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In this paper, we predict the adhesion energy terms in metal/ceramic systems
by using acoustic parameters of these combinations. Different approaches
are used. Semiempirical relations are deduced for all systems. As shown, in
all cases, the adhesion energy W, increases linearly with Rayleigh velocity of
ceramic substrate V.. It takes the form W, = 0.07Vy, + C, where the first
term of this equation represents the van der Waals contribution to W,
which only depends on V.. The second term represents the equilibrium chem-
ical bonds contribution (W en.cqu) and strongly depends on the systems com-
bination as well as on the energy gap of the ceramics substrate. Moreover, the
W chem-equil €0€rgy is higher for small bandgap ceramic materials due to sub-
stantial charge carriers’ density inside ceramic crystal and, consequently,
ease and height electron transfer through the metal/ceramic interface. In
this case, the W oqu is essentially depends on Rayleigh velocity Vi, of de-
posited metal. For large bandgap ceramic materials, there are practically no
free charges inside ceramic crystal. In this case, the electrons’ transfer can-
not be taking place and, as a result, the W ., ... contribution is negligible.
The importance of obtained relation lies in its universality and applicability
to all investigated systems.
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Hamy poboTy mpucBAYE€HO MPOTHO3YBAHHIO CKJIAJ0BUX eHeprii aaresii B cucre-
Max MeTas/KepaMikKa 3 BUKOPDUCTAHHAM aKYCTUUYHUX ITapaMeTpPiB IUX KOMOi-
HaIi#f Ta pisHMX migxoxiB. Ilasa Bcix cucTeM OAep:KYIOTHCA HAIliBEMHOipUYHI
sajye:xHocTi. IToKkasaHo, 1110 y BCix BUIaJgKax eHepria axresii W, ainiiiHo 36i-
JBIIYEThCA 31 mBUAKicTIO Pestea Vi, KepamiuHOI miKJIaJUHKY 1 npuiiMae BU-
raang W,,=0,07Vy, + C. Ilepimuii ujeH IIbOT0 PiBHAHHSA IIPEACTABJISIE BHECOK
Bau-gep-Baanbca B W4, BiH 3ayeKuUThb TinbKu Bif V.. [ pyruii uieH mpeacra-
BJIsie BHecOK y W, piBHOBaskHMX XiMiuHUX 3B A3KIB (W 0 cqu) 1 CHIBHO 3a-
JIeXKUTD Bi KoMOiHAIlil CKJIaJ0BUX CHCTEMH, a TAKOMK BiJ eHepreTUUHOI IiIn-
HU Kepamiunoi migxknagueku. Kpim toro, emepria W ., .qu € OiabIIow Ams
KepaMiuHMX MaTepiasiB 3 MaJIOI0 MIMPUHOIO 3a00POHEHOI 30HU Uepe3 3HAUHY
T'YCTUHY BLIBHUX HOCiiB 3apsaay BcepeqUHI KepaMiuHOTO KPUCTAJIy Ta, BiAmo-
BilHO, IIOJIETIIIeHe IIePeHECeHHS eJIEKTPOHIB uepe3 MeXKy pO3Aily Me-
Tayn/Kepamika. B npomy BUINAAKY W e equil ICTOTHO 3aJI€KNATE Bifi IIBUAKOCTL
Penes Vi), HareceHOTO MeTany. [l KepaMiuHUX MaTepiajiB 3 BeIUKUMU 3a-
OOpPOHEHNMU 30HAMH B CepeJUHiI KepaMiuHOTO KPUCTaJNy MPAaKTUYHO BincyTHi
BisbHI HOCii 3apany. B nmbomMy BUagKy mepeHeceHHs eJIeKTPOHIB He Oyae i, AK
peayabTaT, BHECOK W .. . .1 OyZe HesHAUHUM. BainBicTh omepsxaHoi 3aie-
JKHOCTI mosiarae B ii yHiBepcanbHOCTL i 3aCTOCOBHOCTI 4O BCixX mOCTimsKeHUX
CUCTEM.

