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Abstract

The properties of monolayer films of organic materials are important for a variety of
technologies. We have employed the STM and AFM to study Langmuir-Blodgett
films of a variety of polymers on substrates of graphite, MoS2, and Au(111) on
mica. The polymers were poly(octadecyl acrylate) (PODA), atactic and syndiotactic
poly(methyl methacrylate) (PMMA) and poly(2-methyl 1-pentene sulfone) (PMPS).
One striking feature was the degree of order observed; a second was the
morphological difference between films of submonolayer thickness (long thin fibrils)
and those of at least monolayer thickness (lumpy structures arranged in domains).
By puising the STM bias voltage to values in excess of 4 V, we were able to bring
about local modification of the polymer morphology.
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I. INTRODUCTION

Direct imaging and manipulation of ultrathin organic films on solid surfaces is
interesting for a variety of reasons. First of all, understanding the microstructure of these
films is interesting for surface chemistry, biological applications, nanoscale fabrication and
information recording. Furthermore, analysis of such images provides new information
for understanding the contrast mechanism in STM and AFM imaging of adsorbed organic
molecules, which has been an intriguirig area of research since the conception of the

instruments. (Smith et al. 1987, Foster & Frommer 1988, Marti er al. 1988)

The Langmuir-Blodgett (LB) technique can be used for preparing uniform layers of
thin resist with very low pinhole densities. (Kuan 1988-1, Kuan 1988-2). We have

utilized the LB technique with two different dipping geometries to prepare mono- and

submonolayer films of poly(octadecylacrylate) (PODA), poly(methyl methacrylate)

(PMMA), and poly (2-methyl 1-pentene sulfone) (PMPS) on graphite. MoS; and Au(111)

on mica were also used as substrates for comparison.

PODA structures on graphite were imaged by both STM and AFM yielding identical

morphologies. PMMA in its atactic and syndiotactic forms was imaged by STM;

syndiotactic PMMA was found to give ordered structures under both dipping

configurations. PMPS was imaged mainly for comparison of the writing thresholds.

It was possible to perform molecular manipulation of isolated polymer fibrils on

graphite in the STM. A comparison was made between pulse polarities and between

polymer types.
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II. SAMPLE PREPARATION AND INSTRUMENTATION

The LB films were atactic PODA with a weight average molecular weight (My,) of
23,300 and number average molecular weight of 13,000 (Mp), syndiotactic PMMA, with
My=100,000, and PMPS . The monomer repeat units of each of thess polymers as well

the stereochemical structure of atactic and syndiotactic PMMA are shown in Figure 1.

The LB films were prepared by horizontally lifting the substrate out of the trough or by
dipping the sample vertically into the water subphase and lifting it vertically out. This
procedure is described in more detail elsewhere (Albrecht er al. 1988-2) . The presence of
the film was checked by ellipsometry.

The STM and the AFM were both operated in air in the current imaging mode. The
STM feedback bandwidth, however, was set to approximately twice the line scan rate. The
contrast information was again derived from the current error signal. Bias voltages in the
vicinity of 0.6 V were used and the tunneling current was kept lower than 0.5 nA. A more
detailed description of the STM and AFM instrumentation can be found elsewhere.

(Bryant et al. 1986, Albrecht and Quate 1987, Albrecht er al. 1988-2)
III. FILM MORPHOLOGY OBSERVED BY STM AND AFM

One common feature that was observed on all samples with the two dipping
configurations was the fact that the image contained parallel chains of varying densities

depending on the deposition. The chains remained parallel over very large areas. It was
suggested that the polymer chains become stretched during the initial spreading of the
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chloroform solution as the Langmuir film is formed on the water surface

(Wissbrun 1988).

On samples that were prepared by horizontal dipping, we observed submonolayer
coverages of PODA with the STM. There were several areas of bare graphite with isolated
fibrils extending in length from one hundred to several hundred Angstroms with the
graphite background clearly visible on either side. Figure 2 (a) shows an isolated narrow
fibril and the graphite lattice background used for geometric calibration. The fibril width
was 8 + 2 A with the shadow to the right of the fibril being caused by high pass filtering
and the delayed response of the feedback due to the strong current signal. When the scan
speed was reduced further, the tip response varied between 5 and 10 A on these isolated
fibrils with mspcét to the background while the feedback maintained contours of constant
current. The graphite lattices on the left and on the right of the fibril are in registry. Steps
and grain boundaries on graphite are very rarely observed and are easy to discriminate
against. (Albrecht er al. 1988-1) We can, therefore, definitely exclude the possibility that
the observed fibrils could be due to steps or grain boundaries.

Figure 2 (b) shows a parallel array of fibrils. We observed identical morphologies on
the sample prepared by horizontal lifting when analyzed with the AFM. Figures 2 (c) and
2 (d) are corresponding AFM images of the morphologies observed by the STM shown in
Figures 2 (a) and (b).

In the horizontally prepared sample, we observed an isolated highly ordered region of
approximately 300 A x 300 A, shown in Figure 3. The spacing between rows is one to
two times the side chain length. This spacing agrees with a two dimensional version of a

model proposed for the crystalline bulk. (Plate er al. 1971, Albrecht er al. 1988-2). This

same structure was also observed on PODA deposited on Au (111) on mica (Emch et al.
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1988). The 20 A periodicity that is observed along the backbone could reflect side chain
interactions or even crystallization as is typically observed in bulk PODA. (Hsieh ez al. B
1976) "

The second polymer whose morphology we studied was syndiotactic PMMA. Sample K
preparation was again done by two dipping methods. The first dipping method yielded
isolated chains and clusters of parallel chains as was observed with PODA with occasional iy
twists and kinks in the chains of up to 45 degrees. One possible explanation for why one R
would observe kinks in PMMA and not in PODA, is the fact that the strong long side '..

chain interactions in PODA keep the backbone straight over much longer distances.

