WO 01/ 49362 PCTI US01/ 00040 METHOD OF FORM NG VERTI CAL, HOLLOW NEEDLES
WTH N A DUCTOR SUBSTRATE BRI EF DESCRI PTI ON OF TH Thi s

i nventi or‘?“?@qag es generally to the fabrication of needl ess’*}g‘ry@%b()%l
particularly, this invention relates to a technique of form ng vertical,

hol | ow needles w thin a sem conductor substrate. 5 BACKGROUND OF THE

| NVENTION Traditionally, needl es have been fornmed with stainless steel.
Recently, techniques for form ng needles from sem conductors have been

di scl osed. Several techniques for fabricating needles within a

sem conductor substrate have forned the needles in the horizontal plane of
the sem conductor substrate. For exanple, the 10 technique of U. S. Patent

T e TR B e DR BRI AL Ol KRR DLE s, LR Lo

a Devi ce-, uses éé@flmhﬁgﬁ%@?%ﬁwﬁm croneedles in the horizontal

pl ane of a sem conductor S patent, which is assigned to the
assignee of the present application, is incorporated by reference herein.
15 Anot her semi conductor fabrication technique for formng needles is

di scl osed by Neil H Tal bot, Christopher G Keller, and Al bert P. Pisano,

intheir U S Patent Appli i i iled March 18,
1998, entitled "Apparatus mﬁ"ﬁgﬁ?ﬁ&‘ a rigg%%éﬁeﬁ?ﬁpei Vi a Conf or nal
Deposi tion in Two- PTRGEnIiER related BbferdlBEioNal @MY ich@s 18! meeAREMOIYI a
conformal deposition within a horizontally 20 oriented chanber defined by a
t wo- pi ece nol dparKytlerl. thisetvoantivn relats & dachnigue pf famingaysbcal dvadlovpeatdles

mat ri x of isotmi cally etched tirps formng an "' abrader"” used to abrade
epiderm s and PHBIEHSFISRR]UCtossUOSTralfp 01/ 49362 PCT/ USO1/ 00040 tr ansder nal
drug delivery. This technology is described in U S. Patent Application
Serial Nunmber 09/106,991, filed June 29, 1998, entitled "Transdermal Probe
with an 5 BACKGROUND OF THE INVENTION

Traditionally, needles have been formed with stainless steel. Recently.
techniques for forming needles from semiconductors have been disclosed. Several
techniques for fabricating needles within a semiconductor substrate have formed the
needles in the horizontal plane of the semiconductor substrate. For example. the

10 technique of U.S. Patent 5.928.207. invented by Albert P. Pisano and Kyle S.
Lebouitz, and entitied “Microneedle with Isotropically Etched Tip. and Method of
Fabricating such a Device™, uses isotropic etching to form microneedies in the
horizontal plane of a semiconductor substrate. This patent. which is assigned to the
assignee of the present application, is incorporated by reference herein.

15 Another semiconductor fabrication technique for forming needles is disclosed
by Neil H. Talbot, Christopher G. Keller, and Albert P. Pisano. in their U.S. Patent
Application Serial Number 09/044,398, filed March 18, 1998, entitled “Apparatus and
Method for Fabricating Needles Via Conformal Deposition in Two-Piece Molds™.
This technology forms a needle via conformal deposition within a horizontally-

20 oriented chamber defined by a two-piece mold.

Kyle S. Lebouitz and Albert P. Pisano also developed a matrix of isotropically

etched tips forming an “abrader” used to abrade epidermis and thereby facilitate
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| sotropically Etched Tip, and Method of Fabricating such a Device". This
patent a Ilcatlon which is assigned to the assignee of the present

appl i cat Wh0V493623 50 5 incorporated by reference herein. g“r‘@&?“ﬂre
disclosed in the patent application is forned using only |sotrop|c
etching. The structure does not have through holes. Further, the structure
is not cut into individual needles, as the matrix is used as a single

structure ey r deV|ce i's
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Sci ences, Vol. 87, No. 8, . 922-925, 1998. This &bl i catl on di scl oses an
array of sI@otierlwélefthel@,edtﬁat anéaMeﬂv@d@iEébmﬁnngrsaﬁs@l wige”-dFig Pawal i very. An

i mpr ovenent on this. t.echnol i s descri [ of. the sane

aut hors i PP %t‘%ﬂk’lcé’t‘@?ss‘g&egg%he AsFEPES tl[)(ﬁ §7r§ ﬁ‘ﬁqgf’?o\%/a%f’cr oneed! e
and 15 r HRRGHS HPGEfch$9 RCARULRER isPP.

