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.A. Outline •
• Objectives

• Compensation of dcgnldlltion in extreme environments

• Evolvable hllrdwltrc, rcconfigurability, & pOlenlhl1 solution.

• OSP extreme temperature testing, results, conclusions

• FPGA extreme temperature testing, I'csults, conclusions

• Rcconfigurable Analog Array (RAA) Dc\'clopmcnt, tesls in
extreme temperatures, results, and conclusions

Ackllowletigemell/s:Tlte work tle!icribed ill I"i~' paper was
performed (11 the Jet Propulsioll Laboratory. Clllifornia
Im;/it"te of Tee/ow/ogy mltl was spollsored by ,IJe NatiOlwl
AeroIHllltics (lIId Space A d",i,,;j'trlltioll.
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..PI.. .'What? Effects of EE on electronics

•
""",I

110M

, 1

I 0 110M I

Temperature changes device
characteristics; device II still operational.

In"_ Ny be dift'_ntbe~nVinous
.re....ciR:uitIIcomponerl\S on .."... ctlip. h am also
~ with !IIndion.

Changes caUl. degradation in circuit
response 01 a commercial Op Amp.

If a circuli design I. changed 10 take in
consideration the modified device
characteristic the response may be
corrected

-

~

! ~~
CUp1, Glln_1

lrp.t sine~ f. lCDd-lz
We can map a new circuit design In a reconfigurable chip

~ ~IAPW.'(J(JJ.P1Jl
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-R. i/I1t(
How? Hardcning-By-Rcconfiguration ..,

• Idea of Hardcning-By-Rcconfigurlltion (HUR): mitigate drifrs t

degradation, or damage on electronic devices in EE by using
rcconfigurable de\'ices lind an adaptive sclf-rcconfiguration of
circuit topology.

• related to HBD - in-situ (re) design
• benefits from HBD for the resources available on the

rcconfigurablc chips.
• work well with HBI', - cxtnl layer of protection, for expansion

of limits of operation in EE: HBI' pro\'idcs sun'jvability to keep
dc\,jccs operationaillt higher EE limits,,, hilc HBR provides
adaptation to changes in device char:u:tcristics nceded for
precise functions. spccilllly for analog.

• Degenerated HBR: mulliplcxcd/switchcd in fixed circuits, c,lch
optimally designed for a temp range

• Simple HBR: circuit configuration predetermined and
memorized for llccess when needed,

• HOlt configurations arc determined ;1I-j,;t"- ,



~ow? Evolvable Hardware Solution.

Evolvable hardware (i.e. hardware that self-configures under
control of adaptation! evolutionary algorithms) can preserve!

recover system functionality by reconfigurationl morphing.

If device characteristics change with radiation/temperature, one
can preserve the function by finding a different circuit

solution, which exploits the altered/modified characteristics

• Degraded components can be salvaged

• Completely damaged components can be bypassed

.... • MAI'/l) mJ I'lI1



~ I/IIJ(
How? Reconfiguration Mechanisms..

• Most popular searches: population based. use "generate and tesC
strategies. Evolutionary/Genetic algorithms are 1ll0Slllscd
technique.

SktlCh ora similic f.\ololionllry/Gcnclk Algorithm
A "chromosomc" 1011)' simpl)' encode the control ofswitehts...cg 10100

Crosso\cr I 111111

0000
•

Output
solution

Mutation

mnnwn
[ij!jjjJJl

No

AcccpfabL
solution IY£~
found'!

Scl«lthc
best

....":"Ie II nell

population
based on old one

I \aluale
population

ro _

oI I 1 1I (lOOO

Crosso\cr and mutation lire 1\\0 common genetic operators used in crealms II nell

population.- , MAPW!f(Jj PlJl



r
~

[]
•

liiH
fff

g- ~ 0
h

rb
,

•
·~ •0

if
l~

f
if

·-~g
-

o
::c

...
:::

.

iii
I

r
r

"
'
0

=
:l

:l
l

~
-

Ii
.

