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1 GENERAL

1.1 Manual Scope

This manual presents Glenayre’s 250-watt, 450-MHz power amplifier, and contains i
mation concerning installation, operation, and maintenance of the RF PA compartme

1.2 Applicable Documents

In addition to this manual, other manuals may be required for complete paging-site 
mentation. Refer to Table 1-1, Applicable Documents, for a list of applicable documents
their part numbers, and a brief description of each. Also refer to Table 1-2, Schematic Num-
bers, for relevant schematic numbers.

Table 1-1  Applicable Documents

Document Part Number Description

GL-T 8xx1 series 
transmitter system TM

9110.01004 Transmitter manual main binder with 
typical rackup of typical equipment

Switching power supply 
manual

9130.00001 Glenayre 2835 switching power supply

C2000 tx controller 
manual

9110.00254 Glenayre C2000 controller hardware and
software

Ferroresonant power 
supply manual

9110.00257 Glenayre ac-rectifying ferroresonant powe
supply

Dc breaker/fuse panel 
manual

9110.00258 Dc control panel for applications that have
external dc 

VDT menus user manual 9110.00259 Exciter user-interface software 

DSP exciter user manual 9110.00172 Exciter hardware

Table 1-2  Schematic Numbers

Assembly Schematic Number

GL-T8541 PA module assembly 2100.00135-AS

Driver board 2000.00050-SD

Splitter board 2000.00145-SD

PA board 2000.00027-SD

Combiner board 2000.00106-SD

Metering board 2000.00601-SD
Copyright © 1997 Glenayre Page: 1-1
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1.3 About Glenayre 

Questions regarding the equipment or this manual should be directed to:

U.S.A. CANADA
Glenayre Customer Service - RF Glenayre Customer Service - RF
One Glenayre Way 1570 Kootenay Street
Quincy, Illinois 62301 USA Vancouver, BC V5K 5B8 Canada
Phone: (217) 223-3211 Phone: (604) 293-1611
Fax: (217) 223-3284 Fax: (604) 293-4301

UNITED KINGDOM SINGAPORE
Glenayre Electronics (UK) Ltd. Glenayre Electronics Singapore Pte. Ltd.
Unit 22 Challenge House Block 5012 Ang Mo Kio Avenue 5
Sherwood Drive, Bletchley TechPlace II Unit 0503
Milton Keynes, MK3 6JD UK Singapore 2056
Phone: 44 1 908 644 642 Phone: (65) 481-1828
Fax: 44 1 908 644 643 Fax: (65) 481-2838

1.3.1 Product Warranty Information

Glenayre warrants to the original purchaser that Glenayre products are free from defects in
material or workmanship for a period of twenty-four months from the original invoice date,
subject to the provisions herein. Glenayre will repair or replace at its option, FOB our
factory, free of charge within one year from the date of shipment, any component, assembly
or subassembly of our manufacture found to be defective under conditions of normal use.
The unit, if repaired, will be returned to its original specifications. Failures caused by unau-
thorized modifications, force majeure, lightning, physical, environmental, or electrical
damage including use with incompatible equipment are specifically excluded from this
warranty. Glenayre disclaims any and all liability for loss or other damage whether direct,
consequential or of any nature whatsoever, resulting from product failure.

This warranty is in lieu of all other warranties expressed or implied and covers only those
items manufactured by Glenayre. Equipment supplied by, but not manufactured by
Glenayre, is subject only to any warranty offered by the manufacturer of said equipment.

1.3.2 Service Warranty Information

Return of a defective item must be authorized by Glenayre prior to shipment. A Return
Authorization number can be obtained from Glenayre Customer Service. When requesting
a Return Authorization number, give the serial number of the unit. A description of the fault
should accompany the unit on its return and the RA number must be shown on labels
attached to the item(s). The cost of shipping to Glenayre is to be paid by the customer.
Shipping from Glenayre will be prepaid by the customer, and shipped via surface mail. If
express shipping is required, the unit will be shipped collect.

Any repair service performed by Glenayre under this limited warranty is warranted to be
free from defects in material or workmanship for ninety days from the date of repair. All
other terms of this limited warranty apply to the service warranty.
Page: 1-2 Copyright © 1997 Glenayre
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2.1 General

Table 2-1, PA Specifications, lists the specifications of the PA. Unless noted, all equipment
tests were performed per the ANSI/EIA-603/1992 standard, “Land Mobile FM or 
Communications Equipment Measurement and Performance Standards,” approved
ber 27, 1992, and dated February 1993. 

Also refer to the specifications within the transmitter system manual and the exciter 
ual. Specifications listed here are limited to the characteristics of the power amplifie
the transmitter system.

2.2 GL-T8541 PA Specifications

Refer to Table 2-1, PA Specifications, for power amplifier specifications. 
Note: the specifications are subject to change without notice.

Table 2-1  PA Specifications

Characteristic (unit of 
measurement) Condition Specification

Height Fits inside transmitter 
chassis

5.25 in (13.3 cm) : 2 rack units

Width 19 in (48.3 cm)

Depth 13 in (33 cm)

Weight Without exciter 27 lb 

RF input power Nominal, supplied by 
exciter within tx chassis

250 mW (25 +/-2 dBm)

RF output power range 100-250 W

Duty cycle At full power 100% Continuous

RF bandwidth Band determined by 
sales order

395 to 420 MHz
420 to 445 MHz
445 to 470 MHz
470 to 495 MHz
495 to 512 MHz

RF output impedance Nonreactive 50 ohms

RF output connector At rear of PA shelf Type N (female)

Maximum VSWR 1.5:1

Spurious output -90 dBc (or -36dBm if less)
Copyright © 1997 Glenayre Page: 2-1
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)

Harmonic output -90 dBc (or -36dBm if less)

RF power stability Over rated temperature ±0.5 dB

Intermodulation of PA With single isolator -40 dBc

With dual isolator -70 dBc

Operating voltage (Vdc) 26.5 - 28

Power consumption (max) At rated RF output 600 W

Ambient temperature (degrees C) See derating factor -30 to +60

Humidity (percent) Noncondensing 0 to 95

Altitude See derating factor To 10,000 ft. (3050  m)

Derating factor Above 5000 ft (1525 m) 2 degrees C per 1000 ft (305 m

Table 2-1  PA Specifications

Characteristic (unit of 
measurement) Condition Specification
Page: 2-2 Copyright © 1997 Glenayre
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3 DESCRIPTION

3.1 General

Glenayre’s GL-T8541 power amplifier is designed for FM operation in the 450-MHz ba
RF output is continuously adjustable from 100 to 250 watts; it is driven by a 250 mW
+/-2 dBm) source (the DSP exciter). Refer to section 2 for specification-related inform
tion.

Refer to Figure 3-1, for an overall view of the PA.

3.1.1 Features

The power amplifier exhibits the following features:

• adjustable power output

• continuous operation at rated output

• slide mounts for the power amplifier module and DSP exciter, which allow easy ac
and replacement

• current monitoring circuitry (metering board)

• overcurrent protection

• VSWR protection

• modular construction

• status output to exciter

3.2 Physical Description

Refer to Figure 3-2 for board locations in the GL-T8541 PA. Refer to Table 3-1 for pc as-
semblies and part numbers.

3.2.1 Electrical Connectors

The PA module has two type-N connectors for RF input and output and one DB-15 ty
control and monitoring signals. The +dc power cable from the power supply connects 
metering board. The dc return cable from the power supply as well as the chassis g
connect to the rear of the PA module.

3.2.2 Chassis Cooling

Forced-air circulation is through the front panel, using a dc fan mounted on the rear 
of the PA. The air is pulled from front to back over the PA heat sink. The power ampl
is self-protected against overheating by a temperature sensor which is in contact wit
PA heat sink. The temperature sensor is mounted on the combiner board. Do not op
the PA in the event the cooling fan should fail.
Copyright © 1997 Glenayre Page: 3-1
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3.2.3 PA Front

The PA module and exciter are held in place by front panel screws. Two small handles are 
mounted to the front panel of the PA which are used when sliding the PA out of the chassis.

3.2.4 PA Rear

With the fan panel closed, only the fan is visible from the back. With the fan panel open, 
the metering board, its dc power distribution, the PA I/O connectors, exciter I/O connec-
tors, and the wiring for the cooling fan are all accessible. 

3.3 Conceptual Description

This RF power amplifier unit is functionally located between the exciter and antenna. The 
task of RF amplification belongs to the PA unit. Modulated RF is sent from the exciter to 
the PA input for amplification. A control voltage from the exciter is used in the metering 
board to generate an AGC (automatic gain control) signal. The AGC voltage is applied to 
the final amplifier stages in the PA and controls the PA output power. A dc sample propor-
tional to the amount of RF output is sent to the metering board and compared to a reference 
level generated by the exciter. The error voltage produced is the AGC signal. Any change 
in the output power or AGC reference will produce a corresponding change in the AGC lev-
el. In this way, the AGC circuit maintains control of the RF output power in the presence 
of power supply and thermal variations.

