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VETHOD OF MAKI NG FI BER PRCBE DEVI CES USI NG PATTERNED
"REACTI VE | ON ETCHI NG “Background of the Invention Thi s
“isnvention relates to probe devices, and _nore particularly to 5

met rol ogi cal fiber probe devices and tolmet hods of naki ng them

More than 100 years ago, the fanpus physicist Ernst Abbe described a
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(il e., topodQemiper 1489). In other words, the resolution of the rmcroscope is limited by the
wavelength of the radiation. In order to circumvent this limitation, researchers have
investigated the use of, inter alia, various types of imaging probes. Scanning
15 tunneling microscopy (hereinafter "STM") devices, atomic force microscopy
(bereinafter "AFM") devices, and near-field scanning optical microscopy (bereinafter
"NSOM") are some examples of different types of probe microscopes.
In STM, a metallic probe is brodght sufficiently close to a conducting
sample surface such that a small tunneling current is established. The magnitude of
20 this current is extremely dependent on the tip-to-sample distance (i.e., topography of
- the sample surface). The tip is allowed to scan laterally across the (irregular) surface
of the sample body with several angstroms separation between tip and sample in
order to achieve imaging with atomic-scale resolutibn. The tunneling current, and
hence the tip-to-sample separation, is detected and controlled Py an
25 electromechanical feedback servomechanism. In AFM, imaging is achieved in a
similar manner to that of the STM except that the atomic forces (either short-range
repulsive or long-range attractive) are detected instead of tunneling current. An
obvious advantage to this technique is that the tip and sample do not have to be
conductive, all materials exert atomic forces.
30 - An NSOM device is typically comprised of an aperture located at the tip
" ofan elon;g,ated optical probe, the aperture having a (largest) dimension that is
smaller than approximately the wavelength of the optical radiation that is being used.
During device operation, the probe is positioned in close proximity to the surface of
a sample body. The aperture of the probe is then allowed to scan across the surface
35 ofthe saniple body at distances of separation therefrom all of which distances are
characterized by mutually equal forces components exerted on the probe device in
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the sanple surface). The tip is allowed to scan laterally across the

(irregular) surface of the sanple body with several angstrons
Separation between tip and sanple in order to achieve inmaging with
atom c-scal e resol ution. The tunneling-A&xrent, and hence the

ti p-to-sanple separation, is detect ed and controll ed by an 25
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of the surface of the sample body require prior detailed knowledge of the slanting
contours of the sidewalls of the probe, and these calculations typically do not yield
accurate metrological determinations of the desired profile of the contours of the
15 surface of the sample body, especially at locations of the surface of the sample body
where sudden jumps (vertical jumps) thereof are located. In addition, fabrication of
the probe device is complex and expensive, especially because of the need for
drilling the aperture coaxially with the fiber.
Another example involves the fabrication of nanometric tip diameter
20 fiber probes for photon tunneling microscopes ("PSTM") by selective chemical
etching of the GeO,-doped cores of optical fibers. See "Reproducible Fabrication
Technique of Nanometric Tip Diameter Fiber Probe for Photon Scanning Tunneling
Microscope”, Togar Pangaribuan, et.al., Japan Journal Applied Physics, Vol. 31
(1992), pp. L 1302-L 1304. By selectively etching the GeO, {ioped regions of the
25 fiber, a tapered tip having the shape of a small cone can be formed on the endface of
the optical fiber. The cone angle of the fiber probe tip is controlled by varying the
doping ratio of the fiber core and the composition of the etching solution. A fiber
probe with a cone angle of 20° and tip diameter of less than 10 nm was fabricated.

Only probes having conical-shaped endfaces can be made with this technique, so that
30 the sidewalls do not form a cylinder of any kind. The scanning range of such a probe
is undesirably limited owing to the relatively large width (diameter) of the endface
on which the relatively short-width conical tip is centered, coupled with the fact that,
during scanning, the probe is rastered from side-to-side in an arc: a desired large
length of scan is attempted, the corners of the probe’s endface undesirably will make
35 contact with the sample surface. In addition, the conical shape of the tip undesirably
limits the accuracy of measurements wherever the surface being probed has a sudden
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scanni‘ng being detected and controlled by an el ectronechani cal feedback
servonechani smas was the case in STM and AFM For
“exanple, U S. Patent No. 4,604,520, describes, inter alia, a probe 5
device having an aperture located at theytip of a cladded glass fiber that

