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The aim of this pa per is ap ply ing sta tis ti cal laws and en large ment law to de ter mine a re dun -
dancy level of nanotechnology com put ers with a pre-given sta tis ti cal con fi dence. We have
tested ra di a tion hard ness of MOS mem ory com po nents (com mer cial EPROM mem ory) us -
ing both Monte Carlo sim u la tion method and ex per i men tal pro ce dure. Then, by us ing the
sta tis ti cal en large ment law, we have per formed the anal y sis of re dun dancy op ti mi za tion of
MOS struc ture for nanotechnology com put ers, un der the in flu ence of back ground ra di a tion,
and ob tained more than sat is fy ing re sults. 
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INTRODUCTION

A higher level of minia tu ri sa tion of elec tronic
com po nents, with an in creased elec tro mag netic con -
tam i na tion of the en vi ron ment and al ways pres ent sec -
ond ary cos mic ra di a tion, sig nif i cantly re duce the re li -
abil ity of work of such com po nents. This is es pe cially
vis i ble in man u fac tur ing nanotechnology com put ers.
As any so lu tion which im plies shield ing would make
min ia tur iza tion mean ing less, it is thus in ap pro pri ate. In
prac tice, there is a ten dency to ap ply re dun dancy of
mem ory and other sys tems. How ever, re dun dancy in
nanotechnology, be sides a low price, has an is sue of a
sig nif i cant cost in crease in terms of en ergy con sump -
tion, both ac tive one and en ergy needed for cool ing. For 
this rea son, it is nec es sary to op ti mise re dun dancy level, 
to achieve max i mum re li abil ity of nanotechnology
com put ers. 

This is the very aim of the pa per, i. e. by ap ply ing
sta tis ti cal laws and en large ment law, to de ter mine a re -
dun dancy level of nanotechnology com put ers, with a
pre-given sta tis ti cal con fi dence [1-5].

In the cen ters of stars, there are huge amounts of
high-en ergy sub atomic par ti cles. In some cases, these
pro cesses cre ate an ex tremely strong elec tro mag netic
ra di a tion. In this way, the in ter ga lac tic space is filled
with pho tons and all types of mass par ti cles, and it can
be con sid ered as dense plasma (be cause of huge

mega-ga lac tic dis tances). Most mass par ti cles are pro -
tons with en er gies sig nif i cantly higher than en er gies
gen er ated in the most pow er ful ac cel er a tors. When
these highly en er getic rays from cos mos (so-called a
pri mary cos mic ra di a tion) reach the at mo sphere, they
col lide with the nu clei of at mo spheric air mol e cules
and cre ate a num ber of dif fer ent par ti cles (so-called a
sec ond ary cos mic ra di a tion). In this way, the real
show ers of sub atomic par ti cles orig i nate [5].

These show ers of the sec ond ary cos mic ra di a -
tion in flu ence all elec tronic com po nents. This in flu -
ence is higher if a level of minia tu ri sa tion of the ob -
served com po nent is higher. In this pa per, a spe cial
at ten tion shall be given to MOS mem ory com po nents
[Ap pen dix].

Since the char ac ter is tics of most MOS de vices
de pend sig nif i cantly on the life time of mi nor ity car ri -
ers, they are rel a tively in sen si tive to dis place ment
dam ages, caused by dis plac ing at oms from the lat tice.
Al though it is pos si ble to no tice an in crease of leak ing
cur rent in in ter faces of ra di ated MOS tran sis tors, and
also cer tainly dis placed at oms' in flu ences dur ing the
in di vid ual ions pass ing through MOS struc tures of
small di men sions, gen er ally, dis place ment dam ages
within MOS are of a sec ond ary im por tance. While ex -
pos ing MOS struc ture to the ion iz ing ra di a tion, the
most sig nif i cant change causes ion iza tion in ox ide
(SiO2) and in the semi con duc tor (Si). The width of the
en ergy gap of sil i con di ox ide and sil i cone is 9 eV and
1.1 eV, re spec tively. In nano-lay ered MOS struc ture,
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ion iza tion gen er ated elec tron-hole pairs lead to a noise 
that is sig nif i cantly higher (sev eral or ders of mag ni -
tude) than a use ful sig nal [7-9].

