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65 nm SRAM

E""I ! L ! L | 'i/
Am-mé_ i
5 - i
8 F
o F
‘_%10-12%
O =
3 C
o E
s f ]
© 10" * "'*'**-.n. -
3 f
m »

E .|

ﬁ:-...l Ll T |

107 1 10 100
Proton Energy (MeV)
[Sierawski ef al., TNS 2009]
n N . yc\@;s;
///IV L

2

Background

Historically, protons
only caused SEEs
through nuclear
reactions

PDI also causes
SEEs in modern ICs
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"we"" _ Proton direct ionization has been a hard problem
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because of energy straggle

Energy straggle
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Proton direct ionization has been a hard problem
because of energy straggle

Energy straggle
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* Proton energy straggle can be reduced by testing at low energy
facilities, in vacuum, without degraders, on decapsulated DUTs
* Very costly and time consuming, and doesn’t eliminate straggle

* Energy straggle forced previous studies to either
1. Only use data qualitatively
2. Build a calibrated model
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What’s new in this work

« Use of a degraded high-energy proton beam to
predict PDI error rate

« PDI angular effects
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Space Proton Environments

« All shielded space

1.E4+08 -

environments have —GEO worst day, 20 mils Al
qualitatively similar 0T ~GEO warst day, 100 mils Al
| t -,' 1 E+06 ==GEO worst day, 500 mils Al
ow-energy proton S - | — 1SS orbit, 20 mils Al
g —ISS orbit, 100 mils Al
spectra, regardless of ?._ 1.E+05 1 ==ISS orbit, 500 mils Al
¢ Orblt P 1.E+04 -
o1
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« Shielding thickness x
. . . = 1.E+02 -
« Shielding material -
S 1.E+01 -
e
(o]
E 1.E+00 -
« Assumption: Only 1.E-01 -
protons that reach SVs J7’F. T . W—
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A space-like energy spectrum, in the lab!
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—GEO worst day, 20 mils Al

—GEO worst day, 100 mils Al

«==GEO worst day, 500 mils Al

—ISS orbit, 20 mils Al

—|SS orbit, 100 mils Al

===|SS orbit, 500 mils Al

® 70 MeV, 28.9 mm Lucite and TRIUMF BL2C

Normalized Proton Flux (m2-s-sr-MeV)1
=

« 70 MeV proton beam
can be degraded to
reproduce space’s sub
3 MeV energy spectrum
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Normalized Proton Flux (m2-s-sr-MeV)!

A space-like energy spectrum, in the lab!

N
1

—GEO worst day, 20 mils Al

—GEO worst day, 100 mils Al

===GEO worst day, 500 mils Al

—ISS orbit, 20 mils Al

=—|SS orbit, 100 mils Al

===|SS orbit, 500 mils Al

® 70 MeV, 28.9 mm Lucite and TRIUMF BL2C
¢ 20 MeV, 3.5 mm Lucite
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« 70 MeV proton beam
can be degraded to
reproduce space’s sub
3 MeV energy spectrum

« Significant energy
straggle is necessary
to reproduce
environment of interest
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TRIUMF’s proton
beamline

* Increasing degrader thickness
decreases the average proton
energy

degrader thicknesses « Certain degrader thickness
1000 - \ maximizes flux of sub 3 MeV
=—24.0 mm, Sim. protons

—28.4 mm, Sim.
28.4 mm, Meas.
—28.9 mm, Sim.
-—29.4 mm, Sim.
29.4 mm, Meas.
\ |—29.9 mm, Sim.
29.9 mm, Meas.

100 -

 IBM 65, 45, and 32 nm SOl SRAMs
were irradiated at room temp.
65 nm data presented here
* 45 and 32 nm data in the paper
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Increasing angle increases PDI cross sections
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Substrate removed down to
BOX using XeF, etch
[Shaneyfelt et al., TNS 2012]

Backside irradiation through
only 150 nm BOX = same
energy spectrum reaches
SVs at all angles

Cross sections increase with

angle due to increase in

effective LET

« PDI rate predictions

must account for
angular response.
Angled tests not usually
done due to increased
energy straggle
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PDI susceptibility best detected at large angles

T ol * Irradiated from backside
s through BOX and 350 um
£
E substrate
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PDI Error Rate Calculation

™
S 1.E07 =
nE Sensitive Volumes
g 3
1.E-08 =
15 i DUT
5 €
(8]
2 --80 degrees €
“ 1E-09 - ®-65 degrees P - < Beam
o #-45 degrees = P
O & 0 degrees _ - fluence
: ~
" 1610 - < report-e-d
0 10 20 30 40 50 60 S by facility
Average Proton Energy (MeV) 19
SEU Cross Fraction of SEU Cross Section . SEU Cross Section for
. fluence that Probability . .
Section of ... |for<3 MeV space . isotropic < 3 MeV
Angle reaches sensitive proton strikes
Peak volume plane protons at this angle space protons
2 . 2 . 2 .
(cm°/Mbit) with < 3 MeV (cm”/Mbit) (cm°/Mbit)
0° 4.2E-09 3.2E-08 0.18 (0°-35°)
45° 4.1E-08 3.2E-07 0.25 (35°-55°)
0.13 —— 7.9E-07
65° 1.5E-07 1.2E-06 0.31 (55°-75°)
80° 1.7E-07 1.3E-06 0.26 (75°-90°)
Sandia
VA =) ;
N A4 12 () bt




PDI significantly contributes to total SEU rate

100%
o I Heavy ions
s 80% B Proton nuclear interactions
o
- B Proton direct ionization
w 60%
(7]
o - The environmental models
S 40% - used in this study (and
r] previous studies) do not
¥ 20% - account for secondary
protons generated in
0% - shielding, which can

& < & < S < 5 < dominate the flux of low
o2 o2 o2 o =2 ener rotons [J. Adams
BE ©®E wE wE 9y P [ ’
s s Q& Q& TNS 2012]

g 2 g B 2 B « Therefore, PDI may

tuD tuD contribute more to the

total SEU rate than
shown in this and
previous studies
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i
Method also works on encapsulated parts

1.E-05
-®-65 degrees, through subs
E 1.E-06 —4-65 degrees, through subs and Al plate
'§ ' 65 degrees, through PCB and BEOL . ]
£ « Thicker package materials
€ 1e07 shift curves to higher
g energies, but peak cross
© 1E08 section is nearly identical
&
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Summary

* A high-energy proton beam can be degraded to produce a low-
energy spectrum that matches that of all shielded space
environments

* This observation dramatically simplifies PDI rate prediction,
allowing tests at high-energy facilities, on encapsulated parts,
without knowledge of circuit design

» Practical guidelines for applying this rate prediction method are given in
the paper

* Increasing beam angle increases proton effective LET and
increases PDI cross sections
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SEU Cross Section (cm? Mbit)
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