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Abstract Hydride vapor phase epitaxy (HVPE) method was performed to grow the thick GaN films on (111) spinel

MgALOQ, substrate. The surface morphology of thick-film GaN depends on the surface pretreatment conditions of sub-

strate. When we used GaCl as pretreatment source, the full-width at half maximum of double crystal X-ray rocking

curve was 710 arcsec which was a half of NH; pretreated ones, and colorless, transparent and mirror- like surface was

obtained. The GaN films on MgALQO, substrate revealed characteristics of photoluminescence (PL.) in impurity doped
GaN by the out-diffusion and auto-doping of Mg from MgAlLO, substrate during GaN growth. The PL spectrum mea-

sured at 10K consists of free and hound excitons related recombination transition, Mg-related donor-acceptor peak and

its 11O, 2L.0O, 3LO, 4.0 phonon replicas. The GaN layer was n-type conducting with electron mobility of 21.3cm?*/V
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- sec and carrier concentration of 4.2x 10" cm

o} LDof it oo 979] A2
437 A=l eon, InGaNE #4
(410nm) o} LD7} A-2el 4] 354]7} O]*c} 34zl sk
B ssich- .

A A43tET Qs A - 54 LEDe} 42 o
AF3 A2 LD Abahelo] (ALOs) 71%¢lell MOCVD
(metalorganic chemical vapor deposition)® e 2 GalN
E- heteroepitaxy AAFato] Azbsta ik, o] gk w4

2t

= Abshole} 713} GaN Abole) AZ o2 &

& 200

SRR

~10"%cm * Az EAgc}.

GAL Abgtelof 7|3 GaN Aol 1
'0)9]- ARHATA(~34%) o
e gt FAEAE HARslzd) Hoh

& EAE 3237

pitaxy 432", B3 GaN 7]3& o]4-¢ homoepitaxy
Aol g A7t o] o A3 glep

o] Aol A GaNe| 475 94‘}01 7)o 2 Aba-slaa}
3]‘% Y MgALO.= 239 (spinel) FZoja, Az}

I 8083A°]‘I1 Hree (100)Heleh. MgALO,9
(111)?30!]*1 wfl7te] Abele] AgAels 2.86A0lx
GaN 2 (oooncéow ik Atele) Aol 3.16
Ao R olF xlole] fF AARAHLYLE 9.5% o)}
ol Abgtoleiel GaN Ape]e] AxPR-AHYE-= 14%o) ]
shed AL gholr}, oj9} ke A Ale] MgALOE 7]#e 2
AR&-8lo] MOCVDH o 2 1% 9] 9] GaN wlubg AJakslo]

- 707 —



708 gAsEE A A7 AT (1997)

R
.

”W«%??J o

e
e
.
e : i

9c¢c

e
i
e

A
o
o e
B

LA
e
e
L

-
o
e
L
e

i

8 C

.
i
. i

o
‘ﬁ%ﬁr"#‘m 7

.

i e i
i ' n,,,.m’?'ﬁ;;’t«'ig‘?, i
Sl i S
.

7c
36.0 um

e
f%@ﬁ,; )

6cC

5¢
1030 °C - 30 min. (x160)

Fig. 1. Surface morphology and cross-sectional view of GaN films on MgALQ;, substrate with distance from GaCl outlet.



o] F - 2

24

ouy9, wbmate] 385nmel LEDe) Azt Al 4
410nme} Tp3e FaushE LDE Axshed 4Te
Ak 0. AbzololE MgALOE hAste] AHgstge o
o HYozt %*d AARAFES} o] AHHR R oF
o] GaN whehg Agsbe 7o) 7Fsabe, MgAl0,2)
A (100)7 GaNe] A (1100)0] Fasked 2ol

el BeA ] %”—7‘._17]% FAsk= 7o) 7hsstrte Aol

pi4

¥

waha], o] AFese GaNete] AxEAGEs} e
(111) MgAl,0O, 7% HVPE(hydride vapor phase
epitaxy) Wl o 2 9t GaN§ A3 ¥, 24, et

S& Bhssch
2. 4EYy

GaNe] Aahg 913 HVPE #3: 258 Egdod
Z2A% 4 9= 3ck 43y Ao} 7la S 2 AHE )

% 1714 54

7] 7k AHREE ‘_rL“‘E]‘;’i‘:}”’ Aodub-e-e] YA
48mmolx, 7+ uh-grlae] =l Mg AMEE T
ukg-Fuel 4 Gazt 78S -rlxl/‘]?‘l Fuke s iE
10" %orre] ¥ o= wi7|gk & }ig Zolabm 4] A7)
g9 22 & AFAIF. HCIE Noot 37 54 Ga 9=

=344 GaCle MAskx, (111) MgAlLO, 7|3te] ¥4l
A7 37ked ol A NH,o} @7 vh-g-3ho] GaN7t A==
£ sisdct. FAE 400pmel (111) MgALO, 7]%%
Smm X 5mm E+ 10mmx 10mme] I7|E Hohgh 3 o]
2AATE 39"d HFE(HO: HF=10:1)22 30
&<k st AHEELel Gao] 2z 9} 7o) Fol:
o) 2T = 747t 850°C 2} 950~ 1150°C & §-%|5} 2}
A1zl Az E HClY 358 Al 3 7|2
=7} 600C7HA] WA= <k NH,E 7Al% F9)5}o
GaN7} A2 s AS whalshdet. o) Ay 3l
7t2e) fEkd fAE AMEEle] zAslglon,

aNe| AR 448 2 7heo) ofEe ke #

ar

M

s

D 2 ox loow o P
uﬁ*“

Iy
LA
£

Table 1. The Gas Flow Rates for HVPE System.

Flow rate (ml/min.)

NH; HCl diluent N, Main N;
300 30 300 3,000
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Fig. 2. Growth rate of GaN films on MgAlO, substrate with
respects to the distance from GaCl outlet.
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Fig. 3. Surface morphology of GaN grown at 1130 ¢ for 10 min. along with pretreatment conditions of substrate surface. a)
not pretreated, b) pretreated with NH; for 3 min. ¢) pretreated with NH, for 5 min. d} pretreated with GaCl for 3 min. with
flowrate of 30 cc/min. of HCL e) same as d) but 30 min. growth. f) pretreated with GaCl for 3 min. with flow rate of 40 cc/

min. of HCL

2+e] hillocke] ZAsET E@AL7I} Ashelch NH, 2 AR elE & F 4=

% A28 GaNe) e 28 3-b), c)

|
i
0



oledF - AAH -

10000
HVPE grown 10 um-thick GaN on MgAl,O,
L a) HCl pretreatment, S min.
b) NH, pretreatment, 3 min.

8000 -
m
S eo00 |
=
7
c
[0}
-
£
5‘ 4000 |- 710 arcsec
™

[

>

2000 |-

A, 1459 arcsec
0 1 " 1 i 1
-3000 -2000 -1000 0 1000 2000 3000

Diffraction Angle [arcsecond]

Fig. 4. Double crystal X-ray rocking curves of GaN films on
MgALQ, substrate along with pretreatment conditions.
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Fig. 5. 10K photoluminescence spectrum of GaN films on
MgAlLO, substrate.
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Fig. 6. SIMS depth profile of GaN films on MgALQ, substrate.
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