUT (UNSW5V)
21 1.2 1.2 9.6V REG. COMPENSATION CAPACITOR
22 N.C.
23 0.9 9.6 1.2 9.6 9.6V SERIES PASS DRIVE
24 2.9 3.3 REGULATOR ENABLE/COMPENSATION
25 9.6V PROGRAMMING (N.C.)
26 N.C.
27 13.6 13.6 N.C.
28 9.6V PROGRAMMING (N.C.)
29 9.6V PROGRAMMING (N.C.)
30 9.6V PROGRAMMING (N.C.)
31 GROUND
32 10.8 13.6 16.5 10.0 13.0 16.0 DECOUPLED A+
33 4.0 5.0 0.2 TX PA ENABLE (FROM U520-25)
34 1.3 CONTROL AMP ONE-SHOT
35 LOCK (5V OF SYNTH OUT OF LOCK)
36 0.8 CONTROL AMP ONE-SHOT
37 10.8 13.6 16.3 10.0 13.0 16.0 A+ (CURRENT SENSE +)
38 10.8 13.6 16.3 10.0 13.0 16.0 CURRENT SENSE—VOLTAGE DELTA 150mV 

(30 WATT ONLY)
39 9.2 9.4 9.8 KEYED 9.4V IN
40 1.5 3.0 4.5 1.5 3.0 4.5 CURRENT LIMIT D-A (MAX CURRENT AT 4.5V)
41 GROUND
42 2.2 9.6 CONTROL AMP OUTPUT (APPX 1/2 V CONTROL)
43 1.3 7.0 LOOP INTEGRATOR CAPACITOR
44 2.1 3.2 CONTROL AMP REFERENCE

Q0500E 13.0 13.0 A+ —CR0500 DROP
Q0501C 12.3 12.3 VQ0500E—B/E DROP
Q0501E 0.2 0.2 V PIN 23—B/E DROP
Q0503E 1.5 V PIN 42—B/E DROP (TX)
Q0503C 13.6 9.0
Q0504B 13.6 12.9 A+ —B/E DROP (TX)

Note: For antenna switch transmit bias conditions, RF drive must be removed from PA.



Table 2. Power Control DC Voltage Chart (continued)

LOCATION TYPICAL RX TYPICAL TX 
NO PRE-DRIVE

COMMENTS

CR5920 ANODE
CATHODE

1.6
0.8

CR5921 ANODE
CATHODE

0.8

CR5922 ANODE
CATHODE

<0.8

4.3 LOCALIZING PROBLEMS

Failure locations often can be determined by externally 
measured symptoms. Basic symptoms are noted below with 
probable failure locations.

(1) Low Power and High Current

• Check for improper load conditions caused by high 
VSWR external to the radio.

• Check output coax and mini-UHF connector.

• Check harmonic filter and J-straps for opens and/or 
shorts.

• Check output impedance-matching circuitry from the 
final device to the harmonic filter.

(2) Low Power and Low Current

• Ifcontrol voltage is equal to 10.0 volts, then check per the 
above.

• If control voltage is less than 10.0 volts, then check the 
control circuitry.

(3) Power Intermittently Low (or Zero) and Current Less 
than 1-Amp When Power Drops

• Check LLA stage.

(4) Power Zero and Current Greater Than 2 amps

• Check harmonic filter, antenna switch, matching circuits 
between driver and final stages, and matching circuits 
beyond final stage.

(5) Power Zero and Current Less Than 1 Amp

• Check LLA/pre-driver circuitry.

4.4 ISOLATING FAILURES

Methods of analyzing individual stages of the Power Am
plifiers are detailed below. Most of the stages are class C and 
must be analyzed under relatively high RF power levels. Gen
erators capable of such levels may not be available in all serv
ice shops, therefore the tests below are arranged in order of as
cending power. This tends to allow the preceding stage to be 
the source of RF power for testing the next stage.

(1) Testing Low-Level Amplifier (LLA) Circuitry

The required DC and RF conditions are defined in Table 
1. Measure LLA voltages according to Table 3.

Table 3. LLA and Pre-driver Typical Voltages

CONTROL RF DRIVE OFF RF DRIVE ON
VOLTAGE 10.0 V 6.0 V 10.0 V 6.0 V
Q5801 — —- — —
BASE 0.7 0.7 0.7 0.3
COLLECTOR 8.1 9.1 8.0 8.8
05800 — — — —
BASE 7.6 8.5 7.4 8.3
COLLECTOR 2.3 1.4 2.8 1.1
EMITTER 8.1 9.1 8.0 8.8
05806 — — — —
BASE 6.4 3.8 6.4 3.9
COLLECTOR 7.6 8.5 7.4 8.3
EMITTER 5.7 3.2 5.7 3.2

05803 — — — —
BASE 0.6 0.6 0.0 0.3
COLLECTOR 9.6 9.6 9.5 9.5
Note: The LLA voltages change with different control voltages. 

An example of LLA voltages with control voltage equal to 
10 volts and 6 volts is shown.

If the above DC bias conditions are correct, check to see if 
the LLA is providing drive power to the pre-driver, Q5803. 
Do so by checking Q5803’s collector current under normal 
drive conditions, as follows:

• Remove R5810 and L5806 (Be sure to reinstall after
testing.) ^

• Solder wires to the remaining pads.
• Place an ammeter in series with Q5803 collector.
• Check for 0.2 to 0.5 amps (depending on control 

voltage).

Note
With no RF drive to the input of the PA, Q5803’s 
collector current should be zero.

If Q5803 draws no current under normal conditions, then 
check for short or open input cable, or for defective parts in the



transmit injection filter or matching circuitry between Q5801 
and Q5803. If all of the above check out OK, then replace 
Q5803.

(2) Testing Pre-Driver Circuitry.

The pre-driver is a typical class-C stage, except the base 
is biased with resistors R5809 and R5806. The necessary con
ditions for proper operation of this stage are input drive power, 
and bias conditions as shown in Table 3, above.

Note
If it is necessary to replace Q5803, use a hot-air 
blower to remove and replace the part. It is 
important that the replacement device’s case be 
properly soldered to its heatsink. Do so by 
flowing a small bead of solder around the rim of 
the device while it is clamped in the hot-air 
soldering device. The base and collector leads 
must be hand-soldered on the bottom side of the 
board.

(3) Troubleshooting the Driver Stage

• Make sure A+ is at the collector.

• Check for shorts and/or opens in the matching circuitry. 
Also look for faulty components. (Cracked parts or parts 
not properly soldered).

• Measure the DC resistance from Base to Emitter. It 
should be less than 1-ohm. If not, check L5851 and 
L5852 for proper soldering, and replace if faulty.

• Check the current drain of the driver. It should be around 
1.5 to 2.0 amps for 40 watt operation. If current drain is 
low, go to next step.

• Remove L5851 from the board and check the 
Base-Emitter and Base-Collector junction diode drops. 
Normal voltage drop should be between 0.4 and 1.0 volts. 
If either junction reads outside this range, replace the 
driver device.

(4) Troubleshooting the Final Device

• Make sure A+ is at the final’s collector; if not, check for 
shorts and/or opens. If A+ is shorted, check C5877 and 
C5878 first for shorts, by lifting L5878 and measuring 
the resistance from collector to ground.

• Check the matching circuitry for shorts and/or opens. 
Also, check for faulty components. (Cracked parts or 
parts not properly soldered.)

• Measure the resistance from base to emitter; it should be 
less than 1 ohm. If not, check for proper soldering on 
L5875, L5876, and L5883; replacefaulty component(s).

• Current drain on the final device should be >5 amps for 
40 watt operation. If low current, go on to the next step.

• Remove L5875 from the board and check the 
Base-Emitter and Base-Collector junction diode drops. 
Normal voltage drop should be between 0.4 and 1.0 volts. 
If either junction is outside this range, replace the final 
device.

Note
The position of capacitors C5875, C5876,
C5877, and C5878 is critical to the performance 
of the circuit. If they are removed for any 
reason, they must be re-installed as close to the 
cap of the final device as possible.
When replacing either the driver or final device, 
apply thermal compound on the heatsink 
surface. Torque the screws to the correct value 
(See Service Manual).

(5) Testing the Antenna Switch and Harmonic Filter

Verify that most of this circuit is functioning properly by 
testing the receiver insertion loss as follows:

• Apply a low-level signal source at the antenna connector.

• Apply the conditions indicated in Table 1 for RX tests.
• Measure the power at the receive coax.
o If the difference between the input and output (insertion 

loss) is less than 1 dB, then the circuitry is functioning 
properly.

Additional antenna switch tests are

• Check CR5920, CR5921, and CR5922 with an 
ohmmeter for forward and reverse continuity.

• In the transmit mode, adjust control voltage for 44 watts 
at the antenna connector. Check for less than 10 mW at 
the end of the receive input cable. If power exceeds 10 
mW, then check CR5922 and associated circuitry. 
Receiver sensitivity can degrade if power at this port 
exceeds 10 mW.

• Check for proper DC current through the PIN diodes; 
correct current is indicated if approximately 1.5 volts is 
present at the junction of C5920 and L5920 during 
transmit mode.

WARNING
DO NOT measure bias directly at the PIN 
diodes while in transmit mode unless TX 
injection is removed.

4.5 POWER CONTROL AND PROTECTION 
CIRCUITRY

(1) Localizing Problems to a Circuit

Power leveling and current limiting are set to values 
detailed in the Service Manual, These values will vary from 
unit to unit, depending on the unique variations of each unit. If



symptoms indicate that either of these circuits have failed, 
verify that the radio has been properly aligned before investi
gating the circuitry.

Temperature sense and control voltage limit are fixed by 
design and are not influenced by the alignment of the radio. If 
symptoms indicate that these circuits have failed, then 
troubleshoot the circuit.

The tests that follow are intended to provide a convenient 
means of verifying that a particular circuit is functioning prop
erly. These tests will isolate the failure to a minimum number 
of components. Refer to the theory of operation and the sche
matic for information needed to identify the failed compo- 
nent(s).

(2) Temperature Sense Circuit Test

Temporarily install a 6.8k ohm resistor in parallel with 
RT5875. Key the transmitter and monitor the output power. 
The power meter should read approximately one-half the 
rated power (25 watts).

(3) Control Voltage Limit Circuitry Test

Disconnect J5901 (transmitter injection) from the inter
nal transceiver chassis. This will require removal of the power 
amplifier assembly. With all other connections in normal con
dition, key the transmitter and monitor the control voltage at 
the node of R5811, C5814, L5808, and R5808. If the voltage 
exceeds 10.0 volts, troubleshoot the control voltage limit cir
cuitry.

(4) Current Limiting Circuitry Test

Refer to Section 2 of the Service Manual for current limit 
setting instructions. When ready to adjust current limit, 
decrease the relative current limit value with the keyboard per 
instructions. After several decrements, the current limit 
should begin to reduce power in 0.1 to 0.5 watt increments. 
After this test, reset the current limit to its original value. If the 
circuitry does not perform as indicated, troubleshoot the cur
rent limit circuitry.

(5) Power Leveling Circuitry Test

With the radio connected for power measurements, vary 
the line voltage from 12.5 to 16 volts. The power should not 
vary more than 2 watts. At a line voltage of 13.6 volts, vary the 
frequency using the three test modes. If power varies more 
than 2 watts, measure the detected voltage on P0853, Pin 9. If 
this voltage varies more than 0.2 volts over line and frequency 
variations, the power control circuitry (most of which is lo
cated on the command board) may be malfunctioning. If the 
detected’voltage varies less than 0.2 volts, the problem is 
likely in diode CR5900, the harmonic filter, the antenna 
switch, or the output coax. Check continuity through the 
12-pin DC connector P0853 on the PA board; check digital/ 
analog circuitry, and check 5 V regulator operation. See Table 
2, DC Voltage Chart, for typical values.

With the radio connected for power measurements and a 
disconnected TX injection coax, the detected voltage at 
P0853, Pin 9, should measure approximately 1.3 volts.

Note
If any part of the power leveling circuitry is 
replaced, perform the power set procedure. See 
the Service Manual for details.
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parts list
HLE6043A UHF 40-watt Power Amplifier (Range 3) MXW-5921-A HLE6043A UHF 40-watt Power Amplifier (Range 3) MXW-5921-A (2)

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed,
C5801
C5804
C5805
C5806
05807,5808
C5810
C5811
C5813
C5814-5816
05820,5821
C5822
C5823
C5824
C5826
C5851
C5852
C5854
C5855
C5856
C5857
C5860-5869
05875,5876
05877,5878
05880
05881
05883
05884 
C5885
05886
05887

pF, ±5%, 50V (unless otherwise stated)

05891
05892
05893 
05895 
05901,5902
05903
05904
05905
05906 
05920
05922
05923
05924

21-13741N45 
21-13741N45 
21-13740B21 
21-13740B31 
21-13740B49 
21-13741N69 
21-13740B49 
21-13741N45 
21-13740B49 
21-13740B25 
21-13740B05 
21-13740B21 
21-13740B27 
21-13741N45 
21-13740B34 
21-13740B34 
21-11078B42 
21-11078B23 
21-13740B49 
21-13741N45 
21-13740B49 
21-11078B33 
21-84366F08 
21-11078B15 
21-13740B49 
21-13741N45 
21-13741N69 
23-80090M24 
21-13741N21 
21-11078B19 
21-13740B49 
21-13740B17 
21-11078B13 
21-13741N45 
21-13741N21 
21-13740B49 
21-13740B17 
21-13740B27 
21-13740B21 
21-13740B49 
21-13740B49 
21-11078B42 
21-11078B05 
21-11078B08

0.01 uF, ±10%
0.01 uF, ±10%
6.8, ±.25 pF 
18 
100
0.1 uF, ±10%
100
0.01 uF, ±10%
100
10
1.5, ±.25 pF 
6.8, ±.25 pF 
12
0.01 uF, ±10%
24
24
100, 100V 
24, 100V 
100
0.01 uF, ±10%
100
43, 100V 
40, 250V 
12, ±.5 pF, 100V 
100
0.01 uF, ±10%
0.1 uF, ±10%
10 uF, ±20%, electrolytic 
1000, ±10%
16,100V 
100
4.7 ± .25pF 
10, 100 V 
0.01 uF, ±10%
1000, ±10%
100
4.7, ±.25 pF 
12
6.8, ±.25 pF 
100
100
100,100V 
4.7, ±.25,100V 
6.2 pF, ±.25,100V

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R5801 06-11077A26 10
R5803 06-11077A82 2.2k
R5805 06-11077A26 10
R5806 06-11077A50 100
R5807 06-11077A82 2.2k
R5808 06-11077A90 4.7k
R5809 06-11077A78 1.5k
R5810 06-11077A26 10
R5811 06-11077A74 Ik
R5812 06-11077A01 0
R5816 06-11077A80 1.8k
R5817 06-11077A74 Ik
R5818 06-11077A62 330
R5850 06-11077A10 2.2
R5875 17-80228N01 shunt
R5876 06-11077811 33k
R5877 06-11077A94 6.8k
R5878 06-11077A86 3.3k
R5879,5880 06-11077A10 2.2
R5881,5882 06-80195M01 10,1/2W
R5883,5884 06-11077A10 2.2
R5900,5901 06-80194M18 51,1W
R5904 06-11077A80 1.8k
R5905 06-11077811 33k
R5920,5921 06-80194M18 51,1W
R5922,5923 06-11077A78 1.5k ''
R5931-5933 06-11077A01 0

mechanical parts

26-80187N01 heatsink, transistor
26-80188N01 shield, harmonic filter
26-80286N01 shield, coax
28-80102M06 connector, 12 position
29-80014A01 clip, coax (3 used)
42-80281L01 clip, ground (2 used)

3/31/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

parts list
MXW-5934-A

05928
C5929
05930,5931
05850

21-13740834
21-13740849
21-13740849

24
Ido
100

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

21-13740821 6.8, ±.25 pF capacitor, fixed, pF, ±5%, 50V (unless otherwise stated)
05858 21-13740817 4.7, ±.25 pF C5801 21-13741N45 0.01 uF, ±10%
diode (see note) C5804 21—13741N45 0.01 uF, ±10%
CR5875
CR5900
CR5920,5921
CR5922

48-80236E07 
48-80236E05 
48-80236E20 
48-80142L01

zener, 28V
Schottky
pin
pin

C5805
C5806
05807,5808
05810
05811

21-13740821 
21-13740830 

. 21-13740849 
21-13741N69 
21-13740849

6.8
16
100
0.1 uF, ±10%
100

coil, rf 05813 21-13741N45 0.01 uF, ±10%
L5801 24-80067M01 chip bead 05816 21-13740849 100
L5802 24-80091G21 4 turns, ainvound 05820,5821 21-13740824 9.1
L5804 24-80067M01 chip bead 05822 21-13740805 1.5, ±.25%
L5805 24-80091G23 7 turns, ainvound 05823 21-13740821 6.8, ±.25%
L5806 24-80067M01 chip bead 05824 21-13740827 12
L5808,5809 24-80067M01 chip bead 05826 21-13741N45 0.01 uF, ±10%
L5810 24-80132N01 ferrite bead 05851 21-13740834 24
L5820,5821 24-80091G21 4 turns, airwound 05852 21-13740831 18
L5850 24-80091G06 2 turns, airwound 05853 21-11078819 16, 100V
L5851 24-80091G23 7 turns, airwound 05854 21-11078842 100,100V
L5852 24-80132N01 ferrite bead 05855 21-11078822 22, 100V
L5853 24-80091G21 4 turns, airwound 05856 21-13740849 100
L5854 24-80132N01 ferrite bead 05857 21-13741N45 0.01 uF, ±10%
L5875 24-80091G21 4 turns, airwound 05860-5869 21-13740849 100
L5876 24-80091G36 7 turns, ainwound 05875,5876 21-11078832 39, 100V
L5878 24-80090G03 3 turns, airwound 05877,5878 21-84366F08 40, 250V
L5879 24-80090G05 airwound 05880 21-11078808 6.2 pF, ±.25 pF, 100V
L5880-5882 , 24-80067M01 chip bead 05881 21-13740849 100
L5883 24-80132N01 ferrite bead 05883 21-13741N45 0.01 uF, ±10%
L5900 24-80091G06 2 turns, ainvound 05884 21-13741N69 0.1 uF, ±10%
L5902,5903 24-80091 G24 5 turns, ainvound 05885 23-80090M24 10 uF, ±20%, electrolytic
L5904 24-80091G36 7 turns, airwound 05886 21-13741N21 1000, ±10%
L5920 24-80091G36 7 turns, airwound 05888-5890 21-13740849 100
L5921,5922 24-80090G03 3 turns, ainvound 05891 21-13740817 4.7, ±.25 pF
L5923 24-80091G36 7 turns, airwound 05892 21-11078808 6.2, ±.25 pF, 100V
L5930 24-80067M01 chip bead 05893 21-13741N45 0.01 uF, ±10%

connector plug 05895 21-13741N21 1000, ±10%
05901,5902 21-13740849 100

P853 06-80103M04 right angle, 12 contacts 05903 21-13740817 4.7, ±.25 pF
transistor (see note) 05904 21-13740825 10
Q5800 48-80141L01 PNP 05905 21-13740821 6.8, ±.25 pF
Q5801 48-80182D50 NPN 05906 21-13740849 100
Q5803 48-80225009 NPN 05920 21-13740849 100
Q5806 48-80141L02 NPN 05922 21-11078842 100,100V
Q5850 48-80225027 NPN 05923 21-11078801 3.3, ±.25 pF, 100V
Q5875 48-80225030 NPN 05924 21-11078805 4.7, ±.25 pF,100V