1098- 11%/11%19&3%56 Uy@ﬁ%&%ﬂcz%e&g? Thegnzlrcr ay d%@l&frsgd"egﬂggpg%sc“ bed in this
publ i cat i oferthed/esingiorlyiistropahetcinag.s The ktmcmnretdoesncdémw thveudiohwlehe di scl osed
arrays can_ be used for drug deljvery _or controll m CroQ-co ustl on

appl i cat i onthendRpTuctye dent Caﬂ%ﬂﬂi’éé“g l§sapt é’ﬂ‘}t’aﬁ 1ppse asasmele

sem conduc 20 there sti II exits a need for inproved
needl e forstrtra F@%ﬁ%lﬁﬁp%bgéderlzor exanple, it would be desirable to provide

a techni que forAframﬁm@nmdhledmghblsve\foy devivéalsidistdosed B 1S. ERhnSleoflgsn |t
woul d al so be desirable to pI’OVI de a technique for formng needle tips

wi t h al@ariMicyofabricatrsipdécronssdissmvieyelgipmaech vErmdermal IxpgHrlivery-formi ng a
dl d t te t | h to th
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sem conduchMlicHidhSdisAbRs af aFrE'ﬁBf $cHAlHeLMeS Blat dhaftbe RSEH 0P thaRédBrBalV@Lg | cal

axi al surfiace surrounding the channel. The resultant needl e has an
el ongat ed dxdichgryt dkmnnprof/eraelﬁmpeethls:tmhiMOgy isigsaribed by s¥vrraleifohgsanesd body

i ncl udes an axi al a ositiQ et ween firsg..end d a second end.
The ot al BiRaagLY FEVAAEE Bl biesdtmeBnor dollt MiSBRetingtd e second

end. 15 Microtube Arrays,” Trandsducers ‘99 Conference Proceedings, pp. 1098-1101,
Sendai, Japan, 1999. The array of needles described in this publication have interior
channels. The authors describe how the disclosed arrays can be used for drug delivery
or controlled micro-combustion applications.

Despite recent advances in the fabrication of semiconductor-based needles.
20 there still exits a need for improved needle formation techniques. For example, it
would be desirable to provide a technique for forming needle walls with various
vertical slopes. It would also be desirable to provide a technique for forming needle

tips with a variety of shapes.

25 SUMMARY OF THE INVENTION
A method of forming a needle includes the step of anisotropically etching a
channel into the back side of a semiconductor substrate. The front side of the
semiconductor substrate is then isotropically etched to form a vertical axial surface
surrounding the channel. The resultant needle has an elongated body formed of a
30 semiconductor material. The elongated body includes an axial surface positioned
between a first end and a second end. The axial surface defines a channel between the

first end and the second end.



2 WD 01/49362 PCT/US01/ 00040 The invention provides a variety of
techniques for altering the shape of the fabricated needl es. For exanple, a
conbi nat WA 0H#I36hi sotropic and isotropic etching is used PET/HSOAHEE
needles with steep vertical walls, while isotropic etching alone is used

to produce needles with sloping vertical walls that termnate in w de
bases. The wi de 5 based enbodi nents operate to withstand relatively |arge

| ateral forces. The nmask. displacenent techpique of the invention can be
used to forma sl opi H§ P Wﬁﬂeﬁa GelY BFteGF?'gH?ﬁng algring ‘%Féli“‘fﬂerfgt‘?eon

poi nt. BRI EFf;pESHR | APRAWN R F i - | g of
the inventi or?, r ef elFé-eEE?g ?ﬁg?}fi@ be %de t%g%nhﬁfmggpﬁgl&m%%gqﬁgﬁgﬁ%g%:95
descri pti on tsaéémpioducsomgedies twithnstedpt vertidat watls, ontnitenigo thpic erWinagsone ik asathi ch:

