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Abstract. The block diagram of the operability test of the receiving and
transmitting channels as part of the transceiver module is described. The
principle of operation of units verifying the operability of the receiving and
transmitting channels is considered. The results of work of the developed
circuit are analyzed.

1 Introduction

The transceiving modules (RTM) [1,2], provide different operating modes [3,4] and control
of system parameters. Improving the electrical parameters and increasing the functionality
of such devices make it possible to improve the overview of the scanned area, increase the
range and resolution of the transceiver antenna.

To ensure fast control of the operability of the transceiver modules it is necessary to use
built-in functional units allowing to obtain data on electrical parameters without involving
additional equipment. Such units can be directional couplers with a power control system
(PCS) forming feedback circuits, with the help of which the information about the channel
operability is obtained when attenuators and phase shifters are controlled.

The principle of verifying the receiving and transmitting channels operability using the
nodes of directional signal coupling is presented in the work.

2 The transceiver module with a function of verification
of receiving and transmitting channels operability

The RTM block diagram is shown in figure 1.

The block diagram is composed of the following elements:

- a microwave switch of the transmitting channel (microwave Tx switch);

- a directional coupler of the transmitting channel (DC Tx);

- a directional coupler with a power control system of the receiving channel (DC with
PCS Rx);

- a “receive/transmit” switch;
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Fig. 1. The RTM block diagram with a function of verification of receiving and transmitting channels
operability

- phase shifters (PhS);

- attenuators (ATT);

- a power preamplifier (PPA);

- an output power amplifier (OPA);

- a directional coupler with a power control system of the transmitting channel (DC with
PCS Tx);

- a microwave switch of the receiving channel (microwave Rx switch);

- a matching amplifier (MA);

- a low noise amplifier (LNA);

- a protective unit (PU);

- a directional coupler of the receiving channel (DC Rx).

The principle of verifying the transmitting channel operability.

A part of microwave power derived from the output power amplifier penetrates through
the directional coupler with a power control system of Tx channel (DC with PCS Tx) to the
input of Tx channel (when the microwave Tx switch is closed) through the directional cou-
pler of Tx channel (DC Tx). A self-excitation of the transmitting channel arises due to posi-
tive feedback (PFB). The loop branch has a constant precalculated value relative to the path
gain.

The introduction of attenuation into the path using attenuators (ATT) of Tx channel al-
lows to remove the self-excitation of the path. The calculation by formula (1) makes it pos-
sible to calculate the Tx path gain and accordingly to confirm the operability of the trans-
mitting channel.

Tx gain = |feedback gain| + 2R att )

The channel self-excitation test is provided by a power control system on a detector di-
ode, at the output of which voltage arises when the path is self-excited.

When the microwave Tx channel is closed self-excitation of the path may not occur as
the phase characteristics do not meet the condition of Ag = 0. To initiate a self-excitation of
the path it is necessary to introduce discharges of phase shifters before the appearance of
self-excitation.

If there is no excitation of the Tx channel under all conditions of phase shifters and at-
tenuators the Tx channel if faulty.

The principle of verifying the receiving channel operability.

A part of microwave power derived from the receiving channel output penetrates
through the directional coupler with a power control system of Rx channel (DC with PCS
Rx) to the input of Rx channel (when the microwave Rx switch is closed) through the direc-
tional coupler of Rx channel (DC Rx). A self-excitation of the receiving channel arises due
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to positive feedback (PFB). The loop branch has a constant precalculated value relative to
the path gain.

The introduction of attenuation into the path using attenuators (ATT) of Rx channels al-
lows to remove the self-excitation of the path. The calculation by formula (2) makes it pos-
sible to calculate the path gain and accordingly to confirm the operability of the receiving
channel.

Rx gain = |feedback gain| + 2R att )

The channel self-excitation test is provided by a power control system on a detector di-
ode, at the output of which voltage arises when the path is self-excited.

When the microwave Rx channel is closed self-excitation of the path may not occur as
the phase characteristics do not meet the condition of Ap = 0. To initiate a self-excitation of
the path it is necessary to introduce discharges of phase shifters before the appearance of
self-excitation.

If there is no excitation of the Rx channel under all conditions of phase shifters and at-
tenuators, the Rx channel if faulty.

3 Measuring bench for verifying the operability

of the transceiving module

The measuring bench for verifying the operability of the module channels is shown in Fig-
ure 2.
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Fig. 2. The block diagram of the bench for imitating the function of verification of the module
channels operability.

An adjustable attenuator is used to set the value of the feedback loop branch. The input
and output of the module in the bench can vary depending on verification of Rx or Tx
channels.

The results obtained during the experimental verification allow to conclude that the
function of verifying the operability of transceiver channels is working correctly.

4 Conclusions
Using the developed diagram in modern transceiver modules makes it possible to obtain

information about the operability of the channels of the transceiver module with high speed,
accuracy, minimum of time and additional equipment.
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