•
::

t:
;;

:;
r!

!.
~

~
•

I
lI,

!!
.

.
~

3
a

1
Q

.t
'l

&.
::.
i
~

"'"
<

_
.

n
~
~

.,
0

8
.
~

0
-

6
rg"

IJ
Q

=
~'

~
.,

-
2
~

'"
_.

•

,
0

_
3

,
3

=
n
~

I
'"

~
-

3
•

I
0

'3
"

.,
-.

"
,«

·,
,

1
r=

-"
,

<
-

•
•

r;
Q

.
,

_.
3

g
Q

.'
"

o
•

_
n

","
'"

•
0

••
<

OJ"
~

3
il

•.
1l

po
_.
-

"
_.

·-
H

'"
0

2
:
.
~

•i
I

•
,

•
'"

=
>

•
•

•
0

[f]
~

0 -
.<

~
3

· ,
•

•
~

..



~
Solution: A Stand-Alone Board-Level

Evolvable System (SABLES) •
DAe

•

11I_ I ,"'..'

_IogAfr.y

...,;-

• I)SP + rl'TA

MAPW J/I/I' f'lJl•

F;ul download for evaluation of individuals

Good architecture for mOiling 10 II stlf-reconfigurllblt s)sttm.on-II-chill
• DSP board;

TMSJ20C6701 prO('eSsor
1611nlliog inllutS lind OU!lIUIS 111100 kSamples:

32 Digilall/O aI7.~MIII.

·Fils in a box 8" x 8" x 3".

-



•
Recovery of temperature-degraded
circuits - Controllable Oscillator

JPL

r=' 7' it, l:l-t:.~

i

:",~.-~.-~_.~.

.~

Evolved II room
temperature

!..... ".j
•

DetltrtOr':fe:'it
·196.60(:

IJ .\'4'.

,~=r"'

.....

...._..-
Recovered at o~ 'y ,
_196.80C i i

bxciwa ....,z;• ..,J
_0 n J.~lOtJH'1Jl



.R.. Aft(
Summary of Evolvable Hardware ..,

• HBR (hardening-by-reconfiguration), based on
evolvable hardware is a technique that extends the
range of usability of electronics in extreme
environments. The capability of adaptive sclf
configuration was demonstrated for low and high
temperatures.

• The challenge of conventional design is "clllaced
with that of desiguing a recovery (e.g. evolutionary)
process that automatically performs the (re)design in
our place. This may be IUlrtler '''all doing the design
tHree/ly, but milkcs autonomy ilnd adaptation
possible.

- "
IoIAJ'W 10IJj f'!J:



-p.. Testing ofDSP (TI) under .-
Extreme Temperatures

Objective

• Problem I, solved In less
than 1 mlnul., Ifter "64
generations•- . ~-

I.. ) . --
~ ...•J~

~ -1lf.'1l'-1~. ~''':. __ .~.._.~~,
V ...~

.:. Assess the eleelrkal bdl8\ ior of the Innovative Integration board
containing a Oigital Signal ProceS!lor (DSP) \\ilh it.s ,ITAG
(Blackhll\\k) connector al ('\Ifeme 10\\ tempt'ralures 10 dCHloll
Self-Recollflf.:llr11ble Elf'{·'ro"i£·.~ fllr 1:.:\"lreme Em'if/Jllllle"'.1 (SHE
EE).

•:. The objrctiH of the c\pcrimcnl is to determine the 10"('SI
temperature al whkh the OSI) component Clln 0pt'rate.

• • DSP WilS telted by runmng
iI simple Genellc Algorithm

OS!' chip (GAl whoaetarpel: was the
maximlutlon of the number
of '1 '. in the chromosomes

JTAG -
Connector

"- "
MAf'lJ).'l)(jJ P!J!



