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Resisistivity and Hall measurements were performed at temperatures from 10 to 320K on Bi-doped PbTe layers
grown on (111) Baf by molecular beam epitaxy. Samples with electron concentration varying from“x10

to 4x10°cm—2 were obtained. Results indicated that all offered Bi atoms in the vapor phase were effectively
incorporated in the PbTe as active donors. No thermal activation in the whole doping range was observed,
indicating that the Bi donor level lies resonant with the conduction band. The mobility curve showed that the
PbTe layers tend to a metallic behavior as the electron concentration increases. A value arothdrix$0

is suggested for™ PbTe contact layers in device application.

1 Introduction these conditions the growth rate was A/2. In order to ob-

tain the PbTe layers with different Bi doping levels, a series
The control of the electron concentration in PbTe layers is of samples were grown with Ble; effusion cell tempera-
very desirable when device fabrication is concerned. In or- tures varying from 360 to 45C.
der to accomplish optimization of electrical performance, For the electrical characterization, Van der Pauw geom-
different carrier concentrations are needed in the several lay-etry samples were prepared by soldering Au wires with In
ers that compose the device. The fabrication of a resonanpellets. The samples were mounted in Ni-coated Cu-plates
tunneling double-barrier diode, for instance, requirestew  and assembled in a He closed-cycle cryostat equipped with
type PbTe near the barriers and high dopingin the bot- an auto-tune temperature controller. The electrical measure-
tom and top layers [1], and junctions like.™ (or n™p) are ments were performed in a Keithley Hall effect system with
interesting for infrared detector application [2,3]. Bismuth a magnetic field of 7000 Gauss. All equipments were com-
is normally used as an-type dopant in PbTe layers, and puter controlled via an IEEE-488 interface. The control and
is usually evaporated from a Blie; source in a molecular  data acquisition program, which allows automatic temper-
beam epitaxy (MBE) system [4]. ature dependent measurements, was developed in a Visual

In this paper, we investigate the electrical properties of Basic platform.

Bi-doped PbTe layers grown on (111) Basubstrates. Re-
sistivity, carrier concentration, and Hall mobility were mea-

sured as a function of temperature for samples with differ- 3  Results and discussion
ent doping levels. The temperature dependent data allowed

conclusions about the Bi impurity behavior in PbTe and the pegistivity and Hall effect were measured on the PbTe lay-
results Sl_Jpplled important mformatl_on for the c_h0|ce of the oo grown at different doping levels at temperatures from
best doping condition for some device application. 10 to 320K. Fig. 1 plots the electron concentration at 77K
as a function of the BiTe; effusion cell temperature. The
. electron concentration follows approximately the same ex-
2 Experlmental ponential temperature dependence of thelBj vapor pres-
sure, indicating that, at this temperature range, the offered Bi
The PbTe layers were grown on freshly cleaved (111),BaF atoms in the vapor phase are being effectively incorporated
substrates by molecular beam epitaxy in a RIBER 32P MBE in the PbTe as active donors.
system equipped with effusion cells containing solid sources ~ Normally, in the lead salts, the native defects created by
of PbTe, Te and BiTe;. The beam flux from each cell the deviation from stoichiometry are electrically active, i.e.
was measured separately in an ion-gauge flux monitor. Dur-metal or chalcogen vacancies act as acceptors or donors, re-
ing this experiment, the PbTe and Te effusion cell temper- spectively. The levels created by the vacancies are resonant
atures were 656 ° C and 236° C, leading to beam fluxes ofwith the valence and conduction bands, and no carrier freeze
7.2x10°7 and 1.3x10°8 Torr, respectively. The layers were out is observed at low temperatures. Contrary to the semi-
always deposited at a substrate temperature of G0 conductor materials with impurity levels within the energy
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gap, the thermal activation of majority carriers is not ob- saturation at low temperatures is related to carrier scattering
served in the undoped lead salts. For the case of the Bi-due to defects, mainly dislocations.

doped layers investigated here, the temperature dependence

of the electron concentration did not exhibit any type of ther-

mal activation in the whole doping range, as demonstrated

6
in Fig. 2. This fact indicates that the doping level introduced 10 E N Il
by the Bi atoms also lies resonant with the conduction band. w1 PbTe:Bi
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Figure 1. Electron concentration at 77K of Bi-doped PbTe layers T (K)

as a function of the BiTe; effusion cell temperature.

