
@ MOTOROLA
(
\

MAINTENANCE

1. INTRODUCTION

This section provides maintenance, calibration, and
troubleshooting inst{uctions.

2. RECOMMENDEDTEST EQUIPMENT

10 dB/1 W Attenuator
1

Bird 8302-100

* may be used as Dummy Load

NOTES
1. It is possible to perform the adjust-

ments with the Motorola R2200 or
R2600HS communications system
analyzer. For accurate frequency cal-
ibration, a reference source of at
least :1:0.05PPM is recommended.

2. Equivalent test equipment may be
used.

(

3. When servicing a MICOM.XL radio,
you must be equipped with the pro-
gramming module FLN6304 (option
S86), so as to be able to program the
radio to all frequencies used in the
tests.

3. PREVENTIVEMAINTENANCE

3.1 VISUAL INSPECTION

Check that all external surfaces of the equipment are
free of dirt. Inspect all connecting cables for damage
or loose connections.

If the equipment is dirty, wash the external surfaces
with mild soap and water using a clean cloth. Be care-
ful! Never allow electronic components or connectors
to get wet.

3.2 PERFORMANCE TESTS

At initial installation and yearly thereafter, perform the
power output, half-power output, 'tune' power output
transmitter tests and the 10 dB SINAD and half-power
sensitivity receiver tests. The tests should be performed
on several channels covering the 1.6-30 MHz frequency
range unless otherwise specified. It is recommended to
check at 1.6 MHz and at the end of each range of the
harmonic filter (refer to paragraph 3.5 in the Theory of
Operation section of this manual). The readings of each
test should be recorded and compared with previous
readings to detect any possible deterioration.

The radio's frequency should be checked and cali-
brated after the first, third, sixth, and twelfth months, and
yearly, thereafter. If the crystal is replaced, the above
schedule should be repeated for the first year.

The frequency accuracy of the radio depends only on
the frequency accuracy of the 9.105 MHz reference
oscillator, located on the A board (see Figure 2 in the
Description section of this manual). The oscillator has
a normal aging of maximum 1PPM/year. It is therefore
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Audio Generator HP 204C
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Audio Analyzer HP 8903B
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Figure 1. Transmitter Test Setup

necessary to periodically check the frequency accuracy
(once every three months is recommended) and to cor-
rect it if needed.

tor. Adjust the oscillator to 1000 Hz and set its output
level to minimum.

Frequency measurement and calibration should be per-
formed according to the instructions given in paragraph 4.

Step 3. Set the radio frequency to 29.900 MHz; select
SSE. If applicable, select USB.

3.2.1 Transmitter Test
(See Figure 1)

Step 4. The transmitter will be keyed by shorting either
pin 2 (PTT) to pin 3 on the microphone connector or
pin 1 (PTT) to pin 4 (Ground) on the accessory connec-
tor on the rear panel.

For all transmitter tests perform the following steps,
unless otherwise specified:

3.2.1.1 Half-Power Sensitivity
Step 1. Connect a power meter to the antenna connec-
tor (1-105) as shown in Figure 1. This test should be performed at initial installation and

yearly thereafter.
Step 2. Connect an audio generator between pin 1 (Mic
high) and pin 3 (Mic low) on the microphone connec- Step 1. Key the transmitter.
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Step 2. Gradually increase the audio oscillator output
level until the wattmeter indicates 62.5 W (half of the
rated power output). The audio oscillator output level
should be between 20 mY and 70 mY; this level is the
half-power sensitivity of the transmitter.

Step 3. De-key the transmitter.

3.2.1.2 Power Output

This test should be performed at initial installation and
yearly thereafter.

Step 1. Key the transmitter.

Step 2. Increase the audio oscillator output level to
150 mY RMS. The wattmeter should indicate
125:!: 15 W.

Step 3. De-key the transmitter.

3.2.1.3 Power Output Data Operation

This test should be performed at initial installation and
yearly thereafter.

Step 1. Connect the audio oscillator between pin 9 (TX
Audio) and pin 12 (GND) on the auxiliary connector
located on the underside of the radio housing.

Step 2. Key the transmitter by shorting pin 4 (Data
PTT) and pin 7 (GND) on the auxiliary connector.

