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The gamma-ray ir ra di a tion sen si tiv ity to ra di a tion dose range from 0.5 Gy to 5 Gy and
post-ir ra di a tion an neal ing at room and el e vated tem per a tures have been stud ied for p-chan -
nel metal-ox ide-semi con duc tor field ef fect tran sis tors (also known as ra di a tion sen si tive field
ef fect tran sis tors or  pMOS  do sim e ters) with gate ox ide thick nesses of 400 nm and 1 mm. The
gate bi ases dur ing the ir ra di a tion were 0 and 5 V and 5 V dur ing the an neal ing. The ra di a tion
and the post-ir ra di a tion sen si tiv ity were fol lowed by mea sur ing the thresh old volt age shift,
which was de ter mined by us ing trans fer char ac ter is tics in sat u ra tion and reader cir cuit char -
ac ter is tics. The de pend ence of thresh old volt age shift DVT on ab sorbed ra di a tion dose D and
an neal ing time was as sessed. The re sults show that there is a lin ear de pend ence be tween DVT

and D dur ing ir ra di a tion, so that the sen si tiv ity can be de fined as DVT/D for the in ves ti gated
dose in ter val. The an neal ing of ir ra di ated metal-ox ide-semi con duc tor field ef fect tran sis tors
at dif fer ent tem per a tures rang ing from room tem per a ture up to 150 °C was per formed to
mon i tor the dosimetric in for ma tion loss. The re sults in di cated that the do sim e ters in for ma -
tion is saved up to 600 hours at room tem per a ture, whereas the an neal ing at 150 °C leads to
the com plete loss of dosimetric in for ma tion in the same pe riod of time. The mech a nisms re -
spon si ble for the thresh old volt age shift dur ing the ir ra di a tion and the later an neal ing have
been dis cussed also.
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IN TRO DUC TION

It is well known that the ion iz ing ra di a tion leads
to the deg ra da tion of elec tri cal char ac ter is tics of many
elec tronic com po nents and ma te ri als [1-4]. A spe cial
at ten tion is fo cused on metal-ox ide-semi con duc tor
field-ef fect tran sis tors (MOSFET) [4]. It was shown
that such ra di a tion leads to deg ra da tion of some elec -
tri cal char ac ter is tics such as thresh old volt age, leak -
age cur rent, and break down volt age. Due to this fact,
in ten sive in ves ti ga tions have been con ducted in or der
to ob tain MOSFET re sis tant to gamma ir ra di a tion. On
the other hand, MOSFET sen si tive to ion iz ing ra di a -
tion have been de vel oped in or der to use them in
dosimetric ap pli ca tions. Most com monly used are ra -
di a tion sen si tive p-chan nel MOSFET, also known as
RADFET (which is an ac ro nym for RA Di a tion sen si -
tive Field Ef fect Tran sis tors [5]) as do sim e ter have
been used in space tech nol ogy [6], in mod ern air crafts
[7, 8] in nu clear in dus try [9], in mil i tary [10, 11] in ra -
di a tion ther apy [12-14], and in ra di ol ogy [15-17]. The
ma jor ad van tage of the RADFET as do sim e ter is that

the ra di a tion-sen si tive re gion, the ox ide film, is very
small [18, 19]. The sens ing vol ume is much smaller
than com pet ing in te gral dose mea sur ing de vices, such
as the ion iz ing cham ber, the semi con duc tor di ode or
the thermoluminescent do sim e ter (TLD). The small est 
avail able liq uid ion iza tion cham ber has sens ing vol -
ume of about 2 mm3, TLD vol ume is about 1 mm3,
while the semi con duc tor di ode sen si tive vol ume is
about 0.3  mm3 [19]. The RADFET sen si tive vol ume is 
typ i cal 1 mm ́  200 mm ́  200 mm. At ten tion is thus be -
ing turned to the use of RADFET es pe cially where the
do sim e ter has to be in serted into a con fined space,
such as cath e ter [20, 21]. Also, the RADFET ad van -
tages in clude an im me di ate, non de struc tive read out of
in for ma tion on the ab sorbed dose, a very low power
con sump tion and very com pet i tive price. The
RADFET dis ad van tages are the need for cal i bra tion in
dif fer ent ra di a tion fields, a rel a tively low res o lu tion
(start ing about 10–2 Gy), and the non-re us abil ity. The
RADFET can not be used for the sub se quent de ter mi -
na tion of ion iza tion dose. Namely, these do sim e ters
are only used to mea sure the max i mum dose, which is
de ter mined by the type and sen si tiv ity of RADFET.
When it reaches the max i mum ra di a tion dose, these
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do sim e ters should be re placed. Our re cent in ves ti ga -
tions [22, 23] have shown that these do sim e ters can be
re cov ered at room and el e vated tem per a ture for fur -
ther mea sure ments of gamma ray ir ra di a tion. The sen -
si tiv ity of RADFET de pends on the gate ox ide thick -
ness [24, 25], the gate ox ide pro cess ing [26, 27], the
value of gate bias dur ing the ir ra di a tion [25], and the
dose re ceived by the RADFET [28]. 

