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ARTICLE INFO ABSTRACT
Article history: In modern society demand of wireless communicatioowing rapidly due to th
Received 10 December 2015 technology’'s compact size, portability asélectivity. The proposed paper work
Accepted 28 January 2016 designing the required ISM band (Industries sdiienéind Medicines band) 2.45 Gt
Available online 10 February 2016 by BPF(Band Pass Filter) embedded with LNA(Low Noismplifier) by matching
network. Embedding can change the structure andio@the function of the circuits
Keywords: and simplify the connection between the compondfrsquency spectrum is a natt
Band Pass Filter (BPF), Low Noise resource and need to be distributed with deeptaiterThe engineering community
Amplifier (LNA) 1SM Band, in high favour to design devices which is compatillith ISM Band since it is

unlicensed and it's free uses. Cordless phonejesse AN, Bluetooth and V-Fi are

operated in 2.4GHz2-5 GHz. Performances of different designs are @etp with

respect to noise figure, gain, input and outputectibn coefficint. In the design
process, a single stage LNA is designed by traorsfst ~58143. Maximally flat band-
pass (BPF) filters were designed with lumped corepts and distributed elemer

Afterwards, BPF is integrated with the LNA at therft side of LNA toget a compact
Band-Pass Filtered Lowoise Amplifier with better performant

INTRODUCTION

In wireless communications, receivers need to be @bdetect and amplify incoming low power sigr
without adding much noise. Therefore, to filter el unwanted signal, a Barféass filter (BPF) is place
before low noise amplifier (LNA)'s placement. A lawise amplifier (LNA) is often used as the firige of
these receiers. To design an LNA embedc with BandPass Filter (BPF), with tra-off or suitable
compromise between gain and noise is always a mattehallengethere are two methods to improve
Performance of RF frorgnd, including system level packaging of RF syst@massive and active compone
or subsystems are integrated into oneice to realize the system in one package) ar-design for RF front-
end (the traditional 50 ohm interface between tNé\land ban-pass filter is removed to realize m-function
in one device). The co design can essentially oldahg structure of theircuit, combine the function of tr
circuits and simplify the connection between thmponents

In this paper, a method of aesigning the BanPass Filter with bw Noise Amplifier is presenteand the
design fomulae are also provided. First, BPF isigned. Second, using the traditional method, theAl
operating at frequency band is designed. Findtlg,BPF is combined into Low Noise Amplifier withlpef
matching network. In order to verify the method, BRith LNA operating at 2.4 GHz is designand
simulated.

Design Methodology:
Since the objectives of the work is design a BaadsPFilter with Low Noise Amplifiefor 2.4 GHz
application, where the major performanceobtain the minimum noise figure and high galn wireless
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communications, receivers need to be able to detettamplify incoming low power signals without auyl
much noise. Therefore, to filter out the unwantephal, a Band Pass filter (BPF) is placed before tmise
amplifier (LNA)’s placement. There are two methddsmprove the performance of RF front-end, inahgd
system-level packaging of RF systems and co-ddsigRF front-end. The co design can essentiallyngleathe
structure of the circuit, combine the function dfetcircuits and simplify the connection between the
components. By co-design, the noise figure was awgual significantly. Harmonic suppression is impmbve
effectively.

Band Pass Filter:

In RF transmitter and receiver, filters are key poments which is used to selectivity pass or rej@ptals
based on frequency. A Band-Pass Filter (BPF) wigchsed to reject unwanted frequency bands and gass
narrow pass-band. In this work design band pates fit 2.45GHz frequency and filter ripple facthr) (is 0.1
dB. Insertion loss method used to design band filtessFirst step of filter design is determinetéit order. In
this method determine filter order form given belfmrmula

Filter order determination:

IL=1+aZ0™ ;0 =%/, (@H)
Ripple magnitude:
T, = 10log(aZ, + 1) @)

Using ripple magnitude determineg\alue
Stop-band attenuation at
f'. = 10log[1 + af, cos h*(ncosh ™ w',) 3)
Filter order is 4 and characteristic impedancéheffiiter is 50 ohm
Second step of the filter design is determinerfdiement
Series arm g

Ly = % (4)

k= nzied) (5)
Shunt arm

b= oo ©

Filter element values from above formulas
L,=521.91pH, &=8.11pF, L=48.98nH, G=86.47fF 15=216.183pH G=19.59pF, |,=20.28nH,

