; e3e&H>B&E445T: ; A6AT>Bz-a G WD 99136760 - 1 1 1 DCT 2002 PCT/ US99100730
,Dep05| ting Flui d Speci nens on Substrates Resulting O dered Arrays.

‘Techni ques for Analysis of Deposited Arrays 5 Background dff 068 Mention
i\ The invention relates to the deposit upon substrates of small quantities of
“fluid in aVPPYI&e nmanner and in arrays of desired densiRGI/ERINWIINSI St ency.
The invention is useful, for instance, in carrying out 10 reactions, in
provi di ng accurate overlays of deposits, and, in particular, in preparing

m croscope slides and nmenbranes with biological materials. The |
also relates to array products produced by the novel deposit tec E“muwmummm\
to methods 15 of analysis that e quzghe degosa techni ques. In the

of biochemstry it is éhﬁﬁﬁ%%&P@—Eg—accé%é%€$§—an% eff|C|entIy dep03|t ens
hundr eds, thousandSubskiratrass & hoigegh it ABHRYS, of

conposi tions ongLeant kodl qroremangaisocmf a@ua@ Aﬂﬂ/eﬁent in ﬂmﬁwmjﬂml"mm
of deposition, € precision of the size, shape, quantity and | oc

the deposits and the control over den5|ty of the deposits can | ead t 0*Gooooz+

i nportant advant ages. |B ‘ - gmrabnped bi ol ogi cal 25

anal yti cal tECh&%!OgﬁveﬁeﬁbﬁQ&QﬁkE¥ ggvﬁiéﬂﬁg$osh@bu?8na Chi p* or "Cene

Chi p" techni gues require reatlon of a quorescentIy | abel ed

ni cr o- or GRRPSHRC R SYRRT UL \ﬁ%néﬁﬁéﬂsf falPFi%e"8. 1t is desirable

to pl acemalmaearaa@&mraza:mnwéndemd rﬁe@SQSEo@@ded:qrtﬁest&nQYBO to create

many suchppgl aﬂ@énawlnt@rmtﬁh%m Sr A AEHAHACT Uhi G BFQLDERe | N i nportant
applications, ;single stra or PNA or ot her 0I0|cal el enments in

bj
t he féPmr(?PCFﬁaﬁﬁen’t% Ft%ﬁ"rl%ulﬁg RASHFA G Sh O ErReY B rohr tSibut ed onto the
SUBSTI TUBBASHEE Tp4 RELA126), in( praparmgzmpprw@ceﬁémso@musgw 00730 - 2

surface ofs@-Rhagag:di eglqal%rleglc,ggg@hrglrég up to possibly 100,000 objects
per mcroscope slide. The obje arraﬁ represent discrimnating

sequence |nforné['tl'ieo|’rn"5f‘ﬂ%?eﬁ'f'tsq &'ﬁ' FEF%r’F%sa ePrafigeted the objects of
the 5 ar papdicefiabe tiee immyelsdepositz aedwdiquasr amnd et wfmethedsr der of 25 to

250 unsi diaEBy8Ls @mermhﬁgypahgmgagﬂp@ecmﬁq&& a' nunber of objects
ant|C|pated|nta]%Ae rr Le hj e % robed with
fluorescently | Itg‘(? ?')r(ﬁb‘f ‘?ﬁ %B‘E‘@E’EYa’rt s dsiranie to

accurately and efficiently deposit tens, hundreds,

thousands and tens of thousands of samples of differing
compositions on reaction or examination areas.

20 Improvement in the speed of deposition, the precision of
the size, shape, quantity and location of the deposits
and the control over density of the deposits can lead to
important advantages.

In particular, well developed biological

25 analytical technology, and recently developed "Lab on a
Chip" or "Gene Chip" techniques require creation of dense
arrays of fluorescently labeled micro-organisms and DNA
assays in a two dimensional field. It is desirable to
place the arrays on a conventional microscope slide, and

30 to create many such slides simultaneously in a
manufacturing process.

In important applications, single stranded DNA or
PNA or other biological elements in the form of fragments
carrying known information are distributed onto the
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10 conplenentarily. When a match occurs between these fragnents and
‘hybri di zati on occurs, a positive is scored by observing flg ﬁ@ ce at the
site of hybridization. By manipul ating the deposition of ¢ ap ary
strands orwbn@sgTents into the array and scoring "hits", wemyssdbordeevel s of
‘information can be inferred. For gene chip technology to proceed to
conplete fruition, as well as to inprove the application of previous

anal ytical techni ques, econom cal instrunents have been needed that can
rapidly and accurately create 20 the dense array of objects over a |large

bl e B B A B & PBRBLY e that i s
noni ﬁal |y %rf‘r%%g ?gﬁﬁ?tﬁ rPetrhg‘Xa’éﬁ%%?Q? (fﬁ"‘gl&n gﬁ%‘] %?%%%toap@%sf:i"ﬁe of 25

di screte, annayt gequastnt idscoimanibine segueary bhfdimdtdamterials, the

vol une deppsideednat lébgfﬁz"a‘k% ﬁQ@é Eé/:}%_}é‘t%'d' ¥hEBYpPe-dd YR apkew pico liter
to a fraction of a mcro liter, on the apcg)llcatlon The

up
bi ol ogi Cal®Th¥elPal2¥arfaE®4en SPHF ss’fzfelﬂ g"’@&n 3 53R2e 19 k%0 a few strands
of short odrdgonoc| 26t talex50 nmainadbamestdnyt idepenhding ng:tmazdrlqent rati on of

| ong Stramnofthgogeksf Rl BE- o@@cw %%&t:asétgé #Jﬂ% fluids vary

enor I'TDUS| Sonme are akjn to water hers_ are nore vi scous,

resenbl i nga‘%Falyl ghth6i ‘Pbb‘?c%ﬁéythei’h%r?%@éfesgr@e?l‘ﬂ’rtd'é that may be
enpl oyed atlsmreskiebtly Ikl SUBSIpTLAE: SHEBBtERLAELZ6) 1 1 OCT 2002 WO

991 3676Q RHJFeRAnOQ7Z38y - ?Whe%' Lf REEAE e dubCHBPRESL | MR £har act eri sti cs and
i n other propertles 33@{ aaﬁg range ofqﬁro ertg varitations in fluids of
i nterest HASLLTEGEEI2H HHEAEGPR | RSY S EnPost hiye ’?tsﬁ?éeéf process to
oper at e ovey dbseirdéngafiereSerhaenaprideessias effphpyridi dvdioal.i t hogr aphi c

t echni que e lde i td obj ects and
hi gh dgt ?ﬁg?éﬁ/l%%&g&ﬁg% rga?B%ll%P?%tc%igns gggﬁgﬁ@ﬁ{ Ogtrt EﬁgueJ to the

limted rafigdGOMEDERi HFERYi aﬁﬁﬂycﬁé‘:}ns&ﬂrlf‘@chmh%es W substrates that
are applsi cedbtedls diesafdamdtiionuesnt yoi tdnredonst ruct short segnents of DNA

or ot her nol ecul R lb e%@dhﬂgpo'%%ﬁ%ﬂ@e pg Mg 3t E%Plgggtal n ot her

processes for form n arra |o 0g i cal erral have
utilized p?rék’d'—ﬁ%réscw:'r]ncfé‘r §ot HMREPTS eFtl'\? &ﬁalf-éﬁt%?\‘hqu vol umes of fluid
cont ai ni ngprdia ot enanytmn eeathqﬁema\@mmdcalotmemlﬂsn to a fountain

pen, CO”prﬁé}e”%e%B HE%&%? t‘}'%l%o%gk' P&t; ’ané”a@éﬁf{@élgg Q“' Il's suck up

a desired anount ing a qul recei vi ng
subst r #%, thehSemsRi 3EGIY H d’lbﬁﬁc’éﬁeo‘f?%lad lagoenéighs Eﬁrttlh"@ 88i 11 breaks,
due to ined tglmsef mibeoédapel aliitiBi 6xrt sl Rrddeel yesboppathd ool , so that a

drop of fl e Q[’ﬂi i t i)l the 25

i npact ed s#r%gl%s %ﬁeg%‘!’éﬁ/g QQEQL%ﬁg %I’ln Cﬁ%l %ﬁ%saﬁ%ng%oggurr?ed agai nst

t he backgrduid-Ssf thae h%urtcé“l@laélli’e%ﬁm‘dﬂgs’m‘r formi ng nuch | arger deposits,
of transferring arpad aepoéifidt digdys a pidr&dcobeselliab pENs that are e.g.

i Ped 230 ML Xel LEoFNOLE 1600 A1 NG Ll Go1008p 44 Figlared and

m)vmgthe £6-con substrate to form
relativel ynqt@rrg@1§poﬁ e Weofiepﬁ@sfeed st rauﬁ:eﬁﬁge%ﬁ espgatown as
"replicat ofypicaAlyenaibe MomaapEedusicdpnddecetdoby Studtipn o i ns woul d be

gHéégm( %SL@%fof'l‘i%%‘?‘sééﬁ’erpdi%%euﬁéﬁré’ﬁe”%p%ﬁ@ékg&fi‘fmtﬁ{e spots SUBSTI TUTE
biological material carried in this fluid can range from
30 a few strands of short oligonucleotides in a water
solution to a high concentration of long strands of
complex proteins. The properties of these fluids vary
enormously. Some are akin to water while others are far
more viscous, resembling a light oil or honey. The range

35 of fluids that may be employed also exhibits wide
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9 7 OCT 2002 WD 99136760 PCTI US99/00730 - 4 located on a grid 1 nm on
center. This spot density is apprOX| mately 3 orders of magnitude too | ow
fromthat needed fox current "Gene Chip" applications, and lheﬂcﬁr d0? ous| y
known techrwoumss7edr € | npractical for present 5 purposes fpeiydsdpgisper of

‘ot her reasons as well. Summary of the Invention One purpose of the
invention is to provide a technol ogy adapted to the deposition of very
smal |l drops of fluids, e.g. drops that .formspots of |ess than about 10 375
or 300 umdianeter, and in inportant cases nuch smaller than that, and at
cor respondipgferdtiags densvépesatiae vhedacteridtsicapphdciiathert he termfluid
"drop” ref§£‘§% gery small quantity of fluid, and not to any partiful ar
shape of t R VOluﬂ%’- The fl |ds and 15the resultai

per i ssi bly exhi bF’PCE WIHE F3Rge 8 RRESEYi EBXEJTPRE Wy r§1 By ?y,

evaporat i vefctmfacets&r ihasi caussdlrgzaacae teffionlt iest fali any ygirglef act ant

char act e s o N6eC 00t S6rAMLGENG 188 sagbace energy.  These and

nuner ous o jectives are ac eveg a nunber of broad features and
preferred errbodl n@ﬁf'éa%ﬂhlm%sée?nﬁ‘f‘m%}é’lgl hREYEI ERREFaPEA6r t ant and whi ch
in many cageshsippey aiafret of iched \eexcdeilbhy pddiaciionad aesutdsy ofccording to

one aspect (gl Lhifeddlyahld Ae haab@ra%%rﬁ%ysb&t?rhadgpg&gahng fluid dote on a

receiving XCE I oan arra m croscopi ¢ anal ysi s
reacti on ahdmikRtiong dvestar 69‘?‘%1@6“1 éb‘ﬁprPs'Ffl*ﬁg Limd&sasrangrAfce and a fluid
source whi bhodugieoperdatheniyal eleathmd ghes emablsbisheadeposhdt device to

preci sely gbgeago i, irtble YectiRbhed! AR 190 cBnlEAPacCar ryi ng 30

surface of evl ce, transBort ani sm poSitiqgning the device at a
preci sely FBPEF cIRIMENER OF aPND T tqwro%?'e?‘ﬁeesr SePHFHGS stiHEe and drive
mechani sm baxesapvomsg dthe deépesit device, relatively, in deposition

SUBSTI TUTE SHEET EB&J‘:EZL% “othek %rQGE?QQQ?fo\éDf%%E‘ﬁS GQrPC}E' H§98399730 -

notion toward and awa rom -t surface ar at us "adapt e by repeat ed
acti on, 1?o°§eﬁb%}?9‘t‘f‘?é G‘taﬁﬁ’sflﬁ* havs d‘tﬁ;éﬁ?geﬂ”fq% micPesi r ed ar ray,
prefer abl ycyMnd@mrtai wespheatng amdmjwtesmabht valuned of Piefdrred enbodi nents

fave one OLcPhfnflg i HALLOILTGNIAR! UERScs TiRd u%egcg%aég&ssurface has a

di aneter |ess m ¢ron, preferab ess t m cron, preferably
bet ween abéﬁft‘nlﬁ"o? @?W&Peﬂe’éﬂo"wlﬁi‘t‘,‘?oﬂ I 1tne d8PBBL 0T vi ng sur face
i's bound by:oalshamp asaarblage def |qlel§.1tsheupkrmpsmst elesdfreti hemslrap of f1 ui d.

The depggi t,¢d i an end surface
t hat car9§| esf ?#ﬁglér&l ‘i:gp‘tQpBin%aP 1‘5& ﬁhBHEEIrHJ ereiagm{q?ke structure
havi ng sj déybstrate, the menlscus holdlng the f£luid in the gap of

the quill breaks, due to inertia of the fluid within the
suddenly stopped tool, so that a drop of fluid is
effectively propelled from inside the quill to the

25 impacted surface.

The development of such techniques has occurred
against the background of the quite old technique for
forming much larger deposits, of transferring a portion
of fluid by a pin or a set of pins that are e.g. dipped

30 in a fixed reservoir containing fluid to be transferred
and moving the pins into position to contact a usually
soft substrate to form relatively large spots. Some of
these instruments are known as “"replicators". An example
of a product produced by such prior pins would be a 22cm

35 x 22cm bioassay plate carrying 0.6mm diameter spots
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15 that intersect with the end surface to define a sharp peripheral
drop-defining rim Another broad aspect of the invention is an qpﬁ %hﬁs
for depositing fluid drops on a receiving surface per se, conp?is ﬂg
deposit deviassasgdoa fluid 20 source which are cooperati Veiyudsshahed to
‘provide to a drop-carrying surface of the deposit device a precisely sized
drop of fluid, the deposit device being a pin or pin-like structure having
an end surface that serves as the drap-carrying surface, the pin or
pin-like structure 25 having sides that intersect with the end surface to
define a shaecpteeromphergalidde opm def identer: i NThiY efpertr ddnpiing ¥ pin-1i ke
structures _have ur t IS r n i de surfaces
BEGriafoel 3 orBERy O aeh10baE Mo 1 Feolndt

that are cyFFn SO . , d cases the deposit device
i s mount ed egfed ofi | REENEN "EaRe et PBRL P2t IRNSHe 594 £PBn noti on when
é he depgS! tpréeybﬁlelpnq&g@sl d_téblli‘ni@rﬁi \drggiﬁ\pfi@tt::ﬁ:' salprietre pebbynt hef deposi t
evi ce being_caonpli ant [ aceahl.e 0 0 resi stance of a
resilien e ré%lF %\élluénﬁgr %re?btehreal“bﬁ??g%%ng% %l&e’posi t device is
SUBSTI TUTE SKEET (RULE 2~ 1 1 OCT 2U02 WD 991 36760 PCTNS99/ 00730 - 6 an
axially slidable pin or pipBulhie, I #ekutgvehktibd™eans for urging conprises
a coaxial spring a | LNg. €. Dpi. r. pl.o-ltke structure. Al so
preferably, the d?%ﬁbpﬁgéﬁgéfgﬁ&?grlgﬂgﬁgﬁﬁgégtg eg#ggié%i%onstructed to 5
overtravel teshoayoay | xdartes: tahtked darosdisapni ahtVgryisgplacdén®®® deposition
SGV! ce eng&ffemh_mesrefﬁj.vid&@psumaa@eforni QFFBB%f éﬂrﬁssp&fhgﬁ &B@utde]POSit 0
evi ce, .at e ti 0 S|t s later. nstrain o a reference
positio%? é? b?rtggod%%gggﬁmhgglGgukéﬁhé%ﬁgﬁ%%g% %ﬁé%f ugéure systemt hat
def i nes t hemedflerehiean thater andpakiqamiesprndheoieguisgh deagities or t he
deposi t deviseeubsd Myt appdi SRENG, REENbLhNELUL® drpphacenent rel ative
toits nnurgelfngsuggn |\%sr eng\ggfrrelrft v¥thotfh§ [egel V'd;%o 5 sugface, at the
time of engaggmen of YHY §FBGEEeTWHH het: %‘él Vi n%jl ar a58, he deposi t
devi ce bei mpr&dbpeereshare #f| sherbluibrveduse) t urthendlvddsnendhat engages

the depasi trHievesglvbit) ditd pashiOblyalethabit ef efnceasdelf age, preferably
t he depositqé%%%gﬁ§ Qe@&; %Spin or %9 pin-like structure which is free to
I a

slide axialfl'y*re rve to |tglﬁ%%?ﬁ|¥ﬂ;%§688r%%ﬁg%enent of the pin or

pi n-1i ke stihacegreriptirsheuréaes vienpion, f debtakibitishi eirifactarfed agai nst
the | at er alcHaghetepser saif fBgamby Gorfdtn@ngde WehdEreei@rg@acé he wei ght of
the devi Ce’en%@‘ﬁé? efﬁ&é‘% 'dna ‘A’%InQ{J&JS OJthteQ-ePﬁggé&fvebse'a'}% tb&&&&‘%d or by

el ectrical or gnetic TorcesS acting upon prn or pinlfrke sttucture, to
produce 28 ot @& apmper cef grroggnEastursemmdd: heeferzgd maboddmpae®. | n many

i mport ant Gafes, akbeifditidus0uyClovsl and0 inpbitend |dHdl wiliehage device that

i s novabl e I t rray of .denosit cations,..the fluid storage
devi ce bei nngaﬂggtﬁéggﬁc S ar% ea?{?a%%lglfq%ohtrlgég‘ﬁp%%/&f%ew&eﬁgg}#t%'evi ce at
various | ocations along the array. Another broad aspect of the invention is

an 35 apparatus f Gicadegesyttaord Wededt 0Ps tHe Ankeaeiyh NGSUBSTI TUTE SHEET
(RULE 2~ a]ppjar%szgg depositing fluid dots on a receiving
25 surface in an array suitable e.g., for microscopic
analysis reaction and the like, is provided, comprising a
deposit device and a fluid source which are cooperatively
related to enable the deposit device to precisely size a
drop of fluid of small diameter on a drop-carrying
30 surface of the device, transport mechanism for
positioning the device at a precisely referenced lateral
position over the receiving surface and drive mechanism
for moving the deposit device, relatively, in deposition

SUBSTITUTE SHEET (RULE 26)



WO 991 36760 PCT/ US99/ 00730 surface, conprising a deposit device and a
fluid source which are cooperatively related to provide to tihegdepng t
device a drop of fluid, transport nechani smfor positioning the deposit
devi ce overwasseei vi ng surface 5 and drive mechani sm fox 'ngéohe
‘deposit device, relatively, in deposition notion toward and away fromthe
recei ving surface, the apparatus adapted, by repeated action, to deposit
the drops of fluid in a desired array -the fluid source being a nobile
fluid storage device that 10 is novable relative to the array of deposit

| ocati ons, mbbeoit | tbwhist andgewsevimen hiaknguearsd r wtieedppadaaig anged to
resupply th Si i t . oug .| i | hecsarray. In
preferred gnﬁgggn‘en 1_%q%}%%g?/?naé/%dr?ﬁb?ﬁeag[@ésﬁoﬁ:g%ea%gE%cg? t he deposit

devi ce and fihéd p¥ErFieediolBgd ined FrEa¥ onR$hriedd Yt P8upply drops to the
deposit dewpperatus heeingrednpheeyiintrbyled. t he deposit |ocations for
respectiye drops, (LELErablaniGnIRPLyd Wil skonsge devige and the
deposit devi ce being coupl e or ransverse notion relative to the array
and decouplfedlevingmirate@esef the deposit device toward and away fromthe
recei vi ng surfacerhkNdf8pycaxasangt Ber fadd [asShoaagRe theyilees anenpreferably
construct eq,’%nd. ar rrzling%%fte%a g rleeos! er%ihgple gSmjfcrronH a g_ﬂgrgne)t aeklfly | ocated | arge
reservoir. ~l %‘ﬁf/oc'a &STE RonY 1'e St orage QEVTEEF R §E YoPtre of fluid
havi ng a fbetweenfaleeut A5ooRhd ¢ Miarendepds? 0 geaxed-is | owered and rai sed
to obtajp a fluideoproprefanabbysthead®lid ®otharbgen dmdrge i ng 30

constructed,t tQr | tiplicl f . 1s0 dflyid.volunes in the wells
of a nmulti V\élla? %?g%lg?sat'{?eé gsg%*‘%‘%%% .O%oﬁ‘tggr l&%%écf){ oﬂg‘)“gfléi nits fluid froma
sel ected vol ume offheh@eppiite daVACEt hdra iRigbOraRinchEes SEuUsHUKFe st or age
Lot o5, S gty sttunipe macny o o UL TTE
. K . _ring (the
term™ annulngggﬁ?biL¥ iltn%-r%éi %é %@eg&k% szg?%?%{reoa%&vﬁ‘n?oséd%%nber t hat has
opposedlbr thdtateherseay dish thaterhsurdnrgeatoedafigle Al gharbet ween t hem by

surface tepzr@phefdEClfop-AeEeasnd€nf.0 @ deposit device), 5 and the deposit
device is construg%lg’ghto 19} i nnul ar _retention surface from

gove vmstgigtgetra [
retracted to exte 555|¥?a(')dh§, PER t.?l l'éet ﬁ&XFB&l%sﬁ iTh the
dr op- car r yiapgasatpackendepreigeps sf huidedirers be iy nesedydéngd from t he
surface of gulrifader péiided cypihei mnruldaposit f @eeidd anbeal®1sidrage devi ce,
and in e ded. j L J I f .Qf e_deposit device
bei ng. pfD; GeEaCt f S n dapeycecl ARV EEY bt W (el LIMOTTN o
Anot her br S&@PasSpeeYing suréarfvehttihen depoaht sppaian @sprerigebbsiting fluid
drops on agige@i dttig db RAuwiliacehd NMedsakr ayvsee tdilng BopiAi &F 0scopi c
anal ysi s, conprisin S| ice and ui d,source which are
cooperati v@lfll ?‘éﬁ%t%ﬁ%%%%o%‘(ﬁ%?#oa%aeg‘raqs-&égér‘?ilictr?g? strface of the deposi t
devi ce a preégi SePy-RaENgr SpFLaer)l £her Pée ar dhinilsiref sETROWINR) t he deposit
devi ce, 280 hra@:ciﬂbi ¥edes tHardepeshdédn wmgh; gﬁgt&wrﬁu&%e?*fﬂ@y frolmth]§>I -
recei ving surf.ace star vise defi.ning a generally annul ar ui
retention sdtJéF gge{’l %na}q h%rggg%%% é_:éb | g&k rellll?% lE:lgrh'struct ed to nove within
the annul ar ret entBr§hestied RiNF ognPiet b Hea afrustuxeedirse an end

surface that is generally flat and side surfaces that are
cylindrical and smooth.

30 In preferred cases the deposit device is mounted
for compliance in the direction of the deposition motion
when the deposit device engages the receiving surface,
preferably the deposit device being compliantly
displaceable by overcoming resistance of a resilient

35 member or weight, preferably, when the deposit device is
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25 positions, in the retracted position the drop-carrying surface of the
deposit device being retracted fromthe surface of the fluid re1t ﬁéf]ez(a%?y
the annul ar surface of the storage device, and in the extended 'p t t he
drop-carryi p@® wEEfece of the deposit device being 30 pr OLE&"?%%’&{P@PUW and
beyond the surface of the retained fluid. In preferred enbodi a
menber that defines an annular fluid retention surface is associated with a
driver that noves the nmenber relative to the deposit SUBSTI TUTE SHEET ( RULE
2~ 1 1 ocT 2~0z WD 991 36760 PCT/ US99/00730 _ g _ device to a

repl eni shnaat axpalie slideble hpihempihelike stmetsed, t the sominse a supply of
flurd. In rtaln | S i L CLi 4 pi n or
pin-like s rgﬁc ﬁe{%%ﬁbggg?ﬁ?%@%EESS%%Q??hgegg% uér\ceﬂl%ggscri bed
above, the©pi ERerPit PH PRB- LR AFIEEHERng MRMEFEIRFRRI t“?ﬂee confines of
an annul ar dikvé dueetaaritsimo fios ut e cderaed tadeahce d st comeveuakedltdoy rel ative
thereto. s Preleraler ddihd helaidi g 3HitACER Yorphgafignnul ar storage

devi ce have a hydrophiI'ic surface, e.g. a surface roughness of at | east
1000 ni cr oRABRLaFeaP 1S, deReEi bHRN FPViCEaLBPa9eR It e SEFE2%HRE NV m  pr ef er abl y
the surfaceueeapei sing tungsten, and preferably, e.g. when cooperating with
the annul ar nmemer,! onpbflo il AsaUPPhY depd¥ic! bl fed Nuliol E2RLYI NG
surface or tip of flhe' eﬁ%?:lt evice has a surface of surface energy
greater thaf Geperitso® graphefeangsireinad Lk F&ESEBAPRI si ng tungst en.
The appasapusiofo@nyadbyt Rhcas@ssdix Aetipeeheine thorrbedi axnd s descri bed
preferably dng¢l ude cl eanipg I tem adapted to
control relfellfaﬁ]fegn%%etrég‘n?ﬂég ?j%g“%;t&zﬁgl 95%3?%% olgk:ag%(f).si ting
rel ati onshippstbiemerk ddisi deRgestirdardceanarates cdanasdtr e%ui¢drighip to the
cl eani ng sysuatged Awtdetanheeage Asacingot tsheisphearivend relativb appar at us
for depositin . t r i fa ising a
deposi t de&&gt?ﬂmﬁz{eﬁ%ﬁgf?g? gt%rhﬁéﬁgg‘?h¥|? eﬁghreu%tgﬁ?g? aving an end
surf acelBapaBaces P sdisssifedef i sngngereshaPf hopleyice With HWeSource of
fluid for treeedepnsisuxieide;erhapddporizmiboxcetwing shejdotekpasit device
relatively OMgroan aidae O SRACEH AAhcdPROS dndugeal LADS of a T ecei ving

f repeate t

[
surface, nechani sm.for ) Vi ng e deép SI't device, relatively
t oward and %RﬁﬁlFr%?N’t"r?eW*’-éEeP\:rii@%%céat:%r@eﬁ%ﬁieﬂ‘e%gpecti ve drops of
fluid at sehetted, depaferablecthée aeposd tcieanted eingSuspem oand a contr ol

system gdapigd; Qe COYIRurkel Al LY & SYBRL {HTh JIFRLGRYLE 26)

relative to its mounting upon engagement of the pin or

pin-like structure with the receiving surface, and which
is urged against the lateral reference surface by a
spring, a weight such as the weight of the device, an
25 eccentric weight, or the device being tilted, or by
electrical or magnetic forces acting upon the pin or pin-
like structure, to produce a lateral force or moment
toward the reference surface.
In many important cases, the fluid source is a
30 mobile fluid storage device that is movable relative to
an array of deposit locations, the fluid storage device
being constructed and arranged to resupply the deposit
device at various locations along the array.
Another broad aspect of the invention is an
35 apparatus for depositing fluid drops on a receiving
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~ ~o0 Ccr zooz WD 99136760 PCT/US99/00730 - 10 novenent of the deposit
-devi ce between a resupply relationship to the source, a depoiﬁtQ@gz
relationship to the substrate and a cleaning relationship to'th Iggning
system 5 |Iwogyhged ments in which the deposit device is 3eSabafesst With a
‘mobi l e supply device that travels with it, the deposit device and nobile
supply device are preferably novable together to the cleaning systemin
response to the control system prqf%rqbly the nobile 10 supply device
bei ng an annul ar nenber through which the deposit device operates.

Preferablyghbea&d catinpaisYas e didosa tNag# e fa & kealingoddd ow of air
past the angul ar_structure _Qrefere&bl % atcl eams%% gr gggl st.ation

conpri si ng“aER r¥Af £PRE7FF LV OhHSGEREdE? P Tar§ethe 1 iccal flow of
fluid, preflevabeya comp efsétuid r tuangpopt esschanismgded, an aerosol or
heated air agai Isdify AeROALboSAYideR 10k BPOL| £ Fdduidingustesady eferably the
deposit devi 8e bei nq?ﬁa pi n orsg)l n-li.ke s ru(gture surrounded by a nobile
reservoi 7 PRIt FELYSrIRSRIAATEPE IAYREE FBRLRTPLHTabtE 268 hol di ng a supply
of fluid byedatiwekyt dmsidepoeifisnt siottihe howatd dndowwadti fron ethet 0 di sl odge

retained flLubd;vigy iaace! tRe dpparReutesagstdye E:_E?éa@:éld sone uses
preferably an circul a storage devi ce i.s fs?s]%m ated w, hda heater, e.g., an
25 i nduct i GFtHERtL eF° 45P98aFt 5% ‘g‘?"@f’el"f"eﬁ Bhbodt feffE16Ft HFR¥r i ous
aspects andhkeéluidssaeser bbidy 4 hmobd ler élpidvitiethge dsevioé twdtat east two of

the depesi b sdguiehPe Al1dte98! tONG ldvhdySOET &&pd At RLRYEILAY, @ drop of
fluid on each 3 posit de %32%% nmechanj sm foy novi ng the_ pins together

0 de
t r ansver sel5t€ob P PSS nghHSPRSHENUSS andcarraniedi the
recei vi ng swr tasepply efter depypsitheaiavibel g wtriesstldeationd almngleposit
devi ces conppLi gi-pg,a deposit head. Preferably the apparatus 35 includes

mechani sm for repeatedly novjng,each deposit SUBSTI TUTE SHEET (RULE 2~ "
1 OC T 2002 WO 9§P36’78ge¥:’@4\1§@l°ée"?%t£ eﬂotloaéwc% TeRfeSendent 1y, or
mechani $i fstoragei dgviesch tdepdspdsidedevécei and tEreaadliye sedwedgesel y, toward

and avay f QpECatEoRlnNUCBYA A0 Subp19eBRShE (S TR LKBEE OPS al

respective deposit [ocat| ona on the réceiving 5 surface, For, sinmnultaneous

act uati on, SGV&FEr 3| 5% VFTERLADT & TSt Clethe 2P tnd Rt e, ¥h a conmon
support, driorermebpect tomdnopdl | pxrfamabdgpbbe tmokilreElluid storafedr ops on the

recei ving ighfideCand Nt HR3RPok M W FilkLBEIndepogitedl @ devi ce i s associated
with a respective storage rlng, f he st&g\age rings are al sg cgo nted on a
common §8p§6FP?V8F?%efPPf3;?nar8 AbE FQ ee ﬁr’é?’érédfﬂ VeFRBPLRAG MY of the
ri ngs corr esyemdsttof ttle seposhy ddvizemtibwang| dndtasaggérphatie i nt o whi ch

the rings algel{iRYSEfe.resupply. In 15 cases in which the deposit
device is | owered di rectlgc_lli nto fl uigiﬁegd rai sed _to,obtain its drop,

preferably the spdd F§™¥fCIRE F&60LP VIREE9EoFRELTMAY S 0 the spaci ng of
wel | s of apreddeablyicmstmuktedednd pirabegetiheo rhd tiepdehiphed e bei ng a

mobi | e HEuid JURPLYmd ALy 13c4Pe& ONdeUclEd-boi ACCONMPany the deposit device
across the substrate. In the case of sg?p Iy ri ngs or direct dipping of the
tayass

deposit devices, prefM8R¥bF3SS%h & REPLPS AEYHER AR Rel | -t o- wel |
spaci ng of wedhhe of £l hddng 864 e bh¥6aeelintpd athkchotha spacing of 9 mMm

or a 25 subjpdlbh Pl e Pfed 1M offfed AL Y21 BRRH St eSS ar kbgth preferably

have one Ordrrg)gr, epngaférha%lfyoltkgwmggifee%ttggggé device being
30 constructed to store a multiplicity of isolated fluid
volumes in the wells of a multiwell plate, the apparatus
constructed to obtain its fluid from a selected volume of
the plate.
In other important cases a mobile storage device
35 defines a generally annular fluid retention surface or
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The deposit device and its nmounting imts the force of engagenent of the
deposit device upon the 30 receiving surface to less than 1 gq_agm 2002
preferably I ess than 0.5 gram preferably to about 0.3 gram The deposit
devi ce has wopsteasoal frequency greater than 10Hz, prefer gbiryseyoember than
"20Hz. The notion of the deposit device toward and away 35 fromthe
receiving surface is danped, preferably by SUBSTI TUTE SHEET (RULE ZG WO
99136760 - 12 ~ 1 OCT 2002 PCTNS991@0730 friction or by a danping naterial
associated with the support of the deposit device. The apparatus of any of
t he foregorimgi & efeemabaynelErst orct' eding '© it uaedutdetrefiefr m cr oscope 5
slides or glider)ike ShEHELE G %a%%%ﬁo%éc%tcﬂgaﬁ geLyi ng surface, and a

control system’s constructed and arranhged to deposit drops of fluid in

sel ect ed | 8BBERFARES IRt FARSIPHE L JRsg| Pgeﬂr‘i‘l@e betwaen UF AN B¥r ef erably the
fluid soursertatpriesisignaesbectce elcchesilole cad af Kepdsitd dAnaicher broad
aspect i | i ; 1 I seh, a carrier
for depg'ii tgﬁﬁg&%%é?g%gfoaga%%é Hsdljicgﬁgteé%éerf%%t ed I"%Sg?@ég&g‘%n a receiving
surface, cBRAPEIRT FPEENGEPBsPITRRER L&ORabeHEAhPdetposEteRdss preferably of

di amet er opos8¥bias, 300 wher patddoted bessticondes debpdcattliatg anged to carry

and depost LudioRs o diebphbAn d cAUBLAGe. - S allLeal BLEY nd of er ence

surfaces or surface porti ohs expose or engagenen h(?eposit devi ce,
the surfac89rdrce if fdaifgoreratiied Masthacierilard sarfangeRr ttdepr event
| at er al 10li spbasgeraidvize , ohnt hin deeo ikt ef@ed geogialiahi vRetdrddre carrier when

t he deposi i | rdedst iAst Q‘PHH k] f i t he deposit
devi ce aga%ﬁg?wfﬁi ér% ercgnge t?ﬁé;fa g)ssggrdsur aceq?)l r?%% s&aétwl east at the

time that EthECwhand BR¥PPEetly figdanesof nehe ecscdirRg Stir¥dice to deposit a
25 fluid drop, thanveher ansmdsaspacesobhrtheuihaest poi tisoms and t he neans for
ur gi ng coo i t Wh L 90 0§ iQin recl sely desired
position agﬁf:?{%%\% a%{ﬂ?héb?gkiﬁ‘%lﬁgﬁséﬁ%%ech lgré: g?éﬁfﬁﬁ tar depositing
fluid dtopsurhaee dehsd 30TaY sy tAPIeuEaEl ricTessionisdaget¥sishe assenbly
conpri ses aofmbiisimpur Gepbsoltrépeiriecdhy aroMiil rpuacdi sEIeH axdrop of fluid
on the tip gloLhe. fAensitydeyice, Jmehan! s o oulng, the device
relatively OVRT - A" ar ay Of Spaced apar eposit 1 oca YOS of a receivi ng
surface, meek&aFemBIHeofepapratdaiFendvPrecisrdvdedred, dreR aidel y, toward
and SUBST| 3UdiE: ek Hailiel 2or mdMAridOLRE788posik3 de¥ride OCT 2002 _

