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Calibrated Laboratory Tests Calibrated Laboratory Tests 
(Laser 1)(Laser 1)

SEE Cross Section vs LET Measurements and Radiation Sensitivity 
Mapping of ICs by the IR pulsed LASER SYSTEM

Technical Notes:

•λ=915 nm

•Pulse width=15ns@10kHz repetition rate

•Laser spot waist (FWHM)=10 µm

•Adjustable Laser Peak Power Intensity up to 25W

•XYZ Spatial Bidirectional Resolution=0.2 µm

•Automatic Chip Surface scanning system

•Patented ITRM20020382

 

-

 

2004-01-16 
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Calibrated Laboratory Tests Calibrated Laboratory Tests 
(Laser 2)(Laser 2) 

Laser Radiation Sensitivity 
Mapping (*)

 

of the VA64 –
 Ideas (NO)

Comparison between c.s. vs 
LET of Ions and Laser plots

(*) Alpat B., Petasecca M. et al. –

 

Microel. Reliability 43 
(2003) pp. 981-984
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SEE Test Board SEE Test Board AssemblyAssembly
 

and and 
PrePre

 
IrradiationIrradiation

 
FunctionalityFunctionality

 
CheckCheck

•
 

SEE Test board and mechanical
 assembly

 
at our

 
premises

 
(Nov-Dic

 2006)
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Total Ionizing Dose Total Ionizing Dose 

Tests at AcceleratorsTests at Accelerators
TID Test with Cobalt(60) gamma ray source: 

ENEA CASACCIA (Roma) Calliope facilities
TAEA-SANAEM (Turkish Atomic Energy Agency, Ankara) facilities 

Procedure for testing packaged 
semiconductor IC for ionizing radiation total dose effects 
is based on:

–

 

MIL-STD-883 Method 1019.
–

 

ESCC BASIC SPECIFICATION No. 22900
–

 

ASTM F1467-99
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Supervision Supervision toto  TID TID TestsTests
 at at 

Gamma Gamma RadiationRadiation
 FacilityFacility

 della della 
UniversitUniversitàà  Cattolica di Cattolica di LouvainLouvain
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Work to
 

use
 

this
 

machine
 as

 
an

 
imaging

 
tool

 
is

 
in 

progress.

CalibratedCalibrated
 

LaboratoryLaboratory
 

TestsTests
 ((XX--rayray)) 

•
 

SEIFERT X-Ray
 

Irradiation
 

System
Main characteristics:

-

 

Anode material: Tungsten 
- max tube voltage V=200 kV (±1%),

- maximum tube current I=10 mA

-

 

nominal spot value R=3 mm

- continuos

 

rating at 900W

-

 

Suitable for TID in agreement with ASTM-

 F1467-99 specifications

From

 

ERESCO 
manual

X-Ray
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ClimaticClimatic
 

and and ThermalThermal
 

ChamberChamber
 ((AnnealingAnnealing

 
and and AgeingAgeing))

•
 

Climatic
 

Chamber
 

“ACS 160C”
 

for: 
-Post-TID

 
Annealing

 
and Ageing

-Thermo-cycling
 

tests
-Climatic

 
conditioning

-Humidity
 

control
-Burn-In

Main characteristics:
-

 
Temp. Range: -70 up to +180°C (±1%)  

-
 

Variation vel.: 2.5°C/min (rising-falling)

-Relative Umidity
 

control: 20%-95% 
(Temp. Range +10-80°C)

-
 

Suitable for MIL-STD 810 and TID 
qualification
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MicroelectronicsMicroelectronics QualificationQualification && 
ReliabilityReliability Test Test forfor RadiationRadiation 

HardnessHardness

Ionizing Radiation EffectsBeam Test Lab. Test 
Space Radiation
Environment
Studies/CAD 

Device Simulation
Mitigation Studies

Total Ionizing
Dose

ENEA, Casaccia
TAEK, Ankara
CRC-

 

Louvin
ESA/SCC 22900 

X-Ray

 

Tube,
ASTMF1467-99 ,

SPENVIS, 
CREME96, 
AF-GeoSpace, 
FLUKA, GEANT4,
GRAS

GEANT4-PARSET,
Synopsys,
T-CAD, FEMLAB,
Cadence

 

P-SPICE 

Displacement
Damage

LNS-Cyclotron X-Ray

 

