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Information about this
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CircuitPro PM

Information about this document

General

This document contains all information for
installation, putting into operation, operation,
and maintenance or trouble-shooting of the
system delivered. This document is intended
for persons with basic knowledge of installation
and operation of software-controlled machines.
General knowledge of operational safety as
well as basic knowledge of using PCs running
Microsoft Windows® are required.

Availability

A complete and legible copy of this document
must be available at the operation station. Any
person who is authorised to operate the system
must have read and understood this document.
The facility owner is required to ensure that all
safety measures listed in this document are
observed.

© 2019 LPKF AG

Notations

To facilitate the reading and understanding of
the document information text attributes, text
notations and text structures are used.

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

V2.0 -12. 2019

Attribute Function

Bold Important information

Italics Brand name

Bold italics | LPKF brand name

[...] Button

A Input/display field

<..> Check box

{..} Radio button

>..>..> Menu trail

[ Reference to a number in the
figure

Figures

Figures (photos or drawings) are displayed in a
frame. Each figure has a numbered figure title,
e. g. “Fig. 1: Overview”. Numbers in the figure
mark certain components or actions. Arrows in
the figure show the direction of an action.

Tables

Data, facts, and important contexts are
arranged in tables. Each table has a numbered
table title, e. g. “Table 1: Scope of delivery”.
Every table has a highlighted header row
containing the column headings.



Information about this
document

Procedures

In this document, procedures or workflows are
compiled to step-by-step operation sequen-
ces. An individual operation sequence consists
of at least three components: Title, step, and
result
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Registered Trademarks and Brand names
The LPKF Logo and the LPKF product names
are registered trademarks of LPKF Laser &
Electronics AG.

Microsoft and Windows are brand names or
registered trademarks of Microsoft Corporation

Component Description |n the USA and/or Othel’ COUﬂtrIeS
m title Description of the objective of All other trademarks belong to the respective
the procedure marked by a owner.
preceding “m”
1. step Consecutively numbered Standards
sequence of an procedure . o
: The following standards and guidelines were
» Intermediate result of an observed when creating this document:
. . operation step. The
intermediate d ti o
result procedure continues. Standard Description
¢ result Result of the procedure DIN 5008 Rules for writing and layouting
marked by a preceding “¢” 05-2005
VDI 4500 Technical documentation -
. Bl.1,2 Definitions and legal basics
Symbols ahd signal words 11-2006
The following symbols are used to mark : - :
. tant information: DIN 62079 Preparation of instructions -
impor ’ 11-2001 Structuring, content and
Symbol Description presentation
Safety note ISO 12100-2 | Safety of machinery - Basic
02-2003 concepts, general principles
\p/)\cleﬁst)ELNG — Hazard for for design - Part 2: Technical
CAUTION — Damage to the principles
system DIN EN Safety of machinery - Electrical
N 60204 01- equipment of machines - Part
m—. ote 2005 1: General requirements
-

A note is an information on the
optimum usage of a feature.

- Tip
A tip contains additional
information.
© Copyright
® Registered Trademark
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1 How to produce a PCB

This tutorial shows you how to produce a double-sided circuit board without
through plating.

The following steps are necessary to complete the tutorial successfully:
i. Switching on the machine and starting CircuitPro

ii. Selecting a template and creating a new document

iii. Importing data

iv. Inserting rubout areas

V. Multiplying the design if needed

vi. Setting fiducialsCreating toolpaths

Vii. Loading the tool magazine and assigning the tools to positions
viii. Starting production

Following material is required:
» Base material FR4 copper-clad (18um) on both sides (order no. 115967)

© 2019 LPKF AG V2.0 -12. 2019 9
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1.1 Switching on the machine and starting CircuitPro

B Switching on the machine and starting CircuitPro

1. Switch on the machine.
2. Start CircuitPro.

= CircuitPro automatically connects to the machine. The connection steps
are displayed.

Fig. 1: -
Connection steps Connection steps

@ Connecting the machine.

2 Checking the machine, machine type, firmware.

@ Reading settings from the machine.

@ Synchronizing the settings.

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

@ Moving to the startup position.

& Connecting the camera.

= CircuitPro reads the settings from the machine.

€ The machine moves to the reference points and stops at the Pause
position.

10 V2.0 -12. 2019 © 2019 LPKF AG
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1.2 Selecting atemplate and creating a new document

B Selecting a template and creating a new document
1. Click on File > New...

®» Following dialog is displayed:

Fig. 2: New New document

document Run process olanning wizard

Template file Description -
CircuitPro installed templates

# SingleSided.cbf PCB with one predefined layer.

' SingleSided_Top. cbf PCB with one predefined layer on top side.
' DoubleSided_ProConduct.cbf PCB with predefined Top and Bottom layers, prepared for ProConduct process.
# DoubleSided_Gatvanic THP.cbf PCB with predefined Top and Bottom layers, prepared for galvanic THP process.

d for EasyContac process.

DoubleSided_EasyContac.cbf PCB with predefined Top and Bottom layers, prey

STy s e 5 -
& 4Layer_ProConduct_MultiPressS.chf PCB with four predefined layers, prepared for ProConduct, MultiPress S process,
' dLayer_ProConduct_MultiPressS_DoubleCore. cbf PCE with four predefined layers, double core, prepared for ProConduct, MultiPress S process. 7

' 4Layer_GahvanicTHP.cbf PCB with four predefined layers, prepared for galvanic THP process.

H 6layer.cof PCB with six predefined layers.

& 6layer_MultPresss cof PCB with six predefined layers, MultiPress S process,

& SLayer.cbf PCB with eight predefined layers.

= SLayer_MultiPressS.cbf PCB with eight predefined layers, MultiPress S process.

' 250_Bottom.cbf Template for 2,50 operations on bottom side that are completely processed without depth limiter.
& 250_Top.cbf Template for 2,50 operations on top side that are completely processed without depth limiter,

'# 250_Double.cbf Template for 2.5D operations on both sides that are completely processed without depth lmiter.

& Stencil QR 266x380.cbf Stenci for ProtoPrint

& Stencil QR 2661380 short cbf Stenci for ProtoPrint, short version v
<] i >

Set as default
Location:

2. In order to produce a double-sided PCB without through-hole plating, select
the template “DoubleSided_NoTHP”.

Click on [OK].

Click on File > Save As...
Enter a file name.

Select the memory location.
Click on [Save].

®» The file was saved.

N o ok ow

€ The template was selected and the new document was created.

© 2019 LPKF AG V2.0 -12. 2019 11
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1.3 Importing files

Fig. 3: Import

12

Electronics\ LPKF CircuitPro 1.5\Example
Data\UseCase_DoubleSidedPCB”.

:_a The LPKEF tutor data are stored in “My Document\LPKF Laser &

Tip

B Importing data
1. Click on File > Import...
®» Following dialog is displayed:

Irmort File Name Format Apartug/Topl List angr/Termlate Size[Fcnmat “
Cancel
(— Add File
Open %]
= Remove
Look in: | ) UseCase_DoubleSidedPCB ¥ o2 cm
| B Tutor.80A
\_nb = Tutor.BOT
My Recent |l Tutor.DRL
Documents (3 Tutor.ToP
[&gp
My Documents
My Computer
. File name: Folder Selectiorl 3
My Network  Files of type: | Al fles () vl Cancel
O ready
2. Select all files in the folder “UseCase_DoubleSidedPCB”.
3. Click on [Open].
V2.0 -12.2019 © 2019 LPKF AG
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4. Assign the imported file to their corresponding layers according to the
following table:

CircuitPro PM How to produce a PCB

File Layer Usage
.BOA BoardOutline This layer contains the data for the board
outline of the PCB.
.BOT BottomLayer This layer contains the data for the
bottom side of the PCB.
.TOP TopLayer This layer contains the data for the top
side of the PCB.
.DRL DrillUnplated This layer contains the data for the
drillings.
Fig. 4: Assigned
layers Import  File Name ~ Format Aperture/Tool List Layer/ Template Size/Format
Tutor.BOA Gerberx B Tutor.BOA B soardoutine B3 80,63 x 45,72 mm
V] Tutor.BOT GerberX z Tutor.BOT z BottomLayer z 66,42 x 3¢ mm E Cancel
] | Tutor.DRL Excelon [+ ]| Tutor.0RL ] Dritunpiated [v] 76,54 x 42,57 mm
e = = = Add File...
v Tutor. TOP GerberX | v | Tutor.TOP ~ || TopLayer v (76,4 x 40,53 mm
Remove
2D View ~ AperturesfTools ~ TextView  MessageView
Size 80,63 x4572 mm
Unit Millimeters
Values Absolute
Decimal | Omit leading zeros
Digits m.n 2
o Ready
Instead of manually assigning the individual files to the layers,
you can activate the options “Use layer name” and “Apply to all
Note Gerber files”. Activate the corresponding checkboxes in the tab
“Options”.
If a file contains layer names these are automatically assigned.
Please note that this is only available for Gerber files. All other
files require assigning the layers manually via the drop-down
menu.
© 2019 LPKF AG V2.0 - 12. 2019 13
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5. Click on [OK].
®» The data is displayed in the CAM view:

Fig. 5: CAM view

' —I------\l

€ The data is imported.

V2.0 -12. 2019 © 2019 LPKF AG
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1.4 Inserting rubout areas

Inserting rubout areas is used for creating a most precise isolation in certain
areas by removing all redundant copper. This is a preferred option for fine-pitch
arrays for example.

In the existing design, a rubout area around the terminals of the IC is needed.

B Inserting a rubout area.
1. Click on Insert > Rubout area > RuboutTop.

= Following dialog is displayed:

Fig. 6: Create Create rectangle
rectangle

Layer: RuboutTop

@ Absolute O Relative to anchor point
Start point: X: Omm 2 Y Oomm

-~

End point:  X: Omm 2 Y Omm

2. Draw a rectangle around the contact pads of the IC using your mouse (see
arrow):

Fig. 7: Rectangle
around the pads

Fig. 8: IC pads

© 2019 LPKF AG V2.0 -12. 2019 15
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3. Click on [Close].

®» The dialog is closed.
€ The rubout area was inserted.

A== Depending on which layer the rubout area is to be created, it
= can be useful to hide the other layers for drawing the rubout

Note area.
The display mode of the objects on the individual layers can be
set in the Layers pane. You can choose between

* True width (filled objects are displayed filled, polylines
are displayed with their true width)

+ Outline (only outlines of the filled objects and polylines
are displayed)

* Thin line (outlines of filled objects and and thin line
without defined width in case of polylines are displayed)
and

» Unknown (used when importing CAM files with
undefined objects)

V2.0 -12. 2019 © 2019 LPKF AG
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1.5 Multiplying the design if needed

For producing whole panels, the design can easily be multiplied and placed on
the base material depending on the size of the design and of the base material.

B Multiplying the design
1. Select the whole design

Yo Please make sure, that the layers’ option “selectable“ is enabled
ud if the layer contains data.

Note You will find the option in the “layers” pane.

2. Click on Modify > Step & Repeat.
= Following dialog is displayed:

Fig. 9: Step & Step Repeat
Repeat

Repetition X 2 - Rl - Apply

[ Combine to flash, list:

3. Enter “2“ in the \Repetition X\ field.
4. Enter “100% in the \Distance X \ field.
5. Enter “55” in the \Distance Y\ field.

A Y The “Distance” values reflect the size of the design. The value
—ud for spacing between the designs has to be added.

Note

6. Click on [Apply].

= The design is multiplied in X direction
7. Click on [Close].

®» The dialog is closed.

Fig. 10: Layout in
CAM view

€ The design was multiplied.

© 2019 LPKF AG V2.0 -12. 2019 17
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1.6 Inserting fiducials

For aligning the top and bottom sides of the circuit board you need fiducials.
Fiducials are optical marks or drill holes on the surface of the circuit board.

The fiducials are drilled into the board and have a diameter of 1.5 mm. They are
recognised by the cameras of the ProtoMat systems.

rq— For working with fiducials you need the camera system for
— fiducial recognition.

Note

= Ideally you insert four fiducials for aligning the top and the
bottom sides.

) You are also able to work with two fiducials. In this case you
Tip have to insert them diagonally into the layout.

B Inserting fiducials
1. Click on Insert > Fiducial > Fiducial.

= Following dialog is displayed:

Fig. 11:Create Create circle
circle Layer: Fiducial

@ Absolute O Relative to anchor point

-~

Center:  X: Omm S Y: Omm

2. Left click in the CAM view where you want to place each fiducial hole.

Or

2. Create the fiducial using the dialog “Create circle” and entering the X and Y
position of each fiducial.

= The design now looks like follows:

Fig. 12:Four
fiducials

m——— = e

3. Click on [Close].

®» The dialog is closed.
€ The fiducials were inserted.

18 V2.0 -12. 2019 © 2019 LPKF AG
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1.7 Creating toolpaths

Toolpaths have to be created from the imported data, for producing the circuit
board.

B Creating toolpaths
1. Click on Toolpath > Technology Dialog...

®» Following dialog is displayed:

Fig. 13: I’ﬁ Technology Dialog x
Technology Global process settings

Dialog Material type  FR4 - ) RF application

Insulation Method
Basic }
CR Descrption
Insulation with a single insulation channel.
Shortest processing time.

Insulate

4
Process

Show Details

Contour Routing

(I

Contour Routing Method

Comer gap }

Description

Contour Routing with one gap in each comer.
s/6

Process

Show Details

Convert to Teolpath

Drills Show Details

Fiducials | Show Details

Pockets Show Details

Close

@— In the technology dialog, several settings can be modified by

clicking on the [Show details] buttons. For a detailed
Note description of the individual functions of the technology dialog
see the corresponding chapter in the CircuitPro compendium.

2. Click on the right-pointing arrow button in the “Isolation” section until the
“Partial rubout” method is selected.

3. Disable the following function by clicking on the corresponding checkmark:
*  Pockets

© 2019 LPKF AG V2.0 -12. 2019 19
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4. Click on [Start].

= The results for the generated toolpaths are displayed:

Fig. 14: 1M Computation Results x
Computation )
Results v A\ Wamnings
~biin e
Attention, no objects on rubout layers:
RuboutBottom Save...
¥ Drilling

. Print...
No source objects

v o Required Tools
The following tools are required to process the job:

Conical Tools:
1 x Universal Cutter 0,2 mm ( 11915,2 mm)
1 x Micro Cutter 0,1 mm (0,4 mm)

End Mill:
1 x End Mill 1 mm (33,3 mm)
1xEnd Mill 0,8 mm (17,0 mm)

Contour Router:
1 x Contour Router 2 mm ( 542,6 mm)

Drilling Tools:
1 x Spiral Drill 2 mm( 8 Strokes )
1 x Spiral Drill 1,5 mm( 3 Strokes )

Show Details

In the computation results is a warning displayed. This means that there are no
source objects for certain functions. This is not a malfunction but merely a hint
for the user.

wae Required tools
g

CircuitPro makes a recommendation to the computation results,
Note which tools should be used for the creation of the calculated
toolpaths.

If some of the recommended tools are not available, you can
subsequently assign other tools to the calculated toolpaths.

Please note that using tools with another diameter can cause
deviations from the computations results.

In the pane , Toolpath® you can assign other tools to the
toolpaths.

5. Click on [Close].

= The dialog with the computation results is closed.

€ The toolpaths were created.

20 V2.0 -12. 2019 © 2019 LPKF AG
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1.8 Loading the tool magazine and assigning the tools to positions

B Loading the tool magazine and assigning the tools to positions
1. Click on Edit > Tool magazine...

®» Following dialog is displayed:

magazine
Please check if all required tools are assigned to the holders.

Required tools Machine tools
¥ universal Cutter 0,2 mm The machine clamp is empty at the moment.
¥ spiral Drill 0,4 mm
K spiral Drill 0,6 mm
¥ spiral Drill 1 mm

Click O to pick up the tool with the machine head.

Click '$ to put the tool to the coresponding magazine spot.

: Spiral Drill 2 mm Holder ) Tool Tool life spent [
Contour Router 2 mm
iRy O [nore [v|
O [mone [v]
O [vone v S
O [mone [+
O [none v
O [none v
O [mone [v]
== (T ™ ™
Please use tool holder check-boxes to make these functions available.
Drop tool
==

jwmam The tools shown in the tool magazine dialog must not
correspond to your needed tools. These tools are examples.

Note

= The required tools for the job are displayed. Missing tools which are
required for the job are marked with a red “X”.

2. Insert the required tool into the tool magazine:

Fig. 16: Inserting
the tool

© 2019 LPKF AG V2.0 -12. 2019 21
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3. Inthe dialog, assign the tool to the respective tool magazine position used.
4. Repeat the steps 2 and 3 until all required tools are assigned:

Fig. 17: Tools in
the tool magazine

5. Click on [OK].

®» The dialog is closed.
€ The tools were loaded and assigned to their positions.

V2.0 -12. 2019 © 2019 LPKF AG
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1.9 Starting processing

B Starting processing
1. Click on Machining > Process all.

Fig. 18:

Machining > Machining
Process all
> Process all [\

AT
Start processing all or single toolpath objects. I

A Make sure that <Process Operate
(—d All> is selected in the combo } >
=1
Note box, so that all phases are = S
executed. <Process &ll> v[

Instead of processing all

phases automatically, you can process the phases individually.
In the combo box select the desired phase and click on the
“Start processing” button.

You can also start processing beginning with a specific phase.
Select the desired phase in the combo box and click on the
“ladder” button The selected phase and all following phases
are processed in the correct order.

After the production started, the machine will process following phases in order.
The phases are displayed via prompts.

f- Depending on which ProtoMat you use the following phases
(—d could differ from the phases and messages displayed on your
Note screen. Please follow the instructions on your screen.

For machines with manual tool exchange you are regularly
asked to change the tool in the collet, for example.

Phase “MountMaterial”

1. Place the base material onto the machine’s table top.
2. Fasten the base material onto the table top using the adhesive tape.
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Phase “MaterialSettings”

®» Following dialog is displayed:

Fig. 19: Material Material Settings x
settings

® PCB

O Front panel/Engraving (2.5D) ¢ e
Properties

Material Type FRd

Copper Thickness [pm] 18,0
Material thickness 10 mm

Underlay plate thickness 2 mm

B €8 D) [X]

Location
Click into the machine area to move the
milling head to the associated position. @ @

Use the buttons to set the front left and right
rear comer of the material. Current head position
Please make sure that the milling depth X:

limiter of the machine head does not touch . 0mm

the tape used to fix the material.

00

Y: 0 mm

<

Material width 80,22 mm

(ad

(<3 e

Material length 107,55 mm

Material Comers [mm] (153,06 / 72,41) : (233,28 / 179,96)

B Entering the material settings

1. Enter the correct values for the material used.

? PCB is selected as default.

Note

2. Change the values of copper thickness and material thickness necessary.

V2.0 -12. 2019 © 2019 LPKF AG



PKE

Laser & Electronics

CircuitPro PM How to produce a PCB

3. Define the processing area:
a) Move the dialog ,Material Settings* off to the side.

b) Using your mouse in the machining view, click on the right rear corner
of your material:

Fig. 20: Right rear | [ Y~ - o e

corner sepicaton —
@®Pce
‘ O Front panel/Engraving (2.50) i i
Properties
Material Type |Fra ¥
Copper Thickness [um] 18,0 ﬂ
Material thickness 10 mm H‘
Underlay plate thickness 2 mm E‘
Location

Click into the machine area to move the
milling head to the associated position. (?| @
Use the buttons to set the front left and right i

rear comer of the material. Current head position
Please make sure that the milling depth . E

limiter of the machine head does not touch X 223,77 mm 5]
the tape used to fix the material.

v .199,27 mm Ii

z brm )
Material width 217,27 mm %‘
Material length 159,27 mm !ﬁ‘

Surface level [mm] defined>

Material Comers [mm] (6,50 / 20,50) : (223,77 / 189,27)

/1/ Click in the machining view /2] Material

®» The machine head moves to this position.

c) Now click on the corresponding button in the dialog “Material Settings*:

Fig. 21: Click on Material Settings PRY. ) O Q5 A T A
putten e =

@rc

‘ O Front panel/Engraving (2.50) i 5 i

| Curve ~
AR

Properties
Material Type |FRa v
Copper Thickness [um] 18,0 ﬁJ
Material thickness 10 mm H‘
Underlay plate thickness 2 mm @‘
Location

Click into the machine area to move the
milling head to the associated position, @| @ _
Use the buttons to set the front left and right )

rear comner of the maternial. Current head posiion
Please make sure that the milling depth . I’

limiter of the machine head does not touch X 223,77 mm 5]
the tape used to fix the material.

Yoo 189,27 om 5]

z Prom )
Material width 217,27 mm 5‘
Material length 159,27 mm !ﬁ‘

Surface level [mm] defined>

Material Comers [mm] (6,50 / 20,50) : (223,77 / 189,27)
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Fig. 22: Lower left

corner

Fig. 23: Defined
processing area

CircuitPro PM _M%

Laser & Electronics

®» The processing area is adapted.

d) Using your mouse in the machining view, click on the lower left corner

of your material:

Applcation

Material Settings PR () £ Q5 AL

@® pce
O Front panel/Engraving (2.50)

Properties

Continue

Material Type FR4

Copper Thickness [um] 18,0

Material thickness 10 rem

Underay plate thickness 2 mm

¥ @ @ €]

Location

dick into the machine area to move the
milling head to the associated position. @

Use the buttons to set the front left and right
rear comer of the material.

Please make sure that the milling depth
limiter of the machine head does not touch
the tape used to fix the material.

Current head position
X |149,49 mm 2

g 4,69 m &g

W

Material width 217,27 mm
Material length 159,27 mm
Surface level [mm] undefined:

Material Comers [mm] (6,50 / 20,50) : (223,77 / 189,27)

®» The machine head moves to this position.

e) Now click on the corresponding button in the dialog “Material Settings*:

Application

T RS

@® P8
O Front panel/Engraving (2.50)

Continue

—

k S ¢ Xy cove -
'

Properties
Material Type |FR-1
Copper Thickness [um] 18,0 Eﬂ
Material thickness {10 mm El]
Underlay plate thickness |2 mm 5‘
Location
Click into the machine area to move the
milling head to the associated position. ﬁ
Use the buttons to set the front left and right @

rear comer of the material.

Please make sure that the milling depth
limiter of the machine head does not touch
the tape used to fix the material.

N

Current head position
X 149,49 mm E]J
Yo B4,69mm =
prm 3

Material Comers [mm] (149,49 / 84,69) : (223,77 / 189,27)

Material width 74,28 mm Eﬂ
Material length 104,58 mm S‘
Surface level [mm] <undefined

= The processing area was adapted to the material.

4. Click on [Continue].

€ The material settings were entered.
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Phase “Placement”

In this phase, the job can be positioned, rotated and multiplied within the
processing area.

®» Following dialog is displayed:

Fig. 24: 1! Placement X
Placement
Relative translation [mm]
dX: |186,146 mm & dy: 51,541 mm 2
Set center
Close
Rotation
Angle 0° 2 "y O) O
Step and Repeat

Number of copies

X 1 &y 1

(v

<

Spacing between copies [mm]

X: 0mm %) Y: Omm

<

1. Drag the job to the desired position or use the dialog to position the job.
2. If desired, rotate the job by entering a rotation angle.

3. If desired, multiply the job by using the settings in the “Step and Repeat”
section of the dialog.

4. Click on [Continue].

Phase “DrillFiducial”

= The machine picks up the tool “Spiral Drill 1.5 mm” and drills the fiducials.

A== [f the spindle motor has not been used before, the motor is
~3 warmed up for 2 minutes.

Note

Phase “Marking Drills”

= The machine picks up the tool “Universal Cutter” and marks the positions
for the drill holes.
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Phase “Drilling Unplated”

®» The machine picks up the required tool and drills the holes.

‘- This phase may use more than one tool.
A -
-

Note

Phase “Milling Bottom”

= The machine picks up the required tool and mills the isolation tracks.

Phase “Flip Material”

1. Flip the material.

wae |f you are using a ProtoMat S43, S63 or S103 flip the material
ALY . .
—ud along the machine’s X-axis.

Note If you are using a ProtoMat E33 flip the material along the
machine’s Y-axis.

2. Confirm by clicking [OK].

A Y The display in the machining view changes. The position of the
—ud design is adjusted to the circuit board. The side of the circuit
Note board to be processed is now the “Top” side.

Phase “Read Fiducials_Top”
S43, S63 and S103

m‘_‘- If the fiducial search is performed for the first time (after having
—ud started CircuitPro) the camera is performing an autofocus five
Note times.

Afterwards the following message is displayed which prompts

you to confirm the focus height:

r B |

@ Confirmation of focus height

The focus search has finished and the machine has now moved into
the calculated focus position. Please check whether the image is
sharp. Click 'Yes' to accept the position, click 'No' to retry focusing or
click 'Cancel’ to abort the operation.

®» The camera moves to the positions of the fiducials and determines the
exact position.
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If the material is placed at nearly the same position as before, the positions of
the fiducials are recognised automatically.

The Top side is thus aligned to the Bottom side.

The following dialog is displayed if the fiducials have not been recognized
automatically:

Fig. 25 ———
A“gnment Check alignment result, Click "Accept Current Position’ if the result is OK. Click 'Find and center' to find and then move to the
center of the fiducial,
Fiducials:
Alignment parameters Find and Center
Fiducidls for step-and-repeat Accept Current Position:

Diameter Tolerance 0,3 mm

03

Retry
Search Area Length |10 mm
Abort
Minimumn Fiducial Quality 90 %
Distance for Direct Acceptance 0,1 mm

Show Fiduciadl Tme 0§

B [<B] «B] W R

Maximum No. of centering Tries 3
Manual Centering If Not Found @ Yes O No
Ask for Confirmation O Yes @ No

1. Enlarge the search area by increasing the value of the field \Search Area
Length\.

2. Start the search again.
3. Repeat above steps if necessary.

A Y Enlarging the search spiral increases the time required for
- searching the fiducials. Try to put the material at the same
Note position as before when turning the material over (if this is not

predetermined by reference pins).

E33, S43 without camera

If no camera is available for processing the “Read Fiducials_Top” phase, the
Top side is aligned to the Bottom side using the reference pins. The “Read
Fiducials_Top” phase is not processed in this case.

Phase “Milling Top”

= The machine picks up the required tools and mills the isolation tracks on
the Top side.

Phase “Contour Routing”

= The machine picks up the required tools and drills and mills the outline of
the circuit board.
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Phase “Board Production Finished”

= A message informs you that the production is finished.
€ The production of the circuit board is finished.

A Y If desired, continue with dispensing solder paste on your PCB.
—d Therefore please refer to the tutorial “Dispensing solder paste
Note using the ProtoMat S63 or S103”.

applying solder resist. For these cases you can purchase the
LPKF systems ProMask and ProLegend. Furthermore LPKF
offer systems for applying solder paste, equip and solder PCBs.

a After PCB production you can carry on with inserting labeling or

Tip
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2 Dispensing solder paste using the ProtoMat S63 or
S103

This tutorial shows you how to dispense solder paste on your board with
CircuitPro.

The following steps are necessary to complete the tutorial successfully:
i. Starting the machine and CircuitPro

ii. Importing data

iii. Creating solder paste paths
iv. Dispense preparation

V. Starting dispensing

A Y Before you start dispensing, your PCB board’s drilling and
= milling must be finished (for more information about milling and
Note drilling, see the other tutorials in this document).

‘“— This tutorial is based on the tutorial “How to produce a PCB”.
()

Note

Requirements:

* Dispenser head

* Red plastic needle

* Solder paste (at room temperature)

* Calipers (capable of measuring in millimeters)
* Completed PCB

* Gerber Files (Solder Paste and Drill Layers)

» Compressed Air (3 bar)

. ? For a more uniform dispensing of solder paste, we recommend

to use the LPKF honeycomb plate (Order no. 116 148)

Tip
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2.1 Starting the machine and CircuitPro

B Starting the machine and CircuitPro

1. Switch on the machine.
2. Start CircuitPro.

= CircuitPro automatically connects to the machine. The connection steps
are displayed:

Connection steps @ Connecting the machine.

@ Checking the machine, machine type, firmware.

@ Reading settings from the machine.

@ Synchronizing the settings.

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

@ Moving to the startup position.

3 Connecting the camera.

® CircuitPro reads the settings from the machine.

€ The machine moves to its reference points and subsequently moves to the
Pause position.
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2.2 Selecting atemplate and creating a new document

B Selecting a template and creating a new document
1. Click on File > New...

®» Following dialog is displayed:

Fig. 27: New New document

document Run process olanning wizard

Template file Description -
CircuitPro installed templates

# SingleSided.cbf PCB with one predefined layer.

' SingleSided_Top. cbf PCB with one predefined layer on top side.

H DoubleSided_ProConduct.cbf PCB with predefined Top and Bottom layers, prepared for ProConduct process.
# DoubleSided_Gatvanic THP.cbf PCB with predefined Top and Bottom layers, prepared for galvanic THP process.

ACaver_Procoroue L.l 0 0 e, prepa e
& 4Layer_ProConduct_MultiPressS.chf h four predefined layers, prepared for ProConduct, MultiPress S process,
' dLayer_ProConduct_MultiPressS_DoubleCore. cbf PCE with four predefined layers, double core, prepared for ProConduct, MultiPress S process. 7

' 4Layer_GahvanicTHP.cbf PCB with four predefined layers, prepared for galvanic THP process.

H 6layer.cof PCB with six predefined layers.

& 6layer_MultPresss cof PCB with six predefined layers, MultiPress S process,

& SLayer.cbf PCB with eight predefined layers.

= SLayer_MultiPressS.cbf PCB with eight predefined layers, MultiPress S process.

' 250_Bottom.cbf Template for 2,50 operations on bottom side that are completely processed without depth limiter.
& 250_Top.cbf Template for 2,50 operations on top side that are completely processed without depth limiter,

'# 250_Double.cbf Template for 2.5D operations on both sides that are completely processed without depth lmiter.

& Stencil QR 266x380.cbf Stenci for ProtoPrint

& Stencil QR 2661380 short cbf Stenci for ProtoPrint, short version v
<] i >

Set as default
Location:

Select the template “DoubleSided_NoTHP”.
Click on [OK].

Click on File > Save As...

Enter a file name.

Select the memory location.

Click on [Save].

®» The file was saved.

No ok wdN

€ The template was selected and the new document was created.
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2.3 Importing data

e The LPKF tutor data are stored in folder “My documents\LPKF
Laser & Electronics\LPKF CircuitPro 1.5\Example
Data\UseCase_Dispensing”.

wae Before you start dispensing, your PCB board’s drilling and
milling must be finished.

Note

wa n this case, the PCB created in the tutorial “How to produce a
double-sided PCB’” is necessary to dispense solder paste on it.

Note You can use another file as well if it includes solder paste data.

B Importing data
1. Click on File > Import...
®» The following dialog is displayed:

Fig. 28: Import Import B R
Import | File Name Format | AperturefTool List LayerfTemplate SizefFormat “
Cancel
- Add File...
-
f Remove
Look in: | (£ UseCase_Dispensing :J D3 B

|| Tutor.B0A
g Tutor.8OT

My Recent Tutor.DRL
Documents | Tutor.SPT

ca _| Tutor.TOP

Desktop

2D View  Apertures/|

My Documents

9

My Computer

e Foldei Selection v
MyNetwork  Filesoftype:  |Allfles (") v Cancel

O ready
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2. Select all files in the folder “UseCase_Dispensing”.
3. Click on [Open].
4. Assign the imported files to the corresponding layers according to the
following table:
File Layer Usage
.BOA | BoardOutline This layer contains the data for the board outline of
the PCB.
.BOT | BottomLayer This layer contains the data for the bottom side of the
PCB.
.SPT | SolderPasteTop This layer contains data for dispensing solder paste.
.TOP | TopLayer This layer contains the data for the top side of the
PCB.
.DRL | DrillPlated This layer contains the data for the drillings.

For dispensing you only need the layers “Solder Paste Top” to dispense solder

paste and “DrillPlated” to recognise the position. The data on the other layers

may help you to determine the side/alignment of the circuit board.
To display the Exellon file “Tutor.DRL" correctly, the external dimensions of the

PCB must be available. Therefore you have to import the file “Tutor.BOA®.

®» The files are shown in the table:

Fig. 29: Assign
layer

Import _File Name
Tutor.BOA
Tutor.BOT

Format

Aperture/Tool List

Gerverx [ Tutor.BoA

GerberX |~ |

Tutor.BOT

Layer/ Template
B Boardoutine
BottomLayer

Size/Format
B 80,63x4572 mm
[~]66,42x 3¢ mm

Tutor.SPT

Gerberx [v]

Tutor.SPT

SolderPasteTop 69,13 x 38,76 mm

Tutor.TOP

GerberX ||

Tutor.TOP

Toplayer 76,4 x 40,53 mm

SHEHEHS

Tutor.DRL

Excelon [~ Tutor.ORL
e

JelEE]

i

DrilPlated

76,54 x 42,57 mm
et

2D View ~ AperturesfTools  TextView — Message'View

Size 80,63x45,72 mm
Unit Inches

Values Absolute
Decimal

Digits m.n |2

General ~Options

O Ready

Cancel
Add File...

Remove

Instead of manually assigning the individual files to the
layers, you can activate the options “Use layer name”

and “Apply to all Gerber files”. Activate this
corresponding checkboxes in the tab “Options”.

If a file contains layer names these are automatically
assigned. Please note that this is only available for
Gerber files. All other files require assigning the layers
manually via the drop-down menu.

5. Click on [OK].
®» The data are displayed in the CAM view:

© 2019 LPKF AG
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Fig. 30: CAM view

L
I
I
I
I
I
I

=
;'l-
=
5

€ The data are imported.

— In the “Layers” pane you can hide the following for a clear
' display of the dispense data:

* TopLayer
* DrillPlated

Therefore you remove the checkmark in the column “visible” of
the according layer.

Tip
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2.4 Creating solder paste paths

B Creating solder paste paths
1. Click on Toolpath > Dispense.

®» Following dialog is displayed:

Fig. 31: Dispense [ Dispense I ———= |
Source:  <Solder Paste> layers - e
Minimum Dot distance Grid Margin

Dispenser Tool 0,40 mm [0,40 0%]
v 600 500 0 50 Dispenser Tool 0,50 mm [0,50 0%)]
v 720 600 0 60 Dispenser Tool 0,60 mm [0,60 0%]
v 1200 1000 0 100 Dispenser Tool 1,00 mm (1,00 0%]
v 1800 1500 0 150 Dis; 0l 1,50 mm [1,50 0%]
v 2400 2000 0 200 Dispenser Tool 2,00 mm [2,00 0%]

Add... Edit... Delete
Show details

‘- The dialog “Dispense” allows you to make different settings
=

-
- concerning solder paste paths. For a detailed description, see
Note the chapter “Dispense” in the CircuitPro compendium or in the
online help.

2. Inthe drop down list “Source” select the layer “SolderPasteTop”. This layer
was assigned to the solder paste data.

3. Enable the desired dispenser tool you want to use by marking the
corresponding checkbox.

The following table describes the properties of the dispenser tools:

Column Description

Enabled Enables/Disables the corresponding tool via
checkmark.

Minimale size [um] Specifies the minimum pad size of the pad to
be filled.

Dot distance [um] Specifies the dot in ym distance between the
single solder paste dots.

Grid angle [*] Specifies the rotation of the solder dot grid on
the pad.

Margin [um] Specifies the minimum margin in [um] between

the solder paste dots and the pad margin.

Tool Specifies the corresponding dispenser tool.

The dispenser tools relate to different pad
sizes, which can be filled with the respective
tool. This is realized by means of different
parameter sets. For all dispenser tools the
same dispenser and needle are used.
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4. Click on [Run].
= The solder paste paths are created.
5. Click on [Close].

®» The dialog is closed.
6. Click on the machining view tab.

®» The created solder paste paths are shown in the machining view:

Fig. 32:
Machining view
with solder paste
paths

€ The solder paste paths were created.
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2.5 Creating toolpaths

Before you start dispensing, you have to create the toolpaths for the drill data.
The drill holes are necessary to align the structured and drilled PCB.

B Creating toolpaths
1. Click on Toolpath > Technology Dialog...

= Following dialog is displayed:

Fig. 33: I8 Technology Dialog x
Technology Global process settings
Dialog Material type  FRa - [ RF application
Insulate
Insulation Method
Basic }
Description
Insulation with a single insulation channel.
Shortest processing time.
va
Proc:ss
Show Details.

Contour Routing
Contour Routing Method

Corner gap }

Description

Contour Routing with one gap in each comer.

Elwcess

Show Details.

Convert to Teolpath

Drills Show Details
EFidu:ials Show Details

Pn(kets Show Details

Close

ﬂ- In the technology dialog, several settings can be modified by
= clicking on the [Show details] buttons. For a detailed description
Note of the individual functions of the technology dialog see the
chapter “Technology Dialog” in the CircuitPro compendium or
online help.

2. Disable the following functions by clicking on the corresponding
checkmarks:

* Insulate
+  Contour Routing
* Fiducials (only if you do not use your own data including fiducials)
* Pockets
3. Click on [Start].
= The results for the generated toolpaths are displayed.
4. Click on [Close].
= The dialog with the computation results is closed.

€ The toolpaths were created.
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2.6 Dispense preparation

In this chapter you will learn how to set the dispenser offset by using the
“Dispense preparation wizard”.

You will pass through following steps:
i. Mounting the material

i. Setting the material height
iii. Cleaning the dispenser needle
iv. Calculating the dispenser offset

1. Click on Wizards > Dispense preparation wizard:

Fig. 34: Wizards > ”
Dispense prepa- " Wizards

ration wizard |
Equipment configuration wizard...
Process planning wizard...
Board Production Wizard...

Dispense preparation wizardK

3 )
Dispense process wizard...

= The following dialog is displayed:

Fig. 35: Prepare ﬂ Dispense preparation wizard
dispenser -

Overview
Prepare dispenser

Please take the solder paste out of the
refrigerator.

Wait until the paste has ambient
temperature.

Fix the cartridge to the dispenser.

Mount dispenser
Mount auxiliary board
Move to auxiliary board
Auxiliary board height
Dispenser tip height
Dispenser cleaning
Camera offset
Finished

J/

[ IR

If there is a tool in the clamp, it will be placed back into the tool
holder.

Note
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2. Prepare the solder paste as described in the wizard.
3. Assemble the dispenser as described in the wizard:

Fig. 36: ﬂ Dispense preparation wizard
Assembling the it "
dispenser
Mount dispenser
Overview
Prepare dispenser g N\
S Connect the pressure hose to the
Mount dispenser dispenser.
Mount auxiliary board (  Mount the dispenser to the holder and
— auxiliary - connect the temperature sensor.
Auxiliary board height
Dispenser tip height
Dispenser cleaning
Camera offset
Finished
o J
e S
4. Click on [Next].
B Mounting the auxiliary board
1. Use a scrap piece of copper material that is at least 50 x 50 millimeters.
2. Measure the overall thickness with a set of calipers and note this number.
3. Enter the thickness of the material in the thickness field:
Fig. 37: Enter the [Z Dispense preparation wizard
thickness - .

Mount auxiliary board

Overview
Prepare dispenser g \

Take a piece of
copper-laminated material
with a size of 50 mm in
square. Measure the thickness
and enter it below.

Mount dispenser

Mount auxiliary board
Move to auxiliary board

Auxiliary board height Mount the auxiliary board onto

” e the machine.
Dispenser tip height
Dispenser cleaning
Camera offset

Finished

[1.59 =

Sy - e

Click on [Next].

Close the machine cover.

Click on [Next], to start the positioning procedure.
The auxiliary board was mounted.

L S
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Fig. 38: Position
of auxiliary board

42

Setting the material height

Move the wizard screen off to the side.

Move the dispenser head to the center of your scrap piece by clicking on
the working area with your mouse until the dispense needle is centered on
the material:

iew | CAM view / Machining view | 4Ppx

Position of auxiliary board

T FEE Y R

Please move the tip of the dispenser to the center of the
auxiliary board by clicking on its position in the Machining
view or using the X/Y buttons in the Processing view.

AnchorX=| 0,000 Y= 0,000 Length

CursorX = [211,189 Y= [284,487

It will repeat this 5 times, in a dice pattern.

# The machine will now search for the focus height of the material.

Note

3. Follow the instructions displayed in the wizard:
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Fig. 39: Head
touching the
paper

Fig. 40: Dispense
icon
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ﬂ Dispense preparation wizard
Overview
Prepare dispenser 4 N\
T Put a sheet of standard paper
Mount dispenser (100pm thick) between the
auxiliary board and the
Mount auxiliary board dispenser tip. Lower the head
Move to auxiliary board by clicking the down button
while you move the paper.
Auxiliary board height Once the paper gets stuck,
B B raise the head until you can
Dispenser tip height move the paper with little
. resistance.
Dispenser cleaning Close the cover when done.
Camera offset
Finished ‘
(. J
L P Lo

4. Take off the sheet of paper.
5. Click on [Next].
The material height was set.

1. Click on the dispense icon in the wizard:

Cleaning the dispenser needle (or prepare needle)

ﬂ Dispense preparation wizard

Dispenser cleaning
Overview
Prepare dispenser '8 N\
: r Click the button below to
Mount dispenser clean the dispenser tip.
2 Clean the surface after this.
Mount aindbary boand Click "Next” to continue.
Move to auxiliary board
Auxiliary board height
Dispenser tip height
Dispenser cleaning
Camera offset
Finished “‘f‘
. J
r—_— b oo

2. Repeat step 1 until a single stream of paste comes out of the needle.

3. Clean off any paste that has been dispensed.
4. Click on [Next].
€ The dispenser needle was cleaned.
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B Calculating the dispenser offset
In this step, the machine is calculating the dispenser offset:

Fig. 41: Camera ﬂ Dispense preparation wizard
offset R ——— e .

