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ABSTRACT

The price-performance ratio of laser depaneling has
continuously improved in recent years and is expected to
continue to develop positively in the future. This has further
expanded the range of potential applications to include
thicker FR4 substrates. During processing, the laser offers the
flexibility to adjust performance and quality according to
customer requirements by modifying process parameters
such as power, frequency and delays. Consequently, the
quality can range from a very clean (CleanCut) up to a
discolorized and eventually slightly carbonized cutting edge
(FastCut). The latest laser depaneling systems are more than
competitive with other depaneling processes in terms of cycle
time for material thicknesses of up to 1.6 mm.

This paper presents an in-depth analysis of potential
influences of the cutting quality variation on the
characteristics of the printed circuit board. Therefore,
examinations such as a sidewall resistance and breakdown
voltage test have been carried out for the two cutting
strategies FastCut and CleanCut. Furthermore, a temperature
measurement was conducted, along with an optical
inspection and an SEM/EDX analysis. The objective of this
paper is to conduct a comprehensive analysis of the potential
influencing factors and to provide recommendations for users
based on the results.
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INTRODUCTION

Due to the generation and operating principles of a laser,
there are numerous possibilities to influence the processing
results. Some characteristics, such as the frequency range, the
pulse duration or the laser power are generally specified by
the laser source itself. Other properties, such as deflection and
mark speeds or delays, are defined in conjunction with the
optical components and the operating software. Based on
these capabilities, the energy input and thus also the quality
of the cutting edge can be specifically influenced.

METHODOLOGY & RESULTS

Methodology

As part of the investigations in this paper, various methods
were used for the electrical and optical analysis of the cutting
edge. For a better understanding and a clear assignment, these
methods are explained in more detail in the respective
subchapter. As part of the actual investigations, various laser
types with different wavelengths, pulse durations and powers
were considered (details are shown in Table 1). Due to the
similarity of the results and for better comprehensibility, the
results of a green nanosecond laser are presented in this

paper.

Table 1. Scope of examined system and laser variants
Name System variant
Laser System 1 CM 2122
Laser System 2
Laser System 3

Wavelength Pulsc Duration Nominal laser power
355 nm (UV) Nanosecond 2 W
532 nm (GR) 32w
532 nm (GR) Picosecond 65 W

CM 2232
CM 3565

As an example, Figure 1 shows the measurement setup for
one of the CuttingMaster 2000 systems observed. The
measuring devices for the temperature behavior are located
directly next to the sample layout to be processed.

Figure 1. Experimental setup for laser dépahé-iing system
CuttingMaster 2000

All investigations were conducted on the basis of the
reference PCB in figure 2 with about 1.6 mm thickness. The
circuit board consists of 1.55 mm FR4 and 2 partial copper
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layers of 35 micrometers each. Using a multi panel setup,
each PCB was cut at different distances, with each cut being
100 micrometers apart — covering an interval from 100 to
1000 micrometers. As a result, the cuts were made either
through pure FR4 base material or copper layer sections on
the top and bottom side.

55mm-FR4

DU

Figure 2. Reference PCB layout for measurements

In addition to the distance from the cutting channel and thus
the material composition, the cutting strategy of the material
to be separated was also changed as part of the investigations.
As mentioned above, the quality can be specifically
influenced by the laser parameters. The FastCut and
CleanCut strategies were accordingly selected as references
in order to accommodate the wide range of possibilities:

e  FastCut: Focus on the speed of the cut, which can
result in discoloration or carbonization of the cut
edge

e  CleanCut: Focus on the best quality of the cut edge,
for which speed is of secondary importance

Figure 3. Comparison of cutting edge quality for CleanCut
(left) and FastCut (right)

These strategies represent the edges of an extensive spectrum
that can be manipulated through targeted parameter
adjustment. It can therefore be assumed that the potential
results of the intermediate cutting variants are between the
results determined in this paper.

For each combination of distance and cutting strategy the
measurements have been performed three times. The
resulting mean value is intended to minimize statistical
outliers.

Sidewall Resistance & Breakdown Voltage Test

To investigate the potential influence of the laser cut on the
electrical properties of the printed circuit board, a sidewall
resistance test and a breakdown voltage test were performed
at different distances to conductive copper structures.

