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ABSTRACT

In the present work, including study the effecdiffierent concentration (X=0.1, 0.2, 0.3, and 0.4 3ubstrate
temperature(303 and 348) K, and annealed to %48. on the electrical properties for RBe_x thin films, which
prepared by thermal evaporation. D.C. conductivdtyowed increase with increasing concentration sabs
temperature and annealing temperature and alldilmave two activation energy Hall measurements sbaat
the films at x=0.1and x=0.2 was n- type, but at x3=@nd x=0.4 was p- type with carrier's concentatiand
mobility increase with increasing of substrate tengure and annealing temperature .
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INTRODUCTION

Metal chalcogenide compounds, which are semicondirctnature, are of considerable technical intarethe field

of during the past decades[1]. The lead chalddgserPbX (X=S, Se, Te) have been a subject oéatgmount of
theoretical and experimental studies, motivatedth®yr importance in infrared technology, and mogeently ,

because of their utility in laser technology andresmoelectric materials [2,3].

The lead salts exhibit properties which are unysedhtive to other semiconductors. Compared fangxde with
the usual IlI-V compounds, these IV-VI chalcogemssent non typical electronic and transport proggrsuch as
higher carrier motilities, higher dielectric consi® narrow band gaps and a positive temperatuedficients
,electronics and electro-optical devices [1,2,4].

Lead selenide is a polar semiconductor which hagdnionic and overcomes the covalent bond wherm d#ams
connected to selenium atoms in dual ions forrif{RInd S&)[3,5]. It is possible to prepare n-type and p-tyge
PbSe thin film. The PbX compounds are narrow digagh semiconductors ,group IV-VI , which crystadliat
ambient conditions in the cubic NaCl structure. Tépace lattice is face center cubic (f.c.c.) witti¢e
parameter(a=6.12ZA, energy gap equals 0.27eV at room temperatielectric constant is 20 ,the melting point
of PbSe is 133% and the refractive index at|(81) is 4.54 [6,7].

In this study the effect of concentration of saélem substrate temperature and annealed temperaturihe
electrical properties of RBe thin films were investigated.

MATERIALSAND METHODS
The PiSe x with different X(0.1, 0.2, 0.3, 0.4) compound w@repared as alloys by using high purity (99,999%)

(lead and selenium) metal obtained from Balzerespamy. Each element weighted according to its atomgight
and then mixing in quartz tube (length=25 cm, diterv).9 cm) evacuated at pressure of*(frbar). The tube was
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sealed and heated in electrical program contrdllemace of type (Qallenhamp) at temperature 950 &nd
maintained at this temperature for about 5 houdsthan allowed to cool slowly to room temperaturéAfter that

the ampoule was broken and the prepared compoundit§Se x was taken out and powdered to grain powder.
This powder was used to prepare the films byniaéevaporation using Edward coating unit (moded&) at a
pressure of (1B) Torr. A molybdenum boat is used as the evaparatmurce and the substrates are placed directly
above the source at a distance of nearly 15cm.Tass gubstrates is freshly cleaned with a purehalcand
distilled water followed by ultrasonic agitation.

The electrical conductivity has been measured fametion of temperature for RBe_x films. The measurements
have been done using sensitive digital electrontgper keithley (616) and electrical oven. The\atidbn energies
was calculated from the slope of the plot ef irersus 1000/T according to equation [8].:

0 =0, exp (-E/KgT) )1

Whereo, is the minimum electrical conductivity att0, E. is the activation energy, T is the temperature lgis
the Boltzmann’s constant .

Hall Effect measurement was determined by using BO0® Hall measurement setting. Applying ~a magneti
field B [called ” Hall field] perpendicular to the eetric field , yields a current (1) thenethransverse
electric voltage is given by[9].

