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. I 

Effects of Uniaxial Stress on the E -Peak of Silicon 
0 

* Jackson Koo, Y. R. Shen, and Ricardo R. L. Zucca 

Department of Physics, University of California 
and 

Inorganic Materials Research Division, 
Lavrrence Berkeley Laboratory, 
Berkeley, California 94720 

ABSTRACT 

Using the vravelength-modulation technique, we have 
I 

measured the stress dependence of the E pea.k of Si under 
0 

uniaxial' compression. The results suggest that the peak is 

a composite peak, with one part arising from transitions in 

the region around 6 (4-5) and the other part from transitions 

over an extended region around r. 

Mit Hilfe der wellenlangen-modulations methode wurde die 
I 

druckabhangigkeit des E maximums in Si unter uniachs:i.alem 
0 

Druck gemessen. D:i.e Ergebnisse legen die :B;olgerung nahe, dass 

das Maximum aus zwei komponenten zusammengesetzt ist, deren 

eine von Ubergangen im Bereich um 6 ( Lh5) und deren andere von 

Ubergangcn :i.n einem ausgedehncten Bcr:-eich um r herruhrt. 



iJ J '\ 
:,j d 6 '! ;.,1 ,, 

t.J ·~4 ' .i ,) ,,; 

-2- LBL-146 

The 3.45 eV reflection peak of Si has been the subject of 

controversy for sometime.· From the· de piezoreflectivity measurements, 

Gerhardt1 s_hm·red that the peak should ha'v·e a 6 symmetry and is probably 

due to 6 (4-5) transitions near r. Res_ul ts of experiments on chemical 

shifts of Ge-Si a1loys,
2 

ac piezoreflectance, 3 electroreflectance,
4 

' 5 ' ' ' 
and piezo,...electroreflectance l~d to the same conclusion. On the other 

hand, similarity behreen the reflectivity spectra of the zincblende 

crystals
6 •7 and their band structures8 suggests that the peak might be 

due to II. (4-5) transitions. Pseudopotential calculations of the deforma

tion potentials of Si seem to support this latter assignment. 9 However, 

detailed band structure calculations indicate that an extended region of 

the Brillouin zone around the r point and around 6 and II. axes is 

responsible for the observed peak.B,lO-l3 

Recently, using the high-resolution ·.mvelength-modulation tech-

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

S. 7,13 
l. The spectrum suggests that the peak is a composite peak. 

Pseudopotential band calculations13 identify the peak as due to tran-

14 
sitions from a large volume around r,- and some extended region around 

the axes of 6 and II. close to r. Comparison of the theoretical 

derivative spectrum with the experimental one shows surprisingly good 

13 agreement. In order to obtain more information about this highly 

resolved composite peak, one would like to know hov it varies under 

stress. In this note, we present res_ults of our piezoreflecti vi ty 

·measurements. on the 3.45 eV peak of Si using the •ravelength-modulation 

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

from the region a.round 6 and an extended region around r. 
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Figure Captions 

Fig. l The heat capacity of CuCr per mole of Cr. The solid curve 

represents the Bloomfield-Harnann theory, and the dashed curve 

is a linear extrapolation to T = 0. The error bars represent 

the effect of a O.l% error in the total heat capacity. 

Fig. 2 The heat capacity of 81 at ppm CuFe, per mole of Fe, as a 

function of magnetic field. 

The heat capacity of 640 at ppm CuF'e per mole of Fe, as a 

function of magnetic field. 'l'he dashed curve represents the 

single-impurity zero-field behavior. 
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The wavelength-modulation spectrometer used for the measurements 

has been described elsewhereT. The stress apparatus was the same as 
.. 5 

that of Pollak and Cardona. Two silicon crystals with dimensions 

12 x l. 2 x l. 2 mm were cut and polished by Syton15 before being mounted. One 

crystal had the long axis along [100] and the optical surface normal 

to [Oll]. The other crystal had the long axis along [111] and the 

optical surface normal to [llO]. The stress was always applied along 

the long axis of the crystal. Logarithmic derivative spectra ~R/R6E for 

reflectivity from. normal incidence at T = l0°K were ta_'ken with light 

polarization parallel and perpendicular to the stress axis. 