THE STATISTICAL ENLARGEMENT LAW

Con tent dis tur bance in a semi con duc tor mem ory 
as a re sult of back ground ra di a tion hap pens due to ion -
iza tion of a semi con duc tor or in su la tion struc ture.
Since it is a ran dom pro cess, it is de scribed by a dis tri -
bu tion func tion of the ap pro pri ate vari able. How ever,
if the ob served struc tures are big (i. e., made of a large
num ber of re dun dant iden ti cal mem o ries), the dis tur -
bance of the con tent can be de vel oped in par al lel, both
in space and time. For prac ti cal rea sons, in that case,
there is a ten dency of de ter min ing a dis tri bu tion func -
tion of the ap pro pri ate vari able of an in di vid ual mem -
ory, and the fi nal sta tis tics of the re li abil ity of the en tire 
mem ory sys tem is de rived based on the en large ment
law [10-13].

The sta tis ti cal en large ment law rep re sents a
prac ti cal im ple men ta tion of the mul ti pli ca tion law for
in de pend ent vari ables. Of course, within it, it is nec es -
sary to adopt a mu tual in de pend ence of ion iza tion ef -
fects in in di vid ual mem o ries. In a case of multi-re dun -
dant struc tures of nanocomputers, this as sump tion is
jus ti fied, where the ion iza tion ef fects on com po nents
that are phys i cally close must be ne glected. If p1 is a
prob a bil ity that a back ground ra di a tion leads to ion -
iza tion within one mem ory unit of a re dun dant mem -
ory sys tem, the prob a bil ity of a con tent er ror in the en -
tire mem ory sys tem is

p p n
n = - -1 1 1( ) (1)

By switch ing from dis crete prob a bil i ties to cu -
mu la tive dis tri bu tion func tion F (x), the ex pres sion (1) 
be comes

F x F x n
n ( ) [ ( )]= - -1 1 1 (2)

Since back ground ra di a tion be longs to rare pro -
cesses, the most ap pro pri ate to them is Stu dent's dis tri -
bu tion [14] (a sym met ric dis tri bu tion, very sim i lar to a
nor mal dis tri bu tion). By ap ply ing Stu dent's dis tri bu -
tion into the en large ment law (2), we can not have a
com plete so lu tion of the prob lem, since these cre ated
dis tri bu tion func tions of en larged sys tems that do not
be long to Stu dent's dis tri bu tion, al though the be gin -
ning dis tri bu tion does. It is shown that with a higher
level of en large ment the dis tri bu tion func tion Fn(x)
con verges to dou ble-ex po nen tial dis tri bu tion (i. e., the
dis tri bu tion of ex treme val ues, and it has for a con se -
quence cur va ture of dis tri bu tion func tions of en large -
ment sys tems on the Stu dent's dis tri bu tion prob a bil ity
pa per) [14-16]. 

By us ing Scrader's mono gram based on the stan -
dard Stu dent's dis tri bu tion, the char ac ter is tic quantile
xnp can be de ter mined for the en large ment up to 104.

Rel a tive de crease of quantile Dxp/s1 in the mono gram
di rectly gives, for the be gin ning dis tri bu tion with pa -
ram e ters x1 and s1 and quantile x1p, the re quired
quantile of the en larged dis tri bu tion
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How ever, if a dis tri bu tion func tion of an en -
larged sys tem ob tained dot by dot by us ing the eq. (3)
is re placed by the Stu dent's dis tri bu tion, then with fac -
tors a and b (tab. 1), and pa ram e ters of the be gin ning
dis tri bu tion m1 and s , it yields

m m sn = -1 1a (4a)

s sn = b 1 (4b)

EXPERIMENT 

In the ex per i men tal part of the work, real and nu -
meric ex per i ments were per formed.

Dur ing real ex per i ments, semi con duc tor MOS
struc tures were ex posed to a gamma source 60Co. The
change in mem ory chips as a re sult of ab sorbed dose
was ob served. The tests were per formed on eras able
pro gram ma ble read only mem ory (EPROM) mem ory
sam ples. Only the in flu ence of g ra di a tion onto their
func tion al ity was tested. The ef fect of atom dis place -
ment was not treated since it was neg li gi ble com pared
to the ef fect of the cre ation of free elec trons and elec -
tron-hole  pairs,  in clud ing also sur face traps [17-19].
A com bined un cer tainty of mea sure ment was less than
5 % [20-22].

