
ÆÓÐÍÀË ÔIÇÈ×ÍÈÕ ÄÎÑËIÄÆÅÍÜ

ò. 24, � 4 (2020) 4701(8 ñ.)

JOURNAL OF PHYSICAL STUDIES

v. 24, No. 4 (2020) 4701(8 p.)

MODELING OF IDEALITY FACTOR VALUE IN n+
�p�p+-Si STRUCTURE

O. Ya. Olikh , O. V. Zavhorodnii
Taras Shevchenko National University of Kyiv,

64/13, Volodymyrska St., Kyiv, UA�01601, Ukraine
e-mail: olikh@univ.kiev.ua

(Received 25 August 2020; in �nal form 19 October 2020; accepted 22 October 2020; published online 01 December 2020)

This paper presents the results of computer simulation of the ideality factor of silicon n+−p−p+
structure with iron contamination. The Solar Cells Capacitance Simulator (SCAPS) was the tool
used for numerical simulation of these devices. The iron concentration range of 1010 − 1013 cm−3,
the acceptor doping level range of 1015 − 1017 cm−3, the temperature range of 290− 340 K, and the
base thickness range of 150 − 240 µm were used in the investigation. The double diode model was
used to extract the ideality factor. The following cases were considered: (i) uniformly distributed
lone interstitial iron atoms; (ii) coexistence of non-uniformly distributed Fei and FeiBs. It has been
shown that the ideality factor value is determined by a hole occurring on the Fei level, a trap
location, and an intrinsic recombination contribution. The increase in the base thickness leads to a
decrease in n value. The sign of change in the ideality factor after FeiBs dissociation depends on
temperature, doping level, and iron concentration.
Key words: ideality factor, silicon, n+�p�p+ structure, SCAPS, iron concentration.

DOI: https://doi.org/10.30970/jps.24.4701

I. INTRODUCTION

In literature, there are several models that describe
the current�voltage (I − V ) characteristics of the solar
cells (SCs). These models contain some parameters which
re�ect the processes within the structures and are related
to the main characteristics of the photovoltaic conversi-
on. So the single diode model with three parameters
has been used to represent the SC static characteristic
because of simplicity:

I = I0

[
exp

(
− qV

nkT

)
− 1

]
− Iph , (1)

were I0 is the saturation current, n is the diode ideali-
ty factor, Iph is the total current generated by a
solar cell. The ideality factor value indicates a defect
related recombination and directly determines open-
circuit magnitude:

Voc =
nkT

q
ln

(
Iph
I0

+ 1

)
. (2)

Equation (1) does not take into account a leakage current
and a series of losses of load current. Besides, the widely
used double diode model is developed by considering the
e�ect of the recombination current loss in the depletion
region [1�3]:

I = I01

[
exp

(
−q(V −RsI)

kT

)
− 1

]
(3)

+ I02

[
exp

(
−q(V −RsI)

nkT

)
− 1

]
+
V −RsI

Rsh
− Iph ,

where the �rst term is closely related to the recombinati-
on in the quasi-neutral region, the second term descri-
bes the overall space charge region (SCR) recombinati-
on, Rs and Rsh are the series and shunt resistance,

respectively. In this case the relationship between the
ideality factor and SC characteristics is more compli-
cated. Some examples of the relationship between n and
open-circuit voltage and the �ll factor in the two-diode
model can be found in [4]. Typically, the value of the
ideality factor ranges from 1 to 2 for real devices and
depends on ambient conditions and recombination center
parameters, including the concentration of traps [5�9].
This makes the ideality factor an important parameter
that can be used to describe the electrical behavior of
photovoltaic devices and characterize the recombination
in SCs [10].

A major obstacle to the development of such a conveni-
ent and express method is the multiparameter relati-
onship between the n value and the concentration of
recombination centers. This paper attempts to resolve
these di�culties by the simulation of I − V characteri-
stic of silicon solar cells, the determination of ideality
factor, and the study of n value depending on simulation
parameters. In contrast to the previous paper [11], in this
case the n+�p�p+-structure, which is closer to the real
SC, is under consideration. Additionally, the base thi-
ckness is known [12, 13] to a�ect SC e�ciency; therefore,
the paper considers the in�uence of this parameter on the
ideality factor value.

