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ib
its serio

u
s d

raw
b

acks in
 p

ro
d

u
cti

vity, as th
e 

d
ep

o
siti

o
n

 rate is extrem
ely lo

w
 (1

0
0

–20
0

 Å
/m

in
). In

 ad
d

iti
o

n
, b

ecau
se 

sp
u

tt
erin

g o
ccu

rs o
n

 th
e su

b
strate sid

e, th
e su

b
strate tem

p
eratu

re rises 
co

n
sid

erab
ly, ren

d
erin

g it u
n

su
itab

le fo
r u

se w
ith

 in
exp

en
sive glass su

b
strates. 

A
n

o
th

er m
eth

o
d

 fo
r p

reven
ti

n
g d

isco
n

n
ecti

o
n

 at step
p

ed
 p

o
rti

o
n

s is to
 m

ake 
th

e step
 as grad

u
al as p

o
ssib

le. H
o

w
ever, th

is ap
p

ro
ach

 cau
ses th

e w
id

th
 o

f th
e 

step
p

ed
 regio

n
 to

 in
crease, w

h
ich

 ru
n

s co
u

n
ter to

 th
e tren

d
 to

w
ard

 fi
n

er 
p

att
ern

in
g. M

o
reo

ver, it req
u

ires setti
n

g an
d

 co
n

tro
llin

g e
tch

in
g co

n
d

iti
o

n
s 

sp
ecifi

c to
 th

e m
aterial, an

d
 th

ro
u

gh
p

u
t is lo

w
, m

akin
g it u

n
su

itab
le fo

r m
ass 

p
ro

d
u

cti
o

n
. 

[P
ro

b
lem

 to
 b

e So
lved

 b
y th

e Inven
ti

o
n

] 
Th

e o
b

ject o
f th

e p
rese

n
t inve

n
ti

o
n

 is to
 p

ro
vid

e a d
isp

lay e
lem

en
t cap

ab
le o

f 
im

p
ro

vin
g th

e reliab
ility o

f w
irin

g at th
in

-fi
lm

 w
irin

g in
tersecti

o
n

s. 
In

 gen
eral, w

h
en

 fo
rm

in
g th

in
-fi

lm
 w

irin
g b

y sp
u

tt
erin

g, th
e d

ep
o

siti
o

n
 

ch
aracteristi

cs at step
p

ed
 p

o
rti

o
n

s exh
ib

it d
irecti

o
n

ality, an
d

 d
ep

en
d

in
g o

n
 th

e 
w

irin
g p

att
ern

 at th
e step

, d
isco

n
n

ecti
o

n
 is likely to

 o
ccu

r. 
Figu

re 3
 illu

strates th
e essen

ti
al co

n
fi

gu
rati

o
n

 o
f a sp

u
tt

erin
g ap

p
aratu

s 
co

m
m

o
n

ly u
sed

 fo
r th

in
-fi

lm
 fo

rm
ati

o
n

 o
n

 relati
vely large p

an
els (su

b
strates), 

su
ch

 as liq
u

id
 crystal d

isp
lay p

an
els. B

ased
 o

n
 th

is fi
gu

re, th
e d

ep
o

siti
o

n
 

ch
aracteristi

cs o
f th

e sp
u

tt
erin

g m
eth

o
d

 w
ill b

e d
escrib

ed
. 

In
 Figu

re 3
(A

), su
b

strate 1
01

 is co
nveyed

 o
n

 p
allet 10

2 w
ith

in
 th

e sp
u

tt
erin

g 
ap

p
aratu

s. A
rro

w
 1

0
3

 in
d

icates th
e travelin

g d
irecti

o
n

 o
f p

allet 1
02

 (an
d

 
 

5
 

su
b

strate 1
0

1
). R

eferen
ce n

u
m

eral 1
04

 d
en

o
tes th

e sp
u

tt
erin

g target, w
h

ich
 is 

th
e d

ep
o

siti
o

n
 so

u
rce m

aterial. P
lasm

a rin
g 1

0
5

 is gen
erated

 in
 fro

n
t o

f 

6 
su

rface 11
1

′, w
h

ich
 faces to

w
ard

 th
e n

ear en
d

 o
f su

b
strate 1

01
, rece

ives alm
o

st n
o

 
sp

u
tt

ered
 p

arti
cles at sh

allo
w

 in
cid

en
ce an

gles. 

(2
) 

10
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sp
u

tt
erin

g target 10
4

, an
d

 argo
n

 io
n

s w
ith

in
 th

is p
lasm

a are accele
rated

 to
w

ard
 

th
e su

rface o
f sp

u
tt

erin
g target 1

04
 b

y a h
igh

 e
lectric fi

eld
 regio

n
, strikin

g th
e 

target an
d

 cau
sin

g th
e co

n
sti

tu
en

t m
aterial o

f sp
u

tt
erin

g target 10
4 to

 b
e 

scatt
ered

 an
d

 d
ep

o
sited

 as a th
in

 fi
lm

 o
n

 su
b

strate 1
01

. 
 

