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Ab initio pseudopotential calculations ofC3SiC(111/Ti polar interfaces have been performed and com-
pared withab initio calculations of &-SiC(001)/Ti interfaces[Phys. Rev. B61, 2672 (2000] and the
3C-SiC(111)/TiC interface[Phys. Rev. Bb5, 16 472(1997)] and with experiments onHs-SiC(0001)/Ti inter-
faces. Two types of interfaces, Si- and C-terminated interfaces, are dealt with in order to examine the depen-
dence on the atom species at the interface. As to stable atomic configurations, the six candidates for each
interface are examined. In the most stable configurations, the interfacial Ti atoms are located on top of the
center of the triangle of surface atoms of SiT,(site for the Si-terminated interface amt; site for the
C-terminated interfageather than on top of surface atoms of SilG Gite). There are serious differences in the
bond lengths, bonding nature, and adhesive energies between the Si- and C-terdibBtéterfaces and
between the Si@11)/Ti and SiG11D/TiC interfaces, respectively. The C-terminated interface has strong
interfacial bonds with a large adhesive energy rather than the Si-terminated one, similarly@0thmter-
faces. However, there exist substantial differences betweeriltti¢ and (001) interfaces, which can be
explained by the interface morphology such as the number of back bonds and the neighboring atoms of
interfacial atoms, and the number and direction of surface dangling bonds. A calquigfesl Schottky barrier
height(SBH) of the C-terminated interface is smaller than that of the Si-terminated one. This SBH relationship
is in good agreement with the experimental results of theSBC(0001)/Ti interfaces and consistent with
previousab initio results of the -SiC(001)/Ti interfaces. The dependence of SBH on the interface atom
species can be explained by the following two factors: the relationship of intrinsic band structures between two
materials and the interface dipole caused by the interfacial charge distribution. On the other hand, the extended
Schottky model has been examined using the theoretical work functions including effects of the surface
structure for the SiQ12)/Ti and SiG001)/Ti interfaces. The obtained relationship of the SBH between the Si-
and C-terminated interfaces is contrary to #ieinitio results and experiments. It is clear that the SBH at the
interface is dominated by the interfacial atomic and electronic structures, and is unable to be estimated by the
surface properties simply.
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[. INTRODUCTION tric current for only positive or negative voltage bias, such as
using ap-n junction. The differences in SBH’s between the

Silicon carbidgSiC) is a very attractive material for high- Si- and C-terminated interfaces have been observed in the
performance(high-temperature, high-speed, high-frequency,6H-SiC(0001)/Ti interface§ and the 4-SiC(000)/Ti
and high-power electronic and optoelectronic devices asinterfaces. Recently, n-type 6H-SiC(000D/Ti interfaces
well as high-temperature structural ceramics. SiC has a largeave been constructed by controlling the density of interfa-
number of polytypes (B,3C,4H,6H,15R, ...), andeach cial defects with special surface treatm@ittseems that this
structure has various characters. It is of great importance tkind of experiment reveals the intrinsic nature of the interfa-
fabricate SiC/metal interfaces with desirable properties focial SBH without the effects of interfacial defects. In this
various electronic and structural applications of &fC. kind of interface, the difference in SBH's between the Si-
Among them, a SiC/Ti interface is one of the most importantand C-terminated interfaces has also been obsérved.
systems because Ti or Ti-containing alloys are often used for On the other hand, Sugawara and co-workeisave
such application3.The problems of the interfacial orienta- found in this kind of interface that Ti on the atomically flat
tion and the atom species are important factors to design th@001) face of 6H-SiC shows a face-centered-culiice)
structure and properties for the SiC/Ti interfaces. In strucstructure, although the stable structure of bulk Ti is a
tural applications, the reactivity between SiC and Ti revealdiexagonal-close-packeticp structure at room temperature.
the anisotropic behavior with respect to the interfacialThe authors consider that the unusual fcc structure of Ti is

orientation*

due to the high adhesion and high degree of coherence be-

In electronic applications, a Schottky barrier hei¢BH)  tween Ti and SiC. This is expected to be able to control the
of the SiC/Ti interfac&® has been studied extensively as well crystal structure of metal in the future.
as the interfacial configurations. The SBH is very important From the theoretical point of view, recenthb initio cal-
factor to fabricate excellent electronic devices. An extremelyculations of the &-SiC(001)/Ti interfaces! have been per-
low SBH is necessary for an Ohmic contact to achieve dormed using the pseudopotential method based on density
linear current-voltage relationship and a high SBH is re-functional theory within the local density approximation
quired for a rectifyinglor Schottky contact to flow the elec- (DFT-LDA). Both Si- and C-terminated interfaces have been
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examined, and it has been found that both interfaces have Third, a comparison between theC3SiC(111)/Ti inter-
quite different features from each other. The Si-terminatedace and the 8-SiC(111)/TiC interfacé® with respect to the
interface has weak and metallic Si-Ti bonds, whereas thetable atomic configuration and the SBH is also of great
C-terminated interface has strong and covalent C-Ti bonditerest. Particularly, many experiments are uncertain
such as bulk TiC. The calculateg-type SBH of the whether TiC layers are formed at the SiC/Ti interface or not.
C-terminated interface is smaller than that of theThus, this comparison should clarify the features of inter-
Si-terminated one. This tendency is consistent with thggces with and without TiC layers, theoretically.
experiments  of  BI-SiC(0001/Ti  interface§®  and In this paper, we also perform a detailed discussion of the
4H-SiC(0001)/Ti interfaces’ This theoretical result can be mechanism of the SBH using the results of the (3I)/Ti
explained by the difference in the interface dipoles. Similarand Si@001)/Ti interfaces. Here, we briefly explain previous
theoretical results of the SBH were obtained for the Si- andraditional models of the mechanism of the SBH of
C-terminated interfaces of theC3SiC(001)/Al system’? semiconductor/metal or ceramics/metal interfaces. First, the

Besides the SiC/Ti system, Rashkeev and co-wotRers Schottky modéf* evaluates the SBH by the difference be-
have dealt with the @-SiC(111/TiC interface using the full-  tween the work function of metal and the electron affinity of
potential linear-muffin-tin orbita(FP-LMTO) method based a semiconductor or ceramics. In this model, the SBH should
on DFT-LDA. In this interface, the arrangement of atom spe-he changed in proportion to the change of the work function
cies at the interface layers is similar to the C-terminatechf metal for the same semiconductor. However, the SBH’s of
SiC(11D/Ti interface, although the C layers are stacked beseveral semiconductors such as Si and GaAs are experimen-
tween the Ti layers in the TiC side. tally observed to be only a little chang&iThis phenom-

