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ProtoLaser U4/S4 General information

General information

This document contains all information for the intended use of the system/product
delivered. This document is intended for persons with basic knowledge of installation
and operation of software-controlled systems. General knowledge of operational
safety as well as basic knowledge of using PCs running Microsoft Windows® and
basic knowledge of your LPKF system software are required.

When processing the how-to examples, carefully note the safety instructions from the
applicable user manual of your system!

Validity

This document corresponds to the technical state at the time of publication.

LPKF Laser & Electronics AG (abbreviated to LPKF in the following) reserves the right
to make changes in respect to the content of this document. The figures in this
document serve as basic understanding and can differ from the actual state of the
system.

Structure of warning messages and safety notes

The safety notes and warning messages in this document identify hazards and risks
and they are created in accordance with ANSI Z535.6-2011 and the standards series
ISO 3864.

The warning messages are structured as follows:
e Warning sign (only for injuries)

e Signal word indicating the hazard class

e Type and source of the hazard

e Consequences of hon-observance
e Measures to avoid the hazard

/\ + SIGNAL WORD

Type and source of the hazard!
Consequences of non-observance.

» Measures to avoid the hazard.

» Further measure(s) to avoid the hazard.

Warning messages can also be embedded in the format of the surrounding text in
order to avoid a visual disruption in a sequence. In this case, they are distinguished as
follows:

Type and source of the hazard!
Consequences of hon-observance.
» Measure(s) to avoid the hazard.

Warning messages are classified in hazard classes represented by the signal word. In

the following, the warning messages are described in accordance to their hazard
classes:
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A DANGER

Type and source of the hazard!

This warning message indicates a hazard of high risk that causes death or serious
injury if not avoided.

» Measures to avoid the hazard.

Type and source of the hazard!

This warning message indicates a hazard of medium risk that can cause death or
serious injury if not avoided.

» Measures to avoid the hazard.

/N CAUTION

Type and source of the hazard!

This warning message indicates a hazard of low risk that can cause minor or
moderate injury if not avoided.

» Measures to avoid the hazard.

Type and source of the hazard!

This warning message indicates a hazard that can lead to possible property
damage.

» Measures to avoid the hazard.

Text styles

Various text attributes, notations, and text structures facilitate reading the document.
The text attributes (highlightings) inside this document are defined as follows:

Attribute Function
italic highlights elements of the user interface and of control elements of
the system
bold highlights important information and keyboard input
Courier New highlights file paths
[ ] highlights elements of buttons on software user interfaces
key highlights keys of the keyboard
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Tasks or procedures that are described in steps are compiled to sequences in this
document. A sequence consists of at least three components: objective, step, and

result.
Component Description

] Indication of an objective. The sequence starts here.

1. Indication of a sorted list of steps. The specified order must be

2 observed.

3.

O Indication of an intermediate result that is followed by further steps or
the result.

|Zl Indication of the result. The sequence is finished.

> Indication of a single step.
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Additional information
The following symbols are used to indicate additional information:

This note indicates especially useful information.

Advanced information

This advanced information indicates special knowledge.

Registered Trademarks

Product and brand names are trademarks of LPKF Laser & Electronics AG, registered
among others at the US Patent and Trademark Office: LPKF® and the company logo,
# 2,385,062 and # 2,374,780; Solarquipment®, # 3,494,986; ProConduct®, #
3,219,251; Allegro®, # 3,514,950.

Microsoft® and Windows® are brand names or registered trademarks of Microsoft
Corporation in the USA and/or other countries. All other trademarks belong to the
respective owner.

Issued patents, if applicable, are listed in the appendix.

Customer service
For technical information contact our LPKF Service:

Address  LPKF Laser & Electronics AG
Service & Support Rapid Prototyping

Osteriede 7

30827 Garbsen

Germany
Phone + 49 5131 7095-1333
Fax + 49 5131 7095-90
Email support.rp@Ipkf.com

Internet www.Ipkf.com

In our continuous effort to improve our documentation we are asking you to give us
your feedback if you notice any discrepancy when working with the system/product, or
if you have any comments or suggestions for improvement.

At the moment of packaging, the system/product has been equipped with the latest
software version and with the software and hardware documentation currently valid.
By now, new versions of the documentation as well as new software versions might be
available.

For all the latest news and updates visit the support area of our homepage:
http://www.Ipkf.com/support.
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Introduction

This document describes the most common applications for the production of
double-sided and multi-layer PCBs with the LPKF ProtoLaser U4/S4. The document
also provides numerous useful tips that facilitate your work with the system and the
applicable system software.

The first how-to examples are explained thoroughly in detail to facilitate your start.
Further on in this document, recurrent actions are described only briefly. The
document contains corresponding references to precedent chapters so that you have
access to more detailed information at any time.
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1 Basics

This chapter describes some basic steps in CircuitPro PL. You learn how to set
processing data correctly in the software after having placed the processing material
in the system. Furthermore, the fiducial recognition is described in detail. You perform
these steps in almost each how-to example. Each step contains corresponding
references to these chapters.

Moreover, this chapter also describes the multi-layer process, as well as specific
design guidelines for the production of multi-layer PCBs with blind vias and buried
vias. Observe these information, since they provide a base for a successful production
of multi-layer PCBs.

1.1 Project placement

This chapter contains helpful information on placing your project easily and quickly in
the CircuitPro PL software. The project can be placed correctly either by matching the
fiducial positions or by defining the processing area. Both procedures are described
below. Use one of them.

The following table provides tips for positioning and fiducial reading that can be used
anytime during procedures:

Tip Description Figure

Pilot laser | Switch on the pilot laser by clicking
on gk for help with positioning.
Follow the movement of the
processing table in the system itself
by observing the pilot laser position.
Match the position of the pilot laser
and the fiducial on the material.
Switch off the pilot laser off by
clicking on sk when position is set.

Zooming in | Zoom in the processing area by
using the scroll wheel of the mouse
for more precise positioning.

LPKF Laser & Electronics AG | V. 1.0
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Tip Description Figure
Illumination | Depending on the material surface — -
settings you may need to adjust the image Navigation | Image settings
until a good contrast and lighting is
achieved — a white surface and a ) o
dark fiducial. In the Image settings Red light 100.0 %
pane, increase or decrease the Red I
light intensity with the slider.
White light 0.0 %
Back light 0.0 %
Exposure 310 %
Gain(master) 20.0 %
Brightness 380 %
Movement |Use the arrow buttons in the T ‘ .
control Navigation pane for movement Navigation | Image settings _
control. If necessary, adjust the Step
size for more precise control. : ,/-';\\ _ Stepsize
< »| | 0500mm
; A O\ Stepsize
/ \ .
g—@—y 0,500 mm
x| 160,000 mm
[ ] e
Y| 289,000 mm A P 4
z| 0,000 mm
Autofocus | If camera image is not sharp, click on Executing autofocus -
@ in the Navigation pane to start
the autofocus procedure. The ®
message Executing Autofocus is
displayed.
Removing | If a fiducial recognition problem
drilling occurs, check the fiducial holes for
debris drilling debris.

V. 1.0 | LPKF Laser & Electronics AG
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Tip Description Figure
Polishing If the surface surrounding the fiducial
fiducial is of very poor quality, use a fine
area sanding paper to polish the fiducial
area.

Table 1: Tips for positioning and fiducial reading

B Matching the fiducial position

The goal of this procedure is:

e to position the location of the laser head in the system directly above one of the
fiducials on the material in order

e to match the location of the red crosshair in CircuitPro PL 3.0 to the fiducial in the
layout.

By performing this procedure before processing starts you save time, since Spiral
search will be avoided.
In the Processing view of the CircuitPro PL 3.0 software:

— ared crosshair (-+-) displays the position of the laser head and

— a black and white circle (¢®) displays a fiducial.

1. Move the Placement dialog off to the left side to get a better overview.
2. Double-click on the processing area.

O The processing table starts moving and the red crosshair is displayed at the point
of your double click.

3. Clickon 4.
O The pilot laser is switched on.

The position of the pilot laser beam on the material represents the position of the
laser head.

4. Use the arrow buttons in the Navigation pane to move the processing table. If
necessary, adjust the Step size for more precise movement control.

Use the tips for positioning described at the beginning of this chapter.

5. Observe the movement of the processing table in the system.

Match the position of the pilot laser beam on the material and on one of the
fiducials on the board.

6. Click on %.

LPKF Laser & Electronics AG | V. 1.0
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O The pilot laser is switched off.

O One of the fiducials is visible in the pane Camera (located in the left bottom corner
of the software user interface):

Navigation| Properties l Camera I

Fig. 1: Fiducial in the Camera view

The laser head in the system is now positioned directly above one of the fiducials on
the material.

By performing the above steps, you have matched the position of the laser head and
one of the fiducials on the material. The same needs to be reflected in the
Processing view of the CircuitPro PL 3.0 software.

O The position of the layout in the Processing view is displayed as follows (this is an
example used for this procedure):

Fig. 2: Inaccurate position of the layout

O The position of the red crosshair now represents not only the position of the
laser head, but also the actual position of the fiducial on the material. The
remaining step is to move the entire layout so that the fiducial (¢®) and the red
crosshair overlap.

7. Move the mouse cursor over the layout.
The mouse cursor turns into the hand symbol - .
8. Drag & drop the layout to match fiducial and red crosshair location.

O
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O When the red crosshair (laser head) and fiducial position match, the Processing
view is displayed as follows:

Fig. 3: Matching laser head and fiducial position in the Processing view

O The location of the red crosshair (laser head) in CircuitPro PL 3.0 has been
matched to the fiducial in the layout.
9. Click on [Continue].

M The fiducial position has been matched and the read fiducial phase is initiated.
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Determining the processing area

As already mentioned, this procedure is an alternative to Matching the fiducial
position described above. The aim of this procedure is to precisely match the board
position and board size to the processing area used by CircuitPro PL software.

1.

n

Oo»>ow

This method is most suitable for working with large designs. This is the case when
producing multi-layer PCBs or stencils.

Move the Placement dialog off to the left side in order to get a better overview.

Double-click on the processing (brownish) area to start moving the processing
table.

Use the arrow buttons in the Navigation pane for movement control.
If necessary, adjust the Step size for more precise control.
Switch to the Camera view.

Move the processing table until the processing head is directly above the left front
corner of the material:

Layout Camera Processing

* ey [y

A Swpsae
(«C») [on0mm
2

A Stepsize
(@) [osomm
X
x| 750 mm
y[ 20mem | [

2| ss0mm

Placement

x| 152983 mm | | 132483 mm

position.

X 001.000 mem
Y 015000 mm

Properties
Materisl width 25 mm

Materiallength | 235 mm

9.
O

10.

O

|

L4 Matching position of crosshair to board edge

Confirm the position by clicking on ,- in the Placement dialog.

Switch to the Processing view and repeat the above procedure for the right rear
corner.

Confirm the position by clicking on -° in the Placement dialog.

Click on [Set center] in the Placement dialog.

The data are now precisely aligned and in the center of the board.

Click on [Continue].

The position of crosshair to board edge has been matched and the reading fiducial
phase is initiated.

The processing area has been determined.

V. 1.0 | LPKF Laser & Electronics AG 15/198



Basics

ProtoLaser U4/S4

16/198

1.2 Fiducial recognition

This chapter contains helpful information on fiducial recognition in the CircuitPro PL
software. This procedure follows the project placement procedures described in the
previous chapter.

B Recognizing fiducials

1. Switch to Camera view.

O The camera moves to the position of the first fiducial and determines its exact
position. The recognized fiducial is selected by a green circle:

Camera Processing

Navigation | Image settings

Step size
1,000 mm

Step size
1,000 mm

277.206 mm
2779 mm

555 mm

Fig. 5: Camera view of arecognized fiducial

O After the first fiducial has been recognized, the camera proceeds to read the other
fiducials.

If the fiducial does not appear in the Camera view, a spiral search is performed to

locate the fiducial and the following message is displayed:

Spiral search active
Spiral search is in progress. To skip to manual search press abort.
=
Abort J
Fig. 6: Message Spiral search active

To determine the size of the spiral search area, click on Processing > Positioning
settings... You can enter the search area size in pixels in the corresponding displayed
dialog.

LPKF Laser & Electronics AG | V. 1.0
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O If the fiducial is not identified inside the spiral search area, a blue circle appears in
the Camera view and the following message is displayed:

Layout Camera Processing
¢ | Navigation | Image settings

Manual fiducial definition Ex

sgat

Mew search Abort

Fig. 7: Manual fiducial definition

2. To move the table position manually, use the arrow buttons in the Navigation pane
until the fiducial is visible in the Camera view.

3. Adjust the Step size for more precise movement, if necessary.

O The fiducial approximately matches the blue circle and is visible in the Camera
view:

Layout Camera Processing

& Howgation | Image settings

SR Sepsice
(«@») [(1000mm

«

»)

SR Sepsie
‘\ § [ 0050 mm

1

«[ 165246 mm
]
ylusmsmm| [

z[ 5650 mm

Manual fiducial definition

Neviewar | [ ]

Fig. 8: Visible fiducial

4. Click on [New search].

O The camera recognizes the fiducial (selected by a green circle) and moves on to
the next one.

O The Read fiducial phase is finished after all fiducials have been read successfully.
V] The fiducials have been recognized.

Sometimes the fiducial quality is too poor for the camera to find.
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B Recognizing fiducials of poor quality

O This is an example of an unidentified fiducial due to poor quality:

Layout Camera Processing

Navigation | Image settings |

SR Sepsie
(«@») [100mm

(¢

)
)

AN Sepsize
(@) e
NV

«[ 259533 mm

Y11 em| [/
<[ 6100 mm

Manual fiducial definition
Please navigate the camera view 10 the fiducial and confirm.

Contam | Hew seaich Abort

Fig. 9: Camera view of a poor quality fiducial

2. Manually move to the exact fiducial position (blue circle exactly matches the
fiducial position).
O The fiducial in the Camera view is displayed as follows:

Layout Camera Processing

Nawgation | Image settings

AR Supsine
(4C ») [ oo10mm
\ )

[ 259603 mm
y[1930mm | [/

2[ 6100mm

Manual fiducial definition

o

Fig. 10: Camera view of the matched position of poor quality fiducial

5. Click on [Confirm].
O The system saves the fiducial position.

M A fiducial of poor quality has been recognized.

18/198 LPKF Laser & Electronics AG | V. 1.0



ProtoLaser U4/S4 Basics

1.3 Multi-layer process

This chapter describes the multi-layer process using the MultiPress S. The process
steps are explained in brief and some useful production tips are given.

For detailed information on the multi-layer process refer to the MultiPress S User
manual.

B Starting the preheating stage

1. Switch on the MultiPress S.
2. Make sure that the profile LPKF Set is displayed in the profile box.

If the LPKF Set profile is not displayed in the profile box, refer to the MultiPress S
User manual, chapter 6.4.1.

3. Inthe main menu, select the entry Start and press the button ENT.
4. Select the entry Preheating and press the button ENT.

O The system will heat up to the preset temperature. The display shows the current
data of the preheating stage.

Assemble the multi-layer stack during the preheating stage (described in the following
two procedures).

|Zl The preheating stage has been started.

B Preparing the materials

Keep the materials at ambient temperature for 24 hours before use.
To avoid skin fat deposit and dust on the materials, work with lint-free gloves.

1. Clean the press molds and press sheets with isopropyl alcohol or acetone. Scrape
off any resin residues from previous cycles.

2. Clean the core materials and laminate materials with isopropy! alcohol or acetone.

3. Heat-treat the core materials and laminate materials before assembly at 120°C for
30 minutes (to reduce moisture content).

Do not heat-treat prepreg materials!

4. Cool the materials for 10 minutes at ambient temperature.

[Vl The materials have been prepared.

After cooling, immediately proceed with assembling the multi-layer stack!
For detailed information on assembling the multi-layer stack refer to the MultiPress S
User manual, chapters 4.2 and 6.6.2.
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B Assembling the multi-layer stack

Observe the following information: Pins in the press mold align the individual layers.
Rings between the bonded layers protect the pinholes and the fiducials from being
covered with prepreg resin.

1. Assemble the press mold and the materials (starting with the lower press mold)
according to the following figure:

Fig. 11:  Assembly of the press mold and the materials

1  Alignment pins 8  Sealing rings (1 or 2 rings)
2 Aluminum press mold (lower part) 9  Core material
3 Textile press cushion 10 Prepreg (1 or 2 sheets)
4 Steel press sheet 11 Top laminate (copper side facing upwards)
5 Bottom laminate (copper side facing 12 Steel press sheet
downwards 13 Textile press cushion
6  Sealing rings (1 or 2 rings) 14

Aluminum press mold (upper part)
7  Prepreg (1 or 2 sheets)

When using one sheet of prepreg, one ring should be used on each pin. When using
two sheets of prepreg, two rings should be used on each pin.

2. Place the press mold containing the materials to be pressed between two blue
press cardboard sheets.

Use original LPKF press cardboard sheets, since press cardboards that are not heat-
resistant can ignite during operation and set the system on fire.

M The multi-layer stack has been assembled.
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B rressing and curing the multi-layer stack

For detailed information on pressing the multi-layer stack refer to the MultiPress S
User manual, chapters 6.6.3 and 6.6.4.

After the preheating, the MultiPress S will prompt you by an acoustic signal and a
display message to insert the multi-layer stack.
1. Press the ENT button and wait for the press jaws to open.

2. Open the sliding door and insert the assembled press mold together with the press
cardboards into the system.

3. Close the sliding door.
4. Press the ENT button to start the pressing process.
O The pressing jaws close. The cooling phase starts automatically.

Prepressing and main pressing combined last 70 minutes. The cooling phase runs
until the temperature drops below 50°C.

O An acoustic signal indicates that the cooling phase has finished. The multi-layer
stack has been pressed.

5. When the message finished appears on the display, open the sliding door and
remove the press mold and the press cardboards from the system.

6. Leave the assembled multi-layer stack in the press mold to rest at ambient
temperature in horizontal position for at least 12 to 18 hours. The resin needs to
be allowed to cure completely.

Alternatively, you can accelerate the curing cycle. Heat the pressed multi-layer stack
in an oven for 50 minutes at 100 °C for the epoxy resin to fully cure. This way the
long curing at ambient temperature can be skipped. After heating, cool the multi-layer
PCB at ambient temperature for 5 minutes before proceeding with production.

7. Carefully remove the multi-layer stack from the press mold.

Use a small flat screwdriver to help removing the multi-layer PCB from the press
mold. Use the screwdriver to lift the multi-layer PCB at the base of pins.

M The Multi-layer PCB has been pressed and cured.

V. 1.0 | LPKF Laser & Electronics AG 21/198



Basics

ProtoLaser U4/S4

22/198

1.4 Design guidelines for the production of a multi-layer PCB
with buried vias and blind vias

This chapter describes basic design guidelines that should be observed when
designing a layout for a multi-layer PCB with buried vias and blind vias for production

with LPKF systems.

1.4.1 Structure of a multi-layer PCB with buried vias and blind vias
This section explains the structure of a multi-layer PCB with buried vias and blind vias.

The figure below shows the following:

e The sequence of the materials used,;

¢ Identification of layers;

o lllustration of different drill hole types;

e The materials used in a specific procedure.

. E Prepreg type 2125
I t ’

Fig. 12: A 4-layer PCB structure with all hole and via types

Top layer

Layer 2

Unplated
hrough-hole

1st plating
Pressing
2nd plating

Layer 3

Bottom layer

The drill layer names indicate which two layers a certain drill hole connects. For
example: The drill layer Top/L2 Blind via connects the Top layer and layer 2.

1.4.2 Required files/layers
The following table indicates the files you require for the design of a 4-layer PCB with
blind vias and buried vias:

Structuring Drilling Other
Top layer DrillPlated (plated through hole) BoardOutline
Layer 2 DrillUnplated (unplated through hole) SolderMask Top
Layer 3 Blind vias (Top-L2) SolderMask Bottom
Bottom layer Buried vias (L2-L3)

Blind vias (Bottom-L3)

Table 2: Required files/layers

LPKF Laser & Electronics AG | V. 1.0
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1.4.3 Through holes and via sizes before plating

When designing the layout of a multi-layer PCB with blind vias and buried vias, it is

important to observe the size range of the drill holes.

The following table specifies the size range for a certain drill hole type:

Type of drill hole

Minimum size

Maximum size

Through hole 200 um /
Buried via 200 um 500 pm
Blind via 250 um 1000 pm

Table 3: Size range according to drill hole type

A multi-layer PCB with drill hole sizes different from these will not function properly.

1.4.4 Annular rings

An annular ring is a copper ring around a plated drill hole and its width is an important
design and manufacturing consideration. If a wide annular ring area is provided in the
design, it ensures that in the manufactured printed circuit board a good electrical
connectivity between pad and hole is retained.

The following figure shows an example of an annular ring:

Fig. 13:  Annular ring

A minimum annular ring is the minimum amount of copper between the edge of the
hole and the edge of the pad after plating of the finished hole. The PCB production
process using LPKF systems complies to the IPC 2221-B standard. According to this
standard the minimum annular ring for Class 3 shall not be less than 150 pm.

External annular ring
An external annular ring is an annular ring on the external layers of a multi-layer PCB.

Internal annular ring

An internal annular ring is an annular ring on the internal layers of a multi-layer PCB. A
through hole should always have an annular ring on every passing layer, regardless of
its electrical connectivity.
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The following figure shows a through hole crossing 4 layers, as well as its internal and
external annular rings:

Fig. 14: A through hole with external and internal annular rings
1 External annular ring 3 External annular ring
2 Internal annular rings 4  Conductive track

Always use a minimum width of at least 100 um for internal annular rings.

1.4.5 Staggered vias

Staggered vias are vias on neighboring layers that are located close to each other, but
do not overlap.

A minimum offset of 150 um between vias on neighboring layers before plating must
be observed during the design of the PCB layout.

The following figure displays staggered vias and the minimum offset between them:

min. 150 ym

Fig. 15:  Staggered vias and minimum offset

LPKF Laser & Electronics AG | V. 1.0
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1.4.6 Stacked vias

Stacked vias are vias on neighboring layers that overlap. The PCB production process
with LPKF systems and software does not support stacking of vias. Use staggered
vias instead.

The following figure displays stacked vias:

X

Fig. 16:  Stacked vias

1.4.7 Inner layers fill

All inner layers should be filled with copper as much as possible. In case of larger
rubout areas, the epoxy content of the prepreg may not be sufficient to fill all gaps.
Consequently, air filled voids between layers can expand during the reflow process
and cause a blister effect on a multi-layer PCB.

The following figure shows an incorrect inner layer fill:

Fig. 17:  Incorrect inner layer fill in the Layout view
1 Via 3 Rub-out (=FR4)

2 Annular ring
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The following figure shows a correct inner layer fill:

Fig. 18:  Correct inner layer fill in the Layout view
1 Rub-out (=FR4) 3 Annular ring (=copper)
2 Via 4  Copper pour

If the inner layers are less than 75 % filled with copper (a rough estimation), two
prepreg sheets must be used.
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2 Producing double-sided PCBs

This chapter describes the production of three different types of double-sided circuit
boards:

1. Producing a double-sided circuit board without through-hole plating.
2. Producing a double-sided circuit board with galvanic through-hole plating.

3. Producing a double-sided circuit board with non-galvanic through-hole plating.

The following LPKF systems are required for the different processes:

Procedure LPKF system
1 ProtoLaser
2 ProtoLaser, ProtoMat S or E, Contac S4
3 ProtoLaser, ProtoMat S or E, ProConduct

Table 4: Required LPKF systems

2.1 How to produce a double-sided PCB without through-hole
plating

This chapter describes how to create a double-sided circuit board without through-hole
plating by using a UV laser system only.

Ensure that the following consumables and auxiliaries are available before performing
the described tasks:

Consumables Auxiliaries System

e Base material FR4 copper- o LPKF Cleaner (orderno. e ProtoLaser U4/S4
clad (18 um) on both sides 115891)

(order no. 115967) e Oil-free compressed air
e Tap water

The following steps are performed in this tutorial:

e Switching on the ProtoLaser

e Importing the data

e Multiplying the layout

e Inserting fiducials

e Computing toolpaths and scan fields automatically
e Processing the PCB

e Cleaning the ProtoLaser

e Cleaning the PCB
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Switching on the ProtoLaser

Press the on/off switch at the system front.

The system is switched on. The PC boots automatically.
Double-click on the desktop icon of CircuitPro PL 3.0.

NOR

LPKF CircuitPro 3.0
Fig. 19:

Desktop icon CircuitPro PL 3.0

O The following message is displayed:

System connection =
Connecting..

Fig. 20:
O

Message System connection
The system software recognizes the connected system automatically, establishes
the connection and the following dialog is displayed:

Signal light check

o Check whether all signal lights are switched on.
Are the red, yellow, and green signal lights lit?

Yes No

Fig. 21:
3.

Dialog Signal light check

If all lamps of the stack light are lit, click on [Yes].
O The following dialog is displayed:

New document
Projects Templates
CircuitPro installed templates

[[PL-US SingleSided Bottom.cp2d
PL-U4 SingleSided_Top.cp2d

PCB with Bottom layer, prepared for ProtoLases U4 |
PCB with Top layer, prepared for Protolaser US
PCE with Top and Bot

ed_NoTHP.cp2d

prepared for ProtoLaser U4 systems wi
jed_EasyContac.cp2d

prepared for ProtoLaser Ui sy

ithout through-hole plating

PC8 with Top and Bottom
C

s.cp2d
+_GalvanicTHP_MultiPresss.cp2d

prepared for ProtoLaser U4 sy
prepared for P X
yers, prepared for Pros
PCB with six predefined layess, prepared for ProtoLa

PCB with eight predefi
PCB with eight predefined
Stencil for ProtoPrint

with galvanic through-hole pl.

< theough-hole

g
Ivanic through- hole plating and MultiPress S
Stencilfor ProtoPrint, short version

Beowse,

ProtolaserS4  [¢] Protolaser U4 [] Supported by ProtoMat

Load template |

Fig.22: Dialog New document
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4. At the bottom of the New Document dialog, activate the check box of the laser
system you are working with (in this example the ProtoLaser U4 is used):

New document

RBeowse. Protolaser St  [v] Protolaser U4 [[] Supported by ProtoMat Load template

Fig.23: Dialog New Document

5. Inthe list displayed, select the template PL-U4 DoubleSided_NoTHP.cp2d.
6. Click on [Load template].

O The following dialog is displayed:

Machine type PLU4

Material settings [ x |
¥
V]
[¥]

Material type FR4_1.55mm_Cul8 (laminated)

Material thickness 1,55 mm

Create new material

0K Cancel

Fig. 24: Dialog Material settings

7. Select the Machine type and the Material type (for this example the material type
FR4_1.55mm_Cul8 (laminated) is used).

8. Enter the Material thickness.
9. Click on [OK].

V] The system has been switched on.

Connecting the system manually

If automatic connection of the system fails, you can connect the system manually
with the system software:
1. Click on Production > Connect with machine...

2. Select your system in the drop-down list.
3. Click on [Connect].

The system requires a warm-up time of approx. 20 minutes for the laser source to
attain a constant diode temperature. The warm-up phase starts automatically with
the processing of the first job.

Alternatively, you can start the warm-up phase manually. In the Processing view,
click on ak You can continue working in the CAM view during the warm-up phase.
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Tips for selecting a template:
P Select the template according to number of layers.

P Select the template according to metallization type.
P Select the template according to type of press.

Selecting the material type

When selecting the Material type you are also selecting the tool library with laser
parameters for a specific material.

Example of the tool library name composition FR4_1.55mm_Cul8 (laminated):
FR4 — material type

1.55mm — material thickness
Cul8 - type and thickness of the conductor (Copper, 18 um)

laminated — indicates how the conductor is bonded to the material and
determines how the laser toolpaths will be calculated.

vVvyVvyywy

B Importing the data

1. Click on File > Import or on 51.
O The following dialog is displayed:

Look in: UseCase_DoubleSidedPCB (W5
D= Name
-~ {[&] Template_DoubleSided_NoTHP_PM-PL_ProtoLaserS.cbf
Recent Places @TempIale_DoubIeSided_NoTHP_PM-PL_ProtoLaserUS.cbf
! | Tutor.BOA
|| Tutor.BOT
Desktop .| Tutor.DRL
| Tutor.TOP

=
Libraries
.
A

Computer

(&! « m

Network

»
File name: "Tutor.BOA" "Tutor.BOT" "Tutor.DRL" "Tutor. v m
Fies of type: (Aufies () -

Fig. 25: Dialog Open

2. Navigate to the folder that contains the data you wish to import. For the example
data that are used for this tutorial refer to the folder:
C:\Users\User name\Documents\LPKF Laser & Electronics\LPKF
CircuitPro PL 3.0\Example Data\UseCase DoubleSidedPCB.

