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ABSTRACT

The number of spacecraft dcsigllcd and I mil I f I}CI
the next century will grow cxponcntiall)  as {(jllllllllli
cation satellite networks proliferate and N’A S A t I MI I i I I
ucs to push towards the dcvclopn icmt t J ]) i+ 1 l)
microspacecraft  to rcplacc its traditional  ‘Lf’.l;lli(l  t{ mJ’
crafts. Since costs in the space industry aft nlca~~llc{l III
terms of weight (dollars per pound Iaullc)rcd ) itiil I(1I
ability, unit costs pale in comparison tl~ laultti  1) CI )<1~
and the cost of replacing an entire vehicle ill (1w i i<r 01
a catastrophic failure. Space systems ])r(~sc]lt  a I!m(Iu(
application f o r  lnicroc]cctromccha]  ) ica] s! ~1( ‘III !.— .-. .. —..- .—~
~Ml iMS) t e c h n o l o g y .  MIEMS tcchlwlog)  call  t~—. :.-...- . . . . . ; ,.:. .
appllcd to mlmaturix.c  many of the. sut ).systt  11 J. ill :
space vchiclc, and can improve overall ICl ial}i I i [ J

This papm will identify potential :i])])li{  ;Iti( ,] l’. td
Ml iMS in a s]mcc systcm, dcscribc sl)acc.  (II} iioii(llt],
tal factol-s, aid review efforts to dc.vcl(.)1)  a})pl ~ !I)I i alc
packaging and space qualificatiol~  ]t)c[ll(~i{)\.}[ics
l~inally,  a flight cxpcrimcnt for tcs(ing ttlc ]WJ ~i)r, ll:lllct
of typical Ml {MS dcviccs and packages ill tbc sjKirt
environment will bc dcscribcd.

INTROI)UCTION

M:II)Y fores of h411MS dcviccs  have Iwc1l ],J ( ,Ix MCI
for application to space systems ill oidc] to 1 c01]7(
reduction in siz,c,  weight, and pow7cx  COIISLIII)])’  IO; I aI

the colnponcl)t  Icvcl [ 1,2]. At the same tilllc,  si~l, ,flca[ii
issues rc.lnain  to be examined that have 0 it ~cal )11{111
cncc upon the viability of MI;MS dcviccs  fm sjmcc  ~A!i
a ncw tcchnolo y, ~ach individual M} ihfS  cht’ic,  s \\’il I—.—- — - . . . . . . . 4need to ~o through some kind of a spa(c (Iuiil i (i ca[ iol I. . . . . . . . - —- . . . . . . . . . . . . . .. -,---
pr.pcc~s,  t? .ens~!rc  !ts rcliabilit~ and C(VI Ilm(i I )ilils wi II I.
the space cnvit?nmcnt.’]t  is-~ot  clcal, ho}vc~’{1. tll:l~ tll{
traditional qualification methods are. a] j~d~cal  I]( I(I
Ml iMS, and in general these methods alc ]JC] cci \c<i a.
far too costly. Ncw approaches need to bc (Icv, I( i] U( I
for dcviccs and packages.

“1’hc availability of miniature co]ll]w~N IIIS Ii:i\(
caused a shift in the n’ay spaccctaft arc. aT chitcct<  d a II( I

designed. l’hc traditional architecture iriv(J vcs a s]):,c(,
craft bus conncctirrg subsystems which II I(III iclvc.

c(msis~  of i~ldividual  l]ackagcd  compcmcnts.  ‘1’hc ncw
$rcllitccturc  ain)s  at clirrlinating  at least one-of “tic;c
lCVCIS of i]~tcglat iml b) packaging entire subsystems as
highly intcglatccl  components, eliminating the spacc-
C] al t bus cntircl)  in favor of a distributed architecture
CM IIl[eglatillg  actitc cor[~poncnts  with structural clc-
nw.llts.