Camera offset
Overview
Prepare dispenser

Determine the offset between camera

Mount dispenser and dispenser.

Mount auxiliary board

Move to auxiliary board
Augxiliary board height
Dispenser tip height
Dispenser cleaning
Camera offset

Finished

eo0e o

Sy -

1. Click on [Next.

= The machine will dispense 5 dots. Dot number 5 will be slightly offset from
the first four. Then the camera will move over the dots and will zoom in.

Make sure, that the camera zooms in the last of the five
dispensed dots!

Note Otherwise the offset is not calculated correctly.

®» The following dialog is displayed:

Fig. 42:
Ali gnm ent Check alignment result. Click ‘Accept Current Position' if the result is OK. Click 'Find and center' to find and then move to the
center of the fiducial,
Fiducials:
DrillFiducial
Alignment parameters | Find and Center ]
Fiducials for step-and-repeat | Acespt Current Position
Diameter Tolerance 0,3 mm 5 I Retry g
Search frea Length |10 mm =
- Abart |
Mirirnum Fiducial Quality 90 % B
Distance for Direct Acceptance 0,1 mm 15
show Fiducial Time 05 ]
Maxirnum No, of centering Tries 3 IS
Manual Centering If Not Found @ Yes O No
Ask for Confirmation O Yes @ No
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# Read in the dot manually if centering failed
1. If the camera did not find the last dot, move the camera head
Note manually to the position of the dot by using the X-/Y-arrow-icons

in the pane ,Processing*.

2. If the dot is displayed centered in the pane “Camera“ click on
[Find and Center] in the dialog “Alignment”.

- The camera zooms in the dot.

2. Click on [Accept Current Position].

®» The view changes as follows:

Fig. 43: Dispense L7 Dispense preparation wizard
preparation
finished

Dispense preparation finished

Overview
Prepare dispenser -

The dispense preparation wizard has
Mount dispenser finished the preparation steps. Feel free
Mount auxiliary board to remove the auxiliary board.
Move to auxiliary board Start the dispense process wizard to
Auxiliary board height dispense on a board.

Dispenser tip height
Dispenser cleaning
Camera offset
Finished

o000 o

| Previous § m b Cancel

3. Click on [Done].
€ The dispenser offset was calculated.

The dispense preparation is finished now.
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2.7 Starting dispensing

In this chapter you will learn how to dispense the solder paste by using the
“Dispense process wizard”.

You have to perform following steps:
i. Mounting the circuit board

ii. Placement
iii. Cleaning the needle
iv. Dispensing the solder paste

1. Click on Wizards > Dispense process wizard...

Fig. 44: Wizards > :
Dispense process Wizards
wizard
Equipment configuration wizard...
Process planning wizard...
Board Production Wizard...
Dispense preparation wizard...
Dispense process wizard... k
®» The following dialog is displayed:
Fig. 45. Mount Dispensing wizard
board .

Overview
Mount board 5 N\
. i Mount the circuit board onto
Select toolpath the machine. Measure the
height and enter it into the
Move camera input field.
Select toolpath
Move camera

Measure board height
Dispenser cleaning
Process dispensing

Dispensing process f...

P

o [
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Fig. 46: Enter the
thickness

© 2019 LPKF AG

Dispensing solder paste using

CircuitPro PM the ProtoMat S63 or S103

Mounting the circuit board
Measure the thickness of your current board with a set of calipers and note
this number.

Mount the material onto the machine with the top side of the board of the
board facing up.

Fasten the circuit board with adhesive tape.
Enter the board thickness into the thickness field:

Dispensing wizard

Overview
Mount board

Mount the circuit board onto
the machine. Measure the
height and enter it into the
input field.

Select toolpath

Move camera

Select toolpath

Move camera
Measure board height
Dispenser cleaning

Process dispensing

Dispensing process f...

1,59 2

i

Click on [Next].
The circuit board was mounted.
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B Placement
In this step two existing drill holes will be read in to align the circuit board.

If the fiducial search is performed for the first time (after having

started CircuitPro) the camera is performing an autofocus five
Note times.

Afterwards the following message is displayed which prompts

you to confirm the focus height:

s =
e Confirmation of focus height

The focus search has finished and the machine has now moved into
the calculated focus position. Please check whether the image is
sharp. Click 'Yes' to accept the position, click 'No' to retry focusing or
click 'Cancel' to abort the operation.

[ v [ STI S

| S =]

1. Follow the instructions displayed in the wizard:

Fig. 47: Select
drill hole

Dispensing wizard

Select a single drilled hole
Overview

Mount board ( N\
In the following step, you need to select a

Select toolpath drilled hole close to a corner of the board

Move camera by clicking on it. You may zoom in to make

the selection easier.

Select toolpath Click "Next" to select the drilled hole.

Move camera
Measure board height
Dispenser cleaning
Process dispensing

Dispensing process f...

[ S

2. Click on [Next].

% Following message is displayed:

Fig. 48: Message
“Select drill hole”

Dispensing wizard

Select a single drilled hole.
Click "Next" when ready.
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3. Left click on one of the drill holes near a corner of the board.

®» The camera moves to the drill hole and reads in the position.

®» The “Alignment” dialog is displayed:

Fig. 49: e—ssss—
Allgnment Check alignment result. Click 'Accept Current Position' if the result is OK. Click 'Find and center' to find and then mave to the
center of the fiducial.
Fiducials:
Alignment parameters Find and Center
Fiducials for step-and-repeat Accept Current Position:

Diamneter Tolerance 0,3 mm Retry

Search Area Length |10 mm

Abart
Minimum Fiducial Quality 90 %

Distance for Direct Acceptance 0,1 mm

Show Fiducid Time 0s

<P <P KB @B 1B <

Maximum No. of centering Tries 3
Manual Centering If Not Found @ Yes O No
sk for Confirmation O Yes ® No

wame Read in the drill hole manually if centering failed

) 1. If the camera did not find the drill hole, move the camera head
Note manually to the position of the drill hole by using the X-/Y-arrow-icons in
the pane ,Processing"“.
2. If the drill hole is displayed centered in the pane “Camera“ click on
[Find and Center] in the dialog “Alignment”.

- The camera zooms in the drill hole

4. Click on [Accept Current Position].
5. Repeat the steps 1-4 for the second drill hole in the opposite corner.
€ The drill holes for aligning the circuit board have been read in.

In the next step the machine will find the focus height on the material, similar to
what it did during the “dispenser offset” step. Afterwards the wizard continues
with step “Dispenser cleaning”.
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Fig. 50: Dispense
icon

50

CircuitPro PM _W

B Cleaning the needle
1. Click on the dispense icon in the wizard screen:

Dispensing wizard

Dispenser cleaning

Overview

Mount board ¥ Click the bqtton belo_w to
clean the dispenser tip.

Select toolpath Clean the surface after this.
Move camera Click "Next" to continue.
Select toolpath
Move camera
Measure board he...
Dispenser cleaning
Process dispensing =
Dispensing proce... .fA

\ J

(o [N

2. Repeat step 1 until a single stream of paste comes out of the needle.
3. Clean off any paste that has been dispensed.

4. Click on [Next].

€ The dispenser needle was cleaned.
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B Dispensing solder paste

¢ The machine will now dispense solder paste on your pads.

Note

1. When dispensing is completed, you can decide if you want to apply solder

paste to second board. In this case, click on [Next board]:

Fig. 51: Process Dispensing wizard
dispensing

Dispensing process finished
Overview

Mount board /
Select toolpath

Move camera

Select toolpath

Move camera
Measure board height

Dispenser cleaning

Process dispensing

Dispensing process f... Current Step progress CERRRRRRRRRRRRER A RRRRmmm
Total production progress CLLLLLETELLLLEEEL LR LR

4

J

T

)

2. After all boards are complete, click on [Finish].
Remove the paste dispenser from the machine.
€ The solder paste was dispensed.

w

# Close the solder paste cartridge by using the cap. Then store the

cartridge in the refrigerator.
Note

lead-free soldering.
Tip

— For further process steps we recommend the systems LPKF
o ProtoPlace for placing components and LPKF ProtoFlow for

© 2019 LPKF AG V2.0 -12. 2019
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1 Creating a 3D part

In this section you will learn how to create a 3D part of 5 mm-thick aluminum in
CircuitPro. Pockets are placed on the top side. Furthermore there will be
defined drill holes.

N To create a 3D part you need a ProtoMat S63 or S103!
—d

Note

Therefore you have to perform following steps:
i. Starting the machine and CircuitPro

ii. Selecting the template and creating the new document
iii. Creating the layout
iv. Creating 2.5D objects
V. Creating toolpaths
vi. Loading the tool magazine and assigning tools to holder positions
vii. Start processing

The following material is required:
* Base material with the dimensions 100 mm x 100 mm x 5 mm

You are able to use other base materials, too. Make sure that the used material
has at least the dimensions 100 mm x 100 mm and a thickness of 5 mm +/-
1T mm.
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1.1 Starting the machine and CircuitPro

B Starting the machine and CircuitPro

1. Switch on the machine.
2. Start CircuitPro.

= CircuitPro automatically connects to the machine. The connection steps
are displayed:

Connection steps @ Connecting the machine.

@ Checking the machine, machine type, firmware.

@ Reading settings from the machine.

@ Synchronizing the settings.

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

@ Moving to the startup position.

3 Connecting the camera.

® CircuitPro reads the settings from the machine.

€ The machine moves to its reference points and subsequently moves to the
Pause position.
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1.2 Selecting atemplate and creating a new document

B Selecting a template and creating a new document
1. Click on File > New...

®» The following dialog is displayed:

Fig. 53: New New document

document
Run project planning wizard

Template file Description

>

CircuitPro installed templates

[F SingleSided.cbf PCB with one predefined layer.
[ SingleSided_Top.cbf PCB with one predefined layer on top side.
[H DoubleSided_ProConduct.cbf PCB with predefined Top and Bottom layers, prepared for ProConduct process.
[ DoubleSided_Galvanic THP.cbf PCB with predefined Top and Bottom layers, prepared for galvanic THP process.
[E DoubleSided_EasyContac.cbf PCB with predefined Top and Bottom layers, prepared for EasyContac process.
[H DoubleSided_NoTHP.cbf PCB with predefined Top and Bottom layers, no THP.
[ 4Layer_ProConduct.cbf PCB with four predefined layers, prepared for ProConduct process.
& 4Layer_ProConduct_MultiPressS.cbf PCB with four predefined layers, prepared for ProConduct, MultiPress S process. )
[ 4Layer_ProConduct_MultiPressS_DoubleCore.cbf PCB with four predefined layers, double core, prepared for ProConduct, MultiPress S process. 3
[ 4Layer_GalvanicTHP.cbf PCB with four predefined layers, prepared for galvanic THP process.
& 6Layer.chf PCB with six predefined layers.
[ 6layer_MultiPressS.cbf PCB with six predefined layers, MultiPress S process.
[ sLayer.chf PCB with eight predefined layers.
5 SLayer_MultiPressS.chf PCB with eight predefined layers, MultiPress S process.
(=1} ] D u] g ihat are
t are e ut
[E 25D_Double.cbf Template for 2.5D operations on both sides that are completely processed without depth limiter.
[& Stencil QR 266x380.cbf Stencil for ProtoPrint
[ Stencil QR 266x380 short.cbf Stencil for ProtoPrint, short version v|
<1 L @
[ set as default
Location:
oK
Browse... e

2. Select the template “25D_Top.cbf”.
3. Click on [OK].

®» The following dialog is displayed:
Fig. 54: Material Material properties x
properties

Please define target material properties.

Type: AL (EN AW-6012) -
Length: 100 mm =
Width: 100 mm (2
Height: 10 mm 2

[ Save as default properties

4. Inthe \Type\ field, select the material type “AL (EN AW-6012)” or “AL (EN
AW-5083). In this case these are two different aluminum alloys.

5. Enter the dimensions of your material in the fields \Length\, \Width\ and
\Height\.

6. Click on [OK].
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Fig. 55: CAM view

Laser & Electronics

= The CAM view is changing:
INF I T IR § e -

7. Click on File > Save As...
8. Enter a file name for the new file.
9. Click on [Save].

€ The new document is created.

A Y You are able to change the material properties such as the

(—ad dimensions of the base material. Therefore you have to right-
Note click in the CAM view and click in the context menu on “Material
properties...”.
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1.3 Creating the layout

In this section you will perform following steps:
i. Creating rectangles for the pockets

i. Creating circles for drill holes
iii. Multiplying the circle

B Creating rectangles for the pocket
1. Click on Insert > Rectangle...

®» The following dialog is displayed:

Fig. 56: Create Create rectangle
rectan g le Layer: 2.5D MilingTop v Apply
@ Absolute O Relative to anchor point =
Start point:  X: O mm Sy Oomm &= m
End point: Xz Omm S y: 0omm 2

2. Select the layer to create the rectangle on, e.g. “2.5D MillingTop”.

3. Select the option “Absolute” (start and end points are entered from the zero
point).

4. Enter “50” in the fields \Start point X\ and \Start point Y\.

5. Enter “80” in the fields \End point X\ and \End point Y\.

6. Click on [Apply].

®» The drawn rectangle is shown in the CAM view

Fig. 57: Rectangle
in CAM view
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7. For creating another rectangle, enter the following values in the
corresponding fields:

» Start point X: 30
» Start point Y: 30
*  Endpoint X: 60
* Endpoint Y: 60
8. Click on [Apply].

% The second rectangle is shown in the CAM view:

Fig. 58: Second
rectangle

9. Click on [Close].
€ The rectangles for the pockets are created.
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B Creating circles for drill holes
1. Click on Insert > Circle.

= The following dialog is shown

Fig. 59: Create
circle

Create circle

Layer: 2.5D DrilingTop v

® Absolute O Relative to anchor point

Center:  X: Omm Y: Omm g Omm

2. Select the layer ,2.5D DirillingTop* to create your circle.

3. Select the option “Absolute” (the circle’s center is entered from the zero
point)

4. Enter “15” in the fields \Center X\ and \Center Y\.
5. Enter “2” in the field \@\.

Yo If you do not have a Spiral Drill 2 mm, you can enter the
—d corresponding diameter of our drill tool used.

Note Therefore enter the diameter of your drill tool in the field \@\.

6. Click on [Apply].

®» The circle is shown in the CAM view:

Fig. 60: Circle in
CAM view

7. Click on [Close].
®» The dialog is closed.
€ The circle was created.
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B Multiplying the circle
1. Highlight the created circle in the CAM view.

= The circle is highlighted in grey.
2. Press your right mouse button.

®» The context menu is shown.
3. Click on “Step and Repeat...”.

a You can also click on Modify > Step and Repeat...

Tip

= The following dialog is shown:

Fig. 61: Step Step Repeat
Repeat
Repetition X |1
Distance X 1mm
() Combine to flash, list:
4. Enter “5“in the field \Repetition X\.
5. Enter “5 in the field \Distance X\.
A Y The dimension of the selected object is automatically displayed
—ud in the fields \Distance X\ and \Distance Y\.
Note The desired distance between the objects must be added to this
value.
6. Click on [Apply].
= The drawn circle is multiplied in X direction.
Fig. 62:
Multiplying the
circlein X
direction
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7. Click on [Close].

®» The dialog is closed.
€ The drawn circle was multiplied.

f- Assign layer
- The layer which contain the drawn objects can be changed
Note manually, if necessary.
1. Highlight the objects.
2. Press your right mouse button.
3. Click in the context menu on “Assign objects to layer”.
- The layer’s list is shown.

4. Click on the desired layer on which you want to place the
objects.

- The objects were moved to the desired layer.
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1.4 Creating 2.5D objects

The opened file only contains 2D objects yet.

The drawn 2D objects on the layers “Milling Top” and “Drilling Top” must be
converted to 2.5D objects with a defined depth.

B Creating 2.5D objects
1. Select all objects in the CAM view:

Fig. 63: Select all
objects
2. Press your right mouse button.
®» The context menu is displayed.
Fig. 64: Context Hide in 20
menu

Display in 30

(| ocuk

Copy

oh
=
’* Transfarm...
s

Step Repeat...

Export...

Convert to 2.50..

U'_? Convert to polygon

U_l‘? Convert to closed path
Convert to koolpath 3
Assign objects to layer 3
Copy objects to layer 3

Delete

|E! IMaterial properties. ..

3. Click on “Convert to 2.5D...".
= The following dialog is displayed:
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Fig. 65: Convert Convert into 2.5D
into 2.5D
Destination layer: Convert
Z value: 0,01 mm B
Close

A The value in field \Destination layer\ is preselected with “Same
(5 as source layer”. The objects will be converted into 2.5D
Note objects and remain on their origin layer.

4. Enter “3"in field \Z value\.
5. Click on [Convert].

®» The selected objects were converted to 2.5D objects. You can regard the
object’s properties by highlighting them and clicking in the pane

,Properties®:
Fig. 662_ Properties ]
Propert!es of the B Dineheiine '
2.5D object

2.5D Object

General

@ Camera | @ Navigation @ Properties |

6. Click on [Close].

®» The dialog is closed.
€ The objects were converted in 2.5D objects.
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ANt Changing the object’s Z value
You are able to change the object’s Z value afterwards:

Note

1. Highlight the desired object.

2. Press your right mouse button.

- The context menu is shown.

3. Click on “Change Z value...“.

- The dialog ,,Change Z value® is shown.

4. Enter a new value in the field \New Z value\.
5. Click on [Apply].

- The Z value was changed.

6. Click on [Close].

- The dialog is closed.
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1.5 Creating toolpaths
Before the machine can process the material, the 2.5D toolpaths have to be
created.

B Creating 2.5D toolpaths
7. Click on Toolpath > 2.5D milling...

= The following dialog is displayed:

Fig. 67: Create Create 2.5D milling x
2.5D milling Source
Tool: -
End Mill 1 mm

End Mill 2 mm

End Mill 3 mm
[JEnd Mill long 1 mm
[J End Mill long 2 mm
[J Spiral Drill 0,8 mm
[ Spiral Drill 0,85 mm
[ Spiral Drill 0,8 mm
[ Spiral Drill 1 mm

[ Spiral Drill 1,1 mm
[ Spiral Drill 1,2 mm
[ Spiral Drill 1,3 mm
[ Spiral Drill 1,4 mm
[J Spiral Drill 1,5 mm
[ Spiral Drill 1,6 mm v

Options

Generate on both sides

Generate start drills
Replace existing toolpath Cancel

8. Activate the 3D object by checkmark in field \Source\.
9. Activate the needed tools for the job by checkmark.

A== Make sure, that you activate the drill tools with the appropriate
ﬁe diameter corresponding to the size of your drill holes. For
Note example the Spiral Drill 1 mm if you want to create drill holes
with a diameter of 1 mm.

For the milling of the pockets you need End Mill tools. Activate
the available tools in the list.

You also need drill tools for generating start drills if you have not
disabled this option. If the pocket should be milled with an End
Mill 2 mm, you need to create the start drills with a Spiral Drill

2 mm.

10. Click on [OK] to create the toolpaths.
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= The CAM view changes as follows:

Fig. 68: CAM view

11. Click on the tab “3D view”.

Yo If the tab ,,3D view" is not displayed, you can activate it by
—d clicking on the menu item View > 3D Wiew.

Note

®» The 3D tab displays the 3D part:

Fig. 69: 3D view

— You can rotate the object in the 3D view by
T activating this icon in the toolbar. @

Tip

€ The 2.5D toolpaths were created.
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1.6 Loading the tool magazine and assigning tools to holder positions

B |oading the tool magazine and assigning the tools to holder positions
1. Click on Edit > Tool magazine...

®» The following dialog is displayed:

Fig. 70: Tool Tool magazine
magazme Please check if all required tools are assigned to the holders.
Required tocks Machine tooks

¥ end Mill 2 mm The machine clamp is empty at the moment.
% spiral Diill 2 mm dick O to pick up the tool with the machine head.

dlick $ to put the tool to the corresponding magazine spot.

Holder OJ Tool Tool life spent |
O |NoNE v
O [nore ~|
Q [none v
O |nonE v
O [none ~|
O |nonE ~|
O |noE [+
- s 1 i
Please use tool holder check-boxes to make these functions available.
Drop tool

wame | he tools shown in the tool magazine dialog must not
correspond to your needed tools. The tools are examples.

Note

= The tools required for the job are displayed in section “Required tools”.
Tools that are missing in the tool magazine are marked by a red “X”.
Required tools which are already inserted in the tool magazine are
marked by a green checkmark.

2. Insert the required tools into the tool magazine:

Fig. 71: Inserting
the tool
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3. Inthe dialog, assign the tools to the respective tool magazine positions

used.
Fig. 72:
Assigning the Please check if all required tools are assigned to the holders.
tools in the dialog
Required tools Machine tools
v End Mill 2 mm The machine clamp is empty at the moment.

¥ spiral Drill 2 mm dick O to pick up the tool with the machine head.

Click $ to put the tool to the comresponding magazine spot.

Holder O Tool Tool life spent &
10 (O [endMil 2 mm (©,00%) ¥ % 0,00%

|

Gl 2mm GO A D I

Spiral Drill 2,2 mm (0,00%)

(Spiral Drill - 2,3 mm (0,00%)

Spiral Dril 2,4 mm (0,00%)

Spiral Dril 2,95 mm (0,00%)

[Spiral Drill 3 mm (0,00%) 2
[UNKNOWN v

10000

—— 1

Please use tool holder check-boxes to make these functions available.

®» The tools which are displayed in the section “Required tools” are marked
with a green checkmark:

Fig. 73: Assigned

tools Please check if all required tools are assigned to the holders.
Required tools Machine toals
v End Mill 2 mm The machine clamp is empty at the moment.

V' Soinl 0l 2mm click QO to pick up the tool with the machine head.

dick $ to put the tool to the comresponding magazine spot.

Holder ) Toal Tool life spent L
10 End Mil 2 mm (0,00%) [¥] % 0,00%
20 [spirsl Onil - 2 mm (0,00%) [¥] v 0,00%

NONE [ 3

Tene [v
NONE [¥]
NONE [v]

- ™

1O 000000
g
7
L

Please use tool holder check-boxes to make these functions available.

Drop tool

4. Make sure that the tool life spent is sufficient for the current job to be
processed.

If there is a red X" displayed beside the progress bar “Tool life
spent” the endurance of the tool is insufficient for the job to be

Note processed:
Holder O Tool Tool life spent
10 Q| [EndMi2mm (0,00%) E 0,00%
20 [Ol[spralod 2mm (0,00%) vlv 0,00%
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5. If necessary, insert additional tools in the tool magazine to reach the
required tool endurance:
Fig. 74:

Assigning Please check if all required tools are assigned to the halders.
additional tools

Reouired todls Machine tools
V' End Mill 2 mm The machine clamp is empty at the moment.

v/ Spiral Diill 2 mm Click O to pick up the tool with the machine head.

click € to put the tool to the comresponding magazine spot.

Holder O Tool Tool life spent o)
10 (Of|endmil 2mm 0,00%) ¥ x 0,00%
20 O [spraloril_2 mm (3,00%) [: v 0,00%
[0 O Tedmzmm@oew) B 0,00% |=
O [vore v
Q |nonE v
O [NonE v
O [nore ¥

Please use tool holder check-boxes to make these functions available.

Drop tool

6. Click on [OK].

®» The dialog is closed.
The tools are assigned to the corresponding tool holders:

Fig. 75: Tools in
the tool magazine

@ The tools were loaded.
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1.7 Starting processing

B Starting processing
1. Click on Machining > Process all.

Fig. 76: —
Machining > Machining
Process all

> Process all [\

AT
Start processing all or single toolpath objects. I

ﬂ- Make sure that <Process All> Operate
-

- is selected in the combo box [> >
Note of the pane “Processing”, so = .
that all phases of the job are <Process All> v|

executed. The phases
included in the current job are displayed in the section
“Phases” of the pane “Toolpath”.

Instead of processing all phases automatically, you can
process the phases individually. In the combo box select the
desired phase and click on the “Start processing” button.

You can also start processing beginning with a specific phase.
Select the desired phase in the combo box and click on the
“ladder” button The selected phase and all following phases
are processed in the correct order.

After the production started, the machine will process following phases in order.
The phases are displayed via prompts.

Phase “Mount Material”

1. Mount the material onto the processing area.
2. Fasten the material to the table using double-sided adhesive tape.
3. Click on [OK].
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Phase “Placement Top”

®» The following dialog is displayed:

placement

Material properties Machine properties -
Type: AL (EN AW-6012) Material side:  Top
Length: 100,00 mm Close

Width: 100,00 mm

Location

Use the camera to teach the material position.
Use the buttons to set the front left and rear right corner @ i)

of the material.

Material comers [mm]: (0,18 / 0,00) : (100,18 / 100,00)
Angle [°]: (0,00)

Surface level
Move camera onto material.

Click on the auto focus button on the processing panel. e

Use the button to set the surface level.

Material surface level:  <undefined>

B Defining the material corners

1. Move the camera head to the left corner of your base material:
a) Click on the “Processing“ pane.

b) Use the arrow buttons in the X/Y section to move the camera head.

Fig. 78: P_ane Processing X,
»Processing“

XY - positionig
A 10 rnm {ﬁ Jﬁ j,g j.g
4 ’ :: E,EEE mm I%Mouse cursar
v ;0,000 mm

Z - positioning
A v 0,1 mm {ﬁ Z: 0,000 Depth limiter
— | removed
Select a Head Head actions
mal 7 w
Operate Tool information

P |§|T D No tool information
=]
=Process All= '

wm» [ he camera head is activated automatically. You are able to tell
this by the green frame around the camera symbol in section
Note “Select a head” of the “Processing” pane:
Select a Hea

(B (¥
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Fig. 79:
Autofocus

Fig. 80: Cross
hair of camera

Fig. 81: Message
for second
position

Laser & Electronics

— You are able to click on the corner of your material in the

. machining view. The camera moves automatically to this point.
Use the X/Y arrow buttons to do the fine adjustment.

Tip

2. Use the auto focus function to align the material corners in the pane
“Camera”.

a) Click on [Autofocus] in the “Processing” pane:

~ Head actions

iaﬂ] Autofocus | ‘

3. Move the camera head, so that the left lower corner of your material is
positioned right in the cross hair:

If the cross hair is not displayed, you are able to activate it by
clicking on Camera > Overlay > Switch Crosshair State

e

Note

4. Click on following icon in the dialog “Material Placement*; @

®» The coordinates for the lower left corner were saved.

®» Following message is displayed:

Q Move to second position

Should the machine move the head to the second position
automatically?
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5. Confirm the message by clicking on [Yes].

®» The camera moves automatically to the opposite corner of your material.

6. Place the cross hair right on the top of your material corner by using the X/Y
arrow buttons.

7. Click on following icon in the dialog “Material Placement®: :
= The coordinates for the upper right corner were saved. E'/

€ The coordinates of the material corners were defined.

B Defining the material surface level

A\ To define the material surface level the camera’s Z offset must
—ud be determined first. If it is not already determined you are able to
Note start this procedure in the dialog “Material placement” by clicking
on the following icon:

Surface level
Move camera onto material.

@.

Click on the auto focus button on the processing panel.

Use the button to set the surface level.

Material surface level:  <undefined:

For more information about teaching the Z focus offset please
refer to the CircuitPro compendium.

After defining the coordinates of the material corners the following message is
displayed:

Fig. 82: Move to

measuring g s
position @ Move to measuring position

Should the machine move the head to the measuring position for
determining the height of the material's surface?

.

1. Confirm the message by clicking on [Yes].

= The camera moves to the center of the material area and then performs
an autofocus to determine the material height.

2. Check if the autofocus has been performed successfully and if the focused
material surface is visible in the pane “Camera”.

A Yt If the autofocus has not been performed successfully, perform it
—d again by clicking on [Autofocus] in the pane “Processing”.

Note

3. Now click on the following icon for determining the material
height:

s
2
]

e
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®» The material height is saved:

surface level

defined Material properties ———— Machine properties —————
Type: AL (EN AW-6012) Material side:  Top
Length: 100,00 mm Close
Width: 100,00 mm )
Height: 5,00 mm
Location

Use the camera to teach the material position.
Use the buttons to set the front left and rear right comer @ @

of the material.

Material comers [mm]: (0,00 / 0,00) : (28,00 / 18,00)
Angle [°]: (0,00)

Surface level
Move camera onto material.

|fom

Click on the auto focus button on the processing panel.

Use the button to set the surface level.

Material surface level:  (15,63) I

4. Click on [Continue].
€ The material surface level was defined.

» If there is no depth limiter mounted, the phase “Processing 2.5D Top” is
processed.

« Ifthere is a depth limiter mounted, the following message is displayed that
prompts you to dismount it:

Fig. 84: Dismount | [P™
the depth limiter

o Dismount the depth limiter

Ensure that the depth limiter is dismounted. The selected operation
mode cannot work with a mounted depth limiter.

1. Confirm the message by clicking on [OK] and follow the instructions to
dismount the depth limiter.
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B Dismounting the pneumatic depth limiter (S103)
1. Pull down the depth limiter:

Fig. 85: i —
Pneumatic Depth
limiter 'f#y
\4
/1/ Pneumatic depth limiter
2. Fasten the depth limiter above the machine head in the hose clamp:
Fig. 86: Fasten
depth limiter

/1/ Pneumatic depth limiter /2/ Hose clamp

€ The pneumatic depth limiter was dismounted.
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B Dismounting the mechanical depth limiter (S63)
1. Pull down the mechanical depth limiter:
Fig. 87: o | el '
N:gchanical depth ! k&g 'm
= ___F =

limiter

/1/ Mechanical depth limiter

2. Put the mechanical depth limiter close to the machine in order to mount it
again later.

€ The mechanical depth limiter was dismounted.

Phase ,,Processing 2.5D Top ”

wme If the spindle motor has not run before, a warm-up phase is
AN
(—d started.

Note

®» The required tools were picked up and the top side of the material is
processed.

Phase ,,Board Production Finished”

= A message informs you that the board production has been finished.
€ The 3D part was created.
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2 Creating a 3D part from a STEP file

In this section you will learn how to create a 3D part from a STEP file. The 3D
part is created from a work piece with the dimensions 28 mm x 18 mm x 6 mm
and the used material is POM. Different slots and drill holes are placed on the
top and bottom side.

f.- To create a 3D part you need a ProtoMat S63 or S103!,
-

Note

To create the 3D part you have to perform the following steps:
i. Starting the machine and CircuitPro
ii. Selecting the template and creating the new document
iii. Importing the data
iv. Creating 2.5D toolpaths

V. Inserting fiducials

Vi. Creating toolpaths for the fiducials

vii. Loading the tool magazine and assigning tools to holder positions
viii. Start processing

The following material is required:
+ Base material with the dimensions 28 mm x 18 mm x 6 mm

You are able to work with other base materials. In this case make sure that your
material has at least the dimensions 28 mm x 18 mm x 6 mm and a thickness of
6 mm.
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2.1 Starting the machine and CircuitPro

B Starting the machine and CircuitPro

1. Switch on the machine.
2. Start CircuitPro.

= CircuitPro automatically connects to the machine. The connection steps
are displayed:

Connection steps @ Connecting the machine.

@ Checking the machine, machine type, firmware.

@ Reading settings from the machine.

@ Synchronizing the settings.

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

@ Moving to the startup position.

3 Connecting the camera.

® CircuitPro reads the settings from the machine.

€ The machine moves to its reference points and subsequently moves to the
Pause position.
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2.2 Selecting atemplate and creating a new document

B Selecting a template and creating a new document
1. Click on File > New...

®» The following dialog is displayed:

Fig. 89: New
document ———

Template file Description B

CircuitPro installed templates
# SingleSided.cbf PCB with one predefined layer.
'H singleSided_Top.cbf PCB with ane predsfined layer on top side.
' DoubleSided_ProConduct.cbf PCB with predefined Top and Bottom layers, prepared for ProConduct process
# DoubleSided_Gatvanic THP.cbf PCB with predefined Top and Bottom layers, prepared for galvanic THP process.
' DoubleSided_EasyContac,cbf PCB with predefined Top and Bottom layers, prepared for EasyContac process.
ElL Sided NoTHP.cbf FCB with predefined Top and Bottom layers, no THP,
& dLayer_ProConduct.chf PCB with four predefined layers, prepared for ProConduct process.
& 4Layer_ProConduct_MultiPressS.chf PCB with four predefined layers, prepared for ProConduct, MultiPress S process.
' dLayer_ProConduct_MultiPressS_DoubleCore. cbf PCE with four predefined layers, double core, prepared for ProConduct, MultiPress S process. 7
H dLayer_GahvanicTHP. cbf PCB with four predefined layers, prepared for galvanic THP process.
= 6Layer.cof PCB with six predefined layers,
& 6layer_MultPresss cof PCB with six predefined layers, MultiPress S process,
& SLayer.cbf PCB with eight predefined layers.
3 SLayer_MUltPressS,chf PCB with eight predefined layers, MultiPress S process,
' 250_Bottom.cbf Template for 2,50 operations on bottom side that are completely processed without depth limiter.

cbf emplate for 2,50 gperations on top side that are completely processed without depth imite
& 250_Double.cbf Template for 2,50 operations on bath sides that are completely processed without depth Imiter,
Encl X900 e |

8 Stencil QR 266x330 short.cbf Stenci for ProtoPrint, short version |w
<] i (>
Set as default

Lacation:

rowse, I Cancel

2. Select the template “25D_Double.cbf”.
3. Click on [OK].

®» The following dialog is displayed:

Fig. 90: Material - i
properties Material properties

Please define target material properties.

Type: [AL (EN AW-6012)

]

Width: 1100 mm &
Length: 100 rmm }_e_}
Height: 10 mm =

Save as default properties

oK

4. Enter the material type (POM).

5. Adjust the values in the fields \Width\ and \Length\ according to your base
material used.

6. Enter “6 mm” in the field \Height\.
7. Click on [OK].
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= The CAM view is changing:

Fig. 91: CAM view

8. Click on File > Save As...
9. Enter a file name for the new file.
10. Click on [Save].

€ The new document is created.

A Yt You are able to change the material properties such as the

- dimensions of the base material. Therefore you have to right-
Note click in the CAM view and click in the context menu on “Material
properties...”.
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2.3 Importing data

Creating a 3D part from a
STEP file

UseCase_3DPartFromSTEP”.
Tip

— The LPKEF tutor data is stored in “My Document\LPKF
Laser&Electronics\LPKF CircuitPro 1.5\Example Data\

First the STEP file is imported in CircuitPro. Afterwards the imported data will be

aligned to the processing volume.

B |mporting data

1. Click on File > Import 3D shape...
= The following dialog is displayed:

Fig. 92: Importing

the STEP file Open

Look in: | (L) UseCase_3DPaitFromSTEP

[ Tutor_sTeP.stp

&

My Recent
Documents

My Documents

9

My Computer

‘V} File name:
-

My Network Files of type: STEP files (“.stp, " step)

Ba
[ W5 Al
.
e

2. Inthe folder “UseCase_3DPartFromSTEP®, select the file

“Tutor_STEP.stp”.
3. Click on [OK].
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= The 3D view changes as follows:

Fig. 93: 3D view

€ The data was imported.

B Aligning the imported data to the processing volume
1. Inthe 3D view, right-click on the imported object.
®» The context menu is shown.

2. In the context menu, click on “Transformation®.

®» The following dialog is displayed:

Fig. 94: Trans- Transtorm R |
formaten [Transiate "oratetavtoFortetuser e ] B
Selected objects: Tutor_STEP_1 _ )
O Move to center of processing volume
® Move to coordinates
X: |0 mm
Y: |9 mm
Z:  |0mm

3. Click on “Rotate [auto]”.
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= The view changes as follows:

oy Fotate s )
fautel =
Selected objects: 0
Angle o° -
Standard axes Intrinsic axes
@X O First axis
oy O Second axis
0z O Third axis

4. Enter “90” in the field \Angle\.
5. Activate the standard axis “Z".
6. Click on [Apply].

= The object is rotated around the Z axis at an angle of 90°. The 3D view
changes as follows:

Fig. 96: 3D view
rotatet around Z
axis

7. Click on the tab “Translate”.
8. Activate the option {Move to center of processing volume}.
9. Click on [Apply].
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= The object is moved in X and Y direction to the center of the processing
volume. The 3D view changes as follows:

Fig. 97: Move in X
and Y direction

10. In the tab “Translate”, activate the option {Move to coordinates}.
11. Enter “3” in the field \Z\.
12. Click on [Apply].

= The object is moved in Z direction. The 3D view changes as follows:

Fig. 98: Move
objectin Z
direction

13. Click on [Close].

®» The dialog is closed.
€ The imported data was aligned to the processing volume.
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2.4 Creating 2.5D toolpaths

Before you insert the fiducials in your layout it is useful to create the 2.5D
toolpaths first.

B Creating 2.5D toolpaths
1. Click on Toolpath > 2.5D milling...
= The following dialog is displayed:

x|

Fig. 99: Create Create 2.5D milling

2.5D milling Source F_
¥ Tutor_STEP_1

Tool: [ End Mill 0,8 mm A
¥ End Mill 1 mm

¥ End Mill 2 mm

¥ End Mill 3 mm

™ End Mill long 1 mm

™ End Mill long 2 mm

I~ Spiral Drill 0,2 mm

I~ Spiral Drill 0,3 mm

I~ Spiral Drill 0,4 mm

[~ Spiral Drill 0,5 mm

[~ Spiral Drill 0,6 mm

I~ Spiral Drill 0,7 mm

I~ Spiral Drill 0,8 mm

I~ Spiral Drill 0,85 mm

I~ Spiral Drill 0,8 mm

¥ Spiral Drill 1 mm =l

Options

Generate on both sides

Generate start drills
Replace existing toolpath Cancel

2. In section \Source\, select the source data “Tutor_STEP_1” for creating the
toolpath.

3. Select the tools that are available for the current job.

== For creating uncontinuous drill holes you need an End Mill
a‘ 0.8 mm. All other structures can be created with the End Mill
Note 1 mm or 2 mm.

Also make sure that you have selected the appropriate drilling
tools if you want to generate start drills for the End Mill tools.

4. Click on [OK] to create the toolpaths.
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= The toolpaths are created and visible in the CAM and 3D view. The 3D
view changes as follows:

Fig. 100: 3D view

— You can rotate the object in the 3D view in any O
T direction by activating this icon on your toolbar. =

Tip

€ The 2.5D toolpaths were created.
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2.5 Inserting fiducials

For aligning the top and bottom sides of the circuit board you need fiducials.
Fiducials are optical marks or drill holes on the surface of the circuit board.

The fiducials are drilled into the board and have a diameter of 1.5 mm. They are
recognised by the cameras of the ProtoMat systems.

f_— For working with fiducials you need the camera system for
- fiducial recognition.

Note
| Ideally you insert four fiducials for aligning the top and the
bottom side.
You are also able to work with two fiducials. In this case it is
Tip useful to insert them diagonally into the layout.

B Inserting fiducials

1. Click on Insert > Fiducial > Create new layer...

®» A new layer “Fiducial” is created. The following dialog is displayed:

Fig. 101: Creating Create circle
circles 3 -
Layer: Fiducial v| Apply
@® Absolute O Relative to anchor point .
Center:  X: Omm S Y: Omm 2 9:

2. Activate the option “Absolute” (the center point is calculated from the zero
point).

3. Enter “1.5” in the field \Center X\.

4. Enter “26.5” in the field \Center Y\.

5. Click on [Apply].

® The fiducial is created.

6. Repeat the steps 3 to 5 using the following coordinates to create three more
fiducials:

¢ Center X: 1.5; Center Y: 15
* Center X: 16.5; Center Y: 26.5
¢« Center X: 16.5; Center Y: 1.5
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®» The CAM view now looks as follows:

Fig. 102: CAM
view with
fiducials

wa® You are able to create fiducials without entering any coordinate.

—ud Therefore left-click in the CAM view where you want to place the
Note fiducials.

7. Click on [Close].
®» The dialog is closed.

€ The fiducials were inserted.
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2.6 Creating toolpaths for fiducials

The toolpaths for the fiducials have to be created before starting the production
of the 3D part.

B Creating toolpaths for the fiducials

1. Click on Toolpath > Technology Dialog...

% The following dialog is shown:

Flg 103: 1M Technology Dialog x
Technology Global process settings
Dialog Material type  FR4 - ) RF application

Insulate
Insulation Method

Basic }

o

Description

Insulation with a single insulation channel.
Shortest processing time.

Process
Show Details

Contour Routing

(U

-— Contour Routing with one gap in each corner.