A
s sh

o
w

n
 in

 Figu
re 3

(B
), p

allet 1
0

2
 in

iti
ally starts fro

m
 p

o
siti

o
n

 1
05

 in
 th

e fi
gu

re, 
th

en
 p

ro
ceed

s th
ro

u
gh

 p
o

siti
o

n
s 1

0
6

 an
d

 1
0

7
, th

ereb
y co

m
p

leti
n

g d
ep

o
siti

o
n

 o
f 

a fi
lm

 h
avin

g th
e p

rescrib
ed

 th
ickn

ess. A
s a resu

lt, th
e fi

lm
 fo

rm
ed

 o
n

 su
b

strate 
1

0
1

 exh
ib

its a h
igh

ly u
n

ifo
rm

 th
ickn

ess d
istrib

u
ti

o
n

 an
d

 p
arti

cle in
cid

en
ce h

isto
ry 

alo
n

g th
e su

b
strate travelin

g d
irecti

o
n

. 
Figu

re 4
 illu

strates th
e co

verage ch
aracteristi

cs o
f th

e d
ep

o
sited

 fi
lm

 at step
 

p
o

rti
o

n
s o

n
 th

e su
b

strate. In
 Figu

re 4
(a), th

e relati
o

n
sh

ip
 b

etw
ee

n
 travelin

g 
d

irecti
o

n
 1

03
 an

d
 step

 p
o

rti
o

n
 1

0
8 is sh

o
w

n
. Step

 p
o

rti
o

n
 1

0
8

, w
h

ich
 in

clu
d

es 
th

e lo
w

er w
irin

g fi
lm

 (an
d

 in
su

lati
n

g fi
lm

), is o
rien

ted
 p

erp
en

d
icu

lar to
 travelin

g 
d

irecti
o

n
 1

03
. Th

e su
rfaces fo

rm
in

g step
 p

o
rti

o
n

 1
0

8
, n

am
ely su

rfaces 109
 an

d
 

1
1

0
, face travelin

g d
irecti

o
n

 1
03

 an
d

 reverse d
irecti

o
n

 1
03

′, resp
ecti

vely. A
s 

p
allet 1

02
 m

o
ves fro

m
 p

o
siti

o
n

 1
0

5 to
 p

o
siti

o
n

s 1
06

 an
d

 1
0

7
, as sh

o
w

n
 in

 Figu
re 

3
(B

), sp
u

tt
ered

 p
arti

cles b
egin

 to
 im

p
in

ge u
p

o
n

 su
rface 10

9 at a sh
allo

w
 an

gle 
relati

ve to
 su

b
strate 1

0
1

. A
t p

o
siti

o
n

 1
0

7, su
b

stan
ti

ally n
o

 d
ep

o
siti

o
n

 o
ccu

rs o
n

 
su

rface 10
9

. Su
rface 1

10
 receives sp

u
tt

ered
 p

arti
cles in

 th
e reverse seq

u
en

ce 
relati

ve to
 su

rface 1
0

9
, likew

ise at a sh
allo

w
 an

gle. A
cco

rd
in

gly, as sh
o

w
n

 in
 

Figu
re 4

(b
), th

e co
verage ch

aracteristi
cs o

f th
e step

-fo
rm

in
g su

rfaces o
rien

ted
 

p
erp

en
d

icu
lar to

 th
e travelin

g d
irecti

o
n

 o
f su

b
strate 1

0
1

 resu
lt in

 a n
early 

sym
m

etrical d
ep

o
siti

o
n

 p
ro

fi
le

 o
n

 b
o

th
 sid

es o
f step

 p
o

rti
o

n
 1

08
. 

 
U

p
 to

 th
is p

o
in

t, fi
lm

 d
ep

o
siti

o
n

 h
as b

een
 d

escrib
ed

 alo
n

g th
e travelin

g 
d

irecti
o

n
 o

f su
b

strate 1
0

1
. N

ext, d
ep

o
siti

o
n

 ch
aracteristi

cs in
 th

e d
irecti

o
n

 
p

erp
en

d
icu

lar to
 th

e travelin
g d

irecti
o

n
 w

ill b
e co

n
sid

ered
. 

