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Abstract. Diamondtips are attracive tools for nanosience
becaus of their hardnes and, when dopedchemicalvapor
deposted (CVD) diamondis used,their electical conduciv-

ity. In this article, devicesbasedon CVD diamand coatedsil-

icontips and moldeddiamondpyramidsarede<ribed.A new

type of tip, with a controlled selectively deposited diamand

coating,on its upperpart only, is preented,which will be
useful for integration with actwtors, sersass, etc. Pyrami-
dal diamaond tips with cartilevers have beenmicromachned
ard characterizedwith apex radi in the range 10 to 40nm.

Structuringhediamondayerby reactveionetchingresulted
in a very well defined shape of the cartilever. From resm-

ancefrequeny measiremens, Young’s modulus of the dia-

mondcantilevers was foundto bein agreemenivith reported
values.Preliminary testshave shown the pyramical tipsto be
suitable for atomic force microscopy.

Doped CVD diamondis useful for nanoprobemicroxopy
dueto its hardnes, high Youngs modulus electical conduc-
tivity throughdoping andchemrtalineriness. Potentially, the
high thermal conductvity of the material (higherthan cop-
per),mayalso be beneficialfor someapplications.

Particularly interestirg applications arebasedon the elec-
trical conducivity andthe absence of an electonic surface
barrier of the dopeddiamond. Such tips have beenused in
scanning tunnelng microscopy and conducing atomic force
microscoly (AFM), which has been applied for example
to image nickel-filled memlranes[1], or to investigate lo-
cally the electrical properties of WS, thin films [2]. Special-
ized conducing AFM techngueshave benefted from dia-
mond cartilevers aswell, such as nano-scaming resistace
profilomety and imaging (nano-RP) [3, 4], andbreakdavn
voltage imagng [5]. It is anticipatedthat thesetips will also
be usefulfor mechanicabndelectronic modificationof sur-
faces.
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The microstructureddiamondtips and their characteri-
zation reported in this article demonstrate the considerable
flexibility with which a variety of structures canbe micro-
fabricated from chemical vapor deposted (CVD) diamond.
Earlier [6], CVD diamondcoaed AFM tips and pyramidal
molded tips that were part of a membranewere degribed,
all relying on a uniform diamand coating. Here, silicon tips
with a controlled selectve CVD diamand coating are intro-
duced Also, deviceswith all-diamad cartileversand tips are
presented.

The CVD diammd deposition processs descritedin [7].
In short, it was performed by the hot-filamert deposition
metod on four-inch wafers at a subdrate temperatre of
830°C. This resuts in polycrystalline, high-quality films of
the sp° diamand phase with very low (down to 100ppm)
graphitic sp? content,as hasbeendeterminedirom Raman
spectroscopy. Throughoutthis work, the films were in-situ
borondoped reallting in a specific regstivity in therangeof
0.03 to 0.1 2 cm, dependng on boron concentation in the
plasma.

Thes tips have withstood severe conditions for example
in the nano-RP experimens [3,4], wheretypicaly forces
of 125uN areapplied in orderto penetate the naive oxide
of a silicon sampe, and in breakdown voltage imagng [5],
whererelatively high voltagesare appled, causng othertip
matrialsto wearfar more quickly thandiamond.

1 Diamond coatedsilicon tips

Silicon tips with a continuousCVD diamond coating of
100nm thicknes have beendemonsratedearier [6]. Thisis
the minimumrequredthicknesto ensire goodhomogendy,
with no pinholesobserved by scanningelectronmicroscopy
(SEM).

Figure 1 shavs a coatedcommercial[8] AFM tip. The
SEM imagedemonsrates that coverageis coninuouseven
for this very thin diamond film, and it displays the typi-
cal granularstructure with the relatively rough surface of



Fig. 1a,b. Diamond coated silicon ti@ overall view, b close-up on apex
region

the polycrystalline film. The root mean square roughness ¢

the film is on the order o8B0 nm as estimated by AFM
on 2x 2um areas on the chip supporting the lever. Conse
quently, the spatial resolution of AFM images taken with

these tips is limited on rough surfaces, but on a flat sur

face, high resolution images may still be obtained due to th

nanoscale roughness of the tip, with the crystallites tending t

have sharp edges.

