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Scanned-cantilever atomic force microscope with
large scanning range
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A scanned-cantilever atomic force microscope (AFM) with large scanning range is proposed, which adopts
a new design named laser spot tracking. The scanned-cantilever AFM uses the separate flexure x-y
scanner and z scanner instead of the conventional piezoelectric tube scanner. The closed-loop control and
integrated capacitive sensors of these scanners can insure that the images of samples have excellent linearity
and stability. According to the experimental results, the scanned-cantilever AFM can realize maximal
100 × 100 (µm) scanning range, and 1-nm resolution in z direction, which can meet the requirements of
large scale sample testing.

OCIS codes: 180.0180, 110.0180, 180.5810.

Since the invention of atomic force microscope (AFM)[1]
in 1986,it has been widely applied in the field of nano-
technology. Now it has actually become an indispensable
instrument for nano-scientists and engineers. Most of
AFMs scan the sample instead of the cantilever. AFMs
in which the cantilever is stationary with respect to the
photodetector and the sample moves only are effective
for small sample. The size of sample is restricted by
the end of the piezoelectric tube scanner in these AFMs;
moreover, massive samples will drop the natural resonant
frequency of the piezoelectric tube scanner and affect
the performance of AFMs. So, a few AFMs in which
the cantilever scans and the sample is stationary have
been developed[2−7]. A solution to scanned-cantilever
AFM was described, but it can only gain good perfor-
mance in 3.6 × 3.6 (µm) scanning range[2]. A method
to obtain large scanning range is to scan the laser and
laser positioning system with the cantilever[3]. But for
this design, the laser and laser positioning system should
be light, which means that ease of use and accuracy
of laser positioning must be compromised[4]. The Di-
mension 3000 series scanned-cantilever AFMs of Veeco
Instruments Inc. can easily realize large scanning range,
but the design of these AFM heads is comparatively
complicated[8]. In order to remove these restrictions, we
developed a scanned-cantilever AFM which only scans
cantilever, the laser and the detection apparatus are
stationary. This new AFM can scan in a wide range
of sample (100 × 100 (µm)) without restrictions of its
size and weight. In addition, we adopt a separate x-y
scanner and a separate z scanner instead of the conven-
tional piezoelectric tube scanner. The x-y scanner and z
scanner can scan in closed loop mode, so the topography
images of the sample have almost perfect linearity and
good repeatability.

There are two key points to realize a scanner-cantilever
AFM, one is to keep the focused spot on the back of can-
tilever to track the scan motion of the cantilever, the
other is that the convergent light spot on 4-segment pho-
todetector (PSD) of the optical-lever detection system
can keep relatively stationary with the PSD when AFM
scans without sample. Here we introduce a new design

named laser spot tracking that can resolve these prob-
lems, as shown in Fig. 1. The scanner is composed of an
x-y scanner and a z scanner. The first lens is fixed on
the z scanner and the cantilever is fixed on the x-y scan-
ner. Both the second lens and the PSD are stationary.
The parallel beam from the laser passes the first lens
and forms a focused spot on the back of the cantilever.
Because the end of the cantilever locates at the focus
position of the first lens and they can keep relatively
stationary at any time, the focused light spot always
accurately tracks the cantilever. This resolves the first
problem of the laser spot tracking.

The PSD shown in Fig. 1 does not move with the scan-
ner. If it is optionally placed at a certain position, the
reflection from the back of scanning cantilever will move
with respect to the fixed PSD, even the cantilever does
not actually bend. The result is that the relative move-
ment between the reflection and the PSD will result in
false deflections of the cantilever, which can induce spu-
rious information at the image of samples. In order to
resolve this problem, we design the second lens and the
PSD is placed at a special location behind the second
lens. As we know, the axis of the reflection from the
cantilever is corresponding to the center of the conver-
gent light spot on PSD. If all axes of the reflected beam
can converge to a spot on the PSD when the cantilever
scans, the convergent light spot on the PSD can keep