Contour Routing Method

Comer gap }

Description

6

B Process
Show Details
Convert to Toolpath
Drills Show Details
Fiducials Show Details
Pockets Show Details

Close

2. Deactivate the following functions:

* Insulate

»  Contour Routing
« Drills

*  Pockets

3. Click on [Start] to create the toolpaths.

®» The toolpaths are created and the computation results are displayed.
4. Click on [Close].

% The dialog displaying the computation results is closed.
€ The toolpaths for the fiducials were created.

© 2019 LPKF AG V2.0 -12. 2019 89



Creating a 3D part from a STEP CircuitPro PM _m

file Laser & Electronics

2.7 Loading the tool magazine and assigning tools to holder positions

B | oading the tool magazine and assigning the tools to holder positions
1. Click on Edit > Tool magazine...

®» The following dialog is displayed:

Fig. 104: Tool Tool magazine
magazine Please check if all required tools are assigned to the holders.
Required tools Machine tools
' End Mill 2 mm Tool currently loaded is from magazine spot {0}.
v Spiral Drill 2 mm click © to pick up the tool with the machine head.

Click $ to put the tool to the corresponding magazine spot.

Holder () Tool Tool life spent
10 (O [Endmizmm x| v 0,70%
0 | v 0,70%
O [none [~
O [none [~
O [none [~
O [none [~
O [none ~
~ Trwe = &)

Please use tool holder check-boxes to make these functions available.

Drop tool

wame 1 he tools shown in the tool magazine dialog must not
correspond to your needed tools. These tools are examples.

Note

= The tools required for the job are displayed. Tools that are missing in the
tool magazine are marked by a red “X”.

2. Insert the required tools into the tool magazine:

Fig. 105: Inserting
the tool
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3. Inthe dialog, assign the tools to the respective tool magazine positions
used.

4. Repeat the steps above until all required tools are assigned:

Fig. 106: Tools in
the tool magazine

5. Click on [OK]
€ The tools were loaded and assigned to their positions.
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2.8 Starting processing

B Starting processing

1. Click on Machining > Process all.

Fig. 107:
Machining >
Process all

thlachining ’

[} Process all N

AT
Start processing all or single toolpath objects. I

Make sure that <Process All> Operate

is selected in the combo box [> > ‘
of the pane “Processing”, so =i —
that all phases of the job are <Process Al v/

executed. The phases
included in the current job are displayed in the section
“Phases” of the pane “Toolpath”.

Instead of processing all phases automatically, you can
process the phases individually. In the combo box select the
desired phase and click on the “Start processing” button.

You can also start processing beginning with a specific phase.
Select the desired phase in the combo box and click on the
“ladder” button The selected phase and all following phases
are processed in the correct order.

After the production started, the machine will process following phases in order.
The phases are displayed via prompts.

Depending on which ProtoMat you use the following phases
could differ from the phases and messages displayed on your
screen. Please follow the instructions on your screen.

For machines with manual tool exchange you are regularly
asked to change the tool in the collet, for example.

Phase “Mount Material”

1. Mount the material onto the processing area.
2. Fasten the material to the table using double-sided adhesive tape.
3. Click on [OK].

92
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Phase “Placement Bottom”

®» The following dialog is displayed:

Fig. 108: Materia
plac ement Material properties Machine properties

Type: POM Material side:  Bottom

Length: 28,00 mm Close

Width: 18,00 mm

Height: 6,00 mm

Location

Use the camera to teach the material position.

Use the buttons to set the front left and rear right comer @ @

of the material.

Material comers [mm]: (5,00 / 5,00) : (23,00 / 33,00)

Angle [°]: (0,00)

Surface level

Move camera onto material. E

Click on the auto focus button on the processing panel. "9'

Use the button to set the surface level.

Material surface level:  <undefined>

B Defining the material corners
1. Move the camera head to the left corner of your base material:
a) Click on the “Processing”“ pane.
b) Use the arrow buttons in the X/Y section to move the camera head.

Fig. 109: Pane Processing B

»Processing“ -
X - positionhig

A j(D n;mDDD mm{:} Jﬁ JE Jlg
< v ’ Y: 0,000 mm I%Mouse cursor

Z - positioning
A v 0,1mm {:} Z: 0,000 Depth limiter
— | removed
Select a Head Head actions
al S [F w W
Operate Tool information

=P . No toal information
> =
=Process All= '

é— The camera head is activated automatically. You are able to tell
this by the green frame around the camera symbol in section
Note “Select a head” of the “Processing” pane:
Select a Hea

3] (¥
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machining view. The camera moves automatically to this point.
Use the X/Y arrow buttons to do the fine adjustment.

:_a You are able to click on the corner of your material in the

Tip

2. Use the auto focus function to align the material corners in the pane
“Camera”.

b) Click on [Autofocus] in the “Processing” pane:

Fig. 110: ~ Head actions ———————
Autofocus ‘

i?ﬂl Autofocus |

3. Move the camera head, so that the left lower corner of your material is
positioned right in the cross hair:

Fig. 111: Cross
hair of camera

If you use dark/reflective materials the camera view could be too
dark. In this case please adjust the camera lens.

e

Note

4. Click on following icon in the dialog “Material Placement*: @

®» The coordinates for the lower left corner were saved.
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% Following message is displayed:

Fig. 112: Message
for second

position @ Move to second position

Should the machine move the head to the second position
automatically?

No

5. Confirm the message by clicking on [Yes].

®» The camera moves automatically to the opposite corner of your material.

6. Place the cross hair right on the top of your material corner by using the X/Y
arrow buttons.

7. Click on following icon in the dialog “Material Placement": N\
= The coordinates for the upper right corner were saved.

€ The coordinates of the material corners were defined.

B Defining the material surface level

A== To define the material surface level the camera’s Z offset must
- be determined first. If it is not already determined you are able to
Note start this procedure in the dialog “Material placement” by clicking
on the following icon:

Surface level
Move camera onto material.

il

Click on the auto focus button on the processing panel.

Use the button to set the surface level.

Material surface level:  <undefined>

For more information about teaching the Z focus offset please
refer to the CircuitPro compendium.

After defining the coordinates of the material corners the following message is
displayed:

Fig. 113: Move to

measuring g e
position @ Move to measuring position

Should the machine move the head to the measuring position for
determining the height of the material's surface?

.

1. Confirm the message by clicking on [Yes].

®» The camera moves to the center of the material area and then performs
an autofocus to determine the material height.
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2. Check if the autofocus has been performed successfully and if the focused
material surface is visible in the pane “Camera”.

wae |f the autofocus has not been performed successfully, perform it
~ again by clicking on [Autofocus] in the pane “Processing”.

Note

3. Now click on the following icon for determining the

. . . =3
material height: B,
= The material height is saved: —

Fig. 114: Material
Sur'face level Material properties Machine properties
defined Type: POM Material side:  Bottom

Length: 28,00 mm Close

Width: 18,00 mm

Height: 6,00 mm

Location
Use the camera to teach the material position.

Use the buttons to set the front left and rear right comer Q/ @
of the material.

Material comers [mm]: (5,00 / 5,00) : (23,00 / 33,00)

Angle [°]: (0,00)
Surface level
Move camera onto material. s

Click on the auto focus button on the processing panel. ¥

Use the button to set the surface level.

I Material surface level: (15,63) I

4. Click on [Continue].

€ The material surface level was defined.

» If there is no depth limiter mounted, the phase “Processing 2.5D Top” is
processed.

» If there is a depth limiter mounted, the following message is displayed that
prompts you to dismount it:

Fig. 115:
Dismount the

depth limiter o Dismount the depth limiter

Ensure that the depth limiter is dismounted. The selected operation

mode cannot work with a mounted depth limiter.

1. Confirm the message by clicking on [OK] and follow the instructions to
dismount the depth limiter.
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B Dismounting the pneumatic depth limiter (S103)
1. Pull down the depth limiter:

Fig. 116: - v
Pneumatic Depth
limiter -

/1/ Pneumatic depth limiter

2. Fasten the depth limiter above the machine head in the hose clamp:

Fig. 117: Fasten
depth limiter

/1/ Pneumatic depth limiter /2/ Hose clamp

€ The pneumatic depth limiter was dismounted.
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B Dismounting the mechanical depth limiter (S63)
1. Pull down the mechanical depth limiter:

Fig. 118: e | u

Mechanical depth } Ak

/1/ Mechanical depth limiter

2. Put the mechanical depth limiter close to the machine in order to mount it
again later.

€ The mechanical depth limiter was dismounted.

Phase “Drill Fiducial”

wa If the spindle motor has not run before, a warm-up phase is
AN
(—d started.

Note

= The Spiral Drill 1.5 mm is picked up and the fiducials are drilled.

Phase “Flip Material ”

®» A message prompts you to flip the material.

1. Flip the material along the machine’s X-axis.
2. Click on [OK].

wa» [ he display in the machining view changes. The position of the
layout is adjusted to the position of the work piece. The side of
Note the 3D part to be processed is now the top side.
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Phase “Material Placement Top”

®» See phase “Material Placement Bottom”.

N==» During the phase ,Material Placement Top® a rough alignment of
a‘ the material is done. The exact alignment is done in the following
Note phase “Read Fiducial Top”.

Phase “Read Fiducials_Top”

M= [f the fiducial search is performed for the first time (after having
'-" started CircuitPro) the camera is performing an autofocus five

Note times.
Afterwards the following message is displayed which prompts
you to confirm the focus height:
| 2 2 |

@ Confirmation of focus height

The focus search has finished and the machine has now moved into
the calculated focus position. Please check whether the image is
sharp. Click 'Yes' to accept the position, click 'No' to retry focusing or
click 'Cancel to abort the operation.

Yes No Cancel

= The camera moves to the positions of the fiducials and determines the
exact position.

If the material is placed at nearly the same position as before, the positions of
the fiducials are recognised automatically.

The Top side is thus aligned to the Bottom side.

The following dialog is displayed if the fiducials have not been recognized
automatically:

Fig. 119 s —
A“gnment Check alignment result. Click 'Accept Current Position' if the result is OK. Click 'Find and center' to find and then move to the
center of the fiducial.
Fiducials:
Alignment parameters Find and Center
Fiducials for step-and-repeat Accept Cunrent Position:

Diameter Tolerance 0,3 mm Retry

Search Area Length |10 mm

Abart
Minimumn Fiducial Quality 90 %

Distance for Direct Acceptance 0,1 mm

Show Fiducial Tme 0¢

<p) &P B @B @B <

Madirnum No. of centering Tries 3
Manual Centering If ot Found @ Yes O No

Ask for Corfirnation O Yes @ No
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B Manually detecting the fiducial using the camera

1. Using the X and Y arrows in the pane “Processing”, move the machine
head, until the cross hair is placed centered on the fiducial:

Fig. 120:
Centering the
fiducial

= | 5

For centering the fiducial in the pane “Camera” you need to
activate the cross hair. To do so, click on the menu item Camera
Note > Qverlay > Switch Crosshair State.

2. Click on [Accept Current Position].
€ The fiducials were recognized by the camera.

Phase “Processing 2.5D Top”

= The required tools are picked up and the top side of the material is
processed.

Phase “Board Production Finished”

= A message informs you that the board production has been finished.

€ The 3D part was created.
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3 Creating a multi-layer PCB with galvanic through-
hole plating

This tutorial shows you how to produce a 4-layer circuit board with galvanic
through-hole plating.

The following steps are necessary to complete the tutorial successfully:
i. Starting the machine and CircuitPro

ii. Selecting a template and creating a new document
iii. Importing data

iv. Inserting rubout areas

V. Multiplying the design (if necessary)

Vi. Creating toolpaths
vii. Loading the tool magazine and assigning tools to holder positions
viii. Starting the processing

The following material is required:

* 1-mm-thick multi-layer core with 18-um-thick copper layers on both sides
(order no. 119574)

¢ 200-pum-thick laminate with a 5-um-thick copper layer on one side for the
outer layers (order no. 119571)
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3.1 Starting the machine and CircuitPro

B Starting the machine and CircuitPro

1. Switch on the machine.
2. Start CircuitPro.

= CircuitPro automatically connects to the machine. The connection steps
are displayed:

Connection steps @ Connecting the machine.

@ Checking the machine, machine type, firmware.

@ Reading settings from the machine.

@ Synchronizing the settings.

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

@ Moving to the startup position.

3 Connecting the camera.

® CircuitPro reads the settings from the machine.

€ The machine moves to its reference points and subsequently moves to the
Pause position.
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3.2 Selecting atemplate and creating a new document

B Selecting a template and creating a new document
1. Click on File > New...

®» The following dialog is displayed:

Fig. 122: New
document faN| Run erocess olaning wizard
Template file Description ~
CircuitPro installed templates
ingieSiced.cof PCB with one predefined layer.
inpleSided_Tap.cbf PCEB with one predefined layer on top side.
oubleSided_ProConductcbf PCB with predefined Top and Bottom layers, prepared for ProConduct process
oublesiced_Gahvanic THR.cbf PCB with predefined Tap and Bottom layers, prepared for galvanic THP process.
oubleSiced_EasyContac.cbf PCB with predefined Top and Bottom layers, prepared for EasyContac process.
NoTWechl e PCB with predefined Top and Bottom layers, O TR, oo
_ProConduct.cbf PCB with four predefined layers, prepared for ProConduct process.
yer_ProConduct_MuitiPressS.chf PCB with fo defined layers, red for ProConduct, MultiPress S process,
GalvanicTHP. cbf PCB with four predefined layers, prepared for galvanic THP process.
; TCE with six predenned layers.
Layer_MultPresss.cof PCB with six predefined layers, MultiPress S process
Layer.chf PCB with eight predefined layers.
Layer_MLitiPresss. cbf PCB with eight predefined layers, MultiPress S process.
'S0_Bottom.cbf Template for 2,50 operations on bottom side that are completely processed without depth limiter.
'SD_Top.chf Template for 2.5D operations on top side that are completely processed without depth Iimiter.
SD_Double.cbf Template for 2.5D operations on both sides that are completely processed without depth lmiter.
tencil QR 266x380.cbf Stenci for ProtoPrint
# Stencil QR 266x380 short.cbf Stenci for ProtoPrint, short version v
< >
3 set as default
Location:
—
B
e, Cancel
“ H 1]
2. Select the template “4Layer_GalvanicTHP.cbf”.
Fig. 123: CAM CAM view T

view - multi-layer

R 88
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r— The template “4Layer_GalvanicTHP.cbf” already contains
= fiducials. These do not have to be added anew.

Note The template contains four slot holes that can be used to affix
the individual layers to the press plate for the pressing step.

The template also contains two positioning holes for orientation
during the alignment of the individual layers.

4. Click on File > Save As...
Enter a file name for the new file.
6. Click on [Save].

o

€ The new document is created.
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3.3 Importing data

e The LPKF tutor data are stored in folder “My documents\LPKF
Laser & Electronics\LPKF CircuitPro 1.5\Example Data\
UseCase_Multilayer”.

B Importing data
1. Click on File > Import...
®» The following dialog is displayed:

Fig. 124: Import

Import | File Name Format | Aperture/Tool List Layer/Template SizefFormat “

Cancel

Add File...

Open g

Look inc | 3 Use Case_Multiayer 1} e

Remove

=) Tutor_MuiLayer_4_Lagen.BOA
13 Tutor_MukiLayer_4_Lagen.BOT
My Recent =9 Tutor_MukiLayer_4_Lagen.DRL
Documents | =3 1o _mukiLayer_4_Lagen.L¥2

— 7 Tutor_MukiLayer_4_Lagen.LY3
& Tutor_MuiLayer_4_Lagen.TOP

2D View  Apertures,

Desktop
My Documents

My Computer

File name: Folder Selection
Files of type:

ElE]
il

My Network

Al fles ()

2. Select all files in the folder “UseCase_Multilayer”.
3. Click on [OK].

4. Assign the imported files to the corresponding layers (see table):

File extension | Layer

.BOA Board Outline
.BOT Bottom Layer
.LY2 Layer 2

.LY3 Layer 3

.TOP Top Layer
.DRL Drill Plated
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Assigned layers

Fig. 126: CAM
view
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Import

Import | File Name Format AperturefTool List Layer/Template SizefFormat
™ Tutor_MultiLayer_4... | GerberX v | Tutor_MultiLayer_<| v | BoardOutline v j:4ﬂ,21 x 75,13 mm
ITutovmtuyev_-t.“ GerberX | v | Tutor_MultiLayer_< v | BottomLayer v |37.64 % 67,96 mm
[ |Tutor_Multiayer_4... | GerberX |» | Tutor_MultiLayer_<|v | Layer2 v (38,43 x 73,38 mm
] Tutor_MultiLayer_4... | GerberX v | Tutor_MultiLayer_<|v | Layer3 ¥ 138,43 x 73,38 mm
2] Tutor_MultiLayer_4... | GerberX v | Tutor_MultiLayer_< v | TopLayer ¥ |36,47 x 70,17 mm
] Tutor_MultiLayer_4... | Excellon v | Tutor_MultiLayer_¢ v | DrilPlated ¥ 31,78 x 65,61 mm

|1872
P i

Size 37,64 x67,96 mm
Unit

Values

Decimal

Digits m.n

B %

Cancel
Add File...

Remave

Note o
“Options”

Instead of manually assigning the individual files to the layers,
you can activate the options “Use layer name” and “Apply to all
Gerber files”. Activate the corresponding checkboxes in the tab

If a file contains layer names these are automatically assigned.
Please note that this is only available for Gerber files. All other
files require assigning the layers manually via the drop-down

menu.

5. Click on [OK].

®» The data is shown in the CAM view:

€ The files are imported.
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3.4 Inserting rubout areas

Inserting rubout areas is used for creating a most precise isolation in certain
areas by removing the redundant copper partially or as a whole depending on
the insulation method.

In this tutorial, a rubout area covering the whole circuit board is created on the
Top and Bottom layers.

B Inserting a rubout area
1. Click on Insert > Rubout area > RuboutTop.

= The following dialog is displayed:

Fig. 127: Create Create rectangle

Rectangle Layer: RuboutTop v| Apply
@ Absolute O Relative to anchor point
Start point:  X: O mm S v: Oomm 2
End point:  X: Omm 2 Y: Omm =

2. Draw a rectangle across the whole area of the design using the mouse:

Fig. 128: Rubout
Top

3. Select “RuboutBottom” in the “Layer” selection list of the dialog.

4. Draw another rectangle across the whole area of the design using the
mouse.
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=» |n the CAM view both rubout areas are visible:

Fig. 129: Rubout
Bottom

5. Click on [Close].

®» The dialog is closed.
€ The rubout areas are created.

A== [t may be helpful to hide other layers for drawing the rubout
—ud depending on which layer the rubout is to be created.
Note The display mode of the objects on the individual layers can be
set in the “Layers” pane. You can select

* True width (area objects are filled, paths are displayed
with their true width)
+ Outline (outlines of the area objects and paths are
displayed)
* Thin line (outlines of area objects are displayed and
thin lines without defined width in case of paths)
* Unknown (used when importing .cam files with
undefined objects)
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3.5 Multiplying the design (if necessary)

The design can be multiplied and placed arbitrarily on the base material for
producing a panel depending on the design's size and on the material's size.

Yo Please make sure, that all layers in the “Layer” pane are visible

—ud and selectable.
Note Otherwise it may cause incorrect results when multiplying the
design.

B Multiplying the design
1. Select the whole design.
2. Click on Modify > Step & Repeat...

®» The following dialog is displayed:

Fig. 130: Step & Step Repeat

Repeat
Repetition X 2 &Y (1 = Apply
Distance X SOmm 2 Y [1mm 2 Close

[ Combine to flash, list:

3. Enter “2” in the \Repetition X\ field.
4. Enter “50” in the \Distance X\ field.

AN~ The “Distance” values are automatically set to the size of the
—ud design. The value for spacing between the designs has to be
Note added.

5. Click on [Apply].
= The design is multiplied in X direction.
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6. Click on [Close].
®» The dialog is closed.

Fig. 131: Design
in the CAM view

€ The design is multiplied.
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3.6 Creating toolpaths

Fig. 132:
Technology
Dialog

© 2019 LPKF AG

Creating a multi-layer PCB
with galvanic through-hole

Before the circuit board can be produced, the toolpaths have to be generated

for the imported data.

B Creating toolpaths

1. Click on Toolpath > Technology dialog...
= The following dialog is displayed:

m Technology Dialog
Global process settings

Material type FR4 - [ RF application

Insulate
Insulation Method

Basic

R Descipion

Shortest processing time.
va

Process
Show Details.

Insulation with a single insulation channel.

Contour Routing

Contour Routing Method
Corner gap
I Description

6

Process

—-— Contour Routing with one gap in each comer.

Show Details

Convert to Teolpath

Drills Show Details
Fiducials | Show Details

Pockets Show Details

Close

é— In the technology dialog, several settings can be modified by

clicking on the [Show details] buttons.

Note For a detailed description of the individual functions of the
technology dialog see the corresponding chapter in the

CircuitPro compendium.

For this tutorial, the default values of the technology dialog are

used.

2. Click on the right arrow button in the “Insulate” section until the isolation

method “Partial rubout” is displayed.
3. Disable the function “Pockets”.
4. Click on [Start].

V2.0 -12. 2019
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= The computation results are displayed and the CAM view changes as
displayed:

Fig. 133: CAM
view

5. In the dialog “Computation Results” click on [Close].

®» The dialog with the computation results of the technology dialog is closed.
€ The toolpaths are created.
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3.7 Loading the tool magazine and assigning tools to holder positions

wa» [ his chapter is only relevant if you are using a ProtoMat with
automatic tool change (S63 or S103).

Note

B |oading the tool magazine and assigning tools to holder positions
1. Click on Edit > Tool magazine...

= The following dialog is displayed:
Fig. 134: Tool

magazine Please check if all required tools are assigned to the holders.
Required tools Machine tools
v spiral Drill 1,5 mm The machine clamp is empty at the moment.
V' Contour Router 2 mm dick O to pick up the tool with the machine head.

K spiral Drill 2 mm
X universal Cutter 0,2 mm
K Micro Cutter 0,1 mm

Click -$' to put the tool to the comesponding magazine spot.

Holder (J Tool Tool life spent
10 spiral Dril 1,5 mm (0,00%) [v] v 0,00%

20 Contour Router 2 mm (0,00%) |ﬂ v 0,00%

NONE [+]

[Spiral Oril 1,9 mm (0,00%) A
[Spiral Dril 2 mm (0,00%)

Spral Dril 2,1 mm (0,00%) [

Spiral Dril - 2,2 mm (0,00%)

[Spiral Dril 2,3 mm (0,00%)

[Spiral Dril - 2,4 mm (0,00%) ‘
[Spiral Dril 2,95 mm (0,00%)

[Spiral Dril 3 mm (0,00%) [v -]

10000000

Please use tool holder check-boxes to make these functions available.

jmmm The tools shown in the tool magazine dialog must not
correspond to your needed tools. These tools are examples.

Note

®» The tools required for the job are displayed. Tools required for the job that
are missing are marked by a red “X”.

2. Insert the required tools into the tool holders of the machine:

Fig. 135: Inserting
atool

3. Assign the tools to the corresponding positions in the dialog.

®» The tool holders of the machine are loaded:
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Fig. 136: Loaded
tool holder

4. Click on [OK].

®» The dialog is closed.

€ The tool magazine is loaded and the tools are assigned to the
corresponding holder positions.
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3.8 Starting the processing

B Starting the processing
1. Click on Machining > Process all.

Fig. 137:

Machining > Pro- Machining
cess all
> Process all
ol s
Start processing all or single toolpath objects. I

A Make sure that <Process Operate
(—d All> is selected in the combo D >
=1
Note box, so that all phases are = —
executed. <Process All> v‘

Instead of processing all

phases automatically, you can process the phases individually.
In the combo box select the desired phase and click on the
“Start processing” button.

You can also start processing beginning with a specific phase.
Select the desired phase in the combo box and click on the
“ladder” button The selected phase and all following phases
are processed in the correct order.

Once you have started the processing, the ProtoMat machine executes the job
in individual phases. The phases are displayed in messages:

f- Depending on which ProtoMat you use the following phases
(—d could differ from the phases and messages displayed on your
Note screen. Please follow the instructions on your screen.

For machines with manual tool exchange you are regularly
asked to change the tool in the collet, for example.

Phase “MountMaterial”

1. Mount the base material (multi-layer core) onto the processing area of the
machine.

2. Fasten the material to the processing area using adhesive tape.
3. Click on [OK].
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Phase “MaterialSettings”

®» The following dialog is displayed:

Fig-'138: Material Material Settings x
Settings
® PCB
Close
O Front panel/Engraving (2.5D) ti
Properties
Material Type |FR4 |
Copper Thickness [um] 18 =
Material thickness |1mm |
Underlay plate thickness |, mm j
Location
Click into the machine area to move the |
milling head to the associated position. @‘ i)
|
Use the buttons to set the front left and right
rear comer of the material. Current head position
X: 0 mm -
Y: 0 mm -
Z ID mm 3:
Material width IaUS mm 5
Material length |229 mm 5
Surface level [mm)] <undefined>
Material Corners [mm] (13,50 / 0,50) : (318,50 / 229,50)

B Entering the material settings
1. Enter the correct values for the base material used.

? PCB is selected as default.

Note
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Adapt the values for copper thickness and material thickness if necessary.
Define the processing area:

a) Move the “Material Settings* dialog off to the side.

b) Click on the position in the machining view that represents the right rear
corner of your material:

Fig. 139: Defining

Material Settings x

theright rear O‘“‘“'m
pCB -
corner O Front panel/Engraving (2.5D) h jdose, ‘
Properties.
Material Type [FRe +]

Copper Thickness (um] ~ [18

Material thickness [Tmm

Underlay plate thickness  [Zmn

Location
Click into the machine area to move the

milling head to the associated position. @ li) |k o teach the currenk position 85 right rea comec of the taterial.
Use the buttons to set the front left and right
rear comer of the material. et head position
X [31455mm =
Yo [zzsmm |
2 [0 m E|
waterial width 35 mm E|
Material length [229 mm - |

evel [mm; <undefine

Material Comers [mm] (13,50 / 0,50) : (318,50 / 229,50)

®» The machine head moves to this position.

c) Click on the corresponding icon in the “Material Settings” dialog:

@ @

Current head position

Fig. 140: Click on
the icon

Location

Click into the machine area to move the
milling head to the associated position.

Use the buttons to set the front left and right
rear comer of the material.

X [314,55 mm =
¥ [227.5mm =
z 0 mm 31

®» The coordinates of the current head position are saved.

d) Click on the position in the machining view that represents the front left
corner of your material:

Fig. 141: Defining
the front left
corner

© 2019 LPKF AG

e
o
O Front panelEngraves (2.50) -
" —
Wattal e & B
ooper Thckness fom)  [iB 3
Marerial thckness T |
sotoy s vickoess. [ E|
Locaton
Cick s the machine aea to move the &
millng head to the associted postion .
Use thebstons 0 et th ot lft and ight
e omer o the matenal D e
R Ty T — |
v Bz =
Vs with o5 e 3
[z El

Matertal bongth
Aoce leved [mm] undetmned.
Materal Comers (] (14,23 / 3.27) : (314,39 / 227,89)

= The machine head moves to this position.
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e) Click on the corresponding icon in the “Material Settings” dialog:

Fig. 142: Defined Location
processing area Click into the machine area to move the ( N
milling head to the associated position. f? i’

Use the buttons to set the front left and right

rear comer of the material. Current head position

X 14,23mm =
Yoo 3,27 mm =
z 0 min 32

®» The coordinates of the current head position are saved and the
processing area has been fit to the material.

4. Click on [Continue].
€ The material settings were entered.

Phase “Placement”

In this phase, the job can be placed arbitrarily on the base material, be rotated
and be multiplied if necessary.

wae At this point, the whole circuit board design including the
template and the toolpaths possibly contained in the template
Note are moved.

If only the design is to be moved within the template, you have to
use the menu item Modify > Transform....

®» Following dialog is displayed:

Fig. 143:
Placement

X

fj Placement

Relative translation [mm]

dX: 186,146 mm &) dy: 51,541 mm (a]
Set center
Close
Rotation
Angle 0° = Y O O

Step and Repeat
Number of copies

X: 1 &y 2

<)

Spacing between copies [mm]

X: 0mm &1 Y: 0mm

<
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1. Click on the job and drag it to the desired position using the mouse.
Or
1. Enter the new position in the dialog.

2. If desired, multiply the job data by entering the number of copies and
spacing values in X and Y direction in the corresponding fields (Step and
Repeat section).

Phase “DrillFiducial”

= The Spiral Drill 1.5 mm is picked up to drill the fiducials.

Yo If the spindle motor has not run before, a 2-minute warm-up
—ud phase is started.

Note

Phase “Prepare Core”

= Four slot holes are created near the edges of the circuit board.

Phase “Milling Layer3”

®» The tools are picked up as required and Layer3 is processed.

Phase “Flip Material”

A message prompts you to turn the material over.
1. Turn the base material over.

‘- Turn the material over around the X axis if you are using an
(—

- S43, S63, or S103 machine.
Note Turn the material over around the Y axis if you are using an
E33 machine.

2. Click on [OK].

‘_- The display in the machine view changes. The position of your
- design is adapted to the material. The material side to be
Note processed now is Top.
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Phase “Read Fiducials Layer2”
S43, S63, and S103

wame If the fiducial search is performed for the first time (after having
~3 started CircuitPro) the camera is performing an autofocus five
Note times.
Afterwards the following message is displayed which prompts

you to confirm the focus height:
| 4 ) |

e Confirmation of focus height

The focus search has finished and the machine has now moved into
the calculated focus position. Please check whether the image is
sharp. Click 'Yes' to accept the position, click 'No' to retry focusing or
click 'Cancel’ to abort the operation.

Yes No Cancel

= The camera moves to the positions of the fiducials and determines the
exact position.

The Top side is thus aligned to the Bottom side.

The following dialog is displayed if the fiducials have not been recognized
automatically:

Fig. 144: s 00—
Ali gnm ent Check alignment result, Click ‘Accept Current Position' if the result is OK. Click 'Find and center' to find and then move to the
center of the fiducial.
Fiducials:
Alignment parameters Find and Center
Fiducials for step-and-repeat Accept Current Position

Diameter Tolerance 0,3 mm Retry

Search frea Length |10 mm

Abort
Mirimum Fiducial Quality 90 %

Distance for Direct Acceptance 0,1 mm

Show Fiducial Time [0S

<p) JF WF <F @B ©F

Maxirnurn No. of centering Tries |3
Manual Centering If Not Found @ Yes O No

ask for Confirmation O Yes  ® No

1. Enlarge the search area by increasing the value of the field \Search Area
Length\.

2. Restart the search by clicking on [Start].
3. Repeat steps one and two if necessary.
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“- Enlarging the search spiral increases the time required for

—d searching the fiducials. Try to put the material at the same

Note position as before when turning the material over (if this is not
predetermined by reference pins).

E33, S43 without camera

If no camera is available for processing the “Read Fiducials_Top” phase, the
Top side is aligned to the Bottom side using the reference pins. The “Read
Fiducials_Top” phase is not processed in this case.

Phase “Milling Layer2”

= The tools are picked up as required and Layer2 is processed.

Phase “Dismount Material”

1. Dismount the base material from the machine.
2. Click on [OK].

Phase “Mount Laminate”

1. Mount the laminate for the Bottom side of the multi-layer PCB onto the
processing area of the machine.

2. Fasten the material to the processing area using adhesive tape.
3. Click on [OK].

Phase “MaterialSettings”

1. Adapt the values for copper thickness and material thickness of the
laminate if necessary.

2. Set the material size.
3. Click on [OK].

Phase “Prepare Laminate Bottom”

= The slot holes, position markers and fiducial exposures are processed.
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Phase “Dismount Material_1”

1. Dismount the laminate for the Bottom side of the multi-layer PCB from the
machine.

2. Click on [OK].

Phase “Mount Laminate_1”

1. Mount the laminate for the Top side of the multi-layer PCB onto the
processing area of the machine.

2. Fasten the material to the processing area using adhesive tape.
3. Click on [OK].

Phase ,,Prepare Laminate Top”

®» The slot holes, position markers and fiducial exposures are processed.

Phase “Dismount Material_2"

1. Dismount the laminate for the Top side of the multi-layer PCB from the
machine.

2. Click on [OK].

Phase “Press Layer Top_Bottom”

= The outer layers Top and Bottom have to be laminated onto the core base
material. This can be done using an LPKF MultiPress S system for
example.

Phase “Mount Material Top”

1. Mount the laminated material onto the processing area of the machine, the
Top side facing upwards.

Yo The Top and Bottom sides can be distinguished by the position
—d markers. The Top side has the position markers in the right front
Note corner.

2. Fasten the material to the processing area using adhesive tape.
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Phase “MaterialSettings”

1. Adapt the values for copper thickness and material thickness of the
laminated material as required.

2. Define the material area.
3. Click on [OK].

Phase “Read Fiducials Top”

= See Phase “Read Fiducials Layer2” above.

Phase “Marking Drills”

= The Universal Cutter is picked up and the drill positions are marked.

Phase “Drilling Plated”

= The tools are picked up as required and the holes are drilled.

Yo This phase may use several drill tools according to the drill
—ud diameters.

Note

Phase “Dismount Material”

1. Dismount the laminated material from the machine.
2. Click on [OK].

Phase “Through Hole Plating”

= The hole have to be plated. This can be done using an LPKF Contac RS
system for example.

Phase “Mount Material Bottom”

1. Mount the laminated material onto the processing area of the machine, the
Bottom side facing upwards.

Yo The Top and Bottom sides can be distinguished by the position
—ud markers. The Top side has the position markers in the right front
Note corner.

2. Fasten the material to the processing area using adhesive tape.
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Phase “MaterialSettings”

1. Adapt the values for copper thickness and material thickness if necessary.

A== Please note that the copper thickness has increased during the
—d through-hole plating process. The additional copper thickness
Note depends on the parameters of the through-hole plating process.

2. Define the material area.
3. Click on [OK].

Phase “Read Fiducials Bottom”

®» See Phase “Read Fiducials Layer2” above.

Phase “Milling Bottom”

= The tools are picked up as required and the circuit board is milled.

Phase “Flip Material”

A message prompts you to turn the material over.
1. Turn the material over.

m— Turn the material over around the X axis if you are using an
=

- S43, S63, or S103 machine.
Note Turn the material over around the Y axis if you are using an
E33 machine.

2. Click on [OK].

Yo The display in the machine view changes. The position of your

- design is adapted to the material. The material side to be
Note processed now is Top.
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Phase “Read Fiducials Top”

®» See Phase “Read Fiducials Layer2” above.

Phase “Milling Top”

= The tools are picked up as required and the Top side of the circuit board is
milled.

Phase “Contour Routing”

®» The tools are picked up as required and the circuit board is drilled and
routed.

Phase “Board Production Finished”

®» A message informs you that the production is finished.
€ The multi-layer circuit board is finished.
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4 Creating a front panel

In this section you will learn how to create a front panel that contains following
elements:

* Cutouts for switches and a fan
* Holes for fastening LED’s

* Labels

» Markings

Therefore you have to perform following steps:
i. Starting the machine and CircuitPro

ii. Selecting a template and creating a new document

iii. Creating the front panel design

iv. Creating toolpaths

V. Loading the tool magazine and assigning tools to holder positions

vi. Starting processing

The following material is required:
¢« 2-mm-thick aluminum sheet with the dimensions 250 mm x 120 mm
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4.1 Starting the machine and CircuitPro

B Starting the machine and CircuitPro

1. Switch on the machine.
2. Start CircuitPro.

= CircuitPro automatically connects to the machine. The connection steps
are displayed:

Connection steps @ Connecting the machine.

@ Checking the machine, machine type, firmware.

@ Reading settings from the machine.

@ Synchronizing the settings.

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

@ Moving to the startup position.

3 Connecting the camera.

® CircuitPro reads the settings from the machine.

€ The machine moves to its reference points and subsequently moves to the
Pause position.
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4.2 Selecting a template and creating a new document

B Selecting a template and creating a new document
1. Click on File > New.

= The following dialog is displayed:

Fig. 146: New
document ————

Template file Description ~

CircuitPro installed templates

i chf PCE with one laver,

H SingleSided_Top.cbf PCB with one predefined layer on top side. |
2 DoubleSided_ProConductcbf PCB with predefined Top and Bottom layers, prepared for ProConduct process

# DoubleSided_Galvanic THP. cbf PCB with predefined Tap and Bottom layers, prepared for galvanic THP process.

8 DoubleSided_EasyContac,cbf PCE with predefined Top and Bottom layers, prepared for EasyContac process.
LT i — G it rsaied Top BT g PG T
& 4Layer_ProConduct.chf PCB with four predefined layers, prepared for ProConduct process

& dLayer_ProConduct_MultiPressS.chf PCB with four predefined layers, prepared for ProConduct, MultiPress § process

' 4Layer_ProConduct_MultiPresss_DoubleCore. cbf PCB with four predefined layers, double core, prepared for ProConduct, MultiPress S process. b
' 4Layer_GalvanicTHP.cbf PCB with four predefined layers, prepared for gabvanic THP process.

= 6Layer chf PCB with six predefined layers.

& Glayer_MitPresss cof PCE with six predefined layers, MultiPress S process,

& 8BLayer.cbf PCB with sight predefined layers,

H SLayer_MUltiPresss,chf PCB with eight predefined layers, MultiPress S process,

' 250_Bottom.chf Ternplate for 2,50 operations on bottom side that are completely processed without depth limiter.

& 250 _Top.cbf Template for 2,50 operations on top side that are completely processed without depth imiter,

# 250_Double.cbf Template for 2,50 operations on both sides that are completely processed without depth Imiter,

' stencil QR 266x380.cbf Stencl for ProtoPrint |
5 Stencil QR 266x380 short cbf Stendd for ProtoPrint, short version [
<] L >
Set as default

Location:
rowse, Cancel

Select the template “SingleSided_Top.cbf”.
Click on [OK].

Click on File > Save as...

Enter a new name for the file.

Select the storage location.

Click on [Save].

No oMo

€ The new document was created.
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4.3 Creating the front panel design

To create the front panel design, following steps are required:
i. Defining the dimensions of the front panel

i. Inserting cutouts for switches
iii. Inserting holes for LEDs

iv. Inserting markings

V. Creating legends

vi. Creating holes for mounting the front panel
vii. Creating cutouts for a fan

Defining the dimensions of the front panel

The dimensions of the front panel are defined by inserting a rectangle on the
“BoardOutline” layer with the dimensions of 260 mm x 140 mm.

B Creating a rectangle
1. Click on Insert > Rectangle.

= Following dialog is displayed:

Fig. 147: Create
rectang le Layer: BoardOutline :1‘ Apply

@® Absolute - O Relative to anchor point “

Start point:  X: O mm S Y: Oomm

<> <P

End point:  X: 260 mm 2 Y: 140 mm

Select the layer BoardOutline.

Ensure that {Absolute} is selected.

Enter “0” into the \Start point X\ and \Start point Y\ fields.
Enter “260” into the \End point X\ field.

Enter “140” into the \End point Y\ field.

Click on [Create].

No ak~wbd
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= The rectangle is created:

Fig. 148:
Rectangle

8. Click on [Close].

®» The dialog is closed.
€ The dimensions of the front panel are defined.
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B Displaying objects within the BoardOutline

1. In order to see the drawn objects in the CAM view that lie within the board
outline, set the mode of layer “BoardOutline” in the “Layers® pane to “Thin
Line™

ELyorer e BoardOutline (0) | | IThin Line v[l

= The mode has been changed:

Fig. 150: Mode
“Thin Line”

€ The BoardOutline and all objects within are now displayed in the mode
“Thin Line”.

B Changing the zero point of the BoardOutline

The lower left corner of the board outline is now on the zero point. Thus, you
can place all the subsequent objects at specific positions in relation to the board
outline.

If you have the need to place objects in relation to a specific object, move the
zero point as follows:

1. Click on the lower left corner of the reference object. The anchor point
moves to this position.

2. Click on Edit > Set zero point. The zero point is moved to the anchor point
and thus to the lower left corner.

€ The zero point has been moved to the anchor point and is now positioned
on the lower left corner.
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Inserting cutouts for switches

Two cutouts are needed for switches. Therefore rectangles are created.
B Creating rectangles.
1. Click on Insert > Rectangle.

= Following dialog is displayed:

Fig. 151: Create
rectangle

Layer: BoardOutline v

@ Absolute O Relative to anchor point
—-—

Y: 85mm

Start point: X: 20 mm

< <P

End point: X: 40 mm S Y: |11Smm

2. Select the layer “BoardOutline”.

Select {Absolute} (thus, the start and end point values are in relation to the
zero point).

Enter “20” into the \Start point X\ field.

Enter “85” into the \Start point Y\ field.

Enter “40” into the \End point X\ field.

Enter “115” into the \End point Y\ field.

Click on [Create].

w

© N O

®» The rectangle is created.

9. Repeat the steps above to create another rectangle with a start point of
X=50 and Y=85 and an end point of X=70 and Y=115.

= The second rectangle is created.
10. Click on [Close].

= Both rectangles are displayed in the CAM View:

Fig. 152: 30 view " CAM view | Machining view .

Rectangles in the @ Flia 2|8 8% 1§ e -
CAM view
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A=m» The objects have to be converted into closed paths to enable
(—d CircuitPro to generate the contour routing toolpaths in the
Note Technology dialog.

