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Effects of Uniaxial Stress on the Eo

-Peak of Silicon
Jackson Koo, Y. R. Shen, and Ricardo R. L. Zucca
Department of Physics, University of California
: : and .
Inorganic Materials Research Division,
Lawrence Berkeley Laboratory,
Berkeley, California 94720

ABSTRACT

Using thé'wavélength—modulation technique, we have
measured thé stréss dependence of the E; pesk of Si under
uniaxial\compression. The results suggest that the peak is
a'composite peak, with one part arising from transitions in

the region around A (4-5) and the other part from transitions

over an extended region around T.

Mit Hilfe der wellenléngen-modulations methode wurde die
ee ' .
druckabhangigkeit des EO maximums in Si unter uniachsialem
Druck gemessen. Die Ergebnisse legen die Folgerung nahe, dass
das Maximum aus zwei komponenten zusammengesetzt ist, deren

eine von Ubergingen im Bereich um A (4-5) und deren andere von

Ubergangen in einem ausgedehneten Bereich um T herrihrt .
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The 3.45. eV reflection peak of Si has been the subject of
controversy for sometime. From the dc piezoreflectivity measurements,

1 . N L . .
Gerhardt™ showed that the peak should have a A symmetry and is probably
due to A (4~5) transitions near I'. Results of experiments on chemical

. s 2 L 3 . o
. shifts of Ge-3i alloys, ac piezoreflectance,” electroreflectance,
and piezb—electroreflectance5'lgd to the same conclusion. On the other
© hand, similarity between the reflectivity spectra of the zincblende

6,7

crystals >’ and their band structuress suggests that the pesk might be

due to A (L-5) transitions. Pseudopotential caleulations of the deforma-

9

tion potentials of Si seém to support this latter assignment. However,
détailed band strﬁcturé caicﬁlaﬁiéns indicate that an exténded region of
the Brillouin zone arocund thé I' point and around A and A axes is

rééponsible for the observed pea}:.S’lo_13

Recently, using the high-resolution wavelength-medulation tech-

“ nique, we were able to detect fine structure in this 3.45 eV peak of

gi. 0213

.

The spectrum suggests that the pesk is a composité peak,
Pseﬁdopotential band calculationsl3 identify the peak as due to tran-
sitions from a iarge'volume around F,lh and some extended region around
the axes of A and A close to TI. Comparison of the theoretical
derivati&e specﬁfﬁm with the éxperimentai one shows surprisipgly good

13

‘ agreement. In order to obtain more information about this highly
'résolved composite peak, one would like to.know how it varies under
stress. In this note, we present results of our piezoreflectivity
measurements on thé 3.45 eV péak of 8i using thé'ﬁavelength—modulation

technique. They indicate that the peak is probably due to transitions

from the region eround A and an extended region around T.
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Figure Captions

_ The heat capacily of CuCr per mole of Cr. The solid curve

represents the Bloomfield-Hamann theory, and the dashéd curve
is a linear extrapolation to T = O. The error bars represent

the effect of a 0.1% error in the total heat capacity.

The heat capacity of 81 at ppm-gEFe, ver mole of Fe, as a

function of magnetic field.

The heat capacity of 640 at ppm Cufe per mole of Fe, as a
function of magnetic field. The dashed curve represents the

single-impurity zero-field behavior.



AC/c (J/K-mole Cr)

0]

-10-

T [IT.TII. _  E——

Cu-Cr,H=0

se 510 at ppm
s 33.6 at ppm
oo 21.2 at. ppm

TSR SO N B I

|

LA

T (K)

Fig. 1

XBL 708-1976

w



-3~ © LBL-1L6

Thé anelengthrmodﬁlation spectfométer used for the measurements -
‘has beeﬁ déscribed elsewheré7; The stress apparatus was the same as
that of Pollak and Cardona:5 Two silicon crystals with dimensions
212 # 1;2 X 1;2 mm.wére cut and.polishéd_by Syton15 béfore beiné mountéda
cfystal hed the long axis along [100] and the opticai surface normal
to [01T]. The 'gthé‘r crystal had the 1o_ng axis along [111] and the
optical surface normal to flio}. The stréss was always appliéd along
the long'a%ié oflthé crystal. _Logafithmic derivativé spectra AR/RAE for
'reflecﬁi§ity-from.normal incidénce at Tb= 10°K wére taken with light/
polarization parallel and perpéndicular to the stress aﬁis.

