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SEQUENTIAL TONE UNIT

TQ5001 AND TQ5002

General

TQ5001 and TQ5002 are combined sequential tone
transmitter-tone receiver units, the transmit-
ter and receiver functions being independent of
each other, and which can process 3, 4, or
5-tone signals. The units are designed to fit
into CQM5000 radiotelephone equipment and the
electrical design appears from the block dia-
gram.

The unit is built on a single printed circuit
board (p.c.b.) with plated through holes which
connects to the radiotelephone circuits via

plug-in sockets. The loudspeaker IN/OUT button,

the TONE KEY button, and the yellow call indi-
cator is mounted directly on the board and
protrude through holes in the front plate. The
unit is mechanical secured to the radiotele-
phone chassis by four screws and spacers.

For TQ5001 the tone frequencies are the STORNO
series, 885Hz to 2800Hz; for TQ5002 the tone
frequencies are the CCIR series, 960Hz to
2110Hz. The tone combinations for the tone
receiver and the tone transmitter are selected
by soldering colour coded wires to the tone

coil, or by establishing the connections on the
wiring side of the p.c.b.

In standby, when turning on the equipment, the
unit is in the tone receive mode and set to the
1st tone of the combination. Reciept of a
sequential tone signal, that matches this
combination, will cause the following events to

take place.

The key blocking is cancelled (Q127 ON).

The loudspeaker blocking is cancelled (Q130
OFF) .

The LED call indicator D107 will start flashing.

When the tone unit is strapped for Auto-Receipt,
a correct tone call will automatically trigger

the sequential tone transmitter circuit and
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after having generated the last tone of the
sequential tone signal the unit reverts to the
condition described above, i.e. the loudspeaker
is on.

Accordingly, when in the LS in mode, the tone
transmitter can be manually triggered by press-
ing the Tone key button.

With 70ms tone length, the time from depressing
the Tone key to the generation of the 1st tone

is approximate by 220ms for TQ5001, and 320ms
for TQ5002.

ms = millisecond = 0, 001 second.

When using 3 tones or 4 tones in the sequence
this interval may by extended if the unused to-
ne gate wires are left unconnected.

The transmitter remains keyed for approximately
640ms for TQ5001, and 920ms for TQ5002 even if
the Tone key button is pressed for a shorter or
longer period. Simultanously with the keying of
the transmitter, the microphone amplifier will
be blocked. The blocking signal disappears
after the last tone has ceased, that is when

the unit reverts to standby.

The units can accomodate a Group Call unit,
SU5001, when an extention of the call tone sy-
stem is required, and the unit may also be used
as a combined single tone transmitter and se-

quential tone receiver.

Mode of Operation
In standby the TQ5001/TQ5002 unit is set to the

sequential tone receiver mode and when a tone

signal having the proper code is applied to the
input, the following events take place:

The 1st tone is amplified and limited in the
input stage.

The signal is then, via a coupling link, ap-
plied to the selective circuit.

In standby the 1st tone gate, Q117, selects the
1st tone of the combination.

The active part of the selective circuit is a

Q-multiplier, which also operates as oscillator
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when the selective circuit is part of the tone
transmitter.

Owing to the high signal voltage across the se-
lective circuit the gate transistors are biased

in the nonconductive direction, and simulta-
neously the tone and oscillator signal amplitude
is limited.

If the level of the 1st tone is within the sen-
sitivity range of the tone receiver, the selec-
ted signal will switch the comparator output
(U101A).

The schmitt-trigger (U101b) will go negative
after approximately 17ms which is generated by
the Clock Delay circuit. At the same time the
schmitt trigger rapidly charges the Clear Delay
circuit in order to enable the counter.

At the end of the 1st tone the Schmitt trigger
reverts to standby and the positive leading
edge is fed to the counter's clock input. The
counter steps forward and the next tone gate
tunes the selective circuit to the 2nd tone.

Each gate transistor has its collector con-
nected to one of the tone coil terminals. The
sequential tone receiver is now set to receive
the 2nd tone of the signal, and it remains in
this state for approximately 120ms, the time
being determined by the Clear-Delay. Except for
the requirement of a tone lenght of Approxima-
tely 40 ms, the tone receiver is independent of
the duration of the signal elements, because

the counter switches to the next tone gate at

the end of the preceeding tone. If the 2nd tone
is not accepted within approximately 120ms, the
counter is reset to standby, i.e. ready for the
1st tone.

The 2nd, 3rd, 4th, and 5th tone of a sequential
signal are received as described for the 1st.
When the 5th tone has been accepted information

of the counter is read out to Latch U104b,

which cancels the key and loudspeaker blockings.

At the same time the Call indicator is turned
on, and the call may also cause an automatic
transmission of receipt to take place, if used.
The colour coded wires from the tone generator
gates are soldered to the tone coil terminals,
but if the same tone code is used for both tone
transmitter and tone receiver, the code can be
set by arranging the wires on the p.c.b. With
the loudspeaker turned on depressing the Tone
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key button causes the following to take place:

A positive pulse from the Tone key button
toggles the latch U104a whose Q and Q outputs
control the internal switching from receive to
transmit, and U104b controls the Transmitter
Key switch and the Microphone Blocking.

When the clock generator U101c starts, the com-
parator Ut0la and the counter U103, are inhi-
bited by the Q-output of UT04a. The Q output
enables the tone transmitter counter U102,
inhibits the Clock Delay circuit, and turns on
Q108 which increases the gain of the Q-multiplier
Q107.

The clock generator pulses are applied to the
counter U102, the repetition rate being 70ms

for TQ5001 and 100ms for TQ5002. Upon arrival
of the 3rd clock pulse the Tst tone gate tran-
sistor is turned on and the tone oscillator
generates the Ist tone of the signal code. The
oscillator output is passing an emitter-follower
before being applied to the output terminal.

The output voltage is adjustable by means of
R113.

The 4th, 5th, 6th, and the 7th clockpulse suc-
cessively turn on the remaining gate transistors
to accomplish the signal code. The 8th clock
pulse is used to introduce an interval before
the 9th clock pulse resets the latch, U104a,

and the TQ-unit reverts to the tone receive

mode with the loudspeaker turned on.
Circuit Description

Input amplifier and limiter
Transistors Q101, Q102, and Q103 form a diffe-

rential input amplifier/limiter, and Q104 is

the resonant circuit driver. The received tone
signal is amplified the gain being constant and
determined by the ratio of R106 to R107. Signal
levels higher than the minimum sensitivity
(approx. 85mV) will cause limiting, and the
tone signal is then applied to the Group Call
Unit SU5001, if any, (terminal 9) and to driver
Q104. Transistor Q104 operates as current
generator with its collector connected to a
separate winding on the tone coil. The sensi-
tivity and thus the sequential tone receiver

bandwidth is adjustable with R111.
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PULSE-TIME DIAGRAM FOR 5-TONE SEQUENTIAL CALL TRANSMITTING IN TQ5001 AND TQ5002
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PULSE-TIME DIAGRAM FOR 5-TONE AUTOMATIC RECEIPT
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PULSE-TIME DIAGRAM FOR 5-TONE, SEQUENTIAL TONE RECEPTION IN TQ5001 AND TQ5002
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PULSE-TIME DIAGRAM FOR 5-TONE SEQUENTIAL CALL WITH GROUP CALL
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The amplifier is inhibited when depressing the
Tone Key (and the normal Key) causing the
8.5V TX to be applied to the base of Q101
through D101. Less than 100ms after reverting
from the tone transmitting mode the unit is

ready to receive a call.

Resonant circuit

The band pass filter consists of tone coil L101
and capacitor C113.

The signal from the input amplifier is coupled
to the parallel resonant circuit via the cou-
pling link. The colour coded wires from the
tone gates switch the tone coil taps into the

circuit in parallel with capacitor C113.

Q-multiplier, limiter, reference voltage, and

detector

These circuits consist of Q107, Q108, Q109,
Q110, Q111, and their accociated components.
A part of the selected tone signal is fed via

the Q-multiplier Q107 back to the coupling link
and in phase with the input signal. This in-
creases the bandpass filter Q-factor to approx.
30.

Resistors R123-R148 linearize this factor
throughout the band, and the NTC resistor in
the Q107 emitter compensates the Q-factor

variations with ambient temperature.

The tone signal is rectified by transistor Q111
and the resultant d.c. voltage is applied to
comparator U101a. Q108 is turned on by U104a
when depressing the Tone Key, which increases
the feedback so that the resonant circuit and
Q107, which is the active component, form an
oscillator. The signal voltage across the
resonent circuit is amplitude limited by Q109
in order to obtain a constant signal output
level from the oscillator and to reduce the
decay time for strong signals. The gate tran-
sistor bias and the detector bias voltages are
derived from Q110.

Output emitter follower and clipper

The desired frequency characteristic is flat

because the tone signal is connected directly
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to the splatter-filter. The output stage con-
sists of the emitter follower Q105, and R113 is
generator impedance for the OP-Amp of the
splatterfilter. Due the DC-shift in the oscil-
lator a peak will appear at the start, and the
end of the tone signal, but this peak will be
limited by Q106.

Comparator

The comparator is build around U101a, whose
trigger reference level is determined by vol-
tage divider R130-R131/R181 and controlled by
the Q-output of latch U104a. The rectified tone
signal increases the d. c. voltage to the
non-inverting input of the comparator and when
the level exceeds the reference voltage, the
output of U107a will change from being a short
to ground, to be the off state.

This state persists for a time determined by

the lenght of the tone. After the tone period

the output will revert to form a ground path.
When depressing the Tone Key, U101a is inhib-
ited in its standby state by the Q-output of
Ul04a.

Clock-delay and clock generator

The Clock-delay is termined by R132 and C107.
In standby the charge of capacitor C107 is
neutral due to the discharge through the output
of Ul04a, and the clock generator U101c is
inhibited in its off position. The reference
voltage, which is common to U101b and U101c,
is, via voltage divider R133, R134, R135,
applied to their non-inverting inputs. When the
comparator U101a is activated, the voltage
across C107 will start to go positive. After

17ms (Clock-delay) the Schmitt trigger U101b
will be activated and the output voltage will
drop to 0V. At the end of the tone C107 again
discharges via U1071a.

This produces a positive going voltage edge at
the U101b output which is applied to the clock
inputs of counters U102 and U103 whose outputs
switch the circuits to the next tone gate. If

the comparator detects a new tone the procedure

is repeated as previously described.

The comparator will, in its inhibited state
(TONE KEY activated), keep U101b off. On the
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other hand, the clock generator U101c is re-
leased by biasing D104 off. C108 is charged
through resistors R136, R137, and R138 until
reaching the common reference voltage, and the
output of U101c drops to 0V. This d.c. voltage
transistion is via R134 fed back to the
non-inverting input and thus causes a hyste-
resis. C108 is discharged to the lower voltage
level and the positive edge so created is used
as clock input to counter U102. The period time
is adjusted by means of resistor, R137, to 70ms
(TQ5001) or 100ms for TQ5002.

Clear delay

Comparator U101d is controlled by the Schmitt
trigger U101b. In standby the charge of C109 is
neutral because D103 is reverse biased.

The output level of U101d corresponds to the
supply coltage, 8.5V, and counter U103 is

cleared and set to the 1st tone gate. Trigger-

ing U101b enables C109 to be charged of via
D103 and R140, and when the voltage of C109 has
fallen to the reference level, U101d changes

its output to 0V and releases counter 103 which

now is ready to receive the clock pulses.

The U101d references level is controlled by
Ul04a's Q-output which in standby is approxi-
mately 8.5V. Depressing the Tone Key button
causes the reference level to fall to 0V and
U101d is blocked in its standby position, and
hence counter U103 is blocked accordingly. As
long as the Schmitt trigger, U101b, is active,
D103 will maintain the charge of C109. When the
last tone ceases, U101b reverts to standby and
D103 is reverse biased. The discharge of C109
is determined by R139 and R140 which within
approximately 120ms reduces the charge of the
capacitor until it corresponds to the reference
level.

The U101d output voltage returns to 8.5V and
clears the counter, U103, after which the 1st
tone gate is reengaged, and the tone receiver
is ready to receive a new call. As the inter-
vals between the individual tones in sequential
tone call are far less than the above mentioned
120ms, the clear delay will retain its state

for this period.

60.393-E1
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Counter and tone gates

Two decimal counters are employed as tone
generator pulse counter (U102) and tone re-
ceiver pulse counter, (U103). The counter

output control the tone gates, Q112-121.

Determined by the clock generator period counter
U102's outputs will, consequently, open gate
transistors Q112 to Q116 the collectors of

which are tied to the tone coil taps and so
producing the tones of the sequential tone

signal. The first gate transistor is connected

to the third counter output for which reason a
period of 220ms, for TQ5001 and 320ms for
TQ5002 elapses -corresponding to the three

first clock pulses- before generation of the

1st tone is started.

The time following the 9th clock pulse is
utilized to discharge detector Q111, and the
10th clock pulse is fed, via R154, to latch
U104a as a "stop" information. In order to hold
the gate transistors effectively cut off their

emitters are biased at. 4. 1V.

The clear input of U102 is controlled by Uloda's
Q-output, and therefore the counter is inhibited
in standby and is not released until the Tone

Key button is depressed.

Counter U103 opens the tone receiver gate
transistors, Q117-Q121.

The control signals for the counter is derived
from U101b and the clear delay U101d, respect-

ively.

In standby the counter is inhibited by U101d
and the Tst tone gate is opened by the "0"
output. The mode of operation for counter U103
is similar to that of U102 the clock pulse

period corresponding to the received tone pulse

lengths.

Approximately 120ms after the cessation of the
last tone the counter is reset to standby by
U101d. All counter outputs of U102 are acces-
sible on the p.c.b. for setting the individual
and the group call combinations (see instruc-

tions for coding and strapping).
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Transistor Q122 is, together with the counter
enable input, controlled by U104a's Q-output,
which in standby is 0V. Depressing the Tone Key
button blocks the U103 clock input, and at the
same time the Tst tone gate is blocked by Q122.
The elapse of time to transmit, or receive, a
5-tone sequential signal appears from the

time-pulse deagrams.

Latch, LS IN/OUT, TONE KEY and flashing circuit

As latch for the tone receiver and tone trans-
mitter functions, a dual-D-flip-flop U104 is
employed of which U104a is directly controlled
by U104b via diodes D105 and D106. An R-S
flip-flop, U105a-U105b, prevents contact bounce
in the LS in/out button from operating the

latch.

After a tone call, or after having opened the
loudspeaker manually the flashing circuit, U106
with its associated components will start
flashing the yellow LED Call indicator (D107).

When applying the supply voltage, 8.5RX, U104b
is forced into state "LS out" by the positive
pulse fed to the latch reset input via C115.

The call pulse is derived from one of counter
U103's outputs and applied to U104b's set input
and, according to note 6 on the diagram, to
U104a as a receipt pulse.

After a received tone call, U104b remains in
state "LS in" until manually reset by depres-
sing the LS in/out button. The tone transmitter
latch, U104a, is inhibited in standby via diode
D106 and, accordingly, the information from the
Tone Key input terminal is short circuited via
D105.

To perform a tone call U104b must be toggled

manually to reverse bias D105 and D106.

Mute and Alarm

The mute function takes the information from
the Q output of U104b and turns Q124 ON after a
call or a manuel opening of the loudspeaker.
The Alarm (Q123) is ON for a short time (70ms)

immediately after the 5th tone.
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PTT (To Relay) and PTT (Push To Talk)

When pressing the Tone Key, Q126 will go on and
operate the transmitter relay. Q125 is control-
led by the Q output of Ul04a which is triggered
by U105c.

The norma| keying of the RF transmitter is
achieved by shorting terminal 3 to ground, but
if the tone receiver is not opened, Q127 is
off, and hence it prevents the transmitter from

being keyed.

Microphone blocking and RX mute

When the transmitter is keyed, the microphone
amplifier supply comes via Q129.

When "Tone Key" is activated, U104a blocks
Q129, the microphone is deprived of its supply,
and the amplifier blocked.

After reception of a correct call, or manual
opening, Q130 switches off and cancels the
clamping of the RX mute lead, so that only the
noise controlled squelch circuit decides whe-
ther the sets audio channel should be open or

not.

TECHICAL SPECIFICATIONS TQ5001.

Supply Voltage
8.5+ 0.25V (Cont. and TX)

Current Drain
Standby
<20mA
Engaged

20mA +25mA peak when call indicator is on

Temperature Range
-30°C to +60°C

SEQUENTIAL TONE TRANSMITTER

Output Impedance

50Kohm max.
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Output Signal

3.4 or 5 tones in burst of 70ms £ 15ms.
The interval between triggering and emission

of the 1st tone is min. 200ms.

Signal output level

600mV emf. max.

Frequency response
Flat. £1dB

Distortion

max. 5%

Tone frequencies
885, 970, 1060, 1160, 1270, 1400, 1530,
1830, 2000, 2200, 2400, 2600, 2800Hz.

1670,

Frequency accuracy

Typical deviation (28)

1%

Maximum deviation

1. 4%

Relative frequency accuracy
0 0.3%

Adjustment accuracy

0.1%

Frequency stability

1%

CONTROL FUNCTIONS

ReceiEt

TQ5001 can be strapped to automatic transmis-

sion of receipt after a received sequential call.

Automatic Keying

TQ5001 energizes the transmitter for approx.
640ms.

Microphone inhibit

The voltage supply to the microphone amplifier

is inhibited during the tone key.

60.393-E1
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SEQUENTIAL TONE RECEIVER

Input impedance
>30Kohm, DC isolation

Input Response

De-emphasis according to an RC-function with
Fc=2900Hz.

Signalling code

3.4 or 5 tone burst of min

55ms duration.

Activating Level

300mV *6dB

Distortion
The TQ5001 can process tone signals having less

than 20% distortion.

Tone Frequencies
885, 970, 1060, 1160, 1270, 1400, 1530, 1670,
1830, 2000, 2200, 2400, 2600, 2800Hz.

Frequency Accuracy

£0.3%

Selectivity

The tone receiver responds to tones with a fre-
quency deviation less than 1. 4%. The tone recei-
ver is not sensitive to adjacent tones or other

tones of the same standard series.

Reset Time
minimum 90ms

maximum 140ms
Reaction Time
minimum 20ms

maximum 45ms

Signal to Noise Conditions

The tone receiver will accept a noise level
corresponding to SINAD = 5dB as measured in
the speech channel of the CQM5000.
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TECHICAL TQ5002 SPECIFICATIONS.

Supply Voltage
8.5 +0.25V (Cont and TX)

Current Drain
Standby
<20mA
Engaged

20mA +25mA peak when call indicator is on.

Temperature Range
-30°C to +60°C

SEQUENTIAL TONE TRANSMITTER

Output Impedance

50Kohm max.

