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43 IAE Si(110) AT Si(111) A L4 T InGaN/GaN £ &1 MF45 it k6 & (LED) #84F. FIH =
IrHE X S RATEHS T WA s 2R AR IR e BUR OB X AE K LED ST T S5 RAE. 45 R
FW, AT Si(111) FAK LED #£4, Si(110) FAK M LED 458 St A i A0, FE 5 P AR TER/INIK M. 77,
BAB SN ET . X% 0 LED (& Fr #: 47 6 AR 2 Al i3 B, R el KB 1l 4% (1) LED o8 1 46 2%
SRR AR ZE AR, AR K FRVEN N W& 8 N IRV, (B2, AT Si(111) Bl LED &), Si(110) E
LED & F BAB/NO T oA AR 3 (0 R ORI, X LED 834 BUR 6 (EL) &6 RH 5K 5l HL I Y A2 Ak A
FRI, T Si(110) 4K LED &5 84 b k2 R0 22 2 A7 AR BN B RL 7 /80 AR T 78 2 44 HR = AR 555 1) & P o)
s T e, B Si(110) L LED A EL & J6IERE 3K 3 BRI 5525 2 50 /.

KEEIE): FEAE, InGaN/GaN Z2 &1, K

PACS: 73.61.Ey, 78.60.Fi, 78.67.De, 85.60.Jb

15 =

AR, BT GaN & & M (light emit-
ting diode, LED) F A7 &G R & « Wi B2 N [ K '
TR YA FE ORI B T RE I IR S 20
H 2352 B NATH T2 %0, FF HH R e Ry
&, Wi 1 E AR EE ST RET R e
ERTRRE g e AR | N S E A P N b o
HHET 8 LED BRI ARSI O Tk — 4
LED {8 F s, 75 20T i) D 22 58 vy L A0 B
AR LED. 1 LED #8 £ il 18 /& W J 2 F bt
BHE G HOR B AL 1R, BEARARF A % LED 1)
TR AHETT R B L

H AT, W50 A 2 N FH i )2 1 LED
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FHEM B B A5 GaN [ &A% RN
13.9%, #RACHN 30%, HIEAK T2, 23k
B A VIR RS v o2 & 1) B it e JEE A R, IF
HE EAKP GaN # K 5 SiC Az K 1) # i1 & 14
FLEAH Y, b AER &S Tk & R, B LED
ATV B d5e 502 e o T2 B A AR SiC A
GaN [H] {1 ¥ R BLAR /N (R A 3.5%), 4 & &1
N LED AT JEM AL 281, BT AEKE R KR
SiC #a b MK, 1 HLSiC g T R4 M, 5 T
HOANG TN, ZAest RGN & Bk s fg,
S AME R TR TR RS Y SiC A A A% = T
W AR, o e AR BRI T SiC B RIS
F L RERRLE H AR 5532 ) £ AR e
P SRR T B AR AR KRR BB
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&, BT R K RST (612 38T iR i &
(At E, T RAK KK LED (&t JF H, hFaE
B LA KRS A T H - A0k, A FH B i e A
JEA B LED & 5 5 o B I B AR Ak, B
T LED #84FM/NBE R JE. DR A o it ik AR
N LED & — B 2 AT BRI H bR, th4h, 5
H A0 8 i) 12 M LED ik — W B AL, 55
EAEVERE FIb A — et TR G FHEMEL,
A % HE B A5, HIEA R LED #il%. 4R,
HH T Si 5 d 5 GaN f7 78 1R K Y df s 2R I (16.9%)
FFIAC (57%), HPEA KIS FE i 2 2 BB K
[ F R T 3 BN E 2 7= A K B R L 2 R A
2, LB RERIER 2 18] (0 S B B P TR 7 e e
J& AR K i ) GaN B AR AE AR RHMERE. T DA
A NMEEAE K AIN Z (LT-AIN) milR A KR
AIN JZ (HT-AIN) 1 AlGaN i g #% 2 =981, N, [7
SRR A K S & 1) GaN W, g2 2
—J7 A AME R Si At ERA7 2, B 1k i A KR
B EAVERS STRIRN, 55— 75 T A AR K
AR T A% RS BR AL SF B R ), o] R
VoD TR 2 FAAIG A A B2 o R (8,