3. Select the files you wish to import (in this example Tutor.BOA, Tutor.BOT,
Tutor.DRL and Tutor.TOP).

4. Click on [Open].
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O The data should automatically be assigned to the correct layers and the following
dialog is displayed:

Import o IEd
Import | File Name Format Aperture/Tool List Layer/Template Size/Format

v Tutor.BOA GerberX | v 80,632 x45,72 mm
vl [TutorBOT GerberX | v 66,42 x 34,003 mm
v Tutor.,TOP GerberX |v 76,403 x 40,526 mm
v |TutorDRL Excellon | v v | 76,543 x42,57 mm

Tutor.DRL )

Prepare Core

Prepare Laminate

BoardOutline

DrillPlated
0 Apertures/Tools | Tet | Messages DnHU:pla' =

SilkScreenTop

3x42,57 mm
SolderPasteTop ¥

Unit Inches ¥
Values | Absolute ~
Decimal | Omitleadingzeros | V]
Digitsman | 1 4
© Reaty
Add File Remove || Run ATE oK Cancel

Fig. 26: Dialog Import and assigned layers

5. Inthe column Layer/Template select the layer DrillPlated.

6. Look at the preview of the layout and check whether the graphics and size (in the
Size/Format column) of the drilling file is correct. If not, you can adjust the settings
in the sub-tab General.

7. Click on [OK].
O The Layout view changes as follows:

Untitled [PL-Ud_DoubleSided_GahanicTHP] - LPKF CircuitPro PL 30 SEl
s Procesung Semee

-
Layout  Camera  Processing
— M F - em T

Xz BINmm ¥z SbEmm

Fig. 27: Imported data in the CAM view

[V] The data have been imported.

Assigning the layers manually

If the data have not been assigned to the correct layers automatically, they can be
assigned manually. In the drop-down list of the Layer/Template column, select which
layer each artwork should be assigned to using the drop-down list.
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B Multiplying the layout (optional)

If desired, you can multiply the layout. In this example, however, multiplies of the

layout are not necessary.

1. Select the entire layout by pressing +(A).

O The whole layout is selected.

2. Right-click on the selected layout.
O The following context menu is displayed:

Invert selection

@, Group

- Moveobject  CtrleM
% Rotate
Mirror horizontal
Mirror vertical
€3 Scale
Step and repeat...
Round

(" Chamfer

Merge
Split

Convert to polygon

Convert to closed path
Convert to toolpath

Convert to flash

Combine to flash

Assign to layer

Copy tolayer
Create aperture...
> Measure

Delete

Fig.28: Context menu Step and repeat

3. Click on Step and repeat...

O The following dialog is displayed:

Step and repeat - =
Repetition x v 1 y 1
Distance x| 80632mm | y| 4572mm
[T] Combine to flash list

Close

Fig.29: Dialog Step and repeat

4. Enter desired repetitions along each axis in the Repetition fields. For this example,
four multiples of the layout have been made. Enter 2 repetitions for the x axis and

2 repetitions for the y axis.

Some space for cutout is needed between copies, so the Distance should be

increased in both x and y direction.

5. Increase the entered values in the Distance fields by 2 mm.
O After entering all the values, the dialog looks like this:

Step and repeat - ﬁ
Repetition x | 2 yj 2
Distance x| 82632mm | y| 4772mm |
[”] Combine to flash list

Close

Fig. 30: Dialog Step and repeat after entering values
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6. Click on [Apply] to multiply the layout.
7. Click on [Close] to close the window.

8. In order to zoom out and get an overview of the multiplied layouts, perform one of
the following steps:

— Scroll the mouse wheel;

— Press the key;

; o)
— Click on ;2.

9. Press or click anywhere on the black background to deselect the highlighted
layout.

O The Layout view looks like this:

Fig. 31: Layout view of the multiplied layout

V] The layout has been multiplied.
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B Inserting fiducials

1. Click on Insert > Fiducial > Fiducial.
2. Click on four positions in the layout to insert the fiducials there.

Best fiducial positions are just beyond the corners of the board.

A total of four fiducials are recommended for best alignment; using three fiducials is a
good way to avoid wrong board orientation. You need at least two fiducials for correct
operation of the process.

3. Press [ESC].

O The function is closed and the Layout view changes as follows:

Fig. 32: Inserted fiducials

IZ[ The fiducials have been inserted.
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B Computing toolpaths and scan fields automatically

1. Inthe Workflow setup pane right-click on the section Toolpaths.
O The following context menu is displayed:

Workflow setup a

Material composition

Layout

Toolpaths

Scan Halds Compute all...
Procesing @ Add laser insulate...

ot TR
L 4 Add contour routing...

Add conversion...

Fig. 33:  Context menu Compute all

2. Click on the context menu item Compute all...

[0 The scan fields and toolpaths are computed automatically with default settings
and the following message is displayed:

Computation Results - o IEd
4 @ Required tools

Laser tools:

1 x LPKF_Contour (184768 mm)
1 xLPKF_PreCut (2755 mm)

1 xLPKF_Hatch (1473157 mm)

1 x LPKF_DivideStrip (50,7 mm )

Laser heating tools:
1 xLPKF_Heat (142651,6 mm )
1 xLPKF_ShortHeat ( 5383,9 mm)

Show more Close

Fig. 34: Message Computation results

3. Check the calculation results for any possible warnings or errors and make
corrections, if needed.

4. Click on [Close].

|Zl The toolpaths and scan fields have been computed.
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B Processing the PCB

1. Measure the thickness of the base material with a caliper gauge.

Clean the material surface with LPKF Cleaner, if a discoloration (oxide layer) is
discernible. Thus, a surface is achieved that always has the same characteristics.

2. Click on Processing > Process all or in the Processing view on
O The following message is displayed:

Laser warm-up phase in progress.. =

09:29 remaining in the current warm-up phase

Skip one warm-up phase

Fig. 35:  Message Laser warm up phase in progress...

O After warm-up the following message is displayed:

Processing phase: Mount material - [a]

0 Mount the base material onto the processing area.

OK Cancel

Fig. 36: Message Processing phase: Mount material

3. Open the cover.

4. Place the base material onto the processing table.

5. In the Processing view, click on .

O The base material is fastened to the processing table by vacuum.

If the base material is bent too much and the vacuum does not allow to fasten it
correctly, fasten it with adhesive tape.

6. Close the cover.
7. Click on [OK].
O The following dialog is displayed:

Material settings = =1
Machine type
Material type
Material thickness 1,55 mm

Changing the material type is not possible during job processing.

Continue Cancel

Fig. 37: Dialog Material settings

8. Enter the measured thickness in the field Material thickness.
9. Click on [Continue].
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O The following dialog is displayed:
Placement - n

Relative translation
x 70,308 mm y: 76,967 mm

Set center

Material settings

Click into the processing area to move the active head to the associated
position.

Use the buttens to set the left front and right rear corner of the material

> X 001,000 mm . X 306,000 mm
Y 015,000 mm Y 250,000 mm
Properties
Material width 305 mm
Material length 235 mm
Continue Cancel

Fig. 38: Dialog Placement

10. Move the Placement dialog off to the left side.
11. Place the processing data.

The production data can be moved using drag & drop or by entering the values in
the fields x and y. Click on [Set center] to place the processing data at the center
of the base material.

For detailed information on project placement refer to chapter 1.1, Project placement.

12. Click on [Continug].
O The structuring is started and the following message is displayed, when finished:

Processing phase: Flip material - [ x|

o Flip the base material over around the machine's symmetry axis.

OK Cancel

Fig. 39: Message Processing phase: Flip material

13. Turn the board over around the symmetry axis of the system.

14. Fasten the material along its edges with adhesive tape.

15. Click on [OK].

0 If the fiducials are not found automatically, the following message is displayed:

Manual fiducial definiton - = HES

Please navigate the camera view to the fiducial and confirm.

Confirm New search Abort

Fig. 40: Message Manual fiducial definition

For detailed information on fiducial recognition refer to chapter 1.2, Fiducial
recognition, Recognizing fiducials.
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O After fiducial recognition is completed, the structuring of the Top side (TopLayer)
is started. When finished, the following message is displayed:

Board production finished. =

0 Board production finished.

OK

Fig. 41: Message Board production finished

[Vl The PCB has been processed.

B Cleaning the ProtoLaser
The processing area has to be cleaned, if heavily soiled.

P Use a vacuum cleaner to remove chips and residues from the processing
area.

B Cleaning the PCB

1. Check for any remaining copper strips on the PCB that should have been removed
by laser.

2. Spray the board with LPKF Cleaner and use a brush to clean it.

3. Rinse the PCB with tap water and dry it with compressed air.

4. If the board is still not free of unwanted copper strips, apply a piece of adhesive
tape that does not leave glue residues on the PCB and pull it off. Any remaining
copper strips should attach to the tape.

|Zl The PCB has been cleaned.

Residual copper strips

If despite all cleaning any copper strips still remain on the PCB, check the material
type and the tool library used.

The PCB production is finished.
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2.2 How to produce a double-sided PCB with galvanic through-
hole plating

This chapter describes how to create a double-sided circuit board using a UV laser
system, a circuit board plotter and a galvanic through-hole plating system.

Ensure that the following consumables and auxiliaries are available before performing
the described tasks:

Consumables Auxiliaries System
e Base material FR4 copper- e 1 set of cutting tools e ProtoLaser U4/S4
clad (18 pm) on both sides (drills/contour routers for e ProtoMatS or E
(order no. 115967) LPKF ProtoMat)
e Contac S4
e LPKF Cleaner (order no.
115891)

e Oil-free compressed air
e Tap water

The following steps are performed in this tutorial:

e Switching on the ProtoMat

e Importing the data in CircuitPro PM 2.3

e Assigning holes to the layer DrillUnplated in CircuitPro PM 2.3
e Multiplying the layout in CircuitPro PM 2.3

¢ Inserting fiducials in CircuitPro PM 2.3

e Saving the file in CircuitPro PM 2.3

e Creating toolpaths in CircuitPro PM 2.3

e Processing a PCB (with ProtoMat)

e Galvanic through-hole plating of the PCB (with Contac S4)

e Preparing the data in CircuitPro PL 3.0

e Structuring the PCB (with ProtoLaser)

e Dirilling unplated through-holes and cutting out the PCB (with ProtoMat)
e Cleaning the PCB

e Cleaning the ProtoMat
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B Switching on ProtoMat

Press the on/off switch.
The system is switched on.
Turn on the PC that is connected to the system.

o~MOrR

LPKF CircuitPro PM 2.3
Fig. 42:  Desktop icon CircuitPro PM 2.3

3. Wait for the system to connect and initialize.
O The following dialog is displayed:

Double-click on the desktop icon of CircuitPro PM 2.3.:

Connection steps

(@ Connecting the machine.

@ Checking the machine, machine type, firmware.

V] Synchronizing the settings.

V] Checking if there was an abnormal termination and fixing it.
V] Referencing the machine.

) Moving to the startup position.

Check if a tool is present in the main clamp and specify the corresponding tool holder.

Fig. 43: Dialog Connection steps

O The following dialog is displayed:

) New document

projects Templates

CircuitPro installed templates

PCB with one predefined layer.
PCB with one predefined layer on top side.
PCB with predefined Top and Bottom layers, prepared for ProConduct process.
PCB with predefined Top and Bottom layers, prepared for galvanic THP proces:

SingleSided_Top.cbf
DoubleSided_ProConduct.cbf
DoubleSided_Galvanic THP.cbf
DoubleSided_EasyContac.cbf
DoubleSided_NoTHP.cbf

4Layer_ProConduct MuttiPress.cbf
4Layer_ProConduct_MultiPressS.cbf
4Layer_ProConduct MultiPressS_DoubleCore.cbf
4Layer_GalvanicTHP_MultiPress.cbf
dLayer_GalvanicTHP_MultiPressS.cbf
6Layer_GalvanicTHP_MultiPress.cbf
6Layer_GalvanicTHP_MultiPressS_SingleCore.cbf
6Layer_GalvanicTHP_MultiPressS.cbf
6Layer_GalvanicTHP_MultiPressS_TripleCore.cbf
8Layer_GalvanicTHP_MultiPress.cbf

PCB with predefined Top and Bottom layers, no TH.
PCB with four predefined layers, prepared for ProConduct process.

PCB with six predefined layers.
PCB with six predefined layers, single core, MultiPress § process.
PCB with six predefined layers, MultiPress $ process.

PCB with six predefined layers, MultiPress S process.

PCB with eight predefined layers.

PCB with predefined Top and Bottom layers, prepared for EasyContac process. |

PCB with four predefined layers, prepared for ProConduct, MultiPress $ process
PCB with four predefined layers, double core, prepared for ProConduct, MultiPy
PCB with four predefined layers, prepared for galvanic THP process.

PCB with four predefined layers, prepared for galvanic THP process with MultiP

RSP ——— P AL R
| Losd custom template..
[0 Set as default | Closespplication |
Fig. 44: Dialog New document

4. Inthe tab Templates select the template: DoubleSided_GalvanicTHP.cbf.

M The system has been switched on.
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B importing the data in CircuitPro PM 2.3

1. Click on File > Import or on .
O The following dialog is displayed:

Lookin: ), UseCase_DoubleSidedPCB

L Name

<% (T TTutor.BOA

Recent Places | Tutor.BOT

- __ Tutor.DRL
__| Tutor. TOP

Desktop

=l

Libraries

Ay

=

Computer

@ <« m

Fie name: “Tutor. BOA” “Tutor.BOT" “Tutor.DRL" “Tutor. +

Files of type: (Aufies () - Cancel

Fig. 45: Dialog Open

2. Navigate to the folder that contains the data you wish to import. For the example

data used for this tutorial refer to the folder:

C:\Users\User name\Documents\LPKF Laser & Electronics\LPKF
CircuitPro PM 2.3\Example Datal\UseCase DoubleSidedPCB.

3. Select the files you wish to import (in this example Tutor.BOA, Tutor.BOT,

Tutor.DRL, and Tutor.TOP).
4. Click on [Open].

O The data should automatically be assigned to the correct layers and the following

dialog is displayed:

Import

Import Fle Name Format  Aperture/Tool List Layer/Templte Sae/Format
v | Tutor.80A Gerberx |~ | Boardape ~| Boardoutine |~ 180,632 x 45,72 mm

Tutor.80T Gerber |~ | BotApe ~ | BottomLayer |~ 166,42 x 34,003 mm

v
v

Tutor. TOP Gerber |+ | TopApe ~ | TopLayer | »176,403 x 40,526 mm

3 e o I 7655 x 57

Excelon B3 Tutor.oRL

Drillunplated

SilkScreenTop
SolderPasteTop
SolderMaskTop

20 View  AperturesfTools  TextView  Messageview

76,543 x 42,57 mm
Inches
Absolute

BottomLayer Omit leading zeros

SolderttaskBottom ol =10
SolderPasteBottom

Bl RuboutBottom

Adjust drill files

¢ Add File.. ] | Remove ] [ Runam.

[ o T

Fig. 46: Dialog Import and assigned layers

5. Assign the drill holes to the layers DrillPlated or DrillUnplated, depending whether
the holes are to be plated or not. In this example the DrillPlated option is used.

If there are no separate files for plated and unplated drills, they can be manually
reassigned to the proper layer later (see following procedure on the assigning of

holes).
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6. Look at the preview and check whether the graphics and size (in the Size/Format
column) of the drilling file are correct. If not, the settings can be adjusted in the
sub-tab General.

7. Click on [OK].

O The CAM view changes as follows:

e Gn bt Toopun ity New e e Macwong Gan o
PElf iD0aa N
oo ABDZ- G- HUEE

- =

y x |2t

NEEOSS® AX00NA94

Fegy

Fig. 47: Imported data in the CAM view

[Vl The data have been imported in CircuitPro PM 2.3.

Assigning the layers manually

If the data have not been assigned to the correct layers automatically, they can be
assigned manually. In the drop-down list of the Layer/Template column, select
which artwork should be assigned to which layer respectively.
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B Assigning holes to the layer DrillUnplated in CircuitPro PM 2.3

The holes that do not have a “copper ring” (i.e. are not directly surrounded by copper),
as well as the holes that should not be galvanically plated, must be assigned to the
DrillUnplated layer.

1. Click on all holes that are to be assigned to the DrillUnplated layer while pressing
the key.
O The holes are highlighted in gray:

l
[
I
I
I
I
I

—
* -
]
¥ H
T
.5- 1
®1
.

Fig. 48: CAM view after selecting holes

O Right-click on the layout and under Assign objects to layer select DrillUnplated:

Assign cbjects t layer
Copy objects to layer

Delete

Fiducial
DrillPlated
DrilUnplated
SilkScreenTop
SolduPasteTop
SolderhaskTop
Toplayer
TextTep
RuboutTop

PocketTop
BoardOutine

PocketBottom
RubeutBottem
TedBettom
Bottomlayer
SoldeMaskBottom
SolderPastefottom
SikScreenBottom

Fig. 49: Context menu Assign objects to DrillUnplated layer

O An additional layer is created automatically.

[Vl The holes have been assigned to the layer DrillUnplated in CircuitPro PM 2.3.
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B Multiplying the layout in CircuitPro PM 2.3
Select the entire layout by pressing +(A).
The layout is highlighted.

Right-click on the highlighted layout.

The following context menu is displayed:

o~MOrR

Display in 2D
Hide in 20

Disgplay in 3D

LJLJLJdLdLdLduLdLd

Fig. 50: Context menu Step & Repeat

3. Select Step & Repeat.
0 The following dialog is displayed:

Step & Repeat

Repetition X 1 =l Y

Distance X 80,632 mm &y 4572mm
[ Combine to flash, list:

Apply Close

Fig. 51: Dialog Step & Repeat

4. Enter the desired repetitions along each axis in the Repetition fields. In this
example the layer is multiplied by 4 exemplars. Enter 2 repetitions for the x axis
and 2 repetitions for the y axis.

Some space for cutout is needed between copies, so the distance should be
increased in both x and y direction.
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5. Increase the values in the Distance fields by 5 mm, if you are using a standard
2 mm contour routing tool.

O After entering all the values, the Step & Repeat dialog looks like this:

‘ Step & Repeat

Repetition X 2 =y 2
Distance X 85632mm =y 50,72mm

[ Combine to flash, list:

Apply Close

Fig. 52: Dialog Step & Repeat after entering values

6. Click on [Apply].
7. Click on [Close].

8. In order to zoom out and get an overview of the multiplied projects, perform one of
the following steps:

— Scroll the mouse wheel;

— Press the key;

— Clickon ;3.

O The CAM view looks like this:

Fig.53: CAM view of the multiplied layout

VI The layout has been multiplied in CircuitPro PM 2.3.
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B Inserting fiducials in CircuitPro PM 2.3

1. Click on Insert > Fiducial > Fiducial or on €3 and Fiducial.
O The following dialog is displayed:

Create fiducial
Layer: Fiducial -
@® Absolute O Relative to anchor point

Center: X: Omm > Y. 0mm e [L5Smn

Apply “

Fig. 54: Dialog Create fiducial

2. Click on the desired position in the layout to insert the fiducials there.

The best fiducial positions are just beyond the corners of the board.

A total of four fiducials are recommended for best alignment; using three fiducials is a
good way to avoid wrong board orientation. At least two fiducials are required for
correct operation of the process.

3. Click on [Close] or press [Esc].
O The CAM view looks like this:

Fig. 55: CAM view after inserting fiducials

|Zl The fiducials have been inserted in CircuitPro PM 2.3.
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B Saving the file in CircuitPro PM 2.3

Click on File > Save As....

Select a suitable folder, name the file with the suffix _PL and click on [Save].
Click on File > Save As....

Select a suitable folder, name the file with the suffix _PM and click on [Save].
Continue working with the file with the suffix _PM.

The file with the suffix _PL will be used in CircuitPro PL 3.0 for structuring the PCB

with the ProtoLaser.
The file with the suffix _PM will be used in CircuitPro PM 2.3 for drilling and cutting

with the ProtoMat.

o~ wbdh e

|Zl The file has been saved in CircuitPro PM 2.3.
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B Creating toolpaths in CircuitPro PM 2.3

1. Click on Toolpath > Technology Dialog or on §{;.

O The following dialog is displayed:

Technology Dialog

Global process settings
Material type  FR4 - Copper thickness 18 pm &

Insulate

Insulation Method

Basic

[ RF application

Description

Insulation with a single insulation channel,
Shortest processing time.

Contour Routing Method

| Comergap

Description

Contour Routing with one gap in each comer,

Process
| Show Details

Convert to Toolpath

3 Drilis | Show Details.

Fiducials | Show Details

Pockets | Show Details

Fig.56: Dialog Technology

2. Deactivate the check box Process in the Insulate group, as this step is be

completed in CircuitPro PL 3.0.

3. Select Edge gaps in the Contour Routing group using the arrow buttons. This is
usually the preferred method of contour routing.

4. Deactivate the check box Pockets in the Convert to Toolpath group, since there

are no “pockets” in this project.
5. Click on [Start].

O The software creates all toolpaths and identifies all required tools. A report of the

required tools is displayed:

Computation Results x

&9 Required Tools
Drilling Tools:
1 x Spiral Drill 2 mm( 32 strokes )
1 x Spiral Drill 0,4 mm( 212 strokes )
1 x Spiral Drill 0,6 mm( 4 strokes )
1 x Spiral Drill 1 mm( 24 strokes )
1 x Spiral Drill 1,5 mm( 4 strokes )

Contour Router:
1 x Contour Router 2 mm ( 1145,6 mm)

Conical Tools:
1 x Universal Cutter 0,2 mm ( 256,0 mm)

L Show more

L Save... j

L Print... i

v |

Fig. 57: Message Computation Results

6. Check the computation results for any possible warnings or errors and make

corrections, if needed.

V. 1.0 | LPKF Laser & Electronics AG
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7.
8.

Click on [Close].
Click on File > Save or on [ to save changes in the file with the suffix _PM.

M The toolpaths have been created in CircuitPro PM 2.3.

For detailed information on contour routing types and settings refer to the CircuitPro
PM 2.3 Compendium, chapter 5.4.3.

B Processing a PCB (with ProtoMat)

Milling phases will be skipped, as this will be done by ProtoLaser.

o 0 >0

Load the tool magazine and assign the tools to positions.
Click on Machining > Process all or on [J».

Perform the following phases:

— MountMaterial

— MaterialSettings

— Placement

The phases DrillFiducial, MarkingDrills and DrillingPlated are performed.
Remove the PCB from the system.
Rinse the PCB with tap water and dry it using compressed air.

In the message Processing Phase: DismountMaterial click on [OK] and proceed
with galvanic plating.

[V] The PCB has been processed.

For detailed information on the ProtoMat phases refer to the CircuitPro PM 2.1 How-to
guides, Part |, chapters 1.8 and 1.9.
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B Galvanic through-hole plating of the PCB (with Contac S4)

Switch on the system.

Select a profile.

Start the process.

Prepare the PCB for through-hole plating.
Clean the PCB.

Condition the PCB.

Activate the PCB.

Swipe the activator from the PCB.

. Copper-plate the PCB.

10. Switch off the system.

© ©No ok~ wDdNPRE

|Zl The through-holes have been galvanically plated.

For detailed information on the galvanic through-hole plating refer to the chapter 6.3 of
the Contac S4 user manual.

Tips for more efficient galvanic through-hole plating

» Remove the soot around the laser drilled holes using a cloth and isopropyl
alcohol.

In case of oxidation, clean it using a soft brush and LPKF Cleaner.
Use compressed air to remove drilling debris from the holes.

Use compressed air to remove the water from the holes before activation in
tank 3.

Turn the board over at half of plating time in order to achieve equal copper
deposition on both sides.

vV VvVVvVYy
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B Preparing the data in CircuitPro PL 3.0
° For detailed information on preparing the data with CircuitPro PL 3.0 refer to
' chapter 2.1.
1. Atthe bottom of the Templates tab of the New document dialog, activate the

Hw

© N o »

O e

check box Supported by ProtoMat and activate the check box of the laser system
you are working with (in this example the ProtoLaser U4 is used).

Select the template PL-U4_PM_DoubleSided GalvanicTHP.cp2d.
Click on [Load template].

Select the Machine type and the Material type (in this example the material type
FR4_1.55mm_Cu35 (laminated) is used).

Enter the Material thickness.
Click on [OK].
Click on File > Import old version.

Navigate to the folder that contains the file with the suffix _PL you previously
generated with CircuitPro PM 2.3.

Select the *_PL file and click on [Open].
Your layout is displayed in the Layout view:

Fig.
10.

11.

12.
13.

58: Layout view of the imported layout
In the Workflow setup pane, right-click on the section Toolpaths and click on the
context menu item Compute all...

Check the computation results for any possible warnings or errors and make
corrections, if needed.

Click on [Close].
Save your project by clicking on File > Save As or on [}.

[V] The data have been prepared in CircuitPro PL 3.0.
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. Usual copper thicknesses and tool libraries

If the board was galvanically plated, the additional copper thickness must be
considered when choosing a tool library. Choose the tool library according to the final
copper thickness.

Examples of usual copper thicknesses and tool libraries:

Original copper Added galvanic Combined copper |Tool Library
thickness on FR4 |deposition of thickness
copper
5 um 12 um 17 pm FR4_1.55mm_Cul8
5 um 25 ym 30 um FR4_1.55mm_Cu35
18 pm 12 pm 30 um FR4_1.55mm_Cu35
Table 5:  Usual copper thicknesses and tool libraries

B Structuring the PCB (with ProtoLaser)

For detailed information on structuring the PCB with the ProtoLaser refer to
chapter 2.1.

1. Measure the thickness of the board with a caliper gauge.
2. Click on Processing > Process all or in the Processing view on
O After warm-up the following message is displayed:

Processing phase: Process drillingonaPr.. = [ x |
0 Process drilling on 2 ProtoMat

0K Cancel

Fig. 59:

3. Click on [OK].
0 The following message is displayed:

Message Processing phase: Process drilling

Processing phase: Galvanic through-hole .. - [}

0 Carry out the galvanic through-hole plating process

OK Cancel

Fig. 60:

4. Click on [OK].
O The following message is displayed:

Message Processing phase: Galvanic through-hole plating

Processing phase: Mount material bottom - [

area

OK

0 Mount material with the bottom side facing upwards onto the processing

Cancel

Fig. 61:

V. 1.0 | LPKF Laser & Electronics AG
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10.

Place the board with the Bottom side (BottomLayer) facing upwards onto the
processing table.

In the Processing view, click on &,

Click on [OK].

In the Material settings dialog, enter the Material thickness and click on [Continue].
Move the Placement dialog off to the left side.

Place the processing data. The location of the layout must match the location of
the PCB and fiducials on the processing table.

For detailed information on project placement according to fiducial positions refer to
chapter 1.1, Project placement, Matching the fiducial position.

11.

O

After project placement is complete click on [Continue].
The laser system reads the fiducials.

For detailed information on fiducial recognition refer to chapter 1.2, Fiducial
recognition, Recognizing fiducials.

O

12.

13.

14.

O

15.

When fiducial recognition is completed, the structuring of the Bottom side
(BottomLayer) is started.

When the message Processing Phase: Flip material appears, turn the PCB over
around the symmetry axis of the system and click on [OK].

Place the processing data matching the location of the PCB and fiducials on the
processing table.

When project placement is complete, click on [Continue].

The laser system reads the fiducials on the Top side (TopLayer) and structuring is
started.

After structuring of the Top side is finished, dismount the PCB.

|Zl The PCB has been structured.
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B Drilling unplated through-holes and cutting out the PCB (with ProtoMat)

1. In CircuitPro PM 2.3 click on File > Open or on gg.
O The following dialog is displayed:

Look in: UseCase_DoubleSidedPCB

Name

<

@ DoubleSided_galvanic_THP_PL.cbf

Recent Places (/5 CubleSided_galvanic_THP_PM.cbf

Desktop

Libraries

Computer
pe Y
@

File name DoubleSided_galvanic_THP_PM.cbf

m

Flesoftype:  [CBF document ("cbf)
Fig. 62: Dialog Open

2. Navigate to the folder that contains the file with the suffix _PM you previously
generated with CircuitPro PM 2.3.
3. Select the *_PM file and click on [Open].

O Your project is displayed in the CAM view:

T —————

rm————

Fig. 63: CAM view of the opened project
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4. Place the board onto the system’s processing table with the Top side (TopLayer)
facing up and fasten it using adhesive tape.

5. Change to the Machining view.
O Your project is displayed in Machining view:

Fig. 64: Machining view of the opened project

6. In the pane Processing, select ReadFiducialsTop in the drop-down list:

[Pocessng & x|
XY Esitioning
A P~ F (46 [0
‘S‘ ‘!‘ : 0000 :: |[q‘ Mouse cursor ‘

‘ : B T —

Depth limiter
‘ v 0,1 mm B Z: 0,000 mm :
L mounted

0,000

&Ieihead e Head actions
B ® 3 = " |

Operate -~ Tool information

\ =TS " . .

