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Abstract—Electrodeposition of leadellurium alloys from a fluoroborate electrolyte was studied. Cyclic
voltammetry was applied to determine the range of potentials of joint electrodeposition of Pb and Te to form
PbTe on the cathode.

Lead telluride, and also solid solutions on its baseouple is—-0.126 V. The difference of the standard
in the form of thin films are widely used in various potentials is 0.677 V.
fields of semiconductor industry to fabricate thermo-

electric transducers, thermoelements, and IR detecto&%To make closer the potentials of tellurium and lead

[1] position, such complex electrolytes were used in
' which tellurium forms more stable complex ions than
Thin films of metal chalcogenides, including PbTe,lead. In this study, as such an electrolyte we used a

are commonly obtained by vacuum evaporation [2]fluoroborate lead-plating solution of the composition

This technique is labor-consuming, requires intricatég |1): Pb(BF,), 180, HBF; 40, H;BO5 12.6 and

equipment, and involves use of high temperaturgoiner’s glue 1.0 (electrolyte no. 1) [10]. In electrolyte

Moreover, PbTe dissociates in evaporation into theo. 1, lead deposition occurs without any noticeable

components, which commonly leads to its fractionahindrance, whereas in fluorine-containing media, tel-

distillation and to deposition of compositionally in- |urium is present as a complex anion [Te(QFQ]Z‘
homogeneous films. Therefore, the electrochemicglil], with Te(OH)§+ ions formed in its dissociation
technique has been frequently used recently for olairectly involved in the cathodic discharge. According
taining thin chalcogenide films [3, 4]. This method isto [11], the discharge of Te(O%rj ions occurs in
distinguished by simplicity, low material expenditure, stages, with each stage of formation of intermediates
and possibility of easily controlling the composition characterized by a certain equilibrium potential, which
and thickness of the layers obtained. becomes more negative in reduction processes. This

The first electrochemical syntheses of lead telluridén@y @lso make closer the deposition potentials of tel-

were carried out in [57]. The syntheses were basedlurium and lead.

on cathodic dissolution of tellurium and anodic dis-

solution of the metal whose telluride is being ob- EXPERIMENTAL

tained. In the process, interaction betweerf Tand

Pt present in the electrolyte results in the formation The electrolysis was performed and polarization
of PbTe powder on the electrolyzer bottom. curves were measured in a poly(methyl methacrylate)
cell. Platinum electrodes coated with tellurium, lead,

In [8], thin layers of leadtellurium alloy were ob- :
tained by cathodic deposition from a simple nitrateanOI telluriurslead alloy (up to Sum) served as cath-

electrolyte containing Pb(Ng, and TeQ. However, odes, and platinum platc_a, as anode. _The polarization
it is known [9] that high-quality cathodic deposits curves were measured in the potentiodynamic mode

cannot be always obtained from simple electrolytesat a potential sweep rate of 8 mV swith a P-5827M

especially in those cases when the standard potentia\ffgtem'OS‘tat and a PDP4-003 self-recorder. As refer-

of the metals being codeposited are strongly differenence _served saturated silver chloride electrode. The
potentials measured were recalculated to the hydrogen

The standard potential of the Te/[TeOCHjouple scale. Te@ to be added to the lead-plating electrolyte
in acid media is +0.551 V, and that of the Pb#Pb was preliminarily dissolved in HF, since Te@s in-
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The codeposition of tellurium and lead from elec-

i, Adnr? trolyte no. 3 (Fig. 1, curved) occurs at more positive

0.75 potentials than separate deposition of these metals,

i.e., both the components are deposited into the alloy

0.25 via depolarization. Such an arrangement of polariza-
tion curves is observed in those cases when codeposi-

—02 E,V tion of components is accompanied by formation of

Fig. 1. Cathodic potentiodynamic polarization curves for @ compound or a solid solution at the cathode [9].
deposition of 1) lead, @) tellurium, and 8) lead-tellurium Thus, it may be assumed that codeposition of telluri-

system, obtained in fluoroborate electrolytes of varied um and lead at the cathode can be accompanied by
composition. {) Current density andg) potential; the same formation of PbTe.
for Figs. 2 and 3. 1-3) Electrolyte nos. 43, respectively.

To confirm this assumption and determine the

potentials at which tellurium and lead are codeposited,

: 2 : ) . .