Table 3-1  Power Amplifier Assemblies

Assembly  Part Number

PA assembly 2100.00135

Driver board 2000.00050

1 to 3 RF splitter 2000.00145

PA board 2000.00027

3 to 1 RF combiner 2000.00106

Metering board 2000.00601
Page: 3-2 Copyright © 1997 Glenayre
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Figure 3-1  GL-T8541 PA with DSP Exciter
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Figure 3-2  GL-T8541 PA Module Front and Top View (no cover)
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3.4 PA Module Interconnection

3.4.1 PA Module Dc, Signal, and Control Wiring

All PA module dc voltages, monitoring signals, and control signals are routed through the
metering and combiner boards to or from the various PA module circuit boards. The
combiner board to metering board connection is achieved through a D-sub 25 connector.
Refer to Table 3-2, for the PA metering board to combiner board connector pin-out. 

The metering board signals are routed from the combiner board to the various PA circuit
boards by copper jumper straps which are soldered between the boards. The RF signals also
travel between the various PA module circuit boards through copper jumper straps.
Figure 3-3 shows the locations of the copper jumper straps in the PA module and the names
of the signals they carry.

3.4.1.1 The Metering Board Location

The metering board is mounted on the outside of the rear panel of the PA module. J1, a 
D-sub 25 connector on the metering board provides the interface between the metering 
board and the PA module. J8 on the PA module combiner board is the mating connector for 
this interface.

Table 3-2  Metering Board (J1) to Combiner Board (J8) Connector Pinout

J1 Pin Signal Name J1 Pin Signal Name

1 +28 Vdc 

(not used for this PA)

14

+28 Vdc to PA # 32 15

3

+28 Vdc to PA # 2

16 No connection

4 17 No connection

5 AGC to PAs 1 - 3 18 No PA connection (-15 V from 
metering board)

6 +28 Vdc 

(not used for this PA)

19 No connection

7 20 No connection

8

+28 Vdc to PA # 1

21 Temperature Signal

9 22 Forward output power dc sample 

10 +28 Vdc 

(not used for this PA)

23 Reflected output power dc sample

11 24 Predriver key

12

+28 Vdc to predriver

13

25
Copyright © 1997 Glenayre Page: 3-5
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Figure 3-3  PA Module Circuit Board Connecting Copper Jumper Straps

3.4.2 Isolator

The optional isolator (not shown) is connected to the RF output of the PA module. It
prevents intermodulation of the RF signal that may occur from nearby transmissions. A
sample detector circuit in the isolator reject load input monitors the reflected power present
at the isolator output connector. The sample is rectified and filtered, providing a dc voltage
proportional to the reflected power.
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4 INSTALLATION

4.1 Installation

Installation of the transmitter and related equipment should be done by properly qualified
personnel, to ensure that the overall installation meets requirements of the local codes. This
section provides information common to all installations. Transmitter setup is mostly done
through the user interface software, which is covered in a separate manual. This section
does describe some preliminary steps necessary to accomplish the more detailed
VDT-based setup.

4.1.1 Precautions and Hazards 

DANGER

Disconnect ac power before working with this equipment.

DANGER

The power amplifier is heavy. Follow precautions for heavy
lifting. 

4.1.2 Test Equipment and Tools Required 

Common hand tools are required for disassembly and reassembly. An RFI-immune
voltmeter may be required for voltage measurement. An in-line current meter may also be
useful for troubleshooting. A 50 ohm test load rated for at least 250 watts, an RF wattmeter
rated and scaled to measure 250 watts, and appropriate 50-ohm, RF coaxial cables are
useful to when testing the transmitter and verifying its RF output calibration.

4.1.3 Component and Adjustment Locations 

The PA front panel contains no fuses, switches, or adjustments. When the PA top cover is
removed and the back door is open, all user adjustment locations are accessible. All adjust-
ments are made at the factory; unauthorized changes could adversely affect transmitter
performance and terms of warranty.

WARNING
Do not remove or install interior or exterior PA covers while 
dc voltage is applied to the PA. Doing so can result in perma-
nent damage to the unit.
Copyright © 1997 Glenayre Page: 4-1
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4.1.4 Inspection

Before applying primary power, check the power amplifier chassis for foreign matter.
Remove any foreign material from the chassis. Be sure that the front air louvers and fan
assembly are unobstructed; the fan should turn freely and operate when power is applied to
the PA. Check to be sure connectors on the back panel are securely fastened. Also check
other rack wiring and cables for secure termination.

4.1.5 Power Requirement

The power amplifier requires a 28 volt dc supply to operate as specified. Total supply
current varies depending on transmitter model, other racked equipment, and RF output.
One GL-T8541 PA (with exciter) requires approximately 644 watts of dc power when
operating at rated RF output. See section two for more information.

4.1.6 PA Module External Connectors 

The metering board is mounted on the outside of the rear panel of the PA module. Metering
board interconnection to the PA module is accomplished through a D-sub 25 connector. RF
input to the PA is through a rear access N-type connector. RF output is through a rear access
N-type connector. Refer to Figure 4-1, for external PA cabling information.
Page: 4-2 Copyright © 1997 Glenayre
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Figure 4-1  PA Cabling (external)
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5 OPERATION 

5.1 General

The GL-T8541 PA normally operates via commands from a remote transmitter controller.
Local operation is possible using a video display terminal connected through the DSP ex-
citer; this is described in the separate VDT user manual. Refer to section one of this manual
for information about the VDT manual.

5.2 Controls and Indicators

Refer to Figure 5-1 for a drawing of the transmitter front panel. The PA has no front panel
indicators or controls. The metering board has a power indicator (LED-1), which is only
visible when the fan panel at the rear of the transmitter chassis is opened.

5.3 Operation

5.3.1 PA On and Off Control

The PA does not contain an on/off switch, but turns on and off whenever the power supply
equipment is turned on and off. When the PA is on, it remains in a standby condition until
keyed. The circuit breaker on the front of the Glenayre ferroresonant power supply,
GL2835 switching power supply, or the dc breaker/fuse panel functions as the transmitter
off/on switch.

5.3.2 Turn Fan On and Off

The fan does not contain an on/off switch, but turn on and off with the power supply. The
fan runs continuously whenever the power supply equipment is on. 

5.3.3 Key and Unkey PA

The PA does not contain a key switch, but is keyed and unkeyed by the DSP exciter. The
exciter must be keyed and unkeyed remotely through the transmitter controller, or locally
through a video display terminal (VDT).

Refer to the transmitter controller manual for remote key and unkey instructions or to the
VDT manual for local key and unkey instructions.
Copyright © 1997 Glenayre Page: 5-1
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Figure 5-1  GL-T8541 Front View with DSP Exciter
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6 THEORY OF OPERATION 

6.1 General

This section contains a description of the individual pc assemblies, which comprise the RF
power amplifier chain. These boards are not designed to be repaired; instead, they are
replaced.

Refer to Figure 6-1, for a visual representation of RF flow through the GL-T8541 PA. Each
of the blocks of the block diagram represents a circuit board in the power amplifier module.
The PA module temperature, amplifier currents, forward output power level, and reflected
power levels are monitored by the metering board. The metering board is mounted on the
outside of the rear panel of the PA module, and is not shown in this diagram.

The 250 mW (25 +/-2 dBm) RF input is amplified to approximately 19 watts by the driver
board. The 19 watt driver board signal is applied to the 1 to 3 splitter board, which yields 6
watts from each of its three outputs. Each of the three power amplifier boards supplies 100
watts to the 3 to 1 combiner. The combiner board includes the 3 to 1 combiner, the low pass
filter, and the directional coupler; with losses of 0.35, 0.15, and 0.2 dB respectively. The
output of the combiner board (and therefore the power amplifier module) is shown at 250
watts. The amplifier module has enough headroom capacity in its output to allow for small
power calibration errors due to the typical variation of the RF wattmeters used in the field.

Figure 6-1  GL-T8541 PA Module RF Flow Block Diagram
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6.1.1 Adding The Optional Isolator

The 250 watt rated power amplifier output is measured at the output of the combiner board.
If an isolator is added, the RF power output available at the isolator is less than the rated
power output of the PA due to the isolator loss. Table 6-1 lists the three optional isolators,
their losses, their minimum isolation, and the output of each if the PA output power is set
at the rated 250 watt level at the combiner board.

The isolator directs reflected power from the antenna or its feedline into the isolator reject
load, therefore providing the power amplifier module with a 50 ohm load regardless of the
load at the antenna terminal. The degree of protection the isolator offers a PA from antenna
system VSWR is referred to as its isolation. Isolation is typically 30 dB per section. High
antenna system VSWR can cause several problems, two of which are:

1. The excessive reflected power caused by high antenna system VSWR is dissipated in
the isolator reject load. This increases the isolator and reject load dissipation and oper-
ating temperature.

2. High antenna system VSWR means less power will be radiated from the antenna,
resulting in lower effective radiated power (ERP).

6.2 Driver Board

Refer to Figure 6-2, left side, for a simplified block diagram of the driver board. Refer to
Figure 6-12 and Figure 6-13 for detailed circuit board assembly and schematic diagrams.

There are two RF amplifier stages on the driver pc assembly; both Q1 and Q2 are FETs.
The drain current is metered for the pair, not individually, and may be monitored locally or
remotely using a video display terminal. See the exciter VDT manual for monitoring
information.

The bias, idle current, gain, and output power of each stage is determined by its own gate
bias control.The parameter that is observed when adjusting the bias control for each stage
is its drain idle current. This is the current that flows when voltages are applied, the trans-
mitter is keyed, and no RF is supplied from the exciter.

