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The Resistivity Properties of Tungsten Nitride Films
Deposited by RF Sputtering

oM, HEZ, oy

(Woo-Sun Lee, Yong-Ho Chung, Sang-Il Lee)
Abstract

We presented Tungsten and Tungsten Nitride thin films deposited by RF and DC sputtering. It
deposited at various conditions that determining the resistivity and sheet resistivity by stabilizing
the basic theorv. We investigated propertics of the resistivity and sheet resistivity of these films
under various conditions, temperature of substrate. flow rate of the argon gas and content of
nitrogen from nitrogen-argon mixtures. As the temperature of substrate increased and the flow rate
of the argon gns decreased. the resistivities of these films reduced by structual transformation. We
found that these resistivities were depend on the temperature of substrate, flow rate and electric
power. Very highly resistive tungsten films obtained at 10W RF power. On the contrary, we found
that films deposited by DC sputtering, from which very lowly resistive tungsten films were
obtained. Tungsten nitride thin films deposited by reactive DC sputtering and the resistivities of
these films increased as the content of nitrogen gas increased from nitrogen-argon mixture. And
also we found the results show very good agreement, compared with experimental data.

Key Words(ZR280{) : Tungsten(&AH!), RF Sputtering(2 =it AHE{R) Resistivity(X{ &), Sheet
Resistance(H X &),

LA 2 T OHREYT o] RS & of=F rhxe] o] 4
A pE bt HbAYE BoldA nAEFTE A
Adgzel g a4 vrd =, whEAl, A= Barel gol A 9] B ZiAioln
SAA Soz e £ iy AR E 2 72e ayg Jvepdte o] d4FFHAT 2
g g dRulire] Wol AREHAL gtk 1 o] gl aelA ubdo] I AFLEA WC, WTi,
#ub VLSI stol M aleletste] #7149 H54 WOs, WNEo] g w glony’ ™ fiy® CVD
go] =i H7|A o] & (Electromigration) 7, of ojste] FaE wdrejrh. ojul Z7le] B2
Alloy B&o] £7 @& o] ofA ol7le ® dowlg EElESe WEsEo 2 HEREE
317] $1ff¥ ol:p7h Wasl 3 gleh 199341 Wal- Zkar glo) Htmale] FE&ABEEA AP Fe] v
wavers £33 opmd 7hzctels) wjA el b ot Fake) ojg g wEo AMEA 21 U
g é‘”’* g BElM Hade] 7RG E th Bame il Aol gloja] Adel: B vl
Aapgint” Eehzet i}?é gl g awl A sehel 2 ozeke] Hg, gR Aol Fu WL WA
ArFE Aojd wE éﬁﬂi}c’l At A apol A 142 U4, g el Bolstm Reactive ion
B dre T&9Y H rqaw ul A o] F7pgtrt etching¢] Wyow 2 zko] golaty o]FofA
4= oial i HeE 2 vl dEe MY F
w0 2AdS I A7) EEd atel Farolr), e WA FET GERFLL
HAEdat 19949 1148 3% 2ufo]4t ¥ om Step coverage® Bl FH T 5
AArekz 0199%9 1€ 99 g 7hx 5 gich 1ein g AolE H=E g avt

1%



N
-

2
o

+
rir
o3
N

)

[
1

o %
=

3
Ob
<
o
.
8
‘,o
N

d "'h' o}
QO O

U aoao oy
m T

m R oo
—

o

0 o e
e
iy

=)
o
i
W
2
U
1
S
e
=
8
Y
U
~
—_
ol
)
o %

2t

el el wbulo. Zaka]l Z
7k stk o
$oli- mdupoto @Al AbgH
Hb o 7 A= o)
J ) #H ol WN
}.ooel el U E]l~ElA
o 2 7] o
%l Schottky contact 543 &
SEEESELLRE

tky

o

)
>
Rl

[

;
o

EA o TiN drato] go]

e

LRI
T

_ —153
12
lo

Tore
ey

L
~N
S
N,
o2

U1

~0
=

oug dHlAH :ﬂ_%o]

e TS i S 1)