As part of the sidewall resistance test, the ohmic resistance
along the cut edge was measured. Therefore, a resistive
voltage divider was used to determine potentially ohmic
resistances. The applied voltage Uy was +100 V (DC) using
a current limiting resistor R2 with 10 MQ. to protect available
thin layers along the separation edges from sparkovers or
other effects caused by carried-out measurement method. The
schematic setup of the sidewall resistance test is visualized in
Figure 4.

LY-TOP: Cu 35 pm

Un

R # UOL.!

Figure 4. Schematic illustration of measurement setup for
sidewall resistance test

The breakdown voltage test was conducted to determine the
extent to which rigid insulating materials and conductive
layers withstand breakdowns after separation when exposed
to extremely high voltages at standard AC frequencies. The
applied maximum voltage Usgreakdown Was set from 250 to
2.500 V (AC). The copper surfaces on the top and bottom of
the PCB were used as test points. Overall, the test duration
was around 60 seconds, whereas the rate of rise was defined
as 100 V per second. The schematic setup of the breakdown
voltage test is visualized in Figure 5.

Cut LY-TOP: Cu 35
. FR4: 1.55 mm
250 .. 2500 V(AC) {‘ W TR

!

Figure 5. Schematic illustration of measurement setup for
breakdown voltage test

In the following, the results of the electrical measurements
are presented in two variants to highlight the main differences
between the various material combinations. Figure 6
illustrates the results including the cut through copper (-0.2
and -0.1). Both Figures 6 and 7 comprise the measured values
for FastCut and CleanCut strategy for all observed distances.

For CleanCut strategy on one hand no significant changes of
the electrical properties of the cutting edge can be observed —
neither when cutting through pure base material nor including
the two copper layers. With the FastCut strategy, on the other
hand, both the sidewall resistance and breakdown voltage
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tests show significant variations for a part of the
measurement. The sidewall resistance in particular drops
considerably in relation to the average value. It can be
observed that the deviations occur mainly for the
measurements where the copper layers were cut through
(negative values on x-axis).

Summary of Electrical Tests CM 22xx
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Figure 6. Measured sidewall resistance, breakdown voltage
and limit values for FR4 with copper traces

To significantly illustrate this effect and to eliminate it from
further observations, the same measurement results are
shown in Figure 7 without the value for the cuts through
copper traces.
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Figure 7. Measured sidewall resistance, breakdown voltage
and limit values for FR4 without copper traces

It is clearly evident that the negative effect on the electrical
properties has almost disappeared. Slight effects directly at
the copper trace or in the immediate proximity can possibly
be explained by the width of the cutting channel.
Consequently, a minimum distance of at least 100
micrometers is recommended for the FastCut.

Temperature Measurement

By the integration of Type-K thermocouple elements in 100
micrometer distance intervals to the cutting channel the
temperature behavior of the processed substrate could be
determined between 100 and 1.000 micrometer distance. The
cuts were performed using pure FR4 base material and
including copper layers on top and bottom side. An excerpt

of the results for a green nano second laser system is shown
in Figure 8.

CuttingMaster 22xx

Expected average maximum temperature of different separation
frame conditions and distances to the separation line
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Figure 8. Average maximum temperatures for different
cutting edge strategies, material compositions and distances
to the cutting channel

As a reference value the liquidus temperature of the
tin/silver/copper alloy (SAC) was added to the diagram. It is
evident that this temperature threshold was clearly undercut
at all distances and with all cutting strategies and material
compositions investigated as the temperatures do not exceed
a value of 200°C. In addition, there is a clear decrease in
temperatures with increasing distances. Within 500 micro-
meters of the cutting channel, the temperatures already fall
below 150°C. From an absolute perspective, FR4 with copper
tends to achieve lower temperatures, especially for FastCut
Strategy.

The temperature behavior of each combination of laser
system, cutting strategy and material composition is shown
in Table 2. Those linear regression equations describe the
temperature characteristics in a range of 100 and 1.000
micrometer distance to the cutting channel. Based on the
relatively higher gradient it can be observed that the base
material including copper layers improves the dissipation of
thermal energy. In addition, the maximum temperatures seem
to be slightly higher with the FastCut compared to the
CleanCut.

