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cap:ibility to g,athcr cl:ita bo(ll 011 (IIC hfat[iaa  sat face aIId at dcp(l I. “1 IIC it)sfwtllcii(  piIckii:,e i[lcladcs a
a(lllosphcfic  dcscea(  accclcmtllctc[  to Iucawlc tllc dli{~, folces 01} ll)c aclus!lcll durinp,  Ci)ll  j’; :1 mc~cotolo:,  ical
Se II SCII (O ptovidc  dala 011 ttlc al II Iospl IcI ic pIL’ssarc aIId Ietl)pct-atarc’; at] itllpacl ticcclct t)tllc[ct-lo mca$a Ic
llIc dccclcca(ioa  fc)lccs upoII illlp:lct ivi(l~ tlw sul face; a p:lit of p]ccision  tc]I)pCiatLIIe  seIIwrs  to t~tcot d tlIc
coolitlg talc of lhc fcwcbody  twilca[l[ [lie sutf’ace; and atl ckprritllcttt  10 collcc( a substlt-[hcc sample of
MaI list] I-cgoli(l]  and cxa{l)il}c  tl)c salt}plu f-w lvalci coI)tcnl t aclI of tltcsc itl$[l utIIciIls arc dcsctibcd ill dctdil
it) tlIc fbllolvitlg sec[ionf,

4. IIislruuicnt  l)csct”iljtions

Atlt]osljl]cricl) csccllt Accclcr(}lllctt~t

A  utliqacl sia:,lc s(af,c, noti-ctosivc  actoshcll  ha~ bcc[l dcvc’loped li)I (I{c  hlals hliclopid)c  h4issiol), “1 IIC
aclosllcll \vill enable Ihc t)]ictoprobcs to Ix’ rclcawl  al at])’ ot-icntalioll aad spit) Iii(C’ flotll  lllc ctuiw  \fclliclc.
I’c’l  Ibtmance  of ’lhc CII(Iy  S} SICIII  d(lt ill:, dcscctI[ is Ilwaiulcd  by tll(]tli(ol ills, tllc at(llospl)ctic dt[t:, fwccs oI)
tl]c acI-osl Icll ~vi(h an accclct-oll]c[ct.  A co[])tt]ctcially  available accclctot[lctct, tttanufactut~d by Atlalo:,
[kviccs,  ha$ bcea selcc[cd fw this pu[ pose. ‘1 hc SCIlWIt- is a l]licr(~lll:icl~i[lccl  silicon Iwan) that is di$placed
by accelcrdtiotl  lotccs alotlg IIlc dcvicc,’s sctl~i[ivr  axii. ‘1 hi; Aisl)lacc’ttlent ii sci]icd by lt]ca~utillg
Vatiatioas itl capacitance bc[lvcca pla[cs  tlloun(d  on tlw silicon t) Ceil\\.  Illtc:,ralcd  \vitl] tl~e t]licr{>]~l:lcllitlccl
silicotl setlmt- oa a siag,lc nlotloli(tlic sah[Id(c  atc ttlc si:,llal  cor)di[iotlitlg  clccltoltics IIccclcd  to itllclfacc
tl]c accclctoIIIclcI to at) atlalog, to di:,ilal convcdct.  ‘1 IIC accclctol}~ctci I]as a II) CaStII-CiI)CI)t I-<in:,c Of () tO j so:,
\vill] at I accutdcyof  5 tlIp, at a saIIIplc I-(IIC of 25 11/ ‘1 IIC dIdy,  fotues  il]fotnnatiotl f[otll the a(IIIospl Ict ic



accelerol))c(ct cat] bc USCCI to dctivc a dcllsity ptofjlc of IIIC hfat [iat] a([)lospbctc’,  S i n c e  IIIC ently systctn
I-c’lies solely oil a(tI~osplIci ic cltii~: m] lIIC :icrosllcll  f(w dccclcrit(ioll, tlie hfats Micwprobc hlission is tllc lit>[
oppol-(utlily to t])ake alltlospbciic  dctlsity tllcnsutctllct](s  flot]l otbi( to the surface,

