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Abstract— This paper discribes the design and fabrication 

of a wideband low noise amplifier (LNA) at 4 - 5 GHz, which 

suitable for RF front end application. The design of the LNA 
uses a single stage  amplifier with center frequency 4.5GHz. 

The LNA has been fabricated on a PCB board with FR4 

subtrate using microstrip technology and pHEMT FET 

transistor amplifier. The measured results show that the 

maximum overall gain of 14.293 dB and gain flatness of ±0.5 

dB over the 4-5 GHz frequency range; the noise figure is 

about 1.515 dB; the reverse isolation of -34.5 dB. The LNA 

using a 5 V supply voltage respectively and total current 

consumptions of 20 mA. All the designed, simulated and 

fabricated processes were done using Agilent’ ADS 2009 

package and machine LPKF Protomat C40. 

Keywords— Low noise amplifier, C band, noise figure, 

satellite receiver, ADS. 

I.  INTRODUCTION 

To amplify the very small received signals in satellite 
receiver systems, a low noise amplifier, which is placed right 
after the antenna, is required. The main interest of the LNA to 
the input of the analog processing chain is to amplify the signal 
without adding significant noise so as to allow a better analog 
and digital processing of information by following the modules 
of the LNA [1, 2]. Therefore, the goal of the designer is to 
design the LNA with gain as high as possible, the lowest noise 
figure and required wide band.  

The general structure of LNA includes an active device 
characterized by its S-parameters and surrounded on both sides 
by impedance adaptation networks. The objective of this paper 
is to model a broadband low noise amplifier based on pHEMT 
FET transistors in the C-band with adaptation circuits of input 
and output using quarter wave transformers matching 
technique. First, we carry out a theoretical study of the circuit 
to stabilize and adapt it. Then we present some results of the 
design and simulation of the circuit (S-parameters, stability, 
gain, noise figure). Finally we discribes the experimental 
results.  

II. MATCHING NETWORK 

A. Power Gain 

A single-stage amplifier with matching networks at the 
input and output terminals are shown in Fig.1. To transfer the 
maximum power from source to load, the source (ZS) and load 

impedances (ZL) have to match to the  input and output 
impedances of the transistor. In the figure, ZS and ZL are equal 
Z0 (50 Ω) [1].   

 

Figure 1: The typical diagram of a single-stage amplifier. 

The most useful gain definition for amplifier design is the 

transducer power gain, which accounts on both source and load 

mismatch. Thus from [4], we can define separate effective gain 

factors for the input (Source) matching network, the transistor 

itself and the output (Load) matching network as follows: 
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The overall transducer gain is GT = GS.G0.GL. The effective 
gains from GS and GL are due to the impedance matching of the 
transistor to the impedance Z0. 

B. Stability of LNA 

The stability of an amplifier, or its resistance to oscillate, is 
a very important consideration in a design and can be 
determined from the S parameters, the matching networks, and 
the terminations. The stability condition of an amplifier circuit 
is frequency dependent. In the circuit Fig.1, oscillations are 
possible when either the input or output port presents a 

negative resistance. This occurs when |’in| >1 or |’out| >1. 
This is because   and  Ґout depends on the source and load 
matching networks. The stability of the amplifier depends on 

S and L as presented by the matching networks. Thus, there 
are two types of stability. 
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 Unconditional stability: The network is unconditionally 
stable if |ГIN| < 1 and |ГOUT| < 1 for all passive source and load 
impedances. 

  Conditionally stability: The network is unconditionally 
stable if |ГIN| < 1 and |ГOUT| < 1 for a certain range of passive 
source and load impedances. 

Consider that if the amplifier is unconditionally stable at a 
given frequency, the below equations must be satisfied: 
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Another parameter must take into account the stability 
factor K [3], defined as: 

             (6) 

Along with the auxiliary condition that 

                                   (7) 

III. DESIGN OF LNA 

The design process adopted in this article is based on three 
essential steps. First, type of transistor to be used was 
determined; we opted for the pHEMT GaAs FET transistor spf-
3043 of Stanford Microdevices. Then the choice of circuit 
topology is made. Afterwards, the matching circuit is 
established. 

Design of the low noise amplifier competes with such 
factors as stability, gain, bandwidth and noise figure. For 
instance, a minimum noise performance at a maximum gain 
cannot be obtained. It is therefore, important to optimize 
characteristics to trade-offs between gain, stability, bandwidth 
and noise figure. 

