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Abstract — Electroplating Cu was deposited on Si{100) wafer after seed Cu was deposited by sputtering first.
TaN was deposited as a diffusion barrier before depositing the seed Cu. Electroplating Cu thin films show
highly (111)-oriented microstructure for both before and after annealing at 450°C for 30min and no copper sili-
cide was detected in the same samples, which indicates that TaN barrier layer blocks well the Cu diffusion into
silicon substrate. After annealing the electroplating Cu film up to 450°C, the Cu film became columnar from
non-columnar, its grain size became larger about two times, and also defects density of stacking faults, twins
and dislocations decreased greatly. Thus the heat treatment will improve significantly electromigration property
caused by the grain boundary in the Cu thin films.
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¥ 1. The conditions of deposition and annealing of Cu thin films deposited on Si(100) wafers.

water No. Si0, TaN Seed Cu EP Cu SizNy Si0, Annealing

01 0 0 450°C, N, 60 min

0 0 o} 200°C, Ny, 120 min
15 000

03 Onm 10000 0 0 As-deposit

04 X X As-deposit

Onm 45

05 60 i 0 0 450°C, Ny, 60 min

06 0 o 200°C, N,, 120 min
3

o7 00 nm X 0 0 As-deposit

08 O O As-deposit

Note: O means the layer was deposited, X means the layer was not deposited.
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28] 1. XRD diffraction patterms of the Si wafer/SiO,/TaN/seed CW/EP Cu/Si;Ny/SiO, samples before and after annealing.
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8 3. XRD diffraction patterns of the Si wafer/SiO,»/TaN/seed CW/EP Cu/Si;N4/Si0, samples before and after annealing,
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7% 4. TEM images of the Si wafer/SiO,/TaN/seed Cu/EP
Cu/SisN4/Si0O, thin film before annealing, (a) XTEM image,
(b) XTEM image, (c) plan-view TEM image respectively.
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8| 5. TEM images of the Si wafer/SiO,/TaN/seed Cw/EP
Cu/SizN,/SiO; thin film after annealing 200°C, 120 min (a)
XTEM image, (b) XTEM image, (c) plan-view TEM image
respectively.
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28 6. TEM images of the Si wafer/SiO,/TaN/seed CWEP
Cu/Si;N/SiO; thin film after annealing 450°C, 60 min (a)
XTEM image, (b) XTEM image, (c) plan-view TEM image
respectively.

A7 XA 9l columnar structure= ZA Aol A] 1A
3= electromigration A3 T A7|AEES 3R]
A Aoz Ak} =3 seed Cull EP Cudo] F
THA #t. seed Cus} EP CuE 78 Cu
WAl e AR ALFT A o|md geed Cust
EP Cuzt] 37t 78] ¢l A2 EP Cu”} ULSI
4 Cu 2Pl A4 7158 S dE HodFe 3
Aot FdEe} =3 Si wafert SiO, =< Cug) &

Abel] 2]&} copperssilicide® H.o]= contrast’} 2=
A =t o] XRD Z3} copperssilicide peak’}
A=A e A ‘3—-_]7-‘]?"}‘:]'

a9 45 IAEER] 9 as-deposit Cu] WA 2]
o|e}. Cu %t UW]}—ZJ% uet 7R At
columnar structure®} E7FA) A3l 3 2~37) A
x99 AAE zt= non-columnar structure”} EFE
ZA202 T4 =of glon, Cu wte) AR 2] ¥
Hol stacking fault @ dislocation®] AF34 gl2-e]
#=¢le}. non-columnar grain®] Z7)= <2k 0.1~
1umeol™, columnar graind- ¢F 1pum W& =S
et

I8 5% 200°C, 120 min®A2] & Cu 22 oy
A APRCZ. as-depositdt Al3ol| v|Ele] AR A
o] whslgd.on}, HHA 07 pop-columnar structure”F
2w, columnar structure®. RS AT AbSe]
AE 7 e 7o Fel=gich

3% 62 450°C, 60 min X2 Cu =t} wlA]
Z2) Aoz AAHe] F717) as-deposit Cuell 8|3
oF 2l oA} 7181912, columnar structure® 9
3] AAgt o] FaE). ®Edldislocation® Alds] 2
ol & Zlo] RaAF. 22t dXE] sl 73t
3l grain boundary® WA 439 dislocation, twin,
small defect 5-0] o}4 ‘do} Q= Zlo] HAH)

4.d £

Si wafer/SiO,/TaN/seed CWEP Cu/SisNy/SiO, S Al
Agt 3, dAE] X W A7kl whE electroplating
Cu Bpate] -4 wi3f, AAY AR, w3 9 Ak
WAt e 2 Ae] TaNe] EAfol] djsled TEM XRDE
o3l Mg Av} g 22 AES Qg

Seed. sputtering CuE AM-3+ EP Cu BPH2 (111)
weko 2 ZpsiA A1 wieFsldet. =3t 450°C 60 min
dAMEFt Cu ¥ AAY AAste] columnar
structureE B9 o™, FAA] A7l stacking fault,
twin, dislocation 5°] A4%33] E=x o] FAH
o =3 92 A4 F Cu®) B 450m TaN ¥}
2ol o3 F83] oAl Zlo2 Hek®Eo) o8k Cu
(111 A48k, A8 A} 2 columnar structure™
AR A A 2P electromigration A3 P A
7IAEES A H oz g

Journal of the Korean Vacuum Society, Vol. 9, No. 3, 2000



272 A - A - B - S

I
e

LS

[1] D: S. Gardner, J. D. Meindl, and K. C. Saraswat, IEEE
Transactions on Electron Devices, 34, 633-643 (1987).

[2] H. Okabayashi, Mater. Sci. & Eng., R11 191 (1993).

[3] M. B. Bakoglu, IEEE Transactions on Electron Devices,
32,903 (1985).

[4] S. Vaidya and A. K. Sinha, Thin Solid Films, 75 (1981).

[5] N. Awaya and T. Kobayashi, Conference Proceedings
ULSI XTI MRS 509-513 (1998).

[6] C. Ryu, A. L. S. Loke, T. Nogami, and S. Wong. Proc.
IEEE Int. Reliability Physics Symp. 1997, 201 (1997).
[7]1 T. Nitta, T. Ohmi, M. Otsuki, T. Takewake, and T. Shi-

bata, J. Eletrochem. Soc. 139, 922 (1992).

AT A A9H A3, 20004

[8] J. O. Olowolafe, Jian Li and J. W. Mayer, Appl. Phys.
Lett. 58, 469 (1991).
[9] J. D.McBrayer, Diffusion of metals in silicon dioxide,
DARPA, MDA 901-82-k-0412, (1983).
{10] A. Kobayashi, A. Sekiguchi, K. Ikeda, O. Okada and T.
Koide, Trans. IEICE, J82-C-11(8), 439 (1999).
[11] N. Awaya and Y. Arita, Jpn. J. Appl. Phys., 30(8), 1813
(1991).
[12} T. Ohmi, T. Saito, M., Otsuki, and T. Shhibata, J. Electro-
chem. Soc., 138 (4), 1089 (1991).
[13} L Vanasupa, D. Pinck, Y. C. Joo, T. Nogami, S. Praman-
ick, S. Lopatin, and K. Yang. Electrochem. Solid-State
Lett., 2(6), 275 (1999).



