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Abstract: Taiwan is positioned as number one in worldwide LED chips supply. The sales revenue is ranking number 2.
In this paper, we have reviewed the development history of Taiwan LED industry. Some of the important technologies de-
veloped by Taiwan LED industry and research organizations that improved LED efficiency and quality were also highlight-
ed. The development of organic light-emitting diode in Taiwan was shown in the applications of display industry proven to
be standing in some advantageous position. Solid-state lighting is also going to be one of the key areas recently and will be
discussed in details including phosphorescent organic materials, the exploitation of device technology and the developing
tendency of OLED.
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Fig. 1 Tendency of lumen and price of LED predicted by

Hertz law

H M\ Kodak 24 @] I XB 7 2 17 1987 4 & £ 23R
S 1R N gy F OBUZE G 1A L O DG AL
( Organic Light-Emitting Diode, OLED) Yy X & 5, B T
OLED ALy HAT B &6 mxf b TR L e i 25
J3E P SRR J5 B A 2 S5 e v, i OLED AR A Ak
JITHE H B B R 8 2 —o 73 4h, 4Rk OLED fEA L
FOCHRNS A BOR Ty T gt R, el OERRE
S LIRS G 22 4T3, (4% OLED X AT B 7
Wy, SAPNHTREDEE, FtF LED 3528 T
— AR B8 2% 8] 75 BE ] ( Solid-State Lighting, SSL)
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LED 7P 258 KRB 1 AT X 43R Sk b 0 4 0 R 1
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KRECERTRAGR A =2, — R F LU AT A K &S R I
AT A K B E S R R HIAE R 55— 2820 /] W2 A1 i
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B A B E A,

BV I ROC A Pl B R i BRI AR, R
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2008 4 E VR ICTAAR 40 Z R BT ED B
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ZJ5, 43 FEHA L MOVPE 5 AR A4 Pl A 58 45 40 % ot
THE WA EIBOLHL B SE B RO R ok
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3.1 EF#H(Quantum Well, QW)%&
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Hy, HE S B pn R A5 BOR H o 57 54544 (Hetero-
structure) 2 FI| FIREBU/ NI R UCYPEROCZ, XFR N
I )2 (Active Layer) , #Je /£ — 30 BEBR K Y2 1K
FR )2 ( Confining Layer) 2 [] ) — > = Wya 4544, o T
HA TAF R E, SO WU i 4544 ( Double Het-
erostructure) I E] 2 BT 7R o SR FH S IR 45 4 19 %O )
B, ITRTEEALZE, B RS 6
R, HL AR OGS 2w a0 R BB B Y BIR 2 i i
W, BOGRCR AT, Bk, HRTE SR &G AR A #R
R B 4ib o 61 N CHFRBE T & B Ak SR B S0 06 —
WA FAZEE I, TR B A B S
B, RO RE AR, & R R0
(Quantum Size Effect, QSE) £ E & T H 454 LED, #H
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B WA I BEALSE BN A AR s BB [ 1y
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WA P2 AT LA O6 i B L . BOARTE
1990 AW B T I 4 il T R e 2Rk
e, AEAE O AR B A 7 AT SR 2 SR OB S ot 45
H o FEF PR AOC AR AR BAR, B Z &
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FrEcEs FRRERE HA L nm (2, BRI SR
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HUE RSB B LED, 2ttt 5LF A 1Y LED 23 m) #§
ek M2 BT,

P-type semiconductor
confining layer

-<—— Active layer
N-type semiconductor
confining layer

K2 XU BAit R g
Fig. 2 Schematic diagram of double heterostructure
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(Ohmic Contact) U b A}, FEMRGEMY ARG A 4k ih