— Converting the polygons into closed paths

_E‘ 1. Select the rectangles that you have created.
2. Click on Modify > Convert to path.

- The rectangles are converted to closed paths.

Tip

€ The cutouts for the switches were inserted.
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In this step holes are created for inserting LEDs. These holes must be multiplied
afterwards. The drill holes are created by inserting and multiplying circles on the

layer “DrillUnplated”.
B Creating a circle
1. Click on Insert > Circle.

= Following dialog is displayed:

Fig. 153: Create Create circle

circle Layer: | Drilunplated v

@ Absolute | O Relative to anchor point

Center: X: 20 mm S Y 20mm o0 Smm

Select the layer “DrillUnplated”.

Select {Absolute}.

Enter “20” into the \Center X\ field.

Enter “20” into the \Center Y\ field.

Enter “5” into the \Center g\ diameter field.
Click on [Apply] to create the circle.

No gk wbd

® The circle is created:

Fig. 154: Created
circle

L

8. Click on [Close].

®» The dialog is closed.
€ The circle was created.
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Multiplying the circle

Select the circle to be multiplied.

Click on Modify > Step & Repeat.

Enter “9” into the \Repetition X\ field.
Enter “7” into the \Distance X\ field.
Click on [Apply] to multiply the drill hole.

o0 =20

®» The circles were multiplied:

Fig. 155:
Multiplied circles

L

6. Click on [Close].

®» The dialog is closed.
€ The circle was multiplied.
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B Creating another series of drill holes

Another series of drill holes is needed, so that we have to insert circles again:
Click on Insert > Circle.

Select the layer “DrillUnplated”.

Select {Absolute}.

Enter “105” into the \Center X\ field.

Enter “30” into the \Center Y\ field.

Enter “5” into the \Center @\ diameter field.

Click on [Apply] to create the circle.

No gk owd-=

®» The circle is created.

L

Fig. 156: Another
series of drill
holes

8. Click on [Close].

®» The dialog is closed.
€ Another series of drill holes was created.
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Multiplying the circle

Multiply the drill hole in Y direction by using the “Step & Repeat” function.
Enter “5” into the \Repetition Y\ field.

Enter “20” into the \Distance Y\ field.

Click on [Apply] to multiply the drill holes in Y direction.

WD~ n

= The design now looks as follows:

Fig. 157: Drill

holes @

CAM view | Machinng view T

BERCIE K - JRE 1§ cure -

00000 OOOS

€ The circle was multiplied.
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Inserting markings

An indication of the charge status is to be created above the lower row of LEDs.
This will be realized by a polygon.

B Creating a polygon
1. Click on Insert > Polygon.
= Following dialog is displayed:

Fig. 158: Create Create polygon x
Polygon
Layer: ToplLayer v Apply
® Absolute = O Relative to anchor point ﬁ
Close
Start point:  X: 17,5 mm 2 Y: [30mm =
3 2 Y 2
® Segment X 80 mm = 30 mm & sat
O Arc
Remave last

2. Select the layer “Top Layer”.

3. Select {Absolute}.

4. Enter “17.5” into the \Start point X\ field.

5. Enter “30” into the \Start point Y\ field.

6. Select {Segment}.

7. Enter “80” into the \X\ field.

8. Enter “30” into the \Y\ field.

9. Click on [Set] to create the segment.

10. For the next segment, enter “80” into the \End point X\ field.
11. Enter “50” into the \End point Y\ field.

12. Click on “Set” to create the second segment.
13. Click on “Apply” to create the polygon.

= CircuitPro automatically connects the end of the last segment with the
start of the first segment:

Fig. 159: Polygon

o000 0OOGOO

€ The polygon is created.
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Creating circular marks around the drill holes
Click on Insert > Circle.

Select the layer “Top Layer”.

Select {Absolute}.

Enter “105” into the \Center X\ field.

Enter “110” into the \Center Y\ field.

Enter “15” into the \Center @\ diameter field.
Click on [Apply] to create the circle.

No ook owd= 1

®» The circle is created:

Fig. 160: Circular
mark

8. Click on [Close].
®» The dialog is closed.

9. Multiply the circles created in Y direction by using the “Step & Repeat”
function.

10. Enter “5” into the \Repetition Y\ field.
11. Enter “-20” into the \Distance Y\ field.
12. Click on [Apply] to multiply the circles in Y direction.

= The circle is multiplied in Y direction.
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13. Click on [Close].

% The dialog is closed and the design now looks as follows:

Fig. 161: Circular
marks

@ The circular marks are created around the drill holes.
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Creating legends

In this step the elements on the front panel are labeled.
1. Click on Insert > Text.

= Following dialog is displayed:

Fig. 162: Define e —s—
text Arial ZJ 10 mm |2 | Standard-Zeichensatz ‘z’ B([I||lulls Apply

i —

Characters 5 of maximal 1000

Text object <Create new> :J

Destination Layer "TextTop" ﬂ

Mode Filed Area v

Character spacing 0,1 mm =

Line spacing 2,5 mm o)

Position X 1S mm = Y 120 k=

Alignment X |Left :J Y |Bottom l]

Rotation 0 :J Nicht gespiegelt ﬂ

2. Enter the text “Power” in the red highlighted text field.
3. Select the layer “TextTop” in field \Destination\.
4. Modify the text attributes if necessary (in this example size=6 mm, bold,
italic).
5. Enter “15” into the \Position X\ field.
6. Enter “120” into the \Position Y\ field.
7. Click on [Apply] to create the text object.
®» The text object is displayed in the CAM view.
8. Click on [Close].

®» The dialog is closed.
9. Click on an empty space in the CAM view.
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= The text object is no longer selected.

10. Repeat the steps above to create other legends using the values listed in
the following table:

Table 1: Values X position Y position Text

for text legends
50 120 Laser
20 45 Charge
115 107 Laser
115 87 Gate
115 67 Trigger
115 47 Overload
115 27 Error

= The design now looks as follows:

Fig. 163: Text in 0 vien /" CAM view | Mochrg van —
CAM view : R EORR K - IS 1§ cone -

0000 OGOGOSS

€ The legends were created.
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Creating holes for mounting the front panel

In this step drill holes are created for mounting the front panel later. Therefore
circles must be created on the layer “Drill Unplated”.

Creating circles

Click on Insert > Circle.

Select the layer “DrillUnplated”.

Select {Absolute}.

Enter “10” into the \Center X\ field.

Enter “10” into the \Center Y\ field.

Enter “2.4” into the \Center @\ diameter field.

Click on “Apply” to create the circle.

Create another three circles using the following center points:
X=10; Y=130

X=250; Y=130

X=250; Y=10

= The new design now looks as follows:

N h WD~ R

4bx

Fig. 164: Holes in

30
CAM view :

CAM view | Machinng view

RERCAE K - N 1§ cuoe -

9. Click on [Close].

®» The dialog is closed.
€ The circles for mounting the front panel were created.
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Creating cutouts for a fan

This task is to create cutouts for a fan to be able to mount a fan later. The
required objects are created by using the function “Open path”.

B Creating a open paths
1. Click on Insert > Open Path...

= Following dialog is displayed:

Fig. 165: Create [ Create open patn I
closed path Layer: BoardOutline b Apply
® Absolute O Relative to anchor point
_—
Start point: X 173 mm 2l v: 383mm z
® Segment X 237 mm = y: 102mm Set
N
O Arc

Remove last

Curve width

@® Numeric:  5mm

2. Select the Layer “BoardOutline”.

= Thus, contour routing toolpaths are generated for the cutouts in the
technology dialog.

Select {Absolute}.

Enter “173” into the \Start point X\ field.

Enter “38” into the \Start point Y\ field.

Enter “237” into the \Segment X\ field.

Enter “102” into the \Segment Y\ field.

Click on [Apply] to create the path.

© N O

Fig. 166: Open
path

L
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Fig. 167: Cutouts
for the fan
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Repeat the steps 4-9 to create six more paths using the following values

(the setting “Absolute” remains unchanged for the individual paths):

Start point X Start point Y Segment X Segment Y
165,5 48 227 109,5
161 61 214 114
161 79 196 114
183 30,5 2445 92
196 26 249 79
214 26 249 61

= The new design now looks as follows:

N

10. Click on [Close].
®» The dialog is closed.

€ The open paths were created.

B Changing the line width afterwards

If you want to change the width of the open path afterwards, act as follows:
Now the width of the open paths has to be changed to create the cutouts.
Select one of the created paths.
Click in the pane “Properties”.
In the pane “Properties” select the field \Width\.
Overwrite the value by entering 5 mm.
Press “Enter” on your keyboard.

1.

oo b
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Fig. 168: Pane Properties
»Properties* E Object data

Layer BoardOutline
Aperture list
Aperture

5 mm l

engtt
A 3
Perimater

Elements
Bounding box
Transformation
Points

General

Width
Path width

®» The line width has changed.

mn- The line width of open or closed paths gets visible if switching
-

—gd to mode “Outline” in the pane “Layers®. If mode “Thin Line” is
Note selected, the open or closed path is always shown as a thin
line.

6. Repeat the steps 10-14 to change the line width of the remaining six open
paths to 5 mm.

= The layout changes as follows:

Fig. 169:Line
width changed

000000000

€ The line width was changed.
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Creating drill holes for mounting the fan

This task is to create drill holes for mounting the fan. The holes are created by
using the function “Create circle”.

B Creating circles
1. Click on Insert > Circle.

= The following dialog is displayed:

Fig. 170: Create Create circle
Circle

Layer: Drilunplated

@ Absolute ' O Relative to anchor point

Center: X: |165mm 2 Y: 110 mm

Select the layer ,DrillingUnplated®.
Select {Absolute}.

Enter ,165” into the \Center X\ field.
Enter ,110” into the \Center Y\ field.
Enter ,2,5” into the \@\ field.

Click on [Apply] to create the circle:

L

No ok owbd

Fig. 171: Created
circle

®» The circle was created.
8. Repeat the steps 4-7 using the following values to create three more circles:

Table. 3: Values X Position Y Position Durchmesser
for the circles

165 30 25

245 110 2,5

245 30 25
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= The layout changes as follows:

Fig. 172: Created
circles

9. Click on [Close].

®» The dialog is closed.
€ The circles were created.
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4.4 Creating toolpaths

Fig. 173: Pane
“Layers”

150

Before we start creating the toolpaths, we have to create filled characters
instead of outlined characters.

If the characters of the legends are to be milled fully, the settings of the layer
have to be modified.

In the pane “Layers” check the check box in the “Inv” column in the row of the
“TextTop” layer:

Layers %
RREIEEE =
Name Vis | Sel | Colors | Mode Tech Inv | Phase 2]
Fiducial (0} “:\:“Tru: Width ~ | Fiducials || O3 | OrillFiducial hd L)
DrilPlated (0) [T 1| rruewidth [ |orling || O [oriingleted vz
Drilunplated (3) ¥ | @ B rree widh [ |crilng v | O Joriingunplated (w3
0 Tms width w | Silk Screen ~ I 7 |undefined |4
M| ™ u True Width v Solder Paste ~ || [] |Dispense v |5
) TmE width e} Solder Mask w || 7 |undefined w6
TopLayer (0) b | M | rrue wickh & | WWiring Ul [ | MilingTop » |7
TextTop (8) B[ rrue wicth v [wiring v MilingTextTop va
RuboutTop (0) @ | || ouine w | Rubout |l o [miingTop v |9
PocketTop (0) Thin Line v |zsomiingtop  |w || [ [milingPockettop v [10
BoardOutline (0) Thin Line v | Mechanical v || [J | ContourRouting v: 12
PocketBottom (0) [ [ J[mintine v 250 milingbottom |w || (1 | MilingPocketBattom w13
RuboutBottom {0} Ou‘:llne + | Rubout ~ || 7 | MillingBottom w17
TextBottom (0} [T | rrue width (v wiring vl O [miingTextgottom w18
) Tru: Width w | Wiring ~ || O | milingBottom w19
[ERE| rrue widkh v [ Solder Mask v O Jundefined v20
) M| ™ [—] True Width v | Solder Paste ~ || O] | Dispense ~21
s (0) [T Jrruewidth v |sikscreen ~ L | undefined v ez
55 Layers [B8 Geometiy | B8 Toolpath | B4 Processing

This means for a “Wiring” layer (see column “Tech”) that the inside of the object
is filled with milling toolpaths instead of creating an insulating toolpath around
the object when the toolpaths are generated.
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B Creating toolpaths
1. Click on Toolpath > Technology Dialog.

= The following dialog is displayed:

Flg 174 18 Technology Dialog x
Techno|ogy Global process settings
Dial og Material type AL (EN AW-6012) - [ RF application
Insulate
] ] Insulation Method
Basic
< % > Description
Insulation with a single insulation channel.
L L Shortest processing time
va
Process
Show Details

] — Contour Routing Method

Basic

Description

Contour Routing without gaps.

Process
Show Details

Convert to Toolpath

Drills Show Details
O Fiducials

Pockets Show Details
Close

g clicking on the [Show details] buttons.

Note For a detailed description of the individual functions of the
technology dialog see the corresponding chapter in the
CircuitPro compendium.

This example just requires the “Basic” contour routing method.

ﬂ- In the technology dialog, several settings can be modified by
-

2. Click on the left-pointing arrow button in the “Contour Routing” section until
the “Basic” contour routing method is selected.

3. Click on [Start].

= The results of the toolpath generation are displayed.
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4. Click on [Close].
®» The dialog is closed.

A Yt CircuitPro processes circular cutouts up to a diameter of 2.4 mm
am® asdrill holes. All larger cutouts are processed as inner contours
Note and are cut using the contour router tool.

= The design now looks as follows:

Fig. 175: Created
toolpaths

000000000

€ The toolpaths were created
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4.5 Loading the tool magazine and assigning tools to holder positions

B Loading the tool magazine and assigning the tools to holder positions
1. Click on Edit > Tool magazine...

®» The following dialog is displayed:
Fig. 176: Tool

magazine Please check if all required tools are assigned to the holders.
Required tools Machine tools
V' Universal Cutter 0,2 mm The machine clamp is empty at the moment.
v Spiral Drill 2,4 mm Click Q to pick up the tool with the machine head.
V' End Mill long 2 mm Click $ to put the tool to the corresponding magazine spot.
V' Spiral Drill 2mm
Holder O Tool Tool life spent 2
10 Q)| Universal Cutter 0,2 mm (0,00%) 4 0,00%
2L} Q)| Spiral Drill 2,4 mm (0,00%) 4 0,00%
30 Q| End Mill long 2 mm (0,00%) - v 0,00%
4 0 Q)| spiral Drill 2 mm (0,00%) -V 0,00%
O [ENH -
O NONE -
O NONE v
O NONE -

Please use tool holder check-boxes to make these functions available.

Drop tool

The tools shown in the tool magazine dialog must not
correspond to your needed tools. These tools are examples.

Note

= The tools required for the job are displayed. Tools that are missing in the
tool magazine are marked by a red “X”.

2. Insert the required tools into the tool magazine:

Fig. 177: Inserting
atool
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3. Inthe dialog, assign the tools to the respective tool magazine positions
used.

®» The tool holders of the machine are loaded:

Fig. 178: Loaded
tool holder

4. Click on [OK].

®» The dialog is closed.
€ The tools were assigned and the tool magazine was loaded.
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4.6 Start processing

B Start processing
1. Click on Machining > Process all.

Fig. 179: —
Machining > Machining

Process all
|> Process all [\

AT
Start processing all or single toolpath objects. I

r.- Make sure that <Process All> Operate
-

[ is selected in the combo box, D > ‘
Note so that all phases are =1 il
executed. <Process All» v [

Instead of processing all

phases automatically, you can process the phases individually.
In the combo box select the desired phase and click on the
“Start processing” button.

You can also start processing beginning with a specific phase.
Select the desired phase in the combo box and click on the
“ladder” button The selected phase and all following phases
are processed in the correct order.

Once you have started the processing, the ProtoMat machine executes the job
in individual phases. The phases are displayed in messages:

A Depending on which ProtoMat you use the following phases
(—d could differ from the phases and messages displayed on your
Note screen. Please follow the instructions on your screen.

For machines with manual tool exchange you are regularly
asked to change the tool in the collet, for example.

Phase “Mount Material”

1. Mount the material onto the processing area.
2. Fasten the material to the processing area using adhesive tape.
3. Click on [OK].
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Phase “Material Settings”

®» The following dialog is displayed:

settings
OrcB
. i Close
@© Front panel/Engraving (2.5D) g
Properties
Material Type AL (EN AW-6012) v
18,0 S
Material thickness 2mm =
2 mm
Location
Click into the machine area to move the milling
head to the associated position. Use the @ i)
Z-buttons in the processing view to lower the

tool tip to the surface.

Current head position
Use the buttons to set the front left and right rear
comer of the material. X: 0mm 2

Please make sure that the milling depth limiterof . g mm =
the machine head does not touch the tape used : =
to fix the material. =
Z O0mm ==
Material width 3035 mm =]
Material length 219,5 mm ]

Surface level [mm)] (-1,00)
Material Corners [mm] (6,50 / 20,50) : (310,00 / 240,00)

B Entering the material settings
1. Enter the correct values for the material used.

# PCB is selected as default.

Note

2. Change the values of copper thickness and material thickness as
necessary.
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3. Define the processing area:
a) Move the dialog ,Material Settings*” off to the side.

b) Click on the position in the machining view that represents the right rear
corner of your material:

Fig. 181: Defining
the right rear

5
corner —

Material Settings

orce
h el
® Front panel/Engraving (2.50) i

Properties
Material Type AL (EN AW-6012)
Copper Thickness 180
Material thickness 2mm

Underlay plate thickness |2 mm

Location

Click into the machine area to move the milling
head to the associated position. Use the @ ‘i)|
Z-buttons in the processing view to lower the

tool tip to the surface.

Current head position
Use the buttons to set the front left and right rear
corner of the material. 3 Im,u mm

milling depth limiter of . 206,54 mm
the machine head does not touch the tape used L

tofixthe material. 0 -
AT £

Material width 28493 mm

Material length 186,04 mm

Sufacelevel [mm]  (-1,00)
Material Comers [mm] (6,50 /20,50) : (291,43 / 206,54)

®» The machine head moves to this position.

c) Click on the corresponding icon in the dialog “Material Settings*:

Fig. 182: Click on

. Location
theicon

Click into the machine area to move the milling N | N
head to the associated position. Use the @‘ ‘i)
Z-buttons in the processing view to lower the \

tool tip to the surface.

Current head position

Use the buttons to set the front left and right rear -
corner of the material. X 1291,43 mm

(ER]

Please make sure that the milling depth limiter of Y [205’54 mm
the machine head does not touch the tape used oL
to fix the material.

[a0]

0]

Z [4 mm

= The coordinates of the current head position are saved and the
processing area is adjusted.
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d) Click on the position in the machining view that represents the front left
corner of your material:

Fig. 183: Defining
the front left
corner

Material Settings
Application
orce
@ Front panel/Engraving (2.5D)

Properties

Material Type AL (EN AW-6012)

Material thickness

Under

Location

Click into the machine area to move the milling

head to the associated position. Use the @ @
Z-buttons in the pracessing view to lower the

tool tip to the surface.

Current head positien
Use the buttons to set the front left and right rear
«corner of the material. X 1926 mm

Please make sure that the milling depth fimiter of
h hine head does not touch d '
to fix the material.

4502mm

z [tmm

Material width 218 mm

Material length 16151 mm

‘Surface level [mm] (3,000
Material Comners [mm] (19,26 /45,02) : (291,43 / 206,54)

®» The machine head moves to this position.

e) Click on the corresponding icon in the dialog “Material Settings*:

Fig. 184: Defined

: - Location
processing area

Click into the machine area to move the milling (

head to the associated position. Use the ‘@‘ @‘
Z-buttons in the processing view to lower the LA __.
tool tip to the surface.

Current head position

Use the buttons to set the front left and right rear . )

corner of the material. X 19,26 mm ;l

Please make sure that the milling depth limiter of | . 4502 mm %l

the machine head does not touch the tape used L

to fix the material. —
Z: 4mm »%]

= The coordinates of the current head position are saved and the
processing area has been fit to the material.

4. Click on [Continue].
€ The material settings were entered.
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Phase “Placement”

In this phase, the job can be positioned, rotated and multiplied within the
processing area.

®» Following dialog is displayed:

Fig. 185: 1 Placement X
Placement
Relative translation [mm]
dx: 186,146 mm &4 dy: 51,541 mm 2
Set center
Close
Rotation
Angle 0° 2 O O
Step and Repeat

Number of copies

X 1 &y 1

(v

&

Spacing between copies [mm]

X: 0mm %) Y: Omm

<

1. Drag the job to the desired position or use the dialog to position the job.
2. |If desired, rotate the job by entering a rotation angle.

3. If desired, multiply the job by using the settings in the “Step and Repeat”
section of the dialog.

4. Click on [Continue].

Phase “Marking Drills”

®» The “Universal Cutter” tool is picked up and the drill positions are marked.

Phase “Drilling Unplated”

®» The tools are picked up as required and the holes are drilled.

Phase “Milling Top”

®» The tools are picked up as required and the material (Top side) is milled.

Phase “Contour Routing ”

= The tools are picked up as required and the material is drilled and routed.

Phase “Board Production Finished ”

®» A message informs you that the production is finished.
€ Your front panel is created.
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5 Creating a polyimide stencil

This tutorial shows you how to produce an SMT stencil made of polyimide that
you can use in the later process stages to apply solder paste (using e.g. the
LPKF ProtoPrint system).

f.‘— In order to create a stencil, the polyimide film must be fixed on
- the underlay with a spray adhesive.

Note

The following steps are necessary to complete the tutorial successfully:
i. Starting the machine and CircuitPro

ii. Selecting a template and creating a new document
iii. Importing data
iv. Processing data
V. Creating toolpaths
Vi. Loading the tool magazine and assigning tools to holder positions
vii. Starting the processing

The following material is required:
*  Polyimide film 125 pym (order no. 108321)
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5.1 Starting the machine and CircuitPro

B Starting the machine and CircuitPro

1. Switch on the machine.
2. Start CircuitPro.

= CircuitPro automatically connects to the machine. The connection steps
are displayed:

Connection steps @ Connecting the machine.

@ Checking the machine, machine type, firmware.

@ Reading settings from the machine.

@ Synchronizing the settings.

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

@ Moving to the startup position.

3 Connecting the camera.

® CircuitPro reads the settings from the machine.

€ The machine moves to its reference points and subsequently moves to the
Pause position.
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5.2 Selecting atemplate and creating a new document

B Selecting a template and creating a new document
1. Click on File > New...

®» The following dialog is displayed:

Fig. 187: New
document ———

Template file Description B

CircuitPro installed templates

# SingleSided.cbf PCB with one predefined layer.

'H singleSided_Top.cbf PCB with one predefined layer on top side.

' DoubleSided_ProConduct.cbf PCB with predefined Top and Bottom layers, prepared for ProConduct process.

& DoubleSided_Gahvanic THP. cbf PCB with predefined Top and Bottom layers, prepared for galvanic THP process.

' DoubleSided_EasyContac,cbf PCB with predefined Top and Bottom layers, prepared for EasyContac process.
| 5 DoubleSided NoTWBchf PCB with predefined Top and Bottom layers, o THB,

& dLayer_ProConduct.cbf PCB with four predefined layers, prepared for ProConduct process.

& 4Layer_ProConduct_MultiPressS.chf PCB with four predefined layers, prepared for ProConduct, MultiPress S process.

' dLayer_ProConduct_MultiPressS_DoubleCore. cbf PCE with four predefined layers, double core, prepared for ProConduct, MultiPress S process. h
' 4Layer_GahvanicTHP.cbf PCB with four predefined layers, prepared for galvanic THP process.

H 6layer.cof PCB with six predefined layers.

& 6layer_MultPresss cof PCB with six predefined layers, MultiPress S process,

& SLayer.cbf PCB with eight predefined layers.

= SLayer_MultiPressS.cbf PCB with eight predefined layers, MultiPress S process.

' 250_Bottom.cbf Template for 2,50 operations on bottom side that are completely processed without depth limiter.

& 250_Top.cbf Template for 2.50 operations on top side that are completely processed without depth limiter.

250_Double.cbf Template for 2,50 operations on both sides that are completely processed without depth Imiter.
& Stencil QR 266x380.cbf Stenci for ProtoPrint |
TOrE.Cor TEFICH 1o FYOTCPTITT, SOTe Versn v
<] i >
Set as default
Lacation:
rowse, Cancel

Select the template “Stencil QR 266x380.cbf”.
Click on [OK].

Click on File > Save As...

Enter a file name for the new file.

Select a memory location.

Click on [Save].

No ok wdN

€ The new document is created.
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%

Tip

UseCase_PolyimideStencil”.

The LPKEF tutor data are stored in folder “My documents\LPKF
Laser & Electronics\LPKF CircuitPro 1.5\Example Data\

Fig. 188: Import

Importing data
Click on File > Import...
= The following dialog is displayed:
Import 0 %
Import | File Name Format | AperturefTool List LayerfTemplate SizefFormat “
Cancel
(= - Adee
Open
— Remove
Lookin: | 3 UseCase_PoymideStenci M o2 cm
[ Tutor.80A
;.b || Tutor.BOT
MyRecent | | |Tutor.DRL
Documents {j{fsﬁ = ]
B | TutorTOP
Desktop
My Documents
My Computer
File name: Folder Selectiorl i]
MyNetwork  Flesoftype: | Allfles ") vl
O ready

2. Inthe folder “UseCase_PolyimideStencil®, select the files “Tutor.SPT” and
“Tutor.TOP”.
Click on [OK].
4. Assign the imported files according to the following table:
File extension | Layer
SPT SolderPasteTop
.TOP Top Layer
164 V2.0-12.2019
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Fig. 189: Assign [Tmport T ————— O]
layers [import Fie Name Formar perture/ Tool Lict Laver/Tempte Eor ]
v ‘Tu(or.SPT | Gerberx [¥ | Tutor.sPT ~ | SolderPasteTop Z 6‘3.13x38,6mm
_—
Y= Instead of manually assigning the individual files to the layers,
—ud you can activate the options “Use layer name” and “Apply to all
Note Gerber files”. Activate the corresponding checkboxes in the tab
“Options”.
If a file contains layer names these are automatically assigned.
Please note that this is only available for Gerber files. All other
files require assigning the layers manually via the drop-down
menu.
5. Click on [OK].
®» The data are displayed in the CAM view:
Fig. 190: CAM
view
€ The data is imported.
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5.4 Processing data

In the CAM view you are able to check the proportion between the solder paste
pads and the copper pads.

The imported data shows you, that both pads on the SolderPaste-Layer and on
the Top-Layer have the same proportion:

Fig. 191: Identical RS %X i G
proportion cx 4 R E8

O

In order to achieve better resulty when applying solder paste, LPKF
recommends to minimize the pad dimension for the solder paste. This will
prevent the solder to flow over the copper pads.

B Minimizing the pad dimension of the solder paste pads

1. Highlight the data on the layer “SolderPasteTop*:
a) Click in the pane “Layer” on the layer “SolderPasteTop*.

b) Now click in the pane “Layer” on the adjoining icon “Select r=
objects on layer”, to highlight all objects on the layer.

2. Click on Modify > Convert to polygon.

A Y The objects on the layer “SolderPasteTop” are flash objects.
(—d These cannot be scaled and must be converted into polygons

Note first.

3. Click on Modify > Transformation.

% The “Transformation” dialog is shown.
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4. Select the tab “Scale”:

formation >Scale

Translate  Rotate Scale  Mirror
Apply

Selected objects: 3
@® Scale group
O Scale each object individually

New size 100 %

If not active, enable the option “Scale each object individually”.
Enter “70” in the \New size in percent) field.

Click on [Apply].

Click on [Close].

® N oo

= The dimension of the solder paste pads on the layer “SolderPasteTop”
has changed:

Fig. 193:
Dimensions
changed

€ The dimension of the solder paste pads is minimized.
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5.5 Creating toolpaths

Fig. 194: “Layers”

pane

Fig. 195:
Technology
Dialog

168

The objects of layer “SolderPasteTop” displayed in the CAM view require an
inner insulation in order to remove the material inside these areas.

This requires that the check box in the “Inv” column of the “SolderPasteTop”
row of the “Layers” pane is activated:

|Layers %)
4 'y -

P x [Z2) A @D swowemy

MName Vis | Sel | Colors | Mode Tech Inv |Phase [2)
| SolderPasteTop (150) vl '~ | wiring v CuttingSide v|s
Toplayer (2304) O || unknown \»|| O | cuttingside ~|7
Frame (1) M| O v Unknown v: [ |Undefined v 23
Perforation (42) v v v|| @ |cuttingside

g Layers ﬁ Geometry @ Toolpath | @ Processing

This means for a “Wiring” layer (see column “Tech”) that the inside of the object
is filled with milling toolpaths instead of creating an insulating toolpath around
the object when the toolpaths are generated.

B Creating toolpaths
1. Click on Toolpath > Technology dialog...
= The following dialog is displayed:

I8 Technology Dialog x

Global process settings
Material type  Polyimide - () RF application

Insulate
Insulation Method

4 : Basic
.

Description

Insulation with a single insulation channel.
Shortest processing time.

L
Contour Routing
Contour Routing Method
Corner gap
Description
Contour Routing with one gap in each corner.
s/s
Process
 Show Details

Convert to Toolpath

w Close a
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N In the technology dialog, several settings can be modified by
—ud clicking on the [Show details] buttons.

Note For a detailed description of the individual functions of the
technology dialog see the corresponding chapter in the
CircuitPro compendium.

This example just requires the “Basic” contour routing method.

”

2. In the drop down list “Material type” select “Polyimide”.
3. Click on [Show Details] in the “Insulate” section.

= The details for insulation are displayed.

Fig. 196: Insulate
Insulation details

Insulation Method

Basic

Description

Insulation with a single insulation channel.
Shortest processing time.
14

Process
Hide details
Source <Wiring layers v‘ Insulation width 0,1 mm 2.
Primary Micro Cutter 0,1 mm v‘l Pads insulation  |0,05 mm oy 11 2| channels
Available tools  |[] Universal Cutter 0,2 mm|a| Rubout <No rubout> v| Concentric ™

-
[ End Mill (RF) 0,15 mm Tolerance 0,002 mm -
LI End Mill (RF) 0,26 mm [ Generate optimized rubout [ Remove spikes
CIEnd Mill (RF) 0,4 mm
[ End Mill 0,8 mm

[CTEnd Mill T mm Perform inner insulation

[J End Mill 2 mm hd Replace existing toolpath

Force insulation

4. Inthe drop down list “Primary”, select the tool “Micro Cutter 0.1 mm.

A Yt All other tools are not qualified for milling the polyimide stencil.
am® Deactivate all other tools in the drop down list ,Available tools*.

Note
5. Click on [Hide details].

®» The details are hidden.

6. Deactivate all other functions of the technology dialog except insulation. To
achieve this, click on the check marks next the individual sections:
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Fig. 197:
Deactivating
functions

CircuitPro PM
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rE]T Technology Dialog
Global process settings

Material type  Polyimide - [ RF application

Insulate
Insulation Method

Basic

="e)

e

Description

Insulation with a single insulation channel.
Shortest processing time.
ya
Process

 Show Details

Contour Routing
Contour Routing Method

Comer gap

Description

Contour Routing with one gap in each comer.

O process

Convert to Toolpath

L Close ]

®» The functions are deactivated.
7. Click on [Start].

= CircuitPro creates the toolpaths.

= The dialog with the computation results is displayed.
8. Click on [Close].

®» The dialog is closed.
€ The toolpaths are created.
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A CircuitPro automatically creates several toolpaths for an inner
(—d insulation. There are two distinct kinds of toolpaths:

Note * Toolpath for insulating the inside of the selected objects.
* Toolpath for removing the material inside the insulated area.

The toolpath that removes the material inside the insulated
area is marked with “_1” in the “Toolpath” pane.

Toolpath X
Phases
v Toolpaths

@8 Insulate_SolderPasteTop_Micro Cutter 0,1 mm

»3 Insulate_SolderPasteTop_Micro Cutter 0,1 mm_1
w3 Insulate_Perforation_Micro Cutter 0,1 mm

o3 Insulate_Perforation_Micro Cutter 0,1 mm_1
Tools

Insulate

Layers | 54 Geometry |54 Toolpath ‘ Processing

The material is cut through when insulation the objects for
producing the stencil. Thus the toolpath for removing the
material inside the insulation (Insulate_SolderPasteTop_ Micro
Cutter 0.1mm_1%) is not necessary and can be deleted.

Deleting a toolpath
1. Select the desired toolpath in the “Toolpath” pane.

2. Press the “Del” key or select “Delete” in the context
menu.
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5.6 Loading the tool magazine and assigning tools to holder positions

wam T his chapter is relevant, if you use a ProtoMat with automatic
tool change (S63 or S103).

Note

B |oading the tool magazine and assigning tools to holder positions
1. Click on Edit > Tool magazine...

= The following dialog is displayed:

Fig. 198: Tool Tool magazine
magazine
Please check if all required tools are assigned to the holders.
Required tools Machine tocls
v Micro Cutter0,1 mm The machine clamp is empty at the moment.
Click O to pick up the tool with the machine head.
Click $‘ to put the tool to the corresponding magazine spot.
Helder () Tool Tool life spent =
10 Q| Micro Cutter 0,1 mm (0,00%) v 0,00%
O NONE -
QO NONE -
O NONE -
QO NONE -
O NONE v
O NONE -
O NONE -
Please use tool holder check-boxes to make these functions available.
Drop tool
L

wae T he tool shown in the tool magazine dialog must not correspond
to your needed tools. These tools are examples.

Note

= The tools required for the job are displayed. Tools required for the job that
are missing are marked by a red “X”.

2. Insert the required tools into the tool holders of the machine:

Fig. 199: Insert
tool
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3. Assign the tools to the corresponding positions in the dialog.

®» The tool holder in the machine is loaded:

Fig. 200: Loaded
tool holder

4. Click on [OK].

®» The dialog is closed.
€ The tools are inserted into the tool holders and assigned accordingly.
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B Starting the processing
1. Click on Machining > Process all.

B UEKE

Laser & Electronics

Fig. 201:
Machining >
Process all

174

Machining ‘

D Process all N

AT
Start processing all or single toolpath objects. I

Make sure that <Process All> Operate

is selected in the combo box, [) DP 1
so that all phases are Al a—
executed. <Process All> v‘

Instead of processing all

phases automatically, you can process the phases individually.
In the combo box select the desired phase and click on the
“Start processing” button.

You can also start processing beginning with a specific phase.
Select the desired phase in the combo box and click on the
“ladder” button The selected phase and all following phases
are processed in the correct order.

Once you have started the processing, the ProtoMat machine executes the job
in individual phases. The phases are displayed in messages:

Depending on which ProtoMat you use the following phases
could differ from the phases and messages displayed on your
screen. Please follow the instructions on your screen.

For machines with manual tool exchange you are regularly
asked to change the tool in the collet, for example.
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Phase “MountMaterial”

Creating a polyimide stencil

1. First spray adhesive (e.g. 3M type 75) onto the surface of the underlay.
Place the polyimide film centered on the underlay.

Press the polyimide film on the underlay.
Use a rubber roll to remove all air blisters:
Put the underlay on the working table using the dowel

ok wbd

pins if a vacuum table is not assembled.

Or

o

6. Click on [OK].

Phase “Material Settings”

Fasten the underlay on the vacuum table by using adhesive tape.

= The following dialog is displayed:

Fig. 202: Material
Settings

Material Settings

Application
[OXe:}
O Front panel/Engraving (2.5D)

Properties

Material Type [Polyimide

Copper Thickness [um] !0,1

Material thickness l2 mm

Underlay plate thickness }2 mm

Location

Click into the machine area to move the
milling head to the associated position.

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

Please make sure that the milling depth
limiter of the machine head does not touch
the tape used to fix the material.

Lkl k] k] 1l

C

Current head position
0 mm

Olrm

0 mm 32

Material width |203,5 mm

Material length |219,5 mm

mm] ndefined

=
=

Material Comers [mm] (6,50 / 20,50) : (310,00 / 240,00)

Close

B Entering the material settings

1. Enter the correct values for the material used.

é— PCB is selected as default.

Note

© 2019 LPKF AG
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2. Enter the thickness of your material (polyimide film) in the field \Copper
Thickness\

3. If a vacuum table is not assembled: Enter “0” in the field \Material
Thickness\.

Or

3. If a vacuum table is assembled: Enter the thickness of your underlay in the
field \Material Thickness\.

The polyimide film has no copper layer. Since the material is cut
with an insulation tool, the thickness of the material (polyimide

Note film) has to be entered in the field for the copper thickness.

4. Define the processing area:
a) Move the dialog ,Material Settings* off to the side.
b) Click on the position in the machining view that represents the right rear
corner of your material:

Fig. 203: Right
rear corner o S
O Front panel/éngraving (2:50) - o
Matedal it [ T — |
Matenal length | T - |
;w{mi‘cnm:s‘{m] “‘”‘;""“‘“] (309,75 / 217,59)
= The machine head moves to this position.
c) Click on the corresponding button in the dialog “Material Settings*:
Fig. 204: Click on Location
button mmhrsRnmesy @ [@)]
Use the buttons to set the front left and right @
rear comer of the matenial. Current head position
X [300,03mm o
Y: [aiz,z3mm =

®» The coordinates of the current head position are saved and the
processing area is adjusted.
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d) Click on the position in the machining view that represents the front left
corner of your material:

Fig. 205: Front

skt —
left corner o %
| © Front panifEngeaving (2.50) o o
Properties
| wazerial Type | Porvmade: =

| copper Tk en] - [51 E|
poitions | 3
Locaten
ikt the machine area o move the
millng head 1 O 38500ated posion. a W
Use the buttsnsto setthe foctof and bt
e comer of the matenaL. Fomist i sl

X [Bamm 3

Y [0F7mm

O T —

P— S —
L - |

Watenl Comers [mm] (1349 12.41) (309,75 / 218,98)

= The machine head moves to this position.
e) Click on the corresponding button in the dialog “Material Settings*:

Fig. 206: Click on Koordinaten
Klicken Sie in den Maschinenbereich, um den

the button Fraskopf zu der entsprechenden Position zu ﬂ @
bewegen.
Legen Sie mithilfe der Schaltflichen die vordere Aituelle Kopfposition
linke und hintere rechte Ecke des Materials fest.

X 636mm +
Stellen Sie siches, dass der Frastiefenbegrenzer
nicht das Klebeband beruhrt, welches das v: BLamm =
Material befestigt. d -
0 mm

= The coordinates of the current head position are saved and the
processing area has been fit to the material.

5. Click on [Continue].
€ The material settings were entered.
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Phase “Placement”

In this phase, the job can be placed arbitrarily on the base material and be
multiplied if necessary.

®» Following dialog is displayed:

Fig. 207: 1 Placement x
Placement

Relative translation [mm]

dX: 186,146 mm & dy: 51,541 mm 2

Set center
Close
Rotation
Angle O0° = SED O

Step and Repeat

Number of copies

X: 1 RO

v

<)

Spacing between copies [mm]

X: 0mm %) Y: Dmm

<

A

1. Click on the job and drag it to the desired position using the mouse.
Or
2. Enter the new position in the dialog.

wa At this point, the whole circuit board design including the
template and the toolpaths possibly contained in the template
Note are moved.

If only the design is to be moved within the template, you have to
use the menu item Modify > Transform....

Phase “Milling Top”

= The Micro Cutter is picked up. The stencil is milled.

Phase “Board Production Finished”

= A message informs you that the production is finished.

1. Remove the stencil from the underlay:

2. Put the stencil on a table with the adhesive side
facing upwards.

3. Take a lint-free cloth.
4. Moisten the cloth with rubbing alcohol.
5. Remove any remaining adhesive from the stencil.

€ The polyimide stencil is created.
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At a later stage of the process, you can clamp the stencil in an
LPKF ProtoPrint and apply solder paste onto the circuit board
with high precision using the stencil.

You can also cut the stencil to size for other solder paste
processes.
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6 Creating a flex-rigid PCB

This tutorial shows you how to produce a flex-rigid circuit board.
The following steps are necessary to complete the tutorial successfully:
i. Starting the machine and CircuitPro

ii. Selecting a template and creating a new document
iii. Importing data

iv. Drilling and milling the individual physical layers

V. Bonding the individual physical layers

vi. Routing the bonded PCB

rq- Thin materials like the flexible polyimide material and the
- prepreg can only be machined using a vacuum table and air-
Note cushioned milling-depth limiter.

Following material is required:

* Base material FR4 18/18um with the dimensions 229 x 305 mm (order no.
119 574)

»  Polyimide film 150um copper clad (18um) with the dimensions 210 x 297
mm.
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6.1 Starting the machine and CircuitPro

B Starting the machine and CircuitPro

1. Switch on the machine.
2. Start CircuitPro.

= CircuitPro automatically connects to the machine. The connection steps
are displayed:

Connection steps @ Connecting the machine.

@ Checking the machine, machine type, firmware.

@ Reading settings from the machine.

@ Synchronizing the settings.

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

@ Moving to the startup position.

3 Connecting the camera.

® CircuitPro reads the settings from the machine.

