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L — P ok JE 25 1) 7 BIF Y B 02 6 A2 K T 325, AR IR Ak B A I AR AR R 2 e
GaN 2 AEKABZ GaN 2 A KB Si I GaN EAEKHZZE MQW. A K P & AlGaN 2. 4K
P % GaN 2. E K InGaN 24508, HAREE T,

EEKAS Si Y GaN 20 IR 5 KHZ%ZE MQW D3R 2 18], S5 2L K& 7 B R 2 5
BRA
R AR EAKK n 2 GaN 5 & I62E MQW 2 IR A Sl & 1 B2 CHTMQWD 15 24 [
NREIRZ, FiRE B 2 ~ 5 AN A GaN Fl AL InGa N 5 BUE5 42, Hr GaN )&
FEAE 20 ~ 60nm, Al,InGa (_,_,,N FIEEELE 1 ~ 5nm, x=0. 05-0. 08, y=0. 02-0. 05,

2. MRARACRIE SR 1 BTk i —Fh 4 e 45 74 5 PR ) R I0UZ 1 A7 7%, LR IEAE T,
FTid DB A 2 TR DR

STARFEFTE :7E 1000-1100°CIIRIE/A A N AL 54 41K 5-6 238

S2. A KARIEL ZE l GaN 2 [AIEL & 500-550°C, 76 W T A4 #H I B4 K JF A 30-40nm ()
fRIRZE I GaN 2 ;

S3AE K ALY GaN 2 FHEZE 1000-1100°C, Frs: A=K 4 1-2. 5um [ AN 2% GaN
Z

S4. A K45 Si [ GaN 2 A KIE AN 2-4um [ N B45 16 ~ 32scemSi ) GaN )2, Si
K145 24 2k 5E18-2E19atom/cm’,

3. MRAEACHIE SR 1 BTk i —Fh S G 45 ) & BBV ) B 0UZ I AR K7 7%, SLRFEAE T,
ik PR A 2 JEEFEDR .

D1 AT A KH 22 MQW AR 750 C A2 KB 7% 250 ~ 500scemln [ & 24 3nm )
InGag N JZ, HHd x=0. 20-0. 21, Fif 840 CAKJEZ K 12nm f) GaN JZ, InGa , ,,N/GaN JZ
(K T RA%CA 15 5In [RB 24K B4 1E19-1E20atom/cm’.

D2, 2L K P 7 AlGaN J2 T i B 3] 930-950°C R4 A K JE Ak 20-30nm [ P & AlGaN
2

D3 AEK P B GaN J2 < FH il 31 950-980°C Hr4 A4 K JE R 4 0. 15-0. 20um [#1#5 600 ~
800scemMg ] P 2 GaN |2 ;Mg 3B 44K Sk 1E19 ~ 1E20atom/cm’ ;

D4. 7k K InGaN |2 : F& 1K 35 B 3 650-680 °C IN 4= & J& B 24 5-10nm [ 5 1200 ~
1800scemMg ) InGaN 2 ;Mg KB4k &k 1E20 ~ 1E21atom/cm’ ;

D5 BRI AL B 700-750°C, ZEARASR Fidtk P GaN |2, FRELRT [R] 20-30 4380,

4. —FhANE LR, HARAELE T, A48 S B BE ) 160nm (K8 BN B Z , Frik & 11
N IBEISUZ A5 In FAL IR HTMQW 2, £04% 40nm [ K GaN JZ2 1 2nm JEREM AL InGac,
N 2, Hrh x=0. 05-0. 08, y=0. 02-0. 05,

5. MRARBIME K 4 Prif i — Mo e &5, HRFAEAE T, Irid EF BN IBIBUZZ T, A
B EARIR LS -

GaN % =, B & A 30—-40nm ;

