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The aim of this pa per is ex am in ing a ra di a tion hard ness of the mag netic (Toshiba MK4007
GAL) and semi con duc tor (AT 27C010 EPROM and AT 28C010 EEPROM) com puter
mem o ries in the field of ra di a tion. Mag netic mem o ries have been ex am ined in the field of neu -
tron ra di a tion, and semi con duc tor mem o ries in the field of gamma ra di a tion. The ob tained
re sults have shown a high ra di a tion hard ness of mag netic mem o ries. On the other side, it has
been shown that semi con duc tor mem o ries are sig nif i cantly more sen si tive and a ra di a tion can
lead to an im por tant dam age of their func tion al ity.
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INTRODUCTION

Com puter mem o ries, as to the way data are
stored can be di vided into: mag netic, semi con duc tor,
and op ti cal ones. Based on the me dium stor ing the
data, mem o ries can be di vided into me chan i cal, mov -
able; op ti cal solid state and ferro elec tric. Hard disk
and bub ble stor age be long to me chan i cal mem o ries;
com pact disk and ho lo graphic re cord ing be long to op -
ti cal mem o ries. Bi po lar, MOS and CCD rep re sent
semi con duc tor mem o ries [1].

Com puter mag netic mem o ries pos sess a do main
struc ture and they are very re sis tant to the outer in flu -
ences. Their good side is a high ac cu racy level and sta -
bil ity. Pro gram ma ble semi con duc tor mem o ries are
made to day in CMOS tech nol ogy and can be di vided
into two pri mary groups: ran dom ac cess mem ory
(RAM) that can be static (SRAM) and dy namic
(DRAM), and ROM, where eras able pro gram ma ble
read only mem ory (EPROM) and elec tri cally eras able
pro gram ma ble read only mem ory (EEPROM) be long
to. Ran dom ac cess mem ory mem o ries are un re li able
since they lose their con tent when the power sup ply is
switched off. Ran dom ac cess mem ory mem o ries are
more re li able and they have a con stant con tent that is
not lost when the power sup ply is switched off.
EPROM mem o ries have the abil ity of de let ing their

con tent and they can be re pro grammed by a user. Un -
for tu nately, their con tent can be de leted only by us ing
ex pen sive ul tra vi o let equip ment. On the other side,
EEPROM com po nents have a pos si bil ity of de let ing
con tent elec tri cally with out us ing ex pen sive ul tra vi o -
let equip ment [1].

Elec tronic mem ory com po nents are widely used
in mil i tary and med i cal ap pli ca tions, nu clear power
plants, high al ti tude avi on ics and space ap pli ca tions.
This rep re sents sig nif i cant risk since the ex po sure of
in te grated cir cuit elec tron ics to ion iz ing ra di a tion can
lead to tran sient or per ma nent dam age of their func -
tion al ity. There fore, it is very im por tant to test ra di a -
tion hard ness of com puter mem ory de vices and to as -
sess their ra di a tion re li abil ity.

Three types of er rors can oc cur when elec tronic
com po nents are ex posed to ion iz ing ra di a tion: soft er -
rors, hard er rors and fail ures. Soft er rors oc cur when a
ra di a tion event causes a re verse of data bit in a mem ory 
cell. These er rors are not per ma nent and can be re -
versed by en ter ing new data or re pro gram ming a mem -
ory. On the other hand, hard er rors are ir re vers ible and
de struc tive.

It has been shown that a (rel a tively) high to tal
dose, ex ceed ing 1000 Gy (SiO2), is needed to in duce
er rors in the flash mem ory ar ray, but thresh old volt age
shifts are all but neg li gi ble even at lower doses [2].
Test ing on com mer cially avail able 2 Gb NAND flash
non-vol a tile mem ory, both for to tal ion iz ing dose
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(TID)  ra di a tion  dam age and  for sin gle  event  ef fects 
(SEE)  from  heavy  ion  ex po sure have shown that
static er rors rise abruptly above 750 Gy (SiO2) while
dy namic er rors rise quickly at even lower doses [3].

The aim of this pa per is to ex am ine ra di a tion
hard ness of mag netic and semi con duc tor com puter
mem o ries. Mag netic mem o ries have been ex posed to
(n, g) ra di a tion field, and semi con duc tor mem o ries
(EPROM and EEPROM) have been tested in the field
of gamma ra di a tion.

