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The meth od ol ogy, de vel oped for ac tive test ing of elec tronic de vices un der the ra di a tions, is
pre sented. The test set-up in cludes a gamma-ray fa cil ity, the hard ware board/fix tures and the
soft ware tools pur posely de signed and re al ized. The meth od ol ogy is so wide-rang ing to al low
us the ver i fi ca tion of dif fer ent classes of elec tronic de vices, even if only ap pli ca tion ex am ples
for static ran dom ac cess mem ory mod ules are re ported.
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IN TRO DUC TION

Tech no log i cally-en hanced elec tronic de vices
are used in var i ous fields such as the ac cel er a tor-based
fa cil i ties, nu clear power plants, space mis sion ap pli ca -
tions, avi on ics, and so on. This kind of de vices can be
ex posed to the in tense ra di a tion over time which may
im pair the func tion ing of the equip ment. The fail ures
in duced by the ra di a tion are one of the most chal leng -
ing is sues for mod ern elec tronic sys tems, in par tic u lar
for space ap pli ca tions where the re li abil ity is the con -
cern [1, 2]. Many ef forts have been spent in the last de -
cades to mea sure, model, test and mit i gate the ra di a -
tion ef fects, ap ply ing nu mer ous dif fer ent tech niques
ap proach ing the prob lem at var i ous lev els [3].

The ra di a tion ef fects in elec tri cal, elec tronic, and 
elec tro me chani cal (EEE) com po nents can be sep a -
rated into cu mu la tive ef fects, which lead to a pro gres -
sive deg ra da tion of the com po nent char ac ter is tics, and 
the sin gle event ef fects (SEE), which gather de struc -
tive or non-de struc tive types of events. 

The cu mu la tive ef fects in clude both the to tal
ion iz ing dose (TID) and the dis place ment dam age
(DD), also called the to tal non-ion iz ing dose (TNID).
The TID ef fects are in duced by the trans fer of the ion -
is ing en ergy from the ra di a tion ex po sure, which

thermalized in the cre ation of the elec tron-hole pairs in 
the com po nent ma te rial. These charges typ i cally get
trapped in the di elec tric lay ers (e. g. ox ides or ni trides)
ei ther in the bulk of the di elec tric, or in the prox im ity
of the in ter face with the semi con duc tor, where the
elec tro static ef fect on the de vice op er a tion is max i -
mum. This pro duces a va ri ety of ef fects on the de vice
char ac ter is tics such as the flatband and the thresh old
volt age shifts, leak age cur rents and tim ing skews [3].

The TNID ef fects are in duced by the non-ion is -
ing trans fer of en ergy, i. e., by the in ter ac tion of pri -
mary and sec ond ary en er getic par ti cles with com po -
nent at oms, and even tu ally cre at ing the dam age and
sta ble elec tri cally ac tive de fects in the semi con duc tor
crys tal lat tice. 

The SEE is caused by the same fun da men tal
mech a nism: the col lec tion of charge at a sen si tive re -
gion of a micro cir cuit fol low ing the pas sage of an en -
er getic par ti cle through the de vice [4]. Some of them,
such as the sin gle-event tran sient (SET), sin gle-event
up set (SEU) and sin gle-event func tional in ter rupt
(SEFI) are tem po rary and can be re cov ered. Oth ers
can lead to a per ma nent dam age such as the sin -
gle-event latch-up (SEL) or sin gle-event gate rup ture
(SEGR).

The re quire ments on TID and SEE de pend on
the fi nal ap pli ca tion of the de vice and can be very dif -
fer ent. For ex am ple, for space ap pli ca tions, the re -
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ceived TID on Sil i con (Si) typ i cally ranges from few
krads (Si) to sev eral 100 krads (Si), de pend ing on the
space craft mis sion, or bit, and de vice shield ing [5, 6].
For de vice used in the in ter plan e tary mis sion, in the
high-en ergy phys ics ex per i ments, the TID ranges
from few Mrad* (Si) to sev eral Mrad (Si) [7].