Table 6-1  GL-T8541 PA Optional Isolator RF Power Output

Isolator Type Insertion Loss
Output Power 
(with 250 watts input)  Isolation 

Single section 0.35 dB 230 watts 30 dB

Dual section 0.6 dB 220 watts 60 dB

Triple section 0.85 dB 210 watts 90 dB
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6.2.1 Q1 Bias and Idle Current Adjustment

The bias for Q1 is determined by a resistive voltage divider which consists of dropping
resistor R5 and potentiometer R6. Drain current for Q1 flows as long as dc power is
supplied to the power amplifier. Bias for Q1 is set correctly when its idle current is 20mA.
This current level is below the threshold of the VDT. It is measured by connecting a milli-
ampere meter between test points TP1 and TP2 with JW6 removed.

Figure 6-2  Block Diagram Driver and 1 to 3 Splitter Boards

6.2.2 Q2 Bias and Idle Current Adjustment

Bias for Q2 is supplied by a preamp key signal generated by the metering board. When
unkeyed, the preamp key signal value is 0Vdc. When keyed, the preamp key signal has a
value of +5.0Vdc. The Q2 bias adjustment is R16.

Depending on the bias setting, the driver will put out up to 40 watts, but it is usually set
much lower due to the lower PA drive requirements.

The VDT driver current display indicates the combined current of both Q1 and Q2. The Q2
idle current is correctly set when the VDT driver current display indicates 1.0A with the Q1
gate bias set correctly, the transmitter keyed, and an RF output level of zero watts.

When the transmitter is keyed and producing normal RF output, the driver current will be
approximately 2.5A.

The driver board bias adjustment procedure is given in Section 7.7.3.
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6.3 The 1 to 3 Splitter Board

The right side of Figure 6-2 shows a block diagram of the 1 to 3 splitter board. Refer to
Figure 6-14 and Figure 6-15 for detailed circuit board assembly and schematic diagrams.

The three outputs of this splitter are in phase, with each delivering 6 watts to its respective
power amplifier board. The 1 to 3 splitter consists of two Wilkinson hybrid splitters, Hy1
and Hy2. Hy1 is an unbalanced splitter with two thirds of the input power going to hy2 and
one third going to one of the three output terminal of the 1 to 3 splitter board. The line
connecting the low power side of Hy1 to its output is long enough to introduce additional
delay to its output and cause it to be in phase with the outputs of Hy2. Hy2 divides its input
power evenly between its two outputs; therefore equal RF power levels are delivered from
all outputs of the 1 to 3 splitter.

6.4 PA Board

Refer to Figure 6-3 for a simplified block diagram of the 120 watt power amplifier board.
Refer to Figure 6-16 and Figure 6-17 for detailed circuit board assembly and schematic
diagrams. The GL-T8541 transmitter uses three PA boards to achieve rated transmitter
output.

The 120 watt PA board consists of two FETs in push pull configuration. The push pull
signal required by the input of each FET is obtained through the use of coaxial transformer
L7. The coaxial line functions as an unbalanced to balanced transformer. Two ferrite beads
are positioned around the coaxial to insure a balanced output signal with equal amplitudes
from the center conductor and shield of the line.

Microstrip techniques augmented with chip capacitors match the RF input and output
signals to the FETs.

The outputs of the two push pull FETs are combined into a single signal by the output
coaxial transformer L8. This coaxial transformer functions the same as the input
transformer.

The bias, idle current, gain, and output power of each transistor on the PA board, and
therefore the total output power of the PA board, is determined by the AGC voltage level
applied to the power amplifier board. The exact value of AGC voltage applied to the gates
of the PA board FETs can be adjusted at the PA board by potentiometer R7. Any noise or
RF signals are decoupled from the AGC signal by a resistor-capacitor-inductor filter
network in the PA board gate bias circuit. This network consists of resistors R3, R4, R8,
and R9 (shown on the block diagram); as well as C12, C13, C16, and C17 (shown on the
schematic). The positive limit of the AGC voltage, as well as protection from positive tran-
sients, is provided by zener diode CR1.

The AGC voltage is developed in the metering board as a result of a comparison of a dc
sample from the PA module RF output signal to a reference dc voltage supplied from the
DSP exciter. The lower limit of the AGC voltage is approximately -13 Vdc, and the positive
limit is approximately +6 Vdc. When the transmitter is unkeyed, the AGC voltage is at the
-13 volt limit, preventing any conduction of the PA transistors. When the transmitter is
keyed and producing RF, the AGC voltage is between zero and 6 Vdc. In operation, the
AGC voltage should never reach the 6 Vdc limit.
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Figure 6-3  PA Board Block Diagram

6.4.1 PA Bias and Idle Current Adjustment

The PA board bias is determined by the AGC voltage, which is applied to the gate of the
two RF amplifier transistors through the bias adjustment R7. Adjustment of R7 is made by
observing the PA board idle current on the DSP exciter VDT screen. When this adjustment
is being performed, the transmitter must be keyed with no RF power delivered from the
DSP exciter or driver and the AGC voltage set at maximum. This condition is achieved by
placing the transmitter in FWD PWR CAL mode and keying the transmitter with no RF
input applied (exciter RF output cable disconnected.) Refer to the VDT manual for addi-
tional information regarding the exciter VDT display. The correct idle current adjustment
under these conditions is 2.0 A for each PA board.

The idle current adjustment has two notable effects on the PA parameters, they are:

1. The PA gain is changed by changing the amount of input drive needed.

2. When the transmitter is keyed, some PA current will always flow. If the PA current
value is low or zero when the PA is keyed, it is an indication that one or both of the RF
transistors on the PA board are defective. This will cause the DSP exciter to report an
alarm or fault condition.
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6.5 3 to 1 Combiner Board

Refer to Figure 6-4, for a block diagram of the 3 to 1 combiner board. Refer to Figure 6-18
and Figure 6-19 for detailed circuit board assembly and schematic diagrams. This board
contains the 3 to 1 PA combiner circuitry, the low pass filter, the forward and reflected
directional couplers, and also functions as the interface between the metering board and the
driver and PA boards. 

6.5.1 The 3 to 1 Combiner

A 3-way Wilkinson Hybrid is used as the 3 to 1 combiner on the combiner board. This is a
microstrip combiner circuit that combines the three, in phase outputs of the three power
amplifier boards into one signal. 

If one PA fails, the remaining power amplifier boards will continue to see an acceptable
load impedance and function normally. The AGC circuit will increase the output of the
remaining power amplifiers in an attempt to keep the output power at the desired level. The
currents of the remaining amplifiers will be higher than normal, while the defective
amplifier current will be lower than normal or zero. 

R1 on the combiner board is a balanced, 3-resistor array arranged in a star formation. Each
resistive leg of the star has a value of 50 ohms. Each leg or this resistor network is
connected to one input of the combiner. Under normal operating conditions, the resistor
dissipates no RF power because the same, in-phase RF voltage level is present at each leg
or the resistor array. 

6.5.2 Low-Pass Filter

Refer to Figure 6-4, for a simplified diagram of the low pass filter. RF output from the
combiner is routed to the input of the low-pass filter which attenuates harmonics and other
components above its cutoff frequency (which is approximately 560 MHz).

6.5.3 Directional Coupler

A microstrip directional coupler is etched into the output circuit of the combiner board. The
forward and reflected RF signals are rectified by CR1 and CR2 respectively and filtered to
produce forward and reflected dc samples. These samples are sent to the metering board.
Both signals are multiplexed and sent to the DSP exciter. The forward sample is used in the
metering board to develop the PA AGC voltage. The reflected sample is monitored for high
VSWR.
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Figure 6-4  The 3 to 1 Combiner Board Block Diagram
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6.6 PA Module Overall RF Flow

The overall RF flow, through all of the boards in the PA module, is shown in Figure 6-5.
The discrete capacitors and inductors that connect the various traces of the RF path are not
shown, but the main path is still apparent.

v0852.hgl

Figure 6-5  PA Module Overall RF Flow
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6.7 Metering Board

The metering board is mounted on the outside of the rear panel of the PA module. Refer to
Figure 6-6 for the block diagram of the metering board. 

The metering board receives the +28 volt supply input and provides a +28 volt supply to
the driver board and each PA board. Each +28 volt feed to the PA passes through a current
monitoring circuit on the metering board. The PA currents are displayed on the DSP exciter
VDT display.

The metering board has four on board regulators used to produce the voltages needed to
operate the metering board. They are:

• the +34 volt supply

• the +7.5 volt supply

• the +5 volt supply

• the -15 volt supply.

The metering board receives the following three monitoring signals from the PA mo
they are:

• the heat sink temperature signal

• the forward power sample voltage

• the reflected power sample voltage.

The metering board receives the PA key input and the forward power reference signa
the DSP exciter. It creates the pre-amp key signal from the PA key input, and the
voltage from the forward power reference signal and the forward RF output power sa

6.7.1 Temperature Monitoring Circuit

A portion of metering board is shown in Figure 6-4 to reveal the temperature monitorin
circuit. The heatsink temperature is monitored by a voltage divider consisting of f
resistor R143 on the metering board and temperature sensing resistor R5 on the co
board. R5 is thermally linked to the PA heat sink, and develops a voltage proportion
the heat sink temperature. The voltage developed by R5 is passed through voltage fo
U5-A to the metering board multiplexing circuit.
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6.7.2 Metering Board to Combiner Board to Amplifier Board Interface

The metering board to combiner board interface is accomplished through the PA connec-
tors J1, a D-sub 25 connector on the metering board, and J8, a D-sub 25 connector on the
combiner board. The separate current-monitored +28 Vdc supply voltage connections are
routed from the metering board to the driver and to each PA board through the combiner
board interface. The pre-amp key and AGC are also routed from the metering board to the
amplifier boards through the combiner board. Refer to Table 6-2 for a listing of the
metering board to combiner board interface connections. 

