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Measurement of Adhesion
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ABSTRACT

Various methods for adhesion measurement, which are related to the previously published
paper [J. of Soc. of Adhe. and Inter, 3, 4 (2002)], are reviewed. At first, the prerequisite for
the ideal adhesion strength measurement is considered, and three categories of methods for
adhesion measurement, such as mechanical methods, non-mechanical methods and mis-
cellaneous methods, are introduced.

KEYWORDS : ADHESION, ADHESION TEST, MECHANICAL METHODS, NON-MECHANTCAL METHO-
DS, NON-DESTRUCTIVE METHODS
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3.1. Nucleation methods
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Table 1. Methods that can be used to determine coating/substrate adhesion
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a7 A

Direct pull-off method **

Ultrasonic method’ &

Peel test:™ ¥

Hukdal uly
Rlister method 2%
Indentation test™""
Tensile test™™

Bend test™

Moment or topple method’ ™
Ultracentrifugal method' %2

Tangential shear or lap shear methad'?

Scrateh or stylus method =%

Double cantilever beam test™
Pulsed laser or electron-beam method "

Nucleation methods' ¥
Thermal method" ™™
Capacitance method" ™™

Scoteh tape meLhﬂd Sl

Abrasion test!
Bend and serateh test™

Cathodic treatment method'*®

X-ray method ' *
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3.2. Direct pull-off method
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Figure 1. Direct pull-off method.
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3.3. Moment or topple method
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Figure 2. Moment or topple method.

t} Test piecet= Figure 29} 3He mofo 2 3
o] sl WA rodel WS HAA(glue)® £
al ¥ HAHE SAsly] $ls AlHadst Ha
g owtgko g & 7R3} olv §Fel= 9AY
o] 7hajAz T} FWFell= shEEe] LR A
o}, Butlerss ] W] direct pull-off test
o ulale] o} 3k Apde] qlchn slgdct. A
A, 7193 $23 wheke 2 2881 net force
7} LA A gkel 7labe] wlgle] | e} E
7, A3 Ado] g7 o} Helajc}

o] vl e e 2= direct pull-off method
ol 2o} zre] A} £o(solder) & AHEsl=
dlel whg A3 Ee] ol

3.4. Ultracentrifugal method
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Figure 3. Ultracentrifugal method.
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3.5. Ultrasonic method

o] Wl e Moseset Witt' 7} A goz wat
# Won F2 7 dolmie) aale

Al g5t AREEe] gto) AR AR/
AFrE F7HAZIRA dt-r|g Ao 28}
al-&(ultrasonic vibration}& 7psf d=h2he] 3t
Ao olsle] W 1S Z7pA ), o|uf wiek
ol Al A /M5 at a = WCMR FolAl
o}, q7)A = AFrela, A AFeg, vt/
715 Aol zhgal= whgldage] 3§ o7} o=



B ERT

ptalp: 2o} Wl f: wbohel a4 40 FHd 7}
L)oo Folz|7] wlie diute] 7] g N-¢
ejg o) YA A%5 2 A%S %z Yok
upate) e s 2 4 oot

3.6. Scotch tape method
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3.7. Peel test
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Figure 4. Scotch tape method.
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Figure 5. 90°Peel test system.
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Figure 6. Tangential shear or lap shear method.
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3.8. Tangential shear or lap shear

method
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Figure 7, Scratch or stylus test.

3.9. Scratch or stylus test

o] Wi 1950:¢] Heavens'™'ol lafo]
qbElgl e Figure Tl viehd uvle} 3lo] Ho
T A (stylus)& o]-g-sle] uiule] FHd
g2 F7HA7IRAM 718 o] FAA wiute] Wl
A4 2] oA skF #E e AAHE 54
ﬁl":_.‘ ‘:Q'HJ':']':'} ﬁdxﬁ HEa H—,"q}'(passi\:atjm]
layer)e| ) v 2[4 wlube] MM L #r)s)
£l o] whle] BwigiatA] stolm g} P

of wpyle oh el val AREnzl du
Akale] Wi Al sPgsichs Aale] gl
wbd A SRSk AA) ohere] R sie] f7)

wigs] ] ele] AlgAEe] d4de] o
che s ok Al A AdARY Y
utete) ZAA S4% WAE e sk
B daiEe] s 9o},

