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Positron affinity in semiconductors: Theoretical and experimental studies
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Knowledge of the positron affinitA, , a basic bulk characteristic of materials, is important to the under-
standing of positron trapping at interfaces and at precipitates. Theoretical calculatidnsfaf 3C, 4H, and
6H polytypes of SiC, based on various approaches to electron-positron correlations within the local-density
approximation and the generalized gradient approximation for positrons, are compared with experimental
values obtained via work-function measurements. The disagreement between theoretical and experimental
values ofA . is discussed in terms of difficulties in the precise measurement of the positron work function and
the possible inadequacy of contemporary approaches to electron-positron correlation in semiconductors.
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. INTRODUCTION tron density. Results of these numerical calculafidref the

. - . electron-positron correlation energy and the electron en-
Positrons can serve as a very efficient and sensitive prohﬁ

of the electronic and atomic structure of condensed matte .ancement factor were parametrized by Bsianand

. . 10 . . .
Over the last two decades the development of positron SIoeC_|em|nen, who obtained an analytical formula suitable for

. . . - use in standard electron structure calculational schemes into
troscopies of the solid state has become very dynamic, with . . o
. L " which positrons can be incorporated within the framework of
both theory and experiment contributing to this process. Th

. . .10-12 .
slow-positron beam technigtiéis now a well-established The local density approximatiéfr' (LDA). It is usual to

tool for the study of defect depth distributions close to the2ssume a yamshmg positron density, which simplifies the
) ; . theory considerably.
surface of materialé. Re-emitted positron spectroscopy

. . . The electron enhancement factor and the positron corre-
(RPS can be used to study the re-emission of positrons ims_..
) lation energy based on homogeneous electron-gas results are
planted into a sampf&From the energy spectrum of such

positrons some fundamental, energy-related properties of thaepproprlate for metallic systems_ only, where pOSItI’OﬂS are
system studied can be deriva#iRecently, we have used vyell screened due to the Qelocallzed electrons in the con_duc-
RPS to measure the positron work functign , and hence tion band. For systems with a band gap, where the positron

“ : " screening is incomplete, some corrections have to be in-
an “experimental” value ofA , , for 6H and 3C polytypes of . ;
SiC56 %sing a standardib i;itio calculationalpmgtggd we Cluded. Puskeet al'® introduced two different models for

determined theoretical values féx, for both polytypeg. semigond_uctipg and insulating mgterials. In rare-gas solids,
allowing a direct comparison of experimental and theoreticafl€ Situation is even more complicated, as the LDA breaks
values for a semiconducting system. The disagreement b&°Wn, and an approximation based on polarizability of atoms
tween experiment and theory prompted the present work oRas to be appliedf: Recently, an approach to the electron-
3C-, 4H-, and 6H-SiC. positron correlations based on the generalized gradient
The electron-positron correlation energy utilized in mostapproximation® (GGA) has been formulatet?.We have ap-

contemporary calculations originates from the calculations oplied all these models to the 3C, 4H, and 6H polytypes of
Arponen and Pajanrfewho theoretically determined charac- SiC to test their ability to reproduce both the positron affinity
teristics of electron-positron interactions for an ideal case oA, and the positron lifetime- obtained in experiment.

one positron placed in a homogeneous electron(igas for In Sec. Il theoretical principles and methods are de-
a vanishing positron densjtyLater Lanttd performed cal- scribed. Section Ill describes the experimental method, and
culations for a few nonzero ratios of the positron and elecin Secs. IV and V the results are presented and discussed.
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Il. THEORETICAL METHODS AND CONCEPTS other words, preferential positron occupation or
annihilation?® In what follows we shall use only the first
meaning of theA, mentioned above.

