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careful synchrotron-radiation measurements on hlgh qual-
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and AE,=0.54:0.2 eV, in good agreement with the theo-
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TABLE I. Breakdown of the total valence band offset AE, to pure p
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sion term [Eq (2)] all in eV. A denotes anion and C denotes cation.

retical predictions. Both experiment and theory then imply ZoSa i ulnSa SO Taga
port>®® must be incorrect. Possible explanations of this B 0.02 0.45
conflict are discussed below. In what follows we (i) explain gz 4., 0.34 0.40
the basic elements of the calculation, (ii) clarify why ZnSe R‘iz,gm 1.02 1.02
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wave functlon is 10c,allzed on the CulnSe, side while the
CBM wave fimction is delnealized anbath heteroinnetion

R rx

performmg three self COHSIStent and fullv relatlwstlc (1 e

L. l _H’m i ! P ) e—

Ry~ E e SRR

culation were performed both for relaxed (incoherent) in-
_terfaces and for strained interfaces. Using in Ea. (1) the

contribute to AE,. The total valence-band offset between a

gorrinanduntar with sninn 41 rpd getiqe (L erds 1'!;..272 ‘

CLUCLEY ULICICICT db WC YV DUVE (11 LIC aDsence oL p-— a 1in-
teraction), and a piece due to different p—d repulsions in

T g

FEEE -

™ Cation cote Ievels as relerence we Nnd ror the relaxed -
terface AE,=1.09 eV, whereas using the anion core levels

as reference glves AE,=1.05eV. The dlfference reflects the
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AE,=(B5—E})+ (R7 2 —RET2 ). (2)
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creasing AE, by 0.03 eV. For ZnSe/CulnSe, we find that
coherence with CulnSe, substrate (i.e., 2% expansion of
ZnSe) moves the VBM of ZnSe up by 0.10 eV while the
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entu‘ely from p—d coupling. (iv) AEL,(CdS/CuInSez) ex-
ceeds AE,(ZnSe/CulnSe;) mostly because of the larger
binding energy of the S 3p orbital in CdS relative to the Se
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To understand the physical cause and chemical trends
in the valence-band offsets in these systems, consider first
the common-anion case of ZnSe/CulnSe, for which the
calculated and measured AE, value'? is ~0.7 eV. Recall
that if the VBM wave function in these semiconductors
were composed entirely of p orbitals (as simplified band
structure arguments would suggest), one would expect by

pounds“”” suggest, however, mixing of cation d character

into the VBM. This reflects the interaction between anion
p_orhifals (with initial eneroy o
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ting in chalcopyrites relative to bmary T1-VIs.!® Note that

this repulsion increases as (ea'p c'd) is reduced and as the
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FIG. 2. Wave function square of the VBM state at both sides of the
Cd8/CulnSe, heterojunction. Upper panel: Center layer of CulnSe,,
lower panel: Center layer of CdS.
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in the CulnSe, part. This will form a metallic 2D electron
gas at the interface, and further help the electron-hole sep-

heterojunction of a successful solar cell may not be the
traditional n-CdS/p-CulnSe, heterojunction but a homo-
junction between p-type bulk CulnSe, and the In-rich

v 2 v g
we infer that AE.(DC/CulnSe,) is indeed very small

(~0.05 V)

mes_h} eroiunction_befween #-CAS/n-Cul uSe,,
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on both sides of the heterojunction.
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