
Ersa presents the world’s first stencil printer 
with integrated 3D inspection

Technical article

The most important trade show for 
the electronic production industry ta-
kes place only every two years. Each 
time, Productronica in Munich is the 
stage where new technical solutions 
are presented – it is indeed the ide-
al setting to present innovations to a 
large audience of specialists. For that 
reason, the show held in 2015 was the 

ideal platform for Ersa’s “Festival of 
Innovations” – with a host of new fea-
tures for existing equipment, but also 
for the presentation of completely new 
solutions. Amongst these new solu-
tions could be found the VERSAPRINT 
S1-3D, the first stencil printer with  
integrated 3D inspection.

All good things come in 3D!
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Result of inspection,  
depiction of the position 
in the layout, 2D and 3D. 
Image and result of  
measuring with nominal 
and actual values.

What had started at Ersa eight years 
ago as 100% inspection has now pro-
gressed to the next level of innovation. 
For all those customers, for whom floor 
space, flexibility, cost and an innovative 
partner are of importance, the VER-
SAPRINT SPI is the perfect solution. 

Presently, 3D-SPI is the established 
method to determine the print quality 
in SMT manufacturing. These systems 
are being used - in fact they must 
be used to ensure the quality of the  
assemblies - in the automotive indus-
try and in all other areas where safety 
related board assemblies are being pro-
duced. So it should come as no surprise 
that a large number of suppliers have 
entered this market, offering a num-
ber of different models, complicating 
the decision making process for a user 
when sourcing a suitable system. 
 
Through intelligent software solutions 
such as a detailed presentation of SPC 
data - extensively graphically formatted 
– all systems attempt to satisfy the 
demands of the market and to distin-
guish themselves from the competition. 
But taking a closer look at these sys-
tems, it turns out that they are basically 
no more than mechanically simple ma-

chines, equipped with an axis system to 
move the inspection head, and a con-
veyor system for handling and clamping 
the board assembly. Systems, that are 
supplemented by a variety of different 
methods to capture the raw 3D data, 
which are based either on laser trian-
gulation or white-light projection, two 
basically different concepts to measure 
solder depositions.

ACQUISITION OF THE  
HEIGHT PROFILE VIA  
LASER TRIANGULATION 

In laser triangulation, a laser beam is 
being projected on to the object to be 
measured. The light reflected from the 
object is being displayed at a triangu-
lation angle on the sensor of a camera, 
and from the geometry of the optical 
structure the height information is cal-
culated. Acquisition is made by travers-
ing the measuring device across the PCB 
board and scanning the laser profile.
 
A further important element is the 
product testing area, where six devel-
opment engineers quickly and flexibly 
react to a customer’s demand and de-
velop and build any required test sys-

Stencil inspection 
recognizes defect before 
they occur 

Zero-point measure-
ment of the unprinted 
printed circuit board can 
be performed anytime 
before the printing 
process 

Closed-loop-Function 
for print-offset is 
integrated

One Software platform 
for print and inspection, 
one consistent user 
concept

One system to maintain 
and repair 
 
One point of contact 
for both processes 
 
Less floor space taken 
up in a production line

Advantages over 
Stand-Alone 
3D-SPI systems

Infobox
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tem. At the heart of STG-BEIKIRCH is 
the development of hard- and software 
for building automation, which is being 
handled by nine engineers. An in-house 
EMC cabin for taking measurements 
during the product development stage 
is also available. It is probably the com-
prehensive and deep understanding of 
the hard- and software aspects which 
has made the successful growth of STG-
BEIKIRCH over the last years possible.

 
During white light fringe projection, also 
called Moiré, a full area illumination of 
the object to be measured takes place 
by a fringe projector. The projector pro-
jects, under a triangulation angle, a pat-
tern of stripes on to the object to be 
measured, with an intensity distribution 
dependent on its particular location. 
This data is collected and interpreted 
by a full area detector.  Acquisition of 
the topographical information is thus in 
a stationary mode.

The main difference between these 
two process methods therefore: Laser 
triangulation takes place in a scanning 
process, while fringe projection takes 
place in a stationary mode. Common 
to both is the acquisition of the height 
profile through the angle of reflection 
of the light. So it is no surprise that 
there is no difference in the accuracy 
of the data acquired, and that therefore 
both systems are suitable to take on 
and assess the current printing process 
and its demands.
 
The mode of operation is the same for 
both systems. They are placed in an 
SMT line, separated by a conveyor from 
or by directly following a stencil print- 

er. The next board, or the board fol-
lowing the next board can be inspect-
ed after the print, and a statement 
can be made as to its quality. If the 
cycle time permits, printing the next 
board could be waited with, in order 
to avoid defective prints. If the result 
has been established and the print is  
without defect, the board will be released 
and moved on to the next production 
step – or, if a defect has been detected, 
it is transferred out from the line.
 
