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Electrochemical atomic-layer epitaxy (EC-ALE) 
is an approach to electrodepositing thin-films of 
compound semiconductors.  It takes advantage of 
underpotential deposition (UPD), deposition of a surface 
limited amount (a monolayer or less) of an element at a 
potential less negative than bulk deposition, to form a 
thin-film of a compound--one atomic layer at a time.  

Many II-VI and a few III -V compounds have 
been formed by EC-ALE.  II -VI films such as CdSe, CdS, 
and CdTe have been successfully formed.1-11 In addition, 
deposition of the III -V compounds InAs12 and InSb14 have 
been formed, along with initial studies of GaAs13 
deposition.  

PbSe has a narrow band gap (0.26 eV) and is 
used in photodetectors, photoresistors and photoemitters 
in the infrared range. PbSe films have already been 
formed by electrodeposition.15-18 In this abstract we report 
the first instance of formation of PbSe by EC-ALE. 

The SeO2 concentration was 0.2 mM with a pH 
of 5.5, buffered with 50.0 mM CH3COONa.3H2O.  The 

Pb(NO3)2 concentration was 0.2 mM, pH of 4.0.  A pH 
4.0 blank solution was used as well .  Solution pHs were 
adjusted with CH3COOH. The supporting electrolyte was 
0.5 M NaClO4. Solutions were made with water from a 
Nanopure water filtration system fed by the house-
distill ed water line. The potentials were measured relative 
to a Ag/AgCl reference electrode. 

Films were typically deposited on gold substrates 
as follows:  The cell i s fill ed by a pump from a reservoir 
containing an electrolyte solution of the element of 
interest (Pb).  A surface limited amount (~0.4 
monolayers) of the element is deposited at –0.300 V.  The 
cell i s then rinsed with a blank electrolyte solution and 
fill ed with another electrolyte solution of the next element 
(Se). A stoichiometric amount of this element is then 
deposited on the previous element at –0.300 V and the 
cycle repeated.  

The films were characterized using electron 
probe microscope analysis (EPMA) and atomic force 
microscopy (AFM). The optical properties of the films 
were studied via infrared absorption measurements.  
The ratio of Pb and Se atoms in the films were found to 
be stoichiometric by EPMA. Films were made with 
thicknesses of 10 nm to 30 nm, and a strong blue shift 
was observed spectroscopically for the fundamental 
absorption edge due to quantum confinement.  

 
The work was supported in part by NSF.  

 
 
 
 

REFERENCES 

1. G. F. Fulop and R. M. Taylor, Ann. Rev. Mater. 
Sc.i. 15, 197 (1985). 

2. K. Rajeshwar, Adv. Mater., 4, 23 (1992). 
3. G. Hodes, Sol. Energ. Mat. Sol., 32, 323 (1994). 
4. R. K. Pandey, S. N. Sahu, and S. Chandra, 

Handbook of Semiconductor electrodeposition, 
p. 289. Marcel Dekker, Inc., New York, 1996. 

5. B. W. Gregory, D. W. Suggs, and J. L. Stickney, 
J. Electrochem. Soc. 138, 1279 (1991). 

6. B. M. Huang, L. P. Colletti, B. W. Gregory, J. L. 
Anderson, and J. L. Stickney, J. Electrochem. 
Soc., 142, 3007 (1995). 

7. L. P. Colletti, B. H. Flowers Jr., and J. L. 
Stickney, J. Electrochem. Soc., 145, 1442 
(1998). 

8. L. P. Colletti and J. L. Stickney, J. Electrochem. 
Soc., 145, 3594 (1998). 

9. U. Demir and C. Shannon, Langmuir, 10, 2794 
(1994). 

10. G. D. Aloisi, M. Cavallini, M. Innocenti, M. L. 
Foresti, G. Pezzatini, and R. Guidelli , J. Phys. 
Chem., 101, 4774 (1997). 

11. B. E. Hayden and I. S. Nandhakumar, J. Phys. 
Chem., 102, 4897 (1998). 

12. T. L. Wade, L. C. Ward, C. B. Maddox, U. 
Happek, and J. L. Stickney, Electrochem. Solid 
St., 2, 616 (1999). 

13. I. Vill egas and J. L. Stickney, J. Electrochem. 
Soc., 139, 686 (1992). 

14. T. L. Wade, R. Vaidyanathan, U. Happek, and J. 
L. Stickney, J. Electroanal. Chem., 500, 322 
(2001). 

15. E. A. Streltosov, N. P. Osipovich, L. S. 
Ivashkevich, A. S. Lyakhov, and V. V. Sviridov, 
Russ. J. Appl. Chem., 70, 1651 (1997). 

16. H. Saloniemi, T. Kanniainen, M. Ritala, M. 
Leskela, and R. Lappalainen, J. Mater. Chem., 8, 
651 (1998). 

17. L. Beaunier, H. Cachet, R. Cortes, and M. 
Froment, Electrochem.Commun., 2, 508 (2000). 

18. A.N. Molin, A.I. Dikusar, Thin Solid Films, 265, 
3 (1995). 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


