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= ga_a ™ N;\] ] ]

T AR =2

o3}
Bk, AlGaN wiglo] =(

_Q_
T

woag]o] Zo] ¢le HEMTY dAA <l A=t (conduction band: CB) tholol1#S
160 oF 10% WA oF 100% BHe dFuE & & 2 F 1nm WA ¢F 100nm
oo T4 42 7FE 4 du. GaN =(144) (5, AE)L <F 10nm WA F 100nm HHS FA &5 714 F
ATk, UID-GaN ZF(840)2 “F&=st vie} o] A WFAE 3 oF 8Bt & 54 4.8 712 F vt =
9a0] =A]E HFe} o] AlGaN HlE o] =(160)9 AE=dE= oF 1leV WA ok 4eVe] MY 4= U= #H =201 (Fermi)
g EFo] tha] A1 wig]o] o] EB1S #AE 4= dvk. UID-GaN 5(840)¢ HAE=tiE Al wjgle] o] EB1ETH
AAHoZ o] 9S4 = #H =20 g EFo tis] A2 wiglo] o] EB2E AT 4 vk, EE AA oA,
EB2:= 0.2eV WA 1.5eV ®91Y 4 k. webd, AL (2DEG)(150) el AAEL UID-GaN F(840) o= HAl

Aol 4 AFE o F Uuh.

= 9bss vhE AAleel ok A 24 AlGaN ) wiE]e] F(810)% ZEi HEMTS] eAj#el

S mAET, HEAES 93 % 9a9t s MHE QA5 V|4 wrEEX gtk A 24 AlGaN 9
wjzfo] 5(810)2 <F 1% WA °F 50%, o1& £, oF 3% WA oF 1599 ¢FvaE B8 3 o 0.1m WA oF 1
m, & 5o, °F 0.2m WA °F 0.3me] FA dE M Aok, HE Ao, AlGaN # wjE]e] F
(810)2 =qHA &5 % Atk A A AlGaN 9 #iglo] F(810)2, = 9acl E=AIE npe} o], A =4
Al GaN B wije]o] 5(810)°] §lo] UID-GaN S(840)°l oJa] FA¥ A2 wiz]o] zo] EB2¢} Wlaate] Fofjzow
< H2n GEE)el g A3 HiEle] we] EB3S P4 4 qlvk. HE Aol A, EB3S 1 UlA 3eVe]
AL 4 Aok wEbA, A 24 AlGaN W wiEle] F(810)9) F7H= Y W9l AAH(2DEG) 7} UID-GaN o=
Fal= AL WAk 7S 53 A4 AFES @FaAZL § Q.

tH(CB) wolofrsh

102 & o] A AAjofol] ofgh A= tufo]so] Alxe] AREsllol HjFe 7w FE2A(102)E EAlSHE
3 o]r/}' = 10&1 i]-zg}gq_, = lloﬂ _1,:_1\]&] 5\_5% _]E_ﬁ‘]—?g- z,: 9\1“: D}@ﬂ/ﬂ /q]g}m
110)& xgsks 7has 713(102)0] AFE 4 vk, 4H A 2uS AFsh] A&, A8 59, F
layer transfer) ZZAAE ARS8t @A F(120) (5 B9, @44 A 2)o] tpaAA Agy =
o] (110)0l |4AHAT.  WHF(130)°] ©AA F(120) Aol A" 4 Jar, 111-V oF&8d Z(1040) (A=
Eo], GaN)o] MHZF(130) Aol et II11-V olg8d F(1040)9] CTEE thE4A Ales] 30i(110)9] =
o] CIESF ddAow wixdd & Avk. III-V o988 F(1040) F-EAox CTE wig o Al aFd 9

=11 23] gyl AAjdel €3 vk Ve FRAS BAY dedkE g Eelth. = 11el =ApE v
o o], 7baE 7|¢ FxRA= ke Az 9 Fst of Aol el A 4 k. sbEE 79 FERAE
o (1110) (e Z Eo], AIN 7132 Z3tatar, o](1110)E 7Fa-¥ 713 24 A, o So], ulalyd e
2 (111) F(1125) 7ol 32 dged 5549 493 AF(CIE)o HAdHo= wjA == CIlEE 7 + drt.
s ZF(GaN) 719 B (GaN 7|9k & X3t o9 el F)o A4S x¥shs dlEZ Aol Aol oA,

o] (1110) = v dAZA Age &2, o4 S0, vAAA 23l dFu]lE(polycrystalline aluminum nitride:

AINY F 9o, Akgk ]E%r(yttmum 0X1de)5’+ 72 A3A(binding material)E EsHe 4= Y. YAAA
A3} 4F(GaN), tHARA 23 &Fus ZF(AlGaN), tHEAARA A E Jhelo]=(silicon carbidel SiC), ©+

A4 Ak3l o} (zine oxide: Zn0), tHEAAA 4F ETSAlo]=(gallium trioxide: Ga03) & ¥3gtel= o
2 Edo] ZojoA o] g4 4 Urt.
F0{(1110)9] FA= th=F 100 WA 1,500 mm AEelsr, ozidl, 750 m¥ 4 Jot. ZJ(1110)+= & =& 7

F23(1112) el Aestdn. oA AAdela], FF(1112)2
QA2 Ao]E(tetraethyl orthosilicate: TEOS) AtatsE =& F&3ic).
|

% 3}(encapsulating) A= %EJC, 2 g
= =
°] 100 A WA 2,000 AoZ vhgairt. WP A

1,000 A AE9 7Y ©®HEg

gE AAddA, PAF12)9 FAE 98 = CREES
TB0S A¥she] $AZ(1112)0) ol =A%, ¥ Wl o el olatwl o] A 33 Y FE ®
£ BAnEE o, A, 59, g I 5 g

A ke Rae AT de BAS50 08w
oAby gho) % HAEa, o Sol, AuA B F&

UEAEE 93 A4 39S At B2AF(1112)2 2% AAdelA 2] (111005 &3] =2 AA ¢

el =
A3 AEsE FZo](1110)E FAStar, LPCVD ZEAA T Hiex] Tz 2@ B3 odAA e 2l
(composite) 713 B S5} FHT ¥ ATk HF

Gt e A% UEAN TS Agsel g4 5
= F

: &
FU1DE 7HeR /% FHA THLAEES FYAY] g8 ol Fe] o] RAHE EAS A
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Aast HASS sy A% LPOVD ZeAlx, 23 & FEks/FAA, FYs(furnace) 71HE ZEAA Fo
Abgol Tlste], B owkme] Ao webdE (VD ZTEAA EE FAE AL TeA2E Zdets e gk
TA ZRAAE olfdE F quk. A o &4, Fo|(1110)¢8] YRS FHEE YUxEAM ZTaAA7) ojed &

OD# o} (110)7F ARE & 9, il =

A ZeA27E 501(110)9] F7HAQ F-i& A" g8 s
z3kd TFRAES ATy 98] LPOWD 7])%e] o] &H AT, &

=
%ol olgd + At

T
Ak, weEbA, BE Ao A= ¢
OHEEM] ol Aol uwhebA = f

o
iu)
gl
=)

