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Molecular-dynamics simulation of Al/SIiC interface structures
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Molecular-dynamics simulation employing Tersoff and Ito-Kohr-Das Sarma potentials has been performed
to study structural properties of Al/SiC interfaces. The atomic configuration and cohesive energy of various
Al/SiC interfaces formed between low-index planes of Al and SiC surfaces have been calculated. A positive
correlation between the existence of a specific orientation relatiofi€iitp and its cohesive energy has been
identified and used as a guide in search of more Al/SiC OR'’s. Structural disorder is induced by the interfacial
bonding dominated by the AI-C interaction, but is limited to a narrow region near the interface, thus main-
taining definite OR’s between Al and SiC. It is shown that the cohesive energy decreases only slightly when
the OR’s deviate from the ideal arrangement within a small range, suggesting the stability of these nonideal
OR'’s. The calculated results are in good agreement with experiment and provide an atomic-level description
for the low-index Al/SiC interface4.50163-182809)10115-2

I. INTRODUCTION long distance mutual diffusion at the Al/SiC interfaéend
crystal OR’s exist between the Al matrix and the SiC

The study of metal/semiconductor interfaces has receivedhisker>'* A detailed stud§* shows that most of the OR’s
considerable attentidi® because of their wide-range appli- are not very strict but there is a small deviation from the
cations in electronic devices and composite materials. Thaleal OR.
Al/SiC interfaces provide a prototypical example that com- On the theoretical side, attempts have been made to study
bines fundamental scientific interests and practical technanterfaces between SiC and metals. Using charge self-
logical applications,3-SiC is a good candidate for device consistent extended tdkel theory, the adsorption of Au on
application in high-temperature and high-radiation environ-8-SiC(111) surface has been studfdand the results that
ments and Al is used both in forming contacts on SiCthe Au-Si interaction is stronger than the Au-C interaction
devices and as a matrix material in SiC whisker-reinforced agree qualitatively with experiment. The electronic structures
composite$. The B-SiC whisker-reinforced aluminum com- of Ti/3-SiC interfacé and Ti, Cu, Pd#-SiC interface®’ have
posites(Al/SiCw) can be used as structure materials in thebeen studied using the atom superposition and electronic de-
automobile and aerospace industry and also in some déocalization molecular-orbital method. The results show that
manding environments such as the first wall of a fusion reall these metals bind strongly to the silicon carbide surfaces.
actor. The properties of Al/SIiCw composites are stronglyThere has been also work reported on the study of Al/SiC
influenced by the structure of the reinforcing phase SiOnterfaces*~?8 Li, Arsenault, and Jerf4 used a quantum-
whisker and the Al matrix. Therefore, systematic experimenchemical method to calculate the total ener-
tal and theoretical studies of interfaces between SiC and Ajies of AK111) [110]la-SiC(0001) [2110] and AK100)

are of great technological interest. There is also fundament !llO]ll,B-SiC(Zl_l) [111] interfaces. They conclude that the
scientific issues concerning atomic-level descriptions of suc ond strength between SiC and Al could be stronger than the
interfaces that need to be addressed. bond between Al and Al and the adhesive energy between

M imental studié$~?° on the AI/SIiC inter- —_—
arly expsrimena Stict on the '~ e he biggest-side surfacg-SiC(211)/Al is larger than that

face have been performed. Most of them observe ;
orientation relationshigOR) between Al and SIiC in either Petween the top-surfagé-SiC(111)/Al. Rao and Jerfd cal-
HOR) culated the bond lengths and binding energies of Al-Al, Al-

-SiC particulat inf d Al @8-SiC whisker-reinf d - . ) )
@O particliatss reitores ¢-SIC whisker-reinforce Si, AI-C, and Si-C dimers by a self-consistent quantum-