KarouoBi ciroBa: anresis, Me)ka posmisy meras/Kepamika, 3abopomeHa 30Ha,
aKyCTUYHI IapaMeTpH.

Haunas paboTa IOCBAIIEHA OIPEEJeHUIO COCTABISAIONNX SHEPTUU aJre3un B
CHCTEeMaX MeTaJlI/KepaMUKa C HCIOJH30BAHUEM aKYCTUYECKUX I1apaMeTpPOB
ATUX KOMOWHAIIUH U pasHBIX IOAXOM0B. I[JId BCeX CHCTEM IIOJIyYalOTCs IIOJIY-
sMIMpUUYecKre 3aBucuMocTu. IloKkasaHo, UTO BO BCeX CIydYasaX dHEPTUA ajre-
suu W, JuHeWHO yBeJIWYUBAEeTCs CO CKOpocThbio Pasesa V. kKepammuecKoil
noaJioKKu u npuaumaet Bug W, = 0,07V, + C. IlepBbIii ugeH 9TOTO ypaBHE-
HUS TIpecTaBIAeT BKJaa Bau-nep-Baansca B Wy, OH 3aBUCUT TOJBKO OT V.
Bropoii unen npencraBiser BKJag B W, paBHOBECHBIX XUMUUYECKUX CBA3EH
(W hemecqui)) ¥ CHIBHO 3aBHCHUT OT KOMOMHAIMHK COCTABJIAMIOIIMX CHCTEMBI, a
TaKKe OT SHEPTeTHMUECKOU Ieju KepaMuuecKoil momjoxkku. Kpome Toro,
oHEPTUA W o oqui OOTBIIIE I8 KepaMIYeCKMX MaTepHUAaIoB C MAJIOH MUPUHOR
3aIpeIéHHON 30HLI M3-3a 3HAUNUTEJBbHOI IIJIOTHOCTH CBOOOJHBIX HOCHUTEJIEH
3apsAfa BHYTPU KepaMUUeCKOT0 KPUCTAJLIA U, CJIeJ0BaTeJIbHO, 00JIErYEHHOTO
IepeHoca 3JEKTPOHOB uUepe3 I'PAHUILY pasliesa MeTaJLI/KepamMuka. B arom
caydae W e equii CYIIECTBEHHO 3aBUCHUT OT CKOpocTu Panesa Vi, HanecéHHOro
MeTannaa. [Jid KepaMUYeCKUX MaTepUajoB C OOJBIINMU 3alIPEIIEHHBIMU 30-
HaM¥ BHYTPU KepPaMHUYeCKOr0 KPUCTAJLIA IPAKTUIYECKN HET CBOOOIHBIX HOCHU-
Tejel 3apsga. B aToM ciyuae OTCYTCTBYeT IEPEHOC 3JIEKTPOHOB U, KaK pe-
8yabTaT, BEAAA W oy oquil OYET HE3HAUNTENBHBIM. Ba)XHOCTE IIOJyYeHHOH 3a-
BUCHMOCTY 3aKJIIOUAETCA B €€ YHUBEDPCAJBHOCTH ¥ IPUMEHUMOCTU KO BCEM
HCCJIeOBAaHHBIM CUCTEMAM.

KaroueBsie ciaoBa: aare3ud, rpaHuIia pas3aejia MeTaJI.TI/RepaMI/IKa, sanpeméH-
HadA 30HA, aKYyCTUYECKUeEe IIapaMeTpPhI.
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1.INTRODUCTION

