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The curved surface treatment method of optical elements and functional microprofile creation of differ-

ent geometric shapes using the system of fixed single electron beams by optimizing the technological pa-

rameters of installation (the number of beams, their currents, accelerating voltages and distances to the 

processed surfaces) is developed. This method allows to create various microoptic parts for optoelectrical 

devices. The method is based on the practically implemented schemes of location of single electron beam 

system that influence curved surfaces of optical elements. According to the developed method, the imple-

mentation task was solved using discretely located fixed sources of gaussian type thermal influence with 

different amplitudes (maximum values of electron beam heat density) and focus factors influencing the 

processed surfaces of optical elements. At the same time, the impact control of such sources is carried out 

automatically using microprocessor equipment. It is shown that while increasing the number of electron 

rays (up to 50…70), you can get high accuracy of (relative error up to 10 – 4…10 – 5) compliance with the 

specified complex distributed thermal influences along the processed both flat and curved optical elements 

necessary for the creation of functional microprofiles on their surfaces of a given geometric shape. At pre-

sent, due to technical difficulties that appear, it is impossible to effectively manage a large number of 

beams (more than 10...15) However, reducing their number (for example, up to 5...7), it is possible to im-

plement these distributed heat influences with an acceptable accuracy in practice (relative error does not 

exceed 3...5 %). 
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1. INTRODUCTION 
 

In the conditions of modern development of optoe-

lectronic and electronic instrumentation, the require-

ments for operational characteristics in optical ele-

ments of devices (surface microhardness, resistance to 

external thermal and mechanical shocks, etc.) are con-

stantly increasing [1, 2]. 

As a result of practical research, it was proved that 

the most convenient, environmentally friendly and 

manageable way of processing optical elements is the 

electron beam method of processing the surfaces of 

elements [3, 4]. With the help of a moving electron 

beam in a tape shape, one can get surfaces of high puri-

ty optical glass with minimal roughness (polishing of 

flat elements). However, the widespread use of a single 

electron beam for the processing of curved surfaces of 

optical elements (concave, convex, cylindrical, spheri-

cal, etc.) is now facing irresistible difficulties [5]. 

This is due to the fact that for high-quality treat-

ment of curved surfaces it is necessary to know the 

optimal laws of electron beam parameters (density of 

heat exposure Fn, preservation coefficient k (thermal 

impulse sharpness) and the travel speed V), providing 

in the process of treatment steady heat influence along 

the entire processed surface, otherwise, overheated 

areas on the surface will be necessarily formed, leading 

to cracks, lulls or zones of intense evaporation. At the 

same time, concave areas (so-called "inflows") and 

wavelike surfaces will occur on peripherical areas due 

to lower temperatures (intensive heat exchange with 

external environment). This, ultimately, will lead to 

disruption of the geometric shape of the optical ele-

ments and their subsequent destruction. 

At present, optimal realization task of the specified 

thermal effect with the help of a moving heat source 

has not been solved completely yet. First of all, it con-

cerns detecting the optimal law for measuring the 

movement speed of an electron beam during processing. 

This is due to the fact that such a task refers to com-

plex nonlinear problems of optimal regulation of mov-

ing influence, the theoretical solution of which is cur-

rently absent, and there are only a few close enough 

numerical assessments of the optimal changing laws in 

the thermal effect movement speed. 

A far more difficult task is to create, both on the flat 

and curved surfaces, optical elements of functional 

microprofiles of a complex geometric shape with the 

help of a single moving electron beam. In this case, it is 

necessary to create not a uniform, but a complex dis-

tributed thermal effect along the elemental surface 

with the help of a single electron beam. Research in 

this direction is currently absent. 

