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Electron Projection Lithography (EPL) is one of the leading candidates to replace optical 
lithography for the patterning of the fine integrated circuit (IC) patterns that will be produced in the near 
future.  This technology is expected to be used in production at the so-called “70 nm Node,” where the 
patterns on the IC’s can be as small as 70 nm lines and 70 nm spaces.  This technology is expected to be 
in production beginning in the year 2005. 

Nikon has been working in collaboration with IBM on this technology for several years, 
beginning prior to 1995.  Now, several key technology areas have been developed and the design of a 
prototype system is in process.   

In the EPL system the exposure process is 
accomplished by directing a beam of electrons through 
a reticle or mask, and imaging the reticle pattern onto a 
silicon wafer at a demagnification of 0.25 X.  The 
electron optics between the reticle and wafer precisely 
deflect the electron beam to sequential positions on the 
reticle and wafer, and make corrections to the beam 
positioning to correct for stage location errors.  The 
beam is electronically deflected mainly in the X 
direction while the stages are scanned in the Y 
direction, simultaneously correcting for the relative 
stage motion and any known position errors.  See 
Figure 1. 

The reticle itself is made from a 200 mm 
diameter silicon wafer.  The reticle pattern is a 2 
dimensional grid of 1x1 mm patterns, subsequently 
reduced to 1/4 mm x 1/4 mm patterns on the wafer.  
These reticle patterns consist of a thin membrane 
supported on a grill structure etched into the silicon 
(Figure 2). 

Electron beam columns have been built at Nikon and IBM to obtain test data and to demonstrate 
the viability of the electron optics system concept.  These columns have been used to demonstrate the 
excellent resolving ability, shown in the Figure 3, as well as many other basic performance characteristics 
needed for the next generation of IC’s. 

In addition to resolution, one of the essential requirements of IC lithographic patterns is the 
ability to align a pattern being exposed to other patterns on the wafer.  As a general rule, the total 
alignment tolerance is about 1/3 of the linewidth being patterned.  For 100 nm lines, this amounts to about 
35 nm total from all error sources.  Making a system error budget by dividing this error into allowable 

Figure 1.  EB stepper exposure process 



errors from various sources results in an allowable positioning error from any given source which is very 
small, typically around 1 to 10 nm. This places a severe challenge for the machine design.  In addition,  

the stages must move at high velocities and be capable of high acceleration in order for the system 
throughput to be high enough for the machine to be marketable. 

Nikon has a long history of over 22 years of precision stage development for their lithography 
systems.  Recently, the stages have been based on air bearings and linear motor technology.  It is 
desirable for Nikon to utilize this technology for the EB systems, but the requirements for the EB stages 
are much different than their optical counterparts. 

The stages must operate in a vacuum and cannot cause deterioration to this environment because 
of gas leakage or outgassing.  Air bearings cannot be used without elaborate methods to remove the air 
escaping from the bearings and effectively prevent air release into the vacuum chamber. 

Another major consideration is that the electron beam is extremely sensitive to magnetic fields.  
Any motors or actuators must be designed properly and be well-shielded to prevent stray magnetic fields, 
which will shift the X-Y placement of the beam.   

Additional considerations make the EB stages more difficult 
to design and manufacture compared to the optical counterparts.  
However, a key mitigating factor makes the system design 
reasonable.  The ability to deflect the electron beam acts as a high 
bandwidth fine stage to make corrections to the stages’ position.  
Thus the stages can have micron level positioning ability compared 
to the optical system stages’ nanometer positioning ability. Figure 4 
shows a computer rendering of the electron optics column and the 
reticle and wafer stages. 

In order for the electron optics to correct for the stages’ 
positioning errors, the system metrology must still have nanometer 
level accuracy.  The system must be able to determine these errors 
precisely.  This requires considerable attention in the design of the 
metrology subsystems.  Error sources can include component thermal 
expansion, component and body distortion due to moving stages, 
vibration, electronic noise, and electronic drift. The laser 
interferometer system must be extremely stable, and the data timing must be stable and known precisely. 
If the wafer stage is moving at 200 mm/second, a 5 nsec timing error can cause 1 nm position error, 
which is considered significant. 


