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Depositing Fluid Speci nens on Substrates, Resulting Odered
Arrays, Techni ques for Analysis of Deposited Arrays 5

Backgr ound of épg J,’gl%/ent i on ~ The invention rel at epchRisiopgrdeposi t
upon subst V80&2 smal|l quantities of fluid in a precise manner and
In arrays of desired density and consi stency. The invention is useful,
for instance, in carrying out 10 reactlions, in providing accurate overl ays
of deposits, and, in particular, in preparing mcroscope slides and
menbranes wth biological materials. The invention also rel ates
to array products  prodygesibintheluinl epegémens ron echni ques and to

met hods 15 of anal ysi hat_.enpl 1 A RS lell ECRRHVELIES . In
the field of biochem Erqtel, }éﬁ{@‘ eacc rately and efficiently
deposit tens, hunddeghnicues HoXs ARALVELR Qlar Froteafds of sanpl es of
differing conpositions on reaction or exam nation areas. 20 |nprovenent
in the speed of depositioni t.he rgciﬁi ;g Ft&aﬁ si ze, shape, quantity
and | ocat Pon of the deposi cied? Ehe e ver density of the -

deposits can | ead tThe invepbiemrirelafesntagele deposit upon
substrates of small quantities of fluid in a precise

manner and in arrays of desired density and congistency.

The invention is useful, for instance, in carrying out
10 reactions, in providing accurate overlays of deposits,

and, in particular, in preparing microscope gslides and

membranes with bioclogical materials.

The invention also relates to array products
produced by the novel deposit technigues and to methods

15 of analysis that employ the deposit techniques.

In the field of biochemistry it is desirable 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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In particular, well devel oped biol ogical 25 analytical technol ogy, and

recently devel oped "Lab on a Chi p* or "Gene Chip" techniques require
creation of dense arrays of fluorescently |abeled mcro- orgﬁnlsns and
DNA assaVO %A’ t wo di nensional field. It is desirabl eP¢BEUSHPhce the
arrays on a conventional mcroscope slide, and 30 to create many such
slides sinultaneously in a manuf act uri ng process. I n

i mportant applications, single strand@-DNA or PNA or ot her biol ogi cal
elements in the formof fragments carrying known information are

di stri but egsegfiase |gf a planar field array containing up to possibly

sgrfa;:e of so@)ERobieets per ayicreatapai slidg. t Theosbjbbys of iR 000

obj ects per_micraosca t e epr esent

di scri mi nat?Hh %&f@ %eﬁ%’ &J()srcrrj'%la-h"ej'n(glt‘ylgs ﬁeﬂ& lr’lfog&’ge%o{ll gs have '
target ed t heiffgreants leborptosies hayet Saﬁ%‘%‘ée@é?hreolﬁ’?wﬁ*é? Sf e over a range

of th?h s;oaﬁlﬂ y &o %vb]?vaﬁﬂoﬁsars’p]dﬁ siizdi anwdera xaependEngherimarily
upon, e " Sbale e, o 9B o5 3 PLLbeL echblldibg ppfhiginy The oD ects
pot enti al lﬁpmn@%r‘b@rﬁa&r nygbexyrin @JﬁﬁFéha%@é‘tﬂrﬁ"S@t \?oéeﬁg? hese
fragments apgrdybrifie abljestocsfirthe arpagi aty eprcberr ariel
fluorescently labeled fragments of potential
10 complementariTy. When a match occurs between these
fragments and hybridization occurs, a positive is scored
by observing fluorescence at the site of hybridization.
By manipulating the deposition of complementary strands
or fragments into the array and scoring "hits", many
15 levels of information can be inferred.

For gene chip technology to proceed to complete
fruition, as well as to improve the application of
previous analytical techniques, economical instruments
have been needed that can rapidly and accurately create

20 the dense array of objects over a large field portion of
a glass microscope slide or slide-like member that
occupies an area approximately 22mm wide and 50mm long of
a slide that is nominally 25mm x 7S5mm.

In the deposition upon a microscope slide of

25 discrete, minute quantities of a large variety of fluid
materials, the volume deposited at a discrete spot
typically may be from a few pico liter to a fraction of a
micro liter, depending upon the application. The
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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by observing fluorescence at the site of hybridization. By mani pul ati ng
t he deposition of conplenentary strands or fragnents into the array and
scoring "hits" 5 levels of informati on can be inferred,

For gene chip Wgﬁﬂ%ﬂ%gy to proceed to conplete fruition,"cg@s?/?/é’msoas to
| nprove the application of previ ous anal ytical techni ques, econom cal

I nstrunent s have been needed t hat c_ar% rapidly and accurately create 20
the dense array of objects over a large Tield portion of a gl ass

m croscope sl idgg%%;%g%egeﬁl ieggﬁ%? Oﬁée t(#la&acte%mseﬁnani@r&axer

approxi mately ] and a slide that is nomnally 25mm
X 75mm propextie® he deposition upon a mcroscope slide of 25

di screte, minute quastuchi dargé marge’ gf propeatty varfatiahs innfile¥dsil s, the
vol une deposited.a | t ' | e 5 3 W pi co
liter to a frfggilB%eg?%%sekﬁgrgggl?lfeeartf )&ggggé\%?/tn%@yugg?l %%lgrgalglglfl i%cat I on.
The bi ol Bgityme At R¥PGESE &Pr PREFREE (VEE £ ¥iEP &&%9Pange from 30 a few
strands of short ol i geawalifopicasses ampbswing phosol Ltligrraphia hi gh

these {1 ui ds paepmiaded JiR beRored oEUITSEY Lol JORMIAPEE 72 O
far nor e \thecobjectesandhigh dotidgnsisy| bek hayife@gredhe range 35 of
fluids that mMaypReaeiBhedYdk @oSeosk it idheWtdethe limited range of
-3 10 biological and chemical techniques and substrates that

are applicable. These techniques typically construct

short segments of DNA or other molecules by adding single

bases, one at a time.

Certain other processes for forming arrays of dots

15 of biological material have utilized piezo micro
cylinders to aspirate and jet small volumes of fluid
containing the material while others have used processes
akin to a fountain pen, comprigsing a "quill" deposition
tool. An assemblage of quille suck up a desired amount

20 of fluid and by tapping a quill upon the receiving
substrate, the meniscus holding the fluid 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

' SUBSTITUTE SHEET (RULE 26)




differences in evaporative characteristics and in other properties.

Such large range of property variations in fluids of interest has caused’
great diffi ' for any single 5 type of process to operate over a w de
range. gy&g%ﬁ%%rtaln processes enpl oyi ng phot ol i t hogr d5A{USI%0073¢

techni ques have offered excellent positional accuracy of t he objects and
hi gh dot density but have great limtations due to cost and due to the
limted range of 10 biological and chénical techniques and substrates that

are appl 1 capl g, JHenCa! GEIW &qwohyeéﬁeéfy GRS Bt densfiyf ligSegments of

DNA or ot hero ecu ¥ sin bases g {h

Certain otrﬁﬂpﬁﬂﬂﬁmé§§é¥ cﬁrqﬁﬁﬁﬂ°ﬁgm%$?%ﬁH§%ﬁtQEoggwl T T oglcal

mat eri al hayeeddd Ifozedupteno "Getie0Chiptydppldeatibosasand attee and j et smal |
vol umes of gééqgéusyg Qﬁr%égﬁﬂiggegaéfé'fﬂpﬂgytlgaitP %Sg gnrused

processes eposi tion
tool . An Sasgwe’@@efgr gurpmkess @k otipes %ﬁ%ﬁqr@daanﬂeh% 20 of fluid and by
tapping a quill upon the receiving substrate, the nmeniscus holding the

fluid in the gap of t he ﬁﬂill br éi nertia of the fluid within
t he suddenly stopped to Eaéﬁe %%m%gQ#IU|d IS effectively
propel | ed fron1|ns@@EquﬁanG|Pﬁ the tHwept ipRphet &R REAVHSee 2 The
dﬁvel Opnenttlz&f:hrﬁdlh Gyt aahptedeso ke aepusitibn ofMmgeryskmale chﬁu;isground of
the quite o o |que o) r_ITi I ger p S

%P ahg A8/ 05 .g. &Jf'ogg t% t @grﬁu§£040$&eleg§ ?ﬁiutx ab%Q{]at are e.g.

transferrin
di pped 3@ i 37% o >8é)(9 W@s@imﬁe-ﬂ)om@l P\Pny“ECPIEﬁadltt @asésm%%f erred and

noving the %é'ﬁléf‘tt@xaﬂoﬁhétpf‘aﬂd) &Ol&bi\ﬁés%oﬁﬁt@lb)’hlghseéﬁsﬁﬂb_@ﬁ rate to

formrelati er I ot s. ese ment s @re known as
"replicator! %igéh§ﬁés app 1catlon, 8885 R uid™8E38

refers to a very small quantity of fluid, and not to any

partifular shape of the fluid volume). The fluids and

" 15 the resultant dots permissibly exhibit a wide range of
properties such as viscosity, evaporative
characteristics, surface tension, wettability, surfactant
chafacteristic, dynamic contact angle and free surface
energy. These and numerous other objectives are achieved

20 by a number of broad features and preferred embodiments
which are individually novel and important and which in
many cases cooperate to achieve highly effective results.

According to one aspect of the invention, an

apparatus for depositing fluid dots 6n 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
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of a product produced by such prior pins would be a 22cm 35 x 22cm bi oassay
pl ate carrying 0. 6mm di aneter spots

-4- | ocat grid 1 mmon center. This spot density_j

-appr oxi mat el ye‘g()ggr}3 eros of magnitude too | ow fromthat negg‘g,gsg?’oo?mcurrent
"Gene Chip" applications, and the previ ously known techniques are

i npractical for present 5 purposes for, nunber of other reasons as well.
Summary of the Invention One purpose of the invention is to

rovide a I d Al & & bk drops of
Pl s g @§€£%}Pt%r? 2Rk esledyo FBR e aRirriaer, ofn Oppa&ﬁa p

orms%gs Qf Iessrfghan.gbout 375.0r 300 [err]m

di aneter, andafaPEefboRYaREPEaked anfiAn. 2 AFRCSLE Fan RS ©And at

cor r espondi ngEyuid redemeilyi &3 a degdsedsadrayn phrefeb@ply ddte on, the term

fluid "drop” 51&{"'3‘%9&? § J&hheRkbngaidd.y of fluid, and not to any
aB% of the P

partiful ar shape uid vol rreg. The fluids and 15 Eh_ resul tant dots
per ni ssi bl y5 exhi bi t grg\,f.ﬁ%rerdaﬁ@gog{.m nt§, RgyYe, PRe L% Mofea8 v‘l?lé%om ty,
evaporati ve folleowiand deastires, surface tension, wettability, surfactant
characteristic, dynaglc QN 28k 900 CAPlck’ ffe S4di3%Rter less than

375 micron, preferably less than 300 micron, preferably

between about 15 or 50 micron and 250 micron.

io0 The drop-carrying surface is bound by a sharp rim
that defines the perimeter of the drop of fluid.

The deposit device is a pin or pin-like structure
having an end surface that carries the fluid drop,
preferably the pin or pin-like structure having sides

15 that intersect with the end surface to define a sharp
peripheral drop-defining rim.

Another broad aspect of the invention is an
apparatus for depositing fluid drops on a receiving
surface per se, comprising a deposit device and a f£luid

20 source which are cooperatively related 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 drop-carrying surface, the pin or pin-like structure

25 having sides that intersect with the end surface to
define a sharp peripheral drop-defining rim.

Preferred pins or pin-like structures have 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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energy. These and nunerous other objectives are achieved 20 by a nunber of
broad features and preferred enbodi nents whi ch are individually nove

and i nportan ich in many cases cooperate to achi gve highl
effective regﬁﬁ?s?M@ According to one aspect ofP?HB&?ﬁW% tion,
an apparatus for depositing fluid dots on a receiving 25 surface in an
array suitable e.g., for mcroscopic_ g .analysis reaction and the like, is
provi ded, conprising a deposit device and a fluid source which are
gooper?t :c ?/e.labé a:]giéﬁyﬁltsaddbﬁlerm e pandeprsi stresture, t bhfprm@aimssl y size a
rop o u_,d of small dia r.o .gdrop- yi ‘ 256 t he
devi ce, traﬁgﬁoﬁl’i'g’rf&ﬁgflpg%g%%ra é.|°a€p3)lc(§%'|lt ?8%?{'1 c%:ﬂga g%\’/’?%:u:é at aﬁgpreci sely
ref erenced batthelpin quein-bike\afrudtareecehtddPraferabeyY anth®ri ve
”EtC_ha”i sm dﬁi%drﬂgaﬂaa%ﬁeoéﬁe@éide kCBevied ats \tﬁﬂﬁ;trhatgﬁpﬂsid ti on
notion toward and a romt S ce, .the t adapt e
repeat ed %CvaﬁFr¥8¥@é§§?Pgltheﬂ¥%5§ 8Plcg Fﬁ%ﬁ%kgﬁé%ﬁgé_y ig a des?red
array, prefdiaplycedisle depppationsidicey enopges ckhe gigcedvied. 5
Preferred egljgdiggnts have one or nore of the foll ow ng features.

In important cases the deposit device, at the time
of deposit, is laterally constrained to a reference

10 position, as by the deposit device being mounted on a
flexure system that defines the referenced lateral
position of the deposit device, or the deposit device is
mounted in a manner permitting its displacement relative
to its mounting upon its engagement with the receiving '

15 sgurface, at the time of engagement of the device with the
receiving surface, the deposit device being subjected to
a lateral force or turning moment that engages the

- deposit device with at least one lateral reference
surface, preferably the deposit device being a pin or

20 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 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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The. drop-:carrying surface has a dianeter |ess than 375 mcron,
preferably | ess than 300 nicron, pr.eferably bet ween about 15 or 50

m cron and 250 The drop-carrying surface i nd by a
sharp rim  tW tggésg?" nes the perineter of the drop of flui JC%’US” otk

The deposit device is a pin or pin-like structure havi ng an end surface
that carries the fluid drop, preferably the pin or pin-like structure
havi ng sides 15 that intersect with the7end surface to define a sharp
peripheral dro

not he ect _of the
i nvention is ﬁﬁ gac%’ppcfr%gfugl’?%r 2 fSRosit| @% gg?% SCYWECei vi ng
surface per swhichrare sioegegabieyiat treéieW%etCarm”Oa(lﬂBuml thee depesdt whi ch are

gooper?t Id vel ygegial ed de BQVfﬁﬁidgtganspﬁ@ﬁ%th{sﬂgféé'rface gf the .
eposi evice a,precise ro ui e, deposi eV|ce ei ng
a pin or pPRELF RS &%‘f’u?ﬁp‘?ﬁf& ﬁlﬁvég PFS & FECELYHN %‘ﬁf\t%} t he
drop- car ryi Bigasdr §ates nelchapismoforpmeving etlst rdepogdtd @&vieesi ng srdes t hat

i ntersect with e&Q&@éﬂ,S%f asﬁoépmn rAsr:w@ @oﬂw anaearghef:%m the
drop-defining rim Preferred gllléls g Fff i ke structures have an
| P§ﬁ a

end sur f acESFRAYING SHEEEFEr | §% 12PP33R EsTRRRATEG o
cylindri cal aaﬂtsanptﬁb deposit the droppref eflheid dasesdésiratbpasay, device is

mount ed EOEEM%%;JCQ ngnéj'a[ &bk 0 efultd*%ceeagé@ rr;bmha when

t he deposrt devrce en a es the recelving pre erably tﬁe deposi t
devi ce bei A§ &&nPPY ;Felatél’f@p'?%\&é’&b%rw A HePORihgl PR Gnce of a
resilient 35 mhgbelubd sneirghe, deviade bathy, covridteddand satraiejedce i s

to resupply the deposit device at various locations along
the array.

In preferred embodiments employing a mobile

15 storage device, the deposit device and the mobile storage
device are constructed to supply drops to the deposit
device in the immediate vicinity of the deposit locations
for respective drops, preferably the mobile fluid storage
device and the deposit device being coupled for

20 transverse motion relative to the array and decoupled for
movement of the deposit device toward and away f£rom the
receiving surface.

In many cases the mobile storage devices are
preferably constructed and arranged to be replenished

25 from a remotely located large reservoir.

In many cases a 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, preferably the mobile storage device being

30 constructed to store a multiplicity of isoclated 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 anmlar fluid retention surface or
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an axially slidable pin or pin-like structure, the nmeans for urging
conprises a coaxial spring or a weight acting on the pin or pin-like
structure. gg,ﬁwéferably, t he drive mechani smfor the deposit device
i s constructe overtravel beyond a |evel at which t h&<CORPH% 1y

di spl aceabl e deposition device engages the receiving surface.

In inportant cases the deposit device, at the tine of deposit, is

| aterally constrained to a referencé’fb‘position as by the deposit device

bei ng mount gd zﬁ%”@ . & }-Lnd*‘%&lfé’ﬂ o “-Q%h ‘F‘eﬁ%ﬂ%;utsﬁﬁ £sfeLenced |ateral

position of 1 evice, or the nounted in a
manner pernb¥@¢¢ﬁ¥|QQ;adW§EP9€eﬁhﬁﬁ ha§|gpp9§ed 0#(?43P§e#§unt|ng upon its
engagenent ¥hifaddie thatecihngold Hualsacesf fluidedtweenothengngenent of the

device Wt htlfuce JSGTLN Dol 2Gee LORRAENOSIS AlBYGE fgpntkysubl ected to

a lateral Yoo gages tthé gvice with
at | east ﬁ)nénqia‘ﬂl# zﬂeBOQPér darice is gonggsucked it Aove Whéhél@pﬁi!ﬁt devi ce

bei ng a pi NnaghuPér FetenthonskutEdcy efrdeu ebtisctidad extbhdegaxial ly

relative to_its nDuntlng o] in-1ike :
Ceructure WA B0 HR PeErade ik Cron Whd dboB-carellde | 10 1o
| ateral ref eunmeeszfrfté@edspoalt d%ﬁrqengelagvm@ﬂcwﬁram the wei ght of
the devi ce, gaprZde QHC FuAECrYCAIEd Hirrth@eaﬂﬁﬂlaﬁ.e éﬁfaaet bEtegk or by

glt rGEtc[ :Jf](aeé Oé ﬁ%&e}% v%gfegr g?aaﬁ;%élegeg%% %e‘ﬁ Sﬂ: Fddf?l%l Ir(l;feerence
sur f ace. carrying surface of the deposit device belng proaected
through and beyond the surface of the retained fluid.
Another broad aspect of the invention is an
apparatus for depositing fluid drops on a receiving

15 surface in an array suitable for microscopic analysis,

' comprising a deposit device and a fluid source which are
cooperatively related to provide to a drop-carrying
surface of the deposit device a precisely sized drop, and
a drive mechanism for moving the deposit device,

20 relatively, in deposition motion toward and away from the
receiving surface, the storage device defining a
generally annular fluid retention surface, and the
deposit device being constructed to move within the
annular retention surface from retracted to extended

25 positions, 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 f£luid retention surface is associated with a
driver that moves the member relative to the deposit
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I n many i.nportant cases, the fluid source is a 30 nobile fluid storage
device that is novable relative to an array of deposit |ocations, the

fluid storage Y%g\ég'g‘%“{/ar bei ng constructed and arranged to rgé%%g;s%mkpe

deposi t dev i ous | ocations along the array. not her
broad aspect of the invention is an 35 apparatus for depositing fluid drops
on a receiving -7- surface,
conprising a deposit device and a fluid3ource whi ch are cooperatively
related to provide to the deposit devi ce a drqp.of,fl ui tr.ansport
mechani sm f or de‘”ﬁ‘c“)s'i"?i%rﬁeﬁggf‘ﬁﬁh’fﬁ%ﬁoéﬁ#uﬂﬁﬁ%éﬂ@\? rt:aer i #§ surface 5
and drive nmecHamessed oro meceiyet desubpiospt tlh!vid}e,. ~relatively, in

deposi tion motion tower depfish AWeberbi 0Bl IdibodineRES| M GepEhiace, the
appar at us adapt ed, b%/ repeated”™ . action, to deposit the,drops of fluid in
a desired arr&gvice 1§ Mif grsBiRt ’ﬁe?hﬁuﬁt‘l‘ﬁgiq'g'f YL 1B g8 devi ce

that 10 is BowRlreecof etind ifenthmes hdesrridpdobbaeposine pdnact @isi-liket he fluid
storage devi cedielpg: oS Ghe: 4 AHANGRE contifieeaEREh Yarkdhizagepos ¢

device at various [ocation e array, , Jn preferred-
enbodi nent s ef3ndsl REEENGASH EETIECY (310 GETARITL &0 MREEIRFHRIYY devi ce and
"the nobile staedgeive tieatter®.are constructed to supply drops to the deposit

Preferably, fluid retaining surfaces of the
10 annular storage device have a hydrophilic surface, e.g. a
surface roughness of at least 1000 wmicroinch or a surface
energy greater that about 2500 wN/m, preferably the
surface comprising tungsten, and preferably, e.g. when
cooperating with the annular member to pick up a supply
15 of fluid 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.
The apparatus of any of the aspects and preferred
embodiments described preferably include a cleaning
20 system and a control system adapted to control relative
movement of the deposit device to a depositing
relationship to the receiving surface and a cleaning
relationship to the cleaning systemn.
Another broad aspect of the invention is an
25 apparatus for depositing an array of dots on a receiving
surface, comprising a deposit device in the form of a pin
or pin-like structure having an end surface capable of
precisely defining a small drop of fluid, a source of
fluid for the deposit device, mechanism for moving the
30 deposit device relatively over an array of spaced apart
deposit locations of a receiving surface, mechanism for
repeatedly moving the deposit device, relatively towaxrd
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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device in the immediate vicinity of the deposit |ocations for respective
drops, preferably the nobile fluid storage devi ce and the deposit device "

bei ng coupl %Jggg.,fﬁgo transverse notion relative to the ar hﬁ(ﬁgﬁ%gﬁcoupl ed

for novenent of the deposit device toward and away fro ecei vi ng
surface. In many cases the nobil e storage devices are
preferably constructed and arranged to be replenished 25 froma renotely

| ocated | arge reservoir. - PR many cases a nobile storage device
hol ds a vol une, of . f.

ui d_havi afre urface into ich the deposi t
device is MOYEPEE" a?\%l e 9888 %Qg%?‘gicr? %e?f"ﬁ?ﬁ a r‘?ﬁ?ﬁt‘ﬂl’{}preferabl y the
mobi | e st orgdatienship & fhe300urrait fudeddsibing orelativmehipl t@ity of

i sol ated fluedsubstvPdtdRnd B Eleanild TedbtdoAbhip W) ltndl dtiganife apparatus
construct ed t?Fobtaln its fluid froma selected vol une of t he pl ate.

In other i T¥8FE8nt cases a nobil e storage device 35 defines a generally
annul ar 1 ui d ret &m eghodimentise igr which the depositi dgviedeis erm "annul ar”

or "ring" heiRgideed witH &f Abbile @Rl devideERbercdhal shagcrpposed or
adj acent , . sgrf ces th can_hqi JABss of fluyid between them by
Surface t erdiofier fERPalt SeviSe; 93 LIS eIy JRNAGRpre
preferably movable together to the cleaning system in
response to the control system, preferably the mobile
10 supply device being an annular member through which the
deposit device coperates. Preferably the cleaning system
‘has a nozzle for directing a flow of air past the annular
structure, preferably a cleaning or drying station
comprising a circular nozzle constructed to discharge a
15 conical flow of fluid, preferably compressed air, high
pressure liquid, an aerosol or heated air against a
deposit device or mobile fluid source, preferably the
deposit device being a pin or pin-like structure
surrounded by a mobile reservoir in the form of an
20 annular member capable of holding a supply of fluid by
surface tension effects, the nozzle flows directed to
dislodge retained fluid, to clean or to dry the
respective parts; in some uses preferably an circular
storage device is associated with a heater, e.g., an
25 induction heater.

In certain preferred embodiments of the wvarious
aspects and features described, there are provided a set
of at least two of the deposit devices, at least one
fluid source for providing a drop of fluid on each

30 deposit device, and mechanism for moving the pins
together transversely over an array of spaced apart
deposit locations of the receiving surface, preferably
there being at least four of the deposit devices
comprising a deposit head. Preferably the apparatus

35 includes mechanism for repeatedly moving each deposit
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5 and the deposit device is constructed to nove within the annul ar

retention surface fromretracted to extended positions, in the retracted
position the d - yi ng surface of the deposit device hei ract ed
fromthe su&&%@ég%§ fluid retained by the annul ar surfacéxﬁpggwg%@o
storage device, and in the extended position the drop- carrying surface
of the deposit device being projected t hrough and beyond the surface of
the retained fluid. Anot her bridad aspect of the invention is an
appar at us forngeppsiti flyid drops on a receiving 15 surface in an array
suitabl e for nPEYY ghaeyte, or meghapisn for meEiREie@chevi ce and a

fluid source whepdeitr deviceoaimritdaneeolyly olmtled ivelpy awowdedt and
drop-carrying f | [ [ Lzed drop, and
@ i ve. mechant ey Aot Eb8, LepLATROSUEchgY oof SpBReE SRteTicEY, | |
deposi ti on not $5PPE RfarESRREE HVR P ePPsATt HecationgcapFhg) xeFei¥eRI t he

st orage devixegdefade.ng a generally annular fluid retention surface, and

t he deposit device [ t : APV | 4.1 h ar
retenti onpsur face fr oﬁgfe%?né@?'gg%‘gge%%% égRQEP%&oéeHa?%%s?w? nmflﬁ‘g’glraet racted
posi tion the dAepeRir daviges axg MoygEedsor e QREPEEi FURRAAtoe I5&VERy retract ed
fromt heoI _ SUb¥ a& ecoiimonh @rivet cbg aare@bagﬂ.fysﬁéuh iaangiﬁrd Wrobacen of f the
storage device,, an ; e s ; . - r surface
of thg depositt %Vg%%ﬂgégﬁggé%é%%%je@geéééﬁ$8%bﬁh%ﬁa-‘%§5E%¥?é%egurface of
the retai netP devigg dis associated wWighppcFesResti¥AbBEPYAIR Fing, netder t hat
defines an 205K Hingbdatet£IHd aBuhtéed asie d ToRMSACHBIRALW th a

driver that moyes ING MeMRSimbs! @iveG bRebl&dSPRL  spacing of the
rings corresponds to the spacing of a multiwell storage
plate into which the rings are immersed for resupply. In
15 cases in which the deposit device is lowered directly
into fluid and raised to obtain its drop, preferably the
spacing of the deposit devices corresponds to the spacing
of wells of a predetermined multiwell plate, the
multiwell plate being a mobile fluid supply that is
20 constructed to accompany the deposit device across the
gsubstrate. In the case of supply rings or direct dipping
of the deposit devices, preferably in the spacing
corresponds to well-to-well spacing of wells of a 96,
384, 864 or 1536 well plate, or a spacing of 9 mm or a
25 submultiple of 9 mm.
The various apparatus described preferably have
one or more of the following features.
The deposit device and its mounting limits the
force of engagement of the deposit device 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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- 9- device to a repl enishnment volune in which the nenber is I mrer sed
to receive a supply of fluid. In certain preferred enbodi nents

t he deposit device is a pin or pin-like structure e.g. having one or 5
nore of theWREH®.s described above, the pin or pin-likePCTUSPPEB ur e
bei ng mounted within the confines of an annul ar fluid retention surface
and arranged to nove axially relative thereto. Pref erably,
fluid retaining surfaces of the 10 -ait@ul-ar storage device have a
hydrophi | i c surface, surface roughness of at |east 1000 m croi nch

ur f e.g. a . ) < .

or a surfad@ictigRePHPY) % SPEPLIRG fatHIHL 2560CHAISA YHtdr &hebly the
surface comsuppsirngof uttys tideposanddevideer abl y, e.g. when cooperating with
t he annul ar nenbermi0 Qi I f ' he_dr op-carrying
surface or tip of ‘Ii eagg%ggﬁtps %éég‘gi églﬁéé; fagéset#ros'gge?%f surface energy
great er th@redBsably congfruehed torawWram PURRer sof (e as§PPei si ng
tungstens sldides mt; s Tide -amxer atrlﬁcﬁireamtoo%fat-{ae &S P s;e@&dvmﬁgl(‘jerred |
enbodi ment s cri pr ef er Y.l e | 20 system and a contro
system adaﬁué%%f:g'ggﬁ?r%lgor%etgg?i ﬁtgfé#%v%ﬁ%ﬁ?%‘g#tgl%eanéiﬁ st odevice to a
deposi ti ng to depraitofetrs afo findd e deliesfedul parteient an ¢heani ng

rel ati onshigqlildest be sip@dHligeS¥6t@Btures, preferabDpitrd fingad aspect of the

