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Abstract: We used a computer simulation for photoconductivity as a function of temperature in
a-Si:H thin films. Utilizing a two level model for photoconductivity, calculated stationary
photoconductivity valucs in a wide range of temperature. The nonlinear differential equations
system [1] was solved numerically by iteration technique. For the mobility edge of a-Si:H films,
we assumed a model with two level dangling bond centers in the mobility gap.

It was shown, that the computer modeling results describe well influences of such parameters, as
exciting light intensities, capture coefficients for electrons and holes and state densities of
dangling bond center levels on behavior of temperature dependence curves of photoconductivity

in a-Si:H films.
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INTRODUCTION

A hydrogenated amorphous silicon (a-Si:H)
thin film is one of the most suitable semiconductors
for producing of solar cells. Consequently, it is of
fundamental and practical importance to determine
the photoelectrical properties of a-Si:H thin films in
dependence of technological parameters of deposition
and to give a detailed explanation of the a-Si:H
mobility edge, the structure, the nature and energy
positions of localized states in it.

We have done investigation by means of
measuring and computer simulating of temperature
dependences of photoconductivity in a-Si:H. The
main purpose of our study was determination of some
parameters of a-Si:H by fitting of the calculated
o(T) curves, obtained on the basis of modeling with

the experimental ones.
THE MODEL

We have considered two level — model with the
energy positions E, and E, from all exited states in a-
Si:H and assumed that the state-2 generate and also
capture electrons but the state-1 generate electrons
only.

It can be expressed the non-equilibrium concentration
of the charge carriers by next differential equation

(1]. :
dén
—dt_’= G-a,dn, - b4p,,

ddp, |
Tt- =G-cdp,—don, (1)
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Where
a,= a.,:(N:; +n,, +n,+ 8"1) ’

bl = _an,l (no,l + nl,.‘ + &’i ) ’
¢, = ap,i(Nl':l +p,,tP,t P),
d,=- p,i(po,i +p,t o)

with i =1.2 for states.

N,, - total concentration of states, G, - excitation
intensity.

n,,, P, - equilibrium concentrations of electrons and
holes ‘
n, ;. p,,- hon-equilibrium concentrations of

electrons and holes
a,,,a,,- clectron and hole capture coefficients.

The values a,,b,,c, and d, depend on Jn, and &p,
and the equation system is nonlinear.

If the conditions & <<n, +n, d << p, + p, Were
not taken into consideration, so the equation (1) is

non-linear.
We solved this equation directly for stationary

case, e.a ddon/dt=0, ddp/dt =0, using iteration
method.

In another words, the calculation begins by
selecting the values n(0) andp(0). Then,
substitution of these values in equation (1) give with
the solving of (1) the next values n(1) and p(1)

and so on [2].
This procedure is continued till that the next

condition will be fulfilled:
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(k)

p(k)-p(k+l)|< .
20

In our case, ¢ =0,0001-

In a-Si:H the main charge carrier is an electron and
photoconductivity is given as:

o(T) = e(u,0n + 1,p)
where, 4, - electron mobility, u, - hole mobility and
e - electron charge.

The calculation accomplished in the
temperature range between 100K and 1000K. By
changing the following parameters:
G =2-10°-10" N, =10"-5.10"cm™,
E =0.6-09V, E,=09-1.1eV and capture
coefTicients for electrons and holes, we can be fitting
the calculated curve to measured. Than we found the
parameters N, E,,G from the one of best fitting
curve.

While the correlation coefficient of fitted and
measured curves was greater than 0.95, it shown us,
the fitting was satisfactory.

cms™!,

EXPERIMENTAL

Experimental measurements made on the undoped a-
Si:H samples obtained by decomposition of 10%
SiHy + 90%H, gas mixtures in RF glow discharge
plasma. a-Si:H layers with 0.6+0.7 um thickness
were deposited on quartz glass substrates at substrate
temperature T=343 K. Nichrome contacts were
formed on the film surface. Measurements were
made at electric field of 12 V/cm.

The measured sample was firstly degradiated

by illuminating with 40 W wolfram lamp light passed
through a heat filter during 30 minutes and then was
heated at 387°K temperature during 10 minutes. After
that the temperature
dependence curves of photoconductivity were
measured for two illumination levels:
One (for curve 1) is two times higher than the other
one (for curve 2). All these experimental procedures
were made in a vacuum cryostat with pressure of 10
Torrs.
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Figurel.The experimental and filted temperature
dependent photoconductivity curves of a-Si: H film for two
llumination levels (curve 1 and 2), a-I=10 mA, b-1-20 mA.

RESULT

By using the least of square method, fitted the
calculated o(T)-curves to measured curves. The
results are shown in Figure 1 and the obtained values
of some parameters of the undoped a-Si:H sample
are presented in Table 1.

