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Ab initio calculations of the B-SiC(001)/Al interface
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The B-SiC/Al interface has been studied using #teinitio pseudopotential method, the conjugate-gradient
technique proposed by Bylander, Kleinman, and [lBbys. Rev. B42, 1394(1990], and Troullier-Martins
soft pseudopotentialgPhys. Rev. B43, 8861(1991)]. lonic and electronic structures at the interface, local
density of states, Schottky-barrier heights, and bond adhesion between the two materials were determined for
both the silicon-terminated and carbon-terminated interfaces. Results show a distinct difference between the
Al-Si and the Al-C interactions effecting all aspects of the chemical bond, as well as bond adhesion. However,
bond adhesion for both the Si-terminated and C-terminated interfaces is substantially greater than for nonre-
active interfaces such as MgO/A50163-182608)10703-4

[. INTRODUCTION potential calculations of thg-SiC(110)/Al were performed.

Due to the increasing application of metal-ceramic :sys—In that study, a stron.glllnteracuon between the C and Al
. . ¥~ atoms was found, exhibiting both covalent and ionic charac-

tems for electronic, structural, catalytic, and hlgh'ter and quite different from the Si-Al interaction. For our

temperature applications, it is of great scientific interest 0, rant study, a more detailed analysis has been performed,

investigate the bonding nature and the origins of adhesion s time with the (001) interface, which allows for C-

metal-ceramic interfaces, where two solids of very differenteminated and Si-terminated surfaces to fully distinguish be-
bonding characteristics are brought together. tween the C-Al and Si-Al interactions.

Metal-ceramic interfaces can be classified into basically The need to understand the bonding nature of abrupt
two categories: reactive and nonreactivéFor nonreactive metal-ceramic interfaces has been demonstrated experimen-
systems, usually formed by ionic solids and noble or simplaally by recent techniques such as surface-activated
metals, it is assumed that the origin of adhesion is ohonding*? where microelectronic wafers can be bonded with
a physorption type, due to electrostatic effects such as imagsgean, abrupt interfaces at room temperature without the pro-
interaction and van der Waals forces. For reactive interfacegluction of reaction products. Many properties associated
formed from covalent ceramics and simple or transition metwith these interfaces, such as the Schottky-barrier héfght,
als, a chemisorption process with a large charge transfer arghn play a determining role in the applicability of such ma-
bond hybridization between the two materials is thought taerials when used as electrical devices such as light-emitting
occur. It is expected that bond adhesion for reactive interdiodes. Theab initio pseudopotential method can provide
faces is greater than for nonreactive interfaces and highlinsight into the bonding nature, bonding strength, and orien-
dependent on the configuration of atomic species. tational preferences at an atomistic level that cannot be dis-

Recently, ab initio calculations based on the density- cerned through current microscopic techniques. Electronic
functional theory have been applied to several metal-ceramiproperties such as local density of states, Schottky-barrier
interfaces, although most of these studies have been confinéeights, and the origin of metal-induced gap states may also
to nonreactive systems. Calculations on the MgO(Regfs.  be investigated. For these reasats initio pseudopotential
3-5 and MgO/Al (Ref. 3 systems have confirmed that the calculations are expected to be a valuable tool to investigate
origin of bonding between these solids is based on electrareactive metal-ceramic interfaces.
static effects, while the MgO/TiRef. 6) system showed sub- Our results show a vast difference between the carbon-
stantial orbital hybridization between the pand Ti 3  and silicon-terminated interfaces in every facet of our study.
orbitals. ALO3;/Nb (Ref. 7) interfaces have demonstrated This includes a difference in the Schottky-barrier height,
rather strong ionic interactions between the O and Nb atomdyelping to corroborate theories that correlate interfacial
although interactions were dependent on surface stoichionstructure with this property. Metal-induced gap states
etry. (MIGS'’s) present in both Si-terminated and C-terminated in-