TRIGZE ERiE P2 (Window Layer) JEEREAEH R, K
W, e AT B ) TR R TR B4 M R AR Y RN S T AR
( Wire Bonding Pad) #1124, 24 & & —#% 5 i ] ff )& ( For-
ward Bias) J5, HLULMELE BRI AE ), JEHEE &
FURRS R ) 2 5, SRS TR A1 A A ROE)E
BAE e EE AR AR R B AL R B B RO A, i T
K] MOVPE SR K 4 it )2, AR T 4% 58 1 WA 4
K% (Liquid Phase Epitaxy), WK HE/NT —P5E
P MG, WA AR JEIEANIE 58 7 7 2 K A%
RIS, BB P2 SR TR A o i sE . TR
BRI BRSO A8 i, SEE Y HP 23 Rl E R A
M (Vapor Phase Epitaxy), A{1&—#%) 50 um
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A —AE 5 W0 55 < R J2= -5 Wi A B3 3 THE U Y T2 4t
b RH, SRS TR B9E b —J2 1TO K45 Bl i it iy A )
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BIAEIOC AL FNRK — 2 R A2 S R e fi
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B A o O TP OGTE R B 2 Y B R A )2 R I
CHFRE E SRR A A i 2, KRB A ik S R
filh 2 D 2 IR S5 4, 4 G T b AR I AR B 3 W LA
U A AT LAFE B ITO SeH B ik ) 4% 05, 28 il IR
ZERIR AR AR AR AL, R R AT R TE RO
JZ o I FH I — T 32 i i 3 %) B 1 B0 B RO R
KL, AT B S5 REI HP f B AR 2wl 24 A
B RN, B TAR LB R, Hi, ™~
i FE P IIR ST 205, B aIoE b
fift R AR RERE - AR R m B R M, (75 1TO A LA
BB AR BB P 2T AR A B e LB,
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[AJHE, ITO fff F7E AU I 55 k0 A8t T DA vl
TR oA, FHHET RN A I ROEROR . B —TF IR
AR R A R D R A T I A ) P e A, BTG
RIZM p - BEAE)Z 0 B R O 00 SR o, R, B
I B0 O RO A A R R R R 4 (N Au) (17
SR E R GBI . (B Ni/Au BRI TEA R
TR RE A5 S IhRE, HEA —ERERE, HIEEK
JE X S it ORGP, R A AR B RO R
HOKE Ni/Au 375 B AR Y B P I 7E 15 nm 2245, HAE G
—JEEETT, Ni/Au i B B A 860 B A R B 40% 11
BIR, KK T RE AR LR, b TiMlE
BN E A, TR A 1999 48k % Ni/Au % B
HLM 245 SR BE T I B, A T AE R A A T A
AbFE, B R A B . 2003 4 d T Ok HL A
MOVPE K iR T p - ALK K — R0 &5
¢ N BUEALER)Z, R IE B — % B% 1/ 3 T ( Tunnel Junc-
tion) , WL ITO (HREDS 5 i R I 87 N A AR )=
o R BL AT (0 BN ik . fh T ITO WGk, H LT
JHERAL T2 K5 BAL A R Z 18], BT DL R O A
B, RO A E ZRAE BOERCR . BRLT K6 L
FAT R AR B A LED R Y 1TO 24 3% B Hy
e, A4 H AR H 2 "] JRR A 1TO 3% WY B Ak 32 71 &
MR I RR
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RICTAE RICIZ T ERE, T2 80 5 i R
il , I LR B3 RS 4 S ST SRR [l b
BRI, TG Pk E AROR A AT, X R R AR
FOEEUHHRCRIRH FE R F 2 —, A T =86 BUH &%
R, SEEM HP A w]RE IR0 AR B RO AR A ok
FAVIE T AU BRI S 4, (88 miEm, HA
SHRFIGR A MG, FEE g G, iR TE Ol i i)
AR K o S5t 35 [ 1 Cree /A A K A8 1E 1)
Osram 723w N FHF A2 AL A8 000 & O A, R s e
B RR . (HR XA R #E T2, HR B3 R IR,
ARy R OGRS —FP &5 2 2B
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AU R ECE T E, SIS ARG AR
AP AB S R Ak e HTHLAL 9 F R o 56 3 T MLk 1) 4
AR, Hse e E UUR 5256 % 78 3 36 [ & ) US3739217 L
A O 448 7RI 2R DRG0 1 2R S T B AL 85 K 0 ik
B RRRLISEI AR o KBy HAL 58 2 ' — W A i bz
695 nm GaP £ 5 LED bz . 940 nm #fb iR 402k LED
fih L & 660 nmAlGaAs 15 LED ffhi o #f J2 % F 2% 1fi