Step 3. Increase the audio oscillator output level to
150 mY RMS. The wattmeter should indicate
125 :!: lOW.

3.2.1.4 Power Output CW Operation

This test should be performed at initial installation and
yearly thereafter.

Step 1. Disconnect the audio oscillator.

Step 2. Connect the telegraph key to the CW jack, and
key the transmitter by closing the key. The wattmeter
should indicate 125 :!: lOW.

3.2.1.5 Tune Power Output

Step 1. Disconnect the audio oscillator from the micro-
phone connector.

Step 2. Key the transmitter by inserting the Tune plug
(part of FLN 6335) into the 6-pin accessory con.nector
no on the radio rear panel (the Tune plug grounds pin
3 of no, the ANTENNA-TUNE line). The wattmeter
should indicate 3.5 :!:1 W.

Step 3. Remove the tune plug to de-key the transmitter.
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3.2.1.6 Power Amplifier Disable

Step 1. Set the audio oscillator output level to 150 mY,
and key the transmitter.

Step 2. Connect to ground either pin 14 of antenna
tuner connector Ill, or pin 2 of accessory connector
JI o. The RF power output must drop to less than I W
and remain at that level until the ground connection is
removed.

Step 3. De-key the transmitter.

3.2.1.7 YSWR Protection

The YSWR protection test can be performed only with
a serial power meter.

Step 1. Disconnect the 50 12load from the wattmeter,
and set the audio oscillator output level to 150 mY.

Step 2. Key the transmitter. The wattmeter should
indicate less than 25 W.

Step 3. De-key the transmitter, reconnect the 50 12
load, and key the transmitter again. The wattmeter
should indicate 125 :!:15 W.

Step 4. De-key the transmitter.

3.2.1.8 Frequency Test

The following steps should be performed if your RF
counter is more accurate than your RF signal generator.
Otherwise refer to paragraph 3.2.2.2. Make sure that
the radio has been operated for at least 30 minutes
before performing this test.

Step 1. Connect a frequency counter via an appropriate
attenuator (at least 30 dB) to the antenna connector
JI05. The total accuracy of the counter should be:!: 1
Hz. Disconnect the audio oscillator.

Step 2. Key the transmitter by inserting the tune plug
into the 6-pin accessory connector JIO on the radio rear
panel.

Step 3. Read the frequency on the frequency counter.
If it differs by more than:!: 5 Hz from the radio fre-
quency (29.900 MHz), refer to paragraph 4.13 and ad-
just the 9.105 MHz reference oscillator.

Step 4. Remove the tune plug to de-key the transmitter.

3.2.2 Receiver Test
(See Figure 2).

The receiver tests should be performed on any of the
customer channels.
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3.2.2.1 Receiver Test Setup

Step 1. Ground the PA disable switch (either pin 14 of
the antenna tuner connector J 11, or pin 2 of the acces-
sory connector JIO) to prevent accidental transmission
into the RF signal generator. Make sure that the PA is
always disabled during all receiver tests.

Step 2. Connect a RF signal generator to antenna con-
nector JI05.

Step 3. Connect a 2 0/5-to-l0 W load to the external
speaker jack and connect an audio analyzer (HP 8903B
or equivalent) across it.

Step 4. Turn on the ON-Volume-Control. Turn off the
clarifier (CCW), the squelch (SQ Indicator OFF), the
Noise Blanker (NB Indicator OFF), and the Dimmer
(CCW).

Step 5. Allow five minutes for the radio to stabilize.

3.2.2.2 Frequency Test

The following steps should be performed if your RF
generator is more accurate than your RF signal
counter. Otherwise refer to paragraph 3.2.1.8.

Step 1. Set the RF signal generator output level to
-47 dBm (l mY) at the highest possible frequency plus
1 kHz (USB) or minus 1 kHz (LSB).

Step 2. Make sure that the clarifier control is OFF.

Step 3. Verify that the indication on the frequency
counter is 1000 ~F, where LlF is the radio frequency
divided by 5,000,000. If the measured audio frequency
is out of the desired range, refer to paragraph 4.13 and
adjust the 9.105 MHz reference frequency.

3.2.2.3 10 dB SIN AD Sensitivity

Step 1. Set the RF signal generator output level to
-107 dBm (1 f.1V).Set its frequency to the received

frequen.cy of the selected channel plus 1 kHz (USB) or
minus 1 kHz (LSB).

