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I Material and samples
(Cd,Mn)Te based p-type modulation doped QW



Diluted magnetic semiconductor: (Cd,Mn)Te

eRandomly distributed localised spins (Mn)
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Diluted magnetic semiconductor: (Cd,Mn)Te

*Exchange interaction: 3d Mn states — s,p states of the semiconductor matrix

Giant Zeeman splitting
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P-type doping and control

eModulation doped

Barrier spacer Control :

spacer thickness
acceptor concentration

VB Acceptors:
nitrogen

2D hole gas

eSurface doped

Acceptors

barrier | CdggsZng0sMdp27Te |15 a 60 nm

Quantum well [ 510 nm

barrier Cdg 65£N0.08Mgg 27 TE

Control:

surface/quantum well Distance

. W. Maslana et al., Appl. Phys. Lett. 82, 1875 (2003
Substrat + buffer Cdy 452Ny 1,TE ppl. Fhy (2003)




Optical control
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Electrical control of the hole density

- . uantum well:
epin diode Q od M. Te
Substrat - buffer: _ 0.95"""0.05
CdygsZNg12T€ Barrier: Barrier:
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*Reverse bias: Vg <0

*Band structure at equilibrium
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Hole gas:
p = 1.5x10"" cm-2




Important energies

Hole gas Fermi energy: Max: Er = 3 meV

8 nm Cd g9sMng goaT€/(Cd,Zn,Mg)Te QW
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II PL versus spin splitting
e PL at vanishing hole density
Switching from X* to X



PL at vanishing hole density
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PL at large hole density
Switching from X+ to (D,,, D.,,)
X* transition and hole gas polarization



PL intensity [meV]

PL at larger hole density
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Destabilization of the singlet X+
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D,;and D,,, : the same initial state

oAt the crossing point

pip structure XS c+
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D,;and D,,, initial state — identification !
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D,.and D, final states

oAt the crossing point
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PL intensity (Log)

D,;and D, :

Phonon replica only associated to D,,
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Small spin splitting: Polarization of the hole gas
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Spin splitting at full polarization

I I VB splitting at full polarization
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Spin splitting

needed to destabilize the singlet X*
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Hole gas excitation

A measure of the energy left in the gas
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IV Back to the hole density determination



In the band-to-band regim

Moss-Burstein shift

Zero magnetic field

includes Stockes shift

Absorption
K k

N =112
+ 112 A Enhance accuracy

o2 times larger E.
eExtract the Stockes shift in o-
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Conclusion

eA novel PL feature: (DhI ,DIOW) *A mechanism to understand it

M - Holes in majority | E Spin related

spin-band destabilization

X* and
a hole gas
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eCharacteristic energies

- Spin splitting at full gas polarization -- | Hole-hole interactions !
- X* destabilization -------------------u-- Binding energy !
- Hole gas excitation ------------------nnu- Nature of the excitation ?

eQuantitative understanding:
would need some more work from the theory side ...