Figure 3. Hall Mobility versus temperature of PbTe:Bi samples
g with increasing electron concentration. Stars data belong to an un-
PbTe:Bi | doped sample.
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Figure 3 shows the Hall mobility as a function of tem-
perature for the PbTe layers with increasing Bi doping level.
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w'{E\ i __........-------f The data for an undopedtype PbTe layer is also included.
O s a4 aanasnnasd ] It is important to emphasize that the MBE growth condi-
= 10* | A AAAAAAAAAAAAAAAALAARAS | tions for the undoped and Bi-doped samples used in this
F o zz:mooooooooooo@ooooooooOO§ work were not optimized to achieve the highest saturation
i '",....n--""; mobility. Nevertheless, general features of the mobility
*H'*':*'*'*'*HH“H*"*“ ] curve as a function of electron concentration can be evi-
107 :_W*** 4 denced. Although a pure metal-like PbTe is not observed
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Figure 2. Electron concentration versus temperature of PbTe lay-

ers doped with bismuth. The stars are data from an undeggge
layer.

in this set of samples, the PbTe layers tend to a metallic be-
havior as the electron concentration increases. The phonor
scattering limiting behaviory( ~ T~%/2), represented by
the solid line in the graph, is observed&at> 100K for
PbTe layers withm values up to 1x1&cm=3. For higher
electron concentrations, the mobility starts to deviate from

Since the carrier concentration almost does not changethis limit earlier at higher temperatures. At room tempera-
with temperature, the mobility in the lead salts is, in gen- ture, where phonons dominate over other scattering mech-
eral, determined by the phonon scattering at temperaturesanisms, the mobility shows a small decrease from 900 to
higher than 80K. At low temperatures, the carrier scattering 500cn?/V.s, as the doping concentration increases from
due to ionized impurities, which is normally observed for 1.5x107 to 3.9x10%cm~3. At an intermediate temperature
the most common semiconductor materials, is not present inof 80K, this reduction becomes more evident (27000 to 2100
the IV-VI compounds. The huge static dielectric constant, cm?/V.s), indicating that, at this temperature range, addi-
which screens the Coulomb potential of the impurities, and tional carrier scattering processes start to limit the mobility
the relatively small effective masses are responsible for theas the carrier concentration increases. The low-temperature
high mobilities observed in PbTe at low temperatures. If saturation mobility has the most pronounced reduction with
well-controlled additional Te flux and elevated growth tem- electron concentration, as expected. It decreases fron?4x10
peratures are used, low-temperature saturation mobility ofcn?/V.s, for the undoped sample, to 4¥16m?/V.s, for the
above 16cn?/V.s is obtained im-PbTe [5]. The mobility  sample withn=3.9x10%cm=3.
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To find the best values for™ PbTe contact layers, the
L A AL resistivity at 77K (normal device operation temperature) is
. PbTe:Bi T plotted in Fig. 4 as a function of electron concentration.
] The resistivity decreases from approximately 3x10
10°% + T=77K 4 to 6x107° Q.cm as the electron density increases from
i ] 1x10'7 to 1x10"° cm~3, and starts to rise slowly as more Bi
] ] atoms are incorporated. This result suggests a value around
. ] 1x10cm~3 for then"-PbTe contact layers in device appli-
= cation.
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Figure 4. Resistivity as a function of electron concentrationin PbTe Refe rences
layers with different doping levels.
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