Step 2. Reduce the RF signal generator output level
until a 10 dB SINAD is obtained.

Step 3. The RF signal generator output level must be
~-1l3 dBm (0.5 f.1V).

3.2.2.4 Half-Power Sensitivity

Step 1. Set the RF signal generator frequency to the
received frequency of the selected channel plus 1 kHz
(USB) or minus 1 kHz (LSB). Adjust its output level
until the AC voltmeter shows 2.24 VAC (half output
power =2.5 W =2.24 V RMS across 2 0).

Step 2. The RF signal generator output level must be
~ -107 dBm (If.1V).

3.2.2.5 Clarifier Range

Step 1. The clarifier should be tested at the highest
possible receive frequency.

Step 2. Set the RF signal generator output level to
-47 dBm (l mV) at the frequency that the radio is tuned
to plus 1 kHz for USB reception or minus 1 kHz for
LSB reception.

Step 3. Close the clarifier knob (maximum CCW).

Step 4. Read the audio frequency at the audio output.

Step 5. Vary the clarifier control over its entire range
and verify that the change in frequency of the recov-
ered audio is :t 200 Hz :t1O%.

3.2.2.6 Audio Output Power Distortion &
Current Drain During Reception

Step 1. Set the RF signal generator output level to
-47 dBm (1 mY). Set its frequency to the received

frequency of the selecte~channel plus 1 kHz (USB) orminus 1 kHz (LSB). .

RF
GENERATOR

AUDIO
ANALYZER

2 Ohm
5-10W

Figure 2. Receiver Test Setup
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Step 2. Adjust the volume control until the AC voltme-
ter reads 3.16 VAC (rated power output =5.0 W; 3.16 V
RMS across 2 .0).

Step 3. Maximum distortion (@ 1 kHz) is 5%. Maxi-
mum current drain is 2 A.

3.2.2.7 Audio Frequency Response

Step 1. Set the RF signal generator output level to
-100 dBm.

Step 2. Set the RF signal generator output to the receive
frequency of the selected channel, plus 1.5 kHz (USB),
at a level of -100 dBm.

Step 3. Adjust the RF signal generator output fre-
quency so that the frequency of the recovered audio is
1.5 kHz :t 10%.

Step 4. Adjust the volume control until the AC voltme-
ter reads 1 V RMS.

Step 5. Vary the RF signal generator output frequency
so that the frequency of the recovered audio is between
350 Hz :t 10 Hz and 2700 Hz :t 10Hz.

Step 6. The AC voltmeter must read at least 0.5 V RMS
(no more than 6 dB attenuation) at these frequencies.

3.2.2.8 Squelch Response

Step 1. Set the RF signal generator output level to
-107 dBm (1 I!V). Set its frequency to the received
frequency of the selected channel plus 1 kHz (USB) or
minus I kHz (LSB).

Step 2. Reduce the RF signal generator output level
until a 10 dB SINAD radio is obtained.

I
\
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Step 3. Press the squelch key to turn on the squelch.
Observe the delay in squelch activation. This delay
should be a maximum of 2 seconds.

Step 4. Set the RF signal generator output to the re-
ceive frequency of the tested channel, plus 1.5 kHz
(USB) at a level of -67 dBm (100 I!V).

Step 5. Frequency modulate the RF signal generator with
a 2 Hz :t1O% sinusoidal signal so that the peak deviation
of the RF signal is 500 Hz. The squelch must open and
remain open while the 2 Hz modulation is applied.

Step 6. Remove the frequency modulated signal.

Step 7. Turn off the SQ switch. The SQ indicator will
turn off.

3.2.2.9 RGC Dynamic Range

Step 1. Set the RF signal generator output level to
+13 dBm (1 V).

Step 2. Adjust the volume control on the radio under
test until the AC voltmeter reads I V RMS.

Step 3. Reset the RF signal generator output level to
-87 dBm (10 I!V).

Step 4. The audio output signal must decrease no more
than 2 dB from the 1 V RMS reference level.

Step 5. Reset the RF signal generator output level to
-83.5 dBm (15 I!V).

