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Single crystals op-GaTe were grown by the Bridgman technique and characterized through x-ray diffrac-
tion, energy-dispersive x-ray analysis, x-ray photoemission spectroscopy, and transmission electron micros-
copy studies. The photoconductivity spectral response for in-plane conduction showed a peak at(¥466 nm
eV). Photoconductivity gain was determined in two orthogonal directions from which the majority carrier
(hole) lifetimes were found to be 3.43810 7 and 2.0 10 % s, respectively, parallel and perpendicular to the
layer planes. Studies of the temperature dependence of conductivity in the directions along and perpendicular
to the layer planes were carried out between 10 and 80 K. Along the layer planes the condGgtaaged
as InT between 12 and 20 K, characteristic of weak localization, while between 20 and 50 K the conductivity
o) varied asT2 In the perpendicular direction the conducta@e varied as expl/T,)Y® between 9 and 20
K and the conductivityr, varied as expi/T,)** between 20 and 50 K, characteristic of hopping conduction in
two and three dimensions, respectively. Negative transverse magnetoresistance was observed at 10 K for
conduction in both directions for magnetic fiel#s<0.4 T, the increase in conductance being found to be
proportional toH?. Band conduction with positive magnetoresistance was observed for both current directions
at T>70K. Thel-V characteristics at 10 K showed quantized behavior due to electron tunneling across
potential barriers caused by stacking faults between layer planes.
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[. INTRODUCTION melt-grown and vapor-transport-grown GaTe, respectively.
The main scattering mechanism was due to ionized impuri-
Layered semiconductors have always been of interest dues for T<<80 K. Only in-plane properties were studied, the
to their anisotropic properties, resulting from strong covalentighest hole mobility being 50 cf#V's in melt-grown and
bonding within the layer planes and weak van der Waal$50—100 cri/V's in vapor-transport-grown crystals at 80 K.
type bonding between thehRecent interest is due to their Impurity scattering was again identified as the principal scat-
possible applications in van der Waals epitdxy.has also  tering mechanism, the exponent of the jog vs logT
been found that during epitaxial growth of 11-VI compounds curves being found to be 1.57, 1.48, and 1.70 for crystals
on IlI-V substrates IlI-VI compounds such as GaSe andgrown by Bridgman, chemical transport, and sublimation
GaTe are formed as intermediate layéGaTe crystallizes techniques, respectively.
in the monoclinic systenspace grou;ﬁlg). According to the Brebner and Fisch@studied the fundamental absorption
Mooser-Pearson criterion it is a 11I-VI semiconductor havingedge of cleaved GaTe crystals. At 300 K the peak occurred at
one cation-cation NI-M) bond and formingX-M-M-X  1.663 eV, and it split and shifted to 1.779 and 1.795 eV at
chains. GaTe has a more complex structure than GaS a2 K. Study of the photoreflectance spectrum at 295 K
GaSe with two different types of Ga-Ga bond. Differentshowed a positive peak near 1.679 eV attributed torthe
polytypesp, &, ande, with space groupBg;,, D3, andD3, =1 exciton line. Waret al.” presented photoluminescence
have also been reported. and transmission measurements on vapor-grown GaTe. The
Fischer and Brebnéstudied the resistivity and Hall ef- ground state & triplet and singlet excitonic peaks were
fect in GaTe single crystals between 80 and 1000 K. All theirfound be well resolved, the triplet state lying 1.6 meV lower
samples, regardless of the low-temperature properties, exhilthan the singlet. However, to the best of the authors’ knowl-
ited intrinsic behavior above 600—700 K. In this range theedge, photoconductivity studies on GaTe single crystals have
in-plane resistivityp,= p, , the resistivity normal to the layer not been reported before.
plane, while between 100 and 300 K the crystals wetgpe A comprehensive study of the Bridgman growth, charac-
with anisotropyp, /p,=30-70. The effect of cold working terization, transport properties such as thermopower, resistiv-
was found to increase both resistivity and Hall coefficient,ity, and Hall effect, and dielectric constants in single-crystal
which was attributed to the creation of new electronic levelsGaTe and InTe was taken up and some results have already
near the bands. been reported? The hole concentrations in GaTe were
Manfredottiet al® compared the properties of melt-grown found to be (2.75-6.5§ 10"%cm® at 300 K. In-plane hole
and vapor-transport-grown GaTe crystals and found a highenobilities of 450-500 ciV s at 80 K were found, the high-
hole concentration of 4 10'"/cn?® in the former compared est reported in GaTe. Thermopower measurements along and
with 6.1x 10*%cm® in the latter. The principal acceptor lev- perpendicular to layer planes yielded density-of-states hole
els were 74 and 152 meV above the valence band for theffective masses ofmj=0.465m, and m} =0.995n, in
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TABLE |. Conductivity anisotropy and activation energies in GaTe with doping between 80 and 250 K.