The noise figure of the amplifier at this frequency is 
calculated to be as follows [4]: 
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From the S parameters and noise parameters at 4.5 GHz is 
provided by NEC we can find the parameters of noise figure as 

follows: Minimum noise figure Fmin, opt, the noise resistance 
RN = 50*rn. In order to obtain the minimum noise figure, the 

reflection coefficient S look into the source is matched to opt. 

In addition, in is set to be the conjugate of S, the reflection 
coefficient looking into the load is shown below: 
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In order to transfer the maximum power from the input 

matching networks to the transistor will occur when S = *
in = 

S*
11 and the maximum power transfer from the transistor to the 

output matching network will occur when L = *
out = S*

22. 

The value of S and L is after that used for the design of 
the input and output matching networks using smith chart. The 
matching networks can be designed by some methods such as 
using lumped components, stubs, quarter-wave transformer or 
using general transmission line. However, to design a wide 
band LNA, the quarter-wave transformer  matching and 
general transformer is the best choice.  

For a transmission line of the characteristic impedance Z0 
and length l, the input impedance Zin  can be written as 
following in [1]. 

                                       (10) 

such as: 

                                                          (11) 

Then, if an intermediate section of transmission line with a 

characteristic impedance Z/4 and a quarter wavelength long is 
connected between the main line and the load, as illustrated in 
fig. 2. 

 

Figure 2. Quarter wave transformers 

The impedance presented to the main line would be equal 
to [2]:  

                                                              (12) 

The adaptation condition is verified if:  

                                                                 (13) 

This implies that: Zin = Z0.    

The completed LNA with two-stage was shown in Fig.3. 
The power supply for spf-3043 is 5V/20 mA and the voltage of 
biasing point is obtained at -0.7V. 
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Figure 3: Schematic of the LNA 

IV. SIMULATED RESULTS 

The initial simulations to test the LNA performance were 
done with the s-parameter file of the transistor. The results 
were shown in the bellow Figs. 

 

Fig 4: The S21 and S12 of the LNA. 

The Fig.4 displays the parameters which have been 
achieved: overall gain is greater than 14.93 dB from 4 GHz to 
5 GHz and the maximum gain obtains 18.870.54 dB at 
4.0GHz. the value of reverse isolation (S12) is very good in 
working band, and less than -20.6 dB. 

 

Fig 5: The S11 and S22 of the LNA 

The result in Fig.5 shows the value of the input impedance 
matching (S11) is good at 4.4 GHz to 5.0 GHz,  and output 
impedance matching is quite good at 4.238 GHz. However, the 
impedance matching range is very wide. 

 

Fig 6: The noise figure of the amplifier 

The Fig.6 indicates that the noise figure of the LNA reaches 
the minimum level 0.867 dB at 4.320 GHz and is less than 1.52 
dB over all the designed frequency bands.  
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Fig. 7: The stability factor of LNA 

The gragh in Fig.7 exhibits the K value is greater than 1, it 
mean that the LNA to be stable at 4 to 5 GHz. 

V. EXPERIMENTAL RESULTS 

The LNA circuit was fabricated in Laboratory with the aid 
of the ADS package and machine LPKF Promomat C40. The 
circuit was supplied Vds and Vgs through the DC pins at the top 
of the board. The drain current was measured to be about 20 
mA. The result was shown in Fig. 8. 

 

Fig 8: The fabricated LNA 

The testing results visually are measured on the vector 
network analyzer 37369D - Anritsu technology up to 40 GHz 
and the Signal Analyzer FSQ.  

 

Fig 9: The gain of the LNA 

 

Fig 12: The S12 parameter 

The result above determines the maximum gain of 14.293 
dB at 4.5 GHz and circuit amplifies wide band from 4.2 to 4.8 
GHz with gain is greater than 13 dB. The reverse isolation 
observes above is good agreement between the simulated and 
measured result. 

 

Fig 13: The input reflection coefficient S11 
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Fig 14: The output reflection coefficient 

Looking into the results, both simulated and measured 
results show similar response. Whereas the measured S11 
resonates at 4.3 GHz, compared to 4.23 GHz of the simulation 
and the measured S22 resonates at 4.5 GHz, compared to 4.55 
GHz of the simulation. However, the measured results have 
been observed to be greater than simulation. 

VI. CONCLUSION 

A single-stage LNA with spf-3043 is designed and 
demonstrated with simulations in ADS package as well as 
tuning for the optimum gain, noise figure and bandwidth. The 
design was fabricated and the board was measured and 
analyzed together with the simulated results. The benefits of 
this LNA design are the stability of its performances 
throughout the wideband frequency range, high gain, low noise 
and smaller PCB fabrication. Overall, this LNA could be used 
for the RF front end application working at 4 – 5GHz. 
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