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INTRODUCTION/
APPLICATIONS

1. MULTIPLE “PL” OPTION COMPLEMENT CHART

FACTORY OPTION NO.

MODULE USED

C158BA C261AA C262BA C263BA
4-"PL'" Transmit| MODEL DESCRIPTION
4-"PL'" Transmit|4-"PL" Receive|4-"PL'" Repeat| & Receive
X X TILN5746A |Matrix Control Module
X X X TLN5744A | Encoder Module
X X X [TLN5733AV|Converter Board
X X X TLN5745A | Decoder Module
2. TECHNICAL CHARACTERISTICS
"PL" ENCODER MODULE
MAX, NO. OF FREQUENCIES 4
"PL" TONE FREQUENCY RANGE 67-210 Hz
FREQUENCY DETERMINING DEVICE ""Vibrasender'' Resonant Reed
STABILITY +0.15%
LEVEL (NOMINAL) 1 Vrms@67-210 Hz
OUTPUT IMPEDANCE 1. 0k ohms

POWER REQUIREMENTS

13.8 Volts dc @ 20 mA

"PL" DECODER MODULE

MAX, NO, OF FREQUENCIES 4

"PL'' TONE FREQUENCY RANGE 67-210 Hz

FREQUENCY DETERMINING DEVICE "Vibrasponder' Resonant Reed
STABILITY +0,15%

TONE BANDWIDTH

Approx. 1 Hz

TONE SENSITIVITY

0.25 Volts ac rms reed drive

OUTPUT

13.0 Volts dc switched

POWER REQUIREMENTS

13.8 Volts dc @ 20 mA

MATRIX CONTROL MODULE

MAX, NO, OF FREQUENCIES 4
CONTROL TONE zillzl B(SZI\ZIODIFIED 1050, 1150, 1250, 1350
FREQUENCIES TO: (Hz) 1450, 1550, 1650, 1750, 1850, 1950, 2050

FREQUENCY DETERMINING DEVICE

L.C Circuits

OUTPUT

4 switched ground outputs

MOTOROLA INC.

Communications Division

Copyright 1976 by Motorola, Inc.

Printed in U.S. A. -1-
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3. DESCRIPTION

3.1 PURPOSE AND APPLICATION
3.1.1 These factory installed multiple PL
options are available for one- or two-
frequency remotely controlled "Micor" base and
repeater stations, One of the options is required
whenever it is desired to transmit, receive or
repeat more than one PL tone, with the capability
of handling up to four PL tones, An application
table at the end of this section simplifies the
selection of the appropriate option for each spe-
cific type of station.

3.1.2 The multiple PL transmit options re-
quire that the station be equipped with
tone remote control facilities; for dc remote
control stations, tone remote control capability
must also be added, Since the multiple PL op-
tions includes modules which are inserted into
the remote control chassis, use of these options
may exclude the use of other modules. The
multiple PI, transmit options prohibit the use of
the "Wild Card' module or the 4-Frequency con-
trol module and the multiple PL receive and re-
peat options prohibit the use of the "Single Tone"
decoder module.

3.1.3 Each multiple PL option consists of
one or more of the following modules
(refer to paragraph 1): multi PL decoder mod-
ule, matrix control module, multi PI. encoder
module and PL converter board., Each of these
items is further described in the following para-
graphs,

3.2 MULTI "PL'"" DECODER

The multi PL decoder module contains
four parallel PIL, decoder circuits, each of which
detects a different PL tone and provides switched
ground outputs when the proper PL tone is detec-
ted, The switched ground output unsquelches the
receiver's audio. In repeater stations, the
switched ground output also keys the transmitter,
In repeater stations, an independent switched
ground output from each decoder circuit selects
the desired PL tone to be transmitted, This
module occupies the "'Single Tone' decoder posi-
tion in the remote control chassis. One '""Vibra-
sponder' resonant reed is required for each PL
tone to be decoded; for less than four PL tones,
reeds are omitted.

3.3 MATRIX CONTROL MODULE

The matrix control module permits re-
mote control selection of the PL tone to bhe

transmitted. The module detects four function
tones from a remote control console and provides
switched ground outputs that are applied to the
multi PL encoder module, thereby selecting one
of four PL tones, The matrix control module
occupies the '""Wild Card' module position in the
remote control chassis, Although the function
tones used in this module are identical to the
standard function tones used in the 4-Frequency
control module and '"Wild Card'" module, there
is no conflict because both modules cannot be
used in the same station.

FUNCTION TONE | "PL'" TONE GENERATED
1350 Hz #1 <
1250 Hz #2
1150 Hz #3
1050 Hz 44 *

3.4 MULTI "PL'"" ENCODER MODULE

The multi PL encoder module generates
the PL tones which are transmitted, The mod-
ule contains four identical oscillator circuits
and is thus capable of generating up to four PL
tones. Each oscillator requires a switched
ground input to become activated. The multi PL
encoder module occupies the '"spare'’ position in
the remote control chassis.

3.5 "PL" CONVERTER BOARD

This board is always used in conjunction
with the multi PL encoder module and provides
the necessary compatibility with the transmitter.
This board mounts in the transmitter in the posi-
tion normally occupied by the PL encoder board
in single PL transmit stations. The delayed
transmitter turn-off circuits (reverse burst tim-
ing) are located on this board.

3.6 C158BA OPTION (4 "PL" TRANSMIT)

This option adapts the station for up to
four PL transmit capability with remote control
selection of the desired PL tones. Function
tones generated at a remote control console are
detected by the matrix control module, which,
in turn, selects the PL tone generated by the
multi PL encoder module.

3.7 C261AA OPTION (4 "PL'" RECEIVE)

This option adapts the station to receive
up to four different PL tones. Reception of any
of the correct PL tones will unsquelch the receiver.




3.8 C262BA OPTION (4 "PL" REPEAT)

This option gives multiple PL capability
to 2 non wire-line repeater station. Up to four
different received PL signals will key the trans-
mitter and automatically select up to four differ-
ent PL tones to be transmitted, If cross coding
is desired, the received PL tones need notmatch
the transmitted PL tone.

3.9 C263BA OPTION (4 "PL" TRANSMIT
& RECEIVE)

This option incorporates all of the factory
installed multiple PL option modules, It adapts
the transmitter for up to four PL tone transmit
capability with remote control selection of the
desired PL tones. In addition, this option allows
the receiver to respond to up to four different
received PL tones.

4. INDEPENDENT COMMAMD
STATION CONTROL

4.1 Independent command signifies that PL
tone selection is completely independent

of transmitter keying and all other control func-

tions applied to the station. Refer to Figure 1.

4,2 When one of the four PL select switches

on the console is activated, a momentary
2175 Hz high level guard tone signal is generated
which allows the station to accept a forthcoming
PIL, select function tone. The PL select function
tone then sets a corresponding bistable and re-
sets three others in the matrix control module,
At this time, a PL encoder is selected and will
remain selected until a new PL encoder is selec-
ted. Notice that selection of a PL tone does not,
in itself, key the transmitter and that no addition-
al function tones follow the PL select function
tone,

4.3 When the transmitter is subsequently
keyed by activating the console's transmit
switch, a momentary 2175 Hz high level guard

tone signal is again applied to the base station,
Next, the transmitter key function tone is applied
to the station (1950 Hz for F1l; 1850 Hz for F2),
which keys the transmitter and the previously
selected PL tone is transmitted. Low level guard
tone keeps the transmitter keyed for the duration
of the message. With loss of low level guard
tone, the transmitter unkeys but the previously
selected PL tone remains selected,

5. TRANSMIT COMMANL
STATION CONTROL

5.1 Transmit command signifies that the func-
tion tone applied to the station to select

a PL tone, also simultaneously keys the trans-

mitter. Refer to Figure 1.