has been coated with a netallic layer. The aperture is drilled into
the netallic layer at the tip of the fiber at a location that is
coaxed with JWE®-fi ber. The (i nmedi ate) nei ghborhood of the tipis
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probe device is .C nplex and expensive, especially because of the need for
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Fabri cation TecReferfing tofFIGEnh 2 und 3, ahigptial fibet segnienb 0, hviaga f or
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the optical fi ber on% angl e t he fiber et s control I ed by
varyi ng t he axisof h@dcrm |Sﬁg‘8?“t Tﬁ‘FlS‘é'ﬁm%rQ Igﬁ;d 3 herossemenin of t he

et chi ng sol ufg-9.., oPthE "Eladding"--is typically equal to approximately 125 um of more. The
diameter d ;. of the core region 18 is typically in the approximate range of 3 um to
20 5 pm, but can be in the approximate range of 1 pm to 50 pm. The fiber segment 10
is firmly attached to a holder 45, typically made of teflon, by means of a thin
segment 31 of suitable material coated with an adhesive, such as a segment of
adhesive tape.
The fiber segment 10 is immersed (FIGS. 3 and 4) in a wet essentially
25  isotropic etching solution 20, typically a buffered oxide etching solution--such as a
solution composed of 2 parts (7:1) buffered oxide etch, 1 part hydrofluoric acid, 1
part acetic acid, and 1 part H, O, The acetic and H, O components help dissolve the
accumulation of residuals on the fiber surface during etching.
The etching solution 20 is contained in a container 30, and it has a level
30 22 that intersects the fiber segment somewhere, whereby the entire (lower) portion of
the surface of the fiber segment 10 that is submerged in the solution 20 is
isotropically etched.
After the fiber segment 10 has thus been immersed for a prescribed
amount of time, it assumes the shape shown in FIG. 4--that is, relatively a thick
35 upper region 10, in the form of a solid right circular cylinder, terminating in a
tapered intermediate region 12, in the form of a tapered solid circular region,
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prébe wth a cone angle of 20 and tip dianeter of |ess than 10 nm was

-fabricat ed. Only probes having coni cal -shaped endf aces can be made
with this technique, so that 30 the sidewalls do net forma cylinder of
any kind. The scanning range of such a péebe is undesirably limted
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of significant figures.
10 Next, the bottom face of this lower region 14 is cleaved in a plane
) oriented perpendicular to the common axes of the upper region 10 and the lower
( region 14, as by means of a fiber cleaver aided by optical microscopic viewing or
other micrometer controlled procedure. In this way, the height (length) of lower solid
cylindrical region 16 is reduced to a value h, and the endface thereof is a planar o
15 surface oriented perpendicular to the (common) axis. This height h typically is in
the approximate range of 0.05 jim to 50 j.m, and advantageously in approximate
range of 1 um to 30 um.
The bottom surfaces of the fiber segment are coated (FIG. 6) with either
a negative or a positive photoresist layer 40. Ultraviolet light is then coupled into the
20 top of the fiber segment, in order to expose the photoresist at the resuiting light-
emitting core region at the bottom endface. For a negative photoresist, after

development a circular masking layer 42 of photoresist remains at the core (FIG. 7).
If the photoresist was positive (not shown), an opening (cleared area) in
the photoresist is formed by the light at the core region after Qevelopment. In that
25 case a metal masking layer is formed on the cleaved area of the core endface, as by
means of a known lift-off procedure.
Next, the fiber segment is placed in a reactive ion etching chamber
(FIG. 8) for an anisotropic etching with a plasma 52. Typically, the plasma 52 is
obtained with an approximate 25 mT (=33 Pascal) pressure of CF4 gas at
30 approximately 250 W of power, in order to etch the fiber in the axial direction only.
Other fluorine-based plasmas can be used to etch the fiber segment. Etching in the
axial direction occurs over the entire endface 16 except at the core, whichis
protected by negative photoresist 42, or is protected by the metal layer (not shown).
After a predetermined amount of anisotropic etching by the plasma, a cylindrical
35 region of core material 18 having a height d and diameter d ¢ remains underneath the
photoresist or metal layer. In this way, the height d of the resulting 'pedestal region




accordance wth a specific enbodi nent of the invention; and

FIG 2 depicts a cross-sectional horizontal view of the structure shown 10
i AFl G 1. Only for the sake of clarity, none of the
FIGJURES is drawn to any scal e. Detabled Description