Tube 
ASTMF1467-99,

SPENVIS, 
CREME96, 
AF-GeoSpace, 
FLUKA, GEANT4,
GRAS

GEANT4-PARSET,
Synopsys,
T-CAD, FEMLAB,
Cadence

 

P-SPICE 

Single Event
Effects LNS-Cyclotron IR Pulsed

Laser System 

FLUKA, GEANT4
,GRAS, SPENVIS
CREME96,
AF-GeoSpace

GEANT4-PARSET,
Synopsys,
T-CAD, FEMLAB,
Cadence

 

P-SPICE 
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ChargeCharge
 

ChangingChanging
 

Cross Cross 
SectionsSections

 
ofof

 
DifferentDifferent

 
ShieldingShielding

 MaterialsMaterials
 

––
 

ESAESA--ITTITT--AO5697AO5697
GSI (M. Durante et

 
al.)               

Fraunhofer
 

(S. Metzger
 

et
 

al.)

SpaceIt
 

(L. Desorgher)

MAPRAD

Investigation
 

and analysis
 

of
 

very
 high energy

 
accelerators

 
space

 radiation
 

simulation. Heavy Ions in 
Therapy and Space Symposium, July 
6-10, 2009, Cologne
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ChargeCharge
 

ChangingChanging
 

Cross Cross SectionsSections
 

ofof
 DifferentDifferent

 
ShieldingShielding

 
MaterialsMaterials

 
––

 
ESAESA--ITTITT--

 AO5697 AO5697 ––
 ThinThin

 
+ + ThickThick

 
DS microstrip DS microstrip SiliconSilicon

 DetectorsDetectors
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ChargeCharge
 

ChangingChanging
 

Cross Cross SectionsSections
 

ofof
 DifferentDifferent

 
ShieldingShielding

 
MaterialsMaterials

 
––

 
ESAESA--

 ITTITT--AO5697AO5697
Direction:Direction:

 
particleGun particleGun --> SetParticleMomentumDirection(G4ThreeVector(0.,0.,> SetParticleMomentumDirection(G4ThreeVector(0.,0.,--

 
1.));1.));

 
Point of generation:Point of generation:

 
particleGun particleGun --> SetParticlePosition(G4ThreeVector(0.0, 0.0,500*cm));> SetParticlePosition(G4ThreeVector(0.0, 0.0,500*cm));

 
Energy Energy ……

MACRO

/gun/particle ion
/gun/ion 8 16
/gun/energy  1600 MeV
/run/beamOn 10

Beam Particle Energy 
[MeV/nucl.]

16O -
 

56Fe 100
16O -

 
56Fe 600

16O -
 

56Fe 1000
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ChargeCharge
 

ChangingChanging
 

Cross Cross SectionsSections
 

ofof
 DifferentDifferent

 
ShieldingShielding

 
MaterialsMaterials

 
––

 
ESAESA--

 ITTITT--AO5697AO5697
Fe beam

 
on 10 cm Aluminium
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The The GoalGoal of of TerradexTerradex22
Terradex project aims to realise an accurate and programmable 

multiparametric

 

tool

 

which will measure energy and type 
of all decay products

 

of three naturally occurring decay 
chains of uranium and thorium series present in nature as 
well as the decay products of man-made radioactivity.

Solid, Liquid and Gaseous Samples
TrdxI

 
=> With Alpha, Beta Separation and 30 us 

dead time, no spectroscopy, no veto counters

Terradex
 

-
 

I

PatentPatentPatent

 

pub. pub. pub. 
No:0001343160, No:0001343160, No:0001343160, 
29/11/200729/11/200729/11/2007

NIMA 574(2007) 479NIMA 574(2007) 479NIMA 574(2007) 479---492492.492
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TerradexTerradex--II Performance & Performance & 
ComparisonComparison withwith Commercial Commercial 

InstInst..

