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Outline of Presentation

+ A Changing Electronics
World
+ Cost of Doing Business
Sample Shortcomings
~ Radiation Test Methods
'+ A Poster-child for New
- Technologies: Field

CMOS Electronics Technology Trends @

— Scaling trends (smaller feature size) resulting in:
* Increased gate/cell density per unit area (as

well as power and thermal densities) "
+ Lower supply and logic voltages (<1V) o
— Reduced electrical margins in a single IC "

* Changes in materials
-~ Use of anti-fuse structures, phase-
change materials, alternative K
dielectrics, Cu interconnects (previous -
Al insulating substrates, uitra-thin :
oxides, etc... . . o
- — New material leading to unknowns in .
_ radiation response and physics of failure
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The Changing World of Radiation Testing of Memories -
Comparing SEE Testing of Commercial Memories — 1996 to 2006

« Device under test (DUTs): « Sample Issues for SEE
Commercial Memory Testing
— For use in solid state - Size °g f“emw! iy on tester sida
2 4 rives complexity on tester side fo
recorder (SSR) applications amount of Sterage, real e proceasing,
R 1 996 and length of test runs
- . Speed
-~ SRAM memory : « - Difficult to test at high-speeds reliably
x . . : ~_ . Need low-noise and hlgh -speed test
~- 1 um feature size : ; - fixture
3 , 4 Mbits per devlc'e E N i : e Classig bit ﬂips {memory cell} exlended

1o include transient propagation (used to. it :
- be 100 slow a devics to respond) -
Thermal and mechanical issues (testing -~
in airlvacuum)

~* <50 MHz bus speed

D
(est boml fixture, die acces
on tests) requiring expensi

Can we test anything completely?’@

Sample Single Event Effect Test Matrix
full generic testing

‘Amount | Item
- Number of Samples
1 Modes of Operation:

. . Test Patterns "
. Frequenmes of Operataon
Power Supply Voltages
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Even Application-Specific Tests are Costly! “f-A

1936 SEE Testofa | ' 2006 SEE Yest of

4M SRAM : : 3 SDRAM
Man-
weeks or Man-weeks

Dascription units Costin$  Totat Nate Dascription | orunts  Costing  Total Note

Heavy fon at BNL 500 i Heavy lon ot TAMU 70 .

SBUTF il Wi i Inciudes eng, red, othar fo
i " Inchudes eng, rad, other to define what needs to go into
i | define whatneeds to ga into T“:r plan : ;g: “'o":'g(’, “‘mm tast sat with project,

. { i Psvics procurements 10.¢ $75.00 760.00,

Testplan . - 020 $4,000.00°  $800.00 test set with project. i Shets R R
Device procurements 10.00) $60.00 $500.00; . iMlss parts ; 100 $1,000.00.  $1,000.00 :;m\n !P.F;deimukwﬂ-

Misc parts . Sockets, connectors, ete.. | | : i Sumes package;

i T this doss not work, more

:::ilcg:::::‘mgn, i ; H S pei ey ‘Mﬂmﬂﬂhﬂlﬂ,ﬂ : d . © ‘expensive test faciity ke |
electicalandlayout . 040 $4,000.00; A e L kg peeesing 500000 NSl o 100K doa
-Board fab-and ; T > :

i . rig;
population . x © - dusign - slectrical
iBoard/testerdabug. .-
4Rldupenﬂn,l

Hypothetical New Technology Part @
Qualification Cost |

Item Cost Note
Parts Procurement $25-1000K Individual device costs can run
(500-1000 devices for from cents tfo tens of thousands
testing only)
Standard Qualification | - ' $300K
Tests . i 5 : ,
‘RadiationTestsand | $400K Assumes total dose and single
o Mbdeﬁﬂgy - = | event{heavyionjonly
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Where we are —