Referring to FIGS. 1, 2, and 3, an optical fiber segnment 10, having a
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: above and immediately below the solution level 72, as indicated in FIG. 9.
The width w of the tip region 62 can be in the approximate range of
0.01 pm to 10 pm. By overexposing the photoresist layer 40, the width of the
masking layer 42 can be made greater than the width d of the core region 18. Thus
20 the width w of the tip 62 can be made larger than that of the core region 18.
Typically, however, the width w of the tip 62 is typically in the approximate range of
0.05 pmto 0.5 um, and is advantageously in the approximate range of 0.05 pm to
0.2 pm--depending on the ultimately desired metrological use of the probe when
measuri'ﬁg sample surfaces, i.e., dependin_g on the desired metrological resolution of
25 the measurements to be made by the fiber during its subsequent use as a probe
~ device. The height d of the tip region 62 is typically in the approximate range of
0.01 pm to 10 pm, advantageously in the approximate range of 0.1 pm to 5 pm.
 In case the level 72 (FIG. 9) of the etching solution 20 falls bélow the
top of the tapered intermediate region 12, there simply will be no intermediate
30 region 60. During an initial phase of the etching (FIG. 9), the masking layer 42 falls
off by itself, or it can be removed (as by dissolving it in a suitable solvent) prior to
the immersion indicated in FIG. 9.
For large diameter .probes, the formation of features on the end face is
prevented by the cleaving step (FIG. 5) because not enough etching occurs in the
35 axial direction to produce a significant variation in the amount (depth) of etching at
" different radii of the fiber, hence preventing the formation of a cone. If a large
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ambunt, of ti me, it assunes-the shape shown in FIG 4--that is, relatively a
thick 35 wupper region 10, in the formof a solid right circular cylinder,
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g glass body into such a shape. In such a case, the cross section of each cylindrical

( - region has a maximum and minimum width that differ from each other.
‘ Prior to cleaving (FIG. 5), the fiber segment can be lifted upwards in the
etching solution 20 (FIG. 4) by a vertical distance ¢, and its lowest portion can then
15 be subjected to further etching for another predetermined time duration. In this way,
an intermediate cylindrical region (not shown) is formed int he fiber segment, having
a predetermined height e. Typically, this height e is in the approximate range of
4 um to 2000 pm, and advantageously in the approximate range of 50 pm to
.500 pm. In such a case, the height h of the lowest cylindrical region 16, as
20 determined by the cleaving, is typically in the approximate range of 5 Lm to
2100 pm, and advantageously in the approximate range of 55 um to 550 pm. The
width w of the tip region 62 is then made to be the same as described above.
Although the invention has been disclosed in detail in terms of a specific
embodiment, various modifications can be made without departing from the scope of
25 the invention. For example, instead of attaching the fiber segment to the holder 45
and assembling them as indicated in FIGS. 1 and 2, a protective polymer resist layer
can coat the sidewalls of the upper portion of the fiber segment, while the top
(horizontal) endface of the fiber segment is bonded to the holder 45 by means of an
adhesive medium. In this way, a sharper meniscus is formed when the fiber segment
30 is immersed for the first time (FIG. 3) in the etching solution, the protective resist
layer being resistant to the etching. The protective resist layer is then removed, prior
to forming the photoresist layer 40 (FIG. 6), at least from those areas of the sidewalls
to be subjected to further etching.
Also, instead of optical fiber, the fiber 10 can be made of any material
35 that can be etched as described above, that can be cleaved to form a (pldnar) endface,
and that has a cylindrical inner (central) region with a waveguiding propcﬁy to
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15  surface oriented per pendi cular to the (common) axis. This height h

typically is in " the approximate range of 0.05 [errmto 50 [err]m and

Y

advant ageously in approxi nate range of 1 [err]mto 30 [err]m
The bottom surfaces of the fiber segnenf/-are coated (FIG 6) with either
a negative or a positive photoresist layer 40. Utraviolet light is then
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pedestal j§eq} @hg (FIG. 3) and etched for another predetermined time interval, for the purpose
of introducing an extra intermediate cylindrical region in the final probe (FIG. 9)
located between the intermediate cylindrical region 64 and the tip region 62, as
- described in greater detail in copending patent application Marchman 3. This extra
intermediate region can serve the purpose of adjusting the mechanical resonance
20 characteristic of the fiber probe during operation (i.e., as it is moved laterally across
a sample surface). In such a case the vertical length of this extra intermediate region
is typically in the approximate range of 4 um to 2,000 jtm, and is advantageously in
the approximate range of 50 um to 500 wm; the height h (FIG. 5) prior to férming
this extra intermediate region is then typically in the approxir{nate range of S um to
25 2,100 pm, and is advantageously in the approximate range of 55 yim to 550 |tm; and
the height d of the tip region 62 (FIG. 9) is the same as in the case where no such
extra intermediate region is formed. In this way, the bottom of the polymer resist
layer is used to define the height h. In this case, however, the polymer resist layer is
advantageously removed (at Jeast in regions that otherwise would come in contact
30" with the etching solution) prior to the formation of the extra intermediate cylindrical
region (if any is to be formed). .

