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Abstract

As one of famous wireless telecommunication applications, cellular communication has been widely used around the world as a 
mean of wireless communication. Recently, it is common to find people who use mobile phones which support for 2G, 3G, and 
even Wi-Fi applications, so there is a need to develop some devices such as antenna, filter, and signal processor and amplifier in 
particular to provide all those applications. In this paper, the design of single stage amplifier which has high gain and wideband 
characteristics is proposed as the focus of research. The amplifier which is designed based on a BFP420 transistor type employs 
microstrip lines as the impedance matching circuit both at input and output ports. To obtain the desired characteristic response, 
some design parameters such as bandwidth response, gain, noise figure, and voltage standing wave ratio (VSWR) are used as 
performance indicator of the proposed amplifier. It is found that the impedance matching circuit plays an important role required 
to achieve the objective of design. From the result, it is shown that the proposed amplifier has 18dB gain for 1.4GHz bandwidth 
response ranges from 1.25GHz to 2.65GHz with the maximum gain occurs at 2.1GHz around 20dB.
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1. Introduction

In the past two decades, everybody is able to connect with others in just one click. Needless to say those fast, 
cheap, and reliable connections are new primary need now, and all things can be found in wireless 
telecommunication. Aside from that, the wireless telecommunication is not as simple as imagined. To ensure the 
availability of communication, the signal from some device has to reach other device flawlessly. In order to reach a
certain range, wireless communication system should have an appropriate amplifier. In general, people will utilize 
the high gain feature of amplifier for the system. However, the needs of more varied feature of amplifier arise which 
make researches about amplifier appear more developed. Some researches have also been conducted in order to 
obtain a multi-purpose application of amplifier like the one on cellular system.

Basically, to support multi-purpose applications, it is mandatory to have a large bandwidth. To design an 
amplifier with large bandwidth, the stability of transistor is mostly required on the frequency range [1]. There are 
few methods to be applied to maintain the stability of transistor including resistive matching, network compensation,
negative feedback, balanced circuits, and traveling wave amplifiers [2-5]. Unfortunately, the resistive matching can 
potentially increase noise figure and decrease gain, whilst negative feedback method typically produces inferior
return loss [6]. By eliminating the balance circuits and traveling wave method due to the use of more than one 
transistor, in this paper, it is proposed to employ the network compensation method. In addition, the traveling 
network method also gave unimpressive performance on gain and noise figure [7].

Network compensation is a method that requires tuning on the parameters of impedance matching network on 
both ports. However, it should be kept in mind that the bandwidth response may be influenced by the tuning of 
impedance matching networks. If the optimum source/load impedances of device are vastly different than its 
intricsic impedance (Z0), then the quality factor (Q) of required impedance matching networks will be very large, 
which will limit the bandwidth response of device [8]. One of the applicable impedance matching networks is a 
microstrip line which has been widely used due to the ease in implementation using printed circuit board (PCB).
Furthermore, network interconnection and the placement of lumped elements and transistors are easily made on its 
metal surface of microstrip line [9]. If compared with the use of lumped element as impedance matching network, 
the values given by the simulation for lumped elements can be a bit problematic as it is hardly found or nonexistent 
at common markets.

To implement microstrip lines, the theoretical parameters such as impedance characteristic and electrical length 
need to be transformed into real parameters such as physical width and length of strip. However, sometimes after 
making some efforts of impedance matching, the result is still unsatisfied and far from the expectation. Therefore, to
overcome these problems, the dimension of microstrips lines needs to be adjusted. In the design process, the easier 
modified parameter is the length of microstrip line. So, it can be stated that network compensation method is 
suitable for both broadening the bandwidth response and optimizing the result.

2. Overview of design process

The transistor which is used in the design is BFP420 produced by Infineon®. It is a bilateral type of transistor 
since the S12 parameter is not zero. Hence with the right biasing, it will transform into unconditionally stable. So, the 
first step is to design a biasing circuit. Here, the biasing is designed to obtain IC= 20mA and VCE= 2V. Figure 1 
shows the biasing circuit for the transistor. Upon adding RF choke, L2, and L3 and DC blocker C1 and C2, a small 
signal design circuit as shown in Fig. 2 is performed from 1–3GHz. The input and output impedance is set to be 
characteristic impedance Z0 figure and stability are also taken into account for the calculation.

As plotted in Fig. 3, the noise figure of the transistor is quite high, however, from Fig. 4 it is seen that the 
transistor is still capable to manage large bandwidth with unconditionally stable at all frequencies from 1–3GHz. 
The next step is to determine S and L whish are used to make impedance matching. To obtain maximum possible 
gain, the impedance of transistor should match both for input and output ports [9]. When the output port is 
terminated using a match load, the input impedance port should match with the impedance source, so that IN = S

*.
Conversely, when the input port is terminated using a match load, the output impedance port should match with the 
load, so that OUT = L

*.
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Fig. 1. Biasing circuit for transistor Fig. 2. Small signal design circuit
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Fig. 3. Noise figure of transistor Fig. 4. Stability of transistor