[ [venti on |2 3.2 R ARPAYS, Ui UERGE WaddBatRyR B! dot's on @ recel ving
10 Another broad aspect of the invention is a fluid
deposit assembly mounted on a carrier for depositing

minute drops of fluid at selected locations upon a
receiving surface, comprising a deposit device having an
exposed tip, preferably of diameter of 375 or 300 micron
15 or less, constructed and arranged to carry and deposit
drops of f£luid upon the surface, stable lateral reference
surfaces or surface portions exposed for engagement by
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
contactse the receiving surface.
Preferably, for depositing fluid drops in a dense
30 array of mutually isolated dots, the assembly 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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or pin-like structure having an end surface capabl e of precisely
defining a small drop of fluid, a source of fluid for the deposit

devi ce, nechanlsn1for novi ng the 30 deposit device relatlve“y over an array
of spaced apar WO%Pf¥Posit Iocations of a receiving surface, Ym for
repeatedly noving the deposit device, relatively toward and amay fron1
the receiving surface to deposit respective drops of fluid at sel ected
deposit locations, a cleaning 35 system3and a control systen1adapted to
control relative nmovemnent
of the dep05|ﬁWG§Vﬁ§€mb%H%M§%?eéVFE%Lﬁﬂﬂﬁ?ces F%IQ&EQ%¥§hFBBP%FQWﬂ? source, a
deposi ting relditsoashipapeartivet hepdsthsﬂro&helamd an cheasunfade) ati onship to

the oleaning proUslell the fiuig sbibAMATLIEH A 01 ghat foonlgRoS!

device is &5soci a e. supp evl ce with
it, the deposﬁcevdé'ﬁl EGP%%EPWet%p?ﬂwséévﬁi%\éi%ﬁre whicBr ¥ erably novabl e

t oget her tost hpeneradly Ngowatdleetven the RIRYNSE dspdshe mea&tmnssyst em
Dheter ehLy (SDlaLEq kMR Ut S Bng R Sha BRI SUO" |
a nozzle for dia eesknpln tfhan\ﬂemsat rdgyise ?hevmmeSallocats@%the
preferably a ql&pabRotorchl WHrigyst ation

In certain preferred embodiments of this aspect

10 also, the deposit device ig a slidable pin or pin-like
structure constructed and arranged to dip into a volume
of fluid carried by a mobile storage device, preferably
the storage device being constructed to store a
multiplicity of isolated fluid volumes, the apparatus

15 constructed to move 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 multiple of 96 wells, and also preferably
including at least one driven stage for moving a selected

20 well of a mobile multiwell plate into registry with the
deposit device under computer control for enabling motion
of the depo=it device to dip 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 depcosit 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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conprising a circular nozzle constructed to discharge a 15 conical flow of
fluid, preferably conpressed air, high pressure liquid, an aerosol ‘or
heated air against a deposi t- device or nobile fluid source ref erably
t he depd¥? ?8%0i ce being a pin or pin-like structure §§”Wgﬁﬁded by a
nmobil e reservoir in the formof an 20 annul ar nenber capable of holding a
supply of fluid by surface tension effects, the nozzle flows directed to
di sl odge retained fluid, to clean or1%0'dry t he respective parts; in

an, ci rcul ar st oy age device is associated with a

sonme uses pref y
heat er, .{} éi;tgg Fﬁﬁ%ﬁﬁl“ﬁ*hhéaFeFe°31Vl g surfapq ag,the n preferred
enmbodi rrents;.xpﬁo:itliagvaedwsand despeet srantbdetdnenr msvelésoaﬂidta'melyhere are

provi ded A SRdrd thel rabel PR Jub2aBL ESF digRASkInGeYi &85, at least one
fluid sourc rovidin drop of fluid on each 30 deposit device, and
nechanlsrn2¥ﬁ QEEPEHQ ﬁeﬁé%é%Fe °ft653?}Hﬁquw£%¥&éﬁsél§u¥£%ﬁe % array of
spaced @pafdérm subapastial by atatahdngf théefomc @ifvichg porfime,ofpref erably
there bel AthdladARal diBHbadd dd'2olaRaS1E, dRdtany CAUMIL YA deposi !

head. Preferab t he appar at us cl ude ani or repeatedly novi ng
each depos@?lng respectlvely conical, each preferably configrming to

a portion of the surface of a right cone.
In certain embodiments a means for urging the

10 deposit device against reference surfaces-applies a
lateral force or turning moment to the deposit device,
preferably the force or turning moment being applied by a
spring bearing eccentrically on the device or by a
pushing member engaged with a remote end of the deposit

15 device, one of the engaged end and pushing member

" comprising a surface set 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 also 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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devi ce i ndependently, or nechanismfor noving each deposit device

si nul taneously, relatively, toward and away fromthe receiving surface
to deposit res drops at respective deposit |ocatigns o

receiving 5 §8§§%%%g’ For simultaneous actuati on, CBWEQ@&§§|y t wo
or nore deposit devices are nounted on a comon support, driven by a
common driver to deposit respective fluid drops on the receiving
surface. In cases in whi ch each deposftliO‘device is associated with a
respective st : stor 9 rj are.al so nounted on a commmon
support, 3?9 ﬁl W?Bﬁﬁﬁﬂ ﬁ?e?%é%ﬁﬂ?f LReTEFRMER T6F 2t he

rings correspundmomcadﬂuatspacprgf&nabaynnhe|d&§d51§tdeagees plate i nto which
the rings are bggﬂéﬁf{:, ﬁ&'boﬁ?@%é’orl BiAS 0as G rhBepigh the deposit

device is | ower direc agg raised to gbtain its drop,

preferably the spaep GﬁEﬁﬁﬁt° PRV s 38nBR to the spacing

of wells ofsaappeﬂ&tmﬂrddmpdisnmg|aMmdb1méafku1dluioragaudeviudI plate being a

nobile fluid do . Y, e t device
3BRLY S Monl 8 oSN tarevg&e 5 cf P nd b ILeBOSE

across the rat ase 0 rings or direct dipping

of the deposi endayreeet QGQPE%Eb]r%PﬁtﬁWﬁe Elt%cq]ﬁ’d'd steprge I53iGe to
wel | -to-well $Raay ngométmeltlaa ahd ardanged SB4restippler tAdJfepuaile pl ate or a

spacing.of 9 nm or ge %a%ﬂ% %@Aiﬁo?ﬂc %lgﬂ]resrﬁ)ect t? t% haﬂ%@‘gw

appar at us desCri prefera g
features. 10 one Caseil’ﬁ?ﬁf@ﬁé 1y the mebiandtivid mserRPRASTIR s the
force of engageAngt cohsthirtdaposidtaieyiacaulpiplidiey30fr tesiatedy surface to

| ess than 1 oigiy oPLeffldb! ¥nLCSfharatliiaBofstn il ¢ fheL Ay L0 about 0.3

gram posi t as a natura frequency greater t han
10Hz, prefer amo}bléﬁe%‘e?a%éﬁ"%ﬂzrdatl"e to therglePRELF ofeH¥ca K@ deposit
devi ce t owar d gandceVelye fluid to be deposited, preferably the deposit

15 device being a pin or pin-like structure constructed and

arranged, under computer contreol, to dip into a selected
volume of fluid carried by the mobile fluid storage
device, preferably the mobile fluid storage device being
a multiwell plate having 96 wells or multiples of 96

20 wells, or z spacing of 9 mm or a submultiple of 9 mm and
preferably the apparatus including a driven stage for
moving the fluid storage device into registry with the
deposit device under computer control for enabling
dipping of the depcosit device into a preselected fluid

25 volume; in another case preferably the mobile storage
device is an annular ring that retains a supply of fluid
by surface tension.

The invention also featureeg 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 ie a method

of depositing a biological compound on a substrate or
causing biological 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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35 fromthe receiving surface is danped, preferably by )
-12- friction or by a danping nmaterial associated with the support

of the depo The apparatus of any of t eqgoing is
preferably gfucted to mount a nunber of mnicroscope 5 §Fﬁ6&@&@%%
slide-like structures to serve as the receiving surface, and a control
systemis constructed and arranged to deposit drops of fluid in selected
| ocations on the slides or slide- IFﬁe structures, preferably the fluid
source conprisin e, of biglogical br oad
aspect of tﬁ%m??l‘g'é‘ﬁtolroﬁu StangE Y @ PrEs 8%#3( da%tseémpﬁdnﬁﬂﬁ%% a carrier
for depositépgt relatriveetar bhe abstinate oy nethanisallycaoveringipon a

recei ving sgh fﬁan@qa@robitnaeﬁél@p it e#aM1 eahﬁi(rl;ﬂ@laﬁﬂ pin€xposed tip,
preferably of %i net er _of 375 or éﬁ nlcron gS ar, I'ess co structed and
oPaT ék

arranged t THOSYERY O YiHSHs 2fTeP Ph %ﬁ"’f“ﬁ@ B8rf%ace, stable
| at eral r®f snbstance iﬁJmh&debY0$u£ﬁﬁﬂEacen§Dcn;cﬂnwa;ﬂb@bsd for engagenent by

the deposit odgyiforne txﬂﬁ:ﬂui:faécﬁﬁ%r %:I.hf-%ﬁep&'ﬁﬂdm&e cofiffet4 ucted and
arranged to prevent |lateral dis Iac posii device relative
to the carrf g? WRFETARE OF geBb éig%%cg°wg°ﬁ? éﬂ‘t r@ SFHR%® and neans
for urging and thereafter mechanlcally lifting the deposit device
away from the substrate under conditions in which the
10 fluid drop transfers to the substrate or 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
15 drop being less than 300 micron in diameter, preferably
less than 200 or 100 micron in some cases preferably
superposed drops of both. a compound and another substance
being successively deposited by the said technique.
Preferably in certain cases the fluid supply of
20 the biological compound or substance to be deposited by
the pin or pin-like structure is obtained by dipping the
pin or pin-like structure in fluid, or the deposit device
is 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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t he.deposit device against the reference surfaces or surface portions at
| east at the tine that the deposit devi ce approaches the receiving
surface to depgsit & 25 fluid drop, the reference surfaces or surface
portions andAR8fans for ur gi ng cooperating to positi orrqrﬁjé”’oo’:’aepo& t
tipin 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 as3@nbly conprises a fluid source

for repeatedly providi gﬁf dlscrete dr op of fluid_on the tkgvpf t he
deposit devi c®® ABCREFFEMYOLO © Hﬂlehglﬂe%F(ﬂénféP5F|%%F%P & an array
of spaced anaat pllepesrisitedabycas arinudareseppliyngisg.face, nmechani sm 35

for repeatedly novi n%{fﬁ?ﬁegeﬂﬂgfd asglarg{;lgflt otlge Vehdidd s a method

- 13 - away fromthe recervin aces osit respective dot s
at respective afepssfucing ALTGNE 6 ﬂ%;idsépf:ac%omprlsapgf BFavidinshant | ui d
source bei ng ax¥ali be édamplciam:oaag@slt i tee SSfdEng ﬁboémt e deposit

devi whi ch I t
the Truid st orie SHEORAEE b R, PE Vel rdieing paERG A o8T01 O

deposit devi cEcgm 9§rpms°rr @éar%h% %Wtuxeﬁes%tdeﬁ’écﬁﬁehﬁ‘f#%
spacings corresponding to the well spacing of a 96 well

plate, or a plate having a multiple of 96.wells or a

10 spacing of 9 mm or a submultiple of 9 mm, according to a
sampling plan, preferably either dipping mobile annular
supply rings into wells of the plate or dipping the
devices directly into wells of the plate with which the
device is registered to provide fluid drops on the

15 devices and transferring the drops to respective
locations in substantially denser arrays on a receiving
surface, preferably the drops being deposited on a
microscope slide in a pattern of square arrays.

In the various methods, preferably drops of fluid

20 are deposited under computer control, by moving at least
one compliantly mounted pin or pin-like structure having
a drop-supporting surface of diametexr less than about 375
microns, preferably less than 300 microns, preferably
less than 250 micron, to a selected position and

25 depositing, with the pin or pin-like structure, a desired
material,

In the various methods, preferably the receiving
surface is fragile, or soft, preferably the receiving
surface is porous or microporous or fibrous, preferably

30 comprising nitrocellulose, nylon cellulose 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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In certain preferred enbodi nents of this aspect 10 al so, the deposit device

Is a slidable pin or pin-like structure constructed and arranged to dip
into a vol une of fluid carried by a nobile storage device, eferably
the storage e ¥&%eing constructed to store a nul ti plH FJ(LF%"B? i sol at ed

fluid volunes, 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 bei ng-al®6-wel | plate or pl ate having a

mul tiple of 96 wells, al sp preferabl i ncl udi n | east one driven
stage for noving a E%# fgemﬂ??hﬁfléyﬁﬂgﬁPge%u 931 | &te into
registry mAquidnselec@eﬁoSt@mcnhﬁ(g;oupdef hiwﬁngunalcﬁhnld$ for enabl i ng
ot i on %éﬁ&?%' Ehgeé’ﬂ)é'&fti%a@'lgn' nﬁpe@éyém r.aE &Qeenalpr esel ect ed

well to prOVI

ﬂ | ect ed e devi ce,
I n ot her pr’é‘Fb‘Fﬁ@d%&ﬂF‘ﬁ% tBF¥9%e Yobi F e‘§’t‘6§ gft@r reB‘éW"B% "f‘stban annul ar
ring as desbiobegicdlowaterial, a fluoresembydnamstiali,nanhisk, tdwe,deposit

device is ag | I liveCmatdriSl Pioaf & FRLNi MOt | oned by
engagenent mn?ﬁgéﬂ%urfm%g o? ré@%kﬁ%ion &ﬂos% axis is 30 dfsposed at a

pr edet er ni n@@ ?%ﬁ%ﬁqq%ﬁ§ﬁlBrtipi?ﬁ?q4§§e|9Fnﬁ clealing, Ok or substrate,
preferably heetsari=zicey atent.revol ution being in the formof a supporting

| edge that Suppﬁasénéﬁ%&% %%P%&Qf%fmaﬂé“ nivint Vwi]énafsseaﬁé y in the

direction toward t receivin ace g rq¥1 IL.ch 35 the device is
free to ].Qf{nephoqlég%(g@@sg.gz.ggne al&o]aglpﬁ fluid with a pin or

pin-like structure comprising supporting fluid within a
ring by surface tension, and moving the pin or pin-like
structure through the ring in the manner that a
relatively small drop of the fluid is held by to the end

15 of the pin by surface tension and deposited on a
receiving surface.

Preferably an array of deposits formed by any of
the described methods is microscopically examined 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 diametexr, 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 diameter, 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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- 14 - . tip of the device with the receiving surface as the
supporting | edge and device are together noved relatively toward the

recei ving surf depositing a drop, preferably the
revol ution havﬁﬁgwégébrface of 5 formsubstantially natchinggﬁ&g§@g§£1of
‘the portion of t he device disposed to engage it, preferably the surfaces

bei ng respectively conical, each preferably conformng to a portion of
the surface of a right cone. ~ 1Pn-certain enbodi nents a nmeans for

urging the 10 deposit device ai nst reference surfaces applies a
| ateral force or turning ﬁEﬁﬁﬁiigﬁgz%ﬁ%%%Rﬁ§i§%?§d¥§§¥%§9§ preferably the
force or turning nomamt thei Ripnamsl:i ed by a spring bearing eccentrically

on the device or by &g PUSHINGLERMBSEy CORSRM YE LD fegoriRt gignd of the
deposit 15 device, one~of the enga edtgge and ushinganenbef conpri sing

a surface set to@tahsatdteraddyl sonstrainegd by peing 1oadge\R931i08 M43 the ot her
of the surfagcasfeespceSsiuxfazre. EbfyexlalsoutVhaktuatkacelesgeged upon t he
angl ed surfac <1 PLEL € : vexl:V..C 1 ined by a 20
confined bal | T4 ebégég%?#ﬁ%?gt %ﬁﬁ’éﬁl?éﬁeﬁ"%ﬁ‘%%%%?aﬁf“%f%f erably by
_bei ng pushed #pPdoxefght . I n enbodi nents in which the deposit
device is in t he fRjgn oA e i Rcrosspbéctidte takenconriEinea 1a-LMCHLr €

' prevents rotatj.on of the deposit device about its own 25 axis, preferably
the pin or pin3lrke’stfucture-confined . in a conplenentary_space that
“prevents |28 rotatiofi@oulB and (I KA E&?@F(ﬂlmélﬂﬁtﬁﬁnFﬁﬁregénts rotation
of the depositillustextiny dHheirepihl Yodditgdakeahgamemusi.si ng part of a coil

spring which surrounds Angpi oo f116L008kLY: S GYEEEcL &rd Mev of a

deposit pin that has a conical surface mated with a

complementary seating surface of a support plate, while

15 Fig., 1E is a diagram of a longitudinal segment of the
gupport seating surface and Fig. 1F is a diagrammatic
view with vectors that analyze the reaction forces of the
support seat in response to lateral biasing applied to
the pin.

20 Fig. 1G is a representation of a spring-mounted
and damped deposit pin.

Figs. 2, 2A, 2B and 3 are diagrammatic side views
of combinations of deposit pins and cooperating supports
that provide lateral constraint of the pin, Fig. 2’ is a

25 preferred alternative arrangement of a portion of Fig. 2,
while Figs. 3A znd 3B are cross-gectional views taken on
regpective section lines of Fig. 3.
Fig. 4H is a perspective view of a deposit pin
mounted by a pair of parallel spring flexures 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-gectional views of other deposit pin mounting
constructions employing pairs of spring flexures.
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30 pin or pin-like structure, a protrusion of the spring engaging a stop.
surface that prevents the rotation, preferably the spring also providing
axi al conpliance to the pin or pin-like structure. uﬁ@other

br oad aspec?voo’\m‘"fﬁ% invention is a deposit 35 apparatus cgﬁrp’}llsgs?llong a
multiplicity of deposit devices as -
15 - descri bed, nounted for notion together in response to a conmon

actuator, preferably the deposit devitfes conpri sing deposit pins or
pin-1ike structures

Anot broad a ecty of theJnventlonls an
5 apparat us conp?lg?ngsﬁ'%ﬁjrelpé'cgl ggﬂ %‘f‘b‘r‘%{b ngg\/l gROSIE By ate from a
deposit dedepesaningdmaladigahnitbid wveeagentn withlightdeposit | ocati ons,

the fluid %3,9{:98@ #5MLEE on ab?kgglmtIH&E%é Bosiefdmnrged to resupply the
deposi t evice at various cations with r sgfcé to the array, in 10 one

case, pref GeRSLy1PHcSWOIAI% P 85 <2 JHEFESGETEC bei ng constructed to
store a Bulti pI i C|Riy_:ysof SFsBI acllepict theuadtion ofes pihedeppadting

construct eq tﬁﬁa 1110Bbk-8us t OF aErdaeneeans| Gt it tlakkhe deposit
device to sg1 ect t ? i'd"to he si,t ed r.ef erabl¥bt he deposit 15
devi ce being a pi Fi&- §n® g?‘ﬁ% %t’f"@c‘%uggl@%nﬁh? TR 22 2% ranged, under
conput er cafdmiwhith énparwsy of detectad be deposited.

Figs. 5K-5N illustrate the process of depositing

10 one deposit upon another in a precisely aligned manner
while Figs. 50-5R illustrate deposit of a large spot upon
which small fluid dots are deposited.

Figs. 58-5V illustrate multiple deposits formed by
vertically upward deposit motions.

15 Fig. 6 is a diagrammatic view of depositing dots
of fluid on flat-bottomed wells of a multiwell plate.

Fig. 7 depicts a mobile sub-reservoir that travels
from one deposit position to another with a separate
deposit device illustrated as a deposit pin.

20 Fig. 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 is 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.

Fig. 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. 9G depicts a station
for removing liquid, washing and drying the pin and ring.

Fig. 9H depicte the narrow walls of the wells of a
PCR plate and the supply of a sub-reservoir by immersion

35 in a well.

' SUBSTITUTE SHEET (RULE 26)




vol une of. fluid carried by the nobile fluid storage device, preferably
the nobile fluid storage devi ce being a nultiwell plate having 96 vveIIs

or nultiples o well's, or a spacing of 9 mMmmor a sub
b el adi | orcrhBiageth °: e

and prefera apparatus including a driven stage f

fluid storage device into registry with the deposit device under
conputer control for enabling di ppi 2g of the deposit device into a
presel ected fluid 25 volune; in anot her¢kase preferabl y the nobile storage

device is an annul ar [‘I n hat retains y of fl uid surface

t ensi on. : g%véﬁ?t Foﬁr%?%dsef:&&?g%eswﬁ?’e °ﬁthBﬂe%?r}/§}¥e of al |
t he descri bedpnemmdjannnldlep@&-memgrfrbw dledrigpssuBtaldspdoral | y t he fl uids
mentioned in Lag, 506 Ilsat {rQQcos:Lty fluids A8l nRERGE 3R sLpPly t he

i nvention is a ngthod 8 03|t|ngﬁ£§|olog|ca rﬁr}{)ﬁéﬂ%d on asubstrate
or causi ng2Bi bHHtEAteEoID s s VRIS £ -wPPhig 1®¥ybst ance at
a predet erns ned plosidevdweonf aFybAIr.ate, 35 including the step of

depositing at |east g . 0dx t:l.féea magn 1f1ecﬁ v:.ew of a r%:u.n and rl - 16
- conpound or subsTance | n pr.eci se determ | ocal |zed spot

rel ative to tAESSTRLE g ¥ B?hn%aﬁ%“égl FW?%ﬁ“ﬁSaﬁes a%%npl i ant deposi t
devi ce, prefespbtiaXlc@ptednyhilien Fiy. 9L illustrates on a less

magnified scale the immersion of the assemwbly for pickup
10 of a loecal fluid supply and Fig. 9M, similar to Fig. 9K,
illustrates the fluid load that is picked up by the

assembly.

Fig. 11 is a perspective view of a multi-pin

deposit head mounted for cooperation with a multiwell
15 mobile supply reservoir while Fig. 11A shows the same
elements as Fig. 11 in a supply relationship.

Fig. 12 is a diagram of an operable pin pattern of
micro deposit pins while Fig. 13 illustrates the initial
relationship of the pins to a standard 96 well supply

20 plate.

Fig. 14 defines a useful sampling sequenée for the
pins of Fig. 12.

Fig. 15 illustrates a pattern of separated squares
on a microscope slide which the pins of Fig. 12 can

25 simultaneougly address while Fig. 15B shows details of a
aquare;

Figs. 16, 17, 18, 19 and 19B are views similar,
respectively, to Figs. 12-158B, illustrating an
arrangement employing a 12 pin pickup array used with a

30 96 well supply plate.

Fig. 20 is a perspective view of an assewbled
deposit pin constructed according to Fig. 2 combined with
a respective supply ring; Fig. 20A is a similar view of a
group of four such assemblies.
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pin-like structure, to which a drop of the compound or 5 substance is held

by surface tension, toward the substrate until the pin or pin-like
structure contacts the substrate or a pre-applied conp 0 e
substrate WOMRAPhereafter nechanically lifting the depogg{]’%ﬁé’z}f’%g away
fromthe substrate under conditions in which the 10 fluid drop transfers to

the substrate or the pre-applied conpound on the substrate, preferably
t he deposit devi ce, when approachi&i?g-the substrat e, appl ying a force to
t he substrate of |ess than about ram pre erab s t han 0.5

granms, preferably Eigouglols ﬁr%ﬁ?ésﬂfr?&l BeVEF4HYY & l?@ %:f) bei ng | ess
t han 300 mdgvdrke Bmployticerdetpridbeofibthe pin dsslghaquIQ-oﬂ.loo mcron in

soe cases Rhglekabby x, Y%erQSSQefIrQQ?IP farkaibearaongp e cand anot her.

subst ance eing successi vel eposite the sald chni que.

Preferably Wml@eﬁ'tla n%a%@é‘sc‘:ﬁé‘tﬁﬁuﬁ’a FHISF S¥S56™ "BV Bal conpound
or subst ancgrdup E depembliub E Figt hzopior dtigpi A1l cémsttuansdure s

obt ai ned by_di pco rEtﬂgl €%)l n or pin-like structure in fluid, or the
deposi t devfr%re STsup or ‘ed above the substrate, at the dep03|t | ocati on
within a ring hol dmefIZt}l angy 238358 PATERECHHVE SFAEWHE28 pin i s noved

t hr ough t hegddithdd) welhR &Rd NEYrdneaiflaxure Mwaiting pfsandépakidp of the fluid
supply is held t he 0] n by surface
tension, PR qy ctﬁsgﬁk Jifﬂ@%eﬂh sé%?éﬁ'adfl%ﬁ S éf&%#HﬁE

hcas & gb carrying
surf ace ¥ound by anglar%:?Br i ?hEFr%P%‘gsW[ehéHSU Gf‘o‘bhe subassembly

~ Preferably &'ﬂeﬁ'{d Ulzds comBEnEE PR @tivers| foxl the pineenddthie amber group of

fluids di sposed s%bﬂrv@lljxg pl ate, either a plate which noves across

~ the substrat®® ?ﬂ’olr
' Fig. 24 shows a ganged deposit system having four

independently operable deposit pins.

15 Fig. 24A is a partial perspective view and Fig.
24B is a plan view of a ganged deposit system having a
number of flexure-mounted deposit pins driven by a single
driver and a corresponding number of sub-reservoir rings
driven by a single driver; Fig. 24C is a plan view of an

'20 array of dots producible by the system of Figs. 24A and
24B.

Fig. 24D is a perspective view of the ganged
system driven by a linear stage.
Fig. 25 is a perspective view of a machine for
25 depositing dots of biological fluid in dense array upon a
series of microscope slides.
Fig. 25A is a side view of a slide holding
arrangement useful in the machine of Fig. 25.
Figs. 26 and 27 show features of the control
30 system software and method for conducting the deposit
action.

Preferred Embodiments
In preferred embodiments a deposit pin of small
cross-section is employed with a mobile fluid reservoir
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- 17- . be in proximty to the deposit pin or pin-like structure, or a
plate visited by an annul ar supply ring. Anot her broad aspect of

t he invention @85@3% hod of producing arrays of fluid dg}rflggggﬁ%{’)si ng
ray y

provi di ng an of conpliant deposit devices accordin f

the foregoing clains, the devices preferably being in the formof pin or
pi n-l1ike structures, the devices having spaci ngs corresponding to the
wel | spacing of a 96 well plate, or &3pfrate having a multiple of 96

wel l's or a 10 ,spaci.n f 9 .nm.qr ltiple o . ording to a
sanpl i ng pl an,t"BP"g*ﬁ‘éga@i“’y pellr}{nﬁgrr%?gap)%%ynﬁgﬁ%eeédn%&emg}nscg%hn ly rings
into wells of aimedphndeshapag pi dgtinge and getabeondiitsctiy & rAwedwel | s of

the plate w thhpighat Beom théeveServdid,eghst 8F68 dontRiaYhgdeodlyi d drops on
the 15 devices and tragsferrlng ghe qir\oﬂps.tolre ective | ocations in
subst ant i al | y TGl MaFFEAAL &7 PR A #3791 WS ace, preferably the drops

bei ng deposist ed on a The npiwene c@hdahel duaepiis Sypacadbiy ddteymined by rays.
CompUE €1 —cont Tl e A e et ed pin or
pi m)l i ke str u&q}ﬁrécﬁﬁg?ﬁbﬂ% of Eﬁﬁptjs%;?&grtgfanﬁg‘&ﬁ% 3’8&)10?53]% er |ess
-t han about 375riscosityomsd swrfheeabensiamsoft bhe Boddricorbas, preferably
less than 250 fifydRed! nd 13 CELRAIARS HWyORnEAY the tip is
10 supplied.
By providing the tip of the deposit pin with a
sharply defined rim, it is found during repeated action
that fluid drops of consistent volume are defined by the
tip when all other factors remain constant.
15 Presently we prefer that the rim of the tip of the
pin be "sguare", i.e. that, in profile, the end surface
of the tip of the pin be substantially at a right angle
to the side surface of the pin, and that the pin side
surfaces be smooth. Preferably the pin is round in
20 transverse cross-section, though it may be of other
shapes. Under certain circumstances, as when depositing
on porous 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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25 depositing, with the pin or pin-like structure, a desired mat eri al .
In the various nethods, preferably the receiving surface is fragile, or
soft, preferg@ recei vi ng surface i s porous or m croporous or
fibrous, pre %%7 %30 conprising nitrocellul ose, nylon cef¢UYS¥®hket ate
or ponV|nyI|d|ne fluoride or a gel, preferably the nmenber defi ni ng
the soft or fragile receiving surface being nmounted on a rigid carrier
menber, either directly or upon an%4nrerned|ate soft or resilient buffer

menber Preferably
the met hod “E'CEH'BFBy%Bdt‘CPI(?eﬁE}?Ft (375 mlﬁ’i?P&)sef&? APallst, EhBSgroup of
bi ol ogi cal fil.ei.dsips smsldreirbédann.dhe igpdci(Biooanicrongdr efrer abl y t he

materi al &%L.Es}eg @aqkags o3 RiebS. Ysd Cheplepl St JoRetben Wth 5

bi ol ogi cal nmateri a | uor esci ng paterial,. an_ink, dye, stain or
marker, a phdPofiErdet ?r&?eé’r"‘?e&rn 58 mLCTRRshA 4P MLGHP M rcapsul ant or an
etchant Br a cl earimpreferredebwlimenhyg, agenteast at the timotdfer broad

aspect of ”é%g‘aﬁ\éﬁ@htoé'f'&xé ?ﬁnlg mépda&f eROFLAd M 0! 0gi cal fluid

with a pino pirn-11ke structure conprjsin ortin fIU|dW|th|na
ring by surfpff@é’lﬁéng?ﬁhtl%?d‘g i FBe Pt pith aﬁg‘lﬁf’g | ¥ ateral

constraint of the pin to a reference position. The pin
is also axially controlled, preferably by a compliant

10 mounting, to limit the maximum deposit force to
preferably less than 1 gram, in preferred cases less than
0.5 gram, e.g. 0.3 grams. The lateral constraint ensures
that the deposited drop is precisely located while the
"gsoft landing" assists in achieving a well-defined

15 deposit, in protecting the end geometry of the pin to
preserve its drop-sizing function over long usage, and in
protecting fragile substrates that may define the
receiving surface.

