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LIGHT-EMITTING DEVICE AND METHOD FOR ENHANCING ELECTRICAL INJECTION
EFFICIENCY AND LIGHT EXTRACTION EFFICIENCY THEREOF
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A method for enhancing electrical injection efficiency and light extraction efficiency of a light-emitting
device is disclosed. The method includes the steps of: providing a site layer on the light-emitting device;
placing a protection layer on the site layer; forming a cavity through the protection layer and the site layer;
and growing a window layer in the cavity. The shape of the window layer can be well controlled by adjusting

reactive temperature, reactive time, and N /Hy concentration ratio of atmosphere such that light escape

angle of the window layer can be changed.
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ENHANCING ELECTRICAL INJECTION EFFICIENCY AND
® LIGHT EXTRACTION EFFICIENCY THEREOF
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A method .- for enhancing electrical injection
efficiency and light extraction efficiency of a light-emitting
device i1s disclosed. The method includes the steps of:
providing a site layer on the light-emitting device; placing a

protection layer on the site layer; forming a cavity through
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the protection layer and the site layer; and growing a window
layer in the cavity. The shape of the window layer can be
well controlled by adjusting reactive temperature, reactive
time, and N,/H, concentration ratio of atmosphere such that

light escape angle of the window layer can be changed.
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MFEE A HEDLEFAREEHARAILSEETE » %
% & & A% # B % (current crowding phenomenon) » i ¥ 3%
BAEEBEHNETIANZXRPE AL RN % -

[ 37 4 ]
® G RGaNA = R B e 47 4 % £ B X » 7 X £ 46 4% (GaN)

BAZENHARRR BHBRILEAXABTALAELETFTEHS
BHOAEXTZAMARLERAE - Bt RILEAXAFAKE
NEeEBEERENDRAPFPBBRUAER - 7 GaN& B F 89
XA(4E, Mg) #HFILERE N R4 A XA PR GaN(300
£25000A2) B AA ARG & ERMEAE N (current
spreading ability) R 2 &y F1 R > TRERE R ERBHER K -
ANGaNt S W LEDB F L2 EHBK KR » TR
® EX oA R -HOBARR THEAMBLOATRER
RLEDA RmEF A » ZEAXRIFAFH"E" - A m >
HHERAARLERNE  CORFEFTHABRMBMYHALRK
M- AR LR BLETEARLEIFARTHEE -
AR EREET A AR EGHGaNALEDE # 4 A — KT #
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HF o AN LB ETBRLAFREAETRZIT  eEFHE AHK
ERRHAABRUAL ERBHEADRTZHEX - A E
ERTHFERMMBIEAAFTRIL—REZIHF 4 -

H—Fd@m £EEAMHEALEASY (Indium Tin Oxide,
ITO) @A XL RAFAHAERFERL - v £ B % 5,481,122
WREAAIBT ITORERAKGaPR A% BT RIFEHE -
BROYBAGHETRAAEER N Y £590% - PR GaP#y & M 14
B ANAITO# 1004 - 2K M » 3 4% & 4 % (Schottky contact)
HANITORHPRHBEGR ZMH - daNH AR FH B L
¥ LED® A Z R BB M FIK -

BRM F 0434233 B A BT —REEZTEHNHF LB
B LR LA B AR HAIGalnPEHRP-NESE WM T
F o REAMAIGaInP: ¥ S BERAEREEHBH LY £
TMRARMBNEFLER > BH 4B (bandgap) ANZEMR » X
HEAGBR LI LB EHBHNERBEH KR I BHKRE
#GaPRE W A A W EME L > GaP#) s FA AN E M B &) 5
'R > B LEDAT 4 69 8T F & - A& EF M2 2 GaAs
T MAR G PEmUEAZAEAIKR  -BHAGTENTHR
rFHFERERENANAGaAskRB I R B LEL AT R
BUBH BB RBEGGaPRE BN B HAETHROER
ZHEG  BHAEEBRANETHRE dNBITATELR
(heavy elements doping) * Z{E & B M E &4 E A 14 1Kk > B
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# ¥ & 8 (bulk semiconductor material) B R § £ & * £ & A
FPEAARKEN - LEDEARNEFREGHHARBBHER
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(strain-relaxation) » & 2 4 & # % & &) A1GalnP £ GaP & £
1 @ (crystal interface) Mf i % 4 % % 3k (threading
dislocations)#v & % (stacking faults) > B 3t & 3% E &Y LEDT
® inppw.
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BEEHE B A TS B & A (light escape angle) &) & &
ABEAEENETIAREREPEARE -B2GREAY
3D EE TAEHASAKGHBHEHMLE - RFELBEI
HE2- AEARUEEHEALENTEIANKXERPE EAKFE
B ELERTFR - B RE|EF AL EI02 £ LK
B &R 104k H BES101) ERF BT » R 10445 & PR
GaN(p-GaN) At # i - K @ > KB A 2 % B 104 F B K
p-GaN > 7 7T & p-Al,Ga, N~ p-In,Ga,_,N » p-GaN/In,Ga, ,N @
SLs ~ p-AlkGa;(«N/GaN SLs - p-AkLIn,Ga, ,N -
p-Iny1Aly1Gay ;.91 N/Inyg Al 2 Gay ;.92 N SLs >
n+-Al,In,Ga; N » ITO ~ p-ZnO ~ ZnO ~ &K Ni/AuA7 & & >
HEPO0=x, x1, x2=1 > 0=y, yl, y2=1 > 0=1-x-y=1 »

