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Galactic Cosmic Radiation (GCR)

GCR inside material
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Process for lonizing Radiation Analysis
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Why a new test method?
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U.S. Radiation Facilities

Testing Facility

; ersi
Cyelotron-Facility
fuchH

Brookhaven Tandem
Van de Graff Generator
(TVDG)

Texas A&M University
Cyclotron Facility
(TAMU)

Lawrence Berkeley
National Laboratory -
University of California
at Berkley (LBNL)

NASA Space Radiation
Laboratory (NSRL)

Beam Type

High-Energy Proton

Low Energy Heavy lon

Low Energy Heavy lon

Low Energy Heavy lon

High Energy Heavy lon

Cost

$675/heur

$1250/hour

$900/hour

$1300/hour

$5500/hour
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Concerns for Traditional Radiation Testing
of Electronic Parts for Deep Space

* High Energy Protons (>= 200 MeV)
- can only test to LET < 15 MeV/mg/cm?2
- can not be used to certify hardware for deep space

* Low Energy Heavy lons (O<LET<100 MeV/mg/cm?2)
-requires that parts have to have packaging removed (de-lidding)
* Extra parts required for purchase (~50% survive de-lidding process)
- De-lidding/test board setup process may impact schedule
- Limited ability to test circuit/system (only piece-part)
- Typically takes ~8 hours/part-type to characterize (at ~$1100/hr)
- Trends in part technology preclude the use of low energy heavy ions

- Costly! NASA/MPCV/Orion spent ~$1.2 million between 2011 and 2012
I(bgamh |me)only - does not include any of the sub-contactor costs or associated
abor hours

*depends on packaging style




2D Integrated Circuit Cross-Section

B 30 vias
B vetal

Deposited Oxide
1 Buried Oxide
. Silicon

a)
3D Integrated Circuit Cross-Section

Tier 3: inverted
& no substrate

Tier 2: inverted
& no substrate

Tier 1: similarto a
20 circuit

b)
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New Technologies & Commercial Parts

Can the packaging
S

be removed? Is this
a flip-chip

technology?

How do we test
these technologies
at low energy
facilities?
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Modern Parts Example: Altera Hardcopy IV ASIC
Heavy ﬁ‘ ' '

Date :14 Feb 2011 Honeywell

. 2
Date :14 Feb 2011 Honeywell
EHT = 20.00 kV

EHT = 20.00 kV

Failure analysis Laborator

Failure analysis Laborator

ASIC 40 nm technology — high priority
part for Orion Flight Computer
- Expensive part (several $100k) <o ty w5 .
- For Orion Lunar mission, need to E ¥ A *
qualify part to LET >= 75 MeV-cm2/mg <
- Attempted to remove ~750 microns of ¥ p°
Si, but couldn’t without damaging part b
- At conventional heavy ion facility 8 16w T ————
f\-/erMU), max LET achievable was 18 Wi Lissitieg] Crers Section = 230 x 107 oo it
eV-crm2/mg S e, || e s e
- Part SUCCESSfully characterized USing R 1 20 a - 5 i T & w 100
VDBP at NSRL LET (MeV-cmiimg)
Ref: “Qualification of an Automotive-Grade, State-of-the-Art ASIC for Natural Space 9

Applications”, L. Hoffmann, IEEE NSREC REDW 2013.



Variable Depth Bragg Peak (VDBP) Method
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Brookhaven National Laboratory

NASA

Space

Radiation

Laboratory VAR
(NSRL) froteci QS

LINAC NSRL iy
b ”
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BOOSTER
o n )
- ‘A .'r"" R

ECL 75 Brd i s B ) ol
1) Tandem (2-20 MeV/n) or EBIS/LINAC (200 MeV)
2) Booster: 20 MeV/n —2 GeV/n (NSRL gets beam from here)
3) AGS: 2 GeV/n-28 GeV/n

4) RHIC: 20 GeV/n—200 GeV/n
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Provides ions with
specific dﬂage level

Traditional

radiation
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Dehdded Electronic Part

Cyclotron

Test

In the medical industry, cancer therapy is used to =
focus ionizing radiation beams on tumors. They

place the Bragg Peak on the tumor which deposits
energy in the tumor thus destroying it.

————\

Sensmve
Volume

Degéer Step
d
VDBP i 3l
Test
(C. Foster, P O’Neill
— NASA JSC)

=Ll

A

Xe Au

Ne

# Errors

Damage

Energy deposited (damage) in the
sensitive volume causes errors.
more damage = more errors/failure

Degrader Wheel Placed Here

Applled to
electronics...

Electronic Part with Lid

Ref: “High Ener%/LET Radiation EEE Parts Certification Handbook”, B. Reddell, JSC-

HDBK-07-0001




Degrader
System at
NSRL

NASA Space Radiation
Laboratory at
Brookhaven spent ~$50k
to develop degrader
system for VDBP
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NSRL Spill/Intensity vs. Time
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whecs from trigger

Injection and Acceleration

There is a concern for
certain error modes that this
beam profile will impact
testing: This has not been
observed to date.

