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Technical Data AP 2000 Series 2 m.

General: _
The equipment is homologated in several countries where the

‘techhical requirements are based on the CEPT Recommendation

T/R 17.

.Frequency range: 146 - 174 MHZ

Principle: _ Digital frequency' synthesizer
Number of channels: | Max. 80 ' '
Channel spacing: 25 kHz or 20 kHz

RF-bandwidth: _ . typ. 2 MHz at 1 dB reduction
Mode of operation: Simplex, semi-duplex and dupiek
Supply voltage: , 12 V DC chassis negative -

nom. 13,2V. DC-DC converter
available f?r 6V, 24V and 12V
chassis positive operation. A
220V AC supply is available too.

Supply voltage variations:. 10,8V to 15,6V
Operation Temperature: - VA 25°C to + 60°C
Frequency stability: - ‘ typ. + 10 ppm for the above
: specified temperature and supply
‘ voltage variations
Loudspeaker: External 4Q
Microphone: 1 kQ condenser microphone or
200Q2 dynamic close talk micro-
phone with push-button
Antenna impedance: 50Q C
Power consumption: - At 13,2 V reception approx. 0,25 A
R 25W approx. 5,5A
transmission g &W " 2. 0A
Receiver:
Sensitivity: : typ. 0,4uV (4 E.M.F.) for 20 dB
SINAD. h
Adjacent channel sensitivity: typ. 75 dB (CEPT Method)
Spurious and image rejection: typ. 80 dB (CEPT Method)
Intermodulation attenuation: . typ. 71 dB (CEPT Method)
Undesired conducted power: typ. 0,5 nw
Deemphasis: Following 6dB per octave curve

from 0,3 to 3 KHz within +1-3dB
- relative level at 1000 Hz

75404-4E2
Page 1 -




Audio output power: 3 Watts into 4 Q at 10 per cent
distortion, 13,2V supply voltage

Output for microtelephone: ImW in 300Q
Hum and noise: Typ. 50 dB (CEPT Method)
Function of limiter: Less than 1dB variation in out-

put voltage for RF-input levels
between 1pV and 100 mV EMF

Transmitter:

Power output: without external PA: 6W+ 0,5 dB
from % 259C to + 60°C and supply
voltages between 10,8V and 15,6V

with external PA: 25W + OdB ¥ 2dB
from % 25°C to + 60°C and supply
voltages between 10,8V and 15,6V

Spurious outputs and harmonics: typ. each less than 2pW into 50
Adjacent channel power: ' typ. 85dB below the output power
Frequency deviation: o max. + 5 kHz ‘
Preemphasis: Following 6dB per octave curve

from 0,3 to 3 kHz within +1-3dB
relative level at 1000 Hz

Harmonic distortion: : typ. 1 per cent at + 3kHz deviation
and 1000 Hz modulation frequency

Hum and noise: | typ. 50 dB relative + 3kHz devi-
' ation and 1000 Hz modulation fre-
quency (CEPT Method)

75404-4E2
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Technical description for AP 2000

RECEIVER (Fig. 1)

Aerial switch ( 75011-4E2 )

The aerial switch is made by a relay, while C1,TR1 and D1
makes a forward power sensing circuit for the transmitter.
( In a duplex set, the relay is not mounted).

RF-amplifier and lst mixer (75015-4E2)

The RF amplifier consists of a Dual-gate Mos-transistor

with several tuned circuits to give the necessary selectivity.
The first mixer converts the RF-signal 147 - 174 Mc to 21,4 Mc
with an oscillator injection of 168,4 - 195,4 Mc on gate 2.
Matching of the mixer output impedance to the crystal filter

is made by the turned circuit L 6.

21,4 Mc and 455 kc IF (75076=3E2)
The 21,4 Mc crystal filter is followed by a dual-gate Mos-

amplifier which gives approximately 20 dB gain. This stage is
followed by the second mixer which converts 21,4 Mc to the !
low IF 455 kc. The second mixer consists of an integrated
doublebalanced transistor mixer, in which one section is used
as the crystal oscillator. An emitter follower with some RC
16w—pass sections feeds the signal to IC 2, which is an in-
tegrated high gain amplifier/limiter and quadrature detector.
The coil L 4 is the detector phase shift network. AF output

is supplied by the emitter follower Q 3.