The con cept of RADFET is based on the
build-up of pos i tive ox ide charge in the gate re gion
when ex posed to ion iz ing ra di a tion. The elec tri cal sig -
nal used as a dosimetric pa ram e ter is the thresh old
volt age. This pa ram e ter ex hib its a shift when
RADFET is ir ra di ated. The ba sic mech a nisms re spon -
si ble for thresh old volt age shift have pre vi ously been
dis cussed [29-31]. It is shown that their be hav ior is a
con se quence of fol low ing pro cesses: (1) the elec -
tron-hole pair gen er a tion, (2) the elec tron-hole re com -
bi na tion, (3) the hole trans port, (4) the deep hole trap -
ping, and (5) the ra di a tion-in duced in ter face and ox ide 
traps for ma tion. Be side the sig nif i cant charge of
thresh old volt age dur ing the ir ra di a tion, the RADFET
mast has in sig nif i cant re cov ery af ter ra di a tion (the
long-term sta bil ity at room tem per a ture), i. e., the in -
for ma tion about ab sorbed ra di a tion dose mast be
saved.

 The aim of this work was to study RADFET sen -
si tiv ity to gamma-ray ir ra di a tion with and with out gate 
bias dur ing ir ra di a tion. The an neal ing of these
RADFET at room and el e vated tem per a ture has also
been in ves ti gated in or der to track the dosimetric in -
for ma tion for a long time pe riod. The mech a nisms re -
spon si ble for the thresh old volt age shift dur ing the ir -
ra di a tion and the thresh old volt age shift of ir ra di ated
RADFET at room and el e vated tem per a tures were also 
in ves ti gated.

EX PER I MEN TAL DE TAILS

The ex per i men tal sam ples were spe cially de -
signed – the Al-gate p-chan nel en hanced MOSFET
(RADFET) sensitive to gamma-ray ir ra di a tion. The
sam ples were man u fac tured by Tyn dall Na tional In sti -
tute, Cork,  Ire land. The gate ox ides  thick nesses of
400 nm and 1 µm, re spec tively, were grown at 1000 °C 
in dry ox y gen and an nealed for 15 min at 1000 °C in
ni tro gen. The post-metallization an neal was per -
formed at 440 °C in form ing gas for 60 min (a de tailed
de scrip tion of these com po nents can be found on
http://web.tyn dall.ie/pro jects/radfets). Fig ure 1 shows 
a sin gle lay out used in our ex per i ments. The size of the
chip is 1 mm ́  1 mm.  There are to tal of four tran sis tors 
(R1, R2, R3, and R4) on a sin gle chip. Two of them
have chan nel width and length of 300 µm and 50 µm,
re spec tively (R1 and R3), while other two have chan -
nel width and length of 690 µm and 15 µm (R2 and
R4). The RADFET R1 and R2 are reg u lar four ter mi -

nal de vices with bulk, gate, drain and source ter mi nals. 
The RADFET R3 and R4 have their gates and drains
joint to gether as well as their bulks and sources and
thus they are two ter mi nal de vices and they can eas ily
be used in reader cir cuit con fig u ra tion (see be low).
The chip also con tains a di ode, but it is ir rel e vant to the 
work de scribed in this pa per.

