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Abstract: The effect of co-sputtering condition on the structural properties of Mg.Zn, (O thin films

grown by RF magnetron co-sputtering system was investigated for manufacturing ZnO/MgZn0 structure

LED. Mg,Zn; .0 thin films were grown with ZnO and MgO target

varving RF power. Structural

properties were investigated by X-ray diffraction (XRD) and Energy dispersive spectroscopy (EDS).

The ZnO thin films have sufficient crystallinity on the high RF power. As RF power of ZnO target
increased, the contents of MgO in the Mg.Zn; O film decreased. LED was manufactured using
ZnO/MgZn0O multi-layer on p-GaN/ALO; substrate. Threshold voltage of multi-laver LED was appeared
at 8 V, and it was luminesced at wave length of 550 nm.
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Tz24 EAG zta glon §F 7|%e] AFo] Roldi
GaNel| wls] nFde dd4 437 A7|HdExe] Aoj7}
go)gt BAolct, E3 Zn0 ke 7RARA 46l &5
3t #aty TS 71 GaNE oiallske] LED Aol &
£317] $1% ot} 2hishd A Folok [6-7). L2 of
AN Zn0E 848 LEDS] 7% v 4444 a8
e AHE i}"“ o]# %S A o] ZnOE &4% LED Al
Aol By} B2 4935 LQ} =go] Bag Aol [89].
w2 At A v WA AY 588 ZE Zn0
Al LEDS] 544 neta7] 918l ZnOst ZnOl MgE 37t
# MgZnOE £4% LED AFl tig o5 zdssint.
Zn0 Hhete- Ao g stAe| A@sta oA X A4
o] 7Hs% sputtering S 3l FAs9eH, MgZn O
ghake. 7n09F MgO ERAlS o] 3t co-sputtering H& &
o A2oA AR T3 498 WS BgE A
Asjglon ojd] wpg whuke] Py 54 AN
& MgZn O Hete] 542 #gste] ZnO wheta
multi-layer 722 °|F5= A& LEDE #A&& T,
A2g LEDS] #4473 SA4dl dig 48tk

2. 48 9H
2.1 ZnO%t MgZnO %8 %

B oj e A% multi-laver LED #lztel] %A thlube
zag § B35l AHe AL #g F LED A2l
ggatgdr} vhaks Z2517)9)8] RF v EE sputters
Agstgdnt, A4 ZnO e A& ZAEHI9E ZnO
elAle] A¥ e #¢)E 50, 100, 150 W2 #3pA] ]9 ¥}
ulo. z=Ageicl w3 co-sputtering 5] HEle] upE
Mg Zn; O uHehe] 54L& golry] fl#l= MgO el
92 100 W2 n4an Zn0 Ebde] #91& 50, 100,
150 W= #atA| 7]y wuks Zasgic), olu) chamber?]
z3 ¢t 5 mTorr2 2458

Zzz8 Zn0% MgZn 0 292 XRD
diffraction), EDS (energy dispersive spectroscopy)
o olg3le] 3 AY 274 g& T23 54& #4s
%tk XRDY-& X'pert PROMPD (Cuka A= 0.1542 nm)
& AHEsheith

(X-ray
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Fig. 1. The schematic of multi-laver structure LED.
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28 3 FA4L o2t 2o] Fdsh

A “i‘ﬂ}°1°l(A!;Oa) 715 $jo AAE p-GaNE AR
sto pEe st th&e® 50 nm F712 ZnO W ¥
%4 ﬁ*"éﬁmt} w3 Zo] AL Aol 100 We| 7]
ol7}ske] 5 mTorre] % oA Fdasct. 1 F
16 nm 749 Mg Zn; O ¢t 7 nm F712] ZnO 2F2h-& 2hzt
103] 4 Wzol7ly Fste] F 230 nme] multi-layer:
#A3kich ZnO Hhebe 100 Wel 998 FFIUL
¥, Mg Zn O drete] 7% co-sputtering & &3l

[1

F-JEE! o

MgO+= 100 Wel 39 = J_%}su Zn02] 4] & 50,
100, 150 W ®3}8 Fof F33 3717 o] 22 4%

stk wiA|gto 2 "'r%"l’—“]l!‘ #e}2} E-beam$ ©] &3}
o] Au(50 nm)/Ni(15 nm) +%& o] Fo|Z p-d=53 n
AL FAstdch A3 4o ¢ag LED: WEA &
Ax g AZ Abole] chmic HEFS A7 &
thermal oxidation furnace® ©|-&3}e] 350, No w917] 2
53 ol 24 o zasiqlr). A2E LEDe 48td 542
A7) 548 #7117 918)A4] EL (electroluminescence)
ZA3 -V A& AAE.
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Fig. 2. XRD patterns of ZnO thin films with different
power,