V, t

Ri=7"15 @

where | is Hall current, Y is Hall voltage and [Ris Hall coefficient. From the Hall coefficient egfion we can
determine the carrier's concentration of the sentlaotor, and the carrier type, since RH is negdtve—type and
positive for p— type :

For n-type R=-1/n.e (3)
For p-type  R=1l/p.e ) (4
If the conduction is due to one carriers type elgctrons, then the mobility can measure [10]:

b= =aR| )

RESULTSAND DISCUSSION

The crystal structure of RBe_y films, which were evaporated on glass substratéls thickness (150+20) nm at
room temperature were shown in figure (1) . Thecttire become a mixture of cubic and hexagonéXa0.2,0.3
and 0.4)). The preferred orientation lies alongOj2@irection . Our results are nearly in agreemsith Al-
Woaely[11] and Kassim etal [12].

The d.c conductivity for RiSe_x films has been studied as a function of/TOwith the range of (300-473 K), at
different value of X (0.1, 0.2, 0.3, 0.4), diffatesubstrate temperatures (303, and 348) K, andaed to 348K.
as shown in figure(2). It is clear from these figuthat there were two transport mechanisms, givisg to two
activation energies Jgand E, At higher temperature range (331-393) K, thedoation mechanism is due to
carrier excited into the extended states beyondribigility edge . At lower temperature range (29331 ) K; the
conduction mechanism is due to carrier excited lotalized states at the edge of the band. Wereaew the
results as follows: From figure they() of PhSe .y films increases as the Pb concentration (x) ire@gaTlhis may
be due to change in the localized states, structuré composition of films as well as to the reeagement of
atoms which yields fewer defects. This resultsaam@ement with Kumar etal[13].

189
Pelagia Research Library



|zzat M. Al-Essa and Ahmed Jumma Noori Ad\ppl. Sci. Res., 2014, 5(5):188-193

asa
= FFlaise
- T
R
=} =
- = ™
2 AN &
My o =
wal Wi % =
sa | et el W, =
e x"-’-n-n F s .
B gl PRtz
—
3
= =
- T
-] rh e
. P i T =
% B ot ' =
1 T e o m ey ot ', i Fhg aSeg s
o A
-
g =
o -, Y
- i Y, =
T o =8
e PR L e LT
T ot T B e A o e it g N
=
ros =
=
I, .
. F"""*ll ik TS , .r:=":
sk —_ t s
e o ™l o
s T Lty st 1 om0 ot )
- ) - = = T = =1 ="

2 (W gre)

Fig. (1)X-ray diffraction patternsof Pb,Se;.« prepared at room temperature with different x (0.1, 0.2,0.3and 0.4)
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Fig.(2) In o versus 1000/T for for PbySerx (A) Ta & Tsat RT ,(B) Ta=348k and Ts=RT(C), T,=RT and Ts=348K, (D) T, & Tsat 348K
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It ass found that thesy. conductivity of

PRSe x films with different x increases with increasirtgtsubstrate
temperatures (J and annealing temperaturg(,T The activation energies decreases with incngaie substrate
temperature and annealing(as shown in figure 3)adldecreases the energy gap.
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Fig.(3)(a) 6q.cVs. Pb concentration & ( b) Ex and Ex, vs. Pb concentration for

Pb,Sex at (A) Ta& Tsat RT, (B) T.=348k and

T&=RT,(C) T.=RT and Ts=348K ,(D) Ta & Tsat 348K

The value of §d.c) and activation energies are listed in Tabje (

Table (1): D.C Electrical conductivity and activation energies at different valuesof (x) for Pb,Sei.« with the Effect of substrate and
annealing temper ature

Ta(k) | Ts (k)| x | orrv10% | Ex (eV) | Range (K)] E(eV) | Range (K)
0.1| 0.026 0.0731 303-373 0.1725 373-478
RT RT 0.2| 0.187 0.0537 303-373 0.1538 373-47B
0.3| 0.281 0.0434 303-373 0.1532 373-478
04| 1.456 0.0322 303-373 0.1389 373-478
0.1| 0.037 0.0750 303-373 0.1833 373-478
348k RT 0.2| 0.265 0.0546 303-373 0.1606 373-473
0.3| 0.498 0.0580 303-373 0.1357 373-478
0.4 | 3.268 0.0366 303-373 0.1320 373-478
0.1]| 0.042 0.0713 303-373 0.1487 373-478
RT 348k 0.2| 0.299 0.0628 303-373 0.1406 373-473
0.3| 0.736 0.0686 303-373 0.1531 373-478
04| 3.831 0.0453 303-373 0.1254  373-478
0.1| 0.026 0.0705 303-373 0.1528 373-478
348k 348k 0.2| 0.174 0.0401 303-373 0.1228  373-413
0.3| 1.333 0.0353 303-373 0.1156 373-478
04| 5.797 0.0281 303-373 0.1190 373-478