Al composites. Van Den Burg and De HosSatudied SiC ; S
particulates-reinforced aluminum composite mech'anlcal method. They four_ld that the binding energy of
interface structure and found an orientation reIationshiij‘I'C is larger than that of Al-Si. The resul_ts can be_used to
el _ 1 and understand the nature of the atomic bonding at the interface.
[2110]5;c[ 1100 , (0001}icll(111)s . Arsenault™ an Lu, Zhang, and Xi&® used a cluster model to describe the
Romer found a specific crystallclgraphlc orienta- adsorption of Al on theB-SiC (100 surfaces. They found
tion in the All-SiC interfaces, [1120]5icI[110]n,  that the AI-SiC interaction is limited to a narrow region near
(0001)icll(112), . On the SiC whisker-reinforced alumi- the interface. The adsorption of Al on the Si-terminated
num matrix composites, various experimental results havél00 surface hardly affects the Si-C bond, whereas the ad-
shown that there is no reaction between Al and SiC, and nsorption of Al on the C-terminated.00) surface weakens the
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Si-C bond. The AI-C interaction is stronger than the Al-Si  The Tersoff potential formalism is

interaction. Kohyantd used anab initio pseudopotential

method and the CG electronic-minimization techniques by Vij=Te(rip[Tr(rij) + by falrip], @
Bylander, Kleinman, and Lé& to study the SiC110-  \yherefy andf, represent the repulsive and attractive atom
Al(110 interfaces. The main conclusion is that the AI-C in- pair interactions, respectively.

teractions at the interfaces have features different from those

of Al-Si interactions and the electron-density distribution be- fr(rij)=Aje i, fa(ri;)=B;e ~i'i, 2
tween the Al and C atoms are similar to those of the Si-C - "

bond. He concluded that the strong attractive C-Al interacVhereA; andy;; are positive;; andB;; , both positive, are

tions with covalent and ionic characters should play a favor-mOdIerd repulswe ar_1d attractive terms, afds an optional
utoff function to define the interaction range. Tyg func-

able role in the adhesion between SiC and Al surfaces. Hf

Yan, and OhuchP employed a tight-binding method to in- tion modulating the attractive _interaction has an e_xplicit
vestigate surface electronic structures of BSiC recon- bond-angle dependence and includes many-body interac-
structed (001) surfaces and the A®SIiC (001 interfaces. tions.

Their results indicate that Al deposition on tjgeSiC (001) non 1

surface may induce the substrate to return to the ideal unre- bij=xij(1+B;"&;) 2 ©)
constructed surface and that the Al-C interaction is stronger

than the Al-Si interaction. Al deposition on C-terminated

surfaces may form a better bonded interface than that on the ij :k;j fe(ri)9(bij) 4)
Si-terminated surfaces.
Most of recent studies mentioned above have focused on 9(05)=1+ Ci2/di2_ Cizl[di2+ (hi—cos 6], (5)

the electronic structure to reveal the binding mechanism at
Al/SIC interfaces. Although electronic structure calculationswhereyg; is a mixture parameter to strengthen or weaken the
can explain the charge transfer and the bond-strength chaeteropolar bondsy; is formally the cosine of the energeti-
acteristics, they do not directly address the issue of interfaceally optimal angled; determines how sharp the dependence
structures. In particular, the experimentally observed OR’s aon angle isc; determines the strength of the angular effect,
AI/SIC interface$®'*?! and the deviation from the ideal n; andp; are parameters to adjust the strengttbgt
OR’s in Al/SiCw composités are still to be understood The Tersoff potential has been successfully applied to the
from an atomic-level description. To this end, it is necessangtudy of Si and SiC systeniéWe have employed the Ter-
to carry out large-scale systematic investigation of thesoff potential to study the low-index SiC surfaces in a recent
atomic configurations at the interface. Molecular-dynamicsvork® and have found some interesting surface relaxation
(MD) simulations employing empirical potentials are well and reconstruction patterns in good agreement with experi-
suited for such problems. It can provide a precise picture ofnent and other calculations. We have adjusted the cutoff
the atomic arrangements at the interface that include a largearameter for the surface C atoms to extend the range of the
number of atoms per unit cell and the surface reconstructiorinteractions. This is because the interaction between the
In this respect, first-principles calculations still have dif- second-neighbor surface atoms must be considered to ac-
ficulties2*?’ In this paper, we report a systematic MD simu- count for some surface structural features such as the surface
lation of Al/SIiC interfaces with an emphasis on the study ofdimer row®® More details on the parameters used for SiC
OR’s. Although semiempirical and semiquantitative, ourcan be found in Ref. 35. The fully relaxed SiC surface con-
study represents the first attempt to provide a systematic ddigurations obtained in that work have been used to represent
scription for Al/SiC interface structures. Calculations are carthe SiC surface as the starting point in the simulation re-
ried out for various crystallographic orientations as well asported in the present work.
for deviation from the ideal orientation relationships at the For the simulation involving Al, we have used the lIto-
interface. This work complements first-principle calcula- Khor-Das Sarma potential given by the formalféni®
tions?’ and semiempirical tight-binding studf@sy includ-
ing a much larger numbers of atoms in the simulation.

