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HTAFA , GaN Hlt il A %t M (light emitting diode, LED) BY8/F 58 0 28 HURE 1 — &2 B 2EJ& , A1) 67 i 1
ARG B AN AT 36 S R, 7 LED B A ' 7 RS R K 25 B s DA RS0 T i AlGalnP & LED
TR IBURR b 1T L LED S ERBGARZ BRI A ROl 7 AR 45 M 5 LA T AlGalnP & LED #8145
Beit, A BRI 5 SE R IR, 45 R R DL T ARG X T F AlGalnP R LED e USRI HHE 2] 1 W] 2.
BIRCR, SIADET AR LED (% Hh'aas Ho i MAEH LED P33 1 16% .

KR AlGalnP & LED, Sty i, JefRBUSeR, Ji

PACC. 7280E, 7360F, 7155E, 7360L

LR, FH 42 J8 A5 ALY SO 3 AR (MOC VD) 4
ARTE GaAs FIE A= K AlGalnP 1R £ B9 K 2 35
WOFNL A LED £ 28 Bk — A 7T 4% 10 35 58 19 1
F, HO AT AL - S8 AT A ST R AT LR
IT A% AN BoR 5 15 O6 IR, 2 i I
SE U XBEAE SR GaAs JE AlGaInP FRANE BB 14 4
KB IEA R, 1T LU 15 AlGaInP £ LED [y T
HORAEIT 100% , 7] 2 oM T R0R 51— BARMK , @
WRE 5% , 3255 2 — Rt A0 S A R 3 5 R
Gos S R A BRI A, E T, T
Snell & HEIFETE, 4 U8 IX 7 A 16 T R 48 1/
An® (73 BE fi% A 18Tl D00 T 42 S (A O, o F67R2F
SRR X T GaAs,n =3.9, A A
St 17T RE L BT BRI (29 2% , B TRIX T
T A 5 S )2, 4 DBR, RT3 4% ), HA e 1A
e BN AL, 76K P BT LS A8 R,
HAREPERE T M. DN, 3R 754w P AlGalnP & LED
10 K BRI SR B 0 A (0 AR OO T/ e BB

ST PE RS B = 4E A s ARl T AR A SR
P, 7 b A% 195 1% Y6 I 1 8 B0t 2ok T IR 25 4
W5 Z A AT R 2 th 2R T2 SRR Ol
T B ( photonic band gap) . ¥ F i 1 ( photonic
crystal ) i 22 T4 Jox Jo] 91 -HE 51 0 A8 A7 D' 57 Bt
BT S R Sl 7 A S B S o3 R B 1y
F, AT LU A BE B X A7 IR ). Ot 1 ik
Xt F LED HOGRCRAA LA 7 i i A A
FAFBRBRE 1A 7 10 (G e 4k S T B
[ b 8 5 S 5 A X8 17 bR i DY 18 B O A A g
LT OCHE N 5 SR 5 45 4, e 21 3% T kL 4k
MIEH]. A SCE I TE LED geffrh o] A Z 401 ik
50, R FIR A RS2 R4S AlGalnP & LED 1Y

2. Ep AT

£ LED &1 GaP b Z it A0 iy n] WO K
i A LARGE A, B T 25 “<-GaP 1Y JE 9141 i
45k i Bt AL RO, LS FE A R A L
1, ] USSP AT TR 7 10 56 i B RIE

= [/ R0 B AR W 5E & BT &) (it i 5. 2006AA03A121, 2008 AA03Z402 ) , [ 52 T & 2 Al F 5 % & 31 &) (At -5 - 2006CB604902,
2006CB921705 ) , AL HUTT H ARA 27 FE 4 (At 15 14092007 ) B By () PRAE.
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AT TR T W b G IR DOt RAgH
T TR A7 1 5, 98 T O6FAE LED (S o
A% R FNFE L, AT SEBE T LED 4h & + 240% 1Y 48
o, B OEBUR OGS, #e B AT DR R LED f956
PRIGIR 2 52" AR SCR I = 447 BRI 322 4
(finite difference time domain, FDTD) [i{) J7 3= 3 X
TS BT I, th T T R AT LED (520

M5 A28 5 LED BGER ISR, 45 1 R« 76/
JAWDE T RARLE R T LED )64 B R A T I
AR, 0 =0.6 um,d =0.6 pum B, K15
e K A BRI A i, L B AT SR 3 549% , KK
M S T LED fOGIRBOGGE.

