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Property GaN | AlbOs | SiC | ZnO Si
Bandgap(eV) 3425 | 9.5 3.03 | 3.3 1.12
Wave(nm)
1939, 8/6V 362 130 409 376 1107

3.191(a)|4.785(a)
5.185(c)|12.99(c)

Lattice mismatch(%)| 0 —14%

3.25(a)|3.84(111)
5.2(c) |5.43(001)
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In—situ cap—layer(AIN or SiN)
AlGaN Barrier layer

|:> Semi—Insulating GaN
Transition layer

Si(111) substrate
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Semi—Insulating GaN
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Lateral Design Vertical Design

gate

sour » insulator
Structure % : ;/

drain

gate
ISOU "°e  gate insula|ii

Si or Sapphire substrate

* Low—cost substrate
* Low Ron

Pros * Very high BV capablhty * Low parasitic capacitance
* Smaller foot—print L .
* Bi—Direcrional operation
* Simple Fabrication process
* Large BV — increase chip
size
Cons * GaN substrate cost and |* Resistance and current
small diameter capability of source and
drain electrode

* Current collapse

Pd

Edge Term Edge Term

n—-GaN epi

(b) GaN SBD AxXt 7LE

(a) GaN—on— GaN
221%| ¢flojm]

(22! 4) AvogyAte] =
(EA]): 25th ISPSD, 2013,
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283k p-GaN gate 7]&2 o83kl Slet, ol& 3L,

AllE A= 3HES] p—n el 2eliA EE A (Vth)
f 1OV FZol A /o] Hrt. sHARL pd olulE
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F—-treatment MOSFET  Recessed MISHFET P-GaN gate Cascode
Hybrid MOS-HEMT
D D!
Normally—on GaN FET
—Gal
n' reglon
g }O G

Sub Sub NormaHy—oFF
Advantage Advantage Advantage Advantage Advanlage

* Simple process * High V  (~3.5V)* Smail current * positive V * High V (~3.5V)

* Epitaxial growth * Inversion channel collapse * Reverse * Qualified reliability

* Simple process  conduction

Disadvantage Disadvantage Disadvantage
* Controllability  * Epitaxial growth * Recess control

Disadvantage Disadvantage
* P-GaN growth * Two—chip solution

* Damage * Reliability * Recess damage * Low V ({1.5V) * Temp limitation
= = * Reliability * Low mobility  * Interface issue  * High dead time
Thgt g7go] Aol shAwl, +8E 2= 0% (vi00om /s +BestReport _lss
* Best report * Bv>1lkv , Best report
- * BV~730V * Ron~mQcm * Vth~ly
THAtol| AAkE ofju] golw o] Akgo g HF S gt * Ron~34m@em’ * BV600~B00V
o HKUST Nagoya Univ.,  Furukawa, EPC, Transphorm, IR
X Zoll Lo Ol AL 2] Aol ZE =3o) 5 WE4 UUC  Toshiba Toshiba, NEC,  Meljo Univ., RFMD
= ‘j HE = ]7] T]OH -]‘— H ]—o]‘—‘E‘ EE% ]:01‘7] ]IH ;'-E : ngsitslu,aHRL Labs, Paenjgsor::; LGE GANSystems, ETRI
= KNU, HU, ETRI
o, Vi) g s G0~60viel
O3 5) 3718 GaN MU H| At 7237|2 Y
= s e
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o] F71g A FEsR= F-treatment 7148 %
FE7]Ed (HKUST)S] Kevin Chen 14~ “LgoflA]
g A shARE, 2 Algg 9l 7Y Aeke] o
U (uniformity)o] F-53t T3-S 7Hch
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DEG L& Qo= 71«2 NECAK} FurukawaAls
SRS ofF TIFoflA] o8kl Qlot, W AR HE
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E z FEAY e 8l AllE
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oz2x AllE  MAH(nversion)Y LS  ol&dH=
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(a) EHH X

. Au(4um)
4 — !
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]
e /.
Au-plated | = E’

(b) AIOIE-AA TZ SEM THHARZI
160.0m 0.6
140.0m 4 ~— Shallow Recess gm
— Proper Recess gn e -0.5
120.0m 4 —— Deep Recess g
1000 * Shallow Recess ld ~ 70A L0.4
= .Um 4 * Proper Recess Id ¢ R _
E * Deep Recess Id /7 N 304 a
& 80.0m &% o |03 §
g: 60.0m Vin=2.6V / 3
' [ 0.2
40.0m VR VA ;
0.1
20.0m 4 V=0V 3 : e
0.0 R —— S _FLE 00
-10.0 -8.0 6.0 -40-20 00 20 40 6.0 80 100 120
Vg(V)
(c) recess Z=Z0f| W2 2EIFL(Vih), =2l ME(d) ¥
EMAZIHEIA(gm) TN

