| WATERJET M CROVACHI NED M CROSPOTTI NG PINS Field of the Invention [0001]
The present invention generally relates to printing tools for mcroarrays
of different biological sanples, and nore particularly to mcrospotting
pins with low cost and mnethods for the production of mcrospotting pins by
wat erj et m cromachi ni ng. Background of q4the Invention [0002] M croarray
technol ogy provides an extrenely useful tool to conduct biological or

chem cal experi nﬁw%%pﬁ}}g‘{gg w@&%xcgg@g%ﬂld@%}ggﬁﬁﬁ?ﬁ@s of the large

nunber of differen can ricate e mcroarray.
Usually, a mcroarray is an array of spots of biological or chem cal

sanpl es ("probes”) immobilized _a defined positions on a substrate. The
spots are deposited onto the sug‘é"ﬁqg{@eﬁwe’mo@r ospotting pins (also
printing tools and spotting pins, all of themw ||l be used interchangeably
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openings or ‘slits act as mniature reserv at a very - small and
preci se diffmtrtbylodicallsagpled, sdnmdbre patanladle td naaskgttiegpiantdthtlbe costzmtir at e
therefrom [00Q3]. Mcrospottjng pins are usually made of netal including
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and the spotting pins are very vulnerable to damages if extrenely careful
handling is not adhered. Mreover, the presently available production

t echni ques incl udi ng EDM ECWazkgrdumser thabivientioy i nduce residual thernal

stresses and i nherent surface roughness on the narrow slit of a
m crospotting pin. The slit is critically inportant for determning the

ef ficiengooff CapMitRfayragCletRiblo@NbréNi@esdal dxdendildl BUANT lobY t&@fcolli@ltogi cal
fluids such as DNA deposited on a substrate during the fabrication of a
m cr oar r &iplogicd @ |chmeqad expasimertie irea ingassively rppealia ifsshioneberanse plathe large
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for producing the mcrospotting pin, wherein the nmethod is thermal -stress
free, | ot predefined positions on a substrate. The spots are deposited onto the substrate by
microspotting pins (also printing tools and spotting pins, all of them will be used
interchangeably hereinafter). The microspotting pins at their tips have channels, narrow
openings or slits that act as miniature reservoirs so that a very small and precise quantity of
liquid samples can be transferred onto the substrate therefrom.
[0003] Microspotting pins are usually made of metal including stainless steel.
Currently, the cost of spotting pins is extremely high and the spotting pins are very
vulnerable to damages if extremely careful handling is not adhered. Moreover, the
presently available production techniques including EDM, ECM and laser machining
induce residual thermal stresses and inherent surface roughness on the narrow slit of a
microspotting pin. The slit is critically important for determining the efficiency of
capillary action, and the quality and quantity of biological fluids such as DNA deposited
on a substrate during the fabrication of a microarray.
[0004] Therefore, there is an imperative need to have a microspotting pin of high
quality that could be produced at a reduced cost with short production time. This invention

satisfies this need by disclosing a microspotting pin with a smooth surfaced slit and a

method for producing the microspotting pin, wherein the method is thermal-stress free, low



cost, and high speed. O her advantages of this invention wll be apparent
with reference to the detailed description hereinafter. Summary of the

| nvention [ 0005] The present invention provides a microspotting pin to be
used in a mcrospotting device for depositing a small controlled precise
quantity of a liquid sanple onto a suBstrate. The m crospotting pin
conprises a head portion, a tip portion opposite to the head portion, and
a shank t . GO t t he head ttion . and .the ti orti on, erein
the t1p Do drhiEEIRET, OB h OGRS AL PPl B shRs B Seren G o1
the tip thealetdiled desnigtivhaeeinaftehe tip portion has a dianmetrical slit formed
by a waterjet cutting system thereby the slit holds the liquid sanple to
be deposited onto the substrate. The present invention also provides a

wat erj et m cromachi ni ng met hog, 1£ax§{(ﬁdtﬂgim {#ig mcrospotting pin by

| ocating, |ocking and securing the mcrospotting pin in the waterjet
cutting system and dianetrically cutting the tip portion to formthe slit
with predeterm ned__ configurations and, di mensjons. [0006] Accordingly, one
obj ecti vEOBY] t he prlBSENESTAVBHIIIGR PLOVIEEspR dUiCERSPAIngG BHosh et 15 Bi A wi th
hi gh qualj ' . ) oy y :
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inventio i 11, become apparent from the.follow ng detail ed description of
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the present invention will now be described wth reference to the Figures,
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present invention also provides a waterjet micromachining method for producing the

[

microspotting pin by locating, locking and securing the microspotting pin in the waterjet
cutting system, and diametrically cutting the tip portion to form the slit with predetermined
configurations and dimensions.

