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Fountain pen nanochemistry: Atomic force control of chrome etching
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In this report we demonstrate a general method for affecting chemical reactions with a high degree
of spatial control that has potentially wide applicability in science and technology. Our technique is
based on complexing the delivery of liquid or gaseous materials through a cantilevered micropipette
with an atomic force microscope that is totally integrated into a conventional optical microscope.
Controlled etching of chrome is demonstrated without detectable effects on the underlying glass
substrate. This simple combination allows for the nanometric spatial control of the whole world of
chemical reactions in defined regions of surfaces. Applications of the technique in critical areas such
as mask repair are likely. €999 American Institute of PhysidsS0003-695(99)02039-3

In this letter we show that the delivery of a chrome structures the capillary is maintained throughout the length
etchant through a force-sensing cantilevered micropipettef the tip. To prove this we have passed liquid through such
has the ability to control chemical removal of chrome from atips. The resulting cantilevered glass structures are coated so
glass surface with the precision of atomic force microscopythat there is metal deposited on the glass cantilever to allow
(AFM). In addition, the cantilevered micropipette can pro-for reflection of diode laser light that is used as the standard
vide a topographic map of the surface that is chemicallymethod of monitoring the bending of the cantilever in all
altered. The results bode well for achieving similar chemicaforce microscopy systems. To optimize the force-sensing ca-
control and imaging capabilities with any combination of pabilities of these tips the diameter of the capillary in the
chemical reactions that are presently known. region of the cantilever was approximately 12and the

To place the current work within the perspective of pre-cantilever length was 30Q. These dimensionalities control
vious studies, it is important to cite a pioneering sttitythe  the resonance frequency and the force constant of the micro-
use of scanned probe microscopy for localized chemistrycantilever. Resonance frequencfasn be achieved of up to
This study involved the use of a platinum—rhodium tip in a
scanning tunneling microscope to act as a catalyst with the

Delivery

aid of short-voltage pulses for the hydrogenation of carbon Tube Cantilevered
clusters on a platinum surface. The first investigation to use Micropipette
AFM for localized chemistry was by Mulleet al? These ]
workers used a p]atlnum—coated AFM tip to catalyze hydro- Chrome Film Cover Slip
gentation of terminal azides to amino groups that are ame-
nable to further derivatization. These investigations have in- Q‘
spired the current work which allows for a generalization of
these initial studies by the use of cantilevered metal-coated Stepper ..

. - . Motor Position
or uncoated micropipettes for the controlled delivery of ) Sensitive

Diode Laser Detector

chemicals in localized regions.

For the experiments reported in this letter the sample
was a round 16 mm microscope coverslip on which was
deposited a 200 nm chrome layer. The cover slip was placed

N

in a commercial atomic force/near-field optical microscope 7~ .

system, the Nanonic6AFM)/NSOM-100 (Nanonics, Ltd., == 5]
Jerusalem, Isragkthat is fully integrated with conventional \
optical microscopy. In this arrangement the highly con- Far-field Nanonics
trolled delivery of material could be effectively viewed Microscope 3D Elat
rolled delivery of material could be effectively viewed even Objective Scanner™

with an oil immersion far-field microscope objectieee

Fig. 1. FIG. 1. Diagrammatic representatifimottom of the figurgof the Nanonics
The cantilevered micropipettes used in these experiscanned probe microscope system that was mounted on the microscope

- _ stage of a conventional inverted optical microscope. The upper plate con-
ments were produced based on earlier reﬁkﬁ@uartz nan tains the diode laser and a position-sensitive detector for conventional force

opipettes can have outer diameters at the tip of 10 nm and &nsing together with the tip mount. The bottom plate that is hinged on the
hole in the middle that can be as small as 3 nm. In suchight to the upper plate is a flat scanning stage with an opening in the middle
on which a sample, which in this case is a glass cover slip, is placed. The
region of the mounting of the cantilevered micropipette and the associated
liquid delivery system is shown at the top half of this figure.
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FIG. 2. Frames from a video that show the progress of the controlled etching of a chrome film using cantilevered micropipettes controlled withrsa Nanonic
atomic force microscope system that was fully integrated with a far-field optical microscope. The linewidth of the etched lines in these fardeliémag
~1.45 .