RENE)
o 2
g(‘*

Figols PTG 4ol
Al GaAssh 2e Z1@atE HAY
j=i

By 9\15},(’ e

lo &

b

T df
led

w

LIRS

1
i

i)

|29
Ar = 13

- =
Azd Aol @&
A sl zel A Ao
VLSI¢]
Ftel A u
& o] 013‘01 ok &
o ’“lﬂEi*’JO] 2
ubeh W= )
}};‘] ol A = %
742 Wzl
t—%"% }As= 3 Z DC utadlE
~u e ol efsto]
Aol of: it 7oA FHsh] B
s ®fad A abaka A
Zlgbe-ree) ob:at Aae] e Flow rateoﬂ
upis A gl Wt

=

ol
£
N
E i

Py

a
1

N
-

oy
il

wo Jp oo k! rlo W K1

H )

fil

f rlo

: =2
2
o‘m
B
oh
=
sl
Hi

N
R

0
ol
X
Py
o
@)
P>
L)
™
Rl

£z
AEEA DG e 6l
W7 apas w5 wALA
Qe weka 2
i e gt RE

ur o
b 2

2
nn

=13
-

1o

AR

548 dggen <yeti
24 ghet.
2. dF Uy

?] %% &7] (Vacuum  Science
3 1] HLDL 0 4:3}01 =
ek FHo) f"-‘bhl %) el E*c‘}% ﬁ‘?ﬁ’é‘}
B E-AEIE VSSE 2TSi: v o
of ~uxEdee] MEFFIHL THFIAY aFFH
1 71l Bobgetia vy
#oA"g shgdvk A dYesiie DO
power supply® FH A 300W, 13.56MHze] RE
ALYS-10090] 2of A dgw o2 a
sHAERE A Rotary

SRR uf )
3k % Diffusion pumps

VSSE 2T$)%

2] Sl ,
LEae dyFon
o

ol A
pumpst 10 :

7Hg 8o

Torr 7}#]

10 “Torr

s 4]

4714 AAE &SR Vol. 8 No. 2. March 199.

w78 § B8t AE FYatel o 10 Torr Y
oA ~¥e deEEg Fgste FehzelE WA
7 wherg 229t o] W Diffusion pumpS?}
2WE 3 W vidte] W7t eE Fabske] Bd ]

NnE sglon e, Ht, dHE SAAH

2] ¢=® DC Hsby} RF d#E& x4dsbsich 7
2 oo %ﬂl—"%m A9 BA el o

oL AgEUI AA ol 04 M A stol

‘|_’

¢td uE sk 1‘}} sk W AqEge 4
Point probe(Veeco Co)% #4395 XRD® A
Pr4d 9 2R gs 7% 201000 ol A #Hatst
Gl SEMezw #utd *}Z‘l? Yalo] Fx BA
atar ®iube] EAE ZAsnt AFC M AL F
Target-& Cerac®l 47 5.08 Cm A 0.96Cm, &

o] Slide glass+iz Corning

= 99‘95%4 et

2948(75 % 25[mm°] T4 05mm)eld] =&uh A F

7](Branson 1200)% o|&38to] 3 ka o ok 2
AP Am ol MEo Al AlEHG T FiHolal oF

1097 AEsln dE712 Az vhg Aasd
of Bytgh A& AbgakAth Eehxok Ao ok
1457} Pre-sputterings A A)8to] Target 12

2 +8S Shutter® A¢Hakich

3. Agdn 2 He

a9 12 RF d#EH e

e L}Ew

Fte] W ALl W
o o2 sh29) Flow rate?} 1(¢

/min)elx 7]@|E&=7 50CY A$ RE d#ol
0.6 0.3
{ —+— Sheet Resistivity
0.5 4 —a— Resistivity
) Ar Flow Rate=1 ( {/min )
e Temperature=50 ( € ) =
E O
¢ 047 Deposit Area = 50 mn’ S
2 =
Z 037 _ ; z
. 2
Z 7
% 0.2.7 o1 &
0.1 1 =
0.0 — T T T 0.0
30 32 34 36 38 40

RF Power(W)

S8 1 RF A@le] Zojol ubet Wowl winpe] 4
g WMEZA(Ar=1 ¢ /min).
The resistivity

Fig. 1. of

at

and sheet resistivity

tungsten  thin - films  deposited

increasing RF power(Ar=1 ¢ /min).



