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Characterizing the Thermal Stability of TiSi, Film by Using the
Stastistical Experimental Method
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Abstract A statistical experiment method was employed to investigate the window of the thermal stability of
TiSi, films which are popular for Ti-salicide and ohmic layers. The statistical experimental results showed that
the first order term of TiSi, thickness and annealing temperature was acceptable as a function of Aresistivity
by 95% reliability criteria, and R-sq value implying a fit accuracy of the model also showed a high value of

93.80%. We found that Aresistivity of the TiSi; film annealed at 700°C for 1 hr changed from 3.35 to 0.379 uQ-

cm with increasing thickness from 185 to 703 A, and Aresistivity of the TiSi, film with a fixed thickness of
444 A changed from 0.074 to 17.12 u£2:cm with increasing temperature increase from 600 to 800°C. From these
results, we report that the process conditions of 692°C-1 hr, 715°C-1 hr, and 730°C-1 hr for TiSix(400 A) are

stable by the criteria of 1, 2, and 3 u2-cm of Aresistivity, respectively.
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Table 1. The design and value of experiment.

Coded Value Uncoded Value

NO. TiSi, anneal .TiSi2 anneal
thickness temperature thickness tempoe rature
A) (C)
1 -0.777 -1 289 650
2 -0.794 1 286 750
3 1.023 -1 604 650
4 1.029 1 605 750
5 -1.371 0 185 700
6 1.589 0 703 700
7 -0.211 2 388 600
8 -0.217 2 387 800
9 -0.223 0 386 700
10 -0.223 0 386 700
11 -0.223 0 386 700
12 -0.223 0 386 700
Table 2. Process results.
NO. . TiSi, anneal AResistivity
thickness(A)  temperature(°C) (U - cm)
1 289 650 0.78
2 286 750 12.96
3 604 650 0.34
4 605 750 1.51
S 185 700 3.75
6 703 700 0.38
7 388 600 0.07
8 387 800 28.86
9 386 700 1.01
10 386 700 0.99
11 386 700 1.03
12 386 700 1.12

e Aolth, zZglz, & 19 43 matrix® “coded
value” oA TiSi, T4 27| AF 27ALR HA gL
AL Ade] g9l APS Yl £A3H 7] wlEol

AYPnde Syl FEHAFIe S BAY A
AL Yehl= AQdd], ¥ Addres Eddg9 oA
o3t AAlZ EAEE “quadratic model” 24 F&WH S
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coefficient), e= &4 =X (residual value)E “FEPATH
4 oY 1B

AY 73 § ST F
“BAH HAYZROY”E o83t & 349
estimate effect®t 3 59 ANOVA(Analysis of
Variance) Z2FE AU E 349149 estimate®] ¥
e Aresistivitys F7F A7)E 9 YeRZ &9 4
e BA A7l &35 YERY, estimate®] AW gk
ol F & 1 3¥% Ivke A& By o 28y ¥
39 “std error'= 7} estimate®] <X th3F standard
deviation UERATE E3H ¥ 59 ANOVA A#elA=
7z 2949 AFEE HES B T ey, FES
of freedom, sum square, mean square, F-ratio, Pr
(probability)Z FAE A glom 7} gFo] A 94
¢ A= g 2o

degree

sum square = Xy-y)* (y:response, y:response2] average)

Table 3. The effects and reliability of parameters by model.
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mean square = sum square/df (df:degree of freedom)
F-ratio = regression mean square/residual mean square
R-sq =regression sum square/total sum square

=Ygt 34 Aol g dojxl 2o A S
f9 £F 0.052 8lo] 3228 BW Pr(probability) 7ol
0.05 Bt} 2 AL TiSi, FA9 E4g 229 F
o), wetA] 95% A FEdA AT Q)
sources YAFgre] F WINTiSH, T4, 4B 2%)0]
2 FEHSA Aresistivitys SHET el La g
#A=Z AHE £ ot &, 3] H(regression) Zde] A
A F Qe 244 AFR-sq fitting®]
Ae} 25 FE 100 %) 779 AEH,"Y Aresistivity
o i3t mde] Rsqge 9743 %2 F33 T FAE

2 rr oot

Effect Estimate Std Error t Ratio P Value
1. TiSi, thickness -0.810653 0.133856 -6.05614 0.000918
2. anneal temperature 1.3147477 0.10232 12.84938 < 0.0001
3. TiSi, thickness
*TiSi, thickness 0.2238032 0.145728 1.535758 0.175503
4 TiSi; thickness -0.437039 0.184113 -2.37375 0.055237
*anneal temperature
5. anneal temperature 0.0862705 0.075416 1.143933 0.296228
anneal temperature
Table 4. The effects of parameter refined by reliability criteria of 95%.
Effect Estimate Std Error t Ratio P Value
1. TiSi, thickness -0.736348 0.156209 -4.71387 0.001099
2. anneal temperature 1.3606542 0.127557 10.66704 0.0001
Table 5. Results of ANOVA(Analysis of Variance).
Model
SOURCE df SUM SQ. MEAN SQ. F-RATIO Pr>F
TiSi, thickness 1 4.449833 4.449833 36.67685 0.000918
anneal temperature 1 20.03161 20.03161 165.1065 0.0001
TiSi, thickness
#TiSi, thickness 1 0.286152 0.286152 2.358553 0.175503
TiSi; thickness 1 0683633 0.683633 5.634707 0.055237
anneal temperature
anneal temperature 1 0.158764 0.158764 1.308584 0.296228
*anneal temperature
Model 5 27.63018 5.526036 45.54723 0.000108
Error 0.727952 0.121325
Total 11 28.35813
R-sq 97.43%
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Fig. 2. The contour plot of Aresistivity by process parameters
of TiSi, thickness and annealing temperature.
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Fig. 4. The cross sectional TEM images of TiSi, film by Aresistivity changes of (a) 12.96uQ -cm, (b) 1.51uQ -cm, (c)

28.864€2 - cm, and (d) 1.01u€Q -cm.
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