400 kHz with a width of the resonancef that can be 0.3 The tip containing the etchant was engaged using stan-
kHz. A variety of force constants can also be produced withdard contact-mode force microscopy and the sample was
this tapering and cantilevering technology and the force conthen scanned. In order to write a single line, scanning was
stants can vary from tenths to tens of N/m. carried out in only one dimension. The sample was viewed

The etchant is fed into the pipette through a silicon tubewith an optical microscope with a magnification of 500
(see Fig. 1, top half One end of the tube is attached to the and the scanning was continued until a line could be resolved
large end of the cantilevered micropipette, the other end ishrough the microscope. Two parameters could be changed
attached to a pressure regulator. The etchant is introducesktween writing lines; the pressure on the solution column in
into the tube using the pressure regulator and is held at thghe pipette and the set point for the normal force which alters
end of the tube. The pipette is then attached and the etchatiie force with which the pipette tip is held close to the
enters the pipette due to capillary action. This is helped byample. Increasing the pressure on the liquid column can
the presence of an internal filament in the capillary tube. Théead to droplets falling from the pipette, but can also be used
hydrostatic pressure in the pipette can be adjusted as réms unblock any blockages in the tip.
quired. It is assumed that during etching, the etchant forms a If the linewidth was in the micron regime the writing
drop at the pipette tip and is held by surface tension. Simplg@rocess could be readily recorded on videotape by attaching
force balance equations show that a pressure increase afcharge-coupled device camera to one of the ports of the
~1/3 atmosphere is required for the drop to fall. It can alsdfully integrated optical microscope. In Fig. 2 are two frames
be shown that for the pipettes under consideration, the visfrom a video that was recorded during the writing process. In
cosity is small compared with the surface tension. For a flowthis sequence of two frames the micropipette force sensor is
rate equivalent to one drop per secdfige diameter of the
spherical drop is equal to the tip diametehe pressure re-
quired to overcome surface tension is about four orders of
magnitude larger than the overpressure required to maintain
a steady flow rate prevented only by viscosity. Gragtyan
be ignored ifAL<2vy/pg (A, the tip radiusL, the length of
the tip beyond the bendy, the surface tension; ang the
density.

Etchant which leaves the pipette forms globules which
solidify on the surface. This hinders the writing process.
Globule formation and solidification can be prevented by
keeping the surface and tip at absolute humidity. In practice,
this is achieved by surrounding the tip with air that is fully
saturated Wl.th vyater vapor. The _etChant used was _a CyamqﬁG. 3. Near-field scanning optical microscopy of a line etched in the
complex which is fully saturated in water. The solution CoN-chrome film. The edge sharpness is better than0id this 1z wide line
sists of KFe(CN)g+KOH in a ratio of 3:2 saturated in water. from the video.
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first seen in the engaged position on the sample surface dur- Our results indicate that this is not the ultimate resolu-
ing the writing proces$Fig. 2 (left frame]. In Fig. 2(right  tion of the method. In terms of liquid delivery future im-
frame a subsequent frame from this same video sequence [ovements can include:

seen showing an additional line in the process of being writ-. o : .
ten with atorr?ic force control P 9 (i) The application of intermittent contact-mode force

The lines seen in Fig. 2 are16  long. In order to view microscopy that could act in a form that is similar to

the progress effectively in the optical microscope, the lines ;r?clrr(])k .Je;ttigntir'tg:?afsgn;nscs fer;c?ur(]e n:(';:z doL:'he
shown in these video frames have dimensions of approxi- ! 'dplplf | h dg f Vt. u &
mately 1.15x. To completely etch such a I6long line that are jaeal for such a mode ot operation.

is 1.15, wide and 200 nm deep took 40 s at room tempera-(") The chemical confinement of the liquid as the pipette
ture tip interacts with the surface, for example, this can be

The writing time, in fact, can be increased significantly modulated by altering the hydrophabicity or hydro-

by the alteration of several parameters. These include the. phyllicity of the surfacg and the up. - .
concentration of the chemical in the pipette, the temperatur i) The geor_net_ry of thg pipette tip for optimizing deliv-
of the surroundinggby simply illuminating through the in- ery of a liquid chemlcql. . .
tegrated far-field microscope with a laser beaand even (iv) The nature_ of the “qu',d ema”a“”g from ,the.t'p that
the pressure of the tip on the surface by finely setting the set ~Influences its flow, capillary osmosis, lubrication, and
point of the pressure of the tip on the surface. This latter wetting properties.