o (Qem o, (Qem) T Ea (mev)
Sample 300 K 300 K 80 K 300 K 80-100 K 100-250 K 80-100 K 100-250 K
Undoped (3.33-4  (3.33-3 55-60 8-10 23 40 74 110
X102 X103
Ge doped 5.810°% 2.46x10°% 65 20 35 54 97 125
I, doped 1.6%K10°% 7.6x10°° 68 22 42 62 154 221

good agreement with Schmid’s scattering model. Deep-levelvas metastable. A 30 min anneal at 110 °C caused conver-
studied® were also carried out, showing the presence of arsion to the stable monoclinic phase. The ingots thus grown
acceptor level 0.45 eV above the valence band that trapsere 2—2.5 cm in length and 1.2 cm in diameter. Samples
holes at low temperatures. Thus electrons are considered t@uld easily be cleaved along the layer plafgarallel to the
be the mobile carriers af<50 K. The study of Schottky growth axig.
barriers on such an anisotropic semiconduct®aTe was Impurity analysis of Ga, Te, and GaTe carried out using
reported;" the thermionic emission theory was verified, andthe inductively coupled plasma emission technique showed
the Richardson constants were shown to be in agreemeftie principal impurities as Pb, Sn, Fe, and Mg at 0.67, 0.56,
with the experimentally determined hole effective masses. .34, and 0.26 ppm levels. Pb has been shown to give rise

In this paper we report a study of photoconductivity spec+o p-type behavior in InSe, Sn givestype conduction, while
tral response which showed a maximum at 747 (in66 Mg on the Ga site is expected to be a shallow acceptor. Thus
eV). The conduction mechanisms along and across the layeéhe deep acceptor level observed in undoped GaTe, as dis-
planes, which exhibit weak localization, hopping, and banctussed later, may be associated with Fe or with unspecified
conduction at temperatures between 10 and 80 K, have alsfative defects. Energy-dispersive x-ray analyBBAX) and
been studied in detail. Negative magnetoresistance was oR=ray photoemission spectroscop¥PS) studies were con-
served for conduction both along and perpendicular to thejucted to determine the crystal stoichiometry. The Ga con-
layer planes at 10 K. The-V characteristics showed evi- tent was found to be 49.2-49.3% by EDAX and 49.1—
dence of quantized behavior due to carrier tunneling. Thet9.2 % by XPS, the corresponding Te content being 50.8—
results of transport studies are interpreted as being influencesb.7 % and 50.9-50.8 %, respectively.
by stacking faults between the planes as observed by trans- The crystal structure of the grown crystal was determined
mission electron microscopyf EM). by the powder diffraction technique. The spectra gave char-
acteristic strong peaks for t{&10), (003), (402, and(201)
planes and yielded the following lattice parameters for the
monoclinic structure: a=17.32,b=4.05, andc=10.54 A