1.T)SUJ irlp tlw Icduction  of life-cycle (i.e., dcvclop-
mcllt,  qwdificatiorl,  integration, launch, and operation)
COSL is ctitical  fol justification c)f using h41iMS on
s~)acccraft ]ncJcYnc]i Ial reduction in total systcm mass
to rc(i ucc ]auj ICh costs  is lmt a sufllcicnt  reason. l“hcrc
a~c c<mvclltiorlal  tcchllok~gics  that arc rniniaturc and
s~,acc  qualified (iw cxalnplc,  the 25g 1,itton G2000 and
tllc ‘/ /g AlliwiSip,Ilal  h4i]li[act  provide a 2 axis rate
sclmillg  in a hcrliwtic,  military-qualified package [3]).
~’hc advantage of h4t {A4S lies in the ability to package
palq dci’ices aIId their suj)port  electronics on a com-
moi~ sutstlatc,  sigi~ifica[ltly  reducing mass, po~’cr and
&I lltal  collt  [o] rr(luircrncnts  of an entire subsystcrn.

S],acc qualificatiorl  proccsscs  of such integrated
modules w’i] I Icly hcavil  y on pmccsscs dcvclopcd  for
jlii{l~~lcc.tlc)[li(s  and multi-chi)  ny+u]cs  ~CMs,).
1 ]owcver,  Ml :A4S lIa vc a & ffcrelll  ;ct of failure rnodcs
Icquil ing ulliquc  a{ml)’scs  and tests. l~arly flight dcrn-
()]lstiil(i[)]] will lx  ctitical for the reduction of qualifica-
tioli  ( (Ms.

S}’A(;  E; Al~I’1.JCATIONS

hfllMS sc]lsms arid actuators arc most commonly
collsidc.red  irl tlw context of either scicncc  instruments
0] irwrtial  guida]wc, although they can potentially
it nl EWI spacccraf  t subsystmns  such as propulsion, statc-
(il~calth  rl](mitoIil~~,  t)r active mechanical and thermal
c’(Hltl 01 Stl Uc.talc’s.

Payload ScnsoIS,  Scicncc  sensors typically fall into
o])c of two cat(fu  ics, [c.nlotc  sensors (for planetary or
ast]  01 mnical  obscl  vat ion at a distance) and in-situ  sen-
sors (which IINWUIC the. physical environment sur-
loun(ling  the. scllsor, including particles and fields).
h41 ;h4S-based rcnmtc.  scmor clcmcnts  might include
inf]  wed f o c a l  ]Ilalm (bolornctc.rs,  thcrmopilcs,  o r
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Golay CCIIS),  spectrometers (I~abry-Perot illlc] ( c J t }Iot
tcrs or gratings), shutters and filters (incluflill{’ I[lJc]~  }
wave filters and resonators), pointing slid stcl  (i [i ~,
dcviccs,  or adaptive optical clcmcnts.  “1’1 w 1 y] ~ i(al
rcrnolc sensing platform requires a Iargc  aJwi~LII  c, [I] C-
cision pointing and guidance, and the abil]ty to ]}l(~:c.s
and transmit large amounts of data, In t}lc f(~lc.w{ al,lc
future, it is unlikcl y that such platforms will  v,ci~}l )css
than .S0 kg independent of the MF,MS cold  I ilw[lol  ), al td
the case of M} iMS must bc made primalily  t);i~+ I t)II

performance.
In sifu -:c!~s?rs,  on the other hand. a 1 t: i lf t r n

dcp~;yc;~ in remote cnvironrncnts  under scfct u 1 i I: tw
and power constraints. Since the scnsol  nic<is~) t cs CM il )F

a very local cnwronmcnt,  there 1s typical]}’  aII(l a[ii’:lil
tagc to dcp]oying  large number of scnsws. II IL t.~1 1 ):) t,{
tion of N41 ;MS is usually justifiable simply 011 t}Ic lI:iws
of si7.c, mass, power consumption, and cost. ‘1 ‘Ms( s( II
sors cove.r the. entire scope of physicxil aII(l ( he. ! {iii al
phcnonma  involved in the analysis of llqui(i~,  s ~li[is,
gases, plasmas, or fields  in free space. A CO IIIj)I ( h(,lI-
sivc review is well  beyond the scope if thls  ] q M: 1,
cxccpt to Poiltt out that small  (<1 kg) aul{)jmjl]i  )1]. sfi.
cntific instruments with communication, data lmn Ill ii~,,
power, and rudimentary mobility (the aljilit) 10 Ix
remotely deployed and to acquire sam jdcs)  c al ~ ]( ~’( J u
tioni7.c  the study of planetary surfaces. Sc icl;~l s~)t.11
instruments arc cur~cntly  being dcvclo]xd, il)(lmilll~:
miniature pcnctrato]s  deployed directly fr~}l i) s]); K (’,
and tiny robotic rovers.