Figure 2 shows a silicon tip that has a microstructured di
amond coating, covering its upper part only. Diamond cat
easily be distinguished from silicon owing to its higher sec-
ondary electron yield which makes it appear brighter in the
SEM image. Also seen are isolated diamond grains on th
silicon which are due to spontaneous nucleation. This typ
of selectively deposited structure will be useful when dia-
mond tips are to be combined with other elements in a sili
con based microstructure, such as actuators or sensors. T
silicon tips were fabricated by anisotropically underetch-
ing oxide masked areas usit{OH [9]. Local deposition
was achieved by oxidizing the structures, depositing a thic
photoresist from which the tip protruded, etching the ex
posed oxide layer, and performing a selective CVD diamon
deposition [10].
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Fig. 2. Silicon tip with selective CVD diamond coating

2 Micromachined pyramidal diamond tips on cantilevers

Diamond tips of pyramidal shape on membranes, fabricated
by deposition on a micromachined mold, have been reported
earlier [6]. These tips have been obtained with 1@&mm
apex radius, and they have now been integrated with can-
tilevers for application in AFM.

The process flow for fabrication is shown in Fig. 3.
100 mmsilicon wafers were oxidized, and square openings
were photolithographically patterned. Pyramidal molds were
formed by anisotropically etching IROH and the oxide was
removed. A nucleating process for the diamond growth was
used with a particularly high nucleation density [7], while
leaving the silicon mold completely intact.um CVD di-
amond was deposited and coated with a thin CVD silicon
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kig- 3a—c. Fabrication process of diamond tips on cantilever©xidation

of silicon wafer, patterning of oxide, anisotropic etching of pyramidal

amlds.b Deposition of CVD diamond, deposition and patterning of CVD
xide. ¢ RIE etching of diamond, removal of oxide, anisotropic etching of

silicon
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A cantilever with a tip is shown in Fig. 4. Compared to the
selective area deposition of CVD diamond [12], the RIE etch-
ing of the diamond results in a very precise patterning of the
cantilevers.

Figure 5 shows a close-up SEM image of the apex of a tip
which was made with this molding technique and which is
estimated to have an apex radiud6fnm TEM imaging pro-
vided complementary information at higher resolution, and
an example is given in Fig. 6. TEM at low magnification
revealed crystallites of hundreds of nanometers. At high mag-
nification, crystallites of a few to abo@® nmwere observed
near the surface, probably together with an amorphous phase.
At the surface, an amorphous film was found which may
contain two different layers. The outer one originates from
mobile hydrocarbon species adsorbed on the sample surface
that were decomposed and immobilized when they crossed
the electron beam. The inner one may belong to the sample
Fig. 4. Micromachined CVD diamond pyramidal probisgum height) with  ItS€lf or may also be a contamination layer. Depending on
integral cantilever which is true, the radius of this particular tip was estimated to

be eitherl4 nmor 8 nm not taking into account the contami-

nation layer introduced by the TEM observation.
oxide film, which was photolithographically patterned to de-  The cantilevers were designed with V shapes, with lengths
fine the cantilevers and supporting membranes. The diamonmenging from 100 tc600m, and had spring constants from
film was structured by reactive ion etching (RIE) in an oxy-0.1 to 10 N/m. The softest cantilevers had a resonance fre-
gen plasma [11]. Finally, the silicon was removed by etchingjuency ofl1+ 3 kHz, as predicted using the literature value
in KOH. The resulting underetched membranes with the camf Young’s modulus for polycrystalline diamonti)50 GPa
tilevers were glued on suitable supports for testing in AFM. Test structures showed the free-standing diamond film to be
under a compressive strain bk 1074,

A preliminary test demonstrating good electrical contact
properties of these devices has been done. A conducting AFM
experiment is shown in Fig. 7, taken on a step on a sili-
con substrate with a selectively grown doped CVD diamond
layer, as was used to fabricate the devices themselves. This
experiment was performed in air at relatively low forces
(~10"N), and the bright areas had a contact resistance of
less than about M. Lower contact resistances could pre-
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Fig. 5. SEM image of the apex of a pyramidal diamond tip Fig. 6. TEM image at high magnification of a pyramidal diamond tip
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