Output Signal

3.4 or 5 tones in burst of 100ms *15ms.
The interval between triggering and emission

of the 1st tone is min 300ms.

Signal output level

600mV emf. max.

Frequency response
Flat. +1dB

Distortion

max. 5%

Tone frequencies

(960, 1022), 1124, 1197, 1275, 1358, 1446, 1540,
1640, 1747, 1860, 1981, 2110Hz.

Frequency accuracy

Typical deviation (28)
1%

Maximum deviation
1.4
Relative frequency accuracy
0.3%

o°

Adjustment accuracy
0.1%

Frequency stability
1

oo
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CONTROL FUNCTIONS

Receipt
TQ5002 can be strapped to automatic transmis-

sion of receipt after a received sequential call.

Automatic Keying

TQ5002 energizes the transmitter for approx.
900ms.

Microphone inhibit

The voltage supply to the microphone amplifier

is inhibited during the tone key.

SEQUENTIAL TONE RECEIVER

Input impedance
>30Kohm, DC isolation

Input Response

De-emphasis according to an RC-function with
Fc= 2900Hz.

Signalling code

3.4 or 5 tone burst of min. 55ms duration.

Activating Level
300mV +6dB

Distortion
The TQ5002 can process tone signals having less

than 20% distortion.

Tone Frequencies
(960, 1022), 1124, 1197, 1275, 1358, 1446, 1540,
1640, 1747, 1860, 1981, 2110Hz.

Frequency Accuracy
+0.3%

Selectivity

The tone receiver responds to tones with a fre-
quency deviation less than 1. 4%. The tone recei-
ver is not sensitive to adjacent tones or other

tones of the same standard series.

Reset Time
minimum 90ms

maximum 140ms

= 11 = 60.393-E1
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Reaction Time
minimum 20ms

maximum 45ms

Signal to Noise Conditions

The tone receiver will accept a noise level
corresponding to SINAD = 5dB as measured in
the speech channel of the CQM5000.

OUTPUT FUNCTIONS

A sequence call produces the following output

signals.

Yellow L.E.D. will start flashing, cancel the
short-cricuit of terminal 4, and short-circuit
2-3,

Manual activation of LS in/out

establishes the output functions as above.

Switching the LS off
produces the following output signals.
The L.E.D. will stop flashing.

Key Blocking:

The connection between terminal 2 and 3 will
be cancelled.

Audio Blocking:

Short-circuits terminal 4 to ground.

Length
159. 8mm.

Width

69mm

Weight
86g.
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CODING AND STRAPPING OF TQ5001 AND TQ5002

The sequential tone transmitter and sequential
tone receiver codes are independent of each other
for which reason examples are given separately.

See notes on the schematic diagram.

The sequential tone receiver is capable of receiv-
ing 3,4 or 5 tones in a decadic system in which
each digit is represented by a specific tone.
Group call codings are described later, refer

to SU5001 and SU5002.

Sequential Tone receiver, individual call.

WH

Strapping for 3, 4 or 5 tone sequential call

For receiving and transmitting 3, 4 or 5 tones con-
nect a wire from Note 4 to the terminal with the
desired number. (Note 4 = INDV)

See fig. 1

The wire colors indicate the order of the tonegates,
BN, RD, OR, YW, and GN for the sequential tone trans-
mitter code, BL,VT,GY,WH and BK for the sequential
tone receiver code. Each wire soidered to the tone

coil represents one digit of the call number. If

BL

-‘&‘5,/

®" -
N 4 L ]
? 5 .\ e NOTE 5 °

BL

vT

WH

BK

BN

e 2

NOTE 6

Yw

\
RD \
|
|
|

GN

60. 443-E1

Viewed from component side

60. 443-E1
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the actual call number contains two identical di-
gits following each other, a repeat tone is used
for the latter. The procedure is repeated if more
than 2 identical digits are used.

As an example the number 33333 is coded 3R3R3.

Storno

5-tone

call

L-tone 3-tone

call call

Blue wire 1 st tone 1st digit 1st digit 1st digit

Violet wire 2nd tone 2nd digit 2nd digit 2nd digit

Gray wire 3rd tone 3rd digit 3rd digit 3rd digit

White wire 4th tone 4th digit 4th digit 3rd digit

Black wire 5th tone 5th digit 4th digit 3rd digit

When coding 3-tone calls and 4-tone calls
the remaining wires are, on the p.c.b,

connected, to the last digit.

If the tone transmitter code and the

tone receiver code are identical, the tone

Part of printed circuit

BL

WH

AR

Fig.«2

60. 443-E1

gate wires may be interconnected on the
p.c.b. as shown:
Tone transmitter code: 23354 (23R54)

Tone receiver code: 23354

See Fig. 2.

Coil on component side

A AR

“‘§®wé-
.

/Im

GY

<

BK

Viewed from soldering side

60. 443-E1
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Group digit coding

The TQ-unit can be installed together with a

group call unit SU5001 or an all-call unit

SU5002, designed for group calls or all-

calls with 1 digit. A connection between
terminal GR (NOTES) and terminal 2, 3,

or 4 are for group calls with 1 group call tone

on the 3rd tone, the 4th tone, or the 5th tone.

A connection between terminal GR (NOTE5) and

terminal 0 are for All-Call.

60. 443-E1
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For code combinations and their limitations see
coding of SU5001 and SU5002.

Auto Receipt

See NOTE 6 and Fig. 1.

Tone coil

Terminal numbers on the tone coil tags and

their relating digits and frequencies appear

from the table.

Terminal Digit STORNO. ZVEI CCIR
Frequency, Hz Frequency Hz

1 X 885 960
2 Y 970 1062
3 1 1060 1124
4 2 1160 1197
5 3 1270 1275
6 4 1400 1358
7 5 1530 1446
8 6 1670 1540
9 7 1830 1640
10 8 2000 1747
11 9 2200 1860
12 0 2400 1981
13 R 2600 2110
e A 2800

R =Repeat tone

A = Alarm tone

X and Y: Special tones, used for A and R in 12, 5kHz

channel spacing equipment.

60. 443-E1



GROUP CALL UNIT SU5001
ALL CALL UNIT SU5002

The All-Call unit, SU5002, and Group Call
unit, SU5001, are identical expect for some few
points. The following description will therefore
apply to both SU5001 and SU5002, and their
differences will be described in an appendix.
All notes in this description refer to the

schematic diagram.

General

The call unit is a single tone receiving module
designed for application in TQ5001/2 and extend
the selective calls to comprise group calls

with one group tone. The module is a printed
board with plug-in pins fitting sockets on the
TQ5001/2. When fitted with a SU5000, TQ5001/2
is capable of receiving calls with a group call
tone as the 3rd, 4th, or 5th tone of the sequen-
tial tone signal corresponding to the selected
group division. Functionally the SU5000 is in
parallel with the selection circuit of the
individual call channel and the two circuits
share the input amplifier/limiter. Two tones
may be selected as the group tone, 2400Hz or
2800Hz, corresponding to individual digit 0 and

alarm tone G, respectively.

A receiver group call is read out like an

individual call with the following exceptions:

1: The audio channel can not be
blocked with LS in/out.
2: The Automatic Receipt is bloc-

ked and Tone Keying is not pos—

sible.

The blockings are all cancelled approximately

500 milliseconds (ms) after the group call is

terminated. Also see notes on TQ5001/2 schema

tic.

Mode of Operation

Upon reception of a sequential tone signal

matching the tone combinations of TQ5001/2 and

SU5001 the operation is as follows:

The r.f. carrier opens the squelch circuit

which energizes the SQ-delay.

The sequential tone signal is amplified and

limited in the input stage after which the

INDIVIDUAL ]
: R
AMPLIFIER INDIVIDUAL| __|INDIVIDUAL INDIVDUAL LS
| o— — —
NPUT LIMITER SELECTION| | DETECTOR CLOCK ERLHTER In/ouT
s
TQ5000 INDIVIDUAL CALL |
9 ) B T s T Ja (3
GROUP UNIT GROUP
SU5001
ENABLE GATE
CLEAR 4
GROUP GROUP DELAY LATCH | DOWN
SELECTION|  |DETECTOR Qs
U201b AUTO RECEIPT/
TONE KEY BLOCKING
RU201c-d
SQUELCH
oO—>— La
SQUELCH SIGNAL DELAY
60. 415-E1 -1- 60. 415-E1
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signal is applied to the resonant circuits of

TQ5001/2 and SU5000. When the individual counter

of TQ5001/2 has registered the first tones of
the signal it releases the SU5000 to read out
the group digit. The group tone is selected by
the bandpass filter and applied to the detector.
If the group tone level is within the sensitivi-
ty range of SU5000 the signal activates the
detector circuit. The rectified signal from the
detector is delayed approx. 25ms before the
latch read out the call to TQ5001/2 along with
establishing the blocking functions. Approxima-
tely 15 to 20ms after the end of the group tone

the detector and delay circuits revert to

standby. Approximately 500ms after the squelch .

closes, all blocking signals are cancelled and

the loudspeaker is turned off.

Circuit Description:

Resonant Circuit

Transistor Q201 operates as a current generator
and drives the resonant circuit L201-C201. The
sensitivity and thus the bandwidth of SU5000
can be adjusted with resistor R201. (Note 3).
The resonant circuit is a bandpass configuration
and drives the detector circuit directly. The
unit can be set to one of two tones, 2400Hz and
2800Hz. (NOTE 1 and 2)

Detector

The transistors Q202 and Q203 are arranged to
form a differential detector circuit. In stand-

by transistor Q202 is off, Q203 is on, and C202
is charged up to the potential determined by
voltage divider R206-207. If the peak value of
the selected signal exceeds the bias of Q202
(Q203's base voltage) Q202 turns on and charges
C202 to a higher potential by which Q203 is
biased off. At the cessation of the group tone
C202 discharges via R204 and after approximate-
ly 10-20ms Q203 again turns on and holds the
voltage on C202.

60. 415-E1
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Delay and Enable Gate

Transistor Q204 operates as a switch and is
controlled directly by the detector. In standby
Q204 is on and the charge of C203 is neutral.
When the detector is energized by a call Q204
goes off and C203 charges through R208// R209.
After approximately 25ms (adjustable with R209)
the voltage across C203 reaches the trigger
level of U20Ta which relays the call information
(+8,5V) to enable Gate U201b.

If U201b has received a signal indicating that
the first tones of a signal is accepted and
counted by the individual Counter the call is
applied directly to the Latch.

At the end of the group tone C203 discharges
through R210 and U210a-b reverts to standby.

Latch and Squelch Delay

The latch is constructed as an R-S flip-flop
employing gates U201c and U201d.

The latch reads out the group call to the
indivi-dual tone receiver TQ5001/2 and, simul-
taneously, establishes the blocking functions:
Pin 4: common terminal for individual and
group call blocking of the LS in/
out. Diode D203 is forward biased.
Pin 7: Blocking of Automatic Receipt and
Tone Key.

Diode D201 tied to chassis through
u201d.

Pin 3: Tied to chassis through U201d.

The R-input of the Latch is controlled by the
squelch via the Squelch Delay which cancels the
blocking functions 500ms after the squelch
closes. C205 charges through R214 and Q205
which is driven by the squelch buffer inverter
of TQ5001/2. The voltage across the capacitor

is maintained until the squelch closes after

60. 415-E1
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VAC A

INPUT
300mV

VAC *

Q-MULTIPLIER
EMITTER Q107

VDC A

COMPARATOR
PIN 14U101A

vDC

CP-DELAY
PIN 2-U101B

VDC

CL-DELAY
PIN 13-U101D
SuU5001 VAC f

SELECTION DECAY TIME
NOISE

BASIS Q202

U ;

BUILD UP Y 2
TIME —% e e
VDC A
DELAY
PIN 3-U201
vDC
GR-CALL
TERM. 4
VDC
SQ-SIGNAL
TERMINAL 1
vDC A . _‘
- 3
.
CLEAR DOWN
GR, TERM 3
t
4 ol
fe >
[ [ I [ I [ I [ I
0 70 140 210 250 350 420 490 560

t BUILD-UP TIME DELAY

t DELAY TIME HANG TIME

ty SQ-DELAY

IN PERIOD tq THE AUTOMATIC RECEIPT TONE KEY AND LS IN OUT ARE INHIBITED.
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which C205 is discharged by R214 and R215. At
the end of the group tone Enable Gate U201b

reverts to standby.

The latch information is held by the Squelch
Delay for approximately 500ms after the squelch

has closed and then the blockings are cancelled.
Pin 4: 0V,R =R212
Pin 7: D201 submits a positive pulse to

turn off the loudspeaker.

Coding Sequential Tone Call Signals

With One Group Tone

If digit 0 (2400Hz)is used (group call accor-
ding to ZVEI), there are limitations to the
number of individual call combinations, as the
SU5001 responds to individual tone combinations
containing the digit 0. Likewise a sequential
tone signal must not contain two idential,
consercutive tones for which reason digit 0
cannot be used as the last digit of a group

number,

Note

The tone ahead of the group tone and the follow-
ing tones must not be coded to 0. If tone G is
used (2800Hz), which is outside the tone series
employed (0-9), there are no limitations in the

number of individual and group combinations.

The Group Digit Location

a: SU5001 strapped to 2400Hz (=digit 0).

5-digit sequential tone signal with group call

on_ 5th digit

GROUP NUMBER

1 INDIVIDUAL DIGIT

22|44

0 GROUP DIGIT

9 individual numbers from 22441 to 22449

60. 415-E1
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5-digit sequential tone signal with group call

on 4th digit

GROUP NUMBER

| 1 INDIVIDUAL DIGIT

2 |2 | 4

O |R

L GrouP DIGIT

81 individual numbers from 22411 to 22499.

5-digit sequential tone signal with group call
on the 3rd digit

(non standard according to ZVEI)

GROUP
NUMBER

2 |2

1 1 1 INDIVIDUAL DIGIT

olR|O
& GROUP DIGIT

729 individual numbers from 22111 to 22999

The group call combination is emitted as shown
above, but the digits following the group digit

(0) have no functions in the call configuration.

b: SU5001 strapped to 2800Hz (=digit G)

5 digit sequential tone signal with group call
on 5th digit

GROUP NUMBER INDIVIDUAL DIGIT

(0-9)
G | GROUP DIGIT

212 | 4| 4

10 individual numbers from 22440 to 22449,

60. 415-E1
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5-digit sequential tone call with group call

on the 4th digit

GROUP NUMBER INDIVIDUAL DIGITS
X | X
21214 (00-99)

G|R

L croup DIGIT

100 individual numbers from 22400 to 22499

Storno

5-digit sequential tone call with group call
on the 3rd digit

INDIVIDUAL DIGITS
(00-999)

X | X | X

G|R|G

A Grour DIGIT

1000 individual numbers from 22000 to 22999

w
®

- R148 820K ang
NOTES R15Q7K
§ =L =
L& s 69
—1{ }—o
I
N e—1 31—
\ \\.. 27K
=\ 2 R158
N (-
(R 27K
\ 3 RI159
\\‘. 27K
%

TQ5001/TQ5002 COMPONENT SIDE

SHOWN PARTIALLY

L8
SU5001

(SU5002)

AT GROUP CALL UNIT

A=2800 Hz (DIGIT G)
B=2400 Hz (DIGIT 0)

Part of component side TQ5001/2. See drawing

and notes on the TQ diagram.
NOTE 5 —= 2: Group-Call on 3rd tone

NOTE 5 —e=3: Group-Call on 4th tone.
NOTE 5 — 4: Group-Call on 5th tone.

60. 415-E1 =19 =

Installation

The SU5000 is equipped with plug-in pins and
can be inserted directly in the TQ5001/2. When
inserted the straps in the connector P102 (on
TQ5001/2) must be removed. See drawing and
notes on the TQ diagram.

60. 415-E1
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GROUP CALL UNIT
SuU5001

Technical Specifications

Supply Voltage
8.5V = 0.25V

Current Drain
Standby: 0,5 mA (no external load)
Engaged: approx. 0,65 mA (with SQ signal)

Temperature Range
30°C to +60°C

Input Specifications
See input specifications of TQ5001/TQ5002.

Activating Signal

Single tone signal of 55 ms duration. The
location of the group tone is coded on the
TQ5001/TQ5002.

Tone Frequencies
2400Hz, 2800Hz.

Freguency Accuracy

*0.3%

Selectivity
SU5001 responds to frequency deviations = 1. 4%,
SU5001 is insensitive to adjacent tones of the

same standard series.

Reaction Time

30ms * 5ms (adjustable).

Signal to Noise Conditions
SU5001 can, in conjunction with TQ5001/TQ5002,

process signals having a noise level correspon-
ding to SINAD = 5dB as measured in the speech
channel of the CQM5000.

60. 415-E1

Clear Down Time

< 30ms.

Output Functions

Storno

The TQ5001/TQ5002 output functions corresponds

to an individual call with the following excep-

tions:

LS in/out Latch Blocking:

Auto Receipt Blocking:

Tone Key Blocking:

Group Call Clear Down:

Dimensions

Width: 41 mm
Length: 72.5 mm
Weight

20 g

After a group call
the loudspeaker can-
not be turned off

manually.

After a group call
the automatic re-
ceipt function is
inhibited.

After a group call
the tone key func-

tion is blocked.

Approx. 500ms after
the receiver squelch
closes, the blocked

functions are releas-
ed and the loudspea-

ker is turned off.

60. 415-E1
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GROUP CALL UNIT
SU5002

Technical Specifications

Supply Voltage . Clear Down Time

8.5V = 0.25V < 30ms.

Current Drain Output Functions

Standby: 0.5 mA (no external load) The TQ5001/TQ5002 output functions corresponds

Engaged: approx. 0.65 mA (with SQ signal) to an individual call with the following excep-
tions:

Temperature Range
-30°C to +60°C. LS in/out Latch Blocking:  After an all-call

the loudspeaker can-

Input Specifications not be turned off
See input specifications of TQ5001/TQ5002. manually.
Activating Signal Auto Receipt Blocking: After an all-call
Single tone signal of minimum 2 seconds dura- the automatic

tion. receipt

The location of the 'all call tone' is coded on receipt function is
the TQ5001/TQ5002. inhibited.

Tone Frequencies Tone Key Blocking: After an all-call
2400Hz, 2800Hz the tone key func-

tion is blocked.

Frequency Accuracy

+ 0.3% All Call Clear Down: Approx. 500ms after
the receiver squelch
Selectivity closes, the blocked
SU5002 responds to frequency deviations = 1. 4%. functions are releas-
SU5002 is insensitive to adjacent tones of the ed and the loudspea-
same standard series. ker is turned off.
Reaction Time Dimensions
2 seconds * 0.25 sec. (adjustable). Width: 41 mm

Length: 72.5 mm
Signal to Noise Conditions

SU5002 can, in conjunction with TQ5001/5002, Weight
process signals having a noise level correspon- 20 g
ding to SINAD = 5 dB as measured in the speech

channel of CQM5000.