30Wol A 4OW=R Z7hgtol wal 43hgL 30Wol
A 05(k2-cm)el Al 40WLu 0.000424(k 2 ~cm) 2
A FasEAvh. 29 2 9A] RFAHe] Z7to)
wE Aqatgel WEld ol 749 Flow rate
7} 202 /minjol 1t 2 FAE 3000A, /9wt
S0CAEw RFAH e F7lo wel Hage 30W
of) A 829k Q-cm)E YERAAY=E 40Wol A+
0.000704(k 2 -~cm) 742} 7+ 43819t A~ E
Eet=ob7t HAsk: RFAHS 30WH 1 6F71M
& (Reflected power)o] 3WE S|

54

[S1 0 sy
UE o=

¥4

A0W7A] ZE7kA1Z et 1l Ar Flow rate?b 2
1000 - 400000
——— Sheet Resistance
g —9— Resistivity
800 + Temperature=50T )
= Ar Flow Rate=2(Z/min) - 300000 E
ok =
T 600 A Z
(= IS
= - 200000 ‘2
= 3
= 400 4 2
Z L 100000 3
£ 200 - &
0 + 0
30 32 34 36 38 40
RF Power(W)
32 2 RF A9 F7lo] wa g xel vbato) o

9
F& #MEA(Ar=2 ¢ /min).
Fig. 2. The resistivity and sheet resistivity
thin deposited
increasing RF power(Ar=2 ¢ /min).

tungsten films

(¢/min)elFEW7t 1(£/min)¥dw Bole o] =&
Hl A ghg eI o) AL Arvpago] Wel A
FE dtute] HRIbAF o] mrolxiz Huprl 5o
v A gho] wolzlvim AzbElv} RFM o wa} Z
gtzul Azte] ol Hi=dl 30Well A xah4feld

A
o whde] JOWH S DCAawEl o) vk 34
of 7R wehe 0WHEWet e Hao
2 Qe RFUo] A5ety 3o Frhshe
4 olALe 2 AL WolA: AWst sl o1
o] ulgla] wpmle B A &8 ol = e o
Utk o] A& E3 PR A(grain size)o]l AFF
g 4tk iAbabole] HEFw Mo Wolxy] W
A FAeZ sMdrt 249 38 o= sl Flow

rate’t 102 /min)o} 3 F 257 3000A, RF o]

3Wd ] 71E2 %7} 50ColA] 100C7A] o)t
At Hod ewtetol Aagd WA o] A S

SERAT Ve Rt S 855 A S-S 50T

198

= ORF 29 Z2o) o - o]&4 HL5 o]ala
600 200000
4 ——+— Sheet Resistivity
_ —o—— Resistivity L 190000
S Ar Flow Rate=1( £ /min)
e'; 500 < RF Power=30W I 180000
== |
= L 170000
Z 1
7 4004 + 160000
= L
150000
300 T T T T + 140000
50 60 70 80 90 100
Temperaure(C)
38 3 /dREe Frtel wE B vl

A &g W35 A (Ar=1 ¢ /min)
Fig. 3. The resistivity and sheet resistivity of

tungsten  thin  films deposited at
increasing substrate temperature(Ar=1 ¢
/min).

A 500(k2-cm), 100CNA  361(k2-cmE ZH4

st WAFES 0.197MYOHl A 0.1420M/ ) =
ity 29 45 olzZ 7t~ Flow rate?} 2
(£/min)e] RFH o] 30WH LW 7|Hexe
Tt ogt wjH gl WRFgLe] WEE ekl
Aolth 7l#2=7t 50T A 100CE 7 ¢4
H]

A2 0.885(k2-cm)ollA 0639k -cm) o &2
st WA 6&%% 0.348(MQ/Tell A 0.252 (MR
/O)ez 7Aasa

l:&%& 7b S7betel meb wlH o]l Ak

900 360000

§ —o~—— Resistivity

. —+— Sheet Resistivity 340000 __
g ]
z S
é} 800 q + 320000 =
= =
= L 300000 =
= é
‘B 7004 Lz8o000 2
L -
= Ar Flow Rate=2{{/min) é
RF  Power=30W - 260000 75

600 T r . T + 240000

50 50 70 80 20 100
Temperaure(C)

a8 4 J)9exe) F 7} 2 Bl AE] ululo)

