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Conformal coatings protect sensitive electronic circuitry 
from moisture, dust, chemicals, solvents and other harsh 
environments. Historically, conformal coatings have been 
reserved for expensive military or aerospace applications. 
Today, however, they are commonly used to protect a 
variety of automotive, commercial, industrial, medical, and 
consumer electronic devices. 

For most manufacturers, conformal coating starts as a 
manual process where coatings are applied by brushing, 
dipping, or hand spraying. Manual processes are initially 
attractive since they require a minimal initial investment and 
they are relatively easy to implement. However, manual 
coating processes come with risks and challenges. Operators 
are at risk of overexposure to harmful solvents and vapors, 
masking and de-masking steps can become overly labor 
intensive, and the quality of the coating process is 
completely dependent on the skill level of the operator. 
Throughput is also dependent on the skill level and number 
of available operators. In addition, constant manual handling 
of PCBs increases the risk of physical damage. As 
production volumes ramp up, throughput, quality, and safe 
operating conditions become more and more challenging to 
maintain. If a manufacturer is grappling with any of these 
manual coating challenges, they might want to consider 
automating their process by investing in an automated 
selective conformal coating system. 

The automated selective conformal coating process relies on 
a programmable robotic system that accurately manipulates 
an applicator in and around a PCB to selectively coat 
targeted areas while avoiding Keep Out Zones (KOZs - 
areas not to be coated). An automated coating system 
reduces material waste, eliminates operator exposure to 
harmful solvents and vapors, greatly improves repeatability, 
and increases throughput. When combined with effective 
programming, the labor intensive tasks of masking and de-
masking can be significantly reduced or completely 
eliminated. A variety of process controls can also be applied 
to further improve quality, repeatability, and traceability. 

Choosing the right applicator is a key aspect to configuring 
an effective automated conformal coating system. This 
paper discusses the benefits of transitioning to an automated 
process, explains how each applicator technology works, 
and identifies the pros and cons of each. 
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AUTOMATED COATING DECISION FACTORS 
Making the decision to transition from a manual coating 
process to an automated one can be challenging. For most 
managers, the five primary areas of consideration are cost, 
safety, quality, repeatability, and throughput. Table 1 
contains a summary of factors to consider before 
transitioning to an automated conformal coating process. 

Cost 
Cost is usually the most influential factor. The initial cost of 
a new robotic coating system may seem high; however, a 
simple cost comparison against your current manual process 
can yield surprising results. The cost of the spray booth, 
coating material, and associated solvents is fairly straight 
forward. The total labor cost should include not only the 
actual spray time, but also any masking and de-masking 
steps, rework or touch-up time, and any clean up that might 
be required. With proper configuration and programming, 
an automated coating process generally eliminates labor 
costs associated with manual masking, de-masking, rework, 
and touch up tasks. Since selective coating systems only 
apply coating where it is required, overspray and material 
waste is greatly reduced or eliminated which leads to an 
overall reduction in material cost.   

Safety 
To maintain a safe and healthy work environment, it is 
important to understand how frequently and how long your 
operators are exposed to harmful solvents and vapors. Is 
adequate ventilation provided? Are proper safety procedures 
being used during production? Do your operators utilize 
personal protective equipment such as masks, gloves, and 
suits and are they using them properly? Automated selective 
coating systems address these concerns by providing a 
“hands-off” coating process. In an automated process, 
coating is done inside a ventilated enclosure. This 
significantly reduces or eliminates any exposure to harmful 
solvents and vapors. Automatic door and hood safety locks 
and automated SMEMA compliant conveyors prevent 
operator injuries while running production.   
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Quality  
A highly skilled operator can deliver excellent quality. 
However, consider the amount of time it takes to reach that 
skill level and the variable quality that naturally occurs as 
skills improve. It can be challenging to find, train, and 
maintain skilled operators. With the right hardware 
configuration and optimized programming, an automated 
selective coating system can maintain production quality 
regardless of operator skill level or personnel changes. 