EA4& dotrstt. ZnO EMle] 77 S #39) 50

100, 150 W= 342 7]0] et F33i0lon Fast /n()
gturel XRD At 28 20 YeRALh XRD FAE 20
-omega scan A2 §gon, 209 HAE ZnO002)
wel 32 34422° (ICDD card # : 00-036-1451)& %8}
= 20°0~60°2 stsich 7t s9lelM ZnO M2 intensity
o] ztol= AAG 34.4° He] HAE F3 (002) Hog 4
A3 Wurzite 129] ZnO 22H9l& A% 4 et 28
U 50 Woll A= ZnO(002)H 9] s =7} =L7) veb}A] e}
ARt & o]FojAA & Aoz Azdd. FWHM
(full width half maximum)-& #£}7F 100 Well 4 150 W
7 Wt wel 0389904 033618 Folge] AAdHE
FoA = AeE Hola 9t} o= 1Y 39 AFME %GH

245 Zn0o 1#91 27)7F 100 Well A& 110 anI e
L} 150 Well A= 160 nm= #AAv A4 4do] gahel Aoz
A7k,

AFME 538 53 39]o] u& vlute] g AA7E &
Aagh 29 32 AFME F3ll 343 2 99)¢A ZnO
stake] §v ARE vehn Qlen 1 4ol Z uhute]
£ Aol RMSe ¥sks velddct ZnO #4971 &
7hgtel w2l RMS7F A8 Ao s F7ksh= 7 gko] vehlof
7n0 #$17F 50 WollA 150 W2 #3alge] upzl RMS7}
o 4uf F7hstdon A FEwo] velde #eld 4 Qly
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Fig. 3. AFM surface image with different Zn0 power.
(a) ZnO 50 W, (b) ZnO 100 W, (¢) Zn0O 150 W,

4
— 3k
E
&
%)
s 2
r4
1b
i i L
50 100 150
Zn0 Power [W]

Fig. 4. Variations of the RMS roughness of ZnO films

different power.
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Fig. 5. XRD patterns of MgxZn; xO thin films with

different power.

& 2433 Zn0 el Q17bsl= 99 E
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23 5% F&E MgZn 0 %2e] XRD 24 Ao
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7k 50 Well A 150 W Z7}ghell et ZnO (002)He] 3=
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. ZnO EpAflol]l A7k = 397F 50 W w) 37° 3]0 A
°kgt HAE & & ded o 37N fAEH:=
MgO(111)9 2] a]=1e} el Aoeg Azbgict 50 WeollA
Az wuto] A9 Mg #Fo] 23 A= AL ¢ F
olck i} 100 We} 150 Woll Al #)zhgl wpeteo] 7-9- 37°
Ao Azt BEEA g A& Hol Mgo geo] 24
ks 2 d4¥ 4 Atk ZnO%k MgO EbAlel 7kE =
atglo] ¥stel] whet Mge] ekl 7HAsen, vhal v
A7hd Mgoll oJ3A utete) F24 EAo] wislem 9
2 448 + o

EDS (energy dispersive spectroscopy) w4& 58
Zn0 ET} MgO EFE o] -3 co-sputtering W o2
A2 MgiZny 0 92 uje] Mg 832 B8k 14
6 MgO EbAe] 5 100 W g17H8kat ZnO el #4)
Bslel whE Mg,Zn O ¥Heke] EDS (energy dispersive
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Fig. 6. EDS spectra of MgxZn; »O thin films with ZnO
power. (a) ZnO 50 W, (b) ZnO 100 W, (¢) ZnO 150 W,

spectroscopy) 54 AxtE vepd glejo), w8l 78
Mg Zn; O 92t o) Mg §e-s veb 2ol #l =g vbuto)
WA SAd & A%¥E vA= Mg Zne s
e ske] vERRICE ZnO 50 Wel 244 dtet ule] Mg &
gro] 24.27%¢°]1}, 150 W wli= 3.99%% ZnQo| Q1715
= ;-,;}o] 7} _iyl_@'l-_”;j:\f_ N"Ig z‘sldl.-o] = ;]] .{-451 e /;1 _\_ﬁ

4 9t Z00 EHlel sl 917t F71E4E sl

A5 Zne| gebo] Fokete] AdjH o Mgl Fako)
oty Ao XRD ¥4 Zijgx dxsl= AL & 4
Utk

XRD¢t EDS9] &4 AN BKe] MgZn) O 9%
Ul Mg $H-& Zn B =24 A o] Zn07F MgO Kt}
A o2 sputteringo] Al ¥ 7] wjio] e w9 9l
7kehs el ZnO §hako] A4 =LA vepdct. ZnOst
MgO Eplef Q17}s] = 97 100 W 28 79 diule)
Z4)5= MgoZngsOol et
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Fig. 7. The content of Mg in MgxZnl-x0O films with
different power.