lltlI)act\ccclct{Jlilctct

I )ccclctatim  duting illlpacl cat I pt~duccs  foluts as lli~,ll as 3 0 , 0 0 0  g, otl tbc forcbody scc(iotl  o f  ttlc
Il)ictoptdw.  A mcasut~lllct]l oftl]c  inlpac( fotccptt)filc is tl)adc wi(l]  a piczo-r~>si(ivc brid<,c accelcroli)ctei
that has a full scale tllcasutcll)ctlt t-dllg,c off 60,000” g atld a ]csillutiot)  0110:. ‘1 tic ])licr{,cc~tltrc~llcr satnples
tl)c accclcton]clcr al a Id(c of 25 kl 1/ daring (IIC Ial(cr Imtliotl  of tllc allllosphctic dcsccill sequence  c)f tile
Il]issicm and s(otcs tbc 3(J milli-sccollds  of’ da(a conttiitlit]g, tllc itllpac( CVCIII.  Af(ct tllc dat;i Il:is bcct~
received m Iiirlb, a double if]tcg,td(iotl on lllc dccclctdtion  fot-cc ptofilc is pcf-f(mncd,  ‘1 his pm~,ides at]
cstil)~alc of (Ilc clcplb IIM( (IIC fi)tc’body pct]ctrtl(ccl i[l[o (IIC hl:it-(iat)  surface. III additiorl, if (bc t]lictoptobc
fotcbod}  ctlcounlcrs  soil Iaycts ofcliffctcllt  dcllsilics dutitlg il)lp:tc(, tllc rcsultifl:  cllallgc in dccelcra[iotl  \vill
bc evidct]l  ff-mn  the accclcrotnctci  dn[a.

Soil ‘1’hcrn[al (hnductivity  ‘1’cllllwriiturc Sensor

‘1’l)e Inicmptobc \vill rapidly cool dowII to (IIC attlbictl[  lcillpctalulc of lIIC soil af[ci landing,. C’LIMCO[
ptcdiclions place IIlc :illlbicnt  tcinpcia[utc below (Ilc sutlltcc at -1?()” [’. ‘1 hc I-dlc of coolitig is dcpct]dcil(  cm
tl)c tllcullal cotiduc[ivity of tllc soil. ‘f Ivo platitlull]  ltsislot  tctllpcrdtutc  sctlsots, onc near ttlc nose oflllc
fombmly a[ld ano(bct  neat tl]c (ail, tncasutc tllc tctllpct-<~lult of tllc forcbody d[lritlp,  (he cooli[lg, to a precision
of o.ot c’ (: Clvcr tllc expcck(l )’lllf,c!  of 5 10 -I(K)”  (’. ‘1 flc SCIIS(l  IS alc sampled Ollcc’ Cvcty 3(I seconds for tllc’
fits[ five mitlules of tllc Iatldcd ]I]issiot) wilb tbc tlica~utcil]ct]( s:itl)p!c ra[c dcc[-casing to once cvct-~, bOLlt-
aflc[ (I)e  probe t-cacbcs tl]crtn:il steady-std(c. ‘1’}vo  sct]wts arc uwl for this tt]casurc’tnctll to dctwninc  if lbc
sbapc oflbc  forebocly inftuctlccs tbc cooliog,  l-ale,

Atmospheric l’tcssurc Sensor

‘1’bc  aflbody section o f  ttlc tl)ictoptubc  is dcsig,llcd 10 rc’tllaiti 011 [Ilc’  Sul”facc o f  hl:il”> [() Cllahlc
cc)li)tt][lt)icati[)t]s bctwecil tllc tnicmprobc  atld tllc blats  (ilobal Sulmrcyor  spziccctaft(l]at  scri,cs as tl)c rc,lay
link back to Pkt-(b. ltlslalld ON IIIC af(body  ii aII atit)(w,pllctic  pressure and tci]lt~ctature SCI}SOI-  (hat is bcitl~,
dcvclopd fwnl  a collltllctci:illy available sctlsot  ud ill aulotliotivc and tncdical applica{ion~. ‘1 f]c  pICSSUI-C

set)sor  is clcsigtlcd at-ound a ]]]iclcltllzlcl]it)ccl,  I tl]t)) di:itl]clcr  silicotl ]I]cmbl-dnc tl121t has four  sl[-aitl scil$itivc
k>sis(ors inlplanted  in a bridge cot]fi:,(lrtttiotl.”  (’banycs ill a([ilospllctic ptcssure causes tllc flexible silicol]
Illcll]bl-tttlc to dcflccl. ‘i flis dcflcctiotl is scilvxl by nlcaiuritlg,  cl I;i IIgcs  ill tllc piczo-rc’sis[ws  ill tl]c btidgc
circuit. Adjacent  to tllc bridp,c r~sis(ots otl (IIC silicot) tl]cl)lbriinc is additimal  sitlg,lc ]csistot tb:i( is u s ed
to Incasutc  the (Ci]lpcrdtut-c of tl]c scnwt.  11011) tllc atlll(jspllciic ptcssutd  atld ttxnpcra(urc aw sail) ptccl  aII(l