The purpose of the work is to develop the processing 

method of curvilinear surfaces in optical elements and to 

create for them functional microprofiles of different geo-

metric shapes by a fixed single electron beam system. 

http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
http://sumdu.edu.ua/
https://doi.org/10.21272/jnep.13(4).04034
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2. INVESTIGATION RESULTS AND THEIR 

ANALYSIS 
 

The method is based on the practically realized lo-

cation schemes of a single electron beam system, affect-

ing curvilinear surfaces in optical elements (see Fig. 1 

and Fig. 2). 
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Fig. 1 – Schematic representation of the processing of curved 

surfaces of optical elementswith the help of a discreetly locat-

ed non-movable electron beam system (1): concave (2) and 

convex (3) surfaces, hemispherical(4) and cylindrical (5) sur-

faces; s0, s1,… – a system of single electron beams, which are 

located at different distances lj(j  0, 1, …) from the treated 

surface; , Vis an angular speed of rotation of ahemispheri-

calelement and the feeding speed of a cylindrical element into 

the processed area, that provide specified distributed thermal 

effects on their surfaces 
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Fig. 2 – Development method scheme of functional micropro-

files on the optical element surface of a complex geometric shape 

using a system of discretely spaced fixed electron beams: 1 – a 

given microprofile on the surface of an element, which must be 

obtained by its processing with the help of a single electron 

beam system s0, s1, …, sn with different parameters; 2 – diffi-

cultly distributed thermal effect along the surface of element 

F(x), which must be implemented by optimizing beam parame-

ters and their number 
 

Realization task of the specified thermal influences 

along the processed surface of the optical element with 

the help of a system of single fixed electron beams. 

According to the developed method, the implementation 

task was solved using discretely located fixed thermal 

effect sources of gaussian type (Fig. 3) with different am-

plitudes (maximum values of electron beam thermal effect 

density 
nj

F , 1,j N ) and focus coefficients 
j
k  ( 1,j N ), 

affecting the processed surfaces of optical elements. At the 

same time, the control of the influence of such sources is 

carried out automatically by using microprocessor tech-

nology. 

Setting the problem. The above-mentioned approach 

requires a transition in solving realization problems 

from continuous to discrete power distribution with 

respect to the processed surface, i.e., determination of 

the number N of discretely distributed energy sources, 

as well as the locations of these sources. 
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Fig. 3 – Schematic image of the approach to a given distribut-

ed thermal effect F(x) along the surface of the optical element 

by a set of discretely spaced fixed sources js ( 1,j N ) of the 

gaussian type thermal effect  Ф x  

 

This implementation task will be solved with the 

following assumptions. 

1. One-dimensional setting of the problem. 

2. Power distribution with respect to the coordinate x 

along the processed surface for every discrete source j 

of thermal effect (electron beam) is described by Gauss 

law [6, 7]: 
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where 2 1

2
j

j
k

   is the dispersion. 

Then the total power density in a fixed point xj of 

segment j will stand for a sum of  j
x  on all N 

sources: 
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3. We will consider the normalized values of distributed 

power that need to be realized (the total energy contri-

bution that is the same for different types of distributed 

power), and the coordinate of the length – in a dimen-

sionless form: 
 

  
1

0

1F x dx   (3) 

4. The distribution of discrete sources along the entire 

length of the segment is uniform, that is, the distance 

from the maximum impulse j to the maximum impulse 

j + 1 is fixed and equals 1/N. 



 

THE USE OF ELECTRON BEAM TECHNOLOGY IN OPTOELECTRONIC… J. NANO- ELECTRON. PHYS. 13, 04034 (2021) 

 

 

04034-3 

Thus, the task is to determine the number of dis-

crete sources N and the parameters for each of them 

 1,
j
j N  , so that the approximation of F(x) by the 

function  Ф x  would be better in some norm 

 

     minI Ф x F x    (4) 

 

that is presented in the common formalized pattern  

[6, 7] towards the considered task: 
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The value of N is determined by two factors. First, by a 

sufficient accuracy of the function approximation  Ф x  

(leads to an increase in N), and second, by the possibil-

ity of technical implementation of a discrete source. 

Since N can be large enough (several dozen), the formu-

lated task (5) is multi-dimensional. To overcome the 

computational difficulties associated with the dimen-

sion of the task, we will use the standard optimization 

method, which has proven itself well for large-scale 

tasks. The core of the method presupposes that a func-

tion is searched as a solution, which approximates it by 

the spatial coordinate. If nothing is known about the 

outage of the functional solution, then its approxima-

tion is searched in the class of polynomials, consistently 

raising the degree until the total value s  of the square 

binding falls. With this approach, various variables will 

stand for the parameters of the function (polynomial 

coefficients), which are always less in their number 

than the number of output independent variables. If 

any restrictions (such as equalities) are imposed on the 

approximated function, the number of independent 

variables can still be reduced by the number of rela-

tionships. In our particular case, we will not search for 

 1,
j
j N  , but for the coefficients of the polynomial 
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which describes the distribution j by the degrees of the 

source numbers (by pulses). 

