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%= 2  TiN barrier 2 $J¢l metal organic chemical vapor deposition (MOCVD) 2.2 Cudt& 2ol 9lo TiNgt &
g WA AAxB)EA 4 vE2 Cudg 2351233 Cud #Y4 ) oz, 2 A% 44 Cutbo] A Rt £ A7
ol = SEM, AES, AFM 59| 2-4ubhgg AM8-8ted TiN o Edol| g E=}=nl Axe] AlAQe] Cuzte] YA viX& &5}
o fated ZAbaAct.

Cu¢] ®ilje] NAubie 2 direct Telxol uh4je] A Eelzet wpAluct HA o] Edolct, & FoFer=r A A
A] rf-power$} Eel=ul ZAPR|Zbo] F71gtol wiel MARE of S Feixel AAr Cudd BAAE IATIE W4
£ o3 2

Zap=n} o] $40]80] TiNT uk-g-3ted NHo7F Ho2a Al o] Ao TiNeo| Tiz <%t Cue TiN7|#Rth=
Tiz|BAtol A A Age] o & Heg Fapzel A2l Cud HAQE F 9E 7hHed.

Abstract 1t is difficult to obtain high Cu nucleation density and continuous Cu films in Cu- MOCVD without cleaning
the TiN substrate prior to Cu deposition. In this study effects of plasma precleaning on the Cu nucleation density were
investigated using SEM, XPS, AES, AFM analyses.

Direct plasma pretreatment is much more effective than remote plasma pretreatment in enhancing Cu nucleation.
Cleaning effects are enhanced with increasing the rf- power and the plasma exposure time in hydrogen plasma pre-
treatment. The mechanism through which Cu nucleation is enhanced by plasma pretreatment is as follows: Hydrogen
ions in the hydrogen plasma react with TiN to form Ti and NHs. Cu nucleation is easier on the Ti substrate than TiN

substrate.
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Fig. 1. AES depth profiles of the Cu/TiN treated with direct H,
plasma (40W, 5min).
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Fig. 2. AES depth profiles of oxygen in the TiN for various rf-
powers of direct H, plasma.
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Fig. 3. XPS(T1 23) spectra of TiN film surface
(a) for various rf-powers of the direct hydrogen plasma treat-
ment
(b) for plasma exposure times of the direct hydrogen plasma
treatment
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Fig. 4. SEM micrographs of Cu particles deposited on TiN film
(a) a two step direct plasma treatment of oxygen and oxygen
and hydrogen
(b) a direct nitrogen plasma treatment (c) a direct hydrogen
plasma treatment
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Fig. 5. Sheet Resistance of Cu/TiN/{100)Si as a function of the
rf-power in the direct and remote hydrogen plasma treatment.
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Fig. 6. Sheet resistance of Cu/TiN/(100)Si as a function of the
substrate temperature in the direct hydrogen plasma treat-
ment.

rect Fehzule} YAe Fe}Rvoldre E}=xol f-
power$} WA P} #AE Jeld Feolr}. Direct E2t=
g A4 A-olE rf-power7} 20WE d& A fd=
25 9 APghe vehddoy 94 EezulE #y
A2 Aol ri-powerd Al719} T34 BF 2 A
P& 2ok ole} Zo] 1A= Fek=vls direct &2
Zuld]] w]3le] ¥ HYgE A Ao Yehgonz
2 4te] = E AYL direct E2}2rl2 859}, Fig.
6L 7|B22 F5EA dAFE Yeld o2 B
Tt Al 9ot d3E Agole dAFoe) 0.3 AR
o) 500°Cal Agole & AFe Ealrh o= TiN
Ae]F LAWE free-Tivl +47] Fol £ v|gke] 4
Aol & Abslso] Ti-O Ago] We] wAFe] wa} Cu
o] M2 YA A ¢ Ao Bojo o]9} zFo] Ez}
Zut H2A] 71A-LEe} rf-power’t $8% 4FE 7|
= Atgde] o|u] Ry ¥l ZAziel FAsHA vehytr}

Fig. 7& d4% H, #3%=t9) FAE Jepd 2=z 2
20-100sccm ] WellH o] Fafade AANFg F
€ 71%2 £}, Fig. 8& Sef2v} A AR A g
Q) BARZA ZARAZEo] 18 A= AYgte] 0.72/
saflevt 3% o)l H$ole 0.3-0.49/sq8) F& e
Yeljgict. Fig. 9 H, E3k20 Az A2 ) o}
2 Cu % FAE Jehd 7o 2 wxFo] Zoim3 A4
Cu o] FA% AL g ¢ AU}, o714 AJHFA
£ AlH ©HARR 8] SEM 0. 2 88 819t

Felz=et A g 2+ Wl 1 TING FH A3



FF - YFR %

0.4

@
o

@

[=]

20 40 60 80 100
Flow Rate (sccm)

Sheet Resistance [§2/sq]

Fig. 7. Sheet Resistance of Cu/TiN/(100)Si as a function of the
H, flow rate in the direct hydrogen plasma treatment.
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Fig. 8. Sheet Resistance of Cu/TiN/(100)Si as a function of the
exposure time in the direct hydrogen plasma treatment.
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Fig. 9. Cu film thickness as a function of the exposure time of
the direct hydrogen plasma treatment.
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