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Brief Description of the Invention This invention rel ates :
generally fo micron-scale transdermal probes, such as hypoderm c
needl es, |ancets, and bl ades. Mrre particularly, this invention relates to
a m cron-scal e transdermal probe that is forned by isotropic etching
of a single crystal 5 substrate. Background of the I'rnivention
The bi onedi cal industry seeks to replace stainless steel hypodermc
I nj ection needl es wth needl es that have snmall dianeters, sharper
tips, and which can provide 10 additional functionality. The advantages
of smaller dianeters and sharper tips are to mnimze pain and tissue
damage. Desirable additional functionality for a hypodermc I nj ection
needl e i ncludes the capability of providing integrated el ectronics for
chem cal concentration nDnitorin% cell stimulation, and the control of

fluid flow, sucPRANSDERMARRROBEWITH ANISQERORIGALL,Y ETGHEDBP, AND
Integrated circuit technol If@ﬂ .ﬂﬂl_lﬁ!f(f b G s have been
used to produce hypoderm<c iéﬁ%‘ec 1'on dn'fé%@gyéﬁ&%%%poderm c"

i nj ection needle or "m croneedl e" is described in Lin, et al.,
"Silicon Processed M croneedle", D gest of Transducers ' 93,

I nternati onal Conference on Sotid-State Sensors and Actuators, pp.

237-240, June %ﬂéﬁ&?ﬂﬁrof'ﬁ:& QRaER € is described in Chen and Wse, "A
20 Mul ti channel ura robe for Selective Chem cal Delivery at the
Cel lul ar Level," Thisinveatibmrelatts gingmily tomitrbm-sGdé irahsBemiad pRshes,Guclaasd

Act uat or Wor kshop, ,Hi .t on head . . . .
ctu rhyfl))odenmc ncedpes,alancets, and blades. More particularly, this invention relates to a

micron-scale transdermal probe that is formed by isotropic etching of a single crystal
5 substrate.

Background of the Invention
The biomedical industry seeks to replace stainless steel hypodermic injection
needles with needles that have small diameters, sharper tips, and which can provide

10 additional functionality. The advantages of smaller diameters and sharper tips are to
minimize pain and tissue damage. Desirable additional functionality for a hypodermic
injection needle includes the capability of providing integrated electronics for
chemical concentration monitoring, cell stimulation, and the control of fluid flow, such
as through an integrated valve or pump.

15 Integrated circuit technology and single crystal silicon wafers have been used to
produce hypodermic injection needles. A “microhypodermic” injection needle or
“microneedle” is described in Lin, et al., “Silicon Processed Microneedle”, Digest of
Transducers ‘93, Interniational Conference on Solid-State Sensors and Actuators, pp.
237-240, June 1993. Another microneedle is described in Chen and Wise, “A

20 Multichannel Neural Probe for Selective Chemical Delivery at the Cellular Level,”
Technical Digest of the Solid-State Sensor and Actuator Workshop, Hilton head




Island, S.C., pp. 256-259, June 13-16, 1994. The needl es described in these
r ef er encewo99/00185ave common el ements since they are both BEIARYIBEHe
process ffow for a nmul ti el ectrode probe. In particular, both processes
rely on heavi | Kldl 9T, 4pP2s6-259, Juie - pm994> Té iiddalek B8scHibam tabselrofraieey| e
and the utilization of ethyl enedi ami ne pyrocat echol as_an ani sotropic

et chant . have copinon elements sigessthey are bathr Yagedorpthe prepess Hel o1 surf ace -

m cromeni ned guLZERS in LSRR 1Y 8o hlSuPRER Gy Lt on

silicon renai neegidns te defirrecthe shaph ef\tha meedlé¢ md the hkhzatlonmtﬁammenedlmmne

channel intg the m cropeedl e.usin ni sotropic etch and all "of the

singl e crysPal PYCatesho] asan anispirop ef&*j‘“’t‘ é shaft of the needle is heavily
boron doped so th‘i,lﬁ'é?‘at‘aeéahbé Rid passa@T'ttﬁﬂsrsﬂﬁh&exﬂic‘i&n&@uﬂe‘&%&hﬂﬁz&*&ape of
the needle is less critical here are a nunber of disadvantages

associ at ed wi t imethech tq»ﬂumﬂleavafemw thatan Fipeoximatelysihpinghick gtrengthening mion
strengthening rib in t Li.n, et al. _mcroneedl e is. jatucally roygh .
ond T it cubksteele etybiE it finelts, 1 pep fher mEW R MRSy o on
The Chen and lgnhsEn i@tﬁéﬁﬁ&’éﬂéeﬁl&ﬁﬁ?&%ﬂsﬂt&ﬁbE&h%ﬂ&’ﬁﬂ’éfﬂﬁtsﬁl e &Ystherr I m

or less in thickness and the e of the fluid channel efi hes the
shape of tH@ s sxhcmmoxmmqmg the slpft ofshe medbnsu hedvily boronxioped smtheftiming ofithed| e.

Therefore, small. chann ad to,t eedl nd | channel s | ead
to | arge needl %‘é‘s&%‘%@ thate "v\ﬁr’:fet E”e‘ai '?‘F? 'a smal | channel

but large needle qﬁﬁ?éar&ﬁ%hﬁ@r dﬁhéiﬁw‘iéx{t@és adsbéigied Witk tHEsePRiRe b devices. The
cross-sections are 20 necessary, such as those 50 [err]mthick or greater,

to obtain a st smglgezrysmhsﬂmmemgthenug rib in thesLingcet al.mmicfdneedie is ravraliy wugh
dependent on the,cr ction of .t ee a |ar

provi de the net®d ﬁ@?ﬁ&\f@@&“@?% 8theﬁ,g%é‘§flgﬁqxqesqq%ﬁg gf&bsgpﬁcg?%
resi stance jisn Wlk@frﬂﬁoﬁlﬁﬁlﬂr@s&ﬁ %%ﬁ%&@ﬁma@lm‘iﬁh'&?&sﬁﬁx tRkh&d ahd dienel
configuration nmust be fabricat ed. The Lin, et al. and Chen

and W se m cr oslepdio thesthud channel definesthe khaphaf ﬂlendyconsblyxpnsmg therstubtarakse of
boron doping tQ efl the sh of t he,.needl uj,r es | ong

(appr oxi mat el y %,Q' t3|”r'|°‘ @ﬁeiﬁ?{ﬁif wglgllc W@)&?aﬁ&?%‘ %dl g LR L n),

hi gh t errpem@ﬁlarseea[dae Rirpeherales! ThibiSPpblehivhér £Reedly With b Smal BR4mel €.
In addition, the chosen ani sotropjc etchant is ethyl enediam ne

pyrocat echol , U latgeingedie grosweastion isdesisese Rftolargendedly cprsseeesions Aredanger ous

and, L ner o o8 bRty b LRI B BIGR e, Bt BB e o
t he m cr ogigesithe ﬂdld ﬂbir&itb @ depaiidenponthe drd%ﬂsédﬁ@n@ﬁﬂﬁ&ieédﬂe,cﬁ latdemendied! e.

For the needle to "sharpest”, it _is preferred for thetldo of the
needl e to ori glaymet pm%eéhmpssm flow resistance. To establish the necessary flow

tep transiti oheoares b Elapd R ordiGiioR Yootk AR UBNEC kol |

-

geonetry is no.tnuptim;fabheatukl ng the technl ques described in L| n, et al.
and Chen a% Wse. Thert art é&hen s%en%lcx%%egleosds gre the 3rawgack that they rely

on the use of boron doping to define the shape of the needle. This requires a long
(approximately 8 hours in Chen and Wise; approximately 16 hours in Lin), high
temperature (approximately 1150°C) step which is expensive. In add'.ttlon the chosen
anisotropic etchant is ethylenediamine pyrocatechol, which is a strong carcinogen,

30 making production dangerous and therefore leading to further expenses.. Finally, since
both of these microneedles utilize an anisotropic etchant to produce the shape of the
microneedle, limitations are placed on the geometry of the needle. For the needle to

be “sharpest”, it is preferred for the tip of the needle to originate from a near
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t hose t-eehni ques have abrupt step transitions, largely attributable to the

use -of the 5 §{HnifebinfilyEmalioBaR bnd taper continuod¥lys #WRMEEC&GStridiftons Qo AR full

include a channel ‘are réeferred to herein as lancets. _ Lancets may be
used to | ance widthefiheshaftof the nepdle. Sueh vgeantetyl is pat prssibleusingnihe teghniques -

rades or " Wb ALTRCAL. GRAUANARSH Aol B PRR PERAR IS0, o

in a surgical @t eechniqiéstave dbrupbsiep/ Gaibitiis Safpelyfatiibatibitciohé ukiofie refers

to mcroneedl es, |ancets, or blades (scal pal's). "It would be
hi ghly desi |5ablaelsow0m¢wm | nproved transdermal probes and processes
of fabricating sugh. prob 0, QVEr.co the shortcomn sseociated with
prior art devi ces.cﬂi%onee&sesgﬁhﬁ%?vlgﬁ%?%%a}wglrﬁ?ﬁeﬁén&sm eremasila?crcésnsdernal
probe incl udes1afcetd Magbeé astdre thnc i3 soUhdtaGeep of $166d 4h be samplad! f ace,
a first side wall between the top surface and the bottom surface, and a
second si dencets may aksobe formed in epnfiguratione thahallaw thepve wsed 0 bldescor An

oot r opt cal Iy ST SR debE ARUE LA RE oMY S My etk ekt cafiy. Taps,
the tip, ang agsisediHefith,GatdnydeznalhBrdbe faférs fmidrondedles, damiets, 6 bladesal |

converging into the tip. The elongated body is | ess than approxi mately
700[ err] m wi de (scalpalshnd | ess than approxi mately 200[err]mthick. The

e Tormed of %11 AbWePRLEHGS afsiablff epvide BRRGIEY s diipRLARRELER Do ™

configuration, prdtesi@s of Rlricdting $héH Probés to oVerebMmeTsd dhdRdolRigs aSsociated withs a
heater or punp nay al so be fornmed on the device. A nunber of novel

processi ng pricbathAPVERSs are associated with the fabrication of the
device. Th evi ce may be formed by relying solely on isotropic
etching. Alternately, a combination of isotropic and ani sotropic

etching may be Sugmeary Ofithegveptiopr art m cromachi ned devices, the 30
di scl osed device may be processed at rel ativel ){)@I ow. t enperat ures_of

1100[ err] C or bel ofytransdempalprobe ineles an slopgatrd body Mithoion sufase & hettamani n
pyrocatechol . \Nygu}of O Bde Yvall betv#&h%op%ﬂﬁa&@a%ﬁ%@ mtxlxnsﬁ'ﬁa]cw A8 a38cqagout
i gh as about 400 [err|m

3 mm and the thi cknéss can be as
3 BideatallDeetweenthe top soffacdandihabottuys surface. An endiodefmet) by ter

under st andi f the nature and qobjects of the invention, reference,

shoul d be rﬁ}ge%f’gmf‘ﬁgr 5 FOBRF R EAE e?it}peanbsé‘ P‘I“‘ﬁl& %}%‘%0!} ?Fetéﬁﬁfﬁﬁﬁ‘é?i on
with the _ YEMUBRMELEinEAntd tEMiplGhd ah Tsotdbichily etehed portibnl 6% thé sécdnd'side wall
perspective view of an’isotropically etched probe in accordance wth

an embodi ment epnvenging inte the tim The elongated body @ less than apprextimatelie@WO0pmewids! t he
tip of the pr Obed e@g Man'aﬁpn@xﬁ'ﬂatgly 200um thick. The'elongated body may incorporate a fluid

an
channel. The elongated body may be formed of silicon that is not doped with Boron.

25 Insuch a configuration, integrated circuitry or a micromachined device, such as a

heater or pump may also be formed on the device. A number of novel processing

techniques are associated with the fabrication of the device. The device may be

formed by relying solely on isotropic etching. Alternately, a combination of isotropic

and anisotropic etching may be used. Unlike prior art micromachined devices, the

30 disclosed device may be processed at relatively low.temperatures of 1100°C or below
and without using the carcinogen gthylenediamin pyrocatechol. When forming a
blade, the width can be as wide as about 3 mm and the thickness can be as high as
about 400 pm.




FIG 3 is a top view of the probe shown in Fig. 1. _ FIG 4is a
si de view.of J fiesProbe shown in Fig. 1. 10 = FIG 5 is gfi§uhssdoew of
t he probe-shown in Fig. 1. FIG 6 is a perspective view of an

i sotropical |y and.ani sot:ropj etched probe - -in accordance with an
enbodi nent of Pt vERTT O LS FIG 7 is an enlarged view of the
tip of the probe $@3pyBette? uhillétstafiding of th dtld@bjeckPofiRe iykatidn, Adfrence
different -etched channels in accor'%gncgn\?\nm{eh enmbodi nents 15 of "the”

i nventi on. should be made3o thafodlowing detailed description taken incomjunctiof withghebe i n

accordance with a firs ._exanpl.e, of the invention. Fl GS.

10a- 10i iIIust?ch@P?%B%%‘s”t“ﬁftﬁ%c if a probe in accordance wi.th a second
exanpl e of she i NFEG! 1 @¥a petbpective viewdPan Isbtropithlly étthisl probecint ddCordaitatwitlct | on
of a probe in accordance with a third exanpl e of the invention.

FIGS. 12a-12L # ¢mbediment ofithe inyentionuct i on of a probe in accordance with a

fourth exanp . & ' ] : : " illustrate
t he construction gﬁﬁgﬁ bsr%beegi#%%é‘g%gﬁélg %tl{x%prgg% %?%?gnpl e of the

i nventi on. FIG. ¥Fis@3op Vikar dfithe probeshéwminFighk constructi on of a probe
I n accordance w th& %ixth . é&){@g}l e Qf the_iLnyention. ~ FIGs.
15a- 15m i | | ust r af&Ct Al a8 Yiew ot isiprabe shoymdpEig- d- accor dance with & =

seventh exagpl e OfFIG.hﬁsid‘ﬁ‘@:&tvﬁé%ﬂofﬁ@pﬁb%hoﬁx@ﬁrﬂiﬁpi. illustrate the
construction of a probe in accordance with an eighth © exanpl e of the

i nventi on. G. Fisaperspestiverview (of am ispepisaliyandaisetrepicalloetched paolsr obe

I n accordance yy 1N ﬁiﬂ . . [ .nvention.

