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@Cesa____.___ Abstract

Previous observations indicate RadFET response :

o may depend on proton energy

o varies with the package configuration.
In this work GEANT4 has been used to :

o Analyse the influence of the RadFET package on the proton
response for different energies.

¥ Compare simulated and experimental results, using the ratio
between the primary and secondary total ionising dose
contributions for different packaging configurations.
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@esa__.___. Introduction

Global scope:

o Learn how to predict component radiation behaviour in space
by performing lab experiments and simulations.

Work description:

o Proton beams simulated according to PSI beam profiles for 10,
60 and 300 MeV.

o Employ the GEANT4 to quantify TID contribution from
secondary particles generated in the RadFET package and
Gate Oxide.

T
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Cesa NMRC RadFET description

= lIEE T E=EINNNISE B SR SE

m MOSFET based dosimeter with optimised gate-oxide for
increased radiation sensitivity.

m Induces charge trapping in the gate oxide and at Si/SiO,
interface - threshold voltage shift : AVo = f(TD)

Vo is measured by:

o S-Source m applying a constant current (Ids) and
lds g- %m? measuring the source-drain voltage.
- lzdle
i @ D - Drain = Due to the constant current, the source-
5 o Vo drain voltage increases as the irradiation
— Threshold Voltage  jnduced charge build-up in the gate oxide
_{ Measurement .
G‘ increases.

= Ids is typically of 10uA.

= Drain is shorted to gate and source is
— shorted to bulk.
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Cesa NMRC RadFET description

A AR =4- R AR NN Bt

There are four RadFET on each device.

400NM implanted gate oxide devices.

B
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@esa'

= Package: lid (1), adhesive(5), the attach pad(6) and the base (7)
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Cesa NMRC Device Packaging

= lIEE T E=EINNNISE B SR SE

The simulated and tested devices are composed of:

Package lid - Th: 250 um; Kovar (Ni, Co, Fe);
Package cavity - Th: 250 um;

RadFET Die - Th: 1.5 um;

Substrate - Th: 500 um;

Die attach adhesive - Th: 250um; (Ag, SiO2)

Die attach pad - Th: 3.75 um;

Package base - Th: 1000um; (Al,O5);

Y
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Geant4 Physics Models and
Cesa_____. Data Sources:

Standard and Low energy

Pt e i Electromagnetic: Ionisation; 5-ray
production; Multiple scattering;
Bremsstrahlung; Annihilation;
Photoelectric effect; Gamma conversion;
Compton scattering; Rayleigh scattering;
Pair-production; Atomic relaxation.

Low and High Energy

Hadronic Shower: Elastic and
Inelastic interactions for different hadrons
(protons, neutrons, tritons, deuterons,...)
targeting particles from 10MeV up to
some GeV.

TEIR Inelastic

- Physics Models limitations:

— These models do not allow secondary heavy ions tracking!
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Cesa_____ Simulation Scheme
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Geant Version:
4.4.0.3

Cut Value: 1um
Source: 1mm?
Device: 1mm?
Source/Device
dis.: dp=10cm
Air

Detector:

RadfFET1’ Gate
Oxide

Package conf:
= Lid
= No Lid
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Simulated vs. PSI
@Cesa____.___ Proton Beams

10 MeV beam profile

= PSI 10 MeV beam - (>13MeV) gaussian
beam : y=13MeV and o= 1.5MeV

x°=1.368

= PSI 60 MeV beam - gaussian beam with
peak at 68 MeV. - Simulated : py= 60MeV

and o= 0.4 MeV. .
“+ Gauss Dist(13,1.5)
= PSI 300 MeV beam - gaussian distribution: | j

u= 251MeV and o= 0.26MeV 0 —

Number of counts
o
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LID Simulated Response to
Qesa_________Proton Irradiation

A\Y LI DII

Total Dose(rad) Prinary Contribution {(LID) Total Dose(rad) Secondary Contribution (LID)
T T T T T T T T T T T T T T T

i

T
2 20HeY i 102 L 20eV ,

10" | |
10 & 60MeV \ i \

10 & 300M=V

1 0'3 1 1 1 1 1 1 1 1 1 1 0'3 1 1 1 1 1 1 1 1
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7

Fluence(p/cm?) x10’ Fluence(p/cm?) x10

= Primary & Secondary TID  ~ Function(Proton energy)
= Except for 10MeV
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NO LID Simulated Response
Cesa__________to Proton Irradiation

“NO LID"”

Total Dose(rad) Primary Contribution (NO LID) Total Dose(rad) Secondary Contribution (NO LID)
T T T T T T T T T T T T T T T T T

2 2
107 ¢ 100 ¢ 10HeV

20MeV

10" L 10k

10° L

10° L

107" 1o

107} E 107
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7 7
Fluence (plom?) x 10 Fluence (pfom?) x 10

= Primary & Secondary TID  ~ Function(Proton energy)

T

B
31 January, 2003 GEANT4 Space User' Forum 13



LID Configuration

Cesa__ Primary and Secondary

10MeV: “LID" 300MeV : "LID"

Total Dose(rad) Total Dose(rad)
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x20% for 10 MeV )
243% for 20MeV LID Sec/Pri ratios of TID contribution

=52% for 60 MeV " dependent on primary proton energy
— s58% for 300 MeV |
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ecsa

NO LID Configuration
Primary and Secondary

=111l SE BN SR a2 KX

T
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10°

10MeV: " NO LID"
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Primary Contribution
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Secondary Contribution
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Package effect: Secondary

Cesa________ Contribution to TID

T

0
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= RadFET response to secondary particles is dependent on the packaging
= LID Configuration ratios depend on Proton Initial Energy

