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Investigation of Evaluation Methods for Adhesion of DLC
Films Using Scratch Test and 180 Degree Bend Test
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To evaluate adhesion of DLC films prepared by UBM sputtering, two new formulae are proposed using a

scratch test and a 180°-bend test. One formula for the scratch test was improved on the basis of Bull’s model using

critical load L, considering compressive residual stress o, on a film. The other formula, using a 180°-bend test,

was newly derived to calculate adhesion parameter J indicating adhesion energy of the film using the fractured

area ratio R,. Furthermore, with DLC films practically deposited on SUS304 at various substrate bias voltages, L,

by the scratch test, ores through substrate curvature method, Young’s modulus £, by nano-indentation test, and R,

through 180°-bend test were obtained. Validity of these formulae and parameters of # and J for adhesion energy

were assessed by evaluating changes in L, o,., Ep, Ry, W, and J with deposition conditions of the DLC films. Both

W and J investigated in this paper showed a direct relationship under all deposition conditions. Results suggest that

both W and J are appropriate for evaluation of DLC film-substrate adhesion.
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Cross sectional SEM image of scratch track.

55

AN EK DI, RO EREPEETH S Cr/C
BAEENTELTWVWS. LENST, BET VT —
BHOBICRE L R BB 6 1DV T, 23k
DNTRLEEH DR ZIET S ENNETH
525, aCHBEOREEIBIULZKED2 DR
FHU, UFTE woRERHRZ LS —/N—T/RT.
B ERAFMEL BLUBBIRIVF—ICRIFTHESR
HoxE

X 212, FRNA T REHICHT A AE L, H
MRS 0.0y BRUKLEDY > TR E DZALZ2R
T, L OEOSEEEZTHT S L, BLEOHEMNE
LHICEENEN T L, 200 VL ETHhEMNITET
THLHMEZTENTES. 0. BXUE, &8
IZ =300V 3R Tz £ D2z L TW\W5

X 3 IS HEAM N A T AEBIEICHT 5% EIZ\}D:F—
wOZELERT. 2k, wEe LT, (1), (2)Dif
FbEMENEZFRRRLEZ. WIFnho w i
INA T ABIEOHME & BICAWISETL, —200V
ULETIRIE—EDMEERT. ORI, FFCETE -
200 V X TOMEETIE, EEDHIMIN U TEEMEN

Z 4.0 T T T T
= 20} ifs i S
L o
0 ot o e Lc Qw
O Ores e
© 2B Jp b
& Coq ° T -
QLL ZOR
w300 17 4@%
- L & n
gl o
N | T

N 0 4 L 1 L 1 L 1 L 1 L
0 -200 -400 -600 -800 -1000
HARASA T AEE, VeV
X2 FHNA 7 AEEICH S 5 [ & Rl
5, BERUY 2 THROZE
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modulus with substrate bias voltage.
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Cross sectional SEM image of film after 180°bend test.
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