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Abstract:

The Hall coefficient Ry, the Hall Mobility ppy the hole  concen-
tration P in thin Te films were investigated at room temperature
as a function of both the applied fleld intensily (0-0.7§ Tesla) and
the film thickness (810-8885 A). It was found that both Ry, pup and P
are [ield independent, whilst they show guantum size effect with
the film thickness.

In addition, some semiconducting properties as the Fermi
energy, the Fermi wvelocily, the Fermi wave vector ond the reloxe-
tion time were calculated.

Intronduciion

Recently, many  sludies wete performad on the  semicooducting Behaviower o
vacuum-=deposited  tellurium films becsuse of thelr possble applications in thin Tilm
Lransistors (1,23, strain-sensitive  devices (3), infrared detectors (80 and thin Tim
circuits {31, Ewven though muoch literature {1-11) iz avallable wilh regard Lo the
temgerature dependence of the electrice! properties of Te tilms, there 5 ono inkensive
walk concerning Hall measurements carried out at room tempecature,

In the pressnt work, the prirmary emphasis was ta iovestigate the following:

(i} The Hall coefficienl dependence of the applied figld interaily,

(il The Hall cpefficient dependence of the Tilm thicknesa.

(i) The Hall mobilily dependence ol the agplied lield intensity,

{iv) The haole concenlralion dependenca ol bath the spplied field intensity  and the
film thicknasse

(v} Magnetoresitance in thin tellugium Tilms.

The otssrvaliors o our investigations on  vacwumedeposited  Lellurium Hlne
are repotted in this paper laking into Gecount thal all measurements were pariormed
at room Eemperatouee BT,
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Cxperimental P rocedunes

Tellutivm  Tilng  were  deposiled on glass  sebstrates by thermal pvapatatisn
in & vazuum af 107" Tare. The rate of deposition (5 & s~ 1} o3 well as the substrate
ternperature (AT} was kepl constant during the deposition process. The Tilm Lhickness
was controlled using  crystal thickness manitar, then messured applying Tolansoys
method (12). The film had the stendard Hall shape ol dimensions & x (0L, cm with
& leads for curcent, Hall vollage and magnetoresistance messurements. Figure {17
shavwes the genernl shepe of the samples. The Hall coeflicient meamsrements were
performed  wsing 8 dae, techhique. Mumerals 1 and I indicale the current  leads,
} and 4, the Hall voltage grobes 5 and & the potential leads for measuring the
pesishance withoul and with applying the megnetic field respectively.

Ta ohtein & good contacl with the film uneder fest, silver clectrodes woro
printed on the glass subzitale before lhe Te film preparation. Printing these eleciooedas
tequires & special  lechnigue. Mkis technigue is bnsed on |'|.'|in1ir:q such  clecirgodss
wilh a special paint comprsed aof wvery finely powedered  silver mized with 3 lux
of lead bBarate (ratio 2 to 1L The liquid medivem was the oll of lavendsr Lo give
ther paint the required constituency  for Ehe  painting  Tacilili=s,  After dryness, ihe
cubstrate was baked in o muflle Tufnoce at SO00°C far 3 minubes.

The Hall voltage scross the torminals 3 oand 4 wes measured wsing 8 Tinsley
potentiometer U] 330 with accuracy + 0,5 v, taking into accounl the wsual precau-
tions L., reversing the polarity of the slectramagnet and the direction of the current
podsing thraugh tha sample.

Resulls ad Discissiong

(i} The Hall Coefficient Dependence of the Applied §ield Intensily:

Ta investigate the eflect ol the sgplied field intensity (0-0L78 Teslal on the
Hell coetfficient, ﬂi:«:n samplas of different thicknesses swore pregared in the thicknoss
range of BI0-496% A, The chilained data wes illustrated in Fige 2. As sharw, Lhe Hall
coelticient of Te bhin filrm is field independent for Lhicknesses up Lo 000 A but Tor
figher thicknesses H:H_ Behaves as il il is field dependents This Gehaviour, indicatos
that, the measurements, in general, were performed o the low field regime &l owhich
wr L1, where 4r, ks the cycletron orbit sndgiis the relacation time,

(@) The Hall Coefficient Dependence of the Film Thickness:

One of the interesting gesulls of Hall effect messoremsnts caivied oul  at
RT wsing Te thin films is the variation of Ry with tha film thickness t. Figure 3
represents F‘H = {{t}. This Tligure indicoles (he exislence ol quantum  sice  effact
which can be eltributed to the guantum nelute of Lhe charge cacrizrs which becomes
ubivious when the thickness al the sample s commensurale wilh its de 3raglic wave=

lemgihy and when the film thickness @5 mugh leggs than the mean free peth o of fhe
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Fig.1: Hall sample shape.
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Fig2: Plots the relation between Hall coefficient Ry and Intensity of magnetic field
B for different thicknesses ol thin Te [lilms:
1) 3848 A 2) 810 A

3) Sn34 A
) 4555 A ) 8955 A

6) 7069 A
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tary it was Tound thiat q = 18350 A. Accordingly, ns tpay = 8965 l. one can expect
under these condition, that the transverse motion of the free corriers in our Te
films shows Lhe effect of quantization.

(i) The Hall Mobility Dependence of the Applicd Field Intensity:

Figure & shows the Hall mobility in Te films as a function of the applied
tield intensity. four samples of different thicknesses wera given as o representative
example. As observed, it seems that s field independent up to 0.78 Tesla.

(iv) The Hole Concentration Dependence of Both the Applied Field Intensity ond
the Film Thickness

Throughout Hall coefficlent messurements, it woes found that Te films are
p-type semiconductors, The effective number of holes per cm’ was calculsted.
The oblained date shows thst the hale concentration s field independent, whilst
it shows guantum size effect as =shown In Figs. 5 and 6 respectively.

From the Hall =ffect mcasurements of Te films, the Fermi energy £y, the Fermi
velocity vy the Fermi wave vector Ky and the aversge reloxgtion time  have been

celcutated. The obtained date is given in Table 1.

Table 12 f.'. Yo K’ andT for Te lilms at RT

3 A Eqy oV Vis m/ seex10? K em~Tx10°7 4 oo secx10714
810 00053 D.L33 0,575 5.03
L4655 00027 0. 206 0.266 93.68
5034 p.oas} 0.350 0.275 19.20
TOGE 00018 295 0,220 42.78
BYGS 0.00z2 D.278 L 0.242 332

{v) Magnetaresistance_in Thin Tekurium Films:

Thin tellutium films in the thickness range of A10-896% A di¢ not show any signi-
ficont magnetolesistance when messured ol RT. This resull is in agreement with thal
reported by Goswami snd Ojha (7) and in disagieement with those repoited by Albers
and Gertig {11},
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