PCT/ US994 0QZ30. ave, [ OMubBEs1 EL8 WY oRUELAEEP b dGROSHLLY Ggect | ve dots
at respective ‘epOSXI(t TocatT ons on the surface, preferably the fluid source
bei ng a noBPFRLYIRG FUrtgrEgetiR AtQragepdrutee f iRE Beposit device, which
i s 5 gener akhgrablrabdrmudaer £1hid arateptabndepoide | @aadt thas, the fluid

storage deylpeehel i CONSLEHG! EhANGALEAISH YL JiERURPLY, Lhe deposit
device at various locations With respect to the array.
annular retention surface from retracted to ektended
25 posgitions, in the retracted position the drop-carrying
surface of the deposit device being retracted from the
surface of the fluid retained by the annular surface of
the storage device, and in the extended position the
drop-carrying surface of the deposit device being
30 projected through and beyond the surface of the retained
fluid.
In preferred embodiments, a member that defines an
annular fluid retention surface is associated with a
driver that moves the member relative to the deposit
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In certain preferred enbodi nents of this aspect 10 al so, the deposit device
-is a slidable pin or pin-like structure constructed and arraige&.ggp%ip
into a volunme of fluid carried by a nobile storage device, pref f t he
st or age devwoeskséng constructed to store a nultiplicity mfrssedoadoed fluid
"vol unes, the apparatus 15 constructed to nove the supply device relative to
the deposit device to select the fluid to be deposited, preferably the
storage device being a 96 well plate or_ a plate having a nultiple of 96

wel l's, and al so preferably including at | east one driven stage for noving a

sel ected 2Qevebé ©F 2 rEpdeheshtddd Wellumg! 24 ewhidiD thegiehbyr Wd h the deposit
devi ce undt__aLr mggngélt&{ r%%rét:i(,gl fé)r é_natc))l i ??u{@ti on of the deposit device to
dip into an out- of -t he prese?ec‘fpep Ywelfl 0 provide a drop of the selected
fluid to the devi da cgstain muederpedf emhadimemssdrhedepasi¢ nobil e storage
device is @evaRAUifra IPiRdo@SpdesSrind et rabeyfe d 1y .MAQEhEPHAS d Whi ch the
deposi t gew ce ls g bin Lrglsn-élcke. setrggto%e,tﬂet 1S g{ﬂefer_algi:%a posi ti oned
by engager‘rﬂ‘ﬁf with™a surtac o‘f1 FEVHI0 PERY Bhoss &4 s OFsPSD posed at a
pr edet er m w&gqueelne | keidld pounted avitddd Fhagoemfingse ofr asuartylare,

preferably sihedsystapeicf stie¥atetd QD hebhgeintd Movieommiaiip supporting
| edge t hat r%gggorts t he device fromnoving in its assenbly in the direction

toward the fL‘\’/‘Fn%heslhertToace) but fromwhich 35 the device is free to |ift
in response to comrgderably hlQUBSTRrUME gHERFIaREBEDAhe | 1 ~ OCT 2UU WO
99/ 367690 PehhUPEP 1883 ye abdicki Rav d Mgadeyheri Mdurrbe,recs \d ng surface
as the supportlng | edge and ?_ev cg are toca et her moved rel atlgeley toward the
recei ving SUrracs for 5sPti Ay 2%, grgf’ﬁ%ﬁﬁ} e s 22F of

revol ut i on ewavgnggrester sd@tohbsut o35A0s mbdmanprefexabiat theng t he form of
the porti ony@fatbBecefyt G ndf @aﬁﬁgeleﬁ,o aQﬂan?Q@féi-abW,?feQ@atheﬁ he surfaces
bei ng respectivel ¥ coni ‘(i:%l' rn 8% ext er%g’e%‘sﬁonf{)cr mng_to. a ﬁ({)l’tl on of the
surface of ROPFHRFIEINETH FPEPERM PR MSEREReR? 2 dknd FBPPtY ging the 10
deposi t 18evifc&lugdi e dusnecenteingrfurfeseappl tix of Itheedabosidi ce or

turni ng NDRRRA ckOhkBes daRGSIce BeVaeesader eherapl yrddied enag Sbodtur ni ng
nonent bei g&@pﬁ&l ed b %Ea %Fjpll ng bearr:égl_% egcentrlicall ontt he device or by
a pushing e éﬂga@% SHPRY 2" Pent fTd “BFPT HE e 568PP 98" devi ce, one of
t he engaged end arthep@phangtwemfeanyonprihes mprecsar fnd epwafiergedan acut e
angl e to anniekiimehts edines, pAdtetdiayotiRelu® 4 haeanihgces conprising a
convexl 0curvgd surface engaged upon atfge aagl__ed ng{ﬂf ce, gtr:eferably t he
convex| ¢°c iRPEEMs BPF o FWF L BY By BFPESHT FRePTHAN £RARCHERr s agai nst

t he inclinewvemehtcef thefdepabliy dégviss g pudtresihing wei ght. In

embodi ment s-d1atWBhship he deROSkEe ML RukFabd 4he 4 1@a@ing Pin or pin-like
structure, a sﬁ__r.uctgre r% een'%; rotati o%tof t he deposit device about its
praPef brl’ytp% pCrsBP I FM%RE structure confined in a

own 25 axi &Y
conpl enent ary spadeather preadmspeictsof othe iimveabdon is sarown axis or a

detent peewRpasatbatddcdtostBend RO iradeVkCoot I @r abyithgy det ent
conpri si ng z%rft of a Lol | .%%rl ng whi .ctuhéfur.rounds an%l?l S fl’fl ctionally
secured to The 36’ pfA™or PiK- Fi REPWTULIHES B ot FeEMoR R BHE spring
engagi ng a st epnsbikeceenurkurpr baeing arhendosurfage qapebdeadfy the spring
al so provi gixeeigsidl AEOMINARCEmALL ISR elufdN-d ideRirskr gt ure. Anot her
broad aspec, af %he nvecgetl on.l§ aidep05| 35 _appar at us copprising a
nul tiplici t’i}u&ld 8hotPt IFRPSEESCRY CUBSPFPORETBHERT TONAPE 98¢ t ~ ocT zaoz
WO 99| 387P6(0ieposit device relatively over an array of spaced apart

deposit laocations of a receiving surface, mechanism for

repeatedly moving the deposit device, relatively toward

and away from the receiving surface to deposit respective

drops of fluid at selected deposit locations, a cleaning

35 system, and a control system adapted to control relative
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PCTI US99/ 00730 - 15 described, nounted for notion together in response to
Aa comon actuator, preferably the deposit devices conprising qﬁﬁﬁsi&gpins
or pin-like structures. Another broad aspect of the inventioh i$“'a
apparatus sorewong a nobile fluid storage devi ce separ atpuiswema deposit
‘devi ce and generally novabl e over an array of deposit |ocations, the fluid
st orage device being constructed and arranged to resupply the deposit
device at various locations with Leggect to the array, in 10 one case,
preferably the nobile fluid storage device being constructed to store a
nul tipli CidoyreRbnt S6f adied debub it Vad- RS betheeﬂp@ad‘e?ﬂdp%IQOHSt ructed to nove

the nobile t VJj C e e 1o |ceto select t he
fluid to & 5§ Q&E,% t!Op(r?:g1 erggﬁg)%y t e d%@%%??’?gisée evi (c:”eISBePng a pin or

pi n-1ike meueunsere%mg%et edeaminmmedageansiinidio tbepaleantamntrol , to dip
into a selggeked.volune of fluid carried by the nobile fluid storage device,
preferalythe ile flui Qra devi.ce e|n amJIt|V\.eII pl at e havi ng
96 wel IS or nulti ngS?l %nr%) Wk %‘%cg he ﬁgdﬁY Y ™R or a subnul ti pl e
of 9 nm ardsecétbedpvith ﬁ'e“@bphﬁaﬂEPLYnéleUéiPﬁgtfaa‘drﬁwnlet "geh f or novi ng
the fluid ;g Ortﬁlaeddgasp@ defi@er £84 Shobi1W Bhpple depesi hrdevi ce under
conputer control.for en eposit device into a

presel ect é?:l*'effleffﬂaalcl tg?ehg%%{l%e%fhgagge%?req (o] ﬁ " A8 nobile st or age
devi ce i s raspenss! a@ thmg:%aplreyen% prefppahlyfthd mokibg surface

tensiong TAppipvaelied wisy haahhesar %uﬁ%&h@ﬂrm Hstaieh add the described
?Epar at uscin degoae%ﬁ[; g@lreurlﬁ 8§r0p§’be§ rag)ﬁ_geﬁéa %%aﬁﬂm%@fl UI % mentioned in

e spe_clf her— d a n nmet hod of
deposi ti nchas i obegleafoxr giyeghinam aflsqybsvnfr aite pastcals) agnbl@t ogi cal

conpounds é&dc’&h%acﬁzré\féfbkﬂﬂ}ohh&[e ¥RCArging sFHaQCi%er m ned position on
a substrate, 35 includin he steg of de 05|% Egt st one of the
SUBSTTTUTEEEIREEFLPRUE E° 1% urs® 85 Pcr/ Us99/ 00730

conpounid ororsidadt Shce oH ﬂ-%ﬁecpsef?rﬁétyelcmnneel%%}te?fJ-lIZeéillsbot relative to
thef subglt r@ée?ssmelr@@aam Calr Yek8YsI i & @taeethiﬁrﬁgAQ@SIat de\él ce, .
preferably.a canpliant pin o structure, .10 a drop o e
conpound FFERPRHGHEEEACR % “}?g)llg f/i"é{ff fsé’élécfengf%%erafbg%aﬁg ®the substrate
until the dipesdt pgemice Keeigiar acpim eox myitradtiket Abruatiune ate or a pre-applied
gormound %%J&nagﬁswaé artloaﬂdet peseafdef é.@ifﬁhénf&ﬁh |3 Iahaf E i nglg h?| degozl t
evi ce _away fr.om the, substr er. condi tions. i C e ui rop
transf@g %lrﬂ“ilﬁé ?ﬁ%??aﬁa@%ﬁ gdlb?leg B 84P B%)Y’r%%\?& q p Ke substrate,
pr ef er abl ysuﬁﬁac@epesﬁiomeeﬁf@@tsmehe apzdacilags t flerentiest tat e, appl ying a

force to tdes1pHst s:awu@édlﬁ%adt haa @maﬂ ok geaa}ypc_r&f erably less than 0.5
grans, preferabl rop being |ess

than 300 nfHRRTE ﬁxedp%}:&q er1n SP@?e‘r‘%ﬁﬂ fre£§§ag#%nar2(ﬁ5‘r6"ruqf50 mcron in some
cases prefstatsge daepicposedsgoopsted width aahestpourel candaanot her subst ance

bei ng succagfict8by Hepestted by the said techni que. Preferably in certain
cases the fluid s pl%: of, 20 t}%er bi olglg $ conpqun ﬁ or substance to be
deposited by the %Pnc FApPnPTE BPETRE S PEatAB AV RS Hpi ng the pin
or pin-likesmtatgcandefeéatynas desoribére déderei arelawaaad&d suppbrted above
the substrs eatatlehae @ke&czﬁl tthleoee&bm \aetvmcesa it e dinag fluid by
surfacete&sl\;{; a Eo El ‘iY E htherln in the manner
that a relatiVelfy §ﬁ§| Jarp(fﬁ%& PRe® 1505 © Sg by the end of the
pi n or 39 rdpded tsdeudcer earksynmhaacemtfmsmmnpremeermmw in both cases the
Pin provi cdidykihed CREASTHSH ySBIEACSn BpR&éd addy® that sizes the 30
dr op. Pref%rabl éhe fluid t e de$05|te |s f?wd Seg@%&?ﬁd froma group
of fluids %‘bgdé OFﬁthorfﬁJlot Pl TR E R isunErCe, BLh ¥h nmoves across
t he subst rtherd beSUBSIt TISHELSHEET ¢R-LHeE d@posit devices

comprising a deposit head. Preferably the apparatus

35 includes mechanism for repeatedly moving each deposit
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WD 99136760 _ 27 _ t ~ ocT zooz PCTIUS99/00730 be in proximty to the
-deposit pin or pin-like structure, or a plate visited by an a,n-ptﬁlcq}r ?pply
ring. Another broad aspect of the invention is a method of produci ng arrays
of fluid deigeysetgaeri sing providing an 5 array of conpli aptriepasizd devi ces
-according to any of the foregoing clains, the devices preferably being in
the formof pin or pin-like structures, the devices having spacings
corresponding to the well spacing of 96 well plate, or a plate having a
multiple of 96 wells or a 10 spacing of 9 mmor a subnmultiple of 9 mMm

accor di ng Td@v@céaﬂﬂiéﬁ&d&hém pcslefr@er&ﬁhxsﬁl ESR iR BdcADDI | € annul ar
supply rlnﬁglnto E the "devices directly into

0

wel I s of t Pt & W‘tqﬁ’ \ﬁ/r‘rf“B t?‘R%QLHBg\Vl c§e#g&r‘é Yot &P¥ETR02 M ovi de fl uid

dr ops on tlawaﬂLSde@mm raceiving s§wriciceg tohdeppoifs reepreseeti ve | ocati ons

i n substanyirgblyatersffeRiNaY8efb £t REAEYDAS SHIHHRCEecRIGIgS ably the drops
bei ng deposited on a mcroscope slide in a pattern of square arrays. In the
vari ous £HS §°epreferabl y drops of fluid 20 are deposited under conputer
control, by novi ngoat siwabtarmmeiscerphiatinn y predetredl pittwoorpmareéi ke

structure 'a@pbagtad@l&f&%ssu%%sw@e&w @C%O%OHIWE | gssvd.pan about 375
m crons, preferabl an 3Q0 m crons, ﬁFr ef er eas than 250 nicron,

e
to a sel ect¥d2pEer ?’bﬁia%r’f&rﬁod PRFYY FESPRFERVE %dndBPpﬁl‘?Pl i ke
structure, thedescebdimntsewifake. | NIn msear ioushiet kedd, dppeétr ably the

recei ving atace;k Saééé@at%d QEtEOJtresB'é%fc%ébée/o r%g%l LGl Vi surface is

porous or mcroporous or fibrous, preferabl sing nitrocel |l ul ose,
nyl on cel | HtOEBIGCELRIR e BéJF?v‘i“ﬂVﬁed‘} (3 FI E‘B‘P‘T‘% BPPRTGel , preferably the
menber def idringnt bg s ofdmmom ﬁrage}@reﬁamabﬂygthmrémnlgeoﬁgthnt ed on a
rigid Carr'ﬂ?qu@@?fesﬁdﬁd?ﬁ:odtﬁécé aYcﬂ:r '6&08 ﬁu“lﬂﬂ«?equm?,%@é sof t or

resilient bu

7‘% UBSTI “\'“%‘ %Rﬁj 2042 WD
99/ 36T60 PEHAES9SNBD ARt | %B%r%ﬁﬁ yIRESRE Iie§u8 Yoyed t o deposit
a flui dlselcasEedlhrwhid:}he:l'@r depoait biotiow dal 1éverat dlesctiped in the
speci ficatiope RIELET Y &ati@%dnﬁéeélb@ahrp‘i'tﬁgdﬂo}ip %f&e%bl rofe or a

chem cal for reaction wth hiol.ogjcal materi a | uorescing materi al,
an ink, dy@PaSiBEnOEthRGeRCs1E PRBLR (GOFE SRRPRIS aﬂ° t8e SPISHH sh or an
encapsul antofowedbsebdLf hargredeteamthedmuig ioelheplatd | ziheg agent. Anot her

broad aspect;;ef,Lhe M@tue% I3 5dssdd ﬂ%&aoguﬁglﬁ%% tkng a biol ogi cal

fluid vmth a pin or pin-I tructure CONpri si ng ‘supp ortlng%flwd within a

ring by 28U REETRERET oFP a&rﬁ’d’mﬁﬁm’nbh? ifieRgEA tofe B GR 159808t FliRt ure t hrough
the ring i mudseratanerin tite aasel aflmgiglysm';lhgsdmopinfect:hélm:ingj i S h_eI d by
to the end Jb 9t hBE-RIN cﬁ)(r:.%‘ééf aﬁfeféav.%%l ﬂnghge%% ihgd on a receiving

surface. Preferabl osits d any. of the described

an arr
met hods i s crﬂr(’:'reﬁgeﬁﬁ?c%ﬁl ﬁx&ﬁfﬂ% vﬁffarﬁué’gv\,f’ w ¥ %canifng ni croscope.
20 The inves4i, o864l sp 1538 wedd phater ar par@@acingowﬁ)ra smngrdaposi ted dots

of flui QSOfsMﬁERﬁielgﬁ% tfan about 375 micron dianmeter, preferably |ess
than 300 m cron eferably between 15 or 50 and 250 micrqon, in a dense

array in a patterr?%ﬁ’ﬁé%ﬁ%ﬁo??ﬁfrta&ué AERCTIRAT eressranky daver i bution of
wel | s of a dife wel hopead®, the €bdkilabiyg tfemtaaes. bei ng spaced from each ot her

in the array |ess qiany Qggg &%m thai § Eg ,g:;m.ftg_g“g Rigfes aey | ess than

twi ce, ox about one an one |rres t rreter the deposits
pref er abl y Fo¥SRdPhgeRPRIEENS 2€sthe ceRRFedevice upon the

30 receiving surface to less than 1 gram, preferably less
than 0.5 gram, preferably to about 0.3 gram.

The deposit device has a natural frequency greater
than 10Hz, preferably greater than 20Hz.
The motion of the deposit device toward and away
35 from the receiving surface is damped, preferably by
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30 slide or on a fragile or soft surface, preferably a porous or

-m croporous surface, the surface preferably conprising nitrocellul ose,

nyl on, cellul ose acetate) polyvinylidine fluoride or a gel, tihk0CTadl e or
soft surf aogopysier ably nounted on a rigid support directplyugseg@ovi a an
“internedi ate soft or resilient buffer nenber. SUBSTI TUTE SHEET ( RULE 2~
WD 99136760 - 19 ,~ 9 OCT 20fl2 PCT/US99100730 Brief Description of the
Drawings In the Figures: Fig. 1is ,‘Iree body diagram of a deposit pin
that is laterally constrai ned by bel ng | oaded against a 5 reference

surface. Feghcecliodl o@ b*'é'ﬁdn@h%% At &F A @3BBILEegUPIYIESBEVOI IS Wi Th which
t he deposit LA is a cross-section taken on line Al A

S, o The cliPondt, av
of Fig. 1.SYRBIEGSL TR AP CaPEVFRus similar to Fig. |Aillustrating
ot her pin | oadi nglse rappgetneseof Ry ofDthe BoxkBgrgmanmiwt i ¢ per spective view

of a deposbfeﬂ%ﬁbwakohé.l@r@ce‘éwltealuoéﬁlefaﬁ%n&a&esfvm&@s gpl ement ary
seatlng surface of rt plate, while 15 Fig is a diagramof a

| ongi t udi n%tjr“?e"gl‘?é'ntﬂbag %&55&#%%%%5%& aﬁe hEFEGYVIERE is a
di agr ammat surfdaay antihaveottoresl slyatemnts ywxmesthrectedcandrefmmnges of t he

support se@ déb(&ﬁ%pﬁ?'éﬁst&f|ﬁt1ﬁ'aahn?é%1§éd’tgadgﬁ%la€@oﬁ§ &hech@ n. éo Fi 9-2 1G
is a representation ri ng- nounted and da osit, pin. Figs. 2,
2A, 2B ands?éa?se i é‘gf"ﬁﬁniﬁfec Bglr(‘j‘EtVF%%s Qﬁef(%‘ggﬁﬁaﬁ‘%n@ W deposit pins
and cooper aturge uppoiesng hatsquroei dé bixtlarglcadofistidi nt of the pin, Fig.
2 1s ay@25 prefergade @t edakl ¥epddd w%ﬂeninoén@i&pws' anehidig- 2, while

Figs. 3A and 3B are crois sectional views tak % respective section |lines
of Fig. 3.9¢pesitg3ssemplycPlpt@s 08 i 6 oeta 6’5 P‘PSJB i ¥P%ounted by a pair
of paral | enisyte riyddsewtir Esuid/ aMusehectecBOldcatlmtlerapdny gonstrai ned and

prevented {[ @}Jﬁggﬁtgu%aégwmﬁﬁas%@ QxdépoélQedQ'vgcécﬂé\PﬂigV%'ht' cally

t hrough a no b-reservolr ﬁ:& are “Fartl al
cross- sect PORAFeYites Breberht Ydé’ﬁoéf‘?‘“%f‘?rr ﬁﬂf’n@rc-ﬁ?\%t Wons enpl oyi ng
pai rs ofs spribesd,| exmsesucSBSIHATETEahEE Tt RidrEyZand dedosGET 2002 WO

991 36760 PEIILEAY 09130 1:p3f wifd G £3he S BRI akbEa RO Al Bibea deposi i
pi n depositing bi ol ogi cal r eagent contact force, on a
preci sel y FBEgT |SPF6ﬁCENP?¥Q%?B§|9 %%ﬁ%ﬁb@ngggﬁm &Whlcroscope
slide. the deposit device, the surfaces or surface portions
constructed and arranged to prevent lateral displacement
20 of the deposit device relative to the carrier when the
deposit device is urged thereagainst and means for urging
the deposit device against the reference surfaces or
surface portions at least at the time that the deposit
device approaches the receiving surface to deposit a
25 fluid drop, the reference surfaces or surface portions
and the means for urging cooperating to position the
deposit tip in a precisely desired position as it
contacts the receiving surface.
Preferably, for depositing fluid drops in a dense
30 array of mutually isolated dots, the asgembly comprises a
fluid source for repeatedly providing a discrete drop of
fluid on the tip of the deposit device, mechanism for
moving the device relatively over an array of spaced
apart deposit locations of a receiving surface, mechanism
35 for repeatedly moving the device, relatively, toward and
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5 Figs. 5F-51 depict the action of a pin depositing fluid on a fragile,
-porous or soft nmenbrane or the like. Fig. 5J shows a rigid slide carrying a
menbr ane upon which an array of dots can be deposited. Figs. 3K BT 2002
illustrate whewpmreicess of depositing |0 one deposit upon panassheoorion a
"precisely aligned manner while Figs. 50-5R illustrate deposit of a large
spot upon which small fluid dots are deposited. Figs. 5S-5Villustrate

mul tiple deposits fornmed by verticaliy upward deposit notions. 15 Fig. 6 is
a diagrammatic view of depositing dots of fluid on flat-bottonmed wells of a
mul tiwell aka&y efrdn ghe/rdepivigy aurtdhtke shlidpestrypespédaive ravel s from

one deposi &?t%)sa{tt 'r%%p%ﬂt?’@% %%gos\%t Iio@a@f A ee tﬂgpgﬁff?%ew ce illustrated

as a deposi oyIn action depicted
in Fig. 7,PE® éﬁéd’\folhﬁhfbubqle%ﬂﬂrrﬁ? §?é{190<‘n ml& ééH{-@a?t%ﬁﬁSﬁl y of fluid
speci men. Be@icd s@a&a&edewmewneamépssgt d@vﬂ:et LOmhieRWi®f a deposit head,

conpri S|§1g a, de es | geggp tﬂn%%ﬁvzéfs ors§§erl¥g£{lt hs; ough whi ch the

deposi t plﬁ oper a a sequence of’ stages of the
deposit acthenfbiid msomags 6¢V¥q€g begngFF@nStgtElq}@él eng axgangedor resupply of
t he subr esebVQééugﬁfl}FIt@egde_B@sﬂ Hevllkedeapi ¢itidilscabagiéhe withg and pin of

Fig. 9 at i a while Fig. 9G depicts a station for renoving
i quid, magﬁg %agn }%|%§9?%e pin and ring. Fig. 9H depicts the narrow

wal |'s of the wel | 3nofeRtFERpFeieEreh IR ifgppryCbfthiss @FPeEter voi r by
i Mmer si of 3%sb theveldposStBSIVIde H sSHEET i @bl pdn orWER9IRG760 - 21 1 1

OCT 2UUL PEILUSO9/ 07430 ElBeod! ard A-80888" 851018k oVh Wil Presently
ev I'ta | ow

preferred annurar, sub-reservorr pi Cki ng up
viscosity PEuFteid repnriedaby o WH%@&BF?QQSdWM%t PEF@@F‘ﬁ‘ Wig. 9H while

Fig. 9J istae sféragedevriok baﬂn@lewr@ere&t&gco %t.orEl g. 9K is a magnified

view of a rd.n h a surfaces are
special |y @BEF@PWHY(JO%SSS%%%# wrda%’g rg% ‘a Sg'gﬁ%g%%‘fl ed scal e the

i mer si 86 ePnehruekedmsl yover the ckupplyodeviee |xslativeutd Sapply and Fig.

OM siml alaebesftgdex%e ikl Hélé@i &hd tf.@uiauwl &@asépbaateas pi cked up by the

bl F de head d
For - cooper RERBRE BRI, SArERESh delelbethote B Yl BOBR R [CF o 11a

shows the pasbechavs @ a&tlFFele of 9% #edlppl3ngd @l@pu prsfemRbY¥ 9. 12 is a
di agram of jaglea@enqdte 1RaBcPahE edilivein BLage EEPRViingl ASsehédwrdi g. 13

iIIustrg% wFa? knlt §E&relﬁi£qagﬁ_p f thtglniﬁEg a aggﬁq:rd 96 wel |

suppl y Fhees e guencefor the pins of
Fig. 12. Fldgpoi.fathleﬂtisﬁer ANEeT s tEm C@ﬂts‘@baﬁcen @@a‘gégag e8P ni cr oscope
slide whi clyst BRe paéiSodift He@icdZ2t&alip into and out of the
preselected well to provide a drop of the selected fluid
to the device.
25 In other preferred embodiments the mobile storage
device is an annular ring as described above.
In embodiments in which the deposit device is a
pin or pin-like structure, it is preferably positioned by
engagement with a surface of revolution whose axis is
30 disposed at a predetermined relationship to the receiving
surface or substrate, preferably the surface of
revolution being in the form of a supporting ledge that
supports the device from moving in its assembly in the
direction toward the receiving surface, but from which
35 the device is free to lift in response to contact of the
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25 simul taneously address while Fig. 15B shows details of a square; Figs.
16, 17, 18, 19 and 19B are views simlar, respectively, to Fi gs B&Eﬁﬁg)
illustrating an arrangenent enploying a 12 pin pickup array u el 30
96 wel | supplogng@te. Fig. 20 is a perspective view of apcrgsepsed deposit
*pin constructed according to Fig. 2 conbined wwth a respective supply ring;
Fig. 20Ais a simlar view of a group of four such assenblies. SUBSTI TUTE
SHEET (RULE 2~ WD 99136760 - 22 _ 1,1 _OCT 2002 PCT1US99100730 Fig. 21 is a
perspective view of a particular device enploying details of the pin design

gf Fi gz 2(cllgvuﬂt@%fdgv1&eraaﬁ #hd rz%\‘:@'w@ﬁ aguPd Y akOt Ak Ng gew ce ml le f
1g. | ustr tes n, arra ste 1 N a u 0T, asse l1es O
Fig. 20A 8HP P? 53 1RAE ARd . deviss ?Snﬁggﬁﬁ%?r 3‘5"’9%‘F?Sg P10 23A are
per spect i \tewarémsh@fr%:e@@ﬁbgne@rm famddspeaityind exdrepmounting of a
deposit pigRedbraSEpadid \é@&ta@éféﬁrﬁ%m@eﬁ%wﬂgm QpeEaté i 10 Fig. 23B

t th b i th d
for "t he® pEAT HP ARV PO R 1S, FPPRE e BSXCARBUS o ganged
deposit sydeedehaee rdjsrogedi hdepagrpentity ppefeusldwigbessurfices 15 Fig. 24A

is a part 'b%'m@efé@@éédl%l‘# @%ﬁ@&l Fidhch?fBeksrabR} 2Bntbewi R & ganged
deposit system havin Iexur m)unte deposit pins driven by a

singl e driv@PTERER e?ﬁBﬁﬁ? lff’rﬁé? 5f S4B reservoir rings driven by a
single driver; Filg szrc:ails @mdameutemadﬁeaaw Zoraprainafthgot s produci bl e by

t he Syiibe’&e@EsEtgéev:?é@\a@'&‘inaﬂBrefé&n@BJk§aé’e§)€Hp§?ﬁﬁbl ¥e view of the
ganged sy 51 a.linear st a‘%% g ersgecu ve view of a
nmachi ne f Ega %%’5?? iHg “forangs™ o§| c T‘ef §E&hS® array upon a
aeri es of priefeysbbyetha ifgese Frgtusing momest deeinge\nppﬂladswcbe hol di ng

arr angerrerg;tprqggf Héafihg} hacerebi 81 Bf Jd Ehelqeviddor 39 and 27 show features
of the contr ing m%ﬁ%tem sof t war & and net hod f(g(ﬁ ndu ti ng t he deposit
d

acti on. %’ﬁletﬂ?ﬁ?? 1th & &EFehCe Yosit pin of
smal | dﬁosigfvsgetl one | of eihg s;ngdgwﬂtdmda amdbpuehimmir@nbeser voi r SUBSTI TUTE

SHEET (Ruk%méfising a surface get at an acute angle to an axis of
the device, and the other of the surfaces comprising a
convexly curved surface engaged upon the angled surface,
preferably the convexly curved surface defined by a

20 confined ball that bears against the inclined surface,
preferably by being pushed by a weight.

In embodiments in which the deposit device is in
the form of a pin or pin-like structure, a structure
prevents rotation of the deposit device about its own

25 axis, preferably the pin or pin-like structure confined
in a complementary space that prevents its rotation about
its own axis or a detent prevents rotation of the deposit
device, preferably the detent comprising part of a coil
spring which surrounds and is frictionally secured to the

30 pin or pin-like structure, a protrusion of the spring
engaging a stop surface that prevents the rotation,
preferably the spring alsoc providing axial compliance to
the pin or pin-like structure.

Another broad aspect of the invention is a deposit

35 apparatus comprising a multiplicity of deposit devices as
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~1 1 ocr 2002 WO 99/36760 PCT/US99/00730 - 23 to which the pinis

-repeat edly exposed, the pin being sized and shaped to define and retaln on
its tip a drop of fluid fromthe reservoir, the drop containina dddugh
mat eri al towdegssés a single dot. 5 The volune of the dr qa;m;‘sggtmpgocal |y
‘determ ned by pin cross-section dinensions, shape and surface
characteristics of the tip of the pin as well as by the viscosity and
surface tension of the fluid to be_d§50§ited and the techni ques by which
the tip is 10 supplied. By providing the tip of the deposit pin with a

sharply dekieBegikédn m&ntsdfmdn&wnneoge@x@@ﬁ qd1 &%Tsﬁeﬂséh@é d1uid drops of
consi stent vol une aﬁre defined_b er factors remain

constant. TETBrRsEATAFGe BFEt¥ ah}aﬁa Lthe??Wit T F’fé’ef’l p of the pin be
'square", Fowprising depogivfpire arheiendikerstaswtofreshe tip of the pin be

substantjal |y al fobtebi BAGe bt BiiR IMiLACLoRTid g PN, and that the
pi n aide_surfaces be snooth. Pre rgleg tgﬁ %ln is round in 20 transverse
h

cross- sett PBRATEHIRJIPRELAZYY b2 A5 FEVIERI t ai n
ci rcunst anseparase vilm depoptithgieorcporndsasnrstlilyt esvabd¢e oveadi |y recei ve

the fluid, ahhgrengd &Prée?gﬁl@flééﬁz:}an@, MBYe aF B AR rAg8UAERGSs t ensi on
enhanci ng ;urface to ui.d acgw si tion Zg apility of the

pin. Fox e Sﬁﬁgec?‘?sﬁf’é&tﬁgvan% ?’b‘i?d’ﬁf?ﬁe PIRRLY Sher Qgﬁg?b%ghness of at

| east 1000deiérei akvamiouse lcompioyed withhirgbpsalr ftac éheneryyy metreri al ,

(surfacgo%ﬁteg&as&egs&rfetraam 2540 H{H}ylrﬁe fﬁﬁﬁﬁl é\:%ﬂdé'&gaE@Ece?’o It is found
that arrays of dot s between a

I crons can be
Hooosit oo Bethg EIRTIILeR EP dREaRe ColVLhLP bHEr S ot SRBISE PG,
enpl oyi ng dépddi ropurmess ,t Ithe appaEratius chestrtciped dgi oose ahad re or vv| re-like

geonetry Ol 8gBL &8 rddd WevibaNB Bt iYe 23 Eﬁé’séep%%ﬁtt' aRvdLgedsi on) bet ween
about .001 inch ( 5 S STIE S Eﬁ%T%RHLE 2~ ﬁi SCT 2002 WO 991 36760
PCT/ US99/ 0F#36Ct ncRTE SR RYC FBRs fePafiE snal | er

ti PS, i 1B. devpseshalnera tphanor(p_m-llndde 6800chue crsistaneteéfand ed to here
250 m or oo B B o L8 i e engagerent
of the pi nVQ&HWﬁS?P ﬁé‘l 88%?‘?\%%”%08‘ gb}%cﬁs"bmgﬁ:f’i"?gﬁl ng of the pinis
achi eved byeviter aprefarsidyi phe gioliile filnidostoragecdendéeepbsing on. The pin
i's al so axigahhyt i1 Hilaed, h%?ﬁfrﬁﬂw}él?}é 6r°:ﬁl£ﬁl¥ 'ﬂ@s &@ gpunting, to limt

t he maxinum deposit force . to erably | ess gram 1n preferred
cases | &8s “ehaR 005 rSRACIBIGRL 0° I OLnE. S‘Fh‘é‘ﬂrtthéFanCBn@‘Pr%ﬂqﬂt ensur es
t hat the demesereldlylrtde appprecisedneludéaged ddiven tghagéspdt | andi ng”

assi sts '”m%‘%*ih&vtﬂ@ ﬂuwal Etgﬂéé‘%v{@ed‘iﬂeé'éeg&u 1ty QLERLLNG the end

georretry of t preserve Its drop-sizln tLon over Iong usage,

and in prothEPth ‘#‘?‘éﬁgﬁ ANEER SRS ﬁaf‘tﬁ%/ iSEPLABIr ecei vi ng surface.
Wth thesedippingi ohsihet idghbbyt pleokiew dntays pfefdledepdstletidots of fluid

can be aghigygfle;iif. arﬁ‘ft'h@!‘scﬁ‘bé fbx%ef&tz%m 05&@4&&511%%%%@& ween dots of
| ess than three tlmes the dot dj ame ten onl Q’upp‘i“ ce or one and one

hal f tinmes SEN&CBot® A fEQYtar ring  that' retains a

by surface tension.
The invention also features the method of use of
all the described apparatus in depositing fluid drops,
30 especially the fluids mentioned in the specification.
Another broad aspect of the invention is a method
of depositing a biological compound on a substrate or
causing biclogical compounds to interact with another
substance at a predetermined position on a substrate,
35 including the step of depositing at least one of the
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Fig. 1 is a free body diagramof a deposit pin 12 25 having a mcrotip that
is laterally constrained to a reference position by application of forces
(see Fig. |A). This achieves precise X, Y positioning of the tif@ hCTh202i ne
of its engagenmmdrsoM th the receiving substrate 20. Tip 12gThAgsysharp rim
"12f, and is round in cross 30 section, of dianmeter d in the range greater

t han about 15 microns and | ess than about 375 m crons, preferably |less than
300 microns, preferably in the range,between about 15 or SO mi crons and 250
mcrons. It is capable of defining and depositing upon substrates mcro

dOtZZ 0]1: I SUESEEJ&H?E %E{EB&BH&E r ad_pl:elsi_EEi'YZé’&?eﬁ&@n?%' 13{53@%&'%@ NSQE/ 80730
- uid_o era corr espondi i mensi on. | i acke
]g%g%tcﬁvr%}r{fto g?‘ °F E?crfq%ngyl REChRe eﬁrﬁi&gi ?0?5?%1‘}93%0& ried on

arrays. | nPR ' _ ) I
support 17cofpdipmth deadeedghdpuies alnneferabhyta abownd iantt pén tdme of

engagenment pwht i kdessrlseiural ecol wniBHR! adobOoPer X icdibyus@ndd i ant, free to
be di spl aced u ve to.the su rt when the pin encounters the

dl l,at |
substrat 2. s\‘méﬁg\g‘%% B%&%E iD?"5‘5“1"ﬁ7ifacceed tleflgﬁgflhet%"[ﬁﬁit Fg'Fe the pinis free to

return to isubsteate Wielll0hprpssuwer ppplibd sorudmireubettates by the pin can
be determ ped BypibEadieidihh phellisoPidy 2bRBEBun@ orftHRUBALEERILLD by a
spring or added vvelélggut. Pre;’grabll\é]e‘tg&e pi.nS are Cieecur,ed agal nst rotation to
ensure rep@RLabPETeEst gt PESPEPLRE i1 18gsEPe ERAFEaAPRIS® i n shape of
the 15 pinatlag Eoometrhd avbetirage twideranceditToes det ahlishothereferred

:jat er a'bhg lrfqﬁﬁaeaft ﬂafaﬁf@&bakblytm tssl%%fe%aééioé{@{gl Lgp§yﬁgnrt are
escribed later w ref erence al so to Fi 0 and . to, Figs. 2-2H,
Fig. 2 and’ori“?@k“.‘dﬁ%E&WﬁJ‘ﬁsgﬁﬁt%tﬁﬁqd%ggéﬁoa?ﬁ depoent ASVEtent s occur
accur at el y wheer appwoashingngéeobubstraet, eppdiyintorns.fokeet herthaateral |y

referenced RiHA:PRHOLENG A RRAENERGUE S gigwméciégeﬂ&bw, 1§§§| %ﬁﬁp ?59; i aﬁgr

and 4B. Pin 12 1s supported air q part,
canti |l ever &d of %?E}?es&:ﬁffer’?fgg'hg}?g‘é&t%ﬁdg gfnﬁe (Rﬁeflergg5¥h@’%i rection of
the desilsediropnpbiagtlewt itdanos00 hreiqian inodpanetale, prpdeabbky ogram type of
mounting t Rgg! E%Eﬁaﬁéd’_wﬁ%r R BSor NG Riche! Baded &, R1FRAGH1POSI LioN O
enabl e | an mg 0 thed in atf ﬁ E{lem se 30 |location Qn the Substrate. A soft
| andi ng oc EWPETRAESE o g‘?ﬁ‘?plc’i aRBER p? RATRSYTHy 2PA ARENET BUPSERIA R posi t
preci se ar rmjisgobudoessiaslymdepoast@d hyi chens¢dd Oukchinighp. di aneter, an
el ement of spring gpeirakrably 3in |RA%hiANEaSds (R ffh.ﬁ%&r@@pﬂlgw of2 ensures that
the depaqsit |B,r turns 35 to IE‘SS original vertical osLtlg;@gfter each
deposit?08l5§’%l %Eﬁ%geﬁéﬁ%ﬁeﬁ o9r SUDSLANGRTto o dRBO§4FS
PCT/ US99/ 0@He0pin or pin-like structure is obtained by dipping the

pin or pin-like structure in fluid, or the deposit device

ig supported above the substrate at the deposit location

within a ring holding fluid by surface tension, and the

25 pin is moved through the ring in the manner that a

relatively small drop of the fluid supply is held by the

end of the pin or pin-like structure by surface tension,

preferably in both cases the pin providing a drop-

carrying surface bound by a sharp rim that sizes the

30 drop.

