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A13SI’RAC’I’

The Ncw Millennium Program (NM P) consists of a series of Ilccp-Space and Earlh Orbiting
missions that are tec)z~jology-drive}?,  in contrast to the more traditional .scimc+driven space
exploration missions of the past, ‘1’hcsc flights arc designed to validate tcchno]ogies  that will
enable a new era of low-cost highly miniaturimd  and highly  capable spaceborne applications in
the new nlillcnnium,  in addition to the series of flight projects managed by separate flight teams,
the NM P technology initiatives arc subsumed by the following six focused technology programs:
Microclectrcmic Systems, Autonomy, I’elecolllllll]llicati  ens, lnstrummt  Technologies and
Architectures, in-Situ instruments and Micro-electromechanical Systems, and Modular and
Multifunctional Systems. Each tcchno]ogy  program is managcci as an lntcgratcd  Product
I)cvclopmenl  Team (1 PI)T) of government, academic, and industry partners. In this paper, we
will dcscribc the technology roadmap  proposed by the NM P Microclcctronics I PIYI’. Moreover,
wc will relate the proposed technology roadmap to existing NASA technology development
programs, such as the Advanced Flight Computing (AYC) program, and the Rcnmtc  1 ~xploration
and ltxpcrimcntation  (Rl+;li)  program, which constitute part of the existing NASA technology
dcvclopmcnt  pipeline. We will also dcscribc  the Micmclcctmnics  Systems kc}mologies  that have
been accepted as part of the first Ncw Millennium I)ccp-Space  one spacecraft, which is
scheduled for launched in July 1998.

1. lN”I’ROIIIJCTIC)N

‘l’he initial plan for the New Millennium Program (NMP) comprised of 6 technology validation
missions: three deep-space, and three 1 tarth orbit ing missions, with the first launch scheduled for
July 1998. Current plans envision the program extending further, as an on-going program for
tcchncdogy  validation. “1’hc technology planning process is captured by ]ntcgratcd  Product
1 )cvclopmcnt ~’canls  (I PIYI’) of government, industry, and academic parlncrs sclectcd using a
competitive process. I’hc six I PI M’s include: Microclcctronic Systems, Autonomy,
‘1 ‘clccommunicat  ions, instrument ‘1’cchnologies and Architectures, In-Situ instruments and
Micro-clcctromcchanical  Sys(cms, and Modular and Multifunctional Systems. 311c primary
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]csl~o]]sil]ilityo  flllcll’1)’l’s  is t(lc{}]]tit]l]f)~]sly  ]oacll]~a]~,  rank, select and (icii~’cltcclll~olo~,ics”  for
vaii(iation on the Ncw Milicnnium  fli~i]ts. “i’i]is is a team effort ti~at  rcquim particii>atioli of
(iivmsc ami often comimtitivc  in(iustria] partners workinp,  towards a common g o d .  Aftcl fligi~t
dclivwy,  the ll)l)’l’s will bc involvcxi  thmughoul the tcchno]ogy  vaiiciaticm  phase, ami wiii bc
m+ponsibic  for the transfer of krmwlc(igc to future missions. in the foliowil~g section, we first
(icscxit>c  t h e  tccilnoiogics SCiCCtC(i  l)Y t])c Nh41’ h4icmclcctm~ics  Systems 11’1)’1’ for
madmapping.  ‘I’llcsc.t  c.cill]oiogicsa  lc(icriy~c(i  fr(~lll  tllci>asic  scicjltificvisioll ami capability ncccis
f()lti)cN MI'.ll~S  cctio1~3,  wc{icscril~ctl~ct  cci~l~(}ic~gicssclcct  c(i forvali{iation  on the first ciccp-
si~acc  flight. In Section 4, we (icscribc  two on-goin: technology dcvclopmcnt  programs in
NASA’s technology development pipciinc:  A(ivanccci  l:li.ght  Computing (AIIC), ami Remote
l{xpimation  ami llxi>cril~lcl~tatioll  (1<111?),  foliowc(i  by umciuciing  remarks in Section 5.

2. Ml(;l{()l!l .l;(;'l'l{()Nl(  :SS}'S'l'l;MS  'J'l{(:l  lN()l,O(iY  l{()Al)MAl'

‘1’hc competitively sclcctcd  11’1)’1’ for the Micmclcctm]lics  Systems tcchmiogy  area consists of
the following govcmmcnt,  intiust~y, ami aca(icmic  members:
●  (iovcrlll~lcl~t:  NASA/Jl'l,,  NASA/(  iSl~(;, I)()I)/Ali,  Ml'l'/l,il~c()lIl  l,al>.,  at~(i Sa]l(iia Nat. I,al~.;
●  ]ll(]llstl`y:  llocil)g, ]] C)llcy\\~c]],  ],ockl]ccci  h41FS, ()jltivisl(J]l, SJJacc(;ollli>lltcr  (;()l'il.,  'l`l<\V;
●  Aca(icmia:( ;corgiaI’I’,LJ( ;Sl),an(ilJSC.
‘1’hc basic capabilities (icrivc(i  flom the vision of si~acc cxJ>loration  in ti~c new millennium consists
wflwo orcicrs ofmagllita(ic  rc(iuction in mass, voiumc, ami power,  for aii spacccrafi  cicctfonics;
anti a highly autonc)mous,  self-oi~crating spaccclaft, with on-tmarci  scif-repair, (iiap,nostics,  an(i
othc]  highly advance{i  software systcm for on-boani  scientific data analysis ami immvlc(ig,c
cxt Iac.t ion. ‘J’hc fbiiowing is a list of the specific technology areas ad(ircssc(i by the
Micmcicctmnics  Systems Ii’I)”]’ in response to these ncccts. ‘1’hc fall tcchno]ogy  ma(ilnap  is
outiinc(i  in [l], aml is beyond  tl~csc.ol>c.(  ~ftljis]}a]~cr.

