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Design of Duplexer Filter Using Dielectric Resonator
for Mobile Communication Handy Set

Yeong Soo Kim - Chong Koo An -+ Jae Ha Choi
Dept. of Electronic Engineering

<Abstract>

In this paper, a duplexer filter for mobile communication is designed using dielectric
resonators with high dielectric constant ceramic materials. A commercial duplexer filter
for mobile communication handy set is consist of horizontal array, and each sections of
duplexer have 3 pole for Tx and 4 pole for Rx. In this paper, the designed filter have
the structure of vertical array, and each sections of Tx and Rx have 4 pole. As a
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results, Tx sections have enough attenuations at Tx stopband frequencies. The
passband of each sections; Tx, Rx, are 1.750-1780GHz, 1.840-1.870GHz, so have
30MHz bandwidth, and the isolations between Tx and Rx bands are more than about
34dB. The physical size of designed duplexer filter is 16mm x 6.77mm x 4mm, equals
0.433cc, and it is about 90.2% of commercial filter size. Each dielectric resonators are
designed by stepped impedance resonators with equal size of inside and outside
diameters for simple fabrications. The resonant frequencies of each resonators are
tuned by each resonator length, and the structure and characteristics are well suited
for PCS(Personal Communication Systems) service.

I. A &

ABEFA AAsIE FH3] o]Fo A o|FFA Bole HZ 89 FFoE A& o}
G2 g AddAE TG YAYstr 343 JPFoltt. S o] FE4 F
 dYx 800 - 900 MHzolA 7§AFAIA 2" (PCS . Personal Communication System)
AE 1.7 - 1.9 GHz g 2.2 AR F3g o] golA 1 dow, o]FFA A2
BA g ol EA dUrY 8 B FF AHHoR FE Aol

271-18 PCS 99718 R 7AEE YET 3ler 800 MHz o] 354 de71e)l #4434 RAl
le] A2 22 RF(radio frequency) A2+, wlo]~Wls A2t R &4 Aelf2 A€

nd
TFA
IS¢

tst Ist 2nd and

BF  RFA MIX F MIX F

—é—@ﬂ—@—m
BPF PA BPF DRV MK MOD

J¥1-1 o] FAl ©@Er E FAHE

Fig.1-1 Block diagram of mobile communication handy set
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than ,Blltan ,Blz - Y]

Yi=7Y2"F tan B, + ¥, tan fl; @b
o] A@2-DollA FxHA V=0 olojo} suz

Yytan Bl tan Bl — Y, =10 (2-2)
2(@2-2) X Y,/Y,9 ulg Fad |

tanfhitanfly =Y /Yy =Z,/Z;=K (2-3)

o] An, of7|M 2z} mEuHE & 2
p=Ve, 21/
Z,=1/Y,=60In(8,/a)/V e,
Z,=1/Y,=60In(b/a)/\V €,  type A
=60In(by/a)/V e, type B

€, = relative dielectric constant of material

Ag

1

wavelength in free space

A7 B2l dole 2(2-3) 2L2RE FEEHT WA LE TEW

Ll -1 K .
= tan (tanﬁll) (2-4)

ol gt 282 SIR TX7] MA 9 Aol v 4(2-5)% &t

Z,=1,+12=11+%tan-1( tarlx{ﬁll) (2-5)
SIRY A%, 4=l=tan WK/fQ W FA7E Hie) Yolg v, Hae FA
7] Aole thg 2ok,

-1
{; min = —ZL@E—@ (2-6)
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Fig.2-2 Relations of SIR length and impedance K
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Fig.2-3 SIR spurious resonance frequency vs K
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Fig.3-1 Lowpass prototype filter
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o714,
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Fig.3-3 Capacitance coupled bandpass filter
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Fig.4-3 Frequency divisions of PCS band for duplexer filter
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Table 4-1 Element values of designed DR filter(TX)

. A% AGAd X FA7 LA
g Jinverter (pF) CoR LD

1=1.1088 01=0.0435 C01-3.892

:2=1.3062 ;12=0.0017 C12=0.156 €1=12.545 L1=0.638

g23=1.7704 J23=0.0014 €23=0.123 €2=16.307 L2=0.491

' C3=16.307 1.3=0.491

g4=0.8181 J34=0.0017 C34=0.156 Cam12.545 L 420,638
| g5-1.3554 J45=0.0435 C45-3.892
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Fig.4-5 Characteristics of designed DR filter for TX
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Fig.4-7 Characteristics of designed DR filter for RX
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Table4-3 Characteristics of duplexer filter
$ 4 44 W2
F4F9$ 1.765 GHz 1.855 GHz
349 1.750-1.780 GHz 1.840-1.870 GHz
99 = 30 MHz 30 MHz
2954 20 dB( fy—37TMHz) | 20 dB( f,+ 39MHz)
A& 0.01 dB 0.01 dB max
WA 25.85 dB 30.06 dB max
VSWR 1.12 1.09 max
HEE 34.6 dB 33.7 dB min
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Table4-4 Element values of duplexer filter

