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FIBER PROBE DEVICE HAVING MULTIPLE DIAMETERS 

Background of the Invention 
This invention relates to probe devices, and more particularly to 

metrological fiber probe devices and to methods of making them. 

5 More than 100 years ago, the famous physicist Ernst Abbe described a 

fundamental limitation of any microscope that relies on any lens or system of lenses 

in an imaging system to focus light or other radiation: diffraction obscures (makes 

fuzzy) those details of the image that are smaller in size than approximately one-half 

the wavelength of the radiation. See "Scanned-Probe Microscopes" by H. Kumar 

10 Wickramasinghe, published in Scientific American, Vol. 261, No. 4, pp. 98-105 

(October 1989). In other words, the resolution of the microscope 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 

tunneling microscopy (hereinafter "STM") devices, atomic force microscopy 

15 (hereinafter''.~") devices, and near-field scanning optical microscopy (hereinafter 

"NSOM") are some examples of different types of probe microscopes. 

In STM, a metallic probe is brought sufficiently close to a conducting 

sample surface such that a small tunneling current is established. The magnitude of 

this current is extremely dependent on the tip-to-san1pie distance (i.e .. topography o: · 

20 the sa.'llple sur:a~e). The tip is allowed tc scan late::-ally across the (irregula:) surface 

of the sample body with seve:-aJ angstroms sepa:a::ior. between tip and sample in 

order to achieve imaging with atomic-scale resolution. The tunneling current. and 

.hence the tip-to-sample separation. is detected and controlled by an 

e1ectromechanica1 feedback servomechanism. In . .6,,FM, imag~ is achieved in a 

25 similar manner to rba; o: the STM except that the atomic forces (ejther sborr-range 

repulsive or long-range attractive) are detected instead of tunneling current .. A..r. 

obvious adva.T'ltage to this technique is that the tip anci sample do no: have to be 

·conduc:ive, all mate:ials exe::-: atomic forces. 
'· ~ 11. TSQM: ,; .. \·1· ,. .. i c; !vp. 1· ,.., li" "'OIDP..; ;: ... ._.: o: .,,., ap"''!'""UT"P lo"'ar ... ,: J:l. ~n: &> ,; ... .nJ,.; ~' • ,,. U\. Vt. .... ".· ... w'4.L. • v .. .., •u"'"' • ~. .. """"• ~ .. ._,,. v ,.,...,_ - ... •• - -.!"' 

30 of an elongarec optica: probe, the aperture havinf' (la:ges:·: dimensior; tha: is 

smalle:- thar ... approximate!~· the wavejengtl: of the optica2 :adiatior. tha: is being usec. 

During. device operatior:. the probe i~ :;:>ositioned ir.. :::iose prox.imi~· tc the surface o:" 

of the sa.'Ilple body a:. distan:e~ o:" sepa:-atior, the:-efrorr~ al: o:" whl:r. ci.istan:es are 
35 characterizeC: tw mutual!': eoua: for:e~ :omponent~ exe:tec or. the probe devi:~ ir.: _, . . .. . .. . 

the direction perpendi:ula.- to rhe globa~ (overall.: su:fac~,o:" ~?e sample body, the 

:J:{· ;
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scanning being detected and controlled by an electromechanical feedback 

servomechanism as in the case of STM and AFM. 

For example, U.S. Patent No. 4,604,520, describes, inter alia, a probe 

device having an aperture located at the tip of a cladded glass fiber that has been 

5 coated with a metallic layer. The aperture is drilled into the metallic layer at the tip 

of the fiber at a location that is coaxed with the fiber. The (immediate) neighborhood 

of the tip is composed of a section of solid g~ass fiber that has obliquely sloping 

(truncated conical) sidewalls, whereby the sidewalls do not form a cylinder of any 

kind. Therefore, as the probe device laterally scans a rough surface, the calculations 

10 required to determine the desired information on the actual contours (actual profile) 

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 

surface of the sample body. especially at locations of the surface of the sample body 

15 where sudden jumps (vertical jumps) thereof are located. Jn 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 

fiber probes for photon tunneling microscopes ("PSTM") by selective chemical 

20 etching of the GeO: - doped cores o: optica! fibe:s. See ''Re?roducib!e Fab:i:a:.ior: 

Technique of Nanom~tric Tip Diameter Fiber Probe for Photon Scanning Tunneling 

Mi .. T p .. 1 J J I A. l' . Ph . \" ' ~, croscope , ogar ~ anganouan, euu .• _!E!!! ouma.i . PP iec .vs1cs. 'oi. : i 

(1992). pp. L 1302-L 1304. By selectively etching the GeO: doped regions of the 

fiber, a tapered tip having the shape of a small cone can be fGt~ed on the endfa:::e of 

25 the optical fiber. Tne cone angle of the fiber probe tip is contr~lleci by va.:ring the 

doping ratio of the fibe:- core and the composition of the etching solution. A fiber 

probe with a cone angle o:'. ::we and tip diameter of less than 10 nm was fab:i:ated. 

Onh- probes havim: :::oni::::ai-shaped end.faces car. be made with :his techniaue. sc tha: ., .. ... ... ... 

the sidewalls cio no: fo::::: z. cYiinde:- of anY kine. ':"'ne scannim: ransze of sud: c. D:-obe .. .. . - - ... 

30 is undesirabh: limited owim:: tc the reiativeh lame widti: c diameter·, of the endface 
_, - .. - . . 

or. whicl: the relativeh· shon-widti: conical tir is :entereC... couDiec witi: t.fie fa:::: tha:. ... ... .. . 

during scanning, the probe is rasterec fron: side-w-side in an arc: c. desired large 

lengtt o: scar. is ane~:)[ec. the comers o: the orobe · s endface unciesi.--ablY wi[ make - . . 
contac: witi: the sampie su:"face. k aciditior.. the :on.i:a: shape o: :be :ip unciesi:a!:>!~ 

limits t.'1"' ac ... u_, ... ,. o: :::n ... asu .. "'m'"ntt. ·wh ... l"!'"v"'- '"n"' su.,.;a ..... ·o .. ;,..c- ..... ,.o·o .. r ·n...,, <.:. sua·a'e-
.... . - .. a .... • .. ... - .. .... ..... ... ...... ~ '""· ~ ""' .. "' _.... -·"'•e !-'"· -- .. w..;: .... 
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Swnmani of the Invention 

This invention involves, in a specific device embodiment, a probe 
device, that can be used for surface metrology (for probing and measuring the 
contours of surfaces). The device can be used as an STM, AFM, or NSOM device. 