Scil]icolldllctol  tccl}lloiogics:  Continuc(i  scalitlgo  fsclllicoll(i~lctol(ic  viccs(t)otll  front cl)(i o f
tllciill  cldlol,, ancibackcmiof  the lincl]l~()],)  qwcscnts the fumiamcntal  tccl~no]ogy  ui~on
which other comimncnts  arc buiit. lt is essential to cstabiisil  a cmnmcrcialiy  sustainab]c
sclnicol)(iuctol  founcil’y that coui(i bc usc(i forti~c pmiuction  of radiation toiclant, uitra io\’,}-
pmvcr, (icviccs, circuits, ami intcgrate(i systems. A potential candi(iatc  semicon~iuctol
tcchllo]ogy  is the Sol (siiicm on insulatm) CMOS tcclmoiogy  wilici~  has inany  (icsirabie
attributes appiicab]c  to space, such as latcll-ui~  to]crancc, an(i scaic(i  iow-opcl-sting voltage
an(i ti]us lo\\~-iJ(~wclJ  Jcrfol”l]lal]ccat  hig,hcic]ock  MICS.
A(ivance(i pmccssiu: ‘J’llcl’c)\tcll’(  ;:llcilitcctlllc  an(i ma(imai> were sclcctui as tile (ii[cction—-
folgcllclal-l}llll>osc  Cl)Us in si~acc.  ‘J’hc main  lcason  was tile wc]i undcmtoui  commwciai
macimap  as well as its tma(i commercial use. ‘1’hc l’owcrl)(~ is aiso I>citlg basclinc(i by
various  commcrcia] satellite systclns, Alnong,st the I) OWCI’I’C  Cl)lJ prmiucts,  our prcfcrcncc
was for the 603c low-powcx ma(imap.
l,mv-power hi~h-capacity  storafic: A  number  o f  (iiffcrcnt  storag,c tcci~noiogim  w e r e.——
cxmi(ic]c(i,  inclu[iing:  lil:,I’ROMs;  l~]ash  h4cmory; an(i altcmativc  tcclmo]ogics  such as:
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Vc.r(ic:il  llloch 1,IIIC (VII],); I;cI{AM; Map,t~ctc}-lcsisti\lc  RAM; an(i ! holographic storage. in
the near-tcm, commercial l~lash  technology maintains the highest non-vo]atilc  capacity pcr
ma. 111 the Iong-tcm,  technologies such as 1 lolo~jraphic  stolagc could mad hi~hcr levels of
vo]umctric  density (but problc]ns  still rclnain in the tczhnologics  fbr rc.ad/write).
1,ow-power 1/(): “1’hc  usc of low-power fiber-optic tlansccivcrs  could potcntial]y  mablc the..—
tlsc(Jf l{~v`-j>o\\~cr  l]igll-l>:itl(i\\~  icllll, lligl]ly  rcli:il~lcsclial  atl(ll~arallcl coll]llltltlicatioll ]~rotocols.
Adv:incc(i packaghx tcchmloxics: Multichip  Mmlulcs; 31) cl~ip and MCM stackin~,  “1’hc——...— ——.—
ultimate volumetric dcmity of clcctrmics  is achicvd  by designing 31) VJ ,S1.
KWC.I mana~cmcnt  and distribution: l’mvcr Management And l)istribution  includes high-—.
cflicicnt power ccmvcrsim (I)(X)(:); hig,hly  integrated solid state switches and dcvicc
drivers.
A(lval~cc(l  clcsiSt~a~lt(}ll~  atioll, dcsigi)  fortcstabw  and built-in sclftcst:  l’hc consistent and—- .——-—
cmnplctcusc  ofa high-lcvc]  llal(iW~alc(l  cscli]lti()ll(sl  )ccificati()ll)  all Cl simulation lang,uag,c  such
as Vlll)l, for[Jotl)13cllaviolal mortcling,  and lmv-lcvc] design and simulation wou]d rcprcscnt
a majo[ breakthrough, relative 10 the stale of Ihc ail. Subsequent (icsigt]  changes should  bc
Illa(lctlsillgl]igll-level design synthcsistoo]s.