FIGURE 1 illustrates processing. steps Eerfor med in accordance wth an
enbodi ment o Profiice Reedies with slpging) verrgatwalls that prminatreincyisls basssc Thevatle vi ews

of the fabri i . i - |.Q eedl.e in _accprdan with an
enbodi man? O@{;%%ﬂ}a%ﬁﬁégﬁ%}a&a{&ﬁgﬂ galqur\é{aaﬁveglmlglggE%ergfg)grse_ssj‘@F!nbaﬁ | view
of a verti cadisplicmearteoRagheoNthe ventibnl BitEhe 6 RAIO PorePR SIbpigtpWitRa single
accordance wth an enbodi nent of the invention. FIGURE 4 i's"a top view of

a matrix of «esumiferantial perniinationaiites forned in a 20 semi conduct or substrate
in accordance with an enbodi nrent of the invention. Like reference nuneral s
refer to corresponding parts throughout the drawi ngs. DETAILED DESCRI PTI ON

OF THE | NVENTI ON Figur e BRIEFWESERIPTIONOFSTRE BRARINGSPS! for med i n
accordance with an 25 enbodi nent of the invention. The Tirst processing

step ill U8t rat ed Forafhetpar enderstanding offithe praveation, wefessncé sliceidd BnadByo thay of
exanpl e, the ﬁtarti _ﬁgterial, may be a <100> sjilicon wafer that is 500 to
550 pm t hi ckiPlGWIadsiailsd deseuiptiog fksn om conjuretion it thegecompamying draginganed
usi ng standgpdigehni ques. The wafer is then oxidized, for exanple, using
a horizontal atnospheric pressure reactor at a tenperature of 1100 C, to
forman FIGURE 1 illustrates processing steps performed in accordance with an

embodiment of the invention.
15 FIGURES 2a-2h provide cross-sectional views of the fabrication of a vertical,
hollow needle in accordance with an embodiment of the invention.
FIGURE 3 is an enlarged cross-sectional view of a vertical, hollow needle with
a funnel region constructed in accordance with an embodiment of the invention.
FIGURE 4 is a top view of a matrix of vertical, hollow needles formed in a
20  semiconductor substrate in accordance with an embodiment of the invention.

Like reference numerals refer to corresponding parts throughout the drawings.

DETAILED DESCRIPTION OF THE INVENTION
Figure 1 illustrates processing steps 20 performed in accordance with an
25 embodiment of the invention. The first processing step illustrated in Figure 1 is to
prepare a wafer (step 22). By way of example, the starting material may be a <100>
silicon wafer that is 500 to 550 um thick, and which is polished on both sides. The
wafer is cleaned using standard techniques. The wafer is then oxidized, for example,
using a horizontal atmospheric pressure reactor at a témperature of 1100° C, to form an
30 approximately 2.0 pm layer of oxide on the back side and front side of the wafer.
| Figure 2a illustrates a wafer 24 with a front side oxide layer 26 and a back side oxide

layer 28.



30 approximately 2.0 m | ayer of oxide on the back side and front side of
the wafer. Figure 2a illustrates a wafer 24 with a front side oxide |ayer
26 and a WAOK4¥6Ye oxide |ayer 28. 3 WO 01/49362 PCT/ USO1PODUE0/0084 next
processing step shown in Figure 1 is to pattern the back side of the wafer
(step 30). The back side of the wafer is patterned using photolithography
in order to define the outline of the back side opening of the channel
within the needle. By way of exanple, the photoresist y be a1 3 pm

| aver of Shil pl dire 888IBocasHiNg SEPWAYWN @hlj{gqrepbgsitpip@gemégggeqk S\Mﬁ%rﬁh? S

exposed, devel oped, .a t.hen hard baked f X | | L.nut es. Th
bark o e SHLoERIAr D PR s ieT iRANEE: sHancARELSL TR hoRurfl €. The
CFQ CHF3. Thae 14 & e,ttge bitihRef flelHack Lide opénifik 8f1he cBbnncFigthireth2 meedle.

