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(57) Abstract: Provided are a semiconductor substrate, which is low-cost, has a long life and a high light emitting efficiency and
can be even bent, a semiconductor element, a light emitting element and an electronic element. The semiconductor substrate is
provided with a graphite substrate, which has heat resistance and flexibility to an external force, and a first semiconductor layer,
which is arranged on the graphite substrate and composed of a group 13 nitride. Since a method, such as a pulse sputtering deposi-
tion method, can be used for forming a first semiconductor layer on the graphite substrate, the semiconductor substrate can be
manufactured at low cost. Since the group 13 nitride is an inorganic substance, long life and high light emitting efficiency can be
achieved. Furthermore, since the graphite substrate has flexibility to an external force, the graphite substrate can be even bent.

(57 B#:

EEN



WO 2009/104759 A1 W00 0T 00 0 OO T

RSy b
L L>H
ST ONRISR
N NS
Hk DN VHEE4EN
DR
Ik eI E
AR B
AEQ LU
[-ENKEYINCL!S
L ENTRVECRTS
HEAHHETHI N
I HR A HE R o
A [ mp e SRR
QA RBEL
- DMBR
FREISx
RUNKVS
VRSB R
1) 2O < HEY
UK T oL
THEU -y
HUJEK N
el Gl IR Y
R B HEIN
Dot o
\%1%7@ ’
vH QWA
I QML Y &
RELHRSDO
B ooy
RVUUHIIR
R1JH— e
AR 1O R o 1
ot U A0S
KL YR
BN
R N E NN
iy ST R
HRHRIN Y AN
WX M-S NS B
AR MR
D MINRR P
H SRy
Wy S
1k B 0 ‘R A N



WO 2009/104759 1 PCT/JP2009/053078

I
LR, RS T RO T RO TR T

ety oy

[0001]  AFEEAIE, AR EN, FEARER 1 R R OEFFE BT 5,

AR, 2008421 21 B2, A ARIZHBESH7ZFFRH2008 — 0396 72 752 M5 &
BAeMEE R, TONBEZZIERT 5,
GBS 0]

[0002]  13JBZE{LHTHDHAIN, GaN, InNNBLOZDORMHOPNESZFI A L7-21k
WARLEDDASERLENTND, ZIWRLEDIZEEY THY | LM EIOR:
BITRAF—REN2D | FmDRL IO (W R 1-202) 2390 % & &
WZEDREBNTND, ZNHDZEALMRLEDIZ T 7 A 7R L R 2 o i filliZa
HURS AR I B pEME DR A SR SRR B (MOCVDEE) 2 [V TRPES
NDHZENE, ZOTZDHEDERE L THWDIZIMMiAR 3m< . B SEIRE L TR
SHTET,

[0003]  —, HOGEIREL TITAMMELSE T35 TOD (B2, R SCik1 21, ), A
PEEL & s D22\ NT FAT 7 Hb o T AT % MM B E L CHVWD 2 &
INTEDD A DOAlikgE 2N TE | HEREL TOR M TR TH D, Fiz,
T 52 LD TELHIERALCHRIAEL TORIMB TSN THD,

R SR REBH2008 — 21480 5-/AH
FEBHO BN
SRR LI & Bl

[0004]  LL7a056, AHEELZRERL T DI I8 I TAHEM TH D720 | INEEIMEW, 75
NSV TE R Do T, Eo, IS ZAWRLEDIZH KD 72,

[0005]  LALDIO7pgu G I A, AFERAD AL, AT, BFHmTHY, TIN5
<L HNT D2 &3 W REZR HEAR B, 8RR 7 O HE F R OVEFF 7%
i N hak SV
R R DT D OB



WO 2009/104759 2 PCT/JP2009/053078

[0006]

[0007]

[0008]

[0009]

[0010]

ERE MR R T AT | ARRITARD HER AR IREWEZ A DI oh
INRET DR AT D777 7 AN E BIRLT 77 7 AR BIZERIT BN, 1
SBEAMD DI D1 G L&Al 2 HZ L E R & T D,

AFEINC AL INEWEZ A5 LTI N T D B2 /35757 7 Ak
SitiE YFET 77 7 A MR BICER TN 3B =AM O H 8 1 8K & & i
ALHZEELTZDT, FI7 7 AN LIZB 18R 2 TR 3 D BRI SV AR Ry 2
HeRFIEIR E OTEE R NDZENTEDLT | LS 2223 C& 5, F2, 13
B2 THOTD RHEMTHY, BVVIEINFEEHLZENTED, L
b P TT AN N KT D A A DT T A W REE R D, T
ALY, 22T, BFHMTHY, FIZFENEL, Lob T 52803 nfjE7e -8k

