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Development of High-Isolation SAW Diplexer Module
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Abstract: To further improve LTE B3 diplexer interband isolation, a high-isolation SAW duplexer module is de-
signed using SIP technology in this study. The module is composed of two SAW duplexers and three couplers. It
applies the phase cancellation of the TX-RX path and the isolation of the couplers to improve the isolation between
the uplink and downlink of a single SAW duplexer. An impedance-element filter architecture is used to achieve an i-
solation degree of 51 dB for the proposed module. A broadside stripline multilayer helical coupler-line architecture is
adopted to achieve miniaturized integrated 3 dB couplers with a wide operating bandwidth. The results of the devel-
oped module show that in the B3 band, for a SAW duplexer measuring 8. 0 mm X 8. 0 mm X 2.0 mm, the insertion

loss is less than 3. 2 dB, the return loss exceeds 13 dB, and the isolation degree exceeds 65 dB; furthermore, it can
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withstand instantaneous power levels up to 34 dBm.
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helical coupling line

0 Bl &

T4 g — F i o A A 5 s TP = 1
g HER LT N H TR SR R DR E
T LS EA 23 AT, 4 5300 i g AL & v A OC AR
FHSTE S By WUT R 48 S A R 2 i i TR R AR
A1 2 (1) gy L () B8 A5 A e R SR P [ B G 2 4
WA & SHET  WROK 8 K () A7 AR AF 5 it e ) R, 52
Ma P2 W A0 & S S Y . ERT A LTE B4 A
u%*,ﬁlﬁiﬁ%ﬂ‘ﬂ]%’ﬁvﬁi}?ﬁ I U 4 B
W N e R RORE ) VR MR R R 8 BT, WK G i 2

5 H #5 :2024-06-16
{EE B A W& 3B (1990-), B, 101 il

LEA TR, 81,

IF1) ) B S 5 KT 60 dBHY

SRy S BRI #45 AC A 30 T JR) ) o B S RE G R
FHAME H B 0 5 08 0 B% . SCHR[5-6 ]38 b b 2
HL PR SAW BUT i (19 R 25 BE 2 55 17 29 10 dB, SE 3
TRAES R R T 50 dB. SCHRL7 J7E &5 B H 3% 40 Fh 45
P gl A G i 2 o, SE T B AR R O R 2
(FBAR) XU T 4 b 5 B2 K T 50 dB, 3% &8 T AE 3 i
TORUT A B T e B R RUAS RN A TR . B
FEATEE TR 09 R SR ok S B W R Y R B R
SCHRLSJH2 . 2 A7 BRI a8 0 2 AN IE SR A Rl



430 E H

5OE Kk

2024 4

HAAEE G S T AR RR B E R T 50 dBL E X4
PEREAS B I0 M R 2 SR A R, AR 7k R, SCHR[9 ]
TR 8 % E SR Y HL AP BT A (EBD) 2 52 BT
TS AT P B 3 B IR s % S I T i O R
WAy B B B AR B AN S B S A 5
ANCHLEEE . SCERC10 4 i th 3 M IERIR A
A AR 2 A B ST 2 4 B 1 5 76 S A 20 0 T
s B W K GE A TE N BB R R T 15 ~
20 dB,{H % FH i S0 W T 28 b Bg B HUA 45 dB, H
B K,

AR SO - i O TR A 4 T T — o B
B SAW BT #4521, W 43 Be 2 B3 (1 710 ~

1785 MHz, RX ¥ij;1 805~1 880 MHz, TX %),
M KT 65 dB. RN 8.0 mm X 8.0 mm X
2.0 mm, JE7E[R—FHL & A b a2 SR T
NG e H A £ T H0 SAW XUT 4% , FR i SIP
AR BHESMAMSERNEA, ZHWEBEMRT
SAW ST g8 &1 HE R, Al s 8 TX-RX R B 2 /Y
Haom R BRSAT AR,