To calculate the electronic structure of the systems stud- The positron affinity is defined by the simple relafidn
ied, the linear muffin-tin orbita(LMTO) method’ within
the atomic sphere approximation has been employed. Details Al=p_+up,, 3)
of calculations are described elsewhéEgectron exchange- . .

where u_ and u, are the electron and positron chemical

correlation effects are treated in a standard way within the : . . " .
LDA for electrong® using the von Barth and Hedin form of potentials, respectivelys., may be identified with the low-

the exchange-correlation potenttdlt is well known that the est positron energy. Byt is dgtermmed frolm the electron

LDA systematically underestimates the size of band gaps “t?and f|II|ng ('n the case of semiconductogs. is taken to be

semiconductors and insulatdfsFor calculations oA, the atthe posm_on of t_he top of the valence banBoth u_ and

energetics are importafgee beloy, and one has to be care- Mo are defmed“wnh respec,t“to the Same zero energy Ieyel

ful when experimental and theoretical values are compare the so called crys;al Zero’, see a detailed discussion in
Positrons may be included into calculations in the follow- ef. 22. A, as Qefmed In Eq(3_) can be related o he

ing way. Suppose that the positron density is vanishing in thglectrpn Zand positron work functionss( and ¢.,) by the

whole system, so that the electronic structure is not inﬂu_equatloﬁ

enced by the presence of a positron. Under such conditions b +d.+A, =0 @)

we can independently calculate the electronic structure and R '

then solve a Schrdinger-like equation to obtain the positron This can be easily proved if we consider relations between

states and energi¢for a thermalized positron it is appropri- respective chemical potentials and work functiogs.

ate to consider that a state with the lowest energy is its= —u. ¥ A, whereA is the surface dipole barrigive use

ground state This scheme, used in all our calculations, isthe same sign conventions as in Ref).22

called the zero positron density approximation, and is exact These two independent definitions Af. correspond to

for a periodic(bulk) system without positron trap@.e., in  the two ways in which this quantity can be obtained. Usually

A. Electronic structure and positron state calculations

which a positron is delocalized Eq. (3) is used by theoreticians to calculate as the dipole
Within the approach adopted the positron potential  barrierA is not accessible within standard calculational elec-
can be written as a sum of two terrts; tron structure methods. Experimentalists prefer Eyj.as
electron and positron work functions are measurable quanti-
V(1) ==VeoulN+Veor(r) , D) ties. For completeness, we should notice the relation between

where Vo, (r) is the Coulomb potential for electrons, and A+ and the positronium formation potential?* which can
V¢ors(r) is the correlation potential. Both terms depend onalso be used, in principle, in a measuremenAaqf.

the electron densitp_(r) and in this sense we are using an A is a bulk material property. Nevertheless, its practical
LDA theory (except the GGA and rare-gas solid models; seaiSage concerns material surfaces and interfaces. If two dis-
below). tinct materials A andB) are in contact, the electron chemi-

If the material contains some defects, which can act agal potentials align mutually and, therefore, the difference
positron traps, the positron density is not negligible in somedetween theA, values is equal to the difference between
parts of the system, and the two-component density funcPositron levels in these two materigls®?
tional theory should be uséf.Surprisingly, the zero posi- AB._ AA B
tron density approximation works reasonably even for such AATT=AY—AL. 5
cases, and we refer to Refs. 10, 11, and 20 for further dis
cussion.

To calculate the positron annihilation rate(the inverse
of the positron lifetimer) the well-known formul&

it Bis a precipitate, the relatioAAﬁ'B>0 represents a nec-
essary condition for positron trapping in this precipitate.

To our knowledge, all calculations @, to date have
been performed using the LMTO method, and for elemental
metals the results agree very well with experimental data, as

A= r*1=7-rr§cJ n_(ryn,(r) y(r)dr (2 documented in recent reviews'? On the other hand, there
has been no systematic comparison for semiconductors, as
is used, wheren_(r) is the positron densityy(r) is the experimental values of . have not been available for this
enhancement factor,, is the classical electron radius, and type of material(except perhaps diamoftdwhich is, how-
is the speed of light. ever, usually treated as an insulator