‘The fabrication techniques described above, can be perfbnned in batch
fabrication because the height of the tip region of the probe is defined by dry
anisotropic etching and resist patterning rather than other techniques such as manual

35 cleaving or ion beam milling. In addition, the fiber segment 10 can be made
relatively long, in order to couple light in to the opposite end for NSOM or shear-



-5 - - 19 located at the bottomof the fiber segnent 10 thus can be
controlled with subm croneter accuracy. This control of the thus
etched (probe) height d (i.e., its aspect ratio), can provide desired
stability of the probe when scanni ng and8Fnagi ng a surface to be
measured during operation of the fiber (FIG 9) as a probe device. - 5

Next, the fi te @hlﬁ?ﬁg l;{gg i P{.}??Fgessenti ally) isotropic etching
sol ution ZO.Rﬁﬁzical ys?wl Ié@%ﬁgygﬁg e etching solution 20 is (but need
not be) above the top of the tapered region 12. Essentially isotropic
etching is continued until the | owest cylinder region 62--i.e., the
tip region of the fiber--has a wdth (dianeter) w equal to the
desired final probe tip width. Because the etching is 10 isotropic, the
shape (including the height d of the entire subnmerged portion of the

fi ber remains unchanged so that the | owest cylinder region 62 is preserved
as a solid right circular cylinder. At the sane tinme, the dianeters of
the resulting solid cylindrical internediate regions 64 and 60 of the
fiber are also reduced. At the | ocation of the level 72, a neniscus of
the etching solution 20 produces an 15 wuninportant gradual tapered
transition between regions of the fiber inmmediately above and

i mredi ately below the solution level 72, as indicated in FIG 9.

The width wof the tip region 62 can be in the approxi mate range of

0.01 [err]mto 10 [err]m By overexposing the photoresist |ayer 40, the

w dt.h of the maski ng | ayer 42 can be nade greater than the width
d[err] of the core region 18. Thus 20 the width w of the tip 62 can be
made | arger than that of the core region 18. Typi cal Iy, however, the

width wof the tip 62 is typically in the approxi mate range of




0 05 [errImto 0.5 [err]m and i s advantageously in the approxi nmate range

of 0.05 [err]mto .2 [err] m-dependi ng on theTlhISShqqtﬂae

nmet r ol ogi cal use of the probe when measuri ng sa uﬂl i]

dependi ng on the desired netrol ogi cal r-@olution of 2 rrents to
be nade by the fiber during its subsequent use as a probe devi ce.

hei ght d of
0.01 [err]m

region 12,

initial phase of the %P&quﬂﬁﬁf
by itselfs C(FIG'[2 CE8) aheaﬁeﬂteyadddxﬂg

prior to

di anet er pro‘ﬁ%‘?gmfiﬁ’cgﬂrw

?Bﬁ%‘rp region 62 is typically in the approxinate range of

The

[err]m advantageously in the approximte range of 0.1
[errJmto 5 [err]m 1. Amethod of making a fibenprohs devibe(HIGv6) chiagac(eFizal bpiheof t he
et chi ng sol Lgt[éelgrbfzo falls bel ow the top of the tapered internediate

e si Iy w || gbnorntermedrate 30 region 60. During an

R segipent e ingaanpreg cylgdsicalicore mgien

L Mer si o ate
s

F
it Sprich) sadidfion iecitedig siepde) uficiently to'

of f

orfl{ 19%,ah¢/infér refioh ha®ng'di t abl e sol vent)

| ar ge

prevent ed byddﬁheaphmned@oﬁreqnst(lﬂeﬁ@ﬁ)red:mﬂaNSEpnl()i enough et ching occurs

(depth) of ot chi ng. o etHinkd b8 o of it Bt Gienl'BE B G pmitar T oo
the for n'at i camayint of iwe,evherébyza thinngelower cylindrical region (14) of the ﬁber segment

-6-
endf ace can

ﬁ‘l’a1n?f etching in the axial direction is desired, a flat
t

S be achi eved by using a fiber with unrform radi al

dop ing profile in th&)elspdng ﬁlgrt@nnerdpwsyc #drisaliregjon of the fiber segment,

15

20

whereby a cleaved thinner lower cylindrical region (16) of the fiber, having a cleaved
endface, is formed;

(d) coating at least the entire surface of the cleaved endface with a
protective photoresist layer (40);