‘ ‘L Hﬁi‘ ‘ No tool information
ReadFiducialsTop E

" FlipMaterial -

MillingTextTop
MillingTop
MillingPocketTop
DrillingUnplated El
ContourRouting
BoardProductionFinish ~

3Layas|@ﬁeometry|‘f'Toobath |%ng ‘

Fig. 65: Drop-down list of the processing phases
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O The Machining view displays the drilling and contour-routing data:

Fig. 66:  Machining view of drilling and contour-routing data
7. Click on |57.
O The ReadFiducialsTop phase is performed.

For detailed information on fiducial recognition refer to CircuitPro 2.1 How-to guides,
Part I, chapter 1.9.

O The phases DrillingUnplated and ContourRouting are performed.

V] The unplated through-holes have been drilled and the PCB has been cut out.

B Cleaning the PCB

1. Remove the PCB from the system.

2. Spray the PCB with LPKF Cleaner and use a brush to clean the PCB, rinse with
tap water and dry it with compressed air.

3. Break or cut the breakout tabs.

V] The process has been completed.

The PCB production is finished.

B Cleaning the ProtoMat
The processing area has to be cleaned if heavily soiled.

» Use a vacuum cleaner to remove chips and residues from the processing
area.
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2.3 How to produce a double-sided PCB with non-galvanic
through-hole plating

This chapter describes how to create a double-sided circuit board with the use of a UV
laser system, circuit board plotter and non-galvanic through-hole plating system.

Ensure that the following consumables and auxiliaries are available before performing
the described tasks:

Consumables Auxiliaries System
e Base material FR4 copper- e 1 set of cutting tools e ProtoLaser U4/S4
clad (18 pm) on both sides (drills/contour routers for e ProtoMatS or E
(order no. 115967) LPKF ProtoMat)
e ProConduct
e LPKF Cleaner (order no.
115891)
e Hot air oven (order no.
115877)

e Oil-free compressed air
e Tap water

The following steps are performed in this tutorial:

e Preparing the data in CircuitPro PM 2.3

e Dirilling fiducials (with ProtoMat)

e Preparing the data in CircuitPro PL 3.0

e Structuring the PCB (with ProtoLaser)

e Dirilling unplated through-holes and cutting out the PCB (with ProtoMat)
e Dirilling plated through-holes (with ProtoMat)

e Plating the through-holes (with ProConduct)
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B Preparing the data in CircuitPro PM 2.3

For detailed information on preparing the data in CircuitPro PM 2.3 refer to
chapter 2.2.

1. Inthe Templates tab of the New document dialog, select the template:
ProtoLaser — ProtoMat — DoubleSided - ProConduct.cbf.

2. Click on File > Import or on 8.

3. Navigate to the folder that contains the data you wish to import. For the example
data used for this tutorial refer to the folder:
C:\Users\User name\Documents\LPKF Laser & Electronics\LPKF
CircuitPro PM 2.3\Example Data\UseCase DoubleSidedPCB.

Select the files you wish to import (in this example Tutor.BOA, Tutor.BOT,
Tutor.DRL and Tutor.TOP).

Click on [Open].

The data are automatically assigned to the corresponding layers.
Correct the layer assignments, if necessary.

Click on [OK].

You can make multiples of the layout, if desired.

Add fiducials to the layout.

10. Save two copies of the file. Name one file with the suffix _PL and the other one
with the suffix _PM.

11. Continue working on the file with the suffix _PM.
12. Click on Toolpath > Technology Dialog or on §{;.
13. Click on [Start].

O The computation results are displayed in a dialog.
14. Click on [Close].

15. Save the changes in the *_PM file.

[V] The data have been prepared in CircuitPro PM 2.3.

P

© © NoOgu

Drilling fiducials (with ProtoMat)

Click on Machining > Process all or on .
Perform the following phases:

— MountMaterial

— MaterialSettings

— Placement

H
1. Load the tool magazine and assign the tools to positions.
2.
3.

O The DrillFiducial phase is performed.
4. When the message Processing Phase: FlipMaterial is displayed, remove the PCB
from the system and click on [Cancel] to temporarily stop the process.

|Zl The fiducials have been drilled.

For detailed information on ProtoMat phases refer to the CircuitPro 2.1 How-to guides,
Part |, chapters 1.8 and 1.9.
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B Preparing the data in CircuitPro PL 3.0

For detailed information on preparing the data in CircuitPro PL 3.0 refer to
chapter 2.1.

1. Inthe Templates tab of the New document dialog, select the template PL-
U4 PM_DoubleSided_ProConduct.cp2d.

2. Click on [Load template].

3. Inthe Material settings dialog, select the Machine type, Material type and enter the
Material thickness. In this example the material type FR4_1.55mm_Cul8
(laminated) is used.

Click on [OK].

Click on File > Import old version.

Select the *_PL file you previously generated with CircuitPro PM 2.3.

Click on [Open].

In the Workflow setup pane, right-click on the section Toolpaths and click on the
context menu item Compute all...

9. Check the computation results for any possible warnings or errors and make
corrections, if needed.

10. Click on [Close].
11. Save your project.

|Zl The data have been prepared in CircuitPro PL 3.0.

© N o g s

[ | Structuring the PCB (with ProtoLaser)

For detailed information on structuring the PCB with ProtoLaser refer to chapter 2.1.

1. Measure the thickness of the board with a caliper gauge.
Click on Processing > Process all or in the Processing view on

3. When the message Processing phase: Process drilling on a ProtoMat is displayed,
click on [OK].

4. When the message Processing Phase: Mount material bottom is displayed, place
the board with the Bottom side (BottomLayer) facing upwards onto the
processing table and click on [OK].

5. In the Material settings dialog, enter the Material thickness and click on [Continue].

6. Place the processing data matching the location of the PCB and fiducials on the
processing table.

For detailed information on project placement according to fiducial positions refer to
chapter 1.1, Project placement, Matching the fiducial position.

7. When project placement is complete, click on [Continue].

O The laser system reads the fiducials.

For detailed information on fiducial recognition refer to chapter 1.2, Fiducial
recognition, Recognizing fiducials.

O The Bottom side is being structured.

8. When the message Processing Phase: Flip material is displayed, turn the board
over around the symmetry axis of the system and click on [OK].

9. Place the processing data matching the location of the PCB and fiducials on the
processing table.

10. When project placement is complete, click on [Continue].
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O

The laser system reads the fiducials on the Top side (TopLayer) and starts
structuring.

11. After structuring of the top side is finished, dismount the board.
[V The PCB has been structured.

B Drilling unplated through-holes and cutting out the PCB (with ProtoMat)

For detailed information on drilling unplated through-holes and cutting out the board
with ProtoMat refer to chapter 2.2.

1.
2.

»

6.

Open the *_PM file you previously generated with CircuitPro PM 2.3.

Place the board onto the system’s processing table with the Top side (TopLayer)
facing upwards and fasten it using adhesive tape.

Switch to the pane Processing.
Select ReadFiducialsTop from the drop-down list and click on 7.

The phases ReadFiducialsTop, MarkingDrills, DrillingUnplated and
ContourRouting are performed.

When the message Processing Phase: DismountMaterial is displayed, remove the
PCB from the system and click on [OK].

Rinse the PCB with tap water and dry it using compressed air.

M The unplated through-holes have been drilled and the board has been cut out.

The PCBs must remain attached to the original material. Do not break or cut the
breakout tabs yet.

O

Drilling plated through-holes (with ProtoMat)
When the message Processing Phase: ApplyProtectionFilm is displayed, apply the
protective film onto both sides of the board and click on [OK].

When the message Processing Phase: MountMaterialTop is displayed, place the
board with the Top side (TopLayer) facing upwards onto the system’s
processing table and click on [OK].

Perform the Placement_6 phase.
The phases ReadFiducialsTop_1 and DrillingPlated are performed.

When the message Processing Phase: DismountMaterial_1 is displayed, remove
the board from the system and check it for burrs and blockages.

Check whether the fiducials are covered by the film and expose them if necessary.

V] The plated through-holes have been drilled.
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B Plating the through-holes (with ProConduct)

Place the mat onto the vacuum table (ProtoMat mounted or standalone).

Place the board onto the mat.

Apply the ProConduct Paste along the edge of the PCB.

Spread the paste on the whole surface of the PCB (do not spread over fiducials).

Turn on the extraction system on the highest setting and wait for at least 30
seconds.

Spread the paste remaining on the PCB surface with the vacuum turned on.

Switch off the extraction system.

Turn the board over and repeat the steps 5-10 on the other side.

Slowly peel off the film at an angle of 90° from both sides of the board.

10. Place the board horizontally into the convection oven for 30 minutes (160 °C /
320 °F).

11. Remove the board and let it cool down to ambient temperature.

12. Spray the board with LPKF Cleaner and use a brush to clean the PCB.

13. Rinse the board with tap water and dry it with compressed air.

14. Cut out or break out the board from the board.

o~ wbdh e
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M The through-holes have been plated.

For detailed information on non-galvanic through-hole plating refer to the chapter 3 of
the ProConduct process description.

The PCB production is finished.
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3  Producing multi-layer PCBs

This chapter describes the production of multi-layer circuit boards. Four different
processes are applied:

1. Producing a multi-layer circuit board with galvanic through-hole plating by
using a UV laser system only.

2. Producing a multi-layer circuit board with galvanic through-hole plating.
3. Producing a multi-layer circuit board with non-galvanic through-hole plating.
4. Producing a multi-layer circuit board with blind vias and buried vias.

The following LPKF systems are required for the different processes:

Process LPKF system
1 ProtoLaser, MultiPress, Contac S4
2 ProtoLaser, MultiPress, ProtoMat S or E, Contac S4
3 ProtoLaser, MultiPress, ProtoMat S or E, ProConduct
4 ProtoLaser, MultiPress, ProtoMat S or E, Contac S4

Table 6: Required LPKF systems

3.1 How to produce a multi-layer PCB with galvanic through-
hole plating by using a UV laser system only

This chapter describes how to create a 4-layer circuit board using a UV laser system,
a multi-layer press and a galvanic through-hole plating system.

Ensure that the following consumables and auxiliaries are available before performing
the described tasks:

Consumables Auxiliaries System

e Base plate FR4 18/18 um, e LPKF Cleaner (orderno. e ProtoLaser U4/S4
305 (k) mm x 229 mm x 1 115891) e MultiPress S
mm (order no. 119574)  Isopropyl alcohol e Contac S4

e Thin Laminate 104 MLO/S 4  Qjl-free compressed air
pm, 305 (k) x 229 x 0.2
mm with protection foil
(order no. 119571)

e Prepreg Type 2125, 275
mm (k) x 200 mm x 0.1
mm (order no. 119572)

Tap water

The following steps are performed in this tutorial:

e Preparing the data in CircuitPro PL 3.0

e Structuring the core (with ProtoLaser)

e Preparing the laminate materials (with ProtoLaser)

e Assembling and pressing the multi-layer stack (with the MultiPress S)
e Drilling plated through-holes into the multi-layer PCB (with ProtoLaser)
e Galvanic through-hole plating of the multi-layer PCB (with Contac S4)
e Structuring the outer layers of the multi-layer PCB (with ProtoLaser)
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B Preparing the data in CircuitPro PL 3.0

For detailed information on preparing data with CircuitPro PL 3.0 refer to chapter 2.1.

In the Templates tab of the New document dialog, select the template
PL-U4_4lLayer GalvanicTHP_MultiPressS.cp2d.

Click on [Load template].

In the Material settings dialog, select the Machine type, Material type and enter the
Material thickness. For this procedure the material type FR4_1.00mm_Cul8
(laminated) was used.

A multi-layer PCB consists of different materials. For each material used during
production, a corresponding Material type has to be selected.

4,
5.
6.

Click on [OK].
Click on File > Import or on L1.

Navigate to the folder that contains the data you wish to import. The example data
used for this tutorial are located in the folder:

C:\Users\User name\Documents\LPKF Laser & Electronics\LPKF
CircuitPro PL 3.0\Example Datal\UseCase Multilayer

Select the files you wish to import. In this example:

Tutor_MultiLayer_4 Lagen.BOA, Tutor_MultiLayer_4 Lagen.BOT,
Tutor_MultiLayer_4 Lagen.DRL, Tutor_MultiLayer_4 Lagen.LY2,
Tutor_MultiLayer_4 Lagen.LY3 and Tutor_MultiLayer_4 Lagen.TOP.

Click on [Open].

The data should automatically be assigned to the correct layers and the following
dialog is displayed:

V. 1.0 | LPKF Laser & Electronics AG

Import o Il |

o Format Aperture/Tool List Layer/Template Size/Format
v agenBOA | Gerberx [v 40,205x 75,13 mm
v 2genBOT | Gerber | v 37,643 x67,958 mm
v agenlV2 GerberX | v 3843x73,381 mm
vl | Tutor MutiLayer 4 Lagentv3 GerberX | v 384373381 mm
vl |Tutor MuttiLayer 4 LagenTOP | Gerber | v 36,467 x 70,166 mm
v Tutor_MultiLayer 4_Lagen.DRL Excellon | v [Orilipiated] v {31,775 x 65,608 mm

General 1l

Size 31,775 x65,608 mm

Unit Millimeters ~

Omit leading ]

© Resty

Add File Remove || Run ATE oK Cancel

Fig. 67: Dialog Import and assigned layers

Multi-layer templates already include fiducials, pin holes, working area frames etc.,
which are needed for precise layer assembly in the press mold.

9. Inthe column Layer/Template select the layer DrillPlated from the drop-down list.
10. Click on [OK].
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O The Layout view changes as follows:

Fig. 68: Layout view of the imported data

11. If desired, multiply the layout. In this example the layout is not multiplied.
12. Select the entire layout.

0 The layout is highlighted and changes its color.

13. Right-click on the highlighted layout.

O The following context menu is displayed:

Invert selection

. Moveobject  CtrleM
; Rotate
Mirror horizontal
Mirror vertical
3 Scale
Step and repeat.
Round
Chamfer
Merge
Split

A Convertto polygon

E] Convertto closed path

Convert to toolpath

Convert to flash

Combine to flash

Assign to layer

Copy to layer
Create aperture.
3 Measure

Delete

Fig. 69: Context menu Move object

66/198 LPKF Laser & Electronics AG | V. 1.0



ProtoLaser U4/S4 Producing multi-layer PCBs

14. Select Move object or click on k..

O A copy of the layout (in orange color) and the corresponding enter fields for
specifying the reference point are displayed:

Fig. 70:  Copy of the layout

15. Click on a point in the original layout to specify the reference point.
O The Layout view changes as follows:

=
0

Fig. 71:  Layout after specifying the reference point
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O Move the copied layout with the mouse to the desired position:

Fig. 72:  Desired position of the copied layout

16. When you reach the desired position, left-click to specify the target point.

17. In the Layout view click anywhere on the black area or press in order to
disable the Move object function.

O The layout has been moved to the desired location:

Fig. 73:  Layout moved to the desired location

18. In the Workflow setup pane, right-click on the group Toolpaths.
19. Click on the displayed context menu item Compute all...

20. Check the Computation Results for any possible warnings or errors and make
corrections, if needed.
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. Click on [Close].
. Save the file with the suffix _PL.

The data have been prepared in CircuitPro PL 3.0.

Structuring the core (with ProtoLaser)

Measure the thickness of the core with a caliper gauge.
Click on Processing > Process all or in the Processing view on
After warm-up, the following message is displayed:

Processing phase: Mount core - ==

0 Mount core material onto the machines processing area

0K Cancel

Fig. 74: Message Processing phase: Mount core

3.

N o o s

Oe e«

Place the core in the center of the processing table.

Click on [OK].

In the Material settings dialog, enter the Material thickness.
Click on [Continue].

Place the processing data matching the board position and size to the processing
area used by the CircuitPro PL software.

For detailed information on project placement according to board position and size
refer to chapter 1.1, Project Placement, Determining the processing area.

When project placement is complete, click on [Set center].
The layout data are now precisely aligned and in the center of the core.
Click on [Continue].

The laser system drills the fiducials into the core, the Bottom side of the core
(Layer3) is being prepared (positioning holes and pin holes are being drilled) and
the Bottom side of the core (Layer3) is being structured.

. When the message Processing phase: Flip material is displayed, turn the core

over around the symmetry axis of the system (the Top side of the core is facing
upwards).

Two 3 mm positioning holes help you with the correct orientation of the core. When
the Top side of the core is facing upwards, the positioning holes should be located

in the right front corner of the core.
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O The following figure displays the positioning holes:

Fig. 75:  Positioning holes in the right front corner of the core

11. Click on [OK].

12. Place the processing data matching the location of the core and fiducials on the
processing table.

For detailed information on project placement according to fiducial positions refer to
chapter 1.1, Project placement, Matching the fiducial position.

13. When project placement is complete, click on [Continue].
O The laser system reads the fiducials on the Top side of the core (Layer2).

For detailed information on fiducial recognition refer to chapter 1.2, Fiducial
recognition, Recognizing fiducials.

O The Top side of the core (Layer2) is being structured. When finished, the following
message is displayed:

Processing phase: Dismount material -

o Dismount material from the machine

Cancel

Fig. 76: Message Processing phase: Dismount material

14. Click on [Cancel] to temporarily stop the process.

15. Dismount the core from the system.

16. Spray the PCB with LPKF Cleaner and use a brush to clean it.
17. Rinse the PCB with tap water and dry it with compressed air.

|Z| The core has been structured.
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4.
5.
6.
O

Preparing the laminate materials (with ProtoLaser)

Measure the thickness of the laminate with a caliper gauge.
Click on Processing > Material Settings or on
The Material settings dialog is displayed.

Select the Machine type, Material type and enter the Material thickness (in this
example the material type ML104_0.20mm_Cu05 (laminated) is used).

Click on [OK].

Switch to the Processing view.

In the Workflow setup pane expand the group Processing.
A list of processing phases is displayed:

“

Workflow setup 2

Workflow setup | Layers

Material composition
Layout
Toolpath
Scan fields
Processing
Settings (Standard)
Prepare Core (Standard)
Layer 3 (Standard)
Layer 2 (Standard)
Prepare Laminate Bottom (Standard)
Prepare Laminate Top (Standard)
Press All Layers (Standard)
Galvanic THP (Standard)
Bottom Side (Standard)
Top Side (Standard)

Fig. 77:  Group Processing and list of processing phases

7.

Right-click on Prepare Laminate Bottom (Standard).
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O

The following context menu is displayed:

“

Workflow setup a

Workflow setup | Layers

Material composition
Layout
Toolpath
Scan fields
Processing
Settings (Standard)
Prepare Core (Standard)
Layer 3 (Standard)
Layer 2 (Standard)
Prepare Laminate Bottom (Standard)
Prepare Laminate Top Compute toolpaths
Press All Layers (Stand
Galvanic THP (Standar Lompute scan fields
Bottom Side (Standard Add scan field
Top Side (Standard) Hide scan fields

Process

Process from here

Set phase ID »
Set mirrored >
Change sorting >

Add work package

m

B epot. Ctrl+E

Rename

Delete

Fig. 78:

8.
O

Context menu Processing

Select Process from here.
The following message is displayed:

Processing phase: Mount laminate =

o Mount laminate onto the machine's processing area

OK Cancel

Fig. 79:

9.

10.
11.
12.
13.

14.

O

15.

O

16.

17.

72/198

Message Processing phase: Mount laminate

Place the laminate with the copper side facing upwards on the center of the
processing table.

The laminate is very thin and for this reason it is usually bent. Click on £ and fasten
the laminate along its edges with adhesive tape.

Click on [OK].
In the Material settings dialog, enter the Material thickness.
Click on [Continue].

Place the processing data matching the board position and size to the processing
area used by the CircuitPro PL software.

When project placement is complete, click on [Set center].
The layout data are now precisely aligned and in the center of the laminate.
Click on [Continue].

The laminate (BottomLayer) is being prepared (positioning holes and pin holes are
being drilled).

When the message Processing phase: DismountMaterial is displayed, remove the
laminate from the system and click on [OK].

When the message Processing phase: MountLaminate is displayed, place the
second laminate with the copper side facing upwards on the center of the
processing table.
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18.
19.

20.

O

21.

O

22.

a > wbdh e

Click on [OK].

Place the processing data matching the board position and size to the processing
area used by the CircuitPro PL software.

When project placement is complete, click on [Set center].

The layout data are now precisely aligned and in the center of the second
laminate.

Click on [Continue].

The laminate (TopLayer) is being prepared (positioning holes and pin holes are
being drilled).

When the message Processing phase: DismountMaterial is displayed, remove the
laminate from the system and click on [OK].

[Vl The laminate materials have been prepared.

Assembling and pressing the multi-layer stack (with the MultiPress S)

For detailed information on assembling and pressing the multi-layer stack refer to
chapter 1.3, Multi-layer process.

Start the pre-heating process of the MultiPress S.
Prepare the materials.

Assemble the multi-layer stack in the press mold.
Press the multi-layer stack.

Cure the multi-layer stack.

After pressing of the multi-layer stack, it must cure at ambient temperature for at least
12 to 18 hours.

Alternatively, you can accelerate the curing cycle. Heat the multi-layer stack in an
oven for 50 minutes at 100 °C for the epoxy resin to fully cure. This way the long
curing at ambient temperature can be skipped. After heating, cool the multi-layer PCB
at ambient temperature for 5 minutes before proceeding with production.

|

The multi-layer stack has been assembled and pressed.
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7.
8.
9.

10.

O

Drilling plated through-holes into the multi-layer PCB (with ProtoLaser)

Measure the thickness of the multi-layer PCB with a caliper gauge.
Click on File > Open or on

Select the *_PL file you previously saved in CircuitPro PL 3.0.
Click on [Open].

Your layout is displayed in the Layout view.

Click on Processing > Material Settings or on

In the Material settings dialog select the Machine type, Material type and enter the
Material thickness (in this example the material type FR4_1.55mm_Cu35
(laminated) is used).

Click on [OK].

Switch to the Processing view.

In the Workflow setup pane expand the group Processing.

Right-click on Galvanic THP (Standard) and select Process from here.

The following message Processing phase: Mount material top is displayed:

Processing phase: Mount material top - 5]

0 Mount material with the top side facing upwards onto the processing area

OK Cancel

Fig.
11.

12.
13.
14.
15.

16.

17.

18.
19.
20.
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80: Message Processing phase: Mount material top

Place the multi-layer PCB with the Top side (TopLayer) facing upwards (the
positioning holes should be located in the right front corner) onto the processing
table.

Click on [OK].
In the Material settings dialog, enter the Material thickness.
Click on [Continue].

Place the processing data matching the location of the multi-layer PCB and
fiducials on the processing table.

When project placement is complete, click on [Continue].

The laser system reads the fiducials on the Top side (TopLayer) and the plated
through-holes are being drilled.

When the message Processing phase: Dismount material is displayed, dismount
the multi-layer PCB from the system.

Remove the soot around the laser drilled holes using a cloth and isopropyl alcohol.
Click on [OK].

When the message Processing phase: Galvanic through-hole plating is displayed,
click on [OK] and proceed with galvanic through-hole plating.

The plated through-holes have been drilled.
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B Galvanic through-hole plating of the multi-layer PCB (with Contac S4)

Switch on the system.

Select a profile.

Start the process.

Prepare the multi-layer PCB for through-hole plating.
Clean the multi-layer PCB.

Condition the multi-layer PCB.

Activate the multi-layer PCB.

Swipe the activator from the multi-layer PCB.
Copper-plate the multi-layer PCB.

The multi-layer PCB must remain in tank 5 for 160 minutes in order to achieve
the final copper thickness of approximately 30 um on all layers. This way, the
surfaces of the holes are sufficiently plated and the laser rubout process functions
properly.

10. Switch off the system.

© o Nk~ wDN PR

|Zl The multi-layer PCB has been galvanically through-hole plated.

For detailed information on the galvanic through-hole plating process refer to the
Contac S4 User manual, chapter 6.3.

[ | Structuring the outer layers of the multi-layer PCB (with ProtoLaser)

1. When the message Processing phase: Mount material bottom is displayed, place
the multi-layer PCB with the Bottom side (BottomLayer) facing upwards (the
positioning holes should be located in the right rear corner) onto the processing
table.

2. Click on [OK].

3. Place the processing data matching the location of the multi-layer PCB and
fiducials on the processing table.

4. When project placement is complete, click on [Continue].

O The laser system reads the fiducials on the Bottom side (BottomLayer) and starts
structuring.

5. When the message Processing phase: Flip material is displayed, turn the multi-
layer PCB over around the symmetry axis of the system (the positioning holes
should be located in the right front corner) and click on [OK].

6. Place the processing data matching the location of the multi-layer PCB and
fiducials on the processing table.

7. When project placement is complete, click on [Continue].

O The laser system reads the fiducials on the Top side (TopLayer), unplated
through-holes are being drilled, top side is being structured and the multi-layer
PCB is being cut out.

8. After structuring of the Top side (TopLayer) is finished, dismount the multi-layer
PCB from the system.

9. Spray the board with LPKF Cleaner and use a brush to clean the board.
10. Rinse the board under tap water and dry it with compressed air.

V] The outer layers of the multi-layer PCB have been structured.

The PCB production is finished.
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3.2 How to produce a multi-layer PCB with galvanic through-

hole plating

This chapter describes how to create a 4-layer circuit board using a UV laser system,
a circuit board plotter, a multi-layer press and a galvanic through-hole plating system.

Ensure that the following consumables and auxiliaries are available before performing

the described tasks:

Consumables Auxiliaries System
e Baseplate FR4 18/18 ym, e 1 set of cutting tools e ProtoLaser U4/S4
305 (k) mm x 229 mm x 1 (drills/contour routers for 4 MultiPress S
mrT1 (orde_r no. 119574) LPKF ProtoMat) e ProtoMat S or E
e Thin Laminate 104 ML 0/5 e LPKF Cleaner (order no. Contac S4
pm, 305 (k) x 229 x 0.2 115891) ontac
mm with protection foil e Oil-free compressed air

(order no. 119571)

e Prepreg Type 2125, 275
mm (k) x 200 mm x 0.1
mm (order no. 119572)

e Tap water

The following steps are performed in this tutorial:

e Preparing the data in CircuitPro PM 2.3

e Preparing the core and laminate materials (with ProtoMat)

e Preparing the data in CircuitPro PL 3.0
e Structuring the core (with ProtoLaser)

e Assembling and pressing the multi-layer stack (with the MultiPress S)

e Dirilling plated through-holes into the multi-layer PCB (with ProtoMat)

e Galvanic through-hole plating of the multi-layer PCB (with Contac S4)

e Structuring the outer layers of the multi-layer PCB (with ProtoLaser)

e Drilling unplated through-holes and cutting out the multi-layer PCB (with ProtoMat)
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B Preparing the datain CircuitPro PM 2.3

For detailed information on preparing data with CircuitPro PM 2.3 refer to chapter 2.2.

5.
O

Import

In the Templates tab of the New document dialog, select the template:
4Layer_GalvanicTHP_MultiPressS.cbf.

Click on File > Import or on .

Navigate to the folder that contains the data you wish to import. The example data
used for this tutorial are located in the folder:

C:\Users\User name\Documents\LPKF Laser & Electronics\LPKF
CircuitPro PM 2.3\Example Data\UseCase Multilayer

Select the files you wish to import. In this example:
Tutor_MultiLayer 4 Lagen.BOA, Tutor_MultiLayer_4 Lagen.BOT,
Tutor_MultiLayer 4 Lagen.DRL, Tutor_MultiLayer_4 Lagen.LY2,
Tutor_MultiLayer 4 Lagen.LY3 and Tutor_MultiLayer 4 Lagen.TOP.

Click on [Open].

The data should automatically be assigned to the correct layers and the following
dialog is displayed:

Import _ File Name
~a

Format  Aperture/Tool List
Gerberx [+ Boardape
Gerber |+ | Botape

Layer/ Tempite
[=] Boargoutine
{~] Bottomiayer

See/Format
[»]40,205x 75,13 mm

~ 137,643 67,958 mm

Tutor_MukiLayer_s_Lagen.BOA
Tutor_MukiLayer_s_Lagen.80T

<«

Tutor_MukiLayer_4_Lagen.LY2 | GerberX |» | Tutor_Mukiayer_4_Lagen.LY v | Layer2 38,43 X 73,381 mm

<«

Tutor_Mukiayer_4_Lagen.LY3 | GerberX |~ | Tutor_Mukiayer_4_Lagen.LY | Layer3 38,43 % 73,381 mm

TopApe | TopLayer 136,467 x 70,166 mm

[- B

Tutor_MukiLayer_4_Lagen.TOP | GerberX |v |

Tutor_Mukiayer_4_Lagen.DRL

excelon [ Tutor Muktayer_4_tagen.0R B Drplted

L

© Ready

Size 31,775 x65,608 mm
Unit Millimeters
Volues  Absolute <1

Decimal  Omitleadingzeros v |

Digitsma 2 ol

2 Adjust dril files.

Add File... Remove

Run ATE...

