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Electron Beam Micromachining of Plastics 

Libor Dupák  

 

This paper describes some possibilities of using electron beam welder to machine plastics. 
Several different types were tested including PC, PMMA, PVC, PTFE, PE and PP. For initial study 
how certain material reacts to the electron beam, the sets of lines were cut onto the surface. Lines 
were done by the deflection system by the electron beam with different parameters. The dimensions of 
the lines (depth, width, ridge height) were measurement. However, that was not always possible due to 
melted material refilling the grooves. 

For further study of surface structuring a testing pattern was used. It consisted of 6×10 squares, 
each 1×1 mm in size. The squares were engraved line by line with pitch of 0.083 mm (i.e. 12 
lines/mm). The intensity of the colour of the square determined the speed of the beam movement, thus 
the melted volume. This way a stepped structure was created. Profile of the engraved structure was 
measured on the contact profilometer. Depth of the steps ranges from several to hundreds 
micrometers depending on the beam speed and the plastics.  

Електроннолъчева размерна обработка на пластмаси (Либор Дюпак). Тази работа 
описва някои възможности за използване на машина за електроннолъчево заваряване да 
обработва размерно (реже, пробива, фрезова) пластмаси. Няклко различни типове бяха 
тествани включително PC, PMMA, PVC, PTFE, PE и PP. Първоначално - за изясняване как 
всеки материал реагира на електронно облъчване, серия линии бяха фрезовани върху 
повърхността. Линиите се правеха от отклоняващата система със снопове с различни 
параметри. Размерите на линиите (дълбочина, ширина, височина на ръба) бяха измерени. Това 
не бе във всички случаи възможно, понеже стопен материал запълваше отново каналите. 

Понататък бе използван един тестов рисунък. Той съдържа 6×10 квадрата, всеки с 
размери 1×1 mm. Квадратите се гравираха линия след линия на разстояние 0,83 mm (т.е. 12 
линии/ mm). Интензитетът на цвета на квадрата определя както скоростта на 
преместването на лъча, така и обема на стопения метал. По този начин бе създадена една 
стъпало-образна структура. Профилът на получената структура бе измерен с контактен 
профилометър. Дълбочината на стъпалата се намира в областта от няколко до стотици 
микрометри в зависимост от скоростта на лъча и от пластмасата. 

 

Introduction 
The name “plastics” generally refers to a variety of 

synthetic or semisynthetic polymeric materials with 
various properties. The electron beam is often used to 
drilling and machining of various kinds of materials, 
both metals [1] and non-metals [2]. The plastics were 
neglected, mainly because they are insulators and 
contain a lot of gasses that get released when heated. 
The aim of this work was to find out some basics 
about machining of the plastics by the electron beam. 

Experiments 
The presented experiments were performed on the 

desktop electron beam welder MEBW-60/2 [3], [4] 

developed at the Institute of Scientific Instruments AS 
CR, v.v.i. at Brno. It is also manufactured and sold by 
the Focus GmbH company [5] under licence. Our EB 
welder operates with accelerating voltage of up to 60 
kV. The maximum power is 2 kW (33 mA at 60 kV or 
40 mA at 50 kV). However, in the presented work 
only low beam powers were used (up to 1.0 mA at 
50 kV).  

The welder can be fully computer-controlled, 
including welding along a preset trajectory [6]. The 
software also includes diagnostic functions that allow 
easy measurement of the beam width using a Faraday 
cell. 

For the initial study how certain plastics react to 
the electron beam, the sets of lines were cut onto the 
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surface. Lines were done by the deflection system by 
the electron beam with different parameters. However, 
that was not always possible due to melted material 
refilling the grooves. Thus the lines served as mainly 
as a starting point for pattern engraving. 

For further study of surface structuring a testing 
pattern was used (Fig. 1.). It consisted of 6 lines with 
10 squares; each square was 1x1 mm in size, so the 
size of the final structure was 10×6 mm. The squares 
were engraved line by line with pitch of 0.083 mm 
(i.e. 12 lines/mm). The intensity of the colour of the 
square determined the speed of the beam movement, 
thus the melted volume. The brighter the color, the 
faster the speed. This way a stepped structure was 
created. Profile of the engraved structure was 
measured on the contact profilometer KLA Tencor 
Alphastep D-120.  

Beam parameters used for the engraving of the test 
patterns shown in this paper were: HV: 50 kV, beam 
current 0.3 mA, engraving speed 3000 mm/s. 

 

 
Fig.1. Testing pattern for engraving 

Results 
Plastics are usually very porous and are able to 

absorb high volume of gases. After heating by the 
electron beam the gas is released and chamber 
pressure is rising. If the amount of released gas is low, 
vacuum system can pump it out. However if the rise is 
high, the safety electronics cuts out the HV and 
cathode heating. Also, there is a risk of discharges in 
HV part that cuts off the electron beam and therefore 
interrupts the machining for a short time. Due to these 
reasons only small amount of material should be 
heated at the same moment. 

The trapped gasses were escaping from the molten 
material as bubbles. As it solidified, these bubbles 
couldn’t move more and thus creating the “bubbly” 
surface in the groove (Fig. 2). The specific texture 
depended on the plastics and used beam parameters. 

