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A DC-Current-Induced Rollover of the Illumination Efficiency
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ABSTRACT

In recent years, applications of high-power light-emitting diodes (LEDs) have constantly
increased. In addition to traffic signs and outdoor-boards, high-power LEDs have gained ground in
applications to back-lighting systems and solid-state illumination.

High-power LEDs requiring high-current drives generate much heat, which in turn degrades the
performance of devices in areas such as illumination efficiency and reliability.

In this research, pulse-driven currents were utilized to investigate DC-current-induced
degradation of the illumination efficiency of GaN-powered LEDs. By using pulse-driven currents,
the effects of junction temperature and carrier concentration on this type of degradation can be
distinguished. By comparing the measurement results obtained from pulse- and DC-driven currents,
it was verified that junction temperature and carrier concentration are the major causes of such DC-
current-induced degradation.

Key Words: light-emitting diode, illumination efficiency, junction temperature, carrier concentration



10

RIPE AR S NS H NP -8
i T < (ERL  AEGOARAT LB R 2 4

A > I R T AR S EEaT
B[ LCD (liquid-crystal display ) [ T A5 A1 i oA
TR A8, 12] « =t gl A = iy ffogmissst
A B RL BN R B2 R - SR R
T*E fart ol A lﬁ FLSL L > B 1 LED( light emitting diode )
Frgl A S | E A g U S g ER bl

B PRV LET LR - SR AR A e ﬁ%[ﬂ |BfA
PRI A A RIS 3 A S B R S LI o
W @?gpfjatgﬁll' T o ARECD e J’Ed“ » LED pYgE-k ¥
}’F’?‘JIU}%EIE_W" (junction temperature, Tj ) fUEYZ% [1, 5] -
ST [yl LED [ > 5 (i 2 | lﬂf‘*gyg 3R
U A AR TR % ﬂ“ﬂ‘lﬁ > LED WW“FVBJ?;‘E ' RL
YR R ORISR > [BRYITOEEI @ o LED )
A & IJz:‘t“JFj??}ﬁ LED 93K $53k 1 fj1 7] ;;;Ifﬁj%ﬁ
211 IR I (R T TRy T g L B L P R
B -

W LED PUBLgEfhy = B g g (Wi - ) >
% % P LED FEERURTR] T #sppag g > IR
M}Eﬁ LED o e 2 Wbl ~ @&l pofyss - pp
Y Fi) LED Bl = IR RERTR] EV R T o R e
Tt LED £ Zpfiuffi?] Hs i *UL_ i ﬁiiﬁﬁﬁﬁiﬁ“'{:t 5=l

(AL o PE VR R > £ PR B A P A DR —
WF ) CURERL AR o S R A > T ISR
B 150°C~180°C » 4 ] g Ep g > LSS5 e
e TAIEZ L SAIFTRI P FE A A A e R - 11
SORL R SEVRSATR - SR }i‘v“j**%{él LED
PRIl = [t W g P e

bl *Jpl B R P TR AL e AR B
“LEAE LED B[R O S IR - SR
IRES g LEDNE[HF“' Btk (10, 1] ﬁ%ﬁrrﬂﬁ SR
(9] ~ FEFaA Uik [3] T?”JJ%[H%F'F TP PRI i

FIREVE PR R [6] -

’Zﬁﬁl | AF{'[ LED [y DC (direct current ) = * ?ﬁ;’f‘uf@ﬁ[lﬁ ’
PR LY T RO i o
PR 1Rl LED [k 53 [4] - }ZKHF',%E » LED i3k
TTE“FIU?L?’EVT\ Ef {FLRLZE] LED RV AURYEE o 3= 0 Em@l
T FER SR IR A A S [SUPI S = p & F‘j FEapE A

p U]