The sign of Hall coefficient (B indicates thatPhSe, thin films behaves as a n-type semiconductdxfdr.1land

x=0.2) and p-type for(x=0.3 and x=0.4).

The carrier's mobility was calculated from equat{®). From the figure(4 a and b) it was found thlhthe carriers
concentration increases with substrate temperatudeannealing temperature ,but mobility decreagle stbstrate
temperature and annealing temperature increases.
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(4)(a) and (b) Variation of Hall mobility and carrier concentration asthe versus X for Pb,Se;. filmsat (A) T.=RT and Ts=RT (B)
Ta=348kand Ts=RT(C) T-=RT and Ts=348K (D) T.=348k and Ts=348K

This may due to the re-crystallization process,clwHeads to the decrease of defects in the filminduthe film
growth , and consequently a decrease of theetarsicattering at the defect. The increasingafrystallization
leads to rising the potential barrier, for thats@athe mobility increasing. Our results are agesgnvith Nayef
1[4] and Arivazhagan etal[15].

It can be observed from table (2) that the casriedncentration and mobility increasing with ingeaf the Pb
concentration. The substrate temperature and ange@mperature considered as an effective paranoetehe
carrier concentration and mobility

Table: (2): Hall parametersof Pb,Sei.xat  X=0.1,0.2,0.3and0.4 with the effect of substrate temperature and annealing temperature

To(% | T(% | x [ Ra(enlc) | n*10"(cm®) | 6 (@.cm)* | p(crPv.sec)| typel
0.1 | 4.40E+03 1.42 0.00026 1.1 n
RT RT 0.2| 2.30E+03 2.72 0.00186Pp 4.3
0.3 | 4.10E+03 1.52 0.00280f 115 I
0.4 | 4.70E+03 1.33 0.01455¢ 68.4 ¢
0.1 | 3.70E+03 1.69 0.000372 1.4 i
348 RT 0.2] 1.47E+03 4.25 0.002653 3.9 n
0.3 | 2.54E+03 2.46 0.00497% 12.6 ¢
0.4 | 1.52E+03 4.13 0.03268 49.5 [
0.1 | 3.00E+03 2.08 0.000421 1.3 N
RT 348 0.2| 4.40E+02 14.20 0.002988 13 n
0.3 | 1.80E+02 34.72 0.007358 1.3 ¢
0.4 | 2.30E+02 27.17 0.038314 8.8 ¢
0.1 | 1.50E+03 4.17 0.000261 0.4 i
348 348 0.2| 2.20E+07 28.41 0.001736 0.4 n
0.3 | 9.00E+01 69.44 0.013338 1.2 I
0.4 | 1.15E+02 54.35 0.057971 6.7 ¢
CONCLUSION

The PiSe x with differnt X(0.1, 0.2, 0.3, 0.4) compound wemepared successfully as alloys by using high purit
(99,999%) lead and selenium metal. The D.C. gotidty for all films increases as the Pb concatitn,
substrate temperature and annealing temperatureas® . There are two transport mechanisms of hiaege
carriers. In general the activation energies daserasith increasing Pb concentration, substrate éeatpre and
annealing temperature . The Hall measurements gshtive¢ PRSe « films were n-type at x=0.1 and x=0.2, and p-
type at x=0.3 and x=0.4. Carrier's concentratod mobility increase with increasing with the ®mcentration.
While the carrier's concentration increases witlbsttate temperature and annealing temperature miolility
decreases
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