Dur ing nu meric ex per i ments, Monte Carlo sim -
u la tion method was ap plied to sim u late the in ter ac tion
be tween di rect ion iz ing ra di a tion (pro ton, al pha par ti -
cles, and light ions) and the in su lat ing layer of MOS
struc ture. The tra jec tory of a par ti cle pass ing through
the ma te rial and dis tri bu tion of stopped par ti cles
within a tar get were sim u lated. The programme SRIM
2008 was used. The tar get depth of the model was from 
0 to 100 D (1 D = 1×10–10 m).

RESULTS AND DISCUSSION

Fig ures 1-4 show the av er age dif fer en tial and
cu mu la tive changes in num ber of er rors in tested sam -
ples de pend ing on the ab sorbed dose.

Based on the re sults shown in figs. 1-4, it was ob -
served that with the in crease of a dose, there is also the
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Table 1. Factors a and b for the approximation of
distribution function of enlarged structures with
 Student's distribution with eq. (4a) and (4b)

Enlargement factor 1 10 102 103 104

Factor a 0 1.54 2.50 3.25 3.85

Factor b 1 0.59 0.43 0.43 0.30



in crease in a num ber of er rors in mem ory sam ples. For
this rea son, with the in crease of the dose, there is a de -
crease of the func tion al ity of EPROM com po nents.
The changes in EPROM com po nents are re vers ible.

The main ef fect of a 60Co gamma ir ra di a tion is
the gen er a tion of elec tron-hole pairs in SiO2 gate in su -
la tor. The num ber of gen er ated elec tron-hole pairs de -
pends from the ab sorbed dose of the gamma ra di a tion,
ma te rial char ac ter is tics and avail able vol ume. A part
of elec tron-hole pairs is re com bined. What por tion of
gen er ated pairs is to be re com bined de pends on the
power of elec tric field in the ir ra di ated ox ide; as the
field is higher, the higher is the num ber of pairs to
avoid re com bi na tion. The rest of the elec trons are sig -
nif i cantly more mo bile than holes in SiO2. For this rea -
son, un der the ef fect of the ap plied volt age at the gate
elec trons quickly leave the in su la tor ox ide. On the
other side, rel a tively im mo bile holes are trapped in the
ox ide or drift un der the in flu ence of the elec tri cal field
to wards float ing gate (FG). They con trib ute to the for -
ma tion of a pos i tive charge of the ox ide. A part of holes 
which is not trapped in the ox ide is in te grated within
FG and re duces the num ber of elec trons in it, thus re -
duc ing the thresh old volt age. 

In fig. 5 the re sults ob tained by Monte Carlo sim -
u la tion of the in ter ac tion be tween charged par ti cles
(pro tons, al pha par ti cles and light weight ions), and the 
in su lat ing layer of MOS struc ture are shown. 

Based on the re sults shown in fig. 5, it can be no -
ticed that a sig nif i cant part of ion iza tion en ergy is de -
pos ited in the dis place ment of at oms. This ef fect hap -
pens in big tar get depths, un der the in flu ence of Brag's
ef fect [23] of the in ci dent set. 

By an a lyz ing re sults shown in figs. 1-5, and with
the ap pli ca tion of the lin ear sim i lar ity law for in ter ac -
tion of elec tro mag netic and par ti cle ra di a tion [24-26],
we  con clude that one MOS struc ture, of di men sions
10 nm, which is ex posed to the ef fects of the back -
ground ra di a tion (gamma ra di a tion, pro tons, al pha
par ti cles and  light weight  ions),  would  have  a prob a -
bil ity of 99 % to con tain a wrong data. It means that
nanocomputers would be im pos si ble for ap pli ca tion in 
real con di tions. Be cause of this, the idea of mak ing
nanocomputers with in di vid ual in te grated com po -
nents was aban doned, but in stead, nanostructures
were con structed where the com po nents of these
struc tures are re dun dant (in se ries and par al lel). Based
on such com po nents, the in for ma tion is re trieved only
with a cer tain prob a bil ity.  De pend ing on the re sult ap -
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Fig ure 1. The av er age rel a tive change in num ber of
er rors in ir ra di ated EPROM sam ples (NM27C010)
vs. the ab sorbed dose; (a) dif fer en tial, (b) cu mu la tive
(Ntot = 1.048,576 bit, N0 = 0)

