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* RESONANT RAMAN SCATTERING IN SbSI NEAR THE ABSORPTJON ~DGE 

N. Amer, P. Y. Yut, Y. Petroff~ andY~ R. S~en 

Department of Physics, University of California arid 
Inorganic Materials Research Division, Lawrence Berkeley Labpratory, 

Berkeley, CA 94720 

ABSTRACT 

Resonant Raman scat~ering in SbSI has been studied in the ph9ton energy region of 1.9-
' 

'2.3 eV region in both th~ paraelectric and ferroelectric phases. In both phases a single 

i 
resonance peak in the Ran,an cross-section was found for all the observed Raman modes at 
I 
absorption edge. The li~esh~pe of the resonance peak was explained satisfactorily by a 

I 
simple. two-band model. ~ur result suggests that the fundamental absorption edge of SbSI is 

due to a direct transitian. 

~----------------~~-----------------,-------~------------------------~-1 

SbSI is a semiconductor which undergoes a ferroelectric phase transition around room 
. . (1 2 3) 

temperature (T ~ 288°K). There has been considerable interest in its optical ' ' and 
c 

lattice vibrational prop~rties(4 ) and their relationship to this phase .~ransition. In this 

paper we have studied resonant Raman scattering in SbSI at its ab~orption edge both in the 

paraelectric and ferroelectric phases. Our purppse is (i) to obtain information on the 

electron-phonon interact~on for the different phpnons of SbSI and (ii) to determine if 

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

indirect. 

EXPERIMENTAL 

The SbSI crystals used were needle-shaped, typically 10 x 1 ' 2 mm3 in dimension. The 

long axis of the needle is parallel to the c-axis. The crystal surfaces were used as-grown 

without fprther treatment. The Raman spectra were ob~ained in four backscattering configu­

rations: iii lis Lc, i 1 11isl lc, iiLcl lis and iii lcL£
8 

.(~i and E
8 

are the polarisations of 

the incident and scattered radiation respectively). The Raman sp~ctra were excited by the 

* Research sponsored by 'Energy Research and Dev'elopment Administration. 
t 

i· Present Address: lBM 'F'homas J. Watson Researl'L Center, Yorktown Heigh,ts, NY 10598 

1"' On leave from Universi.ty of Paris, Paris IV. 



,JUf put 0~ a CW dye laser pRpeQ ~,)r'1 arlJArt.f l~~erO n.§ utin(J tht dyes: Rhod~ilmine B, Rhodhamine .• 

t•l· (dissolved in methanol or hexafluoroisopropanol) the dye laser frequen~y C;lln be tuneq 

,·o''ntinuously from "' 15400 em -l (~)500 A) to "' 18200 em -l (5500 A). The di~Fcrete lines of the ; 

~+ 

\r laser were used below 5500 A~ 
i ;' 

RESULTS 

The off-resonance Raman spe~tra of SbSI we measure~ at ~ different temperatures are 

v~ry similar to those published fn the literature(4) so they will not be reproduced here. In I 
Lhe resonant regime the intensit~es of all the Raman liqes change essentially en bloc so the I 

I 
paper we wi 11 I .werall shape of the Raman spectfa of SbSI is unchanged. As a result i~ this 

WAVELENGTH Cl> show on~rY the dispersion in the Raman cross- ; 

(o) section of the strongest mode in each scat-
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Figure ~ show a single peak riding on an 

increas£~ng background. The position of 

these p'aks agrees well ~ith the on-set of 

the absl)rption edge. In Figure 2 we show 
i' 

the enh~;lncement of the 112 cm-l. mode 
.. .. 

(Eil IE8~c) for several different te~pera-

tures, J>oth above and below the phase trans-

.it ion t~mperature. \-1e. also measured the 

resonan~e in the soft mo4e slightly below 

the trapsiUon temperature (T • 273°1<). We 
I ~000 19000 20000 21000 22000 

INCIDENT PHOTON FREOU~NCY (cm-1) found tttat the enhancement in the ·soft mode 

is -~_:>nly slightly stronger than ~he other modes. 