Curve| E,, eV | E;, eV Nt;, cm™ [Nt;, cm™ | G, c|m",
sec’
a 06 | 09 [610° |s-10™ [210"
b 06 | 09 [610"° [1.10° [e6-10"

Table 1. Obtained values from fitting

It can been seen from the Table 1, that the evaluated
values of the parameters of the sample are
reasonable for undoped a-Si:H films. Therefore, we
can conclude that our model based on the general
photoconductivity equations and two level silicon
dangling bond states in mobility gap of a-Si:H films
should describe good temperature dependence
features of photoconductivity in undoped a-Si:H
films.
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Typmanuu kpucTanibiH 6yTu

[.Bysnmuor, L. Menxxapraa, Y.Banpxyy, Jl.Ham-Ouup, 1.OTronbasp

MYHC, @usux Inekmporuxuin cypzyyne,
Onox Typunazetn Qu3ukuin mynxusm

Tosu: bua 313 kNaapaa TypMaTHH KPHCTAMNBIH 2 33X 4BY XapbUYYNaH KpHCTaMN GyTUHfr
PeHTreH GyTuMitl apraap cyaancad. Cyaanraaiibl Yp AYKMIC TYPMaNHHbl KPHCTAIBIH aryyarsir
Tonopxofink GyTuwir aypcnds. TypwnnTaap TypManus kpucrani Gafirans A33p TyiAWHPCaK

GyTauTai Gonox Hu GaTnaraas.
1. OPIOHNN

Bumnuii  3u3  akunL  TypmanMH  KpHCTANBIH
Oyrunitir cymnas. Typmanuun 6on 60pocHIHKAT
Synrufin - mennpan 6a  deppoanextpuk  6a
he3ounekTpuk TICIH OBOPMOU WIHHK YaHAPHIT
Y3YYA03r oM.

dywaz.l Typaaruns xpucnana

YYHHIIr casxHpir 60NTON YHIT uynyy rox Yy3ax
DaHcan, xaaui THHAMY OpYMH ye.d, TYYHHHA ONOH
TOPNHIH X3P3ra33, UAXHIraaH UIHHK “aHapbir
WHH3I3p Haak GakiHa [1]. DH3 kpHcTann LAXHAraaH
YHMIBIpA3X wmIMHXK vadapraifi. TuiiMaac 4
MEKTPOH Yynyy” rax 4 Xanmar. TypManHH Hb
BalHIBM 3N1€KTPOH LIMHK YaHapTaH UOpbiH raHL
3pAd¢ tom [2]. 1986 ouwl yen SinoHsl cynanraaraap,
TYPMWIHH Hb JKHXKHI X3CTYYAdA XyBaaracaH M
TAICTHIH aNb Y TOrcreng Jepar ceper anexkTpoa
opukn 6aiinar 6ereen, 1000°-0 6yuanrax xyprmn
anra Gonporryii 6afiHa. TypMajIiH Hb aMbTaH
YPTaMJIbIH  MeTabOoNMHIMBIT  HAIBXXKYYAROr  Hb
cymiaraak HpcdH [3]). TypmanHwH TIamIr He
GalranuiiH cHNHKAT IpA3CHIH GYNruHitH HIp KOM.
XHMHIH epeHXHH TOMDBEO Hb:

XY,Z(B0,);Si40,,(0OH),(OH, F) ;

X=Na, Ca,K;
i 2 ¥ . _+3 + o 4
Y=ivig, Fe, Mn, Li,Cr ", V 3 Ti, Al

Z=Al, Mg, Fe, V7, Cr),
XaMruiH TyrasmMan TypManuHyyn:

Elbaite Na(Li,Al)]Alé(BO])JSiQOIS(OH)‘
Dravite NaMg;(A],Fe)6(803)3Si60|s(0H)4
Schorl NaFe;(A|,F¢).§(BO;)3Si50;a(OH)4

Uvite Ca(Mg,Fe); AlsMg(BO3);SisO1s(OH)q4
Buergeritc NaFe;Alé(BOg)JSigOu(OH)JF
Foitite Na(Fe,Al);Al4(BO3);Si50135(OH)q
Liddicoatite Ca(Li,Al);Als(BO3)3Sis01s(OH,F)q

LiAl;Al4(BO;);SisO15(OH),

Rossmanite
Feruvite
(Ca,Na)XFe,Mg,Ti)y(Al,Fe)s(BO;);SisO15(OH),
Chromdravite NaMg;Crg(BO;):81503(OH);4
Olenite NaAl;Alé(BOJ)]SiQOH(OH);
Povondravite NaFe;Feq(BO;);SisO5(OH),
TypMaTHH KPHCTa1N napanefis pynnA Xxaparaaar
(ypraxaaa), 6a pomGoxeapan (TpHroHaN) KpHCTaL
6ymursit orropryiin rpynm Hb R3m [6]. Tanct
xanbp Hb (3m) 6yraumsii pomGoxenpan TopoH
6ymursi. Hxanxas pomboxeapan cHCTeMHIAH
TANCTYYA Hb rekcaroHan KpHCTaJ'IJ’l Topur aryymx
Gaitnar. PomGoxeapan rexcaroHan  GyTuuiin
OOPWISNTHITH HAPHITBYILICAH M3AJ3N3N @rorfCeH.
DH3 Hb NaBXap NHpaMHA 6YI0oy TIr XIMT TaicTan

Toouoraaor [4].