Fig ure 2. The av er age rel a tive change in the num ber of
er rors in re pro grammed and again ir ra di ated EPROM
sam ples (NM27C010) vs. the ab sorbed dose; (a)
dif fer en tial, (b) cu mu la tive (Ntot = 1.048,576 bit, N0 = 0)



pli ca tion, the prob a bil ity can be smaller or higher (de -
pend ing on a re dun dancy level). Of course, al though
nanocomponents are very cheap, the num ber of re dun -
dant com po nents must be min i mized in or der to min i -
mize the power re quired for com puter op er a tion and

cool ing. The aim of this pa per is, by ap ply ing the sta -
tis ti cal en large ment law, to de velop an al go rithm that
will es tab lish a lin ear cor re la tion be tween re dun dancy
level of mem ory com po nents and a cor re spond ing sta -
tis ti cal con fi dence of con clu sion.
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Fig ure 3. The av er age rel a tive change in num ber of
er rors in ra di ated EPROM sam ples (NM27C512) vs. the
ab sorbed dose; (a) dif fer en tial, (b) cu mu la tive
(Ntot = 512 bit, N0 = 0), (c) the cor re spond ing stan dard
de vi a tions of re sults

Fig ure 4. The av er age change in num ber of er rors in
re pro grammed and again ir ra di ated EPROM sam ples
(NM27C512) vs. the ab sorbed dose; (a) dif fer en tial,
(b) cu mu la tive (Ntot = 512 bit, N0 = 0),
(c) the cor re spond ing stan dard de vi a tions of re sults



The application of the statistical enlargement
law to determine a redundancy level of
nanoelectronic MOS memory structures with
a corresponding statistical confidence of
conclusion

In the case of a par al lel con nec tion of dis crete,
in de pend ent MOS mem o ries im ple mented in nano-
tech nol ogy, the en large ment fac tor is one-di men sional 
and equal to the num ber of used mem o ries. Such dis -
crete mem ory al lows an eas ier ac cess to a com puter.

In the afore men tioned con di tions of a small pro-
bability of dam age in all mem o ries, the fol low ing is
valid [27-29]

p
n

p np1 1 1
1

<< =; (5)

F x nF x
n

n in range( ) ( )= <<1
1

(6)

Dot by dot es ti ma tion can be rep re sented like in
fig. 6, and from it we can gain a prob a bil ity (pn) that
some of mem o ries have wrong in for ma tion in the case
of n £ 104 par al lel con nected el e ments, for the given
prob a bil ity that one mem ory struc ture have a prob a bil -
ity of p1 to con tain wrong in for ma tion. The prob a bil ity 
pn is re lated to the en tire struc ture and it char ac ter ises
un re li abil ity of in for ma tion in any el e ment, i. e. in
more el e ments si mul ta neously.

Firstly, the ap pli ca tion of ex pres sions (5) and (6)
al lows con ver sion from one el e ment to the dis tri bu tion 
func tion n of par al lel el e ments. The en large ment law,
based on Stu dent's dis tri bu tion, gives a sat is fy ing so -
lu tion to the given prob lem. The ap pli ca tion is also
pos si ble in the case of dou ble-ex po nen tial dis tri bu -
tion, and for one el e ment F1 (x) in the dis tri bu tion
func tion of n par al lel el e ments, it yields 
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Fig ure 5. The sim u la tion of 50 keV pro tons pass ing
through 0.5 mm thick layer of SiO2 (500 events);
(a) tra jec tory of pho tons in xOy plane, (b) dis tri bu tion of
stopped pro tons along the ox ide depth

Fig ure 6. The prob a bil ity of break down and enlargement fac tor for iden ti cal par al lel el e ments



p pn
1 1 1= - - n (7)

F x F xn
1 11 1( ) ( )= - - (8)

In prac tice, for de ter min ing a cor re la tion be -
tween re dun dancy level and sta tis ti cal re li abil ity of
mem ory re cord ings, the ex pres sions (5) and (6) or (7)
and (8) are equally used, (de pend ing on the needed sta -
tis ti cal re li abil ity). 