I = 3.3 seconds
End of Spill

I = 3.0 seconds
Start of Spill

Ramp
Down

t =0 seconds
Start of Cycle

- Nominally a 0.4 sec spill every 4 seconds

I = 3.8 secods
End of Cycle
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NSRL 20cm x 20cm Beam Intensity

- ~100<Flux< 1e6 (or higher) particles/cm2/spill (spill every 4-5 seconds)
- Beam spot as low as ~ 1lin x 1in for piece part testing

- Large beam spot can be used for system level testing 15



-‘ Electronics Testing ‘

lon Species [1]
H'
sHe?
2He*
EGIE
3'[}15
1oNe??
1451
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EEW
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NSRL Available Beams
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Max Energy 21 | LET in silicon at Max Energy [6]

{MeVin)

2500
1000
1000
1000
1000
1000
1000
1000
350
1000
1000
383
228
342
165

{(MeWi{malcm?})
0.00171
0.0069
0.0072
0.066
0117
0.183
0.358
0.528
0.857
0.524
1.235
3123
875
1432
247

Peak LET in silicon | Range in silicon | Max Flux (3]

(MeVi{maicm?})
0.530
1.45
1.5
54
7.44
9.77
14.5
181
18.27
240
286
401
611
433
90.2

{millimeters)
5470
1910
1705
568
426
341
243
206
433
169
141
26.5
8.23
10.6
70

{ions/=pill)
2 210
0.88x10"
0.88x10"
1. 21010
0.4x10%°
1. 21010
0.3x10%°
0.2x10™
0.02x10'®
0.08x10'°
0. 2x100
20107
5.0x107
3.0x108
1.0x10%
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N\ e | N

VDBP Model
Exposure Set Up
ION CHAMBER I ALUMINUM VACUUM WINDOW

HIGH ENERGY IONS
FROM BOOSTER

~ < I

COPPER SPREADER

7 I‘\

POLYETHYLENE DEGRADERS CU COLLIMATOR

Known: lon Species (Gold, Iron, Carbon, etc.)

Energy of lons from Booster Synchrotron, Eg +/- AEg

Need to know: Energy of lons at DUT, Ej +/- AE,
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(raw)
— -
€ 1es LA VDBP - Analyzed Data
L v
S w .
"g 1E-4 '
%@
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5 1E-5 v
@ v
L
3 W 8 217 MeV/u Au - RAW DATA (Depth to SV = 0.0 mm)
o 1E86 ¥ ¥ 139 MeV/u Fe - RAW DATA (Depth to SV = 0.0 mm)
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VDBP - Total lonizing Dose
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VDBP — Quick (< 1hr) screen, i.e. Destructive Errors
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VDBP Validation/Results Examples
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VDBP Validation (Single Event Upset)

High energy Heavy lon Data - NSRL - October, 2010
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FreeScale SRAM
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Weibull parameters for fit to low energy
heavy ion data from Berkeley

SigSat = 1.00E-09 cr/bit

L0= 0.775311 MeV/mg/cre?

W= 5597938

5= 0.951704

Bits/Device = 4.00E+06

Cross-section rises for LET(S1) higher than
about 30 MeV/mg/cm? due to multi-bit errors.

B8 Au 165 MeViu from front
-8—H8 Au 165 MeViu from back
Fe108 MeV/u from front
—7— /- Fe 108 MeV/u from back
——¢- C 58 MeV/u from front
— w « \Neibull fit to low E HI data
& & Berkeley - Front - with substrate
& < Berkeley- Back - without substrate

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
LET(Si) (MeV/mg/cm?)

Ref: “Variable Depth Bra

O’Neill, K. Nguyen, et

gl% Peak Method for Single Event Effects Testing”, S. Buchner, P.
al., IEEE Trans. On Nuclear Science, Vol. 58, No. 6, December 2011.
(IEEE NSREC 2011 Outstanding Paper Award)
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Device Cross Section (cmz)
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Single Event Latch Up Validation

JAZZ Test Structure Latch Up Test AD9240 Latch Up Test
126.6 MeV/u Iron - Temperature 30 C 1724 MeViu Gold
Dsv =0.11 mm Dsv{Digital) = 0.552 mm, Dsv(Analog & All} = 0.618 mm
Variable Depth Bragg Peak Method with SOBPk.for Variable Depth Bragg Peak Method with 50BPk.for
[ jEEEREE: _" EEEANE) (AEENNESSNESEEEEEEE | Digital Waibull: — —
1 ./ SigSat = 4 38E-4, LO =120 L L
172 MeViu Gold ;é‘ |w-93.ur.5-2.923 [ . = =J£J'""'-
1E-4 L l—&
‘;-" i Analog Waibull ' X L gy
LE HI Weibull: 8 | Sig_Sut =5 235-4. L0 =24.18
SigSet = 4.68 £-3, L0 = 0.996 3 [W=058.47,5 = 3523 :
W=2478,S=469 L +
e 1E-5 .
OO VDBP Data VDBP Weibull (same LO as LEH! Weibull): 9
—— VDBP Weibull (same LO as LEHI Weibull) SigSat = 8.43 £-3, LO = 0.996 <]
@ @ Low Energy Heavy lon Data - N. Dodds y - i .
— " LE HI Weibul W=238,5=563 Ln:. () Digitel Latches
7 Tour wetn VDBP Weibul 3 e 00 AlLegbes
SigSat=1.04 E-2, L0 =7.46 £ 27 Digital Wedb
_______________ W=4757 S=1221 = === Analog Weibull
- g
- —— Analog +Digital Weibul
e 406 B7, L0 =148 3 ® @ IEEE Trans. Nuc. Sci., Dec. 2001, p1833
W=3885=18 z 1ET ¥ ¥ NSREC 2001 Data Warkshop, p100
=]
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 - ;
LEVON (Menglcmz) o 0 20 30 40 50 60 70 B0 20

LET(Si) (MeV/mgicm®)

Results of the VDBP measurements of the latch up cross-sections versus LET(SI) for the
Analog Devices Inc. Vertical error bars are for counting statistics only. Horizontal error bars
indicate the estimated uncertainty in assignment of the LET(Si) values.

Ref: “Validation of the Variable Depth Brag%Peak Method for Single Event Latchup 23
Testing Using lon Beam Characterization™, S. Buchner, et al., IEEE Trans. On Nuclear
Science. December 2014 (TBD).
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The End — Thanks!
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