For reactive interfaces, to date there have been only a fewerfaces differ greatly in their appearance and origin. The
ab initio studies. The SiC/Al system itself has been studiedcharge-density distribution at the interface, type of bonding
previously by the use of tight-bindifi§ and cluster between the two materials, and orientational preference of
calculations® however, with these methods it is not possiblethe Al layer over the two surfaces are also different and
to perform complete relaxations and at the same time alloweontribute to a bond strength for the C-terminated/Al bond
for bond orbital hybridization, which is believed to be essen-that is much stronger than the Si-terminated/Al bond, al-
tial for an accurate description of such interfaces and ighough both bonds are stronger than for nonreactive inter-
readily accomplished with theb initio pseudopotential faces. The details of our calculations and a discussion of our
method. Therefore, in our previous stddgb initio pseudo-  results follow.
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TABLE I. Electronic configurations used for the calculation of then stacked upon these surfaces with the same two-

pseudopotentialfocal potentialp) for C, Si, and Al. dimensional X 1 periodicity. Eaci001) layer contains only
one atom, for a total of 19 atoms in the supercell. These two
Species and orbital Occupation Cutoff radiasu) identical interfaces were then separated by a vacuum region

of approximately 15 a.u. to prevent an interaction between

C2s 2.0 L.aa the two surfaces.

C2p 2.0 144 The SiC lattice constant was determined by minimizing

Si 2s 2.0 1.8 the energy of a perfect SiC crystal using Troullier-Martins—

Si2 05 18 type soft pseudopotentials, while varying the size of the unit

p . . . - .

Si 3d 05 18 cell. This lattice constant was determined to be 8.181 a.u.,
approximately 99.3% of the experimental value. However,

Al 2s 1.0 1.8 since Al and SiC exhibit an equilibrium lattice size mismatch

Al 2p 0.5 2.0 of ~8%, the Al atoms were artificially placed in tension to

Al 3d 05 20 form a coherent interface.

A plane-wave cutoff energy of 45 Ry was used, requiring

10 393 plane waves. This cutoff energy was arrived at by
Il. CALCULATION METHOD converging the total-energy calculations of each of the pure
materials as a function of cutoff energy to 0.02 eV.

The SIC/Al system presents a number of problems when The initial configurations of the Al atoms over the SiC
analysis of it is conducted withb initio techniques. Firstis surfaces were set by translating the Al layers rigidly along
the fact that, unlike many of the studies of metal-ceramiche (001 plane. For the ideal X1 SiO001) surface there
systems involving metal-metal-oxide interface$, the  exist four special positions that the Al atoms can occlipy,
SiC/Al interface is a reactive one and due to the considerablgorresponding to extrema on the energy surface, and give the
time lengths involved with atomic migration, the study of a total supercell @,4 symmetry. These are the bridge site, the
full interfacial reaction is currently time prohibitive for @b  foyrfold site, the on-top site over the surface atom, and the
initio simulation. However, as mentioned in the Introduction,on_tOp site over the first atom below the surface. Each of
abrupt, reaction-layer-free interfaces have also become teckhese sites were tested to determine the lowest-energy posi-
nologically very important andb initio calculations are well  tjon of the Al layers. For the Si-terminated surface, the Al
suited for this type of interface. Second, SiC and Al have &toms occupied the position of what would be the vacant
rather large equilibrium lattice mismatch-8%), causing,  carbon atoms in the SiC structure, thus maintaining the four-
as seen by electron microscopic techniques, periodic dislocpld coordination of the Si atom. However, for the C-
tions starting at the interface and continuing into the bulkierminated system, the Al atoms were in their lowest-energy
regionst* However, because of the rather stringent |Im|tatlonconfiguration when occupying the position directly above the
on systems size@pproximately 100 atomslue to computer  syrface carbon atoms in a cube-on-cube arrangement. The
capacity and execution time, any system large enough tgtoms were then relaxed by calculating the exact
represent the full effect of lattice dislocations would be Cur-Hellmann-Feynmai?2: forces. The vacuum space between
rently too large to study byb initio methods. Thus only the two identical interfaces enabled a full relaxation of the Al
coherent interfaces can be represented. This, however, dogfid SiC layers; however, due to the symmetry of the system
not prevent study of the interactions of the interfacial specieg)| atomic relaxations were along tzeaxis only and alk-y
or further Understanding Of the bond nature betWeen them.p|ane forces were equa' to zero. Aﬂ:er the re|axed positions