R DN TES,
REEOYSERIENIE, BiRLY 77 A MERIL, B SN R ~— &g A TND D
EERHRET D,

ARFEYNZIIUL, 777 7 AR DBBERE SR~ — %2 F A TNHZEELTZDT
 THEAEDS &< SN L TEGICHIT HZENR W RETH D, Ml N CTRBZIT
ZEBATRETH DD 7 IV AR Sy ZHERRIEC A B XA R IE oy ke 7
Fo IR IR T CTITOALBRAS AT REE 72D,

RROEEARIMIL, AIRLY T 7 AN OIEEIT100 ¢ mBL FCThHZ LA K
E9 2,

ARFZLIIE, 7T 7 7 AR DEEAI100 ¢ mPL N THHELTZD T, ST
XL TN B T 528 870D,

EREOEARFNIE, BTRLY T 7 7 A NEM ERTALER 1B RS L ORI B
HIN (=7 =0 AP ATAR) L OZeN (U va=y 5P A FAR) DI 7
— a2 R A T A D2 LA FEHRE T D,

HIN & OZrNIZ @S BRI 2 A T 5203 6 TS, AFEBNIZEL, 75
T 7 ANEREF 1EEREE ORI, HIN K OZINDOIH A2l — a2 a2
PERIEE I A DL LT2D T MR 28 R B 1T Lo TR U528
INTED, ZAUTED B 1IEREZRCEE L THWOIGE | SR H o



WO 2009/104759 3 PCT/JP2009/053078

[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

DN EE BDDHZ LN TES,
RO SERIEAIL, AIRLY 77 7 A N AR E AL 1 EE R ORI T BN
AIN (TAR=T BFARTAR) G T 3 8K 2 HITii 2 A2 &2 R 95,
AFENZENUL, 777 7 AMERE S 18R )E LD, AINZ & e 55 3 -5 K
JEZ FI A DL ELTZD T, BIFERE DT LA P AR RSELZEINT
&5, 2SI, FIHEREOEKFMEZ SO LN TE FHIB 15K
ZHOEEL THWD G A IR L8R E O RPEIC SV ThH b o2 s
PTED,
AFEINAMRD AR E 1F, LR BRI A2 52 Rk &5,
AFEINTIAUT, 2T, BFEMTHY, IR G LT 2280 A e
72 AR FERR 2 2 DHERIT L~ TRV Sy BRI AT REZ2 8RS8 A1 52k
PTED,
AFEINARDFN TR, LRLO VBRI F 2 2 52 &% R b e T D,
AFEINI AR, FWPEZFE D IR T RE e B HF MO T2 LA T2 &M
TED,
AFEINARDE A F 1L, LR VEARR 22 52 Rl e T D,
AFEINCIAUE, TR D BRI FHEDO R E T A2 THRLZENTED,
I DLhH
AFEINCEL, Z T, BFEMTHY, TR m< Lob T 52805 il hE
AR IR T B T MOV TR TR L LN TED,
1] 1111 O i HL 732
[ 1IA T8 B D SNt BRI AR D 1 B AR FEAAR DR Rl 21 I,
[KI2]ZENO SR IN R~ 757
[B31ZrND I # 8 R IR O RS B fR &% 737X,
[BI41AR SRR AR D A/ S 2 R B DR R 2 - 71X,
[B5IAFE B DI N Bl 1 IZARD HERS — FOXRDWES T 7,
[XI61ASE B D St 1] 1IZ£R 2 i — b O F DO SEMAZ,
[KTIAFEAD EN GBI 2124852777 7 A M f CAINJE DXRDWNE 7T



