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Abdgract: Oxide (SnO)/metal aloy (Cu(Ni))/oxide (SnO.;) multilayer films were fabricated using the magnetron
sputtering technique. The oxide and metal alloy were SnO, and Ni-doped Cu, respectively. The structural, optical, and
electrical properties of the multilayer films were investigated using X-ray diffraction (XRD), ultraviolet—visible (UV-vis)
spectrophotometry, and 4-point probe measurements, respectively. The properties of the SnO,/Cu(Ni)/SnO., multilayer

films were dependent on the thickness and Ni doping of

the mid-layer film. Since Ni atoms inhibit the diffusion and

aggregation of Cu atoms, the grain growth of Cu is delayed upon Ni addition. For 250°C, the Haccke's figure of merit
(FOM) of the SnO, (30 nm)/Cu(Ni) (8 nm)/SnO, (30 nm) multilayer film was evaluated to be 0.17x10° Q™.
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Table 1. Deposition and annealing parameters.

Sputtering parameter Sno; Cu Ni
Power (W) 60 75 30
Base pressure (Torr) 3x10%  3x10°%  3x10°
Working pressure (Torr) 3x10%®  3x10%®  3x10°
Ar flow (sccm) 30 30 30

Annealing temperature (OMO) 200, 250, 300C 1 hr, under N,

Atomic percentage (at%) CuNi (Cu-7.0 at% Ni)

Substrate

Fig. 1. Schematic diagram of oxide/metd/oxide multi-layer structure.

X-ray diffraction2 Z2A5t91 BEH JFHE = field
emission scanning electron microscopy (FE-SEM)
2 ol gsto] BAIsIITh WAIZS 4-point probe,
=+ UV-VIS spectrophotometry& ©]-835to] 7HA]
@ TP 92}(300-800 nm)ell A S stsick

Kl

3. & A
3.1 Ni-doped Cu Et 2igjo| S=H0f| HIE S&

% 2 247} Cu, Cu(Ni) T Bfepe] dAj2]of] o
uralke 250°CE
9 Cu @Y Wope Axeelge turt &
1L 7S & 4 it o= metald] Nig =
S 749 Ni @A} Cu 9Ale) Ealn 89S olAst
grain growth& A|4A]7]7] thizoltt [10].

I 32 Cu, Cu(Ni) ©@<¢ utore] XRD Iegfj=o]
ot @A2lstie ™ 274730 ot m Azt AshAl=

rg
odk
W
i
m
=
»a
o,
-
@)
£
Z
i
ne

ot

2 ofl 2 12 K
=
w



136 J Korean Ingt. Electr. Electron. Mater. Eng., Val.

2 15.0kV 5.4mm

100k SE(U)

3 15.0KV 6.1mm x100k SE(U)

Fig. 2. FESEM image of 8 nm Cu(Ni) film depositing onto SnO,
(30 nm) with annedling temperatures a (a) room temperature and
(b) 250°C for 1hr and 8 nm Cu film depositing onto SnO, (30
nm) with annealing temperatures a (c) room temperature and (d)
250°C for 1 hr.
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Fig. 3. XRD patterns of Cu and Cu(Ni) film at different annealing
temperature. (@) Cu and (b) Cu(Ni).
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Fig. 4. Grain size and FWHM of (111) peak of Cu and Cu(Ni)
films prepared at various annealing temperatures.

At (111) mAE 0|83t grain
T 49 Tt 2™ 4004 FA2lst
Cu9 grain size= 37 Z7}5t= ¥HH
Ixg] A% 2 RpolE Ho|A] 9ton] Cul
C} AF2 grain size & 7HXIth
3 5= Cu, Cu(Ni) ©d &g
7] - A 542 UEH

to] o] wpe A
Zoleh. 1 5a) Cu 9
ulli) 99 dole] ks 2 5
AL F71gel wet ket ZGasted 340 £
} EAURAS Wi §AN Bo1o) Aol ¥
He= Cuol F717F 6 nmd o 77%, 16 nm 4 T
42%°]1L Cu(Ni)= 6 nm Y T 88%, 16 nm%_‘ o
a5 8 JHch Cu 9 werel g

1]
g
e
o
m
)
h”
H
rlo

groro]l wA e e vy #AE JHRE=R
FAPE FARRSSE dash do. WAE2 Cu 6
nm oAl 46 Q/sq, 16 nm oA 29 Q/sq o] Cu(Ni)
O] HAFS 6 nm oA 44.2 Q/sq, 16 nm oA 29.43
Q/sq 2 2 AolE HOJX| ¢t} mahA oxide/
metal/oxide XAl metal 202 Cu HO} =
Entes 2l CuNi)e AMgEHTHR wrh 2
Mg 4 9t

=
152
o o2



A71AR A 2 ete]=wAl, Ai32d A2 pp. 134-140, 2019'd 3E: FYAIH = 137

(a) 100
80
=
S
S
o 60
g
E
£ f
% 40
= 7 —————  Cu(6nm)
/ Cu (8nm)
Cu (10nm)
20 A Cu (12nm)
Cu (14nm)
—:—:— — Cu (16nm)
0 T T T T
300 400 500 600 700 800

Wavelength (nm)

@
S

©

N

N

—

»
a
1

IS
S
!