5.2 When one of the four PL select switches
is activated, the frequency of the function
tone is determined but not generated., The func-
tion tone frequency is determined by four PL
select switches on the console as with independent
command selection, The difference is, however,
that when one of the PL select switches is acti~
vated in the transmit command mode, function
tone is not immediately applied to the station.,
When the transmit switch is activated, a momen-
tary 2175 Hz high level guard tone signal is applied
to the station. Next, the PL select/transmitter
key function tone is applied to the station which
causes the station to transmit with the chosen
PL t a¢. As with independent command selec-
tion, function tone is followed by low level guard
tone for the duration of the message., But, unlike
independent command selection, loss of low level
guard tone resets the previously selected PL tone
as well as unkeys the transmitter, The transmit
command mode of operation is necessary when
multiple consoles are used with a station to give
the correct PL selection status indication to all
consoles, Stations are shipped from the factory
jumpered for independent command station con-
trol, The matrix control module jumpers must
be changed to convert to transmit command sta-
tion control.
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MULTIPLE "PL" OPTION ,
FOR "MICOR" TYPE REMOTE CONTROL
"PRIVATE-LINE" TONE-CODED SQUELCH RADIOS

START

MORE SPECIAL
THAN ORDER
4 TONES {SEE NOTE 1)

TYPE
OF
STATION

REMOTE BASE REPEATER

WIRELINE
CONTROL

NO

RCVR “PL”
(ONLY)

Crezen 9roen
C261AA

(SEE NOTE 3)

XMIT “PL"

I)::IIDT PL ﬂ:g PL XMIT “PL“
RCVR “PL" RCVR “PL" (ONLY)

RCVR “PL" XMIT “PL”
{ONLY} (ONLY)

RCVR “PL”
(ONLY}

ORDER
ORDER ORDER
C158BA C261AA C158BA & [C146AB, OR C146AD,

OR C146AF] (SEE NOTE 2)

XMIT “PL" XMIT “PL"

AND AND

RCVR “PL"” I RCVR “PL”

ORDER ORDER | ORDER

C158BA C261AA ©158BA & [C146AB, OR C146AD,
©R C146AF] (SEE NOTE 2)

ORDER

C261AA
SEE NOTE 4]

ORDER
C263BA & [C146AB, or C146AD,
OR C146AF] (SEE NOTE 2)

ORDER
C263BA

SPECIAL ORDER SPECIAL ORDER
(SEE NOTE 1) (SEE NOTE 1)

NOTES:

1. EXAMPLES OF SPECIAL ORDERS
A. MORE THAN FOUR “PL” TONES. OPTION COMPLEMENT CHART
B. “PL" TONE SELECTED OTHER

THAN BY INDEPENDENT SELECTION.
C. T4-R4 STATIONS. FACTORY OFTION MODULES USED DEPS-15305- C

2. C146AB OPTION REQUIRED WITH T1-R1 STATIONS. c1588a | c261AA | c2628A | c263BA MODEL DESCRIPTION
C146AD OPTION REQUIRED WITH T2-R1 STATIONS.
C146AF OPTION REQUIRED WITH T2-R2 STATIONS.

(C146 OPTION ADDS TONE CONTROL TO DC X X TLNS746A [ MATRIX CONTROL MODULE - -
Applications Table

CONTROLLED STATIONS.)
3. C262BA OPTION USED ONLY ON NON-WIRE X X x TLNG744A ENCODER MODULE Motorola No. DEPS-15305-C
LINE REPEATER STATIONS. “PL“ TONE 2/10/76-UP ,
TRANSMITTED IS SELECTED BY “PL" TONE X X x| |ltinazasav] “PL- cONVERTER BOARD
RECEIVED. |
5

X X X TLN5745A DECODER MODULE

4. C261AA OPTION CAN BE USED WITH
EITHER DC OR TONE REMOTE CONTROL
STATIONS.
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FAEPS-14795-4A

1. FUNCTIONS

This matrix control module is primarily used
to control the multiple PL encoder module and
provides the following functions -- not all simul-
taneously:

® Tour switched ground outputs in response
to received function tones.

® Four AND function switched ground outputs
in response to receive function tones when
guard tone is received simultaneously,

® Five OR function outputs in response to

any switched ground output generated by
the module,

MOTOROLA INC.

MULTIPLE "PL” MATRIX
CONTROL MODULE

MODEL TLN5746A

This matrix control module can be used in other
applications also, which can be compared to the

"Wild Card" module -- the difference being, that
the matrix control module has diode matrix out-

puts rather than relay outputs as possible in the

"Wild Card'" module,

2. DESCRIPTION

This module is fully transistorized and oc-
cupies the "Wild Card' position in the remote
control chassis, All components and circuitry
are mounted on a sturdy card with connecting pins
to mate with the interconnecting board of the chas-
sis in which it is installed,

3. CIRCUIT DESCRIPTION

3.1 The matrix control module responds to
specific momentary function tones as
illustrated in Table 1,

TABLE 1.
Function vs, Output
Function Tone Bistable Ground Appears
(Hz) Operated (No.) | at Contact No.
1350 1 3
1250 2 8
1150 3 16
1050 4 23
NOTE

These frequencies can be changed for
special applications as detailed in para-
graph 9 of this section.

Each bistable, when operated, provides a switched

ground output capable of handling up to 100-milli-
amperes of current,

Communications Division

ENGINEERING PUBLICATIONS

3/12/75-UP

1301 E. ALGONQUIN ROAD

SCHAUMBURG, ILLINOIS 60172

68P81023E71-A



TLNS5746A MATRIX CONTROL MODULE
FUNCTION #1DET -
TONE # { BISTABLE CR13,20.27,34
41} FUNCTION TONE Hi
OoR OR OUTPUT 4
GATE
43, FUNCTION ENABLE ? #46NDOUT 4
I J \7 ¢JU6 CR26,32
2 )#1 LOCAL RESET b
' Gl
O
T
. |2 Loca meser °}e cR25,33 #—QCR14,21,28,35
| M250mZ) (2 DET #2 BISTABLE ¢ L P OR OUTPUT
4 sanp || . s ol Jusi GS?E 7
PASS
l FILT A+ FILTER % l Q6 H
Q7
l I s'z.i Ll 5l + # 2 GND OUT 8
2o FILT A4 Jus -
I 3 BISTABLE L« QJ CR15,22,29,36 .
s Q 1 OR OUTPUT «
‘ Jut0, Fass . O 9
: Q
? s;} o] et —
gl e | e #3 GND OUT
I DELAYED SW A+ 4 L c @ 16 *
OR SW A+ CR39 -
22 » Jus CRI1,19 $—Q CR16,23,30,37
l#3 ocaL ReseT CR7 ?
iq OR
1 GATE
#4L0CAL RESET j CRS i
20 | CR12,18 CR17,24,31,38
1050NZ #Z4DET #4 BISTABLE ¢ L
u BAND \ s aq] 7! 7
PASS ¢
1&..___‘ FILTER o1t l otz
= sS4 Qi3
E uc 3 # 4 GND OUT 23
1 - EXT SW GNOD SV3 CEPS—~15429-A
Figure 1. Functional Diagram
3.2 All function tones are applied to the 7, 9, 10 and 17 simultaneously. These OR output
matrix module at pin 11, amplified and pins are useful when using two multiple PL matrix
clipped to a 16 dBm level by function tone am- control modules., Each set of outputs is routed to
plifier Q1, and routed to all four bistable multi- the other module's local reset inputs for cross
vibrators simultaneously. All four detector resetting all bistables. When using a second
circuits are functionally identical, except for matrix control module, the options position in
the actual acceptance frequency. the remote control chassis should be modified
with jumpers and plating cuts as required.
3.3 For example, a 1350 Hz tone passes
through tuned circuit L1-C4 into tone 3.5 Components involved with reset oper-
detector stage Q2. When it is detected, it ation are indicated in Table 2.

causes the function No. 1 bistable multivibrator

{Q3-0Q4) to change state, causing the collector TABLE 2.

of Q4 to go to ground. This ground is applied e
to output pin 3 and the No. 1 bistable remains in Reset Components Identification
the ac?ive state .until reset: How ea.ch biste_xble is DIODE (CR) J JUMPER (JU)
reset is determined by a diode matrix and jumper R
configuration in the module. As shipped from the 3 1
factory, all diodes and jumpers are installed (ex- 5 2
cept jumpers JU1l, JU2 and JU3 which are re- 7 5
moved), These diodes and jumpers can be rear- 9 6
ranged to fit various applications, 11 7
12 8
18 9
3.4 Diodes involved with OR operation are 19 10
CR13 thru CR17,CR20 thru CR24, CR27 25 11
thru CR31, and CR34 thru 38. When any of the 26
four bistable multivibrators is actuated, its 32
switched ground output is applied to output pins 4, 33




The use of these diodes and jumpers with re-
gard to reset operation is described in follow-
ing paragraphs.

4. STANDARD RESET OPERATION

As shipped, any one bistable that is set,
in turn, resets all others. The factors in-
volved are shown in Table 3.

TABLE 3.

