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ABSTRACT

We heve perforwed photoemission experiments which provide

zn iudepondent chock of a number of band siructurs assignmenis of optical

v

2 ' ) ] - .
serusture in CdPe, We find that a majority ol thae previous assignments
. ) . .’
2Frd Lncarract, i, - ' L !

" The study of the band structure of szemicouductors lias:been

Fevoiutionized by the reflectsnce ekperiuanth dating from Philipp and

.Tatﬁl in 1859 and their interpretation in terms of 6ptical critical

pedints by Phillipaz ia 1280, Due;to the apparent initial success in

interpreting the oprtical data and the reslization that the principles of

iatgrprotaiion were correct, étrong optimisa developed as to the certainty
wiia which key interband enargy separationg cculd be inferred from the

coptical data, The interpretation of the optical data for the column IV

semiconductors w&é directly extrepolated to III-V, XI-VI and even

* ¥Vork supported by the'Xaticnal Aeronautics and 8pace Administration,
National Scilence Foundation, and by the Advanced Rasearch Projects

Agency through the Center for Materials Research at Stanford University.

+ Based on a thesis submitted by J. L. Shay to Stanford University in ‘

partial fulfiilment of the requirements for the Ph.D. dezree.

N67 10890

$¢ National Science Foundgﬁ}on Predoctoral Fellow,

(ACCESSION NUMBER) (THRU)
o LeZE '

(PAGES) " (COoDE)

o 77 2¢

(NASA CR OR 7MX OR AD NUMBER) (CATEGORY]

FACILITY FORM 602



https://core.ac.uk/display/85249609?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

“»

b
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cvlaticas., Since photoeuission

detgrning the sbscinte energles of vne iniiial and final stvates iz an

’
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vptivel trangition, shey srovide such en independent check,

in thls papex, ﬁesults from a detailed photoemission study
oi CdTe ar2 reported, We view this as a good test case of the present
iaterpretation of opticsel dats, sings CdTe {a II-VI compound with zinc
nrande orystal structure} lies rather well remowed from the column IV
semiconductors, We find that significant wisinterpretations have been

. . 2.,4,6 .
de in the past assigonmenis of cpiical siructare,” ? Becnuse of this

v
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- e . . . 5
misinyerpreiation of coptical data, empiriczl pseagopotential caleulations

X

nrsed on this dare na&xtaul aye in cyrorx in some respecis

The phoioemission expersnents were performed on single

A 5 : ; 8 -9
¢ryszals cleaved in a high-vacuum chamber at a rressure of 10 Torx,
9 -4 .
and in a low-vacuunm chamber at a pressure of 10 torr, A total of
L4 oleavages were odtained {rom four single cryetsls., Esch cleavage had
2 .

a aurface area of azout 1,0 cm and a thickness of 2 to 4 mm., Claaving
in the lower vacuum resuited in an electron affinity more than a voit
lower than for the high-vacuum~¢leaved sample; howewver, no other
signiiicant Changes in the structurs were cbserved, Mlasurcments were

-
—

auvde for 5,4 < hv < 21,2 eV; however, for the sake of brevity, on.y
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thowe for 5,4 « by o 9.2 &Y from the low-vacuum-olenved zampdles will
ke dlscussed here, A compieta report of all experimsnts will be
published later,

Reprassntative energy distribution curves (EDD) are
givea in Figs, 1 and 2, The zero of energy is taken at the valence
band maximum, Since the EDC have beer normalized to yield, an 2abso-
lute scale ielectrcasfphnten/e?] is placed on the ordinate. Before

.

diacussing the riech structure in the EDC, it is important to eliminate
the possibllity that the Etrucéure is due to transport effects, Kanell
has recently suggesied that, due to the combined @ffecké of {1) low
grcup.velacity at crit;cal points and (2} phonon scattering, band
giructurs may impress itself on photoemissicn through transport effects
ratheyr than through optical excitation probability., As Kane points out,
this will result in structure which dces not movs as the photon energy
iz varied, but which is st&tionafy in energy for hv greater than some
minimum valwe, As can ba seen from Figs, )1 and 2, none of the structure
obsairved in CdTe falls inte this category. Rather, peaks appear and
isappear rather abruptly. Thus we can rule cut the possibility that
the struciure ic due to transport effects,
Recause of the sbrupt manner in &hicb the structus@ appears