With these provisions, tightly packed arrays of

20 deposited dots of fluid can be achieved, i.e. arrays with
center-to-center spacing between dots of less than three
times the dot diameter, often only twice or one and one
half times the dot diameter.

Fig. 1 is a free body diagram of a deposit pin 12

25 having a microtip that is laterally constrained to a
reference position by application of forces (see Fig.
17A). This achieves precise X,Y positioning of the tip at
the time of its 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
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structure. through the ring in the manner that a relatively small drop of
the fluid is held by to the end 15 of the pin by surface tension and
deposited on a ei ving surface. Preferably an_arra

deposi ts forneHKB?k§§9 of the described methods is nicr o3& é%ﬁ?
examned with a w de area scanning m croscope. 20 The I nvention
al so features an array product conpri sing deposited dots of fluid of

di aneter |ess than about 375 nicrorr @daneter, preferably Iess t han 300

m cron, preferaply between or 50 a , Cron, array in
a pattern corr@éﬂ&n&%nge’?%m]ali uﬁ8ff‘8??9ﬂ‘g ?ﬁ‘@e%ﬁ’s% f'ﬁ‘uH‘Snt fgh I Is of a
96 wel | pl at e,pgukefdenabays. the dots being spaced fromeach other in the
array less  than twreecr{e' BRBod it QEWF&@V a rahaf @Aaahé/ déap%%ﬁhan

tw ce, or about,K one and ¢ hal f tines, the gtgit the osits
preferably restih ig EBSHI% ARSYPRPET o't opa" SOPH"I Mehohateraliyi e or
soft surface, qumefteadbeyd at thqommasof)rengagempntmrsmhleasabstmesurface

preferably ££! RungeA0t O B %@'ahwko mhen ff@élea Qr%edi‘S?iéée%

pol yvi nyl i di ne uoride or a e or sof t surtace 4)ref erably
nmounted on a r‘F@}'faé'd&NpEB?-?t’cﬂ%é& F?eoﬁuﬁ?\?r\‘/"l yheRn tha &ifeGREOUnLRH
resilient buffigie mribsef-ate. When the support is lifted from the - 19 -

substrate the p1n is free to return to its seat. The
10 pressure applled to the substrate by ‘the pln can be
determined by the weight of the pin alone, or as
supplemented by a spring or added weight. Preferably the
pins are secured against rotation to ensure repeatability
of position despite possible variations in shape of the
15 pin due to manufacturing tolerances.

The details of preferred laterally referenced pins
axially displaceable from their support are described
later with reference also to Figs. 1B to 1F and to Figs.
2-2B, Pig. 2’ and Figs. 3-3B. With the mountings shown,

20 the movements occur accurately over a wide range of
ambient conditions.

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 constrains 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 wmicron (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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Brief Description of the Draw ngs In the Figures: Fi g.
1l is a free body diagram of a deposit pin that is laterally constrained
by bei ng Io%g(ﬁgg{ﬂ% inst a 5 reference surface. Fig. 1 also illustrates

alternate 2 sub-reservoirs with which the deposit BGTSp00730
enpl oyed. Fig. 1A is a cross-section taken on line 1A-1A of
Fig. 1. 10 Figs. 1B and 1C are views simlar to Fig. 1A
iI'lustrating other pin |oading arrar‘rgéﬁents Fig. 1Dis a

di agrammati c per spect i ye, vi e gepo& t pint has a coni cal
surface mated wit hPROVIS{QRS ﬁeﬁPéF?b af‘E‘?“H"é" r fBge ’Eﬁ"ea%ﬁBSrt pl ate,
whil e 15 Fi gepé&it pim, diasgidtustracddrig thei mwSSMnEnablehea support

seating Sur&a&ea&&dpl%cﬁctaﬁlescanéawrﬁmt h{aon cid S¥adiinyectors that

anal yze the reaction c%s g %@n "% % seat jin responhse to |lateral
bi asi ng appPPBBt’E%te FPRt Sapding”) deppyte (yaniatiopgn iRttt ation of a
spri ng- nosinhefight afdltaspbdtdaposid.pi due to variatidasgdn 2, 2A, 2B and 3
are di agramygl e, Sl 'nﬁ\é‘%osco 9 § fEHs“%E:' Pf§d8-fl:ﬂ€ao% ngnépa{'d

cooperating supports row | ateral constraint of the pin, Fig. 2
is a 25 pref”@ﬁ-?gdt%?t@r‘ﬁé’t %9& a??%rﬁ)@?‘éﬁfi of SEPHHRT JiFSHLLR; ganz whi | e
Figs. 3A ante3Bbeained dsyscoatrbbhitg imslepaktn pin foxcesppohitiee section

| i nes of F| AL S t ViggWo0oEk a deposit pin
nounted by a ngFat? br lﬁslsxeghglg'1 n éﬁ%)fﬁ‘?gsgﬁg %ﬁh ? 0 % is laterally
const r ai ﬁgdga'ﬁﬂ pPE%%?ﬁaéﬁYf ABRY a:?ﬂﬁfm about its own axis, the pin
acting vertically Whiteghefticalmedipreoheios fva Hepbsit fHirgds 4A and 4B

are partial o o GLOPG 564 90, YLAYE fci¥HRCEafdoBOSdpiRlyagTOuNt i Ng
The deposition systems described have long-term
dimensional stability, being immune from temperature,
15 humidity and other ambient changes. The systems enable
spotting of, e.g., a full set of 40 microscope slides
with 10,000 spots per slide, a process that may require a
few hours to a few weeks, depending upon the number of

pins operating simultaneously in one head. The
- 20 instrument may operate unattended for many hours at a
time.

For high speed operation, the system also
preferably has a natural resonant frequency higher than
10 Hz, e.g., 20 Hz, which is achieved by employing a pin

25 of low mass and a suitable support.

To operate at high speed, e.g. such as a drop
formation/drop 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

SUBSTITUTE SHEET (RULE 26)




constructions enploying pairs of spring flexures.

- 20 - Fi gs. 5A-5E depict the action of a deposit pin

depositing biological fluid or reagent, with |ight contact force, on a
preci sely Iocaf“ggmﬁé"é?t ion on a receiving surface such asP@YNP¥Fcope
slide. 5 Fi gs. 5F-51 depict the action of a pin depositing fluid
on a fragile, porous or soft nenbrane or the |ike. Fig. 5J shows
arigid slide carrying a nenbrane up@av? which an array of dots can be
deposi t ed. Figs. 5K-5N illustrate the process of depositing 10

one deposit upeh theomtisr shppertpr eFhseggnendlgmrdnaipkerof cophinedrigs. 50-5R
i ['lustrate depggigli@nce hadOSagiiely WBODM lustiiitel sHBkigflig.d dpés are

SIEELSS, g i T L e SR L

j-

ERF A 5PEMRt i ¢ vi ew
of depositing deotuffergd byus dampihgadevine dhedheerpeing agsembiywel | pl ate.
Fig. 7 depi d spayimbid @attibal esigidneyt Datesdtdedsebs 10 H4 OMudaeedeposi t
position to ano Qgr Wi th.a separat deposit deyice |H§u%%nated as a
deposit pin. 28tiding actgpg o ted RINS &S fTRABY ST i RE°RceT on
depi cted i n Fi the 7slictimgi sedfadesh cancbeaempipysdatpoprevigie damping.
In embodiments that employ cylindrical deposit
pins moving axially normal to the deposit surface, with
10 spring mounting systems in which the weight of the pin is
insignificant or counter balanced, it is observed that a
spring support system for the pin with stiffness of less
than 5 gram per millimeter deflection, measured at the
pin, produces good results for cases in which the amount
15 of pin deflection is a few tenths of one millimeter. 1In
one particular case, a spring system having a spring
deflection ratio of 3 gram/mm, deflected about 0.2 mm,
resulted in deposition of dots of fluid of excellent,
repeatable quality over a range of microscope slides.
20 Use of the deposit pins to deposit bioclogical
fluid or reagent on a rigid substrate is illustrated in
the sequence of highly magnified, diagrammatic Figs.
SA-5E while Figs. S5F-5I illustrate use of the pins to
deposit fluid dots upon a delicate, soft or porous
25 membrane and the like.
In Fig. 5A, the deposit pin P is seen supporting a
drop F of fluid obtained e.g. from a mobile sub-resgervoir
MW (Fig. 1) or sub-reservoir ring 14, (Fig. 1, 4). The
pin moves under control of driver D toward a selected
30 target point 8 on receiving surface R. In the case of
dipping into sub-reservoir MW, surface tension effects
hold fluid drop F in substantiadally semi-spherical form 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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a central supply of fluid specinen. Fig. 9 is a side view and
Fig. 10 a top view of a deposit head, conprising a deposit pin and an
annul ar 25 sub-reservoir through which the deposit pin operates, whi |l e
Fi gs. 9A- ODWRIPE™Ya sequence of stages of the deposi t PGEASBOBP t he

head of Fig. 9. Fig. 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 whi|28 H g. 9G depicts a station for
renoving |iquid, washing and drying the pin and_ring. Fig. 9H

depi cts t heFimar Sow SMrface (Rt WhepeR| BigFoscope sbifep| it EEHEAY supply of
a sub-reserjidrnhbl BNBAG i bh3fettBble @hdh as silene-coated glass.

- 21 - Bl ich) sh® Bn€ 9891800 hhonaly | Sl AlsapiGsent | ¥ .
preferred annul ar -TEservorr Vice surtablre for pi cking up | ow

vi scosity ftawaisl fuhenracetvingy swxfaceupptiat contark| aftvhe YR Fig. 9H,

while Fig fc%.Jo. Swith Q?@ ¥aeFade ghabhecdﬁﬁfé&. ofrhel @zoflhas been i dFi g. 9K
is a magnifled v]ew af in and rin asse | the fl ui

cont act surf%’ﬁ‘é@i aFPe%m@gg"eE\’r%ﬁ )?egsg?‘%%lyvﬁ' 1@1@&?{@@9%%\49?“8 rates on a

| ess In Fig. 5C, the pin P has advanced toward surface

R to level L. The fluid cylinder C, is of expanded form,

in which its boundary has been stretched, but it remains
10 as a coherent fluid mass between and in the immediate

vicinity of the receiving surface and the tip of pin P.

The system for driving the pin limits the further

movement of the pin toward the receiving surface R in the

manner that the maximum force exerted by the pin upon the
15 substrate is limited, as described.

In preferred mechanical systems, the pin is
compliantly mounted and responds to resistance force
transmitted to the pin by the fluid or mechanical contact
with the substrate, so that the tip of the pin stops

20 despite overtravel of the driver.

In other systems, based upon position detection,
the driver is stopped in response to a position sensor at
the desired level. In hybrid systems, combinations of

-compliant or mechanical limiting systems and positional
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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magni fi ed scale the i mersion of the assenbly for pickup 10 of a | ocal

fluid supply and Fig. 9M simlar to Fig. 9K, illustrates the fluid | oad
that is picke t he assenbl y. Fig. 11 is_a perspective
view of a nu|SWB§Wﬁ¥“’ deposit head nounted for cooperati onP&f ﬁwggno

mul tiwell 15 nobile supply reservoir while Fig. 11A shows the sane
elements as Fig. 11 in a supply relationship. Fig. 12 is a
di agram of an operable pin pattern of ~ 2°nfcro deposit pins while Fig. 13

illustrates the_initjal | ationship of the pi to.a standard 96 wel |
supply 20 pl abeteabilfly of tRelre it fuckele Bl shleded [ BE0h once for
t he pi ns ofhBrgctd stics of the Hujd.15When suufacesRalpattern of

separ at ed sSqQUaLASopholit,2 tHeC HESEORRE £ deq W& niaye cBhfSactf a8l g 12 can 25
si mul t aneousl y,_addr ess, whi |, hF'%t B sgoﬁ? details of a Kﬁ% uar e;

Figs. 16, 17, dfé?%@"%ﬂ? al’ F/%‘g'\ﬁg PRFPRT: ©F PPESPRAY %;‘?,S'to Fi gs.
12-15B, il | Bstitamaygexgpand; anr ehgeere eveatpl biye ngize 2 phe depcisdpedrray used

with a 30 96 wpl! ; SUBDLM-RIRlCPrincipally by tie fAde 8£2cRENSRLCE Ve Vi ew of
an assenbled | deposit pin constructed according to Fig. 2 Conbined with
~a respective §BﬁpF€'ring; Fig. 20Ais a simlar view of a group of four
such assenbli es. In Fig. SE the pin P, substantially devoid of

fluid, moves away f£rom receiving surface R, with a

10 component of lateral movement, M. It is rapidly
resupplied and proceeds to the next target point. The
pin P is resupplied in important cases from a mobile
local sub-reservoir that accompanies the pin across the
subgtrate, e.g. the movable reservoir MW of Fig. 1 or the

15 annular supply ring 14 of Fig. 1 or Fig. 4., The deposit
cycle is then repeated at another lateral (X,Y¥Y) position
to which the pin iz moved. )

Instead of placing deposits on a rigid, smooth

substrate, the substrate may be a porous or microporous

20 membrane or a delicate film such as nitrocellulose,
cellulose acetate, polyvinylidine fluoride (PVDF) or
nylon, or it may be an agar gel or other gel. The
particular substrate can be selected in accordance with
the nucleic acid, protein or other transfer procedure

25 being employed, and can be the same as or take into
congideration the substrates previously used in
development of historical reference data with which the
results of the present experiment are to be compared.
The compliance of the pin protects such fragile

30 substrates from damage.

Action of a deposit pin in depositing biological

fluid or reagent on a delicate, soft or porous substrate
is illustrated in highly magnified Figs. 5F-5I. A
delicate, relatively soft membrane D, is supported

35 directly on a rigid support R;.
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- 22 - Fig. 21 is a perspective view of a particul ar devi ce

enpl oying details of the pin design of Fig. 2, mounted for X Y and Z

travel as a -form ng device while Fig. 22 illustrates an arrayer
Niteki

system enp ® 5 group of assenblies of Fig. 20A or HFG/USI%00730
constructed for commercial use. Figs. 23 and 23A are
perspective views of a conbi ned weak and strong fl exure nounting-of a
deposi t pin at respectively differ¥ht stages during operation. 10

Fig. 23B is a perspec}.ive_ui ew of e subasgenml. f Fig. 23 conbined

with drivers for tsﬁé%tﬁlgﬁ aﬁd ?%elrghﬁ_g. ng eé%%o%r °§u§5?§1’sg\:n%’?n

Fig. 24 shdwhayigangeshaeposin 13¢seupporia #gpregisely | sikgseddont | y operabl e

gigosl t pi lrls.ofl_fﬂuidf specitich C?%g@eaé_e@t Rﬂiﬂdi@bﬁpﬁiéﬁe&td\d&l\é rrte)w an]g Fig.
is a plan view of .a ganged deppsit_system havi a nymber o '

I oxur e- moUTRRFBERSRLE KRS TGO OBy S X rars Toc ta YRosita o8

correspordipmintu®ber of sub-reservoir rings driven by a single driver;

E! g. 24212Ai S 3 pl anryimy.06aanc RO i MsOhadRhSed ARGIRLALDY the system of
I gS. an

4B. - Eig. 24D s petspective view of the.
ganged SRR %hevﬁﬁ"%’yv’af‘q isﬁggﬁggtéq‘g.‘at the E1ald é‘"fcép 25 is a
per spect i vecantmgtgf thensehfare.f o ThessHights inbesguttst of gpimiB®Il ogical fluid in

dense arraygiHt1§ defoPRs ifembtand 8] Q¥CQNEudtLaESd in Fig. 56, FIQ. 25A s
a side vi evxgof a Sl.ide hf arr angenent usgful i n"the nachi ne of

[ d
Fig 2510 but axial gppRlisnes of sHE RN, HARHAR:Se BPPRER RS o 30 system
sof t war e amdelsstivedyf eoft osuhatitiatg .t hBepepbigig upon the porosity

or softness of the membrane and any capillarity, the
fluid may migrate slightly to the sides, but the size of
the deposited dot of fluid is principally determined by

15 the size of the pin’s tip.

In other cases, a protective buffer member, not
shown, which may be soft or resilient may be interposed
between deposit pin and substrate. In some cases where
the buffer member is significantly compliant, compliance

20 of the deposit pin itself may be omitted in those
conditions where a degree of compliance is iequired.

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. SI, 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. S5J depicts a glass microscope slide or slide-

35 like member M; carrying a delicate membrane, D,, e.g. a
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actton. - Preferred Enbodi nents In
preferred enbodi nents a deposit pin of snall cross-section is enpl oyed
with a nobile fluid reservoir - 23 -
to which the pP?%2%%peatedly exposed, the pin being si ZEFVEMPOBAaped
to define and retain on its tip a drop of fluid fromthe reservoir, the
drop containing only enough naterial to deposit a single dot. 5

The vol une of the drop is typically det®# m ned by pi n cross-section

di nensi ons, shape and surface characteristics of _the tip of the pin as
wel | as by th&hin la¥enSft PlerPiAEanatesrtiitose Fhbm riqrmed: BY be

deposi ted andchbBeingchniciues by avidlabllefitonp GrackOBsofidbedne. By
provi ding the ti.p..o Lt ARl B . shar p | rim it is
found during Pé%gﬁtée%é %%talqgﬁ&ﬁk ?rﬁdﬁef I E?Hﬁldsrl&%gdf %%%g‘%dtéé%%? vol ume are -
defined by thdust desrxihed BRY Bg RIPLPYedoFe Jenesilh BIFQamays 8t

Presently we pneies ddafudhheitrspafoush€ilinp GilthoRgh the rddpesisquare”, i.e.

that, in prof irlegéi\tr:t]r?g esrhdrf%gg fg S0t rigid itself, by virtue of a
rigid backing, the delicate membrane can be automatically
processed, scanned, etc. by available robotic eguipment
that engage the rigid frame.

10 High density arrays of individual deposited dots
as depicted in Figs. 5A-5D and 5F-5I are achieved by
repeated deposit action of one or more deposit pins, with
gselected fluids being deposited at selected precise
locations under computer control as further described

15 below.

Figs. SK-5N depict diagrammatically, in magnified
scale, the depositing of one deposit upon another in a
precisely aligned manner, made possible by the positional
accuracy of the systems being described. Fig. SK shows a

20 deposit 100, as produced by techniques previously
described employing a deposit pin, or by some other
technique that achieves a known position. Fig. 5L shows
deposit pin 12 having been indexed into precise alignment
with dot 100, and lowered to engage fluid drop C, with it.

25 Fig. 5M shows the deposited second drop 104 still in
fluid state while Fig. 5N 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 deposit 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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of the tip of the pin be substantially at a right angle to the side
surface of the pin, and that the pin side surfaces be snooth. Preferably
the pinisr 20 transverse cross-section, though |t may be of ot her
shapes. Unde‘r%?g?égg'l n circunstances, as when depositing ﬁysﬁ

substrates that readily receive the fluid, the end surface of the pin
may al so have a surface-tension enhanC|ng surface to optimze the fluid
acqui sition 25 capability of the pin. 3$UT exanple it may have a

roughened s fa e, surfa,ge Jougl r}.e ﬁ’a? ast 1000 croinch, or be
conposed of 16t FARSE -1 8r?%ﬁ‘p“ FUMFRREY % gy greater than
2500 MV m), emﬂkﬂyed agstheanginemt gd.croscopic |examgnabien that arrays of
fluid dots hsiMBeRke thabpadyidd M crons to 375 microns can be deposited

usi ng bi ol ogi ¢ IU|d of__conyentional .concentrations enpl oyi ng-
deposit pins that % snstvhéwuﬁﬁa‘?ee&h&ng"’sﬂlbﬁ’vﬁyr' k”d?'}'/‘vvl re-1ike
geonetry Sofsdlmdemecenumgilmtmates 85d cflosislsseof i oomduetsing on) bet ween

about . 001 ipeh, tion of Flgs 5K-5N 1n 1nverted fashion. - 24 -
m cr ons) and ons) tips

smal | er tha%lm@fz%yneﬂ' 3HReTi &4 RO g ELons (daasmibal oy s be
"nlcrotlps"peﬁfqmm&ﬁbmneu iavextesf motions, or at other angles.

Referring to Fig. 6, a deposit device comprising
10 deposit pin 12 and sub-reservoir ring 14 supported by rod
15, is used to deposit dots of fluid on the flat bottom Fy
of a conventional well of a microtitre plate M,. A number
of precisely located deposits of fluid D, can be made,
taking advantage of the long length and small diameter of
15 the deposit pin 12, which enables reaching the bottom of
the well at precisely spaced locations. For instance, a
series of probes may be bound as dots to the bottom of a
well at known, recorded positions, a fluid containing the
analyte may be used to £ill a well, and subsequent to a
20 reaction or incubation interval, the bottom of the well
may be scanned by a microscope, or otherwise examined, to
determine which deposited probes matched the analyte
fluid. By pre-preparation of such a plate with known
sets of probes, many fluids or many probe actions with a
25 given fluid may be assessed.
Details of preferred embodiments that laterally
constrain the pin to a reference position and facilitate

D}

highly accurate X,Y positioning of a microtip during 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.
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tip.sizes. is between 50 mcrons and 250 mcrons. 5 In preferred
enbodi nents, at |east at the tine of engagenent of the pin against the
recei ving surface preci se positioning of the pin is achieved by |ateral
constraint of MR9FFHOto a reference position. The pin i SPCGIVURSIATI0L| | y
controlled, preferably by a conpliant 10 nounting, to limt the maxi num
deposit force to preferably less than 1 gram in preferred cases |ess

t han 0.5 gram e.g. 0.3 grans. The3Bateral constraint ensures t hat
the deposited drop is precisely |located while the "soft | anding" assists
in achi eving a wel Laggei pedy L¥adppesides jan dpraverdiyrgizgetedd geonetry of
the pin to fannﬁ!l.iﬁﬁeéﬁ&ﬁfddes 1deophad Z.isngné&l?@ IPONOYe Bup R Utage, an in
protecting fragile suhstra t n ial i ng surface.
Wth these 6?8?711¥?o%‘§%)1°‘%t"{tg§§??§£pacﬁg%gab?efaéjfsggyﬁbndgeﬁ’g"%s%‘gd dots of fluid
can be achi eved, | The aseenilyiishconstyiakedr tooerdpie@ dpheraly bet ween dots
of less thamikll €6rce F,t toBErdd1@idot2 HaHRiser a phiLoORefekdheé€ or one and
one hal f_ti.nes t@e dot q%%peter. ‘e at Fi%. 1 ésca H{%F body

di agram of XUFERGEPREHENARS B YARAJIE AP AR AIFIENEP FROF A%FE |y

const r ai ned asoviaewed Yrfhordaoatpbginossnsegttppl iFdati dh. ofTHaneces (see Fig.
1A). This aghire¥eficd AeiHReX, Xrd WradngBiNgo Hedit® hbPemént of the time of
its engagenment with thaéecel nggfug§tratf , 20.tT1$ gZd has sharp rim
12f, and i s BPOuRB £ AR o5 $OOEBIRTEE &N, BRI EEAF LT nF YIRS ange greater
t han aboap Xhat havecX arsl Andomperentisan The wodiiBedi ¥roomponengRer abl y | ess

than 300 magforaae, PoREES Ho¥%iba {»Jﬁglrtaae]g P@éé’%%?,@?ﬁ“balgngé§ or 50
m crons and_250 rtnacrons. I&hésrecfaega e o efini nlgst%r&ctegpggltl ng upon

substrat es M@ofaBES Bor ence surfaces are co
leave the pin free to move axially along axis A (2

direction), as by sliding, to provide axial compliance to

15 the tip 12d when the substrate is encountered.

In certain practical embodiments, for mounting the
pins, two vertically spaced horizontal plates 9 and 11,
shown in dashed lines, are joined to form carrier 17 that
moves in X,Y and Z directions for carrying the pin

20 through deposit, cleaning and resupply motions. The
upper plate 9 is at a selected distance from the lower
plate and applies a constraining force F. to constrain the
angle of the pin, and hence the position of its tip 124,
within selected tolerance.

25 Lowering carrier 17 causes the precisely
positioned tip 124 to engage substrate R, whether the
substrate be found at level 20, 20a or 20b in the design
range. Upon engagement with the substrate, the pin
gtops. 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. 1In this way the
vertical movement of the carrier need not be controlled
with high accuracy, and proper contact with the substrate
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- 25 - fluid of generally corresponding dinension in the tightly

packed arrays. In the enbodi nent of Figs. 1 and 1A the deposit
pinis carried on support 17. The pin, though laterally 5 constrained at
the time of WREHent with the substrate, i s mounted tRCHEsoNRIT3d |
conpliant, free to be displaced upwardly relative to the support when
the pin encounters the substrate. Wen the support is |lifted fromthe
substrate the pinis free to return3go-its seat. The 10 pressure applied to
t he substrate by the pin can be determ ned by the weight of the pin

al one, or©88 occuy, SyeEnBNF¥EY\PhH teIErARCe? Ry Weight ofrtdieerably the
pi ns are gebstrettergai Nst rotation to ensure repeatability of position

despite possible rq !%BS Is0 .S t 1 ' e to manufacturing
t ol er ances. ThE'1 & e 31?gi?§f§%(¥ & f%#%%%ii

L _de Pfeferred late allg referenced pins
axi al |y drepseradping thenPiRci? & Hsferenge cPeridcidmhegan Peater with

ref er ergeappbied didgposiB pin 1f2 dnd nufefb@s. ways 2hadB, pbigit 2' and Fi gs.
B R BUROBe sl LS TRVEIVS BBt ke 1T
pi n nount Fhg Pin gnampEssRt the sukakrats-Fi §loq 1kddlupssareys. 4A and 4B.
Pin 12 isappppedtsh Rf daparal Wifpdordeapprhiniahalel epring- pl anar,
canti| eveiggdéé_ eﬁ(éja[:ei%géothzg ﬁx@é teﬁg[ %r:?.g. toward an inside corner
10 defined by reference surfaces Ref;, and Ref,, but leave it
free to move axially. Figure 1C illustrates tilting the
longitudinal axis A of the pin relative to the vertical,
in a manner that the weight of the pin applies to itself
a slight turning moment that biases the pin against
15 reference surfaces Ref, and Ref, but leaves it free
axially.

Other techniques include introducing bias by an
eccentric load or by other loading techniques. Magnetic
attraction can also be employed to draw the pin to a

20 defined corner or a particular arc of a conical seat,
using permanent magnets or electromagnets. Likewise,
electrostatic forces can be employed, e.g. by imparting a
charge to a region of one of the members relative to the
other and employing a dielectric layer to prevent

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

SUBSTITUTE SHEET (RULE 26)



perpendi cular to the direction of the desired conpliant notion of the
pin, to provide a parallelogramtype of nmounting that laterally
constrains the_pin to a reference position to enable |anding of the pin
at a precise 3&pq98@§{‘?on on the substrate. A soft |andi ng odHTIVUSIMWE0t o
conpliance provided by the flexures. To deposit precise arrays of dots
as small as 25 mcron (0.001 inch) di aneter, an elenent of spring netal
in at | east one of the flexures 785 7~ ensures that the deposit pin
returns 35 to its original vertical position after each deposit.