Step 6. Adjust the volume control of the radio under
test until the AC voltmeter reads I V RMS.

Step 7. Reduce the RF signal generator output level
until the audio output signal drops 2 dB below the I V
RMS reference level. This RF level is the ROC thresh-
old and must be less than 10 I!v.
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4. ADJUSTMENTANDCALffiRATION
(See Figure 3)

4.1 INITIAL INTERNAL CONTROL
SETTINGS

a. TGC - R38 (A board) Fully CCW.

b. AME - R16 (A board) Fully CCW.

c. Carrier - Balance R87 (A board) Centered.

d. IF Coil - L21 (A board) Flush with top.

e. Drivers - bias: R58 (PA board) Fully cwo

f. Final - bias: R57 (PA board) Fully CWO

g. ALC - R55 (PA board) Fully CWo

4.2 REFERENCE OSCILLATOR -
9.105 MHz INITIAL ADJUSTMENT

NOTE
This adjustment should be performed
after at least 15 minutes of continuous
operation of the radio.

4.2.1 Using RF Counter

Perform the following steps if your RF counter is more
accurate than your RF generator. Otherwise refer to
paragraph 4.2.2.

Step 1. Disconnect the coaxial cable from no on the
S board (9.105 MHz reference signal) and connect it to
a high input impedance frequency counter.

Step 2. Remove the plastic cap covering the tuning
hole in the oven insulating cover and adjust the piston
trimmer capacitor CI15 (see Figure 3) to obtain a reading
of 9.105 MHz:f: 2 Hz on the frequency counter.

Step 3. Disconnect the frequency counter and replace the
plastic cover on the oven insulating cover. Connect the
coaxial cable again to no on the S board.

4.2.2 Using RF Generator

Perform the following steps if your RF generator is
more accurate than your RF counter. Otherwise refer to
paragraph 4.2.1.

Step 1. Disconnect the coaxial cable from J-7 on the S
board and connect it to the RF signal generator. Adjust
the signal generator frequency to 11.401 MHz (USB
operation) and its output level to -50 dBm.

6

Step 2. Connect a 2 .Q/5-to-l 0 W load to the external
speaker jack and connect an audio frequency counter (HP
8903B or equivalent) across it.

Step 3. Remove the plastic cap covering the tuning
hole in the oven insulating cover and adjust the piston
trimmer capacitor C 115 (see Figure 3) to obtain a
reading of 1000Hz :f:I Hz on the frequency counter.

Step 4. Disconnect the frequency counter and the RF
signal generator. Replace the plastic cover on the oven
insulating cover. Reconnect the coaxial cable to J-7 on
the S board.

4.3 SECOND INJECTION PLL ADJUSTMENT

Step 1. Program the radio to the 2.505 MHz frequency.
Connect a high impedance frequency counter via a probe
to pin 9 ofU22 on the S board. The measured frequency
should be 3.375 MHz.If this frequency is not obtained,
press the [ENTER] button (IF shift) until the required
frequency is obtained. Then, verify that the voltage at
TP2 is in the range of 3.5 to 4.75 V.

Step 2. Without any change in the radio's mode of
operation, adjust coil S34 (see Figure 3) to obtain
4 :f:0.1 V on the positive pole of C255.

4.4 IF - TRANSMIT

Step 1. Set the RF signal generator to 11.4 MHi and
-10 dBm level and connect it to J7 phono connector on
the 8 board.

Step 2. Connect a spectrum analyzer to J8 phono con-
nector on the S board. Program the radio to 2.505 MHz
USB and set it to transmit mode. The frequency mea-
sured on pin 9 of U22 should be 3.375 MHz. If not,
press the [ENTER] button (IF shift) until this fre-
quency is obtained.

Step 3. Tune coils S 16-S 17 (see Figure 3) to maximum
output at J8. Then, vary the RF signal generator
:f: 10kHz around the center frequency and return
slightly 816-817 to obtain maximum ripple of 1.5 dB
within the :f: 10 kHz range. The output level in the
center should be -18 to +3 dBm.

Step 4. Program the radio to 28.125 MHz. The ripple
and the output level should be as in the previous step,
without any further tuning.