This paper is organized as follows. The description of the

. . ) z
method is presented in Sec. I, where we give the structural

_ar._Bo
Vij=Aexd —B(rj; _Ri)y][ e M- —

models of the Al/SiC interfaces and discuss the choice of the

potential parameters used in the MD calculations. The results X e Mii| 1+ E (cosn(Ojik—0))—1) ] ,  (6)
are presented in Sec. lll. Finally, a summary is given in K#L

Sec. IV.

where 6, is the equilibrium angle between nearest-neighbor
bonds for a regular structure with coordination numBer
Il. METHODS =2, exd —B(rj—R)"], i« is the angle between bondgp
andik, » is a parameter to fit the bond-bending force con-
stant, and the summation is only over nearest-neighbor atoms
In this paper, we have employed two widely used potenwhose bondk is equal to the nearest bondsi¢f R; is the
tial formalisms proposed by Tersdtfand by Ito, Khor, and minimum interatomic distance of these neighbors. The quan-
Das Sarm&"~**Below, we briefly summarize these formal- tity exp[—A(r;;—R;)?] is the counterpart of the Tersoff's bare
isms and discuss their implementation in the present calcibonding potential. The parametegsand y can be fitted to
lations. give the correct effective coordination numbers.

A. The potentials
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TABLE |. Potential parameters for Al-Si and Al-C.

A (eV) Bo (eV) 9 (A N(ATY B Y a
Al-C 8165.3588 0.03953 3.9238 1.9619 33.5313 3.2707 0.4042
Al-Si 4265.9784 0.04714 3.7478 1.8739 23.8234 3.4078 0.6737

The Al-Al parameters are taken from Ref. 33 and the C-Csimilar to those described above for ideal OR’s, but with
and Si-Si parameters are from Ref. 31. As for the parametersome notable differences. After the rotation of Al bulk, we
of the AI-C and Al-Si interactions, we took the average ofcut an Al box with the contacting surface matching that of
the corresponding single-element values for parameterie SiC surface. Rigid boundary conditiShsire used, in
By, N, B, v, @ and optimized more sensitive parametérs which the four lateral boundaries were replaced by heavy
and @ according to the bond length and the binding enérgy. walls®’—*° The atoms inside the wall are allowed to relax
The parameter, is set to zero for the Al-C and Al-Si inter- freely, while the atoms on the walls remain rigid. Using this
actions as in the Al-Al casd because there is no definite model, we calculated the cohesive energy for a series of
bond angle between AI-C, Al-Si, and Al-Al. The potential OR’s with different Euler angles. It should be pointed out
parameters for AlI-C and Al-Si used in our simulation arethat the rigid boundary conditions may make the cohesive
listed in Table I. energy higher than that using the periodic boundary condi-
tions because it introduces artificial confinement. This should
not be disturbing, however, since we are interested here in
the comparison of relative cohesive energies corresponding

In this paper, we first studied the five interfaces reportedo different rotation angles.
in a recent scanning tunnelling electron microscOpEEM)

B. The structural model

experiment;? followed by a systematic study of fifteen low- C. The simulation procedure
index Al/SIiC interfaces formed between A100), (110, ) o )
(111), and B-SiC with relaxed(100), (110), (111) surfaces. The simulation in this work has employed a constant

