Soft, entirely photoplastic probes for scanning force microscopy
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A new probe made entirely of plastic material has been developed for scanning probe microscopy.
Using a polymer for the cantilever facilitates the realization of mechanical properties that are
difficult to achieve with classical silicon technology. The new cantilever and tip presented here are
made of an epoxy-based photoplastic. The fabrication process is a simple batch process in which the
integrated tip and the lever are defined in one photolithography step. The simplicity of the
fabrication step, the use of a polymer as material, and the ability to reuse the silicon mold lead to
a soft low-cost probe for scanning force microscopy. Imaging soft condensed matter with
photoplastic levers, which uses laser beam deflection sensing, exhibits a resolution that compares
well with that of commercially available silicon cantileve

I. INTRODUCTION obtain a low spring constaitt5 N/m) is to reduce the thick-
ness of the cantilever, but very small thicknesée4 um)
are technologically difficult to achieve. Alternatively, fabri-
cation of soft cantilevers with noncritical dimensions is pos-

Since its development in 1986the scanning force mi-
croscopegSFM) has become a revolutionary tool for surface

analysis. In a SFM, a very sharp tip located at the end of Liple by taking a material with a low Young's modulus.

cantilevgr Is S‘?a”r?ed over the sample Sl.Jrface.. The ti.pTDechmanret al!® reported the fabrication of very soft canti-
sample interaction is converted by the cantilever into a d'sltevers using a novolak photoresist as material. The fabrica-

placement meéasured by_ _aé deflec_non s_en_i%r. Optic on process is nevertheless complex, and the tip is placed on
interferometry,” and capacitivé, and p_|ezore5|st| meth- the lever by electron-bean depositi@&BD), a technique that
ods can be used to sense the deflection of the lever, but the - .\ 'suited for high-volume fabrication

laser beam deflection technidues still the most widely We present a new, simple fabrication technique for soft,

used. . . o :
. . . entirely photoplastic SFM probes with integrated tips made
The construction of a force-sensing cantilever probe ha ith a batch molding technique.

remained a critical issue in SFMs. Micromachining technolo-
gies have allowed batch fabrication of SFM probes made of
silicon,” silicon nitride, or silicon oxide with integrated or !l DESCRIPTION AND FABRICATION OF

add-on tip€ For SFM applications, the cantilever must have PHOTOPLASTIC PROBES

certain mechanical properties. Low stiffness, a high resonant  |nyented and developed by 1B#;*? the SU-8 photo-

frequency, and a fairly higR factor together with a sharp tip  pastic used to create the soft cantilevers is a negative-tone

are the main criteria that must be fulfilled by such a probepnotoresist consisting of the epoxy-based EPON® SU-8
The stiffness of a cantilever is given by its spring constant

k=Ewt*/41® wherew, t, and| denote the width, thickness, _ _
and length of the lever, arf is the Young’'s modulus of the
material used. When an optical beam is used to measure the

/7 \ 7\
CH,CH——CH, CH,CH——CH,

deflection, the sensitivity of the detector is inversely propor- o/ o/

tional to the length of the cantilevrUnfortunately, short CH, Ly
levers are a drawback if a low spring constant is required. A

certain width is also necessary for sufficient reflection and

simple alignment of the laser beam. In addition, silicon and HiC-C s HC-G~Cts
silicon nitride have a high Young’s moduls(190 and 385 ©
o] o
N 7

GPa, respectivefy. With such materials, the only way to

0\
dAlso at the Institute of Microtechnology, University of NelitdiaJaquet- CHCH—CH, | CHLCH—CH, |,
Droz 1, CH-2000 Neuchal, Switzerland; electronic mail:
gen@zurich.ibm.com FIG. 1. Molecular structure of SU-8 with its eight epoxy sites.
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FIG. 2. Spring constant of silicon and SU-8 cantilevers as a function of
thickness. Cantilevers have a length of 1&® and a width of 3Qum.