Preferably the fluid to be deposited is fluid

selected from a group of fluids disposed in a multiwell
plate, either a plate which moves across the substrate to
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- 26 Provision of a suitable nounting and drive of the deposit pin, as
-illustrated in the Figs. 1-4, enables a | ow and predictable contact force
upon the receiving substrate (the "soft |anding") despite vatildiQTo@2i n the
5 hei ght ofwbl#eebstrate, e.g. due to variations in thi cdorassymbso

“m croscope slides or slide-like nenbers upon which the fluid dots are
applied. Superior results can be obtained by controlling the deposit pin
force upon the substrate to |ess tha? Jthe order of one gram or 0.5 10
gram preferably about 0.3 gram WiTe vertical reciprocation of a deposit

pinis pr egeniﬂxypﬁ:@ifnarc do ©fd&fe g@éhtoﬁh%&n i -aRkoyeducthhe deposi tion
systens descri have ng- term si onal lstabl lity, being imune from

t enper at ur 8 ‘?SP st a’ltsy SACHtHE AR RENT AN G849 ' The systens enabl e
spotting of, e.g.Anathey |broad gppdaot mfcrtd&éaé'egﬁ@l@slﬁmat metbed00 spots per

slide, a prcﬁﬁédﬁéhfﬁg &&Ya?@%lf rega df a%goékﬁtﬁpﬁl%l%gf BYoWesksy adependi ng
upon the_nunber o% gg g?éogsg‘_ Simul, taneousl ne hea The 20

i nst runent 2FE§Y oper &ﬁ t % SEVASRY AT t 8. ®FFor hi gh speed
oper ati on, thhefewcurn%ICikélpsef@‘realﬂeylhas nr%nﬂidh/ besbaain theequency

hi gher tharogg bE, ypfh &r pA- ke v!”uz%t@egchueé/%megrragom@g a pin 25 of

| ow mass and a,suitable suggort (C)H_loper?ie at hlqghf g s? % such as a
drop for mafPBRFBTDFHESSEPELNS | &P S0 Vel § BRMH DT (1TaddPPi Bt 0 having a
nat ur al fr@Qaeﬁcyomlagmémttehhnvi.l_@gHznmrltzgleizof t2fe Weildsnounti ng system has a

provi si 9§ fgac@lﬁm@ge tnla\eo§0amn9nt%1bhef MDVig HRicorai8gedy .a preferably
by an anoun pse to cri reven{s the pin from

bounci ng af@"BEIPAR IR t Péegﬁﬁ?gf%ge’ﬁ?‘&?egép%’rfbﬁ é??g‘g'llgs 3PRR$T n to be noved
qui ckly aweppalyerimgshindepwsiis aff itdwe. plateref etippdngnbbei ments, danpi ng

IS 35 obt ald%%;dacggn&m& x %t@enplrsowfdltﬂe £idle hiidh GATBhi @gce SUBSTI TUTE
SHEET (RUL

26) 82 WO 99:}% 728 %T US99100 0 - 27 of the pin
support . V@@ﬁe?%lrﬁﬁﬁsﬁ&rﬁ Lo PR ?%Fnc?é‘ 8 danping is
illustr aSeaﬂavucEsgandGraméeacimmtme Arapsstohreangrtdavii ghly conpli ant
suppor t Sprllo@qtzonpu{ﬁ esr&@taxtﬁaﬁﬂmémegexw@y%oﬁ he YaeKi pngssenbly 5
havi ng a natural frequen % exc%ﬁj %F I—% ere sliding action of
vei ght ed piEipEee q%fﬁe‘& W¥r FE?I R§ DEABISFFRRFAF Ul afes can be enpl oyed
to provi de mdampsagpe | siliglebddi aepattatmboiesphaye oayrrnamrl cal deposit pins

Toving axi al |y nongRlknbovifieleRRthbas I haRrat {Nak 8o A5 H9uTRUNT | N
syst ens i n 1S 1 g nifi cant or_counter

whi
bal anced® ﬁre eBB%’e‘?%Ed’%ﬁﬁt cam%‘btr‘?pﬁé:ogﬁﬁﬁ r 2% Vam% 8F LR %in with
sti ffness amel eswpliantly goanteérpin ldr penetikefdtpotatore hewdng ed at the

pin, pr oducae%rggogulsls‘&ﬂltn% fsgffgéée&f Idriaw{eteb 1 amRWNtpd&e of7i n
deflectlonlsafewt%p loflone |Iﬁ!8 In one partjcul ar case, a
spring syst™m RET ng* Hg S%Tlrglﬁnl 3 rQ?FBorbq PIHFERP def | ect ed
about 0.2 rimssr bant 2@ |mc@reposi:¢|a)rsedfe0deﬂsp@‘ﬁlﬁqn @ngf excell ent,

repeat abke (ppabhtyn V%t@l £8BO81 QT o3¢ RBCs SHi i fre , 24 aléglfédthe deposi t
pins to dep03|t bgo ogical fluid or reagent on a rlgld substrate is

i 11 ustrat ed3"f AL  sequence of highly magnified, diagrammtic Figs. 5A-5E
whil e Figs. 5F-5| In Ithet varEous eethotdhe mﬁe@rtabldepbsitecwml@gdots upon a

delicate, sofdr G POTOMYide, ”89b§5¥E* fEQQbi'k@helﬂéthginéA‘ the deposit
pin Pis seens portlnz%a drop. F o | ui d o?talnede a nobile

ro
sub-r eser vAYFERAR ( EF PO PTs bc’F%RV& PTr FHRFQeE: @ §erib{?ﬁ The pin
noves uidercarpmtisdhg ofittrdeediubosonarydlca seléciese acetate or

polyvinylidine fluoride or a gel, preferably the member
defining the soft or fragile receiving surface being
mounted on a rigid carrier member, either directly or
upon an intermediate soft or resilient buffer member.
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30 target point S on receiving surface R In the case of dipping into
sub-reservoir MN surface tension effects hold fluid drop F hq 0CT . 2002
substantially sem -spherical formon the sharp-rinmed tip of "the pi%, see
Fig. 7. Wewa$asétsop i s plunged through fluid held in subpegssineiss ring 35
14, the drop Fis normally shallower, |ess rounded, see SUBSTI TUTE SHEET
(RULE z~ ? ? OCT 2Q02 WD 99/36760 PCT/US99100730 - 28 Fig. 9. Surface R
when a mcroscope slide, is typicallyg nperneable and non-wettable such as
silene coated glass. In Fig. 5B, the pin has advanced sufficiently toward
the receiving surfmaFedabhat tig®niettiodoist dapIdytid t2 dephsid tah the surface
has occurregd. .The dr e f d to.,distort _fo.a.agenerally
cylindri calﬂs lélpg?'d['&.gg?gnaﬁog“. %gé,. 8%%%’ pcffﬁ bﬁ'°§8 1%%%61%12\.@%%,[ oward surface R
to | evel L.Qemwxibedi dncthe mpecificatien, @yusdsgably otk matewhnth its
goundary ha@e_ib@eE ﬁjib%%m pYdbei br I £ i chl a&;a;mroelptvithuig mss
etween and jin the t & Vi Cihj of. the receiving surfage and the tip
of pin P% ?ﬁgﬁ§§§ 8%1 o?é%h%iﬁ A k?ﬂ%?éﬁ%%qéqﬁf%srfﬁg'f%htﬁﬁ&’ Vement of the
pi n toward 4R OEeMAFREF s i M@gowthw matexdndr PR VarEigRXPFuUm f or ce
exerted by dherdapsupant tde atb esuhaht At ias dleBhigd, ofs described. In

preferred nechani Y , the pinis conpliantly nounted and responds
to resistaﬂgaanggghPéd%énl'ted to the pin by the fluid or nechani cal

contact with the sRiathest broad agpact RE £hp PAVarHdop Asstlps 20 despite
oxeréI ravel métHdee odr BepdsitihgdlahBlobyGi @I, £1kadedi tip o Hios ok 03 det egti on,
the driver is st.oppe sp . sensor .at .t.he _desire

| evel . In H&H}ﬁﬁ%%yg 5%%?&§% ?ﬁﬁg%%%ﬁ o.%%%%qﬂﬁaﬁ?&%é é%ﬁ:%%n?cal limting
syst ens andriussityi GHAFACE ERISEEN: 0ANE AR FHROPE . OF (PiF-dik8C the fl uid
c]yI i nder Clstf&&:%%%hﬁé@@ﬂdﬂﬁ kehgt inecHe n{atn%elba_ﬁﬁa% e Fig. 53- bThehdegr ee
of expansion t he curyvat Q e fJuid.wall.is detern ned. by the
degree of V\’é‘?f%‘divlel&yysg?fguﬂogjcgffREgﬁdé%(fﬁg bﬁﬂ'?a%%e‘ioeﬁg’]ieoﬁnd

char act éi5 sof ctheoPinhbyf sugfhceaseneion sandyydepwsitedcen s#ppl i ed by the pin.
In Fig. 5D rdd8iing Bubgsceoved away fromsurface R |eaving drop DF at

Such 35 cont ract | PP BRI Y 12 AEPEPHERar DY RE SUBST TUTE SHEET
(RULE 2~  tite deacFikedomeihasty 36780credyapggeldpg7egamined with a
wide area scanning microscope.
20 The invention also features an array product
comprising deposited dots of fluid of diameter less than
about 375 micron diameter, preferably less than 300
micron, preferably between 15 or 50 and 250 micron, in a
dense array in a pattern corresponding to a function of
25 the distribution of wells of a 96 well plate, preferably
the dots being spaced from each other in the array less
than three times their diametexr, preferably less than
twice, or about one and one half times the dot diameter
the deposits preferably residing upon a glass microscope
30 slide or on a fragile or soft surface, preferably a
porous or microporous surface, the surface preferably
comprising nitrocellulose, nylon, cellulose acetate,
polyvinylidine fluoride or a gel, the fragile or soft
surface preferably mounted on a rigid support directly or
35 wvia an intermediate soft or resilient buffer member.
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- 29 wettability of the receiving surface and surface tension
-characteristics of the fluid. Wen surface R is hydrophobic, the deposited
fluid drop may contract as it dries, while with wettabl e, f|br0|Js1 087 2002
porous surfwo®ss3e6760 it nmay expand; in ei ther event, the sipanxbodohs
“deposited dot is determned principally by the size of the tip of pin 12.
In Fig. 5E the pin P, substantially devoid of fluid, noves away from
receiving surface R, with a 10 conpopgnt of lateral novenent, M It is
rapidly resupplied and proceeds to thé next target point. The pin Pis

resupplied in i nportanﬁrfé@@@stgggggm lt@el BEealiSHb-reservoir that
acconpani es the pi.n [ 0SS the substrate, e.g. the novable reservoir MN of
Fig. 1 or the 15 é[ﬁ’hgf‘ﬁr Js% eﬁl ring 14 of Fig. 1 or Fig. 4. The deposit
cycle is then rep&igedlais andidesr bbdyedtagyan of) apdepesidh ia whi ch the pin

i's moved. |t'P1§Ee§§ paté&aa..qwngoﬁs@e&iﬁéd o Be&hglpbao@a)etgalﬁgbsarate t he
substrate ma por ous or r a delicate film

Cr opor.ous
such as Ri&F EEFPE‘F o%‘ér &1 uﬁ)%e g éﬂbgﬁ?@%%ﬂ/ﬁl ®hB2FFuori de (PVDF)
or nylon, aobifenaybbeeservagas gethmhmehegéepoa‘ﬂtemarnscul ar substrate
can be sel gdykd. accordance with the nucleic acid, protein or other
transfer procedure 25 bein | oyed, and can be the,sane as or take into
consi deration the¥% é‘@ost@‘aﬁ‘%s Moﬁ?f"?%e qﬁeﬁ’ ﬁgvg?-gfmle‘mll\op hi stori cal
reference ddiga Wi.th which the results of the present experinent are to be

conpar edg The Comfgém@ao;nafﬁ: R 5 EHECh Sniaeh cbr @g?l el_zf»ol s]ylbst{jat es
1 Ol 0gI Ca ul or

from damage.. _.Action.of g osit in depositin
reagent on HIgsrrahing %ttffelrpé’ﬁnp?)g%‘g’s“ ﬁpg?@eﬁl illustrated in highly
magni fi ed Figs. S5Mig. 1R delac@ae;ramhaicvmzsﬁmltuvnem‘armf BMis supported

35 di reCtlme%B L%T O 15D BRI aR&nﬂéﬁSEhMEe%(ﬁ%E Z6) n ~ oc-r
zooz WO 9913 /U the tip of

S99/ 0Q730 - 5F in Fi
deposit pi FP &WPﬁbaymnﬁ AP C%L??f:p(?r g&P&Oﬁ“r eQS‘llast@I ngﬁ%d drop F of
fluid spscirien QE iesagehiagiamapkfiea Iq;rrgmta;dlmblleegndmr eﬁelthel r, and noves
toward a pr gt ggagﬁ@g‘}rxfg@e Tl tg Syl Eﬁ':égd 2 glgl n has advanced
e flul

sufficiently Toward the Tecelvi n(a; surface R that t drop contacts
the surfac&ieth¥ith| Yettyreddaretvtiyrs thesrrghtior Jor6eRs Ohet®f ane SM as

i |1 ustrat edsuppokitgeesdt i Crdmpbnazi &b I=amyalahdesidg tapplged poevent s danmage
to the rel gty c.f:,ly1 soft substrate. Dependi ng upon the porosity or softness
of the nenbrané and, an{ gl |larity, the fluid may mgrate slightly to the
sides, Bt the siZ&%f 1€ d%p’ff’é’l"me@&naﬁ’t:l%‘? 95 & gppén TIPS Ty det er ni ned
by 15 the smiedafnpeaedepcm:s: piip. I n other cases, a protective buffer
menber, not shomm .Ch, nay, bas spfd 305rée&14g1%mam bead fsergosed bet veen

dep03|t pi n and rate. I'n sone cases where the nmenber 1S
signifi cantcff;a/ PFEH?“S QFpePaaie I?U‘E'ofanldhﬁo%"p’{ﬁ‘i’t“gplsHPPPE%‘Ff may be
onmtted in thwserovide tlareralheppstralioygr ef ochecpim/ ikRCce 2 sisegquired. In
Fig. SHyEhg, ﬂ@f@r@édsb!?ééﬂ{&el%' ¥r£’§x¥|\§€n€ér&f ofe! H' r%“?%fa‘ﬁ@ﬁdff om t he

recei vi ng s rface with cqggponent l"at eral - povenent toceeds to
t he next 25" ’&Fggt"gﬁm?ﬁ SHudEe of ¥ 85 sleicﬁﬁPn%bn‘f‘aFé‘fs GPESRUPR, the shape
of the tip wawpechéver esericm dfineheof igr.vening fluid, no parti cles of the
substrate oAl N g Nast 19.  Ylboikhob oled 12 8l ualbotienoni t pressure,

t he nmenbrane begi.ns to recov its.orjgin c or mat I.on
mouné% gy a pair o parallelgépfing %?exures by which it

30 is laterally constrained and prevented from rotating
about its own axis, the pin acting vertically through a
mobile sub-reservoir while Figs. 4A and 4B are partial
cross-sectional views of other deposit pin mounting
constructions employing pairs of spring flexures.
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30 In a short while, as shown in Fig. 51, the delicate nmenbrane
-substantially recovers its conformation and the fluid has driegq, b@ﬁvzb@g
dried deposit Dp of substantially the size of the tip of the deposit pin.
Fig. 5J depwobsseisogl ass microscope slide or slide35 |ike poaydsesoobdo carryi ng
"a delicate nenbrane, DM e.g. a SUBSTI TUTE SHEET (RULE 2~ ~'~ 7 OCT 2~2
WO 991 36760 PCTI US99/ 00730 - 31 thin layer of mcroporous nitrocellul ose
filmforned by casting, such as is_ %@i_l able from Grace Bi o-Labs Inc. under
the trademark Oncytem Film Sli des. e process just described nmay be

ilrrplhoyeﬂ to dgposirigén' HAOBES aaﬁi&; thef bk d8n 05t %J%ﬂasqrcggﬁfsous film f
t hough the depasitreceivin rfgce is not rigid. its , by virtue of a
rigid back %%?S’t%é‘gdgf'ibi‘&?]ec%%}léﬁeoﬁaﬂeﬂ?eer%?ljt %ﬁgpl %Jagl’e‘?ty processed,
scanned, eeentdnr fpaickabbe 7 ginsciisedyul gratiad peattépgage a he rigid frane.
10 Hi gh depsédivily @ysrte i sty iadual mdepasddrd sdelis, as depicted in Figs.
5A- 5D arbd 5F-51 a 2 gct‘g’Fg\égd béire aet%dtde os%t act i an of ,.one or nore
deposit Pins, with*321ecte PPET TS B8 AGTAEB0RT t2PHE 9SBPELELP preci se
| ocati ons Ghded wompdragitentpulougsorusetematbrencbed Wi bslkew. Figs. 5K-5N
depi ct di agramat pegl 130 dndwaBgnk-{d0d sAgakecalARi ke ROSehbREnof one deposit
upon another in.a preci selg alédggagd manner, . m etgasm bl e by the positional
accur acy o’r‘P?%e"’}ngfg} &fs 2heThy Fi B3 PEi PR ERows a 20 deposit 100, as
produced by technFiges F¥-6¥ dlingtxmur theedrerpdmydglepodépdsgt pin, or by
sone OtNer oheChdidhie Lbah AchHrRMes naakprvwi AAS &19Bnel Hanmly Shows deposi t
pin 12 havi Fg bngﬂ',r»] m%(é)_(g]g |{1]'ltotpreC| e al*ﬁggfent lV\Ath dot 100, and | owered
to engage Frutd i th- {835 FPgPO% ofs 1BhES dBRVsiHPEG second drop
104 still whi¢hsreplgt dleidhddts Rirg. dsppshosd. dried second dot 106 deposited
upon dot 10D. In gighl agsfashioistidse mAtaBiE! desddate rdepagity of a
relatively_la ge flpOt of flc'i"d u mg I.arge deposit 30 pin 120 and
subsequent Va’é{) S HPYRER %ﬁcff‘p@: B&FAZ"% snal | er deposit pin 12 having a
mcrotip? The |ar§égdropinm dhagpammalld®, viiewFp§. d&siftdmgs datsar ge
g_eDOSIStQ edségom\;ﬂ&ﬁflfgat5lﬁ’?teéwéahw%n!}lesof o% fn@ﬂ@it@eg@ngf%eég.l efl SItoog Z12,
ig. . Subsequently,_spal, rops ar eposited in sel ected precise
| ocati ons upon thglsar—ée‘{tegﬁ(?ttsli?fmkﬁ?]ge. s§%B§?$°FU’I%”SI§@Ef Fﬁ@tﬁf%lr 11
OCT 2002 Wor&f/ 3ty Glepe€it | SN iR/ 80 an@heSRithhackheparate identified to
conput er NMRERLY: @k %R! 9Y fiktdlaticRe aki HBa&odHCHARCOPI C exani nation to
correlate the resgl,ts. Iﬂ%s 55-5V.ill ustritte,t e kE)OSSl hility, with
20 ig. 8 depicts a system employing the action
depicted in Fig. 7, combined with a cleaning station and
a central supply of fluid specimen.
Fig. 9 ig a side view and Fig. 10 a top view of a
deposit head, comprising a deposit pin and an annular
25 sub-reservoir through which the deposit pin operates,
while Figs. 9A-9D depict a sequence of stages of the
deposit action of the head of Fig. 9.
FPig. 9E depicts supply or resupply of the sub-
reservoir of Fig 9.
30 Fig. 9F depicts cleaning the ring and pin of Fig.
9 at a cleaning station while Fig. 9SG depicts a station
for removing liquid, washing and drying the pin and ring.
Fig. 9H depicts the narrow walls of the wells of a
PCR plate and the supply of a sub-reservoir by immersion
35 in a well.
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5 selected receiving substrates and fluids, of conducting the operation of
-Figs. 5K-5Nin inverted fashion. Simlarly the other deposit actions
descri bed may al so be performed with inverted notions, or at othérNHhQM%s.
Ref erri ng twoBpgs7666, a deposit device conprising 10 depospdrudesioodsd and
“sub-reservoir ring 14 supported by rod 15) is used to deposit dots of fluid
on the flat bottom FB of a conventional well of a mcrotitre plate Mp. A
nunber of precisely |ocated deposits,pf fluid DF can be nmade, taking
advantage of the long length and snmall diameter of 15 the deposit pin 12,
}mi ch enabl es reaphy N he lao&;c@@siﬁfeddmnwlbi@w 50 eCip¥eb¥neppced ]

ocations._For insta i.es o robes, ma und as dots to the

bot t om of g?ﬁéﬁﬁrﬁﬁ %g&%?-éégiﬁg §5v8§§i$%¥ﬁﬁ§ gl?fg?ﬁ @%ﬁtaining t he

anal yte nmepideingsaw towf vigcesity IEludde S aquemrovonaipGupPayti on or

i ncubat i ona§ n{ BiEHrateleihokiP Mo, tvh@_leweﬁdg.rrw be ssasved iRy a m croscope,
or ot her Sf &xa erxlreg:le Lo getergp ne whi ch deposited probes matched the

anal yte | BF %§3p e-prepaf%iioﬁ of such a plate with known sets of

probes, many fl ui 839 or9%me®y apmageifiad giewwpE ha a5 agidveAng| ui d may be
assesse]g. Beténisy G ﬂhQEErﬂ?@l @_fﬁi@dbaﬁﬁﬁ&hlté‘iﬁtfabagegﬁél chons_t rain the ]Pi n
to a reference, pasition_an cid.ta ccurate positioning of a
mcrotip dﬁ??ﬁﬁﬁgééﬁo §8§SQP1€%I%lgﬁomﬁbéi%k§§%4a5§d9n36 ’%rring to Fig. 1,
deposit pi mageifimdHceds bhe clemengdon Phrike Hedprd2y Eex pidkemer portion
g? ofT hi@d_aﬁeglﬁbd%nﬁmﬂdt Bappl | EYeS] wggem,sigi_ntiilarleg_h@g/.ilggg:,sgﬁg gﬂr ITST -

. The pi.n.al so has _an upwa xt.epdi ng_gui de poyrtigon C.

SHEET (RULET%EStrafef 57 ShER agigfgg%bs %ﬂ%ﬁﬁﬁ%saé‘goé%%“? 33 Large body
12a provi desseampfywwar dl y-di rect ed annul ar surface 12e that is engaged upon
a support, to receiye SUPRPE peespEctivd RAkwbears dullg ipipins wei ght. The
assenbly i g _constructed to ggﬁfle a Iate{al 5 .hias fo?ce Fh to urge pin 12
agai nst a aﬁP?siﬁ NS MEREESE AT COSPREFH LN ' ReT 7 TREEH"F1e at an angle to
each ot ber mabive eswbliyn rheervein athideoEsg s ekl eirowEi ghe| #ameThese ref erence
surfaces ap@embhd O Fig.r esi st IMNRPEPt rofaditmabiip.in X and Y coordi nates
by appl ying react%on fg%ces 1g.that <§¥e X and_Y. conponents. The conbi ned X
components of theff8rces It GvCABIFRL %t Rc EPPOPRES P RAECFER afces bi as
force Fb. Therecdenasicepdnef vt dlig.cdAsitinditadites thavinitialpin free to
nove axi al ky1at Qobidy orAthd SinLed ankead$aly 9% hdh NOsupPrprovi de axial
conpllagﬁe E% |5 the tip 12d when the substrate is encountered. In certain
practic B Bﬁlnents, for nounting the pins, two vertically spaced

hori zont al pl at esFggantt Kefizieswa unzefidsiseopl ingssequendeoifnedte form
carrier 17pihatosmves 1B, X Y and Z directions for carrying the pin 20

t hrough deposit, ¢l eanjnhg .and, resupply tions, The upper plate 9 is at a
sel ected di stance%f'?()ni'%]%él' K \ﬁé‘f-’éﬁ?aﬁ epag%&rﬁpﬁfi%%pafa@(?ﬁsfgﬁ?ﬁ?%g force Fc
t o constrapn &heicradaepef sibde pilichantiehpime ath&igesikioamof its tip 12d,
within sel %%\@I’téﬂécﬁ.{ﬂ@cQdd@ésé—%ﬁrl'engigariS@rsh%stCaHEE:ﬁlé hee Rprecisely

posi tioned tlg 12d to engage substrate R, whether the substrate be found at
| evel 20, 2GH*BY7 20b in the design range. Upon engagenent with the
substrate, the pi Bigsopké. Rt R8s HDwhA®Braveneiewsofsimidatarrier 17 30
occurs W t hebBeceOrly,akb Pifs! elRiIBiENg: $i@dt 8y aRove its seat, while
reverse nmovenent of the garr.ler causes thek‘gén to reseat Ot‘rclblts support. In
this way t REORFTTTH STBVENERT drla RETCRITF®R 8y HBE L& 'Ydbftrolled with
hi gh acger &yvebhdynmdpyeprladtat act with the substrate SUBSTI TUTE SHEET ( RULE
Z~ ~ 1 OCT 2002 p¥\@. 994 365 G0 pReEpLISOH DAY of an assembled

deposit pin constructed according to Fig. 2 combined with
a regpective supply ring; Fig. 20A is a similar view of a
group of four such assemblies.
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- 34 can occur over a range of tolerances in the height of the substrates.
-The lateral bias force Fb, for laterally constraining the pin to a
reference position, can be 5 applied to deposit pin 12 in nungrpggr

t hat perm twasy/mhsonovenent of the pin relative to its carpgrfisestegrishen t he
“pin encounters the substrate. Fig. 1B illustrates application of |ateral

bi as force by mniature springl oaded bearings that urge the pin toward an

i nside corner 10 defined by referencg,surfaces Refl and Refa, but l|eave it
free to nove axially. Figure 1Ci||us%rates tilting the longitudinal axis A

of the pin relatiyegl gzt hg Yepbispdative FiBRNGLIa teilheapei ght of the pin
applies to,itself a.sl |.1c_1ht t.ur.ni n% mt){;rent. tr}fit bi ases t he pin against 15
ref erence SUFTHCEIPREVITE RS Bht PR RYE 9°EPRT X% 15, a her

t echni quesmpurtadlamin Sdand g Wiaaslbgs aan esrayt-frsminaddevwidey ot her

I_Oadlt ng tgﬁﬂglgy@@d Wﬁgﬂﬁlh@tﬁéﬂe@aﬁ?! aﬂfsyér v che eﬂpiw;?—@ taotdr aw the
pinto o_defi corner _or ar ar .arc a conic eat, using
pernanefll‘:f %ﬁ%t&eﬁssgf"gif?%rﬁtgﬁpéﬁs. bﬁ#k%ﬁmz‘gieq gﬁe&??%@?‘é‘%ecdsforces can be
enpl oyed, &oy.cdmmeanniadt Ag. a charge to a region of one of the nenbers

relative to the Oblﬂﬁé. Yl LRPLOX| 88 PHdipleelivt CvidyLlort @ prevent 25
di scharge so that.the attraction pﬁrm sts at_.t.he tine ‘gépa proach of the

deposi t pi AOTRARATH WaRe 8RBT THREUESrTEHIL08 PocE | oadi ng
t echni quesptanatheresfelcicdivehy | §i Hieadentt stagep\iriageobgraxict. f orce on the

pin, toj@nable aXFﬁJr:;l Y2 59N 122 Bbr 89é &8Ol ikheoPi the IdE@SmblP, | E and 1F
show t hat t?ngent 223 an(‘gr%,Pl and PZ to a sg‘g#nerﬁ% of, a cgnl cal %eat (Fig. 1F)
agai nst whPERF LT pidr iO™HAGeY WL SEAVEF§ i PG PR PR Sur faces set
at an angl eeseromix anvppPAgr rindat act in the manner as explained to resist
lateral movement efigpi sy lghadl bNgheddn 4 i¥ Eest RS nglRgysane is true
for other SUBSTIT % SHEET% ULEd Z~ .1 OCT 20p2 WO 99/ 36760

PCT/ US99/ 06738Penaant 1y, PPSERRI&1ASBRRIF PR t hat defi ne seating surf aces.
Prefereb%i al seat Fag.updh i@ g pentsalperspectie wiew iargl Fipfaces may be
achi eved bysghes | 9300 vl @GNOF QB EOYSE Mt dRtEORving R 9S- 2, 2A and
2B, show enbodi nent’s_t hat enpl o surface of revolutjon fOr supporting the

pin in a | BPBPET 9L SRS IR Tith SEPOSEF RPH&FIVER BY n? 122 9% Sssoci at ed
with a fl uddiseppind suckerasspoling munbenedf pikatreskMiroir asisgs ated 10

supply ringriddn by £¥185181 8,6t WREN HPPETs AP 1LAWGE P! G &%, 9 and 11 of
carri erzél:. rection of _"arrow Z for supply and

Carrigr, 17 nbves |n the d
deposi t c?Fﬁﬁ%.ofﬁioétchr?,g‘é‘él%fe ﬁygé‘efy%f"hr?é EB?Sanz'é;hladeged portion of
the pin 12&84Bests nornmally in a seat 13, 13a or 13b in 15 plate 11 which
bears the wei ght efigthgaPpify aTherbéct Srd ReGwt 8r bendighReed relatively
upwardly fromits. seat, upon contact of tip 12Zd wth substrate

as sfpwn,
20. When t A¥SHER PSR PY Anliie@%E5R% the X, Y position of tip 12d of the
pin is defined byFige 2egrea perppefteictd orieR0obfatimclpie E2r the rel ative

di st ancgst @eh8ei IR Aot UPBEN bidih 'c%tlef%i&hﬁ} @e%E?QEE?Pe&ﬁ/&P% upper

portion 12c of the quide pin and the guide hole 19 in plate 9, and, as
i ndi cat ed §65veS & SP&F@?E@B% 4%% in the systemthat applies a definite

(though perm ssi bFyg25234 iighta) slidéevidw wfas eliddchqlidindgo a gi ven side of

the engagi Qgrghédtdit QeefQl 1N thd HalBSRe bf Fiigl. 28, conpression spring 22
i s di sposed betvveg,g uppersalpl ate 9 d dge 24 of pin 12.

and_ upwardl y_dj rected |
The spring is fix&d9fn O3 84 ghav ARASIEES] ¥§ %‘%\rﬁﬂ’r‘:{f“ﬁorce with 30
sl i ght ahd speeen ceeiivares pndeneghacefetri venducttiory ¢heagdesodfit to bias the pin
to a givengstgsn. to ensure repeatable positioning of the pin on the sane
region of its seat on plate 11. Spring 22 is sized and arranged to al so
provi de conpliant pressure of tip 12d of the pin on the SUBSTI TUTE SKEET
(RULE Z~ referred Embodiments

In preferred embodiments a deposit pin of small

cross-section is employed with a mobile fluid reservoir

SUBSTITUTE SHEET (RULE 26)



1 ~ ocT zauz WD 991 36760 PCTNS99100730 - 36 substrate 20, taking into
-consideration also the mass of the pin. In the arrangenent of Fi | 1 DCT 2082
| ower part of spring 24" tightly engages about the pin to secure it 5

rot ati onal |wowsa760e an upper | eg 22a of the spring extendgTusbamoogsohol e in
"plate 19, to serve as a stop. In this way the rotational position of the
pin is secured so that variation in its shape will not introduce variations
in position during repeated actions. 230_.The sizing and nature of the spring
can be selected to provide a high natural frequency for the system In the
vari ous enbhediwhgohsthdiysinf dis deseatidtly, ekbespdnstiay eiaxbakhy sl idabl e

relative tqaltzlggl B?ﬂu&%g;etds t@nﬁeﬂﬁé:talrﬁ‘ggggﬁﬂ%n p:.r&adté‘iﬁs adgﬁl rabl e degree

of 15 danping of durin reci procati on. cases,

danpi ng matdr ifarifeir R %@sé‘éﬁﬁﬁéﬂi% ttﬁlet ﬁ€°§p‘?‘?’ﬁ'@”d‘rm6t ﬁéiynountl ng of the
devi ce. | n droagar natgeiEntts dekpbsi)s.a 2Angnd aB:t he pin is also biased

lateral ) e.9. DYrlSgo@fmgPEs rt@leZar?g e afixgaagé ﬁalﬁé;eb ong axis of

the pin a few degrees fromverti cal e axe ent pins
bei ng par alRi® CRASR~SFCEI L I BENBIRS SShé‘HﬁI BYRAFUTTASE  The pins of Figs.
2, 2A or 2Rharaeybrigticmloff chm i ofeadiel pificasraidld tae dysthéabl e degree

of perfectig ccflcfNendl shace Pedfidh ) chd Bfadiive 38l ectabl e,

considering t tﬂ_lven cl earance al [ owance between the hol e of the
upper pl at SopagitpPerndi $&EEPBHTISE DY O ERSENR LR dfance D decreases the
possi bl eodigigpihladce of the p| n fromits nom nal orientation due to 30

manuf act uri ng vari%;i it ver u%lgvxlpk ?h% t‘kgep?)%g:og&}ql‘g{@h ]al of these

enbodi ments define he"pin 12d, the top
plate 9 is af@mlérddsé%w%ﬂ@ml9tab%v@hmdatd§rimgtmeqtte§ 868¢PAg and t he
angl es prodiread festabdiss tdfecbabewénmamlhmenaﬁé dd¥iredp bPUBSd | TUTE SHEET

(RULE 76) o, t%’ﬁ%ﬂ%é&@ﬁ?a%%?@@é%f CHR39400730 - 37 of the pin

Wi thin desir erances preci se. deposi dense arrays on the
substrat}® 20. |t iBresesslyr¥enefer shapchmrizBofhibet WP dtf V8§ pin
carrier strpiy Wee "dquarevelis edovhss) diry proffil 6 ettid erfd tsargasdre that tip

12d can reagh et gvestodeyah pODQLLddIg Laageaola RS SLRLE | evel s, AS

in pr evi ous e | S axXl a I ant e sense that
the pin carF%/ltélledSFﬁep%‘éﬁqc'@n°§otFﬁ&mV\/ﬁ@ﬁl éhé%utm%rﬂlﬁ’gstlﬁé substrate, it
exerts onl yswixrfeeebr Bkl sefbcth .| | gheferasisStndeopihhfs hthedd ahe before it lifts

fromits ,Sealanshdrbbderdys 112 E8h 2" GESLPR L hed bOfofldinkel and
shapes. Under certain circumstances, as when depositing
on porousg substrates that readily receive the fluid, the
end surface of the pin may also have a surface-tension
enhancing surface to optimize the fluid acquisition

25 capability of the pin. For example it may have a
roughened surface, surface roughness of at least 1000
microinch, or be composed of high surface energy
material, (surface energy greater than 2500 mN/m), such
as tungsten.