AF-amplifier, squelch and kevy circuit (75017—-3E2)

The AF-signal goes through an amplifier stage Q.6 to the volume
control circuit. Here, the diodes D 1,D 2 and D 3 act as an

77164-4E2
Page 1
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electronic attenuator regulated by the diode current. This
circuit is also used for external AF-blocking and squelch.
An integrated AF output amplifier is used for the 3 W loud-
speaker output and here the feedback-capacitors C 6 and C 7

produce the deemphasis.

For the handset earpiece Q 4 and Q 5 makes an amplifier whi-

le D 15 is for blocking . The squelch circuit consists of an
8 kc tuned amplifier Q 3 followed by a detector D 11 and D 12.
With increasing noise level on.the AF-input the voltage on the
negative side on C 19 will.decrease from + 5 V. Getting lower
than the squelch reg. voltage on point 7, the amplifier IC 2

switches over to an output voltage of + 5 V and thus blocking

the AF-output through the volume control circuit.

In the key control circuit Q 1 and Q 2 goes ON when the button
in the handset connects point 11 to chassis, thus/producing
+ 12 V on point 14. A positive voltage applied on point 10

will inhibit this function.

TRANSMITTER (Fig. 2)

Transmitter mixer and amplifier (75014-4E2)

Because the VCO has a frequency 21,4 Mc higher than the operating
RX~-frequency this signal is fed to the transmitter mixer and
converted to the desired transmitting frequency. For simplex
operation the necessary 21,4 Mc signal comes from a combined
crystal oscillator/doubler. Thus the crystal will be 10,7 Mc.

For good suppression of VCO - and 21,4 Mc injection the TX-mixer
is a balanced diode type. The three amplifier stages Q 1, Q 2

and Q 3 give further suppression of unwanted sidebands and the

necessary amplification to reach an output of approx. 150 mW.

25W PA-stage 76307-4E2

The output from the 25 W PA-stage consisting of Ql, Q2 and Q3
goes through a forward powersensing circuit to the aerial
switch. (75011-4E2)

B 77164-4E2
Page 3
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OQutput power stabilizing 75622-4E2

From the power-sensing circuit a DC voltage proportional to the
forward power is led to an amplifier. Here it is compared to a
zener-voltage, and if it is greater than this threshold level,
the amplifier IC 1 will give less base-current for Q 1, and
thus . reduce the voltage for driver transistor Q 1.

This will act in the following manner:

For low supply voltages (~ 11 V) the output power will increase
with increasing supply voltage, and when the output reaches 25 W
it will be constant for further increase in supply voltage. The
output level for supply voltage greater than approx. 13 V is
adjustable with R 1. Note that the oscillator for TX-mixer, the
transmitter mixer and amplifier, and sense amplifier have keyed
supply lines, while the last 2 transistors in the 25 W stage »
are supplied independent of the key. |

Aerial filter (75016-4E2)

The aerial filter is a low-pass filter for suppression of the

harmonics from the transmitter.

Modulation amplifier (75018-~3E2)

The modulation amplifier has a preamplifier Q 1 for the most
gensitive input (input 1). Using the less sensitive input 2, the
Mic. switch terminal shall have + 5 V so that Q 1 will be blocked
via D 3 and D 4 will be conducting for the input signal to IC 1.
For selective tone transmission the tone TX input is used while

Q 1 is blocked via D 2. D 5 is used for blocking of the modulation
amplifier while receiving in simplex mode. IC 1 and the first part
of IC 2 work as a compressor/amplifier to limit the maximum out-
put AF-voltage. When using a variable gain type amplifier as IC 1
it is possible to avoid the distorticen for high AF-levels, which
occurs in a conventional clipper~circuit. The other amplifier in
IC 2 is used as a 3 kc active low-pass filter. A-tuning diode in

the VCO is used for modulation,

77164-4E2
Page 5



Co &7 ™ L™ !

[ S T

Cod”

FREQUENCY SYNTHESIZER CIRCUIT 2M

Basic phase lock loop operation

A simple phase locked loop consists of 3 elements, a phase

comparator, a filter and the VCO (Fig. 1').

—

reference Phase 8o | Phase - frequency Vi _
signal freq. F g LP- filter
eq. comparator
Phase 64
Voltage control- Vo ;
freq F led oscillator :
+ro VCO ;
Fig. 1 Basic phase locked loop.

