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Rozdzia# 1. Introduction to the KiCad PCB
Editor

The KiCad PCB Editor isa PCB layout application distributed as a part of KiCad and available for the
following operating systems:

* Linux

* Apple macOS

* Windows

Regardiess of the OS, all KiCad files are 100% compatible from one OS to another.

The PCB Editor is an integrated application where all functions of placing footprints, routing tracks,

library management, and data transfer to and from the schematic capture software are carried out

within the editor itself.

The KiCad PCB Editor isintended to communicate directly with the KiCad Schematic Editor for

designing printed circuit boards from schematics without using any intermediate files. It can also

import netlist files, which list al the electrical connections, from other packages.

The PCB Editor includes afootprint library editor, which can create and edit footprints and manage

libraries. It also integrates the following additional but essential functions needed for modern PCB

design software:

» Design rules check (DRC) for automatic detection of design rule violations such as incorrect and
missing connections, copper clearance and minimum width violations, and many other design
issues

 Scriptable design rules for specifying rules with complex constraints and conditions

* An interactive router with multiple modes of operation (push-and-shove, walkaround, highlight
collisions) and support for differential pair routing as well as length and skew tuning

* A 3D viewer and 3D model generation in many formats (STEP, GLB, BREP, XAO, PLY, STL,
IDF, and VRML)

1.1. Initial configuration

When the PCB Editor isrun for the first time, if the global footprint tablefilef p-1i b-t abl e isnot
found in the KiCad configuration folder then the KiCad will ask how to create thisfile:
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Configure Global Footprint Library Table

KiCad has been run for the first time using the new Footprint library table For
accessing libraries. Inorder For KiCad to access footprint libraries,

you muskt configure your global Footprint library table. Please select from one
of the options below. If you are not sure which option to select, please

use the default selection.

@ Copy default global footprint library table (recommended)
Copy custom global Footprint library table
Create an empty global footprint library table

Select global Footprint library table File:

OK

Thefirst option is recommended (Copy default global footprint library table (recommended)). The
default footprint library table includes all of the standard footprint libraries that are installed as part of
KiCad.

If this option is disabled, KiCad was unable to find the default global footprint library table. This
probably means you did not install the standard footprint libraries with KiCad, or they are not installed
where KiCad expects to find them. On some systems the KiCad libraries are installed as a separate
package.

If you have installed the standard KiCad footprint libraries and want to use them, but the first
option is disabled, select the second option and browse to thef p-1i b-t abl e filein the directory
where the KiCad libraries were install ed.

If you already have a custom footprint library table that you would like to use, select the second
option and browseto your f p- I i b-t abl e file.

If you want to construct a new footprint library table from scratch, select the third option.

Footprint library management, including how to re-run thisinitial configuration, is described in more
detail later.
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1.2. The PCB Editor user interface

StickHub — PCB Editor - o ®
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The main PCB Editor user interface is shown above, with some key elements indicated:

=

. Top toolbars (file management, zoom tools, editing tools)

N

. Left toolbar (display options)

w

. Message panel and status bar

D

. Right toolbar (drawing and design tools)

(62

. Appearance panel

6. Selection filter panel

1.3. Navigating the editing canvas

The editing canvas is a view onto the board being designed. Y ou can pan and zoom to different areas
of the board, and aso flip the view to show the board from the bottom.

By default, dragging with the middle or right mouse button will pan the canvas view and scrolling the
mouse wheel will zoom the view in or out. Y ou can change this behavior in the Mouse and Touchpad
section of the preferences (see Configuration and Customization for details).

Several other zoom tools are available in the top toolbar:

7 _I"'HI
o R.J\
zooms in on the center of the viewport.

Yy

o
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zooms out from the center of the viewport.
zooms to fit the frame around the drawing sheet.
zooms to fit the items within the drawing sheet.

allows you to draw a box to determine the zoomed area.

The cursor’ s current position is displayed at the bottom of the window (X and Y), along with the
current zoom factor (Z), the cursor’ s relative position (dx, dy, and dist), the grid setting, and the
display units.

The relative coordinates can be reset to zero by pressing kbd:[Space]. Thisis useful for measuring
distance between two points or aligning objects.

1.4. Hotkeys

The kbd:[Ctrl+F1] shortcut displays the current hotkey list. The default hotkey list isincluded in the
Actions Reference section of the manual.

The hotkeys described in this manual use the key labels that appear on a standard PC keyboard. On
an Apple keyboard layout, use the kbd:[Cmd] key in place of kbd:[Ctrl], and the kbd:[Option] key in
place of kbd:[Alt].

Many actions do not have hotkeys assigned by default, but hotkeys can be assigned or redefined using
the hotkey editor (Preferences | Preferences... _ Hotkeys).

Uwaga

Many of the actions available through hotkeys are al'so available in context menus. To
access the context menu, right-click in the editing canvas. Different actions will be available
depending on what is selected or what tool is active.

Hotkeys are stored in thefile user . hot keys in KiCad's configuration directory. The location is
platform-specific:

e Windows. %APPDATA% ki cad\ 9. 0\ user . hot keys
e Linux: ~/.config/kicad/ 9.0/ user. hot keys
* macOS: ~/ Li brary/ Pref erences/ ki cad/ 9. 0/ user . hot keys

KiCad can import hotkey settings from auser . hot keys file using the Import Hotkeys button in the
hotkey editor.
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2.1. Board layers

Layersin the PCB Editor represent physical copper layers on aboard, as well as graphical layers used
for defining things such as silkscreen, solder mask, and the board edge. There is always one layer that
isactivein the editor. The active layer is drawn on top of other layers and will be the layer assigned
to newly-created objects. The active layer isindicated in the layer selector drop-down box in the top
toolbar and is also highlighted in the appearance panel. To change the active layer, you can left-click
alayer name in the appearance panel, use the drop-down layer selector in the top toolbar, or use a
hotkey. Layers can be hidden to simplify the board view. Y ou can hide alayer eveniif it isthe active

layer.
2.1.1. Display order for board layers

The display order for board layers is dynamic and depends on which layer is selected as the active
layer. The active layer is always drawn on top of other layers. In addition, layers that are related to
the active layer are drawn on top of layersthat are unrelated. For example, if you make B.Silkscreen
the active layer, then all of the other back layers (B.Cu, B.Adhesive, B.Paste, B.Mask, B.Fab, and
B.Courtyard) will be drawn on top of the front, user, and inner copper layers, with B.Silkscreen
topmost. If you make Edge.Cuts active, then it will be drawn on top, and the User.* layers and Margin
will also be be brought to the front.

Uwaga

Selected objects are always drawn on top, even if they are not on the active layer.

2.2. The appearance panel

The appearance panel provides controls to manage the visibility, color, and opacity of objectsin the
PCB Editor’ s drawing canvas. It has three tabs: the Layers tab contains controls for the board layers,
the Objects tab contains controls for different types of graphical objects, and the Nets tab contains
controls for the appearance of the ratsnest and copper items.

2.2.1. Layer controls

In the Layers tab of the appearance panel, each board layer is shown with its color and visibility state.
The active layer is shown highlighted with an arrow indicator to the left of the color swatch. Left-click
on alayer to choose it as the active layer. Left-click on the corresponding visibility icon to toggle

the layer between visible and hidden. Double-click or middle-click on the color swatch to change the
layer’s color.

Uwaga

Y ou must first create a custom color theme in Preferences before you can change layer colors
in the appearance panel.
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Below thelist of layersis an expandable panel that contains layer display options. The first setting
controls how non-active layers are displayed: normal, dimmed, or hidden. The layer display mode can
be used to ssimplify the view and focus on a single layer. Items on inactive layers cannot be selected
when the non-active layer display mode is"Dim" or "Hide". Y ou can use the hotkey kbd:[Ctrl+H] to
cycle through these display modes quickly.

Flip board view will show the board asif you are looking from the bottom (that is, mirrored around
the Y-axis). This option is also available in the View menu.

Uwaga

Flipping the board view does not change the visual layer ordering, the active layer will remain
in front followed by the other layersin their normal order.

2.2.2. Object controls

The Objects tab of the appearance panel is similar to the Layerstab. The main differences are that
some objects have no color setting and that four types of objects (tracks, vias, pads, and zones) have
opacity control sliders. The opacity setting here will be multiplied with any opacity set in the layer
colors. By default, all objects are fully opaque except for zones, which are set to transucent in order
to make it easier to see objects through filled zone areas.

2.2.3. Layer presets

Layer presets store which layers and objects are visible and hidden for easy recall. There are several
built-in layer presets and you can save your own custom presets. Custom presets are stored in the
project settings for a board, as presets may be specific to a certain board stackup.

To load a preset, choose it from the Presets drop-down menu at the bottom of the appearance panel or
use the quick switcher by holding down kbd:[Ctrl] and pressing kbd:[ Tab]. Once the quick switcher
window appears, you can press kbd:[ Tab] and kbd:[ Shift+Tab] to cycle through the available presets.
When you let go of the kbd:[Ctrl] key, the highlighted preset will be |oaded.

To save a custom preset, first use the visibility controls to choose which layers you want visible, then
choose Save preset... from the Presets drop-down menu. Give your preset a name and it will now be
available viathe drop-down menu and the quick switcher. To modify a custom preset, follow the same
process and save the modified version with the same name to overwrite the existing version. To delete
acustom preset, choose the Delete preset... option from the drop-down menu and select the preset to
be deleted from the list.

2.2.4. Viewports

Viewports store the current view location and zoom level so you can quickly switch back to it later, or
switch between severa saved views.

To load aviewport, choose it from the Viewports drop-down menu at the bottom of the appearance
panel or use the quick switcher by holding down kbd:[ Shift] and pressing kbd:[Tab]. Once the quick
switcher window appears, you can press kbd:[ Tab] to cycle through the stored viewports. When you
let go of the kbd:[ Shift] key, the highlighted viewport will be loaded.
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To save anew viewport, scroll and zoom to show the desired area of the board, then choose Save
viewport... from the Viewports drop-down menu. Give your viewport a name and it will now be
available via the drop-down menu and the quick switcher. To modify an existing viewport, save a
new viewport with the same name to overwrite the existing version. To delete a viewport, choose the
Delete viewport... option from the drop-down menu and select the preset to be deleted from the list.

2.2.5. Net and net class controls

The Nets tab of the appearance panel shows alist of al nets and net classes in the board. Each net
has avisibility control that controls the visibility of that net in the ratsnest. Hiding netsin the ratsnest
does not change the connectivity of the board and will not impact the design rule checker; it only is
intended to make the ratsnest easier to understand.

Each net and net class can also have a color assigned. By default, this color applies to the ratsnest
linesfor the net (or for al the netsin the net class). Nets have no color by default; thisisindicated by
a checkerboard pattern in the color swatch. Double-click or right-click a net or net class color swatch
to set the color. To give anet class the same color it hasin the schematic, right click the net class and
select Use color from schematic.

Uwaga

The Default net class cannot have a color assigned, as netsin this class will just use the default
ratsnest color defined by the color theme.

Y ou can also select and highlight nets and net classes via the appearance panel: right-click on a net or
net class to show these options in a menu.

Below thelist of net classes is an expandable panel that contains net display options. The first option
controls how net colors are applied. When "All" is selected, all copper items (pads, tracks, vias, and
zones) belonging to a net or net class will take on the chosen color. When "Ratsnest” is selected (the
default value), only the ratsnest is affected by net and net class colors. When "None" is selected, net
and net class colors are ignored.

The second option controls how ratsnest lines are drawn. "All layers' means that ratsnest lines will be
drawn between all unconnected items. "Visible layers’ means that no ratsnest lines will be drawn to
items that are on hidden layers, even when those items are unconnected.

Uwaga

Y ou can configure the thickness of ratsnest lines in the PCB Editor Editing Options section of
the Preferences dialog, to make the ratsnest more or lessvisible.

2.3. Selection and the selection filter

Selecting itemsin the editing canvas is done with the left mouse button. Single-clicking on an object
will select it and dragging will perform a box selection. A box selection from left to right will only
select itemsthat are fully inside the box. A box selection from right to left will select any items that
touch the box. A left-to-right selection box is drawn in yellow, with a cursor that indicates exclusive
selection, and aright-to-left selection box is drawn in blue with a cursor that indicates inclusive
selection.
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The selection action can be modified by holding modifier keys while clicking or dragging. The
following modifier keys apply when clicking to select single items:

Modifier Keys Modifier Keys Modifier Keys Selection Effect

(Windows) (Linux) (macOS)

kbd:[Ctrl] kbd:[Ctrl] kbd:[Cmd] Toggle selection. Note: kbd:
[Ctrl]+click can be remapped to
highlight net in Preferences _, PCB
Editor _ Editing Options.

kbd:[ Shift] kbd:[ Shift] kbd:[ Shift] Add the item to the existing selection.

kbd:[Ctrl + Shift] |kbd:[Ctrl + Shift] |kbd:[Cmd + Shift] [Remove the item from the existing
selection.

long click long click or kbd: |long click or kbd: | Clarify selection from a pop-up menu.

[Alf] [Option]

The following modifier keys apply when dragging to perform a box selection:

Modifier Keys Modifier Keys Modifier Keys Selection Effect

(Windows) (Linux) (macOS)

kbd:[Ctrl] kbd:[Ctrl] kbd:[Cmd] Toggle selection.

Kbd:[ Shift] kbd:[ Shift] kbd:[ Shift] Add item(s) to the existing selection.

kbd:[Ctrl + Shift] |kbd:[Ctrl + Shift] |kbd:[Cmd + Shift] |Remove item(s) from the existing
selection.

The selection filter panel in the lower right corner of the PCB Editor window controls which types of
objects can be selected with the mouse. Turning off selection of unwanted object types makesiit easier
to select items in adense board. The "All items" checkbox is a shortcut to turn the other items on and
off. The"Locked items" checkbox is independent of the rest, and controls whether or not items that
have been locked can be selected. Y ou can right-click any object type in the selection filter to quickly
change the filter to only allow selecting that type of object.

Selection Filter

(] All items Locked items
(| Footprints [+ Text

(| Tracks (] vias

(v Pads (| Graphics

(v Zones (| Rule Areas

I\E“I Dimensions I\E“I Other items

When a connected copper item is selected, you can expand the selection to other copper items of the
same net using the Expand Selection command in the right-click context menu or with the hotkey
kbd:[U]. Thefirst time you run this command, the selection will be expanded to the nearest pad. The
second time, the selection will be expanded to all connected itemson al layers.

Selecting an object displays information about the object in the message panel at the bottom of the
window. Double-clicking an object opens a window to edit the object’ s properties.
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Pressing kbd:[Esc] will always cancel the current tool or operation and return to the selection tool.
Pressing kbd:[Esc] while the selection tool is active will clear the current selection.

2.4. Net highlighting

An electrical net (or set of nets) can be highlighted in the PCB editor to visualize how the net is routed
across the PCB. Net highlighting can be activated by selecting the net to highlight in the PCB editor
or by selecting the corresponding net in the schematic editor when cross-probe highlighting is enabled
(see below). When net highlighting is active, the highlighted net or nets will be shown in a brighter
color and all other items will be shown in adimmer color than normal.

There are several ways to select a net or netsto highlight in the PCB editor:

» Usethe hotkey kbd:["] after selecting a copper object, or while hovering over a copper object
 Right click acopper object in the editing canvas and select Net Inspection Tools _ Highlight Net
* Right click anet in the Netstab of the Appearance panel and select Highlight

» Doubleclick anet in the Net Inspector

When you press the Highlight Net hotkey, the nets of any selected copper items will be highlighted. If
no copper items are selected, the net of the copper item under the editor cursor will be highlighted.

Net highlighting can be cleared by using the Clear Net Highlight action (hotkey kbd:[~]) or by
using the Highlight net tool on an empty region in the board. By default, kbd:[Esc] aso clears net
highlighting, but this can be disabled if desired in Preferences _, PCB Editor _ Editing Options.

—

When anet or nets have been selected for highlighting, the Toggle Net Highlighting action becomes
enabled on the left toolbar (also accessible by hotkey, kbd:[Ctrl+]). This action will turn the
highlighting display on or off without choosing a new net to highlight.

2.5. Cross-probing from the schematic

KiCad allows bi-directional cross-probing between the schematic and the PCB. There are several
different types of cross-probing.

Selection cross-probing alows you to select a symbol or pin in the schematic to select the
corresponding footprint or pad in the PCB (if one exists) and vice-versa. By default, cross-probing
will result in the display centering on the cross-probed item and zooming to fit. Y ou can disable the
centering and zooming behavior, or disable selection cross-probing entirely, in the Display Options
section of the Preferences dialog. Even when selection cross-probing is disabled, you can manually
cross-probe from the schematic to the PCB by right-clicking an object and selecting Select on PCB,
or from the PCB to the schematic by right-clicking an object and choosing Select _ Select on
Schematic.

Highlight cross-probing alows you to highlight a net in the schematic and PCB at the same time. If
the option "Highlight cross-probed nets" is enabled in the Display Options section of the Preferences
dialog, highlighting a net or bus in the schematic editor will cause the corresponding net or nets to be
highlighted in the PCB editor.
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2.6

. Left toolbar display controls

The left toolbar provides options to change the display of itemsin the PCB Editor.

Turns grid display on/off.

Note: by default, hiding the grid does not disable grid snapping. This behavior can be changed
in the Display Options section of Preferences.

Turns item-specific grid overrides on/off.

Switch between polar and Cartesian coordinate display in the status bar.

Display/entry of coordinates and dimensions in inches, mils, or millimeters.

Switches between full-screen and small editing cursor (crosshairs).

Switches between free angle and 45 degree mode for placement of new tracks, zones, graphical
shapes, dimensions, and other objects. Y ou can also toggle between free angle and 45 degree
mode using kbd:[ Shift+Space].

Turns the ratsnest display on/off.

Switches between straight and curved ratsnest lines.

Switches the non-active layer display mode between Normal and Dim.

Note: this button will be highlighted when the non-active layer display mode is either Dim or
Hide. In both cases, pressing the button will change the layer display mode to Normal. The Hide
mode can only be accessed via the controlsin the Appearance Panel or viathe hotkey kbd:[ Ctrl
+H].

When a net has been selected for highlighting, switches the highlighting on or off.

Note: this button will be disabled when no net has been highlighted. To highlight a net, use the
hotkey kbd:[ ], right-click any copper object in the net and choose Highlight Net from the Net
Tools menu, or right-click the net in the list in the Nets tab of the Appearance panel.

Show zonefilled areas.

Show zone outlines only.

Switches display of pads between filled and outline mode.

Switches display of vias between filled and outline mode.

Switches display of tracks between filled and outline mode.

Shows or hides the Appearance and Selection Filter panels on the right side of the editor.

Shows or hides the Properties Manager panel on the |eft side of the editor.
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Rozdzia# 3. Creating a PCB
3.1. Basic PCB concepts

A printed circuit board in KiCad is generally made up of footprints representing electronic
components and their pads, nets defining how those pads connect to each other, tracks, vias, and
filled zones that form the copper connections between pads in each net, and various graphic shapes
defining the board edge, silkscreen markings, and any other desired information.

KiCad normally keeps the information about nets on a PCB synchronized with an associated
schematic, but nets can also be created and edited directly within the PCB editor.

3.2. Capabilities

KiCad is capable of creating printed circuit boards with up to 32 copper layers, 14 technical layers
(silkscreen, solder mask, component adhesive, solder paste, etc), and 13 general-purpose drawing
layers.

The internal measurement resolution of all objectsin KiCad is 1 nanometer, and measurements are
stored as 32-bit integers. This meansit is possible to create boards up to approximately 4 meters by 4
meters.

KiCad currently supports one board file per project / schematic.

3.3. Starting from a schematic

Creating a board from a schematic is the recommended workflow for KiCad. When you create a new
project, KiCad will generate an empty board file with the same name as the project. To start designing
the board after you have created a schematic, simply open the board file. Y ou can do this either from
the KiCad project manager, or by clicking the "Open PCB in board editor” button in the schematic
editor. To import the schematic design information into the board editor, including footprints and net
connections, usethe Tools _, Update PCB from Schematic... action (kbd:[F8]). Y ou can aso use
the

icon in the top toolbar.
Uwaga
Update PCB from Schematic is the preferred way to transfer design information from the
schematic to the PCB. In older versions of KiCad, the equivalent process was to export a

netlist from the Schematic Editor and import it into the Board Editor. It is no longer necessary
to use anetlist file.
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R Update PCB from Schematic v X

Options
[ Re-link footprints to schematic symbols based on their reference designators

Update Footprints
(v Replace footprints with those specified by symbaols

Delete footprints with no symbaols

Override locks

Update Fields
(v Update footprint fields from symbols

Remove footprint fields not found in symbols

Changes to Be Applied

Processing symbol 'CAN_EN201:Connector_PinHeader_2.54mm:PinHeader_2x02_P2.54mm_Vertical'.
Processing symbol 'C303: Capacitor_SMD:C_0805_2012Metric'.
Processing symbol 'C304: Capacitor_SMD:C_0805_2012Metric'.
Processing symbol 'R215:Resistor_SMD:R_DB05_2012Metric'.
Processing symbol 'C305:Capacitor_SMD:C_0805_2012Metric'.
Processing symbol 'C306: Capacitor_SMD:C_0805_2012Metric'.
Processing symbol 'R214:Resistor_SMD:R_DB05_2012Metric'.
Processing symbol 'C307:Capacitor_SMD:C_0805_2012Metric'.
Processing symbol 'R213:Resistor_SMD:R_DB05_2012Metric'.
Processing symbol 'C308: Capacitor_SMD:C_0805_2012Metric'.
Processing symbol 'C309: Capacitor_SMD:C_0805_2012Metric'.
Processing symbol 'R212:Resistor_SMD:R_DB05_2012Metric'.
Processing symbol 'C310:Capacitor SMD:C 0805 20712Metric'.

