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Ab sorbed dose was es ti mated af ter Monte Carlo sim u la tion of pro ton and ion beam ir ra di a tion
on metal-ox ide and metal-non metal memristors. A memristive de vice com prises two elec -
trodes, each of a nanoscale width, and a dou ble-layer ac tive re gion dis posed be tween and in
elec tri cal con tact with elec trodes. Fol low ing ma te ri als were con sid ered for the ac tive re gion: ti -
ta nium di ox ide, zir co nium di ox ide, haf nium di ox ide, stron tium ti ta nium tri ox ide and galium
nitride. Ob tained re sults show that sig nif i cant amount of ox y gen ion – ox y gen and non metal
ion – non metal va cancy pairs is to be gen er ated. The loss of such va can cies from the de vice is be -
lieved to de te ri o rate the de vice per for mance over time. Es ti mated ab sorbed dose val ues in the
memristor for dif fer ent con sti tut ing ma te ri als are of the same or der of mag ni tude be cause of
the close val ues of treshold dis place ment en er gies for the in ves ti gated ma te ri als.
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IN TRO DUC TION

In space ap pli ca tions and in nu clear fa cil ity am -
bi ence, elec tronic cir cuits are un der con stant bom -
bard ment by ra di a tion such as en er getic elec trons, pro -
tons and heavy ions that can up set them or
per ma nently de grade their per for mance [1]. These
par ti cles can ion ize at oms in a ma te rial, cre at ing a
pulse of elec tron-hole pairs that can cause in ad ver tent
sig nals in cir cuit. In ad di tion, en er getic par ti cles cause
atomic dis place ment dam age in a de vice which can
gen er ate deep traps in a ma te rial that lead to car rier re -
moval or mo bil ity deg ra da tion [1]. There fore, it is im -
por tant to in ves ti gate changes of char ac ter is tics and
the be hav ior of the elec tronic com po nents in ra di a tion
field.

The prop er ties of ba sic elec tri cal cir cuits, con -
structed from three ideal el e ments, a re sis tor, a ca pac i -
tor, an in duc tor and an ideal volt age source are part of
the stan dard cur ric ula. The ex is tence of the memristor
as the fourth ideal cir cuit el e ment was pre dicted in
1971 based on symetry ar gu ments. In 2008, a two-ter -
mi nal phys i cal re al iza tion of a memristor was con -
structed by HP laboratories [2]. Ex po sure of a ti ta nium 
di ox ide memristor to beam of ions can in flu ence the

de vice’s op er a tion [3, 4]. The aim of this pa per is to as -
sess the ab sorbed dose in par ti cle-beam ir ra di ated
metal-ox ide and metal-non metal memristors.

A memristive de vice com prises at least two elec -
trodes, each of nanoscale width, and an ac tive re gion
dis posed be tween and in elec tri cal con tact with the
elec trodes (fig. 1), con tain ing a switch ing ma te rial ca -
pa ble of car ry ing a spe cies of dop ants and trans port ing 
the dop ants un der an elec tri cal field [5]. Memristor
main tains a non-lin ear re la tion ship be tween time
integrals of the volt age across its ter mi nals and the cur -
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Fig ure 1. A memristor's struc ture con sist ing of crossed
wires or elec trodes and an ac tive re gion, di vided in two
parts – pri mary and sec ond ary ac tive re gion [5]



rent run ning through it. It is from this non-lin ear re la -
tion ship that the main prop er ties of memristors en sue:
the hysteretic fea tures of the i-v curve and the abil ity to 
op er ate as a switch by hold ing or re mem ber ing the
value of re sis tance [3, 4]. Within the ac tive re gion, ox -
y gen va can cies mi grate, and such mi gra tion is be -
lieved to re sult in memristive ef fects. The loss of such
va can cies from the de vice is be lieved to de te ri o rate the 
de vice per for mance over time. At least one of the two
elec trodes is a metal ox ide elec trode, which is be lieved 
to re duce or elim i nate the es cape of ox y gen from the
de vice, thus keep ing the stoichiometry of the junc tion
con stant [5].

