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M easurement and Control of Thermal Stressin Thin Films

Hideya Yamadera
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Abstract

In recent years, with the advancement of smaller and
more sensitive sensor devices, active devel opments of
thin or surface type of sensors have been taken place
using micromachining technology. In such type of
sensors, thermal steress in the sensor films influences
the properties of the sensors. In order to exactly
estimate the influence of the thermal stressin the thin
films on the sensor properties, we have designed and
developed athermal stress evaluation system which is
applicable to various thin films on various substrates
and capable of measuring thermal sterss with ahigh
resolution. We investigated the measuerment and

ooooo

control methods on the thermal stress by evaluating the
thermal stressin SiN filmsand SIAIN films. Asa
result, the mechanical properties such as thermal
stress, Young' s modulus and thermal expansion in the
SiN films were found different according to the
preparation method of the films. It is considered that
these differences were caused by the differences of the
film composition. Moreover, it was found that the
values of thermal stress and thermal expansion in the
SIAIN films were controlled by the film composition.
The value of thermal expansion in the SiggsAlg 4N
film corresponded to that in Si(100).
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Table 1 Specifications of thin film themal stress

evaluation system.
Principle of Bending measurement of thin
measurement film on substrate by laser
+ 10 1000MPa
Stressrange at substrate thickness : 0.5mm,
Film thickness: 1um
Temperature 200 5000 inair
range
Substrate Mirror polish substrate (Ra<10nm)
ex. Silicon wafer, glass
Substrate size Circleshape: 4" 3'¢g 2"
Strip shape : 2000 50mm x 2[00 5mm0O
Film Continuous film except transparent
film on transparent substrate

Fig. 1

Thin film thermal stress evaluation system.
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Fig. 2  Schematic diagram of thin film thermal stress

evaluation system.
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Table 2 Mechanical property constants of SiN films,

Intrinsic StressC] o(MPa)

Y l
ntrinsic Stress at 00 O o,|-| Termal Stress0 o

0 50 100 150 200
Temperaturel] 0 0 0O O

-130 —‘

-150

Fig. 4  Intrinsic stress dependence on temperature in

SiN film by sputtering.
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Preperation | Termal stress | Young 's modulus | Thermal ex_gansion
® method s or (MPall) | : Ex(GPa) Do (x 107)
- ’/'/./?.4/./’./'/ Sputtering 0.104 267 2.9
| e — Y LPCVD 0.252 300 25
110 | 0=-101.86 +0.1040 PlazmaCvD|  0.115 240 2.8

Table 3 Composition of SIN films.

Preperation Film composition ( at.%)
method Si N 0
Sputtering 49 50 1
LPCVD 39 53 0
Plasma CVD 44 42 1 13
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Fig. 5 Preperation method of SIAIN films.
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Fig. 8 Termal expansion dependence on film

compositionin SIAIN films.
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