0= 1-xl-yl<1-0=<1-x2-y2<1-# 4 %% » 2B 104X R
HPH ZANH FEEAH o

AERAAGEARLEBEIQGZALHE L —FH LER
(energy band gap)48 & # 200 nm £ 650 nm#%k & ° ®

Mg A B LEBINRGEREI04 LR B HZB 1060 %
% S102) - 4 % & 106 T & n-AlIn,Ga,,,N -
p-AlIn,Ga; x yN ~ ITO ~» Ni/Au ~» NiO/Au ~» p-ZnO ~ %n-ZnO
B EFO=Ix=<1-0=y=1-0=1-xy=1-

BTR  A#HBZREI6LE EREREI] (¥ B
SI03)  H 4 BE3 AL TABHAZIETESNIGE - # &
BER R > AR A EARBIPBRABELEE BARF A
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HEI07TH A HINTEHARR -

BRI RN EREI09F » Ww B4~ - 12 E B 107H
RABERIOBE AN ZREI09 > AL E R 1084 &£ & 8
10938 b &Y 36 T o

BRIBHE K THIALARANRE REBHfR
BB B RIEH > wsb T R EE R 1086 & A & A (light

® escape angle) » «w F B S105~S106) -

BRI08H mth > &% & B 10824 s #L A (v B 6A)
FRAM(wEBEB)Y A EABD  BARXERHFRNE—FH S (L
HERS107) - £ HE R 108 % AT > THAAE(KBEF)E 2
EHRIBL URH BN E@H AFZTaLEHHINE

T HMBER AT FTAMBTIFRABTEEARAE KL%
BRIB#H AL R LB RERETEIN BRERY X
BREIBETM AL E -

% B 108+ & N#&! £ 1t 4% (n-ZnO) &% P& &, 1t 4% (p-ZnO)

AT A > A GaNF Z R B AT HH R EE K AT
GaN# £ £ By A F 1K - § GaNE 8 F 8% > 4 4 8 GaN
BALETEMHRHOAETZA/MAGANR r e LR EY
2 R 4t #o % B & ¥ (optical re-absorption) © & @ » # #5 GaN
REAERBEHBMIERBRENFTAGMAE > TR
REMRBEHERLR -
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B %W ZnO fv GaN B # 48 3 89 & # ¥ # (lattice
constant) ° A E & B T H KRKE D N2% > AAAZnOE B T H
RGaNE - & %R > AEAHZnOF B T 5L R E GaNg R
HARMBREERRAAS T > UAAGaNE R Rt E R
BERZR -

EAREWRB T BERIBEBAKAREAB R - & & -
BERAZBENRETHBERALES> N AAE - P& - L8 T
KFEFRASH S - ARBZUNE A BB EALERL - X >
InOt) SRR RN ERE > R E N -

ZnO 8 & # /& 14 3% & & 4% (Zn(CH,C00),°H,0, zinc
acetate) & M » ¢ —~ B ¥ 8 (CH;0(CH,),0H,
2-methoxyethanol)2§6§€ﬁ%ﬁi  RMEREBHO0SM > BFE A A

BEHESTHBHAELRLERR T URFE AR
BR - -HMAEABEZABRERRERBEHANFLAEES L X
@ TFT—% £REIBOCH  REELAAEZABRERY
Bk ¥ B #7604 4% 69 2 1R K (thermal annealing) » A R 1%
RABBEE - £AKEH T > ZnOR M £ A ZnOM T
R4 RZnOE -

