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Geometry of quantum dot : C_ symmetry
e

A new description 1n
cylindrical
coordinates : r, @, Z

Some references for k.p axial approximation :

I'P. Enders and M. Woerner, SST (1996) : k-dependent 4x4 block-diag. of 8x8 Ham. (Bulk)

2C.Y.P. Chao and S. L. Chuang, PRB (1992) : k-ind. block-diag. of 6x6 Ham. (QW) / '.
3Y. M. Mu and S. S. Pei, JAP (2004) : k—1nd block-diag. of 8x8 Ham. (QW) /
4K. J. Vahala and P. C. Sercel, PRL, PRB (1990) : k-ind. block-diag. of 8x8 Ham. (Qwire and Spherlcal QD)
> M. Tadic, F.M. Peeters and K. J. Janssens, JAP, PRB (2002, 2004) k-ind. block-diag. of 6x6 Ham. (QD)
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Acoustic phonon band “warping” in cubic materials

A test : — sound velocities in InAs

Cubic material

ruII

Surfaces : angular dependence of n:
the longitudinal velocity |

Even et al, APL (2007) PO4-P12 ..
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“Transverse isotropic* approx. C = -Gy + [CM —

“3D isotropic* approx.
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Description in cylindrical coordinates : r, ¢, Z ——— &

“Transverse isotropic*
approx. for cubic materials

Back to cartesian

. —l
coordinates

Example : InAs/GaP QD

C, C, C
C1'2 Cl'l Cl
Cp @

O 0 0
0 0, 0
0 0 0

£, = 08" (P)E, +sin’(P)e,,
Ey = sin’ (@)e,, + cosz(go)ew,
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rro 8¢>¢> > 822 > 8rz
0
0 C1'1:C11+C12+6
0 2
0 C. = C,+C, _
12 5
ér— 4 parameters
€ = COS( ¢)8rz €y = W(grr _gw)
£, =sin(Q)e,
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. B’ : he o
Unstrained part:  R=—+/3 om y, (k2 - ks )-2i ygkxky] ~—/3 om 7k?

Strained part : R, :@(g —e )COS(2¢) ,Q(g _e )Sm(zm _bv3 (e" —¢,, )e—iZ(P
(new proposition) 2 2

v

: - : 2 2

g b3 _1{bV3 L9120 Gaas DB issev 9o _205ev

3 2 2| 2 2 N g

: _ InP ——=-173ev —=-2.50eV

G Even et al, PRB (2008) 2 2

; —

o b+/3 /
3 Ae = ac (err * 8¢¢ T 822) Q b En T 8¢>¢ Rg :T(grr _5¢¢)_e Y
I =0 &, - i /

E P.=a,le, + E,p + e, ) Wit S =—de, /

: Hydrostatic strain Biaxial strain Shear strain
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Block diagonalization of the Hamiltonian for each Fz value :

A good quantum number : total angular momentum F, =J_ +L,

Development of the wavefunction : ‘J,JZ>

Basis of 8 Bloch functions u; (i=1...8)

I—z = |:z_‘Jz>

8 enveloppe functions of (r,z)

j F, -5/2 -3/2 -1/2 1/2 3/2 5/2
Z —

12 Lzl‘L 2 -1 Q) +1 +2 +3
CB _

12 Ly | 3 2 -1 D), +1 +2

12 | -3 -2 -1 0 +1 +2

P

_3/2 L,A‘L 4 3 2 -1 o) +1
HH —

3/2 LZSJ -1 Q) +1 +2 +3 +4

12 L, -2 -1 0 +1 +2 +3

12 L,; -2 -1 0 +1 +2 +3

_ 1 /2 Ls -3 -2 -1 0 +1 +2
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Excited “p”and “d” states splitting predicted
from symmetry analysis

(a) electrons
1z=0, Jz=+1/2

lz=¢2, Jz=+1/2

lz=t1, Jz=%1/2

1z=0, Jz=+1/2

(b) holes
1z=0, Jz=+3/2

lz=%1, Jz=13/2

lz=42, Jz=+3/2

1z=0, Jz=+3/2

« CB 2S »

« CB 1D »

« CB 1P »

Fz=+1/2

Fz=+5/2
Fz=+3/2

« CB1S »

Fz=+3/2
Fz=+1/2

« HH1S »

« HH 1P »

Fz=+1/2

Fz=+3/2

« HH 1D »

« HH 2S »

Fz=11/2
Fz=15/2
z=+1/2
Fz=+7/2

Fz=+3/2
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InAs/InP 038 [

11-fold 205K Transitions between 2 -
columnar QDs states F_,/F , 03

N S i

5 TE abe)rpt1on ; \m‘\
4 ZAF. /- —+
8 § AF |FZ; F,,|=*1 ol
3 = i 75 &8 85 9 95 10 105 11
g et . . Nb. Layers
A 2 TM absorption :
= @ jamate i Hole levels
bl 5 |SKQDs ~TE ] AR =|F, —F,|=0 **r————— ]
E E .n”’rr z z -0,525 L Fz=3/2 -
_5 iy ,.#‘f T™ 0,53 |
0 W’H In10D : g-o,sas -
ﬂ n Q ¢ 'é’ 0,54 | Fz=12 \
D . ::l: E_ |
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CB

Barrier/material

Quantum dot

Even et al, Physica B (2007)
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F =32

O O
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F=1/2

F=1/2

F=-32 —O O— F=3/2 F =-3/2
F=-12 —0O O— F =172 F=-1/2
_ F=I12
_hv | (C-H)
| F=32

O

+ relaxation

F,=3/2

Radiative process in QD

F=-172
F =-5/2

O O

O O
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Non-radiative process in QD -

O O

F,=1/2
F=5/2
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F=-1/2

F,=3/2
F~1/2
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Example : InAs/Q1.18/InP truncated cone QD

E-y=0.77¢V (gap) E=23meV E =16meV

F =1/2 NBulk: 1 0 1 8011’1'3

F,=3/2

F =5/2
F~1/2

Non-radiative processes :

T/ 0,208 TCHLH=1.1ms

CB relaxation in QD :

Tecec™0.74ps) T g=24ps Teesy™ ©°

Hole relaxation in QD :

THHLszsz THHSH__:_. o
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Conclusion : further studies...

- New axially symmetric strained nanostructures

- Auger effects (gap influence, comparison WL/bulk, barrier
materials, hydrostatic pressure...)

- Beyond the 8-band k.p approximation
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