A& WS4 (Ar=2 2 /min)
Fig. 4. The resistivity and sheet resistivity of
thin  films  deposited at

increasing substrate temperature(Ar=2 ¢
/min).

tungsten

Sheet Résistivity(k!)/[])



e 19 59 Fhrasd o 498 + 9
thoeAE el HRTaE dwAow slwe
gewel wek A7bA FEE AT Ti ol sl
A= upte] ulg el Awmelt, weba ol
= oadgte] ik olRle webysl A §

of Jbsatth ey T dom FHue AU
& Gz} slo] YFRPRAol Hu LE7} oy
of mek o] YFiz Aok w Fri: Aol
W oggaggolth of W wule ¢ HE WHol
AN AAGgo] ol wARAe] Abgol fld

ool TR pew SARe AXD 2 gAs

(Gas 9F
2% 5 9&0111
Wi’—l Aol dg »HL.
Ehkch DC e ol A e
loL} o]—x%sL tﬂ—A]ﬂlr uu]»«
[°)

el

o

:

ar

A
nlo
—1—‘ 0}
_‘,4

.

_0,_
rui fAE BeEe A
[e]

o ¢ TaNol 283 ¥iL

doz TiNol 714 ol AR vl oL
T2 CVDel o8] A=im olepzte w84 4
2 355 Sy 9 2Ale] £52 AlEs R
Atk Ax 7h2E FYe e AHgHd 95
o A8} el werg A aehglie] B awl ub
Region 1 Region 2 Region 3

Temperaure( C)

FRE

ag 5
Fig. 5. Morphology

2se] 3 wte

zone model for sputtered

films.

Resistivity((k£-Cm)

A7) AW &3 Vol 8 No. 2. March 1995.

3200

—o0— Resistivity

[—+— Sheet Resistivity - 3000

- 2800

Ar Flow Rate=1( £ /min)
Temperature=150T

Sheet Resistivity(kQ/00)

1 125 15 175 2
Nitrogen Gas Flow Rate
Lol e
H3EA(T=150CT)
The resistivity and sheet resistivity of
tungsten  thin deposited  at
increasing nitrogen gas content from
nitrogen-argon mixtures(T=1507T).

7

a8 6.

A avt el

Aeg 9

el uupol

Fig. 6.

films

24 9000
Sheet Resistivity

Resistivity
- 8000
20 4

18 4 7000

Resistivity (k2 -Cm)
Sheet Resistivity(k2/03)

Ar Flow Rate=1( £ /min)} 5000
Temperature=100T

N

T T T 5000
1.25 1.5 1.75 2

Nitrogen Gas Flow Rate

ag 7. Havtae Zote) wa

Ags HW3EA(T=-100T)
The resistivity and sheet resistivity of
thin
increasing nitrogen gas content
nitrogen-argon mixtures(T=1007C).

-

el o)
Fig. 7.

tungsten films  deposited at

from

W3 19 6

o] Aae| dghol 93t H[A 89
7, 19 8ol vpERUIRLEE 6L o}
Flow rate?} 1//m1n)°] i R
TALY o2& 7hzof o] F9ist HA
9] Flow ' rate® wWHEA A Sulje] vl A&z H {3
&5 vebd #olth A7~ TFlow rate?d 14
/min)e] 31wl vl A &L 533(L2-cm)olA i Flow
rate7} 2( 2/min)9 & "Wz 792 -cm)e® £7HE
Fow wWAGES 21ke/[DAlA 3.1ke/[e

19

i
k

—
u"l
O
\l
-

| >

7}
A %

o(.(



2 ZFrbetdel a9 7
7} 1(#/min)°] i 71#-2=7F 100CH &
AXA7L29 Flow rate® WA AL g

ol= & 712 9] Flow rate
T+ gk

B} A} 3}

T HA3ZEE vebd Zeluk HA 7bA9 Flow
rate7} 1(£/min)o] A& v 4L 1354(2-cm)
o] Flow rate7} 2(¢/min)R-& wi 22.2(0
-em) 22 EFrtetelom WSS 57(kQ/Lhel
A 873(kR/Hoz F stk 1E 82 ofnE
7}’\94 Flow rateZ} 1(#4/min) °]i7 7] 2 5 7H50

