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Fg.1 Schematic of the smulated face-up L ED model

*

:jykang @xmu. edu. cn



3 : - 327 -

( ), N P GaN
) P GaN
: N [ F2ham s | -
60% P N ;
° — [anRE, AHHARER)
H R
k5%
1 LEDs RERK
Tab.1 Magor smulation parameters of L EDs structure and I#‘Jﬁ%&ﬁﬂiﬂiﬁﬁﬁl ﬁ‘ﬁﬁ'ﬁﬁm

material s 3&$
nm o
0.20 1.90 0.10

LT ~—§—4MMEE%KH%%4J
E

P GN 0.15 2.40 0.01 )
GaN 1.52 2.40 0.01 FFER
100 1.76 0. 000001
2
Fg.2 Flow chart for Monte Carlo smulation of a single
250 x 250 ,
photon
. 1 000
91 . )
40 I -9
3 ( Dx,Dy, Dz) Do , /9—0-‘“" ~$-0-0-0-9-0-0-¢0-¢
-1 01 N !
N 30F / ;
: g ran
(Dx)2+(Dy)2+(Dz)2>de|ta (1) g /'/
201 *
(D)? +(Dy)* + (D) <1 2 R 7
delta : S R
1 0 100 | . 1.9 124 . .
1.0 1.5 20 25 3.0 35
g
! 3
! I, Fig.3 Light extraction eficiency versus ref ractive index
a of encapsulation material
Ar=1-exp(-0aly) (3
’ (0 11) 2- 1
randl, As . randl<A: 3
randl>A: . : 1.0 1.9,
Rf y (0, 1) ] il
rand2, Ry . rand2<R: ; , 216 %. GaN
1.9 2.4 GaN
(0,1) rand3, , GaN
Az ( 60 % 80 %) . )
rand3< A ; . , ; ,
2 , ,

,ITO GaN



. 328 - ( ) 2009
14 o ‘i__./o—' 12k
]
x 13f < 1y \
: /,/ ? . \
4 ! T ot
B 2} / ¥ \'\\
@ / § 9t ~
ﬁ 1k ./ : ﬂ ..... e S _\
i 2 8r NN
: ,/ ; : i . \\.
10F 525 I : I g'; I 7 : ‘\\.
0 100 200 300 400 6 Lo ; . . .
0 0.5 1.0 15 2.0
HXBHRAEL R S MBRCR B /
4 5

Fig.4 Light extraction eficiency versus the thickness of

sapphire
' 16
H H ]5
1.9 ®
1.5 , W14
47.0 % §
. 0, ﬁ 13
2.2 12
4
1
3004 m 1504 m,
13. 9% 12. 7%, 6
8.6 %:; 1504 m 25U m, (1)
12.7% 10. 1 %, 25.7 %.
, (3) .,
um*
300U m 99.97 %, !
8.
’ ’ ITO
1 1 6
L ED ,
, L ED
5.
, L ED
2.3 9%5%
GaN LED ,
GaN , 3
1 5 1
1.0um* 0.1 L ED

Fig.5 Light extraction eficiency versus the absorption
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Monte Carlo Simulation on Light Extraction Efficiency of GaN-based
L ight Emitting Diodes with Different Sructure Parameters

HONG Tu ,L | Shuping, KAN GJunyong "
(Eng. Res. Center for Micro-nano Optoelectronic Materials & Devices of State Education Ministry ,
Key Laboratory of Semiconductors and Applications of Fujian Province,
School of Physics and Mechanical & Electrical Engineering ,Xiamen University ,Xiamen 361005 ,China)

Abstract : Light-emitting diodes(L EDs) have many advantages and are regarded as the next generation light source. To improve
the light extraction efficiency light extraction smulation of face-up GaN-based light-emitting diodes(L EDs) with Monte Carlo meth-
od is presented. It is shown that only when the ref ractive index of encapsulation material rangesfrom the refractive index of air to that
of trangparent conductive thin film ,the light extraction eficiency can be improved sgnificantly by increasng refractive index of en
capsulation material. Raisng the refractive index of encapsulation material over that of trangparent conductive thin film worit obvious-
ly increase the light extraction eficiency ; when the sapphire thickness increases,the light extraction efficiency will increase rapidy
first and then be saturated;besdes,transparent conductive thin film with low absorption coefficient and high reflectivity bottom re-

flector can a s improve the light extraction efficiency significantly.

Key wor ds ; Monte Carlo method ;light extraction eficiency ;light-emitting diodes(L ED)