€ The machine moves to its reference points and subsequently moves to the
Pause position.
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6.2 Selecting atemplate and creating a new document
This section shows you how to create the new document move the fiducials into
the prepreg area

B Selecting a template and creating a new document
1. Click on File > New...

= The following dialog is displayed:

Flg 209: New New document
document O

Template file Description -

CircuitPro installed templates

[ singesided.cbf PCB with one predefined layer.

' singleSided_Tap.cbf PCB with one predefined layer on tap side.

' DoubleSided_ProConduct.cbf PCB with predefined Top and Bottom layers, prepared for ProConduct process.
| Daut\es-ded Gahvanic THP.cbf PCB with predefined Tap and Bottom layers, prepared for galvanic THP process.

P8 with pracefined Top and Bottom Lays

propared for EasyContacprocess.

3 5 x5 redTvers, ; =
j dLayer_GalvanicTHP.cbf PCB wnh qur predeﬁned Iayers plepied for galvam: THP process.

= Blayer chf PCB with six predefined layers.

& Glayer_MitPresss cof PCE with six predefined layers, MultiPress S process,

& 8BLayer.cbf PCB with eight predefined layers.

& SLayer_MultiPresss.cbf PCB with eight predefined layers, MultiPress S process,

8 250_Bottom.cbf Template for 2,50 operations on battom side that are completely processed without depth limiter.

& 250_Top.cbf Template for 2,50 operations on top side that are completely processed without depth imiter,

& 250_Double.chf Template for 2,50 operations on both sides that are completely processed without depth Imiter,

' stencil QR 266x380.cbf Stencl for ProtoPrint

H Stendil QR 266x350 short cbf Stendd for ProtoPrint, short version m
< >

Set as default
Location:

2. Select the template “4Layer ProConduct_MultiPressS.cbf”.

ﬂ- You need to select a template that contains registration holes
for the LPKF MultiPress S system because creating a flex-rigid
Note PCB requires bonding of rigid and flexible materials. Thus, the
different physical layers can be aligned for bonding using the
registration system of the MultiPress S system.

3. Click on [OK].
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= The template is displayed in the CAM view:
Fig. 210: CAM N2 288l e

view

/1/ Fiducial 2] Prepreg

The fiducials in the selected template are outside the prepreg's area (see figure
above) as the prepreg usually is not machined in a multi-layer application and
thus does not need to be aligned to the other layers.

This tutorial's flex-rigid PCB, however, requires a cutout in the prepreg. Thus,
the prepreg has to be aligned to the other physical layers for bonding. Follow
these steps:
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Fig. 211: Phases

Fig. 212: Moving
fiducials

© 2019 LPKF AG

B Moving the fiducials into the prepreg area:
1.
2. Click on the arrow symbol next to “Phases”.

CircuitPro PM

Click on the “Toolpath” pane.

®» The phases are displayed:

Creating a flex-rigid PCB

Toolpath
v Phases
ol 1. MountMaterial
ol 2. MaterialSettings
w2l 3. Placement
4 4. DrilFiducial

2l 5. PrepareCore

2l 6. MilingTextLaver3

2l 7. mailingLayer3

24l 8. FiipMaterial

9, ReadFiducialLayer2

2l 10. MilingTextLayer2

2 11 milingLayer2

i 12. DisrnountMaterial

24 13, MountLaminat

2l 14. MaterialSettings_1

v 15 Dienacal

-‘-i PrepareLaminatBottorn_Spiral Orill 2 mim
4) PrepareLaminatBottom_Contour router 2 mm
T TR TR

i 17. milingBottom

w2l 18. MilingPocketBottom

.2 19. DismountMaterial_1

24 20. MountLaminat_1

&J| PrepareLaminatTop_Contour router 2 mm

v T PrepEretTTt o
4§ PreparelLaminatTop_Spiral Oril 2 mm

2 T TER oD
il 23, MilingTop

2 24. MilingPocket Top

il 75, Dismountiaterial_2

2 26. PressLayerTop_Bottom
27, MountMaterialTop

28. MaterialSettings_2

29, ReadFiducialsTop

30. MarkingDrills

31. DrilingUnplated

32. ContourRouting

¥ 33. DismountMaterial_3

2l 34, ApplyProtectionFim

24 35. MountMaterialTop_L

2l 36, ReadFiducialsTop_1
2l 37. DrilingPlated

24 38, Dismountmaterial_4
Ml 39. ProcessProConduct

=T ﬁ_\ﬁ‘" {3 Geometry | 34 Toolpath |8 Processing

3.

Highlight the fiducials to be moved.

Delete the toolpaths of the phases “PrepareLaminatBottom” and
“PrepareLaminatTop” marked in the figure above.

Move the fiducial into the prepreg area:

Activate the icon “Move selected objects” on the toolbar “Modify™: «»
Drag the fiducial while pressing the left mouse button to the desired position

in the CAM view.
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‘_— Modify the distance between the fiducials on one side (see
—d figure above) in order to orient and align the prepreg correctly
Note to the other materials for bonding.

The fiducials have been moved into the prepreg area.

Click on File > Save As...

Enter a file name for the new file.
Select the memory location.
Click on [Save].

No o g e

€ The new document is created.
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6.3 Importing data

In this section you will pass through following steps:
i. Importing data
ii. Deleting unnecessary production phases
iii. Assigning imported data to production phases

CircuitPro PM Creating a flex-rigid PCB

Laser & Electronics\LPKF CircuitPro 1.5\Example Data\

:a The LPKEF tutor data are stored in folder “My documents\LPKF
UseCase_FlexiRigidPCB”.

Tip

B Importing data
1. Click on File > Import...
= The following dialog is displayed:

Fig. 213: Import

Cancel

Add File:

Offnen @
Suchen in: ‘D UseCase_FlexiRigidPCB M -] : M -

Tukar_Starrflex.cam

Remove

Zuletzt
venwendete D

Desktap

Eigene Dateien

Arbaitsplatz

Dateiname Folder Selectiorl ¥ [Cofen

[v| [ Abbrechen |

MNetzwerkumngeb  Dateityp: ‘AII files (%]

0 Bereit

Irmport | File Name Format | Aperture/Tool List Layer/Template SizefFormat

2. Select the file “Tutor_Starrflex.cam”.
3. Click on [OK].

®» The data are displayed in the CAM view:
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Fig. 214: CAM
view

The modified template with imported .cam file now contains the following data:

Material used | Layer Function

FR4 CuttingInside Cutout for flexible section

FR4 CuttingLaminat+Core | Slots for registration system of the
LPKF MultiPress S

FR4 CuttingLaminat Cutout for fiducials

Prepreg Cuttinglnside Cutout for flexible section

Prepreg CuttingLaminat Cutout for fiducials

Flexible BottomLayer Insulation

material

Flexible Fiducial Fiducials for aligning the individual

material layers for bonding

Flexible CuttingLaminat+Core | Slots for registration system of the

material LPKF MultiPress S

Bonded FR4 BoardOutline Contour routing of the PCB

and flexible

material

Due to the selected template “4Layer ProConduct_ MultiPressS.cbf”, the job
contains production phases that are not needed for processing this tutorial's
PCB. These can be deleted in the “toolpath” pane before processing.
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B Deleting unnecessary production phases
1. Click on the “Toolpath” pane.

Fig. 215: Toolpath

“Toolpath” pane v Phases

4 1. MountMaterial

| 2. MaterialSettings

1 3. Placement

i 4. DrilFiducial

i S, PrepareCore

MilingTextLayer3

Millingt 3

4 FlipMaterial

|§ 9. ReadFiducialLayer2

i MilingText

- MilingLayer2

2. DismountMaterial

. MountLaminat
MaterialSettings_1

. PrepareLaminatBottom

6. MilingTextBottom

MilingBottorn

8. MilingPocketBottom

. DismountMaterial_1

. MountLaminat_1

PrepareLaminatTop

0

MaterialSettings_2
. ReadFiducials Top
. MarkingDrills

. DrilingUnplated

. ContourRouting

. DismountMaterial_3
. ApplyProtectionFilm
fountMaterialTop_1
. ReadFiducialsTop_1
DrilingPlated
ismountMaterial_4
ocessProConduct

i 41. R ypography
izl 42. Dispense

Toolpaths |w

B Layers | 58 Geometry | @8 Toolpath | @8 Processing

2. Delete the following phases in the “toolpath” pane:
» MillingTextLayer3 through to MillingTextBottom (phases 6-16)
* MillingPocketBottom through to MarkingDrills (phases 18-30)
» DismountMaterial3 through to ProcessProConduct (phases 33-39)
» ReadTopography through to Dispense (phases 41-42)
3. Select the desired phases.
4. Press the right mouse button in order to open the context menu.
5. Select “Delete” in the context menu.

®» The selected phase is deleted.

6. Repeat steps 3 to 5 for all other production phases to be deleted.
€ The unnecessary production phases are deleted.
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B Assigning imported data to production phases

Some layers of the imported data need to be assigned to a production phase.
The generated toolpaths are thus assigned to a specific process step.

1. Click on the “Layer” pane.
2. Select the row of the layer “CuttingLaminat”:

Fig. 2161 “Layers
pane —
l_] X Z: f ‘ {_] Showempty
Name Vis Sel Colors Mode Tech Inv  Phase @ -
Fiducial (4) True Width Z Fiducials Bd [ | DriliFiducial En
| BoardOutline (1) True Width | v || Mechanical v [ | ContourRouting [v[13
[Bottomtayer (213) ] true wictn [ wiring v|| O [undefined [v]20
‘ Prepreg (53) Thin Line z Unknown v [ | Undefined z 24
‘ BaseMaterial (40) z Unknown z [ | Undefined z 25
‘ CuttingLaminat (4) = : = defined =
Cuttinglnside ) 2] Unknown 'v| 01 | undefinea [v |27
é‘)‘mi"g"a'“‘"a"“" Thintine || Unknown x| O | undefined I 28
‘@ Layers [éGeome(ry {54 Toolpath | &4 Processing

3. Inthe layer row, click on the arrow in the “Phase” column.

®» The phase selection list is displayed:

Fig 217 prase
selection list -
A X [Z) & § 3 showempy
Name Vis Sel Colors Mode Tech Inv  Phase @ -
Fiducial (4) True Width [ Fiducials \~| O | orinFiducial ER
BoardOutline (1) |2} True Width z Mechanical z [ | ContourRouting Z 13
‘ v ||| wiring [~ O |undefined BE
E Unknown Z [ | Undefined Z 24
E Unknown z [ [ Undefined w25
CuttingLaminat (4) : v Undefined X
| Cutt?nglnsin.de ) Unknown E () g:ﬁ::::fcfal 27
‘cst)mmgLammat-Core E i =l o |:,, a,l,(;o,.,' : o
‘@Layers }@Geomelry @ Toolpath \@ Processing

4. Assign the phase according to the following table:

Layer Phase
CuttingLaminat DrillingUnplated
Cuttinglnside ContourRouting

5. Repeat the steps 2-4 for the layer “Cuttinglnside”.
€ The data are assigned to production phases.

190 V2.0 -12. 2019 © 2019 LPKF AG



PKE

Laser & Electronics

CircuitPro PM Creating a flex-rigid PCB

In this tutorial, the various physical layers are processed only on one side and
are not turned over during processing (no “FlipMaterial” phases).

‘.- As this tutorial uses a multi-layer template, some phases can
= contain Top-side data per default, other phases can contain
Note Bottom-side data.

Ensure that the toolpaths of all production phases of this
tutorial are on the same side, e.g. the Bottom side, so that the
physical layers can be aligned correctly in the later process
stages. You can check this as follows:

1. Click on the “Toolpath” pane.
2. Click on the desired phase using the right mouse button.

- The context menu is displayed.
3. Click on “Edit” in the context menu.
- The “Edit” dialog is displayed. If the phase contains

toolpaths, the check box “The data are mirrored” must be
checked.

4. Check the check box “The data are mirrored” if the phase
contains toolpaths.

5. Click on [Apply].
6. Click on [Close].
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6.4 Processing the individual physical layers

192

The imported .cam file contains the data for producing the whole flex-rigid PCB
but these are needed at different stages of the production process.

Creating the toolpaths should be done separately for each production stage.
Thus, the data needed for each production stage can be selected
correspondingly for generating the toolpaths.

Processing the individual physical layers is divided into three sections:
i. Processing the flexible material

ii. Processing the FR4 material
iii. Processing the prepreg material
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6.4.1 Drilling and milling the flexible material

In this section, the flexible material of the flex-rigid PCB is drilled and milled.
The following steps are necessary for drilling and milling the flexible material:
i. Creating toolpaths
ii. Loading the tool magazine and assigning tools to holder positions

iii. Starting the processing
Creating toolpaths

1. Click on Toolpath > Technology dialog...
= The following dialog is displayed:

Fig. 218: m Technology Dialog
Technology Global process settings
Dialog Material type  FR4 - [ RF application
Insulate
Insulation Method
Basic }
R ecipion

Insulation with a single insulation channel.
Shortest processing time.

Contour Routing
Contour Routing Method

Corner gap }
I Description

—— Contour Routing with one gap in each comer,

sfe
Process
Show Details

Convert to Toolpath

Drills Show Details

Fiducials | Show Details

Close

Pockets Show Details

wae [n the technology dialog, the settings for generating toolpaths
can be modified by clicking on the [Show details] buttons.
Note For a detailed description of the individual functions of the
technology dialog see the corresponding chapter in the
CircuitPro compendium.
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Fig. 219:
Insulation details

Fig. 220:
Fiducials - details

194

CircuitPro PM

2. Inthe dropdown list “Material type” select “Polyimide”.
3. Click on [Show Details] in the “Insulate” section.

= The details for insulation are displayed.

PKE

Laser & Electronics

|8 Technology Dialog
Global process settings

Material type  Plyimide N () RF application

Insulate
Insulation Method

Einfach

s

Description

Isolierung mit einfachem Isolationskanal
Karzeste Bearbeitungszeit
s

] End Mill (RF) 0,15 mm
] End Mill (RF) 0,25 mm |z
| End Mill (RF) 0,4 mm

1 End Mill 0.8 mm

] End Mill 1 mm

] End Mill 2 mm

([0 Generate optimized rubout Perform inner insulation

Force insulation Remove spikes

Replace existing toolpath

1

Process
Hide details
Source Layer "BottomLayer” = [insulation width 0.2 mm
Primary Universal Cutter 0,2 mm = Padsinsulation 0,05 mm Sl 3| channels
Available tocls | [¥] Universal Cutter 0,2 mm » | Rubout <Kein Rubout> ~  Konzentrisch -
¥ Micro Cutter 0,1 mm —
Tolerance 0,002 mm -

5. Click on [Hide details].

®» The details are hidden.
6. Click on [Show Details] next to “Fiducials”.

= The details for fiducials are displayed.

4. Select the layer “BottomLayer” in the “Source” selection list.

Convert to Toolpath
Drills Show Details Source <Fiducials> Layer
Tool <Automatisch zugewiesen>
Fiducials Hide details
Phase <Automatisch zugewiesen>
Pockets | ShowDetails| Tolerance 0,002 mm
Replace existing toolpath

7. Select the “Fiducials” layer in the “Source” selection list.
8. Click on [Hide details].

®» The details are hidden.
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9. Deactivate the following functions by clicking on the corresponding check

marks:

» Contour Routing

* Drills

» Pockets
Eigé(;ztiz\};te Convert to Toolpath
functions

() Drills

Fiducials Show Details

() Pockets

10. Click on [Start].
= The toolpaths are created and the computation results are displayed.

€ The toolpaths are created.
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Loading the tool magazine and assigning tools to holder positions

wm [ his section is only relevant, if you use a ProtoMat with
automatic tool change (S63 or S103).

Note

1. Click on Edit > Tool magazine...

®» The following dialog is displayed:

Fig. 222: Too

magazine Please check if all required tools are assigned to the holders.
Required tools Machine tools
V' Spiral Drill 1,5 mm The machine clamp is empty at the moment.
v/ Contour Router 2 mm cick O to pick up the tool with the machine head.

¥ spiral Drill 2 mm

Click @ to put the tool to the corresponding magazine spot.
¥ universal Cutter 0,2 mm

Holder O) Tool Tool life spent

10 Spiral Oril 1,5 mm (0,00%) v 0,00%
20
30

Contour Router 2 mm (0,00%) 1ﬂ v 0,00%

Spiral Oril - 0,2 mm (0,00%) [v] 0,00%
Spiral Dril 1,4 mm (0,00%) IES
Spiral Dril 1,6 mm (0,00%)

Spiral Drill 1,7 mm (0,00%)

Spiral Dril 1,8 mm (0,00%)

Spiral Dril 1,9 mm (0,00%)

Spiral Dril 2 mm (0,00%)

Spiral Dril 2,1 mm (0,00%) %

[Spiral Drill 2,2 mm (0,00%) [v b

10O OO O |0o|o

Please use tool holder check-boxes to make these functions available.

Drop tool

wae [ he tools shown in the tool magazine dialog must not
correspond to your needed tools. These tools are examples.

Note

®» The tools required for the job are displayed. Tools required for the job that

are missing are marked by a red “X”.
2. Insert the required tools into the tool holders of the machine:

Fig. 223: Inserting
atool
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3. Assign the tools to the corresponding positions in the dialog.

®» The tool holders of the machine are loaded:

Fig. 224: Loaded
tool holder

€ The tools are inserted into the tool holders and assigned accordingly.
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Starting the processing

1. Click on Machining > Process all.
Fig. 225: —
Machining > Pro- Machining
cess all
> Process all N

p— LAY

Start processing all or single toolpath objects. I

m- Make sure that <Process All> Operate
-

g is selected in the combo box, > ‘
so that all phases are D =l L
Note P
executed. <Process All> v

Instead of processing all

phases automatically, you can process the phases individually.
In the combo box select the desired phase and click on the
“Start processing” button.

You can also start processing beginning with a specific phase.
Select the desired phase in the combo box and click on the
“ladder” button The selected phase and all following phases
are processed in the correct order.

Once you have started the processing, the ProtoMat machine executes the job
in individual phases. The phases are displayed in messages:

Phase “MountMaterial”

1. Mount the flexible material, with the copper side up, onto the processing
area of the machine.
2. Fasten the base material onto the table top using the adhesive tape.

3. Click on [OK].
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Phase “Material Settings”

®» The following dialog is displayed:

Settings

® PCB

Close
O Front panel/Engraving (2.5D)

Properties
Material Type Polyimide -

Copper Thickness [um] 18

Material thickness 0,15 mm 2]
Underlay plate thickness p mm =
Location

Click into the machine area to move the milling
head to the associated position. @ @

Use the buttons to set the front left and right rear

corner of the material. Current head position

Please make sure that the milling depth limiterof X: 0 mm -

the machine head does not touch the tape used

to fix the material. Y: O0mm =
0 mm

Material width 3035 mm -

Material length 219,5 mm .

Material Corners [mm] (6,50 / 30,00) : (310,00 / 249,50)

B Entering the material settings
1. In the dropdown list “Material Type” select “Polyimide”.

? PCB is selected as default.

Note

2. Enter “18” ym into the field \Copper Thickness\.
3. Enter "0.15” mm into the field \Material Thickness\.
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4. Define the processing area:
a) Move the “Material Settings* dialog off to the side.

b) Click on the position in the machining view that represents the right rear
corner of your material:

Fig. 227: Defining

1 Aok
the right rear o |
corner P ———— [
[
e Tros o
Cpper s ()8

Material thickness .15 mn

oo w fun 1@

Underay plate thickness Emm 3]

Location

Cick ik the maching aréa b more the
‘milng head to e associatsd posion

Watenial with o52mm
Hatenal length 21623 0m 3

Hatenal Comers [mm] (9,58 23,46) - (309,50 [ 239,69)

®» The machine head moves to this position.
c) Click on the corresponding icon in the “Material Settings” dialog:

Fig. 228: Click on Location

H Click into the machine area to move the
theicon milling head to the associated position. @

Use the buttons to set the front left and right

rear comer of the material. Current head position

Please make sure that the milling depth .
limiter of the machine head does nottouch | [309,5mm
the tape used to fix the matenial.
Y 239,69 mm

© o

= The coordinates of the current head position are saved and the
processing area is adjusted.

d) Click on the position in the machining view that represents the front left
corner of your material:

Fig. 229: Defining

pr—
the front left ara —
corner O Front panel/Engraving (2.50) e o
—
et Tos Fonrie

opoer iciness (um) 18
Matarial tickness P15 mn

@ s

Undertay slate thickness 2 mm

Lecaticn
ickinto the machine area b mare the =

Use the bustans to setthe Front et and right
rear comer of the.

Matarial width @02 =

o Jn

Haterial length 21654 rm

Materal Comers [mm] (9,58 / 23,46) = (310,00 249,50)

= The machine head moves to this position.
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Fig. 230: Defined
processing area

Fig. 231:
Placement

CircuitPro PM Creating a flex-rigid PCB

e) Click on the corresponding icon in the “Material Settings” dialog:

Location

Click into the machine area to move the s
milling head to the associated position. ‘ ‘

Use the buttons to set the front left and right

rear comer of the material, Current head position

Please make sure that the milling depth -
limiter of the machine head does not touch (9,58 mm
the tape used to fix the matenal

D

k¢ 23,46 mm

= The coordinates of the current head position are saved and the
processing area has been fit to the material.

5. Click on [Continue].
€ The material settings were entered.

Phase “Placement”

In this phase, the job can be placed arbitrarily on the base material, be rotated
and/or be multiplied if necessary.

wae At this point, the whole circuit board design including the
~2 template and the toolpaths possibly contained in the template
Note are moved.

If only the design is to be moved within the template, you have to
use the menu item Modify > Transform....

®» Following dialog is displayed:

71 Placement

X

Relative translation [mm]

dX: 186,146 mm (&) dy: 51,541 mm (]
Set center
Close
Rotation
Angle 0° 3 . i) O
Step and Repeat

Number of copies

X: |1 fad y: 1

(v

<P

Spacing between copies [mm)]

X: 0mm &)y 0 mm

2

o
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1. Click on the job and drag it to the desired position using the mouse.

Or

1. Enter the new position in the dialog.

2. If desired, rotate the job data by entering a rotation angle.

3. If desired, multiply the job data by entering the number of copies and

spacing values in X and Y direction in the corresponding fields (Step and
Repeat section).

Phase “DrillFiducial”

= The Spiral Drill 1.5 mm is picked up to drill the fiducials.

Yo If the spindle motor has not run before, a 2-minute warm-up
- phase is started.

Note

Phase “PrepareCore”

= The slots for registration system of the LPKF MultiPress S are drilled.

Phase “MillingBottom”

®» The flexible material is milled.

Phase “Board Production Finished”

= A message informs you that the processing is finished.
€ The milling and drilling of the flexible material is finished.
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6.4.2 Processing the FR4 material

In this section, the FR4 material of the flex-rigid PCB is processed.
The following steps are necessary in this section:
i. Deleting toolpaths
ii. Creating toolpaths
iii. Loading the tool magazine and assigning tools to holder positions
iv. Starting the processing

Deleting toolpaths

The toolpaths that were generated in the previous section of this tutorial for
insulation and drilling the fiducials have to be deleted. They are not needed for
processing the FR4 material.

1. Click on the “Toolpath” pane.

2. Click on the arrow symbol next to phases “DrillFiducial” and “MillingBottom”.
®» The toolpaths of the phases are displayed.

The following toolpaths have to be deleted:

Phase Toolpath

DrillFiducial Fiducials_Fiducial_Spiral Drill 1.5 mm

Insulate_BottomLayer_Universal Cutter 0.2 mm

MillingBottom
Insulate_BottomLayer_Universal Cutter 0.2 mm_1

3. Select the desired toolpath.
4. Press the right mouse button in order to open the context menu.
5. Select “Delete” in the context menu.
®» The selected toolpaths are deleted.
6. Repeat steps 3 to 5 for all other toolpaths to be deleted.
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1. Click on Toolpath > Technology dialog...

®» The following dialog is displayed:
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Fig. 232: X Technology Dialog
Technology Global process settings
Dialog Material type  FR4

Insulate

=

va
Process
Show Details

- [ RF application

Insulation Method

Basic

Description

Insulation with a single insulation channel.
Shortest processing time.

Contour Routing

s/s
Process
Show Details

Contour Routing Method

Comer gap

Description

Contour Routing with one gap in each comer.

Convert to Toolpath

Drills Show Details
Fiducials Show Details

Pockets Show Details

[ Close

@

Note

In the technology dialog, the settings for generating toolpaths
can be modified by clicking on the [Show details] buttons.

For a detailed description of the individual functions of the

technology dialog see the corresponding chapter in the
CircuitPro compendium.

2. Click on the left arrow icon in the “Contour Routing” section until the “Basic’

contour routing method is displayed.
3. Click on [Show details].

= The details for contour routing are displayed:

18 Technology Dialog
Contour Routng

Fig. 233: Contour
routing details

(=

Process

Hide detals

Layer "Cuttinglnside”

Contour Router 2 mm

@ Inside  Source
O Outside  Tool
Tabs position | Equal distance

Gap width 0mm )
Distance omm o)
Tolerance 0,002 mm &

Replace existing toolpath

Contour Routing Method

ElE] =]

Basic

Description

Contour Routing without gaps.
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4. Select the layer “Cuttinglnside” in the “Source” selection list.
5. Activate the {Inside} radio button.
6. Click on [Hide details].

®» The details are hidden.
7. Click on [Show Details] next to “Drills”.

= The details are displayed:

Fig. 234: Drills Convert to Toolpath
details Drills Hide detais Source Layer “CuttingLami’ v | ([ Create marking drills
Tool <Automatically assi v,“ Marking tool
Fiducials | Show Detais >
Phase <Automatically assi v Phase

Pockets |Show Detals. Tolerance 0,002 mm s

Replace existing toolpath

8. In the selection list “Source” select the layer “CuttingLaminat”, listed below
the layer “BaseMaterial”.

9. Deactivate the option “Create marking drills”.
10. Click on [Hide details].

®» The details are hidden.
11. Deactivate the following functions by clicking on the corresponding check

marks:
* Insulate
* Fiducials
* Pockets
Descivate Convert to Toolpath
functions
Drills Show Details
() Fiducials
() Pockets

12. Click on [Start].

®» The toolpaths are created and the computation results are displayed..
€ The toolpaths are created.
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Loading the tool magazine and assigning tools to holder positions

wm [ his section is only relevant, if you use a ProtoMat with
automatic tool change (S63 or S103).

Note

1. Click on Edit > Tool magazine...

®» The following dialog is displayed:

Fig. 236: Too

magazine Please check if all required tools are assigned to the holders.
Required tools Machine tools
V' Spiral Drill 1,5 mm The machine clamp is empty at the moment.
v/ Contour Router 2 mm cick O to pick up the tool with the machine head.

¥ spiral Drill 2 mm

Click @ to put the tool to the corresponding magazine spot.
¥ universal Cutter 0,2 mm

Holder O) Tool Tool life spent

10 Spiral Oril 1,5 mm (0,00%) v 0,00%
20
30

Contour Router 2 mm (0,00%) 1ﬂ v 0,00%

Spiral Oril - 0,2 mm (0,00%) [v] 0,00%
Spiral Dril 1,4 mm (0,00%) IES
Spiral Dril 1,6 mm (0,00%)

Spiral Drill 1,7 mm (0,00%)

Spiral Dril 1,8 mm (0,00%)

Spiral Dril 1,9 mm (0,00%)

Spiral Dril 2 mm (0,00%)

Spiral Dril 2,1 mm (0,00%) %

[Spiral Drill 2,2 mm (0,00%) [v b

10O OO O |0o|o

Please use tool holder check-boxes to make these functions available.

Drop tool

wae [ he tools shown in the tool magazine dialog must not
correspond to your needed tools. These tools are examples.

Note

®» The tools required for the job are displayed. Tools required for the job that

are missing are marked by a red “X”.
2. Insert the required tools into the tool holders of the machine:

Fig. 237: Inserting
atool
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3. Assign the tools to the corresponding positions in the dialog.

®» The tool holders of the machine are loaded:

Fig. 238: Loaded
tool holder

€ The tools are inserted into the tool holders and assigned accordingly.
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Starting the processing

1. Click on Machining > Process all.
Fig. 239: —
Machining > Pro- Machining
cess all
> Process all N

p— LAY

Start processing all or single toolpath objects. I

"'- Make sure that <Process Operate

(—d All> is selected in the } Db {

Note combo box, so that all Al —
phases are executed. <Process All> v

Instead of processing all

phases automatically, you can process the phases individually.
In the combo box select the desired phase and click on the
“Start processing” button.

You can also start processing beginning with a specific phase.
Select the desired phase in the combo box and click on the
“ladder” button The selected phase and all following phases
are processed in the correct order.

Once you have started the processing, the ProtoMat machine executes the job
in individual phases. The phases are displayed in messages:

Phase “MountMaterial”

1. Mount the base material onto the processing area of the machine.
2. Fasten the material to the processing area using adhesive tape.
3. Click on [OK].
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Phase “Material Settings”

®» The following dialog is displayed:

Settings

(OX:e:]

" P Close
O Front panel/Engraving (2.5D)

Properties

Material Type FR4

%3

Copper Thickness [um] [18

Material thickness |1 mm

2| (%2 (€2

Underlay plate thickness |2 mm

Location

Click into the machine area to move the

milling head to the associated position. @ @
Use the buttons to set the front left and right

rear corner of the material. Current head position

Please make sure that the milling depth X: —————————
limiter of the machine head does not touch © [pmm >
the tape used to fix the material.

Y: 0 mm A

Material width 299,92 mm

4 <>

Material length 216,23 mm

Material Comers [mm] (9,58 / 23,46) : (309,50 / 239,69)

B Entering the material settings
1. Enter the correct values for the material used.

é— PCB is selected as default.

Note

2. Enter “18” ym into the field \Copper Thickness\.
Enter ”1” mm into the field \Material thickness\.
4. Define the processing area:
a) Move the “Material Settings* dialog off to the side.

w

b) Click on the position in the machining view that represents the right rear
corner of your material:

© 2019 LPKF AG V2.0 -12. 2019 209



Creating a flex-rigid PCB CircuitPro PM _M%

Laser & Electronics

Fig. 241: Defining

the right rear e

corner O Frunt pane/Engraving (2.50)
-
- —
e 58 :
B —

-
s

Gavmeramemsnrosre (o
Bt

Use the butons o set the fron left and nght
rear comer af the matenal.

Flease make sure tha the millng depth
Amierof the machine head does o ouch %  [@rsmm
v e

Y BRiiem

Haterial width 2677 rm
Watenal length 21985 mm

Material Comers [mm] (7,73 31,200 : (307,50 | 238,11)

®» The machine head moves to this position.

c) Click on the corresponding icon in the “Material Settings” dialog:

Fig. 242: Click on Location

theicon Click into the machine area to move the
milling head to the associated position. @
Use the buttons to set the front left and right
rear comer of the material.

Current head position

Please make sure that the milling depth -
limiter of the machine head does not touch | [307.5mm
the tape used to fix the matenal.

3
Y [2311mm F]

®» The coordinates of the current head position are saved.

d) Click on the position in the machining view that represents the left
corner of your material:

Fig. 243: Defining MaterialSettings

wpheanon
the front left ora
corner O Frunit paneVEngraving (2.50)
[—
rena ipe &0

Copper Thiciness (um]  [18.0
Matenal thickness Lwm

Unsetay piate thickress 2 mm

Pleaze make sure that the millng dagth
henier of the machine head oes not tauch
e Eage used b fs the mstenal

Haterial width 76,5 mm

Hatenal enotn oo &

pateral Comers [mm] (9,12 19,11) : (307,30 [ 238,11}

= The machine head moves to this position.
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e) Click on the corresponding icon in the “Material Settings” dialog:

Fig. 244: Defined Locstion
processing area dlic

X 9,12 mm

19,11 mm

®» The coordinates of the current head position are saved and the
processing area has been fit to the material.

5. Click on [Continue].
€ The material settings were entered.

Phase “Placement”

The job cannot be placed again at this stage as the position has already been
defined by the flexible material in the previous steps.

1. Confirm the current placement by clicking on [OK].

Phase “PrepareCore”

= The slots for the registration system of the LPKF MultiPress S are drilled.

Phase “DrillingUnplated”

= The cutouts for aligning the prepreg for bonding are drilled.

Phase “ContourRouting”

®» The cutout for the flexible section is cut out.

Phase “Board Production finished”

= A message informs you that the processing is finished.
€ Processing of the FR4 material is finished.
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6.4.3 Processing the prepreg material

This section of the tutorial is on processing the prepreg material of the flex-rigid
PCB.

The following steps are necessary for processing the prepreg material:
i. Deleting toolpaths

ii. Enlarging the cutouts around the fiducials

iii. Creating toolpaths

iv. Loading the tool magazine and assigning tools to holder positions
V. Starting the processing

Deleting toolpaths

The toolpaths for processing the FR4 material have to be deleted as they are
not necessary for processing the prepreg material or have to be re-computed.

B Deleting toolpaths

—_

Click on the “Toolpath” pane.

2. Click on the arrow symbol next to phases “PrepareCore
and “ContourRouting”.

, “DrillingUnplated”,

®» The toolpaths of the phases are displayed.
The following toolpaths have to be deleted:

Phase Toolpath

PrepareCore_Contour router 2 mm

PrepareCore
PrepareCore_Spiral Drill 2 mm

Drills_CuttingLaminat_Contour router 2 mm

DrillingUnplated
Drills_CuttingLaminat_Spiral Drill 2 mm

ContourRouting_Cuttinglnside_Contour router 2 mm

ContourRouting

ContourRouting_Cuttinglnside_Spiral Drill 2 mm

3. Select the desired toolpath.
4. Press the right mouse button in order to open the context menu.
5. Select “Delete” in the context menu.

= The selected toolpaths are deleted.

6. Repeat steps 3 to 5 for all other toolpaths to be deleted.
€ The toolpaths are deleted.
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Enlarging the cutouts around the fiducials

To enable recognising the holes in the flexible material for contour routing the
PCB, the cutouts around the fiducials have to be enlarged in the prepreg
material. This prevents the prepreg material from creeping into the fiducials
during the bonding process.

B Enlarging the cutouts around the fiducials

1. Select the cutouts around the fiducials:
Fig. 245:
Selecting a
cutout around a
fiducial

2. Click on the “Properties” pane.

3. Check the properties of the circular cutout around the fiducial:
Fig. 246: Properties —
Properties of the B Object data o

cutout Type
Layer CuttingLaminat
Aperture list 4LayeiMPS.TOP
Aperture D12

E Dimensions

& Location
X 1455 mm
Y -64.5 mm
E Transformation
Orientation 0*
Scaling 1
Mirror No mirror
E General
Name Flashed 13 v
Type

Selected object type

& Navigation | 54 Properties

The “Properties” pane displays the following information on the cutout:
* Aperture D12 is used to create the cutout.
* Aperture D12 is in aperture list “4LayersMPS.TOP”.

As the cutout around the fiducials is to be enlarged, check the diameter of the
aperture next.

4. Click on the “Geometry” pane.
5. Click on the arrow symbol next to the aperture lists.
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Fig. 247: Aperture
lists Geometry

v Aperture Lists

v 4LayerMPS. TOP

D10

D11

D12

D13

D14

D26

D27
ApeTutor
SiebMeyerTools
ToolTutor
HPGLPens
LPKFQuickLoadTool
LpkfDrilingTools
LpkfilingTools
LpkfivillingOutlineTool
LpkfivillingTextTool
LpkfDispenseTools
LpkfyYacuumTools
LpkfSoldStopTool
LpkfFimFoil Tool

()

E Lavers % Geomety E Toolpath | @ Praceséing

6. Click on the arrow symbol next to aperture list “4LayerMPS.TOP”.

% The apertures contained are listed. Among them, you find aperture D12

that is used for creating the cutout around the fiducial.

7. Select aperture D12.
8. Click on the “Properties” pane again.

= The properties of aperture D12 are displayed:

Fig. 248: Aperture |Praperties

size E Aperture propeities

Angle 0
El Dimensions

e P

B -1 mm
C -1 mm
D -1 mm

El Measurement

BndBox 00100
Show measurement False

El General
Name D12

A
Dimension A of the aperture. Exact meaning of this parameter depends on the aperture type

GH Navigation | £ Properties
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= The name of the aperture is displayed in the “General” section.

®» The diameter of the aperture is displayed in the “Dimensions” section. The
diameter is 4 mm.

9. Click on the aperture size in order to modify it:

Fig. 249: [properties t
Modifying the E Aperture propeities
aperture size

Angle 0°

E Dimensions

A 8 mm

B -1 mm

C -1 mm

D -1 mm

E Measurement

BrndBox [0.0)(0.0)
Show measurement False

B General
Name D12

A

Dimension A of the apeiture. Exact meaning of this parameter depends on the aperture type

{58 Navigation | G4 Properties

10. Overwrite the “4” with an “8”.
= The aperture size is changed from 4 mm to 8 mm diameter.
€ The cutouts around the fiducials are enlarged.
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Creating toolpaths

B Creating toolpaths
1. Click on Toolpath > Technology dialog...

= The following dialog is displayed:

Fig. 250: iﬁ Technology Dialog
Technology Global process settings
Dialog Material type  FRd - ) RF application
Insulate
Insulation Method
Basic I
D_\E, Description
Insulation with a single insulation channel.
Shortest processing time.
Process.
Show Details.

Contour Routing
Contour Routing Method

Corner gap I
I Description

-— Contour Routing with ene gap in each comer.

s/s

B process
Show Details

Convert to Toolpath

Drills Show Details

Fiducials | Show Details _

Close

Pockets | Show Details

In the technology dialog, the settings for generating toolpaths
can be modified by clicking on the [Show details] buttons.

Note For a detailed description of the individual functions of the
technology dialog see the corresponding chapter in the
CircuitPro compendium.

2. Click on the left arrow icon in the “Contour Routing” section until the “Basic”
contour routing method is displayed.
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3. Click on [Show details].

= The details for contour routing are displayed:

Fig. 251: Contour Cortour Routng
routing details e o TSR -
@® Outside Tool Contour Router 2 mm ﬂ
Tabs position | Equal distance l‘
Gap width 0 mm 2
Distance Qmm 2
Tolerance 0,002 mm s

Replace existing toolpath

Contour Routing Method

Basic

Description

Contour Routing without gaps.
Ve

8 process

Hide detais

4. Select the layer “Cuttinglnside” in the “Source” selection list.
Activate the {Outside} radio button.
6. Select the “Contour Router 2 mm” tool.

i

A== Using the outside contour in combination with the 2-mm tool
= enlarges the cutout by 2 mm compared with the FR4 material.
Note This is intentional as the prepreg material "creeps" during the
bonding process.

7. Click on [Hide details].

®» The details are hidden.
8. Click on [Show Details] next to “Drills”.

% The details are displayed:

Fig_ 252: Drills Convert to Toolpath
details Drills Hide detais Source Layer "CuttingInsid v] ([ Create marking drills
Tool <Automatically assi ﬂ Marking tool
Fiducials | Show Details - -
Phase <Automatically assi v] Phase
Pockets |Show Detalls| Tolerance 0,002 mm £

Replace existing toolpath
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9. Select the layer “CuttingLaminat” in the “Source” selection list.
10. Deactivate the option “Create marking drills”.
11. Click on [Hide details].

®» The details are hidden.

12. Deactivate the following functions by clicking on the corresponding check

marks:
* Insulate
* Fiducials
* Pockets
Fig. 253:
D'Sacﬂsvsate Convert to Toolpath
functions
Drills Show Details
() Fiducials
() Pockets

13. Click on [Start].

®» The toolpaths are created and the computation results are displayed.
€ The toolpaths are created.
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Loading the tool magazine and assigning tools to holder positions

wa» [ his section is only relevant, if you use a ProtoMat with
automatic tool change (S63 or S103).

Note

1. Click on Edit > Tool magazine...
®» The following dialog is displayed:
Fig. 254: Tool

magazine Please check if all required tools are assigned to the holders.
Required tools Machine tools
v Spiral Drill 1,5 mm The machine clamp is empty at the moment.
v/ Contour Router 2 mm click O to pick up the tool with the machine head.

¥ spiral Drill 2 mm

Click @ to put the tool to the corresponding magazine spot.
¥ universal Cutter 0,2 mm

Holder O) Tool Tool life spent
10 Spiral Dril 1,5 mm (0,00%) v 0,00%

20
30

Contour Router 2 mm (0,00%) :] v 0,00%

Spiral Ol 0,2 mm (0,00%) v 0,00%
Spiral Oril 1,4 mm (0,00%) ~
Spiral Drill 1,6 mm (0,00%)

Spiral Oril 1,7 mm (0,00%)

Spiral Dril 1,8 mm (0,00%)

Spiral Dril 1,9 mm (0,00%)

Spiral Dril 2 mim (0,00%) \
Spiral Dril 2,1 mm (0,00%) [k

Spiral Dril 2,2 mm (0,00%) [v v

10O OO O |00o|o

Please use tool holder check-boxes to make these functions available.

Drop tool

wae [ he tools shown in the tool magazine dialog must not
correspond to your needed tools. These tools are examples.

Note

®» The tools required for the job are displayed. Tools required for the job that
are missing are marked by a red “X”.