Table 6-2  Metering Board to Combiner Board Interface

J1/J8 Pin 
Number Function of the Connection

J1-1 and 2 PA5 current monitored +28 volt supply

J1-3 and 4 PA4 current monitored +28 volt supply

J1-5 AGC voltage for PA1 through PA6

J1-6 and 7 PA3 current monitored +28 volt supply

J1-8 and 9 PA2 current monitored +28 volt supply

J1-10 and 11 PA1 current monitored +28 volt supply

J1-12, 13, and 25 Driver current monitored +28 volt supply

J1-14 and 15 PA6 current monitored +28 volt supply

J1-16 and 17 No connection

J1-18 -15V at metering board, no connection at combiner board

J1-19 and 20 No connection

J1-21 Temperature sensor signal to metering board

J1-22 Forward power monitor

J1-23 Reflected power monitor

J1-24 Preamp key signal
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6.7.3 Fan Power

The dc voltage used to operate the fans may be fused in three separate locations, depending
upon the type of power supply used. The three possibilities are listed below:

1. If the Glenayre 2835 switching power supply or direct 28 volt service is used, the fan
power is fused in the dc breaker/fuse panel.

2. If the dc to dc converter is used, the fan power is fused in the converter chassis. 

3. If the ferroresonant power supply is used, the 28-volt dc fan power is fused at the front
of the power supply.

6.7.4 Metering Board Fuses

Primary 28-volt dc operating power is received at terminal P1 on the metering board. The
negative side of the 28 volt supply is connected to ground at the rear of the PA module. The
+28 Vdc input provides power to eight fuses on the metering board. PA metering board
fuses are listed in Table 6-3; refer to Figure 6-7 for fuse locations.

Table 6-3  Power Amplifier Metering Board Fuses

Metering 
Board Fuse

Exciter VDT 
Label Explanation

F1 (20A) Driver Q1 and Q2 of the driver

F2 (20A) n/a Not used in GL-T8541

F3 (20A) PA 1 Q1 and Q2 of PA 1

F4 (20A) n/a Not used in GL-T8541

F5 (1A) n/a Metering board +28 volt supply

F6 (20A) PA2 Q1 and Q2 of PA 2

F7 (20A) n/a Not used in GL-T8541

F8 (20A) PA 3 Q1 and Q2 of PA 3
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6.7.5 Metering Board Regulators and Test Points

The metering board has voltage regulators which supply power to circuits on the metering
board. Refer to Table 6-4 for the metering board test points, voltages, and regulators; and
to Figure 6-7 for metering board component locations. Refer to Figure 6-10 and
Figure 6-11 for both pages of the metering board schematic.

Table 6-4  Metering Board Test Points

Test Point 
and Color Voltage Regulator Function (metering board unless specified otherwise)

TP1, black Ground None Ground reference point for test point measurement

TP2, white n/a Reflected power input sample voltage

TP3, blue +36 V D12, D13, D14, 
D15, and U8

Supply voltage for current sensing opamps

TP4, orange +5 V U18 Supply voltage 

TP5, yellow -15 V U19 and D29 PA board negative AGC voltage.

TP6, green +7.5 V D16 Supply voltage for metering board AGC forward power 
sensing circuits

TP7, red n/a Forward power input sample voltage

TP8, brown n/a PA AGC output sample

TP9, violet n/a AGC reference voltage from DSP exciter

TP10, grey n/a PA key input sample
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6.7.6 The Analog Signal Multiplexers

The metering board has two multiplexer chips (U15 and U16). These chips receive the
various PA signals that are to be monitored by the DSP exciter and displayed on its VDT
screen. The multiplexer select lines (SEL 1, SEL 2, and SEL 3) enter the metering board at
J6 pins 13, 6, and 14 respectively. The three lines are inverted in nand gates U12-D, U12-C,
and U12-A respectively. The inverted select lines enter U15 and U16 at pins 11, 10, and 9
respectively.

The switched output of U15, which is analog line D2, appears on J6 pin 9 of the PA/exciter
interface ribbon cable connector. The switched output of U16, which is analog line D1,
appears on J6 pin 1 of the PA/exciter interface ribbon cable connector. The input samples
connected to the two multiplexers appear in Table 6-5.

Table 6-5  Metering Board Multiplex Chip Inputs

Multiplexer 
Chip Input U15 Pin Input Signal U16 Pin Input Signal

0 13 +5 volt supply 13 Driver current

1 14 +7.5 volt supply 14 PA1 current

2 15 +28 volt supply 15 PA2 current

3 12 +34 volt supply 12 PA3 current

4 1 -15 volt supply 1 PA4 current

5 5 PA AGC voltage 5 Forward power

6 2 PA5 current 2 Reflected power

7 4 PA6 current 4 Temperature
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Figure 6-6  Metering Board Block Diagram
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Figure 6-7  Metering Board Fuses, Test Points, and Jumpers (2000.00601)
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6.7.7 PA Current Monitoring Circuit

The +28 volt supply to the driver and each power amplifier module passes through a current
monitoring circuit in the metering board. A fused +28 volt supply bus feeds the input side
of each current monitoring circuit and each amplifier board. See Table 6-3 for a listing of
metering board fuses.

Figure 6-8 shows a schematic diagram of a typical current monitoring circuit. Current
passes through R4, creating a voltage drop which is proportional to its current flow. The
voltage drop across R4 causes the output of U3-D to go negative, which causes Q1 to
conduct. U3-D sets the conduction of Q1 at a level that causes the voltage drop across R47
to equal the drop across R4. The same current flows through R28, Q1 drain, Q1 source, and
R47, therefore the voltage drop across R28 is proportional (50 times greater) than the
voltage drop across R47 or R4. The voltage drop across R28 is the output of the driver
current monitoring circuit, which is proportional to the driver amplifier board current. The
relationship to the amplifier current flow and the output of the current monitoring circuit is
given by the following formula:

Where: Eout = current monitor output voltage sample, and 

Iout = current being monitored.

Figure 6-8  Metering Board Simplified Current Monitoring Circuits

Eout IoutR4
R28
R47
---------- 

 =

+28 Vdc Input

R4
0.01

R47
100

R28
5000

+34V

Voltage Sample
Representing
RF Amplifier Current
(to Metering Board

+28 Vdc
Output to
Driver
Board Fuse

U3-D Q1
+

-

Multiplexing Circuit)

F1
Page: 6-16 Copyright © 1997 Glenayre



Glenayre Document Number: 9110.01002 GL-T8541 PA
09/10/99 THEORY OF OPERATION

t8
54

1p
6.

fd
k

pler.
output
ower

rence
GC

ce to
6.7.8 AGC Circuit

Refer to Figure 6-9 for a simplified circuit diagram of the metering board AGC circuit. The
heart of the AGC circuit is comparator U9-A. The output of comparator U9-A is a variable
error voltage (the AGC signal) that sets the RF output power of each PA board. The AGC
voltage has an approximate range of -13 Vdc to +6 Vdc. The AGC voltage is approximately
-13 Vdc when the transmitter is unkeyed, and is above 0 Vdc when the transmitter is keyed.
During normal operation, the AGC voltage should never approach the +6 Vdc limit.

The AGC reference signal is compared to the RF output sample signal in the U9-A compar-
ator to produce the AGC signal. The RF output sample signal is proportional to the
transmitter’s RF output power level, and is obtained from the forward directional cou
The AGC reference signal is generated in the DSP exciter to set the transmitter RF 
power level. The exact AGC reference signal level is established during the forward p
calibration. 

When the transmitter is unkeyed, Q12 conducts. This action grounds the AGC refe
signal, which sets the comparator’s AGC output voltage to -13 Vdc. The -13 Vdc A
drives all of the PA boards into cutoff.

When the transmitter is keyed, Q12 turns off, which allows a non-zero AGC referen
be applied to the AGC amplifier.

Figure 6-9  Metering Board Simplified AGC Circuit
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Figure 6-10  Metering Board Schematic, page 1 or 2 (2000.00601)
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Figure 6-11  Metering Board Schematic, page 2 of 2 (2000.00601)
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Figure 6-12  Driver Board Assembly, Top View (2000.00050)
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Figure 6-13  Driver Board Schematic (2000.00050)
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Figure 6-14  3 to 1 Splitter Assembly, Top View (2000.00145)
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Figure 6-15  3 to 1 Splitter Schematic (2000.00145)
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Figure 6-16  120 Watt PA Board Assembly, Top View (2000.00027)
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v0839.hgl

Figure 6-17  120 Watt PA Board Schematic (2000.00027)
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Figure 6-18  3 to 1 Combiner Assembly, Top View (2000.00106)
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v0847.hgl

Figure 6-19  3 to 1 Combiner Schematic (2000.00106)
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7 CHECKOUT AND MAINTENANCE 

7.1 General

Power is applied during many of these checkout and maintenance procedures. They should
be performed by a qualified technician. Some checkout procedures require a video display
terminal; those procedures are detailed in the VDT manual.

Note
Components on the pc boards require special tools and techniques for
replacement. Glenayre recommends that any defective pc board be returned
to the factory for exchange.

Caution
When you fasten any dc connectors, be certain that the plug is
centered directly on its corresponding jack and that the polarity
is correct. 