recorded by tlic telcc{~tllt]) llllic:l(i(~l]s  subsyslct]).  ‘1 IIC tclccot]ll]l[lt lic:lti(lt]s systcm can opcta[d  :Illt(ltlotllc)llsly
lvhicb ctlablcs acquisition [jf]]]ctcc)t{)lo~,ic;ll data ill tllc cvc[lt that tllc ]Ilic[t}ccltl(l-c)llcr  failed clutinp,  lIIC
ilnpac(.

l:,volvcd \\’atcr I’,hpcrimcnt

‘1’bc  priu):ity  itlstnlmctlt on tl)c Mitts Mictoprobc  i~ IIIC I\rCIl\JCCl  \\’aIci  Iixpcrilnent.  ‘I’f  Ic cxpcritl]etltal
priorities ate to: collect aII(l isolatv  a subsul  ftlce satnplc (11’(bc  hfatm soil; to detect the pcscncc  of tvatci icc
as a cotls(iluent C)f tllc samptc:  atld to dclcrtl]itlc if tllc siitt)plc con(ains boutld lva[cr it) bydrdtecl  tnit]critl
slates.

(’ollcction  of tile sal))plc is accotllplistlcd by a sIIIall, tup,y,cdizcd electric nlotoI atId drill tllccbat]ist[l,  \\’lIcII
pmvcr is ;ipplicd  to tllc motor, tllc dtill rc’lci)tiotl Ialcll is klc:t~cd and tl)c cirill stl:ift twgins 10 e x t e n d
botinntally from tllc side of tllc f(mbody itlto tllc sut roundinp,  soil. ‘t ‘hc drill opct-<itcs at I O r~~tn for
approximately 6 tnitlutcs atid trtitlspotls about I ()() rt]~, of so i l  n]alct ial dolv[l the flLifCS  oftbc  d[-ill into a
snlall, 6 I]lln diame(ct,  healer cbat]]bci,  I)uting the drill illg, opctalion,  ll)c n]otot cul-tdnl is II]otlilot-cd by
so f(lvate  ill the ll]ictc~cc)tltrc)llci  to dclccl if a stall cotldiliotl occurs, II-:i s(all is dclcc(ccl ttlc IIlic[[)cc>tltrc)llcr
\vill plll$c tbc pmvcr to tllc tllotol to at[cnlpt to f[c’c tllc ]Ilotor and conlinuc ttlc cxpcrimcnt.  Llpm]
colllplctiml ol-tl]c clrillitlg opct[ttion, a s[[lall pyr<)tcclltlic duvicc is ip,l]itcd  Il]at }~ill cause a co\,c[-  to scdl tile
top of the bc:i(ct cbambct and iwlalc tllc s:llllplc flotll tllc ctlkifot)l]lctll.



l’hc heate[- cl]amhct-  tha( contain$  tl]e salnplc is cotls[tuctcd ola cctattlic ma[ci-ial tllal I)ai a Ilichrotne Ileatei
elei]]ent  einbcdclccl it] the ~vall, ltlslalled itl II)e cllalnbct atc two (Ilerlnislot  type Iempcratare  SCDSOIS, otle oa
tl)e it]nct \vall ad anolller oa a sttlall posl Ioc:ilcd it] ttle cetltcr of’the clla[nbcr,  Since [he Illcr[nal  iaet-tia of
the cllanlbci \vill bc altc’ted by tl]e ptc’scacc of a sat])ple, (I]c pail- of tct]lperatutc  sct~so[s arc used to vclify
tha( a salnple  has bcetl collectd. A s  IIIC satnplc is tlcatcd, vapor th:it cvol},es ftotli  t he  saluptc  flotvs
throu~,l] a stl]all o r i f i ce  in Ihe tmt(otll of’ tile cllatllt~cr into at] a(ljaccnt  at]aiysis challlbet w h e r e  the
spcc(roscopy  mcasurelnents  are ]nadc.

