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AR A2 dxrt & GaN epitaxy ©2 MOCVD(metal organic chemical vapour de-
position) Wl 23] A zicl 7)H-2 6H-SICE Agslg.ed, AINT GaNeZ T4 o]
> stedvt. GaN buffer $2 9524l trimethyl gallium(TMG)¥} NH, 712
F FEAE A~ F-F(alternating pulsative supply, APSYH]el &3] 11E49ic}h. AIN buffer/6H-
SiC $loll Z7]ebAlel dA=HE GaN 4-& APSAH e 93] =77} A== 718 AFM(atomic
force microscope). 25 42319 o}, Buffer 52] «&-2 = 3] A=A]7] GaN epitaxy 42! 4
A Agpd e 2] ZAlEgdch AetE GaNg| AaTael AR AL DCXRD(double cry-
stal X-ray diffractormeter)el] ¢|3j &334l 232 FL EPD(etching pit density) & S 3=
g o g obzlu|Eghgallea Aely =& SEM(scanning electron microscope) 22 47&‘6}"3\:}

Abstract

GalN epitaxy films of low defect density have been prepared hy metal organic chemical
vapour deposition (MOCVDY) on 6H-SIiC substrate with AIN and GaN double buffer layers,
The (GaM huffer layers are made by alternating pulsative supply (APS} of trimethyl gallium
(TMG) and NH, gases. The sizes of GaN islands on AIN buffer/6H-SiC at the initial stage
observed by AFM (atomic force microscope) have increased by APS treatment. The roles
of buffer layers are investigated by both crystallinity and defect density in GaN epitaxy
films. The crystal structure and crystallinity of the resulting GaN films is measured hy
DCXRD {double crystal X-ray diffractormeter). As concerns the defect density, GaN films
having been dipped in mixed alkali solution by etching pit method is evaluated by SEM
{scanning electron microscope).
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FEEEE H, +adet 274 TMA(trimethyl
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0.5 18] Ny& 54l TFatarh Ny 2ol
o B R S S o b AR Bl d B 0 S
4 = F AR AE ok

2-2. AFEN

GaN epitaxy 2] AAFz8 ZAALE double
crystal x-ray diffractometer (DCXRD)E Hala}s
ol BH-SIC 7]#2] FTH, AIN buffer =, GaN
buffer &3} GaN epitaxy =1¢| Z7]|AA=pde
atomic force microscopy(AFM) 2 F-33l4i ), A
% GaN epitaxy “h& FAMEAFE 017 (scanning
electron microscopy, SEM).2.2 ¥ 73 1 3§
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6H-SIiC 719 (Fig. 1la) ¢l GaNe =4 A#A)7]
w7143} Trke] AR 2 (lattice mismatch)ell

MQCVD
Growth

3D-Growth

Fig. 1. GaN epitaxy process grown on 6H-SiC snbstrate.
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2] GaN w47 "HFig. 1d)& L4
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3-2. GaN epitaxy 29| ZYTE U AN

GaN-2 hexagonal wurzite® 2% cubic zinc
blende® =2 FrhA ZAHdEL S5
o] Foll4] wurzite®-& ABAB & 7A€ hep
(hexagonal close packed) Tao|v}. Wurzite®
GaNE a=3.186 A, ¢=5.178 A%] A4S 714
w Ga-N 7+2| 437elE 1.98 Aolch 6II-SiCE
AAA 7} a=3.08 A, ¢=15.12 A2l hexagonal -
% 2w Yk & el deld 2E GaN 4
212 wurzite® 9% Cu target® AHEEl XRDE
4% A7} Braggd] 34l 4d] 20=34.62
A GaN(0002) Rl #date peak s TFYE 5= 9
odr}, gkl 7)ghel 6H-SIC2] peakt 20=35.67"]
A| gzt oich

