R

T AR T R YR R LN FH AR R ST, A S P A K T X B R R
SCREFF TS, Rt T IIRAE . ARSI AR IR BOR Bt — D R AN . WD
IRBEAME N — M S vl AR RRIR, AT RN . B TEREKBEARER
REAL I S A7 T T 2 A2 R 2, 5 3500t PR A H IO L AR () 2 17 1) 7
To ik BRI B H N BN H R A R RE . B AR TRETR R L AR G HP T i R 2 T
DU R B ) 5, XA BLR- B (DC-DC) A8 4 g8 U iR R B bL, flfedsE,
PR B =& 2 (R HE MR R A TR

ARSCUAN TR R B AL, it RS B A A L d % 2 (R X 7] DC-DC Z& 8%
N ER, ETEMAEREETIERR (GaN HEMT) IR Z4FX X DC-DC
AR BT E . B S, IR R H ) B AR B A A A LR B A T AT, 1A
T HEIR R H A H E R BE AT R (BRI ) 1. O T AR RIS AL DC-
DC A #t 8%, X FZIRI AT HW, IFE T R E-THE (Buck-
Boost) #HIMEEMIHEATIRIE. HIR, A THEFHiZ DC-DC AL 8% ) 2, A
88 = AR GE AR 2 SR GaN HEMT # #e e 48 1 fk 2 SR 37 N i R4 (Si
MOS). AT ReH N GaN HEMT, ¥ GaN HEMT F1 Si MOS i#ATx%t Lk, 4
fr GaN HEMT HUEFaREE: #E Uk It RMiA~F &, 708 GaN HEMT Hzha
PEERME . FRUR, MR EERIR NG ). GaN HEMT PEBE A TR A A B Ha BE % At
R B8R, BT SHOTE LA BRI g 5. Horh, AR R
i GaN HEMT FF o0 . e riEk. SRV HAMIER!, FETIRIMTRER, S
BFEFEGI RS . IXSNH K. SRS AT YR A . GBI SR STM32G474 B 5 #L
VR Tl E8 0 AR 4 s AT B m4a ], B AL Gl . 00l 9 5 A4 207
i (ADC), e M 28 S MRE T, FFERG YT IALLE . B4 1
4y (PID) 0] rLBR FEAT PR, 20 H F R A A B SR 3 AR AL Iy R DL )
AT, AR E R K

WJa, N TEUEX R DC-DC A # a8 ¥a Fh ety S st i nl AT e, #52E T
STM32G474 =X A DC-DC AZ 4 s () LI AEMLIEAT MK, Ik tH P R s R
AP ASAEIRTR . TERAMEE R el 24V B RS 7EH, THER R T R
FhWE A 32V K. ARSLIGIGIUE T Z M DC-DC B ds R X ke &
AT 1E e 78 H RO AR B AT R E R

XHIAE: WIRAH, XA DC-DC A2 #:4%, PUFFK Buck-Boost #ifh, GaN Zj
R, B



Abstract

In recent years, the application and development of new energy generation
technologies have been rapid, with increased support and investment worldwide in the
new energy industry, promoting further development and adoption of clean energy
technologies such as wave energy and wind energy. Ocean wave energy, as a clean and
renewable energy source, has broad application prospects. However, the output of wave
energy generation technologies is affected by various factors, leading to the issue of
randomness and intermittency in electricity generation, making it difficult to directly
integrate into the grid or supply power to electrical devices. To address this issue,
energy storage systems are typically integrated into wave energy systems, with
bidirectional DC-DC converters serving as crucial tools for energy transfer between
different components.

This article focuses on the design of a bidirectional DC-DC converter for use
between wave energy generators and energy storage systems, based on Gallium Nitride
High Electron Mobility Transistor (GaN HEMT) technology. The article first analyzes
the overall structure and principles of wave energy generation systems, highlighting the
issues of randomness and intermittency in output electricity from wave energy. To
tackle these issues, a bidirectional DC-DC converter is introduced, explaining its main
topology and designing it based on a four-switch Buck-Boost structure. Furthermore, to
improve the efficiency of the DC-DC converter, third-generation wide-bandgap
semiconductor GaN HEMTs are employed to replace traditional silicon MOSFETSs.
Comparative analyses are conducted between GaN HEMTs and Si MOSFETSs in terms
of their static and dynamic characteristics. Moreover, based on the main circuit topology,
GaN HEMT performance, and the energy storage requirements of wave energy
generation, design criteria are established, including parameter calculations and
peripheral control circuit designs. The hardware main circuit comprises GaN HEMT
switching transistors, energy storage inductors, and filtering capacitors, while the
peripheral circuit includes control circuits, drive circuits, sampling circuits, and power
supply circuits. A STM32G474 microcontroller is utilized for digital control of the
converter, replacing traditional analog control methods. Programs for modules such as
analog-to-digital conversion (ADC) and high-precision timers are written, incorporating
proportional-integral-derivative (PID) control for closed-loop control of the circuit,



allowing automatic adjustment in response to changes in output current or load, meeting
the charging requirements of the energy storage system.

Finally, to validate the feasibility of the bidirectional DC-DC converter topology
and design, an experimental prototype controlled by STM32G474 is constructed and
tested. The experiments demonstrate stable charging of energy storage devices at 24V in
buck mode under trickle charge, constant current, and constant voltage conditions; in
boost mode, the converter stably outputs 32V voltage from light load to full load. The
experiment confirms that the bidirectional DC-DC converter effectively provides
consistent charging to energy storage batteries and stable power supply to loads.

Key Words: Wave power generation, Two-way DC-DC converter, Four-switch
Buck-Boost converter, GaN HEMT, Digital control
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