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I n  the 
spectra 

range of" 60-6000 cm - 1 refl ecti on and absor pti of) 
of semi magneti c  semi coductors Hg 1 _xMnxSe C x=O.  09 ,

0. 1 1 ,  0. 16
anal ysi s of 

and 0. 1 8) at 300K 
and RC v) 

wer e regi stered. By the 
thei r energy gap E g wascur ves RC v) 

eval ualed . I t  was found that f'or x < 9. 15 , 

f'uncti on of' the concetrat.i on of' Mn2+ 
i ons . 

dependence E ( x) was compared lo t.he same al g 

E g i s  a l i near

The obt.ai ned 
1 0K whi ch i s  

obtai ned by Takeyama and Gal azk a  /2/ for 
measurement.s . 

magnetoopti cal 

I NTRODUCTI ON 

The semi conduct.i ng al 1 oy Hg i -xMnxSe i s  a sol"i d sol ut.i on of' 

HgSe , zero gap of' t..he semi conduct.or- wi t.h the i nver ted band 

str uctur e  C E  =-0.  10eV) /1/ and t.he magneti c  semi conductorg 
MnSe C E  =2 , 5eV:> /1/.

9 
By subst.i luti ng t.he manganese i n  the subl at.t.i ce of mer cur y  

the band str uct ur e  o f'  HgSe i s  modi f i ed.  The rei ati ve posi t.i on of 

the l evel r6 and r8 • arid thereby the energy qi ffer erice

EC r 6) -EC r 8) :Eg ' changes wi t.h the change of" the content of Mn i ons .·

The dependence of energy gap on the al 1 oy content Hg 1 _xMnxSe i s

known onl y i n  the r egi on of � ower temper atures C T� 1 0K) /2 , 3 ,  4/. 

From the magne(oopli cal measurements al T= 10K Takeyama and Gal azka 

/2/ f"ound that energy gap , for x< 0 . 20 , changes accor di ng to the 

l aw 

E C eV) = -o. 270 + o. 044x e r..:,g 
For x < 0. 06 these al l oys have the character i sti cs of' the 

semi met.al s C E  < O) ,  !'or x > 0. 06 -tharacter i sli cs of semi conductorsg 
wi th smal l ener gy gap C E

9 
> 0) .

278 



I t  i s  unk nown · to t he authors thal the dependence E ( x) of g 
thi s cr ystal at hi gher temper atures was deter mi ned by any 

pr ocedur e .  

I f  we tak e  that the acti vati on ener gy i s  a good measure of 

t he ener gy gap at hi gher temper atur es . ·too . 

eval uated from ref l ecti on and absor pti on spectr a .  

then E can be·
g 

f'rom the cur ves 

RC v) and TC v) . The dat a  of thi s type of experi ments for 

semi conducti ng al l oys Hg 1 _xMnxSe are non exi stent. .

Thi s paper presents the fi r st pr el i mi nar y measurfments of 

R( v) and TC v) i n  or der -to esti mate E C x) i n  Hg 1 Mn Se_ 
Q -x X 

System Hg 1 _xMnxSe i s  a sol i d  sol uti on ti l l  x=0 . 385 , wi th the

crystal str ucture of sphal er i t.e. The l at ti ce canst.ant. decays wi th 

the i ncrease of the content of manganese ,  i t  changes accor di ng t.o 

l i near Vegar d ' s  l aw /5/. 

EXPERI MENTAL 

Cr ystal s wer e pr epared i n  the I nsti t ute of Physi cs of the 

Pol i sh Academy of Sci ences . Thei r homogenei t y  and composi ti on were 

ver i f i ed·  by X -ray powder techni que /6/. Thi n pol ycr ystal l i ne 

C si nt.er i zed) sampl es wer e obtai ned by cut.li ng the i ngot. normal l y  

at i ts axi s .  Accordi ng l o  the paper Sto!U c et. al . /7/ c r ystal s 

Hg 1 _xMnxSe C x=O.  09 , 0. 1 1 ,  0. 15 ,  and 0 .  1 8) ar e semi conductor s  of" 

the n-type wi th the car r i er concentrati on of n=C 0. 5-3. 3) x 1 017cm-9.

I n  or der lo gel the refl ect.i on spectra the sampl es were 

pr epared i n  the for m of thi n wel l pol i shed sl abs . " For the 

pr eparati on of sampl es for absopli on spectra two techni ques were 

used : r adi �ti on by neutrons and pel l et. techni que.  I t  was found 

that by the fi r st pr ocedur e the .. opti c al " thi ckness of the sampl e 

decreases suffi ci entl y so that the same becomes "tr anspar ent. .. . I n  

the second case t.he sampl e powder was di l uted wi th KBr or Cs! , so 

that the so-obtai ned mi xtur e ,  by a st andard pr ocedur e was pessed 

i nto � pel l et .  

The i r  absor pti on and ref'l ect.i on spectr a were recorded on 

Perk i 'n - El mer 983 G and Br uk er 1 13 V FTI R spectrophotometers i n  

the r egi on from 50 - 9000 cm- 1 . .  The measurmen{s were perfor med at

300 · K ,  on sampl es wi th t.he f"ol l owi ng concentrat i ons : x = 0. 09, 

0. 1 1 .  0. 15 and 0. 18.

