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The optoelectronics problem
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Controlling physical properties
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Very important for optoelectronics.....
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Light emission
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Electronic devices with QDs?
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Coupling of QDs

AX et
-— : Metal-
. ' i Insulator
! ....T,.@.I}.S..-.t_!qn..-f
i Coulomb f
E~2xE A
c Weak (Hubbard) 4
coupling : x
e0@ w

Exponentlal increase in exchange coup ng
1.8 15 12 09 06 03

A x [nm]

groningen

| 6

At large interparticle
distance Ax the QD solid
iS an insulator.

As the interparticle
distance decreases,

the electronic wave
functions of the
individual QD spread out
over multiple

particles.
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Hopping vs Band-like Transport
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a slow drying pristine film injection ligand exchange transfer
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Oriented attachment on substrates
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[ superlattice crystal :

- spacing: spacing. .

[ 45nm 0.3 nm :

/ crystal

[ spacing 4

ﬂ' (second

> Superlattlce and atomlc lattice
vectors coincide

> Epitaxial fusion of {100} facets

> Larger QD spacing due to neck
formation
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Ion Gel Gated Transistors

*Thin Capacitor

Helmholtz layer | =1 nm
}(molecular

capacitor) *High Carrier Density
~ ><1014 Cm—2

*Large Capacitance

~ 10 uF cm™

Y 4
[EMIM] [TFSI] ,'(
Y -
PS-PMMA-PS block copolymer y

H. Hwang, Y. Iwasa, M. Kawasaki, Y. Tokura,

/ / a4 Nature (2012).
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Superlattice transistors

a b
lon gel 1
Glass 1
d e
4.0_|---|---|-"|"'|"'|_
35t v =05.2V : ;
3.0 | E E Mobility (cm?/\V/s)
Q E E E — &\ T T
Z25¢ 5 1200 2
k= i : ] < =
o) - ' 1 @& ©
= 20 F ; 1 5 15 £ .
S [ 1 4 = - *
o - ; 1 2. 7 o e
S 15¢L : 1 £ 10 £ 10 -:v-:_ "
e T : 1 5 10 8 DO N
5 - : ] Q D - < --
1.0 £ i . 5 = x
: : 1 10 . - -
0.5 F ; . : LL
C E ] - ] 1 1 L
0.0 tlees =] q0° 0 - & -
0.0 0.2 0.4 0.6 0.8 1.0 -0.4-0.2 0.0 0.2 0.4 0.6 & & Qg,o
Drain voltage (V) VvV (V) =) v S

ref * 7

university of zernike institute for D.M. Balasz, MAL, Adv. Mater., 30
groningen / advanced materials 1802265 (2018)




\/\/\/\/\\
SR S he e B B
PP A eALALNNA NO

B —=aning the density

R S e e

e et ol ol o o e
(Y NN A S :ﬂ‘ 9
meletsietacatelo e or states.
)y SEOW. EEN

Vo N PN P A N : —g?
; y L e
Yo N2




The problem...
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Pb rich Stoichiometry (or S/Pb ratio) S rich
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NaHS ligand

iodide,
excess amount

sulfur,

controlled amount

}

}

university of
/ groningen

.

— two step process
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Fine tuning of the stoichiometry
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Manipulation of the DOS
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Summary
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O Colloidal QDs can solve the problem of optoelectronic devices

d Transport properties can be tuned by arranging the QDs in
superlattices

O QDs can be ordered in with ordered domains in the hundreds of
nanometer range.

O By using their large surface we can tune their electronic
properties......QD metamaterials

d 3D superlattices can be obtain...with mobilities above 100 cm2/Vs
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