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Abstract When alloys are vacuum-deposited on cooled substrates, super-rapidly cooled alloy films in the
unequilibrium state can be obtained. As an application of this method, Ag-Cu, Ag-Ni and Ag-C alloys were suc-
cessfully produced, and their mechanical properties with tempering temperature were investigated. The following
results were obtained : (1) In case of Ag-Cu alloys, the solid solution was hardened by tempering at 150°C. The
hardening is considered to occur when the solid solution begins to decompose into o and  phases. The Knoop
hardness number of a 40 at.%Ag-Cu alloy film deposited on a cooled glass substrate was 390 kg/mm?. The as-
deposited films were generally very hard but fractured under stresses below their elastic limits. (2) In case of Ag-
Ni and Ag-C alloys, after the tempering of 4 at.%Ni-Ag alloy at 400°C and of 1 and 2 at.%C-Ag alloys at 200°C,
they were hardened by the precipitation of fine nickel and carbon particles. The linear relationship between proof
stress vs. (grain diameter)'’/2 for bulk silver polycrystals can be applied to vacuum-deposited films up to about 0.1
pum grain diameter, but the proof stress of ultra-fine grained silver with grain diameters of less than 0.1 um was
smaller than the value expected from the Petch's relation.
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Fig. 1. Arrangement of tungsten baskets and a
substrate in a used vacuum-evaporation apparatus.
Compositions of the films deposited at four different
places are indicated for the case of a film with the
average composition of 34 at% Ag-66 at% Cu.
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Fig. 2. Knoop hardness number and proof stress of
vacuum-deposited silver films. Numbers in brackets
indicate the film thickness in um.
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Fig. 3. Solubility limits in super-cooled Ag-Cu alloys
deposited on various substrates.
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Fig. 4. Change of resistivity of Ag-Cu alloys deposited
on cooled copper and iron substrates with temperature.
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Fig. 5. Variation of Knoop hardness of Ag-Cu alloys
deposited on cooled copper and iron substrates with
tempering temperature.

SRHA7F oA, E=gk A2 Cu 7]19E o83
7395 AA 23NN SRS FPagAQ y
S YeERAITE. Mader S[11} 3AZA 229
Ag-Cust=(35~63%Ag)S A& Alulolo] 7|t
500~1000 A FAZ F2sle] HIAAFFS AZSE
Aok Baslom, o] HIgEIES 7HdshaAd
A71AGS =43 A}, 80°C Follx] AAs)sle]
TEAZ HH, 150~185°CollA] ad} pie] 24k

Ag {111}
34 at% Ag:
Chilled Cu substrate
3.9 pm thick 200°CxXhr
tempering
z -
o
7]
g Cu {111} 200°Cx 1hr
E . tempering
— Ag deposited /
LY
/2 f] ] 150°Cx 1hr
Ag {200} / YN[ |} tempering
Cu {200} A _ANK
l . _"’f 3 \\\‘\\\
50 45 40 35

Diffraction Angle, 20 (deg)

Fig. 6. Change of X-ray line profile of a 34 at% Ag-Cu
alloy with tempering.
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Fig. 7. Change in Knoop hardness number of Ag-Cu
alloys deposited on cooled substrates due to tempering.
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Fig. 8. Plots of brittle fracture strength and proof stress
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tempering temperature. The line shows the estimated
proof stress of well-prepared films.
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Fig. 9. X-ray intensity curves of liquid-quenched Ag-Cu
alloys.
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Fig. 10. Change in hardness and proof stress of liquid-
quenched Ag-Cu alloys due to tempering.
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temperature. Tempering period : 1 hr.
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Fig. 13. Change of lattice constant of 4 at% Ni-Ag alloy
with tempering temperature. Tempering period : 1 hr.
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