2. Insert the required tools into the tool holders of the machine:

Fig. 255: Inserting
atool
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3. Assign the tools to the corresponding positions in the dialog.

®» The tool holders of the machine are loaded:

Fig. 256: Loaded
tool holder

€ The tools are inserted into the tool holders and assigned accordingly.
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Starting the processing
1. Click on Machining > Process all.
Fig. 257: —_—l -
Machining > Proc MaCh'mng
ess all
} Process all N

1 A\
Start processing all or single toolpath objects. I

ﬂ- Make sure that <Process All> Operate
-

g is selected in the combo box, = -
Note so that all phases are b =1 w
executed. <Process All> v|

Instead of processing all

phases automatically, you can process the phases individually.
In the combo box select the desired phase and click on the
“Start processing” button.

You can also start processing beginning with a specific phase.
Select the desired phase in the combo box and click on the
“ladder” button The selected phase and all following phases
are processed in the correct order.

Once you have started the processing, the ProtoMat machine executes the job
in individual phases. The phases are displayed in messages:

Phase “MountMaterial”

1. Place the base material onto the processing area of the machine.
In order to get a leveled result with clear-cut edges, press underlay plates
from both sides onto the prepreg material. This prevents the material from

slipping.

Fig. 258:
Mounting the
material

underlay plate

underlay plate

"

2. Fasten the material to the processing area using adhesive tape.
3. Click on [OK].
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Phase “Material Settings”

®» The following dialog is displayed:

Fig. 259: Material Material Settings <
Settings
®PcB
. Close
O Front panel/Engraving (2.5D) )
— N

Material Type FR4 v

Copper Thickness [um] 0 -

Material thickness 35mm —

Underlay plate thickness 2 mm =

Location

Click into the machine area to move the milling

head to the associated position. @ @

Use the buttons to set the front left and right rear

corner of the material. Current head position

Please make sure that the milling depth limiterof X: 0mm =

the machine head does not touch the tape used

to fix the material. Y: O0mm [+

0 mm

Material width 302,09 mm =

Material length 20 mm -

Material Corners [mm] (6,50 7 30,00) : (308,59 / 50,00)

B Entering the material settings
1. Enter the correct values for the material used.

? PCB is selected as default.

Note

2. Enter “0” ym into the field \Copper Thickness\.
3. Enter "3.5” mm into the field \Material Thickness\.
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4. Define the processing area:

Creating a flex-rigid PCB

Fig. 260: Defining
the right rear
corner

Fig. 261: Click on
the icon

Fig. 262: Defining
the front left
corner

© 2019 LPKF AG

a) Move the “Material Settings* dialog off to the side.

b) Click on the position in the machining view that represents the right rear

corner of your material:

Repbcaien [ e ]
®ra

O Front panelngraing 2.50) [

Feperes —

Mataia Tyme Rt <]
Coppes Thickness [um] 0 B
Moteislthickness ~ 33mm

Undertay plate thicknass 2 mm B

e
A ———
S a @

Use the buttons o set the front eft and ight rese

Please make surethatthe milling depth fimterof 3 20757 mm B
the machine head does ot touch thetape used
1o the matens.

Materislwidth 0T =

Materislengih 2484 mm

Matesisl Comers [mm] 16,50/ 100): (306,23 238184)

®» The machine head moves to this position.

c) Click on the corresponding icon in the “Material Settings” dialog:

Location

Click into the machine area to move the milling
head to the associated position. @

Use the buttons to set the front left and right rear

comer of the material. Current head position

Please make sure that the milling depth limiter of [x. 307,87 mm S

the machine head does not touch the tape used

1o fix the material. . [23852mm =
7. fomm

= The coordinates of the current head position are saved.

d) Click on the position in the machining view that represents the front left
corner of your material:

sppicaion
e
[
O FrontpaelEngving 050)
. —
i Type "

Coppes Thickness ] 1 H
Vel 3Swe |

Undertay plse tickmess 2 =

ke e it e e g
S a @

[ ——

: b

mer of the mat Current mesd position

Plesse make sure thet the miling depth imiterof X 614 mm +
the machinie head does nettouch the tape used
& v [0 mm B

oo

Vit it 2w 5
vtessliength B8 ]

Mataral Cornars [men] (630, 3000): 008,39 50.00)

®» The machine head moves to this position.
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Fig. 263: Defined
processing area
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e) Click on the corresponding icon in the “Material Settings” dialog:

Location

Click into the machine area to move the milling -
head to the associated position. ‘

Use the buttons to set the front left and right rear
comer of the material. Current head position

s ure that the milling depth limiterof |x: 6,14 mm
the machine head does not touch the tape used
to fix the material. v 988mm

= The coordinates of the current head position are saved and the
processing area has been fit to the material.

5. Click on [Continue].
€ The material settings were entered.

Phase “Placement”

The job cannot be placed again at this stage as the position has already been
defined by the flexible material in the previous steps.

1. Confirm the current placement by clicking on [OK].

Phase “DrillingUnplated”

= The cutouts for aligning the prepreg for bonding are drilled.

Phase “ContourRouting”

®» The cutout for the flexible section is cut out.

Phase “Board Production Finished”

= A message informs you that the processing is finished.
€ Processing of the prepreg material is finished.
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6.5 Bonding the individual physical layers

The flexible material is bonded to the rigid FR4 material using the prepreg
material.

Yo We recommend the LPKF MultiPress S system (order no.

—ud 120734/120736) for this process step.
Note

B Bonding the physical layers

1. Stack the physical layers produced in the previous steps in the following
order:

. Flexible material
- Ensure that the milled side faces downwards!

Il. Prepreg material
-> Align the prepreg material to the flexible material. Use the fiducials in
the flexible material as reference.

Il FR4 material
- Align the FR4 material to the flexible material. Use the reference
hole system as reference.

Yo Insert a strip of corresponding size into the cutout of the FR4
—d material (e.g. the material previously cut out). This supports the
Note flexible material while bonding and achieves better results.

2. Bond the materials with constant temperature and constant pressure.

® [f you use the MultiPress S system select the press profile “LPKF Set”.

= If you use another press system enter the following parameters:
* Preheating temperature: 250 °C
*  Prepressing temperature: 180 °C
*  Main pressing temperature: 180 °C
*  Prepressing time: 10 min.
*  Main pressing time: 60min.
«  Prepressing force: 80 N/cm?
* Main pressing force: 150 N/cm?

€ The physical layers are bonded.
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6.6 Contour routing the bonded PCB

The following steps are necessary for contour routing the bonded PCB:
i. Inserting a production phase
ii. Creating toolpaths
iii. Loading the tool magazine and assigning tools to holder positions

iv. Starting the processing

Inserting a production phase

An additional production phase for reading the fiducials has to be inserted
before the toolpaths for contour routing the PCB are generated.

A Yt The cutouts in the prepreg and FR4 material enable recognising
am® thefiducials in the flexible material from the Top side (the flexible
Note material facing downwards).

B Inserting a production phase

waw Ensure that no existing production phase is selected in the
5-." “Toolpath” pane, otherwise no new production phase can be

created!
Note

1. Click on Machining > Production phase...

= The following dialog is displayed:

Fig. 264: Creating Create new Phase

anew phase Name ReadFiducials

Processing Step  Read fidurials top v‘
Link to <Nane> v|
Processing order & =

[ The data are mirrored (bottom side data)

4 The phase contains toolpath data

2. Enter the name “ReadFiducials” for the new phase.
3. Select the processing step “Read fiducials top”.

‘.- You can enter this processing step manually if it does not exist.
)
()

Note

226 V2.0 -12. 2019 © 2019 LPKF AG



PKE

Laser & Electronics

CircuitPro PM Creating a flex-rigid PCB

4. Enter “8” for processing order.
5. Activate the check box “The phase contains toolpath data”.
6. Click on [Apply].

= The new phase ReadFiducials is inserted before the ContourRouting
phase in order to read the fiducials from the Top side of the PCB.

N You can check in the “Phases” section of the “Toolpath” pane
am®  Whether the new phase has been inserted.

Note

€ The new production phase has been inserted.
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Fig. 265: Deleting
toolpaths
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Deleting toolpaths

All toolpaths previously generated for processing the individual physical layers
have to be deleted. They are not needed for routing the PCB.

B Deleting toolpaths
1. Click on the “Toolpath” pane.
2. Click on the arrow symbol next to “Toolpaths”.

®» The toolpaths are displayed.

Toolpath =]

Phases

v  Toolpaths
&3 Insulate BottomLayer Universal Cutter 0,2 mm
S3 Insulate BottomLayer Universal Cutter 0,2 mm_1
83 Fiducials_Fiducial_Spiral Drill 1,5 mm
&3 PrepareCore_Contour r{ Hide in 2D
83 PrepareCore Spiral Dril|
Tools
Insulate

Display in 3D
Cut

Fiducials Copy

Export...
Assignto Phase  »

&

=]

®  Transform..
P

®

Assign Tool »

K Delete h

G Layers | §h Geometry | 54 Toolpath |G Processing

Select all existing toolpaths.

Press the right mouse button in order to open the context menu.
Click on “Delete” in the context menu.

The toolpaths are deleted.

¢ W
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Creating toolpaths

The PCB has to be put on the processing area of the ProtoMat machine with
the flexible material facing downwards to enable contour routing. The PCB is
thus processed from the Top side.

A== Check in the “Toolpath” pane whether the “ContourRouting”
~ phase is processed on the Top side.

Note Proceed as follows:
1. Right-click on the desired phase.
2. Click on “Edit” in the context menu.

3. Ensure that the check box “The data are mirrored” is
unchecked. If not, uncheck the mark.

B Creating toolpaths
1. Click on Toolpath > Technology Dialog...

= The following dialog is displayed:

Flg 266: 13 Technology Dialog x
Techno |ogy Global process settings
Dialog Material type  FRA = ) RF application

Insulate

<l >

Process
Show Details

Contour Routing

Convert to Toolpath

Drills Show Details
Fiducials | Show Details

Pockets Show Details

Insulation Method

Basic

Description

Insulation with a single insulation channel
Shortest processing time.

Contour Routing Method

Equidistant gaps

Description

Contour Routing with equally spaced gaps

Close

wa In the “Technology Dialog”, the settings for generating toolpaths
£ can be modified by clicking on the [Show details] buttons.
Note For a detailed description of the individual functions of the
“Technology Dialog” see the corresponding chapter in the
CircuitPro compendium.
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Fig. 267: Contour
routing - details

Fig. 268:
Fiducials - details
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2. Click on the right arrow icon in the “Contour Routing” section until the
contour routing method “Equidistant gaps” is displayed.

3. Click on [Show details].

= The details for contour routing are displayed:

Contour Routing

Olnside  Source
@ Outside  Tool
Tabs position
Gap width 1mm
Distance 50 mm

Tolerance 0,002 mm

Layer “BoardOutline” -
Contour Router 2 mm -

Equal distance

Replace existing toolpath

() Generate start drills
Contour Routing Method

Equidistant gaps

i

Description
CaJd

/s

Process

Hide details

Contour Routing with equally spaced gaps.

4. Select the “BoardOutline” layer in the “Source” drop-down list.
5. Activate the {Outside} radio button if it is not active.
6. Click on [Hide details].

®» The details are hidden.

7. Click on [Show details] next to “Fiducials”.

= The details for fiducials are displayed:

Convert to Toolpath

Drills Show Details  Source
Tool
Fiducials | Hide details
Phase
Pockets | Show Detals  Tolerance

Replace existing toolpath

Layer “Fiducial® v
<Automatically assigned: :‘
<Automatically assigneds 'v'\

<) |

0,002 mm

8. Select the “Fiducial” layer in the “Source” drop-down list.

9. Click on [Hide details].
®» The details are hidden.

V2.0 -12. 2019
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10. Deactivate the following functions by clicking on the corresponding check

marks:
* Insulate
+  Drills
* Pockets
Eigéczt?\?;tmg Convert to Toolpath
functions
() Drills
Fiducials Show Details
() Pockets
11. Click on [Start].
= The toolpaths are created and the computation results are displayed.
®» The CAM view changes as follows:
Fig. 270: CAM

view

The next task is to create the toolpaths for the cutouts around the fiducials.
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Fig. 271: Layer
CuttingLaminat

Fig. 272: Details
contour routing
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Creating the toolpaths for the cutouts around the fiducials

Select the row “CuttingLaminat” in the “Layers” pane:

Layers o &
l_] X Z: ' ‘ {_] Showempty
Name Vis Sel Colors Mode Tech Inv  Phase @ -
Fiducial (4) True Width Z Fiducials z [ | DriliFiducial w1
BoardOutline (1) True Width | v || Mechanical v [J | ContourRouting [v[13
BottomLayer (213) True Width |+ || wiring ' 0 | undefined B
Prepreg (53) - Thin Line Z Unknown v [J | Undefined z 24
BaseMaterial (40) [:Ij True Width Z Unknown z [ | Undefined z 25
e slc | 8 Unkno = seinea [ 2
Cuttinglnside (1) | o.tine [~ unknown [»]| O | undefinea BE
é‘;“‘"g"a'“‘"a"“" “ - Thintine || Unknown 1| O | undefined 1> 28

1@ Layers :@Geome(ry {34 Toolpath | &4 Processing

2. Click on Toolpath > Technology dialog.

= The “Technology Dialog” is displayed.

3. Click on the left arrow icon in the “Contour Routing” section until the contour

routing method “Basic” is displayed.
4. Click on [Show details].

®» The details for the function “Contour routing” are displayed:

Contour Routing

@ Inside

O Outside

e

Process
| Hide details

Source <Current selection> v
Tool Contour Router 2 mm -

Tabs position  Equal distance

Gap width 0mm
Distance oOmm

Tolerance 0,002 mm

[ Replace existing toolpath

[ Generate start drills
Contour Routing Method

Basic

Description

Contour Routing without gaps.

® N oo

Select “<Current selection>” in the “Source” drop-dow

Activate the radio button “Inside” by clicking on it.

Deactivate the check box “Replace existing toolpath”.

Click on [Hide details].

V2.0 -12. 2019

®» The details are hidden.

n list.
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Fig. 273: CAM
view

CircuitPro PM Creating a flex-rigid PCB

Deactivate the following functions by clicking on the corresponding check
marks:

Insulate
Drills
Fiducials
Pockets

10. Click on [Start].

®» The toolpaths are created and the computation results are displayed.

®» The CAM view changes as follows:

€ The toolpaths for the cutouts around the fiducials have been created.
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Editing the positions of the breakout tabs

The positions of the breakout tabs have to be moved to achieve a clean-cut
edge also around the rigid part of the flexi-rigid circuit board.

B Editing the breakout tabs
1. Click on Toolpath > Edit breakout tabs...

= The following dialog is displayed:

Fig. 274: Edit
breakout tabs

Ereak position

% (84169 mm

Add break

Remave brask

= The positions of the breakout tabs are marked by circles in the CAM view.

Fig. 275:
Breakout tab
position zoomed
in

2. Click on the breakout tab/circle to be moved.

3. Keep the left mouse button pressed and drag the circle to the right to the
outer edge of the flexi-rigid design:

Fig. 276:
Breakout tab
position moved
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= The X and Y coordinates of the new breakout tab position are displayed in
the dialog:

Fig. 277: Circle
moved

Edit breakout tabs pasitian ——
Eveak position

% 11009 mm

Add break

Remove brazk

4

. Repeat the above steps and add another breakout tab position at the left

side of the design:

Fig. 278: Left
breakout tab

5
6

. Click on [Apply] in the dialog.
. Click on [Close] in the dialog.

®» The breakout tabs have been moved and the CAM view changes as
follows:

Fig. 279: New
breakout tab
positions

€ The breakout tab positions have been edited.
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Loading the tool magazine and assigning tools to holder positions

1. Click on Edit > Tool magazine...
®» The following dialog is displayed:
Fig. 280: Tool

magazine Please check if all required tools are assigned to the holders.

Required tools Machine tools
v Spiral Drill 1,5 mm The machine clamp is empty at the moment.
V' Contour Router 2 mm click O to pick up the tool with the machine head.

¥ spiral Drill 2 mm

Click Q to put the tool to the corresponding magazine spot.
¥ universal Cutter 0,2 mm

Holder O) Tool Tool life spent )
10 Spiral Oril 1,5 mm (0,00%) v 0,00%

20
30

Contour Router 2 mm (0,00%) \3 "4 0,00%

Spiral Dril - 0,2 mm (0,00%) \ﬂ 0,00% |=
Spiral Oril 1,4 mm (0,00%) (A
Spiral Dril 1,6 mm (0,00%)

Spiral Dril 1,7 mm (0,00%)

Spiral Dril 1,8 mm (0,00%)

Spiral Dril 1,9 mm (0,00%)

Spiral Dril 2 mm (0,00%)

Spiral Dril 2,1 mm (0,00%) h

Spiral Drill 2,2 mm (0,00%) 52 b

10O OO 0O |00o|0

Please use tool holder check-boxes to make these functions available.

Drop tool

? The tools displayed in the tool magazine are only examples.

Note

= The tools required for the job are displayed. Tools required for the job that
are missing are marked by a red “X”.

2. Insert the required tools into the tool holders of the machine:

Fig. 281: Inserting
atool
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3. Assign the tools to the corresponding positions in the dialog.

®» The tool holders of the machine are loaded:

Fig. 282: Loaded
tool holder

€ The tools have been inserted into the tool holders and assigned
accordingly.
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Starting the processing
1. Click on Machining > Process all.
Fig. 283: R
Machining > Machining
Process all
D Process all N

p— LAY

Start processing all or single toolpath objects. I

ANt Make sure that <Process All> Operate

—ud is selected in the combo box, [> >
Note so that all phases are =l &
executed. <Process All> v/

Instead of processing all
phases automatically, you can process the phases individually. In
the combo box, select the desired phase and click on the green
“Start processing” button.

You can also start processing with a specific phase. Select the
desired phase in the combo box and click on the “ladder” button.
The selected phase and all following phases are processed in the
correct order.

Once you have started the processing, the ProtoMat machine executes the job
in individual phases. The phases are displayed in messages:

Phase “Mount Material”

1. Mount the PCB onto the machine's processing area with the flexible
material facing down (Top side up).

r‘— Ensure that the positioning holes are at the right front corner.
)
=

Note

2. Fasten the material to the processing area using adhesive tape.
3. Click on [OK].
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Phase “Material Settings”

®» The following dialog is displayed:

Fig. 284: Materi
Settings

(OX:(e:]

Close
O Front panel/Engraving (2.5D)

Properties
Material Type FR4

<

Copper Thickness [um] 18

Material thickness 'J.,?VS'mm

4 (€2 |€>

Underlay plate thickness 2 mm

Location
Click into the machine area to move the
milling head to the associated position. @ i)

Use the buttons to set the front left and right
rear corner of the material. Current head position
Please make sure that the milling depth X

limiter of the machine head does not touch e 0 mm

the tape used to fix the material.

<

0mm v

Material width 301,37 mm

| <>

Material length 207,44 mm

Material Comers [mm] (6,50 / 20,50) : (307,87 / 237,44)

Entering the material settings

Select {PCB} in the section “Application”.
Select the material type (FR4).

Enter “18” um into the field \Copper Thickness\.

Enter the thickness of the bonded PCB into the field \Material Thickness), in
this case “1.75 mm”.

PO~ R

— You can also measure the thickness using callipers.

Tip
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Fig. 285: Defining
the right rear
corner

Fig. 286: Click on
the icon

Fig. 287: Defining
the front left
corner

240

CircuitPro PM

5. Define the material area:
a) Move the “Material Settings” dialog off to the side.

b) Click on the position in the machining view that represents the right rear

corner of your material:

PKE
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Material Settings

—— —
o ™

O Front panel/Engraving (2.50) -

Proertns

otwn Troe =

Copoer Thickness [u] 18

Material thickness LS

Undertay plate thickness 2 - =
Loctin

ik into the raching area t movs the
millng head to the assaciated position.

Use the battons e setthe frot lfe and nght
183 comer of the matieial. Curant head pestion
Plzase make sure that the miling destn
miter of the machine head doss noctouch X [307.87
the tape used to fix the materal

v pperm @

Matertal wdth 01,57 B
Materal length 74 mm B

Material Comers (mm) (8,50 / 20,50) (207,67 / 237,44)

= The milling head moves to this position.

c) Click on the corresponding icon in the “Material Settings” dialog.

Location

Click into the machine area to move the
milling head to the assaciated position.

A (@]

Current head position

Use the buttons to set the front left and right
rear comer of the material.

Please make sure that the milling depth X
limiter of the machine head does not touch : |3U7197 mm H
the tape used to fix the material.

A8 237,44 E

frm — F

®» The coordinates of the current milling head position are adopted.

d) Click on the position in the machining view that represents the front left

corner of your material:

Material Settings

i —
@5

O Frort panelEngraving (2.50) e
Propertes

Waterial Tyoe e -

Copper Thickness [um] |18 B

Hateral thickness L7Eom

Underay plats thickness [2mm

Lecaten

Cick nto the maching area o mave the B

miling head to the assaciated pasthon. (il 3

Use the buttans & setthe froot kft and ight 0 0 ) T ot 3 T A e 9 T

ear comer of the matenal, Cument head posivon

Plase make sure that the millng depth -
Uter of o maching ha3d Goss ot [pErmm 2
the tape used (0 fxthe macera.
v BozSmm
Watual wilty BoLotmm B
e 3

Material length

Material Comers [mm] (687 / 30,25) : (307,67  237,44)
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= The milling head moves to this position.

Creating a flex-rigid PCB

e) Click on the corresponding icon in the “Material Settings” dialog.

Fig. 288: Defined
material area

Location
Click into the machine area to move the
milling head to the associated position.

Use the buttons to set the front left and right
rear comer of the material

sure that the milling depth
machine head does not touch
the tape used to fix the matenal.

Current head position

X;

6,87 mm

30,25 mm

6

= The coordinates of the current milling head position are adopted and the

material area has been adjusted.

. Click on [Continue].

€ The material settings have been configured.

© 2019 LPKF AG
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Creating a flex-rigid PCB

Fig. 289:
Alignment

242

CircuitPro PM

Phase “Placement”

PKE

Laser & Electronics

The job cannot be placed again at this stage as the position has already been

defined by the flexible material in the previous steps.
1. Confirm the current placement by clicking on [OK].

Phase “Read Fiducial”

®» The camera searches for the fiducials in the flexible material.

wame |f the fiducial search is performed for the first time (after having
started CircuitPro) the camera is performing an autofocus five

Note times.

Afterwards, the following message is displayed that prompts you
to confirm the focus height:

P

9

| S

Confirmation of focus height

The focus search has finished and the machine has now moved into
the calculated focus position. Please check whether the image is
sharp. Click 'Yes' to accept the position, click 'No' to retry focusing or

click "Cancel’ to abort the operation.

Yes No

a |

Cancel

> |

If the material is placed at nearly the same position as before, the positions of
the fiducials are recognised automatically.

The following dialog is displayed if the fiducials have not been recognized

automatically:

center of the fiducial.

Fiducials:

Alignment parameters
Fiducials for step-and-repeat

Diameter Tolerance

Search Area Length

Mirirum Fiducial Quality
Distance for Direct Acceptance
Show Fiducial Time

Maxirnum Mo, of centering Tries
Manual Centering If Not Found
Ask for Confirmation

0,3 rmm

10 mm

90 %

0,1 mm

0s

3

@Yes ONo
OYes @ No

Check alignment result, Click ‘Accept Current Position' if the result is OK. Click 'Find and center' to find and then move to the

€y [F <5 @ fB R

Find and Center

Accept Current Position

Retry

Abart

V2.0 -12. 2019
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1. Enlarge the search area by increasing the value of the field \Search Area
Length\.

2. Restart the search by clicking on [Start].
3. Repeat steps one and two if necessary.

A Y Enlarging the search spiral increases the time required for
—d searching the fiducials. Try to put the material at the same
Note position as before when turning the material over (if this is not

predetermined by reference pins).

Phase “ContourRouting”

=®» The PCB is cut out.

Phase “Board Production Finished”

= A message informs you that the processing is finished.
€ The bonded PCB has been cut out.

Creating the flex-rigid PCB is finished successfully.
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7 Creating a multi-layer PCB with blind vias and buried
vias

This tutorial shows you how to produce a 4-layer circuit board with blind vias
and buried vias using a circuit board plotter, a multi-layer press, and a galvanic
through-hole plating system.

The following steps are necessary to complete the tutorial successfully:
i. Starting the system and CircuitPro

ii. Preparing the data

iii. Drilling buried vias into the core material

iv. Galvanic through-hole plating of the core material

V. Processing the core material

Vi. Assembling and pressing the multi-layer stack

vii. Drilling plated through-holes and blind vias into the multi-layer PCB
viii. Galvanic through-hole plating of the multi-layer PCB

iX. Processing the outer layers and cutting out the multi-layer PCB

f_— The production of a multi-layer PCB with blind vias and buried
- vias is supported only by CircuitPro PM 2.6 or higher.

Note

The following materials are required:

* 1 x Base material 1S400, 235 mm x 305 mm x 0.46 mm, 18/18 ym
copper-clad (order no. 10092752)

* 2 x Copper foil 0/5 pm, 212 mm x 282 mm x 0.2 mm (order no. 10097444)

* 4 x Prepreg 1S400, type 1080, 205 mm x 275 mm x 0.1 mm
(order no. 10092750)

The following auxiliaries are required:

* 1 set of tools for ProtoMat

»  Spiral Drill Blind via for ProtoMat 1/8", 38 mm, d = 0.20 mm
(order no. 10099689)

* LPKF Cleaner (order no. 115891)

»  Convection oven (order no. 115877)
» Caliper gauge

*  OQOil-free compressed air

* Tap water
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¢ The copper foil consists of a copper layer and the carrier foil
that is attached to the copper layer. The side with the copper

Note layer has a darker color tone, the side with the carrier foil has a
lighter color tone. It is important to know the difference of both
sides The following figure shows both sides of the copper foil.

|

1  Copper layer 2  Carrier foil
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7.1 Starting the system and CircuitPro

Starting the system and CircuitPro

Switch on the system.
Start CircuitPro.

$ M~ on

CircuitPro automatically connects to the system. The connection steps are
displayed:
Fig. 290: Message

“Connection
steps”

(@ Connecting the machine.

V] Checking the machine, machine type, firmware.

@ Reading settings from the machine.

@ Synchronizing the settings.

@ Checking if there was an abnormal termination and fixing it.
(@ Referencing the machine.

0 Moving to the startup position.

V] Connecting the camera.

® CircuitPro reads the settings from the system.
€ The system and CircuitPro have been started.
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7.2 Preparing the data

B Preparing the data

1.

Click on File > New...or on .

®» The following dialog is displayed:

B UEKE

Laser & Electronics

Fig. 291: Dialog
“New document”

iout through-hole plating.

ers p

Load custom templste..

[0 Set a5 defauit

ole plating

predefined layers prepared for ProConduct through-hole plating with MultipPress S using single core as base materil

>

Close application

2. Select the template “4Layer GalvanicTHP_MultiPressS_Blind-Buried

vias.cbf”.

®» The template is displayed in the CAM view:

Fig. 292:
Template for a
multi-layer PCB
with blind and
buried vias

248
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Fig. 293: Dialog
“Import”

@-

Note

Click on

oo @ &

é—

Note

7. Click on

Creating a multi-layer PCB

CircuitPro PM with blind vias and buried vias

The template “4Layer_GalvanicTHP_MultiPressS_Blind-Buried
vias.cbf” already includes fiducials. These do not have to be
added anew.

The template contains four register holes that are needed for
precise layer assembly in the press mold.

The template also contains a position marker (two positioning
holes) for orientation during placing the materials on the
processing table.

File > Import... or on 'ﬁ

The dialog “Open” is displayed.
Navigate to the folder that contains the data you want to import.
Select the files you want to import.

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.

[Open].

®» The following dialog is displayed:

Import

Import  Fie Name

E‘E]@HE]BJE]

8 %
Format Aperture/Tool List Layer/ Templte Sze/Format
4L_DaisyChan.BOA Gerberx || Boardape +| Boardoutine v]70.099 x45.1 mm
4L_DaisyChan.BOT Gerberx v | BotApe | BottomLayer | 61401 x39.502 mm
41_DaisyChan.d12 GerberX | v | 4L_DaisyChan.d12 [ Bind va (Top-12) | 60.599 x39.101 mm
41_DaisyChan.d14 Gerberx | | 4L_DaisyChan.d14 | orieited | 60.701 x39.202 mm
4L_DaisyChan.d23 Gerberx | v | 4L_DasyChan.d23 | Bured va (L2:13) | 60.701 x39.202 mm
4L_DaisyChan.d34 GerberX || 4L_DaisyChan.d34 | Bind va (8ottom-L3) | 60.599 x39.101 mm
4L_DaisyChain.LY2 GerberX |v | 4L_DaisyChain.LY2 V| Layer2 v§70 x 45.001 mm
2D View  AperturesfTools | TextView  MessageView General " Options
Size |70x45.001 mm
Unit
Values Absolute
Decimal
Digits m.n
Add Fil... Remove Run ATE... [ Cancel

8. Assign the data to the corresponding layers using the drop-down list in the
column “Layer/Template” (see table).
Pay special attention to correct assignment of drill files, since multiple drill
layers are used in this process. Note that these are example files used for
this procedure. Your files could have different file extensions.

© 2019 LPKF AG
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File extension | Layer
.BOA Board Outline
.BOT Bottom Layer
.d12 Blind via (Top-L2)
.d14 DrillPlated
.d23 Buried via (L2-L3)
.d34 Blind via (Bottom-L3)
LY2 Layer 2
.LY3 Layer 3
.TOP Top Layer
‘_‘- If the drop-down lists in the “Layer/Template” column cannot be
—d activated, proceed as follows:
Note *  Click on the sub-tab “Options” (on the right side of the dialog

“Import”).
* Deactivate “Use layer name”.
» Activate “Apply to all Gerber files™.

If a file contains layer names, these are automatically assigned.
Note that this is only available for Gerber files. All other file types
require assigning the layers manually via the drop-down list.

9. Click on [OK].
® The data is displayed in the CAM view:

Fig. 294: CAM
view

4 Layer oo

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

250
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Yo Usually it is necessary to move the layout within the multi-layer
f—yd base material. It is preferable to move it to the center of the
Note multi-layer base material.

11. Select the layout.
®» The layout is highlighted in gray:

Fig. 295: Layout
selected

4 LaYer s

12. Click on «.

13. Using the left mouse button, drag and drop the layout to the desired
location.

14. In the “CAM view”, click anywhere on the black area in order to disable the
“Move selected objects” function.

®» The layout has been moved.

The drilling depth of blind vias needs to be set (depending on the
material type used). All blind vias on a single layer must be set to the same
drilling depth.
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15. In the pane “Layers”, select the first blind via layer (in this example
“Blind via (Top-L2)"):

Fig. 296: Blind via
layer selected :
Y L] x: Z: f . Show empty

Name Vis Sel Colors Mode Tech

Fiducial (4) True Width | v I Fiducials

DrillPlated (3. ECANTE

Blind via (Top-L v Drilling Vias top

?3';;;’ via (Bottom-L3) |2} [ | Drilling Vias bottom
Buriedvia (12-3)322) | @ | @ | [ 7rue widtn [~ ] oriting V]
TopLayer (1008) @@ [ True wigtn v [ wiring V]
Layer2 (967) @@ [ True wigtn |+ | wiring v
BoardOutline (3) M| ™ --] True Width | v | Mechanical v
Layer3 (967) 12 ¥] True Width |V | Wiring [v
BottomLayer (966) |z R I ] True Width |~ | Wiring v
Base Material (41) ™| 0O --] True Width |V | Unknown v
Prepreg (53) ™| O 77] Thin Line v | Unknown v
Prepare Core (6) M| 0O I True Width | | Unknown :
Index (15) w|of [ rue wiatn [~ | unknown v
IndexRubout (1) |z [ | Unknown [v]

| 58 Layers [ 4 Geometry | _§~ Toolpath | #y Processing

® All the objects on this layer are selected and highlighted.

16. Right-click on the layout.
17. Select “Convert to 2.5D/Blind via” from the context menu:

Fig. 297: Context = =
menu “Convert to Display in 2D

2.5D/Blind via” Hide in 2D
Display in 3D
Hide in 3D
Cut

Copy

Transform...
Step & Repeat...

¥ w s

Export...

Convert to 2.5D/Blind via.. |

Close open path

Combine open paths

L

Reduce number of elements

<

Convert to polygon

I 4112

Convert to closed path
Convert to toolpath >

Assign objects to layer >
Copy objects to layer »

HK  Delete
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®» The following dialog is displayed:

Fig. 298: Dialog Convert to 2.5D/Blind via x
Convert to
2.5D/Blind via” This will convert all selected objects into a 2.5D object or to a Blind / Buried via.
The destination layer depends on the process. It is either a 2.5D layer or a Blind or Buried via layer.
Please also check or uncheck the check box “Copy”. This depends on your process.
Destination layer: | Blind via (Top-L2)
Z value: 0.01 mm =
L Convert | L Close i
18. Enter the drilling depth (according to the material used) into the field
\Z value\ (in this example the drilling depth of “0.22 mm” is entered):
Fig. 299: Drilling Convert to 2.5D/Blind via x
depth entered

This will convert all selected objects into a 2.5D object or to a Blind / Buried via.
The destination layer depends on the process. It is either a 2.5D layer or a Blind or Buried via layer.
Please also check or uncheck the check box “Copy”. This depends on your process.

Destination layer:  Blind via (Top-L2)

Z value: 0.22 mm

“»

b Convert L Close

19. Click on [Convert].
20. Click on [Close].

® The drilling depth of blind vias on the blind via layer has been set.

21. Repeat steps 15 to 20 for all the other blind via layers (in this example for
one, that is “Blind via (Bottom-L3)”).

® The drilling depth of blind vias on all blind via layers has been set.
22. Click on Toolpath > Technology Dialog... or on .
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®» The following dialog is displayed:

Fig. 300: Technology Dialog x
“Technology Global process settings
Dial og ” Material type ‘ FR4 v Copper layer thickness 18 pm = O RF application

Isolate ~ Contourrouting ™ “Fiducials™  Pockets”  Blindvias

Iselation Method

: Basic
% Description

Isolation with a single isolation channel.
Shortest processing time.

s

B rrocess

Source <Wiring > layers | Isolation width 0.25 mm =
Primary Universal Cutter 0,2 mm ~| Padsisolation 0.05mm = [0 = channels
Available tools D104 Laser A | Rubout <No rubout> v‘ ‘ Concentric ~
ProtoWeld Laser Custom r
[ Micro Cutter 0,1 mm Tolerance 0.002 mm =
[ Universal Cutter 0,2 mm . .
Generate optimized rubout B Replace existing toolpath

[ End Mill (RF) 0,15 mm 00 Generate optimized ru (3 Replace edisting toolp

[ End Mill (RF) 0,25 mm Force isolation Remove spikes

[] End Mill (RF) 0,4 mm

[] End Mill 0,8 mm v Perform inner isolation [ Design rule check

TR o

23. Use the arrow buttons to select the entry “Complete rubout”.

Fig. 301: Technology Dialog %
“Complete Global process settings
rubout” selected Materil type [FR4 | Copperlayerthickness [18pm g () RF application

Isolation Method

I Complete rubout I

=9
- Description

Entire removal of copper.
) Most precise isolation method.

44
Process

Source <Wiring> layers Isolation width 0.2 mm &

Primary [Universel Cutter02mm | Padsisolation 005 mm Bl T channes

Available tools |[] Micro Cutter0Q1mm A | Rubout Layer “BoardOutine < [ -
2 Universal Cutter 0.2 mm :
(] End Ml (RF) 0,15 mm Tolerance |0.002mm &

[ End Mill (RF) 0,25 mm

] End Mill (RF) 04 ([0 Generate optimized rubout Replace existing toolpath
nd Mi ) 4mm

End Mill 0,8 mm Force isolation Remove spikes
End Mill | mm
[ End Mill 2 mm v | B Perform inner isolation (0 Design rule check

EEETEER . o
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24. Click on the tab “Contour routing” and use the arrow buttons to select the
entry “Edge gaps”.

Fig. 302: “Edge Technology Dialog 5
gaps” selected Global process settings

Material type | FR4. ~ Copper layer thickness 18 pm 2 O RF application

fsolate” Contourrouting =~ Drifls™  Fiducials™  Pockets  elindvias

Contour Routing Method

e =
LJ

Description

Contour Routing with anc gap on cach edge.

Process

Olnside  Source | <Mechanical> lsyers -
@ Outside  Tool [ Contour Router 2 mm v
Tabs position | Allsides -

Gapwidth |1mm

Distance 50 mm

Tolerance 0.002 mm

Replace existing toolpath

e

25. Click on the tab “Pockets” and deactivate the check box “Process”:
Fig. 303:

“Pockets” Global process settings

deactivated Material type | FR4 ~ Copper layer thickness 18 pm =+ [ RF application

fsolate”  Contourvouting = Drils™ FidUCHals™ Pockets ™ BlindWias

Tool |[J End Mill (RF) 0,15 mm "
CJEnd Mill (RF) 0,25 mm
[JEnd Mill (RF) 0.4 mm

) Process | 4 End Mill 0,8 mm |

Tolerance 0.002 mm o

Replace existing toclpath

e

26. Click on [Start].
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®» The software creates all toolpaths and identifies all required tools. A report
of the required tools is displayed:

Fig. 304: Message Computation Results ®x
“Computation
Results” = {\ Wamings
~  Blind vias
Attention, no appropriate tools available te process circle holes with diameter:
0.3 mm (1 objects have been ignored) g

'ﬂ Required Teols
Cenical Tools:
1 x Universal Cutter 0,2 mm (9423.9 mm)

Print...

Drilling Tools:

1 x Spiral Drill 2 mm( 4 strokes )

1 x Spiral Drill 0,2 mm( 644 strokes )

1 x Spiral Drill 1,5 mm( 4 strokes)

1 x Blind Via Drill 0,2 mm( 644 strokes )

Contour Router:
1 x Contour Router 2 mm { 224.3 mm )

Show more

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

== In this example a warning is displayed in the computation
ﬁ‘ results. The layout includes one hole with a diameter of 0.3 mm

Note and there are no appropriate tools available to process it. The
software ignored this hole and created no toolpaths for it.

An adjustment in the layout is needed. Select this hole in the
layout and change its diameter to 0.2 mm since only blind vias of
this size can be produced. Afterwards create the toolpaths
again.

28. Click on [Close].

29. Click on File > Save As...

30. Select a suitable folder.

31. Enter a file name for the new file.

32. Click on [Save].

€ The data have been prepared in CircuitPro.
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7.3 Drilling buried vias into the core material

B Drilling buried vias into the core material
1. Load the tool magazine and assign the tools to positions.

N==» For detailed information on loading the tool magazine refer to
ﬁ‘ Part |, chapter 1.8.

Note

2. Switch to “Machining view”.
3. Click on Machining > Process all or on D

®» The following message is displayed:

Fig. 305: Message
“MountCore”

0 Processing Phase: MountCore

Mount the base material with an underlay plate underneath onto the
processing area and affix it with adhesive tape.

4. Place the core material with the Bottom side (“Layer3”) facing upwards
onto the processing table and fasten it with adhesive tape.

5. Click on [OK].
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®» The following dialog is displayed:

“Material

Settings”

Application
@ PCB
O Front panel/Engraving (2.5D)

Properties

Material Type FR4 v

Copper Thickness 18 pm & Measure
Material thickness 1.55 mm S Measure

Underlay plate thickness 2 mm 5

Location
Click into the machine area to move the active head to the § i
associated position. ﬂ ﬂ
Use the buttons to set the front left and right rear corner of
the material. Current head position
Please make sure that the working-depth limiter of the X: [159mm

machine head does not touch the tape used to fix the

material. y: Omm

0 mm

[0 Use center of material as mirror axis () Save the current values as default

Material width 305 mm

«»

Material length 229 mm

«»

Material corners [mm]  (5.00 / 5.00) : (310.00 / 234.00)

In the group “Properties”, select “FR4” in the drop-down list \Material Type\.
Enter “18.0 um” into the field \Copper Thickness\.
Enter “0.46 mm” into the field \Material thickness\.

¥ © N O

The group “Properties” changes as follows:

Fig. 307: Group Properties
“Properties”

Material Type FR4 ~

Copper Thickness 18 pm = Measure

Material thickness 0.46 mm = Measure

»

Underlay plate thickness 2 mm

9. Define the processing area.

For detailed information on defining the processing area refer to
Part |, chapter 1.9.

Note

10. Click on [Continue].
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®» The following dialog is displayed:

Fig. 308: Dialog ) Placement x
“Placement”
Relative translation[mm)]
dx: 1525 mm = dy: 1345 mm
Set center
Rotation
Angle 0° - .\ n O

Step and Repeat
Number of copies
x 1 = v: 1
Spacing between copies[mm]

X: 0mm = v: 0mm

11. Place the processing data.

wae For detailed information on placing the processing data refer to
Part |, chapter 1.9.

Note

12. Click on [Continue].

®» The phases “DrillFiducial”, “PrepareCore”, “MarkingDrillBuriedVias” and
“DrillBuriedVias (L2-L3)” are performed.