60. 415-E1 =7 = 60. 415-E1
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Appendix
SU5002 Coding
An "All-Call" is emitted as a single tone of For Coding TQ5001/2 to correspond with SU5002:
more than two seconds duration. In SU5002 both Strap NOTES O.
tones, 2400Hz or 2800Hz, may be used (digit 0 See coding for Group Call.

or digit G) The only difference between SU5001
and SU5002 is the time delay that determines
the reaction time (C203, R208, R209). With a
reaction time of two seconds it is possible to
transmit a normal sequence call including the

All-Call tone without activating the unit.

60. 415-E1 =8 = 60. 415-E1
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SWITCHING UNIT

The SU5003 switching unit is used as
driver for an alarm device, horn, buzzer,
bell, etc., or as a broadcast radio

muting switch. The unit comprises a timer
circuit and a relay with one changeover
contact set. The unit is triggered by the
CQM5000, either the tone receiver, or the
squelch circuit and the monostable multivi-
brator timer sounds the alarm device for a

preset time, approximately 1 second.

Alarm.

A horn or bell is connected to the relay
and the SU5003 is controlled by the alarm
output of the CQM5000 (pin 2 on J910). The
alarm will be on for approximately 1

second.

Broadcast Radio Mating

The unit is connected to the muting output
on the CQM5000 ( pin 9 on J910) which
actuates the relay when the TQ5001/TQ5002
opens the AF output. In radiotelephones
without toneequipment the relay will be
activated whenever the squelch circuit is
opened or the transmitter is keyed. The
broadcast radio supply voltage is applied
via the relay contacts that are normally

closed, or its loudspeaker is disconnected.

60. 411-E1

SU5003

Technical Specifications

Supply Voltage
10.8V to 16. 6V

Current Drain, 13.2V
Standby: approximately 0 mA
Engaged: 140 mA

Relay Contact Current

Max. 16A (t less than 3 seconds)
5A continuously

One change over contact set

Input
Alarm: A short pulse grounding the
input terminal will actuate
the relay for approx. 1 second.
Mute: A ground connection will

actuate the relay.

60.411-E1
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SEQUENTIAL TONE UNITS
TQ5004 AND TQ5005

GENERAL

The sequential tone units TQ5004 and TQ5005
are combined tone transmitter-tone receiver
units with the transmitter and receiver func-
tions being independant of each other. They
can process 3, 4, or 5-tone signals, one se-
quence for tone reception and two sequences
for transmission.

The units are built on two printed circuits
boards, a TONE BOARD and a LOGIC BOARD,
which mount together to a sandwich units with
the soldering sides facing each other. The
unit fits mechanical into the CQM5000 radiote-
lephone on the interconnect board side, and
the electrical design appears from the block

diagram, see fig. 1. and fig. 2.

For TQ5004 the tone frequencies are the ZVEI
(Storno) series, 885 Hz to 2800 Hz, and for
TQ5005 the tone frequencies are the CCIR se-
ries, 960 Hz to 2110 Hz.

The cembinations for the tone receiver and
transmitter sequences are selected by coding

a PROM (Programable Read Only Memory). Be-
fore placing it on the logic board, see coding
and strapping. For the tone transmitter se-
quences up to 4 tones may be coded to be se-
lected from a keyboard on the control panel
CP5003.

The following description applies to both
TQ5004 and TQ5005 unless otherwise noted.
STANDBY CONDITIONS

When the radio equipment is turned on it will
be in standby condition, and the tone unit,

TQ5004/TQ5005, is in the tone receive mode

and set to the Tst tone of the receive code.

60. 484-E1

TONE RECEPTION

Reception of a sequential tone signal that
matches the combination of the code will cause

the following events to take place:

The KEY BLOCKING is cancelled (Q127 ON).
The LOUDSPEAKER BLOCKING is cancelled
(Q130 OFF).

The visual LED CALL INDICATOR will start
flashing.

If the unit is connected for AUTO RECEIPT/
ACKNOWLEDCE a correctly received tone call
will automatically key the sequential tone
transmitter and transmit its own ID, and af-
ter having generated the last tone of a se-
quential tone signal, the unit reverts to the
condition described above, i.e. the loudspeak-

er is on.

TONE TRANSMISSION

When the loudspeaker is turned on, either by
a tone call or by pressing the LS IN button,
the tone transmitter can be keyed and will

generate the sequential tone signal.

With a tone length of 70 ms (milliseconds) for
the ZVEI and 100 ms for the CCIR tone series
the interval from pressing the TONE KEY but-
ton to the start of the 1st tone is approxima-
tely 220 ms for the TQ5004 (ZVEI) and 320 ms
for the TQ5005 (CCIR). When using 3 or 4
tones in the transmitter sequence this inter-
val may be extended if the PROM is program-
med to give INHIBIT to the 4-to-16 Bit Deco-

der.

60. 484-E1
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TQ5004 AND TQ5005

KEYBOARD
CP5003

BCD
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E
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ouTRUT SELECTIVE
oo % /
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%% %

FIG. 3. DATA FLOW CHART

The RF transmitter remains keyed for appro-
ximately 600 ms with coding and strapping for
one-sequence transmission, and 1100 ms for
two-sequence transmission in TQ5004, and
850 ms for one-sequence transmission, and
1550 ms for two-sequence transmission in
TQ5005, even if the TONE KEY is depressed

for a shorter or longer period.

During the keying of the transmitter the mi-
crophone amplifier will be blocked and the
blocking signal will disappear after the last

tone, i.e. when the unit reverts to standby.

Before transmitting commences it is possible
to select up to 4 tones by entering them on
the keyboard. The tones are then inserted
in the transmitted code in accordance with
the coding of the PROM.

The selected tones may be 0-9, and on each
side (in the code) a repeat tone must be in-

serted, refer to Coding and Strapping. .

60. 484-E1

The strapping is performed on the p.c.b.
and it is possible to select the "X" tone in
place of the "A" tone (Alarm) and the "Y"
tone in place of the "R" tone (Repeat). Itis
impossible to select the A, R, X, and Y tones

from the keyboard.

MODE OF OPERATION

Logic levels are as follows:

"'=~8.5V

no=n~0 V

TONE RECEPTION

In standby the 1st tone receiver code in the

PROM is applied to the 4-to-16 BIT DECODER

which selects the proper tone gate.

The unit is set to the sequential tone recep-

tion mode awaiting a call, and when a tone

60. 484-E1
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PULSE-TIME DIAGRAM FOR 5-TONE, SEQUENTIAL TONE RECEPTION IN TQ5004 AND TQ5005
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FIG. 4. 5-TONE SEQUENTIAL RECEPTION
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PULSE-TIME DIAGRAM FOR 5-TONE SEQUENTIAL CALL TQ5004
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FIG. 5. 5-TONE CALL WITH GROUP CALL
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signal having the proper code is applied to

the input it is processed as follows:

The 1st tone is amplified and limited in the
input stage. The tone is then, via the coup-

ling link, applied to the selective circuit.

The active part of the selective circuit is a
Q-multiplier which also operates as an oscila-
tor when the circuit is working as part of

the tone transmitter.

If the level of the 1st tone is within the sen-
sitivity range of the tone receiver the detec-
ted signal will switch the output of the com-
parator U101a. Approximately 17 ms later,
caused by the CLOCK DELAY circuit, the
Schmitt trigger output, U101b goes logic "0".
At the same time the Schmitt trigger circuit
rapidly sets up the CLEAR DELAY circuit,
U101d, in order to remove the reset on the

tone receiver counter, U12.

When the first tone ceases the Schmitt trigger
reverts to standby condition, output logic "1",
and the positive leading edge is fed to the
clock input of the counters. As only the tone
receiver counter is enabled this steps forward
and the code corresponding to the 2nd tone

is applied to the 4-to-16 BIT DECODER. The

proper tone gate for the 2nd tone is now open.

The transistor collectors of the tone gates are
all tied to one of the tone coil terminals. The
tone receiver is now set up to receive the
2nd tone of the signal and remain in this sta-
te for approximately 120 ms, provided that
the 2nd tone is not accepted. The time elap-
sing is determined by the CLEAR DELAY cir-

cuit.

Except for the requirement of a tone length
of approximately 40 ms the tone receiver is
independent of the duration of the tone
bursts, because the counter switches to the
next PROM input at the end of the preceeding
tone. If the 2nd tone is not accepted within
approximately 120 ms the counter is reset to

standby, i.e. ready for the 1st tone.

60. 484-E1

The 2nd, 3rd, 4th, and 5th tone of the se-
quential signal is received as described for

the 1st tone.

When the last tone has been accepted, the
counter information is read out to lach U104b,
which is set and cancels the key and loud-
speaker blockings. At the same time the CALL
indicator is turned on and LED D107 starts to
blink.

The ALARM relay driver Q123 goes on during
the last tone period and turns off approxima-

tely 70 ms later.

An accepted call may also release an automa-
tic receipt transmission, ACKNOWLEDCGE, if

this option is used.

TONE TRANSMISSION

All tones used in the tone transmitter codes

are programmed in the PROM.

With the loudspeaker turned on, either by a
call or by manually pressing the LS in/out
button, pressing the TONE KEY button ini-

tiates the following series of events:

The positive pulse from the TONE KEY but-
ton sets latch U104a whose Q and Q outputs
control the internal switching from receive
mode to transmit mode. U104a also controls
the Transmitter Key Switch, Q126-Q125, and
the Microphone Blocking transistor Q129.

When the Clock Generator U101c starts to
run, the comparator U101a and the counter
U12 are both inhibited by the Q-output of
Ul04a. The Q-output keys the RF transmit-
ter, inhibits the Clock Delay circuit, and
turns Q108 on which increases the gain of
Q-multiplier Q107 to make it oscillate when
the tone gates are opened.

The clock generator pulses from U101c are
applied to the counters, U10 and U11, the
repetition rate being 70 ms for TQ5004 and

60. 484-E1
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vDC

TONE KEY
PIN 6-U104A

TQ5004 AND TQ5005

PULSE-TIME DIAGRAM FOR 5-TONE SEQUENTIAL CALL
TRANSMITTING IN TQ5004 AND TQ5005

SINGLE SEQUENCE TRANSMISSION
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FIG. 6. 5-TONE SEQUENTIAL TRANSMISSION
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——————
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FIG. 7. DUAL SEQUENCE TRANSMISSION
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100 ms for TQ5005. This repetition rate is
set by R137.

When the 3rd clock pulse reach counter U10
the 1st tone transmitter code of the PROM is
selected and through the 4-to-16 BIT DECO-
DER the 1st tone transmitter gate is opened
and the tone oscillator, Q107, generates the
1st tone of the transmitter code. The oscilla-
tor output passes an emitter follower, Q105,
before reaching the output terminal. The out-

put is set with potentiometer R113.

The 4th, 5th, 6th, and the 7th clock pulse
consecutively selects the proper codes in the
PROM for the 4-to-16 BIT DECODER and ac-

complish the sequential tone signal.

If only one sequence is required the 8th clock

pulse will reset the latch U104a and the unit

TQ5004 AND TQ5005

Storno

reverts to the tone receive mode with the

loudspeaker still being on.

However, if a 2nd sequence is required the
next counter U11 is enabled. The following
two clock pulses will not produce an input to
the PROM and therefore no tones are gene-
rated. The following 5 clock pulses will,
through the PROM and the 4-to-16 BIT DE-
CODER produce a proper 2nd tone sequence,
and thereafter the unit reverts to standby

with the loudspeaker on.

As an option the PROM may be coded to ac-
cept up to 4 tones being variable and select-
able from the Key Board. The position of
these tones in the tone transmitter sequences
are coded into the PROM.

TONE BOARD CIRCUIT DESCRIPTION

INPUT AMPLIFIER AND LIMITER

The transistors Q101, Q102, and Q103 form
a differential input amplifier/limiter followed

by the resonant circuit driver Q104.

The received tone signals are amplified, the
amplifier gain being constant and determined
by the ratio of R106 to R107, and signal le-
vels higher than the minimum sensitivity (ap-
prox. 85 mV) will cause limiting to occur. The
tone signal is then applied to the Group Call
unit SU5001 or All Call unit SU5002, if used
(terminal 9), and to the resonant circuit dri-
ver Q104 which operates as a current gene-
rator with its collector connected to a sepa-

rate winding on the tone coil.
The sensitivity and thus also the tone recei-

ver bandwidth is adjustable and set with po-

tentiometer R111,

60. 484-E1 - 10

The input amplifier is blocked when the TONE
KEY button is depressed (and the TRANSMIT
key) which applies 8.5 V TX to the base of
Q101 through D101.

Less than 100 ms after the unit reverts from
the tone transmit mode it is ready to receive

a call.

RESONANT CIRCUIT

The bandpass filter consists of tone coil L101
and capacitor C113. The signal from the input
amplifier is coupled to the parallel resonant
circuit via the coupling link. The circuit is
tuned to the tone frequencies by the tone ga-
tes which switch the coil taps into the circuit

in parallel with capacitor C113.

- 60. 484-E1
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Q-MULTIPLIER, LIMITER, REFERENCE
VOLTAGE, AND TONE DETECTOR

The Q-multiplier consists of Q107, the limiter
of Q109; the reference voltage is derived
from Q110, and Q111 is the tone detector.

A portion of the selected tone signal is fed,
via the Q-multiplier Q107, back to the coup-
ling link and in phase with the input signal.
This increases the bandpass filter Q-factor
to approx. 30. The resistors R123-R148 li-
nearize this factor throughout the band, and
the NTC resistor, R120, in the Q107 emitter
compensates the Q-factor variations with am-

bient temperature.

The tone signal is rectified by transistor Q111
and the resultant d. c. voltage is applied to
comparator U10Ta. Q108 is turned on by U104a
when depressing the TONE KEY, and this in-
creases the feedback so much that the reso-
nant circuit and Q107, which is the active
component, form an oscillator. The signal vol-
tage across the resonant circuit is amplitude
limited by Q109 in order to obtain a constant
signal output level from the oscillator and to

reduce the decay time for strong signals.

The gate transistor bias and the detector bias

voltages are derived from Q110.

TONE OUTPUT EMITTER FOLLOWER
AND CLIPPER

The output stage consists of the emitter fol-
lower Q105 and its frequency characteristic
is flat because the tone signal is connected
directly to the splatter filter. Potentiometer
R113 is the generator impedance for the ope-

rational amplifier in the splatter filter.

Because of the d. c. shifts in the oscillator
circuit a peak will appear of the start and
end of the tone signals. These peaks will be
limited by Q106.

60. 484-E1
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COMPARATOR

The comparator is built around U101a and

its trigger level is determined by the voltage
divider R130-R131//R181.and controlled by
the Q-output of Latch U104a.

The rectified tone signal increases the d. c.
voltage to the non-inverting input of the com-
parator, and when the level exeeds the refe-
rence voltage the output of U107a will change
from being a short to ground (logic "0") to
the off state (logic "1"). The time of this sta-
te is determined by the length of the tone

and when the tone ceases the output reverts
to a short to ground, i.e. standby condition.
When depressing the TONE KEY button U101a
is inhibited in its standby state by the Q-out-
put of U104a,

CLOCK DELAY CLOCK GENERATOR

The Clock Delay time is determined by R132
and C107, and Schmitt Trigger U101b. In
standby the charge of capacitor C107 is neu-
tral due to the discharge through the output
of U101a. The Clock Generator U101c is inhi-

bited in its off position.

The reference voltage, which is common to
U101b and U101c, is via voltage divider R133,
R134, R135 applied to the non-inverting in-
puts. When the comparator U101a is activated
by the tone, the voltage across C107 will be-
gin to go positive.

After 17 ms (Clock Delay) the Schmitt Trigger
U101b will be activated and its output voltage
will drop to zero (logic "0"). After the end
of the tone C107 again discharges via U101a's
output and Schmitt Trigger U101b changes

its state.

This produces a positive going voltage edge
at the U1071b output which is applied to the

clock inputs (CP) of the counters U10, U1T,
and U12 whose outputs switch the circuitry

to the next tone gate.

60. 484-E1
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If the Comparator detects a new tone before
the Clear Delay reverts to standby the proce-

dure is repeated.

The Comparator will, in its inhibited state
(TONE KEY activated), keep U101b off. Si-
multaneously the Clock Generator U101c is
released by biasing D104 off. This enables
C108 to charge through the resistors R136,
R137, and R138 until reaching the common
reference voltage, and the output of U101c
drops to 0 V. This voltage transistion is,
via R134, feed back to the non-inverting in-
put of U101b and thus causes a hysteresis.
C108 now discharges to the lower voltage le-

vel and this cycle keeps repeating itself.

The positive pulses so appearing of the out-
puts of UT01b and U101c are used as clock
input to the counters U10 and U11. The pe-
riod time is adjusted by means of resistor
R137 to 70 ms for TQ5004 or 100 ms for
TQ5005.

+
[]]RBS

TQ5004 AND TQ5005

A tone can be prolonged by applying a logic
"0" through D109 to the base of Q131, which
then turns off and R202 is switched into the

circuit.

CLEAR DELAY

Comparator U101d is controlled by the Schmitt
Trigger U101b. In standby the charge of C109
is neutral because D103 is reverse biased. The
output level of U101d corresponds to the sup-
ply voltage 8.5 V, i.e. logic "1" and counter

U12 is cleared and set to the 1st tone gate.

Triggering U101b enables C109 to be charged
via D103 and R140, and when the voltage at

C109's negative pole has fallen to the referen-
ce level, U101d changes its output to 0 V (lo-
gic "0") and releases the counter U12, which

now is ready to receive the clock pulses.

[

9 \ *
o & U101b
U101a >% 4 -
sifon R134
[ R131/R181
R135

U101c

R137

TONE LENGTH —a

ADJUST

D104 |
R142  wqn o s

R138

C108

t—

FIG. 8. CLOCK PULSE CIRCUITRY
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TQ5004 AND TQ5005

DETECTOR

INPUT " 9 \
FROM
8 %ﬂ»

[] R131// R181

The U101d reference level is controlled by
Ulosa's Q-output which in standby is approxi-
mately 8.5 V, i.e. logic "1".

Depressing the TONE KEY button causes the
reference voltage to fall to 0 V and U101d is
blocked in its standby position, and hence
Counter U12 is disabled accordingly. As long
as the Schmitt Trigger U101b is active, D103
will maintain the charge of C109 and, when
the last tone ceases, U101b reverts to stand-
by and D103 is reverse biased. The dischar-
ge time of C109 is determined by R139 and
R140 which within approx. 120 ms reduces
the capacitor voltage until it corresponds to

the reference level.

