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e Eff,)ects of Radiation on Embedded Systems for Space Applications

Monday, 5 December 2022
Registration

School Opening

Fundamental Mechanisms of Non-Destructive SEEs in
Devices and Circuits

Coffee Break
SEE effects on VLSI devices: chall
Luca Sterpone

and -

Sensitivity characterization of SRAM-based FPGA
against SEU and SET

Lunch break

TID M i inN Scale Microelectronic
Technologies - Stefano Bonaldo (University of Padova)

Effects in d
- Hugh Barnaby (ASU)

Modeling C F
Devices and g

m Coffee Break

Error rate prediction for programmable circuits:
methodology, tools and studied cases

Circui

Modelling and prediction of Single Event Transient and
Single Event Upset - Frédéric Wrobel

SERESSA2022

Tuesday, 6 December 2022 Wednesday, 7 December 2022

Thursday, 8 December 2022

Introduction to G4SEE: a toolkit for r

effects in electronics Il - David Lucsanyi (CERN)

Introduction to G4SEE: a toolkit for simulating radiation
effects in electronics | - David Lucsanyi (CERN)

Coffee Break
Radiation Hardness A
(Naval Research Laboratory)

Coffee Break
The Value of “Test-As-You-Fly”: Modernizing FPGA
Experimentation And Data Analysis for Critical Space
Missions - Melanie Berg (Founder/CEO of Space R3 LLC)

(RHA) - Stephen Buchner

COTS in (Deep) Space - Hans-Juergen Sedimayr (DLR) —

d FDIR and

by
Redundancy Concepts with COTS in Space

Lunch break Lunch break

System-Level Design and Radiation Test Methodologi

to OMERE: a tool for space environment and
| |

r on

Coffee Break
Accelerator Radiation Environment and Neutron Effects
in Electronics - Matteo Cecchetto (CERN)

Introduction to ‘Radiation to Materials’: methodologies
and examples - Matteo Ferrari

Lunch break

d from r. tests in

Radiation Mitigation Te 1 for Mixed-Signal Circuits
- Daniel Loveless (University of Tennessee Chattanooga)

9!

based on a novel Defined Radio Archi

The RADNEXT irradiation facility network - Andrea The Phoenix GPS Receiver for Rocket and Satellite

Coronetti (CERN - University of Montpellier (FR)) Applicati An for the ful Utilization...
m Coffee Break m Coffee Break
The chall of ing COTs devi at European Single-Event Effect Criticality Analysis - Anthony Sanders

Irradiation Facilities Jonathan Allen Pellish

Fundamentals of the Pulsed-Laser Technique for Single-
Event Effects Testing

Social Dinner

Analyzing data
advanced SRAMs

Accurate Abstraction and High Level Modeling and
Validation of SEE in Electronic Systems

m Coffee Break

Poster Session
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Friday, 9 December 2022

Introduction to OMERE: a tool for space environment and
radiation effects on electronics devices Il

Coffee Break
Mitigation of Soft Errors at Circuit Level - Ricardo Reis
(UFRGS)

CELESTA project

Lunch break

Exam

School Closure

Visits to CERN installations
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Investigation of material damage caused by
heavy-ions in degraded SiC Schottky diodes

N. Firt, C. Martinellal, P. Kumar?, M. E. Bathen', and U. Grossner!
1Advanced Power Semiconductor Laboratory, ETH Zurich, Physikstrasse 3, 8092 Ziirich, Switzerland

E-Mail: nfuer@student.ethz.ch

1 Introduction

SIC Schottky diodes:
« Low on-state voltage.
+ Minimal turn-off switching loss.
« Almost no reverse recovery behaviour.

> Interest of the space industry towards SiC power devices has
increased.

> Radiation environment limits the adoption.

> Current commercial technologies of SiC power devices are
sensitive to radiation.
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1. Summary of radiation responses observed
:‘s«csmmmmmm

C%O%?@%@$&*)+
+

2 Microbeam Experiment
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Fig. 2. Imadiated region a) and iadiation
frame b).