B SAW X T ## 4% it

it E e

AR R 2 S SAW BT 45
TG\ 3 AN 58 4 A [R] (R A 245 50T B G I Fe % 41 A T
B SR BR E nE 1B R

—_

1.1

; 0
X |2 s A | 2
A= B2 BI T
> /7/)((: e
@2 e e B VE e 67 2%
TR Uit 1] el Al 1 g A i | B3
ANT Al A2 E
WA WLADL | e,
DCRC 6 < M e eney LA :
A3 > P A e | SR T
| c2 1 RX
§% a3 A
N R | VT2
.5 c3
ML AFD2
Bl 1 BT I e A ] [

S5 M RL N O CANT 5D M ARG 2% 1,
SR JE M B s 1 5 A A S 0 AL T A D1, AR
Him O HNES AT 2 D2, T2 ES
oy R SHE S MRS S R HHE S AR R 2
2548 N &SRS 1 CTX ) & 56 00 2, 3 0 (5
SHEARG A 3 L, &G BN 1 (RX S i
25, T R A A 00 B i O DU f gk, i
AR A B AT B, T B T S5 0 0 B R T

T.4%(D1, D2) i3 W AAE R IL, bR B
ISO, . #i& %R 3 dB M & &, HIR B N 150,
@@y Hl @y &AM AL AR, N TX o i
) RX ity 1 4% 8% A2 A 5 A A 5 06 AR fb g 1
TN AR 2.3 WAE IR AR A AR A7 22 180°, T
. BAR 1 A5 AL 4 2] RX sy . B H: R B2
W A—6—2XIL—1SO, —I1SO, , )\ T 58 T XL
T4 (D1, D2) TX-RX [Al A B B B2 . I ml L, R

VES N 15 5 A% i M5 A2 1) R A7 AR T SR A % 10 B S B T 4R
i TX uiehiy A5 S MmN AR 0,8 FF TX-RX MR &
*1 TXmZ RXsatkc TWALSEE LWL
% AR AL/ ) i B A5 L/ dB
1 Bl1—B2—>Dl1—>A2—>A3—>D2—>C3—>Cl 0—2X¢@, —2X¢,—270 A—6—2XIL—1SO,—1S0,
2 Bl—B3—D2—>C3—C1 0—¢ —g¢, A—6—IL—1IS0,
3 B1—B2—D1—-(C2—>Cl1 0—¢, —¢@;—180 A—6—1IL—1SO,

1.2 BAE SAW W I SEi&it
W BT RSB T 58 2 Fh 2 BF 78 AN [R) 9 3k
18 A A A AT AR B sl s g L o TR

PRERB R, T e 4% LA S IR AR 3 i SAW
UL A% . SAW JE I AS 2 18 2 7 Tk A & 8 4] 30
RN S NAR N v S I SIS N Y QA Vi



5 43

- FL ) L e AR . TE N SUHR FEAR b it
TAN S A5 5 B, 396 R A0ON 9 & T AR R R T I
(- 36400, SAW A& 4% 28 i Hh SUHS H A, 1930 20
FLRION 5 Ak R HAR St R - B )

AL SAW XUT. # 2& 3 FAH R £ (LiTa0,)
A B 5 T, SR FH BEL B o0 &5 0 i A7 0 T L L
Wb mE 2 frs . ANT-RX zﬂ*ﬁéﬂi—ﬁ 11 iR
. R H 6 & 5 R AN ANT-TX s dt g 7 4>
WA ORI 4 5 3 IR A . ﬁ%ﬂ{[’é{}i%ﬁ?ﬁ
Yo, O N L fE ANT, TX,RX 3 4% 3F 3¢ 1
AR, 5 Lo \L, L,

RX1 RX2 RX3 RX4 RX5 X(50 Q)

e

= B RX11

ANT(50 Q)

ﬁl X2 T)i3 TIX4 TXSOQ
iﬁxiﬁxa TX7

H = = L
L T I

Kl 2 P SAW XUT i i B A0 $h A5
3 A PR PR ] O BT AR U SAW
LT 28 B o S iR R 3 R, TX T RX 0 1 4
ABRE/N V30 B 4, H OB A 8 i S il
3 7] 1Y) PR 25 B2 3K 55 dB,

