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ABSTRACT 

In a wireless communication, a signal power amplifier is needed to carry signals over a long distance. Many 
signal amplifiers are made of tube as the amplifying component and as such they suffer low efficiency. This 
study presents results of the research on designing and implementing solid state 144MHz signal amplifier 
employing MOSFET BLF278 as the active component of the amplifier. The amplifier has an automatic 
activation switch, an input terminal, a 50 ohm impedance output terminal and a bypass system for two way 
communication. This amplifier has been tested on frequencies between 144.00 MHz to 146.90 MHz in 100 
KHz steps without adjusting the tuning. It is found that the signal amplifier delivers RF powers up to 500 
watt at the working voltage of 48 volt with the efficiency of 77%. The amplifier has a Standing Wave Ratio 
(SWR) of 1:1 when amplifying and 1.1:1.0 when in bypass mode. The signal amplifier has been tested 
successfully for radio communication between Sukoharjo in Central Jawa and Surabaya in East Jawa. 
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1. INTRODUCTION 

 In a wireless communication, a signal amplifier is 
required in order to deliver signal over a long distance 
(Cripps, 2006; Harjoko and Supardi, 2009). One such 
amplifier is a Radio Frequency (RF) amplifier which 
amplifies the power of a signal carrier. Most amplifiers 
used to generate a high-power RF signal are based on 
electron tube as the amplifying component. Unfortunately, 
such amplifiers suffer from a low efficiency compared 
to solid state amplifiers (Cripps, 2002; 2006). Such 
amplifiers also require a high voltage to operate and 
need tuning in their operations.  Thus, such amplifier is 
not suitable for digital communication and for system 
with limited energy and for system requiring flexible 
activation. On the other hand, solid state amplifier has 
limited power amplification due to the energy limitation of 
the transistor. 
 Early design on RF power amplifier was reported by 
(Doherty, 1936) where plate circuit efficiency of sixty to 
sixty five percent was obtained. Idealized operation of a 

power amplifier and insight into the operation of VHF-
UHF power amplifier was analyzed in (Raab, 1977). The 
availability of Field Effect Transistor (FET) device has 
inspired researchers to overcome the limitation of the 
electron tube and transistor based signal amplifier and to 
design and fabricate more efficient FET-based power 
amplifier (Radisic et al., 1998). More specialized RF 
power amplifiers for wireless communication technologies 
have been developed, such as for CDMA application 
(Hanington et al., 1999), for WCDMA application 
(Joshin et al., 2003), for EDGE-GSM application 
(Reynaert and Steyaert, 2005), for  802.11g WLAN 
application (Wang et al., 2006) and for OFDM (Wang et al., 
2007). A comparative overview of microwave and wireless 
power-amplifier behavioral modeling approaches was 
reported by (Pedro and Mass, 2005), whereas (Jeong et al., 
2007) developed MOPA. A 300 watt MOSFET based 
power amplifier was billed by Horlin (2007). 
 MOSFET technology has inspired the authors to 
design and implement a MOSFET based signal amplifier. 
One of the MOSFET available today is the BLF278 
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made by (Phillips, 1996).  This MOSFET is used in 
broadcast frequency of 108 MHz and 225 MHz bands. In 
this research, 144 MHz RF signal amplifier based on 
MOSFET BLF278 is designed, implemented and tested. 
 The amplifier is designed to deliver up to 500 
watt power due to the long distance communication 
requirement.  

2. POWER AMPLIFIER DESIGN 

 The RF power amplifier is designed to be integrated 
with the existing RF communication system. Figure 1 
shows how the RF power amplifier fit into a radio 
communication system. 
 In Fig. 1, when the amplifier is in a transmission 
mode, the RF power amplifier amplifies signal from 
transceiver. In a receiving mode, the amplifier is not 
active or be bypassed automatically.  However, the 
impedance on either mode has to remain matching 
with the antenna system, which is 50 ohm. For this 
reason, input and output matching networks are added 
to the system as shown in Fig. 2. For operational  