illustrates a back side oxide layer 28 and a photoresist |layer 30 with a
channel apeByt wagof &hmiphy, tedphoteresistmaylbe 7hé mdaves ofiShidpley Rad8 Kemillibnduct or
substrate is then etched to form a channgl step 32). | e w.th straight
wal | s i s prwygleagthposibiye z&?ﬁ‘%o‘f’}i“rﬁqbi‘scexlﬁeé%i’ ﬂ%‘é{:&‘?ﬂegemf%%?en @?@ﬁqaﬁg |E). The
process is stopped gty OFfhe $hAEsiX bEiBe 1AKESS RGhEN pRimS effed. 567! |

di st ance (@PBTG?(PI?L%‘CI%B’OBE?’SE%W 8%%%%23({)’%&%26_ Fai's Fesults in the
structure Qikampiegudigg 2F,/CHFYUThisAesulis il sersatuesiraofLFignreclb. Iogdrer2ed wi t hi n
the sem conductor 15 substrate 24. Cbserve that the_channel 36 .is forned
vertical | y illisthitas attiack sidp oxidgteyep 28 and g phatosgsist 14yt &0 PAt AR AREY 6N
operati on, alatﬁhancr | with a funnel region is forned. The funnel region is
fornmed by traf @‘efeh‘breasi ng the passivation time relative to the etch
time of ;4 he DRI EppeTALR side S8 tHeSelticohdn@ot sibis@ate iigitHeh @toiedrenfinam dianndl he
channel as the etch goes deeper into the sem conductor substrate 24. Figure
3 20 il ust(s@ps).aA hokenwich stedghti wallsds praduedd wsirg aisaBPioPrgiR fastine L dance

ith this technigue. T killed in th will. i
Fechni ques Fighng 6Py TedroseshiretonRsg bieSnt e oxids iae 26 8EaCElE ot o1 ¢
the fact ths%alfcﬁlﬁtaﬁée]ﬁQ}gEnglrﬁﬁbecfHﬁlthe ofiak Bel 26."VER réRs it MeRuhbhereadfch rate

in w de hol'es. erefo set of openings with shrinking dianeters can
be arrangedrigi@ewed Faguebaailkistradna aharset 3®fiirmeDRithimitel semicomductor

15 substrate 24. Observe that the channel 36 is formed vertically within the substrate 24.

In an alternate channel formation operation, a channel with a funnel region 1s
formed. The funnel region is formed by gradually increasing the passivation time
relative to the etch time of the DRIE. This results in a reduction in the dimension of
the channel as the etch goes deeper into the semiconductor substrate 24. Figure 3

20 illustrates a channel 36 with a funnel region 38 formed in accordance with this
technique. Those skilled in the art will recognize other techniques for forming the
funnel region 38. For example. one can exploit the fact that the etch rate in small
holes is much less than the etch rate in wide holes. Therefore, a set of openings with
shrinking diameters can be arranged around a channel. An anisotropic DRIE will etch

25 further at the large openings than at the small openings. An isotropic DRIE may then
be used to smooth the transitions between stepped etched layers, thereby producing a
sloping funnel region.

A final operation associated with the back side etch of step 32 is to grow an
oxide layer on the wall of the channel to protect the channel during subsequent

30 processing steps. Figure 2d illustrates a channel oxide layer 42 covering the wall of

the channel 36.