B 7% uGaN L2 2, JEFE24 1-2. Hum ;

nGaN 2, JEEE K 2-4um, Si [RB244 5k 5E18-2E19atom/cm’,

6. MRAIEAHIEK 4 Pri’ i — Mo e S5 ), AP IEAE T, Irid & PN JBTBUEZ E, A
B EAKRIR A -
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B Z, B8 InGa (N EH GaN 2, Hrh, InGa (N EEEA 3nm, 7% In, In
(4B 2 BE Ny 1E19-1E20atom/cn’ ;6aN J5 (B BE Ny 12nm ;i InGa N EFIITE GaN J2
SN 15

P & AlGaN =, J& 20 20-30nm ;

P I GaN 2, JERE K 0. 15-0. 20um, Mg (B 29K M 1E19 ~ 1E20atom/cm’ ;

InGaN 2, JE Rk 5-10nm, Mg (4B 29 i 4 1E20 ~ 1E21atom/cm’,
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SMEEE TN DR E KT EREINESH

B
[0001] A B K LED A1 FE B vk BRI, K5 i3, 3 Je— B b ST G544 1 BRI
JE AR TR R HANES T o

EEHEA

[0002] DL GaN A FEAE A &G A& (LED) 18Ky —Fl R FRAR 6o 7 78 [ 25 i IH Y68
HAR B AR AR EE R Ao & il ST, EAERE ) 2 oy A T
ASTAE ST TV RIE . 7 A Bon bR IR T SO R B YR ZE W AT L BETE AT 45

[0003]  [H|itk, LED [ 77 [HI 1 Be 4 T # A b 57 i O

RZIAAE

[0004]  AJ B B AL TRt — P oMk g5 1) & BNV B IBUZ I A T7 1 S HL A I 4514,
DU gt — 25 5 LED S FE [ bl

[0005]  ASEER L& H K, AR AR AL T —Fh M GE S5 4 2 BE RN B BUZ B AE K TT T, K
IRALHE AL AT R AR KARIR G GaN 2 AE KB 2% GaN 2 AE KB Si i GaN B VAE KA %
2 MQW. A K P AY AlGaN J2 4K P Y GaN |2 A2 K InGaN JZ2 B I

[0006] 7EA K45 SiGaN 2 DR S A KA %) MQW DIR[0, s B K& BN B
WIRA -

[0007]  TEHELAE A 750-800°C, 300mbar [ i iV P, BN = F R4 = A IREK | = 2B
= IR, AL A 40nm B FE 1R GaN JZ A 2nm JE 1) AL InGa N 2, HH x=0. 05-0. 08,
y=0. 02-0. 05, 2 J5 4 160nm.,

[0008]  PLIEM, FTiADIR A 2 AT EFE PR

[0009] ST ALFEATIEK 7E 1000-1100° CHIFIE AT, LW F A4 5-6 438P 5

[0010]  S2.ZE KA ZE M GaN 2 : fRIR 2 500-550°C , 7 A 1 b 248 K5 B 24 30-40nm

IR ZE M GaN 2 5
[0011]  S3ZEEABZL GaN 2 FHEE 1000-1100°C, B A=K JE B 4 1-2. 5um A B4y
GaN E H

[0012]  S4.4EKHB Si ¥ GaN JZ FFE A KJE N 2-4um [ N 445 16 ~ 32scem Si ] GaN
2, Si WB 44k & 5E18-2E19atom/cm’,

[0013]  ARIER, ik PIR A 2 o FE D3k

[0014]  DI.JEHAMEE KA LE MQW K 750°C A K452 250 ~ 500scem In ) FE 4 3nm
1] InGa N &, H x=0. 20-0. 21, &l 840°CAKJEEE 4 12nm 1) GaN JZ, InGa . ,)N/GaN
E R B 15 51n KB 2% 1E19-1E20atom/cm’,

[0015] D2\ P 2 AlGaN 2 : =il FE 3] 930-950 C 4 A )T B2 2 20-30nm 1) P 7Y
AlGaN 2 ;