By re con sid er ing the given ex am ple, with the
en large ment fac tor of n = 10000 and a prob a bil ity that
the in di vid ual nanotechnologically man u fac tured
MOS mem ory de vice has a prob a bil ity of wrong data
caused by back ground ra di a tion of 0.005, then the
prob a bil ity for the wrong data oc cur rence in the en tire
mem ory de vice will be  0.05·10000–1, i. e. if we as -
sume that 100 in di vid ual nanotechnology MOS de -
vices have the same prob a bil ity of hav ing wrong con -
tent, then the in for ma tion from a re dun dant de vice is
0.000005 sta tis ti cally re li able. In stan dard con di tions,
this is a sat is fy ing re li abil ity of con clu sion.

CONCLUSION 

In this pa per, we an a lyzed the is sue of op ti miz -
ing re dun dancy pro ce dure of MOS struc ture for
nanotechnology com put ers, un der the in flu ence of
back ground ra di a tion, with a sat is fy ing sta tis ti cal un -
cer tainty. It is shown that in the case of iden ti cal re dun -
dant com po nents, the sta tis ti cal en large ment law gives 
more than sat is fy ing re sults. 

APPENDIX 

Mem o ries in dig i tal sys tems rep re sent com po -
nents where you can store and from which you can
read in for ma tion. To day, it is fea si ble to make mem ory 
com po nents where it is pos si ble to store all writ ten
texts in the world. Dur ing a dig i tal in for ma tion pro -
cess ing, they have a task to ac cept and per ma nently
store bi nary in for ma tion, so as they can be re used af ter
the de sired time pe riod.

From a log i cal view point, mem ory is or gan ised
as a ma trix cell, where, in one cell, you can store one
bit of in for ma tion. The cells are grouped in rows of a
ma trix.

Ev ery row in a ma trix mem ory field has its own
ad dress used to ad dress the lo ca tion when write or read 
op er a tions are per formed. Each row of the ma trix in
fig. A.1. has 16 bits. 

De pend ing on a me dium the in for ma tion is
stored, the most of ten used mem ory types are a semi -
con duc tor, mag netic and op ti cal mem o ries. Mag netic
and op ti cal mem o ries are mostly used for stor ing a
large num ber of dig i tal in for ma tion. Write and read
time of these mem o ries is rel a tively long due to nec es -

sary me chan i cal move ments of a disk or tape. Mag -
netic and op ti cal mem o ries be long to the class of
non-vol a tile mem o ries since the in for ma tion re mains
stored even when the power is turned off.  

Semi con duc tor mem o ries can be static and dy -
namic. The in for ma tion in static mem ory re mains
stored un til the power is on. For the in for ma tion to re -
main stored in dy namic mem ory, it is nec es sary to re -
fresh the con tent pe ri od i cally (mem ory re fresh), oth er -
wise, the in for ma tion is lost. Lately, there has been a
sig nif i cant de vel op ment of semi con duc tor mem o ries
[30]. They be came, due to their lower price, a huge
pack age den sity, speed and or ga ni za tion ben e fits, the
most sig nif i cant mem ory me dium for in stal la tion
within com puter sys tems and other dig i tal de vices. 

There are two ba sic types of semi con duc tor
mem o ries. The first type is semi con duc tor mem ory
where the in for ma tion can be writ ten to and read from
in a ran dom mo ment-ran dom ac cess mem ory (RAM).
The term ran dom ac cess should de note that the time
re quired for write or read op er a tion for RAM mem ory
is in de pend ent of the ad dress of stored data. The in for -
ma tion in semi con duc tor RAM mem o ries is lost as
soon as the power is turned off (so-called vol a tile
mem ory), so it serves only for tem po rary data stor age
while a com puter is pow ered. The sec ond type is read
only mem ory (ROM), where write and read op er a tions 
are dif fer ent, both phys i cally and in terms of time.
These mem o ries are non-vol a tile and they serve to
keep sys tem programmes in com put ers, which have to
be con stantly avail able and which are not ex pected to
change of ten, dur ing com puter ex ploi ta tion.

Be sides speed, an ex tremely im por tant char ac -
ter is tic of each mem ory is the mem ory ca pac ity. The
mem ory ca pac ity is ex pressed in the num ber of bits, or
most of ten in the num ber of words, but with the note of
how many bits each word con tains. It is de sir able for a
mem ory to have a higher ca pac ity. The mem ory ca pac -
ity moves in a very wide range, de pend ing on mem ory
pur pose.