®» The following message is displayed:

Fig. 309: Message
“DismountMateri

al” 0 Processing Phase: DismountMaterial

Dismount the base material from the machine.

13. Remove the core material from the system and click on [OK].

®» The following message is displayed:

Fig. 310: Message
“ThroughHolePlat

ing” o Processing Phase: ThroughHolePlating 1

Carry out the galvanic through-hole plating process.

14. Proceed to galvanic through-hole plating of the core material (described in
the following procedure).

@ The buried vias have been drilled into the core material.
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7.4 Galvanic through-hole plating of the core material

260

mq— The through-hole plating of a multi-layer PCB with blind vias
— and buried vias is supported only by the Contac S4.

Note

B Galvanic through-hole plating of the core material (with Contac S4)

mq— During and after galvanic plating, handle the core material
- with care. The core material is thin and cracks in the copper
Note barrels can occur, if it is bent too much.

1. Switch on the system.
2. Select a profile.

‘.— The recommended total copper thickness after through-hole
— plating is 30 pm to 35 um.
Note

Start the process.
Prepare the core material for through-hole plating.
Clean the core material.
Condition the core material.
Activate the core material.
Clean the holes with LPKF ViaCleaner.
Copper-plate the core material.
. Switch off the system.
The core material has been galvanically through-hole plated.

’—\(OCXJ\ICDU'I-POO

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

Note

; Tips for more efficient galvanic through-hole plating:
* In case of oxidation, clean it using a soft brush and
LPKF Cleaner.

* Use compressed air to remove drilling debris from the
through holes.

Tip

* Use compressed air to remove the water from the through
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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7.5 Processing the core material

B Processing the core material

1. Switch to the “Machining view”.
2. In the pane “Processing”, select “MountCoreBottom” from the drop-down
list:
Fig. 311: Drop- Processing x
down list of the — sk
processing X/Y - positioning
phases =
A " a3 [0
X 283.556 mm
< v ’ V. 219.900 mm @Mouse cursor
Z - positioning
Depth limiter
‘ v 0.1 mm < Z: 13.540 mm oL
fam il | D, SN mounted
Select head Head actions
3t w =1 (al
@ Y = ®
Operate Tool information
> Universal Cutter 0,2 mm
|
} Al u Feed rate: 25 mm/s
MountCoreBottom v Rev. speed: 34000 rpm
B e Max penetr. depth: 0.5 mm
Materaloettings_1 Z penetr. offset: 0.05 mm
Placement_1 Material information
ReadFiduciallLayer3 Material type FR4
MillingLayer3 Material thickness  0.46 mm
FlipMaterial Copper thickness 30 pm
Placement_2
ReadFiduciallLayer2 v
2= Layers &Geomeﬁry S~ Toolpath ‘%Processing
3. Clickon off.
é— In case you have not interrupted the processing between the
previous processing phase and this one, click on [OK] in the
Note message “Processing Phase: ThroughHolePlating 1”.
®» The following message is displayed:
Fig. 312: Message | & |
“MountCoreBotto .
m” 0 Processing Phase: MountCoreBottom

Mount the base material with the Bottom side facing upwards and with an
underlay plate underneath onto the processing area and affix it with

adhesive tape.

Cancel
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4. Place the galvanically plated core material onto the system’s processing
table with the Bottom side (“Layer3”) facing up and fasten it using
adhesive tape.

5. Click on [OK].
®» The dialog “Material Settings” is displayed.
6. Adapt the value for the copper thickness in the group “Properties” under

\Copper Thickness\.
Fig. 313: Group Properties
“Properties”
Material Type FR4 v
Copper Thickness 30 pm o Measure
Material thickness 0.46 mm + | Measure
Underlay plate thickness 2 mm =

Yo The copper thickness has increased during the through-hole
—d plating process. The additional copper thickness depends on the
Note parameters of the through-hole plating process.

You can determine the total copper thickness by performing one
of the following steps:

*  Measure the thickness with the ProtoMat S104.

» Calculate the thickness from the copper deposition rate in
Contac S4 (approx. 0.15 pm/min).

7. Define the processing area.

ANl For detailed information on defining the processing area refer to
- Part I, chapter 1.9.

Note

8. Click on [Continue].
®» The dialog “Placement” is displayed.

9. Place the processing data.

wa For detailed information on placing the processing data refer to

o

a“ Part I, chapter 1.9.
Note

10. Click on [Continue].
®» The phases “ReadFiducialLayer3” and “MillingLayer3” are performed.

A Y For detailed information on reading fiducials refer to Part |,
(—d chapter 1.9.

Note
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®» The following message is displayed:

Fig. 314: Message

“FlipMaterial” 0 Processing Phase: FlipMaterial

Flip the base material over around the machine's symmetry axis and affix it

again with adhesive tape.
[ oc NG

11. Turn the core material over around the symmetry axis of the system and
click on [OK].

®» The dialog “Placement” is displayed.

12. Place the processing data.

N For detailed information on placing the processing data refer to
=% Part|, chapter 1.9.

Note

13. Click on [Continue].
®» The phases “ReadFiducialLayer2” and “MillingLayer2” are performed.

N=me For detailed information on reading fiducials refer to Part |,
5“ chapter 1.9.

Note

14. When the message “Processing Phase: DismountMaterial_1" is displayed,
remove the core material from the system and click on [OK].

®» The following message is displayed:

Fig. 315: Message
“PrssAllLayers”

0 Processing Phase: PressAllLayers

Press all layers

15. Proceed to pressing of the multi-layer stack (described in the following
procedure).

€ The core material has been processed.
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7.6 Assembling and pressing the multi-layer stack

This chapter describes the assembling and pressing of the multi-layer stack.
This can be done using an LPKF MultiPress S system.

The materials are assembled in the press mold according to the following figure:

Fig. 316
Assembly of the press mold
materials in the
press mold Top (Copper foil; 5 pm)
:I— 2 x prepreg (1S400; type 1080; 90 uym)
Layer 2
core (1S400; 460 ym, 18/18 uym;
galvanically plated)
Layer 3
I— 2 x prepreg (1S400; type 1080; 90 pm)
Bottom (Copper foil; 5 pm)
press mold
Two outer positioning markers (1) and two inner positioning markers (2) on the
core material help you with the correct positioning of materials during the
assembly in the press mold.
Fig. 317:
Positioning i 1
markers core
material

1 Outer positioning marker (for copper foil) 2 Inner positioning marker (for prepreg
material)
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B Assembling and pressing the multi-layer stack

-_—

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

Dry the materials in a convection oven at 100 °C (212 °F) for
30 minutes before assembling them in the press mold. Do not
Note dry the prepreg material.

3. Assemble the lower part of the aluminum press mold, the press cushion
and the steel press sheet.

4. Place the copper foil with the carrier foil downwards at the center of the
steel press sheet.

Fig. 318: Copper
foil on the lower
steel press sheet

¢ The copper foil is extremely thin and needs to be handled with
care!

Note

5. Place two prepreg materials at the center of the copper foil.

Fig. 319: Prepreg
material on the
copper foil
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6. On both sides of the core material, apply two self-adhesive sealing rings
around each of the following holes:

* register holes,

+ fiducials,

+ positioning holes.

7. Place the core material on the dowel pins of the press mold.

Fig. 320: Core
material on the
dowel pins

8. Place two sheets of prepreg material on the core material.
Align them with the inner positioning markers (2).

Fig. 321: Prepreg
material on the
core material
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9. Place the copper foil on the prepreg material.
Align it with the outer positioning markers (1).

Fig. 322: Copper
foil on the
prepreg material

The copper foil is extremely thin and needs to be handled with
care!

@

Note

10. Assemble the steel press sheet, the press cushion and the upper part of the
aluminum press mold.

11. Select the profile 1S400 (available in the firmware version 1.12).

12. Press the multi-layer stack.
€ The multi-layer stack has been assembled and pressed.

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

For detailed information on updating the firmware refer to the
TechNote Firmware-Update MultiPress S.
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7.7 Drilling plated through holes and blind vias into the multi-layer PCB

B Drilling plated through holes and blind vias into the multi-layer PCB
1. Measure the thickness of the multi-layer PCB with a caliper gauge.
2. Switch to the “Machining view”.
3

In the pane “Processing”, select “MountMaterialBottom” from the drop-down
list.

4. Clickon 57

Nt In case you have not interrupted the processing between the
ud previous processing phase and this one, click on [OK] in the
Note message “Processing Phase: PressAllLayers”.

®» The following message is displayed:

Fig. 323: Message r B |
“MountMaterial

Bottom” 0 Processing Phase: MountMaterialBottom

Mount the base material with the Bottom side facing upwards and with an
underlay plate underneath onto the processing area and affix it with

adhesive tape.

5. Place the multi-layer PCB onto the system’s processing table with the
Bottom side (“BottomLayer”) facing up and fasten it using adhesive tape.

6. Click on [OK].

®» The dialog “Material Settings” is displayed.

7. Inthe group “Properties” under \Material Type\ select “FR4” from the
drop-down list.

8. Enter “5.0 ym” into the field \Copper Thickness\.

9. Enter the thickness of the multi-layer PCB you previously measured with
the caliper gauge into the field \Material thickness\ (in this example
“0.89 mm”).

®» The group “Properties” changes as follows:

Fig. 324:_Group Properties

“Properties”
Material Type FR4 v
Copper Thickness 5 pm > Measure
Material thickness 0.89 mm S Measure
Underlay plate thickness |2 mm o

10. Define the processing area.

N=m» For detailed information on defining the processing area refer to
—ad Part |, chapter 1.9.

Note

11. Click on [Continue].
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®» The dialog “Placement” is displayed:

Fig. 325: Message
“MarkingDrillPlat
ed”

12. Place the processing data.

N=m» For detailed information on placing the processing data refer to
—ud Part |, chapter 1.9.

Note

13. Click on [Continue].

®» The phase “ReadFiducialsBottom” is performed.

N For detailed information on reading fiducials refer to Part |,
—ud chapter 1.9.

Note

®» The following message is displayed:
r ) |
0 Processing Phase: MarkingDrillPlated

Center punching of plated and unplated holes.

[ES |

14. Click on [OK].

®» The phases “MarkingDrillPlated”, “DrillingPlated” and “DrillBlindViasBottom”
are performed.

15. When the message “Processing Phase: FlipMaterial_1" is displayed, turn
the multi-layer PCB over around the symmetry axis of the system and click
on [OK].

®» The dialog “Placement” is displayed.

16. Place the processing data.

Yo For detailed information on placing the processing data refer to
ud Part I, chapter 1.9.

Note

17. Click on [Continue].
®» The phases “ReadFiducialsTop” and “DrillBlindViasTop” are performed.

Yo For detailed information on reading fiducials refer to Part |,
—ud chapter 1.9.

Note
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18. When the message “Processing Phase: DismountMaterial_2” is displayed,
dismount the multi-layer PCB from the system and click on [OK].

19. When the message “Processing Phase: ThroughHolePlating 2” is
displayed, proceed to galvanic through-hole plating of the multi-layer PCB
(described in the following procedure).

€ The plated through holes and the blind vias have been drilled into the
multi-layer PCB.
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7.8 Galvanic through-hole plating of the multi-layer PCB

f.- The through-hole plating of a multi-layer PCB with blind vias
- and buried vias is supported only by Contac S4.

Note

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

1. Switch on the system.
2. Select a profile.

‘q— The recommended total copper thickness after through-hole
- plating is 30 pm to 35 pm.
Note

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.
Clean the holes with LPKF ViaCleaner.
Copper-plate the multi-layer PCB.
. Switch off the system.
The multi-layer PCB has been galvanically plated through.

’—\(003\103014;0&)

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

Note
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7.9 Processing the outer layers and cutting out the multi-layer PCB

Fig. 326: Group
“Properties”

272

Processing the outer layers and cutting out the multi-layer PCB

Measure the thickness of the multi-layer PCB with a caliper gauge.
Switch to the “Machining view”.

In the pane “Processing”, select “MountMaterialBottom_1” from the
drop-down list.

4. Clickon 57

@ N~

‘_- In case you have not interrupted the processing between the
- previous processing phase and this one, click on [OK] in the
Note message “Processing Phase: ThroughHolePlating 2”.

5. When the message “Processing Phase: MountMaterialBottom_1" is
displayed, place the multi-layer PCB onto the system’s processing table
with the Bottom side (“BottomLayer”) facing up and fasten it using
adhesive tape.

Click on [OK].
The dialog “Material Settings” is displayed.
In the group “Properties”, select “FR4” in the drop-down list \Material Type\.

Enter “30.0 um” into the field \Copper Thickness\.

Enter the thickness of the multi-layer PCB you measured in the first step of
this procedure into the field \Material thickness\ (in this example “0.94 mm”).

© oN @ 2

®» The group “Properties” changes as follows:

Properties
Material Type FR4 v
Copper Thickness 30 pm Measure
Material thickness 0.94 mm Measure

ar dr 4

Underlay plate thickness (2 mm

10. Define the processing area.

f_— For detailed information on defining the processing area refer
- to Part |, chapter 1.9.

Note

11. Click on [Continue].
®» The dialog “Placement” is displayed.

12. Place the processing data.

‘.- For detailed information on placing the processing data refer to
—d Part |, chapter 1.9.

Note
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13. Click on [Continue].

®» The phases “ReadFiducialsBottom_1” and “MillingTextBottom”, are
performed.

m_- For detailed information on reading fiducials refer to Part I,
—d chapter 1.9.

Note

®» The following message is displayed:

Fig. 327: Message | 4 |

“MillingBottom” : g
0 Processing Phase: MillingBottom

Milling isolation and rubout toolpath for Bottom Layer.

S =

14. Click on [OK].
®» The phases “MillingBottom” and “MillingPocketBottom” are performed.

15. When the message “Processing Phase: FlipMaterial_2” is displayed, turn
the multi-layer PCB over around the symmetry axis of the system and click
on [OK].

®» The dialog “Placement” is displayed.

16. Place the processing data.

f“- For detailed information on placing the processing data refer to
- Part |, chapter 1.9.

Note

17. Click on [Continue].
®» The phases “ReadFiducialsTop_1”, “MillingTextTop”, “MillingTop”,

“MillingPocketTop”, “MarkingDrillUnplated”, “DrillingUnplated” and
“ContourRouting” are performed.

m_.- For detailed information on reading fiducials refer to Part |,
—d chapter 1.9.

Note
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®» The following message is displayed:

Fig. 328: Message | o > |

“Board g

production 0 Process finished
finished”
Your process has been finished!

Duration: 00:00:00

[BS =

18. Remove the multi-layer PCB from the system and click on [OK].
19. Spray the multi-layer PCB with LPKF Cleaner and use a brush to clean it.
20. Rinse the multi-layer PCB with tap water and dry it with compressed air.

€ The outer layers have been processed and the multi-layer PCB has been
cut out.
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1 CircuitPro: Basic CAM operations

This tutorial shows you how to process basic CAM operations in CircuitPro.
The following steps are necessary to complete the tutorial successfully:

© 2019 LPKF AG

i.

.
iii.
iv.
V.

vi.

Tip

Executing the Process Planning Wizard
Importing the Gerber files

Importing the drill file

Establishing rubout boundaries
Inserting fiducials

Creating toolpaths

. You are able to perform these steps by using the virtual
machine. This enables you to work without a real machine. Click

on Machining > Connect > Virtual.
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1.1 Executing Process planning wizard

w CircuitPro must be running.

Note

B Executing the Process planning wizard
1. Click the icon “Process planning Wizard” on the toolbar:

Eir%c:sezsgs: IID(I:ngnin HirR? 4 gl
Wizard ’ Ecivgvév"ﬁ %—_}
Or
1. Click on Wizards > Process planning wizard...
®» The process planning wizard starts:
Fig. 330: Process Process planning wizard

planning wizard

Please select the type of the process.
Overview
Process type ( \

e V=

O Process PcBs [ Process 2.5D elements

b ool

2. Select the type of process.
3. Click on [Next].
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Fig. 331: Process
planning wizard

Process planning wizard

Overview
Process type

Number of Layers
Substrate
Through-hole plating
Surface finishing

Summary

How many layers is the board going to have?

e \
o
O single-sided bottom O single-sided top O pouble-sided
[ 4 layers single core [ 4 layers double core O 6 layers single core
P P
N J

s T o

4. Select the number of copper layers you are going to use.
5. Click on [Next].

Process planning wizard

Overview

Process type
Number of Layers
Substrate
Through-hole plating
Surface finishing

Summary

0O cem/FR3

O PTFE ceramic filled

(N

FR4/FRS

O capton

J

s T o

6. Select which substrate you are going to use.

e

installation.

You can start the Equipment configuration wizard any time to
customize the available systems.

The options will be presented based on what you told the
system in the Equipment configuration wizard during in the initial

7. Click on [Next].

Fig. 332:
Selecting the
substrate
Note
© 2019 LPKF AG
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Fig. 333: Through

Process planning wizard

hole plating
equipment
Process type N
Number of Layers
Substrate
Through-hole plating
Surface finishing
Summary O LPKF ProConduct O LPKF MiniContac RS O LpKF Contac RS
—
—=r
O LPKF EasyContac
N J
e Coew

8. Select which through-hole plating method will be used for PCB production.

9. Click on [Next].

10. Select if you are using any surface finishing (silkscreen or solder mask):

Fig. 334: Surface Process planning wizard
finishing
Process type f \
Number of Layers
Substrate
Through-hole plating
Surface finishing
Summary O LPKF ProMask O LKF ProLegend O LpKF ProtoPrint
N J
- ot
11. Click on [Next].
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Fig. 335:
Summary

Process planning wizard

Overview
Process type

Number of Layers
Substrate
Through-hole plating
Surface finishing

Summary

Summary

Process type
Process PCBs

Number of Layers
Double-sided

Substrate
FR4/FRS

Through-hole plating
LPKF ProConduct

Surface finishing
LPKF ProMask

J

e T o

12. Verify the configuration and click on [Done].
€ The Process planning wizard is finished.
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1.2

Fig. 336: Icon
import

Fig. 337: Import
dialog

280
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Importing the Gerber files

The LPKEF tutor data are stored in “My Document\LPKF Laser &
Electronics\ LPKF CircuitPro 1.5\Example Data\
UseCase_BasicCAMOperations”.

%

Tip

B Importing the Gerber files
1. Click on the icon “Import” on the toolbar:

N#Z -1t N

Or
1. Click on File > Import...

® The following dialog is displayed:

Import | File Name Format | AperturefTool List Layer/Template SizefFormat “
Cancel
- . AddFie..
Open
: R Remove
Lookiin: | £ UseCase_BasicCAMOperations M o2 @
g || Tutor.80A
| Tutor.80T
My Recent Tutor.DRL
2D View ~ Apertures, i yutor.
Documents || M Tutor.5MB
o [ Tutor.sMT
- || Tutor.5PT
Desktop | Tutor.TOP
My Documents
My Computer
. File name: Folder Selection v]
My Network  Fies of type: Allfles (%) vl Cancel
© sereit

2. Select all required data according to the table below.
3. Click on [Open].
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4. Assign the imported files to their corresponding layers according to the
following table:

File Layer

.BOA Board Outline

.BOT Bottom Layer

.SMB Solder Mask Bottom
SMT Solder Mask Top
SPT Solder Paste Top
.TOP Top Layer

5. Therefore, click on the column “Layer/Template” and choose the
corresponding layer in the drop down list:

Fig. 338: e —ss—— Y
Assigned layers Import  File Name Format Aperture/Tool List Layer/ Template Size/Format “

Tutor.BOA Gerberx [ Tutor.80A B2 Boardoutine B2 43,6 x 78,05 mm

¥ |Tutor.BOT GerberX ||| Tutor.80T [x] BottomLayer  [»] 40,89 x 69,47 mm [ oo

v Tutor.SMB GerberX i Tutor.SMB [+] soiderMaskgottom T 22,38 x 66,73 mm TR

v Tutor.SMT GerberX ‘_v Tutor.SMT v | SolderMaskTop ~ (38,9 x72,16 mm -

v Tutor.SPT GerberX |~ | Tutor.SPT | | SolderPasteTop | ¥ | 38,63 x 68,98 mm Remove

v |Tutor.ToP Gerberx ||| Tutor.ToP ~ | TopLayer ~ 40,84 x 75,76 mm

1 —
w " AperturesfTools  TextView  Message'View General ~Options

Size 436x78,05 mm

Unit
Values

Decimal

Digits m.n |2

© Ready

Instead of manually assigning the individual files to the layers,
you can activate the options “Use layer name” and “Apply to all
Note Gerber files”.

If a file contains layer names these are automatically assigned.

Please note that this is only available for Gerber files. All other
files require assigning the layers manually via the drop-down
menu.
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6. Click on [OK].

®» The data are displayed in the CAM view.
€ The Gerber files were imported.

‘.- For more information about importing Gerber files, please refer
—d to the tutorial “Processing Gerber and Excellon files”.

Note
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1.3 Importing the drill file

This step can be completed at the same time as importing the
Gerber files.

Note

B Importing the drill file
1. Click the icon “Import” on the toolbar:

Fig. 339: Icon

Fi 3 B - - P bt J

Or
1. Click on File > Import....

® The following dialog is displayed:

Fig 300 oot | ——————————
dialog : - 3
mport | File Name Format | Aperture/Tool List LayerfTemplate SizefFormat “
‘ i Cancel
Open
Look in: | £ UseCase_BasicCAMOperations M o2 @ Bermove

[ Tutor80A

st L Tutor.80T
2D View = Apertires/| gg::;?g ‘j::::;’;: N
— [ Tutor.SMT
Lﬁ | Tutor.SPT
Deskiop [ Tutor.TOP
My Documents
My Computer
- File name: Tutor.DRL E
My Netwark | Files of type: Allfiles () v
© ready
2. Select the drill file “Tutor.DRL".
3. Click on [Open].
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wae |n this document, the DRL file is the Excellon drill file. This may
also be a text file, (.txt. extension) depending on your layout

Note package.

4. Change the layer/template column to DrillPlated or DrillUnplated:

Fig. 341:
Changing the

layer column Import File Name Format Aperture/Tool List | Layer/Template | Size/Format

Tutor DAL Excelon | v | TutorDRL | TutorDRL v |71 %1057 mm

wa» | his depends on whether you are using a through-hole plating
system:
Note - If so, use the layer DrillPlated.
- If not, use the layer DrillUnplated.

This will also affect where the holes are drilled:
-> DrillPlated is drilled on the bottom side of the board.
- DrillUnplated is drilled from the top side of the board.

If this is a single sided board, use DrillUnplated.

In the graphic display, the correct view of the drills, you should see the different
sized apertures and the correct location of your drills.

-> If the display is correct, continue with step 6.
-> If the display is not correct, continue with step 5.

5. Check the settings in the tab “General”. If necessary change the settings
until your design is displayed correctly.
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Fig. 342: Display
correct

Fig. 343: Design
displayed in CAM
view

CircuitPro PM

CircuitPro: Basic CAM

operations
wae For details about the settings, please refer to the tutorial
0L « . . »
—ud Processing Gerber and Excellon files”.
Note
eneral
Size 42,25 X 76,86 mm
Unit mm v‘
Values Absolute v‘
Decimal Omit traiing zeros :‘
Digits m.n 2 = 3 -
Rk
6. Click on [OK].
®» The design is now displayed on screen:
CAM view <1”I> X

R KX @
g LS bk W= Y

LR IR 5§ -

{

o mm

foH
go
ea
[
[EEsE)

H

€ The drill file was imported.
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1.4 Inserting a rubout area (optional)
You can remove excess copper if desired. Therefore you have to insert rubout
areas.
B |[nserting a rubout area
1. Click on Insert > Rubout area > Rubout all layers...:

Fig. 344: Rubout Insert
all layers

]

Open path...
Closed path...
Palygon...
Rectangle...

Circle...

ol 1 K AN

Circle path...

L
LY

Flash...

Text...

Polygon with cutouts. ..

Copper pouring...

&N S0 -

Rubout area » Rubout all layers... M
|
RuboutBottom...
Fiducial 3
RuboutTop...
Topoagraphy
<Create new layer>...
LY ’
Drill hole...
= rill hole:
Milling curve...

®» The following dialog is displayed:

Fig. 345: Create Create rectangle
rectangle : 7
9 Layer: <Rubout> layers _”j e
@ Absolute O Relative to anchor point
Close
Start point:  X: O mm s Y omm %
End point:  X: Omm 3 Y: Omm Sl

Move the “Create rectangle” dialog off to the side.

Single click on one corner of the board, or on the desired location.

Single click on the opposite corner of the board, or on the desired location.
Click on [Close].

ok wbd
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= The rubout area is created on your board:

Fig. 346: Rubout
area

A If you wish to create a rectangle by a specific size, you may
(—d use the coordinate system in the rectangle window.

Note

€ The rubout area was inserted.
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1.5 Inserting fiducials (optional)

Fig. 347: Insert >
Fiducial

288

For aligning the top and bottom sides of the circuit board you need fiducials.
Fiducials are optical marks on the surface of the circuit board with a defined
diameter of 1.5 mm.

The fiducials are drilled into the board and are recognised by the cameras of the
ProtoMat systems.

r_- For working with fiducials you need the camera system for
- fiducial recognition.

Note
| Ideally you insert four fiducials for aligning the top and the
bottom sides.
- You are also able to work with two fiducials. In this case you
Ip

have to insert them diagonally into the layout.

B Inserting fiducials
1. Click on Insert > Fiducial > Fiducial:

]

Insert

Open path...
Closed path...
Palygon...
Rectangle...
Circle...

Circle path...

oY X K A AS

Flash...

L
£l

Text...

Polygon with cutouts. ..

Copper pouring...

eN =0

Rubout area 3
Fiducial » “ Fiducial.... L\\g
Topography | <Create new layer>...
2 : Drill hole...
Milling curve...
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= The following dialog is displayed:

Fig. 348: Create Create circle
circle

Layer: Fiducial

@ Absolute O Relative to anchor point

Center: X: Omm 2 Y: Omm

2. Move the “Create circle” dialog off to the side.
3. Left click where you want to place each fiducial hole:

Fig. 349: Example
for placing
fiducials

NERERERD

f‘- Best results are just off each corner of the board.
-

Note

4. Click on [Close].
€ The fiducials were inserted.

© 2019 LPKF AG V2.0 -12. 2019 289



CircuitPro: Basic CAM CircuitPro PM _m
operations Laser & Electronics

1.6 Creating toolpaths

The Technology Dialog is used for creating toolpaths in CircuitPro.

There are various options how to create toolpaths etc. For more
detailed information please refer to the chapter “Technology
Note Dialog” in the compendium.

You will pass through following steps:
i. Selecting the material type

ii. Selecting the insulation type
iii. Selecting the contour routing type
iv. Creating the toolpaths

1. Click the icon “Technology Dialog” on the toolbar:

s BRZ & {mu E

Or
1. Click on Toolpath > Technology Dialog...

= The following dialog is displayed:

Fig. 351: X Technology Dialog x
Technology Global process settings
Dialog Material type  FR4 - [ RF application

Insulate
Insulation Method

Basic I

% Description

Insulation with a single insulation channel.
Shortest processing time.

Ve
Process
Show Details

Contour Routing

Contour Routing Method
Corner gap I
I Description

s/s

B process

Contour Routing with one gap in each comer. ‘
Show Details.

Convert to Toolpath

Drills Show Details

B Fiducials | Show Details

Close

Pockets | Show Details
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Selecting the material type

Select your material type in the corresponding drop down list.

If your project is a radio frequency application, activate the corresponding
check box <RF application>.

The material type has been selected.

Selecting the insulation type.

Click on the right/left arrow keys in the section “Insulation” to choose the
insulation type you desire.

Click on [Show Details] for more information about the insulation type.

The following insulation types are available:

a) Basic insulation
- The method “Basic insulation” is isolating the traced pads from the copper
only.
Fig. 352: Basic beikts :
insulation Insulation Method
Basic
Description
Insulation with a single insulation channel.
— — Shortest processing time.
Process
Hide detais
Source <Wiring> layers ﬂ Insulation width 0,2 mm 2
Primary Universal Cutter 0,2 mm [v] Pads insulation 0,05 mm sl 0 & channels
Available tools Universal Cutter 0,2 mm|A Rubout <No rubout> ﬂ Concentric v]
Micro Cutter 0,1 mm il
[ End Mill (RF) 0,15 mm Tolerance 00T S
B End Mill E?E; g.iﬁ mm (0 Generate optimized rubout [ Remove spikes
nd Mill ,4 mm
£ End Mill 0,8 mm forcs nauztion
[JEnd Mill 1 mm Perform inner insulation
[ End Mill 2 mm ¥ B2 Replace existing toolpath
b) Basic insulation, pads double
- The method “Basic insulation, double pads” isolates the traces and double
isolates the pads.
Fig. 353: Basic slate

insulation, pads
double

Insulation Method

Basic, pads double

Description

Insulation with a single insulation channel.
Double isolation channel for pads.

24 Short processing time.
B Process
Hide detals
Source '<er|g> layers :‘ Insulation width 0,2 mm o)
Primary Universal Cutter 0,2 mm :J Pads insulation 0,35 mm & 2 4 channels
Available tools Universal Cutter 0,2 mm|# Rubout <No rubout> v| ‘Enmcentr( ~|
[ Micro Cutter 0,1 mm - o
Tolerance 0,002 rrm =

CIEnd Mill (RF) 0,15 mm
[CJEnd Mill (RF) 0,25 mm ([ Generate optimized rubout [ Remove spikes
C1End Mill (RF) 0,4 mm
C1End Mill 0,8 mm

CIEnd Mill 1 mm Perform inner insulation

C1End Mill 2 mm ¥ ® Replace existing toolpath

Force insulation

© 2019 LPKF AG
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¢) Partial rubout
- The method “Partial rubout” isolates the traces and pads and removes any

excess copper within the rubout boundary inside of your board.

uitPro PM

PKE
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Fig. 354: Partial
rubout

Insulate

¥
B Process

Hide detais

Source <Wiring> layers

Primary Universal Cutter 0,2 mm

[ Universal Cutter 0,2 mm
[ Micra Cutter 0,1 mm

[ End Mill (RF) 0,15 mm
CJEnd Mill (RF) 0,25 mm
[CJEnd Mill (RF) 0,4 mm

[ End Mill 0,8 mm

[¥] End Mill 1 mm

[# End Mill 2 mm v

Available tools

Insulation Method

Partial rubout

Description

Insulation with a single insulation channel.
Remaval of copper in defined areas.

Insulation width 0,2 mm

0,35 mm

<

Pads insulation

Rubout <Rubout ...> layers

v
Tolerance 0,002 rm =
[ Generate optimized rubout @ Remove spikes
Force insulation

Perform inner insulation

Replace existing toolpath

2 13 channels

Conceritric

d) Complete rubout

- The method “Complete rubout” isolates the traces and pads along with
removing the excess copper from the entire board.

Fig. 355:
Complete rubout

Insulate
4
B rrocess
Hide detais
Source <Wiring:» layers [v]
Primary Universal Cutter 0,2 mm v

[¥] Universal Cutter 0,2 mm |4
Micro Cutter 0,1 mm

[J End Mill (RF) 0,15 mm
[JEnd Mill (RF) 0,25 mm

[J End Mill (RF) 0,4 mm

[ End Mill 0,8 mm

[4) End Mill 1 mm

End Mill 2 mm v

Available tools

Insulation Method

‘ Complete rubout

Description

Entire removal of copper.
Most precise insulation method.

Insulation width 0,2 mm

Pads insulation 10,05 mm
Rubout <Rubout ...> layers v
Tolerance 0,002 mm =

[ Generate optimized rubout
I3 Force insulation
&3 Perform inner insulation

Replace existing toolpath

< K

Remove spikes

0 2 channels

Concentric

After you have chosen the insulation method, continue with step 3.

3. Select the milling tools that you wish to use in the available tools drop-down
menu by checking/unchecking the tool name.

wae A recommended combination of tools is: Universal Cutter
0.2 mm, the End Mill 0.4 mm and the End Mill 1.0 mm.
For RF boards use the 0.25 mm End Mill instead of the
Universal Cutter.
If your designs have smaller spacing requirements than 8 mils,
use the End Mill 0.15 mm (6 mil), the End Mill 0.1 mm (4 mil) or

(o

(4
Note

the Micro Cutter

If milling a RF board, change the primary tool!

0.1 mm (4 mil).

4. Click on [Hide details].
€ The insulation type has been selected.
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Fig. 356: Basic
routing

Fig. 357:
Horizontal gaps
routing

CircuitPro: Basic CAM

CircuitPro PM ’
operations

B Selecting the contour routing type

1. Click on the right/left arrow keys in the section “Contour Routing” to choose
the option you would like to cut the board out.

2. Click on [Show Details] for more information about the contour routing
types.

The following contour routing types are available:
a) Basic
- The method “Basic” routes along the outside of your board without gaps.

Contour Routing

< >

1/6
Process

Show Details

b) Horizontal gaps

- The method “Horizontal gaps” routes along the outside of your board with
gaps on top and bottom side.

Contour Routing

<

2/6

Process

Show Details

c) Vertical gaps

- The method “Vertical gaps” routes along the outside of your board with gaps
on the left and right side.
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Fig. 358: Vertical
gaps routing

Contour Routing

™

<

J

3/6

Process

Show Detalls

d) Edge gaps

- The method “Edge gaps” routes along the outside of your board leaving tabs
in the center of each edge of the board.

Fig. 359: Edge
gagps rouung Contour Routing

|k
L J

Process

Show Detalls

<

e) Corner gap

- The method “Corner gap” routes along the outside of your board leaving tabs
in the corners.

Fig. 360: Corner

gap routing Contour Routing -

<

5/6

Process

Show Details
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f) Equidistant gaps

- The method “Equidistant gaps” routes along the outside of your board
leaving tabs at equal distance that you specify.

Fig. 361: Equidis- Contour Routing
tant gaps routing

Process

Show Details

After you have chosen the contour routing method, continue with step 3.

3. If desired, change the tool used during the contour routing by clicking on the
tool drop-down menu:

Fig. 362: Tool £onkour Routng.
drop—down menu Olnside  Source <Mechanical> layers 3
@ Outside  Tool Contour Router 1 mm vl
Tabsefition | Al sides v
Gap width 1mm =l
Distance S0 mm (&
Tolerance 0,002 mm o
3 Replace existing toolpath
Contour Routing Method
F 1 Edge gaps
F Description
L J Contour Routing with one gap on each edge.
Process
Hde detals

4. Change the 2.0 mm contour router to the 1.0 mm contour router.

Router is recommended.

Note If your design is smaller than 2x3 inches, the 1.0 mm Contour
Router is recommended.

é- If your design is larger than 2x3 inches, the 2.0 mm Contour

wame [he 1.0 mm Contour Router is also recommended if the board
outline is not a traditional rectangle. This helps minimize the risk
Note of a rounded corner.

€ The contour routing type has been selected.
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B Creating the toolpaths

After you have chosen your insulation method and your contour routing type,
you have to start to create the toolpaths.

1. Click on [Start].

= The software will now create all toolpaths and identify which drills shall be
used. When finished, you will get a report of which tools are used.

Fig. 363: X Computation Results x
Computation o
Results 5
The following tools are required to process the job:
Conical Tools: e
Universal Cutter 0,2 mm ( 5489,4 mm)
Micro Cutter 0,1 mm (0,2 mm) Print...
Contour Router:
Contour Router 2 mm ( 271,3 mm)
Drilling Tools:

Spiral Drill 2 mm (4 points)

Show Details

2. Click on [Close], to close the report window.
€ The toolpaths have been created.

wae Now your design is ready to be produced as a PCB. Continue
with the steps described in the tutorial “CircuitPro - Basic
Note machining operations”.
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2 CircuitPro: Basic machining operations

This tutorial shows you how to process basic machining operations (ProtoMat S
series) in CircuitPro and is based on using a 2-sided template without Through-
Hole Plating. Although the document follows a certain set of steps, the steps
could vary in order depending on the template chosen by the user.

Therefore you have to perform following steps:
i. Switching to Machining view
ii. Loading the tool magazine
iii. Starting board production

f‘- CircuitPro must be running and the machine must be connected.
—
=

Note
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2.1 Switching to Machining view

To start the board production, you have to switch to machining view first.
1. Click on the tab “Machining view”:

Fig. 364: Tab

“Machining view” ~ CAM view [ Machining view |

= You will see your board on your screen:

Fig. 365: o i =i
Machining view S R e
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2.2 Loading the tool magazine

In this step you will learn, how to load the tool magazine and assign the tools to
their tool holder positions.

N==» This chapter is relevant, if you use a ProtoMat with automatic tool
=®  change (S63 or S103).

Note

B |oading the tool magazine and assigning the tools to holder positions
1. Click on the icon “Tool magazine” on the toolbar:

27 ¢ wi[u]|

Fig. 366: Icon
Tool magazine

Or
1. Click on Edit > Tool magazine...

= The following dialog is displayed:

Fig. 367: Tool Tool magazine
magazine Please check if all required tools are assigned to the holders.
Required tools Machine tools
¥ universal Cutter 0,2 mm The machine clamp is empty at the moment.
X spial Drill 0,4 mm dick O to pick up the tool with the machine head.
K spiral Drill 0,6 mm
Click Q to put the tool to the comesponding magazine spot.
K spiral Drill 1 mm
% spiral Dril 2 mm Holder O Tool Tool life spent 2]
3 Contour Router 2 mm
O [none ~
O [none ~
O |none v
O [wone ~
O [none v
O [none ~|
O [none ~|
- PR 7I [
Please use tool holder check-boxes to make these functions available.
Drop tool

A== The tools shown in the tool magazine dialog must not
correspond to your needed tools.

Note

The required tools for producing the board are listed on the left of the screen
(see arrow).
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2. Click on the drop-down menu in each individual tool position.

= The list of available tools is shown:

Fig. 368: Tool list Holder ()

NONE

Tool

Tool

Spiral Drill
Spiral Drill
Spiral Drill
Spiral Drill
Spiral Drill
Spiral Drill

NONE

UNKNOWN

2,1 mm (0,00%)
2,2 mm (0,00%)
2,3 mm (0,00%)
2,4 mm (0,00%)
2,95 mm (0,00%)
3 mm (0,00%)

Evadl

<[

YOI

OO0O0O0O0O0

=]

3. Select one of the tools that are listed on the left in section “Required tools”.
4. Insert the chosen tool (in the dialog) physically into the corresponding tool

holder:

Fig. 369: Insert
tool into holder

5. Repeat this procedure until you have placed all required tools into the tool

holder of the machine.
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= The tools you have placed are highlighted with a checkmark.
Fig. 370: Tool

magazine

Please check if all required tools are assigned to the holders.

Raquired toals Machine tools
Iniversal Cutter 0,2 mm The machine clamp is empty at the moment.
v spiral Drill 0,4 mm
v spiral Drill 0,6 mm
v Spiral Drill 1 mm
v spiral Drill 2 mm

dick O to pick up the tool with the machine head.

dick € to put the tool to the corresponding magazine spot.

Holder O] Tool Tool life spent
W Contour Router 2 mm S

10 Q| [niversal cutter 0,2 mm (0,00%) [v] o 0,00%
20 O [spralDrl 0,4 mm (0,00%) v 0,00%
:0 O [spial Erit” 0,6 mm (0,00%) v 0,00%
40 O [spraDil 1mm ©,00%) v 7 0,00%
sO0 O [spiral el 2 mem (0,00%) [¥] v 0,00%
60 O Router 2mm (0,00%)  |v| v 0,00%

0 [rore ]

B — — [

Please use tool holder check-boxes to make these functions available.

b owe

¢ As you assign each tool to a tool holder, the corresponding tool
is highlighted with a checkmark. You will also notice that if you
Note have a tool loaded into the tool magazine and it is not required
for this design, there is no highlight like a checkmark or a cross.

6. Click on [OK].

= You will notice that the colors of the tool holders on the main layout screen
match the colored rings on the physical tools, as shown below:

Fig. 371: Colors
of the tool
holders

® &0 0 000
—

€ The tool magazine is loaded and the tools are assigned to holder positions.
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2.3 Starting processing

This chapter describes the processing of the circuit board.
B Starting processing

1. Click on the icon “Process Planning wizard” on the toolbar:

Fig. 372: Icon

process N W - -1 bt (AN

Or
1. Click on Machining > Process all.

Fig. 373: —
Machining > Machining
Process all

> Process all [\

WY
Start processing all or single toolpath objects. I

ﬂ- Make sure that <Process All> Operate
-

= is selected in the combo box, [} Db l l
Note so that all phases are Al —
executed. <Process All> v [

Instead of processing all

phases automatically, you can process the phases individually.
In the combo box select the desired phase and click on the
“Start processing” button.

You can also start processing beginning with a specific phase.
Select the desired phase in the combo box and click on the
“ladder” button The selected phase and all following phases
are processed in the correct order.

After the production started, the machine will process following phases in order.
The phases are displayed via prompts.

f- Depending on which ProtoMat you use the following phases
(—d could differ from the phases and messages displayed on your
Note screen. Please follow the instructions on your screen.

For machines with manual tool exchange you are regularly
asked to change the tool in the collet, for example.
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Phase “MountMaterial”

1. Place the base material onto the machine’s table top.
2. Fasten the base material onto the table top using the adhesive tape.

