Lawrence Berkeley National Laboratory
Recent Work

Title
RESONANT RAMAN SCATTERING IN SbSI NEAR THE ABSORPTION EDGE

Permalink
https://escholarship.org/uc/item/6s0599qd

Author
Amer, N.

Publication Date
1975-07-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/6s0599gc
https://escholarship.org
http://www.cdlib.org/

AP For Reference

DU ud3uvuovt 59

Presented at the Proceedings of III ' LBL-3779
International Conference on Light " oo
Scattering in Solids, Campinaas, Brazil,

July 1975

RESONANT RAMAN SCATTERING IN SbSI
NEAR THE ABSORPTION EDGE

7
5.
g

RECEIVED

' : LAV/REMOE
N. Amer, P. Y. Yu, Y. Petroff, and Y. R. Shen " L o0

MAR 4 4 1978

Juiy 1975 : S L LIERARY AND
DOCUMENTS SECTION

Prepared for the U. S. Energy Research and
Development Administration under Contract W-7405-ENG -48 .

o - \

Not to be taken from this room

{ )

)

6LLE-TLT

\



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 nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



. fo. be published.gh»%&esﬁro%%eé%ngﬁ oéglﬁﬁ Idtgﬁbatipnal Conference on_Light Scattering
jolids, Campinaas, Brazil, (July, 1975).
in Solids, hempTnase: ’ ’ LBL-3779 -

: ’ . *
RESONANT RAMAN SCATTERING IN SbSI NEAR THE ABSORPTION EDGE

.f.

N. Amer, P. Y. Yu', Y. Petroff’ and Y. R. Shen

Department of Physics, University of Californie and
Inorganic Materijals Research Division, Lawrence Berkeley Laboratory,
b Berkeley, CA 94720

ABSTRACT

Resonant Raman scatﬁering in SbSI has been studied in the.photon energ& region of 1.9-‘
2.3 eV region in both thq paraelectric and ferroelectric phases. In both phaées a single
;esonance peak in the Raman cross-section was found for all the observed Raman modes at t?e
Lbsorption edge. The lineshape of the resonance peak was explained.satisfactorily by a

' .
simple, two-band model. Qur result suggests that the fundamental absorption edge of SbSI 1is

due to a direct transitiqn.

SbSI 1s a semiconductor which undergoes a ferroelectric phase transition around room

temperature (Tc n 288°K). There has been considerable interest in its optica1(1’2’3) and

(4)

lattice vibrational properties and their relationship to this phase transition. In this |,

paper we.have studied resonant Raman scattering in SbSI at its absorptidn edge both in the
pafaelectric and ferroelectric phases. Our purppse is (i) to obtain information on the ;
electron-phonon interaction for the different phonons of SbSI and (11) to determine if

bhonons are involved in.the absorption edge, i.e. whether the absorption edge is direct or

indirect.

EXPERIMENTAL

The SbSI crystéls used were needle-shaped, tyﬁically 10x1x2 mm3 in dimension. The
long axis of the needle is parallel to the c—-axis. The crystal surfaces were used as-grown

without further treatment. The Raman spectra were obtained in four backscattering configu-

rations: éillés ie, éiilésllc, éilc'lés and ﬁillclEs .(éi and és are the polarisations of

the incident and scattered radiation respectively). The Raman spectré were excited by the

-
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sutput of a CW dye laser pé%pég by“aﬂjArtﬁlaéerﬁﬁ By u$ing) th¢ dyes: Rhodamine B, Rhodhamine

ols (dissolved in methanol or hexafluoroisopropanol) the dye laser frequengy can be tuned

continuously from ~ 15400 — (6500 &) to ~ 18200 em ! (5500 &). The digcrete lines of the;

\r

f laser were used below 5500 &,

SULTS

RE

H

very similar to those published in the literature

The off-resonance Raman spectra of SbSI we measured at ehe different temperatures are

(4)

so they will not be reproduced here. In

the resonant regime the intensitfes of all the Raman ques change essentially en bloc so the

sverall shape of the Raman spectya of SbSI 1s unchanged, As a result in this paper we will

iglonly slightly‘stronger than the other modes.
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INCIDENT PHOTON FREQUENCY (cm™!)

1 for the 147°K result.

the absprption edge.

the enhgﬁcement of thé 112 cm *

dition temperature.

show only the dispersion in the Raman cross-:
section of the strongest mode in each scat-

tering configuration. This is shown in Fig.

All the curves in

Figure { show a single peak riding on an |
increasing background. The position of

these ppaks agrees well with the on-set of

In Figure 2 we show

1

mode

(EillESlc) for several different tempera-

Ve also measured the

resonange in the soft mode slightly below
the trapsition temperature (T = 273°K). Ve

found that the enhancement in the soft mode

tures, both above and below the phase trans-

of

vig? 1. Dependence of Raman crqss-sectiod‘of SbSI on incident photon frequency obtained at

147°K for 3 different gcattering configuratioms: (a) EillEsllc (53 emt mode) ;

() E||E e

fun (b) is obtained from Eq. (2) with T’

of the theoretical

= 250 cm-l.