Do not change any dc or RF connections while power is applied
to the chassis.

7.1.1 Test Equipment and Tools Required 

A VDT or personal computer with VT100 emulation capabilities is required to obtain status
or fault readings or to perform programming and many of the calibration procedures for this
PA. A straight through DE-9 to DE-9 cable or an EIA-232 DE-9 to DB-25 adaptor cable is
needed to connect from the serial port of the computer or VDT to the female DE-9
connector on the front of the DSP exciter or the C2000 controller. 

Common hand tools are required for power supply assembly and disassembly. An
RFI-immune voltmeter is required to measure dc voltages. An in-line current meter is
necessary when current measurements are done.

A 50 ohm test load rated for at least 250 watts; an accurate RF wattmeter rated and scaled
to measure 250 watts in the 450 MHz band; and appropriate 50-ohm, RF coaxial cables are
useful to when testing the power amplifier and verifying its RF output calibration or
verifying the performance of the antenna or its RF feedline.

7.2 Maintenance For Cooling Fans

The fan accumulate dirt operating in any environment and should be cleaned as necessary.
Remove accumulated dirt from both sides of fan blades. Use vacuum cleaner or damp cloth.

Check the blades of the fan to insure free rotation. Replace the fans if it does not rotate
freely.
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7.3 Cleaning 

Remove all power from the transmitter before the cleaning operation is started. Power can
be turned on again after the cleaning operation is complete.

Check the air path for dirt and obstructions. Use a vacuum cleaner, a brush, and a damp
cloth (if necessary) to remove dust from the PA air path. PA air enters from the front of the
PA module, flows through the fins of the heat sync, and out of the back of the transmitter
chassis PA shelf through the fans.

Remove all dust and dirt from other areas of the PA module and transmitter chassis. When
cleaning printed circuit (PC) boards, use a vacuum cleaner and small brush to remove loose
dust and dirt. 

7.4 Mechanical Integrity

After about two years of service, the mechanical connections should be checked for proper
tightness. Also check cable and wiring insulation to be sure that no degradation has
occurred due to excessive heat or other anomalies. Replace or repair any suspect parts.

7.5 Input Voltage Check

To be sure that the power amplifier is not operating under adverse electrical conditions, or
to check the calibration or the voltage parameters screens displayed by the DSP exciter
VDT, use a voltmeter to check dc line level while the circuit is fully loaded. This can be
done at the connectors on the rear of the power supply or on the metering board. Dc voltage
should be in the range specified in section 2.

7.5.1 Metering Board Regulators

The metering board has four on-board regulators to supply the needed operating voltages.
The regulators supply the following voltages:

• +34 Vdc

• +7.5 Vdc

• +5 Vdc

• -15 Vdc

All supply voltages are shown on the DSP Exciter’s VDT display. These voltages can
be checked at test points on the metering board. Refer to Table 6-4 and Figure 6-7 for infor-
mation concerning the metering board on-board regulator voltage test points and
locations.

7.6 Operational Tests

Following any routine maintenance procedures, an operational check of the p
amplifier should be performed to insure that it is operating at the required power wi
parameters within their proper limits.
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7.6.1 PA Fan and Air Flow Check

Check that the fan is operating when power is applied. 

If the fan is not operating:

1. Check the fan fuse, which is located on the front panel of the ferroresonant power 
supply, or on the dc breaker panel, or on the dc to dc converter.

If the fan fuse is ok, proceed to step 2.

2. Check that the power supply or dc to dc converter is operating and dc voltage is avail-
able at the fan. 

If voltage is present at the fan, replace is.
If voltage is not present at the fan, check the wiring harness.

7.6.2 PA RF Output Test

Using the test setup in Figure 7-2, key the transmitter and verify that the power output of
the PA is correct. Make certain that the power indication of the external wattmeter agrees
with the power setting and power indication of the DSP exciter VDT.

If the DSP exciter VDT power setting and power outputs agree, and the external wattmeter
indication is different, a power calibration is needed.

If the external wattmeter and VDT power output indications agree, and both are less than
the exciter power setting, either the exciter or power amplifier is faulty. Using the VDT,
check for faults, and check the current levels for each PA board and the driver board.

1. If zero current is indicated for the driver or PA boards, check the fuses located on the 
metering board. Refer to Table 6-3, and Figure 7-1 to identify and locate the individual 
PA board fuses.

2. If the fuses are ok, and the zero current condition persists for the driver board, replace
the driver board.

A low driver current condition may be caused by a faulty Pre amp key signal.

3. If the fuses are ok and one or two of the PA boards (but not all three) still register zero
current, replace those PA boards.

4. If the fuses are ok, the driver current normal, and all three PA boards register zero cur-
rent, the AGC circuit in the metering board or exciter may be a faulty, or possibly all
three PA boards could be defective.

This is a partial list of possible power amplifier faults, see Section 7.10 for a more complete
list.
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Figure 7-1  Chassis Back View

7.6.3 Calibrating The RF Output of the PA

The setup shown Figure 7-2can be used to calibrate the RF output power level of the PA.
Follow the forward and reflected power calibration instructions in the DSP exciter VDT
menus user manual.

Figure 7-2  Power Amplifier RF Output Power Calibration Setup

VDT DSP
Exciter

Power
Amplifier

RF Wattmeter RF Test Load

Short length of low-loss
RF cable
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7.6.4 Testing the Antenna and its RF Feedline

The RF wattmeter and RF test load can be connected between the output of the isolator and
the antenna to determine the performance of the RF feedline and antenna. Refer to
Figure 7-3 for the test setup. This test is useful if the performance of the antenna system is
suspected, or the isolator or its reject load is becoming excessively hot or failing.

Note
The amplifier RF output power is rated at 250 watts at the PA output connec-
tion. The maximum RF power obtained at the output of the isolator will be
less than 250 watts. Refer to Table 7-1 for a list of isolators and their
maximum RF output power, with the power amplifier operating at 250 watts. 

Operate the transmitter at rated power and note the forward and reflected power level indi-
cations on the external wattmeter. Refer to the exciter VDT user manual for transmitter
operating instructions, and to Table 7-1 for the relationship to forward and reflected power
levels and the voltage standing wave ratio (VSWR) of the feedline and antenna. Refer to
the antenna and RF feedline specifications to determine the VSWR and power ratings of
the antenna system. The power amplifier specifies a maximum VSWR of 1.5 to 1, but most
antenna systems will operate at a much lower VSWR. If an isolator is used, the power
amplifier should see a much lower VSWR than that of the antenna system.

The relationship between VSWR, forward power (Fwd) and reflected (Ref) is:

Figure 7-3  Antenna System Test Setup

Table 7-1  Relationship of VSWR to Fwd and Ref Power

VSWR
Ref Power 
(Fwd = 230 W)

Ref Power 
(Fwd = 220 W)

Ref Power 
(Fwd = 210 W)

Ratio Fwd to 
Ref Power

1.2 to 1 1.9 watts 1.8 watts 1.7 watts 0.0083

1.5 to 1 9.2 watts 8.8 watts 8.4 watts 0.04

1.925 to 1 23 watts 22 watts 21 watts 0.10

2.0 to 1 26 watts 24 watts 23 watts 0.111

Ref
Fwd
-----------

VSWR 1–
VSWR 1+
------------------------- 

  2
=

VDT DSP
Exciter

Power
Amplifier

Isolator

RF Wattmeter

Antenna

Antenna
Feedline

Short length of low-loss
RF cable
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7.6.5 Checking Isolator Loss

This setup can also be used to determine the loss of the isolator, refer to Figure 7-4. The
RF output power of the PA Must be in calibration and set at 250 watts. This is the power
into the isolator. Table 7-2 lists the losses for a single, dual, and three section isolators, and
the power output based on 250 watts input. The loss of the isolator under test can be calcu-
lated using the formula below:

Where: LossdB = isolator loss in dB

Pin = power amplifier output power

Pout = isolator output power

Figure 7-4  Isolator loss Test Setup

Table 7-2  GL-T8541 PA Optional Isolator RF Power Output

Isolator Type Insertion Loss
Output Power 
(with 250 watts input)

Single section 0.35 dB 230 watts

Dual section 0.6 dB 220 watts

Triple section 0.85 dB 210 watts

LossdB 10
Pout

Pin
----------log=

VDT DSP
Exciter

Power
Amplifier

Isolator

RF Wattmeter RF Test
Load

Short length of low-loss
RF cable
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7.6.5.1 Checking Isolation of Isolator

Refer to Figure 7-5. This setup can be used to check the isolation of the isolator. The
isolator is connected backwards in this setup, so that all the power entering from the PA is
routed to the isolator output port and into the isolator reject load. The signal flowing from
the isolator input port, through the wattmeter, and to the test load is very small and is
proportional to the isolation of the isolator. For this test operate the transmitter in the cali-
bration mode and set the PA output power level to approximately 20 watts, refer to the
exciter VDT user manual for detailed transmitter calibration instructions. The isolation in
dB is calculated from the formula below:

Where: IsolationdB = isolation of the isolator in dB
PA = power amplifier output power
PB = test load input power

Figure 7-5  Test Setup to Measure Isolation of the Isolator

IsolationdB 10
PA

PB
------log=

VDT DSP
Exciter

Power
Amplifier

Isolator

RF Wattmeter RF Test
Load

Isolator
Input

RF Wattmeter

Port

Isolator
Output
Port

(PB)(PA)

Set power level
at 20 W using the
transmitter calibrate mode.
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7.7 Setting PA Module Bias and Idle Current

To insure correct performance of the GL-T8541 Transmitter, the bias must be set correctly
for each transistor on the driver and PA boards. The bias must be set after a transistor on a
board has been replaced, or an amplifier board has been replaced. 

