TECHNICAL DESCRIPTION
PCB[640]ANTENNA TUNING UNIT BOARD

The ATU consists of a Tuning Network, a Measuring System and a Microprocessor
Part. During the tune sequence a 6 dB Attenuator is switched in to keep the
load of the Power Amplifier at approx. 50 ohms. The MPU will set up the Tuning
Network to give the best obtainable SWR, on basis of the measuring system.
The Tuning Network comprises Capacitor Bank I, Capacitor Bank II and an
Inductor Bank. With these it is possible to form either an L or a pi matching
network. The capacitor Banks and the Inductor Bank are built up by binary
related capacitors respectively binary related coils. The setting of the
Capacitors and Coils is accomplished by relays. In the measuring system a
Directional Coupler extracts information about forward and reflected RF-
voltages. A 0 deg. Phasecomparator detects the phase difference between line
and forward. voltages, and the result is fed to the MPU via an Amplifier. A 90
deg. Phase-comparator detects the phase difference between forward and
reflected voltages and the output is fed to the MPU via an Amplifier. Two
detectors rectify forward and reflected voltages, and feed them to the MPU to
calculate the SWR. The MPU choses the setting of the tuning network, on basis
of the detector inputs. The output ports from the MPU are lead to the Port
Expansions and Relay Drivers to control the Relays. The ATU is fitted with
manual tuning switches for the 2182 kHz manual tune set-up (see chapter 5).

6.3.2
When a TUNE pulse is received from the Transceiver Unit the first steps are:

to inhibit keying.

to insert the 6 dB attenuator.

to measure and store the reference voltages of the detectors.
to send a Tune Power Request to the Transceiver Unit.

The next steps are:

to reset the tuning set-up, i.e. all capacitors disconnected and all
colls shortcircuited and bypassed. The bypass relay is incorpora-
ted to lower the inductance.

to measure the antenna impedance.

Measuring of the antenna impedance involves the two phase-detectors. On basis
of the detector outputs the MPU will define the antenna impedance to be in one
of four possible impedance areas. From the 90 deqg. phase-detector the MPU
determines if the impedance Z is less or greater than 50 ohms, and from the O
deg. phase-detector the MPU determines if the antenna is either inductive or
capacitive. The four possible impedance areas and corresponding detector input
voltages to the MPU are listed below. The detector voltages refer to Vref
wvhich is for both detectors half the supply voltage, i.e. 2.5 V.

1. Inductive or purely resistive: 0 deg. detector <= Vref



1ZI < 50 ohms: 90 deg. detector > \Vref

2. Capacitive: | 0 deg. detéetor > \Vref
1ZI < 50 ohms: ' 90 deg. detector > Vref
3. Capacitive: . 0 deg. detector > \Vref
IZ} >= 50 ohms: 90 deg. detector <= Vref
4. Inductive or purely resistive: 0 deg. detector <= Vref
1Z1 >= 50 ohms: S 90 deg. detector <= Vref

Having located the antenna impedance to be in Area 1 the tuning procedure is:

to increase the capacitance in CapacitorvBank I until the
impedance is purely resistive (0 deg. detector 2 Vref).
to measure the admittance.

The admittance Y is separafed in two areas.
1. Y > 0.0Z2 mho: 90 deg. detector > Vref
2. Y <= 0.02 mho: 90 deg. detector <= Vref
For Y > 0.02 mho: Tuning procedure A is used:

Capacitor Bank I is reset. By increasing the inductance in the Inductor Bank
the impedance is transformed to lie as close as possible to Impedance Area 4
but with the impedance still being in Area 1. Then the capacitance in
Capacitor Bank I is increased until Area 4 1is reached, i.e. 90 deg. detector
<z Vref, and then the inductance is decreased until Impedance Area 1 is
reached again. This increasing of capacitance and decreasing of inductance
continues until the output from the 0 deg. detector > Vref. The antenna
impedance is then transformed within one bit of resolution to constitute a
pure resistance of 50 ohms, seen from the Power Amplifier.

The MPU finally calculates the SWR for the two nearest settings, choses the
best, and the tuning is completed.

For Y <= 0.02 mho: Tuning Procedure B is used:
Capacitor Bank I is reset, and by means of Capacitor Bank II the impedance is
transformed to Impedance Area 2, i.e. 0 deg. detector > Vref and 90 deg.

detector > Vref.

To optimize the efficiency, the MPU calculates the reflection coefficient p
(Vreflected divided by Vforward).

If rho < 0.66, the Tuning Procedure A is used to compiete the tuning. The



capacitance of Capacitor Bank II 1is retained.

If rho >= 0.66, the inductance of the Inductor Bank is increased until
Impedance Area 3 is reached. Then the capacitance of Capacitor Bank II is
decreased until Impedance Area 2 is reached again and so forth until rho <
0.66. Nowv the Inductor Bank will be reset and Tuning Procedure A will take
over and finalize the tuning. '

If the antenna impedance is located to be in Area 2, Tuning Procedure A is
chosen. ’

If the antenna impedance is located to be in Area 3 the first steps are:

to increase the inductance of the Inductor Bank until the
impedance is purely resistive (0 deg. detector = Vref).

to measure the admittance Y.

to reset the Inductor Bank.

For Y > 0.02 mho: Tuning Procedure A is used.
For Y <= 0.02 mho: Tuning Procedure B is used.

If the antenna impedance is located to be in Area 4, Tuning Procedure B is
used.

When the tuning is completed, Tune Power Request is inhibited, the Tune
Attenuator bypassed and the ATU is ready for transmitting.

There are a few circuits incorporated in the ATU, not directly related to the
tuning procedure. '

A current transformer at the antenna output terminal is used for measuring the
antenna current. The transformed current is rectified, amplified and used as
signal for the Antenna Current Display in the Control Unit.

To prevent overload of the relays a current sensing transformer is
incorporated. The output from the current transformer is rectified and fed to
an amplifier. The output from this is led to the ALC circuit in the
Transceiver Unit to decrease the output power if the maximum permissible
current is exceeded.

To prevent overheating of the Antenna Tuning Unit a temperature sensor is
incorporated which at excessive temperatures commands the Transceiver Unit to
reduce the output power by 5 dB.

The MPU constantly monitors the SWR at the input of the tuner and if it
exceeds approximately 3 the Power Display Annunciator in the Control Unit
starts to flash.



As an option an Antenna Relay Board|641|can be incorporated in the Antenna
Tunlng Unit. _

The Antenna Relay is a fast swvitching Simplex relay permitting ARQ-telex on
one antenna. It also contains a dummy-load and acts as grounding relay,
connecting the antenna to ground when the equipment is switched off.
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993 703 1.

TEST POINTS FOR ATU 8250 PCB

@ _12V~SWR < 3, +12VASWR >3

+12V  t:EQUAL TO TUNING TIME ACTIVATE
@ | l , “TX TUNE” TO REPEAT
=12V
'__'t .

10msec_

| _l_J‘i 161,\\//[BELOW 15MHZ]! UJ:1?,V[15MHZ OR ABOVE]

I 50msec
ACTIVATE “TX TUNE" TO REPEAT

(9) RX=55V TX-KEYED=-75V

50msec

'-1ov WHEN “TEST ALARM"” AND IF DUMMY LOAD
ENABLE +6V DURING TEST.
@ 0.1V

@ 0V

(13) 320Vpp ~ 250Wpep INTO 50 OHMS
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TEST POINTS FOR [B41) ANTENNA RELAY BOARD.
O
(_zj@ RX =01V TX = 4.0V
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