All these AI/SiC interfaces are assumed to have ideal orienfUmber-volume-temperature ensemble containing about
tation relationships. 10000 atoms in various MD cells. The starting atomic con-
The MD simulation cells are constructed by choosing theigurations were composed of a fully relaxed SiC surface

contacting Al and SiC surfaces with a small misfit ratio and@"d an Al surface with bulk-atomic configurations.

an appropriate thickness to represent the semi-infinite Al and 1he forces during each time step were defined in terms of
SiC bulk crystals. Here we describe the case ofthe gradient of the potential energy with respect to the length

(100)5,c1(100),, [100];c[100]4 as an example to illus- of the vector connecting each pair of_ atoms and the_ _angle
trate the procedure of constructing the MD cells. We selectef€tween pairs of the vectors. The positions and velocities of
a square SiC surface area 0b433 SiC unit cells to match €Very atom in the MD cell were calculated following each
a square Al surface area of %44 Al unit cells, with a misfit  iMe Step by integrating the Newtonian equations of motion
ratio of only 0.08%. In the direction normal to the interface, USing the Verlet algorithrfi® The time step in the integration

we chose eight layers of Al plus eight layers of SiC. Thel!S set to 0.3 fs. The potential energies and forces associated
total number of atoms in the MD cell is about 10,000. The

with each atom in the MD cell, as well as the total potential
distance between the contacting surfaces of Al and SiC waS"€'9Y;

the total kinetic energies, the cohesive energies of
first set to the previously obtain®dAl-C bond length for the AI/SIC interface, and the total maximum force value,

A/SiC-C interfaces and the Al-Si bond length for Al/SiC-Si Were calculated for each time step and atomic configurations
interfaces and the average of the Al-Si and Al-C bondere allowed to relax. The calculations were carried out us-

. pe . o . l
lengths between Al and the nonpolar §i€0 surface. Itis "9 MD and modified quasidynamiQD) techniques? The

then optimized by maximizing the cohesive energy of thePosition and velocity of each atom were computed in a fully

system and used as the starting point of the MD simulationdyn@mic mode until both the total potential energy and the
The bottom two layers of SiC and the top three layers of ajtotal force_ of the ensemble reached minima at which point
were fixed to simulate the two semi-infinite bulk, while other e velocity of each atom was set to zero. The system is
layers were set to relax freely. Periodic boundary condition&!/lowed to evolve further. The procedure was repeated until
were applied to the four boundary planes. All other MD cellsStaPle atom positions with approximately zero net force were
were constructed in the same way, although the exact dimer?—bta'n?d- The application of both condmons, minima in total
sions of the contacting surfaces vary for different OR’s. potential energy and system force, instead of the standard

Another subject of great interest is the observation@P proceduré” of using a maximum in the kinetic energy
that many experimentally observed OR'’s deviate fromf_or resettlng_veIOC|t_|es re_duces the sensitivity of the calcula-
ideal arrangemerft To address this issue, we study the sta-lOn to atomic configuration§’ . , ,
bility of the OR's of AUSIiC interfaces with regard to The cohesive energy of the Al/SiC interface is defined as
changes in relative orientation. We focus on the case of

. L = +Egic)— i
(100), 1(100)sic, [100] 4 [ 100]5ic. The orientation is var- AE=(Ea+Esid) ~Eausic, 0
ied by rotating bulk Al about two axes normal and parallel towhereE, andEg;c represent the cohesive energy of bulk Al
the interface. These rotations can be expressed in terms ahd SiC, respectively, anl,sic represent cohesive energy
two Euler anglesy and 4. In this situation, the MD cell is of the Al/SiC interface.
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TABLE II. The orientation relationships observed at the Al/SIC ~ TABLE IIl. Cohesive energy of the fifteen Al/SiC interfaces
interface by the STEM experiméntand the cohesive energy cal- studied in this work.
culated by the present MD simulation.