For these purposes then ttab initio pseudopotential of hoth the Si- and C-terminated surfaces of the SiC/Al in-
method using the conjugate-gradient technique proposed Rygrfaces were determined, the electronic structure, localized
Bylander, Kleinman, and Le€, with the Kerker mixing  density of states, Schottky-barrier heights, and ideal work of
schemé!’ has been utilized to study the SIC/Al system. This aghesion were calculated. The electronic structure was deter-
method has been shown to be the most efficient for deteinined on a real space grid of 882 256 points, from ten
mining the minimum of the Kohn-Sham energy functional specialk points in the irreducible Brillouin zone. The eigen-
within the local-density approximatidfr *for large systems  gtates used in calculating the localized density of states were
containing both metallic and ceramic bonditign order 0 optained from the ground-state charge-density data from this
reduce the number of required plane waves to describe thgid, using 23 points in the irreducible Brillouin zone over
electron wave functions, Troullier-Martins—tyfi@seudopo- 70 eigenstates. The Schottky-barrier height was measured
tentials in the fully separable Kleinman-Bylantfeform  from the Fermi level of the supercell systems to the top of
have been employed. Details of the electronic configurationg,e valence band of the bulk region of the SiC, determined
used in constructing these pseudopotentials can be seen 55} using the valence-band width of pure crystallig<SiC.
Table I. ) ) ) i The ideal work of adhesion was calculated by comparing the

The simulation cells used to study the SiC/Al interfaceiotal energy of the relaxed interfacial system with the total

were chosen to both minimize computational time and regnergy of the relaxed free surfaces of both SiC and Al.
quired memory space while still providing an as accurate as

possible representation of a real system. We deal with ll. RESULTS AND DISCUSSION
SiC(001) 1x 1 ideal surfaces. For both the C-terminated and
the Si-terminated supercells, a slab of n{f@1) atomic lay-

ers was created, where both surfaces were terminated by the For the C-terminated SiC surface, the lowest-energy po-
same species. Two sets of five(B01) atomic layers were sition of the Al layer was directly above the C atoms, or a

A. The carbon-terminated interface
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FIG. 1. Final relaxed ionic structure and charge density for the C-terminated SiC/Al supercell. Charge-density contours are from 0.001
to 0.301 a.u.® in spacings of 0.015 a.T.

cube on cube arrangement. This causes the surface carbohthe total 256z-direction grid points of the simulation cell,
atoms to be in a threefold-coordinated site, as opposed to theith the charge density totaled for everyy grid point along
normal fourfold-coordinatedp® bonding of the bulk SiC. the z direction. The distribution shows the depletion of the
This signals either a more ioniclike bond between the C ang¢harge density near the interfacial Al atoms due to its bond
Al interfacial atoms or arsp? orbital hybridization of the With the C surface. The depletion of the charge density near
carbon atom. Both Figs. 1 and 2 indicate a charge transfdpe interfacial C from Fig. 2 is most likely due to the reduc-
from the interfacial Al atom to the interfacial C atom. From tion in coordination of the surface atoms since the surface C

Fig. 1 the ground-state charge density and atomic configur2toms are only threefold coordinated. There is also a surface
tions of the C-terminated supercell can be seen. In this figEffect near the last Al atoms because of the vacuum space
ure, as in all following figures, the small black spheres rep_created in the S|m_ulat|on cell. Th_e charge density within both
resent C atoms, large black spheres Si atoms, and grat e bulk Al and SiC seems relatively unaffected by the reac-
spheres Al atoms. The C/Al interface has a very large elecion at the interface. , , , _
tronic charge density between the interfacial atoms concen- | he bond distances for the interfacial C atom with both its
trated nearest the C atoms, while the charge density betwed)§ighboring Si atoms and interfacial Al atom are virtually
the surface C and the second-layer Si atoms is slightly rethe same and the charge distribution around these three
duced from bulk levels. bonds are similar. This was also the case in our previous
The charge-density distribution, as taken along#fais ~ Study of the SiCL10/Al system, even though for thel10)

or the direction perpendicular to the interface, is shown irSYStém the interfacial C atom was four coordinated. This