The paper focuses on the case when the main recombi-
nation centers are the iron related defects. On the one
hand, iron atoms are among the most common as well as
the most harmful impurities in a silicon solar cell. On the
other hand, the FeiBs pairs can be readily dissociated by
illumination [13]; the association reaction can take place
when exposed in darkness for ten minutes [14]. Such a
change in the recombination center state should lead to a
change in an ideality factor value, which is easy to obtain
experimentally and to use for the SC characterization.
Therefore, the paper also pays attention to dependencies
of n value change.

This work may be used under the terms of the Creative Commons Attribution 4.0 International License. Further distri-

bution of this work must maintain attribution to the author(s) and the title of the paper, journal citation, and DOI.
4701-1

https://orcid.org/0000-0003-0633-5429


O. Ya. OLIKH, O. V. ZAVHORODNII

II. SIMULATION DETAILS

The calculation presented here uses n+ − p − p+

structure shown in inset in Fig. 1. Its main parts are
the emitter layer with thickness dn, the base with the
hole conductivity and thickness dp and the p+ layer
with thickness dBSF intended for the back surface �-
eld (BSF) creation. BSF-layer is designed to increase
the photovoltaic converter e�ciency by reducing the
losses concerned with the surface recombination and such
structure is widely used for both manufacturing of real
solar cells and modeling [15�17].

The material of all layers was assumed to be
monocrystalline silicon. The temperature dependencies
of the bandgap were calculated using the P�assler equati-
ons [18]. The bandgap narrowing, thermal carrier veloci-
ties, and free carrier e�ective mass were taken from Yan
and Cuevas [19], Green [20], and O'Mara et al. [21],
respectively. Data from Couderc et al. [22] were used to
evaluate intrinsic carrier density and density of states
e�ective masses. The temperature dependencies carrier
mobilities were described by Klaassen's theory [23, 24].

Uniform doping with phosphorus (the emitter layer,
concentration ND) and boron (base and BSF�layer,
concentrationsNA andNBSF, respectively) was assumed.

The following recombination processes were taken
into account: i) the outside surface recombination wi-
th electron and hole velocities 103 cm/s; ii) the intrinsic
recombination (radiative band-to-band and Auger with
coe�cients, which depend on temperature and doping
level according to Nguyen et al. [25] and Altermatt et al.

[26]); iii) the Shockley�Read�Hall (SRH) recombination.

In the last case, as the base and BSF-layer uniform
contaminant, iron is assumed to be in concentration NFe.
It is well known that an iron atom is locates in the lone
interstitial lattice position in silicon (Fei) or interacts
with ionized acceptors and combines into a FeiBs pair.
The two cases were under consideration. In the �rst
one, uniformly distributed Fei with concentration NFe

was assumed. This happens under constant illumination
or immediately after its termination. The temperature
independent donor level EFei = EV + 0.394 eV [27�
29] and electron σn,Fe = 3.47 × 10−15T−1.48 m2 and
hole σp,Fe = 4.54 × 10−20 exp

(
− 0.05

kT

)
m2 capture cross-

sections [30, 31] are associated with Fei. In the second
one, Fei and FeiBs coexisted. They were non-uniformly
distributed through the base and BSF-layer. More details
are presented elsewhere [11] and representative examples
of the calculation are shown in Fig. 2. This happen under
dark equilibrium condition. The FeiBs is amphoteric
defect and donor level ED

FeB = EV + 0.10 eV, σD
n,FeB =

4× 10−17 m2, σD
p,FeB = 2× 10−18 m2 and acceptor level

EA
FeB = EC − 0.26 eV, σA

n,FeB = 5.1 × 10−13T−2.5 m2,

σA
p,FeB = 3.32×10−14 exp

(
− 0.262

kT

)
m2 [14, 27, 28, 30�32]

are used in the simulation.