(e) coupling optical radiation into the core region of the fiber segment,
whereby the optical radiation propagates through the core region and is incident on
the portion of the protective photoresist layer that coats the core region of the fiber
located at the cleaved endface;

(f) developing the protective photoresist layer, whereby the photoresist
layer becomes a patterned photoresist masking layer (42) that coats the core region
located at the cleaved endface;

(g) anisotropically dry etching the cleaved endface for a second
predetermined amount of time, whereby a predetermined heig\ht (h) of material of the
cladding region contiguous with the cleaved endface is removed while a height of at
least a portion (19) of the core region located at the cleaved endface is not changed;
and

(h) essentially isotropically etching at least the cleaved thinner lower

-core region of the fiber segment for a third predetermined amount of time, whereby a

30

tip region having a predetermined maximum width (w) is formed Jocated at the
cleaved thinner lower cylindrical region.

2. The method of claim 1 characterized in that the etching of step (b) is
wet etching. -

3. The method of claim 1 characterized in that the etching of step (h) is

* [4 L M s * ' oooEE



t hé conposi tion of the etching solution, or by doing Q

For use as an NSOM device, the sidewalls of the regi o cplaced
advant ageously are coated with an optically reflectin H
metallic | ayer | i ke chromi um or tRd4of-i ber segrrent regl on

as known in the art (whereby the cladding region reflects optical
radi ation du P% ﬁlgg NSOM use), or bot h. The shape of
the cross seltloh the fiber segnment 10 can be other than 10

circular-such as elliptical, rectangular, or square--as can be obtained by

tti I
section of each 255‘*’?‘* *f*"“‘“w | KR inch i bofeh 300 (D BRARICHS |
di ffer from 8BHO ﬁbtrr etching a lowest reglon of the fiber segment.<he lawestmegion 5), the

fiber segmenhafiagaBfedbtefrhifed HEYRIAA ié Iesé Hin that of i loWer Rglot i on 20 (FIG 4)
by a vertical d| Stance e, and Its | owest portion can then 15 be subjected

to further etching for another predetermned tine duration. 1n this way,
an intermsli ate cyl iSidrheandthodeof obaim 4 charsdierived ih shat cHerpredeterinined Heigher

e

advant ageously in the approxi mate range of 50 [err]mto 500 [err]m In

such a case, the heigh, rlné?lfxo&&eclz{lﬁlw?c'l} ﬁ%ﬁﬁhﬂm&rﬁ&w%&% 5

determ ned by the cleaV| n 'S Ica e appro € range
[err]mto ofmziwq@gmnﬁlmqawom%mgptﬁwmwé%moxu mate range of
55([err]mto 550 [err]m The wdth wof the tip region 62 is then made

to be the sane as d Al t hough the invention
has been di scl osed %Sqlé’é %$ﬁ§%°b4°@r§ﬁmllﬁmatmeﬁ?£m@ﬁt

various nmdi friagivhire Redth éinkike apprieximiateratige ofhos i@ 0.5 pm.t he scope of 25
the invention. For exanple, instead of attaching the fiber segnent to the
hol der 45 and assenbling themas indicated in FIGS. 1 and 2, a
protective pol ynmer rﬂeéﬁmmdtbq;bmfclmmlmahchanaatemndmtlﬁeﬂmlﬁmieﬁmimd upper

he 11 ber seqnent B RTER, iRpinb il o g R, 7 et ©

9. The method of claim 1 or 4 in which the tip reglon has a height in the
approx1mate range of 0.01 pm to 10 pm.
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adhesive medium In this way, a sharper neniscus is forned when the fiber
segnment 30 is imersed for the first tine (FIG 3) in the etching~
solution, the protective resist | ayer being resistant to the etching.
The protective resist layer is - then rerdled, prior to formng the
photoresist layer 40 (FIG 6), at least fromthose areas of the sidewalls

to be subjected to fuvfmg I nst ead of
optical fiber, the fiber Sﬂ%an @QmﬁmEg{nPR%Eeijﬁ that can be
etched as described abiSING RPATTERNE H@é ION EdIGHINGp| anar) endf ace,