The growth of GaTe single crystals has been carried outith 3=104.4°. The single-crystal nature was verified using
by various workers using the closed-tube sublimationthe Laue back-reflection technique, which showed GaTe as
techniquet? iodine-assisted chemical transpbit, and  having(001) orientation along the layer plane.
Bridgman-Stockbarger melt growtf!®The last method was TEM and electron diffraction studies were performed on
used in the present investigations. The phase diagram of tleamples cleaved parallel to the basal plane. These were ex-
Ga-Te system shows a number of compounds such as GaBeined with a Philips 100 keV microscope. The diffraction
having a melting point of 1097 K and GkEe; with a melting  patterns showed single-phase material with twofold symme-
point of 1063 K. GaTe was first synthesized by taking sto-try characteristic of a monoclinic structure, the lattice param-
ichiometric amounts of 99.9999% pure Ga and Te in high-eters being consistent with those found by x-ray diffraction.
purity silica tubes. Ga was etched in concentrated HCI and’he presence of extended lattice defects in the region exam-
Te in HCI:GH5OH in the ratio 1:10 prior to loading. The ined gave rise to splitting of the higher-order spots. The
quartz ampoules were evacuated to 4rr before sealing. TEM photographs showed the presence of partial disloca-
These were then slowly heated in a furnace to 1200 K, maintions in the basal plane. The dislocations divide the sample
tained at that temperature with constant rotation for melinto ribbons of stacking faults as wide asuin, which are
homogenization for 12 h, and then slowly cooled at 50 °C/hseparated from each other by unfaulted regions. Similar ob-
After synthesis the tip of the ampoule was connected to servations have been made of glide dislocations lying in the
thin 3-mm-diameter quartz rod for better nucleation duringbasal plane of GaS¥&.The etch pit density, measured on the
slow Bridgman growth. The ampoule was then placed in dayer planes using }Cr,O- diluted in H,SO, as etchant, was
vertical SiC furnace with good temperature control and confound to be between%10° and 1x 10'/cn?.
nected to a slow-spee.1 rpm motor. After heating to Apart from nominally undopeg-type GaTe crystals, dop-
1150 K and maintaining for 8 h, the ampoule was slowlying with 0.5% Ge and 0.5%;las possible donors was also
lowered at a rate of 1.2 mm/h through a temperature gradierdarried out with the aim of type conversion. This resulted in
of 20°C/cm to 400 °C. Finally the furnace was cooled tocrystals with higher resistivity due to compensation, in-
room temperature at 100 °C/h. The resulting hexagonal phasgeased activation energies in both directions, and increase of

Il. GROWTH AND CHARACTERIZATION
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1.2 combination may be high. It is known that the effective life-
time 7. is determined by both bulk and surface lifetimes,
1.0k and g, respectively, i.e.,
Uresi=Ury+1l7s. (2)
0.8

For a thin slab of thicknesd it has been shown that
0.6k =d/2s, wheres is the surface recombination velocity. Thus
the location of the PC maximum depends on the relative
importance of surface and bulk lifetimes as well as the

Normalized photoresponse larb.unit)

0.bF sample thicknesd compared with the absorption depthrl/
An exact expression for the spectral response of photo-

0.2} conductivity was derived by de VoréWith some simplify-
ing assumptions such as local electrical neutrality, steady and
[} N ) ! 1 i " weak excitation, and absence of trapping, this can be written

660 680 700 720 .0 760 780 as
A (nm)
1-e %

FIG. 1. Spectral response of photoconductivity in GaTe with

lpc= T B Wit
conduction along layer planes and light incident perpendicularly. 1+Rcoth(W/2)

. . . _ RW W coth(W/2)—Z coth(Z/2) ]
the anisotropy factor as given in Table I. No type conversion xXy1+ W2— 72 , 2