- 26 - surfacepqfy revehubion thart def arFeating swefamesve of the
deposit pi npraseréntisilr abatdind ugetr ki gbverl-sbgmensbbstie seak@mngand

predict abl & opLACE ) 68 HBRILJdiLLoEEl Wdlthing BUBRIIQILG (he " sOft

| andi ng") desprie varrations 1n eig e su ate, e.g. due to
vari ati ons previoushy|desssibed i croscope slides or slide-like menbers upon

which thesfluid dogggal e2 apn agd. 255U RMHOWO EmbE&ithdrt sC @Rat e:b;]ﬂda}otaai ned by
controlling_the deposi_t in fo /Ban th%%} ¢ ubstrate to less than the
order of on@uﬁfﬁ?ﬁ °8$r(?"§ ‘iblﬂi;’f‘ﬁ g}’%?%’f 9 3808%“01.% %ram |
VWi | e verti édaterablyprasmgtirained mangeposit pin is presently preferred,
other notions can pgueandépsde pin 12, (associated with a fluid
supply such as mobile multiwell plate MW or associated
10 supply ring 14), is constrained between upper and lower
plates 9 and 11 of carrier 17. Carrier 17 moves in the
direction of arrow Z for supply and deposit actions. In
each case of Figs. 2, 2A and 2B, an enlarged portion of
the pin 12a rests normally in a seat 13, 13a or 13b in
15 plate 11 which bears the weight of the pin. The pin is
free to be displaced relatively upwardly from its seat,
as shown, upon contact of tip 12d with substrate 20.
When the pin 12 rests in its seat, the X,Y position of
tip 124 of the pin is defined by the degree of perfection
20 of the pin 12, the relative distance to the upper
supporting plate 9, the clearance between upper portion
12¢ of the guide pin and the guide hole 19 in plate 9,
and, as indicated above, a preferred feature in the
system that applies a definite (though permissibly
25 slight) lateral bias of the pin to a given side of the
engaging structure. For this purpose, in Fig. 2,
compression spring 22 is disposed between upper plate 9
and upwardly directed ledge 24 of pin 12. The spring is
fixed in 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
positioning of the pin on the same region of its seat on
plate 11. Spring 22 is sized and arranged to also
provide compliant pressure of tip 124 of the pin on the
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The deposition systens described have | ong-term di mensi onal stability,
bei ng i nmune fromtenperature, 15 hum dity and ot her anbi ent changes. The
systens enabl e otting of, e.g., a full set of 40 microscope slides
with 10, 000 W’?‘ﬁg slide, a process that may require a PCTUSWMBUrs to a
few weeks, dependi ng upon the nunber of pi ns operating simultaneously in
one head. The 20 instrunent nmay operate unattended for many hours at a
tinme. For hi gh speed opeBét"r on, the system al so preferably
has a natural resonant f uen her. than Hz, e.qg., 20 Hz, which

i s achi evBEPBiTaHI<dy| FIB q% "}2/’5 SEAGF e a‘ﬂﬂ%tgﬁl ESupport .

To oper atehatpinigh speed, e.g. such as a drop formation/ drop deposit

cycle of 0.1 Sec?ﬂzdthé naﬂyi‘ig’éh@ﬂt oftﬁdﬁaﬁhngtﬁenfmxal areggency higher
than 10 Hz or n nountlggt%%/stem as aygrowsmn f or danping

|
the 30 noEPHERDI24’ hélﬁm&}ﬁg %ﬁﬁ%ﬁ &heh a8 &2 $eFPrentGnount cl ose
to crits cabtaeimalgy, Twhileaapiugpepr degn2sa tdie fhien sprihgom bounci ng and

degr adi ngeﬁ@@nﬁ?%ﬁﬂgﬂ'g BHREESS ﬁrgﬂ._e 19eng$er recr_h ghizn E be ﬁpved qui ckly

away afte SI't actjon. errbodl nping is 35

obt ai ned &Ebheuvaerihey r\ﬂtﬁﬁlﬁ’l‘%lRﬂ%l&Br 9L hrRh RighPei éﬁEBrea 9°

- 27 - that variation in its shape will not introduce variations

in position during repeated actions. _

10 The sizing and nature of the'épfing can be
selected to provide a high natural frequency for the
system. In the various embodiments thus far described,
the pins are axially slidable relative to their supports
and friction contact produces a desirable degree of

15 damping of the motion during rapid reciprocation. 1In
other cases, damping material 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 1l2c,
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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of the pi:n support. The general principle of conbined conpl i ance and
damping is illustrated in Fig. 1G The actuator A acts through a hi ghI y

conpl i ant supp Z, buffered by a danping device t he novin
assenbly 5 hav%%”é%gtural frequency in excess of 10 Hz. V\i’1"e¢r’r AIS99/00230; ng

action of weighted pins is enployed, friction of the sliding surfaces
can be enpl oyed to provi de danpi ng. I n enbodi nents that enpl oy
cylindrical deposit pins novi ng axP@élty normal to the deposit surface,

with 10 spring ung n, whi.c i n.is
i nsi gni fica B\goc%’t%t"%'ré% gﬁ%@ﬁed tt°1fe§a’85§%v%é'gpfﬁ5§’s% 'felpfﬁ‘rtl ng support
system f or tfedphae vartayst ohf hbe ssulfstirate 20.than 5 gram per mllimeter

defl ection, nmeasured ak &é@n £ ol mgQrOQU%Saaaoﬂsrﬁﬁﬂ ehel @iga@ses in
whi ch the amgunt 15, of n deflection is afewt {]ths % one g}ylllrreter In

one particulPd® £a¥Eien Hcﬁﬁrgyﬂ dhayEY Eng >{ohda ion ratio of
3 gram mmp def kastied eutci®. 22dngan reaebuthedlowestepevéel |zma of dots of

flund of exqgld ehge of r&%ggg%fe QUAlehY OKETid gralagugl M Croscope

dei)o pI ns 51 &%SI t b| oI i cal fluid or
reagent on @W&Fﬂeg%ttrh&t &ipsi? H%taﬁ%f“% Yi¢P ce of highly
magni fi ed, dengeathat ithdipds can pielsE inhpbeitiags soBEhSt, Iwhaerstrat e use of

the pins to C?ntch:qﬁpgﬁiﬁg fdnd Quﬂgfzéaﬁ’émgtaqulrté:a%rﬁ §0E5n9foﬁércpus 25

menbr ane an epos* %:‘ IS seen
- supporti A§ aightgpspseury 9 Ghe %‘P%ﬁ‘ﬁ’é& before L igmid Th8bFF §d‘l§ reservoir
MV (Fig. 1) gdatsub-reservoir ring 14, (Fig. 1, 4). The p| n noves under

control of driver Q4 rd a %gg eeglgg?g)((é)og%rj%qrzapobg 5 QBT &6fi ving

surface R In the case reserv surface tension
effects resias fBgi Bave cﬁ?“lplﬁﬁeéf’a%@{ éﬁ’t“ll&Plys‘é’éﬁﬁc-esBpﬁﬁ Y form on t he
shar p- ri mecerdaged§ uhDesPpithe 28p 2@y i6 e¥eged heith the substrate

15 (but shown disengaged for purposes of illustration). The
upper end surface 12g of the enlarged body portion 12a’
ig sloped in a selected direction as explained further
below and a rigid ball bearing 38 bears on the sloped
surface at a point offset from central axis A. A weight

20 39 rests upon ball 38, being housed by a bore in spacer
block 41 upon which the upper and lower plates 9 and 11
are affixed. The spacer block is advantageously of a
low-friction engineering plastic such as Delryn. The
weight 39 is of selected gize to adjust compliance to the

25 degree desired for the deposit tip 12d’ and to apply a
slight turning moment M, to the pin toward a portion of
the conical seat, (see Fig. 1), via the eccentrically
located ball.

As seen in the cross-section of Fig. 3A, weight 39

30 is of cylindrical configuration, free to rotate about
axis A with turning of the ball to avoid applying undue
drag. The main body 12a’ of the pin, however, is of
square cross-section 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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tipis plunged through fluid held in sub-reservoir ring 35 14, the drop F
Is normally shall ower, |ess rounded, see '

- 28 - Fg‘% 9a.??urface R, when a microscope slide, is typically

i nper neabl e PR8E% wet t abl e such as sil ene- coat ed gl ass. PCT/US900730 | n Fi g.
5B, the pin has advanced sufficiently toward the receiving surface R
that contact of the fluid 5 drop with the surface has occurred. The drop
has been forced to distort to a @g8nerally cylindrical shape, C.

In Fig. 5C, the.pin P .has _advanced toward rface tolevel L. The
fluid cyI&ﬁ&éFne[t??]l SFExParet T fn1§ﬂe %i?ﬁ&ﬂ?#?%ﬁ?gaﬁﬁundary has
been streti2gedelabive tta @miisnd awd dthes fdgher oAt the (dquaness bet ween and in
the i mediQi®jon ¥kCimd tﬁiwﬁxéh®6ﬁéﬁtﬁw&q¥59éi§@@dw dah@et i p of pin P.
The system for driving.the pin limt Ege t her nnvqgggt of the pin’
toward t h&GEEEPGPhgY fse%‘%rﬁ ?lﬁa?rh% ‘mante? tH4A°G #fhum f or ce
exert ed5bybyt Isdopiing uparfadee 12§ toward & corperi oftlte spiadescri bed.
In preferrgdpReNanthal R tib 2Pl Resides 0P| dsldanelOUNt ed and
responds to resistanc _fggigﬁ %ransnLtte to the %%P by the fluid or.
mechani calPREGHERLY deline ETRYRPFLRICT O¥ CRIPSTHL® PTof the pin stops
20 despi t ecwentiriaveeiglit 3% dheveegment of the conical seat
' against which the pin is urged by the weight, and by the
10 prevention of pin rotation. By use of a selected weight
(instead of a spring), the spotting force upon the
substrate is constant over the range of possible heights

of the receiving substrate, which can enhance

repeatability of spot size over that range.

15 Such lateral arrangements are important when
employing microtips in arrays that require precise
positioning such as high density arrays.

The features previously discussed, i.e. lateral
reference of the pin, axial compliance, stability, high

20 natural frequency, and damping can also be simultaneously
achieved by flexure mounting of the deposit pin as shown
in Fig. 4A. Two similar and highly compliant planar
flexures 70a, 72a have similar elasticity, but one of
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
second 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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In other systens, based upon position detection, the driver is stopped

I n response to a position sensor at the desired level. In hybrid
systens, conbinations of conpliant or mechanical limting systens and
positional 25 ¥&%28FHn can be enpl oyed. In Fig. PEGUSHRAOTIOUI d
.cylinder (Jerr], is shown expanded relative to its base in Fig. 5B. The
degree of expansi on and the curvature of the fluid wall is

determ ned by the degree of wettabiti3% of surface R and 30 the surface
tension characteristicsg of the fluid as well as b he force applied
by the pin. resin, e.g. Kapteny Trgy duRent ) As ﬁ’&?r%v%tﬂ! Cfrom surf ace

R, | eavi ng doagidd afentar gey. porintthSckiiéss dr of DPO2wyprovidesnaract i n base

dianeter. T C t 4.0 Or, Xp ' | et er mi ned
0 AR BEmEIER Ay 99CHetiiediP RhEEE UL P anaLLEXPafi BBrhgndlc! erm ned

recei vi ng s8EERELMANPeSGr FALR FtsPEnTuUbbe fepept fYFE &8 of the fluid. Wen
surface Rsi availilyTk cionbdM, as NED diejgas b 0@ss f4a2isd LdopEMmEpubdet ract as it

dries, while_,w tt , fibrous, or porous surfaces, 5 it may expand;
i n either e?e#?%%%ﬁe s#i’j‘lzgleﬁéf t he deposited dot is deternmined principally

by the size of thelnipnodlterngtg gonstruction shown in Fig. 4B,
flexures 70b, 72b are identical, each being a sandwich of

one metal layer 73 and one resin layer 75 bonded together
10 by rubber damping layer 77. chpliéﬁéé'similar to that
of Fig. 4A is achievable with the selection of material
of appropriate thickness, such as either a stainless
steel layer 0.0016 inch thick or a copper-beryllium layer
0.0022 inch thick, bonded by the damping layer to a
15 polyamide layer 0.005 inch thick.

The physical properties of the flexures can also
be tailored to the particular need by change in geometry
of the flexures. An example is the provision of cutouts.

In manufacture, a large-area bonded sandwich of

20 all three materials may be fabricated and the shape of
the flexures can then be produced by photo etching the
desired outline and any cutouts.

In a cluster of deposit pin assemblies of the type
shown in Figs. 4, 4A and 4B, such as shown in Figs. 24A

25 and B described below, with 9mm 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 9mm pin

30 spacings. Preferably two sets of such assemblies,
disposed head-to-head as described below, are employed at
Smm pin-to-pin spacings, so that an X,Y array of pins is
achieved.

B. Mobile Fluid Resgervoirs
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In Fig. 5E the pin P, substantially devoid of fluid, noves away from
surface R, with a 10 conponent of |ateral novenent, M It is

recei vi ng
rapidly

S resupplie&q

acconpani

res%ﬁglied and proceeds to the next target point. Th

es the pin across the substrate, e.g. the novable r

of Fig. 1 or the 15 annular supply ring 14 of Fig. 1 or Fig. 4.

cycle is
pinis no
substrate
delicate
fluoride

t hen repeated at anot her 4 #0%eral (X, Y) position to
ved. | nst ead ,of pl aci ng deposits on a rigid
, the subst r& I2SL30BWEER DeDogIL BIBAous 20 menb
fil m sucramakiihg oz ehiad

e@sdon of cidpaditse oficehat #amepol

par 0 cul art Lok 8, b Peitezdpy § el oF InfdRbacthe H1iARRE:

acid, pro

fremPrape st fe reXqvEcLngr TpisRdty 4ePSShER N nFiisgd®, an

e pin P

#7bort ant cases froma nobile local SuBCEES®0013¢ r t hat

eservoir MWV
The deposit

whi ch t he

, snoot h
rane or a

yvi nyl i di ne
gel. The
nucl ei ¢

d can be the

sanme as sorgubat@at8f 0Oa moluidesistbkaéservdire pebibdbtaklpr@ ously used in

devel opne
present e
protects

real oMLEs ® ] : .
e Qb fon O edsiBhang o1 LiBoly) Wl wikiRY
sflta@eyvic8-s s Peat ckhe (dppogidfmdecations. Act

lts of the
pin
ion of a

deposit pin in degpsillusgrated o dlg. 7, i udebayit Gegantompriseatel i cat e,

soft or p
A del i
a rigidbs

15

20

25

30

35

LRI BLE p of il 15 52160 o Phdhl A et
FFpomich] épryized to contain sufficient sample to enable
deposit of a number of dots before being resupplied.
After deposit of drop F at target S, e.g. on a
microscope plate R or a plate carrying a delicate or soft
membrane, the assembly proceeds to plate R,, pin P is
resupplied with drop F, by being dipped into and raised
from the accompanying sub-reservoir SR, the new drop is
then deposited at target point S; at plate R,, and so on.
) The system is especially useful for preparing a
number of microscope slides or wmembranes as illustrated
in Fig. 8. The central fluid supply CS advantageously is
a multiple well plate as conventionally used in
microbiology, such as a 96 well plate. Cleaning and
drying stations CL are also provided. The deposit
sequence includes moving the assembly of deposit device
and mobile sub-reservoir under computer control through
cleaning and drying stations CL, thence to central supply
CS at which the sub reservoir SR is supplied with a
selected f£luid sample, e.g. from a selected well of a 96
well plate. Then the group moves over a series of
receiving surfaces R-R,, for deposit of fluid dots at
selected locations on each, also under computer control.
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
respectively different locations on the plates R or other
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- 30 - . In Fig. 5F, as in Fig. 5A the tip of deposit pin P
havi ng a sharp rim 12f supports a precisely sized drop F of fluid
speci nen or reagent obtained froma nobile sub-reservoir, and noves
toward a presel®PeYUeposition 5 point S. | n Fi PCTASY/00T%@ pi n
has advanced sufficiently toward the receiving surface Rthat the fluid
dr op contacts the surface. The slight pressure of pin P slightly
deforns nenbrane S[err] as illustratesti-n Fig. 5G 10 but axial conpliance
of the pin prevents damage to the relatively soft substrate. Depending
upon the pokeseiving syrfaees nePrtss thak sanmsianes aleraypreapitiarity, the
Ijl ui df rfflly Ugééﬁé@cﬁ}é gbkbyméns tiwe r_sbdﬁaef)d mf5 mb{‘r?erﬁi Zed fosadh ikhe deposited
ot o ui S i nci et.er y the size of the pin's tip.
In other ca&® ?e%eprf otsgng%n b%rfefrg%‘a?rg er, not shown, which may be soft
or resilient may b&henteghnigug of waingeandeppeit ttoeilnthall substrate. In

some cases Whehfately 138 zBHTéLdn MREAROLGLSL six@gj,f bGeRtdy wgenpl i ant,
conpl i ance 20 ggétted i.n_those
u

of . the d;pgﬁl tqlgin itself Vi d
condi tions GRABPELS RISy MEED PRI RnRE TS fiLerotip, In Fig. 5H
the pin P, sobbized iwilthyadesile dbocal shhringsexyods ety from the receiving
surface W thoaompatiUBPeBReNtod Und dhetdls PVRTRRE s@feh dilepgeeds to the next
caont act Ei'g‘lrﬁ'gssur‘g t he shape of the

25 target point, Because of the light s

tip and t heSHPRLER SRS ?atwgﬁFﬁg as @4 b8 R PHARFFEBE of t he

subst r at £0 r adwantages.he Theptechnilguen basedkforoemahd wédtiigms,depwsst pressure,

‘the menbrangime in avoiding repeated travel to a central supply; it
avoids evaporation losses of long travel, so that the
drop created can be very small and the deposited array
very dense; and the dots can be kept consistent in size

15 and concentration or biclogical content across the array
of dots being deposited. The time overhead involved in
cleaning, transporting and picking up the specimen is
kept small so that, overall, deposits can be made very
fast, inexpensively and of desired small size.

20 In this way a large number (for instance ten to
one hundred) identical microscope slides or mewbranes can
readily be prepared by repeated motions over an array of
the slides or membranes. Each substrate can carry dots
of many different fluids based upon resupply of the sub-

25 reservoir from different wells of a number of multiple
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 thé 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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begins to recover its original conformation. 30 In a short while,

as showmn in Fig. 51, the deli cate nenbrane substantially recovers its
conformati on and the fluid has dried, |eaving dried deposit DD of
subst ant i al | YOH@676? ze of the tip of the deposit pin. PCT/US90FBQ). 5J

depicts a glass mcroscope slide or slide- 35 like nmenber Merr] carrying a
delicate nenbrane, Derr], e.g. a -
31 - thin |l ayer of mcroporous 42t+ocellulose filmformed by

casting, such as is available from G ace Bi o-Labs Inc. under the

t r adenar KA AIERELY] 1Bt bR gVaROTakhEe RiRGsshat coreenfatiohed may be
enpl oyed ¢® wirpeubstahes oaf rimterebrS5ifil thelsflmidsdehnat cr oporous film

Al t hough bt | | riQd d..i , by virtue
of a0 PIRAERIRIY arelARl My aUELACRd alThgl LA el Y VT
pr ocessedICREH EGIUERES- by avai |l abl-e robotic equi pnent t hat engage the
ri gijd fg arrg. 10 Thus we Hagle dessribedrdeppsibf déﬂg&eé d!mbtﬁﬁbﬂéd'éeg dot s

as depi ct | 1 2 SFE- 5l |.e reneat e eposi t
action ofg%r%peoéris%é?eggfe%%sja%%ﬁﬁl ;12 ﬁf‘?ﬁdwge?égcggéiﬁ%i%‘%%ﬁei ng dgposi ted
at sel ectetained fxom a| gelatle RuibyrgeerRiphutdaprosdht Fae dEEH @tt her
descri beda Ifrdeilgdly positioned, discrete location and return by

local movement to the sub-reservoir for another drop. In

10 the preferred embodiment of Figs. 7 and 8 an axially
reciprocable deposit pin, as illustrated in Fig. 1, is
employed for this purpose in conjunction with an
accompanying sub-reservoir in which the pin is directly
dipped. Alternatively, a probe that dips into a local

15 sub-reservoir as by coordinated rotational or )
translational motions of a wire or pin, can accomplish
this action, as can other designs.

Referring now to Fig. 9 and 10, another preferred
mobile sub-reservoir is an annular ring 14 which, as

20 depicted, holds fluid between its interior opposed
surfaces by surface tension effects.

Deposit pin 12, having a sharp rim 12f at its tip,
of diameter d selected to produce the desired size of the
deposited dot, is mounted in axi-symmetric relation to

25 sub-reservoir ring 14. Ring 14 has an internal diameter
d, significantly larger than the pin diameter such that
fluid space fs exists between the pin and the inner
surfaces of the ring. As shown in Figs. 9E and 10, the
outer diameter d, of ring 14 is sized smaller than the

30 well 19 of a central supply plate, 21, so that the ring
can be immersed in it for supply.

During the deposit sequence of Figs. 9A-9D 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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Fi gs. 5K--5N depict diagrammatically, in magnified scal e, the depositing
of one deposit upon another in a preci sely aligned manner, made possible
by the positiq&,ls’9 accuracy of the systens being described. Fig. 5K shows
a 20 deposit 100, %?GOpr oduced by techni ques previously d @ETAURAT30

enpl oying a deposit pin, or by sonme other techni que that achieves a
known position. Fig. 5L shows deposit pin 12 having been i ndexed into
preci se alignment wi th dot 100, ard® l-owered to engage fluid drop CJerr]
withit. 25 Fig., 5M shows éhe eposited secaond drop 104 still in fluid
state whil ePpehtiony Shewendrt °§e86‘i‘1d1?ddts fizgwn alRR Sheedo®Bn dot  100.

In simlar bashaes dfi ghe betaided flsid Rehdbpdsy tsurfack eenwiatively |arge
spot of 1 ULAusiabditiedt (hOoMderdt: Plikchiloand sutbsaauentmdgposit of

smal | drops using a . smal | e égpSlt pin 12 having a mcrotip. The |arge
drop on iResheWn 1iFoFign By, Bhe PR nfor flystarte®t 8 drop 110,
Fi g. 5P, shihbwflrviehdrawvhoful by laboge chid atkhtapabdliMid Rfi g. 5Q
Subsequent | p iyed in 35 sel ected precise
| ocati ons ué%ﬁﬁ%}l |tg‘;a§e,§§é%§° %gegggg ‘)_
- 32 - 5R, whi EaAmearinge Figendd rwidd Fé9eofpR¥edomWBHBFY and enpl oyed
at the ti memgfredidid QSC@PeCpex AP ErbANalidre the lower surface of

the retained flgi@ R, (Fig. 97), to below that surface

10 (Fig. 9), the tip of the pin, with its gharply defined
rim, picks up from the retained fluid R; a precisely sized

volume of fluid as drop F. The drop is then deposited in
the sequence shown in Figs. 9C and 9D.

At the resupply position of Fig. 9E, the annular

15 ring 14 is moved downwardly by its support rod 15 for
immersion in the well of the supply plate while the pin
12 remains stationary at a higher elevation, Fig. 9E, or
it may assist in the resupply action, see Fig. 9L,

N described below. The ring is moved by associated driver

20 D,, Fig. 9A.

At cleaning and drying stations, Figs. SF and 9G,
the lower surfaces of the pin 12 and ring 14’ are shown
vertically aligned (the ring here shown as a cylindrical
ring) .

25 At washing station, Fig. 9F, the ring and pin may
both be subjected to reciprocation in the vat of cleaning
solution in the same or opposite vertical directions to
agsist 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 liquid

35 and aerosols. The flow is directed past the parts 12, 14
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correlate the results. Figs. 5S-5V illustrate the possi b| lity,
with 5 sel ected receiving substrates and fluids, of conducting the -
oper ation of ﬁ % 5K-5N in inverted fashion. Simlarly the other
deposit actio O9CEY i ped may al so be perfornmed wth i nvRGCTE9HAT8¢ ons,
or at other angles. Referring to Fig. 6, a deposit device
conprising 10 deposit pin 12 and sub-reservoir ring 14 supported by rod
15, is used to deposit dots of flurd®®dmthe flat bottom Flerr] of a
conventional wel a,mcrpotitr of precisely
| ocated dep %s"’?ttsraé’fgia VP ‘Isiitséﬁcfsja%é n%1 gt%%onj thaf‘a?(? ﬁr‘éﬁﬁﬁfnt age of the
| ong | engt hatexiambelindi nemeeed (ﬁromthh@@erm)m ffhgi hrdp mashikeh enabl es
reachi ng tQ@sMét‘é@ Qith athecudid puf pr&@lﬁﬁivm spagede | fg@tigons. For

I nstance, series.o d otstotheb tomof a -
wel | at kn%%\?f’c’raé‘&% Héagpgs?‘f?%‘?g‘a& aFFuP%‘:q't ﬁl RBaPHRe 1°2%38,| yte may be
used to ¥iflow tmaImduaadasfmmmecbodarﬁ()amadiemdeelrethubat i on

interval, the bOtgﬂ@Qséé&?o\EebL . 9@ Rge2a@NESdrdiicva MampRacope, or
ot herw se exam ne

det erm ne I ch osi ted probes matched the .
anal yte Lliowiqy fxgp ﬁP‘E BRERR 419 &#Vggf’t %ﬁ r&nﬂ'ata@gmf hg‘kiﬁ sets of
probes, mapyrts ui oroexampie prhxbeiactndnsing taren £3¥syi expodddiiteb nay be
assessed. or more Q‘iﬁﬁ%{:&l&;uéjrcﬁf BOEELs SO R1RA! Subfiahes Aheral Iy

e
constralntﬁ In to a

erenceé) It n and f.a Itate . . highly accurate
X, Y postQi B?ﬁiﬁ At SORELPBPRY s “ﬁ“&ega ow that, WPPRIMRF be descri bed.
30 shapbs rilng d drbmgthd  padsosntl pnto 1t?hecmr|api ses a relatively

large bodysaaae@s}g‘ag 0\&6&199&%?&3&?%011 id eucsd dhpessiqn that |eads
to deposit tip Vi g ., S tafomrsl rguch a leq\PIdns%lrg(a). Qagran upwar dl y
ext endi ng theghHe® & GLEANIBSE. g liqui m
aerosols containing water-borme detergent. This is
15 followed by rinsing with pure water from 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 viscosgity, 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 f£rom the narrow wells due to the aggregate
effects of surface tension, gravity, inertia and vacuum.
For removing ligquid from such wells a supply ring
35 14 is provided with a special fluid retentive surface.
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- 33 - . Large body 12a provides a downwardl y-directed annul ar

surface 12e that is engaged upon a support, to recei ve support force
Flerr] that bears the pin' s weight. The assenbly is constructed
to enable a | at®¥P&36E0hi as force F[err] to urge pin 12 agai nBET/HSIBAIO Of
ref erence surfaces Ref[err] and Ref[err] which lie at an angle to each
ot her as viewed in horizontal cross-section, Fig. 1A These ref erence
surfaces are arranged to resi st noverea$ of the pinin X and Y

coordi nates by applying reaction forces 10 that have X and Y conponents.
The conbi ned ORecg¥pEREtis theoprowising efsipfernade spEsr® ance force Flerr]
t hat bal ancesoughhess dPrate 1Bhet rjooolrgcrefl afieHce Thikf asesesirtheconst ruct ed

to ° leave th in f t i al i s irection), as
by sliding, tc(?%ﬁgSS[ %éeg ax| %Ifngiéfgrpﬁ%la??c??é%{%g&tﬁgop P%V%Igsd‘\%er?&t_he
substrate i s hydeophibiedroperties, i.q.nacketien 'jaridet'i enlthartfdyidents, for
nounting tBe py giirfSce tidhadoht bELédDE . SPOREE péfhizentak WHRIMS o and 11,

and 2 direot iFSePBE Eef R K8 FREL0 50 RO Fegbsi ¢, cl cani ng and |
resuppl y not iapproxinetely masangpshane.9 | s dhegexberrerdugiferanee fromthe
| ower pl at,eARdngPRAY 6552 SRNSEsvIdEANGLERN £ 66 IRliQr khebReprnstrain the
angle of the pin, and hencq g PoRidd2t8halls difctddor wnd thin selected
tol erance. iR _
10 ring, to compete with the retentive properties of the
well.
Surface roughness of the intermal 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
as formed by carbide particles. -
As shown in Fig. 9I, 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 largex 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.
Despite 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. 91 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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25 Lowering carrier 17 causes the precisely positioned tip 12d
to engage substrate R whether the substrate be found at |evel 20, 20a
or 20b in the design range. Upon engagenent with the substrate, the pin
st ops. Furtﬁgpgaﬂﬁﬁhard novenent of the carrier 17 30 occUPGI/uES07I0he

conpliant pin remaining stationary above its seat, while reverse
novenment of the carrier causes the pin to reseat on its support. In this
way t he vertical novenent of thet&arrier need not be controlled W th

hi gh accuracy, _and _proper contact with the substrate
- 34 - latezaloapdra®iahl comPaAaRCe[Edn AdepEieg PR e height of the
substr at agisalignment erltexringt ar ahrboawellar.ce Flerr], for laterally

constrai ni ng theIrpiﬂ Oop iefgrence EB%téP%irP%db‘iiﬁ applied to deposit
pin 12 in numerous s that permt axi alZ fovenent. of the pin relative
to its cassesbly7ighwhich flpdd ranereloing susfpressebietd #ingig. 1B
i 11 ust mates and 28R Leaatomefinkat byad dperdaflosabsbtands rHat ure spring-
| 20e0 DSRLIIEE oL koHEE iy LOUBED O bt A Ao Bl 1o by
axi al | y. wetan /@) i | preferaly previdee the tungpsaBi taR%mIT-axis A of the
pin relative to f#iws Ve aedl 9L show an advantageous relationship
of pin and ring for resupply of the ring. When the ring
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 size 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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in a manner that the weight of the pin applies to itself a slight
turni ng nonent that biases the pin against 15 reference surfaces Ref[err]
and Ref[err] but leaves it free axially. Q her techniques

i ncl ude i ntrodMQHFWPas by an eccentric |oad or by ot herPCRASEI/AAI30

t echni ques. Magnetic attraction can also be enployed to draw the pin to
a 20 defined corner or a particular arc of a conical seat, usi ng

per manent magnets or el ectromagnets. -l4kew se, el ectrostatic forces can
be enpl oyed, e.g. by inparting a charge to_a region of one of the
menbers rel afPHES (tdie fEOSS- %%Wn&ﬂdsbmaﬁ fgearing| xtseleckager to
prevent 25 diﬁCPéﬂraGﬂonOtbhahetﬁﬁbp&&'l:lia@td;f)ftﬁéelf&tﬁas(@lgthe time of

appr oach of c%%' %ggxdpégr%é)é@ %n'é??n)subﬁ{elr %hg‘be;rl'lh% deﬁ’\égé-%%c% ef f ect of

such Ioadlng rcone by

axi al force b wale Irof g giveefdpid eghaxde W’c&ﬁ‘ﬁl FesRTYAsE SANSF t he pin.