E LRI B TR SN AL S A SRR
PPN ISP B SRty LED ugsk 535k
ER R AIIEN] NI ﬁ??%”"ﬁ[ﬁj?éﬁ?*%ﬁiﬁ'i%@
AU bR S5 B A @FE FEN I PRAVEY,
P AP R R RN S Y L SR
PRI IR 3 PO IR R 0 T A R R R pO R (10,
1] » "HIjp s EIJTF*[?K*»E'I?E‘U — R TENH 0 - RLEEE
[ LED $T1E% BHJ o 7% -8 IR ’i’frft%ﬂ’f = f;[
JEHERIF I LED © BRIR > EiRfiosl 4 E%Eﬁ’fﬂir‘rﬁﬁé
EFZ S {f S fudAg LED £ ik - }zf,;l/»ﬂ‘—*ﬁﬁ LED
AR [ R R i £ 7 CRUIEL R B A J%JLYEE*L LRIIRE i
EOEIE S i | et PR AR & RO R PR TR R U5
T;ETJII FRRE RN - S MEE ’flﬁ’"?[ﬂj DC i »
T BHEV R e SR R NRRSRE Y o AT [
,;éu’f VR R R
AHRIEESE B A Ul@?s?i AL LRI >
VTR T (R A AR b g R
FURHSETENRIFV R 5 MERLEN Iy o LED 4§ bl AR
PR R 1 (7] HDREf AL 10 H »
q@@;ﬁggﬁﬁ{ﬂ\ﬂ 350 mA o F{f‘q@fgﬁ l"e{ﬁﬁ&gﬂ IE\JJE > LED
FOEE bV Y S - ﬁ EE0.1% HTYIE]0.2% [ - 5
FREE BT 03°C - F{lﬁ’ﬂF £ 0.1% HI= 100% Eﬁ
(DC) » ke HAE] 99°C « i~ h‘iﬁiiuf’ﬁ?%\' » 7y
fMp ) *UF{ T OEEPEL 0.1% [ AT B £
100 psec » £ [REVE LT L A 0.3°C - 19t F{,nﬁﬁk i
LED i DC i1 400 mA /5155 10 mA i » EL £ mhigef
Pl 2 s [2] ¢ 7100 psec & 0 LED FOFEEnEvE ™ [
fifl /[ 45 1°C 5 =81 1 msec /% > LED o il ™ FEfif -] 4%
4°C o FUT RN o GO0 VR PSR A
PORBETART f1 F UAIRARH b -
FHPRE R R R TR SRR N
TEL R S0 Y SR A IS R IR T T 55
(PR 1) 55 Wi £ LED £ Pl A= il 5% 85 LED 58
K ISR PRSI o T IR EEREY L IS ML A 30°C
> IR IE-20 mA E[ﬁﬁ TR PSRRI IR - B
F‘ﬂpu};ﬁpﬁﬁ f§-30°C fgyupz U’ﬁ{g@lﬁ%ﬂf@&f ERE: 7]
7£WE3J‘ FIE s [ A SRR © Jeb i Z5 P AR E
?@[iﬁ?ﬁﬁiﬁ*ﬁé@%%ﬁdﬁ%f% » Il P o

o [NIF= 75



Bl R - HE

11

SRR RERR  IREREF R EHOIER A T RS SRR Nk

3.404

w

w

P
L

3.30

3.254

w

1)

=
1

Diode forward voltage (V)
Tempearature rise (°C)

w
—

'l Lo L il
0.1 1 10 100
Pulse duty cycle (%)

lﬁl 1. EMT-' =55k LED i"ﬂr,]

B (HR) BRI (ERY
AU (SRR

14+g -
&

A 12tk Z 12208 1A
2ol @ 5 | ©
i = 5
E 8r3 {1472 JR
N 6 ey
C \J
— 4 7.36

2

10* 10° 102 107 1 10

iR (sec)

10° 107

Iﬁ' 2. {ATh=F LED v DC F&ﬁﬂﬁ L1 400 mA “JEiEE 10 mA
e i (2]

. ’éj%ﬁ%\"#—'ﬁﬁjﬁ%

25 P TR AR R I Cree 2 il & EI9ETS
EZ1000 I e 2 {8 154 154 = M LED gtk o o
LT mm? s GRER % EL 100 pm o 25 LIV e
LED Ut AFy {4 (2% o [l 1kl {4 ] f'% LED fi0
PRI IS ~ X e oA BRI AR - 2111 DC
EREY VRO R A RLIE-20 mA %[ 400 mA » At AL
T (TR R E] o pORRE L 25 P TEEA
TR X PR o (MR I 1 *pgu;r AT
PN SV E D8 LED $ [kl S
B Y TR

i+ 2 Y LED Befptho R | 3 ] TR
Vi IR OSSR £ 10 Hz » JEI1EE 0.1% « PEREE VTR
rf‘gﬁﬂ @E SO LED B kg - g 8 1

BRI - LED [off g 5L AR BIFospi  4r

BT A - AP B O > R
[ERUIEN S o EERL LED [0 PREE 5 Ups SR
5 LED H Rt Sabpoilin - pi- b BRI
(iU S > I ERL L LED g il g o HirinE
FERFRAET I > 25 P YR S SOl i - )
Gl - SR IR R R AR 5 LED
FEN ISR FARAVEY S -

A3 RL- (B LED [ B fjES ok ik
*D’ﬁﬁﬁﬁmﬁ%ﬁ: = U1 YR R TR T RL 1
20 mA [ 400 mA < FFIENRL: il EEE 30°C AU
5 °«I&|F'ﬂ‘§f'—‘Ua§7k g I e T SR P
ORI 2 RLEAEREE i YR 7 NERENHIR > LED
Flfj}%‘ E-dﬁ%"ﬁmlﬁ;ﬁfj o