B. Positron affinity C. Positron correlation potential

Let us consider a solid consisting of two phases. From the Comparison of calculated and experimental value# of
energy point of view, positrons “prefer” one of these phasesfor a semiconducting system provides a serious test of
(as they are not the samee., the “affinity” of positrons to  electron-positron correlation theory. In this section we shall
one of these phases is larger. This notion of the positronliscuss various theoretical approaches to electron-positron
affinity, A, , was introduced in Ref. 21 and further devel- correlations, corresponding correlation potentials, and en-
oped in Ref. 22. Sometimes, howevér, is understood in hancement factors. Most of the present calculations in metals
terms of “attractivity” to positrons of different atoms inside are done utilizing the results of Arponen and Paj&rioethe
materials containing more than one atomic component, or, ielectron-positron correlation energy, parametrized by Boron
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ski and Nieminert>?®we shall refer to these as BN calcula- agreement with experimeftVxgsydoes not depend on the
tions, and the corresponding correlation potential will be de-electron density and its radial dependence stems from the
noted asVgy. TheA, values calculated using this potential polarization of the atom by positroR®which is an appro-
agree well with experiment, at least for elementalpriate approach for rare-gas solids. To test the validity of this
metals'?1??2|n the work described in Ref. 10, an interpola- approximation for the SiC system, we use an average value
tion formula for the electron enhancement factor is alsoof the atomic polarizability for Si and C atoms derived from

given: the static dielectric constant, using the Clausius-Mossotti re-
3 ) lation.
¥en(rs) =1+1.23+0.8295 "~ 1.265 The application of the GGA to electron-positron

+0.328652+ 1 ¥6. ® ;:orrelat_ion%;6 leads to a unified treatment of metals and sys-
ems with a band gap. The spirit of this approach consists in

Here isr=3/3/(47n_) the electron density parameter. This reducing the LDA enhancement factgrp, according to the
enhancement, however, is not consistent Wily, asygy  INhomogeneity of the electron densityeasured by its gra-
comes from a parametrization of the results of Lafticho  diend at the positron site. A new form of p,, consistent
used an approach to electron-positron correlations in a hawith the correlation potentiaVgy, has been found to be
mogeneous electron gas qualitatively different to that of Ar- s 3
ponen and Pajanfi¢see below Yioa(rs) =1+1.23—0.07425+r/6 (11)

Due to incomplete positrpn screening' in systems with cf. Ref. 29. The corresponding enhancement within the
band gap, the electron-positron correlation energy and th GA is thert®
enhancement factor have to be modified. Puetkal 1 intro-
duced two distinct electron enhancement factors which are Yooa=1+(ypa—1)exp — Be) . (12)
able to reproduce experimental positron lifetimes for semi-
conductors and insulators. We shall call the corresponding Here 8, a model parameter which is adjusted so that the
physical models the “semiconductor mode{SM) and the lifetimes calculated within this approach agree well with ex-
“insulator model” (IM), as in Ref. 13. The idea of the SM is periment for several selected systems, is found to have the
that a positron in a semiconducting material is screened elegalue 0.22'° ¢, proportional to|Vn_|2/n’i, characterizes the
trostatically(as in a dielectric material described by the staticgradient of the electron density. .*° The resulting electron-
dielectric Constanb). The derin:':ltiOI]'I3 leads to the modifi- positron correlation potentia] is given by the formula
cation of the last term in Eq6) which is multiplied by the
factor (1—1/¢); the resulting enhancement will be denoted Vgea=VeneXpl — Bel3), (13
by ysm. The enhancement factor within the IM is expressed | . . . . .
a}s/ a linear function of atomic polarizability, and thurs) to theWhich can be derived using Eq9) if ygy is replaced by
dielectric constant through the Clausius-Mossotti formula,YLoA @1d ¥Ysmim by Ycea-
ie.,
Il. EXPERIMENTAL METHODS

ywm=1+A+BQ (e—1)/(e+2). 7 ) ) .
To obtain experimental values &, the two quantities
The values of the two adjustable parametdrs0.684 and  ¢_ and ¢, must be measuredee Eq(4)].