In this paper, we perfornab initio calculations of the enon is explained by the Fermi level pinning by some spe-
3C-SiC(11D/Ti polar interface. We use the first-principles cific states in the band gap of semiconductor at the interface,
pseudopotential method, and obtain the stable atomic cofor example the states associated with defétt.0n the
figurations, adhesive energies, and SBH'’s for the Si- an@ther hand, the metal-induced gap st&##GS) and charge
C-terminated interfaces. It is very important to examine suchheutrality level(CNL) modet® proposes that the SBH is de-
an interface by following reasons. termined by occupying electrons up to the CNL within the

First, many experiments have been done for theMIGS (Ref. 19 at the interface, which are formed in the
6H-SiC(000)) interfaces:*>*®1%Especially, some experi- band gap of semiconductor. The CNL is considered to be
mental groups make it a challenge to clarify the intrinsicintrinsic to respective semiconductors.
atomic and electronic structures and properties of the |n this paper, we concentrate on the intrinsic nature of the
6H-SIC(000D/Ti interface without effects of interfacial SBH without the effects of interfacial defects, becauseatur
defects’~'° The theoretical approach is of great importanceinitio calculations can deal with only coherent interfaces
to be directly compared with such experiments. On the othewithout any defects. On the other hand, such an intrinsic
hand, the 8-SiC(11)) interface can be used as a model for SBH is tried to be examined experimentdify.From this
the 6H-SiC(0001) one because an atomic configuration of point of view, the Schottky model and MIGS-CNL model are
the SiC side from the interface to the seventh-layer is similarinfluential. However, these two models deny that the SBH
According to the preceding calculations of the depends on the practical interface structure. Hence, these
3C-SiC(001)/metal calculations™*?the properties of coher- models cannot explain well the experimental and theoretical
ent interfaces are determined from only a few layers near theesults of the SBH'’s with the interface-structure dependence
interface. Thus, we think that application of th€BiC(111)  for NiSi,/Si interface®’??and for SiC/metal interfaced:'?
interface as a model of theHsSIC(0001) one causes no Our precedingab initio calculations! have indicated that an
serious problems. The other merit is that the number of atintrinsic SBH of the interface without any defects is deter-
oms in the supercell aib initio calculations can be greatly mined by “two factors” in a similar way as the band discon-
reduced in dealing with the@-SiC(111) interface as com- tinuity of the semiconductor heterojunctiofi) the relation-
pared with the 61-SiC(000Y) interface. It is of great interest ship of intrinsic band structures between two materials and
to examine theoretically the difference between the SBH’s ofii) the interface dipole derived from the charge transfer or
the Si- and C-terminated interfaces for th€-$iC(111)/Ti the charge distribution itself at the interface. The latter de-
system, so as to be compared with the experimental results pends on the interface structure, whereas the former does
the 6H-SiC(0001)/Ti interfaces® not. If we consider a surface as an interface between vacuum

Second, it is of great interest to compare theand material, the “two factors,” the band-structure term and
3C-SiC(11))/Ti interface  with the &-SiC(00D/Ti the dipole term, should correspond to the two dominant fac-
interface'! This comparison should clarify the effect of in- tors of the work function of the surface. It is of great interest
terface orientation on the interface properties such as th® compare the calculated SBH’'s of the present Si- and
adhesive reaction and SBH. In practical applications, clarifi-C-terminated &-SiC(111/Ti interfaces with those of the
cation of this effect is one of the most important issues to(001) interfaces and with the two-factor model, the Schottky
achieve the hoped for properties. The atomic configurationsnodel, and the MIGS-CNL model.
and properties should depend on the interface orientation On the other hand, recent experiments of the
through the morphology such as the number of the baclbH-SiC(000)/metal interfaces with reduced defect density
bonds and the neighboring atoms at the interface or the nunseem to indicate that the SBH behaves as a Schottky limit for
ber and direction of dangling bonds of each surface. various metal§. Thus, we additionally examine the extended
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Schottky model. The work functiotelectron affinity in the  principles calculations, the pseudopotential method, and the
original Schottky model is defined as an intrinsic constant foifull-potential linearized augmented plane-wave method, for
each material. However, the work functi¢electron affinity  bulk Ti, indicate that the difference of total energy between
itself depends on the surface structure as revealed in marfgc-Ti and hcp-Ti is very small€10 meV/atomy*
surface calculations. Then, we examine the SBH'’s estimated In the supercell, a vacuum region more than 15 a.u. sepa-
from ab initio calculations of the work function of each sur- rates two free metal surfaces, which ensures stable interlayer
face slab for the Si(11)/Ti and SiGO0LD/Ti interfaces. As  distances without any constraint. About the determination of
shown below, the result indicates that the interface properta stable position of a Ti layers parallel to the interface and
cannot be predicted correctly by the sum of properties of twdhe stable stacking sequence of the Ti layers, we examine six
surfaces or two materials. candidates of special translations corresponding to energy
extrema as shown in next section. All the configurations have
special symmetry of the point groups;, .
Il. THEORETICAL METHOD Interface structures are obtainedddy initio pseudopoten-
First of all, it is necessary to overcome several toughfi@l calculations based on DFT-LDfRef. 23 for the above
problems associated with th{@11) polar interfaces as com- SuPercell. To obtain the electronic ground state, a conjugate-
pared with the(001) interfaces! In the periodic cell, the gradlent7 technqu@ and an effective charge-mixing
atom species of both surfaces on thg-SiC(111) slab can- schemé for controlling the charge-sloshing lnstablﬁﬂare
not be the same, because the slab, the basic structure ysed. Stable atomic configurations are obtained through the
which is zinc blende, does not have a mirror plane and infelaxation according to Hellmann-Feynman forces. Present

version center. This is quite different from the case of thepse:udopqter;glals are softened by a Trouller-Martins-type
SiC(001) slab. If we use the origindlL11) slab, charge trans- ©OPtimization™™ The Kleinman-Bylander separable f‘ﬁ%s_

fer will occur between two surfaces or between two inter-US€d With the locap component for Si and for C and with
faces, and an electric-field problem will rise, which shouldthe locals component for Ti. A plane-wave cutoff energy of
prevent realistic calculations. Even if the charge transfer 90 RY is used. In self-consistent calculations,kifoints in
suppressed, it is not so easy to analyze the energy of tH8€ irreducible 1/24 Brillouine zone are used.

respective interface regions in the supercell containing two [N the present system, there is other difficulty about the
different interfaces. In order to settle this problem, we Con_stab_|I|ty of the self-consistent iterations. The present super-
struct a slab with two identicalL11) surfaces by introducing C€ll is extremely slender, as compared with the supercell for
a stacking fault at the center of the SiC slab. The slab ha@e SiG001)/Ti interface. The ratio Qf cell size .normal to the
mirror-plane symmetry with respect to the center of theinterface,c, to that parallel to the interface, i.e., c/a, is
stacking fault. At the stacking fault, Si-Si or C-C wrong about 15._ In such a type of supercell, tr_\e convergence of the
bonds are introduced. However, these wrong bonds do ngélf-consistent loop of the charge density is not so easy even
create deep levels in the band gap or any extra carriers b&-We use the efficient charge-mixing sche?ﬁdn order to
cause SiC is a homovalent compound, as observedbin execute huge computations of the self-consistent loop of
initio calculations of the SiC grain boundarfdsAs will be  large supercells, we used a parallel-type supercomputer by
shown, the existence of the stacking fault does not seem tg€veloping a program code using the message-passing inter-
have serious effects on the interfaces. The same kind dfce(MPI).

stacking fault has been introduced in the calculation of

the 3C-SiC(111/TiC interface’® as inversion domain Il ATOMIC MODEL

boundaries.