R AMRMNEZnOE & > R T & £ (Au) ~ 42 (Ag) ~
5 (Sn) ~ % 45 (Co)® A& -

R HEALRENBHAT  ERNHEINSY%
67 7N 32 F W Bk (CeH,,N4, HMT, hexamethylenetetramine) £2
98% &y & B & B B 4 (Zn(NO;),*6H,0, zinc nitrate
hexahydrate)é@iﬁmk&q’ R HEREAHOSM 2 1% £ B 3
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P UAMBIOC A3 e Bl MXIEBRE U EET
7K5%7‘5't°&D&b"’]’ﬁ'aﬁ-?ﬁﬁ%@ﬁ%é@ZnO%°Zn07}1%9@
A RKBRECRTTHAEBE - REFMAEAKFRER
¥EH| e
BITKARER > ZnOBHBARGERKET I FRX -
Zn*t + 20H~ — Zn(OH),

Zn(OH), 25 ZnO + H,0.

® % B P — 288 BT (zinc lons)e B AL BT
(hydroxide ions) @ik ZEfaf B » ZnOM B H R 7 &4 B
+ o &8 R F4& 4 (atomic bonding) #9 E M 0 B F K M
EBLELRET  eHOQBEBEREZTR  BAT X —
RREBBROY T AR EL -~ B EZ T e L& FEHBNEK
kLR RE/BRH R T EHE-

AEROIGERAKBRE > RABFARRNER KR
B IE ko R T #% A % 7k 4% 'k (thermal evaporation) ~ & B 4
B % (sol-gel method) ~ 1t £ & 48 oL # 7% (chemical vapor
deposition, CVD)~ & 4%~ + & & & /% (molecular beam epitaxy,
MBE) -

S 0 R F 36 ) ﬁﬁ M 3% #& 7 4 7k (spin coating) R 4 %
B & W GaNAR L > T # A 2K E (d1p coating) ~
7 4% (evaporation) ~ B & (sputtering) ~ & F B T # (atomic
layer deposition) ~ & 4t £ L #H (electrochemical

deposition) ~ Ak %7 & 4+ 4T # (pulse laser deposition) ~ 4 /&
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H & ¥ 1t % & M T # (metal-organic chemical vapor
deposition) * & #& iR X (thermal annealing) % # KX

EATRGAT  ARAELESR A RERSAR - &
s REEE SMH200TC -

RN EERNLER LM ZnOREBEEEA4 B RANIR
FERRAEH - EZnOR B EF EEHE T H HEZnOx 28 €
Bl 45 42 4 (bonding) - AZnOR B EFF&AZ REREK
Z RG> RENZnOA: 3 ] &9 1t £ 42 4 (chemical bonding)
REBEBE  BMBRERNZnOR(FFAGER) -

B7#4 %A EE L2 ERGTEB wEimdll  AF®
Bl e & B 1048 dp-GaNAF H A& » RE XML > KT &
p-Al,Ga, ,N -~ p-In,Ga; (N -~ p-GaN/In,Ga; N SLs -~
p-Al,Ga;  N/GaN SLs > p-AliIn,Ga; 4. (N
p-Ins;Aly1Gay 4.y N/In Aly,Gag ooy, N SLs >
n+-Al,In,Ga, ,.,N ~ ITO ~ p-ZnO ~ ZnO ~ & Ni/Au® & * £
F0<x, x1, x2=1 ~» 0=y, yl, y2=1 ~ 0= 1-x-y=1 ~
0=1-x1-y1=<1-~0=1-x2-y2=1 - #8%H > AR 104F R
HBPAH HZNA FFA -

FERGIAERI08HWIKRT BHENH K (o B 4) R
AER(WES) REEOHKME - GEAHELRKTF AR
b RTE2ERANAERIBBANAER -

ARBBEERIHLEHAE BRI T AF ALK EL02
BH -HRagFR HFREBRALERNEADHAEDL AR E
BEMEBERES FTHRLE BRAKERKGESLE L@MHEL
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BRfoREBERIZER b THEER & LML A (ight
escape angle) -
2. WY FEANBRBE 1A T E EFEFEREE NAEE
{t 4% (n-ZnO) &%, P A & 1t 4% (p-ZnO) -
3. WwH FEANBEER 1B F X HPEREBAAR
B-BBREBE - TH -BABX -LERAMBALHZECVD) -
Ry TFRESHEMBE)FAH A& -
P 4, WY FEAREBE 1 BSOS TR - F oEEBER
HEHB R BN AR RGBIUETE UBARARNRFR G

i
5. WY B EHREE 1B F x> AP ERGEE AR
I pm -

6. W FHFEHNRBARE | AT E BT HhBOE
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