3 4 9 F A 9
ATAAAR 337 %3} ARAsIAE FA7 A} v I
C(pF) C(pF) L(nH) C(pF) C(pF) L(nH)
C01=7.552 C01=4.728
ciaa | 2w | 1ot |Gt | s | o
C23=0.104 e o €23=0.139 o o
C34-0.442 C3=8.650 L3=0.881 C34-0.592 C3=12.272 | L3=0.571
C45=7.552 C4=12.093 14=0.594 C45=4.728_ C4=8.480 14=0.884
AAR X719 AA E8HA XN+E 7317 A 4 FH79 32 FH4E &
ook &, A4td T FHFE A TV deElvly FF T2 oY sl A
B FA7Y AA AeE AA sk olu ARFAL dedE A Z4 FR7Y 97
2 a1=0.Tmm, by=2mm = st T A b9} A7 Aol [[F HAAF
At & FANY TR FRpeg AFE H4-59 7€ A TH
E4-5 2t 32709 FA FR4e A4
Table4-5 Resonant frequency and physical size of each resonators
= 4 9 4 ’él <
227 |FAF%S FA7) A4 (mm) FAFHRSE F27] A& (mm) W 32
f(GHz) | b, | a1 | b 4, fo(GHz) b @ b, I
g; 1.878 | 2.00 | 0.70 | 1.18 | 3.30 1.838 2.00 | 0.70 | 1.18 | 3.37
ﬁi 1.823 2.00 ( 0.70 | 1.18 | 3.40 1.901 200 | 0.70 | 1.18 | 3.26
453 FAA F2719 Ay 2 24
AAE fAA TR gEHY 4 g9 FA4AA 32718 4 xFE q4-54 7lE s e
o FR71Y 4 A4y Fov 194-137 2ok ARFAHL dA /434 AV Y Y=
Agsta 1300°C ol meold 233 g AV AWEE ANE Uvix Rre
EAAdo] Hojd L(silven) & EFHE EE FEHA AR, fAA ARY =A4H &
Ao E4-63 i,
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¥4-6 ) And Y EA
Table4-6 Charateristics of dielectric material

E A H] aL
z 4 BaO— PbO— Nd,Oy— Ti0,
T = H3} ¥ 28 A7}o] E(Perovskite)
A% 90 - 110 &,
F4AS 5000 Q;
LEASF 0 -6 ppm/°C

L
ir

29413 fHA FAA Y Fx 2 A
Fig.4-13 Structure of DR and physical size

454 FEEAM e dAl 72 » A

B EERoA $54 U39 By SHow MADR FEAN " AA Fxre 2
4-14%} 2T} 71&¢ 800 MHz WY AMPS FUE e AEEE JEHE 3379
ol7} 10 - 20mmZ Thd 27| i) gog wEd txE ey, a2y B =Ed
A PCS dig e FEAA HE(Y F27]9 Zeoj& 330 - 340mm oW oJEZE £
o FAGRE SR wEd dA §-9E 290k

(U

RX
frmm T, I i 1D
- R
6.77mm
f T // / oz // Iz / i oI
™
16mm ANT

194-14 FEEA PEHY HA FE2=
Fig.4-14 Structure of designed duplexer filter
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FAA FANE 18T 1FEN dUVE FEAA Iy 2 21

AAE 7EYA UE 9 FIE 16x4x6.77mm 2 ¢} 0433ccd] A7|E 2t &9
PCS thigel AEH 3 Qe FEY A7E $4A 339 =A@ 4319 "z goz
A3 Y FRoA 20x6x4mmE 0.480cce] H-H & A}, B =FdA HAN FE
A E Aestd "E oF 902%9 A7 E 9.8% A% Rz MA g}

194-15 FEHA U HAEE
Fig.4-15 Real size of duplexer filter

v.d &

IFAEE e FAHA Agd9 AB8E o4 FAAN FTAINE o) &3

2"(PCS) ©@e714 FEUA "EE A . FS94 dyHE
Aloll 7HgdtAl gt olBEAl wdrle Fo AHRFo|H HAH FE
A7 FHoz wdd T2 7|E9 %9_3 uas] wlgd TzE gE e
AFE EQSE BTt AAHA TR x4 98/ A% 4% 0.433cc(16mm x
6.77mm x dmm)Z AA st FEINE v““és}b FAge] Ztzke] §FHA F2A
9Y FFFoE 4A stgod, AATFY drE ﬁsﬂ Z X719 U AAE 2
A4r FAdSA st 7 T/ I Fags TV HolE x4 FuAsz
doge AT S E Zxs FY stk 28z FELAM deE dEHvel 34 4¢y
7] Q2o d3te AEE $£5A387] s v 2By o 2454 a7,

AFdME F2NE Rz s A3 A "BEe (58 2A & + 4
T28 BEAS /A 2z 44 43}, $£4 4332 44 st
AAE "ele 54e A% FHNY 1.750-1.780 GHz, FA@e E3juyge
1.840-1.870 GHzE Z}7z} 30MHze dl¥Z& 7IA0, 53 ol e AdEae & 54
dollAl 25 001dB ¢j3dtgem, & 5wy A4 FHd A £35MHzol A 20dB, =+
60MHzol A 30dB9] #ZHEAHS BPow, VSWRS Zzb 112, 1.098 o}F 94 &t}
aga FEEA "y Zure A3 Rk $4AddAM 2z 346dB, 33.7dBE
-7 A3 ML AY S-S F3U A

AAE Heo AA ARA, FEANE olFE 4 FAA HAgY Ame A 24
2 FAE &, FHA T2 AFA BHAQ A, 53 FA] Zole BAUsFo &
THY, A9 FE2A94 9el 9 894 (Housing) 2. & % AL o2 AE 59 ¥
ZFA AL Gk ul, A1Ee] ojFEA @HvE FEIAMEA HTE Tz EHL )
AER PCS dE7lel 4A 584 & Jd& Aoz B

rlo rlr
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