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Transmission electron microscope (TEM) analysis has
been carried out for the growth process in thick InGaN lay-
ers prepared by metalorganic vapor phase epitaxy. In the
case of growth on GaN/LT-AIN/a-Al,0;(0001) , a thin In-
GaN layer of a good quality can grow with a smooth inter-
face of InGaN/GaN and a smooth (0001) exterior sur-
face. Threading dislocations in GaN penetrate into the
InGaN layer and have a pit on each end on the exterior
surface of InGaN. By development of the pits, the InGaN
layer becomes to have a shape of pyramids with {1101}
facet planes. Thereafter, InGaN with a columnar structure
is deposited on the pyramids. A two-layer-structure is
thus made in the thick layer. Energy-dispersive x-ray
spectroscopy (EDX) analysis has confirmed that the lower
layer has a lower In content than in the upper one which
has the equilibrium composition In, ,GaggN. The lower
In content is attributed to the lattice coherence with GaN,
or ‘‘composition pulling effect’””. Small grains of InN
have been recognized on the surface of the upper layer
of InGaN. The grains keep a good lattice coherency with
the InGaN layer.

On LT-AIN/a-Al,O;(0001), InGaN with the equlibri-

um composition grows in a columnar structure. Inside the
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InGaN layer, domains of a lower In content have been
recognized. The domains have a crystal orientation
relationship with the matrix of InGaN. These results
suggest that the lattice coherency has a strong effect on the

formation of inhomogenous regions in InGaN alloys.
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Fig. 1 Cross section TEM images of InGaN of various thicknesses grown on GaN/LT-AIN/a-Al,O;(0001).
(a) 0.1 um: The InGaN layer has very flat (0001) plane.
(b) Large magnification image of (a): A pit is formed on the end of a threading dislocation.
g g g . P g
(¢) 0.5 um: Horizontal striations (zoning) are observed within pyramidal InGaN of good quality.
(d) 2um: The InGaN layer is divided into a lower and an upper regions. The interface of InGaN/GaN and
PP g
the exterior surface of the upper region are facetted in the way similar to each other.
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KR, HERE(T7cbH, InGaN HE) &
EDBIETHZ LRI LAY, CORKRE
REEORNLERRERBELH LT L,
HRIEFEEE(TEM)IC X 5B E% T - 7.
TORER, REVIICIIFEEE L v & In HEK D
InGaN D HERE T 5725, ZHhiL GaN L O FES
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& (composition pulling effect)iC X 5 3 D TH5B &
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AIN) ZHER X 708, 1050°C T 2.5 um D GaN
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In,Ga; N OFEEER N x=02¢ 7 5 L 50
Bl RRMEZE2HZ L vEADESR
D InGaN B % 87%. ¥4, InGaN ¥ BHELT-
AIN EZlES LB IAEZE L. cn X5
LCE® L% InGa _ NREZ2FBHEDOT7T L= v
14 VB X b TEMBEREE L L. gz
IZIXZE T JEM-2000EX (/03 B HE 200 kV) % F >
7o

§3 BIERE
3-1 InGaN/GaN/LT-AIN/a-Al,0;(0001)

Fig. 11X GaN kiZ InGaN # L E X & 7o Rk}
DM TEM BZ6F CH 5. GaN Eic# 0.1 um
D InGaN % B & X ¥ 7= A Bt (Fig. 1(a)) CTit,
InGaN [EEE X & > TFE#E T, InGaN/GaN
RECIF L REBEMLORE LB ERT, Tbd
TRE®D InGaN BXELR T 5 Z Eavbonb.
GaN FOEREEALT InGaN 12 b Z k2 TR
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KR CELT\V5%. Fig. 1(b)i} InGaN BD
WoromEERBTHD. BEREENIL InGaN/
GaN A HZ BB L7, H50nm i30S
By PRRELTOCAETHARECEEIRS.
TRl TR (AFM) IC X 5 RABEOFH R &
LPEREDE, T, MI{UI0E» S BN
HERE LT BT Envbho k.