The U101d output voltage now returns to

8.5 V and clears the Counter U12, after
which the 1st tone gate is reengaged and the
tone receiver is ready to receiver a new call.
As the intervals between the individual tones
in a sequential tone call are far less than the
above mentioned 120 ms, the Clear Delay will

retain its state during the call plus the 120 ms.

60. 484-E1
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COUNTER

FIG. 9. CLEAR DELAY CIRCUITRY

4-TO-16-BIT DECODER AND TONE GATES

In order to select the correct tones the taps
on the tone coil are each connected to the
collector of a tone gate transistor (Q112-Q121,
Q132 and Q133).

When a tone gate input is logic "1", the cor-
responding tap on the coil is connected in pa-
rallel to capacitor C113 in order to establish
the resonant circuit of the Q-multiplier/Tone

generator.

The 4-to-16-Bit Decoder will, if the Inhibit
input is logic "0", open a tone gate corre-
sponding to the data inputs (Q,-Q,-Q,-Q,)
from the Logic Board.

ANTIBOUNCE, LOUDSPEAKER IN/OUT, TONE

KEY, AND CALL INDICATOR FLASHING CIRCUIT

As latch for the tone receiver and tone trans-

mitter functions a dual D-Flip-Flop, U104, is

60. 484-E1
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R191 K
TONE KEY 1c117 —
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DIODE FLASHING 1 K601
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U104b S U104a N can 5000
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R187 s B 717 g @
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CALL: RULSE ENDOF TT
S101 PULSE
-2 = NORMAL I
-3 = ACKNOWLEDGE
U104b Q127
a | a Q128 TRANSMIT KEY
LS IN 1 )
LS ouT|0 1 \Dl
FIG. 10. LS IN/OUT AND TONE CIRCUITRY
employed, of which U104a's set input is con- call, U104b must be set manually by pushing
trolled by U104b via diode D105. the LS IN/OUT button in order to reverse
A Schmitt Trigger, U108a prevents that con- bias D105.
tact-bounce in the LS IN/OUT switch operates
the latch.
MUTE AND ALARM FUNCTIONS
After a received tone call, or after having
manually openéd the loudspeaker, the Flashing The Mute function takes the information from
Circuit U106, with its associated components, the Q-output of U104b, and Q124 is on after
will start flashing the CALL LED (D107. a call or manual opening of the loudspeaker.
The Alarm transistor Q123 is on for a short
When applying the supply voltage, 8.5 V, time after the 5th tone (70 ms) for triggering
U104b is forced into position 'LS OUT' by the Alarm Relay unit SU5003.
the positive pulse fed to the latch reset in-
put via C115. The call pulse is derived from
one of Counter U12's outputs on the Logic PUSH-TO-TALK TO RELAY AND PUSH TO
Board, and applied to U104b's set input, and, TALK FUNCTIONS
according to NOTE 4 on the diagram, to U104a
as a receipt pulse (Acknowledge). When the TONE KEY button is depressed Q125
After a received tone call, U104b will be in will go on and operate the relay. Q125 is con-
position "LS in" until manually reset by pres- trolled by the information on the Q-output of
sing the "LS IN/OUT" button. The informa- U104a.
tion from the Tone key input terminal to the The normal keying of the RF transmitter is
'set' terminal of U104a is shortcircuited by achieved by shorting terminal 3 to ground.
the Q-output of U104b via diode D105 when If the tone receiver is not open, Q127 is off
the loudspeaker is off. To perform a tone and prevents keying of the transmitter.
60. 484-E1 - 14 - 60. 484-E1
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MICROPHONE BLOCKING AND RX MUTE

When the transmitter is keyed in normal trans-
mit mode, the microphone amplifier is supplied
via Q129. When the TONE KEY button is pres-
sed, U104a turns Q129 off and the microphone

amplifier is blocked.

After reception of a correct tone call, or ma-
nual opening of the loudspeaker (LS IN/OUT),
Q130 switches off and cancels the clamping

of the RX Mute lead, so that only the noise
squelch desides whether the audio channel is

open or not.

LOGIC BOARD CIRCUIT DESCRIPTION

KEY BOARD, DECIMAL TO BCD ENCODING
AND ANTIBOUNCE

From the Key Board pulses enter the circuit
and are encoded to BCD format in a diode ma-
trix. All pulses from the Key Board passes
the antibounce circuit (Q1 and U6d) which

forms the clock pulses for the Shift Registers.

SHIFT REGISTERS AND DATA BUFFERS

The data from the BCD encoder are shifted
into the Shift Registers, U1 and U2 by clock

pulses from the antibounce circuit. When 4
clock pulses have entered the Shift Registers,
i.e. 4 digits have been keyed into the circuit,
the registers are full. Digits further keyed

in will shift out the digits keyed in 4 posi-
tions earlier so the Shift Registers will only
contain the last 4 key board entries. The
Shift Registers work in the serial input - pa-

rallel output mode.

The parallel outputs of the Shift Registers
connect to the input of Tri-state Buffers
whose output states are controlled by the
PROM via U6a, U6b, U6c, and Ube. According

CP 5003 | TG 5004 -/ TQ 5005
- +85v 5 BCD MATRIX ENCODER o0k
0 O
KEYBOARD io Jook
LAMPS , oo
D y o PULSE
47 47 * 3
=L
i 1 4 ,)K‘)K' 100k
Q s
i B—‘ 5
o = 5
6 )" ')é/'
270 % 9 >
&y KIEF
DIGIT D, D, Dy O, 8 Jb/' 100k
0 o o 0o o ?O
A e 4
) AR [Jo
. L vV vV Vv v
5 1 [0} 1 0 D_| DZ D3 DL /_7
6 0o 1 0
7 1 1 0 DATA INPUT TO
8 0 0 6] 1 SHIFT REGISTERS
) 10 o0 1
FIG. 11. BCD ENCODER - CLOCK PULSE CIRCUITRY
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FIG. 12. PROM DECODING PRINCIPLE

to the codes programmed into the PROM the
Tri-state Buffers, U3, U4, and U5 will place
the data for the variable tones on the data
bus to the 4-to-16 Bit Decoder.

COUNTERS AND PROM CONTROL CIRCUIT

Three decimal counters are employed as pulse
counters, two counting the tone generator
pulses (U10 and U11) and one counting the
tone receiver pulses (U12). The counter out-
puts connect to the PROM inputs and control

its output.

Determined by the clock generator period the
counter outputs of UT0 and U11 will be applied
to the PROM inputs causing the PROM to feed

the following information to the Tone Board.

QO—Q1-02—03— data to the 4-to-16
Bit Decoder

Inhibit to the 4-to-16 Bit Decoder
Prolonged tone control signal

Tri-state Buffer control data

(variable tones)

For details on coding of the PROM refer to
Coding and Strapping.

60. 484-E1
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The 1st PROM input is connected to the 3rd
output on the 1st tone transmitter pulse coun-
ter, U10, and the result is that a period of
220 ms for the TQ5004, or 320 ms for the
TQ5005, elapses before generation of the 1st
tone is started. This period corresponds to
the length of the three leading clocks pulses.
The following five clockpulses generate the
tone sequence and on the 8th pulse one of

the following events happens:

1) A TT reset pulse to the Tone Board
will be sent through b (D25) if the unit
is strapped to only one sequence; the

Q8 output of Counter U10 is logic "1".

2) A second sequence with 3 leading clock
pulses without tone generation and 5
tones will be generated if the unit is
strapped to transmit two sequences;
the Q8 output of U10 will enable the
2nd tone transmitter counter U11.

A TT reset pulse will be sent to the
Tone Board by the Q8 output of U11

when the 16th clock pulse appears.

The Reset inputs of the Counters U10 and
U11 are controlled by the Q-output of U104a
and therefore the Counters are inhibited in
standby and not released until the TONE KEY

button is depressed.

60. 484-E1
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Counter U12 controls the receiver inputs of

the PROM. The counter's control signals are
derived from the Clock Delay U101b and the

Clear Delay U101d respectively.

In standby the counter is inhibited by the
Clear Delay U101d and the counter's "0" out-
put is logic "1". This selects the code of the
1st receiver tone in the PROM.

The operation of the Counter U12 is similar
to that of U10 and U11, the clock pulse pe-
riod being linked to the length of the receiv-

ed tones.

Approximately 120 ms after the last tone has
ended the tone receiver counter is reset to
standby by the Clear Delay U101d.

All outputs (QO—QS) on Counter U12 are ac-
cessible on the p.c.b. for setting the indivi-
dual combination and the Group Call/All Call
combination. Refer to Coding and Strapping

for details.

Inverter U7b is, together with the counter's
enable input, controlled by the Ul04a's Q-out-
put which in standby is logic "0". When the
TONE KEY is depressed a logic 1 is placed on
the enable input of U12 and at the same time

at the inverter U7b. The inverter output then
shorts the counter's "0" output to ground

through diode D18.

The times elapsing to transmit or receive a
5-tone sequential signal appear from the Ti-

me-Pulse diagrams.

If only one transmitter sequence is required
diode b (D25) causes "TT reset" after the
first transmitter code has been generated and
the TQ5004/TQ5005 reverts to standby in the

receive mode.

In the transmission mode is input TT= "1"
and input TR="0", and this ensures that
the Receiver Counter U12 is disabled and the

reset signals on the Transmitter counters U10

60. 484-E1
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and U11 are removed. The opposite conditions
occur when the TQ5004/TQ5005 is in the re-

ceive mode.

ACKNOWLEDGE TRANSMISSION

When acknowledge transmission is required,
the diodes ¢, d, and e are inserted. In the
receive mode the D-Flip-Flop U9 is "reset"
and the diodes are off (reverse biased). Af-
ter a tone call has been accepted output Q5
on U12 goes logic "1", turns the loudspeaker
on, sets Latch U104a which keys the trans-
mitter, and provides a clock pulse for Flip-
Flop U9. This toggles U9 and its Q-output
goes logic "1" and Q logic "0", and the dio-
des ¢, d, and e are turned on. Diode c re-
sets the two Transmitter Counters U10 and
U11, diode d enables the Receiver Counter
U12, and diode e prevents the "TR-reset" le-

vel from resetting the Receiver Counter.

When Latch U104a is "set", the TT input to
the Logic Board is logic "1" and input TR is
logic "0", but due to the diodes this has no
influence on the status of the transmitter and
receiver counters. Three clock pulses after
the Q5 output of U12 has been logic "1" the
Receiver Counter is reset by diode D22 and
the counter is now acting as a tone transmit-
ter counter, transmitting the receiver tone

code.

After the last tone has been transmitted a
clockpulse toggles Flip-Flop U9 and sets Q
logic "0" and Q logic "1". This causes an
"End of TT" pulse to be sent through diode
D21 to reset Latch U104a, and at the same
time the diodes ¢, d, and e are turned off
(reverse biased).

Now the TT input is logic "0" and the TR in-
put is logic "1" ensuring that the transmitter
Counters U10 and U11 are reset and the Re-
ceiver Counter U12 is enabled and reset by
the "TR reset".

The TQ5004/TQ5005 is now back in the nor-

mal tone receive mode.

60. 484-E1
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AUTO RECEIPT (ACKNOWLEDGE) TRANSMISSION TQ5004 AND TQ5005
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FIG. 13. ACKNOWLEDGE TRANSMISSION
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TQ5004 AND TQ5005

TECHNICAL SPECIFICATIONS

SPECIFICATIONS COMMON TO TQ5004
AND TQ5005

Surgglx Voltage
8.5V +0.25V (8.5 V Cont. and 8.5 V TX)

Current Drain
Standby: <20 mA
Engaged: 20 mA +25 mA peak
when the CALL indicator is on.

Temperature Range
-30°C to +60°C

SEQUENTIAL TONE TRANSMITTER

Signal Output Level
Max. 600 mV EMF (Adjustable)

Frequence Response
Flat #1 dB

Signal Distortion
<5%

Tone Frequency Acceracy

Max. diviation: 1.4%
Rel. freq. accuracy: 0.3%
Adj. accuracy: 0.1%
Freq. stability: 1%

Control Functions

Acknowledge: Can be strapped to au-
tomatic transmission of
"Acknowledge" after a

CALL.

Microphone inhibit

The supply voltage to the microphone ampli-

fier is inhibited when transmitting a tone call.

SEQUENTIAL TONE RECEIVER

Input Impedance
>30 Kohm, DC isolation

60. 484-E1
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Reset Time (T)
90 ms <T <140 ms

Reaction Time (T)
20 ms <T <45 ms

Signal to Noise Conditions

Signal tone receiver will accept signals with
a noise level corresponding to SINAD= 5 dB
as measured in the speach channel of the
CQM5000.

Input Frequency Response

Deemphasis according to an RC function with

F =2900 Hz
c

Activating Input Level
300 mV £6 dB

Input Signal Distortion

The unit can process tone signals containing

up to 20% distortion.

Tone Frequency Accuracy

+0.3%

Tone Frequency Selectivity

The tone receiver is not sensitive to adjacent
tones or other tones of the same standard se-

ries.

Output Functions

A call produces the following output signals:
1) The green LED (D107) will start flashing
2) Cancel the short circuit of terminal 4
3) Short circuit terminals 2-3

Manual activation of the LS IN/OUT button

establishes the same functions.

Switching the loudspeaker off produces the

following output signals:

1) The green LED (D107) will stop flashing

2) RX mute on; short circuit terminal 4 to
ground.

3) Key blocking on; the connections be-

tween terminal 2 and 3 is cancelled.

Stormo
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Dimensions
159.8 mm x 69 mm x 22.5 mm (L x W x H)

SPECIFICATIONS UNIQUE TO TQ5004

SEQUENTIAL TONE TRANSMITTER

Output Signal

3, 4, or 5 tones in bursts of 70 ms £15 ms.
The interval between triggering and emission
of the 1st tone is min. 200 ms.

Up to 4 tones can be variable and selected

from the Key Board.

Tone Frequencies

The ZVEI series:

885 Hz, 970 Hz, 1060 Hz, 1160 Hz, 1270 Hz,
1400 Hz, 1530 Hz, 1670 Hz, 1830 Hz, 2000 Hz,
2200 Hz, 2400 Hz, 2600 Hz, 2800 Hz.

Automatic RF Transmitter Keying
The TQ5004 energizes the RF transmitter for

approximately 570 ms.

SEQUENTIAL TONE RECEIVER

Signalling Code

3, 4, or 5 tone bursts of min. 55 ms duration.

Tone Frequencies

The ZVEI series (refer to Sequential Tone

Transmitter).

60. 484-E1
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SPECIFICATIONS UNIQUE TO TQ5005

SEQUENTIAL TONE TRANSMITTER

Qutput Signal

3, 4, or 5 tones in bursts of 100 ms #15 ms.
The interval between triggering and emission
of the 1st tone is min. 300 ms.

Up to 4 tones can be variable and selected

from the Key Board.

Tone Frequencies

The CCIR series:

(960 Hz, 1022 Hz), 1124 Hz, 1197 Hz, 1275 Hz,
1358 Hz, 1446 Hz, 1540 Hz, 1640 Hz, 1747 Hz,
1860 Hz, 1981 Hz, 2110 Hz.

Automatic RF Transmitter Keying

The TQ5005 energizes the transmitter for

approximately 800 ms.

SEQUENTIAL TONE RECEIVER

Signalling Code

3, 4, or 5 tone bursts of min 55 ms duration

Tone Frequencies

The CCIR series (refer to sequential Tone

Transmitter).

60. 484-E1
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CODING AND STRAPPING INSTRUCTION
TQ5004 AND TQ5005

GENERAL

When coding and strapping a TQ5004 or
TQ5005 module, and programming its PROM

circuit, the following decisions must be made:

1. One or two transmitter sequences (Logic
Board).

2. First transmitter sequence (PROM).
a. Number of tones (3, 4, or 5).
b. Frequencies of fixed tones (Table 1).
c. Variable tones.

d. Prolongation of first tone.

These data are used to complete the words
of addresses 1 to 5 on the PROM Code Spe-
cification Chart, fig. 1.

3. Second transmitter sequence (PROM).
a. Number of tones (3, 4, or 5).
b. Frequences of fixed tones (Table 1).

Variable tones.

o o

Prolongation of first tone.

These data are used to complete the words
of addresses 6 to 10 on the PROM Code Spe-
cification Chart, fig. 1.

NOTE: Maximum 4 variable tones can be
inserted in the two transmitter se-

quencies. See also Tone Format.

4. The tone receiver sequence (PROM).
a. Number of tones (3, 4, or 5).

b. Frequencies of the tones.
These data are used to complete the words

of addresses 11 to 15 on the Code Specifica-
tion Chart, fig. 1.

60. 485-E1

5. Group Call (Logic Board).
a. Group tone format.

b. Frequency of group call tone (SU5001).

6. All Call (Logic Board).
a. Frequency of all call tone (SU5002).

7. Auto Receipt (Acknowledge) (Tone Board).
a. Transmitter sequence acknowledge
(Logic Board).
b. Receiver sequence acknowledge (Lo-

gic Board).

The tone transmitter codes and the tone re-
ceiver code are independant of each other

and examples are given separately.

The tone format, 1 or 2 tone transmitter
codes, automatic receipt (acknowledge), and
group call options are all coded by a strap-
ping and diode arrangement on the printed

wiring board.

TONE FORMATS

The need for insertion of repeat tones will
in some applications limit the number of se-
lectable calls, but anyhow, the R-tone (re-
peat) can be used as a fixed tone in a code.
The coding possibilities and their limitations

are shown below.

TONE FORMATS FOR TRANSMITTED
TONE CALLS

FORMAT 1.

- Transmission of one sequential tone signal.

[1]2]3]4]s]

Standard 5 tone sequence.

60. 485-E1
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BIT 9 8 7 6 5 4 | 3 3 1 0

A ol ol ol o

D TQ5004 E E|E E =
m m m m [as]

D TQ5005 > | >| > w ST ST S ST
Q O O Q L L i L

X PROM i I A Flg|lg| 58|85
= =) 2 =

E CODE 3 S CIY = ke 8 : fad = :

S SPECIFICATION RN B O - e B B O s B
T i L o = % m m om m

S W W w Wi m b < < < <
7 z Z z = o) x % x x
o) oc|lo|o|Z|x|<|<| <| <
st FlE |l Fl Z2lals| S| S| s

1] ST1-1. TONE

2 | STi-2. TONE

3| ST1-3. TONE

4 | ST1-4. TONE

5| ST1-5. TONE

6 | ST2-1. TONE

7 | ST2-2. TONE

8 | ST2-3. TONE

9 | ST2-4. TONE

10 | ST2-5. TONE

11 | SR-1. TONE

12 | SR-2. TONE

13 | SR-3. TONE

14 | SR-4. TONE

15 | SR-5. TONE

16 | SPARE

FIG. 1
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PROM Code Specification Chart

PROM Code Specification Chart.