The pri mary ac tive re gion is a thin film of a ma -
te rial that is elec tri cally semi con duct ing or nom i nally
elec tri cally in su lat ing and is a weak ionic con duc tor
that can be doped with elec tron do nors as in ter sti tials,
va can cies, or im pu ri ties. This re gion is ca pa ble of
trans port ing and host ing ions that act as dop ants to
con trol the flow of elec trons through the struc ture de -
scribed. The ba sic mode of op er a tion of the de vice is to 
ap ply an elec tri cal field across the de vice large enough 
to cause mo bile dop ants to be trans ported within the
pri mary ac tive re gion via ionic trans port. The mo bile
dop ants are gen er ally ionic spe cies that change elec tri -
cal con duc tiv ity of this re gion from low to high, and
op po site [5].

The sec ond ary ac tive re gion is a ma te rial that
acts as a source and sink of the dop ing spe cies. As a
lim it ing ex am ple of form ing the sec ond ary ac tive re -
gion, dop ant ini ti a tors may be dif fused from a re gion
or source into the pri mary ac tive re gion where they re -
act with a por tion (a few nanometers or less) of the pri -
mary ac tive re gion. The chem i cal re ac tion forms the
sec ond ary ac tive re gion hav ing the mo bile dop ants
therein at the in ter face be tween the re main ing pri mary
ac tive re gion and the elec trode. Non-lim it ing ex am -
ples of dop ants that re sult from the chem i cal re ac tion
in clude in ter sti tials, va can cies or other charged im pu -
ri ties. Such mo bile dop ants are ei ther pos i tively or
neg a tively charged. In one non-lim it ing ex am ple, ti ta -
nium may dif fuse through plat i num elec trode and re -
act with ti ta nium di ox ide (pri mary ac tive re gion). This
chem i cal re ac tion causes the re duc tion of a por tion of
the metal ox ide, re sult ing in the for ma tion of a TiO2-x

sec ond ary ac tive re gion at the in ter face be tween the
re main ing ti ta nium di ox ide pri mary ac tive re gion and
the plat i num elec trode. This TiO2-x sec ond ary ac tive
re gion has a small def i cit of ox y gen at oms in the crys -
tal struc ture, or mo bile dop ants [5].

CON STI TUT ING MA TE RI ALS

Non-lim it ing ex am ples of suit able metal ox ides
for the metal ox ide elec trodes in clude RuO2, IrO2,
SrRuO3, Ce2O3, MoO2, OSO2, WO2, CrO2, me tal lic
man ga nites, and rare earth metal ox ides (e. g. EuOx).

The se lec tion of par tic u lar metal ox ide will de pend, at
least in part, on the se lec tion of the ma te ri als for the ac -
tive re gion. The in cor po ra tion of such metal ox ide
elec trode in the de vice ad van ta geously blocks ox y gen
from es cap ing out of the de vice, thereby en hanc ing de -
vice per for mance and life time [5]. If the am pli tude of
the ap plied volt age is high enough, ox y gen ions may
reach one of the elec trodes, where they can form O2

gas and cause de for ma tion of ox ide/metal in ter face,
lead ing to per ma nent dis rup tion of memristor op er a -
tion [6].

Pos si ble switch com pounds for the pri mary ac -
tive re gion are semi con duct ing com pounds with sig -
nif i cant ionic con tri bu tion to the bond ing. In a
non-lim it ing ex am ple, the pri mary ac tive re gion is a
ma te rial that is undoped and stoichiometric, and thus a
good in su la tor and the mo bile dop ant is a large con -
cen tra tion of an ion or cat ion va can cies con tained in
the sec ond ary ac tive re gion, which is a layer of the
same ma te rial as, or re lated ma te rial to the pri mary ac -
tive re gion. Ba si cally, the sec ond ary ac tive re gion hav -
ing the mo bile dop ants therein is very con duc tive and
thus chang ing the dop ing con cen tra tion has a rel a -
tively small ef fect on the con duc tiv ity of this layer; but
since the pri mary ac tive re gion is es sen tially in trin sic,
even a small amount of mo bile dop ant will have a very
dra matic ef fect on the con duc tiv ity of this re gion [5].