4 mg%@ge%&%%m? ug&rogtﬂgéclp&ée}ﬁ?gnst ruction of aprobe in
accordance with aFI@nT is an enlargedovipiv of tHe tiphof theyprobé slwwn in Fig. 6. FI GS.
19a-19i illustrat he congtruction of a praqbe in accordance wt n

el even!t hI ex;rrpl e S‘fl(t}§h§a'$‘?1 ]@ﬁ"lfj‘?tﬁhi.ffer@t etonbd &qa@e_ls m-c%ﬁnqewi&sﬁm&fﬁ@%e
constructi g8 OffiReRiveRBod N accordance with a twelfth exanpl e of the

i nventi on. FIG 21 illustrates isotropic etchant etch rate of PSG
deposi ted using v3G8u2a-e illustrdte thelvtonsinictionmof aprebe i sucerdanee with aficshr dance
with the invention. the .FI GS. 22A and 22B are perspective views of

| ancets const r FATRIe PHSMVSAHOce 10 with the invention. FIG 23

illustrates an abrRdsr 10010 iMustrhRGhé SordEEiondTa Prodelil asddr@ibe WithRecd
t he i nvention. FIG 24 is an enlarged view of isotropically

etched tips asSxasipie efthpinvention
20 FIGS. 11a-11L illustrate the construction of a probe in accordance with a third

example of the invention.
FIGS. 12a-12L illustrate the construction of a probe in accordance with a fourth
example of the invention.
FIGS. 13a-13q’ illustrate the construction of a probe in accordance with a fifth
25 example of the invention.
FIGS. 14a-14m’ illustrate the construction of a probe in accordance with a sixth
example of the invention. ;
FIGS. 15a-15m’ illustrate the construction of a probe in accordai‘nce with a
seventh example of the invention. :
30 FIGS. 16a-160’ illustrate the construction of a probe in-accordance with an eighth
example of the invention.,
FIGS. 17a-17f illustrates the construction of a probe in accordance with a ninth

example of the invention.
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abrader- of "FIG 23. 15 FIG 25a-e illustrates the construction of an

abrader with shar prIGSS18abl SxGURStEREEE constructbr & Pprobé inf ResidAncildh ten@f t he
i nventi on. FIG 26a-e illustrates the construction of an abrade

with flat tips expmplessithpinyention. with a fourteenth exanple of the .. ;

it pyr an dal  pr oIS 9k gk bR hRToh I FIBE  HEbidoclil 2707 T

i nventi on. eleventhelxhﬂﬁplercﬂ'ftﬁéﬁﬂ&ﬁidiluﬁera| s refer to corresponding parts
t hr oughout the several views . of the draw ngs. Det ai' I'ed

f
Descri ption bf t heFiGafa20hilmstrates the cppstrugtion of 4 prebe W aseerdpraewithea tyalfth of
an isotropically etch tr rmal probe 20 in accordance with an
enbodi nent of t%gmpfwgﬂ?ﬁlgﬂ;&ﬁ%ﬁe probe 20 includes an el ongat ed body
22, formed of singFES.Q1\ilbatatesdictiopid etchaneéteh Altd of BSG Hepviited\isingvarious
termnates in a _shank end 24. The el ongated body 22 has a top, preferably

hori zont al , phosphine:flew pate patametess inAserisnca titrtherinyention.t he top surface

26 has a channel ¢ . ' | ' . and a
channel outlet/i nig{b%(?rz f& 3‘%‘32%%#%@8%%?%%&%%%&% &E%Ig%{&r’r’g%?%e of

t he probe of0t heith thedinention.i ncl ude an integrally forned channel within
t he el ongated body_22. The channe| cap 28, whjch nmay be forned wi{h

pol ycrystal line si FX&&#,IHEW@P}?@%%WQW‘*FH@% ?‘Pﬁél‘wg‘é& smhodimentiof 30
allows fluid iheinvention. 5

to enter the channel and the channel cap outlet port 32 allows fluid to
exit the channel . FIG. 24lisan knlsrged nicvwgef isctrapically letched tipseast@riated with thenvent i on
can be used to %J’galr#vef]%ﬁﬁ Zgr aw fluid: froma vessel, such as a living
body or a drug 5P > “Enbodi nents of the probe 20 do not include a
channel , sugh enbogiGESas iflustraissthé bodEudtMTial abMbéGhitR i §Fintacor@ance

| ance human tissue for the purpose of drawi ng blood. In other enbodinents
of the i nwwith k grirteentieexamme ofithy inwentieed as a bl ade. The

el ongat ed body 22 I nc. bot t .preferabl.y harizantal . sutface
S O et od P ISEied RGeS In Sr R iR of R PR AT aecifanE 3
first side wal lwigtPa Fiffteenth exampR@TsE inveltional | 38. I n the enbodi nent of
Fig. 1, each side wall-has_a curved shape 10 attributable to an isotropic

etch operation, di BigcXawp illusteafes the constructionmf gn abrader with pymamidpd arojectignyin

t he di stal d ' The figure
I 1 lustrat esgghe&%%{ghlgcfﬁ?lggéﬁ?g%tﬁhe gﬁﬁ%ﬁg?@%g , the channel cap outlet
port 32, t hebbikeqefesancé aumerals refeh o ¢arresponsimeparts trodghoutithe seveeal vixwsnd

side wall 38. Oofseré‘?l ) that the bottom surface 34 converges into the
tip 40. In part? ‘WIRE3e bottom 15 horizontal surface 34 horizontally
converges into the tip 40. Since isotropic etching techni ques are
used, the tip 40 can be near infinitesimlly small.

25 Fig. 1 provides a perspective view of an isotropically etched transdermal probe
20 in accordance with an embodiment of the invention. The probe 20 includes an
elongated body 22, formed of single crystal material, preferably silicon, which
terminates in a shank end 24. The elongated body 22 has a top, preferably horizontal,
surface 26. In the embodiment of Fig. 1, the top surface 26 has a channel cap 28,

30 including a channel inlet/outlet port 30 and a channel outlet/inlet port 32. As will be
shown below, embodiments of the probe of the invention include an integrally formed
channel within the elongated body 22. The channel cap 28, which may be formed with

polycrystalline silicon, covers the channel. The channel cap inlet port 30 allows fluid

5




Fig. 2 also illustrates that the first side wall 36 converges into the tip
40, as doewo99morsshe second side wall 38. In particular, eRCHUSP8IBS6mI| 36
and 38 -herizontal Iy and vertlcally converges into the tip 40 in a -
snmoot h manner h i bhg s 3 S and
t he second si dewwal H.% ? one ano éaB%ﬁﬂ?%’?’%:;a rllowsfgﬁd%%t&ﬁkﬁﬂagl'
snoot hl y ext enda this bmﬁgmtidnpthé(ibrobe 20 of the invélitiontcap bé Gsedao deliver or dmoﬂuidhc e

with the present inventjon . is har t han pri or | rt.. probes. bec
the processing fmanﬁa'ﬁﬁei ﬁ%chas HERAEE &?%twcﬁr@ngnﬁas%éh
a nearly infiniddgag iRluddd) dTlTanﬂéT'%cﬁ e.as&ammsmste@ hs ﬁh@&@%ﬁ&?ar@hs&m

el ongated body 22. 25 s a top view of the Isotropically etched
probe 20. The flmymrlmnmhemsueyfostho\psrpose of drhmqgrbdmdodnloﬁledembodmmwsifelmnt s,

i ncl udi ng the shank en the.to ur f t he channel cap 28,

t he channel cadnY‘?ﬂt‘QP’ SP obgénayt égﬁ‘ﬁ ap outlet port 32, the first

side wal | the Tﬁ@glgﬂ aftédjﬁ‘odgaiﬂ als%&nclﬁﬂéi atﬁb@toh‘ieBre’f&ably hogzontal sitfdde 34, 1S

a side vi ew of t he pr figure shows t shank the top 30
surface 26, the(lmmactnébew&pnﬂﬁtopkmfabo%anﬂbattdrmsm'fm34umﬁfstsxdevmlldémdlI

36, dthe t th d t th
T s et suPksspond gifs A S! ttnt BEpGiinest of Pk, Leeeh idwal bhch vttt o

to the i SOt @Pi fribhfiBioNs «RRVBHicWt SRR, dxscusseﬁ%%Wance WIth the
I nv |

Fig. 5is a front Fige@iodn elarged viow ofthe distel erndgmnp@mf\ﬂmalmagdddmﬂyéad 24,
the top e channel t he ;bot r e 34. .The
figure also shg&e%?/ghlsg*t&”ﬁ‘ Top.s ‘?26 %%d%n%g #@g}‘%{’h °§P839\%{IPP§

avoi d abrupt St@tﬁéﬁ&%ﬁiduﬂi&e?@ﬂ%ﬁ@@ﬁ&%wﬂ36%&'@11&%&6%s’i&éwﬂngbe@bséﬂ?@
curved sidewal I's are attributable to the |sotrop|c etching 5 operation of

t he invention. thatthe bottom purface 64|cgmeergmmtpmtilp/éo vinepartigulagthe bottom

i sotropicalLy/ nlsotr Q. a rdapnce h

anot her enbg% ?}é P@ﬁ%gé %Xg?ih dﬂy‘% %gﬁ%tof%e ??13? g‘élg C R °p1°\é\4°hmg

el ongat ed body téanﬂztueehretlseanﬂi@ﬁpaocﬁ&x&hamﬁn&eﬁnﬁﬂysﬂm devi ce includes a
top hori zont al surface 56, i ch supports a channel .cap 58. The

channel cap 58 i ncFigdd#lsg ﬂi'éﬁtrat%ﬂéﬁﬁﬁ@l firgtgide walk36 eanverase into thedip4fa andeesc ap
outlet port 62.4F E&OR ﬁk%&ﬂ%@o‘iﬁgﬁ'tl 1!11515 ch side ﬁf §6§:§’d%§fg o\‘iﬁhb afi®
to ta ott om

positioned betwee orizo sirtace 5 and a
hori zont al sur fvertcalis coﬂverg&sontd theetip 4@ ad asnmtﬂhmhher(wﬁhoﬁhnm@epﬁmstimson
t he ot her sj '

ber spect | ve2d: ehpeirstTigs WAL 56 padfi serond sigenstigistineel onf siiladn B S 43 5o

Fig. 7 clearly whighSmbb@iyéiténds ato Hedp 4l | 66, which stands in contrast to
t he curved sidewal I s of the device of Figs. 1-5. The tip 70 is forned

usi ng a conbi nati oAhe th 40 Sprmed dn pesordaneswith theresenpinyentiontis shyrper taan prior

ani sotropic etc

|sotrop|(F:) etChI%{ I‘OVI g‘%%t ée‘;}&éé&{‘%*%c‘r%g’ﬁzwﬁ%%n%ﬁw%'l‘@W J}rgg]}]#%fmm
tip has snpooth swailgdﬁﬂruaanhabpbmt thiaspay to s fillbdimehsisheof the almgited)wdy 22,
bet ween the,tip 70 and the c ectional ea of the Ion at dbod
52. 25" B, o Fiss3 8 tom viore oF e dstioprafiL Aphelamthe o i Gt fearty snows”
ani sot r opi cal | Ythébfé%ﬁﬂlsﬁhﬁ%ﬂiea eleﬁxents mc S a8k Bhd 4, dhé fo%rsﬁff&ce 26, the

enbodi nents of the i nvention. | ustrates an
channel cap 28, the channel cap mlet port 30, the channel cap outlet port 32, the first

side wall 36, the second side wall 38, and the tip 40. ;
Fig. 4 is a side view of the probe 20. The figure shows the sha}xk end 24, the top
30 surface 26, the channel cap 28, the bottom surface 34, the first side wall 36, and the tip

40. Observe the curved surface leading to the tip 40. This smooth surface, without

abrupt step transitions is attributable to the isotropic etching operation used in

accordance with the invention.
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I sotropically etched probe 20 with isotropical I y etched sidewalls 36 and

38: ‘The figur | ar
figure, but shows 1§g2 mﬁanne"f‘@?gﬁ*?&ﬂ mﬁ‘lﬁ@h} a%?ggﬁ%s&a@?gx@%@ ﬂ?étgb
(100) silicon waffase 265ty ch8med bapi28, she bottonchafae B4.7Bhd ﬁgm'edlsmshmaauved ’

t tch h J t et ched 'tH a
Hrot bt s om CF.sné »?«}ls%% 4 385 The GURo8 SN AN bR apem amgiions tsspqped

et ched. edrol?é% SRR el SdeHalhCire Wirikisble Wﬁ@ﬁéo% et
i npl ement ed usi ng a WI vari ety of processing techniques. The exanpl es
provi ded her%i mperatiof of thelimveptiopose of illustration. The invention

should in no wa nstrued to he limte | bed ex | es.
: Y Yig 6 Kh pesstiatiee vewiat b isoiapeel) isqropisal fleheComfs 3

been used to i RLRERIRE with anoiti&?emﬂ&ﬁﬂieh%f th@ﬁfveﬁtxdﬁarlf}ﬂtp\‘owsﬁﬁn\!lhéé‘s%ns' zes
have al so been used. By %./ exanp t he devices of Figs. 8a-8e

wer e inpl enent @lpmteéaoodyé mmhmamanumlma{ﬂemqsﬁ t Fhecdevice incladesiade. The
| ted body,52 of F t.ed

cr ose sect  onaboreottaurire sy Which ppbifs SR She 88 Sns dirohil bk G ¢

si ded B | GRARR cmeheebsﬂ@ 604nd & chatindl@plbatiet UL Figi @1ald®chdwRla firgd Wi de

and 100 [err] mthick devi ces. Doubl e sided ali gnrrent and etching on a
standard t hi ckrvewats@@wPBﬁﬁ,]msntmp@between thedep )mmnta&wr&@vﬁé@sd ahattorar e

il ement ad i SREAA ] & 5ot et LN (ock Mo exiol AR bR o

[err] mwi de anafiiesdevidean appr oxi mately 200 [err]mthick. Mre preferably
the invention is L mpl egented with an el gngated body that is | ess than

appr oxi mat el y 300 P&?}%ﬁ%ﬂéﬁg@ﬂﬁrspectwq \@sw of Mlaﬁmné@r#aﬂemfﬂmqge ] m

thick. Int |

appr oxi mat e*ﬁ %@g&sﬁan ?t"zé;? %g%tsﬂse %‘ﬁg{%&%‘gﬂ@kgh aCh ﬁfﬁ%&?g rc ?xftrnglst to_ the

Advant ageousl y cursedsidefvallsiof the deassoﬁl!ﬁ;gs definThitiys 70 isformdabubinged cosbinstion
robes usi n

silicon- 15 on-i nsul ator rs. _JThe fabricatj.on of
wafers greatly ©f lsotmmc@ﬁfia% '531159 sfeﬁgls ge agiseiropic etching prgvi m‘m@ﬁbﬁ@al ly
used to fabri Cafdst Qﬁul@&ﬁ@i@é&opm etc%ﬁ%idﬁ&% thé'srﬁ&ﬁ'h ARMNifidrAintd e fH 0. The

conprised of two silicon wafers that are bonde together th ough

i nt er medi at e i fiphagsmootheuefacesiand ptherwise pyoidy ahrmrstepuumnﬁens ettweandhe tip 70 '
waf er (devi he | I ckness of the probe using
a 20 conbinat %ﬂ%‘%“&%’%&#ﬁgﬁlgﬁé%g‘eegm%ﬁtﬁdﬁ #ques The role of the

bot t om waf er Fipa 848 itlasteute differcnPisbtropit4lly ahdahisenepisall3cdteliRl @hAiclsGRS Y
handl i ng. Since the fabrication of the probe is done solely on the

devi ce layer, taeorganceygth diffexcptembpdiments of thednvention. Eig. 8a illustratesranyi de an

2bi 6 to.provi ddplenfly EithBPpioRt 20 Wi ARy BBk sidralle a6 apa P BRe ST S 2
speci fi ed devi digureyles siidwsdgitgsiliconrstieln28.0Figi 86 R sikiilatMwes baf stiowsw at i ng

| ayer. The avai | ab| I|ty of SO wafers permts the use of standard
i nt egr at ed 4% r chprneh 7 fermed yyjth an anisotropic etch of a (100) silicon wafer. Fig. 8¢ shows a

channel 73 formed with an isotropic etch. Fig. 8d shows a channel 74 isotropically
etched with a flat bottom. Finally, Fig. 8¢ shows a channel 76 which is vertically
etched. '
As will be demonstrated below, the invention can be implemented using a wide
30 variety of processing techniques. The examples provided herein are for the purpose of
illustration. The invention should in no way be construed to be limited to the
described examples.




equi pnent since the overall thickness of the wafer is the sane as a

st andard wad sw00155 Al so, the thickness of the needl es c®CTHBIYEIS6ELr
controlled since SO vvafer suppl i ers are able to guarantee a device

| ayer thickness tg i chRhes Blert el ks JspKnNown
bef ore processing. Mot tﬁgﬁa{ %/Vn no wafer tﬁ%nfnghstseps v"\"/ﬁ EI © are a
common cause dfemvminen,tbutalvaasts ofdewe&&msha\tnaﬁmhbenlnssh Bgfwahefﬁﬁnplaf er

supplier are et edoRgs 1o dho% e sdieiathed 38 300 fim'viah S o R iclle’ T 10 e
Finally, sinc@e$ib&. iThe¢iokigh®ed bbdy §2 of FigVé ﬂ@s’%e@ﬂuﬁfal@ﬁeﬁfeﬂﬁs all0@ pid Sjuae of
the etch Is not critical. fol l'ow ng procesS| ng st eps

have been usedrosssectionaldenise. Bevedigally @tcb%nnohdbmd through ardoubly sided devi ces,

d th th T
preci at ot natEae AR R eBRiond BETRsR( in 200 kdf Bl agl binshick o
feasi bl e, yet ggvicés. Double sidddtiliningft ndRRdir orf H&tandav®idk@Bss (500 pm) wafer

TABLE 1- PREFERRED FABRI CATI ON STEPS 10 A~ STANDARD WAFER CLEANI NG
Use VLS| |ab drsiproduced devices thatage 640 ymeside apfl £2¢ pochisks In gensraljtiperr], 5:1)

f 10 t .
Rinse unti | r ubepsonisjplshliiued S & Qbhdinds G ha i s hat ik Singlehy -
Piranha clman paividerdndddse tiahn: aubmtxhﬁélgrzob unbthick. IMbreiefoiablyl, g idventidRfierr] C
Rinse in D water for one mn Dipin 25:1 HF until hydrophobic

Two, one mi nuf®Eplemsnted with melmaa&‘«d body that 1s lessptxwpmmmpteWe%Q%mwé«yax@f DI

M N VL O e /St fepappiimately 150 gtk Bthe cafgor fbtafd Wbl e lefl

(H err] SJ er r catbesppréXimately 3 mind,)antidts tHiOkiess\¢dnds as high as 400 pm.nse in DI
water for one m nute
Advantageously, many of the processing techniques descnbed below use silicon-

15 on-insulator (SOI) wafers. The fabrication of probes using SOI wafers greatly
simplifies processing. The type of SOI wafers typically used to fabricate the probes
described in the application are comprised of two silicon wafers that are bonded
together through an intermediate insulator material, typically silicon dioxide. The top
wafer (device wafer) is thinned to the desired thickness of the probe using a

20 combination of grinding and polishing techniques. The role of the bottom wafer
(handle wafer) is to provide a strong substrate for easy handling. Since the fabrication
of the probe is done solely on the device layer, the purpose of the insulator material is
to provide an etch stop to prevent etching into the handle layer.

