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Ra di a tion sens ing MOSFETs (RADFETs) have found nu mer ous ap pli ca tions in space
re search, as well as in nu clear tech nol ogy and re search, and ra dio ther apy. Since pro ton
ir ra di a tion is an es sen tial part of the space ra di a tion en vi ron ment, it is im por tant to
know RADFET pro ton re sponse pre cisely. In this work a nu mer i cal sim u la tion of
RADFET pro ton re sponse is per formed. To this end the pro ton trans port Monte
Carlo soft ware SRNA-2K5, de vel oped by one of the au thors, has been adapted to ob -
tain the en ergy de pos ited in the RADFET struc ture and dose dis tri bu tion within the
mi cro scopic di men sions of the do sim e ter sen si tive vol ume. Our re sults show that
RADFET re sponse to pro ton ir ra di a tion de pends sig nif i cantly of pack ag ing con fig u -
ra tions with kovar lid.
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IN TRO DUC TION

Ra di a tion sens ing MOSFETs (RADFETs) are
dis crete p-chanel MOS tran sis tors with gate ox ides
op ti mized for great ra di a tion sen si tiv ity. RADFETs
have found nu mer ous ap pli ca tions in ra di a tion pro tec -
tion stud ies, ra dio ther apy, nu clear in dus try, and space
re search. Their main ad van tages over other do sim e ters 
in clude non-de struc tive read out, an extremly small
size, very low power con sump tion, com pat i bil ity with
microprocesors, and a com pet i tive price. The gamma
ra di a tion re sponse of RADFETs has been firmly es tab -
lished in cal i bra tion work at the ESA 60Co fa cil ity [1,
2] and at the stan dard gamma field at Sec ond ary Stan -
dard Do sim e try Lab o ra tory in the Vin~a In sti tute of
Nu clear Sci ences [3]. The cal cu la tion of en ergy de -
pos ited by gamma ir ra di a tion in the sen si tive vol ume

of a MOSFET do sim e ter is of spe cial in ter est. The
Monte Carlo model for MOSFET do sim e ter dose sim -
u la tion has been de vel oped and dem on strated with
FOTELP and PENELOPE codes [4]. The pro ton re -
sponse of typ i cal RADFETs ex hib its en ergy de pend -
ence and de vi ates from 60Co re sponse [5]. Ob ser va -
tions in di cate that the RADFET re sponse is de pend ent
on the pro ton en ergy as well as vary ing with the pack -
ag ing con fig u ra tion. The pack ag ing ef fect will be in -
ves ti gated by comparising the to tal en ergy de pos ited
in the zones of the RADFET struc ture. The first aim of
this work is to ob tain the ra tio be tween the val ues of
the to tal en ergy de pos ited in the sen si tive vol ume
(thick SiO2 layer) for cases of the RADFET struc ture
with and with out a pack age lid. The sec ond goal is de -
pend ence iden ti fi ca tion of the to tal en ergy de pos ited
with vary ing pro ton en ergy for the zones of in ter est.

For the re al iza tion of these goals, the pro ton
trans port Monte Carlo code SRNA-2K5 [6] has been
adopted to ana lyse the in flu ence of the RADFET pack -
ag ing on its pro ton re sponse. The nu mer i cal ex per i -
ments per formed by the SRNA and GEANT codes
gave an aditional con fir ma tion that our pro ton trans -
port model was con sis tent [7]. The sim u la tion and
mea sure ment of pro ton beam en ergy spread us ing a
multi-layer Far a day cup at IUCF [8, 12], as well as the
sim u la tion of pos i tron emiter gen er a tion at BNL [9,
10] are ev i dences that SRNA-2KG has the pos si bil i -
ties as a ref er ent pro ton trans port code. The fi nal stage
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of SRNA-2KG ver i fi ca tion was the QUADOS
intercomparation of pro ton trans port codes [11, 13].