05926,5927 21-11078842 100, 100V
thermistor 05928 21-13740834 24
RT5875 06-80149M02 100k ohm 05930,5931 21-13740849 100
RT5904 06-80149M02 100k ohm 05858 21-13740817 4.7, ±.25 pF

HLE6044A UHF 40-watt Power Amplifier (Range 4) MXW-5934-A (2)

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

diode (see note)
CR5875 48-80236E07 zener, 28V
CR5900 48-80236E05 Schottky :
CR5920,5921 48-80236E20 pin
CR5922 48-80142L01 pin I'

coil, rf
L5801 24-80067M01 chip bead
L5802 24-80091G21 4 turns, ainvound
L5804 24-80067M01 chip bead
L5805 24-80091G23 7 turns, airwound
L5806 24-80067M01 chip bead
L5808,5809 24-80067M01 chip bead
L5810 24-80132N01 ferrite bead
L5820,5821 24-80091G21 4 turns, ainvound
L5850 24-80091G21 4 turns, ainvound
L5851 24-80091G23 7 turns, airwound
L5852 24-80132N01 ferrite bead
L5853 24-80091G21 4 turns, ainvound 1'
L5854 24-80132N01 ferrite bead
L5875 24-80091G21 4 turns, airwound
L5876 24-80091G36 7 turns, airwound
L5878 24-80090G03 3 turns, ainvound
L5879 24-80090G05 airwound
L5880-5882 24-80067M01 chip bead
L5883 24-80132N01 ferrite bead
L5900 24-80091G06 2 turns, ainvound
L5902,5903 24-80091G24 5 turns, airwound
L5904 24-80091G36 7 turns, airwound
L5920 24-80091G36 7 turns, ainvound
L5921,5922 24-80090G03 3 turns, ainvound
L5923 24-80091G36 7 turns, airwound
L5930 24-80067M01 chip bead

connector plug
P853 09-80103M04 right angle, 12 contacts

transistor (see note)
Q5800 48-80141L01 PNP
Q5801 48-80182D50 NPN
Q5803 48-80225009 NPN 1
Q5806 48-80141L02 NPN
Q5850 48-80225027 NPN
Q5875 48-80225030 NPN

thermistor
RT5875 06-80149M02 100k ohm
RT5904 06-80149M02 100k ohm

resistor, fixed, ohm. ±5%, 1/8 watt (unless othenvise stated)
R5801 06-11077A30 15 1
R5802 06-11077A50 100
R5803 06-11077A82 2.2k
R5805 06-11077A26 10
R5806 06-11077A50 100
R5807 06-11077A82 2.2k
R5808 06-11077A90 4.7k 1
R5809 06-11077A78 1.5k
R5810 06-11077A26 10
R5811 06-11077A74 Ik
R5812 06-11077A01 0
R5816 06-11077A80 1.8k 1

R5817 06-11077A74 Ik
R5818 06-11077A62 330
R5850 06-11077A10 2.2 1
R5872 06-11077A50 100
R5873 06-11077A50 100
R5875 17-80228N01 shunt
R5876 06-11077811 33k j
R5877 06-11077A94 6.8k
R5878 06-11077A86 3.3k 1
R5879,5880 06-11077A10 2.2 1
R5881,5882 06-11077A19 5.1 i
R5883.5884 06-11077A10 2.2 j ■
R5900,5901 06-80194M18 51,1W
R5904 06-11077A80 1.8k !
R5905 06-11077811 33k 1
R5906 06-11077A50 100
R5920,5921 06-80194M18 51, 1W
R5922,5923 06-11077A78 1.5k
R5931-5932 06-11077A01 0 j
R5934 06-11077A01 0 1

HLE6043A (RANGE 3) AND HLE6044A (RANGE 4) 
40-WATT PA CIRCUIT BOARD
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mechanical parts

26-80187N01 heatsink, transistor j
26-80188N01 shield, harmonic filter
26-80286N01 shield, coax
28-80102M06 connector, 12 position i
29-80014A01 clip, coax (3 used)
42-80281L01 clip, ground (2 used)

05867

. C58II
0585705869

C585I

L58Q8

;o> o>
a: II g L5930

L58B0

SOLDER SIDE GPW-5905-0
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note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number. ‘ Schematics, Circuit Boarci Diagrams, and Parts Lists for 
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parts list
HLE6033A Harmonic Filter Hybrid UHF Range 3 & Range 4 MXW-5907-O

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

connector receptacle
J5901-J5903 07-80299L01 frame lead, j-strap

coil, RF
L5910 24-80091G36 7 turns, airwound
L5924 24-80090G03 3 turns, airwound
L5925 24-80090G04 3 turns, ainvound
L5926 24-80090G03 3 turns, ainvound

9/15/88

GXW-5944-0
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parts list
HLE6043B UHF 40-watt Power Amplifier (Range 3) MXW-6538-0

REFERENCE
SYMBOL

MOTOROLA 
PART NO.

DESCRIPTION

C5801 21-13741N45 0.01 uF, ±10%
C5804 21-13741N45 0.01 uF, ±10%
C5805 21-13740B21 6.8, ±.25 pF
C5806 21-13740B31 18
05807,5808 21-13740B49 100
C5810 21-13741N69 0.1 uF, ±10%
C5811 21-13740B49 100
C5813 21-13741N45 0.01 uF, ±10%
C5816 21-13740B49 100
05820,5821 21-13740B25 10
05822 21-13740B05 1.5, ±.25 pF
05823 21-13740B21 6.8, ±.25 pF
05824 21-13740B27 12
05826 21-13741N45 0.01 uF, ±10%
05851 21-13740B34 24
05852 21-13740B34 24
05854 21-11078B42 100,100V
05855 21-11078B23 24, 100V
05856 21-13740B49 100
05857 21-13741N45 0.01 uF, ±10%
05860-5869 21-13740B49 100
05875,5876 21-11078B33 43, 100V
05877,5878 21-84366F08 40, 250V
05880 21-11078B15 12, ±.5 pF, 100V
05881 21-13740B49 100
05883 21-13741N45 0.01 uF, ±10%
05884 21-13741N69 0.1 uF, ±10%
05885 23-80090M24 10 uF, ±20%, electrolytic
05886 21-13741N21 1000, ±10%
05887 21-11078B19 16, 100V
05888-5890 21-13740B49 100
05891 21-13740B17 4.7 ± .25pF
05892 21-11078B13 10,100V
05893 21-13741N45 0.01 uF, ±10%
05895 21-13741N21 1000, ±10%
05901,5902 21-13740B49 100
05903 21-13740B17 4.7, ±.25 pF
05904 . 21-13740B27 12
05905 21-13740B21 6.8, ±.25 pF
05906 21-13740B49 100
05920 21-13740B49 100
05922 21-11078B42 100, 100V
05923 21-11078B05 4.7, ±.25,100V
05924 21-11078B08 6.2 pF, ±.25,100V
05926,5927 21-11078B42 100, 100V
05928 21-13740B34 24
05929 21-13740B49 100
05930,5931 21-13740B49 100
05850 21-13740B01 1.0 ±.25 pF
05858 21-13740B17 4.7, ±.25 pF

diode (see note)
OR5875 48-80236E07 zener, 28V
OR5900 48-80236E05 Schottky
OR5920,5921 48-80236E20 pin
OR5922 48-80142L01 pin

coll, rf
L5801 24-80067M01 chip bead
L5802 24-80091G21 4 turns, airwound
L5805 24-80091G23 7 turns, airwound
L5806 24-80067M01 chip bead
L5809 24-80067M01 chip bead
L5810 24-80132N01 ferrite bead
L5820,5821 24-80091G21 4 turns, ainvound
L5850 24-80091G21 4 turns, ainwound
L5851 24-80091G23 7 turns, airwound
L5852 24-80132N01 ferrite bead
L5853 24-80091G21 . 4 turns, airwound
L5854 24-80132N01 ferrite bead
L5875 24-80091G21 4 turns, ainvound
L5876 24-80091G36 7 turns, airwound
L5878 24-80090G03 3 turns, airwound
L5879 24-80090G05 ainvound
L5883 24-80132N01 ferrite bead
L5900 24-80091G06 2 turns, ainvound
L5902,5903 24-80091G24 5 turns, ainvound
L5904 24-80091G36 7 turns, airwound
L5920 24-80091G36 7 turns, ainvound
L5921,5922 24-80090G03 3 turns, airwound
L5923 24-80091G36 7 turns, ainvound

connector plug
P853 09-80103M04 right angle, 12 contacts

transistor (see note)
Q5800 48-80141L01 PNP
Q5801 48-80182D50 NPN
Q5803 48-80225C09 NPN
Q5806 48-80141L02 NPN
Q5850 48-80225C27 NPN
Q5875 48-80225C30 NPN

thermistor
RT5875 06-80149M02 100k ohm
RT5904 06-80149M02 100k ohm

resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R5801 06-11077A26 10
R5802 06-11077A50 100
R5803 06-11077A82 2.2k
R5805 06-11077A26 10

HLE6043B UHF 40-watt Power Amplifier (Range 3) MXW-6538-0 (2)

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

R5806 06-11077A50 100
R5807 06-11077A82 2.2k
R5808 , 06-11077A90 4.7k
R5809 1 06-11077A78 1.5k
R5810 i 06-11077A26 10
R5811 06-11077A74 Ik
R5812 06-11077A01 0
R5816 06-11077A80 1.8k
R5817 06-11077A74 Ik
R5818 06-11077A62 330
R5850 06-11077A10 2.2
R5872 06-11077A50 100
R5873 06-11077A50 100
R5875 17-80228N01 shunt
R5876 06-11077B11 33k
R5877 06-11077A94 6.8k
R5878 06-11077A86 3.3k
R5879,5880 06-11077A10 2.2
R5881,5882 06-11077A19 5.1
R5883,5884 06-11077A10 2.2
R5900,5901 06-80194M18 51,1W
R5904 06-11077A80 1.8k
R5905 ; 06-11077B11 33k
R5906 ' 06-11077A50 100
R5920,5921 06-80194M18 51,1W
R5922,5923 06-11077A78 1.5k
R5931-5933 06-11077A01 0

mechanical parts

26-80187N01 heatsink, transistor
26-80188N01 shield, harmonic filter
26-80286N01 shield, coax
28-80102M06 connector, 12 position
29-80014A01 clip, coax (3 used)
42-80281L01 clip, ground (2 used)

3/31/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

parts list
HLE6044B UHF 40-watt Power Amplifier (Range 4) MXW-6539-0

REFERENCE
SYMBOL

MOTOROLA
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless othenvise stated)
C5801 21-13741N45 0.01 uF, ±10%
C5804 21-13741N45 0.01 uF, ±10%
C5805 21-13740B21 6.8
C5806 21-13740B30 16
05807,5808 21-13740B49 100
C5810 21-13741N69 0.1 uF, ±10%
C5811 21-13740B49 100
C5813 21-13741N45 0.01 uF, ±10%
C5816 21-13740B49 100
05820,5821 21-13740B24 9.1
C5822 21-13740B05 1.5, ±.25%
C5823 21-13740B21 6.8, ±.25%
C5824 21-13740B27 12
C5826 21-13741N45 0.01 uF, ±10%
C5851 21-13740B34 24
C5852 21-13740B31 18
C5853 21-11078B19 16, 100V
C5854 21-11078B42 100, 100V
C5855 21-11078B22 22, 100V
C5856 21-13740B49 100
C5857 1 21-13741N45 0.01 uF, ±10%
05860-5869 21-13740B49 100
05875,5876 21-11078B32 39, 100V
05877,5878 21-84366F08 40, 250V
05880 21-11078B08 6.2pF,±.25pF, 100V
05881 21-13740B49 100
05883 21-13741N45 0.01 uF, ±10%
05884 21-13741N69 0.1 uF, ±10%
05885 23-80090M24 10 uF, ±20%, electrolytic
05886 1 21-13741N21 1000, ±10%
05888-5890 21-13740B49 100
05891 21-13740B17 4.7, ±.25 pF
05892 i 21-11078B08 6.2, ±.25 pF, 100V
05893 21-13741N45 0.01 uF, ±10%
05895 21-13741N21 1000, ±10%
05901,5902 21-13740B49 100
05903 21-13740B17 4.7, ±.25 pF
05904 21-13740B25 10
05905 21-13740B21 6.8, ±.25 pF
05906 , 21-13740B49 100
05920 21-13740B49 100
05922 , 21-11078B42 100, 100V
05923 21-11078B01 3.3, ±.25 pF, 100V
05924 I 21-11078B05 4.7, ±.25 pF,100V
05926,5927 21-11078B42 100, 100V
05928 ! 21-13740B34 24
05930,5931 21-13740B49 100
05858 i 21-13740B17 4.7, ±.25 pF

diode (see note)
OR5875 48-80236E07 zener, 28V
OR5900 48-80236E05 Schottky
OR5920,5921 48-80236E20 pin
OR5922 48-80142L01 pin

HLE6044B UHF 40-watt Power Amplifier (Range 4) MXW-6539-0 (2)

HLE6043B (RANGE 3) AND HLE6044B (RANGE 4) 
40-WATT UHF POWER AMPLIFIER

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

coil, rf
L5801 24-80067M01 chip bead
L5802 24-80091G21 4 turns, ainvound
L5805 24-80091G23 7 turns, airwound
L5806 24-80067M01 chip bead
L5809 24-80067M01 chip bead
L5810 24-80132N01 ferrite bead
15820,5821 24-80091G21 4 turns, ainvound
L5850 24-80091G21 4 turns, ainvound
L5851 24-80091G23 7 turns, ainvound
L5852 24-80132N01 ferrite bead
L5853 24-80091G21 4 turns, ainvound
L5854 24-80132N01 ferrite bead
L5875 24-80091G21 4 turns, airwound
L5876 24-80091G36 7 turns, ainvound
L5878 24-80090G03 3 turns, airwound
L5879 24-80090G05 ainvound
L5883 24-80132N01 ferrite bead
L5900 24-80091G06 2 turns, airwound
15902,5903 24-80091G24 5 turns, ainvound
L5904 24-80091G36 7 turns, ainvound
L5920 24-80091G36 7 turns, airwound
L5921,5922 24-80090G03 3 turns, ainvound
L5923 24-80091G36 7 turns, ainvound

connector plug
P853 09-80103M04 right angle, 12 contacts

transistor (see note)
Q5800 48-80141L01 PNP
Q5801 48-80182D50 NPN
Q5803 48-80225C09 NPN
Q5806 48-80141L02 NPN
Q5850 48-80225C27 NPN
Q5875 48-80225C30 NPN

thermistor
RT5875 06-80149M02 100k ohm
RT5904 06-80149M02 100k ohm

L5852

L5904
C5877

R580I
Q580I C580S CR5920Q5850 !5854 Q5875

LSSTS \'5)5853
C580I m C3923

L5878C5878L5805;
Q5803

CR5921
. R58I8 RT5875

CS820 C5902 ^5900CRS922IL5903Q3806I C5924

C5905 R5900
RS875 

----VW* CR5900
L58I0

LS801 11} ' ’L5923 ;CONT CR5875 RT5904

P0833

GPW-6535-0SOLDER SIDE

R5801 06-11077A30 15
R5802 06-11077A50 100
R5803 06-11077A82 2.2k
R5805 06-11077A26 10
R5806 06-11077A50 100
R5807 06-11077A82 2.2k
R5808 06-11077A90 4.7k
R5809 06-11077A78 1.5k
R5810 06-11077A26 10
R5811 06-11077A74 Ik
R5812 06-11077A01 0
R5816 06-11077A80 1.8k
R5817 06-11077A74 Ik
R5818 06-11077A62 330
R5850 06-11077A10 2.2
R5872 06-11077A50 100
R5873 06-11077A50 100
R5875 17-80228N01 shunt
R5876 06-11077B11 33k
R5877 06-11077A94 6.8k
R5878 06-11077A86 3.3k
R5879,5880 06-11077A10 2.2
R5881,5882 06-11077A19 5.1
R5883.5884 06-11077A10 2.2
R5900,5901 06-80194M18 51, 1W
R5904 06-11077A80 1.8k
R5905 06-11077B11 33k
R5906 06-11077A50 100
R5920.5921 06-80194M18 51,1W
R5922.5923 06-11077A78 1.5k
R5931-5932 06-11077A01 0
R5934 06-11077A01 0

mechanical parts

26-80187N01 heatsink, transistor
26-80188N01 shield, harmonic filter
26-80286N01 shield, coax
28-80102M06 connector, 12 position
29-80014A01 clip, coax (3 used)
42-80281L01 clip, ground (2 used)

COMPONENT SIDE VIEW
COMPONENT SIDE

OVERLAY

GPW-6536-0

GXW-6537W0I-0
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Mobile Products Division
15 and 35-Watt 

Power Amplifiers 

(800 MHz)

1. Transmitter

The 15-watt and 35-watt SPECTRA power amplifiers 
are discussed in the following text. Block diagrams of both 
circuits are shown in the foldout drawing PW-6628.

1.1 TRANSMIT BUFFER

The PA receives 18 to 23 dBm (60 to 200 mW) at the 
transmit injection (TX INJ) coax. The first stage, TX 
BUFFER, uses adaptive biasing which varies the base voltage 
inversely proportional to the input drive level. With Keyed 9.4 
volts (K9.4) ON and NO DRIVE, Q9800 base voltage should 
equal the voltage drop across CR9800. R9801 sets the diode 
current, and R9802 sets the base voltage referenced from 
CR9800. At the input, L9804, C9801, and C9800 are for 
matching while C9808 and R9806 prevent interfacing insta
bility. L9800 is the base feed choke and L9801 is the collector 
choke. R9800 parallels L9800 for added stability. L9805, and 
C9803 are on the buffer’s supply (K9.4) for stability. C9802 
and L9802 are for output matching. L9803 and C9804 are 
added as a “suckout” for half carrier. Like the input, C9807 
and R9805 were added at the output to help prevent 
interfacing instability. The power output of this stage should 
be greater than 325 milliwatts (25 dBm).

The TX Buffer applies the modulated RF signal to Pin 1 
of U9850, the Power Amplifier Module, which is a 5-pin, 
20-watt, three stage amplifier. The control voltage from the 
power control series-pass transistor, Q9500, controls the gain 
of the first two amplifier stages of U9850, through Pin 2 and 
Pin 3. Battery voltage (A +), connected to Pin 4, powers the 
third stage.

1.2 POWER MODULE

The power module (U9850) is the major gain block for 
both the 15 and 35-watt amplifiers. The 50-ohm input and 
output impedances connect to adjacent power stages via 
50-ohm microstrip lines. The parallel resistor, R9805, and 
capacitor C9807, on the input, reduce circuit response at lower 
frequencies and improve stability. The 350 milliwatt (typical)

input power is increased to approximately 15-watts. The 
amplifier power is monitored by the power control IC on the 
command board and adjusted by controlling the voltage on 
U9850, Pins 2 and 3. (Pow er control is described in the Power 
Control Section.) A+ is applied directly to the final stage 
inside the power module via Pin 4. No repairs can be made to 
the module; damaged or failed units must be replaced.

CAUTION
The power module leads will not tolerate undue 
stress; handle carefully when repairing.

