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Challenges in the development of the
ultrafast electron microscope

Doo Jae Park

In this article, a historical and scientific review on the
development of an ultrafast electron microscope is supplied, and
the challenges in further improvement of time resolution under
sub-picosecond or even sub-femtosecond scale is reviewed.
By combining conventional scanning electron microscope and
femtosecond laser technique, an ultrafast electron microscope was
invented. To overcome its temporal resolution limit which originates
from chromatic aberration and Coulomb repulsion between
individual electrons, a generation of electron pulse via strong-
field photoemission has been investigated thoroughly. Recent
studies reveal that the field enhancement and field accumulation
associated with the near-field formation at sharply etched metal
nanoprobe enabled such field emission by ordinary femtosecond
laser irradiation. Moreover, a considerable acceleration reaching
20 eV with near-infrared laser and up to 300 eV acceleration with
mid-infrared laser was observed, and the possibility to control the
amount of acceleration by varying the incident laser pulse intensity
and wavelength. Such findings are noteworthy because of the
possibility of realizing a sub-femtosecond, few nanometer imaging
of nanostructured sample.in silicon as thermoelectric materials.
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[Fig.1] A schematic diagram of ultrafast electron microscope.

agolth, A, H, Zewaile 199940 EZ #o]AE of
83 B9} Tk Bl thet BRE WAL 44 v
ol olefat WEZ ol 714 AR el H
o ARF Bl eAstaA st HER ¢
oA Aukael A%y dolAet gel SAl~u BE

% 570 HE AHEOR dolq Wavt wHlsng,
B2 A7 Belsg aTshs 240) Fofat Bajo] 2y
Slat ST Aol HoIAT HL AKHE ol
A&HEE B vAY AL B3k o F8slt
olefgt 40 alstel, H7|A f= FAb AAFAN A
ool WEZ dolAS FARE A%, B4 ue] X
£ A of7|@Ae] ofa) HolARRE & oluXS

)
Faeste] ALgAte] PelE WEHch oju) WEH A
ALY AHEL FEZ dolq o] ARbET} 2
2 Ao= J|the 4 93, whebd olefdt %S 7]
sho] Aol HARITH

5 s
St Eelle it w2 A Edlse Al 24 4 At
= Aot
|23t ofoltjo= gk 19979 7 22 15 23
A= [2]. o] AtollA d7E2 shehEd o AH
WSS of = M3z AES| B AT 5 AL
o, &S TS Sl Al ARt AR e E6
5ol BAsle= SR dsd = Az oj2& ARE 2
Hee Tl 25 ok ofEl thE A

2, 7|1& z0& HXRADIEL| gt 55

A

= 0[0F7] Vacuum Magazine | 2015 03 March

A
a1

[Fig.2] A schematic diagram of the pulse broadening effect inside
electron microscope apparatus due to chromatic aberration
and Coulomb repulsion.
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[Fig. 3] Vacuum level variation due to strong laser field and corresponding
high-harmonic generation.

[Fig. 4] A simulation of electric field near metal nanotip apex. A strong field
enhancement and field confinement is observed due to near-field
excitation. Field decay length for 7 nm apex is measured as 2.7 nm.
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[Fig. 5] Energy distributions of electron wavepacket emitted from gold
nanotip with (a) mid-infrared pulse laser irradiation (3.8 um, image
from G. Herink et al.) (b) near-infrared irradiation (1.4 um, image
fromD. J. Park etal.)
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