58 Mg.Zn O dtuke] A4 Aol 7n0 ﬁH’-I ?l' =7HER
& FWHMl’Jr intensity HolA= B} 9438 548 7}
I EE & 7 9l o 3149 Zn0 u'““ﬂ XRD
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co-sputtering

2 Azbed,
3.3 n-Zn0/MgZnO/p-GaN multi-layer LED S

A8 Zn0 9t MgoZn O 9ehe S48 7|22
skl @l 13 @& 429 n-Zn0/MgZn0/p-GaN
multi-laver %9 LEDE"- Azstdct. 94 LED # %l
A dAl9 71e2E FET 54 2= p-Zn0 wHete) 4
gl o go] w7 “H—r"ll *l'—fl"ﬂ"i (ALOy) 715+ Yol
A4E p-GaNE AHEsl e A2oflA 100 We| #9&
A7Fete] 50 nm T2l ZnO buffer lavers &4 3}elc)
16 nm 712 MgZn; 0% 7 nm 5712 ZnO wHs 2t
7} 103 ¥ WHzolrin| F23to] F 230 nmel multi-layer
A8tk MaZn O 2ete] A9 co-sputtering ¥
&3l MgO+= 100 We] #9]E n4sta ZnO9 ﬁjr°4 E
50, 100, 150 W2 W3} E Fof Z23 37px] 9] 2zt3
stk E 1o Az 24 sample?] AF =4S L}rE}
W 3de.

tlo

201241 104
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Table 1. Sputtering power of multi-laver LED samples,

L‘{"(? MgZnO Layer
Sample 1D ayer
7 ) Zn0O MgO
‘n0) Power

Power Power

A 100 50 100

B 100 100 100

C 100 150 100

60x10°p | v A
+ B
c
< 40x10°
5
3 2010°

0.0
I i Il q
0 5 10 15 20
Voltage [V]
Fig. 8. Current-voltage characteristics of multi-laver
LED.

i 8 n ZnO/MgZnO/p-GaN multi-laver LED?]
-V 54 #4585 Jehlz ok #zke LEDE frAbsk 4
14 S0 eide B80T, A-C RE 4N
W Ak Q) Al ARV A B Ao Fabshe AR Hel

p-n A volete] [-V SA4do] veldS selsiyict =

& EEAYS A AFE 2F 2k 8V ARAS WY
o #E ko] 8 V4l A& 7]E LED 47 Hr} o $- £
#e® ZnO%t MgZn O W] ZAAAR g9 A,

multi-layer 722 H3aHAM A4z F2e] AW el
& 9ge B2 ez 47dd. 53] p-GoN ¥ Zn0O
buffer 2349 AHE 3 e Ao AzteEc)
2% 95 n-ZnO/MgZnO/p-GaN multi-layer LED2]
W S48 dehln Qo e 34 Wl 280~860
nmi 9o 4 mAS HFE A7EIAS W Yeht=
LED®] ¥4 548 27 x gk BE #E44 380 nm
29 UV 3 =9 -"I')O nm°l 4w wa ’%‘1?&]'4'} e
W g =g Jepds
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Fig. 9. Electroluminescence characteristics of multi-layer
LED.

380 nm ¢ UV ¥a5= Zn0O bufferold dojii=
wgo i &5 450 nm Ao A B3 p-GaNe
ubst w4 AR e 9SS o 5 Atk ol 4
2 AA-dggel vt A g o] multi-layer ¥t o]}
Zn0 W5Z3 p-GaNoll M dojdg 358 & 9,1‘-} 1]

3 multi-layerZol A dojups Mo 25+ 550 nn
9} 650 nme] A FARE 2718 vERtR ";il—-w- gl
sHict,

18 87 9] ZnOgt MgZn0O2] multi-layer LED2]
A7) 9@ 4 5AE B o sputterE AHES ZnO%t
MgZnO¢| multi-laver LED #|2to] 7}z3be] 2l #gh
gk, 71E9] GaN A9e] LEDE zlzsl7]9la)A =
GaNg A&A717] g8+ MBEY MOCVDSF 2
azke] Auzh a3-Ha s A vaske] JofH e
2 A@star g Ao Zn0F 843 LED Al 2to| 7}
T8 Aoz AzEr

4. 2 E
¥ =wol A e GaNAl LEDE tiAsh7] 913 A9 o
gog 7ZnOE #8% LED AFAd g d+& 4

o} i, A& o] 7} RF AWE AAHE ALE
3t9] ZnO 2 Mg.Zn; O #ote] F3ste] &
Ao n-[ZnO/MgZnOl)/p-GaN mu]tl—lavcr '|‘ 9
LEDE #Al#sbe] oh&a & duts 48 4 ek
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1. ZnO ¥reke] ZA$- 100 Wel ~HEy 99 1718}
< ) ZnO (002)H 3‘139] FWHM:= 0.3912°, ¥t £
o] RMS roughnessi= 210 nmC 2 multi-layer &40l
7Hd A3 RUSAS vehddo

2. Co-sputtering Y& %3 MgZn O 99t 33 A
7kgk ZnO e Q17bs]= #9]71 F7Hee-E Mg &3
o] Zrxdhe & 4 Ak ZnO 100 W, MgO 100 W]
RF powerZ <17bste] bl wheke Mgy ZnggsOel %4
& HeR A

3. A& n-ZnO/MgZnO/p-GaN multi-layer LED2]
VELAGLS 8 Vel 380 nm +#1¢] UV, 450 nm2] 34,
550 nm <9 HA wb ¥aE Yep) i

aarel 2

& AT ANZAY R ARFANIAFA o
?—*t IT?i-MJEi FAA4 Aglel A7 AAR FHHAY
& (NIPA-2012-H0301-12-2009).
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