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The in flu ence of gate bias dur ing gamma-ray ir ra di a tion on the thresh old volt age shift of ra di -
a tion sen si tive p-chan nel MOSFETs de ter mined on the ba sis of trans fer char ac ter is tics in sat -
u ra tion has been in ves ti gated. It has been shown that for the gate bias dur ing the ir ra di a tion
of 5 V and 10 V the sen si tiv ity of these tran sis tors can be pre sented as the thresh old volt age
shift and the ab sorbed ir ra di a tion dose ra tio. On the bases of the subthreshold char ac ter is tics
and trans fer char ac ter is tics in sat u ra tion us ing the midgap tech nique we have de ter mined the
den si ties of ra di a tion in duced ox ide traps and in ter face traps re spon si ble for the thresh old
volt age shift. In ad di tion, the charge pump ing tech nique was used to de ter mine the en ergy
den sity of true in ter face traps. It has been shown that ra di a tion-in duced ox ide traps have
dom i nant  role on thresh old  volt age  shift,  es pe cially  for gate bi ases dur ing the ir ra di a tion of
5 V and 10 V.
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IN TRO DUC TION

It is well known that ion iz ing ra di a tion (g, X,
elec trons, and ions) has sig nif i cant in flu ence on elec -
tronic com po nent char ac ter is tics. For ex am ple, the ir -
ra di a tion of semi con duc tor over-volt age di odes
causes deg ra da tion of their pro tec tion char ac ter is tics,
while gas-filled over-volt age di odes ex hibit a tem po -
ral im prove ment of their per for mance [1]. The op er a -
tion of polycarbonate ca pac i tors in the pres ence of a
neu tron and gamma ra di a tion field causes a de crease
of ca pac i tance, while the loss tan gent re mains un -
changed [2]. Changes in duced by ion ir ra di a tion af fect 
the cur rent-volt age char ac ter is tics and state re ten tion
abil ity of the memristor [3]. The in ves ti ga tion of
gamma ra di a tion to MOS in te grated cir cuits, i. e., to
tran sis tors has been go ing on for sev eral de cades [4]
due to their sig nif i cant deg ra da tion of elec tri cal pa -
ram e ters dur ing the ir ra di a tion [5-7]. Such deg ra da -
tion is a con se quence of the for ma tion of de fects re -
spon si ble for the in crease of pos i tive charge den sity in
ox ide and in ter face traps on the ox ide/semi con duc tor
in ter face. The knowl edge of these de fects is very im -
por tant in or der to pro duce the com po nent re sis tant to

ra di a tion. The idea of some in ves ti ga tors was to use
the neg a tive in flu ence of gamma ra di a tion to MOS
com po nents, mainly PMOS tran sis tors, in or der to
pro duce sen sors and do sim e ters for ion iza tion ra di a -
tion. These com po nents are known as ra di a tion-sen si -
tive field ef fect tran sis tors (RADFET) or ra di a tion
sen si tive p-chan nel MOSFET (MOS do sim e ter). They 
are de vel oped for ap pli ca tions such as space, nu clear
in dus try, and ra dio ther apy [8-11]. The RADFET ad -
van tages, in com par i son with other dosimetric sys -
tems (thermo-lu mi nes cent do sim e ters, semi con duc tor
di odes, and op ti cally stim u lated lu mi nes cence do sim -
e ters [12]), in clude an im me di ate, non-de struc tive
read out of dosimetric in for ma tion, very low store of
the ab sorbed ra di a tion dose, ex tremely small size of
the sen sor el e ment, a wide dose range, very low power
con sump tion, com pat i bil ity with mi cro pro ces sor, and
a very com pet i tive price (es pe cially if the cost of the
read out sys tem is taken into ac count). The RADFET
dis ad van tages are a need for cal i bra tion in a dif fer ent
ra di a tion field, rel a tively low res o lu tion (start ing from
10–2 Gy), and non-re us abil ity.

