#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 10 (2025) 100201

£ T GaN WS M KK ST R

Ml BRI OEFHEI FHVT FHEED
ThRED KERY KIH#HmD  HMEKY

1) (PULEH FRHE R A U B, A R R S SR AR 2 E TR Y0, 9% 710071)
2) (PH% i TR RS H T4, P54 710071)
3) (WZ PR 7 TR b, S RINE 2 E AR E, P94 710071)
(2024 4F 12 F 30 HUkF); 2025 4F 2 A 22 HUEIEMH)

TN 3 AR g DL LRI AL . RTESF R, IE R O M T SOk R G h . SR 2 45
FIE GE D) R g VR RE RS R, R OR300 28 S8 90 FI A FEL R 3 25 10K . ) 5 1 25 5 I LAY o] 24 265 AR 700 506 72 28 14
— R i, AR TS T — MR T AAE SR T IR R MEE (GaN HEMT) Y 1 5 7 - 3¢ H 8k
W Z PR AR 4. % AR AR UCR A T R B T R BT A A T O H B Z TR 45 R B R A R, AR R TR
L 2SR G E TR AR RN AR 1T 56 B AR L TR AT e Ah, SR A GaN HEMT £ Sy i 48 25 2l 5 TF 56 2%
P, BT T L SRR S 3R o L B, o T SR T SR AR AL G2 19 10 kHz 3275 51 100 kHz, ¥/ 1 Ha R A Ho Al

TCIEASAF AR S RENL R Ge I, 78 B 525 T 0.2 I, 30648 g SRR IR K 5 38 1) 5.75, 8H T O H &
e Z IR RS AN R T 15%. AT ST BUA A5 B A LA Ot IR R TR 5, 454 GaN HEMT
AOREHT, ik, SRR A R 50 A8 SR BT R B T B BOR AR

KB WADGRYAESS, FFOCHEE Z AR S, GaN & i TR R I

PACS: 02.10.Yn, 33.15.Vb, 98.52.Cf, 78.47.dc
CSTR: 32037.14.aps.74.20241798

UEAER, BORBEAAT S TR, Iz AR
T RGN RGN R, #E3 T oA 20EIR A f &
GERA BRI 08 e R T, S — MBIk A
ORI, RETAERIOCIAEIET
BRI RCR AR 5 = T AEE I R, X DA
B BRI T /NUAL RIRFE TIPS A% L
ZOR. AR A FOCIR K R BRI AL, O

DOI: 10.7498/aps.74.20241798

TR 2% DRHASTH A0 AT 2B R s T AR, RefE T 2 ik
SR, AR P DBAR L TRk oA =GR DL K i
FE, DX 0 P JRe B R DI 3. FEAR 2 TR i A 2
M e Z RN LA L R PR RE R IR, Bk
N e HL R SIS A5 A 2 — 149,

2003 4 Pengl® BFART T Z JHiA54S (Z-sou-
rce inverter, ZSI) ##¥h, Wik T4 R IR /HL 3t
JE 3 AR g PRI R BR P, H ZST #id M7 3 45
PR FF AR R T R D SRR FL I RSt 179
A, Li 25 O R T HE Z YRS EY (quasi-Z-source

* [E R SHTE R (JHEES: 2022YFB3604303, 2022YFB3604300) FIES HARIF RS BIHBITRMARI A 354 (LS 62421005)

GBI,
T BEEEH. E-mail: yexd503@126.com
T BEfE1E#H. E-mail: xinhuaiwang@xidian.edu.cn
1 BIEVE# . E-mail: mwxidian@126.com

© 2025 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

100201-1


http://doi.org/10.7498/aps.74.20241798
https://cstr.cn/32037.14.aps.74.20241798
mailto:ycxd503@126.com
mailto:ycxd503@126.com
mailto:xinhuaiwang@xidian.edu.cn
mailto:xinhuaiwang@xidian.edu.cn
mailto:mwxidian@126.com
mailto:mwxidian@126.com
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 10 (2025)

100201

inverter, qZSI) #ifh, Mt ZSI, qZST HA H AL
F, R FL UL, ) A sl P, 32 G e R 45 1Y
Jof 5% 001 e T s f 8 iR 55 qZST AR 7
PRI 580 A R 23 OB AR & i R G it — 20 i
HAEZE Y.

KT qZST B R R, SR PR
FF G H SR gl 10120 5@ 0 R OC st B v iy FR K TR
JFECHCHL, T4 & F R 3 25 . B8 T I, Zhu 55 [19)
P T I OCHUEK Z 5 3% A8 8% (switched-inductor
Z-source inverter, SL-ZSI); Nguyen % M 42 T
TF & HLBE Z TR AF 4% (switched-inductor quasi-
Z-source inverter, SL-qZSI). Zhu % 5] £ qZSI
SIAT A UEFF RIS, (H Rt o —
O s 1l S 2 ME AN T AR, 2021 4F, Karbalaei Al
Mardaneh 75 3¢ HR A ITT Y 4504 TRl AT G
G5, BRI OCHEC FZE 7 VRIRS (switched-
inductor-capacitor quasi-Z-source inverter, SLC-
qZSI). Bolaghi & 7] fifi ] —AFF ¢ L 25 -HL T
R qZSI h A HERTCH, —E B L ftm THE
Has. RERARES T R E R, (A E R
FEHE T 2 G AT S TP T — 2L R
M ERE

