
Australian Journal of Basic and Applied Sciences

 

AUSTRALIAN JOURNAL OF BASIC AND 

Open Access Journal 

Published BY AENSI Publication 

© 2016 AENSI Publisher All rights reserved
This work is licensed under the Creative Commons Attribution International License (CC BY).

http://creativecommons.org/licenses/by/4.0/

 

 

To Cite This Article: Parimala.J and Saravanamoorthy.K
Applications. Aust. J. Basic & Appl. Sci., 10

  

Design Of Band Pass Filter Embedded With Low Noise Amplifier For Ism 
Band Applications 
 
1Parimala.J and 2Saravanamoorthy.K 

 
1,2Dept of ECE,  Assistant Professor, Sree Sastha Instute Of 
 
Address For Correspondence: 
Parimala.J, Dept of ECE,  Assistant Professor, Sree Sastha Instute Of Engineering And Technology, Chennai, India.
 
 
A R T I C L E  I N F O   
Article history: 
Received 10 December 2015 
Accepted 28 January 2016 
Available online 10 February 2016 
 
Keywords: 
Band Pass Filter (BPF), Low Noise 
Amplifier (LNA) ISM Band, 
 

 

 

 
In wireless communications, receivers need to be able to detect and amplify incoming low power signals 

without adding much noise. Therefore, to filter out the 
before low noise amplifier (LNA)’s placement. A low noise amplifier (LNA) is often used as the first stage of 
these receivers. To design an LNA embedded
compromise between gain and noise is always a matter of challenge.
Performance of RF front-end, including system level packaging of RF systems (passive and active components 
or subsystems are integrated into one dev
end (the traditional 50 ohm interface between the LNA and band
in one device). The co design can essentially change the structure of the c
circuits and simplify the connection between the components.

In this paper, a method of co-designing the Band 
design formulae are also provided. First, BPF is des
operating at frequency band is designed. Finally, the BPF is combined into Low Noise Amplifier with help of 
matching network. In order to verify the method, BPF with LNA operating at 2.4 GHz is designed 
simulated. 

 
Design Methodology: 

Since the objectives of the work is design a Band Pass Filter with Low Noise Amplifier 
application, where the major performance is 
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A B S T R A C T  
In modern society demand of wireless communication growing rapidly due to the 
technology’s compact size, portability and selectivity. The proposed paper work is 
designing the required ISM band (Industries scientific and Medicines band) 2.45 GHz 
by BPF(Band Pass Filter) embedded with LNA(Low Noise Amplifier) by matching 
network. Embedding can change the structure and combine 
and simplify the connection between the components. Frequency spectrum is a natural 
resource and need to be distributed with deep attention. The engineering community is 
in high favour to design devices which is compatible with
unlicensed and it’s free uses. Cordless phone, wireless LAN, Bluetooth and Wi
operated in 2.4GHz -2.5 GHz. Performances of different designs are compared with 
respect to noise figure, gain, input and output reflection coefficie
process, a single stage LNA is designed by transistor ATF-
pass (BPF) filters were designed with lumped components and distributed elements. 
Afterwards, BPF is integrated with the LNA at the front side of LNA to 
Band-Pass Filtered Low-Noise Amplifier with better performance.

INTRODUCTION 

In wireless communications, receivers need to be able to detect and amplify incoming low power signals 
without adding much noise. Therefore, to filter out the unwanted signal, a Band-Pass filter (BPF) is placed 
before low noise amplifier (LNA)’s placement. A low noise amplifier (LNA) is often used as the first stage of 

ers. To design an LNA embedded with Band-Pass Filter (BPF), with trade
compromise between gain and noise is always a matter of challenge.there are two methods to improve the 

end, including system level packaging of RF systems (passive and active components 
or subsystems are integrated into one device to realize the system in one package) and co
end (the traditional 50 ohm interface between the LNA and band-pass filter is removed to realize multi
in one device). The co design can essentially change the structure of the circuit, combine the function of the 
circuits and simplify the connection between the components. 

designing the Band Pass Filter with Low Noise Amplifier is presented 
mulae are also provided. First, BPF is designed. Second, using the traditional method, the LNA 

operating at frequency band is designed. Finally, the BPF is combined into Low Noise Amplifier with help of 
matching network. In order to verify the method, BPF with LNA operating at 2.4 GHz is designed 

