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Fig. 2. Ultra-thin barrier layer AlGaN/GaN HEMT: (a) Device structure; (b) energy band diagram under gate with different

AlGaN thicknesses (d; < dy < d3).
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Fig. 3. MIS recessed-gate AlGaN/GaN HEMT: (a) Device structure; (b) comparison of the transfer characteristics of the MIS re-

cessed-gate HEMT and the normally-on HEMT!,

GaN 5 Jii 45 S b & A= i 2DEG, 2 T # &
JE T R A 52, e 2SR 5.5 nm R v
L2, T TR Vig = 0.9 VY AlGaN/GaN
HEMT &34
2.1.2 WAk MIS &R

BT LA BRI e MR AN T T
2R R B MR A, AR
HL R, [R] A 8 A 530 R BE R 1E. LA, S Al
B F T R AR R, S TGRSk
R 2Z )4 AL A 5T, HA MRS MIS A2 44 i
AlGaN/GaN HEMT #1114 3(a) Fi7x. W0E 3(b) FF
R, B A R R AIGaN /GaN HEMT 52
BT AE] Vg M H A 32 200 20 il B AR A 15 3
Zh 5 A2 2 k. PR A R AR R S — Fil
J 2 T TR 2 R i () U B2 sk F AR PR
DS B AT AR S AR e P T 52 7 Bk 02, SR
Syl N E . A Z0 ik B CRE R R D443, 1R
LGS 1 200 1l 1 3 5 B T 4 M A O T
OB AE 7= (18] 8] b 38 K P b 5 ik 235 e .

213 AHTEAEK

AL TERIE T 5 1 AlGaN J2 i A gL
TIRAEHIRTE AlGaN B 5417, BRI X 45
AlGaN/GaN F 1) 2DEG, 523 L %1 Y
RAFLERG RREAT RANIE 4 B, %R i A e
K2F Cai 85 M F 2005 45 WA, Al T HI(E
HLH A 0.9 VY B FREME AIGaN/GaN HEM T,
2010 4F, #EFiEABARS R — L0, #1553
EHESETEZE 1.8 VUL R BEIR M GORF A
540K 05 A= WFFEFT Zhang %5 17 F 2015 4FR F 1
BTG S MIS WSS 4, K (5 R 2T =
3.3 V. B FIHEABARMEHEAT TR, HH
BT AE TR T A REXT A 22 2 a4, ELR
B AR R IR AL ) S AR E PR S, B
HLRR VRS, TS M 2 T .

2.1.4 p-GaN M4 K

HS MR 5 AlGaN Z2Z a6 A p il GaN 2
AISCELH A, Heb i aniEl 5 BiR 08 p 8 GaN JZH
(L B 32 EREFRTHE T AlGaN 2 & AlGaN/GaN

180809-3


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. 75, No. 18 (2026) 180809
@ (b) AlGaN GaN
G ._._‘ —w F~
S - b —w/0 F—
GaN buffer 04l c
3 ‘ D cy FoDEG F

B4 MR B AR AlGaN/GaN HEMT

(a) SRAFE5H; (b) R T AT S B9 BEH € XT LL

Fig. 4. AlGaN/GaN HEMT with F -ion implantation: (a) Device structure; (b) variation of energy band with and without F-ion

implantation.
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Table 1.  Comparison of normally-off technologies.
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Fig. 6. PNJ-HEMT: (a) Device structure and the equivalent circuit of the gate stack; (b) gate breakdown characteristics of PNJ-

HEMT and Schottky p-GaN gate HEMT22,
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Fig. 7. p-GaN gate HEMT with SRL?: (a) Device structure; (b) vertical energy band diagram through the gate stack; lifetime
prediction of p-GaN gate HEMTs (c) with SRL and (d) without SRL at 25 °C.
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Fig. 8. AlGaN/p-GaN/AlGaN/GaN HEMTP4: (a) Device structure; (b) lifetime prediction with failure rate of 63.2% of the

proposed GaN HEMT.
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Table 2. Comparison of BV enhancement techniques for p-GaN Gate.
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Fig. 9. Hybrid gate p-GaN HEMT: (a) Equivalent circuits
of the Schottky and Ohmic p-GaN gate stacks; (b) com-
parison of the characteristics of the two gate structures;
(c) planar hybrid-gate structure; (d) mesa-type hybrid-