4.5 PA BIAS ADJUSTMENT

Step 1. Ensure that the PA heatsink temperature is
25'C :f:5'C and that no audio input is present. Key the
transmitter on any channel.
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Step 2. Measure the base voltage of either of the final
amplifier transistors Q18 or Q19. Adjust OUTPUT BIAS
control R57 to obtain a base voltage of 0.63 :!:0.01 V.

Step 3. Note the current consumption of the radio.
Adjust DRIVER BIAS control R58 so as to add 1 A to
this reading.

4.6 TGC ADJUSTMENT

Step 1. Program the radio operating frequency to
1.6 MHz in SSB mode.

Step 2. Inject a 1 kHz, 300 mV RMS signal at the MIC
input.

Step 3. Set the radio to transmit mode.

Step 4. Adjust the TGC potentiometer, R38 on the
A board (see Figure 3) for output power of 145 W.

4.7 ALC ADJUSTMENT

Step 1. Program the radio operating frequency to
10 MHz in SSB mode.

Step 2. Inject a 1 kHz, 300 mV RMS signal at the MIC
input.

Step 3. Set the radio to transmit mode.

Step 4. Adjust the ALC potentiometer (R55 on the PA
board) for an output power of 125 W. The output power
must be 125 :!: lOW on any frequency.

4.8 AME ADJUSTMENT

Step 1. Program the radio operating frequency to
1.6 MHz in AME mode.

Step 2. Inject a 1 kHz, 300 mV RMS signal at the MIC
input.

Step 3. Adjust the AME potentiometer, R16 on the A
board, for zero crossover distortion of the.RF envelope
as observed on an oscilloscope (see Figure 4).

Step 4. With no audio input, the output power in the
AME mode should be minimum 32.5 W on all chan-
nels.

4.9 TUNE POWER ADJUSTMENT

Step 1. Program the radio operating frequency to
1.6 MHz in SSB mode.

8

Step 2. Set the radio to TUNE mode by shorting to
ground pin 3 of J lOon the rear panel of the radio (this
can be accomplished by inserting the tune plug, pro-
vided in FLN 6335).

Step 3. With no audio input, adjust the tune power to
3.5W.

Step 4. The tune power should be 3.5 :!:1 W on all
channels.

4.10 CARRIER BALANCE ADJUSTMENT

Step 1. Program the radio operating frequency to
1.6 MHz in SSB mode.

Step 2. Inject a 2 kHz, 300 mV RMS signal at the MIC
input.

Step 3. Connect the antenna plug of the radio via a
36 dB attenuator (minimum) to the spectrum analyzer.
Set the radio to transmit mode.

Step 4. Adjust the carrier balance potentiometer, R87
on the A board, for minimum carrier level as observed
on the spectrum analyzer. Carrier suppression must be
at least 46 dB below the desired sideband signal in
USB and LSB operation.

4.11 IF ADJUSTMENT

Step 1. Program the radio operating frequency to
1.6 MHz in SSB mode.

Step 2. Disconnect the A board-to-S board coaxial
cable (from J-7 on the S board).

Step 3. Inject'a -100 dBm, 11.399 MHz (LSB) signal
from the RF signal generator into the A board-to-
S board coaxial cable.

Step 4. Adjust the 11.4 MHz IF amplifier coil L21 on
the A board, and the 75 MHz receive path coil S20 on
the S board for maximum recovered audio at the
speaker (seeFigure 3).

HHHH ~
DESIRED WAVE FORM UNDESIRED WAVE FORM

Figure 4. AME Waveforms
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4.12 REFERENCE OSCILLATOR 9.105MHz
FINAL ADJUSTMENT

( NOTE
This adjustment should be performed
after at least 90 minutes of continuous
operation of the radio.

4.12.1 Using RF Counter

Perform the following steps if your RF counter is more
accurate than your RF generator. Otherwise refer to
paragraph 4.12.2.

Step 1. Connect a frequency counter via an appropriate
attenuator (36 dB at least) to the antenna connector
JI05.

Step 2. Program the radio to 29.900 MHz transmission
and disconnect the microphone to ensure that no audio
is present at the input.

Step 3. Switch the radio to TUNE mode by shorting
pin 3 of JI 0 on the rear panel of the radio to ground
(this can be accomplished by inserting the tune plug,
provided in the FLN 6335).

Step 4. Remove the plastic access plug from the PVC
oven cover located on the A board.