Since the objectives of the work is design a Band Pass Filter with Low Noise Amplifier 
application, where the major performance is obtain the minimum noise figure and high gain. 
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In modern society demand of wireless communication growing rapidly due to the 
selectivity. The proposed paper work is 

designing the required ISM band (Industries scientific and Medicines band) 2.45 GHz 
by BPF(Band Pass Filter) embedded with LNA(Low Noise Amplifier) by matching 
network. Embedding can change the structure and combine the function of the circuits 
and simplify the connection between the components. Frequency spectrum is a natural 
resource and need to be distributed with deep attention. The engineering community is 
in high favour to design devices which is compatible with ISM Band since it is 
unlicensed and it’s free uses. Cordless phone, wireless LAN, Bluetooth and Wi-Fi are 

2.5 GHz. Performances of different designs are compared with 
respect to noise figure, gain, input and output reflection coefficient. In the design 

-58143. Maximally flat band-
pass (BPF) filters were designed with lumped components and distributed elements. 
Afterwards, BPF is integrated with the LNA at the front side of LNA to get a compact 

Noise Amplifier with better performance. 

In wireless communications, receivers need to be able to detect and amplify incoming low power signals 
Pass filter (BPF) is placed 

before low noise amplifier (LNA)’s placement. A low noise amplifier (LNA) is often used as the first stage of 
Pass Filter (BPF), with trade-off or suitable 

there are two methods to improve the 
end, including system level packaging of RF systems (passive and active components 

ice to realize the system in one package) and co-design for RF front-
pass filter is removed to realize multi-function 

ircuit, combine the function of the 

ow Noise Amplifier is presented and the 
igned. Second, using the traditional method, the LNA 

operating at frequency band is designed. Finally, the BPF is combined into Low Noise Amplifier with help of 
matching network. In order to verify the method, BPF with LNA operating at 2.4 GHz is designed and 

Since the objectives of the work is design a Band Pass Filter with Low Noise Amplifier for 2.4 GHz 
obtain the minimum noise figure and high gain. In wireless 
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communications, receivers need to be able to detect and amplify incoming low power signals without adding 
much noise. Therefore, to filter out the unwanted signal, a Band Pass filter (BPF) is placed before low noise 
amplifier (LNA)’s placement.  There are two methods to improve the performance of RF front-end, including 
system-level packaging of RF systems and co-design for RF front-end. The co design can essentially change the 
structure of the circuit, combine the function of the circuits and simplify the connection between the 
components. By co-design, the noise figure was improved significantly. Harmonic suppression is improved 
effectively. 

 
Band Pass Filter:  

In RF transmitter and receiver, filters are key components which is used to selectivity pass or reject signals 
based on frequency. A Band-Pass Filter (BPF) which is used to reject unwanted frequency bands and pass a 
narrow pass-band. In this work design band pass filter at 2.45GHz frequency and filter ripple factor (IL) is 0.1 
dB. Insertion loss method used to design band pass filter.First step of filter design is determine filter order. In 
this method determine filter order form given below formula  

Filter order determination: 
�� = 1 + ��� 	′�
 ; 	′ = 	 	��             (1) 

Ripple magnitude: 

� = 10 log(��� + 1)             (2) 

Using ripple magnitude determined am value  
Stop-band attenuation at 

�′� = 10 log[1 + ��� cos ℎ�(� cos ℎ��	′�)            (3) 
Filter order is 4 and characteristic impedance of the filter is 50 ohm   
Second step of the filter design is determine filter element  
Series arm gk 

�� = �� !
("#�"$)

              (4)                        

%� = ("#�"$)
(�� !"&#)

              (5) 

Shunt arm gk 

�� =  !
�� ("#�"$)

              (6) 

%� = �� ("#�"$)
( !"&#)

              (7) 

Filter element values from above formulas  
L1=521.91pH, C1=8.11pF, L2=48.98nH, C2=86.47fF L3=216.183pH C3=19.59pF, L4=20.28nH, 

C4=208.76fF 
 

 
Fig. 1: Band Pass filter using lumped component  

 
Serices resonator have low impedance for desired frequency bandwidth which is 2.4 to 2.5 GHz and parllal 

resonator will give high impedance to desired bandwidth to stop signal from the ground  

 
Fig. 2: Simulation result of Input reflection and forward transmission coefficient  
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X-axis, frequency and along to Y-axis input reflection coefficient and forward transmission are plotted 
respectively. The value of S11 is -117.415 dB and S21 is -3.1dB at the central frequency which is 2.45 GHz. 
Band-Pass filter is showing very appropriate results for S11& S21 individually but when this BPF is attached with 
the LNA circuit using matching network then it is needed to further optimization to get better results for whole 
BPF-LNA. 