[0016] D344 P &Y GaN JZ : Fh il J& 31| 950-980 °C #4: A K JZ & 8 0. 15-0. 20um [{]45

4
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600 ~ 800sccmMg ] P &Y GaN 2 ;Mg i 29K 4 1E19 ~ 1E20atom/cm’ ;

[0017] D4, K InGaN |2 : P& V5L FE 31| 650680 °C I 4 K J& & 2 5-10nm 145 1200 ~
1800scemMg f¥] InGaN JZ Mg HI#B A EE & 1E20 ~ 1E21atom/cm’ ;

[o018] D5\ BRI AL B 700-750°C, FEEVT R Mgtk P &Y GaN |2, #ELIN [r] 20-30 7397
[0019]  ARBIEATF T —FhHMELE A, FLHE S E K 160nm [ 7 1 BFR R, BTk
BB IRISUZ 245 In FAL R HT MQW =, A5 40nm 5 AZ 1K) GaN = A 2nm JE AR AL, In,Ga
ey N 2, Hirp x=0. 05-0. 08, y=0. 02-0. 05,

[0020]  PLIERT, Prik & BFNY I RUZ 2T A H B EAR IR -

[0021]  GaN %z 2, JE & F 30-40nm ;

[0022]  HE$B% uGaN ZE 2, JEFE A 1-2. bum

[0023]  nGaN =, JERE A 2-4um, Si K524 &k 5E18—-2E19atom/cm’,

[0024]  PLIERT, Brik & BN IRUZE 2 b, AH B EAR IR -

[0025]  BHABFZ, B4E In Ga (., NJEM GaN J&, Hor, InGa o N EZEA 3nm, B¢
In, In B IRIKREE & 1E19-1E20atom/cm’ ;GaN 2 JEE 4 120m ; TR InGa N EFFTIER
GaN Jz B2 M FIRECH 15

[0026] P %Y AlGaN JZ, JF &k 20-30nm ;

[0027]1 P % GaN /2, JERF 4 0. 15-0. 20um, Mg ({13544 FE 4 1E19 ~ 1E20atom/cm’ ;
[0028]  InGaN JZ, JE/E 4 5-10nm, Mg ({14529 4 1E20 ~ 1E2latom/cm’,

[0020]  AKHIHALL AR -

[0030] 1 #RATHE A KRHAK @A IEES HT MQW (high temperature multiple
quantum well, iR 2 )2 & F BN DB BUZ) 1IREHY K, SEERXTIE N & 6 X B 1 BH 341
b BN p |2 52 7O AR AERR ST A LS 3 B, fEHT MQW g PHPS I i F 280t —
Yedr 5, HISE NG, R T 52 N R A0, 2

[0031] 2. H&F+ 77 [a) M Hs < AR i BH - BH S DR J0ZE K FH ) AL InGaN A4 K528 1 HT MQW (1)
Re s, X EAT IR i B — 2 WIHESE R, AN HE 2 e FiEAN p B S5 F IR
AAERRS A, A AR 7 W UK VRD

[0032] 3\ HEFIRSSIEN B MG B AE— SRR ERRR T A8 F1 TAEHL & VF,

[0033] VAT &, IG5 14 RME FE 4T+ T KRS IS v 52 FE 7 ) HL . VRD, [] B R i 2
FHRAK T TAEH s o SRR UL 5L 50 2518 B < 7E 28%28 RUSI R, HT MQW ff A A1 InGaN
PEHEAR, InGaN #4815 , 522 M 185 ~ 200mw 32T+ 3] 200 ~ 210mw, VRD M 20 ~ 25V $£ 73|
30 ~ 40V, HLFE M 3.4 ~ 3.5V [RKF 3. 25 ~ 3. 35V,