5 The inventive probe is set forth in claim 1. Preferred fonns of the device are set 
forth in the dependent claims. 

The fact that the lowest region of the probe device terminate in a planar 
end surface--advantageously oriented perpendicular to the axis of the 
cylinder--enables accurate positioning and hence position-determinations of the 

10 probe device at locations of a surface of the sample body being scanned by the 
probe, even at sudden jumps in the surface. And the fact that the lowest region of 
the probe device has the form of a cylinder simplifies the determination of the profile 
of the surface of the sample body. The probe's sidewalls advantageously are coated 
with a suitable layer. such as an optically reflecting layer, for confinement of the 

15 light inside the fiber probe tip especially if and when the probe is used for NSOM 
applications. 

Brief Description of the Drawing 

FIG. 1 is an elevational diagram, partly in cross section, of a fiber probe 
device in an early stage of its fabrication in accordance into a speciti: embodiment 

20 of the inventior.; 

FIG. 2 is a horizontal cross-sectional diagram of the device depictec in 
FIG. 1; and 

FIG. 3-6 a.--e elevational cross-section diagrams of a fiber probe device 
during successive stages of its fabrication in accordance w~~ a specific embodim...-nt 

25 of the invention. ~ ' 
· On1Y for the sake of clarin·. none of the FIGL~S is to anv scale. , . , 

Detailed Description 

Refer.ing to FIG. l. afiber segmen: 10. ~ypically an optical fibe: 
segmen:. :ypically ~akes the form of c:. solid circula: cylinde.: having- c. dimlete: D. I: 

30 is helC tn- c. holde:- 45. n·vicalh· made of tefion. v..~iti: the aid of a se~men~ o: adhes:ve .,, . ... . .. .... 

tape : l. The mate:ia2 of the giass fibe: segme:n: 1 G car. be but neec no: be unifom::. 
Fo.: exampie, i; car. have a cent.'1tl core surrounded by c. peripheral dariding as 
k.nowr: ir: the ar: anc a: discussec ir: grovate.: detai: be1ciw. A: a..~y ;-ate. the mate:ia.: o: 
th"' n~ ...... - S .. "m .. n· 1 (i "-'Pl. --ali\' \c ~i;~u1· <>-iy c;v ............... T-\~ tr.. i tJ-.. ""'C""" v ... · • • .... '-'" · .. .i .. ~ - -... ... • .. J...i..J..o.J.s.--.&•· 

·' 
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The fiber segment 10 is immersed (FIG. 3) in a wet essentially isotropic 

etching solution 50, typically a buffered oxide etching solution 50--such as a 
solution composed of 2 parts (7: 1) buffered oxide etch, 1 pan hydrofluoric acid, 1 

part acetic acid, and 1 part H2 0. The acetic and H2 0 components help dissolve the 

5 accumulation of unwanted residual ~rial on the fiber surface during etching. The 

etching solution 50 is contained in a container 60, and it has a level 52 that intersects 

the fiber segment 10, whereby an entire (low~r) ponion of the surface of the fiber 

segment 10 is submerged in the solution 50. 

After the fiber segment IO has been immersed in the etching solution 50 

1 O for a predetermined amount of time, it assumes the shape shown in FIG. 3--that is, a 

relatively thick upper solid cylindrical region 23--i.e., in the form of a solid circular 

cylinder-tenninating in a tapered intermediate (transition) region 22, in the form of 

a tapered solid circular region, and terminating in a relatively thin lower cylindrical 

region 24, in the form of another solid circular cylinder. 

15 For example,' diameter of the upper region 23 of the fiber segment is 

typically equal to approximately 125 µm or more. After having been etched with the 

solution 50, the thin lower region 24 has a diameter 2R (FIG. 3) typically equal to 

approximately 50 µm, as determined by the time duration of the immersion. 

Vlith Lie aic of, fo:- exa.'!l:;:>le. a vertical-positioning-micrometer 

20 . apparatus (nm showr;} or a telescopic monitoring apparatus. the fibe:- segmen: is 

parti~ly withdrawn vertically from the etching solution 50 (FIG. 4) by a 

predetermined distance£!. Typicaliy this distance£ is in the approximate range of 

5 µm to :.000 µ.m. advantageously approximately 50 µm to 500 µm. In this way. 

the location of the etching solution-air interface is moved ~png the fiber segment 10 

25 toward its lowe:- endface. The immersion of the fiber segmen\ in the solution 50 is 

ther. continued f o: anothe: predetermined amount of time unti} the resulting width 

2R-.6. of the lowesL region:-:- of the fiber becomes reduced to a medetermined 
. - . 

desirec vaiue. ~·:>ica!iY to a"DoroximatelY 30 µm. A: the same time ar; intermediate . . .. . .. .. ... . 
cylind.-ical regior. :5 (FIG. 4) of heigh: E i.s thus fo:med. iocatec above the etc.bi."J.f 

30 sohitio.r.: jevel anc having the same ciiamete: :!R as t.ha! of the (previous .. lowe: 

regior. 24 (FIG. :;. 

Nex:, the bottom. face of this iowes: region :.::-:- is :leavec. 

arivan•ag ... ously ;~ c. !"':an,. o:ient,....: P ... '"'"',..ndi~u•a:- t" ·n· ... '"ommor ,,. ... , of·:n· "'ll""'"'"'. u ... - ... _ . ....... !""' ..... .. .a. _._. -·y- """' J. ........ ""' "·""" ... .. ..... "-.a'\'""'... • "'"" !"":-"""'· 

35 mi:::ros:::opi::: viewing o::- othe:- mi:::ro~ete:- :::ontrolle:: procedu::e. lr; t.'l..!s. wa~·, :he 

heigh:- of the resuitinf. 1owes: :::~· lindnca: regior: 28 (FIG. 5~: becomes eq1:1a] tc c. 
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termined reduce value .h (FIG. 5), and the tip thereof is a planar surface 

ented perpendicular to the axis of this lower cylindrical region 28. Typically, the 

eight .h is in the approximate range of 0.05 µm to 30 µm, and advantageously in the . 

approximate range of 1 µm to 5 µ.m. Also, it is advisable that the ratio d/h be in the 

approximate range of 10 to 1,000, and advantageously in the approximate range of 

10 to 100. 

The fiber segment again is immersed (FIG. 6) in the essentially isotropic 

etching solution 50, for another predetermined time duration, to a solution level 52 

that intersects the segment at a level located typically above the top of the tapered 

1 O region 22 and that isotropically etches those portions of the fiber with which it comes 

in contact. In this way the resulting lowest portion 30 of the fiber segment is still a 

solid circular cylinder but having a further reduced diameter equal to ~. while the 

height h thereof is ~duced by at most an insignificant amount. Likewise, the height £! 

of the intermediate region 29 is reduced by at most an insignificant amount. At the 

15 same time, the diameters bf the resulting intermediate cylindrical regions 29 and 21 

of the fiber are reduced. J.n panicular, the diameter of the intermediate cylindrical 

region 29 is reduced to W = !:!.. + w. Typically, the ratio (d/W) of the height£! of this 

intermediate region 29 to its width Wis in the approximate range of l to 100, and is 

advantageously in the approximate range of 1 to l 0. At the location of the solutio~ 

20 ievel 52, 2 meniscus of the etching solution 50 produces a gradual taperec transition 

between regions of the fiber immediately above and immediately below the solution 

level 52, as indicated in FIG. 6. 

