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Comment on “Electrostatic screening near semiconductor surfaces”
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A recent papefPhys. Rev. B61, 13821(2000] addressed the problem of surface screening in a doped
semiconductor at finite temperature and proposed a model solution. We discuss the bulk limit of this solution,
where well established models are available.
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The problem of electrostatic screening near the surface alard metallic electron gas of free carriers, in our case. How-
a doped semiconductor at finite temperature has been studiester, a model homogenous and isotropic semiconductor can
in a recent paper by Kmoaret al! The purpose of this Com- be viewed as a “semiconducting electron gas” where screen-
ment is to clarify some issues that remain somewhat obscuigg of a perturbing point charge iscomplete’ Application
in the paper. The model solution proposed by the authors ha@f Thomas—Fermi concepts to the problemzéro tempera-
a well defined bulk limit, where their theory can be discusseduré) linear screening in this semiconducting electron gas is
in comparison to previous work and to well-establishedwell known?* and leads to a mathematics which is quite
models5~®ignored in Ref. 1. This comparison is briefly pro- different from the case of complete screening.
vided here: Although we limit ourselves to pure bulk screen- As far as bulk screening is concerned, the problem of
ing, the same concepts apply to surface screening as weifcorporating both mechanisms in a single screening model
although the resulting mathematics may of course be morbas already been solved in Refs. 5-7. Therein, a simple
involved. model dielectric function accounts for both the incomplete
Quite generally, screening can be defined as the effect gicreening due to the “semiconducting electron gas” of the
the competition between electrical forces and some kind o¥alence electrons and for the Debye-ekel complete
hindering mechanism. In the abovementioned screeningcreening due to the plasma of free carriers. The two differ-
problem, the relevant hindering mechanisms are actuallgnt screening lengths andR,, emerge naturally within that
two, resulting from Pauli principle and thermal agitation. To theory. Adopting units where #e,=1, and calling for the
these two qualitatively different mechanisms correspond twsake of claritye.. the macroscopic dielectric constamthich
very different screening lengths. In order to see how the twds simply callede by Krcmar et al), the theory of Refs. 5,6
different mechanisms arise, it is sufficient to consider firstprovides the Fourier transform of the screened potedifa)
the ideal undoped semiconductor at zero temperature. In thgenerated by a perturbing point chaiges
case, electric perturbations are screened, albeit incompletely,
by the electrons of the completely filled valence bands.
Quantum mechanics provides a microscopic description of ~
the phenomenon, and satisfactory models are well P(k)=
established*In all these models, the role of the Pauli prin-
ciple is essential: The corresponding screening lergth

schematically shown in Fig. 1 of Ref. 1, is of the order of where ¢(k) is any zero-temperature model dielectric
one bond length in the simplest semiconductors. Imagin¢unction? such as the Thomas—Fermi result of Ref. 3. The
now that we “switch on” doping and temperature in this potential ¢(r) for r>a is then determined by its Fourier
medium: We then additionally have a plasma of free carriersyransform atk<1/a. Since, at smalk, one hass(k)—&..,
whose screening features are dominated by thermal agitatiofeplacement of this limit into Eq1) yields

A Boltzmann distribution is appropriate to deal with the

equilibrium situation. Screening by free carrierc@nplete

47q

kzs(k)-l-Rgzeoo’ @)

that is, metallic; the pertinent screening length is the Debye— 5 4mq
Huckel screening length, calle, in Ref. 1. Typically one d(k)= oo 2
hasR,>a, and the model of Knmar et al. is appropriate to ex(K°+ R, )

describe thea—0 limit.
Dezhgf‘lilj'i]l?erlseussséejr?ttigllln ?segzstrzirc]t ?nngf'r}aginrgsTth:%iThis coincides with the Fourier transform of E®) in
y y ynony ‘Krémar et al., which is indeed appropriate in the given limit.

Inu ;ﬁtc e&i\;{gle pcrj]i)f/fif:r!tb?r?)l; Oihze?r}]/;}i;bkfcl)nizeti nn;n)? Itshe We believe that these results generalize to the problem of
g Y P surface screening as well.

Thomas—Fermi model, and the former may be viewed as the
classical limit of the latter only in the particular situation of  This work has been supported by the Office of Naval
complete screening, which may be appropriate to the starResearch, through Grant No. NO0014-96-1-0689.
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