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Abstract— A new model is proposed which correctly predicts the occurrence or absence of amorphi-
zation by Ion Beam Mixing in metal/metal and metal/Si systems. Our model is based on elemental
variables related to cohesive energy, interstitial site size and atomic radii of the elements. These
variables are ultimately related to atomic diffusion mechanism. We defined the ADF as the amor-
phization determinating factor and our model equation is ADF=C\(Ry— 1)+ Co(Ewn max/Ecin i) + 0t
The amorphous phase formation occurs in the positive value of ADF by lon Beam Mixing and
it does not occur in the negative value. We verified our model using various experimental results
and applied our model to some metal/Si systems which have no experimental results so far.
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Table 1. Experimental results of ion beam mixing for metal/metal and metal/Si systemslreference].

Amorphous phase
formation

Systems

(Metal/Metal and Metal/Si systems)

Yes

Al/Co[7, 23], Al/Cr[45], Al/Rul45], Al/Zr{45], Au/Pd[45], Co/Til7,9], Cu/Fe[24,
31], Cu/Ta[17, 18], Er/Ni[17], Fe/Mo[19], Hf/Ni[19, 421, Fe/Zr[2], Mo/Ru[9, 19,
261, Ni/Ti[9,27], Re/Ta[27], Ru/Ti[28], Ru/Zr[29], ANi[7, 23], Mo/Ni[17, 29],
Al/Au[19, 33], A/Ir[35], Au/Ru[35,36], Au/Col17, 22], Co/Cu[34], Co/Gd[19, 41],
Co/Hf[2], Co/Mol[9, 171, Fe/Ti[27], Nb/Ni[17,32], Au/V[17,22], Co/Zr[45, 50, 52],
Fe/Gd[45], Fe/Tbl45], Al/Pb[7], Co/Tb[45], Al/Fe[23,37,43]

Ti/Si[29], Ru/Si[9], Rh/Si[29], Ni/Si[34], V/Si[29], Nb/Si(47], Cr/Si[55, 58],
Mo/Si[9], W/Si[53, 541, Pd/Si[34, 56,57], Pt/Si[22,39], Au/Si[48], Sn/Si[40,49]

Ag/Cr[36], Ag/Cu[20, 34], Ag/Ni[ 34, 38], Cu/Nb[6], Cu/Os[36], Au/Zn[51], Ag/Co

No (347, Ag/Fe[2], Ag/Rul35], Ag/Os[35], Ag/Ir[35], Ag/Nb[36], Cu/W[44], Au/W

[44], Ag/Rh[35]

Ag/Si[34]
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Table 2. The calculated values of metal/metal systems

System Econ, mar/ Econ, min Ry—r4 ADF System Eeon, max/Econ, min Rz—1a4 ADF
Al/Co 1.293 0.541 0.825 Al/Nb 2.236 0.335 0.243
Al/Cr 1.211 0.290 0.606 Fe/W 2.085 0.164 0.132
Al/Ru 1.996 0.715 0.719 Au/lr 1.822 —0.010 0.062
Al/Zr 1.845 0.667 0.730 Au/Ru 1.771 0.001 0.092
Au/Pd 1.022 —0.130 0.262 Au/Co 1.159 —0.050 0.396
Co/Ti 1.108 0.386 0.746 Co/Gd 1.068 0.886 1.262
Cu/Fe 1.237 0.105 0.413 Co/Cu 1.265 0.125 0.421
Cuw/Ta 2.329 0.165 0.037 Au/V 1.393 —0.210 0.034
Er/Ni 1.354 0.915 1.175 Co/Hf 1472 0.733 0.945
Fe/Mo 1.591 0.091 0.255 Co/Mo 1.558 0.111 0.291
Hf/Ni 1.453 0.763 0.983 Fe/Ti 1.137 0.366 0.714
Fe/Zr 1.466 0.436 0.652 Nb/Ni 1.701 0.157 0.275