WO 2009/104759 4 PCT/JP2009/053078

[X8IAFE A D FE S 5| 212 H AINJE DEBSDHIE X,

[K9IAFE A D FE S5 212 D AINJE DEBS DR 51X,

[KIOIATEBADFERBI21ARD 7T 7 7 A N o OGaNJg DXRDWIES T 7,

[RIT1IAFE D FESEFI 2145 HGaN g DR OSEMA,

(12043 B D FE S 21 4£ HGaN g DEBSDH#IEX,

[I13IAFE B D FE S 21 4RHGaN g DEBS DRI,

[EA14]AFE B OIS I 21 4% HGaNJE O =R COPLME DRERE2RT7T7,

[KN51ERDGaNE DR TOPLUEDOF Ramd 777,

(1614 B D F S il 3IARDHINE DR I DSEMAR,

[ TIARFEI DFEREHISINRD T T 7 7 A Mg e OCHINJE OXRDWE ST 7,

[18IAFE ] D IS ] 3ITARHGaN g DK DOSEMA,

(19143 I DI 5] 3ITAR DG aN @ DEBS D S,

5Dt

Lo PR 20 S —h 3N\ T 4 PRI 100 A3y a3k

B 11T N 12 FEEM 13- F—7 v NEM 13a--7—7 vh 14---H

PEEIR 15N 16---Z=HEMGIR 17 ek E

I D720 D it RO HE

[0018]  AFEHIDOEROEIEZ X mIZESEHIT 5,

B 11 ARFHIEREIT AR D EAR B 1 DR R R T TH D,
AN AR 29T, AR E L, TS — b2 BTNy 7 7 @ 3AR T B, Y

Ny 7 7 8 3 FICEEARIE AN SRS o TD, 2o AR E 11
IR OB R ML,

[0019] B —B2i, Bl IR, RVAFHUT Y — N 7e EORY < —%H 3000 CFEE T
B S CERIL T2 77 7 AN T 4V L5725, Uik 77 7 AT 0V A, 74V
LA T TANSKI 1700W,/m KFEEE DBMRIERZ AL TEY, ZOBRIEROHIE
CuDAREFEE THD, F7-, IEWERE-D, @i FICB W THAB T REIC /-
TG, EBIT, TV AN H NI X 10 °S,cmBRfE L) @ W RUS SR E A
LTV,

[0017]



WO 2009/104759 5 PCT/JP2009/053078

[0020]

[0021]

[0022]

[0023]

[0024]

[0025]

DT TT AT ANV AE, JEENR25 p m~100 p mFEEE L= TR S
B AT D280, D7D FHZ LR TELINNT > TG, VT 774
R~ —121250em’ B LD KR LA T T D,

Ny 77 @31, Bz, amu LT AR AR (ZeN(111)) 367 D@ THY | ik
B — 2L BRI AL ORI T D, H21%, Yva=u L AN ARDO N
RERTTTTThHD, Vo7 ORI R 757 ORI R 2R TnD
K31, A= LS ANTAR DN ISR E S TE DB R LD BfRE =T
THD,

B2 & RHBITRT IS, D a=ry AP AT ARIZB W TH LD R T
BHHATONM TOIESIHIL65. 6%/ > TS, ZNEDEITT DL, VLa=y Ll
FANTARNDIR /N7 73BN TE, B EJEE R L2 X THIZIE65% L
ORI T HZENARETHDLENZ D,

ERIE AT, B 2T SIEEA BB D8R Th D, 131
TE, BIAIEGaN (HVY LT ARTAR) [ AIN(TNAI=T LT AFTAR) | InN (A
YVULTANTAR) REBEF N, —AIn Ga Al -~ N(0O=X=1,0=Y=

1, 0=X+Y=1)TERIND,

i, LRLOHHEARIE A M O 7 7 JE 3ORIELEE Tih H A\ ZEE O RK,
R THD,

FIBIT R I, A S Z B 101, Fro 3 11E, EEm128, 57— v hE
fR13E, EiTEIR 1AL, BEIRHEE 15, 2EEMMIR16E, NEIEE 175 ke
LTRSS TN,

F o 11 AMEBI L TR P REIZER T B TWND, Fr o TTNEBIRL
IRNEZER T IR B Lo TRIE TE DI > T,

FREML21X, F v N 1TTNICRLE SV TEY . RRio B — 220k T RE
(272> TUND,

Z—y MR 3IE, T vl N LT HARERR L 21056 L TRRITHATERY,, #—
7 BaZ R EF BRI Ao TG, #— 7y M Bald, Bl IE, Zr (P va=y L) X



WO 2009/104759 6 PCT/JP2009/053078

[0026]

[0027]

[0028]

[0029]

[0030]

[0031]

IXZDOERNBRD,

EST I 141%, BB 12 Xk 07— MR 3IZZE N VSRR i S A
TEY, HEM12L5—7 > NEM 3D RICE L E L2 HINT 5B IR THD
HIEA 150, BRI 1 ARSI T MBI 14DBIEDZ A 7123
T DM ZATH, HIEEE 151k, e Em 2L 2 — 7 MR 13 DI/ L AE
HZHIN 5283 TR/ 2 TNVD,