T 1S Fxshd, 225(1112)S SAEE AEF(1114)0] A9, 4 AAder, AEF(1114)&
S(1112)s ESeiEs F4d Eeded (S, a8 Ay dol =]
gt dee Fads veEd ¢ ] Wi M HEZF(1114) 0] %E]/‘E]E]’f‘?_ A
A= 500-5, oooA @E d= 201 2500AY g Atk FE AAdeA, S T
3

o]

=

H
(e}
=
i
ki)
i
k)
r
_0,
X
©
=
e

1=}
B
1’%}—”“ 474 g4d 5 911, olell 3] ¢kds] AEstd

oX, _Qd
=3
=
(@)
w2
o>
2
31
1
ria
o
o

, a4 (boron) %
e

et}
= —1-"0

ATHES w48 FAAAT 3 F gk 93 A
: 5

o}
en” WA 5x10° en’ W9l EAE o)Al 9, H]A(arsenic), T HARE (bismuth) S)7F o] &xo] A
= &

23109 A AT -8 EE p-d WEA BA F SuE AT 5 At 99AE ge W,
4 0 Oigre AN e Aot

AEZ(1114)9) EAE 7Iad 7188 vxA A &, 4

)&zt Bol AA Hee ok &

(dechucking)& 7}&3hAl &}, 2 o

2 B Ao AH HEF: EE e-FHo 3

o] A dlolH et I A= AR AHEd
T

F4 9 e AT £ A2 Aol =W,

9], A ZH(electrostatic chuck)(ESC =i e-
e Z2AA B g & &3 g7
45—% 1114)2 A3 (bonding) & ¥ ah= zLa]g]
Vs Bk, ulglad, B age] AAgE5e =
1% FERAS ATA. BUAE e wa,

)

A2 F2AZ(1116) (S o, F77F 1,000 %=1 TEOS 4tetE F)o] A=F(1114)S EdAES FAE .
wu Ao, A2 FAE(16)E AEF110S 443 2 A4 9ds Aasd Txs G4
LPCVD Z2 M2, (VD TE2AMA T 238-2 FaA9 gEAHS x3sts d99 g2 Ags gixd =2
Azg Abgskel g8 5 Q.

Hlglo] F(1118), <& Eo], HE2 A3E Fo] A2 ¥HF(1116)S EAES FAET. 4 Ao,
Hlglo] F(1118)2 F717F 2,000A WA 5,000A HE= A HaE: Folvh. wjgo] F(1118)& EE AA
ool Al A2 F2F(1116)S &3] 2] A s8] Aaste 725 P8I LPOVD ZR2AAE AFEste] &
Qe 4 itk AgE AstE = o]9d], SiCN, SiON, AIN, SiC 5< X&s: v|4d Edo] mjgo] Z(111
)2 AbgE & k. HE pddoA, mlge] F(1118) Higlel F(1118)S I e= +AE 9
AMH (sub; 3H9]) STER olFofXith. wEbA, Higle] Folgte folv v I EE Wl EAS ovsiEE

Aol ofet B WHoE F& o|FE sht i 1 ol4e BAL EFSHE Aol FgAE g W,
4 et ANF Roltk

22 Ao A, Hlglo] F(1118), & Bof, A& A3E T, dF 59, 12(dE £°f, 1,000 C)
G198 Y L2 T 1B 71 —Lxﬁﬂ e WA ZaAg AMel Ao, aold A
ars, 98 =9 ]E%(yttrlum)( , AbsE S| ER(F, o]Eok(yttria)), A, wF EEE, UE W
ZF AT Tol i /e sEHeE A ‘%}X]?'&D‘r 2 YA AYE AEs S ol&stH, v A 3
e 98 A" GEAA AINS E?ﬁ?—‘é Aty 2450 A T2Ax 34 2 g A o84
2= oh:}_

T .
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oin

AFHog, FAE FAs7] g8 o= A E2F2 1,800 T HE9 2XolA &4 (firing)dr). o]
T2 MaE MY Edo EAlste AYHY ETES AAT Ao oidrt.  olyd EsES AEA
(sintering agent)=4] ©|EgolE A& ZH A7|= o|EF, Zd % 7|E 449 IFES XY F
ATk, ThFo®, 800 T WA 1,100 T ®9le AR ¢ W oA AdH= oued A T2 Fo
=, olyd EEEY & Sto] mud oz oadd Zojth. ¥y, BAAA ddate g8, B Uyl
WEAEe Aty Edeo] A4 (firing) EHT R e 2moA] dueld A ZRAA Bk ThE
H 7o FES B3 24859 AT dibe] EAsitta wadch.  wEba, 2 o] AAdES o]g
v a4 @ ks WAEh] 918 miEle] F(1118)S 7hgE 71 FERAC FFAIZICH
A = 118 FFshd, ejgle] F(1118)9 AR, oE Eof wigel F(1118)9 A% wd Ad ZAF¢F
(1120) (el & =01, Ao Ashe F)o] fxAs i, A4z ddiel S(1125) (e F 501, = 110 =€
uhele AP (111) T3 22 ©4A A )9 A5 Fol Argdn. 29 AAdedA A§3(1120) oF
g A oA AgE(1120)9 FAE 2% =¥ Bol=(bond-induced void) &

L5me] FAL 5 A, 23
3= 1ol 20nm H= 7L ool BB AAAel A, AFS(1120)9] A= 0.75-1.5 me] el i

AR A F(1125)(elE Eof, el Si (111))2 9 gd =49 IS g dagd 44 =
A2 Fok 4 FoA AgEll Agsh. R AAdelA, 4] ol aa BAe am WA 10m T
9 GaN F& EFF = gonf, ol P, RF ¥ A2 tulo] 2o N o] g5 Bpe 5 F A o%
Q] sl =}

X

AAlf oA, Az om daAQ] F(1125)2 & olF ZRAAE ARgste] A3 (1120090

ftllo

7VEE 7w FERAC B3 32U Age 20179 69 13YAE 99 v 53 A15/621,3355 2 2017d
A A15/621,2358 90 AFEHH, o5 A &S 1 FAV EE 54S

hins n.]-l}b

T 128 B dygo] o Ao 93 shEE 7]$(1200) S =AEE destE i ddeltr. ® 126 &=

Al 7R 719(900)2 vheFe Az 2 FEr o EE| Aol A sitt.  shEE 7]¥(1200), e 79

A E-e 49 A (CE) 9 38402 miA=+= CIEE 7H F dv Zo(1210)
8 7]3(1200)8] FALARA HFEA] QFEE A

u o] HelHd Aoz ZAlEL).

st Z-F(GaN) 719k B (GaN 719 & X33l g )9 43S

©](1210)+ AR sl dFrgAINY 22 GAAA

& X3 4 vk, oEAd Ast 2EGaN), EAdAe A3t

=(Si0), wHAHA ok AEE(Zn0), YEAA ZE EIS

(1210) el 282 = Art.

