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The phonon spectra
of Hg,,Cd, Te (MCT)

Mismatch of lattices is less than 0.1 %0

Zero Gap State — singularity in the band—structure
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- Elé;:—t“r—own—-—Phonon Interac“::[ion

- In the multi-mode medium each phonon mode produces
his own polar potential

- hwros 4??0:3
T qul/?

D. Ploch, E.M. Sheregii, M. Marchewka, M. Wozny and G. Tomaka,
Phys. Rev. B 79,195434 (2009)

It Is a direct electron-phonon interaction
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Direct
Electron-Phonon
Interaction

In semiconductors:

A
c}  PACR
inAA
@ ' _CR
-
/p]
C .
(O [Phonon-Assisted
I: Cyclotron Resonance
5>

less

causes several resonances

Pinnings of

magnetooptical effects
>
0 B
D A
O
-
O
—3—
. | Magnetophonon
B | Resonance
| -
o
—t—
D
-
&
>
= B

nable resonance electron-phonon interaction —
s Influence on the phonon spectrum — are known
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Zero Gap State — singularity in
the band-structure
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Zero Gap State — singularity in the band—structure '

!

In the HgCdTe (MCT) alloys a zero-gap state
E,=T-T3=0
may occur as the composition varies from HgTe to CdTe.

Hg, CdTe

HgTe CdTe
This singular mechanism of the E variation may be triggered by an external

pressure or by a temperature.
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‘ Singularity in the band structure ., | v | Fai

em. Solids 1, 82 (1956).] for the compositions with o |

|

|
ccording to the Kane’s theory [E. Kane, J. Phys. e e ; —f
zero-band gap the at the

oo ———e S
conduction band edge should be equal to zero — ‘njk L‘f |
Xperiment’s data shown that it is really close to zero. s . L |
Q0 1'1 .;"?' Ted2® T
Many physical properties are then strongly affected by | | \ j;_:’ |
this singular characteristic of the band-structure of - |
g

such alloys.

ow, this singularity is known as Dirac point
existed in graphene
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" Mechanism of the electron-phonon coupling
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- Me'Chahmigfh'dfﬁtheelectron-phonon coupling

It Is necessary to identify
the electron-phonon interaction mechanism
to analyse the influence of

the zero-gap state
to

The transverse optical (TO) phonons
are only clearly recognized in
the optical reflectivity experiments

The preferred mechanism
for the interaction of electrons with TO-phonons is

a deformation potential
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“The electron- phonon coupllng constant
ffor the TO- -phonons with a small wave vector q, is:

1

v ko) w15 (haklas)

2MN .,
the optical deformation potential matrix is:

— oV
.:.H,H-(k,q): aI W, dr

rz}'r:+q Ou

e self energy of the TO-phonons with small wave-vector q is:

1 1
w =w., — dEF +
0 = Wro (E){EJrEEJr?iwm E+Eg?iwm}

H. Kawamura, S. Katayama, S. Takano, S. Hotta, Solid State Comm. 14, 259 (1974)
- Two Kkinds of singularity could be predicted:
First one: —

hw. =FE

Second one: E, (T) —0
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The smgular mechanism of the E, variation
may be triggered by a temperature in the HgCdTe alloys

E, (X, T)=-0.303+173x+5.6-10*(1—2x)T +0.25x* M. W. Scott, JAP,
| 40, 4077 (1969)

a0 Cd.Hg;,Te
[ x=0.115
20} horo (CdTe-like) . In the
! e Hg,..Cd, Te
10} horo (HeTe-like) g (x =0.115) alloy
> | i a zero-gap state
g of : E,=T;-Ts=0 _
m ' | takes place at
A0 E | approximately
3 | ! 242 K
; 20 I :
: | !
I |
I |
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Temperature, K
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Similar situation is in HgZnTe Alloys

. Empirical formula E (x,T) was derived for this alloys:
X,T)=—0.302+2.731x +3.24-102 X2 — 0.629x* +0.533x" +5.3-10*(0.76x'2 ~1.20xT

o5 [T ——— T —— T T A. Sher, at al.
. J. Vac. Sci.
~ 21,1 meV _4 horo (ZnTe-like
20 = v To( ) Techn. A4
2024 (1986)]
15 horo (HgTe-like) ‘
> 10 |
L ' 1
= | _ Singularity
of S takes place
| at 83 K
Sk

Temperature, K
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m EXPERIMENT
A brilliant and intense
synchrotron radiation (SR)
In the far infrared domain offers unigue advantages

Far Infrared reflectivity experiments
were performed at
the DAFNE-light laboratory at Frascati (Italy)
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Reflectivity
o
N

In the far-infrared region

“"The optical reflectivity experiment
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" Thedielectric function
Imaginary part
Hg,, Cd, Te (x=0.11)
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The frequency positions
vs. temperature range of the HgTe-like (T,-mode) and
CdTe-like (T;-mode) sub-band maxima on the

Im[e(w, T)] curves Hg, ,Cd, Te (x=0.11)
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The optical reflectivity experiment
In the far-infrared region

HngZn Te (x 0.06)
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Reflectivity

B TS i R e T

The optical reflectivity experiment

INn the far-infrared region
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The optical reflectivity experiment
In the far-infrared region
Hg,,Zn, Te (x=0.06)
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~ The dielectric function :
Imaginary part, HgTe-like sub-band
Hg,,Zn, Te (x=0.06)

' Te'mpératdre
40K 1
—— 50K _
——B0K
— 70K |
80K -
——85K |
—— 90K
—— 100 KT
— 110K .
— 120K
—— 130K |
—— 140 K
— 200 K _
— 300K

250

200

150 |

Im ¢

100 |

110 115 120 125 130

-1
Wavenumber, cm

Workshop Phonons ab initio




Wavenumber, cm™

The frequency positions
vs. temperature range of the HgTe-like (T,-mode) and
ZnTe-like (T,-mode) sub-band maxima on the
Im[e(w, T)] curves Hg, ., Zn, Te (x=0.06)
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SUMMARY

'Experimental data of the optical reflectivity for Hg, ,Cd, Te

- (x=0.115) and Hg,_Zn,Te (x=0.06) samples ) obtained in a wide
- Interval of temperature (from 20 K to 290 K) and in the far-

~ infrared (FIR) domain with using a brilliant synchrotron

~ radiation show that frequencies of the optical phonon modes

- exhibit discontinuity in their temperature dependence when a
Zero-gap state occurs.

- This discontinuity Is evidence of the returnable electron-phonon
coupling in semiconductors.

l= The mechanism of returnable electron-phonon coupling is
deformation potential not polar one.
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