The supercell of the interface consists of a slab of 16 As to the rigid-body translations parallel to the interface
SiC(111) atomic layers including one stacking fault and two between the Ti layers and the SiC surface, a high-symmetry
sets of 4 Tj111) layers stacked on both SiC surfaces. In thisconfiguration should correspond to the total energy extrema.
paper, we deal with a coherent X11) interface, where Ti  Thus, we examine three groups of atomic configurations with
layers are slightly expanded parallel to the interface. The Tthreefold symmetry for both the Si- and C-terminated inter-
layers have fcc structure similarly to our preceding study offaces as shown in Fig. i) Ti on top of the surface atoms of
the SiQ001/Ti interface although the hcp structure is SIiC (case 1 and case),2denoted byT, (ii) Ti above the
stable as the bulk structure at room temperature. As merhollow site of SiC(case 3 and case),4denoted byH3, and
tioned in Sec. |, the recent high-resolution transmission eleciii ) Ti above the second-layer atoms of Sigase 5 and case
tron microscopyHRTEM) observatiof found that fcc-Tiis ~ 6), denoted byT,. The difference in each pair is the stacking
generated on the atomically fléd001) face of H-SiC at  position of the second-layer Ti because a stacking of fcc type
room temperature, where the orientation relationshighas two candidates about the second-layer atoms as
between the fcc-Ti and the H5SIC substrate is ABCA... andACBA....IntheT, group, an interfacial Ti
(111)eeqi//(0001 )y sic and  [110]see.ti//[ 1120 ]gh-sic- atom interacts directly with a dangling bond of each Si or C
From the analysis using coincidence of reciprocal latticeatom, and hence each Ti atom has only one neighboring Si or
points!® the orientation relationship has high coherencyC atom. In this case, it seems that the bonding nature be-
across the interface and a lattice mismatch between fcc-Tiveen interfacial atoms is dimer like. On the other hand, in
and &H-SiC is very small €1%) in comparison with the the two other groupsi; andT,, the interfacial Ti atoms are
hcp-Ti/6H-SIC system {4.3%). Our preliminary first- located on top of the center of the triangle of surface atoms
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T H, 7 TABLE |I. Distance between atoms near the Si- and
C-terminated(111) and (001) interfaces(Ref. 11). “Si-C(back”
CASE-1 CASE-2 CASE-3 CASE-4 CASE-5 CASE-6 o N . .
v ‘ : and “Ti(int)-Ti” indicate a bond between interfacial 8T) and back
ey e DG S i bl O C (Si) atom and an interfacial Ti atom, respectively. A unit of data
[ ] [ ] [ ] L [ ] 4 E H
. ° e . [ K o IS a.u.
8 8 8 8 8 8 ; P
) Q o o ) 1) Interface Si-Chac Ti(int)-Ti
O ¢ 09 ¢ ¢ ©° o 9 0° ¢ 99 o @ack (int)
| T | aw
o 9 9?0 9 ([P0 Q o 9 90 ¢ Si-terminated 4.97 3.57 5.66
e} o e} %5 %5 %5 .
o) o) <) o) o) o) C-terminated 4.37 3.59 5.84
L) - - [ ] R ° [ ] y R [ ) L o . < ) L) . < (001)&
é VACUUM VACUUM VACUUM VACUUM VACUUM VACUUM Si_termi nated 4 . 79 3 i 52 4 87
VL» C-terminated 3.83 3.54 5.32

<102 0Si(C) © C(Si) ®Ti

FIG. 1. Atomic models of the G-SiC(111)/Ti interface (cases “Reference 11.

1-6).
that of case 5, while interfacial Ti is far from the second-

of SiC, and hence each Ti atom interacts mainly with thred@Y®r C. Thus, case 5 should be more stable than case 4 for

neighboring Si or C atoms. Also the interfacial Si or C atomst"€ Si-terminated interface.
In the C-terminated interface, on the other hard,(case

have three neighboring Ti atoms. The difference betwégn k X
4) is more stable tharl, (case % contrary to the Si-

and T, is the back side of the SiC. If,, there exists the ' : .
second-layer atontSi or O) near the interfacial Ti atom, j[ermlnated one, where casel5 IS more _stabré4|,rand.case 4
is more stable iH5. The C-Ti distance is 4.37 a.u. in case 4

while no existence irH;. Thus it may be possible that the ) !
interfacial Ti atom interacts with the interfacial Si or C atoms @nd 4.50 a.u. in case 5, respectively. These values are close
to the bulk TiC(4.08 a.u), but slightly larger. In case 5, the

and the second-layer C or Si atomTn.
y 4 distance of the second-layer Si and interfacial Ti is 4.25 a.u.
This is too small as compared with the range of the Si-Ti

IV. RESULTS AND DISCUSSION distance in Ti silicide, which is caused by the small interfa-
_ _ i cial C-Ti distance. The interaction between Ti and the
A. Atomic configurations second-layer Si should behave as repulsive, which results in

The most stable configurations for the Si- andthe C-Ti distance in case 5 larger than that in case 4. Thus,

C-terminated interfaces are determined by the relaxation dfase 4 with no repulsive interaction between Ti and the
all six candidategcase 1 to case)®f atomic configurations. Second-layer Si is more stable. In this way, case 5 and case 4
First of all, the total energy difference within each group isare the most stable for the Si- and C-terminated interfaces,
very small (<0.01 Ry per supercéllThus, the difference in respectively. From here on, we discuss the atomic and elec-
stacking sequences after the second Ti layer does not creatdranic structures of these configurations.
large energy difference. This feature may be related to the As listed in Table I, the Si-Ti distance of the Si-terminated
growth of Ti layers with fcc structure instead of hep structureinterface is larger than the C-Ti distance of the C-terminated
observed experimentall.In both the Si- and C-terminated one. The Si-Ti and C-Ti distances of the Si- and
interfaces, the total energies of tWq configurationgcase 1 ~ C-terminated interfaces are larger than those of (D@1
and case Rare considerably higher than those of the otherinterfaces, respectively, which is concerned with the number
groups (0.1 Ry per supercell which means that these Of neighboring atoms at the interface as discussed below. The
configurations are unstable or metastable rather than tHeack Si-C bond lengths of both the Si- and C-terminated
others. interfaces are similar values to the Si-C bond length in bulk
In the Si-terminated interface, the configurationggare ~ 3C-SiC, 3.57 a.u,, such as tf{60]) interfaces. In both the
more stable than those bff;. And case 5 and case 4 are more Si- and C-terminated interfaces, the interlayer distance at the
stable inT, and Hs, respectively. Therefore, case 5 is the interface is quite smaller than that between the interfacial Ti
most stable. As listed in Table I, the Si-Ti distance, 4.97 a.u.2nd back Ti layers, as listed in Table Il. The interlayer dis-
in case 5 is comparable with a range of the Si-Ti distance idance between the interfacial Ti and second Ti layers of the
Ti silicide, 4.91-5.29 a.&" It should be noted that the dis- Si-terminated interface, 4.56 a.u., is smaller than that of the