Standard Reset Component Configuration

Bistable Diode| Jumper | Bistable
Multivibrator Used | Used Multivibrator
Set (CR) (JU) Reset
1 5 6 2
11 -~ 3
12 -- 4
2 3 5 1
19 -- 3
18 -- 4
3 26 -- 1
25 -- 2
9 8 4
4 32 -- 1
33 -- 2
7 7 3
TABLE

5. "AND” RESET OPERATION
(TRANSMIT COMMAND)

5.1 The matrix control module can be strapped

to provide a switched ground outputonre-
ceipt ofa proper function tone and low level guard
tone, Whichever bistable multivibrator isactuated
will automatically be resetwhen the guardtone sig-
nal is removed. The receipt of guard tone is indi-
cated atthis module by the presence of switched A+
atpin22. Whenthis switched A+is removed, the
bistables operating with the voltage (depending on
jumper configuration) are reset,

5.2 "AND'" reset operation specifically re-

quires jumper and diode changes as
indicated in Table 4 (these are changes required
to a previously unmodified module). Notice that
the "AND" function is used with either two bi-
stables at a time or all four at a time. This is
due to switched A+ distribution allowed by
jumper availability.

NOTE
Jumpers JUl and JU2 are
not factory installed and
must remain out for this
application. They are de-
scribed in a following
paragraph.

4,

"AND'' Reset Component Configuration

Function Output Jumpers to Bistable Diode to
Tone In- Pins be Cut Multivibrator be Cut
volved (Hz) Involved (JU) Involved (CR) Wire to be Added
1150 16 7 3&4 11 From pin 22 of this module
8 only 12 to pin 24 of interconnect
10 18 board at option's decoder
19 position (provides sw, A+).
25
26
32
33
1050 23
1350 3 5,6
7
8 All 4
9
1250 8




6. MATRIX MODULE RESET
OPERATION

6.1 This module can be set up such that

the loss of an externally applied voltage
causes all bistables to automatically reset
simultaneously. In this mode of operation,
each bistable is set by the applicable function
tone and stays set until the loss of switched
A+. The function tone amplifier Q1 is unaf-
fected by the reset function because it operates
from a steady A+.

6.2 Matrix module reset operation specifically
requires jumper and diode changes as

indicated in Table 5 (these are changes that are

required to a previously unmodified module).

TABLE 5.

Matrix Module Reset Component Configuration
Remove Diode | Remove Jumper | Add Jumper
(CR) (JU) (JU)

3 5 11

5 6
7 7
9 8
11 9
12
18
19
25
26
32
33
NOTE
Delayed switched A+ or switched
A+ must be applied to pin 22 of
this module.

7. UNIQUE JUMPER APPLICATIONS

Table 6 identifies jumpers that are used in
special applications not described previously.

8. MAINTENANCE AND TROUBLE-
SHOOTING

8.1 TECHNIQUES OF ISOLATION
8.1.1 Four local test switches (S1-54) are
located onthis module to facilitate
identification of a malfunction. If a tone func-
tion cannot be performed from the remote point,
the malfunction can be isolated to circuitry
either before or after a bistable multivibrator
using an applicable test switch.

When a test switch is activated, a
switched ground output should appear

at the output of the associated bistable multi-
vibrator. If a switched ground output is produced,
the malfunction is before the bistable multi-
vibrator (1) in this module itself (possibly a mal-
functioning function tone amplifier), (2) someplace
else in the station (remote control chassis/inter-
cabling), or (3) in the remote control sending

unit (generator/associated circuitry - intercabling).
If a switched ground output is not produced when

a local test switch is actuated, the malfunction

is in the bistable multivibrator itself or following
circuitry.

8.1.2

8.2 MODULE SERVICING

8.2.1 Servicing with the Module in the

Chassis

The module may be serviced while
connected in the station chassis. To
gain access, remove the module and insert a

TABLE 6.

Unique Jumper Applications

JUMPER (JU)

DESCRIPTION

1 Pull up jumper -- causes bistable No. 1 to
actuate when A+ is applied while no
reset function is applied.

2 Same as JUI except functional with

No. 3 bistable.

3 "AND'" function jumper -- causes all
bistables, in order to be actuated, to
require applicable function tone and
external (switched) ground. Jumper JU4
must be removed.




Model TLLN8799A Printed Circuit Service Board.
Then, insert the module in the service board.
All points on the module are now accessible for
voltage measurements, or other tests.

8.2.2 Servicing with the Module Out of

the Chassis

The matrix control module may be
serviced out of the chassis by connecting it to
a signal generator and power source. The
proper connections for the signal generator
and power source are listed in the following
table.

PIN NUMBER | CONNECTION
1, 13 Ground
11 Audio Oscillator
12 A+ (13.6 V DC)

8.3 TROUBLESHOOTING

8.3.1 Bistable Multivibrator

Step 1. Connect a dc voltmeter between pin
1 and the collector of Q4 (Q7, Q10, Q13).

Step 2. Connect an audio oscillator (high side)
through a coupling capacitor to the base of Ql.
The output level must not exceed 1 volt,

Step 3. Adjust the audio oscillator frequency

to 1350 (1250, 1150, 1050) Hz. The voltmeter
reading should fall to zero volts, indicating that
the bistable multivibrator has changed state. If
the change of state does not occur, check detector
stage Q2 (Q5, Q8, Q11) then bistable multivibrator
Q3-0Q4 (Q6-Q7, Q9-Q10, Q12-Q13), If the change
of state occurs, look to the function tone ampli-
fier for a malfunction.

8.3.2 Function Tone amplifier

Step 1. Connect an ac voltmeter from the
capacitor connected to the collector of QI
(C3) to ground.

Step 2, Connect an audio oscillator frompin 11
to ground. Adjust the oscillator output to -10 dBm
at 1200 Hz.

Step 3. The measured output should be at
least +10 dBm. When viewed with an oscillo-
scope, the waveform should be well into a
clipped condition.

Step 4. If the aforementioned conditions are
not attained, measure the voltages on the
function tone amplifier stage.



9. SPECIAL MODIFICATIONS .

To change the function tone decoder frequencies from the standard value, change those parts
indicated in Figure 2 per table 7.

EXAMPLE: Changing function decoder frequency to 1850 Hz:

FrREQ. | R(a) | rm® | RrR© | rRD® | c

1850 Hz | 22k :i:5‘7ﬂ 1.5k isﬂ 2. Tk 5% | 221 £1% | . 0069 uF +2%

F
e :
T )
TO
Ria) 9 Ve —» BISTABLE )
@ STORAGE '
R(p) TO
FUNCTION
ENABLE
R 3R
AEPS-16274~0
= At
Figure 2.

Typical Function Tone Detector

Table 7.
Special Modifications
To Change

Function Tone

Tank Freq. To R (A) £5% R (B) 5% R (C) 1% R (D) £1% C +2% Capacitor
(Hz) (In Ohms) (In Ohms) (In Ohms) (In Ohms) (In uF) Part No,
2050 33k 1.5k 2. Tk* 221 .0056 8D84326A13
1950 27k 1k 2. 2k* 221 . 0062 8D84326A14
1850 22k 1.5k 2. Tk* 221 . 0069 8D84326A15 |
1750 22k 1k 2. 43k 221 .0077 8D84326A16 |
1650 18k 1k 2.21k 221 . 00865 8D84326A17
1550 15k 1k 2. 21k 221 .0098 8D84326A18
1450 12k 1k 2,21k 221 .0112 8D84326A19 -
1350 10k lk 2.21k 221 .0129 8D84326A20
1250 9.1k 1k 2. 43k 221 .015 8D84326A21
1150 8.2k 1k 2. 43k 221 .0178 8D84326A22 -’
1050 6.8k 1k 2,43k 221 .0213 8D84326A23

* 5% is allowable.




GROUND

NO.4 LOCAL RESET

BISTABLE
NO.i OUTPUT (GND)

SW LOwW OuT

NO.2 LOCAL RESET(GND)
SW LOW OuUT

BISTABLE
NO.2 OUTPUT(GND)

SW LOW OUT
FUNCTION TONE HIGH
A+

FUNCTION ENABLE

NO.3 LOCAL RESET

BISTABLE
NO.3 OUTPUT (GND)

SW LOW OUT

EXTERNAL GROUND

NO4 LOCAL RESET

JELAYED SWITCHED A+
OR SWITCHED A+

BISTABLE
NO4 OUTPUT (GND)
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3 LORG ﬂ}"é G
S)Q'OCJZ' YEL

4 GRN

EBC

TRANSISTOR
DETAIL

NOTES:

1. ALL JUMPERS ARE FACTORY INSTALLED EXCEPT
JUMPERS JU1, JU2, JU3, AND JULl WHICH ARE

REMOVED.