Table 2. Linear Regression Equations for Temperature
Behavior

System Cut Material

Linear Regression Equation

2xCu-35um & 1.55mm-FR4

R?

y(x) = 194.3 — 0.1896x

91%

Clean

Laser System 3 1.55mm-FR4 y(x) =202.6 — 0.1601x 97%
Y : Fast  |-2xCu-35um & 1.55mm-FR4 y(x) = 207.8 — 0.2274x 08%
1.55mm-FR4 y(x) =211.3-10.1813x 94%

2xCu-35um & 1.55mm-FR4

y(x) = 196.6 — 0.1291x

96%

Clean 1SS m-FR4

y(x) = 190.3 — 0.0988x

88%

Laser System 2 2xCu-35um & 1.55mm-FR4
Fast

y(x) = 1789 — 0.1101x

87%

1.55mm-FR4

y(x) = 209.7 — 0.1633x

94%

2xCu-35um & 1.55mm-FR4

y(x) = 169.8 — 0.0895x

95%

Clean
Laser System 1 1.55mm-FR4

y(x) = 190.4 — 0.1632x

98%

2xCu-35um & 1.55mm-FR4
Fast

y(x) = 210.6 — 0.2349x

98%

1.55mm-FR4

y(x) = 189.8 — 0.0968x

91%

The coefficient of determination R? consistently shows a
value of around 90%. Consequently, the description of the
temperature behavior by the linear equation is very close to
the real measured values.
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Optical Inspection

For each of the cutting differences, an optical inspection was
examined. In the following illustrations each cutting section
is shown and clustered by color in three categories: for red
marked edges, the cut took place through copper, for orange
the cut was made at the transition between copper and base
material and for blue the cut is only going through the PCB
base material.

Figure 9 illustrates the results of the optical inspection for the
CleanCut strategy. It can be observed that none of the cut
edges show discoloration or carbonization effects. Only
slight smearing of the base material can be partially detected.

1l0mm

T I F I T RE T I INTT]

i[r0.1 mm

Figure 9. Optical Inspection Results for CleanCut

For comparison, Figure 10 shows the optical inspection
results for the FastCut strategy. In this case, the cut edge
shows a slight discoloration and also minimal smearing of the
base material and copper (in case it was cut through).

Figure 10. Optical Inspection Results for FastCut

SEM/EDX Analysis

In order to be able to assess the cut edge quality more clearly,
an SEM/EDX analysis of the cut edges was carried out in
addition to the visual inspection. Figure 11 shows a
comparison of the two cutting strategies. It can be observed
that there are only minor deviations between both cutting
approaches. Among other things, the embedded glass fibers
are slightly more visible with the CleanCut.

1 100um
Figure 11. Comparison of SEM images for FastCut (left)
and CleanCut (right)

1 100um

As part of the EDX analysis, the cut edges were examined for
different material deposits, such as carbon (C), oxygen (O),
magnesium (Mg), aluminum (Al) or copper (Cu). With one
exception, no noticeable differences were found in the
comparison of the two cutting strategies. As Figure 12 shows,
a significant difference was only observed for carbon
residues.
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Figure 12. Comparison of EDX analysis (Carbon) for
FastCut (left) and CleanCut (right)

This is evidence that the carbon concentration, also known as
the carbonization effect, can be significantly reduced as
required for the end application by using a suitable cutting
strategy.

Summary

In total it is evident that the temperature range during the laser
depaneling process is not critical for the components on the
printed circuit board. All measured systems are significantly
lower compared to the reflow process or liquidus temperature
of the SAC alloy. For heat critical components a minimum
distance from the cutting channel is recommended. A rough
distance can be estimated by using the equations of the
temperature behavior.

In terms of the electrical characteristics, a negative effect
could only be observed for the FastCut strategy cutting
through the copper traces. By removing these traces, the
effect could also be eliminated. For all other measurements
no remarkable (negative) effect on the electrical behavior of
cutting edge and printed circuit board was found.
Consequently, potential negative effects can be avoided by a
slight design change or the choice of a suitable cutting
strategy.
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