[0006] Accordingly, one objective of the present invention is to provide a
microspotting pin with high quality.

[0007] Another objective of the present invention is to provide a method for
manufacturing a microspotting pin with reduced cost and shortened production time.

[0008] The objectives and advantages of the invention will become apparent from
the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings

Brief Description of the Drawings

[0009] Preferred embodiments according to the present invention will now be

described with reference to the Figures, in which like reference numerals denote like

elements.
[0010] FIG 1 shows an exemplary microspotting pin.
[0011] FIGS 2A -2D are cross-section views of the tip portions in different

configurations.




[0012] FIG 3 is a schematic view of the waterjet cutting device. [0013] FIG
4 shows a portion of a DNA array fabricated by m crospotting pins in
accordance with the present invention. Detail ed Description of the

I nvention [0014] The present invention nmay be understood nore readily by
reference to the follow ng detailed description of certain enbodi ments of
the invention. [0015] Throughout this application, where publications are
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by reference, in their entireties into this applTcation in order to nore
fully ded®¥Bbe t he 6zt shoovs apertivn ofaildNAtaniay falretdd gnmiqespotingsing H016]
Referri ng to F ent invention provides a microspotting pin

10 t hat h&@%ﬂ%&% }ﬁg??fegﬂ%i Vet O p portion 13 opposite to the head

portion, and a shank portion 12 connecting the head 11 and tip portions
13. The head portion 11 have vari abl e shapes and di nensi ons for being
adaptively nounted in var|éﬂ@ﬂﬁﬂEksgpﬂrnhﬁgheiwﬁm@nn For exanple, the head
portion may have a cylindrical shape but with one or nore planar surfaces
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di anet er PB¥AES-m crospotting pin may be det ernined by one skilled in the

art when & rtlcu t g identified., .[0017]. lt.1s
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of the present_ _invention have d| scovered that certain confi ﬁur ati ons of
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enabl e good epo tion o ogl onto substrat
systems. For example, the head portion may have a cylindrical shape but with one or more

planar surfaces so that the possible rotation of the pin 10 in any pin holder may be
prevented. The shank portion 12 may also have variable shapes and dimensions. While
FIG 1 depicts the shank portion 12 that is different from the head portion 11, a shank
portion may have the same shape and dimensions as the head portion. In addition, the
head portion may be an integral extension from the shank portion or a separable entity that
can be appropriately attached to the shank portion after the pin is assembled. The tip
portion 13 is typically conically shaped. It is appreciated that other shapes may also be
adopted. Furthermore, any specific length and diameter of a microspotting pin may be
determined by one skilled in the art when a particular microspotting system is identified.

[0017] It is known that the tip portion 13 is critical for any microspotting pin to
produce uniform spots with predetermined sizes and volumes. The inventors of the present
invention have discovered that certain configurations of the microspotting pins produce
good quality spots on microarrays. FIGS 2A-2D illustrates microspotting pins with unique
geometrical designs that enable good deposition of biological samples onto substrates. In

addition, the effective use life of the microspotting pins is substantially prolonged. The slit




addition, the effective use life of the mcrospotting pins is substantially
prol onged. The slit 4 14 is fornmed by cutting dianetrically through the
tip portion 13. In preferred enbodinents, the slit is a straight channel
extending fromthe tip point for a predetermined |ength. The w dth and
l'ength of the slit 14 are functions of s4he dianeter of the mcrospotting
pins. As shown in FIGS 2A-2D, the mcrospotting pins have a di aneter of
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mi cr ospofarined byithstwiblrearspdadcsiic22-135,. t he waterjet cutting technique is
[0019] In preferred embodiments, the microspotting pin 10 is made of stainless
steel. It should be appreciated that the microspotting pin 10 can be fabricated from a
variety of materials with efficacy such as metals, alloys, ceramics, plastics and
semiconductor materials, as required or desired, giving due consideration to the goals of
providing chemical inertness and robustness. In addition, the tip portion 13 may be coated
with a thin film or coating that is not only chemically inert and mechanically robust but is
also hydrophobic to most fluids such as aqueous reagents, DMSO, and other common
solvents. Suitable coatings are silicon nitride, silicon carbide, titanium nitride, among
others.
[0020] The present invention provides a waterjet micromachining method for
producing microspotting pins. More specifically, the waterjet cutting technique is
employed to machine the slit 14 of a spotting pin because it is highly efficient in the
removal of resultant materials from the slit with speed, accuracy and cost effectiveness.
The waterjet micromachining method provides extremely accurate dimensional control of
the precision slit that maintains the geometrical tolerance and stability of the microspotting