tance of the second-layer C and the interfacial Ti, 4.88 a.uC-terminated one, 4.77 a.u. This is because the interfacial Ti
is rather small, although this is larger than the C-Ti bondlayer of the C-terminated interface is attracted to the SiC
length in bulk TiC, 4.08 a.u. There exists a strong adhesivéurface greater than that of the Si-terminated interface as
interaction between C and Ti atoms in the @Q1/Ti  Seen below. _ _ _

systemt! Thus, it has the possibility that the interaction be- ~ Figure 2 shows the stable atomic configurations and the
tween the interfacial Ti and the second-layer C exists in advalence-charge distributions on th&10] cross sections for
dition to the interaction between Ti and Si in case 5. In cas¢he Si- and C-terminated interfaces. In the Si-terminated in-
4, on the other hand, the Si-Ti distance, 5.01 a.u., is close tterface of Fig. 2a), the charge distribution around the inter-
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TABLE II. Interlayer distance of the Si- and C-terminatgd.)
interfaces. “int.” and “S.F.” mean the interfacial atom and the
stacking-fault atom, respectively. A unit of data is a.u.

Si-terminated C-terminated
interface interface
Ti(third to fourth 4.16 4.22
Ti(second to thirgl 4.89 4.76
Ti(int. to seconyl 4.56 4.77
Interface 3.71 2.79
SiC(int. to secong 1.20 1.25
SiC(second to thirg 3.58 3.53
SiC(third to fourth 1.19 1.20
SiC(fourth to fifth) 3.58 3.56
SiC(fifth to sixth) 1.18 1.19
SiC(sixth to seventh 3.67 3.54 A
SiC(seventh to S.F. 1.25 1.18 -
Between S.F. 3.08 4.42 \"

facial Ti atom has no drastic changes as compared with the
other Ti atoms, although there exist some changes at the
interfacial Ti atom and a slight increase of the charge density
at the Si-Ti bond. It can be said that the Si-Ti bond has rather
metallic character with rather broadly distributed charge den-
sity. This feature is similar to the Si-Ti bond of the Si-
terminated interface of the S{@01)/Ti system'! although

the atomic structure is different.

In the C-terminated interface of Fig(8, the charge dis-
tribution around the interfacial Ti atom has substantially dif-
ferent features from the other Ti atoms. The C-Ti bond length
is very small. It is clear that the Til11) and C(111) layers
are closely stacked at the interface with some similarity with
the (111) stacking layers in bulk TiC. There exist increases in
the charge distribution between the Ti and C atoms. There
seems to exist both covalent and ionic interactions between
Ti and C atoms, similarly to the S{G01)/Ti interface!! This
point is not so clear from the present figure, as compared
with the case of the Si001)/Ti interface wheregp-d hybrid-
ization like bulk TiC can be seen. However, this point will be

shown in the local density of statésDOS) analysis. _ FIG. 2. Stable atomic configuration and charge distribution of
) T_he dlﬁergnce of the charge distribution fqr reSpectiVe(q) the Si-terminated antb) the C-terminated @-SiC(111)/Ti in-
Si-Ti and C-Ti bonds between thi&11) and(00]) interfaces terfaces{TlO] cross sections are shown. All atoms are located on

_can be explained by the numbers of neighboring ator_ns at tht‘?ﬁe same 710) plane. Contours of the charge density is plotted
interface and the numbers of back bonds of each interface "4 001 a.u2 to 0.281 a.u? for the Si-terminated one and

atom. This problem will be dlscussed.lat'er. from 0.001 a.u.® to 0.288 a.u.® for the C-terminated one in

_ The bond Iengt_hs of the c-C and Si-Si bonds at the StaCképaCing of 0.015 a.id

ing faults of the Si- and C-terminated interfaces are 3.08 a.u.

and 4.42 a.u., respectively, as results of free relaxation. Thesag fault is less than 1% of both the Si- and C-terminated
values are near the bond length in diamond, 2.92 a.u., and interfaces. This small distortion means that the influence of
bulk Si, 4.44 a.u. Thus, it does not seem that these wroninterface formation and the stacking fault on the SiC bulk
bonds generate structural or electronic frustration affectingegion is rather small.

the interface regions in the supercell. In the @®C/Ti In comparison with theab initio calculation of the
interface'! the 9 SiG001) atomic layers of the supercell are 6H-SiC(0001) surface® the interlayer distances of the back
expanded along th€001) direction; especially the total ex- Si-C layers of the Si- and C-terminated interfaces, 1.20 a.u.
pansion of the C-terminated one is rather large, 3.7%. Howand 1.24 a.u., as listed Table II, are similar to the interlayer
ever, in the present interfaces the total expansion of the ldistance of the (X 1) ideal unit cell, 1.19 a.u., and are much
SiC(111) atomic layers of the surpercell except for the stack-larger than those of the relaxedX1) Si- and C-terminated

<l11>
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interfacial bonds. The interlayer distances of the second to
third SiC layers of the Si- and C-terminated interfaces, 3.58
a.u. and 3.53 a.u., are slightly smaller than those of the re-
laxed Si- and C-surfaces, 3.70 a.u. and 3.72 a.u.

About the comparison with the S{C11)/TiC interface®®
three kinds of configurations of the interface corresponding
to theH; (case 3 and case 4nd T, (case 6 groups of the
C-terminated SiCl12)/Ti interface in the present models
were examined in Ref. 13, although the C layers are stacked
between the Ti layers in the TiC side. The reason why only
the C-terminated interface is dealed with in Ref. 13 is that
the formation of the Si-Ti bond at the SiC11)/TiC interface
seems to be unfavorable because both the Ti and Si atoms
play the role of cation in TiC and SiC. In Ref. 1B, (case 6
is found to be metastable with a significantly higher energy
thanHj, although the difference of total energies within
group(case 3 and case #& rather small8 meV/aton. It is . —
of great interest that the relative stability among these three Z-axi1s position
models for the SiC/TiC system is similar to our results for
the SiC/Ti interface. The interfacial C-Ti distan@e37 a.u).
in the most stable case 4 of the $1C1)/Ti interface is larger C
than the interfacial C-Ti bond lengi#.05 a.u). in the most ”

surfaces, 0.91 a.u. and 0.71 a.u., because of the formation of ﬁ )ﬁ T

Averaged charge density
<
e
=

(b)
stable structure of the S{C11)/TiC interface®® The latter is
very close to that of bulk TiG4.08 a.u). In the SiG111)/TiC
interface, the interfacial Ti atom is a part of TiC, where the
partial charge transfer from Ti to C already exists in the TiC
side. In the SiC111)/Ti interface, on the other hand, the back
side of the interfacial Ti atom is metallic Ti. This should be
the reason why the bond length at the SiC/Ti interface is
larger.