EHEMAGTRL 61, BT E R LI o TT v N TINICEER SN TRY, T
YL ST R AR T D, BURLAWD, EHRFRIR16 DM, v /3N
(TN ARG T DT T B AL R T BN TND,

INEEE T 70, Bl 2 T EEAR A 20 B E S THY | SR 2 bR —
~20DJE PRI E 2T CED IR > TD,

WIZ, ERLOA S ZAEE 1 0% FIVW ORI BRIC AR D H AR TR 1 2 B 4%
TREHRIT 2, KERIZRETIX, B —F—7 Y MRS VA B 2 FN
HPSDE (7L AR ZHERRIE) 2 BT TR 35, FROREMFRETIL, K
M A AL 2S ATREZR A — h2 BRI TE R 35728 . PSDIEZATOE 1T
RKENENZD,

FT, TR NLINIIT A R MIG L | ERMIGIRL6DER T AT v
ANITNITHES T 5, 7T AR OE LT AL S TTF Yo S TINBETE DI T)
(g oTlzth A — R 2% SR 21TRFFL . #—F v M Ba% ¥ — 7 v MBI 3

TR E TS,

S — 2R 05— N BaZ Bl Lzt MEGEE 171255 C, Hghe —h2
oD JE PRV A F 9 50 A — 2D JHPHIRE 2 e L7 | et 242 — 2

AR L 3EDRNTIE L VAL ZHIINT 5,

POV ABIERHMEN TWNBM, T HAZED T TA=h 8 EL, 4—7 vk

alZffi 2895, ZOMETFNF =22 T T, F—7 Y M Ba% Wk 7 D Ze i 135
YN TINICHEND, ZOE RN —% T HZo5 11, Hoe —h2 Ricfi
HEND, B —F20ORMETIE, T NNOEZENERZ TV NN TND,



WO 2009/104759 7 PCT/JP2009/053078

[0032]

[0033]

[0034]

[0035]

B — 2 RIE@ =R —2 T DLl 8 R EICHG S, s —h2
DORMIIBRY) T DIRFEIT/2 D, By T ORBETIE, S —F 2 LoZr)Ff
X ZEIAG LB ATV —2 a7 5, REBK LB AL —a Uiz
ZO AL, T S IINTIEMAL LI R FE T D EROGL TR 2k (ZeN) o
AEmER s, ARG 285 — 7y MR 3E DN VA ERSEIINE DRI,
RSSO E LT ZINDHERE SN A Z L7 D,

PRI, RSN y 7 7 @3 I, FREDFEIC > TREREAZ T 5, 2
DINTL T, BRI GRS AR L3 58T D,

ARIFEREIZREIZIAUL, MR N TR BER T T 7 7 AT 4 )V DISIR D S — b
2 B PRER IR AZ TR T DRI VAR Ry ZHERRIE R & DTFEEZ MWD Z &3 T
LT AN EE T HZ N TED, Fo, 13 BRI LY THLT- D R
MTHY, BN REFLZENTED, Lb, B — 23 )23 % 0]
B2 A 5720 F 526G WREE 2D, ZAUTEY | 22T, KFHmTHY, Fl
@<, Lok lF 52 & 3 a7 AR B A A5 D 283 TE D,

AT OB P _EFE IR R RE S AL DH O TR AJEI DBk 5% ik
Wi L7V NPE Gl AR A N A HZEMTED,

Bz IE, ERRgER TR, M —R2id, AFEIAD TIEWEE A9 5L k24
INZRET DG H7 777 AN O— B LT, RVAFHT T — v
EDORY = —% #3000 CRLE THERE S CTHERIL 127 T 7 7 A DT 4 IV BB IRBIN,
ZHUZIRONDZ &30, BIZIE R DR N7 77 7 A MG THNIL, 7577
AN DI A7 T7 7 AN E RS L TR S T B2 A9 5 & 381241 )
(XD ARG OB ThIL, M7, E72, 600°CUL I, AFELLIE12
00°CLL L, SHIZ4FFLLIZ2000°CEL EOIREBREEICH it 2 52 N TEHEILIT,
B O N MA DG AT 20 LT A FULIT90 LU T, EHI24FF
LIEB0ELL FOMABETHIFLZENTELY T7 7 A MR THIUTHED RV, F
 AZFEIAD NI A2 2/ Doxt 35 a2 35757 7 A MR TS
R —E B RRC I T T 7 AMET D7 TED I RS A T i R 2 R
DT TT AT, @mOBMRENEEA N D [ B 8 DR R 2R o7z VRS

