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Abstract 

We introduce a new type of surface microscope using hydrodynamic phenomena. The fluid flow through 
the opening of the pipette probe is blocked at short distances between the probe and the surface, thus 
increasing the pressure loss. Therefore, a scanning flow impedance microscope (SFIM) can image the surface 
topology by scanning the probe with measuring the pressure loss. The SFIM can display the topology 
regardless of surface hardness, surface electrical conductivity, and surrounding fluid. The present letter 
contains the first experimental results on surface topography obtained with this novel microscope. The 
preliminary results in air demonstrate the lateral resolution of the SFIM is very close to the inner diameter of 
the probe. 

Nomenclature 

iD : inner diameter of the probe tip 
u : average stream velocity at the exit of the probe tip 
v : scanning velocity (step/s) 
ρ : fluid density 
µ :fluid viscosity 

lp∆ : pressure loss or pressure difference between the 
inside the nozzle and the ambient 
z : spacing between the sample surface and the probe tip 
(m) 
 

1. Introduction 

Understanding the atomic structure of materials, the 
behavior and reactions of atoms at surfaces, and the 
nature of electronic properties at the atomic scale have 

been the goals of fundamental and applied research for 
many decades (1). The techniques like the electron 
microscope allowed one to be able to see with molecular 
resolution. However, only two decades ago a new 
technique was invented, the scanning probe microscope 
(SPM), which revolutionized the whole microscopy 
application area. They share in common the use of a 
small probe, which is most often a microscopic tip and 
which senses a minute portion of the surface of an object.   
The scanning probe microscopes (2-5) are broadening 
the frontiers of surface imaging. These microscopes form 
images of surfaces by measuring physical quantity, 
which depends on the distance between a probe tip and a 
sample, with a probe that scans the sample. As a branch 
of the SPM, the SFIM based on the hydrodynamic 
phenomena is proposed.   

 

2. Working principle of the SFIM 

It is well known that, when the fluid flow issuing from 
a tube impinges on a surface, the magnitude of the 
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pressure loss ( )lp∆  depends on the relative spacing 

between the surface and the end of the tube (z). 
Generally, the pressure loss is given as 
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where ρ , µ , u, and Di are the density of the fluid, the 

viscosity of the fluid, the average stream velocity at the 
exit of the probe, and the inner diameter of the tube, 
respectively.  

During the experiments, the fluid flow rate through the 
tube is fixed. When the tube is far enough from the 
surface of the sample and the sample cannot feel the flow 
stream from the tube, the pressure difference between 
inside tube and outside tube is the reference pressure. 
Thus, the reference pressure is the pressure loss 
generated when a fixed mass flow rate of the fluid passes 
through the tube with the inner diameter of iD . As the 

tube approaches the sample surface, the sample blocks 
the flow stream and increases the pressure drop across 
the tube at a point. At this point, when the pressure inside 
tube increases about 2 % of the reference pressure, the 
distance from the sample to the tube is termed the cut off 
(threshold) distance. The inner region of the cut off 
distance is termed effective region where the pressure 
difference is affected by the sample surface. In the 
effective region as the tube approaches the sample 
surface, the space between the tube and the sample 
decreases, and the pressure loss monotonically increases. 
It is possible to measure the relative distance between the 
tube and the sample by correlating the pressure loss with 
the distance. In this manner, a new concept for a 
scanning probe microscope based on the hydrodynamic 
phenomena, a scanning flow impedance microscope 
(SFIM), can be suggested as follows. 

The advantage of the SFIM comes from its wide 
applicability. While previous scanning probe 
microscopes work well in certain environments, in other 
environments they seem to be virtually worthless. The 
contact type of scanning probe microscope, where the 
vertical deflection of the probe is measured, can tear the 
soft sample. 

 
Fig. 1. Working principle of the SFIM 

 
The scanning ion conductance microscope may not be 
proper when the surrounding fluid is non-conducting or 
has varying conductivity. In contrast, The SFIM can 
display the topography regardless of surface hardness, 
surface electrical conductivity, and surrounding fluid. 
Additionally, The SFIM can be used for showing flow 
capabilities of and through the surface under examination.  

In the present study, the results of preliminary 
examinations with a probe having 2 mm and 100µm   

outer and inner diameters are shown. As the solutions to 
improve the resolution of the SFIM, the probes that are 
fabricated using a MEMS technology and a micropipette 
puller are presented. 
 