Guidance Sensors. Spacecraft attitude. ((u iclltfillo;l  i)]
free space) and position can lx dctcrnliiwd  ill(c~  iii:ill),
optically or by usins known frclds. A ~onit)trl:it(:nl  of
these methods may be nccdcd  dcpcndili~ OI! (I)i’ } tit )OU<
mission J>hascs.  ]ncrlial  sensors inc]udc  at cc]ctt~l  lK ICYs. . ..-. . . . . . . ...= >
with performance rcquircmcnts  of 1 p g j’w I ) 1. 3[ Xl 117
and gyroscopes with better than 10/hi {i! i ft ] iii c ( )] II I

tally, attitude can bc determined using s[ii~ w kcl; vit})

Pitc}dyaw accllracy  bCt(CI’ than  1 aK-SCC ;111(]  1o11 Ih’[[(’
than 10 arc-scc.,  and sun and hor-hon dctc.ctm>  wil I! Iwt
tcr than 10 accuracy. l:inally,  in satcllilcs  (~1 [Iili  I I: tl)(
earth, attituclc  can bc dctcrmincd using II Ia~,IIc.tL)I II{.1(’I x
with a ().5-3° accuracy [4]. ‘1’hc goal is l<) lril( EJ ,111.’~l
these into a single electronic packa~c,  sil~lilal  [u th
packages used for the spacecraft’s p] omssor  al d n WI) 1
ory, that can then be integrated into the. ]nal~l (t~] 1 Il)ilt(.1

Propulsion. The at tit ude control of d[c 1) s] MO. \clli
CICS and the. orbit lnaintcnance of satcl  I it cs al< t I it(li
tionall  y accomplished by propulsive sys[cn 1< ~1 ‘1,(: I c ar(

t~vo.~pcsof  propulsion systcrns,  electt ic Olld (llL II 1 iclll
The simplest systcm would bc based o!] a cold f.is ])] i}
pc]lant,  yet the implementation of h4 I A4S in sw h ii

systcln dots ]Iot seem like a reasonable goal at this
poi 1 It CIUC to the hi Rh lc.akagc rates in microvalvcs.
Assu)nillg that no rnmc lhan 10% of the propdant  can
be lc)st during,  a s ycal mission, tllc req~lircd  leakage

rate cal lnot cxcczd  1 ()”6 sc.c/scc  for gas stored at greater
thml 10(H3  psi and }!wrking against vacuum [5]. Fluid
flow ctmtrollcrs  alc still nccdcd  for propellants stored
as  Iiquicis  or stdids, 1 ivcn then issues still  remain
rcp,arding  propul si vc c. fficicncy of the s ystcm duc to the
dott~irtiilicc of tllc boundary layer and dcvicc  surviv-
ability dulillg  thlustm twrtls whcm flame tcmpcraturcs
arc. ill I}lc J OWC’(; ]angc. Several micropropulsion  sys-
tcnl collcc.pls fol ion al Id chemical thrusters arc cur-
rently bcinp, dcvcloIw41 [ 5 , 6 1 ,  hwcvcr,  major
adt’antagcx  ova c.ouvcntio]lal  technologies (such as
Moog’s TS cold p,as thluslc.r/valve unit) will only be
rcali  Md whc.]1 InaIl y h4 i iMS dcviccs arc arrayed and
cnt i rc s ystcms ((allk, val VCS, thrusters) arc integrated in
a sill~]c.  com]mct ul]it with minimal transfer of fluid
frolll sloragc  10 s]wc.