Figu
re 5

, sim
ilar to

 Figu
re 4

, illu
strates th

e p
o

siti
o

n
al relati

o
n

sh
ip

 b
etw

een
 

su
b

strate 1
0

1
 an

d
 sp

u
tt

erin
g target 1

0
4

. In
 th

is case, th
e travelin

g d
irecti

o
n

 o
f 

p
allet 1

02
 is p

erp
en

d
icu

lar to
 th

e p
lan

e o
f th

e p
age. A

gain
, a step

 fo
rm

ed
 o

n
 

su
b

strate 1
0

1
 is co

n
sid

ered
. In

 th
is in

stan
ce, th

e step
 is align

ed
 w

ith
 th

e travelin
g 

d
irecti

o
n

 o
f p

allet 1
0

2
, as sh

o
w

n
 in

 Figu
re 4(a), an

d
 th

e su
rface fo

rm
in

g th
e step

 
faces a d

irecti
o

n
 p

erp
en

d
icu

lar to
 th

e travelin
g d

irecti
o

n
 o

f p
allet 1

02
 

(h
erein

aft
er referred

 to
 as d

irecti
o

n
 1

1
4

). A
s sh

o
w

n
 in

 Figu
re 5

, th
ree p

o
siti

o
n

s—
1

1
1

, 1
12

, an
d

 1
13

—
are d

efi
n

ed
 alo

n
g d

irecti
o

n
 1

1
4 (i.e., p

erp
en

d
icu

lar to
 th

e 
travelin

g d
irecti

o
n

), co
rresp

o
n

d
in

g resp
ecti

vely to
 th

e n
ear e

n
d

, cen
tral p

o
rti

o
n

, 
an

d
 far en

d
 o

f su
b

strate 1
01

. D
ep

o
siti

o
n

 o
n

to
 step

 p
o

rti
o

n
s at th

ese p
o

siti
o

n
s is 

exam
in

ed
, w

h
ere th

e step
-fo

rm
in

g su
rfaces are o

rien
ted

 p
erp

en
d

icu
lar to

 
travelin

g d
irecti

o
n

 1
03

 o
f p

allet 10
2

. A
t p

o
siti

o
n

 1
12

, sp
u

tt
ered

 p
arti

cles arrive 
eq

u
ally fro

m
 b

o
th

 en
d

s o
f sp

u
tt

erin
g target 1

0
4

, p
ro

d
u

cin
g sym

m
etrical co

verage 
ch

aracteristi
cs o

n
 b

o
th

 sid
es o

f th
e step

, as illu
strated

 in
 Figu

re 6
(a). A

t p
o

siti
o

n
 

1
1

1
, h

o
w

ever, step
-fo

rm
in

g 
 

A
cco

rd
in

gly, th
e co

verage ch
aracteristi

cs o
f th

e step
 at p

o
siti

o
n

 1
1

1
 co

rresp
o

n
d

 to
 

th
o

se sh
o

w
n

 in
 Figu

re 6
(b

). W
ith

 resp
ect to

 th
e step

 p
o

rti
o

n
 at p

o
siti

o
n

 1
13

 o
f 

su
b

strate 1
0

1
 in

 Figu
re 5

, its co
verage ch

aracteristi
cs are th

e reverse o
f th

o
se at 

p
o

siti
o

n
 1

11
, an

d
 th

erefo
re d

etailed
 exp

lan
ati

o
n

 is o
m

itt
ed

 h
ere.  

Fro
m

 Figu
res 6

(b
) an

d
 6

(c), it can
 b

e u
n

d
ersto

o
d

 th
at, fo

r step
-fo

rm
in

g su
rfaces 

o
rien

ted
 p

erp
en

d
icu

lar to
 travelin

g d
irecti

o
n

 1
0

3 o
f su

b
strate 1

0
1

, w
h

en
 su

ch
 step

s 
are lo

cated
 n

ear th
e e

d
ge o

f su
b

strate 10
1, co

verage b
y sp

u
tt

ered
 p

arti
cles 

b
eco

m
es p

o
o

r, freq
u

en
tly resu

lti
n

g in
 d

isco
n

n
ecti

o
n

 d
efects. To

 avo
id

 su
ch

 
d

isco
n

n
ecti

o
n

 d
efects, it h

as b
een

 co
nven

ti
o

n
al p

racti
ce to

 em
p

lo
y sp

u
tt

erin
g 

target 10
4 o

f su
ffi

cien
tly large size, even

 in
 d

ep
o

siti
o

n
 m

eth
o

d
s w

h
ere th

e target is 
o

rien
ted

 p
erp

en
d

icu
lar to

 travelin
g d

irecti
o

n
 1

0
3 o

f su
b

strate 1
0

1
. H

o
w

ever, th
is 

co
nven

ti
o

n
al ap

p
ro

ach
 en

tails e
n

largem
en

t o
f th

e sp
u

tt
erin

g ap
p

aratu
s, o

r 
altern

ati
vely req

u
ires red

u
cti

o
n

 in
 su

b
strate size o

r red
u

cti
o

n
 in

 th
e n

u
m

b
er o

f 
su

b
strates p

ro
cessed

—
n

o
n

e o
f w

h
ich

 p
ro

vid
e id

eal so
lu

ti
o

n
s. 

[O
b

jecti
ve o

f th
e Inven

ti
o

n
] 

Th
e p

u
rp

o
se o

f th
e p

resen
t in

ven
ti

o
n

 is to
 im

p
ro

ve th
e d

eterio
rati

o
n

 in
 sp

u
tt

ered
 

p
arti

cle co
verage ch

aracteristi
cs at th

e e
d

ge p
o

rti
o

n
s o

f th
e su

b
strate, w

h
ich

 resu
lts 

in
 d

isco
n

n
ecti

o
n

 d
efects at step

 p
o

rti
o

n
s fo

rm
ed

 in
 w

irin
g in

tersecti
o

n
s. Th

e 
inven

ti
o

n
 se

eks to
 p

ro
vid

e a tech
n

iq
u

e fo
r fo

rm
in

g w
irin

g th
at u

n
ifo

rm
ly co

vers 
step

 p
o

rti
o

n
s acro

ss th
e en

ti
re su

b
strate w

ith
o

u
t d

ro
p

o
u

t. A
t th

e sam
e ti

m
e, b

y 
im

p
ro

vin
g co

verage ch
aracteristi

cs, th
e in

ven
ti

o
n

 aim
s to

 in
crease th

e p
ro

cess 
m

argin
 in

 th
e m

an
u

factu
re o

f d
isp

lay elem
en

ts an
d

 to
 en

h
an

ce p
ro

d
u

ct reliab
ility. 