Now the task is not to find a dozen values of j that 

minimize the sum of squares of deviations in the given 

and approximating function for a fixed N, but to deter-

mine 2...5 coefficients of polynomial (6), solving the 

same task with good accuracy. 

To find the optimal values of the coefficients of the 

approximating polynomial (6), you need to use the 

standard search method of nonlinear optimization. This 

is due to the fact that the calculation of the minimized 

function gradient, and, moreover, Hesse matrix (the 

second derivatives) is quite ambiguous, and, in addi-

tion, the presence of the so-called "cavities" is not ex-

cluded in the used form of approximating function – all 

this requires the choice of the most effective methods of 

numerical optimization in the function of some consid-

ered variables. A specialized package of applications [4, 

5, 11] was used on purpose, which contains the most 

effective methods of numerical optimization in various 

functions and allows to vary the input, choose the most 

appropriate optimization method in the dialog mode. 

According to this approach, the general scheme of 

the problem-solving algorithm is as follows. 

The role of the main program is given to the pro-

gram of the numerical optimization method (basically, 

this is the type of Rosenbrock methods [6]). In this case, 

the keyboard sets the value of the number of varied 

variables N1, the value of the start point coordinates 

X(1), X(2), …, X(N1) in the main program PROGRO 

and subprogram PROGR1, which calculates the target 

function, as well as the values are assigned, which are 

the number of single sources N and the number of dis-

cretization nodes M1 in the length coordinates. The 

CALL operator (line 15) calls the subprogram PROGR1 

to count the target function Ф1 at the starting point. 

After returning to the main program, the coordinate 

values of the next point are formed, and again there is 

a transition to the subprogram PROGR1 to count the 

target function Ф at the formed point (line 30). The 

result of Ф1 and Ф comparison determines the subse-

quent movement to the optimum in accordance with 

the selected numerical method. 

It should be mentioned that the main program 

PROGRO is executed as a standard and can be used in 

other tasks. Subprogram PROGR1 is a part of the spec-

ified changing program, thus X is the variation vector, 

ETA1 is the target function value being calculated. 

The analysis of the results shows that for the evenly 

distributed power of the thermal effect source on the 

processed surface of the product we receive the follow-

ing solutions at two single sources of Gauss type, that 

implement a given distributed thermal effect: 

Х(1)  0.7161, Х(2)  – 0.04943, Х(3)  – 1.8461∙10 – 3,  

s   0.0732; at five single sources: Х(1)  1.2205, 

Х(2)  0.39, Х(3)  0.362, s   0.0216; at eight single 

sources: Х(1)  – 0.015, Х(2)  3.06, Х(3)  – 1,5∙10 – 3,  

s   0.01137; at ten single sources: Х(1)  3.9707, 

Х(2)  – 0.015, Х(3)  – 1.5∙10 – 3, s   9.5∙10 – 5. At the 

same time, no further increase in the number of single 

sources was carried out, because the accuracy of ap-

proximation s  10 – 4 is quite sufficient for practical 

calculations (corresponds to the mean square error of 

approximation  0.11 %). 

The results of calculations for other, more complex 

power distributions of thermal effect on the processed 

surface of the product show that the specified accuracy 

can also be achieved by an acceptable number of steps, 

but with many more used single sources: with hyper-

bolically distributed power of 40...50 sources, and with 

a wide gaussian power distribution of 50...70 sources. 

It is necessary to point out that for any source j of 

the thermal effect the focus factor 
1

2
j

j

k


  (impulse 

effect acuity) and amplitude (density of thermal effect 

in the center of 
 

max 1/2

1

2
n j

j

F 
 

 


) are calculated on 

the basis of simple formulae (5) and (6). 

Thus, by increasing the number of electron beams 

(up to 50...70), you can get high accuracy (relative error 

up to 10 – 4…10 – 5) of correspondence in the specified 
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complex distributed thermal effects along the processed 

flat and curvilinear optical elements necessary for the 

development of functional microprofiles on their sur-

faces of a given geometric shape. 

