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Abstract: The transparent electrode characteristics of the SnO2/AgNi/SnO2 (OMO) multilayer structures prepared by sputtering
were investigated according to the annealing temperature. Ni-doped Ag of various compositions was selected as the metal layer
and heat treatment was performed at 100~300°C to evaluate the thermal stability of the metals. The manufactured OMO
multilayer structures were heat treated for 6 hours at 400~600°C in an N2 atmosphere. The structural, electrical, and optical
properties of the OMO structures before and after annealing were evaluated and analyzed using a UV-VIS spectrophotometer,
4-point probe, XPS, FE-SEM, etc. OMO with Ni-doped Ag shows improved performance due to the reduction of structural
defects of Ag during annealing, but OMO structure with pure Ag shows degradation characteristics due to Ag diffusion into the
oxide layer during high-temperature annealing. The figure of merit (FOM) of SnO2/Ag/SnO2 was highest at room temperature
and gradually decreased as the heat treatment temperature increased. On the other hand, the FOM value of SnO2/AgNi/SnO2
mostly showed its maximum value at high temperature(~550°C). In particular, the FOM value of SnO2/Ag-Ni (3.2 at%)/SnO2
was estimated to be approximately 2.38%102 Q!. Compared to transparent electrodes made of other similar materials, the FOM

value of the SnO2/Ag-Ni (3.2 at%)/SnO2 multilayer structure is competitive and is expected to be used as an alternative

transparent conductive electrode in various devices.
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Fig. 1. (a) Surface SEM images of 14 nm-thick single-layer metal
films (Ag and 3.2 at% Ni-doped AgNi) heat-treated at several
annealing temperatures (as-deposited, 100°C, 200°C, and 300°C) and
(b) the sheet resistance of the films as a function of annealing
temperature.
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Fig. 2. Optical transmittance spectra of the SnO2/Ni-doped Ag/SnO»
multilayers: (a) as-deposited and (b) annealed at 550°C. (c) The
transmittance calculated by TMM for
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Fig. 3. Average transmittance values in the 400~700 nm wavelength
range for SnO2/AgNi/SnO. multilayer structures.



504

at%z2 713l ujzl OMO?| B Enf=t 27} 81%,
80.2%, 74.5% 2 ZAst9ict. o'd8 =7} Z713to| o}
£4 AgOMO9| 7 S1=(@): 7o) g oz
asto] 600°CAN WA F PR SHEL oF 7797}
WolAlA ©}. ol F450] QHE A, 5H¥ Sn0,5 0
2 Ag UAI7} SHAFE|o] Sn0%} A Afole] &Rl
7ol A3 Bt ohje} QIR Sn0,E 0 2 RE AT
& AR} AgB 02 S E ol WS AgF O] 2.0 7]
Q5 Atz YoECh £, 73 La)olH B ule} 2
ol Ag POl sk, 5 W AH7] F7H= 2| AL 5
WA\ WAL WA B BAAA GEE A St
=7} & 248 et [18]. ofo] Wstof Nio] =39
Sn0,/AgNi/Sn0; TH3%5 1558 9Ae 2&71 371
F(~550°C)0] W Y £ eI} FIIoHe AFS BAo
Lol ThEE 1A AFo] o2 njnele £
9% Bt olUzt 44492 ol AW AFS Foln
AV ATREE BAA1717] T2 0 2 HohEc) 13 3o
= u}9} o] Sn0,/AgNi/Sn0; 155 0] cat 4
2o dxe] 2 ojEge Js| Lsh vl B
2 & 4 Qo 9Xe e 371 get ¥F RuEst S
7 % st GEIE USRI, BF SEs} 2Aas)
WM LEt AR U2 2oz BaE) Ag-Ni

It 28 o &

o
] _|m
I

= 400°C EA2] & Ztashs whel, Ag-Ni (3.2
at%) OMO Th5% LZEE 550°CoIA dAl2] & Fite
(V)7 Zr2stoict. A D] 5 Wl tfsto] Ag-
Ni (3.2 at%) OMO /&% jxo] HF Eutgzl of

80~83%2] AITIA 0 2 &2 3t BYon], 550°C AA|e]
exolA Ho) Fg Sates yehfQlct v @A we o
Mol £Eol L Ni 9Ake Agel &4lo] e 242 o
AISHRI R 550°C ol AFollA] Ni @A} 014] Z25F 84t o]
2 @A slo] S0 WAstR 2 Eatgo] Zaste 2

o2 A7tEint

g 713 9fof] AAFE SnO,/Ag/Sn022}F SnO;/Ag-Ni
(3.2 at%)/SnO.0l tisl ZAF A1 5} 550°C EAj2] §9]
XPS Zlo] 4% v= Hats 1 40 B}

13 49] ZAF Al S (as-deposited) Th5-F RO A K
+ Hie} o] 452 Atolo] =11 4}, sHE SnO,50] A
g 71o) FLstA SAME] AL A o] FA| Zlo]o thsl Sn
1} 09] YA 5=7t g5t F% 4tgtes 25of ool
S AV BEES & 4 oot T2y 19 4(a)
Sn03/Ag/Sn0; 55 +x29] 7% 550°C ¥4 2] Mt
$9] XPS Zlo] m2ujdofA =%l HEtE & & T
5 @42 3 Ag M A 5w o] 35 ALt IS A