[M
e

an
s fo

r So
lvin

g th
e P

ro
b

lem
] 

Th
e ab

o
ve o

b
jecti

ve is ach
ieved

 b
y a d

isp
lay e

lem
en

t co
m

p
risin

g: a lo
w

er w
irin

g 
fi

lm
 p

ro
vid

ed
 at a p

red
eterm

in
ed

 p
o

siti
o

n
 o

n
 a su

b
strate, an

 in
su

lati
n

g fi
lm

 fo
rm

ed
 

o
ver th

e su
b

strate an
d

 th
e lo

w
er w

irin
g fi

lm
, an

d
 an

 u
p

p
er w

irin
g fi

lm
 fo

rm
ed

 b
y 

sp
u

tt
erin

g o
n

 th
e in

su
lati

n
g fi

lm
, su

ch
 th

at a p
o

rti
o

n
 in

tersects w
ith

 th
e lo

w
er 

w
irin

g fi
lm

. Th
e p

o
rti

o
n

 o
f th

e lo
w

er w
irin

g fi
lm

 in
tersecti

n
g w

ith
 th

e u
p

p
er w

irin
g 

fi
lm

 in
clu

d
es: a fi

rst regio
n

 arran
ged

 p
arallel to

 th
e su

b
strate travelin

g d
irecti

o
n

 
d

u
rin

g sp
u

tt
erin

g o
f th

e u
p

p
er w

irin
g fi

lm
, an

d
 a se

co
n

d
 regio

n
 arran

ged
 

p
erp

en
d

icu
lar to

 th
e su

b
strate travelin

g d
irecti

o
n

. O
n

 b
o

th
 sid

es o
f th

e fi
rst regio

n
 

o
f th

e lo
w

er w
irin

g fi
lm

, p
ro

jecti
o

n
s are fo

rm
ed

 exten
d

in
g in

 a d
irecti

o
n

 
p

erp
en

d
icu

lar to
 th

e su
b

strate travelin
g d

irecti
o

n
 d

u
rin

g sp
u

tt
erin

g o
f th

e u
p

p
er 

w
irin

g fi
lm

. O
n

 b
o

th
 sid

es o
f th

e seco
n

d
 regio

n
 o

f th
e lo

w
er w

irin
g fi

lm
, p

ro
jecti

o
n

s 
are fo

rm
ed

 exten
d

in
g p

arallel to
 th

e su
b

strate travelin
g d

irecti
o

n
. Th

ese 
p

ro
jecti

o
n

s, to
geth

er w
ith

 th
e in

su
lati

n
g fi

lm
 fo

rm
ed

 th
ereo

n
, d

efi
n

e step
p

ed
 

su
rfaces in

 m
u

lti
p

le d
irecti

o
n

s, w
h

erein
 at least o

n
e o

f said
 step

p
ed

 su
rfaces allo

w
s 

sp
u

tt
ered

 p
arti

cles to
 b

e in
cid

en
t at a sh

allo
w

 an
gle, th

ereb
y fo

rm
in

g a step
 p

o
rti

o
n

 
w

ith
 im

p
ro

ved
 co

verage ch
aracteristi

cs. 

  
7

 
A

cco
rd

in
g to

 th
e p

resen
t inven

ti
o

n
, a p

att
ern

 is p
ro

vid
ed

 in
 w

h
ich

 step
-fo

rm
in

g 
su

rfaces are o
rien

ted
 in

 m
u

lti
p

le d
irecti

o
n

s, an
d

 at least o
n

e o
f su

ch
 su

rfaces is 

8 
Figu

re 8
(a) sh

o
w

s th
e cro

ss-secti
o

n
 alo

n
g lin

e A
–A

′ o
f Figu

re 1
. In

 th
is fi

gu
re, sin

ce 
th

e su
rface fo

rm
in

g th
e step

 cu
t b

y A
–A

′ in
 Figu

re 1
 faces th

e p
allet travelin

g 

(3
) 
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co
n

fi
gu

red
 to

 allo
w

 sp
u

tt
ered

 p
arti

cles to
 b

e in
cid

en
t at a sh

allo
w

 an
gle. In

 th
is 

m
an

n
er, th

e o
b

jecti
ves o

f th
e inven

ti
o

n
 d

escrib
ed

 ab
o

ve are realized
. 