Lever+tip q SU-B'Tip

resin(by Shell Chemical photosensitized with a triaryl sul- () (d)
fonium salt(CYRACURE® UVI by Union Carbidg This
resist features low-cost lithography, galvanoforming, and abriG. 4. (a) General view of an SU-8 SFM probéo) Close up of an SU-8
formung(LIGA), 13 which produces a high aspect ratio with- lever.(c) Close-up of a pyramidal tip at the end of the lev@. Close-up of
out the need for an x-ray source. Such features have becong SU-8 tip. Radius of curvature is approximately 30 nm.
especially important in the growing field of microelectrome-
chanical systeméVEEMS) applications:**° SU-8 photoresist on a silicon wafer. These steps are repeated
EPON® SU-8 is a negative photoresist with the highestfor subsequent layers. Cantilevers with integrated tips are
epoxide functionality per molecule commercially availablefabricated in a very similar manner as that in which Albrecht
(see Fig. 1L The highly crosslinked structure induced by et al. made silicon nitride cantilevefs.
ultraviolet exposure gives SU-8 its high thermal stability and  The initial material is a 100 mriL00 silicon wafer with
good chemical resistance. In addition to these properties, anum of thermally grown oxide on both sides. The topside is
aspect ratio as high as 18 and a low Young's modulis ( patterned using CHJfO, reactive ion etchingRIE) to form
=4 GPa make this photoplastic a suitable material for mi- the mask for etching the tip molds. Pyramidal holes are then
cromechanical structures for which a low spring constant igtched in the silicon wafer using an anisotropic etchant such
required™® Moreover, this material is very promising for the as KOH. In order to improve the sharpness of the SU-8 tips,
simple fabrication of all photoplastic SFM probes with inte- the molds are sharpened in a thermal oxidation Stefip
grated tips and a low spring constant. Figure 2 compares théharpness depends mainly on the quality of the mold.
spring constants of silicon and SU-8 cantilever beams of A first layer of SU-8 is then spin coated onto the wafer,
equal length and width as a function of thickness. It clearlyand the tip is defined by the resist, which fills up the etched
shows that very low spring constants can easily be achievegyramidal sharp holes. The latter act as molds. The cantile-
with fairly thick SU-8 levers. In contrast, levers with the ver's thickness is determined by the thickness of the first
same spring constant made of silicon must be very thinfesist layer as shown in Fig(&@. Subsequently, the resist is
which is difficult to achieve and control. exposed to contact printing with a 400 nm ultraviolet source
The fabrication process of SU-8 photoplastic cantileverso form a crosslinked volume, which will not be dissolved in
is based on the spin coating and exposure/development of the subsequent development step, and hence, defines the di-
mensions of the cantilever. A second layer of photoresist is
SU-8 (bod then spin coated, exposed, and developed to form the body
y) . . s
of the chip. Afterwards, levers are released using a sacrificial
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FIG. 3. (a) Formation of an SU-8 cantilever. The tip is formed by the resist
molded in the pyramidal pith) Free-standing cantilever is obtained upon FIG. 5. Frequency response of an SU-8 cantilever. Dimensions=#6&
unmolding of the chip. pm, w=31 um, |=150 um.
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SU8-Cantilever

FIG. 8. SEM image of a tip after AFM imaging of soft samples. The tip

FIG. 6. AFM image (5<5 um?) of a mixed Langmuir—Blodgett film with showed no wear after imaging.

coexisting hydrocarbon and fluorocarbon molecular domains. The image
range corresponds to 5 n(see the text for details

the density and Young’s modulus of the SU-8 materiaQA

layer technique, and chips are removed mechanically fronf2Ctor in air of about 50 was deduced from the frequency
the silicon wafer mold without being damagésee Fig. '€SPonse in Fig. 5.