EXPERIMENTAL PROCEDURE

The ex am i na tions of mag netic mem o ries ra di a -
tion hard ness have been per formed in the field of (n,  g) 
ra di a tion, where a dom i nant is the neu tron ra di a tion.
In deed, it is known from the the ory that neu tron ef fects 
are the most dan ger ous for do main struc ture deg ra da -
tion [4].

Ir ra di a tion of hard disks (Toshiba MK4007
GAL), with the stor age ca pac ity of 40 GB, was per -
formed a few years ago in the field of re ac tor RB of the
Pub lic Com pany Nu clear Fa cil i ties of Ser bia, Bel -
grade, Ser bia. In the mag netic mem ory layer, the in for -
ma tion was writ ten in a bi nary form, i. e., states “0” or
“1”, match ing the ap pro pri ate states of a remanent in -
duc tion of an op po site ori en ta tion. The tran si tion from
one bi nary state into the other was per formed with an
outer ac tion. The ex am i na tions were per formed by a
stan dard pro ce dure for com puter com po nents. One
hard disk was set into the cen ter of a re ac tor sys tem,
and two hard disks were set the pe riph ery, out of which 
one was cov ered with a Cd layer that ab sorbs low-en -
er getic neu trons. A bi nary con tent of all ze ros was
writ ten into the hard disks, all ones and a lead ing one
(1010), re spec tively, in all lo ca tions.Then, the con tent
was read af ter ir ra di a tion, with the aim to con firm a
num ber of lo ca tions where the con tent had been
changed, i. e., the ones that had re vers ible or ir re vers -
ible dam ages. Ir ra di a tions were per formed for the re -
ac tor power P = 10 W, with a time in ter val  t = 0.5 h in
the first phase of the ex per i ment, and at the same
power and with the same time in ter val in the sec ond
phase of the ex per i ment.

The cal cu la tion of space-en ergy dis tri bu tion of a
neu tron flux den sity and max i mum equiv a lent neu tron 
doses at the given point of the HERBE sys tem (r,  z)
was per formed with the VEGA pro gram [5]. 

The ex am i na tion of a ra di a tion hard ness of
EPROM and EEPROM has been per formed in Me trol -
ogy-Do sim e try Lab o ra tory of the Vin~a In sti tute of Nu -
clear Sci ences, Bel grade, Ser bia. In the field of gamma
ra di a tion 60Co, the sam ples of AT 27C010 EPROM
have been ex am ined, with their mem ory ca pac ity of 1
MB, and AT 28C010 EEPROM, with their mem ory ca -
pac ity of 1 MB. Prior to the be gin ning of ir ra di a tion, the
same mem ory con tent was writ ten into all mem ory sam -

ples, i. e., a log i cal state “1”. It is much more sen si tive to
ra di a tion than a log i cal state “0”., for their higher
thresh old volt age changes for the same val ues of the ab -
sorbed dose [6, 7]. At the same time, con stant volt age
im pulses were used. The ra di a tion field di men sions
were 8 cm ´ 8 cm.The ab sorbed dose of gamma ra di a -
tion was changed with the change of ir ra di a tion time
and dis tance be tween sources and the ex am ined mem -
ory com po nents. Twenty sam ples of the stated com po -
nents have been ex am ined, and the ob tained av er age re -
sults are pre sented in the pa per.  From the first ob served
faults, i. e., changes from the log i cal state of the mem ory 
cell from “1” to “0”, the dose has been grad u ally in -
creased in steps per 10 Gy for EPROM and 50 Gy for
EEPROM com po nents [8-10].

RESULTS AND DISCUSSION

Magnetic memories (hard disk)

Dur ing a neu tron ac ti va tion ura nium fis sion
takes place, and then nu mer ous ura nium de scen dants
ap pear that are dom i nantly gamma ra dio ac tive. Due to
a large num ber of pho tons that ap peared, it was dif fi -
cult to cal cu late the flux and gamma ra di a tion dose;
and they were mea sured with a cal i bra tion in stru ment
set in the given points of the HERBE sys tem. In this
way, the cal i bra tion curves ob tained showed the ab -
sorbed gamma dose rate in the cen ter of VKH HERBE
sys tem, which de pends on the re ac tor power and the
ab sorbed gamma dose rate in the lat eral side of RB re -
ac tor with HERBE sys tem [11]. 

From those curves, ac tu ally based on the ob -
tained fit ted dependences, the gamma dose rate was
de ter mined.

