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LASER MARKING

Laser marking looks to
machine vision

Machine vision
teams with
Nd:YAG laser
marking
system to
improve high-
volume
printed-circuit-
board
assembly

Machine-vision
system assists
Nd:YAG laser

marking machine to
etch barcode label
on printed-circuit
board (right top).

FIGURE 1.
Printed-circuit
motherboard
contains silk-
screened white ink
lines that are
identified with
machine-vision
system for marking
(right bottom)

As semiconductor- and
electronics-assembly com-
panies push for higher lev-
els of throughput and
quality, the ability to track
a printed-circuit board
(PCB) assembly throughout
its manufacturing, sales,
and service cycles has be-
come very important. Many
electronics vendors require
that each circuit board be
marked with a unique
barcode identifier that can
later be read by equipment
that is part of an automated
assembly line, warehouse
shipping/receiving station,
or test/rework operation.
For high-volume PCB

operations, laser-based
marking systems incorpo-
rating automated vision
systems are playing a key
role in the quality and con-
sistency of the marking pro-
cess.

Barcodes have become an
industry standard because
of their low cost, standards
and infrastructure support,
high information density,
and high reliability. Al-
though barcode labels offer
a cost-effective solution
where small production
volumes of boards are in-
volved, higher production
cycles benefit from laser
scribing directly onto the
base material. Laser-
marked barcodes are per-
manent, and there is no
danger of a label falling off
during handling or produc-
tion operations. Laser-
marked codes are of supe-
rior quality. Lines are crisp
and well positioned, and
alignment is permanent,
because there is no label to
shift.

Laser-marking systems of-
fer several advantages over
ink-based approaches be-
cause the system is based
only on controlling a beam
of light. No tooling is in-
volved, making software-

driven laser marking sys-
tems very flexible at writ-
ing patterns. And there is
nothing to wear out, so
markings are consistent.
Laser  systems are
noncontact, making mark-
ing possible in difficult-to-
reach locations and making
the systems friendly to deli-
cate substrates and compo-
nents. Some laser systems
are ink-free, making them
cleanroom compatible. All
modern laser systems pro-
vide high marking speeds,
low consumables costs,
high process reliability, ex-
tremely low variation in
character size and consis-
tency, and high machine
uptime.

Laser marking systems are
commonly used to write di-
rectly onto the surface of
integrated-circuit (IC) de-
vices. The IC packaging
material on which the laser
beam strikes has sufficient
background contrast to
make characters and logos
clearly visible. Unfortu-
nately, when writing
barcodes on PCBs, this is
not the case. To compen-
sate, a light colored ink
patch is silkscreened onto
the board in the area where
the barcode is to be placed
(see Fig. 1). Then one of



two different approaches is
used. A Nd:YAG laser can
selectively remove ink
from the circuit board to
form the dark bars of the
code. Alternatively, a CO,
laser can be used to change
the color of special ink
through a photoreactive
process that produces dark
bars.

Although the CO, laser pro-
cess may be less flexible
than its Nd:YAG counter-
part, the CO, process does
allow ink patches to be ap-
plied over copper traces on
the boards without risk of
damage to the circuitry.
This is increasingly impor-
tant as circuit and compo-
nent density increases and
is especially relevant to the
problem of high-volume
marking on high-density
PC mother-boards.

Machine vision
and laser
marking

The PCB marking process
encompasses an interesting
technical challenge. While
the position of the etch,
pads, holes, and other fea-
tures of a circuit board are
all tightly controlled and
aligned to fiducial marks on
the PCB (typically within
+0.001in.), the position of
the ink-pad labels is only
loosely constrained. For

FIGURE 2. Prophecy vision system includes Pentium-
based host computer, CPI bus frame grabber, and a 768 x
575 CCIR camera.

motherboards and other
common circuit boards, the
manufacturing specifica-
tion for the silk-screen tar-
get is often as much as
+0.010 or £0.020 in., far
too large to blindly write
with the laser marking sys-
tem. In addition, the rect-
angular ink pads often
suffer from some undes-
ired degree of rotation so
that the barcode could ac-
tually run off the pad, lead-
ing to unreadable labels.
So while the board han-
dling system can bring
each board into position

with high accuracy and
high repeatability, the vi-
sion system must use some
external means to locate the
exact position and orienta-
tion of the ink target and
feed this information to the
laser marking system.

Another challenge for a
marking vision system is to
be able to perform quality
checks and to feed good
data into the existing
network-based quality
management system. Such
a system also needs to be
user-friendly, because even

in high-volume assembly
operations, job change-
overs are common. Pro-
gramming for new
assemblies or calling up ex-
isting recipes for old assem-
blies must be intuitive and
fast.

Engineers at Rofin-Baasel
Inc., Acton, MA, evaluated
vision systems that could
perform the required
laser-alignment tasks and
that were easily interfaced
to the system’s network and
control computers. One of
the vision systems that met
the criteria for perfor-
mance, ease of use, and
ease of integration was a
Pentium-based Prophecy
500 industrial computer
from Intelec Corp., now a
division of Imaging Tech-
nology Inc. (Bedford, MA).

The Prophecy 500 system
includes SherlockPro
machine-vision software
from Intelec, a peripheral-
component-interconnect
(PCI) bus frame grabber
from Imaging Technology,
and a 768 x 575 CCIR cam-
era (see Fig. 2). During the
first demonstration phase, a
sales engineer trained in use
of the system was able to
capture an image and find
the ink marks in less than
30 minutes of “Program-
ming” time, convincing our
company it had an easy, yet
flexible, tool to work with.