Radiation test methods and what has changed in the world

+ Existing test methods ¢ Examples: Recent SEE
- SEE . Phenomena
. JEDEC JSD 57 ~ Angular effects in SOI
. ASTM, F1192-00 technologies
~ TID ~ Role of single event
transients (SETs) and
* MIL-STD-8838, Test Method commensurate speed- related
, 1019.7 L - issues in both analog and -
o1 ASTM, F189206 - = . digital circuits ey
AII had prime development in = lonpenetration and range -

_the mid-90s with so _ issuesinpower and

T § VDD=3.1v
14 4 T |=0°

20 40 80 80 100

Courtesy ISDE, Uanderbittbiversity

NEPP and FPGAs- @
A Sampling of Challenges

Can we “qualify” without breaking the bank?

New Connectors
-higher-speed, lower noise
-gerialiparailel

New Silicon New Board Material
-90nm CMOS " . -thermal coefficients
-new materials | SN : : .| | -material interfaces

New Archltectures ”'
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Approaching FPGAs as a More Than a
“Part” for Reliability

. NEPBFPGA
g Task

. Develop platforms e : Develop designs that |

- Understand possible; ;- capable of R are custom taiiored
failure modes .. 5} adequately testing f- 0 i) for specific failure: i
SEEE e R e UFPGASE b ~modes

bevélop an anafysli methodology
.that correctly integrates resuits
W/ new & current requirements’

Do device level. Leverage off vendo
: Sorerage fa

\ations to tle f;
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Understanding the Complex Radiation Data —
Aeroflex FPGA showing no Single Event Transient (SET) (operat
frequency) sensitivity

| + 100 MHz
g — Weibull

40 50
LET (MeV-cm?/mg)

NEPP Collaborates between NASA Centers, Otherw
Agencies, Industry, and University on FPGA

Virtex-1I AFX
Board

USB 2.0
Interface to
Linux PC

Virtex-5 AFX
Board
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Tracking Packaging Complexity and
Reliability for FPGAs

Devices Supporting the FPGA Need to@
be Considered

Run 47, TPS76T01, lout=1A, LET= 83 MeVem'img

™
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Summary of the
New Electronic Technologies and insertion @
into Flight Programs Workshop

+  Workshop logistics + Goals of the workshop
- Held at NASA/GSFC on Jan ~ 1. The Definition of New Technology
g‘ - ':eo‘:)ztt doos : Needs to Identify ALL Major Risks
= Uver 100 attendees from Without Creating an Unsupportable
Q:dSSnRZ?SIgOE Industry, Burden and be Spaceflight Oriented
+ No'international parﬂcipaﬁon o= 20 A Path toa Risk-Acceptable.
~duetogovernment . o Technology lnsertlon Methodology

~__installation limitation  for Spaceflight -

O\?er 30 presentatlons and
s8i

m““lé‘m

Challenge to the panel - @
So What Now?

+ Dowe
—~ Put our heads in the sand and hide?
~ Run screaming and try working in another field?
~ Accept unknown risk?
« ORdowe
- Work together fo develop away fomard?
L= Cnt:cally look at “quallflcatlon 2 versus nsk
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: ]“,Agreed Insertion Approach: form “consortla”
. Govemmentwnth mdustry rev:ew\ -

Highlights of Panel Notes and Comments

Common recognition that we need to collaborate to move
forward

— Cross-organizational and cross-industry
Need to define terms clearly

— New, Qualification, Technology, Heritage, Reliabiltiy
+ Characterization vs. qualification
—. "Out of environment” usage

-

Summary and Comments @

Suggested NEPP Augmentation Areas

- Slample technical effort shortfalls were highlighted in FY07
plans

+ Example: Entire NEPP planned FY07 budget couid be used for
FPGA efforts!

— New training modules are required for new technology
insertion

~+-More than just a parts, packaging, and radiation issue .

. Currently collaboratmg with CNES ESA and others on rad:atlon
- training class (SERESSA) -

— Increased university presence' -

Shortfall of qualified parts, pack ,gmg, and radiatnon speclallsts -
_Example: Difficulty ﬁndmg us cmzens for radlation positions
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