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ABSTRACT 

Ultra High Frequency (UHF) remains the most used frequency band for two-way radio communication in 

military telecommunications. The output power on the military radio which measured in Watts will determine 

the effective range of the UHF signal. The transmission and reception of the UHF signals could also be easily 

degraded by many variables such as atmospheric moisture, solar wind, physical obstructions such as mountains 

and buildings.  All the obstructions cause the signal degradation which will limit the operational distance of the 

UHF signals. The main objective of this study is to eliminate the signal degradation solely by using an amplifier 

circuit that will act as a device to increase the power of the signal. The purpose of designing circuits in this 

study is to increase the output power of a transmitter which later on can replace unnecessary antenna. 
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I. INTRODUCTION 

The main priority for the military force to have is permanent access to radio frequency.  Radio system 

needed for their most military operations and their logistics support. The nature of high mobility of 

military operations and their logistics support requires wide use with high speed capacities of voice, 

data and image communications. Control, surveillance, reconnaissance and reporting systems play a 

vital role in the command and control system. Many of these requirements can be only met with the 

use of radio systems. The equipment of military communications adds and multiplies the power of 

forces. That is why the use of radio frequencies’ spectrum is evaluated as one of the preliminary 

conditions for successful military operations. 

In military telecommunications, Ultra High Frequency (UHF) is the most commonly used frequency 

bands for two-way radio communication. UHF is widely used in military because the transmission 

and reception antennas are closely spaced. Transmissions generated by two-way radios do not travel 

far enough to interfere with local transmissions. This will ensure the safety of the confidential 

information involve. There are several desirable advantages of UHF characteristics for a military 

purpose such as enable more data sending when the frequency is increased, lack of impulse noise, 

smaller and less conspicuous antenna can be used and compatible to be used in electromagnetic 

surveillance equipment [1,7]. However, the major disadvantage of UHF is its limited broadcast range 

and reception, often referred to as line-of-sight between the transmission antenna and reception 

antenna this is because the UHF signals travel over line-of-sight distances [3]. 

One of the methods that can be used to increase the operational distances of the UHF is by using a 

repeater. It is used to propagate UHF signals when a distance that is greater than the line-of-sight is 

required. A repeater is an electronic device that receives a weak or low-level signal and retransmits it 

at a higher level or higher power, or onto the other side of an obstruction, so that the signal can cover 

longer distances without degradation [3, 8]. Many repeaters are located on hilltops or on tall buildings 

as the higher location increases their coverage area, sometimes referred to as the radio horizon, or 

"footprint". In many communities, a repeater has become a major on-the-air gathering spot for the 
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local amateur radio community, especially during an emergency or a disaster [4]. The repeater can 

sometimes help to provide needed communications between areas that could not otherwise 

communicate. 

Another method that can be used to increase the operational distances of the UHF is by using an 

antenna. Antennas are merely an extension of a radio transmitter or receiver [3]. As a signal is 

generated, it is passed from the radio to the antenna to be sent out over the air and received by another 

antenna, then passed to another radio. The signal that is generated and later transmitted is measured in 

Hertz (Hz). Lower frequencies generally have the ability to travel further distances, but are more 

subject to high latency that limits data flow. A higher frequency has a lower and better latency, but it 

is limited in distance and penetration of objects such as buildings and other obstructions [2]. 

II. DESIGN CONCEPT AND THEORY 

The characteristic of UHF Military Radio is it normally transmits power at 400mW with the 

frequency band of 5 channels between 310 MHz to 470 MHz and this will limit the operational 

distance at only 1km. In this study, the operational distance will increase up to 10km by adding an 

amplifier circuit . The circuit increases the transmit power up to 2 Watts and enable the operational 

distance to reach until 10 km. Figure 1 shows how the amplifier circuit can be placed inside of the 

military radio while Figure 2 shows that the basic concept of the amplifier block. 

3.  
Figure 1:  Block diagram of military radio 

 

4.  
5. Figure 2:  Block diagram of amplifier design. 
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III. METHODOLOGY AND DESIGN 

When designing the power amplifier circuit, it is important to carefully design the component such as 

the voltage regulator circuit, power amplifier switching circuit, receive/ transmit switching circuit and 

a several type of filter circuits [5,6] . All of these circuits [5,6,7,8] are important to enable the circuit 

compatibility between the power amplifier and the RF military radio. The design of all these circuits  

as per below described. 

A. 5V regulator circuit 
Regulator curcuit is the most important part in the circuit design where constant direct current output 

voltage created. By using the voltage regulator, proper charges condition that feed to the battery will 

enable the circuit to receive and transmit switching circuit. The main component in this regulator 

circuit, LT1761 series, are micro power, low noise and low dropout regulators. With an external 0.01 

mF bypass capacitor, output noise drops to 20 mVRMS over a 10Hz to 100 kHz bandwidth. It is 

designed for use in battery-powered systems and the low 20 mA quiescent current makes them an 

ideal choice.  Internal protection circuitry includes reverse battery protection, current limiting, thermal 

limiting and reverse current protection. The device is available in fixed output voltages with a 1.22V 

reference voltage. 

B. Power amplifier switching circuit 
Power amplifier switching circuit is needed to protect the transistor in the power amplifier circuit as 

they can easily overheat and destroy themselves.  This is also to prevent higher current consumption 

that can cause failure of the circuit as the radio frequency circuit is highly sensitive. Switching circuit 

allows the power amplifier to turn on during high power transistor.  This is compatible with the 

military radio circuit three standards of power that are low power, normal power and high power.  