gate structurel?’,
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Fig. 10. AlGaN/GaN HEMTs with various field plate technologies: (a) Schematic cross-section of the device with dual field plates;
(b) BV variation trends of the dual-field-plate device at different process stages®); (c) schematic cross-section of the HEMT with
AFP; (d) off-state characteristics?l.
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Fig. 11. MIS-HEMT with trench termination (T2 ) and AIN IPL structure: (a) Device structure; (b) measured off-state breakdown

characteristicsB,
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Fig. 12. p-GaN HEMT with the partial etched AlGaN layer: (a) Device structure; (b) breakdown characteristics of Con-HEMTs and

etched HEMTs with various L.
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Fig. 13. LDD-HEMT: (a) Device structure; (b) off-state BV with and without the LDD region/.
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Fig. 14. FPL HEMT: (a) Device structure (inset shows HR-TEM micrograph of LPCVD SiN,); (b) measured off-state breakdown

characteristicsi4.
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Fig. 15. GFT HEMT: (a) Device structure; (b) lateral E-field distributions at breakdown/?.
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Fig. 16. Lateral superjunction AlGaN/GaN HEMT: (a) Device structure; (b) breakdown voltage curves of devices with different L.
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Fig. 17. PSJ-HEMT: (a) Device structure and its E-field distribution during OFF-state. (b) measured off-state breakdown charac-

teristics of Conv. HEMT and PSJ-HEMT?,
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Fig. 18. RC-PSJ-HEMT: (a) Device structure; (b) microscope picture of a fabricated RC-PSJ-HEMT; (c) measured blocking char-
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#* 3 HEEHERIEARN T

Table 3. Comparison of breakdown voltage enhancement techniques.
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Fig. 19. Dynamic on-resistance degradation in AlGaN/GaN HEMTs and its underlying physical mechanisms: (a) Comparison of the

output characteristics measured under pulsed switching and DC steady-state conditions; (b) schematic of trap-induced physical

mechanisms for dynamic Ry degradation.
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Fig. 20. Physical mechanism of Vpy shift due to the “charge storage effect”: (a) Device under high drain voltage stress; (b) drain

voltage drops to the on-state value after stress.
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Fig. 22. E-mode GaN-based MIS-HEMTs with LPCVD-SiN,, passivation: (a) Schematic cross-section; (b) dynamic Ry test resultsl'!.
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Fig. 27. GaN BDS topologies: (a) Common-drain GaN BDS
structure; (b) comparison of area utilization among discrete,
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Fig. 35. Specific circuit design of drive control integration®l: (a) Schematic of the GaN HEMT circuit with integrated gate driver

and overcurrent protection circuit; (b) micrograph of the fabricated integrated GaN IC.
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Fig. 36. Micrograph of the all-GaN DC-DC buck converter IC[82.
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Fig. 37. Evolution of key technologies for GaN p-FET devices.
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Abstract

Gallium nitride (GaN) high-electron-mobility transistors (HEMTs) are the core components for high-

frequency, high-efficiency power conversion systems due to their high critical breakdown electric field, high-

density two-dimensional electron gas (2DEG), and exceptional electron mobility. Current research on GaN

power transistors is driven by the demands for higher breakdown voltages, improved reliability, minimized
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dynamic on-resistance (Rgy), and advanced integration.

This paper systematically reviews the challenges and recent progress of GaN power transistors across these
domains. First, gate engineering is introduced, encompassing technologies for realizing normally-off operation
and techniques for enhancing gate breakdown voltage. Next, technologies for improving breakdown voltage are
analyzed, discussing in detail field plates, trench terminations, fluorine ion implantation, lateral superjunctions,
and polarization superjunctions. Furthermore, the degradation mechanisms of dynamic Rgy and their
corresponding optimization strategies are discussed. Finally, the latest developmental trends in power
integration technologies are reviewed, covering bidirectional switches, half-bridge integration, monolithic drive-
and-control integration, and GaN CMOS integration.

By tracing the trajectory of technological evolution, this review aims to elucidate the core structural,
process, and integration challenges and research progress facing high-voltage, low-loss GaN power devices.
Furthermore, it comparatively analyzes the advantages and limitations of different technical routes, elaborates
on the trade-off relationships among various performance parameters in the design of GaN power devices, and
ultimately provides perspectives on future development directions for realizing higher-voltage and higher-
reliability GaN power transistors and their ICs: it is a road along the co-innovation of materials, devices,
circuits, and systems.
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