30 5 Fags. tHD,eibe BHCLHE depewithpin te@edk pbanes Rhebagh and P2 to
a segnent of @ coni cal seat (Fig. 1E) agai nst which a pin Is urged
effectlvely ‘&% wo reference surfaces set at an angle to one

anot her, t hat act i Bheheize amdnmbepeiletpreafinpasito piasi that at er al movenent
of pl n 12 35cbap&£§eé %igRdeNedd rEl 0BRSy e rReRvbErd ldlRdf Qarpt her

- 35 depending upon the application. It is possible to employ
10 pins of various transverse cross-section, e.g. sguare or
hexagonal or even rectangular or oval cross-section of
equivalent area to round cross-section pins. Especially
for small dots, the pins may advantageously have stepped

transverse crogs-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 wmobile 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 visited 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

SUBSTITUTE SHEET (RULE 26)



surfaces of revolution that define seating surfaces. Preferenti al

seating upon a given segnent of the seating surfaces may be achi eved by
t he | oadi ng techni gues previ ously described. 5 Figs. 2, 2A and
2B, show e %I?gﬁ’éﬁﬁs that enploy a surface of revol uti RETUSIETBOporti ng
the pinin a | ateral | y constrai ned manner. Fl ui d deposit pin
12, (associated with a fluid supply such as nobile multiwell plate MN or
associ ated 10 supply ring 14), is-céBstrai ned between upper and | ower
plates 9 and 11 of carrier 17. rier 17 npves in.the direction of

arrow Z f 6 RUHHI]) gepetETindlivdfsant rise s ffipgse 82k gs. 2, 2A and

2B, an enhasget qgorlvdd th the tfenpiofi 42pemdegits dyopnal |y in a seat 13, 13a

or 13b in 15 pla s whi S s W | The pin is free
T ;%:}.%éz *}ati%é&d?v{x/f'ﬁé’ﬂn%g £b %@ﬁnﬂ theR8n |

to be displaced rela y upwar omits seat, as_shown, upon
contact oRDEj FeaBKYSHit FosHBRRTaL® ©0. bY SPERPLSTe RTredledsts in its seat,
t he X, Y5 pasidéeways alovementpotf 2chofrddeevpin, | fretsfignethebpihheo degr ee of

perf ect i oge%fge!?% L&[L%ﬂ%gﬁgrlgd tdGd st Y6s i AN G A BREpUaRer

supportin a ear ance _between upper portion c of the guide
pi n and t kBeghrEReYRs dorgtian ppryttdien SUDSLEARL: as | ndi cated above, a

preferred featur@ith abheropriste! efahdpdrtamatieasactepimidred (t hough
per i i by €9 841 0kor 91 CEAL el 16NEPLALARA £ Y KBByS! de of the
engagi ng Structure. Ai s pose, In_kFwy. conpressi on spring 22
i s di sbgséécé‘éi—%éﬁ‘%ﬁ?pér sﬁrﬂaf% of the,fglephed diinid decdediredige 24 of pin
12. The sphenglusd in fdhee@ropepoesll eiagdrapedteatly brodghbward force with
30 sliont 3R Bi SRl A0 LA RS YATRbIDd: b3 gﬁrtpesquﬁ 2% s A to bias
the pin toa@a grven side, to ensurerepeatable si‘tioning of the pin on
the sane GegPshtotnithe degirgf locahigne by compiitely cRtrelsi zed and arranged
to al SO Each 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 rewmoval,
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. In 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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prOV|de conpliant pressure of tip 12d of the pin on the
3

6 - substrate 20, taking into consideration also the nass of t he
pi n. In the arrangenent of Fig. 2', the |ower part of spring
24" tightly end¥@®56%out the pin to secure it 5 rotational | BCT/VgDbOI308N
upper leg 22a of the spring extends into a hole 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-ig4% rroduce vari ations in position
during repeated actions. 10 The sizing and nature of the spring can
be sel ected to pRaid dawgont gl mft Figl 1}eqensbyurbedtda. tosystem In
the various gpbqdidm@Rhsal hh&dza&nodéﬁéﬁ& bief the vtbSoitmtar esaxially

sl i dabl e relatlv o _t hei and frigction ct _prpduces a

desi rabl e deBP¥RF ?# ops5 28 *rp‘?rr’fg) f fh’@m—rﬂﬁl i ﬁﬁ?mg pisg P"éc.‘gr ocation. In
ot her cases, dileqiiog danear aobeap B anddi? xesdeokivelyhdrivesphrd ng or ot her
mounting of phe AedEly P, and the miltitle1arésngRRNIG Ph Iy 2A and 2B

AR KR AL TN A I
axes of all afjverey pi fiartlemgiriver for X movement of the

reservoir relative to the pin assembly. The pin assembly

also has Z freedom of controlled movement, driven by a

10 further driver Z. S
Under computer control, the multiwell resexrvoir

separates in the Y direction from the pin assembly as

shown in Fig. 11, and the Z stage is actuated to cause

the pins to form deposits upon substrate R. Then, Fig.

15 112, 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 technique 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 arrangemente made
possible by the structures described with respect to the
various Figs. 1, 2, and 3 or the flexure mountings that

30 have been deacribed 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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parall el when an array of pins is enployed), 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 sel ectable,
consi dering YRA?3¢% a gi ven cl earance al | owance between PCT/USs¥00m e of

t he upper plate and upper pin portion 12c, I ncrease of distance D
decreases the possi bl e disturbance of the pin fromits nom na
orientation due to 30 manufacturinrg5@ariation, .etc. Thus, while the bottom -
plate 11 of these enbodi ments_defines the vertical |evel of the tip of
the pin 1bBe spreinsh qfi &be vwells |ofca 8§ vwellp¥ats-enffh)sabove plate 11 that
i L S spaci pgrafes ttansportgbesEpiidl frech ailabs iwdlld)e 8l aéena:catpﬁsi tion of ]
the tip . : - - of the pin within
desired t 8 6FBRced %rasgreguc)}g% Hepe siotf mcﬁ?s?joe%es}aérdre%f/s on the substrate
20. according staddie FEBARE| ¢S Figs.oA3aa0d 0B + ARd fRzegEsven pi n

ca(r]I ri erssuaﬁ&umgoh éldYt:Td’rﬁ\b@ 8 dpamb raﬁartsuiéeﬁéerﬂlamp&ommgaéy[) fa tlhat Iti p
12d can regach_the | owest, | e 0 1he .pe I bl e Ievels.
As in pr e\eléf' ﬁgsmneen%v(\%dierr%n?g“ %%ee%c'lrhp sﬂggi’sé%%%gﬂ% l'glo%rpg}:lggnt in the.
sense tha@prphexppratelin 4f & 46/ §dsi tHagh pént GeRosiftfedn a encountering the
substr at e relspe8¥£¥é SorIof &heodtbIbdied simultaneously with a

single actuation of the Z drive. The head repeats the
10 action on each of the set of slides with the same fluid,
and is then cleaned to be ready for fluid from different

wells. The same pin may be used to deposgit 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
deposits 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 wmagnified wview of Fig. 15B show the array

20 produced by the system and method described on a single
slide. (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 pins 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 fluid 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 sgqg. 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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10 1ight ‘pressure on the substrate before it lifts fromits seat .

In Fig. 3, the enlarged part 12a' of pin 12[err] and seat 13c have

conpl ement ary nical surfaces normally engaged unless the tip 12d" is
engaged with t&g%’ﬁﬁﬂ@trate 15 (but shown di sengaged for pur B6SEEIHPT0

Il lustration). The upper end surface 12g of the enlarged body portion
12a' Is sloped in a selected direction as explained further bel ow and
arigid ball bearing 38 bears on the %} oped surface at a point offset

fromcentral _axis A A wei gh 20 39 rests r?]%on bal,| 38,_ being housed by a

t .
bore in spaB&Rtes: |-Gk TP BT BACTIR WhpdP THETPRVERTSETes 9 and 11
are affi xeddothewspacamiBhochpacimdbahvegeaictsy obing all ddafidscti on
engineeringiﬂlgﬁéiéi ch as Delryn. The wei ght 39 is of selected size to
adj ust conpliance 1o the 25 degr ee desired for the deposit tip 12d' and to

apply a slight YBPhi Y TREEPRPSMES Fecagetnen pI i (SSREFES a tion of
t he coni cal sg@ake d=eydithemdglvas arehéismciniteidcahl ymm cdnweated bal | .
As seen in %K}SrCERéSf;éc%CtoifOEth dHedraté) Y@%&ﬁﬁiﬁg ke ghcgzﬁy ndri cal
configuration, free to rotate, about axi Wi th turning o he ball to
avoi d appl yissguanes eshowny iggFigh e 4rdFRWE otlythEeegho s ¢ o (FH WREwever, is of
squar e Cross- shebugtd HNd bys rdpsfse Gainpl fyesy aldhasbes ek i n spacer
block 41 of JigkEog O Widk! 80ind MohvBY L Sl der> 2ol L' @S0 ¢ hat
orientation O e’ upper-end fac
10 to the cleaning station, not shown, between change of
fluids. The contents of the multiwell plate 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 usiﬁg
o9mm 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 sguares 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
algo be uged to transport fluid from plates with well
spacing constructed on a gguare grid that is based on sub
30 multiples of 9mm, such as plates with 384 wells or 864
wells or 1536 wells, etc. The high accuracy of the
computer contrelled 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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- 38 - 12g and top 12d' remain constant. The sl ope of surface 129

relative to axis A and the flats of the square section of the pin are
cooperativeI% rgl ted to cause engagenment with square channel 42. This
is acconpli sSHEI"2*'BY sl oping surface 12g toward a corner oPCEUEYeY3hr e
channel . Thus deposit tip 12d' resides at a constant, preci sely defined
| ateral position by cooperation of eccentric weight 39, the segnent of
t he coni cal seat agai nst which 1 pin is urged by the weight, and by
the 10 prevention of pin,rotation. By use of a selected weight (i nstead

of a spring), thd&tspst VRS ortdRtyNSANEnERe salPHdPPafe PENL G138t ant over the
range of pesasbéesbhed gitt slensenf cohstmertdionsngosfibistplaites whithh can enhance

r epeat abi I%&lgi‘ Eolo s%a?c@.n er that range. 15 Such | at er al

arrangenment s are | nportant én enpl oyi ng] m S in arrays that

I croti '
require precise ThepgensepnthR) akyaN akhei tie the i??%‘;r%‘?n The
feat ures poderatety fhsairsddeation dfiterichl small eder en@heof the pin, axial
conpl i ance I |kt ' r AC Yo s ' can al so be
si mul taneoﬂsﬁ%%ﬁg g%c%?%%e%%?? ﬁgégégﬂercr{oungggge 11‘5‘%&%%0?? pin as shown
in Fig. 4An Fa@ssi ht4 Areampurigulsrtvmanakle pfarapetitiveexures 70a, 72a
Eavﬁl sim |pb3:|rod%basbh0<bf VorduilseOhtghf densitdj;emrrﬁirsxrmsﬁ@i,thies:an'&?e of a

i ghly stabl.e ma [ . iR, LI & .he exure, 72a,
provi des prl&&&aagéhg% Iiiﬂ%%%‘%p%rf t ggégiyﬁpé t%g- t‘.ﬁﬂ% h@lé¢gﬁ&1%é%f F%&ur e 70a is
pr ef er 301 Jpermedregeedr by refarpnsrote B matyrs efi kheetlyiid®@get, such as
0. 002-i nchyell B 6khéet adpdretdingt pakameder erhichhé Sslipmlly wodki ity and 30

| ow rigi djv}i)ilb%towhgg gggérMi ng properties. The ot her

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
seat 13 formed on pin body 12a and pin guide 12g. Fig.
20A shows a set of four such pin and ring assemblies. It
25 is 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

SUBSTITUTE SHEET (RULE 26)



flexure 72a, preferably equally conmpliant, is provided wi th desired
danpi ng properties, and is |l ess stable. The second flexure 72a, for

i nstance, is constructed as a bonded sandwi ch of two identical

phot o- et ched W@ #38%0p| astic sheets 61 such as 0.005 inch tRFTASNIIIPani de

- 39 - resin, e.g. Kapton[err] fromduPont. An energy absorbent

bondi ng agent, e.g., of thickness t of .002" provides a danpi ng | ayer 77
bet ween these resin sheets. The bondisag- agent may be a thin coat of
rubber cenment such as 5 available from3Mas ID # 62-60065-4826-1 or 3M
doubl e stafde tEepeX#and A motion provide ancCarRRLfEETEYREPFHAE on shown in
Fi g. 4E,| lméé}@ﬂ%rsﬁﬁ gﬁbg. Wi_&ﬂ.ﬁstfkﬂi&si?&abomlga@ﬁd]eizﬂglazsm ch of

one netal | ayer and_one. resi r o} rubber

danpi ng | ay%ge“’)“f %eéﬁ%l‘f lﬁgleggg?néﬁ%sre ooﬁpga? s@a%%oqg}lgsh Q'T-ésyachi evabl e
with the sedbdion2df materi al of appropriate thickness, such as either
a stainless steel layer 0.0016 inch thick or a copper-berylliumlayer

0. 005 i nch 't hi ek, ReFeEing Yoy Bfagy 3, Do g et SebdRYBINC (VO
al so be 12iirortddst gastelipaounsataen raemraglemsw,i Fagedheyesy
construction. Spaced-apart planar flexurxes 60 are
mounted in parallel on a mounting block 62, sandwiched by
mounting plates 64 and 67 against the intervening block
10 62. These flexures extend in cantilever fashion to
intermediate block 66, arranged to be engaged by pusher
rod 68 associated 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 borme by the mounting 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 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 stage.)
The flexures 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 sgingle sheet of spring stock.
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of the flexures. An exanple is the provision of cutouts. In
manuf acture, a | arge-area bonded sandwi ch of 20 all three materials may be
fabricated and the shape of the fl exures can then be produced by photo
et ching t he WO9%8¥6? ed outline and any cutouts. PEHUWYBI t or oOf
deposit pin assenblies of the type shown in Figs. 4, 4A and 4B, such as
shown in Figs. 24A 25 and B descri bed below, wth 9mm spacing of pins to

correspond with the spacing of weltss4m a 96 well plate, the flexure

el ements are preferably 8nmw de and 22mp | n | ength, and two or nore of
the pin and flexuke BisseABBi BUSher £8; 15 0R1EeR By ;fé‘%&ﬂ’eﬁ“‘,’t%? d® by side, at
9mMm pi n 30rispaciadgscréw efmestaldhpwhwo Tt sulf-resekvais erdilg €, di sposed
head-t o- he c { B@& 1520 118 : | pin

spaci ngs, xgogu-?:ﬁeéi‘[j%gxnﬁ ; a‘??ga/v%?'plfﬁs |sﬁ%yEi(é’ag%il‘en\alrelg‘,wnnwtqnI 82

B. Mobi | e Hajial \radepeEeYs for vertical motion of the ring. - 40 -

And I nteyaction \Whé ndtjeasmhyPadeance the pusker 6fald ng a succession of
deposits of Ihe SATRea aldtifbe 3FMNE MAERYLRIoA BUFDELPT M CT oscope

slides or -
deposition action, or to the level of a position sensor

which terminates the motion. The microscope slide or
other substrate surface R may lie at slightly different

10 levels due e.g. to permitted manufacturing tolerances.
The stop position of pusher 68 involves sufficient
overtravel to ensure contact of the deposit pin 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 (oxr the
other arrangements discussed above), ensure, if the
microscope slide or other substrate is considexably
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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menbranes or providing redundant deposits on a single 5 substrate, a nobile
sub-reservoir, periodically re- supplied froma stationary centra
supply, travels with a deposit device to be near the deposit |ocations.
As illustratedvOp/Isre. 7, a deposit head conprises t he dBEHYSMOHBH P of
Figs. 1 or 4, and the sub-reservoir 10 SR which is sized to contain

sufficient sanple to enable deposit of a nunber of dots before being
resuppl i ed. After deposit g drop F at target S. e.g. on a
m croscope plate Ror a plate carrying a delicate or soft menbr ane, the

assenbl y proceeds thepbitstdif @8r haypsterP tics alBelestigshX od with drop Flerr]
oy being di RRgd.tah o ap grsmsg 7t Wi2Eh! Ren@LATRANIL ARty T eservOl I SR
eposite

the new drop TS SI at tar t?omt Sl.err] at plate Rerr],
and so on. motions Und%&%‘?k‘?%ﬁ‘?%“@?ﬂe ?&I REFR P Pt eparing a
nunber of NGRS 66 Pep Sdridléepobittmpridndd 4s mw weidext8d @& in Fig. 8. The

contral f Luld SRR Vol Aok aRE sk 8 cofboeiutienl £ vel| plate as

convent i o aI]1°)F use mcro pl ate. C eaning
and dryi mprsdgularky rergaside stPyr &‘bﬁﬂeﬁmp aadévﬁ ge sequence
i ncl udes m‘@diﬁehh@oﬁéﬁ&ﬁﬂﬂrbt@&rdeﬁm& devi ce 25 and nobile sub-reservoir

under conput er contf ol_ & r\'ﬁghihmet ¢l eg re@ td&g'f%xstﬂhbgn?,l CL, thence

to central supply The st rvolr Is sapplied with a
sel ected fl wrmd angl b2 @reg Spaceth 0 e CLBEERE| AL AL CEBEEX LR | pl ate.

Then the 1§ QUuh BV aSsONftes cTChEbifies3@heeaot vicFatilinges R-Rlerr], for
deposit of fluid dots

control . RS, §t§‘8 u\gﬁl&l’é 926 we&?céfﬁcﬁlsoc(%lngﬂfc}?rl:}-fea%llgd under conput er

I's Téepe a nu controll ed
sel ecti on ofszzadeﬁenénﬁ i L @&ﬁﬁreis“-t(eﬁ?@ﬁ‘? witgh @ r%f?%r%t wel I's of the

central supploadsy). fRigHSr 'RmReel yRdvedliafliker empldyoamtisons on the plates R
or other 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 pins is illustrated by the following
examples.

Sub-reservoir 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 similar
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 pic¢k up material from a selected

35 well while all others remain in their passive positions.
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- 41 - receiving surfaces. Data that correlates |locations with
respective specinmens is recorded in nenory and used in subsequent
scanni ng or readi ng. The techni que of using a deposit tool that
5 accur at el yW8i998&6%ach i ndi vi dual drop, such as the dePORUSOYPATP Wi t h
square rimprofile at its mcrotip, conbined with a nobile | ocal
sub-reservoir that acconpanies the tool and carries a volunme sufficient
to supply a sequence of deposits,sdas a nunber of inportant 10

advant ages. The techni que, based on small notions, saves time in

avoi di ng rBpmaittde clugber 1Ry heemevafl walpidl \thej pext npimg darndvggor ati on

| osses of j©nmd =awe! wedD dhaincther selbcyed wWealedatamhixh Winesmal | and

t he deposijfed arya very. dense. and it he dots .can be kept_.consistent in
size 15 antf c’%é%ﬁ%?gfli ) lrcq%iugl (:)Ltg-'isc%}l%(’rﬁ'eﬁpda%?o%%' tsh°2 tg\#ay of dots
bei ng deposll ef thieerihae maprtisyadthavermedlvid fremethe ripma ransporting
and pi clg NGe1lk tdie aiBeELaRy fxuid £keRt asyBldlct@etihabiloyeral |, deposits can

'n thi's ey a |ar g8 aﬂ%&%ﬁé@”&%ﬁeﬂﬁw e oRar ed) | dent i cal
m cr oscopebetwekss pdickupndr sd&nactiersdif suseegsdparpin® s epeat ed
Not i ONS OVERah Aid.2%10f of thd@ilsi defodit N IsARESor FaLHr St rate can
carry dotsg, s @fodaM; bl L fite BrUbd20835% YRADCSE3YPEL Yoy t e SUD-
10 pin addresses a different slide, but at a different
location, or two pins address one slide and two another
slide, or the deposits are made one on top of another,
etc.
The operator may also choose not to have one or
15 more of the devices operating.
Thus it is seen that dense clustering of
independently operable deposit pins and rings according
to the system of the Figs. 1-3 and the systems of the
Figs. 4 can enable high speed, versatile operation.
20 Actuation of all aliquot carriers simultaneously
by one actuator and all pins actuated by another single
actuator, to provide a multiple pin head, realized with
flexure-mounted pins, are shown in Figs. 24A, 24B and
24D. Using linear stage techniques, two rows of four
25 pins 12 at 9mm spacing in both X and Y directions are all
mounted on a frame 120 which is reciprocated along rail
160 via carriage 162 by a single motor D. This causes
the eight pins to move simultaneously. Likewise, two
rows of four cooperating rings 14 are mounted on ring
30 support 124, with the same spacing. The single support
124 is driven via carriage 126 by one motor D,. In the
embodiment shown, both embodiments share the same guide
rail 160. The pattern of dots shown in Fig. 24C is
formed by a single actuation of motor D, Figs. 24A and D.
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25 reservoir fromdifferent wells of a nunber of nultiple wel | plates

I ntroduced to the system The sub-reservoir and the deposition
device are decoupl ed, in being novable relatively to one another for
resupply and f 0O986W8it, as well as being coupled or at 30 PCIAIS9/00730
coordinated, to nove |aterally over the receiving surface to produce the
series of deposits. The sub- reservoir can nove into a resupply
position, e.g. by imMmersion into a yeld, 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 RRRAYER

- 42 - suffi ci ephlYgddvby 8¢ 8N RO AldrYendh oo B desePNMEEN! ki ON of
t he substance of intergest af fected by

LN the fluid’is not. ., .substantially
bvapor ati on GEFFRERTESRIFLE et sqgpusfer e dodeponedibsy” |V T oCLB oY
descri bed depperablix\singdecpimthasisedor atmliipdespiy hiwid o€ ahsingle fluid

drop of de§i{r§gi§&§€qesign9baéém4dr QBbe MRyt HHP1 6488 e/ nbsedeposi t the
drop at a prec]sely poégtloned, di screte location and return by | ocal

novenent to BKe 313 MRESAPSPr for another drop. In 10 the preferred
enbodi mrent of Figs. 7 and 8 an axially reci procabl e deposit pin, as

Il Tustrated in Fig'F%g.ifs is a perspective view of a slide
preparation machine for preparing microscope slides or
other substrates such as delicate soft or.porous

10 membranes carried on rigid supports. 1Its function is to
rapidly deposit a high density array of fluid dots of
different compositions on a number of identical
substrates, employing the microdot technology of the
present invention. As shown in Fig. 25, there are four

15 96 well supply plates 31, serving as the central fluid
source for resupply of mobile fluid storage devices.

Horizontal base plate 200 provides a support
structure to hold the operating components. Fastened to
base plate 200 are vertical sub plates 210, 220, 230 and

20 240. Fastened to these plates is a dual axis motion
gsystem 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 1in 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 sc¢rew 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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enpl oyed for this purpose in conjunction with an acconpanyi ng

sub-reservoir in which the pinis directly di pped. Alternatively, a
probe that dips into a |ocal 15 sub-reservoir as by coordi nated rotational
or trans| WPPYHIP notions of a wire or pin, can acconpl i BEFAUSINTI0S
action, as can other designs. Referring nowto Fig. 9 and 10,
anot her preferred nobi | e sub-reservoir is an annular ring 14 which, as
20 depicted, holds fluid between Ft88interior opposed surfaces by
surface tension effects. Deposit pin_12, having a sharp rim 12f

at its tip, ofhe derasdt Flusrett2d qurgisaactrvhderositdansi ze of the
deposi t edm@ethanisingi0gahgddi togethexy BREA Micuritalngf istfutdurd &41b-reservoir
ring 14. R ag,i nt ' [serrc l.gni ficantly | arger
t han t he g%%gﬁﬁéhgﬁ'ﬁ gﬁéh fﬁéﬁg dgb??%%gﬁ?ﬁéggJ?Tgkf?kg§+é%s bet ween the’
pi n and tWéththe varigyer gevactreshehp¥Rg. As shown in Figs. 9E and 10,

the  suter di anetes sAepositignldedserniezad soRplete ! hare khand0 wel | 19 of
ey eotBBkin et engooblier B bahucust BRI, 0 11 o
14 1s hel gleaningmbariop.i t En Mo erbpaimentsihey maythe Befedt pin 12 is
nmoved by agedsensiwilad drbMeihi2id3THEQULE Grifidisedeorf ovket i cal
pOSItlonSreLQpégh éné%- subjected to air blast to dislodge excess
10 £fluid, or excess fluid may be removed by abrupt stopping
of rapid downward movement to dislodge excess fluid.

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 £fluid
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
alsc home center for the X and ¥ 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 made
along both the X and Y 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.
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- 43 - . position, the end 12d of pin 12 is drawn above the | ower

surface of the retained fluid Rlerr] held by surface tension effects
between the internal surfaces of ring 14. This is shown in Fi (The
pin, for illustP3PBF® is 5 shown withdrawn fully above theppé‘l‘lé?%ﬁ’@ﬁ“fl ui d
Rerr], al though that is not necessary.) Comparing Fig. 9A
with Fig. 9, by downward novenment of the pin tip fromabove the | ower
surface of the retained fluid Rf-(3 g. 9A) , to bel owthat surface 10
(Fig. 9), the tip of the pin, with its shar eflgg pi cks up
fromthe retai ned FPXiSFRYELLr PR IFRASCORE Y S "nc s ?'%ﬁm?’]d'ﬂef'l uid as drop

F. The droplilke tiigyiddepnbetredanryingt del isedeensefs tombrianesi gshe 9C and 9D.
AL Lhe T eSUP) g PO eaBcBedidh S chiie ARRUpRACIS 4 Bdgldrls mOVEd

downwar dl y y Its support rod I'nersion I n of the supply
pl at e whil eWifa Pides 1T2ar1§?mg°§%5%‘?rb'naffa§?rﬁs rf?rgﬁé’re E?Fé?'iat ion, Fig.