3 Minority Carrier Transient Spectroscopy
MCTS:

«+ investigation of
electrically active
point defects in a
semiconductor.

peret

365 nm optical pulse
is for 100 ms, while
reverse biased at
Vr=-5Vand-10V.
+ Start was in range
20-300 K, with 50 K
steps until 450 K.

T Tmets)

Fig. 3. minorty carier transient spectroscopy (MCTS)
from the valence band to the deep level (Er) while
the minorty

measured transient as a function
e, )1 ‘capaciance asa
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4 Results and Discussion

Vrir =500 V: SELC.
Vrir =300 V:  No SELC and generally no SEE signatures.

ae

i

Fig. 4.

Peaks  pre
irradiation:
> N (positive).

> X, B, D (negative).
+ Substantial increase in
peak magnitude after

and  post

MCTS signal 9F)

irradiation.

« Arrhenius  analysis  to ble-sorli]
identify the peaks X, Band  [22u0n"s S, ompercuree;
D. measured ata VR =-5 V.

TABLE Il
JBSERVED ENERGY LEVELS FROM MCTS
300V) BEFORE AND AFTER IRRADIATION
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5 Conclusion

« The levels associated with Boron increase in intensity after
irradiation for both samples (with and without SELC signature).

+ Consequently, a change in defect distribution was observed
even though no sign of electrical degradation was reported
after the heavy-ion irradiation.

« The results indicate an early stage of electron trapping in the
defects, and an interplay of the defects caused by the
irradiation with residual Boron, a common impurity introduced
during the SiC growth.
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Design of SEB-Hardened Silicon Carbide Power
Devices for Space Applications

enguptal, A.F. Witulski', D.R. Ball', R. D. Schrimpf!, K.F. Galloway?, R. A.
Reed’, M. L. Alles!, M.W. McCurdy’, A.L. Sternberg’, E.X. Zhang' and B. Jacob?

'Department of Electrical and Computer Engineering, Vanderbilt University, Nashville, TN, USA

2General Electric Global Research, Niskayuna, NY

Introduction
silicon Carbide (SiC) devices are an excellent choice for high power density, high switching
frequency, high voltage applications as seen in Fig. 1. The SiC devices have:

1. Higher Breakdown Voltage (~ 10x vs. Si)

2 Lower On-State Resistance (~1/100 vs. Si)

3. Higher Temperature Operation (~3x vs. Si)

4. High Thermal Conductivity (~10x vs. Si)

well as single-event bumout (SEB), as seen in Fig. 2.

However, SiC power MOSFETs and junction barrier Schottky (JBS) diodes are both susceptible
to heavy-ion irradiation, including single-event leakage current (SELC) induced degradation, as ~ Fis-

88 3
L3883di

o
LET (Mev-cm*/mg)
Fig. 2. Measured degradation mode thresholds as nctions of
appiied bias and LET for a 1200 V SIC JBS Giode, ater
Wi of s, TNS 2018.

ety

Conpaten of SC_eant
properties matodits,  sfor
i oo, GPECOM 2022

SEB-Hardened SiC Devices

+ Space environment comprises of
trapped particles such as protons,
neutrons and heavy ions, solar protons
and heavier ions, and galactic cosmic
rays (GCRs) as shown in Fig. 3

But currently, there are no rad-hard
SiC devices that can be operated
reliably over a bias voltage of 250 V in
space environment

. 3: Composton of Space Envicamantaher
K Endo, NS! Japar

* In collaboration with GE Research, Vanderbilt Unlverslty has designed
rad-hard SiC MOSFETs and diodes for the SA Lunar Surface
Technology Research (LuSTR) program that are |n(ended to be reliably
operated up to 1200 V without any catastrophic SEB as shown in Fig. 4

« Previous research at Vanderbilt has shown that the mechanism of SEB
in SIiC devices is related to electric field modification that results in a
nearlv short circiit betwear, .‘.1:,"""" and tha drain rantart_

N-drift layer
(epitaxial layer)

