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THE STRUCTURE INVESTIGATION OF NEAR-SURFACE LAYERS IN 
SILICON – DIOXIDE SILICON SYSTEMS

The near-surface silicon layers in silicon – dioxide silicon systems with used modern method of 
research are investigated. It is shown that these layers have compound structure and their parameters 
depend on oxidation and initial silicon parameters.

1. INTRODUCTION

Investigations of SiO2 – Si structures is still give a 
great consideration due to principal position of this 
structure in micro and nanoelectronics. The techno-
logical importance of SiO2 – Si systems stems from 
their ubiquitous presence in Metal-Oxide-Semicon-
ductor (MOS) structures. In consideration of the fact 
that major processes in SiO2 – Si electronics happens 
in near-surface layers of silicon it is necessary to inves-
tigate surface morphology of these layers. As shown in 
modern researches there is transition layer under the 
oxide which different from the monocrystalline sili-
con in structure and composition [1]. But it still not 
fixed this structure and the depth of these layers. And 
it still not detects the relation between difference of 
these layers and other parameters such as oxidation 
process and characteristics of initial silicon. 

The aim of this work is the definition of silicon 
near-surface structural composition in SiO2 – Si and 
the determination parameters of these layers on oxi-
dation and initial silicon parameters. 

2. EXPERIMENTAL DETAILS

Investigation of silicon surface after removal of di-
oxide was carried out by scanning electronic micro-
scopy (electronic scanning microscope “Cam-Scan” 
with “Link-860” X-Ray microanalyser, used ZAF 
program for calculation), by optical methods (met-
allographic microscope MMR-2R), by Auger spec-
trometer LAS-3000 (beam diameter — 5 micron), 
by X-ray technique on DRON-2 with silicon grating 
monochromator (voltage = 16kV, intensity of a cur-
rent = 2mA). Silicon wafers with different dioxide 
thickness (range 0.1–1.5 micron) grown in dry oxygen 
environment on 1100°C temperature were researched 
(oxygen consumption was about 10 liter in minute).

The SiO2 was etched off in hydrofluoric acid followed 
by washing in deionized water. To detect structural de-
fects, the silicon surface layer-by-layer etching away with 
selective Sekko (for surface 100) and Sirtl (for 111) etch-
ants with preliminary treatment in Karo intermixture 
and peroxide-ammonia solution was led [3].

3. RESULTS AND DISCUSSION

Fig. 1 shows the typical picture of a silicon surface, 
received after 5 minutes oxide (the thickness of ox-

ide was 1 micron) etching in selective Sirtl etchant. 
It’s well visible, that typical etch pits dislocation and 
stacking faults are absent. Presence on a silicon sur-
face such pits is connected with etching oxide which 
appears at the accelerated thermodiffusion it along 
structural defects of silicon. Attempts to receive the 
image of surface Si with the help of the electron mi-
croscope “Cam - Scan“ turned out unsuccessful. The 
irradiated silicon surface was strongly charged by an 
electron beam and there was no opportunity to receive 
an electron image of the surface. These two facts have 
enabled to conclude, that the surface of silicon under 
oxide had strongly disordered structure close to finely 
polycrystalline or even amorphous. If to consider, that 
mechanical pressure decrease deep into silicon under 
the law 1/r, it is possible to conclude, that more dis-
ordered layer adjoins directly to the silicon dioxide. 
Thickness of these layers are proportional to thickness 
grown up oxides, that it is possible to explain increase 
mechanical pressure on border of section at increase 
in thickness of oxides.

Fig. 1. Optical image of silicon surface (microscope 
MMR-2P)

At the further etching of a silicon surface (till 3 min-
utes) were revealed dislocation network (a dislocation 
density make up to 1010 m–2), which have included 60° 
and partial dislocations and were decorated oxygen 
(fig. 2). The appeared typical structural defects tes-
tify to occurrence of normal crystal structure Si. After 
5 minutes etching separate dislocations and glide lines 
appeared instead of dislocation networks (fig. 3).

In confirmations such complex structure of sili-
con near-surface region X-ray diffraction method was 
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made.  X-ray diffraction method has shown that near-
surface layers of silicon consist of some one which 
has different structure. Rocking curves presented on 
Figs. 4a, 4b. The slope of a curve change is explained 
to presence of the second reflective layer. By means 
of Gaussian function approximation was determined 
the maximum and the half-width of “little” curve that 
could calculate other parameters of silicon. The shift 
of maximum and the curve broadening comparative 
the ideal standard specimen are determined of some 
physical causes such as the macrostress and the micro-
stress.  Macrostresses are counterbalanced in volume 
of all samples and cause the diffraction maximum shift 
and for this one we have such expression as [3]:
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where  d/d – the relative deformation of lattice con-
stant, ! – the half-width of the curve, # – the angle of 
reflection.