Fig. 1(c)(3#9 0.5 um @ InGaN ¥ E X € 7-R
BOBEFITHL. BBEMIHORELLE, b
£ DFE TR T 5709, InGaN i1{1101} % 4}
HETHET Iy FRRETL-TUWB., ZDET S
v FAR D InGaN I A (0001) 12 FfT £ S
BT ULR2 VSR MAEDERE. A
P EBRES £ X 53 0T, RARPLPATLEY
TR UXLIEBZE IR [ RS (zoning) | O
—ETHD. BHERBEIREARE TOLT MW
LEMIERLTRETS IR TWAY., 2ok
5 Te s W IRERRIIAS R OBBC BT 5 B E
TR E 2 T DY, Thebt, REEET
€353, PRERACORKAFICESTHE D &
mh, ZOFEEAH(0001) H KR E L TR LK
ZERbRrE. T3, MREKEOME R HIO
InGaN B - T\ 55, Z OO 3EL HHRE
L7cdbDTHH LIXHATHS.

Fig. 1(d) (349 2 um ® InGaN # fL £ I ¥ 1= &
BOBZEH TH%5. InGaN X, GaN & D RF -
DEF Iy FRERET, THHEEEFES) &,
T DL HER U IR RS % 7 IR (A
B)Lo2BEBIC - TWBZ Ehbhs. |k
B OREL, B/ THERAECHIGT S
£97 7 sy VAL ->TWA. Fi,
{10 T B EE LR b i, i,
B {1101} A RER & LTHE L &
DELNTHS. TEMICEEIRIc kL F —
DB X B EE (EDX) VT In R %
HELIZEZ A, TR LZHOEBRATIEa
BT, THERTIEx=0.12~0.16, FZMFEHK T
(1 x=020~0.25TH . PLERSLXE<A
7 w7 354+ — (EPMA) X 5458l X rut,
In# B (X InGaN @ & B 230.3um L F T3
x=0.07, 1um LA ETiZ x=0.2THh - 721V, ki
D EDX OfEIIIRIC X AfIE/c &% LT
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Fig. 2 Schematic model for the growth process of InGaN on GaN/LT-AIN/a-Al,0,(0001).

Fig. 3 TEM image of the upper region of InGaN (2 um)/GaN/LT—AlN/a—A1203 (0001).
(a) top-summit: InGaN is covered with a thin rim of InN on the {1101} facets.
Note a mid-rib in the pyramidal InGaN.
(b) Enlarge of (a): The crystal of InN is tilted so as to keep the lattice coherency with InGaN.

W EHEETSL L, BEORBRLIIHIGL
TWhES2D. SHOBRTCEE LA, In
BRIEE & &b rx BT 50 Tikkel,
AR D FE SR & SFEER Y & > EMEEA
BECEELTWAZ ETHDH. R~k dh
AR % Fig. 2 (AR L.

Fig. 3 (3% 2 um ® InGaN okt EE fFr o
BEFTHS. {1101} 7 o PAISHEELT
B, DT sy FHCIIEVELE- TV
5. O ok o #l 2 (4(0002) =0.289
nm)IC XD, FEAELHMEAIDN THABZ LD
b otz. InNOEGHILK L Db Fig. 3
(b)Ch5. INHRITEHE CLic LT T E DU Pl o o e o
InGaN &L DBEEMZHRLE S L LTV 2KF1b Note that the crystal of InGaN is divided into three
A, %o, Fig. 3(a)icik InGaN gD HR% | parts by boundaries with bright contrast. There is no
TesfBka vy b5 A (1 y FY SV B % hole at the center. Dark regions are InN.

L. zoav I AMEIHh D InGaN GO H

REELYL I RF o — T HELTHD L H5CH o =27 2aBRTHS.

250, FIXFES TR, KERT Lo ER InGaN EWE BT X 5 CEWA S O LHE
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T, InGaNEKHEWI=ZAHEGBET L > 1A MH
DR AE L LT 5. ZAMOES(BETIL
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Fig. 5 TEM images and EDX results of InGaN/LT-AIN/a-AlL,QO,;(0001) .