30 It is found that arrays of fluid dots between
about 20 microns to 375 microns can be deposited using
biologic fluids of conventional concentrations, by
employing deposit pins that have, in their tip regions, a
wire or wire-like geometry of diameter (true diameter or

35 cross-section dimension) between about .001 inch (25
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seat 13c have conpl enentary conical surfaces normally engaged unl ess the
tip 12d" is engaged with the substrate 15 (but shown di sengaged f @t 002
pur poses of illustration). The upper end surface 12g of the enl arged body
portion 12awoissis&koped in a selected direction as expl ai nackdagsvdisy bel ow
and a rigid ball bearing 38 bears on the sloped surface at a point offset
fromcentral axis A A weight 20 39 rests upon ball 38, being housed by a
bore in spacer block 41 upon which thg upper and lower plates 9 and 11 are
affi xed. The spacer bl ock is advantageously of a lowfriction engineering
pl aslti C Sueiicasnbel aélydl..o‘ﬁm in(ehgkl:evs?]gnijc&oa%)selmé_ Eﬁixafiiléezgﬂpﬁ,ddeSt |
conpliance . tqg t ree ir Qr .t e t i ‘" and to apply a
slight tur r%'l'r?g Fn‘t;%én rg%%etq:otgﬁg plslﬁ2 tlglv%r nggplgl(r?c?]iloonns)ogr he coni cal seat,
(see Fig. kefeyradibe kRexeedsr 'Bafrytinidat ed bueferyRd gasgeiaft he
cr OSSESECtitQ? QEEEE?is %wgeh_gtbb xtaﬁcﬁ_ﬁmi %n]c@f?ﬁy|d1ftfﬂ‘dr€sa| CO_m;i gur?t! on,
ree to rotate a axi.s ur ni o] e ba 0_avoi ppl yi ng
undue drég. The nannpt%g?/r %gam'e"g}wt"ﬁ‘gn ?h,a%o:k/\e@ E'r ,aLi géh%?t:ﬂfugge
cross- sect iangagauens of sws®dni agabrety chehasrelvigm iswrfpgaeer bl ock 41 of
I ihke confi @i&e@]{ﬂsenpoﬂi\i@roxgr@vegt 513591}1 g @htPad S8 tlra&tergni eng g} igg%gf
t he upper ep ac ~ . 1
PCT/ US99/ 0077315 °* aggé %géhaeﬁgp oyglid‘( 4%r‘g"lexl-:erﬁsrlll%r? 8%15%30%{'- %%g 3 I(l)pe of surface
12g rel ati V& @éagxagi#%}hc?qwogl‘-a@s prreferabdyulby e EPlédAnbf the pin are
cooper atipveiguntehat edot Dimiall SBeengRUMIR Heplisih St eecchannel 42, This is
acconpl i shed Ef 235 fl oPigsq urcheréLZg fovard a cor esresof1 tsget guare
channel . THIS§ pgs?’t 'p rest aes et 8 Eons anat‘, prgm sél'y defined
| at eral poslts gmapy eoBpel-at iggamst cThrediaterahergpat3ointt kasyeefrent of the
coni cal seathaAg@hBShepbsded eopi Nsi SradigRd yoYotiLeawight, taad by the 10
a _sel ected i nstead of a

prevention of pin_rqotatjon. .By use o i ght

spring), thesosf%olr’{?flﬁbn?J(')rabseslt%gnlPh%c}é:'(fovs’ﬂgaFewF]sf\%%%]slfigﬁt over the range
of possilbl eldpsisghit sinf profeatdagi thagerdilgsorgtsy ohitdte gdm &nhance

repeat abi L 'ﬁ:%és\%hfrvépﬂﬁsFd?cﬁ:-@i@ﬁnbhtﬁﬁnéﬁr&ﬁové§ L%s%tg%r,a_hnar f@ngenment s
are inportan n_enployin crotjps .n array at require precise

posi ti oni nf%@ﬁ%éggﬂﬁﬁ?‘gﬁe%ﬁ%ﬁgﬁ#g s;ha'th‘aVeg?%ﬂ%es H¥evi ousl y di scussed,
i.e. |aterateqegfvangngerffca.he pin, axial conpliance, stability, high 20

natural frequency, yall thaBRi PEoFAIl oilsS Ot PEhSIyHdckaaONSEYyR WY eved by
fl exure imlar and

unting_of, the de it .pin_as shown in Fig. 4A. _Two
hi ohl'y. Comstsnatl B faFs (o Ela"o0n e S aveds 1t arseXE FRHEY. bur  one
of them flcenkeg-Foacentenmmigcdngabetygdry dotabbé heawtinan, thsee. g. net al
spring, whidsndshenet Bef difndte®, &2Een WY Q38088 Slamainagdopsoperties. The

stable flexur Qa i s _preferahl nuf actured by photo etching a thin netal
sheet, suc)k(lhaalg é.lﬁlﬁ_ﬁ- Fﬁ%h&fe"‘n%gﬁx'sggfhl ess steel, which exhibits high
stability and 30 |®\grilgiigi ayfree besly géagrammdi g depeper tRids 12The ot her

f1 exure 2B2amavBrRf ar abbyoeialday eenphtardlly SoRsevafiad Wo B desired danping
properties, ¢ eq:el sel gss. Si abl. e. Thiisecioor}ld c’ffl %x%rgs7 &, chir i nstance, is
construct ed” ds anﬁqnaea §a%\ﬁycﬁp8 & dent i"cal 10 6t ghed thin 35
pl asti ¢ shekkls 6Thigchachte D@ echen X dosislpaimd o SUBSTEFDTE: S~1 EET
(RULE 26) tHel t@mt 2€02ts engagement with the receiving substrate

20. Tip 12d has sharp rim 12f, and is round in cross-

30 section, of diameter d in the range greater than about 15

microns and less than about 375 microns, preferably less

than 300 microns, preferably in the range between about

15 or 50 microns and 250 microns. It is capable of

defining and depositing upon substrates micro dots of

SUBSTITUTE SHEET (RULE 26)



WO 991 36760 PCT/ US99/00730 - 39 resin, e.g. Kapton from duPont. An energy
absor bent bondi ng agent, e.g., of thickness t of .002" prOV|des danpi ng
| ayer 77 between these resin sheets. The bonding agent may b# 1a0thi W oat
of rubber cwowmmersuch as 5 available from3Mas ID # 62- 6ReABsARZR- 1 or 3M
"doubl e sided tape # 927. In an alternate construction shown in Fig. 4B,

fl exures 70b, 72b are identical, each being a sandw ch of one netal |ayer
73 and one resin layer 75 bonded tqgether 10 by rubber danping |ayer 77.
Compliance simlar to that of Fig. 4Ais achievable with the selection of
mat eri al offlamar@ﬂrgi;ateasauhyc&aeﬁéspo&mhgaau@éﬁswn anstReNt egisc st eel | ayer
0.0016 inch_t a ;Lcopper-berylllun1layer 0. 0022 inch thick, bonded by
t he danplnSaFay ¥o ol yam de |l ayer 0.005 inch thick. The physical
properties of trmaﬂﬂ ékar@@bQﬁﬂme@Fs@fbﬁﬂgﬁm llorad id Ehr drpasiul ar need by

change in gﬁambr&aﬂlédwesnf balsyéﬁ:s 17An @nanpize ithduld® RaewEs§IBA of cutouts.

I n manuf gcture sandwi ¢ 1 ee materl al s may
be fabri 8&55%3‘?%%9&5%%%‘3 Bf’m? he E% gFmEn% ltt%hé% bgug?gﬁﬁuce’d by photo
et chi ng thGSdElQunbelddm IHenexapdlursemplients. fxee £cbgstéppdicatbposit pin

gzzerzrgl i ez L%étrﬁ t%@lﬁatﬁﬂ%%o' E‘hézl pott aﬁe@%é%ms@ﬁeoaﬁt@mm '3 Fi tgf]
an es ed be p correspond w
the spacing \‘RgF{-‘Ea gy awg'ghv\g%? Sp‘fpﬁoé% f‘ﬁef?’? §°g‘| %ﬁ%nts are

pref erabl y s8vpstwatie thel R2nisi Arée it retund toolts seste ofhehe pin and

fl exurelesgﬁréalsueé é‘éﬁll@wlﬂoeghé Ne s tHakel ﬁ%swl@ i Tadepeat 9nm pin 30
spaci ngs. f er abl sets.of, su assennl dlsposed head-t o- head as
descri bed &f/m ﬁ?é Mﬁb&y&?l%t Ilﬁ‘le Pig. 5 %p&&i i§s, so that an X Y
array of plswglsmauhe@}%da Eprindide FddgddwRbgkE -\/0|Prr§fSUBserT‘m€E SHEET

(RULE 76) pihd a®eT sags)eea/\@ga%@?ma%@msea/ OBk ref@atABEL ity eraction
Wt h Deposi t Pi ns

d f th fluid,
when preparqfné’ élﬁb%e‘ﬁmé}lt% 8?8%%%%% vsalmag%o%?epﬁ%‘%gﬁegEoﬁgfgl di ﬁlg
redundait deiposivestonmanufiasfluring stdlstrearces. a nobil e sub-reservoir,
periodical ly resuppld gdchiosm e §ix@tfteeﬂaay1§teé1tanab §ep@$eyncéa v aks with a

deposit device osi.t | ocations. | | us ted in Fig. 7,
a deposit é‘éfnaf'?é]]gicetaﬁ?gedgﬁ U theditn SEPRPT i 3Re dpsgrife and t he
sub-reser vdlaterOWSRhV\mfﬁramesaled to RigstalB mmfﬁ ar@ntosame to enable

lozleggs![;r of 261-2@1”1?% 0}« %ﬂggor@g@l n@lgﬁswplm&g,tlﬁggeghgﬁposm of drop

e a mcrosco a | ate carr ing a delicate
or S0t 1 2 e S s g GCRPEREAG OV ph YR aER BE o

ambient conditions.

as

Another laterally referenced pin mounting
arrangement is shown in Fig. 4, see also Figs. 4A and 4B.
Pin 12 is supported by a pair of spaced apart, parallel,

25 planar, cantilevered flexures 70, 72 that extend
perpendicular to the direction of the desired compliant
motion of the pin, to provide a parallelogram type of
mounting that laterally constraing the pin to a reference
position to enable landing of the pin at a precise

30 location on the substrate. A soft landing occurs due to
compliance provided by the flexures. To deposit precise
arrays of dots as small as 25 micron (0.001 inch)
diameter, an element of spring metal in at least one of
the flexures 70, 72 ensures that the deposit pin returns

35 to its original vertical position after each deposit.
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15 resupplied with drop F1 by being dipped into and raised fromthe
-acconpanyi ng sub-reservoir SR, the new drop is then deposited af t@ﬁgﬁhZ
point S1 at plate Rl, and so on. The systemis especially usefu

preparing avabyHsed of m croscope slides or nenbranes as ipkhpigdoioadagd 20 in
'Fig. 8. The central fluid supply CS advantageously is a nultiple well plate
as conventionally used in mcrobiology, such as a 96 well plate. C eaning
and drying stations CL are al so prqvéged The deposit sequence includes
novi ng the assenbly of deposit devic& 25 and nobil e sub-reservoir under

conputer control fp%wgboﬁlcﬁfa@ @glearglérae&ﬁlagaah@r@n% dehenge to central
supply CS at which the su eservolf upplred wmth a selected fluid

sanpl e, e. Sepf’?b‘l"n%”é'elaéct‘*%éuﬁk’ﬁte(ﬁ in §gev@+$s platte. ®FRRHT e group noves
over a serileg ahd Iredictiabilagesardat EorRe Rnpor drhedepoentrm@ fluid dots at
sel ect ed '%ﬁ%?&ée%@a@@ofe' PehdilRn GOORM £1vakig gyf gequence is

r epeat ed a_nu ecti.on o erent fluid

sanpl es ?f P8 of the FP@F’EH?"'?\BI? g oﬁthEoc@ﬁ"raéll%ﬁpbe CS) for 35
respecti veltyndkﬁém ewﬁ digrastops gnideweopl alibde R ike oehberSURSH TUTE SHEET

(RULE 26) " ypi it OT 200% ¥O.95L35780,RCH, USIRLONTAD restlico gl Vi N

surfaces. Data t caorrel ates_l ocations with respective speci mens is
recorded i Penﬁﬁﬁ?yn%ﬁld3yu§€6‘tml%’d‘?ﬂséﬁﬁeﬁﬁpgﬁéﬁrﬁ’ﬁb forcredBPhEReThe

t echni que efubesirage acdldpes thanothd atder afcomatedam,sozes.®ach indivi dual
dr op, s gh th Tplpassl [ erimprofile at its mcrotinp,
comgl ne g[@*%m ﬁo%'e lé{c PBuE"'@'r‘be er\Q/“(r)l r thalto acconpani es the tool lOand
carries a vol ume $Bifpcvertica) Fespryceaiueice 8ereriboRisishas a nunber
of inport aprebenolly apteatedhether uitioas baﬁaﬂla Gmpdgkl . Ot i ons, saves

time in avoiding rﬁ%eggggsiﬁwlwgggascgé‘gg ?“HBLX 14 quac\é%ds evapor ati on

| osses of |ong trave] create smal | and the
deposi t ed &imgpsiergl @neddlisKd ]P?Pé"ﬁjdf@uéﬁnf’é%m kf@(ﬁpeé”éﬁﬁrgt ent in size 15
and congentatdoty cindicihegi eabiemnteningast 0SEhd ey stlemayenibiot s bei ng

deposi t ed. pag ghgeipveg téead I RVP] Vet 12 %eﬁéﬂ%e O%r L2Q$PQLL 1 ng and pi cking

up the specrnen | so_ that, overa sits can be nade very
fast, i nexa@ﬁ§| 9@&90%@0&6 aé§| FEtien® ProFses Wq MayhFeIWERE £ | ar ge
nunber (f orfewnbangetd en few week@urdh;mﬂ:)imgeﬂpmmadhermumbsﬁom slides or

menbr anes % rgﬁgfé%é% sq_;nqag@% @éﬁeénﬂegkgdh%g’c%i oRgover an array of the

slides or carry many different fluids
based up8n lrf’é§ﬁ|“]éﬁ13§/t grax r?@%aﬁez@#%d@& rfosrrraﬁ:ﬁ}aﬁméﬁeﬁt ells of a
nunber of mihiel.ple well plates introduced to the system The sub-reservoir

and the deposition{ Qeyﬁgﬁ géeee(?d %ERL?S'n |a,ﬁb%g,ggglqogf%e relatively to one

anot her for resupgly an Slt as ei ng coupled or at 30
| east coor ALFEEERE 1Yc}‘al=ﬁ)\?enla§tl§?%1llf%ﬂ%\?@lt freaven®i ite§esuriaite to produce
t he seri es af Hdepesgt,s 20Tz, swhi els el Gichiegsd By eeniplioyiagr @spippl y position,

e.g. by,k ﬁ!o@”mé%‘% \gelshltgglgor\%{gtphatsw tabl e pipette. It can be nade

to hold sufficient |n excess t 35 required for the sequence of
deposits, or to e%@@eéaSQJB@TIhFBPESBFEET e(~I12ULI§'~1211 as 3 drgpcr 7002 WO

99/ 36760 PEDHS826ANI36D deposit cycle of 0.1 second, in addition
to having a natural frequency higher than 10 Hz or 20 Hz,
the pin mounting system has a provision for damping the

30 motion of the moving pin element, preferably by an amount
close to critical damping. This damping prevents the pin
from bouncing and degrading the spotting process and
enables the pin to be moved quickly away after each
deposit action. In preferred embodiments, damping is

35 obtained concurrently with providing very high compliance
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- 42 sufficiently limted evaporative area, that concentration of the
-substance of interest in the fluid is not substantially affecte g dﬁg
evaporation during the nultiple deposit sequence. 5 Thus we hav ci0ped
deposit devivesssgestructed to precisely define a single jduphgdofzee Of
"desired size, obtained froma nobile sub-reservoir, deposit the drop at a
precisely positioned, discrete location and return by |ocal novenent to the
sub-reservoir for another drop. In IO,;he preferred enbodi nent of Figs. 7
and 8 an axially reciprocable dep05|t pin, as illustrated in Fig. 1, is

I uh oh e e ParyReBgrt "%”%Qﬁéf’%‘le}ﬂ#;?ﬂ%‘%l@c&ﬁ'Wprobé‘@?th’deSZefX?Lr
a | ocal %‘ﬂ%]’r"@é’EFvﬁf“& %@Xpdﬁlgcgﬁrﬁ}ﬁlﬁréﬁ‘tre&t éPl Hal % t F8Rsl ati onal

not i ons of actMateroh pcus) daougtc anbiglsly tdumplasht osnpmsrtc aprobger desi gns.
Referring “?th&fg'rg | C%aé‘ a%@y&nggﬁél?%e B(Eft‘?m%;ﬁgvﬂ?& dfuetRyr eservoir is

an annul ar ring pi ct ed, | urd betvvexlts interior
opposed SurbEdy BynéﬁPF%lJcefrteéW@PSH &R re%qess BEpdli ¥2 pi MhEXe having a sharp
riml12f at slidingpacefodi efredesighiedepind eih temppopddcettie idasbted size of

the deposi tged %}t dihg BRRAL&LL 103nd¥k- é&(ﬁ@ 4 Q:or gLatien a?/np%ﬁF;SUb reservoir

ring 14. Ring as an I nt er nal dla ter ghi ficant er than the

pin di ameter such PHATIIHMEREP R se"@}Pé’t EYJo’e‘i‘%”ééﬁ t ABPPPHE and the inner
surfaces ofpide mavigg Asishioppnmarmaki gs. tIE depdsif, sthfacut eritdi aneter d2 of
ring 14 '0'S ﬁ% mhkﬁﬁg}%&ér% n?lowWPJf-ﬂ che %16h€e<5'f rt?Ae ?:‘r:]{ %]¥ plate,

so that the can in it for sup eposi t
sequence of “Fﬁ"&ufg,&agb PReSURG L R aNRA Js"'t éf"’l SF%‘FV’ tha§ &upport rod
15 whi |l e t heptirppHuppprd dYsten Movedhdypan wikdioetaf taledd iafeleBs35 t hrough a

sequence of t U (RULE Z~ WO
991 36760 - %5{ ' G Bek ﬁ%ﬁ#&%ﬁﬂﬁﬁ"ﬂ'oﬁggg%g%n? S of pin 12 is
drawn abovePihe Hl@ﬂé‘tc%ug?%erwlttﬁefiaét%ﬁ% ipy Hpﬂcwt%la@%‘fltsur face

t ensi on B fectmiheiamencibe ifntLfeal tentiaces ook mibhPidgberlhi $Snis shown in

Fig. 9A (Tg‘ﬁ’e %}t“ﬁ%ﬁﬁg{]&%&% ra tlaggmgt 2 égwmv%g %o fuI | y above the

retained fluid ecessar r|n Fig. 9Awth
Fig. 9, by @%Wﬁ/&fr‘d’%@éhﬁr&fo?f SERE/ BN 4?@%@1 abeve +?e“|“bwer surface of

t he retai nefedultdedi Rn QEpOsitdin ofodbes ovf tHlatidsuEfl eaesl ldht(Fi g. 9), the

tip of the ef.l i P4 t he retained
flud RF a %!r: eca}eé&atﬂ ?L g{% ﬂje\r%eqo%??%l%f c%bggégél E[]hl&é[(%}rop is then
deposit &P in the s‘éﬁ%é?fcé’—@héﬁﬁ%ht Rige, tgcdaw%bwlosh@a esuppl y
position of fful SAEreabenanimlarigidr stlgstldhtes movnsﬂu@kmrw dhy by its

SUPPOTL 1 00l fdBICEE! Akl LaGRLLa Of iz aRugRLY B e while the pin

12 remains Stat] ary a Eg evafion may assist in
the resuppl Yok i'0H Les8aari GFGIL idduerraer) Wl 8\?/ tl‘FﬁePJrI}Eh&Ol s noved by
associ at ed depoeit FLubE, dEt@ uM aAtieliedtre Ngofndodr yorwnst ati ons, Figs. 9F

and 9G Zde lower surfiachrs pfidhe pin 12 and ring 14' are shown vertlcally
al i gned (theérlnni ﬁown aés a_cylindrical ring) . 25 At washing

station, Fig. 9F, FﬂeFW nGPanblpi FeRRSE tHELR Beld (Hesc £8APPBE ¥ Ei%r ocat i on
in the vat atoplrarf Mquidl cbtaimdd et e Seoe 0mobppesshle- meveirivodr di rections

to assist the @fga.nilrjgogr 8&§§§esem%i¥’a§fh§tf4t,i q@,iggylpe,;)a_n Whr asoni ¢ bat h.

pin moves undex control of driver D toward a selected

30 target point S on receiving surface R. In the case of
dipping into sub-reservoir MW, surface tension effects
hold fluid drop F in substantially semi-spherical forxrm on
the sharp-rimmed tip of the pin, see Fig. 7. When the
tip is plunged through fluid held in sub-reservoir ring

35 14, the drop F is normally shallower, less rounded, see
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30 The mul ti purpose station illustrated in Fig. 9Gis sized to receive
deposit pin 12 and supply ring 14. It has an annul ar nozzle 2001(11%?'[@&2

i nwardly against the pin and ring to subject the parts to a conical “fl
fromfluid wowssass such as conpressed air, pressurized |imyho@mrand
aerosols. The flowis directed past the parts 12, 14 SUBSTI TUTE S$EET ( RULE
2~ 1 1 OCT 2002 WD 991 36760 PCT/ US99100730 - 44 to a trap having

di sposable filter 202 that i ntercegt?Emateri al being renoved fromthe

parts. The trap nay be associated w a vacuum punp. As shown, nozzle 200

i s associ aged, Wi h ,:FRCaNdaryhed fa RAkRo38dpd Os18RRb! @snegi@@ﬁyf low to

i nduce a fl ow of cond r% air vl{%% desi | ed. T'hf seystemg %‘f% 9G i s
useful to rlé‘ﬁﬁ%eéérﬁ)laé‘ ghreey etﬁgc{ia?? S4B eerPaEedcy 'ng, and to
dry the parts. FodneRaapl%B.t hdepphnamb radvgnged gsufficistpdyed to one or
nore si mil LARgPESLIE e 9saL Vauffdded RCURE Nt St ct1@ebLAST £1:0fg conti nuous
or pul sed flow that t_g_llowr mai ng_ga%sarr}t_)lle fluid fr mtg\e parts and into the
trap. Su?)s&ﬁﬁ@n‘f’f%‘ & BHF42SEr SECHFRER Y o & ORaf28xP8TE the parts to
cl eani ng f lfoirdedstue hdimsdritqbp da dereaes lyr cpbimbolaalcghereni g wat er - bor ne
|0:|e|t Fr gent. Th'hfs I §p191§0! s@nad,eb i?' ﬁsﬁﬁ é’&vtaﬂclﬂli; @ow@éc?rstff?Egt Be _”Oéﬂ ed
ol I owi ng washing, an Six_ curren raom.the nozz su e ed by induce
air flow Z&Focégvﬂfyl' botthepF UL FHIRGST fir i 8?1 Eﬁgg‘?‘%?fge%rf“'st reams may
be heat ed. iSuppighf itoahesinkdsrpf h&®6 heslnl spratelsed f dutdéposena2ds of the

restrichgd QmMubbiepénd |fdhd ot RRks Nftilden £A RERHPAyEREEEE Cchain
reaction) present a particul ar frobl e(rgra Referrtl_—rp%ﬁ_;t, 9H, wells 100 are

o Fi_g.
made to hoIV&CéR‘E'FEn%fthIeFeHS REEUTSACE AR, PaPEyPt R 10 micro
liter (1 mTheoskstem foxl dnibiivgntlje Pimedémies | sharfmr2Betrypi cal |y

cone- shapegiehnt Ner tide gianeéﬁsr@m BB a dlig ket Rom shaped as a

sem sphere about nm i.n aneter d ven qQf 1 qQw viscosity, for

2 Li qui ds
i nst ance V\/fifiaé‘P?raF}éa%otq?el“ﬁxﬁg}“rgu#qré'@eeP‘SﬁEanbYrF SR URER | ER%at vol unes
up to l1l3snisubetkateriganiniicede! as atmdarsbedravity 30 when the plate is

inverted. Smaller YRESrPEa Sechahk A5 %%n%ggghg ﬁiﬁ”ﬁ' reservoir ring

are difficult to extract fraoamthe narrow ue to the aggregate effects

of surface GBRLABRELYMRMNEED PR ¥SSPOINE FRcHERA SHES ERBGPNg |iquid from
such wel | s txranspptyed ity te pdnilsy prievifdeddwet hmectspaciaal cbhtaak retenti ve

f .S : 99 = : OCT 2Q02
Iigl'l 6%89108&%3_%%%%4@24 b e thev@lé {;)?Q?}ﬁét) rlr?g?tgﬁéf;ce rougrzness

r;lple 'S tkﬁ provi si o
of at | &9stiePBdsenPReT-aaYE. OFntRe GRIYEL ‘the central region of the ring
ef fectively to hava stperisystendr, ophséd cuprnopestcéon deteectaodnetter "grip”

on the | uidheabyyspr{eardpsaal o RldRels: cIhk HaRldichs sbgotibld Tt of a
The. ext or| GHeBPPAEE or e r P AE IF35 B8 proRISa iPEl Sl i
retentive swumpadent oosupshamenal sliniddegt epstems efrfde posibfondke
25 detection can be employed.
In Fig. 5C the fluid cylinder C,, is shown
expanded relative to its base in Fig. 5B. The degree of
expansion and the curvature of the fluid wall is
determined by the degree of wettability of surface R and
30 the surface tension characteristics of the fluid, as well
as by the force applied by the pin.
In Fig. 5D, the pin P has moved away from surface
R, leaving drop DF at target point S. The drop DF may
contract in base diameter. The degree of such
35 contraction or of expansion is determined by the
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10 ring, to conpete with the retentive properties of the well. Surface
roughness of the internal or exterior surface can be obtai ned by sandi ng,
broachi ng or by nmachining the part on a lathe with a tool or a f#ab0CTh8ia5
ring can alwosbss7eenuf actured from suitably coarse parti cagralsgodgrdper i al
“that is sintered or nolded with a binder. Likew se a durable coating can be
applied such as forned by carbide particles. As showmn in Fig. 91, in one
preferred enmbodi ment, 20 a cylindricagl ring 14A of stainless steel has a
hei ght h of .050 inch, an inner dianeter of .060 inches and an outer

di ahrret eL Dwettgbﬂﬂi)ci rnfn.thla-éI réégiﬁn@e@ub!aagt&? éwua\fhgeoggné_ihﬁﬁad? Eer
inch, that produces. a thr [ a it 0 , inch, (the

i nternal dlcgﬁ'g %?ezlj_‘s n%ghtﬁgrgg%iéj‘hqﬁg?ﬁes |faaﬁceet &ér “8f the deposit pin P
wi t h whi chhydrpgheRiq)) thes dsReskteh Hiudd drpp JrR‘MPREERCE| #9 idrovi ded with
surfac?e rolulgme]g%wﬂggé h{i&hVVﬁ!étizéb_ﬂ,f Gﬂi.lrl]d'rbﬁst po:pidpae_»dula blLgEhskd,r om ]E][le

coni ca J of a ate. .Despite the _desire rface tensi effects
producedg\ﬁ)}tSBéYh%x?a}ﬁdgf_r ral erl%%?s%vrﬁ‘né:de?g?ts %es Osmg%‘fahggﬂ?ﬁlztcegli ncrenent s
t hat pr onoBetgdsdietermingg. PALBSiBHoM bynthe gaizejofafiieoyip sofsupport rod 15
e.g., of Opid wpch diameter stainless steel wire, soldered or spot wel ded
at 104a to the exterior of.the 35 ring. .t dri.v the ri inits notions,
and provi des SUBS%PTB‘]’E'S&%EJI}E( ROPEP 2 Bubst SnE 8Ly 8154 o 36760

PCT/ US99/ 0623dd., weves avwayalframdreseiingosprfase & siithdapting to any

i sal i gneRbmPBheRt NG A dt@diradWn¥Réhent N MTT 91t 9t ixapsfoyn a formof pin and
ring assenb surfaces of hoth r 5 14 and pin

ly in,which fluid cqntact,.n in
12 are defi ﬁé&pgi,ledés %ipéclocgﬁgit%%c@%feﬁ VIS Sfk5ce J@ﬁ%rgy in excess
of 2S00 mi Ipinné@wi snresuppidedr inNirgoryangf crabb yExamo v detiby t ungsten | ayers
T. Figs. 9K2R0 ibshoyaniadyant agedtpangkat tROSD aefoRENigd ring for
resupply ofubge r%ng. When .t he rlq? 10°i s |nn%&§%%?%n selectﬁgimell Wof a
mul tiwel | FURBETatRe HiTr itHepPRYRRTe GRATHCOLRe™M M iF8s of T HPS ing, to
hel p t ha5r iamgupacksuppttherifnbuild. off Big. Jurkatiégt ehsi Ghepdepesiti es

ef fectivel %ye9aPeLatiger G-pRAREHCaWM ddbdae SHEEALE (ERSI BBspfigsrts of the
| of small quantities of the fluid.

wal | s of theée l, | t@?‘t 15 resist renova
In the pre§é’n\é’\ﬁ§7c5r iy lf’ef“ﬁ?f’%hshi p, the bottomtip surface of the pin
is substantially dinsgeed of tpladiad depesits face gigide smaugh Wt hdrawal of
t2 Be aszen?|s¥1bfs'i:9lﬁl:éﬂn%§'s@bsltﬂag\€|rhal)"\gﬂ@ taggg@&g@s fohlde:a!c&ggoeawnt OfF fl ”'9 ﬁlﬂ
pendent as.a | arge neni.sca 0 oynde ick up ring, Fig.
Thi s qugﬂt iW‘PrﬁPSt‘g’ét% e&r’f&agﬁpébﬁ?eﬁi‘ a?hﬁle'/}f%cges'llg‘g@f’ﬁen avai | abl e for
deposit i naeldpldsepscdhategppal puipylgijdsaei fhuofidenelRYDE)t brough t he ri ng,
see dotteddy1B8S, oF ft oMy b&OakhggSHRsd1eSer ¥Phér ddl] MBYehave various
advant ageous forrr? sucl’lﬁ%s a%Xi ally. ae#'i%ent circular ri ngs. . lti-turn
helical shdPFESICHFBEHRETATEFER D SEPANYTI 3FCFARGEE BhEh "' shaped
st ruct ur es,thet puc¥aie adialt dretein ey aherabnanafer ipygtedvreised general |y
30 refeng URiABYempDSPLR Olandabhhabé Yed @aad ahreetidk@ thab, through surface

| aui d i £CEBAERTe TG AR B R G AT b S as deposi ¢ pin 12 can
oper at e. Thevelppment t¢ke hysdpragabrréfanence daka ryitdy whécBSthel | as the
size, for iRghaegeor OfhdVidrRs@ht! bRDOM idhat aSEB] Id empaiEET (RULE Z~  t.
T acz - The compliance of the pin protects such fragile
30 substrates from damage.
Action of a deposit pin in depositing bioclogical

£luid or reagent on a delicate, soft or porous substrate

is illustrated in highly magnified Figs. SF-5I. A

delicate, relatively soft membrane D, is supported

35 directly on a rigid support Rs.
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WO 991 36760 - 47 PCTNS991 00730 fornms the cross-sectional shape of the ring
is selected in relation to the properties of the fluid (e. g. ‘Hsﬁﬁﬁi%ﬁ and
surface tension), the nunber of deposits to be nade from a giJen j e
charge in tweswmser voir ring, 5 and the size of the depoSidragbdnetfgat is to
‘nove through the ring. The size and shape of the deposit pins that
cooperate with these and ot her sub-reservoirs also vary dependi ng upon the
application. It is possible to enpl oy 10 pins of various transverse
cross-section, e.g. square or hexagonal or even rectangul ar or oval
cross-section of mfwial R, & ein FAgr0BAJ €HOIIPSEL HepoPithinEspeci al |y
for snall . th 1 a ggggﬂfly tr verse
cross-sectlfjg%la?mé..g. th%&? %vynqu% %5 ene ffgg‘éﬁ%ﬁy%&gz%g gg?: ion at the
deposit erfll,of FlyidesPeRIAETH ST FEAISR O PPEHLBEBEF D & Mo&ider cross-section
i n the naigupatserioirprand diovrgsstowstdiraalprebabettéd . deposaxasnl e i s shown
in Fig. SZB%Oan r S| npl ementi ng the broad concept of a local, 20 nobile
suppl y, "othei techni ques than those shown can be enployed. An exanple is a
| arge dip rod, ant®riig-gé&. veReimim dRrsaadepersd swhficieainhi ch a |arge
drop gfpen@@waz\mit@b tﬁéay;e&ﬁlgmsmfhbg PithaAN@heS £ Vi sd taebdy tS he pin by a
sui table mption, .s ot ati qn, . r g.Syst e omme
advant ageo%%?taﬁ&\?eﬁﬁgpgﬁléﬁéne' s?g?esnglé;hta% %E%P&é%e%‘? }%%neriforegoi ng
princi pl esshghtlyoResersge age BrpsgibbrsoeEEMithEigebffe reservoir MV
ahgwn 10 Fb@e akial &bRPDIat-anaft i:h_éeﬂnizecbrdv@ntﬁpﬂﬁﬁﬁﬁ tio Mkt ih-wel | flol gé e.

nder conputer, .C ri [ St osen ui
resupply wg? aﬁﬁ#%g&{ghﬁ%n un gggfhgﬁékééd{ﬁ%eﬁggﬁ #éggﬁgﬁﬂggﬁtrolled to
descend, nekesefdmesst ofi tre JembTRIGTENGIERT ceRULEaPity, \Whe99/ 36760 - 48 1
10 C”T 2Upzuif&fﬁiak}]csﬁn%gs)ie?ostl(i@h?wnt@%tﬁéwesirdgaeiks@i:rtﬁé gﬁckea_aa rise, tagi ng
a small ampunt., of fluld.in or,m of_a pen rop. . inis raise
sufficient et%pﬁgtlﬁlefl ?(Plté %‘{I%l}fﬁg ?’%s%?\}%ﬁpa?gysgﬁ"ﬁﬂ?]@eg g.Y by conputer
cont r ol }edtle sidevefstheveinst tdb.t he reservoir, freeing the pin to descend
;JRObSt Luft esl tov\?ﬁ@(&ﬂez‘ E%_sé??'étt ﬁﬂd&'e@t?{repkt:@fféﬁ%}eh@ég?tﬁ% | Of?_tl Onl |0n

e substrate. ppropri a ranspor.t, ions, of, pin _and .nul ti-we
suppl v, th%mﬁpbcéégcgsg?% Aite Oht * %&ﬁf%ﬁ% WBXaP?dHBﬁﬂ%F?eg sanpl e of the
sel ect ed fPhetwkdns dgpopibdpin endf ubdtiate he Ipr opue ordds hwdiemg repeatedly
brought i n¢Re adhserebmpbt Nid Ra gl 8PNty dod 1k 86 PREmARAndeposit in the
desi red,| ogati,on % GORPULE"s A" by SEUhithIB EnPLibds commnded to

conditions where a degree of compliance is required.

In Fig. 5H the pin P, substantially devoid of
fluid, moves away from the receiving surface with a
component M of lateral movement, and proceeds to the next

25 target point. Because of the light contact pressure, the
shape of the tip and the presence of the intervening
fluid, no particles of the substrate remain on the tip.
Upon relief of the slight deposit pressure, the membrane
begins to recover its original conformation.

30 In a short while, as shown in Fig. 5I, the
delicate membrane substantially recovers its conformation
and the fluid has dried, leaving dried deposit D, of
substantially the size of the tip of the deposit pin.