B. Electronic structure

Figure 3 shows an averaged charge density on €Hth
plane plotted along th¢l1ll) axis. In the Si-terminated in-
terface, the slope is changed in the SiC side near the inter-
face. However, it seems that the averaged charge density at
the interface has a feature like simple superposition of the . ‘s
charges of Ti and Si layers. This is consistent with the rather Z-axis position
weak interactions observed in Fig@2 In comparison with _ ) i
the (001) interface! there exists no fine structure in the av- FIG. 3 Ave.raged charge density p.mf"e along (MD axis of

. . . (@) the Si-terminated antb) the C-terminated G@s-SiQ111)/Ti in-
eraged charge at the interface, which may be associated wi ﬁ) L .
. . . erfaces. The half of the supercell containing four sets of SiC layers
the small interlayer distance at the interface.

: . . ._and four Ti layers with the vacuum region is shown. Asterisks in-

. In the,C'termmat_ed interface, the charge of the Ir]terfac'aﬁicate the po;/itions of atomic layers. ?A vertical line indicates the
Ti layer is merged into the shoulder of the charge of the G orface.
layer, because of a very small interlayer distance. And there
exists the charge-depletion region between the interfacial Tirreducible part are broadened with a Gaussian half width
and back Ti layers. In thé01) interface, the charge transfer (0.16 eV} similarly to the (001) interface!® It should be
from Ti to C was observed obviously. In tti#ll) interface, noted that a too large broadening width may affect the analy-
on the other hand, the charge transfer from Ti to C is not s@is of MIGS’s because of the large shoulders of the band
clear. This is because the charge density of the interfacial Teédges.
layer overlaps that of the C layer by the small interlayer In the Si-terminated interface, the LDOS at the interface
distance as mentioned above. However, the charge of the @gion seems to have a feature like the superposition of the
layer is slightly larger than that of the SiC bulk region. This DOS of SiC and Ti, similarly to the Si-terminate@01)
feature shows the possibility of charge transfer from Ti to C.interface!! This is consistent with the metallic character of

Figure 4 shows the LDOS for eadhll) interface. The the Si-Ti bond observed in the charge-density distribution in
LDOS is calculated for each region between succe<di/® Fig. 2(a). However, there exists a sharp peak near the top of
layers of the supercell. Eigenstates for R@oints in the the SiC valence band and there exists a decreased region near

Averaged charge density
=
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(a) (b) TABLE lll. Calculated adhesive energy apetype SBH for the
T Si- and C-terminated111) and (001) interfaces(Ref. 11) and ex-
Ti(2nd)-’['1(3ri/ Ti(2nd)-Ti(3rd)

L perimental p-type SBH (SBH,,) for the Si- and C-terminated
Ti(im.)-Ti(zn:)/ ! Ti(int)-Ti2nd) ||V \ Adhesive energy SBH — SBH

energy gain by the interface formation from relaxed surfaces.

6H-SiC(0001/Ti interfaces(Refs. 6 and 8 Adhesive energy is the
[eV/(1x1) celll [Jn?] [eV] [eV] [eV]

(111
Si-terminated 3.21 6.25 1.02.16* 2.549
C-terminated 3.88 756 0.671.79" 1.902

Si-Ti(int.)

(001)
Si-terminated 1.48 252 0.50

ﬁ _‘M v C-terminated 5.11 8.74 022
») 'f
C-Si Si-C “Reference 6.
PReference 9.
Y ‘Reference 11.
7 A ) .

A "

Si-C C-Si with only one dangling bond péd11) surface atom as com-

pared with two dangling bonds pé01) surface atom.

In comparison with the LDOS of the S{C11)/TiC
interface’® the MIGS’s of the SiC111)/TiC interface are
similar to those of the Si@@11)/Ti interface. And the MIGS’s

C-Si of the SiG111)/TiC interface rapidly decrease inside the SiC
” m region similarly to the SiCL11)/Ti interface.
Q Q
A v &)
H o H C. Adhesive energy
-18 -12 -6 0O 6 -18 -12 -6 O 6 An adhesive energy is energy gain by the formation of an
Energy (eV) Energy (eV)

interface from two free surfaces and is obtained from the
FIG. 4. Local density of state€ DOS) for (a) Si- and (p)  difference in total energies between the relaxed interface and

C-terminated &-SiC(111/Ti interfaces. The LDOS is given for relaxed (1x1) Si- or C-terminated SiC and Ti surfaces, us-

each region between successiddl) atomic layers. Dashed lines INg supercells with the same size. Results are listed in Table

indicate the LDOS of the bulk SiC region in the supercell. A verti- Il with those of the (001) interfaces™ In the (111) inter-

cal line indicates the Fermi level. faces, the value of the C-terminated interface is larger than

that of the Si-terminated one, similarly to tfi@0l) inter-

. . . . . faces. This means that the interfacial bond at the
the Fermi level, differently from the Si-terminat¢@03) in- C-terminated interface is stronger than that at the Si-

terface. This means the partial covalent nature of the Si-T| . : : .

bond. The LDOS recovers the bulk features at the regions (r:rgéna;the: ;dnheésﬁ/setgnt:%; %Tfhaglsé?:e\;vrﬁ?n% :2:2:
back C-Si and Ti-Ti interlayer. In the C-terminated interface,¢, o iis quite larger than that of the Si-terminate@l) one

the LDOS at the interface region has a deep valley near thgje the adhesive energy of the C-terminatédll) interface
Fermi level. A similar valley was also observed in the LDOS ;g smaller than that of the C-terminatéaD1) one. Thus, for

of the (001 interface. This kind of valley represents both the Sj-terminated interfaces, the interfacial adhesion of the

covalent and ionic interactions of the C-Ti bond. (111) interface is stronger than that of th&01) one, contrary
One of the important factors in the LDOS analysis is thetg the C-terminated interfaces.

