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Development of GaN Single-Crystal Substrates
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In this paper, we first review fabrication technologies for GaN single-crystal wafers which have been reported
to date. Then, our original fabrication technique for GaN single-crystal wafers which is called void-assisted
separation (VAS) is introduced. Our recent progresses in GaN wafer fabrication technology for next-generation

devices, such as further improvement of GaN crystal quality as well as increasing wafer size, are also explained in

detail.
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Vapor (MOVPE) Trimethylgallium and NHa. stage of LDs.
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Liquid material dissolved in supercritical NH3.
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and N2 both dissolved in Na-melt.
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BEEEEM  Photographs of free-standing GaN substrates made by the VAS method. (a) and (b) as-grown GaN bulk
crystals before and after growth optimization, respectively. (c) Free-standing GaN wafers after

application of polishing process.
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IEFEIN Effect of GaN crystal hardness on the available as-grown thickness, tas and TDDs. (a) Relationships
between tas and TDD for the macro-defect-free GaN substrates grown by the VAS-method using the
conditions A-D. Cathodoluminescence images for GaN substrates grown using the conditions B and D are
shown as insets. (b) Dependence of nano-indentation hardness values of the GaN crystal grown by the

VAS-method on HVPE-growth conditions A-D.
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AR ONTHED, ZOBROMSEOREWIZEH T
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IZEOWGaNFE D EBR AT 2L WS 2L a2 R
BRLTW5, BHED & Z A 41t OHVPERE TR 1]
B2 GaNAE S E ORI, GaNfSs D #Eh Tz s <,
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as-grown surface

55mm

Photographs of thick GaN bulk crystal for
2-inch wafer grown using the conditions D
after cylindrical grinding. (a) Top-view and
(b) bird’s-eye view.
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SO L ZAWPRETIE RS, =D E L TIL,
B EN B R TR DOBENREEDL ZLI2LD,
ZZILDOFEIZ K B — T ORE LR XITEN
BEC TS HRESLH 5,
ZORFAIE LT AUR. SRAFDTHIR U 72 GaN# iy
Tid, fERGFHA-CTHELZ3 D LD &5 DI
TRIIRER DRV, KDESKEL AT
& Fr 7z R O FEAE I & . ER DL RIS &
BIRTEB IS ELDBIENTES,
GaN#E i TCOREFLDOZEHNII A ZHMEIZIE % > T
VA, GaAstEih TIR10ELL EoZgE il 6 5 % o
T A NREIAFAET 5 2 &9, EBAKS SO
ILNEHE L TRELRBNL - T 2ERT 52 LN
RHIZ X DR ERTH D3O, GaNIZ DWW T B [k
WREIHERET 2 Z &AL TS,

4. GaNBEfFESEROAORE

GaNR T /N4 20K 3 2 MMED 72D Izid, D
KO EEARETH 5. BURTHREATH
5 GaNH A S HEMII2A V F RO L DB EWRTH 5
L IERIZIE IR E4L v F D B 0IE6A v F R
IZETHRTIUERH S THAHH, VASIEIZE T
. RS E BB T 7 A THERE AKROFEDOE D
AUER T Z AL, AR L1 0D GaN LS i JE Y & 4l
BT20BLMKNESTHS, LArLEMS, Hjl
WZ/NAFE Y T &Rk DS R & 1T - 727217 Tl
HHELVANILOTNA ZBEISEHTE 2Rk E 3k
S, ZThid, vINFEEART ST, D
By INELEDOLT 7 A5 %G5 OBHNEETH 5
O TH5, Fabo kS, R EICEET 3 7N
4 ZDFMT A 7 HOKEEZ T B0, + 7 A%
AR ZEVGEIIE T NA ZBBMET § 5 %hh
Hb, ZORD, KHUEOHRTH > TE 4 7 M5

Large off-angle variation

A
r A
small off-angle variation
large wafer —r
___________ —_— I GaN
1 T
T== L= === =3
small wafer
C-planes