FALR T2k 203% LED ft L 8%, BRI T8
LA A v A B A R A R R B R O R
B ENT Z WM, EA Y -V 7E G2 R 6
BE, FEATE I SRR TET, AR BNE A Ak 2 Tk 20 VA
REIR R LA ORCR . A, A ih 209 0K 7 4 2
ATl (e AR AR, TR BT ol 2 T 1 )2
PhZE L pm (R, X0 F AL G019 k6 A ok,
Hig FEWGRZEEA LT um &, 2L pm &,
FEA 23 5% mi LB ) A S R AR ). (HE X T LA
MOVPE i £ i A48 450 R b i R 2 A JL um
J2, EREAMFEREAC WY, HEEAF 1 um &,
AR AR b 2] T 2008 SO 208, 8 238 il JL um
JE I & A2 IR, ™ T S R R 2 A 2 R ) FL R
EFae S, I, TEBELAR SR KOt A AT &
— PR ZIE R, Rz EORE] 1 um R & 2R,
RS K 22 0 S AR 2575 0.5 pum JE /42 45 B RL AL 3503
A e B0 E OGO R SR A B A A0 4 A A ROk
JZHH L RSB N R A i, T p - &
RALEBR & T2 K, Jok Dhish 20 7 =07 362 T8 kL Ak
PIRCR, BISH R AT i, KRR L& K
X, KA SR E M SRR, RIA FDREUE
BRI TR
3.4 BRAHMGBEEX_RE

LI MOVPE K (il A0 58 45 #0206 8 &0 A il
B2 LA AR B BRUC IC Y A AL BRI AROR PR R IR . (R ik
BRI T BE B A B AL A0 B R A RN,
I, BEACER B RO AR & G 1) AR T e 2
B, ik, EE A HP A AR SR S A B A 4
AR, A DR — FEAR WO & SRR BRAR A 1),
FIF HVPE AR B — )2 KT 50 pm JEA 5 P2 25 1E 5L
P, BEB ML DA 20y UREBR . AR e 3
WRAEBR G 1 K AR & A I 5 5 — R AR B W 3
MR AE o Tk o T il e — o (HOROEs e B RS 1 7
X, LA E T AT, G R 2 & ik 750 C
PLE, JUP5 &SR R Y, EILmBE AT,
£ (Dopant) fE & fHZ NS BB Zh, 0520 &6 %
B EICECR KT . AN SR 5 Sk A
HIREAR , 20 7 ith v A R [ 0 ks O Rl e — i
ARG B S AE Rl T 7 A — i R BELIX T SO )
JE (Forward Voltage ) 2% = iy [ &, 1 HE Fr 3% 1748
MIZRAER &, ARBE R RN R A G S RIF. 615K
WAF00 A E AR RSP AR 5K, i
S S RO R EE S R 5 — A &8 A2
PO R A e, R 20 AR T LU 2 A 1 iR
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JEREAR R 350 °C, (HES R MRE T L% 8, 4
REBS A RIUFMIES R, B —HARN FEE A, &8
TR H R R A R A Oy 2, walte
— R FE BN RO A S S K AR SR S
TS o SRR JZ I AL I T LUR S0 T4 5 i & i
SRR 2 BOR, HOU i HE A MR R, E R
MB( Metal Bonding) 7! i 1 57 85 H 5 0t — B4 & Rl —
JZ Auln FERSRES G &0 R 5 05— K AP IS ik 56 Al
RAEALSE (AIN) Jedle, 1 TaRESE AR 20, PRt b 20 (e
ot G REREAR G B8 —THT, TEHRA T SEHE b
JRIZEGE S &R A, R UVE R AR,
B B — 2R, SRk Rl AR I O T
GB( Glue Bonding ) HY i Ab 50 55 40 K 06 W 48 I 02 DA R
Fhih, i A W AR B O TR . HET TR
£ 17 2% Philips A% Lumileds . 1% [E A Osram ., H 4s A4 B F1
Hi T. (Showa Denko) K <2 (Toshiba) . L K& & & Y &b
HLL A E L OS2 KA AR A I R B A R LR AR
PRI .