2. VOLTAGES IN PARENTHESES INDICATE THE ACTIVE
STATE.

3. ALL DC VOLTAGE MEASUREMENTS MAY BE TAKEN
WITH 20,000 OHM-PER-VOLT METER.

FUNCTION NO.1{

FUNCTION NO. 1
BISTABLE MULTIVIBRATOR

FUNCTION TONE Hi

m FUNCTION DETECTOR 2 NO.1 LOCAL RESET
560 TONE RIS CcR3
AMPLIFIER 1
CR4 RIB
aan jaut o4 - 3 BISTABLE NO.1 OUTPUT GND
* @ RIO
or s E' 1350HZ M9642 | 1220 2:2K asv 22y
3 = (11.4v) (121V)| (11, 9V) ov) -
I A+ A+
- R7 0129 o 122y H 12
§ 4.7 10K 7 s av - [
RS r2.av s cRl |cR12 |cR13 [cRia |cR1S [cRi6 |CRI7
. -
w LCR? RE RS Rit uz R13 = 022 T T r T T T —<1 e
2.2k 1 2.2tk 3224 2.2K 0.22
= CR40 = . L
s
+|c2
00 uF
AL-I— = 6 NO.2 LOCAL RESET
FUNCTION NO. 2
BISTABLE MULTIVIBRATOR
FUNCTION NO. 2 cRs e
DETECTOR +} O-—-0
2 R25
560
R24
560  ¢9 CR6 R28
RED { —s- 8 BISTABLE NO.2 OUTPUT GND
aov 0.22 47K CRIB
a5 R22 (121 Q7 o
1250
Lz HZ__W Mo642 | r22v 2.2k Q6 M9568 (1025;} cri9
as ) Te (11.4v) Mo643 hrrmw o.9v) > L
015 22y, oov CR20
9.4K b
k[ 3.4v J ov crat
z.2v u
R20 r24 r23 =" e 58 o 2
4.7 e
K 2.43K  $22 22 02z cR23
= = = o
CR24
i
L
w10 cR39
Je 22 DELAYED SW A+ OR SW'D A+
FUNCTION NO.3
FUNCTION NO.3 BISTABLE MULTIVIBRATOR
FRONT PANEL DETECTOR 14 NO.3 LOCAL RESET
R36
st 1] —l 3 17
{ oo R e
© R39
4 ¥
sz [2] | ORG 1vz ] 16 BISTABLE NO.3 OUTPUT GND
2 ,&T_O/'%__HLL_L /32 0.22 “-70"10 cras
= L3 4150HZ Q8 N
s3 3] I | cte MoB42 | rz2v 22K o9 |2, M9568 rz. CR26
3 .ome | g ES (11.4v) (12.4v) 0.3v (ov) be
R29 L0178 o 2.2V (0. V), ? CR27
$4 E 8.2k i11.4v, | Ju7 ! 0 4
4 GRN YEL 3.4v ov cr28
1 - 2zv 10 c1s - 7
= R38
R30 R R33 R34 = R37
| I _j x 2.43k 3221 2.2k 0.22 47K 560 022 cs‘so s ‘%VF: ;%?ng;
= = = Be 10
cR3t
fe 17
FUNCTION NO. 4
BISTABLE MULTIVIBRATOR 20 NO.4 LOCAL RESET
FUNCTION NO. 4 CR9 Jus
DETECTOR I o Lo JCR32 JCR33 LCR34 JCR35 JCR36 JCRS? JCR3B
R46
4 Ras o0
se0  Cf7 CRIO  pag
1 ok 23 BISTABLE NO.4 OUTPUT GND
GRN 4.7k
R43 0-22 af
L4 1050HZ Qi 3
c16 Mogdz | r22v  2:2K oor |tz MS568| 122/
g - (11.4v) 112.1v) (0.9v) —~ (0.0V)
R40 L0213 2.8y 2.2y oaov
P3¢ 1 o Ir1.av7
LIV ov
S L ezav
c18 ct9 I 18 EXTERNAL GND
R4 Rr42 R44 . R4T R48
1K 2,43k 221 022 4.7 _iseo I_ozz

4. UNLESS OTHERWISE STATED, CAPACITOR VALUES

ARE IN MICROFARADS.

IN OHMS.

RESISTOR VALUES ARE

5. FOR JUMPER DESCRIPTIONS, REFER TO TEXT.

NEPS-15374-A

EEPS-14799- A
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PREVIOUS REVISIONS AND PARTS LIST
SHOWN ON BACK OF THIS DIAGRAM

TLN5746A Matrix Control Module
Schematic Diagram and Circuit Board Detail
Motorola No., PEPS-14800-A
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REVISIONS PEPS-14800-A
CHASSIS AND REF.
SUFFIX NO. |SYMBOL CHANGE LOCATION
TLN5746A c7,11, FROM 8-82905G11, SCHEM. &
jC15, 19 .22 uF PARTS LIST
TO 8-82905G02,
2022 uf
ICR39 ADDED, REPLACES
_Jyll
1, 2, FROM 48-869570,
08, 11 M9570
TO 48-869642, M9642
03, 6, FROM 48-869571,
09, 12 M9571

TO 48-869643, M9643

REFERENCE
SYMBOL

MOTOROLA
PART NO.

DESCRIPTION

PARTS LIST

TLN5746A Matrix Control Module

PL-2865- A

CRI1 thru 40

L1 thru 4

Q1
Q2
Q3
Q4
Q5

R1
R2
R3
R4
R5

R7
R8

R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38

23-865137
23-82601A25
23-865137
8-84326A20
8-82905Gl11
8-~82905G11
8-82905G02
8-84326A21
8-82905G11
8-82905G11
8-82905G02
8-84326A22
8-82905G11
8-82905G11
8-82905G02
8-843264A23
8-82905G11
8 -82905G 11
8 -82905G02

48-83654H01

1-80702B11

48-869642
48-869642
48-869643
48-869568
48869642
48-869643
48+869568
48869642
48-869643
484869568
48-869642
482869643
48-869568

6-129620
6-127806
6-129144
6-124A09
6-129805

6-129668
6-128689
6-129805
6-128689
6-84444A08
6-84444A07
6-128689
6-129620
6-129620
6-127804
6-129620
6-127804
6-124A72
6-129805
6-84444A09
6-128689
6-84444A07
6-129620
6-129620
6-127804
6-129620
6-127804
6-129983
6-129805
16-84444A09
6-128689
6-84444A07
6-128689
6-129620
6-129620
6-127804
6-129620

CAPACITOR, fixed: uF +10%;

50 V; unless otherwise stated
4,7 £20%; 25V

100 +150-10%; 20 V
4,7 £20%; 25V
L0129 £2%

0.22

.22

. 022

.015 £2%

0.22

.22

. 022

L0178 2%

0.22

.22

. 022

. 0213 2%

0.22

.22

. 022

SEMOCONDUCTOR DEVICE,
diode: (SEE NOTE)
silicon

COIL ASSEMBLY, inductor:
1 H; includes ground clip

TRANSISTOR: (SEE NOTE)
N-P-N; M9642

N-P-N; M9642

P-N-P; M9643

N-P-N; M9568

N-P-N; M9642

P-N-P; M%643

N«P-N; M9568

N-P-N; M9642

P-N-P; M9643

N-P-N; M9568

N-P-N; M9642

P-N-P; M9643

N-P-N; M9568
RESISTOR, fixed: +10%; 1/4 W;
unless otherwise stated
560

27K

68K

22 5%

1K 5%

10K 5%
2.2K

1K £5%
2.2K
2,21K %1%
221 19,
2,2K

560

560

4, 7K

560

4, 7K

9. IK +5%
1K £5%
2.43K %19
2,2K

221 *19%
560

560

4,7K

560

4, 7K

8. 2K 5%
1K 5%
2,43K %1%
2.2K

228 19,
2.2K

560

560

4. 7K

560

REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION
R39 6-127804 4. 7K
R40 6-129237 6. 8K 5%
R41 6-129805 1K +5%
R42 6- 84444A09 2.43K £1%
R43 6-128689 2.2K
R44 6- 84444A07 221 1%
R45 6-129620 560
R46 6~129620 560
R47 6-127804 4. 7K
R48 6-129620 560
R49 6-127804 4. 7K
SWITCH, slide:
S1 thru 4 40-83468E01 spdt
NON-REFERENCED ITEMS
45B83914G01 GUIDE RAIL, circuit board
388022 SCREW, machine: 4-40 x
l/4l!
457683 LOCKWASHER: No. 4 internal
1-80759B46 PANEL ASSEMBLY: includes:
64-84786F01 PANEL:
includes legend
Referenced parts Sl thru S4
NOTE: For optimum performance, diodes, transistors,

and integrated circuits must be ordered by

Motorola part numbers.



