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Abstract—In this paper, a new dual band-notched UWB (Ultra
Wideband) bandpass filter which is proposed to control
harmonic components of 2.14 GHz is designed and tested.
Interdigital hairpin structure is applied in the dual band-notched
UWB bandpass filter design. By adding only one pair of folded
fingers on both side extremities of single band notched UWB
bandpass filter, the fabricated filter can suppress the second and
third harmonics of fundamental frequency. The dual notched
bands can be easily controlled by changing the parameters of
each finger. Without changing the first notched frequency band,
the second reject frequency band can be shifted by changing its
corresponding parameter of finger independently. In this paper,
one dual band-notched UWB bandpass filter are designed to
control the second and third harmonics of 2.14 GHz. The
measured result of the final fabricated circuit shows that
insertion loss at 4.28 GHz and 6.42 GHz are 13.99 dB and 4.16 dB,
respectively. Because of the folded finger structure, the filter is
compact in size. The dimension of our proposed filter is 5.5 mm x
21.3 mm.

Keywords- dual band-notched; UWB bandpass filter;
Interdigital hairpin; Harmonic suppression

I. INTRODUCTION

With the development of third generation (3G) mobile
telecommunications network systems, various researches is
presented recently for switch mode power amplifier with high
power added efficiency (PAE). For example, class F and
inverse class F power amplifier which bi-harmonic or poly-
harmonic modes are applied. The most popular method to
suppress harmonic is using A/4 transmission line [1], [2]. Band
notched UWB bandpass filter as an ideal candidate to reject
undesired harmonic bands can be applied in switch mode
power amplifier.

Recently, many researches [3]-[9] for bandpass and
bandstop filters have been explored and reported. Different
applications of stepped impedance resonators (SIRs) have been
presented in [3], [4], defected-ground structures (DGS) are
widely used in tri-band bandpass filters [5]. SIRs [6] and DGS
[7] are also employed for bandstop filters. UWB bandpass filter
with interdigital coupled line has been introduced in [§]. UWB
bandpass filter with notched band has been proposed in [9] for
antenna application.

In section II, the structure and characteristic of interdigital
hairpin structure is presented. Section III presents the
procedure of designing dual band-notched UWB bandpass
filter. The fabrication and measured results are reported and
discussed in section I'V.

II.  INTERDIGITAL HAIRPIN STRUCTURE

The band-notched UWB bandpass filter is designed based
on the linear identical interdigital hairpin structure, as shown in
Fig. 1. To analyze the effect of the number of fingers on the
number of notched bands in UWB, we design three kinds of
interdigital hairpin filters as shown in Fig. 1 (a), Fig. 1 (b) and
Fig. 1 (c) with 3, 5, and 7 linear identical fingers, respectively.
There are three basal parameters, L, wl and w3. L is the length
of each linear finger, wl is the width of each coupling finger,
and w3 is the gap between each two fingers.
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Figure 1. Interdigital hairpin structures with different number of fingers.

By fixing L=8.40 mm, w1=0.30 mm, and w3=6.00 mil, we
do momentum simulation for each circuit in Fig. 1 and the



simulation result is shown in Fig. 2. With three linear fingers,
there is not notched band from 2.14 GHz to 10.70 GHz as the
solid line shows us. By adding two fingers on both side
extremities of Fig. 1 (a), we obtain one band notched as the dot
line shows in Fig. 2 [9]. As the dash line in Fig. 2 shows, two
notched bands are obtained by adding another two linear
fingers on both side extremities of Fig. 1 (b), the circuit is as
Fig. 1 (c) shows us with 7 linear fingers. If we want to get more
notched bands, we can add more pairs of linear fingers on both
side extremities. We have already got three and four notched
bands in UWB by adding the number of linear fingers to 9 and
11, respectively.
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Figure 2. The number of linear fingers affects the number of notched bands.

To shift the notched band, we can change the value of the
basal parameters wl, w3 and L. Take the simple band-notched
UWRB bandpass filter as an example, by changing the value of
L from 7.60 mm to 8.80 mm with step 0.40 mm and fixing the
another two parameters w1=0.30 mm and w3=0.15 mm, the
momentum simulation result is shown in Fig. 3. By increasing
the value of L to 8.80 mm, the notched band is shifted from
7.37 GHz to the third harmonic of 2.14 GHz.
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Figure 3. Simulation result of single band-notched UWB bandpass filter by
tuning L.

III. DESIGN OF DUAL BAND-NOTCHED UWB BANDPASS
FILTER

As analyzed in section II, to get dual band-notched
performance in UWB, we need to increase the number of linear
identical fingers to 7 as shown in Fig. 1 (c). However, the two
notched bands shown in Fig. 2 are not the desired notched band
(the second and third harmonic of the fundamental frequency
2.14 GHz). To achieve our design purpose of rejecting signal
generated at the desired frequency bands, we need to modify
the lengths of the outermost two pairs of fingers (L1 and L2)
separately.

Figure 4. Layout of dual-band notched (2" and 3™ harmonics of 2.14 GHz)
UWB bandpass filter.