MIGS. The MIGS-CNL modéf insists that the existence of Here we summarize the bonding nature of the present
MIGS's affects the SBH seriously. As seen in Fig. 4, MIGS’s (111) interfaces in order to discuss the adhesion results. The
seem to exist in the band gap up to the second Si-C layerSi-Ti bond of the Si-terminated interface is metallic and par-
near the interface as tiny peaks in both the interfaces. Similafally covalent as shown in the charge distribution of Fig.
peaks were observed in tli@01) interfaces:! We think that  2(a) and the shape of the LDOS of Fig(ak This feature is
these MIGS peaks are tails of metallic Ti states or tails ofbasically similar to thg001) interface!® It should be noted
hybridization between dangling bonds and Ti orbitals. Inthat the Si-Ti bond length and the number of neighboring
both the Si- and C-terminated1]) interfaces, the MIGS atoms are similar to the Ti silicid&.On the other hand, the
peaks are smaller than those of {8€1) interfaces, and dis- C-Ti bond of the C-terminated interface is covalent and ionic
appear rather quickly at the third layer as compared withas shown in the charge distribution of Fighpand the shape
those of thg001) interfaces. These points may be concernedof the LDOS of Fig. 4b). This feature is similar to bulk TiC.
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And the number of neighboring atoms and C-Ti bond lengths
is also similar to bulk TiC. These are basically similar to the C-term ---
(00)) interface.

However, the Si- and C-terminatéd1]) interfaces have
substantially different features from those of (081 inter-
faces. For the C-terminated1l) interface, the C-Ti bond
length is larger than that of théD01) interface, and the
charge transfer anptd hybridization are not so noticeable as
compared with thg001) interface. In both thg111) and / . .
(001 interfaces, the adhesive energies of the C-terminated -18 -12 -6 0 6
interfaces are larger than those of the Si-terminated inter- Energy (eV)
faces, which can be understood by the difference in the
bonding nature. However, the adhesion of the Si-terminated FIG. 5. Local density of statgéDOS) of the bulk region of the
(111) interface is stronger than that of the Si-terminatedSi- and C-terminated G-SiC(111)/Ti interfaces. A vertical line in-
(001 one, while the adhesion of the C-terminatddl) in-  dicates the Fermi level.
tn(:refﬁggr:zdw:gg\%.than that of the C-terminat@@l) one, as fpr thg i_n_te_rfacial _metallic and partially covalent bonding

The difference between th&1l) and(001) interfaces can !'ke Ti silicide. This should _be the reasan why tlplall)
be explained as follows. As for the C-terminated interfaces'fnterface has a Iarg_er adhg:swe energy t "’.‘r.‘(“m}]'”.ter'
both the interfaces tend to form local configurations like TiC. ace for the Sl-ter_mmatec_j mt_erface. In addition, the interac-
From the number of the C-Si back bonds and the C-Ti interpon between the mterfa@al Ti atoms_ and the second-layer C
facial bonds for the interfacial C atom, it is clear that theatom affects the adhesion of thell) interface.
interfacial C atom of th€111) interface and that of thé01) : :
interface are located in the environment more close to SiC D. Schottky barrier height

and close to TiC, respectively. In th@®01) interface, a A p-type SBH can be obtained by supercell calculation as
zigzag-chain structure of C-Ti bonds is formed parallel to thethe difference between the Fermi level of the supercell and
interface, which is similar to the local configuration of bulk the valence-band topvBT) of the bulk SiC regiort**? It

TiC. The C atom on th€001) surface has two back bonds should be noted that no band bending occurs in the present
with back Si atoms and has two dangling bonds, which formsupercell calculations because of no dopants and zero tem-
strong covalent and ionic bonds with two neighboring Tiperature. Thus, the Fermi level only means the highest occu-
atoms at the interface. In thd11) interface, on the other pied level of the metal region, which should be located
hand, the stacking of the interfacial layers is similar to that ofsomewhere in the band gap of the bulk SiC region. There
the TiC (111 layers. However, the C atom on thElLl) sur-  exists a step for the highest occupied states from the VBT of
face has three back bonds with back Si atoms and has ontyie bulk SiC region to the Fermi level of the metal region.
one dangling bond. The dangling bond connects with theThis step corresponds to thetype SBH. The VBT of the
three interfacial Ti atoms at the interface. bulk SiC region is determined by analysis of the LDOS. Of

In this way, the interfacial C-Ti layers of th@®01) inter-  course, as shown in Fig. 5, the shape of the LDOS of the
face tend to have atomic and electronic structures closer tbulk SiC region has some disorder especially near the VBT
bulk TiC rather than that of thél11) one. This is the first by the influence of the interface. Thus, the VBT is deter-
reason why th€001) interface has a larger adhesive energymined by comparing the LDOS with the DOS of the bulk
than the(11)) interface. This point is consisted with the cal- crystal, where the valence-band botto#BB) is first deter-
culated results of bond lengths, charge distribution, andnined by fitting the main peaks of the LDOS to those of the
LDOS. bulk DOS.

The second reason why the adhesive energy of the Calculated SBH’s are listed in Table Il with those of the
C-terminated (001) interface is larger than that of the (001) interface!’ The values of thg-type SBH's for the Si-
C-terminated(11) interface is that both surface energies of and C-terminated interfaces are 1.02 eV and 0.67 eV, respec-
the SiC and Ti(001) slabs are larger than those of tti1) tively, and the difference is 0.35 eV. In Fig. 5, the shift of the
slabs. For instance, the number of dangling bonds per surfacalence band of the bulk SiC region of the C-terminated
atom of the SiQ111) and(001) surfaces are 1 and 2, respec- interface against that of the Si-terminated one is clearly seen,
tively, the coordination numbers of the T111) and (001 which corresponds to the difference in the SBH. The ten-
surfaces are 9 and 8, respectively, and 12 in the bulk Ti. dency of the value of the C-terminated interface to be lower

As for the Si-terminated interfaces, tf@01) interface has is similar to the(001) interfaces.
the zigzag-chain structure of the Si-Ti bonds similarly to the LDOS's near the interfacial region have MIGS'’s as shown
C-terminated interface. And th@l1l) interface also has a in Fig. 4. In the preserdb initio calculations as well as those
stacking of interfacial layers similarly to the C-terminated of the SiG001)/Ti (Ref. 11 and SiGO0D/Al interfaces®? it
interface. It can be said that the local configuration at theloes not seem that the MIGS’s have dominant effects to
(111) interface has features closer to Ti silicide than that atdetermine the SBH of respective interfaces.

the (00D one. Such a configuration that the interfacial Si  In comparison with experiments, tiretype SBH of the
atom has many interacting Ti atoms seems to be favorabl8i-terminated 61-SiC(0001)/Ti interface is 0.79—-0.88 eV for