In one em bodi ment, the ma te rial of pri mary ac -
tive re gion is se lected from ox ides, sul fides, selenides,
ni trides, phos phides, ar sen ides, chlo rides, and bro -
mides of the tran si tion and rare earth met als, with the
al ka line earth met als of ten be ing pres ent in com -
pounds. Fur ther, there are the var i ous al loys of like
com pounds with each other, which of fer a wide range
of com po si tions if they are mu tu ally sol u ble in each
other. There are also mixed com pounds, in which there 
are two, three or more dif fer ent metal at oms com bined
with some num ber of the electronegative el e ments. In
such in stances, the mo bile dop ants in the sec ond ary
ac tive re gion may be an ion va can cies or dif fer ent
valent el e ments [5].

Ma te ri als for the pri mary ac tive re gion in clud ing 
the el e ments Ti, Zr, and Hf are par tic u larly at trac tive
be cause they are com pat i ble with Si in te grated cir cuit
tech nol ogy, since the pri mary ox i da tion state of all
three met als is +4, the same as Si. As such, these el e -
ments would not cre ate un in ten tional dop ing of the Si.
Ox ides of these com pounds are also known as ti ta nia,
zir co nia, and hafnia, re spec tively, and also by other
names spe cific to the var i ous polytypes of each. Still
an other em bodi ment in cludes the al loys of these three
ox ides in pairs or with all three pres ent si mul ta neously
(e. g., TixZryHfzO2, where x + y + z = 1). Re lated sets of
com pounds in clude the ti tan ates, zir con ates and
hafnates, which are rep re sented by the spe cific ex am -
ple SrTiO3, where Sr is the di va lent el e ment stron tium. 
There is a wide va ri ety of such com pounds in which
Ca, Ba, and other di va lent el e ments (e. g., Mg, Zn, Cd)
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may be sub sti tuted for Sr, and Zr and Hf sub sti tuted for 
Ti. These com pounds may be rep re sented as ABO3

com pounds, where A is at least one di va lent el e ment
and B is at least one of Ti, Zr, and Hf, and may have the
perovskite struc ture [5].

Yet an other em bodi ment of com pounds suit able
for the pri mary ac tive re gion in cludes the sul fides and
selenides of the tran si tion met als with some ionic
bond ing char ac ter, es sen tially the S and Se an a logues
of the ox ides men tioned above. Still an other em bodi -
ment of com pounds suit able for the pri mary ac tive re -
gion in cludes the semi con duct ing halides (such as
CuCl, CuBr, and AgCl), or the phos phides and ar sen -
ides of var i ous tran si tion and rare earth met als, e. g.,
Sc, Y, La, etc. In each of the ex am ples set forth in this
para graph, ei ther an ion va can cies or aliovalent el e -
ments may be used as the mo bile dop ants in the sec -
ond ary ac tive re gion [5]. Spe cific ex am ples of the
com bi na tion of pri mary ac tive re gions and sec ond ary
ac tive re gions are set forth in tab. 1.

RE SULTS OF RA DI A TION TRANS PORT
SIM U LA TION AND AB SORBED DOSE
AS SESS MENT

Monte Carlo sim u la tions of pro ton and ion
beams tra vers ing the se lected memristor struc tures
were per formed in the TRIM (trans port of ions in mat -
ter) part of the SRIM soft ware pack age, which has
been proved to pro vide re sults in sig nif i cant agree -
ment with ex per i ments. The con stant up grad ing de -
vel op ment of this soft ware has made it a re li able tool
for nu mer i cal anal y sis of in ter ac tion of ions with mat -
ter and val i da tion of the o ret i cal pre dic tions [7-9].
TRIM is of ten used to gain an un der stand ing of the
changes to the tar get un der bom bard ment by ions. It
makes cal cu la tions for one ion at a time, in or der to
make pre cise eval u a tions of the phys ics of each en -
coun ter be tween the ion and a tar get atom. Re sults ob -
tained from TRIM cal cu la tions have un cer tain ties
com pa ra ble to or lower than typ i cal mea sure ment un -