1.3 FINAL STAGE (35-WATT ONLY)

On the 15-watt radio, the transmit RF signal from U9850, 
Pin 5, is applied to the 50-ohm microstrip directional coupler. 
On the 35-watt radio, the transmit RF signal is applied to the 
emitter of the final power amplifier Q9880 through the 
coupling capacitor C9856, the 50-ohm quarter-wave match
ing transmission line, and the matching capacitors C9875 and 
C9876. The 100-ohm coupling line, L9930, R9930, R9931, 
CR9930, and C9930 form an interstage power detector 
between U9850 and Q9880 to limit the drive into Q9880 to 
about 17 watts. L9875, the emitter choke, is also the emitter 
DC return. The final power amplifier, Q9880, is a 45-watt, 
800 MHz, common-base NPN devise. The Q9880 output 
match consists of C9877, C9878, a section of the 50-ohm 
microstrip line, C9879 and the DC blocking capacitor, C9883. 
L9876 isolates the RF signal from A+. C9880 and C9884 are 
signal frequency bypass capacitors. L9877 presents a high 
impedance at low RF frequencies; therefore the collector of 
Q9880 is resistively loaded by R9876 at low frequencies 
where the gain is much greater. C9881 and C9882 are low 
frequency bypass capacitors.

2. Antenna Switch and Harmonic Filter

2.1 ANTENNA SWITCH

2.1.1 35-watt Power Amplifier

The antenna switch’s impedance inverter circuit, made up 
of C9922 and L9921, takes the place of a quarter-wave
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microstrip line. During transmission, K9.4 volts forward- 
biases CR9921, producing a low impedance at its anode end, 
and a high impedance at the node of C9922 and L9921, to 
effectively isolate the transmitted power from the receiver. 
C9921 couples the power to the harmonic filter and on to the 
antenna.

The impedance inverter contributes approximately 30 dB 
to transmit isolation. Additional isolation is obtained by the 
series switch made up of CR9922, L9925, and associated DC 
bias components. During transmit, CR9922 is reverse-biased, 
thus creating a small series capacitor that is tuned out by 
L9923. C9925 is a DC blocking capacitor. The high imped
ance of the series arm works against the low impedance of the 
shunt arm (CR9921) to provide approximately 10 to 15 dB 
additional isolation. Total TX to RX isolation is in excess of 40 
dB from 935-941 MHz. The preselector provides over 50 dB 
isolation from 896-901 MHz.

When receiving, CR9920 has an off capacitance of 
approximately 1 pF which is turned out by L9926. CR9921, 
with similar off capacitance, is incorporated in the RX match. 
CR9922 is forward-biased with an ON resistance of approxi
mately 1 ohm. The signal passes CR9922 and through L9922, 
a series inductor used to complete the RX match. Capacitor 
C9929 blocks DC.

L9920, at the node of the antenna and harmonic filter, 
protects the PA from static discharge.

2.1.2 12-watt Power Amplifier

3. Power Control Circuitry

3.1 COMMAND BOARD CIRCUITRY

Inside U500, the Regulator Power Control IC (See Figure 
1, RPCIC Block Diagram), is an operational amplifier that has 
four inverting inputs, and one non-inverting input (at Pin 44) 
which is the reference input for the entire power control loop 
of the power amplifier. The 3.2V reference voltage at U500, 
Pin 44, is produced by dividing SW + 5V with the voltage 
divider circuit. R514 and R515.

The power control loop is controlled by the microproces
sor, U520, on the command board. The microprocessor 
enables the RPCIC by pulling TX PA ENABLE BAR low 
while the radio synthesizer is locked. Each is felt on Pins 33 
and 35 respectively. U520 writes data to a Digital to Analog 
converter, U502, to change and control the power-set voltage 
from Pin 10 of U502 to Pin 6 of U500. The voltage on this line, 
1.5 to 5 volts, will be inversely proportional to the power out of 
the Pa, with 5 volts producing the lowest power output. This 
voltage may be set with an IBM PC or with a built-in program 
operated through the radio’s control head. On U500, the 
voltage at Pin 6 is buffered internally and exits on Pin 7. 
Through R507, it is summed at the node connected to Pin 2, 
one of the inverting inputs.

3.2 POWER MODULE CONTROL VOLTAGE LIMITER

The theory for the 12-watt antenna switch is exactly the 
same as the 30-watt except that some of the components are 
labeled with different numbers. C9921, in the 12-watt PA, is 
located after the harmonic filter.

L9922, at the node of the antenna and capacitor C9921, 
protects the PA from static discharge.

R9562 and R9563 connect in series to the emitter of 
Q9500. The ratio of R9563 and R9562 feed a portion of the 
control voltage (U9850, Pins 2 and 3) to U500, Pin 4. When 
Pin 4 exceeds 3.2 volts, the output of the control op-amp 
(U500, Pin 42) is reduced. Eventually, this reduces the control 
voltage available to the power module (U9850).

2.2 HARMONIC FILTER

The 12 and 30-watt harmonic filters are 7-pole, low- 
pass filters implemented with screened plate capacitors and 
discrete inductors (L9910, L9911, and L9912) on a 35 mil 
(0.035”) alumina substrate. The filter’s ground plane is 
attached to the PA printed circuit board with solder, while 
input and output connections are made via “J”-straps MP9856 
and MP9857. The filter’s primary function is to attenuate 
harmonic spurs generated by the transmitter and to provide 
additional low-pass selectivity for the receiver.

Note
When removing any of the discrete coils, take 
care to avoid leaching the plate capacitor meta- 
lization. Removal of the entire hybrid is best ac
complished by heating hybrid/PC board assem
bly with a heat gun or heat blower until solder 
joint reflows.

The input RF power to the 45-watt amplifier (Q9880) 
must stay below 18 watts. Power is coupled from the 
inter-stage 50-ohm transmission line to a 100 ohm transmis
sion line and rectified by CR9930 on the PA, producing a DC 
voltage on U500, Pin 4. IF this voltage exceeds 3.2 volts, the 
output voltage on U500, Pin 42, is reduced, lowering the 
control voltage and reducing U9850’s gain until its RF output 
power is approximately 18 watts.

3.3 CURRENT LIMITER

U520, the processor on the command board, sends data to 
U502, the digital to analog converter, to properly set the 
voltage on U502, Pin 15, which is the TX CURRENT LIMIT 
control line to the RPCIC (U500, Pin 40). Sixteen different 
voltages, ranging from 1.5 to 4.5 volts, can be programmed 
from U502.
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Figure 1. RPCIC Block Diagram

The collector current of the 45-watt final amplifier (in the 
30-watt PA only) is monitored by sensing the voltage across 
R9875. CURRENT SENSE + connects to one end of R9875 
and CURRENT SENSE - connects to the other end. These 
lines connect to the command boardbn U500, Pins 37 and 38, 
respectively. If the TX CURRENT LIMIT is set for 1.5 volts, 
then the voltage difference between U500, Pins 37 and 38 
must be. 1 volts before the current through R9785 is reduced. 
If U500, Pin 40 is programmed for 4.5 volts, then the 
difference of potential between Pins 37 and 38 must exceed .3 
volts before current limiting begins. The voltage across 
R9875, where current sense occurs, can be determined by 
multiplying the voltage on U500, Pin 40, by 0.067. When 
current is being limited, the output of the op-amp (U500, Pin 
42), begins shutting down the conduction of Q503 and Q504, 
reducing base drive to Q9500, reducing drive to the final 
amplifier to, effectively, control the final amplifier’s maxi
mum current.

3.4 FORWARD POWER LIMITER

The parallel pair of microstrip lines after the final 
amplifier, form a forward power sensing directional coupler.

Because the coupling increases with frequency, the compen
sation network of R9900 and C9901 is used. CR9900 rectifies 
the signal, C9900 filters it, and R9905 and R9904 form a 
voltage divider. During normal transmission, the DC voltage 
from the forward detect line to the RPCIC ranges from 2 to 4.5 
volts. This voltage connects to U500, Pin 9, the input to the 
directional coupler buffer.

The directional coupler’s output, U500, Pin 8, is summed 
to Pin 2 with the digital/analog buffer’s output through R509 
and R507, respectively. Closed loop operation reduces the 
control amp’s output (Pin 42), reduces the power module’s 
gain, and reduces power output to maintain the coupler buffer 
output U500, Pin 2) at 3.2 volts regardless of the d/a voltage 
level. If the d/a voltage is high (4.5 volts), little detected 
voltage is needed to keep Pin 2 at 3.2 volts, and the power, 
consequently, is low. If the d/a voltage is low (1.5 volts), a 
large forward detected voltage is needed to keep Pin 2 at 3.2 
volts and power, consequently, is at maximum value. The 
voltage at Pin 2 drops below 3.2 volts under proper operation 
during low line voltage conditions where the PA cannot 
produce rated power, or if, under any conditions, either the



inter-stage power (in 30-watt models only), the control 
voltage, or the final device current exceeds safe levels.

4.1 GENERAL TROUBLESHOOTING AND 
REPAIR NOTES

3.5 TEMPERATURE SENSING

When the radio is keyed, K9.4V is applied to Pin 5 of the 
PA connector and on one side of thermistor RT9560. As the 
temperature increases, the resistance of RT9560 decreases, 
creating more voltage across R9561. This temperature voltage 
is routed via PA connector Pin 7 back to U500, pin 13, which is 
the input to a thermistor buffer. The thermistor buffer’s output 
on pin 12 is summed to U500, pin 2, and passes throughits 
scaling resistor, R508. When the temperature of the RT9560 
causes its value to change enough that the voltage exceeds 3.2 
volts, the thermister buffer starts supplying current to the node 
at pin 2. Due to the fixed output of the d/a, the control loop can 
maintain 3.2 volts at pin 2 only by reducing power out and 
reducing the forward detected voltage. Since output is 
reduced, the generated heat is held to a safe level. As temp 
decreases, the power output of the PA gradually increases to its 
nominal value.

Q9515 and Q9510 switch A+ to one side of R9513. 
R9513 sums the A+ voltage into the same node as TEMP- 
SENSE. Together with temp-sense the circuitry protects the 
power amplifier from unsafe operating conditions of high line 
and high temp.

Note
Under severe environmental conditions more 
than one circuit may be attempting to reduce 
power output at the same time (i.e., during high 
VSWR conditions, the inter-stage power limit 
may initially reduce power, but eventual heat 
build-up will cause further power reduction by 
the thermal cut-back circuit).

4. Transmitter Troubleshooting

This information will help field service technicians 
troubleshoot the SPECTRA radio. Use this information, along 
with the theory of operation, to diagnose and isolate the cause 
of failures. The principle tools needed to troubleshoot a circuit 
to the component level are the schematic and the theory of 
operation.

In addition to the schematic and theory, this section 
includes troubleshooting information that will help you test 
and check the circuits to localize and isolate problems.

Prior to troubleshooting, it is important to review the 
theory of operation, including specific precautions and 
troubleshooting methods. Because much of the radio’s 
circuitry operates at 800 MHz, measurements must be taken 
very carefully. Notes and cautions are added to the text to alert 
the reader to this need in areas of greatest sensitivity. However 
the need to extreme care does exist in all measurements and 
tests at 800 MHz.

Most of the common transmitter symptoms are caused by 
either failure of the power amplifier or a failure in the control 
circuitry. The initial troubleshooting effort should be toward 
isolating the problem to one of those two areas. If either the 
control voltage or keyed 9.4 volts are zero, then the problem is 
likely to be in the control circuit. If those voltages are present, 
then the problem is more likely in the power amplifier circuit.

If for diagnostic reasons, a chip component needs to be 
removed to facilitate testing, such as a series capacitor 
removed to allow for signal insertion, then the component(s) 
returned to the circuit should be new parts. The application of 
a soldering iron to many chip components will tend to cause 
leaching which could lead to failure.

If the harmonic filter is damaged and needs to be 
replaced, then removal and replacement requires the use of a 
hot air source capable of reflowing the solder beneath the filter 
hybrid. When replacing it, add small amounts of fresh solder 
paste to the silver regions beneath the ceramic to assure 
adequate electrical ground contact. Save the original input and 
output connectors (‘J’ straps); these are not included with the 
replacement kit. No turning is required. The harmonic filter 
may be ordered separately, but if the PA kit is ordered, a filter 
kit comes with the PA kit.

The pass device may be ordered separately or may be 
received as part of the hardware kit - it is not part of the PA kit. 
The PA kit comes with all surface-mount components, 
including the harmonic filter hybrid, but the harmonic filter 
cover Is not included. Neither does the PA kit include the 
Power Module, nor, on 35-watt models, the final device and 
associated matching capacitors.

After a PA board is replaced, or if any power control 
circuitry components are replaced, readjust the power accord
ing to instructions in the Service Manual.

Important
Due to the high frequency of operation, it is im
perative that you use specified Motorola parts 
when component replacement is necessary. At 
these frequencies, second and third order prop
erties of the components are very important and 
are part of the circuit’s design. Substitute com
ponents may not work. It is also critical that you 
use great care when replacing parts. Excessive 
solder or flux, longer than original leads on coax 
connectors, mis-orientation of parts, and other 
commonly benign imperfections may cause the 
radio’s performance to degrade.

4.2 PA FUNCTIONAL TESTING

To test the PA assembly for proper operation, perform the 
following steps:



(1)

Note
The following instructions pertain to both the 
12-watt and 30-watt power amplifiers. A dis
tinction between the two PA’s is given only 
where necessary.

Disassemble the PA assembly from the radio, leaving the 
power cable connected to the rear connector. Replace the 
12-watt PA shield (or the 30-watt PA shield and cover). 
Disconnect the coax connectors and the ribbon cable. 
Connect a power meter to the antenna port using 
minimum cable length.

Notes
(a) When setting or measuring RF power at 900 

MHz, follow these guidelines to avoid mea
surement errors due to cable losses or non 
50-ohm connector VSWR:

• All cables should be very short and have Teflon 
dielectric.

• Attenuators and 50-ohm loads should have at 
least 25 dB return loss.

(2)

• ‘MiniUHF’ to ‘N’ adapter,P/N58-80367B21, 
should be used at the antenna connector. All 
other connectors should be ‘N’ type. No other 
adapters, barrel connectors, etc. should be 
used.

(b) Maximum input level to the PA is 200 milli
watts. Over driving the buffer could result in 
damage to the PA buffer stage.

Apply the input power and DC voltages indicated in 
Table 1 to the power amplifier assembly. To make the DC 
connections, use small spring-clips or make a test 
adapter similar to that shown in Figure 2.

Table 1. DC Voltages & Input Power Chart

Test Keyed
9.4v

9.6V Control
Voltage

Power 
in (W)

A+
V

Transmit 9.4 9.6 See note 0.1 13.0

Receive 0 9.6 0 0 13.0

Note: Set initially to zero. Increase value until power equals
13-watts (12-watt radio) or 34 watts (30-watt radio) or 11.0 
volts maximum.

Table 2. Power Control DC Voltage Chart

LOCATION RX MODE
LOW TYP HI

TX MODE
LOW TYP HI COMMENTS

P0853
1 KEY (NO PIN OR WIRE)

2.0 3.2 CONTROL VOLTAGE LIMIT
2.0 7.0 13.0 DRIVE VOLTAGE

10.8 13.6 16.5 10.0 13.0 16.0 CURRENT SENSE +
9.2 9.4 9.8 KEYED 9.4

10.8 13.6 16.5 10.8 13.6 16.5 A+ TO COMMAND BOARD
1.2 TEMP SENSE (CUTBACK BEGINS AT 3.3V)

KEY (NO PIN)
1.3 3.5 6.0 FORWARD DETECT VOLTAGE

10 10.8 13.6 16.5 10.8 13.6 16.5 A+ TO COMMAND BOARD

11 9.4 9.6 9.9 9.4 9.6 9.9 9.6V SUPPLY FROM COMMAND BOARD

12 10.8 13.6 16.5 10.0 13.0 16.0 CURRENT SENSE—(VOLTAGE DELTA 150mV)

U0500
1 GROUND

3.2 CONTROL AMP INPUT
CONTROL AMP INPUT (NOT USED)

3.2 CONTROL VOLTAGE LIMIT (CUTBACK AT 3.3V)
N.C.

1.5 3.0 4.5 1.5 3.0 4.5 POWER SET FROM D-A (MAX POWER AT 1.5V)
1.5 3.0 4.5 POWER SET BUFFER OUT
1.3 3.5 6.0 COUPLER BUFFER OUT
1.3 3.5 6.0 FORWARD DETECT VOLTAGE

10 REFLECTED POWER DETECT (NOT USED)

11 1.3 3.5 6.0 SAME AS PIN 8 (NOT USED)

12 1.2 6.0 THERMISTER BUFFER OUT 
(INCREASES AS PA GETS HOT)

13 1.2 6.0 THERMISTER BUFFER IN



Table 2. Power Control DC Voltage Chart (Continued)
LOCATION RX MODE

LOW TYP HI
TX MODE

LOW TYP HI COMMENTS
14 5.0 5.0 5V SENSE INPUT (FOLLOWS PIN 20 ±0.1 V)
15 4.9 5.0 5.7 4.9 5.0 5.7 5V CURRENT LIMIT (LIMITS AT 5.7V)
16 5.0 5.7 6.4 5.0 5.7 6.4 5V SERIES PASS DRIVE (6.4V AT MAX CURRENT)
17 9.5 9.6 9.9 9.5 9.6 9.9 9.6 VOLT SENSE INPUT
18 5V REG. COMPENSATION CAPACITOR
19 5.7 5.7 N.C.
20 4.9 5.0 5.1 4.9 5.0 5.1 5V REFERENCE INPUT (UNSW5V)
21 1.2 1.2 9.6V REG. COMPENSATION CAPACITOR
22 N.C.
23 0.9 9.6 1.2 9.6 9.6V SERIES PASS DRIVE
24 2.9 3.3 REGULATOR ENABLE/COMPENSATION
25 9.6V PROGRAMMING (N.C.)
26 N.C.
27 13.6 13.6 N.C.
28 9.6V PROGRAMMING (N.C.)
29 9.6V PROGRAMMING (N.C.)
30 9.6V PROGRAMMING (N.C.)
31 GROUND
32 10.8 13.6 16.5 10.0 13.0y 16.0 DECOUPLED A+
33 4.0 5.0 0.2 TX PA ENABLE (FROM U520-25)
34 1.3 CONTROL AMP ONE-SHOT
35 LOCK (5V OF SYNTH OUT OF LOCK)
36 0.8 CONTROL AMP ONE-SHOT
37 10.8 13.6 16.3 10.0 13.0 16.0 A+ (CURRENT SENSE +)
38 10.8 13.6 16.3 10.0 13.0 16.0 CURRENT SENSE—VOLTAGE DELTA 150mV 

(30 WATT ONLY)
39 9.2 9.4 9.8 KEYED 9.4V IN
40 1.5 3.0 4.5 1.5 3.0 4.5 CURRENT LIMIT D-A (MAX CURRENT AT 4.5V)
41 GROUND
42 2.2 9.6 CONTROL AMP OUTPUT (APPX 1/2 V CONTROL)

43 1.3 7.0 LOOP INTEGRATOR CAPACITOR
44 2.1 3.2 CONTROL AMP REFERENCE

Q0500E 13.0 13.0 A+ —CR0500 DROP
Q0501C 12.3 12.3 VQ0500E—B/E DROP
Q0501E
Q0503E

0.2
0

0.2
1.5

V PIN 23—B/E DROP
V PIN 42—B/E DROP (TX)

Q0503C 13.6 9.0
Q0504B 13.6 12.9 A+ —B/E DROP (TX)

Note: For antenna switch transmit bias conditions, RF drive must be removed from PA.