NN
i



WO 2009/104759 8 PCT/JP2009/053078

[0036]

[0037]

[0038]

[0039]

LTI TN T T 7 AT 4V N THHLZEDRHTAFELLY,

Fio, FRUEMIRETIL, Ny 7 7 ES R OERIE A% OV ARy ZIEIZE T
JERL TODD, ZHUTIROND Z81F72< | Bl IZPLDE (VL AL — YW HERETR) <2
PEDIE (VOVAE (HRHERE L) 28 1o PX D% (Pulsed Excitation Deposition: 7 $/L-A
L HERELR) AR S B AR IE, o PR Z L — B Y| O R T R
S TIERL THhIED2R0,

Fro, LRUEMZRE T, —#il&L T, B —F2 LITZIN (111) 03670 5/3 07
TRBEIE T HZEE LTy, ZAUTRONDZ TS, HIZITHIN(111) 23575
77 [l 3E LT DR T ThgR N, FTe, Ny T 7 E3F BT HIE e
MBS — 2 BICEHHEARE 42 5 R SE MR Th-> Thh7anL, 8
KAz RS- oMk (B 202, GaNJ@ /AINJE /75774, 728) ThoThik
DTN,

FEhifs] 1

WA AFEINARDERBI 1 &35, AFENEICIE, LRt T
JEES — 212 DUV TXRDWE M OV B (SEM) IZE D8I 21T o7,

5%, FRREERE TRt L= B — R 212 DU COXRDIE Ot w4
T 77 ToD,

[FI BN TR IS B — 22 3527 T 7 7 A M (002) K TN 004) [Z5fu
Az R L TRY, min B i sh THhHEW A D,

%16 (a) Je QN6 (b) 1, FFEFEMIAE CRHIAL 72 S — R 2D R HIZ DN T

BT TETHS, X6 (b)1XX6 (a) DT LA DI D% PR L THRELIZH 0
THD,

16 (a) \ZRT TN, T 7 ARDIT LA ARIT10 p mBL BE72oTED, i
B TEDS N &R 33D, X6 (D) 1T &I, RmZ M2 Ao ud, Iz -
TNDLZENTIND,

15} QX6 DAE DG S — 20 B L TRY ~—BERE 777 7 A M
HZ LTI, PFEEREBLOR SR O U E L TR FRHEE AL T D e
25



WO 2009/104759 9 PCT/JP2009/053078

FEits] 2
[0040]  AFEEHITIE, LELFEMIERED T1E (VAR Y ZIE) I o THES — 2 ki
AINJEZIERL . YiZAINJE EICGaNE 2SO LTz, AINSCRERFHTITIREE L
000°C~1200°CHEE TMEL . MERER]Z 30min~60minfE L7z, GaNpk
IRFIZIE, 6 50°C~750° CREEE TMNEAL | AR ] Z260min~120min& L7z,
[0041] 7=, ZOINTUTHRERL 72 8K (GaN  AIN /757 7 A ) 2DV T, )X
R EHE T (RHEED) | X3 (XRD) |, &AM E B (SEM) |
% T RGELIET (EBSD) | 74 MLy B A (PL) ORHIE TR L 72,
[0042] 7%, 757 7A@ K CAINJEIZ DWW TOXRDICESHIE RS B% k4757 T
HD,
RN R I, 7777 A MNEiE (002) 7 micp &L TEY, AINJETX(0002)
MIZECR L TRY, AINJE Xt iz~ L THDEFRDBND,
[0043]  XSIZAINEOEBSDHIEK THD,
[FIBN R I, AINBIZIEL 1 mBA EDT VA A R Db %<
FRENTWDZENR DD,
[0044]  X9E. AINJEDO—ERIZ 2OV TD{10— 12} EBSDIER AKX THD,
AN R 9 LT IEARAIEOTE R R 22— 3R bivd, ZDZED
HAINJE ORGRATED BRAF CTHLZEN 30D
[0045] 101X, 7777 A Nad Kk OGaNEIZ DWW TOXRDIZESHERE LA~ 7T
THD,
AR 8012, GaNJEIZAINJE L[ABRIZ (0002) AN L TRY, cllifid
APEZ R TODERDBIND,
[0046]  [X111%, GaNJEDRHDSEMB THD,
[FI PN R EDIT, GaNJE ORIV TRF AR E A2 MRS Hii) -1
BRRMTEE I TNDIEN 313D,
[0047] X121, GaNEOEBSDHIEK THD,
RN R 3912, GaNJBIZIEL u mPL LDV A ARG T DhE %<
FRENTNDZEN DD,