Metalized ceramics have a crucial uses in several modern technological
applications such as electrical devices, metal films on ceramic sub-
strates, metal-ceramic bonding, ceramic-metal matrix composites etc.
However, the coating of ceramic surfaces can affect most of the proper-
ties of the interface. Therefore, the investigation of interfacial phenom-
ena between metals and ceramic substrates is of great importance not
only in technological applications but also in fundamental understand-
ing of physical behaviour of the adhesion between two different materi-
als as far as their electrical structures and physiochemical properties are
concerned. In fact, at the interface of a metal/ceramic system, adhesion
occurs when the atoms or molecules of the two contacting surfaces ap-
proach each other so closely that attractive forces between approaching
atoms (or molecules) bond them together. The strength of the bond de-
pends on the size of the atoms, the distance between them, and the pres-
ence or absence of contaminant matter on the surface [1]. Hence, the
strength or weakness of bonds is the key factor to determine the inter-
face stability: good adhesion, welded adhesion, perfect bonding, weak
bonding smooth interface etc. The metal/ceramic contact is character-
ized by the adhesion energy W4, which is the work per unit area of the
interface needed to separate reversibly a metal/ceramic interface [2].
This physicochemical parameter is given by Young—Dupré equation re-
lating surface tension of molten metal above melting temperature, v,
and measured equilibrium contact angle 6 formed between deposited
liquid metal and its ceramic substrate [2]:

W a =71 + cosb). (1)

It represent in generally the sum of all interfacial interactions between
two surfaces [3]:

Wad = Wnon-equil + Wequil’ (2)

where W, cqu @and W, ; represents non-equilibrium and equilibrium
contributions respectively of interfacial interactions. The first term
does not exist in the absence of chemical reactions, and the second term
corresponds to non-reactive metals/ceramic systems [3], this later ex-
pressed by

Wequil = WVDW + Wchem-equil’ (3)

where Wy, represents van der Waals interactions and W o cqui T€PTeE-
sents chemical equilibrium interactions accompanied by formation of
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these chemical bonds between two contact phases. It is important to
note that these interfacial bonds rested without rupture contrary in
non-equilibrium systems [2]. Van der Waals energy in metal/ceramic
systems can be numerically estimated by considering the dispersion
interaction between a pair of atoms:

W, :n30‘M?c IyI, ,
2R° I, +1,

(4)

where a,, and o, are the polarizability volumes of metal and ceramic, I,
and I, are the first ionization potentials of metal and ceramic atoms, re-
spectively, Ris the distance between centres of the interacting atoms.

At the interface zone, the surface acoustic wave (SAW) propagation,
which depends on elastic properties of solid substrates, is greatly affect-
ed: the response would be different depending on the weakness or
strength of bonds due to impedance mismatching [4]. Hence, in this con-
text, we investigate the dependences of adhesion energy on acoustic pa-
rameters, in particular SAW velocities, for many metal /ceramic systems.

2. METHODOLOGY AND MATERIALS
2.1. Calculation Procedure

In this work, two approaches are adopted: the first one is scanning
acoustic microscope, SAM, approach [5, 6] and the second is one pa-
rameter approach, OPA[7].

The SAM approach consists of theoretical determination of these
velocities from the so-called acoustic materials signatures, this ana-
logue signal received by transducer and focused by the position of the
acoustic lens at the sample against the distance z, under an incidence
angle with the reflected ones [5, 6]. The V(z) is the result of the several
interferences of all the leaky wave modes, such as leaky surface acous-
tic wave (SAW), leaky pseudo-SAW, leaky surface-skimming compres-
sion wave, leaky Lamb wave, and harmonic waves. However, only the
velocity of leaky SAWSs has been extracted from the V(z) curves in mi-
croanalysis mode proposed by Sheppard and Wilson [8], who derived
the following expression:

eHISX . .
V(z)= IO P*(0)R(0)exp(2 Jjk,2c0s0)sinBcosO db. (5)
Here P(0) is the pupil function, k, = 2n/A is the wave number in the
coupling liquid, j = /-1, 0 is the half-opening angle of the lens, and
R(0) is the reflection coefficient that is given by

R(0) = (Zsol _an )/(Zsol +Zliq)’ (6)
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where Z,, and Z;, are solid and liquid acoustic impedances, respective-
ly. They satisfy the following relationships:

Z,, =cos’20, +sin®20,, (7
Z

lia. =PiiqViiq /€080y (€))
with Z, and Z; being longitudinal and transverse acoustic impedances,
respectively, 07 is the critical angle at which transverse mode is excit-
ed, py, is the liquid density, and V), is wave velocity in this liquid.