The dark forward dark I − V characteristics were
generated by one-dimensional code SCAPS 3.3.08 [33, 34]
over a voltage range up to 0.45 V with step 0.01 V.
This software is widely applied in modeling various

Fig. 1. Simulated I�V characteristic (marks) and its �tting
by Eq. (4) (solid lines 1 and 4). The dashed (3, 6) and dotted-
dashed (2, 5) lines represent the di�usion and recombination
currents, respectively. NA = 1017 cm−3, NFe = 1013 cm−3,
T = 340 K, dp = 180 µm. The results for lone unpaired
Fei (circles, curves 4�6, red) as well as for FeiBs and Fei

coexistence (squares, curves 1�3, black) are presented.
Inset: Structures, which are used in the simulation

solar cells [15, 16, 35�39], silicon based devices including
[15, 16, 39]. The used parameters are listed in Table 1.
Thus, the varied parameters were the boron concentrati-
ons in the base, iron concentration, base thickness and
temperature. Taking into account two defect con�gurati-
on, 15048 structures were simulated. The examples of
I − V curve are shown in Fig. 1.

Parameter Range Number of values

dn, µm 0.5 1

dp, µm 150− 240 4

dBSF, µm 1 1

ND, cm
−3 1019 1

NA, cm
−3 1015 − 1017 9

NBSF, cm
−3 5 · 1018 1

NFe, cm
−3 1010 − 1013 19

T , K 290− 340 11

Table 1

The simulated I −V characteristics were �tted by the
following equation:

I = I01

[
exp

(
−qV
kT

)
− 1

]

+ I02

[
exp

(
− qV

nkT

)
− 1

]
. (4)

Equation (4) corresponds to the dark double diode model
with both series and shunt resistances neglected. The
�rst diode represents the �ideal� diode, describing the
so-called di�usion current characterized by the saturati-
on current I01, and the second diode is the so-called
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recombination current, characterized by the saturation
current I02 and ideality factor n [3]. n, I01, and I02
were taken as �tting parameters and the meta�heuristic
method IJAVA [40] was used. The representative results
of the �tting are shown in Fig. 1 as well.
In the case of lone unpaired Fei the following valus

were calculated: nsrhFe is the ideality factor if the SRH
recombination is taken into account only; nFe is the

ideality factor if both the SRH recombination and the
intrinsic recombination are allowed; δnsrhFe = nsrhFe − nFe
characterizes the in�uence of the intrinsic recombinati-
on on the ideality factor value. In the case of FeiBs and
Fei coexistence, the nsrhFeB, nFeB, δn

srh
FeB = nsrhFeB − nFeB

were calculated (indices had the same meaning). Besides,
the change of the ideality factor after FeiBs association
δnFe−FeB = nFe − nFeB was calculated as well.

Fig. 2. (Color online). The calculated base and SBF-layer distribution of the Fermi level position (a, solid lines), unpaired
interstitial iron concentration (b, dotted lines), and FeiBs pair concentration (b, solid lines) at V = 0. NA, cm

−3: 1015 (curves
1, 2), 1016 (3, 4), 1017 (5, 6); T , K: 290 (1, 3, 5), 340 (2, 4, 6); NFe = 1013 cm−3; dp = 180 µm. The positions of Fei donor

level (dotted-dashed line) and FeiBs donor level (dashed line) are shown in the panel (a) as well

III. RESULTS AND DISCUSSION

Figures. 3�5 show the typical simulated dependencies
of the ideality factor value on temperature and both iron
and boron concentrations. Note that the δnsrhFe surfaces
(number 5, orange) are not shown if they practically coi-
ncide with the δnsrhFeB surfaces (4, yellow).

One should pay attention to Fig. 2 before a discussi-
on of the obtained dependencies. Firstly, the presented
data testify to the primary role of unpaired interstitial
iron in recombination even in the case of FeiBs and Fei
coexistence. In fact, the donor ED

