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bstract. A microchannel plate �MCP� framing camera is
imulated by using the Monte Carlo method. Considering
hat the laser pulse width has effect on the experimental
xposure time, we simulate the experimental exposure time
arying with the laser pulse width. The gain characteristics of
he MCP framing camera are simulated while the MCP is
pplied with very short electrical gating pulses. A new
ethod is presented using a nongain MCP instead of a gain
CP. © 2010 Society of Photo-Optical Instrumentation Engineers.
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Introduction

microchannel plate �MCP� framing camera is a powerful
iagnostic tool for laser-driven inertial confinement fusion
nd fast Z-pinch experiments.1 Typically, exposure time of
framing camera gated by a MCP 0.5 mm thick is about

00 ps. The shortest exposure time of 35 ps was achieved
y using a gated MCP 0.2 mm thick.2

Theoretical simulation of the MCP framing camera has
een widely studied. Eberhardt presented a discrete stage
lectron multiplier model for the MCP. He assumed that the
tages of the electron multipliers were constant and inde-
endent of the applied voltage on the MCP.3 In this work,
e assume that the stages are related to the applied voltage
n the MCP.

Recently, characteristics of the electron cascade in a
CP are simulated based on the Monte Carlo method.4,5

onsidering that the laser pulse width has effect on the
xperimental exposure time, we simulate the experimental
xposure time varying with laser pulse width. Furthermore,
he gain characteristics of the MCP are simulated, while the
ating pulse width is not more than the electron transit
ime. A new method is presented using a nongain MCP
nstead of a gain MCP. The temporal characteristics of the
ongain MCP framing camera are simulated.

Microchannel Plate Model

he MCP is an array of parallel continuous electron multi-
liers, assuming there is little influence between each chan-

091-3286/2010/$25.00 © 2010 SPIE
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nel and all the channels have the same gain characteristics.
Then, the electron cascade in the MCP can be approxi-
mated by the behavior of a single microchannel.4 The sec-
ondary electron yields, energies, and emission angles are
the most important parameters in the simulation. The sec-
ondary electron yield is determined by the energy and in-
cident angle of the primary electron. While the primary
electron incident angle is �, assume that the primary elec-
tron with incident energy Vm��� will produce the maximum
yield �m���. The Vm��� and �m��� are given as5

Vm��� = Vm�0�/�cos � , �1�

�m��� = �m�0�exp���1 − cos ��� , �2�

where Vm�0�, �m�0�, and � are determined by the MCP lead
glass.6 In our simulation, we take the data Vm�0�=280 eV,
�m�0�=4, and �=0.5.

The mean secondary emission yield for the primary
electron with energy V and incident angle � is given as5

��V,�� = �m��� ·

4V

Vm���

�1 +
V

Vm����2 . �3�

The actual secondary electron yield is acquired by ran-
dom sampling from a Poisson distribution with the mean
value given by Eq. �3�.

The secondary electron energy is sampled randomly
from a Maxwell probability distribution with the most
probable energy of 2.5 eV. Energy conservation is consid-
ered in this work to ensure that the sum of the secondary
electron emission energy from any given impact is less than
the energy of the primary electron.4 The emission angle of
each secondary electron is assigned by sampling from a
cosine distribution, and the most probable angle of emis-
sion is along the surface normal to the channel wall.

The trajectory and velocity of each secondary electron
can be calculated using the nonrelativistic equations of mo-
tion. Therefore, we can obtain the energy, incident angle,
and position when the electrons strike the MCP channel
wall. This impact process is repeated until the electrons
emerge from the output surface of the MCP.

An ultraviolet �UV� laser is used to excite photoelec-
trons from the photocathode coated on the input surface of
the MCP in the traditional exposure time measurement.2

While the MCP framing camera is operated in the gating
state, a short electrical pulse is applied to the MCP. The
exposure time is defined as the full width at half maximum
�FWHM� of the MCP gain G�t�. From an experiment point
of view, the G�t� is hard to obtain due to the laser pulse
width influence. We assume that the UV laser pulse is a
temporal Gaussian distribution and converted to photoelec-
tron pulse with the same distribution, given as

n�t� = np exp�− 4 ln 2� t

�t
	2� , �4�

where �t is the laser pulse width, and np is the amplitude of
the Gaussian distribution set to be 100,000.
August 2010/Vol. 49�8�1



p
e
b

N

s
t

3

M
0
e
w

V

t
w
i
2

F
a
t
t

OE Letters

O

The Gaussian photoelectron pulse excited by the laser
ulse at time T is amplified by the MCP, and the number of
lectrons N emerging from the channel exit can be deduced
y

�T� = n�T� � G�T� = 

−�

+�

n�T − t� · G�t�dt . �5�

It can be seen from the prior discussion that the mea-
ured result is the convolution between n�T� and G�T� in
he traditional exposure time measurement.

