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Trends in bonding configuration at SiC  /llI-V semiconductor interfaces
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The structural and electronic properties of interfaces bety&8iC and I11-V semiconductors are
studied by first-principles calculations. Favorable bonding configurations are found to form between
Si—V and C-lll(model A for BN, AIN, AIP, AlAs, GaN, GaP, GaAs, InN, InP, InAs, and InSb, and
Si-Ill and C-V (model B for BP, BAs, BSb, AlSb, and GaSh. The relationship between the
formation energy difference and lattice constant difference, as well as the charge distribution, for
these two models is found. The origin of bonding configurations can be explained in terms of the
ionicity of 1ll-V semiconductors, electrostatic effect, charge distribution, and band-structure
component. ©2001 American Institute of Physic§DOI: 10.1063/1.1402162

There has been increasing interest in silicon carbidgroperties in bulk semiconductors and at semiconductor
(SiC) due to its favorable electronic properties, anomalousnterfaces:®?° The supercell approach is employed to calcu-
charge transfer, and extreme elastic and thermalate the electronic structure and properties of 8IG/V)
properties™ The technological realization of self- superlattices, and to compare two different bonding configu-
aggregating wirés’ and quantized homostructufamake it  rations, i.e., Si—V and C—IIl for model A, and Si—IIl and
one of the most promising materials for nanodevices, microC-V for model B. The SiC/lll-V superlatticél+1) struc-
electronics, sensors, and high-power, high-temperature deure consists of periodic alternating layers of SiC and 1=V
vices. An understanding of the SiC/substrate interface is imsemiconductors repeating in th@01) direction, as shown in
portant for the growth of high-quality SiC films. Fig. 1. This structure is a special case since it is bathal)

Furthermore, SiC is a promising substrate material for thg001) superlattice and 4110 superlattice. It is also the
growth of GaN or AIN semiconductors since GaN and AIN CuAu structure(L1, structurg in (SiC)(IlI-V) ;_, alloys

are both well lattice matched to SiC. Previous studies on thjith compositionx=0.5. The phase diagrarfstability) of
interfaces between SiC and nitrides such as®BNN,'*™**  (sic) (IlI-V) ,_, alloys can be calculated from the forma-
GaN;**°as well as B® semiconductors, have revealed thetion energy of the SIC/lI—V structure by a cluster
favorable bonding configuration to be Si—-N and GABGa)  expansiort? which is a generalization of the Connolly—
rather than Si—BAl,Ga) and C-N. In contrast, the stable williams approactf® Moreover, the superlatticd +1) is the
bonding configuration of SiC/BP is Si—B and C—P instead ofsimplest structure to distinguish the different bonding con-
Si—P and C-B? BP may be an example of an “anomalous” figurations of models A and B.

bonding configuration, while BN, AN, and GaN are typical  The total energy for SiC and 16 Ill-V semiconductors
examples with “normal” bonding configurations. Several ere calculated and their bulk equilibrium lattice constants
questions arise as to why the bonding configuration betweegptained. The formation energiésee Ref. 9 for a definition
SiC and BP is different from that between SiC and nitrides. Ayf the (1+1) superlattice of SiC/llI-V semiconductors were

systematic study of bonding configurations at SiG+V)  then calculated to compare the different bonding configura-
semiconductor interfaces is, therefore, needed to addreggns of model A(Si—V, C—IIl) and model B(Si—Ill, C-V).

these questions. In this work, the linear-muffin-tin-orbital ~ The formation energy differencfi.e., AEqm(B—A)
(LMTO) band-structure methdd and local-density-

functional theory are used for electronic structure and total-
energy calculations. We first study the lattice constant and

total energy of(001) interfaces of SiGlII-V), and then dis- &V
cuss the general trends in bonding configuration for such e Il
interfaces.

In our calculations, the LMTE is used in the atomic- O Carbon
sphere approximatiofASA). The approach is based on the @ Silicon
Hohenberg—Kohn—Sham density-functional method in the
local-density approximatioh. To ensure an adequate de-
scription of the potential at the tetrahedral interstitial sites,

so-called empty spher®sare introduced at suitable sites
while preserving the crystal symmetry. It has been well es-

tablished that the ASA with interstitial empty spheres gives a (a) Model A (b) Model B
complete description of the electronic states and ground-state  -$j-C-III-V- -Si-C-V-III-

FIG. 1. Two bonding models for the+1) SiC/Ill-V) superlattice. Model
dElectronic mail: phyweets@nus.edu.sg A: Si-V and C-IIl; model B: Si-Ill and C-V.
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B Charge transfer from lllto V'

- The formation energy difference and lattice constant dif-
B Charge transfer rom Vo lll | |

ference has a linear relationship, as shown in Fig.

