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= B Atgtole] (0001) Zlwe] A4S o]l (RIB) A ¥ MOCVDelA A%& GaN wtete] dxj=lg B3 7= Wit
AnRT, Ar)d A HIE FAs) st AVIRE o)4sted dAAUE vt AWe] ¥4E $15ld DCXRD, Hall,
TEM & AH$-3Fith. 1000°C ol A A)7H8 WE A 7184 daj2]jg 4|84 DCXRD S FWHM € F 50 arc-sec A% 459z,
Hall o] 2% ¢ 80cm?/V - sec AE 3AFSSIT). 714 2 Hall o]S & Bal AR AEs) Ag A 292 TEM vz 343
oA HY Y& 56~59% AL Z2sAT Fak HYE S5t ol R FAA A Ar|H JA Abole] ARBAE ¢HA
&, 7|2l RIB A9k AR F A48 @A) 2go) MOCVDE AAAIZ) GaN Wahe] B4 AAX e AE JYsHA B
o &t}

Abstract GaN is a key material for blue and ultraviolet optoelectronics. Postannealing process was employed to inves-
tigate the structural change and the effect on electrical property of the GaN thin film grown on reactive ion beam
(RIB) treated sapphire (0001) substrate. Full width half maximum (FWHM) of double crystal x-ray diffraction
(DCXRD) spectra and Hall mobility of the specimen were significantly changed depending on the postannealing time
at 1000C in N2 atmosphere. FWHM of DCXRD reduced upto about 50arc-sec and the mobility increased about 80cit/
V - sec. The postannealed specimen with the best mobility was compared with sample without annealing by TEM.
The former sample showed a decrease in the lattice strain and reduction of dislocation density by about 56~59%. This
implies that there is a strong correlation between crystalline quality and the electrical property of the film. The pres-
ent results clearly show that the combination of RIB pretreatment and proper post annealing conditions results in the
improved properties of GaN films grown by MOCVD.
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Wurtzite GaN-& A2l 3.4 eV AH Holy W=
Ag A Z|RGe) R Heo) ug B4 F 4%
& FA @obd A4 9 A4 9499 light emitting
diode (LED) 8} laser diode(LD) Ax}ol) H-4-31# 2145
£ 8ot~ B3 2 Wurtzite 725 71X A=
7o} 22k 19 eV 6.2 eV 2l InN, AINS} d42)q] 745
E 34T 5 7] Wi EeEY B4R R = 5
o upe} 7o) WA A o) 7}EIRE Ao ME A
LA AstEg Axsto Ao A= eyt g 7pA 3
7 thole = o) Az}o] 7HEslchY GaN w2 LEDS} 2

S 4G thole =] F4Rut olue} YR HA] Fofo] F
A U2E F=stgdcl. =3 FED (field emission dis-
play) 4 ©l|vl€] o (emitter tip) o]v} AW wi=A LDE
S N AR S84 4% ¢ s

o|gA FL& $44E 713l GaNe A9 EAA W=
el o) @A AZ7) =i $ o8y WA 4 2 AL 3
& 714 Z3 9y (MOCVD) ¢ o]4-3t 7| ¢4 «
g3 AA et A AR BebA GaN Bee &
= oA H3uct e oujEd o] o dukyo]
o olo] M 7)H o] TEAHY EAE JFHct
GaN} o]F 712 E3lo) AxpAbg-ok AH4ZA 7T a4
Folg U BE F3 279 A4 DA NAEE 7B
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o] RAgtel| 7] Qg Az} Ao] AW}, 53] GaN
o Ao AM-EHE o|F |RoEE AlHe]o] (a-AlLD))
o) AHg-o] HEA oY GaNHe] Az A2 Xo]7} a
%9] 3¢ 16% 4 Hes utet AR 27)4H $AHE &
A3 A9, threading ¢, AEZAY 9 IDB (inversion
domain boundary) &< ZAge] #FF} D