The steps of the SAM approach, consist of determining SAW veloci-
ties of different modes, calculating acoustic materials signatures and
deducing SAW velocities via fast Fourier transform (FFT) treatment
of periodic V(z) signatures. The details of these steps can be found
elsewhere[9-11].

One parameter approach consists of determining SAW velocities
(longitudinal V;, transverse V;, and Rayleigh V) from materials densi-
ty (p) and elastic constants such Young’s modulus (E) is deduced ac-
cording to the well-established conventional relation and vice versa, i.e.

E=pV;(8pV; —4 pV;)/(pV} + pVy). 9)

The former consists of using the simplified familiar relations of elas-
tic constants into simple relations. Hence, E is expressed in terms of the
velocity of just one single mode (V, V, V3), as we recently reported [7]:

E=2.99pV2=0.575pV?2= 2.586pV?. (10)

2.2. Materials and Simulation Conditions

In this study, we consider several metals (Au, Cu, Sn, Ga, and Ag) on a
great number of ceramic substrates (AIN, Al,O,, BN, CoO, Er,0,, Ho,0,,
Lu,0;, MgO, NiO, SiC, SiO,, TiC, TiO, TiO,, Ti,Os;, Y05, Yb,0;, ZnO, and
Zr,0;). The characteristics of all ceramic materials—energy gap (E,)
[12], density (p¢), and Young’s modulus (E.)[13] are listed in Table 1.

The simulation conditions are those usually used experimentally in
the case of a reflexion scanning acoustic microscope (SAM) [9-11]: a
half opening angle of the lens of 50°, an operating frequency f = 145
MHz and water as a coupling liquid whose wave velocity V);, equal to
1500 m/s and density p;;, equal to 1000 kg/m?.

3. RESULTS AND DISCUSSIONS

3.1. Acoustic Signatures and Treatment

In the one parameter approach, we used simplified relations (10) and
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TABLE 1. Characteristics of investigated ceramic materials: energy gap (E,),
density (p¢), and Young’s modulus (E,) as well as the determined Raleigh V.

. SAM
Ceramic| E,, Pes E,., approach One parameter approach
sub- eV kg/m? GPa
strate | [12] [13] [13] Vre/sams Vies Vies | Vacjopas
m/s m/s m/s m/s
AIN 5.6 3260 318 5616 11367 6169 5712
Al,O4 7.1 3980 330 5650 11437 6207 5747
BN 8.1 3487 34 1834 3594 1950 1806
CoO 0.5 9423 281 2871 5725 3107 2877
Er,0,4 3.2 8651 179 2633 5236 2841 2631
Ho,0, 3.9 8414 175 2639 5248 2848 2637
Lu,04 4.0 9423 204 2691 5355 2906 2691
MgO 7.3 3580 310 5297 10710 5813 5382
NiO 2.5 6670 420 6205 12579 6827 6321
SiC 3.3 3210 393 6714 13626 7395 6847
SiO, 7.9 2600 75 3678 7383 4007 3710
TiC 0.3 4940 400 5370 10861 5895 5458
TiO 0.0 4950 387 3960 7964 4322 4002
TiO, 3.1 4230 315 4917 9932 5390 4991
Ti,04 0.1 4468 118 4411 8891 4825 4468
Y,0,4 5.5 5030 176 3398 6808 3695 3421
Yb,0; 1.4 9293 229 2677 5325 2890 2676
ZnO 3.4 5606 125 2730 5435 2949 2731
Zr0, 8.0 5600 244 3781 7596 4122 3817

some published data [13] of p and E to determine SAW velocities; the
results are grouped in Table 1. The obtained data of V; and V; are then
used in the SAM approach, i.e. they are inserted in relations (5) and (6)
to deduce the V(2) curves of all substrate materials.