Show: [+ Al (| Errors O I'E'l‘|.|"."arr'|ir'|gs 7 [+ Actions (¥ Infos Save...

Close Update PCB

For more information about the Update Schematic from PCB tool, see the forward annotation section
of the manual.

3.4. Starting from scratch

It is also possible to create a board with no matching schematic, although this workflow has some
limitations and is not recommended for most users. To do this, you must start the PCB editor
standalone (not from the KiCad project manager). Before beginning your design, it isagood idea

to save the board file, which will also create a project file to store board settings. Use "Save As..."
from the File menu to choose where to save your board file. A project file with the same name will be
created in the same location you choose to save the board filein.

3.5. Board setup

Before beginning your board design, use the Board Setup dialog to configure the basic parameters of
the board. To open Board Setup, click the
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icon in the top toolbar or choose "Board Setup..." from the File menu.

3.5.1. Configuring board stackup and physical
parameters

There are two sections of Board Setup used to configure the stackup and layers of the board. The
Board Editor Layers section is used to enable or disable technical (non-copper) layers, and give
custom namesto layersif desired. The Physical Stackup section is used to configure the number of
copper layers, as well as the physical parameters of the copper and dielectric layers such as thickness
and material type. Dielectric, soldermask, and silkscreen layers can have colors assigned to them,
which affects the board’ s appearance in the 3D viewer.

To configure the board stackup, start on the Physical Stackup section:

' # Board Setup v X

" Board Stackup

Board Editor Layers Copper layers: | 4 Impedance controlled Add Dielectric Layer...
Board Finish Layer Id Type Material Thickness a Color EpsilonR  Loss Tan
Solder Mask/Paste F.Silks Top Silk Screen Liquid Photo Owhite v

w  Text & Graphics

F.Paste Top Solder Paste
Defaults

Formatting m FMask Top Solder Mask Dry Film .| | 0.01 mm W Green v | 3.3 0
fext Varizbles Top_layer  Copper 0.035 mm
~  Design Rules
Constraints mmm Dielectric1 | PrePreg W FR4 .., | 0.48 mm BEnot specfied v | 45 0.02
Pre-defined Sizes Ind.Cu Copper 0.035 mm
Teardrops
Length-tuning Patterns mmm Dielectric2 | Core ~ | | FR4 .. 0.48 mm BNot specified v | 4.5 0.02
Net Classes In2.Cu Copper 0.035 mm
Custom Rules
. = Dielectric3 | PrePreg v FR4 .. | 0.48 mm W ot specified ~ | 45 0.02
Violation Severity
~ Board Data B.Cu Copper 0.035 mm
Embedded Files ’
mmm B Mask Bottom Solder Mask Dry Film o | 0.01 mm BGreen W 3.3 0
B.Paste Bottom Solder Paste
B.SilkS Bottom Silk Screen Liguid Photo ... Clwhite "
Board thickness from stackup: 1.6 mm Adjust Dielectric Thickness Export to Clipboard
Import Settings from Another Board... © Cancel v OK

Set the number of copper layersin the upper left corner and then enter the physical parameters of

the stackup if desired. These parameters may be left at their default values, but note that the board
thickness value will be used when exporting a 3D model of the board, and layer thicknesses will be
included in net length calculations for any nets that include vias. If you plan to use these features, it is
agood ideato ensure that the stackup thicknessis correct.

Uwaga

KiCad currently only supports stackups with an even number of copper layers. To create
designs with an odd number of layers (for example, flexible printed circuits or metal-core
printed circuits), smply choose the next highest even number and ignore the extralayer.

Next, if desired, use the Board Editor Layers section to rename layers or hide non-copper layers that
you will not be using in the design. For example, if you will not use a back silkscreen on the design,
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uncheck the box next to the B. Si | kscr een layer. Some layers, like F. Cu / B. Cu or Edge. Cut s, are
required layers and therefore cannot be disabled.

' * Board Setup oo X

“ Board Stackup
Add User Defined Layer...

Physical Stackup
Off-board, testing

Board Finish
Solder Mask/Paste ~| | F.Fab Off-board, manufacturing
~  Text & Graphics )
~| | FAdhesive On-board, non-copper
Defaults
Formatting ~| | F.Paste On-board, non-copper
Text Variables
v Design Rules ~| | FSilkscreen On-board, non-copper
Constraints vl | F.Mask On-board, non-copper
Pre-defined Sizes
Teardrops top_copper signal W
Length-tuning Patterns In1.Cu signal v
Net Classes
Custom Rules In2.Cu signal M
Violation Severity B.Cu signal v
“ Board Data
Embedded Files ~| | B.Mask On-board, non-copper
~| | B.Silkscreen On-board, non-copper
| | B.Paste On-board, non-copper
~| | B.Adhesive On-board, non-copper
~| | B.Fab Off-board, manufacturing
B.Courtyard Off-board, testing
Edge.Cuts Board contour
Margin Board contour setback
~| | UserEcol Auxiliary
~| | UserEco2 Auxiliary
~¥| | UserComments Auxiliary
~| | UserDrawings Auxiliary
~| | User1 Off-board, front v
Import Settings from Another Board... © Cancel v OK

Uwaga

Copper layers can be designated as signal, power plane, mixed, or jumper in the Board Editor
Layers section. This designation isintended as a guide for the user only. Tracks and zones can
be routed on any copper layer, no matter what the type is configured to in this dialog.

Y ou can add additional user-defined layers (User . 1, User . 2, etc.) by clicking the Add User Defined
Layer ... button in the top right. User-defined layers can’t be used for routing, but they can contain
arbitrary graphics or other information. By default, user layers are auxiliary layers, meaning that
whatever information they contain does not correspond to either the front or back of the board. User
layers can instead be set to Off-board, front or Off-board, back, in which case they correspond to
the selected side of the board. Items on such layers can be flipped from front to back in the same way
as objects on physical front/back layers. Adjacent front/back layers are treated as paired: if User. 2 is
defined as afront layer and User . 3 is defined as aback layer, flipping an object on User . 2 will move
itto User. 3, and vice versa.
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Some additional board stackup settings are found on the Board Finish and Solder Mask/Paste sections
of the Board Setup dialog. The Board Finish section has settings for defining the copper finish and
special features such as castellations or edge plating. Note that these settings only impact the board
attributes output as part of Gerber job files at thistime.

. £ Board Setup oA K

~ Board Stackup Has castellated pads

Board Editor Layers

Plated board ed
Physical Stackup ALeC oIS ecys

Copper finish: MNone v
Solder Mask/Paste
v Text & Graphics Edge card connectors: | None v
Defaults
Formatting
Text Variables
~  Design Rules
Constraints
Pre-defined Sizes
Teardrops
Length-tuning Patterns
Net Classes
Custom Rules
Violation Severity
“ Board Data
Embedded Files

Import Settings from Another Board... @ Cancel v OK

The Solder Mask/Paste section allow global adjustment of the clearance (positive or negative)
between the copper shapes and solder mask / solder paste shapes of pads on the board. These values
will be added to any clearance overrides set on individua footprints or pads. Positive clearance
values will result in the shape of the solder mask or paste opening being larger than the copper shape.
Negative clearance values will result in the opening being smaller than the copper shape.

Ostr zettenie

Most commercial PCB fabricators expect these values to be zero and make their own
adjustments to solder mask and paste openings as part of their CAM process. It is usually best
to leave these values at their default of zero unless you are making the PCB yourself or have
specific advice from your fabricator to use different values.

' * Board Setup VoA X
" Board Stackup . : . .
Use your board manufacturer's recommendations for solder mask expansion and minimum web width.

Board Editor Layers If none are provided, setting the values to zero is suggested.

Physical Stackup

Board Finish
Solder Mask Settings
v Text & Graphics Solder mask expansion: 0 mm
Defaults
Formatting Solder mask minimum web width: 0 mm
Tesxt Variables Solder mask to copper clearance: | 0 mm

“ Design Rules
Constraints Allow bridged solder mask apertures between pads within footprints

Pre-defined Sizes Tentvias: ¥ Front [ Back

Teardrops

Length-tuning Patterns Solder Paste Settings

Net Classes

Custom Rules Solder paste absolute clearance: | -0 mm

Violation Severit .
Y Solder paste relative clearance: | -0 %
“ Board Data

Embedded Files
Note: Solder paste clearances {absolute and relative) are added to determine the final clearance.

Import Settings from Another Board... © Cancel v OK
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3.5.2. Configuring default text and graphic settings

The Text & Graphics Defaults section of the Board Setup dialog can be used to configure the
properties that will be used for new text and graphic shapes that are placed on the board.

. * Board Setup MoA X
~  Board Stackup Default properties for new graphics and text:
Board Editor Layers
Physical Stackup Line Thickness Text Width Text Height Text Thickness Italic Keep Upright
Board Finish Silk Layers 0.12 mm 1 mm 1 mm 0.15 mm

Solder Mask/Paste
0.2 15 1.5 0.3
“ Text & Graphics Copper Layers mm mm mm mm

Edge Cuts 0.05 mm
Formatting Courtyards 0.05 mm
Text Variables
v Design Rules Fab Layers 0.1 mm 1mm 1 mm 0.15 mm
Constraints Other Layers 0.1 mm 1 mm 1mm 0.15 mm
Pre-defined Sizes
Teardrops . _ ) .
. Default properties for new dimension objects:
Length-tuning Patterns
Net Classes Units: Inches W Text position: Outside W
Custom Rules
Violation Severity Units format: 1234 mm v v Keep text aligned
“ Board Data
Embedded Files IRk 0.0 i Arrow length: 1.27 mm
Suppress trailing zeroes Extension line offset: | 0.5 mm
Import Settings from Another Board... © Cancel v OK

Line thickness, text size, and text appearance can be configured for the six different categories of
layers shown in the dialog. Additionally, the properties for dimension objects can be configured for all
layers. For more details about dimension properties, see the Dimensions section below.

Dashed line appearance is controlled in the Formatting section. Dash length controls the length of
dashes, while Gap length controls the spacing between dashes and dots. The dash and gap lengths are
relative to the line width: a gap length of 2 means twice the width of the line.

Text replacement variables can be created in the Text Variables section. These variables allow you to
substitute the variable name for any text string. This substitution happens anywhere the variable name
is used inside the variable replacement syntax of ${ VARI ABLENANE} .

For example, you could create a variable named VERSI ON and set the text substitutionto 1. 0. Now, in
any text object on the PCB, you can enter ${ VERSI ON} and KiCad will substitute 1. 0. If you change
the substitution to 2. 0, every text object that includes ${ VERSI ON} will be updated automatically.

Y ou can al'so mix regular text and variables. For example, you can create atext object with the text
Ver si on: ${VERSI ON\} which will be substituted asver si on: 1. 0.

Text variables can also be created in Schematic Setup. Text variables are project-wide; variables
created in the schematic editor are also available in the board editor, and vice versa.

There are also a number of built-in system text variables.
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3.5.3. Configuring design rules

Design rules control the behavior of the interactive router, the filling of copper zones, and the design
rule checker. Design rules can be modified at any time, but we recommend that you establish al
known design rules at the beginning of the board design process.

Constraints

Basic design rules are configured in the Constraints section of the Board Setup dialog. Constraints
in this section apply to the entire board and should be set to the values recommended by your board
manufacturer. Any minimum value set here is an absolute minimum and cannot be overridden with
amore specific design rule. For example, if you need the copper clearance on part of aboard to

be 0.2mm and in the rest 0.3mm, you must enter 0.2mm for the minimum copper clearance in the
Constraints section and use a net class or custom rule to set the larger 0.3mm clearance.

' * Board Setup WA
' Board Stackup Copper Arc/Circle Approximated by Segments
Board Editor Layers
Physical Stackup :J Minimum clearance: 0.15 mm Maximum allowed deviation: | 0.005 mm
Board Finish o . MNote: zone filling can be slow when < 0.005 mm.
/*l Minimum track width: 0.15 mm
Solder Mask/Paste
' Text& Graphics m Minimum connection width: | 0 mm Zone Fill Strate
Defaults oy
Formatting ? Minimum annular width: 0.1 mm b () Allowfillets/chamfers outside zone outline
Text Variables
“ Design Rules 2//2 Minimum via diameter: 0.5 mm ©| Minimum thermal relief spoke count: | 2 - +
Pre-defined Sizes A Copper to hole clearance: 0 mm
Length Tuning
Teardrops
[ .
Length-tuning Patterns Zl COppeniciedgaicledrnce gy 0 mm ¥ Include stackup height in track length calculations
Net Classes
Custom Rules [l
Violation Severity
“ Board Data };" Minimum through hole: 0.25 mm
Embedded Files
vl Hole to hole clearance: 0.25 mm
uVias
¥ wini ta :
v o4 Minimum uVia diameter: 0.2 mm
74 - r
};( Minimum uVia hole: 0.4 mm
Silkscreen
Minimum item clearance: 0 mm
Minimum text height: 0.4 mm
Minimum text thickness: 0.1 mm
Import Settings from Another Board... & Cancel v OK

In addition to setting minimum clearances, a number of features can be configured here:

Setting Description

Arc/circle approximated | In some situations, KiCad must use a series of straight line segments to
by segments approximate round shapes such as those of arcs and circles. This setting
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Setting

Description

controls the maximum error allowed by this approximation: in other words,
the maximum distance between a point on one of these line segments

and the true shape of the arc or circle. Setting this to alower number than
the default value of 0.005mm will result in smoother shapes, but can

be very slow on larger boards. The default value typically resultsin arc
approximation error that is not detectable in the manufactured board due to
manufacturing tolerances.

Allow fillets outside
zone outline

Zones can have fillets (rounded corners) added in the Zone Properties
dialog. By default, no zone copper, including fillets, is allowed outside

the zone outline. This effectively means that inside corners of the zone
outline will not be filleted even when afillet is configured. By enabling this
setting, inside corners of the zone outline will be filleted even though this
resultsin copper from the zone extending outside the zone outline.

Minimum thermal relief
spoke count

This sets the minimum acceptable number of thermal relief spokes
connecting a pad to azone. A DRC violation will be generated if this
constraint is violated.

Include stackup
height in track length
calculations

By default, the length tuner uses the height of the stackup to calculate

the additional length of atrack that travels through vias from one layer to
another. This calculation relies on the board stackup height being correctly
configured. In some situations, it is preferable to ignore the height of

vias and just calculate the track length assuming that vias add no length.
Disabling this setting will exclude vialength from length tuner track length
calculations.

Pre-defined Sizes

The pre-defined sizes section allows you to define the track and via dimensions you want to have
available while routing tracks. Net classes can be used to define the default dimensions for tracks

and viasin different nets (see below) but defining alist of sizesin this section will allow you to step
through these sizes while routing. For example, you may want the default track width on a board to
be 0.2 mm, but use 0.3 mm for some sections that carry more current, and 0.15 mm for some sections
where space is limited. Y ou can define each of these track widths in the Board Setup dialog and then
switch between them when routing tracks.
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' * *Board Setup VoA X

~  Board Stackup Tracks: Vias: Differential pairs:
Board Editor Layers

Width Diameter Hole Width Gap Via Gap
Physical Stackup

Board Finish 0.3 mm 0.45 mm 0.2 mm
Solder Mask/Paste 0.5 mm 0.25 mm
~  Text & Graphics
Defaults
Formatting
Text Variables
* Design Rules

Constraints

Teardrops
Length-tuning Patterns
Net Classes
Custom Rules
Violation Severity

* Board Data
Embedded Files

+ B w4

]
+
[
]

Import Settings from Another Board... © Cancel v OK

Teardrops

The teardrops section lets you set default parameters for various types of teardrops. There are different
settings for teardrop connections to round objects, rectangular objects, and teardrop connections
between tracks. The default teardrop parameters can be overridden when teardrops are added, and also
changed in the properties for individual connected items. See the teardrops documentation for more
information about each setting.
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58 »

~  Board Stackup
Board Editor Layers
Physical Stackup
Board Finish
Solder Mask/Paste

~  Text & Graphics
Defaults
Formatting
Text Variables

* Design Rules
Constraints
Pre-defined Sizes
Length-tuning Patterns
Net Classes
Custom Rules
Violation Severity

* Board Data
Embedded Files

Default Properties for Round Shapes

Lo

Import Settings from Another Board...

Length-tuning patterns

Board Setup

Best length (L)

Best width (W):

Curved edges

Best length (L):

Best width (W):

Curved edges

Best length (L)

Maximum length (L):

Best width (W)

Maximum width (W):

Curved edges

Maximum length (L):

Maximum width (W):

Maximum length (L):

Maximum width (W):

50

100

50

100

50

100

+ %(d)

mm

S(d )

mm

+ %iw)

mm

Yolw )

+ | %lw)

mm

Bi(w )

mm

Allow teardrop to span two track segments

Prefer zone connection

Track width limit: | 90 = + |%(d)

Allow teardrop to span track segments

Prefer zone connection

Track width limit: | 90 -

+ | %lw )

Allow teardrop to span track segments

Track width limit: | 90 = + [%(w)

© Cancel v OK

The length-tuning patterns section lets you set default parameters for each type of length-tuning
pattern (single-track length, differential-pair length, and differential-pair skew). These defaults can
be overridden in the properties of each tuning pattern added to the board. See the length tuning
documentation for more information.
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l * *Board Setup VoA
v Board Stackup Default properties for single-track tuning:
Board Editor Layers
Physical Stackup Minimum amplitude (A): | 0.1 mm  Maximum amplitude (A): 1 mm
Board Finish
Solder Mask/Paste Rhekd B 0.6 mm
~  Text & Graphics
Defaults Corner style: Fillet e Radius (r): 100 %
Formatting single-sided
Text Variables
* Design Rules
Constraints
Pre-defined Sizes Minimum amplitude (A): | 0.1 mm  Maximum amplitude (A): 1 mm
Teardrops
Spacing (s): 0.6 mm
Net Classes
Custom Rules Corner style: Fillet v Radius (r): 100 %
Violation Severity Single-sided
* Board Data
Embedded Files Default properties for differential-pair skews:
:‘T": Minimum amplitude (&): | 0.1 mm  Maximum amplitude (A): 1 mm
| 1
__________ |
IA Im Spacing (sk 0.6 mm
Corner style: Fillet e Radius (r): 100 %
Import Settings from Another Board... © Cancel v OK

Net Classes

The Net Classes section allows you to configure routing and clearance rules for different classes of

nets.

More than one net class can be assigned to a net. For nets with multiple net classes assigned, an

effective aggregate net classis formed, taking any net class properties from the highest priority net
class which has that property set. Net class priority is determined by the ordering in the Schematic or
Board Setup dialogs. The Def aul t net classis used as afallback for any missing properties after all
explicit net classes have been considered; this means that nets may be part of the Def aul t net class

even if they have other net classes explicitly assigned.

Net classes may be created and edited in either the Schematic or Board Setup dialogs.
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' * *Board Setup VoA X

~ Board Stackup Netclasses:

Board Editor Layers

Physical Stackup MName Clearance Track Width Via Size Via Hole pVia Size uVia Hole DP Width DP Gap
Board Finish
Solder Mask/Paste .
Default 0.15 mm 0.2 mm 0.6 mm 0.4 mm 0.3 mm 0.1 mm 0.2 mm 0.25 mm
w  Text & Graphics
Defaults
Formatting + [ T 4 Set color to transparent to use layer default color. | Import colors from schematic
Text Variables
' Design Rules Netclass assignments:
Constraints )
_ Pattern Net Class Nets matching 'GND*":
Pre-defined Sizes
Teardrops +3.3V POWER GND
Length-tuning Patterns GNDA
Custom Rules
Violation Severity
“ Board Data
Embedded Files
+ w
Import Settings from Another Board... © Cancel v OK

The upper portion of the Net Classes section contains a table showing the net classes in the design and
the design rules that apply to each net class. Every class has values for copper clearance, track width,
viasizes, and differential pair sizes. These values will be used when creating tracks and vias unless a
more specific rule overrides them (see Custom Rules below).