The disadvantage of this concept is 
clear: to an SMT production line, a down-
stream inspection system to monitor 
the quality of the core process stencil 
printing is being added. This consists of a 
completely independent system, build on 
its own platform and with its hardware as 
well as software. On the hardware side 
there is an investment to be made, and 
the floor space required and the mainte-
nance costs need also be considered. On 
the software side, considerable training 
and process time needs to be spent if 
the system, to be optimally used, is to be 
adapted to the user’s specific processes 
and requirements.
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ACTIVE INTERVENTION INTO THE 
PRINTING PROCESS   

Once the result of the inspection is 
available and if the printing process has 
been shown to be faulty, intervention by 
the operator is called for.

This is necessary, since process pa-
rameters such as squeegee pressure 
or squeegee speed cannot be automat-
ically optimized, based on the defects 
found, by the inspection system. Defects 
such as excessive paste deposits or  
incomplete printing will be recognized, 
but not their causes. For this, the pro-
cess engineer is called for. 

Possibilities to intervene in the pro-
cess through the inspection system are 
very limited, and intervention is realized 
through a closed loop interface. A de-
tected print offset can automatically 
be corrected by the system for the next 
print cycle. More difficult will it be to ini-
tiate, based on changes detected in the 
inspection result, a stencil cleaning cycle. 
An increase in the thickness of the wet 
film after a number of print cycles is con-
sidered to be due to a deposition of sol-
der paste on the underside of the stencil.

These two inspection results are pres-
ently the only meaningful possibility to 
actively intervene in the printing process. 
Driven by the growing demands of the 
market, and in order to satisfy the gen-
eral demand for an increase in quality, 

Ersa decided to get involved in 3D solder 
paste inspection, abbreviated SPI. 

Getting involved, while staying true to 
Ersa’s philosophy which stipulates: to 
be a driver of innovation and a pioneer 
- not to be a “me too”, but to come up 
with its own ideas and concepts. Moti-
vated by the wishes and the vocal re-
quests of our customers, it was decided 
rather quickly that we should adhere to 
the original concept of the VERSAP-
RINT model line – which is integration 
of 100% 2D inspection – and follow this 
up with integrating the 3rd dimension. 
Quite often, the compact design of the 

Functional Principle 
of Laser Triangulation

3D- Inspection 
result
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of the printer and the inspection func-
tion in a single unit was being praised. 
And once this decision had been made, 
everything went very fast: As the meas-
uring method laser triangulation was 
selected because of space availability  
The design and functionality of the 
camera should also be able to, aside 
from measuring profile heights, recog-
nize fiducials and the orientation of the 
board. With those demands, it became 
rather tight in the restricted area of the 
enclosure.

For a safe and repeatable capture of the 
many different fiducial geometries and 
situations, both direct and diffuse illu-
minations are required. A solution to this 
turned out to be an elaborate prism to 
divide the beam and an intelligent cam-
era, whose sensor chip could be divided in 
a number of segments. The resolution of 
the actually selected constellation is one 
of 17 µm in the lateral and scanning di-
rection and less than 1 µm for the height 
measurement. The system is therefore 
in the position, to gauge the presently 
smallest components respectively their 
pad areas or solder depots. 
 
The scanning speed of the camera is 
currently 140 mm/s at a scan width of 
34 mm, meaning that appr. 15 sec’s are 
needed for the inspection of a dou-
ble-euro-format board 220 x 160 mm. 
In order to satisfy the demands of the 
customers with regards to the cycle 
time, both models of the Ersa print-
er line are available. The S1-3D model 
processes the board sequentially, and 
the inspection takes place following the 
printing sequence.

The P1-3D, on the other hand, allows for 
parallel processes, meaning that while 
one board is being printed, the board 
having been printed just before is al-
ready being inspected in the exit zone 
of the system.

 
DEMANDS ON THE INSPECTION 

In 3D-inspection, the following proper-
ties are assessed: volume, area, height, 

shorts and offsets. The Gerber file of the 
stencil is used as reference for the sur-
face area – so that only the thickness 
of the stencil has to be added manually 
by the operator. If it should be necessary 
that some areas be evaluated different-
ly, such as for example for step stencils 
or for differing process boundaries, can 
this be done through freely defining cer-
tain areas within the layout. 

These areas can be added at all times 
to the existing program, thus leading to 
a steady optimization of the production.  
Since the range of the individual pad 
areas to be searched is larger than the 
nominal surface, it is possible to not 
only identify a condition of insufficient, 
but also an excessive amount of paste.

At the same time, and almost as a 
waste product, a possible print offset 
will be recognized, since the solder de-
pot detected is not only assessed in re-
lation to its nominal area, but also to its 
nominal position. For an offset and its 
correction during the running process it 
is typically not the full value determined 
which will be corrected, but only a per-

3D-Image of a BGA with 
insufficient solder depot

Stencil inspection with
smeared underside
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centage value of it. Since by neglecting 
the outlier values, the optimal offset 
values can and are approximately being 
determined. In the normal case, the av-
erage offset value of all pads is being 
considered.