cer tain ties of re sults ac quired in lab o ra tory ex per i -
ments per formed un der cor re spond ing con di tions [10,
11]. TRIM can be used for de tailed ex am i na tion of tar -
get dam age, but it must be in ter preted with two lim i ta -
tions: (1) There is no build-up of ions or dam age in the
tar get. Ev ery ion is cal cu lated with the as sump tion of a
zero dose, i. e. the tar get is per fect and pre vi ous ions
have no ef fect on sub se quent ions. If build-up of dam -
age in the tar get were in cluded, ab sorbed dose in the
struc ture would be changed in sig nif i cantly since in ci -
dent ions lose their en ergy pri mar ily through col li -
sions with non-dis placed at oms in the crys tal lat tice;
(2) The tar get tem per a ture is 0 K and there are no ther -
mal ef fects chang ing the dis tri bu tion of ions (ther mal
dif fu sion) or af fect ing the tar get dam age (ther mal an -
neal ing). A cal cu la tion for 1000 in ci dent ions will give 
better than 10% ac cu racy [7]. Sev eral ex per i ments
have been re ported at very low tem per a tures (15-40 K) 
which val i date the TRIM re sults [7]. De tailed mod el -
ing of an neal ing in ir ra di ated memristors needs to be
founded on a chem i cal re ac tion scheme tak ing into ac -
count evo lu tion rates and dif fu sion prop er ties of ra di a -
tion in duced de fects, which is an area for fur ther re -
search [3].

In or der to ob tain more de tailed in for ma tion, in
the setup win dow of TRIM soft ware the De tailed Cal -
cu la tion with Full Dam age Cas cades op tion was cho -
sen as a type of TRIM cal cu la tion. TRIM soft ware
pack age en ables us to fol low his tory of each par ti cle in 
the ma te rial. The tar get ma te rial is di vided into one
hun dred equal com part ments, and in each of these
com part ments is pos si ble to get fi nal nu mer i cal val ues
for the ions and the re coil ing tar get at oms. The out put
files con tain data for each of those parts re gard ing de -
pos ited en ergy in the ma te rial, which in cludes ion’s
en ergy losses to the tar get elec trons, phon ons, va cancy 
pro duc tion and re place ment col li sions. These data, to -
gether with struc ture’s di men sions and den sity of the
ma te rial have been used in or der to cal cu late the value
of the ab sorbed dose in the memristor.

Upon the dis cus sion in the pre vi ous sec tion,
the fol low ing ma te ri als were used for the pri -
mary-sec ond ary ac tive re gion struc ture:
TiO2-TiO2-x, ZrO2-ZrO2-x, HfO2-HfO2-x,
SrTiO3-SrTiO3-x, and GaN-GaN1-x. Plat i num was
used as a ma te rial for metal elec trode and RuO2 was
set up for the metal ox ide elec trode. The thick nesses
of the lay ers along the hor i zon tal axis, for all the
struc tures, are as fol lows: 3 nm plat i num layer, 15
nm pri mary ac tive re gion, 15 nm sec ond ary ac tive
re gion (x = 0.05), and 3 nm for the sec ond elec trode
(RuO2) layer. The de fault val ues of the thresh old
dis place ment en er gies pro vided by SRIM were
changed to the fol low ing val ues ob tained by dif fer -
ent stud ies: for TiO2 – thresh old dis place ment en -
ergy of 65 eV for ox y gen and 130 eV for ti ta nium
[4], for ZrO2 – 50 eV for ox y gen and 100 eV for zir -
co nium [12], for HfO2 – 40 eV for ox y gen and 40 eV
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Ta ble 1. Ex am ples of pri mary and sec ond ary ac tive
 re gions and cor re spond ing mo bile dopants

Primary active
region

Secondary active
region

Mobile dopant

TiO2 TiO2-x
Oxygen vacancies or metal

interstitials

ZrO2 ZrO2-x
Oxygen vacancies or metal

interstitials

HfO2 HfO2-x
Oxygen vacancies or metal

interstitials

SrTiO3 SrTiO3-x
Oxygen vacancies or metal

interstitials

GaN GaN1-x Nitrogen vacancies

CuCl CuCl1-x
Chlorine vacancies or

copper interstitials

GaN GaN:S Sulfide ions



for haf nium [13], for SrTiO3 –  50  eV  for  ox y gen,
70 eV for stron tium, and 140 eV for ti ta nium [14],
and for GaN – 32.4 eV for ni tro gen and 73.2 eV for
gal lium [15]. In stead of a cal cu lated value for the
den sity of TiO1.95 of fered by SRIM, a more re al is tic
value of 4.097 g/cm3 was used [4]. Also, the den si -
ties given by the SRIM for the other com pounds of
the pri mary ac tive re gions are changed to the val ues
given in dif fer ent stud ies: ZrO2 – 5.68 g/cm3,
(ZrO1.95 – 5.64 g/cm3), HfO2 – 9.70 g/cm3, (HfO1.95