The RADFET has a spe cial ther mally or CVD
grown ox ide [13, 14] sen si tive to gamma and X-ray ir -
ra di a tion. The ap pli ca tion of RADFET is based on
con vert ing the thresh old volt age shift, DVT, in duced
by ra di a tion, into the ab sorbed ra di a tion dose D. This
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de pend ence can be ex pressed as DVT = A× Dn [15, 16],
where, DVT = VT – VT0, VT is the thresh old volt age af ter 
the ir ra di a tion and VT0 be fore the ir ra di a tion, A – the
con stant, and n – the de gree of lin ear ity which de pends 
on the elec tri cal field, ox ide thick ness, and ab sorbed
ra di a tion dose. If n = 1 then A rep re sents the sen si tiv -
ity, S (S = DVT/D).  DVT is the sum of thresh old volt age
shift caused by ra di a tion in duced ox ide traps, DVot,
and in ter face traps,  DVit (DVT = DVot + DVit) [16].
Many in ves ti ga tions have shown that the ra di a tion
sen si tiv ity of RADFET can be in creased with the in -
crease of ox ide thick ness [13, 14, 17] as well as with
the stack ing of more tran sis tors [18, 19].

In this pa per, a study of RADFET sen si tiv ity on
gamma-ray ir ra di a tion for dif fer ent val ues of gate bi -
ases has been pre sented. For this rea son, we have per -
formed I-V and charge pump ing (CP) mea sure ments.
This has en abled us to an a lyze the ba sic mech a nisms
un der ly ing the ir ra di a tion of RADFET in par tic u lar,
and dis cuss the role of ox ide traps and in ter face traps
for stud ied de vices.

EX PER I MEN TAL DE TAILS

The ex per i men tal sam ples were Al-gate RADFET, 
man u fac tured by Tyn dall Na tional In sti tute, Cork, Ire -
land [20]. The sam ples have 100 nm thick ox ides, grown
at 1000  °C in dry ox y gen and an nealed for 15 minutes 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 utes. The
chan nel width and length of these sam ples are 300 mm
and 50 mm, re spec tively.

Ex per i men tal sam ples were ir ra di ated at room
tem per a ture us ing the 27

60 Co source to  500 Gy at the dose
rate of 0.2 Gy/s. All doses are given in Gy(H2O); to con -
vert to Gy(SiO2) » Gy(Si), one has to mul ti ply the dose
with 0.898. The gate bias dur ing the ir ra di a tion (Virr) was
0, 5 V or 10 V. For ev ery value of Virr we used two sam -
ples.

Trans fer and charge pump ing char ac ter is tics
were mon i tored for ev ery sam ple be fore the ir ra di a -
tion in or der to de ter mine thresh old volt age be fore the
ir ra di a tion VT0 as well as charge pump ing cur rent be -
fore ir ra di a tion ICP0. The same char ac ter is tics were
mea sured af ter five ir ra di a tion doses of 100 Gy up to
500 Gy in or der to ob tain the thresh old volt age shift
and the change in the charge pump ing cur rent. Trans -
fer char ac ter is tics, ID = f (VG), were mon i tored for ev -
ery sam ple up to 4 mA us ing a two chan nel source
mea sur ing unit (Keithley model 2636). The sam ples
drain was bi ased with –10 V. The thresh old volt ages
be fore and af ter ir ra di a tion were de ter mined by the
tran sis tor trans fer char ac ter is tics in sat u ra tion, i. e., as
the in ter sec tion be tween the VG-axis and the ex trap o -
la tion lin ear re gion ID

1/2 = f.........(VG) curves. The change in
ar eal den si ties of gamma-ray ir ra di a tion in duced ox -
ide traps, DNot, and in ter face traps, DNit(MG), were

de ter mined us ing the midgap tech nique (MG) of
McWharter and Winocur [21].

Keithley model 2636 was used for the mea sure -
ment of charge pump ing cur rent and HP8116 func tion
gen er a tor was used for ap ply ing the saw tooth sig nal at 
the sam ples gate. The fre quency of the saw tooth sig -
nal was 1 MHz with the 50% duty cy cle, the am pli tude
was 3 V and  the  sig nal off set was var ied from 2 V to
–3 V.  CP tech nique was used for the de ter mi na tion of
the en er getic den si ties of in ter face traps (DDit), DNit =
DDit ×DE, where DE is the en ergy range within Si band
gap scanned by the mea sure ment. The ae rial den sity of 
the in ter face traps, Nit(CP), was de ter mined us ing the
Elliot-type CP curves [22].

EX PER I MEN TAL RE SULTS

The RADFET trans fer char ac ter is tics in sat u ra -
tion be fore ir ra di a tion (curve 0) and af ter the ab sorbed
ra di a tion dose D of 100, 200, 300, 400, and 500 Gy
(curves 1, 2, 3, 4, and 5, re spec tively) for Virr = 5 V are
shown  in  fig.  1. The fit ting of the up per part of  the
ID

1/2 = f(VG) char ac ter is tics, which are lin ear, gives the
val ues of thresh old volt age VT0, VT1, VT2, VT3, VT4, and
VT5 and these val ues in crease with the in crease of D.
The sim i lar be hav ior of char ac ter is tics (which is not
rep re sented) is ob served for Virr of 0 and 10 V.