Fig. 5J depicts a glass microscope slide or slide-

35 like member M; carrying a delicate membrane, Dy, e.g. a
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15 well different fromthat of its previous conmand, the pin is noved by
conputer control to a liquid renoval, cleaning and drying stafion, to
prevent contam nation. For efficient operation, a multiplici tﬂ bOCHi W82 may
be used, sego9ysksdti 0. 24, at spacings that match the 20 Pﬁf&ggﬂ{angf wel |'s,
enabling each pin to reach inside a separate well of the multiple well
reservoir such as a 96 well plate or a 384 well plate, as are known in the
field of biochem stry and anal ytics._ The pin assenbly and its driving
mechani snms are 25 preferably mounted*ori a precision XY gantry as they

requi re goqad Ltronal S, t41, Bl :ﬁ'ﬁﬁ be provi ded
with two 3%8%’22?5%% ? ?e‘ggom |°%%§spﬂgﬁ%£%galrléﬁlogﬁmﬁjit¥ Eée eggg'}(/ti on plane and
can be i ndSB3&dNgndEKChhRE pish ayaddably TrP™ Xepsr Bie-@hudfGre. Because 30
of the relaidatelthel argaesarie micytb® REld Slitdes .t rohs|mtdammsassenbly for the

pl ate may I ST I t : : [ In the
enbodi nentﬂg%(?elée%\séslﬁaaﬂﬁé& ﬁ%,emﬁg\%gégf%t r?%?ﬁ“?%?%yz}?!gf‘ngfy PA and the
nobi | e rful Elyisls one §BFY OTFCIARIRAFe L8Nt hALERREIR SO HRRAPIES advant age.
SUBSTI TUTEr &HERE ngRLEE Zbe is \WOt92E36d 60 seld) bylvirds cHUal
PCT/ (JS99/ 0073 bl sup t Fi s{,Lu : suppor t
|'i near mtg}glﬁg\f;ﬁ?ekﬁP ai’ n&?%edegqgggfd{n%%?geéqes%%u%% egﬁgﬂn%n%ilg?age 62,
not or not BiRSwesess sEawRedy /FG-ebVi Bretiakle rRbPbiS eauiEmenE2 respectivel y
drive the gnhit rerfpgenbhy Piyahddafke.multiwel |l reservoir MVin the Y
directignh. The reser,voi Y ol d 6 . driyven by a
furt herlod(;ri ver f'oiriléﬁlrfio%/nglng%t ggfgf%e%%?éégru\‘/’g?‘?glr e ezgot%s\}géfio&%%sg pin
assenbl y. FhedgnirtessdpbFign) S HFRsapdf setfodrst 26BheYed IRd novenent ,
driven by gedénddd tdepostti yetich odndae soOMmitecideposit Opind heimml tiwel |
reservoir ar.at [ he_ X di Ly f { [Ny! enply as shown in
Fig. 11, a%%f?%%cﬁ%éfgé% iﬁgnﬁ,{cﬁa&?g%?t@% %gl:gseé%?ﬁghﬁﬁg&t%?f orm deposits
upon subst Fa¢atiRnsTEder FpgmPUber] cANtERk 34 fUnkEer fe3eFikfi% noves under
the raisedppiswe. i Nto appropriate alignment, enploying both Yz and Xz
noti ons under co r L, ' ins PA dip:into the
commanded wel | s ng&gésél}%p%q;.ae%gypﬁn i sgt%%}%' '?'ﬁleéﬁg#?’lf%l reservoir
moves | at eparly, Wiheh deposbtirg jafn obgt deposife UpPy andthere idegosit process is
{/\ﬁpfat eﬂ_ aﬁr@ﬁy\?éw gatigded r?(arhfeﬁza_t irrﬁae_oﬁ:oéém?l}éi BY ﬁﬁe s;p&ﬁtﬁi];@ham or RIL.
ile this_nmobiler yoir_technj | pLys..of _any

constructi SR tHe é%\s/g% aa\és%?m%ibeﬁ%ﬁc%%sr%%%e#' ;Nﬁégr iénigasrhor%t or i ndexi ng
syst em3% @epoyidd 109, waenPrerugach dYaFechpimiemniprediruskpace to a highly
ﬁPCﬁrgt e I apsatAile RPILViAG 4 &ledldsie pon| hed lbycﬁbﬁ\iaeéth@.r} t herdvvi th th

ig ensi in.arr e e [ ) t he r escri be
W t h respe%%c o? e.t\%%rgi ggg;%fé%% 1&8%& g%%%’%gr' tﬁ%éf F%(ﬁhg’%’rsmunti ngs that
30 have beéfperit mifed2wheninreg ipgexed Ptes Pracispa imrmepEN PATTERNS
In the prefetredbtentvadi arat lokefdd toldngdy® FlaMME dikod @i RStR, itpr ef er abl 3(;
construgt ed. acc i t i r e rt LD 9 square gri
pat t er n&%mg i n%E %ﬁ%’%‘ﬁ gﬁ%é@%ﬁ%&%ﬁ?‘%‘%)&°@%&35% 2‘(’@n WD 99/ 36760

fluid state while Fig. SN shows dried second dot 106
deposited upon dot 100.

In similar fashion Figs. 50-~5R illustrate deposit

of a relatively large spot of fluid using large deposit
30 pin 120 and subsequent deposit of small drops using a
smaller depogit pin 12 having a microtip. The large drop
on the pin 120, in Fig. 50, forms a large deposited drop
110, Fig. 5P, which dries to form a large dried spot 112,
Fig. 5Q. Subsequently, small drops 114 are deposited in
35 selected precise locations upon the large spot 112, Fig.
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PCT/ US99/ 00730 - 50 the spacing of the wells of a 96 well plate. This
permts transport of fluid fromall 96 wells, 8 wells at a ti to _an
assenbl ed array of m croscope slides, accor di ng to the scheman'ﬁf1 Wngl.mlS
and 14, andwdievseke S the conposition of 8 spaced apart bp@Gksob7s

appr oxi mat e di nensi on each 8 x 8nm on each slide, covering in tot (1

approxi mately 18 x 36mm sq. Each pin deposits in a respective one of the a
bl ocks sinultaneously with a single agt L uation of the Z drive. The head
repeats the 10 action on each of the’Set of slides with the same fluid, and

is then cl Qﬁn%id'h R %edeéx@ilﬁllela @of E@rﬂi‘:@&ézf @rre%tryw@ﬁas The sane pin
directed positions in

may be used t o] t he, sane
a gi ven bl 8@?90%?%/% tt&ﬁoﬁ“f‘?l O%dtflrcéc?ESﬂB?“ﬁge’fﬁ“&@I?‘%&Pn a“Runber of slides 15
each havi ngothelats tife espited apart bl ocks, the deposits on the slides

bﬁl ng mJCE cl oser gt an émxﬁaqquseré?@éw %Ehgnﬁa&f%lt@w ng the sequence
snown 1 n |

t t Fi 15
and the ?’raﬁ%?‘??"e‘?ﬁ \ﬁeéiﬁlgfmﬁl gegﬁ%ﬁétﬁl’i’ziﬂpghgf%ﬁsay gcb?\{gﬂgt!c’&s? byI ?Ereesyst em
and net hodttesopetsticonof Figgl SKiSNden (Reextdd \fashdodot size in practice

i's much Srfék!nﬂamartné ¥k -ah &b snd a@anﬂsnéégah@éahms e@i&;,bee g., with
000 dots carri ed a Si de.) 25 1In a

as many as 50,000 %H%O

STy by BREEPERPDG HEHETCSh I SR oSG enEE B31ed0  and 108 a gorid
of 12 pins has 2 Refsroind tm MS.geaéh, a Mepodlif, deyace spagodsdiagart in a 9 M
square g5i depaki€pid A2MRhANstberSRASIAG 9in§hf4 WRidberebadnPbgeel | plate.
Thi s arran ement permts the {rapspor 25_ g fluid omall” 96 vveIIs 12
wells at a lsl’ msS g‘?ﬁf{ diY 8ePesihe %{)ﬁﬂ? sitPd s‘-BéEeB%l Fabl ocks of
appr oxi mat eft et abnesreach@lxwellhmoS g nhHicgot bt & [sllmmucm a:rmmheray Wth
either arraROpaEDlseid JuatREdalso it QEMES LGS BRTBUILRIgCONt Ol to form

a nuch nore d nse array o dot's than that occurring in

a
the mul ti weéPKiBg %Fﬂgesﬂ Ecthe R9ng 2ength angyspaddodigpre’dy 36760
PCT/ US995 0@h80depadit diat @2, wehich amadlesote@éhivicitiie botB83b ofi cron

dianeter dobs yLif & rpxle%&séwcg;g%é@tmselgﬂés At Badhhod | W ds in the

plate. Just as the pinfs are |oca on 9 centepﬁil g quare arrays
t hensel ves &Féef Qf r?‘[ﬁ}ﬂe@dmﬁﬁ BRTRUBI BFsABYR It Herer 85"'8‘?‘ ‘?fhé‘ substrat e.
By foll ow mglihetpindwp sequeded sdwiwions, Fagfldi4l (coowsiditdirtdiegh 2, and
colums A ta‘ﬁ%.@ g rh'ay Mus@ﬁe%eﬂﬁa@%ﬂgs’aﬁé%ml 'qﬁeﬁﬁeté('as' ted, the

pi ns bei ng conve%xgd under cogguter control 10 to the cl eani station, not

shown, BBt KEBRELRRANYe WCUPRLiaR . IntRFVadnt Ehe Pt IheIntilei plate or a
nurrber of magt be seanrdildbydasnicindenpef,r om dticedtviisederamiyed) stari buti on of

wells | MuLiuRlhe ALALES dkBoBl ok 4RANLY naLLANS rld afuilLar Ly, referting

to Figs. 16-19, again u5|ng pl N spaci ng rows of 6 pins each,
a sequence tdHi€anpfY Rye B F??Fﬁ%l%élq SHﬁHe? F\éiﬁﬁﬁjtwélt RCBAPY®I col | ect s
sanpl es freetaldfvetdiesandtangi fuelds dirstanpupesbd kemianshwith density array

deposi t ggi @l;gnsgmg%@nbghgsg% sS4 oscope slides or other substrate with

array and $lide |mensions as shown .in Fi 19. The benef|5110f such groups
of pins is to cref&3lPphPTRMBEROE N8 tARE stk gneously on one
or many m croastopin sthalganotosabstfaatese Phest ban 28 Sabslirdateal |y reduce

the tinme andgaop! aEEHUTLY, ¥Op6E B SniNOBEIENRI d @Y BYPing each
deposit will now be described.

30 Referring to Fig. 1, deposit pin 12 comprises a
relatively large body 12a and a lower portion 12b of
reduced dimension that leads to deposit tip 12d having
sharp rim 12f. The pin also has an upwardly extending
guide portion 1l2c.

SUBSTITUTE SHEET (RULE 26)



The assenbl age of pins on a 9 nmsquare grid can al so be used to transport
fluid fromplates with well spacing constructed on a squarmqu.’ds@liat IS
based on sub 30 nultiples of 9mm such as plates with 384 S 864

wel I s or 138®%wsihdos, etc. The hi gh accuracy of the conputperugsnoral | ed
gantry system enabl es accurate placenment of the selected wells with respect
to the pins, and the pins with respect to the receiving substrate.
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It is evident that using the sanme logic, pins can be assenbled in denser
constructions tardet bpiat E5a Wrchri888! 4 edowRldraspagi p@sced he denser the
array, the tigh e .aocation. 5 tolerances for l.ocation of each snall
dot . Theangyéfagn%s%##]eatlez(r%a?hgec%%setnrgﬁ r?gduag%oasﬁu&) %rlfst’dggcri bed in Figs.
1- 4 ar e GemeliveupPupPIrtc dpaiseel oft hagpberts Vi mdani et wehglt - preci se hi gh
density arrays.rHéSiaBgekbEP i PidonetPLeted tthe JiaBee0h Bapptalt ng the tips with
flui d5c n 10fbgcseg‘,e%%egr'g r.erI %rzegcgi;tlottepe nature g the fluid as well as
ot her op&irat i ﬁ’g %ar‘ameter > R ng guppf‘y roge W FI RowW D& described. PIN &
RI NG SYSTENMiaThe Refn aodeRbfi wbigh Blmwat ian Ehgde Ho fasminobbet5 used with a
fsn npl e aezgt a,Jiemlteagiﬁrml ':za;tnrcam amrgff_ ] eﬁ@ioﬁ$ tb@.t fapui dmggesttOf be loltpkled up
roma rather |arge a sufficie conpact _arrange of multiple

pi ns and ﬁwerg‘r’i’é}é\%esd 6553?5??9#§3¥535338%qu PgFgP?onshi p of a

pi n and piimgnwKt AodtY tdmsindizapeorty arr@iagt veadtwirméoarssms. Seen in Fig.
20 ang SUpRl YakkN¥ ddd WiddmpbRedesl, rHa0 BREYN&D Af rmpwRkabsa support rod
segnent lé xtends to the ring 14 |néshaft 121:21 tge $| n seat 13 fornmed on
pi n body?H FA%ah8*BFR %{ﬁvd'élelﬁg.slﬁﬂ&% RTSRotis "2%5eP20P¥YUr such pin and
ri ng asssds ifegcel F,.25The ee¢femncet sarfansgs musheonshnubeedigsenbled in this

fashi on.; H\@Uige2)idepidd $candvel xANd y bAgngdsseidly where one can see the
pi n hol dj ng strug ure, qQr.ding t i a the ring hol ding structure

| ac o Fi % 2, and
Bnd t heiGLT8SEHEBN 1 vBS (PR EINCiPEppkh RRAVILE PH1ahPTRI {AHGE ERable 30
r el atlisvetheerntipc akdnebhernthelkebddratod i ien ehopudegosit on a receiving surface
preferably involyes @ueht fAYA scaliNBmbOaTh ANCE Bl hBGndERPSie Pins relative
a

to the receiving surface ensurl n% proper deposition over range of surface

hei ght s.PHife t¥OpEETTIRANYpEBREEAF I IFOREAguPLRE SUBSARFUTE: SSEET ( RULE 2~
WD 99/ 363t6Hm ifi3dasHed )1iQEE, 2602 ROMISE® GOZBOcamilex figr thamand Y notion

provi de pwmhekeyakidyy fQhabgoh® AN IcaPry The - £1e2 dil ustrates a
com"nermt_fai‘lfj1¢ r%%Izl zation of. the design whi ctiyatta,ches to the Y stage |linear

not or? %of FeP8sef HEARGNY 02T ESUPRLY BAL1ORRY 23BE deposit pin 12 in
this caseppes mdaheed m & pasalectadrdimtanant ffevearhecdrgeruction.
Spaced- méﬁeghgnéﬁpﬂ@g(% %né@rﬂ:@iﬂ?%&&%@ FD R2EBhLEEa D hgTouUNti ng DI OCk

62, san nountin pkat es 64 and .67 against the méerveni ng bl ock
10 62. TS Prekhf Bt PRCR RS IRAFSE 1PASHT GiF S &*Pntéfnedi ate bl ock
66, arrangddn eecheceadagdedrdapcpusher rod 68 associated with a prine nover

76, B 238 BJndiagchuridien Ba6aoLi Loy gdasion from i nter mediate

bl ock 66 are parallel “fl exures an include 15 cut-outs 74 that
render tBRSiHiCRgFeEiREAC £7dCRERHT ySYRSEXRERER ( coMneERe At the end 79 of
weak fl| esubsrsat@ Badfdithd atmianeékdkdepoa brpRob 12h tHee destighti on of no

[ exur o e RO pE HddUent UELM! e SuBa@ilel ]l HPIpehS TN WRICR The
stops. Further downward movement of the carrier 17
30 occurs with the compliant pin remaining stationary above
its seat, while reverse movement of the carrier causes
the pin to reseat on its support. In this way the
vertical movement of the carrier need not be controlled

with high accuracy, and proper contact with the substrate

SUBSTITUTE SHEET (RULE 26)



20 pin being borne by the nmounting structure. In Fig 23A, force applied in
the direction of the arrow 68 results in deflection of the stiff flexures
60 to the shape shown, such that block 66 remai ns parall el t & %t BeT rBei vi ng
surface andwadepaesié pin 12 remains in perpendicular 25 pogiiq d@g, $9 t he
receiving surface. (Thus the relatively stiff flexures 60 an ﬂ

associ ated driver performthe function of a precision stage.? The fl exures
may be conprised of synthetic re5|§ cut to shape, e.g, polyam de resin,
avai l abl e as KevlarTM 30 from duPont or etched fromthin spring met aI
such as BahRYbEELNSRIRPQr rehgs et rﬂ&%&aﬁ&é@'ln%@'&bigﬁé’uéf %eHoth the stiff
and weak féexures are formed continuously froma single sheet of spring
stock. SBBSTHIRAY® SHEET (RULE 26) 1 1 OCT 20p WD 991 36760 PCTI US99/ 00730
- 54 In Fig. 23Beplsteralodiiag foreerFhyfovtbatenadilgr 76 via | ead screw,

not showonlbﬁaﬁ%g QfdérﬁQhrté'i‘&ek@reﬁ@é%@é’l&%rﬁuEaﬁrEerOd 15, likew se
is dri motipn of the ring. 5

The o oFPH%ngd‘%/%n‘“ﬁeé"’Fﬁg Bf]%h%rg léhnéilmsfg’d%t‘ﬁyrﬁ r’i:gﬁtdpgf%’rﬁ:e from a hone
posi t i onakoéel emevenrsposift Ebe Rt ixgdatdvet bot hes |aareliesf 12 Wwosi ti on sensor

whi ch tertmen iﬁseﬁétﬁ;ﬂﬂétrlsoahe'rmg’ﬂx%ﬁ:@scopf?S'il&?ﬂﬁl&!ﬁs@kﬂ@éstSUbStra_t tet 4
evel S ue e 0o perm e

surface at htly different
nmanuf act Gpgﬁécﬁﬂ' aﬁi }‘ﬁadsp GSFt Snmbqlﬁgﬁerﬁél%hvol ves
suf fi ci edbadedrbeamigigs Ghénsur@e diwt @dn bbwahdt depositiepcordd with a

m cr 0§6Ola"efihbéebfrréﬁé}%cgbh@ﬁac@s Raeg | 8asRED Ainesgaybipin the
tol erated ran t hi C%Eﬁsses The &gggl i ance pr vi,ded by weak fl exures

70 or 72 LEK6f FREMIIhIE Y ngehgse d1cs %Hr%btf(ﬁlé)" EERSUFRE it the
m cr oscopenglicdéimal cidier Assobsthetmin sedehsveerabihe vhirckeal ,t han nor mal ,

that the ﬂeaor?naﬁnépr&?atwthle a&&éﬂt Qﬁt tﬁécggﬁi &Pl iedeter it gedk val ue,
typically I?ss t han | ees than Q0.5 gram for ensuring

:
preci se dof F‘g?ﬁa'f‘ﬂﬁ?f%ﬁgﬁ‘?g{:e@? ﬁ’lﬁ‘lseghE e i BATHAYRABShi n. Figure 24 shows
a depasi trefeushee A8riGfcesnBeperadeniey, dyér dbedesiepodiveepi ns, formed by a
nunber ofaxtllaglgeposm assenbl ies descrl bed in the Figures 1-3 25 and 4.
Cluster 28 inc . not shown, unber of mdegendent drives D and D,

one to drive eadPSFntaniPHHSS &nﬂ Poe HACHINCARYi A13E B% &8tion for pi cking
up and depeentrig Idad dr aydoskersdroadiag hdchmigudso t Megneria ol el ectronics
the posi tac%ae&lmecé}peaﬁ%' %€ &hﬁwgdsto?»ergbe&f‘e ls3n3cBORe sensor for each

deposi t p|n 12 honme sensor for each ring 14. The devi ces are ganged

mecharfc&® §rnF8r°‘9(nEﬁr Ry A BRERETL arp6‘§i°t PER BRI 8RABN el ectroni c
control . uslingi parnmignt maghetX off reletdtaomagnenpl oycdewtea, a stage is

pr ovi ded d1aRg¥anses S ddieer ege! Ml neiade! 26 & | byt epXrdiagad Fon) .
SUBSTI TUT% SHEET (RU eglon) of one ot[ 3§§

other and employing a dielectric layer to prevent

e members relative to the

25 discharge so that the attraction persists at the time of
approach of the deposit pin toward the substrate. The
vertical effect of such loading techniques can be
sufficiently small to be overcome by axial force on the
pin, to enable axially compliant motion of the pin.

30 Figs. 1D, 1E and 1F show that tangent planes P,
and P, to a segment of a conical seat (Fig. 1E) against
which a pin is urged effectively define two reference
surfaces set at an angle to one another, that act in the
manner as explained to resist lateral movement of pin 12

35 in both X and Y directions. The same is true for other
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,1 1 ocr 2ul PCTIUS99/00730 The cluster 28 nmay step to a selected X or
selected X Y position, at which a nunber of different notions under
conput er control may be caused to occur, picking up and deposi"tirﬂj:Tf R2d in
any order aiwoddMefgo! ocation desired. Such a cluster const{,#,l.}{ﬁ%@@
particularly versatile tool when enployed with conventiona PGt tre
plates. In such enbodinents the aliquot carrier rings 14 and pins 12 are
spaced in the cluster at 9mm cent e§-t010 center distances or multiples
thereof to facilitate operation Wi h 96 wel plates (in which the wells are
spaced alyledBlHRCEIVEIut PN ao Al &t Qlipigodip es). Higher
density ates alsqg enploy this con?| guration an have the sane footprint
but enpl gyef‘rﬁ%’tﬁlhéfeé%}ni@!%?%é, ghvem FRIMENEoCRoFRe rRatEingnce of 9/2 mMm
to provi derta8«s plagt be" acHhwray bgnghreedbadiing-itgchrdqgesabl es use of the

hi gher d J I k exi sting automated 96 wel |l plate handling
equi pnen??é%%us? S:dge%ch%%%?i bed can be enployed with both types of plates,

as 20 %wel | as aRy9%r bit rddy $P&r fBngEiRvh eMPPRETGRY S At ePdeYtde cl uster of
i ndependetttyco sy akiveldepasiforpisippbstind udHe atiadihyat he fol | ow ng

exanpl es, - L i Q. set at 9mm center-to25 spacing, may be
i ndexed ﬁ%?%/{l??{ao\ét%:tt%ﬁ{% oﬁxban\?\lne h their pins and the rings may be driven

down (or droppe8}uid ARRcficondryis or (aasepipted widupplEdvidom four wel I's of
a convenbuppiy SAfripras3débikd Imjltdiwelli plate M io@Nasbbtiated 0 the systens
previ pusl cLi 4130 Af Iy l e Jd [ t four pins may be

dri veg&ld(%\npﬁggfrr% r%gﬂ'é%ﬂsf‘é %Og{sf%lréﬁhggpgesﬁn%%gtu%g Sar Qﬁ? ag%"ée,rpi n the same
format aplehes Supmnd Blaek. cayniemnali vel3yrian iligmpess pit ytheone
su:al-rﬁﬁelemeéetmrn%myrbe 2r eppesipb0yphek dgpdBtektlohs .oglaxssel ect ecsi 35
we ile all ot remain .0 _thelr passiwe positions. TI TUTE SHEET
(RULE ZI gacﬁvé?%glo%?égg_. %6 dA, fmgl éT %goef}ﬁléé%leasggfgb%fghen the cluster
may be nbbedpimtiia tiestAeRPTMAlHY dpr pvesatatlihd3sane Wb linor anot her

sel ecwdgwaté, %Lﬁt\n%wﬂbrl;xcbe_a% NgEhe twelﬁghdf@ﬁpﬁ@e t;ﬁnﬂ C!I‘laé'}?piﬁ Sisﬁ' I quot, 5andI Iso
on, sot all .of {.he.rings have t e ui romthe same 5 wells
or di fferg%? %? ul?ea (#'rs %agﬁg Telecre yw‘é?‘?ésr.sﬂ?'hgrc?f“u&%rs%'nay be noved in
X, Y di re@8i 8howet WROR FPERAPE AIf ddpodrd wkhh @vbpssratgciessi ve pins so that,
e.g. ?llwaEFtb@%mm 1depests itht%aEEaﬂl’ %ﬁé f}@lye@bsghﬁnd o a ISi ggl ebsl i de
at sel ec ses.or.each-.10 .pi.n resses a.di rent slide, but at
S diffor &y ?%%aéjfl’ e BN 48 &pelhf-r%sneg(jé}"eglge SETEER B8 RRATESH ot her o de)
or th@0defoshe Pt é2mdbeorel i veogistaremtireitheetpPeThe operator may al so
CEoosg n@hpblgrbﬁ@_:ﬂ&@_egb,1?m%a95fxbéebéiﬂ%!§|@ﬁ$l gRer gbitibn Thuz it is seen
t hat den clust.ering .of inde ent oper eposit pins and rings
accor di n39F0° héel_?%ﬁ\‘g'éi% B%nt%rgflr%?’&sgu¥§§%%% tl%elgygi%ﬁ% éo’f the Figs. 4 can
enabl e hegh. specthdipatedt phevaper aredarreod Ratuxe on dheall al i quot

carr: er s sy th t e BPp 18y &)I’tﬁaﬂlcfﬁ!ﬂa][ Qthéy [ghh@gl:maggml;__wt uat _edhby anot her

sl ng a a. 1 1.0 _DEOYL tLplLe. pin ./ 1Zzea Wt

fl exurg?a- %E {“g{:l lpﬁ‘tﬁﬁla%éggh%fm@f}enpgﬁggg %@&?%4@@%&%4 € Usi ng | inear

st age t eERARGIRS SHINStMBERs ofox dlds2BupPeRe 1dmaFigmm®spaci ng in both X and
Y d: r ect conpréxeicnl bprougt 2zl on dasblbaga Befwadt ebpks pm&@rsoﬁat ed ﬁ' ong

rail 160 _vi.a rrl .1 ingle or .0 This causes .the eight pins
to nove ?lnﬁu g‘gan%%l&gl%ﬁfg%}:géwﬂs%e g\%norgnoé\%n ollt3 f OEL'IheC% %%a?gdtllsng rings 14 are
mount ed éAxpfngn position and applies its downward force with

30 slight and predictable asymmetry relative to center axis
A, to bias the pin to a given side, to ensure repeatable
pogitioning of the pin on the same region of its seat on
plate 11. Spring 22 isg sized and arranged to also
provide compliant pressure of tip 12d of the pin on the
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30 support 124, with the sane spacing. The single support 124 is driven via
carriage 126 by one notor D . In the enbodi nent shown, both enbodi nents
share the sane guide rail 160. The pattern of dots shown in Fi.§.1 oocaw

formed by aw®99@ém act uati on of notor D, Figs. 24A and D %&%@TE SHEET
"(RULE 26) v 1 OCT 2002 WO 991 36760 PCTI US99/ 00730 -

gantry of an arrayer, now to be described, can carry one deposit head, a
cluster of independently operabl ed§é ngle pin heads, or a nultiple pin head
of the 5 various designs described above. Conbinations of these are al so

possi bl egudidatédS20$ alPBIFAAEL ¥6n¥idW-Rich ahidechy eRafabon machine for
preparin mcroscope slides or other substrates such as delicate soft or

porous | OPSétiranes carried on rigid supports. Its function is to rapidly
deposit a hi gh Tertshe wraapgemesit fdfuiFdgdot s, ofhealilfowerepartorpositi ons on a

nunber ofp t2'4Ga|t1§H@P§' rea{g%esea%wm tpfiﬁ ghCce&dote tigchnol ogy of the
presegkt |nven aﬁ ﬁh]g In F| gre four 15 96 well supply
pl at es® 31° aste’ﬂﬂ &Yasw he® EhiFRP f}%ﬁ’ CFQSaOl?IfCE BoPPTH¥ippl y of nobile fluid
st or age eketverchs .inbdor ezbvialirhadetpl 3% e ROGepvevades staquppdnt structure to

hol d the.pper '@aecea@wfdﬁaa BEQ%WM QHea @npiétsﬂe&ﬁ%daas vertical sub
pl at es 210 22 230 20 24 Fasifne se | ates .is a dual axis

mot i on s%?‘érﬂaféétlEBHb?ljsﬁ%ﬁh?pﬁnﬂl Pt lﬁ‘é'fﬂ’ Bee ‘G?flaf?@nf‘or provi di ng X
and Y noinopsgitionadpaied | wdpegtedeacTimngui de rails of the X and Y axis

devi cgs, 260, 2%9&&&&@ahhehaé&eb%ffetnba&srﬂ%o,cahobgarry deposit 25
cluster 28 in X, Y notl on(g &ane $a]a to base pI ate 200. The X axis
devi ce 28®Leered CONREPEISE & é’\}f-" nagar? bqr€qPFBﬁ¥’A9%t W Japan. It noves
at a hi ghysade. ofinsphedvanieus embrdihent srerhwer fasi dgsaribedary servo 30

ot or Wi {fe 8 Hd %%ess&mﬂp%m%@&tr@péelweO@erﬁeﬁfrsumtgyi ng digital
and anal og _t'echnal ogy. Carried Xaxi evi (i % I's an orthogonally
arrayed E}’n‘éxfrs“ifé\ﬂ“c8°‘2'7"(‘)c'§/\/rﬁr&‘?“i°§s ‘iﬁﬂ r&blecfedEse tMat operates in the

sane mndampiasy tdfe t¥eamosiate \durdngSHBSId TeHE pSHEAT1¢MRULEZ6) 1 1 OCT 2002
WO 99/36Z§9efng§égggﬁgggﬁgb'm&@%rial may be associated with the
spring or other mounting of the device.
In the arrangements of Figs. 2A and 2B the pin is
also biased laterally, e.g. by use of spring 22 or 22/,
20 by angling the long axis of the pin a few degrees from
vertical (with the axes of all adjacent pins being
parallel when an array of pins is employed), etc.
The pins of Figs. 2, 2A or 2B in cylindrical form
are readily formable to a suitable degree of perfection.
25 The distance D (Fig. 2) is readily selectable,
considering that, for a given clearance allowance between
the hole of the upper plate and upper pin portion 12c,
increase of distance D decreases the possible disturbance
of the pin from its nominal orientation due to
30 manufacturing variation, etc. Thus, while the bottom
plate 11 of these embodiments defines the vertical level
of the tip of the pin 12d, the top plate 9 is located
sufficiently above plate 11 that its spacing and the
angles produced establish the lateral position of the tip
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The deposit cluster 28 conprises four deposition nmechani sns, ganged
together on a nounting structure as shown in Fig. 24. These devices may be
in accordance with the various structures shown. 5 After a deﬂolsiﬂlcffo?[m
sequence i sweppkgebe, the X and Y termnal drives the cl UsEel 9(3)‘007%9posi ting
‘el ements to a cleaning station. In sone enbodi ments they nay Pe passed over
the wells fromwhich the fluid originated or other receptacle and subjected
to air blast to dislodge excess lo.fluid) or excess fluid may be renoved by
abrupt stopping of rapid downward venent to dislodge excess fluid. In the

system obelife ¢ iR baY:Ala Ridie-2Rde if‘&é.ﬂelgiﬁsfé' Ugbgs; 28 may be held

over a vesse wat er for cleaning, as shown i'n e vessel has

vat er 15°Fed8NeRFEAYSURR EBRSTURRYEREReRPeni shes the water. Blotting paper

or a cellul ose gmongesamy hempiFdysder], aafaiaist 2B8hthat tdtee pivrivand ring are

bl otted j A i L) noval station
‘Rthoéégi—g?f %Egé%ku% Pf o%/ % 4l hS&H@éfc}’Jﬁ{) &uﬁ."efgl:!['égtff

accordin g‘i is enp evJThere arr noves remaining fluid

from t Re™Fi RBSYRY YhagLiPTRRdFFRFesChY ERENEOYSHs J5Rged®Bf % emaining fluid
by air bltaet rasgé heh, paxynisaibbe velswashediangreviesed by |iquid or aerosol
streams angofihees 2%0d QUpC: 28 AOWENRG combIAnSYs ekl the machine. It

shows the controls f the” X an axli s venent and al so hone center for

the X an®epsgxFRat 1HRe RiPuSRRPYEeIS I BPSEREOR FF iHGE t WREt he | ead screw
is drivi eeicosnsensegl tdhe ishbstaste agic exerbe dnlwen domeodhedt hen t he 30
count gf, '1§g’h§: éké‘é 68 3P thkeg Eé@f‘aé&”‘b:‘e‘EBEeCE@ ﬂeft"é?‘i‘?oﬁx' ppg both the X
and Y axes. o shown I's a schematic of the deposition head, one of many.
As previ &8ty descri bed, each deposition head has two notors, a pin drive
mot or and a ringnnetiar, 31 helie airA aggevapEed frpMoEhpinSiroahdol conputer.