Suppliers are able to provide SOI wafers with a specified overall thickness, a

25- specified device layer thickness, and a specified thickness of insulating layer. The
availability of SOI wafers permits the use of standard integrated circuit'processing
equipment since the overall thickness of the wafer is the same as a standard wafer.
Also, the thickness of the needles can be better controlled since SOI Wafer suppliers
are able to guarantee a device layer thickness to within a few rmcrometers and this

30 thickness is known before processing. Additionally, no wafer thinning steps, which
are a common cause of probe thickness variations, beyond those of the SOI wafer

supplier are required and no boron doping and EDP is required to define the probe
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Dipin 2511 HF briefly until native silicon oxide is renpved 30 Two,
One>m12u}\/ia ri ]ns Sfape! F@iall‘&aélﬁée thc 1nsulat1ng 176 PSYBVIdBS i etbif Stop! th¥ inin©bf Bk Wt €7
i's err]-cm Dry
9 ] ~ C. iPREHitdlY CLEAN WAFERS Use VLSI | ab sink :

Piranha clean (Her [ err.

Two, one minute rin lﬂwég méqe@gllg%teps lldve%pgxi]gsggﬁgq%fscqbggtbgfqv(, e W‘ﬁf‘“ﬁla
water is > 11 Myghgt, o‘fﬂbwces, in accoraRidd v@fﬁ/the inventiép. W%ﬁe&%ﬁ&ﬁﬁ

SILI CON NI TRI DE a horizontal |ow pressure chem cal vapor
deposi tion réac appremetﬂhmgatamem of mestificationssgrethespenified steps are fagsibtt, yetstll =
835[err]C, 140 mTElI:r (‘ﬁﬁn Lt and 25 sccm NH[ err] E. DEPCSIT
PHOSPHOSI LI CATE ¢ mve °nUse a horizontal |ow pressure chem cal
vapor dep03|t|on react or 15 Target thickness as specified

Condi ti ons 450[err] C, 300 mrorr, 60 sccm Si H[err] 90 sccm O[err] and 5.2
sccm . PHS . F : :

TEMPERATURE OXI DE:(LTO chem caI
vapor deposition feactor TABLE 1%@%#@?@%&%&

Condi ti ons 33¢450[ érr]C, 300 niorr, 60 sccm SiHerr], and 90 scmO[err]

G DENSI FY LPCVD OXI DE 25 G DENSI FY LPCVD OXI DE Use

hori zontal at modphe$TANPARB WAFERCLEANING Condi ti ons = 950[err]C,

Nl err], 1 hour; altegr 1100[err]C with a stream environnment
rather than N2 G ILt tho stk

Piranha clean (H,SO,:H,0,, 5:1) for 10 minutes
Two, one minute rinses in de-ionized (DI) water

15 Rinse until resistivity of water is > 11 MQ-cm

Spin dry

Piranha clean (H,SO,:H,0,, 5:1) for 10 minutes at 120°C
Rinse in DI water for one minute
20 Dip in 25:1 HF until hydrophobic
Two, one minute rinses in DI water
Rinse until resistivity of DI water is > 14 MQ-cm
Spin Dry

25 B. CLEAN WAFERS WITH MINIMAL OXIDE STRIP

Use VLSI lab sink

Piranha clean (H,SO,:H,0,, 5:1) for 10 minutes

Rinse in DI water for one minute

Dip in 25:1 HF briefly until native silicon oxide is removed
30 Two, one minute rinses in DI water

Rinse until resistivity of DI water is > 14 MQ-cm

Spin Dry




30 H  PHOTOLI THOGRAPHY 1. HVDS prine

10 wo99/001552 Phot oresi st coat: Coat 1 [err]m of Shigeh@ysossssse
(thickness nmay need to be vari ed dependi ng on topography and thickness
of- materi al 2% be | engt h positive resist 3.
Expose resist: Fmgléw%ﬁge??\%dard exposure time 5 4.
Resi st devel op: Smadmsllmﬁﬂtop usi ng Shipley M-319 5. Hard bake
for 30 mnutes L BACKSI DE W TH PHOTCRESI ST . 1.. HVDS
prime 10 2. Pppphaglean GHSQeH Oy 33 forlOmpinptes, of Shipl ey S3813

(thi ckness may nequot Snd/inut nﬁ@gwmg@@?ndl ng on topography and thickness
of material to be etc¢hed S?u T wavel ength positive resist 3.
Resi st devebop: Sﬂ?ammbamtilmalshvmpoiﬂlwgteﬂwplldﬁmﬁnsw 4. Hard bake
for 30 mnutes 15 OXI DE VWET ETCHI NG Use VLSI | ab sink
Etch in 5:1 BHF u§PmDH'eS| red anount of oxide has been renopved

Two, one mnute rinses in Bl water 20 Rinse until resistivity of
water is > 11 Merr]-cm Spi n dr RESI ST STRI P

Use | ab sink 2B. DEPOSIELOIHSTRE $§BLI(¥D§CIIIH?RI]IIE 10 ni nutes

wergrs | oL et preckurd BUbER, PG epogtion pepelor T T G

until desined pagerthickhessiaé spedifiedas been renoved
Conditions = 835°C, 140 mTorr, 100 sccm DCS, and 25 sccm NH,

E. DEPOSIT PHOSPHOSILICATE GLASS (PSG)
Use a horizontal low pressure chemical vapor deposition reactor
15 Target thickness as specified
Conditions = 450°C, 300 mTorr, 60 sccm SiH,, 90 sccm 0, and 5.2 sccm
PH,
G. DENSIFY LPCVD OXIDE

20 F. DEPOSIT LOW TEMPERATURE OXIDE (LTO)
Use a horizontal low pressure chemical vapor deposition reactor
Target thickness as specified
Conditions = 450°C, 300 mTorr, 60 sccm SiH,, and 90 sccm 0,
G. DENSIFY LPCVD OXIDE
25
G. DENSIFY LPCVD OXIDE
Use horizontal atmospheric pressure reactor
Conditions = 950°C, N,, 1 hour; alternately, 1100°C with a strea::m environment
rather than N, ’
30
H. PHOTOLITHOGRAPHY
1. HMDS prime

10
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M DEPCSI T "UNDOPED POLYSI LI CON Use horizontal |ow pressure

cheni cal vapor dep@siphoffesist864tOCoat 1 um of Shi yB381 lﬂﬂﬁd{cﬂ@é&&n Besbé i ed
Conditions = 605[err]C, 555 nilorr, anL(lj 125 ?ﬁm SiHerr]; aI?grr‘nately, 5

580[ err] G, 300 verisddepening GOlosRERPISY aydethickness of matexjal fochevatphedomltiET.CH
Chl ori ne pl asmwﬁ&ﬁen@p?sgwfﬁ%(:h until desired amount of polysilicon-has

been renoved 10 C SI LI CON ETCH Use | ab sink
Subnerge in silicoms, qzx@bw&slé@@zhﬂ%ief §t]=¢pe3,?s%ihardre]x§1$s@%1ﬁiu[ err]F) until
desired silicaon has been renpved 15° Ri nse

in D water for 1 |40[Reslstdevelop Sta{‘%(ﬁl velop bying Rhipleyi ME31Dt NHAF will wor k.
In addition, there et ches invol vi ng HF,
HNO err], and C[errs?lgii e r!ir%err? anggetches i nvolving HF, HNOJ err],

XeF[err], SF[err] and H[err]Othat may be used in connection with
t he invention.) 20 P. AN SOTROPL C W\E Use | ab sink, heated
bat h k5 @kmA@ﬁémemFgr?yngl%Bncent rations of KO—| may
be used to give .‘z HMD earﬁﬁé er/ sl ower etch rates and hi gher/| ower )
selectivity of si I‘| ton over oxi de Tenperature 80[err] C 25 Q
OXl DE REMOVAD VIET ' BT @Hobdfesist coat: Coat 1as olfShlp!idyrSGSlB (thickness nisdycrieedl o b | Ut ed
HF or buffered HF until desired oxide is_ renove Rinse in

dei oni zed wat er vatind depending omtoppsraphicand hickness ofmatqqal ehsretehedrmeit- WALLED

TRENCH ETCH wav xrgﬁlr}?&xﬁ\@\’é&& vely coupl ed plasnma etcher
Advanced silicon e ocess

12 3. Res1st develop: Standard develop using Shlpley MF 319
4. Hard bake for 30 minutes
15
J. OXIDE WET ETCHING
Use VLSI lab sink
Etch in 5:1 BHF until desired amount of oxide has been removed
Two, one minute rinses in DI water

20 Rinse until resistivity of wateris > 11 MQ-cm

Spin dry

K. RESIST STRIP
Use lab sink
25 PRS-2000, heated to 90°C, 10 minutes
Rinse in three baths of DI water, 2 minutes each
C. PARTIAL CLEAN WAFERS

L. NITRIDE ETCH

30 SF+He plasma etch
Etch until desired amount of nitride has been removed

11




Hi gh plasma density | ow pressure processing system Fl uori ne pl asma

Etch to d epth 5 S. OXIDE, PSG AND SILICON N'})Eﬁh@ﬁ/ﬁ%@"
Use | ab 5%69%15(; Concentrated HF dip with surfactant if needed

conti nue until, de terial has been renoved

Ri nse for 2 mMutéEﬁgFWW%PIB{SMF 10 Ri nse for 120 m nutes
in third tank of QOke M&{Rhtal low gre?sur&ﬂiéﬁﬁﬁ?v%gﬁrosmon reactdis€ | ow pressure
chanber - Cold target 1 Use | ab sink

Aqua regent etcha'ﬁ%rgéfrtht?kh@lsa%mﬂ‘?ﬂieél ally available gold etchant =~ 20 V.

VET OXI DATI O\I L5 6héd 541]5] . eact or
Condi ti ons Terrpg?%‘%lﬂ?e ag spéc T Wt 6r %gé&ﬁo%%ﬁﬁgg;érggél W
BORON DI FFUSI ON 25 UsﬁSO‘IG;.‘B(leﬂ‘eir aidrmgrsbanSd{pressure react or
Solid source boron diffusion Condi tions = Tenperature as specified
X. DEPCSI TI NSI TUDOPED POLYSI LI CON 30 Use horizontal |ow pressure
chemi cal VaporNdeP@iYSIQ.'iCWEWH Target thickness as specified
Conditions =-610C and 300 mrorr
13 Chlorine plasma etch
Etch until desired amount of polysilicon-has been removed
10
O. ISOTROPIC SILICON ETCH
Use lab sink
Submerge in silicon etchant (64% HNO,/ 33%H,0/ 3% NH,¥) until desired
amount of silicon has been removed
15 Rinse in DI water for 1 hour

(Various concentrations of NH,F will work. In addition, there are many isotropic
etches involving HF, HNO,, and C,H,0, and etches involving HF, HNO,, XeF,,

SF, and H,0 that may be used in connection with the invention.)

20 P. ANISOTROPIC WET ETCH
Use lab sink, heated bath -
750 g KOH : 1500 ml H,0; many concentrations of KOH may be used to give

faster/slower etch rates and higher/lower selectivity of silicon over oxide

Temperature 80°C
25
Q. OXIDE REMOVAL WET ETCHING
Use lab sink ,
Etch in diluted HF or buffered HF until desired oxide is removec!;
Rinse in deionized water for approximately one hour ‘
30

R. NEAR VERTICAL WALLED TRENCH ETCH
Use inductively coupled plasma etcher

Advanced silicon etch process

12
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Y. GROW.THERVAL OXI DE Use horizontal atnospheric pressure reactor
Condirtions = 1050 Gy tp?&maedé\ﬁ&iﬁ%%}%ssure oéessifit/S¥stdih BOND WAFERS

Hori zontal at m)spherigg pressure react or p'} é@'Condi tions = 1100[err]C,
ni t rogen envi r onmerfluorine flasma EXAMPLE | Figs. 9a-9e illustrate
the process flow f nst L uct.i an isotropically etched probe
fabricated on a Si ?éteﬁff’ lFﬁg r{ tor (SO) wafer. Fig. 9a illustrates an
SO waf er 90 including an insulator |ayer 92 sandw ched between a

device wafer 94 and a 15 handl e wafer 96. The device wafer 94 is- fornmed of
single crystdl $ili OXidDHE, PRSGa AND SILHCONMREERIDE EF6CRxi natel y 100 [err]m
The orientation is 100?) or (110). The insul ator 92 is thermally grown
Sigerr], whichis sg 1gb st err]mthick, but may also be silicon nitride
and/ or chem cal |y degpRshéfed PF HF withbarfaaisliPnddasE cofthule unBiP@éspéd SRYi#k1 500
[err]m thick single crystal silicon with a (200) orientation. Since

t he handl e waf er 96materiadbhischeerdemdvedi ngl e crystal silicon it has the sane

hat ching as the device vafer .94, which s also forned of single
crystal silicon. | Me%ﬁm@@‘ﬁﬂwd&ﬁwf%w@m eaned (step A), an
approxi mat el pp 0. 5 [ RhkseFot [YCHKinuftd8h thifd tank of I5I WhtePn nitride (step D) is
deposited. The silicon nitride 98, shown in Fig. 9b, serves as t he
masking material for the silicon isotropic etch. The silicon nitride 98 is
then 25 pattern ( ed (step L), and the photoresist is
stripped (step K). %@mcﬁgﬂlti ng structure is showm in Fig. 9c. The
devi ce i s subsequengkei atnbet he isotropic silicon etchant
(step O, producing the device shown in Fig. 9d. Observe that this
operation produces oflddargeti de walls 36 and 38 of the type shown in Figs.
1-5. It houl d be appreciated that Figs. 9a-9e are a front
cross-sectional view of the probe 20 30 in approximtely the center of the
el ongat ed body A2. GOLBEBCHr ocessi ng generates t he previously

di scl osed tip 40. ., The silicon nitride is then renoved and the
probe is rel eased (YsePP&K Fig. 9ge illustrates the rel eased probe 20.
The device is then AhasREentetdhahiBH iR chRhRFciAlB available gold etchant

14 approxi mately one hour. The resultant device, which does not

i nclude a channel, is a

20 V. WET OXIDATION

Use horizontal atmospheric pressure reactor

Conditions = Temperature as specified, water vapor environment

W. BORON DIFFUSION .
25 Use horizontal atmospheric pressure reactor
Solid source boron diffusion

Conditions = Temperature as specified

X. DEPOSIT IN SITU DOPED POLYSILICON
30 Use horizontal low pressure chemical vapor deposition reactor
Target thickness as specified
Conditions = 610°C and 300 mTorr

