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Signal-to-noise ratio improvement in scanning television  
optical microscope  
 

Abstract 
 
Scanning television optical microscope is designed to investigate 
microscopic objects, larger than 0.1 micrometers. To illuminate 
microobject with this microscope there is used a high resolution cathode 
ray tube. Low illumination of the tested microobject lets to explore living 
microorganisms in real time. The current microscopic image has low 
contrast. To increase image contrast it is necessary to increase microscope 
sensitivity. The main sources of noise in scanning television optical 
microscope are: 1) composite video shaper; 2) photomultiplier tube; and 3) 
scanning cathode ray tube. Detailed analysis of noise sources in video 
signal of the microscope is presented in the paper. Equations describing 
the sources are given. Dependencies are plotted and discussed. 
  
Keywords: scanning television optical microscope, cathode ray tube, 
noise, photomultiplier tube. 
 
1. Introduction 
 

Scanning television optical microscope is designed to 
investigate microscopic objects, larger than 0.1 micrometer. High 
resolution cathode ray tube is used to illuminate microobject with 
this microscope. On the screen of the tube a scanning raster is 
formed, which corresponds to 50005000 decomposition elements 
of image. Afterglow time of the scanning raster element is very 
small. This time does not exceeds the moving time of the scanning 
beam to the next addressed point. Low illumination of the tested 
microobject lets to explore living microorganisms in real time. 
The current microscopic image has low contrast. To increase 
image contrast it is necessary to increase microscope sensitivity. 
Sensitivity is primarily determined by the signal-to-noise ratio. It 
determines the ability of a microscope to operate at low 
illumination of a tested object. As any television system, apart 
from useful signal a scanning microscope amplifies a noise. If this 
signal is fed on the television monitor, the noises reveal 
themselves in the form of light and dark spots, covering an entire 
screen. Noises get more noticeable on gray and dark areas of the 
image and weaker on light area, degrading image quality. In terms 
of noise, image quality is convenient to characterize by the  
ratio. It consists of voltage or current pulses randomly distributed 
in time and magnitude [1]. The Eq. 1 stands: 
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The main sources of noise in scanning television optical 

microscope are: 1) composite video shaper; 2) photomultiplier 
tube; and 3) scanning cathode ray tube. 
 
2. Noise component analysis of signal 
 

To analyze the impact of noise and the necessary requirements 
concerning the composite video signal shaping channel, a block 
diagram of microscope shown in Fig. 1 there is used. It includes: 
scanning cathode ray tube (CRT), first optical channel (OC1), test 
object (TO), second optical channel (OC2), photomultiplier tube 
(PMT) and composite video signal shaper (SS). 
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Fig. 1.  Block-diagram of video signal shaping in microscope 

 
The first optical channel projects luminous raster on the tested 

object. The second optical channel collects diffused light from the 
tested object while microscope is operating in a light-reflecting 
mode, or collects the light transmitted through the tested object, 
while microscope is operating in a transillumination mode. The 
collected light is projected onto the photosensitive target of 
photomultiplier tube. Photomultiplier tube converts the light signal 
into electrical one. Composite video signal shaper amplifies signal 
to a normalized value and mixes it with sync and blanking pulses. 

To analysis performing the composite video signal shaper can be 
represented as an active linear four-pole, which can be described 
by a differential noise factor (NSS) [1]. Differential noise factor 
shows how many times the ratio of signal power to noise power 
for infinitely small bandwidth (dF) gets reduced when passing 
through the four-pole: 
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where: NSS(F) – noise factor of composite video signal shaper; 
SNSS(F) – spectral density of the video shaper signal power with a 
continuous spectrum; SNPMT(F) – spectral density of the 
photomultiplier signal power with a continuous spectrum. 

If a composite video signal shaper consists of n linear stages, 
then 
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where: NnSS(F) – noise factor of n-th stage; G(n-1)SS(F) – gain of  
n-th stage. 

Assume that the intrinsic noise from the composite video signal 
shaper is a white noise. Then its differential and integral (average) 
noise factors are numerically equal [1], [2]. With the known value 
of NSS noise factor one can determine a signal-to-noise ratio at the 
shaper input, which is necessary to provide for a given image 
quality: 

 
,NSSOutSSInSS                                (4) 

 
where: ΨOutSS – predetermined signal-to-noise ratio at the 
composite video signal shaper output.  

