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KOVAR LID ON RADFET RESPONSE TO PROTON IRRADIATION
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Radiation sensing MOSFETs (RADFETSs) have found numerous applications in space
research, as well as in nuclear technology and research, and radiotherapy. Since proton
irradiation is an essential part of the space radiation environment, it is important to
know RADFET proton response precisely. In this work a numerical simulation of
RADFET proton response is performed. To this end the proton transport Monte
Carlo software SRNA-2K5, developed by one of the authors, has been adapted to ob-
tain the energy deposited in the RADFET structure and dose distribution within the
microscopic dimensions of the dosimeter sensitive volume. Our results show that
RADEFET response to proton irradiation depends significantly of packaging configu-

rations with kovar lid.
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INTRODUCTION

Radiation sensing MOSFETs (RADFETs) are
discrete p-chanel MOS transistors with gate oxides
optimized for great radiation sensitivity. RADFETs
have found numerous applications in radiation protec-
tion studies, radiotherapy, nuclear industry, and space
research. Their main advantages over other dosimeters
include non-destructive read out, an extremly small
size, very low power consumption, compatibility with
microprocesors, and a competitive price. The gamma
radiation response of RADFETs has been firmly estab-
lished in calibration work at the ESA ®°Co facility [1,
2] and at the standard gamma field at Secondary Stan-
dard Dosimetry Laboratory in the Vinca Institute of
Nuclear Sciences [3]. The calculation of energy de-
posited by gamma irradiation in the sensitive volume

Technical paper

UDC: 539.122:519.245

BIBLID: 1451-3994, 23 (2008), 1, pp. 37-40
DOI: 10.2298/NTRP0801037S

Authors' address:

Radiation and Environmental Protection Laboratory,
Vinca Institute of Nuclear Science,

P. O. Box 522, 11001 Belgrade, Serbia

E-mail address of corresponding author:
srbas@yvin.bg.ac.yu (S. J. Stankovi¢)

of a MOSFET dosimeter is of special interest. The
Monte Carlo model for MOSFET dosimeter dose sim-
ulation has been developed and demonstrated with
FOTELP and PENELOPE codes [4]. The proton re-
sponse of typical RADFETs exhibits energy depend-
ence and deviates from ®°Co response [5]. Observa-
tions indicate that the RADFET response is dependent
on the proton energy as well as varying with the pack-
aging configuration. The packaging effect will be in-
vestigated by comparising the total energy deposited
in the zones of the RADFET structure. The first aim of
this work is to obtain the ratio between the values of
the total energy deposited in the sensitive volume
(thick SiO, layer) for cases of the RADFET structure
with and without a package lid. The second goal is de-
pendence identification of the total energy deposited
with varying proton energy for the zones of interest.
For the realization of these goals, the proton
transport Monte Carlo code SRNA-2K5 [6] has been
adopted to analyse the influence of the RADFET pack-
aging on its proton response. The numerical experi-
ments performed by the SRNA and GEANT codes
gave an aditional confirmation that our proton trans-
port model was consistent [7]. The simulation and
measurement of proton beam energy spread using a
multi-layer Faraday cup at [UCF [8, 12], as well as the
simulation of positron emiter generation at BNL [9,
10] are evidences that SRNA-2KG has the possibili-
ties as a referent proton transport code. The final stage
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of SRNA-2KG verification was the QUADOS
intercomparation of proton transport codes [11, 13].

RADFET PACKAGING

In order to use numerical methods in this paper,
the appropriate geometry form of a MOSFET dosimeter
was defined using the adequate software. The SRNA
program uses RFG geometry for dosimeter geometry
description. According to the available data for a very
sensitive MOSFET [4], a silicon substrate (1 mm? in
area, 0.525 mm thick) is contained within a 1 mm thick
epoxy bulb (fig. 1). The silicon substrate and the epoxy
bulb are attached to the end of a flexible kapton cable
(0.25 mm thick, 2 mm wide) encapsulating two gold
wires. The sensitive volume (0.2 x 0.2 mm in area) is a
1 um thick SiO, layer. It is sandwiched between the ep-
oxy bulb and the silicon substrate. It is noted that the di-
mensions of the Monte Carlo dosimeter model are as
accurate as the information provided by the manufac-
turer. The only uncertainty in the geometry is the shape
of'the epoxy. Although the actual shape may differ from
the semi-ellipsoid, as simulated in the Monte Carlo
model, its impact on the dose is very small, due to the
character of our numerical experiment based on photon
transport. The package lid is a 250 um thick kovar (Ni,
Co, Fe) shell over the 250 pm vacuum layer, which is up
epoxy bulb.