The resulting lowest region 30. the resulting intermediate regions 29 and 

21, and the uppermost region 23 all take the form of mutually ~oaxia! solid 

25 cylinders, typically circular cylinders. The diamete:- ~of the low.est por-...ion 30--i.e .. 

the width of the tip of the resulting probe (FIG. 6)--car. be adjustec to any desired 

value by adjusting the amount of time during which the inunersiof. in the solution 5C1 

is allowed to continue. This width v.' can be as smal1 as aooroximateJ\" G.01 um anc - ~· .. .. . . 

as large as 150 µn: o:- more--typically in the approximate range of C.C:: µ_rr.. tc· 

30 0.5 µm, anc advantageousiy in the approtimate range o: 0.05 µrn tc 

O.: µm--depending or;. the ultimately ciesirec metroiogica1 use of the probe whe.r: 

measuring sample su::faces, i.e .. depen~g on the desired metrologica: resoiution of 

the measurements re. be made b\· the fibe:- durinc its subseouen~ use as ' orobe . - ... .. 
device. Typically. su::r. use involve~ scanninf the ~u::ace o: c. sampie bod~ witi: me 

35 probe wr...ile hoiciing the probe witl: a.I: electromechanica feedback se:--.•c1o 

mechanisrr., as knowr: ir: the a.-:. al: c{ whici: distance~ are cha:-~terii.ec by mutuali; 

.. ~~· • . 

.. ·~ 
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-1'Qual components of force (for the case of A.FM) in the direction perpendicular to 

- the overall surface of the sample body. 

The predetermined time durations of the immersions for the etchings 

{FIGS. 3-4 and 6) can be determined by trial and error, or by telescopic monitoring, 

in order to obtain a desired predetermined height and diameter, and hence a desired 

predetermined stiffness,_ of the intermediate region 29, as well as thus to obtain a 

desired predetennined mechanical resonance ~haracteristic. 

During operation of the resulting fiber segment as a probe device-i.e._, 

as it is moved across a sample surface to be measured-a change in resonant 

IO frequency or amp Ii rude of a vibrating fiber probe, or of both, can .be is used to detect 

attractive or shear surface forces. The stiffness of the intermediate portion 29 can be 

adjusted in order to enhance the sensitivity of the fiber probe. to attractive and shear 

forces from the sample surface. The stiffness and mechanical resonance 

characteristics of the fiber probe thus can be tailored by adjusting the height and 

15 width ofthis intermediate.fiber portion 29. 

For use as an NSOM device, the sidewalls of the portions 22, 29, and 30 

advantageously are coated with an optically refiecti.ng layer such as a metallic layer 

like chromium. or the fiber segment l 0 has a core region and a cladding regior. as 

known in the art (whereby the cladding region refiects optical radiation during the 

20 NSOM use), o: both. 

In case the fibCr segment l 0 (FIG. l) has a cladding as well as a core. 

advantageous1y--for use in an A.l='M de,·ice. an STM device, or an ~SOM device 

where the claddi_ng is desirable--the diameter of the core (in which the chemical 

composition is uniform) is larger thar. ~ (FIG. 6) by an amount in the approximate 
- . ' ·. "5 ~.., 5 .... --- range 0.1 ..;.. -to-.,,.~ µm. ' 

Althou2h the invention has been disclosed in detail in terms of a SDecifa: 
~ . 

embodiment, various modifications can be made without den~-r.in!! from the scooe of 
. " - .. 

the invention. For exa.TTiple. instead of optical fiber, the fibe:- segment 10 can -be 

made o! any mate::iai tha: car: be etchec as desc:ibed above, and tha: car: be cleaved 

30 to form a (plana.:-j tip endface. The we: etchings caz: be enhancec by uh:asonic 

agitatior.. The two etching solutions ;PIGS. 3. 4. anC. 6: can be chemically differen: 

or can be physically ciifferem (.i.e .. car.: be essentially isotropic d.~· etchings Ir. any of 

the etchings. a: some sacrifice o: processinf speed·i. ':"he etching~ indicated ir: 

FIGS. 3, 4. anc f ad\'an~ageously are al:. bu: nee2 no: be. essentiaiy ism.ropi::. 
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The solution level S2 (FIG. 6) optionally can be adjusted to be the same 
as, or to be slightly below, the top of the tapered intennediate region 22. In such a 
case, there will be no intermediate cylindrical region 21. 

Instead of attaehing the fiber segment IO to the holder 45 and 
· S 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 10, while the top endface 
of the fiber segment is bonded to the holder 4~ by means of an adhesive medium. In 
this way a sharper meniscus is formed when the fiber segment is immersed for the 
first time (FIG. 3) in the etching solution 50, the protective resist layer being 

IO resistant to the etching. This polymer resist layer, however, is advantageously 
removed (at least in regions that otherwise would come in contact with the etching 
solution) prior to the second wet etching (FIG. 4). 

Finally, the fiber segment 10 need not have a circular cylindrical shape 
but can have, for example, an elliptical, a rectangular, or a squ~ shape, so that each 

15 of its cross sections have a maximum width that differ from each other. Such non­
circular cross sections can be obtained simpl)' by cutting a glass body into such 
shapes. 

t.· . ,. 
..-
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1. A probe device cam.prising: · 

a fiber segment having a relatively thick upper region (23) tenninating at 

its lower extremity in a first tapered region (22) 

characterized in that the first tapered region terminates in a cylindrical 

intermediate region (29). the cylindrical intermediate region terminating at its lower 

extremity in a second tapered region that te~ates in a lowest cylindrical region 

(30); 

the upper region, the cylindrical intepnediate region, and the lowest 

O cylindrical region having respective maximum widths that are monotonically 

decreasing; 

the lowest cylindrical region having a maximum width (w) in the 

approximate range of 0.01 µm to 150 µm and terminating at its lower extremity in an 

essentially planar end surface oriented perpendicular to the axis of the lowest 

5 cylindrical region; and 

the intermediate cylindrical region having 2. height and a maximum 

width in a ratio in the approximate rate of 1to100. 

2. Tne probe deyice of claim 1 characterized in that the lowest 

cylindrical regior. has a heigh: in L11e approxL.-nate ran~e of O.CS ;..:.m tc 30.0 µm. . 

. 0 3. The probe de,·ice of claim l fur'"..he: cha:acterized in tha:·the ]owes~ 

cylindrical region has a height in the approximate range of l µrn to 5 µm. 