was observed. With further increase in Ge concentration to
form the alloy Ga_,GgTe (x=0.15-0.50), the dielectric wherelL is the diffusion length| the specimen thickness,
constant increased and ferroelectric behavior was observatle absorption coefficienD) the diffusion coefficient;r the
as already reportel.For p-type doping attempted with Zn, carrier lifetime, W=1/L=1/(D7)Y2 Z=al, andR=s7/1.
the anisotropy factor decreased, as also did the activatiobe Vore has shown that a maximum in response occurs for
energies. s>D/7. Since « is not known for the entire wavelength
region, the following three limiting cases can be takéi:
I1l. PHOTOCONDUCTIVITY a<l/L at low energies(ii) a~1/L near the absorption
edge, andiii) a>1/L at high energies. In the first case, the
Optical absorption studi@®n single crystals perpendicu- yariation of Ipc with A is determined byZ and effectively
lar to the layer planes gave a direct energy gap from lineafo|lows that of the absorption coefficien(\). The second
(ahv)? vs hv plots of 1.66-0.002 eV in good agreement condition gives the response maximum. The last case can be
with the reported value of 1.663 eV. PhOtOCOﬂdUCtiVity SpeCysed to determins since in this regionZ»W and Eq(Z)
tral response and gain studies were then conducted ofan be simplified to
samples typically 0.80.3x0.06 cni. Evaporated In elec-
trodes were used after annealing at 200 °C for 2 min. The 1+(RW2Z)
sample was illuminated by a tungsten-halogen lamp through |pc=m- ©)
a grating monochromator with automatic aperture and inten-
sity control in the spectral range of 600—-800 nm. Sampled$n the present case the relative PC response saturates at a
were mounted in a liquid-nitrogen-cooled cryostat withvalue of 0.22. This giveR=29 from Eq.(3) considering an
guartz windows for low-temperature studies. Photocurrentsirbitrarily large value ofZ. From thiss is found to be
were measured using a Keithley 160B digital multimeter ca4.3x 10* cm/s. This is a reasonably low value, which can be
pable of measuring down to 1 nA. The photoconductivitycompared withs=10°cm/s reported by Augellet al® for
gain was studied using a 500 W tungsten lamp focused t&aSe, which has a band gap of 2.0 eV.
give an intensity of 55 mW/cfon the sample, as measured  The |-V characteristics of the samples both in the dark
by a calibrated solar intensity meter. and with tungsten illuminatiot65 mW/cn?) were studied in
The spectral response of photoconductiviBC) in the  the different current flow directions and were found to be
layer plane normalized with respect to the peak at 747 nnlinear with applied voltage. The dark currditin the direc-
(1.66 eV} is shown in Fig. 1. The measured response extendson perpendicular to the layer plane was found to be smaller
to 780 nm(1.589 eV at longer wavelengths and saturates atby a factor of ~6—8 at 300 K. The photoconductive gain
a value of 0.22 at wavelengths shorter than 660 nm. Thelefined as 41/14), whereAl=1,,—14 (I, is the photocur-
peak response is obtained at the optical band gap, the opticant), was determined for current directions both along and
absorption actually extending to 1.40 eV. For wavelengtherpendicular to the layer plane and is plotted in Fig. 2. The
slightly longer than the band gap, the photon energy is insufhigher value of Al /14) compared with 41,/1) is essen-
ficient to excite electron-hole pairs and hence absorption antially due to the difference in dark current due to lower con-
photoresponse are low. For higher energies the absorptictiuctivity in this direction, as found earliéfThis is attributed
increases and the absorption depth decreases untilvat to the existence of stacking faults between the layers, which
>E4 the absorption occurs very near the surface where reereate potential barriers. On illumination, the generated car-
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FIG. 2. Temperature variation of photoconductivity gain in ©
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and increase the effective hole mobility in this direction. The
temperature depend.ence of Fhe photocqnductwe gan ShQWS FIG. 3. (a) Temperature variation of conductan@g along layer
maxima near 130 K in both directions while the hole mobili- planes forT=9—20K. (b) Temperature variation of conductivity

ties show maxima at 80 Ksee Fig. 10 beloyv o, along layer plane foff =20—50 K.
It is known that the photoconductive g&irdepends on
the light-induced conductivith o= o,,— oy, Which is pro- V. LOW-TEMPERATURE CONDUCTIVITY STUDIES

portional tol ,,— 14 and is given by
Due to the anisotropy in electrical conduction observed at
Ao=0go(snTnt pp7p) (4) 300 K and the presence of natural barriers between planes in
the direction normal to the layer planes, it was considered
whereg,, is the rate of creation of electron-hole pairs perinteresting to investigate conduction in orthogonal directions
volume per s,u,,u, are the electron and hole mobilities, down to 10 K. Specimens were prepared from grown single-
and 7,7, are the electron and hole lifetimes, respectively.crystal ingots by cleavage, lapped and polished with alu-
Thus the temperature dependence will be determined by tha@ina, and etched in HCI:HN©O10H,0. Samples were of
variation of these parameters. The generationggi&an be  final dimensions 4 3x0.08 mnt. Contacts were prepared

calculated from the light intensity, by alloying small In spheres on the sample plane for in-plane
measurements and on two sides at the center of the speci-
gop=al/hv, (5) mens for measurements across the layer planes. Samples

) ) - were placed in a closed-cycle He cryostat for conductivity
wherea is the absorption coefficient arft the photon en-  measurements between 10 and 300 K. Magnetoresistance
ergy. Assuming that the photoconductivity is dominated bystudies were carried out up to fields of 0.37 T.