13



probe for use as a | ancet. EXAMPLE 1| 5. Fi gs. 10a- 10i

i || ustrat emoR#optscess fl ow to construct- an i sotropical ly ECEASHR/ES6he
with a surface mcromachined fluid channel fabricated on an SO wafer. Fig.
10a - il usty. atGRONVdHIERMAL OXIDEYpe shown and described in reference
to Fig. 9a. The Watf‘r aned (step A). Then, an approximately 2
[err]m.thick |ayer %h%‘%tﬁ °F1? &FE“‘@F‘&E?M"" i s deposited (step.E).
Fig. 10b shows th HlsaiRes €t nt Which is used as _10. the
sacrificial channeﬁ: rrat eri alldS'OT%eﬁeﬁll‘g&ﬁ 0S| |cate glass 100 is then
patterned (step , etched (step J) and the photoresist is stripped

(step K) to t g%’ the fluid channel. The resultant
device is stgvvrin ni'géﬁ Mﬁbm ce is then cl eaned (step B) and
an approxi mately %&ﬂ&d&ﬂﬁﬁdﬁﬁﬁeﬁpr@é&bﬁé%éd&on i s deposited (step M

to formthe franme material of "the ‘channel cap. The polysilicon 102 is shown
in Fig. 15 10d. Coreitierisys]1008Gmittégenienvirdmamenpat t erned (step H), etched

(step N, and the resist is stripped (step K). This results in the _
previously described channel cap inlet port and the channel cap outl et
port. In additi=en 2 ' (

t he edge of the shel . The resultant structure is shown in Fig. 10é.” The
regi on 32 between the two polysilicon 102 menbers is the channel cap
out | et port %QPH%? he wafer is then cleaned (step B). A 0.5 [err]m
thick [ayer of (hp itride is then deposited (step D). The silicon

nitride 98, shown Figs fae ln@s‘uataas?wce@ fRow fob Bor¥REKANY AN isotropi®dli§etdhed f OF
the silicon isotropic etch. The silicon nitride 98 is then pattérned (step

H) , et chedrqbetfabriqajed Wlhn@ On dasylator{SODrwafpre Fig QadusyatesraniOl i ng in
the device Sho%érrbol; héudi Pgﬁ% 1 otr%%e{)?2 sandw. dggt\&}e%& aI Hitgg glgt{/ergg ag%g

in an i sotropic ST CONn € pro C|ng
in Fig. 10hl5 Ohardlegaifer 96bThe devitdwaler 941is formedsefeingte aystakbsilicondeitha  wal | s

36 and 38 for med. this operation, This operation, a produces the
previously § Oh appreximataly 100 mnjl‘he orientation 1514@85”10 110 Thednsulator; s

then removed (3%§Pthedmalt o%@li)@ WhidhSh §35 8 Wﬂnltn % B&%%Oatwgéageoﬁtﬂtﬁfd%te

glass is renoved to produce t he Qevi ce sho evi ce
i s then rinsed and/orichemicalbytiepesited okide. Thp handlerwafer 96 rapphoximately 500 pm

15 NP || oqs . ] ... 11a-1 | fl
for an isotrop iﬁggffvlg_g ﬁ&’ﬁhﬂ silicgp with 2 (fb(gsr?%?tﬁﬁ?%%lﬂge g\eﬁ"ﬁﬂ‘ﬁg &a?%gggss Zt c hOtNo
forma chame! forsedfofiRingleirgdalGilican itHak thishMe hatching as the device wafer 94, which

is also formed of single crystal silicon.

After the wafer 90 is cleaned (step A), an approximately 0.5 pm thick layer of
silicon nitride (step D) is deposited. The silicon nitride 98, shown in Fig. 9b, serves as
the masking material for the silicon isotropic etch. The silicon nitride 98 is then

25 patterned (step H), etched (step L), and the photoresist is stripped (step K). The
resulting structure is shown in Fig. 9c. The device is subsequently submerged in the
isotropic silicon etchant (step O), producing the device shown in Fig. 9d. Observe that
this operation produces smooth side walls 36 and 38 of the type show:n in Figs. 1-5. It
should be appreciated that Figs. 9a-9e are a front cross-sectional viev& of the probe 20

30 in approximately the center of the elongated body 22. The same processing generates
the previously disclosed tip 40,

The silicon nitride is then removed and the probe is released (step S). Fig. 9¢

illustrates the released probe 20. The device is then rinsed in deionized water for

14



Wu YYUILOS 2w niJusol adoty
The startihg device of Fig. 1la is of the type described in the previous
exanpl es. - The dpproxixhately medioaarfﬁde 1(esﬁlthpt d’év;mdrhmhpbexnmtahmihée Oclanfief islam of
silicon nitride i 0Si t te resulting in the device shown
in Fig. 11b. AIR‘%‘?‘hg’fgﬁ agaﬁé% [err]mth| ck | ayer of t hermal oxide-
can replacé the 0.5 [err] mthick layer of silicon nitride. The oxi-de |ayer

S etched using CF[err]+CHF[err] +He plasma etch and 4:1 Herr] O KCH
sol ution at 40[léXA.MPLEIIE silicon nitride is then patterned (step H) ,

cryotal si Son ( 1B Tt e bor BB 30w S chPunet sheragny #hed pmper)
to forman ani W@m&»ﬁelxﬁﬁcﬁtﬂd&mw flaidCdhariwe] Fabricated bi iafl SOASFI&E Fig 08 hown

in Fig. 1llc. he wafer is then cleaned (step A and approxi mately

2 [err]m of pﬂdgpﬁmslﬁ@éﬂcé of the typg shosvn an m&etieure&rmp te-Fig. Qaf The wafer
e 1 my bo 1 FlereERieR 4D, ThEp B PR AU 2 R B lover of AR siBadeiglhes |

and a hi gher t ggBéposited tepcE)siFig, Q@blsh@ws)ﬁxetphespméﬂmita las§1mpﬁmidhllﬁdsdd>as3t ep
G A nore suttabl e denS|f|cat|on is 2 hours, 110%{0err£h?él n an arrbl ent
stream Sink@ ithe pasrificial phanpel maferial. Thephesphosilieate slassyH00 is theapatterned (tepps

wh
cocer to 050[ Al PRtikd (sl 5, drd¥fc Miftarelit s suipfEl 3t opl1ERb!rcHh e ATRERRL! o
t hen patterned theﬂapl dﬁ)mnaé.t enbs(mamneﬁn 1sishd\gn thngebOcst’l;\he&iestcequhad (step
ri.de shown in. Fi

Ky 20 t | 11
T%te Sili goﬁxﬁiots ?%33 @nsléf L S'tqtétﬁgf? ly; pymylgyer ngfe}wmﬂ tsﬁleP?ﬂée‘bgﬁ% )
shown in Fig. on&ﬂteﬁaﬁttemﬁﬁosﬁ]fw Qicap! ’ruepdt SRSVRA P& n;#gg

nitride etch smcet I cate gl ass a ts as an etc
sone cases, 15 heldh |’R}ierpet3$11mbnﬂﬁ% is then patteosedi(step H),cmdmdgd;tqsbl),rmyi thretesilstels

t hi ck h t tt Ki th 5 I d
AN TR B R T AT

cleaned (step Bhe clﬁﬁﬁ&%b'?ﬁﬁ@ﬂ port2 Ih%ﬂﬂlhﬂh QhisREbMELH teaitivel &etﬂ&?ﬁlhcon away
deposited (step M to formthe frane material of the channel ca resul ting

in the deirera thehesige of thershell. Theresaltant structure is showndn Figad Oer Heajregiondd

H), etched (st step K) to form
t he channel cagéjlt‘%de‘ttﬁg&niﬂo B%l?’?lé?&b@??&l&gﬁ%&fs ﬂlg%&:@i}t@lﬁ%ﬁgﬁ{lﬁt °§‘8| ysilicon

away from tpge edgeThé wahe istheh tleankddi (st chasoas feh thivkUhyied of silidibnitride is @RHI C€
shown in Fig. 1lh. The wafer is then cleaned (step B) and approximately 0.5

[err]m of sili cdsposited(ster D)s The pidisen nitride98 shawn imfig. K, aperatesrasthe maski®g  as
shown in Fig. pateridilfor the Sitbof ShoftSpic bion A% sl ol RitAad 68 is'tRin pdtErh’ (#%)Oﬁ)

| sotropic etch.
The silicon ni tetthtd (btep Lm@ndmwmﬁsmdn-?pé&@tdp)m, fdsalriag in filed@vice showitintFig.

resist is strlpped (step K), resulting 1n the structure shown in Fig.
11j. The deV| cellgs then . subnerged in an |sotrop| c silicon etchant

(step O, ducin

then renove o2 t he S‘nggwté‘léfsr eﬁfnug;se fgeﬁuga?%a&p%l E# cake&gﬁégﬁd"“gﬂ'
renoved (step She déviee shiesu iniRig. ]@thmeagmmuhsemtEeg’rstaﬂd_sebenddmvedrsdeed in
dei oni zed Wét er f?s 36a g'Pdr 3%)(%0?&3{? {,)Y th?sngpepa%ogl This opt:ratlor)t('zﬂ\s/ID produces the previously

described tip structure.

The silicon nitride is then removed (step S), the probe is released, and the
30 phosphosilicate glass is removed to produce the device shown in Fig. 10i. The.device... .

is then rinsed in deionized water for approximately one hour.
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Figs. 12a-12L illustrate process flow for an isotropically shaped probe 10
| ncor por atwog@asss sot ropi c etch to form-a channel, as fabr PCRU8#/I3660an SO

waf er. -The starting device of Fig. 12a is of the type described in the
previ ous ‘exanpEXAMPLE III wafer is cleaned (step A and approxi mately 0.5
[err]mof silicon nitride is deposited (step D), resultin |n t he

devi ce. shown in FiFigs. 1bas11rHuskate prases qqux@nu@tnon@nllwtamn .. (step

, etched (st (
(t?yst al sil fcoﬁ&léh ﬂgg‘?%&g#ﬁ’%%gﬂ%&& Qg&éna%ltfg&g} rop| c et ﬁan (step
O to for ;ns ag h'(il)‘h@itf:ﬁxp%:ﬂa#byoﬁl‘mhbth is of theﬂj(p&ddsm‘:liee:lms ?ﬁﬁozfe%m thHI d
assage,
gnd agprom ﬁatg ri“[‘ ??ﬁ%mAbMB&IWP%&%%m°fS&F°&§§“‘F§ b‘%‘%@g?fé tep
E) to fill opep) rﬂ;nfnflﬁe &edlémawﬁllﬁ 2 Selmaﬁaﬁ&eiyam (28 thidf layer of ShOWN

in Fig. 12d. The osilicate glass O I's then patterned (stép H),
etched 20 (st ﬁpmial oxadectan mplawshsﬁ Sipan thick lpper@f sﬂmelpniﬁ)lda dr lmqm@elayergs ons
of the silicon |de sho S|I|con

h
nitride 98 is Ftﬁ +@&éﬁ'}{°)pl ‘i“"r‘ilg‘1 Pﬁﬁéﬁgoge\?}“é‘@n%&\ﬁ °Fig.
12f. The- resi sgmsﬁmhiayl@ﬁieh aﬁ&né&(ﬁé{ﬁ!b b@ﬁa{@tebhs adithé EE?.ls?is“sﬂuﬁieﬂQﬁeﬂ he

phosphosilicate glass acts asS an etch mask. |In sone cases, the thickness of

the 25 phd¥phK3i Thesinglegtystad swm;n ¢i60) tsethmubjcc@dme,mamsotmm@nhmn fs@epeﬁ')ch
from att acki ng, under n Ltri ch case hot.or.e

be necessary. t%nnanamsotmgc é&‘ a&fe{l?%bdﬁz Qsﬁggpa 8 Iﬂ)? :lﬁ‘ét ely
2 [err]mof polysiphesfiferds ﬁmh*élﬂﬁned step%%ﬁ'a?ﬂ@xﬁﬁtﬁ? ZMmprﬁd%bH&s‘ili@té rame
material of the fluid channel, resu tin devi ce shown in Fig.

12g. The devi celassslsﬂnmsltpé(smrlim ﬁ(llsqp@pmg; in the silicon (x@md;qamaslnnahner% ag he
PRa to-renove. sown B 110 Hini e SrebtbiTt ol iertontl'ac B Bk Afosliphiof PR ¢

processi ng 115es bihd $hi Sﬂeﬂtblﬁp&ﬁm&@enﬂﬁcatl@hMe P8Gfth#h is %ﬁ&lﬁéﬂ'@ SKp G A i‘ndré'l en

cl eaned (step B), an %rom mat el 5 [err]mof . .
17 sjtablecdensi PQ‘NMézth“Ge € dnpjary @tlblsnts}remh&mpuﬁl&éﬁslwbbrtpde

9, as shown | bl e d@highimperaturd G5 i Radel SHERNL RGP RElA, d or the

silicon |sotrop|c |con AitT en patterned

(step H), et chdehs{fidation ht)tempétdnﬁésecwseﬁt’osgsovcs should béﬂdnep'lﬂﬁéipl(cﬁ mxllé)ate
resulting in the structure shown in Fig. tﬁ The device is t

subnerged in aBlapssHiisthen @F?m%@t@tﬂhﬁme‘( P, @}1‘1 the rgsistds ﬁ@lPPPFb(SEGPrIQct ure
of Fig. 12kg expgﬂfr gihhéﬁ e@ilfcf)h ﬂﬁnﬂé% Q?QhJ IC}Ehe probe is
2 pho I's

rel eased, and t osilicate (step S). The
resul ti ng device, 'Eiecsvlzrconmﬁdg% ilthen atchdde(step[,mmmngmthe delédcecshowrdn Rigt er

f i mat e haour 13a- 139"
T P ! e T, o Seststion ypisally e rimoved hefore the nitidp atef sinse e

phosphosilicate glass acts as an etch mask. In some cases, the thickness of the

phosphosilicate glass may not be thick enough to prevent the etch from attacking the
25 underlying nitride, in which case, photoresist may be necessary.

The wafer is then cleaned (step B). Approximately 2 pm of polysilicon is then
deposited (step M) to form the frame material of the channel cap, resulting in the
device shown in Fig. 11g. The device is then patterned (step H), etcﬁed (step N), and
the photoresist is stripped (step K) to form the channel cap inlet and .'(")utlet ports and to

30 remove the polysilicon.away. from the edge of the shell. . This processing results in the
device shown in Fig. 11h. The wafer is then cleaned (step B) and approximately 0.5
um of silicon nitride is deposited (step D). The silicon nitride 98, as shown in Fig.