MULTI “PL” ENCODER MODULE

MODEL TLN5744A

AND
CONVERTER BOARD

MODELS TLN5747A
AND TLN5733AV

llPL”

FAEPS-14778-0

Multi "PL' Encoder Module

1. FUNCTIONS

1.1 This encoder module generates four
different PL tones which are routed

to the station transmitter. This module is in-
stalled with a PL converter board that provides
a transmitter turn-off delay of 130-180 milli-

seconds when the transmitter is unkeyed.

When a switched ground signal is applied
from the matrix control module, one of

the PL tone oscillators is enabled., A fast start
feature provides usable output from the selected

1.2

MOTOROLA INC.

: Communications Division

2/10/76-UP

FAEPS-14779-0

"PL! Converter Board

oscillator within 30 milliseconds. A reverse
burst feature reverses the phase of the gener-
ated PL tone for approximately 130-180 milli-
seconds after the transmitter is unkeyed. This
dampens the ""Vibrasponder' resonant reeds in
listening receivers and eliminates receiver
squelch tail noise bursts at the end of each mes-
sage. The PL converter board generates the
130-180 millisecond turn off delay which enables
the transmitter to send the reverse burst PL
tone.

2. DESCRIPTION

Both the encoder and converter are
mounted on sturdy cards with connect-
ing pins to mate with the interconnecting board
of the chassis in which they are installed. The
multiple PL encoder module occupies the
SPARE position of the remote control chassis

2.1

serRvice pulblications

1301 E. Algonquin Road. Schaumburg, IL 60172

68P81023E69-B
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while the multiple PL converter board is lo-
cated in the transmitter's exciter (in place of
the single-frequency PL encoder).

3. CIRCUIT DESCRIPTION

3.1 MULTIPLE PL ENCODER MODULE
3.1.1 Operation of all »ur PL tone oscil-
lators is identic ., Therefore, the
following theory describes unly the circuit
operation of PL tone oscillator No. 1, and is
applicable to the other three.

3.1.2 The tone oscillator consists basically
of a two-stage oscillator (Q101 and
Q104), a turn-off stage (Q103), and tone ampli-
fiers (Q904 and Q905). The frequency-deter-
mining element of the oscillator is "' Vibrasender"
resonant reed E101l (an electromechanical
egquivalent of a parallel-tuned high Q tank cir-
cuit). The output stage of the oscillator Q104
provides a tone from both its emitter and its
collector. Tones from the two outputs are of
opposite phase, with the Q104 emitter supplying
the PL tone during a transmission and the Q104
collector supplying the out-of-phase tone (re-
verse burst) at the end of a transmission. These
tone outputs are fed into separate amplifiers
(Q901 and Q903) where they are amplified to

a usable level before routing to the PL tone

gate and reverse burst gate.

3.1.3 Passage of tones from one or the
other outputs to the base of tone
amplifiers Q904 and Q905 is controlled by the
PL tone gate and the reverse burst gate, During
a transmission, the PL tone gate is open, pas-
sing the tones from the emitter output of Q104,
through amplifier Q903, to tone amplifiers

Q904 and Q905. From the collector of Q904

the tone is fed into the transmitter modulator.
(At this time, the reverse burst gate is closed.)
When the operator releases his push-to-talk
switch at the end of a transmission, the PLtone
gate closes, terminating transmission of the
in-phase "Private-Line' tone. Simultaneously
the reverse burst gate opens, passing the out-
of-phase tone signal from Q104 through ampli-
fier Q901 to tone amplifiers Q904 and Q905.
Q902 is an inverter stage that feeds the reverse
burst switch (Q906).

3.1.4 The oscillator turn-off circuit (Q103),
connected across the secondary wind-
ing of the ""Vibrasender' resonant reed coil,

shorts that winding so as to disable the tone
output of Q101 whenever ground is removed from
the oscillator turn-on point (pin 2).

3,1.5 The purpose of the Q102 pulse circuit

is to "fast-start! the tone oscillator

to permit faster receiver PL squelch action
thereby speeding up system operation. The

pulse circuit increases the PL tone oscillator

rise time to a usable level in approximately

30 milliseconds instead of the usual 2-1/2 sec-
onds. This is accomplished by pulsing the priimary
input of the tone oscillator ''"Vibrasender' resonant
reed with a 3 millisecond pulse which causes the
tone oscillator to 'fast-start'.

3.2 "PL" CONVERTER BOARD

The PL Converter Board provides a trans-
mitter turn-off delay of approximately 130-180
milliseconds after the transmitter is unkeyed,
During this period, an opposite phase tone (reverse
burst) is developed in the tone output circuit which
dampens the oscillations of the '"Vibrasponder"
resonant reed in listening receivers to eliminate
"squelch-tail' noise burst at the end of the mes-
sage, When the keyed A+ is applied, keying switch
Q1 and delayed turn-off switch Q3 operate immedi-
ately to key the transmitter. Delay generator Q2
is also activated, When the transmitter is unkeyed,
delay generator Q3 keeps delayed turn-off switch
Q3 activated for approximately 130-180 millisec-
onds,

4. MAINTENANCE
4.1 RECOMMENDED TEST EQUIPMENT

a. Motorola SLN6221A "Private-Line''
Tone Generator -- used for testing
"Vibrasender' resonant reeds.

b. Motorola solid state ac voltmeter --
used for tone level measurements.

c. General purpose oscilloscope --
valuable for signal tracing and locating
sources of distortion.

d. Motorola solid state dc multimeter
-- used for dc voltage measurement.

e. Motorola S1343A Series Frequency
Counter or S1344A Series Frequency
Counter/Deviation Meter -- used for
measuring PL tone frequency.



4.2 PERFORMANCE TEST

Measure frequency deviation of the
transmitter in which the PL encoder isinstalled.
With the transmitter keyed and PL tone modula-
tion (only), deviation should read 0.5 to
+1,0 kHz.

4.3 TROUBLESHOOTING

Step 1. If no deviation is measured, the
trouble may lie in the tone oscillator or tone
The trouble may be isolated
by the following steps.

output circuit.

a. Check A+ input to encoder.

b. Check ac signal voltage at ocollector
of Q903.

c. If signal is present, check Q904.

d. If no signal is present any component
in the oscillator loop could cause the
trouble. Check the ""Vibrasender'
resonant reed in the '""Private-Line"
tone generator.

e. If the tone generator does not produce
an output signal the reed is defective.

(Page 5 is blank)

f. If the reed is good, replace it in the
encoder and make dc voltage measure-
ments in the tone oscillator circuit to
locate the defective component.

Step 2. if low deviation is measured, check ac
signal voltages and compare them with the sche-
matic voltage readings to find the source of
trouble.

Step 3. If deviation is normal, but calls are not
being received, check the frequency of the PL
encoder tone. If off-frequency, replace the
""Vibrasender' resonant reed.

Step 4.
by all listening receivers, check dc voltages of
Q902 and Q906 in keyed and unkeyed conditions.

If squelch tail noise bursts are heard

Step 5. If the transmitter cannot be keyed, and
the trouble has been isolated to the PL converter
board, measure dc voltages in Q1, Q2 and Q3
stages.

Step 6. If too much tone deviation is measured,
check feedback amplifier Q904.
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REFERENCE
SYMBOL

MOTOROLA
PART NO.

DESCRIPTION

PARTS LIST

TLN5744A Multi PL Encoder Module

PL-2863- A

C101
C102
Cl103
C104
Cl05
C201
C202
C203
C204
C205
C301
C302
C303
C304
C305
C401
C402
C403
C404
C405
C901, 902
C903
C904
C905
C906
C907
C908
C909
C910

CR101, 201,
301,401,901
thru 905

Q101, 102
Q103, 104
Q201, 202
Q203, 204
Q301, 302
Q303,304
Q401, 402
Q403, 404
Q901 thru 904
Q905

Q906

R101
R102
R103
R104
R105
R106
R107
R108
R109
R110
R111
R112
R113
R114
R115
R116
R117
R201
R202
R203
R204
R205
R206
R207
R208
R209
R210
R211

8-82905G01
23-865136
23-84762H14
23-82783B08
23-865137
8-82905G01
23-865136
23-84762H14
23-82783B08
23-865137
8-82905G01
23-865136
23-84762H14
23-82783B08
23-865137
8-82905G01
23-865136
23-84762H14
23-82783B08
23-865137
23-84762H08
23-84762H14
8-82905G26
8-82905G10
8-82905G05
8-82905G07
8-82905G05
8-82905G01

48-83654H01

48-869643
48-869642
48-869643
48-869642
48-869643
48-869642
48-869643
48-869642
48-869642
48-869643
48-869642