IEFPEEN  Schematic explanation of difficulty in
achieving small off-angle variation for
large size wafer in comparison with small
wafer. If C-plane curvature of GaN crystals
are the same, large wafer should have
larger off-angle variation than small wafer.
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AE/ ORI & RS 2 A RIS 2 2 BB &
%, L2 Lans, BUIROGaN#EGIEFig. 512N L 7=
EOZCHDIK > 7ZIRETHIE SN 5729, Fig. 12i2
AT &SI, & LIACCH DD #H O 5 K1
BOY I NEGYH L 258101, BARIZE 7 4
BABNAET ZNIDERELS BD ., EEDOT N
A ZBUETHAETZ2HMABATLE S B b
%, Bz, GaNKEREOE X B 1mmDGE 121,
VASH:TI324 v F % ToNDF 7 15545 130.3~0.4°F
g end (FEHhD A 6 £156mmiiE THIE), & 2
AH, FAROIE X O T44 v F oy T EEUEL 72
WA, & 7 AR E D205 D0.6~0.8°12 F THY
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KOPEEMR O & 7 f 5 RIS LT, 4tk T
B2y o7ru—FEikATn5, —DiE, Fig. 13
@ITRT &5, BURD24 v F 5 ki 5 Ao &
ANELZREHRL, Zhd2fllafibe T, 20 L
IZHEHVPERET 5 Z L TEA L EH IS LT
KROFEHMEHET S HETHD. 240 v ks
MEATWS, ZHIZEDFig. 18 b)IZRd & 51274
VFREE WS R KO GaNFAR D FEBUZ K I L T
W53, ZOFEOEA. ThZThOa 4 LDL 7
A 7 M5 —REEBE LT, A THGHEN
TEUER) 7224 F BR & A% T & 2 KO HR & 5281
TEDL, 240 VUL, DA D 2 4 L OFEAT
IZETOBME ORI G 0D, 240 Vo
W ENFENGaNEEZRELZ4 YTy FDAT A R
. B0, 24 ) VR A 2+ %
UK BEAITA 5 2 L EMERL T 5,

g5 —DDHkIE, KHEDH 7 74 7 LIZVASHE
A FEHE BB, Fig. 51278 L 72 & 9 IZGaNFE S DK

IEEEEN (@ Concept of tiling method and
(b) Photograph of 7-inch freestanding
GaN substrate made by the tiling method
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EE%2KIBIZEL 352 87T, GaNH a0 A+
T AR B HETH B, ZOBIZE. R
Tk R 72 GaNAG i O il & HlENZ S D < JERAL 23 8
THEMETFERTHD, AT ZIHIZkD, 745
A DN N2—64 ¥ F 10D GaN B Al ity Ko o Bl 1
WIILTW%, ZTOHETEIEL 7244 VF, 64 ~
FEDOGaNHAEFHEN DG HE | fERkD24 v F1E5
W& & BITFig. 141278 F, 24 Y F &44 ¥ FHMIL.
G A (CEmEIZHmE T ) T HEo g
BASSMMEB I TS, 64 ¥ FIBUIHIE L T
BNTXray VS TH D, FERITKERIZET
5 %EGan b B 7D BBADOEAN R A %5, FEK
B2 v 7. 44 v FH e RIS o RS sEE A L
T3, GaNFEDEBELOER. 10°/cm?B DK ViR
PR L NSk 7oA (K fE — /M, 24
Y FT01°, 44 VY FT02°) %#HbH, D, vru
RIGOIZIZ N GaN HAEF IR MF 5 T B,

2-inch 4-inch
(polished) (polished)

6-inch (as-grown)

G Photograph of 2, 4 and 6-inch size
macro-defect-free GaN wafers grown
using the conditions D. The 2 and 4-inch
wafers were single side polished wafers.
On the other hand, the 6-inch one was
the as-grown wafer with residual Ga on
its backside.
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