Em ploy ing the VEGA pro gram, there was found
a de pend ency of the neu tron flux and the hard disk, at
the height of h = z = 70 cm, de pend ing on r for all four
en er getic groups, shown in fig. 1. In the case r = 20 cm, 
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Fig ure 1. Neu tron flux den sity as a func tion of r at the
height of h = z = 70 cm for all four en er getic groups
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the de pend ency of the neu tron flux on h = z is shown in
fig. 2. The de pend ency of neu tron flux on the en ergy
for the point A (r = 20 cm, h = z =  70 cm), i. e., in the
cen ter of HERBE sys tem, is shown in fig. 3. Based on
the above-men tioned, the cal cu la tion of the to tal ab -
sorbed dose rate was made, as a sum of the ab sorbed
dose rates for all four en er getic groups, at the given
point. It amounted to 4.58 Gy/h. Like wise, by ap ply -
ing VEGA pro gram, a de pend ency was de ter mined of
the neu tron flux and the hard disk set at the pe riph ery
of the re ac tor's ves sel, shown in figs. 4 and 5. In ad di -
tion, a de pend ency was ob served of the neu tron flux
and en ergy for the point B (r = 100 cm, h = z = 70 cm),
shown in fig. 6. The cal cu lated to tal ab sorbed dose rate 
was 0.038 Gy/h. In the case of hard disks that were at
the same place as the pre vi ous ones, but cov ered with
the layer Cd, they had ab sorbed low-en er getic neu -
trons of the fourth group, thus the to tal ab sorbed dose
rate was 0.00056 Gy/h, in flu enced only by the neu -
trons of the first three en er getic groups.

The gamma dose rate was de ter mined based on
the ob tained de pend ency [12]

& . .D Pg = × -241301 10 3 0 980012 (1)

where &Dg  is given in grays per hour (Gy/h), and P is
given in watts (W). 

Hard disks set at the cen ter of HERBE sys tem,
had the ab sorbed gamma dose rate &Dg  = 0.23 Gy/h.

Fig ure 2. Neu tron flux den sity as a func tion of h at
r = 20 cm for all four en er getic groups 

Fig ure 3. Neu tron flux den sity as a func tion of en ergy in
the point A (r = 20 cm, h = 70 cm), HERBE sys tem

Fig ure 4.  Neu tron flux den sity as a func tion of h
at r = 100 cm for first three en er getic groups (hard disks
cov ered with Cd)

Fig ure 5. Neu tron flux den sity as a func tion of h
at r = 100 cm for the fourth en er getic group (hard disks at 
the sys tem pe riph ery, not cov ered with Cd)

Fig ure 6. Neu tron flux den sity as a func tion of en ergy in
the point B (r = 100 cm, h = 70 cm)



For hard disks at the pe riph ery of HERBE sys -
tem, the gamma dose rate was de ter mined based on the
de pend ency [12]

& . .D Pg = × -4 03772 10 3 0 989173 (2)

and it amounted to  &Dg  = 0.039 Gy/h.
In the case of hard disks cov ered with Cd, as al -

ready stated, the ab sorbed neu tron dose rate de -
creased, while the ab sorbed gamma dose rate slightly
in creased. The in flu ence of Cd onto the in crease of
gamma dose rate is in sig nif i cant, since it is smaller
than the er ror used to ob tain data from a cal i bra tion
curve, i. e.,  from  a  fit ted  for mula  (2), and was also  
&Dg   = 0.039 Gy/h. Func tional ex am i na tions of all ir ra -
di ated mag netic mem o ries show no change in their
con tent, i. e., that they suf fered no func tional dam ages. 
It is for the fact that the neu tron dose rates, and thus the
en tire ab sorbed doses, are rel a tively small. Not even
the  in crease  of  the  re ac tor power to the max i mum of
P = 45 W has brought about any changes in their func -
tion al ity. Thus, con sid er ing the dam age caused in do -
main struc tures it is nec es sary to work with re ac tor
pow ers of the least or der of MW.

Semiconductor memories
(EPROM, EEPROM)

The ef fects of gamma ra di a tion have been con -
sid ered as a rel a tive dif fer en tial change of a num ber of
faults with ab sorbed ra di a tion dose and rel a tive cu mu -
la tive changes of num ber of faults with ab sorbed ra di -
a tion dose.