A 1INl ™ VR ERRE A BN l= LED fOFifp) PR

IS sk o B YR EERE R O B ETRL I 20 mA
1[J 250 mA o ENH[f[1 > LED f9F5Enil 5 |?§J~L}-ﬁ;€|¢ 5
DC i 2 U P ibl e E] - 5 DC i & [oFF gl
L P PR SRV - ;czf > AR A
DC ﬁ'ﬁ’ffﬁgﬁ?ﬂ’fﬂJLED EAIFIFOSE RS » b L8
DC Fife & EH IR + o LED O34 Bk EX 0
ﬁlﬁﬁﬁf[g‘rqﬁl} fig bl | ] e & DC
PR T O T o S IRERR A Mﬁ Pk
n(Ty -

F 1 AR £ 30°C B o IR
F'Uéﬂn‘u #55 n(30) » FHETIRERRLEUS IR 2 fUBHIRRR - 15
PSR ST (A #k n(Temp) 5 H (T A

PRIFZS (R T

3.4 A 10
o —~
2 33 S5
[ <
o0 ros —
S 32 a;)
S Z
g 31 Los T
2 5
3 &
m 3.0 A =]
= Loa 2
8 <
E 2.9 A -2
3 —o— Forward Biased Voltage Oﬂ-
=08 —o— Optical Output Power r0.2

2.7

20 100 200 300 400
Pulse Current (mA)

' 3.30° SURIpThaR LED Pk gEtl=isk » i)
%q@%@?ﬁfr g e RN



12
R|SPEe A IR

P

SIZH] N &

F L T FIVRETER B S R B

= IRETER (mA) 20 50 100 150 200 250
BEEHAE (°C) 30 38 60 75 87 98
T FHREES (V) 2.746 2.827 2.876 2.920 2972 3.004
Ty FAfar o (au) 0.065 0.153 0.271 0.372 0.461 0.543
T; [ Uk $555%10° (a. u) 1.183 1.084 0.942 0.849 0.775 0.723
30°C [ K #55*107 (a. u.) 1.183 1.114 1.021 0.955 0.897 0.846
T[54 355, n(Temp) 1 0.973 0.923 0.890 0.865 0.855
n(30) FUE=fifi o 7% 20 mA f ’lfﬂi’:’%@%ﬁﬁhﬁﬁém s ERFIEIFEE T

EE 9 EL 30°C » AL n(T) AIn(30) #1E7 > n(Temp) kL1 -
T 250 mA Fl\lﬁﬁrgﬁr‘?ﬁﬂiﬁglﬁ_’\ B EREE 1E-30°C - £ 98°C
[ T AR A S n(Temp) L 85% o [l EARE Y
n(Temp) {7 FLIRTHERLES ER st LED [ ikl 4
S -

Al 4 R IR [ Gk S5 LR R ORI -
1 FEEFERAOTRRLAE-20 mA £ 250 mA o fiif i 5
K ISAPUFE FTRLELE ! 5 PUENIRE - n(de) RLpI- [
(= 5E A 35k 5 A5 DC ko L 3551 DC i £5 20 mA
Eﬂuﬁ% Bl - F:{ R IE-20 mA I PE]] 250 mA Eﬂj
HIA FSEGREET 60.4% o Wi EEE TR o S
S AT 1 S R TR I
JD

[l 4 “RE- 30°C [ » IR A A5 X P i
Vit o T R SLF5R (carrier) RLELVCIH 4 FORHRIRHIN -
TRLEE ~ BRI ETERAYIEN F5H1 20 mA [ A S0
Efift o T 250 mA [ o T [P RUSE A IERPUREL 71.5% © 3F
ERNIIHERL T 30°C P&~ » YRR R AT P » H )

—Hii

0.9 1

0.8

Normalized Conversion Efficiency

07 4| -——#-—=- n(Temp)
—o—— n(Carrier)
—~ ~* -~ n(pulse)
06 1| ——=—— n(DO)
20 50 100 150 200 250

Current Density (mA/mm”)

4. T I R A AORA

32

/ 7
| %D//O/( 0.6
/ N
0.4

21 <= /D/—%
//{ 0.3
28 1 —0— Forward Biased Voltage r 0.2

—0— Optical Output Power

w

g
o

Forward Biased Voltage (V)
Optical output power (a. u.)

