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Abstract

Thin and short cantilevers possess both a low force constant and a high resonance frequency, thus are highly desirable for atomic force micros
(AFM) imaging and force measurement. In this work, small silicon (Si) cantilevers integrating with a Si tip were fabricated from silicon-on-oxide
(SOI) wafers that were used for reducing the variation of thickness of the cantilevers. Our fabrication process provided SOI chips containing
silicon cantilevers integrating with an ultra-sharp Si tip. We showed that the resolution of images obtained with these tips was much higher tt
those obtained with the commercial tips, while the force constants were much less, that is, more suitable for imaging soft samples. The availab
of such SOI chips greatly facilitates large scale modification of the surfaces of the silicon cantilever tips with a monolayer of oligo(ethylene glycc
derivatives that resist the non-specific interactions with proteins, rendering them most suitable for imaging and measurement of biological samy
Published by Elsevier B.V.

Keywords: Thin cantilevers; SOl wafers; AFM probes

1. Introduction Currently, AFM cantilevers are predominately fabricated
from silicon and silicon nitride (SiN). Several reports for the
Recently, short and thin cantilevers have been used for atomfabrication of small cantilevers without tips using both materi-
force microscope (AFM) imaging and force measureniey®].  als appearef4—6]. Among the few reports for the fabrication
Such cantilevers have a high resonance frequency and alow fore¢ small cantilevers with tips, most of them used low stress
constant. The high resonance frequency allows for fast imagingiN as the material for the cantilevers because the thickness
[2,3], which is highly desirable for monitoring the reactions, of SiN cantilevers can be controlled by chemical vapor depo-
interactions, and conformational changes of biomolecules. Thsition (CVD) and SiN is not etched in the etchants for silicon
low force constant of the cantilever greatly minimizes the deforor silicon oxide[7]. The SiN tips can be fabricated together
mation of soft samples such as biomolecules. In addition, it sigwith SiN cantilevers or carbon tips can be deposited on the SiN
nificantly increases the sensitivity of force measurement whicltantilevers by electron beam depositi@. Although silicon
has been widely used for studying the inter- and intra-moleculagantilever tips are more difficult to fabricate compared to SiN
interactions between macromolecu[8%. Furthermore, it has cantilever tips, there are several advantages for the use of silicon
been demonstrated that small cantilevers also reduced the theips and cantilevers: (1) Si tips can be easily sharpened through
mal noisg1]. All these unique advantages associated with smalihermal oxidation, (2) comparing with carbon tips deposited by
cantilevers have motivated the development of processes for thgectron beam deposition, the Si tips that are integrated with Si
fabrication of such cantilevers and instrumentation for usingcantilevers are easier to be fabricated in large scale, (3) Sitips can
them. be modified with protein-resistant monolayers for application of
such tips for imaging biological samplg%-11], (4) the single
- crystal Si cantilevers have a high@ifactor than the amorphous
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as 70% reflectivity to red laser that is a popular light source in 100
commercial SPM heads, but the corresponding SiN cantilevers
only have up to 40% reflectivity. Moreover, if blue-violet laser is 80
used in SPM heads, the reflectivity in thin Si cantilevers almost
has no variation with thickness because the strong absorption of
blue light nearly completely eliminates the thin film interference
for Si. In contrast, SiN almost has no absorption to visible light.
Despite the advantages, few reports on the fabrication of thin
Si cantilevers with Si tips and only one report on the fabrica-
tion of Si tips on SiN cantilevers appearfgd]. This situation
reflects the difficulties of fabrication of thin Si cantilever tips.
The commercial Si cantilever tips are mostly prepared by back-
side etching of 300-500m thick Siwafers. Due to the deviation
of thickness over the whole wafer, and the difficulties in con-Fig. 1. The reflectance of cantilever for different materials (thick curve: Si and
trolling the etching process, it is extremely difficult to preparethin curve: SiN) and different color lights (red curve: 670 nm red laser, blue
cantilevers thinner than;lm in a wafer scale by this process. c_urve: 400'nm blue Iaser): (For interpretation of the.references tp color in this
Herein, we present a method for fabrication of a large nun,]befljgure caption, the reader is referred to the web version of the article.)

of Si car_1t|le_ver tps using SOl V\_/afers. Our _approach allows forand higher refraction index of Si in blue light leads to stronger
the fabrication of cantilevers with a few microns width, down