Fig. 81:

Dialog Import and assigned layers

6. Assign the drill holes to the layer DrillPlated (in the Layer/Template column).
7. Click on [OK].
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O The CAM view changes as follows:

Fig. 82: Imported data in the CAM view

Multilayer templates already include fiducials, pin holes, working area frames etc.,
which are needed for precise layer assembly in the press mold.

8. Select all holes that are not to be plated (i.e. that are to be assigned to the
Drillunplated layer) by clicking on them while pressing key.

O Selecting the holes changes their color.
Right-click on the layout and under Assign objects to layer select DrillUnplated.

0 An additional layer is created automatically and the holes that are not to be plated
are assigned to the DrillUnplated layer.

10. If desired, multiply the layout (in this example the layout is not multiplied).

©

Usually it is necessary to move the layout within the multi-layer base material frame. It
is preferable to move it to the center of the multi-layer base material frame.

11. Select the layout.

O The layout is highlighted in gray.

12. Click on «p.

13. Using the left mouse button, drag and drop the layout to the desired location.
O The layout has been moved.

Before creating toolpaths, all Index toolpaths and layers need to be deleted, as
they are already included in the template for ProtoLaser.

14. Switch to the pane Layers.
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O The view changes as follows:

Layers v 2@ X
O X |Z) & ¥ showempty

Name Vis Sel Colors Mode Tech

Fiducial (4) =l True Width | v || Fidudials hé
DrillPiated (28) M| ™ True Width |« || Drilling :'
DrillUnplated (1) M| ™ J:I: True Width | v || Drilling :v
ToplLayer (231) ¥ | @ Truewm(h » || wiring -
Layer2 (65) | @ True\“-‘ld!h ~ | wiring [+
BoardQutline (1) M | & @ ~ | Mechanical |~
Layer3 (57) ) ¥ || Wiring |~
BottomLayer (238) “ v « | wiring [~
Base Material (40 O [ [ ]| rrue wiatn [~] unknown -
Prepreg (53) O D Thin Line * | Unknown -
PrepareLaminat+Core O Thintine | =] Unknown :-

(3]
Preparelaminat (4)

4

HEEE & E

Index (15) O l:] True Width | = | Unknown |=
IndexRubout (1) [ :] True Width | | Unknown :‘-
55 Layers | Geometry | _§~ Tockath | % Processing

Fig. 83: Pane Layers

15. Activate all check boxes in the in the columns Vis and Sel.
16. Select the index layers and toolpaths in the layout.
O The index layers and toolpaths are highlighted in gray:

Fig. 84: CAM view after selecting index layers and toolpaths

17. Delete the selected layers and toolpaths by pressing or clicking on {.
O The selected layers and toolpaths have been deleted.

18. Click on Toolpath > Technology Dialog or on ;.

19. Deactivate Process in the group Insulate.

20. Select Edge gaps in the group Contour Routing. This is usually the preferred
method of contour routing.

21. Deactivate Pockets in the group Convert to Toolpath, since there are no “pockets”
in the project for this tutorial.

22. Click on [Start].
O The Computation results are displayed in a dialog.
23. Click on [Close].
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O The toolpaths have been calculated.
24. Save the file with the suffix _PM.

Delete all toolpaths and auxiliary layers before importing the data into CircuitPro PL
3.0. Only the initially imported layers should remain in your project.

25. Switch to the pane Layers.
O Select all auxiliary layers (including the Fiducial layer) by clicking on them while

pressing the key:

O X [Z)* § | showempy

DrillPiated (28)

Vis

Sel Colors Mode

True Width

Tech

Drilling

DrillUnplated (1)

True Width

Drilling

Toplayer (231)

True Width

Wiring

Layer2 (65)

True Width

Wiring

BoardOutline (1)

True Width

Mechanical

Layer3 (57)

MR |E|E|E | (E

SRR R IR ) ISR

True Width

Wiring

BottomLayer (238)

True Width

[ —

Aol affa] e

4

Wiring

af e ffa o]l alffa o]l e

4

5% Layers | 4 Geometry | _§™ Toolpath | # Processing

Fig. 85:  Pane Layers and highlighted auxiliary layers

26. Delete the selected layers by pressing the key or clicking on .

O The selected layers have been deleted.

27. Switch to the pane Toolpath and expand the Toolpaths folder.

LPKF Laser & Electronics AG | V. 1.0



ProtoLaser U4/S4

Producing multi-layer PCBs

O The view changes as follows:

Toolpath v 3 X
[ Phases
*[3 Toolpaths

H} ContourRouting_BoardOutline_Contour Router 2 mm
B} ContourRouting_BoardOutline_Spiral Drill 2 mm
E} MarkingDrills_DrillPlated_Universal Cutter 0,2 mm
Ei Drills_DrillPlated_Spiral Drill 0,5 mm
E MarkingDrills_DrillUnplated_Universal Cutter 0,2 mm
[ Orills_DrillUnplated_Spiral Drill 0,5 mm
E Fiducials_Fiducial_Spiral Drill 1,5 mm
E PrepareCore_Contour router 2 mm
E PrepareLaminatBottom_Contour router 2 mm
[} PrepareCore_Spiral Drill 2 mm
E PrepareLaminatBottom_Spiral Drill 2 mm
K} PrepareLaminatTop_Contour router 2 mm
E PrepareLaminatTop_Spiral Drill 2 mm

3 Teels

[ ContourRouting

3 Drills

3 Fiducials

=% Layers | ) Geometry J"'Toolpath‘%?rocesanq
Fig. 86: List of toolpaths

O Select all toolpaths in this folder by clicking on them while pressing the

key:

Toolpath v 2 X
[ Phases
~[3 Toolpaths

Ei ContourRouting_BoardOutline_Contour Router 2 mm
E ContourRouting_BoardOutline_Spiral Drill 2 mm
[} MarkingDrills_DrillPlated_Universal Cutter 0,2 mm
E Drills_DrillPlated_Spiral Drill 0,5 mm
E MarkingDrills_DrillUnplated_Universal Cutter 0,2 mm
[S} Orills_Drillunplated_Spiral Drill 0,5 mm
[} Fiducials_Fiducial_Spiral Drill 1,5 mm
|5} PrepareCore_Contour router 2 mm
E PrepareLaminatBottom_Contour router 2 mm
E PrepareCore_Spiral Drill 2 mm
[ PrepareLaminatBottom_Spiral Drill 2 mm
Ei PreparelLaminatTop_Contour router 2 mm
[} PrepareLaminatTop_Spiral Drill 2 mm

3 Tools

[ ContourRouting

3 Drills

[ Fiducials

= Layers | ) Geometry | _§™ Toolpath | ¥ Processing
Fig. 87:  Highlighted toolpaths

28. Delete them by pressing the key or clicking on ¢{.

O The selected toolpaths have been deleted.
29. Save the file with the suffix _PL.

[Vl The data have been prepared in CircuitPro PM 2.3.

V. 1.0 | LPKF Laser & Electronics AG

81/198



Producing multi-layer PCBs ProtoLaser U4/S4

82/198

B Preparing the core and laminate materials (with ProtoMat)

Open the *_PM file you generated in the previous procedure.
Load the tool magazine and assign the tools to positions.
Click on Machining > Process all or on [p».

Perform the following phases (with the core material):

— MountMaterial

— MaterialSettings

— Placement

A ownbd PR

O The phases DrillFiducial and PrepareCore are performed.

5. When the message Processing Phase: FlipMaterial is displayed, remove the core
from the system and click on [Cancel] to temporarily stop the process.

6. Rinse the core with tap water and dry it with compressed air.
7. Inthe Processing pane, select MountLaminate from the drop-down list and click
ong’.
8. Perform the following phases with the first laminate:
— MountLaminate
— MaterialSettings_1
— Placement_2

O The PrepareLaminateBottom phase is performed.

9. When the message Processing Phase: DismountMaterial_1 is displayed, remove
the first laminate from the system and click on [OK].

10. Perform the following phases with the second laminate:
— MountLaminate_1
— MaterialSettings_2
— Placement_3

O The PrepareLaminateTop phase is performed.

11. When the message Processing Phase: DismountMaterial_2 is displayed, remove
the second laminate from the system and click on [Cancel] to temporarily stop the
process.

[Vl The core and laminate materials have been prepared.

For detailed information on ProtoMat phases refer to the CircuitPro PM 2.1 How-to
guides, Part I, chapter 3.8.
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B Preparing the data in CircuitPro PL 3.0

For detailed information on preparing data with CircuitPro PL 3.0 refer to chapter 2.1.

1. Inthe Templates tab of the New document dialog, select the template
PL-U4_PM_4Layer_GalvanicTHP_MultiPressS.cp2d.

2. Click on [Load template].

3. Inthe Material settings dialog, select the Machine type and the Material type and
enter the Material thickness (in this example the material type FR4_1.00mm_Cul8
(laminated) is used).

A multi-layer PCB consists of different materials. For each material used during
production, a corresponding Material type has to be selected.

Click on [OK].

Click on File > Import old version.

Select the *_PL file you previously generated with CircuitPro PM 2.3.
Click on [Open].

The *_PL file has been imported.

In the Workflow setup pane, right-click on the group Toolpaths and click on the
context menu item Compute all...

Check the Computation Results message for possible errors and make
corrections, if needed.

10. Click on [Close].
11. Save the file with the suffix _PL.

[Vl The data have been prepared in CircuitPro PL 3.0.

o Og~No oA

©
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1.
2.
3.

Structuring the core (with ProtoLaser)

Measure the thickness of the core with a caliper gauge.

Click on Processing > Process all or in the Processing view on

After warm-up, the message Processing phase: Process cutting on a ProtoMat is
displayed.

Click on [OK].

When the message Processing phase: Mount core is displayed, place the core
with the Bottom side (BottomLayer) facing upwards (the positioning holes
should be located in the right rear corner) in the center of the processing table.
Click on [OK].

In the Material settings dialog, enter the Material thickness and click on [Continue].

Place the processing data matching the location of the core and fiducials on the
processing table.

For detailed information on project placement according to fiducial positions refer to
chapter 1.1, Project placement, Matching the fiducial position.

9.
O

Click on [Continue].
The laser system reads the fiducials on the Bottom side of the core (Layer3).

For detailed information on fiducial recognition refer to chapter 1.2, Fiducial
recognition, Recognizing fiducials.

O

10.

11.

12.

13.

14.
15.

The Bottom side of the core (Layer3) is being structured.

When the message Processing phase: Flip material is displayed, turn the core
over around the symmetry axis of the system (the positioning holes should be
located in the right front corner) and click on [OK].

Place the processing data matching the location of the core and fiducials on the
processing table.

When project placement is complete, click on [Continue].
The laser system reads the fiducials on the Top side of the core (Layer2) and
starts structuring.

When the structuring of the core’s top layer is finished and the message
Processing phase: Dismount material is displayed, click on [Cancel] to temporarily
stop the process.

Dismount the core from the system.

Spray the core with LPKF Cleaner and use a brush to clean the core, rinse with
tap water and dry it with compressed air.

The core has been structured.
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B Assembling and pressing the multi-layer stack (with the MultiPress S)

For detailed information on assembling and pressing the multi-layer stack refer to
chapter 1.3, Multi-layer process.

Start the pre-heating process of the MultiPress S.
Prepare the materials.

Assemble the multi-layer stack in the press mold.
Press the multi-layer stack.

Cure the multi-layer stack.
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After pressing of the multi-layer stack, it must cure at ambient temperature for at least
12 to 18 hours.

Alternatively, you can accelerate the curing cycle. Heat the multi-layer stack in an
oven for 50 minutes at 100 °C for the epoxy resin to fully cure. This way the long
curing at ambient temperature can be skipped. After heating, cool the multi-layer PCB
at ambient temperature for 5 minutes before proceeding with production.

|Zl The multi-layer stack has been assembled and pressed.

M Drilling plated through-holes into the multi-layer PCB (with ProtoMat)

1. Open the *_PM file you previously generated with CircuitPro PM 2.3.
2. Load the tool magazine and assign the tools to positions.
3. Inthe Processing pane, select MountMaterialTop from the drop-down list and click
on g’
4. Perform the following phases:
— MountMaterialTop
— MaterialSettings_3
— Placement_4

O The phases ReadFiducialsTop, MarkingDrills and DrillingPlated are performed.

5. When the message Processing Phase: DismountMaterial_3 is displayed, click on
[Cancel] to temporarily stop the process.

6. Plate the Multi-layer PCB.
7. Dismount the multi-layer PCB from the system, rinse with tap water and dry it
using compressed air.

VI The plated through-holes have been drilled.

For detailed information on ProtoMat phases refer to the CircuitPro PM 2.1 How-to
guides, Part Il, chapter 3.8.
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B Galvanic through-hole plating of the multi-layer PCB (with Contac S4)

© ©No ok~ wDdNPRE

Switch on the system.

Select a profile.

Start the process.

Prepare the multi-layer PCB for through-hole plating.
Clean the multi-layer PCB.

Condition the multi-layer PCB.

Activate the multi-layer PCB.

Swipe the activator from the multi-layer PCB.
Copper-plate the multi-layer PCB.

The multi-layer PCB must remain in tank 5 for 160 minutes in order to achieve
the final copper thickness of approximately 30 um on all layers. This way, the
surfaces of the holes are sufficiently plated and the laser rubout process functions

properly.

10. Switch off the system.

M The multi-layer PCB has been galvanically through-hole plated.

For detailed information on galvanic through-hole plating process refer to the Contac
S4 User manual, chapter 6.3.
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10.
11.

12.
13.

14.

15.

16.

17.

18.

19.

Structuring the outer layers of the multi-layer PCB (with ProtoLaser)

Measure the thickness of the multi-layer PCB with a caliper gauge.
Click on File > Open or on

Select the *_PL file you previously saved in CircuitPro PL 3.0.
Click on [Open].

The processing data are displayed in the Layout view.

Click on Processing > Material Settings or on

In the Material settings dialog select the Machine type, Material type and enter the
Material thickness (in this example the material type FR4_1.55mm_Cu35
(laminated) is used).

Click on [OK].

Switch to the Processing view.

In the Workflow setup pane expand the group Processing.
Right-click on Bottom Side (Standard) and select Process from here.

When the message Processing phase: Mount material bottom is displayed, place
the multi-layer PCB with the Bottom side (BottomLayer) facing upwards (the
positioning holes should be located in the right rear corner) onto the processing
table and click on [OK].

In the Material settings dialog, enter the Material thickness and click on [Continue].

Place the processing data matching the location of the multi-layer PCB and
fiducials on the processing table.

When project placement is complete, click on [Continue].

The laser system reads the fiducials on the Bottom side (BottomLayer) and starts
structuring.

When the message Processing phase: Flip material is displayed, turn the multi-
layer PCB over around the symmetry axis of the system (the positioning holes
should be located in the right front corner) and click on [OK].

Place the processing data matching the location of the multi-layer PCB and
fiducials on the processing table.

When project placement is complete, click on [Continue].

The laser system reads the fiducials on the Top side (TopLayer) and starts
structuring.

When the message Processing phase: Process drilling on a ProtoMat is displayed,
click on [OK].

Dismount the multi-layer PCB from the system.

The outer layers of the multi-layer PCB have been structured.
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B Drilling unplated through-holes and cutting out the multi-layer PCB (with
ProtoMat)
1. Open the *_PM file you previously generated with CircuitPro PM 2.3.

2. Place the multi-layer PCB onto the system’s processing table with the Top side
(TopLayer) facing upwards (the positioning holes should be located in the front
right corner) and fasten it using adhesive tape.

3. Switch to the pane Processing.
4. Select ReadFiducialsTop_1 from the drop-down list and click on =7.

O The phases ReadFiducialsTop_1, DrillingUnplated and ContourRouting are
performed.

5. Dismount the multi-layer PCB from the system and break or cut the breakout tabs.

6. Spray the multi-layer PCB with LPKF Cleaner and use a brush to clean the multi-
layer PCB, rinse under tap water and dry it with compressed air.

M The unplated through-holes have been drilled and the multi-layer PCB has been
cut out.

The multi-layer PCB production is finished.
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3.3 How to produce a multi-layer PCB with non-galvanic
through-hole plating
This chapter describes how to create a 4-layer circuit board using a UV laser system,

a circuit board plotter, a multi-layer press, and a non-galvanic through-hole plating
system.

Ensure that the following consumables and auxiliaries are available before performing
the described tasks:

Consumables Auxiliaries System
e Base plate FR4 18/18 ym, e 1 set of cutting tools e ProtoLaser U4/S4
305 (k) mm x 229 mm x 1 (drills/contour routers for 4 MultiPress S
mrT1 (orde_r no. 119574) LPKF ProtoMat) e ProtoMat S or E
e Thin Laminate 104 ML 0/5 e LPKF Cleaner (order no. ProConduct
pm, 305 (k) x 229 x 0.2 115891) ot-onduc
mm with protection foil e Hot air oven (order no.
(order no. 119571) 115877)

e Prepreg Type 2125,275 ,  Qijl-free compressed air
mm (k) x 200 mm x 0.1

mm (order no. 119572) Tap water

The following steps are performed in this tutorial:

e Preparing the data in CircuitPro PM 2.3

e Preparing the core and laminate materials (with ProtoMat)

e Preparing the data in CircuitPro PL 3.0

e Structuring the core (with ProtoLaser)

e Assembling and pressing the multi-layer stack (with the MultiPress S)

e Structuring the outer layers of the multi-layer PCB (with ProtoLaser)

e Dirilling unplated through-holes and cutting out the multi-layer PCB (with ProtoMat)
e Dirilling plated through-holes into the multi-layer PCB (with ProtoMat)

e Plating of through-holes (with ProConduct)
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Preparing the data in CircuitPro PM 2.3

For detailed information on preparing data in CircuitPro PM 2.3 refer to chapter 2.2.

In the Templates tab of the New document dialog, select the template: ProtoLaser

1.
— ProtoMat - 4Layer — ProConduct - MultiPressS.cbf.

2. Click on File > Import or on g¥.

3. Navigate to the folder that contains the data you wish to import. The example data
used for this tutorial are located in the folder:
C:\Users\User name\Documents\LPKF Laser & Electronics\LPKF
CircuitPro PM 2.3\Example Data\UseCase Multilayer

4. Select the files you wish to import. In this example:
Tutor_MultiLayer 4 Lagen.BOA, Tutor_MultiLayer_4 Lagen.BOT,
Tutor_MultiLayer_4 Lagen.DRL, Tutor_MultiLayer_4 Lagen.LY2,
Tutor_MultiLayer_4 Lagen.LY3 and Tutor_MultiLayer_4 Lagen.TOP.

5. Click on [Open].

O

The data should automatically be assigned to the correct layers and the following
dialog is displayed:

Import _ Fie Name
) | Tutor_Mukiayer_4_Lagen.8OA

Format  Aperture/Tool Lst Layer/Template
Gerberx |~ | Boardape |+ | Boardoutine

Tutor_MukiLayer_3_Lagen.8OT | GerberX | | BotApe | Bottomiayer

See/Format
[»]40,205x 75,13 mm
~137,643 x 67,958 mm

Tutor_MukiLayer_4_Lagen.L2 | Gerber |+ | Tutor_Muliayer_4_Lagen.LY || Layer2

~ 138,43 x 73,381 mm

v
7
Yl | Tutor_MukiLayer_d_Lagen.LY3
v

Gerberx | | Tutor_Muktayer_4_tagen.Ly v Layer3

~138,43x 73,381 mm

Tutor_MukiLayer_d_Lagen.TOP | GerberX |v | TopApe

1 Tutor_Mukiayer_4_Lagen.DRL

| TopLayer

excelon [ Tutor Muktayer_4_tagen.0R B Drplted

» 136,467 x 70,166 mm
[- B

ApertoresfTools  TextView  MessageView

© Ready

Add File... Remove Run ATE...

Size 31,775 x 65,608 mm
Unit Millimeters

Values  Absolute

Decimal  Omit leading zeros

Digitsma 2 ol

2 Adjust dril files.

Fig. 88: Dialog Import and assigned layers

6. Assign the drill holes to the layer DrillPlated (in the Layer/Template column).

7. Click on [OK].

Multi-layer templates already include fiducials, pin holes, working area frames etc.,
which are needed for precise layer assembly in the press mold.

8. Select all holes that are not to be plated (i.e. that are to be assigned to the

DrillUnplated layer) by clicking on them

©

are assigned to the DrillUnplated layer.

90/198

while pressing the key.

Selecting the holes changes their color.
Right-click on the layout and under Assign objects to layer select DrillUnplated.
An additional layer is created automatically and the holes that are not to be plated
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10.

11.
O

12.
13.
O

14.
15.
16.

17.

18.
O
19.
O
20.

21.
O

If desired, multiply the layout (in this example the layout is not multiplied).

Usually it is necessary to move the layout within the multi-layer base material frame. It
is preferable to move it to the center of the multi-layer base material frame.

Select the layout.

The layout is highlighted in gray.

Click on .

Using the left mouse button, drag and drop the layout to the desired location.
The layout has been moved.

Click on Toolpath > Technology Dialog or on §;.

Deactivate Process in the group Insulate.

Select Edge gaps in the group Contour Routing. This is usually the preferred
method of contour routing.

Deactivate Pockets in the group Convert to Toolpath, since there are no “pockets”
in the project for this tutorial.

Click on [Start].

The Computation results are displayed in a dialog.
Click on [Close].

The toolpaths have been calculated.

Save the file with the suffix _PM.

Delete all toolpaths and auxiliary layers before importing the data into CircuitPro PL
3.0.

Only the initially imported layers should remain in your project.

Switch to the pane Layers.
The view changes as follows:

Gyee
4

> 3 X
b4 Z: f . Show empty

Name

Vis Sel Colors Mode Tech

Fiducial (4)

O [ [ rue wiatn |

Fiducials

DrillPlated (28)

True Width

Drilling

Drillunplated (1)

2 [ roe v

Drilling

TopLayer (231)

2 [N e v

Wiring

Layer2 (65)

< [ e v

Wiring

BoardQutline (1)

DL | e

Mechanical

Layer3 (57)

< [ e v

Wiring

BottomLayer (238)

E True Width

Wiring

Prepreg (53)

a l:l Thin Line

Unknown

BaseMaterial (40)

O True Width

Unknown

CuttingLaminat (4)

HEEEEE R R R R R

Unknown

CuttingLaminat « Core
6)

)

[ ]
(m} I:I Thin Line

Unknown

<

=% Layers | DG

eometry | _§~ Toolpath %:’ ocessing

Fig. 89:

Pane Layers

22. Activate all check boxes in the columns Vis and Sel.
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O Select all auxiliary layers (including the Fiducial layer) by clicking on them while

pressing the key:
D b4 Z: '. .. Show empty
Name Vis Sel Colors Mode Tech
DrillPiated (2) ZREE] True Width | = | Drilling
Drillunplated (1) 2 Tue width [+ rilling
TopLayer (231) True Width | v | Wiring
Layer2 (65) 1~ True Width | » | Wiring
BoardOutline (1) M| ™ True Width | = | Mechanical
Layer3 (57) ¥|¥ True Width | = | Wiring
BottomLayer (238) M|~ True Width | = | Wiring
P v | [v] =

aterial (40 v -

m

55 Layers | 4\ Geometry | _§~ Toolpath | ¥ Processing

Fig. 90: Pane Layers and selected auxiliary layers

23. Delete the selected layers by pressing the key or clicking on ).

O The selected layers have been deleted.

24. Switch to the pane Toolpath and expand the Toolpaths folder.
O A list of toolpaths is displayed.
25. Select all toolpaths in this folder by clicking on them while pressing the key.
26. Delete them by pressing or clicking on ).

O The selected toolpaths have been deleted.

For detailed information on deleting toolpaths in CircuitPro PM 2.3 refer to

chapter 2.2.

27. Save the file with the suffix _PL.
V] The data have been prepared in CircuitPro PM 2.3.
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B Preparing the core and laminate materials (with ProtoMat)

Open the *_PM file you generated in the previous procedure.
Load the tool magazine and assign the tools to positions.
Click on Machining > Process all or on [p».

Perform the following phases (with the core material):

— MountMaterial

— MaterialSettings

— Placement

A ownbd PR

O The phases DrillFiducial and PrepareCore are performed.

5. When the message Processing Phase: FlipMaterial is displayed, remove the core
from the system and click on [Cancel] to temporarily stop the process.

6. Rinse the core with tap water and dry it with compressed air.
7. Inthe Processing pane, select MountLaminate from the drop-down list and click
ong’.
8. Perform the following phases with the first laminate:
— MountLaminate
— MaterialSettings_1
— Placement_2

O The PrepareLaminateBottom phase is performed.

9. When the message Processing Phase: DismountMaterial_1 is displayed, remove
the first laminate from the system and click on [OK].

10. Perform the following phases with the second laminate:
— MountLaminate_1
— MaterialSettings_2
— Placement_3

O The PrepareLaminateTop phase is performed.

11. When the message Processing Phase: DismountMaterial_2 is displayed, remove
the second laminate from the system and click on [Cancel] to temporarily stop the
process.

[Vl The core and laminate materials have been prepared.

For detailed information on ProtoMat phases refer to the CircuitPro PM 2.1 How-to
guides, Part I, chapter 3.8.
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B Preparing the data in CircuitPro PL 3.0

For detailed information on preparing data with CircuitPro PL 3.0 refer to chapter 2.1.

1. Inthe Templates tab of the New document dialog, select the template
PL-U4_PM_4Layer ProConduct_MultiPressS.cp2d.

2. Click on [Load template].

3. Inthe Material settings dialog, select the Machine type, Material type and enter the
Material thickness (in this example, the material type FR4_1.00mm_Cul8
(laminated) is used).

A multi-layer PCB consists of different materials. For each material used during
production, a corresponding Material type has to be selected.

Click on [OK].

Click on File > Import old version.

Select the *_PL file you previously generated with CircuitPro PM 2.3.
Click on [Open].

The *_PL file has been imported.

In the Workflow setup pane, right-click on the group Toolpaths and click on the
context menu item Compute all...

Check the Computation Results for possible warnings or errors and make
corrections, if needed.

10. Click on [Close].
11. Save the file with the suffix _PL.

[Vl The data have been prepared in CircuitPro PL 3.0.

o Og~No oA
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1.
2.
3.

9.
O

O

10.

11.

12.

13.

14.
15.
16.

Structuring the core (with ProtoLaser)

Measure the thickness of the core with a caliper gauge.

Click on Processing > Process all or in the Processing view on

After warm-up, the message Processing phase: Process cutting on a ProtoMat is
displayed.

Click on [OK].

When the message Processing phase: Mount core is displayed, place the core
with the Bottom side (Layer3) facing upwards (the positioning holes should be
located in the right rear corner) in the center of the processing table.

Click on [OK].

In the Material settings dialog, enter the Material thickness and click on [Continue].

Place the processing data matching the location of the core and fiducials on the
processing table.

For detailed information on project placement according to fiducial positions refer to
chapter 1.1, Project placement, Matching the fiducial position.

Click on [Continue].
The laser system reads the fiducials on the Bottom side of the core (Layer3).

For detailed information on fiducial recognition refer to chapter 1.2, Fiducial
recognition, Recognizing fiducials.

The Bottom side of the core (Layer3) is being structured.

When the message Processing phase: Flip material is displayed, turn the core
over around the symmetry axis of the system (the positioning holes should be
located in the front right corner) and click on [OK].

Place the processing data matching the location of the core and fiducials on the
processing table.

When project placement is complete, click on [Continue].
The laser system reads the fiducials on the Top side of the core (Layer2) and
starts structuring.

When the structuring of the core’s Top side is finished and the message
Processing phase: Dismount material is displayed, click on [Cancel] to temporarily
stop the process.

Dismount the core from the system.
Spray the PCB with LPKF Cleaner and use a brush to clean it.
Rinse the PCB with tap water and dry it with compressed air.

The core has been structured.
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B Assembling and pressing the multi-layer stack (with the MultiPress S)

For detailed information on assembling and pressing the multi-layer stack refer to
chapter 1.3, Multi-layer process.

Start the pre-heating process of the MultiPress S.
Prepare the materials.

Assemble the multi-layer stack in the press mold.
Press the multi-layer stack.

Cure the multi-layer stack.
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After pressing of the multi-layer stack, it must cure at ambient temperature for at least
12 to 18 hours.

Alternatively, you can accelerate the curing cycle. Heat the multi-layer stack in an
oven for 50 minutes at 100 °C for the epoxy resin to fully cure. This way the long
curing at ambient temperature can be skipped. After heating, cool the multi-layer PCB
at ambient temperature for 5 minutes before proceeding with production.

|Zl The multi-layer stack has been assembled and pressed.
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10.
11.