one carrier type, i.e.u,7p>u,7,, the carrier lifetime can Figure 3a) shows the variation of conductan6g in the
be found from layer plane between 9 and 20 K. There is very good fit with
a linear variation ofG, with InT according to the relation
Tp=A0/qgopup=Achv/quyal. (6)  given by Lee and Ramakrishrfaivalid for weak localization

in two-dimensional conduction,
The hole mobilities in the two directions and their variation
with temperature were previously determined. These were
found to be in the range 25-40 és in the layer plane
and 10—15 crfiV's in the perpendicular direction at 300 K.
The lifetimes were thus found to g =3.43x 10 “sinthe  where\=ap/272. From the slope of the experimental curve
layer plane and 2.0810 s in the perpendicular direction the value of\ is found to be 0.051 giving=1 for a nonin-
at 300 K. teracting electron gas for whicla=1. From the value of,

AG=(\e?/#)InT, (7)
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the value ofe?/27%% is found to be 1.2%10 ° Q! which -15.0
is in excellent agreement with the calculated value of (a)
1.2306<10 ° Q1 =154k
For temperatures between 20 and 50 K the in-plane con- ;
ductivity o, is found to vary asT*? as shown in Fig. ®). S >8r
This is in accordance with weak localization in three dimen- = -62f
sions withp=1, where
-16.6 F
o=(Be*2m*hDY3) TP, €) o M
21 22 23 24 25 26 27 28
where B like « is a product of constants. The slope of this T3 (kY3)
linear plot is 1.2 10 °Q *cm™!, which gives D
=1 cnf/s for B=1, not an unreasonable value. Shklovskii -13.5
and Erfro? predicted ar*? variation of conductivity at low ()
temperatures due to variable-range hopping in the presence -0
of long-range Coulomb interactions, which is an alternative
model to weak localization. § 1.5 1
Perpendicular to the layer planes the variation of conduc- =
tance with temperature is quite different, primarily due to the S50k
existence of stacking faults which create potential barriers of
several tens of meV. In the Métttheory of hopping con-
duction at low temperatures due to carriers moving in a nar- A e I R R ¥ M FEY
row band near the Fermi level, the temperature dependence ™ (k) Ve

of conductance for a three-dimensional system is given by
FIG. 4. (@) Temperature variation of conductanGg perpen-
G(T)=Gyexp(T/Ty)¥* (93 dicular to layer planes fof = 9—20 K. (b) Temperature variation of
conductivity o, perpendicular to layer planes fér=20—50 K.
with
V. MAGNETORESISTANCE

— 3
To=plkg(u)a’, (9b) The two-dimensional character of conduction parallel to
. . . : the layer plane was manifest in the form of negative magne-
whereg(u) is the density of states near the Fermi lewels toresistance observed in the temperature range 9-20 K. The

the localization radius of states near the Fermi level, gl .
. S . : A transverse magnetoconductance measured in the layer plane
a numerical coefficient. In a system with localized states neaé

the Fermi level in which the density of states can be regarde t10 K is shown in Fig. &) as a function of both directions

. g f H at low fields. This is due to suppression of weak local-
as constantg(E)=g(u) provided g(u)#0 at sufficiently ization as first observed by Eisel?apand Défdin high-
low temperature.

. . . . uality Si metal-oxide-semiconductor field-effect transistors
In the case of motion restricted to two dimensiogq,u) g y

. . , . ; (MOSFET’9 and also by other groups in agreement with the
is the tW9-d|menS|0naI density of states at the Fermi Ieveltheoretical formulation of Hikamiet al2> and Al'tshuler
and Mott’s law becomes

et al?® Negative magnetoresistance with a quadratic field de-
pendence at small fields has been observed experimentally in