B=0.02405153 were found by comparing calculated and

measured lifetimes for selected sy§te]rh‘§,3ﬂ is the vol- A. Properties related to electronic structure
ume per atom andy is the Bohr radius. )

The correlation potential¥sy andV,y can be easily ob- The distance from the top of the valence band to vacuum
tained using the general scaling relation for the positron cor{®-) for all SiC polytypes has been determined using the
relation potentiaV,, ;111327 experimental electron affinity - and energy-band gaf,,

which have been measured via the contact voltage retarding
Veor (M= Nypan) ¥, (8)  potential methot® and photoacoustic spectroscoyre-

spectively. Thenp_=yx_+Eg.
The experimental setup for contact potential measure-
ments is described in Ref. 30. As shown there, the contact

where\ py is the annihilation rate within the IPM.e., with
no enhancement Ypy=1)]. Then if Agsym.en

=MPm Ysmim N potential appears between the metahgstef-vacuum sur-
yemm— 1123 face, considered as a reference, and the SiC-vacuum surface;
Vsmim =VBN(’—1) (9 both surfaces being placed in an ultrahigh vacuum at a dis-
' YBNT

tance of 1.0 mm from each other. According to that, quasi-
macroscopic space-charge effects are important for thermo-
dynamic equilibrium only. In this case the Schottky barrier
(related to maximum band bendindgas to be overcome

For rare-gas solids the following form of the correlation
potential was adoptetusing atomic units

@ when an electron is excited from the metal into the conduc-
VresMI) =~ 2021102 (100 tion band of SiC. Hence we adopt the Schottky mddeind

the electron affinity for 4H-SiC can be derived using the
(RGSM means “rare-gas solid model”« is the atomic po- simple relationy _=eUcp+ ¢y, WhereUcp is the contact
larizability, r is the distance from the nucleus angdis a  potential andp,, [= 4.50 eV (Ref. 30] is the electron work
model parameter fixed at value 14, to obtain good function for tungsten. Both quantities are true bulk properties
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from which dipol effect§microscopic interface dipols giving T T T
rise to change the band bending and Fermi level pinrang
excluded. 5
The basic mechanism of the photoacoustic effect is tha@ -
optical absorption takes place in a sample when illuminatedx
by intensity modulated light. The sample is thus heated in-2
termittently by nonradiative electronic transitions. This peri- E
odic heating as photoacoustic response generates inelasty
(thermoacoustic effegtand elastic (thermoelastic effegt G5 o5}
strains which can be detected by lead-zirconium-titanated
(PZT) transducers.
The optical arrangement consists of 300-W xenon Iamp,'zo': 0.0
interference filterga full width at half maximum of 10 ni a
a light chopper, and an open photoacoustic cell. This cell has '
been made of 4H-SiC sample and PZT transducer, both at o 15 20 25 30 35 40
tached opposite to a thin alumina disc with a hard-setting PHOTON ENERGY (eV)
conductive carbon cgment. The light trqnsr_nission th_rough FIG. 1. Photoacoustic spectrum measured for the 4H-SiC
the sample for energies smaller than the indirect 4H-SIiC ensampie. Two vertical arrows mark the dips discussed in the text.
ergy gap produces low-frequency stress-strain signals in the
Al-support which are proportional to the exciting light inten- \yhich decay into two channels reducing the photoacousti-
sity (photoacoustic saturatidh. The signal from the trans- g1y saturated signal through radiative transitions. Both
ducer is fed into a charge preamplifier, whose output goes tQn|jower-sloped structures are a result of indirect interband
a narrow bandpass filter and then into a dual phase lock-if}ansitions. The major dip at 3.27 eV corresponds to
amplifier. , , _ . Ts,—K, transition of the 4H-SiC polytypg3.2 eV (Ref.
In the range of photoacoustic saturation the signal inten 4)]. The 2.07-eV dip is due to transitionsBs,— Xy [100]

sity can be regarded as independent of the absorption coef; 3c_sic. Because of the shallow slope and energies

ficient. In this case the normalized intensity is ConStaminvolved?E’ the influence of active dopants can be excluded.