0.1

2.7

20 100 200 300 400
DC Current (mA)

M. B LDk T O R

I/%Q ﬁl

(™ A I P RLIN BRI TR«

ERREE L [p 4 -8 2 1 P SR T4 (= A 35
= m(Temp) « n(Temp) Pl = JL ==k LED HE ik
] s ,Fr'sr o n(carrier) # n(Temp) ?’Bﬂpﬂ’:’s@%%iﬁﬂfg
E e = 4B F - n(carrier) fiu [ EIASEL n(Temp) ™ [ B
P 5 FBEALPY R IR ST IAE SO A B R >
HRLPN LR RS 11 30°C A [‘FJ,' ?UEI biiA %;’Tu B uﬂ.@t”’nﬂﬁ%
gl A S pLS o B H IR ] ) TRLED DC FRIE o

ipRLA AR -

B FYMTERDI - F LA (VLA 55 n(pulse) H)
I'} n(Temp) - J[1j! 4 Fra- < npulse) {4474 IEE"
TR > T [ A IS L T PES IR AT
ﬂlﬁfpljﬂ@lﬁﬁ*f NIl 8 e P [ e 4N o
250 mA E?-J: n(de) #in(pulse) 53 KI5 60.4% #161.1% ;5 7+
200 mA 5§ > STRIEE 64.5% F165.5% o FAE[ 4 U n(de)
n(pulse) & » 75 (PIREIEE kN AIES IR RLE Y i ek
FREYS il LED SRk S5 gupu = RURIN -

n(carrier)3%

i



BSUE  HORI - TR

13

FVH - REE  POREREFR CECIER A D R SFISY F%

= a’?ﬁ%
=5 (110 B VY R PR A e (B » iy A =
APt S IS PR PO 3 PRI 5175 (P16 I i
SRR L) fiﬁliﬁu%ﬁ#{iﬁﬂ ’ iﬁ’?‘?éﬁ% PR PO o
CEITEERR I 25T AT 30°C [ R IE-20 mA BT
VE LIRS U SRR GRE - TR 1E-30°C 3
[ FEESDC [ [k L R o 25 PR i L) A S
P B RS Y IR 7 - E R R o B
W B 25 MR Pk e =i 1 is&/%“ﬁl g
s BA R SRR RIk -

SYLR

1. Arik, M., J. Petroski and S. Weaver (2002) Thermal
challenges in the future generation solid state lighting
applications: Light emitting diodes. Proeedings of IEEE
Intersociety Conference on Thermal Phenomena, 113-120.
San Diego, CA.

2. Farkas, G, S. Haque, F. Wall, P. S. Martin, A. Poppe, Q.
van Voorst Vader and G. Bognar (2004) Electric and
thermal transient effects in high power optical devices.
Proceedings of the 20th IEEE SEMI-THERM Symposium,
San Jose, CA.

3. Fischer, P, J. Christen, M. Zacharias, V. Schwegler, C.
Kirchner and M. Kamp (1999) Direct imaging of the
spectral emission characteristic of an
InGaN/GaN-ultraviolet light-emitting diode by highly
spectrally and spatially resolved electroluminescence and
photoluminescence microscopy. Applied Physical Letters,
75(22), 3440-3442.

4. Hansen, M., J. Piprek, P. M. Pattison, J. S. Speck, S.
Nakamura and S. P. DenBaars (2002) High efficiency
InGaN laser diodes with an improved quantum well

capping configuration. Applied Physical Letters, 81(22),

11.

12.

4275-4277.

Huh, C., W. J. Schaff, L. F. Eastman and S. J. Park (2004)
Temperature dependence of performance of InGaN/GaN
MQW LEDs with different indium compositions. IEEE
Electron Device Letters, 25(2), 61-63.

Lee, C. C. and J. Park (2004) Temperature measurement of
visible light-emitting diodes using nematic liquid crystal
thermography with laser illumination. IEEE Photonics
Technology Letters, 16(7), 1706-1708.

Liao, M. P. (2007) Carrier concentration and junction
temperature dependencies of illumination efficiency of
GaN power light-emitting diodes. Conference on Lasers
and Electro-optics, Baltimore, MD.

Nakamura, S. and S. F. Chichibu (2000) Introduction to
Nitride Semiconductor Blue Laser Diode and Light
Emitting Diodes. Taylor and Francis London, U.K.
Todoroki, S., M. Sawai and K. Aiki (1985) Temperature
distribution along the striped active region in high power
AlGaAs visible lasers. Journal of Applied Physiics, 58(3),
1124-1128.

. Xi, Y. and E. F. Schubert (2004) Junction-temperature

measurement in GaN ultraviolet light-emitting diodes
using diode forward voltage method. Applied Physcal
Letters, 85(12), 2163-2165.

Xi, Y., J. Q. Xi, Th. Gessmann, J. M. Shah, J. K. Kim, E. F.
Schubert, A. J. Fischer, M. H. Crawford, K. H. A. Bogart
and A. A. Allerman (2005) Junction and carrier
temperature measurements in deep-ultraviolet
light-emitting diodes
Physical Letters, 86(3), 1907-1909.

Zukauskas, A., M. S. Shur and R. Gaska (2002)

Introduction to Solid-State Lighting, Wiley, New York, NY.

using three methods. Applied

I#fF £ 96.11.28 [&1-:97.03.06 #F+ :97.03.26