Fig. 4 shows us the topology of our proposed dual band-
notched UWB bandpass filter which rejects the signal
generated at the second and third harmonics of 2.14 GHz. In
this filter, there are 8 parameters (wl, w2, w3, w4, w5, L1, L2,
and d). The definitions of wl and w3 are the same as gave in
section II. w2 is the distance between the parallel parts of the
outermost pair of folded fingers, L1 is the length of the internal
side of the outermost folded finger, d is the length of the
external side of the outermost folded finger, and L2 is the
length of the second outermost pair of linear fingers. By setting
all parameters as Table I, the simulation result is shown in Fig.
5. At 4.28 GHz the insertion loss is 25.32 dB, at 6.42 GHz the
insertion loss is 24.80 dB and at fundamental frequency 2.14
GHz, the insertion loss is 0.56 dB.

TABLE L. PARAMETERS OF FIG. 4
wil 0.30
w2 0.95
w3 015
wil 4.00
w5 1.58

L1 9.80
L2 8.50
d 1.90
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Figure 5. Simulation result of proposed dual band-notched (2™ and 3™
harmonics of 2.14 GHz) UWB bandpass filter.

By changing the value of L1 from 9.40 mm to 10.20 mm
with step 0.40 mm, the two notched bands are shifted as Fig. 6
shows. Obviously, when L1=9.80 mm, the second and third
harmonics (4.28 GHz and 6.42GHz) of 2.14 GHz are rejected
effectively.
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Figure 6. Simulation result of proposed dual band-notched (2™ and 3
harmonics of 2.14 GHz) UWB bandpass filter by changing L1.

As we analyzed before, by changing the value of L1, the
two notched bands will shift simultaneously. We cannot reject
the second and third harmonics of the desired fundamental
frequency by only changing the value of L1, because there’s
always one certain band distance between the two notched
bands. We must fix one of the notched bands and shift another
notched band independently. Among the eight variable
parameters (w1, w2, w3, w4, w5, L1, L2, and d), by changing
the value of L2, we can shift the higher notched band while not
effecting the lower notched band (the second harmonic of 2.14
GHz). As Fig. 7 shows us, change the value of L2, the first
notched band 4.28GHz is fixed while the second notched band
is shifted around 6.42 GHz. With this method, we can control
the two notched bands easily to reject our desired frequency
bands in UWB.

S21[dB

5 * 3
-10 ) 3
1
-15
-20
-15
-30
35 E2=8:5mm
i _ranane L2=9.4mm
L2=9.8mm
45
2.14 428 6.42 85 10.7

6
Frequency [GHz]

Figure 7. Simulation result of proposed dual-band notched UWB bandpass
filter by changing the value of L2 while fixing other parameters.

IV. FABRICATION AND MEASUREMENT

Our proposed dual band-notched (2™ and 3™ harmonics of
2.14 GHz) UWB bandpass filter is fabricated on substrate
TLX-8-0620-C2/C2 from Taconic with dielectric constant of
2.55 and thickness of 62 mils. To investigate the influence of
the parameters (L1 and L2 in Fig. 4), we fabricated a series of
dual band-notched UWB bandpass filters with different values
of L1 and L2. The fabricated proposed filter is shown in Fig. 8.
Fig. 9 shows the comparison of simulated and measured result.
At 4.28 GHz and 6.42 GHz, the insertion loss of the measured
result is 13.99 dB and 4.16 dB, respectively. The size of the
proposed filter is 5.5 mm x 21.3 mm.

Figure 8. Fabricated dual band-notched (2" and 3™ harmonics of 2.14 GHz)
UWB bandpass filter.
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Figure 9. Comparison of simulated and measured result of porposed dual
band-notched ( 2™ and 3" harmonics of 2.14 GHz) UWB bandpass filter.

V. CONCLUSION

In this work, we proposed a novel dual band-notched UWB
bandpass filter. By analyzing the effect of the number of linear
identical fingers on the number of notched bands, we designed
a UWB bandpass filter with two notched bands. We proposed
one novel structure to control the second and third harmonics
of fundamental frequency 2.14 GHz for switch mode power
amplifier application. By adding two pairs of fingers on each
side of the interdigital hairpin fingers (three fingers), two
notched bands are achieved. By changing the value of L1, we
decide the lower notched frequency band first and fix the value
of L1. We change the value of L2 to shift the higher notched
frequency band without influencing the lower notched
frequency band. By this kind of method, the two notched bands
can be shifted independently. With this characteristic, we can
easily design our proposed dual band-notched filter for
harmonic suppressing application. The fabricated novel dual

band-notched UWB bandpass filter is designed for passing the
signal generated at its fundamental frequency 2.14 GHz, and
blocking its second and third harmonics. Compare to the
conventional harmonic control circuit, the size of this filter is
small. The measured S,; at 4.28 GHz and 6.42 GHz are 13.99
dB and 4.16 dB, respectively. The insert loss at 2.14 GHz is
0.69 dB. The size of the proposed filter is 5.5 mm x 21.3 mm.
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