SI’A{:R  I; NWRONhlENT

In many rc.spccts  the space cnvironrncnt  is similar
to tllc c.nviro~m  lcxit undcl the hood of an automobile.
U1dikc. ca~s, spacccl  afi also cxpclicncc scvcrc  shock

a;id Jttdiation  c.~nil omrlcnts,  h40rcovcr, the conditions
glc-atly  vary in diflcrcllt  ty]ws of missions and different
phase.<  within a single lnission. lablc 1 presents a com-
p!is~)ll  of tlw aatolnc)tivc and space environmental
plan lctcrs,  “1’hc.  s])acc  palamctcrs  given arc for the
~r[h orbiting S~EiCC ‘1’c.chnology  Research Vehicle
(S’1’RV-2.) nlissiou  vpliich  w i l l  hos t  t he  MAPI,I;-2
cxl}ol  i rnclll dcscribcd  lat c.r in this paper.

Yhhlr  1: “1’hc  Autmlmtivc.  vs. the Space Iinvironn~cnLs

1 LMI 1 Iotcclion
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Delicate ctcviccs can bc casil y protcclcd d~iri II i! 1 t w
harsh launch phase by delaying power up u)liil  th  CIId
of the phrrsc.  Stops and other temporary IlmaI~~  fxiti  al W)
be used for additional protection. Such ])] ott.c[ i{ M I c III
not be used during a J~yrotcchnic scparat  ion c JC1)l u’.()
all y used for deployment or sc.paration  (If ~;.i! i( w.. { )Jl
board components. ‘1’raditionally,  this shock lIas h CI)
attenuated through the various joints that st-qw  al c 11 N
pyro dcvicc from other scrxsitivc  conlp}l  w~ll <, t ~,lt  a~
spaccclaft  shrink in si7,c, the number of joit ,ILS is

rcducccl significantly increasing the. ilnpacl  01 Ill{:
shock cxpcricnccd  by microdcviccs.  I ~kicl L s1l<): 1 1 ti c.
scnts an opfrortunit  y for an intcrconrmct to i ai I < M 1 (M :+
microcrack  to form in the inhcritantly  sI11wc4i  ti~ic  I(I
structure [9]. Such CI acks can grow slcm] y :11 I,i c1 c III u
ally lead to failure [10]. A typical shock J{.s1 mm
spectrum rcsulling  flom a small scpalali<)ll  11111  ~. (UII
monly usc.d in space is shown in l~igurc 1.

105

10’
10 103 1 ml 1(K1 1.1

Frequency [Hz]

Figure 1: Shock rcspcxlsc  spectrum 1 foot away frtu)l s (t})ii, a

tion nut. IJashcd  line prcscnh  response paralicl t{) (IN Ii], I 01
separation, solid line pIcscnts  the rc.sponsc al a % ~“ atij lC

‘J’hc scvcrc  radiation cnvironmc]d  i]) S]X+L(  { aII\CS
various effects on rr)icroclcctronic  systi’IIm  1 .i~ IO, WC:

radiation lCVCIS  for earth orbiters, mcasw cd ill Id. ( 1

rad = 6.25x107 McV), vary with altitude aji(l  C; III IC:IC}

up to 107 rads pcr year [1 1]. ‘1’hc total radiaticlri  (i:v,~ ]:
duc to trappd  radiation belts where clc.(:[rt~li~  jilt I lu{~
tons arc present, solal flares causing ilwrt’aw ill li(~ttj
charged particles and galactic cosmic ]a)’s (.~ 11 ~ 1] 1~
high energy charged particles. “1’hc  radiati{}ll  is SU! i!
complicated by the fact that it is statistical ill  It;IltII  c :Irl(l
that variation in dosage rate, along M ill] Iolal  d w{,

cause different cffc.cts.  ‘1’hc result of a ]CX ( JIt p,il~
showing cnhanccd  damage at a lower dose ralc I. W(S :!
concern with the traditional radiation tcst~ll~,  II ICI IKNI (I!
bombarding dcviccs  with particle at a hig I] ] A( [(~
accelerate life. [ 12]. lhc various types cd ]~! i}:!liol  1
effects may in~p~ct~)ros~ctivc  MIlh4S dc~’ic(s  it I II]  I t{ I-- —.... . . . . . . . . . . . . . . . . . . .
~hrcc ways: ‘

1 . (hi board aIIalog,  and di gital microelectronics. CO-
lalnicatccl  with the N41 lh4S dcviccs;

2. AI the. tl al isit  iw 1 points where M1iMS sensors con-
vc tt a particular fo] In of energy to electrical cncrg y
or h41 ;h4S actuators colwcrl electric.al energy to
itllothcr fcml};  ard

3. M’jthin the. N41 ‘h4S dcvicc itself.

‘Ikblc 2 plcsc]lls  tllc cxpctd  physical impact of
each t ypc of dam~ EC c.ause41  by radiation [ 13]. Proper
packa~:ing  to p]otect  dcviccs  fron~ these effects may
p]ovc to be nluch hcavie.r than the device. itself. IIow-
ctw], l)lopcr  dcsi~n of dcviccs  and choice of materials
car} niitigatc  tll[:  ]isk  of failure associated with these
cffc(:t~.