Uwaga

No rule may override the minimum values set in the Constraints section of Board Setup.
For example, if you set anet class clearanceto 0. 1 mm but the Minimum Clearance in the
Constraints sectionisset to 0. 2 nm netsin that class will have aclearance of 0. 2 nm

The track widths and via sizes defined for each net class are used when the track width and via size
controls are set to "use netclass values" in the PCB editor. These widths and sizes are considered the
default, or optimal, sizes for that net class. They are not minimum or maximum values. Manually
changing the track width or via size to adifferent value from that defined in the Net Classes section
will not result in aDRC violation. To restrict track width or via size to specific values, use Custom
Rules.

Each net class can also have a color assigned to it. Depending on how net colors are configured in the
appearance panel, net class colors can override the default color for ratsnest lines or copper objects.

In addition to arbitrary colors for each net class, you can set all net classes to use the same color as
configured for them in the schematic editor by clicking the Import color s from schematic button. To
use alayer’ s default color instead of overriding it with a custom net class color, set the net class color
to transparent.

The lower portion of the Net Classes section lists pattern-based net class assignments. Working with
pattern-based net class assignments is explained in the Schematic Editor documentation; pattern-based
assignments can be edited in either the Board or Schematic Setup windows.
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Note that pattern-based assignments can be created directly from the PCB editing canvas by right
clicking a copper track or zone and clicking Assign netclass.... Net classes can also be assigned in
the schematic using xref:../eeschemal/eeschema.adoc#netcl ass-directive [net class directives or labels]
instead of pattern-based assignments.

Custom Rules

The Custom Rules section contains atext editor for creating design rules using the custom rules
language. Custom rules are used to create specific design rule checks that are not covered by the basic
constraints or net class settings.

Custom rules will only be applied if there are no errors in the custom rules definitions. Use the Check
Rule Syntax button to test the definitions and fix any problems before closing Board Setup.

See Custom Design Rules in the Advanced Topics chapter for more information on the custom rules
language as well as example rules.

. £ *Board Setup oA K
“  Board Stackup DRC rules:
Board Editor Layers 1 (version 1)
Physical Stackup 2 rule HV
Board Finish 3 (layer outer)
Solder Mask/Paste 4 (Cunsi‘.r‘_aint clearance (min 1.5mm))
5 (condition "A.hasMetclass({'HV')")

“  Text & Graphics
Defaults
Formatting
Text Variables

~  Design Rules
Constraints
Pre-defined Sizes
Teardrops
Length-tuning Patterns

Net Classes
Violation Severity

“ Board Data
Embedded Files

=
8| Noerrors found.

Import Settings from Another Board... © Cancel v OK

Violation Severity

The Violation Severity section alows you to configure the severity of each type of design rule check.
Each rule may be set to create an error marker, awarning marker, or no marker (ignored).

Uwaga
Individual rule violations may be ignored in the Design Rule Checker. Setting aruleto Ignore

in the Violation Severity section will completely disable the corresponding design rule check.
Use this setting with caution.
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58 »

~  Board Stackup
Board Editor Layers
Physical Stackup
Board Finish
Solder Mask/Paste

~  Text & Graphics
Defaults
Formatting
Text Variables

* Design Rules
Constraints
Pre-defined Sizes
Teardrops
Length-tuning Patterns
Net Classes

Custom Rules

* Board Data
Embedded Files

Electrical
Items shorting two nets:
Tracks crossing:
Clearance violation:

Creepage violation:

Wia is not connected or connected on only one layer:

Track has unconnected end:

Thermal relief connection to zone incomplete:

Design for Manufacturing
Board edge clearance violation:
Hole clearance violation:
Drilled hole too close to other hole:
Drilled holes co-located:
Track width:
Track angle:
Track segment length:

Annular width:

Hnla ciza At Af Fannas

Import Settings from Another Board...

*Board Setup

* Error Warning
* Error Warning
® Error Warning
* Error Warning
Error * Warning
Error * Warning
Error * Warning
* Error Warning
* Error Warning
Error * Warning
Error * Warning
* Error Warning
® Error Warning
* Error Warning
* Error Warning
& Crrmr Wiarmina

Ignore
Ignore
Ignore
Ignore
Ignore
Ignore

Ignore

Ignore
Ignore
Ignore
Ignore
Ignore
Ignore
Ignore

Ignore

© Cancel v OK

For descriptions of each violation type, and how to ignore individual violations without disabling all
violations of that type, see the DRC documentation.

3.5.4. Embedding files

Externa files can be embedded within a board file. Embedding afile stores a copy of thefileinside
the board file. The design can then refer to the embedded copy of the file instead of the external

file, which makes the project more portable as it doesn’t rely on an external file. Fonts, datasheets,
drawing sheets, SPICE models, and footprint 3D models can be embedded and used within KiCad.
Other arbitrary files can also be embedded to store them in the project for later export, but they are not
used by any KiCad functionality. Files embedded in a board necessarily increase the board’ sfile size,
although files are compressed before being embedded to minimize the space required.

BR ~
' Board Stackup
Board Editor Layers
Physical Stackup
Board Finish
Solder Mask/Paste
Text & Graphics

<

Defaults
Formatting
Text Variables

~  Design Rules
Constraints
Pre-defined Sizes

Teardrops

Filename

Board Setup

TDFMN-8_1.5x2mm_Fused-Lead_MO-252-W2015D.step

J5T_SH_SMO04B-5RS5-TB.STEP
Crystal_SMD_4P_2520.step
APHB1608.step

Length-tuning Patterns

Net Classes

Custom Rules

Violation Severity
Board Data

<

Import Settings from Another Board...

Embed fonts

LV S 4

Internal Reference
kicad-embed://TDFN-8_1.5x2mn
kicad-embed://|ST_SH_SMOQ4B-SF
kicad-embed://Crystal_SMD_4P_
kicad-embed://APHB1608.step

Export...

® Cancel v 0K
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Embedded files are managed in the Embedded Files section of Board Setup. All files embedded in a
board are shown here. To embed afileinside a board, click the

button and select the file. The file is then embedded inside the PCB and is listed in the embedded
fileslist along with its embedded reference. The embedded reference is aunique identifier for the
embedded file that begins with ki cad- enbed: / /. You can use the embedded reference elsewhere
in the Board Editor to refer to the embedded file asiif it were an external file path. Y ou can copy
the embedded reference by right clicking and selecting Copy Embedded Reference. To remove an
embedded file, click the

button. Any remaining links to the removed file will become invalid.
Uwaga

3D models and drawing sheets can be embedded directly using the file browser when you add
them to afootprint (3D models) or to aboard (drawing sheets) by enabling the Embed Files
option in the file browser. Thisis a single-step shortcut for adding the filesin Board Setup and
then referring to them by their embedded reference; the result is the same.

To embed any fonts used in aboard, check the Embed fonts checkbox. All fonts used in the board
design will be embedded, so text using that font can be edited on any computer regardless of whether
thefont fileisinstalled.

Y ou can also embed filesin afootprint, either in the board copy of afootprint or in alibrary. Such
fileswill be available within the footprint instance but not within the larger board design or within
other footprints. Files embedded in afootprint are deduplicated when the footprint is added to a board:
if afileis embedded in afootprint, and multiple instances of that footprint are added to the board,
only one copy of the file will be embedded, and all of the footprint instances will refer to the same
embedded file.

As an example, to embed a 3D model in a project and use it within several footprints, you could
embed the model using the Board Setup dialog, copy the internal reference, and paste the internal
reference as a 3D model path in each footprint that uses that model. Alternatively, you could embed
the model within a single footprint, either in the board or in the source footprint library. In this case,
the footprint itself is portable if you export the footprints from the board, and the model embedding is
managed in the footprint’ s properties rather than Board Setup. A more convenient way to achieve the
same thing, however, is to open the footprint’s properties dialog, add a 3D model file, and enable the
Embed File option in the file browser. Again, this could be done for afootprint in the board or for a
footprint in the source footprint library.

Files can also be embedded in schematics.

3.5.5. Importing settings

Y ou can import part or all of the board setup from an existing board. This technique can be used to
create a "template” board that has the settings you want to use on multiple designs, and then importing
these settings from the template board into each new board rather than entering them manually.
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l b 4 Import Settings v X
Import from: [ ]
Import:

Board layers and physical stackup
Solder mask/paste defaults

Text & graphics default properties
Text & graphics formatting

Design rule constraints
Predefined track & via dimensions
Teardrop defaults

Length-tuning pattern defaults
Met classes

Custom rules

Violation severities

Select All (S Cancel

To import settings, click the Import Settings from Another Board... button at the bottom of the
Board Setup dialog and then choose the ki cad_pcb file you want to import from. Select which
settings you want to import and the current settings will be overwritten with the values from the
chosen board.

The settings that are available to import are:
» Board layers and physical stackup

* Solder mask/paste defaults

» Text and graphics default properties
e Text & graphics formatting

» Design rule constraints

* Predefined track & viadimensions
» Teardrop defaults

» Length-tuning pattern defaults

* Net classes

» Customrules

» Violation severities
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4.1.

Placement and drawing operations

Placement and drawing tools are located in the right toolbar. When atool is activated, it stays active
until adifferent tool is selected or the tool is canceled with the kbd:[Esc] key. The selection tool is
always activated when any other tool is canceled.

Some toolbar buttons have more than one tool available in a palette. These tools are indicated with a
gmall arrow in the lower-right corner of the button:

To show the palette, you can click and hold the mouse button on the tool or click and drag the mouse.
The palette will show the most recently used tool when it is closed.

Selection tool (the default tool).

Local ratsnest tool: when the board ratsnest is hidden, selecting footprints with this tool will
show the ratsnest for the selected footprint only. Selecting the same footprint again will hide its
ratsnest. The local ratsnest setting for each footprint will remain in effect even after the local
ratsnest tool is no longer active.

Footprint placement tool: click on the board to open the footprint chooser, then click again after
choosing afootprint to confirm its location.

Route tracks/ route differential pairs: These tools activate the interactive router and allow
placing tracks and vias. The interactive router is described in more detail in the Routing Tracks
section.

BEERNE

Tune length: These tools allow you to tune the length of single tracks or the length or skew of
differentia pairs, after they have been routed.

Add vias: place a standalone ("free") viawithout routing tracks.

' h

Add filled zone: Click to set the start point of a zone, then configure its properties before
drawing the rest of the zone outline. Zone properties are described in more detail below.

Add rule area: Rule areas, formerly known as keepouts, can restrict item placement and zone
fills. Y ou can also define named areas and apply specific custom DRC rules to them.

Draw lines.

Note: Lines are graphical objects and are not the same as tracks placed with the Route Tracks
tool.

Draw arcs: pick the center point of the arc, then the start and end points. By right clicking this
button, you can change the arc editing mode between a mode that maintains the existing arc
center and a mode that maintains the arc radius.

Draw rectangles. Rectangles can be filled or outlines.

Draw circles. Circles can befilled or outlines.

Draw graphical polygons. Polygons can be filled or outlined.

Note: Filled graphical polygons are not the same asfilled zones: graphical polygons cannot be
assigned to anet and will not keep clearance from other items.
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Draw bezier curves. Each click alternates between fixing a curve node and fixing the control
handle for the node that was just placed.

Add bitmap image for reference. Reference images are not included in fabrication outputs.
Add text.

Add atextbox.

Add atable.

Add dimensions.

-5-’ +. + '/\.?* LT

Deletion tool: click objects to delete them.
-/ Set grid origin or drill/place origin (used for fabrication outputs).

I+ i

Interactively measure the distance between two points.

4.2. Grids and snapping

When moving, dragging, and drawing board elements, you can make these operations snap to agrid or
to snapping points on pads and other items. In complex designs, snap points can be so close together
that it makes the current tool action difficult. Both grid and object snapping can be disabled while
moving the mouse by using the modifier keysin the table below.

Uwaga

On Apple keyboards, use the kbd:[Cmd] key instead of kbd:[Ctrl].

Modifier Key Effect
kbd:[Ctrl] Disable grid snapping.
kbd:[ Shift] Disable object snapping.

Tools only snap to objects on visible layers. Y ou can reduce unwanted snapping points by hiding
unneeded layers or using the single-layer view mode. Additionally, you can toggle between snapping
to objectson al layers or only snapping to objects on the current layer by pressing kbd:[ Shift+S)].

Snapping to different types of objects (pads, tracks, and graphics) can be configured in the Editing
Options section of the PCB Editor preferences.

4.2.1. Snapping to graphical shapes

When working with graphic shapes like rectangles or arcs, such as when drawing shapes or when
selecting a reference point for a move operation, many additional snapping points are available that let
you snap to features of existing graphic shapes.
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Available snapping points for graphic shapes include:
» Endpoints and corners

* Midpoints

* Centers

* Intersection points

When you hover over a snap point with a shape tool active, a graphical icon will be shown that
indicates a snapping point is active and explains the type of snapping point. Clicking will use that
snapping point. Some shapes display auxiliary snapping lines that appear when you snap to part of
that object. For example, line segments display an auxiliary line that continues the segment beyond its
endpoint, and arcs display an auxiliary circle that completes the arc’s circumference. Auxiliary shapes
can be used for snapping just like the original shape. An auxiliary line and circle are shown as a solid
purple line in the screenshot below. The cursor indicates that the active snapping point is the endpoint
of aline.

If you move the cursor away from the snapping point, a horizontal or vertical dashed line will appear,
depending on the direction of motion. This indicates a horizontal or vertical projection from the
snapping point, respectively. Following the line will maintain a position that is horizontally or
vertically aligned to the original snap point. This projection is shown as a purple dashed line in the
screenshot below.
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4.2.2. Grid settings

Interactive editing operations are snapped to the active grid. Y ou can adjust the grid size using the
grid dropdown in the top toolbar or by right-clicking and selecting a new grid from thelist in the Grid
submenu. Pressing the kbd:[n] or kbd:[N] hotkeys will cycle to the next and previous grid in the list,

respectively.

Y ou can also select anew grid or edit the available gridsin the Grids pane of the preferences dialog.
As a shortcut to reach this dialog, right click the

button on the left toolbar and select Edit Grids....
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l b 4 Preferences v X
Common Grids Fast Grid Switching
Mouse and Touchpad kil e
Hotkeys 6.3500 mm (250.00 mils) Grid1: | 0.5000 mm (19.69 mils) v | (Alt1)
> Symbol Editor 5.0800 mm (200.00 mils)
» Schematic Editor 2.5400 mm (100.00 mils) Grid 2: | 0.2500 mm (9.84 mils) v | (Alt+2)
> Footprint Editor 1.2700 mm (50.00 mils)
~ PCB Editor 0.6350 mm (25.00 mils) Grid Overrides
Display Options 0.5080 mm (20.00 mils)
0.2540 mm (10.00 mils) Footprints/pads: = 0.2500 mm (9.84 mils) W
Origins & A
E;_'E?'”SO Hes 0.1270 mm (5.00 mils)
itin tions . i
gup 0.0508 mm (2.00 mils) Tracks: 0.0500 mm (1.97 mils) b
Colors
) 0.0254 mm (1.00 mils)
Plugins _ Vias: 0.1000 mm (3.94 mils) v
S 3D Viewer 5.0000 mm (196.85 mils)
> Gerber Viewer 25000 mn (38,43 mis) Text: 0.1000 mm (3.94 mils)
»> Drawing Sheet Editor
Packages and Updates 0.5000 mm (19.65 mils) Graphics: 0.5000 mm (19.69 mils) o
Plugins ERIVAIE JIET (]
Reset Grids to Defaults | | Open Preferences Directory & Cancel " OK

In this dialog you can select an active grid from the list of grids, reorder the list of grids (
/

),.and add (

), remove (

), or edit (

) grids. Grids defined in this dialog can have unequal X and Y spacing as well as an optional name.
The grid spacing and name are specified when you create or edit agrid.

This dialog also lets you designate two grids from the list as "Fast Grids", which can be quickly
selected using kbd:[Alt+1] and kbd:[Alt+2].

Finally, you can configure grid overrides for different types of objects. Grid overrideslet you set
particular grid sizes for different types of objects which will be used instead of the default grid when
working with those objects. For example, you can set a 100 mil grid for footprints and pads while
using smaller gridsto finely position tracks, vias, and text. Grid overrides can be individually enabled
and disabled in this dialog, or globally enabled and disabled using the

button on the left toolbar (kbd:[Ctrl+Shift+G]).

To change the origin (zero point) of the grid, use Place _, Grid Origin and click to place the origin in
the canvas. This function is also available with the

L -
&+

button in the right toolbar. Alternatively, you can enter explicit coordinates for the grid origin with
Edit _, Grid Origin....
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Uwaga

The grid origin is one of several different originsin KiCad, which aren’t necessarily set to
the same point. The grid origin is the point that the grid aligns to; shifting the grid origin

also shifts every grid point. The page origin is an absolute origin which is always the top

left corner of the drawing sheet. The drill/place file origin is a configurable point that can be
used for fabrication outputs (Place _ Drill/Place File Origin). Finaly, the local originisa
quickly settable relative origin that current cursor location by pressing kbd:[ Space]; the cursor
coordinates relative to the local origin are displayed in the status bar.

The visual appearance of the grid can also be customized in several ways. Y ou can change the
thickness of the grid markings, switch their shape (dots, lines, or crosses), and set the minimum
displayed spacing in the Display Options page of the preferences dialog, and you can change the grid
color in the Color s page of the preferences dialog.

The grid can be shown or hidden using the

button on the left-hand toolbar. By default the grid is still active eveniif it ishidden, but thisis
configurable in the Display Options preferences page. There you can set the grid to be disabled when
it is hidden or even disable the grid entirely.

4.3. Editing object properties

All objects have properties that are editable in adialog. Use the hotkey kbd:[E] or select Properties
from the right-click context menu to edit the properties of selected item(s). Y ou can only open the
propertiesdialog if al the items you have selected are of the same type. For many object types, like
footprints, you can only edit the properties of asingle item at one time. To edit the properties of
multiple items at once, including items with different types, you can use the Properties Manager.
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E:: b 4 Footprint Properties v X

General Clearance Overrides and Settings 3D Models Embedded Files

Fields
Name Value Show  Width Height Thickness Layer
u1 v 0.6mm 06mm 0.15mm [JB.Silkscreen
Value MaxLinear_XR22417-48 IE/I 0.6mm 06mm 0.15mm [ B.Fab
Datasheet 1.27mm 1.27mm 0.15mm [ FFab
Description 1.27mm 1.27mm 0.15mm [0 F.Fab
MPN XR22417CV4ABTR-F 1 mm 1 mm 0.15mm [M B.Fab
+ [ ]
Position Attributes
X 150.75 o Footprint type: | SMD 9 Update Footprint from Library...
¥: 98.75 mm Not in schematic Change Footprint...
Orientation: | -135 o Exclude from position files Edit Footprint...
Exclude from bill of materials
Side: Back W
Exempt from courtyard requirement o )
Edit Library Footprint...
Locked Do not populate
Library link: footprints:LQFP-48_7x7mrm_P0.5mm & Cancel " OK

Y ou can aso view and edit item properties using the Properties Manager. The Properties Manager is
adocked panel that displays the properties of the selected item or items for editing. If multiple types
of items are selected at once, the properties panel displays only the properties shared by all of the
selected item types.
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Froperties E3]
Footprint

~ Basic Properties

5 N BB

Position X 150.75 mm
Position ¥ 98.75 mm
Locked )
ull
Layer . B.Cu
=
Orientation -135° -
 Fields +*
Reference U1 ja’_
Value MaxLinear XR22417-48
s 3!
o
4
R
N

~ Attributes
Mot in Schematic
Exclude From Position Files @
Exclude From Bill of Materials | | | %=
Do not Populate

~ Overrides
Exempt From Courtyard Requirement
Clearance Override
Solderpaste Margin Override
Solderpaste Margin Ratio Override 0.125

Zone Connection Style Inherited

Editing a property in the Properties Manager immediately applies the change. When multipleitems
are selected, property modifications are applied to each selected item individually, not to the whole
selection as a group. For example, when changing the orientation of multiple items, each itemis
individually rotated around its own origin, not the group’s origin.

Show the Properties Manager with View _ Panels _ Propertiesor the

Eutton on the left toolbar.

Several tools are available for editing properties of specific types of objectsin bulk. For text and
graphical items, including footprint fields and dimensions, you can use the Edit Text and Graphics
Propertiestool. Tracks and vias can be bulk-edited using the Edit Track and Via Propertiestool.
Teardrop properties can be edited with the Edit Teardrops tool.
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In properties dialogs and many other dialogs, any field that contains a numeric value can also accept a
basic math expression that resultsin a numeric value.

For example, adimension may be entered as2 * 2nm resulting in avalue of 4nm Basic arithmetic
operators as well as parentheses for defining order of operations are supported.