‘1’hc evcrlk,ecl  krapots ftotn (hc salllplc ate illull]itla(cd  by Ii,gl]l  fronl a tuaable clioclc Iasci (’1”l )1,) ivllose
tlomit]al  operating ivavclcilp,(h  c:in bc tuned by i’at->,itlg,  both the laser tcmpcralure  and iapal current, ‘1 he
mI[pLI(  sig,nal from the ‘1’1)1, is collcclcd onto at)d mea$ut c’d \vi(ll a lII(i:i As photo clctcctor. ‘1 he ‘1”1 )1 ,s Nscd
for tllc h4ats Mitt-opml-w have beet] sclcctcd to h:ivc a I]oltliml optical wavclellglh  of 1.37 pt]l wl)crc  a
s[tutlg allsol-ption line of lva(cr vapot- is located It] operation, the t<mlpcrdlurc  of the ‘ff)l, is regulated by a
closed loop propor[ion:il  coa(l ollci. 1 Ilc (ctllpct-atutc  colllmllcr n]ust be capable of maitltiiinitl,g tllc ‘1 I )1,
tcnlpcrdture  wfilllill O.?[’ {’ of tllc [Iolninal 20’” (’ opctalitl:, poitlt (0 easarc that the iyatcr absorption line i$
ot>scrwd  if walet- vapot is ptescnt  in tllc atlalysi$ chanlber. ‘1 he ‘1’1)1, optical ~vavclctlgtll is scant]cd  by
applyiu~, a I I l? ratnp 10 tl)c itlpa( cat IciIl, “1’his curlcal rall]p, ellkctivelyscans the optical }vavclcng,lh  by
5-8 A atouncl (he tlotnillal 1.37 ~11]1 opcra(itlp,  }vakclcnp,th. Supcrin]posed oa the curwllt ramp is a 5 kllz
cl[l:i$i-sitltlsoicl:il It]odalaliot)  tvtlosc  atllplitude is apptoxin]atcly  loYO ofttle  at]]pli[udc  of the ramp sigtlal.
Af(ct tile signal (hat ha< been tldtls!llil(c’d Illiough  tllc analysis cllan~bct” is collccleci crri the p!]otdtcclcrr,
the resulting, electrical si,gt):il is dcinodulated  at a f’lcqaetlcy of 10 kllz,  or t~vicc that of (IIC otig, illal
n)odulaticrn freclucncy. The 2f(lelll(}clLll:\licltl  tccllniquc, Ivllich is shows sct]cll]atically it! l:i~, 1, pt-odaces a
sigl]ai (Ilal is pr-~,p~~r(i~lt]a[ ([) (IIC  SCCOII(I (Iclil,a(il,c (If- tile s[{)\vly kfarj,i[lg, u n p r o c e s s e d  s i g n a l ,  Tflc 2 f
dcmodulatioa tccl)niquc produces  aa akwptiotl si}[tlal Ivith a Htkhally itnprok,ecl sis,aal 10 ncrisc rat io ovct-
tllc utlptocessd  sig,;]al “ditectly frwll  tllc’
ttlcasurmcnt  techniclue  allo~vs tlIc evolved
cotllaia a$ Iitlle as 0, I % \YalCI-.

photo~ctcclor.  ‘1’h~  p,re_atly ‘enharlccci s ens i t i v i ty  f[olll tliis
\v:ilcr cxpct itnetlt dctccl vapot- lhal ek’olvcs from sanlples  that
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Water I(xpcrin)ctit  I)ctllodulation ‘1’cchniquc

5 .  Rlissiotl olmrational Sc(]ucllcc

Since the h~ats Micrcpwbcs cat] not bc cottitnatlded :iflci launch, all ]]lissioa  operation aad scquctlcing  is
pctfomid atltonotnoasly  by Illc otl-tx)arcl IIlicrclccltltrc)llcr. ‘1’hc tnissioa sequence  as ckcculcd  by lhc
t]lictoconlmllcr is shown  in I;ig. 3 aacl is dcscribcd  ia clclail it] (he [cxI.
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I:ntry,  I)cscent, and I,anding