LOCATION TYPICAL RX TYPICAL TX NO PRE-DRIVE COMMENTS
CR9920 ANODE 0 1.6 TX SERIES P.I.N. DIODE

CATHODE 0 0.8 (ON IN TX MODE)
CR9921 ANODE 0 0.8 TX SHUNT P.I.N. DIODE

CATHODE (ON IN TX MODE)
CR9922 ANODE 5.15V <0.2 RX SERIES P.I.N. DIODE

CATHODE 4.45V 8.7 (OFF IN TX MODE)
Q9920 COLLEC 5.15V <0.2
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Figure 2. PA Test Adapter

Apply the required input power via adapter cable 
30-80373B27 or equivalent. For this application, non 
‘N’ type connectors are acceptable.

With the applied control voltage initially at zero volts, 
slowly increase the voltage until power out equals 
17-watts (15-watt radio) or 38-watts (38-watt radio). 
Power should rise smoothly with control voltage once the 
tum-on threshold is reached. Control voltage should not 
exceed 11.0 volts.

If 11.0 volts does not produce 17 (or 38) watts, then a 
failure exists in the power amplifier circuit.

(6) Refer to the voltage chart (See Table 2). Measure the 
indicated voltages. If they are not within the limits shown 
in the chart, then a failure exists in the PA assembly.

(7) If the voltages in the chart are correct, verify that the 
injection is at least 75 milliwatts. (See the VCO 
troubleshooting section.)

(8) If no failure is located from the previous checks, 
troubleshoot the power control circuitry.

4.3 LOCALIZING PROBLEMS

Failure locations often can be determined by externally
measured symptoms. Basic symptoms are noted below with
probable failure locations.

(1) Low Power and High Current

• Check for improper load conditions caused by high 
VSWR external to the radio.

• Check output coax and mini-UHF connector.

• Check harmonic filter and J-straps.

• Check output impedance-matching circuitry from the 
final device to the harmonic filter.

(2) Low Power and Low Current

• If control voltage is greater than 10 volts, then check per 
the above.

• If control voltage is less than 10 volts, then check the 
control circuitry.

(3) Power Intermittently Low (or zero) and Current less 
Than 1 Amp When Power Drops

• Check Buffer Stage

(4) Power Zero and Current Greater Than 5 Amps

• Check harmonic filter, antenna switch, and matching 
circuits beyond final stage.

(5) Power Zero and Current Between 2 and 5 Amps

• Check Power Module

(6) Power Zero and Current Less Than 1 Amp

• Check input coax

• Check Buffer Stage

4.4 ISOLATING FAILURES

Methods of analyzing individual stages of the Power 
Amplifiers are detailed below. Most of the stages are class C 
and must be analyzed under relatively high RF power levels. 
Generators capable of such levels may not be available in all 
service shops, therefore the tests below are arranged in order 
of ascending power. This tends to allow the preceding stage to 
be the source of RF power for testing the next stage. If 
adequate power sources are available, then any stage may be 
tested with external signal injection.

(1) Testing Buffer Circuitry

The required DC and RF conditions are defined in Table 
1. With no RF input applied, the collector voltage of Q9800 
should be 9.4V. If not, check L9805, L9801, and the feed 
runners. The base voltage should be 0.6V (0.7 V without RF). 
If not, check R9801, CR9800, and related adaptive bias 
circuitry.



To check for power out, remove R9805 and lift the output 
end of C9807. Solder the center conductor of a small diameter 
50-ohm coax to the vacated pad on the buffer side. Solder the 
coax’s shield to ground. Under the conditions specified in 
Table 1, the measured power should be at least 350 milliwatts. 
After output power has been tested, replace the resistor and 
capacitor with new parts.

An alternate method of testing the buffer’s power out is to 
carefully lift the input lead of the power module (Pin 1) from 
the circuit board and replace it with the center conductor of a 
small diameter coax. Solder the shield of the coax. Solder the 
shield of the coax to the adjacent ground pad.

To test the input VSWR of the circuit, apply 70 mW to the 
input. Using a directional coupler, verify that the reflected 
power is less than 20 mW.

(2) Testing the Power Module (U9850)

The power module is a packaged gain block with 50-ohm 
input and output impedances. It has three gain stages, the first 
two of which have controlled voltage applied (for regulating 
power) and the final stage has A+ applied.

If the buffer stage has not been confirmed in “working 
order,” an external 400 milliwatts must be injected. Do this by 
carefully lifting Pin 1 of the power module and soldering the 
center conductor of a small diameter coax to the pin. Solder 
the shield to the ground pad adjacent to Pin 1. To this cable, 
inject 400 mW. (This application is not so critical to require an 
‘N’ connector on the loose end of the coax.)

If the buffer stage is confirmed in “working order,” then 
provide 100 mW drive to the buffer (K9.4V must be applied) 
to drive the module.

To measure the output power from the module, remove 
the series DC blocking capacitor C9879 (15W) or C9856 
(35W), then connect a 39 pF blocking capacitor from the 
center conductor of a small diameter coax to the vacated pad, 
and finally, ground the shield of the output coax. Use this coax 
to measure output power.

Control voltage (Pins 2 and 3) should be 10 volts; A+ (Pin 
4) should be 13.0 volts. Apply voltages through the DC 
connector on the PA board.

With either 100 mW applied to the buffer or 400 mW 
applied to the module input, the output power should be at 
least 15 watts. If power out is less than 15 watts, the module is 
defective and must be replaced.

Note
When replacing the module, apply thermal 
compound on the heatsink surface. Torque the 
screws to the correct value (See Service 
Manual).

When testing is complete, replace any capacitors or 
resistors that were removed for testing with new parts.

(3) Testing the Final Stage (35-Watt Models Only)

CAUTION
The final stage is capable of producing over 50 
watts. Be sure to protect power measuring 
equipment with series attenuation. 30 dB is usu
ally adequate.

15 watts are needed to drive the final stage. Because this 
may exceed the power available at 800 MHz in many repair 
facilities, these tests consider the module stage as the drive 
source for the final stage. Therefore, check out the module 
first to ensure that it operates properly.

In the course of testing the final stage with the module as 
the power source, begin with control voltage at zero and 
increase control voltage smoothly until output of the final 
stage reaches 40 watts. If control voltage reaches 10 volts but 
the power out does not reach 40 watts, the final stage is 
defective. Under normal conditions, the protection circuitry 
limits the power to the final stage to approximately 17 watts 
maximum, protecting it from overdrive and damage. Under 
test conditions, however, the protection circuitry is disabled. 
Observe the above caution; the power module can produce in 
excess of 25 watts.

Measure the output power by lifting the output side of 
C9856 and connecting to the center conductor of a small 
diameter coax which has its shield grounded. If the output 
stage does not produce 40 watts (at 10 volts control voltage), 
then remove the RF drive and perform the following tests:

• Check continuity from the collector lead to the A+
connector on the back of the radio.

• Examine the solder connections on all leads of the device
(Q9880) and the clamped mica capacitors.

Note
The position of the clamped capacitors adjacent 
to the device is critical to the performance of the 
circuit. If they are removed for any reason, they 
must be re-installed with their leads approxi
mately 70 mil s (0.070 inches) from the final 
device cap.

(4) Testing the Antenna Switch and Harmonic Filter

Verify that most of this circuit is functioning properly by 
testing the receiver insertion loss as follows:

• Apply a low-level signal source at the antenna connector.

• Apply the conditions indicated in Table 1 for RX tests.

• Measure the power at the receive coax.

• If the difference between the input and output (insertion 
loss) is less than 2 dB, then the circuitry is functioning 
properly.

Additional antenna switch tests are:



Additional antenna switch tests are (2) Temperature Sense Circuit Test

• Check CR3920, CR3921, and CR3922 with an 
ohmmeter for forward and reverse continuity.

• In the transmit mode, adjust control voltage for 55 watts 
at the antenna connector. Check for less than 10 mW at 
the end of the receive input cable. If power exceeds 10 
mW, then check CR3922 and associated circuitry. 
Receiver sensitivity can degrade if power at this port 
exceeds 10 mW.

• Check for proper DC current through the PIN diodes; 
correct current is indicated if approximately 1.5 volts is 
present at the junction of C3900 and L3900 during 
transmit mode.

WARNING

DO NOT measure bias directly at the PIN 
diodes while in transmit mode unless TX 
injection is removed.

4.5 POWER CONTROL AND PROTECTION CIR
CUITRY

(1) Localizing Problems to a Circuit

Power leveling and current limiting are set to values de
tailed in the Service Manual. These values will vary from unit 
to unit, depending on the unique variations of each unit. If 
symptoms indicate that either of these circuits have failed, 
verify that the radio has been properly aligned before investi
gating the circuitry.

Temperature sense and control voltage limit are fixed by 
design and are not influenced by the alignment of the radio. If 
symptoms indicate that these circuits have failed, then 
troubleshoot the circuit.

The tests that follow are intended to provide a convenient 
means of verifying that a particular circuit is functioning prop
erly. These tests will isolate the failure to a minimum number 
of components. Refer to the theory of operation and the sche
matic for information needed to identify the failed compo- 
nent(s).

Temporarily install a 6.8k ohm resistor in parallel with 
RT3875. Key the transmitter and monitor the output power. 
The power meter should read approximately one-half the 
rated power (25 watts).

(3) Control Voltage Limit Circuitry Test

Disconnect the transmitter injection from the internal 
transceiver chassis. This will require removal of the power 
amplifier assembly. With all other connections in normal con
dition, key the transmitter and monitor the control voltage. If 
the voltage exceeds 9.0 volts, troubleshoot the control voltage 
limit circuitry.

(4) Current Limiting Circuitry Test

Refer to Section 2 of the Service Manual for current limit 
setting instructions. When ready to adjust current limit, de
crease the relative current limit value with the keyboard per in
structions. After several decrements, the current limit should 
begin to reduce power. After this test, reset the current limit to 
its original value. If the circuitry does not perform as indi
cated, troubleshoot the current limit circuitry.

(5) Power Leveling Circuitry Test

With the radio connected for power measurements, vary 
the line voltage from 12.5 to 16 volts. The power should not 
vary more than 2 watts. At a line voltage of 13.6 volts, vary the 
frequency using the three test modes. If power varies more 
than 2 watts, measure the detected voltage on P0853, Pin 9. If 
this voltage varies more than 0.2 volts over line and frequency 
variations, the power control circuitry (most of which is lo
cated on the command board) may be malfunctioning. If the 
detected voltage varies less than 0.2 volts, the problem is 
likely in diode CR3900, the harmonic filter, the antenna 
switch, or the output coax. Check continuity through the 
12-pin DC connector P0853 on the PA board; check digital/ 
analog circuitry, and check 5 V regulator operation. See Table 
2, DC Voltage Chart, for typical values.

With the radio connected for power measurements and a 
disconnected TX injection coax, the detected voltage at 
P0853, Pin 9, should measure approximately 1.3 volts.

Note
If any part of the power leveling circuitry is 
replaced, perform the power set procedure. See 
the Service Manual for details.
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parts list
HLF6078A 800 MHz 15 Watt Power Amplifier MXW-6636-0

REFERENCE
SYMBOL

MOTOROLA 
PART NO.

DESCRIPTION

C9500 23-11049A37 1 uF, ±30%, 25V
09800,9801 21-13740B13 3.3, ±.25 pF, 50V
C9802 21-13740B25 10, 50V
C9803 21-13740B39 39, 50V
C9804 21-13740B11 2.7, ±.25 pF, 50V
C9805 21-13741N45 0.01 uF, ±10%
C9806-9808 21-13740B39 39, 50V
C9851 21-13740B39 39,50V ,
C9852 21-13741N69 0.1 uF, ±10%
C9854 21-13741N69 0.1 uF, ±10%
C9855 21-13740B39 39, 50V
C9857 23-80090M24 10, ±20%, 50V
C9858 21-13741N69 0.1 uF, ±10%
C9859 21-13740B39 39, 50V
C9900 21-13740B39 39, 50V
C9902 21-13740B21 6.8, ±.25 pF, 50V
C9920 21-13740B39 39, 50V
C9921 21-11078B32 39
C9922 21-13740B01 1.0, ±.25 pF, 50V
C9923 21-13740B07 1.8, ±.25 pF, 50V I
C9924-9928 21-13740B39 39, 50V
C9932 23-11049A37 1, ±20%, 25V
09933,9934 21-13740B39 39, 50V
C9940-9944 21-13740B39 39, 50V
diode (see note)
CR9800 48-80066M01 signal, RLS4148
CR9850 48-80236E07 zener, 28V
CR9900 48-80236E05 hot carrier
CR9920,9921 48-80236E20 pin
CR9922 48-80236E22 pin
CR9923 48-80066M01 signal, RLS4148
connector receptacle
J9860 29-80014A01 coax terminal clip
jumper
JU9856,9857 07-80299L01 lead frame, J-strap
coil, RF
L9800 24-80091G23 airwound, 7 turns
L9801 24-80091G24 ain/vound, 5 turns
L9803 24-80091G23 airwound, 7 turns
L9804 24-80091 GOB airwound, 2 turns
L9805 24-80091G23 . airwound, 7 turns
L9900 24-80091G32 airwound, 6 turns
L9920 24-80091G32 airwound, 6 turns
L9921 24-80091G40 airwound, 2 turns i
L9922 24-80091G32 airwound, 6 turns !
L9923-9926 24-80091G24 airwound, 5 turns
L9927 24-80091G06 airwound, 2 turns j
connector plug
P9853 64-80262N01 feedthru plate assembly 1
P9950,9951 29-80014A01 coax terminal clip |
transistor (see note)
Q9800 48-80182D50 NPN
Q9920 48-80048M01 NPN
thermistor
RT9560 06-80149M02 100k ohm
resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)
R9500 06-11077A74 Ik
R9501 06-11077A28 12
R9560 06-11077B23 100k
R9561 06-11077A94 6.8k :
R9562 06-11077A86 3.3k
R9563 06-11077A98 10k
R9800 06-11077A54 150
R9801 06-11077A74 Ik
R9802 06-11077A50 100
R9805,9806 06-11077A50 100
R9807 06-11077A26 10
R9875 17-80228N01 resistor shunt 1
R9900 06-11077A43 51 i
R9901,9902 06-80194M18 51,1 Watt
R9905 06-11077B23 100k
R9920,9921 06-80194M18 51,1 Watt
R9922-9927 06-11077A74 Ik !
R9990-9995 06-11077A01 0 ;
integrated circuit (see note)
U9850 51-80110E01 800 mH, 20 Watt !

mechanical parts

26-80084N01 harmonic filter shield {
26-80013M01 power module shield ,
54-80004N01 barcode label j
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U9850
CR99

L9S05

L980I
,L9804

C980I COAX P985IQ9800v
C9807

C9802
C9879

L9803
R990IR9902

L992Q
R9900

^L9900 vjyR9900
CR9850

C9900

^ pS922 C99211 '
JU9857|

HLF6022A

u

SOLDER SIDE GPW-659I-0

COMPONENT SIDE GPW-6592-0

OVERLAY ■ GXW-6564W0I-0

SOLDER SIDE

C980S
C9926

J88S2

•9995

C9859
C994I

Q9920
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SOLDER SIDE GPW-6591-0

COMPONENT SIDE GPW-6592-0

OVERLAY H GXW-6564W02-0
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HLF6077A 35 WATT PA SCHEMATIC
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HLF6077A 35 WATT PA CITCUIT BOARD 
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parts list
HLF6077A 800 MHz 35 Watt Power Amplifier MXW-6642-0

REFERENCE
SYMBOL

MOTOROLA
PART NO.

DESCRIPTION

capacitor, fixed, pF, ±5%, 100V (unless otherwise stated)
C9500 23-11049A37 1 uF, ±20%, 25V
C9560 1 21-13740B39 39, 50V
09800,9801 21-13740B13 3.3, ±.25 pF, 50V
C9802 21-13740B15 3.9, ±.25 pF, 50V
C9803 21-13740B39 39, 50V
C9804 21-13740B21 6.8, ±.25 pF, 50V
09806-9808 ! 21-13740B39 39, 50V
09851 1 21-13740B39 39, 50V
09852 21-13741N69 0.1 uF, ±10%
09853 23-11049A37 1 uF, ±20%, 25V
09854 21-13741N69 0.1 uF, ±10%
09855 21-13740B39 39, 50V
09856 21-11078B42 100 '
09857 23-80090M24 10 uF, ±20%, 50 V
09859 21-13740B39 39, 50V
09875,9876 21-80240G20 12, ±1.0 pF, 250V
09877 21-80240G24 20,250V
09878 21-80240G23 18, ±1.0 pF, 250V
09879 1 21-80240G69 3.3 pF, ±7.6%, 250V
09880 21-13740B39 39, 50V
09881 21-13741N69 • 0.1 uF, ±10%
09882 21-13741N45 0.01 uF, ±10%
09883 21-11078B32 39
09884 21-13740B39 39, 50V
09900 21-13740B39 39, 50V
09901 21-13740B13 3.3, ±.25 pF, 50V
09902 21-13740B25 10, 50V
09903 1 21-13740B39 39, 50V
09920 21-13740B39 39, 50V
09921 21-11078B32 39
09922 21-13740B01 1.0, ±.25 pF, 50V
09923 21-13740B05 1.5, ±.25 pF, 50V
09924-9929 21-13740B39 39, 50V
09930 21-13740B25 10, 50V
09931 21-13740B39 39, 50V
09932 23-11049A37 1 uF, ±20%, 25V
09933-9941 1 21-13740B39 39, 50V
09945 21-13740B39 39, 50V
09947 : 21-13740B39 39, 50V
diode (see note) i
OR9800 1 48-80066M01 signal, RLS4148
OR9850 48-80236E07 zener, 28V
OR9900 48-80236E05 hot carrier
OR9920,9921 48-80236E20 pin
OR9922 48-80236E22 pin
OR9923 48-80066M01 signal, RLS4148
OR9930 48-80236E05 hot carrier
connector receptacle
J9001
jumper

29-80014A01 coax terminal clip

JU9856,9857
coil, RF

07-80299L01 lead frame, J-strap

L9800 24-80091G23 ain/vound, 7 turns
L9801 24-80091G24 airwound, 5 turns
L9802 24-80091 Gi 3 airwound, 3 turns
L9803 24-80091G24 airwound, 5 turns
L9804 24-80091G06 airwound, 2 turns
L9805 24-80091G23 airwound, 7 turns
L9875 24-80202B02 choke
L9876 24-80091G21 airwound, 4 turns
L9877 24-80090G05 airwound, surface mount
L9910 24-80091G32 airwound, 6 turns
L9920 24-80091G32 airwound, 6 turns
L9921 24-80091G40 airwound, 2 turns
L9922 24-80091G06 airwound, 2 turns
L9923-9926 24-80091G24 airwound, 5 turns
L9930 24-80091G21 airwound, 4 turns
connector plug
P853 09-80103M04 right angle, 12 contact
P9227 29-80014A01 coax terminal clip
P9741 29-80014A01 coax terminal clip
transistor (see note)
Q9510 48-80048M01 NPN
Q9515 ; 48-80141 L0.1 PNP
Q9800 48-80182D50 NPN
Q9880 ! 48-80225C17 NPN
Q9920 48-80048M01 NPN
thermistor
RT9560 i 06-80149M02 100k ohm

MXW-6642-0 (2)

resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)

REFERENCE MOTOROLA DESCRIPTION
SYMBOL PART NO.