RADFET PACK AG ING

In or der to use nu mer i cal meth ods in this pa per,
the ap pro pri ate ge om e try form of a MOSFET do sim e ter 
was de fined us ing the ad e quate soft ware. The SRNA
pro gram uses RFG ge om e try for do sim e ter ge om e try
de scrip tion. Ac cord ing to the avail able data for a very
sen si tive MOSFET [4], a sil i con sub strate (1 mm2 in
area, 0.525 mm thick) is con tained within a 1 mm thick
ep oxy bulb (fig. 1). The sil i con sub strate and the ep oxy
bulb are at tached to the end of a flex i ble kapton ca ble
(0.25 mm thick, 2 mm wide) en cap su lat ing two gold
wires. The sen si tive vol ume (0.2 ́  0.2 mm in area)  is a
1 mm thick SiO2 layer. It is sandwiched be tween the ep -
oxy bulb and the sil i con sub strate. It is noted that the di -
men sions of the Monte Carlo do sim e ter model are as
ac cu rate as the in for ma tion pro vided by the man u fac -
turer. The only un cer tainty in the ge om e try is the shape
of the ep oxy. Al though the ac tual shape may dif fer from
the semi-el lip soid, as sim u lated in the Monte Carlo
model, its im pact on the dose is very small, due to the
char ac ter of our nu mer i cal ex per i ment based on pho ton
trans port. The pack age lid is a 250 mm thick kovar (Ni,
Co, Fe) shell over the 250 mm vac uum layer, which is up 
ep oxy bulb.

NU MER I CAL METHOD

SRNA-2K5 per forms the Monte Carlo trans port
sim u la tion of pro tons in 3-D source and 3-D ge om e try
of ar bi trary ma te ri als. The pro ton trans port de scrip -
tion is based on the con densed his tory model and on
the model of com pound nu clei de cays that is cre ated in
a nonelastic nu clear in ter ac tion by pro ton ab sorp tion.
The SRNA pack age has been de vel oped for the time
in de pend ent sim u la tion of pro ton trans port by the
Monte Carlo method for nu mer i cal ex per i ments in 3-D 
ge om e try with an ar bi trary spec trum of pro tons gen er -
ated from the source. In pro ton pas sage through ma te -
ri als the fol low ing pro cesses may oc cur: the loss of en -
ergy in in elas tic and elas tic scat ter ing with at oms, and
the loss of en ergy in nonelastic nu clear in ter ac tions. If
a pro ton tra jec tory is di vided into a great num ber of
steps, pro ton pas sage can be sim u lated ac cord ing to

the Berger’s con densed ran dom walk model. The con -
di tions of the an gu lar dis tri bu tion and the fluc tu a tion
of en ergy loss de ter mi nate the step length. The phys i -
cal pic ture of these pro cesses is de scribed by the stop -
ping power, Mo liere’s an gu lar dis tri bu tion, Vavilov’s
dis tri bu tion with Sulek’s cor rec tion per all elec tron or -
bits, and Chadwick’s cross-sec tions for nonelastic nu -
clear in ter ac tions, ob tained by his GNASH code. Ac -
cord ing to the phys i cal pic ture of pro ton pas sage and
with prob a bil i ties of pro ton tran si tion from the pre vi -
ous to the next stage, which is pre pared by the
SRNADAT pro gram, the sim u la tion of pro ton trans -
port with the SRNA-2K5 pro gram runs ac cord ing to
the usual Monte Carlo scheme: (1) a pro ton from the
in put spec trum pre pared for ran dom choice of en ergy,
po si tion and space an gle is emit ted from the source;
(2) the pro ton is loosing av er age en ergy in the step; (3)
in that step, the pro ton ex pe ri ences a great num ber of
col li sions and changes di rec tion of move ment ran -
domly cho sen from an gu lar dis tri bu tion; (4) ran dom
fluc tu a tion is added to the av er age en ergy loss; (5) the
pro ton step is cor rected with data about the pro ton po -
si tion be fore and af ter scat ter ing; (6) there is the fi nal
prob a bil ity in the step for nonelastic nu clear in ter ac -
tion to oc cur, and for the pro ton to be ab sorbed. Com -
pound nu clei de cay with the emis sion of pro tons, neu -
trons, deu ter ons, tritons, al pha par ti cles or pho tons. A
par tic u lar de cay par ti cle is sam pled from Pois son’s
dis tri bu tion with the ap pro pri ate av er age val ues of
mul ti pli ca tion fac tor of each par ti cle. The en ergy and
an gle of the par ti cle emis sion and the fac tors of mul ti -
pli ca tion are de ter mined from the cross-sec tion that is
ob tained by the in te gra tion of dif fer en tial cross-sec -
tion for nonelastic nu clear in ter ac tion. The en ergy and
an gle of sec ond ary neu tron are sam pled from the emis -
sion spec trum. Neu tron and pho ton trans ports are not
in cluded in the cur rent model.

