#) 3 2 #f  Acta Phys. Sin.

Vol. 63, No. 3 (2014) 037201

#F18 AlGalnP R A&t Z R & i85 4
5&EarfR"

= T/ ok A & i

¥ X 7

T HE BHIE

(BT RZ s B R R A T CE BT IR S %, Jbat 100124)

(2013 4E 9 J3 30 Hk®l; 2013 4F 10 A 22 FYEME SR )

EEXT AlGaInP 2506 A8 (LED) BRI BHAS HOG AT 42 S 5 i/ S S0as A OB BRI AR &R
RVHAVRPEZE 55 ), St 7P RAT 25 s BE 7 1 2 26 DBR S BT L it B 2= 454 1R
BLED, JFOA 7 IAAEPER A dir. HL U AU 75 7 4 LED WAl A AE R/ B JC BB, 556 45
REYPH B LED 1GR3, AR, AR I G 2004 % LED 1) 3 4%, St IERE ] 82Tt 24 F
VR YE AN Z AL SR IT s B LED i KA 17.8 x 10* h, $84F P H8 R SRA, FLAT ve v s P R vy

FEME, AR RN R T TAE.

KGR ALPRLSY R, WAVREIE, 73

PACS: 72.80.Ey, 82.45.Qr, 74.62.Dh, 73.20.At

H M 1962 55— 406 kO — & (LED) it
ALk, it LTS, LED e 7RI
RE. 5EEGEM L, LED B DA% 20
A B T YR PR AR A ) N T B R
SR AER : B AZ A 54T T OGR4 R o R
HEI 2 12 LED 78 5226 i P (g N, 4 KA
LED Hifl, %3k LED RSJ/N, AHEEAE R KR D%
AR, BT LED B #VRR PR 2R AR =, LED (1)
FEAR 2R iR A A R DR, (RN PR R A A RE Y
FEAESEUR. — AL, BB B HL R X
MEARX KAwSE A, REJGF, 5—i4
TAA ) A% e B Tl P U A AR AR R S A, B
A NIAGETIR B b, LR, XFF AlGalnP & LED [fij
5, GaP & 12 52T B A ZE RN H 4 K
S5F ~ HU R BELA o R B AT A5 D AT, A 1A R I 7 A 1
JTANREA TS LED 841, &84 A #aE. K&
PO 2 PRI LED e 26 1) H 6 36 e 300 i o6}

* [F K ARBI IS (HEHES: 11204009) % B 4.
T WHAE#E. E-mail: gdshen@bjut.edu.cn

© 2014 HEYIEF¥S Chinese Physical Society

DOTI: 10.7498/aps.63.037201

LT b LA e R 1 R B0

BESE B i, 2 R SR AR 2 R
%, WK DBR & 585 78 %t LED 2 i 3k 47 #
19101 SR B WA (T'S)GaP 12l 25 4Ry, —
AN E I LED HOGRCR IR 2, B H R BH Y
6B = A B 77 %€ LED TAE I, VBN HF7E
LED HEMIE T 77 B o e R, AR 70 AN LR
JIT = A 1) 6 7 DR B FE I BEL B B8 W TG v 43 LED
TRAL, 76 AR S BB TR, T ROE R
L, TREEN T LED WG ERE. KTk, B4 A
B R IR AME B S T NAE LED R ZE S5
WA R 2 2 1A i B Y 2 U2 DL 7 i e g
BEAY Fo i A Al B2 ) R i, (HIEL 2R A% %
Fo G B AR TR B RATG. A SO R A R I
15 M3 4 1 )2 5 4 DBR R S % R R LR 2 A
AL, H4&H B A LED. i i {7 515 56l
B0, RIHTA LED A T KRG i 1 A
AR TE RN A fir, 2 AE 2 RV 3k
PERESS B AL v, G A E KR TR R T AE.

http://wulizb.iphy.ac.cn

037201-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.63.037201
http://wulixb.iphy.ac.cn

¥ 1B %k  Acta Phys. Sin.