SUBSTI TULE SHEEL ARULE g orll 991 307601 §3redods BST-2009. PCTNSO9/ 00730

For deposit on nicroscop , [ ng sl ke ri menbers carrying
del i cat e engsgednenbeehddie the 3Pddele frgapgdt vhed the cHESEEMI®, or pl aced
i n regsst@utwishbwudtemdaged Eopwufiesiels of. i Fhadtrraadoan .t hehdase 5 pl ate

of the ine o e I des,i r g £Ir\ﬁl tation. In the
preferrg}%%oabﬁe%%&o%éﬁ:i%b ggA‘f’l‘%%l%g%geﬂéW&é %?Legt%é upon slide
support 3¢ SHEPPAgiBrR WHECERGaBTERSHIR FFop*RI2iNRE fUEFtBERer end engaged
by 10 a Hliowgantr& Biyid\bagl3Be£xdmnds beaps aon WHwslopetew on the bottom
si de of stgﬁ%r , o LhrQug I J p 0, and_i iased to the
right in e F%g%geat %lr‘]'lg%égsgﬁfg?%?ég%%gﬁo%ﬁé-i t %aggﬁﬁrsl? stop 31. The
spri nd%prids 3erEs| yrenfialdi 88: peimmpihrused bYi dbpE 1m 8REAPSe i n secure,
accur at e Jleskt kanufes pitiehy itheatps dridtaloeeeuplshed g agperati on of the
machi ne. e L arg, 7 | da- Ry- S i Lhgr. s_of seven slides,
wth theia-rgét ﬁ?#?gﬁg eﬁb,es g%ggg%i V\Aj?')hé %ﬁggg{ﬁ% %er. y‘?’%g Seventh slide's
posi ti on J¥-dEpERYERt SIHIGFFYPE PRI IHE SYCEr ARCRI B t h&PBr ecedi ng si x
slides. Byeikfti Ag SeCHE Rdlegredpsizon® adjassuceatpliaicet be eligay i s
properly e%q_@e CRU I aj gfﬁ .ed " y e.slide and to
recorcfsi nc# 1 n%t ggﬁ,!?g% In Etgr% g% IS F}Hg%bétrzaco%rzé l:teoaégftl?sanount ed on the
servo driSMEgrrotBFning mapental £o48eaBiBCEMaRD 2t RETEEPR<T i on neans 28.
The sequathee cehathd gedth flsleki Aggl B ikl phecédyertiricangyg of the
deposi ti dAeviCga1gnd is carried out according to the control procedure of
Fig. 27. For use in high volune production contexts, the 30 system
described in t hé*¥ Ge€FJoitAgtiF® firass -seovion &3l Fill-y 3BnpYdighta 3Papi dl vy
movi n@o |iad erfaklyin@psdédlaicoad igaxatddry, daepl tantopive abdug deposit cycle of
| ess tha ol AS6S PR i 1k MiGh | APACE d_yi I i i.0j.0i zed, with the
nat ur al ﬁ’gﬁﬁénggegft\fl*}%nggge%hmre ]t%%na%égéagéﬁwéﬂés%%ﬁ% SHEET (RULE
2~ drag. The main body 12a’ of the pin, however, is of

square crosesg-gection and is disposed in square channel 42

in spacer block 41 of like configuration. This prevents

35 pin rotation so that orientation of the upper end face
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1 1 OCT 2002 WD 99/36760 - 60 PCT/US99/00730 nmany cases preferably 20Hz, a
Ppin contact pressure of less than 1.0 gram preferably less t ?n Q.5 gram
in many cases preferably about 0.3 gram and the system enpl oci ntbcrdiwgi ng.
5 Pin presswaeomgisohe substrate is light, and fluid splat EJEJE,UQJ%&% aration
‘conditions are thus avoi ded, despite the high speed of actron, "so"that dots
of fluid of uniformshape are consistently formed at precisely controlled
positions, even on soft or fragile ygeceiving 10 surf aces . In the deposit
action of the deposit pin, by raising the pin after contact of the drop on

thef substrayf @ndt bepgma)fi eethathl e6hs: L i nghéi sléte toma s%tribicglnar ywl;! uihd_ and
surface tension_(and of gr.avit n.depesiting downwardly, ichis
normal | 'y ﬁlgefrgrn‘?é Yea%? agcﬁ'gnht %féd #ﬁb%{}gfatﬁ §|9dt}feo s@ﬁrgoma the force of
surface tamswiion eferhedisy agkecodperatdviely. rahatdd ticd camep preferential ly

stays W tdhdhrmaHEf acen Wquihe sHbsid1le, andishes Ridbompilshadtially devoid
of fluid, is.20.fre eni s to its next

, e tp be . rep ed and nove r.apidl
dest i néti]??'n.ﬂﬂglflﬁes%fa}ﬁ% 68 kﬂ"éq i &oFgeﬁcBEr%{f% &cified by use of
st andar d chameelef Phus deppssitahiprirdomgistideasat andarseapositi on of the pin
is preci solariGRAS Bak Hech 1%5e§a@g§msmto$1 apdcabse ol @fe consistent size
and precise |ocatli on.al_rr‘ee%rogglce thatt ggn | e_an, |§r£rov%d degree of
quant i fi SHIBHTGF BBEFT ST r 5881 P BrafBf B NoPE2EMet hods of Use The
syst ens cegrimstewhich tiefin dwet hraed hyatheewsdalit agmshbyoth®NA, or
pre- syint esd @ iehi 86Nyl eciadeoR! agy Jsengfrha JEpdddeiiagqne restriction
as to che{nlé%ﬁ:l S,, any non-.phcat og activ .che%l cal as l.I as photoreactive
cheni cal s a5 ggpf‘o?/%ﬂl.ngl_i'k s%p%'%‘elé"gt SECar U to detect presence
or absencasultraiia Aayctrstagiteovevetle StIBSE PETPOSHERER HRIGELE~ WO
99/ 36760 &¢ Ghe kebeTng MBRELELSIMAGY 3rdennghéed in registry with

previ ously deposi,ted spots or mcrodots. of biological material, and vice
versa. A ?‘%e%‘%’lﬁrﬁﬁ#/' %E&Q?%i EAFS Y iTH2E £AEPS mmy be spotted at high
speed & e fragnesuch dlateysl eaxrandetents ave. inpiktaRNAwbenhybrids such as

PNA (peptd e dMnenscast s iBCRERPL WRItASRqaNAE Nor&AGEd on? products,
cl oned DNA, and i.sol at as well as synthetic anal ogs.

d genqm c or DNA
Al so i ncl "a?f’én?eg’tl&c% &*%n?%@lﬁw &GFEXEs, full or 10 partial length
cDNA, nRNA or siThe¢ drearareat Poswicqusdyediscyssnadsi isesutatasalpr ot ei n

recept or Sye £lHERS ofafhé O] € axi REPEIHAS atld , PERARI Tt 083bR;
car bo 0drat es:; _pharnmaceutical.s;. m ¢crobes inclu |n$;, blggtt eria, . virus, yeast,
fungi ,2arfP PRI, TEEARENSNd T 2ATP PR SR A3 5180 | FHIHEanePHS Y ot ei ns, and
the |ike;aghizstacc byeSiexprd yoensingnef |theadepoaitigisald éhown suspensi on,
etc. The gdepogy tis@n s¥sé emMdiBurahs® peaRPlewsdi i donQsid catal ysts,
reagents &Qd enca%ul eﬂ%s ua(pyon 9re¥| ou%{%tdegosmeq: materlfal of any of the
types abottSBHSSr /08¢ At iTef Bol oS ¢Fé¥e B 1% ¢%of sites or
them, flexure 70a, is made of a highly stable material,
25 e.g. metal spring, while the other flexure, 72a, provides
good damping properties.
The stable flexure 70a is preferably manufactured
by photo etching a thin metal sheet, such as 0.002-inch
thick stainless steel, which exhibits high stability and
30 low rigidity but has poor damping properties. The other
flexure 72a, preferably equally compliant, is provided
with desired damping properties, and is less stable. The
gecond flexure 72a, for instance, is constructed as a
bonded sandwich of two identical photo-etched thin
35 plastic sheets 61 such as 0.005 inch thick polyamide
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mcro-wells for later reaction or growh of such material, or to assist in
-neutralizing or cleaning the deposit or reaction sites, as in the case of
hi ghly toxic or virulent substances. 25 The nbst basic use1df0ﬁ1héﬂﬂirrayer
is to creat@opaeslensity arrays of nucleic acid on a porlg#ﬁv%é/ @g(! flat
‘surface, generally a mcroscope slide or slide-Ilike suppor E) t on
fragile or soft surfaces such as m croporous nenbranes or gels, glass cover
slips, plastic 30 surfaces, and welLls of a microplate, or any substrate,

whi ch may be previously coated or déerivatized, may serve as a recipient

surface. réfipard, 'gCUkﬁbioH@W&fﬂ%PéHQ geAﬁ éHe&‘-g?eébéé‘PAé‘néo enabl e hi gh
density ana SISV\A hautoma%%ékrgkﬁﬁgg I§Ef3 :é% rlalsfamllar to
the fi el BOPGHPIMAIER HuBhd of T -0 E‘Wl d&fp200| 36760 - 62 1
7 OCT Zoéammsm‘?onobetmeemm@etsanmsm stheeiteal The dodrabingr evi ously been

acqui r edygdhS Gnayd@ROSI EhOA éé@cg'dfergiaﬁé§ e shiRSaés desirable as they
easi er maneuve when a beam of

?r Sh% hTI gg?eu"’r"ti%ﬂsemrglrf’r@g%vhg%u% % ﬁ@nﬁf’gfsﬁ%rﬁ 8% i ﬁsﬁ‘ﬂ,l?%c?gcopy, better

| i ght caplde@ tepeurds SBEcause the slip is thinner and | ess |ight absorptive.
The system has &Heaﬁawé@ﬂdaw eénsmqiéem QRoph a8 il gSuRhaces wit hout

scarring_or deformng Be surf ace. The avoi.dance 6f _such surface
def or mat £5BXEERF OB r’rﬂﬁ t &Rt ,* %ﬁ%lcéa ' b§RCR PRIFY BuPREM LN for ces of the
conpl i anbnplmsta]Arla;n&cteflarm ane freeénchaydmcis bbadedvtmu’:@nm th a

conf ogg! plf SLSREOREmpARo! LagosUres tabibtdlangaber eamis n the plane of

focus. | at es ortant. As has been nentioned,
t he narre\fv Figerdht iH %Hé?ﬁ%@l%fw%tﬁetaép%%:ﬁc%% oinB2¥e%ialong | engt h,
enabl e depoappropriratiet thlekhexnt |sﬁma:$x an éhehdwota emndhlasswel |, or ot her

f1uid cogtaLinelyer odioBRs Ftln AT 8x! hecatiae, yay;be 2 .npl oyed to

deposit a nunb pots I n known | ocatio ont ottomo awll to
perform 8 Pﬂ?%a’rnctfé °5n BendathByt £be) dewpinglayREt BAc®, each spot in an
arrayis nppheatiddd dayerr a.005 | imsn thdc.known nucl eoti de probe. A sanple

added 10 Lhe veiheWbileluy iibaerbi 4h SPUS WLhuA% Whelbhe sarple

mat ches.  For i nst tic test may 96 we |ate to

neasur e BFnEIFthmf“d{]a‘E? FraRyPakt Feyleda regd leYf%t}aé‘ﬁF 5?0%%%m?)"rzl'ynt ed in known
| ocat i onsfi thé hil dxatrieem oAneaxcdmpiel lis Ehéferenisipat bEntstowganpl es may be

pl aced in respeﬁhl ?ﬂgn,y\ﬂéalret,o cgggéqé:t NY.oR8e8 V& Halipngeat once using a

single multiwel at e.. Anot her use e systemis to deposit, at useful
speedd? &ldtBRTeR |“E,aei:lelr§‘aélét‘B"i‘iﬁll?f'e(f-al’?ﬁl’rﬁéi:e%fa%lté’@uFE%P%rO nits into a
singl e wehk. fEeplmmsd rEnatheas pen geduebdshy tplitte eopheéngriie on in a supply

ring wthoan,.39 SRPRN bggeggyg&%@tgl n) thrusting the pin down once per
SUBSTITUTE SHEETn(gl%f%ster ok deggg;g%g&}!&gg%éfg;?%f-t%s PCT/U899/00730
shown in Figs. 4, 4A and 4B, such as shown in Figs. 24A
25 and B described below, with Smm spacing of pins to
correspond with the spacing of wells in a 96 well plate,
the flexure elements are preferably 8mm wide and 22mm in
length, and two or more of the pin and flexure assemblies
are mounted in parallel, side by side, at Smm pin
30 spacings. Preferably two sets of such assemblies,
disposed head-to-head as described below, are employed at
9mm pin-to-pin spacings, so that an X,Y array of pins is
achieved.

B. Mobile Fluid Reservoirsg
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wel I, statistically, can deposit the desired quantity, which then can

A nteract wth nutrient, experinental drug, etc, in the well. The concept of
insertion is extended to include 5 the deposit of particuldt@&T 22

suspensi on,Wo aw3seeanpl e, to deposit cells and then afterwhRSedRgOSit a
suspension of particles of asbestos or precipitated silica or other solids
of interest, to investigate effects of the particles upon the cells. These
are 10 exanpl es of inexpensive, highly accurate, mcrocontrolled
experinments that can be conducted at effi ci ent speeds using the dedicated
al i quot reservoir apgddepesetdctiion whiBh i @iant cases the fluid or
liquid 15 carri e bi ol ogi cal or

ot her materi al %%J? %ae tgl?’ngt EQ@#%S%%(? gtf 83?8&{.;[5& o %% é%§3| ve or bondi ng
propert i Ekuigh, ige WHER cBF SRAMGAR. n‘ll‘hb%lﬂﬁ,fr “E§§@§C°P¢1e53§[ﬁﬁst PHg technique is
usef ul t@emst okl ptﬂvicﬂi&tgl rx@ﬂ&hﬁiléntt rﬁ@d‘ﬁlﬁsdogt@t@ngma for dl nst aRce as
ment i eposi t s . knhta Wi_t Wi utrient nmedi umt hat
enabl 252 ?‘H% t:crealcél g faomogejfel nsl}lé) 6 \A%\’/Jé o r‘?ermdlcalf s important to
know wheseprligshdsom psstatdiansaly renwral %&P@}Yl' ntreebepuidint @d 25 position
when covgé&hlb;v d@vaeamee m@aﬁ%&t thSt @PSoHiaN 1laeatalsg@ to secure the deposit

in position, th 1pNA bye 03| osit to Wradiation
to crosslink thé S er| arlalt:(%‘r}é’1 B 4 derég?a §%%e sur Eri’%ai pr oduces

crossl i nkhagldpsaigenia. §. oDNAgsndlt fe B0 ang theesvh-wsetvair is deposit ed.
An edeméﬁ WiSich Sigl @maé@dtéltrd‘r@@@ncsatﬁpbﬂ@dth sEm§1eam r@ﬁm@ne to provide

a positi charged s face ich |on| C_O ectrostatic forces,
with negé ‘?\;%’1 Fnar g8 %Pép%%\g] Béh"’é% 9 EEBYRY SHEET (RULE 26)
ai ocT Zuot VUQ%JS%@S@@TQBWQ@E@D tezget rS addidt.i on 80 applicability

in bior eﬁ?@f&é’bcﬂﬂed ﬁ%hal £3br 4 3aRR8I SariPnflaPash t Lofe SYStRyphas
applicability in the chem cal | abor tor% leari_%szto palr[}gl ze fluids, such as
h's

for watef® ng -y thsr 285 AERERES st ance
pol ynes i zesuppl reshetitbndrop &, cbndeeine ippedeitso iands maliseduantiti es of

malny ?I ffff?rﬁrﬁhé’aardc‘%?nbgﬁylﬁg Gud-Sedel-es i KR Ol%enugwr@iwslsand opti mum
sel ecti on ro

ost. of slightly . varyin e_lange of useful ness
i s broad W?hcméi?pﬁﬁté’g‘t FBnt?{%nﬁ’)f/’lmFO & gn?i?ggs}zl'd?flﬁge?%n‘? t enpor al
sequences, diff@hensysianetiscespécialdyt verfuintoxdiddfepagningnéxtures. In all
of these,GRASES off '?rﬁc%)ﬂé&@ﬁé |51 ieRr B¢ REmMInR BBRL PUL@tddyy smal | anounts

of liquid, solids in li d suspensi on d cells in suspensi,on, under
contr# | 28 Etfdidi ofge sq?'ﬂ"r'" nSWPR Y tHFe aéngEﬁ%e‘d'g%Jé? itfed | eads to

rapi d and pukcipsle miérphat@raea, coasantiomlly tisednimber of trials for a

gi ven exme&fmmo@nyd 'sapﬁoaz@rse% Iw@ﬂhslée@tl *hkaakngi g ficance of the
data. Cost savi gas and rov%&? eri ng?fi} TE’FO edures can be realized. 20
Quant i f | BAY % TroHiesd| FIS Ate EPEE%HEr et gPAfkhown may be attai ned
by consi stemenandnriedesenaoind chentssembhatofedapbest i dgriceed

si gnaistgnaqhémr@tshg LB 8RS hBRer WG @@é}slceatwf daéé@hence bet ween,
fluorescence of a deposi ted S@Qt and t gg]e |atpﬁ}y 25 adj acent
man

€.g.,
bac kgr ouﬁde%l’rrf%@é"dopr%’égs 1eReeCL Rt éf"h anﬁ F YR
envi r onneat st dateldho thikesab tredrrtves rofRt e adgpdsietl wpplarat us, and t he

techni qu i ‘qué C (o) fac fq@l | owi ng are
furt he(r:] g)%zli%%r[ es. ﬂ%@'@l}'ﬁg St Zér;'%l stﬁgzgédéltéf)eel g Ogl &Sg%t%P 913I ui ds gf hi gh
vol ati | i ¥§llRIntss aF'éBﬁth?)e%‘“éd‘Pf raveEs, O rf PPﬁFEss%st rates such as

gl ass3or retéieiy supdaceenbvrNesor edefposlheolfefmm/&iqtsi atge nobile | ocal

or econt s oS EEHA Sl BHE ot | AEOSERR Bhbutl: GnARROST SiTe

This sequence is repeated a number of times, with

controlled selection of different fluid samples (from,
e.g., different wells of the central supply CS) for
35 regpectively different locations on the plates R or other
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~ "1 OCT 20a2 WD 99136760 PCT/US99/00730 - 65 a relatively small exposed
surface-to-mass ratio, which limts evaporation. Transport fromthat vol une
of the tiny sanple on the tip of the pin, over a short |ocal ditdtde02
limts expogyhs®isedp the tiny sanple to 5 evaporating conditions until the
dot of fluid is deposited. Were desired, the operating 5856’§?9(007?Bchani sm
is shielded fromw ndage by a protective shield nounted on the head. to
nove in X-Y directions with the deposit 10 nmechanism to further limt
evaporative loss. In another cas’e_,‘“'t he environment in which the system
oper al e d1GRL! G tbes’ Ipafl AN JUTkLLY, Mcdli@hsPRLLhal pressure of
the volatile substance, to [[Imt evaporative Toss, or at particular
cont r ol IXEPREGRAVE| BRRCINENg 185reepRdss FodmeRRpe rafdiM@edndPhunidity, to
favor thmdegoshti scamriogess peadiigy.operation of the systemitself.
Ti me- based Sa"Wl{e”QeEfln?%@éL@ﬁ%sﬁpgnhcé‘é 559151:?%'08 SeRLe Orowth stages can be
y e 0

per formed autonati cal t hout "atTenda | aboratory personnel. In one
exanplSe,aqayrazely| §i e facheindivicdualr ¥R wWBPeh 3h&hsi n operates is

enpl oyedieqs salclr paat whth whsek FieMEiQk aarrp_tes:ni_c&rdchgdcgnti nui ng ][eacti on
are peri oal. G Yy (S : | (] an eposite or

| ater i ncsopeé'?llegr]‘."&% z?n %hllag g&%fh%’%b %)?ggglgéss'{,h Tg%élj‘,pr.escri bed tine

i nt er valaccommanper bR tRMleSNEhERTRIES 15 VELHEe t SR ffeisdent &A i nhi biti ng
reagent &@pplyl b BBgueneLidfodepbs JtOMIad BahuinbepCofirinipdgrahta respective

| ocabiOn, QL. JUBSt T BhE ¢ 8100 LAl Bn BhBE hOLEA! Ba0ugr i fferent

| ocat’i ons on ? an array of 1denfical_reactions, a T1xed array that

repr esenting He S¥gieHeD TPeESREI EFIYRl d° Bheepb¥rbmInHlys fhtervals is
preser vegrdids Iﬁarhpb?eml i Nalsisen. of nlcafg)tﬂia:vemeltéwotrﬁmltwi ng the ﬂeposit
system an etcha 1 d i oyl y! 0 servoir. ring. The

SRSt RSt o o YRy Y s 05150 B8PS EAD PETKS99100730 - 66
pin of trexryaisoser pne thesdotBucer ke daptchansisient iy sgeeci se spots or

M cr odot $nd bohcdatraetoRdrabiatogssal dkehtVeciods iyt arstyface. For
I nst ance

for. formng.mcr.Q-wel for containing.fluid.the device deposits
an 5 aci%fs &7 g?ﬁ?d?e ?‘ﬁ%ﬁé{g éﬁ?qtal.r?]e é’ﬁ’enga Jol?vosq"ryrﬁdl “Hot s upon a
si | i con slgriingt e LrARSRRXHINGg 2ndapi¢loimaeputbe sperinen dgbstrate is then
neut r al i gt FA1vasbethat 0 dvedUTE defcd¥itesSpaAdbenald ax9f small wells.

These nmay_ hav s._hydrophilic, fluid-retaining surfaces 10 as a
result o asf%e%é’t%%ﬁlgﬁéﬁgeﬁ ceaélls&. géoﬁ?%ﬁeﬁg Stmﬁlgg_, Stfe sane depositing system
may B9 enpl oyedit -hdepysvt aokrras nupbers(bex dmssangeeteBelly in registration
W th eacéndfhirndecd®! L8edticals aitbos@sisd isQ1deE &F OMdnbrieeessss that are

desi red.  J ¢S L3 PLERRTEA IBY, DEs (ANSEET Lod: 19, 4ot g2 W de fi el d
scanni ng- m ¢rascop FoT - Obser vatT on rrayers as dEE & 5&€d°Can al so be used
for col othralidesgosf memnanes. pEpek sstrafferan t¢ary6 dmsBl pl ate hol ds

di fferends gRlrr difikereit dBIRSdsTheséd ipdro resuppiypted the ag-entire reach of
the gaNt Lo d 833 ! BEoRCa s nOULEEs AW 1B8Rb0Y S Alli¥pie
well plates introduced to the system.

The sub-reservoir and the deposition device are
decoupled, in being movable relatively to one another for
resupply and for deposit, as well as being coupled or at

30 least coordinated, to move laterally over the receiving
surface to produce the series of deposits. The sub-
reservoir can move into a resupply position, e.g. by
immersion into a well, or under a suitable pipette. It
can be made to hold sufficient fluid in excess of that

35 required for the sequence of deposits, or to expose a
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The arrayer can be used to generate a single printed circuit board e.g.,
prototype boards, or boards for limted volune production, where

machi ne i s enpl oyed to deposit varnish or phot or esi st or otherJﬂSUCT 2&&
protective e@osggonaterial to define the regions of the gg gfmﬁ;gf

‘ot her substance which need to be preserved from acid etchl'g8 & se the
arrayer may be enployed to deposit photoactive substance for production of
" bi ol ogi cal " deposits using |ithogy, gphlc techni ques. 30 E. Conbination
‘Arraying and M croscopic AnaIyS|s I's an inportant further feature of the

i nventi og,k8; SQipiRe 1ata§t@ar@sya&rox%ftl@9yapéat heaR' 85R0L £ Hkdi ment's, or

its steps_of action, or array produgts its operation, With a scanning

m cr oscop8, tRe pathshange °§LB¥Fﬁprﬂ§’FE1§HEEer YRG5t WO 99/ 36760 - 67 ~ ~
ocT 2002sH68t4i8A%10F7 a0 factied fhelevapozabioy drwingsthpemslitciplas avai | abl e
from apphégggit g e%.bnm pl es described here enable wide area arrays to be
formed_of Vvery g rl_saty over  the ntlongd w de ran%e of fluids and
condi tTons, whi II'E fi ¥R hever dgsseihed rfgfeﬂﬂsélto BVHERS SPRSFEUEbRhensur at e
accur at etanﬁrea:uasq:iqmsiiefdaneeaobml@f flheédrésep tof debire@dside,h such wi de
arrays. IRe.yhéle Qi aARGLPIEChH Qastanabl! [ddissef A dyshem and met hod,

i n combi nat'i on, conpl ements the other to achi éve an enabli.ng, significant
advance PnPIGCH%J%d’G’F”Fé%?‘?orﬁ%e&ﬁaﬂ-9%?%10%§é‘doFe'é‘|’1rrar}?Yay of

f1 ur ophotletaygesvenmmonentse sulstreaeriveienpboyevtherbéssechnel ogy, or

t UroEB‘%h&fﬁQ@f’e% AbBaThent T lFugd ‘?yaécfuro 9o L@ suitable wde

fi el d scannihg ni.croscope.that excités the ors I's of particular
advant ag&eciBrecall& dFPOAGHI PIRdnd®s EdatEFE’teh léhé'l@rrbbdl%ﬁnt an i nductive
heat er seaployed sEqr whidegdutposdiich cohgutdepisi twiichani sm can travel under
comput er EQB&%&’ﬁyiAg{‘ il §eﬁé‘§@o££‘%§%§&ﬁ”€ﬁe g?n 1 o% &ﬁ?@ée’ r ring and the

deposit pin, east surface porti ese devices, are
conpri sediBPed| eAttezRRt VELYid & thEAPenEhat | 2P 4558 8 H9PCHavi ng el ectri cal

currents subduee@h—\b;azamsabyeemdmtfedelrdta)f.1dsrhﬂ iorduct i on heater. Under
comput er t‘iggéié’éioﬁl > ‘EiSﬁM%f J {;IPzg Fklba% aLBofisliygred for a

nonent a eater, ased on resistive (1zR)
| osses bﬁhtlﬁea‘i"h’eﬁféle(fselcéét prieey ‘%ﬁ?rlﬂé‘ﬁt*s for instance to sterilize the
reservoir ring xededeposidowite Bigt 09 sAmp Ui, oanbtiverd \prefetredf | uid materi al

retal ned A Des LOSIIUIRR 8. 5 30l MASLDCL ADSLAYREERA KESerVOI T i NG

containing a q’l‘%l react ant I're o0 be heated) can
be |n?Po@G§’éﬂt?‘3 Rl dsn dhuifeeteare A teahRt eHioR OPPESPS heat ed by

heat - t r aptr€aceé® Bhasurfacd tenaidrhefifeddusti vely heated ring. Such heating
can be enpl oyed T Bl ( 2Q0 WO 991 36760
PeT Usaer bovso. DeBogtBH 2 Helhl (gt rima 2e el 4 gf(%r?’subsequent
deposi t . “AnSitABPLeY < érﬁlFﬁEF@d"e% PJQ?@FFVEF? deaimes pdEeref dtievel y | ar ger

guantiti @epokitédidbt ,e.ig. mbonfed lim amlespmme&:flcmrtehaﬁubmwt di |l uent or
(220295 BbekofelROSingl 18, SNl Bl Ll thlleraf! S1fplcerThE detivery

system such mlf r=contro associ ated on the
sane headllaﬁ"l’tﬁ%f‘?‘cé‘&?; Y atRF 6% ﬁhtaﬁet]a%p%’ﬁ td’-ﬁ‘f“ﬁit"3"1-3rs‘fcﬁ'1 &hsépar ate head or
carri age flBydf spete did egisbndebetamgutthe pontamd the dehéver |arger 10

quanti t g8, 8oLl Udl Q. £8AGH1 ofl Ul WHepeodotn ol Lyt dhave previousty

been deposite an entire éxperinment can be” aut ed. Fluids which may be
i nt r oduc O4ERR ShaTetRE G Rl Jddg £6r 1p n%’c%ﬁﬁ:é’maééPVe‘Fﬁ@ t&echant s,
steri boznwaglagencbs a CemamabgsapElit $1aeacapsuls&i ith@tcenéi fifhgraterial s, 15

etc. at Ber 5 Akd dlt%%etlgelgef)&sléu is caused to deposit reagents at

selected sites 1n ren nount ‘differing locations, to effectively
conduct titrati GWFIPg EhR sdty Eé‘é‘l‘?‘%ﬁf‘— &F Eivfer PO dh€ent rati ons of the
ring 14 is held stationary by its support rod 15 while

the deposit pin 12 is moved by an associated driver D
35 through a sequence of vertical positions. 1In the start
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20 reagent. Thus, at one reaction site (e.g. a flat area or a well on a
.Substrate) the deposit pin may deposit one precise drop (ﬁ r % at a
second see two precisely identical drops of the reagent, flﬁ‘?‘? d

sel ected siVe%¥76e precisely identical drops of the reageftyso@sezso 25 on,
-to provide the full range of concentrations desired for evaluating reaction
of the reagent with another substance that has been preapplied to the site
or that is subsequently applied..Wdle such systens are particularly well
-suited 30 for |aboratory experinents, they also can be enployed in

i ndust r i pdsiriengssheoatd dl2d Afvaihat2 ois efrawheabpott gite Mesdani sm enpl oys,

inafas |0 S i hat aset of

i nterchangpf%ﬁ@;%f IRUopE ALl £11 8 EPUEIR B mypihg R ERnaE "L 2-

991 36760°ELgrfs betwees bhg 1121tP€$RI§9’9‘Hﬁ?F3@ ©&pabhei 4 es. Thifder corrput er
control, i@rshewh dar Figgesnf t(TReSysShenisrs iMvwedrhkoise) ekd a desired head

whi ch g S &?‘ﬁ{ '\ﬁ@hﬁgggﬁsfﬁfﬁﬁ' gl%la%_rgﬁg éeq:ag_ rfdo%ﬁfh&&s function. In some

i nst ances ce se FESEFVOIT S i ng froma set of
such ringhthough FRaE 4pfaef é’fﬂceisﬁﬁélr'n)al diameter or are formed of different
wire or ribbon sé@ssrirey Fage of wlidH engnt gsl]z}esdd“mmaer different wells,

etc. These grow %e_: @hgaéiret faggirg&%\pg t%aéoqu’hgkegur%] f|oufl ds of di fferent

Vi SCOSi tl es sizes. Likew Se,
differ ent’-h%|?@@lélfeddéﬂabsﬁlt&pl(ﬁsgcaﬁf-)be t§’ebéé9‘édt}11¢torﬁua?f§é’? of pins to vary
the sige(pigt hy Spole topber dgroplihedwitieats (‘s&@r@h.?od@ﬁrséﬂ ected that

provi de gt her d |%§f fgglj;l Pl eRar hg_ge& 1191d nggqut%&%eel |F nts or 15 for

t he producrfll i) erence or drag nos I'c wer €s a In somne
cases t heobem%cgﬂ FAudddas strap Fdevﬂ'besdm :@eteendéep@@wém corrpl ete

conput er  g@Nt&Rlerdc@ gﬁab,henaqtl@@at be ®ed fay mance of a nulti-task experinment
un 20 attended Rﬁlthe techngm an...l.n adg hl on %58’ 21%03' ti T%Jéspots of fluid
upon a standard El?%srcc%lé’p Yl%%31te{'19(51 g J‘%Or S nmbranes and

ot herlderinat®! sishsoratedownvarddypbysibs csunpdradvadt Bgebus to deposit spots
on SUbetE.\%éﬁsmn 2% ehenwéncaﬁt |t%‘1e| Qﬁﬂﬁy %Kl%%eflwll@@ ohdey 1nEU:JSt?nCErS] and
on surfa av,i cial_farmation i_nstanceg, upon, substrates having
ni cr o- cagsf?t?% & W?gf%ﬁg\llgn%@eﬁtf 8r h’éﬁﬁ%’i/ %Fevaltﬁgfll‘ ug‘e%t %seﬂf by one of

t he techhtquey asicti badthe owesupPl ¥t ast bl i \eeecedidi t 9Lt he nicro-cavities 30

pref or nedesfrihiay Yol at ndBMndl $8 Revals s adRecabtonedrfar deposit of
flui d?gy aut_ gnat |§ controls of the instrunent, or the cont roI system of the
u

uni t defﬁ'tgagg sly provided with a vision systemthat "reads" the
| ocati on and pabtechearfinghendrdeying stiationsel Figs.ardd S8UBSTETUTE SHEET

(RULE 26k doge,0CT:28025 V2 GH36 1801 P GHA/SAU0L 300z Thhonfitl USES i L sel |
automatlcalli/g under oeqor .confrol to accuratel¥vj 0si.t dots of fluid
t’t xRt

in well sVeE" F8R%F n T33P BEES RRAYTWESC i 5% JIcaﬁ'lge array of 5

fluid depdsgl. sites may be establ i shed and nmanaged in a precise, repeatable

mannegs t hat e”DhQYﬁaéﬁﬁmé%‘%ﬁt?&E‘C%td atQ'FonEher{rﬁjJ‘@ddo nOhaypr €ci sely
varied c ncenl%ratl ons a react,i ons. be enabl e

exam nat PSRY %%bare&tg r'é%czﬁcd'ﬁ’r&’a&’r%vtw ceé eg ‘F‘nfeanmg

solution in the same or opposite vertical dlrectlons to
asgist the cleaning process. The wash station may be an
ultrasonic bath.

30 The multipurpose station illustrated in Fig. 9G is
sized to receive deposit pin 12 and supply ring 14. It
has an annular nozzle 200 directed inwardly against the
pin and ring to subject the parts to a conical flow from
fluid sources such as compressed air, pressurized ligquid

35 and aerosols. The flow is directed past the parts 12, 14
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10 biotechnology, life sciences, chem stry, pollution detection, process
-control and in industry in general. Thus, beyond an instrunment for | ow cost
preparation of mcroscope slides and menbranes for biotechnol dgy0E®saex ch,
t here has bewyzesnhri buted a 15 universal and wi dely vari ?94‘/9593}35736”
systenms, instrunents, nethods and products that can advanceé résearch and

I ndustry. Nunerous ot her enbodi nents not described in detail here can apply
the principles described to particyhar 20 applications and are within the
"scope of the clains. What is clained is: SUBSTI TUTE SHEET (RULE 2~ 110

CT 2002 ¥& 4. cAdb apRahat USspOsawiePesitbRo2632 LHHitth_EeQEeﬁcé eceiving surface
in an array sgl%q:l)alie f%%mgvgéotslpoo e anal %SI S ,lrea%t Lon _of .a biol ogical

subst anc&28F *he’ T e, conpri’si r‘fg: 5 885 21t VicEEPaREY % 1 ui d source

whi ch ar eéseoopated iwidlhy ar ¥paywn Aupenabbeshoid . dagagile de¥ibe to precisely

size a dygBofiafddliviitdf aSHBEbnEaM} ARt BALRM G4 ctrooanagmfngz@rfaﬁe of the
Lance I n the

devi ce erejin the deposit deyice is _nounted.for con
di rectFo\IﬁSY’ F‘Fle”b‘:g“}ﬁ?siat ?‘gﬁwrﬁ) i ﬁéﬁytﬁérdgbe&idlesggegw engages t he
recei ving surfalbe apdtemeffeFagl y9¢hbs dgedsilt tdeveneved sagpdpl i ant |y

di spl aceq@hﬁiayf%r&%agté?s\i&tém%totﬂaaﬁﬁﬁ,I gt cBegPere Y Wei ght,
preferably 'when t he deposit gew,ce |%Can axially slidable pin 10 or

pi n-1 i kePeFFEct FF FETRS St 5P Rt AP c PP 3%R H*EGagFBPSEprihg or a wei ght
acti ng orneherpnorersigiulthnkeustonictuscesspref il yurlrents asisport nmechani sm

for pesi 418BLRUcE Neord8\HueRsabr IR $ebY tRICTHINGEShalR{A) POSition over

the receivi ng sgg acge andtﬁ%i ve mech nl,sgl for nmoving the deposit device,
rel ati velS?™PER HEPHEi F5°%h tAGt PRTET dP5RACAReF 3 om t he surface, the 15
appar at usubgdagtent 1y a ddsatedtrean of liquildposiain meydespsseof fluid

preci sel YyaNpardgstd el niay: fﬁﬁfci@rs%léhyaghfi?ﬂd/%tﬁ%ﬁﬂénéﬁm for the
deposit devi ce_ being constructed to ovgrgrave beyond a | evel at which the
deposi t i GFTEPLE e NiDG FCSRPRFRS FRECFRRY vi g i8utface, preferably the
appar asusdidiongd coypuirsingonti tbl pweck water £rom the nozzle.

Following washing, an air current from the nozzle,
supplemented by induced air flow 204, can dry both pin
and ring, in which case the air streams may be heated.
Supply from wells of 96 well plates, for deposit
20 of the restricted amounts of fluid that result from PCR
(polymerase chain reaction) present a particular problem.
Referring to Fig. 9H, wells 100 are made to hold
extremely small volumes of fluid, typically 2 to 10 micro
liter (1 micro liter = 1 cubic mm). These wells are
25 typically cone-shaped with the top diameter about 6 mm
and the bottom shaped as a semisphere about 2 mm in
diameter. Liquids, even of low viscosity, for instance
water, are so held by surface tension in such a well that
volumes up to 15 micro liter can be held against gravity
30 when the plate is inverted. Smaller amounts of such
liquids to supply a sub-reservoir ring are difficult to
extract from the narrow wells due to the aggregate
effects of surface tension, gravity, inertia and vacuum.
For removing liquid from such wells a supply ring
35 14 is provided with a special £luid retentive surface.
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20 2. The apparatus of claiml in which the drop-carrying surface has a
-di ameter |ess than 375 mcron, preferably | ess than 300 mcron, preferably
bet ween about 15 and 250 mi cron. 9 "1 OCT 20U2 72 3. The appaqqtygrqb

claim1l or Zdgsgfbch the drop-carrying surface of the deg f/h 9941% ce |s
“bound by a sharp rimthat defines the perineter of the dr g d 5 4.

The apparatus of claim3 in which preferably the drop-carrying surface of
t he deposit device is defined by ghg end of a pin or a pin-like structure
‘whi ch has sides that intersect with*an end surface to define the rim5. The

appar at usoQf Ll alMed 1N Yhi ﬁx]tbvﬂr feLgﬁrggl J.‘g%}%aq_ngm?ggé ce of 1 o the pin or

pin-like structure |s enera l'at an e sur aces are cylindrical
and snoot ROUgPNeFe C4pp r%f%@?(ﬁoqgn?18¥°t+ﬂFh<3r§&b?n§a%?%ﬁrﬁ?ﬁ n which the
deposi t dedmmsa,l Aectibe bf nehofridepesfectivelyatter dhiry sqpsticai ned to a

ref erencepn}gy 1t1'c0‘§roﬁer§fl§s agp@r af USe @ e 1 TL6 LR % i Axeferably the

deposit_de e|n mounted_on a flexure s sten1that I nes the
refereH%eHYI%H¥ﬁ%ﬂe GSPEPBretedtfe dEPbRiRSTBFSCERE2BPBLELTIRE Appar at us of
claim6 isunbalsle ofolpmef ef ablyid Heodeposorntaimercefi s mounted in a manner

permtti ngg}é{‘éxﬂﬁa&%ll ﬁg@gﬁgr c?q)a'[ve tomtSe g?élp]t_&n%mggei {D§ engagenent

with the ervin ace the time engagenent of the device
with the Fbegwawg!aéfuraflaeebetnr@Vdéﬁéswftlaea/|fééuﬁer-ﬁgeg%\r%ct ed to a

surface to supplement surface-tension effects of the
10 ring, to compete with the retentive properties of the
well.

Surface roughness of the internal or exterior
surface can be obtained by sanding, broaching or by
machining the part on a lathe with a tool or a tap. The

15 ring can also be manufactured from suitably coarse
particulate material that is sintered or molded with a
binder. Likewise a durable coating can be applied such
ag formed by carbide particles. .

As shown in Fig. SI, in one preferred embodiment,

20 a cylindrical ring 14A of stainless steel has a height h
of .050 inch, an inner diameter of .060 inches and an
outer diameter D of 0.080 inch. It is tapped by a tool
having 80 threads per inch, that produces a thread height
d and pitch p of 0.012 inch, (the internal diameter is

25 much larger than the diameter of the deposit pin P with
which it is used). As shown in Fig. 9H, an annular ring
provided with surface roughness in this way is effective
to pick up liquid from the conical well of a PCR plate.
Degpite the desired surface tension effects produced by

30 the internal ring surface, it has smooth surface
increments that promote good cleaning.