LJpon  release from tbe cruise skigc oftl]e  MaIs Survqot sl~:lcccriif(,l~oiver from tbc t])ictoprobcs pt-itnary
Iitbium  batteries is coIIrwctcd to tl]c n)ail] power bus. Ill the forcbody of tlIc pctlctralor  the microcontroller,
~vbicb controls  tbe missiml sequencing and CO IICCIS  data t’ml~ (IIC itlstrumenl package, bcconlcs  active.
Wbca power is initially appliccl to tbe lllictocol)trc)llct- zil tbc start of tbe mission, il performs a series of
Iueasurcmcnts  of the cm-boat-d subsys(cms to \,crify Illcir bcal(h af(ct the cruise to N4ars  artcl to establisb  a
Iwe-ilnpact  operating point for tbe instt-ulncnts,  I’[-iot to atlnospberic  ea[ry, tbc pressure senscw is examined
to establisb  if tbc mm pressure  base l ine  bas sbifkd siacc tl)e iasb utncnt was calibra(ecl  Nacling,s frotn
teinpcra(ut-c  sensors locatccl a( varioas  positiotls 011 the  ttlicrupr-obc arc rccordd. ‘1’bc  e} folveci l~alcr
expct-imcnl  is powcrecl, and the output powet of tllc tanablc  dimlc Iawf- is measured  to \’crify its bealtb prior
to itnpact.

About 2S0 secoack  afler pmvct initialization, tbc atn)ospbctic  entry pculion of tbc microprobe mission
sequence begins. ‘1’bc  descent accc]crmnctciis pow’c’t-c’d  otl aad ltlc dccclcralion  fol”cc’s  due to a(a)ospbei’ic
drag a r c  samplecl a( a ccms(ant tdtc of 2 0  I [/ until impac(. Af(cr at] addi(iotial 260 sccmds,  tbc
mictoccmlrollct  initiates tbe ialpacl dctectioa sccIuctIcc and bcgias  sampling tbc impact accelet-metct-at  a
rate of 25 kl Iz. Tbc data ft m tbc iinpac( accclcmndcris s(otcd by lligbt soflfvat-c it] a circular meiuory
baffct-.  (Jpoa cletcctim oftbc  impact, the inlpact cvcl]t data is s[ord, and tllc impac( accclc[wllctc[ is (umccl
oft-.

‘1’bc  landed pb:ise of tl)c h4at-s hlicroprobc  t]lission bcgil]s illlnlcdiatcly af(cl- inlpact. “1’bc  nlicmptobc
collects vollage and tempcrtiturc  tclca]etry  frolu tbe bat[cries to dctcrfninc if all ba((cry cells bavc survivecl
the impact clccelcratiml  forces. ~~awd cm the state of the batlctics, tllc tllicrc)c{lt~t[-c>llc[-  dctct Inincs if suflicicat
batlery power is available to enable tllc cvolvccl water cxpcrimcnt  scquct]cc.



Itvolvcd Water Itxpcriment Sequence

'l'llee\'ol\'e(l  \vatercx[Jcritlletll  scc[Llctlcc is(lcsigt]c{i  to verify  tba( the tbrecpriorities  of’sample collecliou,
ice ctetectioa, and bycltatcd minclal dctccticm bavc been accomplisbcd.  I)rior to sample collec[im,  tbe
efl][lt~Sfllll~)  ]eCllalllbCr  ]lealCti  S pO!!’Cf”Cd  Of) a!ld [~le[L’llllJCltlllllC  iS ill CIL’a$Cd Ullti]  it iS abOllt  ~OC” (’ 21bO\’C

tl)cclla[)}bcr’s startil)g tet]lpctat~lrc,  Tbc bca[crpmvct is tllct] rcIIIovcd, tile  cbalnbei  cools  to it’s o r i g i n a l
tcll)pcratllr~al]d  tbc bcatill~ a n d  COO]ill~, plOfjlCs alt lL’COl”dCd  ‘1’flC Clll}}ts  Sall]plC  ClltllllbCI  tCll)})CI’i\tlllt2

profilcpmvides  refercnceclatii that will bc used lc)t-c{)tl]~l:irisc}l]  Jvitb tllc tbcrm:il cll:ttfictct-isticso  ftllc
cl)al]~bctaftci-tile satnplcbas  bcca collccIcd Aflet-tllc cll[ltl][>ctl liiscoolccl,  tbcd[-ill  ]not(w ispotveredotl  fur
a pcrioct of six nlillotcs. Tbc drill n]ccliartistt] exkmds oat 01 tlte side of the microprobe lorcbody  aad
collcc(sasaalp!cof sLl[>-st[tF4cerc~,c)litll.  W’lIcII  lIIC cll-illil]p, is cwnplctc and tbc satnplc is it) tbc beater
cl]atl~t>cl,a s[l]all~>yt-[~c  lcvicc  is fircdtc~:ictll:tte ac(~~,cr(t~sc:ll  [bccllalnbcr  and isc~l:itctllcs;ltl]}~lc.