Typical V(2) results are illustrated in Fig. 1 for four bulk substrates
ZnO (a), Y,0; (b), TiO (¢), and AIN (d). It should be noted that similar
curves were obtained for all other ceramic substrates. It is clear that
both curves exhibit oscillatory behaviour due to constructive and de-
structive interferences between axial beams and the reflected leaky
waves in the reflection SAM configuration.

The spacing between two successive maxima or successive minima,
known as Az, differs from one material. This oscillatory behaviour is
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treated via fast Fourier transform analysis. The obtained spectra are
displayed in Fig. 1. It is well established that under normal operating
conditions of a SAM, the most dominating mode is the Rayleigh one.
Hence, the principal peak obtained in FFT spectra (Fig. 1) represents
such a mode form, which the Rayleigh velocity V is deduced according
the following formula [5]:

Ve =V [1-(Vy,, /2f A2)) T2 (11)

The results, thus obtained, are regrouped in Table 1 for Rayleigh
velocities of all investigated ceramics. These values are close to those
obtained via the one parameter approach.

3.2. Determination of Adhesion Energy Terms
3.2.1. Correlation between Adhesion Energy and SAW Velocities

The variations of work of adhesion on Rayleigh velocity for different
ceramic substrate (V) in contact with different nonreactive metals
(Au, Cu, Sn, Ga, and Ag) are investigated. In this investigation, we
consider some published data on work of adhesion for different met-

a
i g V,
L\/ Az
N
. b
=
= «
5 |\ 8
g |\ 2
= \/\/\{\f\/\/\/\/\/—\n’\f\r-\/— w
= c E
= | B
=
h = \
S|
ll\’\f\v\!\/v\n A
ar
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|
A
i\
\J\f\/‘\.\ e
[ 200 400 600 0 200 400
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Fig. 1. Acoustic signatures and their corresponding FFT spectra for ceramic
substrates: ZnO (a), Y,0; (b), TiO (c), and AIN (d).
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als/ceramics systems [2, 3, 14—26]. The obtained results are presented
below.

To investigate the effects of the work of adhesion for different met-
al/ceramic systems on corresponding ceramic Rayleigh velocity, we
first consider gold/ceramic combinations, the obtained results are il-
lustrated in Fig. 2.

In order to generalize the above observations obtained with
gold/ceramic substrates systems and to put into evidence the results
reproducibility, we considered several other nonreactive metals depos-
ited on different ceramic substrates, i.e. (Cu, Sn, Ga, and Ag).

The obtained results are illustrated in Fig. 3 in terms of work of ad-
hesion as a function of ceramic Rayleigh velocities in contact with sev-
eral nonreactive metals (Ag, Au, Cu, Ga, and Sn). All the curves show
the same behaviour: the work of adhesion increases linearly with in-
creasing V.. However, we distinguish two sets of linear dependences
that are regrouped according to the band gap energy of the ceramic
substrate, as discussed below.

3.2.2. Quantification of the Results

The dependence of W4 on Vg, (Au) is quantified via curve fitting, (lines
in Figs. 2 and 3). We distinguish two parallel dependences for
gold/ceramic substrate systems for higher energy values (upper curve)
the linear variation is found to be of the form:

1500
Nio
o, 10004
g
S e¥e) TC
E
3
= 5004
0 : ‘ : : ‘
0 2500 5000 7500

Fig. 2. Work of adhesion as function of calculated Rayleigh velocities of dif-
ferent ceramic substrates in contact with gold; the lines are the best fit.
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W.(Au)=0.07Vy + 553. (12a)
Whereas, for small energy values (lower curve), the linear depend-
ence is found to be of the form:

W.a(Au) = 0.07V e + 76. (12b)

Moreover, it should be noted that the same behaviour of two parallel
lines is obtained for all metal/ceramic systems. Therefore, all curves
have a same slop not only for small energy gap materials but also for
large gap ceramics; the general expression takes the form:

W, (Me) = 0.07V,, + C, (13a)
W, (Me) = 0.07V,,+ C, (13b)

where the notation Me represents any given investigated nonreactive
liquid metal (Ag, Au, Cu, Ga, and Sn), C and C' are characteristic con-
stants for each metal/ceramic combination.