L c Term2
L ca m=2
. (=20289930 R C-qo8.qsid P2
5ol csRete12om L
C=19.593608 pF

=

sP1
Start=10 GHz
Stop=5 GHz

Step=500 kHz

Fig. 1: Band Pass filter using lumped component

Serices resonator have low impedance for desisgfiéncy bandwidth which is 2.4 to 2.5 GHz and phrll
resonator will give high impedance to desired badtwto stop signal from the ground
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Fig. 2: Simulation result of Input reflection and forwdrdnsmission coefficient
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X-axis, frequency and along to Y-axis input reflentcoefficient and forward transmission are pldtte
respectively. The value of;8s -117.415 dB and.,3is -3.1dB at the central frequency which is 2.48zG
Band-Pass filter is showing very appropriate resigt S:& S,; individually but when this BPF is attached with
the LNA circuit using matching network then it isaded to further optimization to get better resigtsvhole
BPF-LNA.

Band pass filter design using distributed component

Here, first determine distributed component valeall lumped component in the above lumped desfgn
filter.

The theoretical value of distributed component walied and defined as,

The effective dielectric constant of a micro stie is given approximately by

_€Er+1 er-1 1
€ 2 2 Vit+12d/w (®)
Thecharacteristic impedance can be calculatedas
60 8d w w
Zy = n(5r+17) fore<1 (9)
1207 for’ > 1 (10)

\/E[W/d+1.393+0.6671n(w/d+1.444)]Iord
For a given characteristic impedardfeand dielectric constant, th&d ratio can be

Found as
A

2= o >1 (11)
2 er—1 0.61 w
2 [B —; —In(2B - 1)+ {ln(ZB ~1)+0.39 — ?}]for; >1 (12)

Where,

A= i‘/ﬁ+ er—1 (0'23 +E) B = 3771

60 2 er+1 er 2Z0Ver

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

Fig. 3: Schematic of Band Pass Filter using distributeatmonent
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Fig. 4: Result of band pass filter distributed design

If we use Roger’s substrate (Rogers 4350B) witl3.48, and H= 0.254mils to build the filter. . Thalue
is obtained asis -28.415 dB and3is -0.031dB at the central frequency which is Z34% as given figure 4

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

characterization, Biasing condition, Stability aysé$, Design of input and output matching, Perfaroea
Optimization and impedance matching. The firststafjLNA 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 Teclogiés’ ATF58143 is chosen for designing BPF-LNA.
Agilent Technologies’s ATF-58143 is a high dynamamge, low noise E-PHEMT housed in a 4-lead SC-70
(SOT-343) surface mount plastic package. The coatioin of high gain, high linearity and low noisekea the
ATF-58143 ideal as low noise amplifier for celll®CS/WCDMA base stations, wireless local loop, atiger
applications that require low noise and high liitggrerformance in the 450 MHz to 6 GHz frequenayge

B. Stability Analysis:

S2P file is used to check the stability of the $iator. First the S2P file is run alone and itaarfd that in
the whole bandwidth (BW) i.e. from 2.4 GHz to 2.51% the transistor is unstable, because the vafue o
stability factor is: K< 1. Stability of an amplifieefers to its resistance to oscillations. Ostidla occur when
any one of the present a negative resistance vauctrs whene|>1 or four|>1.

Term
Term2
Num=2
Z=50 Ohm

S
SNP1
File="F:\project\f5811433c.s2p"

Fig. 5: Schematic for stability analysis

In order to make it stabled a shunt resistor (Rf) i
connected to the drain as shown in the figure 5.3tability analysis is performed and stability fact
K=1.634

freq ni2) Source_stabeir
5000 MHz 0.185 | 1eq=500.0 MHz
6000 MHz 0201 | 1642/59.055 m1
7000 NHz 0217 | 1711/60624 freg:2_5OOGHZ
8000 MHz 0235 | 1775/62.341 =
000 MHz 0253 | 1834/64179 nf(2)=0652 mt
000 GHz 0275 | 1888/66.11 °
1.100 GHz 0300 | 1936/68.141
200 GHz 0325 | 1978/70232 0|
300 GHz 0351 | 2013/72.379
1400 GHz 0378 | 2042/74569 06]
500 GHz 0404 | 20065/76.793
600 GHz 0434 | 2080/79.040
1700 GHz 0465 | 2089/81.303 | _ 0.5
1.800 GHz 0495 | 2091/83572 | &
900 GHz 0526 | 2086/85838 | = oa|
2,000 GHz 0552 | 2.074/88.095
100 GHz 0571 | 2.055/90.332
200 GHz 0590 | 2029/92.541 037
2300 GHz 0609 | 1997/94712
2,400 GHz 0629 | 1959/96.834 02—
500 GHz 0652 914 /98,89
2,600 GHz 0675 | 1863/100.880 o
700 GHz 0699 | 1807/102.774 L L L L L L L L L B8 B
2'800 GH 0725 | 1745104557 04 05 08 10 12 14 16 18 20 22 24 26 28 30
2.900 GHz 0751 | 1679/106.207 freq. Gz
3000 GHz 0779 | 1608/107.697 .G
1533/108.992
1455/11005
1374/110829
1292/111257