(a) Dark field image taken with Ak:/=0002

(b) Dark field image taken with the extra spot in (c)
(c) Diffraction pattern: Note that the extra spot is located just above the diffraction spot

for the matrix of InGaN

(d) EDX results for various locations in InGaN.

(A): inside the domain (A) in (b).

Note that the In content in the vicinity of the domain is higher than the averaged value
(approximately x=0.2) in the InGaN matrix, as indicated by arrow (B).
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7Bkt TEM BEf AT, ZORBTIE, &
Wh b Fig. 4 O B E M U L 5 R D
BEL Tk b, ABER{1I01}D7 >+ ME
Lo Twh. ZDZ &L, LT-AIN ECEE
InGaN # (& S ¥ 785412 PL £ 2 InGaN [
Bizhnbb T —ETH-Tcl EWEISHIEL
Twb. ThitkF 5 <, InGaN fEf ClIlE
EELEE 800°Ciz 3\~ Tk (0001) X b {1101} D J5 >
WETHD, COHEEERE LTHELELLD
LB 5. InGaN FHIKL[0001] 5 AIC S D
Mo VWERk=2 v F S AT ERLTWAA, ThIE
I HMEYRC TS 27 2EmOHELDIR
InGaN/LT-AIN RENTE CRAE LM X 5.

Z DFEFHTIZ Fig. 5(@) O RIFCH 5 X 5 s
B2 v b7 A MERT F AL VHBEI R
TDXOI N AL vEEDTEFEI A& — V&
BT 5 &, Fig. 5(c0) DRHITRT L5 ERD D
EHFELENVEE I NS, & OEFRE AL AV R
REGELYEE TS & Fig. 5(b)D X 5, ML
HEAAL VAMNRBEDL 2V FTAFERTO
T, ZOMANHBPOEBRALDLEDTHAZ &
LA THB. EDX5Hrxfr-7c & & 5 Fig.
5(AIRT ISR, 2D F A4 VX In A
XD TENT Ebhot. TOFAL VO
D (B) T EHAR 3 xr=02) XL hEL - T
5. oz kix, hofRENEIL LD
ZTDOX5KAEIn N A A VHTEE I oD TS
W EERLTS.

§4 EE
4-1  TFEEER O B R R

FiMCeRLAEX S, 800CTHEIRDL L7
sty FHEIDNRETAHZ EMD, InGaNTILZ
DEE RS TE{IINNILEKETH D Z L0
by b . a-AlL0s(0001) X AL icH eI
InGaN O£ F@x[0001] & 7 %5 DT, LT-AIN
FrEERE X5 L nGaN B AR EmIC
{1101} 7 » £ » FHEZR 2L b i AR AR
T2, 0L EOBRTERLER, ERED
25 MERPEMICE VEMING. ZHICHL
T, F¥ 7 GaN(0001) ETix, BTEEELR
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L5 LB (000) A RERmERSD. L,
In I T I A< v FDRDICHRG AR
BB X, FEEL VEEELS. Z0X
F OIRBET InGaN JEENEML TV &, BT
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{1101} 7 » € » AR FAETHIE InGaN fEdhiL
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1) S EREMLOWE (X — 7 — A7 P Aig )
AT A b s, Fi, THEKROEZ
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DI AR, {1101} DFRE = F L F —23F
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7}/)}1513_15)-

4-) RE—HERORE LB TES
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Al,0;5(0001) 3k Tid GaN & DR FREEHENER
AC, InGaN FERD In BT PEMELE 2D
fous., THRIH LT, HEEES TIRER S ES
MR LIS &P In A F T2 DITRD
IORBIHTE L. THMEROEMEFILGaN
L OB TES I L b (0001) ST R BUE L
TWADT, [0001 RIS Z LiTisd.
Foted, {IT0ETOKRT S A< v FEhie D
BRIhs b0 LHFEINRS. T, EHFERT
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GaN) £ BH& /It CRIEE o > T 5 In MK
ROEOD LB TFREE L ORBENEEL 05, &
BI_&Z L3, Fig. 5 TR X 5 RERARY
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