4. _Tne probe device of clai~ 2 funher characterized i~· thar all the 

cy~indrical regions are essentially silica glass and in which the heigh: of the 

intermediate region is in the approximate range of 5 µrr. to :.000 µm and in which 

.5 the ratio of the heigh: of the intermediate region to the maximurr~ width o: the 

intennediate region is in the approximate :ange of : tc :; 00. 

S. The probe device of ciaim : funhe:- cha:acterizec in t.'la: at the 

cylindrical regions are essentially silica giass anci ll: whict the height of the 

intermediate regior: is ir: the approxinlace range o~ 5C· µ.rr: to 500 J.!..'T. anc in v_,r...id: 

0 th .. rati"· o: """' ·ne1· tTn· • r~ ...... max.·;m,,,.,. v..'1·..>~;.. -..: ··n" ;_ ... _,,., .. ....i;., • .,. - ...... ;,,.,. ;. ; ... r, · ~ .a. ""'' .. w..i... e . 1r... u.a""' ...... . ........ .......... u. ...... v .. L.L ......... :.lL'-'· .i..a..a.vu..i."-"- .. -e.1.v-. .. .. ,:; ....... w. ... ~ 

. approximate range o: : tC' 10. 

---j 
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6. The probe device of claim 1 further characterized in that the maximum 

width of the lowest cylindrical region is in the approximate range of 0.05 µm to 

0.2µm. 

7. The probe device of claim 1 further characterized in that the maximum 

5 width of the lowest cylindrical region is in the approximate range of 0.05 µm to 

0.5 µm. 

8. The probe device of claim 1 further characterized in that the upper 

region coaxial with the lowest cylindrical region. 

\ 
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FIBER PROBE DEVICE HAVING MULTIPLE DIAMETERS 
Abstract 

A fiber probe device includes a fiber segment that has at least three 

sections. An uppermost section (23) has the largest diameter (D); an intermediate 

5 section (29) has an intermediate diameter, and a lowest section (30) has the smallest 

diameter (w). The presence of the intermediate section enables control over the 

stiffness of the section located immediately above the tip as well as control over the 

mechanical resonance characteristic of the probe device when it scans a sample 

surface to be measured. 

10 Drawing for publication in 0.G.: FIG. 6 
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\ 
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FIBER PROBE DEVICE HAVING MULTIPLE DIAMETERS 

Background of the Invention 

This invention relates to probe devices, and more particularly to 

metrological fiber probe devices and to methods of making them. 

-·--

More than 100 years ago, the famous physicist Ernst Abbe described a 

fundamental limitation of any-microscope that relies on any lens or system of lenses 

in an imaging system to focus light or other radiation: diffraction obscures (makes 

fuzzy) those details of the image that are smaller in size than approximately one-half 

the wavelength of the radiation. See "Scanned-Probe Microscopes" by H. Kumar · 

Wickramasinghe, published in Scientific American, Vol. 261, No. 4, pp. 98-105 

(October 1989). In other words, the resolution of the microscope 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 

tunneling microscopy (hereinafter "STM") devices, atomic force microscopy 

(hereinafter "AFM") devices, and near-field scanning optical microscopy (hereinafter 

"NSOM") are some examples of different types of probe microscopes. 

In STM, a metallic probe is brought sufficiently close to a conducting 

sample surface such that a small tunneling current is established. The magnitude of 

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 resolution. The tunneling current, and 

hence the tip-to-sample separation, is detected and controlled by an 

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. 

An NSOM device is typically comprised of an aperture located at the tip 

of an elongated 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 apertu~e of the probe is then allowed to scan across the surface 

of the sample body at distances of separation therefrom all of which distances are 

characterized by mutually equal forces components exerted on the probe device in 

r·-·~·~}iiiii~~~~~~t~~ie~ global (overall) surface of the sample body, the: 

l 1 I d .., ·----·----
! ~ Description : pagec ..... to page ..... l REPLACED SHEETS SG . 
\ fl CJ.airn(~•) : paged . .8 .• to paged .!l.. \ . f?.i Description : paged .... l .. ~_topaged ... 7. ••••• 

j ~:' D:rawing(s) : paged ..... to paged..... iA it'i Claim(s) : paged .... f: .. to paged .. !I .... ~. 
! [] Abstract : paged ..... to paged..... (CJ JAawing(s) : page:cL ..... :._!o paged·:· .... ·'· . 

I j rJ A b:>tract . : page"d ......... to_ p!_lged ·~........ . 

I DK.fF OF RECEIPT .... ~H,t....... I DATE_ 0_1:_~EC~~~:.::::.::.:.:.::.::::.:::.:.:.:.:.:·.:: ..... 
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scanning being detected and controlled by an Clectromechanical feedback 
servomechanism as in the case of STM and AFM. 

For example, U.S. Patent No. 4,604,520, describes, inter alia, a probe 
device having an aperture located at the tip of a cladded glass fiber that has been 
coated with a metallic layer. The aperture is drilled into the metallic layer at the tip 
of the fib~r at a location that is coaxed with the fiber. The (immediate) neighborhood 
of the tip is composed of a section of solid glass fiber that has obliquely sloping 
(truncated conical) sidewalls, whereby the sidewalls do not form a cylinder of any 
kind. Therefore, as the probe device laterally scans a rough surface, the calculations 
required to determine the desired information on the actual contours (actual profile) 
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 
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 
fiber probes for photon tunneling microscopes ("PSTM") by selective chemical 
etching of the Ge02 - 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 Ge02 doped regions of the 
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 fabricate~. 
Only probes having conical-shaped endfaces can be made with this technique~ so that 

· 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 comers of the probe' s endface undesirably will make 
contact with the sample sufface. In additio.-i, the conical shape of the tip undesirably 
limits the accuracy of measurements wherever the surface being probed has a sudden 
jump. 
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Summary of the Invention 

This invention involves, in a specific device embodiment, a: probe 

device, that can be used for surface metrology (for probing and measuring the 

contours of surfaces). The device can be use:d as an STM, AFM, or NSOM device. 

The inventive probe is set forth in claim 1. Preferred forms of the device are set 

forth in ~e dependent claims. 

The fact that the lowest region of the probe device terminate in a planar 

end surface--advantageously oriented perpendicular to the axis of the 

cylinder-enables accurate positioning and hence position-determinations of the 

probe device at locations of a surface of the sample body being scanned by. the 

probe, even at sudden jumps in the surface. And the fact that the lowest region of 

the probe device has the form of a cylinder simplifies the determination of the profile 

of the surface of the sample body. The probe's sidewalls advantageously are coated 

with a suitable layer, such as an optically reflecting layer, for confinement of the 

light inside the fiber probe tip especially if and when the probe is used for NSOM 

applications. 