Terminate the PA output in an RF test load capable of at least 250 watts (or the antenna)
before checking or setting the PA bias.

7.7.1 Checking Bias Settings

Using the exciter VDT readout, a quick check of the bias settings for the amplifier boards
can be performed as follows.

1. Unkey the transmitter and remove all power. 

2. Terminate the transmitter into a high power (at least 250 watt) RF test load. 

3. Disconnect the exciter RF output cable.

4. Apply power to the transmitter.

5. Driver board Q1 idle current flows when dc power is applied, but its value is usually
too small to cause a reading on the VDT. The driver current is 20 - 50 mA.

The idle current of driver board Q1 can be measured with a meter, this measurement 
procedure will be covered in the next section.

6. Enter the forward power calibrate mode and key the transmitter (key sequence 6>1).

7. The driver idle current should be 1.0 +/-0.5A.

8. The VDT current display for each PA board should show 2.0 +/-0.5A.

9. Unkey the transmitter and press the escape key or “m” to exit the calibration mo

10. Remove all power and reconfigure the transmitter for normal operation.

7.7.2 Checking Driver Q1 Bias Setting

Driver board current is usually too small to cause a reading on the VDT, but it ca
checked using the following procedure:

1. Unkey the transmitter and remove all power. 

2. Terminate the transmitter into a high power (at least 250 watt) RF test load. 

3. Disconnect the exciter RF output cable.

4. Remove PA module from transmitter and remove the outer and inner PA covers

5. Remove or relocate equipment as necessary to gain access to PA boards wh
module is installed. Exciter must remain connected to metering board and dc p
source. Reinstall PA module leaving RF input disconnected.

6. Check driver board Q1 idle current using the following sub-routine:

A. Remove JW1 from the driver board.

B. Connect a current meter between test points TP1 and TP2. 

C. Apply power to the transmitter, but do not key it.
Page: 7-8 Copyright © 1997 Glenayre



Glenayre Document Number: 9110.01002 GL-T8541 PA
09/10/99 CHECKOUT AND MAINTENANCE

t8
54

1p
7.

fd
k

de.

t is, if

st 250

mum

ile PA
ower
D. The Q1 idle current should read 20 +/-5 mA. Refer to left side of Figure 7-6.

E. Remove all power from the transmitter.

7. Remove the meter from the test points

8. Replace jumper JW1.

9. Reconfigure the transmitter for normal operation.

7.7.3 Setting PA Board RF Transistor Bias

Use the following procedure to set the PA board bias.

1. Remove power to the transmitter.

2. Disconnect the exciter RF output cable.

3. Remove PA module from transmitter and remove its outer and inner PA covers.

4. Preset the bias potentiometer (R7) on each of the PA boards for minimum gate to
ground resistance. Refer to right side of Figure 7-6.

Note: If the driver board bias is to be set at this time, preset the driver board bias po-
tentiometers (R6 for Q1 and R16 for Q2) for minimum gate to ground resistance.

5. Remove or relocate equipment as necessary to gain access to PA boards while PA
module is installed. Exciter must remain connected to metering board and dc power
source. Reinstall PA module leaving RF input disconnected.

6. Apply power to the transmitter.

7. Enter the forward power calibrate mode and key the transmitter (key sequence
m-5-6-1).

8. Observing the VDT display, adjust R7 on each PA board for an idle current of 2A.

9. Unkey the transmitter and press the escape key or “m” to exit the calibration mo

10. If the driver board bias is to be adjusted at this time leave the PA installed as i
not, proceed to step 11.

11. Remove all power and reconfigure the transmitter for normal operation.

7.7.4 Setting Driver Board RF Transistor Bias

1. Remove power to the transmitter.

2. Terminate the transmitter through an RF wattmeter and into a high power (at lea
watt) RF test load. The wattmeter must be capable of measuring 250 watts.

3. Disconnect the exciter RF output cable.

4. Remove PA module from transmitter and remove its outer and inner PA covers.

5. Preset the driver board bias potentiometers (R6 for Q1 and R16 for Q2) for mini
gate to ground resistance.

6. Remove or relocate equipment as necessary to gain access to PA boards wh
module is installed. Exciter must remain connected to metering board and dc p
source. Reinstall PA module leaving RF input disconnected.
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7. Adjust driver board Q1 bias using the following sub-routine:

A. Remove JW1 from the driver board.

B. Connect a current meter between test points TP1 and TP2.

C. Apply power to the transmitter, but do not key it.

D. Adjust R6 for a Q1 idle current of 20 +/- 5 mA as displayed on the meter. 
Refer to left side of Figure 7-6.

E. Remove power from the transmitter.

F. Remove the meter from the test points

G. Replace jumper JW1.

8. Adjust the Q2 bias using the following sub-routine:

A. The exciter RF output should be disconnected.

B. Apply power to the transmitter.

C. Enter the forward power calibrate mode and key the transmitter (key 
sequence m-5-6-1).

D. Adjust R16 for a Q2 idle current of 1.0 +/-0.2A on the VDT. Refer to left 
side of Figure 7-6.

E. Unkey the Transmitter and press the escape key to exit the calibration mode.

F. Remove power from the transmitter.

9. Remove all power and reconfigure the transmitter for normal operation.
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Figure 7-6  Driver Board (left) and PA BOARD (right) Layouts
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7.8 Resume Paging Operation

Maintenance procedures often require local control of the transmitter, obtained through the
exciter VDT. This causes normal paging operation to cease, and allows the operator to
control the transmitter and perform specific tests. Make sure the transmitter is taken off
local control before leaving the site.

7.9 Maintenance Log

A maintenance log of normal power amplifier readings should be maintained. These
readings are obtained form the DSP exciter VDT. They should be made for all the trans-
mitter’s normal operating channels, and if the power amplifier is operated at diffe
power levels, readings for each power level should be maintained.

The maintenance log should contain a record or maintenance procedures perform
should also contain a brief description of any troubles encountered, the trouble symp
any repairs performed, and any alignment procedures used.

7.10 Troubleshooting

General power amplifier problems can occur in four areas of the power amplifier sy
they are:

• the PA module

• the metering board

• the fan panel

• the dc, control or RF cabling.

The PA and exciter can be removed from the front of the transmitter chassis, aft
rear-panel cables and front-panel-fastening screws are removed. The PA mod
mounted on slides. The metering board is mounted on the outside of the rear pane
PA module. It is accessed by loosening the fan panel thumb screws and swinging t
panel open or by removing the top cover of the transmitter chassis. The chassis top
is held in place by four thumb screws. 

7.10.1 Troubleshooting Chart

Table 7-3 is a chart of symptoms and causes that should aid in the power amp
troubleshooting.
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TABLE XX is a chart of symptoms and causes that should aid in the power amplifier
troubleshooting.

Table 7-3  PA Module Faults

Symptom Problem Area Item to Replace

No RF output, driver current at (or slightly below) 
idle value, all PA currents at Idle value

Bad driver board Q1 Replace PA module

No RF output, low driver current, PA currents at idle 
value

Bad driver board Q2 Replace PA module

Low or no RF output, low current for one or all PA 
boards

Bad 1 to 3 splitter. Replace PA module

Driver current normal, high currents on other PAs, 
low current on this PA

Bad PA board transistor Replace PA module

Driver current normal, high currents on other PAs, 
zero current on this PA

Both PA transistors bad Replace PA module

Low RF output, normal driver current, high current 
on two of the PAs, low or high current on the 
affected PA, possible discoloration of one combiner 
board input

One input of 1 to 3 combiner 
bad

Replace PA module

Low RF output, normal driver current, low or high 
currents for all PAs, possible combiner board 
discoloration

Combiner board RF path 
problems

Replace PA module

RF output ok, all currents ok, excessive harmonic 
content in output. 

Combiner board low pass filter 
defective

Replace PA module

Transmitter faults, fault indications show: RF output 
power too high, PA board currents too high, AGC 
voltage too high

Bad forward directional coupler 
on combiner board, or bad AGC 
circuit on metering board

Replace PA module, if 
problem persists replace 
metering board

** DSP VDT display shows no reflected power, 
even if known mismatch present at PA RF output.

Bad reflected directional 
coupler on combiner board, or 
bad metering board reflected 
power amplifier (U5A)

Replace PA module, if 
problem persists replace 
metering board

1. No RF output power; VDT display shows: zero 
PA current, zero AGC, zero metering board supply 
voltages; and LED1 on metering board not lite.