[)ilcetllc  satl1131c t)asl>cctl isolatecl f[c~ll)t  l]ccil\ir(Jtlt]  )ctlt,ll (,\vcris:l p,:lit]al J[Jliccl to tbc sat]lplc  bcatct. Tflc
telll[>cratllte CJfti]e satll~>[e itlt[)c ctJ:itl\[~c[- isitlcrc:l$cci  by about do’” (’ atmvc its iaitiai tunpcratuk’bul  no
more tbaa -20” C to easat-e that icc that may bc in tllc satt)plc  is not sablialated,  and tlic beating profile is
recorded, At -2(IC’ C beater po\vcI-  is removed, and tbc  s a m p l e  is allo~v ccl to cool back to tbc siartiag
tctt)l~cratl[re. rl’llc tberlnal characteristics oftbc  full sat]]plc cbambcr~vill  bc comparcclto those pt-c~,ioasly
recmtcd  fbr tbc empty cbambcr to verify that s:ilnplc  collection was successful.

“1’bc prcceciin: sample vcrifica(iotl pottioa of tbc \viitcr expel-imcnt is based solclj’ on tbc tbcunal
cl]aracterist  icsoftlte  saltl~?lc cli:ltl]bcr  bcforcat~cl  after tl)cs:il])[>leis  collccIcd. la ordct -to dctermiac iftvatct
ice is a constitueal oftbc  sample, tbc taaablc diode Iascr spccttotnckr  is accdcd  ‘1’llc sample beater is
powered and tbe tet~~[)cratllreoftllc  sample is inctca~cd  to ()”’ C’. ‘1’flc  pc)~vcr  of tllc op t i ca l  si~llal
transmitted tbrougb tllc vapor that evolves froth tbc salllplc is Incasurcd using tllc 2f dci]]odulatioa
tccl~t)iq~le  dcscribc(l i~rckiollsly. If fv:i(er vapor is dctcctcd,  32 saalplcs aloa: tbc t~avcletlg(b  scaa atoancl
tlle\~atcr  zlbsor~~tiotl [~c[ikarc rccorclecl. Asstltttit]g, tlt:tttlte iccisttot])ogct) e{~llsl~'  clistribatcd in tbe sample,
t b c  tempcralurc measar-ements  of tbc sfimplc \vill rciuaia  at  0“ aatil a l l  t he  i ce  ia tbc sat)lpic bas
sablimatecl, ‘1’bc  sample tcmpcratarc is tbca iacrcawdto  1o’” (’ al]d bclcl tbcre for fit’c nlit]utes to easm
that tbe sample is clcarcd of water icc to prepare fiw tbc hydrated mineral detccliotl pottioa of tbc
cxpcrinlcnt,  ‘1’bc  power  to tbc bcatm is mnovcct  aacl (IIC cxpc[ia~cnt  is allo~vcd to cool to tbc ambicat
tclupcratuw ofthc  sarrounditlg  ettvirontaent,

The amouat of wakr  vapor tl]at is likely to bc rclcascd dat-itlg, tbc prccccliag ice detcctioa s e q u e n c e
cxpcria]cnt  is significantly g,rcalcrtbaa at)y atnoaat that could ct’olve from tbe prcscncc  of bydratcd
miaerals. ‘l’bet-efcwc, ia mdcrto  discrimiaatc bct\vcca tllctivo  potential soarces  oflvatct,  it is inlpot-lant that
aay residual vapor that may bavc evolved frolil the sa{]iple during tbc icc dctcctioa sequmcebc  rentoved
frollltllc  c~l}tical [latl]oftllc’1’1)1  spcclmnctcr. “lbc analysis ctlatnbcrtba[  coataills tllc Ia$crat]d  dctcclor
l]:is:i si]lall  \ellttoa ll(J\vt llc\'ii}Jor(  (Jclifl`Llsec lllt[}ft llcs}Jcctrcltllctcr' scJ~lticzilI latl]c Jl]lcJtllcilltlci  sult”accof
aaextemal  \vall c)ftt]c[~ct]ctr:ttor.  ‘1’bcsurfaccoftbc }Yall,  that is at tbc sllrrotltl(l  itlgtctll[ler~il llrc of -100’’” C,
will act as a ccrlcl trap and collect tllc vapor. lly:illoivil]gt llccx[~criilletlt to cool for a fcwbours,  all oftbc
~vatervaporcaa  bccotldcasecl  out oftllc  sys(ci)] in prcpar-atiml fo[thc bip,b tcmperatuw, byclriitcd mineral
dctectim  portioa  of tbc wa(cr cxpcrimcat scqucacc.

