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Direct observation of a local structural transition for molecular recording
with scanning tunneling microscopy
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We present a direct observation of a structural transition at molecular scale in an organic
p-nitrobenzonitrile(PNBN) thin film using scanning tunneling microscop$TM). STM images

clearly show an ordered molecular structure of unrecorded regions in the films, while the PNBN
molecular arrangements are disordered in the recorded regions. The current—vokage (
measurements from the STM demonstrate a great increase of the conductance transition in the
recorded regions after the voltage pulses. Those results suggest that the recording mechanism may
be due to a crystalline structural transition, which is consistent with our previously proposed
mechanism in another organic system for ultrahigh density data storage200@ American
Institute of Physicg.S0003-695(00)04746-X

Nanofabrication and nanometer scale data recordingnderstand the recording mechanisms. Though Gao and
have stimulated much interest in the last two decdd¥s. co-workeré*investigated a molecular recording and did the-
Scanning probe microscop€SPM) including scanning tun- oretical calculations on a NBMN-pDA organic thin film, and
neling microscopdSTM), atomic force microscopeAFM), attributed the recording mechanism to the local crystalline
and scanning near-filed optical microscope have provestructural change, direct observation of the structural change
powerful for conducting data storage at nanometer scale aaxt molecular scale around the recorded marks are still needed
molecular scale. Kolb and co-workémeported a nanofabri- to demonstrate the mechanism. In this letter, we will present
cation of small copper clusters on the ALL1) surface of a the direct observation of a crystalline structural change in a
gold electrode using a STM. Madification on GEL1) sur-  p-nitrobenzonitrile (PNBN) thin film with a STM. STM
face at an atomic scale was also investigated by Dujardin ancurrent—voltage I(-V) measurement of the local region in
co-workers®® Mirlin and co-workers performed direct-write the film indicates that the conductance transition or the data
dip-pen nanolithography on a gold thin film using an ABM. storage is due to the crystalline structural change.

Because of a few advantages of organic materials, such as The organic PNBN material was synthesized in our
lower cost, easy synthesis, and controllable propertieggroup. The detailed information can be found in Ref. 25. To
people tried to employ organic molecules as recording mediarepare PNBN thin films, the organic PNBN was put in a
to carry out the data storage with SPM. Yano andcrucible and heated to 70 °C in the vacuum chamber. For the
co-workers® reported the data storage on a Langmuir—STM experiments, PNBN films of 20 nm thickness with high
Blodgett (LB) film using the conductance transition. In our resistance were prepared by vacuum evaporation {P@)
previous studies, we have systematically investigated then freshly cleaved highly ordered pyrolytic graphi€OPQ
properties of various kinds of organic thin films and the ap-substrates at room temperature. Local conductance transi-
plications in the ultrahigh density data storage bytions were induced in high-resistance films with a STM
STM.M-1418-23Charge-transfer organic complex thin films (model: C-STM 910Din ambient conditions. The STM tips
consisting of an electron donor and an electron acceptor wergere Pt/Ir(80/20 wires of 0.25 mm in diameter that were
first employed. Then, for exploring higher density data stor-snipped with a wire cutter. During the STM experiments, the
age and studying the recording mechanism, smaller moldistance between the STM tip and the film surface is about
ecules without the charge transfer in the systems were triegeveral angstroms, which is very short compared with the
The data density achieved was approximately®blis/cn?  thickness of the film, so the applied voltage is mainly acted
with recorded marks~1.0 nm in diameter. However, the on the film. Actually, a very small voltage bias can cause a
recording mechanisms are still questionable. Further experhigh electric field, which allows tunneling current large
mental work and some theoretical calculations are needed tnough for the STM. The STM operation was in a constant
height mode. For checking the reliability of the experiments,

aAuthor to whom all correspondence should be addressed; electronic maiflifferent tips anc_l samples were _ employed. The recorded
hjgao@aphy.iphy.ac.cn marks were obtained when a series of voltage pulses were
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FIG. 1. Typical STM image of the PNBN thin film showing the ordered FIG. 3. STM image of a recorded mark showing the periodically arranged

molecular structure, scanning conditiofy;,s=0.1V, |,4=0.3 nA. PNBN molecules outside the mark and the disordered molecule inside the
mark. The tunneling condition ¥p;,e=0.3V, |=0.3 nA.

applied to the STM tip. In order to know the electrical prop- ) ) )

erty of the organic film before and after the voltage pulse, In order to get the detailed structural information around

|-V curves of the unrecorded regions and the recorded réhe mark, we zoom in on one mark. As shown in Fig. 3,

gions were measured by the STM, respectively. periodic molecular structure can be clearly seen. The brighter

Figure 1 is a typical STM image of the PNBN thin film. region in the middle of the image corresponds to the re-
It can be seen that the molecules of PNBN periodically arforded mark with the size 1.4 nm in diameter. The PNBN
range in two dimensions. The dimension of the observednolecules arrange in a disordered manner in the recorded
periodic unit is 0.427 nne0.518 nm, which can also rule out egion, which is different from the images before the voltage
the HOPG surface structure comparing with the crystalling?ulse as shown in Fig. 1. On the other hand, the molecules in
HOPG parameters. So the ordered structure is from the crydbe unrecorded regions remain the periodic structure, as be-
talline PNBN film. The recording experiment was performedfore. Subsequently, this experimental result directly shows
by applying voltage pulse of 4.4 V for 10 ms to the STM tip, the crystalline structure change at the surface of the films
while the STM is in constant height mode at a defined biadefore and after the voltage pulse. However, another ques-
voltage and tunneling current. The recorded pattern is showHon may arise as to whether the ordered molecular structure
in Fig. 2. We can see the brighter spots caused by the voItag@‘ the mark inside of the film has also been changed after the
pulse. The spot size is about 1.4 nm, which is at a moleculayoltage pulse. In order to understand the mechanism, STM
scale. It has been found that the threshold voltage of thé—V measurements of the recorded marks before and after
recording can be influenced by the voltage bias and the turfhe voltage pulse were carried out.

neling current, which can affect the distance between the AS shown in Fig. 4, thé—V curves of the film indicate

rounding atmosphere. that the film is initially in a nonconductive state, and be-
comes conductive after the voltage threshold of about 2 V.
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FIG. 4. Typical STM current—voltage relations of the PNBN thin film.

Curve (a) shows the nonconductive state of the local region of the film
FIG. 2. STM image of a recorded pattern formed by voltage pulses 4.4 V fobefore the voltage pulse, and cur¢® a conductive state of the recorded

10 ms, scanning conditio¥,;;= 0.3V, |=0.3 NA. region after the voltage pulse.
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Curve b shows thé-V relation of the recorded marks. It is ing the marks is over 90%. When we accomplished a data
clear that after the recording the recorded marks became corecording and moved the STM tip to a new area, periodically
ductive. So thd -V measurements demonstrate the conducarranged PNBN molecules were still seen.

tance transition in the local region of the film before and In summary, we have directly observed a local crystal-
after the voltage pulse. Combining tHisV result with the line structural transition after the voltage pulse on the PNBN
aforementioned STM images, we can conclude that the offilms. The unrecorded region shows the periodically ar-
dered molecular structure does also change inside of the filmanged PNBN molecules, while the recorded area does not.
in the recorded marks. Since if the structural change onlfCombined with thel-V measurements, the STM results
exists at the surface, thie-V relations of the local region demonstrate that the recording mechanism in the PNBN film
would not show much difference. is due to the crystalline structural transition.
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