Simulation Results and Analysis

CP with channel diameter d of 12 �m, thickness L of
.5 mm, and bias angle � of 6 deg is simulated. The gating
lectrical pulse is a temporal Gaussian distribution the
idth of W and amplitude of VP, given as

�t� = VP exp�− 4 ln 2� t − W

W
	2� . �6�

The gating state simulation is initiated by introducing
hree electrons near the input end of the channel, typical of
hat might be expected from a 1-keV x-ray.4 The introduc-

ng time for each of the three electrons range from 0 ps to
W ps, increased by a step of 0.1 ps. While the gating pulse
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ig. 1 Simulation results for a gating pulse with width of 300 ps and
mplitude of 1 kV applied to the MCP. �a� The gain curve G�t� while

he laser pulse width is zero. �b� Considering the laser pulse width,
he FWHM of N�T� versus the laser pulse width.
ptical Engineering 080502-
with a width of 300 ps and an amplitude of 1 kV is applied
to the MCP microstrip line, the G�t� can be obtained with
Monte Carlo simulation. The gain curve G�t� is plotted in
Fig. 1�a�. The FWHM of the G�t� is 90 ps. It is the theo-
retical exposure time of the framing camera.

Since laser pulse width �t is given, N�T� can be calcu-
lated using Eq. �5�. Each curve N�T� is calculated with laser
pulse width �t ranging from 0 to 50 ps. The FWHM of
curves N�T� is presented in Fig. 1�b�. It is clear from Fig.
1�b� that the laser pulse width strongly effects the exposure
time measured result. If the laser pulse width is limited to
zero, the measured result is close to the theoretical expo-
sure time. Therefore, a laser pulse with larger width cannot
be used in the exposure time measurement.

Figure 2 shows the collision numbers, the mean transit
time, and the transit time spread �TTS� as a function of the
direct current �dc� voltage applied to the MCP. The simu-
lation is initiated by introducing single electron near the
input end of the MCP. It can be seen from Fig. 2 that all the
electron-channel wall collision numbers, the mean transit
time of electrons traveling in the MCP, and the TTS are
decreased while dc voltage is increased. While the accel-
eration is increased with increasing MCP voltage, the elec-
trons travel a longer distance down the channel between
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Fig. 2 Simulation results for different voltage applied to the MCP.
�a� The collision numbers. �b� The transit time and TTS.
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ollisions, and that leads to a decrease of collision numbers.
hese factors result in decreasing the mean transit time and

he TTS. As the dc voltage is −1 kV, the electron transit
ime is 185 ps and the TTS is 42 ps. These simulation re-
ults are consistent with existing measurements.5

Figure 3 shows the G�t� with different gating pulse
idths. The amplitude of the gating pulse applied to the
CP is 1 kV, and the widths are 185 and 135 ps, respec-

ively. While the gating pulse width is 185 ps, FWHM of
he gain curve is 45 ps and maximum gain is 60. While the
ating pulse width is 135 ps, the maximum gain is less than
0 and the FWHM of gain curve is 40 ps. One can make a
onclusion from Fig. 2�b� and Fig. 3 that if the gating pulse
idth is less than the electron transit time, the exposure

ime of the framing camera is approximately equal to the
TS, and the gain is low. The minimum exposure time is
onsidered to be equal to the TTS. Therefore, although the
ating pulse width is much shorter than the transit time, the
xposure time cannot be shortened.

To shorten the exposure time, we present a new method
sing a nongain MCP instead of a gain MCP. The nongain
CP is an array of parallel channels. There is no material

oated on the channel wall for secondary electron emission,
o that the electrons impacting the wall will be absorbed.
nly those photoelectrons with appropriate energy and

mission angles can emerge from the output end of the
hannel without collision. The structure of the nongain
CP framing camera is the same as the previous MCP

ated framing camera.1 The simulations of the nongain
CP are started by assuming some number of initial pho-

oelectrons near the input end of the MCP. The photoelec-
ron energy is sampled randomly from a Maxwell probabil-
ty distribution, and the emission angle of each
hotoelectron is assigned by sampling from a cosine distri-
ution. The trajectory of each photoelectron can be calcu-
ated using the nonrelativistic equations of motion. If the
hotoelectron strikes the MCP channel wall, it will be ab-
orbed. Otherwise, it can emerge from the channel exit. The
ransit time and the TTS are plotted versus the applied volt-
ge on the MCP in Fig. 4. The mean transit time and the
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he broken line is the gain curve for the gating pulse with an ampli-
ude of 1000 V and a width of 185 ps, and the solid line is that for
he gating pulse with a width of 135 ps.
ptical Engineering 080502-
TTS of the nongain MCP are decreased with the dc voltage
increase. The TTS in the nongain MCP is one order of
magnitude lower than that in the gain MCP. The exposure
time in the nongain MCP framing camera is greatly short-
ened.

4 Conclusions

Simulation for a MCP framing camera based on the Monte
Carlo method is described. The simulated results show that
the exposure time measurement error is increased with the
laser pulse width increasing in the exposure time measure-
ment. A laser pulse width far less than the FWHM of G�t�
should be used in the experiment. The minimum exposure
time is considered to be equal to the TTS. To shorten the
exposure time, a new method is presented using a nongain
MCP instead of the gain MCP. The TTS in the nongain
MCP is much less than that in the gain MCP from the
simulation results. Our future work is to measure the tem-
poral resolution of the nongain MCP framing camera.
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