Journal of the Korean Vacuum Society
Vol. 2, No.1, March 1993, pp. 50-57

(AT=8

#& T78Y JiEE 0|88 1Y WA
2kE2| oflxoff Bt AT

BT - NSFE - HEE - YAS - 2WT|* - 04EE - WEF

AAdste F&gEs
rddign A wgsta
(1992 119 17 A

A Study on the Prediction of Solid State Amorphizing Reaction
Using Effective Driving Force

J.S. Kwak, E.J. Chi, J.D. Choi, S. W. Park, M. K. So*,
S. M. Lee*, and H. K. Baik ’

Department of Metallurgical Engineering, Yonsei University
*Department of Material Science & Engin--ring, Kangwoen National University
(Received November 17, 1992)

2 of-ojUA Aol dxz] bl 4% ;A wlAAM g AFAHL dF3
A3t F& FFY NdE AAEch 2 v AR 9L F U4 RN RIS vAAY
7k A AFeAiARE Folxle dYHH FEH(AGHK)T FAAdae) AxpH A i 719
Fa& A A o) vz FojAle 724 22R.)7 FF5E W dojvke wE il 9o
wAALeky nasty, FA TEY J1EE o83 FE5/F5A Pohds F5/4E Ay 1
kgl g R A AL ST APAAEH viadte & H43E B =Y,
FE 75H 71Eel FE/HRE A wAARe dA ARFA AP dFe= T HEgE
B

Abstract—It is proposed that formation and growth of amorphous interlayer through solid state
amorphizing reaction can be predicted by the concept of effective driving force. The effective
driving force consists of two factors; i) the thermodynamic driving force given by maximum free
energy difference between physical mixture of binary elements and amorphous interlayer (AGya)
and ii) the structural factor given by a ratio between effective radius of interstitial site in host
matrix and atomic radius of diffusing species (R,4). It is shown that the the criterion of effective
driving force is successfully applied in the prediction of the formation of amorphous interlayer
in metal/silicon systems as well as that of metal/metal systems from the comparison of experimen-
tal data. In addition, the concept of effective driving force can be well applied to predict the
growth tendency of amorphous interlayer in metal/silicon systems.
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. 1. Change in free energy vs composition of amor-
phous alloy for group IVB metal/silicon sys-
tems. The free energy of the physical mixture
of the metal and silicon atoms is presented
by the dashed line.
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Table 1. Effective driving force for metal/metal systems

Lol WEF

System Aw/Y Au/la Ni/Zr Ni/Hf Co/Zr Ni/Ti Cu/Zr Fe/Zr Mo/Ni
—AGuu (k]/mole) 72.09 62.15 44.93 37.87 36.68 3547 26.16 21.33 1.50
R 1.10 1.10 1.17 1.15 1.16 0.93 1.13 1.15 1.00
=R AGps 79.30 68.37 52.57 43.55 42.55 32.99 29.56 24,53 1.50
(kJ/mole)
Table 2. Effective Driving Force for Metal/Si Systems
IVB Group VB Group VIB Group VIHIA Group
System
Ti Zr Hf \Y% Nb Ta Cr Mo w Co Rh Ni Pd
—AGu 4526 5847 5129 2322 3075 2782 1308 791 176 1410 2000 17.07 3232
(kJ/mole)
Rou 099 112 110 080 087 08 074 077 081 095 088 09 086
—Rmu"AGns: 4481 6549 5642 1852 26.75 2448 968 611 143 1340 1760 1622 27.80
(kJ/mole)
700 | oz . Table 3. Systems and References for Fig. 2
..... : ~Ro 4Guax = 15 ki/mole
600 F m.'u Point System  Ref. Point System  Ref.
o soo o19 “ 1 W/Si - 12 Pd/Si -
g .. P . 2 MoNi [3] 13 CwZr [33]
~
3 -~ : & 3 Mo/Si [35] 14 Ni/Ti [2]
‘% 300 | Yoy 4 Cysi 171 15 Co/Zzr  [9]
S w0l S A 5 Co/Si [17] 16 Niy/Hf [10]
- -
' - ---TT 7o s o! 6 Ni/si  [12] 17 Ti/Si [19]
100 F
; o 7  RWSi [11] 18 Ti/Zr [34]
X
% ;; o.l9 1.0 L|1 1.I2 1,’3 i 15 8 V/si [17] 19 HE/Si [19]
R 9 Ta/Si  [36] 20 Zr/Si [19]
Fig. 2. Plot of effective driving force criterion for 10 Fe/ir (7] 21 Au/lla  [1]
many systems. Solid points are systems where 11 Nb/Si  [36] 22 AwY  [23]

SSAR has successfully formed an amorphous
interlayer, hollow points are systems where
solid state reaction does not form an amor-
phous interlayer, and crosses are untried sys-
tems.
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Fig. 3. Critical thickness vs effective driving force of
metal/silicon systems. References for above fi-
gure: V/Si[17], Ta/Si[36], Na/Si[36], Ti/Si
[17]3, Hi/Si[19], Zr/Si[19]
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ol w2 F5A)717] ¥ $EEH WA} F 7)
AW AP E EI YAk wE FHatel] ot
AR el dxge] AAIH wiAgAY YA 4%
AfeliR] e $27b F7hsEo] delde &
Uit
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