
 

 
  

 
 
 
 

 
 
 
 
 
 
 
 
 

 
 

 
 

Studies of Highly-Bright and 
Monochromatic Electron Sources for 

Electron Microscopy 
 
 
 
 
 
 

 
 

 
 

 
 

Takashi 
 

OHSHIMA 
 

 
 
 
 
 

2013  5  

 



  
  

 

 ( :  Scanning  Elec t ro n  
Microscopy )

SEM

SEM

 
5  

SEM
CFE

SE
SE

 

AlAs /GaAs SiO 2 /S i GaAs

30  meV
GaAs

n
 

MBE GaAs

GaAs

Fermi
S  

No .1  



  
  

 

0 .2  eV

n-p
n GaAs /p + -GaAs

 
SE

SE

SE W
W

M W O
N IV

Sc-O/W Ba-O/W
Zr-O/W

 
3

Schot tky 39-19%
Zr-O/W 0.38  eV 0 .23  eV

  

No .2  



  
  

 

No .3  



  

 

"Electron Beam Brightness from Negative-Electron-Affinity Photocathodes for Scanning 
Electron Microscopy Application", T. Ohshima and M. Kudo, Jpn. J. Appl. Phys. 43 (2004) 
8335. 

 
"NEA photocathode for SEM application", T. Ohshima, Microelec. Eng. 67.68 (2003) 951. 

 
"Study of Energy Distribution of Schottky Emitted Electrons and its Theoretical Analysis 
using Effective Mass Approximation", T. Ohshima and H. Nishiyama, Jpn. J. Appl. Phys. 42 
(2003) 6564. 

 
"Resonant tunneling electron beam source using GaAs/AlAs/GaAs field emitter", T. Ohshima, 
T. Mishima, M. Okamoto and K. Kuroda, Appl. Surf. Sci. 111 (1997) 170. 

 
"Proposal of Monochromatic Electron Beam Source Using Resonant Tunneling Effect", T. 
Ohshima, M. Okamoto and K. Kuroda, Jpn. J. Appl. Phys. 34 (1995) L1390. 

 
"Status of the high brightness polarized electron source using transmission photocathode", N. 

Yamamoto, X.G. Jin, A. Mano, T. Ujihara, Y. Takeda, S. Okumi, T. Nakanishi, T. Yasue, T. 
Koshikawa, T. Ohshima, T. Saka and H. Horinaka, J. Phys.: Conference Series, 298 (2011) 
#012017. 

 
"Real time magnetic imaging by spin-polarized low energy electron microscopy with highly 

spin-polarized and high brightness electron gun", M. Suzuki, M. Hashimoto, T. Yasue, T. 
Koshikawa, Y. Nakagawa, T. Konomi, A. Mano, N. Yamamoto, M. Kuwahara, M. Yamamoto, 
S. Okumi, T. Nakanishi, X.G. Jin, T. Ujihara, Y. Takeda, T. Kohashi, T. Ohshima, T. Saka, T. 
Kato, and H. Horinaka, Appl. Phys. Express, 3 (2010) #026601. 

 
"High brightness and high polarization electron source using transmission photocathode with 

GaAs-GaAsP superlattice layers" N. Yamamoto, T. Nakanishi, A. Mano, Y. Nakagawa, S. 
Okumi, M. Yamamoto, T. Konomi, X. Jin, T. Ujihara, Y. Takeda, T. Ohshima, T. Saka, T. 
Kato, H. Horinaka, T. Yasue, T. Koshikawa and M. Kuwahara, , J. Appl. Phys. 103 (2008) 
064905. 

 
“Laser Focusing System for High Brightness Polarized Electron Source for SPLEEM”, A. Mano, 

N. Yamamoto, K. Tamagaki, S. Okumi, M. Yamamoto, M. Kuwahara, R. Sakai, T. Morino, A. 
Utsu, T. Nakanishi, and T. Ohshima, AIP Conference Proceedings. 915 (2007) 1081. 

 
“Miniaturized electron-gun for a High-Resolution scanning electron microscope using 

non-evaporable getter pump”, S. Katagiri and T. Ohshima, Microelec. Eng. 83 (2006) 1058. 
 