PMMA samples that were prepared by vertical dipping, on the other hand, o
demonstrated several hundred Angstrom sized domains of parallel polymer fibrils. Figure KR
4 (a) shows a 500 A x 500 A region showing three different domains and a step down to | 30
graphite. Figure 4 (b) is 2 200 A x 200 A zoom into the domain at the center of Fig 4 (a).
The parallel fibrils are separated by 15 A. R0

IV. POLYMER MODIFICATION WITH THE STM ‘.

The samples that were used for this experiment were PODA and PMPS samples
prepared by the horizontal raising technique. A rectangular voltage pulse of 100 ns ?
duration was applied to the STM ip as it was scanned over part of the isolated chain.

Figure 5 (a) is a 400 A x 400 A image showing a bundle of fibrils before a pulse is »
applied to the tip. Figure 5 (b) shows the same area after the pulse. The pulse disrupts the {s;'v
highly parallel structure over a 50 A radius and appears to have broken the fibril where the fzu{:

pulse is applied. The threshold for writing seems to vary from tip to tip and position on the
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sample and was found to be around 4 V. These marks were produced by pulses of either

polarity.

In order to investigate whether the disruption can be explained by the breaking of the
backbone, we repeated the same experiment with PMPS whose backbone contains two C-
S bonds per repeat unit. The C-S bond energy is 2.9 ¢V whereas the C-C bond energy is
3.8 eV. If the marks are due to the breaking of the backbone, one would expect lower
voltage thresholds for PMPS. We found the threshold voltage to be slightly lower
compared to PODA, but the difference is not as large as the one to be expected from the
bond energy difference.

We induced similar morphological changes on the PMPS. Figure 6 (a)-(d) shows a
time sequence corresponding to a single pulse. In figure 6 (a) we see a parallel cluster of

chains. Figure 6 (b) is shown a couple seconds after the pulse. Figures 6 (c) and 6 (d) are

taken 10 and 20 seconds after the pulse respectively and illustrate the time evolution of the

mark induced by the voltage pulse. The feature size is again less than 100 A x 100 A.

In order to investigate what would happen if we pulsed on a region without apparent

fibrils, we applied four pulses in a rectangular pattern of dots. The results are shown in

Figure 7. The feature size is around 30 A x 30 A. A similar method for writing single dots
of 10 A, was previously illustrated for the STM on a dimethy] phthlate (DMP) covered

graphite surface. (Foster er al. 1988) The use of commonly present hydrocarbons as

"contamination resist” for an electron beam had previously been demonstrated resulting in
80 A metallic features. (Broers er al. 1976). Contamination had also been used to produce

sub 0.1 um lines in an STM for subsequent inspection with a Scanning Electron

Microscope. (McCord and Pease 1986)
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One possible explanation for the 4 eV threshold would be that it corresponds to the

LI OET

barrier height for generating free electrons in the gap. The lower effective barrier heights
that have been reported in air do not contradict this, as they are mainly due to

contamination mediated deformations (Mamin et al. 1986, Lang and Dovek 1988). .

The hydrocarbon density is larger when the tip is over a bundle of polymers due to the i
polymer backbone, its side chains, the commonly present hydrocarbons and additionally )
attracted ones. Since the feature size observed in these areas is larger than features formed
on bare areas, this suggests that the writing mechanism involves the breaking and -t

reformation of intramolecular and surface bonds. %)
V. CONCLUSIONS

LB deposited PODA, atactic-PMMA, syndiotactic-PMMA and PMPS have been o
imaged on graphite using two powerful tools: STM and AFM. These results give us
information about the morphology of these films. The surface coverage was found to be in 05
agreement with the deposition geometry used. Domain sizes were found to be smaller in N
PMMA than PODA possibly due to reduced side chain length. Furthermore, we have 8
demonstrated a mechanism for marking these polymers with the STM that seems to be 3

similar in nature to e-beam lithography on acrylates and contamination resist. X
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FIGURE CAPTIONS

Figure 1 Structures of (a) PODA, (b) PMMA and (c) PMPS monomer units.

Stereochemical structures of (d) atactic and (¢) syndiotactic PMMA.

Figure 2 STM and AFM images of PODA submonolayers on graphite:
isolated fibril on the otherwise clean graphite seen by STM (75 A x 75 A);

(b) larger parallel fibrils in other areas seen by STM (440 A x 440 A);

(a) An

(c) An isolated fibril stretched across the surface seen by AFM (60 A x
60 A); (d) parallel fibrils seen by AFM (380 A x 380 A).

Figure 3 An STM image of a two dimensional ordered overlayer suggestive of bulk !

ordering (300 A x 300 A).

Figure 4 STM Images of monolayer coverage syndiotactic-PMMA:  (a) An

area showing a few domains of parallel chains and a step down to graphite o
(500 A x 500 A), (b) 2200 A x 200 A blowup of one of the domains of !

Fig 4 (a).

Figure 5 Modification of PODA with the STM: (a) a wide fibril before a pulse is
applied to the tip, (b) the same area after the pulse (400 A x 400 A).

Figure 6 Modification of PMPS with the STM: (a) a wide fibril before a pulse is

applied to the tip, (b) the fibril immediately after the pulse, same area (c) 10

seconds and (d) 20 seconds after the pulse. The image size is 450A x

450A.
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Figure 7 Writing on an uncovered area. (200 A x 200 A). A 4 Volt pulse was applied
to the tip at the comers of the shown quadrilateral. N
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