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The thin-layered CdTe semiconductor has been
well-investigated for photovoltaic application. daddition
to some dry processes, cathodic electrodepositicheo
CdTe layer has been developed and has alreadyibeen
dustrialized to produce n-CdS/p-CdTe heterojuncion
lar cells, where the CdS layer is usually prepabgd
chemical bath deposition. While acidic sulfate &ldgtes
have historically been employed for CdTe electradep
tion, we proposed ammoniacal basic electrolytesclwh
have a relatively high solubility of Te(IV) species
TeO> ions!® The electrodeposition of stoichiometric
CdTe from the basic electrolytes took place at s
positive to the Nernst potential for bulk-Cd depiosi and
negative to that for bulk-Te, just as with acidieatro-
Iytes. The deposition behavior was well accountadirf
terms of a potential-pH diagram for the Cd-Te-NHHO
system and deposition mechanism, wheie cthodic
electrodeposition of surface tellurium atoms: FeOr
6H" + 4e — Tepugs (reaction 1) is followed byii) an im-
mediate adsorption of Cd(ll) ions on the telluriuand
(iii) underpotential deposition of Cd(ll) to form CdTe:
Cd(ll) + Teugs)+ 2 —~ CdTe (reaction 2.In the present
work, the electrochemical CdTe deposition and diisso
tion behaviors were examined by iansitu method using
an electrochemical quartz crystal microbalance (EQC

Aqueous solution containing 60 mM Cd$Q0 mM
TeO,, 4.0 M NH;, and 0.5 M (NH),SO; (pH 10.7; M =
mol dnT®) was used as a typical basic electrolyte for CdTe
depositior? All electrochemical investigations were per-
formed at 70 °C using a conventional three-eleeroll:
WE, 9 MHz AT-cut QCM with sputtered Au electrodes
(working area 0.196 cton both sides; CE, Pt-sheet; RE,
Ag/AgCl in 3.33 M (all potentials were re-calculdtéor
SHE). The electrolyte was agitated at 500 rpm veith
magnetic stirring unit.

Figure 1 shows cyclic voltammogram (CV) for the
electrolyte together with the frequentyf QCM during
the CV scan and a part of the potential-pH diagi@mthe
Cd-Te-NH-H,O system. The diagram indicates that CdTe
is stable at potentials negative to —0.2 V at pk¥ lahd
the cathodic current and frequency chang® (vhich
appeared from A to B corresponds to CdTe deposition
The amount of deposited CdTe calculated fr&fmwas,
however, smaller than that expected from the charge
passed during cathodic scan by assuming a 6-efegtro
6) deposition of CdTe (formula weigM = 240.0). This
is due to the occurrence of side reactiom,reduction of
dissolved oxygen. Cathodic current after subtrgctime
contribution of the oxygen reduction estimated fr@v
for the same ammoniacal buffer without Cd(Il) and
Te(lV) ions, gave almost equal mass change asadihat
tained fromAf.

One of the important features of the potential-pH
diagram is the presence of a narrow stability donudi
elemental Te at pH < 11.4. Based on the diagranprere

viously noted that two anodic waves (C and D) corre
spond to reverse processes of reactions 2 and 1,
respectively. In the frequency curve, there wer® tw
crooked points (C and D) observed at the same fialen

of the anodic waves, suggesting that the CdTe Bgtua
dissolves by a two-step oxidation process. Theseftes
guency changes were well accounted for by the above
stepwise oxidation,e. Cd dissolutionrf = 2,M = 112.4)
followed by dissolution of Ten(= 4, M = 127.6), rather
than by the other oxidation mechanism, such asstepe-
6-electron CdTe dissolutiom(= 6, M = 240.0) which
occurred at both C and D.

Potentiostatic electrodeposition of CdTe onto the
QCM electrode was also carried out at —0.70 V.i#lart
current for CdTe depositiorl gt was calculated from
the frequency change differentiated by tingfAf)/dt)
assuming the formation of stoichiometric Cdhe=(6, M
= 240.0). The ratio of the partial curretr. to overall
currentl gave a change in instantaneous current efficiency
during the electrolysis, which increased up to %%t
the beginning of the electrolysis, but afterwardgradu-
ally decreased to 60—-80%.
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Figure 1. (a) Cyclic voltammogram (scan rate 10 mV} s

for ammoniacal solution (60 mM Cd(ll), 10 mM Te(lV)
70 °C) employed for CdTe deposition, (b) frequency
change of the QCM measured simultaneously, and (c)
potential-pH diagram of the Cd-Te-N#,0O system &cq4

= 0.06,are = 0.01, [NH] o = 5.0 M, 25 °C).