R=

V. =
X

ST1=

ST2=

SR=

Repeat tone.

Variable tone (x).
Sequential Tone Transmit 1.
Sequential Tone Transmit 2.

Sequential Tone Receive.
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EX. A
[[R[v[R]Y

2

No limitation in the variable digits V1 and V2'
R= repeat tone.
100 CALLS.

(]

Limitation, V1 cannot be selected equal to V
90 CALLS.

EX. C
1]2[3]v, VA

Limitation, V1 cannot be selected equal to

V2 and V1 cannot be selected equal to 3.

81 CALLS.

EX. D

VTRVZRV?)

No limitations in the variable digits, V1, V2
and V3. R= repeat tone.

1000 CALLS.

EX. E

TRV]RV2

No limitation in the variable digits V1 and V2'

Prolonged 1st-tone max 1.2 sec.

FORMAT 2.
- Transmission of two consecutive sequential

tone signals.

[ [2fs]uls] [ ] ]s [7]a]o o]

Same possibilities and limitations rules as for

format 1. There is no limitation in selection
of last digit in first tone signal and firstdi-

git in 2nd tone signal.

EX. A

12?>L1V1 VZRV3RV4

V1:V2 is valid.

60. 485-E1
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STRAPPING FOR 3, 4, or 5 TONES
See fig. 2.

Connect a wire from the INDV-terminal as

follows:

INDV to 3 for 3-tone sequential call
INDV to 4 for 4-tone sequential call
INDV to 5 for 5-tone sequential call

STRAPPING FOR GROUP CALL OR ALL CALL

The TQ5004/TQ5005 can accomodate a SU5001
(group call) or SU5002 (all call) module de-
signed for receiving one group call or all

call tone.

Connect a wire from the GR-terminal as fol-

lows:

GR to 2 for group call on the 3rd tone.
GR to 3 for group call on the 4th tone.
GR to 4 for group call on the 5th tone.

GR to 0 for all call.

For code combinations and their limitations
see coding for SU5001 and SU5002.

STRAPPING FOR AUTOMATIC RECEIPT
(ACKNOWLEDGE)

Tone Board
Short terminal 1-3 for NORMAL mode.
Short terminal 1-2 for AUTO RECEIPT mode.

Logic Board
Insert diodes ¢ (D26), d (D27) and e (D28)

for Auto Receipt (acknowledge) with the to-

ne receiver code.

If none of the diodes are inserted the gene-
rated Auto Receipt code will be the tone

transmitter code(s).

60. u485-E1
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FIG 2. CIRCUIT BOARD LAYOUT TQ5004-TQ5005.
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STRAPPING FOR 1-SEQUENCE TRANSMISSION

Logic Board
Insert diode b (D25).

STRAPPING FOR 2-SEQUENCE TRANSMISSION

Logic Board
Omit diode b (D25).

PROM CODE SPECIFICATION

The following list gives the information con-

tained in the PROM circuit:

1. Data for each tone frequency to be

transmitted (4 bits).

2. Data for selectable tones (1 of 4 bits).

3. Data for each tone frequency to be
received (4 bits).

4. Inhibit to the 4-of-16 bit decoder for
each address not used (1 bit).

5. Prolonged length of first tone (1 bit).
The PROM is a diode matrix with 16 addres-
ses each forming a 10 bit word as shown on

the PROM Code Specification Chart, fig. 1.

Addresses 1 to 5 are controlled by the first

tone transmitter counter (U10).

Addresses 6 to 10 are controlled by the

second tone transmitter counter (U11).

Addresses 11 to 15 are controlled by the

tone receiver counter (U12).

Address 16 is spare

Bits 6 to 9 are bit data for the 4 to 16 bit
decoder.

A fused diode gives bit= "0", otherwise
bits "1h,

60. 485-E1
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TONE Frequency Hz BIT

TQ5004 TQ5005 9 8 7 6
X 885 960 1 0 1 0
Y 970 1022 1 0 1 1
1 1060 1124 0 0 0 1
2 1160 1197 0 0 1 0
3 1270 1275 0 0 1 1
4 1400 1380 0 1 0 0
5 1530 1446 0 1 0 1
6 1670 1540 0 1 1 0
7 1830 1640 0 1 1 1
8 2000 1747 1 0 0 0
9 2200 1860 1 0 0 1
0 2400 - 1981 0 0 0 0
R 2600 2110 1 0 1 0
A 2800 = 1 0 1 1

Table 1. Tone Frequencies

The X and Y tones replaces the R and A to-

nes in 12.5 kHz channel spacing equipment.

Bit 5 is inhibit data bit for the 4 to 16 bit
decoder; a fused diode gives bit="0", other-
wise bit="1".

To ensure stable operation all diodes on
inhibit addresses are blown, i.e. bit="0".
The decoder is inhibited, i.e. the tone not

used, if the corresponding inhibit bit is "0".

Bit 4 is prolonged tone data bit for the
Clock Pulse Generator. A fused diode gives
bit="0", otherwise bit="1".

The tone is prolonged, 1.2 second, if the

corresponding data bit is "1".

Bit 3 is the fourth variable tone, Vq.
Bit 2 is the third variable tone, V3.

Bit 1 is the second variable tone, V2.
Bit 0 is the first variable tone, V1

A tone is variable when the corresponding
data bit="1".

A fused diode gives data bit= "0", otherwi-

se bit= "1,

60. 485-E1
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BIT 3 2 1 0
4 Variables Vq V3 V2 V1
3 Variables V3 ) V1
2 Variables V2 V]
1 Variables V1

Vx= Variable tone x

A variable tone is inserted in the code when
the bit=1.

60. 485-E1
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TONE RECEIVER FREQUENCY CODING

Storno

The bit pattern of the tone frequencies are

programmed on addresses A11 to A15 as

shown in table 1.

PROM ADDRESS |5-TONE |4 TONE [3-TONE
A1 A6  A11| 1. digit | 1. digit | 1. digit
A2 A7 A12| 2. digit | 2. digit | 2. digit
A3 A8  A13| 3. digit | 3. digit | 3. digit
A4 A9 Al4| 4. digit | 4. digit | INHIBIT
A5 A10 Al15| 5. digit | INHIBIT | INHIBIT
60. 485-E1
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SEQUENTIAL TONE UNITS
TQ5004 AND TQ5005

GENERAL

The sequential tone units TQ5004 and TQ5005
are combined tone transmitter-tone receiver
units with the transmitter and receiver func-
tions being independant of each other. They
can process 3, 4, or 5-tone signals, one se-
quence for tone reception and two sequences
for transmission.

The units are built on two printed circuits
boards, a TONE BOARD and a LOGIC BOARD,
which mount together to a sandwich units with
the soldering sides facing each other. The
unit fits mechanical into the CQM5000 radiote-
lephone on the interconnect board side, and
the electrical design appears from the block

diagram, see fig. 1. and fig. 2.

For TQ5004 the tone frequencies are the ZVEI
(Storno) series, 885 Hz to 2800 Hz, and for
TQ5005 the tone frequencies are the CCIR se-
ries, 960 Hz to 2110 Hz.

The coembinations for the tone receiver and
transmitter sequences are selected by coding

a PROM (Programable Read Only Memory). Be-
fore placing it on the logic board, see coding
and strapping. For the tone transmitter se-
quences up to 4 tones may be coded to be se-
lected from a keyboard on the control panel
CP5003.

The following description applies to both
TQ5004 and TQ5005 unless otherwise noted.
STANDBY CONDITIONS

When the radio equipment is turned on it will
be in standby condition, and the tone unit,

TQ5004/TQ5005, is in the tone receive mode

and set to the Tst tone of the receive code.

60. 484-E1

TONE RECEPTION

Reception of a sequential tone signal that
matches the combination of the code will cause

the following events to take place:

The KEY BLOCKING is cancelled (Q127 ON).
The LOUDSPEAKER BLOCKING is cancelled
(Q130 OFF).

The visual LED CALL INDICATOR will start
flashing.

If the unit is connected for AUTO RECEIPT/
ACKNOWLEDCGE a correctly received tone call
will automatically key the sequential tone
transmitter and transmit its own ID, and af-
ter having generated the last tone of a se-
quential tone signal, the unit reverts to the
condition described above, i.e. the loudspeak-

er is on.

TONE TRANSMISSION

When the loudspeaker is turned on, either by
a tone call or by pressing the LS IN button,
the tone transmitter can be keyed and will

generate the sequential tone signal.

With a tone length of 70 ms (milliseconds) for
the ZVEI and 100 ms for the CCIR tone series
the interval from pressing the TONE KEY but-
ton to the start of the 1st tone is approxima-
tely 220 ms for the TQ5004 (ZVEI) and 320 ms
for the TQ5005 (CCIR). When using 3 or 4
tones in the transmitter sequence this inter-
val may be extended if the PROM is program-
med to give INHIBIT to the 4-to-16 Bit Deco-

der.

60.484-E1
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TQ5004 AND TQ5005
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FIG. 3. DATA FLOW CHART

The RF transmitter remains keyed for appro-
ximately 600 ms with coding and strapping for
one-sequence transmission, and 1100 ms for
two-sequence transmission in TQ5004, and
850 ms for one-sequence transmission, and
1550 ms for two-sequence transmission in
TQ5005, even if the TONE KEY is depressed

for a shorter or longer period.

During the keying of the transmitter the mi-
crophone amplifier will be blocked and the
blocking signal will disappear after the last

tone, i.e. when the unit reverts to standby.

Before transmitting commences it is possible
to select up to 4 tones by entering them on
the keyboard. The tones are then inserted
in the transmitted code in accordance with
the coding of the PROM.

The selected tones may be 0-9, and on each
side (in the code) a repeat tone must be in-

serted, refer to Coding and Strapping. .

60. 484-E1

The strapping is performed on the p.c.b.
and it is possible to select the "X" tone in
place of the "A" tone (Alarm) and the "Y"
tone in place of the "R" tone (Repeat). It is
impossible to select the A, R, X, and Y tones

from the keyboard.

MODE OF OPERATION

Logic levels are as follows:

h=n~n8.5 V

noh=n0 V

TONE RECEPTION

In standby the 1st tone receiver code in the

PROM is applied to the 4-to-16 BIT DECODER

which selects the proper tone gate.

The unit is set to the sequential tone recep-

tion mode awaiting a call, and when a tone

60. 484-E1
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PULSE-TIME DIAGRAM FOR 5-TONE, SEQUENTIAL TONE RECEPTION IN TQ5004 AND TQ5005

Storno
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TQ5004 AND TQ5005

PULSE-TIME DIAGRAM FOR 5-TONE SEQUENTIAL CALL TQ5004
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Storno

INPUT 2. 1 3 H GR. fH R.
300mV
VAC
Q-MULTIPLIER L —
EMITTER Q107 /
vDC
COMPARATOR
PIN 14-U101a
vDC 1 4
CP-DELAY
PIN 2-U101b
0
VDC Fi
CL-DELAY
PIN 13-U101d
0
177 3
SU5001 NOISE /——\ DECAY TIME
SELECTION —— W MAMMAMMAMY G
BASIS Q202 u
4 t)
T el
VDC 1 BUILD UP
DELAY TIME
PIN 3-U201
0
VDC 71 1t
GR-CALL
TERM. 4 0
vDC 71 1t
SQ-SIGNAL I
TERMINAL 1
0
vDC 7 t —
3
(™
CLEAR DOWN I I
GR. TERM 3 0 4
t,
e _ 4l
~ i
' ' ' | f l | | —=1
0 70 140 210 250 350 420 490 560
t, BUILD-UP TIME + DELAY
t, DELAY TIME + HANGTIME
t, SQ-DELAY
IN PERIOD t, THE AUTOMATIC RECEIPT, TONE KEY,
AND LS IN/OUT ARE INHIBITED.
FIG. 5. 5-TONE CALL WITH GROUP CALL
60. 484-E1 = i = 60. 484-E1



Storno

signal having the proper code is applied to

the input it is processed as follows:

The 1st tone is amplified and limited in the
input stage. The tone is then, via the coup-

ling link, applied to the selective circuit.

The active part of the selective circuit is a
Q-multiplier which also operates as an oscila-
tor when the circuit is working as part of

the tone transmitter.

If the level of the 1st tone is within the sen-
sitivity range of the tone receiver the detec-
ted signal will switch the output of the com-
parator U101a. Approximately 17 ms later,
caused by the CLOCK DELAY circuit, the
Schmitt trigger output, U101b goes logic "0".
At the same time the Schmitt trigger circuit
rapidly sets up the CLEAR DELAY circuit,
U101d, in order to remove the reset on the

tone receiver counter, U12.

When the first tone ceases the Schmitt trigger
reverts to standby condition, output logic "1",
and the positive leading edge is fed to the
clock input of the counters. As only the tone
receiver counter is enabled this steps forward
and the code corresponding to the 2nd tone

is applied to the 4-to-16 BIT DECODER. The

proper tone gate for the 2nd tone is now open.

The transistor collectors of the tone gates are
all tied to one of the tone coil terminals. The
tone receiver is now set up to receive the
2nd tone of the signal and remain in this sta-
te for approximately 120 ms, provided that
the 2nd tone is not accepted. The time elap-
sing is determined by the CLEAR DELAY cir-

cuit.

Except for the requirement of a tone length
of approximately 40 ms the tone receiver is
independent of the duration of the tone
bursts, because the counter switches to the
next PROM input at the end of the preceeding
tone. If the 2nd tone is not accepted within
approximately 120 ms the counter is reset to

standby, i.e. ready for the 1st tone.

60. 484-E1

TQ5004 AND TQ5005

The 2nd, 3rd, 4th, and 5th tone of the se-
quential signal is received as described for

the 1st tone.

When the last tone has been accepted, the
counter information is read out to lach U104b,
which is set and cancels the key and loud-
speaker blockings. At the same time the CALL
indicator is turned on and LED D107 starts to
blink.

The ALARM relay driver Q123 goes on during
the last tone period and turns off approxima-

tely 70 ms later.

An accepted call may also release an automa-
tic receipt transmission, ACKNOWLEDGE, if

this option is used.

TONE TRANSMISSION

All tones used in the tone transmitter codes

are programmed in the PROM.

With the loudspeaker turned on, either by a
call or by manually pressing the LS in/out
button, pressing the TONE KEY button ini-

tiates the following series of events:

The positive pulse from the TONE KEY but-
ton sets latch U104a whose Q and Q outputs
control the internal switching from receive
mode to transmit mode. U104a also controls
the Transmitter Key Switch, Q126-Q125, and
the Microphone Blocking transistor Q129.

When the Clock Generator U101c starts to
run, the comparator U101a and the counter
U12 are both inhibited by the Q-output of
Ul04a. The Q-output keys the RF transmit-
ter, inhibits the Clock Delay circuit, and
turns Q108 on which increases the gain of
Q-multiplier Q107 to make it oscillate when
the tone gates are opened.

The clock generator pulses from U101c are
applied to the counters, U10 and U11, the
repetition rate being 70 ms for TQ5004 and

60. 484-E1
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vDC

TONE KEY
PIN 6-U104A

TQ5004 AND TQ5005 Storno

PULSE-TIME DIAGRAM FOR 5-TONE SEQUENTIAL CALL
TRANSMITTING IN TQ5004 AND TQ5005
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100 ms for TQ5005. This repetition rate is
set by R137.

When the 3rd clock pulse reach counter U10
the 1st tone transmitter code of the PROM is
selected and through the 4-to-16 BIT DECO-
DER the 1st tone transmitter gate is opened
and the tone oscillator, Q107, generates the
1st tone of the transmitter code. The oscilla-
tor output passes an emitter follower, Q105,
before reaching the output terminal. The out-

put is set with potentiometer R113.

The 4th, 5th, 6th, and the 7th clock pulse
consecutively selects the proper codes in the
PROM for the 4-to-16 BIT DECODER and ac-

complish the sequential tone signal.

If only one sequence is required the 8th clock

pulse will reset the latch U104a and the unit

TQ5004 AND TQ5005

reverts to the tone receive mode with the

loudspeaker still being on.

However, if a 2nd sequence is required the
next counter U11 is enabled. The following
two clock pulses will not produce an input to
the PROM and therefore no tones are gene-
rated. The following 5 clock pulses will,
through the PROM and the 4-to-16 BIT DE-
CODER produce a proper 2nd tone sequence,
and thereafter the unit reverts to standby

with the loudspeaker on.

As an option the PROM may be coded to ac-
cept up to 4 tones being variable and select-
able from the Key Board. The position of
these tones in the tone transmitter sequences
are coded into the PROM.

TONE BOARD CIRCUIT DESCRIPTION

INPUT AMPLIFIER AND LIMITER

The transistors Q101, Q102, and Q103 form
a differential input amplifier/limiter followed

by the resonant circuit driver Q104.

The received tone signals are amplified, the
amplifier gain being constant and determined
by the ratio of R106 to R107, and signal le-
vels higher than the minimum sensitivity (ap-
prox. 85 mV) will cause limiting to occur. The
tone signal is then applied to the Group Call
unit SU5001 or All Call unit SU5002, if used
(terminal 9), and to the resonant circuit dri-
ver Q104 which operates as a current gene-
rator with its collector connected to a sepa-

rate winding on the tone coil.
The sensitivity and thus also the tone recei-

‘ver bandwidth is adjustable and set with po-

tentiometer R111.

60. 484-E1
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The input amplifier is blocked when the TONE
KEY button is depressed (and the TRANSMIT
key) which applies 8.5 V TX to the base of
Q101 through D101.

Less than 100 ms after the unit reverts from
the tone transmit mode it is ready to receive

a call.

RESONANT CIRCUIT

The bandpass filter consists of tone coil L101
and capacitor C113. The signal from the input
amplifier is coupled to the parallel resonant
circuit via the coupling link. The circuit is
tuned to the tone frequencies by the tone ga-
tes which switch the coil taps into the circuit

in parallel with capacitor C113,

Storno
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Q-MULTIPLIER, LIMITER, REFERENCE
VOLTAGE, AND TONE DETECTOR

The Q-multiplier consists of Q107, the limiter
of Q109; the reference voltage is derived
from Q110, and Q111 is the tone detector.

A portion of the selected tone signal is fed,
via the Q-multiplier Q107, back to the coup-
ling link and in phase with the input signal.
This increases the bandpass filter Q-factor
to approx. 30. The resistors R123-R148 li-
nearize this factor throughout the band, and
the NTC resistor, R120, in the Q107 emitter
compensates the Q-factor variations with am-

bient temperature.

