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    It is well known that insulating resist film charges up during electron beam (EB) irradiation, and even 
several volts of the potential gives a severe influence on the position accuracy of 10 nm scale in the 
EB lithography in an area of several hundreds of mm

2
.[1]  In order to avoid such a problem in a future 

instrumentation, we have been trying to quantify the surface potential at a certain EB irradiation 
condition.   
    The measurement system is based on the electrostatic force microscope (EFM).[2]  Figure 1 shows 
the schematic diagram of the EFM system under development in the scanning electron microscope 
(SEM) specimen chamber.  Since the conductive probe is electrically grounded, as it approaches a 
charged surface, charge of the opposite sign is induced at the probe, and attractive force is appeared 
between the specimen surface and the probe.  When the surface potential is +Vs, the force shows its 
minimum when the applied voltage to the specimen holder is –Vs.  Using this null-balance method, the 
surface potential of a specimen is obtained in our SEM (JSM-6490LA) specimen chamber.  We 
measured the surface potential of 300nm-thick electron resist (FEP171) on 70 nm-thick Cr on a bulk 
glass substrate with 30 mm on one side.   
    Figure 2 shows an illustration of the configuration of EB irradiation and the subsequent 
measurement of the surface potential distribution by the EFM probe.  EB irradiation is done by raster 
scan, and the area is a square with 100 m on a side.  By scanning the position of the probe, the 
spatial potential distribution is obtained.    During the EB irradiation, EFM probe is kept more than 
several millimetres away from the irradiating area, and after the irradiation the probe comes back to 
the central field and the SEM stage is scanned to measure the potential along the line from -600 m 
to 600 m.  In order to eliminate an influence of residual charge in every measurement, the surface 
potential, which is measured before the EB irradiation, is subtracted from the potential after EB 
irradiation. 
    Figure 3 shows the lateral surface potential distribution, as the EB accelerating voltage (Vacc) is 30 
kV, the EB current is 1 nA, and the irradiation period is 60 s.  In a region where EB is irradiated the 
potential is kept constant around +2.6 V, and a large negative potential around -1.6 V is obtained at 
around 130 m outside the edge of the irradiated region.   
    The positive potential at the EB irradiated area can be understood by the following explanation:  [2] 
EB at Vacc of 30 kV can penetrate through the FEP layer and almost all electrons are just transmitted, 
but there are a small number of scattered electrons under the irradiated area.  Nevertheless, those 
scattered electrons are evacuated toward the conductive substrate by electron beam conduction 
(EBIC).  In addition to the mechanism, secondary electron (SE) emission from the FEP surface may 
result in a positive potential at the surface.   
    The negative potential outside the irradiated region can be explained by the following mechanisms:  
Electrons scattered laterally in the FEP layer or backscattered electrons from the substrate may be 
stopped and accumulated, because they are far from the irradiated region, and they will not be 
evacuated by the EBIC.  The electron range of electrons of Vacc=30 kV in FEP or backscattered 
electron range from the substrate is around 10 m and the maximum negative potential may be found 
around +/-60 mm in the lateral distance.  In addition, since the width of the cantilever is 50 m, the 
lateral resolution of the present measurement system is about 50 m, and this negative potential 
might be explained.  On the other hand, there is a possibility that the negative potential might be 
attributed to re-backscattered electrons from the pole-piece of the objective lens of the SEM.  As a 
matter of fact, it is known that contribution of “SE3” electrons, which are generated in the wall or 
optical components are not negligible in the SEM image.  We call these electrons generated in the 
specimen chamber by the multiple backscattering are the “fogging electrons”.  Since the lateral 
distance is larger than the electron range of EB, the possibility of fogging electrons may be the cause 
of the negative potential.   
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    Figure 4 shows a two-dimensional surface potential distribution at the same experimental condition 
of figure 3.  Since the measurement takes several hours, because of the charge decay the original 
distribution is deformed.  Taking into account the Laplace equation in the field of the measurement, 
the reconstructed distribution is obtained.  Regarding its high symmetric property, it is clear that our 
EFM system has high stability and high repeatability. 
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Figure 1. Schematic diagram of the measurement 

system based on the EFM. 
Figure 2. Procedure of the surface potential 

distribution measurement after EB irradiation at 
various Vacc’s  
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Figure 3. Lateral potential distribution of an EB 

irradiated surface of the specimen. 

Figure 4. Two-dimensional potential distribution of 

an EB irradiated surface of the specimen 

 

 

 

 


