R 2B TPFTALRIBI TS AT
A~
Graduate Institute of Electrical Engineering

College of Electrical Engineering and Computer Science
National Taiwan University

Master’s Thesis

AT 250 BIER L A2 % S s L st
KRB R RRESNLF A

FPGA-Controlled High-Power Driving Design for High
Intensity Focused Ultrasound Application

3278

Chun-Mao Chen

;f% Wards: Fli2g # 2L
Advisor: Hao-Li Liu Ph.D.

PERRE 112 & 127

December 2023

doi:10.6342/NTU202304515


http://dx.doi.org/10.6342/NTU202304515

W,

£

BAGESEELE Y SRR o F AR L E AR D FR L RKRIFIFOR
oo b BATEERY B ERS T @fhdig o 4 SARED B OFY

P /}ﬁfppp Fg%]’lzl-é o & _\%b“"?{;‘b‘mg Pi‘ +\.J‘r"’—\‘.i{‘§i’_§\, E’ﬁ%‘% Eﬁ"%lj ’ 15 E’f‘l;}’};];!i‘!:.fé 2N

RAZFEREFL e 0 B Limi o A R Rt P el o B LA R
& AR ITE g ﬂ%‘%% CABRPUEHEFRYE AP S
]”Qb—tg é“{:- el \: ‘E‘ ‘& )EL‘fr'%TE'lz ) —} Jﬂig-ﬂizﬂb ga%&i']ﬁ;(i‘i' o

prob s AZEF R % g e TP B P I AL R - AR
Ag oo A X F.?»m‘i?‘ﬂ"frgk-&{j\ﬁ’g‘m‘?f‘é B s R B L Pt
AR EFITOGR ) ARG 2F Pl I AR TI afd o GREY

AT S GBIy A (P 5o

i doi:10.6342/NTU202304515


http://dx.doi.org/10.6342/NTU202304515

WHZ

WE K BRAREARS R (HIFU) iof F1E 223 2 Hinf = AR R o
Bt PR EDME ¢ XL TREFTRY 27 A hi 4T % o ¥ HIFU
PN ST B fortit o $SRE T R hE R AR RAR G o MR R E AR R
Dfeforro AR HEAFRENART AR LAOFHTRECENEFRE > i
AP AR AL R TS RERA S SR LR S AR
AT RN S ERESALG R p ST o XA Bt SR LRSS
é_ﬁs?] HRE oy i N ;Ji i R B d M e BRIk s AT
fio b o» Tl E Beehif 5 on R e EL L &%?fzﬂ;‘g R R I - ]
?*HEUm%mmﬁgﬁ DA ASE A & F T AN (IR
(FPGA) ~ % i #icirig 3 B (DAC) ~ 835 chsgpds T R0 2 [ H e fio o #F 4
K ﬁ%’]»l#@ﬂ BAEADRER o TS A KGR EHERE SR A
F IR ia R i 4N i G4F FUS Ak 1 Vit it o ¥ bk 53k & Chirp #
o R RN AR A RE- R B g o

ST B R R A NAZS A~ Sd ke s BV AR CBIER LA 4 F

W

i doi:10.6342/NTU202304515


http://dx.doi.org/10.6342/NTU202304515

Abstract

In recent years, the non-invasive nature and clinical effectiveness of High-Intensity
Focused Ultrasound (HIFU) therapy have made it a crucial element in clinical practice,
leading to a need for more advanced driving circuits to enhance treatment safety and ef-
ficacy. Multi-channel phase-controlled focused ultrasound systems, offering adjustable
focal depths and positions, provide greater flexibility over traditional single-channel sys-
tems with fixed focal points. However, traditional nonlinear driving circuits often generate
higher-order harmonics, creating sidelobe effects and challenges in impedance matching

when more channels are added.

To address these issues, our study introduces a four-channel focused ultrasound driv-
ing system designed for HIFU treatments. It includes a Field-Programmable Gate Array
(FPGA), high-speed Digital-to-Analog Converters (DACs), push-pull driving circuits, and
a simplified impedance matching approach. This system effectively eliminates higher-
order harmonic output while producing adequate acoustic pressure, paving the way for
portable, multi-channel transcranial FUS systems suitable for brain treatments. Addition-

ally, it features a Chirp mode, promising for various therapeutic ultrasound applications.

Keywords: high intensity focused ultrasound, drive system, field programmable logic

gate array, power amplifier
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e C
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OutEndpoint: AL T-0, 16384 Byte Bulk out endpoint {0x01)
Eiytes transferred OUT ... 0 e
Btes transferred IN ... 0 Waveform Setting
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Burst Period..................... ? ms
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