Rel a tive dif fer en tial change of the num ber of
faults with ab sorbed ra di a tion dose, for the ex am ined
EPROM sam ples, is shown in fig. 7.  Rel a tive cu mu la -
tive change of num ber of faults (in per cent ages) with
ab sorbed ra di a tion dose, for the ex am ined EPROM
sam ples is shown in fig. 8. The ob tained val ues, shown 
in graphs, are their av er age re sult val ues ob tained by
ex am in ing 20 com mer cial com po nents.

As we can con clude from figs. 7 and 8, ion iz ing
gamma ra di a tion 60Co brings to con tent dam ages of
EPROM com po nents. The first changes ap pear for
doses at about 1320 Gy. The changes are the most vis i -
ble for doses at about 1400 Gy. Those changes are of
re vers ible char ac ter and af ter de let ing the ini tial con -
tent and reprograming the mem ory, all EPROM sam -
ples have been 100 % func tional again, and we have
writ ten new con tents of the log i cal state “1”, and they
have been re-ex posed to the 60Co gamma ra di a -
tion.Due to acumulative na ture of gamma ra di a tion, a
sen si tiv ity level is then much lower, as it is shown in
figs. 9 and 10. We see that the first changes now ap pear 
for the doses at about 100 Gy. The changes are the
most ex pressed for the doses at about 200 Gy. The en -
tire ab sorbed ra di a tion dose, both from nat u ral and ar -
ti fi cial re sources, causes cu mu la tive dam age ef fects,
cre at ing pos i tive and neg a tive car ri ers. It is firstly a
sur face leak ing phe nom ena that is re flected in the gate
and/or in the ox ide field.

The main ef fect the ion iz ing gamma ra di a tion
pro duces in EPROM com po nents is a gen er a tion of
car ri ers, i. e., cre ation of elec tron-hole pairs by break -
ing Si – O con nec tions in SiO2. This leads to a for ma -
tion of cap tured pos i tive car ri ers (holes) in in su la tor
and con cen tra tion of cap tured neg a tive car ri ers in in -
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Fig ure 7. Av er age rel a tive dif fer en tial change of num ber
of faults with ab sorbed dose in ir ra di ated EPROM
sam ples (Ntot = 512 bits, N0 = 0)

Fig ure 8. Av er age rel a tive cu mu la tive change of num ber
of faults with ab sorbed dose in ir ra di ated EPROM
sam ples (Ntot = 512 bits, N0 = 0)

Fig ure 9. Av er age rel a tive dif fer en tial change of num ber
of faults with ab sorbed dose in re pro grammed and
re peat edly ir ra di ated EPROM sam ples (Ntot = 512 bits,
N0 = 0)



su la tor-chan nel in ter face. Elec trons, more mo bile than 
holes, even at the room tem per a ture, leave the ox ide
quickly. Holes, on the other side, be ing less mo bile, re -
main trapped in the ox ide and con trib ute to cre ation of
a pos i tive charge in the ox ide Qox. The charge Qox is
pro por tional to the ox ide layer thick ness tox, thus the
re sult ing change of the thresh old volt age is [13]

DV
Q t

th
ox ox

ox

= -
e

(3)

while the con nec tion be tween the thresh old volt age
and the to tal dose is given in eq. [14]
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v
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a

e

2

(4)

where w is the ef fec tive en ergy value needed for the
pro duc tion of pairs in the ox ide and it is w = 18 eV, mv – 
the den sity mass of the ox ide, a – a pa ram e ter de pend -
ing of tech no log i cal con di tions, and  e0x – the di elec tric 
con stant of the ox ide.

The sec ond im por tant fac tor gamma ra di a tion
leads to in EPROM com po nents is a for ma tion of sur -
face con di tions in Si/SiO2 in ter faces. Dif fer ent from
ox ide charges that are al ways pos i tive, sur face con di -
tions are amphoteric and cap ture elec trons in n-chan -
nel com po nents, lead ing to in crease of the thresh old
volt age. The sec ond type of traps, so-called “bor der
traps”, is lo cated in the ox ide, very near to Si/SiO2 in -
ter face, and they also cap ture elec trons. Also, the ox -
ide charges con trib ute to cre ation of ad di tional traps in
the bor der sur faces [15].

