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Design and construction of a heat stage for investigations of samples
by atomic force microscopy above ambient temperatures

Thomas Rosleff Baekmark®
Department of Chemistry, The Technical University of Denmark, DK-2800 Lyngby, Denmark
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Centre for Interdisciplinary Studies of Molecular Interactions, CISMI University of Copenhagen,
Fruebjergvej 3, DK-2100 Copenhagéf, Denmark

Ole G. Mouritsen®
Department of Chemistry, The Technical University of Denmark, DK-2800 Lyngby, Denmark

(Received 17 June 1996; accepted for publication 13 Septembey 1996

The construction from simple and cheap commercially available parts of a miniature heat stage for
the direct heating of samples studied with a commercially available optical-lever-detection atomic
force microscope is reported. We demonstrate that by using this heat stage, atomic resolution can be
obtained on highly oriented pyrolytic graphite at 52 °C. The heat stage is of potential use for the
investigation of biological material at physiological temperatures.1997 American Institute of
Physics[S0034-67487)00801-0

I. INTRODUCTION temperaturdpersonal communication with Leif/8nsen of
. . . . . Danish Micro Engineering—DME

The experlnlental techmlques of scanning t“””e"”g mi- Attempts have also been made to solve the problem of
croscopy (STM) aqd atomic  force m_mroscoijFM) thermostating through direct heating of sample and tip, leav-
have, apart from their great usefulness in materlal_ sciences 'iﬂg the scanning microscope to operate at room temperature.
generaﬁ proven to be very powerful tools for the investiga- With STM, direct heating has proved to be a powerful tool
tion of biological material at t_he molecular leVef, for the for imaging surfaces with atomic resolutiéhgiving rise to
study of model systems of blologlcql membranes on Ie_ngtrgi new type of scanning microscope, the scanning ther-
scatlei (;ver fsl_eyeral Oﬁggrs of magnitdd¥,and for the di- mopower microscopg€SThM), that recently allowed Poler
rect study ot fiving cefis.” o et al13 to image monolayers of guanine on mica at 72 °C.

One of the present limitations to achieving increased With the AFM, direct heating has been attempted by
knovx_/ledge on the behavior of biolqgical r_nole.c_ules in vivo several groups. A éystem based on the circulation of thermo-
and In vitro by use of .AFM or STM is the inability of com- stated water in a fluid-cell AFM, has been proposed by Kipp
mercially available microscopes to operate at temperature@t al,?* and the problem of temperature control in the fluid

different from ambient temperature. Several attempts hav‘éell has been discussed by the same autfFsirthermore
been made by different investigators to overcome thIS;several successful attempts by different authors to convert

13,19-22 : ; o
hulrdlz._ f'l'he_moth(Ijvllrec_t solution t% the prokt))_lenﬁ """ the AFM into an atomic force SThM by modifying the can-
volved in periorming microscopy above ambient M- 0,61 have been reportéf-3In this setup, heating occurs

peratures is to change the ambient temperdilee to place either through the 9 or by direct sample heating. How-

th? MICTOSCOPE N an.msulated boand then operate the“ ever, at present the lateral resolution using atomic forces
microscope at the desired temperature after thermal equmﬁ
I

. has b tablished. Thi thod h ¢ SThM lies on the scale of micrometers with both heating
fium nas been estabished. 0'22 method has successiu ethods, which is in contrast to the atomic resolution obtain-
been applied by several grodp®??to samples studied by able with the tunneling SThIE

AFM at temperatures fm 6 K up toroom te.mperature, but We here report on the design and construction of a heat
has so far been unsatisfactory when studying samples abo%?age to be used together with a commercially available
room temperaturg?®2® Among other reasons, this may be AF

. M (we used a Rasterscope 4000 from DMar direct
due to the fact that the loading forces vary due to thermallyne ( P MB

induced il drife23 Furth the sianal-t : ating of sample and cantilever. Atomic resolution at el-
Induced cantiever dritt: = Furtheérmore, the signal-lo-noise ¢ 510y temperatures is demonstrated by imaging highly or-

ratio may be tqo smafl for operating Fhe AFM with satis- dered pyrolytic graphitdHOPG with atomic resolution at
factory resolution, and the electronic components of the, .

