4. TROUBLESHOOTING

a. Paging Sensitivity Check

Paging sensitivity is measured by reducing the rf input signal level to the lowest level that produces an alert tone on three successive trials. Refer to the ALIGNMENT PROCEDURE in the applicable service manual for operation. 

Place the unit in the RTL-1005 Radiation Test Fixture (see Figure 8) and connect the test equipment as shown in Figure 9. Perform the following steps:
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Figure9. Paging Sensitivity Check

(1) Determine the paging codes (address 1, address 2, address 3, and address 4 as applicable) and the carrier frequency under test.

(2) Set the address 1 code on the test encoder.

(3) Set the FM signal generator to the carrier frequency of the pager, with a relatively strong output level of about 200 (V to ensure that the unit pages.

(4) Connect the output of the test encoder to the FM generator external modulation input and adjust the data amplitude for ±4.5 kHz deviation.

(5) Using the test encoder, initiate the paging code. The pager should emit an interrupted alert tone each time the paging code is initiated.

(6) Reduce the rf signal level from the FM signal generator to the lowest level that produces an alert on three successive trials. This level should be less than 16 (V for high band. The pager should be shielded from the encoder to protect the pager from rf spray from the encoder.

(7) Set the address 2 code on the test encoder and performs steps (6) and (7) (the code plug must be programmed for at least two addresses).

(8) Repeat steps (6) and (7) with address 3 then address 4 set on the test encoder (the code plug must be programmed for four addresses).

This completes the paging sensitivity check. Failure indicates that a defect exists. Making the following 10 dB rise measurement should further isolate the trouble to either the receiver or decoder circuits.

b. 10dB Rise Measurement

This measurement checks total receiver rf performance. The 10 dB rise measurement may be used to isolate the rf section of the receiver from the demodulator and decode circuits when a paging sensitivity problem is analyzed. Refer to the ALIGNMENT and DISASSEMBLY procedures in the service manual and remove the back cover. Enter the RF test mode. Place the pager in the RTL-1005 Radiation Test Fixture (Figure 8). Proceed as follows:
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Figure 10. 10dB Rise Measurement

(1) Connect the test equipment as shown in Figure 10. Refer to the circuit board component layout diagram in the respective service manual for location of test points.

(2) Ensure the pager is in the RF test mode and note the receiver noise level as indicated on the ac voltmeter.

(3) Apply an unmodulated signal from the rf signal generator at the pager carrier frequency and increase its level until the indication at the i-f test point rises 10 dB above the noise level noted in step (2). The output from the rf signal generator should be less than     50 (V.

c. Receiver Circuit Checks

If the pager failed the 10dB rise test, first determine if it failed marginally or by a considerable amount. A marginal failure normally means that it required more than 50 (V but less than 100 (V to produce the 10 dB rise at MI. In this case, it is recommended to first try aligning the pager to see if this improves the sensitivity. Refer to the ALIGNMENT PROCEDURE in the service manual. If little or no improvement is achieved after alignment is completed, it will be necessary to troubleshoot the receiver as outlined in the following text.

(1) Oscillator Warp Range

The oscillator warp range is the difference between the highest and lowest i-f frequencies obtained while varying warp oscillator L356/410/355/561. Enter the RF test mode and monitor metering point MI with a frequency counter. Set the rf signal generator to the pager's exact carrier frequency and at a sufficient level to trigger the frequency counter. Tune warp coil and note the highest and lowest i-f frequencies displayed by the counter. The difference between these two frequencies (warp range) should be between 7 and 15 kHz.

(2) Mixer Injection Voltage Measurement

Enter the RF test mode and monitor the collector of Q352/402/453/555 and note the maximum and minimum dc voltage levels. The maximum dc voltage occurs when the oscillator is inactive. The minimum dc voltage occurs at the frequency of maximum oscillator activity (most rf output). The difference between these two dc voltage levels should be between 5mV and 40mV.

Another way of expressing the mixer injection voltage measurement is mixer (l. Mixer (l is a formulated percentage measurement that represents the amount of current change at the mixer's output when the oscillator is off (maximum dc voltage), then on (minimum dc voltage). Mixer (l is defined by the following equation:

Mixer (I =
Vmax – Vmin
x 100%


1 – V max


Where:

· Vmax is when the oscillator is inactive.

· Vmin is when the oscillator is most active.

With a properly functioning mixer/tripler circuit, mixer (I should be between 2 and 15%, which corresponds with the 5 and 40mV difference reading in the previous measurement.

If the mixer injection voltage measurement is incorrect or cannot be obtained, it indicates that either the mixer or oscillator is not working properly. In this case, troubleshoot the oscillator and mixer circuits by checking the dc voltages given in the service manual schematic diagram and then checking for the defective component. Refer to the Receiver Troubleshooting Chart. If the injection measurement is normal, proceed with the noise level and takeover measurements.