G(T)=Goexp(T/T5)™? (108 a number of insulating materials in the hopping regime, in-
cluding n-Ge, IOz, n-GaAs, andnh-CdSe?’
with The increase of magnetoconductance hadHandepen-
dence as show in Fig.(B), as predicted by Eq9) in the
Tg:/gl/kg”(ﬂ)az_ (10b) weak-field limit. Along the direction normal to the layer

planes similar behavior was also observed as shown in Fig.
Between 9 and 20 K the linear variation Of(Bj vs T3 6. An H? variation was again found, given by the relation
shown in Fig. 4a) is characteristic of hopping in two dimen-
sions. The slope give$y=0.057. At slightly higher tem- TABLE Il. Nature of variation of conductivity for conduction
peratures 20—50 K 16, is found to be proportional td¥*  along and perpendicular to layers between 10 and 50 K.
as in Fig. 4b) with T;=0.0256 found from the slope of the
plot. It is found that a c1:/r3()ssover occlu/‘rls with increasing tem- T

erature, from aTy/T)"*to a (To/T)~"* variation, which is o

Eharacteristic of-(?\/lot)t hoppir%O in)three dimensions. The"rYSta! direction 9-20K 20-50K
variations of conductivity at low temperatures in two differ- parallel to layer plane GxInT o< T2
ent directions which are unusual for a single material aréerpendicular to layer planeG, <exp(l/T)® o, xexp(T/To)H
summarized in Table II.
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FIG. 7. Variation of the functiorf(T) with 1/T.

For negative magnetoresistance as observed by Eisele and
Dord&* in high-quality Si MOSFET’'sH, was estimated to
be ~0.0030 T due to the high electron mobility. For MOS-

46, = 16(H)-G(ON (16 mbo)
[~3
2

00 ' o.tl)e o6 FET’s with lower mobilityH. was found to be as high as a
HZ { Tesla) few kilogauss. In the case of GaTe with low electron mobil-
o _ ity, H. is found to be~0.05 T.
_FIG.5.(@ Varlatlon.of.magnetocoqductzz;’tnce in layer plaGg, Above 80 K positive transverse magnetoresistance was
with H at 10 K. (b} Variation of AG, with H* at 10 K. observed in both current flow directions with HR variation
s 3 i as shown in Fig. 8. This is due to the expected decrease in
AR, /R, =f(T)H"=Rp,H". (1) the hole mean free path in three dimensions with magnetic

_ . field, the variation being given by
The slopes of the curves plotted as a functionHdf in

Fig. 6 yield the functiorf(T) and are expected to reflect the Aplp=consix (eHL/mev)?=kH?2. (12
temperature dependence Bf,, i.e., 1‘(T)~F€ﬁ0p~T*l as )
observed from the plot in Fig. 7 when@hop~T*1’3. with  The results of magnetoresistance measurements are summa-
increasing temperature the negative magnetoresistance d&zed in Table IIl.
creases as shown in Fig. 6 but does not change sign or dis-
appear alf =20K. VI. |-V CHARACTERISTICS

Negative longitudinal magnetoresistance was also ob- - . .
served at 10 K with conduction in the layer plane. This also, Thel-V characteristics were studied with the same elec-

. b - trode configurations as before both in and across the layer
occurs due to suppression of the weak-localization correction

s . planes at 10 K with electric fields between 0.05 and 0.85
as observed by Mensz and Whe&¥dn Si inversion layers V/em. While the current was higher by an order of maani-
and by Lin et al?® in GaAs/ALGa _,As heterostructures. ' g y 9

tude and increased smoothly with the applied voltage in the
layer plane, across the plane the characteristics were found to

2 2 o ; ) -
H® (Tesla) exhibit discrete step&-ig. 9) up to fields of 0.55 V/cm which
0 0.04 0.08 0.12 0.16
0 T T T T T T T
12
10
-1.5¢
(18 (a}
8 N
-
N U 6 o)
N =30 8K <
o ol
<
12K 2t
-LSH
0 1 1 1 L i i
10K 0 002 006 006 008 0% 012 014
H? (Tesla)?
-6.0 . o . .
FIG. 8. Variation of positive magnetoresistankg/p (a) in the
FIG. 6. Variation ofAR, /R, with H? at 10, 12, and 18 K. layer plane andb) perpendicular to the layer plane at 80 K.
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TABLE lll. Variation of magnetoresistano@o) along and per- 103
pendicular to layer planes at 10 and 80 K.

\
A ~T P
\

Aplp
Crystal direction T=10K T=80K

Parallel to layer plane —-7.14 +11.5
Perpendicular to layer plane -5.18 +8.3

2

disappeared when the temperature increased to 25 K. This
may be attributed to the existence of quasibound states cre-
ated by the presence of stacking faults between the layers.