Th
at is, as d

escrib
ed

 in
 th

e secti
o

n
 o

n
 p

ro
b

lem
s w

ith
 co

nven
ti

o
n

al tech
n

o
lo

gy, 
d

u
rin

g sp
u

tt
erin

g d
ep

o
siti

o
n

 o
f th

e u
p

p
er w

irin
g layer, th

e step
 p

o
rti

o
n

 fo
rm

ed
 b

y 
th

e lo
w

er w
irin

g layer an
d

 th
e in

su
lati

n
g layer d

ep
o

sited
 th

ereo
n

 exh
ib

its favo
rab

le 
co

verage ch
aracteristi

cs o
n

 th
e su

rface facin
g th

e p
allet travelin

g d
irecti

o
n

, o
w

in
g to

 
sym

m
etrical p

arti
cle in

cid
en

ce. C
o

n
seq

u
en

tly, d
isco

n
n

ecti
o

n
 o

f th
e u

p
p

er w
irin

g 
layer can

 b
e p

reven
ted

.  
[Em

b
o

d
im

en
ts o

f th
is inven

ti
o

n
] 

A
n

 e
m

b
o

d
im

en
t o

f th
e p

resen
t inven

ti
o

n
 w

ill n
o

w
 b

e d
escrib

ed
 w

ith
 referen

ce to
 

Figu
res 1

 an
d

 7
 th

ro
u

gh
 9

. 
Figu

re 7
 illu

strates a state in
 w

h
ich

 lo
w

er w
irin

g layer 7
0

1
 is fo

rm
ed

 o
n

 su
b

strate 
1

01
. In

 th
is co

n
fi

gu
rati

o
n

, p
ro

tru
sio

n
s 7

01
′ are p

ro
vid

ed
 o

n
 b

o
th

 sid
es o

f th
e 

in
tersecti

o
n

 regio
n

 o
f lo

w
er w

irin
g layer 7

0
1

 an
d

 th
e u

p
p

er w
irin

g layer 70
3

 to
 b

e 
su

b
seq

u
en

tly fo
rm

ed
. Sp

ecifi
cally, lo

w
er w

irin
g layer 70

1
 in

 Figu
re 7 is d

isp
o

sed
 

verti
cally an

d
 h

o
rizo

n
tally o

n
 su

b
strate 10

1
, an

d
 its in

term
ed

iate p
o

rti
o

n
 in

tersects 
w

ith
 u

p
p

er w
irin

g layer 7
0

3 as sh
o

w
n

 in
 Figu

re 1
. Th

at is, th
e p

o
rti

o
n

 o
f lo

w
er w

irin
g 

layer 7
01

 in
tersecti

n
g w

ith
 u

p
p

er w
irin

g layer 7
0

3 in
clu

d
es a fi

rst se
cti

o
n

 7
01

a 
align

ed
 p

arallel to
 p

allet travelin
g d

irecti
o

n
 1

0
3

 d
u

rin
g sp

u
tt

erin
g, an

d
 a seco

n
d

 
secti

o
n

 70
1

b
 align

ed
 p

erp
en

d
icu

lar to
 said

 d
irecti

o
n

. P
ro

tru
sio

n
s 7

01
′ are fo

rm
ed

 o
n

 
b

o
th

 sid
es o

f fi
rst secti

o
n

 7
0

1
a, exten

d
in

g in
 a d

irecti
o

n
 p

erp
en

d
icu

lar to
 travelin

g 
d

irecti
o

n
 1

03
. Sim

ilarly, p
ro

tru
sio

n
s 7

01
′ are fo

rm
ed

 o
n

 b
o

th
 sid

es o
f se

co
n

d
 secti

o
n

 
7

01
b

, exten
d

in
g p

arallel to
 travelin

g d
irecti

o
n

 1
03

. Th
ese p

ro
tru

sio
n

s 7
01

′, to
geth

er 
w

ith
 in

su
lati

n
g layer 7

0
2

 fo
rm

ed
 o

n
 lo

w
er w

irin
g layer 7

01
, d

efi
n

e step
-fo

rm
in

g 
su

rfaces o
rien

ted
 in

 m
u

lti
p

le d
irecti

o
n

s. A
cco

rd
in

gly, w
h

en
 u

p
p

er w
irin

g layer 7
03

 is 
su

b
seq

u
en

tly d
ep

o
sited

 b
y sp

u
tt

erin