I, Adm "'ZA‘dm cyclic voltammograms were measured on platinum
i electrode. In this case, it could be expected that cur-

0.1 /A rent peaks associated with oxidation of products

formed during the cathodic half-cycle may appear
in the curves of the anodic half-cycle.

o7

As seen from Fig. 2a, deposition of tellurium on
the platinum electrode onsets at a potential of 0.18 V
(curvel), and that of lead, at0.13 V (curve2). The
anodic half-cycle of the voltammograms obtained for
the individual components shows a single peak of
anode current. The current peak is observed at 0.6 V
for tellurium and at about-0.1 V for lead. The co-
deposition curve shows three peaks of anode current

Fig. 2. Cyclic voltammograms of deposition and dissolution (Fig. 2b). -The current peak_s at 0.6 al_qﬂ.l V are

of (a) (1) tellurium and @) lead and (b) 1.5) leac-telluri- due to oxidation of, respectively, teIIurlurr_l and lead.

um system, obtained on a platinum electrode. Pola The current peak observed at a potential of about

in the curves correspond to end potentials. C_).3 V may be due to dissolution of PbTe by the reac-

tion

soluble in HBF. X-ray studies were carried out on
a DRON diffractometer (CK,, radiation). The content PbTe - P* + Te + 2e. Q)
of tellurium in an alloy was determined gravimetrical-
ly [12], and that of lead, from the difference of masses The anodic half-cycle measured starting with a
of the cathodic deposit and tellurium. The cathodicathode potential of 0.15 V (Fig. 2b, cunig¢ shows
deposits were also analyzed using a Cameca MS-4fly an anode current peak associated with oxidation
X-ray fluorescence analyzer. The outward appearanc# tellurium. Consequently, no codeposition of telluri-
of the deposits was assessed visually; the type of comm and lead occurs at the cathode up to a potential of
duction was determined using a hot probe. 0.15 V, and elementary tellurium is the only cathodic

Figure 1 presents the cathodic potentiodynamiErOdUCt' Codeposition of tellurium and lead onsets

curves obtained in fluoroborate electrolytes of vanou?t about 0.12 V, which is confirmed by the appearance
compositions (g1): electrolyte no. 2: HBf 40, N the anodic half-cycle (curve) of a second anode
H4BO; 12.6, joiner’s glue 1.0, and TeqL.0; electro- current peak associated with PbTe dissolution. This is

Iyte no. 3: Pb(BR), 180, HBF, 40 BO, 12.6 also confirmed by analysis of deposits obtained under

joiner's glue 1.0, and Te91.0. The stationary poten- Potentiostatic conditions (see table).

tial of Te in electrolyte no. 2 is 0.5 V; deposition of  The current in the PbTe dissolution peak mainly
Te is accompanled by high polarlzatlon the deposidepends on the end potential, and increases when this
tion overvoltage is 0.34 V dat= 0.05 A dnt? (Fig. 1, potential is shifted to more negative values (cur8es
curve?2). The stationary potential of lead in electrolyte5). In the anodic half-cycle curve measured on reach-
no. 1is-0.12 V and the deposition overvoltage ating the potential of lead deposition, a third current

i = 0.05 AdnT?, 0.04 V (Fig. 1, curvel). peak appears, associated with oxidation of lead as
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ELECTRODEPOSITION OF THIN LEABTELLURIUM ALLOY FILMS 1077

a separate phase (curse Deposits obtained at poten- Composition and conduction type of films obtained in
tials more negative than0.15 V are composed of potentiostatic deposition from electrolyte no. 3. Electroly-
PbTe and Pb. sis duration 60 min

It is interesting that, as soon as the platinum eIeCDeposition N
trode is coated with tellurium and a certain potential is potential Phase composition* Type of

reached (0.12 V in the given case), codeposition of ™y, (Te content, wt %) conduction
lead and tellurium occurs. Telluriumstimulates
deposition of lead at more positive potentials; the ¢ 1 PbTe, Te (55.6)

depolarization for lead is-0.25 V. 0.05 |PbTe, Te (46.3)

A similar phenomenon was also observed in co- 000 [PbTe, Te (40.2)
deposition of bismuth and tellurium from a chloride ~ —0-2 PbTe, traces of Te (39.1)
fluoride electrolyte [13]. This phenomenon is due to —9-1 ~ |PbTe, traces of Te (38.9)
the tendency of tellurium to form Fe It should -0.15 |PbTe, Pb, Pby PbO (36.9)
be noted that, in contrast to ions of other metals, 0.2 PbTe, Pb, PbQ PbO (30.2)
g:éac?:gﬁl)/regﬂg%id [:tlil]luE;n:hteenrgzctﬁmundergo S5 Content of the components, found by chemical analysis.