F0](1210) 9] FA= 100 m WA 1,500 m BE, S 9o, 725 m¥ 4 k. FZoj(1210)= & T=& &g}

= A 1o
42 B 4 e F235(1212) v Aestdnt. o AAdolA, F&35(912)2 1,000 A F=o] FA9 H
Edtod @ A2 Ao]E(tetraethyl orthosilicate: TEOS) AF&}E =& E3H3t}, thE AAdox, F2=9
FAE dE Eo 100 A WA 2,000 Ao® thksirt. 2 Aol TE0S AtdlEe] F-25o)

[}

1SEA T, B oave] @ Axdd] el UEe] PEsE F
3 gAY A e RAS AT UE BL

=
2 ASE(Si,0)2 Algty =4 & FAEa, oE 5o, A=A 249 F5 dxAAS A9 Add 2us

Agech, FAF(1212)2 2R AA oA 720](1210)5 ¢A3] 8] Ax &3] PHEddE mols A
R2A=(1212)8, A<t 348 714 =2F(low pressure chemical-vapor deposition: LPCVD) T EA|AE A}-g-5}o]
P49 F vk, FARF(1212)2 7FEE 713 900) FERAY 8AES A e o)lFY FTEo HAHE
EHS AT

Mastd Al B23(1212)& 487 98 LPCVD ZTEA~, HU~ 7|9k T2 A~ 59 ALgo| fste], ®
e U2 vbeA] TRAA7F AL

% |H

o] AAleo] webs (VD ZRAA i fARE ¥R Z2A2E £Fs
2 5 dn. A dEA, Feje] dRE a¥she fEAM ZEAA7E o]8d = glal, 510](1210)7F HHE
Flew, fEAA Z2AA7E ol FUHA FEe Y] 98 ukgd

Sk, mebd, W Ao
ZelAlol Hol whebA e The

™ x A
iz & Mestd 25 Alwsty] 98 LPCVD 7]Eo] o] &HAINt, 54 &

_13_
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on

AEZ(1214)9 &A= 7FeE 718(1200)S t=A] A &, d& €9, A FH(electrostatic chuck)(ESC)
S Zte B AAd HIe F¢ f&sth. AEF(1214)2 ¥R Z2AA EolA AHE F A& gHF)]
(dechucking)< 7F&stAl gtrh. wepx, 2 dwol AAldES F#o] AZ dolHe A AMgHE WA
2 AYE & de 7® FRAE AT, A B2 Wy, £ 2 oS A S Belt

A2 RAZ(1216) (A2 o], F7A7F 1,000A AES TEOS AMstE F)o] HEZH(1214)S E8MES AP
P Ao A A2 F25(1216)2 AT (1214)S A3 8 AA fAds] AeEste F2E5 . A2
F-23(1216)2 LPCVD Z2A2, (VD ZRA 2=, B 23— §3A9] UxAde x3ets e o] A
El3

UEAM ZzAAE AHgetel 949 F itk

gl S(1218), e E°, dud dd= So] A2 FHS(1216)s uAES dddn. o AAldelA

wlg]o] =(1218) FA7} 4,000A WA 5,000A A

e A A2 2T (1216) &3] E2 AA s

=9l Ao dstE Solvk. wige] F(1218)2 HY A
] 7 Fdska LPCWD Z2AAE Abgsto] o

o
Egehe wgA Bl welo] FoeA

E\u
)
)
i,
-4
BN
il

dd o odrk. AgE dstE F ol9del, SiCN, SiON, AIN, SiC &

ol 8" 4 Qdrt. EH FHA A, g T2, o] g TS FAFIFEE FHH v AH(subs 39D
SERZ oo, uwalA, gl Folgte fojE vd = e v E22S gusys Aol oy, 53
Haog 28 oFE 3 e I oo BAES ¥FEE Aotk Hdxs B Wy, £ 2 fors
A28 = s Fott

g2 AAld oA, wlglo] F(1218), dE B, M AdE T2, dE 59, 12(dE 59, 1,000 T) °l
e AR z2AA Fo hEE 71#(1200)0] EAT 4 Qe wEA ZEAN e FHoE F:of(121
0)ell EAstE 2450 i H/TE wWiEs e S WX, Fof(1210)d EA%te 225, dF 59,
kgl S| EF(F, olEdok(yttria)), AL, F& ELE, U2 vF AR 52 T 4 . Zo (121002
ZHRE FE Q4-5L JFEE 2E5(1220/1222)004 9EsHA] L 38 Jol 4 rk. 7] (1210) ZH-E
HEE 8452 AME T olEsdte deld Ao tE XA F&Eo sted F(1220/1222) 2 o994
E4(1230) 0] EwES o712 F k. & #HAAC Vsd Aast S5 ol&sw, v A IS s A2
A HEAA AINS Egete Aty BdE0] wted ZaAls T 2 FAA oA o] gd & 9},
A= (1220) (o o] F(1218)9] A, o5 B9, Higle] 9 A ®H A

AL 7H & . ddA S(1222)2 o9F
ToRM ARg7ldl Agteit. oveEd =4
2ol Agolth.  Zhed 719(1200)9] 5
0] A& 7hestl @k B8 Aol M, oz

T
Eo] Si, SiC, Abgtelo], GaN, AIN, SiGe, Ge, thoJoji
o

AlGaN, InGaN, InN, 2/Z= 7Zn0E ¥ 33 4= ).
,]

[e
AgET AFE12200e 2 AAddAE AL o

o]
o
9
o
Y

39S A AT g Tas
-



10-2742200

s==s4

N T
ST
woN
¢
wzo
wm B

)
o
oA

bz ol g
1
AvEe weol

=

o ofu

No
Mo MO T
o™
U g <
No ﬂnﬂ T
Tok
A= or o
B %
A
woo K
%ﬁlm
o Mo
= w H)
glo 2 o
= 5

=
2
,mW = o
o \%,
O
&R
(| =
o X w
ﬂml E.a -
oy - x
=
~ B T
NECECS
O <
W s
Y@

=
iy
R o
w#% 2 oR
TR ) i
= ol

Ho

e

T 139 Z=A]

ot}

I

[0071]

0

A

7]1%H(1300) )

w
~

gl 7 o] el

=
=

l

A<= (CTE) 2}

Yot o

oheFet dx 2
E2(1230) 9]

KSR
.

H 713(1300)

R
(1230)2 7F&8 719 7329 F8 424 HlEA] 895

B A
=1

=4

B A
=1

w

or
TR
23

=

Aol el 1o,

=
=

ol

L
L

o sTEL=
B =Y

9

e 5)

L
L

At 25 (GaN) 7|9k 24 (GaN 7]

0](1310)

[0072]

01(1310)9] FA+=

ATt

o~
T

AN Y

53

3} &)

o], 725m¥

=

= =
=

o2k 100 WA 1,500m A%, <
Al FAZ(1312) Wl

149} o

=k
o o3 Jr=Al Q5]

3

ol

o
=

al

T
1l

0
‘mo

)
W

o ¥ wpe} o], o

(1312)> F#7F 1,000 A

=
=(1312)9

]

5]

tol F7F2 A

S

/}_._]

HEZ g
o] 100A WA 2,000A 2% t}

p—

M

vie)

[e]

s

No
X

-

>

Aol A, Al

[e]

o}

[0073]

o,

FAE dF 5

b33
2

Alelell A, Al -

[N

TEOS7}

p=)
=3

o)
|

A2k

o -

o

o], Si0;, SiON

A= =

& 9k,

=
=

1|
.
o
Ho

el
'X_l

-

ABE

(1312)&

¢

=
—=

Z2A

}a2 LPCVD

3748

= 943 oA

dlefl A :20](1310)

P33
2

. !

