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GalnN/GaN layers wiik low-temperature (LT) AIN buffer layers were growa on sapphire substrates by OMVPE.
Twao types of sample series were investigated by X-ray CTR and X-ray reflectivity measurements. One of them was
grown on a sapphire substrate with nitridation process before LT-AIN buffer layer growth. The other was grown without
the nitridation process. The X-ray CTR and X-ray reflectivity measurements show that 1) an amorphous layer was
formed on the sapphire substrate by annealing at 1150°C in Hz, 2) when sapphire was exposed to NHs at femperatures
lower than 800°C, formation of the amorphous and/or crystalline AIN layer did not oceur, 3) nitridation process caused
a crystalline AIN layer growth on the sapphire substrate and an amorphous AIN layer of 100~50 A on it, 4) the crystal-
line AN layer formed by the nitridation process worked as a seed crystal to make the LT-AIN layer high crystalline, 5)
since the high crystalline AIN layer formed by the nitridation process did not work well as buffer layer, the crystalline
quality of GaleN and GaN layers was poor, 6) since the poor crystalline LT-AIN layer abtained without the nitridation

process worked well as a buffer layer, the crystalline quatity of GaInN and GaN layers was good.

LG U & I

AR, RS R8RS 7 7 4 7 EIR D8k
BEATPARBINCER L, SEERLT AL ADIBE
it HALEDEY, BETRERL —F—F 12
— RSB ERENIFTETHBLTECNSY, &
72, ZOREREEGWANY REYy v P LBV R LT
BaRTT S, Bl A BREEF S A O

E-mail: tabuchi@numse.nagoya-w.ac.jp

FRELCHHATRETRES 222 5 TWVWEY, Lk
LAMRE, CORSERMICHAShEL SRk
REBRELZOZ L TH B, it NESgEE
EOHARE LTHRATED L 52, BB TEEL,
ORI b OBMERAREEE RN E W RNETE L
ShlhTHIN, ZoRlML 770 7THEREEE
UASIRHERE A~ v 7 7 AR T S O ic X vigh
ahic

HARIC A XSS o, RSy 778
FREMEGY 5 i T GaN % GalnN B O Bk &gk

— 28~



M - AT TR - R R 3 163

BLTWEOR, HD5WVWETELT T ATHDEH, Ph
< &b HER TR WRRENA y 7y Bo ki, R
BT R BREEOBNE R TEZ O, &R ERS
WHERERR LA T WY, ZhboMicHd 3
EEHTILRBIRL L THESIHRETH D LR,
EO—RAREERR DS, SR EETERS
e TREBHTTE S BROER E~0RIF 2R S
Tl BOHBRTH BHTESHEEABTR L0
EMTEALmD THREF 2L BRD,

ZDEBREEN S, HARE RSO T T 7 A
TR L0 B OR T X i CTR BELE & X N
BRAEEL VI XREHNFTI2000EECI VA
AT ER, TITH, 777 & R LB R AN
Ny 77 BEMLTGaN, GabNEB 2R+ 2881

DONT, REOHFERE TR H UM ARIFT S D L
& DB RE RN RS,

PRI EORERO XMMENEEG5 2, 7
T v FEEDLICERRICER e X RRELRE 2 %
B5. Zhid, FEFEFIOBHESREcHRMdsZ &
EoTRIAZBA T, CTR (oystal truncation rod) &
FHEIL S, CTR A2 b avid, #EGOIEE N 7 ik
R U THBRICELT D D", CTROANY h b
EMFTT 5L THREOXRES Y, REOFERNE
FTHZERTEZSY, HirhisOWRRTE, s
FUr AmiE Ul R Ao RFED ORI X
CTR WHLE R AV, Z OF BN RFE R L m
SLEDTELIMDTHN2NBETHLZZLERLT
%7“:13*’15)0

Ere, BATOXBORFENZ bEREOREBO
B ASTHD, AREERITEHEAENEA T
BE LERFARALY b, EBORES L ETHESY
B %, GARSE YT 2 MR, 1950 44U Par-
ratt HIZE o TERALEH, BicIEUEBMERERE: & L
THRENRTE R W, BLTi, Wl A2 s
mm DL ETELTRY, ~F o RROELEER
EHAHENTHE 20,

X i CTR L ¥l X lEir s &l B WA HETSH
S, MREOHFICETHHROLEREET D0,
EERAER SBEHEETHIPERETHEMIC
L2567, @TORZMTLIHEAE I8 TE5. L
TiioT, WHEOMELETEESERTAILT, #
B EENOKMAE L ERBEOREF OB OEFSTHET
Ha,

2. 2 4

it OMVPE (organometallic vapor phase epitaxy : 4

BeRRo 23 —) BirkoERLE,

WE VT AT BRI RO - iR R
TEHRY, KFEERFPTHET =~ VENRD, To—
AHMEDOITEOE, RIREENEEHORLT T
TEEBEATHLEEFEMNREHRELELLTANDHSEN
i AION, @ & 5 2 (L&A 38T i TERL & 1L 5 W M
HoH, INEERFLT BRRET L EST 2HATS
TR LR, 22 T e b BR LT,
RE T 2 OB R B Le, — ks
Effofe S —77T, il EEbEEfihking L —
FTEH B,