Instrument MDL 
(Bq/m3)

Source 

Terradex-DC 4.5 www.terradex.it
Radhome

 
HRE 20 www.algade.com

12Carat 8 www.algade.com
AlphaGuard 111 www.genitron.de

EPA: Environmental
 

Protection
 

Agency, USA

http://www.algade.com/
http://www.algade.com/
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TerradexTerradex--IIII UniqueUnique FeaturesFeatures
•

 

Gaseous, Solid

 

(insertion

 

in FV) and Liquid

 

samples

 

(gas extraction)

•

 

Alpha, beta and gamma detection and separation

•

 

Alpha

 

spectroscopy

•

 

Delayed

 

coincident

 

event

 

tagging

 

with

 

“zero”

 

dead time

 

(trigger on one

 

side of

 

the 

silicon

 

and ready

 

to

 

receive

 

the next

 

trigger on the other

 

side

•

 

High radiopurity

 

internal

 

materials

•

 

Anticoincidence

 

system to

 

reject

 

muon

 

background

•

 

Rugged, standalone

 

on-field

 

operation

 

capability

•

 

Development

 

InCollaboration

 

with

 

Turkish

 

Authority for

 

Atomic

 

Energy (TAEA or 

TAEK)
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Terradex2Terradex2-- 
SamplingSampling ProtocolsProtocols

Terradex has capabilities to take data in different Running conditions as;

•

 

“High vacuum” (around 10-4

 

mbar) to determine the background for ambient air 
measurements or for contamination measurements  of solid samples

 

inserted and 
hold at the center of  CV,

•

 

“Trapped air” in CV at 1 atm

 

for concentration measurements and calibrations. 
–

 

For trapped-air-mode, one volume of air is filled into the CV and the counting is done 
within typically 5 min to 15 min. 

•

 

“Sniff-mode” with air flowing through CV for continuous sampling of the activity.
–

 

During sniff-mode, through a diaphragm pump, it is possible to measure the concentration 
with air flowing through CV with a constant speed of 15 liters/min (about 2 volumes in a 
minute). This is suitable for fast, continuous, gross measurements of environmental 
activity.

•

 

For both “Trapped air” and “Sniff-mode” sampling methods the background 
measurement is done in high vacuum and subtracted from the data sampling 
accordingly 

•

 

During these samplings all analog values from the microstrip silicon detectors are 
read, stored and a time stamp is tagged for each triggering particle event together 
with the environmental parameters and slow control data (sampled

 

typically every 
about 5 mins).
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Terradex2Terradex2-- 
AA TypicalTypical DAQ DAQ ProtocolProtocol

A typical data 
acquisition 
protocol to 
measure the 
ambient air 
activity. On the 
right side the 
studied beta-

 alpha delayed 
coincidence 
chain is depicted.
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Terradex2Terradex2--  DesignDesign
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Success Story (1)Success Story (1)
-

 
Winner (Placed 1st and 2nd respect. among >150 projects) of 
Two SME contribution for HiTech funding by

-
 

Winner of two research fellowships funded by

-Winner of a support for research project (POR2007_L598) to 
develop innovative radiation detector
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Success Story (2)Success Story (2)
-

 
Winner of ESA Tender ITT 1-5697 for Charge Changing Cross Section

 Measurement of New Shielding Materials (in view of Mars missions)
-

 
Agreements Signed for development of two detector systems
-

 
Natural/Man made high accuracy radiation measurements

-
 

Nuclear Threat Detection Homeland Security 
-

 
First step towards ESA qualification of LNS site is successfully

 completed. 
-

 
Recently, winner of other 4 Research Contracts (Umbria Region) 
-

 
Francesca Renzi

 
(Laureanda

 
in Fisica)

-
 

Ermanno
 

Imbergamo
 

(PhD in Fisica)
-

 
Gabriele Discepoli

 
(Laurea

 
in Fisica)

-
 

Dario Vazzana
 

(Laurea
 

in Ingegneria
 

Elettronica)
-

 
Contract with INFN Sezione

 
di

 
Perugia

-
 

To access to clean room facilities
-

 
Contract with Department of Physics
-

 
To have support from Mechanical Workshop 
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PresentationsPresentations
 & & PublicationsPublications

 MAPRAD & INFN in 2009MAPRAD & INFN in 2009
•

 

Background Estimation in MXGS Apparatus on International Space Station. 6th Geant4 Space 
Users' Workshop,  Madrid, 19-22 May 2009

•

 

Wide dynamic

 

range

 

acquisition

 

system for

 

innovative radiatiopn

 

detectors. Frontier Detectors for 
Frontiere Physics 2009, 24-30 May, 2009, Isola d’Elba, Italy

•

 

The radiation assurance test facility at INFN-LNS Catania, HIAT09, 11° International Conference on 
Heavy Ions Accelerator Technology, 8-12 June, 2009, Venice

