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Abstract - This paper is to design bandpass filter suitable with center at 2.5 GHz. This application is in the S band range at
2.5 GHz center frequency currently being used for Indian Regional Navigation Satellite System (IRNSS) receiver. The filter
covers the centre frequency 2.5 GHz and the bandwidth is 80 MHz. This project was initiated with theoretical understanding
of various types of filter and their applications. And suitable type was selected. It functions to pass through the desired
frequencies within the range and block unwanted frequencies. In addition, filters are also needed to remove out harmonics
that are present in the communication system. It was design and simulated using ADS (Advanced Design System) software
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1. INRODUCTION

Filter design depended on application requirnment. Application play very important role for filter design like which type
of bandwidth require, ripple in passband, attenuation in stopband and center frequency. In this paper Filter is design for IRNSS
application at 2.5GHz center frequency with 80MHz bandwidth with 0.1dB ripple level. Chebychev filter design type is used
because it provide shaper cutoff in passbad.

Il. CALCULATE FRACTION BANDWIDTH, NORMALIZED FREQUENCY AND NUMBER OF ORDER OF FILTER
The centre operating frequency for the filter is 2.5 GHz with a bandwidth of 3.2%.The maximum ripple allowed in the

pass band is 0.1 dB, and -20dB attenuation at 2.6GHz.According to the filter design specifications, Chebyshev response with a

passhand ripple of 0.1 dB can satisfy these requirements

Here, We have, f; = 2.46 GHz, f, = 2.54 GHz, so

Wy — Wq
A=
Wo )
A= 0.032
Normalized frequency given by following method
w 1 (w wc) (2)
W, A w, W
w
— = 2.451923
wC

Next step for designing any Chebychev filter is to determine the order of the filter. The filter order is number of inductive
and capacitive elements that should be included in the filter design. This can be done by following formulation

Lr 4
N UL
K—-1 3)
n=
-1 (=
cosh (wo)
=3

Lar
Where Lt is the minimum attenuation at frequency W+, and  K=10710 with L, being the maximum ripple in 0.1 dB
allowed in the pass band which is 0.1 dB ¥, Normalized frequency given by equation (2). The order of the filter is a measure of the
minimum number of elements to be included in the filter to realize the required amount of ripple in the pass band and attenuation
at a frequency outside of the pass band.
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I1l. CALCULATE LOW-PASS FILTER PROTOTYPES AND LUMPED ELEMENTS VALUES OF THE BANDPASS
FILTER
The following equations are used to calculate the Element values for equal-ripple low-pass filter prototypes (0.1 dB

- (QRk—-Dr
ap = Ssin <W> (4)

kr
by =y -+ sin? ()
k =Y tSsin "

ripple)

(5)
Lar
f=n [COth <17.37)] (6)
. B
y=sinh (5 (7)
go=1
(8)
2% aqq
91 = " 9)
_ Axap g ray
i = b1 * gr-1 (10)
gn+1 =1
(11)

In above equetions k=1,2,34......
Now we can get following table for 0.1 dB ripple level with the help of equation (4) to (11) for various
TABLE I. ELEMENT VALUES FOR EQUAL-RIPPLE LOW-PASS FILTER PROTOTYPES FOR 0.1DB RIPPLE
91 92 93 94 s e
0.3052 1.0
0.8431 | 0.6220 | 1.3554
1.0315 | 1.1474 | 1.0315 1.0
1.1088 | 1.3062 | 1.7704 | 0.8181 | 1.3554
5 1.1468 | 1.3712 | 1.9750 | 1.3712 | 1.1468 1.0
From above Table I, for n = 3 order, the element values obtained are

AWIN|F|S

g1 = 1.0315 = I;
g, = 1.1474 = C}
gz = 1.0315 = L

Lumped Values of the Bandpass Filter calculate as following method. Now we can calculate L and C component value as
following parameter. The Lumped values of the Band pass filter after frequency and impedance scaling are given by

For Series L&C

Zo * Lx 12)
Lg = —X
Wg *A

- - (13)
Zy* Ly * wg

For Shunt L&C
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L= AN (14)
K — W, * C!

o G (15)

K_Zo*wo *A

WhereZ, = 50Q,A =0.032 and f; = 2.5 GHz

IV.ADS SIMULATION OF LC COMPONENTS AND RESULT
Now put all values if Series and Shunt elements value in Following Bandpass filter design in ADS (Advanced Design
System)

S PARAMETERS

SPI
Start=23 GHz
- Stop=27GHz -
Step=1.0 MHz
A . . \'I' . . P . - }I

J'

a6
+3 T

: Emz 61851 nH c 0 030543 pF L =102 61851 1H c 00395343 pF Tom2

= T o Num=2-

Num=1
750 Ohm | | |#=s00mm
- L 0 0887945 nH CA‘? 689268 pF

Figure 1. ADS dlagram of lumped elements
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Figure 2. S-parameter simulation schematic of filter
Practically, it is not possible to design this bandpass filter at high frequency in such LC components, for that we can used
Microstrip line as a transmission line