– 9.66 g/cm3), SrTiO3 – 5.12 g/cm3, (SrTiO2.95 –

5.09 g/cm3), and for GaN – 6.15 g/cm3, (GaN0.95 –
6.10 g/cm3).

Ex ten sive sim u la tions were con ducted dur ing
the in ves ti ga tion, with ions cho sen to rep re sent cer tain
well known ra di a tion fields, such as those en coun tered 
in the space or nu clear fa cil ity en vi ron ments [16].
Sim u la tions are re stricted to mono-en er getic uni di rec -
tional beams of ra di a tion, in ci dent per pen dic u larly on
the both sides of the stack of ma te ri als con sti tut ing the
memristor. Beam en ergy was var ied across the typ i cal
en ergy spec trum of dif fer ent ion spe cies [3]. The
MatLab code has been de vel oped in or der to ob tain the 
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Ta ble 2. Ab sorbed dose as sess ment in dif fer ent memristor structures

The structure of irradiated
memristor

Type of the beam

Protons, energy:
10 keV, 1000 particles

Alpha particles, energy:
100 keV, 1000 particles

Carbon ions, energy:
100 keV, 1000 particles

Iron ions, energy:
20 keV, 50 particles

Absorbed dose in whole memristor [104 Gy]

I* II** I II I II I II

Pt-TiO2-TiO1.95-RuO2 0.9 1.2 ~0 ~0 0.4 1.9 87.7 54.7

Pt-ZrO2-ZrO1.95-RuO2 1.9 1.9 ~0 ~0 0.4 ~0 84.3 62.5

Pt-HfO2-HfO1.95-RuO2 3.2 2.5 ~0 ~0 1.6 0.5 141.6 64.6

Pt-SrTiO3-SrTiO2.95-RuO2 2.1 2.1 ~0 ~0 ~0 0.8 133.1 53.3

Pt-GaN-GaN0.95-RuO2 0.8 1.9 ~0 ~0 0.82 0.4 92.3 62.7

I* – Beam per pen dic u lar to the plat i num elec trode; II** – Beam per pen dic u lar to the RuO2 elec trode

             
 

              Fig ure 2. Ion tracks in side the stack
(a) – sim u la tion re sults for a 10 keV pro ton beam
(1000 par ti cles) in ci dent per pen dic u larly on the
left side of the Pt-TiO2-TiO1.95-RuO2 stack;
(b) – sim u la tion re sults for a 100 keV car bon ion
beam (1000 par ti cles) in ci dent per pen dic u larly on
the left side of the Pt-HfO2-HfO1.95-RuO2 stack;
(c) – sim u la tion re sults for a 20 keV iron ion beam
(50 par ti cles) in ci dent per pen dic u larly on the left
side of the Pt-SrTiO3-SrTiO2.95-RuO2 stack



ab sorbed dose in the ma te rial. The re sults are shown in
the tab. 2.

Fig ure 2 shows ion tracks tra vers ing the
memristor’s struc ture. Fig ure 2(a) shows sim u la tion
re sults for a 10 keV pro ton beam in ci dent per pen dic u -
larly on the left side of the Pt-TiO2-TiO1.95-RuO2

stack.  Fig ure  2(b) s hows  sim u la tion  re sults  for  a
100 keV car bon ion beam in ci dent per pen dic u larly on
the left side of the Pt-HfO2-HfO1.95-RuO2 stack. Fig -
ure 2(c) shows sim u la tion re sults for a 20 keV iron ion
beam in ci dent per pen dic u larly on the left side of the
Pt-SrTiO3-SrTiO2.95-RuO2 stack.