0/

3ypae. 2 Typmanunsl Kpucmarsvin xabume

It cleaves very poorly on planes {1120} and
{1011}. Tourmaline varies in colour from
transparent to opaque as in black schorl [4].

2. X-RAY JUMOPAKTOMETP D500

SIEMENS D500 pentren auddpaxromerp GypaH
KOMMNBIOTEPXKCAH, ONOH TOPAHAH MIAIININHIIC
GonoBcpyy/kK,  WHHWKHAMI  xudnar MDI
nporpamM awmnrnagar. Ilporpamm  Hb  XxaiinT,
TOXMpYY/IFa, anrOpHTM, TOOH aHANM3, Aaypc
Toxupyynary, XRD-ufH  WHHX  vaHapeir
TOOLUOONOX 33p3r Yp AYH OonoH oilponuoco
TANCTBIH  M3A33/131 Ga  KPHCTAMIBIH  X3MXKIIr

aryynpar.
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3. TYPHIHJITHIH YP AYH

Our samples of tourmaline were measured on and
on D500 siemens diffractometer.

Typmanuub  GyTuniiH  nmapaMeTpYyaH#Ar noop
Y3YYnas.
ByTumniin xan63p [Cekcaronan
Kpucrannsin ereraen
Orropry#iH rpynn R 3 m (no. 160)
Xamxascyya a=159510 A
c=17.2400 A
Wyckoff sequence c*ba’
a=90°
y=120°
Z=3
AToMyyabIH kKoopanHRaT[7]
Atom Wyc X y z
k.
X 3a 0 0| 0.8408
Y 9b | 0.06148 | 0.93852 | 0.4269
Z 18c | 0.26126 | 0.29749 | 0.4534
Si 18c | 0.18986 | 0.19175 | 0.0640
B 9b] 0.8904| 0.1096| 0.6113
H 9b | 0.1264| 0.8736 | 0.6876
om 3a 0 0] 0.2929
0(Q) 9b [ 0.93958 | 0.06042 | 0.5795
03) 18c | 0.13052 | 0.86948 [ 0.5538
O4) 9b | 0.90697 | 0.09305 | -0.0087
Oo(5) Ob | 0.09146 | 0.90854 [ -0.0292
O(6) 18c | 0.18417 | 0.19430 | 0.2874
o 18c | 0.28499 | 0.28554 [ -0.0137
0O(8) 18c | 0.26962 | 0.20899 | 0.6249

3ypaz.3a Typmarune: amomyyo

3ypaz.3b Tvpmanuns: xpucmanracunm

4. INYYH X3J2JILUIXYH
TypManuuel xpHctai  OyTUHHr  cyanaH
aTOMBIH XonboockH ypT, aryynarpax Oaiiraa
3MEMEHTYYAHHH Oafiplinnbir TOAOPXOIJICOH
Gaiinar. Bepaenut TYypManHHBIr ramma-
pe3oHaHcaap CyNa/DK, TOMPHiIiH HOHYYR Hb
TONOPXOH 3aim WHMKCIH Oafpary, TYYHHIA
KpHcTan OyTusa sAMapy eepunient rapaarryd
Hb TOrTOOrAcCOH. Hamyy ramapryy maw 6ara
TY/1 TICTHIH ranmaan Gailmann Hesieennerry.
Bocoo Gycmyyp Xanbapyyan yyccaussp ramaan
Bailinnaap Hb canrax -aHrmiaax 6onoMXTOH
Gomnor. 3OH3 He [ekcaronans-npHiMm,
TPHTOHAN-TIPH3M, 6a WIHHIP r3X MA3T. BUOHHA
cynancaH Xo€p MO33K reKcaroHan-npH3Ma
Tancxkcad. TypManuHel OyTUHAH peHTreH
cyaanraa Hb ypbi Hb XHuiirnak Oaiiraaryii Tyn
OHAHHA yp XYH Xsf3raapnaraMan TOOHBI
TYPMaJIHHbl  M3M33/3AT3H  Xapblyynariaca.
YHOcoH xonboonyym H33p YHO3CH3H 6HA
aryysnaraax Gatiraa 3NIEMEHTYYAHHH
KOOPIHATBIT TOAOPXOHICOH IYHI TYPLIHATHIH
YP OYHTYYATIM XapbuyyncaH. bun Na-Fe-Al, B-
O-Si, 6a Al-O-B [7) racan yHmcauw xonboocyyn

OoNoH  TYPWHATBHIH yp AYHA  TYAryyphaH
TYPMANIHHLI KPHUCTAINbIH kpHeTann Gyrtumiir 4-p
3ypart AYpPCA3H y3YyA3B.
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