‘and that hasapsteydti ndrical inner (cent ral) region with a wavegui di ng
property to _ ) ) A
confine propagating &pfilesgrobedyformed from g ‘Fl?'@‘?eélrﬂﬂt’faltﬁ?eﬂmtstm@nﬁaﬂt ern of
Ie?pOSUF e of mlnler cordIfe Eﬂhqtlefaﬁllaﬁtoukﬁiwwddé@ regioh gm)m?tlsdtﬁipldagﬁ lefhirgh

concave s for t t ar eS| S
undercuts i 3’ 53?@108 ?ﬁr‘f@g’é g Pf@.ﬁo&}%ob cj é‘ E@ﬂ&?‘&"’gg&‘g‘?‘e of
appr oxi mat el porfiof) ThHE résultity dieaved tndfecerofithe ﬁbﬁctegmemnsiﬁbn coatedwithfzot or esi st

or the . piBleBlivd BYE ca0) ndcRistndBNardifed) B fohfil paft oldh Bbaketivg 1y 1 gher 11

t he axi al
et chi ngs mdﬁ@hb:e@tpqaunen@gpu@mdmmn@rmam davemthe gbtey(18) ofthdﬁbﬂerent or

physi cal g dieghizhefilowed By déRlopnient! Rplastidbrctiihy, thitkéd 67 the thé¥ pattesneln F! CS.

protective layer, removes a desired height (h) of cladding in the neighborhood of the
cleaved endface. Finally, the lower regions of the fiber segment are subjected to a
further etching to reduce the width of the tip to a desired value (w).

{

Drawing for publication in 0.G.: ' FIGS. 6,7, 8,9
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lb' 3-4, wet in FIG 9; or dry in both; at sone sacrifice of fabrication

speed). Any or all of the wet etchings can be enhanced by ultrasonic
agitation. The etchings indicated i / IGS. 3-4 and FIG 9
advant ageously are both, but need not be,’essentially i sotropic.

Mor eover, the fiber segnent 10 can be lifted upward during the first wet 15
etching (FIG 3) and etched for another predetermned tine interval, for

t he purpose of introducing an extra internmediate cylindrical region in
the final probe (FIG 9) | ocat ed between the internediate cylindrical
region 64 and the tip region 62, as described in greater detail in
copendi ng patent application Marchman 3. This extra i nternedi ate
regi on can serve the purpose off[g{j ugti ng the nmechanical resonance 20
characteristic of the fiber probe during operation (i.e., as it is noved

| ateral ly across a sanple surface). In such a case the vertical length
of this extra internmedi ate region is tyldiclly in the approximte

i}f“jw. h (FIG 5) prior
to form ng this extra internmedi atje rpgigy i fihen typically in the
approximate range of 5 [err]mto 25 f ﬁmﬁ"ﬁn

t he approxi mate range of 55 [err ‘ iy
the tip region 62 (FIG 9) is the sa

range of 4 [err]mto 2,000 [err]m and is™a [-1usly in t he

34i s advantageously in
t he hei ght d of
e whefe no such

extra internmediate region is fopned. hi il lisihe botlom of the pol ymer
reSi st | ayer is used to define tHe hj il t hi s¢ case, however,

t he pol yner resist |ayer is advarjt ageoud|{jiiisiifbved (at |east in

regi ons that otherw se would cone in gontj 1Nkl I h t he et ching sol ution)

prior to the formation of the extra i g | ndri cal regi on
(if any is to be forned). il cation techni ques
descri bed above, can be performed in Ha i cati on because the

hei ght of the tip region of the probe is défined by dry ani sotropi c

etching and resist patterning rather than other techni ques such as nanual
35 cleaving or ion beammlling. In addition, the fiber segnent 10 can be
made




- 8- force

(a) pr \6dir‘1’g a fiber segrrent

1. A netﬁéa of making a fiber probe device

w\w\“w\m\wx“w&\xww\ = b |

core region

teps of:
i ndrical

in order to couple light in to the opposite end for NSOM

&

C ai ns:

g,

techni ques for probing sanple surfaces.

réFatLver | ong,

or. shear-
- 9 -
conpri sing
havi ng an

o A Y /
.ﬂMWN“N“NMWNNW“NMWNNNW&W\&S&Q
6 Vo
R R G B IR RO (&S
R R R AR RN mu
- x
58
A { |
94%&%%% \
N
[
u LTe]
)
e

NSNS




( B G 2 18) and an outer cladding region (10), the inner region having a
wavegui di ng property that confines optical radiation recited in step (e)
sufficiently to define a patterned phgypresist layer (42) recited in step