11i, is used as the masking material for the silicon isotropic etch.
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i ncorporating an anisotropic etch to forma channel fabricated on an SO -

waf'er w th | NtrRE kb nfid<si 'tﬁefn}pa&&%edigs@pcﬂp BRAGI (385 ), antFhersidt s t he
formof a polysilicon heater. frgures, the figures on

the | eft-hand sitdppedi(step&), qsaganamethe stoeoture showssisdfigohl. dhe dpeiceisdhen whit e

the f res on the right han S d are, cros of
t he c: ?gw try. s,gP; gf‘gdnf"glsg I PEFF%‘{%&?‘?@@)W%%C&%@F F%ct“ﬁ’r?ﬁ%ﬁ?ﬁ

si de of Fiphe slﬁébn fifrldé$¢ theh Bsndved, B prde efreledgdd) aisd théPhasishodiBicate Alass
polysilicon contact 124 I S positi oned above, each region. Am n+

pol ysi |l i con 5egsmmqm (step §bsﬁ¢m@an5é@mnhown in Rigel Woig thenrinsedin  The

right side of Fi il uration, but further 20
i ncl udes an n qmi%gwaofﬁ%f%ﬁgp S eéy§§§l§6 e processing used to construct

a device of this type is known in the art. The wafer is
cleaned (step B) and approximately O.5[err]mof silicon nitride is
deposited (st eptXAMPE ting in the structure shown in Fi gs 13b and

o ol yor oo i 51 Hisso e AL HBUBASRbokS e R o ARuSBRABL BRI er * The
polysiliconips ﬁ@&tb@faﬂﬁgaﬁ%&@plﬂk&hﬁb ‘f&ﬁija £18nREl, AN fabricated MSCPWE&?' $he | S

stripped (step K). The wafer is then cl eaned step B) . Appr oxi nat el

0.5 [err] mof sstartmgdewpeofﬁs 12ais néﬂledmvc-@m détsthep’r@}ousmxmleacfr ¢he

"h Frgs, 130 antiatbstsdeancd (séh AY &dhephcictonugB 4 i beefion MR oot
(tep 1), et chep) (o hedsidsobsok i, 12, e icohhiede sy eonias o

| C conpatible et ch of t et r anet hyl anmmoni um hydr oxi de be used in

lieu of KOH). Tistepdingiched(stentla) and the eesist isstripped (%Qmﬁbdrhmsmgie crystal silicon

Flo 1sd 15" et Ten suplsbi3h 5 Rolhlf ot oy ON SuR ARGy S8er 7

[err] m of phosphgsidtiofitdrénch!7dFor 4 fuid passage, as slitriaiRigd2cstep E) to fill
openings in the siljicon nitride mask |ayer. The resultant structure is
shown in Figs. 13e Thgavafesds then cleaned (step#)@neémre@maéelr Ravm pEphasphesificate ep

H), etched (ste@ags? T ses
regions of the SilTico 1t%<r'fsdég atétﬁgrﬁog% fu'hg?ﬂiéﬂe Sﬂmofhéﬁ{&ﬁn%wg lg&%%’l'%o
silicon nitri deshownindig.d2d: &hephosphosilicatd glasstl@beﬂth@npaterhe)d (stepd); &tehedesi st
Is stripped This o renoves the n er

regi on out sPfe @f‘:&‘tm&ﬁ?é‘ﬁ 18§ Ppﬁ‘ﬂift??&g)rmteﬁ@sélr%?’?ﬁ ‘btiéﬂ fn‘{?&%e%s
as shown in Fi gghowhdd e d2430° The wafer is then cI eaned (step
B) and approxi mately Zﬁ%err]mof polysilicon (step M is deposited to

formthe frane nat heailicoh nittide 98 1sithercdtehred €tep b} resulting in mheﬁiegme sh@dm #OFigand

13h' . The polysjligon is the a r ned hed ste and
resist is i#’ éﬁﬂit&“ég"’%fhy%ﬁF@%‘%@&’ﬁﬁ%&?"ﬂﬁﬁaﬁﬁtﬁ ﬁ"ﬁel cap inl et
and out| et portfh&pﬂosmcate %l%%@%shﬂ%tcﬁ%déﬁ'hiébﬁféc%&&}’th@&ﬂﬁhﬁé@?o%ge of the
shell. The resultant structure is " shown in Figs. 13i and 13i

The wafer i 25t hphpsph@selm glessapeypot ba thicdpencygh feprevent theptihoirom aitasking the

polysilicon is 1S ( tective | ayer over
the electrical con Qﬁ@s ja%%vﬁ&a&m ﬁhB E%é%%gbgcﬁsgw This results in
the structure of Fl’I@hwa’t‘éhls&mdclleinéd(sfﬁbB) Apprqxhhatslylz mroflpslytshreanmtthaf ned

t tch I d th t t  Thi
Fesul ts i n the. feeiel CbP MRS fsgp%rf‘refﬂ'e%w iRkt B chaweh omyitingdhthe |
t h
g: (ragﬁiadr)(/stgg B) anﬁa%r%?f%:rg?gl y 0 H%‘?&q ?%K&?m ted (step H), tl_{raﬁ%d/\g e'érN)' fnd NN

30 the photoresist is stripped (step K) to form the fluid 1nlet and outlet port and to remove

o’
-

r-h

H

the polysilicon away from the edge of the shell. This processing results in the device
shown in Fig. 12h. The wafer is then cleaned (step B) and approximately 0.5 um of
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deposited (step D). The silicon nitride, shown in Figs. 13L and 13L', is
used as the masking material for the silicon isotropl e
silicon nl‘Y?lgﬂ%"lF% t hen patterned (step H, etched (sté Cﬁbﬁ%}m;}ad t he
resist is stripped (step K). This results in the. structure of Figs.

13m and 13m . § eoru@meets depasited(stapdPe rThedilicon nitede 8%,ias shown afizot2i, it chant
(step O, prod J&gﬁéﬁ%@&dgﬁ@ fBI@)'é'sﬁﬁon {sotopigech3n’ - The -
rrer ged In

wafer is then s to renove nost of the siliton
nitride, r eI d‘dxeesxlicbn niiriddis, thanphtttemedésth),phrhsﬁ(nt@ L), end dregbéigss The
resul ting struct.ur shown 30_an nme. sil bcon

nitride shoul dStFigpsd G?eP&()PFFéE\t‘Qgé“ es QWR &) Eigs fﬁmm’ﬁ eg‘l%ést e so
timng of tRke Hpnirg éumsanhm&?{mﬁconmam&ﬁﬁ O)Sprbmg?&erstra&ﬁé df'Fig. 12k.

dei oni zed water for approxi el y one hour hort silicon
pl asma et ch ( sThpsilpon sitrideds ﬁmnﬁnovnddﬂlecprwmmeascrh ané ihe ,phosphosificate gtass ve

dovi o T b ippevedafp St ToSrenitng abyicn dhSut BiFR L i feknagg

hydrof | ouri ¢ agkignized WP abp@ximately one hour. _
19 oxi de covering the polysilicon contacts (step Q. The final

structure is shown in Figs. 13g and 13q'. EXAMPLE VI 5

Figs. l1l4a- 14m Mdﬂﬁﬂ,e the process flow for an isot ropi cally shaped

pr obe jlllbncor poratitng an ani sotropic etch to forma channel. The process
utilizes a thin wHigs. 13a-13q ifludirate the prdcess flowlfod atiidotropicaltylsimpediprote | n t he

following figures, the figures q | eft dS|de of ., eac age are
cross- sect i onsMSPIRO @B%’E’SQF%RIP etcgm f(gmtaf@xapxpeégq atsh °nansqelw@r}?ff) - hand
si de of each p%@g%&c%ﬁ&?ﬁ&&%%&a%n&d%ﬁ&ﬂ&é?om&a&:ol%s‘ﬂlc Qﬁh@mra 10

(100) silicon ;Bntype wafer”that 1s approximately 100 &err Fig
14a' shows a the following figurss, the Sgurgpen thedeft-haadisideof each pegrease crosFi g.

ol eaned (st BouohfEE s S imuss o mEHBar iR side of pshpese BRHRT© '°

deposi t ed (St eﬁeoﬁbnsi{memaﬁlryamg $3dithSOI®vaf&\ﬁ1|ﬂQm0) oridritgion. 1Phe lemsidd 4b' .
The silicon 15 nitride is then patterned (ste etched (step L), and the

resist is stri pbBig 13 dijusptes two p+1iﬁgcdgrpglgp%l£}@§lilgp & polysiliconcontast 124 ched
[ d
00 SELT OB fo R B B o o 95l e

The wafer is t tercontactsried. The aghws)dmfd?lg.piﬁabhasrm:nilgr cdnfiguration, chixt further

phosphosi | i cat e | as osi t.ed to,fill enin in the
DT Don ni 120, ciachien Ry Hy3D SR rosionsslity (The phaserins whed 4 Consiia domics: gs.
14d and 14d'. Jp@i §ghg,3wnllﬁ§;ceargl ass is then patterned (step H,
etched (step J), and the resist is stripped (step K). This results in

the formation of aTheovafer is cleahed (step B) land dpproximately 05pm dﬂs&iiophlniii_zidnis_ni tride
:,;] dt 222. Th ee?i%qesg?é %;eﬂrb Presu-{tmg inthe u't}u%{'}ne § torwl%xci%lf{ig%. 13b gx?cp 4! lilhelzz wifer l4e
is then cleaned (step B) and approximately 0.4 pm of polysilicon is deposited (step X)
25 to form a polysilicon heater. The polysilicon is patterned (step H), etched (step N),
and the resist is stripped (step K). The wafer is then cleaned (step B). Approximately
0.5 pm of silicon nitride is then deposited (step D) to protect the polysilicon during the
silicon etch. The resultant structure is shown in Figs. 13c and 13¢’.
The silicon nitride is then patterned (step H), etched (step L), and the resist is
30 stripped (step K). (A more IC compatible etch of tetramethyl ammonium hydroxide
may be used in lieu of KOH). The single crystal silicon is then etched in an
anisotropic etch (step P) to form-a trench for a fluid passage, as shown in Fig. 13d.
The wafer is then cleaned (step A) and approximately 2 pm of phosphosilicate glass is
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typi cally be reaned before the nitride etch since the phosphosilicate

glass acts as ag EY46 il g.ﬂﬁxt @sifiton hiftfde hskBGSES TRE rdstiRant
phosphosilicate Ia &g not bdpgwﬁ b e%%ug to prggeznt thes etch from
attacking the usnimturyus@owmtmi?@, 13emandhi3eh case phot or esi st nmay. be

CerrTmol pplysi 11 Ao Goaet S Bin byt RS HhER P R AERIRRHRRRE,

of the fluid chapget), ﬁh&iﬁﬁéﬂﬁg@hséﬂmsfsnusﬁw@dé %s SkWin Figd119Fandlrsp. and

14f' . The polysilicon is then pafterned (step H) and etched (step N
to formthe Bl uThe silicen nigride is thengatteroed Esteprid), Btshctbfstnpela)t hd thoresist ks stapped
anay Trom the el &), TS ofetstion rembed Be ittiad SO the rogitH but L Y Chadhel "

of the wafer (smmmmlbmaamoles a&tshwam{gstmga!ﬁhlsghe resul tant

structure is shown in Fig Thée wafer is then

cl eaned (step B) aﬂaleazwﬁdﬁ mmw&apecg(sw[mrm rapmfoxgnatcl&&#mlof pokysilicen (step

ootroptc ot ch Mils aghostlfth i % RutBglons A B coilis $3pdim es-43
silicon nit rl'Odeaﬁ@ISH’e'l‘héﬁblyﬁhB@dls then paiteined (#p Hytetdied (£te;mp,ahhesad@eh the

resist is strlpped st ep enerate_the structure hown in Figs.

14i and 14i'. ThEpped (steer)m’Ehas eRiraonedcrtehannel 2P ilehandioutipicports and

tt d t t: h
Dol yai 11 con' | ayovekthegdfysficoh 3Ry Mo {dSapddfibe il 1 Ehugheiubare b 1°
et ched (step L) showrmintHigs. dSla:hellBayer is 10 etched (step Q, to expose the

el ectrical contacts_as n Fi he resi st stri pped
(step K) . Hpeteiib Dpentloanfi(siepl sl oprowipattly O umimpidicon is P
sputtered (Sisep dddosted {sted N1 Rﬂbnﬁ'a%n, protecﬁ{re fayér ovet ﬁ{e eldd a?éd’ﬂ?alc‘{s |_%u"i‘mga

chrom um adhesi on | ayer is used e gold is patterned
etched (step U) subsequenhHFretal s'EhISJSSldtSrlnplmlm(:MepfF‘igs I‘madk%UITlmnt gold

k s Th
oot ropi ¢ et cnaRRD LR benbinn ot B, BBl 1l I BLEERSR fuoPdiBeen,

141" . The waf er Kjs nﬁs&esxﬁts ithegetioval ofthe(pdtygilicon that ﬁ)ndt Qoveriig\the ¢iltRitHy), bt CON
n|tr|de rel ease the, probe, and remove the phosphosilicate gl ass. The

wafer is then rshevainkigydpkand &3k vat er for approximtely one hour to

produce the ruct M )aﬁﬁ
Figs. 1l5a-1 I 11 us rtﬂaeﬂﬁrféggg%gsgeﬁﬁw og’f’l}gﬁuﬁlég‘ résﬁll cgﬁ} Jgﬁu dg 15
pr obe i ncodqmsaed (stepdD). Atiesiliconmiteide tshiwh dn Figs i34, anld-I3504)is u&'iﬂas gieocess

utilizes a standard wafer wth circuitry and doubl e sided
etching. In the‘qaéhpgmqt@“r #"ﬁ@i"’e@ 1CQNHEOLERPIC ¢t r}?;ur'&,‘-" W’Hﬁmdéfqtﬂﬁb?ﬁteﬂeée of
each page are ¢ ?s*ﬂj; ssggﬁlf, ures on
t he right-hand gﬁ O?@g@ﬁ%ﬁg’gé%@ggﬁfé sec |o(§1t§b(k)§'t esrgglupgllfluthrgy Fig.
15a shows a (106tuctureiof Figsplim pad Wrhsr Thedavideds ﬂppsmbmu'gecbirwtﬁﬁipu[mhcq:m
thick. Fig

Lo B 19n S petchapt(oiEn DSy nabaila b stordty o s’ YRCmd3g5, 200 11 TeTerence

The wafer is then submerged in HF (step S), to remove most of the silicon nitride,

release the probe, and to remove phosphosilicate glass. The resulting structure is
~ shown in Figs. 130 and 130°. Some silicon nitride should remain to insulate the
heaters from the substrate so timing of the HF etch is important. The wafer is then
30 rinsed in deionized water for approximately one hour.
A short silicon plasma etch (step N) is then performed to remove the thin,
protective layer of polysilicon over the circuitry. This operation resuits in the device

of Figs. 13p and 13p’. The final step is a quick dip in hydroflouric acid to remove the
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30 The wafer is cleaned (step B) and approximately 0.5 [err] m of

si licon nwa d9Aw135S deposited (step-D), resulting in tHernse9smsssar e of
Figs. 15b-and 15b'. The silicon nitride is then patterned (step H),
etched (step L t diBur

21 é’élfiﬁe?ve&m ;%f%dl%lxé@c%%{arﬁsmiﬁ%eg§ e?%h@jalf n an ealtsnlshsog{n r’gﬁf’%s
etchant (step P.)qmﬂl‘&qr’m a fluid passage trench, as shown in Fig. 15c.
The wafer 'is then cleaned (step B) and approximately 2 [err]m of .
phosphosilicate glass is deposited (step E) to fill openings in the
silicon nitridegxsedPumoviayer. The 5 resultant structure is shown in
Figs. 15d and 15d'. The hosph05|llcate glass is then atterned (step
H . etched Pstep JFigs.4 %lémellmtsthqmo@ﬂﬂwé@‘WSMWIY%MPM t he

nold to make the fluid channe ilhcon,nidride is n .etch
(step Ly " Bommorieman A et B o Forl AGhBbfeL T e pioBoss huling b Bcodter 1 .
resist can typiilciréui@§ and double Bﬂ&&@tcﬁﬁﬁohﬁhb Mld%hhg ﬁg&egttﬁ@ﬁgﬁr%@n tHee
phosphosilicate gI ass acts as an etch mask In some cases,

thi ckness of t lef-handsjsecn; |ea¢h:mge aty qg&s-mﬁ;onn@f thegrotiei shrftcwiilathe ﬁgures on

hot or esi ot mgpe ngnt Bt HECH B belfe OGS dcliGheeffd dfeule). e ThaB3N s
(step B) andg apmpsqmai?dgpe&vdfarthlm approghiatdly 1 GU);Emltﬁlck Fig. m@ﬁw@d (step

M to formthe frane as shown in Fig 15f and The- 15
pol ysi | i con i sstruséiref e@heépnmfemtemaéaa(bﬂ@ﬂwtlaam&ﬂrmﬁé
channel cap mb% 3 and outlet port, to renove the polysilicon away from
the edge of the''s ellf1 and to renove polysilicon fromthe back side of

the wafer (step N)TheWelf ie 8leatied (Step m.ﬂApproxlxﬁdtély@@ﬂn(oﬁ'tsﬂiaoiﬂumd'm then
resultant structure in Fig 159 a e wafer is

then cl eaned (d¢Rosites Ié@ﬂ@h%@ﬁﬁ“ﬁ‘&%‘éﬁ}‘c@%s F]&"Yl] i Figs. 46b F%H% ﬂ’? gificony 20

the il con> Htiles B pRtlelfucllr o fod Gk, B Rl R aRpe R icT, '