Fig. la shows thé'spectra for zero stréss and for stress
X = 5.5 X 109 dynés/cm2 aléng thé.[lOO] axis. The obvious changes in
the spectrum undér stress aré the shift of the zero point (corresponding
‘to the maximum of thebpeak in the normal reflectivity spectruﬁ) and
'the modification of the dip at 3.40 eV. With increasing stress, we
‘found that for the spectrum with polarization pérallel to [lQQ], the
zero.shifted to lower enefgy~and_tﬁe dip graﬁually disappearéd, and for
the.spegtrum withlpolarization pérallel to [Oll],.the zero shifted to
higher energy‘aﬁd the dip became somewhat more pronounced. This
behavior can be understoéd if we gssume that this 3.45 eV pezk is
‘éompoSed of two superimposed broad peaks but~élightly displaced from
each other, and that the one which gives rise to the maximum in the
--hormal reflecéivity'spec£rum splits ﬁnder stress while the other one
does not. In Fig.-1b, the spectra with polarizations along [111] =2nd
% 100

[112] and for X = 0 and 11 X 10 dynes/cm2 along [111] were shown. It

- 1s seen that for both polarizations, the spcctrum under stress shows a

Cne
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“small positive.shift‘(~ + 0.017 eVland . 0.008 eV respéctivély) of the
zero and a,éﬁall réduction of th¢'peaks‘(corresponding to a slight
broadenlng of the peak in the normal spectrum).

The above results can be in . pvetea as ;OllOWS | The éogpqsité
péak is a'supérpoéition of two broad peaks. One centeréd at 3.45 eV
1s/§ién%g transitions from the reglon around A (L- 5) and has a dominant
A symmetry. The other;centered at a slightly lower energy;is due ﬁo
(L-5) tranéitidns from an é#téndéd région_aroupd T' and betwéén A and
A neer T. ThefA'péak would split into two ﬁnder‘stréss along [100],
but would shift more or less as & whole under stress along [lllj.l6
The other peak should only broadéh a litflé undér strégé since it-is
due to transitions from annektended regibn around I'. Yo part in the
- peak sééms to havé a domiﬁant A.symmetry; otherwise, the.spéctra of
-the two pblarizations would”haye shown clear difference under [111]
stréss.

In Fig. 2, ﬁhe shift of the reflectivity'maximum (or the zero of
the derivative spectrum) is plottéd as aAfunction of stress for the
four differepf combinations of stress direction and iight polarization.
The slopes (dE/dX) of the four curves are given in Table.l

Because of the complex nature of this composite peak, quantitative
;interpretatibn of the above results would Pé difficult. Calculations
assuming only eritical point tranéitipns along directions of high
symmetry‘are not likelv té yield corfect answvers. However, a modifica—
tion of the ol eudopotenu1al calcuTatlonq treatlnc the stress effects

as peruurb tions can probably account for the aetalled structure change

of the peak under'stress.
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Product of Monsantc Chemical Co.

The observed small splitting in Fig. 1b may be due to the splitting

"~ of spin-orbit degeneracy which is often small compared with the

shiftsvof'critical'points due to band distortion along equivalent

directions under stress.
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FIQURE CAPTICHNS
' '

Fig. 1. Wavelength modulation spectra of the E reflectivity peak

=

o
of Si under uniaxial compression.

9

(a) Stress X = 5.5 % 10 _dynes/cm2 was epplied along [100].

9

(b) Stress X = 11 x 107 dynes/cm2 was applied along [111].

In both figures, the solid curve is the spectrum ovtained with zero

stress, and the dashed curve snd the dot-dashed curve are the spectra

obtained under stress with light polarized parallel and perpendicular
to the stress direction respectively.
*
Fig. 2. Shift of the maximum of the Eo peak of Si as a function of the

uniaxial stress for light polerized parallel and perpendicular to

the two stress directions as indtcated.

/ TABLE CAPTION

\
Table I. Stress coefficients of the EO peak of Si.
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