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Abstract 
Due to the wave characteristics of light, diffraction occurs when the light 
passes through the optical system, so that the resolution of the ordinary 
far-field optical system is limited by the size of the Airy disk diameter. There 
are various factors that cause image quality degradation during system detec-
tion and imaging, such as optical system aberrations, atmospheric interfe-
rence, defocusing, system noise and so on. Super-resolution optical imaging 
technology is the most innovative breakthrough in the optical imaging and 
detection field in this century. It goes beyond the resolution limit of ordinary 
optical systems or detectors, and can get more details and information of the 
structure, providing unprecedented tools for various fields. Compared with 
ordinary optical systems, super-resolution systems have very high require-
ments on the signals to be detected, which cannot be met by ordinary detec-
tion techniques. Vacuum photoelectric detection and imaging technology is 
equipped with the characteristics of high sensitivity and fast response. It is 
widely used in super-resolution systems and has played a great role in su-
per-resolution systems. In this paper, the principles and structure of the im-
age-converter streak camera super-resolution system, scanning electron micro-
scopy super-resolution system and laser scanning confocal super-resolution 
system will be sorted out separately, and the essential role of the vacuum 
photoelectric detection technology in the ultra-microscopic system will be 
analyzed. 
 

Keywords 
Diffraction, Image Quality, Super-Resolution System, Vacuum Photoelectric 
Detection 

 

1. Introduction 

With the development of bioscience, high energy physics and other fields, people 
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have higher and higher requirements for spatial and temporal resolution. 
Therefore, more and more emphasis has been placed on super-resolution tech-
nology for the last few years. Super-resolution technology, being a cutting-edge 
research topic in the field of optical engineering, not only involves in the design 
of optical imaging system, but also concerns in the field of image acquisition and 
processing. According to the signal generation and transmission process, the 
resolution of the system can be regarded as consisting of three parts [1], includ-
ing diffraction resolution, geometric resolution, and noise equivalent resolution. 
People improve the above three resolutions by improving the optical system, 
improving the image processing ability, etc., in order to achieve the purpose of 
super resolution. Photoelectric detection is an indispensable link between a su-
per-resolution system. Therefore, optimizing and improving the photoelectric 
detection capability helps to achieve the final imaging result of the system. In 
view of the high requirement of the super-resolution system for detected signals, 
ordinary detection technology cannot meet its requirements. Nevertheless, va-
cuum photoelectric detection technology is extensively applied to the su-
per-resolution system on account of its high sensitivity and Short relaxation 
process [2], and played significant effect of the super-resolution system. This ar-
ticle lists three super-resolution systems and discusses the application of vacuum 
photoelectric detection and imaging technology. 

2. Image Converted Tube Streak Camera  
Super-Resolution System 

2.1. Basic Working Principle of the System 

The working principle of the image converted tube streak camera is shown in 
Figure 1. As shown in the figure, the deflection system and micro channel plate 
are placed in the image converted tube. The objective lens system in the system 
can image the transient light source in a narrow slit, so the one-dimensional in-
formation of the image can be obtained. The imaging lens system images this 
one-dimensional information on the photocathode, from where the photoelectrons  

 

 
Figure 1. Working principle of the image-converter streak camera. 
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are emitted, passing through the focusing system and entering the deflection 
system with slope voltage which changes linearly from time. As a result, the 
electrons that enter the deflection system chronologically are subjected to dif-
ferent deflection voltages. Electron multiplication can be realized when the elec-
trons incident at different time pass through the deflection system to the micro 
channel plate. The multiplicative electron bombards the fluorescent screen that 
converts the electronic image of visible light. Because of the different incident 
time, the time for the multiplied electrons to reach the screen is different. These 
electrons will be distributed among the direction perpendicular to the slit, so the 
position information on the screen is transformed into the time information. In 
other words, the different positions of electrons incident on the screen represent 
different incident times [3] [4]. 

As a high time-resolution device, image converted tube streak camera has 
important applications for various scientific research fields. Time-resolution, 
which is defined as the minimum time interval between the detected light pulses, 
is its most important performance parameter. Because of the limitation of the 
resolution of the imaging system, the final image formed by the electrons on the 
screen is diffuse, which not only leads to a reduction in the resolution of the im-
aging system, but also causes a decrease in the temporal resolution to the time 
domain. The super-resolution restoration technology can be applied to the im-
aging results of the image converted tube streak camera, processing the image 
obtained by the imaging system and obtaining the super-resolution image. This 
technology can transform the spatial super resolution of temporal resolution, 
and further improve the camera’s temporal resolution. 