Fi gs. 15h and Th&singleteeystil lsilicomis then etohedrin de anisotpopid etcheati(stept Bdo Iﬂ)rm theched

t L), d h st ts h
Str ot e ehowho By be iuidpiias” i ctsuliiR strhorure 5 Showen in Figss 14¢ 0 igh ot e
over the electri Ca!"he%@di%ﬁﬁﬂ&n(cﬁaﬁéﬂ@ AViRashhrbgRihl o (;ensisfﬁ;i;spﬁ&n%tel s

then etched (step L), the ponS|I|con | ayer I's etched , the silicon
nitride | a&aemmdsp@nteﬁé&kp(@ttepﬁngpenm@lmmsrbmmmmweasldng layerhdle (st ep

Shown 1 ' P45, Bl ffucpures SlovR ¥ PAC Va1 BRI AN U, )

and gold is Sppiﬁ@ﬂ&t{s(cp&ﬁpetﬁhedc(ﬁﬁepf),bﬂdﬂkﬁéﬁist is stripped ¢steK).t Thiswesults in The
gold is patter etched (ste , and the reslst IS 30 stripped

(step K), to yﬂh‘l 8“?4%’“50( Jeqld tomake the d%R“%ﬁEP 159 siliconayitridg gsfhen hesi on

I h f
tﬁgegz | ZUC as efs depé@ﬁltéﬂﬂf%ﬁ'i‘ésﬂﬁlﬂi@hﬂ&ﬂr&?sﬂ%%%ﬁﬁésy 14Larldq 48E PR ik 26T Or €

typically be removed before the nitride etch since the phosphosilicate glass acts as an
25 etchmask. Insome cases, the thickness of the phosphosilicate glass may not be thick
enough to prevent the etch from attacking the underlying nitride, in which case
photoresist may be necessary.
The wafer is then cleaned (step B) and approximately 2 um of pplys1hcon is
deposited (step M) to form the frame material of the fluid channel, The resultant
30 structure is shown in Figs. 14f and 14f’. The polysilicon is then patterned (step H) and
etched (step N) to form the fluid inlet and outlet ports and to remove the polysilicon
away from the edge of the shell. The polysilicon is then removed from the back side
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22 - The wafer is then subrrerged In an isotropic silicon

et chant (St ep 0) ofﬁ)@\aﬂ&'&(wﬁﬁm andtHer}Qsﬁlﬁtﬁ hppedsteh K %erés'ﬁitaﬂ%ﬂuéﬁﬂe is The

waf er is then subnerged rehove silicon nitride,
rel ease the probshovaria Figarddeawhbdgihosilicate gl ass. The vvaf er i.s then

rinsed in deionized ter. f.o RPRI.OX e hour stru

is 5 shown in Fig Mrdﬁgl §Eﬁ d(@ep%)y;@i&mé t?IV um O%Jsﬂrcog-lnégge 15
16a- 160" illust réé@sit&ﬁ(s&bmﬁﬁixﬁdn@ﬂ/ai @ imagking Matéal fitithesilivorpi6tropic etch.

i sotropically shaped probe incorporating an _ani sotropic etch to form

t he channel . iherxevl%reandsMhbsh%&p resuitant sgucture. Jbe siliconmityide is then patgynedop

| ayer. The proce h hown
2 Fgs. o 7 T PR 10, AR 1A i srpped (B K5 Sodendrd e ifiRREC
cross-section of siidwn iniRigs. @4i aid, 14i%i The silivenhitgide eﬁthel&lebﬁitardxﬂit‘dctdiaﬂfénSl de
of the page show the cross-section of the probe shaft region.

Figs. 16a and 1cpattesnre{sigp @feﬁﬂmalh@@ﬁnmé&yewmd@emxe),w polysilicon layesn

i1 Fcon ni 11 do helfath R e siiehifele S8 COBAMERLY P beoyfL R,

in Figs. 16b19ndetfidd (ste]il@ to éxlpﬁmha elettridel dofitacts as shmiilangI BtjneTheretisyds H)

etched (step L), .and Ihe r esi is stripped (step K). The single

crystal silicon fhen stipR l to an ani sotroplc etchant (step P) to form
the trench for f 6C
and 16¢'. 20 %SVJ\%#&%?‘GP? t en(sf: gitlggp %ﬁe&j@&gﬁgroglxmé;g SId]eZ

[err ]hm of I phos phosthe wadére Preferablyl, ashrohﬁmdarlhsldrﬁldyc{rss de)[‘hb(goféﬂ ik baamﬁdgll ngs
in the silicon nitride s'n aye as. . . ..sSho in. Figs 16d and_ 16d'.
The phosphosi | i cgﬁ@]g) 8@ ét?%r#é}n%ﬂél fheapsistds ?@PWV@&P?{) e sesuifant gold pagkefs
and the resigk i &e%héw&?ﬁlg( shiep T‘ﬁ)swa-fé}'@tlﬁi?@ﬁlﬁﬁérgéh ﬁﬁl‘gﬁgﬁgﬁpﬁc‘?&bﬁﬂf s?efp (P -

the silicon nitride, as shown in Figs 6e and I con n|
then etched 25 pmﬂagng)hetmww%gs Hdél and 1441 lﬁmmfeﬁsgmn]sﬁbmrgédirﬁfm (St

- resist can typic . o fore,the nitride et
PEOSEhOSi | i ](c:atﬁ SL&Q?Q@X? Maséli?g%;ﬁgzrz?g%ﬁ:;m;’lzg§mv tﬁgﬁg:’f‘ﬂ%ﬁc&
i ckness o e STHeo®afer is alieh deionirediwater F‘dfoﬁﬂﬁ onéhour to
prevent the etch from attacking, the, under] |ng nitri i n which case

phot or esi st may Producg,the sEuctuteshown imFigs. 14m and\Mmiaf er is then cl eaned
(step B) andzgpprom mately 2 [err]mof polysiliconis deposited (step
M to formthe frane material of the fluid channel. The resultant

structure i s shoEXAMPER¥I 16g and 16g'. The polysilicon is then patterned

(step H)

Figs. 15a-15m’ illustrate the process flow for an isotropically slzlgped probe
incorporating an anisotropic etch to form a channel. The process utilizes a standard
thickness wafer with circuitry and double sided etching. In the following figures, the

25 figures on the left-hand side of each page are cross-sections of the probe shaft, while
the figures on the right-hand side of each page are cross-sections of the circuitry. Fig.
15a shows a (100) silicon p-type wafer that is approximately 500 pm thick. Fig. 152’
shows a structure of the type described in reference to Fig. 13a’, but without layers 92
and 96 of Fig 13a’.

30 The wafer is cleaned (step B) and approximately 0.5 um of silicon nitride is
deposited (step D), resulting in the structure of Figs. 15b and 15b°. The silicon nitride
is then patterned (step H), etched (step L), and the resist is stripped (step K). The

21




and etched (step N) to formthe channel cap inlet and outlet ports. The
resi st |s“;d1§yb0155 stripped (step K). This results in thechawosessed Fi gs.

16h and 16h’ The wafer is then cleaned (step B) and
tel i
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vgr ti calh vviell | sreglging in the strnetnre shown fireFigs olse, and 4 5¢ hlaxm resist cay typically band
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16m . 10 In Sonte ou8éss thel tﬁmkﬂ&@@ oﬁﬁlb pﬁb@adsxmtaglassaﬁiy Adtive thick escughed chant
(step O to produce snoot h nvergl ng surfaces at the tip, as shown

in Fig. 16n. TReveslithe etrh fromesitackin iyjeginitride-in whieh-ease) photpresistinay
silicon n|tr|dgen£ e the probe, and renove the 20 phosphosilicate
gl ass, as showmn I'n Fgs. 160 and 160'. The wafer is then rinsed in

dei oni zed wat er f (Fheapgferd theatctbaged@epB)and apprommately 2Hie of polpsilicpads of t he
I nvention may al so,be used in connection W|th n st.andard

t hi ckness waf efgpositet(stspMhtodonn thedramgmategial, %Wﬁn\ﬁbﬁseléf*}“éls The

appr oxi mat glgy I r |

Gosi rabl o 16 LOUSLEHR Il Riteticq ShENATEAN MBI B T B8 S o el e
provi ded by SOandoutlet pon, toaémove the polys1ﬁbmrw}cﬁ'dxh itheckatigs of thefshell, pardaessi ng
di scussed bel ow does not,, apply to_dquhl e et ched devi ces of the

type descri bed@pRKegolysilicon from thejback i ‘éé@? Wwates (step Mh Eheresist is fisBs s

non- SO wafers ni cal poI i sh.
Figure 17 ill us&&ét eé@@agﬂgqp@ces %ﬁs s@muﬁrgqg%qg%m?%st rates an

al t ernat e process FHeowafed is khearcleadet @twrmlméamroxﬂikmlﬁﬂrﬁ pmof silicett mifridesis an
oxi dation that .assis em cal,, mechani cal li shing process. b
roviding 2 desosyed Ry, Thenichn AiASTETE 2 B iR BRoRHEo e SR ¢y o
the shapes of {dago ﬂi'g%%s Thésxhconn{tﬂﬂéﬂ éi-rl?ﬂﬁﬁﬁx ih/FRN. 1 5h O8N | ThéEsifeeE 19

This process flow has an additional step of

24 tartpdc arp,'ztttmqtl(stapﬁ) plchedm(steptlamurthe esistis strifiped (iepdS) €Thi§ t he
bond t dl th di d | i shi
oCeps. “Thare sl st pirpotyeh sl Sukigy. 1yl andyste 971 neling and polishing

A pattern is then applied over the electrical contacts (step H). The silicon nitride

IJ‘-

25 layeris then etched (step L), the polysilicon layer is etched (step N), the silicon nitride
layer is etched (step L), and the oxide layer is etched (step Q). The resist is then
stnpped (step K). The resultant structure is shown in Figs. 15j and 15 i’

The wafer is then cleaned (step B) and gold is sputtered (step T). onto the front
side of the wafer. The gold is patterned (step H), etched (step U), and the resist is

30 stripped (step K), to yield the structure of Figs. 15k.and 15k’. . Additional adhesion
layers such as titanium or chromium may be necessary to be deposited before the gold

deposition.
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single crystal ). &k | e wafer approximately 500 [err]mthick is
35 bR Bigs, i B 14

used as start as shown in Figure 17(a). The wafer is
cl eaned (step A and approximately O.5[err]mof silicon nitride (step
D) is deposited. The deposited silicon nitride 112 is shown in Figure

17(b). The si| i ESAMPLE ML s used as the masking 15 material for the

4 ot T oni H S ne g s '
(step ry . et ched. ( HESp1qar160] ipsprate WEpidopas IR 3 bl o hicqhly anf Holybbioaty
produci ng the deiupeprobe micarporatihg @ anisdirepivesck to foemithe chaambleTgaldviceis i n

an isotropic siliton etchant_(step.O,. producing the device of Figure
17(d). The 10 fabpigated ersan %@hwgttfsmfg@éﬁwomfayeétﬂﬁ pEpcassing dsused tq epustruct

silicon nitride ' ' : Sl | S, [ : S
then rinsed in %%‘fvg%l%zfteda%tbglr‘ olrnzigli %?ﬁ% fn%@%\ggé gl%’zﬁdu?%é;&%&ée
majority of theshoi the orosswéotion iof theltipregion kit th figtues on i right-Hardside of the

m croneters of the pottom of the etched regjon. Then, using chem cal
mechani cal PagsIShaw thrcrossrsclion ¢ BPngm is polished until sharp

R L e
DIl il eyl o,
I it el

e T e s oy o bt (G et

'S e oot PPE .5 SRolg roBLREY 5 B9 abiEe SES Gedlnd gy ¢ 18(c) - The vater

In an isotrepic siftheWafélieten cleatddBtep)A) 208 appokinthtdly© ' e
18(d). The 2 waf gr I's lt hen submergegd_)i n I—éﬁ(ﬁ_s.t ep l_g) p?ﬁé%fﬁ;lﬁnggféost r?gtér
si licon nitri deglassds depasited (steptE)do fill openingy inthe sificon yitnds masking layer, as

Chormal Ly 5 oRle Bargp o =aRed. BRhRedsfiobs Pastisien ftemediuin Baa(r )
The majority of etbhed (step J), and the resist is stripped (step K). This operation exposes regions of
the silicon nitride, as shown in Figs. 16e and 16¢’. The silicon nitride is then etched
25 (step L) to produce the structure of Figs 16fand 16f". The resist can typically be
removed before the nitride etch since the phosphosilicate glass acts as an etch mask.

In some cases, the thickness of the phosphosilicate glass may not be thick enough to
prevent the etch from attacking the underlying nitride, in which case photoresist may
be necessary.

30 The wafer is then cleaned (step B) and approximately 2 um of polysilicon is
deposited (step M) to form the frame material of the fluid channel. The resultant
structure is shown in Figs. 16g and 16g’. The polysilicon is then patterned (step H)
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silicon wafer is then grinded off to within a few mcroneters of the bottom

of the woosmbpdded region. Then, using chemi cal mechani cacTamossiseng, the
bottom of -the wafer is polished until sharp structures are forned.

submorged | n ALY HeREL(sRp IRIToRS ol ) cap ol 35 Sl O, Bleteigels o

rinsed in dei stripped(stepti). This resphsmxmrdme:tepfﬁgsrrﬂﬁuamkwh’esul ting in the

QeVersl (100) i TSRS 185%%*%tmsl<%$Pp§i§%%eaxyn§e’d‘{%mﬁ3ﬁm°ewﬁp§eused
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(step B) and pproxmately 0.5[err]mof silicon nitride (step D) is

deposi t ed. SThdhempsking matesial for the silicon isetropicetchy Theisilicon aitride is pattgmed 19( b) .

The silicon nitri n for, t.he silicon
| sotropic etct(tep eta‘egisq%g)sﬂSﬁte %’ %‘B%eq(gtef’h@h@ %‘flﬁéﬁ step H),
etched (step lshructarcbfFigs. 16jSindti6l’s 20 stri pped (step K), producing the

device of Figure 19(c). The wafer is then subner in an isotropic

silicon etchant (Ehewaleyis %?M&Wﬁ&t%é) WP@E‘”@P“FB@%P@ of de¥ yempegature

fer is th
Fotel g e R T R dipblitel Tl sl B fhaluife aleriGR Al drhlifie
E st ep ég al_]_(ﬁ analsk{dng rnltz]tmal Iislgddifyﬂe«whomven an Ia;dcﬁmﬁ{aé Iay]sr m&ﬂidmrnmklb yThe om
Sste e OXl ge er IS S wn JI.h |1 S
poi n'to t he t h&epesited @;ttaepiecpa%eps ?smH) ecb%ﬁfm]’g ;Sh%)eswsatr@ps%dard

pl ai n thernall S oximately 1 [err]mthick
| ayer of Si( (Mefkb@dﬁ%ﬁﬁé?ﬁtﬁﬁcﬂh@%ﬁ"% t%ggﬁk (step Y). Figure 19(Q)

i|lustrates the v@heeamglgorygtahsibdonmﬂapnetchedh:audMSmpmetqmm (swmun)hofmm

o emrars onetichl EalEHie the BharPof BF BroBh, o Sfobvs By ek Yellpnd 16 "R 1 ¢

30 nechanjgalténipg@ainiedigde atisotiopit/silidonetohastinidsk s thef rérsveddsteg @ toesul t ant
device is shown in Figure_ 19(h The wafer is then subnerged in HF

(step S) to r&pwatethesipenieobiigs. 1 m andkandl e wafer. The wafer is then
rinsed in deioni fﬂe&%ﬁfs)tfn&{ suBRRESM TR febi¥opie siticon efdhdtt (e OF foiptbiidad | N

t he device of Figure
26 Enmﬂi eondletging surfaces at thetimme slnwhonhl?xgnlthofI‘hbhmfems/ﬂmhl on, the

shape of thet| 0 || eq, t hrough ... .adj us the dep05|t|on
condi ti ons of § &“{}#ﬂ:g g}ﬂ@srf’?‘f’g%’f‘gcﬁ‘l‘&g@e’ &\Pgm e, andIEmaye ted
bet ween a g | lﬂt@éblﬁhﬂt&&tdgla@%gkmﬁvdm .286latd B6o2Orhe Pafes % dhéﬁ/ﬁﬁsed%y S
incorporating a Iayer of phosph03|llca e gl ass between the masking | ayer

and the si ngl aleionized yvajertfor appraximatsly anedont. p georretry can be controll ed by
changi ng t he phos S pi f hos 05| ass
phosphosilicate gfﬂ%é&g% é’fﬂgéa"‘t"B‘%F@&eaﬁ%’% l&nﬁ?/&ﬁ t %”ﬁ’&ﬁgﬂu
Figure 20(a) istdndardrehickeessivaleed. TR cxbed@ of BOI wafedgarthinwateslior | ayer 92 10

sandw ched between_ a device wafer 94 and _a handle wafer 96. The device 94
is approximately four times that of standard wafers.. Therefore, it is desirable to use

25 standard wafers, yet retain the geometry control provided by SOI and thin wafers.
Standard thickness wafer processing discussed below does not apply to double sided
etched devices of the type described above.

