LAFE=E> S 71888 A] A7 63, 2008 114, pp.518~522
H 2~ O ZZ0l5 E
BErEe Y3 H2d(W) grake] shabulbx] 543
o] = =3P
aape] B4 SA4AT
R X

sithetal thedaz e g, Ae 136-702

(2008 8¢

A7} = 9L

R e ok

199 w8 20084 11¥

9 A4, 2008 119 25<

fsli}w

S Q18 RCAIO] A Fe, o} WA S191o] AL} HIAGo] e Cu WA

%)

F2 U 15}7} AL eIk efzgdel A} 2xje]
Ao 2 4 v A Ao A= AEL] T)A|

Uﬂi/\]_%

stolof o}ﬂi FoF AR FAAE o] ARgSkaL Atk 1y CuE FEulAo® ARS8 siAs)or & 7 2 #A
AL Ao @A Sizle} WSk Aol A & A= tungsten (W)S 5= 82 W—C-N (tungsten
— carbon — nitrogen) TMFEIA| TS ZFAElo] AFE F0 0, B-ray, XRD, XPS #A41& %3] 1o Cud FHES
Efdon AR AT A0S AT o AFelAE JIE A6l FHHoE W-C-N sbgAnte] EUg
Nano—Indenter System$ o]-&ate] FbA|; FHAE WSS EAMste] Sl e] B4 548 ATt olzlg
Fato] uieh)] B9 Aavh 23 vigte] 112 AAe] AAelA ot PRl U WekE el a7 A
qu dem, o|2RE vkl B4 FA& ATk
FAlo] : W=C—N ¥4}, 339, Nano—Indenter System
1.4 & gate] Zh kel 24 BAS AAERglon, B QM H
rbgA ] gk A5 ARSI
gl—}]:jﬂ ix}q x]ﬁ:x%o 1 40 o] o}O:] :15: HH}‘ 2z
gell Qg PR B S5 el = U
7he] 3L Qlek B T4 vl A 7RAe) uid oSk o A 3
RCAIAS sl €t o& WAal7] flate] wid =4
of thet A7t AL Curt 2 tioke 2 QA E T W—C-N bR 2g S2ks)7]ol| SkA Si7|a-g HEell
AT Cus A2olM % Si7]aat gGA vks-6h7] wizel o] AstukS A7 sigl o] SR o 2= RF magnetron
HEr o] Aglo] 3A43] Tl AAEMA L] 7]50] 7} sputtering A|Z2~81-S AFSSIITE EFIS 5% 99.99 %21
S H= while] qink whbA o]H @ Cust Sivlat Aol W, 99.95 %31 WCE ARg-atalom 1] Ml7)= 478t
o Whe-& maH o WS = Sl S o] A siSiek Aol 5017F7] A pre—sputteringS &t
e 8710] FQt} o] Aol A= tungsten(W)& F 7 E}7E] }\}i‘r‘:’LQ AAGE 5 el A 2 Aol <lsisith
A EHAE ETEY #2009 FAxMNE At Ard} No2] 98- mass flow controllerE ARgslo] A ga}
W—C—N (tungsten — carbon — nitrogen) Bhs Skl Al 5’:@‘6}93@} 2z 3 600 °CollA 900 °C7HA] N, £-9)7]
Auko & eI 1-6]. oA 3087+ AP E B3t
2 AFlA= W-C-N ghabi=|ute] 7ol dist Tgk 2 A E FAbERe] EHAE(surface
B4 45 #Iste Nano—Indenter Systems ©]-&-stof hardness) A& 9lgte] A5OS=  Nano—Indenter
AFES AASIGT theket 2719] vt 1 e 24 Systems 83130t} 18 12 Nano— Indenter “gH] <]

# [AAR-A] cwlee@kookmin.ac.kr



Oﬂ 8}%%; 7} 2 Zﬂﬂ 0}* erxéi whake] s 7t
= =33t} 19 2(a)+= Nano—Indenter system?| sl%
= UFHE AA el thgk BA kol 9 2(h)= |
o] Z—=Fll thgk zlol(nm) <} I7FE A (uN)ell i3k rlo]
o} ooju] BHAE He vt 7o) Fojxith
Pmax
7= A,