Laser marking
with vision

For each type of computer
motherboard, a laser setup
procedure is first used to
define the contents and
layout of the label field it-
self as well as the layout
of the overall board.
LaserCAD, a
Windows-based applica-
tion from Rofin-Baasel,
performs these functions.
LaserCAD has a graphical
user interface that allows the
programming of text, com-
plex patterns, and graphics
and supports importing of
drawings from many stan-
dard PC programs.

During a production run,
the materials-handling sys-
tem brings a new board into
the laser marking machine.
Animage is captured by the
vision system, and image
processing software deter-
mines the X, y location and
theta (Q) angular orienta-
tion of all the ink targets on
the board. These X, y, and
Q points are then fed to the
laser-beam control system.
The light beam itself is
aimed by computer-  con-
trolled galvanometer mir-
rors (see Fig. 3). The
geometric equations for
beam guidance are then
modified in real time by
software that corrects for
the actual location and ori-
entation of the target being
marked. Making correc-
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FIGURE 3. Software-controlled galvanometer-driven
devlection system in laser marking system directs the x
and y positions of the laser beam to produce vector-
driven marking pattern on the desired object.

tions in the beam path is
simpler than trying to repo-
sition the board.

The machine-vision system
is tailored to the needs of
the laser’s mechanical de-
sign as well as to the re-
quirements of PCB
inspection. The laser source
itself is mounted on a mo-
torized x, y, z stage because
the laser itself is capable of
covering only a 4 x 4-in.
area, far smaller than most
circuit boards. The vision
process begins when the
laser moves to a location
that approximates the
known location of an ink
target, and the image is

grabbed.

Processing steps

In the first processing step,
connectivity analysis is
used to find all the large
white objects in the field of
view. Morphological opera-
tions eliminate the extrane-
ous artwork that is often
present in the field of view.
An algorithm then finds the
one area that is large and
close to the center of the
vision field of view. The
connectivity analysis is run
on an image that is first sub-
ject to a threshold operation
using a proprietary ap-
proach that divides the field

of view into grids and de-
termines the appropriate
threshold value for each
grid individually. After the
pad is identified, a finer
analysis calculates the cen-
troid location and draws a
smooth rectangle around
the pad. The edges of the
rectangle are then used to
calculate the angular orien-
tation. A typical barcode ink
pad might be 1.75 X 0.25
in., so asmall angular varia-
tion can lead to unaccept-
able marks.

In the third step, the laser
writes the desired barcode
pattern. The last operation
performs a quality check
using the capabilities of
PC-based machine vision.
An image is grabbed after
the barcode is written; this
image is subtracted from
the image taken just before
the writing process began.
Using connectivity algo-
rithms on the barcode and
character data, the vision
software again determines
the bounding box of the
marked label and compares
it to the data for the target
ink pad. The system then
calculates the left-right and
top-bottom margins to the
edges of the ink pad and
compares the angular orien-
tation of the label to the ori-
entation of the ink target.
These data are saved to a
quality-control file.

Note that this vision and
marking task is done indi-
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vidually for each
mark applied to the
board. The geomet-
ric relationship be-
tween the different
ink pads is too loose
to reference one
from the other. In-
stead, each mark,
typically two to four
per mother-board,
needs its own target
identification and
location task and
quality- control
check.

The vision software
runs on the host’s
Pentium chip. No special image- process-
ing acceleration is needed to meet the
vision processing requirements set by the
machine’s overall throughput rate. Images
are captured by a half-size frame grab-
ber that has been optimized for
machine-vision applications. The grab-
ber hardware uses the fast PCI bus and
has a direct-memory-access-equipped in-
terface designed for high-speed transfers
to host memory. Onboard image memory
insures vision performance by
decoupling image acquisition from other
tasks the host may be performing. Ex-
ternal triggers from the
materials-handling equipment tell the vi-
sion system when to operate.

The laser marking vision system is peri-
odically calibrated by sending a piece of
anodized aluminum through the system
and having the laser mark four dots in a
square pattern. Connectivity algorithms
define four dots, calculate their location,
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Another challenge for a
marking vision system
Is to be able to perform
checks and feed quality
data into the existing
guality-management

system.
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and then define a
mathematical rela-
tionship between the
pixel coordinate sys-
tem of the vision
system and the ra-
dian- millimeter coor-
dinate system of the
laser controller. The
calibration operation
also incorporates op-
tical- distortion- cor-
rection factors to
account for the fact
that the vision camera
operates at a 45° angle
to the target, while the
laser system operates
at 90°. These factors are built in to the
camera calibrator software.

Today’s machine-vision market differs
from the market of the past in that users
are not interested in stand-alone inspec-
tion devices; rather, they want vision ca-
pabilities integrated into a larger
manufacturing operation. The vision
system must be able to send and receive
parts numbers and barcode data from
manufacturing databases, communicate
with other production equipment, and
output quality reporting results to sta-
tistical- control programs.

Systems such as those described here
are based on hardware and software
standards used in the PC industry. La-
ser marking system manufacturers and
other industrial users can benefit from
the wide availability of low-cost hard-
ware and software tools without worry-
ing about being locked in to a particular
vendor.
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