(3) Takeover/Noise Level Measurements

For checking the rf amplifier and mixer circuits, takeover measurements are recommended. The rf takeover is defined as the drop in the receiver noise level (measured at MI) when the rf amplifier is disabled from the receiver; i.e., the base of Q351/401/451/551 is grounded. The mixer takeover is the drop in the noise level measured at MI when the mixer stage and the rf amplifier are disabled.

The theory behind system noise figure and receiver sensitivity shows that a receiver with sufficient takeover has a noise figure that is dominated by the noise figure of the rf amplifier. In other words, with sufficient rf takeover, the noise of the stages following the rf amplifier has been "taken over" and the receiver noise level is as good as the noise figure of the rf amplifier.

(a) Receiver Noise Level - With the pager in a tuning housing and no rf signal applied, measure the ac voltage at MI. The ac voltage reading (noise level) should be between - 50 dB and 60 dB for a properly aligned/tuned receiver.

(b) Takeover Measurements - Due to the very high fre​quencies involved at the front end of the pager, a probe with a shunt capacitance as low as 1 pF is sometimes sufficient to detune a circuit and cause inaccurate readings. To perform the takeover measurements, remove the cover from the pager housing and set up the test equipment as illustrated in Figure 11.

· 
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Figure 11. Takeover Measurements Test Equipment Setup
· Apply 1.3 Vdc to the battery contacts.

· Monitor MI with an ac voltmeter.

· Tune pager as in the Tuning Procedure of the appropriate service manual.

· Turn the rf signal generator off and note the ac voltage (noise level) at MI.

· Short the base of the rf amplifier (Q351/401/ 451/551) to ground and note the noise level drop. With a properly functioning rf amplifier, the noise level will drop 6 to 9 dB, which indicates the proper amount of gain in the stage.

Excessive rf takeover indicates that the rf amplifier may be noisy or regenerative. Low rf takeover may not always indicate the rf amplifier to be defective. Either too much or too little gain in any other stage will cause loss of rf takeover. To determine whether the rf amplifier is at fault, first check the mixer takeover.

Mixer takeover is measured in the same manner as was the rf takeover. With the base of the rf amplifier still shorted, place a short on the base of the mixer (Q352/402/453/555). The noise level at MI should drop 3 to 5 dB. If the noise level drops less than 2 dB, recheck mixer injection.

(4) System Bandwidth Measurement

To check system bandwidth, use the same test equipment setup as was used to perform the 10 dB rise measure​ment (Figure 10). Adjust the rf generator level to the pager's exact carrier frequency to produce a reference reading of -40 dB (on HP400FL ac voltmeter) at MI. Increase the rf signal generator frequency to produce a 3 dB drop in the voltage level at MI. The signal generator frequency should be (5 kHz above the carrier frequency.

Perform the same measurement below the carrier frequency. The signal generator frequency should be (5 kHz below the carrier frequency. The total bandwidth should not exceed 14 kHz; see Figure 12. If the difference between fc and f1 or f2 is less than 5 kHz, or the total bandwidth is less than 10 kHz or greater than 14 kHz, connect the ac voltmeter to TP4 and repeat the bandwidth measurement. If the bandwidth was still outside the prescribed limits, replace the crystal filter (FL351/401/452/552). If the bandwidth was within the prescribed limits, the i-f filter is bad, replace FL352/402/453/553 or FL353/403/454/554. If after replacing the i-f filter, the bandwidth is still outside the prescribed limits, replace U351/001/451/551 on the receiver board.
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Figure 12. Bandwidth Measurements Detail

d. Decoder Circuit Checks

Three troubleshooting charts are provided at the end of this manual. The following table provides a quick, preliminary check of possible problem areas. However, refer to the troubleshooting charts and the diagnostic waveforms on the schematic diagram for a complete guide to troubleshoot the decoder circuit board.

MALFUNCTION
PROBABLE CAUSE

Pager does not turn on.

No display or partially active display

No page/inactive data port
1. Battery voltage and polarity.

2. B++voltage.

1. Broken LCD.

2. Damaged display contacts.

3. B3+voltage.

1. Receiver section.

2. Receiver board socket.

The decoder troubleshooting charts are divided into three groups:

• No display on power up (Figure 13)

• No alerts (Figure 14)

• Miscellaneous (Figure 15) A quick overview of the charts is presented below:

(1) No Display on Power Up (Refer to Figure 13)

(a) System Voltage Checks - Check the battery voltage (B+) on the power supply and ensure good contact is made with the circuit board (TP12, TP25). Nominal B+ should be between 1.2 and 1.5 volts. Check B++ (TP4), voltage should be at least 3.1 volts.

(b) Clock Checks - Check pin 3 of U2. This signal should be a dampened triangular wave of frequency 1.228800 MHz when pin 10 of U2 is high, and a rectangular wave of 38.400 kHz when pin 10 of U2 is low. Check the crystal oscillator and pins II and 13 of U2. The sinusoidal frequency should be 38.400 kHz. Also check pin 9 of U2 to ensure that communications are occurring between Ul and U2.