Although at room temperature GaTe shop#ype con-
ductivity, it was shown through deep-level transient spec-
troscopy studie®§ that deep acceptor levels exist which trap
holes at low temperatures and hence the mobile carriers at
10-50 K are considered to be electrons.

The application of an electric field causes carrier tunnel-
ing between the confined states when they are brought into 3x10° —— P
alignment by an electric field while further bias destroys this % 50 70 mT (wa_? 500
alignment. It is assumed that the applied voltage is nonuni-
formly distributed, most of it appearing across a few barriers FIG. 10. Variation of hole mobility with temperature between
created by stacking faults. At still higher fields and at higherso and 300 K along and perpendicular to the layer planes.
temperatures the carriers are excited above the barriers and
the current increases monotonically. The presence of stackemperature perpendicular to the layer platigg. 10 in the
ing faults can thus be considered to create a natural superlgtresent samples near 200 K also reflected the presence of
tice. stacking faults with possible impurity segregation. Thus,

while i, decreased in the range 100—200 K due to homopo-
VII. DISCUSSION lar opticql phonon scattering, it showeq an anomalqus in-
crease with temperature above 200 K with an activation en-

As a consequence of the disorder present in these layeregtgy of 40 meV. Similar behavior was also reported for InTe
l1l-VI compounds, the possibility of observation of Ander- by Hussaif? and also attributed to the presence of stacking
son localization at sufficiently low temperatures is presentaults. The variation in mobility along the layer plane, on the
when electrons are confined to move along the layer planesther hand, did not show any such anomaly.

This has indeed been observed in InSe by El-Khatouri Conduction in the layer plane showedTirbehavior be-
et al,>® who studied the temperature variation of conduc-tween 9 and 20 K and@'? variation between 20 and 50 K
tance in one direction only. It was also shown by Maske andvith the slopes giving accurate values of the constants given
Schmid® that in layered crystals such as GaSe and InSéy Egs.(7) and(8). In the perpendicular direction, the Mott
disorder due to stacking faults is sufficient to localize elecdaws for hopping conduction in two and three dimensions
tron states along the layer normal, carrier transport takingvere found to be obeyed.
place via hopping conduction in this direction. Negative magnetoresistance was observed for conduction
It is interesting to note that the variation of mobility with in both directions below 50 K irrespective of the exact con-
duction mechanism. Although the magnitude decreased with
510 > increase in temperature, it did not disappear at the crossover
from the Mott law regime to th&@? law regime near 20 K.

MOBILITY, g (cm?/Vsec) —e

A

-9
4x10 + VIIl. CONCLUSIONS

The spectral response of photoconductivity showed a
IxN0 | maximum at 1.66 eV at the optical band gap of GaTe. From
the short-wavelength response the surface recombination ve-
locity was estimated. Photoconductive gain measurements
2x10 | enabled the determination of majority-carrier lifetimes along
and perpendicular to the layer planes.
e Weak localization in two dimensions was found in GaTe
1x% L L 1 for conduction in the layer plane between 10 and 20 K with
005 02 0.4 0.6 0.8 . .
E(V/em) conductance increasing a.sTInThe.slolpe qf the _plot gave the
exact value ok?/27%#4. This localization is attributed to the
FIG. 9. I-V characteristic across layer planeTat 10 K. confinement of the carriers in two dimensions by natural

Current,1 (A)
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stacking faults. Negative magnetoresistance was observed ifive magnetoresistance was observed for both current flow
this temperature range due to suppression of weak localizalirections. |-V characteristics indicated tunneling transport

tion by the applied magnetic field. Between 20 and 50 Kacross the layer planes due to potential barriers attributed to
hopping conduction with variation of conductivity &2 natural stacking faults.

was observed due to weak localization in three dimensions,
the slope giving the value of the diffusion coefficidbt In

the direction perpendicular to the layer plane at 10-20 K,
hopping conduction in two dimensions through or between
the stacking faults was observed with ~exp(T/Ty)*?, with S.P. would like to thank the University Grants Commis-
a crossover to three-dimensional hopping conduction abovsion, New Delhi for the financial support under which this
20 K with variation ~exp(T/To)"% Negative magnetoresis- work was carried out. The authors are grateful to A. R. Hal-
tance was also found in these cases while above 80 K posilar for excellent technical assistance.
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