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Computer~Controlled CSTM-9000

Scanning Tunneling Microscope

Chunli Bai

Institute of Chemistry, Academia Sinica

Scanning tunneling microscope ( S—
TM) is a new kind of surface analy-
tical instrument developed in recent
years, The appearance of STM makse
it possible to observe the arrangement
of individual atoms on the surface of
a sample and to study the physical
and chemical propertics related to the
This

uunique tcchnique has attracted special

behavior of surface electrons,
attention from scientists who work in
the field of surface science, material
science, life science and micreelectro—
nics,

The development of STM is based
on the tunneling effect in quantum
theory, If a small voltage is applied
between an atomically sharp tip and
the surface of the sample to be stud-
ied, a tunneling current will flow fr-
om the tip to the sample when the gap
betwecen them is reduced to a very
closc distance (less han ! nm usuall-
y) . The intensity of the tunneling
current is very sensitive to the gap
between the tip and the surface, An
clectronic feedback loop is used to
keep the tunneling current constant
by adjusting the tip-sample scparat-

ion, The topography of the surface

of a sample can be measured by raster
scanning the tip in an x-y scan across
the surface and measuring the height
of the syrface from the voltage applied
to the piezo controlling the height
(z) of the tip.

It is important to point out that
since the tunneling currcnt reflects the
local density of clectronic states at
the surface of a sample STM can be
used to perform atom-rcsolved electr—

onic spcctroscopy; 1i,e, , scanning

(STS) . A

local measurement of the clectronic

tunneling spectroscopy

structure can be made experimently
by stopping the tip over a particular
site on the surface, opening the feed-
back loop so that the position of the
tip remains fixed, and then recording
a tunneling current versus bias voltage
curve, The variances in thc barrier
height on the surfacc can also be me-
asured from the dcpendence of the
tunneling current upon the distance
between the tip and the sarfacc of &
sample,

Compared with other surface ana-
lytical techniques, STM owes the fo-
llowing uniquc advantages : (1) STM

Lbas a rcsolution as high as atomic



level, The latera) aid vertical resol-
utions can reach 0, inm and 0,01 nm,
respectively; (2) The topography of
the surface of a sample in real space
time, The

observation

can de obtained in real

capability of real-time
can be applied to the dynamic studies;
(3) The local structure of the top la-
yver, rather than the ~verage property
of the bulk can be observed; (4) STM
can be operated under different envi-
ronments, such as vacuum, ambicent
temperature, low tempcrature, etc,

Samples can even be immersed in wa—
ter or other solutions, This capability
makes STM measurements on a wider
variety of samples than virtually any
other technique; (5) The informatijon
about electronic structure on the sur—
face of a sample can be obtained; (6)
In most cases, special techniques for
sample preparation are not required,

and the detection would not damage
samples, 'urthermore, the cost of the
instrument is relative low, All these
advantages mentioned above encourage
the rapid development of STM

cent years and widen the range of its

in re—

applications, Five iuternational confe—
rences on STM/STS have becen held
and more thau 1000 papers regarding
aspects and applications of STM have
been published in broadly vicwed jo-
uruals so far,

[n the original design, the image
data were recorded and displayed by
x—y plotter or oscillograph, With jm-
proved resolution or more complicated

surfauce structurcs this sample mcthod

— 30 -

could no longer satisfy increasing de-=
mands on picture quality, Furthermo—
re, the image data “acquired” were
not in a computer-like format, There-
fore, fast picture handling, such as
archiving, retrieving, transferring be—
tween computers,etc,,was difficult to
realize with this system,

A computer—controlled STM has
been constructed at Institute of Che—
mistry, Academia Sinica and commer-
cial ones (CSTM-9000) have become
available, The instrument counsists of
core STM, vibration isolation system,
clectronics and computer system, The
hardware of the computer control sy-
stem includes the IBM PC/AT comp-
uter, high-spced and high-resolution
A/D and D/A converter cards,a high-
resolution graphics card and a graph-
ics terminal, Z-axis topography or
tunneling current data can be displa—
yed during scans in real-time in top-
arc presented

view, Topview images

with specimen tilt and offset subtra—
cted, After the sample has been sca-—
nned, a series of additional display
modes are available to aid in data an-
alysis, Data can bc presented as hei-
ght or slope—shaded-3D surface plots,
The operator can sclect one of seven
predefined color tables or design his
own using the color editor, Analysis
and processing of images include im-—

age enhancement, correlation, cross—
sectional analysis and image zoom,

etc, The lateral and vertical resolut—
ions of this instrument is 0,1 and 0,01
nm, respectively, The commercial S-
TMs have becen used in many laborat—
ories of universitics and institutcs,