Fig. la shows the spectra for zero stress and for stress 

X= 5.5 x 109 dynes/cm2 along the [100] axis. The obvious changes in 

the spectrQm under stress are the shift of the zero point (corresponding 

·to the maximum of the peak in the normal reflectivity spectrw~) and 

the modification of the dip at 3.40 eV. With increasing stress, we 

found that for the spectrum with polarization parallel to [100], the 
. 

zero shifted to lmrer energy and the dip gradually disappeared, and for 

the spectrum withpolarization parallel to [011], the zero shifted to 

higher energy and the dip became somewhat more pronounced. This 

behavior can be understood if we assmne that this 3.45 eV peak is 

·composed of two superimposed broad peaks but. slightly dispiaced from 

each other, and that the one which gives rise to the maximum in the 

normal reflectivity spectrum splits under stress while the other one 

does not. In Fig. lb, the spectra with polarizations along [111] and 

[112] and for X = 0 and 11 x 109 dynes/cm
2 

along [111] were shown. It 

is seen that for both polarizations, the spectrum under stress shovrs a 
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small positive shift(-+ 0.01:'1' eV and_ 0.008 eV respectively) of t.he 

zero and a small reduction of the pea.ks (corresponding to a slie;ht 

broadening of the peak in the normal spectrum). 

The· above results can be interpreted as follows. The composite 

peak is a superposition of two broad peaks. One centered at 3.45 eV 
ma:t.nlv 

is/due to transitions from the region around~ (4-5), and has a domina.nt 

6 syrr~etry. The other,centered at a slightly lower energy,is due to 

( 4-5) transitions from an extended region around r and bet-.reen ~ and 

II. nee.r r. The ~ · pea.k would split into two under stress along [ 100] , 

. 16 
but vrould shift more or less as a whole under stress along [111]. 

The other peak should only broaden a little under stress since it is 

due ,to transitions from an extended region around f. No part in the 

, peak seems to have a dominant A syffimetry; otherwise; the spectra of 

the tvro pola:dzations would have shown clear difference under [111] 

stress. 

In Fig. 2, the shift of the reflectivity maximum (or the zero of 

the derivative spectr-um) is plotted as a function of stress for the 

four different combinations of stress direction and light polarization. 

The slopes (dE/dX) of the four curves are given in Table I. 

Because of the complex nature of this composite peak, quantitative 

interpretation of the above results would be difficult. Calculations 

assuming only critical point transitions along directions of high 

sy:mmetry are not likely to yield correct ansvers. However, a modi fica-

tion of the pseudopotential calculations treating the stress effects 

as perturbations can probably account for the detailed structure chane;e 

of the pea}~ under stress.· 
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15. Product of l:Ionsa..nto Chemical Co. 

16. The observed small splitting in Fig. lb may be due to the splitting 

of spin-orbit degeneracy vrhich is often small compared with the 

shifts of critical points due to band distortion a.long equivalent 

directions under stress. 
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FIGTJRE CAPTIONS 

Fig. l. Wavelength modulation spectra of the E reflectivity pe8k 
0 

of Si under uniaxial compression. 

(a) Stress X == 5.5 X 109 dynes/em 2 a.pplied along [ 100 J • was 

(b) Stress X 11 109 dynes/em 
2 

applied along [111]. = X was 

In both figures, the solid curve is the spectrum obtained vri th zero 

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

obtained under stress with light polarized parallel and perpendicular 

to the.stress direction respectively. 
I 

Fig. 2. Shift of the maximum of the E peak of Si as a function of the 
. . 0 

uniaxial stref.s for light polarized parallel and perpendicular to 

the two stress directions as indicated. 

TABLE CAPTION 
I 

Table I. Stress coefficients of the E peak of Si. 
0 
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