pins. In addition, the water-jet micromachining method does not generate any heat during



enpl oyed to nmachine the slit 14 of a spotting pin because it is highly
efficient in the renoval of resultant materials fromthe slit wth speed,
accuracy and cost effectiveness. The waterjet m cronmachining method

provi des extrenely accurate dinmensional control of the precision slit that
maintains the geonetrical tolerance ang stability of the mcrospotting
pins. In addition, the water jet m cromachi ning nmethod does not generate
any heat i : I : i L1y of i i ng
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is pressurized and rel ease an abrasive waterjet cutting nozzle.
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parti cul at es rovi.des the ener required abrade the target material.
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Pat. Pub. No. US2002/0173220. Wth respect to the cutting nozzle, it may be

formed t begin fpattiesale of brigeiget ri ¢ configurations, but is typically conical,

wth the [l er dia r near. . Its. outlet to.effectuate.an accurat
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art. For exanple, the abrasive particulate materia y include, but is
not | i mi fEerofabricglingemicrogpatiiggpingn @aserdeancexyide theanesenhmventiaa 3¢, Heldi ti on,
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particulate materials contemplated for use in the present invention are known in the art.
For example, the abrasive particulate material may include, but is not limited to, garnet,
silica, aluminum oxide, and the like. In addition, it should be understood that the term
“water” is intended to include not only water, but also various other liquids that may be
used as an appropriate medium for displacing abrasive particulate materials to the nozzle
of the waterjet cutting device. Similarly, as used herein, the term “waterjet cutting system”
should be construed to include any type of cutting system that utilizes liquid in
combination with an abrasive material to cut or abrade target objects made of various
materials.
[0023] The fabrication of a microspotting pin in accordance with the present
invention is described herein with reference to FIG 3.
[0024] The blank of a typical microspotting pin or any other similar pin shaped

component can be precisely fabricated by conventional manufacturing process including,

but not limited to, lathe, milling and any other new emerging micromachining techniques.




shoul d be construed to include any type of cutting systemthat utilizes
liquid in conbination with an abrasive material to cut or abrade target

obj ects made of various naterials. [0023] The fabrication of a

m crospotting pin in accordance with the present invention is described
herein with reference to FIG 3. [0024] gThe bl ank of a typical mcrospotting
pin or any other simlar pin shaped conponent can be precisely fabricated

by convegti,gnal ma : i i -udj . .11
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prevent the blank fromall possible novenents in all directions. [0026]

The ji g andher arfti-kacktash Aiechartisms toeprbyeah kheddankr feem aHgrossibleinsovementsay all
directly .gﬁl ow the cover plate 22 which has an opening or a slot through
whi ch t h8T5&%8 et stream from the nozzle 30 can work on the blank 10. The

wat er j et [gpegiz! e | Sm@?gtaﬁﬂ/o@l&i&ﬁﬁé bY vaoue blahR8edi@édhefbid istnOinté@irg2tly at a
desired effective di stance depending on the lpl n dianmeter, its controlled
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the pin parallel to the axis of the pin, starting fromthe tip of the pin
towar ds €oRirgiied BBalimgnsipns end tolaraapeied The verbaie ieigametighHtOfing gbrasiye
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t er m nat etdlezamn dutk ierongizhke @in dianetritatied The nazAdafsahen translated in a desired linear
fashion along the lateral axis of the pin parallel to the axis of the pin, starting from the tip
of the pin towards the pin body until the intended or designed length of cut is achieved or
vice versa while maintaining a constant cutting rate. Upon attaining the required length of
the cut or slit, the waterjet stream is terminated and the nozzle is returned to a safe
position. This entire cutting sequence and parameters including positional data, velocities
and acceleration and other relevant process parameters are stored in the waterjet machine
control system. The pin is released from the jig and/or fixture and appropriate dimensional
and/or geometrical inspections are performed to ensure the pin in conformance to the
intended design specifications.
[0027] In preferred embodiments, the waterjet processing parameters include water
pressure at about 900 — 1200 bar, abrasive size about 0.005- 0.02 mm, feed rate at about 45
— 55 mm/min, and diamond nozzle diameter about 0.05 — 0.15 mm.
[0028] The microspotting pins fabricated in accordance with the present invention
were tested for their functionality by producing an array of DNA samples. These spots
were observed via a light microscope. For such visual inspections, the spots are expected