Microstresses are caused by polycrystalline struc-
ture and they can be associated with dislocations. And 
for this stress we have such expression as
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where $ – the wavelength, we calculated D – the crys-
tallite size.

Fig. 2 The electronic image of dislocation networks (1õ2300)

Fig. 3 The electronic image of separate dislocations

Fig.4 a. The rocking curve (oxide thickness 0.15 micron)

Fig.4 b. The rocking curve (oxide thickness 1.5 micron)

Generally the width of lines depends also on 
cleanly geometrical factors of conditions of shooting, 
from divergence of a bunch, incomplete splitting of a 
doublet.

Thus, on broadening of spectral line it is possible 
to define structural features of a studied crystal. The 
made calculation of parameters for second curves 
(Fig. 3 b) has shown the following:

Table 1

 a (the 
change 

of lattice 
constant) 

[A]

% (the 
stress)

[dyne/cm2]

D (the 
crystalline 

size)
[micron]

The main 
maximum

0,013 2,2 109 0,87

The “little” 
maximum

0,019 3 109 0,61

Thereby if we know the curve broadening of 2 
orders of reflection for the same reflection plane we 
can make qualitative evaluation and determine what 
parameters influence on the curve broadening. Using 
the following expression 
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where # — angle of reflection, ! – half-width of the 
rocking curve. We obtained 1<1.11<3.35Therefore 
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the layer structure dispersion has the main influence 
on curve broadening and the near-surface layer of sili-
con has complex structure and consists of at least two 
layers, layers differing by thickness and the crystalline 
sizes.

4. CONCLUSIONS

Thus, proceeding from the received experimental 
data, it is possible to draw following conclusions:

1. As have shown researches, the near-surface area 
of silicon in structures silicon - dioxide silicon consists 
of disordered area adjoining to the silicone dioxide, 
having complex structure, and the areas containing 
dislocation networks.

2. The given structure is formed to those residual 
pressures, caused by the sum of contributions of the 
interface stresses, and stresses caused by oxygen which 
diffused deep into silicon in the line of structural de-
fects.

3. More stressed area of silicon adjoins to the in-
terface and leads to dispersivity of this structure. The 
crystalline sizes increase in process of removal from 
the interface and pass in not stressed monocrystalline 
silicon.

4. The depth and block parameters of the given 
structure depend on dioxide thickness grown up, from 
quality of initial monocrystalline silicon, from condi-
tions of oxidation.
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ÈÑÑËÅÄÎÂÀÍÈÅ ÑÒÐÓÊÒÓÐÛ ÏÐÈÏÎÂÅÐÕÍÎÑÒÍÛÕ ÑËÎÅÂ ÊÐÅÌÍÈß Â ÑÈÑÒÅÌÀÕ ÊÐÅÌÍÈÉ – ÄÈÎÊ-
ÑÈÄ ÊÐÅÌÍÈß

Â äàííîé ðàáîòå íà îñíîâå ïðîâåäåííûõ ñ ïîìîùüþ ñîâðåìåííûõ ìåòîäîâ èññëåäîâàíèÿ ïîêàçàíà ñëîæíàÿ ñòðóêòóðà 
ïðèïîâåðõíîñòíûõ ñëîåâ êðåìíèÿ â ñèñòåìàõ êðåìíèé – äèîêñèä êðåìíèÿ. Âûÿâëåíû çàâèñèìîñòè ïàðàìåòðîâ ýòèõ ñëîåâ 
îò óñëîâèÿ îêñèäèðîâàíèÿ è õàðàêòåðèñòèê ïåðâîíà÷àëüíîãî êðåìíèÿ.
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ÄÎÑË²ÄÆÅÍÍß ÑÒÐÓÊÒÓÐÈ ÏÐÈÏÎÂÅÐÕÍÅÂÈÕ ØÀÐ²Â ÊÐÅÌÍ²Þ Â ÑÈÑÒÅÌÀÕ ÊÐÅÌÍ²É – Ä²ÎÊÑÈÄ 
ÊÐÅÌÍ²Þ

Â ðîáîò³ íà îñíîâ³ ïðîâåäåíèõ çà äîïîìîãîþ ñó÷àñíèõ ìåòîä³â äîñë³äæåíü ïðèïîâåðõíåâèõ øàð³â êðåìí³þ â ñèñòåìàõ 
êðåìí³é – ä³îêñèä êðåìí³þ ïîêàçàíî ¿õ ñêëàäíà ñòðóêòóðà. Ïîêàçàíî çàëåæí³ñòü ðîçì³ð³â ö³õ øàð³â â³ä ïàðàìåòð³â îêèñëåííÿ 
òà õàðàêòåðèñòèê êðåìí³þ.


