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Alm

= lllustrating how to build a Geant4 application on a
simple field-effect transistor;

= Introducing important features for nanodevices in
space.

Simulation goal:
m Calculating ionising dose deposited in gate oxide

m Check packaging contribution
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Overview

m Simple device example
Device description
Geometry and Materials
Physics and cuts
Results
Different cuts: comparisons

m Real device application
Device description
Results

m Conclusions
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Simple Device Example

Package Lid Substrate

~m Sensitive area
— " inside FO

Field Oxide
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Geometry

Cross Sections

Lid =250 ym

FO = 1.5um

Gate = 0.5um

GO = 04 pum

SD = 1.4pum
Gate Oxide > Sensitive Volume Substrate =500 um
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Materials

Wor | d
Alr = new AMaterial ("Air", 1.290*ng/cnB, 2); -
Ai r - >AddEl enent (el N, 0. 7) ; _

Ai r - >AddEl enent (el G, 0. 3) ;

Package Lid

PackagelLi dvat =new GAMat eri al (" PackageLi dvat", 9. *g/ cnB, 2) ;
PackagelLi dvat - >AddEl enent (el Ni , 0. 5) ;
PackageLi dvat - >AddEl enent (el Fe, 0. 5) ;

Substrat e

Substrat eMat = new AMateri al ("SubstrateMat", 2. 3*g/ cnB, 1) ;
Subst r at eMat - >AddEl enent (el Si , 1) ;
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Materials

Field Oxide
Fi el dOxi deMat = new AMateri al ("Fi el dOxi deMat", 2. 2*g/ cnB, 2) ;
Fi el dOxi deMat - >AddElI enent (el Si, 1) ;
Fi el dOxi deMat - >AddElI enent (el O , 1) ;

B

++++++++

Field Omde

Source Draln
DSvat = new AMateri al (name="DSMat", 2.7*g/cnB,1);
DSWMat - >AddEl enent (el Al , 1) ;

Drain

e o

++4++++++4+
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Materials

Gat e Oxi de

Gat eOxi devat = new AMateri al (" GateOxi deivat ", 2.3*g/cnB, 2);
Gat eOxi devat - >AddEl enent (el Si |, 1) ;
Gat eOxi devat - >AddEl enent (el O , 2);

Gat e

GateMat = new AMateri al (" Gat eOxi deMat", 2. 7*g/cnB, 1) ;
Gat eMat - >AddEl enent (el Al , 1) ;

Gate Gate

I Oxide

+++++++++
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Sensitive volume

Set GO to sensitive detector:
gat eoxi de = new
EEECGat eOxi de( SDnanme="/ gat eoxi de") ;
SDman- >AddNewDet ect or ( gat eoxi de) ;

| ogi cal GO >Set Sensi ti veDet ect or ( gat eoxi de) ;

- -

++++++-I-+-I* |

Collecting information on:
Position, Track ID

Energy,

Charge Number,

Particle Name particles are generated

lonising energy deposited

Layer where secondary

20/05/2004

EEECGateOxideH t* aHt = new
EEECGat eOxi deHi t () ;

aHi t - >Set Wor | dPos(wor | dPos);
aHi t - >Set Local Pos( | ocal Pos);
aHi t - >Set Ener gy( Ki nE) ;

aHi t - >Set PChar ge( charge) ;

aH t - >Set PNanef ( pNanef | ag) ;
aH t->Set Trackl d(traclD);

I f(tracl Dl =1)

{aHi t - >Set Vert exVol (S\Wol Tl ag);}

hitsCol |l ection->insert(aH t);
/] add energy deposition
aHi t - >AddEdep( edep) ;
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Physics List

/|l General Physics
Regi st er Physi cs( new EEECGener al Physi cs("general ") );

/| El ectromagnetic Physics
Regi st er Physi cs( new EEECEMPhysi cs("Low EM'));

[/ Hadron Physics
Regi st er Physi cs( new EEECHadr onPhysi cs("hadron"));

[/ 1on Physics
Regi st er Physi cs( new EEECI onPhysi cs("1on"));
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Cuts per region

The cuts define the range from which secondary particles will be
tracked as particles or just considered as deposited energy;