N ANT-RX
—_—

SR.\L X
S ANT-TX

SZHUdB

-100 . - . . - .
1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2
$i%/GHz
B3 SAW UUT. £ i 0 R 417 2 i 2%

Lot AR T R R T G ke A R A
BAWIR SR 2.5 mm X 2.0 mm X 0.6 mm i SAW
T 28528, fE RX,TX AT ANT 3543 51 Zh VEFE 1 4
5.0 nH.3.0 nH.4. 0 nH HJg&, Houp i ph e an | 4
s, f/NT 2.2 dB. @AW NP s /N T 1 dB, w7
ShMH K F 35 dB. RX 5 TX 2z 6l b & & K F
51 dB, W45 R a4 EAR /N 4 dB, H s PF AT g &
T T ZARERIA,

TR A IR R SAW WU 2 B4 A4 A A 431
0
—10F Sr\wrltx
=20 I varx

SR,\L X

SZH0/dB

1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2
PiZR/GHz

Bl 4 SAW XL 2% 920 0 o7 il 2%

1.3 3 dBHAEHF/IEIT
3 dB ¥ A 4 UFR 3 dB HLHRF, J& — Al iR A

Ui 1 7 0] 2% 14, o5 1% B 4 R I A% i 2 0 4 4
AL AN S B . AR T AR RS 0 O A G5
Ly 23y 43 2 i 0 @ CELE 3D Ao B Q) (R & i), H
X PR A~ i 1) LR AR S AR A AH 2290, T v H @ (FR
B HS F WA RE s .

FIvas P 5

§@ @/

A e
Bl 5 4B ER
R T EIRA AR KA TE (1. 7~2.0 GH2) fl

SRER A R B ST G IR 45k, aniEl 6 B
N B ETEE R E, bR R RN
R AL e, A TR AE X A B H B 0 A
JREE,S WABA LMW NBERALT . W
JBRRE ., Hihe, o THIGLMKE W HIS H
E TGN AE C.,

I 77777770

- ||/ >
7771

6 SRRSO LS
iz F A AL I M ik al L 3 dB Al 5 4% AY A7 1L
FHEBLIL " Z oo Z o, 351N

1+%
ZO,:ZO g (1)



432 K H5

Moot 2024 4F

1—+F
Zyw=2, EEy (2)

L. Z, MmO k=10 C J KA %% 0 #
"R
AR AR B T s BT 2 R
Zoe * Zo, (3
FRAE A (D-(3) AT T 1 3 dB LA Y 75 (B4R
fERRBL 5> 3R Z,. =120.91 Q, Z,, =20.67 Q. B

RIERABEWRELGEE. B S0 MW 5
ZoonZoo BIRFR N
S Zu Zue.
;_Zo 1833 X 0.441 3 4)
w1883 C {e> s
(zf o)y )
EP.
1
. 70 441 3+— [( I*S/b_)JF
S/b
(1_S/b>1n(5/b)} (6
MELKEN
Ay 1 c
L="6— %)
LI VA

FET PCB MBI T 225604 € S=0. 03 mm,
WA HLH A 4. 68,48 AN (O-(D B TAETE
B3 YU fF % 6 =0.43 mm.W =0.084 mm, L =
19.7 mm, 16 L #Berp, b4 /NG A% % R HI &

BHOEM L Z IR A LYW, ERS
Bk BRI /IMA TR, IR B4 ek T SE AR TR TR
Bt . P A SR 2 2 IR BERS & 2 Uk 45 1 L 12
JREAS & e H o0 )3 o 38 AL 2, A5 an &L 7 Cao
N6 R AR 2 ARG ST S k4 TR
B, = HELE RN 7(b) TR .