The RADFET sam ples were ir ra di ated us ing
60Co  beam in  the  range  of  ab sorbed  ra di a tion  doses
from  0.5  Gy to  5 G y  at  ab sorbed  ra di a tion  dose  rate
0.02 Gy(Si)s–1. The ir ra di a tion was per formed in the
Sec ond ary Stan dard Do sim e try Lab o ra tory of the
Vin~a In sti tute of Nu clear Sci ences, Bel grade, Ser bia.
All mea sure ments were con ducted in a cli mate con -
trolled lab o ra tory en vi ron ment with an am bi ent tem -
per a ture of 20 ± 0.2 °C. The air kerma rate at the ref er -
ence point was mea sured with a cal i brated vented 0.6
cm3 ion iza tion cham ber (Model 30012, PTW,
Freiburg, Ger many) and electrometer Unidos (PTW,
Freiburg, Ger many). The cal i bra tion of the cham ber in 
terms of air kerma and ab sorbed dose to wa ter in the
60Co beam qual ity had been per formed at the Sec ond -
ary Stan dards Do sim e try Lab o ra tory of the In ter na -
tional Atomic En ergy Agency (Vi enna, Aus tria). The
cal i bra tion con stants ob tained in this way were trace -
able to BIPM. The val ues ob tained were con verted to
the ab sorbed doses to for rel e vant ma te rial. The sam -
ples were ir ra di ated with out the bias on the gate (all
ter mi nals were grounded) and also with the volt age on
the gate Virr = 5 V.

Af ter ir ra di at ing to ra di a tion dose of 5 Gy we
per formed an an neal ing of RADFET at dif fer ent tem -
per a tures. Namely, the sam ples were di vided into three 
groups for each thick ness. The first group was an -
nealed at room tem per a ture,  the  sec ond  group was
an nealed  at 100 °C, while  the  third was  an nealed  at
150 °C us ing the Heraeus HEP2 sys tem of tem per a ture 
cham bers. The gate volt age for all the sam ples dur ing
an neal ing was Vann = 5 V.
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Fig ure 1. The sin gle chip lay out used in this study



The thresh old volt age dur ing ir ra di a tion and an -
neal ing was de ter mined from trans fer char ac ter is tics
(ID)1/2 – VG curve. The thresh old volt age shift DVT can
be ex pressed as DVT = VT – VT0, where VT0 is the
thresh old volt age be fore ir ra di a tion and VT is the
thresh old volt age af ter ir ra di a tion. Dur ing the an neal -
ing VT is the thresh old volt age af ter cer tain an neal ing
time.

De ter min ing the thresh old volt age from the
trans fer char ac ter is tics helps an a lyze phys i cal pro -
cesses in RADFET dur ing the ir ra di a tion and the sub -
se quent an neal ing. How ever, it would be very dif fi cult 
to pro duce a stand-alone in stru ment that could pro vide 
a fast and ac cu rate dose read out us ing this method.
Tak ing this into con sid er ation, ad di tional ex per i ments
were per formed where thresh old volt age was de ter -
mined us ing RADFET in so-called reader cir cuit con -
fig u ra tion. Fig ure 2 shows elec tronic scheme for
reader cir cuit mea sure ment.

In this con fig u ra tion, the gate and the drain are
con nected to gether, as well as the bulk and the source.
In this ar range ment, a RADFET is treated as the two ter -
mi nals de vice. A con stant cur rent is forced in the
bulk-source con nec tion, while the gate-drain con nec -
tion is grounded. The volt age val ues ob tained for 10 µA
were used to de ter mine the thresh old volt age shift. This
value of the cur rent was se lected be cause it was close to
the zero tem per a ture co ef fi cients for our RADFET.
Namely, when reader cir cuit char ac ter is tics are mea -
sured at dif fer ent tem per a tures, all of them in ter sect for
cur rent value of ap prox i mately 10 µA. So, the VT read -
out at 10 µA is in de pend ent of the tem per a ture.

