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Abstact

The spectral distribution and mechanism of photoconductivity of
P-type Si single cryEtaI with different surface tIeatments Were
measured using monochromatic square hight pulses of different vvave­
lengths and different chopping freguencies giving 8 L = 1.06 e, 7.,
independent on the surface treatment, hile the photoconductivity"

depends on the surface condition at short wavelength side. 'The٥ ه
aveNage carrier life time r is found to be in the ode of magitude
of 10-6 sec. The dependence ofr upon the light intensity, eCess
illumination and warelength A is also studied.

IMtrodaetioM

Si has a great practical importance due to it's apphications in
infrared, radar detectors and. solar batteries. Theefore a great deal
1e5earch work has been carried out on the physical properties of Si
in the past few years. (1)

The aim of ht presentع work is to sbudy the efrect of suIface
treatmnent of P-type Si single crystal's photoconductive pIopertie8.

The dark conductivity of ه any semiconductor can be expressed
in the folloming Yelation

·٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠ ••• (])٥ =e (n٥L -H PHA)
where e is the electronic chATge, n, and p. are the densities of free
electons and holes respectively and are إ ر, the electron and hole
mobilities respectiively. The excess non equilibrium carriers D n and
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:bsorption of opticl radiation increases
٥ « called the photoconductivity, rhere

+٥«٣ )م

the

(2)

D. p poduced by the
cnductivity by a vlue

,,٥٣)e=٥ ه
Considering the steady state conditions, the non euiibrium carriers
are given by

,,٨K1  ل٢٠--1
st

6 إد ٦٤٦
(8)

The steady state photocondactivity is given by

(u, ٦1٥٢٨٠٥٠٤I H٦٨١) (4)

, whee is م the quantum yield, K is the absonption coefTicient, I  iق
the intensity of light and r is the life time of the charge carriers,
(1--٥-7) which is widely affected by the recombination and tapping
pnocesses in the semiconductoY. These processes depend on the sur
face condition of the material due to polishing, etching or eposure
to different kinds of gases.

According to Devore (6) analysis ,, ذ ه (bulk) , لا<< (surf) and
the ratio between the two values is directly proportional to the sur­
face necombination velociy s, thus in the steady state

(bul)٥ ه
{surf د،، « ٥ ه(8

The photoconductivity of Si was studied by TeAl (4,9) giring a maxi­
mum photoconductivity a coIrepondig ا ي,«=1.05 م to ٥ E, =
1.12 e.7. Ivanof(10), Kontsevoi(1'), RGshba (13), Bath (13) and Morten
(1٩) studied the efrect of suIface conditions on the spectral distri­
bution of the photoconductivity giwing difTerent values of S for dif­
ferent surface treatment of thin slab of Si The dependence of
٥ « of Si on the intensity I of illuminaتt ion was investigated by Pet
tusevich (15), Talat and Yunowich (16) and Cutler (13). The Iife
timer was also deteLmined by Hograth (17) giving a value of 80 x
10-٥ sec for P-type Si. The activation energy of impurities was
meAsured by Collins (18). The recombination and trapping of non
equilibwrim caIrieIs in Si was studied by Mayres and Rornkeck (10).

h:;per'imeital Procedare

'Thin specimens with rectangular cross section of P-type Si
single c1ystal, oxidized or polished or etched with difTerent otchants,

(5)
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weIe used in the present work For the purpose of contct we used
silver paste, whieh gave a satisfactory ohmic contcL with the mate­
Yial under investigation. The opticAl system and electrical ciIcuit
used for meAsurements is show in fig. (1). The light souIce S is
a band filament tngsten lamp (1000 w), cooled with compressed air.
Light is focussed on the monochromator slit MI, where it is chopped
by a toothed disc C, rotated bya stable D.C. motor m to obtain sys­
tematic square light pulses of difTerent freguencies (4000 - 6500 e/sec).
The diaphagm D is wsed for the variation of light intensity. 'The
monochomatic chopped light is then focussed on the specimen r,
which is connected to a load resistance R (R = r) thought a D.C.
supply V. 'The load resistance R is connected to an oscilloscope
through an A.0. wide band amplifier A. The altemating voltage v
received at amplifier, observed on the oscilloscope and measured by
the millivalve voltmeter v is pronortional to the photoconductivity
٥ «, where

1 ٥
6 م

Assuming and د د ر

4 ٧
}

oذ 
 و سي كي

(6)

This experimental arrangement is used foY tle detemination of :
a- The spectral distibution of the steady stat plotoconductivity

D  ه

b- The Life time r from the freuency dependence method (7,20).

c- The Iife time r ewaluated from the oseillograms (:,29),

Results amd Dieessiom

Fig. (2) shoms the spectra] distribution of steady state photo­
conductivity at room temperature of oxidized P-type Si single cry­
stal at different four intensities of ratio 1 :2:4:8 for cuIves a, b,
c and d respectively. Fig. (3) shows the same relation fo1 P-type Si
single crystal with various surface treatments at constant intensity.
It is clear that all the curves in fig. (2) and (3) show a peak a٨=
1.04 giving» = corresponding م117 to optical activation energy ٥ E
= 1.06 e.v. in good agreement with walues Iepoted by other authoIs
(٩,٩). Fig. (3) shoms a steep fall at ahort wave length indicating
thAt the photoconductivity for etched sample f is higher than that
for polished sample a. This behaviour is due to surface recombina­
tion Yesulting from changing the surface condition whieh afTects the
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number of clefects acting as surface states recombination centres pro­
duced by mechanical or clLemical treatments of the sample as shown
in plotographs a and f in fig (4), where the number of defects is
lage for samnple a, wvhile it is 1educed for sample f due to etching.
According to fig. (3) and equation (5) :S, (polished) > S, (etched).a
This conclusion agees with results of other authors. (10-15)

Fig. (5) shows the dependence of the photoconductivity singal on
the illumination itensity I, showing that ٥I ه ء at low intensities
(linear 1ecombination), while] ٥e ٢at high intensities (quadratic
1ecombination) as verified in fig. (6).
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Fig. 4 Photographs of polished And etched samples.

Fig. (7) represents the photoconductivity freguency dependence
at٨= 1٠14 at diferent intensities of 1atio 1:2:4:8:16 for curves
a, b, c, d and e respectively. FIom these curves the iife time r is
calculated according to the following relation.

1 ه1
5٤ = tansh 7 ٠٠٠٠٠٠٠٠٠٠٠٠٠٠. ...(7)

gا wung + =e42,51,61ف, and 87 .sec عر reapectively. Values obtained
are represented gaphically against og I in fig. (8), indicating that r
decreases with increasing I. Such behaviour ma be due to tiapPing
pY'ocess of carriers.

The relaxation oscillogram method was also used for the dete1'­
mination ofr. Fig. (9) shows the vaniation of D with ه time t du'­
ing the decay evaluated from one of the obtained oseillograms giving
a staght line as expected from the 1elation
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-٤٢"e٥ د=ه ,ه (8)
where + is calculated from the slope. Values thus obtained are in
the same order of magnitude as those obtained by frequency depen­
dence method. Fig. (10) represents the relations D (A) ه and (٨)'
showving that- has a minimum at the position of ٨ peak = 10,3 < لل
This agrees with the theoretieal point of view, where ٠٥a ٥ م
according eguation ما (2), ٥ n eI aعcording to equation (3) and
I according-' ه to fig. (8). Thus  ء

٥٦٢
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