%265 oW Jesr R TR Vol. 26 No.9
2018 4£ 9 A Optics and Precision Engineering Sep. 2018

NEHS 1004-924X(2018)09-2229-07

S EREFRIERS B RN R EEIE

% A% L EKABY
(LEHHRAF BEITREZR, B %M 621010;
LPEIAYERRE & FTIEFRH, W %M 621999;
JLHEMFR BRMEFARN HRN G FFEREAERE K 100049)

FEE O 7765 D A PR PR R AR 1 T v 2 R 1 PO Y R B L — D e - - B 22 B A B I 45 T i SR B4

E%%ﬁmﬁ%ﬂﬁ% I 5% O AT 23 B 10 3 ok TR0, 4 Hh T AR OB TE T R . SR R B Mason AR T HY T R
ISR BRI IR IR . Bl - - R WIS I R 05 B B A RS BN R M . K5 0L ER

IR ORARTH AT R AR . B - X VR L S5 3 Uk A48 32k AR 2E AT 7 - v -3 22 W B 3 00 [R) 05 L L o L R R ) O

ek, SRR AN ST B0 TR RS IR AR 0 IR ATR B T R GREIR 38 52 0 R SR R B i 3 MH2) L 3 5

U s 2R JEE B CR B TP Dy 1. 7 ) AT ARSI BRI A A% . BT AR LAY ) SRR S IR iR 2% A9 08 0F O 2 BB A AL A TR

EE% i GENE T e E A

X 8 E:HHEREEE é,aﬂw&r W EARA ; 5 WG R A B

thE 43S . TNG65; TN702 ERFRIRES A doi:10. 3788/OPE. 20182609. 2229

Self-heating effect and its modification of
high power bulk acoustic-wave resonators

HAN Chao'. GAO Yang®* , ZHANG Da-peng'**

(1. School of Information Engineering, Southwest University of
Science and Technology, Mianyang 621010, China;
2. Institute of Electronic Engineering,
Chinese Academy of Engineering Physics, Mianyang 621999, China;
3. State Key Laboratory of Particle Detection and Electronics,
Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China)

% Corresponding author, E-mail:gaoyang@caep. cn

Abstract: In order to study self-heating effects in the design of high-power bulk acoustic-wave
resonators, an acoustic electromagnetic thermal multiphysics co-simulation method was proposed to
simulate frequency shifts caused by self-heating. A corresponding design modification scheme was
proposed to eliminate these frequency shifts. First, an initial resonator that satisfies the resonant

frequency requirement was designed from the commonly used Mason model. Then, the frequency
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shifts caused by self-heating were obtained through acoustic electromagnetic thermal multiphysics co-
simulation. Next, the frequency shifts were eliminated by adjusting the preliminary thickness of the
piezo-layer. Finally, the acoustic electromagnetic thermal multiphysics co-simulation was performed
iteratively on the adjusted resonator to determine the final thickness adjustment of the piezo-layer.
The results show that the self-heating effect causes the resonant frequency of the high-power bulk
acoustic-wave resonator to shift downward significantly (the frequency shift of the resonator case was
3 MHz), and this frequency shift can be completely eliminated by reducing the thickness of the piezo-
layer (1. 7 nm for the resonator case). The proposed scheme for design modification of high-power bulk
acoustic-wave resonators can effectively solve the problem of frequency shifts resulting from self-heating.

Key words: high power bulk acoustic-wave resonator; self-heating effect; frequency shifts; multi-

physics co-simulation; design modification
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