4.4. Board outlines (Edge Cuts)

KiCad uses graphical objects on the Edge. Cut s layer to define the board outline. The outline must be
a continuous (closed) shape, but can be made up of different types of graphical object such aslines
and arcs, or be asingle object such as arectangle or polygon. If no board outline is defined, or the
board outline isinvalid, some functions such as the 3D viewer and some design rule checks will not
be functional .

For the board outline to be considered valid, the endpoints of any shapes in the outline must coincide
exactly. If any endpoints are not coincident with another endpoint, the outline will not be considered
closed. Outline shapes aso cannot intersect each other or overlap. In such cases, DRC will report a
"Board has malformed outline" violation that points to the problematic parts of the outline.

Uwaga

Y ou can use the grid or the snapping tools to ensure outline endpoints exactly coincide. The
Heal Shapestool can also be used to fix small gaps between endpoints.

If there are multiple closed shapes on the Edge. Cut s layer, each shape acts as an independent board
outline. When an outline shape completely encloses another outline, the outermost shape is considered
the outside edge of the board. Any closed shapes inside the outer shape are considered interior cutouts
in the board. Each closed outline cannot intersect or overlap with other outlines.

Zones only fill when they are within the board outline. Any portion of a zone that is outside of the
board outline, including inside an interior cutout, will not be filled.

4.5. Working with footprints
4.5.1. Adding footprints to the board

Footprints are automatically added to the board when the PCB is updated from the schematic. The
footprint associated with each schematic symbol is added to the board if it is not already present, and
each footprint pad is associated with the corresponding symbol pin’s net. Symbol pins are matched to
footprint pads by pin/pad number.

When footprints are added to the board after an update from the schematic, they are clustered by
schematic sheet and by geographical location in the schematic. They are initialy attached to the
cursor; you can place them by clicking in the desired location.

EEiﬁcan also add footprints to the board manually using the Add Footprint tool (kbd:[A] or the
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button).
Uwaga

Footprints added in this way will not be automatically associated with a symbol or have

nets assigned to their pads, and subsequent updates from the schematic will remove these
unassociated footprints unless the footprint islocked or the Delete footprints with no
symbols option is unchecked in the Update PCB From Schematic dialog. For these reasons,
it isusually recommended to avoid manually adding footprints to the board. Manually adding
footprints is necessary for PCB-only workflows, and can aso be useful for adding logos or
other footprints that do not need a corresponding schematic symbol.

4.5.2. Placing and moving footprints

Once footprints have been added to the board, you can reposition them in many ways.

The Move command (kbd:[M]) moves afootprint or a selection of footprints, ignoring any connected
track segments that are not selected. No DRC checking is done when moving footprints with the
Move command, although any footprint courtyards that collide with the moved footprint’s courtyard
will be highlighted.

Thereis areference point for the move operation, which is the point in the footprint which attaches

to the cursor and therefore the point in the footprint that snaps to the grid and to other objects. The
reference point during amove is determined by the location of the cursor when the Move command
isinitiated. If the cursor is over a pad, the pad’s center will be used as the reference point. If the
cursor isnot over a pad, the footprint’s anchor (coordinate origin point) will be used. To select an
arbitrary snapping point, you can use the Move With Reference command instead of the regular Move
command (right click _, Positioning Tools _ Move with Reference). After initiating the command,
click on the desired reference point; KiCad will then begin the move with that point as the reference.

Y ou can also use the Drag command (kbd:[D]) to move the selected footprint using the interactive
router, maintaining all track connections to the footprint. Dragging footprints behaves like the
Highlight Collisions router mode: obstacles will not be avoided or shoved, only highlighted.
Ordinarily the router will prevent you from dragging a footprint into a position that violates DRC:
when you click to commit adrag in a position that violates DRC, the footprint will return to its
original position. To force adrag to be committed even if it violates DRC, kbd:[Ctrl]-click to commit
the drag. Like the Move command, colliding courtyards are highlighted.
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Only tracks that end at the origin of the footprint’s pads will be dragged. Tracks that simply
pass through the pad or that end on the pad at alocation other than the origin will not be
dragged.

Y ou can move afootprint to the opposite side of the board with the Flip command (kbd:[F]). Any
parts of the footprint on afront layer will be swapped to the corresponding back layer, and vice versa.

Footprints can be rotated counter-clockwise using the kbd:[R] hotkey, or clockwise using kbd:[ Shift
+R]. By default, footprints are rotated by 90 degrees every time the rotate command is used, but you
can configure the rotation angle step in Preferences _ PCB Editor _ Editing Options.
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Y ou can directly set afootprint’s exact absolute position, rotation angle, and PCB side using either the
Footprint Properties dialog or the Properties panel.

To reposition afootprint relative to its current position, use the Move Exactly tool (kbd:[Shift+M]).
The dialog lets you specify an X and Y trandation, aswell as arotation, that will be applied to the
footprint. The rotation can be performed relative to either the footprint’s anchor, the local coordinate
origin, or the drill/place origin. Y ou can aso use polar coordinates instead of Cartesian coordinates.

I 4 Move Item oo X |
Move X: D| (lay Reset
Move¥: | O mim Reset
Rotate: | O " Reset

Rotate around item anchor W
Use polar coordinates & Cancel " 0K

To position afootprint relative to another object, you can use the Position Relative tool (kbd:[Shift
+P]). With thistool, you select areference point for the move and specify an offset. The footprint is
moved to the specified offset relative to the reference point. The reference point can be one of the
following:

» Thelocal origin, which is set to the cursor position when you press kbd:[ Space].
» Thegrid origin, which is configured in the Grids dial og.

» Thelocation of an arbitrary item on the board, such as a specific pad in afootprint. After clicking
the Select Item... button, click on the desired board item in the canvas to set the reference point.

* Anarbitrary point in the canvas. After clicking the Select Point... button, click at the desired
location to set the reference point. Y ou can use object snapping to select a specific point in an
object, such as the end of agraphic line.

I -+ Position Relative To Reference Item I N

Reference item: <none selected=

Use Local Origin Use Grid Origin Select [tem... Select Point...
Offsetx: | 0 mm Reset
OffsetY: | 0 rmm Reset

Use polar coordinates & Cancel «+ DK
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To position afootprint such that an arbitrary point in the footprint is positioned a certain distance from
another arbitrary reference point, you can use the Position Interactively tool (right click afootprint _
Positioning Tools _, Position Interactively...).

Thistool lets you interactively select two points that form the start and end of a position vector. The
first point is areference point in the footprint, and will move along with the footprint. The second
point is afixed reference that will remain stationary when the footprint is moved. The vector from
the first point to the second point is shown graphically in the editing canvas. Y ou can then give new
X and Y (or polar) dimensions for the vector, which will move the footprint reference relative to the
fixed reference such that the fixed reference is the specified distance from the footprint reference
point. The dialog initially contains the vector dimensions before any move is performed, or in other
wordsthe initial distance between the footprint reference point to the fixed reference.

l + Set Offset woA X

Set a new value for this offset:

Offset X: | -0.75 mirm Reset
OffsetY: | -1 mm Reset
Use polar coordinates & Cancel " OK

Y ou can swap the position of two selected footprints using the Swap command (kbd:[Alt+S]). The
first footprint is assigned the location, rotation, and board side of the second footprint, and vice versa.
If there are more than two footprints selected, the locations are cycled: the last footprint gets the
position of the first footprint, the first footprint gets the location of the second, and so on.

There are several convenience features that make it easier to find, select, and move specific footprints
or footprints related to another footprint.

The Get and Move Footprint command (kbd:[T]) prompts you to choose a footprint from alist or
by typing areference designator. KiCad then attaches the chosen footprint to your cursor for amove
operation.

There are two commands to select other footprints that need to be connected to the selected footprint
but don’t yet have routed connections. The Select All Unconnected Footprints command (kbd:[O])
selects all footprints that have ratsnest lines to the currently selected footprints. The command can
be executed repeatedly to further expand the sel ection based on the newly selected items. The Grab
Nearest Unconnected Footprint command (kbd:[Shift+Q]) selects the closest footprint with ratsnest
lines to the currently selected footprint, and additionally beginsto moveit. If there are multiple
footprintsinitially selected, the command will act like the Move Individually command described
below, individually moving the closest unconnected footprint for each of theinitially selected
footprints.

Y ou can select footprints based on their schematic sheet using theright click _ Select _ Itemsin
Same Hierarchical Sheet command, which selects al other footprints that are in the same schematic
sheet as the originally selected footprint.

If you want to move multiple selected footprints in sequence, use the Move Individually command
(kbd:[CtrI+M]). After triggering the command, KiCad will begin moving the first selected footprint.
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After you click to place the footprint, KiCad will immediately start moving the next footprint, in the
same order that you selected the footprints. Y ou can skip moving afootprint by pressing kbd:[ Tab],
commit the current move and skip any remaining moves by double-clicking, or cancel all moves
(including those already completed) by pressing kbd:[Esc].

If you want to move a collection of footprints at once into one area, the Pack and Move Footprints
command (kbd:[P]) closely packs the selected footprints together and moves them as a block.

Podpowied#

Move Individually and Pack and Move Footprints are useful in combination with other
selection convenience features, such as cross-selection from the schematic or the advanced
footprint selection features described above. For example, you could select a group of bypass
capacitors in the Schematic Editor, switch to the PCB Editor where the corresponding
footprints are now selected, and then use Move Individually to quickly place al of the bypass
capacitor footprints close to their respective ICs. Alternatively, you could use one of the other
selection tools, such as Select All Unconnected Footprints, to select many footprints from all
over the board, then use Pack and Move Footprints to quickly put them all into asmall area.

Finally, KiCad can automatically place footprints onto the board. The auto-place function attempts to
optimally place footprints to simplify ratsnest connections to other footprints. Y ou can auto-place the
selected footprints with Place _ Auto-Place Footprints _ Place Selected Footprints, or auto-place
all footprints outside of the board outline with Place _ Auto-Place Footprints _ Place Off-Board
Footprints.

4.5.3. Editing Footprints

Footprints in the board can be individually edited, both in terms of their properties (fields, attributes,
clearance settings, etc.) and in terms of their physical pads and graphics. Editing afootprint in the
board only affects that particular instance of the footprint; it does not affect any other copies of that
footprint in the board, and it does not affect the library footprint.

To edit the properties of afootprint in the board, open its properties dialog (kbd:[E])

39



Editing a board

::: # Footprint Properties WM X

General Clearance Overrides and Settings 3D Models Embedded Files

Fields
Name Value Show  Width Height Thickness Layer
U1 v 0.6mm 06mm 0.15mm [] B.Silkscreen
Value MaxLinear_XR22417-48 v 06mm 06mm 0.15mm [MB.Fab
Datasheet 1.27mm 1.27mm 0.15mm [JF.Fab
Description 1.27mm 1.27mm 0.15mm [0 F.Fab
MPMN KR2241T7CVABTR-F 1 mm 1 mm 0.15mm [ B.Fab
+ L]
Position Attributes
Update Footprint from Library...
X 150.75 mm Footprint type: = SMD e P P 4
Y: 98.75 mm Not in schematic Change Footprint...
- e | Exclude from position files . .
Orientation: | -135 A p Edit Footprint...
Exclude from bill of materials
Side: Back W
Exempt from courtyard requirement - )
Edit Library Footprint...
Locked Do not populate
Library link: footprints:LQFP-48_7x7mrm_P0.5mm & Cancel v OK

The majority of the settings in this dialog are the same as in the footprint editor. Y ou can edit the
footprint’ s fields, attributes, clearance and zone connection settings, 3D models, and embedded files,
asin the footprint editor. However, here you can also set the footprint’s position, orientation, and side.
Y ou can also update the footprint from the library, exchange it for a different footprint, or edit the
footprint itself in the footprint editor.

To edit the footprint’s physical form, i.e. its pads and graphics, you need to use the footprint editor.
There are two buttons for opening afootprint in the editor, depending on whether you want to edit a
single copy of afootprint in the board or afootprint’s source copy in the library.

 Edit Footprint... will open the specific instance of the footprint in the footprint editor. Editing
this footprint will only affect this one instance of the footprint in the board. It will not affect other
instances of the footprint in the board, and it will not affect the library copy of the footprint. Y ou
can also open a board footprint in the footprint editor by right clicking the footprint in the board and
selecting Open in footprint editor (kbd:[Ctrl+E]).

» Edit Library Footprint... will open thelibrary copy of the footprint in the footprint editor.
Editing the library copy of the footprint will edit the footprint in the footprint library, but will not
immediately affect any instances of that footprint in the board. To update footprints in the board
with changes to the library footprint, use the Update Footprint from Library... tool. Editing the
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library footprint in thisway is equivalent to opening the footprint editor, opening the appropriate
footprint in its library, and editing it.

The Update Footprint from Library... button is used to update the board’ s copy of the footprint to
match the copy in the library. The Change Footprint... button is used to swap the current footprint to
adifferent footprint in the library. These functions are described later.

4.5.4. Editing footprint fields

Anindividual symbol text field can be edited directly with the kbd:[E] hotkey (with afield selected
instead of afootprint) or by double-clicking on the field.

l 4 Footprint Value Properties oo X
Value:
Layer: CIF.Fab e Knockout ¥| Keep upright
Font: KiCad Font v B/ =E|=\=|S|=|=|1
Width: 1 i Offset X: 0 mm
Height: 1 lyy! OffsetY: 3.6 Mmim
Thickness: | 0.15 mim Orientation: | 90 W

Footprint J7 (Conn_01x02), front side, rotated -90.0 deg
Update Thickness According to Text Size © Cancel « 0K

The optionsin this dialog are the same as those in the full Footprint Properties dialog, but are specific
toasinglefield.

Only footprint fields can be edited thisway in the board editor. Unlike fields, Footprint text is a
graphic object that can only be edited or moved in the footprint editor.
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In versions of KiCad before version 8.0, footprint fields did not exist. Instead, footprint text
could be edited directly in the board editor. In KiCad 8.0, footprint text is not editable in the
board editor and can only be edited in the footprint editor.

4.5.5. Updating and exchanging footprints

When afootprint is added to the board, KiCad embeds a copy of the library footprint in the board so
that the board is independent of the system libraries. Footprints that have been added to the board are
not automatically updated when the library changes. Library footprint changes are manually synced to
the board so that the board does not change unexpectedly.
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Uwaga

Y ou can use the Compare Footprint with Library tool to inspect the differences between a
footprint in aboard with its corresponding library footprint.

To update footprints in the board to match the corresponding library footprint, use Tools _ Update
Footprintsfrom Library..., or right click afootprint and select Update Footprint.... You can also
access the tool from the footprint properties dialog.

. E 4 Update Footprints from Library W X

Update all footprints on board

* Update selected footprint(s)

Update footprints matching reference designator: | U301

Update footprints matching value: XCR3256-TQ144

Update footprints with library id:
Package_QFP:TQFP-144_20x20mm_P0.5mm I

Update Options

Remove text items which are not in library footprint

Update/reset text layers and visibilities

Update/reset text sizes, styles and positions

Update/reset text content

Update/reset fabrication attributes

v Update/reset 3D models

Output Messages

Show: All v Errors o v Warnings o v Actions v Infos Save...

Close Update

The top of the dialog has options to choose which footprints will be updated. Y ou can update all
footprints on the board, update only the selected footprints, or update only the footprints that match

a specific reference designator, value, or library identifier. The reference designator and value fields
support wildcards. * matches any number of any characters, including none, and ? matches any single
character.
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The middle of the dialog has options to control what parts of the footprint will be updated. Y ou can
select specific fields to update or not update, which properties of the fields to update (text content,
visibility, size and style, and position), and how to handle fields that are missing or empty in the
library footprint. Y ou can also choose whether to update footprint attributes, such as footprint

type, not in schematic, exclude from position files/ bill of materials, exempt from courtyard
requirement, and do not populate.

The bottom of the dialog displays messages describing the update actions that have been performed.

To change an existing footprint to a different footprint, use Edit _ Change Footprints..., or right
click an existing footprint and select Change Footprint.... Thisdialog is aso accessible from the
footprint properties dialog.

l .4 Change Footprints SV ¢

* Change selected footprint(s)

Change footprints matching reference designator: | U1

Change footprints matching value: MaxLinear_xXR22417-48

Change footprints with library id:
footprints:LQFP-48_7x7mm_P0.5mm i

Mew footprint library id:
footprints:LQFP-48_7x7mm_P0.5mm In

Update Options
Remove text items which are not in library footprint
¥/ Update text layers and visibilities
¥| Update text sizes, styles and positions
+| Update text content
+| Update fabrication attributes

+| Update 3D models

Output Messages

Show: All ¥ Errors o ¥ Warnings o ¥ Actions ¥ Infos Save...

Close Change
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The options for the Change Footprints dialog are very similar to the Update Footprints from Library
diaog.

4.5.6. Comparing footprints between board and
library

When afootprint in aboard diverges from the corresponding footprint in the original footprint library,
you can use the Compare Footprint with Library tool to inspect the differences between the two
versions of the footprint. Run the tool using Inspect _, Compare Footprint With Library.

@ @ Compare Footprint with Library

Summary = Visual

Board vs library diff for:

e Footprint R3
e Library: Resistor_THT
e Library item: R_Axial_DIN0204_L3.6mm_D1.6mm_P5.08mm_Horizontal

Segment on F.Silkscreen differs.
Segment on F.Silkscreen differs.
Pad 1 size differs.

The Summary tab shows the name of the footprint, including its library and board reference
designator, and provides alist of the differences between the board and library versions of the
footprint.
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F Y
b

Compare Footprint with Library

Summary  Visual

REF**
FERENG)

The Visual tab shows avisual comparison of the board and library versions of the footprint. This can
be used as avisual diff tool.

By default, the comparison displays both versions of the footprint superimposed on each other. To see
the changes more easily, you can drag the dlider at the bottom of the tab to the right to emphasize the
library version of the footprint in the superimposed view (making the board version of the footprint
more transparent) or drag it to the left to emphasize the board version (making the library version
more transparent). At the far right and left ends of the slider, the board and library versions of the
footprint, respectively, are fully hidden. It may be helpful to drag the slider back and forth to see the
changes more clearly.

Y ou can press the A/B button, or use the kbd:[/] hotkey, to quickly toggle back and forth between the
board and library versions.

The screenshot above shows a visual comparison with the board version of the footprint
deemphasized. Looking at pad 1 on the |eft, you can see alarge, partially transparent pad (from the
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board footprint) surrounding a fully opague, smaller pad (from the library footprint). Thisindicates
that the pad was enlarged in the board version of the footprint, or shrunk in the library version of the
footprint.

4.6. Working with pads

The properties of each individual pad of afootprint can be inspected and edited after placing the
footprint on the board. In other words, it is possible to override the design of an individual footprint
pad in a specific instance of the footprint on the board, if the footprint design in the library is not
appropriate. For example, you may wish to remove the solder paste aperture for a pad that needs to
remain unsoldered in a specific design, or you may wish to move the location of a through-hole pad
for an axial-lead resistor in order to fit a specific design.
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By default, the position of all footprint pads are locked, so it is possible to edit the pad
properties but not move the pad’ s location relative to the rest of the footprint. Pads may

be unlocked to allow free movement, which can be useful for certain applications (such as
through-hole footprints with varying lead positions) but is generally never recommended for
surface-mount footprints.

The pad properties dialog is opened through the context menu or default hotkey kbd:[E] when a pad
is selected. Note that KiCad assumes that if you click near a pad, you are probably trying to select the
entire footprint rather than a single pad. To select a single pad, make sure to click inside the pad area,
or turn off the Footprints setting in the selection filter (and make sure the Pads setting is turned on) to
prevent accidental selection of the entire footprint rather than a specific pad.
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' b4 Pad Properties voa X
General Connections Clearance Overrides
M A
Fog — Copper layers:
Pad number: = MP FCu v
Net name: GND v Technical layers:
F.Adhesi
Position X: -2.8 mm Y:| 1.875 mm esive
B.Adhesive
v F.Paste
Pad shape: Rounded rectangle v
B.Paste
Corner size: 20.83333333 % ESilkscreen
Corner radius: | 0.25 mm B.Silkscreen
v F.Mask
Pad size X: 1.2 mm Y:| 1.8 mm
B.Mask
Angle: 0 vl User.Drawings
UserEcol
Offset shape from hole User.Eco2

Fabrication property:

MNone e
Specify pad to die length

Footprint |6 (USBS), front side, rotated -90 deg Preview pad in sketch mode @ Cancel v OK

Thisdialog lets you edit the physical properties of the pad, including size and shape. Y ou can also
modify how the pad connects to other objects on the board, including clearance properties, teardrops,
and thermal reliefs.

Thisdialog is the same as the pad properties dialog in the footprint editor, except that here you can
also manually assign a net to a pad using the net name selector. The remaining options are explained
in the Footprint Editor documentation.
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While you can manually assign nets to pads in the PCB editor, thisis not atypical workflow.
Usually net-to-pad connections are defined by the schematic and then transferred to the PCB
editor.