The processing of standard thickness, non-SOI wafers involves a|gnnd step and a
chemical mechanical polish. Figure 17 illustrates a basic process flow. Figure 18
30 illustrates an alternate process flow with an additional step. The additional step is an
oxidation that assists in the chemical mechanical polishing process by providing an
etch stop. Having an etch stop improves the uniformity of the shapes of the probes. A

third process flow is shown in Figure 19. This process flow-has an additional step of a

24



" WO 99/00155 : : PCT/U898/13560
formed of- single crystal silicon with a thickness of approximately 100

. - Th . . . 1- - . .. ’
'Eﬁre; ]mr; |y Sr ovﬁngigaxgr% ,{ﬁ:?%ﬁ ’ %tég (%}(% 8’%%(’ the Plfré-!r%%]dm t EI%{E}E tt)oaltgglgélyﬁ)él SO
be silicon ni tthegeotssdirng tHearinding and golisting stepsoXThaee is Alpessibility thatndiirmgwaf er
96 is 500 thi.ck si,ngl.e. t i i th 1 Jentation. 15
Appr oxi mat ol y S GHRME BN EPLSRE Hroaprcr prebe Baypade Helr Bt BT op ©)
on the vehghg ofly@HA&ives @R tHak 5 @érgRF Bond, gﬁe mapﬁ@gﬁéd by E@Bﬁdf@ tPSxidé ayer

130. Low- stress silicon nitride i s then deposited on the wafer (step
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il itride.l ay 32. th ft d t . ARt d th
St 1icon 20 i EundiE podactishibe st SHatesy M B drkeastibe Tho SRATHA ARG s
layer is etchegseli¥beiBe demporary fudibh BosEshduldhel 2bld td DeFoised ta tiedur e 20(d) .

The silicon is then wet etched (§tgch), produci ng the” devi ce of
Fi gure 20(e). Therafors; it does ppt add signicantcosbr f or med (step S), produci ng
the rel eased devife shown in Figure 20(f). The PSG reduces the

i nci dence of tip hooks being forned. The tip hook problem 25 occurs when
t he probe -slbapgxﬁ,@lbmsk of lowstress silicon nitride is deposited

directly onto silicon. The PSG pl aced between the silicon nitride and the
silicon et ch@smgbtc@rstalwmgtsﬂ@os pHypeowalemimpsoximater SQQ i thigk istsed as|

des during the etchi f il
hookt n. pr obl efr g WA 10, g SRRAR FpRE {7 HC iR BUGRR (G AlanCOT
of phosphi ne f hshtoxintabsly 0.5pen %iliﬁnﬁﬁ&ﬁagﬁtgfbyu?eﬁoﬁt@ﬂ.4wgé géposited $1iEdG

. a .

having PH3 flow rates of 0.0, 1.2, 2.4, n sccm are shown in

Figure 21. Al sBitddll? isshewyin Bepe 176 Thesiliconniwids ispeedas thegmsking A/ ni n
whi ch was tlge Sxta?el?iaif‘otr?héﬁﬂ&qﬁg&ﬁop%&%.e crystal silicon. Based on the

measur ed 27

etch rates, PSG i sThe silicdhinitride $§ thabpftepiddstem ), sichiea(ster L), i@ tHeaekistis
problem since its etch rate ratio to_silicon can be tailored to be
fromo0.1 to ovéripped(step K), producingiths devicenf Kigreil Ao The wafer isthensubmerged 40

rocesses descht BLiohiEEeERRh (qop OfpholoBhY U ATIRAEIRTRAE
therefore are oafeiisithensnmerged incHE (step S)rto émelezhe silicorpriaides resulting athebe

connected to larger structures to facilitate their, use as |ancets or
bl ades. Th&0 devig otfdigured 7¢s). The water sothen Hased in deigpized watsr for approgimatelyp

formed on one skde t . ?\lth iy hﬁm s bl 22B
has an isotrop?ggnflgé%tc e‘é’a{°|“8d orgrrgtlz}con Lﬁrfsh‘%%x{)g &%égfjtg%?@eggéﬁi ce. 10
Fi gure 23 il | usficreiretersiofithe bottomfof theatched repion. yTheh g ¢heprical ashanicdl ed i n
accordance with .emhodi nent the iLnvention. The matrix 150 is fqormed on
a seni conB s@*&?ﬁm’m %P@ssz@ yntil, sharp Structyres aggdprmeds dde; s
formed on a pl A& device is HIWFnFiQfe 1H@). substrate 152. The device 150 may be
used as an " abradere'y.lce'll'?\at s, t ee 47@ device may be used to abrade the

epidernis t2 facilitate transdermal drug delivery.

Example X
A single crystal (100) silicon p-type wafer approximately 500 pum thick is used as
a starting wafer 110, as shown in Figure 18(a). The wafer is cleaned (step A) and
approximately 0.5um of silicon nitride (step D) is deposited. The deposited silicon
30 nitride 112 is shown in Figure 18(b). The silicon nitride is used as the masking
material for the silicon isotropic etch.
The silicon nitride is then patterned (step H), etched (step L), and the resist is
stripped (step K), producing the device of Figure 18(c). The wafer is then submerged
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acconpl i shed® bySTeVREHSP ¥3-obs ddde laxer L diis shomm inFignre 1 8¢t Theangjoritpraf the

resul ting - § . i The .second
alternative pr osgiecrgg q’?dgérggﬂﬂg??gﬁrcbq“%fgﬁoe y a?%@%ﬁ%’?’?e?%gog@eggg%q%%%r
bet ween the si letched regiemn. i Thenpesihg chyniieal erechanical pdlishinge thel bottogh Sftthé!water &S

h i d-| i.ke shape. Exanpl e X|.| | _ Asingle crystal
(200) s/ 7T con Relidiedisff Serm strutuyestss Srared (rhe rouliant detisels shawh imBigute.
starting wafer 18{8), The walfk@\ithen sktiriétE&d i%ﬁﬁalstep-r@ﬁo‘f&%geetgé B%'d??ﬂégwgfe&fsg dB)

and approximately O.5[err]mof Silicon nitride eposi

The deposit HY dinally sinsed in deionized watet for approximatelyi 1S mingtes,cre@fihy in thbdevice
silicon nitridegi s the masking material for the silicon

| sotropic et ch.%fk;{,gulrjg%j(hﬁ 28

The silicon nitride is then patterned (step H), etched (step L), and the
resist is stripped (step K), producing the device of Figure 25(c). The
wafer is then Sxame&d in an isotropic silicon etchant (step O until

sharp points are fgr ol g Lgure 25(d er.is then
rinsed in deionize sg@?eecr %If(h]a p#'l%)c)l%fll?a%? ga%éap%‘omfﬂ% g&"&ﬁ"@&\}%‘ 3¢ he
waf er is subfremgetingiwhfer { 50, ap sidjwi in Figure 16(a)."Ehé whfet ¥ tleaned (shp B) SR

Finally, the wafer js rinsed ip.deionized water for approximtely 15

m nut es, ﬁ?%ﬁ’ﬁ?ﬁﬁ}y[br@"aggﬁ‘ endiBids (step P) i depositsde fThe deposited silicom! e
XV 10 A s : N G . | | Q0 [err]lm
thick is used oiige FIZIEod i Hathe Bb). 00 sHfoR bdRels e o boadiin ) ' 1.0
waf er is cl eanaentgrial for 1B silicn isotropiagth.oxi mat ely 0.5[err]mof silicon

itrid t D is d ited. . T d ited | i itride 112 i
e 5 D) o, U AR08 P S e e A
material f@0 t biipped (stp’K), priducing thetdevibe of Figure 19(&'@1&'\*{1#&‘;@ tl’fb'ntsﬁigl?ﬁ%% ed

then patterned,(step H),, etched (step L), and the Tesist 1|

(step K), prodiftAmowsRic siigpnetchymt (stop O peglucing thihdevissfof Figue 19(dp Ehsbnrer ged
sharp - po sl B8 aAABRE el Blen ) B bR B R b B 0
Figure 26(d). dbwice\of Figuted9(c). The wafer is then cleaned (step A) and a 1 pm thick layer of

Si0, is thermally grown (step Y). The oxide layer 114 is shown in Figure 19(F).

25 At this point, the thermally oxidized wafer 110 is bonded (step Z) to a standard,

plain thermally oxidized wafer that has an approximately 1 um thick layer of SiO,

thermally grown thereon (step Y). Figure 19(g) illustrates the wafer 110 bonded to a

handle wafer 120, which has oxide layer 122. The wafer 110 is then-i grinded to within

a few micrometers of the bottom of the etched region. The wafer is then chemical

30  mechanically polished until sharp structures are formed. The resultant device.is shown
in Figure 19(h). The wafer is then submerged in HF (step S) to remove the oxide and
the handle wafer. The wafer is then rinsed in deionized water for approximately 15

minutes, resulting in the device of Figure 19(i).
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then rinsed in deionized water for approxi mately 15 m nutes. Afterwards,
the wafer is 20Example§£ljed in HF (step S) to renove the silicon n|tr|de
Finally, the wafer_is ri

d t tely 15
m nutes, produci ngl‘iﬂ’ée ‘ﬂ’@e&ﬂfm‘iﬂﬁe’ﬁam g shape 0 é‘%"('é?lsac%g{roﬁe‘{%{’zi%l e XV

25 A si naijﬁ‘suﬁee{@ E@hxe%%)u&i &dnamnwaf@raymmsmﬁicxtems [vﬂ{l&ﬂ ®
thick is used as starting wafer 110, as shown, in IT3ure The
wafer is cl eaneshndwtohpd bgtwasemia sxhcon ampd&)masimglayer@nd[tm SQhdevice layer By

§2ﬁ2??f’2§s'('s'ﬁéﬁfn§s rapﬁaaﬁ%%é Fsphiedicet g3 oEPrgeh thamankin e B singie
T
Figure 27(b) Ty FRRAG R Roinefi Baffbé CdiQUEd By Btighiy td phosphorigiing

the silicon i sooﬁthpphosphosnhcate glass. The phhsphosilicate glass ¢cani baused td prevenpat t er ned

(step H. Afterward th LIicon nitride and oxi de layer is etched
(step L), and tWﬂ"Z%q ﬁ?@“ i pped (step K), produci ng the device of

(F'Stgg;)e 0527( ) The (et 20@) HRkSRaBH RISOBRAL 90 AtliESY &PRisSlaRE Ihers et chant
This procesdbn gsmdwmdlmd betweeme deldve wafeo P4 Bndja handde wafer 96 AThe dewicai®s ist he

f b d HF t th | t d
Po Finally, :PEmehErngi crystal SiEn wimiatnilohegN ot tnpcoptinater [0 i, 881 e el y
15 m nutes, pr Ogﬁﬁtﬁ&nt@ ng g%ﬁ hei insulator 92iskth&iHally £dven SlOz,5whxch is 1 g |

of the foregm ng exanpl es shar e common trait that "they result in
devi ce wi t pmethick sttt mgyi alesl bosiliconmitide apd/orrdsna@mbrrdeagatedfoxxdee The

di scl osed prob t.ainl that th
b e wi ¢ ol waieh 38 S s rick el BB RLESE it 8y Tishafim as "
i nt egrat ed qisr cUi t rAbpRExifiaflyPBTcnBREtess 6mb§1§1@§11m§te‘aglalss fsrd%§§sxﬁzﬂ‘(§tb19E’fon

and sharper tips result in mnimzed pain an | ssue damage and

integrated 10 Siervafen Kigye BOdeléblsga@bmmmswé@tﬁglasblavm&%dm&ess
, stimul :
artprobes.  tne lisdnRIR I doposited Bithe' ath (ibo 10 Rk 3 ilblri '

wi t hout expensi gepoBiédlaystageng. Further, the processi ng does not require
t he use of the dangr'béous carci nogen, et hﬁlﬁgnedl ani ne p cat echol
t

Many process vari atingsUicRnpingde layerji32ds d‘#‘?f“?%@ﬁﬂﬂ er\‘?’éﬂse‘?‘? sificor haf t
cross- 15 segt n
di scl osed, ?ﬁc: giglﬁng ?eﬁgﬁg?%%tggig‘éﬁ?%ﬁggﬂg@%ﬂ? e ﬁ%?ia?ﬁfﬁ%ge?%ﬁté}??
silicon wafers, Thisde&sdtahd&pdevim okFigure 20(d). 'RhﬁISJ,lmothelewst etthaddstep O)al | of

t he probe varlat e de e sh i ch
results fromt hB %%@gg@h?‘xgﬁe%@ df'mmygﬁ‘b?]‘gﬁkﬁ?g‘wﬂ??‘%@z?‘e%w con
is the pref erregroﬂaah ﬂﬁtx‘eleaseﬁm‘eﬁcealhowmﬁﬂﬁgurBQO( terials may be utilized,
i ncluding, but not limted to, stainless steel um num

titani um Typi cal | yFheifireduens & inridengeo ﬂ@thOGIS%'QPm&fWéﬁi r %B‘P tip beok problen
Lﬁ.r g‘ots ?otp .h§ 3 Og%cpflﬁgﬂéﬁ th Brobe SHape kel AGEST 16\ Wess"sRlobh WkridB W heBbélfelY
directly onto silicon. The PSG placed between the silicon nitride and the silicon
etches faster than the silicon. This faster etching material erodes during the etching
process and therefore solves the silicon hooking problem.
The etch rate of PSG was measured for a variety of phosphine flow rates. The
30 etch rate results for wafers with PSG having PH, flow rates of 0.0, 1.2, 2.4, 3.6, and
4.8 sccm are shown in Figure 21. Also shown in Figure 21 is a horizontal fine at 1100

A/min which was the etch rate found for single crystal silicon. Based on the measured
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The silicon probes of the invention nmay be coated with nickel, titanium

gold, or wooggdisd! ar netals which are either sputtered orpglabseiite
i mprove the strength or surface 25 characteristics of the probes.