Also shown in Figs. 9I and 9J is support rod 15
e.g., of 0.15 inch diameter stainless steel wire,
soldered or spot welded at 104a to the exterior of the

35 ring. It drives the ring in its motions, and provides
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1 1 OCT 2002 73 lateral force or turning nonment that engages the deposit
device with at |east one |lateral reference surface, 9. The apparatus of
claim1 or 2 in which the deposit device is a pin 5 or pin-Iike1st 00t 2062

which is fraedRemhi de axially, relative to its nmounting upon engagement of
the pin or pin-like structure with the receiving surface,“%%”?’g(g?f?ged

against the lateral reference surface by a spring or a weight such as the
wei ght of the device or an eccentric weight or the device being tilted or
‘el ectrical or nmagnetic forces act ‘lﬁ)o'n the pin or pin-like structure, to

pr oduce faéé)ragﬁi?gﬁ?!af%%f?ggor“g)giggggn#oé%\/@B(r'}%%ggtgg‘;rg};ence surface. 10. The

apparatus o 0 . orng cTains I'n nobil e fluid storage
devi ce pRrbsalignyenfeentefindssupasreWafells novabl e rel ative to an array of
deposit |ocations.Filkp. bk idhehappar dowm 6f By £id thagf oregoing clains in
which th | yi 0 | 4 | ranged to resupply

t he depog?%e%gel& ?:'5‘3 (é’? ggg?ﬁ'\é'{u%?elcggggﬁg%hg %‘gé&? %eggﬁ?ogd)’/h rﬂ‘%g 12. The
appar & us4 odnd Ipditml20are 4&fiiciedpbEf @repagialheuleperse devi ce and the nobile

st or age Heviks deurgacensiddti ed bRcsspy 280opailDidddiepesit device in

LV TRGLEAE AL el depesilal RE AN BBSE fergapeet e droRs. |t
coupl ed for traRéger s modi 8h shovatary advantageens splandonsiupl ed for
nmovenment o of piherfiepanyt f6eviietiphOwastl iyl wiway f whenttee rnaegl vi ng surface.
5 10 is immersed in selected well W of a multiwell plate, the
pin is present within the confines of the ring, to help
the ring pick up the fluid. Their surface tension
properties effectively cooperate to compete with the
surface tension effects of the walls of the well that

15 resist removal of small quantities of the fluid. 1In the
presently preferred relationship, the bottom tip surface
of the pin is substantially aligned with the lower
surface of the ring. Withdrawal of the assembly from
immersion in well W withdraws a desired amount of fluid,

20 pendent as a large meniscal drop, bounded by the pick up
ring, Fig. 9M. This quantity, protected and supported by
the ring, is then available for deposit in tiny drops by
repeated projection of the pin through the ring, see
dotted lines, Fig. 9K.

25 The sub-reservoir ring may have various
advantageous forms such as axially adjacent circular
rings, multi-turn helical shapes, closed cylinders, open
rectangular rings, open "U" shaped structures, etc. Thus
the term "ring" or "annular ring" as used generally

30 refers to any closed or partially closed structure that,
through surface tension effects between adjacent or
opposed surfaces, supports a volume of liquid in a space
through which a deposit device such as deposit pin 12 can
operate. The gize of the opening or bore of the ring, as

35 well as the size, for instance, of wire or ribbon that
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14. The apparatus of claim 10 in which 10 nobile storage device holds a

vol unme of fluid having a free surface into which the deposit vice is

| owered and raised to obtain a fluid drop. 10 15. The apparakugIEF a2 m 10
in which prvederaaidoy the nobil e storage devi ce bei ng constpcyffs@shol@ Store a
multiplicity of isolated fluid volumes in the wells of a nultiwell plate,

t he apparatus constructed to obtain its fluid drop froma sel ected vol une
of the plate. 15 16. The apparatusagef.claim 10 in which the nobile storage
‘device defines a generally annular fluid retention surface, and the deposit
devi ce i Soemnsitelciredst peabiali tshiapet b t&ﬁmwmg et saléeresurface from

retracted, t 0. £ ed Qgél%fg%srt eQ Eg tﬁgtf e| e ep§3| tion the

drop-carrying surface o evi ce fracted fromthe
surface BiSFPSfty BECaFHESRES ttedkf’l@ﬁr’lul bite ke PAcEepPsitie t6t or age devi ce,
and in tbe exdernieth pogiténnt Ihicl dhapgeain yihey regetracer ofiddie deposit

device: b g yg# d y t u e retai ned
fluid, > 8&8 t%:%’%og’q EH% A Eggr gﬁ%ts J('}Ye éﬁ é“r"?ﬁgl £O&%l ch preferably
t he depo§ht3 ¥ ce being a pin or pin-like structure nmounted within the
confines of an gnaubbe Hid ahapandf atHagedsio phve thdtal |y rel ative

thereto. ?RégraJé‘%&%p%?Eé'sarPJ St &g J:Qsé’%vo“i*}spESESr@%% a member

deflnlng l'ar sur associ a h™a driver t noves the
menber r EERENENG GRHe theparptigpdhiiiose t &t ald sEibIBnbat ew@IAME i n whi ch

the NeoDEENESof WRFiTRG teaheeisee cﬁ'o&HP@é&tﬂfnﬂeulgd stQa28.oxThe apparat us
P n by kel B 8! APl G BANULAT SRR OECANG: of of 200 Cevi ce

has a h rop 4 Sur rface rou | east 1000
m cr oi ncBIBEVal ek faread éﬁeF@VnﬂbrC@'ﬁS@rs?ﬁ’éhoﬁms ESPEClall}'

for small dots, the pins may advantageously have stepped
transverse cross-sections, e.g. may have an extremely

15 small cross-section at the deposit end, to size the
deposited drop, stepped to a larger cross-section in the
main body, for providing structural stability. An
example is shown in Fig. 2B,

For implementing the broad concept of a local,

20 mobile supply, other technigques than those shown can be
employed. An example is a large dip rod, an enlarged
version of a deposit pin, from which a large drop
depends, which travels with the pin and is wvisited by the

pin by a suitable motion, such as rotation.

25 C. Operating Systems
Some advantageous, novel operating systems that

implement the foregoing principles will now be described.

DIP & DOT SYSTEM
The mobile reservoir MW shown in Fig. 1 is shown
30 multi-celled, to represent a multi-well plate. Under
computer control, an appropriate X,Y stage brings the
chosen fluid resupply well in alignment under the pin.
The pin is then controlled to descend, make contact with
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2500 MV m 15 20. The apparatus of claim17 in which preferably the surface
conpri ses tungsten, and preferably e.g. when cooperating with the annul ar
menber to pick up a supply of fluid, as froma relatively narrovw wdr, 2jhe
drop carryiwgosigréeace or tip of the deposit device has a njs@!fi(ﬁn%f surface
“energy greater than about 2500 nVm preferably the surface conprising
tungsten, in 2 o sone cases preferably the annular ring being associ ated
with a heater, e.g., an induction heater. 21. The apparatus of any of the
foregoing clains including a cleaning systemand a control syst em adapt ed

to cont rth\Eaekﬁ‘Eé)VecH@\f@gﬁ%on‘ fluldgaEETrJ?éQZ t%ﬁhhg in t device to a

depositing relatlonship to the recei ving surface an eanlng
rel at i on€fPHRE 0°% Hel ik dRi R sSRFe Mt ?2Peq¢EPEﬂﬂ£%Ratus of claim 21 in which
the deposit deviThe pé$nb5iagsiaedt edfﬁ\id::terftllyobolpesmmlghaj@\ince that travels

with it, e deppsiir deViseSaaid Y YSH&%dtéieWo%@rgﬂQ@ movabl e t oget her

to the cleaning systemin es onse to he control stem 23. The appar at us

of cIa?nﬁiéewﬁﬁ%r@QYFWQH§ bF¢% XERSEVE 18eviEReing ZBeaﬁlanH%Iar nenber
t hr ough \delscbnﬁhmmtﬁmncu:edew cdepapdrrates. skalll Hiemidppaoptors of claim 21

pref erablyy .t ggrgggggnfgia§xgheg%rgg§ %ugﬁg§£€efor directing a flow of air

past the parts Deing cleane aratus of any one of clains 1 -

20 including a cﬂ’é&n?ﬁ@r‘bﬁ’r’cﬂﬁﬁ ﬁﬁag?%?lf"bﬁ“%ﬁﬁf"l eF Rt & cul ar nozzl e
const r uctmd tiewdl s céappiy  atbhenpradedd dw pépéatalleagai patht he parts. 26. The

appar %“510% t%ﬁ' e s‘QﬂPEQ éf‘ecrfe' LeYkate OE 1? i3 §e811‘?&§‘5”“0t ed to
di scharge t the onpr essed %_ pressure [iqujd, aeroso
the fluld in the proper well being repeatedly brought

into alignment with the proper pin for resupply and
deposit in the desired location by computer control.
Bach time a pin is commanded to receive a fluid from a
15 well different from that of its previous command, the pin
is moved by computer control to a liquid removal,
cleaning and drying station, to prevent contamination.
For efficient operation, a multiplicity of pins
may be used, see e.g. Fig. 24, at spacings that match the
20 pattern of wells, enabling each pin to reach inside a
separate well of the multiple well reservoir such as a 96
well plate or a 384 well plate, as are known in the field
of biochemistry and analytics.
The pin assembly and its driving mechanisms are
25 preferably mounted on a precision XY gantry as they
require good positional accuracy. The multiple well
plate may be provided with two degrees of freedom in a
plane parallel to the deposition plane and can be indexed
under the pin assembly on a separate structure. Because
30 of the relatively large size of the wells, the
translation assembly for the plate may have lower
positional accuracy than that of the pin. 1In the
embodiment of Figs. 11 and 11A, however, the multi-pin
assembly P, and the mobile multiwell reservoir MW share
35 the same X,Y gantry to advantage.
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heated air. 27. The apparatus of any of the foregoing clainms wherein the
pin or pin-like structure of the deposit device is surrounded by a nobile
reservoir in 1 1 OCT 2002 the form of an annul ar nenber capalf ¢ 08T 20u/

hol di ng a swpdoysefeb fl uid by surface tension effects 28. I?'? EBRFLAL US of
‘any of the foregoing clains, conprising a set s of at |eas RS 0r° sai d

deposit devices, at |east one fluid source for providing a drop of fluid on
each deposit device, and nechani s_m4for_ novi ng the deposit devices together
‘transversely over an array of spacec? apart deposit |ocations of the

receiving surfagg;ll@ugBord héo aPpaLgt usy Of cilriic@BaPg &f er@pl y there being
at | east four of_the deposit deviceS conpri Si n% a, deposi.t head. 30. The
appar at uSHRPLEal RO FHUPE H‘BT’ﬁm‘F%I%% FetRF Aot Snovi ng each

deposit dewinted ndeperkiataoe, 627 medramosmshown noAsnghblva, ~8 deposi t

devi ces siyukaBROYShYar ALV Yand G¥ALEs300: i Qet Bfe r €CEI Vi Ng
surface to deposi{ respecgl ve dr‘.ﬁfs ag respectiyve osit locations on the
R dHRivedt €

e
r ecei vienPidtiABSEEPIY 1P #RE RS ?%‘F‘Fﬁ% M whi B t¥o or nore
deposit Aireteioboes The mEstvedrohas < arewondsuppbinedraiotos XKy i ven by a

comon dr%ly ol BvlEPESHEndLSReGLE Ve Wi AlARE OF e receiving surface.
11 QCCT 2 pl2 ~S §2 The apparatus of clalm 31 wherein preferably each

deposit AT FelaivR &F KPENPLP (AgeT0Yve AR 28FEFREY ring, the
st orage ralngs Haei @gfrneeddrecfocont coliah mewvepent, diriwesnbyyaa conmon dri ve.

10 further driver Z.

Under computer control, the multiwell reservoir
separates in the Y direction from the pin assembly as
shown in Fig. 11, and the Z gstage is actuated to cause
the pins to form deposits upon substrate R. Then, Fig.

15 11A, the multiwell reservoir moves under the raised pins
into appropriate alignment, employing both ¥, and X,
motions under computer control. By Z motion the pins P,
dip into the commanded wells for resupply. The pins rise
again, the multiwell reservoir moves laterally with Y,

20 motion out of the way and the deposit process is repeated
at new targeted X,Y location of the pins on substrate R
or R,. While this mobile reservoir technigue is useful
with pins of any construction, the advantage of high
accuracy of the linear motor indexing system is enjoyed

25 when the pins are constrained in space to a highly
accurate repeatable position relative to their carrier,
either with the high density pin arrangements made
possible by the structures described with respect to the
various Figs. 1, 2, and 3 or the flexure mountings that

30 have been described with respect to the Figs. 4.

MULTIPLE PIN PATTERNS

In the preferred embodiment of Fig. 12, two rows
of 4 pins P, preferably constructed according to Figs. 1-
4 are spaced apart in a 9 mm square grid pattern matching
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33. The apparatus of claim 32 wherein preferably the spacing of the rings
corresponds to the spacing of a multiwell storage plate into which the
rings are inmersed for resupply. 34. The apparatus of claim 31 e BT roini2
preferably ing of the 1 o deposit devices corresponds to the

spaci ng of ‘\?g??/i@%fc a nultiwell plate fluid source from ifiT&i#V¥H&%eposi t
devices obtain fluid directly. 35. The apparatus of claim 34 preferably the
multiwell plate being a nobile fluid supply constructed to acconpany the
-deposit device across the 15 substPAte. 36. The apparatus of claim 31, 32,

33, 34 or.35 wherein prefer the aci f the L1s of the multiwell
pl at e COFPSSBB?&% qut H’Eé-ﬁogv%ﬂa ?ga&'?gg Qc)]]rar\ﬁe'l I ?F%F a 96, 384, 864 or
1536 vel pephate, txgnspogisacf nflutditfron 81im9Q welds,a8swbkl$tdtpl e of 9 nmm

37. The appamatts £ ensled NerdLHf @FOMNEr&&adbg® J1AdeBi ch the deposit

device and itsg.nounti limts t force. of agenent.of the deposit I~
07 5 cr R5oRt et 3 pREEPE A Vil -cop s ard o RREC B Reete g am and

pr ef er &blthel eswpesibinian Bigpampagrdfaparbl plockafuarprexyrare 38. The

appar at ugigknaidn dadh® kOBRABON ELdrisTBaEN Mireinghenstdeppsit devi ce has

30 The AEBEPALTRESIY i %oP ST cY or GBSPELB] ST MR 8 R the mot i on of i he
deposit deepestiveeene aidtheay Hrarkst Bémndtaneduriyswithca is danped. 10 40.
The apparghis eOhcEhd B3 S L WBRE € NadiRiR .MOThemedd aped@ROERE device is
danmped pref §LaPLY Odorl 'dCLEQNQr O 3:%3TPL0G, RIS 2850¢) ated
and is then cleaned to be ready for fluid from different
wells. The same pin may be used to deposit the same
fluid at a number of directed positions in a given block,
and/or upon the corresponding block of a number of slides
15 each having the set of 8 spaced apart blocks, the
deposgits on the slides being much closer than the spacing
between wells. By following the sequence shown in Fig.
14, all wells may be visited by respective pins. Figure
15 and the magnified view of Fig. 15B show the array
20 produced by the system and method described on a single
8lide. (Actually the dot size in practice is much
smaller than illustrated and dot density much greater,
e.g., with as many as 50,000 or 100,000 dots carried by a
single slide.)
25 In a similar preferred embodiment, shown in Figs.
16, 17, 18, 19, and 19B a grid of 12 ping has 2 rows of 6
pins each, Fig. 16, again spaced apart in a 9 mm square
grid pattern to match the spacing of the wells of a 96
well plate. This arrangement permits the transport of
30 £luid from all 96 wells, 12 wells at a time, and directs
the composition of 12 spaced apart blocks of approximate
total area 18 x 54mm sg. Figure 19 shows such an array.
With either arrangement, the method is performed
under computer control to form a much more densely packed
35 array of fluid dots than that occurring in the multiwell
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with the support of the deposit device. 15 41. The apparatus of any of the
foregoing clains constructed to nmount a nunber of m croscope slides or
slide-like structures to serve as said receiving surface, and & ¢Qeir 9dgy
systemis CQ/B%%&‘/&# ed and arranged to deposit drops of fluid in selected

I ocations on t ides or slide-like structures. 2 0 42 PCTAS¥YMEN at us of
claim1, 10 or 16 in which a deposit device is a pin or pin-like structure
positioned by engagenent with a surface of revolution whose axis is

di sposed at a predetermined rel ati 8hship to the receiving surface. 11

OCT 20p2_%$0,43. The apparatu claima42 rein the,surface of revol ution
isin théEFB??n ol sﬂf%ﬁgPt?ﬁgﬁ{ SH§EFhRY %S&Ff?nt ﬁéara%'?ﬁrce f rom novi ng
in its adebmbwith reimidagi spacinm besweed doksr osdingi agl sfkdidse, but from

which thenpdeMbcgidie free to lift in response to contact of the tip of the
device with the 5 gecei A n%.surface]eas the su gorti q_égeeg ed?_?l and device are
t oget her moved PEPht ATt FONEr 87T heP TR ES \9inn8 BUFFEE F o Gepositing a
drop. 84sqlheeappayd Fhepbetves raxe dilsbrebutegdt eePabl genbersur f ace of

revol uti gRebaghd Sabd aFecab s@Fd0rsitRst anyi bl dowiigCBhagpideud orm of the

24 wher cPRUPBFEr STy ORe" 31 1 Se @ B8 o  PERIb A aPy SORTER - each o
pr ef er ablhy tboatoh ing byo reppated Gamplinge, sak¥ aed 1sf ageri ght cone. 15 46.
The appardibise@f @HY pinst Bei%%&ﬂ)@@dﬂ;ﬁa&@ ddnplitieeh cbh€rsteposit device is
ur ged_agai nsh a {ef er en%S gurface, il \‘/‘\'hl ch t‘pee asienblay gppl les a lateral
forcelBr HUFRPNG: FHHEIR SEBTERR JifoSPPYRe PSR §DAPIeTRE appar at us of
cl ai m 46 flwlidsei nThe efantebky ¢hecHeomudtowvelheplate or a number
of plates are thus distributed from the low density
distribution of wells in multiwell plates to high density
arrays.
15 Similarly, referring to Figs. 16-19, again using
omm pin spacing, with two rows of 6 pins each, a sequence
of samplings from the wells under computer control
collects samples from all wells and uniquely distributes
them as high density array deposits in 12 squares on the
20 microscope slides or other substrate with array and slide
dimensions as shown in Fig. 19.
The benefit of such groups of pins is to create a
large number of deposited dots simultaneously on one or
many microscope slides or substrates. This can
25 substantially reduce the time and cost required to create
high density arrays.
The assemblage of pins on a 9 mm square grid can
also be used to transport fluid from plates with well
spacing constructed on a square grid that is based on sub
30 multiples of 95mm, such as plates with 384 wells or 864
wells or 1536 wells, etc. The high accuracy of the
computer controlled gantry system enables accurate
placement of the selected wells with respect to the pins,
and the pins with respect to the receiving substrate.
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turni ng nonent being applied by a spring that bears eccentrically on the
device or by a pushing nenber engaged with a renote end of the deposit

devi ce, one of the engaged end and pushi ng nenber conprising a spfﬁﬁﬁemﬁgt
at an acut eyqobsgieCT ~a02 81 angle to an axis of the device, and the other
~of the surfaceS conprising a convexly curved surface engapgfgévsﬂ?ﬁ??ﬁ”t he

angl ed surface, 48. The apparatus of claim47 wherein preferably the
convexly 5 curved surface defined by a confined ball that bears against the
-inclined surface, preferably by bei®d8g-pushed by a weight. 49. The deposit
apparatus of claim,1, 10.o0r in_which .the deposit device is in the form
of a pin or pi nilti KE gY?’%%rftljgtg‘,ataHﬁl%g?réﬁ r?ag‘es??ﬁﬁ‘premf §%Brevent s

r ot at i onbef ashembfegbsin dgnset ecepiutuationswre afdts pledesThietappar at us of

cl ai m 49 gphel gl nwel ef ladfihyst he pin or pin-like structure being confined in
a conpl enentary %%age t hat_prevents jfs ro atiog abput its own axis. 15 51.
The appar atus of "¢l §FRTSH r‘aéFﬁyprté}P%r%&ﬂL‘Ve BEeh?°3 & Fent s rotation of
t he deposiclegences, fandher éberbbiy atheadbt eméll odir.i sithg part of a coil
Spring WhiyGhesd! spuUNMSe @y Schsifdimlbikyosec wad l@sthenpin or pin-like

structure, a.protrusion of "the ring en ing a stqp.surface that prevents
the 2 o r'dt 4tP8n, 1 ahdAY5 EPEFABY g’f%%&ﬁ?’ﬁg 3‘?3’6@&%@?3%9 axi al conpliance
to the piproducpion|okepsiciget bigh &hsiteamseyod disiegpkbysmg the apparatus
or assen\efipeY, ofnd hpder 8geipon Wil BBef Qipéj_eﬂct-?! tehQgadegps of fluid on

a receiving surfac r into )
10 bégse ecteg fh réyérence to the nature of the fluid as

well as other operating parameters. A ring supply mode
will now be described.

PIN & RING SYSTEM
The pin assemblies as shown in Figs. 1-4 can be
15 used with a simple axial ring translation mechanism. As
the fluid needs to be picked up from a rather large well,
a sufficiently compact arrangement of multiple pins and
supply rings is possible. Figure 20 shows the
relationship of a pin and ring without their support or
20 actuation mechanisms. Seen in Fig. 20 are supply ring
14, pin tip 12d, ring body 35 from which a support rod
segment 15 extends to the ring 14, pin shaft 12b, the pin
geat 13 formed on pin body 12a and pin guide 12g. Fig.
20A shows a set of four such pin and ring assemblies. It
25 1g evident that any number can be assembled in this
fashion. Figure 21 depicts a 4 pin and ring assembly
where one can see the pin holding structure, according to
Fig. 2, and the ring holding structure and their
regpective linear stepper motors Z,, and Z, that enable
30 relative vertical motion. The Z, motion for deposit on a
receiving surface preferably involves overtravel, the
compliance of the deposit pins relative to the receiving
surface ensuring proper deposition over a range of
surface heights. The respective supporting linear guide
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.1 7 DCZ 2n2. 82 or onto the bottomof a well or other recipient, or
-conducting an experinent, preferably enploying any of the fluids described
in the specification, for any of the purposes described. 5 53. ﬂjmﬁﬂhq@zof
deposi ting fobRlmgi cal conpound on a substrate or causing.p, % Qi cal
“conpound to interact with another substance at a predeterm ne p05|t|on on
a substrate, including the step of depositing at |east one of the conpound
or substance in a precisely deterngsed | ocal i zed spot relative to the
substrate by mechanically [owerin conpliant deposit device, to

preferably;ascogpli aia B RotPn c;gmﬂlaana @arﬁbléége a%ragcwfrﬁmgt o which a

drop of t e_conpound_or substance is held by face ftension,” toward the

substrathGH?P+sTfmaEigbog?t1H%H§§§?995nﬁaﬁ?@mﬁqﬁ%§§uE§PFé?%t{ﬁnza pre-applied
corrpoundotﬁnthéedessdgn natiehaatitddterseabt ehe necdtagecdlihgaki hdtarg t he deposit
device aygyp %o m{ he substrate under conditions in which the fluid drop
transfers to the substrate or 15 the pre-applied conpound on the substrate,
preferably the deposit device, when approaching the substrate, applying a
force 50 the sulrifeairéngftd asgst.han, aimu,t ahdgran), dempdsintalpiyi | ess than 0.5

grams. Phgfehabnys abad 1% ?a g{lg%@ cﬁ-{‘ _Baeheianid MeCQgeplmﬂg less than

300 mcron in dianeter, an 2 or m crons, in sone

cases préF%F&SP?téﬁ%erﬁﬁ§€& d?E&EF(ﬁIQHBFhf£?§P§?§Nﬁﬁpéﬁﬁd and anot her
subst ancendumiced $ncp@ssliled| pndeposirtdaghbplotie &xi dandehnhedeoy 54. The

met hod Cﬁ é&ﬁ%%ﬁb5§108| ana £+L5é£fﬁéEphXF £péé¥%éﬂfﬁ 0918@* conpound or

substance to tructdre 1's | oC~ ~uoz

83 obtdi rfed b?hEP%p¥¥ﬁquﬁ§ SFﬁeQ@ kﬂl?aPFkée§?¥LﬁﬁQB%9nlﬁofIU|d or t he
deposit deiteemetsase Hladkedeabayearndedl sobberetigagidd hepdehesit | ocati on

Wi thin E”}d%n%glggsééfgked with a prime mover 76, Fig. 23B.
Extending further in cantilever fashion from intermediate
block 66 are parallel flexures 70 and 72 which include

15 cut-outs 74 that render the flexures weak and highly
flexible (compliant). At the end 79 of weak flexures 70
and 72 is mounted deposit pin 12. The condition of no
force being applied to the structure is shown in Fig. 23
in which the flexures are horizontal, the weight of the

20 pin being borne by the mounting structure. In Fig 233,
force applied in the direction of the arrow 68 results in
deflection of the stiff flexures 60 to the shape shown,
such that block 66 remains parallel to the receiving
surface and deposit pin 12 remains in perpendicular

25 position to the receiving surface. (Thus the relatively
stiff flexures 60 and the associated driver perform the
function of a precision gtage.)

The flexuree may be comprised of synthetic resin
cut to shape, e.g. polyamide resin, available as Kevlar™,

30 from duPont, or etched from thin spring metal such as
beryllium copper or stainless steel. Advantageously both
the stiff and weak flexures are formed continuously from
a single sheet of spring stock.
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hol ding fluid by surface tension, and the pin is noved through the ring in
.the manner that a relatively small drop of the fluid supply is BeLd by to
the end of 5 the pin or pin-like structure by surface tension, pr ﬂGFaED&

the pin prQydsh a drop-carrying surface bound by a shar ' t sizes
-t he drop. g%(#@_/ljﬁ’ékonet hod of claim53 or 54 in which the F?E&W"gﬁ e

deposited is fluid selected froma group of fluids disposed in a nmultiwell
plate, in cases in 1 o which an anpular ring supplies the deposit device,
-the ring traveling to the nultiwel 4pTate for resupply, in cases in which

the deposit devigendip | I Lt ; 5 of.claim55 in
whi ch pref erabl &8t ﬁgémsﬁ% \&%ﬁka%l gzsat'gt"el 1 6§ﬁg§%%%‘%eﬁ?%n%8§fefésto nove
across tMadas BRTEW oTBE FRPWT-ox THEt §UR D IR VPENESNSf L1 4keposit. 57. The

nmet hod ofnoGheédn &3 support b&d rmdudkegise ray dxdfvehl by dmeloss ezonpri si ng
provi di ng,an ray of. co | S| [ el evices 2 o preferably
being i ngf'ﬁea?%eram o%crﬁig’hn’glrﬁg:;%ﬁq%%g {sn{)tr:u%)f(uér:tg},h%ggn he net hod of claimb57
produckng the d@RrecEetPRAaYy2E¥aBFR e BEESHoRBi®g to the wel | spaci ng of
a 96 wel brpkaté&rmitied dilsehachafiidig sahoukt pobrian Forwehts or a spacing of 9

mm or a SUbul 1Al &R MBL oo hrk PeTe2002 Bhdustlehallysopccording o a
sanpl i ng PR et her I pprng nobi 1 & annul ar upﬁ]y rings rnto wells of the
pl at e, thdepFWiﬂﬁé:%eﬁgéi‘t‘o"ePém-ce?hGi née¥Pscqns S1MER|I Q¥ of the plate to
lor ovi de thued snoMsSrLIe }s:uefdeaimea:ayarldet aangijsgrrdnygdﬁlaeeﬁlm?s to respective
ocatiQng I n.substantia r ; | rface, s
prefehgblifvfap'ig %ﬁ%pes'go"eitr%pggﬁigﬁéa{agﬁiggﬁu%%{c%%p%kgglcgg' or a nenbrane
suppor t e§henstop| pefitiaue ofepelier 68, ipyolvesh BifLgigpE arrays. 59. The

met hod ofovek-ak8vEB € isuFengontiEle o fCORBUEGHoLN iRl 12 with a
microscope slide or other object of the least thickness
within the tolerated range of thicknesses. The

15 compliance provided by weak flexures 70 or 72 (or the
other arrangements discussed above), ensure, if the
microscope slide or other substrate is considerably
thicker than normal, that the deposit force will still
not exceed a predetermined value, typically less than 1

20 gram, preferably less than 0.5 gram, for ensuring precise
dot formation and protection of the tip of the pin.

Figure 24 shows a deposit cluster 28 of
independently operated deposit pins, formed by a number
of the deposit assemblies described in the Figures 1-3

25 and 4. Cluster 28 includes, not shown, a number of
independent drives D and D’, one to drive each pin and
one to drive each ring in Z direction for picking up and
depositing fluid, and sensors to indicate to the control
electronics the position of the operative elements.

30 There is a home sensor for each deposit pin 12 and a home
sensor for each ring 14. The devices are ganged
mechanically for X or X,Y movement, positioned by a
common electronic control. (Motion only in the X
direction is employed when a stage is provided to advance

35 the receiving substrate in the Y direction).
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noving at | east one conpliantly nounted the pin or pin-like structure
having a 1 o drop-supporting surface of dianeter |ess than about 375
mcron, preferably |ess than 300 nmicrons, preferably Iess than 269 gmcrmn
to a sel ect !QB?% i on and depositing, mnth said pin or pin- |Ik§ §tructure,
~a drop of a deSired material. 60. The nethod of claim53 PR N3G
receiving surface is fragile 15 or soft, preferably the receiving surface
bei ng porous or m croporous, preferably conprising nitrocellul ose, nylon,
-cel lul ose acetate, polyvinylidine-f%uoride or a gel, preferably the nenber
defining the sofj, or frggil§§rece|V|ng surface ' nounted on a rigid

ein
carrier member, oY IfHS INAY% B ER0fCah THSET dga'f’ﬁ soft or resilient
buf f er nmesdlercteg0X6Y. pddiktimt,hed whicima gfumbes aftdiffegeaitns i n which the

fluid belm&ldﬁ@%haeg b@mﬁutféwlc@né%fqﬁa%ﬂ Her %Eh&@& € Qief fluids

descri bed | e speC| fécat 1.0n p&ﬁ é terial being a biol ogi cal
probe or %"‘gﬁéﬁ URI apdr ‘?%c?fc"t'ﬁl&ﬁ Y b‘irblaﬂi’yl 85 feterd™ , a fluorescing
nmateri & ,leratich, degéredt aifudr a clust@C@O2t88esea ker, a photoactive

mat eri al hy 8Fs £GP $bbaNiL &k 18eRapiynOr a cleaning or
neutral i zﬁ\g@ld@gen?h&& fgl’h t hod of an?/‘{bof E't‘éhe rr%t hod clainms in which an

array of % °P§ltﬂh‘§r‘?%’rtr?‘§dp &tRfcroscopical ly exanmined with a wide
field scanni ng nixrasgtopeaboflmerts artreanlpgoductamiegmr rshgg eposi ted dots

of fluid gf gg{)getlgr aggs 5&5&1 %bQHE gf@,{grc Qn omi’ &Iy - ess than 300

m cron, pre “;115' ﬁ 116 mcron, 1n a dense array in
a pat t} n"CeMr§e S35 ﬁ&?‘ﬁﬁst%ré“ et FBNt ?retcffe té’pﬁé?hb”tﬁ Svells of a 96 well
pl at e, t hepetepdisint wiphederwedlly plesedi Ain Winrhatheasslls arescope slide or on

a fragil egQr 3P SURMASE: cdiit@r®i@Pbvals, with 8 rows of 12
holes). Higher density plates also employ this
configuration and have the same footprint but employ more

15 holes, 16 x 24, with hole-to-hole resistance of 9/2 mm,
to provide “384 plates”. The arrangement of Fig. 24
enables use of the higher density plates with existing
automated 96 well plate handling equipment. The system
described can be employed with both types of plates, as

20 well as any arbitrary arrangement.

The versatility of the cluster of independently
operable deposit ping is illustrated by the following
examples.

Sub-regervoir rings, e.g. set at 9mm center-to-

25 spacing, may be indexed in X,Y direction along with their
pins and the rings may be driven down (or dropped)
simultaneously for supply or resupply from four wells of
a conventional 96 or 384 well plate, in an action gimilar
to the systems previously described.

30 After suitable indexing, the four pins may be
driven down simultaneously to form deposits at four
places, in the same format as the supply plate.

Alternatively, during resupply, one sub-reservoir
ring may be dropped to pick up material from a selected

35 well while all others remain in their passive positions.
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a porous or mcroporous surface, the surface preferably conprising
-nitrocel lul ose, nylon, cellulose acetate, polyvinylidine fluoride or a gel,
the 15 fragile or soft surface preferably nmounted on a rlg%&\dﬁ Q

. A35. Ay. A &oAbK#p - A AF.AAS.AF.A A A@AN. A A A A A A ;{%%9,&\[ Al . Au
LA Ay. AA AR A A A A ALA A AnLA A A AL A A A9. An&A A AL. Al
LY. A& A. AYus. A' | . Asl . AY5. AY(. A A" . Al . Asl . A3s. Asl . ASE. An

.AL. Ah. AL. Ay[ " . Ay. AyAY. Ay’ . AL. A . A Ae. AylUe. Ay. y. AyAFR A
9#2{ | qvwx| }}wrl fa\ W ca] ca] caU] caU] ] cal] ca] cal] ca] c<a]cTa] ca]ca] ca]ca]ca]c

IiSilels Sele e e i LB,

ca] cal] c&f ec&@]“@a]"é } oy cad] which 'p
] /&&&&&8&&8& 'dropldqt gbp IR cfp] (ia}.:ca:]n@.]cxa,] mhca]:caw] C@dJ]tﬂﬁ]tcaU] cajcal]ca]c

ol gL sa iy siga Lochattlolaal o) slgeled

&<<<<<5<<"t&11=€{ \R}k@l[f‘t’f—éa]ﬂéa’]]dﬁ-@] éaemcarjucaae@eﬁs}]t@é] ¥altaj ca] ca] ca] ca] cal ca] ca
U ca](calJ]Pca] ca] maéC@][;rsS]EeEabea&aiKLKﬂ}f%@alMﬁ]Meamogh V] ] ca] cal cal cal
D =<=K>>> %5 cMY]c]ca]ca]ca] ca
ca] caj ca]) D8r1 Pé‘] ca] c ca ca’J]\/F’}'qjgg%g? a‘ffj%%ﬁ] ca]c"a] cal ca] ca

] ca] ca] Cglp@ta,] 9. all of the plns depos:Lt the same or different

pO]qOPP" %B%BRR%%QBR%\!.\R ﬂ?é]%i&zéléﬂ.éc}:é‘éﬁ.@%@d%ggéh Vi C@ele!ihca]wcau] ca] ca] ca]

ca) ca] cal calcalcalU calc alc a ca ca] cal] ca] ca] ca] ca
g%ath%a% (fég%ég thL.JI]f e).]en% i‘kﬁ CbLg aE%_] H]:L%gl:: L{]

calc

hk% i 1eemmianbq@rqtysgpinsiafdyepkcant o3l ickUpad] twd catetdiera] cal cal cal] cal] c
a] ¢ al csa] gaUsalal aapsdd :alaeal ﬁéh&%ﬁ@]&@ c?] e8] erdeadcal ca
5q9qBgQuwxxJxexhxt xvxyx{ X} xxxzzzz| } w-x~~~{ vql f a[ V] caU] ca]‘cal] ca] ca] ca] ca] ¢
a) ca] ca] Eta‘fCa] ca] ca] call ca] c"al]c' a] cal] ca] cal] ca] cal] ca] ca] ca] ca] ca] cal ca
] cal] ca The operator may alsoc choose not to have one or

FOTU' 3 OabaRa wilnakvi sabl gaeahgaUl cal call cal ca] ca] ca] cha] caU] ca] ca] cal ¢

/a)l(J] E%]A(Iggkf?{/g?]gﬁ}%a%ca] ca}egg] @a%tcﬂeg’%ecaﬂ U% a%] ca] cal] ca] cal] ca] ca] ca

] ca] ca] caéhdegeradecelycaperdiddeppeat)] pijx &rclafrdags- according
GV] (5 cf!séxa/x{é/CH sl 68U kalm: calézaiﬁ@]tqa] %akealnga&ﬁadr?@] ca] cal cal ca] ca

l<J]<(r:1glal(;?v k& Zd é’%”g %?E%@]%%EBFE ngi] EFEQH%E} ta] ca] ca] ca] ca] cal] ¢

al] ca3cal] ca] cahl]:tlaquna:]m@]fca]taqmmupeab].eas simultaneously
FGO<>] Udisira&ze cktbangadlon) E@ahgakeew@d&%yl sabl gt caldpal cal ca] ca] cal ca

] Coa/g ga]Nca CaJé}%]s' ﬁ%l:éa] ¥ ]CLEQP@% ]J% 35 %‘g]‘*(:‘i]hcaU] ca] cal ca] ca

] ca] ca] cé}c:a-tj]wld]tma]ecma]wm] ehpwa] -Ua]R;@,]sca]Zéa] cadBatg kzt oi d_ZU] ca]ca] c
a] call capga\) aalie] 9sheat call eabsalsalsalsal cabbost catdioal cal cal ca) ca ca

lci]S(;achab-f?] Cal?%[aﬁa‘%yFB?%“ﬁJ]l@aB}’EQ]%aﬁ‘?,da]ycéi]lESFEaT%%l]%’%ﬁ &fca] ca] ca] ca] ca
] ca] cay] matlu]zmzi calJlpc fkead)] 121] cafich] ta] cadigajoraked] ebddnd|dllXZ&h &) +8DSZo

Vi
5 A e e g U s ool
o4 +47 GDVERE ST BIRFat By ﬂlrweareaf%alc}a] ca‘]lgﬁ]"ca]tca‘]‘t‘,cal.)] ca] cal] ca] cal] ¢

a] cal] cateas caf (ﬁa:]ura}:ca]:e:eiﬂ:ﬁ@U]:da];saU} cate aldhagkdadn af xad ca

. CE&) 36

zu0|) dn %4 %i cai calji ca]‘calﬁ cad c sg U]l%a] caﬁ] f’ga‘fcal]‘%g‘a-] ca] ca] c”a] c”a] ca
] cal] ca] ¢ ‘@J]’c’a] Véa] cajideeafes
4T neﬂbcbdrmend: shb@ﬂnllpdi{&\eﬁ%ﬁd&ﬁéﬂéﬁlﬂﬁhﬁ}e\mmbb]ﬁ@we dlick] ca] caU] ca] cal ca
| cay ca ig fdal sbegheal seliakeel calsal sl saboaballgad cal ¢"all o”al cal

ca] ca] calca ca

<<]<<<]< < = @A@@E@EMWPQQ\EW@:%] O cEftegy 8 &Y a] cay] ca] cal] ca
] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] caU] ca] caU] ca] cal] ca] ca] ca] ca] caJ ca] ca] ca
DEBEFK, K/ K2K=KI KXKZK] K_K| L~LTMUMO OPPRRRRRRRR( SWA vql gb] Xj e* Z] c] ] ca] ca] ca]
ca] ca] ca] c$al] c$a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] caU] cal.cal] c
aJ cal] ca] ca] ca] ca] ca

WAANGXQXX YZ Y} YYYYYYI[JI[[\]] ~a™™™ "p q | wmhc”Xj e Z] c] U] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] caU] ca] caU] ca] ca]ca]c

" T aa#tabbc! c@Bcddddengg' hBhEhl hTh™ hohvhi i i ymoo{vqgl gb] Xj e Z] c]] ca] ca] ca] ca]
ca] ca] cal] cal] ca] cal] ca] cal] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
aU] ca] cal] ca] ca oooopp&p- pppLrMrrr
u- usuvwwwwwwEw2ww yyW a} { upkf " [ Vj e” Z] ] ca] ca] c”a] ca] ca] cal] ca] cal] ca] ca] caU



(w<C. <} xrmhc”™Y] U] c] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c
-a] caljca]cal]cal]ca]caljcaljc"a]calcalcalcalcalca! TL.n
I)sY28|mmnhcAY]U]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cahtdLD@ﬁhﬁg]c
a] cal ca] ca] cal ca]ca]calcalca]ca]ca! 04%<; & P
iy @?ﬂgﬁ@&@?b} c] ] c!a] c!a] c!a] c!a] c!a] c!a] cal ca] ca] cal ca] %%1]’%53]'?:06'{] ca] cal ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caI " B#### @ BSDSMbSSU/6 90804 &
&&&<'
“(r((()g))*L*| wgl gb] X] U] ca] ca] ca] tajtal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca
] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] aJca] ca] cal L***+C+++++&,q,, ,l-----
w. ./ 2/v//0100000?111} xsnid_Z] U] ] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] c$a] c$a] calhm|asaley] ef] aa]axyayscaned] tfa]lva]d@a]:ca]m@ EH22222<333314
445r 55 6YLHER 6Ae848889 head, a cluster of independentl

2?22] L\g]r l‘%%%bg% ]\‘%a gaa § cta%ﬁa] xlxiqelé:cf‘]ocfalcﬁa] ca) calca]calc

; 2<=<I<rapiousgdesigne” quméylli{]it)]-]ﬂ]l%aqfcat]l’l@a]ica] ca] ca] ca] ca]
ca] ca] ca] £ad calsenb @aylgpé cal ca] ca] ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
! BOeCCCCDbDDDDESEuEEEF[ FFFQGGE&HABsBB| wr mhc”Y] U] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca#
2udB! L Fig. 25 is a perspective view of a slide

19%? ()-' Qéb@%éE&bhlﬁgﬁh%ﬂe , #7ok0 OebarﬁigimﬂéﬂabcépéOQ@Englgg}[9I010%& ()-101
00/?)/&&() I—ﬁ%&%?é% ?(s) /é&ué%@f .é& g.gate soft or porous

= % 1 OORg! e}mbra@eslomr(»?dloqmuag)l@l e)lpp@rqswaI(c)s fsncgn SE0%' () - FYZ10% ()
IFlg’ol/\Wﬁ fépldl 4k oé@§<al0:‘l/ 100/ ‘V%a( olfziﬁﬁﬁgi dé%/@&fi% f/t&(%)

z¥(9bCl F%%%m%é cP]}H— ﬁb%‘w%’f‘ 2 DIHRAR! Z% %ﬁnt]zi 4] & {) 1°y10% " & () -

B ylo%)bams)crac%a 4@Bpbeying £HEYMBCEPdst s:m@mwéyl@ﬂm ()-"109%& ()- 10

10 10° L<é9 e(r) %X@h@i* 10%Nh&wb) 5 *ﬁl OWV&tﬁL e HE () -
" 10%vv éi +Y: 10%VK r%% ASH=' 10 1.0M

10M <1305%s\& (‘78 a%es fdy, 5gryYIng .4 fé’%san@”a £ () -

+nzuaBSFh$ource for resupply of mobile fluid storage devices.