3. Experimental procedure 

A schematic diagram of experimental apparatus is shown 
in Fig. 2. The scanning stage holding a test sample can 
be moved using an XYZ stage actuated by stepper 
motors with 50nm accuracy. The probe is fabricated by 
means of micromachining and is connected to the 
support standing vertically on an optical table. 

 
Fig. 2 Schematic diagram of the SFIM 

 



   
 

The optical table with an air damping system facilitates 
the measuring equipment to measure the physical 
quantities such as the pressure and position with 
vibration isolation. The real-time measurement of the 
flow impedance (pressure difference between inside 
probe and ambient air) is provided using a pressure 
sensor of which a high pressure port is connected to the 
nozzle and a low pressure port is allowed to be in the air. 
The stage movement and the pressure measurement in all 
experiments are pre-programmed using a Labview 
program for real-time position/pressure data acquisition.  
 

3.1 Distance-impedance relations 
The experimental procedure to obtain a distance-

impedance relation is as follows: First, the desired mass 
flow rate through the probe is set and fixed by a mass 
flow controller. Next, the flat surface of sample is driven 
to approach to the probe until the flow impedance 
increases enough by the decreased distance. Then, by 
withdrawing the surface from the probe step by step, the 
steady-state value of pressure differences are collected. 
Once the surface reaches the detection point, the stages 
come to a stop for measuring the steady-steady value of 
pressure, and then move to next detection point. The 
steady-state criterion for pressure measurement is 
regarded to be satisfied when the ratio of the variation of 
gauge pressure to gauge pressure inside the probe is 
smaller than 0.001 for a period of 20s. The maximum 
travel range of the sample to the probe is limited to avoid 
the overload of the pressure sensor and the interference 
between the probe and sample surface. The results of 
distance-impedance are shown in Fig. 3. 
 

 
Fig. 3. Distance-impedance relations 

As the surface goes away from the probe, the pressure 
inside the probe exponentially decreases with the flow 
impedance as shown in Fig. 3. If the surface is far 
enough apart from the probe, the pressure is saturated at 
the value of reference pressure. The cut-off (threshold) 
distance is the maximum distance from the surface to the 
probe in which the fluid flow is influenced by the sample 
surface. The topographical information could be obtained 
from the distance-impedance relation by scanning the 
surface in the effective region. The obtained empirical 
relation between distance and impedance would be used 
for converting the pressure data into the topographical 
information of the surface. As the flow rate increases, the 
topographical change could be specifically reproduced 
by increased pressure variation. The settling time to 
reach the steady-state value of the pressure gets larger as 
the flow rate though the probe gets larger. 
 

3.2 Multi-dimensional scanning 
The purpose for development of the SFIM is to 

visualize the topography of the surface. The sample used 
for the measurement is the microstructured patterns with 
various sizes on a silicon wafer as shown in Figs. 4 and 5. 
These patterns are produced using a film mask and dry 
etching technique. A raster scanning method is used for 
imaging the multi-dimensional surface structures.  

Experiments for the SFIM can be carried out in two 
modes. The first mode is the constant-distance mode in 
which the shape of patterns is directly reflected by the 
motion of surface. In the constant-distance mode of the 
SFIM, the being measured pressure is used as a feedback 
signal to maintain the probe-surface distance to a 
constant value in the effective region.  

 

 
Fig. 4. A sample with microstructured patterns 



   
 

 
 
 
 
 
 
 

Fig. 5. Details of microstructured patterns 
 
As an alternative way, the SFIM could be operated in an 
open loop (constant-height) mode. In the open loop 
mode, unlike in the constant-distance mode, z-directional 
position of surface is fixed at a point in the effective 
region.  
After scanning the sample surface in the open loop 

mode, the topography of sample should be reproduced 
from the acquired flow impedance information according 
to the distance-impedance relation. 
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Fig. 6. Experimental results of lateral scanning 