parameter can permit the transition from a regime of pure

: i, : . : The research that will ensue will indeed be rich in a
chemical writing to a regime of chemically assisted scratch- _ . : : .
. : variety of areas and will also allow for metallic coatings on
ing of the surface. For such scratching to occur the forc

exerted by the pipette had to be over a®l. This is in he pllpette to impose yoltages on surfaces during phemlcal
. ... reactions. Such a coating would allow for the formation of a
agreement with a recent study that also measured a similar

value for the threshold of scratching a structure of Chromesubwavelength aperture at the tip of the pipette and this

squares for optical memory applicatichwhen the force is would also allow for illuminating, with the fully integrated

less than this value and there is no etchant in the micropi9ptlc"’lI microscope, only the tip where the liquid is emerging.

pette, no alteration results on the chrome surface even wh puch an approach may be particularly important for the pho-

n : . . : ;
it is scanned over the surface for 40 min. Another importan%‘mhemIcaI pro_duct|on of fre_:e radicals frqm elther. ﬂqld or
aseous chemicals emanating from the tip. The lifetime of

indication of the direct effect of the chemical change induced?

by the etchant is the fact that after the tip left a particularSUCh a radical would limit the interaction time with the sub-

region of the line being etched it was possible to view thestrate and should. further improve the resolution achieved.
In summary, in this letter we have demonstrated a sys-

chemical dissolution of the chrome layer by the etchanteve? in which a hiah d f ial trol of chemistry i
when no tip was present. em in which a high degree of spatial control of chemistry is

One important application of this technique and the parpossible by combining force-sensing micropipettes that we

ticular chemistry that was chosen for its demonstration is irmve, develloped with atomic force microscopy. With tr."S.
the area of mask repair. The issue of mask repair is becomin latively simple system we have demonstrated the feasibil-
of a task, the controlled removal of a chrome film, that is

a critical technological barrier in the era of 0.2b line- ! . e .
widths. One important parameter for the ultimate utility of both technically difficult to accomplish by other means and

the method in mask repair is the uniformity of the transmis_has considerable practical implications. The technology we

sion of the light through the glass substrate from which thé‘nave described here has wide implications both for the use of

chrome has been etched away. To investigate this we ha\}ge methodology in controlled nanochemistry with liquids or
with reactive gases.

applied the technique of near-field scanning optical micros-
copy (NSOM) with the same device as shown in Fig. 1 but ~ The Hebrew University laboratory of AL, where this re-
with the cantilevered micropipette replaced by a cantileveregearch was completed, was supported by an Israel Ministry
optical fibef through which a laser at a wavelength of 514.50f Science Nanochemistry Infrastructure grant. C.S. was sup-
nm is transmitted. In this technique such a cantilevered opported by this same grant.

tical fiber is coated with metal to produce an aperture at the

tapered tip with a diameter of 0. This cantilevered opti-

cal fiber point light source is then scanned with the control of

normal atomic force microscopy. Thus, the aperture is main-

tained within the near field of the sample at all times while 1g. J. Mcintyre, M. Salmeron, and G. A. Smorjai, Scier®85 1415

the optical transmission is measured at each point. The re;\(,t%T‘D-M et Do L Klein T Lee. 3. Clarke. P. L McE ip G
su_lts' are seen in Fig. 3.1In Fig. 3. we see the u.mform trans- séhuitz,usggncéeé 2;"2”('1953_96' - Clarke, . L. Mckuen, and . .
mission change in this-1 w wide line from the video. This 3K. Lieberman, N. Ben-Ami, and A. Lewis, Rev. Sci. Instru6¥, 3567
strongly suggests that all the chrome film was removed in the (1996.

etched region and the edge sharpness in these images is bégé 84%2(1)”]1'95' Lieberman, A. Lewis, and S. R. Cohen, Rev. Sci. Instrum.
ter than O'J’Mm base(.j on t.he N.SOM results. Thus far_’ lines 5K.’Lieber(rnan,Z)A. Lewis, G. Fish, T. Jovin, A. Schaper, and S. R. Cohen,
have been etched with a linewidth of as small as©ith Appl. Phys. Lett65, 648 (1994.

an etch depth of 120 nm. 6p. Krauss and S. Y. Chou, Appl. Phys. Létt, 3174(1997.