R9874 06-11077A01 0
R9875 17-80228N01 resistor shunt
R9876 06-80195M01 10, .5 Watt
R9901,9902 06-80194M18 51,1 Watt
R9904 06-11077B07 22k
R9905 06-11077B11 33k
R9920,9921 06-80194M18 51,1 Watt
R9922-9927 06-11077A74 Ik
R9928,9929 06-11077A01 0
R9930 06-11077A46 68
R9931 06-11077A50 100
integrated circuit (see note)
U9850 51-80110E01 800 mH, 20 Watt

mechanical parts

26-80090N01 mid power fence shield
26-80013M01 PA module shield
54-80004N01 barcode label
42-80281L01 ground clip (2 used)

05/17/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

R9500 06-11077A74 Ik
R9501 06-11077A28 12
R9510 06-11077B11 33k
R9511 06-11077A98 10k
R9512 06-11077A01 0
R9513 06-11077B07 22k
R9561 i 06-11077A90 4.7k
R9562 06-11077B11 33k
R9563 06-11077B21 82k
R9800 1 06-11077A54 •150
R9801 - 06-11077A74 Ik
R9802 06-11077A50 100
R9805,9806 06-11077A50 100
R9870,9871 ! 06-11077A01 0

Schematic, Circuit Board Diagrams, and Parts List 
for HLF6077A SPECTRA 35 Watt Power Amplifier
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 MOTOROLA
Mobile Products Division

12 and 30-Watt 

Power Amplifiers 

(900 MHz)

1. Transmitter

The 12-watt and 30-watt SPECTRA power amplifiers 
are discussed in the following text. Block diagrams of both 
circuits are shown in the foldout drawing PW-4601.

1.1 TRANSMIT BUFFER

The PA receives 18 to 23 dBm (60 to 200 mW) at the 
transmit injection (TX INJ) coax. The first stage, TX 
BUFFER, uses adaptive biasing which varies the base voltage 
inversely proportional to the input drive level. With Keyed 9.4 
volts (K9.4) ON and NO DRIVE, Q9800 base voltage should 
equal the voltage drop across CR9800. R9801 sets the diode 
current, and R9802 sets the base voltage referenced from 
CR9800. At the input, L9804, C9801, and C9800 are for 
matching while C9806 and R9806 prevent interfacing insta
bility. L9800 is the base feed choke and L9801 is the collector 
choke. R9800 parallels L9800 for added stability. C9805, 
L9805, and C9803 are on the buffer’s supply (K9.4) for 
stability. C9802 is for output matching and L9803 and C9804 
are added as a “suckout” for half carrier. Like the input, C9807 
and R9805 were added at the output to help prevent 
interfacing instability. The power output of this stage should 
be greater than 325 milliwatts (25 dBm).

The TX Buffer applies the modulated RF signal to Pin 1 
of U9850, the Power Amplifier Module, which is a 5-pin, 
18-watt, three stage amplifier. The control voltage from the 
power control series-pass transistor, Q9500, controls the gain 
of the first two amplifier stages of U9850, through Pin 2 and 
Pin 3. Battery voltage (A +), connected to Pin 4, powers the 
third stage.

1.2 POWER MODULE

The power module (U9850) is the major gain block for 
both the 13 and 30-watt amplifiers. The 50-ohm input and 
output impedances connect to adjacent power stages via 
50-ohm microstrip lines. The parallel resistor, R9850, and 
capacitor C9807, on the input, reduce circuit response at lower 
frequencies and improve stability. The 350 milliwatt (typical)

input power is increased to approximately 18-watts. The 
amplifier power is monitored by the power control IC on the 
command board and adjusted by controlling the voltage on 
U9850, Pins 2 and 3. (Power control is described in the Power 
Control Section.) A + is applied directly to the final stage 
inside the power module via Pin 4. No repairs can be made to 
the module; damaged or failed units must be replaced.

CAUTION
The power module leads will not tolerate undue 
stress; handle carefully when repairing.

1.3 FINAL STAGE (30-WATT ONLY)

On the 12-watt radio, the transmit RF signal from U9850, 
Pin 5, is applied to the 50-ohm microstrip directional coupler. 
On the 30-watt radio, the transmit RF signal is applied to the 
emitter of the final power amplifier Q9880 through the 
coupling capacitor C9856, the 50-ohm quarter-wave match
ing transmission line, and the matching capacitors C9875 and 
C9876. The 100-ohm coupling line, L9930, R9930, R9931, 
CR9930, and C9930 form an interstage power detector 
between U9850 and Q9880 to limit the drive into Q9880 to 
about 19 watts. L9875, the emitter choke, is also the emitter 
DC return. The final power amplifier, Q9880, is a 45-watt, 
900 MHz, common-base NPN devise. The Q9880 output 
match consists of C9877, C9878, a section of the 50-ohm 
microstrip line, C9879 and the DC blocking capacitor, C9803. 
L9876 isolates the RF signal from A+. C9880 is a signal 
frequency bypass capacitor. L9877 presents a high impedance 
at low RF frequencies; therefore the collector of Q9880 is 
resistively loaded by R9876 at low frequencies where the gain 
is much greater. C9881 and C9882 are low frequency bypass 
capacitors.

2. Antenna Switch and Harmonic Filter

2.1 ANTENNA SWITCH

2.1.1 30-watt Power Amplifier

The antenna switch’s impedance inverter circuit, made up 
of C9922 and L9921, takes the place of a quarter-wave
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microstrip line. During transmission, K9.4 volts forward- 
biases CR9921, producing a low impedance at its anode end, 
and a high impedance at the node of C9922 and L9921, to 
effectively isolate the transmitted power from the receiver. 
C9921 couples the power to the harmonic filter and on to the 
antenna.

The impedance inverter contributes approximately 30 dB 
to transmit isolation. Additional isolation is obtained by the 
series switch made up of CR9922, L9923, and associated DC 
bias components. During transmit, CR9922 is reverse-biased, 
thus creating a small series capacitor that is tuned out by 
L9923. C9925 is a DC blocking capacitor. The high imped
ance of the series arm works against the low impedance of the 
shunt arm (CR9921) to provide approximately 10 to 15 dB 
additional isolation. Total TX to RX isolation is in excess of 45 
dB from 851-870 MHz. The preselector provides over 50 dB 
isolation from 806-824 MHz.

When receiving, CR9920 has an off capacitance of 
approximately 1 pF which is tuned out by L9926. CR9921, 
with similar off capacitance, is incorporated in the RX match. 
CR9922 is forward-biased with an ON resistance of approxi
mately 1 ohm. The signal passes CR9922 and through L9922, 
a series inductor used to complete the RX match. Capacitor 
C9929 blocks DC.

L9910, at the node of the antenna and harmonic filter, 
protects the PA from static discharge.

2.1.2 15-watt Power Amplifier

3. Power Control Circuitry

3.1 COMMAND BOARD CIRCUITRY

Inside U500, the Regulator Power Control IC (See Figure 
1, RPCIC Block Diagram), is an operational amplifier that has 
four inverting inputs, and one non-inverting input (at Pin 44) 
which is the reference input for the entire power control loop 
of the power amplifier. The 3.2V reference voltage at U500, 
Pin 44, is produced by dividing SW + 5V with the voltage 
divider circuit. R514 and R515.

The power control loop is controlled by the microproces
sor, U520, on the command board. The microprocessor 
enables the RPCIC by pulling TX PA ENABLE BAR low 
while the radio synthesizer is locked. Each is felt on Pins 33 
and 35 respectively. U520 writes data to a Digital to Analog 
converter, U502, to change and control the power-set voltage 
from Pin 10 of U502 to Pin 6 of U500. The voltage on this line, 
1.5 to 5 volts, will be inversely proportional to the power out of 
the PA, with 5 volts producing the lowest power output. This 
voltage may be set with an IBM PC or with a built-in program 
operated through the radio’s control head. On U500, the 
voltage at Pin 6 is buffered internally and exits on Pin 7. 
Through R507, it is summed at the node connected to Pin 2, 
one of the inverting inputs.

3.2 POWER MODULE CONTROL VOLTAGE LIMITER

The theory for the 15-watt antenna switch is exactly the 
same as the 35-watt except that some of the components are 
labeled with different numbers. C9921, in the 15-watt PA, is 
located after the harmonic filter.

L9922, at the node of the antenna and capacitor C9921, 
protects the PA from static discharge.

R9562 and R9563 connect in series to the emitter of 
Q9500. The ratio of R9563 and R9562 feed a portion of the 
control voltage (U9850, Pins 2 and 3) to U500, Pin 4. When 
Pin 4 exceeds 3.2 volts, the output of the control op-amp 
(U500, Pin 42) is reduced. Eventually, this reduces the control 
voltage available to the power module (U9850).

2.2 HARMONIC FILTER

The 15 and 35-watt harmonic filters are 7-pole, low- 
pass filters implemented with screened plate capacitors and 
discrete inductors (L9911, L9912, and L9913) on a 35 mil 
(0.035”) alumina substrate. The filter’s ground plane is 
attached to the PA printed circuit board with solder, while 
input and output connections are made via “J”-straps MP9856 
and MP9857. The filter’s primary function is to attenuate 
harmonic spurs generated by the transmitter and to provide 
additional low-pass selectivity for the receiver.

The input RF power to the 45-watt amplifier (Q9880) 
must stay below 17 watts. Power is coupled from the 
inter-stage 50-ohm transmission line to a 100 ohm transmis
sion line and rectified by CR9930 on the PA, producing a DC 
voltage on U500, Pin 4. IF this voltage exceeds 3.2 volts, the 
output voltage on U500, Pin 42, is reduced, lowering the 
control voltage and reducing U9850’s gain until its RF output 
power is approximately 17 watts.

3.3 CURRENT LIMITER

Note
When removing any of the discrete coils, take 
care to avoid leaching the plate capacitor 
metalization. Removal of the entire hybrid is 
best accomplished by heating hybrid/PC board 
assembly with a heat gun or heat blower until 
solder joint reflows.

U520, the processor on the command board, sends data to 
U502, the digital to analog converter, to properly set the 
voltage on U502, Pin 15, which is the TX CURRENT LIMIT 
control line to the RPCIC (U500, Pin 40). Sixteen different 
voltages, ranging from 1.5 to 4.5 volts, can be programmed 
from U502.
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Figure 1. RPCIC Block Diagram
The collector current of the 45-w.att final amplifier (in the 

35-watt PA only) is monitored by sensing the voltage across 
R9875. CURRENT SENSE + connects to one end of R9875 
and CURRENT SENSE - connects to the other end. These 
lines connect to the command board on U500, Pins 37 and 38, 
respectively. If the TX CURRENT LIMIT is set for 1.5 volts, 
then the voltage difference between U500, Pins 37 and 38 
must be. 1 volts before the current through R9785 is reduced. 
If U500, Pin 40 is programmed for 4.5 volts, then the 
difference of potential between Pins 37 and 38 must exceed .3 
volts before current limiting begins. The voltage across 
R9875, where current sense occurs, can be determined by 
multiplying the voltage on U500, Pin 40, by 0.067. When 
current is being limited, the output of the op-amp (U500, Pin 
42), begins shutting down the conduction of Q503 and Q504, 
reducing base drive to Q9500, reducing drive to the final 
amplifier to, effectively, control the final amplifier’s maxi
mum current.

3.4 FORWARD POWER LIMITER

The parallel (pair of microstrip lines after the final 
amplifier, form a forward power sensing directional coupler.

Because the coupling increases with frequency, the compen
sation network of L9806 and C9901 is used. CR9900 rectifies 
the signal, C9900 filters it, and R9905 and R9904 form a 
voltage divider. During normal transmission, the DC voltage 
from the forward detect line to the RPCIC ranges from 2 to 4.5 
volts. This voltage connects to U500, Pin 9, the input to the 
directional coupler buffer.

The directional coupler’s output, U500, Pin 8, is summed 
to Pin 2 with the digital/analog buffer’s output through R509 
and R507, respectively. Closed loop operation reduces the 
control amp’s output (Pin 42), reduces the power module’s 
gain, and reduces power output to maintain the coupler buffer 
output U500, Pin 2) at 3.2 volts regardless of the d/a voltage 
level. If the d/a voltage is high (4.5 volts), little detected 
voltage is needed to keep Pin 2 at 3.2 volts, and the power, 
consequently, is low. If the d/a voltage is low (1.5 volts), a 
large forward detected voltage is needed to keep Pin 2 at 3.2 
volts and power, consequently, is at maximum value. The 
voltage at Pin 2 drops below 3.2 volts under proper operation 
during low line voltage conditions where the PA cannot 
produce rated power, or if, under any conditions, either the



inter-stage power (in 30-watt models only), the control 
voltage, or the final device current exceeds safe levels.

3.5 TEMPERATURE SENSING

When the radio is keyed, K9.4V is applied to the PA 
connector Pin 5 and on to one side of thermistor RT9560. 
Resistor R9560, in parallel with RT9560, controls the slope of 
the cutback; its value changes depending on what frequency or 
power range the radio is working in. As the temperature 
increases, the resistance of RT9560 decreases, creating more 
voltage across R9561. This temperature voltage is routed via 
PA connector Pin 7 back to U500, Pin 13, which is the input to 
a thermistor buffer. The thermistor buffer’s output on Pin 12 is 
summed to U500, Pin 2, and passes through its scaling resistor, 
R508. When the temperature of the thermistor causes its value 
to change enough that the thermistor voltage exceeds 3.2 
volts, the thermistor buffer starts supplying current to the node 
at Pin 2. Due to the fixed output of the d/a, the control loop can 
maintain 3.2 volts at Pin 2 only by reducing power output and 
reducing the forward detected voltage. Since power output is 
reduced, the generated heat is held to a safe level. As 
temperature decreases, the power output of the PA gradually 
increases to its nominal value. Temperature cutback should 
occur at about 85 degrees C. The temperature sense circuitry 
can easily be tested by placing an ordinary leaded 6.8k ohm 
resistor across RT9560. This simulates its hot resistance. The 
TX power out should drop to approximately half of that 
measured normally if thermal cutback is OK.

Note
Under severe environmental conditions, more 
than one circuit may be attempting to reduce 
power output at the same time (i.e., during high 
VSWR conditions, the inter-stage power limit 
may initially reduce power, but eventual heat 
build-up will cause further power reduction by 
the thermal cut-back circuit).

4. Transmitter Troubleshooting

This information will help field service technicians 
troubleshoot the SPECTRA radio. Use this information, along 
with the theory of operation, to diagnose and isolate the cause 
of failures. The principle tools needed to troubleshoot a circuit 
to the component level are the schematic and the theory of 
operation.

In addition to the schematic and theory, this section 
includes troubleshooting information that will help you test 
and check the circuits to localize and isolate problems.

Prior to troubleshooting, it is important to review the 
theory of operation, including specific precautions and 
troubleshooting methods. Because much of the radio’s 
circuitry operates at 900 MHz, measurements must be taken 
very carefully. Notes and cautions are added to the text to alert 
the reader to this need in areas of greatest sensitivity. However 
the need to extreme care does exist in all measurements and 
tests at 900 MHz.

4.1 GENERAL TROUBLESHOOTING AND
REPAIR NOTES

Most of the common transmitter symptoms are caused by 
either failure of the power amplifier or a failure in the control 
circuitry. The initial troubleshooting effort should be toward 
isolating the problem to one of those two areas. If either the 
control voltage or keyed 9.4 volts are zero, then the problem is 
likely to be in the control circuit. If those voltages are present, 
then the problem is more likely in the power amplifier circuit.

If for diagnostic reasons, a chip component needs to be 
removed to facilitate testing, such as a series capacitor 
removed to allow for signal insertion, then the component(s) 
returned to the circuit should be new parts. The application of 
a soldering iron to many chip components will tend to cause 
leaching which could lead to failure.

If the harmonic filter is damaged and needs to be 
replaced, then removal and replacement requires the use of a 
hot air source capable of reflowing the solder beneath the filter 
hybrid. When replacing it, add small amounts of fresh solder 
paste to the silver regions beneath the ceramic to assure 
adequate electrical ground contact. Save the original input and 
output connectors (‘J’ straps); these are not included with the 
replacement kit. No turning is required. The harmonic filter 
may be ordered separately, but if the PA kit is ordered, a filter 
kit comes with the PA kit.

The pass device may be ordered separately or may be 
received as part of the hardware kit - it is not part of the PA kit. 
The PA kit comes with all surface-mount components, 
including the harmonic filter hybrid, but the harmonic filter 
cover is not included. Neither does the PA kit include the 
Power Module, nor, on 30-watt models, the final device and 
associated matching capacitors.

After a PA board is replaced, or if any power control 
circuitry components are replaced, readjust the power accord
ing to instructions in the Service Manual.

" Important
Due to the high frequency of operation, it is im
perative that you use specified Motorola parts 
when component replacement is necessary. At 
these frequencies, second and third order prop
erties of the components are very important and 
are part of the circuit’s design. Substitute com
ponents may not work. It is also critical that you 
use great care when replacing parts. Excessive 
solder or flux, longer than original leads on coax 
connectors, mis-orientation of parts, and other 
commonly benign imperfections may cause the 
radio’s performance to degrade.

4.2 PA FUNCTIONAL TESTING

To test the PA assembly for proper operation, perform the 
following steps:



(1)

Note
The following instructions pertain to both the 
15-watt and 35-watt power amplifiers. A dis
tinction between the two PA’s is given only 
where necessary.

Disassemble the PA assembly from the radio, leaving the 
power cable connected to the rear connector. Replace the 
15-watt PA shield (or the 35-watt PA shield and cover). 
Disconnect the coax connectors and the ribbon cable. 
Connect a power meter to the antenna port using 
minimum cable length.

Notes
(a) When setting or measuring RF power at 800 

MHz, follow these guidelines to avoid mea
surement errors due to cable losses or non 
50-ohm connector VSWR:

• All cables should be very short and have Teflon 
dielectric.

• Attenuators and 50-ohm loads should have at 
least 25 dB return loss.

• ‘MiniUHF’ to ‘N’ adapter, P/N 58-80367B21, 
should be used at the antenna connector. All 
other connectors should be ‘N’ type. No other 
adapters, barrel connectors, etc. should be 
used.

(b) Maximum input level to the PA is 200 milli
watts. Over driving the buffer could result in 
damage to the PA buffer stage.

(2) Apply the input power and DC voltages indicated in 
Table 1 to the power amplifier assembly. To make the DC 
connections, use small spring-clips or make a test 
adapter similar to that shown in Figure 2.

Table 1. DC Voltages & Input Power Chart

Test Keyed
9.4v

9.6V Control
Voltage

Power 
in (W)

A+
V

Transmit 9.4 9.6 See note 0.1 13.0

Receive 0 9.6 0 0 13.0

Note: Set initially to zero. Increase value until power equals
17-watts (15-watt radio) or 38 watts (35-watt radio) or 11.0 
volts maximum.