AN, BACE L TIER A A AT (GaN high
electron mobility transistor, GaN HEMT) #§{4:X}
Fb e 2 2 L8 T s ) R O R L I A O OGP
FE /ISP AR FR L B R i py e e di e 1121, oY
R, FERARZR ] GaN HEMT #RFREIRAS 4L
FEFEAS 1B 5 P R0R L AR IR R G )%
BikE 2230, Wi GaN HEMT A S#EU A MOSFET
FIGBT Dhitt—4 m ot R AR 2k .

ASAEALGE qZST Fr MRl A TPl
5 YT O HL R Z IR AR 4% (enhanced switched-
inductor quasi-Z-source inverter, ESL-qZSI) #ih,
i o B R 5 AL 3 ORI MATLAB/Simulink {5 B,
SR 7 AR AR R T A D R . TR E S
BOEE T GaN HEMT #fF, Fis it Tl Ar g%
IR, LA T A O AR 2 R G LT
BIFTEMARGEMR. AT R DGR AR g i 52
Prig it 5 0 PR AL T — Rl nT A T R D .

2 ESL-qZSI 4a 4 A

2.1 IEipfER
ESL-qZSI ¥ Mt 1 s, Ak B

FL IR, A BT TR B | 3 i R O HL T e LT
S Z WL &, N — T R R 45,
BB 2% 5 R PN AR AN 1%, B Jm R UE DA IE
R 1 R R

D3 Lj [EE—
D, —HT’ODU‘- C3
P P 000

e D. S s
Ly _‘ 1 _”g 2L5

_/m\_’r_”_ Ds
05%}2%

Cix Cym
H5ss 45:54

Kl 1 ESL-qzZSI#ifh
Fig. 1. ESL-qZSI topology.
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Fig. 2. Equivalent circuits of ESL-qZSI topology in shoot-
through states.
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Fig. 3. Equivalent circuits of ESL-qZSI topology in non-
shoot-through states.
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Fig. 4. Boosting capability comparison of different topolo-
gies: (a) Boost factor B; (b) voltage gain G.
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Fig. 5. Switching voltage stress comparison of different to-

pologies.
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Fig. 6. Driver circuit with negative voltage turn-off.
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Table 2. Key parameters of driver circuit.
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Table 3. Experimental parameters of ESL-qZSI.
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Vout7 peak — 294 V, XﬂLF_‘? Eﬁ}iiﬁmiﬁ G = 4.59.
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Fig. 7. Simulation result of DC-link voltage waveform.
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Fig. 8. Simulation result of filter output: (a) Voltage wave-
form; (b) analysis of THD.
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Fig. 9. Capacitor voltage stress simulation results of ESL-
qZSI.
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Fig. 10. ESL-qZSI system test platform.
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Fig. 11. Experimental result of system drive waveform.
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Fig. 12. Experimental result of DC-link voltage waveform.
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New high-gain micro photovoltaic inverter based on GaN"
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Abstract

Microinverters have been widely used in distributed photovoltaic (PV) systems in recent years due to their
modularity and flexibility. However, the current development of microinverter topologies faces significant
challenges, such as low voltage gain and limited reliability. To solve these problems, an enhanced switched-
inductor quasi-Z-Source inverter (ESL-qZSI) based on gallium nitride high electron mobility transistor (GaN
HEMT) is proposed in this work. The proposed inverter introduces a novel topology that integrates an auxiliary
boost unit with a switched-inductor quasi-Z-source network. This topology significantly enhances the voltage
gain at low shoot-through duty ratios and reduces the voltage stress across the switching device. Additionally,
the use of GaN HEMT as power switching components increases the switching frequency from the traditional
10 kHz to 100 kHz, in which a specialized negative turn-off gate driver circuit is designed to adapt the
characteristics of the GaN HEMT and to ensure reliable switching operation. This increase in frequency reduces
the size of passive components, such as inductors. Experimental results show that the proposed inverter
achieves a boost factor of 5.75 at a shoot-through duty ratio of 0.2, which indicates that its performance is
improved by 15% and 91% greater than the traditional switched-inductor-capacitor quasi-Z-source inverter
(SLC-qZSI) and the traditional switched-inductor Z-source inverter (SL-ZSI), respectively. These results confirm
that the proposed inverter enhances the voltage gain of existing topologies. Besides, compared with SLC-qZSI,
the proposed inverter can obtain a higher efficiency of 90.5%, which shows the advantage of efficiency. In
conclusion, the proposed ESL-qZSI with GaN HEMT provides a hopeful solution for high-efficiency and

compact microinverter systems in photovoltaic applications.

Keywords: micro photovoltaic inverter, switched-inductor quasi-Z-source inverter, GaN highelectron mobility

transistor
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