(f); %b) etching a lower portion of the fiber segnent for a

first predetefgpked anount of tinme, whereby a thinner |ower cylindrical

region (14) of thefiberysegnent remai ns; @%C) cl eaving the
ereby a cl eaved-

t hi nner | ower cylindricat regton of the fiber segme#t )
t hi nner |ower cyli dLLgi@Ic gfon (16) of the fiber, having a cl eaved
endf ace, is forrred; I-& (d) coating at least t Dre—syurface

of the cl eaved endffa 17 ey protective photoresist ljayer, (A0);
(e) coupling optic “és&% 1ionto the core region of t e‘FTigéF’?egmant,
wher eby t he §\~%§;\“ pildpagat es t hrough the ='¢“ﬁ~)$- d is
I nci dent on t he R Q%‘\‘% t he protective photoresist {?\X\Q%Q ccbat S
t he core region of &\?g\\\ | ocated at the cleaved e \,§$§- ™
(f) devel oping the i;{&\%%;:\\}\ R

\%J\%
YN
N
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4.

o

oresi st masking | ayer (42)
core region | oca
ani sotropically dr

BN -\Q%&
%\ cl eaved endf ace, & %
:9/ ‘ \: ORNM
predefterm' ned anou %E‘\(g\; whereby a predeterm ned heilQ %)
materi al of the &%§;\\
%

X gi on contiguous with the cl
regppved while a hei

phot or esi st | ayer, whereby N
| ayer becones a pat
%s%;;

K\\ 3 | east a portion (19) of
| ocated at the cleava a\\;,;;www‘ ﬁis not changed,; and (h)
essentially isotropic§ ¢tching at- | east the cleaved thi
core region of the fi gnent for a third predeterm ne of tine,
wher eby a tip reg ~R@ra predeterm ned maxi mum wi Is fornmed
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cl eaved thinner lower cylindrical region.

Ueoos7-7 :ros

claim1 in which the etching of step (b) 'i's' wet ﬁAéEMW‘ﬁ §§ #"7’

The method of claim1 in which the etching of ste ,(h)

*”go’i-}\/e?‘*%f!c hi 1% paged| -----

11TI 11S 11 m paged ... 10 pdg}_:g A

4. The method of claim1 in which the predeterm n_e_d Rl ‘5 Bigedh-i © pagedhe.
approxi mate range of 0.01 [err]mto 1Qgerrim L Abstrac TprEedwet-hiedpaged .....
claim1 in which the predeterm ned maxi mmw dth is in the

ATE 3l
Claims: ATE OF RECEIPT ..3Ule(¥.......

1. A method of making a fiber probe device comprising the
steps of: -

() providing a fiber segment having an inner cylindrical core region
(FIG. 2: 18) and an outer cladding region (10), the inner region having a
waveguiding property that confines optical radiation recited in step (e) sufficiently to
define a patterned photoresist layer (42) recited in step (£);

(b) etching a lower portion of the fiber segment for a first predetenmned
amount of time, whereby a thinner lower cylindrical region (14) of the fiber scgment
remains;

(c) cleaving the thinner lower cylindrical region of the fiber segment,
whereby a cleaved thinner lower cylindrical region (16) of the fiber, having a cleaved
endface, is formed;

(d) coating at least the entire surface of the cleaved endface witha
protective photoresist layer (40); .

(e) coupling optical radiation into the core region of the fiber segmeat,
whereby the optical radiation propagates through the core region and is incident on -
~ the portion of the protective photoresist layer that coats the core region of the fiber
located at the cleaved endface;

(f) developing the protective photoresist layer, whereby the photoresist
layer becomes a patterned photoresist masking layer (42) that coats the core region
located at the cleaved endface;

(g) anisotropically dry etching the cleaved endface for a second
predetermined amount of time, whereby a predetermined height (h) of material of the
cladding region contiguous with the cleaved endface is removed while a height of at
least a portion (19) of the core region located at the cleaved endface is not changed;
and

(h) essentially isotropically etching at least the cleaved thinner lower
core region of the fiber segment for a third predetermined amount of time, whereby a
tip region having a predetermined maximum width (w) is formed located at the
cleaved thinner lower cylindrical region.

2. The method of claim 1 in which- the etching of step (b) is - wet etching.

3. The method of claim 1 in which the etching of step (h) is wet etching.

* c L M S * -

This is the replacement shest

Date: 31 '.DCT 1997



approximate range of 0.05 [err]mto 0.5 [err]m 6. The nmet hod of
claiml in which the predeterm ned maximumw dth is in the approxinmate
range of 0.05 [err]mto 0.2 [err]m 7. The nethod of claim1
further including, between steps (b) and (c), the steps of further etching
a lowest region of the fiber segment, tH:-1 owest region havi ng a
predeterm ned height that is less than that of the | ower region.

