Lection 4

3). Optics of excitons in nanostructures (4h)

(exciton -photon interaction in an array of QWSs, short-period SR;

Bragg QW structures, diffraction from an array of QWW and QD;
polaritons in microcavities)




Periodical structureswith QWs

L et the period of the structure is so that the exciton
wavefunctions in neighbor well are not overlap. In
this case exciton contribution to the polarization is a

sum over separate wells
Pc(2) =2 P2 (2)

1 , . .
here RI(@=,|x(27.0)E(Z)dZ Consider only lowest state

Electromagnetic field induce exciton polarization

o Arc o) —w—il

here ®(2)=¢(0,2,2), ®,(z)=d(z-nd)



Exciton polarization in turn, induced electromagnetic field

2
E(2) = 27 %Z j dZe"*?1p (7)

1 n
Let consider averageover theQW P, = - I dzP{” (2)

Substituting E into P, . we obtain equation for polarizationsin
different wells

(@ —@—iT)P,+> AP, =0

o ikd|n—n’
here Am,——lroe

Thisisatask for eigenwavesin achine of oscillators with

~

resonance frequency @, damping T'+I', and coupling
constants A,y



Substitute Bloch waves P, = Pe*" for infinite array of the wells
and zero damping
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{wo _w+|r(1+ g (K+kd _1+ i(—K+k)d _:J} R=0

Obtain dispersion equation

), — - sinkd I =0
coskd —cosKd

Fromthisisclearthat notall @ areavalable



For the periodic array of quantum wells not all
waves can propagate in the structure




Method of transfer matrixes

Transfer matrix thru N layers is the product of matrixes thru each layer

T, :ﬂTi

E eiK(z+d/2)

+
 ——

E o K@)

--—

E eiK(z—d/Z)

———

E e—iK(z—d/Z)

——————

def :

_d/2

E/

+

E’

d/2

}:{Tﬂ Tﬂ{&}
T21 T22 E—



The amplitudes E.,.,Eand E:El aereaedtothe plates
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: d F
5 and - and corresponds to ,

introducenew I, as F=re™ {=te"
Let the light incident from theleft = E’ =0
E, =T,E, +T,E
O=T,E +T,E
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Let the light incident from theright == E, =0

E =T,E — r:E;:h B _ 1
E'=T,E E T, E’ T22

Takingintoaccount  T,T,-T,I,,=1  consequently
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We express the transfer matrix in terms of reflectivity
and transmission coefficients




|nfinite chain of QWs

Bloch solutions (with period d) satisfy

E'] ., [E E E,
| o gk | T T
{ - } d { c } From the other hand { = } { c } _>

det =0 and —




coskd+iLsin kd

1+

Dispersion equation for polaritonsin the infinit
Array of quantum wells

1_10
w,—o—I1I

cosKd = coskd — sinkd

It IS clear that there are forbidden and allowed bands




Optical band structure

Let I'=0 sin kd
W= Wy —

coskd —cosKd = °

Forbidden band between

a):a)o—l“otg%, at K =

a):a)0+1“otg%, at K =

Edges of bands are at:

k=2, Z. %,z @, +(1442)T,, @, +T,, @, +(+V2-1T,



Short period superlattices Kd<<1

1

1. T
1—=(Kd) =1-=(kd)’ = kd 0
(K’ =1- (k)
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From the other hand (;j =4 (0)

MQW
Eol 1

Eg (@) =5+ — (()ll_v-lrQW =21,/ kd
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In this case we can use effective media approximation




Finitearray of QWs
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(Weak exciton photon interaction
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Arbitrary exciton photon interaction

one can obtain

- Fsin NKd
~ sinNKd —fsin(N-1)Kd
. tsinKd
" sinNKd -fsin(N-1)Kd

'

hee [ =re", {=te"

One can see that thereisa specia case K=




Bragg quantum well structures Kd=x
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Bragg quantum well structures




Bragg quantum well structures, experiment
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Bragg QWs.
Photonic band-gap ver sus super radiance
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Microcavity
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Distribution of the electromagnetic field in a microcavity
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Fig. 2.11: Refractive-index profile and intensity of electric field of the eigenmode of a typical planar micro-
cavity.



Scaled reflexion

Reflection from the Bragg mirror
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Two oscillator model
Electromagnetic field E(t) polarization P(t)
1
Average polarization P(t) = 5] dzP(z,t)

[ d? d
— P)+ @?P(t)+ 2I'— P(t) = 0. E(t
<dt2 (t) + o P(t) ” (t) = q.E(t)
d—ZE(t)+c’Z)2E(t)+2 EE(t)— P(t)
| dt? "t =%

L ooking for the solution in harmonic form

P(t)=Pe'*, E(t)=Ee"



Close to the exciton and cavity resonances (T, ¥, @, — @) << @), &

solution

(0,—w—-1T")P=yE
(0-w—-1y)E=7,P
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Weak exciton photon coupling

the exciton photon modes — the same resonant frequency
but different damping




Strong exciton photon coupling

(F_ 7/)2 <47,

1“—7/2
a)iza“')iﬂ—iFer Q=\/7’17/2—( 5 )

Raby splitting @, —@ = 2Q

the exciton photon modes — the same damping but different
resonant freguencies




Polariton effective massin microcavity

2

|k2|:7z_|in’ m=123,...
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T heL E, 2

The photon mass is of the order of 10*m,




Exciton and photon modes in microcavity
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Parametric polariton scattering
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Fig. 7.6. (a) Polariton dispersion relation vs. incident angle #; at zero detuning.
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circle) stimulates the scattering of pump polaritons (filled circles). (b) Sample struc-
ture and experimental goometry probed at normal incidence and time delay 7, while
changing the pump angle #;. From [7.78].
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Parametric polariton amplification



Superaniance in Bragg structures
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