H Al A R B4 K GaN #EfE & LED #8442
AT ZWFE. AWM O PELNRF 78 T Si(111) 4
J& A K B % LED ) droop R N; B & K 24TL
R UR A AE Si(111) 4 EAE K GaN FE LED 4%
5T B T AR 2 A0 55 R 7R 1) Shen
25 1 4E Si(110) #%_FoR AT AIN/GaN S 2544
W GaN A} E 5 S AR A (19 77 i D AE K T R
H 1 GaN i, Dadgar 5 12 850 4 T HUARIE 1 76
Si(110)+Si(111) A1Si(001) =Fp#eE 4 JiE_E 4P 4E GaN
I, Aof B i 486 R R A (14 52 e AR 2 T JiR 5 B A i R
Damilano % 1 5% H 43 T H A EH A AE Si(110) 4F
Ji& b B T il &% In .43 (Ga, In)N/GaN £ & 1-[f
LED 4514, JERF A0 T Ferk g, ik A WL 4@ A0
M PT (MOCVD) ¥ £ 7E Si(110) 41K _EAEK I
H A InGaN/GaN % & 1P LED 28 F 1B 0.
BEAh, E X GaN 2 LED 2815 r 4 o th A7 1%
)\Eﬁjﬁi[]zl—'liﬂ.

AR AR KR 2278 1) AIN 2 71 )2, SiN,,
{1 i BL 2 DA B %2 JE 11 GaN /AIN SR SE B A, 43 5l
FE Si(110) AT Si(111) P ARk AT I b e D AR KT
InGaN/GaN % & 7 Bl kot e 451, 4
BEAF B & ROCRE K LED 8 Fr . R & 4 3 X 5 4%
f14F (high-resolution X-ray diffraction, HRXRD),

AR R 6 BUK D (temperature dependent photo-
luminescence, PL) 17 2 Y (Raman spectra) X}
LED # shi#EAT 1 3RAE; JF HX LED g4 F 24T 76
HURFIE 20 BT AR SCRHERE A R B A2 K GaN 4 LED
S5 K HUR NBIE F0 LA ) 6 ve e o P S PR AIMIG A
A LED a4 AT B2 1 A5 25 2 SO S FIANMA.

A 3L BT AR A ] A 38 SR F 4R T ATX-
TRON 2 & £ 7= i MOCVD ¥ %, 4 J& A #HR H
Si(110) M Si(111). Az ad B v 75 ) i N = H
B (TMGa). — 1 Z 48 (TMAL), = H Z 47 (TMIn)
PE NI 4 8 85 da s R, H = % 85 (CPaMg)
HEE B (SiHa) 20 E N p B A n B3 % 5], A N-
Hy fEAVIEEIE. BASLi D% R~ TRk
ik 55 AE iR T A 4 OB BL & BRI GaN A iy
Iy, 4 v d R T B, G, TR SR B Al AE
1100, 1000, 900, 800 1700 °C F YL A4 K J5
Y72 nm R BE G2 AR IR AIN G2 0 2, 3 Pl B
227 1 AIN 22 i J2 7= AR ) 34 B2 77 AT B 43 kb
FEFE b 7E BRI P2 AR Bk B D) R TEEK—
FEE N 430 nm 1 GaN 2 [6] — E E E 5 20 nm
fIAIN B =B g5 4, Hd o8 — ) GaN Ji b [A]
7£1100 °C HE R4 K 15 s 1 SiN, (1) 55 4R &
Wi 2, DLBEARAE & b A B % R AR IRAEK
AN IR GaN (250 nm)/AIN(20 nm). 430 nm /£
ff) GaN JZ 15 J& #] GaN (250 nm) /AIN(20 nm), 4=
Kok B R B AIN R 2228 2, AINJZH GaN = 1)
AR 35 0 1100 1860 °C; FLE LB 7 43 J=
2 B4 K InGaN/GaN £ & F PF LED 45 #4, LED
gE RS 2E K1 um B n-GaN, 2R 54K 5 B K
Ing.12Gag gsN/GaN £ & F B &5 14, H A InGaN B
JEF GaN 22 JZ [ AR K FE 53 728 740 A1 820 °C; %
JE1E 960 °C A K JE FE A 20 nm ) p-Alg 2Gag gN HL
FPHESZEF1 120 nm E 1] p-GaN.