.R. .'Tesl profile I ))SI) Failure
, -+20'0- __

I
- - - - - .::z MtllJluremenl

~---- ,\smade
8mi~\ ,/ 1\\

U I , I I', "i I \'= I ,\

E \. \"
~ ~Ttmp.rlmprlle: \ \

• ~see/mln .\ \ "
.. !- • \,

\ }d 0/ Failure occured when PC is

~.:~~. _._ !!rn.t.iH--.- ..~~e downloading GA into the OSP
................... ~--- .. - (JTAG '_ .... ... communication error);

• Test was repealed again for -900c _ 0/ The PC-DSP communication
1QOOC, -110"<: lind -120"C 10 n8rr~w the failure prevents the read-out of
temperature range. the D$P status/outputs.

• Failure was observed during the IfSling in· OSP BOllrd works do\\ II 10
a temperature range of -IIO"C -110°C hut failed for lower

s......lO_12O"C. IJ temperatures MAI'W.WJP1J1



.P..
Xilinx Virtex-II Pro FPGA •-

UAPW1OlIJ1'1Jl"

Objetli\t: The IlUrpo~e or tnling this boartillt nlrtmt Itmptrlllure, is to initial!)
find oul I'Ihethtr the t\IIIUlItion board Hntl the Virln-II Pro FPG \ 1'I0uid suni\('
lind continue Optrlllinll al cliffrrent Ie-mlle.'alure fllngtS do"" to -180·C lind up to
12OOc-:::=x The Virtex·1I PP Board was tosted at

_ ~_ different temperatures. The temperature
range covered in this experiment was from·
1800<: 10 120OC.
The board was powered using 3 power
supplies. They were set up at the following
voltages:

3.3V DC (to electronics In the board)
2.5V DC ( to liD's, banks, Rocket 110
Transceivers)
1.5V DC (supplied to the FPGA Core)

Surge current (in rush currentl was
measured on the 1.5V supply.
The test FPGA circuit runs self-checking
firmware on 2 embedded proce880rs,
monitored via RS232 port--



Sll.t:xtreme Temperature Test
t'or the Virtex-II PP Board

.-
•

,. Reset switch to reset the logic

}.- I'rogram switch to load the progrlllll PROMS to FI)GA
configuration

,. "Hello World" progntm used to monilor the pcr(ormltnCC
of FI'GA

» The board WIIS ne"er shut down as the tcmpcnlturc WllS

decreased in steps.
}.- Once it reached ·180°C, the temperature WllS brought back

up. At inlen'als, we power cycle the board and measure
the in rush current.

~ II was found us tcmpcnllurc ramped up Ihlll the board
always powered on using reset program switches.-- " AIANJ) NlfJI'1Jl



.,J:IIl,.

0.4

---::100C
0.3

,
rnA

•-
0.'

'f-"2l!"C:=

Samples

MAN» lI1/1J PlJ1

--~------
Samples-

FPGA core in rUlih current
monitored as a function of
high tcmpcnlturc

"

·180C

-140C

Samples
FPGA Core in rush current
monitored as rl function of
temperature....



..A.. #III(
Summary: Extreme Temperature ..
Test for the Virtex-ll PP Board

• The Virtex II Pro fUlletiolled correctly at
tempcratllres dOWII to-180"C alld up to 120"C.

• The Virtex II Pro I'I'GA did 1I0t show a large in
rush currellt at -180"C and also at 120"C.

• All tcmperutures , voltages, and current registered
normal as well as power (on/oft) cycling.

• Over all the high temperature in rush current
transient h~lve sharper current and last less than
the cold temperature. (-25-30 msee)

.....
" UAf'W X»J nu



• Assess the behllvior orc",-c filters building
blocks ~It extreme temperatures (from -t80°C
to 120"C);

• Perform prcliminnr) tests on the functionality
recO\cry th."ough ch~angcs in the voltage biasj

• Components tesled (Designed by SPA WAR
using TSMC 0.35/,," technology):
- Operatjonnl Transconductnncc Amplifier
~T\); I • .

