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1. INTRODUCTION

Microstrip wideband bandpass filter is an important RF end component in wireless communication
systems. Federal Communications Commission (FCC) in 2002 allowed unlicensed bandwidth in which the
devices can operate at free of cost, but the downside is this opportunity that it has higher signal-to-noise ratio
and highly vunerable to interference [1]. In modern era multi-band, multi-mode, ultra-wide-band (UWB) and
compact wireless microwave communication handheld devices are in great demand due to low cost, small size
and improved performance. Unlicensed UWB spectrum (3.1 GHz to 10.6 GHz) has been gradually over
crowded because of low powered data transfer speed is higher and multiple devices are integrating into single
compact device therefore it is highly challenging task for the design researchers to design miniaturized, low
losses, multi-band, interference tolerance integrated devices. Filtering devices and trans-receivers antenna
should be reasonably compact sized for the integrated devices. Numerous design techniques, methods and
design topologies have been implemented from a long time to overcome this issue. In [2], authors used three
techniques to reduce the dimension of filter. First, decrease the number of resonators. In this design, two U
shape resonators are used. Second, used via ground holes technique. And third, use substrate that has higher
dielectrict constant. One of the popular design topologies, square ring resonator is used in [3] to design compact
ultra-wideband bandpass filter in which two sets of open stubs bent at 900 are running parallelly outside the
square ring resonator and one end of open stubs connected to the opposite diagonal corner of the resonator.
Metamaterial-based resonators (MBRs) integrated with the defected ground structure (DGS) can effectively
improves the coupling excitations to realize wideband bandpass filter. Incorporating a DGS structure in the
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main design reduces the size of the filter and makes it easy to fabricate under the fabrication limit [4]. Three
U-shaped multi-mode resonators are tightly coupled in a series to implement ultra-wideband bandpass filter.
Circular ring is shunted by high impedance open stub at the base of U-shaped resonator. Resonant modes of
this resonator are allocated by adjusting the radius of the ring, length of the side of the resonator and coupling
gap between the resonators [5]. In [6], UWB bandpass filter is designed with three resonant modes in multi-
mode-resonator based on half-mode substrate integrated structure and four resonant modes are achieved from
a pair of electromagnetic band-gap (EBG) incorporated in a pair of parallel coupled lines. This type of structure
is compact in size and produced ultra-large stopband. This structure represents a higher order of selectivity of
the passband, this property of the filter increases the tolerance of the design which is highly requires if the
design size is too small. In [7] 3A/4 wavelength resonator is presented as an ultra-wideband bandpass filter.
One stepped-impedance shorted-stub is perpendicularly attached to one of the square shaped resonator line.

Multimode resonators are widely used in order to miniaturize the filter. The tripe-mode stub-loaded
resonator is constructed by a high impedance line with length of 2I11 and width of w loaded with one folded
stepped-impedance open-circuited stub denoted by lengths (I3, 214 ) and widths (2w, w) and one short-circuited
stub with length 12 and width 2w at the central plane [8]. Compact ultra-wideband bandpass filter is composed
of multi-mode resonator (MMR). In this filter three circular shaped patches connected to high impedance open
stub are serving as three resonators. Out of three circular patches, two are connected to small square patch
through a high impedance stub. This arrangement of circular patches are shunted across the high impedance
line. This high impedance line is inserted into two parallel lines which are closely coupled, forming inter-digital
lines at input and output port [9]. Stepped impedance resonators (SIR) are one way to dramatically reduce size
and miniaturization of microstrip dual band bandpass filters for WLAN applications. T-shaped SIR is used for
simplifying the analysis of the circuits [10]. Ultra-wideband from 4.0 GHz to 11.0 GHz, fractional bandwidth
(FBW) 93.3 % and five transmission poles (TP) in the passband are occurred in miniaturized bandpass filter.
Bandpass filter consists two sets of four parallel coupled lines at input and output port. In the middle of these
sets of parallel lines two T-shaped stepped impedance lines are placed vertically. Rectangular DGS is placed
in the middle of the filter with two other DGSs on either side of it. By introducing the DGSs the filter size is
reduced. Arrow coupled lines and U-slot defected ground structures (U-DGS) is proposed and succeeded to
reduce the size [11-13]. T-shaped resonator filter is proposed for ultra-wideband bandpass filter. The bandpass
filter is composed of four short-circuited stubs of length A/4, where A is the guided wavelength. Filter is
miniaturized by implementing the folded stubs instead of keeping it straight, which improves wide passband
from 2.4 GHz to 10.9 GHz. In this filter T-shaped resonator introduce the notch frequency in the passband
[14]. Some researchers emphasis on wide stopband instead of wide passhand. A compact and miniaturized
microstrip band-stop filter was built by using Rectangular SRR unit cell [15]. By introducing of A/4 stepped
impedance resonators, interdigital capacitors and suspended micro-strips, compact bandpass filter in C-band is
proposed. \/4 stepped impedance resonator has a unique feature of miniaturization of the filter by controlling
the high and low impedance ratios and electrical length of the resonator. Generally, the resonant condition
depends upon the electrical length and harmonic frequencies. Demerit of using A/4 stepped impedance
resonator is small Q value, so to compensate this problem, suspended micro-strip lines are incorporated in the
resonator [16]. Multi-mode resonator in-general is selected in order to design ultra-wide passband compact
bandpass filter. Modified multi-mode resonator is proposed to design compact UWB bandpass filter. In an
unmodified resonator straight, inter-digital stubs are located at the input and output ports. Size of the filter is
22.5 mm x 6.5 mm before modification. Designer bent the parallel coupled lines of inter-digital system in the
form of meander pattern. Eventually impedance matching is disturbed because mutual coupling is altered. So,
in order to compensate this change, a square patch is attached in middle line of inter-digital system. It is worth
mentioning that open-circuited and short-circuited stubs at input and output ports are also responsible for
improving the impedance matching in the passband and selectivity of BPF to some extent. After the
modification size of filter is reduced to 14.0 mm x 5.9 mm so almost successfully 40% size reduction is
achieved [17].