The trans fer and the reader cir cuit char ac ter is tics 
were per formed by Keithley 4200 Semi con duc tor

Char ac ter iza tion Sys tem (SCS). This sys tem is
equipped with three me dium-power source mea sur ing
units (4200 SMU). The source mea sur ing units have
four volt age ranges (200 mV, 2 V, 20 V, and 200 V) and 
three cur rent re gions (100 µA, 100 mA, and 1 A). One
of the source-mea sur ing units is equipped with a
preamplifier for mea sur ing very small cur rent (in the
or der 1 pA).

RE SULTS AND DIS CUS SION 

Fig ure 3 shows the thresh old volt age shift DVT as
a func tion of the ab sorbed dose D ob tained us ing trans -
fer char ac ter is tics in sat u ra tion and reader cir cuit char -
ac ter is tics of RADFET with gate ox ide thick nesses of
400 nm and 1 µm when all ter mi nals were grounded
dur ing ir ra di a tion (Virr = 0). The agree ment be tween
val ues of DVT ob tained from trans fer char ac ter is tics in
sat u ra tion and reader cir cuit mea sure ments is sat is fac -
tory (within 1%), jus ti fy ing the use of reader cir cuit
con fig u ra tion in prac ti cal ap pli ca tions. Fig ure 4 rep re -
sents also the de pend ence as shown in fig. 3, but in the
case when gate bias dur ing ir ra di a tion was Virr = 5 V. 

Ac cord ing to the re sults shown in figs. 3 and 4 it
can be noted that the in crease in gate ox ide thick ness
or in volt age at the gate leads to the in crease in sen si -
tiv ity of RADFET.

The de pend ence be tween the DVT and D can be
ex pressed as DVT = ADn [32], where A is the con stant
and n is the de gree of lin ear ity. Ide ally, this de pend -
ence is lin ear, i. e.  n = 1, where A  rep re sents the sen si -
tiv ity DVT/D. The sym bols in figs. 3 and 4 rep re sent
ex per i men tal val ues while the solid lines are de ter -
mined by fit ting the data with ex pres sion DVT =ADn

for n = 1. For RADFET with 400 nm and 1 µm gate ox -
ide thick nesses ir ra di ated with no gate bias (fig. 3), the
val ues of fit ting cor re la tion fac tors are 0.9981 and
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Fig ure 2. The reader cir cuit con fig u ra tion for the
thresh old volt age mea sure ment

Fig ure 3. Thresh old volt age shift DVT de ter mined us ing
reader cir cuit (RC) and ex trap o lated (ID)1/2 – VG (Ex)
with out gate bias dur ing ir ra di a tion (Virr = 0 V) for
RADFET with 400 nm and 1 mm gate ox ide thick ness



0.99943, re spec tively. For RADFET with 400 nm and
1 µm gate ox ide thick nesses ir ra di ated when gate bias
was 5 V (fig. 4), the val ues of fit ting cor re la tion fac tors 
are 0.99947 and 0.9993, re spec tively. Be cause the lin -
ear fit ting co ef fi cients are very close to one, it can be
as sumed that there is a lin ear de pend ence be tween the
DVT and D, that the sen si tiv ity of RADFET is the same
for the dose in ter val from 0.5 to 5 Gy, and that it can be
ex pressed as DVT/D.

Our re cent in ves ti ga tions [32] for RADFET
used in this pa per have shown that the pos i tive ox ide
traps in the ox ide con tri bu tions to the thresh old volt -
age shift DVT is dom i nant. Dur ing the ir ra di a tion, the
den sity of pos i tive ox ide traps is for more than or der of 
mag ni tude higher than the in ter face traps den sity
(traps at Si/SiO2 in ter face also known as true in ter face
traps). Be cause of that, the fur ther anal y sis of mech a -
nisms in flu enc ing DVT dur ing the ir ra di a tion and an -
neal ing will be fo cused only on the pres ence of pos i -
tive ox ide traps. The in crease of DVT value dur ing the
ir ra di a tion can be most readily ex plained on the ba sis
of pre vi ously pro posed model [33-35]. The cru cial
role in this model be longs to the ¢Eg cen ter, which is a
weak Si-Si bond in the ox ide caused by an ox y gen
atom va cancy be tween two Si at oms, each back
bounded to three ox y gen at oms [36]. The ¢Eg cen ter
acts as a hole trap and they are lo cated ex clu sively in
the ox ide (fixed traps) and near the Si/SiO2 in ter face
(switch ing traps).  The fixed traps are ¢Eg cen ters and
hence in ca pa ble of ex chang ing charge with Si dur ing
the time frame of the mea sure ments, while switch ing
traps are ca pa ble of ex chang ing the charge with Si
within the mea sure ment time frame.