Band pass filter design using distributed component  
Here, first determine distributed component value for all lumped component in the above lumped design of 

filter.  
The theoretical value of distributed component calculated and defined as, 
The effective dielectric constant of a micro strip line is given approximately by 

∈e=
∈()�
� +

∈(��
�

�
√�)��+/-             (8) 

Thecharacteristic impedance can be calculatedas 

Z0   =  
./
√∈ln0

1+
- + -

2+3   for 
-
+ ≤ 1            (9) 

��/π
√ϵ56 7� )�.9:9)/...;<=06 7� )�.2223>

for
-
+ ≥ 1         (10) 

For a given characteristic impedance Z0 and dielectric constant, the W/d ratio can be 
Found as 

-
+ =

1@A
@#A��for

-
+ ≥ 1           (11) 

�
B 5C − 1 − E�(2C − 1) + G(��

�G( HE�(2C − 1) + 0.39 − /..�
G( K>for

-
+ ≥ 1      (12) 

Where, 

L =  
./

√G()�
� + G(��

G()� 00.23 +
/.��
G( 3  C = 9;;B

� /√G( 

The schematic design of Band Pass Filter using distributed component is given in figure 3. 
 

 
Fig. 3: Schematic of Band Pass Filter using distributed component  

 
Fig. 4: Result of band pass filter distributed design  

 
 If we use Roger’s substrate (Rogers 4350B) with εr=3.48, and H= 0.254mils to build the filter. . The value 

is obtained as S11 is -28.415 dB and S21 is -0.031dB at the central frequency which is 2.45 GHz as given figure 4 
 

Low Noise Amplifier: 
The design of Low Noise Amplifier involves selection of active devices, DC analysis and device 

characterization, Biasing condition, Stability analysis, Design of input and output matching, Performance 
Optimization and impedance matching. The first stage of LNA design process is selection of transistor. 
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A. Selection of active devices: 
Most of these design conditions can be met 
Carefully selecting a transistor, The AVAGO Technologies’ ATF58143 is chosen for designing BPF-LNA. 

Agilent Technologies’s ATF-58143 is a high dynamic range, low noise E-PHEMT housed in a 4-lead SC-70 
(SOT-343) surface mount plastic package. The combination of high gain, high linearity and low noise makes the 
ATF-58143 ideal as low noise amplifier for cellular/ PCS/WCDMA base stations, wireless local loop, and other 
applications that require low noise and high linearity performance in the 450 MHz to 6 GHz frequency range 

 
B. Stability Analysis: 

S2P file is used to check the stability of the transistor. First the S2P file is run alone and it is found that in 
the whole bandwidth (BW) i.e. from 2.4 GHz to 2.5 GHz, the transistor is unstable, because the value of 
stability factor is: K< 1. Stability of an amplifier refers to its resistance to oscillations. Oscillation occur when 
any one of the present a negative resistance which occurs when |ᴦin|>1 or |ᴦOUT|>1.  

 

 
 
Fig. 5: Schematic for stability analysis  

 
In order to make it stabled a shunt resistor (R1) ism  
connected to the drain as shown in the figure 5.The stability analysis is performed and stability factor 

K=1.634 

 
Fig. 6: Stability Analysis for ATF 58143 

 
Fig. 7: Stability Circle for ATF 58143  
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C. Design of Input and Output matching network: 
The input matching network can be designed to  
Match the large signal input impedance of the RF active device with the 50 ohm source impedances. The 

large signal input impedance of the power transistor consists of two parts, resistance Rinand reactance Xin. 

Zin=Rin+Xin            (14) 
Input matching network improves the net input power delivered to the RF device. The output matching 

network for the LNA is designed to transform the impedance of 50 ohm to the load impedance ZL or to the load 
reflection coefficient. The amplifier circuit was simulated after adding the input and output matching circuit 
using ADS.  