R A K AE Si(110) A Si(111) 5 Fh At S b
LED # & 7 4E 58 B 5, 1 58 XA ZE Fr 347 &
HE X S 28 AT 5 B8Ok B R AR IR O BUR 6 &
GEMRAE AT, RIEE TR A S S 7R
(ICP) ZI| 1k Ha -+ 3R 7% 9% (E-beam) 4 J& ¥ . Ot
ZIFNIR JAL BN T T 2414 LED &% A, Hor,
Ti(20 nm)/Au(120 nm) A1 Ni(20 nm)/Au (100 nm)
ENn, p MR, 6458808/ RST A
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300 um x 300 pm. o X AF AT Ok BURE M
TR

3 BRE5T®

3.1 ## K& £EInGaN/GaN LED % #y
FRAE

B 124 Si(110) A1 Si(111) P Ah At i b A= K 1)
LED 45 ¥4 1 43 #% X 9 407 5 B A (w/(20) 3 4).
M R BLE Rl A R AR K 1 LED 45 1)
Hr, FE GaN fiT 5 U6 AIC 71 B U 0 %% 31 B 2 ) In-
GaN/GaN & 1 BFA7 55 1) T2 i, %W Si(110) A
Si(111) PR AT LA K LED 4538 BB B Ar i
o VR A, H Si(110) FAEK ¥ LED 254 fi7 i 0 5
WA 5 R, R Si(110) AR K LED 45 #4574 i
EALTLE Si(111) 4R A K RE L PO 7R AT 5 B
1 GaN A7 5 0 v A B — 58w DOV 21 AIN 21
T,

107 | LED@Si(110)
106 | LED@Si(111)
105
10%

9

10

L i ke

FTS5RE /arb. units

102 |
10t |
—6000 —4000 —2000 0 2000
20/ fikh
Bl (MFPE) Si(110) M Si(111) Bif e LAEK I

LED 4514870 #f X AT IR

B 2 2 Si(110) A1 Si(111) P Ah 4t JiE b A= K 1)
LED Z5 My R FE 1 £8, (0002) & T 2 i 95 43 531 4 648
876 M FS, T (1012) & T - = 58 4 3l 2 1497 Al
1652 /1 £b, & W] Si(110) E4 KM LED 45 #) 41 %t
T Si(111) 4 B A B ah iR P&, B Sip A
K H LED &5 44 i J5 751 20 B, A2 K AE Si(110) 4F
J& L, GaN[1120] & [ 5 Si[110] & 7 °FAT, BbJ7
fF1) F) i A% 2K I 8 16.9%, {H /& GaN[1100] 5 Si[001]
i A PR B — B, g R BC R A 1.65%, i AR K TE
Si(111) 4 b B, GaN [ A B AH T B 7 A & [
5 Si¥816.9%, Fik GaN[1100] 5 Si[001] & )
/N R R IC AR T A K B A LED 2544

250 | () — LED@Si(110)
0 — LED@Si(111)
2
S 200}
=
S 150 |
<
~
# 100 |
i
aragd
= 50}
0
—1500 —1000 =500 0 500 1000 1500
w/ FEY
250
(b) —— LED@Si(110)
@2 200 —— LED@Si(111)
g
=}
5 150
-
L
W 100}
=
I
=50t
0
—3000 —2000 —1000 0 1000 2000 3000
w/ FED
2 (MFPE) Si(110) Al Si(111) PPt R EAKR