The num ber of cre ated pos i tive ox ide charge
rises with the num ber of holes which have avoided re -
com bi na tion with elec trons. For Virr = 0 V (fig. 3),  the
elec tric field in the ox ide is only a con se quence of the
work func tion dif fer ence be tween the gate and the

sub strate (the zero-bias con di tions are equal to the gate 
bias of 0.3 V), so the prob a bil ity for elec tron-hole re -
com bi na tion is higher than in the case Virr = 5 V.
Namely, for Virr = 5 V the large num ber of holes will
es cape the ini tial re com bi na tion than in the case when
Virr = 0, which fur ther in creases the prob a bil ity for
their cap ture at ¢Eg  cen ters and con se quently in crease
pos i tive ox ide charge. Such a con clu sion is in agree -
ment with the re sults pre sented in figs. 3 and 4. How -
ever, in thicker ox ides for the same ir ra di a tion dose a
larger num ber of ¢Eg cen ters is be ing cre ated, which is
also in agree ment with the re sults pre sented in figs. 3
and 4.

Fig ures 5 and 6 show the thresh old volt age shift
DVT dur ing the an neal ing of RADFET with gate ox ide
thick ness of 400 nm which were pre vi ously ir ra di ated
with out gate bias (Virr = 0) and gate bias of Virr = 5 V,

M. M. Pejovi}: The Gamma-Ray Ir ra di a tion Sen si tiv ity and Dosimetric ...
418 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2013, Vol. 28, No. 4, pp. 415-421

Fig ure 4. The thresh old volt age shift  DVT de ter mined by
us ing the ex trap o lated (ID)1/2 – VG (Ex) curve for
RADFET with 400 nm and 1 mm gate ox ide thick ness; the 
gate bias dur ing ir ra di a tion was Virr = 5 V

Fig ure 5. The thresh old volt age shift DVT dur ing the
an neal ing at room tem per a ture at 100 °C and 150 °C for
RADFET with 400 nm gate ox ide thick ness; dur ing
ir ra di a tion gate bias was Virr = 0 V and gate bias dur ing
an neal ing was Vann = 5 V

Fig ure 6. The thresh old volt age shift DVT dur ing
an neal ing at room tem per a ture at 100 °C and 150 °C for
RADFET with 400 nm gate ox ide thick ness; during the
ir ra di a tion, gate bias was  Virr = 5 V and the gate bias dur -
ing the an neal ing was Vann = 5 V



re spec tively. Fig ures 7 and 8 rep re sent the same de -
pend ence for RADFET with 1 µm gate ox ide thick -
ness. The an neal ing pro cess for these sam ples was per -
formed at room tem per a ture, at 100 °C, and at 150 °C
with gate bias of Vann = 5 V, while the to tal an neal ing
time was 600 hours. It can be seen that the DVT changes 
in sig nif i cantly dur ing an neal ing at room tem per a ture,
i. e. the in for ma tion on the ab sorbed dose is saved. The
in crease in tem per a ture dur ing an neal ing de creases
DVT val ues, so an neal ing at 150 °C de creases the value
of DVT which is close to zero for an neal ing time of 600
hours. This shows that at this tem per a ture the in for ma -
tion on the ab sorbed dose is com pletely lost. Such be -
hav ior is in a good agree ment with our re cently pub -
lished re sults [22, 23] that these com po nents can

un dergo full re cov ery and there fore can be re used in
dosimetric ap pli ca tions.