WO 2009/104759 10 PCT/JP2009/053078

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[X131%, GaNJEOEBSDHiR X THS, K13 (a) IZGaNE D —FBIFIT 2N TD
{10—12}EBSDI A THY, K13 (b) IZGaNEDOMEB s> TD{10—12}
EBSD#i 55X T D,

213 (a) X 13 (b IR T I, IEARAIEOTE L EIZBfE7e 2 — D388
HIVD, ZOZENLENENDT LA ALE W IEEZ AL TWNDIED 01D,

1413, GaNJEO=SEIR TOPLAE DR Ram9 777 Tho, K151, fEko
MOCVDTERL 72GaND =R TOPLFEDRE AR T/ 77 Ths, MK
T DFERRIPLIRIE THY | 777 ORI F L F —ThD,

X 141”9 IO, AR THEHNIZGaNBIZ OV TE, T FE —133
AeVITEIZB W TIRNE— 2725580 bD, ZOE—7 DR ZNELZS, 63
meV THo7z, £o KISITRT IS, 1RO GaNIARIZ DOV T, 3. 4e VAT

IZBWTRNE =238 5N5, ZOE—27 O HEIEZRIELZD, 66meV THho
7o 1AL K 15E DR REZ T D& | ARFERBI THROIZGaN g OFOCRHEIL
PEROGaNFER ORI S TRE L ETHHZED 303D,

FEits] 3

ASFEREH]TIE, ERREMZRED Tk (UL AR S Z ) IT I TS —F2 R
HINEZTERL . YiZHINE RIZGaNJgE2 SO LTz, HINRRRHZITRE L
000°C~1200 CHEETIEAL | INEARF#]Z 30min~60minfR L L7, GaNfkR
IRFIZIE, 6 50°C~750° CREEE TMNEAL | AR ] Z260min~120min& L7z,

Fo, ZOINTU TR 725K IR (GaN /" HIN /7 57 7 A ) IZ2VW T X
FRIEHT (XRD) | & & EFBIMEE (SEM) | B 45 LI YT (EBSD) O RFAf
BRI L 72,

X161%, HINJEDOFRMIOSEMBE THDH,

[FI BN R T 29T HINJE OR MR BT KR ER M RS, Hrlg )11
BRRMTEE I TNDIEN 313D,

K171%, 797 7A@ Kk CHINBIZ DWW TOXRDIZEA TR R rd 797
THD,

[FINC R E202, 7977 A MNEIZ(002) FInicpiiR LTy, HINEIZ(111) 4



WO 2009/104759 11 PCT/JP2009/053078

MIZERE L TRAEBDLND, ZNHOR RN HHINE OSSN A Thn s
F777 A —h RIZ@ A1 DBLAMEE A L7 HINFERB O RUR 3 FTRE ThHhH 2 L3
D,
[0054] [X181%, GaNJ@DORHEDSEMBE THD,
AN 29T GaNJE OFR F IR BT K &2 M ME R ST i)
BRRMTEE I TNDIEN 313D,
[0055] [RI19IXGaNE DMLV TD{10— 12} EBSDIA X T 5,
1R DI, IEAMIBOTE H IR R Z— 338D B, 202N
LENEND T VAT EZ AL TODZER DD,
HINAy 77 —J@ & [ WHZE T, 757 7 A b —b RIZ B ERGaN# A Bk 7]
BECTHDOZED DD,



WO 2009/104759 12 PCT/JP2009/053078

aH RO HIPH
[1] M EWEZ AT &I N T D B2 G077 7 7 A MR E
RIRLY T 7 7 AN BT T B, 13BN 05 1 808 &
w2 D LB REHRE T DA EARIL,
[2] ARLY 77 7 AN, B SN TR~ —2 5 ATV
ZEE T DR IE LSRR o AR AR,
[3] RIREY 77 7 AR DREZIE100 p mPL FTHD
ZEH BT DR R L LS R 2 G O AR FLA
[4] ALY 77 7 A MR ERITRE AR 1B E ORISR T B, HIN X OZrNDS S
DipEt— HEELHE 2 EREE I A5
XA E T DR R DGR R3O BN AUy — BT FRa O 5 AR AR
[5] RTRLY 77 7 A MR ERITRE SR 1 -8R 8 L ORIZER T B AL, AINZ & T 5 35K
JE& 2 T 2%
ZEE ST DR RIEL D DR IEADY BT Ny TEICRL O BRI,
[6] FARIA LD SRIAB D) HNT U — BT RL O P BR A A i 2 H 2 L 2 R
& DR R A,
[7] ARG ITFEH O EAR R F 2 2 D Z L RHR & T DI+
8] ARG IZRE O EAR R F 2 2 D Z L RHR & T DB 1