Fig ure 3 shows sim u la tion re sults for a 10 keV
pro ton beam (1000 par ti cles) in ci dent per pen dic u larly
on the left side of the Pt-GaN-GaN0.95-RuO2 stack,
with a to tal thick ness of 36 nm. Figure 3(a) shows 3-D
tar get dam age (to tal dis place ments). Figure 3(b) pres -
ents 3-D H ion dis tri bu tion in the ma te rial.

Fig ure 4 pres ents dis tri bu tion of dis placed ox y -
gen and ni tro gen at oms in the ma te rial. Fig ures (a)-(e)
show sim u la tion re sults for pro ton, al pha par ti cle, car -
bon ion, iron ion and again pro ton beam in ci dent per -
pen dic u larly on the left side of the fol low ing stacks:
Pt-TiO2-TiO1.95-RuO2, Pt-ZrO2-ZrO1.95-RuO2,
Pt-HfO2-HfO1.95-RuO2, Pt-SrTiO3-SrTiO2.95-RuO2

and Pt- GaN-GaN0.95-RuO2, re spec tively.

DIS CUS SION

As Monte Carlo sim u la tions of ion trans port
show, said ra di a tions can gen er ate a sig nif i cant amount
of ox y gen ion/ox y gen va cancy pairs in both pri mary
and sec ond ary ac tive re gions of the in ves ti gated
memristor struc tures. Based on the ob tained fig ures af -
ter the sim u la tion pro cess, for a cor re spond ing ir ra di a -
tion beam, a sim i lar dis tri bu tion of the dis placed ox y -
gen and ni tro gen at oms is to be found in TiO2, ZrO2, and 
GaN based memristor struc tures fig. 4(a), (b), and (e).
The dis tri bu tion of dis placed ox y gen at oms in HfO2

based struc ture is more con stant through out the whole
ma te rial fig. 4(c). There has been no ticed a large num -
ber of metal at oms (Ti, Zr, Hf, Sr, Ga) dis place ments
through out the ox ide. Pri mary dis placed metal and ox y -
gen at oms cause fur ther dis place ments  that  can  pro -
duce a  dis place ment  tree  [17, 18]. Pri mary knock-on
at oms with en ergy less than 2 keV re sult in iso lated de -
fects. Al though there is a small num ber of nu clear elas -
tic and in elas tic re ac tion events that pro duces cas cades,
those events are far more dam ag ing and can con trib ute a 
sig nif i cant frac tion of the to tal dis place ment dam age at
higher beam en er gies. Re coils with en er gies be tween
about 2-10 keV pro duce sin gle cas cades, whereas those
with en er gies in ex cess of 12-20 keV form a tree-like
struc ture with branches con tain ing mul ti ple cas cades
[19]. Due to nanometer size of the memristor, this struc -
ture  is  im mune   to   ions   with   en er gies   greater  than
10 MeV [20]. The non-ion iz ing en ergy loss (NIEL) of
these high en ergy ions is sig nif i cantly lower and they
cross the vol ume of the de vice along al most straight tra -
jec to ries with pro por tion ally less dis place ments. For
the en ergy ranges and ma te ri als used in sim u la tions,
dom i nant mode of en ergy loss for charged par ti cles (i. e. 
ions) is ion iz ing en ergy loss. Charged par ti cles un dergo
a well de fined “con tin u ous slow ing down” en ergy loss
by coulombic in ter ac tion with the elec tron cloud in the
lat tice, as op posed to un charged pho tons and neu trons
which un dergo a sta tis ti cally more var ied and
widely-sep a rated num ber of scat ter ing events [16]. For
the in ves ti gated beams and ma te ri als, only in the case of 
iron ions the con tri bu tion to the ab sorbed dose is
equally based on non-ion iz ing and ion iz ing en ergy loss. 
NIEL af fects memristor more sig nif i cantly be cause in -
ves ti gated com po nent’s op er a tion rests upon mo bil ity
and con cen tra tion of va can cies and ions, which are per -
turbed by NIEL.