However, when the light energy is greater than the fundaypea shift from 2.35 eV(Ref. 6 to lower energy is caused by
mental energy gap of the semiconductor deposit, the reflecs g tace effect with fewer bonding neighbors. We thus no-
tion in the range of energies above the gap gives directly thg.o 5 polytype change from hexagonal 4H modification to
ir_1terband transition energies via dips in the saturation inteNg, o «ubic 3C-SiC one in a thin layer depo&ipproximately
sity. 5 nm can be deduced from the intensity attenuation
This interpretation is further supported by the current-

B. Positron work function voltage characteristics in the retarding potential measure-
eInent for our sample which reaches saturation current at an
unexpected bias oblcp=—2.62 eV (see Fig. 2 For the
gC—SiC/4H-SiC semiconductor heterostructure (imere co-
valend 3C wave functions leak into the gap of the 4H sub-

1.5

units)

1.0 -

OAC

Current measurements of the positron work function ar
based on the following factsi) if ¢, is negative, positrons
entering a sample studied and diffusing back to its surfac

can escape the sample; afiid the maximum kinetic energy strate. Therefore, the measured bias voltage has to be cor-

of such re-emitted positrons is equal+tap, . In practice, a . o
variable retarding potential is applied to the sample to obtairﬁeCted for dipole effects from-2.62 eV to[-2.62 eV

the energy spectrum of re-emitted positrons. The positron
work function is then determined from an analysis of this
spectrum.

Our measurements of the positron work function have
been carried out on the magnetic-transport positron beam a
Norwich3® Count rates of gamma rays resulting from the i
annihilation of positrons in the sample are measured as &
function of sample potential. First, the zero poten¥al is E 102
determined, being the highest sample potential at which noz
re-emitted positrons are returned to the sample. Second, th©@
potentialVy is determined, being the lowest energy at which
all thermalized and re-emitted positrons are returned to the 19'
sample surface. The#h , =Vg—V,.

4H - SiC

108

Saturation current:

—=— 1100 nA
—— 116 nA

IV. RESULTS AND DISCUSSION BIAS - VOLTAGE (V)

A. Properties related to electron structure . .
FIG. 2. Residual/saturation current-voltage measurements on a

In Fig. 1 the photoacoustic spectrum of the 4H-SiC poly-two-electrode tubdcathode: W; anode 4H-SjQunder ultrahigh-
type is presented. The two broad absorption structures atacuum conditions (10° Torr). The vertical arrow marks the po-
2.07 and 3.27 eV result from optically excited energy levelssition of Ucp (see the text
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TABLE |. Experimental values of electron affinitieg (), positron work functions ¢, ), electron band
gaps €, theoretical values are given in bracketistances from the top of the valence band to the vacuum
level (¢_), and experimental value of positron affinitg () for three SiC polytypes. Experimental errors are
indicated below the symbojg_, E4, and¢_, and in parentheses after the tabulated values ondA , .

All values are in units of eV.

X- Eq -
Polytype *0.05 (0.2 (0.2 o A,
3C 3.83 2.391.50] 6.18 —2.35(0.20 —3.83(0.45
4H 3.08 3.272.57] 6.35 —2.17(0.29 —4.18(0.50
6H 3.34 3.172.29 6.51 —2.10(0.20 —4.41(0.49

Eg(4H)-E4(3C)]=—1.42 eV. This correction follows from
the Schottky model? aligning the vacuum potential of the

that the additional experimental uncertainty associated with
the presence of this layer is only0.05 eV.

two polytypes involved. For this model we assume perfectly Results foré.,. are listed in Table I. Although the esti-
matching lattices and no defects at the interface, whichmated positron work functions do not differ significantly
is—at least in the former—a tenable assumption for poly-within the limits of present experimental errors, a tendency

types with the difference of onl§Si-C) double layers in their
stacking sequences.

The measured values af , Eg, and resultings_’s for
all polytypes studied are presented in Tablgdlues for 3C
and 6H were taken from Refs. 6 and 7, respectivelye

of increasgof magnitude is seen when going from 6H to 3C
polytype. This conclusion is supported by the fact that at the
same time the opposite tendency appears in the experimental
values for the electron work function.

note that the differences if_'s among polytypes studied lie
near the limit of experimental uncertainties.

In Fig. 3 the calculated density of statd309) is shown
for all three SiC polytypes studied. The DOS curves exhibit
clear differences; nevertheless, common features prevail.
This reflects the fact that the crystal structure of all SiC poly-
types have similarities—namely, that the first coordination
sphere of any chosen atom is tetrahedral. The valence band
consists of two subbands. The subband located lower in en-
ergy is predominantly o character, with both Si and €
states contributing. In the second subbang &ates domi-

10 -

DOS (states/Ry/atom)

(a)

3C-SiC

nate(Si s-like states can also be observed at lower energies
The bottom of the conduction band is mainlyofharacter.
Theoretical energy-band gaps can be deduced from the DOS
curves presented. Their values are given in Talfie brack-

et9 together with their experimental counterparts. One can
clearly see that theoryLDA) underestimates appreciably
this quantity(by about 30% as we have already mentioned
above.

