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Effect of structural disorder to the electrical properties of thick GaN film
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a8 oF © ALOs (0001) 713 $Jof AIN W 2-& metal organic hydride vapor phase epitaxy (MO-HVPE) ¥ o2 A&A713, GaN
% 9t& hydride vapor phase epitaxy (HVPE) & AME-81A] AZAAY. A3E GaN F949 H7HA 5 F2FHA 54 Ut
3171 9sfjA, &5 W3lo] @& Hall 3 243} high resolution X-ray diffraction (HRXRD) £4<& A A8ttt HRXRD oA &4
g 52 49 2= &% w3l ©E Hall 3 SAHA dojzl ¥& A3leE R ¥ o2 RE A% ¢ Ay 59 723 ¥
TUA o] HALY olFo] B AEE Foe AL AU £F GaN U9 A F27 A7AY EAo vxe ¢S U4
A »d (potential barrier model) & ©) &3] A=A}

A Qo] : GaN, HRXRD, Hall 3 &3 ¥l g3y nd

ABSTRACT : GaN thick films ( 250 m) were grown on (0001) sapphire substrate using a thin AIN buffer layer (80 nm), which was
deposited by metal organic hydride vapor phase epitaxy (MO-HVPE). Structural and electrical properties were investigated by
high resolution X-ray diffraction (HRXRD) and temperature dependence Hall effect measurements. It was found that high-density
dislocations concentrated on the grain boundaries have strong influence on the carrier transportation mechanism of a layer.
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Gallium nitride (GaN) & FAHLE 3 M-VFH AsE o
SAE 9, setHo QEY B okl 1 $8 W%t

o = Y " & olafle} Be ARy}l Wesith 2 Tox E3] £ GaN

e e e Dol s A R S B A, WA S42) ol o
1], 32¥EF  GaN 33S  AMe FFEAPAER N A2 2o ABNL A1 YLoE BFen I A
(Homoepitaxy) ©) BRSHAT #a 24 4%l A7 HE 4 ma e s nza Axo.

o] HVPE (Hydride Vapor Phase Epitaxy) ¢ Wwo®
ALOs, SIC 59 °o|F 718 o] &3t Fuhg AF T FAMI
T (Pseudo substrate) & Al2tste] ARR&ta ATH2](3]. 8t
T3 BA Fol 9 GaNgt 7|EHe] gRgAse] Ao
2 UsiM g Fol ¥ (bending), A7 (cracking) 12

2 =AM ALO; 718 ¢l metal organic hydride
vapor epitaxy (MO-HVPE) %48 %3 AIN ¥ =3
hydride vapor phase epitaxy (HVPE) W& o]8-3led A3
g GaN F2ho] 723 Ago] A7H 549 Wsld nxx=
dFgS nEsPeh GaNo T2 A& A 984
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GaN Fute] 23 Aol A714 S4d nAe o4

high resolution X-Ray diffraction (HRXRD) & o]&3}41,
713 EAE 2ARIZ] A8l 10~300 K 9 A
Hall £3+& ZA3qth 7 /1A 33 A4 & vigoez 1 4
Ao diEiA] AR BdS o] &3t =9 AL

2.4 #

2 d7odAe ALOs (0001) 7]% 9o AN ®HZEE
MO-HVPE Yoz A4&AA71, 1 9ol GaN F2& HVPE
g At AR ALOs (000D 718 #7143 F
718 EA9 A3t g AA] A HF & o83t ®
| ooAE AAEIgETh AIN HEZ S AAZATIZT F8A
TMA (trimethylaluminum)Z Al A7 (precursor) 24 A}
|39, NoB 29 7F224 FFedch 900 T o A3
oA ¢ 80 mn F7e] AIN ¥¥ Fo] FA3Hrh GaNe
Fa3EE AHEStY JRAIZ Z1ge] de A FGedA
1050 Co =& #ASHEA GaCl & NHs & 9HgA1A 250
m FAL GaN & ARt YojA] 2AAg HH H4F =
A€ 37 98 4g9 A¥e g2 =79 7|&sddb)