LED Zi##2#2 2k (a) (0002) f1H; (b) (1012) &hif

50 nm

25 nm

50 nm

25 nm

3 (MTIRAA) Si(110) A1 Si(111) L LED #&ET /1
AT GO
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P 3 (a) F1 (b) 434 Si(110) A1 Si(111) Fi Ak At
J& A K LED #F i (9 R 7 70 B kB IR
LED £ & _F 3 1H A4 p A GaN, K1 J7 $4 MR R
(rms: root mean square) 73 74 3.7 1 4.5 nm. #H
XF T AR SIC AT R, RE A K I LED B i i
B2, FELED Ff 5 F2R I p B GaN 3K 1H R RS E
Bk, (B4, Si(110) A1 Si(111) 4 K () LED ¥
i p 2 GaN R I AE, Si(110) L p B GaN &
TS IR % R /N2 5 nm, 5 294 20 nm (1)
g2, M Si(111) k- p B GaN 2 1 W £ 3L A /N i
200 nm, RZIA 25 nm K B S MAMAL. T LED
i, ARYPRRERRERTAR T 285K
FEIEEF IR, TP AR 1 A TR,

Bl 4 9 43 3 AE Si(110) A1 Si(111) 5 F 4 i€ b
42 K LED 45 #4) (1 f2 2 % i, H P GaNJZ 1
B, (high) 1% 16 43 5 4 F 567.0 1 566.3 cm—1. #H
X T 6 B AE GaN A& # kL (Eo (high) #5220 7
567.6 cm~PU) A RILLEE T 0.6 1.3 cm ™!, KA
FEAT R A K 1 LED 2584 H GaN JIE o 341 47 75 XL
ik 77 2 {H Si(110) 4R A KA S B &
ANTSi(111) ERFES, B8 Si(110) 4T EAEKR
LED &5 M AR TE BN B3R B /), 1X 5 Si(110) 44
[001] & )5 GaN [1100] & ) RA 1.65% I ahb ok
Bt 2, Si(110) 4K LA KM LED 45/ B A B
(A B, X 5 HRXRD P45 AR — 2.

3000 Si
—— LED@Si(110)

.é 2001 1 Epasi(111)

® 2000

Q

z

£ 1500

i

B 1000

500

oF

200 300 400 500 600 700 800
2k /cm—1

B4  (MFPRR) Si(110) F1Si(111) AR R EAKRK
LED Z5#h; 8 6%

B 5 A& Si(110) A1 Si(111) 5 Fb 4 i B AE K )
LED Z5 #4978 i PL &SGR 43 3 FE 5 IR FE 2 [A]T R
K&, AR 300 K B Si(110) #1Si(111) F LED
it PL KOOGS, B R 6 o H — A 3R . A
PN 4 P R 45 Si(110) A1 Si(111) L LED £5# PL &
e K 43 i A 465.3 A1 470.1 nm, & W 7E A R 2E
K24 F Si(111) £ LED 454 H InGaN B /2 #H %t

F Si(110) &4 5 i In 4193 & &, WS R7E Si(111)
- LED 25 ¥ v B J2 R0 22 )2 18] ] §E A7 76 55 K 1 B
J1/REAS. R 11 K LED 45 #) 19 % 6 28 Xy
100%, W21 N &7 80% (IQE) 7T 58 XN & i
(300 K)PL & JeIg AR 4 i fE /R (11 K)PL &b
FRyBEE, Fb 5 X Si(110) A1 Si(111) 5 i Jes
A= K B LED 45 84 161 P & 7 30% 43 3 8 55.9% i
47.3%. Si(110) FAEK 1 LED 4544 B AT B0 1 d
PR &, Si(110) & LED 454 9 Bk 2 Fil 22 2 [R] 47 7E
BN T /AR, - PR 8 5 A (QCSE)
55y, 154K AE Si(110) (I LED 45 8 I & 120K
i T Si(111) AP _EAE KA LED 4544,