Usu ally, the elec tronic com po nents to be tested
are de signed to be ra di a tion re sis tant but the con trol
elec tron ics can be a com mer cial type or only rad-tol er -
ant. This im plies a dam age prob lem on the test con trol
elec tron ics and an un cer tain de gree in the test it self as
it could be dif fi cult to dis crim i nate the com po nent or
sys tem fail ure in the case of er ror. 

It fol lows that it is very im por tant to de velop the
ir ra di a tion meth od ol o gies and re al ize test fa cil i ties
which can sim u late the dif fer ent ra di a tion con di tions,
the kind of op er a tions and the in trin sic na ture of sig -
nals (an a log or dig i tal), to which elec tronic de vices
may be sub ject. A gen eral-pur pose test ing so lu tion
does not ex ist yet off-the-shelf, thus cus tom meth ods
and tech nol o gies for test ing elec tronic de vices have
been de vel oped.

The aim of this work is to de scribe the test ing
meth od ol ogy be sides the re al ized boards/fix tures, cus -
tom ized for dif fer ent elec tronic de vices, de vel oped and
tested by us ing the gamma ir ra di a tion fa cil ity of the
Uni ver sity of Palermo. Con sid er ing the wide sce nario
of elec tronic com po nents used for space ap pli ca tions,
in this pa per we will fo cus our at ten tion on static ran -
dom ac cess mem o ries (SRAM). The SRAM are con sid -
ered one of the most crit i cal com po nents since they can
be found ei ther as the stand-alone de vice on pay loads or 
as em bed ded mem o ries in more com plex ap pli ca tion
spe cific in te grated cir cuits (ASIC), such as the
microcontrollers, core pro ces sors or dig i tal sig nal pro -
cess ing (DSP). Typ i cal er rors af fect ing SRAM are the
SEL, the SEGR and a very wide spec trum of soft er rors
spread ing from the SEU to the mul ti ple bit up set
(MBU), the SEFI and, more in gen eral, the cu mu la tive
soft er ror gath ered in the ma trix ar ray for a long time.

In this work, the rad-hard com po nents from the
RedCat De vices have been used. More spe cif i cally:
RC7C512RHS (512 kbit SRAM for space ap pli ca -
tions), RC7C512RHH (512 kbit SRAM for high en -
ergy phys ics), RC7C512RHM (512 kbit SRAM from
low or bit ap pli ca tions) and RC7C1024RHS (1 Mbit
SRAM for space ap pli ca tions) hav ing the re sis tance
from 300 krad (Si) for RC7C512RHM up to 25 Mrad
(Si) for RC7C512RHH and the im mu nity to SEL for
all the com po nents up to 80 MeVcm2mg–1 (Si).

THE GAMMA IR RA DI A TION FA CIL ITY

The gamma ir ra di a tion fa cil ity of the Uni ver sity
of Palermo is a re search fa cil ity which rep li cates, in re -
duced scale, the in dus trial in stal la tions and pro vides a

good ver sa til ity to per form dif fer ent types of ir ra di a -
tions. The over all ir ra di a tion equip ment con sists of an
ir ra di a tion cell, the gamma irradiator “Irradiatore
Gamma Sicilia-3” (IGS-3) and an ex ter nal con trol
room. 

The IGS-3 gamma irradiator (see fig. 1) is ac tu -
ally equipped with a to tal of 4.31 TBq 60Co gamma ray
sources.

It is com posed of 12 cy lin dri cally shaped
sources  fea tur ing  dif fer ent ac tiv i ties: 6 sources of
0.13 TBq each, 3 sources of 0.24 TBq each, and 3
sources of 1.26 TBq each [8]. The fa cil ity is fully
equipped with the in stru men ta tion for the do sim e try,
in or der to en sure safe op er a tions and ra di a tion lev els
ac cord ing to the in ter na tional stan dards ESCC No.
22900 [9]. 