flexibility, the amplifier must be able to be activated 
automatically whenever needed. 
 The amplifier is intended to work on a two way 
communication system on a 2-meter band or 144.00 
MHz. In addition, a high amplification factor is required 
such that small input signal is sufficient.  In a two way 
communication system, the system has to have two modes, 
active mode (transmitter mode) and standby mode 
(bypass mode), as required by the Interconnection Control 
System (ICS).  Since the amplifier is to be employed in a 
two way communication, it is designed to operate in two 
modes, the transmitter mode and receiver mode. When 
the amplifier is in a transmission mode or active mode, 
the RF power amplifier amplifies signal from transceiver.  
In a receiving mode or bypass mode, the amplifier is not 
active or be bypassed automatically. Thus, control circuit 
is added to activate or deactivate the power amplifier.  
The matching circuit is implemented to match the   
impedance of the amplifier system with the antenna  
system. The overall design of the RF amplifier that meet 
the requirement is shown in Fig. 3. 

 

 
 

Fig. 1. RF Power amplifier in a radio communication system 
 

 
 

Fig. 2. Impedance matching network of the RF amplifier 
 

 
 

Fig. 3. Block diagram of the RF power amplifier system 
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Fig. 4. Smith diagram of the amplifier design 
 

 
 

Fig. 5. Simulation output of the filter design 

 
 Based on the above requirement, MOSFET BLF278 
from Phillips is selected as the active component in a 
push-pull configuration.  MOSFET BLF278 is a solid 
state component which is expected to give a high   
efficiency. MOSFET BLF278 is commonly used in a 
one way communication, such as radio broadcast,      
delivering 300 watt output for 108 MHz band and     op-
erates continuously.  In that application, the input is 
normally around 3 watts. Since, in the two-way       

communication system the system does not have to 
transmit signal continuousy, thus the amplifier can be 
operated to deliver a much higher output for a short   
period of time. The simulation result is shown in Fig. 4. 
 In a high-power communication system, it is       
important to add filters to the amplifier in order to     
prevent the harmonic signal from disturbing the harmonic 
frequency of the band and for safety reason. The    
simulation of the filter response is shown in Fig. 5.  
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 The cooling system is designed to be based on air 
flow. In order to provide the required cooling, the  
material was made of copper aluminum heatsink. The 
copper distribute heat from the active component  
whereas the aluminum quickly releases heat into the 
air through the heatsink’s fin. The heatsink functionality 
is enhanced by its large mass as the heatsink is      
designed in layers and as the cover box of the amplifier. 
This way, the heatsink provides Electromagnetic    
Interference (EMI) shielding functionality, protecting 
the amplifier from RF radiation. The implementation 
of the designed heatsink is shown in Fig. 6. 

3. POWER AMPLIFIER TESTING        
RESULTS 

 The RF power amplifier is packed in a black box 
made of aluminum as shown in Fig. 6. As discussed  
previously the box also functions as heatsink. 

3.1. Laboratory Test 

 The RF power amplifier is tested to obtain its  
performance. Parameters tested include input Standing 
Wave Ratio (SWR) values for both trasmitter and  
receiver modes, output RF power and overall input 
current. The system diagram during the testing is 
shown in Fig. 7. 

 The laboratory test results are shown in the     
following tables. Table 1 shows the SWR values of 
the RF amplifier both in receiver mode and transmitter 
mode (denoted “bypass mode” and “active mode”  
respectively in the table). The frequency was varied 
from 144 MHz to146.9 MHz in 100 KHz steps and the 
SWR was measured. 
 Table 2 shows the performance of the RF power 
amplifier. The second column shows the RF power    
output. The third and fourth columns show the input  
current and voltage applied to the amplifier. The fifth 
column shows the input power, calculated as current 
multiplied by voltage. The sixth column shows the    
efficiency of the RF power amplifier. The RF power  
amplifier was tested to deliver output from 100 watt up 
to 500 watt.  

3.2. Field Test 

 Having successfully completed the laboratory test, a 
field test is conducted. For the field test, the input is  
given by KENWOOD TR-9130. The antenna is erected 
40m high above the ground. One tranceiver system is 
located in Parangjoro village, district of Sukoharjo, the 
province of Central Java, Indonesia. The other transceiver 
system is located in Surabaya, province of East Java 
which is 300 km away. A Kenwood TR-9130 transceiver 
is used in this experiment.  