_ Ground layer

Coupling unit

Ground layer
YW Goound layer
(a) A LRI (b) H A 8 — e Hg l
K7 G aSER EE
FIH HESS 8 A U7 5 88 5 & 00 07 Hoth 26
W 8 iR, FEAHAE 1.7~2.0 GHz WHES

zZ
%

9 3.3 dBLFRES BE KT 25 dB.H A 1 [H] 3 3 AR K
T 25 dB. ¥ A i S5 B I B A A 2208 907, RF
A 3.2 mmX1.6 mmXO0.43 mm,

0
S
_5 __,__-—-"—""‘ \
~104 —3S(L,1)
—52.)
2 154 —3S8(3.1)
= 15 —— (1)
€ 20
175}
-25
304
-35 T T T
1.0 1.5 2.0 2.5 3.0
SR /GHz
(a) SBHL
150
——ang_deg(5(2,1)) - ang_deg(S(4,1))
100 F ——
50F
ok
— -50F
£ _io0f
=
-150 F
=200 F
=250
-300 L L L 1 L
1.0 1.5 2.0 2.5 3.0
B %/GHz
(b) AL

&8 HAG AT E ML

1.4 SAW W T S+ ARREE T

SAW W LA IR E S th 9 EAFM LS 10
EFIRZ . K 3 A A AR TE PCB Y5 5-6
JEEE 8-9 2 TR )2 b, VUL H BOR T IE LB 4
P RAESS 3 2 FIK)2 1,2 4 SAW XUT#5A1 3 A4~
0402 241 50 Q HFHIE A TE PCB B THE | A
a4 s AR R b, ) R B R )R

Jr i AE 2 ALK R R ok . 1A A S Bk
S ) B AR A B AR 4 — B PRI A RS 5 A

55 AR AR . FERS G 2% S A Ze B3 | 4%
b L ol 2D A 2 S AR A S 2 TRD HR G e 2% B A 4R R
EanE 9 Frox. M HESS X j & 2 17 4 BR oG fh
FLL AR IBONT B Y SNP ST, 5 AR VT B ) SAW 3L
T.4% S3P SCHR7E ADS Hr i B, HR AL 5 25 3 n &
10 ii7n ,RX 5 TX [8] B9 W 25 B K F 70 dB, 87 %



5 43

il T 45 L PR S SAW BUT R A2 114 B o 433

Z/NT 0.6 dB. Hfi AHLFE /DT 3.2 dB, VT AY
PCB WAMER SR 8.0 mmX8. 0 mmX 1.3 mm,

0 2 2% o 0 0 o

°
]o 1l s
0 L} )
o ol
o °
o
o, (=
°
° o |® o)
_ °
0 [o

st

o

(a) KU T AL {1y FURAY

S ANT-RX
[

S ANT-TX
—_—

S RX-TX

SZH0/dB

15 16 17 18 19 20 21 22
FiR/GHz
(b) WU T AL AL RO FL IR
B 10 XUT #8455 41 07 BUASE 70 I A% i 4 1 47 2 il 28
2 SAW R I #AHEH B =I5 R
i1 R G B2 (SIP) # SAW BT #% Fl JC IR
i ERE R, REEEENE TS R imS
B, PEITTHZEET 3450 Q k.2 4

SAW W T.#8 , 5 kB E 2,8 2.0 mm, SAW XU
TR BT ARZE I 11 s,

(a) IEHRARRESZ

X Duplexerl O
3 csp2520

Dujllad ;

CSP2520

(b) TP (c) TR
B11 SAW ST BSR4 i 7 (48

SERFEI S LMK R E 12 fron. RX
AT P A AR RS KT 18 B, TX il A5 Py [1] 3 161 #6
YR T 13 dB, il WIS/ T 0. 8 dB, 7E % il T A
ZH 20 W 6] B R 3k 34 dBm, A AR HEE LA Ab
PR 5 07 AR PSS R &  RX 5 TX 3 35 1]
B 5 BE ik 65 dB. PR BES F E AR PEAH 25 5 dB, 1]
REJE RX w5 TX wii 19 55 % (0] A7 76 SR 51 B 0, 07
FLRF R % oz 2, S0 DU A A Y B B L B
SAW ByBE B BEIR T T 14 dBL I T 4520 XT38 A5
REPURIAEE 1, 5 M R FR 1 SAW BT 2% 41
FE S BRAR T 0 T B AR