Fuse F5 blown Replace F5

2. Symptom of problem 1 recurs Fuse F5 Blown again Replace metering board

3. Output power low or zero, zero current for one 
amplifier board

Blown fuse (F1, F3, F6, or F8) 
on metering board

Replace fuse

4. Refer to problem 3, above, same symptoms Same fuse blown again Replace the amplifier 
board the fuse supplies 
power to

5. Refer to problem 4, above, same symptom Same fuse blown again Replace metering board
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Low or zero RF output, driver board or one PA 
board with zero current

Open 
amplifier-board-current-sensing 
resistor on metering board

Replace metering board

Output power OK, low or zero VDT amplifier 
currents

Bad metering board 36 V 
regulator

Replace metering board

Transmitter faults, fault indications show AGC 
reading of -15 Vdc, zero PA currents, zero RF 
output power, driver current OK, temperature 
reading too low, 

Open metering board +7.5 volt 
regulator

Replace metering board

Transmitter faults, fault indications show zero RF 
output, zero amplifier currents

Open +5 volt metering board 
regulator

Replace metering board

Transmitter functions normally except that some PA 
board current always flows

Open -15 volt metering board 
regulator

Replace metering board

PA cooling fans always run at full speed when 
metering board jumper JP5 is in position A, even 
when PA temperature is low

Open +12 volt metering board 
regulator

Replace metering board

1. RF output normal, Driver current at idle value 
when transmitter is unkeyed
2. Transmitter faults, fault indications show: RF 
output zero, zero amplifier currents, low driver 
current

Bad keying circuit on metering 
board

Replace metering board

Transmitter faults off, fault indication shows low RF 
output indication on VDT display with amplifier 
currents near their normal value

Bad metering board forward 
power amplifier (U5B)

Replace metering board

Improper VDT display parameters for power 
amplifier.

Bad metering board multiplex 
chips U15, U16, U17A, or 
U17B

Replace metering board

Large error in VDT temperature indication Bad temperature circuit Replace metering board, 
if error persists replace 
combiner board.

Transmitter overheats, one or both cooling fans not 
operating with metering board jumper JP5 in 
positions A or B.

One or both cooling fans not 
operating, or blown fan fuse

Replace fan fuse or 
defective cooling fan(s)

Table 7-3  PA Module Faults

Symptom Problem Area Item to Replace
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7.11 Advanced Troubleshooting

Some additional tips will be useful in the event of a failure of one or more of the RF power
transistors in the GL-T8541 PA module. The most common failure mode for these FET
transistors is a low resistance path between the gate and source.

The RF power transistors are contained in the driver and final PA boards. Different trou-
bleshooting methods are required for the driver board and the PA boards.

A VDT or personal computer with VT100 emulation capabilities is required to obtain status
or fault readings or to perform programming and many of the calibration procedures for this
PA. A straight through DE-9 to DE-9 cable or an EIA-232 DE-9 to DB-25 adaptor cable is
needed to connect from the serial port of the computer or VDT to the female DE-9
connector on the front of the DSP exciter or the C2000 controller. 

7.11.1 Checking PA Module Supply Voltage

Each PA board and the driver board receives its own fused, current monitored +28 volt
supply from the metering board. The metering board receives its +28 volt supply from the
power supply. The VDT PA 28V indication monitors the metering board +28 volt input.

7.11.1.1 Open Transistor or Blown Fuse

The normal effect of a failed driver or PA board transistor is a lower than normal VDT
current. A blown metering board fuse results in zero current flow from its PA or driver
board.

At the transmitter site, the metering board fuses are easily checked by:

1. Remove power to the transmitter.

2. Swing the fan panel open

3. Individually remove and check the metering board fuses. Refer to Figure 7-1. The 
fuses for each board are listed below. 

4. Replace the open fuses and reconfigure transmitter to normal.

7.11.1.2 Measuring PA Module Voltages

The supply voltage to each board of the PA module can be measured if a blank panel of at
least 2 RU is situated immediately above the transmitter chassis. The following procedure
can be used to measure dc voltages within the PA module.

1. Remove power to the transmitter.

2. Remove the blank panel immediately above the PA module.

Driver F1

PA 1 F3

PA 2 F6

PA 3 F8
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3. Remove the PA module and remove the outer and inner PA covers.

4. Reinsert the PA module into the transmitter chassis.

5. Check for the presence of +28 volts at the drains of transistors Q1 and Q2, of the 
driver and each PA board. Refer to Figure 7-9 and Figure 7-12.

6. Remove power and reconfigure the transmitter normally.

7.11.2 Driver Board Troubleshooting

Troubleshooting the driver board can be difficult for the GL-T8541 PA because the idle
currents for driver transistors Q1 and Q2 are extremely low. Driver troubleshooting
requires four steps, which are:

• check all dc voltages

• check the exciter RF output

• check the output of driver board Q1.

• check the output of the driver board.

7.11.2.1 Checking the Exciter Output

Low RF output from the exciter VCO/RF amplifier or a failed cable between the ex
and PA module can cause a low RF output fault on the VDT. If either of these cond
are suspected, the exciter RF output can be checked using the following procedure.

1. Remove power from the transmitter.

2. Open fan panel door or remove transmitter chassis top cover.

3. Remove the cable from the exciter RF output connector.

4. Connect a 50-ohm BNC RF cable to the exciter RF connector, refer to Figure 7-1.

5. Connect the other end of the cable through a wattmeter and to a 50-ohm test loa
refer to Figure 7-7.

6. Reconnect power to the transmitter.

7. Press 5 on the VDT keyboard to enter local control.

8. Key the exciter using VDT main menu sequence 9-1-1.

9. The exciter output should be 25 ± 2 dBm ( 0.2 and 0.5 watts).

10. Unkey the transmitter, remove power, and reconfigure the transmitter normally.

Figure 7-7  Exciter Output Test Setup
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7.11.2.2 Checking Driver Board Q1

1. Remove power from transmitter.

2. Remove metering board fuses F3, F6, and F8 (to remove +28 V from PAs 1, 2, and 3 
respectively). Refer to Figure 7-1.

3. Remove the PA module from the transmitter chassis.

4. Remove the outer and inner PA covers.

5. Refer to Figure 7-9. Remove the RF jumper (to open the RF path between Q1 and 
Q2).

6. Remove L6 (to disconnect +28 volts from drain of Q2).

7. Solder coax cable shield to ground pad and center conductor to Q1 RF output pad, as 
shown in Figure 7-9.

8. Reinsert the PA module into the transmitter chassis.

9. Connect the other end of the coax cable through a wattmeter and to a 50-ohm test 
load, refer to Figure 7-8.

10. Reconnect power to transmitter.

11. Key the exciter using VDT main menu sequence 9-1-1.

12. The output of Q1 should be between 1.5 and 2.5 watts, depending on the RF output of 
the exciter and the R6 bias setting for Q1.

13. Unkey transmitter, remove power from transmitter, replace metering board fuses 
removed in step 2, and reassemble the driver board and PA module.

Figure 7-8  Driver Board Q1 Test Setup Block Diagram
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Figure 7-9  Driver Board Q1 Test Setup
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7.11.2.3 Driver Board Output Test

1. Remove power from transmitter.

2. Remove metering board fuses F3, F6, and F8 (to remove +28 V from PAs 1, 2, and 3 
respectively). Refer to Figure 7-1.

3. Remove the PA module from the transmitter chassis.

4. Remove the outer and inner PA covers.

5. Remove driver to splitter board jumper.

6. Solder coax cable shield to ground pad and center conductor to driver board output 
pad, as shown in Figure 7-11.

7. Reinsert the PA module into the transmitter chassis.

8. Connect the other end of the coax cable through a wattmeter and to a 50-ohm test 
load, refer to Figure 7-10.

9. Reconnect power to transmitter.

10. Go to the calibrate menu and key transmitter using the key sequence 6-1 from the 
main menu.

11. The output of driver board should be 40 watts maximum with 1.5 watts into Q2, 
depending on the R16 bias setting for Q2. 

For the GL-T8541 PA, Q2 is biased for approximately 20 watts output.

12. Unkey transmitter, remove power from transmitter, replace metering board fuses 
removed in step 2, and reassemble the driver board and PA module.

Figure 7-10  Driver Board Output Test Setup Block Diagram
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Figure 7-11  Driver Board RF Output Test Setup
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7.11.3 PA Board Troubleshooting

When an RF transistor in any stage of the PA fails, its drain current will often be very low
or zero, depending on how many cells in the transistor fail. Since the gate to ground
(source) resistance decreases substantially, the keyed bias voltage to the gate of the tran-
sistor will be loaded down. This will reduce the conduction of any good cells of the
transistor, and will also cause the unkeyed PA AGC voltage to decrease.

If one or two PA boards fail, the output power and supply current to the defective PA
board(s) will usually decrease, and the current flow to the good PA board(s) will increase.
Another sign of one or more bad PA board transistors is that the VDT unkeyed AGC
voltage will be higher than normal. Even a small increase in the unkeyed AGC voltage (for
example, from -13V to -12V) can indicate a failed PA transistor.

7.11.3.1 Finding Bad PA board

An effective way to find a bad PA board in a PA module with at least one good PA board
is to:

1. Remove power to the transmitter

2. Remove the PA module

3. Remove the outer and inner PA module covers.

4. With the PA boards still connected and in the PA module, measure the resistance 
from each PA transistor gate pad to ground, refer to Figure 7-12. The bad board will 
have a substantially lower resistance than the good boards, and on the bad board, the 
gate resistance of the bad transistor will be lower than the resistance of the good tran-
sistor.

5. Remove the bad transistor on the PA board and measure each gate to ground resis-
tance again. They should be the same. If they are different, the lower reading will 
come from the other transistor, indicating that it is also bad.

For the purpose of measurement, removing a transistor is like inserting a “perfec
transistor in its place, since the gate-source (ground) dc resistance of a FET is id
infinite.
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Figure 7-12  120 Watt PA Board Showing RF Transistor Gate and Drain Pads
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8 REMOVAL AND REINSTALLATION 

Caution
Many fasteners are located near coils or other parts which
are subject to damage or change in electrical characteristics
due to mechanical stress. Be careful not to move or stress
components while you are performing any of the following
procedures.