Phase-frequency comparator

If the VCO-frequency FO= Fr’ the ccmparator gives out a DC-

. level proportional to the phase difference between FO and Fr
(Fig. 2). We have V= le(Qr—Qo) where K, is a constant. When
there 1s a frequency difference between FO and Fr, Vl will be

‘low for FO greater than Fr and high for Fo less than Fr’

Voltage controlled oscillator

This can be a LC-oscillator whose frequency is controlled with a

varicap. FO= K2 X Vl where K, is a constant.

LP-filter

This filter removes the ripple on V1 (Fig. 2) and determines the

dynamic behaviour (stability, step response) of the loop.

Let us consider a situation where the loop is out of lock and

77167-4E2
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Fo is greater than Fr. The comparator output voltage V1 will
contain the normal ripple with frequency Fr and a beat note,

but the mean DC level (= v, after the filter) will be low

(Fig. 4). Thus the VCO frequency will decrease and at the time
Fo reaches Fr the loop will go in lock. Now FO= Fr and the phase
difference will assume a level for V2 sufficient to hold the VCO
frequency in lock with Fr' If the tuning of the VCO is changed
(such as by varying the value of the tuning capacitor) the fre-—
quency Fo from the VCO will attempt to change. This will result»
in a change in phase angle between Fo and Fr, resulting in a

change in DC-level of V. which will act to maintain frequency

1
lock. In this way tuning of the VCO will change the ripple and

the DC-level on V, but as long as lock is maintained Fo will be

~ 1
equal Fr.

A multichannel svnthesizer (Fig. 3)

Phase - freq. Loop
" , >~ VCO =

Fr comp. filter

Fo Fyvco 7

i

‘ z

Programmable R Synth. i

divider N mixer |

) ' i

bLLELEL |

code for division ratio N - |

Fmix :

Fig. 3 Synthesizer loop E

I

To build a multichannel synthesizer we have to add some more
components (Fig. 3) but the basic function is the same. Here

the VCO frequency is converted to a lower frequency FC suitable

77167-4E2
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for the digital divider. F_= F - F .. (1). Wwhen the loop is

c vco mix
in lock the incoming frequencies Fr and Fo are equal, but they
can have a phase difference. FO= Fr (2). The programmable divider
divides frequency EC with a number N, which can be selected by a

binary code. FC= N x,Fo (3).
Combining equations (1), (2) and (3) give

F =F . + NxF_ (4).
vco mix r

By changing the division ratio N we can get a lot of VCO-fre-
.quencies with the spacing Fr’ and the stability depends only on
Fmix and Fr which can be crystal oscillators.

The synthesizer circuit in AP 2000 (Fig. 4) -

Synthesizer logilc (75062-3E2)

The 25 kc reference frequency is produced by dividing a 400 kc
crystal oscillator (X 1 and Q 4) by 16 in the counter IC 6.

The input signal to the programmable divider is amplified in

Q1 and Q 2, while the two gates from IC 1 shape the waveform to
narrow pulses. IC 2 and IC 3 form the programmable divider, where
the division ratio N is the Binary number on the eight channel
code lines. The numbers on the code lines correspond to the binary
value of each line. In this way a division ratio N = 168 will

_have a channel code:

Number on code line 128 64 32 16 8 4 2 1
Binary value 128 64 32 16 8 4 2
Code for N = 168 1 @) 1 O 1 O O O

where O means OV and 1 means + 5 V.

The two cascaded counters IC 2 and IC 3 count down from 168.
When the counters reach zero a borrow pulse is generated and
used to preset the number 168, thus starting a new count cycle.
The very narrow borrow pulses with a repetition rate of 25 kc
are used as input to the frequency-phase comparatbr IC 4.

The comparator output voltage Vl can be seen on a

test point TP 1. To suppress the 25 kc ripple on the comparator
output voltage O 3 is connected as an active lowpass filter.

IC 5 is for DC-amplification.

77167-4E2
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Voltage controlled oscillator (75082-3E2)

The transistor Q 1 is used to switch between two loop filters.
When Q 1 is 'ON' the slow filter R 1, R 3 and C 2 are in
function while R 1, R 2 and C 1 give the loop a fast step
response for Q 1 'OFF'. The fast loop filter is only used in
connection with automatic channel scanning. Diode D 1 is used

to clamp the control voltage thus preventing too great VCO
frequency excursions when the loop is out of lock. The frequency
of oscillator Q 2 1s controlled by tuning diode D 2 while diode
D 3 is for modulation. Transistors Q 3 to Q 7 make the three

output buffers with ferrite core transformers L 3 to L 5.

