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ABSTRACT 

In this paper, performance analysis of RF subsystems like, band pass filter (BPF), low noise amplifiers (LNA) are 

performed. The center frequency is 2.4 GHz and the substrate used is FR4. The software used is Advance Designing 

Software (ADS). Noise Figure of LNA is 1.95 and the return loss of the BPF is -20.2dB.Achieved results are in agreement 

with theoretical values. 
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1. INTRODUCTION 

A radio frequency receiver front end is very 

important as it provides the necessary gain, while 

introducing minimal noise, to achieve the required signal 

to noise ratio (SNR) for better performance. A  RF front-

end receiver consists of low noise amplifier (LNA), band 

pass filter (BPF) and mixer and many other depending on 

the type of the receiver. The band pass filter is a two port 

network which helps to control the frequency response at a 

specific point by providing transmission at frequencies 

within the pass band and attenuate other frequencies in the 

stop band of a filter [2]. The main advantage of micro strip 

line is it will give better compromise in terms of size and 

performance than other types of filters like lumped 

element filters. Another advantage is, for manufacturing 

the micro strip circuit process it is very similar to the 

processes used to manufacture printed circuit board. Other 

than that, its advantage would be of largely being planar. 

The micro strip transmission lines consist of a conductive 

strip of width (W) and thickness (t) and a wider ground 

plane, separated by a dielectric layer (Er) of thickness (h) 

as shown below. 

 

 
 

Figure-1. General Micro strip structure [6]. 

 

A high electron mobility transistor (HEMT) is 

a type of field effect transistor making a junction between 

two materials with different band gaps as the channel 

unlike a doped region in MOSFET.  Generally used 

material combinations in this are GaAs with AlGaAs. [3] 

All the work in this paper is performed at the 

centre frequency of 2.4 GHz and the substrate used is FR4 

With dielectric constant 4.6 and 0.019mm is the 

thickness of copper line. 

 

2. DESIGN OF SUBSYSTEMS USING MICROSTRIP 

RF subsystems consist of major components as 

BPF, LNA and mixer. These designs are carried out centre 

frequency 2.4 GHz.  

 

a) Band pass filter 

The band pass filter designed in this paper is 

micro strip parallel coupled band pass filter. The general 

structure of a micro strip parallel coupled band pass filter 

as shown below. 
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Figure-2. Micro strip parallel coupled band pass filter [7]. 

 

The major advantage of parallel coupling 

methods than  other end coupling are the length reduced 

approximately by half, a symmetrical insertion loss versus 

frequency response obtained with the first spurious 

response which occurred at three times center frequency, 

the larger gap between strips allows for higher power 

rating filter and permits a broader bandwidth at tolerance. 

There are three main existing approaches to 

realize a band pass filter. The first is micro strip or 

coplanar waveguide (CPW) multiple-mode resonator 

(MMR) with the assistance of a coupling mechanism. 

Secondly, a Broadside coupled micro strip line with a 

CPW at the back. Lastly, a direct or indirect combination 

of a low pass and high pass filter [8]. However, there are 

many new developments in material and fabrication 

technologies. For example, high-temperature 

superconductors (HTS), low-temperature co fired ceramics 

(LTCC), monolithic microwave integrated circuits 

(MMIC), micro electro mechanic system (MEMS), and 

micromachining technology [1].  

The filter design is desired in small size  the 

coupled line filter with minimum order of N equal to 4 

with 0.5 equal-ripple responses is selected. The order of 

the filter can give us the attenuation at the specified 

frequency from the following figure. 

 

 

. 
 

Figure-3. Attenuation versus normalized frequency for 

0.5dB ripples [4]. 

 

The fractional bandwidth (FBW) is calculated 

using equation  

 ��� = ሺ�ʹ − �ͳሻ/�Ͳ                                                  (1)                     

 

Where w1, w2 are the edges of pass band 

frequency. Then using the line calculation in   Advanced 

Design System (ADS), Agilent Technologies software, 

dimensions of width, spacing and length of each stage are 

calculated by using even and odd characteristic 

impedance. The characteristic impedance typically 

assumed as 50 Ohms everywhere. Whereas it corresponds 

to an electrical length (Eeff) as 90º. The calculated 

dimensions of width gap and length of each stage are 

shown in table below.  

 

Table-1. Values of width, gap, and length of MCLIN 
 

Stage Width (W) Gap (S) Length (L) 

1 1.228 0.018 18.449 

2 1.382 0.254 18.241 

3 1.382 0.254 18.241 

4 1.228 0.018 18.449 
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Figure-4. Line calculation with FR4 substrate. 

 

Figure-4 gives the synthesized width and length 

values of the substrate at center frequency. 

Below Figure-5 shows the schematic of the band 

pass filter. In order to design the micro strip band pass 

filter both the ends are terminated with 50 Ohm term.  

 

 
 

Figure-5. Model of the band pass filter in ADS. 

 

b) Low noise amplifier 

In this paper the low noise amplifier is designed using 

micro strip model technology and EE_HEMT transistor. 

From the synthesized line calculations outputs W=2.9363 

mm, L=16.707 mm and providing the input and output 

matching the low noise amplifier for the specified 

frequency is as shown below. 

The steps followed to design optimum LNA is as follow: 

 

a) Selection of active device 

b) Biasing and stability analysis 

c) Input and output matching 

 The condition is verified with the following 

equations as followed 

 ∆= �  ଵଵ�ଶଶ – �ଵଶ�ଶଵ |∆| < ͳ                                            (2) 

 

 � = ሺͳ − |�ଵଵ|ଶ − |�ଶଶ|ଶ + |∆|ଶሻ/ʹ|�ଵଶ�ଶଵ|  K>1        (3) 

 

These HEMT’S are good because of the fact that 
they are high speed, radiation hard circuits with lower 

power consumption values.  

Following Figure-6 shows the ADS schematic of 

the EE_HEMT low noise amplifier. 

 

 
 

Figure-6. ADS schematic of EE_HEMT LNA. 

 

3. RESULTS AND ANALYSIS 

Performance evaluation of the above designs was 

done by comparison and the results obtained for the 

designs are as shown below.  
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Figure-7. Variation of S11 of BPF w.r.to frequency. 

 

 
 

Figure-8. Generated layout of BPF. 

 

 
 

Figure-9. Display results after momentum. 

  

The designed parallel coupled BPF is working in 

the frequency range 2.2 GHz to 2.4 GHz.the return loss 

obtained is -20.2 dB at center frequency. The generated 

layout and simulated results after momentum are shown in 

Figures 8 and 9, respectively.  

The following graphs show the results of 

simulated low noise amplifier. 

 

 
 

Figure-10. NF min w.r.t Frequency. 
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Figure-11. MAX Gain vs Frequency. 

 

 
 

Figure-12. Variation of S21 w.r.to Frequency. 

 

The low noise amplifier is having noise figure of 

1.95 and maximum available gain is 6dB.the designed low 

noise amplifier is in agreement with theoretical 

calculations. 
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