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|. Motivation

Objective : Simulation of nanoscale semiconductor devices (1&hamnel-length).

Problem : Different physical phenomena occur in the differentoeg of the device.
Quantum effects (interferences, tunneling, confinets)eare localized in certain
small regions, whereas in the remaining zones the toahbphaves classically.

Mathematical approach : Domain decomposition methods.

Advantages of this hybrid approach : = accurate results with inexpensive computationats:

= comfortable inclusion of collisions in tr@assical
zones.
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Il . Adiabatic guantum-fluid transport model

Purpose : Introduction of a numerically inexpensive SchrodingétE model for the
description of the electron reservoirs, in the timeatefent 3D case« € R?, 2 € R ).

The electron density is given as
nw) = 5 ([ £t 2,y dk) [ty )2
n=
where the transversal wavefunctiopsre the eigenfct. of théD Schrédinger operatorin z
) = Eu(fw z)xn(t, z, )
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/O xn(t, x, 2)xm(t,z, 2)dz = Snm;  xn(t,z,-) € Hé(O. 1).
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E,: energy subbands. The distribution functignaissociated to the n-th subband, is solution
of the rescaledo/tzmann equation
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{ ()Ifn + a (k < Vafn —VaEn - Vl.:fn,) = pQ(f)n (2)
fn(0,2,k) = finn(x,k).

.
«: rescaled mean free paths. (.« 1) = ﬁ

=> / om0 (t, 2, k) =€ (t, 2, k') [fon (£, 2, ) — fulty 2, k)] di .
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+E(t.7) : total energy; Q: elastic impurity collisiop.

Q(f n(t €, k

Diffusion limit « — 0, to get numerically cheaper methods :
Hilbert-Expansion : f% = O+ af! 4+ a?f2 4 ...

Inserting this Ansatz in the Boltzmann equation (2) amhparing terms of the same order
in o, yields equations foy®, f', s :

QU =0, QU In=kVuf—VaEnVifn, QU*)n=0f3+kVofi—VaBuVify.
Properties of the collision operator enable to solvedleiations. We have thus: )
falt,z, k) = =0n(t,a, k) - Vo F(t 2, €4)

with ¢ the unique solution iker(@):  oR(IA(e)) = —kA(e).
To assure the solvability of the last equation in (3js itecessary thas._;,

Z/ (Oufo+k-Voft = VB, - VifY) dN. 5, (k) =0, faa e>F.
S En

w(t:2, k) = F(t,2,en).

: energy surface)

This yields, that F has to satisfy the followis§/E mode/
O(NF)+ V- J +0-(kF) =
J(t,x,€) = —D(t,x,¢€) - V. F(t,z,¢€),
with the density of states N, the diffusion matrix D ahd termx given by
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N(t,z,c) = D(t, 2. €) :Z/S kQndNe_p, (k),  nlta,e) ::xamﬂ/; AN, g, (k).
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| . The quantum/kinetic-quantum hybrid model

Purpose : Introduction of a hybrid model to describe the vehBIOSFET device, in view of a
numerical simulation of the stationary 2D cases(R, z € R ).

The electron density in the device is given as the supéimpo®f mixed states
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Adiabatic model : The transversal direction is governed by the statioSatyrodinger
operator (1), giving rise t&(» . The distributiométions f, are solutions of the
Boltzmann equation with inflow boundary conditiors { absorption term)

%(k Vaofn = VeEn - Vifu)+vfn = éQ(f)n in [(a,22) U (3,b)] x R
fala, k) = Fy(en(a, k), for k>0 *)
fu(bk) = Fy(e,(bk)), for k<O0.

Quantum mode/ : The electron evolution in the active zone is describede
stationary 2D Schrbdinger equation with open boundangditions (QTBM)

——Aw + Vi, =ept,, (x,2)el. (€

€n en

Interface conditions : Adiabatic and quantum models are related by means of the
statistics defined on the interfaces of the differentemonet (€)== folz, +/2(e — Fula)) .

I (@2,6) = Z (O (23, €) +ZR1~,,

ZT,_” Vi (22, € +ZR,_” VI (w3,€), € > By (xs).

(22,€), €> Ey,(z2)

@)
f,T(""f%() =

Reflection and transmlssmn coefficients.... HH,,, computed via the 2D Wavefunctiojﬁ,,,,
Coupling with Poisson equation for the electrostatic potential.

1V Diffusion limit_towards the quantum/fluid -quantum hybrid model

Purpose : Diffusion limit « — 0 in order to get the adequate interfa@nditions to couple the
numerically cheaper quantum/fluid models with the fullyagtum one.

Goal: Search for an ©(a?) -approximation of the Boltzmann problem (5), (7).

Let s, .k (respi.(z.%k) ) be the distribatioinctions, associated to the regicns)
(=3,0)). The same Hilbert expansion as in the time-depenchsd yields :
foulw k) = F{(z,e) fia(@, k) = Fl(z,en) = Din(@, k) - Vo Y (, €0)

In order to obtain a second order approximation of thézZBhann equation,;Fand F have
to satisfy the followingSHE eguation

(resp.

{ vF(z,e)N(z,€) + Vz - Ji(z,€) =0 i=23 @

Ji(z,€) = —Dj(z,€) - VaFi(z,€) .
The first orderinterface and boundary conditions are deduced immediately
19wz, ¢) = PR (ag,€); Ve> Ei(z)  (9)

F(a,e) = Fu(e);  F(b,€) = Fy(e),

{ Dy(zg,€) - VaF3(xp,€) = Da(az,€) - VoF3(x3,€), Ve> Ey(x2) , e> Ei(az), 10

J2(ai,€) = Diwi,€) - Vo F(zi€) =0, Ve < By(xp) or e < By(z3).

To deduce the second order interface conditions, we t@eonsider the slightly changed
boundary layer Ansatz

Ie (@, k) = F(a,e,) + a (Fl(z,en) = Vin(z, k) - Vo F (z,0,)+

T

i) = 0 )30 anve0) ) + 0% 2 o) + 0 ),

The# are solutions of thélilne problem, involving the reflection-transmission conditions
kOgb; n (€, k) = Q(0:)n(&, k),
SETCRDIUEOLETORD Y AN OUPHO)
a0 = Z'I}t,xem () + Z Ri_ (73(0),

where TE (¢) = 6;,(0, im M+ (i, im D7 (@ire).-

We haveo; (¢, k) el oc 057 (enlai k) - With () = 05°(e)—05°(e) the P satisfy finally

1)

|| F21(1?2,6)—F31(Z3,6) = O(E)Jg(wz,e) , VYe>Ei(z2), e> Ei1(a3), (12)

together with the same current condition (10) as fér$imilarly the second order
boundary conditions are deduced.

Conclusion : The solution F of the SHE model (8) with transmissiondition

(2, €)—I3(23,¢) = ab(e)Ja(wa,€), Ve> Ei(za), €> Ei(z3),
satisfying the current condition (10), as well as adégioundary conditions, is @na?)
approximation of the average ¢f*  ( over the energy surface ) away from the interface

fin (@, )N, (k) .

1 .
N(z,¢) %:/F En
Project: 4-Numerical discretization of these interface and boundangditions.
— Fast approximation of the Milne problem.
- Implementation of the whole hybrid model, using the eéfiti SDM/WKB
method [3] for the resolution of the 2D Schrédinger eua
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