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Abstract

Commonly used SAW duplexers have a difficulty on manufacture so that a transmission line is
printed on the package or an LTCC multi-layer is needed because a quarter-wave transmission line
which is a kind of an isolation network is applied to the SAW duplexers. In this study, new structures
of one chip type SAW duplexers are proposed. In the proposed structure, Tx and Rx SAW ladder
filters and isolation networks are located on a single 36LiTaOs piezoelectric substrate. The manufacture
process is very simple than commonly used product. It is possible to improve the performance by

means of optimizing the micro-strip line lumped elements. It is easy to integrate and modulate with

other surrounding components. The optimal design techniques can be applied to other kind of

multi-port devices.
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Fig. 1. Structure of commercial SAW duplexers.
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For case 1,

At Tx-passband,

Im[ Zay] = Iml Za] = Iml Zap5]1 > Z;,
Iml Zg;] = Im[ Zgp] = Im[ Zg,] = o0

Im[ ZCll] = '—ZL & Im[ Zczz] zlm[ Zaz] = (

o))
At Rx-passband,
Im{ Z4,] = Im{ Zapn] = Im[ Zp3] = o
Iml Zg )l € —Z; & Iml Zgpl = Im[ Zg] = 0
Iml Zcyy] = Iml Zp] = Im| Zp] = o0 (2)

For case 2,
At Tx-passband,
Iml Zay>Iml Zapl = Z;, &1 Zayl> 1 Zapl> Z;

Iml Zgp>Iml Zgyl = Z; & | Zppl> | Zgpl> Z,
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Fig. 2. Four variations of the SAW duplexer structure with different arrangement of the

SAW resonators.
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Table 1. Optimal values of the isolation network for
the one chip type SAW duplexers.

Casel Case?
Cs 79 pF Csa 4.8 pF
Lp 0.73 nH Lpa 6.9 nH
Cp 42.1 pF Csc 29 pF
Lpc 15.2 nH
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Table 2. Design variables of micro-strip line lumped elements for the
isolation network in one chip type SAW duplexers.

Case 1
Desired| Design value
Element type esir g Designed structure
value | L or C R
Period 47 pm
Interdigital w 300
Cs | et 79 R | 78 pF 004 @ £m
capacitor Njinger 121
Length 1137 gm
Flat li Width 600
L | LAt Ane 693 nk| 072 nH | 207 @ F— £m
inductor Length 1600 ¢m
Period 25 pm
I igital w 640
¢, |Interdigital) o rla22 pF 013 0 £m
capacitor Ninger 305
Length 1525 #m
Case 2
. Desired| Design value
Element type esIr g Designed structure
value | L or C R
Period 47 pm
Interdigital w 200 #m
C: 48 pF | 48 pF |0.04 £
s4 capacitor P P Niinger 111
Length 1043 x#m
Lini 1880 #m
Spi i Width 400
Lea | P 0] o0 b 69 nH 177 @ £m
inductor n 1
Size | 2680 gm X 2680 gm
Period 47 pm
Interdigital w 130 #m
C 29 pF | 29 pF [0.02 @
s¢ capacitor P p Njinger 105
Length 987 pm
Lini 700 gm
i i Width 420
Lpc| SPra e\ oo 1l 072 nH | 290 @ 0t £m
inductor n 2
Size 3220 #zm X 3220 ym

* W . aperture width of the interdigital capacitor
Njinger - number of electrode fingers in the interdigital capacitor
Lin © inner loop length of the spiral line inductor

n: : number of turns in the spiral line inductor
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Fig. 6. Fabricated SAW duplexers.
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Table 3. Performance of the single SAW

ladder filters.

VSWR 2.0 2.1 1.8

Tx filter Rx filter
Performance - -
Sim. | Exp. | Sim. | Exp.
Insertion loss
[dB] 271 | 310 | 258 | 3.02
Center frequency
[MHz) 8185 | 819.0 | 861.0 | 861.5
-3 dB bandwidth]
[MHz) 21 18 21 18
Passband ripple
[dB] 039 | 009 | 021 | 0.23
Rejection band
attenuation level| -41.1 | -42.6 | -47.2 | -46.0
[dB]
23

* Tx rejection band : 859 ~ 884 MHz
Rx rejection band : 794 ~ 819 MHz
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Fig. 8. Transmission coefficient of the simply
connected 3-port devices.

E 4 9AF SAW FEZ9AM9 A%,
Table 4. Performance of the one chip type SAW duplexers.
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9. Transmission coefficient of the one
chip type SAW duplexers.

Duplexer type Case 1 Case 2
Tx Rx Tx Rx
Performance Sim. | Exp. | Sim. | Exp. | Sim. | Exp. | Sim. | Exp.
Insertion loss [dB] 256 | 307 | 240 | 270 | 238 | 374 | 246 | 465
Center frequency [MHz] | 8170 | 8205 | 8595 | 8620 | 8155 | 8180 | 8635 | 8620
-3 dB bandwidth [MHz] | 16 11 19 11 20 21 15 22
Passband ripple [dB] | 005 | 129 | 007 | 08 | 049 | 040 | 000 | o048
Rejection band attenuation| 4 | 75 | g0 | 398 [ -484 | -417 | -533 | -532
level [dB]
VSWR 18 2.3 2.1 2.2 2.1 2.4 23 27

* Tx rejection band : 859 ~ 884 MHz, Rx rejection band :
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