An .
ennancerent . T GRS i kS oty ni R ZptiEihe hookiedhreehs ARkl

to inprove t heitch rateratig tdsiliéorsdanbeesiloréddotetfnh 011it6 dver@.fler process .
vari ations includg, the use of an inductively coupled plasma etch to

make the verti cal Figurs 224 and 23B iflnatrate probes 9and 41 sopsimcted inpggerdageeing 7.
30 The ' I RGO, . € grﬂ}e'k sed
specific %@{néﬁgﬁl@%é?g? o] e%%%‘@&?é‘g %%?eggré%gigﬁéﬁﬁ oF ?’?’g% [ ngaglIl % he

i nvention. S$oviaslede a channel dnd therefolbeare pprsidenéd todbedareesior bladds. i The prebesr t t hat

the specific detajls are pot. required in order tao racti t he
i nvention. InBth cqwtaﬁgb@ss%mcnuﬁ%ma@ﬁmfiﬂ%%lgwmifaép% Thiown

30 i ' ' ' i bl raction
fromthe under ’%‘ﬁg& &bﬁg‘?ﬁ\%&?l{% &?ﬁégﬁﬂ%%gcﬁ%gﬁiggg#ﬁ%@@gscr |l%qt (lgfoﬁrié of
speci fi ¢ enbodievize; whidé the ipeoher Idd efFigure 22B hascaxt isatropically ptohed tip datnfedron

pur poses of ilJ| st.ratifotg and description. They are not I ntended to be
exhaustive or pides of the,de¥ieRent i on to the precise forns disclosed, 5

obvi ously gpgny ”Pﬂigf&&% {IRS@ata Fmudix ﬁi&&fbﬁicﬁﬂﬁet@ﬂ&ﬁﬁ | @néthucrddaw of the
above teachi ngs. The enbodi nents were chosen and described in order to

best expl ai n tdseordance with arcembediment afitke invensioni dihe matrix 130 isifomnadomia
01 g0 the | rivanbciaheaY oRe 352 VS mreienied s Rl sBgeoRluba b a Bl
modi fications susfadé 6f the biltttated SLhThe devite 180haybeusednt aiPabrades’. THat is the
I ntended that the 10 scope of the inventiaon be defined by the follow ng
Cl ai ms and t hedaviceaguayhg usad to abrade the epidermis to facilitate transdermal drug delivery.
15 Figure 24 is an enlarged view of individual isotropically etched tips 154 of the matrix
150. The tips have typical heights from 20 um to 350 pm. The minimum spacing
between the points is determined by their height. Typical spacings are between two
times the heigﬁt to over ten times the height. All of the points are fabricated using
standard wafers. Three process are discussed below. The first process results in
20  devices with sharp points. In some cases, these sharp points can break during use due
to the small cross-section at the tips. Hence, two other processes are included to form
arrays having duller points which are more durable. The first alternative process is
accomplished by simply stopping the isotropic etch prematurely. . The resulting
structures have a flat-top rather than a point. The second alternative process is
25 accomplished by the addition of a PSG layer between the silicon nitride masking layer.
The resulting structures have a pyramid-like shape.
Example XIII . ;
A single crystal (100) silicon wafer approximately 500 um thxck isusedasa
30 starting wafer 110, as shown in Figure 25(a). The wafer is cleaned (step B) and
approximately 0.5pm of silicon nitride (step D) is deposited. The deposited silicon
nitride 112 is shown in Figure 25(b). The silicon nitride is used as the masking

material for the silicon isotropic etch.
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31 - I N THE CLAI VS 1. A probe, conprising: an
g| ongat ed ]lgody W t IThe Silicon nitride is then phttbmpdésw;f H);etchgd (step L), and fjhe resistds f
ottom surface, first s etvve said top surface
and said bot t onftERRed4step K), producing g the dovice °glg'§lé\£,\°€?g&°)s T Wl F11 is S&P%'élﬂefgaﬁl d-
top surface andsgi; Qotﬂ)%ﬁé é?ﬁ&o?x%é}ﬁﬁ?(steﬁm unul sllg.r? points are fo g%\gxg fd ned by

sai d bottom surface converg Into a ti otrop |ca y et portion
of said first sFigaregi(d). CRhwmfmm@mmimedsmdhdmzcdvmdfenapproxnnam Iopically

et ched portlon of said seco i de_wal | . conver.g into said tip 2.
The appar ?t :J§ omines; ffie %’Bﬁéﬁﬁ‘”@gﬁr & %‘IbH’r?&g?zea_tg%a Sg ?@5%0"??%‘?1511“30’1
approximately .. Q%&@ va?ﬁs m dtSm

wherein said el ongafe ggly i's essik%ﬁalﬁdglgprom n%ae'?e s* %ggce?h{ﬁh&s

t hi ck. producing the device shown in Figure 25(e).

Exa:mple X1v

10 P A singie crystal (100) silicon wafer approximately 500 um thick is used as a
starting wafer 110, as shown in Figure 26(2). The wafer is cleaned (step B) and
approximately 0.5um of silicon nitride (step D) is deposited. The deposited silicon
nitride 112 is shown in Figure 26(b). The silicon nitride is used as tﬁe masking
material for the silicon isotropic etch.

15 The silicon nitride is then patterned (step H), etched (step L), and the resist is
stripped (step K), producing the device of Figure 26(c). The wafer is then submerged
in-an isotropic silicon etchant (step O) and is subsequently removed before sharp
points are formed. This processing results in the device of Figure 26(d). The wafer is
then rinsed in deionized water for approximately 15 minutes. Afterwards, the wafer is

20 submerged in HF (step S) to remove the silicon nitride. Finally, the wafer is rinsed in
deionized water for approximately 15 minutes, producing the device shown in Figure
26(e).

Example XV

25 A single crystal (100) silicon wafer approximately 500 pm thick is used as a
starting wafer 110, as shown in Figure 27(a). Tﬁe wafer is cleaned (step A) and
approximately 0.8um of phosphosilicate glass (PSG) is deposited (step E). The PSG
is then densified (step G). Then, 0.5 um of silicon nitride (step D) is deposited. The
deposited silicon nitride 112 and PSG 130 is shown in Figure 27(b). The silicon

30 nitride is used as the masking material for the silicon isotropic etch.

The silicon nitride is then patterned (step H). Afterwards, the silicon nitride and

oxide layer is etched (step L), and the resist is stripped (step K), producing the device
of Figure 27(c). The wafer is then submerged in an isotropic silicon etchant (step O).
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4. The apparatus of claim1l wherein said elongated body is forned of
silicon. WD9901555. The apparatus of claim 4 wherein sai d POTHE¥EBE0 body i s
i1 aratus_of claimb5

formed-of single crystal .Silican. . 6. The ap

wHef ei n sai d &IWH@'&?@&“SB@}‘W wdhaé@gc%pfpfeweﬂ?/@awgsthwﬁewn channel
cap. 7, L.ai hiti P np@&ﬁg '
formed of sil is%%ﬂgrlg%gmt(&ép ﬂtﬁ%’@é@p@&%{)ﬁb&ron. 1%@0 . rgggﬁ%%at-'us
of clai m 1l wheihe¢dindzichized watertferdappeskymatelyl 150mmutes] prodediegithe deviceishawm t ry.
32 9. The aratus of claim1l wherein said el ongated body
includes a mi &8 E‘hfﬁ&d structure. 10. The apparatus of claim

6 wherein sqid el g{gg,@%%%&ﬂ%lg%?%g@eé Hakthe tha tHRGheyrestIVBY £ddvice

11. A nmethod of fabricati sal d nethod conprising the steps of:
provi di ng an e¥itmaeisettopically etohed tip. Theadvanfage of the dizolasedprobes axee standatda set
of si dewal |, bet\l\gen sai g*attgg surface,and, sai g bottom surface; and 10
i sot ropi cal | y SEleisStpelprobesss ¥ §an b mads With spgllergress-septins<shampes §P%om

sur face ' ' je . ' [ [ Qe h 2t O
shidtip, RO ERRe SEeel bindRy of BigomEnitl SACANY. SnARRNGEIND
o o e D e e e ot o ot o7 bt ol ool
provi di ng ﬁq e SIPHEY preadesa-conveniens means to iBcInotate sgnsing, & g PWIRUDES or med

of a silicon qgRqiRRtgAdpRFatiéRs. Bnlike prior art probes, the probes of the present invention are

constructed without expensive Boron doping. Further, the processing does not require

the use of the dangerous carcinogen ethylenediamine pyrocatechol.
Many process variations have been described to result in a variety of shaft cross-
15 sections. In addition, several styles of substrates have been disclosed, including
silicon on insulator, thinner than standard silicon wafers, and standard thickness
silicon wafers. However, all of the probe variations maintain the desired, high tip
sharpness, which results from the isotropic etch.
Although single crystal silicon is the preferred fabrication material, other
20 materials may be utilized, including, but not limited to, stainless steel, aluminum, and
titanium. Typically, these materials are not used in their single crystal form so they
cannot be used in process flows relying upon highly anisotropic properties.
The silicon probes of the invention may be coated with nickel, titanium, gold, or
similar metals which are either sputtered or plated to improve the strength or surface
25 characteristics of the probes. An organic coating, such as Parylene, may also be used
for strength enhancement. The probes of the invention may also be thermally oxidized
to improve their strength or surface characteristics. Other process variations include
the use of an inductively coupled plasma etch to make the vertical sidtf: walls of the
probe, as shown in Figs. 6 and 7. >
30 The foregoing description, for purposes of explanation, used specific
nomenclature to provide a thorough understanding of the invention. However, it will
be apparent to one skilled in the art that the specific details are not required in order to

practice the invention. In other instances, well known circuits and devices are shown
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14. The-nethod of claim 1l wherein said Fr ovi d| ng step includes the step- of
20 ° providing aimwmﬁagr@ibm;nmﬁamtoiayo dagmecdssany dispactionrfeame the wdeilgng | m

thick and |l ess tha appr nat e mw de., .. . The
ot hod of cf ai riPYa st Topl B8 oA ackeipliind of e fithociments pL B pesen
provi ding a | aymyertfonpii®piebased foﬁﬁﬁ@oﬁﬂs@fﬂl@&aﬁ&i ghd! deBcriptioha They: freGront 1 Ol
the etch rate 25 during said etc step and thereby prevent the

formation. of hoolended t@dzqm(bgusmp at @r‘kmlt the, mvent@alt@l thejpsecise forms disglosethe

oo b oy oo St ba ot the AR 1 Y B o o 19
wher ein said etfeﬁumcgssmemwamm wére chon afd dedcﬁﬁediﬁididertobesteﬁﬂhﬂtﬁéld
exclusively at tenperatures bel ow ap&r oxi mat el ﬁ 1100[ err] 18.

The nethod of cprnciplasiofithe muentionand itspraqtica! app gatxonutg@memablp@ﬁwcar

Fur ther compri <TRRnBR B0l Bl fyfehlention spd yadihe DGR iR v ™

el ongat ed body.modgifications@s a?&bmtaetdmd parfticalafiige chitehipldté® 1t foiftehied tot tho e
step of constructing integrated circuitry on_said el ongated body. 10

21. The net ABd ssppepfthminvention bedefined by the follgwing-Claimsangk theip pquivalents.ng a

m cromachi ned structure on said el ongat ed body. 22. A nmethod of
fabricating an epidernal abrasion device, said nmethod conpri sing t he
steps of: 15 provi ding a sem conductor substrate with a pl anar
surface; and isotropically etching said planar surface to forma
matrix of isotropically etched structures on said sem conduct or
substrate.
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23. The method of claim22 wherein said etching step i ncludes the step of

form ng a w8 eomgks i x of isotropi ca3 ﬂm“ﬂ@m“m‘mﬁﬁaf impgzﬁdarh/g?éeafigscgal N

sem conduct or substrate.
etching step i grmengra " trix of isotropically
etched flat tips on said sem conductor substrate. 25 25. The met hod of

claim 22 wherein said etching step includes the step of formng a _.

matri x of i sotyopi yram ds on said sem conductor substrate.

34 L fbﬁj‘){’g’ﬂgﬁé’%@& of fabricating a | ancet, said nethod
conprising the stapslongated body with provi ding a sem conductor substrate;
5 defining a mask configuration on said sem conductor substrate,
said mask ° aé%ﬂ’&&?’at ion corresponding to the shape of a | ancet
for lancing tissue; angyottom surface applying an isotropic etchant to said
sem conductor substrate, said nmas configuration causing said
i sotropic etchant to emﬂrstssédedvaibbﬁtweemhaidtopsuﬁaceandsaidsbutlemrsatfacet,o defi ne

o :Oancet W Lh T sotropl eal dhaSids Wal Senweeh baidto Sutksce dnd Said bottom surface, and'" © 2

an end defined by said bottom surface converging into a tip,-an
10 isotropically etched portion of said first side wall converging into said tip, and an
isotropically etched portion of said second side wall converging into said tip.

2. The apparatus of claim 1 wherein said elongated body is less than approximately
700pum wide.

15
3. The apparatus of claim 1 wherein said elongated body is less than approximately
200um thick.

4. The apparatus of claim 1 wherein said elongated body is formed of silicon.
20
5. The apparatus of claim 4 wherein said elongated body is formed of single crystal

silicon.

6. The apparatus of claim 5 wherein said elongated body includes a polycrystalline

25 silicon channel cap.

7. The apparatus of claim 4 wherein said elongated body is formed of silicon that is

not doped with Boron. -..

30 8. The apparatus of claim 1 wherein said elongated body includes integrated

circuitry.
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27. The et hod of claim 26 wherein said providing step includes the step
of = - ' 9. prThe appaghus of iclaim drwltesein said leluingated 56ty inchides a ascremiachined
sem conductor 15 substrat e. 28. The net hod of claim 26
wherei n sai d afp¥§f¥i§g step is perfornmed at t enper at ur es. bel ow
approxi mately 1100[err]C. 20 29. The nethod of claim 26 wherein said
applying step results in a |lancet that I s between

approxi mat el y 100 Therappasatisd chaird 6A6kkr¢in saifl elonigated body has a fiiid .channéhforsred hod
of claim 26 wherei,n said applying step results in a |lancet that -

i s between appi¥E&iRately 100 [err]mthick and 200 [err]mthick. 25

31. A nethod of fabricating a | ancet, said nethod conprising the steps
of : provi ding a sem conduct or substrate; 30

defini ng a masH1cohimethoddf fabricating aiprobegsaidmeithod comprisihg theasteps of:ai d mask
configuration correspopnding.to t hape of a | ancet for |ancing tissue;
and IR &@%?P&agegmb Pithea Tep SHFACE GB Botiom SERCE dsebot
substrate, saig; g@ggﬁ : “Hg%f' ty GRS aid isotropic
etchant to etc%‘ds:l 2%“#13%%?1%%%0?& dnqléﬁiﬁﬂogu straét:éé]g'{l% define a | ancet
with isotrad@ call yisstrapiently<tchingdn endadfisaid etpngated body such that saidibotiom surface

wherein said appl ying.step.is perfor wi t.hout the use.of
et hyl enedi ani ngg’b‘%ﬁr éptga% gndp sa.{c{ set gF sgdewaﬁls converge into saui) tip.

35 32. A nmet hod of fabricating a needle, said nethod
conprising the steps of: provi ding a sem conduct or substrate;
. def i1Bi n'@lesmn&sdpﬁdahm du et aadlpmmdmmcp inoludesthe stepobst r at e,
sald mask  providing af Stgdbh Body oriol SESRAHAs b doféh aljae ©f @ need!e:

15
' 13. The method of claim 11 wherein said providing step includes the step of

providing an elongated body formed of a silicon on insulator wafer. -

14. The method of claim 11 wherein said providing step includes the step of
20 providing an elongated body that is less than approximately 200pum thick and less than
approximately 700pm wide.

15. The method of claim 11 wherein said providing step includes the step of
providing a layer of phosphosilicate glass on said top surface to control the etch rate

25 during said etching step and thereby prevent the formation of hook structures adjacent
to said tip.

16. The method of claim'11 wherein said etching step includes the step of etching
without ethylenediamine pyrocatechol.

30
17. The method of claim 11 wherein said etching step includes the step of processing

said end exclusively at temperatures below approximately 1100°C.
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applying an isotropic etchant to said sem conductor substrate, said mask

confi gur ag,j sing said isotropic etchant to etch said pgqigisegiskgset or 10
subst rate%‘fgﬁggﬁgne a needle with isotropically etched sidewalls converging

et hy! ened am 1o 98 Baiod of Sk prhif odid el Yefheada R bued BETRE .,

needl e to estwith s anisotfdpivétehanfhiet ween said cap 15 and said
sem conduct or substrate. )

36 -
19. The method of claim 11 further comprising the step of forming a ﬂu_id channel
5 within said elongated body.

20. The method of claim11 further comprising the step of constructing integrated

circuitry on said elongated body.

10 21. The method of claim 11 further comprising the step of constructing a
micromachined structure on said elongated body.

22. A method of fabricating an epidermal abrasion device, said method comprising
the steps of:
15 providing a semiconductor substrate with a planar surface; and
isotropically etching said planar surface to form a matrix of isotropically etched

structures on said semiconductor substrate.

23. The method of claim 22 wherein said etching step includes the step of forming a
20 matrix of isotropically etched pointed tips on said semiconductor substrate.

24. The method of claim 22 wherein said etching step includes the step of forming a
matrix of isotropically etched flat tips on said semiconductor substrate.

25 25. The method of claim 22 wherein said etching step includes the step of forming a
matrix of isotropically etched pyramids on said semiconductor substrate.
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