1714 P Q7ML 2] HTigh olulshi, A(H)E
Q1718 ol AP F Ht o) AAE Hle) ke
2 oulgih, ¥ Aol AHgE BAE ARM 7152 o]

golo] uite] EAQYS AT = gov] BA
[e)

in—situ® g 4T GHS EN 4= JAEF A2 T
2 Ago|A TAAE AXES fJ8te] AEH FHHA
A(H) = He] Z—F| digh 91X RE 0|85l v}

o] APk o] Xk

max

he = hya = 075 « —2

Aol S AfelEel u) A7) ZAHe] 718710l
T3 5158 rfeks otol A7o] B2 E S s
2, 2719) SEAAE R ow olFolln). 1 A

=

= A s e Al el 27 Ve
71(dP/dh)ell efste] ST,

1 1—1/§ 1—1/12

E B K

2ol A Er = 571 §AISE, Es = AJH BAA1S Ei =
P2 AR, Vs = AlES] Eolgh], Vi = dAte]
StopgHlo|t), whebA] iRtel] thigk ARE niE o A

712852 17(6), 2008

Indenter load removal Initial surface

P
Surface profile after ¢

|

-

&Surfa ce profile
under load

Fig. 2(a)
1436
|
. |AREN /
y
e /
: 4
: | 77
o : {/ A
E Loading /
3w | ’/ ’
B /1 LA Unloading |
)4
00 //
Pl /|
> s
=T | | | l
s i 15 0 45 30 3 4 45 0 55 g0 & M W w5 w0 #
Displacement (ram)
Fig. 2(b)

Fig. 2. Measurement diagram of surface hardness
used by nano—Indenter system.

529 BASE AR,
o= W-C-N shhue] wul

o 5%7F 3000 uNo.=
5% &<k 3000 pNol|A 0 uNoZ g9]

A7FES AASSITE Bk B A flste] F 37
o] 77k Ao, 3HA GAIQ] I7F AlA 7
oA BFEke] UL ALES 91§ tloElE E5alSlt
T8 4= A B8-S 0 scem 2 seem &2 WHES 23
gk 5 7} A vlge] digh GAfe]del oigk A9 1
=4

EAS ERISH] 18t as—deposited

FANZT ©lF 5

519



Fig. 3.
nano—indenter system

Diagram of load and wunload force by

gEiell A 900 “C7HA] AA st (FA1E]= 600 °CollA
A2kl 900 °C7HA] 100 °C 7HE o2 3ub|l= I &)
Goh). 18 4(a)o = FAR]E0] 0 scemS! HHH o & F
AT FH 4 9.37 GPaolA Hdll 203.68 GPal= e}
Wk E3] dajg] 257} 700 °Ce AlRolA FHAET}
FHjgkol 203.68 GPalo® YRt 1§ 4(b)= 4]
£90] 2 scem®] ¥FERO 2 F4 10.29 GPadllA] FH o 44.27
GPao & =A4¥l o, 18 4(a)olA el 2ol 700 °CollA
kol S vt o] e vehy oot

2 scem E3FE vhato] 0 scem@] Hhetol] H]Ete] EHLE

Fig. 4. Hardness change of W—C—N / Si thin films as a
function of annealing temperature for various nitrogen
concentration of (a) 0 sccm and (b) 2 sccm

520

Fig. 5. Elastic modulus change of W—C—N / Si thin films
as a function of annealing temperature for various
nitrogen concentration of (a) 0 sccm and (b) 1 sccm
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The miniaturization of device size and multilevel interlayers have been developed by ULSI
circuit devices. These submicron processes cause serious problems in conventional
metallization due to the solubility of silicon and metal at the interface, such as an increasing
contact resistance in the contact hole and interdiffusion between metal and silicon. Therefore
it is necessary to implement a barrier layer between Si and metal. Thus, the size of multilevel
interconnection of ULSI devices is critical metallization schemes, and it is necessary reduce
the RC time delay for device speed performance. So it is tendency to study the Cu
metallization for interconnect of semiconductor processes. However, at the submicron process
the interaction between Si and Cu is so strong and detrimental to the electrical performance
of Si even at temperatures below 200 C. Thus, we suggest the tungsten-carbon-nitrogen
(W-C-N) thin film for Cu diffusion barrier characterized by nano scale indentation system.
Nano-indentation system was proposed as an in-situ and nanometer-order local stress analysis
technique.

Keywords : W-C-N thin film, Diffusion barrier, Nano-indenter system
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