12.
13.

14.

15.

16.

17.

18.

19.
20.

Structuring the outer layers of the multi-layer PCB (with ProtoLaser)

Measure the thickness of the multi-layer PCB with a caliper gauge.
Click on File > Open or on

Select the *_PL file you previously saved in CircuitPro PL 3.0.
Click on [Open].

Your layout is displayed in the Layout view.

Click on Processing > Material Settings or on

In the Material settings dialog select the Machine type, Material type and enter the
Material thickness (in this example, the material type FR4_1.55mm_Cul8
(laminated) is used).

Click on [OK].

Switch to the Processing view.

In the Workflow setup pane expand the group Processing.
Right-click on Bottom Side (Standard) and select Process from here.

When the message Processing phase: Mount material bottom is displayed, place
the multi-layer PCB with the Bottom side (BottomLayer) facing upwards (the
positioning holes should be located in the right rear corner) onto the processing
table and click on [OK].

In the Material settings dialog, enter the Material thickness and click on [Continue].

Place the processing data matching the location of the multi-layer PCB and
fiducials on the processing table.

When project placement is complete, click on [Continue].

The laser system reads the fiducials on the Bottom side (BottomLayer) and starts
structuring.

When the message Processing phase: Flip material is displayed, turn the multi-
layer PCB over around the symmetry axis of the system (the positioning holes
should be located in the right front corner) and click on [OK].

Place the processing data matching the location of the multi-layer PCB and
fiducials on the processing table.

When project placement is complete, click on [Continuel].

The laser system reads the fiducials on the Top side (TopLayer) and starts
structuring.

When the message Processing phase: Process drilling on a ProtoMat is displayed,
click on [OK].

Dismount the multi-layer PCB from the system.

Spray the multi-layer PCB with LPKF Cleaner and use a brush to clean the multi-
layer PCB, rinse with tap water and dry it with compressed air.

The outer layers of the multi-layer PCB have been structured.
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Drilling unplated through-holes and cutting out the multi-layer PCB (with
ProtoMat)
Open the *_PM file you previously generated with CircuitPro PM 2.3.

Place the multi-layer PCB onto the system’s processing table with the Top side
(TopLayer) facing upwards (the positioning holes should be located in the front
right corner) and fasten it using adhesive tape.

Switch to the pane Processing.
Select ReadFiducialsTop from the drop-down list and click on 57.

The phases ReadFiducialsTop, MarkingDrills, DrillingUnplated and
ContourRouting are performed.

When the message Processing Phase: DismountMaterial_3 is displayed, remove
the multi-layer PCB from the system and click on [OK].

Rinse the multi-layer PCB with tap water and dry it using compressed air.

The unplated through-holes have been drilled and the multi-layer PCB has been
cut out.

The multi-layer PCB must remain attached to the original material. Do not break or
cut the breakout tabs yet.

O

Drilling plated through-holes into the multi-layer PCB (with ProtoMat)

When the message Processing Phase: ApplyProtectionFilm is displayed, apply the
protective film onto both sides of the multi-layer PCB and click on [OK].

When the message Processing Phase: MountMaterialTop is displayed, place the
multi-layer PCB with the Top side (TopLayer) facing upwards (the positioning
holes should be located in the right front corner) onto the system’s processing
table and click on [OK].

Perform the Placement_6 phase.
The phases ReadFiducialsTop_1 and DrillingPlated are performed.

When the message Processing Phase: DismountMaterial_4 is displayed, remove
the multi-layer PCB from the system and check it for burrs and residual material
within the holes.

Check whether the fiducials are covered by the film and expose them if necessary.

M The plated through-holes have been drilled into the multi-layer PCB.
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10.

11.
12.

13.

|

Plating of through-holes (with ProConduct)

Place the mat onto the vacuum table (ProtoMat mounted or standalone).
Place the multi-layer PCB onto the mat.
Apply the ProConduct Paste along the edge of the multi-layer PCB.

Spread the paste on the whole surface of the multi-layer PCB (do not spread over
the fiducials).

Turn on the extraction system on the highest setting and wait for at least 30
seconds.

Spread the paste remaining on the multi-layer PCB surface with the vacuum
turned on.

Switch off the extraction system.
Turn the multi-layer PCB over and repeat the steps 5-10 on the other side.
Slowly peel off the film at an angle of 90° from both sides of the multi-layer PCB.

Place the multi-layer PCB horizontally into the convection oven for 30 minutes
(160 °C / 320 °F).
Remove the multi-layer PCB and let it cool down to ambient temperature.

Spray the multi-layer PCB with LPKF Cleaner and use a brush to clean the multi-
layer PCB, rinse with tap water and dry it with compressed air.

Cut out or break out the multi-layer PCB from the board.

The through-holes have been plated.

For detailed information on non-galvanic through-hole plating refer to the ProConduct
Process description, chapter 3.

The multi-layer PCB production is finished.
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3.4

How to produce a multi-layer PCB with blind vias and buried

vias

This chapter describes how to create a 4-layer circuit board with blind vias and buried
vias using a UV laser system, a circuit board plotter, a multi-layer press, and a
galvanic through-hole plating system.

The production of a multi-layer PCB with blind vias and buried vias is supported only
by the LPKF ProtoLaser U4 system.

Ensure that the following consumables and auxiliaries are available before performing
the described tasks:

Consumables Auxiliaries System

e Baseplate 104 ML 18/18 e 1 set of cutting tools e ProtoLaser U4
pm, 305 (k) mm x 229 mm (drills/contour routers for 4 MultiPress S
)ifggé;smm (order no. LPKF ProtoMat) e ProtoMat S or E

) e LPKF Cleaner (order no. Contac S4

o Thin Laminate 104 ML 0/5 115891) ontac
Hm, 305 (k) x 229 x 0.2 e Hot air oven (order no.
mm with protection foil 115877)

(order no. 119571)

Prepreg Type 2125, 275
mm (k) x 200 mm x 0.1
mm (order no. 119572) e Tap water

e Isopropyl alcohol
Oil-free compressed air

The following steps are performed in this tutorial:

100/198

Preparing the data in CircuitPro PM 2.3
Drilling buried vias into the core (with ProtoMat)
Preparing laminate materials (with ProtoMat)

Galvanic through-hole plating of the core (with Contac S4)

Preparing the data in CircuitPro PL 3.0
Structuring the core (with ProtoLaser)

Assembling and pressing the multi-layer stack (with the MultiPress S)

Drilling plated through-holes into the multi-layer PCB (with ProtoMat)

Drilling blind vias into the multi-layer PCB (with ProtoLaser)

Galvanic through-hole plating of the multi-layer PCB (with Contac S4)

Structuring the outer layers of the multi-layer PCB (with ProtoLaser)

Drilling unplated through-holes and cutting out the multi-layer PCB (with ProtoMat)
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2.
3.
4.

It is essential that you read the design guidelines described in chapter 1.4 before
starting this tutorial.

Preparing the data in CircuitPro PM 2.3

For detailed information on preparing data with CircuitPro PM 2.3 refer to chapter 1.2.

In the Templates tab of the New document dialog, select the template:
PL_PM_4Layer_GalvanicTHP_MultiPressS_Blind-Buried vias.cbf.

Click on File > Import or on .
Navigate to the folder that contains the data you want to import.
Select the files you want to import and click on [Open].

If you are not certain which files to select presently, then select all of them. You will
see the preview of the files later and can deselect those you do not need.

Import  Fie Name Format Aperture/Tool List Layer/ Template See/Format &
¥ [bind va test.80T | Gerberx [+] Botape_3 [ =] Bottomiayer ~1100,279 x 185,994 mm
Gerberx [ bind va test.d23.1 g B2 90,3 x 178,248 mm
v bind via test.d83 GerberX |~ | bind via test.dB3 » | bind via test.d83 ~190,3 x 178,248 mm
v bind vaa test.dT2 GerberX | v | bind va test.dT2_1 * | bind va test.dT2 ~ 90,3 x 178,248 mm
v [bind va test.aT GerberX |» | bind va test.dTH ~ | bind va test.dTH ~{81,3x 178,248 mm ]
i bind via test.LY2 GerberX |~ | bind via test.LY2_1 ~ | bind via test.LY2 ~1100,279 x 185,994 mm ‘
9l [bind va test.LY3 GerberX || bind va test.LY3_1 ~ | bind va test.LY3 ~ {100,279 x 185,994 mm &
20 View | ApertoresfTools  TextView  Messsgeview
Size 90,3 x 178,248 mm
Unit
Values
Decimal
Digitsman 2
© Resdy
Add File... { Remove ] Run ATE.. — s Cancel
Fig.91: Dialog Import and assigned layers

5.

Assign the data to the corresponding layers (in the Layer/Template column). Pay
special attention to correct assignment of drill files, since multiple drill layers are
used in this process.
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If the drop-down lists in the Layer/Template column cannot be activated, proceed as
follows:
— Click on the sub-tab Options (on the right side of the Import dialog).

— Deactivate Use layer name.
— Activate Apply to all Gerber files.

6. Click on [OK].
O The CAM view changes as follows:

4 Layer s sm

Fig.92: Imported data in the CAM view

7. If desired, multiply the layout (in this example, the layout is not multiplied).

8. Select the layout.

[0 The layout is highlighted in gray.

9. Click on <.

10. Using the left mouse button, drag and drop the layouts to the desired location.

11. In the CAM view, click anywhere on the black area in order to disable the Move
selected objects function.

0 The layout has been moved.

12. Click on Toolpath > Technology Dialog or on §{;.
13. Click on [Start].

O The Computation results are displayed in a dialog.
14. Click on [Close].

O The toolpaths have been calculated.

Creating toolpaths for buried vias have to be done separately.

15. Click on Toolpath > Technology Dialog or on §{}.
16. Deactivate every check box in the dialog except Drills.
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O The Technology dialog changes as follows:

Technology Dialog x

Global process settings

Material type  FR4. - Copper thickness 18 pm & O RF application

Insulate

Insulation Method

|

Description

Insulation with a single insulation channel.
Shortest processing time.

O process

Contour Routing
Contour Routing Method

Edge gaps ‘

Description

Oprocess

Contour Routing with one gap on each edge. ‘

Convert to Toolpath

Drills Show Details.
O Fiducials
O Pockets
Close

Fig. 93: Technology Dialog in the process of creating toolpaths for buried vias

17. Click on [Show Details].
O The details are displayed:

Convert to Toolpath

Drills Hide details Source <Drilling> layer « Create marking drills

Tool <Automatically Marking tool Micro Cutter0, ~
O Fiducials

Assignto Phase  <Automatically ~ Assign to Phase  MarkingDrills v
[ Pockets Tolerance 0,002 mm

Replace existing toolpath

Fig. 94: Dialog Convert to Toolpath

18. Under Source select Layer “Buried via (L2-L3)” from the drop-down list.

19. Under Assign to Phase select DrillBuriedVias from the drop-down list.

20. Deactivate the option Replace existing toolpath.

21. Under the second Assign to Phase select DrillBuriedVias from the drop-down list.
O After your modifications, the following settings are displayed:

Convert to Toolpath

Drills Hide details Source Create marking drills

Tool <Automatically v Marking tool Micro Cutter0, «
O Fiducials

Assign to Phase | DrillBuriedVias + Assign to Phase
[ Pockets Tolerance 0,002 mm -

Fig. 95:  Settings for buried vias

22. Click on [Start].

O The Computation results are displayed in a dialog.
23. Click on [Close].

O The toolpaths for buried vias have been calculated.
24. Switch to the pane Toolpath.
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O The view changes as follows:
[lecba o ax]

[ Phases

[ Toclpaths

3 Tools

[ ContourRouting
[ Fiducials

2% Layers | By Processing | b Geometry | f~ Toolpath
Fig. 96: Pane Toolpath

25. Double-click on the folder Phases.
O The view changes as follows:

Toolpath
~[3Phases

1. MountCore

2. MaterialSettings

3. Placement

4. DrillFiducial

S. PrepareCore

6. DrillBuriedVias

7. DismountMaterial

8. ThroughHolePlating

9. MountLaminate

10. MaterialSettings_1

11. Placement_1

12. PreparelaminateBottom

13, DismountMaterial_1

14. MountLaminate_1

15. MaterialSettings_2

16. Placement 2

17. PrepareLaminateTop

18. DismountMaterial_2

19. PressAllLayers

20. MountMaterialBottom

21. MaterialSettings_3

22. Placement_3

23. ReadFiducialsBottom

24. MarkingDrills L3

25. DrillingPlated

26. DismountMaterial_3

27. ThroughHolePlating_1

28. MountMaterialBottom_1

29. Placement 4

30. ReadFiducialsBottom_1

31. DrillingUnplated
|_.Flas Rt

| 2% Lavers | By Processing | 43 Geometry | _§~ Tookpath

m

Fig. 97:  Pane Toolpath and list of nodes
26. Expand the phase 6. DrillBuriedVias.

LPKF Laser & Electronics AG | V. 1.0



ProtoLaser U4/S4

Producing multi-layer PCBs

O Alist of toolpaths is displayed:

Todkpath v 3 x|

~[3) Phases

B 1. MountCore
[ 2. MaterialSettings
[013. Placement
(N 4. OriliFiducial
G5, PrepareCore

~[ill 6. DrillBuriedVias

[ Orills_Buried via (L2-L3)_Spiral Drill 0,5 mm
S Orills_Buried via (L2-L3)_Micro Cutter 0,1 mm

[ 7. DismountMaterial
I 8. ThroughHolePlating
[ 9. MountLaminate
0] 10. MaterialSettings_1
M 11. Placement_1
[l 12. PrepareLaminateBottom
[ 13. DismountMaterial 1
[l 14. MountLaminate_1
[ 15. MaterialSettings_2
[l 16. Placement_2
[il117. PrepareLaminateTop
[N 18. DismountMaterial 2
E119. PressaliLayers
[ 20. MountMaterialBottom
[l 21. MaterialSettings_3
[N 22. Placement 3
[l 23. ReadFiducialsBottom
[E) 24. MarkingDrills
[&] 25. DrillingPlated
[l 26. DismountMaterial_3
[l 27. ThroughHolePlating_1
[ 28. MountMaterialBottom_1
[l 29. Placement 4
[ 30. ReadFiducialsBottom_1

2% Layers | ¥y Processing | ) Geomety | _§™ Toopath

i

Fig. 98: List of toolpaths

The Micro Cutter toolpath must always be located in the first position. Should it not be

(as shown in this example), move it to the correct position.

O The phase 6. DrillBuriedVias is displayed as follows:

Toolpath v 2 X|

~[ Phases
B 1. MountCore
[ 2. MaterialSettings
[0 3. Placement
Ll 4. OriliFiducial

LIS PreparaCore

[l 6. DrillBuriedVias
|8 Orills_Buried via (L2-L3)_Micro Cutter 0,1 mm

Drills_Buried via (L2-L3)_Spiral Drill 0,5 mm
&1 7. DismountMatenial

[0 8. ThroughHolePlating

[ 9. MountLaminate

[0 10. MaterialSettings_1

[ 11. Placement_1

[l 12. PrepareLaminateBottom
[l 13. DismountMaterial_1

[l 14. MountLaminate_1

[ 15. MaterialSettings_2

(20 16. Placement_2

[E1 17. PrepareLaminateTop
18. DismountMaterial_2

[l 19. PressaliLayers

[0 20. MountMaterialBottom
[l 21. MaterialSettings_3

[ 22. Placement 3

[l 23. ReadFiducialsBottom
[0 24. MarkingDrills

[E) 25. DrillingPlated

[ 26. DismountMaterial_3
[l 27. ThroughHolePlating_1
[ 28. MountMaterialBottom_1
[0 29. Placement 4

[ 30. ReadFiducialsBottom_1

2% Layers | ¥y Processing | @ Geometry | _§™ Tooath

i

Fig.99: New sequence of toolpaths

27. Save the file with the suffix _PM.

Delete all toolpaths and auxiliary layers before importing the data into CircuitPro PL
3.0. Only the initially imported layers should remain in your project.

28. Switch to the pane Layers.
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O The view changes as follows:

O x |7l ® § sovewy

Blind via (Bottom-L3) (1)

3]

53 Layers [S Processing | 45 Geometry | 5~ Tookpath

Name Vis Sel Colors Mode Tech

Fiducial (4) [~ | Figuciats B
DrillPlated (26) ™ ~ | Drilling >
Toplayer (231) =) | > || Wiring Bl
Layer2 (65) v ¥ | wiring A
BoardOutline (1) =) ~ | Mechanical -
Layer3 (57) =) = ‘Wiring =
BottomLayer (238) ™ « | wiring >
Base Material (41) [m} | ¥ | Unknown Bl
Prepreg (53) O ¥ | Unknown A
:’eparelamlnatvtore [} \=| unknown |~
Preparelaminat (4) [m] ~ | Unknown >
Blind via (Top-L2) (1) =) | > || Drilling |=)
Buried via (L2-13) (1) ~ || Drilling v

= v

Drilling

Fig. 100: Pane Layers

29. Activate all check boxes in the columns Vis and Sel.
30. Select all auxiliary layers (including Fiducial layer) by clicking on them while

pressing the key:

Fiducial (4)
DrillPlated (26)

Drilling

TopLayer (231)

‘Wiring

Layer2 65)

‘Wiring

BoardOutline (1)

Mechanical

Layer3 (57)

BottomLayer (238)
Base Material (41)
Prepreg (53)
Preparelaminat+Core
6)

Preparelaminat (4)

Blind via (Top-L2) (1)

M8 K& R | & |

K| Q& | &

‘Wiring

| e widtn

I Thin Line
Thin Line

I Thin Line

= ‘Wiring

Unknown
Unknown
Unknown
Unknown

Drilling

Al aafalfe

Buried via (L2-L3) (1)

| > | Drilling

Blind via (Bottom-L3) (1)

«

R |E | [N BII <)

Drilling

55 Layers |y Processing | () Geometry | _§™ Toolpath

|

Fig. 101: Pane Layers and highlighted auxiliary layers.

31. Delete the selected layers by pressing the key or clicking on ¢{.
O The selected layers have been deleted.
32. Switch to the pane Toolpath and expand the Toolpaths folder.
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O The view changes as follows:

Toolpath v 23X
[ Phases
~[)[Toolpaths
E ContourRouting_BoardOutline_Contour Router 2 mm
ﬁConteurRouling_BoardOutIine_SpiraI Drill 2 mm
|8} Orills_Buried via (L2-L3)_Micro Cutter 0,1 mm
Ei Drills_Buried via (L2-L3)_Spiral Drill 0,5 mm
) Fiducials_Fiducial_Spiral Drill 1,5 mm
[ PrepareCore_Contour router 2 mm
ﬁ PrepareLaminatBottom_Contour router 2 mm
[} PrepareCore_Spiral Drill 2 mm
[} PrepareLaminatBottom_Spiral Drill 2 mm
Ei PrepareLaminatTop_Contour router 2 mm
[} PrepareLaminatTop_Spiral Drill 2 mm
2 Tools
3 ContourRouting
[ Fiducials
3 Drills

25 Loyers | By Processing | 4 Geometry | §* Toolpath |
Fig. 102: List of toolpaths

33. Select all toolpaths in this folder by clicking on them while pressing the key:

Toolpath v 2 X
[ Phases
~ [ Toolpaths
E ContourRouting_BoardOutline_Contour Router 2 mm
[} ContourRouting_BoardOutline_Spiral Drill 2 mm
E Drills_Buried via (L2-L3)_Micro Cutter 0,1 mm
|8} Drills_Buried via (L2-L3)_Spiral Drill 0,5 mm
E Fiducials_Fiducial_Spiral Drill 1,5 mm
[} PrepareCore_Contour router 2 mm
|5} PrepareLaminatBottom_Contour router 2 mm
E PrepareCore_Spiral Drill 2 mm
|8} PrepareLaminatBottom _Spiral Drill 2 mm
E PrepareLaminatTop_Contour router 2 mm
{8} PrepareLaminatTop_Spiral Drill 2 mm
[ Tools
2 ContourRouting
3 Fiducials
3 Drills

23 Layers | ¥y Processing | ) Geometry | _§™ Toolpath
Fig. 103: Highlighted toolpaths

34. Delete them by pressing the key or clicking on .
O The selected toolpaths have been deleted.
35. Save the file with the suffix _PL.

[Vl The data have been prepared in CircuitPro PM 2.3.
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B Drilling buried vias into the core (with ProtoMat)

Open the *_PM file you generated in the previous procedure.
Load the tool magazine and assign the tools to positions.
Click on Machining > Process all or on .

Perform the following phases:

— MountCore

— MaterialSettings

— Placement

P owbd PR

O The phases DrillFiducial, PrepareCore and DrillBuriedVias are performed.

5. When the message Processing Phase: DismountMaterial is displayed, remove the
core from the system and click on [OK].

6. Rinse the core with tap water and dry it using compressed air.

7. When the message Processing Phase: ThroughHolePlating is displayed, proceed
to galvanic through-hole plating of the core material (described in the following
procedure).

While galvanic plating is in progress, proceed to laminate materials preparation. In
the following steps positioning and pin holes are to be drilled.

|Z[ The buried vias have been drilled into the core.

For detailed information on drilling with the ProtoMat refer to the CircuitPro 2.1 How-to
guides, Part Il, chapter 3.8.

B Preparing laminate materials (with ProtoMat)

1. Click on [OK] to continue the process.
2. Perform the following phases:

— MountLaminate

— MaterialSettings_1

— Placement_1

O The PrepareLaminateBottom phase is performed.

3. When the message Processing Phase: DismountMaterial_1 is displayed, remove
the laminate from the system and click on [OK].

4. Perform the following phases:
— MountLaminate_1
— MaterialSettings_2
— Placement_2

O The PrepareLaminateTop phase is performed.

5. When the message Processing Phase: DismountMaterial_2 is displayed, remove
the laminate from the system and click on [Cancel] to temporarily stop the
process.

[Vl The laminate materials have been prepared.
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For detailed information on ProtoMat phases refer to the CircuitPro 2.1 How-to
guides, Part II, chapter 3.8.

B Galvanic through-hole plating of the core (with Contac S4)

© o N~ LN PR

During and after galvanic plating, handle the core with care. The core is thin and
cracks in the copper barrels can occur, if it is bent too much.

Switch on the system.

Select a profile.

Start the process.

Prepare the core for through-hole plating.
Clean the core.

Condition the core.

Activate the core.

Swipe the activator from the core.
Copper-plate the core.

The core must remain in tank 5 for 100 minutes in order to achieve the final
copper thickness of approximately 30 um on all layers. This way, the surfaces of
the holes are sufficiently plated and the laser rubout process functions properly.

10. Switch off the system.

|Zl The core has been galvanically through-hole plated.

For detailed information on galvanic through-hole plating process refer to the Contac
S4 User manual, chapter 6.3.

. Tips for more efficient galvanic through-hole plating

>

vV VVvVYy

Remove the soot around the laser drilled holes using a cloth and isopropyl
alcohol.

In case of oxidation, clean it using a soft brush and LPKF Cleaner.
Use compressed air to remove drilling debris from the holes.

Use compressed air to remove the water from the holes before activation in
tank 3.

Turn the board over at half of plating time in order to achieve equal copper
deposition on both sides.
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B Preparing the data in CircuitPro PL 3.0

For detailed information on preparing data with CircuitPro PL 3.0 refer to chapter 2.1.

1. Inthe Templates tab of the New document dialog, select the template
PL-U4_PM_4Layer_GalvanicTHP_MultiPressS_Blind-Buried vias.cp2d.

2. Click on [Load template].

3. Inthe Material settings dialog, select the Machine type, Material type and enter the
Material thickness (in this example the material type 4Layer Blind_buried vias
(laminated) is used).

Use only the Material type 4Layer_Blind_buried vias (laminated) (which selects the
corresponding tool library) with the template selected. Selecting any other Material
type may cause a wrong tool assignment.

Click on [OK].

Click on File > Import old version.

Select the *_PL file you previously generated with CircuitPro PM 2.3.
Click on [Open].

The *_PL file has been imported.

In the Workflow setup pane, right-click on the group Toolpaths and click on the
context menu item Compute all...

Check the Computation Results for any possible warnings or errors and make
corrections, if needed.

10. Click on [Close].
11. Save the file with the suffix _PL.

V] The data have been prepared in CircuitPro PL 3.0.

oOgNo g

©
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B Structuring the core (with ProtoLaser)

For detailed information on structuring with the ProtoLaser refer to chapter 2.1.

1. Measure the thickness of the core with a caliper gauge.
2. Click on Processing > Process all or in the Processing view on .
O After warm-up the following message is displayed:

Processing phase: Process cuttingona Pr.. =
o Process cutting on a ProtoMat

Sk Cancd =
Fig. 104: Message Processing phase: Process cutting on a ProtoMat

3. Click on [OK].

4. When the message Processing phase: Process drilling on a ProtoMat is displayed,
click on [OK].

5. When the message Processing phase: Galvanic through-hole plating is displayed,
click on [OK].

O The following message is displayed:

Processing phase: Mount core =

o Mount core material onto the machines processing area

.

Fig. 105: Message Processing phase: Mount core

6. Place the galvanically plated core with the Bottom side facing upwards onto the
processing table.

Two 3 mm positioning holes help you with the correct orientation of the core. When
the Bottom side of the core is facing upwards, the positioning holes should be
located in the right rear corner of the core.

O The following figure displays the positioning holes:

Fig. 106: Positioning holes in the right rear corner of the core

7. Click on [OK].
8. In the Material settings dialog, enter the Material thickness and click on [Continue].

9. Place the processing data matching the location of the core and fiducials on the
processing table.
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For detailed information on project placement according to fiducial positions refer to
chapterl.1, Project placement, Matching the fiducial position.

10. When project placement is complete, click on [Continue].
O The laser system reads the fiducials on the core (Layer3).

For detailed information on fiducial recognition refer to chapter 1.2, Fiducial
recognition, Recognizing fiducials.

O The Bottom side of the core (Layer3) is being structured.

11. When the message Processing Phase: Flip material is displayed, turn the core
over around the symmetry axis of the system and click on [OK].

12. Place the processing data matching the location of the core and fiducials on the
processing table.

13. When project placement is complete, click on [Continue].
0 The laser system reads the fiducials on the Top side of the core (Layer2).
Structuring starts.

14. When the structuring of the top side is finished and the message Processing
phase: Dismount material is displayed, click on [Cancel] to temporarily stop the
process.

15. Dismount the core from the system.
16. Spray the PCB with LPKF Cleaner and use a brush to clean it.
17. Rinse the PCB with tap water and dry it with compressed air.

|Zl The core has been structured.

B Assembling and pressing the multi-layer stack (with the MultiPress S)

For detailed information on assembling and pressing the multi-layer stack refer to
chapter 1.3, Multi-layer process.

Start the pre-heating process of the MultiPress S.
Prepare the materials.

Assemble the multi-layer stack in the press mold.
Press the multi-layer stack.

Cure the multi-layer stack.

a s~ DN PRE

Heat treatment of the multi-layer stack after the pressing cycle is necessary for
completing the curing process. Heat the multi-layer stack in an oven for 50 minutes
at 100 °C in order to fully cure the epoxy resin.

M The multi-layer stack has been assembled and pressed.
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B Drilling plated through-holes into the multi-layer PCB (with ProtoMat)

1.
2.
3.

Open the *_PM file you previously generated with CircuitPro PM 2.3.

Load the tool magazine and assign the tools to positions.

In the pane Processing, select MountMaterialBottom from the drop-down list and
clickon 7.

Perform the following phases:

— MountMaterialBottom

— MaterialSettings_2

— Placement_3

The phases ReadFiducialsBottom, MarkingDrills and DrillingPlated are performed.

When the message Processing Phase: DismountMaterial_3 is displayed, click on
[Cancel] to temporarily stop the process.

Dismount the multi-layer PCB from the system.
Rinse the multi-layer PCB with tap water and dry it using compressed air.

The plated through-holes have been drilled into the multi-layer PCB.

For detailed information on ProtoMat phases refer to the CircuitPro 2.1 How-to
guides, Part Il, chapter 3.8.
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B Drilling blind vias into the multi-layer PCB (with ProtoLaser)

1. Click on File > Open or on

2. Select the *_PL file you previously saved in CircuitPro PL 3.0.

3. Click on [Open].

O The processing data are displayed in the Layout view.