3(b)]. Hence, after cleaning, the mold is ready to be reused 11PS Produced in this manner have been measured to
for the fabrication of new chips. This is very important to have radii of curvature of less than 30 nm. Such values have

minimize the cost of these plastic probes. Finally, 40 nm of?€€n determined by scanning electron microscépiM)
gold was evaporated on the backside of the levers to achieJ@€asurements after 20 nm of gold had been sputtered on the

sufficient reflection for optical detection. tip. Hence, the actual radii of curvature of the photoplastic
tips are somewhat smaller than indicated by SEM measure-
ments.

IIl. EXPERIMENTS AND DISCUSSION The control of the cantilever thickness is a major chal-

lenge because the spring constant is proportional to the thick-

Figure 4 shows scanning electron micrographs of fabriness cubed. The thickness of the photoplastic cantilevers de-

cated photoplastic SU-8 SFM probes with integrated shargcribed here is determined by the SU-8 spin-coating process.
tips. Thickness, width, and length of the levers are 6.6, 3lyniformity and reproducibility of photoresist spin-coating

and 150um, respectively, which yield a calculated spring processes are known to be very good, hence, cantilever stiff-

constant of 2.64 N/m and a resonant frequency of 87 kHzpess and resonant frequency of photoplastic levers are well

Measured resonant frequencies differ up to 5% from theoretdefined and controlled. For a target cantilever thickness of 6

ical values. The difference is due mainly to the measuremenim, a mean value of 5.9am with a standard deviation of

accuracy of the lever dimensions and the approximations 0(5.076,um has been measured o4 in. wafer, resulting in
a standard deviation of the spring constant of 0.073 N/m
assuming nominal length and width.
The performance of the epoxy cantilevers has been in-

500 vestigated in atomic force microscoAFM) experiments
on so-called soft condensed-matter samples. The handling
and resolution of the levers have been tested in the tapping
mode under ambient conditions on mixed Langmuir—
Blodgett films (Fig. 6), DNA—plasmid moleculegFig. 7),

250 and M13 bacteriophage samples. Figure 6 clearly shows the
coexisting phase@omaing of molecules of different hydro-
phobicity (surface energy The lateral resolution can be es-
timated from Fig. 7, where the width of the DNA strand is
5-6 nm. The vertical resolution was found to be of the order

0 of 0.1 nm. The background of Fig. 7 reveals contamination
due to aging of the sample. Figure 8 illustrates that the tip

nm showed no wear after images such as those in Figs. 6 and 7
were taken.

FIG. 7. AFM image (0.&0.6 um?) of DNA—plasmid(pGEM-3Zf vector . .
from Promega Corporation, Madison, YWThe width of the DNA strand is In summary, t[he fabncat_mn of new, soft, photoplastic
5-6 nm. Thez scale was color adjusted to 1.5 nm. SFM probes with integrated tips has been demonstrated. The
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simple molding and replication techniques show interesting*T. Géddenhenrich, H. Lemke, U. Hartmann, and C. Heiden, J. Vac. Sci.
p g p q g

potential for the fabrication of low-cost, large-volume pho- _Technol. A8, 383(1990.

toplastic SFM probes. The spin-coating process of thin layers '(\i'gggrtonese' R. C. Barrett, and C. F. Quate, Appl. Phys. 681834
(<1 um) Wi|_| even make_ .the fa_-brication _Of very soft Cant.i' SN. M. Amer and G. Meyer, Bull. Am. Phys. So83, 319 (1988; G.
levers possible. In addition, tip hardening by overcoating Meyer and N. M. Amer, Appl. Phys. Let63, 2400(1988.

will reduce or eliminate wear and may lead to very broad 78.9\é\g)olter, Th. Bayer, and J. Greschner, J. Vac. Sci. Technd, B353

applications for such probes. 8T. R. Albrecht, S. Akamine, T. E. Carver, and C. F. Quate, J. Vac. Sci.

Technol. A8, 3386(1990.
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