The in flu ence of gate bias dur ing ir ra di a tion Virr

on thresh old volt age, VT, is shown in fig. 2. Trans fer
char ac ter is tics in sat u ra tion have been ob tained for D =
= 300 Gy and for Virr of 0, 5 and 10 V (curves 1, 2, and 3,
re spec tively). It can be seen that the val ues of VT in sig -
nif i cantly dif fer for the gate bi ases of 5 and 10 V and
that they are for about 1.5 V big ger then for the gate bias
of 0 V.
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Fig ure 1. Trans fer char ac ter is tics in sat u ra tion: (0) – be -
fore ir ra di a tion, and af ter ir ra di a tion for the ab sorbed
ra di a tion dose, (1) – 100 Gy, (2) – 200 Gy, (3) – 300 Gy, (4)
– 400 Gy, and (5) – 500 Gy; the gate bias dur ing ir ra di a -
tion Virr = 5 V



Fig ure 3 gives the DVT = f (D) de pend ence for Virr

val ues of 0, 5, and 10 V. The sym bols in the fig ure rep -
re sents the DVT = VT – VT0 val ues ob tained from
RADFET trans fer char ac ter is tics in sat u ra tion, while
the solid lines were de ter mined by fit ting of the ex per i -
men tal re sults with the ex pres sion DVT = ADn for the
de gree of lin ear ity n = 1. The value of fit ting cor re la -
tion fac tors for the gate bi ases of 5 and 10 V is 0.998,
while for the gate bias of 0 V the cor re la tion fac tor is
0.887. This shows that for the gate bi ases of 5 and 10 V
the sen si tiv ity can be con fi dently de ter mined as S =
=.DVT/D for the range of the ab sorbed ra di a tion dose
from 100 Gy to 500 Gy.

In fig. 4 the subthreshold char ac ter is tics of
RADFET be fore ir ra di a tion (curve 0) and af ter ir ra di -
a tion for the ab sorbed ra di a tion doses of 100, 200,
300, 400, and 500 Gy (curves 1, 2, 3, 4, and 5, re spec -
tively) for Virr = 5 V are pre sented. The pa ram e ters rel -

e vant for the de ter mi na tion DNit us ing midgap tech -
nique are marked in the fig ure (the sim i lar char ac ter is -
tics were ob tained for Virr of 0 and 10 V). The in crease
of  DNot dur ing the ir ra di a tion is man i fested through
the subthreshold char ac ter is tics shift along the  axis,
while the in crease of DNit is man i fested through the de -
crease of the subthreshold curve slope.

It is known that no mat ter the dis tri bu tion within
the band gap of the sub strate, ox ide traps are neu tral
when the sur face po ten tial js is equal to the Fermi po -
ten tial jF. In that case, the shift be tween two
subthreshold char ac ter is tics along the VG axis is a  con -
se quence of the change of the ox ide trap den sity, and
the gate volt age cor re spond ing to this value of sur face
po ten tial which is marked as VMG (midgap volt age) is
ob tained from the point (VMG , IMG), fig. 4. The po si -
tion of this point is de ter mined on the ba sis of its or di -
nate, i. e., cur rent IMG (midgap cur rent) which can be
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Fig ure 2.  Trans fer char ac ter is tics in sat u ra tion for the
ab sorbed ra di a tion dose of 300 Gy: (1) – Virr = 0 V, (2) –
Virr = 5 V, and (3) – Virr = 10 V

Fig ure 3. Thresh old volt age shift, DVT, as a func tion of the 
ab sorbed ra di a tion dose, D, for three val ues of gate bias
dur ing ir ra di a tion

Fig ure 4. Subthreshold char ac ter -
is tics: (0) – be fore ir ra di a tion, and
af ter ir ra di a tion for the ab sorbed
ra di a tion dose (1) – 100 Gy, (2) –
200 Gy, (3) – 300 Gy, (4) – 400 Gy,
and  (5) – 500 Gy;  the  gate  bias 
dur ing ir ra di a tion Virr = 5 V



de ter mined by the in tro duc tion of the ap pro pri ate val -
ues of sur face po ten tial jS = jF and ex per i men tally de -
ter mined mo bil ity in the equa tion given in [23]. IMG is
in or der of pA and its value is on the ex ten sion of the
lin ear part of the subthreshold char ac ter is tics marked
by the dot ted line in fig. 4. The change in the ae rial
den sity of the ox ide trap caused by ir ra di a tion can be
ex pressed as [21]

DN
C

q
V Vot

ox
MG MG= -( )0 (1)

where Cox is the ox ide ca pac i tance per unit area, q – the 
ab so lute value of elec tron charge, VMG0 – the midgap
volt age be fore ir ra di a tion, and VMG – the midgap volt -
age af ter ir ra di a tion.