2. RESEARCH METHOD
2.1. Analysis of rectangular Ring Resonator

Ring resonator of any shape has been used in the past to design wideband bandpass filters. Among all
the shapes, square or rectangular ring resonator has few advantages over the other shapes such as small size,
low loss and fabrication feasibility. A complex coupling technique to couple input-output lines is used in [18],
in this paper complex transmission theory is used to evaluate the resonator parameters and coupling
coefficients. In Fig. 1 rectangular shaped ring resonator with two right angled open stubs connected at opposite
diagonal vertex of the resonator is shown. This right-angled stub is positioned in such a way that it is running
parallel outside the two adjacent sides of the rectangular resonator. Input and output stubs are placed parallel
to the longer side of rectangular resonator. Electrical length of four stubs is represented by 01, 82, 63, 64 and
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corresponding physical lengths L1, Lo, Ls, La. Z1 and Z, are the impedances of right-angled stub and ring
resonator respectively. In Fig. 2 the circuit is similar to Fig. 1 but the difference is that in Fig. 2 two stubs are
open stubs connected perpendicularly to the each of the shorter side of rectangular resonator and s is its
electrical length and Zs stub impedance. Small square patch of side length p is placed inside at two diagonally
opposite corners of the resonator. In Figs.3 and 4, the even and odd mode circuits of basic rectangular ring
resonator are shown, respectively.
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Figure 1. Basic rectangular ring resonator bandpass filter [2].
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Figure 2. Basic rectangular ring resonator bandpass filter open stubs and square patch [2]
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Figure 3. (a) Even mode circuit model of basic rectangular ring resonator bandpass filter. (b) Odd mode circuit
model of basic rectangular ring resonator bandpass filter. (¢) Hybrid mode (even + odd) circuit model of total
equivalent electrical length of basic rectangular ring resonator incorporated with J-admittance inverter. The
condition of resonance of the resonator when it is excited in even mode and odd mode. The inverse of input
even and odd impedances (Zine, Zino) Should be zero at resonant frequencies.
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The resonant conditions are given below:
2R, + tan(6; + 6,) .cot[(65 + 6,)/2] = 0 even mode 1)

Where Rz is the impedance ratio, Zin/Zire. Solving equation (1) and (2) even and odd mode resonant
frequencies can be obtained as given below
c

foaar = 2(2L1+ 2L+ La+ Ly) [Eery o
c

feven1 = (2L1+ 2Ly + L3+ La) [Eefy .
3c

foaaz = S o 1ot La)\fEesf )

Where ¢ = 3 x 108 m/s, &t = effective dielectric constant of the substrate medium, L; & L, = physical
lengths of low impedance stub, L3 & L4 = physical lengths of high impedance stub. For simplicity it is assumed
fodd1= f1, feven1= T2, fodao = f3. From the equations (3), (4) and (5) it is clear that f, =2 f; and f3 = 3 f1. Low
impedance stub is denoted by Z;, high impedance stub is denoted by Z, and their ratio is denoted by Rz = Z1/
Z;.