7bb/c ?: I’otclltial  IIllpact  o~i Ml iMS l>UC to Radiation

Rridiation  l;ffcct

[C)lii7:ilion”i{ai11:ipc
(Clcctr<ms,  proto{ls)

Sillgl{ I~vcI)I lJ~)sc[
Q)IO(C,IIS,  galactic cos -
[Ijic rt~ys)

Single Ilvcllt 1 alcllu])
(Ju<)tohs,  j@actic cm.

Inic Wys)

Single livcllt 1 lard
1 Wor  (protons. galactic
f:(~snlic  rays)

,Sillglv  }ivcwt llrrll~out
(gala(tic  ccw]lic rtiys)

1 Xsplitc.clllcnl  l)ama~c
(r]cutl(ms,  prototls)

Physical Impact

Charge trappings, intcrfacc state”-
gIowth  at oxide-siliccm intcrfaczs

[ k}wsition of electron-hole pairs
by single p<article.  -- c.urfcnt pulse

1,oc-alimd, self-sustaining high
cuncnt  condition in scn]iconduc-
tor nlatcna]s

1 mcalimd  c~a@ deposition
results in permanent effect --
“]ni crodosc”,  rapmrc

Single partic.lc-indnccs  collapse
of large voltage across thin oxide

1 >slJaccnlcnt  of lattice atoms;
Illilmrity cmicr lifctirnc, doping
level Ct-fccts—. -.

PACKAGING ANI)  QUA1JFICATION

~>acka,ging  tccllrliquc.s  for Ml lh4S borrow heavily
floln those dcvclolscd  ior microelectronics. Similarities
include hcn]mticity  aud chip-level integration tech-
niques such as hf(X4s; difl”crnccs  include a unique set
of fail  UIC Inodcs  duc to the mechanical nature of
Ml .h4S tlmt alc still not vcr y well understood It is dif-
fmuh to develop cost-  cffcctivc  qualification techniques
WINX) dcdicatcd  rmdcling  and simulation tools arc not
}Ic.t  availahlc.  arid no complctc understanding of when
ald  IIow macro sc.alc  Ia\vs break down.

Pack  aging  for l?~liability.  h40st packaging systems
for S]XICC parts arc hc.rvnctic due to a pcrccived incrcasc
in reliability, arl(l  to n]irlimi7.c  the potential outgassing

of lnalcrials  othcl~visc  cncascd  in a hermetic cnclosurc.
Thf. latter coilcc  I 1] is more relevant for contemporary



spacecraft, sinccoulgassing  products that lni{:lll  CIOII’C.
from polymeric mater-ials could redeposit otI~{) LIIIIJIS

ircd surfaces, such as optics, solar cells,  WKI ill<t!  u
ments.  IIy employing more advanced two iil Id t I n <c
dimensional packaging approaches, a sys(rl]Iat Ii: ]t {liI!-
tion in the surface area that might conttihutc  ~[) olli  p,,t\-
sing can be achicvcd,  since 10-100 [Irncs WIIUIIIC
reductions in the total cnscmb]c  of circuit c.(.N I IIWI w} ILS
and their associated connectors, boarcls,  al Id }1:11  II( S!WS
may be rcali~.cd,  l’hc latter (non-comlmwl  It. ] t I a [cd
packaging clcmcnts) create a large ou~gassin~ I )1{ duel
control problcm. Connectors and the asscw.iat ({I c,! l)] cs,
each of which contain polymeric mat M iiil,  (HI I Ix
rcduccd through advanced packaging. ,4s such, II I( CIL1(
gassing from ICVC1 onc packaging may he III(UC tlml)

compensated by the systematic rcdutticnl  ttll{~~ll:ll:  )u(
the packaging hierarchy.

