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Review of Past Work 

In the current funding period, we have explored the generation of ultrashort electron 
beams suitable for electron microscopy.  Attention was paid to the particular requirement 
for this situation, such as excellent brightness, spatial focusing, and minimization of 
space-charge interactions.  In order to obtain electron pulses suited for electron 
microscopy, we are exploring an approach that radically differs from other methods. 

Usually, the fast-pulsed electron beam is 
generated using a train of ultrashort laser 
pulses.  Electrons are ejected from a metallic 
photocathode in either a single-photon or 
multi-photon emission process.  Figure 1 
illustrates this approach.  Once the electrons 
leave the surface, a DC field accelerates them 
to the target.  

This approach using the photoelectric effect 
is used in almost all pulsed electron 
experiments today.  In particular, this includes 
our past work on time-resolved electron 
diffraction, but also work done at large 
national facilities where pulsed electron 
beams with Megavolt energies are created.  The advantage of this approach is 
experimental simplicity.  The disadvantage is that right after the electrons are ejected, 
they move slowly.  At that point, space charge interactions between electrons within a 
pulse greatly increase the duration of the electron pulse.  While this effect can be 
countered in relativistic electron diffraction experiments using radiofrequency 
compression techniques, for the purpose of electron microscopy this is a serious 
drawback. 

Our new approach is dramatically different.  
We employ the ultrafast, oscillating AC 
electric field component of the laser pulses, 
aided by a large static field similar to those 
found in field emission microscopes, to eject 
the electrons.  The idea is illustrated in figure 
2.  The applied DC voltage provides an 
electric field that is large, but not quite large 
enough to allow electrons to tunnel.  Thus, 
there is no electron ejection at this point.  
When the ultrashort laser pulse impinges on 
the tip, however, the high frequency electric 
fields from the electromagnetic radiation add 



to the DC field.  When the direction of the AC field adds to the DC field, the barrier for 
electron tunneling from the surface is lowered.  If experimental conditions are right, this 
allows the tunneling of the electrons through the barrier.   

The advantage of our new scheme is that electrons can only be ejected for the 
duration of the laser pulse.  Given the nonlinear nature of the effect, one can also adjust 
the parameters such that only the central portion of the laser pulse leads to electron 
emission.  Most importantly, the combined large DC and AC fields immediately 
accelerate the electrons that leave the surface.  As a result, they spend much less time 
near the photocathode, and therefore there is much less time for space-charge 
broadening of the electron pulse.   Finally, since the electrons are ejected from the tip of 
the field emitter, their spatial characteristics, in particular its brightness, are excellent.  

In order to test the ultrafast pulsed electron ejection mechanism, we have performed 
experiments with a test apparatus (see figure 3).  A laser pulse from a femtosecond 
pulsed Titanium Sapphire laser with a wavelength of 800 nm and a pulse duration of 80 
fs, is focused onto the tip of a needle with 10 µm radius.  Initially we tried commercial 
tips for field emitter microscopes, but we found them too unstable.  Later experiments 
employed a tungsten tip that we produced ourselves (see photograph in inset of figure 
3).  

In our test experiments we found that 
electron ejection from this device is 
facile, and that large electron currents 
can easily be obtained.  Even with 
modest DC fields and easily obtainable 
laser powers, currents in the range of 
tens of nanoamperes were obtained.  
This greatly exceeds the currents usually 
achieved with planar photocathode 
devices.  Figure 4 shows the 
dependence of the current on the DC 
acceleration voltage, for different laser 
powers.  It is clear that the DC field has a 
significant role in the electron ejection, 
and that without such a field the electron emission ceases.  At the same time, it is also 
clear that the field emission by the static field alone does not suffice to produce the 
electron beam in our experimental conditions.   



The dependence of the electron 
current on the intensity of the 
femtosecond laser beam is shown in 
figure 5.  Again, it is apparent that both 
the laser field and the DC field need to 
be present to create the electron beam, 
supporting the suggestion that we 
observe the electrons that are ejected 
by the desired combination of DC field 
and the laser field.  

Interestingly, the observed electron 
current appears to saturate at high laser 
power.  The source of this saturation is 
not yet clear.  One suggestion is that at 
large electron currents, there may be 
additional fields between the just-
ejected electrons and the mirror 
charges left behind in the emitter tip.  At 
30 nA current, a current that is readily obtained for the higher laser powers, each laser 
pulse generates about 2500 electrons at the tip.  The interaction of that charge cloud 
with the positive mirror charge left behind could pull electrons back into the emitter, thus 
retarding the electron current that can be obtained.  

Several further observations strengthen the assignment of the observed current to the 
dual DC/AC field emission.  For example, we find that for the same average laser power, 
but cw laser exposure, we find no electron emission.  This is easily understood because 
the AC field of the cw laser is small.  
The result is important because it 
eliminates a thermal mechanism of 
electron ejection.  Separately, we 
found that when the polarization of the 
laser field is perpendicular to the 
electron beam axis, we observe no 
current as well.  Clearly, it requires the 
addition of the collinear fields to 
achieve the desired effect.  This 
indicates that it is not a traditional 
multi-photon ejection of the electrons 
that is at play in generating the 
electron beam.   

 

 

 Figure 4: Electron beam currents obtained for 

different laser powers (as indicated in legend), as a 

function of DC acceleration voltage.  The solid 
lines are fits using an exponential rise. 

 Figure 5: Electron beam currents obtained from 

combined DC and laser field emission, as a function 

of the laser power, for different DC voltages (as 
indicated in legend). 



Summary of past work 

We have developed a novel electron ejection scheme where the fields from an applied 
DC voltage and the AC field from an ultrafast laser pulse combine to eject electrons from 
the tip of a needle.  Using a test apparatus, we have generated large electron currents 
with this new scheme.  All tests support the two-fold origin of the electron ejection.   

The new technique to generate ultrafast pulsed electron beams is ideally suited for 
electron microscopy.  It generates large electron currents while preserving the high 
brightness that characterizes field emitters. The demands on the laser power are 
modest, and can readily be met with commercial off-the-shelf laser hardware.  
 
 
 
 
 
 