Table 2. Power Control DC Voltage Chart

LOCATION RX MODE
LOW TYP HI

TX MODE
LOW TYP HI COMMENTS

P0853
1 KEY (NO PIN OR WIRE)

2.0 3.2 CONTROL VOLTAGE LIMIT
2.0 7.0 13.0 DRIVE VOLTAGE

10.8 13.6 16.5 10.0 13.0 16.0 CURRENT SENSE +
9.2 9.4 9.8 KEYED 9.4

10.8 13.6 16.5 10.8 13.6 16.5 A+ TO COMMAND BOARD
1.2 TEMP SENSE (CUTBACK BEGINS AT 3.3V)

KEY (NO PIN)
1.3 3.5 6.0 FORWARD DETECT VOLTAGE

10 10.8 13.6 16.5 10.8 13.6 16.5 A+ TO COMMAND BOARD
11 9.4 9.6 9.9 9.4 9.6 9.9 9.6V SUPPLY FROM COMMAND BOARD
12 20.8 13.6 16.5 10.0 13.0 16.0 CURRENT SENSE—(VOLTAGE DELTA 150mV)

U0500
1 GROUND

3.2 CONTROL AMP INPUT
CONTROL AMP INPUT (NOT USED)

3.2 CONTROL VOLTAGE LIMIT (CUTBACK AT 3.3V)
N.C.

1.5 3.0 4.5 1.5 3.0 4.5 POWER SET FROM D-A (MAX POWER AT 1.5V)
1.5 3.0 4.5 POWER SET BUFFER OUT
1.3 3.5 6.0 COUPLER BUFFER OUT
1.3 3.5 6.0 FORWARD DETECT VOLTAGE

10 REFLECTED POWER DETECT (NOT USED)
11 1.3 3.5 6.0 SAME AS PIN 8 (NOT USED)
12 1.2 6.0 THERMISTER BUFFER OUT 

(INCREASES AS PA GETS HOT)
13 1.2 6.0 THERMISTER BUFFER IN



Table 2. Power Control DC Voltage Chart (Continued)
LOCATION RX MODE

LOW TYP HI
TX MODE

LOW TYP HI COMMENTS
14 5.0 5.0 5V SENSE INPUT (FOLLOWS PIN 20 ±0.1 V)
15 4.9 5.0 5.7 4.9 5.0 5.7 5V CURRENT LIMIT (LIMITS AT 5.7V)
16 5.0 5.7 6.4 5.0 5.7 6.4 5V SERIES PASS DRIVE (6.4V AT MAX CURRENT)
17 9.5 9.6 9.9 9.5 9.6 9.9 9.6 VOLT SENSE INPUT
18 5V REG. COMPENSATION CAPACITOR
19. 5.7 5.7 N.C.
20 4.9 5.0 5.1 4.9 5.0 5.1 5V REFERENCE INPUT (UNSW5V)
21 1.2 1.2 9.6V REG. COMPENSATION CAPACITOR
22 N.C.
23 0.9 9.6 1.2 9.6 9.6V SERIES PASS DRIVE
24 2.9 3.3 REGULATOR ENABLE/COMPENSATION
25 9.6V PROGRAMMING (N.C.)
26 N.C.
27 13.6 13.6 N.C.
28 9.6V PROGRAMMING (N.C.)
29 9.6V PROGRAMMING (N.C.)
30 9.6V PROGRAMMING (N.C.)
31 GROUND
32 10.8 13.6 16.5 10.0 13.0 16.0 DECOUPLED A+
33 4.0 5.0 0.2 TX PA ENABLE (FROM U520-25)
34 1.3 CONTROL AMP ONE-SHOT
35 LOCK (5V OF SYNTH OUT OF LOCK)
36 0.8 CONTROL AMP ONE-SHOT
37 10.8 13.6 16.3 10.0 13.0 16.0 A+ (CURRENT SENSE +)
38 10.8 13.6 16.3 10.0 13.0 16.0 CURRENT SENSE—VOLTAGE DELTA 150mV 

(30 WATT ONLY)
39 9.2 9.4 9.8 KEYED 9.4V IN
40 1.5 3.0 4.5 1.5 3.0 4.5 CURRENT LIMIT D-A (MAX CURRENT AT 4.5V)
41 GROUND
42 2.2 9.6 CONTROL AMP OUTPUT (APPX 1/2 V CONTROL)
43 1.3 7.0 LOOP INTEGRATOR CAPACITOR
44 2.1 3.2 CONTROL AMP REFERENCE

Q0500E 13.0 13.0 A+ —CR0500 DROP
00501C 12.3 12.3 VQ0500E—B/E DROP
00501E 0.2 0.2 V PIN 23—B/E DROP
Q0503E 1.5 V PIN 42—B/E DROP (TX)
Q0503C 13.6 9.0
Q0504B 13.6 12.9 A+—B/E DROP (TX)

Note: For antenna switch transmit bias conditions, RF drive must be removed from PA.

LOCATION TYPICAL RX TYPICAL TX NO PRE-DRIVE COMMENTS
CR9920 ANODE 0 1.6 TX SERIES P.I.N. DIODE

CATHODE 0 0.8 (ON IN TX MODE)
CR9921 ANODE 0 0.8 TX SHUNT P.I.N. DIODE

CATHODE (ON IN TX MODE)
CR9922 ANODE 5.15V <0.2 RX SERIES P.I.N. DIODE

CATHODE 4.45V 8.7 (OFF IN TX MODE)
09920 COLLEC 5.15V <0.2
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Figure 2. PA Test Adapter

(3) Apply the required input power via adapter cable 
30-80373B27 or equivalent. For this application, non 
‘N’ type connectors are acceptable.

(4) With the applied control voltage initially at zero volts, 
slowly increase the voltage until power out equals 
14-watts (12-watt radio) or 34-watts (30-watt radio). 
Power should rise smoothly with control voltage once the 
tum-on threshold is reached. Control voltage should not 
exceed 11.0 volts.

(5) If 11.0 volts does not produce 14 (or 34) watts, then a 
failure exists in the power amplifier circuit.

(6) Refer to the voltage chart (See Table 2). Measure the 
indicated voltages. If they are not within the limits shown 
in the chart, then a failure exists in the PA assembly.

(7) If the voltages in the chart are correct, verify that the 
injection is at least 75 milliwatts. (See the VCO 
troubleshooting section.)

(8) If no failure is located from the previous checks, 
troubleshoot the power control circuitry.

4.3 LOCALIZING PROBLEMS

Failure locations often can be determined by externally
measured symptoms. Basic symptoms are noted below with
probable failure locations.

(1) Low Power and High Current

• Check for improper load conditions caused by high 
VSWR external to the radio.

• Check output coax and mini-UHF connector.

• Check harmonic filter and J-straps.

• Check output impedance-matching circuitry from the 
final device to the harmonic filter.

(2) Low Power and Low Current

• If cpntrol voltage is greater than 10 volts, then check per 
the above.

• If control voltage is less than 10 volts, then check the
control circuitry. ^

(3) Power Intermittently Low (or zero) and Current less 
Than 1 Amp When Power Drops

• Check Buffer Stage

(4) Power Zero and Current Greater Than 5 Amps

• Check harmonic filter, antenna switch, and matching 
circuits beyond final stage.

(5) Power Zero and Current Between 2 and 5 Amps

• Check Power Module

(6) Power Zero and Current Less Than 1 Amp

• Check input coax

• Check Buffer Stage

4.4 ISOLATING FAILURES

Methods of analyzing individual stages of the Power 
Amplifiers are detailed below. Most of the stages are class C 
and must be analyzed under relatively high RF power levels. 
Generators capable of such levels may not be available in all 
service shops, therefore the tests below are arranged in order 
of ascending power. This tends to allow the preceding stage to 
be the source of RF power for testing the next stage. If 
adequate power sources are available, then any stage may be 
tested with external signal injection.

(1) Testing Buffer Circuitry

The required DC and RF conditions are defined in Table 
1. With no RF input applied, the collector voltage of Q9800 
should be 9.4V. If not, check L9805, L9801, and the feed 
mnners. The base voltage should be 0.6V (0.7 V without RF). 
If not, check R9801, CR9800, and related adaptive bias 
circuitry.



To check for power out, remove R9805 and lift the output 
end of C9807. Solder the center conductor of a small diameter 
50-ohm coax to the vacated pad on the buffer side. Solder the 
coax’s shield to ground. Under the conditions specified in 
Table 1, the measured power should be at least 350 milliwatts. 
After output power has been tested, replace the resistor and 
capacitor with new parts.

An alternate method of testing the buffer’s power out is to 
carefully lift the input lead of the power module (Pin 1) from 
the circuit board and replace it with the center conductor of a 
small diameter coax. Solder the shield of the coax to the 
adjacent ground pad.

To test the input VSWR of the circuit, apply 70 mW to the 
input. Using a directional coupler, verify that the reflected 
power is less than 20 mW.

(2) Testing the Power Module (U9850)

The power module is a packaged gain block with 50-ohm 
input and output impedances. It has three gain stages, the first 
two of which have controlled voltage applied (for regulating 
power) and the final stage has A+ applied.

If the buffer stage has not been confirmed in “working 
order,” an external 400 milliwatts must be injected. Do this by 
carefully lifting Pin 1 of the power module and soldering the 
center conductor of a small diameter coax to the pin. Solder 
the shield to the ground pad adjacent to Pin 1. To this cable, 
inject400 mW. (This application is not so critical to require an 
‘N’/ connector on the loose end of the coax.)

If the buffer stage is confirmed in “working order,” then 
provide 100 mW drive to the buffer (K9.4V must be applied) 
to drive the module.

To measure the output power from the module, remove 
the series DC blocking capacitor C9879 (12W) or C9856 
(SOW), then connect a 30 pF blocking capacitor from the 
center conductor of a small diameter coax to the vacated pad, 
and finally, ground the shield of the output coax. Use this coax 
to measure output power.

Control voltage (Pins 2 and 3) should be 10 volts; A+ (Pin 
4) should be 13.0 volts. Apply voltages through the DC 
connector on the PA board.

With either 100 mW applied to the buffer or 400 mW 
applied to the module input, the output power should be at 
least 15 watts. If power out is less than 15 watts, the module is 
defective and must be replaced.

Note
When replacing the module, apply thermal 
compound on the heatsink surface. Torque the 
screws to the correct value (See Service 
Manual).

When testing is complete, replace any capacitors or 
resistors that were removed for testing with new parts.

(3) Testing the Final Stage (30-Watt Models Only)

CAUTION
The final stage is capable of producing over 50 
watts. Be sure to protect power measuring 
equipment with series attenuation. 30 dB is 
usually adequate.

15 watts are needed to drive the final stage. Because this 
may exceed the power available at 900 MHz in many repair 
facilities, these tests consider the module stage as the drive 
source for the final stage. Therefore, check out the module 
first to ensure that it operates properly.

In the course of testing the final stage with the module as 
the power source, begin with control voltage at zero and 
increase control voltage smoothly until output of the final 
stage reaches 40 watts. If control voltage reaches 11 volts but 
the power out does not reach 40 watts, the final stage is 
defective. Under normal conditions, the protection circuitry 
limits the power to the final stage to approximately 18 watts 
maximum, protecting it from overdrive and damage. Under 
test conditions, however, the protection circuitry is disabled. 
Observe the above caution; the power module can produce in 
excess of 23 watts.

Measure the output power by lifting the output side of 
C9856 and connecting to the center conductor of a small 
diameter coax which has its shield grounded. If the output 
stage does not produce 40 watts (at 11 volts control voltage), 
then remove the RF drive and perform the following tests:

• Check continuity from the collector lead to the A+ 
connector on the back of the radio.

• Examine the solder connections on all leads of the device 
(Q9880) and the clamped mica capacitors.

Note
The position of the clamped capacitors adjacent 
to the device is critical to the performance of the 
circuit. If they are removed for any reason, they 
must be re-installed with their leads approxi
mately 70 mils (0.070 inches) from the final 
device cap.

(4) Testing the Antenna Switch and Harmonic Filter

Verify that most of this circuit is functioning properly by 
testing the receiver insertion loss as follows:

• Apply a low-level signal source at the antenna 
connector.

• Apply the conditions indicated in Table 1 for RX tests.

• Measure the power at the receive coax.

• If the difference between the input and output (insertion 
loss) is less than 2 dB, then the circuitry is functioning 
properly.

Additional antenna switch tests are:



0 Check CR9922 with an ohmmeter for forward and 
reverse continuity.

o In the transmit mode, adjust control voltage for 38 watts 
at the antenna connector. Check for less than 10 mW at 
the end of the receive input cable. If power exceeds 10 
mW, then check CR9922 and associated circuitry. 
Receiver sensitivity can degrade if power at this port 
exceeds 10 mW.

• Check for proper DC current through the PIN diodes; 
correct current is indicated if approximately 1.5 volts is 
present at the junction of C9920 and L9920 during 
transmit mode.

WARNING
DO NOT measure bias directly at the pin diodes 
while in transmit mode unless TX Injection is 
removed.

4.5 POWER CONTROL AND PROTECTION 
CIRCUITRY

(1) Localizing Problems to a Circuit

Power leveling and current limiting (35-watt models 
only) are set to values detailed in the Service Manual. These 
values will vary from unit to unit, depending on the unique 
variations of each unit. If symptoms indicate that either of 
these circuits have failed, verify that the radio has been 
properly aligned before investigating the circuitry.

Temperature sense, voltage control limit, and interstage 
drive limit (on 35-watt only) are fixed by design and are not 
influenced by the alignment of the radio. If symptoms indicate 
that these circuits have failed, then troubleshoot the circuit.

The tests that follow are intended to provide a convenient 
means of verifying that a particular circuit is functioning 
properly. These tests will isolate the failure to a minimum 
number of components. Refer to the theory of operation and 
the schematic for information needed to identify the failed 
component(s). /
(2) Temperature Sense Circuit Test

Temporarily install a 6.8k ohm resistor in parallel with 
RT9650. Key the transmitter and monitor the output power. 
The power meter should read approximately 1/2 the rated 
power (7.5 watts or 17.5 watts).

(3) Control Voltage Limit Circuitry Test

Disconnect P9641 (Transmitter injection) from the 
internal transceiver chassis. This will require removal of the 
power amplifier assembly. With all other connections in 
normal condition, key the transmitter and monitor the control 
voltage on Pin 2 of the power module. If the voltage exceeds 
12.5 volts, troubleshoot the control voltage limit circuitry.

(4) Interstage drive Limiter Circuitry Test (35-watt models)

Check this circuit only when the final device (Q9880) has 
failed. With the radio off, check CR9930 and associated 
components.

(5) Current Limiting Circuitry Test (35-watt models)

Refer to section 2 of the Service Manual for current limit 
setting instructions. When ready to adjust current limit, 
decrease the relative current limit value with the keyboard per 
instructions. After several decrements, the current limit 
should reduce power from 0.1 watt to 0.5 watt. After this test, 
reset the current limit. If the circuitry does not perform as 
indicated, troubleshoot the current limit circuitry.

(6) Power Leveling Circuitry Test

With the radio connected for power measurements, vary 
the line voltage from 12.5 to 16 volts. The power should not 
vary more than 3 watts. At a line voltage of 13.6 volts, vary the 
frequency using the three test modes. If power varies more 
than 3 watts, measure the detected voltage on P0853, Pin 9. If 
this voltage varies more than 0.2 volts over line and frequency 
variations, the power control circuitry (most of which is 
located on the command board) may be malfunctioning. If the 
detected voltage varies less than 0.2 volts, the problem is 
likely in CR9900, the harmonic filter, the antenna switch, or 
the output coax. Check continuity through 12 pin DC 
connector P0853 on the PA board; check digital/analog 
circuitry, and check 5V regulator operation. See the Table 2, 
DC Voltage Chart, for typical values.

Note
If any part of the power leveling circuitry is re
placed, perform the power set procedure. See 
the Service Manual for details.
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parts list
HLF6052A 12 Watt PA Board, 900 MHz 
HLF6074A 12 Watt PA Board, 900 MHz

parts list
MXW-4653-C

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated)
C9500 23-62998B59 1 uF, ±20%, 16V, tantalum
09800,9801 21-11031A06 2.7
C9802 21-11031A15 10
C9803 21-11031A26 30
C9804 21-11031A05 2.2
C9805 21-11032A21 0.01 uF, ±10%
C9806-9808 21-11031A26 30
C9851 21-11031A26 30
C9852 21-11032A33 0.1 uF, ±10%
C9854 21-11032A33 0.1 uF, ±10%
C9855 21-11031A26 30
C9857 23-80090M24 10 uF, ±20%, electrolytic
C9858 21-11032A33 0.1 uF, ±10%
C9859 21-11031A26 30
C9879 , 21-11078B27 . 30,100V
C9900 21-11031A26 30
C9902 21-11031A15 10
C9920 21-11031A26 30
C9921 21-11078B27 30,100V
C9922 21-11031A03 1.5, ±.25 pF
C9923 21-11031A02 1.2, ±.25 pF
C9924-9928 21-11031A26 30
C9932 23-62998B59 1 uF, ±20%, 16V, tantalum
09933,9934 21-11031A26 30
09940-9944 21-11031A26 30
diode (see note) 
OR9800 48-80066M01 signal, type RSL4148
OR9850 48-80236E07 hot carrier, zener, 28V 

hot carrier, SchottkyOR9900 48-80236E05
OR9920,9921 48-80236E20 pin, 1 .OW type MA47059
OR9922 48-80142L01 pin, type MMBV3401
OR9923 48-80066M01 signal, type RSL4148
connector receptacle 
J9001 39-80112M01 contact, power tap
J9852 30-80261M01 cable assembly, mini UHF
jumper
JU9856,9857 07-80299L01 frame, lead J-strap
coll, RF
L9800 24-80091G23 7 turns, airwound
L9801 24-80091G24 5 turns, aitwound
L9803 24-80091G23 7 turns, airwound
L9804 24-80091G06 2 turns, ainwound
L9805 24-80091G23 7 turns, airwound
L9806 24-80091G06 2 turns, airwound
L9900 24-80091G32 6 turns, airwound
L9920 24-80091G32 6 turns, airwound
L9921 24-80091G40 2 turns, airwound
L9922 24-80091G32 6 turns, airwound
L9923-9926 24-80091G24 5 turns, airwound
L9927 24-80091G06 2 turns, airwound
connector plug
P9853 64-80262N01 plate, low power feedthru
P9127 30-80152M03 cable assembly, coax
P9227 29-80014A01 clip, coax terminal
P9641 30-80152M02 cable, assembly, coax
P9741 29-80014A01 clip, coax terminal
transistor (see note) 
Q9500 48-00869806 NPN, audio power, type M9806

Q9800 48-80182D50
(p/o HLN6007A)
NPN, type MRF8372, 750MW, 960 MHz

09920 48-80048M01 NPN, type 48M01
thermistor
RT9560 06-80149M02 100k ohm

HLF6022A Harmonic Filter Hybrid Board MXW-4652-A

REFERENCE
SYMBOL

MOTOROLA
PART NO.