I)ctcctiot] oftlydratccl  lllil]criils  rcclLlircs tlla(tt]c szlt]]l)lc t>cllcatccl tc)tctl][>cr~ttllrcs between I(NC’  to 500’” C.
"l't)is [~(~r(iot~  oftt]c\vater  cx[~crit]]et~t  co[]sLlt]]es  asigtlificat~t atllotlllt  () ftlletot:tlbat(cry  et]ergy a~ailat>lefor
this mission. ‘I’bcrefor-e,  prior to startiag Ibis scqucIIcc, tbc tnicrocoa(rollcr  dc[crlllillcs the state of tlic
batkricsby measariagtbc  bat(et-y tci]]l>ct-iit[lrcat)cl voltages. Iftl)c  ba(terics appcarto  bc in a nominal
c o n d i t i o n ,  tbe microccmtrollct w’ill \vait until one tclccom traasa)issioa event ba$ bcci~ con]plckxl before
raaniag  tbc final segment oftbc  \vaterexj)cril]  ]et]t, ‘I be wait coald bc as 10IIS  as several days ~~itbcrut
aflkclil)gtbc  results oftbc  bycft-ated  miacral  cxpcrinlcnt.  Ifa  dctclll]illatim] to raa tl]eexpclilncnt  is nladc tbc
samp!c i~ill be bcakd  at a coatrollcd rate of 20’” C’ pcr  miautc. Tbc saIIIplc is bcatd  until i( i s  a b o v e

300’’” ~’ CII- Llatil  tbc total energy allocatiotl of 3000 Joalcs f(w tbe \vatcr experiment Ila$ beet) expended.
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Aflet tbc evolved \vater experiment has colnplctecl,  the microcontroller prepares tbc data and scncls it to tbc
telccotl]l]]tlt)ica(iot~s  unit fot- traasmissioa to (IIC relay liak oa the h4ars (il~bai Sllrvcyot  spacect-afl, ‘1’bc
mitt-oprohc tclecotl]l)~(lt]icati[)tl  systcm traasmits tbc da[a packets wbcn it detects an idca(ifyiag beacon
signal f]-om  hlars Cilobal Surveyor. OIIcc cacb boat  aflc’[-  the w:itcr  expcrinlcat scqucace has tenninatcd,  the
meteorological sensor and tbc fcjrcborly tca)pcratatc scasots arc sampled aad the data stotcd for transmission
daring tbc next tclccotl)t]~llt]icatiot] opportunity. l’bc prilnary mission is scbcclaleci  to last about 50 boars,
bat siace these meteorological mcawmcats cottsaltlc relatively small amounts of energy from tbc
bat(crics, tbc microprobcs  coLllcl possibly sarviw, }vi(b best case eilk’it-otlrl]ci]t:il  conditions, or} tbc surface
for up to 60 clays.

6 .  lnslrumcnt  }Hectronics  l)csign  aud };nvironmcntal I’cst  R e s u l t s

lll][~lct~~ctltatiotl oftbc  instramcat elcctt-onics  for tbc hfars hticloprobcs is based on three critical factcm

P’it-st tbc small size of tbc micropt-obc  scvcrcly restrict~  the area availabtc  fbr electronic components, ‘1’bc
allocated substrate area for tbc \vatcr cxpcrimcnt  electronics is 40 lntn by 24 mm. This size limitation,
along Ivitb the complexity ofthc  cit-caitry accckd  to coatr-ol the ‘1’1)1,, fcwccs the clectroaics to either bc
realized  in a castom mixccl-sigaal ASIC’ ot- by dilcctly attaching the iatcgratcd  circai(  clic to a ceramic
substrate. ‘1’be badgct aacl scbedalc for tbc microprobe iastramcats did not allow for the clevclopmeat of a
cas(om ASIC. la actclitioa, cacb ‘1’1)1, has iacliviclaal chat-actet-istics that rcclairt  that cct-taia component
valacs in tbc cif-cuit bc sclcctcd  daring test, Tbc elcct[oaics bavc tbcrcforcbcca implcl)lcated  by bonding
dic fori]l active intcgt-atcrl circoits  aml chip passive compcmcnts  to a multi-layer ceramic circuit sabstratc.

