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II-VI Binaries I-llI-Vl, Termaries

FIG. 2. Band diagram for II-VI and I-Ill-\Mlcompounds. Numerical values indicate the positions of the VBM and CBM in eV. Short solid lines indicate
Epin.expt Values, calculated using E(B). Long dashed lines indicat,, values. C/D denotes “consistent with data.” In these cases, the actual doping levels
are too low to be measured. M/D denotes “missing data.”

periments. It enables one to predict the pinning energies for eonduction band offsetAE, are obtained using the relation
new material(and thus its maximal doping levejsif we AE,=AE.—AE,, whereAE;=E, g—Eg4  is the measured
know the pinning energies of the other materials and theifTable |) band gap difference between the compounds. The

band offsets with respect to the new material. uncertainty in the calculated band offsets is less than 0.1 eV.
Our calculated band offsets are shown in Fig. 2. For II-VI
Ill. CALCULATION DETAILS compounds, our values are different from what Faschinger

|39

et al>® have used.

As discussed above, to line &}? , we need the band
offsets between semiconductors. While offsets can be mea-
sured, the measured values reflect not just the intrinsic
(“natural”) band line up, but also the presence of a rough,
impure interface or interfacial strains. Here, we adopt a contV. RESULTS AND DISCUSSION
sistent and uniform approach that is to calculate the “natural
band offset” in which the effects of interfacial roughness, Table | also shows the available experimental effective
impurities, and strain are removed from the calculations. Irmassm* for 11-VI and I-IlI-VI, compounds. Effective
particular, the calculations were performed using the locamass enter&,, via Eq. (3). Both the measureth* and the
density approximation(LDA)***! as implemented by the use of the single band approximation for the valence band
general potential, linearized augmented plan wdwaPW)  states in Eq(3) lead to uncertainties. This can be improved,
method*” The valence band offsetE (A/B) at the inter- but has a moderate effect on tBBjn oxpt Values. Also, the
face between two compoundsandB is calculatet® using  measured doping limit8l,,,, can be uncertain to within an
an analogous procedure employed in the photoemission corerder of magnitudeE,;, ox,; deduced from the experimental
level spectroscopy: data is thus only accurate to within a few tenths of an eV.
AE. (A/B)=AEE CAEA L AE, L(A/B), 4 Figure 2 shows the aligned VBM and CBM using our
v VBM, ¢ VBM' ¢’ ce’ ' calculated natural valence band offsets and the measured
where the first two terms on the right hand side are the coré00m temperature band gap§able ) for 1l-VI and
level to valence band maximum energy separations for thé-!ll-VI, compounds. Experimentally deduceff)) ..., and
individual solidsA andB, respectively, and the last term is Efﬂ,exptafe also placed in Fig. 2. We see the following:
the difference in core level binding energy betwéeandB (i) The Vacuum-referreEf)?r’,fgxptvalues tend to line up.
on each side of tha/B interface. The core-to-VBM energy From this figure, we deduce, via arithmetic average the the-
differenceAEygy . is calculated at their respective equilib- oretical positions forE()) and E{) (shown by horizontal
rium structural parameters appropriate to the isolatedlashed lines in Fig.)2for II-VI compounds, and separately
compoundé? whereas the core energy level differencefor 1-111-VI, compounds. The II-VI and I-IlI-\4l com-
AE. . between the two chalcopyrites is obtained from thepounds have their own set Eiﬁ,?rﬂp) values(like the vacuum
calculation for the A),,/(B), superlattice with(001) orien-  pinning rule for impurities®* The pinning energies that we
tation. We have fully relaxed the strain at the interface. Thededuced for the 11-VI compounds are
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