1.0 —®— LED@Si(110)
0.9 —®— LED@Si(111)
L, 09t
=
g
= 08¢t
Qo 2
-
< = .
Q 0.7 = L Si(110) Si(111)
i 508 o
) % 0.6
T 06 o4
% | %o
o go2
05+ 7 o
o 420 460 500
P /nm
04 1 1 1 1 1
0 50 100 150 200 250 300
/K

K5  (MFDEE) Si(110) fI Si(111) EAEK K LED 4
MR PL R G 5 5 B 5 iR R 22 T B R 201, P 9
4 300 K B Si(110) A1 Si(111) = LED 4544 PL &t

3.2 WK LEKWLED SRR Y
T

B 6 43 BIFE Si(110) AT Si(111) PiFh i JEs L il
% LED {8 AR 2 Rp ki 26, MBI AT LU H, )
R T, R R IIR /DN, 7520 mA SRS IR T,
B TAFH A8 3.7 f1 5.4 V. X} -V il Ze 26 1%
B2k M 0 & AT 45 Si(110) A Si(111) E#46 LED
A SR BRI 271 R0 27.4 Q. R
£k, 7E/NIK Sl FL TR, FRR S R R B
TREOC R, MRS, LR &R, X
FRATRLE Si(111) L £ 1 LED #8442 B
B BATACAR BT Si(111) F4AEK LED 4541
XF T Si(110) #of S fR A4 G BB, TR/ B TAERT,
AN SE J2 PR S R 2 T 8 o FEL RSSO, 7 FLIAE 5N s B
= A LA A AR, TR K FL AL IR Bl 7 7
fot JEE b1 4% 10 LED 30 5 R T LY R e dr )
I S BAE 20 mA B TAERI T, 1E ) TAF HUE A
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ZEROK, K HLIR 79 21 F) 55 2 ER 1Bk L FEAEL AT 22

BUh.

0.20
LED@Si(110)
15 F
0-15 LED@Si(111)
=
2 0.10f
=
0.05
0
—8 —4 0 4 8 12
HIE/V

Be (M) Si(110) F1Si(111) #Fh 4 & _E fl 4
LED &R Rz (I-V) 4k

B 7 2 Si(110) AT Si(111) 7 A 4t i E # &
LED 8 7 7E 50 mA X ) Ly T (9 B 80Uk % (EL)
R O U G P K 4 il D 471.2 F1474.3 nm.
PR A JES b 1) 4% 1 LED 25 849 10 8 44 5 2 2 3 A
JSIAE /R RS AN A 58 Si(110) | LED & v 1 In-
GaN B E & BB In 2y & &, #Em5iE —
Z K 2 S N T B R DL Y, Si(110) 4
J&_ELED & 7 R 6HEE R T Si(111) ELED # ),
WA R BR SN FL IR T Si(110) #4 € LED & B
FFH RO, InGaN/GaN £ & TP LED %%
£ InGaN BFZ 1 GaN 22 J2 2 [8] i) ks O i 5 5B
JZ R0 & JE )= AR K R THT P S S 77, 3R T 5 i
IR S, AR A S80S AE B B A = AR AR R Y Y
B (29810 MV /em) IS ERETTBIRL, 748
S P BT R T B 5 AR (QCSE), fi HAS 45 & 1
[ e S SN AR =S N A=
RCR IR, Si(110) 4K L LED & B HE RS HIA
%5 LED FF i B A B0 1 & 4 i 2= AR 55 1
BT BRI SRS AR DG, ) AR R AR L)
R R T RIGE T R