The tone signal is rectified by transistor Q111
and the resultant d. c. voltage is applied to
comparator U101a. Q108 is turned on by U104a
when depressing the TONE KEY, and this in-
creases the feedback so much that the reso-
nant circuit and Q107, which is the active
component, form an oscillator. The signal vol-
tage across the resonant circuit is amplitude
limited by Q109 in order to obtain a constant
signal output level from the oscillator and to

reduce the decay time for strong signals.

The gate transistor bias and the detector bias

voltages are derived from Q110.

TONE OUTPUT EMITTER FOLLOWER
AND CLIPPER

The output stage consists of the emitter fol-
lower Q105 and its frequency characteristic
is flat because the tone signal is connected
directly to the splatter filter. Potentiometer
R113 is the generator impedance for the ope-

rational amplifier in the splatter filter.

Because of the d. c. shifts in the oscillator
circuit a peak will appear of the start and
end of the tone signals. These peaks will be
limited by Q106.

60. 484-E1
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COMPARATOR

The comparator is built around U101a and

its trigger level is determined by the voltage
divider R130-R131//R181.and controlled by
the Q-output of Latch U104a.

The rectified tone signal increases the d. c.
voltage to the non-inverting input of the com-
parator, and when the level exeeds the refe-
rence voltage the output of UT07a will change
from being a short to ground (logic "0") to
the off state (logic "1"). The time of this sta-
te is determined by the length of the tone

and when the tone ceases the output reverts
to a short to ground, i.e. standby condition.
When depressing the TONE KEY button U101a
is inhibited in its standby state by the Q-out-
put of U104a,

CLOCK DELAY CLOCK GENERATOR

The Clock Delay time is determined by R132
and C107, and Schmitt Trigger U101b. In
standby the charge of capacitor C107 is neu-
tral due to the discharge through the output
of UT01a. The Clock Generator U101c is inhi-

bited in its off position.

The reference voltage, which is common to
U101b and U101c, is via voltage divider R133,
R134, R135 applied to the non-inverting in-
puts. When the comparator U101a is activated
by the tone, the voltage across C107 will be-
gin to go positive.

After 17 ms (Clock Delay) the Schmitt Trigger
U101b will be activated and its output voltage
will drop to zero (logic "0"). After the end

of the tone C107 again discharges via U101a's
output and Schmitt Trigger U101b changes

its state.

This produces a positive going voltage edge
at the UT01b output which is applied to the

clock inputs (CP) of the counters U10, U11,
and U12 whose outputs switch the circuitry

to the next tone gate.

60. 484-E1
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If the Comparator detects a new tone before A tone can be prolonged by applying a logic

the Clear Delay reverts to standby the proce- "0" through D109 to the base of Q131, which

dure is repeated. then turns off and R202 is switched into the
circuit.

The Comparator will, in its inhibited state

(TONE KEY activated), keep U101b off. Si-

multaneously the Clock Generator U101c is CLEAR DELAY

released by biasing D104 off. This enables

C108 to charge through the resistors R136, Comparator U101d is controlled by the Schmitt

R137, and R138 until reaching the common Trigger U101b. In standby the charge of C109

reference voltage, and the output of U101c is neutral because D103 is reverse biased. The

drops to 0 V. This voltage transistion is, output level of U101d corresponds to the sup-

via R134, feed back to the non-inverting in- ply voltage 8.5 V, i.e. logic "1" and counter

put of U101b and thus causes a hysteresis. U12 is cleared and set to the 1st tone gate.

C108 now discharges to the lower voltage le-

vel and this cycle keeps repeating itself. Triggering U101b enables C109 to be charged
via D103 and R140, and when the voltage at

The positive pulses so appearing of the out- C109's negative pole has fallen to the referen-

puts of U101b and U101c are used as clock ce level, U101d changes its output to 0 V (lo-

input to the counters U10 and U11. The pe- gic "0") and releases the counter U12, which

riod time is adjusted by means of resistor now is ready to receive the clock pulses.

R137 to 70 ms for TQ5004 or 100 ms for

TQ5005.

L] R130
H 17
> : \ u101> DA D10 |
* R142  mqn
em}u - - P+ ¢—ta °
= "o
— R134 R137 R138 ’—‘@ U104a
TONE LENGTH 215
t'mm//mm ADJUST ‘:5105

L 1o
‘:_®

; cLock
a PULSES
CLOCK PULSE GENERATION
cp WHEN DEPRESSING TONE KEY.

FIG. 8. CLOCK PULSE CIRCUITRY
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R133

INPUT "9 \
FROM U1

DETECTOR

[]n 131// R181 iz

The U101d reference level is controlled by
Ulosa's Q-output which in standby is approxi-
mately 8.5 V, i.e. logic "1".

Depressing the TONE KEY button causes the
reference voltage to fall to 0 V and U101d is
blocked in its standby position, and hence
Counter U12 is disabled accordingly. As long
as the Schmitt Trigger U101b is active, D103
will maintain the charge of C109 and, when
the last tone ceases, U101b reverts to stand-
by and D103 is reverse biased. The dischar-
ge time of C109 is determined by R139 and
R140 which within approx. 120 ms reduces
the capacitor voltage until it corresponds to

the reference level.

The U101d output voltage now returns to

8.5 V and clears the Counter U12, after
which the 1st tone gate is reengaged and the
tone receiver is ready to receiver a new call.
As the intervals between the individual tones
in a sequential tone call are far less than the
above mentioned 120 ms, the Clear Delay will

retain its state during the call plus the 120 ms.

60. 484-E1 ~ 13

[Joe

13 0™ CLEAR

COUNTER

uiid
x) -

+[C10

R143

FIG. 9. CLEAR DELAY CIRCUITRY

4-TO-16-BIT DECODER AND TONE GATES

In order to select the correct tones the taps
on the tone coil are each connected to the
collector of a tone gate transistor (Q112-Q121,
Q132 and Q133).

When a tone gate input is logic "1", the cor-
responding tap on the coil is connected in pa-
rallel to capacitor C113 in order to establish
the resonant circuit of the Q-multiplier/Tone

generator.

The 4-to-16-Bit Decoder will, if the Inhibit
input is logic "0", open a tone gate corre-
sponding to the data inputs (Q-Q;-Q,-Q,)
from the Logic Board.

ANTIBOUNCE, LOUDSPEAKER IN/OUT, TONE
KEY, AND CALL INDICATOR FLASHING CIRCUIT

As latch for the tone receiver and tone trans-

mitter functions a dual D-Flip-Flop, U104, is

60. 484-E1
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R191 K
TONE KEY 1c17 R
IS i +
MUTE AND CALL | R164 *
DIODE FLASHING 2 K601
CIRCUIT 1 ] 2~ g ° o BENUE KEYING RELAY
ui04p o  Uioda N cam sa00
R187 RO 77 R O
LS IN/OUT —_T ENDtF -
S101 PULSE
1-2 = NORMAL _ﬂ_
U104b 2-3 = ACKNOWLEDGE i
a | @ Q128 TRANSMIT KEY
LS IN 1 0
tsoutfo [ 1 | \D;L
FIG. 10. LS IN/OUT AND TONE CIRCUITRY
employed, of which U104a's set input is con- call, U104b must be set manually by pushing
trolled by U104b via diode D105. the LS IN/OUT button in order to reverse
A Schmitt Trigger, U108a prevents that con- bias D105.
tact-bounce in the LS IN/OUT switch operates
the latch.
MUTE AND ALARM FUNCTIONS
After a received tone call, or after having
manually openéd the loudspeaker, the Flashing The Mute function takes the information from
Circuit U106, with its associated components, the Q-output of UT04b, and Q124 is on after
will start flashing the CALL LED (D107. a call or manual opening of the loudspeaker.
The Alarm transistor Q123 is on for a short
When applying the supply voltage, 8.5 V, time after the 5th tone (70 ms) for triggering
U104b is forced into position 'LS OUT' by the Alarm Relay unit SU5003.
the positive pulse fed to the latch reset in-
put via C115. The call pulse is derived from
one of Counter U12's outputs on the Logic PUSH-TO-TALK TO RELAY AND PUSH TO
Board, and applied to U104b's set input, and, TALK FUNCTIONS
according to NOTE 4 on the diagram, to U104a
as a receipt pulse (Acknowledge). When the TONE KEY button is depressed Q125
After a received tone call, U1C4b will be in will go on and operate the relay. Q125 is con-
position "LS in" until manually reset by pres- trolled by the information on the Q-output of
bsing the "LS IN/OUT" button. The informa- Uloda.
tion from the Tone key input terminal to the The normal keying of the RF transmitter is
'set' terminal of U104a is shortcircuited by achieved by shorting terminal 3 to ground.
the Q-output of U104b via diode D105 when If the tone receiver is not open, Q127 is off
the loudspeaker is off. To perform a tone and prevents keying of the transmitter.
60. 484-E1 - 14 - 60. 484-E1
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MICROPHONE BLOCKING AND RX MUTE After reception of a correct tone call, or ma-

nual opening of the loudspeaker (LS IN/OUT),
When the transmitter is keyed in normal trans- Q130 switches off and cancels the clamping
mit mode, the microphone amplifier is supplied of the RX Mute lead, so that only the noise
via Q129. When the TONE KEY button is pres- squelch desides whether the audio channel is
sed, U104a turns Q129 off and the microphone open or not.

amplifier is blocked.

LOGIC BOARD CIRCUIT DESCRIPTION

KEY BOARD, DECIMAL TO BCD ENCODING pulses from the antibounce circuit. When 4

AND ANTIBOUNCE clock pulses have entered the Shift Registers,
i.e. 4 digits have been keyed into the circuit,
From the Key Board pulses enter the circuit the registers are full. Digits further keyed
and are encoded to BCD format in a diode ma- in will shift out the digits keyed in 4 posi-
trix. All pulses from the Key Board passes tions earlier so the Shift Registers will only
the antibounce circuit (Q1 and U6d) which contain the last 4 key board entries. The
forms the clock pulses for the Shift Registers. Shift Registers work in the serial input - pa-

rallel output mode.

SHIFT REGISTERS AND DATA BUFFERS The parallel outputs of the Shift Registers
connect to the input of Tri-state Buffers
The data from the BCD encoder are shifted whose output states are controlled by the
into the Shift Registers, U1 and U2 by clock PROM via U6a, Uéb, U6c, and U6e. According
CP 5003 | TQ5004 -/TQ5005

I

+85V BCD MATRIX ENCODER
+ 135V 0 100k
o o
1
100k
KEYBOARD D—o\c 4
LAMPS
2 100k
0 o {14 ) PULSE
47 47 D K 3
0 o
I Q 4 ;7! 0>K 100k
>0 O
i 9—4 B
"_o\o o Py
6 )K ")P/
270 :\o .
7 P"")P/‘ﬁ(
0 o
DIGIT D D. D D, 8 )" 100k
1 2 3 (3
o0 o Sy B
0 0 0 0 (] g
] 0 0 0
1 Lo ~o i
2 o 1 0o o0 2( ')K ] 100k
3 1 1 0 0 b
. A vV OV Vv Y
5 1 [ 1 0 D D, D. D
1 2 3 4
6 0 1 1 0 e
] 1 1 1 0 ' DATA INPUT TO
8 0 0 0 1 SHIFT REGISTERS
9 1 0 0 1

FIG. 11. BCD ENCODER - CLOCK PULSE CIRCUITRY
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cp COUNTER
> PROM
INPUT i o
e
0 1
V777 1 2
47016
0 BIT 3
DECORDER
-“:‘ Sl 4

FIG. 12. PROM DECODING PRINCIPLE

to the codes programmed into the PROM the
Tri-state Buffers, U3, U4, and U5 will place
the data for the variable tones on the data
bus to the 4-to-16 Bit Decoder.

COUNTERS AND PROM CONTROL CIRCUIT

Three decimal counters are employed as pulse
counters, two counting the tone generator
pulses (U10 and U11) and one counting the
tone receiver pulses (U12). The counter out-
puts connect to the PROM inputs and control

its output.

Determined by the clock generator period the
counter outputs of U10 and U11 will be applied
to the PROM inputs causing the PROM to feed

the following information to the Tone Board.

QO—Q1‘02—Q3— data to the 4-to-16
Bit Decoder

Inhibit to the 4-to-16 Bit Decoder
Prolonged tone control signal

Tri-state Buffer control data

(variable tones)

For details on coding of the PROM refer to
Coding and Strapping.

60. 484-E1
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4x270k

The 1st PROM input is connected to the 3rd
output on the 1st tone transmitter pulse coun-
ter, U10, and the result is that a period of
220 ms for the TQ5004, or 320 ms for the
TQ5005, elapses before generation of the 1st
tone is started. This period corresponds to
the length of the three leading clocks pulses.
The following five clockpulses generate the
tone sequence and on the 8th pulse one of

the following events happens:

1) A TT reset pulse to the Tone Board
will be sent through b (D25) if the unit
is strapped to only one sequence; the
Q8 output of Counter U10 is logic "1".

2) A second sequence with 3 leading clock
pulses without tone generation and 5
tones will be generated if the unit is
strapped to transmit two sequences;
the Q8 output of UT0 will enable the
2nd tone transmitter counter U11.

A TT reset pulse will be sent to the
Tone Board by the Q8 output of U11

when the 16th clock pulse appears.

The Reset inputs of the Counters U10 and
U11 are controlled by the Q-output of U10La
and therefore the Counters are inhibited in
standby and not released until the TONE KEY

button is depressed.

Storno
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Counter U12 controls the receiver inputs of

the PROM. The counter's control signals are
derived from the Clock Delay U101b and the
Clear Delay U101d respectively.

In standby the counter is inhibited by the
Clear Delay U101d and the counter's "0" out-
put is logic "1". This selects the code of the
1st receiver tone in the PROM.

The operation of the Counter U12 is similar
to that of U10 and U11, the clock pulse pe-
riod being linked to the length of the receiv-

ed tones.

Approximately 120 ms after the last tone has
ended the tone receiver counter is reset to
standby by the Clear Delay U101d.

All outputs (QO—QS) on Counter U12 are ac-
cessible on the p.c.b. for setting the indivi-
dual combination and the Group Call/All Call
combination. Refer to Coding and Strapping

for details.

Inverter U7b is, together with the counter's
enable input, controlled by the U104a's Q-out-
put which in standby is logic "0". When the
TONE KEY is depressed a logic 1 is placed on
the enable input of U12 and at the same time

at the inverter U7b. The inverter output then
shorts the counter's "0" output to ground
through diode D18.

The times elapsing to transmit or receive a
5-tone sequential signal appear from the Ti-

me-Pulse diagrams.

If only one transmitter sequence is required
diode b (D25) causes "TT reset" after the
first transmitter code has been generated and
the TQ5004/TQ5005 reverts to standby in the

receive mode.

In the transmission mode is input TT= "1"
and input TR= "0", and this ensures that
the Receiver Counter U12 is disabled and the

reset signals on the Transmitter counters U10

60. 484-E1
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and U11 are removed. The opposite conditions
occur when the TQ5004/TQ5005 is in the re-

ceive mode.

ACKNOWLEDGE TRANSMISSION

When acknowledge transmission is required,
the diodes c, d, and e are inserted. In the
receive mode the D-Flip-Flop U9 is "reset"
and the diodes are off (reverse biased). Af-
ter a tone call has been accepted output 05
on U12 goes logic "1", turns the loudspeaker
on, sets Latch U104a which keys the trans-
mitter, and provides a clock pulse for Flip-
Flop U9. This toggles U9 and its Q-output
goes logic "1" and Q logic "0", and the dio-
des c, d, and e are turned on. Diode c re-
sets the two Transmitter Counters U10 and
U11, diode d enables the Receiver Counter
U12, and diode e prevents the "TR-reset" le-

vel from resetting the Receiver Counter.

When Latch U104a is "set", the TT input to
the Logic Board is logic "1" and input TR is
logic "0", but due to the diodes this has no
influence on the status of the transmitter and
receiver counters. Three clock pulses after
the Q5 output of U12 has been logic "1" the
Receiver Counter is reset by diode D22 and
the counter is now acting as a tone transmit-
ter counter, transmitting the receiver tone

code.

After the last tone has been transmitted a
clockpulse toggles Flip-Flop U9 and sets Q
logic "0" and Q logic "1". This causes an
"End of TT" pulse to be sent through diode
D21 to reset Latch U104a, and at the same
time the diodes ¢, d, and e are turned off
(reverse biased).

Now the TT input is logic "0" and the TR in-
put is logic "1" ensuring that the transmitter
Counters U10 and U11 are reset and the Re-
ceiver Counter U12 is enabled and reset by
the "TR reset".

The TQ5004/TQ5005 is now back in the nor-

mal tone receive mode.

60. 484-E1

Storno



Storno TQ5004 AND TQ5005 Storno

AUTO RECEIPT (ACKNOWLEDGE) TRANSMISSION TQ5004 AND TQ5005

VAC
1. 2. 3 4, 5.

Q-MULTIPLIER :
EMITTER Q107 \

VDC 71
COMPARATOR
PIN 14-U101a 0

vDC 1 ' ' / 4 l
CLOCK PULSE
PIN 1-U101c 0 .

VDC T
PIN 1-U12 0

.

VDC T
CLEAR-DELAY
PIN 13-U101d 0

vDC %1 Hr I I T \

0

DETECTOR
EMITTER Q111

vDC %
COUNTER ~ | 1.TONE
PIN 3-U12 0

vDC ¥
COUNTER 5. TONE
PIN 2-U12 0

VDC 71
COUNTER 3. TONE
PIN 4-U12 0

VDC T
COUNTER 4. TONE
PIN 7-U12 0

vDC 1 [
COUNTER 5. TONE
PIN 10-U12 0

1

STOP PULSE
PIN 1-U12 0 —>t

FIG. 13. ACKNOWLEDGE TRANSMISSION
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TECHNICAL SPECIFICATIONS

SPECIFICATIONS COMMON TO TQ5004
AND TQ5005

Surgglx Voltage
8.5V +0.25 V (8.5 V Cont. and 8.5 V TX)

Current Drain
Standby: <20 mA
Engaged: 20 mA +25 mA peak
when the CALL indicator is on.

Temperature Range
-30°C to +60°C

SEQUENTIAL TONE TRANSMITTER

Signal Output Level
Max. 600 mV EMF (Adjustable)

Frequence Response
Flat +1 dB

Signal Distortion
<5%

Tone Frequency Acceracy

Max. diviation: 1.4%
Rel. freq. accuracy: 0.3%
Adj. accuracy: 0.1%
Freq. stability: 1%

Control Functions

Acknowledge: Can be strapped to au-
tomatic transmission of
"Acknowledge" after a

CALL.

Microphone inhibit

The supply voltage to the microphone ampli-

fier is inhibited when transmitting a tone call.