In side the ir ra di a tion cell, we can dis tin guish
two ar eas: an area with a di rect ex po sure to ra dio ac tive 
sources, which we might call the “hot room”, and a
shielded area from ra dio ac tive sources which we
might call the “warm room”. In the hot room, the ra di a -
tion fields are very high and the safety sys tems do not
al low any one to ac cess dur ing the ir ra di a tion. It is also
in ad vis able to place any elec tronic equip ment or other
de vice if not prop erly shielded be cause, af ter a short
time, they would be se verely dam aged. In the warm
room, the ra di a tion fields are weaker and it is pos si ble
to place the equip ment and the con trol in stru men ta -
tions. The con trol panel is placed out side the ir ra di a -
tion cell, in a fully shielded room (the “con trol room”), 
where a safe ac cess is al lowed.

Con sid er ing these se vere en vi ron ment con di -
tions, it is clear that a new test ing strat egy shall be de -
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Fig ure 1. The photo of the IGS-3 gamma irradiator

*1 rad = 10–2 Gy



fined. The usual mea sure ments lay out, typ i cally per -
formed us ing the test board where the de vice un der test 
(DUT) is mounted and a lab setup with the equip ment
suit able to gen er ate wave forms and col lect the out -
puts, is not vi a ble. Only the DUT shall be ex posed,
while the mea sure ment equip ment and the aux il iary
ac tive cir cuitry can not be placed un der or close to the
ir ra di a tion beams. A re mote con trol of all mea sure -
ment op er a tions is man da tory.

THE TEST METH OD OL OGY
DE VEL OP MENT 

The pres ence of dif fer ent work ing ar eas with dif -
fer ent ac cess modes and ra di a tion lev els makes the
prep a ra tion of the ir ra di a tion test ing of elec tronic de -
vices work ing in ac tive mode dif fi cult. In deed, it is
nec es sary to pro vide the power (with the power sup ply 
sys tems) and to mon i tor the com po nent per for mances
(with in stru men ta tions), but it is rec om mended to
place the con trol equip ment at least in the warm room,
in or der to avoid that prob a ble fail ures of con trol de -
vices could af fect the ex per i ment or lead to false re -
sults.

This ar range ment is not al ways pos si ble since
the power sup ply sys tem, the aux il iary cir cuitry and
the mon i tor de vices must of ten be a com ple men tary
part of the DUT and they shall be placed nearby. 

In this case, it is also man da tory to pro vide the
ap pro pri ate shield ing that en ables both the re duc tion
of the ra di a tion dose rate in sen si tive ar eas and the con -
nec tion of such equip ment with the out side. This
means the shield ing part of the equip ment and ar rang -
ing the ap pro pri ate con nec tion ca bles in or der to avoid
the “ra di a tion drafts” in the shielded area. At the same
time, the ex per i ment ar range ment must be de signed to
be op er ated com pletely from the out side (in the con trol 
room), with out any need to intervent into the ir ra di a -
tion cell, since this would im ply the re cov ery of the
sources and the halt of the test. Also, it must be re al ized 
tak ing into ac count the ESCC Ba sic Spec i fi ca tion No.
22900 [9] and the MIL-STD-883H Method 1019.8
[10].

This tar get has been achieved by en sur ing the
pre cise po si tion ing of DUT and re al iz ing the con nec -
tions step by step through the var i ous rooms (the hot
room, the warm room, the con trol room). The pro -
posed so lu tion is based on split ting the test board in:
– the mother-board (MB) which hosts the sig nal

gen er a tor, the data ac qui si tion sys tem and the aux -
il iary cir cuitry, and

– the daugh ter-board (DB) with the DUT only. 
The DB with DUT is con nected with flat ca bles

to the MB which hosts the con trol elec tron ics. The flat
ca ble is cer tainly a crit i cal el e ment which, in a com -
mon test ing, is not used be cause it can in tro duce the
de lays in the com mu ni ca tion be tween the MB and the