The as sessed ab sorbed dose is of the same or der
of mag ni tude for dif fer ent con sti tut ing ma te ri als of de -
scribed memristor struc tures un der the in flu ence of
cho sen types of par ti cle beams. The con tri bu tion to the 
ab sorbed dose in side the struc ture due to in flu ence of
al pha par ti cles is zero be cause the al pha par ti cles are
stopped by plat i num or RuO2 elec trode. It was ex -
pected that the other val ues ob tained for the ab sorbed
dose are of the same or der of mag ni tude be cause the
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Fig ure 3. Sim u la tion re sults for a 10 keV pro ton
beam (1000 par ti cles) in ci dent per pen dic u larly
on the left side of the Pt-GaN-GaN0.95-RuO2

stack, with a to tal thick ness of 36 nm
(a) – 3-D tar get dam age – to tal
dis place ments per ion per nm, and 
(b) – H ion dis tri bu tion



thresh old dis place ment en er gies for the in ves ti gated
met als are be tween 40 eV and 140 eV.

If the am pli tude of the ap plied volt age is high
enough, ox y gen ions may reach one of the elec trodes
where they can form the O2 gas and cause the de for ma -
tion of the ox ide/metal in ter face, lead ing to per ma nent
dis rup tion of memristor op er a tion [6]. There fore, at
least one of the two elec trodes is a metal ox ide elec -
trode, which is be lieved to re duce or elim i nate the es -
cape of ox y gen from the de vice.

It is im por tant to con duct fur ther in ves ti ga tion in
or der to choose suit able ma te ri als that have nec es sary
ra di a tion tol er ance for the re quired pur pose. It is also
nec es sary to de sign in mar gins or al low ances for the
ex pected com po nent changes in duced by the ra di a tion
en vi ron ment.

CON CLU SIONS

Ex po sure of de scribed types of memristor struc -
ture to beams of ions can in flu ence the op er a tion of the

de vice. Over time, ex po sure to en er getic par ti cles can
de grade de vice per for mance, ul ti mately lead ing to
com po nent fail ure. As Monte Carlo sim u la tions show,
a sig nif i cant amount of ox y gen ion/ox y gen va cancy
pairs are to be gen er ated. This is es pe cially im por tant
in pri mary ac tive re gion be cause the ap pear ance of ox -
y gen va can cies in the pri mary ac tive re gion can cause
its re sis tance to drop. The ab sorbed dose in the struc -
ture is of the same or der of mag ni tude for all dif fer ent
ma te ri als. The con tri bu tion to the ab sorbed dose in side 
the struc ture due to in flu ence of al pha par ti cles is zero
be cause the al pha par ti cles are stopped by the elec -
trode. At the end, if the dis placed ox y gen ions reach
the elec trode, they can form the O2 gas and cause a per -
ma nent dis rup tion of memristor func tion al ity.
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ODRE\IVAWE  APSORBOVANE   DOZE  U  MEMRISTORIMA  NA  BAZI 
METAL-OKSIDA  I  METAL-NEMETAL  JEDIWEWA  NAKON  IZLAGAWA

JONSKIM  SNOPOVIMA

U radu se izu~avaju efekti izlagawa memristora na bazi metal-oksida i metal-nemetal
jediwewa dejstvu protonskog i jonskih snopova primenom Monte Karlo simulacije transporta
~estica. Na osnovu izlaznih parametara simulacije, odre|ena je apsorbovana doza u materijalu
memristora. Kori{}eni model memristora sastoji se od dvoslojnog tankog aktivnog regiona koji je 
sme{ten izme|u dve elektrode. Dimenzije ure|aja su u nano-skali. Kori{}eni materijali za
aktivni sloj memristora su: titanijum-dioksid, cirkonijum-dioksid, hafnijum-dioksid,
stroncijum-titanijum-trioksid i galijum-nitrid. Dobijeni rezultati ukazuju da du` trajektorija
jona u materijalu dolazi do zna~ajnog generisawa parova koje sa~iwavaju jon kiseonika i
kiseoni~na vakancija, odnosno jon nemetala i vakancija nemetala. Gubitak ovih vakancija iz
ure|aja dovodi do pogor{avawa rada ure|aja tokom vremena. Dobijene vrednosti apsorbovanih doza 
u materijalu memristora za razli~ite konstitutivne materijale i za razli~ite tipove jonskih
snopova su istog reda veli~ine zbog bliskih vrednosti energije praga za izme{tawe atoma u datoj
strukturi.

Kqu~ne re~i: memristor, protonski snop, Monte Karlo simulacija, apsorbovana doza