e disappears as kv changes and because there is no structure which

elther is statiohary or which moves by an amount equal to the change in hv,

. . 2
it 15 clesr that the structure is due to direct!ransitions.g’l This

. s . 9,10
conclusion hes been well confirmed by detailed calculistions, Recog~

o<£1

nizing this character o? the photosmlusion gtructure, our purpose here
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drvn, {2} or refuats previous assipnments of the ozticel

stroovure, {3 «siablish che adsoiute enevgies of the initizl =ad

Tinel states iavelved in the eptical transitions. and 4% provide

.

- et

seations as to ma2jor ieatures of the hand styvcture,

Thore aiw four pleces ¢f structure in she EDC (sece

¥los, 3 and 3): ﬁﬁp pesks iahelad Pl and P2 and two shoulders labeled

bl

2. Pl rises swifily with dncressing kv until 1{ reaches a

I

meximua at a fingl stats anergy of 9.4 a¥ for hv = 8,8 aV. There is

81 end §

a corrazponding pusk in the reflactence sphectra at hv = 6,8 eV, 21
vb¢cam@$ lege Glstinet foxr hv near 7.6 oV, sharpens for 8.6 < hvy € 8.4 eV
ang dissppears abruptly for v > 8.4 2%, The éﬁrupt disappearance of Pl
%ndiéaﬁes that the lower limit ¢f the valence bands hxs been reached. A
secong peak P2 benaves in a somewhat similar manner, reaching & waximusm

ot

for 7,6 < hv < 8 ¢V. Since the vaiues of phcoton energy at which the peaks
. . ’ ‘ . . 13
rooeh thelr waxime are to bhe aszocistad with peaks in the opticel data
{sz2e Table 1}, one can obtain ths sbsclute values of the initial and final
stutes involved in the optical transitions,
Pl and P2 sre zssociated with the optical peaks at 6.8 and
7.6 oY {see Table I}). Previously, this structure in the optical dats has

3,4,13

been assigned te transitiong from the spin-orbit split valence

. v . c . .
pand Ls to the conduciion band L3 . This sssignment reguires the final
energies to be ihe same for both components of the txansitiou. From

Figs, 1 and 2 and the discussion above, Jt iz clear that tnis is not

the <as

o)

, Trne {inal state for the 6.8 eV optical peak lies at 5.4 eV and
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thet for teas T8 eV aptica: FeiK licn gr about §.3 &y, Thug the

FERLgoment of phe YO opiicpl PBERLS L0 fhe Transiticng gan 24

. . . 3,4,8 23 ) . .
FERYIous workers ; ars in agvoement that tna us2tical

B an Wy = 5,4 #Y s due ye s traesition agar X, hawewer, NC Btrong
- : . s ) VT
LVPULEOTe e L8%igned to The Ky K,
” o
- . > ® G <P ey 3 . »v - < 3 v
&% tho pesks at 5,4 “nd 6.8 eV ure gue to the X = %7 ang x¥ - £,
. B

Tangitions {41 iz imnosaible to datevmine Fron gnu'exnerimeqt zlone

o L B
thy erdering of the levery Ka and &3}' This point is Cxtremaly
, v ) N - sl
Laportant Tor the preudopotontvial rongd calewlations eince the .o X3

s?litﬁiﬂg is faken 8% 3 measure of the srtlgvometele putentinl ugeg
in those caleulavions, Cchsnvand Borgstressor {heraaftey referred vo gs
T3} took thig splitting to be 0.% »Y whereas the present results indicate
B Splitting of approximately thrse iimes that aroung ,
——n it O
Since 8pin~arbit 8plitting is not segn in P2 {comparable
£ 2 | 9 ¢ : le
spthtangs have heeon Q3served in otlier ph@toemissxon Studies™ ") theg
. e v .