DESCRIPTION

coll, rf
L9910 24-80091G40 2 turns, airwound
L9911 24-80091G21 4 turns, airwound
L9912 24-80091G40 2 turns, airwound

HLF6052A/HLF6074A 12 WATT PA CIRCUIT BOARDS

COMPONENT SIDE

9/21/88
B956I

C992I
L9922 :

RT9560 L
----------- j L992I f
|C9924{ ""UjorJ' 

L9926 ~

MP9850
U9805

U9850L9800 L99^
HLF6022AL980I

L9804 .
C980I 09800

C9807
C980i J9860 C9879[9805,L9802 C9855

C9804 L9803 . ^ R990IC9854 09920)
CR9900P9853 

2 4 6 t JO__

19900

UJ+ >+ ui(— H+ > I >< too o< toco

i i "■
8 a r

SOLDER SIDE 
COMPONENT SIDE 

1 OVERLAY

GPW-4686-B
GPW-4685-B
GXW-4687W0I-C

SOLDER SIDE

" L/'^ UrU
C9926

C9934

resistor, fixed, ohm, ±5%, 1/8 watt (unless otherwise stated)

R9995

C9805 kJ

R9500
R9501
R9560
R9561
R9562
R9563
R9800
R9801
R9802
R9805,9806
R9900
R9901,9902
R9905
R9920,9921
R9924-9927
R9990-9995

06-11077A74 
06-11077A28 
06-11077B23 
06-11077A94 
06-11077A86 
06-11077A98 
06-11077A54 
06-11077A74 
06-11077A50 
06-11077A50 
06-11077A43 
06-80194M18 
06-11077B23 
06-80194M18 
06-11077A80 
06-11077A01

integrated circuit (see note)
U9850 51-80110E03

Ik
12
100k
6.8k
3.3k
10k
150
Ik
100
100
51
51,1 Watt 
100k
51,1 Watt
1.8k
jumper

power module, RF, 900 MHz, 18 Watt

C994I

Q9920

W 1^ fTvTI
ro cv CM
01 01 01 01
01 01 01
o a: at o * o

R9925

1lllil
f09859

R992I

R9926

D:

SOLDER SIDE 
COMPONENT SIDE 

OVERLAY

GPW-4686-B
GPW-4685-B
GXW-4687W02-C

mechanical parts

26-80084N01 harmonic filter shield
26-80013M01 PA module shield
54-80004N01 barcode label

9/15/88
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

Schematic, Circuit Board Diagrams, and Parts Lists 
for HLF6052A and HLF6074A SPECTRA 

12 Watt Power Amplifier 
PW-4710-C 

(Sheet 2 of 2)
3/31/89



parts list
HLF6022A Harmonic Filter Hybrid Board (Later Version) MXW-4652-B

HLF6074B 12 WATT PA SCHEMATIC

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

coil, rf
L9911

I
24-80091G40 2 turns, airwound

L9912 24-80091G21 4 turns, airwound
L9913 24-80091G40 2 turns, ainwound

note: designators 19910^9911,19912 for HLF6052A and HLF6062A
3/31/89
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Schematic, Circuit Board Diagrams, and Parts Lists 
for HLF6074B SPECTRA 12 Watt Power Amplifier 
PW-6614-0 
(Sheet 1 of 2)
3/31/89

parts list
HLF6074B 12 Watt PA Board, 900 MHz MXW-5894-A
REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated)
C9500 23-11049A37 1 uF, ±20%, 25V, tantalum
09800,9801 21-13740B11 2.7, ±.25 pF
C9802 21-13740B25 10
C9803 21-13740B36 30
C9804 21-13740B09 . 2.2, ±.25 pF
C9805 21-13741N45 0.01 uF
C9806-9808 21-13740B36 30
C9851 21-13740B36 30
C9852 21-13741N69 0.1 uF
C9854 21-13741N69 0.1 uF
C9855 21-13740B36 30
C9857 23-80090M24 10 uF, ±20%, electrolytic
C9858 21-13741N69 0.1 uF
C9859 21-13740B36 30
C9879 21-11078B27 30,100V
C9900 21-13740B36 30
C9902 21-13740B25 10
C9920 21-13740B36 30
C9921 21-11078B27 30, 100V
C9922 21-13740B05 1.5, ±.25 pF
C9923 21-13740B03 1.2, ±.25 pF
C9924-9928 21-13740B36 30
C9932 23-11049A37 1.0 uF, ±20%, 25V
09933,9934 21-13740B36 30
C9940-9944 21-13740B36 30
diode (see note) 
CR9800 48-80066M01 signal, type RSL4148
CR9850 48-80236E07 transient suppressor, 28V
CR9900 48-80236E05 hot carrier, Schottky
CR9920,9921 48-80236E22 pin, 1 .OW type MA47059
CR9922 48-80142L01 pin, type MMBV3401
CR9923 48-80066M01 signal, type RSL4148
connector receptacle
J9852 30-80261M01 mini-UHF coax
J9860 29-80014A01 clip, coax terminal
Jumper
JU9856,9857 07-80299L01 frame, lead J-strap
coil, RF
L9800 24-80091G23 7 turns, airwound
L9801 24-80091G24 5 turns, airwound
L9803 24-80091G23 7 turns, airwound
L9804 24-80091G06 2 turns, airwound
L9805 24-80091G23 7 turns, airwound
L9806 24-80091G06 2 turns, ainwound
L9900 24-80091G32 6 turns, airwound
L9920 24-80091G32 6 turns, airwound
L9921 24-80091G40 2 turns, airwound

6 turns, airwoundL9922 24-80091G32
L9923-9926 24-80091G24 5 turns, airwound
L9927 24-80091G06 2 turns, airwound
connector plug 
P9850 30-80152M02 TX INJ. coax
P9951 30-80152M03 RX coax
P9853 64-80262N01 plate, low power feedthru
P9950 29-80014A01 clip, coax terminal
transistor (see note) 
Q9800 48-80182D50 NPN, type MRF8372, 750MW, 960 MHz
Q9920 48-80048M01 NPN, type 48M01
resistor, fixed, ohm. ±5%, 1/8 watt (unless otherwise stated)
R9500 06-11077A74 Ik
R9501 06-11077A28 12
R9560 06-11077B23 100k
R9561 06-11077A94 6.8k
R9562 06-11077A86 3.3k
R9563 06-11077A98 10k
R9800 06-11077A54 150
R9801 06-11077A74 Ik
R9802 06-11077A50 100
R9805 06-11077A50 100
R9806 06-11077A50 100
R9900 06-11077A43 51
R9901,9902 06-80194M18 51,1 watt
R9905 06-11077B23 100k
R9920,9921 06-80194M18 51,1 watt
R9924-9927 06-11077A80 1.8k
R9990-9995 06-11077A01 jumper
thermistor
RT9560 06-80149M02 100k ohm
integrated circuit (see note)
U9850' 51-80110E03 power module, RF, 900 MHz, 18 watt

mechanical parts

26-80084N01 harmonic filter shiled
26-80013M01 PA module shield
54-80004N01 barcode label

03/31/89
note: For best performance, order diodes, transistors, and Integrated circuit devices by 
Motorola part number.
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HLF6062A 30 WATT PA SCHEMATIC
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parts list
HLF6062A 30 Watt PA Board, 900 MHz

i1
MXW-4654-A

REFERENCE
SYMBOL

MOTOROLA 
PART NO.

DESCRIPTION j

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated)
C9500 23-62998B59 1 uF, ±20%, 16V, tantalum |
C9560 21-11031A26 30 i
09800,9801 21-11031A06 2.7, ±.25 pF
09802,9803 21-11031A26 30 • 1
09804 21-11031A09 4.7, ±.25 pF 1
09806-9808 21-11031A26 30 I
09809 21-11031A01 1.0, ±.25 pF
09851 21-11031A26 30 1
09852 21-11032A33 0.1 uF, ±10% 1
09853 23-62998B59 1 uF, ±20%, 16V, tantalum ,(
09854 21-11032A33 0.1 uF, ±10% V
09855 21-11031A26 30 1
09856 21-11078B42 100, 100V 1
09857 23-80090M24 10 uF, aluminum, +20-10%
09859 21-11031A26 30
09875,9876 21-80240G64 11
09877,9878 21-80240G66 15
09879 21-80240G67 2.2
09880 21-11031A26 30 1
09881 21-11032A33 0.1 uF, ±10% i ■
09882 21-11032A21 0.01 uF, ±10% !
09883 21-11078B27 30, 100V
09884 21-11031A26 30
09900 21-11031A26 30
09902 21-11031A07 3.3
09903 21-11031A26 30
09920 21-11031A26 30
09921 21-11078B27 30, 100V
09922 21-11031A02 1.2
09923 21-11031A01 1.0, ±.25 pF 1
09924-9929 21-11031A26 30 i
09930 21-11031A15 10
09931 21-11031A26 30
09932 23-62998B59 1 uF, ±20%, 16V, tantalum i
09933-9941 21-11031A26 30
diode (see note)

. OR9800 48-80066M01 signal, type RSL4148 |
OR9850 48-80236E07 hot carrier, zener, 28V
OR9900 48-80236E05 Schottky j
OR9920,9921 48-80236E20 pin, 1.0W, type MA47059 i
OR9922 48-80142L01 pin, type MMBV3401
OR9923 48-80066M01 signal, type RSL4148 i
OR9930 48-80236E05 Schottky
connector receptacle ■

J9001 29-80014A01 clip, coax terminal
jumper !
JU9856,9857 07-80299L01 frame lead, J-strap
coll, RF
L9800 24-80091G23 7 turns, airwound
L9801 24-80091G24 5 turns, airwound
L9803 24-80091G24 5 turns, ainvound
L9804 24-80091G06 2 turns, airwound
L9805 24-80091G23 7 turns, airwound
L9875 24-80202B02 RF choke
L9876 24-80090G04 3 turns, ainwound
L9877 24-80090G05 8 turns, airwound
L9910 24-80091G32 6 turns, ainvound
L9920 24-80091G32 6 turns, airwound
L9921 24-80091G40 2 turns, airwound
L9922 24-80091G06 2 turns, airwound
L9923-9926 24-80091G24 5 turns, ainwound
L9930 24-80091G21 4 turns, airwound
connector plug
P853 09-80103M04 receptacie, right angle, 12 position
P9127 30-80152M03 cabie assembiy, coax -
P9227 29-80014A01 clip, coax terminal I
P9641 30-80152M02 cable assembly, coax j
P9741 29-80014A01 clip, coax terminal
transistor (see note)
Q9500 48-00869806 NPN, audio power, type M9806

(p/o HLN6006A)
Q9800 48-80182D50 NPN, type MRF8372, 960 MHz ,
Q9920 48-80048M01 NPN, type 48M01 I
Q9880 48-80225C20 NPN, type CS12, 900 MHz, 45W
thermistor
RT9560 06-80149M02 100k ohm

MXW-4654-A (2)

REFERENCE MOTOROLA DESCRIPTION
SYMBOL PART NO.

resistor, fixed, ohm, ±5%, 1/4 watt (unless otherwise stated)
R9500 06-11077A74 Ik
R9501 06-11077A28 12
R9560 06-11077B11 33k
R9561 06-11077A90 4.7k
R9562 06-11077B11 33k
R9563 06-11077B21 82k
R9800 06-11077A54 150
R9801 06-11077A74 1k
R9802 06-11077A50 100
R9805,9806 06-11077A50 100
R9875 17-80228N01 resistor shunt
R9876 06-80195M01 10, .5 watt
R9900 06-11077A43 51
R9901,9902 06-80194M18 51,1 watt
R9904 06-11077A98 10k
R9905 06-11077B19 68k
R9920,9921 06-80194M18 51,1 watt
R9924-9927 06-11077A80 1.8k
R9928,9929 06-11077AO1 jumper
R9930,9931 06-11077A50 100
Integrated circuit (see note)
U9850 51-80110E03 power module, RF, 900 MHz, 18-Watt

mechanical parts

26-80090N01 mid power fence shield
26-80013M01 PA module shield
54-80004N01 barcode label
42-80177N01 ground clip (2 used)

9/21/88
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

parts list
HLF6022A Harmonic Fiiter Hybrid Board MXW-4652-A

REFERENCE
SYMBOL

MOTOROLA 
PART NO.

DESCRIPTION

coil, rf
L9910 24-80091G40 2 turns, ainwound
L9911 24-80091G21 4 turns, airwound
L9912 24-80091G40 2 turns, airwound

9/21/88

Schematic, Circuit Board Diagrams, and Parts Lists 
for HLF6062A SPECTRA 30 Watt Power Amplifier

PW-4711-C 
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parts list
HLF6075A/HLF6082A 900 MHz 30 Watt PA MXW-6620-O
REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed, pF, ±5%, 50V (unless otherwise stated)
C9500 i 23-11049A37 1 uF, ±20%, 25V
C9560 21-13740B36 30
09800,9801 1 21-13740B11 2.7, ±.25 pF
09802,9803 1 21-13740B36 30
C9804 i 21-13740B17 4.7, ±.25 pF
09806-9808 1 21-13740B36 30
09809 i 21-13740B01 1.0, ±.25 pF
09851 21-13740B36 30
09852 1 21-13741N69 100 uF, ±10%
09853 23-11049A37 1 uF, ±20%, 25V
09854 21-13741N69 100 uF, ±10%
09855 [ 21-13740B36 30
09856 21-11078B42 100, 100V
09857 23-80090M24 10, ±20%, 50V
09859 21-13740B36 30
09875,9876 — 250V (see Table 1 on schematic)
09877,9878 — 250V (see Table 1 on schematic)
09879 21-80240G67 2.2, ±11.4%, 250V
09880 21-13740B36 30
09881 21-13741N69 100 uF, ±10%
09882 21-13741N45 0.01 uF, ±10%
09883 21-11078B27 30, 100V
09884 21-13740B36 30
09900 21-13740B36 30
09902 21-13740B13 3.3, ±.25 pF
09903 21-13740B36 30
09920 i 21-13740B36 30
09921 21-11078B27 30,100V
09922 i 21-13740B03 1.2, ±.25 pF
09923 1 21-13740B01 1.0, ±.25 pF
09924-9929 21-13740B36 30
09930 ! 21-13740B25 12
09931 j • 21-13740B36 30
09932 1 23-11049A37 1 uF, ±20%, 25V
09933-9941 i
diode (see note) j

21-13740B36 30

OR9800 i ! 48-80066M01 signal, type RSL4148
OR9850 48-80236E07 hot carrier, zener, 28V
OR9900 48-80236E05 hot carrier, Schottky
OR9920,9921 i 48-80236E22 pin
OR9922 ; 48-80142L01 pin, type MMBV3401
OR9923 48-80066M01 signal, type RLS4148
OR9930 ! 48-80236E05 hot carrier, Schottky
connector receptacle
J9001
Jumper

i 29-80014A01 clip, coax terminal

JU9856,9857 1
coll, RF

■ 07-80299L01 frame, lead J-strap

L9800 1 24-80091G23 airwound, 7 turns
L9801 i 24-80091G24 airwound, 5 turns
L9803 I ! 24-80091G24 airwound, 5 turns
L9804 24-80091G06 airwound, 2 turns
L9805 ! 24-80091G23 airwound, 7 turns
L9875 ! 24-80202B02 choke
L9876 1 24-80090G04 airwound, 3 turns
L9877 : i 24-80090G05 airwound, 8 turns
L9910 24-80091G32 airwound, 6 turns
L9920 ! 24-80091G32 airwound, 6 turns
L9921 ! 24-80091G40 airwound, 2 turns
L9922 i 24-80091G06 airwound, 2 turns
L9923-9926 ! 24-80091G24 airwound, 5 turns
L9930 i
connector plug

24-80091G21 airouwnd, 4 turns

P853 ' 09-80103M04 right angle receptical
P9227 ; 29-80014A01 clip, coax terminal
P9741 29-80014A01 clip, coax terminal
transistor (see note)
Q9800 , 48-80182D50 NPN
Q9880 ; — NPN (see Table 1 on schematic)
Q9920
thermistor

48-80048M01 NPN

RT9560 06-80149M02 100k ohm

MXW-6620-O (2)

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

Integrated circuit (see note)
U9850 51-80110E03 power module, RF, 900 MHz, 18 watt

mechanical parts

26-80090N01 mid power fence shield
26-80013M01 PA module shield
54-80004N01 barcode label
42-80177N01 ground clip (2 used)

05/11/89
note: For best performance, order diodes, transistors, and integrated circuit devices by 
Motorola part number.

parts list
HLF6022A Harmonic Filter Hybrid Board (Later Version) MXW-4652-B

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

coil, rf
L9911 24-80091G40 2 turns, airwound
L9912 24-80091G21 4 turns, airwound
L9913 24-80091G40 2 turns, ainvound

note: designators L9910,19911,L9912 for HLF6052A and HLF6062A
3/31/89

R9500 06-11077A74 Ik
R9501 06-11077A28 12
R9560 06-11077B11 33k
R9561 06-11077A90 4.7
R9562 06-11077B11 33k
R9563 06-11077B21 82k
R9800 1 06-11077A54 150
R9801 . 1 06-11077A74 Ik
R9802 ! 06-11077A50 100
R9805 i 06-11077A50 100
R9806 06-11077A50 100
R9875 17-80228N01 resistor shunt
R9876 1 06-80195M01 10, .5 watt
R9900 06-11077A43 51
R9901,9902 | 06-80194M18 51,1 watt
R9904 i 06-11077A98 10k
R9905 1 06-11077B19 68k
R9920,9921 1 06-80194M18 51,1 watt
R9924—9927 j 06-11077A80 1.8k
R9928,9929 06-11077A01 jumper
R9930,9931 1 06-11077A50 100

Schematic, Circuit Board Diagrams, and 
Parts Lists for HLF6075A/HLF6082A 

SPECTRA 30 Watt Power Amplifier 
PW-6618-0 

(Sheet 2 of 2)
3/31/89
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parts list
VHF SPECTRA Mechanical Parts Exploded View (BK Model) MXW-6283-0

ITEM MOTOROLA
PART NO. DESCRIPTION

1 26-80010M02 heatsink, mid-power
5 15-80048N01 cover, mid-power PA
8 32-80053P01 gasket, heatsink
10 15-80264N01 cover, includes gasket
11 15-80098L01 shield, receiver front-end
12 15-80097L01 cover, VCO board
14 32-80247N01 gasket, VCO
15 15-80099L01 shield, RF board
17 28-80260M01 header, floating
18 42-80007M01 clip, regulator
19 27-80082N01 chassis, consolidated
22 30-80239N02 cable, PA ribbon
23 HLN6066A interconnect board
25 15-80010P01 housing, front cover, with keypad
26 15-80010P02 housing, front cover, without keypad
27 38-80009P01 pushbutton rocker, MODE
28 38-80009P02 pushbutton rocker, VOLUME
29 38-80092J01 pushbutton key, DIM
30 38-80092J02 pushbutton key, HOME
31 75-80189L03 keypad
32 43-80269N01 spacer, internal frame
33 03-10945A14 screw, tapping (6 used)
34 32-80289L01 gasket, housing
37 03-84244C06 screw, machine, wing 5.0 x 0.8 x 10
38 07-80086N01 trunnion, mounting
39 03-00136756 screw, tapping, 10-16 x 5/8 (6 used)
40 03-80114M02 screw, machine, 5 x 0.8 x 10 (4 used)
41 03-10911A10 screw, machine, 3.5 x 0.5 x 6
42 03-10943M15 screw, tapping, 3.5 x 0.6 x 8 (board mtg)
43 03-80102P01 screw, tapping, 3.5 x 0.6 x 10 (8 used)
44 03-80043L01 screw, metric, 3.0 x 10 (4 used)
45 03-80077M01 screw, control head mounting (2 used)
46 03-80077M02 screw, hex socket (2 used)
52 04-80217E01 washer, compression
55 09-80272N01 connector, power
56 14-80001M01 insulator, regulator
59 26-80118M01 shield, command board
60 26-80186M01 shield, PA
61 32-80015M01 gasket, power connector
62 32-80088M01 gasket, accessory connector
63 32-80089M02 gasket, antenna
64 38-80227M02 cap, on/off switch
65 42-80016M03 clip, accessory connector
66 42-80264M02 clip, coax, PA
69 55-84300B01 handle (2 used)
70 55-84300B04 handle
71 61-80186L01 lightpipe
72 42-80192N01 clip, coax

non-referenced parts
26-80119M01 shield, command board fence
75-05295B01 pad, crystal
75-80094M03 shock pad, VF display (3 used)

2/15/89

6XW-6282-0

Mechanical Exploded View and Parts List for 
SPECTRA VHF Radios (BK Suffixed Models)

PW-6281-0
2/15/89
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parts list
UHF SPECTRA Mechanical Parts Exploded View (BK Suffixed Models) MXW-6304-O

MID POWER 
PA BOARD

ITEM MOTOROLA
PART NO.

