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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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Calculated Valence Pand Density of States and Reflectivity for ZnSe*

James R Chelikowsky and Marvin L. Cbhen
Department of Physics, University of Cé.lifornia.. |
“and |
- [norganic Materials Resea,rch Division, Lawfe_nce Berkele.y'La..boratory,

l?erkeley, California 94720

‘Abstra,c"t >
Us'mg a,.non- local pseudopotential, i_ncluding spin-orbit
.'Lnt‘eractlovns, we calcula;te a valvence band density of sﬁatéé for |
ZnSe which is in signlficafltly bettér.agrevefnen_vt With_ éxpef,iment ,‘ )

than previous local pseud.opotential calculations. - The calculated

reflectivity spectrum is also presented.

Local pseudopotential calcula.tions do not accurately reproduce
the experimental results from phot_demission spectr.osgcopy I.nea.'surement's._ll_ v
However, this situation can be remedied by the inclusion of a non- ‘Locél‘ '
d-well pseudopoteﬁtlal. In such a manner we have b_eén able to obta'm
exc:e.’l_le\nt égreement with experiment for both the dptical properties a.nd

2 Here we extend the calculations

the density of states for Ge and GaAs.
to ZnSe. ‘The resulting density of states has been greatly improved over
Jlociil pseudopotential calculations, at least for the top three valence ba_,nd'.s; :

On the other hand, the calculated reflectivity based on this model shows only

moderate improvement.



In calculating the band structure of ZnSe we have used the efﬂpi_rical'
pseudopotential method (EPM). 4 This method consists of adjuétiqg_ ps'e'u‘dio—' |
ootential form factors to achieve agreement with the experifnentél data. |
In addition to the local form factors, a non-local correction of the f_vorrr.l:."
VNL(r) = A, exp(-r2/ RZ) ﬁ)Z’ has been included in Vthé present calculation.

A‘) is the well depth, R thé well size, and (i’}d is a projection opératbr

&

acting on the d-component of the wavefunction. The well d_epths fof‘ Zn
and Se were determined by adjustment to agree with experimeht. ; The _
well sizes were not so adjuéte?d, but constrained so théuﬁ RZn;“L_RS»e = ZRGe’"
w'l‘-t}h the relative size of Ry, to.RSe determined by vSlatevr's rtllve‘s, Spin; .
| orbit interactions were'included in a mannvérv simiiar .to'.Sara\.iia avnvd Brust's
calculation for Ge. 0 | |

n 'Figuré 1 wé compare our calculated valencé_band d.ensity. é'f " _: o
states with the experiméntal results of ultraviolet phbt’oemissio_h | o
speCtroscomf (UPS)B.and x-ray photoemission spectrqscopy (XPS) T
Previous local EPM calculationsi’ 8 weré in disagreeme‘nt for t'he top |
.thre'e valence band, edges by an eV or more. The non-local pseud.onteﬁtial
calculation has removed this discrepancy. 'Howevér, the bqt;om yaleric_e
band, which correéponds to the Se 4s states, is_noﬁ m good agr';eément. :
with the XPS data. In UPS the bottom ba_rid. is not 'obsérfzed. It is not »
clear why our position for the bottom band is in errbr._ OPW calculatioﬁé

tend to give better values than the local EPM calculations for the lowest

band, and such calculations agree with our results. 6 Further, _Freeoufj



has recéntly stﬁdled the experimenhal reflectivity Qf II-VI combounds over

an extended en.ergy-ra.nge' bjr the uSe bf éynchotron radiation. J He observes

st:_ructt:tré in the 15;16 eV i'a,_ngé,_ and noteé that such strﬁcture fnight bé

a.sssociat.ed. w.ithvtran:.;itions ffom the gfoup VI s—levei. Cur calculation

agrees with this suqqesti.onvaé the thrésholdf,fbr’ such a transition is»l(j'ev. -
In Figure 2we compare odr calculated refléét_ivi_& to the experirﬁe&al

results of Petroff and Balkanski, 8 and Freeouf.g With the exéeption of the -

~doublet nature of the EZ peak; whiéh does _not,appear in éur‘ cal_culatediv -

reﬂéctlvity, we achiéve fa.ir].y good agreemeht.»:ln p_aff:icuiar,_ fhe

positions of the higher energy structtiré have been meroved ovér.th‘e

local PPM r‘esﬁlts;8 how'ever_',' the magnitude of the vpeaks‘ar.e not in a_q.ree.menit_

With exberiment. This di_screpancy was also preSent m the case :of thé B

loeal T'PM caleulation.



. T R C'holxKOWsky and M L Cohen (to be pubusth) v
| M  L .( ohen and V Heme,- .%olu] otate Phy51cs M 3'7 (19’70)
. L R. :‘)a1~zimza dl’ld Damd Prusr Phys Rev 170 915 (1968)'
D}Z f' 1%‘tma'n .Vi/ D Grobman J L Freeouf
v'v'Phyf*.‘ Fev‘ B (m press) | : R
L.,Ley, R Pblhk F R. McE ly, S, P Kowalczyck andD A
"Ierley, Phy“ Rev B (m prebs) L : i | _'
.'"”Johnp Walter M. L. Cohen Y Petroff andM Ealkanslq
_f:__'Phy Rev. B 2661 (1970). o "

‘.'v-,To_hn L. breceou_f, Phys_. Rev._ R 381O _(1:9'73).;':_}" L

Referenbes

Suppor ted in part b] Nattonal Science Foundahon Grant G"I '%5689
and the the U. S. Atomic Energy Commission. . =~~~ o
J. R. Chelikowsky, D. J. Chd.dl and M. L Cohen hys Rev B8,:'

2786 (1973).

J.oR *hemrow ky and M. L Cohcn Pbyb Rev Lett (m preﬁ)

(md 1\/[ : 'Erbuddk



| }Eﬁigure Captions
Figure 1. X-ray photoemission spectra frbm Ref. 7 ('dol;ted 1if1é) and
ultraviolet photoemiésvion spectfa from Refv. 6 (d.ashéd iine) in
~arbitrary units compared to the .cvavlculated 'dens.fity of states (solid
lirie). There appearé to be a uniform Shif@ between th»e‘ XPS aﬁd
UPS d.afa of 'a-pprc.)xvimately 0.5 eV.'. The UPS résults appeér to
be 'm 'bétter agreemevnt with the calculated revsulté.. ‘i‘he' Zn 3d
- core ':-;ta,tes, whi‘ch ouciir at approximately 9 e‘V.be;low the top
of the valence band, have been subtracted ouﬁ 6f thvev exp_e:r‘_imeri.tal_ﬂ
spectra. |
Figure 2. Meé@red reflec:tl{liﬁy spectfa from Ref. 8 (das.h‘édi 'Lilne) énd.
~ Ref. 9 (dotted line)vcompared.‘to the cak‘:&lat’ed refleéti\}itj spéctra

(solid line).
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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.
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