B8 J2 Si(110) A1 Si(111) P A 4 JiE | 1 4% 1
LED 38 F 1 EL #2758 FE it 3K 2 Lt 04 22 44 it 22
T A I ) R B 2 AP, 300 wm x 300 pm
KNS F AT LK 32 180 mA i B B iRk, A
KIS AT LAE H, 765180 mA I HIRIEE W, Kot
BRI A B B ) R R A 3R ) & 7R B
FEAT B - B LED 5 H 76 0 70 50 AR s i v Bl
W T 280% T BEA RS, 78 180 mA 13K 3)
HL T, Si(110) kil % 1 LED & F 1R B R 5

FE479 Si(110) b LED #3411 2 fix, 8 Si(110) b
il % 1) LED :8 1 1 EL 20 AT Si(110) 1 LED %
i, Si(110) = LED & f B A7 AR 7 106 R 1A
Si(110) #Ji b LED ¥ i B A S (1 b 44 5 &, In-
GaN/GaN Z &1 B h Bk E 2 E 5N R 7§35
o g 1 R 1 0 o N B 55 DA R o R THD 4
KT AT H 2= A6 Si(110) FLED S BAE
LGPt AR

6000
s 5000} LED@Si(110)
El LED@Si(111)
T 4000 F
e}
-
< 3000}
B
=
B 2000}
EN

1000 |

0

1 1 1 1 1 1
400 425 450 475 500 525 550 575
P /nm

7 (MTIEM) Si(110) 1 Si(111) E#l4 LED s A 7E
50 mA JXE)HL R ¥ EL 3

160

—=— LED@Si(110)
r —e— LED@Si(111)

—
=~ [e's) [
(=) o o

BNRUTEE /arb. units

[=)

0 4I0 8I0 12IO 1(;0 200
i/ mA
B8 Si(110) #Si(111) L& LED & H 1R I 5
SR PEBA RN P (L-T) HOAE AL
InGaN/GaN £ & 1 M LED &5 ¥4 1 47 75 1) &
F 57 BRI B RO, 5l AR BL KOG ) 20 F8.
b6 IX 3N HLIR B3GR TR T AE Al (B )
P FR) 5t FER I T3z /N T 300 1 1 A i, DR 22 2T
W B BT IRER N, IFAE — e R XN
HL3% 3E 47 BE e, 9855 QCSE, MM LED #8/F EL &
el R A WA 3. 1B 9 S Si(110) AT Si(111) P A e
Ji& b % LED & v EL A& ' U {8 B8 5 8 4K 3 fE I
AR £, PRl LED 05 A EL R G GE & AR 10 4
A AT.2H1115.6 meV, Fe i i K A5 718 8.5
AM21.5 nm. K9 AT LAW & A H, Si(110) £ LED
O F EL RO e & (B K) Bz /T Si(111) |k
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LED #1, JF H/NIRS) I, ROGIERIERAT N
SO AT, DRI E, BOR T E %
b 95 =M AP IR L, B B5F SR 5 3
UL, RO T BEE SRS AR N, K
WA= MIEHA B G AR, [\ IEF L
PRI OR, Realy MURVAE FE A R o, 53 &b eft - e
I Fl L (477 5 B30 RS B4 DL RGE mT REAFAE I
WA TR A RORE, HR T BT B RO,
B A GV Y A% R 95 BXBN L 4R SR I, B
TSN E— S, EL ROt IERE R (B K) #
e, HENIAR; AN, WAEIREN T
{1 Ry 0 AR 7] DA B 7 7E 2 Bk R
B S o A o0 R OGIE B AR A 7= A — TE ISR . AH
() S50 26 A T, ZE DN AR B RS B N, Si(110) 4
J&& L1 4% (% LED 28 v e Si(111) ELED # 7 &k
e R A% A FE AL, RTIA PR T 7E Si(110) AR EA K
(1) LED 25 A% Si(111) 4 i FL A B 1 s 0
i, Si(110) b LED ¥ i B2 F1 22 J2 47 45 52/ R RE
73/ R, BETTAE LED #44 A 7 A2 50/ i & B il
88 SO RN

2.66

2.64 L LED@Si(110)

2.62 |

~  2.60 |

LED@Si(111)