[0034] & T bii R i B B9 REAEFI s 2 A1, AR BRI HE 1) H B R IE R
TR 2 B, AR B ERE— 2B A U B

i =] 154 BR

[0035] 4 B A AR 1) — 3408 40 B P P SRR AR X A e B (1 30— 20 B, AN R BH ) 7R B ek 5
Tt 18] B G BH FH TR A B, AN R AR R BH IR AN A B e o FE B I

[0036] & 1 JEAN i BHAT L SE it i S5 M s e

[0037] & 2 JE A BT LU S ) HT MQW BEHT )

5
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[0038] || 3 JE A W SETtiAA () S5 i 7 i B

[0030] || 4 JE A W STt () HT MQW RET K

[0040] & 5 J2FF i | S 2 s fERT L

[0041] & 6 JEAEdh | SRS 2 119 VRD XT LA 5

[0042] P 7 JEFENL | R 2 10 VE XFEEIE

[0043]  Frb, 1.5 5 A 4G, 24 GaN it% =, 3+ AE 45 4% uGaN 22 ph &, 4, nGaN =, 5 54
HT-MQW 2, 6. B2, 7. P 4 AlGaN |2,8. P A GaN |2, 9. InGaN JZ, 10,4 In 1 Al [#] HT
MQW Z .

BRLHEA R

[0044] DL 456 B B0 A 5 BH 1) SE B4 1R AT 1 40w B, (EL2 A9 8 B AT AR AR 2 sk B
S FH7E 55 11 2 i AN [R] )7 25 it

[0045] AR BIHRML T — oMk gt &1 BN ) BERUZ A K T, IR IR LG A B AT S
A KARIRZZ b GaN 2 AE KA B 2% GaN 2 KIS Si 1 GaN 2 VEKHZZE MQW. A K P 1Y
AlGaN 2 K P 1 GaN 2 E K InGaN BB IR, 7E4E K45 SiGaN B P IR 5 4B KA %2 MQw 20
Rz m), i KE TR IBRIZ P A

[0046]  TEIEFE M 750-800°C, 300mbar [ i3 P, A = F A0 — F 34K . — SR
— AR, A2 40nm JE ) GaN 2 AT 2nm JBE 1) Al InGa (N &, H A x=0. 05-0. 08,
y=0. 02-0. 05, 54 JZE 4 160nm,

[0047]  AKREIAEKKE TN BIBUZRH T AlInGaN #1 8}, B4 EAN G I E K H £,
DB FREAN p B 5 O AR FREE R A R LS, T3 KT i 2 BE T ) H A5 314
It

[0048] LR 437l i BHR FH LAIRAT A 48 75 i) 45 A 1 FRDRT L SISt A8 —, SR FH A B 2B
K7 A 2 IS —, TR AP VA BIRE L | RS, 2 AT PEREAS I Ll 552
[0049] X bbb St —

[0050]  1.4F 800-1000°C, 300mbar ]z V.2 W, A 33000scem (AR, B AR €4
K 56 8P 5

[0051] 2. FFIE % 500-550°C T, 7E 8 5 A 44 i EAAK R A4 30—-40nm MK 222 GaN J&
(Nucleation) ;

[0052] 3. JFEiREH] 1000-1100°C R, Fra A KB B 1-2. 5um A5 2% GaN |2 (uGaN) ;
[0053] 4 FRRFEAERIERE N 2-4um 1) n 245 Si 1) GaN |2 (nGaN) ;

[0054] 5 iRERES] 800°C, B A 800scem [ = HAH, 100scem 1) = IEEF, 120scem =
LIRS, Fra A KB E 4 160nm (45 In () HT MQW (high temperature multiple quantum
well, iRz Z&FHP, &% 40nm GaN/2nm InxGa ,_, N JZ, x=0. 05-0. 08, 4 M H
K

[0055] 6. F AR KA 22 MQW, (R 750 CAE KB 2% In (9)5 FE 4 3nm [ InGa (N
(x=0. 20-0. 21) |2, @ik 840°CAKJZE N 12nm [ GaN )2, InGa (,_,,N/GaN FIHA%CA 15 ;
[0056] 7. FFTF R E 1 930-950°C FF B KB 24 20-30nm ) P AY AlGaN 2 ;

[0057] 8. F il & 1 950-980 C Fr 4l ALK JE E 0 0. 15-0. 20um [ P B GaN |2

6
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(PGaN) ;

[0058] 9. FF FRARIRE I 650-680°C B A4 JE & A 5-10nm KR IBEE InGaN 2 ;

[0059] 10, FF AR R 700-750°C, fERV G T, FREEITTR] 20-30 438, W54k PGaN, 13
RS 1.