The experimental results for the two dimensional 
structure scanned in the open loop mode are shown in 
Fig. 6. Fig. 6 (a) is a result of lateral scanning with 60 
steps/s of scanning velocity. 1step/s is approximately 
50nm/s. Because of very slow scanning rate, the scanned 
image is very clear. Fig. 6 (b) shows the scanned images 
by varying the scanning velocity from 100 steps/s to 
1000 steps/s. The flow rate passing through the probe is 
fixed as 2 SCCM. The fluctuated data of the scanning 
with low scanning velocity seem to be caused by the 
zero balance function contained in the pressure sensor. It 
should be noted that the lesser the scanning rate is, the 
clearer the scanned image would be shown. Sudden 
variation in distance between the tip and sample surface 
requires the large settling time for reaching the steady-
state value of the pressure inside the probe. The scanning 
rate should be modulated according to the height 
variation of surface. The flow impedance data obtained 
with improper scanning rate provide the distorted 
surface topography at the sharp edges. From the fact that 
the settling time of the pressure depends on the degree of 
pressure variation, it can be noted that the sensitivity and 
scanning rate of the SFIM are not mutually compatible. 
Therefore, large flow rate has the advantage of high 
sensitivity and disadvantage of requiring the low 
scanning rate. It is also shown that the line width of the 
patterned structures with the lateral feature size smaller 
than the inner diameter of the probe is magnified to the 
order of the inner diameter of the probe regardless of 
scanning speed and flow rate. The size of the smallest 
unit pixel consisting of the scanned image is nearly the 
same as the inner diameter of probe because any 
patterned structures under the flow stream affect the 
flow impedance. Consequently, the lateral resolution of 
the SFIM is limited to the inner diameter of the probe.  

The scanned images for three dimensional structures 
that look like an alphabet K are presented in Fig. 7. To 
image the surface with more accuracy, nodes are 
arranged in a lattice and are used as detecting points. The 
number of nodes varies depending on the pattern size. 
The stages come to a halt at a node and wait for 
measuring the steady-steady value of pressure, and then 
move to the next node. In this case, the scanning rate 
expressed in terms of speed of stages is meaningless 
because most of time is consumed for pressure 



   
 

stabilization. The total scanning time mainly depends on 
number of nodes for pressure detection and degree of 
steady-state criterion and height variation of surface.  

 

 
(a) 

 
(b) 

Fig. 7. Three dimensional scanning 
 
Compared the scanned images in Fig. 7 to the image in 

Fig.5, the SFIM prove its scanning capability. The 
images left side of Figs 7 (a) and (b) are obtained by 
bidirectional scanning. This phenomenon is caused by 
the backlash of the gears in the motorized stage. In order 
to improve the resolution of the SFIM and to get the 
clear images, we scan the patterns unidirectionally. The 
results obtained by the unidirectional scanning are shown 
right side of Fig. 7 (a) and (b).  
 

4. Solutions to improve the resolution 

4.1 MEMS technique 
The MEMS technique can be a solution to improve the 

resolution of the SFIM. We fabricate probes for the 
SFIM based on the standard MEMS technique. The 
schematic diagram the probe fabricated using the MEMS 
technique is shown in Fig. 8 (a). Fig. 8 (b) is the SEM 
image of the top view of the probe. From those figures it 
can be easily noted that the inner diameter of the probe is 
approximately 6µm . 
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(b) 
Fig. 8. SEM images of the probe fabricated using the 
MEMS technique. 

 
4.2 Micropipette puller 

An alternative way to improve the resolution of the 
SFIM is to fabricate the probe using a micropipette puller. 
As a CO2 laser-based micropipette puller, the P-2000 of 
Sutter instrument can fabricate the micropipette probes 
that have an inner diameter less than tens of micrometers. 
The probes that are fabricated using the micropipette 
puller are shown in Fig. 9. 
  Using the probes fabricated based on the MEMS 
technique and the micropipette puller, the lateral 
resolution of the SFIM can be improved less than 20µm . 

5. Conclusions 

We introduce a new type of surface microscope based on 
hydrodynamic phenomena. The fluid flow through an 
aperture of a probe is blocked at short distances between 
the probe and the surface, thus increasing the pressure 
loss.  
 

 
Fig. 9. The micropipette probe 

 



   
 

Therefore, a scanning flow impedance microscope 
(SFIM) can image the surface topography by scanning 
the probe with measuring the pressure loss. The SFIM 
can display the topography regardless of surface 
hardness, surface electrical conductivity, and surrounding 
fluid.  
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