I ) 258 1 A B BB O R A A R 3 R
FS R G M Esr, FERPE 5 A R e 2 2
H2)30 W/mK, HURPEREAfE, H, HTEKEEO
FEMRAL IR, FRRE &G TR I A b A B — AR
SRR b, R g s DR E AR B RO TR B
B R)E,  3E 5 ¥6 SATE FTA RAE  RS BmEAL AR
BRI RAE SR, A 22 AR TR IR RS R 2 T
ORI B (Laser Lift-off) it 75 2 M A & FH R 2 ik 210 07 75
3.5 ACLED

HATAR# G 1Y LED #802 DC Him#fE . H 2R E
o LU I AR A R A, (E H R BRATIEE A A0 2 R R A IR
Hi, J#H & AC 100 ~240 V IR, B, 2 —HE
BERT AU SRR, SR T A B R 4
LED A RBIEH KOt M— L IRAL N & T2 T . B
TSR IR =y A RERATRE —E KA, IRAREE
Dy NN E27 Bk i AT o ELRE 8 s 58 T e 4 A A1
FEH A — R RHE, R e 2 Uil L H 9K Sl
AT LA/ RE YR A AR A 5 25 o 5 ST LED 204 i 00
R R i, E 5 A 805 2ok 290 LED 8 e —
o AR T DK 2 A Y LED L e Al % 25
e, SURH 2 M LED ShRLE T — Stk b, FRE
GIBATL )y A E A — RS R, ARSI —F
X, BHERGE K BARANER A G 5 E
Seoul . ZE[E AY II-N /A 7] & H 4 ) Nitride Semiconductor
FEIG RAT T BRI AE T A TR, T B oA AE
Ui R G AR AE e BB BT Hy - HR B RORE f Te] IR
M, 2400 A SE i W T, Bl vl s i A1 O 1) e

AC LED iy B fliiiobL s B i gl s s o i AR IR A
B A ) — I 1) U — 2 B RURRRE B 58 ROk
B, Aok AL AR 50% , MUSA T S — A
R R b TGS BRI, & LB ARV
T4 T B4 % B8 #F ( ( Wheatstone Bridge ) =, AC-LED %
AR 3 B, R 4 G AR TR B AT 2 O L
TSR AR 43 9 G A R AE T 7 1) K BEAE RO, HE i 1
KL AR

Source:ITRI
K3 B s X AC-LED Bt K OHAE IE 2k 8 ) 5
Z Ik
Fig. 3 Condition of Wheatstone Bridge AC-LED and lighting in

positive and negative half-cycle

THWFBER AC LED, i FRIHEH, T 2008 4 it
R&D100 Wk K¥%, HER L 25 58 80 A1 11 S ik
iR N7 T VAN - S A o =S D B
Se#, HETWIES EAMYRIEA ") UL, 38 E E &b
HHEARWIFEBE(NIST) 545, A2 E5 AC LED [H Friis
ZHE, ik E A e AR IR T B e 4
3.6 OLED EREAMIFTEI N A