However, it is possible to define up to 
two areas, so that the weighting of the 
position can be defined freely within the 
layout. This helps with prioritizing critical 
areas on stretched printed circuit boards. 
The recognition of shorts with 3D in-
spection is rather problematic. If the 
height profile of the laser line is used 
as a mark, it would be necessary to first 
define a minimal height of any eventu-
ally present paste.

But then elevations of the solder resist 
due to traces or vias would be recog-
nized as possible bridges, pseudo de-
fects would be the logical consequence. 
A 2D measurement of these areas, on 
the other hand, allows for a reliable anal-
ysis of the areas between the pads. This 
technology has been optimized by Ersa 
for their 2D inspection process, and this 
is the reason why it is being maintained 
for this new development as well.

A parallel, simultaneous 2D and 3D in-
spection would technically be possible 
– but since the clock rate of the cam-
era would need to be split between both 
modes of operation, this feature has 
been dismissed for obvious time rea-
sons. In its place, the 2D image of the 
laser line is analyzed, where the pres-
ence of paste on the solder resist is ex-
cellently shown.
 
Always an important topic in 3D inspec-
tion is the definition of the zero point for 
the height measurement. What is meant 
here is the height of the unprinted pad. 
Since these pads normally are, after the 
printing process, no longer visible, this 
height has to be brought into relation 
to reference points in their vicinity. One 
frequently used method is to measure 
unprinted boards as references for the 
following batch. For this, boards are fed 
into the SPI system and the height of 
the unprinted pad is brought in rela-

tion to the surrounding solder mask.  
This is a rather complex method, which 
needs to be repeated every time when the 
height of the solder mask has changed. 
This will happen when the board supplier 
has changed, or simply when a new batch 
of boards is being started. Here lies an 
obvious advantage of inspection inte-
grated in the printer: Each board can be 
measured, over a frequency and a coun-
ter, just prior to printing.

After the counter has expired, pre-in-
spection is suspended and activated 
again only if some facts have changed. 
These can be fluctuations in the batch, 
which are compensated for through 
regular periodical measurements. For 
very high demands on the accuracy of 
the results or if the cycle time allows, 
the system can permanently run the 
pre-inspection process.

Another method to define the ze-
ro-point of the pad is the use of local 
fiducials or test points. Demanding 
boards, in particular, have very often 
fiducial marks which are used by the 
pick-and-place system in order to fur-
ther increase their accuracy for placing 
fine-pitch IC’s. Or they have in-circuit 
test points for a subsequent functional 
test available. Those surfaces, distrib-
uted across the printed surface board, 
can ideally be used for defining the ze-
ro-point, since they are on the same 
level as the pads. 
 
This method of measuring the zero- 
point has the decisive advantage that 
variations in the thickness of the solder 
mask are of no relevance, and a pre-in-
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spection can be dropped. These points 
are learned automatically through a 
scan of the printed board or by manual 
definition by an operator. Inspection is 
performed exclusively by laser triangu-
lation, and only when a defect is detect-
ed will an additional 2D image be taken, 
for a better presentation and analysis 
for and by the operator. 
 
The 3D image can be rotated in any di-
rection and allows the operator a quick 
and safe analysis. Height data are high-
lighted by color and their border areas 
are coded yellow and red.

Additional modes of presentation such 
as cross sectional views or plan views 
are also available, giving the viewer dif-
ferent types of views and viewing angles 
with which to validate the inspection re-
sults. Aside from the absolute limits of 
inspection – min/max volume, min/max 
cover, height, short, offset – there are 
also “Alert”-limits.

They early on alert the operator about 
a trend, allowing him to take corrective 
measures. For example, an automatic 
stencil cleaning cycle can be activated, 
or a stencil inspection with the aim to 
improve valuation.
 
SPC data acquisition and analysis is a 
favorite feature of SPI systems. Ersa 
therefore offers a software pack-

age to process the acquired raw data. 
With it, offset values are portrayed as 
Gaussian curves, Cpk-values are deter-
mined and trends for product batches 
as well as complete production shifts 
and days will be analyzed. The re-
sult of the inspection can be record-
ed as error images, or as error-free  
circuit boards.

This enables the user to subsequently 
qualify and analyze the results whenev-
er called for. The software itself can be 
used either immediately on the system 
to optimize the process, or at the end 
of the line as comparison with the AOI 
system or, finally, as a control tool for 
production management.

SUMMARY

3D-SPI will assume an ever growing 
importance in today’s SMT production 
lines, answering the call for increasing 
demands on quality. The integration of 
stencil printing and 100% 3D inspection 
into one system represents a level of 
automation previously unknown in the 
process step stencil printing, thereby 
achieving, independent of the operator, 
a consistent and repeatable quality of 
the process. It is the logical and conse-
quent step for our customers towards 
better process monitoring and safety of 
their production.  
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