3.10. Blister method
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3.11. Indentation test

o] Bb-E oA sksliindentation)S E3l
ubeb /7| gk Aol FdE HAAAR F o] e
Al3e] Al gt=l 4l A A {(interfacial []ALLLLI“(‘
Lnughnms}f"} mA gt ghele] glohs Al &+
= Fa gdAde] a8 dAESE 'ﬁ-ﬁﬁ]-&l
upabe] a2 ’ﬂ".fﬁl-m. Whalelch shelA &
Agl Al FAe] Ardarde] whteld] gtk
2 AlFshA] eda heA]l Al s we) A
ofut o] HlS B £ gc) o wWiHje] A=k
%2 Figure 10¢] chehglch ™!

SHTds HpHg Wi obE % Ad 5
sl x| Kol Slabed Agsi], oli atelsh
23 2dgede] Ass} ofd FAL Az ol
o= Ad 248wt

Figure 10e] weldl pAls)A As Aol
E.2} v zhzd ubube] ed Al (Young's modu-
lus) 2k Fels= v](Poisson’s ratiole]|c},

o] iyl AAa pel Kokl AL #14ke]
Aol F3sbA] o dAG JHAE B 4
o] gd= Aot} A2 vjsgt W4l scratch
test®) 75, 719ke] o) & A 5ok

3.12. Tensile test
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Figure 10. Indentation test.
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Figure 11. Tensile test.
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Figure 13. Bending test for thick film.
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3.13. Bending test
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3.14. Double cantilever beam (DCB) test
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Displacement
Figure 14. Load-displacement curve for thick-film
bending test.
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3.15. Shockwave methods
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3.16. Pulsed laser or electron beam
method
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3.17. Abrasion method
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3.18. Cathodic treatment method

o] M2 ¢wly] Wi 22 blister method®t
frAkgk wbele}l, Blister methods)} o} H2
FA (fluid) & #4(hydrogen)7} AH8-5lch= A
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Figure 15. Double cantilever beam (IDCB) test.
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3.19. Thermal method

o] W& uiute] zjgiz) e kg
u WE5= ov2](energy liberated)”} heat
of solution of the filmelA energy of
adhesion between the film and the
substrates = Za} 3o 2l 4= Far
mlcwcaimimetet"““ ZH & 9L 346
Cq ;g,zf-t"l O 3‘.!-/;]-3]. H}HJGTE}

_,hapman"'l o] Wl Na(l] 7|4t $le 2
F Fax F4% “‘““’4 7#"“4 Z7)e| o]-2-5l9ict.

o] W& o]l Agg A=k Y
42 glejo} sl=d|, =it} slgke] wb-d-do) o§-
Zhe 7 9ol o] uiie] o] fo| rpesic)

3.20. Capacitance method

o] ML Nekrasov' ™7} Sl wog a2l
Agk W Bullett® Prosser ™ 7} 4 =¥
R =

Nekzlel Wi slsbd ol8at o) Elastic
electrodes 'Jl“f-.*‘:‘] 3l FE7|gk e 917
2171 ¥ electrode?] absolute capacitance®
5 ‘_al--— A= (very low frequency, vif) =

uf g = J‘.:L“(wew high fregquency, vhi)
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o4 zkz} EAsle] capacitance( ()] #e] 2
& AEed A2 capacitance® el coef-
ficientE 4tk & coefficient = (O -
Cand/ Cene?} fr_ll o] coeflicient?t H =3} «
= A glohe APdERYE AL Al
W}

"—'l wiile] v & A ojgt Al Au
2 Frle sh, 2 ARES adlE glylele b

'?' el w2},
3.21. X-ray method

o] HbY& Hliﬂrﬂl(non--destructiw} A2y
37 wle] shta 43 7|98 B4 3
% epitaxial filmEe FFHe AdHe=z &
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wo] 3 ""‘4 7]#2] diffraction contrast® =
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