% 49 %5 5 FRRXFFHR Vol. 49 No. 5
2026 5 A Journal of Chongqing University May 2026

doi: 10.11835/}.issn.1000-582X.2025.203
5| A& 2R, TR K, SRS, 45 . 1 mm AR R H 75 U L B LAY 3K 30 L B T S SR R K A
2, 2026,49(5): 30-42.

1 mm FEAR i HL A 75 5 HL 2l BIL i g 2h fL i 3¢ o 15 5 B

%&%}%a,b’ ‘Ji/f&]]«% a,b, g{/‘/&%j a,b, ]{le:‘ /}*] ‘]’%’. a,b’ ijE}j:\a,b
(HFLTIHARF afZh5BFIEBPRE; b FELMAIFRSKE, LM 310018)

TE R BB HAELRF RN RBE S EEFELRTL, A5 mm iR E
RESAFREAGIKEIR S fe FHik 2 2K % T —HATHFRE 5 L2 E (digital signal
processor,DSP)28335 % K ¢4 1 T JH R -3k X IR 3 b, 3%, 3% ¥, 8- A DSP 28335 % K A Hw = £ 45
Pk ¥ 5% 3R %) (pulse width modulation, PWM) 3% , 5 2K 3h 4 A~ MOSFET JF % & % % R % F 18 , id if
TREZEHFETHERGEKRK, HFLELCREEBKGHAE HAaMEIA4EE A48 £ 9008 E 7%
W, AERZh | mm A B Ok S Lk A, A AT IR B b BE e AR AR A SR A X IR AR BEAT T R oA A A
F AT A A R R R R IZ K Sy b K B R TR SE B A 0~100 V, 91 & T8 B A 15~50 kHz,
R A E R AT R R R ERMI KK R, ARSI R Fo b R4 5] 2 22 kHz A2 50 V
B4 T, Sk ik F) 480 r/min, i 2 1 mm AR E B AR FB R W HUAG IR B B R

KB A A L BB AL; R K IR W% % K E s DSP

FESES :TM133 XHEAREE A X E4HS:1000-582X(2026)05-030-13

Design and implementation of the driving circuit for a 1 mm
cylindrical piezoelectric ultrasonic motor
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(a. School of Information and Electronic Engineering; b. Sussex Artificial Intelligence Institute, Zhejiang

Gongshang University, Hangzhou 310018, P. R. China)

Abstract: The performance of the driving circuit is critical for the stable and high-precision operation of micro
piezoelectric ultrasonic motors. To meet the low-voltage drive and high-speed operation requirements of a 1 mm
micro cylindrical piezoelectric ultrasonic motor, a transformer-inverter booster push-pull driving circuit based on
the digital signal processing (DSP) 28335 chip is proposed. The DSP 28335 generates four pulse-width
modulation (PWM) signals, which alternately drive four MOSFET switches. The inverter boosts and amplifies the
voltage through a transformer, and an LC matching circuit filters the output to produce sinusoidal waves with
equal amplitude and 90° phase difference, driving the motor. Detailed hardware and software design analyses are
presented. Simulation and experiment results show that the output voltage is adjustable from 0 V to 100 V and the

frequency from 15 kHz to 50 kHz. The no-load speed of the motor increases linearly with excitation voltage,
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reaching 480 r/min at 22 kHz and 50 V, satisfying the driving requirements of the Imm cylindrical piezoelectric
ultrasonic motor.

Keywords: micro ultrasonic motor; piezoelectric ceramics; driving circuit; high frequency and low voltage; DSP
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Fig.1 Overall scheme of driving circuit
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IWE G,

EPwml1Regs.CMPA half CMPA=EPwm1Regs.TBPRD*0.5;

EPwmlRegs.CMPB=EPwm1Regs. TBPRD*0.5;

4) BEE ALK ] o MR SE X Bt ] 225K il DBRED A DBFED 77 74+

EPwmlRegs. DBRED=2*%75;

EPwmlRegs DBFED=2%75;

AT DL P AE BRI L AT LA 4 8% PWM %, ePWM6 BEH Y L B 5 ePWM 1 ALHZE ], DSP 28335
AR A2 PWM A I R T A 8T 12 7, T PWM SRR B, % PW M AR B it 47 T80 8, 60 ' 52 A B0 T g i
PWM I, o ] LA 3 32 88 X8 i i1 B9 PWM I B S BEAT IR 8% o DSP PR R B AT 13 o, 1 6 %) DSP O
FrEAT R AR AL , PTG B PWM L, 3 X 45 S AR R R AT A I , A 2R AT FR B R, T DL BT PWM S5
JFf 2 S, TR PWM 27 A7 45 IO (E, PR PWM

Frig
HIHR4LDSP
l !
FT 5 ePWM4H BESHRE
b B A O RCREWMAE
BRES, R mgmewamaris
FFJ5 GPIOHT 4h & BET
YItRALE B =
HEPWMSE
B TE 4 £z ]
12 DSPFAPWMiKREE ki
Fig. 12 Flowchart of PWM wave generated by B 13 ZEFEitiRER

DSP sinusoidal waveform Fig. 13 Software design flowchart
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Fig. 15 Sinusoidal wave measured by experiment Fig. 16 Impedance simulation of Imm ultrasonic motor
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