caed F¢§ #4712~ 9 Flow rates 3R
A4 "o nHge AAgEE JERE Heolth 4
A7t~ Flow rateZb 1(#/min)ol-&dl w48
& 22(kQ2-Cm)elQ 1 Flow rate?} 2( ¢ /min)e]
el 195 (k2-Cm)o.2 ZF7istsle R
2& 865k@/NlM T69KkQ/DoZ %7183
1;], Zol~}o;] ‘_]._%Ag /\)1E1‘,10 4 Z.ilz‘;}
% dhate] Z2HEAE 1000AelE DC
¥ oF 670Ve] AdE d7betdla DC
Fiw oF 04ASTh HAHor vws B
= ocoﬂﬂ Aa7vbael el v st
22(k 2 -Cm)ol A 195(k 2 -Cm) 7} 4]
%7}3‘} dimo] 100°Ce 150CoN Ay vl
A F7betdnh o] AL Fukqt ol Hd
=7F 100CTH2l M dAE Te 4
=goh 1A o] Adeje A&
52 7taE dEre] Aloldf
A Hol AxRAZ o] o] nA}E A
1009} 150TE ol 4

u
X

rﬁﬁ- e

whate Tz el

[*3
T’—’>lﬂ

2 oo & oo N

A gtz AzbEch gepd] ZAAF o
v A g2 g 4 9loy 7id
LA W3 YdUa o AL qLoA=
w3zl glch DCrtayEE AHE g ¢
2dle) vlAdy WAGEe ®was el
a8 95 B2z viHEe] FAE vERE A
Qldl o2& 7bA Flow rate?t 1(#/min)e]al 7|
BL5E7t 50CH S 0.016(2-Cm)elda 722 7]
#BL2T oA Flow rateZ} 2(¢/min)el &= 0.026
(R-Cm)oz AFstdan 71#2E=7 F7tsto]
150C9 " Flow rate?} 1(¢/min)¥ o 0.00315(£L2
-Cm)Q 1l Flow rate?} 2(2/min)d o 0.00987(2
-Cm)e.z HAth 13 10 o2& 7}29] Flow
rate7} 1(£/min)du] 7}#2=9} vl A3}, HAI
€9 #AAE Yl Aol

718227 50T WA 0.016(2-cm)o)
Ax 150CY ) 0.00315(2-cm)e & woldi
AggL 50CoA 5(2/0)eldx 150CTel A 1.24

1 rro
i
N
N
)
!
i
2

] &}

200

I
ro

LRF 2589 239 o3

200 80000
—o--— Resistivity
——e—— Sheet Resistance

'S L 60000 g

(&} e~

2 =

z e

=100 4 40000 'S

Z Ar Flow Rate=1{ £ /min) =

= D

Temperature=50T - 20000 &
[9p]
0 T T T T T 0
3 1.25 1.5 175 2
Nitrogen Gas Flow Rate

a8 8. Aivlxe] Frvle @& Eadl uino)
g W E4(T=50TC)

Fig. 8. The resistivity and sheet resistivity of
tungsten thin films deposited at
increasing nitrogen gas content from
nitrogen-argon mixtures(T=507C).

0.03
@ Ar Flow Rate=1(£/min)
¢ Ar Flow Rate=2( £ /min)
OC=400V. 0.4A

0021

E

< g

=] \\

=

£ 0.01

=

z

&

0‘00 T T T T
50 70 S0 110 130 150
Temperaure{ C)

a8 9. 71¥2T Sl wE saw wbubg)
A& B3 EA(Ar=1, 24 /min)

Fig. 9. The resistivity of tungsten thin films
deposited at  increasing  substrate
temperature (Ar=1, 2 ¢ /min).

(/e g vopyrt 17 118 o2& 7hsd]

Flow rate?} 2(¢/min)¥du] 7182 =9} v]Ag, ¥
AgEe #AE YEREAY. 1357 50T
v A 8te 0.026(2-cm)el 150C L 0.00987
(R-cm)o.8 ol 71#2%yF 50Cdd HA
182 10.2(2/[Deli 150TN A 2.83(2/h=
rotAth DCvlaEZ AHE Y oR F3E H
gl wute]l DC ~HE A7bdtS oF 400VE

R 04AQYE Sl vhehd Az o} F3

Iy M o

=



0.02 6
—&— Resistivity S
—<+——  Sheet Resistivity

Ar Flow Rate=1{f /min}

O

E DC=400V,0.4A S

< =

S =

= 0.07 Z
0.00 T T : T 1
50 70 90 110 130 150

Temperaure(TC)
38 10 7% Frbel upi g 2wl ulnte)

&g WEEA(Ar=12¢ /min)

Fig. 10. The resistivity and sheet resistivity of
tungsten thin films deposited at
increasing substrate temperature(Ar=1
£ /min).