4.7. Working with zones

Copper zones, also sometimes called copper pours or fills by other EDA tools, are solid or hatched
areas of copper assigned to a particular net that automatically keep clearance from other copper
objects. Zones are commonly used to fill in all free space on aboard layer (or aportion of alayer) in
order to create ground and power planes, carry high currents, or to provide shielding.
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Some EDA tools have separate tools for creating "plane layers' and for creating copper zones
on signal layers. In KiCad, the Copper Zonetool is used for both these applications.
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Zones are defined by a polygonal outline that defines the maximum extent of the filled copper
area. This outline does not represent physical copper and will not appear in exported manufacturing
data. The actual copper areas of the zone must be filled each time the outline, or any objectsinside
the outline, are modified. The filling process may be run on asingle zone, or on all zonesin a
board (default hotkey kbd:[B]). Zones may be unfilled (default hotkey kbd:[Ctrl+B]) to improve
performance and reduce visual clutter while editing large boards.
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By default, zonefilling is amanual process rather than occurring every time an object changes
that would result in a change to the zone copper. Thisis because zone filling can be aslow
process on older computers or very large designs. It isimportant to make sure zonefills are up-
to-date before generating outputs. KiCad will check that zones have been updated and warn
you before generating outputs or running DRC when zones have not yet been refilled. Y ou can
optionally enable automatic zone-filling in the Preferences dialog (PCB Editor _ Editing
Options _, Miscellaneous _ Automatically refill zones).

A zonefill occupies any unused space within the zone outline, automatically maintaining a specified
clearance to board edges, holes, and copper objects on different nets. Zones do not fill outside of the
board outline or within interior cutouts.

To draw a zone, click the Add Filled Zone tool (

™

) on the right toolbar, or use default hotkey kbd:[ Ctrl+Shift+Z]. Click to choose the first point of the
zone outline. The Zone Properties dialog will appear, allowing you to choose the zone net and other
properties. These properties may be edited at any time, so it isnot critical to choose them all correctly
at first. Accept the dialog and continue placing points to define the zone outline. To finish the zone,
double-click to set the last point. Zone outline points may be modified like graphic polygons, by
dragging the square handles to move a corner or dragging the circular handles to move an edge. To
edit the zone' s properties, use hotkey kbd:[E] or select Properties from the context menu.
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' - Copper Zone Properties v X

Layer Net

‘ | [+ Hide automatically generated net names Sort nets by pad count

(v I bottom_copper JTUUNE-SELELT™
/PWR_3,3-5V
JTCK-CCLK
/TDO-DONE
/TD0-PROG-D4
/TDI-DIN
/TDI-DIN-DO
/TMS-PROG
/TMS-PROG-D2
/VCC_SENSE-ERROR™

GND
VCC
General Electrical Properties Fill
Zone name: Clearance: 0.508 mm | | Fill type: Solid fill v
Zone priority level: | 0 + Minimum width: 0.254 mm | Orientation: °
Shape Hatch width: mm
Locked Pad connections: Thermal reliefs v
Hatch gap: mm
Outline display: Hatched o Thermal relief gap: 0.508 mm
Smoothing effort:
Outline hatch pitch: | 0.508 mm | | Thermal spoke width: | 0.508 mm
Smoothing amount:
Corner smoothing: MNone ~
Remove islands: Always v
Fillet radius: mm
& Cancel 0K

Layer: A single zone object can create filled copper on one or more copper layers. Check the box
next to each copper layer that this zone outline should fill on. The copper on each layer will befilled
independently, but all layers will share the same net.

Net: Select the electrical net that the zone copper should be connected to. It is possible to create zones
with no net assignment. Zones with no net will keep clearance from any copper objects on any net.

Zone name can be used to assign a specific name to a zone. This nhame can be used to refer to the
zone in custom DRC rules.

Zonepriority level determines the order in which multiple zones on asingle layer arefilled. The
highest priority level zone on a given layer will befilled first. Lower-priority zones will keep
clearanceto the filled areas of higher-priority zones. Two zones on the same layer with the same
priority level will overlap (short-circuit) with each other, unless they are assigned different nets. When
two zone outlines with the same priority and different nets touch, one zone will maintain clearance to
the other so that they don’t short.

L ocked controls whether or not the zone outline object islocked. L ocked objects may not be
manipulated or moved, and cannot be selected unless the L ocked Items option is enabled in the
Selection Filter panel.
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Outline display controls how the zone outline is drawn on screen. In Line mode, only the border lines
of the outline are drawn. In Hatched mode, hatch lines are drawn on the inside of the outline border
for ashort distance, to make the zone outline more apparent. In Fully Hatched mode, hatch lines are
drawn across the entire inside of the zone outline.

Corner smoothing controls the behavior of the filled copper areas at corners of the outline. Corners
can be smoothed by a chamfer or fillet, or can extend all the way to the outline corner if smoothing is
disabled. The chamfer or fillet size is configurable when those modes are selected.
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By default, chamfers and fillets are not added to inside cor ner s of the zone outline, because
thiswould result in filled copper extending outside the outline. If smooth inside corners are
desired, enable the Allow fillets outside zone outline option in the Constraints section of the
Board Setup dialog.

Clear ance controls the minimum clearance the filled areas of this zone will keep from other copper
objects. Note that if two clearance values are in conflict, the larger clearance value will be used. For
example, if azoneis set to use 0.2mm clearance but its netclass is set to use 0.3mm clearance, the
result will be an 0.3mm clearance.

Minimum width controls the minimum size of narrow necks of copper created inside the zone. Any
copper areas that would be below this minimum width are removed during the filling process.

Pad connection controls the way that the filled zone areas will connect to footprint pads on the same
net. Solid connections will result in the copper completely overlapping the pads. Thermal reliefs will
result in small copper spokes connecting the pad to the rest of the copper zone, increasing the thermal
resistance between the pad and the rest of the zone. This can be useful for hand soldering. Reliefs

for PTH will apply thermal reliefsto plated through-hole pads and use solid connections for surface
mount pads. None will result in the zone not connecting to any pads on the same net.

Thermal relief gap controls the distance maintained between any pad and the copper zone when the
pad connection mode is set to generate thermal reliefs.

Thermal spoke width controls the width of the "spokes", or short copper segments connecting the
pad to the rest of the copper zone.

Fill type controls how the copper zone isfilled: the default is solid fill, which will result in copper
filling in al available space within the zone outline. The zone can aso be set to fill ahatch pattern,
which will fill the area with a pattern that contains less copper. This can be useful for flexible printed
circuits and other specialty applications.

Orientation controls the angle of the hatch pattern lines. An orientation of O degreeswill result in the
hatch pattern using horizontal and vertical lines.

Hatch width controls the width of each line in the hatch pattern.
Hatch gap controls the distance between each line in the hatch pattern.

Smoothing effort controls the style of smoothing applied to the hatch pattern. A value of O will result
in no smoothing, and avalue of 3 will result in the finest smoothing. Higher values will result in
longer processing time and larger Gerber files.
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Smoothing amount is aratio that controls the size of the smoothing chamfers or fillets that are
generated when smoothing effort is set to avalue other than 0. An amount of 0.0 resultsin no
smoothing, and a value of 1.0 results in maximum smoothing (in other words, a chamfer or fillet equal
to half of the hatch gap).

Remove islands controls the behavior of isolated copper areas, also called islands, after the initial
zonefill. When thisis set to always, isolated areas inside the zone are removed. When set to never,
isolated areas are |eft alone, and will result in copper areas that are not connected to the rest of the
net. When set to below area limit, aminimum island size can be specified, and islands below this
threshold will be removed.

Uwaga

Regardless of the remove islands setting, islands are never removed from zones that are
electrically unconnected. In other words, islands are only removed from zones that have at
least one electrical connection.

4.7.1. Managing zones

Instead of editing a single zone with the Zone Properties dialog, you can use the Zone Manager tool to
you view, edit, and prioritize all zonesin the board at once. To run the Zone Manager, click Tools _
Zone Manager.

' » Zone Manager oo X

Q, Search ¥ Name [+ Net [V

Mame | Net | Layers

+1ve [lle.cu
+sv [lle.cu
+sv [lle.cu
GND  FCu
GhD [Mle.cu
T
General Electrical Properties Fill
Zone name: Clearance: 0.15 mm | | Fill type: Hatch pattern v
Shape Minimum width: 0.15 MM | | Orientation: 0
Locked
Hatch width: 1 mm
Outline display: Hatched v Pad connectians; Sold N
Hatch gap: 1.5 mm
Outline hatch pitch: | 0.508 mm
Smoothing effort: 0 +
Corner smoothing: | Fillet e Smoothing amount: | 0.10 -+
Fillet radius: 0.5 mm
Remove islands: Always W
Refill zones Update Displayed Zones © Cancel v OK
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Thetop left of the dialog shows alist of al zonesin the board, displaying the name (if any), net, and
layers for each zone. The order of the zonesin the list reflects the priority of each zone: higher priority
zones are higher in the list. To change the priority of a zone, use the

and

buttons to move it up or down in thelist. You can filter the list of zones by typing into the filter box.
The filter matches against the zones hame and/or net, depending on which filter options are enabled.

Selecting azone in the list shows a preview of that zone in the top right. If the selected zone spans
multiple layers, each layer is shown individually. You can preview each layer by clicking the
appropriate layer tab above the preview.

The bottom part of the dialog shows the settings for the selected zone, which are explained above.

Y ou can preview the new settings by clicking the Update Displayed Zones button, which updates
the zone preview without affecting the board. Changing the properties of a zone in the Zone Manager
will not update the board until you press OK. If the Refill zones option is enabled, all zones will be
refilled when you accept the dialog. If Refill zones is not enabled, zones will not be refilled until you
manually refill them.

4.8. Routing tracks

KiCad features an interactive router that:
* Allows manual or guided (semi-automatic) routing of single tracks and differential pairs
» Enables modifications of existing designs by:

* Re-routing existing tracks when they are dragged

* Re-routing tracks attached to footprint pads when the footprint is dragged

» Allowstuning of track lengths and differential pair skew (phase) by inserting serpentine
tuning shapes for designs with tight timing requirements

By default, the router respects the configured design rules when placing tracks:. the size (width) of
new tracks will be taken from the design rules and the router will respect the copper clearance set in
the design rules when determining where new tracks and vias can be placed. It is possible to disable
this behavior if desired by using the Highlight Collisions router mode and turning on the Allow DRC
Violations option in the router settings (see below).

The router has three modes that can be selected at any time in the Interactive Router Settings dialog.
The router mode is used for routing new tracks, but also when dragging existing tracks using the Drag
(hotkey kbd:[D]) command. These modes are:

» Highlight Collisions: in this mode, most of the router features are disabled and routing isfully
manual. When routing, collisions (clearance violations) will be highlighted in green and the newly-
routed tracks cannot be fixed in place if thereisa collision unless the Allow DRC Violations option
isturned on. In this mode, up to two track segments may be placed at atime (for example, one
horizontal and one diagonal segment).
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» Shove: in this mode, the track being routed will walk around obstacles that cannot be moved (for
example, pads and locked tracks/vias) and shove obstacles that can be moved out of the way. The
router prevents DRC violations in thismode: if there is no way to route to the cursor position that
does not violate DRC, no new tracks will be created.

» Walk Around: in this mode, the router behaves the same asin Shove mode, except no obstacles
will be moved out of the way.

Which mode to use is a matter of preference. For most users, we recommend using Shove mode for
the most efficient routing experience or Walk Around mode if you do not want the router to modify
tracks that are not being routed. Note that Shove and Walk Around modes always create horizontal,
vertical, and 45-degree (H/V/45) track segments. If you need to route tracks with angles other than
H/V /45, you must use Highlight Collisions mode and enable the Free Angle Mode option in the
Interactive Router Settings dialog.

There are four main routing functions: Route Single Track, Route Differential Pair, Tune length of
asingle track, and Tune skew of adifferential pair. All of these are present in both the Route menu
dropdown (individually) on the top toolbar and the drawing toolbar in two overloaded icons on the
drawing toolbar on the right. The use of the overloaded icons is described above. Oneisfor the
two Route functions and one is for the two Tune functions. In addition, the Route menu allows the
selection of Set Layer Pair and Interactive Router Settings.

To route tracks, click the Route Tracks

icon (from the drawing toolbar or from the top toolbar under Route) or use the hotkey kbd:[X].
Click on a starting location to select which net to route and begin routing. The net being routed
will automatically be highlighted and the allowable clearance for the net will be indicated with a
gray outline around the tracks being routed. The clearance outline can be disabled by changing the
Clearance Outlines setting in the Display Options section of the Preferences dialog.
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The clearance outline shows the maximum clearance from the routed net to any other copper
on the current layer. It is possible to use custom design rules to specify different clearances for
anet to different objects. These clearances will be respected by the router, but only the largest
clearance value will be shown visually.

When the router is active, new track segments will be drawn from the routing start point to the editor
cursor. These tracks are unfixed temporary objects that show what tracks will be created when you use
aleft-click or the kbd:[Enter] key to fix the route. The unfixed track segments are shown in a brighter
color than the fixed track segments. When you exit the router using the kbd:[Esc] key or by selecting
another tool, only the fixed track segments will be saved. The Finish Route action (hotkey kbd:[End])
will fix all tracks and exit the router.

While you are routing, you can use the Undo Last Segment command (hotkey kbd:[Backspace]) to
unfix the tracks you most recently fixed. Y ou can use this command repeatedly to step back through
the route that you have already fixed.

In previous versions of KiCad, using the left mouse button or kbd:[Enter] to fix the routed segments
would fix all segments up to but not including the segment ending at the mouse cursor location. In
KiCad 6 and later, this behavior is optional, and by default, all segments including the one ending at
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the mouse cursor location will be fixed. The old behavior can be restored by disabling the "Fix all
segments on click” option in the Interactive Router Settings dialog.

While routing, you can hold the kbd:[Ctrl] key to disable grid snapping, and hold the kbd:[ Shift] key
to disable snapping to objects such as pads and vias.

Uwaga
Snapping to objects can aso be disabled by changing the Magnetic Points preferencesin
the Editing Options section of the Preferences dialog. We recommend that you leave object

snapping enabled in general, so that you do not accidentally end tracks slightly off-center on a
pad or via.

4.8.1. Interactive router settings

The interactive router settings can be accessed through the Route menu, or by right-clicking on the

éutton in the toolbar. These settings control the router behavior when routing tracks as well as when
dragging existing tracks.

l + Interactive Router Settings WM M
Mode General Options
Highlight collisions | Remove redundant tracks

+| Optimize pad connections
+| Smooth dragged segments
*) Shove
V¥ Shove vias Optimize entire track being dragged

ump over obstacles
Jump +| Use mouse path to set track posture

Walk around +| Fix all segments on click
& Cancel v OK

Setting Description

Mode Sets the operating mode of the router for creating new tracks and dragging
existing tracks. See the routing overview for more information.

Free angle mode Allows routing tracks at any angle, instead of just at 45-degree increments.
Thisoption isonly availableif the router mode is set to Highlight
collisions.

Allow DRC violations |Allow placing tracks and vias that violate DRC rules. This option isonly
availableif the router mode is set to Highlight collisions.

Shovevias Allow the router to shove vias along with tracks. When thisis disabled,
vias cannot be shoved. Thisoption is only availableif the router modeis
set to Shove.




Editing a board

Setting Description

Jump over obstacles Allow the router to attempt to move colliding tracks behind solid obstacles
(such as pads). Thisoption isonly available if the router mode is set to

Shove.
Remove redundant Automatically removes loops created in the currently-routed track, keeping
tracks only the most recently routed section of the loop.
Optimize pad When this setting is enabled, the router attempts to avoid acute angles and
connections other undesirable routing when exiting pads and vias.
Smooth dragged When dragging tracks, attempts to combine track segments together to
segments minimize direction changes.

Optimize entiretrack | When enabled, dragging a track segment will result in KiCad optimizing
being dragged the rest of the track that is visible on the screen. The optimization process
removes unnecessary corners, avoids acute angles, and generally triesto
find the shortest path for the track. When disabled, no optimizations are
performed to the track outside of the immediate section being dragged.

Use mouse pathto set | Attemptsto pick the track posture based on the mouse path from the
track posture routing start location.

Fix al segmentson When enabled, clicking while routing will fix the position of all the track
click segments that have been routed, including the segment that ends at the
mouse cursor. A new segment will be started from the mouse cursor
location. When disabled, the last segment (the one that ends at the mouse
cursor) will not be fixed in place and can be adjusted by further mouse
movement.

4.8.2. Track posture

When routing in H/VV/45 mode, the posture refers to how a set of two track segments connect two
points that cannot be reached by a single H/VV/45-degree segment. In such a case, the points will be
connected by one horizontal or vertical segment and one diagonal (45-degree) segment. The posture
refersto the order of these segments: whether the horizontal/vertical segment or the diagonal segment
comesfirst.
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KiCad' s router attempts to pick the best posture automatically based on a number of factors. In
general, the router will attempt to minimize the number of cornersin aroute, and will avoid "bad"
corners such as acute angles whenever possible. When routing from or to a pad, KiCad will choose the
posture that lines up the route with the longest edge of the pad.

In some cases, KiCad cannot guess the posture you intend correctly. To switch the posture of the track
while routing, use the Switch Track Posture command (hotkey kbd:[/]).

In situations where there is no obvious "best" posture (for example, when starting a route from a
via), KiCad will use the movement of your mouse cursor to select the posture. If you would like

the route to begin with a straight (horizontal or vertical) segment, move the mouse away from the
starting location in amostly horizontal or vertical direction. If you would like the route to begin
diagonally, move in adiagona direction. Once the cursor is a sufficient distance away from the
routing start location, the posture is set and will no longer change unless the cursor is brought back to
the starting location. Detection of posture from the movement of the mouse cursor can be disabled in
the Interactive Router Settings dialog as described below.
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If you use the Switch Track Posture command to override the posture chosen by KiCad, the
automatic detection of posture from mouse movement will be disabled for the remainder of the
current routing operation.

4.8.3. Track corner mode

KiCad' s router can place tracks with either sharp or rounded (arc) corners when routing in H/V/45
mode. To switch between sharp and rounded corners, use the Track Corner Mode command (hotkey
kbd:[Ctrl+/]). When routing with rounded corners, each routing step will place either a straight
segment, asingle arc, or both a straight segment and an arc. The track posture determines whether the
arc or the straight segment will be placed first.

Track corners can also be rounded after routing by using the Fillet Tracks command after selecting
the tracks on either side of the corner to befilleted. If a contiguous track selection contains multiple
corners, they will all be filleted.
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Dragging of tracks with arcsis not supported. Arcs are treated as immovable by the shove
router.

4.8.4. Szeroko#t# Hcie#Hki

The width of the track being routed is determined in one of three ways: if the routing start point is the
end of an existing track and the

button on the top toolbar is enabled, the width will be set to the width of the existing track. Otherwise,
if the track width dropdown in the top toolbar is set to "use netclass width", the width will be taken
from the netclass of the net being routed (or from any custom design rules that specify adifferent
width for the net, such as inside a neckdown area). Findly, if the track width dropdown is set to one of
the pre-defined track sizes configured in the Board Setup dialog, this width will be used.
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The track width can never be lower than the minimum track width configured in the
Constraints section of the Board Setup dialog. If a pre-defined width is added that is lower
than this minimum constraint, the minimum constraint value will be used instead.

KiCad' s router supports a single track width for the active route. In other words, to change widthsin
the middle of atrack, you must end the route and then restart a new route from the end of the previous
route. To change the width of the active route, use the hotkeys kbd:[W] and kbd:[ Shift+W] to step
through the track widths configured in the Board Setup dialog.

4.8.5. Placing vias

While routing tracks, switching layers will insert athrough via at the end of the current (unfixed)
track. Once you place the via, routing will continue on the new layer. There are several ways to select
anew layer and insert avia:

» By using the hotkey to select a specific layer, such as kbd:[PgUp] to select F. cu or kbd:[PgDn] to
select B. Cu.

» By using the Next Layer or Previous Layer hotkeys (kbd:[+] and kbd:[-]).
» By using the Place Via hotkey (kbd:[V]), which will switch to the next layer in the active layer pair.

» By using the Select Layer and Place Through Via action (hotkey kbd:[<]), which will open adiaog
to select the target layer.

After using any of the above methods to add a via and change layer, but before clicking to fix the via
and commit the current track segment, you can cancel placing the via by pressing kbd:[V]. Thevia
will be removed and routing will continue on the original layer.

Y ou can place aviaand end the current track, without changing layers, by pressing kbd:[V] and then
double-clicking to place the via.

The size of the viawill be taken from the active Via Size setting, accessible from the drop-down in
the top toolbar or the Increase Via Size (kbd:[']) and Decrease Via Size (kbd:[\ ]) hotkeys. Much like
track width, when the viasizeis set to "use netclass sizes', the via sizes configured in the Net Classes
section of the Board Setup will be used (unless overridden by a custom design rule).

