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JAPANESE INDUSTRIAL STANDARD JIS R 3255 : 1997

Test methods for adhesion of
thin films on glass substrate

1 Scope This Japanese Industrial Standard specifies the test methods for adhe-
sion of flat thin films of metal, metal oxide or metal nitride of 1 um or under in thickness
formed on glass substrate.

2 Definitions The definitions for main terms used in this Standard shall be as
follows.

(1) semi-spherical stylus The stylus consisting of rigid material of which the
tip is ground in a semi-spherical shape.

(2) load of stylus The force added to the surface of a specimen via the stylus.
(3) loading rate The rate wherein a load of stylus increases per unit of time.

(4) scratch speed The speed wherein a stylus is pushed onto a specimen, and
to move it straightly parallel to that surface.

(5) method of scratch test The method wherein a stylus is pushed onto a specimen
at a specific loading rate and a specific scratch speed, and the adhesion of a
thin film is tested from the load by which a damage is generated.

(6) method of micro-scratch test The method wherein a scratch test is car-
ried out while a stylus is horizontally micro-vibrated, and the adhesion of a
thin film is tested in high sensitivity.

(7) method of micro-indentation test The method wherein a stylus is pushed
into a slant specimen at a specific speed, and the adhesion of a thin film is
tested in high sensitivity from the abnormal fluctuation of a load of stylus.

(8) critical damage The state wherein peeling off of a film is generated for the
first time in a test area.

(9) complete damage The state wherein 100 % peeling off is generated in the
test area.

(10) load for critical damage The load of stylus which causes critical damage.

(11) load for complete damage The load of stylus which causes complete dam-
age.

) (12) adhesive force of thin film The adhesion of a thin film to glass substrate
is expressed by the shear stress calculated based on the load of critical dam-
age, the load of complete damage, or critical load.

Informative reference : It is also called adhesion force or bond strength.
3 Classification of test method The test methods shall be classified as follows.
(1) Method of micro-scratch test

(2) Method of micro-indentation test Documents
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4 Standard specimen The standard specimen used for calibration of this appa-
ratus shall be one wherein a thin film of titanium oxide is stuck to quartz glass as
substrate (standard specimen with comparatively small adhesive force) and one wherein
a chromium thin film is stuck to quartz glass as substrate (standard specimen with
comparatively strong adhesive force).

(1) Quartz glass substrate Slice the quartz glass ingot synthesized by a gas phase
method into a plate-shape by using silicon tetrachloride as raw material. After
polishing roughly with a both side polishing machine, use cerium oxide, and
polish up to a mirror surface. For cleaning, carry out acid cleaning, ultrapure
water cleaning, and isopropyl alcohol cleaning by adding ultrasonic vibration.

(2) Titanium oxide thin film standard specimen Use press-formed titanium
oxide vapour deposited material, and generate a titanium oxide film of about
80 nm in thickness by a vacuum evaporation method on the quartz glass sub-
strate of (1). Heat the quartz glass substrate to about 300 °C. After exhaust-
ing to at most 1.0 x 102 Pa degrees of vacuum in vacuum evaporation chamber,
introduce oxygen, start reaction vacuum evaporation while introducing oxygen
when the degrees of vacuum reaches about 1.7 x 10-2 Pa degrees of vacuum, and
carry out vacuum evaporation to obtain a specific film thickness, allow a depo-
sition rate to be about 0.3 nm/s.

(3) Chromium thin film standard specimen Use a pure chromium made tar-
get, and generate a chromium film of about 100 nm thickness by a sputtering
method on the quartz glass substrate of (1).

Use argon gas as sputtering gas, and allow pressure to be reached before start
sputtering of a sputtering device to be at most 3 x 107* Pa, gas pressure in sput-
tering to be 0.2 Pa, and the deposition rate to be about 5 nm/s.

5 Test specimen A test specimen shall have such the structure, dimensions, and
shape as follows.

(1) Structure of test specimen A test specimen shall be a thin film having a
plane surface, and formed on the substrate wherein the whole is neither bent
nor deformed even by a physical load of about stylus load.

(2) Size of test specimen The maximum size shall be that capable of fixing by
loading on a sample specimen base, and the minimum size shall be that ca-
pable of securing 5 mm X 5 mm or over test surface after fixing.

(3) Thickness of thin film The maximum thickness capable of being measured
shall be about a radius of a contact circle generated by pushing a semi-spheri-
cal stylus on to the specimen.

6 Storage of standard specimen and test specimen For storage of a standard
specimen and a test specimen, in order to prevent sticking of oil contents, moisture
contents, etc., they shall be stored in a hermetically sealed type container in which
dry air and nitrogen gas are charged.
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7 Method of micro-scratch test

7.1 Measuring principle A schematic diagram showing the measuring principle
is given in Fig. 1. When a diamond made stylus is pushed onto a specimen surface
via cantilever, and the fulcrum of the cantilever is vibrated by a slight amplitude
parallel to the surface of a specimen, stick-slip vibration is generated in the stylus
according to frictional force acting between the specimen and the stylus. When a
damage is generated to the thin film, since the frictional force acting on the stylus
is varied irregularly, the motion of the stylus tip is changed largely. When a scratch
test() is carried out by moving the stylus in a direction normal to the slight-vibra-
tion, generation of adhesion damage of the film as well as critical damage can be
detected (2) from irregular vibration generated at the stylus.

The adhesion force is expressed by load for critical damage and load for complete
damage.

When an indentation hardness(3) of a glass substrate is known, though it can be
also expressed by critical shear stress generated on a boundary circle (L) of the in-
dentation part calculated by the formula (1), the indentation hardness value of the
glass substrate is also additionally stated in this case.

p
e v e et et e e s e e e saane e e rnes (D
/ nR*P 1
w
where, 7: critical shear stress generated in the boundary area

of indentation part (Pa)

P: drag (expressed by indentation hardness of glass
substrate) (Pa)

: radius of curvature at tip of stylus (m)

=~

W : load for critical damage or load for complete damage
(N)

Notes (1) In the micro-scratch method, though a scratch speed is zero, an ad-
hesion test containing effects of the fatigue and abrasion of a sample
1s possible.

(2) When a thin film is subjected to a scratch test, the damage area is
liable to expand following the increase of the load starting from the
critical damage in general. In this case, damage of the specimen is

. sometimes generated on not only the boundary surface between the
thin film and the substrate but also on the surface of the thin film
or inside the thin film, and the process of damage is various accord-
ing to materials of the thin film and glass substrate. For the first
specimen, the peeling state of the film after the scratch test is ob-
served by using a microscope, compared with a sensor signal, and
the signal shall be necessarily confirmed to correspond to the peel-
ing.

(3) The reason why indentation hardness of glass is used as drag (P), is
that the film and the glass substrate show the same deformation.
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