Ratic between Secondary and Primary Contributicons to TD
as a function of proteon snergy
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Package effect: Secondary
@esa___________ Contribution to TID

Total Dose(rad) tal Dose(rad)
T T T T T T T T T T T T T T
10” L Primary Cont.(No LID) 4 10°L Primary Cont. (LID & No 1ID)
Secondary Cont. (Ho LID) E
N
h
1
10 10 4
10° 1 o |//a
g B Primary Cont . (LID) 10 4
| 1
A Secondary Cont . (LID) ]
16" Scondary Lont. ] 10" Secondary Cont. (LID & Ho LID)
-2 .
107 1 E 102
LNL_ .
TDjo=24.41% ] TD, . =58.02%
10-3 L L L L 1 L L L L 10'3 L L L L L L L L L
0 1 2 3 4 5 6 7 8 9 170 0 1 2 3 4 5 6 7 8 9 10
Fluence(p/cm?) x10 Fluence(p/cm?) x10’

“No Lid"” configuration TID = “No Lid” configuration TID
contributions is higher than “LID” contributions is lower than “LID”
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Eesa__

Package effect: Secondary

i

T

31 January, 2003

60MeV

Total Dose(rad)

Contribution to TID

300MeV

Total Dose(rad)

Primary Cont. (LID & HNo LID)

‘\\\\::i\\\ LID Config. - Secondary Cont.
Ho LID Config. - Secondary Cont. E 104*

D 41,=89-59% Td. ;.= 90%

1 Primary Cont. (LID & Ho LID)

LID Config. - Secondary Cont.

Ho LID Config. - Secondary Cont.
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Fluence(p/cm2)

1 1 1 10 1 1 1 1 1 1 1 1 1
7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

7 7
x10 Fluence(p/cm?) x10

= Secondary contribution - lower for the “No Lid”
configuration 20, 60 and 300 MeV
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Cesa__..__ Secondary Particles

Distribution of the secondary particles point of origin

RadFET configuration with LID Significa nt Contributors
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esa Secondary Particles

= lIEE T E=EINNNISE B SR SE

Spectrum of Secondary Particles

Major contributors :

10000 F [ Protons {0MeV NOLID
O Protons 60MeV NOLID

O protons 300MeV  NOLID | E I eCtI’O )

H Protons 10MeV LD

B oy 11D = Protons (not for “LID” 10 MeV)

For 60 & 300 MeV "“LID”
= Lightions

noo

o
=

Number of Secondary

W“

e- proton neutron e+ gamma Light ions

0.1

# secondary as a function of secondary particle

Particle Names .
generation processes
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1000 110 Protons §O0Me LID
FProtons 60 Me V" LID

B Frotons 300 MeV LiD

= electrons - by ionisation &
photoelectric effect.

o
2

Number of Secondary
=

= protons & light ions - by means
of inelastic interactions. n —

S & & N &
4 & @ AN &
) &

Available Processes
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esa Secondary Particles

= lIEE T E=EINNNISE B SR SE

Energy Spectrum for all secondary particles generated
RadFET configuration with LID
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Cesa_______ Experimental Results

10 MeV Proton Virg =0 60 MeV Proton Vigr =0
] Ef 400nm IM_PL (300/50) E4 400nm IMPL (300/50) 3
E=10MeV, }=0V 10 =60MeV, Y= i
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A 4_ . —0—Co-60, lid /E/I
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T o e - L/ /
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01& e s TD riia = 83%
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300 MeV Proton Vg =0
. . . g  E4400nm IMPL (300/50) w
Experimental ratio bt NOLID & LID : Eo0moV, v —

—®—no lid

= 90% for 10MeV | o 4 /%

s 83% for 60MeV

\
\\

A —
= 67% for 300MeV | / TD = 67%
"""_ 0 o 5 10 15 20 25 30

Dose (krad
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Comparing Experimental &
@esa_m: Simulation Results

60MeV 300MeV

Total Dosenorm Total Dosenorm

o

06F
05F
04f )
L]
03f /
8/

02f /
01 /,

[ .

0 0

Flue1nce(p/cm21). xio' . FIu;nce(P/cmzj
Simulation difference bt LID & NOLID Simulation difference bt LID & NOLID
s 11% s 10%
Experimental: Experimental:
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Comparing Experimental &
@esa_m: Simulation Results

10MeV
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@Cesa____.___ 10 MeV Case

Primary Energy Spectrum
1.2
A\Y n
LID
1 ~
0.8 .
" —— Simulated beam "Normalisation factor
E 0c —— T'D primary contributors 8.98x107°
o
0
=
0.4
0.2
0
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Energy (MeV)

m Only protons > 15MeV - cross the source/device air, LID
m And deposit energy in the gate oxide!
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@Cesa____.___ Conclusions

GEANT4 toolkit — simulate effects of secondary particles on RadFET TID
response

O Gate Oxide, Field Oxide, Lid and Substrate - main contributors to
TID deposited in the RadFET gate oxide.

o Electrons & Protons — major secondary particles contributors.
However, light ions (deuterons & tritons) also contribute.

o Secondary heavy ions — not considered by the models employed.
But the TID contribution is believed to be marginal!

o The dominant cause of the discrepancies observed in the proton
irradiation results obtained experimentally appear to be due to
contribution of secondary particles generated in the Gate Oxide.

T
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@esa__.___. Further work

= Check for dose dependence — simulating different source-
device distances (air);

= More realistic energy deposition calculations may be
performed if oxide doping is included in the simulations;

= Radiation effects on components may benefit with the
implementation of GEANT4 Charge Recombination Models
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