Brief Description of the Drawing 

FIG. 1 is an elevational diagram, partly in cross section, of a fiber probe 

device in an early stage of its fabrication in accordance into a specific embodiment 

of the invention; 

FIG. 2 is a horizontal cross-sectional diagram of the device depicted in 

FIG. 1; and 

FIG. 3-6 are elevational cross-section diagrams of a fiber probe device 

during successive stages of its fabrication in accordance with a specific embodiment 

of the invention. 

Only for the sake of clarity, none of the FIGURES is to any scale. 

Detailed. Description 

Referring to FIG. 1, a fiber segment 10, typically an optical fiber 

segment, typically takes the form of a solid circular cylinder having a diameter D. It 

is held by a holder 45, typically made of teflon, with the aid of a segment of adhesive 

tape 31. The material of the glass fiber segment I 0 can be but need not be uniform. 

For example, it can have a central core surrounded by a peripheral cladding as 

known in the art and as discussed in greater detail below. At any rate, the material of 

the fiber segment IO typically is circularly symmetric. 
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The fiber segment 10 is immersed (FIG. 3) in a wet essentially isotropic 

etching solution 50, typically a buffered oxide etching solution 50--such as a 

solution composed of 2 parts (7: I) buffered oxide etch, 1 part hydrofluoric acid, 1 

part acetic acid, and 1 part H 2 0. The acetic and H 2 0 components help dissolve the 

accumulation of unwanted residual material on the fiber surface during etching. The 

etching s~lution 50 is contained in a container 60, and it has a level 52 that intersects 

the fiber segment 10, whereby an entire (lower) portion of the surface of the fiber 

segment 10 is submerged in the solution 50. 

After the fiber segment 10 has been immersed in the etching solution 50 

for a predetermined amount of time, it assumes the shape shown in FIG. 3--that is, a 

relatively thick upper solid cylindrical region 23-i.e., in the form of a solid circular 

cylinder--terminating in a tapered intermediate (transition) region 22, in the form of 

a tapered solid circular region, and terminating in a relatively thin lower cylindrical 

region 24, in the form of another solid circular cylinder. 

For example, diameter of the upper region 23 of the fiber segment is 

typically equal to approximately 125 µm or more. After having been etched with the 

solution 50, the thin lower region 24 has a diameter 2R (FIG. 3) typically equal to 

approximately 50 µm, as determined by the time duration of the immersion. 

With the aid of, for example, a vertical-positioning-micrometer 

apparatus (not shown) or a telescopic monitoring apparatus, the fiber segment is 

partially withdrawn vertically from the etching solution 50 (FIG. 4) by a 

predetermined distance ~· Typically this distance £ is in the approximate range of · 

5 µm to 2,000 µm, advantageously approxiinately 50 µm to 500 µm. In this way, 

the location of the etching solution-air interface is moved along the fiber segment 10 

toward its lower endface. The immersion of the fiber segment in the solution 50 is 

then continued for another predetermined amount of time until the resulting width 

2R-8. of the lowest region 27 of the fiber becomes reduced to a predetermined 

desired value, typically to approximately 30 µm. At the same time an intermediate 

cylindrical region 25 (FIG. 4) of height~ is thus formed; located above the etching 

solution level and having the same diameter 2R as that of the (previous) lower 

region 24 (AG. 3). 

Next, the bottom face ofthis lowest region 27 is cleaved, 

advantageously, in a plane oriented perpendicular to the (common) axes of the upper 

region 23 and the lowest region 27. as by means of a fiber cleaver aided by optical 

microsco.pic viewing or other micrometer controlled procedure. In this way, the 

height ·of the resulting lowest cylindrical region 28 (FIG. 5) becomes equal to a 
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predetermined reduce value !! (FIG. 5), and the tip thereof is a planar surface 

oriented perpendicular to the axis of this lower cylindrical region 28. Typically, the 

height !! is in the approximate range of 0.05 µm to 30 µm, and advantageously in the 

approximate range of 1 µm to 5 µm. Also, it is advisable that the ratio d/h be in the 

approximate range of 10 to 1,000, and advantageously in the approximate range of 

10 to 100~ 

The fiber segment again is immersed (FIG. 6) in the essen~ially isotropic 

etching solution 50, for another predetermined time duration, to a solution level 52 

that intersects the segment at a level located typically above the top of the tapered 

·region 22 and that isotropically etches those portions of the fiber with which it comes 

in contact. In this way the resulting lowest portion 30 of the fiber segment is still a 

solid circular cylinder but having a further reduced diameter equal tow, while the 

height !! thereof is reduced by at most an insignificant amount. Likewise, the height f! 
of the intermediate region 29 is reduced by at most an insignificant amount. At the 

same time, the diameters of the resulting intermediate cylindrical regions 29 and 21 

of the fiber are reduced. In particular, the diameter of the intermediate cylindrical 

region 29 is reduced to W = il + w. Typically, the ratio ( d/W) of the height Q, of this 

intermediate region 29 to its width W is in the approximate range of 1 to 100, and is 

advantageously in the approximate range of 1 to 10. At the location of the solution 

level 52, a meniscus of the etching solution 50 produces a gradual tapered transition 

between.regions of the fiber immediately above and immediately below the solution 

level 52, as indicated in FIG. 6. 

The resulting lowest region 30, the resulting intermediate regions 29 and 

21, and the uppermost ~gion 23 all take the form of mutually coaxial solid 

cylinders, typically circular cylinders. The diameter w of the lowest portion 30--i.e., 

the width of the tip of the resulting probe (FIG. 6)--can be adjusted to any desired 

value by adjusting the amount of time during which the immersion in the solution 50 

is allowed to continue. This width w can be as small as approximately 0.01 µm and 

as large· as 150 µm or more--typically in the approximate range of 0.05 µm to 

0.5 µm, and advantageously in the approximate range of 0.05 µm to 

0.2 µm--depending on the ultimately desired metrological use of the probe when 

measuring sample surfaces, i.e., depending on the desired metrological resolution of 

the measurements to be made by the fiber during its subsequent use as a probe 

device. Typically, such.use involves scanning the surface of a sample body with the 

probe while holding the probe with an electromechanical feedback servo­

mechanism, as known in the art, all of which distances are characterized by mutually 

Th' · 
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equal components of force (for the case of AFM) in the direction perpendicular to 

the overall surface of the sample body. 

The predetermined time durations of the immersions for the etchings 

(FIGS. 3-4 and 6) can be determined by trial and error, or by telescopic monitorir..g, 

in order to obtain a desired predetermined height and diameter, and hence a desired 

predetero¥ned stiffness, of the intermediate region 29, as well as thus to obtain a 

desired predetermined mechanical resonance characteristic. 

