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Mechanisms of self-screening in intrinsic semiconductors

Electron-hole pairs (proton-hydroxyl pairs in water) thermally activated in intrinsic semiconductors
interact through Coulomb forces which necessarily results in some self-screening that should either
be accounted for in a proper way or shown fo be negligible. Possible mechanisms of self-screening are
considered in this work.
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W. YukuHa, B. WnkunH
MexaHM3Mbl CAaMO3KpaHUPOBAHUA B COBCTBEHHbIX NOJyNPOBOAHUKAX

TepMUyecKn aKTMBMPOBAHHbIE 3IEKTPOHHO-AbIPOYHbIE Napbl (MPOTOH-TUAPOKCUIIbHbIE Napbl B BOAE)
B COOCTBEHHbIX MOJYNPOBOAHNKAX B3aMMOAENCTBYIOT NOCPeACTBOM KynoHOBCKMX cui, HeoOX0ANMbIM
CeACTBMEM 3TOrO ABMSAETCA HEKOTOPOe CaMO3KpPaHVpPOBaHUe, KOTOpPoe cliesyeT Uav JOMKHbIM 06pa3om
YYUTbIBaTb, UW CUUTATb NMpeHebpexXMo MasnbiM. Bo3aMoXHbIe MexaHV3Mbl CaMO3KpaHMpOBaHUA paccMo-
TpeHbl B HacTosLwen paboTe.

KnioueBble cnoBa: caMo3KpaHNpoBaHue, cOBCTBEHHBIV NOMYNPOBOAHNMK, MeTo [leban-Xiokens.

N. Ynkuna, B. lUnkmH
MeHwWwiK xapTbinai eTKi3riutepae e3airiHeH aKpaHgany MexaHu3maepi

MeHLWiK apTbinai eTKIi3rilTi }apTbilai eTKisriTepae TepMUANbIK OenceHAipinreH 31eKTpoHAbI-
KeMTIKTi ynTap (cyaafbl MpoTOH-ruapokcubii yntap) KynoH KywiHiH acepiMeH e3apa aceprecegi,
OYHbIH KaXXeTTi HaTUXKeci ecKepinyre TUICTi HeMece eneMenTiHAEN a3 en ecenTenTiHAeN 63/iriHeH 3KpaH-
Aany 6onbin Tabbinagpl. ©34iriHeH akpaHganyabiH 6yHAal MexaHU3MAepi 0Cbl XYMbICTa KapacTblpblifaH.

TyWiH ce3nep: e3airiHeH 3KpaHAany, MeHWK xapTbian eTKisriw, [lebas-Xiokenb agici.

Electron-hole pairs (proton-hydroxyl pairs in where ? is the medium dielectric constant and « is

water) thermally activated in intrinsic semiconduc-
tors interact through Coulomb forces which neces-
sarily results in some self-screening that should ei-
ther be accounted for in a proper way or shown to be
negligible. Possible mechanisms of self-screening
are considered in this work.

1. One of the scenarios for development of
self-screening is as follows (the Debye-H uckel ap-
proach [1]). One of the ions is placed into the origin
of the coordinate system, all other ions are allowed
to screen it. Then the electric potential ¢(r) satisfies
the following equation:

&(r) = eexp (—xdr)/r, (D)
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the donor density.
In the expansion of ¢(r) for small »

ep (r) —ek+.. U, W~ezkaq (2)

thefirst term is the self-energy of the central ion,
while the second term represents.

[1] the correlation correction U, we are
searching for. Egs. (1,2) are the starting point for
all correlation phenomena in classical systems with
Coulomb interaction.

2. An interesting alternative estimate for Ucorr
can be taken from the theory of ion lattices [2]. If
the charges arising due to dissociation are arranged
into a regular lattice suitable for the application of
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the Ewald rules, then the correlation energy per pair wherey is a Madelung constant.
of ions Ucorr can be written as The estimates (2) and (3) for the correlation en-
ergy U have different structures and are substan-
Uwrr~yez/Raq, Raq~(0caqngq)'1 3) tiated in different ways. Discussed in the present

paper are the reasons underlying these differences.
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