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Effects of Target-substrate Distance on Structure and Residual Stress of
Cu/Si(100) Thin Films
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(Surface Engineering Laboratory, School of Materials Science and Engineering, Dalian University of Technology, Dalian
116024, China)

Abstract; Cu thin films were deposited on the Si( 100) substrate by modulated pulsed power magnetron sputtering (MPPMS).
The effect of target-substrate distance on film thickness, microstructure, nanohardness and residual stress was systematically in-
vestigated by using SEM, analyzing crystal structure by XRD, nanoindentor and Stoney equation methods. With increasing the
target-substrate distance, the deposition rates of Cu/Si( 100) thin films decrease due to reduction of both the deposition flux and
particle energy. The microstructure of the Cu/Si(100) thin films also change from the dense zone T structure to the zone I struc-
ture with decrease of the Cu(111) grain size I, the hardness and elastic modulus of the thin films correspondently decrease with
residual tensile stress of about 400 MPa. The reduced deposition ion flux and energy with the increase of target-substrate distance
determine the main growth mode of the thin film grains as coalesce and shrinkage process, resulting in the Cu/Si(100) films
with a residual tensile stress state. The high deposition flux and ion energy of MPPMS could effectively control the residual stress
of Cu/Si(100) films.
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Table 1  Deposition parameters used in MPPMS Cu thin films

Parameter Vaule
Lo/ 1S 750
ooa/ 18 500
o s Lot/ IS 6,34
Lrong” 8 250
bon s Lo/ IS 10,20
Average power/kW 2
Frequency/Hz 94-97
Peak voltage/V 545-552
Peak current/A 52-55
Peak power/kW 28-30
50,75,105,115,135,
Target distance/mm
150,200,250

600,730,900,1106,1200,
1350,1950,2750

Deposition time/s

600 160
Vol 4 140
500 b oltage
1120 3
400 tw
> 4 100 g
% 300 4 80 2
2 200 f j ] 19 2
i Power 40 =
e / 1 5
100 + R R , =)
/ Pulse configration 4 20 5
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Fig. 2 Typical discharge curve of MPPMS Cu/Si(100) thin
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Fig. 3 Deposition rate of Cu/Si(100) thin films at varied tar-

get-substrate distance
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(100) thin films at varied target-substrate distance
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