T Ho

— =

o K

el

o] Aol s

=
e

2 A4
dE =, #oj(1310)9] ¢

E
i, 3Zo](1310)7F HH¥E

, FHY -7

Ea

A

LPCVD

i3

171 <]

S

ozel

‘_.@o

A

[0074]

&2
Il
o

™
el

g

=
RN

=]
n
qem, o

]

2427} o]

hva

Aloflof] wElAE g 9

A4

A

A

-
=

=
T

o] o]

o] CVD, PECVD &

EZAA, 95 =

aa
‘EO

el
g
-

OL
"

7
i

N

ol /-

(1314)&

A

=(1312)9

Al 32

KX
=

AxEZ(1314)

[0075]

28!
ol
W

—

g

zel

~

A}g-3ted

=
—=

ZEA

LPCVD

= 0O
-

o

Aol A, Eelde

jaciec]
= X

ATt

O
No
W

el
™
i

‘mo

Mo

[0076]

A ool A,

" wele] guolry,

BK
BK

ox

¢

_dc

Ho

el
No
T

<
™
i

R
.

(1314) 9] <=A)

Nlo
i

!

Z

cm

20

WAl 1x10

-3

cm

1ok 1x10"

3]

=S

2 (ESC)

sl

501
= )

&

Fole] AeE ¢lo)w

A=Sye]
=1

o A

A2 ol

KX
p

(1314)

o))
o

g B, FYLYE =
A2 F-=

(1314) (o

=

= A=T

)

=

o

A2 TEOS
°F 1,000A o]},

£ 591,
7

(1316) (|
(1316) 9]

=

23

A2 K

[0077]

(1314) 2 A1 F=

(1316) & A==

=

o

Aleflell A,

/\E1

™
==X

= )
T

=

o

A2 w2

R o T
)1rO
o
o
T Mo I
aou,wB
g
o -
‘q\l_l
%EE{
EEEEW
(T B
= T
= .
WA=
Box ©
T .
ey
o T
Lo
11@%
oMquAI
F AT

X
L
XS
ﬁoBﬂﬁ
<
ﬁ%%
T E
o, O
ﬂo#L‘l
S 2
=
T o =
R B
e
— o
= T
ﬂﬁ| -
%WAT
_ T W
I
B
el ™
PG Y
mar%
Z .1k
,ioq\:}ro

el

Y
B o
B W

°f,

Z17F 4,000A WA 5,000 A

= =
= =

=(1318) (<l

=

ujj 2] o]

[0078]

Al el A 5

]

=l

™
==

o))

_15_



[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

SE50dl 10-2742200

39 2= FAslky] el A2 F2E(1316)S 9dE] BN LPCVD ZE2AAS ALgste] g9 <= v
B AA oA, AYE AsE vlg]o] 29 AL, o2 Eo], AL(qE B9, 1,000C) oA A4 =L
BAA Fo 7H3E 7o) EAE £ dE BEA Za2A4 Ao dAo=, :o|(1310)d EAlEtE A%,
dE B0, 23} o EF(F, o|Egol(yttria)), A&, ¥4 EE, U2 vk AR So] I Z/EE wiEE
3 , B A 248 98] AAE d2AAA AINS

T 4e B e g AAde 93 sty 7E tRE BAE gedtd dTeltt. & o140 =AE
Aol A, A1 FAF(1412) Zo](1410)9] Aol AFF Aol FAHARE F710](1410)05 H&3sHA
2= of FE A=, FEET vet o] T&ete] FAE = WEF(1414)9 F-2=s FFA1717] $8A
Al F-2Z(1412)0] 701 (1410)9] dH5- (201 (141009 F3) Aol FAET, FA5(1412)S = 1494 =
©](1410)9] &% TW Ao wt TAE o] AT, Fo](1410)9] T2 BE Ao Ra= 249 r)¥AMsE AL
7bEE 719 Fxe A TS vAA @S Aolal, oy EAL e AAlded EATE & ASS o
g Aok, FdxE B2 Wy, 54 2 ks AT = S Aol
AEZ(1414)2 A1 F25(1412) 92 301(1410)05 HEslelA AT Al F35(1412)7 AFdHo=
SWo dRE/A AFEHE A

AEAy, AES(1414)0] vle e TS weg a8l Al F25(1412) 9
(e}

o BAEC] YA, FASS BE Age W Aol ofs) WEA aFHE A ojth, mebd, AAdE
ol FaAY O W Aol UEAM wE @ FRAY & FWe vhay B2 ol F A, AxF
(1410) € & SW ApR, ofF Fol, Al FAF(1412) wpe/Fa gl 48 F Avk. ARSI
RE % 1A ofEeAcldd A #e@ + 9t 4FE % TR @ WM A7) AxE AZAY. AxS
(1414 % 139 AEF31)3} Bste] =od nsp go] B39 Teldeae £Fd F vk,

Mol F(1418)9] sHy- Aol te FAYEL PN Aa, 201(141009] A3, Al PHAF(1412)9] AR
2 AEFUIDE A 2 AAF(U16) 02 Pk, wige] F(1418)e F&3 vsh go] HPFERRE &

A BASH] A AEdt s AR

WEA] ZJW R4 FEel Hatel, thE Ao, A4 F(U)0] FE5F, €F Sol, 5004 Eeky

A 145 Fzstd, Fadel web s, sht e 1 o] ol AAE 4 9t dE 5o, SE(1412
2 1414)0] AAH ], & shife] FA A(1416) R v} S (1418)& @A & Ak E o AA A=,
Sl AAE 5 gk, o] AAjdelA, F(1412)L EF F(1418) ] Aol HE3le 5 (1220) <8
fied S Aoy Be-(bow) o] #FS BE A, 20](1410)9] AF ol dd S Ae(dE 591,
5101 (1410)9F 5(1220) Atolel Adgwt 23ah=) 713 Fx2Ae] 74L& Aol w& 7ol ntadd g
/RE e Ze] Aol el o]d& Alged Aoltt.

T g2 AAdddE, Hlelo] F(1418)0] o (141008 AA A&deli, A= (1414) 2 F&Hae T35
(1416)°] kg 5 girk. ] éﬂ dlell A, F(1220)L &5 Fo2FEH FH3(1416) el A4 d=sld 5
0”;} T oo AAldeM e, B35(1416)0] 301(1410) ol HEAE 5 9lar, oo]A mjglo] F(1418), A

= ; o
=(1414), ¥ v& l?*i‘%(MlZ)O] 2 2 Rk Q).
9

]
= 16 2 g A AAjool o3 Thed v
s

1} Alzshs W (1500) & =A deshd sE=oth. W
(150002 715 Aol 4% = skt ool oy -
A

o
A Zol CI7h ASE 719e Az ogd

W (1500)2> b2 AA Mty =& AlFsts @A (1510), ohE A Aﬂﬂ‘%‘ Fo]Z (A= 5o, HEZNEY
LA A E(TEOS) AHetE A)S FAste A1 235 o AEststs @A1(1512), € Al &35S A=A
A E 29, ZYAHE 4) Yol A&Eststs @A (1514)0 & XA 78S At dAE £33t A
1 72352 TEOS AtshE9] & o244 FA4d o vy, dEy 48 I 9 To=2A4 J4dE 5
ATH.