Repeatability 
Repeatability is the essence of automation. When an 
automated selective coating system has been optimized to 
produce the best possible quality, the result is repeatable and 
consistent output – cycle after cycle. As long as the system 
is properly used and maintained, it can reproduce the same 
level of quality every day, every week, and every month.  

Throughput 
To increase throughput in a manual process, you generally 
need to hire and train new employees or perhaps consider 
adding a shift. Additional spray booths and floor space 
might also be needed. If you have constraints in any of these 
areas, coating automation could offer a viable solution. 
Depending on the complexity and size of the PCBs being 
coated and the amount of manual labor involved, a properly 
configured coating system could provide you with the 
increased throughput you need. To understand the full 
potential, calculate the final throughput value based on the 
cycle time and the number of PCBs that can be 
accommodated in the work cell at one time.  

APPLICATOR TECHNOLOGY SELECTION 
The primary applicator technologies include atomized spray 
and three non-atomizing technologies which are film 
coating, needle dispensing, and jetting. Each of the four 
applicator technologies apply coating material in a unique 
way with atomized spray being the most common method of 
selective conformal coating. A process comparison 
summary of atomized and non-atomized applicator 
technologies is shown in Table 2.  

Atomizing Technology 
Atomizing spray applicators differ from non-atomizing 
applicators. They rely on air pressure or ultrasonics to 
disperse liquid coatings in a fine mist similar to the manual 
spray booth method. There are many different types of 
atomizing applicators offering specific spray patterns and 
sizes. 
 
With atomizing technology, fluid and air pressure controls 
allow spray patterns to be optimized for the coating 
chemistry and requirements of a specific application. Two 
significant advantages of atomized spray applicators are 
flexibility and uniform coverage.  They can accommodate a 
wide range of material viscosities and chemistries from very 
thin solvent-based coatings to higher-viscosity 100% solid 
silicones and UV cures. The fine mist from atomization is 

also the best method of providing full, 3-dimensional 
uniform coverage, a common requirement for military and 
aerospace applications.  

However, due to the fine mist, the edge definition of an 
atomized spray pattern is typically not very distinct. 
Therefore it can be difficult to determine. See Figure 1. 

 

Figure 1. Atomized spray pattern. Note the rough edges. 

A significant amount of overspray or splatter can also occur 
with atomization. The further away an applicator is from the 
PCB surface, the less defined the edge becomes and the 
greater the chance of overspray.   

Reducing the spray height can help to improve the edge 
definition and reduce overspray. However, even at its most 
optimized spray height, atomization may not be selective 
enough for many of today’s challenging applications where 
KOZs are immediately adjacent to coated areas. In these 
instances, masking might still be required. 

Atomizing applicator flow rates are generally quite low 
compared to non-atomizing applicators. Therefore, multiple 
passes might be required to achieve a desired coating 
thickness. 

Non-Atomizing Technologies 
Non-atomizing coating applicators provide significantly 
sharper edge definition when compared to atomizing 
applicators. For this reason they are ideal for many of 
today’s most challenging applications. The three major 
types of non-atomizing applicator technologies are film 
coating, needle dispensing, and jetting. There are 
advantages and disadvantages to each type. 

Film Coating 
A film coating applicator utilizes a specialized crosscut 
nozzle to produce a flat, fan shaped curtain of material. 
Because the process is non-atomized, the edges of the 
resulting stripe are very distinct and there is no overspray. 
See Figure 2. This provides superior edge definition over 
atomized spray. Film coat applicators also have a much 
higher fluid flow rate compared to atomizing applicators. 
Consequently, minimum coating thicknesses are typically 
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achieved in a single pass, thereby providing a significant 
throughput improvement over an atomized spray process. 

 

Figure 2. Non-atomized film coat pattern. Note the sharply 
defined edges. 

