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ABSTRACT

Blanket Copper {ilms were chemically vapor depusiled on six linds of substrates for scrutimzing the
change of characterstics induced by the difference of substrates and seeding layers. Bolh TaN/Si and S10./
Si wafers were used as-reccived and with the Cu-seeding Jayers of 40 A and 160 A which were produced by
sputtering. The CVD processes were executed at the deposilion temperatures between 130°C and 260°C us-
ing (hiac)CulVTMS!Y as a precursor. The deposition rate of 40 A Cn-seeded substrates was lugher than that
aof ather substrates and especially in seeded Si0./Si subsirale because of the incubation period reducing in-
duced by sceding layer al the same deposition time and temperature. The resstivity of 160 A Cu seeded
substrate was lower then that of 40 A because the nucleation and orowth hehavior m Cu-island is different
[rom the behavior in S10; substrate due to the dielectricity of Si0)..
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Table 1. The Sputter Seeding Condition

Processing condition

1.0% 107" Torr
3.0x10 * Torr

Base pressure
Ar sputtering gas pressure

Sputtering power 410V, 80 mA

Gun DC magnetron gun
Target 99.9% Cu
Deposition rate 80 A/min

Table 2. Cu-MOCVD Processing Condition

Processmg condition

Deposition temp. 130~230°C
Chamber pressure 0.5 Torr
Bubbler temp. 40°C
Bubbler pressure 50~60 Torr
Gas line temp. 60°C

Gas tlow rate Hs. 100 sccm
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Fig. 1. SEM mucrographs of (a) 160 A Cu spuitered on TiN substrate,

(k) 40 A Cu sputtered on TiN substrate,

(c) as-received TiN substrale, (d} 160 A Cu spultered on SI0, substrate, (e} 40 A Cu spullered on Si0s

substrale and (i) as-received Si0, substrate.
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Fig. 2. The apparent incubation time of the Cu films
as functions of Lhe deposilion temperalure
anr the substrate.

Qor 30sec B HYEE ¥

A% 7|9ke] AS- is-
land #Helel (cluster) ¥iESe] I4d% AL FAgd
T Tk

A 35 A A8 Z(1998)



830 shgd 314

Fig. 2= wiekzZ 48k A2 slelA
CVD ¥4 2] apparent incubation times 7|2, =
Ha el Ao 7lglel Brdel Ki(, Ffeld H
=4E 7I¥ 3 9l TiN 7|EX} incubation times]
A7 ehds ok 713 B meubation time®] A}
O]h +17} g CVD vhe 7]?(disproportionation)
o gla] 4 4 9lr}. =, dispraportionation ¥
%% %—7& A B (hfac)Cu'lﬂ'O] 7lehe L?ﬂ AR
A7t mE 213 Cu’e) F4:3 (hfac),Lu™ FAHES
Zhz}b GAA 7)1 gEA] 7)E wkeeld) Y olu) 2] we]
Hewd wet g fdAal mho] kg ‘ﬂ'% T Hen
2 #HEAY9 TIN 718 g F=Adg]
incubation timee] 27 YehIA]
2% incubation timed] 3le]E
JEL ud ¢ e des ArEe], HF w4
;'éi'j) a7 dE s T A0 By, 29 F&

=rb =71 vl RE 7|Hel] Ete] incubation
limee ghbelm 2tk & ILdss AR 26t
oF ZARS s A% o) FEHD W BY 28T
o 052 #Eo| Z7bE <] incubation timeo] FHidhs

oz Azhe 4= gloh
Fig. 3& ¥ A4 2714 sputtering 3§ o2 7}
z} 160 & 40 As] Cu #)sk2% zH= Cw/TiN/SL Cu/
5i0./8i A ®3} sputtering 378 & TR F& TN/,
5i0,/Si A9 goll, CVD 35 2 =2 Fask Cu date] &
Z egd nE 53 29 FAE JeR FHolth 9
w8 ¢] (hfac)Cu(VIMS)E 53 £o¢ 4 229
#AAE 180°C Ao 28 g Adl 99 {mass
{ranster controlled region)® Fw# WhE A A
(surface reaction controiled region}e] Feldhe AL
2 RpE5 glen® 2 a5y doin Ax wF E
A A8 170°C AF(F, gEs P45 ¥
Si0, 71388 A$= 200°C %‘l yell 4 g2 7|7 el
7h o] oA 3 gk o] ZigfZe 2|3 FY Izt
M Ao} TFHe 91 Cu W] 2F S22 S0/S
A ALE Aged Mg v v &g AYE B
ol glert S0, AlHel F5 Fig 22 incubation
period=. Ut G2 APERT A =Y A A

ol g
T

u} 23t 27]9) of

HEA Q) 25 Ao

A

>-}L rL‘}n }-EL

F& Egx, B2 {2 A ey 29wk AW A
o] el wg opAls dE BT o714

sputtering T 08 WekE S A7l S0, A A
% 22 Lo bR vhg F44 21 S VA AHE
- Bl 58 AES 1Y 8l nE o vl ] B
Fhara 4= it O]t sputtering 374 0.2 #4d4]
u HWEo] CVD ¥hg 27]d] slojAl 384 e+
3= incubation times Al .24 WdES #A