6-129777
6-129668
6-128683
6-129887
6-127801
6-127806
6-129225
6-129669
6-129225
6-131275
6-131857
6-129149
6-131275
6-129982
6-127806
6-129242
6-129707
6-129777
6-129668
6-128683
6-129887
6-127801
6-127806
6~129225
6-129669
6-129225
6-131275
6-131857

CAPACITOR, fixed: uF +10%;
50 V; unless otherwise stated
.01

15 £20%; 25 V
0.47 £20%

1.0 £20%; 35V
4,7; 25V

.01

15 £20%; 25 V
0.47 £20%

1.0 +20%; 35V
4,7, 25V

.01

15 £20%; 25 V
0.47 £20%

1.0 +20%; 35V
4,7; 25V

.01

15 £20%; 25 V
0.47 £20%

1.0 £20%; 35 V
4,7; 25V

3.9 £20%; 15V
0.57 £20%
.0047; 100V
.015; 100 V
0.15

NOTE 6

0.1

0.15

.01

SEMICONDUCTOR DEVICE,
diode: (SEE NOTE)

silicon

TRANSISTOR, NPN: unless
otherwise stated (SEE NOTE)
PNP; type M9643

type M9642

PNP; type M9643

type M9642

PNP; type M9643

type M9642

PNP; type M8643

type M9642

type M9642

PNP; type M9643

type M9642

RESISTOR, fixed: +5%; 1/4 W;
unless otherwise stated

39k
10k

150k

12k

470 +10%
27k £10%
10k £10%
4.7k

10k £10%
220

680k
470k

220

5. bk

27k £10%
56k +10%
2.7k

39k

10k

150k

12k

470 £10%
27k £10%
10k +10%
4.7k

10k £10%
220

680k

REFERENCE MOTOROLA DESCRIPTION
SYMBOL PART NO.

R212 6-129149 470k

R213 6-131275 220

R214 6-129982 5. 6k

R215 6-127806 27k £10%

R216 6-129242 56k £10%

R217 6-129707 2.7k

R301 6-129777 39k

R302 6-129668 10k

R303 6-128683 150k

R304 6-129887 12k

R305 6-127801 470 £10%

R306 6-127806 27k £10%

R307 6-129225 10k £10%

R308 6-129669 4, Tk

R309 6-129225 10k £10%

R310 6-131275 220

R311 6-131857 680k

R312 6-129149 470k

R313 6-131275 220

R314 6-129982 5. 6k

R315 6-127806 27k £10%

R316 6-129242 56k £10%

R317 6-129707 2.7k

R401 6-129777 39k

R402 6-129668 10k

R403 6-128683 150k

R404 6-129887 12k

R405 6-127801 470 £10%

R406 6-127806 27k £10%

R407 6-129225 10k £10%

R408 6-129669 4.7k

R409 6-129225 10k +£10%

R410 6-131275 220

R411 6-131857 680k

R412 6-129149 470k

R413 6-131275 220

R414 6-129982 5. 6k

R415 6-127806 27k £10%

R416 6-129242 56k £10%

R417 6-129707 2.7k

R901 6-128687 6.8k £10%

R902 6-128683 150k

R903 6-129707 2.7k

R904 6-131527 47k

R905 6-131276 150

R906 6-128904 18k +10%

R907 6-129887 12k

R908 6-129299 68k

R909 6-129668 10k

R910 6-129229 180k £10%

R911 6-128902 47k

R912 6-131525 270

R913 6-129882 5. 6k

R914 6-129299 68k

RY15 6-128902 47k

RIL6 6-129805 1k

R917 6-10401A27 120

RI18 6-124A61 3.3k

R919 6-129147 220k £10%

R920 6-129242 56k

R921 6-128686 8.2k £10%

R922 6-129667 22k

R923 6-129526 33k

R924 6-129299 68k

R925 6-129526 33k

R926 6-129299 68k

R927 6-128683 150k

R928 6-129299 68k

R929 6-129887 12k

R930 6-129981 3.3k

R931 6-129668 10k

R932 6-128902 47k =109

R933 6-129299 68k

R934 6-129526 33k

R935 6-129669 4.7k

R936 6-129668 10k
NON-REFERENCED ITEMS
9-84910C01 SOCKET, ""Vibrasponder''

resonant reed
45-83914G01 GUIDE RAIL, circuit board
3-8022 SCREW, machine: 4-40 x1/4"
4-7683 LOCKWASHER: No. 4
NOTE: For optimum performance, diodes, transistors,

and integrated circuits must be ordered by
Motorola part numbers.
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R204 *r— * Q204 NOTE 6
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"
€303 R34S REVERSE BURST
ALt SWITCH
047 27K ':933;(3 R936
- 10K
TURN OUTPUT
INPUT R308 FAST START €304 OFF AMPL )
. *~— 220k
R304 4.7K Q302 B 6.6V- XMIT
12K 4V Q3014 -
M543 c30 M9643 o,0v-XmT 0.1V-STEY "REVERSE BURST" "PL" DISABLE
21y ) R340 ov-srer Q906 J GATE (XMIT PAGING)
220 a7y
R30I $R302 $R303 _LC301 ! ® ACTIVE M9642 pcr903
39K $10Kk 150K T ' 13.8v 13.8v 1
-0t R307  iR309 !&caam TURN OFF R316 R932 €909 N R934 CR304 CR905  R935 \
10K 10K q 3 Yex 47K 0{:5 s o] »— 2% Teoro <
0SC NO.3 R305 Toou
ENABLE ** r | it
c302 u < R317 = =
8> R306 = = = a1
s 27K 2
FAST START TRANSISTOR PULSE WAVEFORMS
START upP
i
"PL" TONE OSCILLATOR NO.4 1 ® ﬁ Ab—
c403 R415 |' l
L+ | 1
) I
0.47 27K |
TURN  OUTPUT ov— b
INPUT R408 FAST START E404 OFF AMPL L ] |
R404 * \ @ Q404
2k qsv| Qaos 7K oaaid B r3v
21 M9643 caos Os Oa r |
- 3% R410 B Ab— e — e —
7l [
R404 $RA02 $R403 _ G401 > ! 220 Mos‘g’z Ao o0 !
39K F1ok  $es0k T, 2.6V 3.8V " ] |
-0t R407  pR409 4.0V C405 R416 VIBRASENDER
10K 10k ¥ CR4OI < T RESONANT REED |
1 B i o}; v 56K BASE DETAIL | ov —_———
0SC NO. 4 . R405 Ratz Ravd (BOTTOM VIEW) L ' { EEPS—14783-C
ENABLE ca02 470 - 3
RA0S = = RA47 MSEC
+Tis 27K 27K

, 'PL" TONE
OUTPUT

, n P LII
DEFEAT

REVISIONS PEPS-14784-B

NOTES:

CHASSIS AND REF.
SUFFIX NO. SYMBOL CHANGE LOCATION
TLN5744A Q101, 102 FROM 48-869571, SCHEM. &
Q201,202| M9571 PARTS LIST
Q301, 302| TO 48-869643, M9643
Q401, 402
Q905
Q103, 104[FROM 48-869570,
Q203,204 M9570
Q303, 304| TO 48-869642, M9642
Q403, 404
Q901-904
Q906
R918 FROM 6-129226, 100k | 2ND TONE
TO 6-124A61, 3, 3k AMPL.

1. UNLESS OTHERWISE STATED: CAPACITOR VALUES
ARE IN MICROFARADS. RESISTOR VALUES ARE

IN OHMS.

2. UNLESS OTHERWISE STATED: VOLTAGES REPRESENT
THE ACTIVE STATE AND ARE TAKEN WITH RESPECT
TO CHASSIS GROUND.

3. ALL AC VOLTAGE MEASUREMENTS ARE RMS VALUE,

4, ALL DC VOLTAGE MEASUREMENTS MAY BE TAKEN
WITH 20,000 OHM-PER-VOLT METER.

5. JUMPER TABLE

JUMPER

STATUS

JU901, 902

IN FOR 4-FREQUENCY APPLICATIONS;
OUT FOR 8-FREQUENCY APPLICATIONS

JU903, 904

IN WHEN TRANSMITTER-EXCITER

UTILIZES DIRECT FREQUENCY MODULA-
TION; OUT WHEN DIRECT FM IS NOT USED
(SERRASOID MODULATOR IS INCORPORATED)

Ju905

OPPOSITE OF JU903 & JU904 -- OUT FOR
DIRECT FM; IN OTHERWISE.

6. CAPACITOR C907 IS PART OF TLN5747A "PL" CONVERTER
BOARD KIT. REFER TO APPLICABLE PARTS LIST FOR COM-

PONENT VALUE.