Synthesizer mixer (75019-3E2)

- | — —

(.

In the synthesizer mixer Q 1 is a 4o Mc oscillator with third
overtone crystal X 1. This frequency is fed via L 1 to the mixer
transistor Q 2. The VCO-signal goes through the dual gate Mos-
transistor buffer G 4 which gives high backward isolation but no.
amplification. Reaching the base of Q 2 the VCO-signal 1is mixed
with the fourth harmonic of the 40 Mc to give an output signal
of 3,2 - 5,2 Mc. DR 1 and DR 2 are part of a 10 Mc low-pass

filter connected to the amplifier stage Q 3.

_Channel coue

From the blockschematic of the Synthesizer circuit (Fig. 4)

we have:

F = 4 F_ + N x 0,025 Mc where 128< N <208.
vVCoO X

The VCO frequency lies 21,4 Mc above the receiver frequency

leading to:

Receiver frequency Fo,= 4 F + N x 0,025 - 21,4 Mc (5).
N

Here N is the division ratio and FX is the synthesizer mixer

crystal.

77167-4E2
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1.

Computation of the receiver frequency:

Known is: Crystal frequency Fx and channel code.
Examgle: ' Fx = 42,05 Mc

Code: 1 O 0 1 0 0 1 1
Division ratio N = 128 + 16 ' + 2 + 1 = 147

Using equation (3):

F, = 4 x 42,05 +(147 x 0,025)- 21,4

1]

150,475 Mc.

Computation of the channel code:

Known is: Crystal frequency FX and desired receiver

frequency Fm.

Rearranging equation (5) gives

N = FRX— 4 Fx + 21,4
0,025
Example: Fx = 42,05 Mc, Fp,= 151,625 Mc.
N = (151,625 - 4 x 42,05 + 21,4)/0,025 = 193
N =128 + 64 + O + O + O + O + O + 1
Channel code 1 1 0 O 0 0] 0 1
77167-4E2
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DIVISION RATIO AND CHANNELCODE

LA

The division ratio N corresponds to the 8 - bit

channel code in this waye.

Bit number

16 8 4

32

0
128+ 64 + O + O+ O+ O+ O+ 1

64

128

Value of each bit

1

0 O O O

channel code

Example:

193
Logic 1

N

= O Volts

Logic O

+5 Volts.

A 001040100100 10100400~ 0 1010 —=0~~0~0C~0-O0O
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Tuning instructions for AP 2000, 2 m

]

Tuning of the synthesizer circuit

A.

Synthesizer oscillator

Connect a high input resistance DC~volﬁmeter to
TP 1 on print board B 11. By tuning coil L 1 to

max. a reading of approx. 3 V should be obtained.

The coil L 2 is later used for frequency adjustment.

Phase locked loop

If the set contains more than one channel, turn the
channel selector to a channel with frequency in the
middle of the used band. Check the channel code with a
voltmeter on points 1, 2 ........ 64, 128 on print board
B 17. Computation of the channel code is contained in the
technical‘description of the synthesizer circuit. Note
that there are' two types of VCO, one for the range 146-
160 Mc and the other for RX-frequencies 16o - 174 Mc,

and check that the right type is used for the desired
frequency range. The marking is noted on the VCO-diagram.
Connect the voltmeter to point 1 on the VCO print board
and an oscilloscope (sensitivity 1 V/div.) to test point
TP 1 on the logic print (print board B 17). Adjust the
VCO trimmer until the loop goes in lock. The loop is in
lock when a stable 25 kc ripple sawtooth is appearing on
the scope, and the voltage on the voltmeter increases
while turning the VCO trimmer clockwise. Adjust the VCO
so that the lcop voltage is 3 V. This loop voltage
corresponds to min. 25 kc ripple on TP 1. For multi-
channel sets, turn the channel selector to the lowest

and highest frequency and check that the loop still goes

in lock. Considering a set with the max. possible bandwidth

2 Mc, the loop voltage shall lie between 2 and 4 V going fror

the lowest channel to the highest in such a manner that

T71RQ_ARD Do~ 1
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increasing voltage corresponds to increasing frequency.

C.

