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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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EMPIRICAL RELATION BETWEEN ENERGY GAP AND LATTICE CONSTANT

IN CUBIC SEMICONDUCTORS

Richard Dalven
: Department of Physics
University of California

Berkeley, California 94720

ADSTRACT

The empirical relation Eo a (l/az) between the energy gap Eo
and lattice constant ao has been found to hold for -a wide range

of semiconductors with the cubic NaCl crystal structure.
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In a previous lefterl, an empiricél relation between the energy gap E0
and lattice constant a, of cubic (NaCl structure) semicOnductors was applied
to PbS, PbSe, PbTe, and PbPo. This relation, which sfatéé that EO is directly
proportional to (1/a§) for a series of related semiconduétors, was known~ to
hold reasonably well for the group IV elemental semiconduétors. The purpose |
of this addendum is to shqw that this empirical-felation holds for a laréel
number of semiconductors Jith the NaCl f.c.c. cr;stalvstructure. |

‘Values3 of energy gap;Eo were plotted as a function of (l/ag) for tﬁei
following sequences of related semiconductors: (1) BaS,‘BaSe, BaTe, ; (2)1CaS,
CaSe, CaTe; (3) SrS, SrSe, SrTe; (4) solid solutioﬁébbf SnTe in ?bTe; (5) solid
solutions of SnSe_in PbSe. - The results for sequences (1) - (4) are shown in
Figures 1 and 2 below; the result for sequence (5) is shown in the letter
mentioned above.

For all five sequences of semiconductors with the NaCl structure, the
empirical relation Eo a (i/az) is well satisfied. It is,qf particular.interest
that the data for solid solutions of SnSe in PbSe cover Eotﬁ positive and
negative values of’Eo = E(L;) - E(szg For this reason, it is also of interest
to note that this empirical relation holds also fof CdTeA, for HgTes, and for
solid solutions.6_9 Hg(l_x)Cdee(OfBG > x > 0.63, zinc blende structure) with
both positive and negétive values of the energy gap EG.E E(F6) - E(PS). This
result is shown in Figure 3. ' -

In summary, this empirical relation Eo a (l/az) has been found to ﬁold
for_a wide range of semiconductors with the NaCl strﬁcture with both,positi&e
and negative energy gaps. This result has been used, in results puBiished

1,10

elewhere » to Investigate the PbS group of semiconductors, including lead

polonide (PbPo).
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FIGURE CAPTIONS

Figure 1. Energy gap plotted as a function of (l/ai) for CaS, CaSe, CaTe; SrS,
SrSe, SrTe; BaS, BaSe, BaTe.

Figure 2. Energy gap Eo plotted as a function of (l/aﬁ)ffor solid solutions of
SnTe in PbTe. ‘

bFigure 3. Energy gap E_ = E(FG) - E(F8) plotted as a function of (l/as) for

G
solid solutions .of HgTe in CdTe.



5.5

S50

4.0l

5.0
45—

4.0

ENERGY GAP, eV, ~80K

28 30 32

l

L |

2.4 2.6

2.8 3.0 3.2

(1708) , 10% cm™2, 300K

Fig. 1

XBL728-6826




"’1\

0.20

0O.15

T r 1 _r
Pb Te Pb(i-x) SNy Te

O=x=<0.27
NaCl Crystal Structure

\ |
| i
} l

| L | L |

240 2.41 - 242
| (I/Og), 10" cm=2, 300K
XBL728-6823

Fig. 2



_ I I {
y CdTe | ngCd(,_*,Te Solid Solutions
L5 0O< X< ]
Zinc Blende Crystal Structure
O T = 4K
® T =12K
|0k ® T =30K —

T o T =77K

=

L

|
2 05— —_
01
L1}
(0]
wl
HlHHgTe
—0'5 _ | | | 1
2.380 2.385 2.390 - 2.395
B (1/03), 10" cm™2, 300 K
' XBL 728-6824

‘Fig. 3




LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.




¥
- -,

TECHNICAL INFORMATION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