C. Power amplifier circuit 
This amplifier circuit is a device to increase the power of a signal up to 2Watt.  It does this by taking 

energy from a power supply and controlling the output to match the input signal shape but with larger 

amplitude. In this sense, an amplifier may be considered as modulating the output of the power 

supply. For this study, the most compatible amplifier that can be used is the “RF Power Silicon LD 

Mosfet 7.5V UHF Band”.  This N-channel silicon power laterally double diffused Mosfet specially 

designed for power amplification so that the transmit power amplifier is 7.5V.   

D. Receive/Transmit Switching circuit 
The most important component in this switching circuit as shown in Figure 3 is AD8606 dual rail-to-

rail input and output, single-supply amplifiers (U2 and U3).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Receive/Transmit switching circuit. 
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Its feature very low offset voltage, low input voltage and current noise, and wide signal bandwidth.  

The combination of low offsets, low noise, very low input bias currents, and high speed makes these 

amplifiers useful in a wide variety of filters and amplifiers applications. Audio and other alternating 

current (AC) applications also benefit from the wide bandwidth and low distortion, especially for 

portable devices such as battery powered military radio [7]. This receive/ transmit switching circuit is 

designed to choose either functional as receiving a signal or transmitting a signal.  When the circuit 

received signals from the antenna it will only activate the U2 component and UL1 component  as the 

signal receive does not need to be amplified but goes directly toward the military radio. However, 

when the circuit is transmitting a signal, the U3 component and UL2 component will be activated to 

amplify the signal before it is sent to the antenna. 

E. Hardware Assembly and Testing 
To build the hardware part of the circuit, Surface Mount Technology (SMT) is required to be used 

because of the high sensitivity of Radio Frequency (RF) component and circuit.  The SMT manages to 

avoid unwanted RF signal effects in SMT parts when compared to leaded parts.  This will yield for 

better predictability of component characteristics.  The SMT also has lower resistance and inductance 

at the connection that will lead to better performance for high frequency parts. Figure 4 shows the 

amplifier circuit track after the fabrication process using the SMT.  Several tests of open circuit test, 

short circuit test and continuity test has to be done before any components are soldered to it.   

 
Figure 4: Amplifier circuit track. 

Figure 5, Figure 6 and Figure 7 show the interface circuit that has been designed to be used as a test 

jig to connect the power amplifier circuit, RF military radio and spectrum analyzer to measure the 

output power. 
 

 
Figure 5: Interface circuit (Bottom View). 
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Figure 6: Interface circuit (Upper View). 

 
Figure 7: Interface Jig. 

F. Experimental setup 
Figure 8(a) shows the tests that have been done to measure the output power of military radio without 

the amplifier circuit, while Figure 8(b) shows the test that have been done to measure the output 

power of military radio with the amplifier circuit.  This test has been done to all channels of frequency 

from the military radio which is from 310MHz to 470MHz. 

   
(a)   (b) 

Figure 8: Experiment setup. (a) Without amplifier  (b) with amplifier. 

IV. RESULT AND DISCUSSION  

Table 1 shows an increasing in output power of the military radio when it is added to the amplifier 

circuit. From the table, for each channel and with an increasing of the frequency, the output power of 

military radio with amplifier circuit is approximately 33 dBm. From the dBm equation [6], 
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Pout = (antilog (33/10))* 0.001 = 2 Watt                  (1) 

 

Therefore, it can be concluded that the circuit able to achieve amplification of the original signal up to 

2Watt for every channel of military radio. 
 

Table 1: Output power of military radio 

Channel 
Frequency 

(MHz) 

Output power of 

military radio 

(dBm) 

Output power of military 

radio with amplifier 

circuit (dBm) 

0 310 27.146 32.18 

1 325 27.571 32.51 

2 370 27.783 33.21 

3 420 27.746 32.17 

4 470 27.049 32.67 

 

Table 2 shows that voltage drop of the battery does affect the output power of the military radio.  It 

can be seen that the dramatic changes of output power start at 6 V. Therefore, in order to maintain the 

2 Watt output power, the battery in use must not be below 7V. 
 

Table 2: Output Power of Military Radio with the amplifier circuit using sweep frequency from 310 MHz to 

470 MHz. 

Sweep frequency 

(MHz) 

Voltage (V) Output power of military radio 

with amplifier circuit (dBM) 

310 to 470 

9 33.25 

8.5 33.00 

7.5 31.9 

7.4 31.9 

7.1 31.8 

6 28.2 

5 27.3 

5.8 27.2 

 

V. CONCLUSION 

As a conclusion,  the design circuit can achieve 2W amplification of the original signal. This will help 

for better communication in military service and also can be used without the additional antenna or 

repeaters. It also can enhance their operational range up to 10km . Area for improvement should be 

more on creating an amplifier circuit that will be able to maintain the 2 Watt output power of the 

military radio for every voltage drop of the battery. The radio frequency components also very 

sensitive component especially when the circuit exposed to the high current consumption. It can cause 

the failure to the circuit. To overcome this, we need to enhance the capability of the circuit to 

eliminate the high current consumption of several main components for a longer life span of the 

military radio.   
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