107 L&10% & () - ! b QSAEa0 Bad pBIdD Hodipbbed S0 ipblet 310% 0& () - $- 10% o
f ()-_r- mé%%ﬁggu 1OéL[§b£& the(géeratg%g com é%é%g& (%asteégg)é& ()-1" @0% ()-

bage plate 200 are vertical sub plates 210, 220, 230 and
20 240. Fastened to these plates is a dual axis motion

system 250, comprising X and Y axis devices 260, 270 for
providing X and Y motions, in a parallel plane.

The guide rails of the X and Y axis devices, 260,
270 are parallel to base plate 200, to carry deposit

25 cluster 28 in X,Y motions in a plane parallel to base
plate 200.

The X axis device 260 is a commercial device
available from Adept of Japan. It moves at a high rate
of speed in a controlled manner using a rotary servo

30 motor with a drive screw and a shaft position encoder,
employing digital and analog technology. Carried by X-
axis device 260 is an orthogonally arrayed Y-axis device
270 which is a smaller version that operates in the same
manner as the X-axis device.
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In the system of Fig. 25, the array of pins and -
rings of a cluster 28 may be held over a vessel of water
for cleaning, as shown in Fig. 9F. The vessel has water
15 level and a pump constantly replenishes the water.
Blotting paper or a cellulose sponge may be provided
against which the pin and ring are blotted for f£luid
removal or drying.
Alternatively a fluid removal station according to
20 Fig. 9G is employed where air flow removes remaining
fluid from the pins and rings. The array of 4 pins thus
purged of remaining fluid by air blast is then, by warmed
air, washed and rinsed by liquid or aerosol streams and
dried.
25 Figure 26 shows the control system of the machine.
It shows the controls for the X and Y axis movement and
also home center for the X and Y axis. The actual
position of the carriage that the lead screw is driving
is sensed so the carriage can be driven home and then the
30 counter is initialized so precision motions can be wmade
along both the X and ¥ axes. Also shown is a schematic
of the deposition head, one of many. As previously
described, each deposition head has two motors, a pin
drive motor and a ring motor, that are commanded from the
35 control computer.

SUBSTITUTE SHEET (RULE 26)



10: 10: 10:;10% & ()- 10% & () - TbDi DEEF7G?H*<bC

1. 1< Sy100& ()-: 18 Syl0% ()-:! Sylo%y& ()-: Y

S109@& () - 910%&’ () -1 10%&: () - ?H_| 0J5KNKKKKK} ASH= 1.*1 10 10 19'y; d0plp) - f L*
109& ()= 1. b o0& ()-!fL* 10%& ()- Sy10%& ()-: KKKKKLLa | 9%

-1010% & () Wodwst & ()-&10% & ()-s!1S10% & () -1 Y10% & ??@F?gi%%"&' () - LVMN
OPP! QWX6SHE 11°S 10%-(-& ()-% S 10% S& ()-% % S 10% (& ()-% 4 S

10%' ()-%3" S 10%m& ()-% S 10%: ().- % QQOFRRRRRRWXVB7 ! ! 10: 10: 10::
10% & ()-1°S 10%: & ()-%"S 10%" &Y )y-% * S 10%p6p& ()-% S 10%

1 & () - YRRRROSST. X . . . .

| S&100AM A& (%‘{Ig:ggz"’gﬁo%"?’)c-r&“g&‘i’[o%ﬁs( PRSP0 597 - 10% & () -1 GL0
%S&T()-Tl?hﬁk?*ZﬂEBWEﬁbqrq.CEGVU?Pg delicate, soft membranes, the

T& () - ! glliGfis &ré) FASCertl G LR: (Jarlld, oB&PAYEdE TR (Jeghser S&10YDYDYE () - $!

RN 0 SO - a1 L1180 PR TV v oA (N :
To 10" A %ﬁ.@?@ﬁ%ﬁ B Ron -, PeRRELE oA cibiial) - YELOME 0 10
11/ 16vdr@te of theongehdne lerate oohe £180ep- L1 RPRARRETMined1 09AAL () - (Y910%
MU' () - _oriaaragashig\= !! $S10% ()- 10M 10M 10M
109 () - 1098, (el pre@ed dusolimdtRYA L #g (3aRbbCe™<g\ =
microscope slide MS rests upon slide support 30, having
one end engaged with stop 31 and its other end engaged by
10 a spring wire 32. Wire 32 extends from a support screw on
the bottom side of support 30, through a hole 33 in
support 30, and is biased to the right in the figure to
engage the slide MS to urge it against stop 31. The
spring pressure is sufficient to hold the slide MS
15 endwise in secure, accurate position despite vibrations
that occur during operation of the machine.
The slides are mounted side-by-side in subgroups
of seven slides, with their thin long edges engaged with
one another. The seventh slide’s position is dependent
20 only upon the tolerances of the preceding six slides. By
having such sub groups, one is asgsured that the array is
properly located. The computer is enabled to "talk" to
the slide and to record information, as in bar code. The
bar code reader is mounted on the servo drive 270 of the
25 Y axis and adjacent to the deposition means 28. The
sequence starts with filling the multiplicity of rings of
the deposition device, and is carried out according to
the control procedure of Fig. 27.

For uge in high volume preoduction contexts, the
30 system described in the foregoing Figures 1-27 preferably
employs a rapidly woving, laterally constrained, axially
compliant pin, in a deposit cycle of less than 0.1
second, in which impact and vibration is minimized, with
the natural frequency of the system more than 10Hz, in
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~HO = despite the high speed of action, so that dots of fluid
of uniform shape are consistently formed at precisely
control;eq.pogig;ons, even on soft or fragile receiving
10 surfaces. T -
In the deposit action of the deposit pin, by
raiging the pin after contact of the drop on the
substrate, the combined effects of inertia of the
stationary fluid and surface tension (and of gravity,
15 when depositing downwardly, which is normally preferred)
act upon the drop of fluid to overcome the force of
surface tension exerted by the lifting pin. The fluid
drop preferentially stays with the surface of the
gsubstrate, and the pin, substantially devoid of £luid, is
20 free to be replenished and move rapidly to its next
destination.
As the volume of the fluid is accurately specified
by use of standard sizes of pin, and standard conditions,
and the position of the pin is precisely constrained,
25 spots, dots and microdots of consistent size and precise
location are produced, that enable an improved degree of
guantification of observed results.

D. Examples of Novel Methods of Use
The systems described are useful with any native

30 fragment of DNA, or pre-synthesized oligonucleotide of
any length. There being no restriction as to chemicals,
any non-photoreactive chemical as well as photoreactive
chemicals can be employed. Likewise dyes that are useful
to detect presence or absence of DNA may be selectively
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yeast, fungi, and PPLO; cells and tissue fragments;

15 lipids, lipoproteins, and the like; plastic resin

polymers, small particulate solids in suspension, etc.
The deposition system may also be employed to

deposit catalysts, reagents and encapsulents upon

previously deposited material of any of the types above

20 or, as mentioned below, to create an array of sites or
micro-wells for later reaction or growth of such
material, or to assist in neutralizing or cleaning the
deposit or reaction sites, as in the case of highly toxic
or virulent substances.

25 The most basic use of the arrayer is to create
high density arrays of nucleic acid on a porous or solid,
flat surface, generally a microscope slide or slide-like
support. Deposit on fragile or soft surfaces such as
microporous membranes or gels, glass cover slips, plastic

30 surfaces, and wells of a microplate, or any substrate,
which may be previously coated or derivatized, may serve
as a recipient surface.

In particular, membranes and gels are desirable to
enable high density analysis with automatic equipment,

35 using materials familiar to the field, on which much of
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10% G G& (J -3¢ g%anéo hiftRit31%ata has previously been
acquired. Also, deposit on fragile glass cover slips is
desirable as they are thinner than microscope slides,
easier to maneuver, and when a beam of light is

5 transmitted through them for transmission microscopy,
better light capture occurs because the slip is thinner
and less light absorptive. The system has the capability
of spotting on plastic surfaces without scarring or
deforming the surface.

10 The avoidance of such surface deformation can be
important, enabled by use to low contact forces of the
compliant pins. An undeformed surface can facilitate
viewing with a confocal microscope, as it assures that
the deposit remains in the plane of focus.

15 Use in wells of microplates is important. As has
been mentioned, the narrow lateral dimensions of the
deposit pin, and its long length, enable deposit in
multiple locations on the bottom of a well, or other
fluid containment region. For example the arrayer may be

20 employed to depeosit a number of spots in known locations
on the bottom of a well to perform clinical tests on an
analyte fluid. For instance, each spot in an array in
the bottom of a well can be a known nucleotide probe. A
sample added to the well will hybridize with spots with

25 which the sample matches. For instance a diagnostic test
may employ a 96 well plate to measure binding to as many
as a hundred different probes printed in known locations
in the bottom of each well. Different patients’ sgamples
may be placed in respective wells, to conduct many

30 evaluations at once using a single multiwell plate.

Another use of the system is to deposit, at useful
speeds, a statistically determined number of molecules or
units into a single well. Employing a suspension of
suitable concentration in a supply ring with an

35 appropriately sized pin, thrusting the pin down once per
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controlled experiments that can be conducted at efficient
speeds using the dedicated aliquot reservoir and deposit
pin.
In many important cases the fluid or liquid
15 carrier of the deposited spot evaporates and the
biological or other material carried in the fluid stays
in place by adhesive or bonding properties of the dried
material. 1In other cases, the spotting technique is
ugeful to deposit fluid that remains in a fluid state,
20 for instance, as mentioned, to depogit cells into wells
with £luid nutrient medium that enables the cells to
continue to live.
In many cases it is important to know where a
depogit is and that it will stay in the deposited
25 position when covered by a common reagent. Steps can be
taken to secure the deposit in position, for instance,
with DNA, by exposing the deposit to UV radiation to
croasslink the material or to use a derivatized surface
that produces crosslinking between e.g. DNA and the
30 surface on which it is deposited. An example is a
silenated surface coated with E.S. aminosilene, to
provide a positively charged surface which binds, by
ionic or electrostatic forces, with negatively charged
depogits such as DNA,
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gselection from a host of slightly varying examples. The
range of usefulness is broad with application to small

10 quantities, different temporal segquences, different
kinetics of reaction, and different mixtures. In all of
these cases, the system ig a precise way of manipulating
small amounts of liquid, solids in liquid suspension and
cells in suspension, under controlled conditions.

15 Deposition with the systems described leads to
rapid and precise observations, reduction in the number
of trials for a given experiment and improvement in the
statistical significance of the data. Cost savings and
improved experimental procedures can be realized.

20 Quantification of results at accuracies heretofore
unknown may be attained by consistent and precise dot
formation that enables improved signal-to-noise ratic in
detection, when sensing the difference between, e.g., the
fluorescence of a deposited spot and the immediately

25 adjacent background surface of the substrate.

The system is useful in many environments due to
the attributes of the deposit apparatus, and the
techniques by which movement and control is effected.

The following are further examples.

30 The system is used to deposit dots of fluids of
high volatility such as alcohol-based fluids, upon rigid
subgtrates such as glass or silicon, upon membranes, etc.
The relatively large mobile local reservoir ring that
travels with the deposit pin to the deposit site presents
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5 evaporating conditions until the dot of fluid is
deposited.

Where desired, the operating deposit mechanism is
shielded from windage by a protective shield mounted on
the head to move in X-Y directions with the deposit

10 mechanism, to further limit evaporative logs. In another
case, the environment in which the system operates is
controlled, e.g. at high humidity, or high partial
pressure of the volatile substance, to limit evaporative
loss, or at particular controlled conditions, e.g.

15 controlled temperature and humidity, to favor the
deposition process or the operation of the system itself.

Time-based sampling to evaluate chemical reactions
or growth stages can be performed automatically without
attendance of laboratory personnel. In one example, the

20 fluid carrier ring through which the pin operates is
employed as a reaction vessel from which samples of the
continuing reaction are periodically taken by an
agsociated deposit pin, and deposited for later
ingpection.

25 In this or other examples, at prescribed time
intervals, another pin moves through its ring to deposit
an inhibiting reagent to halt the reaction or growth that
is occurring at a respective location on a substrate. By
doing this at timed intervals over different locations on

30 an array of identical reactions, a fixed array that
represents the seguence of conditions at the various time
intervals is preserved for later examination.

In another method employing the deposit system, an
etchant fluid is provided in a local reservoir ring. The
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10 as a result of the etching process. Following this, the

same depositing system may be employed to deposit one or
more substances precisely in registration with each of
the wells for use in reaction or growth processes that
are desired. Plates thus prepared may be transferred

15 e.g. to a wide field scanning microscope for observation.

Arrayers as described can also be used for color
printing of fabrics, paper etc., where the 96 well plate
holds different color inks or dyes. The area to be
printed is the entire reach of the gantry less the color

20 source and washing station.

The arrayer can be used to generate a single
printed circuit board, e.g., prototype boards, or boards
for limited volume production, where the machine is
employed to deposit varnish or photoresist or other

25 protective coating material to define the regions of the
copper clad or other substance which need to be preserved
from acid etching. Likewise the arrayer may be employed
to deposit photoactive substance for production of
"biological" deposits using lithographic techniques.

30 E. Combination Arraving and Microscopic Analysgis
It is an important further feature of the

invention to combine the arrayer of any of the presented
embodiments, or its steps of action, or array products of
its operation, with a scanning microscope, especially a
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area arrays to be formed of very high density over the
mentioned wide range of fluids and conditions, while wide
5 area scanning microscopes enable commensurate accurate
and inexpensive reading of the results achieved with such
wide arrays. The wide area and precision capabilities of
each system and method, in combination, complements the
other to achieve an enabling, significant advance in
10 microdot reaction and analysis. Use of an array of
flurophor-tagged components, such as is employed in
biotechnology, or flurophor-tagged contaminants, followed
by reading with a suitable wide field scanning microscope
that excites the flurophors is of particular advantage.

15 F. Useful Additional Features

In one embodiment, an inductive heater station is
provided to which the deposit mechanism can travel under
computer contrecl. In this case the substance of the
reservoir ring and the deposit pin, or at least the

20 surface portions of these devices, are comprised of
electrically conductive material capable of having
electrical currente induced by an alternating field of
the induction heater. Under computer control, the
reservoir ring and the pin are delivered for a momentary

25 pause in the heater, for heating based on resistive (I°R)
losses by the induced electrical currents, for instance
to sterilize the reservoir ring and deposit pin or to
stop biocactivity in the fluid material retained on the
instruments.

30 In another instance, a reservoir ring containing a
charge of reactant fluid, which is desired to be heated,
can be introduced to the inductive heater, and the fluid
is heated by heat-transfer to the fluid from the
inductively heated ring. Such heating can be employed to
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functioning under computer control to deliver larger

10 quantities of fluid to reaction sites where dots of fluid
have previously been deposited, an entire experiment can
be automated. Fluids which may be introduced in this way
include, for instance, solvents, etchants, sterilizing
agents, cleaning agents, encapsulating coating materials,

15 etec.

In another method the deposit pin is caused to
deposit reagents at selected sites in differing amounts
at differing locations, to effectively conduct titration,
to observe a reaction at different concentrations of the

20 reagent. Thus, at one reaction site (e.g. a flat area or
a well on a substrate) the deposit pin may deposit one
precise drop of reagent, at a second see two precisely
identical drops of the reagent, at a third selected site
three precisely identical drops of the reagent, and so

25 on, to provide the full range of concentrations desired
for evaluating reaction of the reagent with another
substance that has been preapplied to the site or that is
subsequently applied.

While such systems are particularly well suited

30 for laboratory experiments, they also can be employed in
industrial process control.

A variation of the spotter mechanism employs, in a
fashion analogous to that of a modern milling machine, a
set of interchangeable heads having different
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5 ring from a set of such rings that have different

ce selected may be a sub-reservoir

internal diameter or are formed of different wire or
ribbon sizes, or are of different sizes to enter
different wells, etc. These provide a variety of
carrying capacities for fluids of different viscosities

10 or for use with deposit pins of different sizes.
Likewise, different sizes of deposit pins can be selected
from a set of pins to vary the size of the spot to be
deposited. Heads can also be selected that provide other
devices for preparing for or conducting experiments or

15 for the production of reference or diagnostic well plates
and slides.

In some cases the selection and use of devices can
be conducted under complete computer control to enable
automatic performance of a multi-task experiment un-

20 attended by the technician.

In addition to depositing spots of £luid upon a
standard microscope slide, and upon porous or soft
membranes and other delicate substrates, it is possible
and advantageous to deposit spots on substrates of

25 significantly larger area and on other substances and on
gurfaces having special formations, for instance upon
substrates having micro-cavities that have been formed by
the instrument itself, by one of the techniques described
above. Plates delivered with the micro-cavities

30 preformed in the substrate may also be used, and aligned
for deposit of fluid by automatic controls of the
instrument, or the control system of the unit is
advantageously provided with a vision system that "reads"
the location and pattern of the array of micro-wells, and
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"B ()5' Sﬁu:id deposit sites may be established and managed in a
precise, repeatable manner that employs the same
concentrations or reactions or precisely varied
concentrations and reactions. This may bg done to enable
examination, to promote reaction or growth processes in
10 biotechnology, life sciences, chemistry, pollution
detection, process control and in industry in general.
Thus, beyond an instrument for low-cost
preparation of microscope slides and membranes for
biotechnology research, there has been contributed a
15 universal and widely variable set of systems,
instruments, methods and products that can advance
research and industry.
Numerous other embodiments not described in detail
here can apply the principles described to particular
20 applications and are within the scope of the claims.
What is claimed is:
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- (- 3NoPQY gh%rray suitable for microscopic analysis reaction of a biological substance, or
the like, comprising: a deposit device and a fluid source which are cooperatively
related to enable the deposit device to precisely size a drop of fluid of small

5 diameter on a drop-carrying surface of the device, wherein the deposit device is
mounted for compliance in the direction of the deposition motion when the
deposit device engages the receiving surface, and preferably the deposit
device is compliantly displaceable by overcoming resistance of a resilient
member or weight, preferably when the deposit device is an axially slidable pin

10 or pin-like structure, means for urging comprises a coaxial spring or a weight
acting on the pin or pin-like structure, preferably the transport mechanism for
positioning the device at a precisely referenced lateral position over the
receiving surface and drive mechanism for moving the deposit device,
relatively, in deposition motion toward and away from the surface, the

15 apparatus adapted, by repeated action, to deposit the drops of fluid precisely in
a desired array, preferably the drive mechanism for the deposit device being
constructed to overtravel beyond a level at which the deposition device
compliantly engages the receiving surface, preferably the apparatus being
computer controlled.

20

2. The apparatus of claim 1 in which the drop-carrying surface
has a diameter less than 375 micron, preferably less than 300 micron,

preferably between about 15 and 250 micron.
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 X}ro\= surface of the deposit device is defined by the end of a pin or a pin-like

structure which has sides that intersect with an end surface to define the rim

5. The apparatus of claim 4 in which preferably the end surface of
10 the pin or pin-like structure is generally flat and the side surfaces are cylindrical

and smooth.

6. The apparatus of any of the foregoing claims in which the
deposit device, at the time of deposit, is laterally constrained to a reference

15  position.

7. The apparatus of claim 6 in which preferably the deposit device
being mounted on a flexure system that defines the referenced lateral position
of the deposit device.

20

8. The apparatus of claim 6 in which or preferably the deposit device
is mounted in a manner permitting its displacement relative to its mounting
upon its engagement with the receiving surface, and at the time of engagement

of the device with the receiving surface, the deposit device being subjected to a
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9. The apparatus of claim 1 or 2 in which the deposit device is a pin
5 or pin-like structure which is free to slide axially, relative to its mounting upon
engagement of the pin or pin-like structure with the receiving surface, and is
urged against the lateral reference surface by a spring or a weight such as the
weight of the device or an eccentric weight or the device being tilted or

electrical or magnetic forces act upon the pin or pin-like structure, to produce a

10 lateral force or moment toward the reference surface.

10.  The apparatus of any of the foregoing claims including a
mobile fluid storage device providing the fluid source that is movable relative to

an array of deposit locations.

15
11. The apparatus of any of the foregoing claims in which the fluid
storage device being constructed and arranged to resupply the deposit device
at various locations along the array.
20 12. The apparatus of claim 10 in which preferably the deposit device

and the mobile storage device being constructed to supply drops to the deposit

device in the immediate vicinity of the deposit locations for respective drops.
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14.  The apparatus of claim 10 in which 10 mobile storage device

holds a volume of fluid having a free surface into which the deposit device is

lowered and raised to obtain a fluid drop.

10 15. The apparatus of claim 10 in which preferably the mobile storage
device being constructed to store a multiplicity of isolated fluid volumes in the
wells of a multiwell plate, the apparatus constructed to obtain its fluid drop from

a selected volume of the plate.

15 16. The apparatus of claim 10 in which the mobile storage device
defines a generally annular fluid retention surface, and the deposit device is
constructed to move within the annular retention surface from retracted to
extended positions, in the retracted position the drop-carrying surface of the
deposit device being retracted from the surface of fluid retained by the annular

20 surface of the storage device, and in the extended position the drop-carrying
surface of the deposit device being projected through and beyond the surface

of the retained fluid,
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surface and arranged to move axially relative thereto.

5 18. The apparatus of claim 17 in which preferably a member defining
the annular surface is associated with a driver that moves the member relative
to the deposit device to a replenishment volume in which the member is

immersed to receive a supply of fluid.

10 19. The apparatus of claim 17 in which preferably the annular
surface of the storage device has a hydrophilic surface, e.g., a surface
roughness of at least 1000 microinch or a surface energy greater than about

2500 mN/m,

15 20. The apparatus of claim 17 in which preferably the surface
comprises tungsten, and preferably e.g. when cooperating with the annular
member to pick up a supply of fluid, as from a relatively narrow well, the drop-
carrying surface or tip of the deposit device has a surface of surface energy
greater than about 2500 mN/m, preferably the surface comprising tungsten, in

20 some cases preferably the annular ring being associated with a heater, e.g., an

induction heater.

21.  The apparatus of any of the foregoing claims including a

cleaning system and a control system adapted to control relative movement of
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22. The apparatus of claim 21 in which the deposit device is
5 associated with a mobile supply device that travels with it, the deposit device
and mobile supply device being movable together to the cleaning system in

response to the control system.

23. The apparatus of claim 10, wherein the mobile supply device is

10 an annular member through which the deposit device operates.

24. The apparatus of claim 21 preferably the cleaning system has a

nozzle for directing a flow of air past the parts being cleaned.

15 25. The apparatus of any one of claims 1 — 20 including a cleaning
or drying station comprising a circular nozzle constructed to discharge a conical

flow of fluid against the parts.

26. The apparatus of claim 25 in which the circular nozzle is
20  constructed to discharge the compressed air, high pressure liquid, aerosol or

heated air.

27.  The apparatus of any of the foregoing claims wherein the pin

or pin-like structure of the deposit device is surrounded by a mobile reservoir in



10t

10t, 8! 10% & ()-6!10% & ()-310% & ()-L1n0% & ()-/10% & ()- -10% & () -
7/ 10tS10% & ()-& 10% & ()-9GL0% & ()-MLO% & ()-!y10% "t & ()-$10% & () -
E7/ 10tSy 10% & ()-LL10% & () - 10%&'() 10% & ()1 11504 &) - 2

10t ( { Dd
10%&'()-Dc
10% & () -

t & ()- $L10

10

15

20

fde?/ 10t S/ g#10% & () - F+10% &' ()-)

(i g At bismISEAcHkbid of roahg = BoAPLPrdA fhecd

tension effects

Y&3?uV

Lf 10%

28. The apparatus of any of the foregoing claims, comprising a set

of at least two of said deposit devices, at least one fluid source for providing a

drop of fluid on each deposit device, and mechanism for moving the deposit

devices together transversely over an array of spaced apart deposit locations of

the receiving surface,

29. The apparatus of claim 28 preferably there being at least four of

the deposit devices comprising a deposit head.

30. The apparatus of claim 29 preferably including mechanism for
moving each deposit device independently, or mechanism for moving the
deposit devices simultaneously, relatively, toward and away from the receiving
surface to deposit respective drops at respective deposit locations on the

receiving surface.

31.  The apparatus of claim 28 in which two or more deposit
devices are mounted on a common support that is driven by a common driver

to deposit respective fluid drops on the receiving surface.
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being mounted on a common support, driven by a common drive.

5 33. The apparatus of claim 32 wherein preferably the spacing of the
rings corresponds to the spacing of a multiwell storage plate into which the

rings are immersed for resupply.

34. The apparatus of claim 31 wherein preferably the spacing of the
10 deposit devices corresponds to the spacing of wells of a multiwell plate fluid

source from which the deposit devices obtain fluid directly.

35. The apparatus of claim 34 preferably the multiwell plate being a
mobile fluid supply constructed to accompany the deposit device across the

15 substrate.

36. The apparatus of claim 31, 32, 33, 34 or 35 wherein preferably
the spacing of the wells of the multiwell plate corresponding to well-to-well
spacing of wells of a 96, 384, 864 or 1536 well plate, or a spacing that is 9 mm

20 or a submultiple of 9 mm.

37.  The apparatus of any of the foregoing claims in which the

deposit device and its mounting limits the force of engagement of the deposit
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0.5 gram, preferably to about 0.3 gram.

38.  The apparatus of any of the foregoing claims in which the
5 deposit device has a natural frequency greater than 10Hz, and preferably

greater than 20Hz.

39. The apparatus of any of the foregoing claims wherein the motion
of the deposit device toward and away from the receiving surface is damped.
10
40. The apparatus of claim 39 wherein the motion of the deposit
device is damped preferably by friction or by a damping material associated

with the support of the deposit device.

15 41.  The apparatus of any of the foregoing claims constructed to
mount a number of microscope slides or slide-like structures to serve as said
receiving surface, and a control system is constructed and arranged to deposit

drops of fluid in selected locations on the slides or slide-like structures.

20 42. The apparatus of claim 1, 10 or 16 in which a deposit device is
a pin or pin-like structure positioned by engagement with a surface of revolution

whose axis is disposed at a predetermined relationship to the receiving surface.
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device is free to lift in response to contact of the tip of the device with the
5 receiving surface as the supporting ledge and device are together moved

relatively toward the receiving surface for depositing a drop.

44. The apparatus of claim 42 wherein preferably the surface of
revolution has a surface of form substantially matching the form of the portion of

10 the device disposed to engage it.

45. The apparatus of claim 44 wherein preferably the surfaces
being respectively conical, each preferably conforming to a portion of the

surface of a right cone.

15
46. The apparatus of any of the preceding claims in which the
deposit device is urged against a reference surface, in which the assembly
applies a lateral force or turning moment to the deposit device.
20 47. The apparatus of claim 46, wherein preferably the force or the

turning moment being applied by a spring that bears eccentrically on the device
or by a pushing member engaged with a remote end of the deposit device, one

of the engaged end and pushing member comprising a surface set at an acute
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48. The apparatus of claim 47 wherein preferably the convexly
5  curved surface defined by a confined ball that bears against the inclined

surface, preferably by being pushed by a weight.

49.  The deposit apparatus of claim 1, 10 or 16 in which the deposit
device is in the form of a pin or pin-like structure, and wherein a structure

10 prevents rotation of the deposit device about its own axis.

50. The apparatus of claim 49 wherein preferably the pin or pin-like
structure being confined in a complementary space that prevents its rotation
about its own axis.

15

51. The apparatus of claim 50 wherein preferably a detent prevents
rotation of the deposit device, and preferably the detent comprising part of a
coil spring which surrounds and is frictionally secured to the pin or pin-like
structure, a protrusion of the spring engaging a stop surface that prevents the

20 rotation, and preferably the spring also providing axial compliance to the pin or

pin-like structure.

52.  The method of employing the apparatus or assembly of any of

the preceding claims for depositing drops of fluid on a receiving surface or into
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the purposes described.

5 53. A method of depositing a biological compound on a substrate
or causing a biological compound to interact with another substance at a
predetermined position on a substrate, including the step of depositing at least
one of the compound or substance in a precisely determined localized spot
relative to the substrate by mechanically lowering a compliant deposit device,

10 preferably a compliant pin, or compliant pin-like structure, to which a drop of the
compound or substance is held by surface tension, toward the substrate until
the deposit device contacts the substrate or a pre-applied compound on the
substrate and thereafter mechanically lifting the deposit device away from the
substrate under conditions in which the fluid drop transfers to the substrate or

15 the pre-applied compound on the substrate, preferably the deposit device,
when approaching the substrate, applying a force to the substrate of less than
about 1 gram,‘preferably less than 0.5 grams, preferably about 0.3 grams
and preferably the drop being less than 300 micron in diameter, preferably less
than 200 or 100 microns, in some cases preferably superposed drops of both a

20 compound and another substance being successively deposited by the said

technique.

54.  The method of claim 53 in which a fluid supply of the biological

compound or substance to be deposited by a pin or pin-like structure is
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drop-carrying surface bound by a sharp rim that sizes the drop.

55.  The method of claim 53 or 54 in which the fluid to be deposited
is fluid selected from a group of fluids disposed in a multiwell plate, in cases in
10  which an annular ring supplies the deposit device, the ring traveling to the
multiwell plate for resupply, in cases in which the deposit device dips directly

into wells

56. The method of claim 55 in which preferably the multiwell plate
15  being mobile, mounted to move across the substrate to be in proximity to the

points of deposit.

57. The method of claim 53, 54 or 55 producing arrays of fluid dots
comprising providing an array of compliant deposit devices, the devices

20 preferably being in the form of pin or pin-like structures,

58. The method of claim 57 producing the devices having
spacings corresponding to the well spacing of a 96 well plate, or a plate having

a multiple of 96 wells or a spacing of 9 mm or a submultiple of 9 mm;
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the plate to provide fluid drops on the devices and transferring the drops to
respective locations in substantially denser arrays on a receiving surface,

5  preferably the drops being deposited on a microscope slide or a membrane

supported on a slide-like member in a pattern of square arrays.

59. The method of claim 53 comprising, under computer control,
moving at least one compliantly mounted the pin or pin-like structure having a

10 drop-supporting surface of diameter less than about 375 micron, preferably less
than 300 microns, preferably less than 250 micron, to a selected position and

depositing, with said pin or pin-like structure, a drop of a desired material.

60. The method of claim 53 in which the receiving surface is fragile
15 or soft, preferably the receiving surface being porous or microporous, preferably
comprising nitrocellulose, nylon, cellulose acetate, polyvinylidine fluoride or a
gel, preferably the member defining the soft or fragile receiving surface being
mounted on a rigid carrier member, either directly or upon an intermediate soft
or resilient buffer member.
20
61. The method of any of the method claims in which the fluid
being deposited is a fluid selected from the group of fluids described in the
specification, preferably the material being a biological probe or a chemical for

reaction with biological material, a fluorescing material, an ink, dye, stain or
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marker, a photoactive material or a varnish or encapsulant or an etchant, or a

cleaning or neutralizing agent.

62. The method of any of the method claims in which an array of
deposits thus formed is microscopically examined with a wide field scanning

microscope.

63.  An array product comprising deposited dots of fluid of diameter
less than about 375 micron, preferably less than 300 micron, preferably
between about 15 and 250 micron, in a dense array in a pattern corresponding
to a function of the spacing of wells of a 96 well plate, the deposits preferably
residing upon a glass microscope slide or on a fragile or soft surface, preferably
a porous or microporous surface, the surface preferably comprising
nitrocellulose, nylon, cellulose acetate, polyvinylidine fluoride or a gel, the

fragile or soft surface preferably mounted on a rigid support.