ol2igt Ao ot 229 FYI) U3 FEE Fole
o 7H F28 2271 HER AFE /HAdse kYo o
H ahg s B8 A=sT gl Felo) Axd WyegE
BF35& M Aoy, 45%L 71w vzt A
Bl o A AFAUAE F5ete e slng
GaN A% z7] LAsl= 17 island¥ #HPAHL A
sle] YT GaN FAPAE F& o= vady gdt”
EAH o2 Akasakioll 2J§ AIN¢|Y} Nakamuradl] <]l
ATE AT GaN g5Fo] AHE-"t? 53] ot 4%
Ao Afmbole] (0001) 7|#& B4} o] W (RIB) A=
8l GaN wtahg A3 Q72 A 2)3lH RIB A
23t 7ol AR GaN #hete] 7§, o)A} uhat A
7 o]|Fox r)us} ulate] AW wjPHA e} AAE
Ayo] FE3v microscale?) ELOG (epitaxial lateral
over growth) AAel oJated wtul R0 g-Ho] 7F43}
o A D=7} dzF ~10/dAER F4dE Aoz o
eygrh!? o) AW FdA AH& §io] AESHE
v Q] A AYIE Fste wet Y § BE A
Z2A R "] AEEE A& F U= S RA9E
Axgc). £ A4 AE RIB A& Alge]le] (0001) 7]
oA A GaN ¥ute) dA=E T8 A= Hys) 2
g Us 5 A2AA gty 4§ A7, HesE
2] & An Axejg AW o8 7}1x) GaN ¥t
B¢ v FAst o F alsta} gt

2. Al Y

Atghele] (0001) 7)% (Shinkosha ¢50.8X%0.33 mm)
2] #4435} o] YW (RIB) Al #71E€3 A3E T4 A
AE A AH FALE AR 7Rl & o] FY 10'Y/
af, A} 800eV, AF 0.50A, ¢4 1.6X107* torrE A=
&icth.®

GaN9] Aa-e AIXTRONA}F (Model RF 200, Germa-
ny) &l MOCVDE ¢]-&3}o§ RIBA=]& Alxte]e] (0001)
71Re 47) AATE Fo 1,080T F4 £47)04 1202
7 A HE ¥, TMGS NH:%& Gag) N9 U2 3
I o]t ARE H 8 AHES GaN €453 9 oehel 4
A8 560°ColA 9027k, 1,150°Ceol4 6087t #etgic).
2+ A TMG 9 43& 22 70 umol/min} 112 mol/
minelglen, ¥h-g-7]2] W ¢¢¥L 300torre] Xt

AAgE GaN Al A7|RE o]435td N, £7]04
25 E 1000CE A FRA5HHEA My A7h& 0%
B8 5A17k71A] Wik A)7I dAEE Fc) §4% &
HEZ g I3 AE A Y 2= A5 SEED
C/mine & 3z, =& W d& dx) ¥4 34 ¢

o] A7|Z Wl 4272 A st

FdAE7} GaN 2ete] FAA e v X J%E& doly
7] $%}«d DCXRD(double crystal x-ray diffrac-
tion : Rigaku) & A#3le GaN (0002) Peak®& 7|E2
E uXEg g4 ed, Ay FAd uAe 9%E
ZA¥s}7] 218+ Van der Pauwi o] ¢ Hall 24¢& A
Yslo] 2ukzle] olFEo} F= & £43)l9r}.

A4 A% 4 Az WY dd5aAxHelA (cross-
sectional transmission electron microscopy - Philips,
CM30) o2 ZA}etg). o] TEMA A= LaBs ¥2tdE§
7hAe, A9 dxet Ad Mo viAx H¥ (Burgers
vector) 44 98l Az} 71 Hek 200KV (AR AR
00251 A) oA 2 A8 8 P& [1210] 22 71¢d ¥
o FHFHHE F A Y AR PR3 Bk
(BF : bright field image) % ¥t X]okAF (WBDF : weak
beam dark field image) AF%1& H g}, 2fstAjobAtell A
£ Asle] FEg s A 71x 9] HME o2 HEuEE
AYstgict. gtrlopdo2e A U § AArsr] 4
st 434 ¥ Az} A (CBED : convergent beam
electron diffraction) =¥& ¢4 F 7] ¥l &4 &5
§ oo Ae AAE 8 A H 94 & FAE A
Abstedel. Ao WYk 84 W AR} AL o83
o ko g vehhs HAA}e] Fab sdibefA] L Al
2 Jehle 33 Laved AL (HOLZ 4) o ARE £
A gte] oy gt}