 

Polytetrafluorethylen (PTFE, teflon) 

Polytetrafluorethylene (Teflon) is probably the 
most common high temperature plastics with a wide 
variety of use. The set of lines (Fig. 3.) was created in 
Teflon block. Detail of one line is in Fig. 4.As with 
other materials part of the melted matter is pushed out 
of the groove and solidifies at the edges. However, in 
this case the ridge is very small, barely apparent. 
Width of the lines varied from 50 to 250 µm. Depth 
varied 30 to 500 µm for beam current ranging from 
0.1 mA to 0.5 mA and beam speed from 100 mm/s to 
5000 mm/s. 

 

 
Fig.2. Surface of the groove (Teflon)  

 
Fg.3. Lines in teflon, block width 30 mm, thickness 6 mm  

The engraved testing pattern is shown Fig. 5 with the 
steps clearly visible. Each brightness step resulted in 
9 μm step, so the deepest step was 45 μm. The 
roughness of the engraved structure was caused by 
bubbles and bursts of the melted plastic. Periodic 
linear ridges were caused by particular scan lines.  
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Fig.4. 3D confocal image of the line; 

field of view 640×480 μm, depth 75  μm. 

 
Fig.5. Engraved pattern in Teflon  

Polyvinylchloride (PVC) 
Heating PVC with an electron beam change the 

original color to white and light brown. At the same 
time the material expanded and small hump grew. 
Then the plastic started to melt and evaporate. It 
further darkened and solidified as a sponge-like ridge. 
With rising beam power the ridge grew bigger. 

 

 
Fig.6. Lines in PVC block width 30 mm, thickness 4 mm 

The large amount of released gases also often led 
to short burst damaging the sample (Fig.6). Therefore 
PVC is not very suitable for electron beam machining. 
However, it is possible to engrave it with labels and 
images. Engraved pattern (Fig.7.) could have stepped 
structure with some places above and below original 
surface. 
 

 
Fig.7. Engraved pattern in PVC 

Polymethylmethacrylate (PMMA) 
Electron beam penetrates PMMA very easily and 

quickly melts it. For low beam power the created lines 
were uniform. Repeated passes deepened the groove 
without additional broadening. However, the melted 
material refilled the groove near the top, so 
measurement of groove dimension wasn’t possible. 

By regulating beam power, engraving a structure in 
PMMA is possible (Fig.8.). Resulting structure was 
smooth and remained transparent except for the 
squares where the beam moved fast (20% grey). There 
only the surface layer was damaged without much 
melting resulting in rough surface. Each brightness 
step (but the 2 brightest) resulted in 20 μm step, so the 
deepest step was 90 μm. 

 

 
Fig.8. Engraved pattern in PMMA 

Polycarbonate (PC)) 
Polycarbonate degraded very fast when it was 

heated by electron beam as can be seen on a set of 
lines in Fig. 9. With rising beam power, a large 
amount of PC was melted. The melted material even 
“boiled” for a few seconds after the beam left. The PC 
further degraded, turning brown and black. 
Dimensions of the lines couldn’t be obtained because 
of the formed bubbles and refilled grooves. 
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The fast engraving damaged the surface only 
slightly, so the result was a rough surface. In contrast 
to PMMA, no relief structure was engraved and the 
surface was matte and gray, even slightly brown 
(Fig.10.). 

 

 
Fig.9. Lines in PC, block width 30 mm, thickness 4 mm  

 
Fig.10. Engraved pattern in PVC 

Polyethylene (PE) 
For lower beam power and higher beam speeds the 

created lines were uniform without significant ridge. 
The groove could be deepened by repeated passes of 
the beam, but more melt was pushed out of the groove 
and boiled. Yet the material kept its original color or 
just turned white. 

 

 
Fig.11. Engraved pattern in PE 

Test pattern was engraved into the green PE. Low 
power, high speed beam only slightly whitened the 
surface. With lower speed and higher power, more 
material was melted and evaporated, creating a 
stepped structure (Fig. 11). Each brightness step 

resulted in 30 μm step, so the deepest step was 
150 μm. 

Polypropylene (PP) 
PP melted very easily by the electron beam and the 

melt flowed onto surroundings of the line, so creating 
a uniform groove wasn’t possible. 

The result of engraving depended very much on 
the beam speed and power (Fig. 12). When low power 
and high speed was used, a white, raised, sponge-like 
structure was created. When the beam speed was 
slower, more material was heated and melted, the 
sponge-like structure and the relief structure 
deepened. However, the details of the engraved 
pattern vanished and large holes were formed because 
of the burst bubbles. The remelted spot also kept its 
grey color. The PP is not suitable to engraving a relief 
but the white, raised structure could be used for 
inscriptions. 

 

 
Fig.12. Engraved patterns in PP by faster (left) 

 and slower beam (right) 

Conclusion 
The possibilities of using the electron beam to 

machine and engrave plastics were demonstrated. 
Thanks to their thermal properties plastics are easy to 
melt and evaporated by the electron beam. As plastics 
contain a lot of gasses, only a small spot should be 
heated at the same time to prevent vacuum issues. 

Some plastics like PE, PTFE and PMMA can be 
machined by electron beam to create a relief structure. 
Other plastics like PP, PC and PVC can be engraved 
with contrast pattern that can be used e.g. as label. 
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