Mo/Ru 1.014 0.161 0.557 Co/Zr 1424 0.456 0.688
Ni/Ti 1.090 0.416 0.780 Fe/Gd 1.039 0.869 1.254
Re/Ta 1.015 0.545 0.941 Fe/Tb 1.063 0.851 1.231
Ru/Ti 1.397 0.436 0.680 Al/Pb 1.676 0.765 0.897
Ru/Zr 1.072 0.506 0.878 Co/Thb 1.081 0.875 1.243
Al/Ni 1.319 0.560 0.836 Al/Fe 1.261 0.354 0.656
Mo/Ni 1.547 0.141 0.325 Al/Au 1.121 0.160 0.512
Al/Pd 1.155 0.635 0.975 Al/Pt 1.723 0.650 0.762
Au/Ti 1.278 —0.291 0.002
Ag/Cr 1.391 —0.376 —0.132 Ag/Os 2.773 —0.446 —0.754
Ag/Cu 1.187 -0.526 —0.198 Ag/Ir 2.357 —0.246 —0.386
Ag/Ni 1516 —0.256 —0.061 Ag/Nb 2.579 —0.566 -0.794
Cu/Nb 2.173 —0.115 —0.183 Cu/W 2.551 0.145 —-0.075
Cuw/Os 2.344 —0.035 —-0.171 Au/W 2.343 —0.030 —0.166
Au/Zn 2.828 —0.210 -0.538 Ag/Rh 1.955 —0.246 —0.226
Ag/Co 1.493 —0.286 -0.082 Ag/Fe 1.455 —0.306 -0.086
Ag/Ru 2.282 -0.236 —0.348

Table 3. The caiculated values of metal/Si systems (result)

System Eeor, max/ Econ, min Ry—r1a4 ADF System Evon. mar! Econ, min Re—14 ADF
Ti/Si 1.052 0.401 0.781 Ru/Si 1.456 0.575 0.793
Rh/Si 1.242 0.570 0.874 Ni/Si 1.043 0.420 0.804
V/Si 1.147 0.164 0.505 Pd/Si 1.190 0.345 0.669
Nb/Si 1.635 0.195 0.341 Pt/Si 1.216 0.360 0.674
Cr/Si 1.129 0.150 0.498 Au/Si 1.215 0.020 0.334
Mo/Si 1.473 0.181 0.392 Sn/Si 1.389 0.760 1.004
W/Si 1.922 0.416 0.447
Ag/Si 1.570 —0.044 —0.216
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Fig. 2. Possibility of amorphous phaseformation by ion
beam mixing in metal/metal systems. The L-
near line represents our model equation.

1. Al/Co, 2: Al/Cr, 3:Al/Ru, 4. Al/Zr, 5

Auw/Pd, 6. Co/Ti, 7: Cu/Fe, 8. Cu/Ta, 9: Er
/Ni, 10 : Fe/Mo, 11 : Hf/Ni,12 : Fe/Zr, 13:

Mo/Ru, 14 : Ni/Ti, 15: Re/Ta, 16 . Ru/Ti, 17
- Ru/Zr, 18 . Al/Ni, 19 : Mo/Ni, 20 : Al/Ay, 21
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Fig. 3. Possibility of amorphous phase formation by

ion beam mixing in metal/Si systems. The li-
near line represents our model equation.
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Table 4. The calculated values of metal/Si systems
(prediction)

System Eu mar/Econ mn Re—ra  ADF Prediction
Zr/Si 1.350 0.526  0.786 Amorphization
HI/Si 1.391 0.803 1.047 Amorphization
Ta/Si 1.749 0515 0.615 Amorphization
Re/Si 1.734 0576 0.682 Amorphization
Fe/Si 1.082 0.214 0.581 Amorphization
Os/Si 1.765 0.385 0.480 Amorphization
Co/Si 1.055 0.331 0.709 Amorphization
Ir/Si 1.449 0.590 0.810 Amorphization
Cu/Si 1.330 0.115 0.383 Amorphization
Ge/Si 1.200 0580 0.916 Amorphization
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