‘9E, or 51 plaey ofstihet machime loeatpptlye aitides, iseprddererfilined descrl bed
bel ow. The g%n%& rgglved by assom ated driver 20 Derr], Fig. 9A

At cl eaning stations, n?n 9F and_9G the | ower surfaces of
the pin 12 and ri nénl e prefensem embogdment 0F Fig-i ¢ABd (the ring here
shown as a ﬁibféﬁ&dﬁéﬂsllderMSKBest35upon slideAbuppsht g shaviag, Fig. 9F,

the ring andgglfnﬁém gage ﬂl?%t%%bbfcéfcfl tt% Egﬁ%P geln%gg%g ége vat of

cl eani ng he sane 03| VEr
assi st the sl epning Wirecdds. Wigtfe 3RasH %!E%ﬁ |f<§|¢mnﬂys%@%¥ SCfﬁWt‘P’ésom c bath.
30 the m&t!dnpls&aesefsm&po&ﬁ Bb) usHroiigBdal RoTé B3 A& i S sized to

recei ve depgsit 12 a pl rong h annul ar nozzle 200
directed i nﬁﬁ?ﬁ?’% gzgdl ns%1 f'%%) dskd £B9%rE righe 1n"Ee FIARAES

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 assured 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 use in high wvolume production contexts, the
30 system described in the foregoing Figures 1-27 preferably
employs a rapidly woving, laterally constrained, axially
compliant pin, in a deposit c¢ycle 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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pin and r
such as c
di rected
- to

punp. As

ing to subject the parts to a conical flow from flu

i d sources

onpressed air, pressurized liquid 35 and aerosols. The flow i s

past the parts 12, 14
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a tYAPHi ng di sposable filter 202 that intercefCIUSINNE0er | al
bei ng renoved fromthe parts. The trap may be associated wt

shown, nozzle 200 is associated with a secondary ai

to enable nozzle 5 flowto induce &0ftow of secondary air when
The systemof Fig. 9Gis useful to renpve sanple liquid fromthe parts,
to ef f ect™PBLAIRE PxRferaPUY 2 2 PhBrFeOtas DEREAre he pin and ring
are firstlexpadaeth 100 grame mreflavably hubs a9 .6r ggamcasmany f |l ui d

currents
sanple fl
stream of

Shedy hdteRndl, 05K B Bad g o s L

dapRiRdt or air may expose the parts to cleaning flu

h a vacuum
r path 204
desi red.

mai ni ng
a fluid
i ds such as

liquid streans opin piesmanl Sncohtasubstyrave as- bighe, daidEgend. This is 15
g 14t0a "M@Qr%i?n"@éxﬁﬁtfi%ﬁﬁ‘ LPe la%iged':()l | owi ng washi ng,
rren romt nozzl e, suppl e n

fol | oned
an air cu
can dry b
Supply fr

10

15

20

25

30

ment e |
geappre the highr prgedof \AatdRRecage Fhat fdatsspfebhidmy
o ukl ferwisipenaret ahtditentQy dopned tat precisely
controlled positions, even on soft or fragile receiving
surfaces. ST

In the deposit action of the deposit pin, by
raising 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,
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
substrate, and the pin, substantially devoid of fluid, is
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,
spots, dots and microdots of consistent size and precise
location are produced, that enable an improved degree of
quantification of observed results.

D. Examples of Novel Methods of Use
The systems described are useful with any native
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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20.0of the restricted amounts of fluid that result from PCR (pol yner ase
chain reaction) present a particular problem Referring to Fig. 9H,
wells 100 are made to hold extrenely small volunmes of fluid, typically 2
to 10 micro WO9E¥0(1 micro liter = 1 cubic nm). These WeRGTEUSERITIE
typically cone-shaped with the top diameter about 6 nm and the bottom

shaped as a sem sphere about 2 mMmin di aneter. Liquids, even of |ow
viscosity, for instance wat er, af &ise held by surface tension in such a
wel |t hat volunes up to 15 micro liter can be held against gravity 30

when the pldepodisedniar regfistayarithk previouslyfdepesited Bpgt#der to supply a

sub- reserv%{cfdd&sabe Qicﬁjfdc_:ﬁlé'a‘l hceriAXt bAgtvidoOraddag . narrow wel I's due to
the aggregate ectrs‘ﬁ of surf 1 g t ens inertia and vacuum

For renoving i qw%‘“‘?rf% h?ug'ﬁn%etf °g+s% prﬁ/:a% . téh?ﬁl WY Bfovided with a

speci al fl uspbtrmdemu high sgemcke are fragments of nucleic acids,
45 - O&Xm emﬁ bhey 1,@;1&\45559& ofs 'Pﬁher(ﬁéétfdé! h@eGeic 'oOuUghness of

at least 10 m cro i f th
i ot vel VAt ek, Balymease RBAEE FAAction) cprrditss. Fighed petter M
"grip" on thwAfland Ssb}ased fgenomic R mreDNActas Wlilsagernits the uplift

of a suiggg%ﬁéegg ggglgésfluid froma container of
Also included are restriction enzyme fragments, full or

10 partial length cDNA, mRNA or similar variations thereof,
proteins such as protein receptors, enzymes, antibodies,
peptides and protein digests; carbohydrates;
pharmaceuticals; microbes including bacteria, virus,
veast, fungi, and PPLO; cells and tissue fragments;

15 1lipids, 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 aseist 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, glaas cover slips, plastic

30 surfaces, and wells of a microplate, or any substrate,
which may be previously coated or derivatized, way 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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approxi mately mating shape. The exterior surface of the ring may

al so be provided with a fluid retentive surface to suppl enent
surface-tension effects of the 10 ring, to conpete with the retentive
properties oWQa3@6760 e | Surface roughness of PEHESI9@8739 nal or
exterior surface can be obtained by sandi ng, broaching or by

machi ning the part on a lathe with a tool or a tap. The 15 ring can al so be
manuf actured fromsuitably coarse- 62particulate nmaterial that is sintered

or nolded with a bi nder. Lijkew se a dur abl e coating can be applied such
as for medth§ HERAFLARL, an'?E‘P‘é’scal data has previgusiy PReRig. 91, in one

preferredaedjdi)nehdrenm,lsao depgdimnmam cabhgileglkbh @bverashim&ssteel has a

nel Ot N deaflaniiodd Bhly 2fe | Hitned Hga%asoic%% sifggs, and an  outer

di anet er IS tappe aving 80 threads per
i nch, thaﬁaﬁ;%wc%@a&epﬁﬁﬁada%uw RF pidEt pSof 0.012 inch, (the

i nt er nag dr&mﬁ:&%e& throuyh ht hen gior thansmt@aﬁbmmmbsabpyhe dep05|t pin P

W th f“ggg@? 1388k ur S ééuw;oeea@g £ le130 qeneﬁf{zﬂ& ng  provided

W th sur ess liquid from

t he coni cand\/\?e¢$s drightpeRepretive. Thespyeken hasysder éapéhHEWe t ensi on
ef fects ppedusseting 3 bhastié esurfadesngishodnasarrtingasrsnoot h surface

|ncrenent hat . pr t cl eani ng. Al so shown in Figs. 91 and
3 Foahishl R 8ugeade

IS sup —, of 0.15 inch dianeter stainless steel wre,
sol der®® or spot Thel aw%&ncfo&é schhaueiace dgfospatien Iy PRy, It drives

the ring iRpbitah®} iizbledNByPisy itedow 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 deposit a number of spots in known locations
on the bottom of a well to perform clinical tests on an
analyte fluid. Por 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’ samples
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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- 46 - . lateral and axial conpliance for adapting to any m sal i gnnment
entering a narrow well. In Fig. 9K is shown a formof pin and
ring assenmbly in which fluid contacting surfaces of both ring 5 14 and
pin 12 are def‘Vﬂé%%ﬁP a special substance 21 havi ng a suPCEHUS994073¢ gy i n

excess of 2500 m | linewon per meter mMN/n), preferably provided by
tungsten | ayers T. Figs. 9K and 9L show an advant ageous

rel ati onship of pin and ring for-resupply of the ring. Wien the ring 10
is imersed in selected well Wof a multiwell plate, the pin is present

wi thin the wehf, rsatdstihalkyngant depregis thet Hesitery quiepkitp. t he fl ui d.

Thei r surfagg; 41eN3HePN can PRI %§tﬁfritﬁz‘§:tl'e¥1€| YeMe%‘tS tang%rrpete Wi th
t he surface tension e; ects of the walls of the well that resi st

renoval of &hat 13Ty "tes of the fluid. Inthe  presently preferred
rel ati onship, the Pheteondeps ofirinssgrtionofisténtenidedi tosimsludetial |y al i gned

Wi th the 4 opgg owtf éﬁepﬁtié?ﬂa'tbgglnvéﬁiéﬂihé%h Ofozt f&aa senbly from

i mersion in me Egrams a. desi anmpunt _of pendent as a
| arge. mani SERISRRRE FEAMACRb RO L CRTE, APPRRAS | . oM This o
quantity, psospsisibraod pappbrliesdofyasbedtus orngrecipitetrdavail able for

deposi t 11 Liycrapachity sof £RPgeanpLAlACt 'tgnf_.lﬂireé%. gatkn through the

ring, see I'i nes e sub-Teservoir ring nay
have vari ou§ffe°%\P£ntt5‘§eBﬁ%tlf‘3r%“E%ht% celitgr | yThRA% @&/t circul ar

rings, nudtexampleshelf dabxpéenos, hiohbd acurade| smiepen
controlled experimente 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. In other cases, the spotting technique is
useful to deposit fluid that remains in a f£luid state,

20 for instance, as mentioned, to deposit cells into wells
with fluid nutrient medium that enables the cells to
continue to live.

In many cases it is important to know where a

deposit 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
crosslink the material or to use a derivatized surface
that produces crosslinking between e.g. DNA and the

30 surface on which it is deposited. 2An 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
deposits such as DNA.
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rectangul ar 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, t hrough surface tension effects between
adj acent or WOIMMIsed surfaces, supports a volume of |i qUREFYSAIWTWpace

t hrough which a deposit device such as deposit pin 12 can operate. The
size of the opening or bore of the ring, as 35 well as the size, for

i nstance, of wire or ribbon that - 64 - -

47 - forms the cross-sectional shape of the ring is selected i n
relation to the gRopeditian do pplirakhility ¢n bioyesesxsh \andhd surface
t ensi on), cihaisalheiagosdeposhé sddpositiba sRsleedi nz® a given fluid charge in

e oecr Bphsbhifsey A Unb Endh .00 g LSR5 B! Rl Bahadg 10 TOVE
cooper at e fhuifs: heweh Al ferhwatey yaddsyy oPF stal expardment wiklbendi ng upon
the appbi ceifal, féf irstRossi ﬁbByrﬁékiQmﬂialﬁ £8a Pt 1tnnf t\éaf:bﬁ'&&c& ransvelrse
cr oss- setrpprspedes T MRLY auantPRR many MEEGERETOD UL T L0 a1y
for snal | vdgtistiese ®iths teafehavainagrbdony navtos angheptimumr ansver se
Cross- seCldeRerinOfrdi)a hdwe 8P SKidHYIS! Yarying examples. The
range of usefulness is broad with application to small
10 quantities, different temporal sequences, different
kinetics of reaction, and different mixtures. In all of
these cases, the system is a precise way of manipulating
small amounts of liquid, solids in liquid suspension and
cells in suspension, under controlled conditiomns.
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 ratio 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
substrates 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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15.smal | . cross-section at the deposit end, to size the deposi ted drop,

stepped to a | arger cross-section in the mai n body, for providing
structural stability. An exanple is shown in Fig. 2B. For

i npl ementi ng tWRIMWEBHA concept of a local, 20 nobile supplyPCHYFRI70

t echni ques than those shown can be enployed An exanple is a large dip
rod, an enl arged version of a deposit pin, fromwhich a |large drop
depends, which travels with the pin-aesl +s visited by the pin by a

sui tabl e notion, such as rotation. 25 Oper ati ng

Syst ens a relatlﬂaﬂmea@a&éneuguﬂﬂbBuﬁﬁ%@# Qﬂnﬂﬂ§§|ﬁ§t§®eﬂ@%§hthat

i npl t ot
'Dmg Q”EDQ,T S@leéﬁf e%ﬁ&a%bﬁm Ph&msplolrk BEMn RéhateseLuREebE the

e reservoir Fi lis
shown 30 nultERYc8RMRAE bt P@pr%e‘?#) SnBiPr -t @ %?W%n(fer J conput er
control, anddppanpe) aliniXsYespaguardciingbet hiny Samm@sehOfIU|d resupply well
n al i gnmentupder, LS diddtieiond Nl the abELEEILAElLed to descend, make

cont act
deposited.

Where degired, 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 loss. 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 iteelf.

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
associated deposit pin, and deposited for later
inspection.

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 differemnt locations on

30 an array of identical reactions, a fixed array that
represents the sequence of conditions at the various time
intervals is preserved for later examination.

! In another method employing thie deposit system, an
etchant fluid is provided in a local reservoir ring. The
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(dip into) the reservoir fluid and rise, taking a snall anount of fluid

in the formof a pendant drop. The pin is raised sufficiently to
permt the pin and reservoir to separate e.g. by conputer controlled 5
si deways noVERB¥I7¢X the reservoir, freeing the pin to 4sa1{ep730
unobstructed to deposit its small fluid drop on the targeted | ocation on
the substrate. Wth appropriate transport notions of pin and

mul ti-well supply, the process is refeat able at each 10 | ocation where a
sanple of the selected fluid is desired, the fluid in the proper well

bei ng r eperie@ify theodgresit piny digFripestt the ftehenbr primin for resupply
and  depgeddiden sbbesdesimintddetat inna Meciomduberagoatrads a Each tine a
pin is cormpnded.! Qbeeelue dultalded fEOM ckantll, | £k f6npng from that of
its previous command, e pin,  Is_noved by conputer contr toaliquid
renoval , miereaelds &a8 erptaigisgafivid. tdigcevire a8pRatishHas on.

For effisxi getd GaRihakhisORydfodhllddip aeidyimfapiarray offaymikl uked see e. g.
Fig. 24, at_spacings.tha t he, 20 {er I bling each pin
to reach iM? eaflqlcggp%‘r‘%%e%'l 8& ?ﬁ@lrﬁ? {}ie%lfcgw\g/vlél (?c?lg%g’r voir such as a
96 wel | apd dthe @ubgtzane it |thsngneutzaliged |arewiaphedhetqi el d of

bi Oﬁhe_m St{ﬁ[oﬁ&z @%’o}}‘:&éé%ti:nding arrgy off hﬁnaﬂiln.w&_iﬂ.enb;‘!‘héé@ medys dr ihVi ng
mechani sns_ar e refera unt.ed _on eci.si; as they
require go%vebo%qs‘ﬁ%&ﬁgﬁmé%c%?% RS nfi ?%%get\%éﬁﬁné s‘g?g%%é/srray be

provi detb was ha twesudégofethefetchiagoprpaess. Faldowipar khigl the t he

deposi ti OnghdNferudi tea bﬁsé&ﬁieﬁ@dbe edpIyed e @eRoasseshe Yoron a separate
structure. Because

30 of the relati,vel r Size . | s, the
transl at i ofCRS SEHNSFSF Pﬁ:%cﬁea]tye f‘ﬁa#ﬂ%%%%qzolv\cfenr %ﬁgp%g?w\%%al accur acy
than that thetwslls for nsehtn reaawicdi AENFrAftIFinyecesgeanthai A, howvever,
the nulti-gi8 gesired. 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 varnigh 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 photocactive substance for production of
"biological" deposits using lithographic techniques.

30 E. Combination Arraving and Microscopic Analvsis
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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assenbly.P[err] and the nobile multiwell reservoir MNshare 35 the sane X Y

gantry to advant age. - 49 -

Rai | support 60 of Fig. 11, constructed e.g. to support |inear notor
noverrent in t NP %36Wr di nate i s mounted on an X stage 62PCHBY#PIT3bt
shown. As shown, Y direction linear notors #1 and #2 respectively drive
the 5 pin assenbly Plerr] and the nmultiwell reservoir MNin the Y
direction. The reservoir has a secondérTy- | i near notor X err] driven by a
further driver for X novenent of the reservoir relative to the pin

assenbly. Whée pfields seppning migrescapg sugh egdairblakiehxem ed movenent,
driven by aapgg1{sddther NLél peindiples aescrlbedJmféeé émdbly erideontrol , the

mul tiwell reservoir the pin assenbly
as shown3®fi2 Y ayflt % ?%ﬁéeg %{’ g k‘ggtiooq;c%ﬁ?gle the pins to
f or m deposi msn\;pmeémbﬁer geRgR ofTHdpids led I&nl.i}AlOBﬁhe whille Waee reservoir

noves undgr at-bg é@ar&ﬁdxgommaroscd(?ysoeaaﬁl@mcsrmemakawmura%pl oying both
Y[ err] and X Srr mat i ons

uter _.contr Z nDtIOQ t he plns

Plerr] TR RRRIE 61 FOS] HrorEe, oy FhaitneuPh e
again, the mﬁeumaya.es&heowdmg Eademﬁqwlmt rapqleilitize abti on out of
the way and.hbBg S@EMash tanRl REERSA, Sl eBRBiMftion, 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 contrcl. 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 currents 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 bicactivity 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 f£luid from the
inductively heated ring. Such heating can be employed to
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at new targeted X, Y |location of the pins on substrate R or R[err] V\hrle
this nobile reservoir techni que i s useful with pins of any construcfion,'
t he advant age of hi accuracy of the linear notor indexing systemis
enj oyed 25 \?\W 093¢ p| ns are constrained in space to a hi ghFEUSIAERLyr at e
repeatabl e position relative to their carrier, either with the high
density pin arrangenents nade possi bl e by the structures described with
respect to the various Figs. 1,-2%8and 3 or the fl exure nountings that
30 have been described with resrgect to the Figs,

MULTI PLE Fmdtparecrageaction in thenf errf@FePPEaemrmele Fig. 12,
two rows of 4 pins P, preferably constructed according to Figs. 1- 4

o0 T The Juechet BURPGHALS A BORELICIP bRl o
transport XFElaiyedyf +8rger |IBeiEies of Satid &tg t% £3le 2 0 an assenbl ed
array of midrswene ﬁitldaa;tmemccammm tor tdeagenbeatterd Figs. 13 and 14,

et S5 G pEODRR LOF i 308286 SRAGIol ook, eriRlgg et

system, such as a computer-controlled pipette, may be
associated on the same head and X-Y carriage with the
deposit pin, or in a separate head or carriage. By
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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approximately 18 x 36nmm sq. Each pin deposits in a respective one of the
8 bl ocks sinultaneously with a single actuation 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 ¥29%%b be ready for fluid fromdifferent PGEUSYI0TBAe sane

pin may be used to deposit the sanme fluid at a nunber of directed
positions in a given bl ock, and/ or upon the correspondi ng bl ock of a
nunber of slides 15 each having the-se$ of 8 spaced apart blocks, the
deposits on the slides being nuch cl oser than the spacing bet ween wel | s.
By foIIownngaphblkﬁqu%hceUbgenmpqmpwtﬁg conty], & Xn#l ¢arni@gebelvi sited by

respective Rh@Sgy Et&hlrﬁs movéd &b helleetNBodddiRd hetW WhidH Gs 158 show t he

array 20 produced b S nd,nme scrl ed_on a sing sl i de.

(Actual |y tF8*geEd %éﬁ?ﬁs %éFaﬁﬁgég§aF§ hﬁc?ﬁr %FeFu?$Eﬁ?qll 8 rated and
dot density semehipseancss the deyice welhcted may bes aseulptteanrvedd, 000 dot s

carried DY Fing 83+6R|£ st d€. %ué@ r:r.ngs that areS diiearemy ef erred

enbodi nment , shomm Fi r|d of 12 pins has
> ows of b intepnal aatbter, gr ste SomAR of AAAISER VIR0 tm square
grid patterxribbonasites horspaeiof) diff ferenvedizesnftoaeder well plate. This
a1 Angenent. deetkid: HARL1, 2880 indlsc3prbbinel J amiaty 8 wel s 12 vells
at atinme, an rects | g SItIO éf aced q@g@%_blocks of
apprOX|natecarerFﬁlcéﬁﬂﬁitigs %ﬁ Fgéﬁ SFEIENBHES ®%n array.

Wth either car fapgesentith Idepneihqrimssoﬁedifﬁe@t simagler conputer control
to forma mygh.gpLe d@fﬁ@rﬁénea&kféé 3 AepaY:iOfpifdalicdndnl Ssdihitelshat

occurring in the muft
g from a set g¥3p1ns 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 referenceé 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 fluid 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 gignificantly larger area and on other substances and on
surfaces 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 ugsed, and aligned
for deposit of fluid by automatic controls of the
instrument, or the contrcl 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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- 51 - plates, e.g. arrays of 20 mcron to 375 mcron di aneter dots
wth simlar spacing between dots, using all fluids in the plate.

Just as the pins are |ocated on 9mmcenters, the 5 square arrays thensel ves
are distri bu&@ﬁ”?ﬁ?“bmﬂ centers over the face of the subREHEHPH07H,
foll owi ng the pickup sequence shown in Fig. 14 (rows 1 through 2, and
col unms A through H) , by repeated sanplings, all wells are visited,

t he pi ns being conveyed under conput® -control 10 to the cleaning station,
not shown, between change of  fluids. The contents of the nultiwell plate
or a nunbexdjustgf ippel £ AuRomatAGI1Y 2 iundesd OPRERT e canvgodehsi ty

di stri but iggrwebteey! GepositiidotecbE plei®sid wellgh density arrays. 15

Simlarly, referring to Figs. 16-19, again using 9mm pi n spacing, with
two rows of 6 pins each, a sequence of sanplings fromthe wells under
conmput er control col | ects sHpplGenglugdon | wells and uni quely

di stributes t hemue Raghodsnsdy}sy RIEC@YbE8PasiTdrdenatZzafaeEir es on the 20

m croscqpe.sl.ides or .ot at 1.t arr n |ide . _dinmensions as
shown i ﬁl}_;d‘i‘é_c—:poszg gﬂeé%Eﬁeggyﬁﬂoﬁa’eﬁéﬂggﬁﬁa e"'gfz'npl"’lns isto .
create a precisge Heppetabie mazpert thatrmplsvisuthane®dmsly on one or many

m groscopec&{djéiﬁ&aeﬁoﬁyb& redafeiohBi 6r CiredABelybshenédal |y reduce the tine
and cost reg

d hi.ah_dens; _ o
e agSRieeRErat nas Ghd readtidlle( " ipi4d! 4B B aone 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:

SUBSTITUTE SHEET (RULE 26)



al so be used to transport fl ui de'aﬁt?%wel I spaci ng

constructed on a square grid that is based 0 30 multiples of 9nm such
as plates with 384 wells or 86 J"["Mﬂ,l wells, etc. The high
accuracy of thaVo9A¢HAput er corftkuEn] 'mm,’m 'ﬁstem enabl esPCRGIIH/ATE0

*

placement of the selected wells W th teshect &0 the pins, and the pins
Wi th respect to the receiving substrate.

- 52 - It is evident that_uging the sanme logic, pins can be
assenbl ed in denser constructions to fit plates with smal l er wel |

spaci ngs. 1The mengparhbes afdm\depblttingleidt Aeckomatd on 5

const r i ned. SEpeY o HRireqls Cln BAEAEHP syfiiune) B i SUHRRED. | P OTELLY e
of repetitivenalypipdractdanefopride déke; PPRRIESIRG ArdeRRSitusi ng t hese
principles, tbois@dendla FTUAREYsdGdeh@hitRSamd tdbobkuhti sty kelaeedel ected in
oo oe SR EaABLY bl d®so piBlpctp BLLETa WRbEN0
PIN & RI NG SY3utfl| of small diameter on a drop-carrying 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

10 deposit device, relatively, in deposition motion toward

and away from the surface, the apparatus adapted, by

repeated action, to deposit the drops of fluid precisely

in a desired array, preferably the apparatus being

computer controlled.

15 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.

3. The apparatus of claim 1 or 2 in which the
20 drop-carrying surface ig bound by a sharp rxim that
defines the perimeter of the drop of fluid, preferably
the surface 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, preferably the end surface of
25 the pin or pin-like structure being generally flat and
the side surfaces are cylindrical and smooth.

4. The apparatus of any of the foregoing claims
in which the deposit device is mounted for compliance in
the direction of the deposition motion when the deposit

30 device engages the receivihg surface, preferably the
deposit device being comipliantly displaceable by
overcoming registance 6f a resilient member or weight,
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The pin assenblies as shown in Figs. 1-4 can be 15 used with a sinple axial
ring translation mechanism As ~—the fiuid-needs-t-o be picked up froma

rat her |arge well, a sufficien genment of nultiple pins
and SuppwWQ 9pBeTeEs i s possi bl e. Hm"m’w OH m\&@nhe r&¢'€(9$96’ﬂ%7gqp of a
pin and ring w thout their support *orc20-a at | mechani snms. Seen in Fig.
20 are supply ring 14, pin tip 12d, ring body 35 fromwhich a support
rod segnent 15 extends to the-rirpg-14, pin shaft 12b, the pin seat 13
formed on pin body 12a and pin guide 12g. Fig. 20A shows a set of four

such pi npaeﬂefahsiky ageanbheegepogityGevicevigetn aallinglid®®® can be

assenbl eg Jhlxe‘ea%keatufé O fdadspist Sn@l‘ﬁgpbamﬁﬁﬂsés ng assenbly
can ee

where on In_hol di n str cture 3,‘4\ Fig. 2, and
the ringah6PariRl <% PE antrt m?eglbe% & Pe r B35t epper notors
Z[err], aadeZEetrudturwmt prefbrablRp the drive weehansi@m §ori 8B The Z[err]

mot i on fgfpggge%vp& deing' Q%W&U&Baseeﬁﬂmatﬂeyohaval ves

overtrave

{ §gwgog|t [ ailvs L9 t he receiving
surface aRyeki Al Wb‘?b‘ifbrth&eaﬁgf’? B g% 58 ‘(ﬁn Pface hei ghts. The
respecti v@eswppeivimg suinfamxe.gui de .
53 - rails for X and Y notion provide a conplete array-form ng
5. The apparatus of any of the foregoing claims
in which the deposit device, at the time of deposit, is
10 laterally constrained to a reference position; preferably
the deposit device being mounted on a flexure system that
defines the referenced lateral position of the deposit
device; or preferably the deposit device is mounted in a
manner permitting its displacement relative to its
15 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 lateral force or turning moment that engages the
deposit device with at least one lateral reference
20 surface, preferably the deposit device being a pin 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
25 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 lateral force or moment toward
the reference surface.

30 6. The apparatus of any of the foregoing claims
in which the fluid source is a mobile fluid storage
device that is movable relative to an array of deposit
locations, the fluid storage device being constructed and
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mechanism Fig. 22 illustrates a commercial realization of the design
whi ch attaches to the Y stage Im*@f——ﬁg 21. 5

Referring to Fi 23, 23A, and mgnm,m 12 in this case is
nounted on a p %Pﬁ”@?@gr am canti Hmmmuctlon SpacBe/U§9EPe3Y| anar
fl exures 60 are nmounted i n paral el t o a smownt i ng bl ock 62, sandw ched
by nmounti ng plates 64 and 67 against the intervening block 10 62. These
fl exures extend in cantilever fashion ¥® - internedi ate bl ock 66, arranged

to be engaged by pusher rod 68 associated with a prinme nover 76, Fig.
23B. Ext enttcapgédirtichaesiippinritid depesitstgwice asnvariauaredi at e bl ock

?ﬁ a][fe par al h%EaH@ﬁ@rﬂ% %Otﬁédagl%y""h Eafé%:!ifj%h@déﬁésﬁiﬂﬁ%v?éet ggt ][enderk
e exures akK. an co I a e en or Wwea
loxur oa v’ andaet Fprad skarage &ﬁ%gﬁtb £i8 oS TRaR i SHRPSY o

force bei ng dpppsetb tithe kepssitcdamiee snshivevinmedinge ?Binitynoghi ch t he
flexures age Rar heial 1dcag 1 uRs Gz Qbbb 2k RirboRChid HaifdeaBryt he

nounting structure. force e dlrectlon of the

arrow 68 resBPiB] ‘FP“Pl“HJe%P@cF?%‘FFWEFhWEf‘FIF frﬁqia&‘d?e ° &d'& FTFRE shape -

shown, sueahdt Betodqb]md( 66 meovemigi: pdr thé edegasitthdeviceitawagd  surface
‘and dep03|t -y n Qgé;_)ﬁ{}@ W85 €5 position to the receiving
surface. (T%hﬁ %ﬁ %\I/I(EIJ; st |f% #:?eg:(ures 60 and t he associ at ed
driver performthe funct ion of a precision stage.) The

fl exures may be conmr.i sethefapparakeasi of ralsiim 6 inwhich shapbile. g.
ol yarm de1beSBra gy A AL Bt aker| Al be Bhdd HRdUEORlerdy et ched from

thin spring ne um copp or stal | ess steel.
Advant ageous|sprhaen intq pdigh Fe:ﬁﬁ?%éék FY%H@S lgwereddR& conti nuously
from a si nglieedhestosainpai BPusd @i¥op, preferably the mobile

storage device being constructed to store a multiplicity
of isolated fluid volumes in the wells of a multiwell

15 plate, the apparatus constructed to obtain its fluid drop
from a selected volume of the plate.