[0060] ¥t 1 &5 HRT 2 WL 1 fiow, JLRE I LI 2 B o S, b7 I 3, A A
Fon HT MQW () SAFREN 22 5 N O ZR e, B s 3Ron HT MQW O HF BT 25 S i) 87 Sk A
BN NZENPHE A J5BORARECR I 26387~ MQW, 57 BRI T 8378 HT MQW,s
[oo61]  SEjfs]—

[0062] A& HJIEfH Aixtron Cruis I MOCVD 3R ‘L s B GaN 3% LED 4} 4E ). KA &
afi H, B2l N, B4 H, Rl 2l N, TR A SURE N 30, gl NH; 7B N, &8 A AL
— R (TMGa) , = LI AE MR (TEGa) 5, = FFEEH (TMInD /5 M8HYE, N B335 2450 A ik
ft (Sil,) , P AYBZ5IA — %L (CPMg), I A (0001 [ ¥ = A1, [ N Hs J37E 100mbar )
800mbar Z [f]. HARERKT T -

[0063]  1.7E 800-1000°C, 300mbar [ W 2 P, A 33000scem S, i b B ¥E 4 4
J&K 5-6 735

[0064] 2. &L %2 500-550 'C T, 7E ¥ & A 4 i& b A K 2 A2 4 30—-40nm AR I 2% 1 J=
GaN(Nucleation) ;

[0065] 3. JHEHRIER] 1000-1100°C N, FF4A KIEE 4 1-2. 5um [IAB 2% GaN (uGaN) ;
[0066] 4. FFRFLAAIEEA 2-4um [ n 8445 Si [¥] GaN(nGaN) ;

[0067]  5.¥5FF 4% 750-800°C, 1 A 800scem [ = A 3L4H, 100scem ) = A 4R, 120scem
(1) = LFEHA 10scem 1 = I ILES, FEELAKE AL 160nm (45 In F1 AL [ HT MQW, X H
40nmGaN/2nm Al,In,Ga ;. ,,N(x=0. 05-0. 08, y=0. 02-0. 05) 4 P FAM A K ;

[0068] 6. JEI A= KA 25 2 MQW, IR 750°C A4 K45 4% In (K)ZE 24 3nm [¥) In,Ga,,  N(x ~
=0. 20-0. 21) J2, ik, 840°CEKJEE H 12nm ) GaN )2, In,Ga (., N/GaN JEHI% N 15
[0069]  7.FFTF VL 3] 930-950°CHr 44 K JF B &y 20-30nm ] P &Y AlGaN )2 ;

[0070] 8. FFFFEEL A B 950-980 CREEE A K JE Ky 0. 15-0. 20um [F4BEEM P A GaN 2 ;
[0071] 9. FFPRARIRE 21 650-680°C By A=K JE &0 5-10nm KRB EE InGaN 2 ;

[0072]  10.FFFEAGIELAE 2] 700-750°C, fE R/ T, FEGI TR 20-30 438, 54k PGaN, 13
BIFE A 20

[0073]  FE&L 2 IR 2 LI 3 Fion, Hehear B L 4 B . oA, Bo7 g 857, C A
TR HT MQW [ A RETZE 5 N7 RER AN AT, D sk HT MQW [y RE 22 48 1m) B Sk BT
FEANZEANME A 5B AR 2R s MQW, 7T BOl AR/ 8387 HT MQW
[0074]  FE&L 1 FIRES: 2 PERELLE T S LR K 1 -