Rel a tive dif fer en tial change of a num ber of
faults with ab sorbed dose in ir ra di ated EEPROM sam -
ples is shown in fig. 11. Rel a tive cu mu la tive change of
num ber of faults with ab sorbed dose in ir ra di ated
EEPROM sam ples is shown in fig. 12. The ob tained
val ues, shown in graphs, are the av er age re sult val ues,
gained from 20 ex am ined com mer cial com po nents. 

From figs. 11 and 12, it is seen that the first fault
ap pears at the doses of 1100 Gy. With the in crease of

the ab sorbed dose, the faults num ber in creases, i. e.,
the func tion al ity of EEPROM com po nents de creases.
It should be em pha sized that those changes are of ir re -
vers ible char ac ter, dif fer ent from the ones of EPROM
com po nents that can be re pro grammed af ter de let ing
them by means of ul tra vi o let rays.

As we have pre vi ously em pha sized, the main ef -
fect that gamma ra di a tion 60Co causes is gen er at ing
elec tron-hole pairs in SiO2 gate in su la tor. The num ber
of gen er ated elec tron-hole pairs de pends on the ma te -
rial and avail able vol ume. A part of elec tron-hole pairs 
is re com bined. What will be a num ber of re com bined
elec tron-hole pairs de pends on the elec tric field in an
ir ra di ated ox ide [16]. The stron ger the field, the higher 
num ber of pairs will avoid re com bi na tion. Mo bile
elec trons, un der the in flu ence of the ap plied volt age at
the gate, leave the ox ide in su la tor quickly. Im mo bile
holes will be ei ther trapped in the ox ide or will drift un -
der the in flu ence of the elec tric field on the float ing
gate. They con trib ute to for ma tion of a pos i tive ox ide
charge. A part of holes that is not trapped in the ox ide is 
in jected into the float ing gate, re duc ing num ber of
elec trons in it, and thus con di tion ing the de crease of
the thresh old volt age.
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Fig ure 10. Av er age rel a tive cu mu la tive change of
num ber of faults with ab sorbed dose in re pro grammed
and re peat edly ir ra di ated EPROM sam ples
(Ntot = 512 bits, N0 = 0)

Fig ure 11. Av er age rel a tive dif fer en tial change of
num ber of faults with ab sorbed dose in ir ra di ated
EEPROM sam ples (Ntot = 128 bits, N0 = 0)

Fig ure 12. Av er age rel a tive cu mu la tive change of
num ber of faults with ab sorbed dose in ir ra di ated
EEPROM sam ples: (Ntot = 128 bits, N0 = 0)



There fore, gen er at ing of the elec tron-hole pairs
leads to cap tur ing of pos i tive car ri ers (holes) in the in -
su la tor and cap tur ing neg a tive car ri ers, con cen trated
at the in su la tor-chan nel in ter face [17]. Neg a tive gate
volt age de mands ac cu mu la tion of pos i tive car ri ers at
Si/SiO2 sur faces. Pos i tive car ri ers, in duced by the ion -
iz ing ra di a tion,gov ern the in crease of neg a tive gate
volt age, to com pen sate the pos i tive charge. Thus,hole
trap ping ef fect and the ef fect of in jected holes, un der
the ra di a tion in flu ence, lead to de crease of the thresh -
old volt age. Both of these ef fects are also re duced with
the re duc tion of the ox ide thick ness [18]. Most of the
ox ide va can cies ap pear near the ox ide/sub strate and
ox ide/float ing gate in ter faces. Pos i tive charges of
trapped holes have a ten dency to mask neg a tive charge 
at the gate, and it leads to de crease of FG tran sis tor
thresh old volt age.

The third mech a nism that ap pears dur ing ir ra di -
a tion of EEPROM is elec tron emis sion through the
float ing gate/ox ide bar rier. The emis sion is re spon si -
ble for de let ing parts of EEPROM, un der the in flu ence 
of ul tra vi o let light. Dur ing ex po sure to this light,
EEPROM will also lose its charge. Un der the in flu -
ence of gamma ra di a tion, pho tons of suf fi cient en ergy
will cause elec tron emis sion from a po ten tial bar rier
[19]. Also, the elec tron in ox ide will be moved quickly
onto the sub strate or a con trol gate, un der the in flu ence 
of the elec tric field. The elec tron loss also leads to de -
crease of the thresh old volt age. On the other side, elec -
tron emis sion does not lead to re duc tion of the ox ide
thick ness.