Cohesive
Cohesive energy energy

Orientation relationship Number (eV/atom) B-SiC Al Orientation relationship (eV/atom
(01?)3,(:”(001),“ 1[211]SICH[100:|A| 14 0.394 (1OO)_C (100) (001)SIC”(001)A| ![100:|SIC”[1OO]A| 0.297
(111)gcll(111)y ,[011] 5[ 011 12 0.353 (100-C (110 (100)sicll(110)n,[001]5icI[001]5  0.236
(110)scll(100)y [011]cl[011]5 10 0.301 (100-C (111 (100)5;cl(111)s,[010sic/[110]y ~ 0-303
(011) S'C”(Oﬁ) Al ’[011]SIC\|[211]A| 3 0.181 (100-Si (110 (100)cl(110), ,[001]5cll[001],  0.131

SiC Al » SiC Al '

(100-Si (11 (100)5cl(111)y,[010]5cl[110], 0242
(110 (100 (110)sic(100)y,[00Ts;cI[001],  0.182

lll. RESULTS AND DISCUSSION (110 (110 (110)5c/I(110)y,[001]5cl[001],  0-245
(110 (111 (110)gicll(111)s ,[001]cI[110],  0O-144

. . . . (11p-C (100 (111)5iclI(100)n I[Tlo]SiC”[OJ-O]AI 0.275
We first carried out the MD simulation and calculated the(lll)_c (110 (111)scll(110)y ,[110)sc[ 00T] 4 0.205

cohesive energy for the five OR’s reported in the STEM _ —

experiment? F?gm the results shown ir? Table 11, it is seen (11])'6_ (11D (111)scll(111)y [110]5cl[110], 0316
that the probability of observing a given OR increases with(11D-Si (100 (111)5cl(100)y,[110]5,c[010]y ~ 0-249
its cohesive energy. This result is intuitive and provides a11D-Si (110 (111)gcll(110)y,[110]scl[001], ~ 0-195
guide in search of more OR’s. However, caution should bg111)-Si (111 (111)lI(111),,[110]cl[120],  0-309
exercised when making comparison with experimental re-
sults. Other factors may alter this simple picture. For ex-

ample, the calculation of Let al** indicated that the adhe-  An analysis of the calculated results reveals two general
sive energy between the side-surf@8iC(211)/Al is larger  trends. The first is that the cohesive energy of Al/SiC-C in-
than that between the top-surfafeSiC(111/Al, but in the  terface is larger than that of the same Al/SiC-Si interface.
STEM observatiot? the former OR was not observed. This This indicates that the Al-C interaction is stronger than the
issue was clarified by another experim&hit was generally ~ Al-Si interaction. This is in agreement with experimental
accepted that the SiC whiskers have a cubic structure with itsbservations and other theoretical calculatiofsThis can
[111] axis as the growth direction and the cross section ibe explained by the difference in the Al-Si and Al-C bond
hexagonal or trigonal surrounded K11 side plane$*°  lengths®*?® The AI-Si bond length is much larger than the
But these whiskers have many growth faults and are nosum of covalent radii of Al and Si, indicating that the inter-
straight. The above contradiction is due to the fact that thection between Al and Si does not have strong covalent char-
side surface is not an exa@11} plane but composed of fine acter and is relatively weak. On the other hand, the Al-C
{111 plane steps® With this cautionary note in mind, we bond length is very close to the sum of their covalent radii,
proceed to calculate the cohesive energy of other Al/SIC insuggesting a strong covalent character. The second trend is
terfaces and use it as a guide in search of stable OR’s undénat for(110) and(111) surfaces of SiC, interfaces with Al of
the ideal situation. common indices have larger cohesive energies, while the
same is not true for the S{CO0 surface. In fact, A1111)/
B. Simulation of 15 low-index Al/SiC interfaces SICL00(-C or -S) have a larger cohesive energy than that
: of the Al(100/SiC(100(-C or-Si). For the unreconstructed
Experimental results show that the most favorite surfaceSiC (110 and (111) surfaces, it is expected that the best
of SiC whiskers arg100), (110, (111) surface¥ and the match will be with Al surfaces of common index on the basis
common interfaces of Al/SiC are between @00, (110), of small-lattice misfit and high-bonded atom density and
(111) surfaces and SiC100), (110, (111) surfaces>?*We  strength. Meanwhile, the dimerization on the &iG0) sur-
have carried out MD simulations for 15 Al/SiC interfaces face, which certainly changes its bonding geometry and char-
with the crystalline orientation relationships and the cohesiveacter, is considered the cause of the different situation at the
energies listed in Table Ill. An important observation is thatinterface of Si€100) and Al. The present MD simulation is
most of the interface structures in Table Il have cohesivenot able to provide a microscopic description of the nature of
energies close to those shown in Table Il. Based on théhe bonding at the SiC/Al interfaces, which is necessary for a
above analysis, it is expected that these OR’s should also Hall understanding of the problem.
observable in experiment under ideal situations. In a most We also have analyzed the atomic configurations of all 15
recent experimental study systematic search has yielded all Al/SiC interfaces. Figure 1 shows the atomic configuration
but one OR listed in Table I, along with some other OR'’s. of the Al(001)/SiC(001)-C interface before and after the re-
The only OR not observed is the (AL1)/SiC(110) interface  laxation. It is seen that the C atoms on the top layer of the
that has the lowest cohesive enef@yl44 e\ among the 15 SiC surface have strong movement from their free-surface
OR'’s studied in this paper. This result further supports thepositions and the underlayer atoms have little change in po-
use of cohesive energy as a guide in search of more OR’s aiition. This can be understood as the result of the bonding of
the Al/SIiC interface and other similar systems. the surface C atoms with the contacting Al atoms. In this