Pt
et

LDOS

TS
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as-deposited contactsThis means @-type value of 2.1-2.2 lowering the p-type SBH is clearly caused by the charge
eV using the experimental band-gap val@eD eV). Our cal-  transfer from the interfacial Ti layer to the interfacial C layer.
culated SBH of the Si-terminated interface is much smallein the present C-terminatedlll) interface, such charge
than this. In DFT-LDA calculations, there is the problem of transfer is not so clear in Fig. 4. However, the charge density
possible discontinuity in the exchange-correlation potentiapt the interfacial C layer is increased because of the C-Ti
across the interface between different mated@ls.3C-SiC,  bond formation. This may be associated with the formation
such a problem has been discussed and the value©Of an interface dipole lowering the electrostatic potential of
(—0.66 eV) for the correction to the VBT is obtain&tf? the Ti side, resulting in the present smaller value of the
Thus, it may be difficult to estimate the SBH quantitatively P-type SBH. - s _
in the present calculations. However, the difference in SBH's In the SiG111)/TiC interface;” the p-type SBH is calcu-
for the Si- and C-terminated interfaces and the qualitativdated by two types of methods. In one method, the VBT of
properties should be reliable. the bulk SiC region and the Fermi level of the TiC region are
Waldrop and Grafithave reported the SBH ofi-type determined from the lineup of the core levels of each atomic
6H-SiC(0001)/metal(Pd, Au, Ag, Tb, Er, Mn, Al, Ti, Ni, and  1ayer in the supercell. The-type SBH is obtained as the
Mg) and p-type 6H-SiC(0001)/metal (Pd, Ni, Au, Ag, Mg, difference between the VBT and the Fermi level similarly to
Ti, and Al) systems with respect to both Si- and C-terminatedour method. The obtained value is 1.1 eV without the LDA
interfaces. Generally, tha-type SBH of the C-terminated correction. In the other method, analyzing the LDOS simi-
interface is larger than that of the Si-terminated one, whildarly to our method, the SBH value is 0:9.1 eV. These
the opposite relationship exists for tipetype SBH, except SBH's are larger than that of the present C-terminated inter-
for Au, Ag, and Mg. The dependence on the terminationface. This point is reasonable if we consider the larger charge
atom species is obvious forH6SiC(000)/metal systems. transfer from Ti layers than that from TiC layers.
The SBH’s of the Si- and C-terminatedH8SiC(000/Ti Next, we discuss the effects of dopants in semiconductors
interface§ are 0.73—0.75 eV and 1.0-1.09 eV for théype ~ ON the SBH. Ther- or p-type dopants exist in the usual SiC
SBH, respectively, and 2.16 eV and 1.79 eV for freype ~ Samples in SBH experiments. If some dopants exist in the
SBH, respectively. The differences between the Si- angemiconductor in a real system, the charge of dopants near
C-terminated interfaces are 0.27—0.34 eV fornkgpe SBH  the interface should go to the interface, which generates a
and 0.37 eV for the-type SBH. These difference values are macroscopic dipole associated with the band bending and
in good agreement with our result, 0.35 eV. In thedepletion regions. However, for the usual dopant concentra-
4H-SiC(000)/Ti interfaces’ then-type SBH’s of the Si- and  tion, the amount of the accumulated charge and the electro-
C-terminated interfaces are 0.95-1.09 eV and 1.16—1.25 eVtatic potential in the depletion layer should be extremely

respectively. The relationship of SBH's between the interfacémall for the area of the interface in the atomic scale. Thus,
species is similar to our result. the shape of the LDOS of the interface and the occupation

Of course, it is necessary to consider the effects of intershould be little changed for the formation of such a macro-
facial defects or the formation of reaction layers in a com-SCopic dipole. Therefore, we think that the present theoretical
parison between the experimental SBH’s and the present cdiesults of the SBH are applicable even to the doped systems,
culated ones. Recently, theH6SiC(0001)/metal interfaces &t least qualitatively.
with greatly reduced density of interfacial defects have been Finally, we discuss the effects of the roughness of the
fabricated through special surface treatment, and the SBHterface structure. In the usual experiments on
of such atomically flat interfaces have been examftitgior ~ 6H-SIC(000D/Ti (Refs. 2, 5, 6, 8, and )9 and
the n-type 6H-SiC(0001/Ti interface in such experiments, 4H-S|.C(OOOJ)/.T| (Ref. 7) mtgrfaces, the mterche is not nec-
the values of the SBH's of the Si- and C-terminated inter-€ssarily atomically flat, which means the existence of some
faces are 0.451 eV and 1.097 eV for as-deposited contact8teps. tilted regions, and rough regions in the interface. How-
respectively, which correspond to 2.549 eV and 1.903 eV €Ver, at _Ieast there should exist some C(_)herent regions _be-
for the p-type SBH using the experimental gap value. Thetween disordered regions. And the_re exists _the pos_S|b|I|ty
difference of the SBH’s between the Si- and C-terminatedhat the SBH at such coherent regions consistent with our
interfaces is 0.646 eV. theoretical results should dominate the whole SBH of the

The present calculated results of the SBH depending oiterface. This may b_e the reason why our t_heoretical results
the interface structure can be explained by the following twd®f the SBH are consistent with usual experimérts.
factors in a way similar to the SiG01)/metal interfaces*?
first the relationship of the intrinsic band structures of the
two materials, independent of the interface structure, and
second the interface dipole caused by charge transfer or the A dependence on the interface structure or interface spe-
charge distribution itself at the interface, depending on theies for SBH'’s obviously exists for the theoretical results of
interface structure. We think that these two factors shouldhe 3C-SiC(111)/Ti and 3C-(001)/Ti interfaces! and for the
generally determine the intrinsic SBH’s of the two materialsexperimental results of theH6-SiC(0001)/Ti (Refs. 6 and ®
without any effects of defects. This idea is consistent withand 44-SiC(0001)/Ti (Ref. 7) interfaces. However, the con-
the theoretical and experimental results of the PiSi  ventional SBH models such as the Schottky model and the
interfacé®~?? as mentioned in Sec. I. In the case of the MIGS-CNL model cannot explain this feature because these
C-terminated Si@O0/Ti interface the interface dipole models deny such dependence as mentioned in Sec. I. As to

E. Examination of the Schottky model
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the MIGS-CNL model, our calculated results indicate that 20.0
the MIGS'’s have no significant effects on the SBH of the Si- (a)
and C-terminated G-SiC/Ti interfaces. The observed
MIGS’s seem to be tails of Ti states or tails of hybridization
between dangling bonds and Ti orbitals, which are not simi-
lar to localized defect states to capture the carrier causing the
Fermi level pinning.