4. Switch to the Processing view.

O The group Processing in the Workflow setup pane is expanded and the list of
processing phases is displayed:

Workflow setup 1

Material composition

Layout

Toolpaths

Scan fields

4 Processing

Prepare Core + Laminate (Standard)
Drill Core (Standard)
Galvanic Plating - Core (Standard)
Settings (Standard)
Layer 3 (Standard)
Layer 2 (Standard)
Press All Layers (Standard)
[TOP-BOT] Drilling TH Plated (Standard)
[TOP-BOT] Drilling Blind Via Bottom (Standard)
[TOP-BOT] Drilling Blind Via Top (Standard)
[TOP-BOT] Galvanic Plating (Standard)
[TOP-BOT] Bottom Side (Standard)
[TOP-BOT] Top Side (Standard)
[TOP-BOT] Drilling TH Unplated (Standard)
[TOP-BOT] Contour Cutting (Standard)

Workflow setup | Layers

Fig. 107: List of processing phases
5. Right-click on [TOP-BOT] Drilling Blind Via Bottom (Standard).

LPKF Laser & Electronics AG | V. 1.0



ProtoLaser U4/S4

Producing multi-layer PCBs

O

The following context menu is displayed:

“

Workflow setup P

Workflow setup | Layers

Material composition

Layout

Toolpaths

Scan fields

Processing
Prepare Core + Laminate (Standard)
Drill Core (Standard)
Galvanic Plating - Core (Standard)
Settings (Standard)
Layer 3 (Standard)
Layer 2 (Standard)
Press All Layers (Standard)
[TOP-BOT] Drilling TH Plated (Standard)
[TOP-BOT] Drilling Blind Via Bottom (Standard)

[TOP-BOT] Dril Compute toolpaths
(TOP-BOT] Gah
Compute scan fields
[TOP-BOT] Bot;
[TOP-BOT] Tog Hide scan fields
[TOP-BOT] Dril| . pocess
[TOP-BOT] Cor
> Process from here
Set phase ID 4
Set mirrored 4
Change sorting »
Add work package
B epor. Ctrl+E
Rename
X Delete

Fig. 108: Context menu Processing

6.
7.

10.

11.
12.

13.

14.

15.
16.
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Select Process from here.

When the message Processing Phase: Mount material bottom is displayed, place
the multi-layer PCB with the Bottom side facing upwards (the positioning holes
should be located in the right rear corner) onto the processing table and click on
[OK].

In the Material settings dialog, enter the Material thickness and click on [Continue].

Place the processing data matching the location of the multi-layer PCB and
fiducials on the processing table.

When project placement is complete, click on [Continue].

The laser system reads the fiducials on the Bottom side (BottomLayer) and the
blind vias are being drilled.

When the message Processing Phase: Flip material is displayed, turn the multi-
layer PCB over around the symmetry axis of the system and click on [OK].

Place the processing data matching the location of the multi-layer PCB and
fiducials on the processing table.

When project placement is complete, click on [Continue].

The laser system reads the fiducials on the Top side (TopLayer) and the blind vias
are being drilled.

When drilling the blind vias on the Top side (TopLayer) is finished and the
message Processing phase: Dismount material is displayed, click on [Cancel] to
temporarily stop the process.

Dismount the multi-layer PCB from the system.
Remove the soot around the laser drilled holes using a cloth and isopropyl alcohol.

The blind vias have been drilled into the multi-layer PCB.
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10.

Galvanic through-hole plating of the multi-layer PCB (with Contac S4)

Switch on the system.

Select a profile.

Start the process.

Prepare the multi-layer PCB for through-hole plating.
Clean the multi-layer PCB.

Condition the multi-layer PCB.

Activate the multi-layer PCB.

Swipe the activator from the multi-layer PCB.
Copper-plate the multi-layer PCB.

The multi-layer PCB must remain in tank 5 for 160 minutes in order to achieve
the final copper thickness of approximately 30 um on all layers. This way, the
surfaces of the holes are sufficiently plated and the laser rubout process functions
properly.

Switch off the system.

VI The multi-layer PCB has been galvanically through-hole plated.

For detailed information on galvanic through-hole plating process refer to the Contac
S4 User manual, chapter 6.3.

L o oA

10.

11.

O

12.

Structuring the outer layers of the multi-layer PCB (with ProtoLaser)

Measure the thickness of the multi-layer PCB with a caliper gauge.

Open the *_PL file you previously saved in CircuitPro PL 3.0.

Switch to the Processing view.

In the Workflow setup pane expand the group Processing.

Right-click on [TOP-BOT] Bottom Side (Standard) and select Process from here.

When the message Processing Phase: Mount material bottom is displayed, place
the multi-layer PCB with the Bottom side facing upwards (the positioning holes
should be located in the right rear corner) onto the processing table and click on
[OK].

Place the processing data matching the location of the multi-layer PCB and
fiducials on the processing table.

When project placement is complete, click on [Continue].

The laser system reads the fiducials on the Bottom side (BottomLayer) and starts
structuring.

When the message Processing Phase: Flip material is displayed, turn the multi-
layer PCB over around the symmetry axis of the system and click on [OK].

Place the processing data matching the location of the multi-layer PCB and
fiducials on the processing table.

When project placement is complete, click on [Continue].

The laser system reads the fiducials on the Top side (TopLayer) and starts
structuring.

After structuring of the Top side is finished, dismount the multi-layer PCB.

V] The outer layers of the multi-layer PCB have been structured.
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Drilling unplated through-holes and cutting out the multi-layer PCB (with
ProtoMat)
Open the *_PM file you previously generated with CircuitPro PM 2.3.

Place the board onto the system’s processing table with the Bottom side facing
upwards (the positioning holes should be located in the right rear corner) and
fasten it using adhesive tape.

Switch to the pane Processing.
Select MountMaterialBottom_1 from the drop-down list and click on 5.
Perform the Placement_4 phase.

The phases ReadFiducialsBottom_1, DrillingUnplated and ContourRouting are
performed.

Dismount the multi-layer PCB from the system and break or cut the breakout tabs.
Spray the multi-layer PCB with LPKF Cleaner and use a brush to clean the multi-
layer PCB, rinse under tap water and dry it with compressed air.

The unplated through-holes have been drilled and the multi-layer PCB has been
cut out.

For detailed information on ProtoMat phases refer to the CircuitPro PM 2.1 How-to
guides, Part Il, chapter 3.8.

The multi-layer PCB production is finished.
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4  Other how-to examples

This chapter contains other how-to examples of different difficulty levels. To create a
polyimid stencil as well as to structure a solder mask, basic knowledge of handling UV
laser systems and the system software is sufficient. To create a flex-rigid PCB,
advanced knowledge of multi-layer PCBs is required.

4.1 Producing a polyimide stencil
This chapter describes how to produce a polyimide stencil using a UV laser system.

Ensure that the following consumables are available before performing the described
tasks:

Consumables System

e Polyimide Foil A4, 125 ym, format for e ProtoLaser U4/S4
Stencils (order no. 108321)

The following steps are performed in this tutorial:

e Preparing the data in CircuitPro PL 3.0
e Cutting the stencil (with ProtoLaser)

B Preparing the data in CircuitPro PL 3.0

For detailed information on preparing data with CircuitPro PL 3.0 refer to chapter 2.1.

1. Inthe Templates tab of the New document dialog, select the template Stencil QR
266x380.cp2d.

2. Click on [Load template].

3. In the Material settings dialog, select the Machine type, Material type and enter the
Material thickness (For this procedure the material type Polyimide_0.125mm (non-
laminated) was used).

4. Click on [OK].

5. Click on File > Import or on Lj.

6. Navigate to the folder that contains the data you wish to import. For the example
data used for this tutorial refer to the folder:

C:\Users\User name\Documents\LPKF Laser & Electronics\LPKF
CircuitPro PL 3.0\Example Data\UseCase PolyimideStencil

7. Select the files you want to import (in this example Tutor.SPT).

8. Click on [Open].

O The data is automatically assigned to the correct layer.

Should the data not be assigned to the correct layer automatically, the dialog Import is

displayed. In the column Layer/Template select the layer SolderPasteTop from the
drop-down list and click on [OK].
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O The Layout view changes as follows:

Fig. 109: Layout view of the imported data

9. Select the entire layout.
O The layout is highlighted and changes its color.
10. Perform one of the following steps:

— Right-click on the highlighted layout and select Move object in the context
menu;

— Click on k..

11. Click on a point in the layout to set the reference point.
12. Click on a point in the stencil material to set the target point.

13. In the Layout view, click anywhere on the black area to disable the Move object
function.

O The layout has been moved.

14. In the Workflow setup pane, right-click on the group Toolpaths and click on the
context menu item Compute all...

15. Check the Computation Results for any possible warnings or errors and make
corrections, if needed.

16. Click on [Close].
V] The data have been prepared in CircuitPro PL 3.0.
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B cCutting the stencil (with ProtoLaser)

Measure the thickness of the polyimide foil with caliper gauge.

Click on Processing > Process all or in the Processing view on

After warm-up, the message Processing phase: Mount material is displayed.
Place the polyimide foil in the center of the processing table.

In the Processing view, click on &,

Click on [OK].

In the Material settings dialog, enter the Material thickness and click on [Continue].

Place the processing data matching the polyimide foil position and size to the
processing area used by the CircuitPro PL software.

No ok~w@dNeE

For detailed information on project placement according to polyimide foil position and
size refer to chapter 1.1, Project Placement, Determining the processing area.

8. When project placement is complete, click on [Set center].

O The layout data are now precisely aligned and positioned in the center of the
polyimide foil.

9. Click on [Continue].

O The laser system cuts the stencil.

10. When the message Board production finished appears, remove the polyimide
stencil from the system.

11. Check whether the cut stencil can be fully removed from the residual polyimide
foil.

12. Carefully detach the stencil from the residual polyimide foil.
13. Clean the processing area.

|Zl The stencil has been cut.

The polyimide stencil production is finished.
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4.2 Producing a flex-rigid PCB

This chapter describes the production of a flex-rigid PCB. A flex-rigid PCB merges the
properties of rigid and flexible circuit boards and consists of three different materials.

Ensure that the following consumables and auxiliaries are available before performing
the described tasks:

Consumables Auxiliaries System
e Base material FR4 18/18 e LPKF Cleaner (orderno. e ProtoLaser U4/S4
pm, 305 (k) mm x 229 mm 115891) e MultiPress S

x 1 mm (order no. 119574) ,  gpray adhesive

e Prepreg Type 2125,275 o  Qjl-free compressed air
mm (k) x 200 mm x 0.1

mm (order no. 119572)

e Single-sided PyraluxTK,
0.12 mm, 12 Cu, 229 mm
X 305 mm

Tap water

The following steps are performed in this tutorial:

e Preparing the data for the rigid material in CircuitPro PL 3.0

e Preparing the rigid material

e Preparing the data for the prepreg material in CircuitPro PL 3.0

e Preparing the prepreg material

e Preparing the data for the flexible material in CircuitPro PL 3.0

e Preparing the flexible material

e Assembling and pressing the flex-rigid stack (with the MultiPress S)
e Structuring the flexible part of the flex-rigid PCB

e Cutting out the flex-rigid PCB
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In the CircuitPro PL 3.0 software, processing is divided into phases, which are further
divided into work packages. Work packages can contain tasks.

The following figure displays the Workflow setup pane with the expanded group
Processing:

“ Processing
Settings (Standard)

4 Prepare Core (Standard)
4 Fiducials

Fiducial Fiducials (Auto, LPKF_Fiducial) 3

Prepare_Core
Poses
Layer 3 (Standard)
Layer 2 (Standard)
Prepare Laminate Bottom (Standard)
Prepare Laminate Top (Standard)
Press All Layers (Standard)
Bottom Side (Standard)
Top Side (Standard)
ProConduct (Standard)

Workflow setup | Layers

Fig. 110: Examples of a phase, work package and task
1 Phase 3 Task
2 Work package

A phase (e.g. Prepare Core (Standard)) consists of one or several work packages
(e.g. Fiducials) that can contain one or several tasks (e.g. Fiducial Fiducials (Auto,
LPKF Fiducial)).

Get familiar with these three terms, since they are used in the following example.
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B Preparing the data for the rigid material

For detailed information on preparing the data with CircuitPro PL 3.0 refer to
chapter 2.1.

1. Inthe Templates tab of the New document dialog, select the template
PL-U4_4lLayer ProConduct_MultiPressS.cp2d.

There is no predefined template for the production of a flex-rigid PCB. For this
example, it is essential that you select a template that contains pin holes for the
MultiPress S, since creating a flex-rigid PCB requires bonding of rigid and flexible
materials. The pin holes ensure that the different physical layers can be aligned for
bonding using the registration system of the MultiPress S.

The selected template contains some production phases and layers that are not
necessary for this example and will therefore be ignored.

2. Click on [Load template].

3. Inthe Material settings dialog, select the Machine type and Material type and enter
the Material thickness (for this example the material type FR4_1.00mm_Cul8
(laminated) is used).

A flex-rigid PCB consists of different materials. For each material used during
production, a corresponding Material type has to be selected.

4. Click on [OK].
5. Click on File > Import or on 1.

6. Navigate to the folder that contains the data you wish to import. The example data
used for this tutorial are located in the folder:
C:\Users\User name\Documents\LPKF Laser & Electronics\LPKF
CircuitPro PL 3.0\Example Data\UseCase FlexRigidPCB

7. Select the files you want to import (in this example Tutor_Starrflex.BOA, Tutor_
Starrflex.BOT and Tutor_ Starrflex.CUI).

8. Click on [Open].
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O The data is automatically assigned to the correct layers and the following dialog is

displayed:
Import o IEl
Import_| File Neme Format | Aperture/Tool List Layer/Template Size/Format
¥l | Tutor_StarflexBOA GerberX [ 216,006 x 11,006 mm
v Tutor_Starrflex.BOT GerberX | v 216,01 x10,5 mm
v] [ Tutor_Starfleccul GerberX | v 200,03 6,505 mm
D [ Apertures/Tools | Tet | Messages General | Options
Size 200,03 x6,505 mm
Unit
Values
Decimal
Digits m.n
X \ 1010
O Ready
Add File. Remove || Run ATE Change template "ok || cCancel

Fig. 111: Dialog Import and assigned layers

Multi-layer templates already include fiducials, pin holes, working area frames etc.,
which are needed for precise layer assembly in the press mold.

9. Click on [OK].
O The following warning is displayed:

Import =
1 The following PCB layers remain empty:
- Layer2
Layer3

Do you want to change the document template?

Change template Continue |

Fig. 112: Warning Import
10. Click on [Continue].
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O The Layout view changes as follows:

Fig. 113: Layout view of the imported data
11. If desired, multiply the layout (in this example the layout is not multiplied).

During the production of a flex-rigid PCB it is important to position the prepreg
material accurately when assembling the materials in the press mold. Hence, note the
exact positioning when stacking the materials in the press mold.

The pin holes in the selected template are located outside the prepreg's area.
Therefore, three prepreg positioning holes with a 1 mm radius have to be created
in the layout. These positioning holes will help with positioning the prepreg material
accurately in the press mold.

O Select the layer DrillUnplated (0) from the Layers drop-down list:

gase Material
|| BoardOutline (1)
1 . Cutlnside (1)
B [ DrillPlated (0)

& B Drillunplated 3)
T D SilkScreenTop (0)

. SolderPasteTop (0)

Fig. 114: Drop-down list layers
12. Perform one of the following steps:
— Click on @®.
— Click on Insert > Circle or circle path... > Circle by radius.
— Right-click on the black area and select Circle by radius from the context menu.
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O The input fields for specifying the center point are displayed:

Specify center point

Fig. 115: Specifying the center point

The three prepreg positioning holes should be located anywhere inside the prepreg
area. It is best to position them approximately 30 mm off the corners of the flex-rigid
PCB data.

13. Click on a desired point in the black area to specify the center point of the first
prepreg positioning hole.

[0 The center point of the prepreg positioning hole has been specified and an input
field for specifying the radius is displayed:

specify radius

Fig. 116: Specifying the radius
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14. Enter the radius in the input field (in this case 1 mm) and press the key.

O The first prepreg positioning hole is created in the layout. The input fields for
specifying the center point of the next prepreg positioning hole are displayed:

Fig. 117: Specifying the next center point

15. Repeat steps 13 and 14 for creating another two prepreg positioning holes.
16. Press the key to exit the Circle by radius function.
[0 The three prepreg positioning holes have been created on the DrillUnplated layer:

Fig. 118: Prepreg positioning holes
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17. In the Workflow setup pane, expand the group Processing and the phase Top

Side (Standard).
O A list of work packages is displayed:

Workflow setup Q

Material composition
Layout
Toolpath
Scan fields
4 Processing
Settings (Standard)
Prepare Core (Standard)
Layer 3 (Standard)
Layer 2 (Standard)
Prepare Laminate Bottom (Standard)
Prepare Laminate Top (Standard)
Press All Layers (Standard)
Bottom Side (Standard)
4 Top Side (Standard)
Flip_Material
Placement
Read_Fiducials_Top
Structure
Rubout
Drilling
Cutting
Dismount_Material
Poses
ProConduct (Standard)

Workflow setup | Layers

Fig. 119: Phase Top Side (Standard)

18. Expand the work packages Drilling and Cultting.
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O The view changes as follows:

Workflow setup 2

Scan fields 2
“ Processing
Settings (Standard)
Prepare Core (Standard)
Layer 3 (Standard)
Layer 2 (Standard)
Prepare Laminate Bottom (Standard)
Prepare Laminate Top (Standard)
Press All Layers (Standard)
Bottom Side (Standard)
4 Top Side (Standard)
Flip_Material
Placement
Read_Fiducials_Top
Structure
Rubout
4 Drilling
Cutting Drill Unplated (Auto, LPKF_Cut _Inside)
4 Cutting
Cutting Cut Inside (Auto, LPKF_Cut _Inside)
Cutting Contour (Auto, LPKF_Cut_Outside)
Dismount_Material
Poses
ProConduct (Standard) v

Workflow setup | Layers

Fig. 120: Work packages Drilling and Cutting

19. Select the tasks Cutting Drill Unplated (Auto, LPKF_Cut_Inside) and Cutting Cut
Inside (Auto, LPKF_Cut_Inside) by clicking on them while pressing the key.

O The view changes as follows:

Workflow setup Q

Scan fields A
4 Processing
Settings (Standard)
Prepare Core (Standard)
Layer 3 (Standard)
Layer 2 (Standard)
Prepare Laminate Bottom (Standard)
Prepare Laminate Top (Standard)
Press All Layers (Standard)
Bottom Side (Standard)
4 Top Side (Standard)
Flip_Material
Placement
Read_Fiducials_Top
Structure
Rubout
4 Drilling
Cutting Drill Unplated (Auto, LPKF_Cut_Inside)
4 Cutting
Cutting Cut Inside (Auto, LPKF_Cut_Inside)
Cutting Contour (Auto, LPKF_Cut_Outside)
Dismount_Material
Poses
ProConduct (Standard) v

Workflow setup | Layers

Fig. 121: Tasks selected
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20. Delete the tasks by pressing the key or clicking on <.
O The selected tasks have been deleted.

21. Expand the group Toolpath and right-click on the node Cut Inside.

O The following context menu is displayed:

Workflow setup

Material composition
Layout
4 Toolpath
Fiducials
Top Layer
Layer2
Layer3
Bottom Layer
Contour
Prepare Core
Prepare Laminate Top

Prepare Laminate Bottom

Drill Plated
Drill Unplated
CutInside
Compute
Scan fields
. fi <
Processing Sorfigus
Rename
X Delete

Workflow setup | Layers

o

Fig. 122: Context menu Configure...

22. Click on the context menu item Configure...
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O The following dialog is displayed:

Laser contour routing

Contour routing method

ﬁ- -' [Edge gops

Description

[Contour routing with one gap on each edge.

LJ

/6
Position ® Inside ) Outside
Source Cutlnside [~]
Channel width [Totmm |

Target beam overlap [10% |

Actual beam overlap 19 %

Tabs position [ All sides
Gap width [ 0,5 mm
Distance 0mm

Save

Close

Fig. 123: Dialog Laser contour routing

O Select Basic in the Contour routing method group using the arrow buttons:

Laser contour routing

Contour routing method

Basic

Description

[Contour routing without gaps.

Position ® Inside ) Outside
Source Cutlnside [~]
Channel width [Totmm |

Target beam overlap [10% |

Actual beam overlap 19 %

Tabs position [ None
Gap width 0mm
Distance 0mm

Close

Fig. 124: Contour routing method Basic

23. Click on [Save].

O The contour routing method has been selected.
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24. Expand the group Processing and the phase Prepare Core (Standard).

O A list of work packages is displayed:

Workflow setup

Material composition
Layout
Toolpath
Scan fields
4 Processing
Settings (Standard)
4 Prepare Core (Standard)
Fiducials
Prepare_Core
Poses
Layer 3 (Standard)
Layer 2 (Standard)
Prepare Laminate Bottom (Standard)
Prepare Laminate Top (Standard)
Press All Layers (Standard)
Bottom Side (Standard)
Top Side (Standard)
ProConduct (Standard)

Workflow setup | Layers

Q

Fig. 125: Work packages of the phase Prepare Core

25. Right-click on the work package Prepare_Core.
O The following context menu is displayed:

Workflow setup

Material composition
Layout
Toolpath
Scan fields
4 Processing
Settings (Standard)

4 Prepare Core (Standard)
Fiducials
Prepare_Core
Poses

Layer 3 (Standard| Add scan field
Layer 2 (Standard] SEWPID
Prepare Laminate

Prepare Laminate Add task
Press All Layers (S
Bottom Side (Star|
Top Side (Standar X Delete

Rename

Compute scan fields

ProConduct (Standard)

Workflow setup | Layers

a

Fig. 126: Context menu Add task
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O Click on Add task > Drill Unplated > Cultting:

Compute scan fields

Add scan field

Set WP ID >
Add task » Fiducials >
Top Layer >
Rename Layer2 N
X Delete Layer 3 3
Bottom Layer »
Contour »
Prepare Core >
Prepare Laminate Top >

Prepare Laminate Bottom  »

Drill Plated »
Drill Unplated 4 Cutting
CutInside 4

Fig. 127: Adding atask

O The task Drill Unplated has been added to the work package Prepare_Core.
26. Right-click on the work package Prepare_Core.

27. Click on Add task > Cut Inside > Cutting.

O The task Cut Inside has been added to the work package Prepare_Core.
28. Expand the work package Prepare_Core.

O The tasks have been added to the list:

Workflow setup R
Layout o
Toolpath
Scan fields

4 Processing
Settings (Standard)
4 Prepare Core (Standard)
Fiducials
4 Prepare_Core
Cutting Prepare Core (Auto, LPKF_Cut_Inside)

Cutting Drill Unplated (Auto, LPKF_Cut_Inside)

Cutting Cut Inside (Auto, LPKF_Cut_Inside)

Poses
Layer 3 (Standard)
Layer 2 (Standard)
Prepare Laminate Bottom (Standard)
Prepare Laminate Top (Standard)
Press All Layers (Standard)
Bottom Side (Standard)
Top Side (Standard)
ProConduct (Standard)

Workflow setup | Layers

Fig. 128: Added tasks

29. Right-click on the phase Prepare Core (Standard).
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O The following context menu is displayed:

Workflow setup

Layout
Toolpath
Scan fields
4 Processing
Settings (Standard)
4 Prepare Core (Standard)
Fiducials
4 Prepare_Core
Cutting Prepare {
Cutting Drill Unp
Cutting Cut Insic
Poses
Layer 3 (Standard)
Layer 2 (Standard)
Prepare Laminate B¢
Prepare Laminate T¢

Press All Layers (Star

Compute toolpaths

Compute scan fields

Add scan field

Set phase ID
Set mirrored

Change sorting
Add work package

Rename

Bottom Side (Standz 3¢ Delete

Top Side (Standard)
ProConduct (Standard)

Workflow setup | Layers

Fig. 129: Context menu Compute toolpaths

30. Click on the context menu item Compute toolpaths.

31. Check the Computation Results message for possible errors and make
corrections, if needed.

32. Click on [Close].

33. Save the file with the suffix *_Rigid.

[Vl The data for the rigid material have been prepared.
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B Preparing the rigid material

Measure the thickness of the rigid material with a caliper gauge.

Click on Processing > Process all or in the Processing view on

After warm-up, the message Processing phase: Mount core is displayed.

Place the rigid material in the center of the processing table.

Click on [OK].

In the Material settings dialog, enter the Material thickness and click on [Continue].

Place the processing data matching the board position and size to the processing
area used by the CircuitPro PL software.

No o~ wDdhpRE

For detailed information on project placement according to board position and size
refer to chapter 1.1, Project Placement, Determining the processing area.

When project placement is complete, click on [Set center].
The layout data are now precisely aligned and in the center of the rigid material.
Click on [Continue].

The laser system drills the fiducials into the rigid material. Then the positioning
holes and pin holes are being drilled in the rigid material and the cutout is being
created.

Oen®

Save the residual material that has been cut out of the rigid material. You will need it
later for assembling and pressing of the flex-rigid stack.

10. When the message Processing phase: Flip material is displayed, click on [Cancel]
to temporarily stop the process.

11. Remove the rigid material from the system.

12. Spray the rigid material with LPKF Cleaner and use a brush to clean the rigid
material, rinse it with tap water and dry it with compressed air.

M The rigid material has been prepared.
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Preparing the data for the prepreg material

Click on File > Open or on

Select the *_Rigid file you previously saved.

Click on [Open].

The layout is displayed.

Click on File > Save As and save the file with the suffix *_Prepreg.
Switch to the Processing view.

Click on Processing > Material Settings or on

The Material settings dialog is displayed.

Select the Machine type, Material type and enter the Material thickness (for this
example the material type Polyimide_0.125mm (non-laminated) is used).

NOgoeusgw N

In the CircuitPro PL 3.0. software, the Material type (tool library) for prepreg materials
does not exist. Therefore, the tool library for polyimide is used.

8. Click on [OK].
O The following warning is displayed:

Warning

The material differs from previous with respect to 'laminated’ property,
therefore the toolpaths might not fit for the selected material. Do you want to
delete the toolpaths (recommended)?

| Yes I l No

Fig. 130: Warning about deleting the toolpaths
9. Click on [Yes].

10. Switch to Layout view.

O The scan fields are displayed:

Fig. 131: Scan fields displayed in the Layout view

11. In the Workflow setup pane, right-click on the group Scan fields.
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O The following context menu is displayed:

Workflow setup 2

Material composition

Layout

Toolpath

Scan fields

Processing Compute scan fields

Hide scan fields

Fig. 132: Context menu | Hide scan fields

12. Click on Hide scan fields.
O The scan fields have been hidden.

The prepreg must not be used for the flexible part of the flex-rigid PCB. Therefore,
a cutout into the prepreg material is needed. This cutout is shown as a rectangle on
the layer Cutlnside, which is included in the imported example data.

The cutouts around the prepreg positioning holes and the cutout around the flexible
part of the flex-rigid PCB have to be enlarged in the prepreg material. This prevents
the prepreg material from spreading onto the flexible part during the bonding process.

To achieve this, the size of the prepreg positioning holes on the layer DrillUnplated
and the size of the rectangle on the layer Cutinside must be increased.

13. Right-click on one of the three prepreg positioning holes located on the layer
DrillUnplated (the holes that were created in the first step of this tutorial).

O The following context menu is displayed:

Invert selection
4 Moveobject  Ctd+M
*; Rotate

Mirror horizontal

Mirror vertical

W Scale

Step and repest..
Y Expand
Difference

Split
onvert to closed path
onvert to flash

Assign to layer
Copy to layer
Create aperture...
Select by geometry

Select by layer

Fig. 133: Context menu Select by layer
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14. Click on the context menu item Select by layer.

O All the objects on this layer have been selected and highlighted in gray (in this
case the three prepreg positioning holes).

15. Perform one of the following steps:
— Click on 3.
— Clock on Layout > Scale.
— Right-click on the black area and select Scale from the context menu.

O An input field for specifying the scaling coefficient and a drop-down list are
displayed:

Fig. 134: Specify scaling coefficient

16. Enter the scaling coefficient (in this case 200 %) in the input field and press the

key.

O The drop-down list has been activated.
17. Press the key twice.
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O The option Individually is selected in the drop-down list:

scale group | v

Scale group
Individually

Fig. 135: Drop-down list Individually

18. Press the key to confirm the selection.
0 A preview of the scaled prepreg positioning holes is highlighted in orange:

jent
0% f individually |v

Fig. 136: Preview of the scaled prepreg positioning holes
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19. Press the key once again to stop the entering.

20. In the Layout view click anywhere on the black area or press the key to stop
the function Scale.

O The three prepreg positioning holes on the layer DrillUnplated have been
increased in size.