l~al from making a case for aband(u)ill~  lm illctic-

it y, the balance of trade-offs suggest a cal cful L o i. idcl.
ation of factors. Silnp]c edicts suc}~  as “IN) IJiiI.{lc
packaging ahvcd”  seem cxpcdicnt,  but nla>’ Iw Stl( }r 1
sighted as a component selection strategy, as i[ n ij+~
prcc]uclc  t hc most plomising  options. New 1 );ick. Iy,I I IF

approaches, of course, and ncw tcchno]o~ics i II F,( tl( I Al
require a certain lCVC1 of understanding ICgW  (Iilli’  SJS
tcm lCVC1 reliability.

Space Qualification. Verifying rcliabilit~ ll’+ll;:ll)’

involves understanding failure modes in a hicl ;IT( 1)1< al
sense and establishing a means of syskm~aticall~  { lillli
nating  their occurrence in particular asscnlhll(”s  (!}”( I a
desired product and mission life, l“hc. ull(lc~s(jil~(ll [ 111 OJ
failure modes can be very involved, and is w.11:111}
based on a prcwious understanding of si]ni’lal  W(III
blics or chwncnts.  As such, ncw tcchll(do~it~  ( I c:t{c
stress, as they rcquilc considerations bcyw  I(I l.ti.  M
associated with more conventional asscrl~l)li(’s  [Ji)c<
the most inqx)rtant  failure modes arc i(lclltiflcd  tlw!
arc reconciled against the likely crl~~ir(~lltiiclll:il  ( ~:n~tli
tions associated the with mission or 1)1 MIW I III c It’
such a rcccmciliation cannot be satisfact(l~ il~ IwI
formed, then the tcchno]ogy  musl be i [1 Ij II(lvcd, <I is
qualified, or its cxpectcd  lifetime c.li}rll(~l  II IICIIlal
conditions must bc adjusted, liom this ~x:lil i’1, a I I
attempt is usually  made to establish tcsl  JIIcIII(KI’.  tttiit

would aggravate any rc.al failure mocks ir lwssildc I)y
subjecting asscmblic.s  or clcmcnts  to si mi I:1 r ( [M  Id I

tions,  usually in sOmc “accclcratc,d”  o] ]IIO]C il(tcl iv
manner. l“hcsc scrccns  may then bc al ylic{l 1( ~ c {cl 1
asscrnbl  y or clcmcnt,

in practice, developers apply sets of Icsi  II IC{II( MIS,
cho.scn as though from a palette, with one of [1 M I ~ II Iws(
“palctlcs” being documents, such as the lnililalj  sl:lll-

dmd hil I.-ST1 H-X3. Ncw technologies crcatc stress by
forcin~ dcvc.loper to collsidcr  a choice of the set of test
methods or the “palette” itself. To avoid the real work
implied by dcvc.lol)ing  such a qualification approach, it
has of[cn been the habit of space systems designers to
sin}ply  insist upmi con~pliancc  to a prc-ordained set of
test met hods in blallkct fashion, such as prescribed by
ckwunw.nts  like. h41 1,-11-38534 (general qualifications
o f  hyi)rid lnicr{wircuils), which has rcccntly  been
cvolvillg to I ctlc.ct more. contemporary qualification
apj]roaches.  {:cr(ailll~  the older compliance documents
WC.IC  I c.inforccd  I)y silni]aritics  across a great many
mcmo]ithic  intcglatcd  cilcuit or “chip-and-wire” hybrid
]MOCCSSCS.  ‘1’hc. advmlt  of newer h4Ch4,  thrcc-dinlcn-
sioli:d  packaging+ ad h4t ;MS technologies possess
traits which do IWI lnit casual simplification of the reli-
ability evaluation] al Id awurancc  proccsscs.  Rather,
me]{:  flexible colllldiallc.c  stlatcgics arc required, such
M (]uitlific<i  ll~:illllfact~lrc.rs’  line (QMI,) approaches,
whi<h not cml y allow for board-mediated adjustment of
lcliability dctcllliill:itiolls  to occur ill a continuous man-
nm, but focus o]] the quality of the process through
whi(-t] tisscmblicx  ale. clcatcd, instead of relying on the
results of tllc seIccns  alone. In some cases, QMI, per-
mits s(]ce.ns  to t w. cl il ninatcti  partial] y or complctcl  y.