A. Simulation of five OR’s observed in the STEM experiment
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FIG. 1. Atomic configuration of the AD01)/SiC(001)-C inter-
face(a) before andb) after relaxation. FIG. 3. Atomic configuration of the AL00/SiC(111)-C inter-

face (a) before andb) after relaxation.

process, the Si@01) surface dimerization is at least par- . ) )

tially removed and the SiL00-(2x 1) reconstruction pat- limited to a narrow regioritwo or three atomic layejsiear
tern is destroyed. Figure 2 shows the atomic configuration of€ interface. The interaction between Al and the second
the Al(001)/SiC(001)-Si interface. It is seen that the move- layer (C-terminatedl or third layer(Si-terminated atoms on
ment of the top-layer Si atoms is much smaller than that othe SiC side is quite weak. This is in good agreement with
the C atoms shown in Fig. 1. This is consistent with thethe result of electronic structure calculatidfidt is also seen
above cohesive energy analysis that the Al-C interaction ithat Al atoms do not penetrate into SiC. This supports the
stronger than the Al-Si interaction. Figures 3 and 4 show theonclusion of experimentat? and other theoretic&l work.
atomic configurations of the interfaces of (00 with C- The interface is divided into two crystal bulk parts with a
and Si-terminated Si11). It is seen again that the move- definite orientation relationship separated by a narrow amor-
ment of C atoms is much stronger than that of Si atoms, evephous layer. This picture is in excellent agreement with
when C atoms are below Si atorteee Fig. 4. Finally, Fig.  experiment*!® The situation here is similar to the grain

5 shows the atomic configuration of the interface betweemoundary structufé™° and nanocrystalline silicotf;>2
Al(100 and the nonpolar Si@10 surface. The situation is \hich are composed of crystalline grain interiors with an

the same as in other cases shown above with a strong C-atogorphous intergranular phase. This kind of metastable mi-
movement and little Si-atom movement. In general, thegsirycture is typical for systems under severe constrain. In

movement of Al atoms is relatively small in all cases. It ishe case of A/SIC interfaces obtained using squeeze casting

?Is?hclesa}r Tfé) the drgqvirlr\fnt Off mterf;}c?l ra]ltoms IS STallehethod, atoms near the interface may be in a constrained
or the SiQ and SiG111) surfaces, that show no surface state because of the high-applied pressure. Therefore, the

reconstruction, than. for the SO surface_, thﬁ!‘ undergoes system may not relax to the global minimum but a local
a (2X1) reconstruction through surface dimerization. In the inimum3141n the present model onlv five Al lavers were
former case, the nonreconstructed surface atoms only adjugh d t. lax T pl hile oth ' fy Thi Y g
the bond length within a small region to reach the stablé® 0(\j/ve|f 0 relax iree ydW ne o Ier_s roze. dlsh IS ‘:: goo
structure while the reconstructed surface atoms in the lattdP’0d€! for a constraine system._ tis expected that the struc-
case have to move over a larger distance to form the stabféf® composed of two crystalline parts connected by an
Al-C or Al-Si bonds. amorphous layer is a common feature of the two-phase ad-
Some general structural features of the Al/SiC interfacg'esion under constrained conditions. The amorphous struc-

