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Evaluation of Sound Velocity of Aluminum Films by Measurements
of Temperature Dependence of Electrical Resistivities

Xin SUN, Shigeo KOTAKE,
Yasuyuki SUZUKI and Masafumi SENOO

The evaluation of sound velocity, elastic constant of thin film has not been well established. The
relation between electrical resistivity and sound velocity has been clarified from the calculation on
the temperature dependence of electrical resistivity by well-known linear response theory. From the
experimental data of electrical resistivity, we evaluated sound velocity and elastic constant of thin
films by using the linear response theory, pseudopotential method. We also confirmed the method to

evaluate the mechanical properties of thin film by measuring electrical resistivity.
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Fig.1 Schematic figure of measuring system
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Fig.2 Experimental data of electrical resistivity of Al

film
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Fig.3 Fitted experimental data of electrical resistivity
of Al film
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Table 1 Temperature gradient calculated by
experimental data

Thickness | Temperature gradient
(x10~1°0m/K)
Bulk 1.2940.03
500nm 1.31£0.05
300nm 1.4240.04
200nm 1.49+0.05
100nm 1.55+0.04

Table 2 Residual resistivity calculated by
experimental data

Thickness Residual resistivity
Bulk 4.7540.04(x 10~ 1°Qm)
500nm 1.1640.05(x 10~ "Qm)

300nm 1.5740.05(x 10~"Qm)
200nm 1.9340.04(x 10~"2m)
100nm 2.3540.04(x 10~ 7Qm)

Table 3 Sound velocity and elastic constant
calculated from temperature gradient
of electrical resistivity

Uy Cn
(m/s) | (10"°N/m?)
Thickness | Cal. Exp. | Cal. Exp.

Bulk 6400 63751 10.8 10.08
500nm 6300 9.9
300nm 4900 6.8
200nm 4500 5.5
100nm 4000 4.4
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Fig.4 Thickness dependence on sound velocity

—283 —

T, 7R 7= NVIHEHOBFEE, v. IBTFOHE
THY, UTFTR, 7VvI=vAcBI232Fhs0DHE
(7=18.06 X10%*[m™®], v.=2.02X10°[m/s]) % FHv>7z.
BIEORR PR 4 TRT,

ZORRIY, BEIZFEHBTERICEATIAE
, BEEHROEL2FERLE LRI L Bb®
3, —H, REBEIZOMBTroBRINTS
D, AFM(EF/7SEMEH) 1< L 2 BB E» S, FI10
nm OWRLFORER S Nz (K 5). Z OMELFORE
BRI HARFEF /NS WD, T L TEEORY
BHIWCKELSFET I HZOND, BEORD IR
W, REEASAKES B2 05, BEORD I
> TR TFORBELRD LIz b Lffllan s,

4-2 BEARICSL ZBRIBRFERE ) E~OEE
UF, §iE L BESEIRORE Z S RIc & ) #iE
DERB L OVHEERERD 5.,
AT, R IIBKEN, [ BRBOER, s 3RB DM
HETHS., R(9)CHEHRBLUCRBEELZ L2
R A X0 L 2BRETAOFELFRT. B

Table 4 Calculated mean free path

Thickness | Mean free path
(nm)
Bulk 930
500nm 5.7
300nm 4.3
200nm 24
100nm 1.6

Fig.5 Surface of 300 nm aluminum observed by AFM
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