- Wide Rllnge OTA (WRTA); _

- Diffcrcnthll pairs. ~~~
• Simulate ~lnd test single-ended first ~i-;fE~E~

filter.

~

-

Objectives: Reconfigurable Analog
Array (RAA) Development

"

•

IMPW 100J P111



.Fl.. OTA Sweep Down (23"C to -i80"C.

·o.ewl f )

«emu

'M'

.-g
?l

-.-

Date: 28 April 2005
Substrate: FPAA-01

..

-/00
-300
<OC
-000

-me-,"'"
-- -,eo<:

V2M

"
,I, ,

-<'
Vdd; 3.1V:J Vbias: O.SV

~:,,'> V1: 1.5V
ID1~.=f~ V2: O·30V

V(loUI): 2V~_.
.-'
•

~ Current lower and upper limits reduce as the temperature reduces.

- " MAI'IJJ MOl NJl



OTA Bias Sweep at -180°C .-..1=1'.

.-

.~

- 22"
- ·,aoc

Vb: 1,OV

Vb: O.85V

\ItI: a,w
./ 22C,Vb:08V

\Itl: 0 esv
Vb: a.BV

Vb: O.S-o.15V

.~

-~ 00001

~

·00001

..~
·o,(DIJ

Date: 28 April 2005
Substrate: FPAA-01

.. r. ,
,~~

'~l~
""I .Ii'-<ll

!"ii'>-L.
W
•

"

Vdd:
V1:
V2:
V(lout):

) V2 (V)

3.1V
1.5V
0-30V
2V

~ Device function can be recovered by Increasing Vb from O.8V to O.85V.

- n MAPW 1fiIS nn



.FI.. WRTA Sweep Up (-180°C to 22oq.
--

.= I - "c- - - -3OCp-- -6OC

Dale: 28 April 2005 ."",.=, .,20<:- Substrate: FPAA-01 -·15OC<:-'S o.Q,U1
0 .-

I fl
V'IV)

"
, .". ,

"
,•

~",....j", ...~.... ;..
·orom f

---/
•

Vdd: 3.1V

.~, l ~~F Vblas: O.8V- ...- V1: 1.5V, , , • .~ 0-3,OV-- Ie. V2:

1 V(IOUI): 2V

» Current lowe, and upper limits reduce as the temp.,.tur. reduces.

- " ~UPW 1f6J PUl



-R. WRTA Bias Sweep at -180°C •
f /22C. Vb: 0.8V

__--~-----IIb:0 85V
r

.=

.J
$:
~OCWI

22C

- .18OC -
Dale: 28 April 2005
Substrate: FPAA-Q1

----

Vb: 0 iV

Vb: O.ev

Vdd:
V1:
V2,
V(loUI):;

~.+
••
•

••• •

J' ;;;;;~;;~Vb" "V_ __ ::::;;;: Vb: 0,5.(),7V

,; 1 II l V2(V)

3.1V
1.5V
o-30V
2V

..
.. OWlI

•
» Device function can be recovered by Increasing Vb from O.8V to O.85V.

,...
u ~IAPW.'lllU 1'111
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~ OTA Bias Sweep at 120·C •
UOI!.oo

)001-001 o.uv•.-
o.uv

1,_-
2,_'" -. •.-

___.f__::::==:::~'~-;:'~":-"-"""IO.1V}r D.J5V /'
• • •'" ,~0.7OV 1..;1-._:'-

, ; ...._,_ _•. 0.6V-o.I5V ;--J \~..'
0._-«1 I .' ID-11-<!J

UO(OOO 10D!-01 '00(001) "jo«l lOOloOll HOI!oOO IClOlloOO 1.S00oOO L.-
'\,_.(10b"./ ~

~-~~

lout(A)

" MAf'W 1f)f)j f'1Jl

.-
V2{VJ

}i> Device function e.n be recovered by decreasing Vb
.- from O.8V to .round O.75V.