112

WO 2009/104759 PCT/JP2009/053078

(1]

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\/4

\\\\\\\\\\\\-— 2




212

WO 2009/104759 PCT/JP2009/053078

[[%2]
10‘0 T ¥ ¥ 7 T 1] Y )
0+ -
2 60 .
2 .
Q
s “T '
2 . .
20+ -
0200700600 500 1000
wavelength [nm]
[[4]3]

R & (nm) 350 400 450 470 500 350 600 650
(B)

IrNRSHZE | 7.8% [29.1% |60.0% [65.6% (71.9% {78.4% |82.89% |85.6%




3/12

WO 2009/104759 PCT/JP2009/053078
[1¢]4]
’[10
13 1$a
11 p
16
/_7'.':.
14 315
0. NN
AN A
12
17
[1¢]5]
- 002
-
L 004
>
=
h
c
D
i
L=

20 30 40 50 60 70
20/w (deg.)




0000000000000

(b)

0000000000000000



5/12

[1X]7]
:°§57?L'I' ]
317, 603 %
G ]
By AIN:
L 0002_5

30 32
20 (deg.)

[IX]8]

34 36

PCT/JP2009/053078



6/12

WO 2009/104759 PCT/JP2009/053078

[IX]9]

[X10]

Inteisity (a. u.)




712

WO 2009/104759 PCT/JP2009/053078

[X11]

[X12]




8/12

WO 2009/104759 PCT/JP2009/053078

[X13]

a)




9/12

WO 2009/104759 PCT/JP2009/053078

[X114]

PL3%E (a.u.)

! | L
20 24 3.6

28 3.2
HBAETRILEX— (eV)



10/12

WO 2009/104759 PCT/JP2009/053078

[X15]

- F{ElE
] 66 meV

i -

N
0 24 28

2.

PL5%E (a.u.)

. 8 32 36
AT RILE— (eV)

[X16]

N




1112

[X17]
5774 k

_ 0002

-

s

Py

2 HfN
3

111

;LlJLI.I.llA/\_L_I

[X118]

22 24 26 28 30 32 34 36 38
20 (deg.)

PCT/JP2009/053078




12112

33078
9/104759
WO 200

[[19]

(1%X1um?)

----------------------

aup-onnux -----------------
-

{11-22}



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2009/053078

A. CLASSIFICATION OF SUBJECT MATTER
H01L33/00(2006.01)1,

C23C14/06(2006.01)1,

H01L21/203(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

H01L33/00, C23C14/06, H01L21/203

Minimum documentation searched (classification system followed by classification symbols)

Jitsuyo Shinan Kcho
Kokai Jitsuyo Shinan Koho

1922-1996
1971-200°

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2009
1994-2009

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2003-059845 A (Osaka Gas Co., Ltd.), 1-8
28 February, 2003 (28.02.03),
Full text; all drawings
(Family: none)
A JP 2007-323814 A (Dainippon Printing Co., 1-8
Ltd.),
13 December, 2007 (13.12.07),
Full text; all drawings
(Family: none)
A JP 08-250264 A (Matsushita Electric Industrial 1-8
Co., Ltd.),
27 September, 1996 (27.09.96),
Full text; all drawings
& US 5780820 A & KR 10-0265537 B
& CN 1136157 A

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

document defining the general state of the art which is not considered to
be of particular relevance

“E”  earlier application or patent but published on or after the international filing
date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the
priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search
16 March, 2009 (16.03.09)

Date of mailing of the international search report
24 March, 2009 (24.03.09)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (April 2007)




INTERNATIONAL SEARCH REPORT

International application No.

