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A Microstrip Elliptic Function Filter with Compact
Miniaturized Hairpin Resonators

Jen-Tsai KupMember, IEEEMing-Jyh Maa, and Ping-Han Lu

Abstract—A four-pole elliptic function bandpass filter is de-
signed using compact miniaturized microstrip hairpin resonators.
It is shown that the filter occupies a very small area. The full-wave
simulator IE3D is used to design the resonator and to calculate
the coupling coefficients of the three basic coupling structures.
Measurement results are compared with the computed responses.

Index Terms—Coupling coefficient, hairpin resonator, mi- Y
crostrip filter, miniaturized circuit. LY i %
I. INTRODUCTION T //////%PZW 7

ECENTLY, expanding wireless and mobile communica- resonator 2 resonator 3

tion systems have presented new challenges to the design

ivh. i i : ; Fig. 1. Layout of the four-pole elliptic function bandpass filter. Geometric

of high-quality miniature RF filters. Planar filters would be pre_ ™ -~ 2 5 o resonato, = 1.187 mm. W, = 0.91 mm. L, =
ferred since they can be fabricated using printed circuit techl124 mm, 7., = 2.56 mm, s = 0.8 mm, andg = 0.173 mm.
nology with low cost. Obviously, the size of planar filters with
parallel-coupled half-wavelength microstrips [1] is too large tas follows. Section Il investigates the design of a single com-
be used in modern systems. Thus, size reduction has beerpagt miniaturized hairpin resonator. Section Ill discusses the
important issue in developing RF filters. couplings between two adjacent resonators for the three basic

The hairpin filters [2]-[4] make progress in size reductiogoupling structures. In Section V, measured filter responses are
from the parallel-coupled lines structure. The whole filter corpresented and compared with the simulation.
sists of a cascade of U-shaped resonators [2], [3]. If the orienta-

tions of the hairpin resonators alternate, the structure is capable [I. DESIGN OF ASINGLE RESONATOR
of considerable bandwidth; if they do not, the structure has at-The compact miniaturized hairpin resonators shown in Fig. 1

tractive properties for design of compact narrow-band filters [3}y¢ o\ glved from sections of half-wavelength open microstrips,
In [4], elliptic function filters are realized by the U-shaped mig, s the fundamental resonance of each resonator occurs in odd-
crostrips with different orientations and offsets to establish af,je This means that at the resonance the voltage at the central
adequate coupling combination among the resonators. valley of the folded microstrip is a minimum, and the voltages at
Further progress in size reduction is made by the Compfy, ends of the coupled lines have maximal values with oppo-
miniaturized hairpin resonator filters [5], where the two arm§ye signs. The condition for this fundamental resonance can be
of the U-shaped m|<_:rostr|p are further folded t(_)_form a Paferived from the concept of stepped impedance resonators [5].
of closely coupled lines to enhance the capacitive nature ofj, yesigning a single resonator: 1) the width of the microstrip
open-end arms. The area of such a resonator is no more thafatermined by setting its characteristic impedance t6250
half of that of a U-shaped resonator. Also of interest are filtetg, 4 i making the whole structure compact; 2) the peripheral
with microstrip square open-loop resonators [6], of which thg o, resonator is made a square: 3) the length of the central
lateral size is only a one-eighth guided wavelength at the m'gben-circuited coupled lines is extended to its extremes; and 4)
band fr_equency. ) o the gap and width of the coupled lines are made as small and
_ In this letter, we present a design of four-pole elliptic funGy,ya respectively, as possible. As a result, the lateral size of
tion filters using the compact miniaturized hairpin resonatorg, " -asonator is 6.1 mm, which is 13% less than that of a square

It will be shown that each resonator uses about 75% of the agggy,_|o0p resonator reported in [6], for designing a filter with
of a square open-loop resonator. The presentation is organiged <, e center frequency.