AR P8 25 [ 117 4 2 7] Nano Markets 7£ 2008 49 H 4Rk
&, OLED MW MR AT B AE 2013 4R i K 5] 45 {2
K0, & EZIETCAI R ATk R IX —HoR b, Wit
OLED BB A AR O AH S T TR iz — B
B 130T & OLED R gs Mtk Z 4k, 8 LB ik
1746 F1O6 OLED [ b4 55 20 11 K B BH i TS5 BRI &
3.6.1 BERAMATL

WG PRI SR B OLED A4 kM 5 %2 (14 & J&
it TR YA VUM R BT R 25% 1 A i
T35 % (Internal Quantum Efficiency, IQE), [ KH 4
HIBE R AABOEHIE K, s CA P B4 14 b H
A4S BETF (W, Ir, Pt, Os), {fif3EA LS UME
s S EASREBREN, Sl IES R A E 5
TRENETTAT LA Il B, fe2e B b, A LB G R
RICRCRRAIIOCHER 4 45, FrA RS E A #EE
A A ET LB ] 100% 1) PY i T 2508, XA HLHE K
RICHIAERCRER EA R ke
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TERCA PRI, SO SO EIC &5
B HADE AR, T EsOUH RS % SR Z, H
B A i Bt 22 i NG, BT DAJF &8 B e o' A WL
BHELE OLED BRI i G . — et i e 1 10 0 65
Y6 ML B Flrpic ( Iridium ( IIT) bis (4, 6-difluoropheny-
Ipyridinato) picolate) , i FOCEABMA, Ha, y @
AR A (0.17, 0.34), Rk HagE L R 6 R,
UTJLAER, [ N ANl 2 8 B I (Bt A DL R K 3R
ST, HAERAREE, MEGE, ThRuFFEBMK
b T U S e T AR S T & S Flrtaz 55 FIeN4
A NURL . B S Bk &6 K 2 460 nm
oA (Flrpic &GN 470 nm) , R B Fltaz 5 FIrN4
P SRR R A DL RO AR, BRI &6
CIE @ B ArFR 4y 93 4 (0. 14, 0.18) 5(0.14, 0.24), 4
Lt Flrpic k4 i 420 K 64 3R o

ERiEpNE IR E e oz NI PRSI S EANGR -5 )
K Os(fptz), (PPh,Me),, il = 5iA HL LI C& ORI,

Hole transport host

Carbazole-based(4CzPBP)
Rel.Y.Agss et al.Chem (ex 3G.316)(2007)

O % minimum
barrie
Q O O @ energy barrier
7 6 256V }
) 29eV '30ev
HTL
Eletron transport host 4CxPBP
Phosphine oxide—-based(PPT) PPT||ETL
Rel L S.Sypochex et al.Proc.Spe 6656.665506(2007) 5.8 eV,
6.0eV
O P Q @ miniInum
. d or 666V
O @.O O energy barrier

Performance of woled devices

| Substrate |
. Voltage| Efficacy | Efficacy
Ao IV |ied - A |im - w| C1Es
renitecture @1.000 cd/m’
without outcoupling| 4.0 40.3 31.7 ]0.33,0.45
with outcoupling 3.8 53.2 44.0 |0.33,0.45

TEZEE 1000 ecd/m® T, A8k 22.2 Im/W (RGN,
[ CIE 68 2 A AR 4y (0. 64, 0.36) , J&— A4 4zl
ARERE o TR U T S R 2 A 0 B B A L
FHEEPO-0T, fE[FEZESE 1000 cd/m* T, KIEIhHE
ik 33.8 Im/W, /&5 OBEGH B Firpic 35 BT WAL
MBI O OLED, WA A4Sy,
3.6.2  AMHAERARITA

KF OLED MEHHZL I/, THFBEAEX —J5 4 /1
B2, WFER I H RO )2 SRk oE A 1Y R AL
T, FESEERFATN, FMRATWZEZELZRS ], B
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Fig. 4  Property of white light OLED module developed by Industrial Technology Research Institute
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