A" GaN F9 Aj8¢9 EW #FL  atomic force
microscopy (AFM) € o]&3l¥ctk &4 A] 10 mm x 10 im ¥
Aol N FA3AT AR F2HQ) EAE sy A
HRXRD Z74& AAs4e  (0002), (10-11) Aol 3l o
scan # 20-0 scan & AAEIY] FF Y 4 2 2]
A3} (mosaicity) & HEE FA3AL £, 438 259
A714% BAE A A3, 228 WIA|7|HA] Hall
Z4& 349t Hall 2432 Van der Pauw o2 AN
i, Hall %0l AH&5HE AFY Hgol dos A30=2s
Ale] AMEHSUTE Hall Ao AFSE #71Z9] A7l 3500
G 92, 2% & 10 K <A 300 K 74x] #H3}A)|7]AA Hall &
AE AAsto Aol Fx, olvxe WiE BFsAh

3. 83 2 az

A" GaN ¥l HUE atomic force microscopy
(AFM)& o]8-&te] #asido. #W A27] (RMS, root

mean square) £ 2.3 nm Z B3 HekshE & 5 QAR T
HHdle 2] EFte] AU olzjF AYEL YA
FA o)A AW Alpatel o ~E#H A} $3EE
oA gt deiA gloH4] Hiramatsu 52 20 i ©]
4ol FAE 7HA GaNS 93 AEH A9 931 FAM A
AlA AY (macrocrack)o] LAt Badtm 4]
Algel F2F AL 2o Aoz Hrulshy) eiA
HRXRD #74& AAA) Fig 1 (a) & (0002) Bl disfiy
20-0 scan AHE JEh ot old pEE 3456°9 FHA

£ S%A (hexagonal) GaN ZA +x9 (0002) Aol 2%
o a¢} g3}

Fig. 1 (a) ] (0002) ¥l g 20-0 scan ZAFo|A A3
Mzt 3oz ool H|ulYA (asymmetry)e EFE Ko
2 ek oA AIN BF Fo] Qlgo= B8l ALOs 7]
@ B GaNe| d9% At 7] gl 24 EA §
8 (compressive strain)°] GaN ¥ EAq35l1 &g ¢
AF AL, ojHF o] EAY W) GaN EUL EZH
TZ (convex structure) & B33t AH Fxo Rxlo|ast
7F A He Aoz deld gioHe] =3 A HEd 23
o] FYxE ojzjd WY A Ao ods|A LA Ao
2 geA doH4) o8 121 A¥ge AR £88 A
Aqat= 5oz Az HA 4 N2 A7« A
2 5 A MAEojof & oz dgdr)
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Fig. 1 (a) (0002) 26-® scan. The inset shows same result
in logarithmic scale. (b) (0002) and (10-11) © scans. The

solid line is for (10-11) reflection and dotted line is for
(0002) reflection.

Fig. 1 (b) & (0002), (10-11) Bl s ZHzte] © scan
] rocking curve & WP 9Tk (0002) Well digt o scan
o] wX]Z-2- 1209 arcsecd] kol SAHAL, (10-11) Holl o
&t o scan 9] WX} & 2299 arcsecd] Ftol HAEATH

XRD| WA % & Aol WS GBS won) 59 2
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O-w e WHXZFL vt o] FH $H9 FFgoz HojAn,
o go] VAZ e AA majelastel HEE wkg @ (7]
T3 A9t FAFAHHE (0002) Holl W wEFL Erjg
A9l (edge dislocation)oll &34 HeiA& W, (10-11) &
of digh WXEe oyl Ay, UME HY  (screw
dislocation) 5 =& M7} 4% VA= A2 HNG
itk @b (0002) WETH (10-11) ") XA 34 Azt u
A Zo] Bl& AL F2 A Ao ol o3 Rz B
QITH8L  (0002) | (10-11) Hell i3t @ scan 9] WX Zo]
Zv2y AR A34gs 4% A438W (in-plane) W&o F3
A% (lattice disordering)& Wrgste JozHE, A4 W A
9 UEE ojlgHeog AAY F gtk