DB. For tu nately, up to now, the elec tronic com po nents 
for space ap pli ca tions do not work at very high fre -
quen cies, be cause the de sign choices taken to make
them rad-tol er ant (or rad-hard) usu ally limit the work -
ing fre quency. More spe cif i cally, fo cus sing this work
on SRAM, edge-less shaped tran sis tors used to mit i -
gate the charge trap ping and the en hanced guard rings
to avoid SEL, in re gions where the n-chan nel and the
p-chan nel tran sis tors are close to each other, re quire a
lay out de sign far from the min i mum guar an teed by the
tech nol ogy. This means that the in ter nal logics can not
switch at the max i mum fre quency, thus lead ing to the
ac cess time be low 10 ns for those com po nents hav ing
a TID around 300 krad (Si) and over 12 ns for those
hav ing a TID up to 25 Mrad (Si). These fre quen cies
are typ i cal for stan dard pay loads run ning core pro ces -
sor (e.  g.  Cobham  Aeroflex   LEON)   able  to  run  up 
to 50 MHz (20 ns) and of course are quite far from the
com mer cial SRAM run ning in stan dard pro ces sors
run ning up to 120 MHz (8.3 ns). There fore, the crit i cal
el e ment such as the 52-poles flat ca ble can be still ac -
cept able, pro vided that its length does not ex ceed the
max i mum of half a me ter and can run with out the sig -
nif i ca tive  deg ra da tion  fre quency  in  the  range  of 50
MHz. Over this length, a dif fer ent ca ble must be taken
into ac count or the test should be car ried out at lower
fre quency (e. g. 25 MHz). For an a log sig nals, such as
those fed as the in put to data con vert ers, co ax ial ca bles
shall be adopted but of course a re duced num ber of
pins can be driven. 

Both MB and DB de sign shall be ac cu rate. In its
sim plest ver sion, the MB hosts a field pro gram ma ble
gate ar ray (FPGA, Xilinx Spar tan-3) that gen er ates all
wave forms needed for the DUT, per forms the out put
data ac qui si tion, con trols the sys tem and the in ter faces 
to the lap top by the means of an USB (fig. 2). This ar -
range ment is suit able, for ex am ple, for test ing the
rad-hard mem o ries [11-13]. 

A more so phis ti cated ver sion has also a sim ple
power gen er a tion cir cuit on-board, in or der to pro vide
the needed sup plies through flat ca ble to the DUT,
with out any ex ter nal elec tronic sup plies. 

If re quired by the test, the MB can also have
more com plex aux il iary cir cuitry on-board  to gen er ate 
the ref er ence an a log sig nals and to pro vide all nec es -
sary in puts/out puts for the test ing of an a log rad-hard
com po nents, such as the data con vert ers and power
MOSFETS. In this case, the ad di tional flat ca ble and
co ax ial ca bles con nect the two boards.

The DB de sign, al though sim ple, must be also ac -
cu rate. On it, nei ther ac tive com po nents (such as the
microcontrollers, mi cro pro ces sors, level-shift ers, etc.)
nor pas sive sen si tive com po nents (elec tro lytic ca pac i -
tors, re sis tors, inductors, etc.) can be mounted, as their
deg ra da tion could af fect the test re sults.

Both boards lay out must be op ti mized, with a re -
spect to the ground and the power sup ply planes, in or -
der to guar an tee most sta ble as pos si ble the work ing
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bound ary con di tions. The deg ra da tion from above
men tioned com po nents used to drive DB be comes ev i -
dent start ing from 5 krad (Si) and for the
microcontroller and the mi cro pro ces sor is mainly due
to SEFI (the con trol ler must be rebooted very fre -
quently). The level-shifter may have a wrong trans la -
tion of volt age lead ing so to the lower driv ing ad dress
and con trol sig nals while pas sive com po nents (ca pac i -
tors, re sis tors and inductors) can show a volt age shift.
Above 5 krad (Si) ac tive com po nents usu ally fail (in -
clud ing the FPGA) thus lead ing to the im pos si bil ity to
con tinue the ex per i ment. Con sid er ing that the DUT
must be re sil ient up to 300 krad (Si) or, for more re sil -
ient com po nents, up to 25 Mrad (Si) it is man da tory to
have a good pro tec tion strat egy for MB in or der to
avoid the fail ure and do not af fect the re sults of the ex -
po sure on DB.