The thresh old volt age can be quan ti ta tively ex -
pressed in the fol low ing way

V V
q d

T T0
s= +
e

(5)

where VT0 is an ini tial thresh old volt age of a tran sis tor,
qs – the  den sity of sur face charges at the gate, d – the
ox ide thick ness be tween a con trol and float ing gate,
and e – the di a lec tic con stant of the ox ide.

There fore, based on the pre vi ous dis cus sion, it
can be con cluded that there are three pri mary mech a -
nisms ap pear ing dur ing EEPROM gamma ir ra di a tion,
namely: hole trap ping in the ox ide, in jec tion of holes
from the ox ide lay ers, and elec tron emis sion through
the float ing gate/ox ide bar rier.

For rel a tively small val ues of elec tric field in
mem o ries, the trap ping of holes and their in jec tion can
be pre sented with the func tion [20]

f E e kEkE( ) = - @1 (6)

for E £ 0,5 mV/cm.
In the case of a high level ion iz ing ra di a tion, i. e.,

huge ab sorbed doses, these three pro cesses will be bal -
anced, and will be char ac ter ized by a bal anced thresh -
old volt age VTE. In ad di tion to these pro cesses, un der
the in flu ence of gamma ra di a tion, there is a for ma tion

of sur face con di tions at Si/SiO2 in ter face, that are in -
sig nif i cant com pared to the stated ef fects.

The con tri bu tion of ef fects in duced by ra di a tion
is a com plex func tion of ma te rial and in su la tor gate
thick ness as well as a pro cess ing method and dop ing of 
the in su la tor gate at the sur face of Si.

This is a rea son that a num ber of dam aged lo ca -
tions in the ex am ined mem o ries var ies. It can be con -
cluded that sta tis ti cal fluc tu a tions of faults num ber of
the ex am ined sam ples are the con se quence of a dif fer -
ence in an ox ide layer vol ume. If an ac tive ox ide layer
vol ume is very small, sig nif i cant fluc tu a tions of the
ab sorbed dose are de tected.

CONCLUSIONS

In this pa per, the re sults of ex am i na tion of ra di a -
tion hard ness of com mer cial mag netic (Toshiba
MK4007 GAL) and semi con duc tor (AT 27C010
EPROM and AT 28C010 EEPROM) com po nents are
pre sented. The pa per has also es tab lished a high ra di a -
tion hard ness of mag netic mem o ries in the (n, g) ra di a -
tion field. By ex am in ing ra di a tion hard ness of
EPROM and EEPROM com po nents, it has been
shown that gamma ra di a tion leads to their dam ag ing. It 
has been ob tained that the first faults within EPROM
com po nents ap pear for the ab sorbed ra di a tion doses at
about 1320 Gy, and with EEPROM com po nents, for
the doses at about 1100 Gy. It has been shown that
dam ages within EEPROM are ir re vers ible and lead to
their per ma nent non-func tion al ity. The dam ages
within EPROM are re vers ible and they can be used
again af ter de let ing and re pro gram ming. Afterwards,
their thresh old ra di a tion sen si tiv ity is more than 10
times smaller, and the first faults ap pear within ab -
sorbed doses at about 100 Gy. The ob tained re sults
have been the o ret i cally ex plained and they are sig nif i -
cant for ap pli ca tion of these com po nents, and re li abil -
ity of their func tion ing in spe cific con di tions, where
the work in the field of ra di a tion also be longs to. 
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POUZDANOST  RADA  RA^UNARSKIH  MEMORIJA
U  RADIJACIONOM  OKRU@EWU

U radu su prikazani rezultati ispitivawa radijacione otpornosti ra~unarskih
magnetnih (Toshiba MK4007 GAL) i poluprovodni~kih (AT 27C010 EPROM i AT 28C010 EEPROM)
memorija u poqu radioaktivnog zra~ewa. Magnetne memorije ispitivane su u poqu neutronskog, a
poluprovodni~ke u poqu gama zra~ewa. Dobijeni rezultati pokazali su visoku radijacionu
otpornost ispitivanih magnetnih memorija. S druge strane, utvr|eno je da su poluprovodni~ke
memorije znatno osetqivije i da radioaktivno zra~ewe mo`e da dovede do zna~ajnog o{te}ewa
wihove funkcionalnosti.

Kqu~ne re~i: magnetna memorija, poluprovodni~ka memorija, radioaktivna otpornost, gama
..........................zra~ewe, neutronsko zra~ewe