Fig. 2. Half the simulation cell is shown, or 128 grid points SU99ests a very similar covalent type of bonding for the
surface—C-Al as is with the surface—C-Si bond and the

: : : : threefold coordination suggests a possibf-type arrange-
ment. To investigate whether this type of orbital hybridiza-
. tion is indeed occurring at the interface, the local density of
states(LDOS) was calculated and shown in Fig. 3. The
T LDOS is calculated for each region between succe<iv®)
atomic layers in the supercell. Dotted lines indicate the
LDOS of the bulk SiC region of the supercell, although this
has a slightly different shape than the DOS of the perfect SiC
crystal. It is clear that the LDOS above the first layer of Al
] and below the first layer of Si recovers features very much
like those of bulk Al and SiC DOS’s. The LDOS'’s at the
L Al . interface and the back Si-C bonds are substantially different
from the bulk regions, both regions showing MIGS peaks
0.00 : ' : ! that grow as one approaches the interface. This indicates that
the Si-C back bonds have an electronic structure that is quite
POSITION Z=AXIS different from SiC bulk bonds and similar to the C-Al bonds,
FIG. 2. Charge-density distribution for the C-terminated super-which supports the assumption sf?-type bonding. Using
cell along thez axis, as totaled in thg-y planes. The vertical line the eigenvectors associated with these gap states, one can
marks the interface between the Al and C layers. determine from which part of the supercell they are derived.
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FIG. 4. Spatial representation of the eigenstate atlthmoint
associated with the peak labeled with a star in Fig. 3. The bonding
interfacial p orbital and Al surface charge effects are shown.
Charge-density contours are from 0.001 to 0.0019 din.spacings
of 0.000 15 a.u>.
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L L R This is similar to the charge density observed around the
Si-Al bond in our previous study of the SICLO)/Al system.
The charge-density distribution, as totaled in ¥ag planes

FIG. 3. Local density of states for the C-terminated supercell210Ng thez axis, is shown in Fig. 7. In this figure the charge

The vertical line represents the Fermi energy.

Figure 4 shows the local charge density associated with
the eigenvector at thE point for the peak labeled by a star in
Fig. 3. This peak is an occupied state just below the Fermi
level and appears to be a bondipgrbital state between the
interfacial C and Al atoms. It also has associated with it
some surface Al charge. Figure 5, taken from the peak la-
beled with an asterisk in Fig. 3, appears to be a nonbonding
p orbital in the[100] direction, or perpendicular to the face
of the paper, as seen in the figure, consistent withs ph
hybridization and one nonbondingorbital of the interfacial
C atom. A similar electronic structure of the surface C atom
of an ideal IX1 surface was observed in the tight-binding
calculation by Huet al?*

B. The silicon-terminated surface

Figure 6 shows the final relaxed structure and ground-
state electronic charge density of the Si-termindt@ll) -
SiC/Al interface. As mentioned previously, for this interface
the aluminum atoms at the interface sit in the position of
what would be the vacant carbon atoms in the SiC structure.
With the aluminum atoms in this position, the Si atoms at the
interface maintains a fourfold coordination consistent with

C—TERMINATED

(110) PLANE

transfer from the interfacial Al to the interfacial Si can be
seen; however, it should be noted that the charge density of

FIG. 5. Spatial representation of the eigenstate atlthmoint

ansp® orbital hybridization. The charge between the surfaceassociated with the peak labeled with an asterisk in Fig. 3. The
Si atoms and the first Al atoms is relatively small andnonbonding interfacialp orbital aligned perpendicularly to the
broadly distributed throughout the interfacial region, al-plane of the paper is shown. Charge-density contours are from
though there is a slightly greater density near the Si atom).0005 to 0.018 a.u® in spacings of 0.001 25 a.i?.
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FIG. 6. Final relaxed ionic structure and charge density for the Si-terminated SiC/Al supercell. Charge-density contours are from 0.001
to 0.286 a.u.® in spacings of 0.015 a.t’.