2.2. Bandwidth and Stopband of Resonator Filter

The strong slow-wave effect introduced by the proposed cell, which leads to an ultrawide upper-
stopband bandpass filtering response [19]. In Fig. 4 two odd mode and one even mode resonant frequency are
plotted against the electrical length ratio of low impedance to high impedance stub of the resonator. The value
of Rz is fixed 0.5 for the plot. The gap in the frequency f; and f, is a bandwidth and frequency fz is harmonic
frequency. As electrical length ratio, k = (01 + 02)/ (03 + 04) increases, gap between f, and f; increases that is
bandwidth (f, - f1) increases. Stopband (fs — f2) also increases as k increases. At k =1 all three frequencies
are merged at single value, therefore bandwidth is disappeared.
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Figure 4. Even and odd mode resonant frequency versus stub length ratio(k).

It is well known that impedance ratio of parallel coupled lines and bandwidth are inversely
proportional, apparently bigger impedance ratio (Rz) corresponds to smaller bandwidth. Electrical length ratio
(k) is directly proportional to the bandwidth. Small increment in the electrical length ratio generates wide
bandwidth at constant impedance ratio. Also, larger electrical length ratio enhances the stopband size. The
centre frequency of the passband of the bandpass filter can be given by the equation

fe = vV (f1 -fz) (6)

Where, f; and f; are the lower and upper frequency of the passband respectively. It is universly known
that, the ratio of the upper and lower frequency (f»/f1) remains unchanged with respect to the variation in
electrical length ratio (k) as long as the impedance ratio (Rz) is fixed. FBW is invariant however electrical
length ratio changes. This information provides the degree of freedom for the selection of the k values
eventually precise value of electrical lengths and centre frequency (fc) can be found.

2.3. Input-Output coupling

Resonator filter is coupled between two feeder lines, high impedance stubs, one is input stub and
another output stub. It is important to discuss the external quality factor (Qext) which is given by equation (6)
[20].

Qext = 53 (7)
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Where J = J/Yinand J = J/You, J = admittance invertor factor, Yi, and You are the input and output
admittance respectively and Yin = You. The value of J depends on the factors, Oinjout, Zinjouts Z1, S2, W1 S0 by
adjusting these parameters external quality factor is extracted [21].

Fig. 5 depicts the comparison of the impact of two different external quality factors applied on the
basic bandpass filter given in Fig. 1. Optimized values are determined to meet the external quality factor for
the circuit given in Fig. 1. Two different sets of optimized values are, L1 = 10.4 mm, W1 =0.2 mm, S; = 0.2
mm, S; = 0.4 mm selected, where in these two sets all values are same except S,. Other parameters of this
circuit are chosen, electrical length ratio from Fig. 5, k = 1.2, dielectric constant = 3.38, substrate height =
0.508 mm, centre frequency (fc) = 3.2 GHz. Low to high Impedance ratio (R;) is 0.5 is selected. The lower
value of S, corresponds to the tight coupling and vice-versa.

In case of strong coupling insertion loss is reduced and return loss is also improved. Two transmission
poles are occurred within the passhand moreover, position of transmission poles in both type of coupling is
same.
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Figure 5. S-Parameter (S11, S21) vs frequency of basic bandpass filter with tight and week input-output
coupling. strong coupling gap Sz = 0.2 mm and week coupling gap Sz = 0.4 mm. Circuit dimension L; = 10.4
mm, L, =5.4 mm, L3 =9.2mm, Ls =4.6 mm, W1 = 0.4 mm, W, =0.2 mm, S; = 0.4 mm.
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Figure 6. S-parameter response (S11, S21) against the different dimensions of square box, p=0.5, 1.0, 1.5,
2.0,2.5mm, S =0.2 mm.