1 1 1 1
0 40 80 120 160 200
HLIf /mA

9 Si(110) A Si(111) - LED &/ EL K JtI& g &
W 3R 2 LA ) A Al

4 % B

AR SCVELIBE T T AE Si(110) AT Si(111) 43 € -
il # InGaN /GaN Z &1 Mr&5 M % LED #34F. |
FH 7 X SR AT S =i 2 0IE AR R R BUR
F 1 o A2 K FE PR e I B LED 45 M AT T 4
FRAE. 45 R F W], AT Si(111) B4 K LED #
fin, Si(110) FAEK M LED 25 04 B A 8 1) & 7R i
&, e /N5KR J), Si(110) A1Si(111) F LED
FE f (0002) TH]#2 3% 1 26 2 = %6 43 ) o 648 F1 876
D, T (1012) & 1H F /& 58 43 1) 4 1497 #1652 £

Fh; Si(110) A1 Si(111) 41 A LED F it % 1
PL &GI8 K205 465.3 f1470.1 nm, W& T3k
RN 55.9% F147.3%. Xif il 4 75 5 A A I -
(1 LED & #3047 7 6 sURE M I R 9. AR 22 R 1k
i 2k % WA, Si(110) A1 Si(111) L # % M LED 5 J,
20 mA [I3RB I T, 1E A A R 4 58 3.7 A
5.4V R E T, Je IR/, S0 B
SN 2T1R27.4 Q. 7550 mA B T IR
e A K 2 )R 471.2 A1474.3 nm; PLATEL
T e IR A 22 S B PR AR AT IR B 1) £ 1 LED 544
{10 d A2 0 B 2 e R AR / I RS AN [ 5] ke 21
HIn 1 SEARTE. B L-TH&TT AL,
Rl B L1 4% 10 LED & B 8 KHREN T ET
RO R RN, H Si(110) 4 1 LED 2844 /0 %
FeRER L Si(110) | LED 28#F 2 f%. X LED %%
1F EL & 6 U bt 3K 2l H 3 i AR A 8 B, Si(110)
o _EHI 4B LED {5 EL ROt B8N, R
A 8.5 nm. Si(110) - LED ¥ i H A 5w 1 dt 7 it
B, FE R T 9K g T E 25 16 DA K 1 B o 2 A
22 )5 [R)E/IN L 5 A5 2 553 11 = B o) B0 4 e 8
13 Si(110) FLED & BHAB/NMOFF B R
i I R E R RN NI R TG ISR

TR 6575 DK o H BT A 5 S0 B R R AL 1 < T [ ) 2
FERE b A T3 THT R 35 1.
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Abstract

In this paper, InGaN/GaN multiple quantum-well blue light emitting diodes (LEDs) are successfully grown on
Si(110) and Si(111) substrates. The micro-structural properties of the LEDs are characterized by means of high-
resolution X-ray diffraction, atomic force microscopy, Raman spectra, and temperature dependent photoluminescence
measurements. The results show that the sample on Si(110) substrate exhibits the high crystal quality, weak tensile
strain, and large internal quantum efficiency. The optoelectronic properties of the LED devices are also investigated.
The I-V curves indicate that the LED devices fabricated on Si(110) and Si(111) substrates have similar series resistances
and low reverse leakage currents, but the LED devices fabricated on Si(110) substrate possess lower turn-on voltages.
The relationship between light output intensity and injection current suggests that the LED device fabricated on Si(110)
substrate has a strong light output efficiency. The study on the variation of spectral peak energy with injection current
of the LED device reveals that LED device on Si(110) substrate presents a smaller spectral shift range when increasing
the injection current. And the smaller spectral shift range reflects the weak quantum-confined Stark effect in the device,
which can be attributed to the high crystal quality and weak strain between well layer and barrier film in the LED

sample grown on Si(110).

Keywords: Si substrates, InGaN/GaN multiple quantum wells, light emitting diodes
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