NUMERICAL METHOD

SRNA-2KS5 performs the Monte Carlo transport
simulation of protons in 3-D source and 3-D geometry
of arbitrary materials. The proton transport descrip-
tion is based on the condensed history model and on
the model of compound nuclei decays that is created in
a nonelastic nuclear interaction by proton absorption.
The SRNA package has been developed for the time
independent simulation of proton transport by the
Monte Carlo method for numerical experiments in 3-D
geometry with an arbitrary spectrum of protons gener-
ated from the source. In proton passage through mate-
rials the following processes may occur: the loss of en-
ergy in inelastic and elastic scattering with atoms, and
the loss of energy in nonelastic nuclear interactions. If
a proton trajectory is divided into a great number of
steps, proton passage can be simulated according to

the Berger’s condensed random walk model. The con-
ditions of the angular distribution and the fluctuation
of energy loss determinate the step length. The physi-
cal picture of these processes is described by the stop-
ping power, Moliere’s angular distribution, Vavilov’s
distribution with Sulek’s correction per all electron or-
bits, and Chadwick’s cross-sections for nonelastic nu-
clear interactions, obtained by his GNASH code. Ac-
cording to the physical picture of proton passage and
with probabilities of proton transition from the previ-
ous to the next stage, which is prepared by the
SRNADAT program, the simulation of proton trans-
port with the SRNA-2KS5 program runs according to
the usual Monte Carlo scheme: (1) a proton from the
input spectrum prepared for random choice of energy,
position and space angle is emitted from the source;
(2) the proton is loosing average energy in the step; (3)
in that step, the proton experiences a great number of
collisions and changes direction of movement ran-
domly chosen from angular distribution; (4) random
fluctuation is added to the average energy loss; (5) the
proton step is corrected with data about the proton po-
sition before and after scattering; (6) there is the final
probability in the step for nonelastic nuclear interac-
tion to occur, and for the proton to be absorbed. Com-
pound nuclei decay with the emission of protons, neu-
trons, deuterons, tritons, alpha particles or photons. A
particular decay particle is sampled from Poisson’s
distribution with the appropriate average values of
multiplication factor of each particle. The energy and
angle of the particle emission and the factors of multi-
plication are determined from the cross-section that is
obtained by the integration of differential cross-sec-
tion for nonelastic nuclear interaction. The energy and
angle of secondary neutron are sampled from the emis-
sion spectrum. Neutron and photon transports are not
included in the current model.

RESULTS AND DISCUSSION

The general scheme of physical model used in the
Monte Carlo simulation previously described is applied
to the specific geometrical configuration represented in
fig. 1 and for various material layer arrangements. In
the numerical experiment monoenergetic beam of pro-
tons containing 10° particles is incoming perpendicu-
larly to the upper surface of the sensitive volume.

Kapton Silicon Sio,

Epoxy

Figure 1. A schematic diagram
of the MOSFET dosimeter
without the package lid. The
sensitive volume (8iO32) is lo-
cated on the top of the silicon
substrate and under the epoxy
cover (all units area in mm)
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Inspecting the results given in tabs. 1-3 one can
conclude that there is a change in the deposited energy
within the sensitive volume in cases when the kovar lid
is present or absent. This change is the greatest for the
energies of proton of around 60 MeV and is caused by
the energy dependence of cross-sections describing the
proton-layer material interaction.

Table 1. Total deposited energy in the MOSFET material
zones for the proton beam E, =10 MeV, simulation with
10° incident particles, for two packaging configuration
(without and with the kovar package lid)

Material Deposited energy|Deposited energy| Ratio for

Jone without package | with package lid | influence of
lid [MeV] [MeV] package lid

Kapton 0.154-107 0.154-107 1

Si 0.699-107 0.699-107 1

SiO, 0.580-10 0.578-103 0.997

Epoxy 0.147-107 0.147-107 1

Kovar - - -

Table 2. Total deposited energy in MOSFET material
zones for the proton beam E, = 60 MeV, simulation with
10° incident particles, for two packaging configuration
(without and with kovar package lid)

Material Deposited energy|Deposited energy| Ratio for

Jone without package | with package lid | influence of
lid [MeV] [MeV] package lid

Kapton 0.359-109 0.359-10¢ 1

Si 0.109-107 0.109-10° 1

SiO, 0.747-102 0.866-102 1.16

Epoxy 0.141-107 0.141-107 1

Kovar - 0.163 107 -

Table 3. Total deposited energy in MOSFET material
zones for the proton beam E, =100 MeV, simulation with
10° incident particles, for two packaging configuration
(without and with kovar package lid)