Y ou can a'so place microvias and blind/buried vias while routing. Use the hotkey kbd:[Ctrl+V] to
place a microvia and kbd:[Alt+Shift+V] to place a blind/buried via. While regular vias aways go
through every board layer, microvias and blind/buried vias can start and end on any layer, not just the
outer layers.
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For the purposes of DRC, microvias are not considered drilled holes as they are laser drilled
rather than mechanically drilled. See the DRC documentation for more information.

Vias placed by the router are considered to be part of arouted track. This means that the via net can
be updated automatically (just like track nets can), for example when updating the PCB from the
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schematic changes the net name of the track. In some cases this may not be desired, such as when
creating stitching vias. The automatic update of via nets can be disabled for specific vias by turning
off the "automatically update via nets" checkbox in the via properties dialog. Vias placed with the
Add Free-standing Vias tool are created with this setting disabled.

4.8.6. Layer Pairs

The active layer is swapped with the other one in the current layer pair using the Place Via hotkey
(kbd:[V]).

Y ou can define the active pair along with alist of "preset” layer pairsin the Set Layer Pair dialog,
accessed from the two-color swatch on the toolbar. These pairs are stored in the project file.

Select Copper Layer Pair a
Top/Front layer: Bottom/Back layer: Copper layer pair presets
Enabled Layers Label
. F.Cu . F.Cu
W Fcu/mnacu crubreakoutH
In1.Cu In1.Cu
W ecusmnacu rairsv
. In2.Cu . In2.Cu
lrs.cuss.cu
In3.Cu In3.Cu =}
. Ind.Cu . Ind.Cu
In5.Cu In5.Cu
In6.Cu InG.Cu

Cancel OK
Each can be enabled or disabled, and given an optiona user-friendly name.
The enabled presets can be cycled using the Cycle Layer Pair Presets hotkey (kbd:[Shift+V]). If the

last-used or current layer pair isnot a preset, it isincluded in the list with the name "Manual".

Preset Layer Pairs

F.Cu/B.Cu(Manual)

F.Cu/In2.Cu(CPU breakout H)

F.Cu/In3.Cu(Pairs V)
In6.Cu/B.Cu

4.8.7. Placing free vias

In addition to placing vias while routing, you can also place standalone vias. These vias connect to

items that they touch when they are placed. Free vias may be useful for via stitching, via shielding,
thermal design, or other reasons.
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To place afreevia, click the

button or press kbd:[Ctrl+Shift+X], then click in the desired location in the editing canvas. If you
place aviadirectly over atrack, it will connect to that track asif it was placed while routing: it will
take the track’ s net, it will create ajoint in the track, and dragging the viawill also drag the attached
tracks.

The net assigned to a free via depends on where the viawas placed. If the via was placed over atrack
or pad, it will have the same net as the track, and its Automatically update via nets setting will be
enabled so that its net changes with the track’ s net. Otherwise, the via will take the net of any zone
under the via, if one exists, and its net will not update automatically. If there are multiple zones under
the via, you will be prompted to choose which net to use. If there is no zone, the viawill not have a
net assigned.

4.8.8. Modifying tracks

After tracks have been routed, they can be modified by moving or dragging, or deleted and re-routed.
When a single track segment is selected, the hotkey kbd:[U] can be used to expand the selection to all
connected track segments. The first press of kbd:[U] will select track segments between the nearest
junctions with pads or vias. The second press of kbd:[U] will expand the selection again to include all
track segments connected to the selected track on all layers. Selecting tracks with this technique can
be used to quickly delete an entire routed net.

There are two different drag commands that can be used to reposition a track segment. The Drag (45-
degree mode) command, hotkey kbd:[D], is used to drag tracks using the router. If the router modeis
set to Shove, dragging with this command will shove nearby tracks. If the router mode is set to Walk
Around, dragging with this command will walk around or stop at obstacles. Multiple tracks can be
dragged at once using this command. The Drag Free Angle command, hotkey kbd:[G], is used to split
atrack segment into two and drag the new corner to any location. Drag Free Angle behaves like the
Highlight Collisions router mode: obstacles will not be avoided or shoved, only highlighted.
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Dragging of tracks containing arcsis not yet possible. Attempting to drag these tracks will
result in the arcs being removed in some cases. It is possible to resize a particular arc by
selecting it and using the drag command (kbd:[D]). When resizing an arc using this command,
no DRC checking is performed.

The Move command (hotkey kbd:[M]) can also be used on track segments. This command will pick
up the selected track segments, ignoring any attached track segments or vias that are not selected. No
DRC checking is done when moving tracks using the Move command.

It is also possible to move afootprint while keeping tracks attached to the footprint asit moves. To do
so, use the drag command (kbd:[D]) with one or more footprints selected. Any tracks that end at one
of the footprint’s pads will be dragged along with the footprints. This feature has some limitations: it
only operates in Highlight Collisions mode, so the tracks attached to footprints will not walk around
obstacles or shove nearby tracks out of the way. Any DRC violations caused by the drag operation
will be highlighted and will be prevent the footprint drag from being committed when you click. To
ignore the violations and commit the drag anyway, use kbd:[Ctrl]+click. Additionally, only tracks that
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end at the origin of the footprint’s pads will be dragged. Tracks that simply pass through the pad or
that end on the pad at alocation other than the origin will not be dragged.

To break asingle track segment into two, use the Break tool (right click atrack _ Break Track). The
track will be broken into two connected track segments at the cursor location. Each track segment can
then be selected, moved, and edited individually. To recombine the segments into a single segment,
drag the drack, or use the mer ge co-linear tracks option in the Cleanup Tracks and Vias dialog.

4.8.9. Editing track and via properties

Y ou can modify the width of tracks and the size of vias, without re-routing them, in the properties
dialog for the track or via. This modifies all selected tracks and vias. The properties dialog shows the
relevant properties for the itemsin the selection: if both tracks and vias are selected, then properties
for both types of objects will be displayed, but if only one type of object is selected then properties for
the other type of object will not be shown.

l b g Track & Via Properties v oA X
Common
Net: | GMND v v Automatically update via nets
Locked
Tracks
Start X:| —mixedvalues— Y: —mixedvalues— mm Layer: - mixed values - b
EndX: | - mixedvalues— ¥: | --mixedvalues — mm
Pre-defined sizes: | mm
Track width: mm
Vias
Position X:| 189.15634 Yi| 116.5098 mm Viatype: Through A
Start layer: [
Pre-defined sizes: mm
End layer: |
Padstack mode: | Normal “ | Edit layer:
Annular rings: | All copper layers e
Via diameter: 0.8 mm
Front tenting: | From design rules v
Via hole: 0.4 mm
?
Add teardrops on via's track connections Maximum track width: | 90 %
¥ Allow teardrops to span two track segments (os a percentage of padivia/track size)
Best length (L): 50 So(d )
A
‘_ Maximum length (L): | 1 mm
d W
' Best width (W): 100 bl d )
L
:.. - Maximum width (W): | 2 mm
L

Curved edges

® Cancel v OK
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In the Common section, you can change the assigned net of the selected objects using the Net
dropdown. If the Automatically update via nets option is checked, the selected vias cannot have
their assigned net manually changed, but instead will be assigned the net of any zone or pad that they
touch. You can also lock the selected objects.

In the Tracks section, you can set the start and end position of the tracks and the layer they are on.
Y ou can also change the track width, either from alist of pre-defined sizes or to an arbitrary value.

Y ou can remove the solder mask from on top of tracks on outer layers by enabling the Solder mask
checkbox. When enabled, solder mask openings will be drawn for each of the selected tracks with the
same shape as the source track. The Expansion textbox controls the size of the mask opening relative
to the original track: the expansion value will be added to each side of the original track to form the
mask shape. For example, a Imm wide track with a 1mm expansion would result in a 3mm wide mask
cutout, because the Imm expansion is added to both sides of the track.

In the Vias section you can change the properties of selected vias. Y ou can change the position of a
via, the via s type (through, micro, or blind/buried), and which layersit spans. Through vias aways
start and end on the front and back copper layers, but micro vias and blind/buried vias can start and
end ony any layers.

Y ou can modify the via annulus and hole diameters, either from alist of pre-defined sizes or to
arbitrary values. A via s diameter and hole size can be defined on a per-layer basis. Thisis aso known
as defining the via' s padstack. The Padstack mode controls whether the via shape is the same on all
layers or whether individual layers are individually controlled.

* Inthe Normal padstack mode, the via s diameter and hole size are the same on all layers.

* IntheFront/Inner/Back padstack mode, the via's diameter and hole size can be controlled
separately for the front layer, the back layer, and the inner layers (the inner layers will have
identical settings). The Edit layer dropdown controls which layer (or group of layers) is currently
being displayed and edited.

 Inthe Custom padstack mode, the via's diameter and hole size can be controlled completely
independently on each layer. The Edit layer dropdown controls which layer is currently being
displayed and edited.

The Annular rings setting controls which layers will have annular rings for the via.

* When set to All copper layers, the viawill have annular rings on every layer.

* When set to Start, end, and connected layers, the viawill have annular rings on its start and end
layers aswell as any layer with atrack or zone connection to the via. Any layer without track or
zone connections, other than the start and end layers, will not have an annular ring.

* When set to Connected layer s only, the viawill have annular rings only on layers with atrack or
zone connection to the via. Any layer without track or zone connections will not have an annular

ring.

Annular rings can be removed or added in bulk using the Edit Track and Via Properties dialog or by
running the Unused Pads tool.
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The Front tenting and Back Tenting options control whether the via has front and back solder mask
covering it.

» When set to From design rules, the tenting settings are taken from the Solder Mask/Paste panel in
Board Setup.

* When set to Tented, the viawill be covered in solder mask, regardless of the settings in Board
Setup.

* When set to Not tented, the viawill not be covered with solder mask, regardless of the settingsin
Board Setup.

If the
0D

Q
button is pressed, the front and rear tenting settings will be linked. If it is unpressed, they can be
modified independently.

Y ou can a'so change the teardrop properties for viasin this dialog.
Uwaga

The properties of selected tracks and vias can aso be modified using the Properties Manager.

4.8.10. Bulk editing tracks and vias

To modify tracks and viasin bulk you can use the Edit Track and Via Properties dialog (Edit _ Edit
Track & ViaProperties...)..
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l 4 Set Track and Via Properties WS K
Scope Filter Items
| Tracks Filter items by net: TXTAL v
| Vias
Filter items by net class: = Default b
Filter items by layer: B Top_layer ~
Filter tracks by width: 0 i
Filter vias by size: 0 lyy!

Selected items only

Action

® ) Set to specified values:

Layer: -- leave unchanged - s
Track width: - leave unchanged - s
Via size: - leave unchanged - W
Annular rings: - leave unchanged — W

Set to net class f custom rule values

" Apply Close Apply and Close

Scope settings restrict the tool to editing only tracks, vias, or both. If no scopes are selected, nothing
will be edited.

Filter Items restricts the tool to editing particular objects in the selected scope. Objects will only be
modified if they match all enabled and relevant filters (some filters do not apply to certain types of
objects. For example, viasizefilters do not apply to tracks). If no filters are enabled, all objectsin the
selected scope will be modified. For filters with atext box, wildcards are supported: * matches any
characters, and ? matches any single character.

Filter items by net filters to items assigned the specified net.

Filter items by netclassfilters to items assigned to the specified netclass.

Filter itemsby layer filtersto items on the specified board layer.

Filter tracks by width filtersto tracks with the specified track width.

Filter vias by sizefiltersto vias with the specified track width.

Selected items only filters to the current selection.
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Properties for filtered objects can be set to new values in the bottom part of the dialog. Properties can
be set to arbitrary values by selecting set to specified values or set to the default value from the net
class (or custom rule) by selecting set to net class/ custom rule values.

When setting to specified values, you can choose ‘ -- leave unchanged --" to preserve objects existing
values, or select a new value from the dropdown menu. For Track width and Via size, the options are
the pre-defined track or via sizes from Board Setup.

4.8.11. Removing unused pads

Y ou can quickly remove unused annular rings from pads and vias using the Unused Pads tool (T ools
_, Remove Unused Pads...). Thiswill leave annular ringsin place on layers where they are used and
remove them on layers where they are not used. An annular ring is considered unused if there are no
track or zone connections to the pad/via on that layer.

I 4 Unused Pads oo X

Vias

Pads lI
Selected only I
+| Keep outside layers T

Restore All Layers & Cancel Remove Unused Layers

The Remove Unused L ayer s button removes all unused annular rings from pads and vias that meet
the selected filter settings. The Restore All L ayer s button restores all annular rings to the pads and
vias that meet the selected filter settings.

The checkboxes filter which objects will be modified (annular rings removed or restored) and which
layerswill be removed for those objects.

* If the Vias checkbox is enabled, annular rings for vias will be modified.
* If the Pads checkbox is enabled, annular rings for pads will be modified.

* |f the Selected only checkbox is enabled, only selected vias and pads will have their annular
rings modified. If it isdisabled, annular rings for all vias and pads will be modified. This setting
applies in combination with the Vias and Pads checkboxes; for example, a selected viawill not be
modified if the Via checkbox is disabled.

 |f the Keep outside layer s checkbox is enabled, the pad or via' s start and end layers will remain,
even if they are unused.

4.8.12. Cleaning up tracks and vias

There is adedicated tool for performing common cleanup operations on tracks and vias, which isrun
viaTools _ Cleanup Tracks& Vias....
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l F 4 Cleanup Tracks and Vias voAa X
Actions Filter [tems
¥| Refill zones before and after cleanup Filter items by net: v
v Delete tracks connecting different nets Filter items by net class: w
»| Delete redundant vias
Filter items by layer: B Top_layer o

¥| Delete vias connected on only one layer

| Merge co-linear tracks Selected items only

| Delete tracks unconnected at one end

Delete tracks fully inside pads

Changes to be applied:

& Cancel | | Build Changes

The following cleanup actions are available and will be performed when sel ected:

Refill zones before and after cleanup: refills al zones both before and after the cleanup operation.
If unchecked, zone fills will not be changed.

Delete tracks connecting different nets: removes any track segments that short multiple nets.

Deleteredundant vias: remove vias that are redundant because they are located on top of another
viaor on top of athrough hole pad.

Delete vias connected on only one layer: removes vias that are only connected to copper on a
single layer and are therefore unnecessary.

Mer ge co-linear tracks: merges any track segments that are connected and co-linear into asingle
equivalent track segment.

Delete tracks unconnected at one end: removes track segments that have at |east one dangling
end.

Delete tracksfully inside pads: removes tracks that have both start and end points within a pad
and are therefore unnecessary.

Y ou can aso filter the objects that will be cleaned up by net, netclass, layer, or selection.
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Filter items by net: limits the cleanup to tracks and vias assigned to the specified net.

Filter items by netclass: limits the cleanup to tracks and vias in the specified netclass.

Filter itemsby layer: limits the cleanup to tracks and vias on the specified layer.

Selected items only: limits the cleanup to just the selected tracks and vias.

Any changes that will be applied to the board are displayed at the bottom of the dialog after clicking
the Build Changes button. After building the changes, the button changesto say Update PCB. The
changes are not applied until you press the Update PCB button.

4.8.13. Routing Convenience Functions

KiCad offers several functions to make certain routing operations more convenient.

If you need to route a number of tracks from a set of pads, you can use the Route Selected tool to
quickly route from each pad in sequence. Select the pads you want to use as starting points, then right
click and choose Route Selected (kbd:[Shift+X]) to route from each pad in sequence. The router will
begin atrack from the first selected pad, which you can route as you would any other track. When you
complete the track, the router will automatically begin a new track from the next pad in the selection,
in the same order that you selected the pads. Pads that already have tracks attached are skipped.

Y ou can a'so skip routing the current track and move on to the next pad by pressing kbd:[Esc]. Y ou
can also select footprints instead of pads; all unrouted pads in the selected footprints will be used as
starting points.

If you want to route a number of tracks to a set of pads, instead of from the pads, you can use the
Route Selected From Other End tool. Select the pads you want to use as ending points, then right click
and choose Route Selected From Other End (kbd:[Shift+E]). This tool works the same way asthe
Route Selected tool, except it uses each selected pad as an end point rather than a starting point. The
starting point for each track is the other end of the ratsnest line for each selected pad.

Routing from the other end is also possible while routing individual tracks: press kbd:[Ctrl+E] while
routing atrack to commit the current segment and begin routing from the other end of the in-progress
track’ sratsnest line.

Finally, you can quickly unroute tracks connected to an object (footprint, pad, or track) by selecting
the object, right-clicking, and choosing Unroute Selected. Any tracks connected to the selected object
will be removed, starting at the selected object and continuing until another pad is encountered.

4.8.14. Automatically completing tracks

KiCad' srouter can automatically route individual tracks, based on the connections defined in the
schematic. This can be thought of as alimited form of auto-routing that considers asingle track at a
time. The router will only use the current layer; it will not use vias or change layers.

While routing, press the kbd:[F] key to have the router attempt to automatically finish the current
track. The track will be automatically routed from the end of the last fixed track segment to the closest
ratsnest anchor. If the router can’t automatically finish the track, it will allow you to compl ete the
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track manually. This action can also be performed by clicking Attempt Finish in the context menu
while routing.

When the router is not the active tool, you can automatically route multiple tracks by selecting
footprints, pads, and tracks to route from, right clicking, and choosing Attempt Finish Selected
(Autoroute) (kbd:[Shift+F]). You do not need to select both ends of a desired connection; the router
will route from the selected item to its nearest ratsnest anchor. If multiple items were selected,

each item will be routed in sequence, in the order that they were selected. If a connection cannot be
automatically completed, the tool will pause with the router active so that you can compl ete the track
manually. With the automatic completion paused for a manual connection, you can press kbd:[Esc] to
skip routing the current track. After manually completing the track or skipping the connection, the tool
will continue attempting to route the remaining connections.

4.8.15. Routing differential pairs

Differential pairsin KiCad are defined as nets with a common base name and a positive and negative
suffix. KiCad supportsusing { pl us} and -, or P and N as the suffix. For example, the nets USB{ pl us}
and usB- form adifferential pair, as do the nets usB_P and USB_N. In the first example, the base name
iISUSB, and USB_ in the second. The suffix styles cannot be mixed: the nets USB{ pl us} and USB_N

do not form a differential pair. Make sure you name your differential pair nets accordingly in the
schematic in order to alow use of the differential pair router in the PCB editor.

To route adifferential pair, click the Route Differential Pairs

/2

icon (from the drawing toolbar or from the top toolbar under Route) or use the hotkey kbd:[6]. Click
on apad, via, or the end of an existing differential pair track to start routing. Y ou can start routing
from either the positive or negative net of adifferential pair.

The differential pair router will attempt to route the pair of tracks with a gap taken from the design
rules (differentia pair gap can be configured in the Net Classes section of the Board Setup dialog,

or by using custom design rules). If the starting or ending location of the route is a different distance
apart from the configured gap, the router will create a short "fan out" section to minimize the length of
track where the differential pair isnot coupled.

When switching layers or using the Place Via (kbd:[V]) action, the differential pair router will
create two vias next to each other. These vias will be placed as close as possible to each other while
respecting the design rules for copper and hole-to-hole clearance.

4.8.16. Length tuning

The length tuning tools can be used to add serpentine tuning shapes to tracks after routing. Length
tuning shapes are persistent objects that can be modified after they are created. To tune the length of a
track, first pick the appropriate tool.

» The single-track length tuning tool (icon

N

or hotkey kbd:[7]) will add serpentine shapes to bring the length of a single track up to the target
value.

» Thedifferentia pair length tuning tool (icon
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.
or hotkey kbd:[8]) will do the same for adifferential pair.

» Thedifferential pair skew tuning tool (icon
"

or hotkey kbd:[9]) will add length to the shorter member of adifferentia pair in order to eliminate
skew (phase difference) between the positive and negative sides of the pair.

Aswith the Routing icons, the Tuning icons are found in both the Route menu dropdown from the top
toolbar and the drawing toolbar on the right.

When atuning tool is active, you can hover over tracks in the board to show a status window that
displaystheir current length or skew as well as the target values. Click on the desired track to start
tuning it. As you move the mouse cursor along the track, meander shapes will be added interactively.
If atarget length has been set, meanders will stop being added when the target length is reached.

Y ou can set atarget length with custom DRC rules or in the tuning shape properties; both methods
are explained below. The popup window next to the cursor shows alive measure of the length or
skew compared to the design targets. Y ou can adjust the spacing (kbd:[1] to increase and kbd:[2] to
decrease) and amplitude (kbd:[3] to increase and kbd:[4] to decrease) while you tune. When you are
done, click again to commit the tuned shape. The tuned track doesn’t need to be perfect because you
can adjust the shape after committing it. Y ou can also place multiple tuning shapes on the same track.

Uwaga

The length tuning tools only support tuning the length of point-to-point nets between two pads.
Tuning the length of nets with different topologies is not supported.

Uwaga
Differentia pair length tuning can only be applied to the coupled portions of differential pairs.