It should be noted that now due to the technical dif-

ficulties that appear, it is impossible to effectively 

manage a large number of beams (more than 10...15) 

[11]. However, reducing their number (for example, up 

to 5...7), it is possible to implement these distributed 

thermal effects with acceptable accuracy in practice 

(relative error does not exceed 3...5 %). 

For the technical implementation of the developed 

method, it is necessary to link the determined optimal 

parameters 
maxj

  and 
j
k  ( 1,j N ) with the controlled 

technological parameters of the electron beam installa-

tion (beam currents 
лj
I , accelerating voltages 

уj
V  and 

distances to the processed surfaces), which are behind 

beam sensing results [ ]: 
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where 
ij
a  ( 0,4i  ) are empirical constants. 

After that, by using the obtained dependences (7) 

and (8), we can technically implement the developed 

method in the form of an automated process control 

system (APCS) of electron beam treatment of surfaces 

in optical elements of different geometric shapes and 

create functional profiles on them using the system of 

static and discretely distributed electron beams, which 

can be used as an elemental base in microoptics, inte-

grating and fiber optics and other branches of optoelec-

tronic instrumentation and construction. 

To sum it all up, it should be mentioned that in the 

spotlight of the latest technologies used in optoelectron-

ic instrumentation, electron beam processing of ele-

ments made of optical glass and ceramics, elements of 

piezoceramics, as well as optical elements with abnor-

mal and dimensional coatings of metal oxides is deter-

mined as potentially capable of high-quality processing 

of flat and curved surfaces, obtaining functional micro-

profiles on their surfaces using electron beams that can 

be used as an elemental base in microoptics, thermal 

and fiber optics, optoelectronics, functional electronics 

and other areas of precise instrumentation. In addition, 

the undeniable advantages of electron beam technology 

are its ecological purity and the ability to obtain, on a 

common board from the optical material in a single 

technological cycle, microelements with improved oper-

ational characteristics, the use of which in optical de-

tails of optoelectrical devices contributes to their non-

failure work in exploitation and location. 

 

3. CONCLUSIONS 
 

A new scientifically proven method was developed 

which stands for electron beam processing of curved 

surfaces of optical elements and functional microprofiles 

formation of different geometric shapes using the system 

of fixed discretely spaced electron beams by optimizing 

the technological parameters of installation (number of 

beams, their currents, accelerating voltages and distanc-

es to the processed surfaces), that allows to create vari-

ous microoptic parts for optoelectronic devices. 
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Розроблено метод обробки криволінійних поверхонь оптичних елементів та створення на їх основі фу-

нкціональних мікропрофілей різної геометричної форми за допомогою системи нерухомих одиничних 

електронних променів шляхом оптимізації технологічних параметрів установки (кількості променів, 

їх струмів, прискорюючи напруг та відстаней до оброблюваних поверхонь). Це дозволяє формувати рі-

зні мікрооптичні деталі для оптико-електронних приладів. В основу методу покладені реалізовані на 

практиці схеми розташування системи одиничних електронних променів, які діють на криволінійні 

поверхні оптичних елементів. Згідно розробленого метода задача реалізації вирішувалась за допомо-

гою дискретно розташованих нерухомих джерел теплового впливу гаусівського типу з різними амплі-

тудами (максимальні значення густини теплового впливу електронних променів) та коефіцієнтами 

зосередженості , що діють на оброблювані поверхні оптичних елементів. При  цьому керування впли-

вом таких джерел здійснюється автоматично з використанням мікропроцесорної техніки. Показано, 

що збільшуючи кількість електронних променів (до 50…70) можна отримати високу точність (відносна 

похибка до 10-4…10-5)  відповідності заданим складним розподіленим тепловим впливам вздовж обро-

блюваних як плоских, так й криволінійних оптичних елементів, необхідних для створення функціо-

нальних мікропрофілей на їх поверхнях заданої геометричної форми. Нині внаслідок технічних труд-

нощів неможливо здійснювати ефективне керування великою кількістю променів (більше 10…15). 

Однак, зменшуючи їх кількість (наприклад, до 5…7), можна реалізувати вказані розподілені теплові 

впливи з прийнятною на практиці точністю (відносна похибка не перевищує 3…5 %). 
 

Ключові слова: Оптико-електронні прилади, Електронний промінь, Оптичний елемент, Оптимальне 

керування. 

 

 


