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Optical measurements under high pressure in
semiconductor nanostructures
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Qutline of the talk

* Why do we study materials under high pressure?

e Experimental: high pressure techniques

 Optical properties of PbSe nanocrystals

e Optical properties InAs quantum wells and quantum wires
e Large metastability range of w- and rs-ZnQO nanoparticles
e Conclusions



Why do we study materials under high pressure?

 High pressure is the only available tool
to explore the interatomic potentials as
a function of the interatomic distance.

 High pressure experiments are the most

efficient tests of ab-initio electronic
structure calculations.

e High pressure changes the band
ordering in semiconductors
(equivalence between chemical and
mechanical pressure).
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- Diamond anvil cells
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Example of pressure dependency of ruby fluorescence
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Optical properties of PbSe nanocrystals under high pressure

* Interest for solar cells: multiexciton processes

* Interest for LEDS: wide emission wavelength tuning (0.28—-1 eV) and large emission
efficiency

Recent results on PbSe NCs under presssure

1“2

-47 meV/GPa

No change of confinement energy under

Tor pressure!

L Firm
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Energy (aV)

Previous results on PbSe gap pressure
coefficient: - (85— 100) meV/GPa

Pressure (GPa)
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Effective mass model for size confinement in PbSe NCs

- Finite potential barriers for carrier confinement

m" m \( Vy 2
xcotlx)=1-— — =X,
(x) = ( “ VA, ( )( A ) = |3 Infinite T=300K
Q 104 barriers Eg =0.278 eV,
where x=/k;,rq. 1 2w’y 2w'E o, 2mlE -V > '
A 72 in— 2 and k2, = — E’
% 0.8
- Non parabolic effective masses =
© 064 . |
. 0.X) % CoulortntéI !
* m y 1 1
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PbSe (bulk and NCs) under high pressure
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Confinement energy in PbSe NCs under high pressure
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Temperature dependence of electronic transitions in PbSe NCs

Energy (meV)
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Temperature dependence of the confinement energy in PbSe NCs

The increase of the effective mass with T makes
the total confinement to decrease with higher
rates for NCs with smaller diamters.
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PL in InAs/InP quantum wires under pressure

» Dimensions of QWires :average height (2.5
nm), average width (21 nm), and average
length (185nm)

* QWires are randomly distributed

* QWires coexist with flat QWell islands of 1-2
ML high

Intensity (Arb. units)

v' Four PL bands observed. The two bands with higher energy mainly arise
from exciton recombination at the QW-like islands
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PL in InAs/InP quantum wires under pressure

2.0 | I | I | x I x

_ P Lo 1 Peak E, (eV) (me\?/%BPa) (meVe/l(ZSPaZ)
QWr-E,, | 0.786 99 2.9
QWr-E,, | 0.828 98 2.7
QW-E,, | 0.896 08 2.5
QW-E,, | 0.964 103 3.0

0 . 4 s s Pressure coefficient InP: 85 meV/GPa

P (GPa)

Pressure coefficient InAs: 100 meV/GPa?

v QWrs and QWs pressure coefficients similar to those of InAs?

v Slightly larger pressure coefficients for the QW islands than for the QWrs?
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Optical absorption in bulk InAs under pressure

Sample thickness: 14 um
FIR and MIR: FTIR spectrometer
NIR: dispersive spectrometer
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InAs direct bandgap pressure coefficient: 104 4 meV/GPa




PL intensity (arb. units)

PL in InNAs/InP quantum wells under pressure

Photoluminescence in InAs/InP QW

T=300 K — 2ML

— 3ML
— 4ML

0.8 0.9 1.0 1.1 1.2 1.3
Energy (eV)

PL intensity (arb. units)

InAs/InP QW (4ML)

1 atm 4.5 GPa 9.2 GPa
2.5 GPa 6.9 GPa
0.8 1.0 1.2 1.4 1.6

Energy (eV)

0.898

E, (eV) 1.055

0.975




1eralunw =y

s AT LS =
VNIVERSITAT O IBVALENCIA

PL in InNAs/InP quantum wells under pressure

1.6 p T T T ]
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PL in InAs/InP quantum wells under pressure

/ InP - InAs  InP \

A A

AE_= 0.70 eV

v

E,(b)=1.35 eV E,(W)=0.35 eV

Y.

IAEV= 0.30 eV

A 4

KM. Beaudoin et al., Phys. Rev. B 53, 1990 (199EV

InAs/InP InAS.P, . barrier
E, (eV) 1.055 0.975 0808 = withx ~ 30%
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PL in InAs/InP quantum wells under pressure

/ InP INAS InP \

A A

AE_= 0.55 eV

E,(b)=1.35 eV ng(w):o.35 eV

|AEV: 0.45 eV

A 4

\\I. Shtinkov et al., Phys. Rev. B 66, 195303 (2002)/

InAs/InP 2 ML 3 ML 4 ML :
_2ML | 3ML_ | 4ML_ s InAS,P,., barrer
E, (eV) 1.055 0.975 0.898 with X ~ 15%
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PL in InAs/InP quantum wells under pressure

/ P InAs  InP \

lAEC: 0.40 eV

E,(b)=1.35eV ]Eg(w):o.35 eV

AE,= 0.60 eV

\4 v

\I’. Y. Wang et al., J. Appl. Phys. 67, 344 (1990)/

Loss  oors  oms = OK
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Large metastability range of Zn, ,Co,O NCs under pressure

Effect of Co substitution on the optical properties of ZnO (thin films)

Znq_xCoy0

Pure Zn0
%=0.5%
*=1%
x=2 5%

- X=47%

x=5.1%
x=10%
x=12.5%
x=17%
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X=27%

o (10%cm™T)
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Structural phase transitions in Zn, ,Co,0 thin films under pressure
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Absorption edge of Zn, ,Co,O NCs under pressure

25 — . . .
W
20F £Npal0,y,0 NP ’ ‘H.*-r-
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o S }
2 10 23GPaRS) [
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2.0 2.4 2.8 3.2 3.6
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Absorption edge of Zn, ,Co,O NCs under pressure (x=0.01)

Up-stroke Down-stroke

2,0 - .- _ —
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" 1,2 - |
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10 | ; | / 0.8
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M 16,3 GPa -
yiine 06 -

Abs
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0,0 e
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5

Absorption edge of Zn, ,Co,O NCs under pressure (x=0.20)

Up-stroke Down-stroke
” 1,5 5
216 GPa-0,19 GPa
1,0 4
(2]
) 1+ 2
o]
<
0,5 4
0,0 1
0.|||-|-|-|l|'|'|'|'l'l'l'l' 1,5 5.0
16 18 20 22 24 26 28 30 32 34 36 38 40 42
hv (eV)
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1)

2)

3)

4)

Conclusions

Optical absorption and photoluminescence experiments under
pressure can be an useful tool to investigate the electronic structure of
semiconductor nanostructures.

In some cases the interpretation of the results requires sophisticated
theoretical methods beyond simple effective mass models.

High pressure is also an interesting tool in the preparation of new meta-
stable nanostructures.

To improve the power of HP methods in nanoscience, by increasing the
spatial resolution, new diamond anvil cells can be designed allowing for
the use of shorter working distance objectives.
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