 
Fig. 8: Schematic design for matching network of LNA 

 
(a) Noise figure Vs frequency  

 
(b) Forward transmission coefficient Vs Frequency  

 
(c) Input reflection coefficient Vs Frequency  
 

Fig. 9: Simulation result of LNA matching network 
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0.417 / 117.181 
0.406 / 110.907 
0.396 / 104.253 

0.388 / 97.217 
0.381 / 89.818 
0.377 / 82.093 
0.375 / 74.103 
0.376 / 65.929 
0.379 / 58.045 
0.384 / 50.156 
0.392 / 42.352 
0.403 / 34.713 
0.416 / 27.305 
0.432 / 20.175 
0.449 / 13.352 

0.468 / 6.849 
0.488 / 0.667 
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The input and out matching network combined withnetwork of LNA is designed using ADS and impedance 
matching was performed to obtain the Gain (S21) of 14.532 dB, Input reflection coefficient (S11) of -8.513 dB 
and Noise Figure (NF) of 0.568.  

The input and out matching network combined with active biasing network of LNA is designed the 
simulation results are given by figure 10. 

 
Fig. 10: Simulation Result of LNA  

 
The impedances matching and biasing network added and processed LNA has a noise figure of 0.624, 

optimum gain (S21) of 14.96 dB with input return loss (S11) of -9.445 dB 
 

Co-Design Of Bpf With Lna: 
In this section, BPF-LNA is designed using lumped components. Order 4 lumped-filter with maximally flat 

response was connected with LNA through matching network. The BPF-LNA co-design presents a great 
challenges because of its simultaneous requirement of high gain, low noise figure, good matching and stability 
at the lowest current draw from amplifier. The design requires 3.3 V supply voltage. The co-design circuit of 
NPF-LNA given by figure 11. 

 
Fig. 12: Design BPF-LNA using lumped component  

 
Fig. 13: Simulation result of noise figure 
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Fig. 14: Simulation result of return loss (S11) 

 
Fig. 15: Simulation result of gain (S21) 

 
The proposed BPF-LNA has a minimum noise figure (NF) of 0.594, with return loss (S11) of -28dB and 

forward voltage gain (S21) of 14.800 dB. 
 

Table 1: summary of simulation result of 2.45 GHz BPF-LNA 
PARAMETER VALUE  
RF Frequency 2.45GHz 
Power Supply  3.3 volts 
Noise Figure (NF) 0.594 
Gain (S21) 14.800 dB 
Return Loss(S11) -28 dB 

 
Conclusion: 

The Co-design of Band Pass Filter embedded with Low Noise Amplifier for ISM band application is 
presented in this paper. LNA stand-alone and BPF-LNA with lumped and distributed components are designed 
usingATF-58143, and their performances are compared. Optimization was performed according to get the 
desired responses in the design. In BPF-LNA lumped design the optimum value of input reflection coefficient 
and gain are -28.213 dB and 14.8 dB respectively. BPF-LNA distributed design has a input reflection coefficient 
and gain of – 5.923 dB and 14.2dB.Furthermore, throughout the whole design, transistor was stable. The 
optimization work gives a closer and wide view of all the relevant result.  

 
REFERENCES 

 
David, M. Pozar, 2000. Microwave and RF Wireless System, John Willey & Sons, Inc. Third Edition, 

Chapter-10. 
Reinhold Ludwig, Pavel Bretchko, 2000. “RF Circuit Design”, Prentice-Hall, Inc. New Jersey 07458, 

ISBN: 0-13-095323-7, Chapter-2, 4. 
International Telecommunication Union, 2009. "Industrial, Scientific and Medical (ISM) applications of 

radio frequency energy in the field of telecommunications.". 

1.5 2.0 2.5 3.0 3.5 4.0 4.51.0 5.0

-35

-30

-25

-20

-15

-10

-5

-40

0

frequency in GHz

In
pu

t r
ef

le
ct

io
n 

(S
11

) 
dB

m1

m1
freq=
dB(S(1,1))=-28.213

2.450GHz

1.5 2.0 2.5 3.0 3.5 4.0 4.51.0 5.0

-80

-60

-40

-20

0

-100

20

Frequency in GHz

F
or

w
ar

d 
vo

lta
ge

 g
ai

n 
(S

21
) 

dB

m1

m1
freq=
dB(S(2,1))=14.800

2.450GHz



432                                                               Parimala.J and Saravanamoorthy.K., 2016 
Australian Journal of Basic and Applied Sciences, 10(1) January 2016, Pages: 425-432 

 