[0075] & 1 PFES HT MQW (1 chip 0 S 3{E X b

[0076]

ID LOP1  |VF1 WD1 VRD HW IR1 BS ESDZ2K

FEdG 2 [203.01 [3.32  |450. 93 [33.65 |20.24 [0.0101 |1.89 84. 84%
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FEdh 1 [193.29 [3.44  |451.07 [22.59 |19.24 [0.0124 |1.81 85. 97%

[0077]  H3R | AT LAE B, BEA 2 195 B2 (LOP1D . S ] HE s (VRD) = 387 4 2 38 56 (HWD
AEER (BS) 3y THEM 1, EEMERRILH S 1 R (VLD K (WD DD I HLfE (IR1D
2kv P L RE ) (ESD2KD AR TAEM 1, Az A PERR S .

[0078]  JFH., K] 5. 6 FIIE 7 FhA] 235G AT 2 5FESL 1 928 VRD, VF 2251, 1
b FHERACERAE T 2 B0, A2 ARRATE N 1L Bdm . & 5 b, BESE ORI I, A i 2 200 i 6
76 197-210mw ETF, MRE S 1 5085 th 4k 78 185-200mw 22 8], FE 5 2 =2 MERE S 1. Kl 6,
W 2 Sk B 0, R 2 Bt 4 A0 30—-40v T, AL 1 B ik 7E 20-25v 2 [8), BE
2 If) VRD T ERE S 1o P 7, Bl ORI N, 4 5 2 s 2R 7E 3. 25 ~ 3. 35V, 1M AE A 1
BRI AE 3. 4 ~ 3.5V, FE L 2 AUHRAHELRE S L, BRARAS D

[0079] 2 W.IE| 3, A BHILRAL | —Fh Al A 5 1), 45 5 JZFE A 160nm 1K) & 5 BiF Y ) BT
2, BTk & BN T BORZ 4B In FTAL () HT MQW JZ 10, 4045 40nm JEF (1) GaN J2H 2nm JF
FEHI AL InGa (N J2, HF x=0. 05-0. 08, y=0. 02-0. 05, 5 In Fl AL (I HT MQW )2 10 HX
T IA EAR T B4 HT-MQW £ 5,

[0080]  PLIEMT, /2 TR & F BN IBINZ 10 2 °F, WTF 2] EARK AT ALHE -

[0081] WEFAATIE L ;

[0082]  GaN tZ)E 2, Bk 30-40nm ;

[0083]  AE452% uGaN &)= 3, JEEN 1-2. Hum ;

[0084]  nGaN 2 4, JEE K 2-4um, 45 Si, Si B2 A 5E18-2E19atom/cm’.

[0085]  PLIEMT, /TR E PN IRIRZ 2 b, T B AR AT HE

[ooge]  BHAMFZ 6, f% In Ga N EM GaN JZ, HA, InGa (N RHIEE N 3nm, 7%
In ;GaN JZ I JE RN 120m ;T8 InGa o N JZFFTIA GaN 2 H & 1) %A 15 5

[0087] P #Y AlGaN 2 7, B JE 4 20-30nm ;

[0088] P % GaN |2 8, JEE 4 0. 15-0. 20um, & Mg, Mg 14525k 4 1E19 ~ 1E20atom/cm’ ;
[0089]  InGaN )2 9, JERF & 5-10nm, 3 Mg, Mg (1329 5 4 1E20 ~ 1E21atom/cm’,

[0090] DL b Bl AN A A< s BH )M 0 St 9 1 28, FF AN F T BRI AR & B, 56 T A A s i 2
RN TRV, AR B ] DA S P E SORAR L o FLZEAS & B RS AR s 0 2 Y, BT (AT A
o B R R S S, SN AL B AR AN R B RS 2 Y
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