" Vlg. 1 •. Dependence of Raman crqss-sectio~ of SbSI on incident photon fr~quency obtained at 

147°K for 3 different ~;cattering configuratioq1s: (a) E1 IIE8 
lie (53 cm-l mode); 

(h) E
1 

II E
5 

!.c (112 em-~ mode) and (c) E
1 

II c~.Es (53 em -l. mode). The soli.d curve 

f.u (h) i::; obtained fro111 Eq. (2) with I' 
-1 

= 25C' em • The peak height and positi.on 

of the theoretical cur~1e have been nornwl 1 sed to the experimental result. 
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0 J At;e~at.;?e 'I) ,.. There has been some controversy in the as to the nature of the funJ;Jmental ,. 

absorption edge in SbSI. Kamimura et al. (2) and Zeinally et al. (2) have analysed the 

absorpqon edge of SbSI wlth the Urbach rule and concluded that the absorption edge is due 

~ to a direct transition ~roadened by the st(ong interaction between the electron and the 

.. 

210 em-+ phonon. On th1~ other hand Gerzanich(~) found that the absorption edge is indirect. 
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Resonant Raman scattering has heeq 

' studied in a nqmber of indirect band g~p 

(5) (5) (6) 
semic6nductors (e.g. Si , GaP , Se _ 

-~ J 'l' . ( 5) ) .. ,. l • , • ' ~ .. • ' ; r ' . c 
....:..... ·" .""\.!"' .. :. .. ;- ··~:"'\. ........ , '-•fo. '""' 

farbidJ~n hand g~p s~mic0nductor 

(Cu
2
o (7)). It was found in all these semi 

conductors either there was no enhancement 

in the Raman cross-section at the indirect 

gap (such as GpP and Se) or else onl~ two-

phonon Raman unpdes were enhanced. In the 
\ 

latter case (e.g. in cu 2o and Si) the en­

hanced mode is usu,ally the overtone of the 

phonon participating ·in the absorption 

process. In S~SI we found that all thp 

observed modes, including one phonon modes 

, Fi.g. 2. Dispersion in the cross-section of the 112 em I Raman mode measured in the 
~ ~ 

Eil IEsLc conftguration at four different temperatures (a) 291°K (paraelectric 

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

Wl.•rc enhanced at the abso,rption edge. Thus our result suggests that the absorption edg¢ of 

SbSI is due to a direc~ transition. However ~here is a possibility of an indirect gap ~ 

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

(as 'in Se). 

If the electrons ~~t the fundamental gap indeed interact more strongly with the 210 em 

phonon than the other phonon modes as suggest~d by Kamimura et al. and Zeinally et al. (~) 

..... ~ ....... _ .... _ .... _ 



\,!c wot.l.d expect a strong~ .Jlh 1~nlcerh~ntf4in;3i:h()Raii:)ln fro0s-~ction of the 210 cm-.1 mode. 

-1 -1 
ltt:ill~:td He found all the stron~er modes (e.g. the 53 ~:m , 112 em modes shown in Fig. l) 

'"were t~nhunced by approximately the same amount as the 208 cm-l mode. The frequency 210 cm-l 

; .pbtained from the Urbach rule 1probably represents an ;~verage phonon frequency as seen by the, 

electrons. 

Agraw~l and Perry(4 ) trierfi to fit their resonant Raman result in SbSI (measured by 

temperature tuning the energy gap) with the Loudon fornula for a simple two parabolic band 

model (B): R(w
1

} a: 
{cw -w >1/2 

g i - (w -w + g i 
w )1/2. 

ph . wg > wi 
(1) 

0 otherwise 

when R is the Raman tensor and l'iwi, l'iwg and l'iwph ar~!!·.respectively th~ energies of the 

incident photon, band gap and phonon scattered. It W:!IS pointed out by Martin(
9) th&t: Eq. 

(1) was correct only for wi < w 
g 

since it neglected the contribution to R due to the 
' I 

imaginary part of the dielectric tensor when > w • 
g 

According to Martin and FaUc:ov (lO)' 
I 

the Raman tensor for the two-band model (including dal!lping} is given by: 

1/2 1/2 (2) R(~1 ) a (wg-wi+ ir) ~ (wg + wph - wi + ir) 

where r is a phenomenologic~ll damping parameter. 

I 
I 

In Figure 1 we sho~ a fit to the experi-' 

mental Raman cross-section us~ng the theoretical expression calculated from Eq. (2). r was 

treated as adjustable and was found to be~ 250 cm-
1 • Since r is larger·than the phonon 

energy we obtain a si-ngle pea~ instead of two (one at wg and one at w
8 

+ wph 

smaller than w 
1 
). 

pl 

.. 

if . r were 

tric and ferroelectric phase. Our result suggests that the fundamentql absorption edge of 
~ : 

.SbSl is direct: and most of Jti~ phonon modes interact equally strong wi.th the band ed,ge 

elt!c t rot~s. 
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