GaN gre] Z=1A.2- DCXRD= 28] @28 scan
o2 Zxsgch 7 A9 GaN whehe| AHAAL2
APS Wb e 2 xaygh 3lepo] ofs) S s 7l
< A3 4 9lelv). Fig. 2604 2= nps} o]
APS #2]gle] AIN buffer layer/6H-SiC 9l 202
7k AwhA)7) GaN2] x-ray peak? FWHM 32
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Fig. 2. Dependence of crystallinity in GaN films on
GaN buffer thickness.
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# YEE 53 T5Fale] GaN buffer 28 =98k
2 Yol 20870 A=A 7] GaNg] x-ray FWHM 4
& 143 arc sec.o® zHAabAA] AR Ae] =A| g
Absleiet, Wi ol 1032} 303) 2 APS #Hel H4-F
Sold AetE GaNe 77 410arc sec.2l 489
arc sec.® ZrlslHA] A4 Ao o] vkl o)==
Tanaka”} s}l Eo] puffer 52 FAE 94
A o]akes Mkl 7| W5} buffer 3 A
ol B el o] A Ahgate] AAJe] v
vhelA) e Aol & dA]sha gt

==
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3-3, AIN, GaN buffer S11} GaN epitaxy 819| =
7| &
6H-SIC (0001) 7|53} 2 §1l A= buffer &

Fig. 3(a)el|4] B uls} o) ado}
sbael] osle] AR We] HAH]
060°Cll4] 9024t A=AlFl AIN
¥exAL Fig. 3(b)elA x= wie
7o) 7|5 Aol Fdt Arokel ZANAT A
ghtw oleh, AFMel )& 335l AIN 429 ¥
#7 %2 #H(average surface roughness values)-2-
500 %500 nm?2] 194 oF 1 nmz A, #d8 =
718 A-go] 7|t Al HEE A-gwE HA4
Fledc}. Tanakas AFM w¥&is 52 Al &
|7 (HR-TEM}-& AH&-3}e] AIN huffer 22 gk
Ho| AwmtEl T elEgvhy B watget
AIN buffer 22 FA7} & 9nm A== 77
3030 mm*e] HeellA S "t AAF el
1.16 nm<l ¥hg, FA17F 1.5 nm 3 ke b A#
Z zk= 0.38 nmE A Fkgl de] AR
GaN buffer 5o &k 37= oF2 AIN - $]¢]
GaN=rg APS H9pg o8 53] AakAzl# (Fig. 3c)
7}, el MOCVD #HgLe® 53 A3kl 717 (Fig.
3dye] &7 FAFAE 7 AFMAE 24}, v
gl APS abel| &3l 7= AIN buffer
layerel] TMG+H,2} NHy& =)= 53|(cycle) 2
Fated GaN AE-& AAA 7| 27|dA 2] AFM
imageZ #HA3leic). GaN buffer - AIN buffer
Z9)2] AHe) 21315 wettingAl 7= AARY A5




AoH 237, 1998

HAgd x>t we Gallium Nitride Epitaxy 2+ 2|3 135

Fig. 3. AFM images of (a) 6H-SiC substrate (scan area: 420x420 nm’), (b) AIN buffer layer on 6H-SiC sub-
strate (scan area: 490 ¥ 490 nm®), (c) GaN islands buffered by alternating pulsative supply (APS) for 5 cycles on
AIN buffer/6H-SiCC (scan area: 525 > 525 nm®) and (d) GaN islands grown by MOCVD method for § seconds on

AIN buffer/6H-SiC (scan area: 520 x 520 nm?),

dl= Fig. 3(c)ellAl Mg vhe} zho] Z7|ghAl] A
vhit GaN Al€¢] ¥A= 3 glgich oz AN
buffer 2%l TMG+H.2} NH,& 37 5z F¢
MOCVD whie = FHsle] Z7)e] 4% GaN
HE2 APS W o137} 7SS} vlaElyr), o) 7
$oll = Fig. 3(d)ell4] 1= vle} ko] APS W
nlsled =)= AR R W ok GaN 48] 4]
Hgloh el2ldh A meke] GaN 4A52 A %A
AAbelra] A9 ] fele] #e 27AIE nheA
ATy wpbA] A 27 GaN ASe] AA ¥4
B APS WPYe] A AL 2 5 qlgth

Fig. 3(c,d)®] AFM #443E Table 1] £.9F
sedrh. APS W3 MOCVD #hi-& 7zt 539
52 F¢ HE% F, o] 4% GaN 452 A,
AE2 gz} AR o) Foal wzz|g]
T AAE T A= w|astgdd. APS wHes
53] Ae]gt Aol 7] A GaN H &2 H
o AAE #el 3 mmald Hksle], MOCVD 8hH .2
B 5% FU SR Aol 2 AR ghel 24
nm&th 7] FHEhA2 MOCVD whiel] 23} 7o)
of7t AR WriEd, zevt AR ¥

