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Surfaces

In the past year almost three billion [1] civil-
ian air passengers have relied on the qual-
ity and reliability of air traffic control sys-
tems. The main task of air traffic controllers 
is to guide aircraft on the ground and in the 
air by radio to prevent collisions. Passenger 
safety depends to a large extent on clear 
communication between air traffic control-
lers and pilots, which is itself reliant on the 
correct functioning of electronic aircraft 
radio systems (Fig. 1). Crews on long haul 
flights use shortwave radios to communi-
cate with air traffic control, and to stay in 
touch with their airlines from anywhere in 
the world. These devices allow uninterrupt-
ed communication even on routes over the 
poles where satellite networks cannot be 
used. 
Rohde & Schwarz, one of the world’s lead-
ing manufacturers of wireless communi-
cations and EMC test and measurement 

equipment and broadcasting and T&M 
equipment for digital terrestrial television, 
also manufactures these airborne radios, 
which are required to meet the highest 
safety standards. These high-tech systems 
are produced by the subsidiary Rohde & 
Schwarz Messgerätebau GmbH at its man-
ufacturing plant in Memmingen, which is 
responsible for assembly, final testing and 
shipping of almost all the company’s prod-
ucts. Barely a single long-haul aircraft in the 
world lands or takes off without the assis-
tance of an XK/FK 516 shortwave radio pro-
duced by this specialized Bavarian compa-
ny. At the core of the FK 516 antenna tuner 
developed specifically for civilian airborne 
radio communication and long-haul flights 
is the tuning control unit; a circuit board fit-
ted with several hundred tiny plastic-coat-
ed SMDs (surface-mounted devices). The 
function of this SMD assembly is to reliably 
tune the antennae, thereby ensuring over-
all radio communications.

Unexpected adhesive problem

Conformal coating, a production process 
which the company had been using without 
a hitch for several years, came to an abrupt 
end one day when it was discovered that 
the transparent protective coating had lift-
ed on around 50 transistors. Since nothing 
whatsoever had changed in the assembly, 
pre-cleaning or coating process, it soon be-
came apparent that the root of the problem 
could only lie with the component material 
itself. And sure enough: When questioned, 
the supplier confirmed that it had changed 
the composition of its plastic blend. A prob-
lem frequently encountered by processing 
companies that are reliant on plastic com-
ponents produced externally since even 
the slightest alteration to the composition 
can be enough to totally change the surface 
characteristics of the material. This news 

from the supplier was alarming, because in 
Memmingen they knew only too well that 
there was no alternative to the new plastic 
blend. There was simply no other certified 
manufacturer available who could produce 
these particular electronic components. 
We had to find a solution as quickly as pos-
sible to ensure the adhesion of the confor-
mal coating, explains Michael A. Schneider, 
mechatronics engineer in charge of pro-
duction technology at Rohde & Schwarz. 
According to the knowledge of Michael 
Schneider, without secure paint adhesion 
it would no longer be feasible to continue 
manufacturing the tuning control units.

Surface activation

As is well known materials are made more 
receptive to adhesion by means of activa-
tion; in other words by pretreating them 
so as to increase their surface energy  
(Fig. 2). This is the most important measure 
for determining the probable adhesion of 
an adhesive layer or coating. Reliable, long-
time stable adhesion is conditional on the 
material surface being ultra-clean and the 
surface energy of the solid material being 
higher than the surface tension of the liq-
uid; in this case the coating. Various pre-
treatments are available to achieve these 
two conditions, with wet chemical sub-
stances still the most widely used. 

Difficult choice

But finding the right pretreatment for these 
highly sensitive electronic components 
seemed almost impossible at first. Michael 
Schneider pointed out that activation using 
a solvent-based primer was not an option 
for the company. Partly because these sub-
stances are extremely harmful to the envi-
ronment, and partly because they would in-
cur enormous efforts in terms of health and 
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Passenger safety depends to a large extent on clear communication between air traffic controllers and pilots. In order to ensure the 
reliable adhesion of the conformal coating of the plastic encapsulated airborne communication assemblies the highly sensitive elec-
tronic components are pretreated with atmospheric plasma.

Fig. 1. The safety of billions of air travelers 
depends on uninterrupted radio communication 
between air traffic controllers and pilots   
 (Photo: Rohde & Schwarz)
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safety measures (e.g. explosion protection) 
and high disposal costs. The electronic engi-
neers also ruled out laser pretreatment on 
the grounds that the uneven surface of the 
material would have made the coupling ef-
ficiency unpredictable. CO2 snow blasting, 
which cleans but has no activation capabil-
ity, was also rejected. The final method un-
der consideration was a low-pressure plas-
ma treatment; a highly effective activation 
process, but not suitable for this purpose 
because the vacuum would have drawn 
the fluid out of the wet electrolytic capaci-
tors contained in the SMD assembly. Find-
ing a way round this problem seemed to be 
very far away, recalled the engineer. Then, 
at an automation trade show, the solution 
was found in form of atmospheric pressure 
plasma; or more precisely, Openair plasma 
jet technology.