The ordinary imaging system can be regarded as a low-pass filter. When it is 
greater than the cut-off frequency, the transfer function is zero, and high-frequency 
information is limited. Therefore, in order to achieve super-resolution, we must 
get the information above the cut-off frequency [5] [6] [7]. Using a su-
per-resolution restoration technique, information above the cut-off frequency 
can be obtained. According to the information superposition theory, the infor-
mation above the cut-off frequency is superposed into the frequency component 
below the cut-off frequency by convolution. In other words, the frequency com-
ponent below the cut-off frequency contains all the information about the object 
of a bounded restricted object. That is, for a bounded restricted object, the fre-
quency component below the cutoff frequency contains all the information on 
the object. Then, the analytic continuation principle can be used to reconstruct 
the information above the cut-off frequency using signals below the cut-off fre-
quency, so as to realize the super-resolution of the image and improve the tem-
poral resolution of the camera. 

2.2. Application of Vacuum Photoelectric  
Technology in the System 

The Image converted tube streak camera super-resolution system is an optical 
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system, utilizing the super-resolution recovery technology to make its time su-
per-resolution higher, composed of the image converter tube, micro channel 
plate and so on, and combined with other components and technologies. 

The image converter is a kind of vacuum imaging device which can transform 
the invisible light image into the visible light band, including three parts: photo-
cathode, electronic acceleration system and electro-optic conversion fluorescent 
screen. When the invisible ray such as X-ray is incident on the photocathode, 
photoelectrons will be excited. The photoelectrons are accelerated by the elec-
tron acceleration system, which is imaged on the fluorescent screen to enhance 
the brightness of the image, so that the fluorescent screen emits much stronger 
light energy. Microchannel plate is also a vacuum electron multiplier device, 
which has the function of compensating and enhancing electrons and has high 
time resolution. A semiconductor material that can emit secondary electrons is 
coated from the inner wall of the micro channel plate, and a direct voltage is ap-
plied across the micro channel plate to form a uniform electric field. When 
low-energy photoelectrons touch the inner wall of the micro channel plate, sec-
ondary electrons are excited. The excited secondary electrons are accelerated 
under the action of a uniform electric field, and then further touch the inner wall 
to achieve electron multiplication and the effect of enhancing the photoelectron 
image. 

3. Scanning Electron Microscopy Super-Resolution System 
3.1. Basic Working Principle of the System 

Scanning electron microscope can be divided into six systems, including vacuum 
system, electronic optical system, signal detection amplification and display sys-
tem, image recording system, cooling circulating water system and power supply 
system [8] [9]. The working principle is as follows: The electron gun in the elec-
tron optical system emits a high-brightness and small beam diameter electron 
beam, which then is focused on the sample surface in the sample chamber by the 
electromagnetic lens in the electron optical system. After scanning on the sample 
surface by the scanning coil, the high-energy incident electron beam interacts 
with the sample to generate different signals such as secondary electrons. Scan-
ning electron microscopy is carried out using the image decomposition method 
of point-by-point imaging, that is, the signal emitted from any point in the sur-
face of the sample corresponds to the corresponding bright spot on the fluores-
cent screen of the kinescope. Because the scanning electron microscope uses the 
electron beam as the medium, it has broken through the limitation of the dif-
fraction limit of ordinary microscopes when visible light is used as the medium. 
The scanning electron microscope can magnify the sample of more than 10,000 
times, achieving extremely ultra-high resolution. 

3.2. Application of Vacuum Photoelectric Technology in the System 

The three main systems in scanning electron microscope are electronic optical 
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system, signal detection amplification and display system and vacuum system. 
The electronic optical system and signal detection amplification and display sys-
tem, whose working environment requires a high vacuum environment, are all 
placed in the vacuum system. Therefore, these three systems can be considered 
as a large vacuum photoelectric detector. The first reason why it is necessary to 
change the system into a vacuum is to protect the filament in the electron gun of 
the electronic optical system. Once the filament is exposed to the air, it will be 
rapidly oxidized and fail to emit electrons. Moreover, the vacuum degree of the 
system has a great relationship of the electron production efficiency of the elec-
tron gun. Secondly, it is conducive to increase the average free path of the elec-
tron, so as to obtain more electrons for imaging. 

In the signal detection amplification and display system, owing to the interac-
tion of the electron beam and the sample, different types of signals, such as sec-
ondary electrons, Auger electrons, and X-rays, are generated. Consequently, dif-
ferent detectors are required to receive the signals. One of the most commonly 
used in scanning electron microscopes is the electron detector, which is com-
posed of scintillator, light pipe and photomultiplier. The photomultiplier tube is 
also a small vacuum photodetector. A typical photomultiplier tube is in a va-
cuum tube, containing the entrance window, photocathode, focusing electrode, 
electron multiplier stage and electron collector. The photon is transmitted to the 
photomultiplier by the optical guide tube for amplification and converted into a 
current signal output, which is amplified by the video amplifier and becomes a 
modulation signal. 