0.03 —— 12
——— Sheet Resistivity
. —8— Resistivity .

. L Ar Flow Rate=2{Z/min) | 10

<] - . —

5 0,05 - DC=400V,0.4A g

2" =

= =

£ 2

£ 0.014 =

z
[op]
0.00 ) T v T M 14 2
S0 70 90 110 130 150
Temperaure(T)

a3y 1. 7192 xe] Frpoll upE gagl uivhe

A& WEEA (Ar=2 2 /min)

Fig. 11. The resistivity and sheet resistivity of
tungsten  thin  films  deposited  at
increasing substrate temperature(Ar=2
£ /min).

Alof ofszer vhzagko] whol xiwl M@ Eol et

slow Vet Frbgel wel AR vhol

Aup, ey dAlgos dbwste] By Aeka gk

& 0.00723( 2 -cm)ol 4 0315(L -ecm)7E#j 9] 8]

A waia she gk shar glo] Al T owlie]

s ool ol frbe el Ltk DC

201

AW 2308820 Vol 8 No. 2. March 1995
2C0%92, %4
u =31
£
pY (110)
a1 (110)
ar {211}

L A

T3 g FEY <3 ) T ) v EE} - 33

a" 12. DCAHE Z4
Fig.

ul-o] X - ray :QI H
12. XRD patterns of DC sputtered tungsten
film.

)_‘Jis-lo]] H
el L1 O 1! F’
R i AlolE Heb wiMaEi
! Azrgivtk X-ray 34"
e X-ray3d dE47)(Rigaku, M/ Max-38)7}
AbgE S BHY Cu EFAS AHE38te] Be Win-
dowi B38ld XH& ZASS L Aldsr 20° oA
100° o A= elolAl 2° ming %X 3] HEA
ch A deke gt vjgHeldw DC A
HE F3g wuboa Aol e WS 2
At 1Y 123 ol 74249 Flow rate”l 2
(¢/min)elx 7|2 50Cdu DCHY 400V,
1000A ®Hadutatel XX 3)d 3% Axgld b
27k yeEid 2= s 35.65° 9 40.1° , 7565° A=
dl 35.65° oA BWI(L10)e] eI 40.1° oA
aW10)7F YEsten 76° oA aWERID7E o}
it B8 whube] oA Fadh ofuE 7t
=T olA 9 A¥AAdE F dAsta don
X-ray 3ddEo B s1A4go] Agdsi o
“é°ﬂ"1 8749 IHAFEY F7AEE dEhar
. Azt Bawete A wjdko] by
040‘4 313-7‘57} H3] e e ey
2] gkt FEAA S J|BLEE WL FUHATA
v (2004 AdgEor HAaztert
VElLE A 8 Ao R Agz ]
3 g Yepd A 5
87 fl A FEA °] "ﬂ '—“}Z:Zioﬂ vhe] Qlrh w
vhel 71 AH ZAxed &S 3
st ARE GAATIHE R EE 1
daidel glort Z~uE

& avldbe] AWE del

A A Kok
Alg-o) HEHE Ao



& U
JEOL

Aere Abzl

AuE

sy &t

H]—D]—O

=1 &

ole}, o

o} 2.7

247“4 o 2o gks
Fa g A CV

2 5] =
AAt F

a2 13. d3tEad

Fig.

GEA|7cL Bt} SEMARIEY B PAL
o JSM-840A% AHgstgon A@el 4

< Bio-RADE Apg3lo] WA o]
FAsa gAstith 9 132 30004 &
A e Aoy }\}-X]Oltﬂ ESTRCRER

)\]'5'\: Z‘]
7+
A0l s Fo7

TZ7F 2] H‘HTJTOH

e

H] 4 o)

vtulo] Step coverage’t H|
ANy o 20 &P
AU W= £ 5
3 dhube] fx7E A
8re] o7t

to

why /\;ﬂﬁ EANCR

Zaln 1 o] o=

X3,008

L'— burfdae _""- "— Glass _"‘

1avm WD33

‘cjhﬂ-o
A

A st Az
13. Cross-sectional SEM of DC
magnetron sputtered tungsten nitride

1mag €

film.