Vdd:
V1:
V2:

I V(laul):

3.1V
1.5V
().3,QV
2V



~
Ubjectives: First Urder
Grne Low Pass Filter •-
.-,

c. "10pF Gm~

1.5V

vin ~ -
~ Vout

Vb'

-
I~/ Gm,

Vb'
C.padtors outside Ihe ItmptUlurt

$10k<> 1 f,V chambtr MAPW1/)/)j '"
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Room Temperature (Vb1 • O.9V; Vb2. O.7V) -----

.R. Function Recovery at -180°C
"J •
"t=======::::::::-----------
.. f------------',,------

Rt<:oventd at·1800c'1 (Vbl • O.8V; Vb2· O.1~

Gain(dB) \

.~.~•• '0000Il 100000o

.1 l

MAl'll) 1OI/j P]Jl

Te .18!l"C (Vbl- O.9¥; Vb2· O.TV)
j---------------'------_.~"._.~".~.". __.• • •...

J ,~,,",-



.-Lon Temperature - Response
in the Time Domain ( f = IOkHz)• ,,

Out
I

- - ~ _. . - ,"-_.-- i -- -
,

In ~ ~... -......~ - ~_._- ._ .......' ...J--- _~M' • •••• ,,~

T·250(; T = ·1800(; T. ·1800(;
Vb1" O.9V Vb1 .. O.9V Vb1· a.BY
Vb2·0.7V Vb2 =O.7V Vb2" O.7V
Yout .. 1.8Vp.p Vout =. O.1Vp~ Vout .. 1.4Vp-p

.R.

Filter Recovery at -t80°C
I. l'arli:11 funclion:,li~ recovery accompli~hcd using

~'rn:mulll" local sCltrch o\'er Vbl lind Vhl;
2. There is possibly one or more I'llir OfVlllucs Vbl/Vb2 that

produce:1 hetter recovery at -1800(':;:) Sweep Vbl and
Vb2 using finer steps and/or implement non-local :lnd
more systcllwtic search.-.

" AU/'W!9/ll Nn



~ Filter Recovery at High Temperature •

I
..~

C.ln (dO)

T-ZSOC
____ RKOV.red" T-12K
. --•

k12O!C _

•

-

101 .•
•
• •

.J ....

,I '.:
tD 'co ,... ''- ,_ '00000o

f'rtqutnt}{Ih)

•

•
• Vbi • O.9V, Vb2" O.7V
• Filter transfer response slightly deterlorates at 1200c. MAf'W !OOJ nJl



...I::ll.. High Temperature - Response
in the Time Domain (f 100kHz) •

.":OJ'"'.......

T" 12O"C (R~ov'~lT" 12O"'CT- 2!< _.
• I'1 "l

~t ..~·,!."'1' >/\1'.1\ I. ,j
.'>t. ..... ,"'••~ ~r ".\. ' J' .f! r.!l/

... . -.. . ... .. ...... "" , ...... , .'

, I
, ,...... "Illi"

,
." ... ,

.~ ",.. • ,.. . ,

In

Out

T·25"C
Vb1 .O.9V
Vb2 '" O.7V
Vout·1.3Vp-p

T -120"C
Vb1·0.9V
Vb2·0.7V
Vout • O.9Vp.p

T =1200C
Vb1 '" 1.1V
Vb2 '" O.6V
Vout'" 1.3Vp-p

- " MArJJ) 11/11, I'lJl



.R. Conclusions •
• Results indicate that bias voltage control

adjustment is an efficient mechanism for circuit
recovery at extreme temperatures.

- Small changes in the bias voltage are
sufficient to promote functionality recovery of
Ihe OTA and WRTA devices lesled al low and
high temperatures;

- Low Pass filter recovery was also possible
through changes in the bias voltages --+ more
systematic search methods and/or algorithms
needed to further improve recovered function.
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