Phase “MaterialSettings”

®» Following dialog is displayed:

Fig. 374: Material Material Settings x
settings
Application Continue

® PCB
O Front panel/Engraving (2.5D)

Close

Properties
Material Type ‘ FR4 3

Copper Thickness [pm] 18,0

<

Material thickness 10 mm

<P <Pk

Underlay plate thickness |2 mm

Location

Click into the machine area to move the

milling head to the associated position. @ i)
Use the buttons to set the front left and right

rear corner of the material. Current head position

Please make sure that the milling depth X:
limiter of the machine head does not touch ’ 0mm
the tape used to fix the material.

B

Y: 0 mm

@

Material width 80,22 mm

<

Material length 107,55 mm (o]

Material Comers [mm] (153,06 / 72,41) : (233,28 / 179,96)

B Entering the material settings
1. Enter the correct values for the material used.

? PCB is selected as default.

Note

2. Adapt the values of copper thickness and material thickness if necessary.
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3. Define the processing area:
a) Move the dialog ,Material Settings* off to the side.
b) Using your mouse in the machining view, click on the right rear corner
of your material:

Fig. 375: Right | | ™ ) C o\t o

rear corner

Application
‘ ®re
O Front panel/Engraving (2.50)

Properties
Material Type ‘PM
Copper Thickness [um] 18,0
Material thickness 10 mm

0 & @ E]

Underlay plate thickness 2 mm

Location

Click into the machine area to move the
milling head to the associated position. @‘ i)

Use the buttons to set the front left and right
rear comer of the material. Current head position
Please make sure that the milling depth .

limiter of the machine head does not touch X 223,77 mm 5]
the tape used to fix the material.

Y 189,27 mm &
Material width 217,27 mm Ii‘,]
Material length 159,27 mm !ﬁ

Surface level [mm] <undefined>

Material Comers [mm] (6,50 / 20,50) : (223,77 / 189,27)

/1/ Click in the machining view /2] Material

®» The machine head moves to this position.
c) Now click on the corresponding button in the dialog “Material Settings*:

Fig. 376: Click on Material Settings PE®: O ) Q2 AT A
button Appication
@ P
‘ O Front panel/Engraving (2.50) E— s i
Propetties
Material Type |FRa

Copper Thickness [um] 18,0
Material thickness 10 mm

6B 6 B ]

Underlay plate thickness 2 mm

Location

Click into the machine area to move the
milling head to the associated position. @‘ @ —
Use the buttons to set the front left and right

rear comer of the material. Current head BosTon
Please make sure that the milling depth .

limiter of the machine head does not touch X 223,77 mm S
the tape used to fix the material.

¥: 189,27 mm a]
Material width 217,27 mm g
Material length 158,27 om B
Surface level [mm] defined>

Material Comers [mm] (6,50 / 20,50) : (223,77 / 189,27)

= The coordinates of the current head position are saved.
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d) Using your mouse in the machining view, click on the front left corner
of your material:

Fig. 377: Front [ MaterialSetiines =S —— ' .

left corner okaen

@® PCB

O Front panel/Engraving (2.5D) | E— v i
Properties

Material Type FR4 zl

Copper Thickness [um] 18,0 ﬁ'f

Material thickness 10 mm &

Underlay plate thickness 2 mm S
Location

Click into the machine area to move the

milling head to the associated position. @ @

Use the buttons to set the front left and night
rear comer of the matenial. Current head position
Please make sure that the milling depth X =
limiter of the machine head does not touch ) 149,49 mm 5]
the tape used to fix the material.

Y 4,69 mm 5
[u ]
Material width 217,27 mm ‘ﬁ
Material length '159,27 mm (la
Surface level [mm] undefined

Material Comers [mm] (6,50 / 20,50) : (223,77 / 189,27)

®» The machine head moves to this position.
e) Now click on the corresponding button in the dialog “Material Settings*:

Fig. 378: Defined | | N ™ ‘) -t
processing area Applcation

®PcB
‘ O Front panel/Engraving (2.5D) i ose i

2 X xp Curve -

Properties

Material Type | FR4

Copper Thickness [um] 18,0 E'l

Material thickness .10 mm El

Underlay plate thickness 2 mm E’l
Location -

Click into the machine area to move the
milling head to the associated position.

Use the buttons to set the front left and right
rear comer of the material.

‘Current head position

Please make sure that the milling depth « _
limiter of the machine head does not touch : [145,49mm 5

the tape used to fix the material.
Yi B4,62 mm B
0 mm

N

Material width 74,28 mm E"
Matenial length 104,58 mm EI
Surface level [mm: <undefined

Material Comers [mm] (149,49 / 84,69) : (223,77 / 189,27)

/1/ Defined processing area

= The coordinates of the current head position are saved and the
processing area has been fit to the material.

4. Click on [Continue].
€ The material settings were entered.
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Phase “Placement”

In this phase, the job can be placed arbitrarily on the base material and be
multiplied if necessary.

®» Following dialog is displayed:

Fig. 379: 1 Placement x
Placement

Relative translation [mm]

dx: 186,146 mm &) dy: 51,541 mm o

Set center
Close
Rotation
Angle O0° 2. 8 O) O

Step and Repeat

Number of copies

X: 1 &y

v

<)

Spacing between copies [mm]

X: 0mm =i Y: 0mm

<

1. Click on the job and drag it to the desired position using the mouse.
Or
16. Enter the new position in the dialog.

2. If desired, multiply the job data by entering the number of copies and
spacing values in X and Y direction in the corresponding fields (Step and
Repeat section).

s If you wish to Step and Repeat
. create  multiple Number of copies
copies of your |x: 1 &y L =
Tip layout, enter in Spacing between copies [mm]
section “Step and
Y X: 0mm & Y: [Omm i
Repeat the -

number of copies

for each axis.

Then click on

[OK].

The spacing between the copies is measured from the respective
outer edge of the adjacent layout.

LPKF recommends increasing this distance slightly to produce a
frame between the copies, as this makes it easier to cut out.
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Phase “DrillFiducial”

= The machine picks up the tool “Spiral Drill 1.5 mm” and drills the fiducials.

wame |f the spindle motor has not been used before, the motor is
0 .
(—ad warmed up for 2 minutes.

Note

Phase “Marking Drills”

= The machine picks up the tool “Universal Cutter” and marks the positions
for the drill holes.

Phase “Drilling Unplated”

= The machine picks up the required tool and drills the holes.

‘- This phase may use more than one tool.
O -
-

Note

Phase “Milling Bottom”

= The machine picks up the required tool and mills the isolation tracks.

Phase “Flip Material”

1. Flip the material.

wae |f you are using a ProtoMat S43, S63 or S103 flip the material
ALY . .
—d along the machine’s X-axis.

Note If you are using a ProtoMat E33 flip the material along the
machine’s Y-axis.

2. Confirm by clicking [OK].

A Yt The display in the machining view changes. The position of the
—ud design is adjusted to the circuit board. The side of the circuit
Note board to be processed is now the “Top” side.
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Phase “Read Fiducials_Top”
S43, S63 and S103

wa If the fiducial search is performed for the first time (after having
~3 started CircuitPro) the camera is performing an autofocus five
Note times.
Afterwards the following message is displayed which prompts
you to confirm the focus height:
| 4 ) |

e Confirmation of focus height

The focus search has finished and the machine has now moved into
the calculated focus position. Please check whether the image is
sharp. Click 'Yes' to accept the position, click 'No' to retry focusing or
click 'Cancel’ to abort the operation.

Yes No Cancel

= The camera moves to the positions of the fiducials and determines the
exact position.

The Top side is thus aligned to the Bottom side.

The following dialog is displayed if the fiducials have not been recognized
automatically:

Fig. 380: s 00—
Ali gnm ent Check alignment result, Click ‘Accept Current Position' if the result is OK. Click 'Find and center' to find and then move to the
center of the fiducial.
Fiducials:
Alignment parameters Find and Center
Fiducials for step-and-repeat Accept Current Position

Diameter Tolerance 0,3 mm Retry

Search frea Length |10 mm

Abort
Mirimum Fiducial Quality 90 %

Distance for Direct Acceptance 0,1 mm

Show Fiducial Time [0S

<p) JF WF <F @B ©F

Maxirnurn No. of centering Tries |3
Manual Centering If Not Found @ Yes O No

ask for Confirmation O Yes  ® No

1. Enlarge the search area by increasing the value of the field \Search Area
Length\.

2. Start the search again.
3. Repeat above steps if necessary.
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“- Enlarging the search spiral increases the time required for
—d searching the fiducials.
Note

E33, S43 without camera

If no camera is available for processing the “Read Fiducials_Top” phase, the
Top side is aligned to the Bottom side using the reference pins. The “Read
Fiducials_Top” phase is not processed in this case.

Phase “Milling Top”

= The machine picks up the required tools and mills the isolation tracks on
the Top side.

Phase “Contour Routing”

= The machine picks up the required tools and drills and mills the outline of
the circuit board.

Phase “Board Production Finished”

= A message informs you that the production is finished.
€ The production of the circuit board is finished.

A Y If desired, continue with dispensing solder paste on your PCB.
—d Therefore please refer to the tutorial “Dispensing solder paste
Note using the ProtoMat S63 or S103”.

circuit board or apply solder resist. LPKF offers you various
systems such as the ProMask or ProLegend for these

Tip processes. Furthermore LPKF systems for applying solder
paste, for mounting components and for soldering circuit boards
are available. Do not hesitate to ask us.

a Subsequent to the board production you are able to label your
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3 Processing DXF files in CircuitPro

This tutorial shows you how to process DXF files in CircuitPro.
The following steps are necessary to complete the tutorial successfully:
i. Importing the DXF file

ii. Converting the DXF file

© 2019 LPKF AG

=

Tip

You are able to perform these steps by using the virtual
machine. This enables you to work without a real machine. Click
on Machining > Connect > Virtual.
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3.1 Importing the DXF file

é— CircuitPro must be running.

Note

Electronics\ LPKF CircuitPro 1.5\Example Data\
UseCase_DXFFiles”.

:_3 The LPKEF tutor data are stored in “My Document\LPKF Laser &

Tip

B Importing the file

1. Click the icon “Import” on the toolbar:

Fig. 381: Icon

NPz o191 W

Or
1. Click on File > Import...

® The following dialog is displayed:

Fig. 382: Import

dialog Import | File Name Format | Aperture/Tool List Layer/Template Size/Format “
Cancel
~ Add File...
i
o Remove
Look in: | 3 UseCase_DXFFiles ﬂ D2 i@
b = Tukor_dxf.dif

My Recent

20 View ~ Apertures/ | B Al

Desktop
My Documents

My Computer

File name: Tutor_d.dxf

2| [x]
%
EE

My Network  Files of type:

Al files (")

© Ready

2. Select the file “Tutor_dxf.dxf”.
3. Click on [Open].
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®» The document’s information is shown in the table.

4. Change the layer/template column to “TopLayer”:

Fig. 383: Change
column

Import | File Name | Format | Aperture/Tool List Layer/ Template Format

Dxf format = Tutor_ f = TopLayer n
5. Select in the tab “General” the increment that the DXF file was originally

drawn in:
Fig. 384:
Selecting the General
increment =

e |

— The information given in the column “Size/Format” enables you
to check, if the actual size corresponds to the real size of your
design.

If the size does not correspond to the real size, change the unit
in the tab “General’.

6. Click on [OK].
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Fig. 385: CAM
view

314

®» The d

CircuitPro PM _m

Laser & Electronics

ata is shown in the CAM view:

CAM view

IR 2885 e -

€ The file was imported.

Note

Yo Please note that certain data of the DXF files could be on non-

visible layers.
When importing these files the corresponding layer is also non-
visible in CircuitPro.
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3.2 Converting the DXF file

Fig. 386: Board
outline selected

Converting the DXF file includes the following steps:
* Defining the Board Outline

* Assigning the objects to the corresponding layers
« Converting the objects to polygons

* Converting the drilling holes

B Defining the Board Outline

outline by clicking and holding down the Shift-key.

a You are able to highlight every single element of the board

After having highlighted all elements you can combine them to a

Tip closed path by using the functions “Convert to closed path”.

1. Click on the board outline:

2. Press the right mouse button.
3. Select “Assign objects to layer”.
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Fig. 387: Assign
objects to layer

316

4. Click on “BoardOutline”:

CircuitPro PM

B UEKE

Laser & Electronics

CAM view

Machining view
oI
LS

Hide in 2D
Cisplay in 3D
ut

Copy
Transform..
Step Repeat.
Export

Convert ko 2.5D

UR convert to palygon
w

Convert to closed path
Convert to toolpath v

Aissign abjects to layer »

Copy objects ko layer »

K oelete

Cursor ¥

o cuve -

Fiducial
DrillPlsted
Drillunglated
SilkScreenTop
SolderPasteTop
SolderMaskTop
Toplayer
TextTop
RuboutTop
PocketTop
Layer2
Ruboutlayer2

BoardOutine 3

RuboutLayer3
Layerd
PacketBottom
RuboutBottom
TextBottom
BottomLayer
SolderMaskBottom
SolderPasteBottom
sikscreengottom
Prepreg
BaseMaterial
CuttingLaminat
CuttingLaminat+Core

AnchorX= €5,633mm Y= 246,641 mm

40 x

Length O/mm

= The color of the board outline changes.

€ The board outline is defined.

V2.0 -12. 2019
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B Assigning the objects to the corresponding layers
1. Highlight all traces that will go onto the top layer.

— L You can also single click on the traces. Hold the control key
down to select multiple items.

Fig. 388:

Highlighting the

traces
2. Press the right mouse button.
3. Select “Assign objects to layer”.
4. Click on “TopLayer”:

Fig. 389: Assign CAM view | Machining view

objects to layer

NEEEN X f ore -

Fiducial
DrillPlated
Drillunplated
SikScreenTop

Hide in 20 SolderPasteTop
Display in 3D o SoldevMaskTop |
ToplLayer 1
Cut ) |
L TextTop 23
Coj
::; it? RuboutTop
’g Transform PocketTop
Step Repeat... Layer2
@ Export RuboutLayer2

BoardOutline
Convert to 2.5D...

RuboutLayer3
LJ Close open path Layer3
PocketBottom
¥ Convert to polygon RuboutBottom
WD Convert to closed path TextBottom
Convert to toolpath » BottomLayer
Assign objects to layer » SolderMaskBottom

Copy objects to layer » SolderPasteBottom
wetei SilkScreenBottom
Prepreq
BaseMaterial
CuttingLaminat

CursorX= 140,074 mm Y= 222,909 mm Anchi Cuttingl.aminat-+Core
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= The traces were assigned to the top layer.

5. Assign the drill holes to the layer “DrillUnplated”:
a) Highlight all drill holes.

b) Follow steps 2 and 3.
c) Click on “DrillUnplated”

= The drill holes were assigned to the layer “DrillUnplated”.

€ The objects were assigned to the corresponding layers.
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B Converting the objects to polygons
1. Single left click on the “TopLayer” in the pane “Layers”:

Fig. 390: Pane Layers |
“ » :
Layers tJ % ‘@ ' ' Fide empty |
Mame Vis | Sel | Colors  Mode Tech Inv | Phase €] e
Fiducial (4) [T Jrruewnceh [ [Fiduciats v] O [oriFiducial 1
DrilFlated (0) ~ | Driling v | O |OrilingPlated vz
| oriling v | O |orilingunplated ME
2] ¥ | Sik Screen > | O |undefined il
~ | Solder Paste ~| [ |Dispense ~|s
2 e | splder Mak ~ | 1 liindefiped s
TepLayer (42) v | wiring v | [ [milngTop [v]? I
TextTop (0) v | Wiring v | O |milingTextTop w8
RuboutTop (0) || Rubout v | O |miingTop wla 3
PocketTop (0) || 250 milling top v O |MiingpocketTop (v |10
Layer2 (0} | [ wiring ~| O |milingLayer2 w1
RuboutLayer + | Rubout v | O |milinglayer2 w1z
dOutline (O) || Mechanical ¥ | O | Contourkouting > )13
+ | Rubout v | O |milingLayers w14
[ wiring v/ O [milingLayers v|is
¥ [2.50 miling battom |~ | [] | MilingPocketBottom | 16
~ [ Rubaut ~| O |milingBottom ~|iz |l
| wiring v/ O [milingTextBottom  |w |19
v | wiring v O |milingsottor v|z0
True Width | | Solder Mask v/ O |undefined w21
SolderPasteBottom (0) True Width | Solder Paste v | [ |Dispense M ™
38 Layers | BB Geometry | B8 Toolpath | B8 Processing

2. Click on the icon “Select objects on layer” in the pane “Layers”:

Fig. 391: Select Layers %]
objects on layer f X ‘@ + 3 m g
Name Vis | Sel Mode Tkch Inv | Phase 2] |
Fiducial (4) ® et obiects on laver Bciats v O [oriFiducal [
DrillPlated (0) True width ~ | Drilling | O |orilingPlated vz
| rrue wicth [ [ oriling ~ | [ |orilingunplated w3
2] D:l True Width ~ | Silk Screen > | O |Undefined 84 il
True Width | | Solder Paste v| O |oispense vs
| o= victh [ | solder mask v | O [undefined ~|e
e wicth  ~ [wiring v [ O |milngron I~
TextTop (0) True Width \v Wiring ¥ | O |MilingTextTop ~|8
RuboutTop (0) | o.tine || Rubaut | O [milingrop vlo B
PacketTop (0) Thin Line v | 2,50 milling top ~ | O |MilingPacketTop »|10
Laye | - victh | | wining v O [millingLayerz B
RuboutLaye | o.ine + [ Rubout v O [miingLayerz w1z
BoardOutlin D:‘ True Width ¥ | Mechanical ¥ | O |ContourRouting w13
Rubout | Rubout v | O |milingLayer3 v |14
|| wiring v/ O [milingLayers ~|1s
PocketBottom (0) v: 2.50 miling bottom |+ | [ | MilingPacketBottom | v | 16
RuboutBottom (0) | Rubout ~| O |MilingBottom ~[17 W
TextBe | Wiring | O [MilingTextBottom | |19
| iring ~ | O [MilingBottom v |20
Truewidth | w | Solder Mask v | O |undefined w21
SolderPasteBattom (0) True Width v: Solder Paste v | [J |Dispense > |22 o
{34 Layers [G8 Geomety | G8 Tookath | §8 Processing
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3. Press the right mouse button.
4. In the context menu, select “Convert to polygon”:

Fig. 392: Convert CAM view | Machining view 4bx

‘o polvaon REEEN X I o -

Hide in 2D
Display in 3D
& cut
Q| copy

‘ Transform...
Step Repeat.

B Exort

Convert to 2,5D.

LJ| Close open path

I 4| Combine open paths

¥ Convert to polygon

W0 convertto du path
Convert to toolpath »

Assign objects to layer 3

Copy objects to layer »
K Dekete

Cursor ¥ = 153,607 mm Y= 210,629 mm Anchor %= 115,003mm Y= 212,491 mm Length O mm

f'- This will combine all segments and fill the object.
-

Note

€ The objects were converted to polygons.
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B Converting the drill holes
1. Highlight all drill holes:

Fig. 393:
Highlighting the
drill holes

down to select multiple items.

:a You can also single click on the drill holes. Hold the control key

Tip

2. Click on Modify > Draw to flash:
€ The drill holes were converted.

— The .dxf file was successfully imported and converted. Now you
can insert rubout areas or/and fiducials before you start
processing your board. Please refer to the tutorial “Basic CAM
Tip operations” in this case.

If you want to start processing your board without inserting
rubout areas/fiducials, please refer to the tutorial “Basic
machining operations”.
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4 Processing Gerber and Excellon files

This tutorial shows you how to process Gerber and Excellon files in CircuitPro.
The following steps are necessary to complete the tutorial successfully:

© 2019 LPKF AG

i.

.
iii.
iv.
V.

vi.

Tip

Selecting Gerber and Excellon files

Selecting the file format

Selecting the desired target layer
Setting/correcting size and format

Setting apertures and tools

Using the layer name defined in the Gerber file

you can work without a real machine. Click on Machining >
Connect > Virtual and [Connect].

. a You can perform these steps by using the virtual machine. Thus,
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4.1 Selecting Gerber and Excellon files

Fig. 394: Icon
import

Fig. 395: Import
dialog

324

PKE
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@ CircuitPro must be running.

Note

B Selecting files

Tip

Electronics\ LPKF CircuitPro 1.5\Example Data\
UseCase_BasicCAMOperations”.

:a The LPKEF tutor data are stored in “My Documents\LPKF Laser &

1. Click the icon “Import” on the toolbar:

HEZ ¢ M A

Or
1. Click on File > Import...

= The following dialog is displayed:

Import | File Name Format | AperturefTool List Layer/Template SizefFormat “
Cancel
- —— Add File...
e
S Remove
Look in: | (£ UseCase_BasicCAMOperations ﬂ D mE
b} || Tutor.80A
|| Tutor.80T
My Recent Tutor.DRL
2D View  Apertures) L] Tutor
Documents  § 1 torsM8
i _| Tutor.SMT
— || Tutor.SPT
Desktop | Tutor.TOP
My Documents
My Computer
. File name: Folder Selection E|
= =
My Network  Files of type: Allfles ") v Cancel
o Bereit

2. Select all files in the folder.

V2.0 -12. 2019
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vwame [nstead of selecting individual Gerber or Excellon files, you can
select a whole folder. In this case, all files in the selected folder
Note are displayed in the table (see figure below).

3. Click on [Open].

= The files to be imported are displayed in the table:

Fig. 396: Import
Imported files Import _Fie Name Format Aperture/Tool List _ Layer/ Template Size/Format “
Tutor.BOA Gerberx @ Tutor.80A B TutorsoA B 43.6x78,05mm
@ [TutorBoT Gerberx [ Tutor.80T 7] Tutor.80T |~ |40,89x 69,47 mm Cancel
9 [Tutorsm [\ | Gerberx [»] Tutor.sMB ~ Tutor.sMB ~ 22,38 x 66,73 mm T
7 |Tutor.sMT Gerberx | = | Tutor.SMT = Tutor.smMT [+]38,9x 72,06 mm
7 [Tutorset Gerberx [+ | Tutor.5PT [=]] Tutor.seT [+]38.63 x 68,98 mm "
vl |Tutor.TOP Gerberx [v] Tutor.ToP [+] Tutor.TOP [+]|40,84 x 75,76 mm
7 [Tutor.DRL Excelon [ Tutor.ORL || Tutor.oRL [+]]42,25 x 76,86 mm

2D View ~ AperturesfTools  TextView  Message'View

General ~ Options

Size 43,6 x78,05 mm

wwwwwwwww

The columns of the table highlighted contain the following information/settings:

Column Description

Import Checkmark the files that you want to import.
File name The name of the selected file is displayed.
Format The format of the selected file is displayed. If

CircuitPro has not recognised the file format correctly,
you can assign the correct format in the corresponding
drop-down list (for more information please refer to
chapter “Selecting the file format”).

Aperture/Tool List

The Aperture list is usually part of the Gerber or
Excellon file. The apertures contained are displayed in
the “Apertures/Tools” tab.

Layer/Template

Assign the layer that is to contain the imported data
(for more information please refer to the chapter
“Selecting the desired target layer”).

Size/Format

The size of the imported design is displayed in this
column (for more information please refer to the
chapter “Setting/correcting size and format”).

€ The files are selected.

© 2019 LPKF AG
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4.2 Selecting the file format

If CircuitPro does not recognise the file format, the corresponding row in the
dialog is grayed-out:

Unrecognised

files Import File Name Format Aperture/T ool List Layer/Template Size/Format
Tutor.BOA GebeiX  [v| TutorBOA || TutorBOA || 436 % 78,05 mm
Tutor BOT GembeiX || TutorBOT |v] TuerBoT ] 40,89 69.47 mm
Tutor. SMB GerberX | v | Tutor.SMB |v| Tutor.SMB [v)| 22,38 486,39 mm
Tutor. SMT GerberX v TutorSMT ||| Tutor. SMT |v|389x71.82mm
Tutor.SPT Gebeix v | TutorSPT |»| TutarsPT |/ 38,63 x 68,98 rm
Tutor.DRL Excellon [+ Tutor.DRL ||| TutorDRL [ 42,25 x 76,86 mm
[]  TuterTOP Undefined | v | v ™

In such a case, the information on aperture list, layer, and format are also
missing.
You can select the file format manually.

B Selecting the file format
1. In the “Format” column, click on the arrow button of the file concerned.

®» The format selection list is displayed:

Selecting the file

format manually File Name: Format Aperture/Tool List Layer/Template Size/Format
Tutor.BOA GerbeiX || TutorBOA [»]| TutorBOA |v] 436 78,05 mm
Tutor.BOT GebeiX || TutorBOT || TuterBOT | ] 40,89 % 69,47 mm

Tutor.SMB GerberX v TutorSMB ||| TutorSMB ] 22.38 % 66,33 mm

E}
| =
HEEREERE

Tutor SMT GeberX | v/ TutorsMT [ TutorsmT 13895 71,82 mm
Tutor.SPT GebeiX v TutorSPT [ TutorSPT || 38,631 68,98 mm
Tutor.DRL Excellon | v TutorDRL || TutorDRL |+ 42.25 % 76,86 mm
Tutor TOP ndefined [ M |v]

{1

2. Click on the corresponding file format (“GerberX” in this case).

"«

= The information in the columns “Aperture/Tool List”, “Layer/Template”, and
"Size/Format” is displayed automatically if you have selected the correct
file format.

Fig. 399: File | TutorTOP [Gebeix v | TworTOP v TopLayer v wstars e |

®» The checkmark in the “Import” column is set automatically by CircuitPro.
€ The file format is selected.
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4.3 Selecting the desired target layer

Once you have selected the files to be imported, these files have to be assigned
to layers in CircuitPro. You can assign the files in the “Layer/Template” column:

Fig. 400:
“Layer/Template”
column jnporl File Name Format B Aperture/T ool List Layer/Template l
_Tutot.BDA ‘ GerberX ‘XJ Tutor BOA VW\ Tutor.BOA ] iq— 1
7 Tutor.BOT | GerberX \”‘ Tutor BOT |~ BottomLayer 1734_2
Tutor. TOP  Gerbeix ]iﬂ Tutor. TOP v Layer2 (vl 3
There are three ways to assign the layer:
1. Keeping the layer that is created during file selection:
In this case, CircuitPro creates a new layer during the file import if it does not
exist in the template (see /1/).
2. Selecting a layer that already exists in the template file of CircuitPro:
These layers are in the templates of CircuitPro and appear in the drop-down
lists that are shown when you click on the list's arrow button (see /2/).
3. Creating a new layer:
If you want to create a new layer, you can enter a name for the layer in the
“Layer/Template” column. CircuitPro creates a new layer for this file during the
file import (see /3/).
After the file import, the layers are listed in the “Layers” pane of CircuitPro:
Fig. 401: “Layers” | [tayers X
pane L0 x 23| 8]0 [mee |
Name: Vis | Sel | Colors | Mode Tech Inv | Phase [
Fiducial (0) ¥ [ @ [ ] [ruewdh v [rdecsks v O [oriFiducia v
DrilPlated (0 [T [ rrue width |+ |orling v | O |orilingPlated vz
Drilunplated (0) [T rrue width [ [oriing v O |orilngunplated w3
eenTop (0) 5] Truzw‘rdth ~ | Silk Screen ~ | [ |undefined v4
@ [BR| rrue width [ [ solder Paste v | 01 |oispense v|s
. @ | @ [T width (v [ solder mask v | O [undefined vs
TopLayer {0} ) True Width v Wiring v ] | milingTop vi?
TextTop (0) M | ¥ Truewﬁdth |V | Wiring v | O |MilingTextTop _v:ﬁ
RuboutTop (0) [ e [ |Rubout v O [MilingTop v]o
PocketTop (0) =) Thin Line | | 2,50 miling top v | O |MilingPocketTop v 10
BoardQutline (0) True Width | | Mechanical | O |contourkauting vi 12
Thin Line | | 2,50 miling bottorn |+ | [ |MilingPocketBottom | v | 13
RuboutBottom (0) + | Rubout ~ | O |millingBottom v |17
TextBottom (0) 2l | wiring ~| [ [MiingTextBottom __» |18
BottomLayer (542) =] | Wiring ~ | [ [milingBottom w19 2
S =2 w | Solder Mask ~ | [ |Undefined v |20
= + | Solder Paste | [ |oispense N
¥ | v | 5ilk Screen v | [ |undefined v |22
Tutor.BOA (1} =l | Unknown ~| [ |undefined v |23 1
LayerZ (2304) V] W | Unknown | [ |undefined v 24
55 Layers | G4 Geometry | 54 Toolpath | GY Processing
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4.4 Setting/correcting size and format

In some cases, the design of the file is not displayed correctly. 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 match the file's contents.

* Wrong declaration of the value (relative/absolute)

» Wrong null suppression (decimal)

B Checking and modifying the measurement unit

The dimensions of the imported files are listed in the “Size/Format” column.
Millimeters are used by default.

If the imported files are GerberX files, the measurement unit is
preset by default and cannot be modified.

Note You can modify the measurement unit for all other file types
(Gerber, Excellon etc.) in the “General” tab of CircuitPro's Import

dialog.

If the design size of some files looks peculiar, you should check the
measurement unit:

Fig. 402:

Abnormal design

size Import File Name Format Aperture/Tool List Layer/Template Size/Format
‘Tulor.BDA | Gerbei v/ TutorBOA }f’J Tutor.BOA ‘r\: 436 78,05 mm
Tutor BOT | GerbeiX |+ | TutorBOT iv\ Tutor.BOT lv 40,89 x 63,47 mm
Tutor.DRL | Excellon | v | TutorDRL |v | Tutor.DRL | v [ 1073.2 % 1952.22 mm

1. Click on the tab “General”.

Fig. 403 Wrong —_—

m e_as urement Import | File Name Format AperturefTool List Layer/Template SizefFormat “
unit Tutor.BOA GerberX v | Tutor.B0A v | Tutor.BOA v |43,6 x 78,05 mm
Tutor.BOT GerberX |v | Tutor.BOT ¥ | Tutor.BOT ¥ 140,89 x 69,47 mm Cancel
Tutor.DRL Excelon v | Tutor.DRL v | Tutor.DRL v |1073,2x 1952,22 ... G
e...
Remave

=
size 1073,2x 1952,22 mm
Unit inch |
Values Absolute v

Decimal Omit leading zeros ZI

Digits m.n |1 &3 o

D ready
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2. Check the measurement unit.
3. If the measurement unit is set to “inch”, click on the arrow button.

®» The measurement unit selection list is displayed.
4, Select “mm” as measurement unit.

®» The design's dimensions change automatically.

Fig. 404 C— o —

Corrected Import | File Name Format Aperture{Tool List Layer/Template SizefFormat
measurement Tutor.BOA GerberX |w| Tutor.BOA v | Tutor.80A v 43,6 x 78,05 mm
unit Tutor. BOT Gerberx || Tutor.BOT v Tutor.B0T 140,89 % 69,47 mm i Sancel )
Tutor DRL Excalon v | Tutor.RL ~ | Tutor.oRL s aeeem || g
A ;
Remove

[oere]
Size 42,25 x 76 B6 mm
Unit E Iy
Values Absolute v

Decimal Omit leading zeros 3

Digits m.n |1 BB S

€ The measurement unit has been checked and corrected.
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Fig. 405:
Incorrect preview

Fig. 406: Correct
preview

330

CircuitPro PM

B Checking and correcting the number of decimal digits

PKE

Laser & Electronics

If the design is still not displayed correctly in the “2D View” tab, you should

look as follows:

check the number of decimal digits. An incorrect display of the design data may

Import | File Name Format AperturefTool List | Layer/Template StefFormat
Tutor.BOA GerberX |v | Tutor.80A v | Tutor.BOA v [43,6 x 78,05 mm
Tutor.BOT GerberX | v | Tutor.BOT ¥ | Tutor.BOT v |40,89 x 69,47 mm
Tutor.DRL Excelon v | Tutor.DRL v | Tutor.DRL | v 19,29 x 18,89 mm

2D View  Apertures/Tools  TextView  Message View

el

Size

Unit mm 3
Values Absolute :J
Decimal |Omitleadng zeros v
Digits m.n |1 S 5

19,29 x 18,89 mm

O ready

1. Click on the tab “General”.

2. Change the “n” digit count from “4” to “3”.

®» The design's preview changes as follows:

Import | File Name Format AperturefTool List Layer/Template SizefFormat
7 Tutor.BOA Gmbérx v Tutu.BéA ~ || Tutor.BOA ¥ 1436 x 7B,DS mm
Tutor.BOT GerberX || Tutor.BOT ~ | Tutor.BOT ¥ 140,89 x 69,47 mm
Tutor DRL Excelon v | Tutor DRL ~ | Tutor.DRL v 142,25 x 76,86 mm

2D View ~ Apertures/Tools  TextView — MessageView

Size
Unit
Values
Decimal

Digits m.n [1 £

42,25 x 76,86 mm

e B

Absolute v

Omit leading zergs L]
L

© Ready

€ The number of decimal digits has been checked and corrected.
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4.5 Viewing/modifying aperture properties

You can view the properties of the apertures contained in the files. You can also
modify the aperture properties according to your needs.

B Modifying aperture properties
1. Select the file whose apertures you want to regard.

= The aperture contained in the file is displayed in the “Apertures/Tools” tab.

= The aperture properties are displayed in the “Attributes” tab.

Fig. 407: Aperture — o —
properties Import | Flle Name Format Aperture/Tool List | Layer/ Template SzefFormat “
Tutor.BOA GerberX v | Tutor.BOA v | Tutor.BOA v |43,6 x 78,05 mm
Tutor.BOT GerberX |w | Tutor.BOT ~ | Tutor.BOT v |40,89 x 69,47 mm Cancel
Tutor,.DRL Excelion | v | Tutor.DRL » | Tutor.DRL ¥ 42,25 x 76,86 mm
Add File...
Remove
Optio e
Image Name |Mode | Rotatior a b c d Type: Circle ﬂ

Ol o Jor | [ |

Rotation: 0

a: 0,1
b:
(<]
d:

Preview:

a = Radius

@

© Rready

The following aperture properties can be modified in the “Attributes” tab:
» Shape of the aperture (circle, square, oval, etc.)

* Rotation of the aperture

» Parameters that define the aperture's geometry
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If you change the aperture's attributes, the “Attributes” tab displays a preview of
the aperture.

In this example, the aperture's shape is to be changed from “circle” to
“rectangle”.

2. Click on the arrow button of the drop-down list “Type”.

= The aperture shape selection list is displayed:

Fig. 408: -
Available General  Options | Attributes
aperture shapes Type: Rectangle o
Rotation [Square _ __[Al
A Oval
Regular Polygon
B: Octagon
c: Round Rectangle
' Bevel Rectangle
o Segment
Preview:
a = Width
a b = Height
b

3. Click on “Rectangle” in the drop-down list.
4. Enter “1.5” in the field \A:\

®» The aperture's shape and size are changed according to your input:

Fig. 409: Modified
aperture shape

and size Image | Name | Mode | Rotatic/ A B c D Type:
O pie [ O fe st [ | Rotation 0 5]
A: [15 ]
B b ]
c [ \
D: ‘—l
Preview:

a = Width
a b = Height

bﬁ

€ The aperture's properties are modified.
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4.6 Using the layer name defined in the Gerber file

The Gerber files contain the name of the layer. You can see the layer name in
the “Text View” tab of the Import dialog:

Fig. 410: Layer — "

name in Gerber Import  File Name Format AperturefTool List Layer/Template SizefFormat “
file Tutor.80& GerberX v | Tutor.BOA |v | Tutor.oa v |43,6 x 78,05 mm
Tutor.BOT GerberX |v | Tutor.BOT v | Tutor.BOT v |40,89 x 69,47 mm Cancel
Tutor,.SMB GerberX | ¥ | Tutor.SMB w || Tutor.SMB v |22,38 x 66,39 mm add Fia
he....

Tutor. SMT GerberX | ¥ | Tutor.SMT | Tutor.SMT v (38,9 x 71,82 mm
Tutor.SPT GerberX | | Tutor.SPT ¥ Tutor.SPT ~ |38,63 x 68,98 mm Remove
Tutor. TOP GerberX | | Tutor. TOP » [ Tutor. TOP ¥ 140,84 x 75,76 mm
Tutor.DRL Excelon |¥ | Tutor.DRL w| Tutor.DRL v 42,25 x 76,86 mm

20View  Apertures/Tools  Text View — MessageView General ~ Options

%FSLAX23Y23*%

% V"% size 43,6 x 78,05 mm

briNBordoutine* | Yot

a

GS4D10* Values

X21749Y-38974D02* o |

X-21749Y-38974D01* o

X-21749Y38974D01* ik

X21749Y38974001* codlins

X21749Y-38974D01*

Mo2*

© Rready

wa» [ he option “Use layer name” is only available for importing
Gerber files as the layer name is defined in the Gerber file.

Note

B Using the layer name for import
In CircuitPro, you can either

« define globally that the layer name is read from the Gerber files during import
or

* you activate this option only once during import.

How to activate the option globally:
1. Click on Extras > Options...

®» The following dialog is displayed:
Fig. 411: Extras > [ Gptions N —— |

Options g
Display Uses level Advanced user
Measuiement Use 0S culure False
= Import/ Export Language Engiish (United States) \ Cancel
Import assigrments Units Millimeters
Export configurations Decinal separator
& Fomats & Undo/Redo
Gerber Undo/Redo level 10
Excelon B User and license information
LMD User name NN
STEP Orgarizalion
DXF Location NN
Miscellaneous Serial number
CAM settings Enabling code
Machine
Application

2. Click in the category tree on the left on General > Import/Export > Formats
> Gerber.
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Fig. 412: Extras >
Options

Fig. 413: Import
using option
“Use layer name”

Fig. 414:
“Options” tab

334

= The dialog changes as follows:

CircuitPro PM

PKE

Laser & Electronics

Use layer name

O Use document preferences

= Genesal 8 Import
Display 360-degree interpalation as defa. False
R M-octagor False
= Import / Export Rotate square True S
Import assignments Step and repeat to flash False
Export configurations Uss layer name. True v
& Fomats Use layer polaity Troe
Gerber False %
Excellon
(&)
STEP
DXF
Miscellanecus
CAM settings
Machine

Use layer name defibon from Gerber fle

3. Click on the arrow button of the drop-down list “Use layer name”.

« If the value of “Use layer name” is set to “True”, the correct layer is assigned to
the Gerber files automatically in CircuitPro:

Import File Name Format Aperture/Tool List Layer/Template ISizeiFormal
Tutor, BOA GerberX | v | TutorBOA '+ BoardOutine v k3647805 mm
Tutor BOT Gerbeix v TutorBOT [v] BottomLayer [+ 40,89 % 63,47 o
Tutor.SMB GerbeiX |w| TutorSMB [v] SolderMaskBotiom [ [22.38 1 66,39 mm
[ TutorsmT Gerbeix W[:ﬁ Tutor.SMT i‘: Solr;lt;rMésl.(Toﬁv ‘l]SB,ﬁxﬂ,Bé mm
Tutor.SPT GerberX [l Tutor. SPT ‘: SolderPasteTop ‘::3353;:53.98 mm
Tutor. TOP GerberX [,Z_ Tutor. TOP ‘X ToplLayer ‘1?40,84k75,78 mm
Tutor DRL Excellon v TutorDRL [v] TutorDRL | |42.25 76,86 mm

« If the value is left at “False”, the option is not globally activated.

In the latter case, you can define each time again when importing Gerber files
whether to use the layer name.

Using the layer name automatically when importing:

1.

Switch to the “Options” tab in the “Import” dialog.

Import | File Name Format AperturefTool List Layer/Template SizefFormat
Tutor.BOA GerberX | v | Tutor.BOA |v | Tutor.BOA v |43,6 x 78,05 mm
Tutor.BOT GerberX | v | Tutor.BOT || Tutor.BOT v 40,89 x 69,47 mm
Tutor.SMB GerberX |w | Tutor.SMB ¥ || Tutor.SMB ¥ |22,38 x 66,39 mm
Tutor. SMT GerberX | | Tutor.SMT ¥ | Tutor.SMT ¥ |38,9 x 71,82 mm
Tutor.SPT GerberX |v [ Tutor.SPT v | Tutor.sPT v 138,63 x 68,98 mm
Tutor. TOP GerberX | ¥ | Tutor. TOP w || Tutor. TOP ¥ 140,84 x 75,76 mm
Tutor,DRL Excelon |v | Tutor.DRL v | Tutor.DRL v 42,25 x 76,86 mm

2D View

Apertures/Tools

TextView  Message View

Use layer polarity

Rotate Square

[0 step and Repeat to flash

[ Rotate AM-Octagon

(0 set 360 interpolation as default

[ ] Use layer name |

) Apply to all Gerber files |

© Ready

K Cancel ]
[ Add File... 3
E Remave j
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2. Checkmark the check boxes “Use layer name” and “Apply to all Gerber
files”.
€ The name contained in the Gerber files is used as the layer name.

wm» You can also import Gerber files without using the option “Use
ALY 1 . . .
—ud layer name”. In this case, you have to assign the files manually
Note to the corresponding layer.
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