
With the rapid development of wireless 
communication technology, there are 
higher and higher requirements for the RF 
fi lter in sizes and performance which 
includes loss, selectivity, out-of-band 
suppression and higher working frequency 
such as in millimeter wave. In order to 
achieve high out-of-band suppression, 
in t roducing t ransmission zeros and 
increasing the filter order have commonly 
been used. Transmission zeros can be 
obta ined  by   source - load  coup l ing , 
electromagnetic hybrid coupling, cross-
coupling, and multimode resonators [1-4].  
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The three-dimensional structure of the 
proposed millimeter wave bandpass filter 
is shown in Figure. It is composed of five-
layer LCP dielectric plates with a dielectric 
constant of 2.7, and thicknesses of 0.1mm, 
0.05mm, 0.05mm, 0.1mm, and 0.1mm, 
respectively. The upper and lower sides of 
each layer are covered with metal copper, 
which is represented by G1-G10, while the 
filter core circuit is distributed on the G5, 
as is shown in Fig.2. The second and the 
fourth layers are used to support the air 
cavity, while the first and the fifth layers are 
mainly used to close the air cavities, and 
meanwhile introduce electromagnetic 
shielding.

Coupling structure of the bandpass 
f i l t e r  i s  s h o w n  i n  F i g u r e ,  w h e r e  R 
represents the resonator, S and L represent 
source and load, respectively, while E and 
M represent electr ical  and magnet ic 
coupling, respectively. Here, resonator 
coupling is dominantly through a gap, 
which introduces electrical coupling. R3 
and R4 are connected to the ground 
through a  shor t  s tub ,  wh ich  br ings 
magnetic coupling here.
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In  th is  report ,  a  mi l l imeter  wave 
bandpass filter with simple SIR structure 
based on LCP multi- layer suspended 
coplanar waveguide is proposed. The 
circuit is self-packaging and has good 
electromagnetic shielding. The proposed 
bandpass filter is designed centering at 
33.9GHz with a 3dB fractional bandwidth of 
4%, an insertion loss of 2.1dB, and a return 
loss of greater than 18dB. Transmission 
zeros on both sides of the passband have 
been implemented, which introduces high 
frequency selectivity and good out-of-band 
suppression, while ultra wide stopband of 
more than 20GHz is also achieved.
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The core circuit  shown in Figure 
indicates that the proposed bandpass filter 
is mainly composed of a source-load 
coupling structure, a short circuited three-
section stepped impedance resonator (SIR) 
and a surrounding ground plane. In this 
d e s i g n ,  S I R  i s  u s e d  t o  r e p l a c e  t h e 
t radi t ional  UIR (Uni form Impedance 
Resonator) for better performance and 
more easy control in the design. A pair of 
Grounded stubs are used to introduce 
magnetic coupling, while the SIRs coupling 
g a p s  i n t r o d u c e  e l e c t r i c  c o u p l i n g . 
Transmission zeros can be produced by 
electric/magnetic couplings. SIRs are bent 
for achieving compact structure. Both I/O 
ports have characteristic impedance of 50Ω.
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The bandpass filter is designed with a 
center frequency of 33.9GHz, a fractional 
bandwidth of about 4%, and a return loss 
of more than 20dB. The filter coupling 
matrix can be obtained as

Results

0 10 20 30 40 50 60
-100

-80

-60

-40

-20

0

S-
Pa

ra
m

te
rs

(d
B

)

Frequency(GHz)

 Simulation
 Coupling Matrix

S
11

S
21

T h e  f i l t e r  f r e q u e n c y  r e s p o n s e s 
obtained by the coupling matrix and EM 
simulation are plotted in Figure. It can be 
seen that the proposed bandpass filter has 
a center frequency of 33.9GHz a fractional 
bandwidth of about 4%, and an insertion 
loss of about 2.1dB. A pair of transmission 
zeros which are due to the electromagnetic 
coupling are produced, and ultra wide 
stopbands are also implemented.
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Simulated transmission zeros 
versus s and s1 are shown in Fig.6 
(a) and (b), respectively. It can be 
seen that  the coupl ing gap s 
between the two short-circuited 
S I R s  m a i n l y  a f f e c t s  t h e 
transmission zero on the higher 
frequency side of the filter.
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