Table 1. AFM analysis for initial stage of GaN is-
lands grown on AIN buffer/6H-SiC

5 cycle APS 5 sec MOCVD

method method
# of GaN islands 10 n
(7}/em’) 1.9%10 3.2%10
average surface
area of GalN 12000 2700

islands (nm®

average surface
roughness of GalN 3 24
islands (nm)

AL ATk Aoz duidl L5 APS wh o
25k 797} MOCVD ¥Hy of] B]3led 2 A4
o] 4ol A AR b, HEY A ez &
L AL T S sk

3-4. GaN epitaxy 5}9| HE A3t

GaN-% hetercepitaxy #Pdel] <&l Aafzlstz] of
el 7|9} B7te] AR ofd 7lgk $e)
A4 AT b S48 AR A (grain
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boundary)?} 3Al9A o2 el Awer A E’}%
Atel HAZ cH(Fig. 4a). 4-7]°1l HAR GaN A

Fo| FAM3A AAspdA HEZE] AF 1_°ﬂfﬂ
AAYA7L #A45= g2 (face defect)e] HA
g} o]zist MAF flgle] Ay AAZUAZ
23t 7]7] Yste] buffer (Fig, 1ce)d =35
W 220 FaR Flge] AElA Ak
GaN "tere dAl= =), 2 g96E AR
Ao} AR A ey ofWd AXAT: A3

1Gkp

Fig. 4. SEM images of (a) GaN films grown on 6H-
SiC sabstrate without buffer, (b) etching pit density
(1% 10° em®) in GaN films grown on APS GaN buff-
er and () etching pit density (2>10° em®) in GaN
films grown on conventional AIN bulffer.

% EEE LR

Y 4 ok gub e Re v Bl oAl
Ao Zelel #lalslel AW FAE A2
(line defect)& F&s)x i) 2 Aol 241
747 FAE AZE kel Eedes 280°C
ollA] 287k ol 3, etching pit®] W3 walkal
93 APS wHHS melalA| @ AIN buffer
layer/6H-SiC el A 2HA1 2] GaN®| A4 Y U=
= 1% 1040 /cm’(Fig. 4b) 24 Tanaka' So) Bx

3} gﬂrg} At 0421 at9ict. APS APy 01] 2]s] 53]-
o H -q} i
kgt 73 <9 73;«4@@ 2= 2><1{]77H/cn12(Fig-

Ac) =M v AL ofe] AAAFURE HejFg]
o}, APS wiHell g3 GaN buffer 22 =3).4, 3-
2°ﬁfﬂ Al R nle} 7lo] GaN epitaxy 42] A4
+ huffer 21 T« o4& A& b A vls)
o], A7 25l Ui puffer 38 Tl 24 <33k
& 3] itk GaN epitaxy 78] AL AT
A ol8lE buffer 2 E4/514 pseudomorphic ¥
Al7b WA= o] wpwke] 2] AA FEE A
o2 Akg"Eo 2 22T buffer 39 F
Atz Atglo] 3-3¢ AFM AfolA Bizalel

Fro] 27| HHAA 2al= oz 7kEA A3
(adhesion) 5= A58} MEe] 23121402 dehl]

A A Atk o) A= ok

13 B

6H-SIC 2]+ AIN buffer 2=
o]Fow wgidte] AT Wrrt U GaN
epitaxy “H& A7 5, =hel AR Al AxjAe
ofl ®] &= buffer?] 3 FF3]r}. AN buffer
23} GaN epztaxy 92 MOCVD ol 2]shed L,
GaN huffe

GaN epitaxy e g4 AL DCXRDE 22519
o], buffer 2] T4l o|&] G2 =L &
== gleith, AA AL EPD uhHel| 9= falalg]
o, AU s huffer 22 FAE Atetgla]
7] 47ZA e buffer o] 2a- 2R et A
Z(adhesion) F &= A=} 27] A45 AEe] 27
A o® gdupg ZA A gAsiiated 28 44
B 74 AFM .2 3hslg )
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