Journal of the Korean Vacuum Society
Vol.11, No.4, 2002, pp.194~200

MOCVD Copper BHto| dxjz|7}
Electromigration A0 0|X|= sk 41
OIRIAY - AR - 24 - HAY

ARostis A4 - H7) - AFE Y
(=2dad : 2001d 49 27¢)

The effect of the heat treatment of MOCVD Cu thin film on electromigration

Won-Sok Leet, Seong Chan Bae, Seung Hyun Son, and Sie Young Choi.

School of Electrical Engineering and Computer Science, Kyungpook National University, Taegu 702-701, Korea
(Received April 27, 2001)

2 o

MOCVD(metal-organic chemical vapor deposition) Cu B}9HS ojg] ZANA d42g 8l 1 A28 =N
ATz ks Ba HEE X 2AE 21 2 ARE 2ARIY Ar 1 torm, 400 Tl dAEE AR
Cu Htute] HlA o] 198 1 Q - emZ 7F B velgton, 234 AT liylen?) Bl7F 203004 3.118 &
ARE AAA F%E Aok vlams)A oF 50 % Y= FAE S YT 98 T electromigration(EM)
HAEAXE Ar 1 torr, 400 Tl F32]E AR wjdo] EMe] t)gh 71 £ A4S wgrh o] AL g3
2l & g HAY, (1) ZAWY A3, 1elm 8 ALY gadA 78 Aol

Abstract

MOCVD(metal-organic chemical vapor deposition) copper thin film was annealed at various conditions and the
electrical properties and micro-structures were investigated to find the optimal annealing condition and its effect. Cu thin film
annealed at Ar 1 torr, 400 C had the most improved resistivity of 1.98 £ +cm, and texture; the ratio of TninfIaoo
was varied from 2.03 to 3.11, and Cu thin film annealed at Ar 1 torr, 450 C had the largest grain size and uniformity.
After the annealing, the EM(electromigration) test was followed to ensure the improved properties by annealing.
Compare to other conditions, Cu patterns annealed at Ar 1 torr, 400 C had the most improved properties when it came
to the EM resistance, which was due to the low resistivity, the preferential evolution of texture to (111) plane, and the

reduction of surface roughness of annealed copper film.
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G x{2|7} Electromigration S| ojxj= Hg A7

Zo| 54 18 sire 4 B3R (four point probe),
AFM(atomic force microscopy), SEM(scanning electron
microscopy), XRD(X-ray diffraction) 5] o]-&% %l
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Table 1. Annealing Conditions of Cu thin film.
Parameters Values
Temperature. () 350, 375, 400, 425, 450
Time (min) 30, 60, 180
Base pressure (Torr) 10°
Ar pressure(Torr) 1
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Fig. 1. Cu pattern for the electromigration measure-
ment.
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Fig. 2. Resistivity improvements of Cu thin films an-
nealed for 30 min at various temperatures.
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Fig. 3. Resistivity improvements of Cu thin fims an-
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Fig. 4. SEM photograghs of Cu surface annealed at Ar 1 torr for 30 min.
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(2) as dep (b) annealed at Ar 1 torr, 450 C for 30 min

Fig. 5. SEM cross—sectional views of Cu thin films.
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Fig. 6. XRD pattern of the Cu thin fims.

(a) as dep (b) annealed at Ar 1 torr, 450 C for 30 min
Fig. 7. Three-dimensional AFM results of the Cu thin fim.
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Table 2. AFM data of Cu thin films at various annealing conditions.

A X227} Electromigration S4off 0|x|= ¥&F AF

Atmosphere (torr) Annealing temp. Img. Raw mean (nm) | Img. Rms (Rq) (nm) Img. Rmax (nm)
as dep. X 8.119 20.905 131.29
350 T 14.798 19.261 134.61
10° 400 C -0.094 18.228 126.07
450 C 3.564 18.652 121.92
350 C 4.179 18.565 126.50
Ar 1 400 C 1.371 18.674 130.23
450 C 10.665 18.125 125.66

where, Img. Raw mean : Raw mean of surface roughness before surface correction.

Img. Rms(Rq) :

Rms mean of surface roughness after surface correction.

Img. Rmax : maximun difference in height within scanned image area.
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Fig. 9. Resistance variations of as—deposited and an-

nealed at Ar 1 torr, 400 C Cu pattern at the

temperature of 200 C.
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Fig. 10. Resistance variations of annealed at Ar 1 forr,

400 C Cu pattern at various temperatures.
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