DOS (states/Ry/atom)

B. Positron work function

In Fig. 4 the measured integral spectra of re-emitted pos-
itron intensities for the three SiC polytypes studied are plot-
ted. We comment here that the observed spectra certainly are
dominated by work-function emission from the SiC surface.
Three following arguments support this conclusi¢a): the
sharpness of the energy spectra at low enerdeshe per-
sistence of re-emission to relatively high incident positron
energies, andc) the great reduction in re-emitted intensity
from defected SiC samplésThe extraction of the positron
work functions ¢, from these spectra is, however, not
straightforward, due to epithermal positron emission. This 0

DOS (states/Ry/atom)

occurs even for incident positron energies as high as 5 keV;
the presence of the epithermal component requires evalua-
tion of Vg by extrapolation. The result for 4H-SiC will be
affected by the thin overlayer of 3C polytypsee Sec.
IV A), but reference to the bilayer results of Ref. 3 suggestpolytypes.

-1.0 0.8 06 04 -02 00 02 04 06 038
ENERGY (Ry)

FIG. 3. Density of states fofa 3C-, (b) 4H-, and(c) 6H-SiC
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FIG. 5. Comparison of experimental and theoretical values of
FIG. 4. Integral spectra of re-emitted positrons for 4H, 3C, andthe positron affinity for all SiC polytypes studied.
6H polytypes. The horizontal bars on the left indicate the extent of
the epithermal positron distributions. found by fitting to experimental positron lifetimes for se-
lected systemswith the exception of the RGSM, where en-
ergy properties are fittgdThis means that these models are
The measured values ¢f . and ¢, are substituted into often tuned up to yield “good” lifetimes, not considering
Eq. (4) to obtain the values foA, shown in Table I. Differ-  other positron-related properties.
ences between the three values are rather small, as expected.In Table Il we list calculated positron lifetimes in 6H-
The values ofA, calculated using five different forms of SiC for all theoretical models examinéelxcept the RGSM,
electron-positron correlation potential discussed in Sec. Il Gvhere it is not possible to calculate the lifetim&/e can see
are shown in Table IIl. The comparison of experimental andhat the GGA gives very good agreement with the experi-
theoretical values of\, is visualized in Fig. 5. mental valué® (also given in Table I)l. In the case of the IM
An important feature of the theoretical valuesAf is  the agreement is worse, and the other two mod@@N and
that there are only very small differences among polytypesSM) correspond fairly well to experiment. For example, the
investigated. Thus positrons do not seem to be sensitive t6GA approach gives a bulk positron lifetime of 139 ps, with
details of the crystal structure of SiC polytypes. Likewise,the parametep set to 0.22. The corresponding value/of
the dependence of the calculatdd on the form chosen to is —5.52 eV(see Table I). Increasing the3 to 1.00 leads to
describe the electron-positron correlations is generally slighian unsatisfactorily high positron lifetime of 189 ps, but the
indicating that the scaling of the positron correlation poten-value of A, changes to-4.15 eV, in much better agreement
tial Vg [see Egs(9) and(13)] has only a small influence. with the experimental value. We can state, therefore, that we
We see that there is an obvious discrepancy betweeneed at least a better phenomenological description of the
theory and experiment. The best agreement occurs in thelectron-positron interaction in which both lifetime aAd
case of the insulator model; from the theoretical point ofcan be fitted. However, a model describing the physics of the
view this is quite unsatisfactory, as the IM is based on groblem would be even more desirable.
phenomenological approach to the electron-positron correla- A closer inspection leads to the conclusion that there are
tions and does not provide any explanation of the particulatwo sources of the observed disagreement between theory
values ofA and B parameters entering the modeske Sec. and experiment. First, it is a well-known deficiency of the
I C). One could probably find values éfandB which lead LDA for semiconductors that the position of the electron
to a better accordance with experiment, but the underlyindg~ermi level may be incorrectly positioned. The error can be
physics remains hidden. In this respect we should note onapproximated by the deviation of the calculated and mea-
important point. Three of the five models studigil, GGA, sured band gaps, which is about 0.8 eV. This is just a rough
and RGSM contain adjustable parameters which have beemstimate, however, as beyond LDA electronic structure tech-
nique may shift the position of the valence band in both