Nano-components have very thin sensitive layers;

Source-Drain, Gate, Gate Oxide and Field Oxide have much lower
cuts than Package Lid, Substrate and World volume

— Source-Drain

— Gate

— Gate Oxide - —
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Cuts Implementation

[/ Default cut value for Wirld, Package |id and substrate
def aul t Cut Val ue = 0. 5*mm

[/ Production thresholds for conponent regions
AString regNane[] = {"R-&O',"RDS","R FO', “RG'};
Adoubl e fac;
for(Aint i=0;i<4;i++)

{
fac *= 0. 001;
ARegi on* reqg = ARegi onStore: : Getlnstance() -
>CGet Regi on(regNane[i]);
AProducti onCuts* cuts = new (AProducti onCut s;
cut s- >Set Pr oduct i onCut (def aul t Cut Val ue*f ac) ;
reg- >Set Producti onCuts(cuts);

}

12 20/05/2004 Geant4 Space Users Forum



L1

13

DEVEWAEWAIE

For 100x10°2 incident protons of 100 MeV
Source point

Mono-directional beam

Perpendicular to the component surface
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Hits Position In Gate Oxide

Gate Oxide X vs ¥ Gate Oxide X vs

Hit —> Impact Point
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Kind of Particles Hitting the Gate Oxide

Particle Charge HNumber

Fevackn

Particle Species incident on the Gate Oxide
FEvanta

jll"-'—

| ® Entrieno : 11'|:I'I|'I3

=L mda i
glecEronm Protons neutrons poaltrona Ligh lonm Chargs Humbsr

Protons : around 94 x103 primary protons + secondary protons
Electrons : ~ 10 x103

Positron : one!

Light ions : ~ 10
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Packaging importance

Volume of Generation for Secondary Particles

Major contributors : o incident on Gate Oxide

m  Gate Oxide

m  Gate

§ Entries a0 xiod

m Field Oxide

Backscattering :

m Substrate

FCELTD FliseldOxids Gats Fatbsbnids 5]5]

The lack of contribution from the source and drain is merely due to the beam direction!
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lonising Dose In Gate Oxide

Total lonising Dose deposited by all particles incident on the Gate Oxide

TID vs. #events
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Check Cuts per region

In case cuts = 0.5 mm (default):

Just secondaries with long
penetration depth are
considered,;

Short range secondaries will

Volume of Ganeration of Secondary Particles incident Only Contribute to ioniSing

an Ehe Gate Oxids

] | energy deposition in the layer
= of creation;

Fewer secondaries reach the
Gate Oxide
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Total lonising Dose for different cuts

TID for different cuts
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Real Device Application

Space Users Forum 2003, Estec

http://www.estec.esa.nl/wmwww/WMA/EMA Events/g4spaceusers2003/pre
sentations/GEANT4_AKeating 22012003.pdf
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Device Description

m The NMRC RadFET dies consist of four RadFET Sensitive
Detector: RadfFET1 Gate Oxide

6 Package layers:

250 pum lid (1) made of Kovar, adhesive(5),
attach pad(6) and the base (7)
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Secondary particles and Packaging

Similarly to the simple example, Dose Effects :

or

g : 2- Depend on Packaging configuration :
ﬂ Distribubtion of the secondary particles point of origin
% RadFET configuraticn with LID
E" LS !
nautron a+ ﬁ 1
Farticle Hames a
H
1- Are mostly due to : %
=
m Electrons
m Protons
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Conclusions |

m A simple field-effect transistor example is
constructed,;
3 packaging layers;
A gate oxide as sensitive volume;
A gate a source and a drain.

m The example also includes
Cuts per regions

Physics list consists of general physics, decay, low energy
electromagnetic physics, as well as ions, proton (anti-proton),
neutron (anti-neutron) elastic and inelastic processes.

Calculation of Total ionising Dose deposited in the gate oxide.
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Conclusions 11

m AIDA analysis creating histograms and tuples

Deposited energy,

Type of particles hitting the gate oxide,

Layer where secondary particles are generated,
Energy of incident particles,

Total ionising dose deposited in the gate oxide.

m The improvement of this work as a Geant4
example may benefit from comments!
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