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Abstract—Csl is a great photoelectric emission material in the
field of photon imaging detectors owing to its high quantum
efficiency in the ultraviolet range. But quantum efficiency
depends on the electron emission mode deeply. With specific
structure of photocathode, the photoelectron can operate in both
semitransparent mode and reflective mode. So some experiments
were done to verify which mode is better and how to get it.
Theory and experiment show that the quantum efficiency in
reflective mode is higher than Quantum Efficiency in
semitransparent mode. For a certain specifications of the vacuum
tube, the parameter of reflective mode fabrication was obtained.
Particularly in double proximity focusing image intensifier tube
system, Csl photocathode can be deposited on micro channel
plate(MCP), and avoid applying high voltage between the
incident window and MCP, which is micro distance. Above all,
this enable photoelectric emission to operate in the reflective
mode, thus higher quantum efficiency can be obtained. The
thickness of Csl film influence the quantum efficiency and it
depend on the assembly structure of MCP. Some theory analysis
and experiment proved it in this paper.
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I. INTRODUCTION

Ultraviolet detection technology rapidly development in
recent years, but the sensitivity and detection distance are the
main bottleneck influence Ultraviolet detection technology
development™. While the two indexes closely depend on
optoelectronic cathode quantum efficiency, how to improve the
efficiency of the cathode ultraviolet light quantum is the key of
resolving the problem. Csl is a material of great interest in the
field of photon imaging detectors owing to its high quantum
efficiency in the ultraviolet range1.15 ~ 2x107 m, but the
thickness of Csl photocathode and the mode of photoemission
influence the quantum efficiency. According semitransparent
Csl photoemission theory, that films thinner than the electron
escape length are characterized by a higher quantum efficiency
with respect to thin films operating only in semitransparent
mode(STM), or thick films operating in reflective
mode(RFM)??.  Since in STM the thickness of Csl
photocathode is too thin to make the deposition of Csl layers
uniform, the high quantum efficiency is hard to ensure. While
the thickness of Csl photocathode is thicker in RFM than that
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in STM, so it is more attractivel®. In this paper semitransparent
mode Csl films on optical input window substrate and
reflective mode Csl films on substrates micro channel plate
(MCP) is discussed in detail.

Il. STM oN OPTICAL INPUT WINDOW SUBSTRATES

Ultraviolet signal general is weak, so photoelectrons
emission of Ultraviolet photocathode does. In the Imaging
Reverse Focus system, photoelectrons transit more time, it will
diffuse more, image will be serious distortion™*®. Shorten the
distance from the photocathode to the screen means reducing
the photoelectrons transit time. Therefore, generally double
proximity focusing image intensifier tube is more favourite,
Figl shows the structure schematic diagram of double
proximity focusing image intensifier tube, and itis a vacuum
tube. In order to maximize the photoemission current to be
measured, the photocathode is put as closely as possible to the
fluorescent target. A multiplier consisting of two microehannel
plates (MCP) behind the transmission photocathode amphfies
the photoelectron signals to improve the measuring sensitivity.
Optical input window MgF, proximity MCP with
1~3x10" m, MCP proximity fluorescent screen with

5x10™m or so. Then the pack frame ring and ceramic sealing
up the component, the fabricating is hard to achieve this for so
little size. The double proximity which has added more than
100V voltages, that is easy to cause field-emission.
Photocathode Csl deposited on the inner surface of optical

input window MgF2 work in STM, about 6107 m very thin
Csl layers get quantum efficiency, only about 25% —30%), as
Fig2 shows. While in RFM, the quantum efficiency is higher
than it in STM, and the thickness is not strictly limited. But
photocathode Csl deposited on the inner surface of optical
input window MgF2 can’t implement photoemission by RFM,
so some attempt to deposit photocathode Csl on substrates
MCP directly, and the experiments is analyzed as the
following.
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Fig. 1. Structure schematic diagram of double proximity focusing image
intensifier tube
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Fig. 2. The quantum efficiency variation with Csl film thickness

I1l. RFM ON SUBSTRATES MCP

Csl photocathode is deposited on substrates MCP directly,
as Fig3 shows, it can operate both in STM and RFMY®, which
is determined by MCP type. The aperture of MCP channel is
small with channel bending; it will easy operate in STM. But in
order to achieve higher quantum efficiency, RFM is desired. So
the type of MCP must be chosen carefully. The thickness of
photocathode Csl layers influence quantum efficiency, above
all, we optimized the thickness of the Csl photocathode. The
qguantum efficiencies were simultaneously monitored at a
wavelength of 170 nm with vacuum-plated Csl. The optimized
thickness was about 1300 nm, and in RFM it is thicker than
thickness of Csl layers in STM.
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Fig. 3. The Schematic of photoelectron transmission on MCP substrates

If the aperture of MCP channel is small, Csl layers is
thicker, the Csl layers will seal the channel tightly,
photoelectrons will be difficulty to cross, then secondary
electrons reduced, quantum efficiency will be lower. If the
aperture of MCP channel is large, Csl layers is not thick
enough, the Csl layers will operate STM, quantum efficiency
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of Csl photocathode will be lower too. So thickness of Csl
layers should be chosen according the aperture of MCP
channel size and shape, as Fig4 shows. The photoelectric effect
and plating optoelectronic cathode is very randomness, so the
value of thickness only base on plenty of experiments. We had
done many experiments on MCP with different channel shape
and size, got some experimental result showing in Fig5. Light
source wavelength is 1.72x107 m, the aperture of MCP
channel is 1.0x10°m, tilt angle is 12°, diameter of MCP is

3x10?m, MCP plate is divided into 4 areas. The thickness of
Csl layers is 1.52x10°m in A, 0.91x10° m in B,
1.38x10°min C, 2.10x10°m in D. The illumination of all
area show in Fig5, the stronger illumination, the higher
quantum efficiency.It easy to find that C area is optimal, that is
the optimum thickness of the Csl photocathode is
1.38x10°m in the condition of above-mentioned incident
light wavelength and MCP type.
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Fig. 4. The Schematic of photoelectron transmission in different channel
shape of MCP

Fig. 5. The illumination of all areas A, B, C, D

IVV. CONCLUSION

(1)The reflective and semi-transparent Csl photoemission
theory, we have shown that films thinner than the electron
escape length are characterized by a higher quantum efficiency
with respect to thin films operating only in semitransparent
mode, or thick films operating in reflective mode.

(2)Photocathode Csl on optical input window substrates
only operate in STM; but on MCP substrates can operate in
both STM and RFM, in contrast, quantum efficiency of RFM is
higher than STM.

(3)The thickness of Csl layers is adequate to one MCP
model, it depend on the shape and size of MCP channel. When
light source wavelength is 1.72x107 m, the aperture of MCP

channel is 1.0x10°m, with tilt angle 12°and diameter of
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MCP 3x102 m, the optimum thickness of the Csl
photocathode is 1.38 x10°m.

All the result of this paper paves the way for deeper
research and engineering practice.
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