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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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Effect of Carrier Concentration on the Reflectivity Spectrum
of Ge and InSb

Y. Petroff, S. Kohn, and Y. R. Shen
Department of Physics, University of California
o “and
 Inorganic Materials Research Division,

Lawrence Berkeley Laboratory,
Berkeley, California 94720

ABSTRACT

We have measured at 5°K the derivative spectra 1/R dR/dE
around the E1 and Ei + Al structures, of Ge, and InSb with
different_impurity concentrations. In the more highly doped
samples,'thé peaks are broadened and shifted slightly to |
lower frequenéies. The change in the value of 1/R dR/dE is

‘much larger than recently predicted by Seraphin and Aspnés,
baéed on the surface field effect. Different possibilities
for the effect are discussed.

Wavelength modulation measurements on samples with an

applied surface electric field have shown no difference.
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Introduction

The purpose of this papér is to report some preliminary data on the
effect of the surface field on optical wavelength modulation spectra.
This question has been recently raised by Seraphin and Aspnes,1 who
observed that this effect is usually complefely neglected. In fact
Welkowsky and Bréustein2 ha&e investigated the poséibilify that surface
field in semiconductoré may perturb the resulting lineshape of the
W.M.S. They used an electrolyfic cell to apply an electric field on the .
surface of a sample of Ge with an appiied-dc’voltage of 1 V across the
cell's electrodes; this corresponds to 104 V/cm. Théy did not observe
any diffefence with or without electric field within the'sensitivity
of the expérimental setup. |

.Zucca and Shen?élso studied tﬁe effect of the surface fieidvon
a sample of Si by uéing differenf cafrier concentration varying between
_ 1013 and 1017 cmi3§ they did not find any appreciable change.

We have repeated these experiménts, extending the measurement to
higher concentration. " The expérimental éetupvhas been previdusly
_described.3 Essgntially, tﬁe spectrometer employs a two-beam system
with two feedback loops in order to compensate.the dispersion of the
optical components. Thevsamples are mounted in é liquid helium dewar;
the liquid helium stored in a separate reservoir flows into the sample
chamber where if is evaporaﬁed. This process avoids any pollution of .

the surface and even after a few days at low temperature , we have not

-

noticed any change in the reflectivity.



‘a) A broadening of the peaks E
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Ge

We have represented in Fig. 1 the logarithmic derivative
1/R dR/dE for two samples having very different carrier éoncentrations;
the first one is a very pure p-type sample (60 2/cm, lO9 impurities/cm3);
the second is highly doped n-type (0.0055 Q/cm).

The difference between the two curves are easily seen. We‘observe
1 and E1 + Al’ and a'decrease of the
value‘bf'l/R dR/dE ~_soz{

b) A small shift of the position of the E., peak; 2.220 eV for the

1
pure sample, 2.212 eV for the doped one.
We can now, using the Seraphin and Aspnes model, caléulate the

magnitude of the change due to the surface field; we suppose that the

reflectivity can be'represente& as

=R+ AR (&) ' T

‘where R is the intrinsic reflectivity and AR(g) the change induced

by the surface field g

dR

1R . 1 4 ooy o LB B 1a -
RdE " E+oR aE o™ TRGE T _7&E TR E R, @

[o}

The first term of Eq. (2).is the intrinsic Speétrum; the second one

is negligiblé; and the last 6ne is:
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where I' is the broadening parameter.

For the E1 structure of Ge, AR/Ro ~ 0.002 and T = 60 meV;4
Seraphin and Aspnes using the value 1/R dR/dE ? 0.6 eV_1 from Welkowski
and Braustein2 concluded that the error term (Eq. (3)) was about 5%

of the amplitude of 1/R dR/dE.

We think that the value used for 1/R dR/dE is too low. Our result

gives 2 eV—1 in good agreement with the previous result.5 In this case .

the error term is of the order of 1.5% and we consider that it is too
small to be observed.
What are the other possibilities able to produce this large a

difference? The E, structure was primarily interpreted6 like a critical

1
point Ml along the (111) symmetry difection_in the Brillouin zone.
More recently, Koeppen 55_21,4 suggested that, by elecfroreflectance
measurements, the observed structure could be described by avtwo—
dimensional critical point. In any case, an exciton-ié associated with
this transition. The_écreening effect of cafriér on excitons could
explain the broadening, but in thisbcase"the shift would be expected
towards the higher energy.7

We have also made some measurements with an electric field applied
with an M-I-S structure; we used the liquid helium as an insulator and
a tramsparent metallic electrode. The distancé between the electrode
and the sample was 40U. One hundred volts were applied between the
electrode and the sample. No appreciable difference in the logarithmic
derivative was observed.

On thé other hand experiments with a p-type saméle'éf 0.5 @/cm
does not show any differénce with that of the 60 f/cm. It seems that

the change occurs for crystals with more than 1017 cm;3. In fact,

.
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what we observed is very similarufovﬁhe méasurements made some years
ago by Cardona and Sorr;mers.8 We think that above a certain concentra-
tion of impurities, the defects and inhomogeneities in the sample
;educe the scattering time of the electrons, giving a broadening of

the energy levels.

InSb
To verify the results‘observe& for Ge,.we have performed measure-
ments on two samples bf InSb n~type with 2.1014 cm_3 and lO18 cm—s.
The.curves are represented in Fig; 2. It can be‘séen that the
situation is not very.different; a-large changé in the magni;ﬁde of

1/R dR/dE, a broadening of the peaks, and a small shift towards the

low energy side are observed for doped samples. The value of the El

peak is 1.982 eV for the pure sample and 1.968 eV for the doped one.

The shiff observed (14 meV) is in.very godd agreement with that
obﬁained by resonant Raman scattering for the same concentration of
carriers by P. Yu.9

We must also emphasize that, contrary to Ge, it seems that the
surface is more sensitive to fhe etching process; some broadening has '
been observed in the optical spectra When the‘etching is not good

enough.

In conclusion, we have not found that the surface field effect

" plays an important role in the wavelength modulation spectra, We hope
- to be able to test the Seraphin and Aspnes model by doing the electro-

reflectance and the wavelength modulation on a ferroelectric like

SbSI ‘where this effect mustvbe very Iimportant and easy to measure,
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Figure Captions

1. Logarithmic derivative 1/R dR/dE at T = 5°K for two samples

4,

of Ge. Full line p-type 60 Q/cm; Dashed line, n~-type 0.0055 Q/cm.

2. Logarithmic derivative 1/R dR/dE at T = 5°K for two samples

of InSb. Full line n-type 2.1014 cm—3; Dashed line n-type 1018cm
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