International Telecommunication Union, 2012. Visited date: 14, http://www.itu.int 
Federal Communications Commission, 1985. “Authorization of Spread Spectrum Systems under Parts 15 

and 90 of the FCC Rules and Regulations". 2007-08-31. 
Ghosh, Smarajit, “Network Theory: Analysis and Synthesis”, Prentice Hall of India ISBN 81-203-2638-5 

pp: 353. 
Motchenbacher, C.D., J.A. Connelly, 1993. “Low-Noise Electronic System Design”. Wiley Interscience.  
Blanter, M., M. Büttiker, 2000. Physics Reports on “Shot Noise in Mesoscopic Conductors”, 

DOI:10.1016/S0370-1573(99): 00123-4. 
Jimmin Chang, A.A., Abidi and C.R. Viswanathan, 1965. "Flicker Noise in CMOS Transistors from 

Subthreshold to Strong Inversion at Various Temperatures". IEEE Transactions on Electron Devices, 
41(11):1965. 

BehzadRazavi, 2000. “Design of Analog CMOS Integrated Circuits”, McGraw-Hill, Chapter 7: Noise. 
Yuhki Imai, Masami Tokumitsu, and Akira Minakawa, 1991. “Design and Performance of Low-Current 

GaAs MMIC's for L-Band Front-End Applications” in IEEE Transactions on Microwave Theory and 
Techniques, 39, N0 2. 

Microwave Transistor Amplifiers, 1984. Analysis and Design, Gonzalez, Guillermo, Prentice Hall. 
“Co-design of Dual-band Low Noise Amplifier and Band-pass Filter,” Runbo Ma and Wenmei Zhang, 

Member, IEEE,College of Physics and Electronics, Shanxi University, China -Pacific International Symposium 
on Electromagnetic Compatibility 

“Synthesis of Dual-Band Band pass Filters Using  Successive Frequency Transformations and Circuit 
Conversions” Xuehui Guan, Zhewang Ma, Peng Cai, Yoshio Kobayashi, 2006. Tetsuo Anada, and Gen 
Hagiwara IEEE. 

“A Co-design Study of Low Noise Amplifier and Band-pass Filter” Jing Li, Runbo Ma, Liping Han, 
Rongcao Yang, and WenmeiZhang, 2012. College of Physics and Electronics Shanxi University, Taiyuan 
Shanxi China-IEEE.  

Alalusi, S., R. Brodersen, 2001. ‘Antenna-Filter-CMOS LNA Co-design Strategy,’ Proceedings of 
CPD2000, Zurich, Switzerland, pp: 81-87. 

Wang, J.J., Y.P. Zhang, et al., 2005. ‘Circuit Model of Microstrip Patch Antenna on Ceramic Land Grid 
Array Package for Antenna-Chip Co design of Highly Integrated RF Transceivers,’ IEEE Trans. On Antennas 
and Propagation, 53: 3877-388. 

Wang, W., Y.P. Zhang, 2004. ‘0.18-_m CMOS Push-Pull Power Amplifier with Antenna in IC Package,’ 
IEEE Microwave and Wireless Components Letters, 14: 13-15. 

Yeung, L.K., Ke-Li Wu, 2006. ‘An LTCC Balanced-to- Unbalanced Extracted-Pole Band  pass Filter With 
Complex Load,’ IEEE Trans. On Microwave Theory and Tech, 54: 1512. 

Zhang, B., W.M. Zhang, R.B. Ma, X.W. Zhang, J.F. Mao, 2008. ‘A Co design Study of Filters and 
Oscillator for Low Phase Noise and High Harmonic Rejection,’ ETRI Journal, 30: 344-346. 

“Chip-package 2004. co-design of a concurrent LNA in system-on-package for multi-band radio 
application”Torikka, T.; Xinzhong Duo; LI- Rong ; Tjunkanoff, Esa ;IEEE.  

Chang, S.-F., W.-L. Chen, S.-C. Chang, C.-K. Tu, C.-L. Wei, C.-H. Chien, C.-H. Tsai, J. Chen and A. 
Chen, 2005. “A dual-band RF transceiver for multi standard WLAN applications,” IEEE Trans. Microw. 
TheoryTech., 53(3): 1048-1055. 

Wang, J.J., Y.P. Zhang, et al, 2005. “Circuit model of microstrip patch antenna on ceramic land grid array 
package for antenna-chip co-design of highly integrated RF transceivers,” IEEE Trans. Antennas Propagat., 
53(12): 3877-3883.  

 
 
 
 