Vol. 63, No. 3 (2014) 037201

2 A LED # it 41 5 % &
2.1 LED HEf-X52iafnatr

BATHE, AR R, B0 A 5 A A e
AR NE A R X TREANEN
WA, HA w7 s RN K A, S A
@%&[14]

1
E— Fpy’ (1)
1+eXp( koTF)
b, Bp AFOKEES. X THEPHOIRE, i A
ML, TSP 18 2 oK e 2 el e 1 55 2 7O HE 2 K g
% Epn 5 Epp WL (1) o007, 2K 50 A o 2L
F(BE) ST MR WME 1.

f(E) =

E

Ep

0 1/2 1 >
A(E)
1 f(B) 5T HXRMLE (% A, B, C, D 45t
FKARE T BHIEINW f(E) #thek)
1A, BT R8En, R R E
2B B 3 A9 AR BE; WL AR B R A
BEAE T 147t e 30, 8 ) RE LR A Ay
fi. LED TAER P38 & A8 0, W5 T T+, BT

p-HLAR

8 pm GaP

p-AlGaP #4

MQWs

n-AlGalnP #%

n-HLK

2 A LED 5% # LED Hliii &

M AERAZ 58, R T EE AR LED, A
BT HH AN, DRI S K 2 T R N T 0 H AR
D, IR AR, A o S IR AR D0 A
HEME R = rop, B TR IEFARAES R 2 5
WA ROCK T B, [l Iy (B 6 5 W o B, it
I LR I, 28T A T 2 SR B AR R T,
B2 (KRN HLRERE AL e, Bk HEShR 4k Ek |
T, CEMEAGIA, e a6 amda ik BN, My
JE G B LR I B i AR, D' i P REIREEE AL

2.2 FHFITtEHE

1 E 38 20 AT %0, AlGaInP % LED 1) Hi B BH
P GaAs B RO GaP & 1 2 528 S 4 it %
ZE W R A IS I AR A5 DR 25 38 3 UL e ik
%, #ROFAE R i, WORVRRE 22, 0k, BRATTERHE —
BB B LED 8% 1 4544, %45 765 0 LED Fefifi I
SN HL RS 2 54 DBR 5 8% A0 53 4 i U
EWE T 2. PRS2 R 4 S i, BHEY i )
BB R E N, A R ) r A DU A R, AR R A
R, 54 DBREKE P A ANE 1) DBR & #£ i,
55 22 (R 5 1) e JEC R 06 s S 1) HE DY THI e S 34
A, WD AT R IRG A FL R s 1 0% 2
GaP 5w 5l 4835 s IR 20 B, ml A H R34 20 00 A
W T R, BNt I A, BT s
X 35 f 75 i o 1161,

AlGaInP % LED #f Ji& & GaAs, Ak % v K
M MOCVD 4 K. ¥ B LED 4h 4 45 #) £ 45
DBR & & & 4 8 (15 % o6 2% & B A/41
Alg¢GagsAs/AlAs Al 15 %5 56 24 J& K F A/4 1)
Alg.6Gag 4As/AIAs L) n PRI 2 & 1B
Y5 X p M PR 2 T GaP & 2. B 4 o
W

B -
R R

i Gap I i

p-AlGaP #4

MQWs

n-AlGalnP #4

n &4 DBR

GaAs #}iE

(b)

n-HiK

(a) HM LED; (b) # M LED

037201-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 1B %k  Acta Phys. Sin.

Vol. 63, No. 3 (2014) 037201

G, 7R GaP EI/E RS 2, K —
JEIBW G I (FT R n L0017, JRE 3) /4n);
SR, #ELED il #% p 8 AuZnAu H i), H5 4o ek
MR 200 pm; $EE H#%5 n 8 AuGeNi/Au LK,
AL AR PR AR SRR PR K I R 2R T
R e, 85 RG24 8 mil (200 pmx 200 pm). A
T HEAT R L, FRATT A TR R RS AR R
LED, P& &4k 2 fros.

