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Introduction

®* Second phase of an ongoing laser SEE research collaboration with
the European Space Agency
e Utilising MBDA's Single Event Radiation Effects in Electronics Laser (SEREEL)
* Principal research topics
® Laser Memory Mapping
* Laser SEE sensitivity profiling using multi-wavelength testing
® |Laser SEE testing of complex devices: Pulse Width Modulators

* |n parallel: design and implementation of a second generation laser
SEE test facility known as SEREEL?2
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The principles of laser SEE testing

SEREEL 2 (CONCEPTUAL)

CONTROL PC DEVICE TESTING PC

- —

PICOSECOND PULSED
LASER {with computer
controlled wavelength
adjustment)

- f
o
_ ‘
=
o u

PULSE CCD CAMERA
ENERGY {reflected pulse
METER energy monitoring)
C_ -

MICROSCOPE

CDNTINUDUS{ NEUTRAL DEVIC
ADJUSTABLEPULSE DENSITY UNDER
ATTENUATOR {circular FILTERS  TEST
linear wedge NDF)

SENSITIVE CCD
CAMERA {test pulse

VIBRATION COMPENSATED OPTICAL BENCH energy monitoring)

THREE AXIS
POSITIONING
SYSTEM
{(Manual and
computer
controlled
with 2-axis
tilting & DUT
rotation)

Ref. DITEC-QCA FPDay : - Page 3 - 25/5/2005

This
© MBDA

is document and the information
UK Limited 2003.

ion contained herein is proprietary information of MBDA UK Limited and shall not be disclosed or reproduced without the prior authorisation of MBDA,

V (¢ /-7 20 -

MISSILE SHYSTEMS



Memory Mapping and lon Beam MBU Mapping

Laser Memory Mapping - Error Patch Approach
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Using laser map to plot ion beam upsets in the Cypress CY7C109 -

* Using the laser-derived maps to
plot previously captured ion
beam upsets in a 1Mbit
CY7C109 showed previously
invisible spatial clustering
indicative of MBU'’s

®* The clustering was not present at

1MeV cm?/mg, but increased
with LET and became very
marked at 34 MeV cm?/mg

* The figures show upsets plotted

over the same sub-section of the

die at 1 and 34 MeV cm?/mg for
the CY7C109
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SEE Sensitivity Profiling — Variation with Depth

chit _
Eabs (1(4)) T(4)

See “Probing the Charge Collection Sensitivity...” IEEE
Trans Nuc Sci, pp.2969-2976, Dec 2002 for details
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Example of the sensitivity profile derived for the Cypress CY7C109 -

®* The approach often gives a profile that changes sign at different
depths

* The interpretation is that ionisation may cause charge to flow on or off a memory
cell node depending on its location relative to the node

* The sensitivity profile seems to range deep into the silicon due to

the relatively high sensitivity to infrared
®* This seems to be a laser version of the charge funnelling effect seen with ions

Cypress CY7C109 (0.42um) SEE sensitivity with depth
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Laser SEE Testing of Pulse Width Modulators — Test Circuits
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UC1825A PWM test circuit
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Laser test pulse locations for the UCC1806 (thresholds in MeVcm?/mg)

6. INV 5. NI 4. C3+ 3. CS-

. ? VREF

2. VREF

1. CURLIM

16. SHUT
DOWN

10. SYNC

- b . 15. VIN
At b B R L ot - : ) | KEY
e e e S e - _ . = pULSE
q.*lﬂ;.lﬂ;ﬂﬂlllﬂl.lhﬂ . -'-:_"" . .- . . PULSE
""" Sesen s T REPEATED
WITH
SECOND
DEVICE

e T

11. AOUT 12. GND  12. GND 13. VC 14. BOUT LATCH UP

39 SHOT MO &
APPROX LET
Ref. DITE THRESHOLD

nd the information contained herein is proprietary information of MBDA UK Limited and shall not be disclosed or without the prior i of MBDA,

This d it and the .
©MBDA UK Limited 2003, MISSILE SYSTEMS




Laser test pulse locations for the UC1825A (thresholds in MeVcm?/mg)
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Matching laser and ion SET’s in the UC1825A
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Theion induced SET (above)
matches the laser induced SET (top
left) located in the error amplifier
circuitry, rather than the laser
induced SET (bottom left) located in
the soft start circuitry

mmm) lon strike probably hit the error
amplifier
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Laser induced latch-up & delayed latch-up in the UCC1806
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One very small latch-up sensitive
location was found using the SEE
laser.