_L

B

f

Hopu e

Fl

ko
=%
it
oty

w3l 2
temperature (G )
240 220 200 180 180 140 120
Fﬁr—ﬁ—v—]—v—ﬂ—v—r—f—rﬁ"—ﬂ
50 4 148
45 "
] @
g .
- 4 ]
— o =%
T oa0- ‘ {55 3
2 ] g
g |1 - - s ]
3 g S
2 35 5
= o
- o
S 3 -
B 304 s Hz >
5 v el
= ¥ 3
i TN - 160 A =
g 284 TN - 40 A
= TN - As-rec +
810, - 160 & ]
20| S10,-40A 47
810, - As-rec + k
15 t—— T T T T T T L T
19 ap 21 22 23 24 25

temperature {1000/K)
Fig. 3. The Arrehenius piot of Cu depositon rate on
Cu 160 A, 40 A seeded and as- received TiN/
Si0, substrale with 0.5 Torr chamber pres-
sure and 30 min deposition Lime

25 ef 2|3 (hlac)Cu(VIMS)] 39 v =uf 4
Adde] 24g) ouR]= 10.8 llcdl/meL-_ Huxz gl
oM B 48 Eala] dojal mul yg AH| o

o] fd3l A=
cerved Si0, 7¥ke] A

adel vehd vkl el as-re-
42 g5l 9.8~11.9 keal/mol

24 Bde RaEE #EH 544 72 vrhaslch
Lecohier=] 2)@bgl " vjakso] F4)71 sh&a= ks
o e o] HEe] akfs] 917 W&ol weke vl o

of 7 %0 249 B4 HEG F7MIA 2l
Az weke) 23 L2 271 4 ankw 9tk I
A, WokEe] contmuous film FEE FEHsR= T4
100 A o]4be] A ol gl Zu)a B4do] Zhidle Ao
2 A3 glom, B Aol e afakEe] island 3
gz A 40 Asj s 9o SFake 571
continuous film WE2 A48 160 A2l vt §=
Zaate 74 vl = Suf g3l AR og qlE)
o & eyl ulAsH F71aE F2E 9ok
}'1g L 40 A=) WS Zhe Si0, 7l 23 &

i

=

= 150°C, 170°C, 200°C, 230°C= wIs}rl# F=hat
Cu -l dhate] SEM M4 3|l of7ldlA] FaEk Sl
Z7 ) whet Cu e AA Y] Beldie] AxpEen



7k & 4 glglem, &5 &
et 200°C, 230°CellA Z=h ; Cu 2tef 247
Ldsdo] g8 555 ool 3
ol upgh 3ke]™® CVD F4 o2 FEbE Cu ‘i"l]'g]
A5 AR W] Al ;c]—o] o7} _7}:67-01] n:]g} ‘r‘ ]
o Hla] 2 Wakez w27 =o] B2k ﬂéa
B3slA 95y WEeg A7t 'f—

ZE £r0] Z7k BEo] A2 ME ‘5:%

2 island growth 5o syl meges #ATE
direct 11npmgement e HAgEe 84 5
Folel, AedAe] 1 548 22 71T el
24 #Ad 73R ﬂO]E]E A B4 Wig 2o 2|8} 5
W A3 EAelA 1 A% 54 0se] ey} 7ledlo]
neod PR BeldAe] Zrlshe slez AErh

Fig. 5= &3 &% 130°CellA 6037t zh=e] 719 4
o 23 Cy vrEel SEM 94 7o) (e} (h)
X sputtering A2 2zt 160 A, 40 A Co wjo=
2 AR TN 713 8¢ 224 Cu ddkelr, (0=
as-received TiN 718 $12 S2MH Cu ¥ge =4 +
=% ehd Aolth {d)#} (e)& spultering 3§ L2
#}z} 160 A, 40 A% ¥l 9E2 4412 S0, 1% 9l
zZag ¢ ghbo] ), ag-received S0, 718 FdE ©f

rLﬁn
"ok

[t

g

>,

=

8

i 1%

_B

831

(d)
Fig. 4. SEM micrographs of Cu films deposited ai (2) 150°C, (b) 170°C. (¢) 200°C and (d) 230°C on Cu 40 A se-
eded 510,

Z@ol A Cu ghete] TR HSiTh
Fig. 59l 2113 40 Ag] k&2 2e (el 4
HHOCF%% zZk7| @ (o)l Wls] 2t oEdt 44
A FEE G 7 Urh oFH2 OV
A oA sputtering 2 ez 9471 Cu HE]
o] CVD FA 4 nucleation siteZ 288l CVD
23 27]2] incubation times Z4AE ¥ ole}t 4
7 I Al % oé]ﬁ]:O o]z Ao, B B
2ET ¢l upHel o) PVD Fagdl & wikE &
#A5E] CVyD S 9 1L | A% dke] CVD F7
A Thof ¢)s) FEE A5 H8 #EF 222 no-
A zi7le) AALE 2
o 7lglske B2 R o

cleation site &4l 2|3
= l:l'l'liﬂ»_‘l o2 /~ 3}'1:}%
EEIR=

E3, (a)2h (b)o] o] 5% vl FEL island e (40 A)
oA continuous film FEI(160 A)2 Z7pA 71 45,
ARl 277} Srlele dbd A4 F Alelo] &4t
discontinuous path?+ Z718le] dd-d¢] %<3
o 2= 9lglt) {d), (e)d] A5 99} whle] @45
e, o= TIN 7132 A5 W%E {5
Aol F54 Al dlsted S0, 7|3 A
Fo] A=g 2vm Yol WlwE Cu AHY £EH I

e 2‘.
o 19

o
T
A

N ru\o e

A 354 A 8 Z(1998)



£32 L S

Fig. 5. SEM Imcwgra])hs of Cu films deposited at the temperature of 130°C for 60 mmn on (a) Cu 160 A seeded
TiN, (b) Cu 40 A seeded TiN, (¢} as-received TiN, (d) Cu 160 A seeded Si05 and (e) Cu 40 & seeded Si0,.
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