3 {7 EEMRLE R

T B A B R AR, R 4k
A PERAUL A0S 2% 11 PR 8 0 A BEAT T 7 O
b, HAREAR 90 wm, FLIARTRLAN R HAR BT 82
um. P& 3 04 PSS R LED 3 4FA DXHL i 2 7>
AT T2 . B Y, A LR R R B
P A FE R HE Iy gk, e 308 24 LED LRt AS
MR R ITEEN, A AR S A 2 G A VL o
AR, 1) LR T 7 SRS, 1) AR AN BRI, H
FEARATIL AL, it FEIZ i T LED, H
PR A f1 e N P AL 8 B 7 A TR DI AN 23 B HL A B
#, 5 M LED M H, Br A LED A7 2B T il
TR EEARDG A

— ¥ LED
- F# LED

V)
T

AUHIX

T /104 A-cm—2

1 1 1
0 50 100 150 200
z/pm

3 B LED 5% # LED HLyi /A kil

Kl 4k Fr A4 LED 5 % SLLED 1 I-V R 1 &,
B LED (1) s TG W 2 39 00, 5007 57 B 38 4 45 0
WAT WG LED 9 88 56 B, 3% R AR B r R
T A ) A H ARl LA A, 5 (a) FiT(b) A4y
Sk A R TRl i - R i 2R B RO T R - R
M. 5 (a) tar UG 2058 8 LED A5 X T3
FLED fFER KA. 5, 4620 mA T/EHR
T, Wi B4 9 4 70.9 med A1148.5 med, i

B LED G4 o W LED ()2 f%. X XA T
Fr M LED s s R my OG0, i T 7
) (1) 23R, A4S FUAR R T AR E AN, R RO
A5 X T AN T L LED, (5 H 0] 3% 6 5540 1) &
TR ICRER R S, HE A Bis s &
FZ A1 5 DBR [F I 380 T % 84 LED (1) b 2,
DRI T A e o B 326 K18 B LED. LRk, Bl FRi 1)
4, Fr AL LED 't s B4 b0 5Pk, 38 VR HL IR 40
54 75 mA F1110 mA, YA T 1658 5k

100}
—=— % LED
80 | —e— HHL LED
<
£ 60}
~
ES
& 40
20 b
0 1 1 n
0 0.5 1.0 1.5 2.0 2.5
v/V

K4 A LED 5% LED I-V ihZk

7) 1 a
400 A LED I LT (a)
-= WHLLED _,e° °
e
[ ]
300 F o
. ’
o
E L4
& 200f b4
R B

wol & I i
o »-

¢ .}' l-\-
R g N
o
A
0 ! L L L 1 ! !
0 20 40 60 80 100 120 140
i /mA
10 - o ¥ LED (b)
= R LED Y IS VN,
¥
&
8 ".o
pe
% 6 ’/5'
< g
R 3 [T RS
EH 4 x‘ "__!/!,, “*-.»..__.i.\
o ' .
s oy
R |
2 o A
e
o
0 kX

0 20 4;0 6‘0 8‘0 1‘00 1‘20 140
L /mA

K5  (a) # % LED 5% ¥l LED Jauf - it 22 &5 (b)

B LED 5% LED Y6Th 2 - i th £ 14

037201-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 1B %k  Acta Phys. Sin.

Vol. 63, No. 3 (2014) 037201

133.5 med F1400.1 med, #r2 LED 18 F1 #3738
290 M LED (1) 345, 74 BRI J e an
LED WRI LR 5 284 R AT G, H I-V 2 S
Bl LED ¥ £ B3 LT A8 [H), 17580 4L LED 1) 254 12
TG 28 AF OGN, RIS AF A AR &R
/N, i S B FL R B AR A D R LA S R T
WD RS 5 A R e LN, it DAAH LG 20
mA TAFHUR, MR NOmE i 2. K5 (b)
R AR 43 BRON & RO Dy 6 - i i AR A it £, &l
A, 20 mA TAEHG T, H8 LED D4
JHLLED [ 1.8 £, WAL R4k 2.2 4%, W+
BRI /N TR B X B i TR Y LED 19
W GaP & HZBRIG T MEE O 24, (HAZ 8
RV [R5 L 1 284 AME AR IR I TR) R AR, B
AR WP AL LED JAIS, AKOGRER i, /N
THRAXOGEREH, SRR R T TAE.