are observed. The interaction between Al and SiC is onljure seems to act as a stress buffer to tolerate the high stress.
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FIG. 2. Atomic configuration of the AD01)/SiC(001)-Si inter-
face(a) before andb) after relaxation.

FIG. 4. Atomic configuration of the ALO0Q/SiC(111)-Si inter-
face (a) before andb) after relaxation.
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FIG. 5. Atomic configuration of the AL00)/SiC(110) interface

X FIG. 6. Cohesive energy of the Al/SiC interface as function of
(a) before andb) after relaxation.

the Euler angles. From top to bottom curve=0°, §=2°, 6
o ) ) ) ) ) =4°,6=6°, 6=8°, and=10°.
C. Deviation from ideal orientation relationships

at the Al/SIiC interface orientation relationship is relatively stable when deviated

There is experimental eviderfdeshowing that many from the ideal arrangement by a small rotation along the
OR'’s at the Al/SiC interfaces do not satisfy ideal arrange-axis normal or parallel to the interface. It is predicted that
ment but have small deviations. Here we address thignore low-index Al/SiC interface structures should be experi-
issue by constructing a series of Al/SIiC interfaces withmentally observable, and many of these structures are ex-
different relative orientations. It is achieved by rotating thepected to have orientation relationships different from the
Al bulk about the two axes normal and parallel to the inter-ideal arrangement.
face. The rotation can be expressed in terms of the Euler The results presented in this paper provide a systematic
anglesy and 6. understanding of the low-index Al/SiC interfaces. It is ex-

Figure 6 shows the calculated cohesive energy of theected to have an impact on future work on the nature of
Al(100/SiC(100-C interface structure as a function of adhesion between Al and SiC and on other metal/ceramic
the Euler angles. It is seen that when the deviation of thénterfaces as well as various grain boundaries. It is noted that
angles from the ideal arrangement is not too large the cohdhe present quantitative values and the details of atomic con-
sive energy decrease is very slow, suggesting a metastaldigurations may be subject to improvement by more accurate
region for non-ideal OR’s at the Al/SiC interface. When thecalculations. However, the physical picture and systematic
deviation becomes large, the cohesive energy decreastrends found in this paper are expected to remain valid. Al-
sharply as a function of the angles, indicating the structuréhough the empirical molecular-dynamics simulation tech-
is unstable. nique has its limitations in quantitative accuracy and micro-

scopic mechanism, it does have the advantage of allowing
V. SUMMARY the st_udy of large superce_ll_s, thus be'Fter_ rep_resenting real-
material systems and providing useful insight into the mate-

We have performed molecular-dynamics simulation withrial property of complicated systems like composite inter-
empirical interatomic potentials to study low-index Al/SiC faces. We hope that the present paper will stimulate further
interface structures. It is found that there is a positive correinvestigations of Al/SiC interfaces and other two-phase ad-
lation between the stability of a specific orientation relation-hesion problems.
ship at the interface and its cohesive energy. It is also
found that the Al-C interaction is stronger than Al-Si inter-
action in agreement with experimental observations and
other theoretical calculations. It is seen that the structural Xuan Luo thanks Professor Yuming Wang in Jilin Uni-
change due to bonding between Al and SiC is limited to aversity for his helpful discussion. This investigation was sup-
narrow region near the interface, dividing the interfaceported by the National Natural Science Foundation of China
structure into two bulk crystal parts separated by an amorand the Pan Deng Project. Changfeng Chen was partially
phous layer. This structure is similar to those found insupported by the National Science Foundation under Grant
large-angle grain boundaries and nanocrystalline siliconNo. OSR-9353227 and the Department of Energy under the
Based on the cohesive energy analysis, it is found that thEPSCoR program.
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