•

 

Irradiation facility at INFN-LNS Catania for radiation hardness assurance tests in air. Heavy Ions in 
Therapy and Space Symposium, July 6-10, 2009, Cologne

•

 

Investigation

 

and analysis

 

of

 

very

 

high energy

 

accelerators

 

space

 

radiation

 

simulation. Heavy Ions in 
Therapy and Space Symposium, July 6-10, 2009, Cologne

•

 

The radiation hardness assurance facility at INFN-LNS Catania for the irradiation of electronic 
components in air,RADECS 2009, 10° European Conference on Radiation Effects on Components 
and Systems, 14-18 September, 2009, Bruges, Belgium

•

 

Measurement of total dose radiation damage effects on digital off-the-shelf components tested with 
Co60 gamma rays and X-rays RADECS 2009, 10° European Conference on Radiation Effects on 
Components and Systems, 14-18 September, 2009, Bruges, Belgium

•

 

Single Event

 

Effects

 

tests

 

on FPGA, PIC, Flashram, Fram

 

and Transceiver

 

with

 

heavy

 

ions

 

and 
pulsed

 

infrared

 

laser beam. RADECS 2009, 10° European Conference on Radiation Effects on 
Components and Systems, 14-18 September, 2009, Bruges, Belgium

•

 

The radiation

 

hardness

 

assurance

 

facility

 

at INFN-LNS Catania for

 

the irradiation

 

of

 

electronic 
components

 

in air

 

RADECS 2009, 10° European Conference on Radiation Effects on Components 
and Systems, 14-18 September, 2009, Bruges, Belgium
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MAPRAD on PressMAPRAD on Press
Economy,          

4 Febbraio 2009

Rivista della CDO                  
9 Febbraio, 2009

Il Sole 24 Ore-
 CentroSud,       

13 Settembre 
2006
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SummarySummary  ofof  MAPRAD MAPRAD 
ExperienceExperience

•
 

Un punto di accesso alle risorse finanziare 
dedicate (o non) ai SME (ESA, FP7, 
Ministeriali, Regionali, Comunali etc.)

•
 

Offre opportunità
 

di lavoro ai precari
–

 
5 (laureati, dottorati) Assegni di ricerca

–
 

8 esperti a contratti a progetto
•

 
Contratto di ricerca con LNS -INFN

•
 

Contratto con Perugia-INFN
 

e con Dip.to
 Fisica

•
 

Offre possibilità
 

di tesi di laurea/dottorato ai 
ingegneri e fisici. Gia’

 
3 tesi di laurea 

•
 

In tre anni di attività
 

12 presentazioni/articoli 
scientifici
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ExtrasExtras  & & LinksLinks
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Analog/Digital Signals Analog/Digital Signals 
Acquisition System (1/2): SELDPAcquisition System (1/2): SELDP

SELDP (Single Event Latchup Detector and Protector): 
Developed at INFN sez. Perugia, it monitors the input current of 
DUT in an adjustable range (±12V-100mA); if a SEL is detected 
(SEL produces an exponential rising of the current) it suspends 
power supply (at a preset delay, 1 ms up to 99 s), counts the 
number of events.

Power IN from
Supply

Power OUT to DUT
Delay 
presettingCounter
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•
 

Italian
 

National 
Average

 
Rn

 
Activity-

 ~80 Bq/m3

•
 

10000 Events
 corresponds

 
to

 1.5 107

 

Bq/m3

•
 

< 3.1 10-3 

contamination

•
 

MDL = 80 * 3.1 10-3 

•
 

≥
 

0. 25 Bq/m3
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The Use of The Use of 222222Rn MonitorsRn Monitors
The radon 222Rn is a radioactively unstable noble gas.

 The accurate measurements of  222Rn concentration 
is important

 
for;

-
 

Radiation Protection
-

 

Indoor measurements
-

 
Uranium Exploration

-

 

High Concentration in 238U mines
-

 
Experiments

 
that searching for rare-decays

-
 

Earthquake Precursor Studies
-

 

Systematic correlations between seismic events and 222Rn 
release in air or in ground water

-
 

Multi parametric, multi-site, real time accurate 
measurement of radon activity are necessary to 
validate

 
the transportation models for in/outdoor, 

horizontal/vertical radon level measurements as 
well as separate the atmospheric and 
geodynamical components
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