R R R R 3. AE(eV/atom)=0.2AaP"A,  where Aa® “=[ay(B)

NPAShb NPAShb NPASh NP AsSh —a9(A)]/ay(1)X100. Hereay(B) is the lattice constant of the
) SiC/11I-V) superlattice(1+1) with model B;ay(A) is that

G, 2. S  the bondi figuratite) of the interf  sic/ with model A; anday(l) is that of the ideal cag@average of

. 2. Summary o € pbonding configurati (0] e Interface al | . . .

(IN-V) semiconductors compared with the bulk charge distribu¢tmnof SiC and(ll1-V) bulk Iattlge ConStanﬂS The Iattlce' constant

element Ill (i.e., B, Al, Ga, In in (l-V) semiconductors. Fota), the  Of the stable compound is close to the ideal lattice constant,

energy difference in the Y axis is defined AE(diff) = Ei(B) ~Ei(A) 0r while that of the unstable compound expands, i.e.,

AEqoum(B—A) =Efom(B) ~Erom(A). If model "A”is stable, then the en-  5(nstable)>a(stable)>a(ideal). This can be explained by

ergy difference is positive, while if model “B” is stable, the energy differ- the | lectrostati in th table bondi

ence is negative. Fdb), the atom with positivénegative charge indicates _ e ar_ge elec I’O.S atic energy In the unstable _On Ing con-

it plays the role of catior(anion in the compound. In the sian-v)  figurations of SiCfll-V) that generate repulsive forces

interface, the cation prefers to bond to(&hion), and the anion prefers to  causing the lattice to expand. The linear relationship between

bond to Si(cation. The charge distributioriionicity characterizationin - ne formation energy difference and lattice constant differ-

I1I-V semiconductors relates to bonding configurations at the (BIEV ) N . . .

ence indicate that the degree of instability of the bonding

interface closely. e - i< I : Iated he d ¢ latt
. configuration is linearly related to the degree of lattice ex-
= Eqo(B) — Eqor(A) ] of models A and B of the SiciI—V) pansigon y g

guperlattlce(1+1) an_ng(OOl) are _presented n F|_g.(§). Wwe The origin of bonding configurations can be explained in
f"?d that model A(SI-V, C-Ill) is stable for SiGHII-V) terms of the ionicity of Ill-V semiconductors, electrostatic
with (Ill-V)=BN; AN, AIP, AlAs; GaN,_ GaP, GaAs; In_N, effects, charge distribution, and band-structure component.
InP, InAs, and InSb. These results are in agreement with OL11r2egarding electrostatic effects, the cation—anion bonding is

g‘fg‘/’zf\fw_sfydiej S(')Cn: /Gsﬁé?ﬁl":ands.gt/h;; st%ﬁle_n expected to be stable for the bonding configuration at SiC/
: ! an : an. or Si » ol S (IM=V) interfaces. The charge distributions of 1lI-V semi-

ISigéGaP, Si%{Gaﬁs, iiC/InN} Si(;/lng, f)C/ISACS’ an(; ISiC/conductors reflect their ionicity and clearly relate to the
N>D, We pre 'Ct.t att. €y pre ert'e I—van ftiode ._bonding configurations, as shown in Figh2 We note that
A) bonding configuration. In previous studies, the bonding, SIC, Si acts as the catidr1.166|e| positive chargeand
configuration at the SiC/BP interface was predicted to beC as Ehe anion(—1.166 |€| negative charge Because the
E'P‘BB‘?‘”d C_—P(mo((jjellj 3 due_ tﬁot_kllﬁ_anon;alous f|_on|0|t3r/] O |ower valence levels are associated with the carbon atom, it
(B is anion, an s catl_() s stu y con |rr_ns_t at plays the role of anion. From electrostatic arguments, cations
th_e favorable bonding _conﬂguratu_)n of S'C/BI_D IS Ir!der"dprefer to bond to anions at the interface between two com-
Si-B and C-P. Interestingly, we find that besides SIC/BP,,nqs The charge distribution in Ill—V semiconductors is

several other Si@NI-V ) interfaces prefer model B configu- clearl . . . . s ;
. . ) . . y consistent with the predicted bonding configurations
rations, namely, SiC/BAs, SIC/BSb, SiC/AISb, and S'C/at the SiC(llI-V) interface except for InSb. InSb has low

Gaibl. We note that me ﬁi((]]l—fV) fgr:natié)n energy of ionicity (the charge distribution in In is about0.03, and
model A increases, while that of mode B,, ecreases, as g ¢ of gp js abou#0.03|e|), and hence, it is not surprising
group V (_element changes from “N” to “Sb.” The formation that the energy difference between model6Sh-Sb, C—Ii)
energy difference between models A and B decreases as thg 4 B(Si—In, C—Sh is small. The total energy calculations

group V element changes from “N” to “Sb," as shown in give a small difference of 0.0040 eV/atom. Other effects
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