As an ex am ple, fig. 3 shows the two boards and
main con nec tions for the test of the 1Mbit asyn chron -
ous rad-hard SRAM (RC7C1024RHS, 128 kbit x8)
mem ory de vice, us ing the six tran sis tor (6T) mem ory
cell SEU-en hanced with Miller ca pac i tors [11]. It has
been in te grated in a 180 nm stan dard CMOS pro cess
with a ded i cated rad-hard-by-de sign (RHBD) ap -
proach us ing edge-less tran sis tors (ELT) and en -
hanced guard-rings. The DB com mu ni cates via flat ca -

ble with the MB, but all the power sup plies are in de -
pend ent. So, in this case, it is nec es sary to pro vide a
sta bi lized ex ter nal power sup ply that does not bring
any noise to the DUT. This lat ter is hosted in a zero in -
ser tion force (ZIF) socket in or der to give a me chan i cal 
sta bil ity to the over all struc ture. The whole DB can be
con sid ered pas sive, with the DUT as the only ac tive el -
e ment which will be the only tar get of the in ci dent ra -
di a tion. 

In fig.  4, the pre cise po si tion ing of the above de -
scribed ex per i men tal set-up within the “hot room” of
Gamma fa cil ity is shown. 

The MB is shielded by means of lead bricks.
How ever, al though MB is the most sen si ble el e ment to 
be pro tected dur ing the ir ra di a tion, we must con sider
that it needs to com mu ni cate with a per sonal com puter
in or der to al low the op er a tor to con trol the ex per i -
ment. The low dose rate on the DB (0.012 Gys–1) and
the ra di a tion at ten u a tion at a value of about one hun -
dred times lower on the shielded MB en sures the sur -
vival of the equip ment. 

The same ap proach can be used also for the test -
ing un der heavy ions and pro tons. For heavy ions,
there are not any ma jor con cerns re lated to the TID
since this kind of tests are lim ited in time (e. g. 20 min -
utes to reach 60 MeVcm2mg–1 (Si) us ing Xe ions for
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Fig ure 3. The photo of MB (right)
and DB (left) and the rel e vant
con nec tion

Fig ure 2. The mother-board sim pli fied block
di a gram



SEL) and do not pro vide any trap ping in the sil i con di -
ox ide (di rect ion iza tion); for pro tons, the only risk is to 
have the ac ti va tion of the board as the re sult of
spallation ef fects com ing from the in ter ac tion with the
glass pas si vat ed chips used to pro tect the com po nents
and usu ally hav ing borophosposilicate glass (BPSG).
In both cases, a good pro tec tion of MB is rec om -
mended to avoid the SEE for heavy ions and the ac ti -
va tion for pro tons.

The con nec tions be tween the hot and the warm
rooms were re al ized through the USB con nec tion,
while be tween the warm and the con trol rooms were
re al ized through the co ax ial or Ethernet ca ble. All the
equip ment within the warm room is re motely man aged 
from the con trol room.

The re mote con trol of the en tire test ses sion was car -
ried out re al iz ing a vir tual pri vate net work (VPN), able to
con nect the con trol room by means of an ap pro pri ate com -
mer cial soft ware (VNC server, TeamViewer, etc.) en -
abling an ex ter nal net work con nec tion. A ba sic VPN con -
fig u ra tion was car ried out and suc cess fully tested with
mul ti ple con nec tions from Mi lan (RedCat De vices) and
Cosenza (DIMES) to the con trol room of Palermo.

Re gard ing soft ware tools, a Verilog code has
been writ ten in or der to gen er ate all the func tions that
shall be pro vided by FPGA. More over, a suit able in -
ter face has been de vel oped in Vi sual Ba sic to con trol
all the op er a tions from the lap top through the USB.
The con trol is based on the in ter face (Opal Kelly's
FrontPanelTM) that han dles all the in ter ac tions be -
tween the vir tual con trols and the FPGA in ter nals.

The mem ory test al lows us to ap ply a very dif fer -
ent pat tern such as the check er board, the ne gate check -
er board, the March and other more com plex tests and
eval u ate the num ber of bit fail ure com ing from the
deg ra da tion of the mem ory ar ray. This op er a tion is
car ried out dur ing the ir ra di a tion and con trolled by the
au to matic pro ce dures (soft ware rou tines) or di rectly
by test ing the en gi neers con nected to the board.

Fig ure 5 sum ma rizes the meth od olog i cal ap -
proach of the above-de scribed tech no log i cal test en vi -
ron ment.