FeB level is below the
Fermi level and, therefore, the probability of capturing
of a non-equilibrium electron is small. Additionally, the
ideality factor value above all associated with a SCR
recombination and the Fei concentration exceeds the
FeiBs concentration in the 2/3 thickness of the space

charge region. And it is con�rmed by the similarity
between the dependencies of nFeB (surfaces 1, red) and
nFe (surfaces 2, cyan) in Figs. 3�5. Secondly, the unpaired
iron atom concentration can be big enough in the case of
FeiBs and Fei coexistence as well and it increases with
the temperature rise and a decrease in the doping level.
For example, the Fei concentration in the quasi-neutral
region of the base reaches 23 (or 3) percent of NFe at
T = 340 K and NA = 1015 cm−3 (or 1016 cm−3). That
is, under these conditions, the concentration of unpaired
iron atoms in the dark and NFe = 1013 cm−3 is larger
than the one under illumination and NFe = 1011 cm−3.
Finally, as only ionized iron Fe+i (unlike to neutral iron

Fe0i ) actively takes part in the SRH recombination, these
processes e�ciently occur at x ≥ 0.6Wp (whereWp is the
SCR depth). And the area of processes, which determi-
nes the ideality factor value, shifts away from the p − n
junction with an increase in the doping level.
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Fig. 3. (Color online). Ideality factor and its change as a function of the temperature and acceptor (boron) concentration. NFe,
cm−3: 1010 (a), 1013 (b); dp = 240 µm. Surface 1 (red) re�ects the nFeB dependance, 2 (cyan) � nFe, 3 (blue) � δnFe−FeB, 4

(yellow) � δnsrh
FeB, 5 (orange) � δnsrh

Fe

Fig. 4. (Color online). Ideality factor and its change as a function of the temperature and iron concentration. NA, cm
−3: 1015

(a), 1016 (b), 1017 (c); dp = 150 µm. Surface numbers are the same as in Fig. 3

Fig. 5. (Color online). Ideality factor and its change as a function of the acceptor (boron) concentration and iron concentration.
T , K: 290 (a), 340 (b); dp = 180 µm. Surface numbers are the same to Fig. 3
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Several determinants must be taken into account when
analyzing the dependencies of the ideality factor on
temperature and the concentration of boron. Namely:
i) the occurrence of a hole on the Fei level, whi-

ch determines the recombination e�ciency. Accordingly
to the Fermi�Dirac statistics, the probability of a hole
occupation in a non-degenerate p-type semiconductor wi-
th full acceptor depletion can be expressed as

fp =
1

1 + NV (T )
NA

exp
(

EV −EFei

kT

) . (5)

It has been shown earlier [4] that the fp(T,NA)
dependence is generally similar to the observed
dependence of the ideality factor dependence. In parti-
cular, if fp is close to one (high NA value and low
temperature), this dependence changes slowly, n does
not depend on temperature and slowly rises with an
increase in the doping level � see Figs. 4(b),(c); 5,(a). If
NA decreases or (and) T increases, the level is �lled with
an electron in a su�ciently narrow range of arguments,
the SRH recombination ceases, and the ideality factor
value sharply reduces � Figs. 3, 4(a); 5(b).

ii) the balance of the defect related recombination
and the intrinsic recombination. SRH recombination
generally causes an increase in the ideality factor value; if
the defect related recombination is dominant, the value
often reported in publications is n = 2. The radiative
band-to-band and Auger recombinations are enhanced
by the increase in both free charge carrier concentrati-
on (doping level) and temperature [25, 26]). In this case,
the ideality factor reduces and the values δnsrhFe and δnsrhFeB
become nonzero. This e�ect is observed in the corners of
surfaces in Figs. 3(a); 4(b),(c); 5.

The change in the impurity iron concentration has
almost no e�ect on the nature of the n dependence on
other parameters. However, the NFe rise is expectedly
accompanied by an increase in the ideality factor value
(see Figs. 4, 5), which is almost linear with respect to
ln(NFe). An exception is observed only when the level Fei
is �lled with an electron (n < 1.06). At the same time,
the intrinsic recombination has a greater contribution at
a low iron concentration and same other parameters; and
a sharp decrease in the ideality factor value is observed in
the wake of the low impurity concentration. The striking
examples are shown in Figs. 4(b),(c).