On the other hand, recent experiments of the
6H-SiC(0001)/metal interfaces with reduced density of de-
fects seem to indicate that the SBH behaves as a Schottky
limit for various metal$:® Thus, it is of interest to examine
the applicability of the Schottky model to the present inter-
faces. Of course, in the original Schottky model, the work
function (electron affinity is regarded as the intrinsic con-
stant for each material. Thus, this model cannot explain the
difference in the SBH’s for the Si- and C-terminated inter- 40—
faces. However, the work functigelectron affinity depends 0 10 20 30 40
seriously on the surface structure through the surface dipole Distance from the center of slab (a.u.)
caused by the charge distribution at the surface. Therefore, it
is of great interest to examine the extended Schottky model 10.
dealing with such a realistic work function or an electron (b)
affinity. As mentioned above, we regard the SBH of the in-
terface with no defects as the band discontinuity of the two
materials dominated by two factors: the relation between the Si-surface
intrinsic band structures and the interface dipole. Similarly,
the work function or the electron affinity is essentially the
band discontinuity of the material/vacuum interface, which is
also dominated by a similar two factors. Thus, examination
of the extended Schottky model corresponds to examining
whether the band discontinuity of the interface between the
two materials can be estimated from the two kinds of band
discontinuity of each material/vacuum interface or not.

In the present examination, we only consider the work
functions of the Si- and C-terminated surfaces. The differ-
ence between the two surfaces corresponds to the difference
in the SBH of the two interfaces in the extended Schottky -30.0 r r r T
model because of the common work function of the Ti sur- 10 20 30
face. The theoretical work function is obtained as the differ- Distance from the center of slab (a.u.)
ence between the vacuum level and the VBT of the bulk SiC
region in ab initio calculations of the surface-slab
supercelf* This is consistent with our theoretical definition
of the p-type SBH. Note that we do not consider the posi-

tlons. of the srl;lrface hStateS In ths prese',;g;ase' C-terminated surfaces, the center of the potential in the bulk region
Figure 6 shows the averaged potentiaP) curves of(a) of the slab is set to be equal to each other. Thus, the difference in

the relaxed(111) slabs and(b) the relaxed(001) slabs for e yacyum levels of the two surfaces corresponds to the difference
both the Si- and C-terminated surfaces along the directiof, the work function.

normal to the surface. The AP is the sum of the local com-
ponent of pseudopotential, the Hartree potential, and theoth the(111) and (001) slabs. This can be explained as
exchange-correlation potential averaged on each plane pardéllows. The amount of electrons outside of the C-terminated
lel to the surface. The nonlocal part of the pseudopotentiasurfaces is larger than that of the Si-terminated one, because
existing only near atoms is neglected because of no longhe C atom plays the role of anion in the SiC and has excess
range effects. The center of the AP in the bulk SiC region ofcharge in comparison with the Si atom, which generates a
each curve of the Si- or C-terminated surface is set to béarge surface-dipole shifting of the electrostatic potential of
equal to each other. Thus, we can get the difference in thtéhe bulk region downward. The present results of the work
work functions from the difference in the vacuum levels of functions mean that thpe-type SBH’s of the C-terminated
the two curves, which corresponds to the difference in th&€111) and (001) interfaces are larger than those of the Si-
p-type SBH in the extended Schottky model. terminated(111) and (001) ones, respectively, in the ex-
As seen in Fig. 6, the work functions of the C-terminatedtended Schottky model. This is contrary to our interface-
surface are larger than those of the Si-terminated ones igupercell calculations and experiments. It is clear that the

C-surface

Si-surface

Ageraged potential (eV)
=
>

C-surface

—
e
=

Ageraged potential (eV)

[=]

FIG. 6. Average potential profiles @) the relaxed(111) sur-
face slabs andb) (001) surface slabs along thl11) and (001)
axes, respectively. Two types of surface slabs,(SiQSi surface
and SiQC) (C surface, are shown. For each pair of the Si- and
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extended Schottky model cannot explain the SBH's of the Si{001) interfaces, and the SBH relationship between the Si-
and C-terminated SiC/Ti interfaces. Thus, the interface propand C-terminated interfaces is also similar. However, the de-
erty cannot be predicted correctly by the sum of the propertailed features of the bond lengths, the bonding characters,
ties of two surfaces constituting interfaces. Consideration ofhe charge distribution, and the electronic structures are dif-
practical interface structures should be essentially in order téerent. And especially the adhesive energy of the
analyze the SBH. C-terminated111) interface is smaller than that of tli@01)
interface, while the adhesive energy of the Si-terminated
V. SUMMARY (112) interface is much larger than that of tt@01) interface.
_ . These differences can be explained by the morphology of the
The atomic and electronic  structures of theyierface structure depending on the interface plane such as
3C-SiC(11D)/Ti polar interfaces are calculated by using theihe number of back bonds and neighboring atoms at the
ab initio pseudopotential method. In stable configurations,nterface.
the interfacial Ti atoms are located on top of the center of the |, comparison with the Si@11)/TiC interface, the stable
triangle of the surface atoms of ST11) plane (T4 site for  atomic configuration is similar to the present C-terminated
the Si-terminated interface artdl; site for the C-terminated  jnterface, although the C atoms are inserted between the lay-
one rather than on top of the surface aton¥; (site). The  grs in the metal side. The relatively weak effect of the stack-
stacking sequence of the Ti layers does not affect the totqhg sequence of the Ti layers on the total energy is also
energy seriously in comparison with positions of the interfa-gpserved for the stacking of TiC layers in the SiC/TiC inter-
cial atoms. This point may be concerned with the experimenface' The C-Ti distance of the C-terminatdd ) interface is
tal results that the fcc-Ti layers are generated on the atomigrger than that of the SiC/TiC interface because of the dif-
cally flat (0002 surface instead of the hcp-Ti. _ference in the environment of the interfacial Ti atom. The
In the stable configurations, the Si-Ti bond at the Si-p.type SBH of the C-terminated interface is smaller than that
terminated interface and the C-Ti bond at the C-terminategyf the SiC/TiC one.
interface tend to have bond lengths similar to those in Ti  The extended Schottky model has been examined using
silicide and TiC, although the lengths are somewnhat largefhe theoretical work functions of surfaces including the ef-
than those in Ti silicide and TiC, respectively. The bondingfects of surface structures. The calculated work function of
nature of the Si-terminated interface reveals metallic and pakhe C-terminated surface is larger than that of the Si-
tial covalent character, while in the C-terminated one relaterminated surface in both the111) and (001 surfaces,
tively strong covalent and ionic character can be seen. Th@nich means that thp-type SBH of the C-terminated inter-
adhesive energy of the C-terminated interface is larger thagyce is larger than that of the Si-terminated one in the ex-
that of the Si-terminated one, which means that the former iganded Schottky model. This is contrary to the SBH obtained
stronger than the latter. In the LDOS of both the interfacespy the supercell calculations of the interfaces and by experi-
there exist small peaks in the band gap of the LDOS of thenents. It is clear that the interface properties are not able to

SiC regions near the interface. These MIGS’s almost disape predicted correctly by the properties of surfaces constitut-
pear below the third layer inside SiC in both interfaces. Iting the interface.

does not seem that such MIGS’s have serious effects on the
SBH of the present interface.
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