F 1 BRI T RIS 3R T (2 pm)

a=0.8 a=1 a=1.5 a=2
SEZ TN, XS T SR B AL AR i et d:j;.z | s 23 | o8
ATLATBORIE . EZAF5E T 200 nm £ 2 pm J7] d=0.4 1.03 112 1.22 1.01
WIS AR TEAR TR EE T (G4 B R Y 3G 5 Ak do0.6 100 |03 0,88 0,08
RN MR2O6T IR o, W d, 3 d=0.8 .01 .01 0.73 0.97
SRR oA A ELS S B TR AE IR R DL R AR

22 BUNRE HOLRCR IG5 (B )

f a=0.2  a=0.25 a=0.3 4=0.35 a=0.4  a=0.45 4=0.5 4=0.6 a=0.7
d=0.2 1.21 1.23 1.23 132 1.29 1.31 1. 24 1.4 1. 34
d=0.4 1.27 1.36 1.31 1.32 1.28 1.28 1.25 142 1.03
d=0.5 119 1.37 1.27 1.31 1.38 1.41 1.24 1.23 1.29
d=0.6 112 1.35 132 1.33 1.51 1.38 1.36 .54 1
4=0.7 1. 14 1.36 132 1. 44 1.37 1.31 1.35 1.5 1.1
d=0.8 1.22 1.29 1.3 1.37 1.41 1.41 1.42 1.41 0.97

3. ZHOET @k m 4 M LED X oy
il &

ST ARV E— R LR DU 5 1) fL 7
FOCZ FIN A 5 55 B TR T35 2 (on: coupling
plasma, ICP) #1455 AUHEA , HA B 70 B30 |
PR o TR A B R S R, A Z AT R
IO R IR, (L' 220 o J3E A o 5 AR Ak 3 AR i EL il 47 1
BN E A TRHIFFSE T 2) WOk & B0, I
(2 AT SR e , e 4 R A 45 T 3K R
PET WM BOGREE 73 A, RO A RHE & F R,
MRS, 3) ik ik, 1T SIN A
JZ, SER DG 20 T 208 EDE 56 3% B 20 i L, #H]
RIE B RIEEER2 3 SiN 2, i Ja M ICP ¥ KB H %
FIHKIA 1. 4) 4K FEEDEZIHEA R O R s
TR T A S50 2 2R A K 258 P SR R VETE AR
b SRJE TG B SR AL AR (6 2R 5 WA RS |
7SR &) BT MU SRS H A — R e in T 053,
FAUFEIAREN MR EN A b ER 45

ARICR TR I BT AR ICP Z2 P AR 25 5 )
TR G AR RS A 2507 I K 2 A RE X AH i

16 JE AR, BT &S 9 AlGalnP £ 210%
LED , &7 Sh R 0 RUBE A B 90K 4%, 5 A ot
RSB TER ARG B, 50 SR FEDRG B 08 g A F - S g
J6. R T Raith 150 HL 7~ SR SEHL, AT k0K B
20 nm. 5340, BOEFRE 5, R T 1CP ZI i 2
R E A EDER R 2 GaP K I ARSI T
L 3

1) AMSE R 35 0k, L SO (FL b 1)) 1y
W
) FERH LT TFIREIENEZ], il B+
FA R O iR & A o R E A, (RO IA
BB BT A A A vk Bk 2, DUE O+
AR IR

3) WAL HUE RS, IRA = 2 HE R H - o ) g
TCEDE

4) BB E:A% , FIH ICP X &7 GaP i )2 %k
LT IR B

5) WG, e BOGT AR IR,

ASZIGTE T T P A 2548 O T B AR, —Fb
JEHIR 1.5 pm, 55 —F R4 0. 8 wm, I 1
0.3,/ TR GaP 3, ICP ZI il ¥ B A g
TR, R 1 A B8 R 2 THT %) B8 ) R VR R O AR
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MIRIEBEAN d =0.3 pm. L1000 ORI G AN 1.5 wm M 1(b) JAIH109 0.8 pum HOEF b

WLEE 6T i R i 2 ThT 45 A 7 R P 3300 A P 1 ()

AR, P il 6 B4 1 AR R B4 2 THT 45 A4 Bl R 0T RO R

(),

B AFEABEET A ARERZE (a) L5 pm 15 (5)0.8 wm 5]