4. Laser Scanning Confocal Super-Resolution System 
4.1. Basic Working Principle of the System 

The working principle of laser scanning confocal microscope is shown in Figure 
2. The laser scanning confocal microscope takes the laser as the light source. Be-
cause of the excellent monochromatism and directivity of the laser, the chro-
matic aberration appears in the system imaging is eliminated fundamentally. In 
addition, the system adopts confocal technology, the specific principle of which 
is as follows: the detector and the excitation light source are placed in different 
light paths by spectroscope, and a baffle is placed in front of the light source. The 
baffle is placed at the focal plane of the objective lens, and a small hole is 
punched in the center of which to form an illuminated pinhole. After the laser 
passing through the illuminated pinhole, it can form a point light source with 
strong directivity, small divergence and high brightness, thus eliminating the 
spherical aberration after focusing. A focused laser beam is used to scan the 
sample point by point. If there are substances in the sample that can be excited 
by the laser, the substance in the sample is excited and emits fluorescence which 
will be focused on the focal plane, where a central perforated baffle plate is 
placed. The baffle plate is placed in front of the detector, which ensures that only 
the fluorescence signal excited by the laser focusing at the sample point can pass  
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Figure 1. Working principle of laser scanning confocal microscope. 

 
through the pinhole. Compared with the traditional optical microscope imaging 
under the field light source, in the laser scanning confocal super-resolution sys-
tem, the detector collects only the fluorescence signal at the focal point that will 
not be disturbed by the diffraction or scattering of other points outside the focus 
point every time. Then by scanning each point on the sample in sequence, you 
can get the signals of countless points on the sample. These signals are converted 
into electrical signals and transmitted to a computer, and which then processed, 
analyzed and output the signals to form a complete two-dimensional or 
three-dimensional image. The resolution and precision of laser confocal system 
are greatly improved compared with ordinary microscope [10]. So as to receive 
electrical signals point by point, amplify weak signals and improve the sensitivity 
to the signal, the system generally uses photomultiplier tubes in vacuum photo-
detectors. 

4.2. Application of Vacuum Photoelectric Technology in the System 

In the traditional laser scanning confocal super-resolution system, a common 
photomultiplier tube is generally used to detect the signal. But for improving the 
resolution of system imaging, it is necessary to increase the power and time of 
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laser irradiation, but this will reduce the survival rate of the sample. If you want 
to reduce the phototoxicity, you must reduce the power and time of the laser ir-
radiation, which will prevent the ordinary photomultiplier tube from collecting 
the fluorescent signal. In order to solve this contradiction, a hybrid photodetec-
tor, which can better collect more fluorescent signals while using a lower power 
laser, can be used to take the place of the traditional photomultiplier tube. 

The new hybrid photodetector incorporates a solid-state semiconductor 
anode chip into a traditional photomultiplier tube, which hits off the disadvan-
tages of low signal-to-noise ratio and easy saturation of signal of the micro 
channel plate in the traditional photomultiplier tube, and realizes that the effect 
of doubling electrons is enhanced, and broadens the use of vacuum photoelectric 
devices. In the new laser scanning confocal super-resolution system, a gallium 
arsenide phosphide (GaAsP) hybrid photodetector is generally used [11]. 

Conventional laser confocal microscopy uses a photomultiplier detector. 
When photons are incident on the photocathode, photoelectrons are obtained. 
These electrons hit the anode through the action of high voltage to achieve elec-
tron multiplication. In the new GaAsP hybrid detector, incident photons gener-
ate photoelectrons through the gallium arsenide phosphorous photocathode. 
These photoelectrons bombard the semiconductor chip at a very high speed un-
der a voltage acceleration much higher than the acceleration voltage in the pho-
tomultiplier tube. The anode, which ultimately produces electron bombardment 
gain and avalanche gain, obtains better excitation effects than ordinary photo-
multiplier tubes [12]. Due to its higher sensitivity and lower background noise, a 
lower intensity laser can be used to illuminate the sample, which not only ensures 
the survival rate of cells, but also ensures the collection of fluorescent signals. 

5. Conclusion 

Vacuum photoelectric imaging and detection technology, due to its high sensi-
tivity and fast response, has been widely used in super-resolution systems, and 
has played a great role in super-resolution systems. This article briefly summarizes 
the role of vacuum photoelectric detection technology in three super-resolution sys-
tems, and analyzes the role of related devices and technologies in different su-
per-resolution systems. Finally, it is concluded that vacuum photoelectric tech-
nology is essential in the super-resolution system. 
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