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The formation of high quality compound semiconductors is facilitated by 

controlling growth at the atomic level.  Electrochemical atomic layer epitaxy (EC-ALE) 

has been developed to electrodeposit compound semiconductor thin films one atomic 

layer at a time, by the sequential underpotential deposition (UPD) of each element from a 

separate solution, in a cycle.  Two important parameters for controlling growth during 

EC-ALE are the electrode potential and solution composition, which influence the 

deposit structure and stoichiometry.  Studies of the first monolayer of a compound and its 

constituent elements are the most important; they form the interface between the substrate 

and deposit, which must accommodate any lattice mismatch, and can greatly influence 

the substrate morphology of the deposit as it grows.  Surface sensitive techniques were 

used to study the structure and composition of cadmium, tellurium, and sulfur atomic 

layers, as well as cadmium telluride monolayers on Au(111):  Auger electron 

spectroscopy (AES), low energy electron diffraction (LEED), X-ray photoelectron 

spectroscopy (XPS), and scanning tunneling microscopy (STM).  CdTe formation using a 

two-step EC-ALE process resulted in the formation of (√7X√7)R19.1° and (3X3) 

structures with 1:1 and 2:1 stoichiometry, respectively.  Both structures were formed 

using either cadmium or tellurium as a first layer on Au(111).  Using a three-step 

procedure to form cadmium telluride produced the highest quality monolayer, relative to 

the two-step methods.  Ordered cadmium atomic layers were electrodeposited at 

underpotentials on Au(111), where coadsorbed anions were structure determining, and 



served to stabilize the layers from spontaneous oxidation during removal from solution.  

These layers can be used to form Cd-containing compound semiconductors such as 

CdTe, CdSe, or CdS using EC-ALE.  Ordered sulfur atomic layers were formed on 

Au(111) from alkaline solutions of sulfide, thiosulfate, and thiourea.  A range of solution 

compositions and electrode potentials were found where the same 1/3 monolayer 

(√3X√3)R30° sulfur layer can form, which can be used in an EC-ALE cycle to form 

compound semiconductors such as ZnS, CdS, and CuInS2.
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CHAPTER 2 

FORMATION OF THE FIRST MONOLAYERS OF CDTE ON AU(111) BY 

ELECTROCHEMICAL ATOMIC LAYER EPITAXY (EC-ALE):  STUDIED BY 

LEED, AUGER, XPS, AND IN SITU STM1

1 K. Varazo, M.D. Lay, T.A. Sorenson, J.L. Stickney.  Submitted to J. Electroanal. 
Chem., 07/19/01. 
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Table 2.1C Cd, Te, Cl, K, and Te Oxide Coverages with Structures for CdTe Deposits; 
 Cd Deposition First at -0.60 V, Followed by Te Deposition 

Te
Deposition
Potential/V 

Cd
Coverage/ML 

Te
Coverage/ML 

Cl
Coverage/ML 

K
Coverage/ML 

Te oxide 
Coverage/ML 

LEED 
Pattern 

-0.60 0.28 0.48 0.10 0.09 0.40 Diffuse intensity 

-0.70 0.28 0.36 0.03 0.13 0.10
Clear 

(√7X√7)R19.1°

-0.80 0.28 0.40 0.05 0.14 0.10
Clear 

(√7X√7)R19.1°

-0.90 0.28 0.51 0.04 0.16 0
Diffuse 

(√7X√7)R19.1°

-0.95 0.28 0.58 0.05 0.10 0
Diffuse 

(√7X√7)R19.1°

-1.0 0.28 0.67 0.05 0.15 0 (1X1)

-1.1 0.28 0.80 0.04 0.17 0 (1X1)

-1.2 0.28 0.73 0.05 0.21 0 (1X1)



Table 2.1D Cd, Te, Cl, K, and Te Oxide Coverages with Structures for CdTe Deposits; 
Cd Deposition First at -0.70 V, Followed by Te Deposition 

Te Deposition 
Potential/V 

Cd
Coverage/ML 

Te
Coverage/ML 

Cl
Coverage/ML 

K
Coverage/ML 

Te oxide 
Coverage/ML 

LEED 
Pattern 

-0.70 0.48 0.38 0.09 0.09 0.60
Diffuse 
intensity 

-0.80 0.48 0.44 0.09 0.10 0.40

Very diffuse  
(√7X√7)R19.1°
 and (3X3) spots 

-0.90 0.48 0.55 0.06 0.15 0 Diffuse (3X3) 

-1.0 0.48 0.77 0.06 0.12 0 Very diffuse (3X3) 

-1.1 0.48 0.81 0.06 0.24 0
Very diffuse 

(√7X√7)R19.1°

-1.2 0.48 1.07 0.05 0.26 0 (1X1)

-1.3 0.48 0.87 0.05 0.25 0 (1X1)
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