=

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 5, pp. 500-506, September 2024: Hwang and Lee

2 9 A FES] TFAIYT T F2E Bl 10
F83te O dAt 5= ¥ebyt WAE I o]+ Ag €At
o] AretEFo 29 gtk Ao O ARt &hitof oot
2atz grhdet ojeh 22 EX2l= Sn02/Ag/Sn0O; 7+
ZO|A Zt 5 Atolo] Al B TS Al AL WA A &
17F gFAagat SAlO] SnO. 502 SHitE Ag A=
Abgol s Atk &4 o= 27-85tef OMO Fx9] Fatg
2 daARlt. 19 4(b)= AgNi 5450] At st

(a) 100 :
- as-deposited
80 F
60

40

I annealed at 550°C
80

V/
60 :
401 Sn :

SnO,/Ag/Sn0, -

Atomic concentration (%)

Ag

ol / \
0 . — . X ";..__ _ N
0 10 20 30 40 50 60
Etching time (s)
(b) 100

Sn0,/AgNi/Sn0, 4

as-deposited i A

n -4
S ]
£ Sn ]
é ]
= a
o
2
S J e ; :
S [ anncaled at 550°C SnO,/AgNiI/Sn0O,
‘E 80
=
<

60

/
r g N

0 x — -

0 10 20 30 40 50 60
Etching time (s)

Fig. 4. XPS depth profiles of as-deposited and 550°C-annealed OMO
multilayers: (a) SnO2/Ag/SnOz and (b) SnO2/Ag-Ni (3.2 at%)/SnOx.
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Aot ARUAS FAA7IL AT o)st HA Atate
La, ARF ol 5 mrt Z7tely] iEo® YR 4 ot
[19]. Z2J1} 550°C o] gol| A EAJ2|gt S0l 2E OMO
o] #x|go] Z7t5t3Ct. Sn02/Ag/Sn0; T 1x29] 7
. ExE] 2% 600°ColA BAIgo] 6.1 Q/CI0A 11.9
Q/0=2 FAsH 57181t o]+ Aget O YAt AA
st 7+ & B0l e EA AAFs =7t A7) o]
t}. Sn0O,/Ag/Sn0O, F+&0f B]25te] SnO,/AgNi/Sn0O,
o] A 57t o] X oz Agtrt. matA Nig
7t1d o2 OMO £¥A=Z9] AP de FAEE 7oz
BrHdch 89 A=o 28AQl 458 YE = FOM %t
2 37 5(b)t Zo] o T o] 1050 v]stn &
A& gholl ghulEgtct. 4 AgS ZH= Sn0,/Ag/Sn0,9]
FOM(@)2 “-20llA 7P =9ton], Al =7} 571
goll whet FAF ZrAastoict. ofof] §tsto] SnO,/AgNi/
Sn0,9] |82 129l 550°Col|A] XS BYct &
3], Sn0,/Ag-Ni (3.2 at%)/Sn0, C}E= 1. %9] FOM('¥)
& 550°C EA2] 2mo A FHZEQl oF 2.38x107 Q'S
LFER QAT 550°C o]/4te] @xje] 2o thaf =& OMO
TX2°] FOM 3t2 1 5(a)et 22 WA 571 11 3
2o gt Fuheo] Zao] th3sto] dads 8 4 9l
t}. ITO @Y= EgA=2o] FOML oF 1.3x107% Q7' [20]
Nzt HiugEya 9o, ITO/Ag-Pd-Cu/ITO %
TiO,/Ag-Cr/TiO,9] OMOO|| 5] ztz} 2.7x1072 Q™" &
5.7x107% Q7'9] FOM o] B &1 9t [21,22].

o

Ho

P

&
Y
ru

RF/DC ul2Y EE2 AHEY 8gHo 2 AxE Sn0,/
AgNi/SnO; th55 29| of28 220 & F¥4=
ExS mAJSIAT 24502 Nio] 0, 1.2, 3.2, 5.6 at%
=gl AgNi%-g AL519 1 100~300°Coll Al B 4] 2]5}o]
dL59 24 g/dS Frtstatt. Alxd OMO o
FARE 400~600°Coll A BR|2] 5t Bxl2] M50

op ol
o b
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T} AgNig 7= OMO& o2+ 4
A2 Qlell dso] T v, 4 AgE AHESHOMO ¢
X 12 o|d™ A| AgZt AtgtE5 0 2 hite|of
Astee 54 29t Sn0:/Ag/Sn0:9] d5A%
(FOM)= 4204 71 =oton, dxe] =7t 571
of wet FA ZAastich ¥FH, Sn0,/AgNi/Sn029]
FOM g2 th28 11.2(~550°C)ofl A &]HghS LERA Q]
t}. £3], Sn0O,/Ag-Ni (3.2 at%)/Sn0,°] FOM Zr<
550°C HAla] oA Z|Tighel oF 2.38x107 Q' &
Aot 230 Eud of2 g 240 YA} v
sto] SnOz/Ag-Ni (3.2 at%)/Sn0; t}& % 7Lx°] FOM
W2 7dR = o] Qlof ohdst A oA oA Y Mz/d A
o2 AH8E £ 9l& o2 FrteEt
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