The exact corresponding values of characteristic constants C (for
small gap ceramic materials) and C’' (for large gap ceramic materials)
of several liquid metal/ceramic systems are giving in the Table 2.

3.2.3. Prediction of van der Waals Contribution

The similar dependence (with the same slope equal to 0.07V ) is indic-
ative of the existence of the same mechanism responsible for this be-
haviour. However, the existence of two parallel dependences for every

W, 4> md/m2

0 2500 5000 7500
Vae, m/s
Fig. 3. Work of adhesion as function of calculated Rayleigh velocities of dif-

ferent ceramic substrates in contact with several metals (Ag, Au, Cu, Ga, and
Sn); the lines are the best fit.



726 K.KAMLI, Z. HADEF, A. GACEM, and N. HOUAIDJI

TABLE 2. Values of C and C' for different liquid metal/ceramic systems.

Metals C, mJ/m? ‘ C', mJ/m?
Ag 991 14
Au 533 76
Cu 1309 228
Ga 863 78
Sn 602 37

system is due to the energy band structure of the ceramic materials in
particular the energy gap (Table 1). A close analysis of Fig. 3 and the E,
column clearly shows that the upper set of curves corresponds to solid
ceramic materials with small energy gaps (E, < 3 eV), whereas the low-
er ensemble of curves represents ceramic materials with large energy
gaps (E,> 3 eV).

In fact, solid materials with small band gaps behave as conductors
(E;— 0) or semiconductors (E, < 3 eV). In this case, it was reported [27]
that the high adhesion energy values of same metal/ceramic systems
are associated with high electron density of metals and low band gap
energy of solids ceramics. The interfacial adhesion between a metal
and a ceramic crystal is assured by the electron transfer [2], it is inter-
esting to define an interfacial propriety represents the minimum ener-
gy needed for appearance of a limit number of interfacial bonds re-
sponsible for generating of the adhesion between the metal and the ce-
ramic, this energy is caused by van der Waals interaction (W ). The
intensity of the electron transfer at small bandgap solid ceramic is in-
creased because of its wealth by the free charges inside and the chemi-
cal equilibrium contribution W ., ...y taking place.

For large bandgaps, there will be practically a small number of free
charges inside ceramic crystal. As a result, the chemical equilibrium
contribution W ep.cqu to the adhesion energy is negligible. Conse-
quently, the adhesion energy is approximately resulted by from the
van der Waals interaction [2].

The van der Waals contribution of adhesion energy rested constant
and proportional with Rayleigh velocity of ceramic materials whether
it is the band gap energy, for the first time it is determined exactly as
follows:

WVDW = 0'07VRC’ (14)
The determinate W, energy values for different metal/ceramic

systems depend directly on the choice of various parameters appearing
in Eq. (3). For example, Mc Donald and Eberhart [28] calculated W,
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values equal to 500 + 150 mJ/m? for different metal/alumina systems,
that in our model and for the same system we have found W, values
equal to 396 mdJ/m?. While Naidich [3] found W, values of 350 + 150
mdJ/m? for metal/oxide ceramic systems, this confirms the compatibil-
ity between our proposed model and other model of Wy, estimation.

3.2.4. Prediction of Chemical Equilibrium Contribution
3.2.4.1. Small Gap Ceramic Materials

The characteristic constant C in Eq. (13a) represents W, cqui contri-
bution, this energy is relatively important compared to Wy, energy.
It represents another interfacial property responsible for putting the
stability and the perfection to the interface between metal and ceram-
ic. The good convergence in W .y..qu1 Values for a given metal/small
gap ceramics could be explained by the fact that for E, < 3 eV here will
be a big density of charge carriers inside the ceramic crystal and conse-
quently height electron transfer.