21. In the Workflow setup pane, expand the group Layout and the node Layers.

O Alist of layers is displayed:

Workflow setup

Material composition
4 Layout
4 Layers
a ] Fiducial (4)
a . Prepare Core (6)
ﬂ . Prepare Laminate (10)
a . Prepreg (53)
a \ Base Material (40)
rh kJ BoardOutline (1)
T I Cutinside (1)
(b . DrillUnplated (3)
rh . TextTop (3)
rh . RuboutTop (1)
Bl TextLayer2 (4)
Ih . Ruboutlayer2 (1)
rh 1 TextLayer3 (4)
rb ‘:] Ruboutlayer3 (1)
rh . BottomLayer (213)
fh . TextBottom (3)
’h . RuboutBottom (1)
Imported files
Sketched

Toolpath

Scan fields

Processing

Workflow setup | Layers

Fig. 137: List of layers
22. Right-click on the layer Cutlnside (1).
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O The following context menu is displayed:

Workflow setup

Material composition
“ Layout

4 Layers

a 7] Fiducial (4)
a . Prepare Core (6)

£ I Prepare Laminate (10)

6 Il Prepreg (53)
a \ Base Material (40)
rh ﬁJ BoardOutline (1)

Workflow setup | Layers

& M Cutinside (1)
rh . DrillUnplated Select by layer
'}) . TextTop (3)
Color...
rh . RuboutTop (1
rh r J TextLayer2 (4) Visible
s Il Ruboutlayer2 /' Selectable
B [ TextLayer3 @) PCB layer »
rb [:] RuboutlLayer3 Display mode >
rh . BottomLayer |
1 Technology >
'h . TextBottom (3
T I RuboutBottor| Inverse
Imported files Rename
Sketched
Toolpath X Delete
Scan fields
Processing

Q

Fig. 138: Context menu Select by layer

23. Click on the context menu item Select by layer.

O All the objects on this layer have been selected and highlighted in gray (in this
case 1 rectangle).

The selected rectangle is a contour. To expand this rectangle in size, it has to be

filled.

24. Perform one of the following steps:
— Click on [4.
— Click on Layout > Convert to polygon.

— Right-click on the black area and select Convert to polygon from the context

menu.
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O The selected object has been filled and is highlighted:

Fig. 139: Filled rectangle

25. Perform one of the following steps:
— Click on Layout > Expand.
— Right-click on the filled rectangle and select Expand from the context menu.

O An input field for the offset value is displayed:

Fig. 140: Input field Offset value

26. Enter the value in the input field (in this case 4 mm).
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O A preview of the expanded rectangle is highlighted in orange:

Fig. 141: Preview of the expanded rectangle
27. Press the key to confirm the entry.
O The filled rectangle has been expanded.

28. In the Layout view click anywhere on the black area or press the key to
deselect the object.

O The layout changes as follows:

Fig. 142: Layout view after expanding the rectangle
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29.

30.

O

31.

O

In the Workflow setup pane, expand the group Toolpath and right-click on the
node Drill Unplated.

Click on the context menu item Configure...
A dialog Laser contour routing is displayed.
In the field Channel width enter 0,01 mm.
The dialog changes as follows:

Laser contour routing - [ x |

Contour routing method

I33§i.: |

Description

ontour routing without gaps.

Pesition ® Inside Outside

Source Drillunplated ]

Channel width 0,01 mm I

Target beam overlap | 15 %

Actual beam overlap 0%

Tabs position None E
Gap width 0 mm

Distance

- Save Close

Fig.
32.

O

33.
34.
35.
36.
37.

O

38.

39.

40.
41.

|

146/198

143: Dialog Laser contour routing

Click on [Save].

The Channel width has been defined.

Right-click on the node Cut Inside.

Repeat steps 30 to 32.

Expand the group Processing and the phase Prepare Core (Standard).
Expand the work package Prepare_Core.

Select the task Cutting Prepare Core (Auto, LPKF_Cut_Inside) and press the

key or click on <
The task Cutting Prepare Core (Auto, LPKF_Cut_Inside) has been deleted.

Right-click on the phase Prepare Core (Standard) and click on the context menu
item Compute toolpaths.

Check the Computation Results message for possible errors and make
corrections, if needed.

Click on [Close].
Click on File > Save or on [.

The data for the prepreg material have been prepared.
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. Selecting objects on a layer

There are three ways how to select objects on a layer in CircuitPro PL 3.0. Two of

them are described in the step above. Another possibility is:

1. Switch to Layer pane.
O Alist of layers is displayed:

Layers a
X R

[Z] ~ Color Vis Sel Lay

1 I v Fiducial (4) Bottom Layer|
2 v Prepare Core (6) Bottom Layer|
3 v Prepare Laminate (10) Bottom Layer|
4 v Prepreg (53) Not defined
S v Base Material (40) Not defined
6 v «| |BoardOutline (1) Top Layer

7 v!| | v |Cutinside (1) Top Layer

9 v| | v} |DrillUnplated (3) Top Layer

14 v! | v [TextTop (3) Top Layer

15 v «| |RuboutTop (1) Top Layer

17 v v| |TextLayer2 (4) Layer2

18 v «!| |Ruboutlayer2 (1) Layer2

20 v! | ¥ [TextLayer3 (4) Layer3

2 v| | l¥! |Ruboutlayer3 (1) Layer 3

22 v v| | BottomLayer (213) Bottom Layer|
23 v | |TetBottom (3) Bottom Layer|
27 v «| |RuboutBottom (1) Bottom Layer|
29 v! | ¢} [Cutlnside Cutting (5) Top Layer

30 v «!| |Fiducials Drills (4) Bottom Layer|
32 v «| | Drill Unplated Drills (3) Top Layer

53 v ! |PrepareCore Cutting (5) | Bottom Layer|
< >
Workflow setup | Layers ‘

Fig. 144: Pane Layers

2. Click on the desired layer (in this case Cutinside).

M Al the objects on the layer have been selected.
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4.

Preparing the prepreg material

Switch to the Processing view.

Place the prepreg material in the center of the processing table and click on & to
turn on the vacuum.

Click on Processing > Placement... or right-click in the processing area and select
Placement... from the context menu.

The Placement dialog is displayed.

Place the processing data matching the prepreg position and size to the
processing area used by the CircuitPro PL software.

For detailed information on project placement according to board position and size
refer to chapter 1.1, Project Placement, Determining the processing area.

5. When project placement is complete, click on [Set center].
[0 The layout data are now precisely aligned and in the center of the prepreg.
6. Click on [Continuel].
7. Inthe Workflow setup pane, expand the group Processing and the phase Prepare
Core (Standard).
8. Right-click on the work package Prepare_Core and click on the context menu item
Process.
O The following warning is displayed:
Warning [ x|
1 Some of the operations are exceeding the limits of the processing area.
= Do you want to continue with production?
Yes No
Fig. 145: Warning exceeding the limits
9. Click on[Yes].
O The laser system drills the prepreg positioning holes and the cutout is being
created in the prepreg material.
10. When the message Board production finished is displayed, click on [OK].
11. Remove the prepreg from the system.
M The prepreg material has been prepared.
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10.

11.
12.

Preparing the data for the flexible material

Measure the thickness of the flexible material with a caliper gauge.
Click on File > Open or on

Select the *_Rigid file you previously saved.

Click on [Open].

The layout is displayed.

Click on File > Save As and save the file with the suffix *_Flex.
Switch to the Processing view.

Click on Processing > Material Settings or on

In the Material settings dialog, select the Machine type and the Material type and
enter the Material thickness (for this example the material type
PyraluxTK_0.12mm_Cul2 (laminated) is used).

Click on [OK].

In the Workflow setup pane, expand the group Processing and the phase Prepare
Core (Standard).

Select the work package Prepare_Core.
Perform one of the following steps:

— Right-click on the work package Prepare_Core and click on the context menu
item Delete.

— Press the key.
— Click on .

The following dialog is displayed:

Delete objects [ x|

1 Delete 13 dependent object(s)?
H

Yes No Cancel

Fig.
13.

14.
15.

16.

146: Dialog Delete objects

Click on [Yes].
The work package Prepare_Core has been deleted.
Expand the phase Prepare Laminate Bottom (Standard).

Right-click on the work package Prepare_Laminate and in the context menu click
on Add task > Drill Unplated > Cutting.

The task Drill Unplated has been added to the work package Prepare_Laminate.
Expand the work package Prepare_Laminate.
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“

Workflow setup | Layers

The following tasks are included in this work package:
Workflow setup 2
Scan fields 2
Processing

Settings (Standard)
Prepare Core (Standard)
Layer 3 (Standard)
Layer 2 (Standard)

4 Prepare Laminate Bottom (Standard)
Mount_Laminate
Material_Settings
Placement

4 Prepare_Laminate

Cutting Prepare Laminate Bottom (Auto, LPKF_Cut_Inside)

Cutting Drill Unplated  (Auto, LPKF_Cut_Inside)

Dismount_Material

Poses
Prepare Laminate Top (Standard)
Press All Layers (Standard)
Bottom Side (Standard)
Top Side (Standard)
ProConduct (Standard)

Fig
17

18.

19.
20.

|

. 147: Tasks in the work package Prepare_Laminate
. Right-click on the phase Prepare Laminate Bottom (Standard) and click on the
context menu item Compute toolpaths.

Check the Computation Results message for possible errors and make
corrections, if needed.

Click on [Close].
Click on File > Save or on [].

The data for the flexible material have been prepared in.

Preparing the flexible material

Measure the thickness of the flexible material (pyralux) with a caliper gauge.

Right-click on the phase Prepare Laminate Bottom (Standard) and click on the
context menu item Process.

When the message Processing phase: Mount laminate is displayed, place the
flexible material with the copper side facing upwards on the center of the
processing table.

Click on [OK].

In the Material settings dialog, enter the Material thickness and click on [Continue].

Place the processing data matching the flexible material position and size to the
processing area used by CircuitPro PL.

For detailed information on project placement according to board position and size
refer to chapter 1.1, Project Placement, Determining the processing area.

[ o

When project placement is complete, click on [Set center].
The layout data are aligned and in the center of the flexible material.
Click on [Continue].

The laser system drills the positioning holes and pin holes into the flexible
material.

When the message Processing phase: Dismount material is displayed, remove the
flexible material from the system and click on [OK].

The flexible material has been prepared.
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B Assembling and pressing the flex-rigid stack (with the MultiPress S)

For detailed information on assembling and pressing the multi-layer stack refer to
chapter 1.3, Multi-layer process.

1. Start the pre-heating process of the MultiPress S.

2. Prepare the materials.

3. Assemble the materials in the press mold using the following order:
— Flexible material (pyralux)

Assemble the flexible material according to the pins in the press mold. Make sure,
that the copper side faces downwards.
— Prepreg material
Align the prepreg material to the flexible material. Use the three prepreg
positioning holes created in the previous steps for help with alignment. Apply
some spray adhesive on the corners of the prepreg material to ensure that its
position will remain correct during assembling.
— Rigid material (FR4)
Align the rigid material to the flexible material according to the pins in the press
mold.
Insert a strip from the base material in a matching size into the cutout of the rigid
material. For the strip you can use the residual material that has been created during
the cutout in the step “Preparing the rigid material”. This strip supports the flexible
material during pressing. In this way, better pressing results are achieved.

Apply self-adhesive sealing rings on positioning holes, pin holes and fiducials. This
protects the holes from spreading prepreg materials.

4. Press the flex-rigid stack.

5. Cure the flex-rigid stack.

After pressing of the flex-rigid stack, it must cure at ambient temperature for at least
12 to 18 hours.

Alternatively, you can accelerate the curing cycle. Heat the flex-rigid stack in an
oven for 50 minutes at 100 °C for the epoxy resin to fully cure. This way the long
curing at ambient temperature can be skipped. After heating, cool the flex-rigid PCB
at ambient temperature for 5 minutes before proceeding with production.

M The flex-rigid stack has been assembled and pressed.
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B Structuring the flexible part of the flex-rigid PCB

Measure the thickness of the flex-rigid PCB with a caliper gauge.

Click on File > Open or on

Select the *_Flex file you previously saved.

Click on [Open].

The layout is displayed.

Switch to the Processing view.

Click on Processing > Material Settings or on

In the Material settings dialog select the Machine type and the Material type and

enter the Material thickness (for this example the material type

PyraluxTK_0.12mm_Cul2 (laminated) is used).

Click on [OK].

9. Inthe Workflow setup pane expand the group Processing and right-click on the
phase Bottom Side (Standard).

10. Click on the context menu item Compute toolpaths.

11. Check the Computation Results message for possible errors and make
corrections, if needed.

12. Click on [Close].

13. Right-click on the phase Bottom Side (Standard) and select the context menu item

Process.

14. When the message Processing phase: Mount material bottom is displayed, place
the flex-rigid PCB with the flexible side (pyralux) facing upwards on the center
of the processing table (the positioning holes should be located in the right rear
corner).

15. Click on [OK].

16. In the Material settings dialog, enter the Material thickness and click on [Continue].

17. Place the processing data matching the location of the flex-rigid PCB and
fiducials on the processing table.

NooQk,rwdR

©

For detailed information on project placement according to fiducial positions refer to
chapter 1.1, Project placement, Matching the fiducial position.

18. When project placement is complete, click on [Continuel].

[0 The laser system reads the fiducials on the Bottom side of the flex-rigid PCB
(BottomLayer).

For detailed information on fiducial recognition refer to chapter 1.2, Fiducial
recognition, Recognizing fiducials.

O The flexible part of the flex-rigid PCB (BottomLayer) is being structured.
19. When the message Board production finished is displayed, click on [OK].
20. Click on File > Save or on [].

21. Leave the flex-rigid PCB mounted on the system’s processing table.

V] The flexible part of the flex-rigid PCB has been structured.
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10.
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Cutting out the flex-rigid PCB

Continue working with the *_Flex file.

Click on File > Save As and save the file with the suffix *_Cutout.
Switch to the Processing view.

Click on Processing > Material Settings or on

In the Material settings dialog, select the Machine type and the Material type and
enter the Material thickness you measured in the previous procedure (for this
example the material type FR4_1.55mm_Cul8 (laminated) is used).

Click on [OK].

In the Workflow setup pane, expand the group Toolpath and right-click on the
node Contour.

Click on the context menu item Configure...

The dialog Laser contour routing is displayed.

Select Basic in the Contour routing method group using the arrow buttons.
Click on [Save].

The contour routing method has been selected.

To avoid flipping the flex-rigid PCB during structuring, the phase Top Side
(Standard) must be set to Mirrored.

11. Expand the group Processing and right-click on the phase Top Side (Standard).
O Click on the context menu item Set mirrored > Mirrored.
Compute toolpaths
Compute scan fields
Add scan field
Set phase ID »
Set mirrored 4 Mirrored
Change sorting > Not mirrored
Add work package :
Rename
x Delete
Fig. 148: Setting the phase Top Side (Standard) to Mirrored
O The phase Top Side (Standard) has been set to Mirrored.
12. Expand the group Toolpath, right-click on the node Contour and click on the
context menu item Compute.
13. Check the Computation Results message for possible errors and make
corrections, if needed.
14. Click on [Close].
15. Expand the group Processing and the phase Top Side (Standard).
16. Right-click on the work package Cutting and click on the context menu item
Process.
O The laser system reads the fiducials on the Bottom side (BottomLayer) and cuts
out the flex-rigid PCB.
17. When the message Board production finished is displayed, click on [OK].
18. Click on File > Save or on [].
19. Remove the flex-rigid PCB from the system.
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20. Spray the flex-rigid PCB with LPKF Cleaner and use a brush to clean the flex-rigid
PCB, rinse under tap water and dry it with compressed air.

M The flex-rigid PCB has been cut out.

The flex-rigid PCB production is finished.
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4.3 Structuring the solder mask with the laser system

This chapter describes how to remove solder resist selectively from solder pads on a
PCB with the laser system. The benefit of this procedure is avoiding printing the
artwork and avoiding handling of chemicals.

Ensure that the following prerequisites are fulfilled and the following auxiliaries are
available before performing the described tasks:

Prerequisites Auxiliaries System
e  Fully structured and e LPKF Cleaner (orderno. e ProtoLaser U4/S4
through-plated PCB 115891) e  ProMask
e Hot air oven (order no.
115877)

e Oil-free compressed air
e Tap water

The following steps are performed in this tutorial:

e Applying the solder resist on the PCB (with ProMask)
e Preparing the data for solder mask structuring in CircuitPro PL 3.0
e Structuring the solder mask

When any PCB production is finished, a green solder resist can be applied on its
surface. A solder mask eliminates the risk of short circuits by soldering of SMDs or
conventional components on the PCB.

Work with PCBs that have not yet been broken at the breakout tabs! Thus, perform
the contour routing only after the completion of this application example.

If contour routing has already been done, make sure you do not break or cut the
breakout tabs. This way the PCB remains attached to the base material.

B Applying the solder resist on the PCB (with ProMask)

Spray the already structured PCB with LPKF Cleaner and use a brush to clean the
PCB, rinse with tap water and dry it with compressed air.

1. Mix the resist and hardener.
2. Coat the PCB.

Ensure that the fiducials are not coated!

3. Predry the PCB in a hot air oven.
4. Expose the PCB without the artwork to the UV light.
5. Postcure the PCB in a hot air oven.

[Vl The solder resist has been applied on the PCB.

For detailed information on applying the solder mask on the PCB refer to
ProMask/ProLegend Process description, chapters 4.2, 4.3 and 4.5.
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B Preparing the data for solder mask structuring in CircuitPro PL 3.0

For detailed information on preparing the data with CircuitPro PL 3.0 refer to
chapter 2.1.

1. Measure the thickness of the coated PCB with a caliper gauge.
2. Open the file you have been using for the production of your PCB.

Your file needs to include solder mask layers.

Should your file not include these layers, you can import them by clicking on
File > Import or on L7. Make sure you assign them to layers SolderMaskBottom and
SolderMaskTop.

O Your layout is displayed in the Layout view; the scan fields have been computed
and are displayed:

Fig. 149: Layout with computed and displayed scan fields

3. Inthe Workflow setup pane, expand the group Layout and expand the node
Layers.

O Alist of layers is displayed.

4. Select the following layers by clicking on them while pressing the key:
— Fiducial
— SolderMaskTop
— SolderMaskBottom
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The view changes as follows:

4

Workflow setup i

4 Layers

Toolpath
Scan fields

Workflow setup | Layers

Material composition
Layout

T | Fiducial 3)
rh L ] BoardOutline (5)
ta [ Drillelated (64)
s Il SolderMaskTop (150)
’h . Toplayer (2309)
rh . BottomLayer (106)
“ka Il solderMaskBottom (150)
rh [ ] Contour Cutting (2)
’h . Fiducials Drills (3)
“ta [ Orill Plated Drills (2)
'—h . Top Insulate (4)
T[] Top Hatch (2)
rh . Top Heat (2)
B I Top ShortHeat (2)
Tl Top PreCut (1)
rh . Bottom Insulate (4)
T[] Bottom Hatch (2)
rh . Bottom Heat (2)
'h . Bottom ShortHeat (2)
"h . Bottom PreCut (1)
Imported files
Sketched

Processing

Fig.

© o NgOge g9

10.
11.
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150: Selected layers

Click on Edit > Copy or press the key combination +[c].
The selected layers have been copied to the clipboard.

Click on File > New or click on [1.

The dialog New document is displayed.

Select the template ProMask.cp2d.

Click on [Load template].

In the Material settings dialog, select the Machine type and the Material type and
enter the Material thickness (in this example the material type
ProMask_removal (non-laminated) is used).

Click on [OK].
Click on Edit > Paste or press the key combination + [v].
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O The copied layers (and the objects they contain) have been pasted and are
displayed in the Layout view:

Fig. 151: Preview of the pasted layers

12. Click anywhere in the black area or press the key to position the pasted
layers and objects.

13. In the Layout view, click anywhere on the black area or press the key to
deselect the objects.

O The Layout view changes as follows:

Fig. 152: Layout view of pasted objects
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14.

15.

16.

In the Workflow setup pane, right-click on the group Toolpath and click on the
context menu item Compute all.

Check the Computation Results message for possible warnings or errors and
make corrections, if needed.

Click on [Close].

The data for solder mask structuring have been prepared in CircuitPro PL 3.0.

Structuring the solder mask

Click on Processing > Process all or in the Processing view on
After warm-up, the message Processing phase: Mount material is displayed.

Place the coated PCB with the Bottom side (BottomLayer) facing upwards onto
the processing table.

Click on [OK].

In the Material settings dialog, enter the Material thickness you measured in the
previous procedure and click on [Continue].

Place the processing data matching the location of the coated PCB and fiducials
on the processing table.

For detailed information on project placement according to fiducial positions refer to
chapter 1.1, Project placement, Matching the fiducial position.

7.
O

When project placement is complete, click on [Continue].

The laser system reads the fiducials on the Bottom side of the coated PCB
(BottomLayer).

For detailed information on fiducial recognition refer to chapter 1.2, Fiducial
recognition, Recognizing fiducials.

O

10.

O

11.

12.
13.

|

The laser system removes the solder resist from the solder pads on the Bottom
side of the PCB (BottomLayer).

When the message Processing phase: Flip material is displayed, turn the coated
PCB over around the symmetry axis of the system and click on [OK].

Place the processing data matching the location of the PCB and fiducials on the
processing table.

When project placement is complete, click on [Continue].

The laser system reads the fiducials on the Top side (TopLayer) and removes the
solder resist from the solder pads on the Top side (TopLayer).

After processing of the Top side (TopLayer) is finished, remove the PCB from the
system.

Spray the PCB with LPKF Cleaner and use a brush to clean the it.
Rinse the PCB with tap water and dry it with compressed air.

The solder mask has been structured.

The solder resist has been removed from the solder pads of a PCB with the laser
system.
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5

Processing files

This chapter describes how to import and process different file formats (CAD files). It
also shows typical errors during the import and suitable measures for troubleshooting.

5.1

Processing DXF files in CircuitPro PL 3.0

This chapter describes how to process DXF files in CircuitPro PL 3.0. It describes how
to import and to convert a DXF file.

The following steps are performed in this tutorial:

© Qe N

Importing the DXF file

Assigning the objects to corresponding layers
Converting objects to polygons

Converting drill holes to flash objects

Importing a DXF file

In the Templates tab of the New document dialog, select the template that suits
the type of project you have (in this example the template
PL-U4_SingleSided_Top.cp2d. is used).

Click on [Load template].

In the Material settings dialog, select the Machine type as well as the Material type
and enter the Material thickness (in this example the material type
FR4_1.00mm_Cul8 (laminated) is used).

Click on [OK].
Click on File > Import or on L1.

Navigate to the folder that contains the data you wish to import. The example data
used for this tutorial are located in the folder:

C:\Users\User name\Documents\LPKF Laser & Electronics\LPKF
CircuitPro PL 3.0\Example Data\UseCase DXFFiles

Select the files you wish to import (in this example Tutor_dxf.dxf).

Click on [Open].

The dialog Import is displayed.

In the column Layer/Template, select the layer TopLayer from the drop-down list.
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O The dialog changes as follows:
Import o IEl

Import | File Name Format Aperture/Tool List Layer/Template Size/Format
| [rutor axtaet Dif format | | [ropLayer] "~ |200x62 mm |

20 Apertures/Tools Tet Messages General |

O Ready

Add File Remove Run ATE. Change template. 0K Cancel

Fig. 153: Dialog Import and assigned layer

In the column Size/Format check the measurement unit which the DXF file was
originally created with (in this example it is mm). Make sure the same unit is displayed
in the sub-tab General under Unit. Should this not be the case, select the correct unit
from the drop-down list.

10. Click on [OK].
O The Layout view changes as follows:

Fig. 154: Layout view of the imported data

[Vl The DXF file has been imported.

Data on non-visible layers

Certain data of DXF files could be on non-visible layers. When importing such files,
the corresponding layer is also non-visible in CircuitPro PL 3.0. You can make these
layers visible by switching to the Layers pane and activating the check boxes in the
column Vis.
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B Assigning the objects to the corresponding layers

Data imported from a DXF file can consist of open paths. Should this be the case,
open paths need to be converted to closed paths before starting the processing.

1. Select the board outline. To do so, click on all its elements while pressing the

key.

O The board outline elements are highlighted in gray:

Fig. 155: Elements selected

2. Right-click on the black area and click in the context menu on Combine open
paths.

O The Layout view changes as follows:

Fig. 156: Combined open path

O The open paths of the board outline have been combined.
3. Right-click on the black area.
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O Inthe context menu, click on Assign to layer > BoardOutline:

Invert selection

Move object Ctrl+M
Rotate
Mirror horizontal

Mirror vertical

B4 a7

Scale

Step and repeat...

6

Expand

Round

Fiducial
Chamfer

BoardOutline

Change line width Cutlnside

B Convert to polygon DrillPlated

Reduce number of element DrillUnplated

SilkScreenTop
Convert to toolpath >
SolderPasteTop

Convert to flash
SolderMaskTop

Assign to layer > TopLayer
Copy to layer > TextTop
Create aperture... RuboutTop
Select by geometry Contour Cutting
Select by layer Cutlnside Cutting
“bs I
2 Measure Fiducials Drills
Drill Plated Drills
x Delete
Drill Unplated Drills
Top Insulate
Top Hatch
Top Heat

Top ShortHeat

Top PreCut

Fig. 157: Assigning combined path to the layer BoardOutline

[0 The combined path has been assigned to the layer BoardOutline.

4. In the Layout view, click anywhere on the black area or press the key to
deselect the combined path.

O The board outline is highlighted in yellow:

Fig. 158: Board outline assigned to layer
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5. Select all paths that are to be assigned to the TopLayer by pressing the

key.

O The paths are highlighted in gray:

Fig. 159: Top layer paths selected

6. Right-click on the black area and select Combine open paths from the context
menu.

[0 The paths have been combined.

7. Select the combined paths that are to be assigned to the TopLayer by clicking on
them while pressing the key.

O The combined paths are highlighted in gray.

8. Right-click on the black area and in the context menu click on Assign to layer >
TopLayer.

[0 The selected combined paths have been assigned to the TopLayer.

9. Inthe Layout view, click anywhere on the black area or press the key to
deselect the combined paths.

10. Select all the holes that are to be assigned to the layer DrillUnplated by clicking on
them while pressing the key.
O The holes are highlighted in gray:

Fig. 160: Holes selected

11. Right-click on the black area and in the context menu click on Assign to layer >
DrillUnplated.

O The selected holes have been assigned to the layer DrillUnplated.
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12. In the Layout view, click anywhere on the black area or press the key to
deselect the holes.

O The color of the holes changes to dark green:

Fig. 161: Holes assigned to layer

|Zl The objects have been assigned to the corresponding layers.

Problems with combining open paths

After selecting multiple elements and applying the Combine open paths function, it
can happen that the elements are still not connected.

There are two possible causes of this problem:

» Not all the elements of an object are selected. Select the multiple elements
once again and pay special attention not to miss the elements on the corners
of the object (they are usually quite small).

P Click on File > Options. In the Options dialog click on Miscellaneous and
adjust the value Curve combine. This setting determines how far the paths to
be combined can be apart for the Combine open paths function to work.

» There could be a gap between two elements that is too large and results
from the DXF file. Connect the separated elements by using the drawing
tools. If the design problem cannot be solved in CircuitPro PL 3.0., return to
the AutoCAD software and redesign your layout.
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B Converting objects to polygons

Closed path objects which are not be rubbed-out during processing need to be
converted to polygons before starting the processing.

1. Inthe Workflow setup pane, expand the group Layout and expand the node
Layers.

O Alist of layers is displayed:

Workflow setup Il

Material composition
4 Layout
4 Layers
T[] BoardOutiine (1)
“ta I Drillunplated (10)
rh . ToplLayer (2)
Imported files
Toolpath
Scan fields
Processing

Workflow setup | Layers

Fig. 162: List of layers

2. Right-click on the TopLayer (2) and select the context menu item Select by layer.
O All objects on this layer have been selected.
3. Perform one of the following steps:

— Click on [

— Click on Layout > Convert to polygon.

— Right-click on the black area and select Convert to polygon from the context
menu.

O The selected objects have been filled.

4. In the Layout view, click anywhere on the black area or press the key to
deselect the objects.

O The objects are highlighted in red:

Fig. 163: Filled objects

M The objects have been converted to polygons.
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B Converting drill holes to flash objects

Holes need to be converted to flash objects before starting the processing.

1. Right-click on one of the holes located on the layer DrillUnplated and click in the
context menu on Select by layer.

All the holes on this layer have been selected and are highlighted in gray.
Right-click on the black area and click in the context menu on Convert to flash.
The selected drill holes have been converted to flash.

In the Layout view click anywhere on the black area or press the key to
deselect the drill holes.

wobdhQO

&

The drill holes have been converted to flash objects.

The DXF file has been successfully imported and converted in CircuitPro PL 3.0.
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5.2 Processing Gerber and Excellon files in CircuitPro PL 3.0

This chapter describes how to process Gerber and Excellon files in CircuitPro PL 3.0.
It explains the most common difficulties when importing these types of files and offers
tips for troubleshooting.