3. Zo % g

RIB A2 7|¥ol GaN& AAstd, Add] FEHe
E AAsgr 495 w1 o] FEI sk AE
oju} §55}¢rt."? 1 AW M ¥ o) FEAHoZ G
o} gl wlAASo] AASs GaN o) vjxe 9%
€ ol 7] g8 1000°ColA dAe AlZhg AHAA 4
H R},

Iz 0|9 AAA ] W AxE U vt A
o] Wiy sislol A9 § AY Ux Fiol] A8 AAHAe)
o Fold o= dAtxglen, 23 1& DCXRDE
(0002) peak®] HbxlE-g wlas) £ Z}o|ct. 1000°C
A 127 A 2417 Ax AW A A Fo] F9
E A& B F oo, dX8 Azte] dejR Ag-ole uk
A Eo] t}A] 71t} o) v A Fo] HA s} st wiute
strainel] 3%& ulH A9 LX) wstE Fo] HAHA 0]
BAEE Ao AR 2y dxE Azke] ¥ 2
o] 7A$ ohA] AAAo] Y= A& & 5 Uk 2%
Auk 5A17ke] Hegk gAY Afex A ¥
AlHET WA Zo] o] A FFHSY. ol RIB Ai
Z)BAtel A% GaN S W¥- 538 2 MY 27 FEH
& B3l A gt e e & RoFE Aol

Hall £4& S84 kAt 55 H3E S48 & 2
3} A7tel] wE EX = o)FEC] £¥9 14} Yo R A
gk AR E BojX& odshAt Azkell wlebA] J4gT B
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Fig. 1. FWHM of GaN (0002) peak from DCXRD as a function
of thermal treatment time were presented.
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Fig. 2. Hall measurement results of GaN as a function of ther-
mal treatment time were shown. B represents the hall mobili-
ty and O represents the carrier concentration of the specimens.
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Fig. 3. Depth profile of dislocation density (a) before thermal
treatment (b) after lhr 30min treatment were presented.
Three types of dislocation density a-type (B), c-type (@) and
a+c-type (A) were presented.

Fig. 4. TEM BF image of post annealed GaN thin film surface
(% 62,000) was shown.,
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Fig. 5.[2201] zone axis HOLZ patterns of GaN with indexed
HOLZ lines and intersection points, (a) simulated pattern and
(b) experimental pattern.
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Fig. 6. (a) BF image of GaN thin film before thermal treatment
showing the spots of analysis, (b) o/8 (W) and 7/8 (@) ratio of
point 1, 2, 3, 4 (c) o/8(M) and 7/6 (@) ratio of point 5, 6, 7, 8.
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Fig. 7. (a) BF image of GaN thin film after thermal treatment

showing the spots of analysis, (b) o/ (#) and y/8 (@) ratio of
point 1,2, 3, 4 (c) «/A (M) and 7/ & (@) ratio of point 5, 6, 7, 8.

HelstA] @ A1 1000°CoA 147 304 Sk 43

E 3 Aol AR} 3] HHE FAY GAoY 2
oA a/Bs} v/ vlgoleh. 2] 6, 79 1, 2, 3, 40
e A TAHeA 7ge2RE W Ho 2 SXE A%
2, 5,6, 7 8L vy Ao] gl FollA visgt 914
2 Askel. 21 69 59 ol Zell: ZHo] HE R}, o}
o] 7lg & widsfe] ¥y Ful viwd =27 FY A
Bt Aol gle Fol B} -3 Hq HYL UL &
Atk £ A E & AW Hyso] dA2s}A]| e
Aloe] WYkl 245H0eS &+ o

2y 8L HYo] gle EF AR o/fe} y/8 )&
#e] g Alux A3l @ Al a/fet y/8 ulg2
Z X g 1 PEg vlag Rolrd, dAe olF e

196

A

—L 4

standard postannealed not nnnuld

Fig. 8. Comparison of lattice strains of thermally treated GaN
thin film sample and not treated sample to powder standard
with no strain were summarized. o/ (M) and 7/8 (@) ratio
were presented.
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(a)

SZA2EHA A1l A35 (2001)

(b)

Fig. 9. TEM BF image of interface between GaN and sapphire (0001) substrate.( x 115,000)
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