W (1500) 2 3 A4 AS A2 F-235 (A5 9], A2 TEOS 3% d) ol M&ststs @A (1516) 2 A
2 BA=2S wiglo] = A U HEssts SA(1518)E st A2 F&=LS TE0S AtslEo] vdl 20 = A
A" $ k. wigle] F Ae AyE 3= dd FowA dAE = 9l

A A F27F TRAA 1510-15189) o8] FA A W (1500)L A= (oS Eof, AYE 23tE )& XA
TZo| AZAA 7= GA(1520) 2 AHHor dAHA F, dF B, ¢AH AYgE & A& AFE F



10-
0 2742200

s==3
s

SiC
. Abgto
Tl
’ GaN, AIN
, SiGe
, Ge
.o

-

T

ol
ANl et
A

ke

U

=

=

Al7])+=

2
Z
:

oloHEE

d

G =
;oT,M.o -
<
N Lt = &M OE T
%5 5@.171_?&@;
o.»,DrL 11A@Hu€NEﬁESﬁO
A ) oF K oy w Mom o N
" il = EL ) ol E o
B K @cmﬂ,ﬂsw %ﬂaz;;o
) = i o — = —
i s i mme@ﬁagm o 3
B aoom.uo%og@ 1h€§ﬂ &o_u,
&= mi_ﬂgé;ﬂ@ﬂa w%ﬁaﬁmwﬂﬂﬁoam Ho T
s %@S;_&f té.mowiif By
%@%E@@%@mwﬂ Mw%my%TW%% %WM%%M
o,Dl;omu (\Wo ,r|7 1r1_ly 2 No 3 =
ﬂoaﬂoawo%%mto%ﬂm @L%7%MMEW%%% umoieaaﬂoizo 5 e g
4 %TWﬂwrﬂeié M%éﬂaﬁw < T Ho_mogz% T £ d
el Eg;o@@o_ﬂ mg@? Eukm% zﬁga%a @,.E;_wEg D)
T %ulu@,a%ﬂ S S T4 T el ﬂﬂ@.kég TN
ﬁamf@ ﬁﬂmogﬂ}w ﬁ)aﬂ,ﬂﬁu..mx 5 mauoﬁoﬂo%% &Hé%_?% %%Mn@ o T 2
J ¥ 2P §® o x I o do b C TN gy 2o E w T < oy 3 o 5 E
mﬂo@ ﬂ\_gﬂii%@a ﬁa_fy@ar.ﬁ. WEMA} 1%50_”%& AOMM% T Y L:L( rﬂmdrm
~ 2 ¥ f ey . L f e IS
i %wz15mg ogmmga 5 - @wamﬁg% T4 B = o %}_wim
. Nl mxﬁuw,m.Mu_x,bi_‘%oﬂo \)Aa ‘UJATQE o o TV mﬂumimﬁﬁeﬂ Nro.m‘m_ﬁ‘_ M + JlLWﬁ E R T
o MNOATMHE%@ o ﬁff.aﬁo aw N e uoﬂ%g M,Aﬁg.bmﬂ
Aﬂ_zo ow .m:.L ﬁaﬂd W ﬁaoQLQEmL qbt‘mﬂ L.oJ.mﬂq\;o Mﬂ/wAZTAE;OAT an_; 0 HT‘uﬁ_
A aw%__poavgu;o Lw%ﬂﬁo W E® n%ézo T zo?keijl ﬂ.goﬂmﬂ R
5o ik c_fﬂapﬂwr.ﬂ, ﬂh,mﬁ@ﬁﬁﬁo LA i W ;E%h_éw < & @ﬂ%ﬂ
E%@‘ gexﬂﬁéﬂmﬂlﬂga éﬂ,wﬂwg ﬂ,:EAT T iﬂﬂb@%@m %édlz M @Hdr.go T
><gﬂﬂﬂi R @angaﬂ%gwog ?.%rb( ) ﬂﬂﬂg a%AFﬂﬂm
n_zoqo< 2T A e ) C;ogﬂo T 5T %ﬂ__oﬁ LR S
§ i oL_ﬁTEdrf T w%] = U x T o oo P v % x 9 o = 942
.mwﬁa%mm ﬂ@ggj( Lﬂuazﬂevzm_é _Z_OOM@.@@ ﬂ%ﬁ% S < £ - =N
mﬂeﬁc_zhﬂ B & e T ,%oA%éQ ?%dr%ﬁe Lﬂ%? e w o %arlmg
5% LT % ;ﬂﬂié ; w Pre PR #1 d
5 W % ol & T HE N < & = o e o ﬂ i 1 TP ® T o) o - & = © g Wz w2
=] 0 —_— — ~ —_ ) . - < —_
© o q,m.ﬂﬂrﬂ = OEA o= EEHJ.AT — J.;oL_zo‘w T @ —~ Mﬂ]
(lo\,imh mﬂr%ﬁﬂﬂﬂkﬁ E%Z_OM.AT&MQ%HOMQ ﬂmE%QNJW L&mﬂi_??m &cnbﬁw %@W
@MPH“O%OZI_zoﬂq%um_ﬁm X\WWMQE.AH,-‘_WA_I‘UIATM“ Nﬂﬂﬂw%ﬁﬂe%ﬂﬂ ﬂ%ﬂaa‘_ﬂaﬁ Wmoﬂiﬁ% ,ww_lmﬂo
W R _zoﬂx%l,. NN ﬂﬂﬂ E_Q\ %0 i3 gy é@@i% m;é@(ﬂ
e w 3 3 ! —_ = —_— 23 iy . i
%&ﬂﬁ%%ﬂwmwﬁ% umaoﬂﬁw‘Mﬂﬂz oﬁmmge ﬁngﬂw %%mwg ﬂo%y
) ~ ¢ 5 = B- Njo oK
mfi,ﬂ»u oaderwiw\M)h?H)amwéo:fxtM%voa&mmedr eg)mwogbumu_o %ﬁ iﬂ@ dmmv:
s m_,%orﬂﬁﬂ%ﬁmr @Emgﬂﬂﬂ?oayﬂoQ)@LEAHWE%%@ w EE]OCHM
%M% @rrﬂgﬁ% g ﬁao_mﬂqgaoﬂ%%ﬂo oioﬁemov o ET(E@QE% e n e s
T W zcaggmimm%% Hﬁe%ﬂkﬁtmﬂmﬁmﬁ .mgar% %@ﬂxc@ﬂ A%Q% @ N
e ,L]PLE B T xg g ° o B Z;Ql ! oy s I ﬁ.ﬁ.;.
o éwoéﬂigﬁa{% EQWHT@m@MfﬁHm@@mfa% ﬂw%ggt ﬂAm_xmﬁ )
Gl eiﬂ?mﬂh%@ﬂ 4 gﬂ%fsf% - _Zﬂﬂﬁeu = Ak mﬂﬂm@ffg Qo)>" D
i m%zpu%)ﬂx ﬂﬁ@ﬂwrm QEH,AT @ﬁ@ar._s o mn%noik.ﬂ.& We,AT 5
z#ocEOT_oaqMﬂozoon#a iﬂder,_t.lormﬂmLﬂda ﬂo:_l‘l@o_um,ALmﬂon%eﬂHOATvoLﬁruﬂL% ﬂt]ﬁvﬁ
) Lﬂp\z =B 5 TR lmmezéﬂ1 G w SN 8 g oK © 5 mmoﬂ)
< Wb o Myﬁmlﬂuélm Hgél? _ziuL w ao@fhﬂ:n
Eo‘aﬁ ﬁo\!m_nﬂ.u:*lai( Mo Eﬂ\m/ oy T Vy‘lﬂqm‘h.E ]]mCMH \}
= ) Lo < N S zomné ,,ﬁ 21%&} 4ho1AzdrA dLO|.1t
G ° @.mﬁﬂsg i Hmoqzolazo o mff1 Foo =2 9 -5
B o B o mm1@%mxﬂ ﬂyceuméﬂomrﬂ%rﬂu?h%ﬂ% o T megpwrs
mxmuﬂwwuxé@mxur« ﬂ_gﬂz@m?@ EZO.LO:,.? e %@m%ﬂ
zolﬁo]ﬁrJ ]Ht% Gl = _sac._o Mﬂﬂﬂ xS z
o = D ) RO =K < Mo X© T - _— . T s Hr < o S SE n
L < il ﬂxﬂo@wéﬂg Ao e
_crquo = 1@1% morﬂogq},%é sy S
ﬁL — X =T X ﬂE N 5 = E_ EE ) D X0 [E) ﬁw N )
71_¢l ‘mﬁ,l_él@rLElﬂ = O oAﬂAI‘Ao " mﬂrAlE
xEE" ﬂgwagﬁggéﬁ%gﬂm%e
o = ,\mM o s <V T <0 % e NP — N %
zﬂma K Ear.éﬁj o o B n.u.egd
%E mﬁ mm ﬂ% MV =< 14 Hﬂ EO M% AL i Mw ﬂ”
— O 0 ) .
OOM%}GE@Q i_%%éwr
ST N W q@nﬂ&
g%émﬂwfa?
7K ALY I
A m
— E* ﬁw