To apply length tuning to the uncoupled portions of differential pairs, you must use single-
track length tuner.

Editing tuning patterns

After atuning pattern has been added, it can be selected, modified, and moved. Whileit is selected,
the target length and routed length are shown in the message panel at the bottom left of the window.
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When a pattern is selected, editing handles appear, which let you adjust the pattern geometry.
» Dragging the handles at the ends of the pattern will expand or contract the pattern along the track.

» Dragging the corner handle towards or away from the track will respectively decrease or increase
the maximum meander amplitude.

» Thefina handle controls the meander spacing; dragging it towards the corner handle will increase
the spacing, while dragging it away from the corner handle will increase the spacing.

The selection box and editing handles represent the maximum allowable extents of the tuning pattern.
Making the box smaller will reduce the size of the tuning pattern, even if thisresults in the tuned track
being shorter than the target length. When the box is enlarged, the tuning pattern will expand to fill the
box until the target length is reached.

Y ou can move atuning pattern along its track by selecting it and dragging with the mouse, or using
the Move tool (kbd:[M]). Deleting atuning pattern (kbd:[Del]) removes the tuning pattern and
restores the original untuned tracks. Y ou can also ungroup the tuning pattern, which will decompose it
into its component tracks. The basic tracks have the same shape as the tuning pattern but can be edited
individually. Once ungrouped into tracks, atuning pattern cannot be regrouped.

Another way to edit atuning pattern is through its properties dialog. The properties dialog exposes
several additional parameters that can’t be modified using the on-canvas interactive editor. These
properties can also be edited in the Properties Manager.

' 4 Tuning Pattern Properties oo X

Override custom rules

(from rule 'target length')

l Minimum amplitude (4): | 1 mm Maximum amplitude (A): | 1.92 mm

Spacing (s): 0.6 mm

Corner style: Fillet v Radius (r): 100 %%
Single-sided

& Cancel v OK

Aswith the interactive editor, you can set a maximum amplitude for the tuning pattern and a spacing
between meanders, but here you can set a minimum amplitude and configure the corner style. Corners
can be filleted (rounded) or chamfered. In each case you can set the radius as a percentage of the
maximum possible radius for the spacing and amplitude. Y ou can also configure the tuning pattern

to be single-sided, which restricts it to one side of the baseline, as opposed to the default style which
positions meanders on both sides of the baseline.

Y ou can set default values for these properties in the Design Rules _ Length-tuning Patter ns page
of the Board Setup dialog. Each type of tuning pattern (single track length, differential pair length, and
differential pair skew) can have its own defaults.

Finally, the tuning pattern properties dialog is one of two ways to set the target length or skew for a
tuning pattern. Setting length targets is explained below.
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Setting target length and skew

There are two ways to set atarget length or skew for anet:
* Inthe properties dialog for atuning pattern that has already been added to atrack.
» Using acustom DRC rule with thel engt h and/or skew constraints.

The first method isto specify atarget in the target length or target skew field of the tuning pattern’s
properties dialog. Thistarget will only apply to the selected tuning pattern. Therefore, length targets
set in thisway must be set separately for each tuning pattern in the design. The properties dialog for
atuning pattern is only accessible after the pattern isinitialy created, so changing atarget length or
skew in thisway may require the pattern to be adjusted to meet the new target value, if the pattern’s
geometric constraints do not allow sufficient space to meet the new target.

Y ou can aso set atarget length and/or skew using custom design rules. If custom rules are used, they
will override any targets set in tuning pattern properties, unless the override custom rules checkbox
is enabled in the tuning pattern properties.

Using a custom rule allows you to set a net’ s target length and/or skew up front, before a patternis
created. With custom rules you can set different length and skew targets based on specific criteria,
such as netclass or net name. Y ou will also result in aDRC violation if the net’ s length or skew is out
of bounds.

When target length or skew is adjusted in a custom DRC rule after a pattern is created, the pattern
geometry will not be automatically updated to achieve the new target. You can use Edit _, Update
All Tuning Patternsto recalculate all tuning patterns to meet the new targets.

The following example custom rule sets atarget length and skew for netsin the hi gh_speed netclass.
The target length is 100mm, and a DRC error will be raised if it is below 95mm or above 105mm. The
target skew isat most 0.1mm.

" (rule "target length and skew" (condition "A.hasNetclass(high_speed)") (constraint length (min
95mm) (opt 100mm) (max 105mm)) (constraint skew (max 0.1mm)))

See the custom rule documentation for more details of how to create rules that only apply to certain
nets.

Length tuning pitfalls and tips

The length tuner only tunes nets with a point-to-point topology; branching nets are not supported.
When the length tuner encounters a branch, it stops at the branch and only considers the length of the
net up to that branch.

Sometimes you may end up with leftover stub tracks somewhere in your design. These can turn what
appears to be a point-to-point net into a branched topology, which will prevent length tuning from
working as expected. It may be easier to find such stub tracks when you switch footprints, vias, and

%s to outline mode (

,and
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Euttons, respectively). You can aso use the track cleanup tool (Tools _ Cleanup Tracks and
Vias...) to remove many of these stubs automatically.

By default, the length tuner includes viasin its length calculations. Only the layer-to-layer length
of the viais used, which may be shorter than the full top-to-bottom via height if the tuned path is
not exclusively on the board top and bottom. The accuracy of this calculation depends on the board
stackup being accurately configured. Vialength can be ignored in length tuner calculations by
deselecting include stackup height in track length calculationsin the Constraints page of the
Board Setup dialog.

The length tuner is optimized for adjusting the effective electrical distance between two points,

and therefore it calculates net length in adlightly different way than other tools, such as the Net
Inspector. In addition to discounting net branches and unused portions of vias, the length tuner also
optimizes paths through pads to use the shortest possible path in its calculations. In comparison, the
Net Inspector reports a simple summation of copper segment lengths. Both cal culations are accurate,
but they are optimized for different purposes. These differences are discussed in more detail in the Net
Inspector documentation.

4.8.17. Teardrops

Teardrops are areas of extra copper that smooth the transition between tracks and pads, vias, or other
tracks with different width. Teardrops are added to increase the mechanical robustness of a track
connection. They also reduce the risk of amisaligned drill hole disconnecting atrack from adrilled
pad or via.

There are two ways to add teardrops to your design. Y ou can add them in bulk using the Edit
Teardrops dialog, or you can add them to individual pads and vias in the respective properties of the
pad or via

Adding teardrops in bulk

The Edit Teardrops dialog (Edit _ Edit Teardrops...) letsyou add teardrops to many board objects
at once. The dialog has controls for filtering which objects are affected and settings for configuring
the shape of the new teardrops. It also lets you edit or remove existing teardrops.
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' 4 Set Teardrops WA K
Scope Filter Items
¥ PTH pads Filter items by net: <no net> v
| SMD pads
Filter items by net class: | Default b
¥ Vias
Track to track Filter items by layer: BMrcu b

Round pads only
Existing teardrops only
Selected items only

Action

Remove teardrops

Remove all teardrops

Add teardrops with default values for shape Edit default values in Board Setup

* ) Add teardrops with specified values:

| Prefer zone connection Track width limit: - leave unchar %
== Allow teardrops to span two track segments {os o percentage of padiva minor dimension)
Best length (L): —leave unchanged — Ol d )
'
Maximum length (L): | —leave unchanged - i
d
Best width (W): - leave unchanged - 0o d )
L
Maximum width (W): | - leave unchanged -- i

=l Curved edges
" Apply Close Apply and Close

The Scope section controls which types of objects will be affected: PTH pads, SMD pads, vias, and/
or track-to-track connections. The Filter 1tems section lets you filter objects by other criteria; you can
filter items by net, net class, and layer, or choose to act only on round pads, pre-existing teardrops, or
the objectsin your selection.

The Action section controls whether to add or remove teardrops, as well as the size and shape of the
new teardrops.

Remove Teardropswill remove teardrops that match the scope and filtering options at the top of the
dialog. Remove All Teardropswill remove al teardrops on the board, even if they do not match the
scope and filters.

Add teardropswith default valuesfor shape will add teardrops with the configured default teardrop
settings to every board object that matches the scope and filters. To configure the default teardrop
settings, click the Edit default valuesin Board Setup link or manually open the Tear drops panel

in Board Setup. The defaults are configured separately for teardrops connecting to round shapes,
rectangular shapes, or between tracks.
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Instead of using the default values, you can provide custom teardrop settings by selecting Add
teardrops with specified values. The available teardrop settings are:

» Prefer zone connection: if selected, ateardrop will not be created if the object is also connected to
azone.

» Allow teardropsto span 2 track segments: if selected, the teardrop will be able to spread over a
second track segment if the first segment is too short to support afull teardrop.

» Maximum track width: ateardrop will not be created for atrack connection that is wider than this
percentage of the pad width (minimum pad dimension).

» Best length: the ideal length of the teardrop, as a percentage of the width (smallest dimension) of
the attached object.

* Maximum length: the maximum length of the teardrop, as an absol ute length.

» Best width: theideal width of the teardrop, as a percentage of the width (smallest dimension) of the
attached object.

e Maximum width: the maximum width of the teardrop, as an absolute width.

Curved edges: if selected, the teardrop edges will be curved instead of astraight line.

Adding ateardrop to an object that already has ateardrop will update the existing teardrop with the
new settings. However, you can leave any existing teardrop setting in an object unchanged by setting
the valueto ‘-- leave unchanged --" in atextbox, or by selecting the third, indeterminate state for a
checkbox. Any value set thisway will not be updated in the targeted objects' teardrop settings.

Adding teardrops to individual objects

Rather than in bulk, you can add or edit teardrops for individual viasin the properties dialog for
that via, or for individual padsin the Connectionstab of the pad’s properties dialog. The settingsin
the properties dialogs are the same as in the Edit Teardrops dialog. Y ou can also edit teardrops for
individual pads and vias with the Properties Manager.
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l * Pad Properties oA X

General Connections Clearance Overrides

Teardrops
Add teardrops on pad's track connections Track width limit: | 90 =+ | %)
~| Prefer zone connection

v| Allow teardrops to span 2 track segments

Teardrop Shape

Best length (L) 50 -+ |%(w)
Maximum length (L) | 1 mm
Best width (W): 100 - O w )
L = Maximum width (W) | 2 mm
Curved edges
Connection to Copper Zones Thermal Relief Overrides
Pad connection: | From parent footprint v Relief gap: mm
Zone knockout: | Pad shape v Spoke width: mm
Spoke angle: | 90
Footprint D21 (USB), front side, rotated 0 deg Preview pad in sketch mode & Cancel v DK

Other details about teardrops

Teardrops in KiCad are small zones, meaning that when they refill they avoid shorting to copper
objects on other nets. They areinitialy filled when they are added, but they are unfilled and refilled
with other zones on the board: when using the Unfill All Zones and Refill All Zones commands,
running DRC, generating fabrication outputs, etc. Teardrops can be shown in filled or outline mode
using the zone display controlsin the left toolbar.

Teardrops can be added to any type of pad, including custom pads. Some custom pad shapes

may produce undesirable teardrop shapes. In those cases, it may be preferable to disable teardrop
generation for those specific pads.

4.9. Graphics and text

Graphical objects (lines, arcs, rectangles, circles, polygons, text, tables, and dimensions) can exist on
any layer. They exist primarily for aesthetics and documentation, although shapes on copper layers
can make electrical connections and have nets assigned.

4.9.1. Graphical shapes

Graphical shapes are geometric objects that can be drawn on any board layer.
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When they are drawn on copper layers, graphical objects can be assigned nets and make connections
to other copper objects, much like tracks and zones. There are differences between copper shapes and
tracks or zones, however:

» The shape of agraphical object is exactly defined by its own properties (size, position, line width,
fill, etc.) and is not affected by other nearby objects. In contrast, a zone fills the areawithin a

specified outline, but avoids different-net copper items to automatically maintain a specified
clearance.

» Graphic lines and arcs are edited as simpl e shapes; the interactive router is not used for drawing or
modifying them. Therefore collisions with other items are not detected interactively as they would
be when routing tracks (although they will be detected by DRC).

The buttons on the right toolbar can be used to create:

e Lines(

, default hotkey kbd:[Ctrl+Shift+L])

o Arcs(

, default hotkey kbd:[Ctrl+Shift+A])

» Bezier curves (

, default hotkey kbd:[Ctrl+Shift+B])

» Rectangles (

)

» Circles(

, default hotkey kbd:[Ctrl+Shift+C])

» Polygons (

, default hotkey kbd:[ Ctrl+Shift+P])

To place a shape, select the tool, then click in the canvasto place the shape’ sfirst point. Click again
to place the shape’'s second point. For rectangles and circles, placing the second point will fully define
the shape and finish drawing it. Some shapes require three or more points to be placed, however. Arcs
require three points, while lines, polygons and bezier curves can accept an arbitrary number of points,
and require adouble click to complete.

To modify an existing graphical object, select it, then drag its editing handles to change the shape.
Moving a handle at the vertex of a shape will move that vertex. Moving a handle on the edge of a
shape will move that edge while maintaining the edge’ s angle.

Arcs have two vertex editing modes, which are selectable in Preferences | PCB Editor _ Editing
Optionsor by right clicking the
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button on the right toolbar.

» Thefirst mode (keep arc center, adjust radius) maintains the position of the arc center as asthe
arc endpoints or midpoint are dragged, changing the radius as necessary.

» The second mode (keep arc endpointsor direction of starting point) maintains the position of the
arc endpoints and the arc’ s direction of curvature as the midpoint or center are dragged.

Just like with tracks, you can expand a selection from one graphic line to include all other contiguous
graphic lines by pressing kbd:[U].

The properties of a graphic shape can be adjusted in the shape’s properties dialog or with the
Properties Manager.

l + Segment Properties oA X

By Endpoints = By Length and Angle By Start/Midpoint

Start Point End Point
X | pso mm X | 2555 mm
Y 100 mm Y 100 il
Locked
Line width: 0.2 mim
Line style: Nefault e
Met: <no net= b
Layer: W Top_layer bl

Technical Layers:

Solder mask

&) Cancel « 0K

» Thetop section contains controls for editing the object’ s location and shape. Some types of objects
can be edited in multiple ways, with each method in its own tab. For example, aline segment can be
edited by its start and end points, by its start point, length, and angle, or by its start and mid points.

» L ocked controls whether or not the text object islocked. Locked objects may not be manipul ated
or moved, and cannot be selected unless the L ocked Items option is enabled in the Selection Filter
panel.

» Closed shapes (rectangles, circles, and polygons) can be outlines or filled shapes, whichis
controlled by the Filled shape checkbox.
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The Line width option controls the width of the outline, even for filled objects. The outline width
extends on both sides of the "ideal" shape of the graphic object. For example, a graphic circle that
is defined to have 2mm radius and 0.2mm line width will consist of atorus with an outer radius

of 2.1mm and inner radius of 1.9mm. If the shapeisfilled and the line width is set to 0, the shape
will be afilled circle with 2mm radius. Several line styles are available in the Line style dropdown:
solid, dashed, dotted, dash-dot, and dash-dot-dot.

Uwaga

Y ou can customize the default style of newly-created graphical shapesin the Text & Graphics
Defaults section of the Board Setup dialog.

The Layer dropdown controls which layer the shape is placed on. Graphical shapes on copper
layers can have a net assigned in their properties dialog. Copper shapes with a net make
connections like tracks or zones. Unlike zones, copper graphical objects always maintain their
shape and do not keep clearance to other copper objects.

When shapes are placed on outer copper layers, they can be configured to affect the corresponding
solder mask layer in addition to their primary copper layer by enabling the Solder mask checkbox.
When enabled, a shape on the front copper layer will also be drawn on the front solder mask layer,
while aback copper shape will also be drawn on the back solder mask layer. Because solder mask
layers are negative, thiswill result in a solder mask opening with the same shape as the copper
shape. The Expansion textbox controls the size of the mask opening relative to the original copper
shape: the expansion value will be added to each side of the original shape to form the mask shape.
For example, a 1mm wide copper segment with a 1mm expansion would result in a 3mm wide
mask cutout, because the 1mm expansion is added to both sides of the segment.

Shape modification tools

KiCad has several tools for modifying combinations of graphic shapesin useful ways, such as
chamfering two lines or combining two polygons. These tools are used by selecting the shapes
you want to modify, right clicking, and then choosing the relevant tool in the Shape M odification
submenu. Different tools are available for different combinations of selected shapes.

Heal shapes fixes a discontinuity between two lines or arcs. A new line segment is added to
connect the ends of each shape together, up to a specified tolerance.

Fillet lines adds an arc to round the corner between two connected lines with a specified radius.
The two original lines are shortened to meet the endpoints of the arc.

Chamfer lines adds a line segment to create a new edge between two connected lines with a
specified setback. The two original lines are shortened to meet the endpoints of the new segment.

Dogbone corner s adds circular reliefs to the corners of the selected shapes. Thisissimilar to
filleting, but the modified shape islarger than the original, with the added arcs intersecting the
vertices of the original corners. In other words, the added reliefs exactly enclose the original
corners. This can be useful for relieving the corners of interior cutouts so that they can be
manufactured using around cutting tool. There is an option to Add slots to acute corners, which
adds extended slotsin corners that are too narrow to reach with a cutting tool of the selected radius.

Extend lines to meet lengthens two selected lines until they intersect each other. The two lines will
share a coincident endpoint.
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» Merge polygons combines two or more selected polygons into one new polygon that is the union
of the original shapes.

» Subtract polygons subtracts one or more polygons from another polygon, resulting in a new
polygon that is the difference of the original shapes. The first-selected polygon(s) are subtracted
from the last-selected polygon.

* Intersect polygonsresultsin a new polygon that is the shape of the overlapping area between two
or more selected polygons.

Converting objects to and from graphic shapes

KiCad provides tools to convert graphic objects to other types of objects, other types of objects

to graphic objects, and graphic objects to other kinds of graphic objects. These tools are used by
selecting the shapes you want to convert, right clicking, and then choosing the desired result object
from the Create From Selection submenu. Most types of object conversions have several conversion
options that are presented in a settings dialog. The exact options differ based on the target object type.

When converting to a graphic polygon, rule area, or zone, there are severa options for how to convert
the source objectsinto a polygonal outline.

* If copy linewidth of first object is selected, an unfilled polygon will be created that hasitsline
width taken from the line width of the first selected source object. This option isonly available
when converting to a graphic polygon, and the source object must be a closed shape.

» If usecenterlinesis selected, an object with zero line width will be created, with its outline placed
at the centerlines of the source objects. The source object must be a closed shape. If the target
object is agraphic polygon, it will befilled.

 |f create bounding hull is selected, an object will be created with the specified line width. The
object’ s outline will be offset from the outermost extents of the source object by the specified gap.
The source object does not need to be a closed shape when a bounding hull is created.

Most conversions provide a delete sour ce objects after conver sion option, which will result in the
original object being deleted during the conversion, only leaving the new object in place. If this option
is not selected, the conversion will leave the original object in place in addition to the new object. The
original object will be selected following the conversion so that it can be manually deleted by pressing
kbd:[Delete].

l 4 Conversion Settings W K

® Copy line width of first object
Use centerlines

Create bounding hull

Delete source objects after conversion

& Cancel « 0K
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The following conversion types are available:

Create Polygon From Selection converts a graphic shape, text, zone, rule area, or track into a
polygon. This can be used to convert separate graphic shapes, such aslines and arcs, into aunified
shape. It can aso be used to convert atext object into a shape that can have its outline manipul ated

graphically.

Create Zone From Selection converts a graphic shape, text, zone, rule area, or track into a zone.
In addition to the conversion settings, the conversion dialog also shows options for configuring the
resulting zone. This can be used to create zone outlines with complex shapes, such as curves, that
would otherwise be difficult to create using the zone tool.

Create Rule Area From Selection converts a graphic shape, text, zone, rule area, or track into
arule area. In addition to the conversion settings, the conversion dialog also shows options for
configuring the resulting rule area. This can be used to create rule area outlines with complex
shapes, such as curves, that would otherwise be difficult to create using the rule area tool.

Create Lines From Selection converts a graphic polygon or rectangle into graphic lines that follow
the source shape’ s outline. This can be used to convert a unified shape into its constituent outline
segments.

Create Outsets From Selection converts the selected object (graphic shapes, pads, etc.) into a
rectangle that surrounds the original shape with some spacing. This can be used to quickly create
outlines, courtyards, etc., especialy in combination with other shape modification tools.

» The Outset distance specifies the minimum distance between the outset and the original shape.
There will always be at least this much space between the two shapes.

 If Round corners (when possible) is enabled, the outset will have rounded corners rather than
being asimple rectangle.

* If Round outwardsto grid multiples (when possible) is enabled, the outset will be placed on
the specified grid, rounding outwards when necessary so that the specified outset distanceis
maintai ned.

» If Copy item layersis enabled, the outset will be drawn on the same layer as the original shape.
If disabled, the outset will be drawn on the layer selected in the dropdown menu.