Normally, matched condition on both ports is hard to be attained, so there should be a trade off between 
mismatch on both ports. Moreover, the desired amplifier should have the lowest possible noise figure, although it is 
not the main concern. Noise figure is directly related with S and gain with S and L. So, the designing process has
also a trade off between gain and noise figure. To obtain the impedance matching on the ports, the process is carried 
out through graphical analysis using Smith chart. Firstly, it is initialized by making the constant GP circle with the 
value of 17dB. Then, by using (1)-(4), the constant GP circle is drawn on Smith chart as indicated in Fig. 5(a). By 
setting L at the line of constant GP circle, IN can be calculated. The value of IN then can be used to plot the input 
mismatch circle with a given M value. Here, with the M value of 0.95 which is taken from (5)-(7), the input 
mismatch circle can be drawn as depicted in Fig. 5(b) indicated by red circle. Any points on the circle will have the 
same mismatch, i.e. 0.95, and one point of them will be chosen for S.
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Fig. 5. Determining value of reflection coefficient

Then, depending on the choice of L, the position of input mismatch circle will varies and has so many S

choices. According to (8), S will affect the noise figure because it is directly related with YS. If desired NFmin is 
chosen to be lesser than 2.5dB, S should be inside of 2.5dB noise figure circle. So, it is clear that the input 
mismatch circle should have some part which is inside of 2.5dB noise figure circle. After determining S, then it is
chosen a point on the input mismatch circle. In this paper, the L is set to be 0.54 124.54o as denoted with A in
Fig. 5(a), whilst the S is chosen to be 0.20 147.72o as denoted with B in Fig. 5(b). By using both values of S and 

L, the impedance matching network on both ports is determined using microstrip lines.
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3. Impedance matching network

Figure 6 shows the overall proposed circuit design of amplifier including impedance matching network on both 
ports. From the result, it is found that the simulation result shown in Fig. 7 has a low gain unnoticeable bandwidth 
response at the range of cellular frequency. Furthermore, as depicted in Fig. 8, VSWR at the input port is good
enough, however on the other side VSWR at the output port is very poor especially around 2.1GHz. Upon seeing 
these problems, it is decided that the impedance matching network needs to be adjusted and tuned so that the circuit 
produces better responses. The tuning of parallel microstrip line on the input port directly affects the noise figure 
and input VSWR while it only causes slight change on gain and output VSWR. It is seen that noise figure and input 
VSWR are increased with shorter microstrip which also means slightly lower gain and higher output VSWR. The 
serial microstrip line at the input port is also directly related to the noise figure. The frequency response of circuit 
shifts to the lower frequency with the longer microstrip line and vice versa. This demonstrates that the relationship
between length of serial microstrip line and frequency response is similar as the relationship between wavelength 
and frequency, the shorter the length, the higher the frequency. This obvious change has no effect to the gain of 
amplifier.

Fig. 6. Overall proposed circuit design of amplifier

Fig. 7. Gain and noise figure before tuning process Fig. 8. Input and output VSWR before tuning process
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The same phenomenon occurs on another serial microstrip line at the output port. However, since the microstrip 
line is located at the output port, therefore it directly affects the gain. The peak of frequency response shifts to the 
lower frequency with the longer microstrip line and vice versa. It is then possible to set the optimum gain on cellular 
frequency by using even shorter microstrip line. The output VSWR is also lowered by using shorter microstrip line.
Similar to the first microstrip line, the fourth one is also a parallel microstrip line, but it is located at the output port. 
Both behaviors have the similarity each other, except the fourth microstrip line that changes the gain while the noise 
figure is unaffected. More gain can be obtained using longer microstrip line, however it is consequently increasing 
the output VSWR.

After optimizing the effects of microstrip line tuning, the actions required to do are shortening the third 
microstrip line until its peak is located around 2GHz and lengthening the fourth microstrip line a bit to increase the 
gain. The first and the second microstrip line tuning are optional since it has no effect to the gain. Finally, after 
completing impedance matching network tuning, the results shown in Figs. 9 and 10 give improvements on 
bandwidth response, gain, and VSWR. The highest gain occurs at 2.1GHz with value of 20dB. Whilst the bandwidth 
response with gain of more than 18dB is 1.4GHz ranges from 1.25GHz to 2.65GHz. The input and output VSWR 
values are 1.82 and 1.71, respectively.
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Fig. 9. Gain and noise figure after tuning process Fig. 10. Input and output VSWR after tuning process

4. Conclusion

The design of single stage high gain amplifier with wideband characteristic has been investigated numerically. It 
consisted of two steps, the first is to design conventionally or known as impedance matching, whilst the second is to 
widen the bandwidth. This first process was carried out through graphical analysis with Smith chart. The impedance 
matching network was composed of microstrip lines both at input and output ports. The method for second process 
used compensating network by tuning the length of microstrip lines. It should be noted that the tuning of impedance 
matching networks of input port has affected to the noise figure, hence at the output port has affected to the gain,
and all four impedance matching networks have affected to the VSWR. From the design, it has shown that the 
proposed amplifier with 18dB gain over 1.4GHz bandwidth response, while the highest gain was obtained at
2.1GHz by 20dB. The noise figure has varied between 2.6-3.8dB over its bandwidth. It can be concluded that the 
wireless communication system including cellular communication 2G (1,8GHz), 3G (2.1GHz), and Wi-Fi (2.4GHz) 
are covered by the proposed amplifier.
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