RESULTS AND DI SCUSSI ON 

Fi gure 1 shows the refl ect.i on spectr� of" Hgi".""XMnxSe wi t.h 
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vari ous manganese composi ti on , i n  the r egi on from 90 - 1000 - 1cm 

Mo�e si gni fi cant changes in spectra  are noti ceabl e bel ow 900 
- 1  c m  , i n the r egi on wher e LO . and TO ! at. Li ce vi brati ons a r e  t o  be

anti ci pated . I n  paper /6/ two bands at about 101  cm- 1 and 137 cm- 1

were i denti fi ed as TO modes of HgSe. The thi r d  band at about

2 1!:icm- 1 , whose posi ti on i n  the spectrum i s  sensi ti ve to t.he

composi ti on of Mn2+ i n  the sampl e , i s  ascri bed to TO mode �-MnSe.

The band at about 400 cm - t pr obabl y stems from the i nter band

el ect.-ron transi t.i ons i n  Hg 1_xMnxSe /6/.

The r ef l
:�

ti on spect,r um Hg0_ 82
Mn0_ 18Se ,

900 - 5000 cm i s  shown i n  Fi g . 2 .

in  the regi on from 

· · ·--t---+---+---------+--t---+---t

Fi g . 1 .  Ref l ecti on spect.ra 

Hg 1_xMnxSe for :

b) X 0 . 09 , a) X 0. 1 1

C) X 0. 15 . d) X 0. 18

,.e

l;: 1,1 s: 

! ·· ·
l, Z 

1,1 .l--,t---+---+---+--+---+--�:--"""'.'"!�---:±--� 
111 211 3111 411 511 511 ,11 1111 911 1111 
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The 

500 

r efl ecti on spectr um Hg0_ 82
Mn0_ 18Se .

5000cm- 1  i s  shown i n  Fi g . 2 .

i n  the r egi on 

A part of the r ef l ecti on cur ve whi ch i s  of i mpor tance for t he 

eval uat.i on of the energy gap of' t.hi s ct.yst.al i s  gi ven i n  the 

i nsert. .  The absor pti on spectrum of' t.he same sampl e i n  t.he r egi on 

from 2700 - 4000 cm-1 i s  pl ott.ed i n  Fi g . 3.

�:::H . b I 
rr t 

- - 1 
::: ... 1 __ '�-1 ---t-l ---t1---1 __ .... , ___ , ___ , ---+I 

SIi I HI I SH 21111 2SIII 31H 3Se8 ,ea;, 
fAflKUIIIIUIS Cta"J 

Fi g . 2 . The r ef l ect.i on spectr um

Hg1 _xMnxSe C x = O .  18)

Fi g . 3.  The absor pti on spectrum Hg 1_xMnxSe

C x = 0. 18) . The sampl e i n  KBr 
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Knowi ng the fol l owi ng data for the system Hg1 Mn Se: E Cx) at
-x X g 

10 K /2 , 3/,  E (300 K) f'or the pure HgSe/1/, the dependence E Cx) g g 
at. 300 K for simi l ar three-component

° 
compounds , we have eval uated

the r egi ons of wave nuntbers wherei n the change TC i .  e. R) can be 

connected to E ot these cr ystal s .  Let us not.i ce ( Fi gure 2) that 

i n  a l ar ge regi on around these characteri sti c wave numbers we have 

a constant coeffi ci ent R C the same i s  val i d  for T, t.09) .

The resul ts obtai ned through the anal ysi s  of' c�rves T C v) and 

R C v) wi th four sampl es Hg 1 _xMnxSe are shown i n  Tabl e 1 and i l'l

f'i gure 4 ( poi nts denote the data f'rom T ( v) , crosses the data from 

R C v) ) . 

Tabl e 1 

COMPOSITION 
>C ( ")  

9 
u 
1::5 
18 

0 

Eg < meV > aL 3 00K 
f r om T < V >l f r o m  R < V >  --------- ----------

2 3 0  
37:; 
.i?t 406 
5U> 4d2 -- -- --- -- - - - - --- - -- - -

E g : 3 00 ) = - o .  i O eV/ 1 /  

Fi g . 4 .  The dependence of E
9 

on the 

composi ti on and l atti ce constant at 

300K C our measurement.) and 10K 

( data from r eference /2/) . Dependence 

a( x) i s  gi ven from reference /5/. 
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I f  we c,, n speak about the l i near dependence E C x) at 300 Kg 

then i t  coul d possi bl y be onl y for x < 0. 15. I n  that case the 

dependence E C x) determi ned by the met.hod of l east squares can beg 
wri ten i n  the form 

E ( eV) = - 0 , 094 + 0 , 036 x 00 g 
For great.er concentrati ons the devi ati on from the l i ne�r i ty 

occurs .  We have to have i n  vi ew that E ( x)  � n  pri nci pl e  i s  not a. g • -
l i near functi on for composi te semi conducti ng compounds . Obvi ousl y. 

f'or a more preci se determi nati on of E (x) a bi gger number ofg 
measurements of ·sampl es i n  the regi ons of concentrati ons smal l er 

and greater than those i nvol ved here i s  necessary. 
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