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Abstract. The study in this paper analyzes the occurrence of a corrugated zone in heavily
doped silicon. The main two completely different situations in the implementation of the result of
the corrugation of the zones, due to fluctuations in the separation of impurity atoms in the
sample.
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HUCCJIEJTOBAHME NOCJIEAU®®Y3UOHHBIX OBJIACTEN B
BBICOKOJIEIIMPOBAHHOM KPEMHHNU
Annomauusn. Vccneoosanue 6 smou cmamve aHaiusupyem nosieiexue 20QhpuposanHoll
30Hbl 6 CUJLHO J1€2UPOBAHHOM KPEMHUU. OcHosnble 0se COBEpUIEHHO pa3rble cumyayuu npu
peanuzayuu pe3yibmama 20Qpupo8anus 30H, O00YCI08IeHHble QIVKMYyayusmu pazoeieHus
NPUMECHbIX AMOMO6 6 o6pa3ue.
Knrwouesvie cnoea: coghp, necuposanubviii KpemHuil, yyecmeaumeivbnvle, npumecu, gocgop,
50]?, npuMGCHbZIZ uermp, KyJIOHOGCKuﬁ nomerHyual, CUIbHAA KOMNEHCAYUA.

INTRODUCTION

The creation of various photo- and temperature-sensitive structures based on
compensated silicon in recent years has opened up new perspectives in the application of photo-
and temperature-sensitive sensors. The sensitivity of the samples is explained by the presence of
attachment levels of nonequilibrium charge carriers formed by impurity centers, as well as in the
model of a random potential relief, which leads to corrugation of the conduction band and
valence band in silicon [1, 2].

MATERIALS AND METHODS

The relative change in the specific integral sensitivity of the fabricated structures (K)
depends on the diffusion coefficient of atoms of compensating impurities and the dose of doped
silicon irradiation. It has been established that the larger the impurity diffusion coefficient, the
stronger K increases. The observed effect on resistivity, which leads to an increase in the
corrugation of the conduction and valence bands in compensated silicon [3-9].

RESULTS

The work analyzes the occurrence of corrugation of zones in compensated silicon. There
are two fundamentally different situations in the implementation of the zone corrugation effect,
which are caused by fluctuations in the distribution of impurity atoms over the sample.

1. The case of a heavily doped semiconductor. An example is the doping of silicon with a
phosphorus (P) impurity to a concentration of the order of 108 — 10 cm™ [7,8,9]. At the same
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time, due to the high concentration of free electrons, all Coulomb interactions in the system are
exponentially screened [1, 7]:

e2ler — [e%/er] exp(riro),

where 1, is the screening radius (ro ~a*? n®, here a is the effective Bohr radius (a =
18-10-8 cm for Si); n - is the electron concentration), r - is the distance from the electron to the
impurity center; & - dielectric constant. As a result, each phosphorus ion perturbs the electronic
spectrum of the semiconductor only in the area of screening size ~ ro. In order for this
perturbation to be noticeable, it is necessary that a sufficiently large amount of phosphorus ions
accumulate in the area of the shielding volume - ro®. The probability of this accumulation is
determined by the Poisson formula [3,8]:

](4/3)«;r~r03NP

[(4/3)-7r-r03N§V
(413)-77-r>N,!
where N¥ - is the average concentration of phosphorus atoms over the sample; N,-
concentration of phosphorus atoms in a given area of the sample. Due to the small volume of the
screening area -1, then it is possible only for a high average concentration of phosphorus atoms,
because then the value [(4/3) - mrg N#V] not very small.

Thus, in the case under discussion, the screened Coulomb potential reduces the crystal
region where significant impurity fluctuations should be observed.

2. The case of a compensated semiconductor is different in that the number of free
carriers - n is very small. This leads to a very large value of the screening radius ro in the limit at
n — 0, ro — oo, so that the screened Coulomb potential turns into the usual Coulomb potential:

[e%/er] exp(r/ro) — e?/er

This leads to the fact that the radius of the Coulomb action of the compensating impurity
centers on the electronic spectrum of an ideal semiconductor turns out to be very large (in the
idealized case ro—). Therefore, in the screening region 3, even at a low average concentration
of compensating impurities N”, there is a high probability for fluctuation accumulation of a
significant number of compensating impurity atoms. This probability is also given by the
Poisson expression

W(Ng" Np) =

exXpl- 5w TENE)

](4/3).7:.er“

[(4/3)-7r-ro3Ni?nV
(413)-7-r’N, !

where N7 is the average concentration of atoms of compensating impurities in the
sample; N,,-concentration of atoms of compensating impurities in a given region of the sample.

DISCUSSION

Thus, for a significant perturbation of the electronic spectrum of an ideal semiconductor
in the case of compensation, even against the background of a not very high average impurity
concentration, the fluctuation of the impurity concentration easily occurs due to the fact that r
—oo the value of [(4/3) mrgN2¥] is such that the probability of W(NZY, N;,) is quite
noticeable.

CONCLUSIONS

So, it is in the values of N¥ and r, that the fundamental differences between the cases of
heavy doping and strong compensation are manifested. With heavy doping, the small value of r,

W (N2, N,,) =

im? I

'exp(—gﬂ- PN
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is compensated by the large value N&7 (for example, at ro ~ 2,4.107 cm, Np = n =10 cm™ we
have 73 - N,, ~ 0.13) while with strong compensation a small value Nj;» compensated for by a
large ro (for example, at ro ~ 3,7.10~° cm, n =10% cm= we have r§N* =~ 0.5 (shielding length
for the case of heavily doped 7§ = (1/2) - (ma®/3n)Y/? and compensated material rF°™ =
akT /4 - n - e? [4]) is significantly different: r"9- < reM)), In both cases, this gives significant
values of the probability W(N®, N), r§ - N% reaches the optimum (not too big and not too
small).
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