11,1( ;1[’1’ EXPERIMENT

‘I”lw lack of fti~ht  hcritasc is a major impediment to
the. ILW of h4} iMS drxiccs in space. While ground test-
ins and ottlcj  qualification] techniques can assure the
reliability of a dcxricc  01 an assembly, its space “worthi-
nc.ss” is not plove]l until  it has flown in space. An early
flight dcnmn$llatim]  of a h41 ;MS package is currently
tx:.illg developed cxwpcrativcly by l’hillips  l-.atmratory
(1’1,)  a}id tllc .lct l>lolmlsion  ]xrboratory  (J1)I.). It is
dcsiglwd to fit in tlm electronics tcstbcd  on bozrrd  the
Spw:c ‘1’cchnology  Rcscalch Vchiclc-2  (S’I”RV-2,  a joint
lJ.K. /l J.S. lnissio]i)  with its higld  y elliptical orbit, pro-
vidill~  an ullusua]  c~p}x)rtullity  to explore the impact of
halsh space ellvilolnnc]ltal  effects.

‘1’IIc. c.xpcl i II 1(’rlt,  ~4icrosystcn~s  and l’ackagjng_-for
l+.m l’ower 1 dc.(t 1 ollics  II (M$l)l,  ! i12), includes the
itltcglatiott  of thlcc Analog IIcviccs ALXI.02,  t}mcc
Al )X] ,05 ]liiclcJaccclc.l<)ll)  ctcrs, and a single tunneling
nlic~ cl:lccc.lcr(:)lllcicr  dc.vclopcd at J]’], [ 14]. The sensors
arc )~{,sted by a lOMI-IIIaW (< 1.5 lbs,), low-power (< 1.5
w’) packap,c that has a ~nicrocontrollcr-based data
ac.q]lisition  systclll. ‘1’hc cxpcrimcntal  configuration
protilcs ill-situ  ]Imitoriilg  capability for operating the
acccl(l  ornc,tcls  iii a sc.lf -test  mode, as projcctcd  satellite
011 oll)it  accelc.ralions  may fall below rncasurcmcnt  res-
olulio[l.
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Figure 3: Schematic diagram of the N4A1’I ,)1 2 fliyl II ( x]~]it!ll  II;~”

MA PI J ~-2.’s  purpose. is to evaluate tlic pt.] i t)] ii \ al ict
of commercial capacitive accclcromctcrx  and ~1 II III IIC1.
ing accclcromcter in the harsh space crlvi ml Iri ic-rif  1 { is
cxpcctc.d to cxpericnc.c  mm-c than S,O(K) tlICIII  1:11 c \Jc\cs,
each corl-elating with a 90-n~inutc  orbits] }X’ll(  XI “1’t III
pcraturc  cxtrcmcs  arc. cxpcctcc] to bc -25”(;  :11 ICI -I 4! )’”(:
and maximum tota l  radiat ion dose. is ~JI ojc(.f(.{i  at
upwards of .S0,000 rads.

‘1’hc h4API .Ii-2 block diagram is sli<wrl  i~i ) i~’uIc’
3. Power conversion of a single 28 VI X: illl)ll(  1:) I 5,
*1.5 V, and -t 11.5 V is performed with C.U<I<I][I  c.{uliIcr-
sion circuitry. “l’he sensed accelerations of eii~l 1 a( (. c ICI
omctcr arc scaled and multiplexed to a! 1 A ri:. log
llcviccs AD7572 12-bit analog-to difital CI.)11* (I ((’I
(AIX), clmscn based cm rccon~n~c.l~d:itit,lis  t,> tlIt  III;{I~
ufactul”cr  as a low-power AIXD that lmd bw ]! It) III(I  IIi

one custcmcr  test  t{) be tolerant to 15 7,S k I ;I( 1 1 ( ii
dose. ‘1’hc  ccll(ra] prt~cssor  in this c.asc is a i ad ~ :{{ ~< II I

hardcnc%  80S 1 “clone,” w h i c h  opc]atcs f]<)lll ? IL ird
cncd 2Kx8 1 larris l>ROM and 8Kx8 lIa IdLIICd !.1< &AJf
(based on a dcfuncl  71 SIMOX process), ( )(Iw] siilal  1
scale analog and digital components WCIC j(t:ll(  ,IOIId>
sclcck.d based on availability in a tcs[cd haId ftu 111.11