25 further at the | arge openings than at the small openings. An isotropic
DRI E may w6i4e3be used to smooth the transitions between speppsgsh/dbshed

| ayers, thereby producing a sloping funnel region. A final operation
associated with the back side etch of step 32 is to grow an oxide |ayer on
the wall of the channel to protect the channel during subsequent 30
processing steps. Figure 2d illustrates a channel oxide |ayer 42 covering
the wal | of the THeaRREProdsing s\8P iNdADSHR FREieUS 2/f8004e phhwlitmgraphy
processing step illustrated in Figure 1 is a front side phaqtolithography
pattern (st@ptta®)(steffHe). f Frenfronsisigis paaﬁmqﬁna@mer%%ertpﬁeﬂ@@ RGeS 8% of
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positive fe%inﬂaa/e}'\@mhl Iy ©3919588lH-RadRplivpadiveradst haichigkdpdsetied for
approxi matel'y 30 mnutes.” The oxide is then plasma etched, for exanple,
usi ng CF4 Cidegelopdi, and thenhtsl baked Fer appraximately 3F miiuges: €l hexidanisitiedn
illustrates an etched oxide | ayer 26 ﬂnlqlfa %El,ont I de _phot oresi st. | ayer 43.
The next pr ¢dasew gighed; fop example. wsing CFeHEp-o 1sg¢%@smtheﬁgvg@m gt¢t or
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| ayer 26 and fr ontheSied€prab&bmpatipss td @yl the ficht si¥e of $itd dedfitondienp sitgaate ve
ion etch (DRIE) of the photoresist/oxide mask is erforned to a depth of
appr oxi mat eltg forooa yerticatinsedls stepptle Tdedisedlg is ereatsd gwwpl@llﬂénéﬁl | s

sl opi ng oma.narrow. circunference tip t Wi circunf.erence base. To
21 or o ni8 e PASTH GBI < o e edete o FoRENRF ERGGea iR an
15 ani sot r opisC A &BtropiP dEch Ra&R%Sen LRE (DRIEY ofth@bhotblesishoxiae athse iPecones
very steep. In other words, a uniformslope between the base and tip is
repl aced wi tperfarmed wtd depityof appesmbien20d pmn Thetisottdpes ¢tcipng Toros, sndeth

i sotropic etc:cgzit ng ste ngy i ncl ude .an itnitial. ani sot r.opi ¢ Ir%rocessi ng step
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15 anisotropic etch. In this case, the upper shaft of the needle becomes very steep. In
other words, a uniform slope between the base and tip is replaced with a relatively
steep transition into the tip. Thus, the isotropic etching step may include an initial
anisotropic processing step to form a relatively steep vertical axial surface for the
needle.

20 The resultant device at this processing point is illustrated in Figure 2f. Figure
2f illustrates isotropically etched sidewalls 46 formed within the substrate 24. The
structure of Figure 2f has a channel end 50 (Figure 2g) which is uniform around its
circumference within a horizontal plane. A tapered channel end may also be formed in
accordance with the invention. More particularly, a sloping tip with a single

25 circumferential termination point may be formed in accordance with the invention.
Such a tip is shown in Figure 3.

This structure may be formed by dislocating the centerline of the channel mask
on the back side of the semiconductor substrate from the centerline of the needle mask
on the front side of the semiconductor substrate. Figure 3 illustrates a channel mask

30 center line 51 displaced from a needle mask center line 49 by a distance A. This offset

| produces non-symmetrical etching, which produces a sloping tip with a single

circumferential point 54, as shown in Figure 3.
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2f illustrates isotropically etched sidewalls 46 formed within the
substrate 24. The structure of Figure 2f has a channel end 50 &FI ure 29)
whi ch i s WRi%BPHFaround its circunference within a horizoREHUSPIARE A
tapered channel end may also be formed in accordance with the invention.
More particularly, a sloping tip with a single 25 circunferenti al
termnation point may be fornmed in accordance with the invention. Such a

tip is shown in Figure 3. This structure nmay be formed by dislocating the
ceﬁt erline of the ﬁﬁd‘ﬁﬁbﬂ’mﬁ%ﬁl@g stip shAwnpR ElEuss dés Wistrimtheeafeeieahdh.ol his

substrate fr : i edl. onthe front side of the
sem conduct o?%ahlggﬁrﬁg‘?ggﬁl‘—ei dg(g?é;ff(ﬂle‘:}%nggf ggﬁﬁ%?’l Zglélﬁanr}r?élwﬂ%{slﬁt r&?ﬁq &d | ne
51 di spl aced driedjresultingeitl the sesdueeTFegurt 2pe 49 by a distance A This of fset

roduces non-symmetrical etching, which produces a sloping tip with a
Ei ngl e circunf eréﬁl@i%ferﬁaamheg%,e cHs(stepdM: Figurd 4illustrates 5 topViow/ofa362