8. The nethod of claim7 in which the predeterm ned height of the |owest

region is in thg PROMEMoIRE Claim G which thepreliéteintined aMithemr width is inthe 9.
The nethod of claim7 in which the (gredeterm ned hei ght of the | owest

region is ppreximatsmrmngriohdk@ nengelGUmB0 [errmto 500 [err]m 10.
The method of claim 7 in which the predetermned naxi umw dth is in the
approxi mate range of 0.01 [err]mto 10. [err]m 11. The met hod of

claim 7 in which THEmBhodoF elalfh e Wish Theprététttmined niximemapidtipls ifBhe
range of 005[err]mto 0.5 Jerr]m
' approximate range of 0.05 pm to 0. 5 pm.

6. The method of claim 1 in which the predetermined maximum width is in the

approximate range of 0.05 pm to 0.2 pm.

~ 7. The method of claim 1 further including, between steps (b) and (c), the steps
of further etching a lowest region of the fiber segment, the lowest region having a
predetermined height that is less than that of the lower region.

8. The method of claim 7 in which the predetermined height of the Jowest
region is in the approximaie range of 4 pm to 2,000 pm.

:9. The method of claim 7 in which the predetermined height of the lowest
region is in the approximate range of 50 pm to 500 pm. '

10. The method of claim 7 in which the predetcrmiﬁed maximum width is in

the approximate range of 0.01 ym to 10 pm.

11. The method of claim 7 in which the predetermined maximum width is in

the approximate range of 0.05 um to 0.5 pm.

12. The method of claim 7 in which the predetermined maximum width is in

the approximate range of 0.05 pm to 02 pm.

13. The method of claim' 12 furthei'_including the step of coating the sidewalls
of the tip region with an optically reflecting layer followed by moving the fiber

segment across a surface of a sample body.

OB 00 O O ~ . This is the raplacoment sheet
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12. The method of claim7 in which the, predeterm ned maximumwi dth is in
the approximate range of 0.05 [err]mto 0.2 [err]m 13. The nethod
of claim12 further including the step of coating the sidewalls of the tip
region with an optically reflecting Iay foIIowed by novi ng the fiber
segnent across a surface of a sanple b

- 11 - 14. The nmethod of cl ai ml further |ncI uding the step of
coating the sidewalls of the tip region with an optically reflecting |ayer
foll owed by novihdriehmefhodest daagrﬁarfﬁrthmrmsladmgsthe fs&ap_eofodoaﬂng&hmlsﬁehmﬂ@

15. The rreéfhtohcé tcx);) rcelgl%lnmmtlll zlmn oﬁﬁé ly relglecttlrlxgp lgy%glfgﬁovggg bay ?n%l ng tllle ﬁi)

segment across a surface of a sample body.

15. The method of claim 1 in which the tip region has a height in the |
ap?roximate range of 0.01 pm to 10 pm.

16. The method of claim 15 followed by moving the fiber segment across a -

surface of a sample body.

17. The method of claim 1 in which the tip region has a hexght in the
approx1mate range of 0.1 pm to 5 pm.

18. The method of claim 17 followed by moving the fiber segment across a

'surface of a sample body.

" 19. The method of claim 1,2, 3,4, 5 6, 7, 8 9, 10, 11, 12 or 15, followed by

movmg the fiber segment across a surface of a sample body.
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approxi mate range of 0.01 [err]mto 10 [err]m 16. The rretho“ihg T
claim 15 followed by noving the fiber- segment across a surfa pQAC T‘E
body. - 17. The nethod of claim1 in which the tip reglon has a

hei ght in the approximate range of 0.1 [err]mto 5 [err]m 18. The
met hod of claim 17 followed by noving the fiber segnent across a surface of
a sanpl e body. 19. The nmethod-of2 elaiml, 2, 3, 4, 5 6, 7, 8, 9,
10, 11, 12 or 15, followed by noving Theftber segnent across a surface of
a sanpl e body. METHOD OF MAKING FIBER PROBE DEVICES

USING PATTERNED REACTIVE ION ETCHING
Abstract _
A fiber probe is formed from a cladded optical fiber segment, having an
5 inner core'region (18) and an outer cladding region (10} by isotropically etching a
lower portion of the fiber segment, followed by cleaving the resulting etched lower
portion. The resulting.cleaved endface of the fiber segment is then coated with a
protective layer (40) which is then patterned, to form a patterned protective layer
(42) by exposure to optical radiation prbpagating down the core (18) of the fiber
10 segment followed by development. A plasma etching, masked by the thus patterned
protective layer, removes a desired height (h) of cladding in the neighborhood of the
[ cleaved endface. Finally, the lower regions of the fiber segment are subjected to a
further etching to reduce the width of the tip to a desired value (w).

Drawing for publication in O.G.: FIGS.6,7,8,9