N . reflection than in red light. With the increasing of the reliability
to 100nm in thickness, a_nd arogndﬂm n Ieng_th. The exqelj of blue and violet lasers recently, these lasers are expected to be
lent performance of cantilever tips made of SiN with a similar

. used in future AFM systems.
:thhrﬁi?oene_gig:én(?;riti::\{gq:;s':gg‘(ﬁ:’:;’Stgetggﬁyagg;gtsgg:If: The cantilevers Wlth a high .resonance.freql_lency. and. low
heads that remain at the prototyping stage and are availablel\florce constant are highly deswaple f(_)r 'maging _b|olog|cal
only a few research groups. In this work, we focus on the prepas-%mple.s' Unfortgnatgly, commercial Si AFM cantlleyer are
ration of Si-based cantilevér tips with a'dimension suitable for!’]Ot satisfactory in th|_s regard. For example, two t)_/p|cal Sil-
current commercial AEM instruments icon probes are available: the long can_tlllevers with a typ-

' ical size of 30Qum x 35um x 1 um providing force con-
stant of ~0.03N/m and resonant frequency of10kHz,
and the relatively short cantilevers with a typical size of

The thin film interference effects can impact the optical mon-90me x 35pm > Lpm providing force constant of 1.7 N/m

o . i i . ) nd resonant frequency ofL50 kHz. The first type is often used
itoring of the microcantilever’s motion because the intensity ofa N y yp

. for imaging in contact mode or force measurement. For imag-
reflection could be weakened by these effects. A layer of met P : o
. . - n ft sampl ing m hat elimin he lateral for
can be deposited on the back of the cantilever to eliminate th g soft samples, tapping mode that e ates the lateral force

interference and provide a high reflectivity. However, the unde ften causing deformation of the soft sample is preferred over
. P 9 . y . L contact mode. However, the low resonance frequency of these
sirable effect of the temperature sensitive “bimaterial” strips ca

"Lantilevers limits the rate of imaging. For force measurement

%hese large cantilevers inherently display relatively high thermal

. . . oise that greatly lowers the sensitivity of the force measure-

:Jhose r]llot atl]wa?(s: tas a ns gattlve efﬁ ct. V(\j/'tg] trt]ﬁ prot}:) e][ thicknes ent. For the second type, the high force constant likely causes
€ refiective fight can be strengtnened by the INEIErence. [atormation of soft samples and increases the thermal noise. In

computer_simulation of thin film _effect is us_ed for calcu_lating his work, silicon cantilever tips are designed to possess a high
the reflection, based upon a matrix formulation of reflection an requency and low force constant as well as to be compatible

Itr?inim|s£§,t|r?n ;arllttmrtferfactcke] of dr:elrectrim m?]te[irr\;/él]al n_IEEe c?rlrg:ul— . \r/]vith commercial AEM instruments.
ation, at tne Interlace the energy 1S conserved. The simu'atio For compatibility with the size of laser beamin common AFM

Ir.e?]'ilts of reglecnv]rtg_frojr? Siand t.SlNl ce%rnrt]llevetr_s |r|1 red and tbluehead, we decided to keep the width of cantilevers to be the same
'ghts are shown IF19. 1, respectively. 1he oplical paramelers o, st commercial probes (&), and the length (7Qm)

?gesé.;n?a?ol\ln 2;}% Ogﬁ:gﬁg Lrp r;: r'gﬁg%?f?i;:gg?&g.g; d .th the cantilevers to be twice of the width. For a rectangular
mutatl W '9 Ity : Icantilever, the eigenfrequengy, is given by[18]

the thickness of the cantilevers can be accurately controlled to
a proper range. For example, Si cantilevers with a thickness of : [E

60

40

Reftectance (%)

20

Thickness of cantilever (um)

2. Design

110-160 nm have more than 70% reflectivity in red light (wave-fo = 0.162; 1)
length 670 nm). With a certain thickness, SiN cantilevers also

possess the reflectivity larger than 40% in red light or blue lightvhere ¢ is the thickness/ the length of the cantileverZ
(wavelength 400 nm). Here Si cantilevers with a thickness largethe Young’s modulus of the material andis the density of
than 10 nm show another advantage: they always have a reflearass of the material. The spring constant of a cantilever is
tivity around 50% in blue light because the strong absorptiork = 0.25Ewr3/ I3, wherew is the width of the cantilever. There-

of blue light in Si eliminates the effect of thin film interference fore, for a 450 nm thick cantilever with a width of g%n and
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