Caution
When you fasten any dc connectors, be certain that the plug
is centered directly on its corresponding jack and that the
polarity is correct. Do not make dc connections while power
is applied to the chassis.

Caution
Remove all power from the transmitter before removing or
inserting PA module, or removing or installing the metering
board from the power amplifier system. Also, remove all dc
power from the PA module before removing PA cover or PA
inner PCB cover

Note
Components on the pc boards require special tools and
techniques for replacement. Glenayre recommends that any
defective pc board be returned to the factory for exchange.

8.1 Fan Removal

Refer to Figure 8-1, for information on how to remove individual fans from the fan panel.

8.2 Transmitter Chassis Removal

To remove the transmitter chassis from the equipment rack:

1. Deenergize the transmitter power source and disconnect the large red and black power
leads from the metering board, 

2. Disconnect the signal and RF cables from the metering board and the rear panel of the
transmitter chassis. 

3. Remove the exciter from its shelf of the transmitter chassis. 

4. Remove the PA module form its shelf of the transmitter chassis.

5. Support the chassis while loosening the front mounting screws.

6. The transmitter chassis may now be removed form the equipment rack. This procedure
is complete.
Copyright © 1997 Glenayre Page: 8-1



GL-T8541 PA Glenayre Document Number: 9110.01002
REMOVAL AND REINSTALLATION 09/10/99
8.3 Top Cover Removal

1. Remove all power from the transmitter.

2. Loosen the four screws on the front panel of the PA module and slide the PA module 
out of the transmitter chassis.

3. Refer to Figure 8-2, for information concerning top cover removal and replacement.

8.4 Driver Board

8.4.1 Removal

Heed all cautions at the beginning of this section. Refer to Figure 8-3, for details.

1. Remove the PA cover and the inner PA PCB cover.

2. Unsolder and remove the +28V and AGC straps that connect the driver board to the
combiner board.

3. Unsolder and remove the ground, and RF output straps that connect the driver board
RF output to the splitter board RF input.

4. Unsolder and remove the center conductor and shield of the RF input cable from the
driver board.

5. Note locations of screws and hardware for later reinstallation. Remove screws and
store for later use. 

6. The driver board can now be lifted off of the PA module heat sink. This procedure is
complete.

8.4.2 Reinstallation

1. Make certain that there is no grit or other foreign matter in the contact area between
transistor and heat sink. Apply heat sink compound lightly to chassis contact area and
bottom surface of transistor, if necessary.

2. Place board so that all of the threaded holes in the PA module heat sink line up with
the screw holes in the driver board.

3. Reinstall screws removed during removal process. Do not tighten yet.

4. Once all screws are installed, tighten all screws, starting with screws holding transistor.

5. Resolder the copper straps that connect the Driver module +28V and AGC to the com-
biner board.

6. Resolder the copper straps that connect the driver board RF output and ground to the
splitter board RF input.

7. Resolder the center conductor and shield of the RF input cable to the appropriate pads
on the driver board.

8. Replace the PA cover and the inner PA PCB cover. This procedure is complete.
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8.5 Splitter Board

8.5.1 Removal

Heed all cautions at the beginning of this section. Refer to Figure 8-4, for details.

1. Remove the PA cover and the inner PA PCB cover.

2. Unsolder and remove the RF input and ground straps that connect the driver board to
the splitter board.

3. Unsolder and remove the RF output and ground straps that connect the three splitter
board outputs to the input of each of the three 120 watt PA boards.

4. Note locations of screws and hardware for later reinstallation. Remove screws and
store for later use. 

5. The splitter board can now be lifted off of the PA module heat sink. This procedure is
complete.

8.5.2 Reinstallation

1. Make certain that there is no grit or other foreign matter in the contact area between
power resistors R1 and R2 and the heat sink. Apply heat sink compound lightly to
chassis contact area and bottom surface of the two power resistors, if necessary.

2. Place board so that all of the threaded holes in the PA module heat sink line up with
the screw holes in the splitter board.

3. Reinstall screws removed during removal process. Do not tighten yet.

4. Once all screws are installed, tighten all screws, starting with screws holding power
resistors.

5. Resolder the copper straps that connect the Driver module RF output and ground to the
splitter board RF input and ground.

6. Resolder the RF output and ground straps that connect the three splitter board RF
outputs to the input of each of the three 120 watt PA boards. 

7. Replace the PA cover and the inner PA PCB cover. This procedure is complete.
Copyright © 1997 Glenayre Page: 8-3



GL-T8541 PA Glenayre Document Number: 9110.01002
REMOVAL AND REINSTALLATION 09/10/99
8.6 PA Board 

8.6.1 Removal

Heed all cautions at the beginning of this section. Refer to Figure 8-5, for details.

1. Remove the PA cover and the inner PA PCB cover.

2. Unsolder and remove the RF input and ground straps that connect the splitter board to
the power amplifier board to be removed.

3. Unsolder and remove the RF output, ground, +28V, and AGC straps that connect the
power amplifier board to the combiner board.

4. Note locations of screws and hardware for later reinstallation. Remove screws and
store for later use. 

5. The power amplifier board can now be lifted off of the PA module heat sink. This pro-
cedure is complete.

8.6.2 Reinstallation

1. Make certain that there is no grit or other foreign matter in the contact area between
transistors and heat sink. Apply heat sink compound lightly to chassis contact area and
bottom surface of transistors, if necessary.

2. Place replacement board in same orientation as old board.

3. Reinstall screws removed during removal process. Do not tighten yet.

4. Once all screws are installed, tighten all screws, starting with screws holding
transistors.

5. Resolder the RF input and ground straps that connect the splitter board to the power
amplifier board.

6. Resolder the RF output, ground, +28V, and AGC straps that connect the power ampli-
fier board to the combiner board.

7. Replace the PA cover and the inner PA PCB cover. This procedure is complete.
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8.7 Combiner Board

8.7.1 Removal

Heed all cautions at the beginning of this section. Refer to Figure 8-6, for details.

1. Remove the PA cover and the inner PA PCB cover.

2. Unsolder and remove the three sets of RF input, ground, +28V, and AGC straps that
connect the three power amplifier boards to the combiner board.

3. Remove the screws that hold the low-pass filter/directional coupler shield to the com-
biner board.

4. Lift the low-pass filter/directional coupler shield off of the combiner board.

5. Remove the four screws that secure the RF output connector to the rear wall of the PA
module, and remove the connector bracket from the other side of the connector.

6. Unsolder the center conductor of the RF output connector from the combiner board and
remove the connector.

7. Remove the two screws that fasten the combiner board D-sub 25 connector to the rear
wall of the PA module.

8. Note locations of screws and hardware for later reinstallation. Remove remaining com-
biner board screws and store for later use. 

9. The combiner board can now be lifted off of the PA module heat sink. This procedure
is complete.

8.7.2 Reinstallation

1. Make certain that there is no grit or other foreign matter in the contact area between
R1 (the three-section, 50-ohm combiner reject load resistor) and heat sink. Apply heat
sink compound lightly to chassis contact area and bottom surface of the resistor.

2. Place board so that D-sub 25 connector fits correctly into rear of chassis. Fasten con-
nector lightly (finger tight) with hardware.

3. Reinstall screws removed during step 8 of removal process. Do not tighten yet.

4. Reinstall the low-pass filter/directional coupler shield to the combiner board. Do not
tighten yet.

5. Once all screws are installed, tighten all screws, starting with screws holding R1 (the
three-section, 50-ohm combiner reject load resistor). Tighten the D-sub 25 connection
last.

6. Reinstall the N-type RF output connector to the rear wall of the PA module and
securely tighten the four mounting screws.

7. Solder the center conductor of the RF output connector to the appropriate pad on the
combiner board.

8. Slide PA compartment into transmitter chassis to make certain that the D-sub 25 and
the RF Output connectors are correctly aligned for automatic connection to their cor-
responding blend-mate connectors.

9. Replace the PA cover and the inner PA PCB cover. This procedure is complete.
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8.8 Metering Board

8.8.1 Removal

Heed all cautions at the beginning of this section. Refer to Figure 8-7 for details.

1. Remove all power from transmitter. Make certain no dc power is applied to the meter-
ing board.

2. Remove the PA module from the transmitter chassis PA shelf.

3. Unloosen the two captive fan panel door thumb screws and swing the fan panel door
open.

4. Remove the PA/exciter interface D-sub 15 connector from J6 on the metering board.
Refer to Figure 7-1 for a rear view of the installed metering board.

5. Remove the large, red, +28 Vdc supply cable from metering board terminal P1.

6. Remove the two screws that secure the metering board D-sub 25, blind-mate connector
to the transmitter chassis PA shelf rear wall.

7. Remove remaining mounting screws. Gently disengage the metering board from the
25-pin D-sub connector.

8.8.2 Reinstallation

1. Reinstallation of the metering board is in the reverse order of removal.
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Figure 8-1  Fan Panel Assembly (exploded)
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Figure 8-2  Top Cover Details
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Figure 8-3  Driver Board Mounting Diagram
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Figure 8-4  3 to 1 Splitter Board Mounting Diagram
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Figure 8-5  PA Board Mounting Diagram
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Figure 8-6  3 to 1 Combiner Board Mounting Diagram
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Figure 8-7  Metering Board Mounting Diagram
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