The other sig nif i cant point (VT, IT) in fig. 4 is de -
ter mined us ing the thresh old volt age VT  (see fig. 2).
Namely, as it has al ready been said, in ter face traps
change the slope of subthreshold char ac ter is tics, i. e.,
the dif fer ence of the volt ages VT and VGM. The change
in the ar eal den sity of the in ter face trap caused by ir ra -
di a tion can be de ter mined as [22]

DN
C

q
V Vit

ox
S SMG( ) [ ( )]= -0 0 0 (2)

where VS0 (0) is the value of stretchout volt age be fore
ir ra di a tion and VS0 is the value of stretchout volt age af -
ter ir ra di a tion.

Fig ure 5 shows Elliot curves be fore gamma-ray
ir ra di a tion (curve 0) and af ter ir ra di a tion for the ab -
sorbed ra di a tion dose of 100, 200, 300, 400, and 500 Gy 
(curves 1, 2, 3, 4, and 5, re spec tively) for Virr = 5 V (sim -
i larly be haved curves are also ob tained for Virr = 0 V and 
Virr = 10 V). It can be seen that the in crease of the ab -
sorbed ra di a tion dose leads to the in crease of the max i -
mum charge pump ing cur rent, and it can be ex pressed
as  [24]

I qA NCP G it CPmax ( )= n (3)

where n    is the fre quency, AG – the area un der the gate ac -
tive in charge pump ing, and Nit(CP) – the ab so lute value
of the ar eal den sity of the in ter face trap af ter gamma-ray
ir ra di a tion. The change in the ar eal den sity of the in ter -
face traps is DN N Nit it it0CP CP CP( ) ( ) ( ),= - where
Nit0 (CP) is the ab so lute value of the ar eal den sity of the
in ter face trap be fore gamma-ray ir ra di a tion.

DIS CUS SION

The be hav ior of ox ide trap den sity, DNot, and in -
ter face trap den sity, DNit, dur ing the gamma-ray ir ra di -
a tion of RADFET for three dif fer ent val ues of gate
bias, Virr, are pre sented in figs. 6 and 7, re spec tively.
The ox ide trap den sity was de ter mined us ing the ex -
pres sion (1), while the in ter face trap den si ties were de -
ter mined us ing the ex pres sions (2) and (3). It can be
seen that the in crease of the ab sorbed dose rate, D,
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Fig ure 5. Elliot-type CP curves: (0) – be fore ir ra di a tion,
and af ter ir ra di a tion for the ab sorbed ra di a tion dose, (1)
– 100 Gy, (2) – 200 Gy, (3) – 300 Gy, (4) – 400 Gy, and (5) –
500 Gy; the gate bias dur ing ir ra di a tion Virr = 5 V

Fig ure 6. The change in the ar eal den sity of ox ide traps
DNot, as a func tion of the ab sorbed ra di a tion dose D,
ob tained by MG tech nique for three val ues of gate bias
dur ing ir ra di a tion Virr

Fig ure 7. The change in the ar eal den sity of in ter face
traps DNit, as a func tion of the ab sorbed ra di a tion dose D, 
ob tained by MG and CP tech niques for three val ues of
gate bias dur ing ir ra di a tion, Virr



leads to the in crease of both DNot and DNit, and that
those in creases are smaller for Virr = 0 V than for Virr =
= 5 V and Virr = 10 V. Also, for the same val ues of D
and Virr the in crease of ox ide trap den sity is con sid er -
ably big ger then the in crease of in ter face trap den sity.
The in ter face trap den sity DNit(MG) cal cu lated us ing
the ex pres sion (2) is big ger than the in ter face trap den -
sity DNit(CP) cal cu lated us ing the ex pres sion (3) for 
Virr of 5 V and 10 V.