. ' . in Fi 1l is.to strip the
wafer (st ap SapicolBBSSNpRIAE 53 Ticlint < B Shtmel amesies g aspesiatei i . 1
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Figure 2g. The wafer may then be cut "(step 60). Figure ustrates a top
view of a 5 erticaloeribe lines &ualeng whieh2ke vafer Adiingutao serin olividiah Reddlapey t ur es

i W f.fahbricat dl 70. _The figure al so
"Il st rat o5 RS gh Rgeies findfvined Resdlenl Thepesdiaro §1e9|ludl§|€i?|0hm12 8 al ong
[ el AT IRV 70, L gur e
T st rates aomebeliestis foR st bW s ftd 50 PRESRES, Ji: ol rkmitar2 s

def i ned D&t wdba channeloit: issiefieed bya wetticalpaidl yidade® 3xeroandiag kheitigng hgnnel
aperture 52. 10 The channel 36 is defined by a vertical axial surface 53
sur r oundi ng gﬁ%"%‘ﬂ&?\‘r‘?&al Serfaceiids yerticalomith gspent testhetharigoBal substvate sarGades Wi t h

' hat are.etched_.to formthe
neenle 70, L AEHRR g heah 76 O ERS mat AR sstobicSiGRRR I Msop! ng

si de wal | 46shesthiyestopihg side vaBiCictrewidhahé B 3Diana e ﬂé&aﬁ#ﬁelg%fdiec«@hic e. IN

many prior art devices the needle is formed in the horizontal surface of a
15 substrate. Thuld mawy pasrarpdeyvices theeedlednfamet e thetasizoatbsusfuck df show t he
axial s he}@essubstrate. Thus, for example, a top view of the substrate would show the axial shapes
of the needles horizontally formed within the substrate. This confi guration limits the
number of needles that may be formed within the substrate. In contrast, with the
present invention a top view of the substrate, as provided in F igure 4, shows only the
tips 50 of the needles 70, allowing for a relatively dense configuration of needles per
20  substrate.
The exemplary processing disclosed in connection with Fi gure 1 results in
needles with a vertical height of approximately 200 pm and a channel diameter of
- approximately 25 pm. Naturally, other needle sizes may be implemented in
accordance with the invention.
25 The disclosed needles are advantageously exploited in a variety of biomedical
applications. The pointed tips allow them to easily penetrate materials, such as skin.
The inner channel of the hollow needles can be used to either inject gases, fluids,
suspensions, or to extract gas or liquid that can be analyzed using an integrated device.
An array of needles can also be used to pattern a structure with a liquid or with a

30  suspension using specifically spaced channels. F urthermore, the device of the

invention can be employed for instrumentation. In addition, it is possible to guide



of the needles horizontally formed within the substrate. This configuration
limts the nunber of needles that may be forned within the substrate. In
cont rast YW¥43¢he present invention a top view of the sUSHYYIHQ0044s
provided in Figure 4, shows only the tips 50 of the needles 70, allow ng
for a relatively dense configuration of needles per 20 substrate. The
exenpl ary processing disclosed in connection with Figure 1 results in
needles with a vertical height of approximtely 200 gm and a channel

di amet er of elgsip oragheticewgvesthigngh fgrippes|chgnnet Hohowld alfodesppessiagd thae
i npl ement ed in cordance with the inyenti,on. 25 The di scl osed needl es are
advant agepuslﬂilf %ﬁﬂ?a&(&gﬂmpﬁe 5any%ertllsg fggfrﬁ %llgg rahn?x&lg?ng grﬁ)% Yeati ons. The
pointed tips all ovwhl éiﬁgﬁéﬁhbﬁoﬂ%?bﬁx%b&s@%ﬁ%lbﬁd@n. gdeahypasfiski n.  The

