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Research and design of matching

circuit for megahertz ultrasonic transducer

QUE Lingfan, LIN Shuyi, HUANG Xiaosheng, SHEN Kun, LI Shimao
(School of Electronic, Electrical Engineering and Physics, Fujian University of Technology, Fuzhou 350118, China)

Abstract; Taking the megahertz ultrasonic transducer as the research object, a design of the matching circuit
for ultrasonic transducer based on the air core transformer is proposed. This matching circuit utilizes the
equivalent excitation inductance of the air core transformer at the resonant frequency to perform impedance
matching with the transducer, thereby making the load network approximately weakly inductive, causing the
voltage phase to slightly precede the current phase, achieving zero-voltage turn-on of the inverter circuit switch
tube and reducing reactive power loss. The impedance characteristics of Litz wire and enameled wire with the
same number of turns are analyzed, and the influence of different winding materials on the high-frequency loss
of the air core transformer is compared. Through simulation analysis and experiments, an 1 MHz ultrasonic
transducer drive prototype is constructed, achieving a high sinusoidal degree of the driving waveform of the
ultrasonic transducer at the rated frequency, a peak-to-peak voltage of 221.7 V, and an instantaneous power of
1288.7 W. This proves the feasibility of the designed matching circuit for the ultrasonic transducer and solves
the difficulties in the development and impedance matching design of the ultrasonic transducer drive at the
megahertz frequency.

Keywords : ultrasonic power supply; megahertz; air core transformer; impedance matching

BEA i T HOR YRR e R A i AOOCHE . 78 A Sh AL Tk 4R, Hh B 7R A i e
ROy e YA I 52 2 B Y AMIFIE N LBk B S R R B P I TR SR

WA H 91 :2024-06-21

HETH WA HRBIAREERIINE (2023]J01949,2022J01950)

BE—VEE TN B (1999—) 5 fE@E A A W-EAFsE A W5 J5 1« SRR 2488 75 Il e e e R sh i 0
WAFVER MITH(1985—) , & A M, @20, W P 0 ) - i T R R R (P P 2 A



553 3]

B L, S e B A D s B 5 5 R 255

FETIIAR W/ MATR , B RAbURE 2 75 e L DA e
AR HEA RS R Sl L IR0 BE & 4 7
SrAIR RSl HL DR A S AR R ) 3R 4 e
HLAE, $& BE A4 38 i H o RN AT 52 B BE Y B
LN U1 L (SSR A ERTTE DN WA S 2 B B
i Y PR 9 B R e A 7, 7 P B BT T A A
AR A

BEXTBHIT R 2% H Bl I VT B 1) 8, SCHR [ 6]
St T — iR T A BRI ) 3 B R SR B T T e D7
W SCHR[ 77 R A LCLC-S BHLHTIE AL T, SE 3
YRS L AR AR B0 T 1A B s A th R,k
Tl P A B A B A U 2 R B TR, S
BR[ 8] T LCC Mz 2%, S B v TH s LE 5 %
R, SCRRL 9 ] B3t 1 Bk nh 3K 3 16 HoCi:
B 38 it | 2R A DI PRSI B P U A B e 1) R BE
A

AT BT BB RO R KB
¢ A AR, 0¥ 52 B v A9 A 3 B
IR, AW TR @A AL a8 A1 D9 SRS 31,
Bt TS AR AR A A0 TR A e i S
SERURN G R AT I IR DR B BT, L i iR oT
PRI IFOFFEAS [RIRERESE i 19 2500728 Fs e X
R A RE A Y PERERY IR Gl O B
SR, BT 1 MHz B 0 35 i A S S AR ALY 3R B
BT, LASCBUIBE I i1 D5 T LG, i eI b 2%
PR RE A IR Sl BT R XERL,

1 BEEREREINRS

1.1 £HFTHE

AP RE A SIS N AN 1 TR, 4
DI Q WAL, C, H—k M LC i
PRAMEHLAS, L, b 28 0 8 i g — U A5 0 T IR
TR L, RS O AR FE A RN AR G LR
FPRREAS AR A A, R, NI BERR SRS A

FLRH
ELd
Ln ==Cs ==C.

~
'
f”?

O G Lu 877

03 O4 @)}
‘%Fﬁiiﬁ

B 1 EFEIKkeEREMIEIRFH
Fig.1 Ultrasonic transducer full bridge drive topology
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Fig.2 Piezoelectric transducer equivalent circuit
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Fig.4 High frequency ohmic loss of enameled wire
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Fig.5 High frequency ohmic loss of Litz wire

T8 05 LB MOSFET Hi, J& L i S, T (&
6 JUT7N ., Y B 4% Sk 55 S B, G A S 3 i
WisiH R R BUA OG4TSR LA
WU T E , v e e i vl , SC PR TCIAE 538,
RV H T3

80T

— x| Y
— xR <
>

(o]
o
T

DAL I RE WIE/V
S 3

041.5 42.0 42.5 43.0 43.5 44.0

t/ps

Ee6 FXERERRKLE

Fig.6 Voltage and current waveform of switching tube
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Fig.9 Switch tube voltage waveform
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