In or der to ex plain the curve be hav ior in figs. 6
and 7 it is nec es sary to con sider im por tant mech a nisms 
re spon si ble for the for ma tion of ox ide traps and in ter -
face traps caused by RADFET ir ra di a tion. Namely,
gamma-ray ir ra di a tion in ter acts with the gate ox ide
and breaks ºSi0–O co va lent bonds be tween Si and O
at oms, as well as weakly ºSi0–H and  ºSi0–OH bonds
to pro duce elec tron-hole pairs [25, 26]. The cre ation of 
elec tron-hole pairs is fol lowed by the cre ation of the
tri va lent sil i con at oms º ·Si0  ( ¢Eg cen tre [27]) as well as
amphoteric non-bridg ing ox y gen (NBO). Some frac -
tions of elec tron-hole pairs un dergo an ini tial re com bi -
na tion pro cess. Elec trons, be ing much more mo bile
then holes in SiO2, are swept out from the ox ide un der
the pos i tive elec tric field in a time of 1 ps [4]. Dur ing
the mo tion in the ox ide these elec trons can break the
co va lent bonds in the ox ide [28], what leads to the fur -
ther in crease of the den sity of NBO and ¢Eg  cen ters as
well as the for ma tion of pos i tive charge Si0–O+ and 
º +Si0  cen ters (E¢ cen ters [29] known as a ¢Es  cen ters
[30]). The sur vived holes, un der the pos i tive field in
the ox ide, drift to SiO2/Si in ter face, re act with the hy -
dro gen de fect pre cur sors (ºSi0–H and ºSi0–OH) and
cre ate ¢Eg , ¢Es , and NBO cen ters [31, 32]. The cre ation
of these cen ters is fol lowed by the re lease of H at oms
or OH groups which can eas ily drift through the ox ide
af ter which those cen ters be came sta ble [31]. A part of
holes, which reaches near the SiO2/Si in ter face, is be -
ing cap tured on the de fects giv ing the rise of the ox ide
trap charge. It should be pointed out that ox ide trapped
charge can be pos i tive (ox ide trapped holes) and neg a -
tive (ox ide trapped elec trons) and the for mer is more
im por tant, since the hole trap ping cen ters are more nu -
mer ous, in clud ing three types ( ¢Es , ¢Eg , and NBO cen -
ters) [28]. The num ber of cre ated ox ide and in ter face
traps rises with the num ber of sur viv ing holes. For Virr

= 0 V an elec tri cal field in the ox ide ap pears only due
to the work func tion dif fer ence be tween the gate and
sub strate, so the prob a bil ity of elec tron-hole pair re -
com bi na tion is higher than for the case when Virr > 0 V.
For higher val ues of Virr, a large num ber of holes will
es cape the ini tial re com bi na tion pro cess lead ing to the
cre ation of more ox ide trapped charge and more in ter -
face traps. Such con clu sion is in agree ment with the
re sults shown in figs. 6 and 7 for Virr = 0 V and 5 V (the
val ues of DNot for Virr = 5 V and Virr = 10 V in sig nif i -
cantly dif fer).

The fixed traps (FT) in the ox ide do not have the
abil ity to ex change the charge with the channel. They

at tract or re pulse the chan nel car ri ers by the Cou lomb
force, de pend ing on the charge sign of both their
charges and chan nel car rier charges. The in flu ence of
FT on the chan nel car ri ers by their elec tric field leads
to the par al lel shift of the subthreshold char ac ter is tics
(see fig. 4) and DNot is equal to DNFT.

The de fects at the SiO2/Si in ter face, known as
true in ter face traps, rep re sent an amphoteric de fect 
º ·Si0  that rep re sents a sil i con atom at SiO2/Si in ter face 
back bonded to three sil i con at oms from the sub strate
de noted as Si s

· (Pb cen ter [33, 34]). They can be di -
rectly cre ated by in ci dent gamma pho tons, but this
amount can be ne glected. The big gest den sity of  º ·Si0

is cre ated by trap ping holes (h+ model) [35-37] and by
hy dro gen re leased in the ox ide (hy dro gen-re leased
spe cies model – H model) [38-40].

The traps cre ated near and at SiO2/Si in ter face
that cap tures a car rier from the chan nel (ex change the
charge with the chan nel) rep re sent switch ing traps
(ST). The ST cre ated in the ox ide, near the SiO2/Si in -
ter face, rep re sent slow switch ing traps (SST) and ST
cre ated at SiO2/Si in ter face rep re sent fast switch ing
traps (FST). FST are true in ter face traps (Pb cen ters).