RX-freguency

Select the mid-frequency channel and connect a 200
Mc counter to the VCO-output point 5. The reading
will be RX frequency .+ 21,4 Mc and for fine tuning
of the RX-frequency, use coil L 2 on synthesizer

mixer print board B 1l1.

2. Tuning of the receiver

A-

21,4 Mc and 455 kc IF (print board B 01)

Connect a 21,4 Mc sweep generator (a 10,7 Mc sweep
generator normally contains sufficient seéond harmonics
to be used on 21,4 Mc) to point TP 1 on the RF and
mixer print board B 08 and the (DC) probe on point TP 1
on the IF print board B Ol. Adjust L 6 (print B 08) and
L 1 (print B 0l1) for minimum ripple. L 2 is tuned to
max. amplitude while L 3 is tuned to best possible
symmetry. Use the lowest possible input level to prevent
limiting in the second mixer. Connect the probe to the
AF output from the detector (a suitable point is pin 1
on the ampl. print B 09) and adjust L 4 in the IF to

max. discriminator slope and the best linearity.

RF amplifier and mixer (print Board B 08)

With the voltmeter on TP 2 (print board B 08) C 17 and

C 18 are adjusted to max. deflection (approx. 1 V DC).

With the signal generator connected to the receiver input
c2, C3, C6, C9 and C 10 are now tuned to give optimum

sensitivity.

AF—-amplifier, sguelch and key circuit (print board B 09)

Adjust the output level for the handset earpiece to 60 mV

with potmeter R 31. (3,5 k¢ dev., 1 kc modulation.)

77169-4E2
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A.

Alternative method for tuning of Rx front IF without

a sweep generator

Adjust C 17 and C 18 as desired under 'B'. Connect the
RF-signal generator output to TP 1 in the RF-amplifier and

use the horizontal deflection voltage from an oscilloscope
for modulation (FM) of the generator. Now the IF can be

tuned as previously described. By connecting the signal
generator output to the aerial input, all the capacitors

in the RF-amplifier and mixer can be tuned to max. deflection

with the probe on TP 1 in the IF amplifier.

"Tuning of the transmitter

Transmittér mixer and amplifier (print board B 07)

The transmitter shall be keyed. The oscillator injection to

the transmitter mixer is tuned with L i (print B 07) to max.
DC-voltage on TP 1. Turn the capacitors C 2, C 6, C 11,C 13
and C 18 to max. capacitance. Connect the voltmeter to the

can of transistor Q 2 (can is connected to emitter) and tune
C 2 and C 6 to max. reading. Remove the cable from the trans-
mitter-amplifier output (pin 4) and replace it with a watt-
meter (50 ohms, range 1 W). Now tune C 11, C 13 and C 18 and
readjust C 2 and C 6 to get max. output power (approx.

150 mW). When X-tal = 10,7 MHz, C24 is removed. When X-tal >
10,7 MHz, C22 is removed. When X—tai<:lO,7 MHz, both capacitor

are used.

B. 25 W PA-stage (B 79)

Turn the potmeter R 1 (print board B 57) counter-clockwise
to get the output power stabilization out of function.
Connect a wattmeter (50 9, 10 or 50 W) to the test installa-
tion output and set the supply voltage to 12,0 V. Now tune
all the trimmers in the PA-stage to max. output power and
finish with a fine adjustment of C 18 on the transmitter
amplifier print B O7. Increase the supply voltage to 13,6V
and turn the peptmeter R 1 clockwise until the output power
decreases to the desired value.

77169-4E2

Page 3



C.

Transmitter freguency

Connect a counter to the wattmeter and adjust the
transmitter frequency with the capacitor C 29 in

the Tx~oscillator print board B 1l.

Modulation amplifier (print board B 10)

Connect a modulation meter to the transmitter and a tone
generator to the microphone input 1. The generator must have
a low output ilmpedance. Turn the 3 potentiometers to centre
position and set the generator to 1000 Hz. With an input
level of 20 mV, potmeter R 27 1s adjusted to give z SVkHz
deviation on the modulation meter. Decrease the input level
to 2mV and adjust potmeter R 3 to a deviation of X 3 kHz.
Repeat the procedure to check and fine adjust R 27 and R 3
if necessary. If the station i1s equipped with a handset,

R 27 is adjusted to 5 kHz with an input level (1000 Hz) of
4 V. When the level is decreased to 400 mV R 28 is set to

3 kHz.

I+

P+ b

give a deviation of

77169-4LE2
Page 4
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