Ns &} Ne 7F 2tz (0002), (10-11) el tisted UAd A
Aol Erjg] Agol ¥ XRDY o scan WX ZFE Uehi:e
A5 oZ A (1), QF °]83ld GaN F2 23 W9 HY
A% (dislocation density):= tha o= Fojar} [9]
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B2 AYA AL T GaNZ FE AARS F3A 29X
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W AE dE g2 gL Fr RoeE A U
[10][11). we}A ol2ist e g £437] AsiMe +
22 EAW olYzt Ad71H EAY 2Ax BeHe 4+ 4
c}.
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X10® /em, o]¥EE 18 on/Vs, 28|32 WAL 01 Qeom 2
245t Fig 2 &8 W37 Hal 33 38 3
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Fig. 2 Temperature dependence of carrier mobility.
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Te) B AgolA dojzl ARE e B&E Ay Az
Agoz Mudg 4 g’ ALgME TV
T¥ajol stA|7h, 206 K olatel A= T2, 206 K o]l &
TV o ulalstn Uk o) A2 Bo} o] 23 B&ES Ax
AFo 43 A o|9e] o]Exe] AP vHE e 24
b Qo RS L Yok olHF FL ador: AN
XRD ABIME Agaiz ARY A Aol o3 o
o] ol dgrH14].

a Measu;ed value

& ® Fitting graph

5, 182K 66K

B "

< H

8 P

s I |

3 Po.

& o

£ 2

o i

1 “ m
1 10 100
1000/T (K)

Fig. 3 The carrier concentration variation of GaN thick film.
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GaN ¥9¢ 723 Aol 4714 B4 vjx: J3

Fig. 3& € ¥Waje] g dx $E9 W3E el 3
o 439 GaN ¥94L n ¥ I=HS Yehia o, Ae
AN 7t Robdel wet 182 K 77 A $=7t Fas
W} Bl A 3718 BN, 66 K olatel At Aol s
7} gt X wWsel we Aol wxe Wse e
ge Hoz vehd & ekl

n(T)=n0exp(—%) 4)

A Aol E, & eole] 843} v, K& Bxut 4
oli, ny £ 2% FYHA AzxFEE Yeld 200 K
dA 300 K 7t 2% YoM 2 (498 olgste #HAis
Ae W 2D Ao sz ¥slzRe 4 duAEe
308 meV & FAHHIUCE ©] AAE S| BEEEo] GaN ¢l
B meV o 843} VRS JHYE B Az Ads I
& BAT11] weky SAHE 843} ovAY g HVPE
A% Al EQEE AR Role EBEE FYO 93 Aoz
Hadii5].

wE A 2oxe Azl FRe] disiME FHHem oy
Ze Aol 71Eslty. 66 K ©)3le] Ao Axde] A
e &2 (Freeze out) 1, ol H2v] Uz 2 &
Aol nAH A3 FHE T AE=IF Al o2 dojuA
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Fig. 4 Schematic drawing of band diagram for carrier
transportation with mosaic structure. ®g represents the
potential barrier.
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e XdE 9T gdd duA =g YehdUo ol
3 EAEE HAUESE A7) A W vAe 9%
olsfat=tl fr&3tth Shalish $& 24 H AR JFHog
AAE SetAY 88 5 glen], g W= F§ (band
bending)& ¥ At o]FS Walshks XA A (potential
barrier)& ®HEo] doa SATHIO0NITL ol2g M9 B
Aol o5& WA 53 WY dE7 ¥&+E AUH
Aol & 9%S FA €dx & # ok o) ¥ I
¥ 2dS AMgste 2 AY9 A9 o] BApolast A
P& ANge BRole ¥ F3 vES @ vHAYAE B
T3 e o]FEE 7 due A& AP

)

4. 84 £

AlOs (0001) 71& 9o 43% $3 GaN ®ete] 723 &
A3 A71H S 0 2AREIITh ¥4 GaNel EAjela
Sjoll 93l B Y AW AN H71H S
Be ¥S F= AL ¢ F AUt F 2 AP} Pol =
& A3t w9 ¢ HAPeE BT ¥ W] olFE
§ Ze A, 2™ Aol A9 AHol oA dste] o]
Fol AgE 5 dd= AS ¢ F AU
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