202

= =
Agrolzla 7R, oleld ARl
ulutel W H e Asach meby
2 %o o Be AxAgel
FrolA 4% s A
;[1}_01] :‘*Z]H}b’ ro g 603 5]5]
u] g o)

bt

TEE

N

E
i
>
Y
l-N
~
o
B
Ry

B!

!

C =#HE gol 23] 4]
A&t v g &4
E\_ gv‘,__g_ 0“211;}

ol A Flow rate7} &8 7 $-o) b
A8 Hedil ol2 7l Flow
DAY S wgon wue

gl—pA 7].1} hﬁ:OA

% 2
L &7
)
o
2 °
=
~

At

(2) DC DIV ERE AWE F

7J§].Eq /\a] HI—ULO zlo}gi,‘: ﬂ DC

2w e ol olste] FAE A} g/

OP?P& b9} " 7hae] vl A
o] Ad +£5F vlA

]o]-oi ZPE]

o] Flow rdteﬂ 5

Tt At wet v

Zol A =

ol
0,

T

g

1)
rm -

Y
Lo

vl &
DC iﬁ] B & o

o olgt six

>_
AT
Jas
s}

-

go
e

o] Az 7|A&

7L/\o]_
(3) X-ray ili?r 18] daelA DC 2=#HE S
3 gagutet A el Wagmst e

T RAY 2AANM e HagEst St
e Sk ® SEMoz dud AS
93 Ax dFdEHs wEE 9l
THF7EaR A% Axe} Aol YEigton A
G Aol A whEhe] Q1Y EA FHoR
B4 ARGl wAgA wgAsie) A
°of dthz A& dsshAh

¥ o] =EE 1994dE mMoisha sy
o AYg ol ATHAS.

#ongd



A7) A A 2384 Vol 8, No. 2. March 1995,

1. William W.Y.Lee, "High resistivity of DC sp- 4. A.GDirks, RAMWalter and A.EM.De
uttered metal films”, Journal of applied phys- Veirman, “Columnar  microstructures in
ics, Volume 42, pp.4366-4377, Nov. 1971. magnetron-sputtered refractory metal thin

2. T.JWink, W.Walware, L.C.Adams, A.GDirks, films ~ of  tungsten  molybdenum  and
Mat Somers and Van der Aker, "Stress, W-Ti-(N)", Thin Soclid Films, Volume 208,
strain and microstructure in thin tungsten pp. 181-188, July, 1992.
films deposited by DC magnetron sputtering”, 5. Jianping zhang, Silvia A. Wessel and Conrad
Journal of applied physics, Volume 74(2), Colbow, "Spray pyrolysis electrochromic WOs3
pp.988-995,1993. films:Electrical and X-ray Diffraction

3. ACavaleiro, M. T.Vieira and G.Lemperiers, measurement”, Thin Solid Films, Volume 185,
“Influence of deposition conditions on the pp.265-277, Aug. 1990.
morphology of sputtered WC(Co) films”, Thin 6. B.A.Movchan, A.V.Demchishin, "Metaloved”,
Solid Films, Volume 213, pp.6-12, July, 1992. Metal, Volume 28, pp. 6563 July, 1969.

o4l
1967 69 3094, 1991 A8 19424 129 2094 1967»4 XL
g 4] Lah} . 1973809 11

bl 29 19949-dA4 %

shel Ay)getst AR A A HE(F A7]‘L}7\L 19784804 %
Mg MA7 & ATta ol 1985
g Azgstn dad AT
AD, 10933 7€-943 29 Univ. of

Missouri-Columbia #4724, 84 ey 3o #7153

°] A 7 W
19524 l%_ 2394, 1994 =AM dje
B A7 s B9 10800 5 EH 8

b chz‘}%J, Av1g ek (Ee) 1982d-83
W Univ. of Massachusetts ¥ % 3}
7t we 19899-90 Purdue Univ. l‘}
Z’LZ}M u}ﬂ E2E E“Ei 1992'4 79~

203