In Fig. 6 frequency response is shown with respect to the variation in length of the side (p) of square
patch placed diagonally at two corners of the basic rectangular ring resonator shown in Fig. 2. Inserting the
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square box of dimension p in resonator doesn’t alter the bandwidth of the resonator but enhances the coupling
strength. Two transmission poles (TP) are generated in the passband. No change is observed in the position of
all first transmission pole (TP), near to the lower band frequency, with respect to different dimensions of the
square patch. The position of all second transmission pole, near to the upper band frequency, is shifted. Five
different dimensions of the square patch, from 0.5 mm to 2.5 mm are selected for the comparison. As the size
of the square patch increases the position of all second TPs are shifted towards the first TP. Therefore, the
separation between the first TP and second TP is reduced as the patch size increases. Simultaneously return
loss is mitigated. Beyond the threshold size of the patch, these two close transmission poles would be merged
and resulted in only single transmission poles. Five different S11 results are obtained with respect to different
square patch. It is clear from the graph given in Fig.7 return loss, -27 dB, is minimum at p = 2.5 mm.

Return loss is improved by at least 15 dB by inserting the square patch. By selecting the optimum data
of patch area, good frequency can be achieved.

2.4. Resonant Conditions of poles and zeroes

In both Figs. 5 and 6, two different strategies, i.e. one strong coupling and other inserting square patch
in the diagonal corners of resonator are implemented to reduce the return loss and succeeded but the numbers
of transmission poles could not be increased, as it is limited to two only. Another problem is third frequency
(f3) is appearing close to second frequency (f2) hence stopband is squeezed. These two problems can be rectified
when a pair of loaded open ended perturbation stubs (ds) are attached perpendicularly to the opposite sides of
the resonator and its equivalent even mode and odd mode circuit diagrams are presented in Fig.7 (a) and (b),
respectively.

(0; +6,) (65 + 6,4 )/2 (04 +6,) (85 +6,4)/2

(b)

Figure 7. (a) Even mode circuit model of basic rectangular ring resonator bandpass filter with open
perturbation stubs. (b) Odd mode circuit model of basic rectangular ring resonator bandpass filter with open
perturbation stubs.

Even mode resonant condition for transmission pole is gieven by equation (8)

R;Rg.tanfB; + R, tanBs — R;Rg.tan B, + R,Rs .tan (@) + Rg.tan(6, + 6,) +

tan 6, . (Rs.tan 0z + tan6y). [tan(@1 + 0,) + R, .tan (@) ] =0 (8)
Odd mode resonant condition for transmission pole is given by equation (9)

[RZ — tan (@) .(tan 6, + tan9,) ] .[Rs.(tanB, + tan6,) —tan Oy tanbstanf, ] = 0 9)

In the above equations 04 and Os are the tapping distance and electrical length of perturbation stub respectively.
Resonant condition for transmission zero in the stopband is given equation (10)
cotfs =0 (10)

Equation (10) shows the resonant condition of transmission zero when perturbation stub is
incorporated in rectangular resonator. Electrical length (0s) of perturbation stub is quarter wavelength long.
Even and odd mode conditions for the passband of the resonator (Fig. 2) when perturbation stubs are attached
given by equation (8) and (9). These equations are similar to equation (1) and (2), only difference is that in
equations (8) and (9) the tapping distance (04) and length (64) of perturbation stub is included.
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In Fig. 8 Rz = Z1/ Z> = 0.5, Rs = ratio of impedance of perturbation stub-1 to stub-2, Rs = Zs1/ Zs; =
1. Two transmission poles in the passband are identical for two different perturbation stub lengths, d; = 0 mm
and dsz = 6.0 mm. Transmission zero on right side of passband (fzs) of d3 = 6.0 mm is positioned in the vicinity
of the passband. Skirt characteristics is improved in case of dz but no increment in the transmission poles.
Transmission zero (fz) of d. = 4.5 mm is located away right side from the passband, obviously its skirt is not
good but one more transmission pole is added. No significant variation is observed in the lower frequency (f1)
but marginal change noticed in upper frequency (f) for different stub lengths. Three transmission poles
occurred for dz and two transmission poles for di. Third transmission pole in d1 is merged into the passband.
Third resonant frequency (fs) is shifted away from the passband when perturbation stub length (ds) is increased
from 0 to 6.0 mm.
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Figure 8. S-parameter response of ring resonator vs different perturbation stubs lengths (ds) attached
perpendicularly to the opposite sides of the ring resonator. Dimension of square patch, p = 0 mm. Circuit
dimension L; = 10.4 mm, L, =5.4 mm, L3 =9.2 mm, Ls = 4.6 mm, W; =0.4 mm, W, =0.2 mm, S; =0.4

mm, S; = 0.2 mm.