[0089]
[O()go]
[0091]
[0()92]
[0093]

Rk

=

Q)
30m
X
30m
AFM

17}
0.1 mm ©gr

27

P

?i 74

3t

- 17 -

AaS
S(Root-mean

—squar
e)

=

=

AFM) 2700
Ne =

fo
rce mi
microsco
pe:



10—2742200

%Egz
ﬁﬁo.l

o]
=

1
’ nm H
19k, 0.5 nm W9k, IE
+— 0.2 nm U]u]_

N GoA], o2 =

Eal

[0094]

e
= ﬂr.ML]
EEM @Qwhm o
ol o m B il =il
o ﬂomﬂﬂ% EEY 3 C
e xw;%a NN EEE
T o %m TR %mﬁﬂ uzoﬂw T - W Ow
R MMJ%_ o BK W/ﬂmum MQ_WEE o v TR = < <
o g MMM R ) < T S W > e
M_.MM momoﬁb% %Lﬂﬁ EMQW MHME mmxmmwﬁﬂﬂ .1}
WEA .Eﬁmawr‘__ﬂ mHWmo#a ﬂﬂmﬁﬂa _Z(#mJIWE %ﬁmxxi_@meg WFMEEMML
W om D imen ; 2o w2 N B ow B 2 eroz4rﬂ e &
£ ) B N D = - KO " IS - o w m o 5 o g
B e = =) 5 S ST K M%H@ mhdr%ﬂ e ﬂmhﬂnﬂ% < No =0
%Lﬂmy&.%wr L & %ﬂém MO,M@%% %;%m o X gy
& = ~ Mo < ok mﬂm w o ol Ur@mﬂrL W@J X i gmmm_mzob S ™ oy m.rm ° o S T ﬂﬁ
“_H_H‘l._l‘.vm ! ~ —~ o ) X o F —~ — 3 gyl
sz %EATU IR \0,_1@» 2%%@ Hﬁﬁ%m% £ %%ux mﬂ o
%AE o#aﬂ‘wlawﬁ N <2 BﬂUAT\m’L, ‘wﬂEgL Lnﬂw_:ﬁewﬂm,@o Edﬂlﬁﬁﬂo 7,@ ”MﬂoﬁﬁlﬂNﬂ
mw;oﬂ i 5%1 ﬂm_xmw (\EI_L.‘LI ]E%ru :.L_x] e ﬂoﬂoﬁPAT o N Oﬂoﬂoa
W ® E R S g i W% W o o T R i = > s STy
) — f e R Njo jny - ~ ~
W T » M S Wl B W e %@ﬂ% %44:;16 P oo N s
T = . L =3 2 or o ol X RS ~ oW
T oS Ho o . Ll dl T 5o Eoilv = EJﬂJ Lly_/ . B N E‘ﬂOiATE
I i ) R ~grd # X B oM T W % A
== E ARG = o h v w0 er.iﬂl% &:_Elmﬁf o pooo B
ATE o W o 7 ﬂﬂr: = Mo ISR 51%@MHT 53 < Gl N T dr.LN
RS TED 4 b S ® ar&a(f)t o & 2 _ 3 w B < % DB
e | (- ny o No K W S ,A|T L% o o ol 3 o & MA_H = 2 o8 o 7 = - wﬁ i Hﬁ w0 X B
JElamEMJmMammm T o M%ﬂ@mﬁ. mwmemaplo DLum,mfmlw i m”muwa q o_aﬁlmg%
o TEG TR T i A o g W A Sww 3 X Ny M T ¥ P D
Koy K T TR %= S X B SwT b = w5 =5 SRT
Lo AR ST N e %%%yaﬂ DRSO @Eurw@,N« lofkog. R u_nmﬂ%
w«a%l @ 2y T ® % 2 %AMEMME ESMM 7ﬂ1m§@r.@1\ ﬂﬁ._,uagladr o <+ ey
o = Gl = T,le o N B9 N o#aﬂw o o W= Jal B Mww_; N alol T E;\J_WMM q <oy ﬂJIEe]r N
goﬂﬂﬁif S mﬁ\)E N %%(ﬂﬂaﬂ ralle e T2 HM@%
Tex B - z o:4ﬂoN1563 Ho = e T . T <k 15%10%
5 5 T 7 Ho )1lga511l N T il T o s
Znﬁ mEoﬁ. oM }%_zﬂo O(ﬂ\)m EE(H AN i ]Tﬂl;ga JLAEWlEOOt
ﬂ_puonw "l i N~ o~ %.zokWaA w m Mo ol J.Meﬂo_bi‘_ ML? o A < o = o
o B - g w S g e - W z R w & 5
WS i Qi Ll T m(agg_%% T waﬂﬁgm Mz?ﬂﬂ o S I
1,amro:f¢m R %M%QQ Mﬂww ST . & T widx wﬂm §,r2
B o oy W N =~ 5 B LH4MF1 = B =% ¥ T g ) Lmﬁléz
Tal e 4T TP @,ﬂgmmm;qu;ﬂ w22 D gmii
0 ﬂﬁl\lﬂ ~ 7 ) — — == iy _/. ~
ﬂg_wo awaww S ﬁ%&%% ;.MH_%WEOM ,wmogéa MMEJ&M}HT N %mmw.o)t
T I T wawE Y o B D ) %ﬁﬂmir V@%Maaw mamﬂ@rg Q%Mi}o i
2 Ew E?]AE_W A oot i E.] ﬂﬂw_.\) l MEUQ\LMF L W e 7% =
o dk%%dr Czo a2y 5 OEw S [ o X WO T OOLzO
- w W T o W — o T o w [ 0 T o= oy o< o o P < FGN = O w i Ko
aozoZ w2 w20 9]1@0?1 oo ﬂ(}ﬁ,_uztﬂl ~ ,Adrﬁu d.tém,?wo
o < XXX = ° Bow aQQ — o <V — 8 o w T oW S =
W o EJ_AH%7 e ﬁw2ﬂ2% TR UE S TR A1ao7zo§aﬁ
O ~ = < _ - N 1,
&uiﬂ s W T H TR magnm@ﬂﬂmm s 0 & 2 xxﬁﬁ.% mxwowﬁ% Eladr%m;_zﬂ N~ T
ﬂmmﬂ@_ﬂ% o ) zo(or] o = X kﬂlzo T A w2 magﬂhl
doo o Bﬁ.o:@mn»%_ it ZB% zomuxwm_MOAn Emﬂﬂﬁ %m@%iﬂ; wmiow, mow_.7ﬂ
A % o’ + o9 W i i R T S =% — g e o < " ~ =) o
<© S T T ’ i ; X 6ﬁﬂao(mg 8« H 70 = = R
EUEHWMQ_Q w_ﬂvnm.mo Ezoﬂ]ﬂw_.ﬂ_. oW o ﬂwﬁa(ﬂ%ﬂ y‘mﬂ%_@ﬁ_ﬁ BK Ao m.‘_ﬂuﬂrw
R Efmn 1,M7Mﬂ o S zﬂﬁ,aﬂ @ wE E.)aﬂao
RS gwﬂ%k 2 I D wgﬂo;rarﬂ = 52 s
— X = o o — = =
5 = LinEY - L oATIEE R s
S, < < oF Cnﬁ JJ dlpf = ;lwa o8 OLO XE‘mWMM HLL ;Oﬁ wNE 1%0! ‘M
2 — iﬂ]lﬂl m,&.omﬁmﬂ o &
S = 32 il e oL Mo T
[ 2 IE O uEEETE e Eu]LO)M
S = mﬂ1q_g o B w8 q
= X T T X T \)7Na
= = Y R = = N2
[ 2 T LR
S = Ho BK
2
s =
(e —
— [}
S S
2