SEHUAB

s 16 17 18 19 20 21 22
IR IGHz
(a) PR 12K



434 Bomo5 A ot 2024 4F
0 search on high isolation surface acoustic wave duplexer
ST technology[]J]. Piezoelectrics & Acoustooptics, 2022,
-10 44(5) ; 704-708.
15K (6] IWAKI M, UEDA M. SATOH Y . High-isolation
g _i(S) SAW duplexer with on-chip saw compensation circuit
4&\} 30 E optimized for isolated multiple frequency bands[]].
a5l AT IEEE Transactions on Ultrasonics, Ferroelectrics, and
ol T Sen Frequency Control, 2019, 66(12):1927-1934.
45k S [7] WUY, WU H, WANG W,et al. A compact low-loss
-50 L 1 1 high-selectivity excellent-isolation FBAR duplexer in-
16 L7 ﬁJlg/in 19 20 tegrated chip for LTE band-3 industrial applications
b) [ F5RE 1 2 [J]. IEEE Transactions on Circuits and Systems II:
B 12 SAW ST 2% 0 S 0 45 25w o ity 4% Express Briefs, 2022, 69(11) :4563-4567.
3 % K‘\L‘:& [8] HONG]J S, LANCASTER M J., GREED R B,et al.
A high-temperature superconducting duplexer for cel-
iR O SIP AR AR SO 1 — Ff ) i i lular base-station applications[J]. TEEE Transactions
AHASE A T R A e 10 B B ok 4 i TX-RX b 5 )% on Microwave Theory and Techniques, 2000, 48(8) .
77 58, FLR BT o, JOSHR . ASE T R 1336-1343.
8.0 mmXx8.0 mmX 2.0 mm, & E KT 65 dB, I [9] SHIK. DARABI H. ABIDI A A. Design and analysis
TATEE R A FAFE/D T 3.2 dB, = H Bt 6 oh % K of an electrical balance duplexer with independent and
34 dBm, 84 N 59 W HUEE A T 13 dB B9 SAW XY concurrent dual-band TX-RX isolation|[ ] ]. Journal of
TOBRS L RS 2 A B AR H A SAW BT 8 Y Solid-State Circuits,2022, 57(5) :1385-1396.
. . - H e N - [10] ELZAYAT A M, KOUKI A B. Tx/Rx isolation en-
Bz] %E%EZ 14 dB. i@:ﬁﬂj] T [E\;I:TE /Z%fb EPT: hancement based on a novel balanced duplexer archi-
- $#E HIRE) T_Fﬂi;'é E]’JI{’E A %/Fﬁ*ﬁ% tecture[ C] /[S. 1. J: Microwave Symposium Digest,
5 077 L R 25 2 22 S 19 DL IR [] ) FF e 0 A 2 1) B IEEE. 2011:1-4.
BLIE HPERIBE SRETVNES N T Ty LR
SE [J0. W F I EERE R L2019, 42(16) :163-166.
(1] TULF, Rk, EE®. . & W kB9l S [12] R, BRikde, mom, 5. B8 LTCC & b s AR 4 40
T FIST . B SR 2022,4(38) ; 45-40. 3.dB 90" WL B IIFLT]. SR 5O, 2023, 45(1);
[2] Sk, XU%E, 236, . — B9 5 I 0T 88 A 103197,
W), W TR, 2019, 24(27); 190-193. SHEN Junwei, CHEN Zhihua, YE Qiang, et al. De-
(3] LIEMPD B V. VISWESWARAN A, ARTUMI S. et sign of new LTCC 3 dB 90° bridge with high isolation
al. Adaptive RF front-ends using electrical-balance du- and low insertion loss[J]. Piezoclectrics & Acoustoop-
plexers and tuned SAW resonators[ ] ]. IEEE Transac- tics, 2023, 45(1): 153-157.
tions on Microwave Theory and Techniques, 2017, 65 [13] COHN S B. Characteristic impedances of broadside-
(11):4621-4628. coupled strip transmission lines[ J]. Microwave Theo-
(4] LAUGHLIN L. ZHANG C, BEACH M A, et al. ry and Techniques, IRE Transactions on, 1960, 8(6):
Tunable duplexers: Downlink band isolation require- 633-637.
ments for LTE user equipment [J]. 1EEE Wireless [14] YI X, SHI Y, YU Z,et al. Wideband and miniatrized
Communication Letters, 2019,8(5):1349-1352. forward-wave directional coupler using periodical par-
[5] # -R, ¥R, 20, & 25 Wes R 2 m k0T allel plates and vertical meanderlines[ J]. IEEE Trans-