Higher units for ex press ing mem ory ca pac ity are:
1 byte (B) = 23 = 8 bits, 1 ki lo byte (kB) = 210 =1024
bytes, 1 mega byte (MB) = 220 =1048576 bytes, 1 giga -
byte (GB)= 230 =1073741824 bytes. Of course, there
are larger units, such as terabyte (1024 giga bytes),
petabytes (1024 terabytes) and so on.
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Fig ure A.1. Ma trix mem ory or ga ni za tion



ROM mem ory is one with a con stant con tent
where the in for ma tion is be ing stored us ing a spe cial
pro ce dure, and when the con tent is stored, the mem ory 
can only be read. These are non-vol a tile mem o ries for
gen eral pur pose and they are used for fol low ing ap pli -
ca tions: gen er at ing bi nary words, num ber con ver sion,
gen er at ing dif fer ent func tions, and so on. The most
im por tant ap pli ca tion of ROM mem o ries is to serve as
per ma nent mem o ries in com put ers. The data stored in
ROM are al ways there, re gard less of power. An in te -
grated cir cuit of ROM mem ory can be taken out from
com put ers for a lon ger time pe riod and then be re -
turned again, and the data will still be in it. For this,
ROM be longs to the group of non-vol a tile mem o ries.
The very fact that ROM con tent can not be eas ily
changed, gives a cer tain level of safety against ac ci -
den tal changes of its con tent. 

ROM is most of ten used to store sys tem
programmes we want to have avail able to a com puter,
at any time. The best ex am ple is a sys tem ROM BIOS
programme that is stored in a spe cial ROM, in the
com puter moth er board. It means the programme is
avail able when power is turned on, and the com puter
can use it to start the op er at ing sys tem. There are sev -
eral types of ROM mem o ries whose con tent can be
changed un der cer tain con di tions. They can be called
“the mem ory mostly used for read ing” (Read-Mostly
Mem ory).

Mask ROM is a mem ory whose con tent is writ -
ten in a fac tory, dur ing a man u fac tur ing pro cess and it
can not be later de leted and re writ ten. They are man u -
fac tured with a sim i lar tech no log i cal pro ce dure as mi -
cro pro ces sors. They are used for programmes that are
pro duced mas sively and they do not change of ten.

Fig ure A.2. shows the mem ory that rep re sents a
con ver tor from the bi nary code to Grey's code, and

whose ma trix field is im ple mented in di ode OR logic. 
When the in put ad dress sig nals are A2A1A0 = 000, then
the only out put sig nal W0 is equal to 1, and all oth ers
from W1 to W7 are 0. When ad dress W0 is not through
di ode phys i cally con nected to ei ther of data lines, the
out put code will be D2D1D0 = 000. If A2A1A0 = 111, the 
last ad dress line is then W7 = 1, and the ROM out put
code is now D2D1D0 = 100. Thus, the bi nary code is at
the in put, and at the out put of ROM is Grey's code. 

In stead of us ing di ode OR logic for de fin ing
ROM con tent, bi po lar tran sis tors or MOSFET tran sis -
tors can be used. Fig ure A.3 shows a cell of ROM with
NMOS tran sis tors whose ma trix field cells are im ple -
mented in NOR logic. If the ad dress line, which is con -
nected to gate, is at logic level 1, N MOSFET chan nel
con ducts elec tric ity, and thus, leads the data line into 0. 
If the ad dress line is not 1, N chan nel does not con duct
and the data line is on VDD, i. e. logic 1.

Pro gram ma ble read only mem ory (PROM) is
pro gram ma ble ROM mem ory that can be pro grammed 
by a user it self, per its own needs. A di ode PROM
mem ory is man u fac tured so that di odes are placed on
ev ery cell of ma trix field, in se ries with meltable
Ni-Ch fuses, as it is pre sented in fig. A.4(a). When the
mem ory is not pro grammed, all ad dress lines are via
fuses and di odes con nected onto the data line. The user 
programmes the mem ory in a way to cause over heat -
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Fig ure A.2. The ex am ple of mem ory with a con tent
writ ten dur ing a man u fac tur ing pro cess; a con verter
from a bi nary code to Grey's code 

Fig ure A.3. The cell of ROM mem ory real ised in NOR
logic with NMOS tran sis tors

Fig ure A.4. The cell of PROM; (a) with a meltable Ni-Cr
fuse, (b) with a drain of each transistor



ing and break ing of a fuse, in places where it wants to
be logic 0. Burn ing is done suc ces sively in a way to ad -
dress word by word and to ap ply a neg a tive im pulse on 
data line where the di ode should be re moved. Then,
high cur rent flows through the fuse and di ode, thus
burn ing the fuse and break ing the con nec tion be tween
the ad dress line and data line. 