Since Ihc. S’I’1-W-2  acceleration Cnvilolllllcllt  is ~,1~)

jcctcd 10 be nominally very low o]n (11c sat( Iiilc  i
actually cm-orbit, all allifrcial  accclclalmll  sliil)lllii~  i.
provided to the Ml lMS dcviccs thIouj~,}I fiII 011 t~.)o) ( i
solenoid. ‘l”hc. solcl~oici  provides a c.o]ll’cliic]l[  II III.,!

direct means of “injc.cting”  known test itlll]uls(s  th; [
allow pcrforlnance  degradations to be ] ii{.)]{: ;tcc [II ,iltl \
assessed. “flc cxpcrimcnt’s  timclinc  in{ ILKlcs aJ it]iiial
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18!) SCCOIK1 wal m UI) lICI iod to permit initial diagnos-
tics and tlicklc  chaIgu.  Ihc solenoid firing circuitry.
‘1’hcII a scdcnoid  discharge occurs, and all seven acccl-
clonlctcrs arc nml)itorcd  for 3 seconds. Next, two 90
secon< I idle.llca(i cycle.s cxxwr, during which the sole-
noid f I IC circuit is I ccharged and static environment
rcadill?,s  wc lxr[olmc.d.  h4API.1 ~ then idles until the
hosl  c(mt rol]cr  J c41t1csls a download of signature infor-
nlatio]i,  “J’lw cwnl)lcticm  download sigpiifics  the end of
tlw h4AI’I  J { CX]KV ilncnt cycle, which is to be pcr-
forlocd non~inalty  4 tinics pcr 90-n~in  orbital period.

‘]’hc packaging tcc}miqucs  used in integrating the 7
h~t A4S devices aJId suppwt  electronics into the 5“ by
6“ },]illtcd wirill~ t~xlld  inc.ludc:

(10 bc acklcd  I)y .lilll)
“1’lic f’olkn~ill~  SIL)U]KI  tests arc planned for the

h4A1’1 /ii-2 CX}WllIllCllt:

●  ( 1 ( 1  bc a(idcd b)’ ~lJll)
● ]’] , also has  t~lC ca]mbi]ity  of illdcpcnclcntly  asscss-

il lg the )adlaliorl lw.l-formancc of components
I}llough its ( l<{), CS161,  flash x-ray, and low
cIIc.Igy  x-lay sources.

SIJhlhlARY

\’ariOU$  h41 MS alqdications for slk~cc can potcn-
tiatly jmwidc a si~jlificant  reduction in sip.c and mass
of scicn(jfjc,  Icnlotc. scnsil)g,  and communication space
vc.lli(lcs.  While this v’ill  rcducc the cost of the launch
ph;isr, it m;{ y l]ot  Teducc. the total life cycle cost. ~~he
jlltroduction  of ,? ncw tcchnol.ogy  such as Ml ~MS-- . --7 -.-7.,  ----
lczjuircs  a~)propriatc  packaging and qualification to

s



ensure. reliability in the harsh space cnvi]olllll[lil  ‘ [ l)]:.
is a costly process that can only bcjustiflul  f’tu ICJIIIIOI

ogics that  significantly incrcasc pcrforll]ancc {J! ( [III)](
ncw functions not possible with convtmtiollfi]  1(.,cIII1:)l(J

gks. M1lMS can rcvolutioniz.e  the way sl)accc[.ifI  ai(
currently designed and built by cnablinr, m-w  iil  i 1)~ ICC

turcs  based on in-situ scn.sors, distribui{:d  S( I Iw)rs :11 I(!
actuatols, and dense ckctronic  packagill~.  ‘1(1 a( ({ ICI
ate tic space qualification process, wc a] c 0 JIl(il(  ltJi{I
ground cxpailncnts  and developing the fiTsI  of ]iljlll)
flight cxpcrinlc.nts.
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