‘1’bc  dcccleratioa forces expcricaccd by tbc microptmbc  ptcscnts a challcag,e to insure  survivability of tbc
instrmeats daring tbe impact. I:orwnate[y, the direct die at(achmeat  tecbaiqac adopted fot- the electronics
proclaces  a strong, ligbt~vcigbt struc(are  that is capable, ~vith tbc adclition of a thin conformal  coating to
protect the wire bon(is, of witbstancliag the impact, I lo\vcvcr, otbcr components in tbc instrument package
reqairc special mounting mctbods to pt-ovirlc some Ic\,cl of isolation from tbc impact forces, l’be ‘1’1)1,
mas t  bc moaatcci in the w’ater cxpct”imc’tlt  analysis  Cbalnbcl’ w’ilb an eia~krlnel’ic COlll~Xllllld  to  fillet” oat tbc
high Icvcl, high frcqocncy  components of the impacl.  Similarly, tbc atmospheric pressure  sensor moanting
uses a flexible adhesive to isolate tbc silicon mcmbrauc  oa tbc scilsor ancl eliminate any mccbanical strains
tvbicb  can not bc clistinguisbcd  from strains caascd  by cbangcs in atmospheric pmsarc. lloth the ‘1’[)1, ancl
tbc prcssarc sensor, along \vitl[ otbcr critical components oftbc  microprohc,  bavc berm cx(wlsivcly tested
by firing prototype microprobcs  from an ail- gaa opcratcct by tbc l(nc[-gctic hfiatcrials  Rcscarcb ‘1’cs(  Center
at Ncw Mexico Iaslitate of Mining anrl Technology. ‘1’IIc  microprobcs  at-c flrcd into pt-cparcd  targets of soils
of varying bardncss  at velocities cqaal to tbc prcdic(cd impact velocity oa Mars. ‘1 bese tests bavc
clcinoastratccl,  that by using that have been moantia:, mctbocis dcvclopccl fbr this mi s s ion ,  ct-itical
componcrtts  uscrl ia the microprobe iastmrttents  will sarvivc ar)cl  faactiorl normally after Iaacling on Mars.

Ibc third critical factor that aflccts tbc clcsig,a appmcb for tbc microptobc  itlstrarncnts is the harsh tbcrmal
concli(ions  bcacatb  tbc sarfacc.  W ’ b i l e  e l e c t r o n i c s  ancl s e n s o r s  m tbc  aft bocly \vill rcccivc some  solar
beatinp,, fbc forcbcrdy ctectronics  will r-cacb tcmpct-stares as low :is - t 20” C. I)t-opcr  operation of tbc
iastranlcnt clcctroaics at tbcsc tempc[-atarcs  rcqaircs  that Iligll prccisioa  cornponcats  \vitb very s table
tcmpcraturc pcrfomanccbc  sclcctcd,  lk~rly ia tbc clcsiy  pbasc , scvcrtil types of active compcmcats  \vcrc
screcaccl to determine lvbicb cicviccs \voulcl faactioa Ivitb tbc Ica$t I>ct-fc)rt)latlccclegr:lclatiotl. ‘1’bcrlnal  tests
of a complete prototype of the c.xpcriment  electronics bavc st]o~vl)  that tbc iligbt cicsigll \vill operate in
specification do\va to -130” C.

7. summary

I’be Mars Microprobe Mission proviclcs a wbiclc  for clcployiag irlsll-utncats oa ar)d below tbc surface of
hlars. IIy selecting commercially available sensors aad componcats  ~vbca appticablc  al]d dcvclcrping  unirlac
capability ir)strumeats  wbca necckd, tbc Mars Micmprobc  iastramcats \vill valiclate irllportant  tccl)r~ologics
for fatarc applications and provide a mcaaiagfol scicntilk  return.
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