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Interesyole telluride  selenide heterostructures
*Type-Il interfaces

ssEvolution of ZnSeTe system from isoelectronic centers
to quantum dots and alloys

l.LR.Sellers & al. PRL 100,136405 (2008)
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l-ncreys band alieniment

Common cation

Common anion
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centers

cllurrum and Scelentum based alloys
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e/ZnSe QDs:

echanism of Zn

Islands formation ?

1- Growth

Capping difficulties & solutions ?
2- Optical Properties of Type-II QWs & QDs.
PL &Time Resolved PL Studies

3- Isoelectronic doping CdTe:Se.

High purity samples
Optical studies

* Conclusion & Perspectives




!R-lcl'u\ulion modes

ZnTelZnSe ;
7% of lattice mismatch

2D-coherent Mode:

critical

2D-MD Mode

h>h

critical

Stranski-Krastanow Mode

CdTe/ZnT¢
F.Tinjod

These U.J.F
Grenoble (2003

INAS/GaAS

L.Goldstein
Appl.Phys.Lett.
47,1099,(1985)




RClaxation modes

Lattice parameter variation from RHEED

4

Thickness (ML)
Critical thickness of ZnTe/ZnSe

hc =2 MLs = 0.6nm
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. RClaxation modes
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Oriented alignment : '
[310]

Typical angle :
0=1/3

200mmn
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Capping difficulties & solutions 7 GaAs
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ZnTe plane of islands ?
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‘l("‘upping Conscquences

Typical growth conditions of
MBE of ZnSe :

-Growth Temperature ~ 300°C
-Se:Zn=3

Effect of growth conditions :

NN Insensitive to substrate
. temperature (300°© 150°C)

- flux ratio ...
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Spontanuous lormation ol ordered alloy

ZnTe quantum well capped under flux ratio Se:Zn3= 0

Atomic rearrangement
Te Se at ZnTe/CdSe interfa
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Ordered Structures
at ZnTe/ZnSe interface




"ffl‘l‘ccl ol [Tux ratio Zn Sc on QD planc

- Islands at ZnTe/ZnSe interface




lSummul'_\' Part |

- “Non standard” Stranski-Krastanow relaxation for ZnTe /ZnSe
large scale undulations

- Surface treatment by amorphous Te

nanometer scale island’'s formation
alignment along [310] directions

- ZnSe growth under Zn flux in excess
limitation of Se/Te competition & segregation

—> guantum dots preservation<—

- Atomic rearrangement at ZnTe/ZnSe interface
ordered alloys with double periodicity




2- Optical Properties of Type-II QWs & QDs.

PL &Time Resolved PL Studies




Rhotoluminescence : Conscquences ol erowth conditions
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Rhotoluminescence decay
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e decay s Excitation power dependence
QW ZnTe/ ZnSe

T=5K
Ec.W modulated™3-06 €V
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- PL decay (~ 5 ns) from excitons ecay( 3

localized on an ensemble of QDs. -strongly time-stretched with respee
: to an exponential decay

-close to mono-exponential.
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L@uantum well P shilt ?

Normalised Intensity
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Capacitor-like structure
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Photon 7
NS \— N

Stationnary solution :
dn
= O
dt

n : electrons
p: holes

n=p




2hotolumimescence decay

pulsed excitation :
AP=0, n(ty)=p(ty)=n,

no Hyperbolic

1_|_ J’not decay
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2hotolumimescence decay

QW ZnTel/ZnSe
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lime decay
QW ZnTe/ ZnSe
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lime decay
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RviscI&s decays Times : Excitation power dependence
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Photoluminescence of type-ll ZnTe/ZnSe heterostructies

- QWs: PL blue shift following P13

—> conseguence of separated 28ectron and hole planes
Non-excitonic PL dynamics

— hyperbolic decay governed by a single parametem,

- QDs : 0D localization preserves excitons
—> exponential PL decay




3- Isoelectronic doping CdTe:Se.

High purity samples

Optical studies




-

[flccWoldSclenium delta dopine

T T=4K
10000} M2083 : P=20pw
[ M2034 : p=2.5pw
8000
)oo

6000

-m
CdTe

4000

[ Residual impurity
2000 A

| —— doped sample
| —— undoped sample

Pexé&

Photoluminescence intensity (a.u)

[EEY
N

o

o
I

EnergﬂeV)

1000}

800-Se center

; l |
400

” \ 1,554 1,555

Energy (eV)

260

Photoluminescence intensit&@u)

XU
200 1 S | 1 I 1 1 1 1 I 1 1 1 1 I
155 156 157 1] o1l

ettt s s cssii (WARSA
Energy (eV) 2020 2030 2040 2050 2060 2070 2080 2090 21§

samples # (Time) 36

Photoluminescence intensity (a.u)




[lcec@oleScelentum

delta doping

Energy (eV)

= | —— doped sample /2 me \\
@ | —— undoped sample / \
2 1200 H \
& F Pexc 0.6aW ! “ w \
c - I \
o 1000 _ I 1
£ T=1,5K ! !
() [ i i
© 800 1 [
C i 1 I
q) L | '
3 : ] u '
©  600[ Se centers \ ]
I= : \ /
= i \ ’l
o 400 Yo \ h
2 [ ) \ ,II
a® 200 .\_.: M A ) |"
1,55 1,56 1,57 1,58 1,58<_-~1,60

Selenium
delta doping




1400

doped sample
undoped sample

Shitdo emaim PL line

Pexc 0.6uW

T=1,5K

— L

Valence band
CdTe

Transition Energy(meV)
of CdTe:Se quantum well

Perturbation potential (meV)



Rhotoluminescence mapping
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lSummul'_\' art 5

- Seo-doping in high purity CdTe

- Localization on Se-Se pairs
—> very low density of emitters

-PL linearly polarized along [1_10]

—> possibly related to Se dimers

-Se localization centers behave as single photon ¢i@rs
— alternative to QD




* Conclusion & Perspectives




Key points of my work:

1- Mastering of ZnTe/ZnSe QDs by MBE
— Limitation of Te/Se segregation

2- PL dynamics of type-Il QWs
— Unusual hyperbolic behavior

- Single isoelectronic centers in high purity CdTe
— PL anti-bunching from a isolated Se-pair
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**Further developements :

- Better quantitative understanding of the segregatior®& ordered alloy formation :
 MEIS
 STM (cross sectional)

- Additional optical studies :
» temperature behavior of type- Il confinement
» Study of single type-Il QD

**Beyond fundamental effects :

- New design for photovoltaic cells

— type-Il interfaces

— long life times carriers L4
- Well adapted band gap materials CdSe, CdTe ... &
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