Fig. 6. (a) Typical dependencies of the ideality factor on the base thickness. The results for FeiBs and Fei coexistence (curves
1�6, �lled marks) as well as for unpaired Fei sole (2a, 5a, 6a, empty marks) are presented. T , K: 290 (1, 2, 2a), 320 (3), 340
(4�6, 5a, 6a); NFe, cm

−3: 1010 (4, 5, 5a), 1012 (3), 1013 (1, 2, 2a, 6, 6a); NA, cm
−3: 1015 (1, 3, 6, 6a), 3.162 · 1015 (4), 1017 (2,

2a, 5, 5a). The marks are the simulation result, the lines are �tted curves using Eq. (6). (b) Ideality factor thickness coe�cient
vs iron concentration. T , K: 290 (1, 2), 325 (3), 340 (4�6); NA, cm

−3: 1015 (4), 1016 (1, 5), 1017 (2, 3, 6). (c) Ideality factor
thickness coe�cient vs boron concentration. T , K: 290 (1, 2), 325 (2�5), 340 (6); NFe, cm

−3: 1010 (3, 6), 1011 (1, 4), 1012 (5),
1013 (2). (d) Ideality factor thickness coe�cient vs temperature. NA, cm

−3: 1015 (1, 2), 1016 (3, 4), 1017 (5, 6). NFe, cm
−3:

1010 (3, 5), 1012 (2, 4, 6). Panels (b)�(d) present results in the case of FeiBs and Fei coexistence
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Taking into account Eq. (3), one can see that the
the ideality factor appears in the item connected to the
SCR recombination. Therefore, seemingly, n should not
depend on the thickness of the n+�p�p+ structure base.
However, such a dependence is observed (see Fig. 6(a))
and the ideality factor decreases with an increase in thi-
ckness. This is evidence that the n value is in�uenced by
processes in the quasi-neutral region as well. The ideality
factor changes in a similar way in both lone unpaired Fei
and FeiBs and Fei coexistence cases and described well
by a linear dependence

n = n0 − β dp . (6)

where β is the ideality factor thickness coe�cient. The
maximum e�ect of thickness is observed at the middle
1.05 < n < 1.25 value. Figures. 6(b)�(d) show the
dependencies of β on the other simulation parameters.
One can see that the dp in�uence on n generally intensi-
�es with an increase in temperature as well as a decreasi-
ng of the concentrations of both boron and iron. The
decrease in the relative contribution of SRH recombinati-
on due to the electron �lling of Fei level as well as due to
the intensi�cation of the intrinsic recombination causes
a decrease in the β module. In addition, Fig. 7 shows
the dependencies of the electron di�usion length (Ln)
in the base on the concentration of lone unpaired Fei,
calculated by using SCAPS. Apparently, the in�uence of
the base thickness is observed in the Ln > dp case only,
and this is the reason why β ≈ 0 at n > 1.3.

Fig. 7. The calculated dependencies of the electron di�usion
length in the structure base in the case of unpaired Fei sole.
The shaded area represents values of base thickness, were

used in the simulation

Also Figs. 3�5 show dependencies of the ideality factor
change after the pairing of interstitial iron δnFe−FeB

� see surfaces 3, blue. Since the association reaction
leads to the depression of SRH recombination, it was
expected that nFeB < nFe and δnFe−FeB > 0 at all
the parameters values. The examples of such anticipated
dependencies are shown in Figs. 4(b),(c) and 5(a). In
this case, δnFe−FeB increases with an increase in the
boron concentration and does not practically depend on
temperature and the iron concentration. Exceptions are
only observed if the contribution of intrinsic recombinati-
on increases and the δnFe−FeB decreases: see Fig. 4(b),(c)

at high temperature and low iron concentration or
Fig. 5(a) at high doping level and slight concentration
of trap.
However, it turned out that the case of nFeB > nFe

is also possible � see Figs. 3, 4(a), 5(b). The regions
of negative δnFe−FeB value are observed in the vicini-
ty of the ideality factor decrease, which is induced by
the occupation of Fei level. The reason for nFeB > nFe
could be the di�erence in the Fermi level location in the
cases of lone unpaired Fei and FeiBs and Fei coexistence.
However, calculations have shown that such di�erence
does not exceed 5× 10−6 eV and cannot be the cause of
the detected e�ect.
Figure 8 presents the spatial distributions of recombi-