The test ing so lu tion shown in fig. 5 al lows a sig -
nif i cant de gree of flex i bil ity and eas i ness in the prep a -
ra tion of the ex per i ment. The flex i bil ity and the ef fec -
tive ness of the ex per i men tal set-up have been

suc cess fully tested in other ir ra di a tion fa cil i ties with
dif fer ent lay-out, sources and kind of tests (the TID or
the SEE), us ing the same meth od ol ogy. A set of test ir -
ra di a tions were per formed us ing the heavy ions at ra -
di a tion ef fects fa cil ity (RADEF), Jyvaskyla Uni ver -
sity, Fin land, and pro tons at the svedberg lab o ra tory
(TSL), Uppsala Uni ver sity, Swe den. At RADEF, sev -
eral ions have been used in or der to test the soft and the
hard er rors with lin ear en ergy trans fer (LET) go ing
from 4-5 MeVcm2mg–1 (Si) up to 60 MeVcm2mg–1.
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Fig ure 4. The place ment in the hot
room of MB (pro tected) and DB
(exposed)

Fig ure 5. The log i cal split of en vi ron ments and
hard ware con nec tions



With ref er ence to the ex am ple of lay out ex per i ment
car ried out with heavy ions at RADEF fa cil ity showed
in fig. 6, the LET val ues mea sured (MEAS) di rectly
from the beam and ob tained as a sim u la tion from the
Stop ping and the Range of Ions in Mat ter (SRIM) are
sum ma rized in tab. 1.

At  TSL  the  pro tons  beam  with en ergy up to
180 MeV has been used mainly for soft er rors test. The
flu ency ob tained has been 3.9×1011 cm–2. Each test was 
re al ized fol low ing the ESCC Ba sic Spec i fi ca tion No.
25100 [14]. Fig ure 7 shows the lay out of the ex per i -
ment per formed with pro tons at TLS Lab o ra tory.

All the test ing was suc cess fully per formed. Only 
dur ing the test un der pro tons, the DB high lighted some 
traces of ac ti va tion due to the pres ence of gold traces
in the socket ZIF and in the power sup ply; how ever,

such ac ti va tion is not rel e vant from the ra di a tion pro -
tec tion point of view and did not af fect the out come of
the tests or up set the re sults. No test un der the neu trons
have been done by us ing this equip ment.

CON CLU SIONS 

The de vel oped test meth od ol ogy has proved ef -
fec tive and al lows a sig nif i cant de gree of flex i bil ity as -
so ci ated with the eas i ness in the prep a ra tion of the test
ex per i ment, mak ing a pow er ful tool for the test of
rad-hard com po nents un der ra di a tions avail able.
There fore, the same test meth od ol ogy and the tech nol -
ogy can be per formed with dif fer ent kind of test (the
TID and the SEE) and dif fer ent ra dio ac tive sources
(gamma ray, pro tons and heavy ions). In fact, the test
meth od ol ogy, ini tially de vel oped for the TID test un -
der the gamma ra di a tion (60Co sources), has been suc -
cess fully car ried out for the SEE test with pro tons and
heavy ions.

Dif fer ent test-boards and soft ware tools have al -
ready been de vel oped and as sessed for the test ing of
data con vert ers [15] and power MOSFET, even if only
ap pli ca tion ex am ples for SRAM) mod ules are re -
ported. Due to the flex i bil ity of the pro posed lay-out,
the test ing meth od ol ogy can be ex tended to other
classes of com po nents, such as the mi cro pro ces sors,
bandgap ref er ences, phase-locked loop (PLL), and so
on.
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Fig ure 6. The test ing set-up in heavy ions ir ra di a tion
fa cil ity in Jyvaskyla (Fin land)

Ta ble 1. Main pa ram e ters mea sured (MEAS) di rectly from the beam for heavy ions ir ra di a tion tests and com par i son with
ones sim u lated from the stop ping and range of ions in mat ter (SRIM)

Ion En ergy
[MeV]

LETMEAS at sur face
[MeV mg–1cm2]

LETMEAS at Bragg peak
[MeV mg–1cm2]

LETSRIM at sur face
[MeV mg–1cm2]