3. Miniaturized Bandpass Filter Design Rules

Designed values of bandpass filter are centre frequency (fc) = 3.2 GHz, bandwidth = 2.0 GHz, FBW
= 62.0 %, dielectric constant 3.38, height of substrate 0.508 mm, copper cladding thickness 0.035 mm. To
determine the desired value of FBW, first value of Rz has to be fixed. Rz value depends upon the width of the
resonator side and width of the input-output feeder stubs which is fixed at Rz = 0.5. Rectangular resonator is
coupled between two parallel feeder stubs. In order to retrieve the desired dimensions of the rectangular
resonator, value of k = 1.22 is chosen from Fig. 5, regarding this k value Af = f, — f; = 2.0 GHz. For k =1.22,
the optimized and simulated values of electrical lengths are given as 0; = 68.9% 6, = 45.3°, 03 = 60.7°, 04 =
30.3°, Bin = 0Bout =01, Ba =5.9°, 0s = 27.2° and their corresponding physical lengths are Ly = 11.4 mm, L, = 6.5
mm, L3 =10.2 mm, Ly =4.86 mm, Rz=0.5,Rs =1, S1 =0.4 mm, S; = 0.2 mm, Zin = Zout = Z1, W1 = 0.4 mm,
W;=0.2mm,, La = 1.0 mm, ds = 4.5 mm.

Fig. 9 shows the S-parameter response of basic wideband bandpass resonator filter. It has insertion
loss of 1.0 dB, return loss -8.0 dB, centre frequency 3.2 GHz. Symmetrically placed two transmission poles
are observed in the passband, first, occurred near to the lower bandpass frequency and second, near to the upper
bandpass frequency. It has wide stop-band from 3.8 GHz to 6.4 with two transmission zeros (TZ) at - 46 dB,
4.8 GHz and -39 dB, 6.0 GHz. Total area of the filter is 13.0 mm x 7.0 mm = 91.0 mm?.

Similar to Fig. 9 but improved S-parameter response is replicated by a similar modified filter design
with reduced size. Size reduction and optimization of the design parameters has been done by a series of
calculation and electromagnetic simulation on HFSS. In Fig. 10 proposed miniaturized wideband bandpass
filter is shown. In proposed miniaturized designed, two shorter opposite sides of the rectangular resonator are
bent internally in U-shape and other two longer opposite sides are also reduced in length to some extent, but
the feeder input-output stubs are increased in length and folded at the corners of rectangular resonators and end
of the feeder line is inserted in U-shaped structure and placed exactly in the middle. In miniaturized filter T-
shaped structure acts as a coupler. To enhance the input-output coupling high impedance T-shaped stub or a
structure is inserted in-between input feeder and the filter and another high impedance T-shaped structure is
fed in-between output feeder and the filter.
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Figure 9. S-parameter response of traditional rectangular shaped resonator bandpass filter. Physical parameter
of the filter, L1 =11.4 mm, L, = 6.5 mm, L3 =10.2 mm, L, =4.86 mm, Rz=0.5,Rs=1,S1 =04 mm, S; =
0.2 mm, W1 = 0.4 mm, W2 =0.2 mm, La = 1.0 mm, ds = 4.5 mm.
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Figure 10. Design layout of miniaturized bandpass filter.

4. Result and Discussion

Frequency response of proposed miniaturized bandpass filter is represented by fig. 11. This filter
shows -3 dB lower and upper frequency of the passband, f; = 2.1 GHz and f. = 3.9 GHz at the centre frequency,
f.= 3.2 GHz. Bandwidth, Af = f; -f, = 1.8 GHz, fractional bandwidth (FBW) = 53%. Our designed bandwidth
is Af= 2.0 GHz. Simulated bandwidth is Af = 1.8 GHz which is close to the designed value. Return loss is -21
dB and insertion 0 dB. In the passband two transmission poles are occurred at -50 dB, 2.7 GHz and -34 dB, 3.4
GHz. Wide 4.0 GHz stopband with two transmission zeros at 6.0 GHz and 7.2 GHz are seen. A good skirt
response is obtained.

Two techniques we have implemented here to reduce the return loss without changing the f; and f;
values significantly. One method is, increase the coupling between input-output stubs and another introducing
the square patch of certain area at the opposite diagonal corners of the resonator. Return loss reduction
technique has been mentioned in Fig. 6 and Fig. 7. In order to widen the stopband, two perturbation stubs of
unit impedance ratio attached to opposite sides of the resonator.