NEPS-15370-A

TLN5744A Multi PL Encoder Module
Schematic Diagram and Circuit Board Detail

Motorola No,
(Sheet 2 of 2)
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FROM RED
TRANSMITTER

REFERENCE MOTOROLA
INTERCONNECT
syYmBoL PART NO. DESCRIPTION
FROM RED (NOTE 3)
TRANSMITTER
INTERCONNECT PA RTS LIST
P404 J401 TLN5747A ""PL" Converter PL-2866-A
l_'1 P702 DELAYED
“bL" TONE | L 6 i Yl KEYING DELAY TORN o T B
P404 J401 I‘MOZ SWITCH GENERATOR USRWITCOHFF (KEPYED A+ RELEASE UN=KEY CAPACITOR, fixed:
P702 KEYING DELAY DELAYED FILTERED A+ -»_J.._o 5 >t | | | cl 23-83214C26| 15 uF £20%; 25 V
"PL"TONE 6 . ™ SWITCH GENERATOR TURN T SFF (KEVED A#)  RELEASE  UN-KEY REFERENCE | Menmr no. DESCRIPTION | ! ! cz 21-82187B23| 820 pF £10%; 500 V
L - Cc907 8-82905G04 . 068 (132-174 MHz Stations)
! FILTERED A+ —L——D 5 \J : I : | | | | ! or (SEE NOTE II)
| | | ; | PARTS LIST I \J [arne IneTeD . : 8-82905G11 | .22(25-50 MHz Stations)
KEYED A+ T e (SEE NOTE II)
13.4V/DC UNKEYED ' ¥ i L C! R8 "9 @ ! ! | SEMICONDUCTOR DEVICE,
o1voc K@ CR1 | TLN5733AV "PL" Converter P1.-4227-0 I | M35 ' 4VDC: 5k 1.8k | ' | dioder (SEE NOTET, )
& . I e:
KEYED A+ —-—l—«> 2 >-L—® fe To -~ s ® : | , CAPACITOR, fixed: . TIVOC (13.4v0c : ! CRI,2 48-83654H01 | silicon
| ovoc + (3.9v0c] 2% 2.2k | \ | cl1 23-84762H09 | 15 uF £20%; 20 V | JEN {12 Q2 |25 058 Q3 | [ TRANSISTOR: (SEE NOTE I)
- 73.4V0C  |13.4voC ' | c2 21-82187B23 /| 820 pF £10%; 500V ol  (eP\MO571 LKEYED ’M9328 ! Q1 48-869570 NPN; type M9570
2% Q2 |YaKErEe Q3 | [ €907 8-82905G04 | .068 (132-174 MHz Stations) 16.8VDC ) __I___{ [ 02 48869571 PNP: type M9571
| ® cr2 MOB43LXEYED M9328 : (SEE NOTE 1) Ra 13.3v0C © | ! i Q3 48-869328 PNP; type M9328
b b | - - Stati : |
L 1a8voc —_—t{ | | or 8-82905G11 252}§;é2Nso%[(‘)EN]I:IIi)Z fons) I R6 R7 \ | : RESISTOR, fixed: £10%; 1/4 W
- i 13.3v0C @ ' A= I b2 | v v i_— unless otherwise stated
g f | ! * 80 Jee ' 130-180M SEC R1 6-129132 820
RS R7 | 3 ‘ ' SEMICONDUCTOR DEVICE, | | OVDC UNKEYED 7: — — 2 129863 390
A ix " e80 ! - diode: (SEE NOTE I) DELAYED KEYED 13.3VDC KEYED 820 PF © | 1
c2 — 130-180M SEC 65401 | Siticon FILTERED A+ L$4 J - 1 ‘ 1 R3 6-129862 150
T CRI1, 2 48-83 silicon ! |
35 e 820 PF © | ' EXCITER (PARTIAL; CEPS—14787-A R4 6-129236 15k 5%
DELAYED KEYED | | R5 6-129887 12k +5%
FILTERED A+ ! I | TRANSISTOR: (SEE NOTE I) RE 6-129805 1k 5%
- 0
EXCITER (PARTIAL} CEPS-17253-0 Q1 48-869642 NPN; type M9642 R7 6-129984 680 +5%
Q2 48-869643 PNP; type M9643 RS 6-129681 1. 5l +5%,
Q3 48-869328 PNP; type M9328 R9 6-129269 1. 8k
RESISTOR, fixed: #5%; 1/4 W NOTES:
unless otherwise stated I. For optimum performance, diodes, transistors and
RI1, 9 6-124C57 2.2k £10%. integrated circuits must be ordered by Motorola part
R2 6-124C49 1k £10% numbers.
R3, 8 6-124A53 1.5k II. Capacitor C907 is located on the TLN5744A multiple
R4 6-124A77 15k "PL'" encoder module but is part of this converter board kit.
RS 6-124A75 12k
R6 6-124A49 1k
R7 6-124A45 680
NOTES:
I. For optimum performance, diodes, transistors and
integrated circuits must be ordered by Motorola part
nurmnbers.
II. Capacitor C907 is located on the TLN5744A multiple NOTES:

"PL'" encoder module but is part of this converter

board kit. 1. UNLESS CTHERWISE STATED, RESISTOR VALUES

ARE IN OHMS.

2. DC VCLTAGE MEASUREMENTS IN Q1, Q2, AND Q3 STAGE
TAKEN IN RESPECT TO A- ALL DC VOLTAGES MAY
BE MEASURED WITH 20,000 OHM-PER-VOLT METER.

NEPS-15371-0C

NOTES:

1. UNLESS OTHERWISE STATED, RESISTOR VALUES

ARE IN OHMS. FROM
XMTR “pL"
i 2. DC VOLTAGE MEASUREMENTS IN Q1, Q2, AND Q3 STAGE TERCONNECT 4 TONE
TAKEN IN RESPECT TO A~. ALL DC VOLTAGES MAY BE T D iN
MEASURED WITH 20,000 OHM—PER-—-VOLT METER.
3. WHEN USED IN BASE STATIONS THE RED WIRE TO P702
IS DELETED.
NEPS—17256-0
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MULTI"'PL” DECODER MODULE

MODEL TLN5745A

FAEPS-14788-0

1. FUNCTIONS

1.1 This multi PL decoder module is used

with base and repeater stations to pro-
vide multiple PL receive operation. It is also
used with non-wire line repeater stations to
select the PL tone transmitted with repeated
messages. Depending on the PL tone received,
a switched ground signal will appear at one of
the outputs of this module which is used to:

(1) (with base stations) unsquelch the receiver
or

(2) (with non-wire line repeater stations) un-
squelch the receiver and enable an associated
PL oscillator in the multi PL encoder module,

MOTOROLA INC.

Communications Division

2/10/76-UP

2. DESCRIPTION

2.1 This module is fully transistorized and

occupies the "'Single-Tone'" Decoder
position in the remote control chassis. All
components and circuitry are mounted on a
sturdy card with interconnecting pins to mate
with the interconnecting board of the chassis in
which it is installed,

3. CIRCUIT DESCRIPTIONS

3.1 INTRODUCTION

3.1.1 This module responds only to spe-

cific continuous low-frequency tones
from a transmitter in the same '""Private-Line"
system. Four '"Vibrasponder' resonant reeds
are used as tone detectors by the decoder. These
reeds detect tones within an accuracy of less
than one Hertz (0.15%). A switched ground
from an open collector output stage is provided
for each of the four detected tone inputs by the
decoder.

3.2 "PL" TONE PRESENT

3.2.1 With PL tones present with the input
signal to the decoder, the PL filter
passes low frequency PL tones and attenuates
voice and noise frequencies above 300 Hz. The
noise switch shorts out high frequency noise
frequencies. The tone from the PL filter is
amplified by the PL amplifier and is limited
to a fixed level by the amplifier/clipper. The
tone is applied to the ""Vibrasponder' resonant
reed which vibrates when the tone is the same
frequency as the reed's resonant frequency.
When the reed is vibrating, the device acts as
a transformer and couples the tone from pri-
mary to secondary. The tone is amplified in