DESCRIPTION

1 26-80010M02 heatsink, mid-power
3 26-80189N01 shieid, PA board
5 15-80048N01 cover, mid-power PA
8 32-80053P01 gasket, heatsink
10 15-80264N01 cover, includes gasket
11 15-80098L01 shield, receiver front-end
12 15-80097L01 cover, VCO board
13 15-80223N02 cover, VCO hybrid
14 32-80247N01 gasket, VCO
15 15-80099L01 shield, RF board
17 28-80260M01 header, floating
18 42-80007M01 clip, regulator
19 27-80082N01 chassis, consolidated
22 30-80239N02 cable, PA ribbon
23 HLN6066A interconnect board
25 15-80010P01 housing, front cover, with keypad
26 15-80010P02 housing, front cover, without keypad
27 38-80009P01 pushbutton rocker, MODE
28 38-80009P02 pushbutton rocker, VOLUME
29 38-80092J01 pushbutton key, DIM
30 38-80092J02 pushbutton key, HOME
31 75-80198L03 keypad
32 43-80269N01 spacer, internal frame
33 03-10945A14 screw, tapping (6 used)
34 32-80289L01 gasket, housing
37 03-84244C06 screw, machine, wing 5.0 x 0.8 x 10
38 07-80086N01 trunnion, mounting
39 03-00136756 screw, tapping, 10-16 x 5/8 (6 used)
40 03-80119M02 screw, machine, 5 x 0.8 x 10 (4 used)
41 03-10911A10 screw, machine, 3.5 x 0.5 x 6
42 03-10943M15 screw, tapping, 3.5 x 0.6 x 8 (board mtg)
43 03-80102P01 screw, tapping, 3.5 x 0.6 x 10 (8 used)
44 03-80043L01 screw, metric, 3.0 x 10 (4 used)
45 03-80077M01 screw, control head mounting (2 used)
46 03-80077M02 screw, hex socket (2 used)
49 04-00131974 washer, flat
52 04-80217E01, washer, compression
55 09-80272N01 connector, power
56 14-80001M01 insulator, regulator
59 26-80118M01 shield, command board
60 26-80186M01 shield, PA
61 32-80015M01 gasket, power connector
62 32-80088M01 gasket, accessory connector
63 32-80089M02 gasket, antenna
64 38-80227M02 cap, on/off switch
65 42-80016M03 clip, accessory connector
66 42-80281N01 clip, coax, PA
69 55-84300B01 handle (2 used)
70 55-84300B04 handle
71 61-80186L01 lightpipe
72 42-80192N01 clip, coax

non-referenced parts

75-05295B01 pad, crystal
75-80094M03 shock pad, VF display (3 used)

9/15/88

GXW-6305-0

Mechanical Exploded View and Parts List 
for SPECTRA UHF Radio (BK Suffixed Models)

PW-6303-O
2/20/89



parts lists
HLN6080A Remote Mount Kit Mechanical Parts Exploded View MXW-5434-B

ITEM NO. MOTOROLA 
PART NO. DESCRIPTION

1 03-00136756 screw, tapping, 10-16 x 5/8 (6 used)
2 03-10945A11 screw, tapping, P3.12 x 1.27 x 8 (2 used)
3 03-80077M01 screw, front mounting (2 used)
4 03-80160E01 screw, wing, M5.0 x 0.8 x 10 (2 used)
5 04-83045H01 thrust washer (2 used)
6 07-80127N01 trunnion, remote dash
7 15-80005G01 cover, dust
8 15-80293L01 housing, back remote
9A 15-80062P04 housing, front remote
10 30-80157M01 control cable assembly
11 32-80231M01 gasket, connector
12 32-80289L01 gasket, housing
13 43-80128N01 spacer, trunnion (2 used)

10/5/88

HKN4192A 17’ Mobile Power Cable MXW-5107-B
REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

fuse
F2 65-80236E06 blade type, 15 A

mechanical part
29-00832116 lug ring (2 used)

8/26/88

GO TO CABLE 
ACCESSORY 

P/N 308009IM0I
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Mechanical Exploded View and Parts Lists 
for Remote Mount Control Head 
for SPECTRA VHP and UHF Radio
PW-5810-B
2/15/89

I
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parts list
SPECTRA Mechanical Parts Exploded View MXW-6321-0

GXW-6322-0

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

1 26-80010M02 heatsink 35-watt
2 26-80009M02 heatsink 15-watt
3 26-80105N01 shield, 35-watt PA board
4 26-80099P01 shield, 15-watt PA board
5 15-80048N01 cover, 35-watt PA
6 26-80013M01 shield, power module
8 32-80053P01 gasket, heatsink
10 15-80264N01 cover, includes gasket (2 used)
11 15-80098L01 shield, receifer front end
12 15-80097L01 cover, VCO board

' 13 15-80223N02 cover VCO hybrid
14 32-80247N01 gasket, VCO
15 15-80099L01 shield RF board
17 28-80260M01 header, floating
18 42-80007M01 clip, regulator
19 27-80082N01 chassis, consolidated
22 30-80239N02 cable, PA ribbon
23 HLN6066A interconnect board
25 15-80010P01 housing, front cover, with keypad
26 15-80010P02 housing, front cover, without keypad
27 38-80009P01 pushbutton rocker, “MODE”
28 38-80009P02 pushbutton rocker, "VOLUME”
29 38-80092J01 key, "DIM”
30 38-80092J02 key, "HOME”
31 75-80189L03 keypad
32 43-80269N01 spacer, internal frame
33 03-10945A14 screw, tapping (6 used)
34 32-80289L01 gasket, housing
37 03-84244C06 screw, machine, wing 5.0 x .8 x 10
38 07-80086N01 trunnion, mounting
39 03-00136756 screw, tpg, insti hrdwr 10-16 x 5/8 (6)
40 03-80114M02 screw, mach, insti hrdwr 5 x .8 x 10 (4)
41 03-10911 All screw, mach, 3 x .5 x 8 (35W-4; 15W-2)
42 03-10943M15 screw, tpg, 3.5 x .6 x 8 (board mtg)
43 03-80102P01 screw, tpg, 3.5 x .6 x 10 (35W-8; 15W-4)
44 03-80043L01 screw, metric, 3 x 10 (4 used)
45 03-80077M01 screw, control head mount (2 used)
46 03-80077M02 screw, hex socket (35W; 2 used)
47 03-80077M03 screw, hex socket (15W; 2 used)
49 04-00131974 washer, flat, .13 x .312 x. .03 (2 used)
51 75-82200H01 pad
52 04-80217E01 washer, compression (3 used)
53 04-84180C01 washer, shoulder
55 09-80272N01 connector, power
56 14-80001M01 insulator, regulator
57 14-80143M01 insulator, shield
58 14-80179A01 insulator, alumina
59 26-80118M01 shield, command board
60 26-80186M01 shield, 35W PA
61 32-80015M01 gasket, power connector
62 32-80088M01 gasket, accessory connector
63 32-80089M02 gasket, antenna
64 38-80227M02 cap, on/off switch
65 42-80016M03 clip, accessory connector
66 42-80264M02 clip, coax 35W PA
67 42-80265M02 clip, coax 15W PA (2 used)
68 43-80104N01 spacer, 15W PA shield
69 55-84300B01 handle (2 used)
70 55-84300B04 handle
71 61-80186L01 lightpipe
72 64-80261N01 PA feed-thru assembly, 35W
73 42-80169P01 feed-thru clip

non-referenced parts

03-10911A12 screw, machine, 3 x .5 x 10
26-80090N01 shield, 35W fence
26-80119M01 shield, command board fence
75-05295B01 pad, crystal
75-80094M03 shock pad, VF display (3 used)

3/01/89

Mechanical Exploded View and 
Parts list for SPECTRA 800 Radio

PW-6323-0
3/01/89
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parts list
SPECTRA Mechanical Parts Exploded View MXW-6224-0

GXW-6225-0

REFERENCE MOTOROLA DESCRIPTION
SYMBOL PART NO.

1 26-80010M02 heatsink 30-watt
2 26-80009M02 heatsink 12-watt
3 26-80105N01 shield, 30-watt PA board
4 26-80011M01 shield, 12-watt PA board
5 15-80048N01 cover, 30-watt PA
6 26-80013M01 shield, power module
8 32-80038N01 gasket, heatsink
10 15-80264N01 cover, includes gasket (2 used)
11 15-80098L01 shield, receiver front end
12 15-80097L01 cover, VCO board
13 15-80223N02 cover VCO hybrid
14 32-80247N01 gasket, VCO
15 15-80099L01 shieid RF board
17 28-80260M01 header, fioating
18 42-80007M01 clip, regulator
19 27-80082N01 chassis, consolidated
22 30-80239N02 cable, PA ribbon
23 HLN6066A interconnect board
25 15-80010P01 housing, front cover, with keypad
26 15-80010P02 housing, front cover, without keypad
27 38-80009P01 pushbutton rocker, “MODE” -
28 38-80009P02 pushbutton rocker, “VOLUME"
29 38-80092J01 key, “DIM”
30 38-80092J02 key, “HOME"
31 75-80189L03 keypad
32 43-80269N01 spacer, internal frame
33 03-10945A14 screw, tapping (6 used)
34 32-80289L01 gasket, housing
37 03-84244C06 screw, machine, wing 5.0 x .8 x 10
38 07-80086N01 trunnion, mounting
39 03-00136756 screw, tpg, insti hrdwr 10-16 x 5/8 (6)
40 03-80114M02 screw, mach, insti hrdwr 5 x .8 x 10 (4)
41 03-10911 All screw, mach, 3 x .5 x 8 (12W-2; 30W-4)
42 03-10943M15 screw, tpg, 3.5 x .6 x 8 (board mtg)
43 03-80102P01 screw, tpg, 3.5 x .6 x 10 (30W-8; 12W-4)
44 03-80043L01 screw, metric, 3 x 10 (4 used)
45 03-80077M01 screw, control head mount (2 used)
46 03-80077M02 screw, hex socket (30W; 2 used)
47 03-80077M03 screw, hex socket (12W; 2 used)
49 04-00131974 washer, flat, .13 x .312 x. .03 (2 used)
51 75-82200H01 pad
52 04-80217E01 washer, compression (3 used)
53 04-84180C01 washer, shouider
54 07-80031P01 bracket, receiver front-end .
55 09-80272N01 connector, power
56 14-80001M01 insuiator, regulator
57 14-80143M01 insulator, shield *
58 14-80179A01 insulator, alumina
59 26-80118M01 shield, command board
60 26-80186M01 shield, 30W PA
61 32-80015M01 gasket, power connector
62 32-80088M01 gasket, accessory connector
63 32-80089M02 gasket, antenna
64 38-80227M02 cap, on/off switch
65 42-80016M03 ciip, accessory connector
66 42-80264M02 clip, coax 30W PA
67 42-80265M01 ciip, coax 12W PA (2 used)
68 43-80104N01 spacer, 12W PA shield
69 55-84300B01 handle (7 used)
70 55-84300B04 handle
71 61-80186L01 lightpipe
72 64-80261N01 PA feed-thru assembly, 30W

non-referenced parts
03-10911A12 screw, machine, 3 x .5 x 10
07-80259M01 frame, preselector lead, RXFE
07-80299L01 frame, lead, J-strap
26-80002M01 shield, injection filter
26-80010N01 shield, receiver front-end
26-80084N01 shield, harmonic filter
26-80090N01 shield, 30W fence
26-80119M01 shield, command board fence
29-84985K01 lug, solder, RXFE
29-80258M01 lug, solder, RXFE
30-80138M11 cable, coax, RXFE
43-80121M01 spacer, HearClear board
64-80262N01 low-power feed-thru assembly
75-05295B01 pad, crystal
75-80094M03 shock pad, VF display (3 used)

2/15/89

Mechanical Exploded View and 
Parts list for SPECTRA 900 Radio

PW-6226-0
2/15/89



parts lists
HKN4192A 17‘ Mobile Power Cable MXW-5107-D
REFERENCE MOTOROLA DESCRIPTIONSYMBOL PART NO.

fuse
F2 65-80236E06 blade type, 15 A

mechanical part
29-00832116 lug, ring (2 used)
30-80094G01 cable, power adapter
30-80095G04 cable, power

2/15/89

HLN6080A Remote Mount Kit Mechanical parts Exploded View MXW-5960-A

REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

1 03-00136756 screw, machine, 10-16 x 5/8 (4 used)
2 03-10945A11 screw, tapping, P3.12 x 1.27.x 8 (2 used)
3 03-80077M01 screw, front mount (2 used)
4 03-84244C06 screw, wing (2 used)
5 04-83045H01 washer, thrust (2 used)
6 07-80127N01 trunnion, remote mount
7 15-80005G01 cover, dust
8 15-80293L01 housing, back remote
9 15-80062P04 housing, front remote
10 30-80157M01 control cable assembly
11 32-80231M01 gasket connector
12 32-80289L01 gasket, housing
13 43-80128N01 spacer, trunnion (2 used)

GOES TO ACCESSORY 
CABLE

P/N 308009IM0I

2/15/89 4-40X5/I6
(HLN6II6A)JI03R

i

GXW-6229-0

Mechanical Exploded View and Parts Lists 
for Remote Mount Control head 
for SPECTRA Radio 
PW-6228-0
2/15/89
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parts list
HLN4384B Microphone Circuit Board MXW-2051-C
REFERENCE
SYMBOL

MOTOROLA
PART NO. DESCRIPTION

capacitor, fixed uF, ±5%, 50V (unless otherwise stated)
C1301 21-11038H35 24 pF
Cl 302 21-11039B13 .001 ±10%
Cl 304 23-11019A20 10 ±20% 25V, electrolytic
Cl 305 08-11017A14 .047
C1306 21-11038P50 220 pF
Cl 307 21-11039B13 .001 ±10%
Cl 308 08-11051A14 .15 63V
diode (see note)
CR1301 48082256C25 12V zener±5% 400mW
connector receptacle
JU1301,1302 06-11009B23 0 ohm jumper
microphone
MK1301 50-80258E04 electret cartridge
transistor (see note)
Q1302 48-80182D08 NPN
resistor, fixed ohm, ±5%, 1/4 watt (unless otherwise stated)
R1302 06-11009C57 2.2k
R1303 06-11009C49 Ik
R1305 06-11009C97 100k
R1306 06-11009C19 56
switch
S1301 40-80652E02 momentary switch

mechanical part

14-80652E01 switch insulator

4/19/88
note: For best performance, order diodes, transistors, and integrated circuits by Motoroia 
part number.

-UP

QCW-2050-A

M CROPHONE BOARD

10

parts list
HLN6044A SPECTRA Microphone Hardware 
HLN6056A Microphone Hangup Clip MXW-4718-B
REFERENCE
SYMBOL

MOTOROLA
PART NO.

1
DESCRIPTION

1
1 15-80137D05 microphone front housing
2 38-80144D03 microphone PTT button
3 30-80223J05 6-conductor microphone cable
4 05-80221 KOI . PTT switch grommet
5 03-10943M09 tapping screw (3x0.5x6)
6 30-80206L01 PCB to mic weight wire
7 32-80058H03 housing gasket
8 01-80750T91 microphone rear housing
9 03-80076E04 hWo metruc screw
10 03-00139913 tapping screw (3 used)
11 » 35-80089D01 microphone felt baffle
12 05-80148D01 microphone grommet
13 01-80743T91 hangup clip
14 01-80736T05 ground wire

GDW— 4719-0

8/26/88

SPEAKER

parts list
HSN4018A Speaker MXW-2053-D
REFERENCE
SYMBOL

MOTOROLA
PART NO. DESCRIPTION

1 03-00136756 tapping screw (10-16x 5/8)
2 15-10183A18 connector housing plug, 2-contact
3 39-10184A45 contact plug, 2 used
4 42-82018H05 cable retainer
5 42-84081A03 wire clamp with S-hook
6 03-00140001 tapping screw (6-19 x 7/8), 4 used
7 03-84244C03 black shadow wing screw, 2 used
8 50-84561B01 speaker
9 07-80200E01 black speaker trunnion bracket
10 13-82671M04 bezel
11 15-84981B07 speaker base cover
12 32-84564B01 speaker gasket

3/31/89

GPW-3459-B

Schematic, Circuit Boartd Diagram, 
Expiodeid Views anid Parts Lists for Accessories

68P80102W17-B 
(Sheet 1 of 2)

3/31/89



LATER VERSION MICROPHONE

e
MICROPHONE BOARD

MXW-4718-B

parts list
HLN6044A SPECTRA Microphone Hardware 
HLN6056A Microphone Hangup Clip
REFERENCE
SYMBOL

MOTOROLA
PART NO. DESCRIPTION

1 15-80137D05 microphone front housing
2 38-80144D03 microphone PTT button
3 30-80223J05 6-conductor microphone cable
4 05-80221 KOI PTT switch grommet
5 03-10943M09 tapping screw (3x0.5x6)
6 30-80206L01 PCB to mic weight wire
7 32-80058H03 housing gasket
8 01-80750T91 microphone rear housing
9 03-80076E04 hWo metruc screw
10 03-00139913 tapping screw (3 used)
11 35-80089D01 microphone felt baffle
12 05-80148D01 microphone grommet
13 01-80743T91 hangup clip
14 01-80736T05 ground wire GDW— 4719—0

8/26/88

Schematic, Circuit Board Diagram,
Exploded Views and Parts Lists for Accessories 
68P80102W17-B 
(Sheet 2 of 2)
3/31/89
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parts list
HLN5459A Microphone Circuit Board MXW-6286-0
REFERENCE
SYMBOL

MOTOROLA 
PART NO. DESCRIPTION

capacitor, fixed uF, ±5%, 50V (unless otherwise stated)
U1301 21-11038H35 24 pF
Cl 302 21-11039B13 .001 ±10%
Cl 304 23-11019A20 10 ±20% 25V, electrolytic
Cl 305 08-11051 All .047
Cl 306 21-11038P50 220 pF
Cl 307 21-11039B13 .001 ±10%
Cl 308 08-11051A14 .15 63V
Cl 309
diode (see note)

21-11014H44 62pF, 100 V
CR1301
microphone

48-11034A36 12V zener ±5% 400mW

MK1301
transistor (see note)

50-80258E04 electret cartridge

Q1302 48-11043C05 NPN
resistor, fixed ohm, ±5%, 1/4 watt (unless otherwise stated)
HI 302 06-11009A57 2.2k
HI 303 06-11009A49 Ik
R1305 06-11009A97 100k
R1306 06-11009A19 56
switch
S1301 40-80065E02 momentary switch

mechanical part

14-80652E01 switch insulator

2/15/89
note: For best performance, order diodes, transistors, and integrated circuits by Motorola 
part number.


	01 MANUAL REVISION
	02 TWO WAY FM RADIO
	03 RF BOARD
	04 COMMAND BOARD
	05 HEARCLEAR BOARD
	06 MEMORY BOARD
	07 VOLTAGE CONTROLLER OSCILLATOR
	08 VOLTAGE CONTROLLER OSCILLATOR
	09 VOLTAGE CONTROLLED OSCILLATOR (800 MHZ)
	10 VOLTAGE CONROLLED OSCILLATOR (900 MHZ)
	11 RECEIVER FRONT-END (VHF)
	12 RECEIVER FRONT-END (UHF)
	13 RECEIVER FRONT END (800 MHZ)
	14 RECEIVER FRONT END (900 MHZ)
	15 50-WATT POWER AMPLIFIER (VHF)
	16 40-WATT POWER AMPLIFIER (UHF)
	17 15 AND 35-WATT POWER AMPLIFIER (800 MHZ)
	18 12 AND 30-WATT POWER AMPLIFIER (900 MHZ)