Esithcknes (um)
‘Schotty diode, after Ball o sl TNS 2020

5, & () Tyl oussectons o plaac. veral pows

Heavy-ion Irradiation Testing

Short ion path Long ion path
P s _________ il
wemmmm e L g ) (G [
£ e [y Z <
H g
= T—
3 —— ——— | § -
§ - - ] 8 1wy O Sy
i P % ;. o o
“ * Time s)
. 5. Cumnt e vrss s et Shoatng w0 o g

agrdatin o SE3 dutog racaion s O o wth LET = 7 Mok
cméimg with & fux of approx. 10° ionsifcm-s) al VU Peletron e versus time showing SELC
s oo s SEB g Ar o wih LET » B2 Moy an ok & 108 o 10 n{c-) ok TG

Cycioton (ight). ser Sengupta of o, NSREC 2022

+ Heavy-ion testing at VU Pelletron showed no SELC induced degradation
or SEB up to a bias of 1400 V as shown in Fig.5 (left)

+ Heavy-ion testing at TAMU Cyclotron showed SEB at 500 V with long-
range ions, as shown in Fig.5 (right)

Forward Bss Votage, Vi [V

vonages:
post-radiation with r-mmmuszu-vwmuuumww,m-vw
o e g e Bk o T3 s V) P ot

. Pre—rad and post-rad sweeps show the JBS dlodes were fully functional

e targel design, afler Sengupta ef al, APS‘DS 2022

« [gesults from a new experiment at the Vanderbilt Pelletron, shown in Fig.
(@), demonstrated that for short range ions that do not fully penetrate

with short-range ions at VU Pelletron but failed post-
|rrad|anon with long-range ions at TAMU Cyclotron
+ 1700 V and 3300 V SiC devices were also irradiated at TAMU Cyclotron

e epitaxial region, the ions are ble of causing any
damages such as SELC induced degradatlon or catastrophic SEB

« This supports the concept of increasing the epitaxial layer thickness to
combat SEB in the devices up to a higher bias voltage. The specific on-
resistance and breakdown voltage have been plotted in Fig. 4 in terms of
the epitaxial thickness

+ Two new devices are being fabricated leveraging existing 3.3kV design
to speed up the design flow, and optimizing epitaxial thickness based on
data shown in Fig. 7 and an estimated range of SEB performance for the
new device is also shown

J

o0
e T - Comparing the SEB
A g mov threshold observed for
e the 3300 V devices in
* ol Fig. 7 with that observed

for the 1200 V and 1700
o V devices support the
idea of increasing the
SEB threshold by using

JRp— LET - 445 MoV mpin)

o m‘mm-:»:hmdmumszuinmvmwm( | o sormeter, optaxkd
@ ;
e s withpious dta om Ball o ol TNS 2021 Region a ) thickness for the new
Tange of Sveshod o SEB i devces WHh el lesign

ol ciness

. ! !s !om !e recent expenimental an! simulated heavy-ion responses in SiC power devices indicate that ions having range less than the epitaxial

thickness do not cause degradation or catastrophic failure even above the rated breakdown volvage

+ Heavy-ion irradiation test results and device simulations have been used to

the
electrical performance resulting in a simulated design that meets the LuSTR goals for electncal breakdawn SEB vohage boundary, and on resistance

for SEB and

gate and source design and modified su

« The newly fabricated devices use the epitaxial thickness of a GE 4. 5 kV device to achieve the targei SEB threshold combined with a freshly engineered
rface to redi penalty

a4.5kV derated device
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S. G. Alberton!, A. C. Vilas Béas®, N. H. Medina', M. A. Guazzelli®, *Department of Nuclear Physics, University of Séo Paulo, Brazil
V. AP Aguiar’, N. Added!, C. A. Federico®, O. L. Gongalez®, 2Physics Department, Centro Universitirio FEI, Brazil
T. C. Cavalcante’, E. C. F. Pereira Jinior’, R. G. Vaz? 3Institute for Advanced Studies, Brazilian Air Force, Brazil

1. Introduction

pha particles and neutrons can induce Single-Event Effects (SEEs) in power transistors. Few studies have been published for alpha-particle- and neutron-induced

SEEs in UMOSFETS, the current main candidate to supplant the traditional DMOSFET technology, and in the state-of-the-art GaN-on-Si HEMTs. In this work,

experimental results of SEEs induced by 4.8 MeV alpha particles and quasi monoenergetic fast neutrons provided by a Deuteron-Tritium neutron generator in