g, at least o

n
e o

f said
 step

-fo
rm

in
g su

rfaces 
rece

ives sp
u

tt
ered

 p
arti

cles at a sh
allo

w
 an

gle, th
ereb

y ach
ievin

g favo
rab

le co
verage 

ch
aracteristi

cs.  
A

ft
er fo

rm
in

g lo
w

er w
irin

g layer 7
01

 as d
escrib

ed
 ab

o
ve, in

su
lati

n
g layer 702

 w
as 

d
ep

o
sited

, as sh
o

w
n

 in
 Figu

res 8
(a) th

ro
u

gh
 8

(d
). Fo

r lo
w

er w
irin

g layer 70
1

, 
ch

ro
m

iu
m

 w
as em

p
lo

yed
. Th

e fi
lm

 th
ickn

ess w
as 3

0
0 n

m
. In

su
lati

n
g layer 7

02
 w

as 
fo

rm
ed

 b
y a p

lasm
a C

V
D

 m
eth

o
d

 u
sin

g a silico
n

 n
itrid

e (SiN
) fi

lm
. Th

e th
ickn

ess o
f 

in
su

lati
n

g layer 7
0

2 w
as likew

ise 3
0

0
 n

m
. Th

e w
id

th
 o

f lo
w

er w
irin

g layer 7
0

1 w
as 1

2 
μ

m
, an

d
 p

ro
tru

sio
n

s 7
0

1
a an

d
 7

0
1

b
 e

ach
 h

ad
 a len

gth
 o

f 6
 μ

m
 an

d
 a w

id
th

 o
f 6

 μ
m

. 
In

su
lati

n
g layer 7

0
2

 w
as d

ep
o

sited
 o

ver th
e su

b
strate an

d
 lo

w
er w

irin
g layer 70

1
, 

co
n

fo
rm

in
g to

 th
e sh

ap
e o

f lo
w

er w
irin

g layer 7
0

1 in
clu

d
in

g its p
ro

tru
sio

n
s. 

Su
b

seq
u

en
tly, u

p
p

er w
irin

g layer 7
0

3
 w

as fo
rm

ed
 b

y sp
u

tt
erin

g so
 as to

 p
ass d

irectly 
o

ver p
ro

tru
sio

n
s 70

1
′ o

f in
su

lati
n

g layer 7
0

2
. U

p
p

er w
irin

g layer 7
03

 w
as also

 
fo

rm
ed

 o
f ch

ro
m

iu
m

, h
avin

g a th
ickn

ess o
f 3

0
0

 n
m

 an
d

 a w
id

th
 o

f 1
2

 μ
m

. 
 

 

d
ire

cti
o

n
 1

03
, th

e co
verage ch

aracteristi
cs o

f sp
u

tt
ered

 p
arti

cles are favo
rab

le, an
d

 
u

p
p

er w
irin

g fi
lm

 7
03

 assu
m

es a sym
m

etrical p
ro

fi
le. 

H
o

w
ever, w

ith
 resp

ect to
 th

e step
-fo

rm
in

g su
rfaces sh

o
w

n
 in

 Figu
re 8(b

), th
e 

co
verage ch

aracteristi
cs o

f sp
u

tt
ered

 p
arti

cles are n
o

t favo
rab

le. Figu
re 8

(b
) 

co
rresp

o
n

d
s to

 th
e cro

ss-secti
o

n
s alo

n
g lin

es B
–B

′ an
d

 C
–C

′ o
f Figu

re 1
. 

Figu
re 8

(c) sh
o

w
s th

e cro
ss-secti

o
n

 alo
n

g lin
e D

–D
′ o

f Figu
re 1

. In
 th

is case, th
e 

step
-fo

rm
in

g su
rface cu

t b
y D

–D
′ is o

rien
ted

 p
erp

en
d

icu
lar to

 th
e

 travelin
g d

irecti
o

n
 

1
03

, an
d

 th
u

s th
e sym

m
etry o

f th
e co

verage ch
aracteristi

cs o
f sp

u
tt

ered
 p

arti
cles is 

p
o

o
r. C

o
nversely, as sh

o
w

n
 in

 Figu
re 8

(d
), w

ith
 resp

ect to
 th

e step
-fo

rm
in

g su
rfaces 

cu
t b

y lin
es E–

E′ an
d

 F–F′ o
f Figu

re 1
, th

e co
verage ch

aracteristi
cs exh

ib
it go

o
d

 
sym

m
etry. 