Material Deposited energy| Deposited energy| Ratio for

yone without package | with package lid | influence of
lid [MeV] [MeV] package lid

Kapton 0.248-10¢ 0.248-10¢ 1

Si 0.783-10¢ 0.784-10¢ 1.001

Si0O, 0.288-102 0.286-102 0.993

Epoxy 0.107-107 0.106-107 0.991

Kovar - 0.111-107 -

For higher energies there is a significant amount of
deposited energy in the kovar lid, indicating the direct de-
pendence between layer material presence and the de-
crease in the deposited energy in the dosimetricaly sensi-
tive volume of SiO,. This trend of the decrease of the

deposited energy with the increase of the proton energy is
also present in the case without the kovar lid.

Figure 2 shows the deposited energy-incident
proton energy dependence in the dosimetricaly sensi-
tive volume when the RADFET contains the kovar lid.
One can see that for the change of the incident proton
energy from 10 MeV to 100 MeV, the deposited energy
in SiO, layers changes for around 20 times. This
means that the efficiency of proton detection decreases
with the incident proton energy increase.
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Figure 2. The dependence of deposited energy relative to
different proton energy

CONCLUSIONS

Our intention in this paper was, among other
things, to initiate the ideas on how to set up appropriate
experiments, which would meet the conditions im-
posed by numerical simulations. However, the prob-
lem of the electrical measurements of properties in a
medium that has microscopic (or even less) dimen-
sions are well known. Thus, the purpose of this paper
is to present the possibilities of the numerical simula-
tions for the deposited energy distribution on micro-
scopic or submicroscopic levels, primarily in a quali-
tative sense. Further investigations in other arecas of
interest, related to the study of electrical and techno-
logical characteristics of components necessary in the
semiconductor technique and material physics, are
planned.

Comparing the deposited energies in the
dosimetricaly sensitive volume for cases when the
kovar lid is present and absent in the RADFET struc-
ture one can conclude:

(1) the presence of the kovar lid essentially mod-
ifies the amount of deposited energy and this influence
is especially pronounced for the energies around 60
MeV; and

(2) with the increase of incident proton energy,
the RADFET detection efficiency decreases substan-
tially.
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Cpoomyo J. CTAHKOBWH, Pagosan 1. UJINh, Mutom JABUI1OBUR,
Munojko KOBAYEBWH, dparomup JABUTOBUh

YTUIAJ KOHOUTYPALIMJE IMAKOBABA CA MOKJIOINIEM O KOBAPA HA
OA3UB PAJ®ETA HA INMPOTOHCKO 3PAYEIE

ITonynpoBoHIUKE KOMIIOHEHTE KOje Cy OCeT/bHBE Ha pajaujanujy Kao mro cy MOCOET
(PAJOET) umajy OpojHe NpUMEHE Y KOCMHYKHMM HCTPaXKUBAWHUMA, Y HYKJIEApHO] TEXHOJIOTUjU U
UCTPaKUBAKUMA, U pa}II/IOTepaHI/I]I/I ITowrro j J€ IPOTOHCKO 3pavuerhe OCHOBHHU JIe0 KOCMUUKOT 3pavea y
OPUPOAHOM OKpYKEHY, BasKHO je npenusHuje nozHasatu og3us PAJI®ET-a Ha NpOTOHCKO 3pauewme. Y
OBOM pajly CHpOBefieHa je Hymepuuka cumyrnamuja ofgsuBa PAJI®PET-a ma mportone. 3a mpaheme
TpaHcniopta nporoHa Monte Kapmo merogom, coprBep CPHA-2KS je pa3Bujen m mpumaroben na
MpopavyHaBa IeOHOBaHY eHeprujy y cBakoM jieny crpykrype PAII®ET-a u pacniopienny ancopboBaHe jo3e
YHYTap OCET/bHUBE 3allpEMHUHE JO3UMETpa Koja MMa MUKPOCKOICKe AuMeH3uje. PesynraTu mpopadyHa
nokasyjy fa on3us PAJI®ET-a Ha TpOTOHCKO 3pavee 3HaUajHO 3aBUCH Off KOH(pUTypalyje IaKoBama ca
MIOKJIONILEM Off KOBapa.

Kwyune peuu: PAJIOET, kosap iiokaoiiay, tipoitioncko 3paverwse, CPHA-2KS5



