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Influence of Semiconductor Bands
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A theoretical model for calculation of the Wannier–Mott exciton dis-

tribution in semiconductor sample accounting for the energy bands bending

near semiconductor surface is presented. It is shown that the exciton dis-

tribution essentially depends on the surface potential under certain sample

surface and bulk parameters. Changing the surface potential value we can

study the exciton photoluminescence from the illuminated surface and from

a thin layer near this surface.

PACS numbers: 71.35.–y, 71.35.Cc

1. Introduction

Electro-optic interactions involving excitons in semiconductor microstruc-
tures and microdevices are currently attracting much interest [1]. Whereas the
localisation of charged particles, like electrons or holes, is easily achievable in
electrostatic potential [2], the localisation of neutral excitons needs more special
mechanism. The spatial localisation of excitons has been realised in semiconduc-
tors by various approaches [3–5]. It is possible to change exciton localisation by
mechanical stress through band gap. It is known that a bending of semiconduc-
tor energy bands creates a built-in equilibrium electric field Eeq [6] near a sample
surface, which can be changed in wide ranges by the known techniques [7]. The in-
homogeneous built-in electric field polarises the excitons and therefore, can localise
them near the illuminated surface.

This article investigates the exciton photoluminescence (PL) from the illu-
minated surface and from the nearly bulk due to the exciton redistribution.

2. Theory

Let us consider the n-type semiconductor plate in the region 0 ≤ x ≤ L with
the surface coordinate at x = 0 which is illuminated by strongly absorbed light.
The thickness L essentially exceeds the diffusion length of electron–hole pair (see
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below). A semitransparent metallic contact is placed on the transparent insulating
layer, which is placed on surface x = 0 of the sample (Fig. 1). The ohmic metallic
contact is placed on the opposite surface at x = L. The non-equilibrium excitons
arise in a sample as a result of electron–hole pair (EHP) recombination.

Fig. 1. Experimental setup for measurement of the exciton PL dependence on the

energy bands bending. 1 is the semiconductor sample, 2 is transparent insulating plate,

3 is the semitransparent metallic contact, 4 is the grounded metallic contact and U is

the external voltage source.

The photoluminescence intensity IL(λex) at the light wavelength λex, cor-
responding to the exciton recombination energy, depends on the exciton density
distribution by relation

IL(λex) ∝
[∫ L

0

n(x)
τ

exp(−αx)dx + Sn(0)

]
, (2.1)

where n(x) is the exciton density, τ is the exciton lifetime, S is the exciton surface
recombination rate (SRR), and α = α(λex) is the light absorption coefficient.

The Wannier–Mott exciton density n is obtained from solution of the conti-
nuity equation

dj

dx
+

n

τ
−G exp

(
− x

λ∗

)
= 0, j = 2nµR

d|Eeq|
dx

−D
dn

dx
, (2.2)

and the boundary condition (BC) j(0) = −Sn(0). Here j, µ, D are the exciton
flux, mobility, and diffusion coefficient consequently, R is the exciton radius, G is
the exciton bulk generation rate at x = 0, and λ∗ is the EHP diffusion length.

The case when both the EHP diffusion length and the exciton diffusion
length essentially exceed the Debye length is analysed. Under these conditions the
solution of Eq. (2.2) could be obtained as a sum of the diffusion-recombination
(DR) mode and the screening (S) mode [2]:

n(x) = nR(x) + nS(x), (2.3)

nR =
Gτλ∗2

(λ∗2 − λ2)

[
exp

(
− x

λ∗

)
− ν̃λ∗ + λ

(ν̃ + 1)λ∗
exp

(
−x

λ

)]
, (2.4)
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nS =
Gτλ∗

(λ∗ + λ)(1 + ν̃)

[
exp

(
2µR

D
|Eeq|

)
− 1

]
, (2.5)

where λ =
√

Dτ is the EHP diffusion length and ν̃ = (Sτ/λ) exp(2µR|Eeq(0)|/D)
is the effective normalised exciton SRR.

3. Discussion

It follows from the ν̃ expression that the effective normalised exciton SRR
strongly increases when the built-in electric field on the illuminated surface fulfils
the condition

|Eeq(0)| > (2÷ 3)D/2Rµ.

The increase in the surface potential (SP) ϕS modulus results in increase in
both the built-in electric field modulus and the effective normalised exciton SRR
value ν̃. The density of the S mode increases under condition S ¿ λ/τ and the
density of the DR mode decreases. Thus, the excitons are accumulated near the
illuminated surface.

Fig. 2. Exciton density distribution in pure n-Si for some surface potential ϕS values:

(left part) positive: 1 — for ϕS = 40 mV, 2 — for ϕS = 50 mV, 3 — for ϕS = 60 mV;

(right part) negative: 1 — for ϕS = −100 mV, 2 — for ϕS = −200 mV. The dashed line

gives the n(x)/nR0(x) value for flat energy bands.

The normalised exciton density n(x)/nR0(x) distribution near the surface
x = 0 in pure Si (T = 78 K, n0 = 2× 1013 cm−3, RD = 0.012 µm, rD = 0.48 µm,
Sτ/λ = 0.05) is shown in Fig. 2. rD is the Debye length and nR0(x) is the exciton
density for flat energy bands and negligible SRR value. It follows from Fig. 2
that the exciton density distribution depends strongly on the SP value. Thus,
changing the surface potential value we can change essentially the exciton density
distribution and study the exciton PL caused by the surface recombination and
by the bulk recombination from a thin layer near the illuminated surface.

In conclusion, the Wannier–Mott exciton distribution accounting for the en-
ergy bands bending near semiconductor surface has been presented. It is shown
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that the exciton density distribution near the illuminated surface and in the bulk
of the sample essentially depends on the surface potential for small enough SRR.
Changing the surface potential value we can study the exciton PL from the illu-
minated surface and from a thin layer near this surface.
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