 
A

s d
escrib

ed
 ab

o
ve, p

ro
tru

sio
n

s 70
1

′ are p
ro

vid
ed

 at e
ach

 in
tersecti

o
n

 b
etw

een
 

lo
w

er w
irin

g layer 7
0

1
 an

d
 u

p
p

er w
irin

g layer 7
0

3
. Th

ese p
ro

tru
sio

n
s 7

01
′, to

geth
er 

w
ith

 in
su

lati
n

g layer 70
2

 d
ep

o
sited

 th
ereo

n
, fo

rm
 step

 p
o

rti
o

n
s h

avin
g m

u
lti

-
d

irecti
o

n
al su

rfaces. A
ft

er fo
rm

ati
o

n
 o

f th
ese

 step
 p

o
rti

o
n

s, u
p

p
er w

irin
g layer 7

03
 

is d
ep

o
sited

 b
y sp

u
tt

erin
g. In

 th
e regio

n
 w

h
ere u

p
p

er w
irin

g layer 70
3

 in
tersects 

fi
rst p

o
rti

o
n

 7
01

a o
f lo

w
er w

irin
g layer 70

1
, sp

u
tt

ered
 p

arti
cle co

verage is p
o

o
r at 

th
e cro

ss-secti
o

n
al area p

erp
en

d
icu

lar to
 p

allet travel d
irecti

o
n

 1
0

3
, as sh

o
w

n
 in

 
Figu

re 8
(b

). H
o

w
ever, as sh

o
w

n
 in

 Figu
re 8

(a), favo
rab

le sym
m

etrical co
verage is 

o
b

tain
ed

 at th
e cro

ss-secti
o

n
al area p

arallel to
 travel d

irecti
o

n
 1

03
. Likew

ise, in
 th

e 
regio

n
 w

h
ere u

p
p

er w
irin

g layer 7
03

 in
tersects seco

n
d

 p
o

rti
o

n
 7

0
1

b
 o

f lo
w

er w
irin

g 
layer 7

01
, co

verage is p
o

o
r at th

e cro
ss-secti

o
n

al area p
erp

en
d

icu
lar to

 travel 
d

irecti
o

n
 1

03
, as sh

o
w

n
 in

 Figu
re 8

(c). Yet, as sh
o

w
n

 in
 Figu

re 8
(d

), favo
rab

le 
sym

m
etrical co

verage is o
b

tain
ed

 at th
e cro

ss-secti
o

n
al area p

arallel to
 travel 

d
irecti

o
n

 1
03

. A
cco

rd
in

gly, in
 th

e regio
n

s w
h

ere u
p

p
er w

irin
g layer 7

0
3 in

tersects 
step

 p
o

rti
o

n
s fo

rm
ed

 b
y lo

w
er w

irin
g layer 7

0
1

 an
d

 in
su

lati
n

g layer 70
2, at least 

o
n

e o
f th

e cro
ss-secti

o
n

al areas exh
ib

its favo
rab

le sp
u

tt
ered

 p
arti

cle co
verage 

ch
aracteristi

cs. Th
u

s, d
isco

n
n

ecti
o

n
 failu

res in
 u

p
p

er w
irin

g layer 70
3

 at th
e step

 
p

o
rti

o
n

s can
 b

e reliab
ly p

reven
ted

. Figu
re 9

 illu
strates th

e eff
ect o

f th
e p

resen
t 

inven
ti

o
n

. In
 th

is fi
gu

re, th
e verti

cal axis rep
rese

n
ts th

e n
u

m
b

er o
f d

isco
n

n
ecti

o
n

 
failu

res p
er 1

,000
 alu

m
in

u
m

 u
p

p
er w

irin
g lin

es, an
d

 th
e h

o
rizo

ntal axis rep
rese

nts 
th

e th
ickn

ess o
f th

e u
p

p
er w

irin
g layer. 

Th
e test p

att
ern

 co
m

p
rises 5

00
 step

 p
o

rti
o

n
s o

rien
ted

 in
 m

u
tu

ally o
rth

o
go

n
al 

d
irecti

o
n

s, as sh
o

w
n

 in
 Figu

res 1
 an

d
 7

. C
u

rve 91
 rep

resen
ts th

e n
u

m
b

er o
f failu

res 
w

h
en

 fab
ricated

 b
y co

nven
ti

o
n

al tech
n

iq
u

es, w
h

ereas cu
rve 9

2 rep
rese

n
ts th

e 
n

u
m

b
er o

f failu
res w

h
en

 fab
ricated

 b
y th

e tech
n

iq
u

e o
f th

e p
resen

t inven
ti

o
n

. In
 

th
is exp

erim
en

t, th
e step

s w
ere fo

rm
ed

 in
 a silico

n
 o

xid
e fi

lm
, h

avin
g a h

eigh
t o

f 0
.6

 
μ

m
 an

d
 a rise an

gle o
f ap

p
ro

xim
ately 8

0
°. Th

e p
itch

 b
etw

ee
n

 step
s w

as 1
00

 μ
m

, th
e 

w
irin

g w
id

th
 w

as 1
2

 μ
m

, an
d

 th
e sp

acin
g b

etw
ee

n
 step

s (exclu
d

in
g p

ro
tru

sio
n

s) 
w

as 7
0

 μ
m

. Th
e p

ro
tru

sio
n

s m
easu

red
 6

 μ
m

 ×
 6

 μ
m

. 
 

9 
In

 co
n

ven
ti

o
n

al tech
n

o
lo

gy, th
e n

u
m

b
er o

f d
efects d

o
es n

o
t reach

 zero
 u

n
less th

e 
alu

m
in

u
m

 fi
lm

 th
ickn

ess excee
d

s 2
0

0
 n

m
. In

 co
n

trast, w
ith

 th
e tech

n
iq

u
e o

f th
e 

p
rese

n
t inven

ti
o

n
, th

e d
efect co

u
n

t reach
es zero

 b
egin

n
in

g at a th
ickn

ess o
f 1

0
0

 
n

m
. 

1
0 

d
irecti

o
n

 o
f sp

u
tt

ered
 p

arti
cles in

 a typ
ical sp

u
tt

erin
g ap

p
aratu

s. 
Figu

res 6
(a), 6

(b
), an

d
 6

(c) are exp
lan

ato
ry cro

ss-secti
o

n
al view

s sh
o

w
in

g fi
lm

s 
d

ep
o

sited
 b

y sp
u

tt
ered

 p
arti

cles o
n

 resp
ecti

ve step
 p

o
rti

o
n

s o
f a w

irin
g fi

lm
 

in
tersecti

o
n

 o
n

 a su
b

strate as illu
strated

 in
 Figu

re 5
. 