(112 em” mode) and (c) Eillc%ﬁs (53 cm-1~mode). The solid curve

The peak height and position

curye have been normi!lised to the experimental result.
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lhere has been some controversy in the liteYatdre as to the nature of the fundamental

(2)

absorption edge in SbSI. Kamimura et al. and Zeinally et al.(z) have analysed the

absorption edge of SbSI with the Urbach rule and concluded that the absorption edge is due
 to a direct transition broadened by the strong interaction between the electron and the
210 cm—l phonon. On the other hand Gerzanich(é) found that the absorption edge is indirect

WAVELENGTH (&) Resonant Raman scattering has hee?

6500 6000
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h)

studied in a number of indirect band g@p
(), ap(), 50(6)

semiconductors (e.g. Si , GaP

| | 5
< - . and AlAs(')\ and also in

3 Jdirece but dive

(o]
I
o

forbidden band gap semiconductor
I

UM

(CuZO It was found in all these semi
conductors either there was no enhancement

in the Raman cross—-section at the indirect

)
|

gap (such as GapP and Se) or else only two-

phonon Raman mpdes were enhanced. In the
° ,
N .

latter case (e.g. in Cu20 and Si) the en-
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hanced mode is usually the overtone of the

phonon participating ‘in the absorption

process. In SbSI we found that all thé

observed modes, including one phonon modes

. Fig. 2. Dispersion in the cross-section of the 112 cm™! Raman mode measured in the

EiIIEslc configuration at four different temperatures (a) 291°K (paraelectric

phase); (b) 273°K, (c¢) 147°K and (d) 2°K.

were cenhanced at the absorption edge. Thus our result suggests that the absorption edg? of

$bSI is due to a direcf transition. However there is a possibility of an indirect gapf

nearly degenerate with the direct gap but not contributing to resonant Raman scattering

i
'"(as in Se).

|

l If the electrons gt the fundamental gap indeed interact more strongly with the 210 em

(2)

phonon than the other phonon modes as suggested by Kamimura et al. and Zeinally et al.:’

R I T et e RS SN v e wt et it b . g
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we would expect a stronggk é&h@nceménb@iuﬁihé}kag;n ngﬁs-ﬁfction of the 210 cm * mode.

fustead we found all the stronger modes (e.g. the 53 ¢m—1, 112 cm"1 modes shown in Fig. 1)
“were cnhanced by approximately the same amount as the 208 cm-1 mode. The f:equency 210 thl
;?obtained from the Urbach rule Wrobably répresents an average phonon frequency as seen by theg
j electrons. - _ ; f
; Agrawél and Perry(4) tried to fic the;r resonant Raman result in Sbsi (qeasured by
% temperature tuning the energy gap) with the Loudon fogmulg for a simple two parabolic band

- i . !

3 wodet @ RGuy) - {(wg—mi)l/Z - (ugmuy + o) by > Uy o |
; 0 : ) | otherwise

! when R 1s the Raman tensor and ﬁwi, ﬁw;'and ﬁwph arg-respectively the energies of the |

incident photon, band gap and phonon scattered. It was pointed out by Martin(g) that Eq. |

(1) was correct only for wy o< Wy since it neglected the contribution to R due to the :

(10), .
|

imaginary part of the dielectric tensor when w, > wg' According to Martin and Falicov

the Raman tensor for the two-band model (including damping) is given by:

+ 11‘)“2 (2) :
!

) 1/2 )
R(gi) (wg—w1+ ir) - (wg + w w

ph i
‘where T is a phenomenologicql damping parameter. In Figure 1 we show a fit to the experi-
mental Raman cross-section using the theoretical expression calculated from Eq. (2). I was
. ‘ ;
treated as adjustable and was found to be v 250 cm.l. Since T 1s larger than the phonon %
. 1

energy we obtain a single peak instead of two (one at wg and one atvmg + wph if ‘T were

smaller than w_,).
ph

We have also found no significant difference in the resonant Raman behavior of SbSI 1imn

the two phases. This is consistent with the fact that the shape of the absorption edge in

the two phases are similar and with recent calcqlatiqns(ll) indicating that there is little

difference in the overall band'structure of SbSI in the two phases.

K

In conclusion we have stjdied resonant Raman scattering in SbSI in both the paraelec-
E ‘c¥ic and ferroelectric phase. Our result suggests that the fundamentgl absorption edge of
% SbSL is direct and most of itg phonon modes interact equally strong with the band edgé
clectrons,
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