the interfacial Al is very nearly the same value as that for theion of the charge densities associated with the metal-
surface Al and only a very shallow depletion region isinduced gap states show a broad distribution of charge in the
present near the interfacial Al. This is in contrast to the relainterface region rather than a very localized charge density as
tively large charge depletion around the interfacial Al whenwas the case for the C/Al interface. Also, these gap states
in contact with the C-terminated surface. The bond distancéend to involve the underlying carbon atoms as well as the
between the surface Si atoms and the interfacial Al atoms is
much larger than the bond distances within the bulk SiC, 4.7
a.uvs 3.5 a.u., respectively. This is also much larger than the T
C-Al bond for the C-terminated case of 3.5 a.u. Al—=Al
The local density of states and the regions of the Si- i W\f_
terminated interface from where each graph is associated are
shown in Fig. 8. As with the C-terminated supercell, metal-
induced gap states appear near the metal-ceramic interface. ——
However, unlike the C-terminated supercell, the density of Al—A|
states at the interfacial region itself has an appearance very
similar to that of the metallic Al region instead of the bulk
SiC region, suggesting a more metallic nature to the Si-Al
bond. Also, the C-Si back bond seems to recover very
quickly to features similar to the bulk SiC region. Examina-
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FIG. 7. Charge-density distribution for the Si-terminated super-

cell along thez axis, as totaled in thg-y planes. The vertical line FIG. 8. Local density of states for the Si-terminated supercell.
marks the interface between the Al and Si layers. The vertical line represents the Fermi energy.
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F -~ E TABLE Il. Calculated bond adhesion of C- and Si-terminated

A ot ' supercells, pure aluminum surface energy, and work of adhesion for
the AI/MgO system.

/(D\/C)\ C-terminated supercell Total ener¢gV)

= P P AI complete supercell —1779.9

. e ) SiC only —1203.2
Al only —569.2

) Q ( . adhesion 6.42 (J nf)
Si-terminated supercell Total ener¢gV)
complete supercell —1734.8
SiC only —1161.2
adhesion 3.74 (I nf)

Pure aluminum Adhesion energy
|
8 i § 2.04 (Jm?)?
SI-TERMINATED  (110) PLANE MgO/Al Adhesion energy
FIG. 9. Spatial representation of the eigenstate atlthmoint 1.10 I m??

associated with the peak labeled with a star in Fig. 8. The particiz
pation in the creation of MIGS'’s is shared by both the Si surfaceaReferenCe 3.
and the underlying C atoms. Charge-density contours are from

0.0001 to 0.0013 a.t? in spacings of 0.000 15 a't’. these gap states. For the C-terminated case, no effect from

the underlying Si was observed.