(4
) 

10
 

20
 

30
 

40
 

Page 5 BOE v. Samsung IPR2025-01477 
Ex-1027



Jap
an

ese
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u
b
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 Paten
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Th
ese

 exp
erim

en
tal resu

lts d
em

o
n

strate th
at, b

y p
ro

vid
in

g m
u

lti
p

le step
-fo

rm
in

g 
su

rfaces h
avin

g d
iff

erin
g o

rien
tati

o
n

s, th
e p

rese
n

t inven
ti

o
n

 e
n

ab
les eff

ecti
ve 

d
ep

o
siti

o
n

 o
f sp

u
tt

ered
 p

arti
cles even

 at sh
allo

w
 an

gles, th
ereb

y ach
ievin

g h
igh

ly 
reliab

le w
irin

g fi
lm

s. In
 th

is em
b

o
d

im
en

t, d
irecti

o
n

al variati
o

n
 o

f th
e step

-fo
rm

in
g 

su
rfaces w

as im
p

lem
en

ted
 u

sin
g th

e p
ro

tru
sio

n
 p

att
ern

 7
01

′ sh
o

w
n

 in
 Figu

re 7
. 

H
o

w
ever, an

 inverted
 co

n
cave p

att
ern

 m
ay also

 b
e ad

o
p

ted
. In

 eith
er case, th

e 
tech

n
ical co

n
cep

t o
f th

e p
rese

n
t inven

ti
o

n
 resid

es in
 fo

rm
in

g step
 su

rfaces w
ith

 
d

iff
erin

g o
rien

tati
o

n
s w

ith
in

 th
e step

 p
o

rti
o

n
. 

[Eff
ect o

f th
e In

ven
ti

o
n

] 
A

s d
escrib

ed
 ab

o
ve, acco

rd
in

g to
 th

e p
resen

t inven
ti

o
n

, p
ro

tru
sio

n
s are fo

rm
ed

 o
n

 
b

o
th

 sid
es o

f th
e fi

rst p
o

rti
o

n
 o

f th
e lo

w
er w

irin
g layer in

 a d
irecti

o
n

 p
erp

en
d

icu
lar 

to
 th

e su
b

strate
’s travel d

irecti
o

n
 d

u
rin

g sp
u

tt
erin

g o
f th

e u
p

p
er w

irin
g layer. 

Likew
ise, p

ro
tru

sio
n

s are fo
rm

ed
 o

n
 b

o
th

 sid
es o

f th
e seco

n
d

 p
o

rti
o

n
 o

f th
e lo

w
er 

w
irin

g layer in
 a d

irecti
o

n
 p

arallel to
 th

e su
b

strate
’s travel d

irecti
o

n
. Th

ese 
p

ro
tru

sio
n

s, to
geth

er w
ith

 th
e in

su
lati

n
g layer fo

rm
ed

 th
ereo

n
, d

efi
n

e step
 

su
rfaces in

 m
u

lti
p

le d
irecti

o
n

s. A
t least o

n
e o

f th
ese su

rfaces is o
rien

ted
 su

ch
 th

at 
sp

u
tt

ered
 p

arti
cles are in

cid
en

t at a sh
allo

w
 an

gle, th
ereb

y fo
rm

in
g a step

 p
o

rti
o

n
 

w
ith

 favo
rab

le co
verage ch

aracteristi
cs. 

C
o

n
seq

u
en

tly, th
e su

rface o
f th

e step
 p

o
rti

o
n

 facin
g th

e p
allet travel d

irecti
o

n
 

exh
ib

its sym
m

etrical co
verage, p

reven
ti

n
g d

isco
n

n
ecti

o
n

 o
f th

e u
p

p
er w

irin
g layer 

an
d

 im
p

ro
vin

g o
verall reliab

ility. 
[B

rief D
escrip

ti
o

n
 o

f th
e D

raw
in

gs] 
Figu

re 1
 is a p

lan
 view

 illu
strati

n
g a p

rin
cip

al p
o

rti
o

n
 o

f o
n

e em
b

o
d

im
en

t o
f th

e 
p

rese
n

t inven
ti

o
n

. 
Figu

re 2
(A

) is an
 exp

lan
ato

ry cro
ss-secti

o
n

al view
 o

f a w
irin

g fi
lm

 in
tersecti

o
n

 
acco

rd
in

g to
 co

nven
ti

o
n

al tech
n

o
lo

gy, an
d

 Figu
re 2

(B
) is an

 exp
lan

ato
ry cro

ss-
secti

o
n

al view
 o

f an
o

th
er w

irin
g fi

lm
 in

tersecti
o

n
 acco

rd
in

g to
 co

nven
ti

o
n

al 
tech

n
o

lo
gy. 

Figu
res 3

(A
) an

d
 3

(B
) are exp

lan
ato

ry d
iagram

s sh
o

w
in

g th
e p

o
siti

o
n

al relati
o

n
sh

ip
 

b
etw

ee
n

 a sp
u

tt
erin

g target, a d
ep

o
siti

o
n

 su
b
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