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as well as by 
the zero-temperature extrapolation of the open-circuit volt- 
age of a solar cell” (AEp= -0.08 eV). Given the large 
uncertainties of such estimates, Turowski et al. 7,8 mea- 
sured, using synchrotron-radiation photoemission, the 
valence-band offset AE,, of crystalline X/CuInSe, and 
XKdS for X=Si7 and X=Ge.8 By using the transitivity 
rule, assumed previously” to be AO. 15 eV accurate, they 
derived that for CdSKuInSe, AEc= -0.18 eV and AEu 
= 1.56 eV.7 amended later” to AEc.= -0.03 and AE,= 1.41 
eV,” both in qualitative agreement with the paradigm this end, we have first pre- 

dicted theoretically and then carefully measured the band 
offset of the simpler, common-anion ZnSe/CuInSe2 sys- 
tem.t2 Both the calculations and the measurements were 
done using the same ingredients, namely finding the core 

(C!) level to VBM separation in (i) the pure chalcopyrite 
A=$;& = 4-i;; - Ey2$ in (ii) the pure II-VI partner 
A.@,& = Et& - E$‘-, and obtaining (iii) the difference 
AEcore=@Y - Eyz between core levels at the DI%1 BX, 
interface. Combining these three steps gives 

BE,>= A<,;&- AE;;&- AE&, . 

The three terms of Eq. ( 1) were calculated using the local 
density formalism, as implemented by the highly precise 
linear augmented plane wave (LAPW) method.13 We pre- 
dicted (Fig. 1)t2 AE,(ZnSe/CuInSez) ==0.70*0.05 eV for 
the relaxed interface (thus invalidating the common-anion 
rule which would have led to AE,-0). Subsequent careful 
experiments” led to AE,,=O.7Oj=O. 15 eV for the system. 
Encouraged by these tests, we set up to calculate the more 
difficult case of a three-cation two-anion CdS/CuInSe2 sys- 
tem. The results reported in some detail below are AE,, 
= 1.07~0.05 eV for the relaxed interface, leading to AE= 
=0.31 iO.05 eV (Fig. 1). This should be compared to the 
experimental results of Nelson et al.” AE,)=O.30 and A& 
= 1.08 eV. While both theory and experiment agree that 
AE, > 0 (hence, a type-1 band alignment) in defiance of the 
traditional expectation,32”” the large quantitative discrep- 
ancy seemed to us to warrant a reexamination of the S-K,*- 
primer&d results for CdS/CuInS+ Recently, Niles and 
co-workersI responded to this challenge and performed 
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FIG. 1. Schematic of the calculated band lineup of the ZnSe/‘CuInSe2 and 
CdS/CuInSe2 heterojunctions. Energies are in eV. 

2549 Appl. Phys. Lett. 63 (18), 1 November 1993 0003~6951/93/63(18)/2549/3/$6.00 0 1993 American institute of Physics 2549 
 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:

128.138.41.170 On: Tue, 14 Jul 2015 12:26:54



 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:

128.138.41.170 On: Tue, 14 Jul 2015 12:26:54



 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:

128.138.41.170 On: Tue, 14 Jul 2015 12:26:54