9000
—=— ¥4 LED
800 o TEDA T r
7000 + = LED-B ,l
= 6000 |- -
o /.
£ 5000 [ M T L il N
aal » " )
2 4000 | A S
oo
, L g
3000 | e s
./F "
2000F gm0 w®
l "y
1000 L J° o
W _x
O ll 1

1 1 1 1 1
0 20 40 60 80 100 120 140
HT/mA

K6 #H% LED, LED-A fil LED-B Y5 - By A ik &

N T HE 2D R B LED [P fE, BATE L
55 5 [ N R B 25 44 22 W) 1 LED 77 i g AT 7 8
Fet . LED-A J2 53 4 [E by 2 7] ]SF2R 9 mil (1)
LED, 4% T2 0% 8 1T 2N ITO 3% W 5 e i st
LED-B &3 44 B N 2w RSP 9 mil (R H T2
LED, —f LED % T 256241, B 64 =%
o - LA FEEPE I, B L LED, LED-A il LED-B
AT HLI 05 4 110 mA, 90 mA, 85 mA, HFl
HLJ R 06 5843 531 24 8070 med, 5230 med A1 3350
med. fEGE = LED 454 th 2% 51 H 2 FUAAE H 25
L3RI OC R AR, W 6 3R (10 & 3 N3 7 5|
AR 2 A RO T BUR DL K AR R S
BRI PERESZ W () 7. LED-A fl LED-B
HIBR N AEAEAOR IR TR 2L FL, Ao IO, O3k
AR, IR RN, =38 884 il T HROK,

RE B T AR TE, EA R TR, AT
AN OBERAG; B8 LED 4544 b (1 ri S B2 2
=4 DBR A JRAN R A H i fan 2 1535 7 1 2 (645 2
PR R ICHITREE N, H MR i, A A B AR
R0, SAFETHEN, DR AT S AR R R AT
SRR A L 6 .

120

80
X
~ _
/i.; o I =280 mA — LED-A
}\3 -= LED-B
2 . ~ ¥ LED

20

0 480 1200 3000 5000 7000 9000 11000
ZALITE) t/h

Bl 7 % LED, LED-A il LED-B 558 5% J i i i) 45 4,

FEEE 25 °C R, A LA =F LED 7K
TN SRS, 2 80 mA, BEFE— I
) IR 5, A BT U 5 R 100%, B 5 26 O3
F190% I HSE A E Ay, 65 b IR A AR 4k ith 2k n
Kl 7 fi7w, B A LED, LED-A, LED-B F143 %l 45 &
PRI ] 4 11120 h, 8240 h, 5645 h A6 38 32 9k 21
90%. LED LAHLJ T 24 N g B 2 4 iR 56 A4 4%
PEF i R AR LED & ay MR R

t=to(I/Io)"", (2)
A, to AFRE WL Lo FIZEwr; ¢ 24l f
I FIF36r; n AR EL WK HEHn b 2, HMfE
H7E 20 mA, =& 25 °C I LED-A 1 LED-B % fiy
3914 13.2 x 10* h, 9 x 10* h, M#Hi % LED iy K
1517.8 x 10* h, Al WH M LED £ T2 L& i & 2L,
HA R 0] SE0E, X IERIL T § 8 LED IR & #4.
r L R 2R R S TAER .

4 % %

AR ST AlGaInP 5 LED HUBR BH £ H O o
JERWR AL 4 S5 Ay /1N S B A HOE R AR R R
RN P 2 48 ) R, 8 HH — Tt 17 R B
JZ R e 19 OE T 12 AR S DBR SO BE 18T

037201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 1B %k  Acta Phys. Sin.

Vol. 63, No. 3 (2014) 037201

RILED 454, %88 LED AU LED P9 38 1 H it
Iy AR RN S5 25 AR W, B B LED HuRl sk
HLTL IR /N, AR, HOER0R w, LT e I 2 4
Th. SR RN R R A S S IR I TR B, R
LED #4F N # &K EAG, FAT m URURE P A ey v 5
PE, &SRR TRT TAE, SERgwie h RS

T

SEPE LED 75>

S0k

(1]

(2]

(3]

Lee Y J, Tseng H C, Kuo H C, Wang S C, Chang C W,
Hsu T C, Yang Y L, Hsich M H, Jou M J, Lee B J 2005
IEEE Photonics Technol. Lett. 17 1041

Windisch R, Rooman C, Meinlschmidt S, Kiesel P, Zip-
perer D, Dohler G H, Drtta B, Kuijk M, Borghs G, Here-
mans P 2001 Appl. Phys. Lett. 79 2315