7.8 av optical paak CABDGE ba assoeiateg Briacipaily with La transitions
O any transiticn in the vicinity of the A direction, Based on CH'a
bang a&lculation, it sesms Mkoly that it is to bhe Associated with the
v fad ' . )
Ki -~ Ki transirzﬁn; however, it may be due to transitions at more
g#n2ral regions in the zens,

The Yeet thay py becomes legs distiner for hv near 7.6 ev,

‘eharpens for 8,0 < hy < 8.4 eV, end disanpars abruptiy for av > 8.4 ay

. C s,
indicazes coupling between the gaéCond condgution bang gt Y {XB} and - the

. . V. .
lowest valence band at x (xl). This locates the bottom of ihe valence

Band at 3.0 eV in good agreement with OB,
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Let u now examing (he raoe shouldors S Loandt 2o

Figs, 1 and Z. %ince the shoulders the aaximum enargy
thwy osn 2ily be due o tracsitions from states ncar the valence
17 - . . v
band maximus, bige 4D this paper, r}” refers to the vopermoest of
& 1 ’

P . e . "% i . v s

the spin~orblt-sniit lavels YJS” Thus we assign S1 to Cig ™ 1z5 trinsitions,
& L »

s 3 £ mtr . €

Bisce 51 apgears for hv > 5.8 o, this locates rl‘ at 8.3 eV, A

placing the thire ! cenduction bang {either F} ax le} at 8.7 eV, The

e<dge ©f the broad optical structure laholled dl by Cardona and
13
Graonaway appears at about 8,7 eV.

A comparison of our assignments with those of Carcduna eadg
GresnaWway can be obtained frow Table 1. It should be no:ed Tist in
orly one case (the 5.4 eV transition at X} ave their agsigrnments in
sgreomeant with the present work.

For the sske of summary andg compuriscn, the transitlons
which we observe in the photoemission data are skatched ontw the band
structure of CB in Fig. 3. Since CB did not include spin-orbir spliciing
in thelr caleculation, the effects of this spittting of the valence
band were taken out of our data before 1t was Qlaced on Fig, 2. Good
cgrecment 1s found near X in the valence band and, perihaps, neor K,

K ) - - .
Howgver,we find fls 0.5 eV lower than CB caliculated, and we find

< c . . . . N .
the x] - X; splitting to be three times lavger than their risult. However,

. . < . < , .
since the antisvmmetric potentizl was set by the xl - ¥, splitting and

[y

since this splitting had been previously misinterpretedg, this differonce

is due to misassignment of the optical deta.
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It should ke noted that the systematics of the coptical cdata also argue
against the previous assignment. Theorsetically, it is expected {Ref. 15)
that the spin-orbit splitting should be approximately the same for

the series ZnTe, {dTe, snd HgTe., Experimental confirmation (Ref., 13)

45 found for this in the splittings of the E. peaks: 0,36 eV {ZaTe},

1

0,58 aV (CaTey, and $.82 8V (HgTe) . Hewewsr, for ths translitions
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1i, 541 (1%87).
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“he fact that shoulders and not pesks are obfained in the EIC is
alac tn agroexsgnt widf this assignnent since a Mo critical point

{Ref. 4) is to he expected,



oot

Mormalized engrgy disvribulicons of the phntosmitted slectrous

2.

iCW-vasdium-cleaved saaple of Tole for 5.4 < Av v B3 eV,
The pesks Pl and P2 oand shouldsys 81 and 82 are discussed

in the texs,
¥ormalizad anargy distrivutions of the pheteemitied tlectrons
foer the Lgw-vacum-tlesved sample of Cafe for 8,0 < bv < &,2 oV,
The shoulder 80 and pesws PL osnd PY are discussed in the ‘text,
Comperison of photoesiesion resuliz for £9Te and the pseudo-

n £ b ] - . o 5 . . — 6
potential band structure calculaied by Tohen and Nergstresser.

The solld lines are the cilculated bands (the centers of gravity

of spin-orbit-split levelg); the o

gs-latchead arcas Jolned

by arrows Aindicaty the transitions obssyved experimentally.

“he photon energy cf the transition is indicated on the arrows,
The states for the 8.0 &Y transitico (7,6 eV reflectivity peak)
2ra dashed-in sincs 1t nay ilavolive staees in wmove general regions
of the zone, For this figure alone, the effects of spin-orbit
splitting of the velsnce band heve been subtracted out of the

axperimental resulits,
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