SenRvice publications

1301 E. Algonquin Road, Schaumburg, IL 60172

68P81023E72-B
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Figure 1. Functional Diagram
the next stage and applied to a detector. When not operate. Therefore, the output of all detec-
a tone is present, the detector develops a dc tor switches is high which inhibits the squelch ‘ :
output which activates the detector output switch. gate through pin 21.
When the detector output switch is activated, its
ground output is applied to three circuits -- the
3.3.2 When no PL tone is detected, switch
@® Receive PL indicate switch which, in Q6 is off. This allows high frequency
turn, drivesthehighfrequency noise noise to bypass the PL filter which prevents ran-
switch (shorts inputhigh frequency noise dom low frequency noise from activating the
and voice signals to ground) and provides "Vibrasponder' resonant reeds.
an output ""high' on the PL indicate line
to the station's receiver (unsquelches 3.4 INPUT CIRCUITS
the receiver).
3.4.1 The receiver discriminator output
® Squelch gate PL indicate switch which, signal is applied to the multi PL de-
in turn, provides an output "high' on coder input at pin 3. When no carrier is received
the PL indicate line to a repeater sta- this signal consists of noise only. When voice or ' »
tion's squelch gate module (keys the voice/PL tone frequencies are received, the
station's transmitter). noise is reduced and the voice/PL tone frequen-
cies are routed through the low pass PL filter -
® Through inverter and latch circuits to and noise gate circuits. The low pass PL filter,
an applicable output switch which, in which consists of L2, C2, C3, and C4, sharply
turn, is activated (provides an associ- attenuates all signals above 300 Hz. Therefore,
ated ground level output in response to voice and noise frequencies above 300 Hz are
the particular PL tone detected). effectively blocked while PL tones are passed.
3.3 PL TONE NOT PRESENT
3.4.2 High pass filter, Cl1, Rl and R7,
3.3.1 When no PL tone is present, or provides a shunt for high frequency
when a PL tone of an incorrect fre- noise around the PL filter when no tones are de- .
quency is present, the '"Vibrasponder' does tected. The high frequency noise desensitizes
2 A

—_



the amplifier/clipper and prevents low frequency
noise from triggering the decoder. When a PL
tone is detected, noise switch Q6 shorts all high
frequency signals to ground,

3.5 AMPLIFIER/CLIPPER

3.5.1 The noise and PL tones are amplified
and coupled to amplifier/clipper Q2
by Q1. Diode CR1 and Q2 (base emitter junction)
Iimit both the positive and negative signal swing
to a maximum amplitude. The output of Q2
provides a constant drive to compensate for the
tone amplitude deviation between transmitters.
Q2 also reduces the sensitivity of the "Vibra-
sponder'' reeds to noise. Drivers Q3 and Q4
operate as emitter followers to provide current
drive to the low impedance ""Vibrasponder' reed

assembly.
3.6 "VIBRASPONDER'" RESONANT REEDS
3.6.1 The "Vibrasponder'' resonant reeds

are the frequency detecting devices
of the decoder. When the input tone from the
""Vibrasponder'' driver is the same frequency
as a reed's resonant frequency, the reed vibrates.
At resonance, the reed acts as a high Q trans-
former coupling energy from the primary to the
secondary winding. At all other frequencies,
the reed will not vibrate and no energy is coupled
to the secondary winding. The reed is a preci-
sion built device consisting of a tuned cantilever
reed of special steel mounted on a rugged base
with a coil and permanent magnets. The entire
assembly is spring-mounted and hermetically
sealed in a metal housing to insure long life at
peak performance under all types of conditions.
Its design eliminates the need for servicing
throughout its useful life. The plug-in unit is
easily removed and replaced. The reed is sensi-
tive to within 1 Hz of its resonant frequency.
Specific tones in the 67 to 210 Hz range are used.

3.7 TONE DETECTORS

3.7.1 The following description applies to the
signal flow through '"Vibrasponder' res-

onant reed ""A'" and associated circuits. '""Vibra-

sponder'' circuits '""B', '""C'", and '""D'" operate

in an identical manner.

3.7.2 When a PL tone is detected by a

""Vibrasponder'' resonant reed, a
resonant sinusoidal waveform appears at its
output. This signal is amplified by Q7. (Nega-
tive feedback through Cl1 maintains the sinus-
oidal voltage.) The output of Q7 is detected
by Q8.

" 3.7.3 Detector Q8 is normally turned off by

+13.4 volts on the base and +12. 3 volts
on the emitter., Therefore, when a tone is de-
tected, Q8 turns on each time the tone signal
waveform goes negative more than 1.3 volts
(the amount of Q8 reverse bias)., Each time
Q8 turns on, Cl3 is charged by the +12. 3 volts
on the emitter, When Q8 turns off Cl3 discharges
through R25 and the base of Q9 turning on Q9.
When Q9 turns on, it applies a ground to the
base of Q5 and Q29, turning them on., When
Q5 and Q29 are turned on, they apply a positive
level to the receiver and squelch gate respec-
tively. The positive level from Q5 also turns
on Q6 which shunts high frequency noise from
the PL filter to ground.

3.8 DECODER OQUTPUT

3.8.1 When a tone is detected, the low out-
put of Q9 is applied to inverter Ul-5.
This low is inverted and applied to NAND gate
U2-2. When delayed keyed A+ is applied to
U2-3, a low level is generated and fed back to
Ul -5, causing a latch condition and applying a
continuous low to the base of Q27. This low turns
on Q27 and Q28 producing a low {ground level)
output #1 signal at pin 2.

3.8.2 When transmission has been completed,
and the PL tone has dropped, the col-
lector of detector output switch Q9 goes high. This
high reverse biases all three 1isolation diodes,
causing the three associated circuits to reverse
their operation as previously described. Delayed
keyed A+ remains on for approximately 130-180
milliseconds. This delay voltage keeps the NAND
gate on, feeding back the output to
the input of inverter Ul, thereby keeping a high
applied to pin 1l of U2. This state continues
until delayed keyed A+ drops, causing the NAND
gate to return to its normal state.

4. MAINTENANCE

4.1 RECOMMENDED TEST EQUIPMENT

a. Motorola S1318A, S1319A, S1320A, or
S1321A RF Signal Generator. This
solid-state unit provides receiver

rf carrier signals.
b. Motorola SLN6221A " PL" Tone Gen-

erator and""Vibrasender' resonant
reeds onthe same frequencyas the
""Vibrasponder'' resonant reeds of the
decoder. Anaudio signal generator
maybeusedifitisaccurately setto
the decoder frequency. However, to




obtainthe accuracynecessary, the
frequency should be adjusted while
the signalis measuredona frequency
counter,

c. Tektronix/Telequipment Model D61
Oscilloscope for tone signal mea-
surement. Some measurements
may be taken with a high impedance
ac voltmeter.

d. Motorola solid state multimeter for
dc voltage measurements.

4.2 PERFORMANCE TESTS

A 0.25 microvolt rf carrier signal mod-
ulated £0,5 kHz with PL tone should unsquelch
the receiver. This can be checked as follows:

Step 1. Connect the rf signal generator to the
receiver rf input receptacle. Set the signal
generator output to the receiver carrier fre-
quency, then set the output to minimum.

Step 2. Modulate the signal generator output
*£0, 5 kHz with a PL tone of the frequency stamped
on one of the ""Vibrasponder' resonant reeds.

The tone can be generated with a Motorola
SLLN6221A "PL'" Tone Generator and a "Vibra-
sponder' resonant Reed. A '"Vibrasender' reed
from the PL encoder may be used if it is the
proper frequency.

Step 3.
an audio tone in the 300 to 3000 Hz range at
+3.3 kHz.

Step 4. Increase the output of the signal genera-
tor until the receiver unsquelches and the audio
tone is heard on the speaker. No more than 0.25
microvolt should be required to unsquelch the
receiver.

4.3 TROUBLESHOOTING

If the PL decoder does not operate, or
operates improperly, the following hints may
be helpful in locating the malfunction.

Also modulate the signal generator with :

4.3.1 Testing the ""Vibrasponder' Resonant

Reeds

One of the first tests should be a check
of the ""Vibrasponder' resonant reeds. Injecta

340 millivolt rms PL tone of the proper fre-
quency directly to the primary of each reed.
Use an oscilloscope or ac voltmeter to check
the output across the secondary of the reeds.
Approximately 75 millivolts rms should be
measured. If the reeds are good, continue
with other decoder tests.

4,3.2 Decoder Testing

Step 1. To test the decoder, inject a
1000 microvolt carrier signal into the
receiver. Adjust PL modulation for

60 millivolts rms tone signal at the in-
put to the decoder. If the PL tone is
injected directly onto the decoder for
testing, an rf carrier signal should be
injected into the receiver to quiet the
receiver noise. Otherwise, noise and PL
tone will both be present and will produce
erroneous readings.

Step 2. With 60 millivolts PL tone input,
measure signal and dc voltages at various
points in the decoder to isolate the trouble.
Typical values for a normally operating
decoder are given on the schematic diagram.
Some waveforms are not sinusoidal and should
be measured with an oscilloscope. Most ac
voltmeters are calibrated to read accurately
only for sinusoidal signals.

Step 3. If under normal operating condi-
tions, the PL tones are heard with the speaker
audio, the high pass filter on the decoder board
should be checked.
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