(
Step 5. Adjust the piston trimmer capacitor C1l5
using an insulated tuning tool (Motorola part no.
66B84903K01), so that the radio RF output (carrier)
frequency deviates from 29.9 MHz by no more than
:t 1 Hz.

Step 6. Replace the plastic access plug.

4.12.2 Using RF Generator

Perform the following steps if your RF generator is
more accurate than your RF counter. Otherwise refer to
paragraph 4.12.1.

Step 1. Connect a signal generator to the antenna con-
nector JI 05. Adjust the signal generator to frequency

(
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of 29.901 MHz (USB operation) and to output level of
-47 dBm (1 mY).

Step 2. Connect a 2 Q/5-to-10 W load to the external
speaker jack and connect an audio analyzer (HP8903B
or equivalent) across it.

Step 3. Adjust the radio to frequency of 29.900 MHz
and SSB (USB) operation.

Step 4. Remove the plastic access plug from the PVC
oven cover located directly over the reference oscilla-
tor section of the A board.

Step 5. Adjust the piston trimmer capacitor C 115 so
that the audio frequency deviates from 1000 Hz by no
more than :t 1 Hz.

Step 6. Replace the plastic access plug.

5. REMOVAL AND REPLACEMENT
PROCEDURES

5.1 GENERAL

The radio incl udes four circuitry locations, shown in
Figures 1 and 2 in the Description chapter of this
manual. The locations of the radio's boards are listed
below:

Board Name
& Number

Location

A board Lower side of main chassis

B board Upper side of main chassis

C board Control panel

S board Lower side of main chassis

Power Amplifier Power amplifier compartment

Interconnect board Control panel

Harmonic Filter board Upper side of main chassis
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5.2 RADIO REMOVAL FROM THE
MOUNTING TRAY AND HOUSING

Step 1. Loosen the two captive screws which hold the
radio to the tray.

Step 2. Grasp the sides of the radio facing its front
panel and pull it forward to release it from the mounting
tray.

Step 3. Remove the six screws on the bottom of the
housing; four are located along the back of the housing
and two are located along the front of the housing.
Normally, it is not necessary to remove the mounting tray
bracket from the housing.

Step 4. Slide the housing away from the radio toward
the rear.

5.3 FRONT PANEL REMOVAL

Step 1. Remove the radio from the housing.

Step 2. Remove the three screws securing the lower
cover of the front panel to the upper cover and care-
fully pull it away while disconnecting the flex cable
from the Interconnection board.

Step 3. Disconnect all cables connecting the front
panel to the S and A boards. Do not disconnect the
battery plug from the S board.

Step 4. Remove the five screws securing the front panel
upper cover to the radio chassis. Three screws are acces-
sible from the top side of the main chassis, and two
screws are accessible from inside the front panel. Care-
fully separate the front panel from the radio.

5.4 A BOARD REMOVAL

Step 1. Remove the NB (Noise Blanker board) and the
optional Filter board (if installed).

Step 2. Disconnect all plugs and cables connected to
the A board. Open the top cover of the control section
of the S board and disconnect the flat cable which is
connected between the A board and the S board (p-5).

Step 3. Remove the five screws securing the A board
and lift it away.

5.5 OVEN COVER REMOVAL

To remove the oven cover, release the cover lock fas-
tener by turning the rotating portion V4turn in either
direction. The oven cover is locked when the fixed and
rotating portions of the cover lock fastener are parallel
to each other, and is released when the fixed and rotat-
ing portions are perpendicular to each other - refer to
Figure 5.

5.6 OPTIONAL FILTERS BOARD REMOVAL

To remove the optional filters board, grasp it by its
edges and carefully pull it away from the A board.

5.7 OPTIONAL NOISE BLANKER BOARD
REMOVAL

To remove the optional noise blanker board, remove
the two screws that secure it to the chassis. Then grasp
the noise blanker board by its edges and carefully pull
it away from the A board.

FIXED PORTION OF COVER
LOCK FASTENER

FASTENER SHOWN IN
LOCKED POSITION

FASTENER SHOWN IN
UNLOCKED POSITION

ROTATING PORTION OF COVER
LOCK FASTENER

Figure 5. Oven Cover Lock Fastener
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