DMOSFET, UMOSFET, and GaN HEMT are presented. The neutron-induced SEE responses of these devices are compared to the response of a silicon detector. The main

aspects of the ion-induced charge collection mechanisms in the UMOSFET are discussed. Based on an existing model from the literature for SEE worst-case response
redi n in DMOSFETs, an improved predictive model for SEB worst-case response in UMOSFETs is being develoj

T

* Alpha-particle irradi

+ Experimental
Devices under test (DUT) were positioned for

0/ $ 1 0 1 o ol s
0 spectroscopy was carried out by using standard
NIM electronics. In order to have better

comparison between Si-based technologies,

SRS, S, Stk ekt

BVps were chosen.

onec praae
1

[ —)

Coliectea charge principel peak centrod (top) and SEE cross

(19p) 30a the UMOSFET (bottom) for several Vp. The charge.

1<n) sna i e tench corn of the UMOSFET (Baig.
Springe, 2010,

yield of about 10* n/s with ~14 MeV.
> * Single-event burnout (SEB) worst-case response F
After Titus et al. (IEEE TNS, 2003):

74333 BY,s  382-2] | Vps

19%57&92"083'F>.1*-'@&*-(*)+$'X* %< 5D*>N.&(80.& e
0*+)5'S)&3*>.¥2)&.3*0)P%

112-2| [BVps D ——
actectorpostonca.

The SEB worst-case response in DMOSFETs can be studied based on the charge

deposition. A computational model is being developed to improve the SEB worst-

case prediction in UMOSFETs.

+ Computational

A pseudo-drift-diffusion model proposed by Wrobel et al. (IEEE TNS, 2006) was

e
— l l I l l I — l l l — l l n used to calculate the alpha-particle-induced charge in the UMOSFET. The charge " s st i | TN w il n
— — - - collection efficiency is given by the solid angle of the sensitive volume (SV) viewed e e 4 v i
— by a point P 1T ”'“\» * w = T »: r—) o
[ ] ’ [] u n (p) Solamneniih It ———
Qeot = Quep(P) =~ ey specren " Coteces cnre specnam rom the eracion o 13.63)

setctor. h:mmu'lﬁ(ml)uu e e s o e e o
trsitors.

5 urtce beam ‘_(‘ e 0 s
The device parameters and S — A et e

11 1 1l | [ 4] 1 were used as input of the e = L \i.‘?:“”“ + Charge collection and SEB worst-case prediction
— u — — L] — N code. The collected charge was extracted by n =
0 — — 0 — 0 — fitting a gaussian curve in the charge spectra. st loatrack
3 u u L] u n u e Es . I
wa s 4

i\

{

L) [“ e o ey
g ¢ s

Springer, 2010): o - a
534 x 101 26y VM]‘/’ Wrobel et . (IEEE TNS, 2006).

el

BVps eNy

irosr Energy Tarafor Ho @ 480 Wl

AT D T SRR R
DMOSFET (5. Aberton, Microsiecron. Refish., 2033). ooy

Next steps

Systematic study comparing the SEE response of DMOSFETs and UMOSFETs (BVps =
5 et Feemes o P (40,60,100,150,250] V) under alpha-particle, heavy-ion and neutron irradiation.
e e o ot ey Tests with fast neutrons were carried out (under analysis). The heavy-ion-induced SEB
P ABOME ko g M e (OW, \ worst-case response of these devices will be compared to the predictive models. )

at ion-induced carrier s a prominent in the UMOSFET technology. In general, it results from
UMOSTEr s more susceptble than the DMOSFET to suffer fom SEEs, except for very low Vs The high suscepiblty o SEEs i the UMOSFET i atibuted to s high cell d:nmy and the intense electric field
near the trench gate corer. Among the tested devices, the GaN-on-Si HEMT presented very high robustness to SEEs induced by We provid of Titus et al.
s relevant for SEB failure prediction in DMOSFET. Although this model is not able to reproduce the o UMOSFETs, an -mplememm :ompm:tmal model was able to
successfully reproduce the charge collection in the UMOSFET. Based on this model, an i ictive model for SEB ponse in UMOSFETs will
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