V.PARALLEL COUPLED MICROSTRIP FILTER

A general structure of parallel-coupled microstrip band-pass filters shown in Figure 6 that use half-wavelength line
resonators. The coupling gaps correspond to the admittance inverters in the low-pass prototype circuit Even and Odd mode
characteristic impedances of parallel-coupled half-wave resonators are computed using admittance inverters. These even and odd
mode impedances are then used to compute physical dimension of the filter. In this way, the required parallel coupled microstrip
filter parameters can be easily derived for Chebyshev prototypes.
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Figure 3. Common structure of microstrip parallel coupled line bandpass filter

The strips are arranged parallel close to each other, so that they are coupled with certain coupling factors. We use the
following equations for designing the parallel-coupled filter

Joo _ |7 FBW. (16)
Yo 2% go* g1

]j‘j+1_7T*FBW 1

Yo 2 G * Gita (17)

]n,n+1 - T * FBW (18)
YO 2 % In * In+1

Where g, g1 ... g, are the element of a ladder-type low-pass prototype with a normalized cut-off Q. = 1, and FBW is the
fractional bandwidth of band-pass filter. J; ;,, are the characteristic admittances of J-inverters and Y, is the characteristic admittance
of the terminating lines. The equation above will be used in end-coupled line filter because the both types of filter can have the
same low-pass network representation. However, the implementation will be different. To realize the J-inverters obtained above,

the even- and odd-mode characteristic impedances of the coupled microstrip line resonators are determined by
Forj=0ton

For j=1to n-1:

1 Jij+1 | 1

7). o= —[1 +22 4 (L2

(Zoe)j j+1 Yo[ + Y, + (/ Y, )°] (19)
1 Jij+1 | Jpj+a

7o), = —[1 =202 4 (252

(Zoo) jj+1 Yo[ Y, + (I Y, )°] (20)

TABLE Il. CALCULATED VALUES OF EVEN AND ODD RESISTANCES

Stage(i,i+1) Zef) ZpoQ
14 63.4729 41.3994
2,3 52.4178 47.7975

The next step of the filter design is to find the dimensions of coupled microstrip lines that exhibit the desired even mode

and odd-mode impedances. Firstly, we determine the equivalent single microstrip shape ratios % essentially responsible to relate
the coupled line ratios to single line ratios.
For a single microstrip line,
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7 (ZUO)j,j +1
0so 2 (21)
_ (Zoedjj+
Zose = (22)

2

For a single microstrip line, The approximate expressions for W/h (Figure 1) in terms of Z. and &,., derived by Wheeler

and Hammerstad, are available

ForZ<2
H
W 8xexp(4)
H exp(2+A)-2 (23)
Where
=é & +1 sr—1{0.23 0.11} (24)
60, 2 -+ 1 ;
For 2 >2
H
w 2{(B 1) —In(2 *B 1)+£r_1 In(B — 1) + 0.39 0'61]}
] — — * — — . .
H n 2xg, 1 € (25)
Where
e 6072 (26)
Ze\e,

eosn B+ (B Gr).,) -2 @
(,) o (@E,) |

TABLE I1l. CALCULATED DIMENSIONS OF TRANSMISSION LINE SECTIONS

Line
Description W(mm) L(mm) Stmm)
50 ohm-line 2.2910 16.4079 -
Coupled line 20253 16.5025 0.6110
land 4
Coupled line 22738 16.4422 3.1505
2and 3
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VI. DESIGN SPECIFICATION

The filter was modelled in ADS as shown in Figure 4. Using LineCalc tool in ADS, the dimension of the microstrip line viz.
length (L), width (W) and gap(S) To match with the 50 ohm circuit, MLIN (Microstrip Line) components are added to both sides
of the filter whose characteristic impedance is 50 ohm The Parameters of the substrate set in MSub controller are:

1) H: substrate thickness (1.2 mm)

2) Er: substrate relative dielectric constant (4.4)

3) Cond: metal conductivity (5.8e7)

4) Hu: upper ground substrate spacing (1.0E+33mm)
5) T: the thickness of metal layer (0.0127 mm)

6) TanD: dielectric loss tangent (0.01)

. |m| S-PARAMETERS Il MSub | | MSub | | MSub |

Subs="MSub3" . =
| Wew2mm :

Figure 5 Layout of parallel-coupled microstrip bandpass filter

Simulation result in momentum shown in following figure
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Figure 6. Momentum simulation results

VII. Fabrication Results Analysis
Fabrication is done by Etching technique with FR4 substrate material, and its model is following

Figure 7. Fabricate bandpass filter model
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Figure 8. Hardware result of S(1,1)
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Figure 9. Hardware result of S(2,1)
In Figure 9, while measurement of S(2,1) using VNA also consider both cables loss which is -14.606dB cable loss.so we
can compare schematic and practical results as following Table IV
TABLE IV. COMPARISON OF SCHEMATIC AND PRACTICAL RESULTS

Indéx Return Loss Insertion loss
S(1,1)dB S(2,1)dB
Schematic Result -20.64 -4.780
Practical Result -20.63 -3.144

VIII. CONCLUSION

Designing a Parallel-Coupled Bandpass filter for IRNSS Application, has been presented. For the selected center frequency
of 2.5 GHz and on a substrate, we select FR4 with dielectric constant 4.4, because it is easily available in market, less cost and get
very good result. We get result as insertion loss around -4.87dB and return loss is  -20.64dB in passband with 80 MHz bandwidth
in schematic, and insertion loss is around -3.144dB and return loss is -20.63dB in hardware and which is desirable.
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