  
 71 (2002) 438. 

 
“Monochromatic Electron Emitters using Heavy-Fermion Materials”, H. Nishiyama, T. Ohshima 

and M.Okamoto, Jpn. J. Appl. Phys. 38 (1999) 6066. 
 



  

 

“Highly bright and monochromatic electron sources for scanning electron microscopy” T. 
Ohshima and T. Ogashiwa, 53rd International Field Emission symposium, (2012/05/21-25) 

 
“High Brightness and Highly Polarized Electron Beam for Real-time Measurement in SPLEEM”, 

M. Kuwahara, A. Mano, Y. Nakagawa, S. Okumi, T. Nakanishi, M. Suzuki, M. Hashimoto, T. 
Yasue, T. Koshikawa, X.G. Jin, N. Yamamoto, T. Ujihara, Y. Takeda, M. Yamamoto, T. 
Ohshima, T. Kohashi, T. Saka, T. Kato and H. Horinaka, 7th Int. Symp. on Atomic Level 
Characterizations for New Materials and Devices (ALC'09), (2009/12/06-11) 

SPLEEM  
 

,  ,  , 
3 , (2003/09/19) 

 
NEA ,  ,  , 

, (2003/03/27) 
 
“NEA photocathode for SEM application”, T. Ohshima, 28th Micro- and Nano-Engineering 

(MNE2002), (2002/09/16-20) 
 

SEM ,  , 
, (2002/03/27) 

 
,  ,  

132  , (2000/05/11) 
 

,  ,
, (2000/03/28) 

 
,  ,  ,  ,

, (1999/11/17) 
 

,  , 
, (1999/09/01) 

 
,  , 

 , , (1999/03/28) 
 
“Tungsten Schottky Emitters with Reservoirs of Metal Oxide or Nitride”, H. Nishiyama and T. 

Ohshima, 2nd. International Vacuum Electron Sources Conference (IVESC ‘98), 
(1998/07/07-10) 

 
“Resonant Tunneling Electron Beam Source Using GaAs/AlAs/GaAs Field Emitter”, T. Ohshima, 

T. Mishima and M. Okamoto, International Vacuum Electron Sources Conference (IVESC-96) 
(1996/07/01-04) 

 
, 

 ,  ,  ,  , (1996/03/26) 
 



  

 

,  ,  ,  , 
  , 

(1995/12/19) 
 

S GaAs ,  , 
 , , (1995/08/26) 

 
GaAs/AlAs GaAs , 

,  , 42 , (1995/03/26-29) 
 

,  ,  ,  , 
, (1994/09/19-22) 

 
"Electron Detection Performance of Diamond Avalanche Diode", H. Morishita, T. 

Ohshima, M. Hatano, Y. Iwakaji, O. Maida and T. Ito, , J. Vac. Sci. Technol. B, 228 
(2010) 1169. 

 
"Stabilization of a tungsten <310> cold field emitter" K. Kasuya, S. Katagiri, T. Ohshima and S. 

Kokubo, J. Vac. Sci. Technol. B, 28 (2010) L55. 
 
“Alignment of CS2 in intense nano-second laser fields probed by pulsed gas electron diffraction”, 

K. Hoshina, K. Yamanouchi, T. Ohshima, Y. Ose, and H. Todokoro, J. Chem. Phys. 118, (2003) 
6211. 

 
“Direct observation of molecular alignment in an intense laser field by pulsed gas electron 

diffraction II: analysis of anisotropic diffraction image”, K. Hoshina, K. Yamanouchi, T. 
Ohshima, Y. Ose, and H. Todokoro, Chem. Phys. Lett. 353 (2002) 33. 

 
"High speed Si PBT with buried single crystal silicide electrode by MBE", T. Ohshima, N. 

Nakamura, K. Nakagawa, K. Yamaguchi and M. Miyao, IEDM Technical Digest, (1991) 33. 
 
"Self-aligned NiSi2 electrode fabrication by MBE and its application to etched-groove Permeable 

Base Transistor (PBT)", T. Ohshima, K. Nakagawa, N. Nakamura and Y. Shiraki, J. Crystal 
Growth 95 (1988) 490.

 