surface silicon atoms. Figure 9 shows the charge density as-
sociated with the eigenstate at thepoint just below the
Fermi energy and Fig. 10 for that which is associated with
the eigenstate just above the Fermi energy, labeled with a The bond adhesions for both the C- and Si-terminated
star and an asterisk, respectively, in Fig. 8. These states coimterfaces were calculated by comparing the total energies of
tain the contribution from not only the piorbitals, but from  the relaxed interfacial systems with the total energies of the
C orbitals as well. It can be seen from these figures how theelaxed pure material surfaces without an interface and are
underlying C in the SiC plays an important role in creatingshown in Table Il. Although this method certainly does not
produce the same quantitative results as an experimental test
of a material, it can, however, be used as a qualitative com-
J . ' parison between the two different interfaces in this study.
For the C-terminated interface, the total energy of the full
O O two-interface supercell was—1779.9eV. For the C-
terminated SiC X1 surface without the Al layer, the total
5 p energy was-1203.2 eV and for the Al X 1 surface without
A S A| the SiC layer,—569.2 eV. This resulted in a calculated bond
adhesion of 0.401 eV/A or 6.42 J m2. The equivalent val-
ues for the Si-terminated interface werel734.8 eV for the
full supercell and—1161.2 eV for the SiC layer without the
Al, resulting in a calculated bond adhesion of 0.234 e¥//A
or 3.74 J m?. From these results, it can seen that the bonds
between C and Al, having a more localized charge distribu-
tion at the interface, produce a bond almost twice as strong
as the more dispersive Si-Al bond. These results can then be
further compared to the ideal work of adhesion values ob-
tained for the nonreactive MgO/Al interface, as calculated by
Smith, Hong, and Srolovifzat 1.10 J m?, showing a bond
strength of less than half that of the reactive SiC/Al interface,
confirming the hypothesis that reactive metal-ceramic inter-
FIG. 10. Spatial representation of the eigenstate aftipeint ~ faces are quite large compared to nonreactive ones. In fact,
associated with the peak labeled with an asterisk in Fig. 8. Thavith an adhesive energy of pure Al of only 2.04 Jinas
further contribution of the underlying C atoms to the MIGS's in the calculated by Smith, Hong, and Srolovitd is quite pos-
local density of states is shown. Charge-density contours are frorgible that the interfacial bond between the Al and SiC is
0.0001 to 0.0025 a.t® in spacings of 0.000 15 a.lf. stronger than the intralayer bonds within the pure aluminum.

C. Bond adhesion

N [N A

SI-TERMINATED  (T10) PLANE
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TABLE lll. Schottky-barrier heightsEg—Eyg). tain no interfacial defects as would normally occur in experi-
_ ment and have been shown to effect SBHHowever, it is
Property Current studfeV) Experiment(eV)  still very probable that the SBH of the C- and Si-terminated
E, of SIiC (perfect crystal 155 538 mterface; WI|.| prove to be_qwte dlﬁerent in experlment_ as
) well considering the very different bonding nature described
Er—E,g C-terminated 0.08 above
Er—Eyg Si-terminated 0.85 ~0.9 ‘

"Reference 32. IV. SUMMARY AND CONCLUSIONS

D. Schottky-barrier height . . . .
chotfiy-barrier helg In this study, thes-SiC(001)/Al interface was simulated

One very important property for determining the electricalysjng theab initio pseudopotential method for the purposes
and optical properties of devices that employ metal-ceramigf gescribing the bonding nature and strength of an abrupt
'nterfaceg is the Schottky-barrier heigtBBH). In 1942, a1 ceramic interface, calculating the value and providing
Schottky* proposed his model relating .the SBH to the dif- insight into the mechanism behind the Schottky-barrier
rP1eight, and contributing to the understanding of adhesion
between metals and ceramics by expanding the study into the
Srealm of the reactive metal-ceramic interface.

affinity in the semiconductor. However, Hefidater stated
that the pinning of the Fermi levels was due to MIGS’s,

which were caused by the tails of the metal wave function R .
decaying into the semiconductor. Louie and Coffeasing The results show a.drastlc difference between the Si-
local-density formalism, showed that indeed a high densit)}ermlnated and C-terminated surfaces as they are brought

of MIGS's is formed with the creation of a metal-ceramic INt0 contact with the Al layer. For the fully relaxed C-
interface. It was believed that the pinning position in thet€rminated supercell, the highly localized charge density at