We define a minimum luminance from the cathode ray tube to 
produce a desired ΨInSS value, under condition at that cathode ray 
tube, photomultiplier tube and photomultiplier load resistance (RL) 
make no noises. If luminous flux (FTO) is incident on  
a photocathode surface from the microobject element, then the 
current, flowing at the output of photomultiplier tube, will be: 
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where: ε – photomultiplier anode sensitivity; POC2– transmission 
coefficient of condenser lens in the second optical channel;  
ΩOC2 – solid angle within which the luminous flux from the object 
reaches the condenser lens; SOC2– entrance pupil area of condenser 
lens; LOC2 – distance from the test object to the condenser lens. 
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Signal-to-noise ratio at the output of photomultiplier taking into 
consideration only the intrinsic noise of the signal shaper can be 
defined as [3], [4]: 
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where: RL – load impedance of photomultiplier; k – Boltzmann 
constant; T – temperature, K; F – video bandwidth. 

Luminous flux from the test object to provide a specified signal-
to-noise ratio at the output of photomultiplier tube, which further 
provides the necessary image quality on the screen, is: 
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On the other hand, the luminous flux from test object depends 

on the raster element luminance (BCRT) of scanning cathode ray 
tube, area of this element (SCRT), optical transmission coefficient 
(POC1) of the microscopic lens which is disposed in the first 
optical channel and the solid angle (ΩOC1) in which light from the 
cathode ray tube passes to the test object through the lens: 
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where: SOC1 – entrance pupil area of microscope lens;  
LOC1 – length from the plane of scanning tube screen to the 
microscope objective. 

Minimum value of spot luminance for scanning cathode ray 
tube, which is necessary to ensure a specified signal-to-noise ratio 
at the input of the signal shaper [4], [5], is: 
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Consider the effect of cathode ray tube noise on the image 

quality from test object [6]:  
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where: 2
NCRTU  – noise dispersion at the output of photomultiplier, 

generated by cathode ray tube, when photomultiplier noise absent; 
J0 – current density in the center of electron beam; A – coefficient, 
taking into account the change in light output of luminophore on 
the tube screen field (at small angles of deviation close to 1);  
M – photomultiplier gain; K – transmission coefficient of optical 
system; r – beam radius; x, y – circular spatial frequencies. 

Another source of noise is the photomultiplier tube. Unlike 
photovoltaic cells, their noises are determined only by the intrinsic 
fluctuations (random oscillations) of photoelectron and thermionic 
photocathode emissions; in the photomultipliers these processes 
are made complicated by secondary electron emission, which is 
also characterized by the statistical fluctuations of the secondary 
emission coefficient (σ). 

Total dispersion of the anode current ( 2
NPMTІ ), which 

determines the intrinsic photomultiplier noise is equal to the sum 
of two independent dispersion components. The first component is 
the dispersion of amplified current fluctuations from the 
photocathode. The second component is the dispersion of anode 
current fluctuations, associated with the secondary emission. That 
is:  
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where: 2
NCІ  – fluctuations of photocathode emission current;  

M – photomultiplier gain (M=m); βm – value of gain quadratic 
variation, which is determined according to the expression: 
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where: m – number of gain stages in photomultiplier. 

Since m>>1, then we can write 
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The value of 2
NCІ  can be written as 
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where: I0 – photomultiplier dark current; F – video bandwidth;  
e – electron charge. 

Total current dispersion at the output of photomultiplier will be: 
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The amplified signal at the output of photomultiplier is as 

follows:  
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Mean square deviation of current at the photomultiplier output 

is: 
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The effect of load resistor noise in photomultiplier to the image 

quality can be defined using the known expression: 
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The total mean square noise at the output of the photomultiplier 

tube with including the cathode ray tube noise is determined as:  
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The analysis showed that the cathode ray tube noise in 

comparison with the noise of the photomultiplier can be ignored, 
since 
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and the signal-to-noise ratio at the output of photomultiplier tube 
has the following form: 
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To provide a specified image quality of the test object, a ΨPMT > 
ΨInSS condition must be fulfilled. 

Quantitative evaluation of terms under the square root in the 
denominator shows that the biggest impact on the value of signal-
to-noise ratio is the secondary emission coefficient of the 
photomultiplier tube. Fig. 2 shows a plot of ΨPMT = f(σ) at load 
resistance RL = 10 M, current ІPMT = 0.1 mA and video signal 
bandwidth ΔF = 10 MHz. 

 
 

 
 

Fig. 2.  Dependence of signal-to-noise ratio from the secondary emission coefficient 

 
The plot in Fig. 2 shows, that to increase the signal-to-noise 

ratio it is necessary to reduce the secondary emission coefficient. 
This will reduce the photomultiplier and microscopy gain. With 
decrease in doubled of the secondary emission coefficient (from  
σ = 3 to σ = 1.5), the signal-to-noise ratio increases from 1 to 14, 
i.e. 14 times. It should be noted that the photomultiplier gain 
decreases by 210 = 1024 times. When noise factor NSS = 1.2 and 
ΨOutSS = 25 (medium image quality) of the signal shaper, then 
ΨInSS = 30. To ensure the PMT> InSS, according to Fig. 2, the 
value of the secondary emission coefficient should not exceed 1.2. 