(c) Communication and Code Plug Checks - Ensure that Ul and U2are communicating correctly via the SPI bus by checking U2 pins 6, 7, 8, and 9 (refer to Figure 3). Also, check that the code plug is programmed correctly.

(c) Reset Checks - Check pin 5 of U2 and ensure that the line remains high (within 100 mV of B++). If there is a problem with the (P or U2, this line will pulse low periodically, otherwise, it should remain high. An oscilloscope is needed to monitor this line. Also check pin 14 of U2, and ensure that it also remains high. This line should switch low only when B++ falls below 2.7 volts.

(d) Display Voltage Checks - Check that B3+ (TP15) is at least 5.1 volts and that B- (TPII) is at least -2.8 volts. Activate the B3+ and B- voltage multipliers by pressing the On/Reset button, to turn the display on. While the display blank, B3+ and B- should be at least 3.0 volts.

(2) No Alerts (Refer to Figure 14)

(a) Set-Alerts-Screen Check - Activate the set-alerts-screen function. Make sure that "No Alert" is NOT selected in the set-alerts screen.

(b) Code Plug Checks - Check the code plug and ensure that the alerts (such as vibrator) are selected. Check the power-up and alarm-tone cadences.

(c) LED Checks - Check the LED by turning the radio off and then back on again. If the LED is not operating properly, check it by removing the battery and placing 3.0 volts in series with a 100-ohm resistor across the LED. Observe the waveform while alerting (TP2). If the waveform is okay, replace U4, otherwise replace U2.

(d) Audible Alerts - Audible alerts are in phase with the LED alerts. First check that the pager is in the audio mode and not in the silent mode (check for speaker symbol). Ensure that "No Alert" is NOT selected in the second line of the set-alerts screen. Next, check that the transducer contacts are okay. Observe the waveform at TPIO when alerting. If the waveform is okay, replace the transducer. If not, check that U4 is receiving the correct logic high signals on pins 15 and 16. Also, check that the alert waveform (TP2) is okay. If the waveform is okay, replace U4, otherwise, replace U2.

(e) Vibrator Alert - Check that the pager is in the silent mode and has the vibrator option selected in the code plug. Ensure that "No Alert" is NOT selected in the third line of the set-alerts screen. Check the spring contacts and ensure that they are okay. Also, check the springs themselves and ensure that they are okay and that the printed circuit board contacts are clean and free of debris. Check the vibrator by placing 1.3 Vdc across the terminals. Finally, test the decoder board vibrator drive circuits.

(3) Miscellaneous

(Refer to Figure 15)

(a) On/Reset Button Does Not Respond - Check the integrity of the On/Reset switch by closing the switch and testing for continuity across the terminals. Ensure that the On/Reset switch elastomer is firmly in place in the housing and not contorted. Check that TP17 and TP22 drops below 0.1 volts when the On/Reset button is pressed; if not, replace U2.

(b) Front Panel Buttons Do Not Respond - Check that the switch pad is clean and free of debris. Clean if necessary. Check that the switch and PC contacts are also clean. Test to ensure that the corresponding test points (see schematic) drop to 0.1 volts when correct switch is closed. Also make sure that the switch pad is correctly oriented and not binding with the pager housing when reassembled.

(c) No EL Backlighting-Check that the EL backlighting is being activated correctly by pressing and holding the Function button for more than one second while the pager is in the message-status-screen mode (not in the blank mode). (NOTE: Backlighting can not be activated when the pager is in the blank mode, and will automatically shut off when the pager returns to the blank mode.) Check EL connections. When activated, check the Tl, pin 5 waveform (approx. 90 Vpp, 4.5 kHz; will vary over battery voltage). If okay, replace -EL backlight. If not, check for continuity of the coils by measuring the resistance between pins 1 and 2, the resistance between pins 2 and 4, and the resistance between pins 5 and 8. The resistances from pins 1 to 2 and from pins 2 to 4 should be less than 5 ohms, and the resistance from pins 5 to 8 should be less than 100 ohms. A faint, high-pitched hum is not unusual and is due to the windings in the coils. If resistance is not okay, replace the transformer (Tl). Finally, test the decoder board EL backlight circuits. 

(d) Messages Lost When Pager Turned Off or Primary Cell Removed - Check memory options and ensure that they provide desired operation. Check back-up cell voltage after ensuring that a fresh primary cell has been in the pager for at least one hour. Back-up cell should be at least 2.8V. If not, replace primary cell. Turn pager off and remove primary cell. After one minute, back-up cell should be at least 2.4V. If not, replace back-up cell. If back-up cell is not the problem, check the rest of the back-up cell circuitry. NOTE: After replacing the back up cell, check the voltages again to ensure that no damage occurred to the cell and that the cell leads were not shorted during soldering.
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Figure 14. “No Alerts” Troubleshooting Chart
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Figure 15. “Miscellaneous” Troubleshooting Chart
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Figure 11. Takeover Measurements Test Equipment Setup