At large laser pulse energies,
latch-up was immediate, but, near
the threshold laser pulse energy,
latch-up was typically delayed to
tens of microseconds after upset
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NSREC Paper

We will be giving a paper on the laser
testing of the PWM'’s at the NSREC
Conference in Seattle in July

“Laser Simulation of Single Event
Effects in Pulse Width Modulators”

Paper #PF-6 Thursday 14" July
14:30 —17:00
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New laser system for the Single Event Radiation Effects in
Electronics Laser (SEREEL) facility — SEREEL2
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SEREEL2 Laser Commissioning at Quantronix in New York in April 2005
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SPAESRANE Website

®* More details of SEREEL and updates on the imminent commissioning
of SEREEL2 may be found on the SPAESRANE website

* hittp://www.spaesrane.com/

* SPAESRANE is the UK research consortium for Solutions for the
Preservation of Aerospace Electronic Systems Reliability in the
Atmospheric Neutron Environment

/3 Project SPAESRANE - Microsoft Internet Explorer provided by CSC AaHandwiting 47 Diawing Pad | [32)] Gl =1
File Edt ‘View Favorites Took Help ‘

I o D it B 5 @B .
Back | Fowsd | Stop  Refresh  Home | Search Faverites Media  History | Mal Pt Edi Discuss
Address [ ] hitp:fuwm spassrans. comhtmifartich @60 |Links >
! Articles: About SPAESRANE
» Abaut SPAESRANE | Intraduction + Edit Profile
+ Nows | |+ Adrin Fansl
» Cantact SPAESRANE | |+ Lagaut
» Search site | '
| Latest Articles
B ; . myBDA | smtths BT sl
+ Fils Downlasds | ne s el
+ Singls Ewsnt Effacts (SEE]
» SPAESRANE Research RIVERSITT
» SPAESRANE Databases  OF CEWTRAL
———— LANCASHIRE
» Discussion Forum GOODRICH
» Wb Links
» Photo Gallery -pvy
+ Subrmit Link |
» Submit News | -
+ Submit Articls : LANCASTER K SURRGY’
+ Jnin SPAESRANE | SPACE CENTRE
|
Guests Online: 0 ! —
Marmhers Onlins: schuag ) ) " |
Solutions for the Preservation of Aerospace Electranic Systems Reliability in the Atmospheric Neutron |
Registered Members: 10 Enviranment |
Newest Member: m_knight |
The UK Departrnent of Trads and Industy [DT1) is c-funding s resssrch programms that is Inaking into the |
| problsms caussd by cosmic radistion - the constant barmhardment of the Earth's stmosphers by chargsd |
| particles - and the serious effect this has an modern aircraft electranics, Under the contract, MBD#, one of |
| the world’s leading quided missile systems companies, is heading s team involving BAE Systems, Smiths |
| Aerospace (part of Smiths Graup ple) and Geodrich Corparation as well as several leading UK academic |
| institutinns (Univarsity of Lsncastsr, University of Cantral Lancashire snd the University of Surrsy) . This i
Bl R R N e e | =]
& [ [ [ nkemet

Start H &0 |J &7Project SPRESRANE - ... | (3] Control Panel B PHO W@, s

Ref. DITEC-QCA FPDay : - Page 16 - 25/5/2005
NIEeBirrs

This document and the information contained herein is proprietary information of MBDA UK Limited and shall not be disclosed or without the prior i of MBDA
© MBDA UK Limited 2003. MISSILE SYSTEMS



http://www.spaesrane.com/

Conclusions

* New techniques for laser mapping of memories developed

* Rich menagerie of MBU'’s seen at high LET on mapping old ion beam data

* Laser depth profiling of SEE sensitivity demonstrated

* |onisation at different depths causes different direction of charge flow relative to
nodes

® Longer wavelengths (infrared) penetrate the silicon to produce funnelling of
charge from the substrate

* Laser SEE testing of PWM’s

® Can infer locations of ion upsets on the dies through correlations with laser
induced SEE

® Laser testing showed delayed onset of SEL near the threshold

®* Second generation laser SEE facility (SEREEL2) to be installed at
MBDA in June
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