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時間分解顕微法の開発とオペランド時空間解析への応用
Development of time-resolve microscopy and 
its application to operando 
spatiotemporal analysis

The temporal evolution of phenomena occurring in nanomaterials provides important information on phase 
transitions, optical coupling, and energy relaxation. Ultrafast measurements in electron microscopy using 
pulsed electron beams is a promising method for investigating high-speed phenomena on the nanoscale. 
Furthermore, the use of a high-brightness pulsed beam in transmission electron microscopy (TEM) is expected 
to enable one-shot electron imaging in project ion mode, al lowing observat ions of  organic mater ia ls or 
biological specimens without electron-beam damage.

High-quality pulsed beam
A G a A s - t y p e  p h o t o c a t h o d e  h a v i n g  a 
n e g a t i v e  e l e c t r o n  a f f i n i t y  s u r f a c e 
(NEA-PC)  was  app l ied  to  the  e lec t ron 
source to  generate a p icosecond pulse 
electron beam with high brightness. 
We  h a v e  d e v e l o p e d  a  s p i n - p o l a r i z e d 
p u l s e - T E M  ( S P T E M )  s y s t e m ,  w h i c h 
c o m p r i s e s  a n  N E A - P C  a s  a  p o l a r i z e d 
electron source and a 30-keV transmission 
e lect ron microscope.  Evaluat ion of  th is 
sys tem showed  tha t  i t  was  capab le  o f 
producing a highquality electron beam with 
a high brightness, a high spinpolarization, 
a  long coherence length ,  a  p icosecond 
response time and a narrow energy width. 

Coherence w/ spin polarized

Nano particles, XAFS
We synthesized metal nano-part icles (NPs) 
with solution plasma process (SPP) method 
which can real ize arb i t rary composi t ion of 
metals without surface modifications. 
O u r  g r o u p  u s e s  X - r a y  a b s o r p t i o n  f i n e 
s t r u c t u r e  ( X A F S )  a n a l y s i s  t o  c l a r i f y  t h e 
chemical  in format ion of  the NPs,  which is 
s i m i l a r  t o  T E M - E E L S  b u t  h i g h  p r e c i s e 
ana l ys i s  me thod .  XAFS o f  NPs  revea led 
a t o m i c  d i s t a n c e s  a n d  t h e 
valence information. 
Development of high-voltage 
CMA was started to analyse 
i n t e r f a c e  o f  N P s ,  w h i c h 
cont r ibu tes  to  improve the 
photocatalytic reaction.

Time-resolved measurement
We have developed a time-resolved TEM (TRTEM) system by combining an NEA-PC with a 100-kV TEM instrument. Combination of the 
pulsed electron beam with electron energy-loss spectroscopy (EELS) in TRTEM realized a transient EELS (TEELS) technique with a 
temporal resolution of 8 ps and an energy resolution of 0.38 eV. Ultrafast phenomena in gold nanotriangles (AuNTs) stimulated by a 
pulsed laser beam were investigated using the TEELS technique. Coincidentally, an increment in the energy loss in the EEL spectrum is 
observed at approximately 0 s. The TEELS data showed two decay processes with a time constant of 7.8 ps and longer than 100 ps. 
The results indicate that excited electrons on the surface and in the bulk underwent the same relaxation processes during both 
electron-phonon and phonon-phonon interactions.

Stroboscopic measurement (cw ~ few ps)
 Time-resolved TEM imaging
 Time-resolved EELS
 Ultrafast-Electron-Diffraction
 Time-resolved STEM imaging 
Single-shot measurement
 Single-shot TEM imaging (> 500 ns)
 Single-shot UED (> 100 ns)

A semiconductor with an NEA surface is equipped in the photocathode-type 
e-gun. The extra-high vacuum and high acceleration field in the electron gun 
was realized simultaneously.

Optical system for pump-probe method in TRTEM, which 
cons i s t s  o f  a  mode - 
locked Ti:Sapphire laser, 
pu l se  p i cke r ,  powe r 
control system with EO, 
and a delay system.We 
c a n  s e l e c t  t h e  f r e e 
space path or opt ical 
fiber path for driving the 
photocathode.
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The first-order interference was clearly observed in the SPTEM, 
which showed long coherence length was realized by the NEA-PC.  
T h e  i n t e n s i t y  i n t e r f e r e n c e  b e t w e e n  p a i r s  o f  e l e c t r o n s , 
second-order intergerence, was invest igated 
using a spin-polarized electron beam having a 
high polar izat ion and a narrow energy width. 
Spin-dependent  ant ibunching was observed, 
d e m o n s t r a t i n g  t h a t  t h e  a n t i b u n c h i n g  w a s 
a s s o c i a t e d  w i t h  f e r m i o n i c  s t a t i s t i c s .  T h e 
coherent spin-polarized electron beam facilitated 
the extraction of intrinsic quantum interference.
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