i nner channel of the hol'l ow needl es can be used to either inject gases,
fluids, susmemsndature torprovides thaacughgurslertandingofdhe venieem Beweweal iy weld

usi ng an integrated device., rray of needl es can al so be used to
pattern a’st PHEPRATENP PR gﬂll?%ﬁe 6‘?‘¥]@/ﬁtlﬂﬁ peaidicds e AT I TefBieg 1 orde_r to
speci fically SpaceGRMNGh Sin &HEL Swell REoWE Wir&fits Ahd [dBGiced MYSRGLLN can
be enpl oyed for Instrunentation. In addition, 1t I's possible to guide 6
WO 01/ 49362 RCBIobiSAibg B0 Am ialoeddrte avaid Rahécessay gistridiionfedm thecuridariging
channel . It should also be appreciated that the fabricated structure can
be used as aimsndomofhus, thefereggingdssaipsions pbspesificgmbodiraeye of e ipsasentt or

pur poses of explanation, us specifice. ncl ature to. prqyi a t horough
Cindor ot andi ngr PapR e yrSiER S PiEtres B IURPRRR P eSairteB AP irst one
skilled i t iferdel 16 BabxHAusti v 6ab fintit thetidvdntioR kS thR PrediRAeihdistBs<, der to
practice the invention. In other instances, well known circuits and devices
are shown i @bhioosglk miinggnedvi¢asions and vartiions aregppssibleun nvesfthe ybakiest r act i on

fromthe underlyin i nventj.on. Thus,, the foregaj ng. descriptions of
speci 10 enbifEhBaL s B CTRpRAIEas SYRe Chse ARd Sevepes Brosaeiip e FoP b Bos es
of illustrat Pﬁgcipn:@ ofARGhVeMkibAAnd HEBYacRER agg)ltrir%aligné,% fRdaqd énle@%t}’i@f{aUSt' ve

or tolimt nvention to the precise f I scl osed, obviously many
nodi f i cat i onskidlad invéhe iaettto best usitiee thessvdnition iand vardous@intodemerho with various
15 modifications as are suited to the particular use contemplated. It is intended that the

scope of the invention be defined by the following claims and their equivalents.



teachi ngs. The enbodi nents were chosen and described in order to best

expl ai n t{g g1 RédehCi Pl es of the invention and its practicalyp hGRbiONS, to
t her eby e‘?lgblle others skilled in the art to best utilize t elglb?lv@moi on and

vari ous enbodi ments with various 15 nodifications as are suited to the
particul ar use contenplated. It is intended that the scope of the
i nvention be defined by the following clains and their equivalents. 7 WD

01/ 49362 P%#ﬁadgﬁRﬂQED%AT IS CLAIMED IS: 1. A nethod of formng a

needl e, sai ing the steps of. anisotropically etching a
channel into the back side of a sem conductor 5 substrate; and
isotropically etching the front side of said sem conductor substrate to
forma verti calA methed of ferminga seedlosaidi methed rempnging e steps ofhe et hod of

claiml1l wherein said ani,sotr.opicall tchi,ng step includes th 10 step of
deep reactive i &H‘S@?%IHF?!EY %?hlg%flﬁhﬂﬁ’fﬁgﬁg‘ﬁh’egﬁadﬁﬁga Ogﬁﬁ%gﬁﬂﬁ%ﬁ(& substrat e.
3. The t ) im1l wherein said anisotropically etching step includes
t he stergg gﬁgsft%ﬁer’ng}rlfg a channel with a funnel region. 15 4. The method of
claim 1 wherei nisaiopicalperchimgahd fronediddofimidteapcomintod egsbstiate te tfenm a of
initially perform ng an anisotropic etch to produce a relatively steep
vertical ~ axrgical axialfsyrace syrroypdingspidshagiel.c) ai m | wherein said _
isotropically etching step includes the step 20 of deep reactive ion
etching of said front side of said sem conductor substrate. 6. The nethod
of clai m I 2wher eihg nsethél SUlgia T obeedd said atishirditcaslyepchisg fep iretudesithewi th a
first mask at a first center |ine on said _seni conductor substrate, and said
i sot r opialstep ofide¢n regctivedpn pishinarof sriddacksideolsaklsearepndastor agbsgasecond
center line on 25 said sem conductor substrate, said first center line