During operation of the resulting fiber segment as a probe device--i.e., 

as it is moved across a sample surface to be measured--a change in resonant 

frequency or amplitude of a vibrating fiber probe, or of both, can be is used to detect 

attractive or shear surface forces. The stiffness of the intermediate portion 29 can be 

adjusted in order to enhance the sensitivity of the fiber probe to attractive and shear 

forces from the sample surface. The stiffness and mechanical resonance 

characteristics of the fiber probe thus can be tailored by adjusting the height and 

width of this intermediate fiber portion 29. 

For use as an NSOM device, the sidewalls of the portions 22, 29, and 30 

advantageously are coated with an optically reflecting layer such as a metallic layer 

like chromium, or the fiber segment 10 has a core region and a cladding region as 

known in the art (whereby the cladding region reflects optical radiation during the 

NSOM use), or botl). 

In case the fiber segment 10 (FIG. 1) has a cladding as well as a core, 

advantageously--for use in an AFM device, an STM device, or an NSOM device 

where the cladding is desirable--the diameter of the core (in which the chemical 

composition is uniform) is larger than w (FIG. 6) by an amount in the approximate 

range of 2.5-to-3.5 µm. 

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 

the invention. For example, instead of optical fiber, the fiber segment ·IO can be 

made of any material that can be etched as described above, and that can be cleaved 

to form a (planar) tip endface. The wet etchings can be enhanced by ultrasonic 

agitation. The two etching solutions (FIGS. 3, 4, and 6) can be chemically different 

or can be physically different (i.e., can be essentially isotropic dry etchings in any of 

the etchings, at some sacrifice of processing speed). The etchings indicated in 

FIGS. 3, 4, and 6 advantageously are all, but need not be, essentially isotropic. 
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The solution level 52 (FIG. 6) optionally can be adjusted to be the same 
as, or to be slightly below, the top of the tapered intermediate region 22. In such a 
case, there will be no intermediate cylindrical region 21. 

Instead of attaching the fiber segment 10 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 10, while the top 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 is immersed for the 
first time (FIG. 3) in the etching solution 50, the protective resist layer being 
resistant to the etching. This polymer resist layer, howev~r. is advantageously 
removed (at least in regions that otherwise would come in contact with the etching 
solution) prior to the second wet etching (FIG. 4). 

Finally, the fiber segment 10 need not have a circular cylindrical shape 
but can have, for example, an elliptical, a rectangular, or a square shape, so that each 
of its cross sections have a maximum width that differ from each other. Such non­
circular cross sections can be obtained simply by cutting a glass body into such 
shapes. 
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Claims: 

1. A probe device comprising: 

a fiber segment having a relatively thick upper region (23) terminating at 

its lower extremity in a first tapered region (22) 

characterized in that the first tapered region terminates in a cylindrical 

intermedi~te region (29), the cylindrical intermediate region terminating at its lower 

extremity in a second tapered region that terminates in a lowest cylindrical region 

(30); 

the upper region, the cylindrical intermediate region, and the lowest 

cylindrical region having respective maximum widths that are monotonically 

decreasing; 

the lowest cylindrical region having a maximum width (w) in the 

approximate range of 0.01 µm to 150 µm and terminating at its lower extremity in an 

essentially planar end surface oriented perpendicular to the axis of the lowest 

cylindrical region; and 

the mtermediate cylindrical region having a height and a maximum· 

width in a ratio in the approximate rate of l to 100. 

2. The probe device of claim 1 characterized in that the lowest 

cylindrical region has a height in the approximate range of 0.05 µm to 30.0 µm. 

3. The probe device of claim l further characterized in that the lowest 

cylindrical region has a height in the approximate range of 1 µm to 5 µm. 

4. The probe device of claim 2 further characterized in that all the 

cylindrical regions are essentially silica glass and in which the height of the 

intermediate region is in the approximate range of 5 µm to 2,000 µm and in which 

the ratio of the height of the intermediate region to the maximum width of the 

intermediate region is in the approximate range of 1to100. 

S. The probe device of claim 2 further characterized in that all the 

cylindrical regions are essenti8lly ~ilica glass and in which the height of the 

intermediate region is in the approximate range of 50 µni to 500 µm and in which 

the ratio of the height to. the maximum width of the intermediate region is in the 

approximate range of 1to10. 
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6. The probe device of claim 1 further characterized in that the maximum 
width of the lowest cylindrical region is in the approximate range of 0.05 µm to 
0.2µm. 

7. The probe device of claim 1 further characterized in that the maximum 
5 width of t~e lowest cylindrical region is in the approximate range of 0.05 µm to 

0.Sµm. 

8. The probe device of claim 1 further characterized in that the upper 
region coaxial with the lowest cylindrical region. 
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Background of the Invention 

This invention relates to probe devices, and more particularly to 

metrological fiber probe devices and to methods of making them. 

More than 100 years ago, the famous physicist Ernst Abbe described a 

fundamental limitation of any microscope that relies on any lens or system of lenses 

in an imaging system to focus light or other radiation: diffraction obscures (makes 

fuzzy) those details of the image that ·are smaller in size than approximately one-half 

the wavelength of the radiation. See "Scanned-Probe Microscopes" by H. Kumar 

Wickramasinghe, published in Scientific American, Vol. 261, No. 4, pp. 98-105 

(October 1989). In other words, the resolution of the microscope 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 

tunneling microscopy (hereinafter "STM") devices, atomic force microscopy 

(hereinafter "AFM") devices, and near-field scanning optical microscopy (hereinafter 

"NSOM") are some examples of different types of probe microscopes. 

In STM, a metallic probe is brought sufficiently close to a conducting 

sample surface such that a small tunneling current is established. The magnitude of 

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 resolution. The tunneling current, aJ?.d 

hence the tip-to-sample separation, is detected and controlled by an 

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. 

An NSOM device is typically comprised of an aperture located at the tip 

of an elongated 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 ~ample body. The aperture of the probe is then allowed to scan across the surface · 

of the sample body at distances of separation therefrom all of which distances are 

characterized by mutually equal forces components exerted on the probe device in 

the direction perpendicular to the global (overall) surface of the sample body, the 
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scanning being detected and controlled by an electromechanical feedback 
servomechanism as in the case of STM and AFM. 

For example, U.S. Patent No. 4,604,520, describes, inter alia, a probe 
device having an aperture located at tpe tip of a cladded glass fiber that has been 
coated with a metallic layer. The aperture is drilled into the metallic layer at the tip 
of the fib~r at a location that is coaxed with the fiber. The (immediate) neighborhood 
of the tip is composed of a section of solid glass fiber that has obliquely sloping 
(truncated conical) sidewalls, whereby the sidewalls do not form a cylinder of any 
kind. Therefore, as the probe device laterally scans a rough surface, the calculations 
required to determine the desired information on the actual contours (actual profile) 
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 
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 
fiber probes for photon tunneling microscopes (''PSTM") by selective chemical 
etching of the Ge02 - 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 Ge0 2 doped regions of the 
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 run was fabricated. 
Only probes having conical-shaped endfaces can be made with this technique, so that 
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 endfac~ 
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 
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 
jump. 
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Summary of the Invention 

This invention involves, in a specific device embodiment, a probe 

device, that can be used for surface metrology (for probing and measuring the 

contours of surfaces). The device C&l be used as an STM, AFM, or NSOM device. 