N

Sheet resistance (</sq)
@ w
g &
1 1

N
a
1

N
S

T T T T
10 12 14 16 18
Thickness (nm)

IS
oo
®

(b) 100

80 -1

60

40 A

Transmittance (%)
\
|
!

Cu Ni(6nm)
Cu Ni(8nm)

Cu Ni(10nm)
Cu Ni(12nm)
Cu Ni(14nm)
— — — —  CuNi@6nm)

20 A1

T T T T
300 400 500 600 700 800
Wavelength (nm)

( d) 50
\.

T T T T T T
4 6 8 10 12 14 16 18
Thickness (nm)

Sheet resistance (<¥sq)

Fig. 5. The effect of Cu layer thickness on the (a) transmittance and (c) sheet resistance. The effect of Cu(Ni) layer thickness on

the (b) transmittance and (d) sheet resistance.

3.2 Sn0,/Cu(Ni)/Sn0,2|
CIETEo AR 20 U= EM

I8 62 300~800 nm IFFFoA EA g %0
& SnOz/Cu(Ni)/SnO, tH5+x0] Edte s LERH
Zojtt. 7A@ H(400~700 nm)oflA| SnO, ©Y HF
ot FHat 80% o]de] FurE Helth

SnO,/Cu(Ni)/Sn0O; 5 A0A metalFo] F7|7F
S7TE S AAREY YhApe} mHO|AQe] EetxRE
$& F7FHAl Elo] Eutert ZaskA "ot [11]
A7F 6 nmollA 16 nm& F7tste= &¢ 7HAE FY
o] Hot T 61%0A 37%71K] A FASHAT.

O 62 Be o3HY FxoA EAYE st H
Fiert Z7Fshe A& Holil th. 250°C EA 2
2ETHR= AL ZAdo] Folgo] mEHo] A&HAQ
FHE 7HR L, Tebs JARge] Atgto] HAsto] Faf
L7t 3A F7FsHAIEE, 300°C o]de] 2woAe= F4
SollA ¥Rt Al ghito] AX} WAYste] Fabwrt
ot Z7tsHl "ot Eake+= 300°C A 7HA] ot
8% A= Z=7tste] Cu(Ni) 6 nm¥ T 68%, 16 nmd
o 47%°] P+ FieE Zh=t Cu(Ni)o] &A7F &

40 o

7Mes=s Eibwol X7} gro] Inj 300C Mt e
Arje] LEoAL EutErt 2Had ZoR oyt
2% 72 AA2)7t Sn0,/CulNi)/Sn0; T 749

]

WA lRl: G BolETh TETAL 7} Fo

WP PA= ol2ojA 9lo] AA WALL e we
Moz uehd 2 9ok,
d _ dg,0

R, = (G0 g %0 (1)

5q

Pou(ni) Psho,

AloA} Reqi= SnOz/Cu(Ni)/SnO; Th5 #+x22] A

2 UEWLL, de,vie CulNel S po, v

CuN)9] BIRIE, dg,,, Sn0:9) 7, pg, % SnO;
o] v|AFL 9ujgttt. SnO,/Cu(Ni)/SnO; FZEO|A
top¥} bottomFS O|F+= Sn0O.2] H|AE 3ol
Cu(Ni)Q] v]|A|& hol vls] ofe 27] wfjZo] A& @
A @2 CuNi)e] Ao oJEste). wafa o5+
29 AR CuNi) 59 F717F 6 nmYg ©f 175 Q
/sq, 16 nm% o 29 Q/sq S Ze=rt.

Axe] w7F 200°C7HA] WA Zdasied]



138 J Koreen Ingt. Electr. Electron. Mater. Eng., Vol. 32, No. 2, pp. 134-140, March 2019: J-W. Jeong et al.

( a) 100 (b) 100
80
g g
© 604 P
o 1=
< =
g s
2 £
2 404 2
= I S
= Cu(Ni) onm —~ =
1 — — —  cu(N)6nm
/ i Cu(Ni) 8nm
20 1 Cu(Ni) 10nm
4 Cu(Ni) 12nm
— — — —  Cu(Ni) 14nm
Cu(Ni) 16nm
0 T T T T
300 400 500 600 700 800 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
1
(C) 100 (d) 00
80 1 80
© 604 o 60
o 3
= =
g s
E £
5 40 4 2 4
= =
& &
= / S cunyomm = /% Cu(Ni) Onm
/ / —_— Cu(Ni)i 6nm / 7, —_— gtm;g:z
i Cu(Ni) 8nm
2 f Cu(Ni) 10nm 20 /// Cu(Ni) 10nm
/ Cu(Ni) 120m Cu(Ni) 120m
— — — —  Cu(Ni) 14nm —_——— gum znm
Cu(Ni) 16nm [ u(Ni) 16nm
0 T T T T 0+ T T T T
300 400 500 600 700 800 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)

Fig. 6. The transmittance of SnO,/Cu(Ni)/SnO, multi-layer structure as a function of annealing temperature. (a) as-dep (b) 200°C,
(c) 250°C, and (d) 300°C.
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Fig. 7. The sheet resistance of SnO,/Cu(Ni)/SnO, multi-layer ) ;
structure as a function of annealing temperature.

structure as a function of annealing temperature.
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