SEQUENTIAL TONE RECEIVER

Input Impedance
>30 Kohm, DC isolation

60. 484-E1
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Reset Time (T)
90 ms <T <140 ms

Reaction Time (T)
20 ms <T <45 ms

Signal to Noise Conditions

Signal tone receiver will accept signals with
a noise level corresponding to SINAD= 5 dB
as measured in the speach channel of the
CQM5000.

Input Frequency Response

Deemphasis according to an RC function with
F =2900 Hz
G

Activating Input Level
300 mV +6 dB

Input Signal Distortion

The unit can process tone signals containing

up to 20% distortion.

Tone Frequency Accuracy

*+0.3%

Tone Frequency Selectivity

The tone receiver is not sensitive to adjacent
tones or other tones of the same standard se-

ries.

Output Functions

A call produces the following output signals:
1) The green LED (D107) will start flashing
2) Cancel the short circuit of terminal 4
3) Short circuit terminals 2-3

Manual activation of the LS IN/OUT button

establishes the same functions.

Switching the loudspeaker off produces the

following output signals:

1) The green LED (D107) will stop flashing

2) RX mute on; short circuit terminal 4 to
ground.

3) Key blocking on; the connections be-

tween terminal 2 and 3 is cancelled.

60. 484-E1
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Dimensions
159.8 mm x 69 mm x 22.5 mm (L x W x H)

Weight
150 g

SPECIFICATIONS UNIQUE TO TQ5004

SEQUENTIAL TONE TRANSMITTER

Output Signal
3, 4, or 5 tones in bursts of 70 ms £15 ms.

The interval between triggering and emission
of the 1st tone is min. 200 ms.
Up to 4 tones can be variable and selected

from the Key Board.

Tone Frequencies

The ZVEI series:

885 Hz, 970 Hz, 1060 Hz, 1160 Hz, 1270 Hz,
1400 Hz, 1530 Hz, 1670 Hz, 1830 Hz, 2000 Hz,
2200 Hz, 2400 Hz, 2600 Hz, 2800 Hz.

Automatic RF Transmitter Keying
The TQ5004 energizes the RF transmitter for

approximately 570 ms.

SEQUENTIAL TONE RECEIVER

Signalling Code

3, 4, or 5 tone bursts of min. 55 ms duration.

Tone Frequencies

The ZVEI series (refer to Sequential Tone

Transmitter).

60. 484-E1
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SPECIFICATIONS UNIQUE TO TQ5005

SEQUENTIAL TONE TRANSMITTER

Output Signal

3, 4, or 5 tones in bursts of 100 ms 15 ms.
The interval between triggering and emission
of the 1st tone is min. 300 ms.

Up to 4 tones can be variable and selected

from the Key Board.

Tone Frequencies

The CCIR series:

(960 Hz, 1022 Hz), 1124 Hz, 1197 Hz, 1275 Hz,
1358 Hz, 1446 Hz, 1540 Hz, 1640 Hz, 1747 Hz,
1860 Hz, 1981 Hz, 2110 Hz.

Automatic RF Transmitter Keying

The TQ5005 energizes the transmitter for

approximately 800 ms.

SEQUENTIAL TONE RECEIVER

Signalling Code

3, 4, or 5 tone bursts of min 55 ms duration

Tone Frequencies

The CCIR series (refer to sequential Tone

Transmitter).

60. 484-E1
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CODING AND STRAPPING INSTRUCTION
TQ5004 AND TQ5005

GENERAL

When coding and strapping a TQ5004 or
TQ5005 module, and programming its PROM

circuit, the following decisions must be made:

1. One or two transmitter sequences (Logic
Board).

2. First transmitter sequence (PROM).
a. Number of tones (3, 4, or 5).
b. Frequencies of fixed tones (Table 1).

Variable tones.

e, O

Prolongation of first tone.

These data are used to complete the words
of addresses 1 to 5 on the PROM Code Spe-
cification Chart, fig. 1.

3. Second transmitter sequence (PROM).
Number of tones (3, 4, or 5).
Frequences of fixed tones (Table 1).

Variable tones.

o o T o

Prolongation of first tone.

These data are used to complete the words
of addresses 6 to 10 on the PROM Code Spe-
cification Chart, fig. 1.

NOTE: Maximum 4 variable tones can be
inserted in the two transmitter se-

quencies. See also Tone Format.

4. The tone receiver sequence (PROM).
a. Number of tones (3, 4, or 5).

b. Frequencies of the tones.
These data are used to complete the words

of addresses 11 to 15 on the Code Specifica-
tion Chart, fig. 1.

60. 485-E1

5. Group Call (Logic Board).
a. Group tone format.

b. Frequency of group call tone (SU5001).

6. All Call (Logic Board).
a. Frequency of all call tone (SU5002).

7. Auto Receipt (Acknowledge) (Tone Board).
a. Transmitter sequence acknowledge
(Logic Board).
b. Receiver sequence acknowledge (Lo-

gic Board).

The tone transmitter codes and the tone re-
ceiver code are independant of each other

and examples are given separately.

The tone format, 1 or 2 tone transmitter
codes, automatic receipt (acknowledge), and
group call options are all coded by a strap-
ping and diode arrangement on the printed

wiring board.

TONE FORMATS

The need for insertion of repeat tones will
in some applications limit the number of se-
lectable calls, but anyhow, the R-tone (re-
peat) can be used as a fixed tone in a code.
The coding possibilities and their limitations

are shown below.

TONE FORMATS FOR TRANSMITTED
TONE CALLS

FORMAT 1.

- Transmission of one sequential tone signal.

[ [2]3]a]s]

Standard 5 tone sequence.

60. 485-E1
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Total num-
ber of vari-
ables in sys-

BIT o | 8 | 7 |6 |5 | a3 |2 |10 len
> 1 Variable
A C7m ON O'_ Oc >(\I >‘_ 2 Variables
D TQ5004 E E|E = E S ST T 3 Variables
D TQ5005 C 5 | % . wo| > > > | > |4 Variables
Q Q O [} [m] [i] ]
R z z | z pa S|z | =z | 2
. CODE bl @) ek F15|8|58|8
ODE ol|l@g|le|lelEe]jaga|F| P E
s SPECIFICATION R IR B ER-EE-E - - =
L [ [ [ = g m m m m
S w w | w L M ] = < =1 =
Z z | =z z = o o o ¥ | x
c|o|lo|o|lZ|z|<|<| <] <
= = = = = o > > > >
1 ST1-1. TONE
2 ST1-2. TONE
3 ST1-3. TONE
4 ST1-4. TONE
5 ST1-5. TONE
6 ST2-1. TONE
7 ST2-2. TONE
8 ST2-3. TONE
9 ST2-4. TONE
10 ST2-5. TONE
11 SR-1. TONE
12 SR-2. TONE
13 SR-3. TONE
14 SR-4. TONE
15 SR-5. TONE
16 SPARE
FIG. 1

60. 485-E1

PROM Code Specification Chart

Prolonged tone: Bit 4 =
Bit 5

Tone inhibit:

Fused diode = 0

PROM Code Specification Chart.

R=

V =
X

ST1=

ST2=

SR=

Repeat tone.

Variable tone (x).
Sequential Tone Transmit 1.
Sequential Tone Transmit 2.

Sequential Tone Receive.

60. 485-E1
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EX. A

[[R[Va RV, |

No limitation in the variable digits V1 and V2.

R= repeat tone.
100 CALLS.

EX. B

[ 2 [

Limitation, V1 cannot be selected equal to V
90 CALLS.

EX. iC

123V1V2

Limitation, V1 cannot be selected equal to
V2 and V1 cannot be selected equal to 3.
81 CALLS.

EX. D

V1RV2RV3

No limitations in the variable digits, V1, V2
and V3. R= repeat tone.
1000 CALLS.

EX: E

]RV1RV2

No limitation in the variable digits V1 and V2.

Prolonged 1st-tone max 1.2 sec.

FORMAT 2.
- Transmission of two consecutive sequential

tone signals.

[ lefsafs] [ [ ]s [ ]e]o |10 ]

Same possibilities and limitations rules as for
format 1. There is no limitation in selection
of last digit in first tone signal and first di-

git in 2nd tone signal.

EX. A

123le1 V2RV3RV4

V1: V2 is valid.

60. 485-E1
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STRAPPING FOR 3, 4, or 5 TONES
See fig. 2.

Connect a wire from the INDV-terminal as

follows:

INDV to 3 for 3-tone sequential call
INDV to 4 for 4-tone sequential call

INDV to 5 for 5-tone sequential call

STRAPPING FOR GROUP CALL OR ALL CALL

The TQ5004/TQ5005 can accomodate a SU5001
(group call) or SU5002 (all call) module de-
signed for receiving one group call or all

call tone.

Connect a wire from the GR-terminal as fol-

lows:

GR to 2 for group call on the 3rd tone.
GR to 3 for group call on the 4th tone.
GR to 4 for group call on the 5th tone.

GR to 0 for all call.

For code combinations and their limitations
see coding for SU5001 and SU5002.

STRAPPING FOR AUTOMATIC RECEIPT
(ACKNOWLEDCGE)

Tone Board
Short terminal 1-3 for NORMAL mode.
Short terminal 1-2 for AUTO RECEIPT mode.

Logic Board
Insert diodes ¢ (D26), d (D27) and e (D28)

for Auto Receipt (acknowledge) with the to-

ne receiver code,

If none of the diodes are inserted the gene-
rated Auto Receipt code will be the tone

transmitter code(s).

60. 485-E1
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STRAPPING FOR T-SEQUENCE TRANSMISSION

Logic Board
Insert diode b (D25).

STRAPPING FOR 2-SEQUENCE TRANSMISSION

Logic Board
Omit diode b (D25).

PROM CODE SPECIFICATION

The following list gives the information con-

tained in the PROM circuit:

1. Data for each tone frequency to be

transmitted (4 bits).

2. Data for selectable tones (1 of 4 bits).

3. Data for each tone frequency to be
received (4 bits).

4. Inhibit to the 4-of-16 bit decoder for
each address not used (1 bit).

5. Prolonged length of first tone (1 bit).
The PROM is a diode matrix with 16 addres-
ses each forming a 10 bit word as shown on

the PROM Code Specification Chart, fig. 1.

Addresses 1 to 5 are controlled by the first

tone transmitter counter (U10).

Addresses 6 to 10 are controlled by the

second tone transmitter counter (U11).

Addresses 11 to 15 are controlled by the

tone receiver counter (U12).

Address 16 is spare

Bits 6 to 9 are bit data for the 4 to 16 bit
decoder.

A fused diode gives bit= "0", otherwise
bif= 4,

60. 485-E1
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TONE Frequency Hz BIT

TQ5004 TQ5005 9 8 7 6
X 885 960 1 0 1 0
Y 970 1022 110 |1 1
1 1060 1124 0 0 0 1
2 1160 1197 0 0 1 0
3 1270 1275 0 0 1 1
) 1400 1380 0 1 0 0
5 1530 1446 0 1 0 1
6 1670 1540 0 1 1 0
7 1830 1640 0 1 1 1
8 2000 1747 1 0 0 0
9 2200 1860 1 0 0 1
0 2400 . 1981 0 0 0 0
R 2600 2110 1 0 1 0
A 2800 = 1 0 1 1

Table 1. Tone Frequencies

The X and Y tones replaces the R and A to-

nes in 12.5 kHz channel spacing equipment.

Bit 5 is inhibit data bit for the 4 to 16 bit
decoder; a fused diode gives bit="0", other-
wise bit="1".

To ensure stable operation all diodes on
inhibit addresses are blown, i.e. bit="0".
The decoder is inhibited, i.e. the tone not

used, if the corresponding inhibit bit is "0".

Bit 4 is prolonged tone data bit for the
Clock Pulse Generator. A fused diode gives
bit="0", otherwise bit= "1".

The tone is prolonged, 1.2 second, if the

corresponding data bit is "1".

Bit 3 is the fourth variable tone, Vq‘
Bit 2 is the third variable tone, V3.

Bit 1 is the second variable tone, V2.
Bit 0 is the first variable tone, V1

A tone is variable when £he corresponding
data bit= "1".

A fused diode gives data bit="0", otherwi-

se bit="1".

60.485-E1
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BIT 3 2 1 0
4 Variables V4 V3 V2 V1
3 Variables V3 V2 V1
2 Variables V2 V1
1 Variables V1

Vx= Variable tone x

A variable tone is inserted in the code when
the bit= 1.

60. 485-E1

TQ5004 AND TQ5005

TONE RECEIVER FREQUENCY CODING

Storno

The bit pattern of the tone frequencies are

programmed on addresses A11 to A15 as

shown in table 1.

\

PROM ADDRESS |5-TONE |4 TONE |3-TONE
A1 A6  A1T| 1. digit | 1. digit | 1. digit
A2 A7 A12| 2. digit | 2. digit | 2. digit
A3 A8  A13| 3. digit | 3. digit | 3. digit
A4 A9 Al4| 4. digit | 4. digit | INHIBIT
A5 A10 A15]| 5. digit | INHIBIT | INHIBIT
60. 485-E1
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270k
2 UG J|
A - R
& = 270k
us i
>~
1 10 9
W7
6 5 Rl I\a B3
270k 100 k
C II‘VS
20
2 “
]I:ﬁ NOTE3 N 2 ;%u
23 Y
24
25 6 R28 DJOOk
O NOTE 2| R27 —— 22k
26 St —
27 :2 D18 3 3 D27 6
" 56 : u7 %d
8 s o B 5 D28
us E ot /" oy A
& R13 R14 s
E 3 s ﬁ
270k 270k Ll
B alle
6
F
o A on
| 12 ]:D R34
‘i_ i NOTE 1: Shorted for individua: sequence call: 2% R
K]i [] L N INDV-3 3 tone sequence cal: ]5 UI &
L] L _:1 INDV-4 4 tone sequence call 5
' . I I = INDV-5 S tone sequence call .
oo ool ool oo n =
Lo l NOTE 2: Shorted for group call: MEE
Lo ) L GR-2 Group call on III ciffer
«+ 0 1 2 3 4 5 6 7 GR—3 Group call on IV ciffer
GR- 4 Group call on V ciffer
NOTE 3: D25 is placed in this position i
J gl o8 & B sl & s« & F according to “Coding and strapping’’
L & ' TYPE Vee | OV
- ; 4 5 6 7 8 9 10 1 U1-U2:LO15 15 8
P1 U3-U4-US5=40097 16 | 8
U6=40106 w |7
U7=4049 1 8
U8 = PROM = 1
Ug=4013 W |7
u10
un }:LOW 16 8
U12

J3

1 CcP

2 TRRESET

3 TR
4 |17
/F_ 5 ov
6 | PROL.TONE
7 |99
s |o
9 Q,
0 |0
— n
12 | INHIBIT
Voo 13 | 8sv

14 FFRESET

15 INDV.

16 GR.

17 ENDOF TT

R 30

1k
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= |4n

SEQUENTIAL TONE UNIT
TQ5004 AND TQ5005
LOGIC BOARD

D402. 849




Storno Storno

SLEEVE TEFLON 0.5x0.15 BL.

0.35mm. WIRE

NOTE 1: Shorted for individual call:
INDV -3 : 3 Tone sequence call

INDV —4 : 4 Tone sequence call

INDV =5 : 5 Tone sequence call

NOTE 2: Shorted for group call:
GR=-2: Group call on Il ciffer
GR=3: Group call on IV ciffer
GR:-LIl : Group call on V ciffer

NOTE 3: D25 IS mounted in this position

according to "coding and strapping"

9000¢

0400

o

SEQUENTIAL TONE UNIT
TQ5004 AND TQ5005
- LOGIC BOARD

D402. 832
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WH—S;'; INDV-3 3 tone sequence call
oYl ¢g INDV-4 4 tone sequence call
T\
\QTL 8 INDV-5 5 tone sequence call
7 . :
BNl _C'6 NOTE. 2: Shorted for group call:
5 GR-2  Group call on III ciffer
~ ROl <7 GR-3 Group call on IV ciffer
BN }2 : GR-4 Group call on V ciffer : ,
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<1 NOTE 3: D25 is placed in this position ~ TQ 5004 ~ LOGIC BOARD
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026923



P101
Tone thpUQ'”l

R R128
220k
Q105
- am {
Q106
Vol/SO Hi 10> RIS
10
r—m 359
C108 c10
R115 R117 R123 R12Q711O R129D 106 [ RIB1[ |R181 _lcwo7 R}S ; 5&[
220k L7k 820k 56Kk 150k Tszu ‘ 560k -9 220k mm ” (WT
¢ ' $D109
+85V cont [ 83— D102 c113 . :
g 19 18 . 11l l
D101 K BL I - -
485V TX |6 -———o - i 47n T_Dﬁ's_ga—"—@“ _lem -
9}
Q123 R184
Alarm 2> R167 Ll Us&k — e 2 i::o
Ok 8 7 ‘r[ 5 EE—(;;"
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. D112 7 ¢ 27k S1
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15.%&:_ A T T U108a 7 Q132 R85 83
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17 N o 4 ;
C1191 R191 U108b ! Q118
—5—4 —Pi— 1
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33k ) 27k L 17
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4 7 1 ) 20
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10u 27k
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NOTE 1- BANDWIDTH ADJUST % £ B < 5
NOTE 2- OUTPUT ADIUST ¢ > s 5, EE &
OQa ©hra 29ca O Nm gL @
NOTE 3 TONELENGHT ADJIUST B Z& FrE&EesS cocococ8& £

NOTE &: SHORT 1-2 FOR AUTO RECEIPT
SHORT 1-3 FOR NORMAL MODE
NOTE 5. SHORT 2-3 AND 4-5
WITHOUT GROUP CALL

TQ 5004 SCHEM DIAG, TONE BD
TQ 5005
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Storno

Storno

SWITCHING UNIT

The SU5003 switching unit is used as
driver for an alarm device, horn, buzzer,
bell, etc., or as a broadcast radio

muting switch. The unit comprises a timer
circuit and a relay with one changeover
contact set. The unit is triggered by the
CQM5000, either the tone receiver, or the
squelch circuit and the monostable multivi-
brator timer sounds the alarm device for a

preset time, approximately 1 second.

Alarm.

A horn or bell is connected to the relay
and the SU5003 is controlled by the alarm
output of the CQM5000 (pin 2 on J910). The
alarm will be on for approximately 1

second.

Broadcast Radio Mating

The unit is connected to the muting output
on the CQM5000 ( pin 9 on J910) which
actuates the relay when the TQ5001/TQ5002
opens the AF output. In radiotelephones
without toneequipment the relay will be
activated whenever the squelch circuit is
opened or the transmitter is keyed. The
broadcast radio supply voltage is applied
via the relay contacts that are normally

closed, or its loudspeaker is disconnected.