In Fig. 11, return loss, position of transmission poles (TP) and numbers of TPs are investigated by
reflection coefficient (S11) which is given by equation (11)

_ _ J(-J*)tan(Brota))
Su = 2J%+ j(1+ 9 tan(Orotar) (1)

Where J =J/Yi, and J = /Yo, J = admittance invertor factor, Yi, and Yy are the input and output
admittance respectively and Yin = You, 0o = total electrical length of the resonator.
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From equation (11) the condition at which return loss is minimum is given as |[S;;| = 0
To meet this requirement the following boundary condition is stated below:

tan (Orow) =00rJ = 1
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Figure 11. Simulated S - parameter response of miniaturized bandpass filter.

Table 1. Size comparison of bandpass filter

band
pass - Dielectric, Centre frequency,  Transmission Size
filter Design methodology height FBW pole (mm?)
Ref No.
[3] square ring resonator and loaded open- g = 2.65, 3.5 GHz, 2 10.7x6.2=64.2
stubs h=1.0 mm 56.5% mm?
[4] meta-material resonator and DGS g =44, 3.5GHz, 3 20x7.5= 150
h=1.6 mm 63% mm?
[5] multimode Resonator attached to circular & = 2.45, 6.5 GHz, 6 17.2x7.2 =129
ring h=0.8 mm 120% mm?
[6] half-mode substrate integrated g = 3.55, 6.85 GHz 6 16 x 14.58=233.2
h=0.508 mm  110% mm?
waveguide
[7] 31/4 resonator loaded with stepped g =44, 2.4 GHz 3 19.1x8.26= 158.4
impedance h=0.8 mm 121.6% mm?
[9] multimode Resonator g =44, 6.85 GHz 4 14.8x 17.25= 255
h=0.8 mm 87% mm?
[11] stepped impedance resonators and DGS g =22, 7.5 GHz, 4 32x 11 =352
h=0.787 mm mm?
93.3%
[14] T-shaped Multi-mode Resonator g =22, 8.0 GHz, 3 25x 12 =300
h=1.0 mm 106.2 % mm?
[16] 1/4 wavelength stepped impedance g =22, 4.7 GHz, 4 15x10.6 = 159
resonator assisted with interdigital h=0.254 mm  29.7% mm?
Capacitors
[17] multi-mode resonator consists of g =22, 7.0 GHz 5 14x5.9 = 82.6
meander lines h=0.787 mm 1142 % mm?
This Multi-mode Ring Resonator with g = 3.38, 3.2 GHz, 2 9.6x5.9=56.5
work extended corners h=0.508 mm  53.1% mm?

Putting the value of first boundary condition, tan (67otar) = 0, in equation (8) and (9), information about
the frequency locations within the passband, where the transmission poles are occurred can be obtained. To
apply the second condition of J- inverter, J = 1 in equation (7) to determine the required external quality factor
(Qext) Which is related to input-output feeder electrical length, even and odd impedances which is further
determined by line width and the spacing between the feeder line and resonator. In Table. 1, the size of the
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proposed miniaturized bandpass filter is compared with previous research on the similar and traditional design
and topology from [3]-[17]. It has been found that our design occupied the least size on the substrate. One of
the important factors for the miniaturization of the filter is that we kept the centre frequency value (fc = 3.2
GHz) below the fundamental frequency (fo) of the bandpass filter resonator, which is close to 8.0 GHz. In all
the previous research papers centre frequency of the bandpass filter is close to its fundamental frequency which
contributes to the larger filter size.

5. CONCLUSION

In this paper traditional ring resonator bandpass filter is compared with our modified design. S-
parameter response of tradition ring resonator as shown in Fig. 9 has high insertion and return loss, less wide
stopband compared to proposed ring resonator bandpass filter. Its return loss is -8.0 dB and insertion loss 0.9
dB. Its stopband is 2.4 GHz wide. Area of traditional filter is 91.0 mm? and proposed filter 56.5 mm? hence it
is 61 % smaller in size. Moreover 10 previously published filter parameters are shown in Table 1 and compared
with proposed designed therefore, found that our designed filter occupied least area. In Table 1 the area of the
filter which is close to our proposed filter area is given by [3], that is 64.2 mm? and area of proposed filter 56.5
mm?. In this paper we focused on the miniaturization of the filter instead of improving the performance of the
filter to the great extent.

In this paper proposed design of bandpass filter is compared with ten previously published designs
specially with their patch area and it is shown in Table 1 that the patch area of the proposed filter is least among
all the filters have been discussed.
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