The de crease of DVT dur ing the an neal ing at el e -
vated tem per a tures (figs. 5-8), i. e. the loss of in for ma -
tion on the ab sorbed dose is mostly due to the de crease
of pos i tive ox ide trapped charge formed by the cap ture 
of holes at ¢Eg cen ters. Namely, the de crease in the pos -
i tive ox ide charge den sity, formed by ir ra di a tion, dur -
ing an neal ing can be caused by field-as sisted and ther -
mal-as sisted emis sion of elec trons from sil i con
[37-39] as well as ther mal-as sisted emis sion of elec -
trons from va lence bands of the ox ide [39]. It is pre -
sumed [40] that there are three en ergy lev els in the
band gap ox ide which holds the pos i tive charge ra di a -
tion de fects which make the pos i tive trapped charge
and which make traps cen ters of elec trons. One en ergy
level can be found in the area of the con duc tive band of 
the sub strate (E1), the sec ond in the area of the va lence
band of the sub strate (E2) and the third above the top of 
the va lence band of the ox ide (E3). The elec trons
which tun nel from the sub strate, or which are ther -
mally emit ted from the va lence band of the ox ide, can
get trapped at these trap ping cen ters, thus neu tral iz -
ing/com pen sat ing them, lead ing to the de crease of
pos i tive ox ide charge. The oc cu pancy of the E1 level
(num ber of pos i tive charge de fects on this level) de -
pends on the tem per a ture and pos i tive bias on the gate.
Namely, in case of higher tem per a ture there are a
larger num ber of elec trons in the con duc tive band sub -
strate, so a larger num ber of elec trons can tun nel to the
trap ping cen ters at that level. Be cause of this, with the
in crease in pos i tive po lar iza tion of the gate the height
of the po ten tial tun nel ing bar rier de creases, which in -
creases the prob a bil ity of elec tron tun nel ing at the en -
ergy level E1. The oc cu pancy of the E2 level is al most 
in de pend ent on the an neal ing tem per a ture; how ever, it 
is highly de pend ent on the value of the pos i tive bias on
the gate (volt age in crease leads to the height de crease
of the po ten tial tun nel ing bar rier and in crease in num -
ber of elec trons at the va lence band sub strate near
Si/SiO2). The oc cu pancy of the E3 level does not de -
pend on the gate volt age; how ever, it is highly de pend -
ent on tem per a ture (with the tem per a ture in crease, in -
creases the num ber of elec trons which can leave the
va lence band of the ox ide).

Since the change in DVT dur ing the an neal ing at
room tem per a ture is very small (figs. 5-8) it can be
con cluded that nei ther field-as sisted nor ther mal-as -
sisted emis sion of elec trons from the ox ide or sil i con
have a sig nif i cant im pact on the neu tral iza tion/com -
pen sa tion of pos i tive ox ide charge. Namely, the room
tem per a ture and the gate volt age Vann = 5 V do not ac ti -
vate en ergy lev els E1, E2, and E3. As a con se quence,
the in for ma tion about the ab sorbed dose is prac ti cally
saved up to 600 hours af ter ir ra di a tion. Dur ing the an -
neal ing at tem per a tures of 100 °C and 150 °C the, val -
ues of  DVT  de crease,  i. e. the  loss of in for ma tion
about ab sorbed dose oc curs. More over, the an neal ing
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Fig ure 7. The thresh old volt age shift DVT dur ing the
an neal ing at room tem per a ture at 100 °C and 150 °C for
RADFET with 1  mm gate ox ide thick ness; during the ir -
ra di a tion gate bias was  Virr = 0 V and the gate bias dur ing 
the an neal ing was Vann = 5 V

Fig ure 8. The thresh old volt age shift DVT dur ing the
an neal ing at room tem per a ture at 100 °C and 150 °C for
RADFET with 1 mm gate ox ide thick ness; during the ir -
ra di a tion, the gate bias was  Virr = 5 V and the gate bias
dur ing the an neal ing was Vann = 5 V



at 150 °C in du ra tion of 600 hours leads to the com -
plete loss of in for ma tion on ab sorbed dose. This be -
hav ior of DVT val ues at el e vated tem per a tures is a con -
se quence of the neu tral iza tion/com pen sa tion of the
pos i tive ox ide trapped charge due to the ther mal-as -
sisted emis sion of elec trons from the con duc tive band
of the sil i con and the va lence band of the ox ide (en ergy 
lev els E1 and E3 are ac ti vated).