RE SULTS AND DIS CUS SION

The gen eral scheme of phys i cal model used in the
Monte Carlo sim u la tion pre vi ously de scribed is ap plied 
to the spe cific geo met ri cal con fig u ra tion rep re sented in
fig. 1 and for  var i ous ma te rial layer ar range ments. In
the nu mer i cal ex per i ment monoenergetic beam of pro -
tons con tain ing 106 par ti cles is in com ing per pen dic u -
larly to the up per sur face of the sen si tive vol ume.
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Fig ure 1. A sche matic di a gram
of the MOSFET do sim e ter
with out the pack age lid. The
sen si tive vol ume (SiO2) is lo -
cated on the top of the sil i con
sub strate and un der the ep oxy
cover (all units area in mm)



In spect ing the re sults given in tabs. 1-3 one can
con clude that there is a change in the de pos ited en ergy
within the sen si tive vol ume in cases when the kovar lid
is pres ent or ab sent. This change is the great est for the
en er gies of pro ton of around 60 MeV and is caused by
the en ergy de pend ence of cross-sec tions de scrib ing the
pro ton-layer ma te rial in ter ac tion.

For higher en er gies there is a sig nif i cant amount of
de pos ited en ergy in the kovar lid, in di cat ing the di rect de -
pend ence be tween layer ma te rial pres ence and the de -
crease in the de pos ited en ergy in the dosimetricaly sen si -
tive vol ume of SiO2. This trend of the de crease of the

de pos ited en ergy with the in crease of the pro ton en ergy is 
also pres ent in the case with out the kovar lid.

Fig ure 2 shows the de pos ited en ergy-in ci dent
pro ton en ergy de pend ence in the dosimetricaly sen si -
tive vol ume when the RADFET con tains the kovar lid.
One can see that for the change of the in ci dent pro ton
en ergy from 10 MeV to 100 MeV, the de pos ited en ergy 
in SiO2 lay ers changes for around 20 times. This
means that the ef fi ciency of pro ton de tec tion de creases 
with the in ci dent pro ton en ergy in crease.

CON CLU SIONS

Our in ten tion in this pa per was, among other
things, to ini ti ate the ideas on how to set up ap pro pri ate 
ex per i ments, which would meet the con di tions im -
posed by nu mer i cal sim u la tions. How ever, the prob -
lem of the elec tri cal mea sure ments of prop er ties in a
me dium that has mi cro scopic (or even less) di men -
sions are well known. Thus, the pur pose of this pa per
is to pres ent the pos si bil i ties of the nu mer i cal sim u la -
tions for the de pos ited en ergy dis tri bu tion on mi cro -
scopic or sub mi cro scopic lev els, pri mar ily in a qual i -
ta tive sense. Fur ther in ves ti ga tions in other ar eas of
in ter est, re lated to the study of elec tri cal and tech no -
log i cal char ac ter is tics of com po nents nec es sary in the
semi con duc tor tech nique and ma te rial phys ics, are
planned.