The following steps are performed in this tutorial:

e Selecting Gerber and Excellon files

e Selecting the file format

e Assigning the desired target layer during import

e Assigning the desired target layer after import

e Setting/correcting the size and format

e Viewing/modifying aperture properties

e Using layer names from the Gerber file for import
e Using layer names from the Gerber file as default

B Selecting Gerber and Excellon files

1. Inthe Templates tab of the New document dialog, select the template that suits
the type of PCB you wish to process (in this example the template
PL-U4_SingleSided_Bottom.cp2d. is used).

2. Click on [Load template].

3. Inthe Material settings dialog, select the Machine type as well as the Material type
and enter the Material thickness (in this example the material type
FR4_1.00mm_Cul8 (laminated) is used).

4. Click on [OK].
5. Click on File > Import or on L.

6. Navigate to the folder that contains the data you wish to import. The example data
used for this tutorial are located in the folder:
C:\Users\User name\Documents\LPKF Laser & Electronics\LPKF
CircuitPro PL 3.0\Example Data\UseCase BasicCAMOperations.

Instead of selecting individual Gerber or Excellon files, you can select a whole folder.
In this case, all files in the selected folder are displayed in the dialog Import.

7. Select the folder UseCase_BasicCAMOperations.
8. Click on [Open].
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O The dialog Import is displayed:

Import

Impert | File Name Format Aperture/Tool List

4 Tutor.BOA GerberX

Layer/Template

Tutor.BOT GerberX

Tutor.SMB GerberX

Tutor.SMT

GerberX

v

v
GerberX | v
v
GerberX | v
v

Tutor. TOP

Excellon

v
v
v
o Tutor.SPT
v
¥

Tutor.DRL

Tutor.DRL

0 Apertures/Tooks | Text

Messages

O Ready

Add File. Remove | | Run ATE Change template

General

Size/Format

43,508 x 78,048 mm

40,894 x 69,469 mm

22,378 x 66,734 mm

38,899 % 72.16 mm

38,629 68,978 mm

40,84 x 75,76 mm
+ 42252 76,859 mm
42,252 76,859 mm
Millimeters [+]
Absclute [+]
Omitleading zer0s | ¥

2 3

oK Cancel

Fig. 164: Dialog Import

The columns of the table displayed contain the following information/settings:

Column Description

Import Activate the check boxes of the files that you
wish to import.

File Name The name of the selected file is displayed.

Format The format of the selected file is displayed. If

CircuitPro PL 3.0 has not recognized the file
format correctly, you can assign the correct
format in the corresponding drop-down list.

Aperture/Tool List

The Aperture list is usually a part of the
Gerber or Excellon file. The apertures
contained are displayed in the tab
Apertures/Tools.

Layer/Template

The layer that is to contain the imported data
is displayed or can be assigned.

Size/Format

The size of the imported layout is displayed in
this column.

Table 7: Table columns

In the column Import deactivate the check boxes of the files you do not wish to
import (in this example: Tutor.SMB, Tutor.SMT, Tutor.SPT and Tutor.TOP).
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O The dialog Import changes as follows:

O Ready

Add File. Remave

Run ATE.

Change template

Import
Import | File Name Format Aperture/Tool List Layer/Template Size/Format
vl Tutor.BOA GerberX | v 43,598 x 78,048 mm
¥l |TutorBOT GerberX | v 40,894 x 69,468 mm
Tutor.SMB GerberX | v 22,378 x66.734 mm
Tutor.SMT Gerber | v 38,899 % 72.16 mm
Tutor:SPT Gerbent | v 38,620 x 68,978 mm
Tutor.TOP GerberX | v 40,84 75,76 mm
¥ [TutorDRL Excellon | v Tutor.DRL 42252 x 76,859 mm
D | Apertures/Tools | Tet | Messages General
Size 42,252 x76,859 mm
Uni Millimeters ]
Values [ Absolute [~]
Decimal | Omitleadingzeros | ¥
Digitsmn | 2 3

0K Cancel

Fig. 165: Deselected files

The files have been deselected.

|Z| The Gerber and Excellon files have been selected.
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B selecting the file format

Sometimes CircuitPro PL 3.0 does not recognize the format of the file selected.

1. Select the files you wish to import (in this example Tutor.BOA, Tutor.BOT and

Tutor.DRL).
2. Click on [Open].

O
missing (= Undefined).

Import

Import
v

File Name
Tutor.BOA

Format
GerberX

Aperture/Tool List

Layer/Template

Size/Format
43,598 x 78,048 mm

Note that the file problem described in this procedure was created intentionally. The
UseCase files do not contain these problems.

In the dialog Import, the file format as well as other file-specific information is

|

¥

Jutor. DRL

Excellon

Tutor.DRL

v
v

~ 142252 x 76850 mm

Tutor,8BOT Undefined

|

Tet | Messages

Apertures/Tools

O Reaty

Add File. Remove | | Run ATE Change template

Cancel

Fig. 166: Dialog Import and Format undefined

O
this case GerberX):

Import

Format Aperture/Tool List Layer/Template

GerberX | v

Import | File Name

| Tutor.BOA

Size/Format
43,598 x 78,048 mm

In the column Format select the appropriate file format from the drop-down list (in

! Tutor.DRL Excellon | v

~ 7,105 x 10,566 mm

Tutor.BOT Undefined | ¥

O reaty

Run ATE

Change template...

Add Fille... Remave

oK

Cancel

Fig. 167: Selecting the appropriate file format
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O The missing file-specific information is displayed automatically and the check box
in the column Import is activated:

Import o Ed
Impert | File Name Format Aperture/Tool List Layer/Template Size/Format
v | TutorBOA GerberX [v 43,508 x 78,048 mm
¥ |TutorBOT GerberX | v 140,894 69,469 mm
vl |TutorDRL Excellon | v DrillPlated ~ [42,252 % 76,859 mm

D Apertures/Tooks | Text

© Reaty

Messages

Add File. Remove || RunATE.. || Changetemplate

General

Values
Decimal

Digits m.n

Options

40,394 x 69,468 mm

2 3

0K Cancel

Fig. 168: Appropriate file format selected

|Z| The file format has been selected.
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Sometimes CircuitPro PL 3.0 does not assign the file to the desired layer

automatically.

There are two ways to assign layers. This takes place either during or after the files
import. Both possibilities are described as follows:

B Assigning the desired target layer during import

1. Select the files you wish to import (in this example Tutor.BOA, Tutor.BOT and
Tutor.DRL).

2. Click on [Open].

O Inthe dialog Import, the file Tutor.DRL has not been automatically assigned to an
existing layer (the cell in the Layer/Template column is active and contains the
name of the file):

Import o Ed
Import File Name Format Aperture/Tool List Layer/Template Size/Format
v Tutor.BOA GerberX |v 43,598 x 78,048 mm
¥ |TutorBOT GerberX | ¥ | 40,894 x 69,469 mm
vl |TutorDRL Excellon | v | [ Tutor.0R ~ | 42,252 x 76,859 mm
0 | Apertures/Tools | Tet | Messages General
42,252 x 76,859 mm
Millimeters ]
Absolute [~]
Omit leaing zeros | ¥ ]
2 3
O Reaty
Add File. Remave | | RunATE... | [ Change template oK Cancel

Fig. 169: Unassigned layer

3. Click on the arrow button in the Layer/Template column.
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O A drop-down list is displayed:

O resty

Add File

Remove

Run ATE

Change

template

Import
Import | File Name Format Aperture/Tool List Layer/Template Size/Format
¥ |TutorBOA GerberX |+ 43,598 % 78,048 mm
v Tutor.BOT GerberX | v 40,894 x 69,469 mm
| |TutorDRL Excellon | ¥ Tutor.DRL v |42,252 x 76,859 mm
Tutor.DAL A
BoardOutline
Cutinside
DrillPlated
DrillUnplated
BottomLayer
20 Apeitures/Tools Text Messages TextBottom

SilkScreenBottom

v
& 42,252x76,859 mm

Millimeters

Absclute

[ [ [

Onmit leading zeros

Cancel

o]

Fig. 170: Selecting the target layer

4. Select the desired target layer (in this example DrillPlated).
O The dialog Import changes as follows:

O Reaty

Add File

Remaove

Run ATE

Change template.

Import
Import | File Name Format Aperture/Tool List Layer/Template Size/Format

v Tutor.BOA GerberX |v 43,598 x 78,048 mm

vl |TutorsoT GerberX | v 40,894 x69,469 mm

v| |TutorDRL Excellon | v OrillPlated] v 42,252 x76,859 mm

D | Apertures/Tools | Tet | Messages Genenal
Size 42,252 76,859 mm
Uni Millimeters ]
Values [ Absolute ]
Decimal | Omitleadingzeros ||
Digitsmn | 2 3

Cancel

Fig. 17

1: Selected target layer

5. Click on [OK].
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O The processing data are displayed in the Layout view:

Fig. 172: Layout view of the imported files

V] The desired target layer has been assigned during import.
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B Assigning the desired target layer after import

1. Select the files you wish to import (in this example Tutor.BOA, Tutor.BOT and

Tutor.DRL).
2. Click on [Open].

O In the dialog Import the file Tutor.DRL has not been automatically assigned to an

existing layer:

Import o IEl
Import | File Name Format Aperture/Tool List Layen/Template Size/Format
¥ |TutorBoA Gerber | v 43,598 78,048 mm
¥ TutorBOT Gerbent | v 40894 69,469 mim |
v [TutorDRL Excellon | v Tutor.DRL + 42,2524 76,859 mm
20 [ Apentures/Tools | Text | Messages General
Size 42252 76,859 mm
Unit Milimeters ]
Values | Absolute [~
Decimal | Omit leaging zeros | v
Digitsman | 2 3
O Resdy
Add File Remove | | RunATE.. || Change template oK Cancel

Fig. 173: Unassigned layer

3. Click on [OK].
O The following warning is displayed:

Import

During import, these new layers are created:
Tutor.DRL

Do you want to change the document template?

Change template...

Fig. 174: Warning Import

4. Click on [Continue].
O The following warning is displayed:

1 During import, these new layers were created:
- Tutor.DRL

Please assign to them the correct phase and tech descriptor.

Warning =

Fig. 175: Warning about new layer created
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5. Click on [OK].

O A new layer Tutor.DRL has been created and the processing data are displayed in
the Layout view:

Fig. 176: Layout view of the imported files

6. Inthe Workflow setup pane, expand the group Layout and expand the node
Layers.

O A list of layers is displayed:

Workflow setup a

Material composition
“ Layout

4 Layers
rh D BoardOutline (1)
T [ BottomLayer (542)
& I Tutor.DRL (64)

Imported files

Toolpath

Scan fields

Processing

Workflow setup | Layers

Fig. 177: List of layers

7. Right-click on the layer Tutor.DRL (64) and click on the context menu item Select
by layer.

O All the objects on this layer are selected and highlighted.
8. Right-click on the black area.
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O In the context menu, click on Assign to layer > DrillPlated:

Invert selection
B Group
ki Moveobject  Ctd+M
@ Rotate
~=a Mirror herizontal
A Mirror vertical
U Scale

Step and repeat.

| Round
(" Chamfer Fiducial
0y Merge BoardOutline
2 spit Cutlnside
DrillPlated
E] Convertto closed path
Drillunplated
Combine to flash
BottomLayer
Explode flash
TextBottom
Assign to layer b SilkScreenBottom
Copy tolayer ' SolderPasteBottom
Create aperture... SolderMaskBottom
S Measure RuboutBottom
Contour Cutting
X Delete

Cutlnside Cutting
Fiducials Drills
Drill Plated Drills
Drill Unplated Drills
Bottom Insulate
Bottom Hatch
Bottom Heat
Bottom ShortHeat
Bottom PreCut

Tutor.DRL

Fig. 178: Assigning objects

9. Inthe Layout view, click anywhere on the black area or press the key to
deselect the highlighted objects.

O The color of the drill holes changes to turquoise:

Fig. 179: Assigned drill holes

O The objects from the layer Tutor.DRL have been assigned to the layer DrillPlated.

V] The desired target layer has been assigned after import.
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' Setting import assignments

During file import, some files are automatically assigned to target layers and the
column Layer/Template is inactive. This is a result of Import assignments settings. If
you frequently use file names with the same suffixes, you can adapt the Import
assignments to your requirements.

To do so, perform the following:
1. Click on File > Options...

O The dialog Options is displayed.
2. Click on Import assignments.
a

The dialog changes as follows:
Options Ex

% CAUsers\jana pediipnik\Documents\LPKF Laser & Electronics\LPKF CircuitPro PL 3.0\ApestureTemplates.ami

Snap
) Import / Export Load from  C:\Users\jana pediipnik) Documents\LPKF Laser & Electranics\LPKF Circuitbro PL 3.0\import Assignments\Eagle.xm

[ Impert assignments

File Name Format
~T0P GerberX
*BOT berX
208

55T
*558

SMB
-SPT
[-sp8

o] Adjust diillfles

Fig. 180: Import assignments

3. Click on [New].

4. Enter the new .xml file name and click on [Save].
O The dialog changes as follows:

Options EX|

n C\sers\jana.podiipnik Documents\LPKF Laser & Electronics\LPKF CircuitPro PL 30\ApertureTemplates.aml

n C:AUsers\jana.podiipnik Documents\LPKF Laser & Electronics\LPKF CircuitPro PL 3.0\Import Assignments\Jsna programami

File Name Format Layer/Template Aperture/Tool it

7] Adjust dillfkes

Fig. 181: New import assignments

5. Click on [Add].
6. Enter the file name suffix in the column File Name.

7. Select the corresponding values from the drop-down lists in the columns Format,
Layer/Template and Aperture/Tool list.

8. Repeat steps 6 and 7 for creating further Import assignments.
9. When you have finished creating the desired Import assignments, click on [OK].

O The following figure displays an example of an import assignment setting for the
file names with the suffix *.CUT:

File Name Format Layer/Template Aperture/Tool list
~.cuT [ Gerberx v BoardOutiine v BoardApe v]

Fig. 182: Example of an import assignment
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B Setting/correcting the size and format

Sometimes the layout of the file is not displayed correctly in CircuitPro PL 3.0. There
are four possible causes for this:

Wrong measurement unit: A wrong measurement unit was selected when
importing the file (inch instead of mm).
— Wrong number of decimal digits: The number of decimal digits entered does not

182/198

match the file's contents.
Wrong declaration of the value (relative/absolute).
— Wrong zero suppression (decimal).

1. Select the files you wish to import (in this example Tutor.BOA, Tutor.BOT and
Tutor.DRL).

2. Click on [Open].

Note that the file problem described in this procedure was created intentionally. The
UseCase files do not contain these problems.

O In the dialog Import, the file Tutor.DRL displays a peculiarly large size of the layout

(see column Size/Format):
Import o IEN

Import | File Name Format Aperture/Tool List Layer/Template Size/Format
v [Tutorson GerberX | v [ 43,508 178,048 mm
vl |TuterBOT GerberX | v 140 804 60460 o

vl [TutorDRL Excellon | v Tutor DAL 1020 1952219 mm |

0 Apertures/Tools | Tet | Messages Genenal

Size 1073,201 x1952.219 mm
Unit Inches ]
Values [ Absolute ]
Decimal | Omitlesdingzeros | v

Digitsm.n | 2

O Ready

Cancel

Add File Remaove Run ATE Change template. 0K

Fig. 183: Large layout size

The measurement unit for GerberX files is preset as default and cannot be modified.
The measurement unit for all other file types (Excellon, Gerber etc.) can be modified.
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3. Check the Unit in the sub-tab General of the Import dialog (in this example Inches
are selected).

O Click on the arrow button and select Millimeters from the drop-down list:

Import o IEl
Import_| File Name Format___| Aperture/Tool List Layes/Temnplane Sae/Format
ed Tutor.BOA GerberX | v 43,598 x 78,048 mm
i Tutor.BOT GerberX | v 40,894 x 69,469 mm
v Tutor.DRL Excellon | v Tutor.DRL v |1073,201 x 1952,219 mm
0 | Apertures/Tools | Ted | Messages General
Size 1073,201 x 1952,219 mm
Unit Inches v
) Millimeters
Values
Inches
R I ——
Digtsman | 2 3
O resty
Add File Remave Run ATE Change template. 0K Cancel

Fig. 184: Selecting the appropriate unit

O The dimensions of the layout change automatically:

Import o IEl
Import | File Name Format Aperture/Tool List Layer/Template Size/Format
¥ |TuterBOA GerberX | v 43,508 x 78,048 mm |
v Tutor.BOT GerberX |v 40,894 x 69 469 mm
4| |TutorDRL Excellon | v Tutor.DRL v] 42,252« 76,859 mm l
D [ Apentures/Tools | Text | Messages General
Size 42252x76,859 mm
Unit Milimeters [~]
Values | Absolute [*]
Decimal | Omitleading zer0s ||
Digitsman | 2 3

© Resdy

Add File Remove Run ATE Change template. 0K Cancel
Fig. 185: Changed layout dimensions

O The measurement unit has been checked and corrected.

If the layout is still not displayed correctly in the tab 2D, you should check the number
of decimal digits.
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An incorrect preview of the layout data is displayed as follows:

Import o Ed
Import | File Name Format Aperture/Tool List Layer/Template Size/Format

v Tutor.BOA GerberX | v 43,508 x 78,048 mm

¥ |TutorsoT GerberX | v 40,894 69,469 mm

v |TutorDRL Excellon | v Tutor.DRL v 7,105 x10,566 mm

D | Apertures/Tools | Tet | Messages General
Size 7,105 x10,566 mm
Unit Millimeters ]
Values | Absolute [~]
Decimal | Omitleadingzeros | ¥
Digitsmn | 2 4

O Ready
Add File. Remave Run ATE. Change template. 0K Cancel
Fig. 186: Incorrect preview of the layout data

4. Check the Digits m.n in the sub-tab General of the Import dialog.

5. Enter 3 in the n digit count.
O The dialog Import changes as follows:

Import o IEl
Import | File Name Format Aperture/Tool List Layer/Template Size/Format
od Tutor.BOA GerberX | v 43,598 x 78,048 mm
v Tutor.BOT GerberX |v 40,894 x69,469 mm
4 Tutor.DRL Excellon | v Tutor.DRL v |42,252 x 76,859 mm

© Resdy

Run ATE

Change template.

Add File Remove

| Apertures/Tools | Text | Messages Genenal
Size 42,252 76,859 mm
Uni Millimeters
Values | Absolute
Decimal | Omit leading 2eros
Digitemn | 2

Ll [<] [

Cancel

Fig. 187: Correct preview of the layout data

O The number of decimal digits has been checked and corrected.

IZI The size and format have been set/corrected.
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B viewing/modifying aperture properties
You can view the properties of the apertures contained in the files and modify them

according to your needs.

1. Inthe dialog Import, select the file whose apertures you want to view (in this
example the file Tutor.BOA is selected).

O The dialog Import changes as follows:

Import o IEl
Import | File Name Format Aperture/Tool List Layer/Template Size/Format
v Tutor.BOA GerberX | v 43,508 x 78,048 mm
v Tutor.BOT GerberX |v 40,894 x 69,469 mm
¥ |TutorDRL Excellon | v Tutor.DRL v | 42,252 x 76,859 mm
0 Apertures/Tools | Tet | Messages General | Options
Size 43,598 x 78,048 mm
Unif
Values
Decimal
Digits m.n
© Ressy
Add File Remove || RunATE Change template. OK Cancel

Fig. 188: File Tutor.BOA selected

2. Click on the tab Apertures/Tools and then on the sub-tab Attributes.
O The dialog Import changes as follows:

Import o IEl
Import | File Name Format Aperture/Tool List Layer/Template Size/Format
v] [tutorBoA GerberX |+ 43,598 x 78,048 mm
v Tutor.BOT GerberX |v 40,894 x 69,469 mm
4 [rutoroRr Excellon | v Tutor.DRL v [ 42,2521 76 859 mm
E) Apertures/Tools | Text Messages General | Options | [Aftributes
Image | Name | Mode | Rotation | b < d Type | circle ~
LO fow | R \ |
Rotation 0
. 01 mm
b
=
&
© Reaty
Add File Remove || RunATE Change template [Tok [ cancar

Fig. 189: Tab Apertures/Tools and sub-tab Attributes
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The following aperture properties can be modified in the sub-tab Attributes:
— Shape of the aperture (circle, square, oval, etc.),

— Aperture rotation,

— Parameters of the aperture geometry.

In this example, the aperture’s shape is to be changed from a circle to a rectangle.

3. Inthe sub-tab Attributes under Type, select Rectangle from the drop-down list:

Import o IEN
Import | File Name Format Aperture/Tool List Layer/Template Size/Format
v] |TutorsoA GerberX | v 43,598 78,048 mm
v |TutorBOT GerberX | v 40,394 x69,469 mm
v |TutororL Excellon | v Tutor DAL v |42,252 76,859 mm
D | Apettures/Tools | Ted | Messages General | Options | Attributes
Imsge | Name | Mode | Rotation | a b < Type | circle -
[ O |Jow Jo* Joa [
2 Unknown
lotation
Circle
. Square
Rectangle
b oval
Regular Pelygon
< Octagon
. Round Rectangle
Bevel Rectangle
Segment
O Ready
Add File Remove || RunATE.. | | Change template oK Cancel

Fig. 190: Selecting the type of aperture

4. Enter 1.5 in the field a:
O Inthe sub-tab Attributes, a preview of the modified aperture is displayed:

Import o EX
Import | File Name Format Aperture/Tool List Layer/Template Size/Format
v Tutor.BOA GerberX | v 43,508 x 78,048 mm
Cd Tutor.BOT GerberX |v 40,894 x 69,469 mm
v Tutor.DRL Excellon | v Tutor.DRL v |42,252 x 76,859 mm
20 Apertures/Tools Text Messages General | Options | Attributes
Image | Name | Mode | Rotation | 2 b < d Type Rectangle El
[ O [ow ] o+ 5 Jocom | J
Rotation 0
a 15mm |
b 0,001 mm
e
d
a1
b
|
O Ready
Add File Remove Run ATE Change template. 0K Cancel
Fig. 191: Preview of the modified aperture

M The aperture properties have been viewed/modified.
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The Gerber file format has an input field for the layer name. There are two ways to use
the layer name for import. Either you define in each import whether the layer name
from the Gerber file is to be used or you set this function as default in the options.

Both possibilities are described as follows:

You can view the layer name defined in the Gerber file in the tab Text of the dialog
Import (in this example the file Tutor.BOA which contains the layer name BoardOutline

Import o IEd
Import | File Name Format Aperture/Tool List Layer/Template Size/Format
v Tutor.BOA GerberX | v 43,508 x 78,048 mm
4 [tutoroT GerberX | ¥ 40,894 x 69,469 mm
v [TutorDRL Excellon | v Tutor.DRL v [ 42,252 x 76,859 mm
D | Apetures/Tools | Text | Messages General | Options
[%FSLAX23Y23%% P
HOMN™% Size 43,598 x 78,048 mm
%LNBoardOutine Unit
=T
G54D10* Values
X21749Y-38974002"
X-21749Y-38974D01*
X-21749Y38974001 Decimal
X21749Y38974D01*
X21749Y-38974001" Digitsman
O Ready
Add File Remove || RunATE.. | | Change template oK Cancel

Fig. 192: Layer name in the Tutor.BOA file
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B Using layer names from the Gerber file for import

1. Select the files to be imported (in this example Tutor.BOA, Tutor.BOT and
Tutor.DRL).

2. Click on [Open].
O The following dialog is displayed:

Add File Remove Run ATE Change template.

Import o IEl
Import_| File Name Format___ | Aperture/Tool List Layer/Template Size/Format
9 [rutorson GerberX | v 43,598 78,048 mm
" Tuter.BOT GerberX | v 40,894 x/69,469 mm
4| |TutorDRL Excellon | v Tutor DAL v J42,252 « 76,859 mm
D [ Apentures/Tools | Text | Messages General
Size 4225276859 mm
Unit Milimeters [~]
Values | Absolute [*]
Decimal | Omitlesdingzeros | v
Digitsman | 2 3
© Reaty
o[ concer

Fig. 193: Layer names not used in the Gerber file

The layer names defined in the Gerber file are not used and not displayed in the

column Layer/Template:

3. Select one of the GerberX files (in this example the file Tutor.BOA is selected) and

switch to the sub-tab Options.

4. Activate the following check boxes:
— Use layer name
— Apply to all Gerber files

LPKF Laser & Electronics AG | V. 1.0
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O The dialog changes as follows:

Import
Impert File Name Format Aperture/Tool List Layer/Template Size/Format
vl Tutor.BOA GerberX | v 43,508 x 78,048 mm
vl |TutorBOT GerberX | v 40,894 x 69,469 mm
o Tutor.DRL Excellon | v Tutor.DRL v | 42,252 x 76,859 mm
20 Apertures/Tools Text Messages General | Options

[¥] Use layer polarity
] Rotate Square
Step and Repeat to flash
[] Rotate AM-Octagon
[] Set 360 interpolation as default

I ] Apply to all Gerber files I

O Ready

Add File. Remove Run ATE. Change template. 0K Cancel

Fig. 194: Activated check boxes

O The layer names defined in the Gerber files are now displayed in the column

V. 1.0 | LPKF Laser & Electronics AG

Import o IEl
Import | File Name Format Aperture/Tool List Layer/Temp Size/Format
vl |Tutorsoa GerberX | v 43,508 x 78,048 mm
¥  |TutorBOT GerberX | v \ N 40,894 x 69,469 mm
¥ |TutorDRL Excellon | v o 0r,/ v [42,252.1 76,859 mm
20 [ Apertures/Tools | Tet | Messages General | Options

7] Use layer name
7] Use layer polarity

Layer/Template

] Rotate Square

Step and Repeat to flash

[] Rotate AM-Octagon

BoardOutline

BottomLayer /
NeeDal "

Set 360 interpolation as default

] Apply to all Gerber files

O Resoy

-

Run ATE. Cancel

Change template

Add File. Remove

Fig. 195: Layer names from the Gerber file used

V] The layer names from the Gerber file have been used for import.
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B Using layer names from the Gerber file as default

1. Click on File > Options...

O The dialog Options is displayed.
2. Click on the option Gerber Import.
O The dialog changes as follows:

Options II
4 [ All settings 4 Limport
[ General 1.1. Use layer polarity True
4 [ Display 1.2. Rotate square False
[) Grid 1.3. Step and repeat to flash False
D) Snap 14. Rotate AM-octagon False
4 [ Import / Export 1.5. Use layer name Folse
-‘ Import assignments 16. 360-degree interpolation as default False
4 [ Formats.
[ Gerber
D Excelion
O wo
D HPGL
O oxF
O sTep
[) Miscellanecus
0 Machine
4 [ Logging
D Logging
L.1. Use layer polarity
Activate/Deactivate analysis of layer polarity during Gerber import.
o el
Fig. 196: Dialog Options with Gerber import options
3. Under Use layer name select the value True:
Options
4 [ Al settings 4 lImport
[) General 1.1. Use layer polarity True
4+ [ Display 1.2. Rotate square False
D) Grid 1.3, Step and repeat to flash False
0 Snep 1.4. Rotate AM-octagon False )
4 03 Import/ Export 15 Uselayername il -]
[) Import ssignments 16.360-degree interpolation as default r_
- False
4 [0 Formats
[ Gerber
[) Excelion
D wo
D HpPGL
O oxF
DO step
0 Miscellaneous
[ Machine
4 [ Logging
D Logging
1.5. Use layer name
Use layer name definition from Gerber file.
oK Cancel

Fig. 197: Selecting the value True for Use layer name

If the value False is selected, the option is not activated as default. In such cases,
when importing Gerber files, you must always define whether you wish to use the
layer names contained in the files.

4. Click on [OK].

O The option for the default use of the contained layer name has been activated.

5. Select the files you wish to import (in this example Tutor.BOA, Tutor.BOT and
Tutor.DRL).

6. Click on [Open].

190/198 LPKF Laser & Electronics AG | V. 1.0



ProtoLaser U4/S4

Processing files

O The layer names defined in the Gerber files are displayed in the column
Layer/Template:

Import o Ed
Import | File Name Formst | Aperture/Tool List Layer/Templan) Size/Format
vl [TutorBoa Gerberk | v [ 43,598 78,048 mm
¥ [Tutorsor GerberX | v 40,894 69,469 mm
¥ |TutorDRL Excellon | v v |42.252 x 76,859 mm

© Ready

Add File.

Apertures/Tools

Remove

Text

Run ATE

Messages

Change template.

General
Size
Unit
Values
Decimal

Digits m.n

Options

43,598 x 78,048 mm

c

ancel

Layer/Template

BoardOutline

BottomLayer /
N~epaL "

Fig. 198:

Layer names defined in the Gerber files displayed

M The layer names from the Gerber file have been used as default.

The Gerber and Excellon files have been processed in CircuitPro PL 3.0.
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