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Feasibility study on time resolved electron microscopy

LIU Yun-Quan ZHANG Jie® LI Yu-Tong ZHANG Jun QIU Yang
Laboratory of Optical Physics Institute of Physics Chinese Academy of Sciences Beijing 100080 China

Abstract The interaction process of femtosecond laser pulses with metal photocathodes is studied. Based on
the ultrashort electron pulses generated by this process we propose a conceptual design of time resolved electron

microcopy. Its feasibility is analyzed and the problem of control and propagation of the electron pulses dis-
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cussed.
Key Words time resolved electron microscopy ultrashort electron pulses femtosecond laser
TRED .
1 . Zewail UED *
1ps 0.01A.
I 5
X X Christoph
KOL
GaAs °.1996
Schoenlein SLAC
™ 90°
107"%s X
7
10°°s 107s
X * . Elsayed-Ali
RHEED * (1999075206
10075075
} Arkansas
2003 -11 - 11 2004 -11 -30
time resolved electron diffraction + . Email jzhang@ aphy. iphy. ac. cn

34 2005 4 - 287



10 s

. 1931 Fowler * 1933

Dubridge °

Fowler — Dubridge F-D
F-D
F-D
1977 Bechtel
W Ta
F-D ' Makoto Asakawa
2 Nd YAG
1
. 2003
Gianpiero Banfi Ti Sa
2 3 Ag 100
12
photoemission radiofrequency
250fs .
0. 1A
time re-
solved electron microscopy TREM
2

- 288-

10
Tee ~
107 *—10""s - T ~
10" "—10""s
- T =T, T,
Tl
14
aT. O,
C. T =K —-g T.-T, +Gri
e e at az e
1
aT
c, T, — = T, -T, 2
ot
Grit =al-R [ rt
o' c. T. =C.T.
C, T K g
R
150fs
1
1
300K 280nm
R =0.33 R =0.378
400nm R =0.475 R =0.387 " .




34 2005

p—— Iy = 2.0% 101 Wiem?
—— R =20x% cm
BRE ey e £y — 8x1010W/cm?
1600 e £ —45%10""W/em?
1400 |-
1200 |
S 1000 -
800 |-
600 —
400
200 |-
1 1 1 1 1
04 02 0 02 0.4 0.6
1ips
1
1
g C. Ky G
10Wm 7K™ | Jm K2 | Wm'K™' | 10°Jm 3K
2.1 71 318 2.5
13 350 135 2.8
36 1065 91 4.1
10 96.6 385 3.5
Fowle —
Dubrige Bechtel
10
nhy > @ n= @/hv +1
n
A/cm’
A/ cem?

Zewail

ultrafast electron diffraction UED

800nm 1

201s Ta Sa

350 wJ 267nm

80w)
4.3eV
25 000
UED
0.01A

3.1

267nm

4.3eV.

4.6eV 150fs
0. 3eV

4

120fs

4eV

- 289-



TRl

BBO #g &
//’C BT
-

X

0 |X| MR
1(OX |

1=
Helth

2
3
2x1075 1 o4
266nm 03
50 %
. . 3 0.2 5
Q nC — 10 W]user PvJ QE %o g ::A.E:Oﬁcv"-‘
hv eV T ol : -
Q W]aser QE
hy R T
9
1.36 x 10 0 0z 04 06 03 10 12
0.22nC. EleV
3 267nm
2
3.2

Child - Langmuir

- 290-



\\ LaB,
7:0/W 007 W 007 W 310
A/cm? 500 * 1 20—50 100—500 100—1000
pm 10—100 50 10 0.1—1 0.5—0.8 10—100
eV 0.5—3eV 2.3 1.5 0.5—0.8 0.6—0.8 0.3—0.5
10 ~*pa 1073 103 1077 1077 108
C 2800 1800 1800 1600 300
nA—pA 100pA 20pA 100pA 20—100p.A 20—100p.A
— 1% 1% 1% 7% 7%
S 1% /h 3% /h 1% /h 6% /h 5% /15min
*
1000
900
200 |-
700 |-
. & 600
TR = — ) Al A, = i
R ; P € 500 -
=
p At At = 400 |
300 |
200
_ 2
- T I \ | ! |
AT+ '’ T 0 10 15 20
EA(kV/mm)
T, 4
10 s,
30kV d =3mm
Ag =0. 15eV T =
2.34 x10°°/Aed/V = 90fs "
' 3.3
T 150° +90° '* =~ 174fs
4
3.2
MCP

34 2005 4

291-



4
10°—10°
5001s 1000
0. Inm.
Sm] 150fs Ceiss 902

10
11

12

13
1ps

14

16
17

1 Craig W S Andrea C Klaus S-T et al. SPIE 44th Annual
Meeting Denver July 1999
2 Helliwell ] R Rentzepis P M Eds. Time Resolved Diffraction.

O@00#00S00S00S00S00SCOSO0S00S

MacG5

G. Ferrell

100nm
G.

292.

0e00S0OSO0S00 SO0

95nm

Ferrell

18

New York Oxford Univ. Press 1997
Elsayed - Ali H E Herman J W. Appl. Phys. Lett. 1990
57 1508
Thee H Lobastov VA Gomez U M et al. Science 2001
291 458

2002 51 1764 Zhang Jum Zhang
Jie et al . Acta Phys. Sin. 2002 51 1764
Christoph R-P Ralph J Ting G. Nature 1999 398 310
Schoenlein R W Chattopadhyay S et al. Science 1996 287
5461
Fowler R H. Phys. Rev.
Dubridge L. A. Phys . Rev. 1933 43 727
Bechtel ] H. J. Appl. Phys. 1975 46 1585
Asakawa M Mima K Nakai S. Appl. Phys. Lett. 1994
84 2056
Georges A T. Phys. Rev. B 2002 66 063412
Wang X J. Proceedings of the 2001 Particle Accelerator Confer-

in Chinese

1931 38 45

ence Chicago
Anisimov S T Apeliovich B L K et al. Eksp. Teor. Fiz.
1974 66 776 Sov. Phys. JETP 1974 39 375

1979 et al. eds. Zhang Z X
trans. Tables of Physical Common Parameters. Beijing Science
Press 1979 in Chinese
Rudberg E. Phys. Rev. 1935 48 811
Anderson T Tomov I V. Rentzepis P M. J. Appl. Phys.
1992 71 5161

Qian B-L Elsayed-Ali H E. J. Appl. Phys. 2002 91 462

$00#0000S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S0

2004 11

multibubble sonoluminescence

SEZ
. G. Ferrell
MBSL
November 2004. 2pPA6