8. The apparatus of claim 6 in which a mobile
storage device defines a generally annular f£luid
retention surface, and the deposit device is constructed

20 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 surface of the storage device, and in the

25 extended position the Adrép-carrying surface of the
deposit device being projected through and beyond the
surface of the retained fluid, preferably the deposit
device being a pin ot piﬁ;like structure wounted within

30 axially relative theérétd, and preferably the member
defining the annular su?face being associated with a
driver that moves the menmber relative to the deposit
device to a replenishment volume in which the member is
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-54- In Fig. 23B pusher 68 is driven by rotary notor 76 via
| ead screw, not shown. The sub-reservoir ring 14, " mount ed on support rod’

15, likewise is driven by notor 82 [ rew, for vertical notion
of the ri ngW039/36760 Thg not or rraumwmnlumlm her 68PEI/USI9/00730
predeterm ned di stance froma hone posfti'on ¥ ors each deposition action,
or to the level of a position sensor whi ch term nates the notion. The
m croscope slide or ot her substnate surface Rmay lie at slightly
different 10 levels due e.g. to permtted manufacturing tol erances. The
stop posimnensed trusieseigs & nsunlas ofufinidemreferghdyt £4udd to ensure
Cﬁnt iact Qgt%!ﬂﬁiﬁgm&iﬂac@:bnﬁi%ﬁitdto&age &ﬁiwm@ 'aﬂga Er ot her '(Ij'lkjlj e(i'i3 of
t he | east _t.hi ckness [ et nesses. e
conpl i an%‘é’dﬁ?%%’rnjgﬂe% souff%g%k €l%‘x’urae%k“%g%§ ]'7(5&1&%1%5{%8% BEot her arrangenents
di scussedeabbvd900 grimipodnchf o ke surfgicer eBevHe Fea¥erothdfrher substrate is
CO[\Si dgriaBbﬁt zs%dﬂitrﬂw, bgaﬂeﬁﬂsmltnhet Baltf.a@@ éi'ﬁﬁ:ﬁisﬁnborzce will sti :CI N
not exceed a predetermned value typica ss i han . ram preferably
| ess thar‘f“ﬁ‘.gggﬁ?an?n cﬂ’re?ﬁﬁs#’ﬁgéﬁ'e ;hgg cgo%%’fasﬁléq%l%gngggd prot ection of
the ti p ennbherphember to pick upiaysupply ofioftuid d@soFromcRust er 28 of
relatively narrow well, the drop-carrying surface or tip

of the deposit device has a surface of surface energy

10 greater than about 2500 wmN/m, preferably the surface
comprising tungsten, in some cases preferably the annular
ring being associated with a heater, e.g., an induction
heater.

9. The apparatus of any of the foregoing claims

15 including a cleaning system and a control system adapted
to control relative movement of the deposit device to a
depositing relationship to the receiving surface and a
cleaning relationship to the cleaning system, preferably
the deposit device being associated with a mobile supply

20 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,
preferably the mobile supply device being an annular
member through which the deposit device operates,

25 preferably the cleaning system having a nozzle for
directing a flow of air past the parts being cleaned,
preferably a cleaning or drying station comprising a
circular nozzle constructed to discharge a conical flow
of fluid against the parts, preferably compréssed air,

30 high pressure liquid, aerosol or heated.air, preferably
the deposit device being a pin or pin-like structure
surrounded by a mobile reservoir in the form of an
annular member capable of holding a supply of fluid by
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I ndependent |y operated deposit pins, formed by a nunber of the deposit
assenbl i es described in the_Fiﬁqne -3 25 and 4. Cluster 28 includes, not

. s .1
shown, a nunber of incrﬂll H I ij”ﬁ D and D, one to drive each pin
and one t o woiswssTesach | HERH 1 oA ion for picking upPERYS?/00730

depositing fluid, and sensors to indicate to the control el ectronics the
position of the operative elenents. 30 There is a hone sensor for each
deposit pin 12 and a hone sensor foig each ring 14. The devices are
ganged mechanically for X or X, Y novenent, positioned by a common

el ectroni ¢ caifaRle tehdidwrefifecys| nthdimotzle direxttedonoi dishpdgeyed when a
51292 1S PrOU ARt A YD Weblool WPty InS PRV ARG
cluster 28 may step to a selected X or sel ected XY position, at which a
number of differentig. Mkl eppattivier ofoshytief thenfooegoing dadmased to
occur, pi cki ng yp_and_depqsi_ti Mol iat géfycen | OCation
desired. Sucf™P el %%%‘s?%lstat&t gga%é%&péj%t ?g%?gé lys\%ers%ii(l: t ool when
enpl oyed v tét leamsnwant fbwid sauEee: fo¥ Pysvigdag a drop of Llyydgcp

enbodi ment s the. aly @epbstarddice,i Bfd nechanismdfer neoviihgakbespaced in the
cluster at 932;5§¥§‘3€%38és together transversely over an array of

spaced apart deposit locations of the receiving surface,

preferably there being at least four of the deposit

10 devices comprising a deposit head, preferably including

mechanism for moving each depogit device independently,

or mechanism for moving the deposit devices

simultaneously, relatively, toward and away from the

receiving surface to deposit respective drops at

15 respective deposit locations on the receiving surface.

i11. The apparatus of claim 10 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; preferably each deposit

20 device being asgsociated with a respective annular storage
ring, the storage rings being mounted on a common
support, driven by a common drive, preferably the spacing
of the rings corresponding to the spacing of a multiwell
storage plate into which the rings are immersed for

25 resupply; or preferably the spacing of the deposit
devices corresponds to the spacing of wells of a
multiwell plate fluld source from which the deposit
devices obtain fluid directly, preferably the multiwell
plate being a mobile fluid supply constructed to

30 accompany the deposit device across the substrate;
preferably in either instance, the spacing of the wells
of the multiwell plate corresponding to well-to-well
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di stances or nultiples thereof to facilitate operation with 96

10 center

well plates (in which the wells are spaced at 9 mm on center I nterval s,
with 8 rows of 12 hol es). nghe HHM Isoe thls

confi gur at i Bi® %R6F6have t he sane fo “mmmmﬁ nor e® f"%”éo 16 X
24, wth hol e-to-hole resistance of " to provide "384 pl ates”. The
arrangenent of Fig. 24 enabl es use of the hi gher density plates with

exi sting automated 96 wel | pl atezgandl i ng equi pnent. The system

descri bed

can be enployed with both types of plates, as 20 well

as any

arbitraryspicingetenells of a 96, 3Bhe 964 sert iISx6y welltbbateuser of

! ”depe”degtéyacingol%?{a%b%s depPLir aPeiBmisripldids ot afl. by the fol I owing
exanples. _ Sub-reservoir rings, e.g. set at 9nmcenter-to- 25
spacing, may be indexed in X, Y direction along with their pi

ns and the

rings may be driyen doke sppardtoppef)any ofi trhet foressing fcadaimappl y or
froﬂ%{&wctﬁe@'dhgogh deﬁ&oﬁﬁenitgﬂﬂéurﬁﬁﬁ 1§§\ét!\/ehhe plate, in an

resupply
action si

sui tabl®

pi ck up
passi ve p

10

15

20

25

30

m | ar stens previ OUS £SCr

Af ter

FRgexi ¢ SnIngereHr Bf N TEPPes XﬁY*%&HPHﬂHWﬁhglnultaneously to
forn1depO%é&é;ﬁﬁnécuurfaceptacesssiuhamhe grae, fpreferaddyt hessuppl y pl ate.

Alternati gly, o QT | g3URBLYRLPTS, SUBLECHES Voidn, preliAgaiBy De dr opped to

om'a“se
ggptdgng91t device having a natura

than 10Hz, preferably greater than 20Hz, and preferably
the motion of the deposit device toward and away from the

thle al | otherg r emai
frequency greate

nintheir

receiving surface being damped, preferably by friction or -

by a damping material associated wtih the support of the
deposit device.

13. 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, preferably the fluid
source comprising a source of biological fluid.

14. The apparatus of any of the preceding claims
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, 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
the device is free to lift in response to contact of the
tip of the device with the receiving surface as the

~ supporting ledge and device are together moved relatively

toward the receiving surface for depositing a drop,
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- 56 - . Then the cluster may be mmved until the next ri ng arrives at

the sane well or another selected well, at which point it is dropped to
pick up its aliquot, and s m nﬂ M“Lall of the rings have t he
saneflwdfr‘ﬁat”@'@arre SH m ll “i nt fluid from an¥ CE/ZIP

wel | s. The clustef 28 rhay“be noved in X, Y direction between

pi ckup or deposit actions of successive pins so that, e.g. all of the

pi ns deposit the sane or different - 7%luid on a single slide at sel ectable
addresses or each 10 pin addresses a different slide, but_at a different

| ocation, oPrekerpbhs thedeuziaes ok Kreyelukion RaviRg: Refurfacy |°(§e or the
deposi ts ar gormisubsttardialep witcididhehe formtist the portlon ofThe oper at or

may al so chggse .n Q e Q%] Vi s Al ng.
Thus it is gg’gndﬂ%%?é aden \Sﬁe lr]g eJ? g?% n?{: &Eeé epque y ‘%o%%%l e deposit
pins and ri rb@gnacéesmefgwelw gorifnlyy e BFe@?@ ¥gSonfdnifng tPhe syst ens

of the sFig0pordisanofrnel subfgte YFeadriyRE sedrd.e operation. 20
Actuation of all aliquot carriers simultaneously by one actuator and all

pi ns actuated by anot her single actuator, to provide a nultiple pin
head, realized withR5. TheQRRARNRSUALE "imhéﬁ &he BYRrRfing Filgims 24A 24B

and 24D. i 'w%@lcfﬁ' ﬂe@rdeiioage deeiv qtseﬁrgé&nagaa\i\moa f‘@ﬂére?ﬁ:e]?l ns 12 at
ahioh 1S 1 oduREaRE: i Ao o sy oPeTids A 2PFRRE P e ale motor
D. This caudgesningt M‘-‘gﬁp phasderpsity deviqel tmeé@ergbh' the&ewi se, two
rows of &@urf&eepefaéhé\g:dﬁnaag BmeHE bEBHG! §fbVIed bPJa3fpsiport 124, with
the same SPaH gbejargg esécne%lt%.cszgﬁ)}(r) rc;[n 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 angle to an axis of the device,

15 and the other of the surfaces comprising a convexly

curved surface engaged upon the angled surface,

preferably the convexly cutrved surface defined by a

confined ball that bears against the inclined surface,

preferably by being pushed by a weight.

20 16. The deposit apparatus of any of the preceding
claims in which the deposit device is in the form of a
pin or pin-like structure, wherein a structure prevents
rotation of the deposit device about its own axis;
preferably the pin or pin-like structure being confined

25 in a complementary space that prevents its rotation about
its own axis; or preferably 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 pin or pin-like structure, a protrusion of

30 the spring engaging a stop surface that prevents the
rotation, preferably the spring also providing axial
compliance to the pin or pin-like structure.
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124 is driven via carriage 126 by _one notor Dferr]. In the enbodi ment

shown, both enbodi nents share the sane guidé  —~rait-160. The pattern of
dots shown in Fig. 24Cis forneH'Ml ' uation of notor D, Figs.
24A and D. WO 995736760 m"mmg"m Iﬂm 57 - PCT/US99/00730
ARRAYER The gantry of an arrfyér, *now t© be described, can

carry one deposit head, a cluster of independently operabl e single pin
heads, or a nmultiple pin head of the7& wvarious designs descri bed above.
Combi nati ons of these are al so possi bl e. Fig. 25 is a

perspective vi ew Bf. a Thei method pf maPdoVéRg ntls | aRPATGEUBr @Pari ng i cr oscope

sli desdor assé?&'ﬁdy ofURSY Gt %é?&écé&iﬁ@ldlm gott desogiriogs 10 merﬁbrﬁnes

carried on,riqgid._.s orts, It tion. i 0 . idly Lt a hig

density arFRPo P #Eﬁﬁdd%?‘ g cel{%fl#fge%fef?ﬁctecgﬁpéé?%%%lsongg’ogﬁlneunber of

i denti cal bottxwbofr at well «9m|ahhergreatpignt.of3t COBENABIRG MO t he

present g ngidigientASpebeekably Birdloybng tdiff @fathef oUiidd 96 wel | supply

P & st orasaiminih 3 HHS SRidtcabiBh ! ror WY 68 LAL SEJURYY OF MO E
described. '

18. A method of depositing a biological compound
on a substrate or causing a biological compound to

10 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,

15 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

20 mechanically lifting the deposit device away from the
substrate under conditions in which the fluid drop
transfers to the substrate or the pre-applied compound on
the substrate, preferably the deposit device, when
approaching the substrate, applying a force to the

25 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 compound and another substance

30 being successively deposited by the said technique.

19. The method of claim 18 in which a fluid

supply of the biclogical compound or substance to be
deposited by a pin or pin-like structure is obtained by
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Horizontal base plate 200 provides a support structure to hold the
operating conponents. Fastened to _base—pLate 200 are vertical sub plates

210, 220, 230 and 20 240. F plates is a dual axis notion
system 250, cOYp¥36T6Ag X a aitﬂ Eiﬁ 260, 270 for  PqmsPEliT3g X and
Y notions, in a parallel he guide rails of the X and Y
axi s devices, 260, 270 are paraIIeI to base plate 200, to carry deposit
25 cluster 28 in X, Y notions in a pl gge_parallel to base pl ate 200.

The X axis device 260 is a commercial device avai |l abl e from Adept of

Japan. |t raitpdnat the hpih crapén-likd streedure in @intikel bedti@nner using a
rotary Serg&dibt% 0Lt 4 L %u?éb)ﬁ@e %%weaeﬂeasxgs%fzfateowmé encoder ,

enpl oyi ng and ana rrie axl s device 260
i s an ort hoigRegity laFrbicy W—t&}?‘sa%leﬂfgﬁ’éar rHng Wdéﬁ‘gl §1yid R 1 er version
t hat oper atfisrfidtet Bensboe, andmeheepimsis heved achowpyithe. ring in

- 98 - n&l:? £ Oélgelgwéé%; a%éﬁog%soefs trQUE1 degosi tion

nechanlsns é%ng g ture as shown in Fig. 24.
These deV|d@&#ﬂéy1§ehﬁhdd§tGFH§H€eend ofi Thet B \RY iRdgs LikRuct ures shown..

" structure by surface tension, preferably the pin
providing a drop-carrying surface bound by a sharp rim
that sizes the drop.

10 20. The method of claim 18 or 19 in which the
fluid to be deposited iz fluid selected from a group of
fluids disposed in a multiwell plate, in cases in which
an annular ring supplies the deposit device, the ring
traveling to the multiwell plate for resupply, in cases

15 in which the deposit device dips directly into wells,
preferably the multiwell plate being mobile, mounted to
move across the substrate to be in proximity to the
points of deposit.

21. The method of claim 18, 19 or 20 producing

20 arrays of fluid dots comprising providing an array of
compliant deposit devices, the devices preferably being
in the form of pin or pin-like structures, the devices
having spacings corresponding to the well spacing of a 96
well plate, or a plate hHaving a multiple of 96 wells or a

25 spacing of 9 mm or a submultiple of 9 mm; preferably,
according to a sampling plan, either dipping mobile
annular supply rings into wells of the plate, or dipping
the deposit devices directly into wells of the plate to
provide fluid drops on the devices and transferring the

30 drops to respective locations in substantially denser
arrays on a receiving surface, preferably the drops being
deposited on a mictoscope slide or a membrane supported
on a slide-like member in a pattern of square arrays.
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5 After a deposition sequence is conplete, the X and Y term nal
drives the cluster of depositing eleﬂEH%s-te—a_—“ .cl.eaning station. In sone"

enbodi ments they may be passed which the fluid
ori gi nat ed &¥O WP recept acl e an @H Hﬂ ﬂ i@ﬂ] bl RET/USY/OFT38| odge
excess 10 fluid, or excess fluid may be removed rupt stopping of

rapi d downward novenent to di sl odge excess fluid. In the system
of Fig. 25, the array of pins and- gprings of a cluster 28 may be hel d over
a vessel of water for cleaning, as shown in Fig. 9F. The vessel has

wat er 15 | evel a2@.a Thenmetbodt afit dny rafplthei shatms hisszat er . Bl otting

paper g?ﬁ%%%r%zemegg&m&eceheyfbﬂeqnqm@ga'cn%a&@'&tgthe pin and

ring we r flupd r enov Al ternatively a
f1uid renﬁ%‘gﬂ’l’sﬁ%yoﬁ‘%ﬁﬁﬁ%ﬁ’% %P}B g?‘ﬁe %@‘%}“Eﬁp%?ﬁa’éﬁv%ere air flow
renoves rénapfaugportlhbusdrfacﬁnQﬂudlpmaseanbbssrqyan &heutr3zg/ of 4 pins
thus 5 pyigesh féf@%hﬁl?glééé“ﬂLQBy3§brm§éf5ﬁs)5%r€@§9ab?¥ Mﬁﬁﬁﬁd arr,
washed an rlnse | i quid er Qs st [eans dried.

Figure 26 gﬁ%w%SQtﬂ%Q58Hfr5? %y@ﬁ 8% pRg* ﬁ%ﬁﬂuﬁﬁé dep°?ft%9ﬁmw the controls
for the Xwath sqaikisinmorepintlirsl struskuve hoansdmgniodr af desited X and Y axi s.
The actual e POsition of the carriage that the lead screw is driving S
sensed so tﬁe carriage can be driven honme and then the 30 counter is

initialized so precision notions can be nade along both the X and Y
axes. Al so shown2Bs aTkehertdiodcof any dheldepdaimsons4zadn one of many. As

or Vi 04 | Yoy o 85 v BCIIERRS 1 90aliend) BRsdst mtors, a pin

drive notor ring re co fromthe 35 control
conput er . preferably the rece1v1ng surface being porous or

microporous, preferably comprising nitrocellulose, nylon,
cellulose acetate, polyvinylidine fluoride or a gel,
preferably the member defining the soft or fragile

15 receiving surface being mounted on a rigid carrier
member, either directly or upon an intermediate soft or
regilient buffer member.

24. The method of any of the claims 18-23 in

which the fluid being depogited is a fluid selected from
20 the group of fluids described in the specification,

preferably the material being a biological probe or a

chemical for reaction with biclogical material, a

fluorescing material, an ink, dye, stain or marker, a

photoactive material or a varnish or encapsulant or an
25 etchant, or a cleaning or neutralizing agent.

25. The method of any of the claims 17-24 in
which an array of deposits thus formed is microscopically
examined with a wide field scanning microscope.

26. An array product comprising deposited dots of.
30 fluid of diameter less than about 375 micron, preferably
less than 300 micron, preferably between about 15 and 250
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- 59 - For deposit on mcroscope slides including slide- i ke
rigid nenbers carrying delic t he slides are fastened
to the table, or placed in rgﬂwamﬂlm mﬁl des in a kng D ]%b.}._‘bon
Features on W@ 5 plate of thetmathihe 4 ocate the slid gg’“ 9%

predet er m ned orientation. In the preferred enbodi nent of

Fig. 25A m croscope slide MS rests ugﬁn slide support 30, having one
end engaged with stop 31 and its ot her efrd engaged by 10 a spring wire 32.
Wre 32 extend p 0 pport 30,

t hrough a hol e%ééré’ﬂn EL 88{31& g I sp%tl’hgeslg’dg:%gg%%&%ﬁﬁ 1i'gngt he
figure to eﬁgagtézqrh@fsrtgéesmw @fgwells RfinFé Webb BllateThéhe spring

pressure is sufjfhss e ﬁz@fh@hﬂw hﬁéﬁldlﬁg Mod @d%sméfb&esfw , accurate
position despi tﬁb%l br atol onse__ f occgE dur nc% ogr L t he machi ne.
The slides areS t% B FeBHTETUST K508 5 ‘5 h3lides, with
their thin |‘bngomso:emgsg‘e§°m\sm surfgge, anm reexrfatrnepmbﬁm i de's
pFSId ti onBl S deesas@mm@n%wcamdéée hgh%amauqaséh&'?@{aﬁfeedl ng six
slides. By U, ou one | u a earray is-
properly | ocat 38 %éyslc’t%ﬁ‘ﬁt g}g?gl'genaﬂfl Sdg?g qi%%ﬁ lggagb € XS ide and to
record i nfor nasuofaceprafeably onunthEde on apuigich@uppenter i s nounted on

the servo drive 270 of the 25 Y axis and adjacent to the dep03|t|on nmeans
28. The
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sequence starts with filling the nmultiplicity of rings of ~ the deposition

device, and is carried out according to the control procedure of Fig.
27. For use in high volune production contexts, the 30 system
descri bed in {Bgede@Ecg0i Nng Figures 1-27 preferably enpl pyfusssn@m dl y
noving, laterally constrained, axially conpliant pin, in a deposit cycle
of less than 0.1 second, in which inpact and vibration is mninized,
W th the natural frequency of the systemnore than 10Hz, "in
- 60 - many cases preferably 20Hz, a pin contact pressure of . |ess
than 1.0 gram preferably less than 0.5 gramin many cases preferably
about 0.3 gram and the system enpl oyi ng danpi ng.- 5 Pin pressure
on the substrate is light, and fluid splatter or separation conditions
are thus avoi ded, despite the high d of action, so that dots of
fluid of uniform shape are consistently fornmed at precisely
controll ed positions, even on soft or friagile receiving 10 surfaces.
In the deposit action of the deposit pin, by
9.
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raising the pin after contact of the drop on the substrate, the conbi ned
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 YO®BEHY to overcone the force of surface FERISYPBert ed
by the lifting pin. The fluid drop preferentially stays with the surface
of the substrate, and the pin, substantially devoid of fluid, is 20 free
to be replenished and nove rapidly to its next destinati on.

As the volume of the fluid is accurately specified by use of standard
sizes of pin, and standard conditi ons, and the position of the pinis
preci sely constrained, 25 spots, dots and mcrodots of consistent size and
precise | ocation are produced, that eﬂ%BIe an i nproved degree of
quantification of observed results. D. Exanpl es of Novel

Met hods of Use The systens described are useful with any native
30 fragnent of DNA, or pre-synthesized ol igonucl eotide of any | ength.
There being no restriction as to chem cal s, any non-photoreactive

chem cal as well as photoreactive chem cal s can be enpl oyed. Likew se
dyes that are useful to detect fire e of DNA may be

"sel ectively




- 61 - deposited in registry with previously deposited spots or
m crodots of biological nmaterial, and vice versa. Anong: t he many
bi ol ogi cal materials that may be spotted at high speed are fragnents of
nucl ei ¢ aci M¥C9956%0y DNA, RNA or hybrids such as PNA ( peBETYEEEPei c
acid), PCR (polynerase chain reaction) products, cloned DNA, and

i sol ated genomic RNA or DNA, as well as synt heti ¢ anal ogs. Al so

i ncluded are restriction enzyne fragnents, full or 10 partial |ength cDNA,
MRNA or simlar variations thereof, proteins such as protein receptors,
enzynmes, anti bodi es, pepti des and protein digests; carbohydrates;

phar maceutical s; m crobes including bacterig Vi rus, yeast, fungi, and
PPLO, cells and tissue fragnents; 15 Iipids/gpipoproteins, oY the like;
plastic resin polyners, small particulate solids in suspe€dion, etc.
The deposition system may al so be enployed tq deposit catakysts,
reagents and encapsul ents upon PregVi oued pgsi ted materi af any of
the types above 20 or, as nentioned Eite an an%itofghites or
mcro-wells for |later reaction or material, or )to assi st

in neutralizing or cleaning the [ reaction si n the
case of highly toxic ~or virulen basi c
use of the arrayer is to create 0 cid on a
porous or solid, flat surface, g i croscope sl

t -surfaces s&ch/las
s, plastic 30 su@ aces, and
ch may be previ o®ly coated

slide-like support. Deposit on fRagi
m cr opor ous .nenbranes or gels, glM™ss cover s
wells of a mcroplate, or any substrate,

or derivatized, may.gserve

:’j@;lﬂ—é
—
@r—o————\

12

20a
20b

777
—t

4
FIG. 2A

N
L

77

7777,

—
—

\ 28 -}
<] o Al - —— N i
- —— . . 'f T\\\ g !‘TAL‘—nQ%J__
N\
o co é";' / "Ztil
= o) S E/J N
N o 52
~




as -a reci.pient surface. In particular, nenbranes and gels are

desirable to enabl e high density analysis with automatic equi pnent, 35
using materials famliar to the field, on which rmuch of
- 62 - t heVPANYant, historical data has previously beBGT/USYAN r ed.
Al so, deposit on fragile glass cover slips is desirable as they are
t hi nner than m croscope slides, easi er to maneuver, and when a beam of
light is 5 transmitted through them for transm ssion m croscopy, better
| i ght capture occurs because the slip is thinner and |l ess |ight
absorptive. The system has the capability of spotting on plastic
surfaces without scarring or . deformng 4% surface. 10 The
avoi dance of such surface deformation can be i nportant, enabl ed by use
to | ow contact forces of the conpliant pins. An,undefornmed surface can’
facilitate viewing with a confocal mcroscope, &s it assures that t he
deposit remains in Ep%‘, aneg of focus. 15 e,in wells of
m cropl ates is i nporiant/ / /S h’ﬁ[ beerl® e narrow | atera
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fluid contai nnent region. For exanple the arrayer nmay be 20 enployed to

deposit a nunber of spots in known | ocations on the bottomof a well to
perforn1cllnwﬁgkmgg ts on an analyte fluid. For instance, each spot in
an array in ottomof a well can be a known nucl eot iF§d7USPA9E0 A

sanpl e added to the well will hybridize wth spots with 25 which the sanple

mat ches. For instance a diagnostic test may enploy a 96 well plate to
nmeasure binding to as nany as a hundred different probes printed in
known | ocati ons in the bottomof each®/3kll. Dfferent patients' sanples
may be placed in respective wells, to conduct nmany 30 eval uations at once
using a single multiwell plate. Anot her use of the systemis to
deposit, at useful speeds, a statistically determ ned nunber of

nmol ecul es or units into a single well. Enploying a suspension of

sui tabl e concentration in a supply ring wwth an 35 appropriately sized pin,
thrusting the pin down once per . - 63
- wel |, statistically, can deposit the desired quantity, whi ch t hen
can interact with nutrient, exper imenrtal—dr etc. in the well.

The concept of insertion is extepddd to include 5 the deposit of
particul ates in suspension, for /exdanple,
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to deposi;t cells and then afterwards, deposit a suspensi on of particles
of asbestos or precipitated silica or other solids of interest, to

i nvestigate effects of the particles upon the cells. These are 10
exanpl es of i n&P¥RE®Ee, highly accurate, nicro- cont r ol | REFUSRIO7I0nent S
that can be conducted at efficient speeds using the dedicated aliquot
reservoir and deposit pi n. In many inportant cases the fluid
or liquid 15 carrier of the deposited spo aporates and the bi ol ogi cal
or other material carried in the fluid st in place by adhesive or
bondi ng properties of the dried material. In other cases, the spotting
technique is useful to deposit fluid that remains in a fluid state, 20
for instance, as nentioned, to deposit cells into wells with fluid
nutrient nmediumthat enables the cells to continue to live.