The solution

The pretreatment process developed by 
Plasmatreat back in the mid-90s is now 
used throughout the world in almost eve-
ry branch of industry. The environmental-
ly friendly in-line technology works under 
normal ambient air conditions, thereby 
dispensing with the need for a vacuum 
chamber. Peter Langhof, market and pro-
ject manager at Plasmatreat (Fig. 3), ex-
plains the technology: Openair plasma per-
forms two operations in a single step lasting 
only a matter of seconds: It simultaneous-
ly brings about the microfine cleaning and 
strong activation of the plastic surface. The 
rise in temperature of the plastic surface 
during plasma treatment is typically less 

than 30 °C and substrates can be transport-
ed through the plasma jet at speeds of sev-
eral hundred meters per minute. For elec-
tronic components, the plasma expert goes 
on to explain, patented rotary nozzles with 
a special gentle action are used. 
Schneider was soon convinced of the plas-
ma’s powers of activation, but now the 
manufacturing specialist had to face a 
complete different question: Would the 
sensitive electronics survive the plasma 
treatment unscathed? Tests got underway 
immediately. 
It was clear from the very first tests per-
formed on an Openair system supplied on 
loan that the plasma had not damaged the 

electronics. The surface energy of the plas-
tic transistors which had caused the whole 
problem increased from below 30 dyne in 
the inactivated state to over 70 dyne fol-
lowing plasma treatment. The final visual 
UV inspection which every single SMD com-
ponent undergoes before assembly also 
showed that there was not a single area 
where the coating had lifted (Fig. 4). But 
that still didn’t satisfy Rohde & Schwarz. 
The most challenging test still lay ahead.  

Endurance test

The aviation industry’s requirements re-
garding the integrity and service life of 
safety-relevant components far outweighs 
those of the automotive industry, whose 

Fig. 3. Avionics specialist Michael Schneider (left) 
and plasma expert Peter Langhof (right) standing 
in front of the Openair plasma equipment   
 (Photo: Plasmatreat)

Fig.  4. The rotating plasma jet cleans and simultaneously activates the plastic components in 
a matter of seconds without damaging the sensitive electronics  (Photo: Plasmatreat)

Fig. 2. The diagram shows a non-polar plastic surface which was pretreated with plasma as a function 
of distance and speed. Treatment renders the surface polar and the surface energy rises to >72 dyne  
(>72 mJ/m²) with a large process window  (Diagram: Plasmatreat)
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requirements are themselves recognized 
as being very tough. One example of this is 
the Burn-In test which is performed post-
production on tuning controls at Rohde & 
Schwarz. To understand the rationale be-
hind this test it’s helpful to know that air-
borne radios are rarely installed in the 
plane’s air-conditioned and pressurized en-
gine area. Mostly they are located in the 
nose of the aircraft where very different 
temperature and humidity conditions pre-
vail. This is why it is so important to ensure 
that the protective coating is fully bonded 
to the electrical components.
Even the smallest leak would result in mois-
ture ingress, potentially leading to com-
plete failure of the radio communications 
system. What most air passengers don’t re-
alize is that all passenger planes are obliged 
to carry two sets of radio equipment on 
board; the second as backup in case the 
first one fails. If a plane lands at its destina-
tion with a defective radio system, it has to 
stay on ground until a spare radio set has 
been acquired and fitted. 
The purpose of the Burn-In test is to inves-
tigate continuous operation and accelerat-
ed ageing of electronic components. As the 
toughest load test available for electronic 
circuit boards, it is used to detect manufac-
turing faults which were not picked up ear-
lier and to identify components that would 
fail in continuous operation. At Memmin-
gen Burn-In is performed on the finished 
radios (Fig. 5) under operating conditions, 
i.e. powered up and with antennae. The 
test consists of a series of eight-hour cool-
ing and heating cycles; after a four-hour 
cooling cycle at -55 °C, the temperature in 
the burn-in chamber is pushed up to +70 °C 
in a matter of a few minutes and held for 
a further four hours before plunging back 
down equally rapidly to start the next cool-
ing cycle. 
These cooling/heating cycles are repeated 
nine times, amounting to three days. Dur-
ing this time the radio system experiences 

Fig. 6. The XK / FK 516 shortwave radio guarantees 
airborne communications: left, the FK 516 antenna 
tuning unit with built-in tuning control; right, the 
matching amplifier  (Photo: Rohde & Schwarz)

Fig. 5. The coating’s adhesive bond is visually inspected under UV light before the SMD 
assembly is mounted in the radio. Then a Burn-In test is performed to verify its stability 
 (Photo: Plasmatreat)

a non-stop exposure to rapid and extreme 
temperature variations. If the plasma had 
damaged the electronics, the components 
would eventually have failed during this 
test. It would equally have become appar-
ent if the coating’s adhesion to the plastic 
would have not been sufficient. 

Summary

Even after this test, the results were con-
clusive: The electronics functioned perfect-
ly and the coating adhesion was long-time 
stable. The plasma technology provided by 
Plasmatreat had proven its worth in all ar-
eas and under the most challenging con-
ditions. The Memmingen-based airborne 
communications specialist had replaced 
the borrowed equipment by an own one, 
which is now running in continuous produc-
tion and playing its part in ensuring radio 
safety. 
The high degree of process reliability af-
forded by this technique and its effective 
monitoring capabilities are of utmost im-
portance for Rhode & Schwarz. These two 
factors combined with the user-friendly 
design have convinced Michael Schneider. 
This plasma technology has enabled the 
company not only to reduce the number 
of process steps but also to enhance the 

quality of the product within a very short 
space of time.
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