In this work, an analytical approach [29] is adopted to express the
relation between experimental sound velocities of liquid metals (¢) at
the melting temperature and determinate Rayleigh velocity of these
metals at solid state (V) by SAM program. Hence, V), is expressed in
terms of ¢, as we recently reported [29]:

Vi = 0.674c. (15)

The chemical equilibrium energy W cm.cqu 0f metal/small bandgap
ceramic system determinate by Eq. (13a), experimental sound veloci-
ties of liquid metals [30], the determinate Rayleigh velocities of bulk
metals are summarized in Table 3.

The variations of chemical equilibrium energy on normalized Ray-
leigh velocity (Vg /2) for different bulk metals in contact with several
small bandgap ceramic materials are investigated, where z is coordina-
tion number of each metal atom. In this investigation, we consider Eq.
(13a) to determine W o cquu @nd some published works on adhesion en-
ergy for different metals/ceramics systems [2, 3, 14—26]. The obtained
results are presented below.

The dependence of W cqui O0 (Vry/2) is quantified via curve fit-
ting (line in Fig. 4). We distinguish dependence for liquid metal /small
bandgap ceramic substrate systems: the linear variation is found to be
of the form

W,

chem-equil

= (1.3/2)V,,. (16)

So, the chemical equilibrium contribution to adhesion energy in met-
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TABLE 3. Characteristics of investigated metals: experimental sound veloci-
ties of liquid metals (c), determined Raleigh velocity (Vg,), coordination
number of each atom of metal (z), and determinate chemical equilibrium en-
ergy (W nem.cqui) of metal/small bandgap ceramic system.

Metals | sy Gaor® Voersase 1]
Ag 991 2790 1558 2
Al 1269 4561 3130 3
Au 553 2568 1136 3
Cu 1309 3440 2159 2
Co 1341 4031 3015 3
Fe 1276 4200 3003 3
In 723 2337 1575 3
Ni 1193 4047 2796 3
Ga 863 2737 1845 3
Sn 602 2464 1400 4

al/ceramic system is related directly to the Rayleigh velocity of metal.
3.2.4.2. Large Gap Ceramic Materials

The discrepancy in C' values for a given metal /large gap ceramics could
be explained by the fact that for E, > 3 eV here will be a smaller density
of free charges inside the ceramic crystal (practically no free charges
inside) and consequently the electron transfer at metal/ceramic inter-
faces cannot be important [2]. As a result, the characteristic constant C’
values are negligible compared to Wy, energy and/or especially to
Wchem-equil energY'

Therefore, the general expression of adhesion energy takes the
form:

a) for small gap ceramic materials

W, ,(Me) =0.07V,.+ 1.3/ 2)V,,, (17a)
b) for large gap ceramic materials

W, (Me) = 0.0V, + W,

negl*

(17b)

The importance of the deuced relation lies in its applicability to all
investigated metal/ceramic systems. It could be extended, through
familiar relations, to other acoustic parameters. Similar results for
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Fig. 4. Chemical equilibrium energy W, oqu of metal/small bandgap ceramic
system as function of normalized Rayleigh velocities (Vy,/2) of different bulk
metals.

longitudinal and transverse velocities were obtained. Moreover, pre-
liminary results for elastic constants (Young’s modulus and shear
modulus) are very satisfying.

4. CONCLUSION

In this work, the adhesion energy terms in metals/ceramic systems was
predicted by using acoustic parameters. Acoustic signatures, surface
acoustic wave velocities were determined for all cases. It was shown
that the adhesion energy increases linearly with Rayleigh velocity of
ceramic substrates for all types of ceramics. Van der Waals term of ad-
hesion energy was deduced only depends on Rayleigh velocities of ce-
ramic. On the other hand, the deduced chemical equilibrium term
strongly depends on the energy gap of the ceramics materials: it is
higher for small bandgap ceramic materials and depends on Rayleigh
velocities of metals, for the opposite case it is deduced negligible. The
considered universal relations that could be extended to other acoustic
or elastic parameters are applicable to all metal/ceramic combinations.
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