0 10 20 30 40 50 60 70 80 90 100 110 120
pm

B2 LT RS R T4 1 0

TE 5 G A AT 2 W2 I i, S5 2R dn 5] 2
B VS 120 pom 1, S RZE R KN 13 nm,
UG AP 2 3R 1 P BE L P B AR 22 /N T
2 nm, KA T RIS GaP i B oA B 4f
f-F- R L (XA GaP RTH T B L 1 OG- A ik 45 14,

bl
IS0
— ITOSHZ

" — iy R

L
— DBRRIE

— F RN
I | "1

XA RER LT B4 7 AR R

B A7 A TH G b AR S5 A Y AP SE J AT R R
TRy, e b — 2Ry 1TO i Gy %
R, RO TSR YR )= B, A T
ITO f 1 i AR AL T2 AR 52 2 6], n] LUR &
LED B HEReR , AR5 #5050 %% p B AuZnAu Al
n 4 AuGeNi 43 J& FLAR IR Ak, DI E, A
S 200 wm, HA G T SRS 1 9 LED 1 %
SERL, HATHIINIE 3 (b) Frzs. 9 1 #EAT% b, LASR R
JET AL R X LED SEERIBCSER R, FAT 1 %%
T HAMFSNELH ) H AL LED 15935 L, iE— )
DI AL LED 304 51 ADG T S R ai 4, LA Fy dn
Kl 3(a) R

4. MREF 5 97

B # ML LED K BADE T MR Z5H 1 LED 47
JERPERERI I 4T, 3 3 2 H AL LED Lot 1 i A
LED g -SEHEREXT LI 45 23R : 5l A6 7 ik,
LED f 1E i) B B30 H B LED R fleA7 s, ~F- 4293
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K3 WL LED KOtT #h M LED B9l S rEREXT HLAS R

eI
Al
HE/V  JEh#E/med 5% /med  FPFEK/nm

2.02 1. 69 135 618.8
##0 LED 2.03 1.71 129 619.2
2.01 1.68 132 619.0
2.08 1.86 148.6 618.7

JeF sk LED
2.11 1. 90 140. 9 618.5

(1.5 pm J399)
2.11 1.82 146.2 619.0
2.10 1.97 156. 6 618.5

Y6 sk LED
2.13 2.01 149. 8 618.7

(0.8 um FEH)
2.12 1.95 153.0 618.4

T 0.08 V, JEPUEE T R A B 5T LR Y =
FEAET —E RIS, T BRI GaP A () A BH
T, DRI IE 1) i s WA 85 e 3R JH T AH ) 19 4
S 25 TR i R B K DG R LT — B, AR I JE
filt b, AT AL TIX PR LED #Y56Th3 KOt
SR, ZE RN P ROL T AR S Y LED #0% M LED
YA ks, ot AR N 1.5 pm B LED
SRR foos = 110, 067 d A 0 0.8 wm
(4 LED IS 2, F 30 £, o5 = 1. 16, 5B 1O

F ARSI S T LED ) HERCE  (H 5 S TTHE
EATER 35—, W 1 PR, AT S il
FIL T TAKMENERSSETLZ2S 82
b, PRI B ) 8 7 Y AR DR O NG 88 - S
FERREE I a=1.5 pm Fll @ =0. 6 pm P FR2E
PER PRI AR I 0 DK f AR AH I M T R T 5 55
ST AL IR G A P TR S, o s TR T
Sor s BARI0 Ty ] —2ck:, B T T A mife &
YE— B BT ERARZE R LED FGHRBUSCR.

5.4 %

ARSI T SR L5 4 AlGalnP £ LED #£47 T
BB AT A AR I BT DL R S B IE, A G
PRI 1 5 B A0 0L A G Al AT 56 DB, BE A8 B
AlGaInP £ LED BOEHE BOR, SL8e 45 51 5 Bg T
SAEL PR 7 ) B — Bk, 51 A6 T B RS, LED
AR O K Rt i B B L4 # LED F- 2448
5T 16%.

L Tk ROt i 70 X A2 GBOK IR 5K
M A | 2% S A BN S X AR ST 1 SR A B
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AlGalnP LED with surface structure of two-dimensional
photonic crystal”
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Abstract
Some progress in the research of GaN based LED with photonic crystal structure has been made recently. Based on
the photonic crystal’s photonic band gap effect and photon grating diffraction principle, the extraction efficiency of LED
with photonic crystal can be improved. In this paper,the restriction on AlGalnP LED’s extraction efficiency is analyzed,
and the photonic crystal is introduced in to the AlGalnP LED to improve the extraction efficiency. The theoretical analyses
and the experiment results show that the output luminous intensity of LED with photonic crystal is improved by 16% ,which

results from some effect of the GaN based LED with photonic crystal.
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