nantly active interstitial iron atoms before and after the
pairs formation and transition to the dark equilibrium
state. It is evident that the degree of decrease in the
Fe+i concentration depends on the distance to the pn�
junction. In our opinion, the change in the NFe+i

pro�le

is the reason for the rise of the ideality factor resistance
to temperature and doping level in the case of FeiBs and
Fei coexistence. Note that the e�ect depends on the total
iron concentration: the increase in NFe value leads to the
n decay at a higher temperature (Fig. 4(a)) as well as at
a lower boron concentration (Fig. 5(b)).
In turn, the δnFe−FeB the value also depends on the

iron concentration in the vicinity of nFeB > nFe. As a
result, δnFe−FeB, along with nFe and nFeB, can be used to
estimate the impurity concentration by the parameters
of I − V characteristic.

Fig. 8. The distribution of the fraction of positively charged
interstitial iron N

Fe+i
to the total impurity number NFe in

the structure base. Curves 1 and 2 correspond to the cases of
lone unpaired Fei and FeiBs and Fei coexistence, respectively.
Curve 3 is the di�erence between 1 and 2. T = 330 K, NA =

3.162× 1015 cm−3, dp = 180 µm

IV. CONCLUSION

The diode ideality factor of silicon n+−p−p+ structure
with iron contamination has been studied via computer
simulation. The data used in the simulations were the
following. The iron concentration ranged from 1010 to
1013 cm−3, the acceptor doping level � from 1015 to
1017 cm−3, the temperature � from 290 to 340K, and the
base thickness � from 150 to 240 µm. It has been shown
that the temperature and doping level dependencies of
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the ideality factor value are mainly determined by a hole
occurring on the Fei level. The n dependence on iron
concentration is a monotonic function. Additionally, not
only the concentration of the defect but also its location
in�uences the ideality factor value. The intrinsic recombi-
nation causes a decrease in the ideality factor value at
a high temperature and doping level as well as at a low
iron concentration. It has also been found that the base
thickness in�uences the ideality factor if it exceeds the
minority carrier di�usion length. An increase in the base
thickness leads to a decrease in n value. The investigation
has revealed that the ideality factor in the FeiBs and Fei
coexistence case can exceed the one in the lone unpai-

red Fei case. The ideality factor change after FeiBs di-
ssociation can be used for the contaminant concentration
evaluation.
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ÌÎÄÅËÞÂÀÍÍß ÔÀÊÒÎÐÀ ÍÅIÄÅÀËÜÍÎÑÒI Â n+�p�p+-Si-ÑÒÐÓÊÒÓÐÀÕ

Î. ß. Îëiõ, O. Â. Çàâãîðîäíié
Êè¨âñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Òàðàñà Øåâ÷åíêà,