Com par ing the de pos ited en er gies in the
dosimetricaly sen si tive vol ume for cases when the
kovar lid is pres ent and ab sent in the RADFET struc -
ture one can conclude:

(1) the pres ence of the kovar lid es sen tially mod -
i fies the amount of de pos ited en ergy and this in flu ence 
is es pe cially pro nounced for the en er gies around 60
MeV; and

(2) with the in crease of in ci dent pro ton en ergy,
the RADFET de tec tion ef fi ciency de creases sub stan -
tially.
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Ta ble 1. To tal de pos ited en ergy in the MOSFET ma te rial
zones for the pro ton beam Ep = 10 MeV, sim u la tion with
106 in ci dent par ti cles, for two pack ag ing con fig u ra tion
(with out and with the kovar pack age lid)

Material
zone

Deposited energy 
without package

lid [MeV]

Deposited energy
with package lid

[MeV]

Ratio for
influence of
package lid

Kapton 0.154×107 0.154×107 1

Si 0.699×107 0.699×107 1

SiO2 0.580×103 0.578×103  0.997

Epoxy 0.147×107 0.147×107 1

Kovar – – –

Ta ble 2. To tal de pos ited en ergy in MOSFET ma te rial
zones for the pro ton beam Ep = 60 MeV, sim u la tion with
106 in ci dent par ti cles, for two pack ag ing con fig u ra tion
(with out and with kovar pack age lid)

Material
zone

Deposited energy 
without package

lid [MeV]

Deposited energy
with package lid

[MeV]

Ratio for
influence of
package lid

Kapton 0.359×106 0.359×106 1

Si 0.109×107 0.109×106 1

SiO2 0.747×102 0.866×102 1.16

Epoxy 0.141×107 0.141×107 1

Kovar – 0.163 107 –

Ta ble 3. To tal de pos ited en ergy in MOSFET ma te rial
zones for the pro ton beam Ep = 100 MeV, sim u la tion with
106 in ci dent par ti cles, for two pack ag ing con fig u ra tion
(with out and with kovar pack age lid)

Material
zone

Deposited energy 
without package

lid [MeV]

Deposited energy
with package lid

[MeV]

Ratio for
influence of
package lid

Kapton 0.248×106 0.248×106 1

Si 0.783×106 0.784×106 1.001

SiO2 0.288×102 0.286×102 0.993

Epoxy 0.107×107 0.106×107 0.991

Kovar – 0.111×107 –

Fig ure 2. The de pend ence of de pos ited en ergy rel a tive to
dif fer ent pro ton en ergy
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UTICAJ  KONFIGURACIJE  PAKOVAWA  SA  POKLOPCEM  OD  KOVARA NA
ODZIV  RADFETA  NA  PROTONSKO  ZRA^EWE

Poluprovodni~ke komponente koje su osetqive na radijaciju kao {to su MOSFET
(RADFET) imaju brojne primene u kosmi~kim istra`ivawima, u nuklearnoj tehnologiji i
istra`ivawima, i radioterapiji. Po{to je protonsko zra~ewe osnovni deo kosmi~kog zra~ewa u
prirodnom okru`ewu, va`no je preciznije poznavati odziv RADFET-a na protonsko zra~ewe. U
ovom radu sprovedena je numeri~ka simulacija odziva RADFET-a na protone. Za pra}ewe
transporta protona Monte Karlo metodom, softver SRNA-2K5 je razvijen i prilago|en da
prora~unava deponovanu energiju u svakom delu strukture RADFET-a i raspodelu apsorbovane doze 
unutar osetqive zapremine dozimetra koja ima mikroskopske dimenzije. Rezultati prora~una
pokazuju da odziv RADFET-a na protonsko zra~ewe zna~ajno zavisi od konfiguracije pakovawa sa
poklopcem od kovara.

Kqu~ne re~i: RADFET, kovar poklopac, protonsko zra~ewe, SRNA-2K5