The inventive probe is set forth in claim 1. Preferred forms of the device are set 

forth in ~e dependent claims. 

The fact that the lowest region of the probe device ·terminate in a planar 

end surface--advantageously oriented perpendicular to the axis of the 

cylinder--enables accurate positioning and hence position-determinations of the 

probe device at locations of a surface of the sample body being scanned by the 

probe, even at sudden jumps in the surface. And the fact that the lowest region of 

the probe device has the form of a cylinder simplifies the determination of the profile 

of the surface of the sample body. The probe's sidewalls advantageously are coated 

with a suitable layer, such as an optically reflecting layer, for confinement of the 

light inside the fiber probe tip especially if and when the probe is used for NSOM 

applications. 

Brief Description of the Drawing 

FIG. 1 is an elevational diagram, partly in cross section, of a fiber probe 

device in an early stage of its fabrication in accordance into a specific embodiment 

of the invention; 

FIG. 2 is a horizontal cross-sectional diagram of the device depicted in 

FIG. 1; and 

FIG. 3-6 are elevational cross-section diagrams of a fiber probe device 

during successive stages of its fabrication in accordance with a specific embodiment 

of the invention. 

Only for the sake of clarity, none of the FIGURES is to any scale. 

Detailed Description 

Referring to FIG. l, a fiber segment 10, typically an optical fiber 

segment, typically takes the form of a solid circular cylinder having a diameter D. It 

is held by a holder 45, typically made of teflon, with the aid of a segment of adhesive 

tape 31. The material of the glass fiber segment 10 can be but need not be uniform. 

For example, it can have a central core surrounded by a peripheral cladding as 

known in the art and as discussed in greater detail below. At any rate, the material of 

the fiber segment 10 typically is circularly symmetric. 

.. 
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The fiber segment 10 is immersed (FIG. 3) in a wet essentially isotropic 

etching solution 50, typically a buffered oxide etching solution 50--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 2 0. Th~ acetic and H 2 0 components help dissolve the 

accumulation of unwanted residual material on the fiber surface during etching. The 

etching S<?lution 50 is contained in a container 60, and it has a level 52 that intersects 

the fiber segment 10, whereby an entire (lower) portion of the surface of the fiber 

segment 10 is submerged in the solution 50 .. 

After the fiber segment 10 has been immersed in the etching solution 50 

for a predetermined amount of time, it assumes the shape shown in FIG. 3--that is, a 

relatively thick upper solid cylindrical region 23-i.e., in the form of a solid circular 

cylinder--terminating in a tapered intermediate (transition) region 22, in the form of 

a tapered solid circular region, and terminating in a relatively thin lower cylindrical 

region 24, in the form of another solid circular cylinder. 

For exam~le, diameter of the upper region 23 of the fiber segment is 

typically equal to approximately 125 µm or more. After having been etched with the 

solution 50, the thin lower region 24 has a diameter 2R (FIG. 3) typically equal to 

approximately 50 µm, as determined by the time duration of the immersion. 

With the aid of, for example, a vertical-positioning-micrometer 

apparatus (not shown) or a telescopic monitoring apparatus, the fiber segment is 

partially withdrawn vertically from the etching solution 50 (FIG. 4) by a 

predetermined distance g. Typically this distance g is in the approximate range of 

5 µm to 2,000 µm, advantageously approximately 50 µm to 500 µm. In this way, 

the location of the etching solution-air interface is moved along the fiber segment 10 

toward its lower endface. The immersion of the fiber segment in the solution 50 is 
then continued for another predetermined amount of time until the resulting width 

2R-Li of the lowest region 27 of the fiber becomes reduced to a predetermined 

desired value, typically to approximately 30 µin. At the same time an intermediate 

cylindrical region 25 (FIG. 4) of height & is thus formed; located above the etching 

solution level and having the same diameter 2R as that ofthe.(previous) lower 

region 24 (FIG. 3). 

Next, the bottom face of this lowest region 27 is cleaved, 

advantageously, in a plane oriented perpendicular to the (common) axes of the upper 

region 23 and the lowest region 27, as by means of a fiber cleaver aided by optical 

microscopic viewing or other micrometer controlled procedure. In this way. the 

height ·of the resulting lowest cylindrical region 28 (FIG. 5) becomes equal to a .. 
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predetermined reduce value!! (FIG. 5), and the tip thereof is a planar surface 

oriented perpendicular to the axis of this lower cylindrical region 28. Typically, the 

height !! is in the approximate range of 0.05 µm to 30 µm, and advantageously in the 

approximate range of 1 µm to 5 µm. Also, it is advisable that the ratio d/h be in the 

approximate range of 10 to 1,000, and advantageously in the approximate range of 

10 to 100 .. 

The fiber segment again is immersed (FIG. 6) in the essentially isotropic 

etchfug solution 50, for another predetennined time duration, to a solution level 52 

that intersects the segment at a level located typically above the top of the tapered 

region 22 and that isotropically etches those portions of the fiber with which it comes 

in contact. In this way the resulting lowest portion 30 of the fiber segment is still a 

solid circular cylinder but having a further reduced diameter equal tow, while the 

height !! thereof is reduced by at most an insignificant amount. Likewise, the height ~ 

of the intermediate region 29 is reduced by at most an insignificant amount. At the 

same time, the diameters of the resulting intermediate cylindrical regions 29 and 21 

of the fiber are reduced. In particular, the diameter of the intermediate cylindrical 

region 29 is reduced to W = ll + w. Typically. the ratio ( d/W) of the height ~ of this 

intermediate region 29 to its width Wis in the approximate range of 1to100, and is 

advantageously in the appr<?ximate range of 1 to 10. At the location of the solution 

level 52, a meniscus of the etching solution 50 produces a gradual tapered transition 

between regions of the fiber immediately above and immediately below the solution 

level 52, as indicated in FIG. 6. 