LETSRIM at Bragg peak
[MeV mg–1cm2]

RangeSRIM
[mi crons]

15N+4 139 1.87 5.92 (at 191 m) 1.83 5.9(at 198 m) 202
20Ne+6 186 3.59 9.41 (at 138 m) 3.63 9.0 (at 139 m) 146
30Si+8 278 6.53 13.7 (at 114 m) 6.40 14.0 (at 120 m) 130

40Ar+12 372 10.07 18.9 (at 100 m) 10.2 19.6 (at 105 m) 118
56Fe+15 523 18.59 29.7 (at 75 m) 18.5 29.3(at 77 m) 97
82Kr+22 768 31.21 41.7 (at 68 m) 32.2 41.0 (at 69 m) 94

131Xe+35 1217 57.36 67.9 (at 57 m) 60.0 69.2 (at 48 m) 89

Fig ure 7. The test ing set-up in pro tons ir ra di a tion fa cil -
ity in Uppsala (Swe den)



The au thors con sider par tic u larly prom is ing the
pos si bil ity, thanks to this ap proach, to make tests in
very low dose rate re gime. Such tests usu ally re quire
long time frames (up to months) not nec es sar ily with
60Co but us ing dif fer ent means of source (e. g. 241Am).
Very low dose rate tests are par tic u larly suit able to re -
pro duce space con di tions on Earth and thanks to a
fully au to matic test with pe ri od i cal re mote check can
be a cost ef fec tive so lu tion for space com po nents qual -
i fi ca tion.

As a fi nal re mark it is worth to un der line how
this meth od ol ogy shows its main ad van tage in the
in-situ ap proach giv ing re search ers a very pow er ful
tool for mak ing dif fer ent tests at com po nent level dur -
ing the ir ra di a tion ses sions. This means an in creased
flex i bil ity at a lower cost per ses sion con sid er ing that
the com po nent must not be re moved from the ir ra di a -
tion cham ber and tested in a dif fer ent (and pro tected)
en vi ron ment.

AC KNOWL EDG EMENT 

This work has been par tially sup ported by the
Ital ian Min is try of For eign Af fairs in side the It aly-Is -
rael Co op er a tion Programme (ATENA Pro ject). 

AU THORS' CON TRI BU TIONS

The test meth od ol ogy was car ried out by A.
Parlato, C. Calligaro, and C. Pace. The gamma ray test
ex per i ments were per formed by A. Parlato and E. A.
Tomarchio, whereas the heavy ion and pro ton tests
were car ried out by C. Calligaro and C. Pace. All au -
thors ana lysed and dis cussed the re sults. The manu -
script was writ ten by A. Parlato, C. Calligaro, C. Pace
and E. A. Tomarchio. The fig ures were pre pared by A.
Parlato and E. A. Tomarchio.

REF ER ENCES 

[1] Cappello, S. G., et al., Gamma-Ray Ir ra di a tion Tests
of CMOS Sen sors Used in Im ag ing Tech niques, Nucl
Technol Radiat, 29 (2014), Suppl., pp. S14-S19

[2] Consentino, G., et al., Dan ger ous Ef fects In duced on
Power MOSFET by Ter res trial Neu trons: A The o ret i -
cal Study and an Em pir i cal Ap proach Based on Ac -
cel er ated Ex per i men tal Anal y sis  (2013) AEIT An -
nual Con fer ence: In no va tion and Sci en tific and
Tech ni cal Cul ture for De vel op ment, AEIT 2013,
Mondello, Palermo, It aly

[3] ***, Eu ro pean Co op er a tion for Space Stan dard iza -
tion,ECSS-Q-HB-60-02A Tech niques for Ra di a tion
Ef fects Mit i ga tion in ASIC and FPGA Hand book, 1
Sep tem ber 2016

[4] ***, IEEE Nu clear and Space Ra di a tion Ef fects Con -
fer ence, Short Course on Ra di a tion Ef fects in the
Space Telecom En vi ron ment, July 12, 1999

