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UHV-SEM Observation of Surface Electromigration with Silver Tip
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We have observed the surface electromigration with a silver tip by UHV-SEM and micro-probe RHEED. The silver tip
etched and cleaned by heating and melting in UHV was mounted on a micro-slider touching heated Si(111) samples. The
bright area under the silver tip is spread to the direction of cathode, the structure of which is determined to be J/3%x /3
structure from RHEED patterns. We have observed different shapes depending on heating temperature: At low tempera-
tures, the shape of spread is like a bar, because the driving force of surface electromigration is superior to that of diffusion.
At high temperatures, the shape is like a circle, because the driving force of diffusion is superior to that of surface elec-
tromigration. Using the silver tip, surface electromigration can be observed at high temperatures where lots of silver atoms
are evaporated. We have checked the reproducibility of surface electromigration with the silver tip which is a supply

source for thin film formation.
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Fig. 1. Experimenta system. This figure shows the incident
direction of electron beam, sample and photo-
multiplier. This chamber has a RHEED screen at the
bottom. A Ag-tip mounted on a piezo-dider is
touched to a sample under SEM observation.
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SEM image of Ag-tip and surface electromigration. In SEM images, the arrow

shows the direction of current. SEM images are taken at (a) contact with a
sample (b) 168 sand (c) 529 s. SEM images have the bright area and the dark
area. The bright area spread from the Ag-tip to the cathode. (d) This figure
shows the relation between contact time and spread of the bright area.
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Fig. 3.

Current direction dependance on the spread. In SEM images, the arrow shows the direction of current. At first, the sample

isheated at 5820 (DC 500 mA). Surface electromogration is observed under the condition of Ag-tip contact. Then, the
tip is released from the sample. Ag-tip is touched under the condition that the current direction is inverted. SEM images
aretaken in the following order: (a) The contact is started. - (b) - (¢) — (d) the direction of current isinverted. — (€)
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Fig. 4. RHEED patterns and SEM image. Acceleration en-
ergy is30 KV. (a) 7x 7 structure (b) v/3x /3 struc-
ture (c) SEM image is taken at RHEED condition.
The cross-point shows the position of electron beam.
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Fig. 5. Reproducibility of Surface Electromigration. At 400 mA (5310 ), we check the
reproducibility of surface electromigration. (a) Ag thin film after the experiment
of Fig. 2. (b), (c) In the same way, we observe the spread of Ag thin film. The
spread of Ag thin film is different in the SEM image, because contact time is

different.
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Fig. 6. The shape of spread at different temperature. The ar-
row shows the direction of current. (a) DC 300 mA
(4720), contact time is 120 min. (b) DC 600 mA
(6220), contact time is 60 min. (c¢) DC 1.5 A(750
O ), contact timeis 120 s.
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Fig. 7. The shape of spread and the spread as a function of
contact time at high temperatures. The arrow in fig-
ure shows the direction of current. SEM images are
taken (a) at contact (b) at 26 s. (c) This figure shows
the contact time is proportional to the square of
spread from2sto11s.
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Fig. 8. The relation between heating temperature and aver-

age velocity. This figure shows the relation between
published data and our data. Our results agree with
the published data. In our data, velocity at high tem-
peratures can be observed.
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Fig. 9. The model of surface electromigration with Ag-tip.
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land due to surface electromigration and diffusion.
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