60. 411-E1

SuU5003

Technical Specifications

Supply Voltage
10. 8V to 16.6V

Current Drain, 13.2V

Standby: approximately 0 mA
Engaged: 140 mA

Relay Contact Current
Max. 16A (t less than 3 seconds)

5A continuously

One change over contact set

Input
Alarm: A short pulse grounding the
input terminal will actuate
the relay for approx. 1 second.
Mute: A ground connection will

actuate the relay.

60.411-E1
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REVISED

Strap H1-H19 on ZS5XXX

The horn alarm can be switched off by a

fuse (Pin 1)

ALARM

Installation of SU5003

switch connected in serie with 12V after -

{' —————————————————— ]
12V 10
FUSED !
|
|
: !
|
} |
! |
CONTROL 2 ;
SIGNAL FROM |
CQM 5000 | |
? |
|
e L——'—'——-———'-"————O—-—'-'-'—-*—-'—--——-—--——--——-——O-——J)-——J)—-I
== 4 5 6 7
12V FUSED
| (OFTIONAL DISABLE SWITCH ISCONNECTING AUTO RADIO
( \) TO. HORN OR BELL POWER OR RADIO ) "
12V e :
FUSED
) LE
-
3
o 4l A
b )
= TO CQM 5000 = T0 CQM 5000
CONNECTOR J 910 CONNCCTOR J910
POS 2 POS 9 -

Strap H20 = H33 on XS5XXX

Note : J910 pos 9 is not available for
this purpose if a CG unit is connected

to J905 on XS5XXX,

Pas 6 of J?11 may be used in these cases~
(remove strap H12 - H24 if installed and
strap H20 - H12)

AUTO RADIO MUTING

' 1 26426




LANNG & STELMAN aps
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To-tone transceiver til CQM 5000
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Lanng & Stelman Side 1 af

Emne Tonetranceiver, to-tone

Kredslebsbeskrivelse.

Stremforsyning.

Enheden stremforsynes udefra med en stabiliseret sSpan-
ding pa 8,5V

Internt genereres en referencespanding VR af zenerdio-
den D 17, efterfulgt af emitterfelger V 9.

Derforuden findes der en spazndingsdeler R 25/24, der
fastlagger en tarskelverdispaznding VRT til tonedekto-—
ren IC 1D.

Clock-oscilator.
Denne bestdr af en kontinuerligt arbejdende multivibra-
tor IC 4, der i modtagerstilling arbejder pa 100 mS og

i senderstilling p& 200 mS (simultan).

Reset kredsleb.
Reset kredslebet bestar af C 17 og R 49 og giver en po-

sitiv spanding ud ved spandingstilslutning MC.

Funktionsomskifter.

Funktionsomskifteren bestdr af en binazr tzller IC 6B.
Den clockes konstant frem til selvblokering.

Dette opstar, nar Q4=1=modtagestilling.

Ved at trigge pa reset ben 15 bliver Q4=0 i minimum

700 mS, og tonesenderen er aktiv i denne tid.

Hejttaler ind/ud.
D—flipéfloppen IC 11A kan pavirkes, enten fra valid
tone VT eller fra HT-knappen.
 Nar ben 1 = 1 er HT og senderblokering ophavet via
V 15/V16, og samtidig tzndes kaldelampen D 14 via
IC 8D og V 19.
Hvis det er tonemodtageren, der har aktiveret, vil IC 11B
samtidig blive sat Q=0, og der vil opst& en multivibra—

tor gennem IC 8D, IC 10A og tidskonstanten C 18/R52, sa-

3




Korr,

af

Nr.

of

Lanng & Stelman Side

Emne Tonetranceiver, to-tone

ledes at D 14 blinker.

"Busy" lampe.
Lampen drives af IC 3B fra P 1 ben 4, og skiftespan-

dingen er ca. 4V.

Tonesending (beskrevet som simultan-koblet).

IC 6B Q4=0, TX=1] og RX=0.

Gennem IC 7A+B og IC 9 C+D geres V 4 + V 7 ledende, og
disses indkodning pd T 1 og T 2 bestemmer resonansfre—
kvens ved tonesending.

NB: Ved at koble TTX 1(2) til en omskifters arm og tone-—
spolens udtag til selve omskifteren kan tonesenderen va-—
rieres.

V1+ Tl ogV 2+ T2 danner oscilator og geres aktive
via IC 2 A+C.

Signalerne summeres gennem R 20/ R 22 til IC 1 C, hvor
der impedansomsattes.

Gennem IC 2 D ledes signalet til P 1, hvor niveauet ind-

stilles.

Tonemodtagring (beskrevet som simultankoblet).

IC 6 B Q4=1, TX=0 og RX=1.

Tonesignalet tilferes via C 1 til IC 1A, hvor det for-
stzrkes, inden det, gennem R 5 og IC 2B, filtreres i
T1.(TYl og T25 resonans e¢r nu bestemt af enten V 3 +
V 6 eller V5 + V 8).

Herefter forstarkes og klippes signalet i IC 1 B og
feres gennen R 18 til T 2, hvor det endnu en gang fil-
treres.

I IC 1 D fastlagges tarskelvaerdien for valid niveau, og
D 4 ensretter til DC.

C 9; R 29 samt IC 3 A omsatter til logisk niveau, idet
IC 3 A er koblet som Schmitt Trigger.

Tonemodtzgerlogik.

IC 5 B er koblet som flip-flop og styrer gennem IC 7C+D

-,

2af 3
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Lanng & Stelman

Emne

Tonetranceiver, to-tone. =

efter tur tone 1 og 2.

1C é A er koblet som D-flip-flop, reprasenterende va-—
1id tone.

Der foregar sdledes en aftastning af tone 1 og 2 med
clock—frekvensen 100 mS, og IC 5A ben 2 vil vare no.
sd lange de to toner er til stede i resonans.

Dette medferer, at IC 6 A mister reset og clockes frem
til Q4=1=valid tone VT.

Alarm kreds.

V 11 far enten signal under tonemodtagning\}ra VT eller
fra IC 10 D, der giver en puls ud, nir tonen forsvin-
der ( strap DF/CF).

NB: For at undgd, at stej fra bilens horn pévirker to-
nesignalet, kan det vere en fordel at anvende horn-puls

pa bagkanten (strap CF).

Retursvar.
Retursvar styres ogsa af IC 10 D, der via C 19 og D 6
trigger tonesenderen og evt. blokerer den ene tone med

D 18.

Side

3 af

3
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LANNG & STELMAN Emne TJonciranceliver Side af

Ingenicrfirma

Kunde Korr. | A 8 Tegning nr
Storno //

Projekt 5000 toneudstys Udlert of T Dato Godhenct

Position Artikel Type Aniol leverander L. nr Pris 1 Pris 2

R 1 |2m2 1/8w

- 2 82K -

- 3 4K7 -

- 4 39K - simultan

- 5 18K - -

- 6 33K - -

- 7 1K5 - -

- 8 1K2 - -

- 9 1K2 -

- 10 1K2 - -

- 11 1K2 -

- 12 22K -

- 13 470k/270K - sim 470K/AP 270K

- 14 15K -

- 15 1K5 -

- 16 33K -

- 17 39K -

- 18 39K -

- 19 27K -

- 20 | 2m2 -

- 21 12K * -

- 22 2M2 - simultan

- 23 220K/330K - sim 220K/AP 330K

- 24 22K -

- 25 2K2 -

- 26 1K2 -

- 27 10K -

- 28 2M2 -

- 29 150K -

- 30 15K -

- 31 47K -

- 32 M -

- 33 56K -

- 34 15K -

- 35 820K -

- 36 2K2 -

- 37 180K -

- 38 270K -

- 39 47K -

- 40 10K -

- 41 12K -

- 42 47K -

- 43 100K -

- 44 | 33K -

- 45 | 12K -

- 46 | 120K 1/16 W

- 47 | 820E 1/8 W

— 48 10K 1/16 W

- 49 | 47K 1/8 W

- 50 27K -

- 51 10K -

- 52 100K -

- 53 100K -

- 54 3K9 -

- 55 12K -




ANNG & Emne Tohoiranceive Side af
tngenicrfirma
unde Korr. A B C Tegnin nr
Hond Storno 4 omne
Projeks Udlert ol T Dulo Godbenct
5000 toneudstyr

Position Artikel Type Antal Leverander L. nr Pris 1 Pris 2
R 56 330E 1/8 w

- 57 33K -

- 58 3K9 -

- 59 27K -

- 60 330E -

- 61 33K -

- 62 33K -

- 63 47K - retursvar

- 04 12K -

- 65 47K - retursvar

- 66 100K -

- 67 100K -

- 68 1K2 -
- 69 1K2 -
- 70 100K -
- 71 22K / 12K - sim 22K /AP 12K
- 72
- 73 15K - busylampe
- 74 4K7 1/16 W| -
- 75 68K , - -
- 76 33K 1/8 W -
- 77 150K - -
RR 1 5K6 / 2K2 - sim 5K6/ AP 2K2
- 2 18K
P 1 100K trimmer liggende
Ch 1 4AN7 3M
- 2 22NF 3M
C 1 |ul/100 3M poly
- 2 ul/100 1% - simultan
- 3 ul/100 1%
- 4 10u/16 tantal
- 5 10u/16 -
- 6 10u/16 -
- 7 | ul/100 3M poly
- 8 ud47/16 tantal
- 9 u33/16 -
- 10 | ul (u22) 3/4 M poly sim ul/ AP u22
- 11 ul/100 3M -
- 12 10n/100 3M -
- 13 10u/16 tantal
- 14 10u/16 -
- 15 | 10n/100 3M poly
- 16 ul/100 3M -
~ 17 | 33ufie lyt, bla
- 18 10u/16 tantal
- 19 10n/100 3M poly
- 20 10u/16 tantal
- 21 10u/16 tantal

- 22 10n/100 - 2M keramisk

T 1 tonespole~ simultan

- 2 tonespole




LANNG & STELFAAN Emne e Lron T Side - af

Ingenicrfirma

Kunde Korr. A B € legning nr
Storno Y

Projekt Udfert of T Doto Godhenct
5000 toneudstyr

Position Artikel Type Antal Leveronder L. nr Pris 1 Pris 2

J i 12 polet hun Molex A-4455-12|C 5 x 30,4 x 8,b

S 1 omskifter Storno Storno

K 1+2 trykknapper med underlag 2 Storno

D 1-12]| 1N4148 12

- 13 LED LD 56/1I kun ved busy Siemens

- 14 LED LD 56/1I -

- 15 1N4148

- 16 1N4148

- 17 Z 5V1 zener 400 mW

- 18 1N4148

- 19 1N4148

- 20 1N4148

- 21 1N4148

- 22 1N4148

- 23 1N4148

- 24 1N4148 ved busy lampe

\Y 1 BC 548 simultan

- 2 BC 548

- 3 BC 558 simultan

- 4 BC 558

- £ BC 558 simultan

- 6-8| BC 558 3

- 9-12| BC 548 4

- 13 BC 558

- 14-22 BC 548 10

- 23 BC 548

I¢c 1 TL 084

- 2 4016/4066

- 3 MC 4558

- 4 555

- 5 4013 B

- 6 14520 B

- 7 4081 B

- 8 4081 B

- 9 4049 B

- 10 14584/40106 B

- 11 4013 B
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SWITCHING UNIT

The SU5003 switching unit is used as driver
for an alarm device, horn, buzzer, bell, etc.,
or as a broadcast radio muting switch. The
unit comprises a timer circuit and a relay
with one changeover contact set. The unit is
triggered by the CQM5000, either the tone
receiver, or the squelch circuit and the mo-
nostable multivibrator timer sounds the alarm
device for a preset time, approximately 1 se-

cond.

ALARM

A horn or bell is connected to the relay and

the SU5003 is controlled by the alarm output

SuU5003

of the CQM5000 (pin 2 on J910). The alarm

will be on for approximately 1 second.

BROADCAST RADIO MUTING

The unit is connected to the muting output

on the CQM5000 (pin 9 on J910) which actu-
ates the relay when the TQ5001/TQ5002 opens
the AF output. In radiotelephones without
toneequipment the relay will be activated when-
ever the squelch circuit is opened or the trans-
mitter is keyed. The broadcast radio supply ‘
voltage is applied via the relay contacts that
are normally closed, or its loudspeaker is

disconnected.

TECHNICAL SPECIFICATIONS

Supply Voltage
10.8 Vto 16.6 \V

Current Drain, 13.2 V
Standby: approximately 0 mA
Engaged: 140 mA

Relay Contact Current

Max. 16 A (time less than 3 seconds)
5 A continuously

One change over contact set

60. 411-E2

Input
Alarm: A short pulse grounding the
input terminal will actuate
the relay for approx. 1 second.
Mute: A ground connection will

\

actuate the relay.

60. 411-E2
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INSTALLATION, PROGRAMMING AND ADJUSTMENT

INSTALLATION

TQ5006, TR5002, TT5002, FN5002

The TQ5006 module is inserted and connected

to the XS/FS board on the J905 connector.

The following jumper wires on the XS/FS

board are cut:
For TQ5006
For TT5002
For TR5002

cut H7-H8 and H9-H10-H20-H33

cut H9-H10
cut H7-H8

For FN5002 - cut H7-H8

PROGRAMMING

The Channel Guard module is programmed to

a specific tone of the CTCSS series by setting

a 10 position binary switch.

The switch positions have the following

weights (Hz).

The programmed frequency is the sum of the

open switches.

SW position

P]
[es]

Freq. Hz

0.25

0.

64 | 128

TQ 5006-TR5002-TT5002- FN5002

60.556-E2

i

L
+ |t
-y
+ | e
%r:,lm
 —
+ [t
+ [ Joot
e
t ot

R1004

S1001

PROGRAMMING AND ADJUSTMENT TQ5006

STANDARD TONE FREQUENCIES, Hz (CTCSS)

67.0
71.9 88.5 107.2 131.8 162.2
74.4 | 91.5 110.9 136.5 | 167.9
77.0 | 94.8 114.8 141.3 173:8
79.7 | 97.4 118.8 146.2 179. 9
82.5 [100.0 123.0 151.4 ]189.2
85.4 |103.5 127.:3 156.7 | 192.8
203.5
210.7

D403.044

60.556-E2
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EXAMPLE
Channel Guard tone= 103.5 Hz

105.5=64+32+4+2+1+0.5

Switch 1 2 3 4 516 |7 8 |9 10
Position 0 1 1 1 1 0 0 1 1 0

1= OPEN 0= CLOSED

Channel Guard tone= 156.7 Hz (round off to156. 75 Hz)

157.75= 128+ 16 + 8+ 4+ 1+ 0.5+ 0.25

Switch 1 21 3| 41516 |7|8|9]10

Position 1 1 1 0 1 1 1 0] 0|1
1= OPEN 0= CLOSED
ADJUSTMENT OF FREQUENCY DEVIATION Adjust potentiometer R1004 for correct Chan-

nel Guard frequency deviation.

Disable the Channel Guard modulation by Connect a frequency counter to the AF output
applying +8.5 V DC to pin 9 on the rear on the deviation meter.
connector J910 (CG disable). This pin is Check the accuracy of the channel guard tone.
floating during normal operation and if pul- Requirement: fnom +0.2%

led "low" the Channel Guard receiver func-

tion is disabled.
CHANNEL GUARD DECODING CHECK

Adjust, as described in the CQM5000 Adjust-

ment Procedure, the modulation frequency Use receiver test setup.
deviation such that the frequency deviation Modulate the RF generator with the channel
is equal to the maximum permissible frequen- guard tone to specified frequency deviation,

cy deviation minus the Channel Guard fre-

quency deviation. Check that the decoder opens the AF chan-
nel if and only if the channel guard tone is
The channel guard modulation is as follows, present.
or as specified by the customer: Connect an AF voltmeter to the AF output
load.
25 kHz channel spacing *750 Hz
20 kHz channel spacing £600 Hz Measure the channel guard tone level.
12.5 kHz channel spacing +375 Hz
Requirement: -17 dB below the level pro-
Remove the AF modulation. duced by a signal which is
Remove the 8.5 V DC to pin 9 on the rear modulated with 1 kHz to 60%
connector J910. of maximum frequency devia-
Key the transmitter. tion.

=2 - 60.556-E1
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CONTROL HEAD

CP5003

DESCRIPTION

The control head CP5003 is a moulded plastic front

with a 15-button keyboard cluster in the right side.

Ten buttons are used for the digits 0-9 and five of
them are spares for future options. The keyboard
is illuminated by two lamps built into the upper
ridge above the buttons. In the left side are 4
buttons, the ON/OFF , the SQUELCH, the TONE
KEY, and the LOUDSPEAKER IN/OUT buttons.
Two indicators, a green CALL and a red
TRANSMIT, the CHANNEL SELECTOR and the
VOLUME CONTROL are placed in the middle.

The control head is used in systems with tone
switching facillities allowing up to four tones
of the sequential tone transmitter combinations
to be variable by entering the corresponding

digits on the keyboard.

The front has no loudspeaker and therefore an
external loudspeaker type LS701 must be connec-
ted to the rear connector, refer to the installation

drawings.

Loudspeaker IN/OUT

Tone transmit key

OPERATING INSTRUCTIONS
STANDBY

The radio is turned on by depressing the ON/OFF
button. The standby condition is indicated by the
keyboard being illuminated.

The thumb-wheel channel selector is accesible
on multichannel radios and has the channel numbers
on the rim. A lamp built into the selector illuminates the

channel number from the inside.

When the channel selector is set to the desired chan-

nel the radio is ready for receive or transmit.
RECEIVE

Only calls whose number complies with the coding of
the tone equipment will be heard in the Ioudspeakér.
Reception of a call is indicated by the loudspeaker
muting cancelled and a flashing green CALL indica-
tor, until the conversation is terminated by pressing
the loudspeaker in/out button. The loudspeaker will

then again be muted and the CALL indicator goes off.

Call lamp

Channel selector

60. 492-E1

= = 60.492-E1
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CONTROL HEAD

When receiving a group call or all call, the CALL
indicator flashes during the message and stops

when the RF carrier disappears.

TRANSMIT

Before transmitting the loudspeaker in/out button
must be pressed to open the loudspeaker. The
CALL indicator will then begin to flash,

indicating that the loudspeaker in on.

Select the variable tones by entering the corre-
sponding digits on the keyboard.

When the channel is clear the call is initiated by
pressing the TONE TRANSMIT KEY button.

60. 492-E1

The tone combinations are now transmitted

to the base station.

Wait for the base station to reply.

When contact is established the communication
can continue by using the normal transmitter

key button.

The communication is terminated by pressing the

loudspeaker in/out button.

60.492-E1
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