Fig. 1. Schematic diagram of the scanned-cantilever, optical-
lever AFM.
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relatively stationary with PSD. In fact, the axes of all
the reflected beams will converge to a virtual spot after
being extended in opposite direction when the cantilever
scans. The existence of the virtual spot can be proved
by geometry optics and calculated using MATLAB. So,
we place the PSD at the position of the virtual image
formed by the second lens, which is the image of the
virtual spot. This position is desirable, because it can
satisfy the second key point of scanned-cantilever AFM.
Calculated by MATLAB, the virtual spot actually is a
square of 27 × 27 (nm) over 100 × 100 (µm) scanning
range.

The schematic diagram of the scanned-cantilever AFM
system is shown in Fig. 2. It is composed of the main
AFM part and its control system. The AFM part mainly
includes linear positioning stage, sample holder, scan-
ners, probe of AFM, optical-lever system and an optical
microscope. The control system of AFM is constituted by
computer system, digital signal processing (DSP) card,
interface circuit, AD/DA, preamplifier and closed-loop
control of the scanner.

The working mode of the scanned-cantilever AFM
is contact-mode. The linear positioning stage and the
z scanner realize the light contact of sample and probe.
The optical microscope can provide real-time observation
for sample and probe in micron resolution. When the x-y
scanner drags the probe on samples, the deflection of the
cantilever will cause the variation of the PSD’s output
current. After the DSP card collecting this variation, the
proportional-integral-differential (PID) algorithm (digi-
tal PID feedback) in DSP card will control the movement
of the z scanner in order to keep the force between the
sample and the probe to be constant. Finally, the com-
puter traces out the images of samples according to the
feedback voltage on z scanner.

The closed-loop control of these scanners mainly in-
cludes a high-voltage amplifier and an analog PID feed-
back circuit. In addition, it has three signal ports: the
first is the input voltage signal from DA which controls
the final position of these scanners in closed-loop work-
ing mode; the second is the output high-voltage signal to
these scanners which can drive them; the last is the in-
put sensor signal from these scanners. Each scanner has a

Fig. 2. Schematic diagram of the scanned-cantilever, optical-
lever AFM system. LPF: low-pass filter.

flat air-capacitor sensor which is composed of the scan-
ner’s moving part and base part. In closed-loop working
mode, the analog PID feedback circuit compares the in-
put control voltage signal with the output sensor signal
from scanners, generates a positive or negative voltage
signal for the high-voltage amplifier to drive the scan-
ner to a right position. The closed-loop control and the

Fig. 3. (a) AFM image of the graphite surface and (b) profile
along the line in (a). The maximal vertical distance is 0.916
nm.

Fig. 4. AFM image of the 31-µm raster, the scanning range
is 100 × 100 (µm).

Fig. 5. Comparative experiments for the same area of the
same 500-nm raster sample at different time, the scanning
range is 5 × 5 (µm).
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capacitor sensor integrated in scanners insure the excel-
lent linearity when these scanners scan.

In order to check up the capability of the scanned-
cantilever AFM, some experiments were carried out at
the contact working mode. Figure 3 shows the AFM im-
age of the graphite surface. The experiment data reveal
that the scanned-cantilever AFM can distinguish 1 nm
at z direction. Figure 4 shows the AFM image of the
31-µm raster. The scanning range of Fig. 4 is 100 × 100
(µm). The series of images in Fig. 5 show the compara-
tive experiments for the same area of the same 500-nm
raster sample at different time. In the process of repeat-
ing scanning, the new image fits very well with the old
one. This demonstrates that the scanning movement of
the x-y scanner is stable.

In summary, we describe a new scanned-cantilever
AFM operating in the contact working mode which em-
ploys the laser spot tracking method. The configuration
of scanning cantilever instead of scanning sample has no
restriction on the sample’s size and weight. Testing ex-
periments show that the performance of this AFM, such
as the resolution at z direction, repeatability and stability
can satisfy the requirements of measuring large samples
in nanometer scale.
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