MEELTOL 5 R TIETHRE L, EFGEERS
1150°C TS5 MO 7T =— V&7 5, SALE {7
SH|EWE, ZOHRIEEE 11S0°C TT a7 2 10
g L, SHMBELO7 e AR o neEl L
oD THD. 0%, BAREE S T 400°C T 3004
OEEERAINBEER L, TERIERE % 800°C £
T EWFTGaNE# 2um, GaliN B % 0A-E L.
GaliN B O In %201 & Lk, ZO—EHORERT
SHRBMCYOL I RENBREENIOPEBRLMT
S, BEOEBRCHEEL LD TRYHLEb D%
Al b L,

Fig.1 {a}, &) WilBHFR O > —4 0 A Ol %R
T, (2) BEMAMLIEETS =y A, b EiThian
Y= ATCHD, BPOTRAFZETNRS S AL, #
ZTERAERE L TR M UAEEMEED T LERL,
BrIREEB LTS, @, b)) T £
EAMESKELE Y (D~@) & Ry —r» AT
HHOT, 2OEHSOEHD. @, QRFE—TH5,

DRENOER. DI 1150°C £ THBELEHETC
CEEERTY, oA LEEE. ik 1150°C T 5 4/
B L e D,

HE@, @, @EHEMANET il THS, @i
1150°C C NH: % 10 & L5 (| Uizl
ik 7 O, 300AD 5 % 304D AIN % 400°C THH*
LW o, @0 3004 0 AIN & HER L 7278 GaN
(Zpm}, GaloN 40A) RIERARERLEHETHD,

D, ® Ol #HO G @ERftoy i
AiEic b, FOENEL @ G, @CRBTrAT
M BAEAR L T LHEL THWADIEHLT,

D @, OTEHELAERThRTWENWETH S,

3. X# CTR HELAIE & & U X IR ETREE

X R CTR LI I b0 oo o oL &7 — 0 BR T R e it
PR R T O AR R R BLo A IE iR E S 1
To Weissenberg 77 A 5 & L7, XKL 1.6004



164 KEEHE F2aE HE3E (2000

Nitidation

H, Anneal
gC Process

at 1150

Smin y

i

GaN Growth
at1100C GalnN Growth
. 2Hm at 80T
I%]HJ - gjw:;é

ow % i L
Start J] *i@s
i

/ !
@E—

AIN Buffer Layer
Growth at 400
300%‘

Temperature

&
]

Time

—
©
RN

Hs Anneal
at 1150C

Smin GaN Growth

at 1100 GalnN Growth
pm ab 800°C

O

Temperature

AIN Buffer Layer
Growth at 40
300A

Time

(b)

Fig,1 Two growth processes (a) with and {(b) without the ni-
tridation process. The growth was stopped at several
stages of the growth process. The numbers shown in
circles indicate the points where the growth process
was stopped. The samples are labeled with the same
number as in the figure.
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Table 1 Parameters obtained by the analysis of
the X-ray reflectivity spectra for the
samples anncaled at 1150°C in Ha.

Sample No. 2 3
Surface roughness 2,76 1.46
1stlayer  density(g/cm®) 098 070
(surface)  thickness(A) 7.1 20.1
2nd layer  density(g/cm?) — —
thickness({A) — —
3rdlayer denmsity(g/em®) 2,97 264

thickness(A ) 137 102
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Fig. 3 Refiectivity spectra (a) and X-ray CTR spectra (b} for

the samples-@, @, @, and®. The resulis of the
analysis of reflectivity spectra are summarized in Ta-
ble 2. In the CTR spectra, only for the samples-(@ and
(3 (with nitridation process) clear peaks related to
crystalline AIN are observed around / =35.2,
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Table2 Parameters obtained by the analysis of the X-ray re-
flectivily spectra for the samples just before the LT-
AIN buffer layers were deposited (@ and (D) and
after 30 A of LT-AIN buffer layers were deposited
(® and &)). The samples-@ and -& were treated
with the nitridation process.

Sample No. 4 5 i 8
Surface roughness 164 179 146 386
lstlayer density(g/cm® 0.97 119 098 1.19
(surface)  thickness(A) 1.9 120 179 128
2nd layer density(g/em®)  — 295 — 306
thickness( A ) — 4.5 — 6.4
3rdlayer density{g/em®) 3.04 3,04 2.63 234

thickness(A)  113.0 420 101 113
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Fig.4 (a) X-ray CTR spectra for the samples-© and (2. For
the sample-(®), the LT-AIN buffer layer became a
rather high-quaily crystal which is observed as a peak
at I =352, The peak at / =3 is GaN. For the sample-
@ crystalling quality of the GaN and GalnN layer is
better than that of sample-(&, since thickness fringes
due to the thin GalnN layer are cbserved. (b) X-ray
CTR spectara for the sample where 2 um GaN was
grown on the LT-AIN buffer layer without nitridation
process. It was difficult to observe the peak of AIN. In
the figures, tops of the GaN peaks are truncates since
the intensity of the peaks are too strong to measure
without saturation,
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