to possess similar shape and size. As shown in FIG 4, the waterjet micromachined




position. This entire cutting sequence and paraneters including positional
data, velocities and acceleration and other relevant process paraneters
are stored in the waterjet nmachine control system The pin is rel eased
fromthe jig and/or fixture and appropriate dinensional and/or geonetri cal
i nspections are perfornmed to ensure the pin in conformance to the intended
design specifications. [0027] In preferred enbodiments, the waterj et
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di anond spxtzl e di aneter about 0.05 - 0.15 nm [0028] The microspotti ng pi ns
fabricated in accordance with the present. invention were tested for their
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the presbedomayspardémno those having ordinary skill in the art to which the present invention

pertains. Such alternate embodiments are considered to be encompassed within the spirit
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.




pertains. Such alternate enbodi nents are considered to be enconpassed
within the spirit and scope of the present invention. Accordingly, the
scope of the present invention is described by the appended clains and is
supported by the foregoing description. 8 Clains What is clainmed is: 1. A
m crospotting pin to be used in a nicrgspotting device for depositing a
small quantity of a liquid sanple ont0 a substrate, conprising: a head
portion; a tip portion opposite to the head portion; and a shank portion
connecting the head portion and the tip portion; wherein the tip portion is
tapered fromthe shank portion to a giigis at the end of the tip portion
and wherein the tip portion has a dianetrical slit formed by a waterjet
cutting system thereby the slit holds the liquid sanple to be deposited
onto thevﬁ%ﬁ%&ﬁ% dié- The m crospotting pin of claim1, wherein the liquid
sanpl e i s compoSed of any material selected fromthe group consisting of
DNA, RNA]. synheti¢rosgittig® puctoehd uskaSin a aidrofRuigSdevied I, depbSutes small
proteins, peptides, polysaccharides, systhetic conposite nacronolecul es,

f unct i onaP#EY ohaHewd seapleranto a sybsirpies Goepisingrer s, nmodi fi ed/ bl ocked
nucleotides/ngq%gpg&ﬁgﬁq nodi fi ed/ bl ocked am no aci des, fl uorophores,

chr onophor es, nds,” chel ates, haptens, and drug conpounds. 3. The

m cr ospot t i ngapiprpoofiorcopioritlto thdrbeael portidre ahd p porti on is shaped by four

pl anar surfaceﬁ of which twp apar, surfaces _are opposite to each other

) P
and forma 382$ %é‘%?ﬁ@?réco%‘”f%k? grdsrtien andiihe HREOGI%er two pl anar
surfaces are : j -1.0: I - t he
e 1199{3%%{ ;?]cgtlélﬁsﬁéﬁei?ecpfr&ﬁ t}ééiﬂgny tﬁ ﬁf)fﬁoﬂﬁo t%ﬁ)ong At AR ofthe

tip point, and erein 1s fornme roug e planar surfaces
f orm ng tipgoBdory; ad@ veeglie thet tig pertibn hapaidimmetdeal Thiefonned by povatem cpitimgof

claim1l1, wherein the ti. rtiqn is shaped by four, pl anar ur faces, of
Shich wob Pl freatbubld bedppbnintl s hetno St sRtalha setstien se . 2
angle at the tip point, and the other two planar surfaces are al so

opposite to each other and forma 22- 25 angle at the tip point, and
wher ei n £he s(The niigrospetiieg piry of blaondh whiaeipihenaquid sathpleas composed of any

material selected from the group consisting of DNA, RNA, synthetic oligonucleotides,
antibodies, cells, tissues, proteins, peptides, polysaccharides, systhetic composite
macromolecules, functionalized nanostructures, systhetic polymers, modified/blocked
nucleotides/nucleosides, modified/blocked amino acides, fluorophores, chromophores,

ligands, chelates, haptens, and drug compounds.