CON CLU SIONS

The pa per pres ents ir ra di a tion (for gamma-ray
ir ra di a tion doses to 5 Gy) and post ir ra di a tion (at room
and el e vated tem per a ture) sen si tiv ity of Al-gate
RADFET with ox ide thick nesses of 400 nm and 1 µm.
The sen si tiv ity was fol lowed on the ba sis of the thresh -
old volt age shift DVT as a func tion of the ab sorbed
dose D and the an neal ing time. The re sults show that
there is ap prox i mately a lin ear de pend ence be tween
DVT and D, so that the sen si tiv ity can be de fined as
DVT/D for the in ves ti gated dose in ter val. Af ter the ir -
ra di a tion dose in for ma tion is stored at room tem per a -
ture for up to 600 hours, which pres ents their main ad -
van tage in com par i son to other do sim e ters which are
used in prac ti cal pur poses. How ever, the dosimetric
in for ma tion can be com pletely erased by heat ing the
ir ra di ated RADFET for a long time pe riod. By an a lyz -
ing phys i cal pro cesses which are re spon si ble for the
change in the thresh old volt age shift dur ing the ir ra di -
a tion of RADFET, it was con cluded that ¢Eg cen ters,
which are formed dur ing the ir ra di a tion, play the main
role. These cen ters rep re sent hole traps re spon si ble for 
the in crease of pos i tive ox ide charge dur ing the ir ra di -
a tion. Their den sity in creases with the in crease of the
ox ide thick ness and the gate bias. An in sig nif i cant
change in the value of DVT, i. e. pre serv ing the in for -
ma tion about the ab sorbed dose at room tem per a ture is 
a con se quence of field-as sisted and ther mal-as sisted
emis sion of the elec trons from sil i con as well as the
ther mal-as sisted emis sion of elec trons from the va -
lence band of the ox ide, hav ing no sig nif i cant ef fect on 
the neu tral iza tion/com pen sa tion of pos i tive ox ide
trapped charge. At el e vated tem per a ture, ther mal-as -
sisted emis sion of elec trons from sil i con and from the
va lence band of the ox ide play a sig nif i cant role in the
neu tral iza tion/com pen sa tion of pos i tive ox ide trapped 
charge which thus leads to the loss of the dosimetric
in for ma tion. The re cov ery at 150 °C for the time of
600 hours leads to the com plete loss of dosimetric in -
for ma tion (DVT = 0) that al lows com po nents' re us abil -
ity in dosimetric ap pli ca tions.
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Mili} M. PEJOVI]

OSETQIVOST  I  NESTABILNOST  DOZIMETRIJSKE  INFORMACIJE
RADFET  DOZIMETARA  OZRA^IVANIH  GAMA  ZRA^EWEM

Istra`ivana je osetqivost p-kanalnih MOSFET-ova sa debqinom oksida od 400 nm i 1 mm
(tako|e poznatih kao RADFER ili pMOS dozimetri) na gama zra~ewe za opseg doza od 0.5 Gy do 5 Gy,
kao i wihov oporavak na sobnim i povi{enim temperaturama. Polarizacije na gejtu tokom zra~ewa
bile su 0 V i 5 V, dok je tokom oporavka iznosila 5 V. Osetqivost tokom zra~ewa i oporavka je
pra}ena na osnovu promena napona praga koji je odre|ivan iz prenosnih karakteristika u
saturaciji i metodom jedne ta~ke. Pra}ena je promena napona praga DVT u zavisnosti od doze D i
vremena oporavka. Rezultati pokazuju da postoji linearna zavisnost izme|u DVT i D tako da se
osetqivost mo`e definisati kao DVT/D za istra`ivani in ter val doza. Oporavak ozra~enih
RADFET-a na razli~itim temperaturama po~ev od sobne do 150 °C je vr{en radi pra}ewa gubitka
dozimetrijske informacije o apsorbovanoj dozi. Rezultati pokazuju da se informacija o
apsorbovanoj dozi na sobnoj temperaturi odr`ava do 600 ~asova, dok se na temperaturi od 150 °C u
potpunosti gubi za isto vreme. Mehanizmi odgovorni za promenu napona praga tokom ozra~ivawa i
kasnijeg oporavka tako|e su razmatrani.

Kqu~ne re~i: RADFET, apsorbovana doza, gama zra~ewe, napon praga, oporavak