âóë. Âîëîäèìèðñüêà, 64/13, Êè¨â, 01601, Óêðà¨íà

Ó öié ðîáîòi ïîäàíî ðåçóëüòàòè ìîäåëþâàííÿ âåëè÷èíè ôàêòîðà íåiäåàëüíîñòi êðåìíi¹âèõ
n+ − p − p+-ñòðóêòóð. Ïðè öüîìó ââàæàëîñÿ, ùî îñíîâíi ðåêîìáiíàöiéíi öåíòðè â áàçi ñòðóêòóðè
ïîâ'ÿçàíi ç äîìiøêîâèìè àòîìàìè çàëiçà. Äëÿ ìîäåëþâàííÿ âîëüò-àìïåðíèõ õàðàêòåðèñòèê òàêèõ
ñòðóêòóð âèêîðèñòàíî Solar Cells Capacitance Simulator (SCAPS). Ïðè öüîìó äîäàòêîâî âðàõîâóâàëè
òåìïåðàòóðíi çàëåæíîñòi ïàðàìåòðiâ ÿê ìàòåðiàëó, òàê i äåôåêòiâ. Ïiä ÷àñ ðîçðàõóíêiâ âàðiþâàëèñÿ
âåëè÷èíè ðiâíÿ ëå óâàííÿ (1015÷ 1017 ñì−3 àòîìiâ áîðó) òà òîâùèíè (150÷ 240 ìêì) áàçè, òåìïåðà-
òóðà (290÷ 340 K) òà êîíöåíòðàöi¨ äîìiøêè çàëiçà (1010 ÷ 1013 ñì−3). Îêðåìî ðîçãëÿäàëè âèïàäêè,
êîëè âñi àòîìè çàëiçà ïåðåáóâàëè â ìiæâóçîëüíîìó ïîëîæåííi Fei òà êîëè ïåðåâàæíà ÷àñòèíà ç
íèõ óòâîðþâàëà ïàðè ç ëå óþ÷îþ äîìiøêîþ FeiBs. Îñòàííié âèïàäîê âiäïîâiäà¹ ñòàíó ðiâíîâàãè çà
âiäñóòíîñòi îñâiòëåííÿ i ïðè öüîìó ñïiââiäíîøåííÿ ìiæ êîíöåíòðàöiÿìè Fei òà FeiBs âèçíà÷àëîñÿ
ïîëîæåííÿì ðiâíÿ Ôåðìi òà òåìïåðàòóðîþ. Âèçíà÷åííÿ âåëè÷èíè ôàêòîðà íåiäåàëüíîñòi (n) âiäáóâà-
ëîñÿ àïðîêñèìàöi¹þ (ç âèêîðèñòàííÿì ìåòàåâðiñòè÷íîãî ìåòîäó IJAVA) îòðèìàíèõ âîëüò-àìïåðíèõ
õàðàêòåðèñòèê.

Ïîêàçàíî, ùî íàâiòü çà íàÿâíîñòi FeiBs îñíîâíó ðîëü ó ôîðìóâàííi âåëè÷èíè n âiäiãðàþòü ïðî-
öåñè ðåêîìáiíàöi¨ çà ó÷àñòþ ðiâíiâ, ïîâ'ÿçàíèõ ç Fei. Çàëåæíîñòi n âiä òåìïåðàòóðè òà ðiâíÿ ëå óâà-
ííÿ âèçíà÷àþòü, íàñàìïåðåä, çàñåëåíiñòþ ðiâíÿ Fei. Êîëè ïiäñèëþ¹òüñÿ âiäíîñíèé âíåñîê ïðîöåñiâ
âëàñíî¨ ðåêîìáiíàöi¨ (âèñîêi òåìïåðàòóðè òà ðiâåíü ëå óâàííÿ, íèçüêi êîíöåíòðàöi¨ äîìiøêè), âiä-
áóâà¹òüñÿ çìåíøåííÿ ôàêòîðà íåiäåàëüíîñòi. Íà âåëè÷èíó n, îêðiì êîíöåíòðàöi¨ äåôåêòiâ, âïëèâà¹
òàêîæ ¨õ ïðîñòîðîâå ðîçòàøóâàííÿ ùîäî p − n-ïåðåõîäó. Çi çáiëüøåííÿì òîâùèíè áàçè ñòðóêòóðè
(êîëè âîíà ïåðåâèùó¹ äîâæèíó äèôóçi¨ íåîñíîâíèõ íîñi¨â òà êîëè ïåðåâàæà¹ ðåêîìáiíàöiÿ Øîêëi�
Ðiäà�Ãîëëà) âiäáóâà¹òüñÿ íåçíà÷íå çìåíøåííÿ ôàêòîðà íåiäåàëüíîñòi. Ïîêàçàíî, ùî ìîæóòü ðåà-
ëiçóâàòèñÿ âèïàäêè, êîëè n ïiñëÿ ðîçïàäó FeiBs çìåíøó¹òüñÿ. Çàïðîïîíîâàíî, ùî çìiíà ôàêòîðà
íåiäåàëüíîñòi ïiñëÿ ðîçïàäó FeiBs, ïîðÿä ç àáñîëþòíèì çíà÷åííÿì n, ìîæå áóòè âèêîðèñòàíà äëÿ
îöiíêè êîíöåíòðàöi¨ äîìiøîê.

Êëþ÷îâi ñëîâà: ôàêòîð íåiäåàëüíîñòi, êðåìíié, n+�p�p+-ñòðóêòóðà, SCAPS, êîíöåíòðàöiÿ çà-
ëiçà.
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