The den sity DNit(CP) found by the CP tech nique
(ex pres sion 3) is, in fact, the den sity of FST, i. e., 
D DN Nit FSTCP( ) » . Namely, as a much faster tech nique, 
the CP tech nique can sense only the FST and even tu ally
just the fast est amount of SST. The si mul ta neous use of
both (MG and CP) tech niques is a great ad van tage. For in -
stance, if DNST(MG) has been changed but DNST(CP) has
not, it means that DNSST, i. e., the den sity of SST has been
changed, since D D DN N NST SST FSTMG( ) = +  and 
D DN NST FSTCP( ) =  [16, 41]. Such con clu sion is in
agree ment  with  the curve be hav ior in fig. 7. Namely,
DNST(CP) are smaller then DNit(MG) es pe cially for Virr

val ues of 5 V and 10 V. For the case when Vitt = 0 V, the
cre ation of ST dur ing ir ra di a tion is rel a tively small so the
data for DNFST are not re li able.

CON CLU SION

The ra di a tion re sponse of RADFET for the ab -
sorbed ir ra di a tion dose of gamma-ray ir ra di a tion from
100 to 500 Gy has been in ves ti gated. The ra di a tion re -
sponse of these com po nents has been ob served on the
bases of the thresh old volt age shift de ter mined from
trans fer char ac ter is tics in sat u ra tion. The ob tained re -
sults show that for the val ues of gate bias dur ing the ir -
ra di a tion of 5 V and 10 V there is a lin ear de pend ence
be tween the thresh old volt age shift and ad sorbed ir ra -
di a tion dose, which makes these com po nents use ful
for com mer cial ap pli ca tions. In or der to op ti mize the
RADFET ra di a tion re sponse it is nec es sary to re solve
mi cro scopic pro cesses that oc cur dur ing ir ra di a tion.
This study has dem on strated the use of sub thresh old
mid-gap tech nique and charge pump ing tech nique.
These elec tri cal tech niques have lim i ta tions, such as
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that they can not pro vide in for ma tion on the mi cro -
scopic struc ture of the de fects in the ox ide and at the
SiO2/Si in ter face, so the con tri bu tion of elec trons and
holes to the charge trapped in ox ide can not be clearly
dis tin guished. How ever, the used tech niques can still
pro vide valu able in for ma tion about the ef fects of slow
switch ing ox ide traps and fast switch ing traps (true in -
ter face traps) which are in dis tin guish able when a sin -
gle tech nique (e. g. midgap tech nique) is used. The
knowl edge about the be hav ioral pat terns of fast
switch ing traps and slow switch ing traps, to gether
with the fixed traps, is cru cial in the op ti mi za tion of
RADFET re sponse. Our re sults (figs. 6 and 7) have
shown that fixed traps play a cru cial role in thresh old
volt age shift, es pe cially for the gate bias dur ing the ir -
ra di a tion of 5 V and 10 V.
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Mili} M. PEJOVI], Mom~ilo M. PEJOVI], Aleksandar B. JAK[I]

ODZIV  RADIJACIONO  OSETQIVOG  TRANZISTORA  SA
EFEKTOM  POQA  NA  GAMA  ZRA^EWE

Istra`ivan je uticaj polarizacije gejta tokom gama zra~ewa na promenu napona praga
koji je odre|ivan iz prenosnih karakteristika radijaciono osetqivih p-kanalnih MOSFET.
Pokazano je da se za napone polarizacije na gejtu od 5 V i 10 V osetqivost ovih tranzistora mo`e
predstaviti kao odnos promene napona praga i apsorbovane doze gama zra~ewa. Na osnovu
potpragovskih karakteristika i prenosnih karakteristika u saturaciji kori{}ewem  MD (midgap) 
tehnike odre|ene su gustine, formirane radijacijom, centara zahvata u oksidu i povr{inskih
stawa, odgovorne za promenu napona praga. Dodatno je kori{}ena CD (charge pump ing) tehnika za
odre|ivawe energetske gustine pravih povr{inskih stawa. Pokazano je da gama zra~ewem stvoreni
centri zahvata u oksidu imaju dominantnu ulogu na promenu napona praga, naro~ito za napone
polarizacije na gejtu od 5 V i 10 V.

Kqu~ne re~i: p-kanalni MOS tranzistor, povr{inska stawa, zahva}ena naelektrisawa u
.........................oksidu, radijaciona osetqivost