Fig. 3 shows the dependence of the signal-to-noise ratio at the 
output of photomultiplier tube on the secondary emission 
coefficient at different video bandwidths (ΔF1 = 1 MHz,  
ΔF2= 6,5 MHz, ΔF3= 10 MHz). 

 
 

 
 

Fig. 3.  Dependence of signal-to-noise ratio on the secondary emission coefficient  
at the different bandwidths 

 
From these dependencies one can see, that with decreasing 

bandwidth the signal-to-noise ratio is improved. In this case, the 
change rate of signal-to-noise ratio is increased at a low 
frequencies range. In the case of reducing the bandwidth from  
10 MHz to 1 MHz signal-to-noise ratio is increased from  
ΨPMT = 16 to ΨPMT = 56, that is 3.5 times (when the secondary 
emission coefficient σ = 1.4). 

Fig. 4 shows the dependence of the signal-to-noise ratio at the 
output of the photomultiplier load resistance. 

From the dependence (Fig. 4) we see, that the signal-to-noise 
ratio decreases sharply for loads of resistors less than 200 k. By 
increasing the resistance it is almost independent. On the other 
hand from the Eq. (9) one can see the following: the larger load 
resistance of photomultiplier, the lower luminance of the scanning 
spot on the tube screen can have. Therefore it is better to ensure 
the biggest possible load resistance from the condition of the 
required bandwidth provided. 

 
 

 
 

Fig. 4.  Dependence of the signal-to-noise ratio at the photomultiplier output  
on the load resistance 

 
Dependence of the signal-to-noise ratio on the photomultiplier 

current is shown in Fig. 5. 
The plot shows, that to increase the signal-to-noise ratio it is 

necessary to increase the photomultiplier current, requiring an 
increase of the supply voltage. However, this leads to an increase 
in the secondary emission coefficient, which consequently 
worsens the signal-to-noise ratio. 

 
 

 
 

Fig. 5.  Dependence of the signal-to-noise ratio on the photomultiplier current 

 
When the parameters of the microscope photomultiplier 

sensitivity in accordance with Eq. (9) are known, we can find  
a necessary luminance of the cathode ray tube screen, as well as 
the dependence of the BCRT on the load resistance. 

When using photomultiplier anode sensitivity of ε = 30 A/lm, 
according to Eq. (9) the minimum necessary luminance of 
scanning cathode ray tube at Ψ = 25; NSS = 1.2; LOC1 = 0.5 m;  
LOC2 = 0.01 m; РOC1 = 0.8; РOC2 = 0.8; SOC1=2·105 m2 (entrance 
pupil diameter of microscope objective 5 mm); SOC2 = 8·105 m2 
(entrance pupil diameter of condenser 10 mm); SCRT = 4·1010 m2 
(area of one element at the raster size 4040 mm2 on the screen of 
scanning tube and resolution 20002000 elements); ΔF = 10 MHz;  
k = l.37 1023 J/K; Т = 290 K; RL = 10 M, will be 7694 cd/m2. 



Measurement Automation Monitoring, Aug. 2015, vol. 61, no. 08    409 
 

Special projection cathode ray tubes, usually provide such 
luminance. 

The dependence of the required luminance spot of scanning tube 
for the specified signal-to-noise ratio on the load resistance is 
shown in Fig. 6.  

To ensure high quality imaging there should be selected 
photomultipliers with higher cathode sensitivity, increasing the 
load resistor to the extent permitted in terms of bandwidth and by 
reducing the speed of scanning beam in a scanning tube. Reducing 
scanning speed leads to a decrease the video bandwidth [6], [7]. 

This method of determining the minimum necessary luminance 
of the scanning tube allows easier selection of the photomultipliers 
to convert light signal into an electrical signal taking into account 
the cathode ray tube noise, photomultiplier intrinsic noise and 
photomultiplier photocathode sensitivity. Additionally, one can 
define the requirements for video shaper noise in terms of 
providing a given image quality on the monitor screen. 

 
 

 
 

Fig. 6.  Luminance dependence of cathode ray tube on the photomultiplier load 
resistance 

 
 
3. Conclusions 
 

The analysis performed allows simplifying the selection of 
operating modes for scanning television optical microscope in 
terms of increasing its sensitivity. Charts provided in the report 
allow choosing the optimum load resistance of photomultiplier 
tube and the necessary bandwidth of composite video signal 
shaping mode from the point of view of ensuring the required 
imaging quality of the tested microobject. 
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