[5] Mavis, D. G., Al ex an der D. R., Em ploy ing Ra di a tion
Hard ness by De sign Tech niques with Com mer cial In -

te grated Cir cuit Pro cesses, Dig i tal Avi on ics Sys tems
Con fer ence, 1 (1997), Oct., pp. 15-22

[6] Clark, L., et al., Op ti miz ing Ra di a tion Hard by De sign
SRAM Cells, IEEE Trans. on Nucl. Sc., 54 (2007), 6, pp. 
2028-2036

[7] Haddad, N. F., et al., In cre men tal En hance ment to
SEU Hard ened 90 nm CMOS Mem ory Cell,  Pro ceed -
ings, 11th Europ. Conf. on Ra di a tion and its Ef fects on
Com po nents and Sys tems (RADECS 2010), Aqua
Dome Langenfeld, Aus tria, Sep tem ber 20-24, 2010

[8] Fiore, D., et al., The DEIM Ir ra di a tion Fa cil i ties for
the Test ing of RAD-HARD Com po nents (in Ital ian), 
It aly,  2015

[9] ***, To tal Dose Steady-State Ir ra di a tion Test Method, 
ESCC Ba sic Spec i fi ca tion n. 22900, Is sue 4, 2010

[10] ***, MIL-STD-883H, Method 1019.8, Ion iz ing Ra di -
a tion (To tal Dose) Test Pro ce dure, 2010

[11] Calligaro, C., et al., A 15 Mrad(Si) 512 Kbit Rad-Hard 
SRAM in a Stan dard 0.18 mm CMOS Tech nol ogy, 
Pro ceed ings, 13th Europ. Conf. on Ra di a tion and its
Ef fects on Com po nents and Sys tems (RADECS
2012), Biarritz, France, Sep tem ber 24-28, 2012

[12] Arbat, A., et al., Ra di a tion Hard ened 2M bit SRAM in 
180 nm CMOS Tech nol ogy, IEEE-AESS Con fer ence
in Eu rope about Space and Sat el lite Tele com mu ni ca -
tion 2012 (ESTEL), No vem ber 2012

[13] Calligaro, C., et al., A Multi-Megarad, Ra di a tion
Hard ened by De sign 512 kbit SRAM in CMOS Tech -
nol ogy, 22nd In ter na tional Con fer ence on Mi cro elec -
tron ics (ICM2010), Il Cairo (Egypt), Dec., 2010, pp.
375-378

[14] ***, Sin gle Event Ef fect test Method and Guide lines,
ESCC Ba sic Spec i fi ca tion No. 25100, Is sue 2, 2014

[15] Mahoney, M., DSP Based Test ing of An a log and
Mixed-Sig nal Cir cuits, Wiley IEEE Com puter So ci -
ety, 1987

Re ceived on June 16, 2107
Ac cepted on Jan u ary 29, 2018

A. Parlato, et al.: The Meth od ol ogy for Ac tive Test ing of Elec tronic De vices ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2018, Vol. 33, No. 1, pp. 53-60 59



A. Parlato, et al.: The Meth od ol ogy for Ac tive Test ing of Elec tronic Devices ...
60 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2018, Vol. 33, No. 1, pp. 53-60

Aldo PARLATO, Elio A. TOMARKIO, Kristijano KALIGARO, Kalo|ero PA^E

METODOLOGIJA  AKTIVNOG  TESTIRAWA  ELEKTRONSKIH
URE\AJA  IZLO@ENIH  JONIZUJU]IM  ZRA^EWIMA

Prikazana je metodologija razvijena za potrebe aktivnog testirawa elektronskih
ure|aja pri izlagawu jonizuju}em zra~ewu. Postavka za testirawe sadr`i namenski osmi{qeno i
realizovano postrojewe sa izvorom gama zra~ewa, eksperimentalnu aparaturu i prate}e alate u
vidu programskih paketa. Metodologija ima tako {iroku primenu da omogu}ava testirawe
razli~itih klasa elektronskih ure|aja, mada je prikazana samo primena za mod ule stati~ke
memorije sa nasumi~nim pristupom.

Kqu~ne re~i: metodologija testirawa, elektronski ure|aj, ukupna doza jonizacije, efekat 
..........................pojedina~nog doga|aja, gama zra~ewe