(22 6) 7I0|E Recessed GaN MISHEMT
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%5 A Fo|H, ETRI= Al°]E Recessed MISHEMT
71«39 6 #=)]2 SBDO| Anode A=+ Recessd}
o] Turn—on A Eol= HH6I(TH 7) FA=x1& ¢
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Transphorm¥} Infineon(IR)AR= 1A% normally—
on GaN MISHFET®} tho] =5 Wast A%t S7F
% Si MOSFETS AMgsl4] Cascode F= 25 3l
ol @712 P FHE Cascoded F57F3 MOS—
HEMT %5 o|83fal Qlt}, Cascode 2|2 F-30)|A]
= Si MOSFET® GaN FET4A} 7to] X &%
(junction capacitance) Y2 A=} QIHE A7} A9

Kol 2 GaEE A7) el o]ghe MBS 2

Cathod Anode | Cathod
t t
ks Plated Au SRR

Pa?si— Pa?si—
vation vation
Schottky
ap layer | Recess 1.250m
u—AlGaN layer 20nm

GaN buffer layer 3—4um

Si Substrate(111) 625um
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Low—voltage —”W‘—_L _L—’W“—O Drain
enhancement mode
Si MOSFE High—voltage

depletion—mode
GaN FET

OJ&J
Gate

(-
|«
'—}

60 6
50 5
—Proposed GaN
40 cascade FET 4
. — Conventional GaN
S cascade FET 3z
£ 30 3
5
20
1
10 ‘ 0
0 ha 1
100 120 140 160 180 200 220 240 260 280 300

Time(ns)
(b) Turn—On A 8|2
(22! 8) 7| FHIHA|HA ZAS

=4 2M[7]

2|5t ETRI Cascode 7%

sl FUJITSU transpherm
Jst Transphorm & Fuijitsu
1% GaN power device Combine activities s
XOGAN B Texas
X INSTRUMENTS
20V-200V . ExaGaN spines Tl release
power devices ) o Gon out of Soitec 600V GaN IC
MicroGaN closes
; i
imicro Gan 15! GaNSystem Navitas release
Panasonic 600V GaN IC
GOf\/ HeMT 600V GaN/Sl GiT device T
2010 201 11 2013 2014 2015 2016
transpherm (In’ineon
1200V GaN/SiC Infineon buys IR
gCambridge
6" GaN/Si (infineon Panasonic (i
Epi-Wafer Panasonic & Infineon| CEl ‘”CM spins
agree on partnership| out of
FUJITSU é‘&'}\\jp& ;\"/ﬂs
600V GaN/Si an/sl y
Transistor test 1" Transistor VisIC announce
00V HeMT

(O3 9) 22H GaN ™
(&) Point the Power, 2016]8)

AU H| HCHE

o GaN Aevhed] 474 329 A7AY 5%

(19 99 Gt 4 A7 228 GaN AR=
A a2 A Adirieh =8 Ax7|He] drle 9
255 BoEth AIA #E22 GaN-on—Si 7|9t
20~200Ve 2ARE /-8313E vl EPCAR= 300V ©]
sk 7]e9] A%Folt}, ul= TransphromAk= 2011¢

GaN—on—SiC 7]9F9] Cascode 3= +2E /Est9o

[*]