In many cases it is inmportant to kng®Avhere a deposit is and that it
wi Il stay in the deposited 25 posi¥ion when covered by g common reagent.
Steps can be t aken tfp-Secune t e oepost T T postttom.!for instance,

wi th DNA, by exposing tihe depgsit to UV radiation tg crosslink the
material or to use a dgfivati Zed sugﬁace t prpduces crosslinking
between e.g. DNA and tHe 30 surfag€ -on whi€h“ Tt is/deposjted. An exanple is

a silenated surface [CON EMWNNN S\NaNNON INOEN T\ | rovi de a

positively charged surflage W =
h'e ()

—R ’.'?"—;‘\7"""'"":‘;‘"'-";-"‘: static
forces, with negatively ‘M%MMW‘
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- 64 - In addition to applicability in bioresearch and

clinical diagnosis, the deposition system has applicability in the’
chemi cal |aboratory, e.g. to analyze fluids, such as for water quallty,
or tO experweensTéi th 5 resins, for instance pol ynerizatiRSFYSE¥®I0%ns, to
conduct experinments in snall quantities of many different varieties,
e.g. to determne optinmumratios and optinum sel ection froma host of
slightly varying exanpl es. The range of usefulness is broad with
application to small 10 quantities, different tenporal sequences, different
ki netics of reaction, and different m xtures. In all of t hese cases, the
systemis a precise way of manipulati @0 small anounts of |iquid, solids
in liquid suspension and cells in suspension, under controlled
conditions. 15 Deposition with the systens described |eads to

rapi d and preci se observations, reduction in the nunber of trials for a
gi ven experinent and i nprovenent in the statistical significance of the
data. Cost savings and i mproved experinmental procedures can be realized.
20 Quantification of results at accuracies heretofore unknown may be
attai ned by consistent and precis ~dot formati on that enabl es inproved
signal -to-noise ratio in dg , when sensggg tﬂg di fference between,

e.g., the fluoresence of a d d§1ted spot Nan the i mredi ately 25
adj acent backgroun

useful igmny envi “?h
appar at up @gndt
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t echni ques by whi ch novenent and control is effected. The follow ng are
f urt her "exanpl es. 30 The systemis used to deposit dots of fluids
of ~high volatility such as al cohol -based fl uids, upon r5%&$ﬁ

substrates su®® %8676 ass or silicon, upon nmenbranes, etc. e relatlvely

| arge nobile |ocal reservoir ring that travels with the deposit pin to
the deposit site presents - 65 -

a relatively snmall exposed surface-to-nmass ratio, which limts
evaporation. Transport fromthat volunme of the tiny sanple on the tip of
the pin, over a short | ocal di stanc@/30inits exposure of the tiny sanple
to 5 evaporating conditions until the dot of fluid is deposi t ed.

Where desired, the operatlng deposit nechanismis shi el ded from wi ndage

ted on the head to ffoveTin X-Y directions
sm to further limt evlapofative loss. In
gnnent in which the systlem ¢perates is
mdity, or high parti al ppessure of the

t~ Bvaporative Sm

by a protective shieldTn
with the deposit 10 nec
anot her case, the en
controlled, e.g. at4bfg
vol atil e substance, to

FIG. 5F FIG. 5G
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ws. FIG. 5J



| oss, or at particular controlled conditions,

tenperature and hum di

operation of the systemitself.
eval uate ch®R¥&7%Peacti ons

automatical ly w thout
exanple, the 20 fluid

enpl oyed as a reaction vessel
reaction are periodically taken by an

deposited for |later @

an inhibiting reaggnt

ty, to favor the

att endance of

e.g.
deposition process or the
Ti me- based sa

or grom h stages can be pefgﬁbﬁgﬂm%ﬁ

| abor at ory personnel .

15 controll ed

I n one

carrier ring through which the pin operates is

f r om whi

prescribed tine iﬂcq't\Feral s, another @n

at a respective | ofaN
I nterval s over differg
fixed array that r
time intervals is g
met hod enpl oyi ng the §
| ocal reservoir ring.
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pin of the deposit pin distributes the etchant in tiny, preci se spots or

m crodots in a desired array across a reactive substrate surface For

i nstance, for formng mcro-wells for containing fluid, ﬂﬁﬁﬁ@e
deposits an vae¥¥78®uch as hydrochloric acid in an array o¥ smal | dots
upon a silicon substrate. An etching reaction occurs, and the substrate
is then neutralized and washed, to produce a correspondi ng array of
small wells. These may have advant ageous hydrophilic, fluid-retaining
surfaces 10 as a result of the etching process. Following this, the sane
depositing system may be enpl oyed to dqaﬁiét one or nore substances
precisely in registration with each of he wells for use in reaction or
growt h processes that are desired. Plates thus prepared nay be
transferred 15 e.g. to a wide field scanning m croscope for observation.
Arrayers as described can al so be used for col or printing of fabrics,
paper etc., where the 96 well plate hol ds different col or inks or dyes.
The area to be printed is the i JYy less the col or
20 source and washing station. be used to
generate a single printed ¢l e boards, or

boar ds for limted vol une production, IS enpl oyed
to deposit varnish or photoresisi—or_other 25 pfiot ective koating materi al
to define the regions of the copper clad or ofjyer substance which need
to be preserved fromacid etching. Li may be enpl oyed
to deposit photoactive subsLangg"LQL_pLgdug .%% | ogi cal " deposits
usi ng |ithographic techniqués. = 30 vation rayi ng and

M croscopi ¢ Anal ysi s It is an |nporta tiiurther feature of the
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invention to conbine the arrayer of any of the presented enbodi nents, or

its steps of action, or array products of its operation, with a scanning °
m croscope, especially a

- 67 -
wide field XOMRSHY ni croscope such as available from — ZFPVSEARE? The

principles described here enable w de area arrays to be fornmed of very
hi gh density over the nmenti oned wi de range of fluids and conditions,
while wide 5 area scanni ng m croscopes enabl e conmensurate accurate and
i nexpensive reading of the results achieved with such wi de arrays. The
wi de area and precision capabilities of11/30each system and net hod, in
conbi nation, conplenents the other to achi eve an enabling, significant
advance in 10 microdot reaction and analysis. Use of an array of .
fl urophor-tagged conponents, such as is enployed in bi ot echnol ogy, or

fl urophor-tagged contam nants, 4ol | owed by reading with a suitable w de
field scanning m croscope th%t excites the flurophors is of particular
advant age. 15 F Useful Additional Features In
one enbodi nent, an inductive he&ter station i provi ded to which the

deposit nechani sm can travel undgf "y
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conputer-control. In this case the substance of the reservoir ring and
the deposit pin, or at |east the 20 surface portions of these devices, are
conpri sed of electrically conductive material capable of having

el ectrical cur V@I hduced by an alternating field of t RETUSWW8TP on
heater. Under conputer control, the reservoir ring and the pin are
delivered for a nonentary 25 pause in the heater, for heating based on
resistive (I[err]R | osses by the intki8@d el ectrical currents, for

i nst ance to sterilize the reservoir ring and posit pin or to stop
bi oactivity in the fluid material retaiffed o h instrunments. 30

I n anot her instance, a reservoir ring gontaini#g charge of reactant
fluid, which is desired to be heated, can he ifptraeluced to the inductive
heater, and the fluid is heated by heat-trgnsfer ® the fluid fromthe
i nductively heated ring. Such heating cdan be dnpl«woyed to

- 68 - initiate a reaction in the flluid, for 'subsequent deposit.

Anot her systemincludes a delivery systen1for fel atively | arger
quantities of fluid, e.g. to fill a %]
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mcro-well with nutrient, diluent or reagent after 5 deposit of a spot of
the fluid of interest. The delivery system such as a

conput er - con I pi pette, nmay be associ ated on the sanme head and X-Y
carri age mﬁth&ﬂkgg%o deposit pin, or in a separate -head or PERVFI%4HBO By
functioning under conputer control to deliver larger 10 quantities of fluid

to reaction sites where dots of fluid have previously been deposited, an
entire experinment can be autonmated. Fluids which nay be introduced in
this way i nclude, for instance, solvents, etchants, sterilizing

agents, cleaning agents, encapsulating &@ating materials, 15 etc.

I n anot her nethod the deposit pinis 2®¥d to deposit reagents at
selected sites in differing anmounts at differing locations, to
effectively conduct titrat{om to—dserve——rescti on at different
concentrations of the 20 reagent. Thus, at one reaction site (e.g. a flat
area or a well on a substrate) t deposit pin jray deposit one

preci se drop of reagent, a ¢
of the reagent, at a third
of the reagent, and so 25
desired for evaluating tg i t h anot her subst ance
t hat has been preapplitsd t4 the site or that ) subsequent |y applied.
Wil e such systens are pa4 d 3Q for |aboratory
experinents, they also cg’ : trial process control

A variation of the spotte fashi on anal ogous to
that of a nodern milling nd
di fferent

sely i dentical drops
recisely identical drops
r ange of concentrations

W
N
\

R

\ / - [
T777 777 T T T T
FIG. 9A FIG. 9B FIG. 9C FIG. 9D




- 69 - . capabilities. Under conmputer control, an X-Y carriage of t he
systemis noved to select a desired head which is carried across the
substrate to performits function. In sonme instances the device sel ected
may be a sub-r¥9dFFt 5 ring froma set of such rings thatCRASVORTPf er ent
internal diameter or are fornmed of different wire or ri bbon sizes, or
are of different sizes to enter differenti¢gj | s, etc. These provide a
variety of carrying capacities for fluids of different viscosities 10 or

for use with deposit pins of different sizesfl.12 Likew se, different sizes
of deposit pins can be sel ected froma i ngd9to vary the size of
the spot to be deposi t ed. %?a 5 t provide ot her
devices for preparing for or cendy

production of reference or di a

In sone cases the selection ang
conpl ete conputer control to enabl ¢ VoAt i ce of a
mul ti-task experinent un- 20 a py- t he techni cl an. In
addition to depositing spots of fluid upon a standard nFQF%SQE%e slide,
and upon porous or soft menbr anes and her delicate substrates, it is

possi bl e and advant ageous to deposit S on substrates of 25

~significantly | arger area and on other s *aﬁ%%F and on
’ v
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surfaces having special formations, for instance upon substrat es having
m cro-cavities that have been forned by the instrunment itself, by one of
t he techni ques descri bed above. Pl ates delivered with the mcro-cavities
30 prefor medVPRHE substrate may al so be used, and al i gneRFTUSH3Yeposi t
of fluid by automatic controls of the instrument, or the control system
of the unit is advant ageously provided with a vision systemthat "reads"
the location and pattern of the array of mcro-wells, and

- 70 - adjusts itself automatically or under operator control to
accurately deposit dots of fluid in MB%BG.

Concl usi on In the various ways described, a large array of 5
fluid deposit sites may be established and nanaged in a preci se,
repeat abl e manner that enploys the sane concentrations or reactions or
precisely varied concentrations and reactions. This may be done to
enabl e exam nation, to pronpbte reaction or gromh processes in 10

bi ot echnol ogy, life sciences, chem stry, pollution det ecti on, process
control and in industry in general. 15 -
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Thus, beyond an instrunment for |ow cost preparation of mcroscope slides
and nenbranes for bi ot echnol ogy research, there has been contributed a
15 uni versal 9%%@4 y variabl e set of systens, i nstruments, nethods
and products that can advance research and industry. PCT/USO/{3fer ous
ot her enbodi nents not described in detail here can apply the principles
described to particular 20 applications and are wthin the scope of the

cl ai nms. What is clained is:

- 71 - 1. An apparatus for depositing fluid dots on a
receiving surface in an array suitable for mcroscopic anal ysi s
reaction, or the like, conprising a dep&3d device and a fluid source
whi ch are cooperatively related 5 to enable the deposit device to precisely
size a drop of fluid of small diameter on a drop-carrying surface of the
device, transport mechanismfor positioning the device at a precisely
referenced | ateral position over the recei ving surface and drive
mechani sm for noving the 10 deposit device, relatively, in deposition
notion toward and away fromthe surface, the apparatus adapted, by
repeated action, to deposit the drops of fluid precisely
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in a desired array, preferably the apparatus being conput er controll ed. |

15 . The apparatus of claim1 in which the drop- carrying
surface has % | ess than 375 mcron, preferably | ess than 300
m cron, prefera etmeen about 15 and 250 micron. PCT/US99/00730 3

The appar at us of cIa|n11 or 2 in which the 20 drop-carrying surface is
bound by a sharp rimthat defi nes thgzgﬁrlneter of the drop of fluid,
preferably the surface defined by tH d of-a pin or a pin-like

structure which has sides that intersect surface to define
the rim preferably the end surface of 25|tjne prmor pin-like structure
being generally flat and the side surfhdes are cylijndrical and snooth.
4. The apparatus of any of the foregoing|dl ains il which the deposit

device is nounted for conpliance ine= the {direction ¢f the deposition

notion when the deposit 30 device emgages|tiheeresrerving surface, preferably

t he deposit device being conpliantdy dispraeeadte~y * overcon ng
resi stance of a resilient nenber or__'igh —_——

L.

>
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- 72 - . preferably when the deposit device is an axially slidable pin
or pin-like structure, the nmeans for urging conprises a coaxial spring or
a weight acting on the pin or pin- | i ke structure, preferably the drive
mechani sm f or WRIM6WBposit devi ce being constructed to overRGTHAOEH ond a
| evel at which the deposition device conpliantly engages t he receiving
surface. 5. The apparatus of any of the foregoing clainms

in which the deposit device, at the tineqgfzgdeposit, is 10 laterally
constrained to a reference position; preferably t he deposit device being
mounted on a fl exure systemthat defin renced | ateral position
of the deposit device; or preferably t evice is nounted in a
manner permtting its displacenment relatiyejto its 15{nmounting upon its
engagenment with the receiving surface, d at the {inme of engagenent of

the device with the receiving surface, e deposit}device being
subjected to a lateral force or turning ponend engages thgs

deposit device with at | east one |ateral f eTence 20| surface, preserably
t he deposit device being a pin or pi n- i ke—strtetute Which is ¥ree to
slide axially, relative to its nountin ugefzﬁﬁﬁfgfqigg of the ®in or
pin-like structure with the receiving surflatd} N wiHr ged adzgnst t he
| ateral reference surface by a spring 25 ¢rja |weight /!;"ujé_,'@as t he @i ght of
t he device or an eccentric wei ght o&¢ et deyice being tilted or

el ectrical or magnetic forces act upon {Jﬁ{ Lo in-like structure,
to produce a lateral force or nonent towand
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the reference surface. 30 6. The apparatus of any of the
foregoing cl ai ns in which the fluid source is a nobile fluid storage
device that is novable relative to an array of deposit

| ocations, the
fluid storaWy®%8€te bei ng constructed and PCT/US99/00730
- 73 - arranged to resupply the deposit device at various | ocati ons

al ong the array, preferably the deposit device
devi ce being constructed to supply

i medi ate vicinity of 5 the deposit |ocations for respective drops and
preferably bei ng coupled for transverse notion relative to the array
and decoupl ed for nnvenent of the depd$30 device toward and away from

the receivin gy ooooo 7. The apparatus of claim®6 in which
a nmobile 10 |o rEl

a vol une §f2£IU|d having a free surface
into which tigd [j gaj &é% |ce\ | oner ed agd ::. <Craius 0t UbBt<G hOf ®fi d
drop, prefergly't il |

and the nobil e storage
drops to the deposit device in the
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of .isolated fluid volunes in the wells of a multiwell
apparatus constructed to obtain its fluid drop froma sel ected vol une of
t he pl ate. 8. The apparatus of claim6 in which a nohile

st orage devi ceVaaM¥§i®s a general ly annular fluid retenti SATEEPPAEL and
the deposit device is constructed 20 to nove within the annular retention
surface from retracted to extended positions, in the retracted

position the drop-carrying surface of the deposit device bei ng retracted
fromthe surface of fluid retained by the annul ar surface of the storage
device, and in the 25 extended position the drop-carrying surface of the
deposit device being projected through anq gyond the surface of the
retained fluid, preferably the deposit eV|ce being a pin or pin-like

structure mounted mntgbeooodayadaygdggﬁ of the annular surface and

15 plate, the

arranged to nove 30 awialil r y/ reto, and preferably the nenber
defining the annul ar wﬂﬂ eing iated with a driver ihat noves
t he nenber relative t o%hﬁ deqositl Vhﬁe tozﬁEr %Q tevol une in
which the nenber is o000 Eg 000000 } '
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imersed to receive a supply of fluid, preferably fluid retaining
surfaces of the storage device having a hydrophilic surface, e.g., a
surface roquness of at | east 1000 microinch or a surface energy greater
t han 5 about W7 m preferably the surface conprisi ng PCTUS8%¥Wen, and
preferably e.g. when cooperating with the annul ar nmenber to pick up a
supply of fluid, as froma relatively narrow well, the drop-carrying
surface or tip of the deposit device has a surface of surface energy 10
greater than about 2500 mMN'm preferably the surface conpri sing
tungsten, in sone cases preferably the annul ar ring being associ ated
with a heater, e.g., an induction hea{3s . 9. The apparat us
of any of the foregoing clainms 15 including a cleaning systemand a control
syst em adapt ed to control relative novenent of the deposit device to a
depositing relationship to the receiving surface and a cl eani ng
relationship to the cleaning system preferably the deposit device being
associated with a nobile supply 20 device that travels with it, the deposit
devi ce and nobi | e supply devi ce being novabl e together to the

cl eaning systemin response to the control system preferably the nobile
supply devi ce bei ng an  aghRts menber through which the deposit device

operates, 25 pryg het c![ ﬁa
/0 Jjas e /na

dlrectlng aflo - el bly a

cl eaning or drying stat v Prising a circular nozzle constructed to
di scharge a conical flow of fluid agalnst t he parts preferably
conpressed gj ef erabl y
t he deposit =Sy a
nmobi | e rese

12¢
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annul ar nmenber capabl e of holding a supply of fluid by

- 75 - surface tension effects, the nozzle directed to disl odge
retained fluid, to clean or to dry the respective parts.

10.
The appar at us W@ 3%6y600f t he foregoi ng cl ai s, conpri si ng"gr’g%’?m?;?“ at
| east two of said deposit devices, 5 at |east one fluid source for

providing a drop of fluid on each deposit device, and nmechani sm for
novi ng t he

deposit devi ces together 2pr3hsversely over an array of
spaced apart deposit

| ocations of the receiving surface, preferably
t here bei ng at

| east four of the deposit 10 devices conprising a deposit
head, preferably including mechani sm f or

novi ng each deposit device
i ndependent |y, or nechani smfor noving the deposit devices _
si mul-t aneously, relatively, toward and away fromthe recei ving surface
-to deposit respective drops at 15 respective deposit |ocations on the
recei ving surf ge. 11. The apparatus of claim 10 in which two
or nore dgpos devices are nounted on a conmon support that
F
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is driven by a common driver to deposit respective fluid drops on the _
recei ving surface; preferably each deposit 20 device being associated with

a respective annul ar storage ring, the storage rings being nmounted on a
comon SHPBWIHS® dri ven by a conmon drive, preferably tHERYNHy of
the rings corresponding to the spacing of a nmultiwell storage plate into
which the rings are imersed for 25 resupply; or preferably the spacing of
t he deposit devi ces corresponds to the spacing of wells of a

multiwell plate fluid source fromwhich the deposit devices obtain fluid
directly, preferably the nultiwell plate being a nobile fluid supply
constructed to 30 acconpany the depog3/30evi ce across the substrate,;
preferably in either instance, the spacing of the wells of the multiwell
pl ate corresponding to well-to-well

- 76 - spacing of wells of a 96, 384, 864 or 1536 well plate, or a
spacing that is 9 mmor a subnultiple of 9 mMm 12. The
apparatus of any of the foregoing clains in which the deposit device and

its mounting limts the 5 force of engagenent of the deposit device upon
t he




receiving surface to less than 1 gram preferably |ess than 0.5 gram
preferably to about 0.3 gram preferably t he deposit device having a

natural frequency greater than 10Hz, preferably greater tha and
RETOFEME

preferably 10 VRa89363¢% on of the deposit device toward and a e
recei ving surface being danped, preferably by friction or by a danpi ng
mat eri al associated wih the support of the deposit device.
13. The apparatus of any of the foregoing clains 15 constructed to nount a
nunber of microscope slides or sl i deqhjgdge structures to serve as said
recei ving surface, and a control systemis constructed and arranged to
~deposit drops of fluid in selected |ocations on the slides or slide-Ilike
structures, preferably the fluid 20 source conprising a source of
bi ol ogi cal fl uid. 14. The apparatus of any of the preceding
cl ai s in which ajdeposit device is & pin gr pin-like structuge
posi ti oned by engagejreqt—nt a gpeee/ of reviplutio isis
di sposed at a predet/er nigedil oRshyp to 2% the r i Vilng surf ace,
preferably the surf g r i n being in the rmipf a Supporting
| edge t hat suppbrts thg Lcel Im noyi g in it sendly /n the
~direction toward , ir flg b from whi he/devige is
free to lift in <% of thg/ 30 ti f e /dgvi/ce h the
receiving surface as th i ng | edge and i ape tog er noved
relatively toward t surface for d si tf ng drop, |
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- 77 - preferably the surface of revolution having a surface of  form
substantially matching the formof the portion of t he device disposed to
engage it, preferably the surfaces bei ng respectively conical, each
preferably WO ng to 5 a portion of the surface of aPSTHMOKENC.

15. The apparatus of any of the preceding clains in which the deposit
device is urged against a reference surface, in which the assenbly
applies a lateral force or turning nonent to the deposit device,
preferably the 10 force or the tur@b@g)nnnent bei ng applied by a spring

that bears eccentrically on the de or by a pushing menber engaged
wth a renote end of the deposit device, one of the engaged end and
pushi ng nmenber conprising a surface set at an acute angle to an axis of

t he device, 15 and the other of the surfaces conprising a convexly

curved surface engaged upon the angl ed surface, preferably the convexly
curved surface defined by a confined ball that bears against the

i nclined surface, pk ef erably by being pushed by a weight. 20

16. The deposit a of any recedi ng ainms in which-the
deposit device is i o of a LAore@i n- | ifke ure, wherein a
structure prevents

/
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'FIG. 23B




rotation of the deposit device about its own axis; preferably the pin or
pin-l1iké structure being confined 25 in a conplenentary space that prevents
its rotation about its own axis; or preferably a detem:ﬁgﬁ“§§Mﬁ
rotation of wddsseneposit device, preferably the detent conprising part

of a coil spring which surrounds and is frictionally secured to the pin
or pin-like structure, a protrusion of 30 the spring engaging a stop
surface that prevents the rotation, preferably the spring al so providing
axi al conpliance to the pin or pin-like structure.

- 78 - 17. The net hod of enploying t he apparatus or assenbly
of any of the preceding clains for depo% drops of fluid on a

" receiving surface or into or onto the 6 tontof a well or other

reci pient, or conducting an 5 experinent, preferably enploying any of the
fluids described in the specification,®for 8ny of the purposes

descri bed. 18. A nethod of depositing a biological conpound

on a substrate or causing a biological cogpoungd to 10 interact with another
substance at a predeterm ned

o] o
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position on a substrate, including the step of depositing at | east ,one

of the conpound or substance in a precisely determ ned | ocal i zed spot
relative to the substrate by mechani cally | owering a conpliant deposit
_device, 15 WP&¥6bly a conpliant pin, or conpliant pin-|FREUSINEN ot yre,
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- appl i ed conpound on the substrate and thereafter 20 nmechanically
lifting the deposit device away fromthe substrate under conditions in
which the fluid drop transfers to t#&38ubstrate or the pre-applied
conpound on the substrate, preferably the deposit device, when

approaching the substrate, applying a force to the 25 substrate of |ess .
than about 1 gram preferably |ess than 0.5 granms, preferably about 0.3

grans and preferably the drop being less than 300 micron in dianeter,
preferably | ess than 200 or 100 microns, in sone cases preferably
super posed drops of both a compound and anot her substance 30 being
successi vely deposited by the said technique. 19. The method
of claim18 in which a fluid supply of t : Eﬁgal conpound or
subst ance to be deposited by a pin or piln-like]jst428ture i s obtai ned by
D1 o
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- 79 - _ dipping the pin or pin-like structure in fluid, or the
deposit device is supported above the substrate at the deposit | ocation
wi thin an annular ring holding fluid by surface tension, and the pin is
moved t hr ough™aeB6%6hg in 5 the nanner that a relatively shGHUSEE %t the
fluid supply is held by to the end of the pin or pin-like structure

by surface tension, preferably the pin provi ding a drop-carrying surface
bound by a sharp.rim t hat si zes theéﬁygwx 10 20. The net hod
of claim18 or 19 in which the flui (o be deposited is fluid selected
froma group of fluids disposed in a nultiwell plate, in cases in which
an annul ar ring supplies the deposit device, the ring traveling to the
multiwell plate for rg§upply, in cases 15 in which the deposit device dips
directly into wells, = preferall yXNe 8ultiwell plate being nobile,
mounted to nove acrass the siyb af\e™ 0 be in proximty to the poi nt's
of deposit. v 21 The ngt d of claim 18, 19 or 20 producing 20
arrays of fluid dots NONFSFRg—PFEBg an array of conpl i ant deposit
devi ces, the devices Q;e erably bei ng i he formof pin or pin-like:
structures, the dgyifcgs havi ng spack/gd, corresponding to the well

spacing of a 96 §
a 25 spacing of 91

a sanpling plan, eflh
of the plate, or di'l

\aving a multiple of 96 wells or
pref erably, according to
\ul ar supply rings into wells

FIG. 25
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t he deposit devices directly into wells of the plate to provide fluid
drops on the devices and transferring the 30 drops to respective |ocations
in substantially denser arrays on a receiving surface, preferably the

dr ops being'W°9%%%6%ited on a microscope slide or a menbr BEEIHHEI ed

on a slide-like nmenber in a pattern of square arrays. '

- 80 - 22. The nethod of any of the clains 18-21 conpri si ng,
under conputer control, noving at |east one conpliantly nounted pin or
pin-like structure having a drop- supPEQ i ng surface of diameter |ess
than about 375 5 micron, preferably I ess than 300 mcrons, preferably |ess
than 250 mcron, to a selected position and depositing, with said pin or
pin-like structure, a drop of a desired mat eri al . 23. The
met hod of any of the clainms 18-22 in 10 which the receiving surface is
fragile or soft, preferably the reﬁmgving surface bg&ng por ous or

m croporous, preferably conprising nftrocellul ose, nylgn, cel | ul ose
acetate, polyvinylidine fluord y the nenber

32/ 33 30

FIG. 25A
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15.receiyving surface being nmounted on a rigid carrier menber, either
directly or upon an internedi ate soft or resilient buffer nenber.

24. The nmethod of any of the clains 18-23 in which the fluid being
deposited is VPPVOsel ected from 20 the group of fluids dBEFPFPEH39 N t he

speci fication, preferably the material being a biological probe or a
chem cal for reaction with biological material, a fluorescing materi al,
an ink, dye, stain or marker, a phot oactive material or a varnish or

encapsul ant or an 25 etchant, or a cleaning or neutralizing agent.
25. The nethod of any of the clains 17, %bn whi ch an array of deposits

thus forned is mcroscopically exam with a wide field scanning
m cr oscope. ' 26. An array product conprising deposited dots of
30 fluid of dianeter |ess than about 375 mcron, preferably | ess than
300 mcron, preferably between about 15 and 250
- 81 -
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e
spacing of wells of a 96 well plate, the deposi ts preferakyjome esiqg’@gkgf:‘”\
upon a gl ass m croscope slide or on a fragile or soft surg pr(e?%r&bl%}*
a 5 porous or nPEPporous sweriewELLECeL BaERTORSAYIZET@r abl y  \g@Dr | si ng
nitrocel lul ose, nylon, cellul ose acetate. "g;"%o%vi nylidine fluoride or

|
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(57) Abstract

A deposit device (12) cooperating with a fiuid source

defines a precisely sized drop of fluid (DF) of small diameter 9
on a drop carrying surface (20). Transport mechanism (17) 17 A 12c
positions the device (12) precisely over the receiving surface \ 'f_ Fe A
(20) and drive mechanism (17) moves the deposit device (12) I =
toward and away from the surface (20). The deposit device z |
(12) is compliant in the direction of deposition motion. When Ly Yo 2
depositing, the deposit device (12) is laterally constrained to ] | o
a reference position by flexare mounting, A mobile~fluid Xy | =~
storage device resupplies the deposit device along the array. i |
Mobile annular storage rings (14) arc lowered and raised to | | Fb 12a) Fr
obtain a supply of fluid, or a mobile multiwell plate is used. | A, ol
Cleaning mechanism, sampling plans, and amay products on | ] e _‘
microscope slides and fragile or soft membranes are disclosed J\’]‘ i | 120 1A
as are many types of fluids and uses, e.g. in biotechnology, 12» ‘-j‘ o £
analysis and process control. i n 13 11 s 8
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