Fig. 6: Stability Analysis for ATF 58143

m1
indep(m1)= 19
Source_stabcir=2.470 / 157.749
freq=2.400000GHz

= 70 * (-0.437 + j0.160)

Source_stabeir

indep(Source_stabcir) (0.000 to 51.000)

Fig. 7: Stability Circle for ATF 58143
The necessary and sufficient condition for uncoodél stability are:

K>1, A<l
1'|5_Ll|§>|312 Sl (13)
1-1Sa™>[S12 Sl (14)
Where,
K = 121817155 +1AP
2|S12S21|

A= 5115833 — 812521
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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 Riivaalevice with the 50 ohm source impedances. The
large signal input impedance of the power transistmsists of two parts, resistancgaRd reactance X
Zin=Rin*+Xin (14)

Input matching network improves the net input powetlivered to the RF device. The output matching
network for the LNA is designed to transform thgedance of 50 ohm to the load impedanc®iZto the load
reflection coefficient. The amplifier circuit wagrailated after adding the input and output matchiirguit
using ADS.

Term
Term2
L Num=2
< - ":l: 7250 Ohm
File="F:\prject\(581433¢.s2p"
v VAR =
s-PARAMETERS | Bl yars
dld 20=50 S
sp2 MeasEqn Options1
Start=0.5 GHz measl Temp=16.85
Stop=3 GHz Tnom=25
Step=0.1 GHz
CalcNoise=yes
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1500 Gz 0425
1850 Giiz 0438 mi
1,600 GHz 0451 freq=2.450GHz|
1630 Gitz 0ag3 ni(3)0.568
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Fig. 9: Simulation result of LNA matching network
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The input and out matching network combined wittumek of LNA is designed using ADS and impedance
matching was performed to obtain the GaipX8f 14.532 dB, Input reflection coefficient(pof -8.513 dB
and Noise Figure (NF) of 0.568.

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

o ;“Z -2.450GH:
o022 450GHz
GBSt Dy b G55y 064
uretbcioncosticentvs ey foward vanmisionve Fequey

LT T TT
/

¢

m3
freq=2.450GHz
nf(2)=0.624

Fig. 10: Simulation Result of LNA

The impedances matching and biasing network addedpaocessed LNA has a noise figure of 0.624,
optimum gain (S21) of 14.96 dB with input retursdqS11) of -9.445 dB

Co-Design Of Bpf With Lna:

In this section, BPF-LNA is designed using lumpedponents. Order 4 lumped-filter with maximallytfla
response was connected with LNA through matchintyvork. The BPF-LNA co-design presents a great
challenges because of its simultaneous requireofemigh gain, low noise figure, good matching atabdity
at the lowest current draw from amplifier. The desiequires 3.3 V supply voltage. The co-designudirof
NPF-LNA given by figure 11.

Fig. 12: Design BPF-LNA using lumped component
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Fig. 13: Simulation result of noise figure
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ml
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Fig. 14: Simulation result of return loss (S11)
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Fig. 15: Simulation result of gain (S21)

The proposed BPF-LNA has a minimum noise figure)(N#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 Mwise Amplifier for ISM band application is
presented in this paper. LNA stand-alone and BPR-kith lumped and distributed components are design
usingATF-58143, and their performances are compaBgtimization was performed according to get the
desired responses in the design. In BPF-LNA lungesign the optimum value of input reflection coméfint
and gain are -28.213 dB and 14.8 dB respective®E-BNA distributed design has a input reflectioefficient
and gain of — 5.923 dB and 14.2dB.Furthermore, uphout the whole design, transistor was stable. The
optimization work gives a closer and wide view btlae relevant result.
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