The resulting lowest region 30, the resulting intermediate regions 29 and 

21, and the uppermost region 23 all take the form of mutually coaxial solid 

cylinders, typically circular cylinders. The diameter~ of the lowest portion 30-i.e., 

the width of the tip of the resulting probe (FIG. 6).;.-can be adjusted to any desired 

value by adjusting the amount of time during which the immersion in the solution 50 

is allowed to continue. This width~ can be as small as approximately 0.01 µm and 

as large as 150 µm or more--cypically in the approximate range of 0.05 µm to 

0.5 µm, and advantageously in the approximate range of 0.05 µm to 

0.2 µm--depe~ding on the ultimately desired metrological use of the probe when 

measuring sample surfaces, i.e., depending on the desired metrological resolution of 

the measurements to be made by the fiber during its subsequent use as a probe 

device. Typically, such.use involves scanning the surface of a sample body with the 

probe while holding the probe with an electromechanical feedback servo­

mechanism, as known in the art, all of which distances are characterized by mutually 

·• 
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equal components of force (for the case of AFM) in the direction perpendicular to 

the overall surface of the sample body. 

The predetermined time durations of the immersions for the etchings 

(FIGS. 3-4 and 6) can be determined l,>y trial and error, or by telescopic monitoring, 

in order to obtain a desired predetermined height and diameter, and hence a desired 

predetenaj.ned stiffness, of the intermediate region 29, as well as thus to obtain a 

desired predetermined mechanical resonance characteristic. 

During operation of the resulting fiber segment as a probe device-i.e., 
. . 

as it is moved across a sample surface to be measured--a change in resonant 

frequency or amplitude of a vibrating fiber probe, or of both, can be is used to detect 

attractive or shear surface forces. The stiffness of the intermediate portion 29 can be 

adjusted in order to enhance the sensitivity of the fiber probe to attractive and shear 

forces from the sample surface. The stiffness and mechanical resonance 

characteristics of the fiber probe thus can be tailored by adjusting the height and 

width of this intermediate fiber portion 29. 

For use as an NSOM device, the sidewalls of the portions 22, 29, and 30 

advantageously are coated with an optically reflecting layer such as a metallic layer 

like chromium, or the fiber segment I 0 has a core region and a cladding region as 

known in the art (whereby the cladding region reflects optical radiation during the 

NSOM use), or both. 

In case the fiber segment 10 (FIG. 1) has a cladding as well as a core, 

advantageously--for use in an AFM device, an STM device, or an NSOM device 

where the cladding is desirable--the diameter of the core (in which the chemical 

composition is uniform) is larger than!'.'. (FIG. 6) by an amount in the approximate 

_,· . range of 2.S-to-3.5 µm. 

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 

the invention. For example, instead of optical fiber, the fiber segment 10 can be 

made of any material that can be etched as described above, and that can be cleaved 

···to form a (planar) tip endface. The wet etchings can be enhanced by ultrasonic 

agitation. The two etching solutions (FIGS. 3, 4, and 6) can be chemically different 

or can be physically different (i.e .• can be essentially isotropic dry etchings in any of 

the etchings, at some sacrifice of processing speed). The etchings indicated in 

FIGS. 3, 4, and 6 advantageously are all, but need not be, essentially isotropic. 
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The solution level 52 (FIG. 6) optionally can be adjusted to be the same 

as, or to be slightly below, the top of the tapered intermediate region 22. In such a 

case, there will be no intermediate cylindrical region 21. 

Instead of attaching the fi.J>er segment IO to the holder 45 and 

assembling them as indicated in FIGS. I and 2, a protective polymer resist layer can 

coat the si?ewalls of the upper portion of the fiber segment I 0, while the top 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 is immersed for the 

first time (FIG. 3) in the etching solution 50, the protective resist layer being 

resistant to the etching. This polymer resist layer, however, is advantageously 

removed (at least in regions that otherwise would come in contact with the etching 

solution) prior to the second wet etching (FIG. 4). 

Finally, the fiber segment 10 need not have a circular cylindrical shape 

but can have, for example, an elliptical, a rectangular, or a square shape, so that each 

of its cross sections have a maximum width that differ from each other. Such non­

circular cross sections can be obtained simply by cutting a glass body into such 

shapes. 

.. 
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I claim: 

1. A.probe device comprising: 
a fiber segment having a relatively thick upper 

region terminating at its lower extremity in a first 
tapered region that terminates in .a cylindrical 
intermediate region, the cylindrical intermediate region 
terminating at its lower extremity in a second tapered 
region that terminates in a lowest cylindrical region; 

the upper region, the cylindrical intermediate 
region, and the lowest cylindrical region having respective 
maximum widths that are monotonically decreasing; 

the lowest cylindrical region having a maximum 
width in the approximate range of 0.01 µm to 150 µm and 
terminating at its lower extremity in an essentially planar 
end surface oriented perpendicular to the axis of the 
lowest cylindrical region; and 

the intermediate cylindrical region having a 
height and a maximum width in a ratio in the approximate 
range of 1 to 100. 

2. The probe device of claim 1 in which the lowest 
cylindrical region has a height in the approximate range of 
o.os µm to 30.0 µm. 

3 • The probe device of claim 2 in which all the 
cylindrical regions are essentially silica glass and in 
which the height of the intermediate region is in the 
approximate range of 5 µm to 2, 000 µm and in which the 
ratio of .the height of the intermediate region to the 
maximum width of the intermediate region in the approximate 
range of 1 to 100. 

4 • The probe device of claim 2 .. in which all the 
cylindrical regions are essentially silica glass and . in 
which the height of the intermediate region is in the 
approximate range of 50 µm to 500 µm and in which the ratio 

This is th~ r~placement sheet 
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of the height to the maximum width of the intermediate 

region is in.the approximate range of 1 to 10. 

5. The probe device of claim 1 in which the lowest 

cylindrical region has a height in the approximate range of 

1 µm to·S µm 

6. ·The probe device of claim 1 in which the maximum 

width of the lowest cylindrical region is in the 

approximate range of 0.05 µm to 0.2 µm. 

7. The probe device of claim 6 in which the fiber is 

essentially silica glass. 

a. .The probe device of claim 1 in which the maximum 

width of the lowest cylindrical region is in the 

approximate range of 0.05 µm to 0.5 µm. 

'' 9. The probe device of claim 1 in which the upper 

region is coaxial with the lowest cylindrical region. 

10. A metrological method including the step of 

moving the probe device recited in claim 1 across a surface 

of a sample body. 

11. The device of claim 1 further including an 

optically reflecting layer located on the sidewalls of the 

lowest cylindrical region. 

12. A metrological method including the step of 

moving the probe device recited in claim 11 across a 

surface of a sample body. 

This is the ·replacement sheet 
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FIBER PROBE DEVICE HAVING MULTIPLE DIAMETERS 

Abstract 

A fiber probe device includes a fiber segment that has at least three 

sections. An uppermost section (23) h~ the largest diameter (D); an intermediate 

section (29) has.an intermediate diameter, and a lowest section (30) has the smallest 

diameter (~). The presence of the intermediate section enables control over the 

stiffness of the section located immediately above the tip as well as control over the 

mechanical resonance characteristic of the probe device when it scans a sample 

surfaee to be measured. 

Drawing for publication in 0.G.: FIG. 6 
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