5 3T T T TDO

4+ - 1@ deposition of lead on Te(Pt) electrode occurs at more
Te™ + 6e = Te™. () positive potentials than that on Te and Pt electrodes.
: , o . A noticeable current is seen in the polarization curve
According to [14], this reaction is possible even aty; 4 potential of about 0.1 V (Fig. 3, curds, in good
current densities lower than the limiting diffusion cur- agreement with the onset potential of codeposition of
rent density, with the occurrence of reaction (2) beingrg ang Pp (Fig. 2b). This is indicated by an anode
the more probable, the lower the concentration Oggurrent peak at 0.3 V, corresponding to anodic dis-
quadruply charged ions in solution. In solutions withgqtion of PbTe obtained in codeposition of Te and
higher tellurium concentrations, the main energetpy, ‘\when the end potential is shifted to negative po-
ically f_avor?bI%Jrcathodlc prlocess is the four-electrongpiais; a limiting current region is observed, extend-
reduction of T€" to Te. At low tellurium concentra- 4 a5 far as the onset potential of lead deposition
tions in the electrolyte, the region of limiting diffusion (e 4). In repeated cycles, the limiting current
current is_ rea_ched fast. In this case,_the four-eIectroE;eClre(,Jlses (curves 3). The appéarance of the limiting
process is hindered through depletion of the nearsrent may be due to either slow motion of charge
cathode layer of T€ ions, and conditions favorable .o riers je., the semiconducting properties of PbTe,
for six-electron reduction are created. Under thesg, ¢iow motion of tellurium or of lead ions across

conditions, tellurium deposited at the cathode mayhe ppTe film. At more negative potentials, lead is

undergo cathodic dissolution by the reaction deposited as a separate phase. This is indicated by
. the appearance of an anode current peak at a potential
Te + 2e = Té. (3) of —0.12 V.

PH* ions adsorbed on the electrode surface or present Thus, in codeposition of tellurium and lead, the
in the near-cathode layer may readily interact withPrimary part in alloying is played by the tendency

the negatively charged surface, and the mechanism of

i -2
PbTe formation can be described by the scheme |,Adr1ns_
Te(OHB* + 4e = Te + 20H, 4) 1.0- f

0.5
Te + 2e + PBR* = PbTe. (5)

To obtain additional data on the influence exerted
by tellurium on the codeposition of Te and Pb, volt-
ammetric curves were measured on a tellurium-coated
platinum electrode in electrolyte no. 1. The curves 1.5
were obtained in the potential range from 0.4 10 Fig 3. cyclic voltammograms obtained successively on
—-0.2 V, which ruled out anodic dissolution of telluri- 3 tellurium-coated platinum electrode in electrolyte no. 1.
um deposited onto platinum. As seen from Fig. 3, Potential sweep rate 40 mv
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of tellurium to undergo cathodic dissolution to form
Teé* ions. In this case, the depolarization in Te 2.
deposition into the alloy is associated with alloying
(thermodynamic factor), and that in deposition of
lead into the alloy, with the low overvoltage of lead 3
deposition on tellurium (kinetic factor).

According to the results of X-ray phase analysis,
films containing excess amount of tellurium and ob- 4.
tained at potentials more positive thar0.1 V are
composed of two phases, PbTe and Te. The data obs.
tained with a microprobe analyzer demonstrate that Te
is mainly present in lower layers of the filmp-type 6.
conduction). The X-ray patterns of lead-rich films
obtained at potentials more negative thaf.15 V
contain, in addition to lines related to PbTe and Pb,
also those associated with PbO and RRCB], with
lead mainly present in upper layers of the films
(n-type conduction). Films with composition very
close to the compound PbTe are formed at potentials
in the range 0.60.1 V.

CONCLUSIONS

(1) In electrodeposition of the Pie alloy from 1.
a fluoroborate electrolyte, both the components are
deposited into the alloy with depolarization due toqq
a thermodynamic factor in deposition of tellurium and
to a kinetic factor in that of lead. The range of poten-,
tials at which Te and Pb are codeposited was deter-
mined.

(2) Tellurium-rich films havep-type conduction,

and lead-rich films,n-type conduction. 13.
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