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Table 1. Experimental design and experimental conditions.

NO. {Temperature Pressure Temperature Pressure
ower power
1 -1 -1 -1 25 12 500
2 +1 -1 -1 200 12 500
3 -1 +1 -1 25 20 500
4 +1 +1 -1 200 20 500
5 -1 -1 +1 25 12 1500
6 +1 -1 +1 200 12 1500
7 -1 +1 +1 25 20 1500
8 +1 +1 +1 200 20 1500
9 -1 0 0 25 16 1000
10 +1 0 0 25 16 1000
11 0 -1 0 100 12 1000
12 0 +1 0 100 20 1000
13 0 0 ~1 100 16 500
14 0 0 +1 100 16 1500
15 0 0 0 100 16 1000
16 0 0 0 100 16 1000
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Table . Response values by process condition.

Condition Measured result
NO | Temperature Pressure p(]>)wer Rs Rs uniformity

O (mTorr) w) (/) (%)

1 25 12 500 | 8.331 424
2 200 12 500 | 6.356 6.04
3 25 20 500 13.47 3.49
4 200 20 500 | 7.981 384
5 25 12 1500 | 7.778 2.93
6 200 12 1500 | 6.648 4.66
7 25 20 1500 | 8.994 345
8 200 20 1500 | 6.903 3.76
9 25 16 1000 | 8.726 3.92
10 200 16 1000 | 6.987 5.25
11 100 12 1000 | 7.165 4.62
12 100 20 1000 | 8.082 5.07
13 100 16 500 | 8.163 591
14 100 16 1500 | 7452 4.49
15 100 16 1000 |} 7.611 495
16 100 16 1000 | 7.565 4.85
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Table 1II. Range of process parameters.
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Table IV. Regression coefficients of quadratic model for responses.

Experimental level Item Rs Rs uniformity
Experimental factor
[-1] [0] [+1] Constant 7.639 5.115
Temp erature(uc) 0 100 200 Temperature —1.180 0.870
Pressure(mTorr) 12 16 20 Pressure 0.630 -0.245
DC power(W) 500 1000 1500 DC power -0.365 -0.423
Temperature*pressure -0.197 -0.429
Temperature*DC power 0.170 ~0.004
2} o3} AR FA|EE “quadratic model” BA] S48 Pressure*DC power —0.280 0.321
2= 2
(response: Rs, Rs uniformity)S FEH3IPt}. dutz oz g‘;'mperazture 8343&[11 :gzgg
essure 0. .
« : » o] FpAlAIO o A) 7l o] I3
quadratic model” 9] FTAIAL T2 4 (1)} Zo] B DC power’ 0.143 0022
THIL RMS error 0.159 0.401
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U=ﬂo+2ﬁil,-+2ﬁ,-jl,~7g+€ I
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Table V. Results of ANOVA (analysis of variance).

sum square =2(y—y)2

(y: response, ; response 2] average)
mean square =sum square/df
F-ratio =regression mean square/residual mean square

R-sq =regression sum square/total sum square

Table IVOlA 2+ F78wge] gk} o)xke] dho) digh
2t Al B3+, )R SHEAE I 5 Aed), YAt
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Pt A FAdEE 242} significance’} 0.0006%+ 0.0125
2 005 oz} Hof Aol 58iths A & 4 T

Sheet resistance Rs uniformity
Source

df sum sq. mean Ssq. F-ratio signif. df sum sq. mean sq. F-ratio signif.
Total 14 7.963 14 11.569
Regression 9 7.836 0.871 34.32 0.0006 9 10.603 1.178 7.32 0.0125
Linear 3 7.136 2.379 93.77 0.0001 3 5.179 1.726 10.72 0.0080
Non-linear 6 0.700 0.117 4.60 0.0576 6 5424 0.904 5.61 0.0272
Residual 5 0.127 0.025 6 0.966 0.161
R-sq. 0.984 0917
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Fig. 1. The behavior of sheet resistance and sheet resistance
uniformity by process parameters of DC power and pressure with
fixed temperature of 100°C.
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Fig. 2. The behavior of sheet resistance and sheet resistance
uniformity by process parameters of DC power and temperature with
fixed pressure of 16 mTorr.
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Table VI Optimum conditions of Co film on responses

Response | max/min| Optimum condition | Optimum value
Temperature | 199.99 Rs 6.407
Sheet .
. min | Pressure 12
resistance Rs 15610
DC power | 808.08 |uniformity| ™
Temperature | 0.0202 Rs 9.366
,RS . min | Pressure 19.999 Rs
uniformity s 1 2.978
DC power | 1499.9 |uniformity
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Optimizing the Cobalt Deposition Condition using the Experiment Design

Seong Hwee Cheong* and Oh Sung Song
Department of Materials Science and Engineering, The University of Seoul 90 Cheonnong-dong,
Tongdaemun-gu, 130-743 Seoul, Korea

(Received 1 October 2002, in final form 15 November 2002)

The statistical experiment method is employed to optimize the deposition condition of Co film with DC magnetron sputtering
process. The statistical treatment results showed the significance value below 0.05, low RMS error and R-sq value close to 1, which
implied that our experiment and design were very reliable. We found that the sheet resistance decreased to -1.83 Q/[1 with the
deposition temperature, increased to +1.17 Q/[] with the deposition pressure, and decreased into -0.65 Q/[ with the DC power. We
also confirmed that the sheet resistance uniformity was mainly influenced by the deposition temperature as it decreased -4.04 % at the
temperature range of 25 °C~147 °C. Finally, we report that the optimum condition of Co film using our statistical method of design of
experiment is the deposition temperature of 25 °C, the deposition pressure of 12 mTorr, and the DC power of 1500 W.

Key words : Co deposition, statistical experiment design, sheet resistance, sheet resistance uniformity



