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Responsibilities: Fundamentals of organic/inorganic heterojunction by
approximate density functional theory.

Contents. « Method (DFTB)
 PTCDA molecular crystal
» S:GaAs(100)
» Single PTCDA molecule on S:GaAs
e Conclusion
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IL(‘ Method @

SCC-DFTB [1]: 2.order-expansion of Kohn-Sham energy functional
E[n,+dn] :a.cc n (Y{{HJY) + Eq[ng| + E(dnz)

A

H,

! ; . 1o
Egdn®g= ~a Dg,Da,g,

Y. —LCAO minimal basisrepresentation Dg —M ulliken-char ge approximation

Hybrid SCC-DFTB [2]: additional empirical potential to describe the van der
Waals and weak intermolecular hydrogen bonding.
~ (a)i,a,)
n,|=E._[n,]+E, Eye=a ~—
Erep[ 0] rep[ 0] dis d > (I|+IJ)R|6J

Description of van der Waals interaction is also a deficiency of the DFT.

[1] M. Elstner et al. Phys. Rev. B 58 7260 (1998) [2] M. Elstner and P. Hobza, J. Chem. Phys. 114 5149 (2001)
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IL" PTCDA molecular crystal @

» minization of the energy by cell
optimization, q was fixed

ea=17.34 A, b=11.96 A,
c=3.72 A, g=98.8° experimental

a=16.84 A | | | | |
b=12.68 A O-H
c=3.69 A New Pealf |
l g=98.8° ° s
» Compared the IR spectrum of the molecular crystal e i
and one single molecule. . )
» New Peak at 1930 1/cm: intermolecular O-H mode ~ 0
» C-C, C-H enhanced : the dimer PTCDA move 2t .
together.
» C-O decrease: in the dimer contrary motion br R
» Binding ener gy between the PTCDA: 1.65eV ol mw j“f\ | A
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\J S:GaAs(100) -

* PTCDA films on S:GaAs(100) show the best structural properties.[1]
o LEED and RHEED suggest (2x1) reconstruction.[2]

* Based on XPSand RAS: S-S, Ga-S dimer pairs aswell as S-As surface bonding depending on
initial surface.

» Se:GaAs(100) and S:GaAs(100) should be similar .

ST RO F
Ghashalh

[1] Kampenetal Appl.Surf.Sci. 175176, 326 (2001) [2] Park et a. Appl. Phys. Lett. 79, 4124 (2001)
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S:GaAs(100) -

Several structures compared by surface energy calculation, (depending on
the S and As chemical potential).
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S:GaAs(100)

|
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> For the Garich case: structures with gallium —
sulphide like overlayer (b,i) found
to be most stable.

arbitrary value

topmost 8 ——
Ga (2nd layer)
S (3rd layer)

» XPS suggest top and sublayer sulphur atoms [ 3]

» Compared with the XPS results (two layers of S
with similar bonding type) i structureis more
likely to exist .

> 1 shows good semiconducting properties.
» Se:GaAs(100) and S:GaAs(100) are similar.[4]
» Both surfaces well passivated.

e
e ]

arbitrary value
o
(7,1

=
N

=
X

[3] Zahn et a. Vacuum 57 , 139-144 (2000) [4] Gonzalez et . Madrid
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IL(‘ ISingIe PTCDA molecule on S:GaAs@'
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» The most stable position of one PTCDA molecule on thei reconstructed S:GaAs.

» The PTCDA molecule enclose an ~10° angle with surface, parallel to thetop S rows.
> Inthe IR spectrum of the adsorbed molecule the C-O peak shifted, and increased.

> Interaction between the surface S and the O of the PTCDA.

> Inthe adsorbtion of the PTCDA Van der Waals interaction plays an important role.
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IL‘ ' Conclusion @

. The structure of S passivated GaAs(100) surface has been identified. For the Garich case
we found structures with gallium-sulfide like overlayer. Compared with the experimental

results we suggest a (2x1) reconstruction, with single S atoms in the top layer and with third
S-sublayer.

. The Se:GaAs(100) and S:GaAs(100) surface show similarities.
. Both structure give rise to a semiconducting surface.

. In the adsorption of the PTCDA molecule to the S:GaAs surface Van der Waals interaction
plays an important role.

. In the IR spectrum of the adsorbed molecule the C-O peak increases and shifts, because of
the interaction between the surface S and O of the PTCDA.

Outlook : s PTCDA layers on the S:GaAs(100).
*T0 describe the transport properties Green function approach.
*DFTB can be efficiently coupled to Green function techniques (Aldo di Carlo). [5]

[5] Frauenheim et al. J.Phys.:Condens. Matter. 14 (2002) 3015-3047
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