TABLE Il. Calculated values of positron affinityX(, ) for three  directions, but we believe the above number is a good mea-
SiC polytypes. Various theoretical approaches to electron-positron

C. Positron affinity

correlations are useee the tejt All values are in units of eV. TABLE IIl. Comparison of experimental and theoretical values
of the positron lifetime ) for the 6H-SiC polytype. In the case of
Polytype BN SM M GGA  RGSM  the RGSM, no enhancement is available to calculate the lifetime.
3C —-6.07 —5.88 —4.84 —-5.61 —8.60
t. (Ref.
4H —-5.95 —5.76 —4.73 —5.49 —-8.51 expt. (Ref. 36 BN SM M GGA

6H —-598 579 —-476 —552 —8.54 7(p9 140 136 142 157 139
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sure of the energy error introduced by the LOfor the  measuring the electron work function, both photoacoustic
energy region of interestSecond, even if this error is con- and contact potential experiments must be carefully inter-
sidered, the electron-positron correlation energy in SiC polypreted, as we have observed a thin 3C-SiC layer on the sur-
types studied is probably lowémn magnitude than is sup- face of our 4H-SiC specimen. On the other hand, positron
posed in current theoretical approach@sxcept perhaps work-function measurements for SiC require careful treat-
rather phenomenological insulator model ment of the contribution of epithermal positrons to the spec-
It has yet to be confirmed that this effect is a commontrum of re-emitted positrons.
feature for semiconducting and insulating materials where In general, there are rather small differences in values of
positrons are not completely screened. Nevertheless, a revhe positron affinities among SiC polytypes studied both for
sion of present approximations to electron-positron interacexperiment and theory. However, all approaches to the
tions in systems with a band gap seems to be necessarglectron-positron correlations we have used in calculations
Recently, a quantum Monte Carlo technique has been apeld values of the positron affinity which lie below the ex-
plied to electron-positron correlations in both homogeneougerimental value. We have debated the possible origins of
and simple nonhomogeneous systéfts. It might be pos-  this discrepancy, concluding that both electron- and positron-
sible to apply such a technique to real systefingluding related parts of the problem exist. That is, the electron Fermi
semiconductops notwithstanding very large computational level might be misplaced due to the inadequate description of
demands. semiconductors within the LDA. In order to clarify this point
we intend to perform self-consistent, self-interaction-
V. CONCLUSIONS corrected electronic structure calculatibh® for SiC. Our
) . ) estimates of a possible error of the electron Fermi level,
We have discussed theoretical and experimental aspectgwever, show that possible shortcomings in the LDA ap-
of the positron affinity in semiconducting materials, and haVeproach cannot be fully responsible for the apparent disagree-
presented results of theoretical and experimental studies ¢fient between theoretical and experimental values of the pos-
this quantity in three polytypes of SiC. To our knowledge, jiron affinity for all SiC polytypes studied. Electron-positron
SiC is the first semiconductor where a direct comparison Ofgrrelations thus need further investigation; quantum Monte

the experimental positron affinity _with its the_oretical COUN-Carlo techniques could represent a possible way toward
terpart has been done. The experimental positron affinity foéchieving this goal.

SiC has been determined owing to a negative positron work
function which can be measured using re-emitted positron
spectroscopy. In this respect we should mention that, re-
cently, appreciable positron re-emission has been observed
for GaN, probably indicating a negative positron work func- We are indebted to O. K. Andersen and O. Jepsen for
tion for this material as wef? providing their LMTO-ASA code. We thank M. J. Puska and

The positron affinity of SiC has been obtained experimen-T. Korhonen for permitting the use of their LMTO positron
tally via the electron and positron work functions. Whencode and for stimulating discussions.
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