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Effects of Post-deposition Annealing on the Copper Films
Electrodeposited on the ECR Plasma Cleaned Copper Seed Layer
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Abstract Thin copper films were grown by electrodeposition on copper seed layers which were grown by
sputtering of an ultra-pure copper target on tantalum nitride-coated silicon wafers and subsequently, cleaned
in ECR plasma. The copper films were then subjected to i) vacuum annealing, ii) rapid thermal annealing
(RTA) and iii) rapid thermal nitriding (RTN) at various temperatures over different periods of time. XRD, SEM,
AFM and resistivity measurements were done to ascertain the optimum heat treatment condition for obtaining
film with minimum resistivity, predominantly (111)-oriented and smoother surface morphology. The as-
deposited film has a resistivity of ~6.3 pf2-cm and a relatively small intensity ratio of (111) and (200) peaks.
With heat treatment, the resistivity decreases and the (111) peak becomes dominant, along with improved
smoothness of the copper film. The optimum condition (with a resistivity of 1.98 u£2-cm) is suggested as the

rapid thermal nitriding at 4000C for 120 sec.
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Table 1. Experimental condition.

Parameter Condition
Substrate P-type Si(100)

. . CuSO;* SH,O 90 g/t
electroplating solution H,S0, 180 g/l
electroplating currnet density 60 mA
vacuum annealing 5 min, 200°C ~500°C
RTA 15 sec, 200°C~500°C
RTN 15 sec, 200°C~500°C
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Fig. 1. Scanning electron micrographs of the copper films after vacuum furnace annealing for 5 minutes at (a) 200°C, (b) 300°C,

(c) 400°C and (d) 500°C, respectively.
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Fig. 2. Scanning electron micrographs of the copper films after rapid thermal annealing (RTA) for 15 sec at (a) 200°C, (b) 300°C,

(c) 400°C and (d) 500°C, respectively.
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Fig. 3. Scanning electron micrographs of the copper films after rapid thermal nitriding for 15 sec at (a) 200°C, (b) 300°C, (c)

400°C and (d) 500°C, respectively.



ECR plasma® AX2E Cu seedd ol H3i=F

At

Grain®] A ul K(reorientation)$} A ¥l & (restructuring)-2

wheke]l ¥ 7 & 7| (surface roughness)ol 273291 gk
< 713 ¥4 250 weh APMO R S 3 A
A7) Fig. 49 R

Fig. 5, 65} Fig. 72 Z}7] tt& €Ag 2713 2=
oA XA 3" Azjolth o] TP HWH AfEF
H Cu ol A1DHEF 200002 F3FEF (texture)E T+
AEojgee o = 9t AAT Lws) ZrlEEE
(2007 2] peakell Wl (111)HS] peake] tha =7}

40
: ® - Vac.Annealing | 4
—®— RTA
71 |—&— RTN
€ 32 o
13 ]
7] ]
173
i}
2 ]
=)
P 24 4
& § .
w -
=
g ]
16
p ’ A
®
1 / A/
»
8 -
T 1 T T T T T T

100 200 300 400
Temperature (°C)

Fig. 4. Surface roughness vs. temperature plots for different
types of heat treatment : vacuum annealing, rapid thermal
annealing (RTA), and rapid thermal nitriding (RTN).
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Fig. 5. X-ray diffraction patterns of the copper films after
vacuum furnace annealing for 5 minutes at (a) 200°C, (b)
300°C, (c) 400°C and (d) 500°C, respectively.
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Fig. 6. X-ray diffraction patterns of the copper films after rapid
thermal annealing (RTA) for 15 sec at (a) 200°C, (b) 300°C,
(c) 400°C and (d) 500°C, respectively.
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Fig. 7. X-ray diffraction patterns of the copper films after rapid
thermal nitriding for 15 sec at (a) 200°C, (b) 300°C, (c) 400°C
and (d) 500°C, respectively.
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Fig. 8. Electrical resistivity vs. temperature plots for different
types of heat treatment.
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Fig. 9. Scanning electron micrographs of the copper films after rapid thermal nitriding at 400°C for (a) 60 sec, (b) 90 sec, (c)

120 sec and (d) 150 sec, respectively.
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Fig. 10. X-ray diffraction pattern of the copper films after
rapid thermal nitriding at 400°C for (a) 60 sec, (b) 90 sec, (c)
120 sec and (d) 150 sec, respectively.
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Fig. 11. Resistivity vs. processing time plot of the copper films
after rapid thermal nitriding at 400°C.
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