3. The microspotting pin of claim 1, wherein the tip portion is shaped by four planar
surfaces, of which two planar surfaces are opposite to each other and form a 38 - 42° angle
at the tip point, and the other two planar surfaces are also opposite to each other and form a
22- 25° angle at the tip point, and wherein the slit is formed by through the planar surfaces
forming the 38 - 42° angle at the tip point.

4. The microspotting pin of claim 1, wherein the tip portion is shaped by four planar
surfaces, of which two planar surfaces are opposite to each other and form a 38 - 42° angle
at the tip point, and the other two planar surfaces are also opposite to each other and form a
22- 25° angle at the tip point, and wherein the slit is formed by through the planar surfaces
forming the 22- 25° angle at the tip point.



formng the 22- 25 angle at the tip point. 9 5. The m crospotting pin of
claim1, wherein the tip portion has a conical shape, and wherein the angle
of the tip point viewed froma center-cross section of the tip potion is
22- 25. 6. The mcrospotting pin of claiml1, wherein the tip portion has a
coni cal shape but is cut by two planab surfaces opposite to each other,
and wherein the angle fornmed by the round surfaces is 28 - 32 , and the
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of claiml, wher €SS

any ot hekvhesin ¢éSangldoMBB tipefoifikiewWad Eohbh Senté-crdfiesediicn 06 fRttip palidai i of
claim1, wherein the waterjet cutting systemhas a water pressure about

900 - 1288 Par, an abrasive size about 0.005 - 0.02 nm a feed rate about
45 - 55 mmmn, and a nozzle dianeter about 0.05 - 0.15 mm 9. A waterjet
m cromachi ni ng nmethod for producing a mcrospotting pin to be used in a
m cr ospobt i ng Tdewicespotingginesictaimd , avhsreid the qipapoktidnyhadfa @nldat|shiage Hanipl e
onto a substrate, wherein the mcrospotting pin cqonprise tip . portion
where a ¥aPet¥e elnastyrfaces opRasHedo 63C athe e jPerepyihs ﬁg%s[%%wﬁ]bys%ﬁd

met hod Coamlshifds id H£84) NGnd Jch%&%%fé%ﬁﬂé& @gﬁ,’M@glahﬁ%u%ﬁés%ﬁﬁ’-tié".”g pinin

the waterjet cutting system an iametri y cutting the tip portion to
formthe slit with predeterm ned configurations and dinmensions. 10. The

wat erjet _mcr chining nethod of claim9, wherein the waterjet cutting
System hds a Wkt dFCHDeURED E Flafol Wioes @Srf_}ncéﬂspé’ﬁtﬂ%il—’ 1%W§?££out
0.005 - QafifesiMeel & ah§ Bthef AlrRudBRY hoftRorfous malHald N, and a nozzl e di amet er
about 0.05 - 0.15 mm~11. The waterjet m cromachining nethod of claim?9,

wherein the mcrospotting pinis nmade of stainless steel or any other
ferrous gn d N%he frn%rrog}ljjo itrlré51 %ﬁréﬁ:llaﬁin 1, wherein the waterjet cutting system has a water
pressure about 900 — 1200 bar, an abrasive size about 0.005 — 0.02 mm, a feed rate about

45 — 55 mm/min, and a nozzle diameter about 0.05 - 0.15 mm.

0. A waterjet micromachining method for producing a microspotting pin to be used in
a microspotting device for depositing a small quantity of a liquid sample onto a substrate,
wherein the microspotting pin comprises a tip portion where a diametrical slit is formed by
a waterjet cutting system, said method comprising:

locating, locking and securing the microspotting pin in the waterjet cutting system;
and

diametrically cutting the tip portion to form the slit with predetermined

configurations and dimensions.

10. The waterjet micromachining method of claim 9, wherein the waterjet cutting
system has a water pressure about 900 — 1200 bar, an abrasive size about 0.005 — 0.02 mm,

a feed rate about 45 — 55 mm/min, and a nozzle diameter about 0.05 — 0.15 mm.

11.  The waterjet micromachining method of claim 9, wherein the microspotting pin is

. made of stainless steel or any other ferrous and non-ferrous materials.