I1l. BASIC COUPLING STRUCTURES
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in each structure can be specified by the two dominant resonant
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frequencies, which are split off from the resonance condition 9r \
due to the electromagnetic coupling. Lfgtbe the lower of the 8r A0 Ky
two resonant frequencies, aficbe the higher one. The coupling T \:\:\ —— Ky
coefficientk;; forresonatorsandj canbe calculated as [6] § 2 N \ ——IK4!
K_ifg_fg (1) §4~ \\x e

TR o e
where the uppersignt) appliestay s, Ka3,andKs4, whilethe 2r \\\‘ “’t'-»\‘-;*,;
lower sign(—) applies ta/(1 4. Itis to be noted that (1) is applied é_ﬁ ‘ \ e
by separating off two resonators at a time and fiat and K34 0 0.5 Lo 15 20 25

are also subject to an offs&tWe use the 3-D full-wave simulator

IE3D [8]todesigntheisolated miniaturized hairpin resonatorar&d . , . L
;i . ) 1g. 2. Simulation coupling coefficienté(; -,
to determine the resonant frequencies of each coupling structyf&ances between the resonators.

The way to obtaink’;; is to model the pair of resonators and
compute their transmission response. For sufficiently accurate

Distances D5, Dy3, and Dy 4 (mm)

K14, and K23 versus the

10 -
simulation results, it is found that a discretization of 80 cells per F .
wavelengthisrequiredforour particular circuitconfiguration. 0 —_—Slfﬁ])* R
0 @ ;h |~ simulated
IV. RESULTS AND MEASUREMENTS -20- / """ measured
The circuit is designed to be fabricated on a dielectric sub- 30 ,! i
strate withe,, = 10.2 and a thickness of 1.27 mm. Fig. 2 plots 40 /’3/“\;;‘;‘5 *’_,(T“\} ]
the coupling coefficientd(;», K»3, and K1, against the dis- oL ool T
tances between the resonators. The magnitudgafis less \1 ‘
than those off{;, and K»3;. EachK;; value decreases as the '6‘;‘0 2 ‘2[4 Yy 28 30
corresponding distance is increased, as expected. frequency (GHz)

A four-pole elliptic function filter response can be realized
using proper cross couplings. For the particulax 2 config-
uration in Fig. 1, the cross couplings give the input signal
paths from the input port to the output. Through the two paths,

Fig. 3. The measured and simulatgeparameters of the filteD,, = 1.44
t\l\}Bm’ng =1.82 mm, D4 = 2.22 mm, andd = 0.20 mm.

the signal magnitude and phase are altered differently. Thifyee basic coupling structures. The measured responses have
at the output port, the multipath effect may cause attenuatié@od agreement with the theoretical predictions. The compact-
poles at finite frequencies if the couplings are properly design8@ss in circuit size makes the design of cross-coupled filters
[4]. A bandpass filter is fabricated to demonstrate the desig#sing the miniaturized hairpin resonators attractive for further
The center frequency, is 2.46 GHz and the fractional band-developments and applications in modern mobile radio systems.

width 6 = Af/f, is 4%. The cross couplings can be synthe-
sized using the method described in [7]. The lumped circuit el-
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go =1, g1 = 1.1425, go = 2.0558, J, = —0.0828, and.J, =
1.1307. The entries of the 4 4 coupling coefficient matri¥<
are found to be{;, = K> = K3y = K43 = 2.610 X 1072,
Ky = K41 = —2.899 x 10_3, Koz = K32 = 2.200 x 10_2,
and the rest of the eight entries are zero. The specifigdand s
K14 values are used to determine the distanbeg and D 4, 2]
respectively, according to Fig. 2. The offset between resonators
land 2d = (D14 — D23)/2, which should be obtained before 3]
D, is searched.

Fig. 3 compares the computed and measured filter responses.
The measurements are performed with an HP 8720C networ ]
analyzer. The measured results agree very well with the com-
putations. The passband insertion loss is about 3 dB, which is
mainly resulted from the conductor loss. 5

V. CONCLUSION (6]

We have presented the design of microstrip cross-coupled7
bandpass filers with miniaturized hairpin resonators. The desigr{ ]
is based on the knowledge of the coupling coefficients of the[g]
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