Yamakoshi S, Hasegawa O, Hamaguchi H, Abe M, Ya-
maoka T 1977 Appl. Phys. Lett. 31 627

Chitnis A, Sun J, Mandavilli V, Pachipulusu R, Wu S,
Gaevski M, Adivarahan V, Zhang J P, Khan M A, Sarua
A, Kubal M 2002 Appl. Phys. Lett. 81 3491

Cao X A, LeBoeuf S F, Rowland LL B, Yan C H, Liu H
2003 Appl. Phys. Lett. 82 3614

Pavei M, Manfredi M, Salviati G, Armani N, Rossi F,
Meneghesso G, Levada S, Zanoni E, Du S, Eliashevich I
2004 Appl. Phys. Lett. 84 3403

(7]

(10]

(11]

(12]

[15]

[16]

037201-5

Chang S J, Chang C S, Su Y K 1997 IEEE Photon.
Technol. Lett. 9 1822184

Sugawara H, Itaya K, Hatakoshi G 1994 Jpn. J. Appl.
Phys. 33 619526198

Chen Y X, Zheng W H, Chen W, Chen LL H, Tang Y D,
Shen G D 2010 Acta Phys. Sin. 59 8083 (in Chinese) %
HWr, Fwite, ok, BRI, Wailt, it 2010 #ELa:
it 59 8083]

Yan L J, Sheu J K, Wen W C, Liao T F, Tsai M J,
Chang C S 2008 IEEE Photon. Techn. Lett. 20 1724
Hofler G E, Vanderwater D A, DeFevere D C 1996 Appl.
Phys. Lett. 69 8032805

Chang S J, Sheu J K, Su 'Y K 1996 Jpn. J Appl. Phys.
35 419924202

Sugawara H, Ishikawa M, Yoshihiro N, Nishikawa Y,
Naritsuka S 1991 U. S. Patent 5 048 035[1991-09-10]
Liu E K, Zhu B S, Luo J S 2008 The Physics of Semi-
conductor (Beijing: National Defense Industry Press)
p70 (in Chinese) [XIEFR}, KFeTt, T EHTF 2008 - 349
Hi2 (dbnt T Tl H R 28 70 1)

Schubert E F 2006 Light-emitting diodes (Cambridge U-
niversity Press) p54

Chen Y X, Shen G D, Gao Z Y, Guo W L, Zhang G
C, Han J, Zhu Y X 2011 Acta Phys. Sin. 60 087206 (in
Chinese) [FRHCHT, TG, mdiE, sHHE, 5oL, 7%,
RENM 2011 YJHEEAR 60 087206]


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1063/1.1397758
http://dx.doi.org/10.1063/1.89776
http://dx.doi.org/10.1063/1.1518155
http://dx.doi.org/10.1063/1.1578539
http://dx.doi.org/10.1063/1.1734682
http://wulixb.iphy.ac.cn/CN/abstract/abstract16429.shtml
http://dx.doi.org/10.1109/LPT.2008.2004564
http://wulixb.iphy.ac.cn/CN/abstract/abstract18800.shtml

) 32 2 3k Acta Phys. Sin. Vol. 63, No. 3 (2014) 037201

Investigation of the saturation characteristic and lifetime
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Abstract

Absorption of substrates, small angle for total reflection, and heat generated by photon blocking of electrode, all can
lead to saturation and performance degradation of AlGalnP light emitting diodes(LEDs). In this paper, a novel LED
composed of compound current spreading layer, compound DBR reflectors, and current blocking layer, is proposed, the
saturation characteristic and lifetime are also tested. Simulation results show that there is only tiny invalid photocurrent
through the electrode in the novel LEDs. Experimental results indicate that the novel LEDs have higher extraction
efficiency and better saturation characteristics. Saturation current of the novel LEDs is as high as 110 mA, and the light
intensity is enhanced by treble at saturation current as compared to the conventional LEDs. The accelerated aging test
shows that the lifetime of the novel LEDs is as long as 17.8x10* hours, which means the novel LEDs have high reliability

and can be used with high current.

Keywords: current blocking layer, saturation characteristic, lifetime
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