AFM may in some cases not be designed to operate at tem-

peratures elevated even just slightk40 °C) above room
IIl. INSTRUMENTATION

dpresent address: Lehrstufir fBiophysik, E22, The Technical University A mm"_"‘ture electrical heatmg'Stage W"’.‘S used to he.at the
of Munich, James-Frank-Strasse, D-85748 Garching, Germany; Electronisamples(Fig. 1). The central heat generating element is an
mail: tbaekmar@physik.tu-muenchen.de ohmic resistancé€220 or 100}, both allowing for a maxi-

YAuthor to whom correspondence should be addressed; Electronic maiFnum temperature of 90 °C. when connected to an external
tb@symbion.ki.ku.dk !

9Associate fellow of the Canadian Institute for Advanced Research; Elecyariable_Current supply, _MaSCOt Type _719: Nor\)’_a’}’lcap'
tronic mail: ogm@fki.dtu.dk sulated in gold-covered iron and kept in place with thermo-
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Towards cantilever

Glass plate

1. 2.05mm D Epoxy coating

2. 0.6 mm

3. 0.3 mm D Goldcovered iron

4. 110 mm [ Thermoconducting glue
5. 0.6 mm -

6. 7.1 mm Thermoprobe

FIG. 1. Schematic drawing of the heat stage.

conducting glue. To the iron capsule we have attached &2 °C and Fig. 3 shows HOPG at the same temperature with
thermoprobe, a Pt100 thermoresist@tandard B.S. 1904 a magnification of X1 um. The insert to Fig. 2 shows the
which allows us to monitor the temperature of our sample tawo-dimensional Fourier transform spectrum of the image.
within £0.5 K. Also attached is a glass plate at the bottom ofWe find an interatomic spacing of 2.18.1 A, as expected
the heat stage t@artially) decouple the heat stage thermally for graphite(Ref. 33, Table B-198 From the flatness of Fig.
from the piezoelement. The two sets of electrical wires lead3, one can conclude that the heating is very homogeneous
ing away from the heat stage are enclosed in an epoxy coabver the surface of the sample, since any inhomogeneity in
ing and lifted 0.5 cm up above the heat stage in order to keeemperature would lead to the immediate destruction of the
the wires from touching the cantilever slide. This was donefocus due to cantilever drift as discussed by Radmacher
in order to keep vibrations in the piezoelement from inducinget al?®> We have obtained similar results with the same de-

surplus cantilever vibrations. gree of spatial resolution at other temperatures.
Contrary to the results obtained with the atomic force
lIl. EXPERIMENT SThM?5-31we can obtain atomic resolution with the use of

HOPG was purchased from DME and cleaved Shortlythe heat stage described above. The following two features

i . are believed to be important: First, since heat conduction
before use. .For Imaging we used-a Ras_terscppe 4090 fromrough air represents the major mode of heat transfer be-
DM.E and m|crofabr|c_ated g\, cantilever tips W|th_ nominal tween sample and tif,we work the AFM with the cantile-
spring constqnts of either 0.36 or_0.0£_3 N/m_. The images ver and the sample at thermal equilibrium, which eliminates
pixelsx256 pixely were recorded in air at different tempera- ny major cantilever fluctuations due to thermal drift. Sec-
tures in contact mode at a constant force of 1 nN. Good’;1 '
thermal contact between sample and heat stage was assured
by use of a thermoconducting silicone grease, Dow Corn-
ing™ heat sink compound 34@ow Corning Corp., USA.

Tip and sample were brought into contact and the AFM
was adjusted to give good images of the surface before heat-
ing of the samples. During heating the AFM was continu-
ously readjusted to compensate for the thermal drift of the tip
induced by the heating. Typically the system would become
stable at the new temperature within the time span of 1 h.
Measurements were not initiated until both cantilever and
temperature had remained stable for at least 15 min.

During measurements, we monitored the ambient tem-
perature through a second thermoprobe at a distance of 1 cm
from the heat stage. We found that the ambient temperature
did not increase more than aliduK within the time span of
hours. Thus we are confident that the electronic parts of the
AFM were not influenced by the heating.

IV. RESULTS AND DISCUSSION

. _FIG. 2. Image of HOPG with atomic resolution measured at 52 °C with a
The results of our measurements are shown on the Figfyeral resolution of 5.2 nm5.2 nm. Scale bar inserted to show roughness.

2 and 3. Figure 2 shows HOPG with atomic resolution atrhe insert shows the two-dimensional fast Fourier transform of the image.
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