MIGS’s was intrinsic to respective semiconductors. How-the interface, the amount of charge transfer from the Al layer
ever, Tung, Gibson, and Poatdound experimentally that to the C layer, and the equilibrium distance between Al and
the SBH of a metal-ceramic interface is dependent on th& atoms indicate a strong bond formation between the two
interfacial structure, and these findings have been corrobdayers. With the Si-terminated surface supercell this is not
rated by the use olb initio calculations based on the the case. A low, broadly dispersed charge density at the in-
density-functional theory by Fujitani and As&fimnd Das terface, large interatomic spacing between the Si and Al at-
et al?? More recentab initio calculationd®3! also indicate oms, and small charge transfer are observed.
that the SBH is dependent on interfacial structure. The observation of the LDOS of each supercell reveals
For the present system, the SBH for the C-terminated anthat for the C-terminated case, the LDOS at the interface is
Si-terminated SiC/Al interfaces have been calculated. Bevery similar in form to that of the Si-C back bond, yet sub-
cause of the rather poor estimation of the band-gap energy asantially different from the SiC bulk region or the Al bulk
calculated by using the local-density approximation, theregion, suggesting a unique bonding arrangement between
SBH of a material simulated with this method is best definedhe Si, C, and Al at the interface. However, for the Si-
as the difference between the Fermi level and the energy aérminated case, the LDOS at the interface has a more me-
the top of the valence band in the bulk SiC regida:( tallic appearance, similar to that of the other Al layers, but
—Eyg), which corresponds to the SBH ofpatype semicon- the C-Si back bond returns rapidly to a bulk SiC-like appear-
ductor, to avoid use of the highly inaccurate values for theance, suggesting a kind of bonding at the interface very dif-
excited states, and are best used only comparatively. Howerent from that for the bulk SiC. Although both supercells
ever, the resultg§as shown in Table I)ldo show a definite exhibit MIGS'’s, analysis of the charge density associated
interface structural dependence on the SBH, as has beavith these states shows that for the C-terminated case, only
found in the previous studies just eluded to, and actuallyhe C-Al bonds are responsible in the creation of MIGS’s
agree quite well with the experimental findings for the Si-and the underlying Si atoms play no part. However, with the
terminated surfac& The energy gapHg) between the va- Si-terminated case, the interfacial Si, as well as the underly-
lence and conduction bands for the bulk SiC as calculated bing C, aids in the formation of MIGS’s. These gap states also
the local-density approximation and the Troullier-Martins show a very localized, covalentlike bonding between the C
pseudopotentials used in this study was found to be 1.5 e\gnd Al, consistent with asp? orbital configuration, whereas
as opposed to the experimental value of 2.38 eV. For théor the Si/Al interface, a more dispersive, metalliclike bond-
C-terminated supercell the SBH was found to be 0.08 eV anéhg, though with some directionality, seems to be occurring.
for the Si-terminated supercell 0.85 eV. This difference in As a result of these differences in bonding types between
the SBH can be clearly seen in the LDOS curves of Figs. 3he two supercells, the magnitude of the bond strength and
and 8. Experimentally, a value of 0.9 eV has been estimate8chottky-barrier heights were also found to be quite dissimi-
for lar. For the C-terminated interface, the bond strength was
Er—Eyg for Si-terminated surface®, which agrees well found to be 6.42 J ¢, compared to only 3.74 J T for the
with our findings. The dramatically smaller SBH of the C- Si-terminated interface. However, both of these values are
terminated system is believed to be due to the interfaciahigh when compared to the strength of the bond between a
dipole caused by the charge transfer from the Al layer to theonreactive interface, such as MgO/Al, found to have a the-
interface C atoms as shown in Figs. 1 and 2. This dipoleretical work of adhesion of approximately 1.10 Janor
shifts the electrostatic potential of the Al layers downward,even when compared to the adhesive energy of pure Al itself,
which is known to substantially effect the band discontinuitywhich is estimated to be 2.04 J# The Schottky-barrier
of two materials>3* Of course, the present interfaces con-height, as measured from the Fermi level to the top of the



57 AB INITIO CALCULATIONS OF THE B-SiC(00D/Al . . . 2341

valence band of the bulk region of the SiC, for the C-thought to be the result of an interfacial dipole, shifting the
terminated and Si-terminated interfaces were 0.08 and 0.88lectrostatic potential of the Al layer downward.
eV, respectively, providing evidence in support of an inter- [N conclusion,ab initio computer simulation has been

face structural dependence on the Schottky-barrier heights GHOWn to provide valuable insight into the nature of metal-
metal-semiconductor interfaces. This value for the Sj-ceramic interfaces. Of the SiC/Al interface in particular it has

: ; ) i been shown that very different properties may result for this
terminated SBH agrees well with an experimental eSt'mat%ystem depending on the surface species of the SiC when the
of 0.90 eV. The dramatically smaller C-terminated SBH isinterface is created.
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