 

 
 

Fig. 6. The RF power amplifier box and heatsink (front and rear view) 
 

 
 

Fig. 7. The testing diagram 
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Table 1. SWR values at the input terminal 
 Frrequency SWR SWR 
No (MHz) (bypass mode) (active mode) 
1 144.00 1.1:1 1.0:1 
2 144.10 1.1:1 1.0:1 
3 144.20 1.1:1 1.0:1 
4 144.30 1.1:1 1.0:1 
5 144.40 1.1:1 1.0:1 
6 144.50 1.1:1 1.0:1 
7 144.60 1.1:1 1.0:1 
8 144.70 1.1:1 1.0:1 
9 144.80 1.1:1 1.0:1 
10 144.90 1.1:1 1.0:1 
11 145.00 1.1:1 1.0:1 
12 145.10 1.1:1 1.0:1 
13 145.20 1.1:1 1.0:1 
14 145.30 1.1:1 1.0:1 
15 145.40 1.1:1 1.0:1 
16 145.50 1.1:1 1.0:1 
17 145.60 1.1:1 1.0:1 
18 145.70 1.1:1 1.0:1 
19 145.80 1.1:1 1.0:1 
20 145.90 1.1:1 1.0:1 
21 146.00 1.1:1 1.0:1 
22 146.10 1.1:1 1.0:1 
23 146.20 1.1:1 1.0:1 
24 146.30 1.1:1 1.0:1 
25 146.40 1.1:1 1.0:1 
26 146.50 1.1:1 1.0:1 
27 146.60 1.1:1 1.0:1 
28 146.70 1.1:1 1.0:1 
29 146.80 1.1:1 1.0:1 
30 146.90 1.1:1 1.0:1 
 
Table 2. RF power output and the amplifier efficiency 
 RF Current DC DC input 
 Output voltage voltage power Efficiency 
No (watt) (ampere) (volt) (watt) (%) 
1 100 5.0 47.9 239.50 42 
2 150 6.3 47.9 301.77 50 
3 200 7.6 47.8 363.28 55 
4 250 8.6 47.7 410.22 61 
5 300 9.6 47.6 456.96 66 
6 350 10.6 47.5 503.50 70 
7 400 11.6 47.4 549.84 73 
8 450 12.6 47.3 595.98 76 
9 500 13.8 47.2 651.36 77 

4. DISCUSSION 

 The experimental results shown in Table 1 and 2 
show that the impedance of the RF amplifier matches the 
overall communication system. The amplifier has SWR 
1:1 in the transmitter mode and SWR 1.1:1.0 in the   
receiver or bypass mode. It is observed that the power 

loss at the bypass mode is one watt (3.3%) when    
operating at 30 watt input. 
 Table 2 shows that the RF power amplifier could 
deliver output from 100 watt up to 500 watt. The       
efficiency ranges from 42% up to 77%. The efficiency 
increases as the output power increases. The highest  
efficiency occurs at the output power 500 watt. This  
efficiency is higher compared to Joshin et al. (2003) and 
Wang et al. (2007) and comparable to Jeong et al. 
(2007). Table 1 and 2 show that MOSFET BLF278 can 
be used in a 144 MHz RF power amplifier. 
 Field test shows that the power amplifier could   
deliver signal as far as 300 km. On that experiment, 
communication was successful and the power amplification 
was consistent with the laboratory test. 

5. CONCLUSION 

 A solid state 144 MHz RF power amplifier has been 
designed and implemented using MOSFET BLF278 as 
the active signal amplifier giving output up to 500 watt at 
the working voltage of 48 volt. 
 The RF amplifier has been tested on a two way 
communication system with SWR value 1:1 when     
operating at the active mode and SWR value 1.1:1.0 
when operated at the bypass mode. The distance between 
the transmitter and the receiver was 300 km. 
 The RF amplifier can be used to replace the       
tube-based amplifier. This solid state amplifier gives 
better efficiency (77%, at the RF output of 500 watt), 
better safety (working voltage is 48 volt) and easier   
operation at 144.00-146.90 MHz (without tuning). 
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