WHEARLI]. R 5756,2022, 44(5) .
CHENG Yimin, QI Mengke, LI Menghui,et al.

704-708.
Re-

actions on Circuits and Systems II: Express Briefs,

2020, 67(11):2402-2406.



Hact 4 E B 5 & o Vol. 46 No. 4
20244F 8 A PIEZOELECTRICS & ACOUSTOOPTICS Aug. 2024

NEHS:1004-2474(2024)04-0435-04

DOI:10. 11977/j. issn. 1004-2474. 2024. 04. 002

HRANEE T O SAW i R =2 i 33

AERFTBRTA R AV, FHAT R R &£,
EX NS & R S /R
(1. FERRHRHL R 2 e TR 2 Be , K 4000655
2. PR P T R B SEBE , BR 4013325
3.HL PR R Rl S TR AR, I B 611731)

O O TR A S R T IR A X BT PRE Q (B Y AN H £ YA B SR R R T — b R R I A
Bt e, TEHE TR A POT S5 #438 IR 45 iy B Al b, 30 2o @ e 3 4R 4% 38 B B8 il A% 396 A B2y B, JF R ] — 4k 4 i
R4S B L 0 A S IR L 5 R A A IR 4 40 AR A IR B AR BT R AT B, SIS R R W] XA — e R
RENS A 250 3G iy M 1, X3 YA S RE 1A 2~4 dB T, B B A BRI, 5 S /NS .

SR L R PE (SAW) s 25407 5 1 R 4% 5 ol S 5 He vl A

h & 45K S TN384 XakFRiIRED : A

Influence of In-Plane Propagation Direction on the
Performance of Surface Acoustic Wave Filters

ZHU Jianyu'’, WEI Zijie*®, FAN Wei*’, LI Peiran”®, QIAN Yicong’, SHUAI Yao*,
WU Chuangui’”®, LUO Wenbo’*, PAN Xinqiang’’, ZHANG Wanli*"’

(1. School of Optoelectronic Engineering, Chongqging University of Posts and Telecommunications, Chongging 400065, China;
2. Chongqing Microelectronics Industry Technology Research Institute, University of Electronic Science and
Technology of China, Chongqing 401332, China; 3. School of Electronic Science and Engineering, University of
Electronic Science and Technology of China, Chengdu 611731, China)

Abstract: To meet the increasing demand for Q-value and out-of-band suppression in narrowband surface acous-
tic wave filters, this paper proposes a design method based on a new type of piezo on insulator (POI) structure re-
sonator. The purpose of changing the wave propagation angle is achieved by rotating the resonator, and accurate ex-
perimental data are obtained using a two-dimensional full model, which is compared with the original structure re-
sonator in the filter design. The experimental results show that this method can effectively increase out-of-band sup-
pression, with a 2-4 dB improvement in transition band suppression ability. Additionally. the design is simple and
requires little space.

Key words: surface acoustic wave; narrowband; resonator; out-of-band rejection; piezoelectric materials
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