-18 -



10-2742200

s=sq

o]

=
K3

AIN, AlGaN @+ AIN/AlGaN

o

.

(130)

=

[<)

7] w3

ATt

W (1700)2 skt o2 o9

mo

E

7

A

(144)& A

=

2 GaN =

o)
s

[0103]

= Al
a5
Zg Aol

5¢)

,_]_-CI)‘-_-}
A

= SA1(1802), 2 B b

(144)3} A1 ol

=

[e)
3

[¢]

<
=

2 GaN

o)

=)

A
(130) &

AR} o)lFx EWAAE(HENT) S X A (150)S A4
[e2]
H

st &7 lE (InAlN) =
g

=

, E 179 EA]
[e)

ATt

<
T

1‘2_:1
7bEE 719(102) Aol W H

[e]

.

(120)°]
(840)

=

ZHAAY A5 GAZE AA

(Si)
, B (1800)

A1 el ]

=
T

=

=L
pu

bl
<A 7L
g

[e]

(144)°
>

=

.

(e}
=

bl

[<)

o}

el

L

GaN

oFo
e
o]

(160) Afele] A

(102)

%)
[0104]
EE RGP

[0105]
[0106]

(840)

o

=

A1 o ueA

Al (1804) &

=
I

F A 7]

NO

ozel

el

No

T
i

K

%]

T
B

(130) ¢l

o

=

F A 7]

s
o]

(810)S A

o

=

Hjj 2] o]

=4

uH
(GaN)

Binls

75 (AlGaN)
2 P S e

w

o]—_Ern]

=

(840)°l AAx = A3}
(810)°] dZAH = &3

=

[<)

te =S8 5 A

[e)
H GaN(C-GaN) T+ Ho] =33 GaN(Fe-GaN) S X

A1 ol u e A

[e)

|2 Sy e

o

.

Wgo} #4)

[e]

.

(840)
GaN-=

=

(<)

.l

7] " (1800)

[0107]

)
»

(144)& AA7
AAA 7= A (1810)

15%

o

=

i

¢}

ujj 2} o}

=
o

A (1806), AlGaN # ujg]o]

L
L

=l

=

=

[e)

=

=

(160)
ok

=

[<)

ok 39 WA

KSR
p

L

.

(810)

5
94 [e)

=

1 AlGaN = InGaN

(144)°l A4+

o

o

=

GaN

[eX K]
TS

Aol <

™
=

™
=

SER
AR A, ALGaN B W) o]

[e]

.

sy
a

=1]
=
o~

(160)

=

[<)

jacie=c]
=

(1808),

o
7o)

up

, =189 EA

A o]

i
=

g ol

E

=

Gt

1o BAse E3U Atk

o

ekl
(layer)"o] 2}

=

[<)

oJH AARE, "

X
g

Ea

A s A9
ol A

o

Al A4

[0109]

= 11 9]

B

—_
o

No
N

"I

o

ol
—_

_19_

o

o] FiAtel A A



k1

F1

SES06 10-2742200

)
1
N Epi (140
=3 =l GaN Epi ;o GaNEpi(140)
142
JtEE I 7=
Hlabal 110 (102)
ZEH2

22 GaN 144:
s &
M= (2DEG) IR RassasaaasassaaaRRRs
32 150 IR
= 42 Iotettetete e tvietetetetete et tetetete e tateiatetotete e tatetattte et
o S S5
ST,
S SRS S S SIS0
o o S S8 S50
s setsistsiatetotatetiatetatateteiaeseie e lol e le ess
SR 5555yl > GaNEpi(140)
P eeTetatetene’ (Eoeatetetetete%s!
SRR SRR RRKRIE
SRS S
eSS e e et re’ Siateteteteatetst
SR SRS
S S S e I
T O T O T A Te T 0 T e T a e
S S SS
S SIS
’0’020’4’0’4’0’0’0’0’0’0’4’o’o’0::::3’0’0’4’0’0’0’0’0’4:::::::::::::::0
TateteteTetetete!
25 % 20505
SR, ~