Ltd.),

21 May, 1992 (21.05.92),
Full text; all drawings
(Family: none)

PCT/JP2009/053078
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2000-022205 A (TDK Corp.), 1-8
21 January, 2000 (21.01.00),
Full text; all drawings
(Family: none)
A JP 10-321954 A (Fuji Electric Co., Ltd.), 1-8
04 December, 1998 (04.12.98),
Full text; all drawings
(Family: none)
A JP 09-007587 A (Matsushita Electric Industrial 1-8
Co., Ltd.),
10 January, 1997 (10.01.97),
Full text; all drawings
(Family: none)
A JP 62-046604 A (Sumitomo Electric Industries, 1-8
Ltd.),
28 February, 1987 (28.02.87),
Full text; all drawings
(Family: none)
A JP 09-283797 A (Toshiba Corp.), 1-8
31 October, 1997 (31.10.97),
Full text; all drawings
& US 5895938 A
A JP 04-147613 A (0Oki Electric Industry Co., 1-8

Form PCT/ISA/210 (continuation of second sheet) (April 2007)




[l B A EpEHER S PCT/JP20

09053078

A EHORTL0BHOSE (EHEERFFE (1P C) )
Int.Cl. HO1L33/00(2006. 01)1, €23C14/06(2006.01)1, HO1L21/203(2006.01)1i

B LT ol

AREET o T/ NRE R (EERSFF28 (1P C) )
IntCL  HO1L33/00, (€23C14/06, HO1L21/203

B/ABERIANOEE CIREZ T o0BHICEENL LD
HAREERAFEAR 1922—199614
HAEARRERFEAR 1971—200914
HAS[H E A 28 5 AH 1996—200914
HAE B EFE AR AR 1994—20094

EFRAECHEMLEFT —F X=X (F—F = ADLAFF, HEICHEM LI

C. BE45 LD L LR

B SO RIS %
b7 Y — SISO RO O EET AT 5 & &3, 0BT 5 EFoR R 2 s O 0D 7 5
A JP 2003-059845 A CKPx FLHMENE4E) 2003, 02. 28, 43¢, &K 1-8

(77 IV—=701)
A JP 2007-323814 A (K HARRIRIERSH) 2007, 12. 13, &3, £X 1-8
(773 U—721)
A JP 08-250264 A (fa NAE&EFEMRASE) 1996.09. 27, 43¢, 42X 1-8
& US 5780820 A & KR 10-0265537 B & CN 1136157 A
W CHIOREE IS L ST ST, ST R Ty S U C T AR A B R,
* BRSO DT Y — D A OBITAE ST ST
(A BCBED B 5 SR TIE A < . —ERORTAER T [T ) ERSHEE B U3 B BICAR SRR T o T
) L TGS 56O TIEA L . IO R I M0
[E | [EEEHEE B AT HEEE 77 13857 Cdb 578, [EESHEEA DEFEDT= DB AT 5 b0
DB Ic AR SR L0 (X | $RCBEEO 3 % T CTdh - T, YUESTIR D B TR
(L) B IRIC R A R 5 SO U SR D 31T DU TES IR RN E EZ BN LD
B U< 1285 22 B i 2 Fe i T 2 7203 B3 1Y) $HCBEDH 5 R CTh o, SL i Lo 1 L4
AT (FRE & A1) FOXEE D, BEEIZL S THHTH LA
(O] DEEIC X B85, A, BREICERT A0 Lo THEBMRRNEEZ LN LD
P EEHEERT, DoBEEOFREOEBERLIHE (&) A— 72 b7 73 U —ik
EpsHE & 52T L H [EI AR R O F % B
16. 03. 2009 24, 03. 20009
E BT AT R D4 R R OV C 2 TR EE (HEROD DIRE) 2K | 83715
BAESETT (1 SAS]P) -
HWEXZE100—-8915 e
HREIBTRAXENE=TH4% 35 E/ELEE 03-3581—-1101 HNE 3255

HREXPCT/ I1SA/ 210 (F2~~—) (200744H)




= SR Ak EpHpEEs PCT,/JP2009,,053078

C (&) . BT EROLN5TH
B ST BT 5
BFE Y — BIFSCIG RO OGN MET 5 & &1k, FoMETAEFOHFR sEROFPFHOE B
A JP 2000-022205 A (7 4 —F 1 — 7 A \EH) 2000.01. 21, 1-8
A, (77 IV —72 L)
A JP 10-321954 A (& L@k 1998, 12. 04, &3, K 1-8
(773 U—72 1)
A JP 09-007587 A (A T HEEERFEEMASH) 1997.01. 10, 3¢, &KX 1-8
(773 U—72 1)
A JP 62-046604 A ({EAES MRS 1987.02.28, 3¢, &KX 1-8
(773 U—72 1)
A JP 09-283797 A (BFASHHZ) 1997.10. 31, &3¢, 2K 1-8
& US 5895938 A
A JP 04-147613 A (WES LEEASLL) 1992.05. 21, 23, &K 1-8

(773 Y—7201)

BAPCT / ISA/210 (HE2—Y0k%) (2007HF4H)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