Needle Dispensing 
Needle dispensing is a non-atomized process that delivers a 
very distinct edge and enables a high level of selectivity. 
See Figure 3. However, unlike film coating needle 
dispensing is generally not well suited for wide area 
coverage. It is primarily useful when applying coating 
material immediately adjacent to KOZs, coating smaller 
areas with low profile components, applying extra material 
to IC leads or connector leads, and cleaning up rough edges 
in atomized spray areas.   

Needle dispensing is also very effective when applying high 
viscosity coating gels to connector or IC leads and when 
applying liquid mask or dam material around KOZs. 

 

Figure 3. Needle dispensing. 

Needle applicators rely on fluid pressure and needle gage to 
control the volume of material applied. This limits the 
ability to control the flow of material beyond a targeted 
area. In general, volumetric control is very limited, 
particularly with low-viscosity, solvent-based coatings. 
Additionally, needle applicators are prone to chronic issues 
such as dripping or drooling which further limits control. If 
finer control is necessary, a jet applicator might be required. 

Jetting 
Initially, a jet applicator may look very similar to a needle 
applicator. However, there are two distinct differences. 
First, unlike needle dispensing, jet applicators repeatedly 
cycle on and off at high frequencies. This modulated control 
breaks the fluid stream into a series of tiny droplets. The 
size of each droplet is controlled through the jet’s on-time, 
nozzle diameter, and fluid pressure. Second, jet applicators 
accelerate and “shoot” the droplets out, ejecting them one 
by one as they make a clean break from the nozzle tip. This 
alleviates the dripping issue commonly associated with 
needle dispensing. Finally, the robot line-speed is adjusted 
to control the amount of overlap between the jetted dots (the 
fluid density). See Figure 4. When compared to needle 
dispensing, this feature provides a much higher level of 
volumetric control particularly with low-viscosity, solvent-
based coatings. 
 
Jet and needle applicators both provide an advantage when 
coating very small areas, applying borders or dams around 
KOZs, or applying extra material to IC leads or connectors.  
 

 

Figure 4. Jetted dots coallese to form a continuous line. 

CONCLUSION 
The decision to convert from a manual coating process to an 
automated one may seem daunting, but with careful 
planning and consideration manufacturers can increase 
throughput and improve quality. Important considerations 
include initial investment and long-term labor costs, 
operator safety requirements, quality standards, 
repeatability, and throughput goals. When moving to an 
automated system, careful consideration should also be 
given to applicator technologies to ensure that the optimal 
technology is selected for the intended application. 
Depending on application requirements, manufactures can 
choose from atomized spray, film coating, needle 
dispensing, and jetting applicator technologies. 
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Table 1. Factors to consider before converting to automation. 
Consideration Factors Manual  Automated  
Initial investment cost Low High 
Long term labor costs High Low 
Material waste High Low 
Operator safety Low High 
Quality Operator dependent High 
Repeatability Operator dependent High 
UPH capability Operator dependent High 
 
 
Table 2. Automated coating technologies comparison. 

PR
O

S 

Atomized Non-Atomized 
Spray Film Coat Needle Jetting 
Excellent for full/side coverage of tall 
components 

Excellent edge 
definition with wide 
area coverage 

Excellent edge 
definition 

Excellent edge 
definition 

Accommodates a wide variety of 
materials 

Single pass 
coverage 

Can apply coatings, 
coating gels and 
liquid mask 
materials 

Excellent 
volumetric control 

Wide variety of spray patterns, shapes 
and sizes 

Capable of the 
highest line speeds 

Needle facilitates 
access into hard to 
reach areas 

Highest level of 
precision 

C
O

N
S 

Poor edge definition  and overspray 
may still require masking 

Limited to low 
viscosity materials 

Dripping/drooling Not practical for 
side/full coverage 
of tall components 

Prone to cob webbing Not practical for 
side/full coverage 
of tall components 

Not practical for 
side/full coverage of 
tall components 

Not practical for 
large area coverage 

Slow process speed  Not practical for 
large area coverage 

 

May require multiple passes to 
achieve thickness 
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