_20_



10-2742200

s==4

K& K&
) e %) =
<t L~ <3 et
o = A (=
- = et L
g i 5 N
3 i z ﬂ
1o ¥ o
© N © ~

%5
%
LIS
botosetetetetotetetstetele’
A e e e e et e e ey

e o e e g o g g
R
00&000000000000000..000&““0009%09% ]

R S S S

inAIN 160
M2t 110

310

e~

—_
RN
B
AR
SIS

Hlalrleinirieetateetetetatatetetatetetetets!
s
et te sttt e et te et et tete e teTe
G oteteteretetetetetetotetatotetetototetetetels

e A A

.’V
25
25
5
%

%)

‘V
5
5
2555

25
%

%5
585

2
5%
5%
it
bt
2

::4{ 4035 I JUEE F U S
AIGaN
€

EG%N E.EE lEraAiN'i_ﬁ_él

o I 4 T

_21_

B
H

=

B
H

N} Rl®



10-2742200

s==4

_22_

B
H

H

=
- LS
% =
_ I 5
= & i =) EX
< ) =5
k)
e
&
L
z
o]
(&)
A
doletods!
Y Potetetetetetete!
N ettt e et Teteetete
8 IIHI I IS
KRR IR A X 2]
. oa e tatetet ettt ettt etetetete!
: SN 5505
; SN 55
: 50 255
: e 2505
: % . 00000m“m om“mM
i 2 POCtss etsses
L Fetetetetetels! teSetetetteledel
o 5505 Sesetetetatetel
: 805 Soletateleletels
Z R pgeteteletoleleti
T oy m fofeleleletetets!
@ 8 ot
g Y HH Jole
Hl £ e
H0 Z s ¥
[H 5 5050 Jole
NN s %
R 255 253
Ry < K, 50
; RS 2553
i 255 Petelel
pdoleleleteletetetetele e teteutetet!
i . P S N e
T T e e e et et tele!
BRI Syttt tate et et et et tatetetetetatatotet.
S e e a st te e a T a et e tate et
T e e e e et Tt et et tetetels!
T e e e Tttt Tt tet el
/// NSt tate et utetete!
.%f A o200 %0t te et R0 T te et %t
)
o
= i
o fn ]
o o @O
= o &
¥ h =
0~ ™
i “ w
RIE (:¥ =



SES06 10-2742200

=97
/ AlGaN &= InAIN 160 ///,
o b ':‘i'EIXI aks. GaN 4
= A (2DEG) :
Mg 150
B Zto} EX|st= GaN &
C-GaN, == Fe-GaN
740
Jt8E 7|8 =
(102)
=48
MEAM
My

UlD-GaNof| Z|Ee4 M (&£
& Zrot =X sh= uGaN
C-GaN / Fe-GaN)

840

ya Ml

B 130

h3E Jlm PE

A2tal 110

_23_



SES06 10-2742200

AlGaN Gan UID-GaN
Hii 2] Of

EB1

AlGaN GaN AlGaN UID-Gal
Hj 2] O A2 Hi uf 2] 0

_24_



10-2742200

s==4

EHI0

3005
Lageieletels!
.
iaesetetetelotetetetetetetetetotototetels
potutatetetetelatetetutetetuieteietetatetetuk
ettt ettt et e ttetet et te et
e 0 0 N 0000
KRR

L

535
2585
3&?
&
S5

%
iels
s

s
S5
25
bete ettt

%

&
25
555

tatals

o,
.
2

2
55
525
505
2535
2505

S
S

73
2525
3535
3K
3545
batals

!

55

%%

g5

et
g5

S

Lo
75
525
2
5
%
b2
25
T

e
S5
bate
2505
2%
50505

*

<

‘

40;2
P e tetetetel!

505

R

<
L

L
QQGM

L

L

L

L

L

L

“ L
22005050 000“ bty

7

7

7

e

L

£

L

505
525 2554
5 olele!
o
2

5 ¥
2525
&
55

L

505

L
4
¥

L
e
B

2
255
3535
55
&
455
3345
o

e
e

25
525
o

SRS
eieleisioiolalrinls

4
4

oy

o
%

K
K

_25_



=N

ORI

s
o

;§§%1‘5

RN
27,0 7
AN
oA
© A

5
3

‘*”%? N\e2

_26_

1116

1114

111

1118

SES06 10-2742200



10-2742200

s==4

00gL

_27_



1222

1316

1300

_28_

SES06 10-2742200



10-2742200

s==4

EH14

oL

oovl

_29_



10-2742200

s==4

EHI15

f‘iS‘iO

1514

f15’16
f1518

/ 1520

ol

o

cHEEA MEle @oiE A

ct2dd M2ty

k=13
=

2 Lol =5t

I

H2 £y
B2l of 4 Lol Z

Al ©
"éE

ol

FoAdl
=

__.A_n
I+

A2

2 X[ X| 7=0 AZAZ

St=
HOo

1500 \

_30_



10-2742200

s==4

EWI6

1600 %\5%

/ 1602

Al

Ad
(=)

/ 1604

Abof| A1 of I

A1 of m|

] T

KO

Bl

EH
=

uju
e

®0
Y
3l

Hw._

7ol

o]

KO
ur

EHI17

wmzxg

/—" 1702

Al

=)

S} o] Aol of

AT

tt= 7t

©

soj%

i
<

K0
EiY
3l

ol

7ol

0|

ur

_31_



SES06 10-2742200

1802
Jlas 7|m Mol wEse Mz 7
HIH S0 HZ=E = M1 ozl 55 /1804
MTAIZ
= /1806

H1ol&d S0l HdZ == AlGaN
FAE

1=
=
o
i)
ol
“ i
0x
0
r|r
&
(0]
o

_32_



	문서
	서지사항
	요 약
	대 표 도
	청구범위
	발명의 설명
	기 술 분 야
	배 경 기 술
	발명의 내용
	해결하려는 과제
	과제의 해결 수단

	도면의 간단한 설명
	발명을 실시하기 위한 구체적인 내용

	도면
	도면1
	도면2
	도면3
	도면4
	도면5
	도면6
	도면7
	도면8
	도면9a
	도면9b
	도면10
	도면11
	도면12
	도면13
	도면14
	도면15
	도면16
	도면17
	도면18




문서
서지사항 1
요 약 1
대 표 도 1
청구범위 3
발명의 설명 5
 기 술 분 야 5
 배 경 기 술 5
 발명의 내용 5
  해결하려는 과제 6
  과제의 해결 수단 6
 도면의 간단한 설명 6
 발명을 실시하기 위한 구체적인 내용 7
도면 20
 도면1 20
 도면2 20
 도면3 21
 도면4 21
 도면5 22
 도면6 22
 도면7 23
 도면8 23
 도면9a 24
 도면9b 24
 도면10 25
 도면11 26
 도면12 27
 도면13 28
 도면14 29
 도면15 30
 도면16 31
 도면17 31
 도면18 32