PROM mem ory can be made with NMOS tran -
sis tors, where fuses are con nected in se ries with a
drain of each tran sis tor fig. A.4(b). This mem ory is
man u fac tured in a way that in all places tran sis tors are
placed with fuses, which means that in all mem ory ad -
dresses the con tent is logic 0. Pro gram ming is done by
burn ing a fuse, by ap ply ing volt age im pulse on the ap -
pro pri ate out put con nec tor D, with am pli tude higher
than VDD. Of course, ad dress ing is done here grad u -
ally, word by word. Pro gram ming of PROM mem o ries 
is per formed with a spe cial de vice called PROM pro -
gram mer. Us ing a com puter, de sired con tent is writ ten
into the pro gram mer, and then suc ces sively all lo ca -
tions of PROM mem ory are ad dressed, and volt age
im pulse is ap plied to burn the ap pro pri ate fuses. The
main dis ad van tage of these mem o ries is a fact that
once writ ten con tent can not be changed. 

EPROM mem o ries use MOS tran sis tors with the
iso lated gate as mem ory el e ments (fig. A.5). All tran sis -
tors in the mem ory ma trix have two gates each. The iso -
lated gate is prac ti cally sur rounded by ideal in su lat ing
ma te rial (SiO2) and with non-iso lated gate it rep re sents
a ca pac i tive volt age di vider. When the mem ory is not
pro grammed, the volt age of log i cal 1 at the ad dress line
is suf fi cient to form the chan nel in MOS tran sis tor via
ca pac ity di vider, so the con tent of all lo ca tions is logic
0. Pro gram ming of the mem ory is per formed by ap ply -
ing high volt age (around 25 V) on data and ad dress line
that causes a high drain cur rent. This cur rent cre ates
huge ac cel er a tion of elec trons which, due to their
non-de struc tive move ment, cause elec tri cal break down 

of in su la tion and ac cu mu late on iso lated gate. Now, the
iso lated gate is at neg a tive po ten tial  (around  –  5 V), 
and  the  volt age  of  log i cal 1 (5 V) at the ad dress line is
not suf fi cient to form a chan nel in MOS tran sis tor, and
thus log i cal 1 is on data line. A pro grammed mem ory
does not change its con tent more than 10 years. If such a
pro grammed mem ory is ex posed to the ef fects of ul tra -
vi o let light, in the time pe riod of 20 min utes, the con tent
is lost since SiO2 be comes con duc tive and elec trons
leave the iso lated gate. Each chip has a small glass win -
dow in stalled at the top of the pack age of ROM mem -
ory, and through it one can see the in ner part of a mem -
ory chip. EPROM can be de leted at any time by
ap ply ing light to the in ner part of the chip, through this
small win dow, in a cham ber with UV light. Af ter this,
chip can be re pro grammed again. Ob vi ously, this is
more use ful than a usual PROM, but it still re quires a
sep a rate light for de le tion. 
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Edin ]. DOLI]ANIN, Irfan S. FETAHOVI]

MONTE  KARLO  OPTIMIZACIJA  REDUNDANCIJE  NANOTEHNOLO[KIH 
KOMPJUTERSKIH  MEMORIJA  U  USLOVIMA  POZADINSKOG  ZRA^EWA

Ciq ovog rada je primena statisti~kih zakonitosti i zakona porasta verovatno}e da bi
se odredio stepen redundancije nanotehnolo{kih ra~unara uz unapred zadatu statisti~ku si-
gurnost. Prvo je ispitana radijaciona otpornost MOS memorijskih komponenata (komercijalnih
EPROM memorija) pomo}u simulacije Monte Karlo metodom, kao i eksperimentalnom proce-
durom. Zatim je kori{}ewem zakona porasta verovatno}e, ura|ena analiza optimizacije postupka
redundancije MOS struktura nanotehnolo{ki izra|enih ra~unara, koji su izlo`eni dejstvu
pozadinskog zra~ewa, i dobijeni su veoma zadovoqavaju}i rezultati.

Kqu~ne re~i: nanotehnolo{ka ra~unarska memorija, optimizacija, redundancija,
                         Monte Karlo simulacija, zra~ewe