bei ng displaced fromsaid second center line by a predeterm ned di stance.

7. The method ofrielRithdd of UAiE WheRIPEiS hiiSothdficatly ety Sep felddedtheoXxi de in
said channel prior to said isotropically etching step.
step of forming a channel with a funnel region.

15 4. The method of claim 1 wherein said isotropically etching step includes the step
of initially performing an anisotropic etch to produce a relatively steep vertical axial

surface.

5. The method of claim 1 wherein said isotropically etching step includes the step

20 of deep reactive ion etching of said front side of said semiconductor substrate.

6. The method of claim 1 wherein said anisotropically etching stej) is performed

with a first mask at a first center line on said semiconductor substrate, and said

isotropically etching siep is performed with a second mask at a second center line on
25 said semiconductor substrate, said first center line being displaced from said second

center line by a predetermined distance.

7. The method of claim 1 further comprising the step of depositing oxide in said
channel prior to said isotropically etching step. |

30
8. A needle formed by the method of claim 1.



30 8. A needle fornmed by the method of claiml1l. 8 WD 01/49362

PCT/ USQ / 80|41|1 3 A nethod of formng a matrix of needles, said nethod
conpri si n@ 0/493¢¢ o s of . ani sotropically etching channel's PRTASPHEOH,CK
side of a sem conductor substrate; and isotropically etching the front
side of said sem conductor substrate to form 5 vertical axial surfaces
surroundi ng said channels. 10. The nmethod of claim9 further conprising the
step of cuttl ng said_ seniconductor substrate to produce individual

needl es. 10911. MeBgthod é@rn@ag Bylaﬁmomm whd giethoshcomprising trmeiepeefiod of

@ moro. 15 13 TRESRe e Ong eyt e a BB Bl o i mg

step incl udegbdufat; ad ep of ani sotropically deep reactl ve ion etching. 14.
The nethod of claim9 wherein said isotropically etching step includes the
step of | sot ropllmopwaﬂ}éewhmahft fromt sidmolstaihiengjcorRidc s substmtedd|ferm

conpri SI 4 at forrre f a sem conductor material, said

el ongate baﬂvlca ifséﬁ‘};‘é i ¢ha0gelSosi ti oned between a first end
and a second end, sald axi al surface defining a channel between said first
end and said second end, said first end 25 including a sloping tip with a
si ngl e circuff er dheinadthddefidlaiat 9 Amthpoeorhprisifig thEheepefedtttigahid! ai m 15
wherein said axial surface defines a channel with a funnel region. 30 17.
The needl e &¢MiPAdystarsupsiEtetopredycs ivdinidualersdiessr naterial is single
crystal silicon. 9

10 11.  Needles formed by the method of claim 10.

12. The method of claim 9 further comprising the step of utilizing said matrix of

needles as a mold.

15 13.  The method of claim 9 wherein said anisotropically etching step includes the

step of anisotropically deep reactive ion etching.

14. The method of claim 9 wherein said isotropically etching step includes the step
of isotropically deep reactive ion etching.
20
15. A needle, comprising:
an elongated body formed of a semiconductor material. said eiongated body
including an axial surface positioned between a first end and a second end, said axiali
surface defining a channel between said first end and said second end, said first end

25 including a sloping tip with a single circumferential termination point.

16. The needle of claim 15 wherein said axial surface defines a channel with a

funnel region.

30 17.  The needle of claim 15 wherein said semiconductor material is single crystal

silicon.



