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o
(=]

—— EfHEE=2.0V

e

" WY K=1 550 nm

EL Intensity/a.u.
W A U QNI X
S 5 & & S &

[
(=
*
*
*
*

101 ot

0 T T r T ]
1500 1520 1540 1560 1580 1 600
Wavelngth/nm

Fig. 2 Output spectrum of LED

x107

RICTNZ/(W/um)
_ O = N W A U O 9

0 OI.2 OI.4 OI.6 OI.8 ll.O 1I.2 1I.4 1I.6 1I.8 210
IEfRHLIE /V
Fig. 3 Output luminous power of LED

FIR Silvaco 4%t C Bt LED &5 #4317 — 45501 {5
B, BEE LT 4 pmX 4 pm K/MRZER . SR #4153 LED
gL R 2 s, B2, YiEmAB KR 2 VB, LED
iy JETS R 1550 nm, JEFESERE S 100 nm, 73K
fife LED % th 6D 32 0 5 2 — N P L e S
{E>k 1 550 nm, 153 T LED [y 6o S & e 3 s .
B 3, MIERHEEAT 12 VIS %, B IEReEE R
2 VIitf. LED gF 2063 m] ik 0. 08 mW « pm ',

2 FDTD #ipiaE 7

A R 22 43 1 FDTD 2K i fL 4 Maxwell 7 241
Y . BRI . f Maxwell f43 7 B2 AL TE AL bR
FPRIT AR 0 i L, R R R o 22
TR IR, B LS55 ) A 8] o) B i fk . 9 204
S a2 A AR E MR AT S T 5 IR
IR T 23 B DA RN AR 23 TR B P 18
T BRI A AR T 1] 53 AR 2 Yee [CRHS HTT,

Yee [RINAEH, B— 535 & d1 AN M35 o 5 30 4%
FRE, A0 m h A RS, 1Ak, HigH
TGS AE R WU B 3SR HbARE . A st (1] ) B 98¢ 1he A 22 21 A~ ief
25, {13 Maxwell J7r B4 BTRELA G A I 7R 2253 1 R, A
TAE B[] b AR A

DLV A RR 2R TP =4 FDTD 3640 A S 6,
EftG+1/2, jo B = CAGDELG+1/2, j, B) +CAGn)

|:H’;H"2(z‘+l/2, j+1/2, k) —H™MY2(G+1/2, j—1/2, k)
Ay

CHVEGH1/2, k1/2) — HEPYAEGH1/2, k— 1/2)}

Az
=
1ia(i+l/2, j. R)AL
26Gi+1/2, 5. k)

CAGm) = Lol 1/2. ). b
26G+1/2. j. &)
At
CBOmy — —€Git1/2. . ko

c(i+1/2, j. b)At
2e(i+1/2, j. k)

EfG+1/2, j, B) BRPIAK SRS HG+1/2, 5, B
fby 5 n+ 1 AEEZ K R 0w E E . H a2l
e(i+1/2, j. B HGH1/2, j. B AR HVE R 0+ 1/2,
Jo B RGH1/2, j0 B BB SER . Ay B Az HAHAR RS
JTE vy Rz ISR, AR FDTD 2243 77 2 B AT K A
MG oA, 13 EE T A ARREE 454 .

3 LT hhARET B AT

TRSRAR A RIZEHDET R REH 454, 705 IE
TrHFN S 4T R R IE T HEFI A SR 4G T R
TR =R = AL 40T iR DL = S o 4
e iR ERE SRR P A B TR T HEP 22 ALOE T i
RESTCIE R E iR 2 H i k3 A AF e B, AR SC

1+




59 ] JeigE

ST

He At =Rl 7 AR AR B 2544 .
3.1 EFHIINREZ %S FREEF I
IETTHES — e AR G5 R an1&] 4 7R, B a Dol
TARAR AR R IR SR = a,
ARSCHEFEMH 406 T iR C BB LED HeaR,
DR 2 R A @= 500 nm BHOET S A ] o 23 FEX s B 32
Wi, SRR T R, 9 0.05~0. 5 WG T A ARENFZE M . KB
YR, <<0.1 8 R, =>0. 4 WA BRAAAE, 51890 R, =
0. 15~0. 35 B T AR R REHF 454 .

9000000
CO00000O0
CO00000O0
0000000
CO00000O0

?OQQOQ

Fig. 4 Vertical view of the PC with square arrangement
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Fig. 5 Band structure of medium cylinder PC with
square arrangement when R, =0. 15
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Fig. 6 Band structure of medium cylinder PC with

square arrangement when R, =0. 2
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Fig. 7 Band structure of medium cylinder PC with

square arrangement when R, =0. 25
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Fig. 8 Band structure of medium cylinder PC with

square arrangement when R, =0. 3
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Fig. 9 Band structure of medium cylinder PC with

square arrangement when R, =0. 35
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Fig. 10 Vertical view of the PC with triangular arrangement

ke Xy
*a S abotl il
***‘*t*‘:.ptx*:****** e
* 4 o ISASSE

Fhargprrt et

(=]
(=)
* ¥
*
*

kg

e
n

LD
T e
*********'b**

*

*
#*#*******.‘.****
Fhhrrr kbt

B/ (al2)
o
»~

e o
oW
*

SF AR AR F Ay
*

=

-
+

+

o 5 10 15 20 25 30
r X M

Fig. 11 Band structure of air hole PC with triangular
arrangement when R, =0. 44
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Research on Enhancement of the Extraction Efficiency of C-Band LED
with 2D Photonic Crystals
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Abstract  On-chip light source is the main development part of the optoelectronic systems in the future. As on-chip light source,
the main disadvantage of LED is its low extraction efficiency. Photonic crystal is an efficient method to increase the extraction ef-
ficiency of LED. The structure and parameters of the C-band LED was designed and the band gap of the 2D photonic crystals for
different arrangement and different ratio was calculated using the finite-difference time-domain (FDTD) method, and then the
best structural parameters of the 2D photonic crystals were determined using the method of band gap theory in this paper. Re-
sults show that the best structure is air holes PC with a triangular arrangement having a lattice constant of 500 nm and a ratio of
0. 44.

Keywords Photonic crystals; Finite-difference time-domain (FDTD); Band gap; LED
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