| T8%F olfroltt, (9 8)e 7|4 Al

A

o, @A GaN—on—Si 7182} 650V/50A5

BN

= §18ll ETRIOIA 73t Cascode 2l& 20 34 *‘10}01 EFF PV, ESS) 5 AR 3-8-2 Bl
H—2 A91% EA4S YL ltH7], o2 AR Fyjitsuet FABIL et 7Ryt GaN
(HE 4) FQ 7|8 GaN MU= ALSE
EE7e T8EA 7e
* Normally—off FETs A|A|12)% AM8-2H2009,6) * eGaN Transistor
GaN— * Filp—Chip bonding using solder bump * EPC2025
on—Si * 300V, 1d=6.3A, Rpgen=120mQ-cm’ o 15-300VE 487
¢ $2.65@1000ea * Chip size: 1,95mm % 1,95mm
» Normally—off 7|5} 7] ¢ Jsolated structure® 3-7F-8-
GaN — * Island Technology(2015.5) * PQFN package for low inductance
on—>Si * 3D integration—CMOS driver and GaN switch e 100V 2 650V AF8-2]
* 600V, 1d=60A, Rpgm)=25mS * TSMC®)|4] Production
Transphrom * Normally—off MISFET 7|< ¢ £/—GaN platform
GaN — : ‘ * Cascode type eGaN 7| * Fujitsu2} 4(2013.11)
on—Si | | :El . |* Al 2|2 GaN JEDEC Standard 7723H2013.3) * 600V} 650V-E Z] A
— " |* 650V, Td=50A, Rrgey=35m< * TO 9712] EFQl 22 AlF
Cal Fujitsu * Normally—off MISFET (Vi,=43V) 714(2009.6) * Triple—cap A1203 MISFET
oS * Gate Recess 7]%&0]8- eGaN A& * Transphorm¥} H4(2013,11)
* 420V, Rpsy=105m® * TO 97]A] By o2 AlF

ExA 2| / GaN HHt= |

o
=

2E A

WO A%



(B 4) 7 7|28 GaN HBMITH H7SH

EZrE a7 FAEA 7]Ek
Infineon(IR) ¢ Normally—off FET 7]%(2010 2) * GaNpowIR
GaN — -« TR |* Filp—chip 714 SHE 158 I 714(x2) A5 78 | Infineon® 2 +4(2014.8)
on—Si @ * 6" CMOS compatible GaN—on—Si 7]& * Panasonic?} eGaN 7| 32/(2015.3)
2 « 5mhz, 20A, Viu=T—13V, Vou=0.6-5.5V. Ly=20A « 6" CMOS compatible GaN 7]
GaN— EpiGaN(MEC)  |* DHFET ol|5] o]8-3} GaN FET§- 7]4(2014.2) * IMEC spin—off company
on-Si | Wil @ toican |* 6 GaNon Si o2t 2129] GaN HEMT « SIN/AIGaN/GaN/AlGaN DHFET
(GaN-on-SiC) | =1 * In—situ SIN 0]} 6" GaN of|u] A-8-3} * FA7Y 8" GaN Si FAkEH]
MicroGaN * Normally—on—HFET 7]4(2010,10) * 3D—GaN platform
GaN— B * SBD Rectifier 7}2H2010.8) * Chip size: 2.6mm X 1,2mm
on—Si E-‘U « 600V, 5A, 170mQ « TOH7|A]
il |+ 3D 283N Lateral T2 FEATTE) 1%, AR, AL+ 6 L 8 GaN B
* Normally—off(Vth=+1V) 7|5} 7|& * GIT(Gate Injection Transistor)
GaN- o QAR HETS-E olHE] B3R ZPEK2000,12) * 20W output(2, 7mm X 2, 5mm)
on—Si ¢ 10kV GaN HEFT <& * AIN passivation AR~ 2 Short—pulse
* 9. 4kVH natural super junction diode laser ©]&- Via 7-&
« AlGaN/GaN—on—bulk GaN HEMT 7|& « Bulk GaN 7|9
GaN Bulk ¢ AIGaN/GaN—on—bulk GaN gate MOSFET 7]& * Chip size:4mm X 2mm
* B0V, id=8A, R pgon=5mQ « Lateral type GaN 42} &7
*300T 7% 10kV GaN HEMT * Vertical type GaN 2z} ¢
Lead Résti)ssgrlﬂ:ee’\gmiirqu\?uctance <E 5> Jg—g GaN ’,‘_‘IéﬁﬂEi{l _J.\_II- AI'OC’F[Q]_“A']
|} P 1w e
Az | omaw | wg| oA | e B e
W | ® | @] ®©
EPC2023 306 | 13 20 | LA
EPC2022 10| 90 | 32 |132] 1GA
EC epoonaa 20| 31 | 10| 85| BoA
EPC2025 30| 63| 120| 1.8 | BGA
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A4WP
DARPA
D-mode
ECPE
eGaN
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ESS
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Two-Dimensional Electron Mobility Gas
Alliance for Wireless Power
Defense Advanced Research Projects Agency
Depletion—mode
European Center for Power Electronics
Enhancement-mode Gallium Nitride
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Energy Storage Systems

The Future Energy Electronics Center

GaN Gallium Nitride
GIT Gate Injection Transistors
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HFET Heterostructure Field Effect Transistor
NPII Next Generation Power Innovation Institute
PFC Power Factor Correction
WBG Wideband gap
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