NMI’I)S1 Ml(;l{olil,l{(;  -J’J{ONl(:SSY  S’l’J;MS”

I)crhaps  the most significant challcngcto  Il)c 11’1)’1” was to roadmap  the individual tcchno]ogics
inlo a Incaningfld systcm.  An assumption was made Ihat future low-cost avionics architcctwcs
f(~lsll)all:  tll(lllliclo-s]  ~acccraft systcl)ls  ~t~o~il(l  l~:tvct[)rcly  cm advancc(i tccl~l~olog,y(  lcvclo]~ll~c~lt
drivcl~ bythc  fast gro~vit~gco~~~l~~clcial  scl~licol)(ltlctor:  tll(lcol~s~ltllcrl  llatkcts.  ‘1’hcrcforc,  standatd
commercial interfaces foll)otllllar{lwalcail(i softwarcwcrc  prcfcrrcd.  WC sclcctcd the usc of the
commercial l)criphcral (;omponcnt lnlcr~dcc (l)(;l) high-speed local bus, which is J>rimari]y a
lJctsoIlalc  olllJllltcllo  cal-dc\~iccllt  ls."l`llciil  tc.rbcctotllc  spaccmift  systcm is via two buses: the
avionics  standard VMli paral]cl systc]N bus, and the Al AA standard AS 1773 fjbe,r-optic sc.rial
bus. in addition, the standard J’1’A(i boundary-scan bus is used for all testing, dclmgging, ad
integration. in addition, the commercial VxWorks operating systcm  is used, with the (;
l>l(Jgl:111]llliilg12  lllgLlag,c:ii  lClal>1Jlicatioll  illtcrfaccs  as tvcll. ‘1’hc architccturc,  as defined ming,only
standard illtcrfiaccs  ismo(iular, and can bctailorc(i fora valictyc  )fa])ljlicatiollsst  lcll as: cmbuictcd
instrument control]crs;  distributed t~ip)l-~>c.rf(~rj~lallcc  and highly availablt  systems; and spccial-
purpmc  applications. As shown in IFigmc 1, the NMI) J)ccp-Space 1 flight computer
al-chitccturc consists of 4 slices: the pmccssm  slice; local  memory slice; non-vo]atilc  memory
slice; andthc  l/oslicc.  ljach slice is packaged citllcr~lsin~  M(;M technology, or 31) chip stackin!,
tccl~nolog,  y. Moreover, each sliccisthcn  stacked intoa  31) h4(;M  :ircl)itccturc,  atld lnountcd  on a
single Vh41i card. In l:igurc 1, the four slicm arc shown above the l)(;l bus. IIclmv the I’C1 bus
(also in l;ip,utc 1), wc show three possib]c  cxtcllsionsto  the. zirc.llitcctlltc.,  that would include a
l’(;l-slice fbr the supporl ofan insttumcnt;  a 1’(;1 slice for the support of a special-purpcmc

$ neural-net co-processor; ma l)C1-slice fhr a cmncctim to a llig,ll-l>all(ll~~i(ltl)  distl-itnttcd  network
amhitccturc  for Ilip,ll-]lcrfollll:illcc  :ind hip,h avail  al)ility,
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3. AI) VAN(;l;I)  l;l/l(;  112’ COMI)U’l’lNG  f) R()(;f<AMS

‘J]lc NM]) Microclcctrol]ics  Sys[cm If ’1) ’l’ madmap is supported by al least two large
tcchnolog,y dcvclopmcnt  programs: Acivat]ccd  l~light  Computi~)g  (A IIC), ancl Remote l{xploration
and llx]~cril]lcl~tatio~~  (1<1{11).  A};(;’s tcchno]op)y  clcmcnts incl~ldc: Advanced avionics
architectures for 31) M(;M stacking; Next (icncratioll  l’owcrl’C Architccturcs;  Advanced M C M
1 )csign 1 ,aboratory; I holographic Sloragc; 31) N e u r a l  Nctwmk Architccturcs; Co]]aborativc
1 inginccring Workbench; Ultra 1,OW l)owcr design fbr rcliabiliiy; and 1 )istributcd R e l i a b l e  .
(km’qluting. “J”hc m a i n  thrust areas  of  I<ll]i  inc]udc:  LJltra ] ,OW ]’OWCI’  ]iicctronics  malcria]s,
Circuits, and systems; and Sca]cab]c  }iau]t  “1’o]cran! (kmputing.  “J’hc purpose of the AIIXU am]
R] II; programs is to cicvclop tcclmologics  that may bc sclcctcd for validation on future N M 1’
flights.
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I:igllt-c  1. A modular architccturc:  1’owcI-I’(;  CI’lJ, 1’(:1  bus, local memory, non-volati]c  stor:igc,
tiIid 1/(). l’ktcnsions  incltidc: instrument controller, a lligll-l~:i]l[l~k~idtl]  link, and a hThI co-processor.

4. CON(:I ,US1ONS

*
N  M  1 ’  i s  a  tccl~no]ogy  validatio]l prog,ram tl]a( r e l i c s  on cxis(inp,  tcdnology  dcvclqmcnt
p~-ograms to clclivcr advanced tcdnologics  for flight validation. ‘1’lIc NM]’ Ilccp-Space 1 flight
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