* If Copy item thickness (when possible) is enabled, the outset will be drawn with the original
item’ sthicknessif that item has a thickness, or the specified thickness otherwise. Some source
items, like pads, do not have a thickness property. The specified thickness will always be used
when this option is disabled.

Create Tracks From Selection converts a graphic shape, zone, or rule areainto tracks that follow
the source shape’' s outline. If the source object is not on a copper layer, a dialog will be presented to
specify the target copper layer. The source object is not removed following conversion, but remains
selected so that it can be easily deleted if desired.

Create Arc From Selection converts a graphic line segment or track segment into a graphic arc.
The arc’ s endpoints are placed at the endpoints of the source segment and its thickness is taken
from the source object’ s line thickness. The source segment is not removed following conversion,
but remains selected so that it can be easily deleted if desired.
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Importing vector graphics

Y ou can add graphic shapes from an external vector graphics file by importing the file into KiCad.
DXF and SVG files are supported. To import thefile, use File _ Import _ Graphics... (kbd:[Ctrl
+Shift+F]).

Imported vector graphics are part of the design like any other graphic shape. In other words, they have
an assigned board layer, they are included in fabrication outputs, and shapes on copper layers can
make electrical connections.

l F 4 Import Vector Graphics File S
File: [
Import scale: 1.000000
DXF default line width: | 0.2 i
DXF default units: Inches e

Place at: X:
~| Layer: [CJuser.Drawings W

~| Group imported items

+| Fix discontinuities Tolerance: | 1 mim
& Cancel « DK

The Import Vector Graphics File dialog has several options:
* File specifies the vector graphics file to import.
* Import Scale setsthe scale factor for the import.

» DXF default line width sets the line width for any itemsin a DXF file that do not specify aline
width. It has no effect when not importing DXF files.

» DXF default units sets the default unit for DXF files with unspecified units. It has no effect when
not importing DXF files.

» If Place At is enabled, the imported shapes are placed at the specified location, relative to the PCB
Editor’ s page origin. If it is disabled, the imported shapes are placed interactively.

 If Layer isenabled, the imported shapes are placed onto the selected layer. If it is disabled, the
shapes are placed onto the active layer.
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» If Group imported itemsis enabled, all shapesimported from the vector graphicsfile are added to
agroup.

 If Fix discontinuitiesis enabled, any shape discontinuities smaller than the specified tolerance are
filled by extending each segment until they intersect or adding an additional segment.

4.9.2. Text objects

Graphical text may be placed by using the

button in the right toolbar or by keyboard shortcut kbd:[Ctrl+Shift+T]. Activating the tool bringsup a
text properties dialog. After configuring the text and its properties and accepting the dialog, you can
click in the canvas to place the text.

Y ou can aso add text boxes, which are similar to regular text except that they have an optional border
and they automatically reflow text within that border. Text boxes are placed with the

button, and require clicking twice to specify the top left and bottom right corners of the box.

l 4 Text Properties AL
Text:
My Text

Locked

Layer: LIF.Silkscreen V Knockout
Font: KiCad Font v B/ |[|[E|= = | =|=| A
Width: 1.5 lyy! Position X: 178.25 mm
Height: 1.5 lyy! Position¥: | 101.75 Mmim
Thickness: | 0.3 mim Orientation: 0 R
Update Thickness According to Text Size ® Cancel « 0K

» Locked controls whether or not the text object islocked. Locked objects may not be manipul ated
or moved, and cannot be selected unless the L ocked Items option is enabled in the Selection Filter

panel.

» Layer controlsthetext’slayer. Text may be placed on any layer, but note that text on copper layers
cannot be associated with anet and cannot form connections to tracks or pads. Copper zones will
fill around the rectangular bounding box of text objects.
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» There are severa formatting options: text can be bolded, italicized, |eft/right/center aligned, top/
bottom/center aligned, and reversed.

» The knockout option adds a solid rectangle surrounding the text and makes the text itself a
negative cutout. Thisfeature isonly available for regular text objects, not text boxes.

» The Font dropdown lets you select afont for the text. Y ou can use any TTF font available on your
system, or the built-in KiCad stroke font.

Uwaga

User fonts are not embedded by default in the project. If the project is opened on another
computer that does not have the selected font installed, a different font will be substituted. Y ou
can optionally embed into the board file any fonts used by the design in the Embedded Files
section of Board Setup. For maximum compatibility without embedding, use the KiCad font.
Also consider converting text objects to polygons before sharing a project (right click atext
object _ Createfrom Selection _ Create Polygon from Selection...). Text converted to
polygonsis not editable as text, but will render identically on any computer.

* You can adjust the text size with the text width and text height controls. When you are using the
KiCad font, you can also adjust the stroke width with the thickness control. The Update Thickness
Accordingto Text Size button automatically sets the text thickness according to the text size: the
thickness for normal text is set to the size divided by 8, and the thickness for bold text is set to the
size divided by 5.

» Position X and position Y control the text object’ s location. These properties are not available for
text boxes.

» Orientation isthe rotation angle of the text object. Y ou can select an angle in 90 degree increments
from the dropdown, or type in an arbitrary angle.

Text boxes additionally have options controlling their border.

» Theborder checkbox makes the border visible or invisible. For visible borders, you can adjust the
border’ s thickness with the border width control and the line style with the border style control
(solid, dashed, dotted, dash-dot, or dash-dot-dot).

» The margins between the border and the text on each side of atext box can be set using the
Properties Manager. Margins cannot be set in the Text Box Properties dialog.

Uwaga

Y ou can customize the default style of newly-created text objectsin the Text & Graphics
Defaults section of the Board Setup dialog.

Finally, text supports markup for superscripts, subscripts, overbars, evaluating project variables, and
accessing symbol field values.

Feature Markup Syntax Result
superscript

Superscript t ext A{ super scri pt} text
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Feature Markup Syntax Result

Subscript text _{subscript} textsubscript

Overbar ~{text} text

Variables ${vari abl e} variable value

Symbol Fields ${refdes: field} field_value of symbol refdes
Uwaga

Variables must be defined in Board Setup before they can be used. There are also a number of
built-in text variables.

4.9.3. Tables

Y ou can use atable to organize text in atabular format. Tables have customizable borders, cell sizes,
and headers, and can be placed on any layer.

Heading 1 Heading 2

Column 1 Row 1 Column 2 Row 1

Calumn 1 Row 2 Column 2 Row 2

To place atable, usethe

utton in the right toolbar. Click in the canvas to place the top left corner of the table, then click again
to place the bottom right corner of the table and finish drawing the table. The bigger you draw the
table, the more rows and columns will be added by default, but rows and columns can be added or
deleted after the table is created.

Editing table properties

When you finish drawing atable, the Table Properties dialog appears. Y ou can also open the Table
Properties dialog in several other ways:

» Select any cell in thetable, right click, and select Edit Table (kbd:[Ctrl] + kbd:[E])

» Select the entire table, right click, and select Properties... (kbd:[E]). You can select the entire table
with adrag selection or by selecting asingle cell, then right clicking and selecting Select Table.

» Click the Edit Table... button in the Table Cell Properties dialog.
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l b4 Table Properties v oA X
Cell contents: Layer:  [IF.Silkscreen v
| Heading 2

Locked
+| External border ~| Header border
Width: 0.5 mm
Column 1 Row 1 Column 2 Row 1 Style: Dafault W
+| Row lines ~| Column lines
Width: 0.2 mm
N N
Column 1 Row 2 Column 2 Row 2 —— Deta it
© Cancel + 0K

This dialog lets you edit the properties of the entire table, including the text in each cell and the
separators between cells. To change the formatting of text in a cell, edit the properties of individual
cells, instead of the properties for the entire table.

Uwaga

The properties for atable can also be edited in the Properties Manager when the entire table is
selected.

The |eft side of the dialog displays an editable grid of the entire table. Y ou can edit the contents of
any cell by clicking on the cell in the grid. You can also edit the text in a cell by selecting the cell and
using the Properties Manager.

Uwaga

Text in table cells supports the markup described in the text objects section (superscripts,
subscripts, strikethroughs, etc.).

Theright side of the dialog contains formatting options for the table.
» TheLayer dropdown controls which board layer the tableis on.

» The L ocked checkbox controls whether or not the table is locked. Locked objects may not be
manipulated or moved, and cannot be selected unless the L ocked Items option is enabled in the
Selection Filter panel.

» The External border and Header border checkboxes control whether there is aborder drawn
around the entire table and the cells in the top row, respectively. When Header border is enabled,
the border below the cellsin the top row is styled using these external border settings rather than the
row/column line settings. The line width of the header bordersis controlled by the Width field. The
line style can be set to solid, dashed, dotted, dash-dot, or dash-dot-dot using the Style dropdown
menu.
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* The Row Lines and Column lines checkboxes enable horizonta lines between rows and vertical
lines between columns, respectively. These have the same formatting options as the external and
header borders.

Editing table cell properties
Instead of editing the properties of an entire table, you can also edit the properties of individua cells.
This modifies selected cells, but does not affect other cells. To open the Table Cell Properties dial og,

double click on acell, or select acell, right click, and choose Properties... (kbd:[E]). If you select
multiple cells, the properties dialog will act on all of them at once.

Uwaga

Y ou can select multiple cells by clicking and dragging.

Uwaga

To select adl cellsin arow or column, select acell in that row or column, right click, and

choose Select Row(s) or Select Column(s). Y ou can select multiple rows or columnsin this
way by starting with multiple cells selected.

I F 4 Table Cell Properties W X

Horizontal alignment: | =

Vertical alignment:

Font: | Default Font W
Style: Bold [talic
Text width: | 1.27 mem
Text height: | 1.27 mim
Thickness: 0 mem
Cell margins: 1.0025 lyy!
1.0025 1.0025
1.0025
Edit Table... &) Cancel « 0K

This dialog contains formatting options for the text in each cell.

» Horizontal alignment and Vertical alignment control how text is positioned within the cell.
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» Font controlsthe text font used in the cell.

» TheBold and Italic checkboxes bold and italicize the text, respectively. These are three-state
checkboxes, which can be set to off, on, or no change. No change is useful when multiple cells with
different bold/italic settings are being edited at the same time.

» TheText width, Text height, and Thickness control the size and thickness of the text. Thickness
only has an effect when the font is set to the KiCad Font.

» The Cell mar gins textboxes control the amount of spacing around the top, bottom, left, and right of
the text in the cell.

Y ou can click the Edit Table... button to open the properties dialog for the entire table.
Uwaga

The properties for atable cell can aso be edited in the Properties Manager when one or more
table cellsis selected.

Editing table layout

The layout of atable (size and number of columns and rows) isinitially set when you create a table,
but you can also edit the layout after creation.

To resize arow or column, select acell in that row or column, then drag the handle on the right (to
change the column width) or the bottom (to change the row height) to the desired size.

To add rows or columns, select a cell next to where the new row or column should go, right click, then
choose Add Row Above, Add Row Below, Add Column Before, or Add Column After, as desired.

To delete rows or columns, select a cell in the row or column you want to delete, then right click
and choose Delete Row(s) or Delete Column(s). To delete multiple rows or columns, start with a
selection that spans all the rows or columns you want to delete.

Y ou can merge multiple cellsinto asingle cell by selecting all the cells you want to merge, right
clicking, and choosing M erge Cells. To unmerge them, select the merged cell, right click, and choose
Unmerge Célls.

4.9.4. Dimensions

Dimensions are graphical objects used to show a measurement or other marking on a board design.
They may be added on any drawing layer, but are normally added to one of the User layers. KiCad
currently supports five different types of dimension: aligned, orthogonal, center, radial, and leader.
» Aligned dimensions (

a

) show ameasurement of distance between two points. The measurement axis is the line that
connects those two points, and the dimension graphics are kept parallel to that axis.

* Orthogonal dimensions (
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.—

!

) al'so measure the distance between two points, but the measurement axisis either the X or Y
axis. In other words, these dimensions show the horizontal or vertical component of the distance
between two points. When creating orthogonal dimensions, you can select which axis to use as
the measurement axis based on where you place the dimension after selecting the two points to
measure.

» Center dimensions (

) create a cross mark to indicate a point or the center of acircle or arc.

. Rat}ial dimensions (

) show a measurement between a center point and the outside of acircle or arc. The center point is
indicated by a cross.

» Leader dimensions (
@
) create an arrow with aleader line connected to atext field. Thistext field can contain any text, and
an optional circular or rectangular frame around the text. This type of dimension is often used to
call attention to parts of the design for reference in fabrication notes.

After creating adimension, its properties may be edited (hotkey kbd:[E]) to change the format of the
displayed number and the style of the text and graphic lines.
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Uwaga

Y ou can customize the default style of newly-created dimension objectsin the Text &
Graphics Defaults section of the Board Setup dialog.

l 4 Dimension Properties VoA X

Dimension Format

Value: Override value Units: Automatic e
Prefix: Units format: 1234 mm e
Suffix: Precision: 0.0000 W
Layer: | [user1 hd Arrow direction: Inward e
Preview: 43.2500 mm Suppress trailing zeroes

Dimension Text

Font: KiCad Font v B/ [=|==|A1

Width: 1 mm Position X: mm
Height: 1 mm Position ¥: mm
Thickness: 0.15 mm Orientation:

Position mode: | Outside b +| Keep aligned with dimension
Dimension Line

Line thickness: | 0.15 mm Extension line offset: 0.5 mm
Arrow length: | 1.27 mim Extension line overshoot: | 0.58642 mim
& Cancel « 0K

Dimension format options

* Overridevalue: When enabled, you may enter a measurement value directly into the Value field
that will be used instead of the actual measured value.

» Prefix: Any text entered here will be shown before the measurement value.
» Suffix: Any text entered here will be shown after the measurement value.
» Layer: Selectswhich layer the dimension object exists on.

» Units: Selects which units to display the measured value in. Automatic units will result in the
dimension units changing when the display units of the board editor are changed.

» Unitsformat: Select from several built-in styles of unit display.

» Precision: Select how many digits of precision to display.
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» Arrow direction: Select whether the dimension object’ s arrow(s) point inwards towards the value
text or outwards away from the text. The arrow direction can also be set while drawing a dimension
by right clicking and selecting Switch Dimension Arrows.

» Suppresstrailing zeroes: Select whether to hide trailing zeroesin the value text.

Dimension text options

Most of the dimension text options are identical to those options available for other graphical text
objects (see the Graphical Objects section above). Some specific options for dimension text are also
available:

» Position mode: Choose whether to position the dimension text manually, or to automatically keep
it aligned with the dimension measurement lines.

» Keep aligned with dimension: When enabled, the orientation of the dimension text will be
adjusted automatically to keep the text parallel with the measurement axis.

Dimension line options
» Linethickness: Setsthe thickness of the graphical lines that make up a dimension’s shape.

» Arrow length: Setsthe length of the arrow segments of the dimension’s shape. A negative arrow
length reverses the arrow direction.

» Extension line offset: Sets the distance from the measurement point to the start of the extension
lines.

* Extension line overshoot: Sets the distance from the dimension’ s line to the end of the extension
lines.

Leader options
Leader dimensions have unique options:

Leader Format

Text: 1 Text frame: | Circle W

Layer: Cluser1 W

* Value Enter the text to show at the end of the leader line.

» Text frame: Select the desired border around the text (circle, rectangle, or none).

4.9.5. Bulk editing text and graphics

Properties of text and graphics, including footprint fields and dimensions, can be edited in bulk using
the Edit Text and Graphics Propertiesdialog (Edit _ Edit Text & Graphic Properties...).
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l 4 Edit Text and Graphic Properties AT
Scope Filter Items
Reference designators PCB graphic items By layer: Hrcu »
Values PCB text items
Other footprint fields PCB dimensions By parent refersnce designator;

Footprint graphic items
Footprint text items

Footprint dimensions

Action

8) Set to specified values:

By parent footprint library link:

Selected items only

Layer: —leave unchanged — | Visible (fields only)
Line thickness: = —leave unchanged — mm
Font: - leave unchanged - ==/ Bold
Text width: —leave unchanged — mm - Italic
Text height: —leave unchanged — mm =l Keep upright
Text thickness: = —leave unchanged — mm Center on footprint
Set to layer default values:
" Apply Close Apply and Close

Scope and Filters

Scope settings restrict the tool to editing only certain types of objects. If no scopes are selected,

nothing will be edited.

Filtersrestrict the tool to editing particular objects in the selected scope. Objects will only be
modified if they match all enabled and relevant filters (some filters do not apply to certain types of
objects. For example, parent footprint filters do not apply to graphic items and are ignored for the
purpose of changing graphic properties). If no filters are enabled, all objects in the selected scope
will be modified. For filters with atext box, wildcards are supported: * matches any characters, and ?

matches any single character.

» By layer filtersto items on the specified board layer.

» By parent reference designator filtersto fieldsin the footprint with the specified reference

designator.

» By parent footprint library link filtersto fields in footprint with the specified library link (library

and footprint name).
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» Selected items only filters to the current selection.

Action

Properties for filtered objects can be set to new values in the bottom part of the dialog. Properties can
be set to arbitrary values by selecting set to specified values or reset to their layer’s default value by
selecting set to layer default values.

Drop-down lists and text boxescan besetto-- | eave unchanged -- to preserve existing values.
Checkboxes can be checked or unchecked to enable or disable a change, but can also be toggled to a
third "leave unchanged" state.

» All items can have their layer set.
» Graphic items can have their line thickness modified.
» Text properties that can be modified are font, text width, text height, text thickness (KiCad font

only), emphasis (bold and italic), orientation (keep upright), and alignment (center on footprint).
Footprint fields can also have their visibility set.

4.9.6. Cleaning up graphics

There is a dedicated tool for performing common cleanup operations on graphics, whichisrun via
Tools _, Cleanup Graphics....

l + Cleanup Graphics oA M

Merge lines into rectangles
Delete redundant graphics
Fix discontinuities in board outlines

Tolerance: | 2 mm

Changes to be applied:

© Cancel | | Update PCB

The following cleanup actions are available and will be performed when sel ected:
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* Mergelinesinto rectangles: combinesindividual graphic lines that together form arectangle into

a single rectangle shape object.

» Deleteredundant graphics. deletes graphics objects that are duplicated or degenerate.

» Fix discontinuitiesin board outlines: modifies the existing board outline to fix any discontinuities
that are within the specified tolerance.

Any changes that will be applied to the board are displayed at the bottom of the dialog. They are not

applied until you press the Update PCB button.

4.9.7. Sheet title block

The drawing sheet’ s title block is edited with the Page Settings tool (

). You can aso open thistool by double clicking on any part of the drawing sheet.

BB »

Paper

Size:
Ad 210x297mm

Orientation:

Landscape

Preview

Page Settings WM

File:

Issue Date:

Revision:
Title:

Company:

Comment1:

Comment2:

Comment3:

Comment4:

Comment5:

Commentb:

Comment?7:

Comment8:

Commentd:

Drawing Sheet

[ ]
Title Block
2015-10-09 <<<|| 02/23/2025 W
2
Demo Kicad
& Cancel « 0K
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Each field in the title block can be edited, as well as the paper size and orientation.

Y ou can set the date to today’ s or any other date by pressing the left arrow button next to | ssue Date.
Note that the date listed in the board title block is not automatically updated. It is only updated when
changed in this dialog.

A drawing sheet file can also be selected to replace the default drawing sheet. When choosing a
drawing sheet, you can enable the Embed File checkbox in the file browser to embed the drawing
sheet in the board instead of referencing an external file. This means the board will appear the same
when it is opened on another computer that does not have the drawing sheet file available at the same
external file path. For more information, see the embedded files documentation.

Sheet:

File: Kit—dev—coldfire—Xilinx_5213.kicad_pcb

Title: Demo Kicad
Date: 2015-10-09

KiCad E.D.A. 9.0.0

4.10. Rule areas (keepouts)

Rule areas, aso known as keepouts, are board regions that can have specific DRC rules defined for
them. Some basic rules are available that will raise DRC errorsif certain types of objects are within
the bounds of the rule area, but rule areas can also be used together with custom DRC rules to define
complex DRC behavior that only applies within the rule area. Rule areas are aso used to define
channels for multichannel layout.

Y ou can add arule area by clicking the

button on the right toolbar (kbd:[Ctrl+Shift+K]). Click on the canvas to place the first corner, which
will show the Rule Area Properties dialog. After configuring the rule area appropriately, press OK to
continue placing corners of the rule area. The rule area shape can be an arbitrary polygon; click on the
starting corner or double click to finish placing the rule area.
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' E 4 Rule Area Properties S ¢
Layers: Area name:
v/ Il Fcu
[ [:Xa¥
- F.Adhesive Locked
-B.Adhesive Keepouts | Placement
F.Paste v Keep out tracks
Bl G Paste | Keep out vias
F.Silkscreen ¥ | Keep out pads
B.Silkscreen Keep out zone fills
B viask Keep out footprints
Bl & Mask
UserDrawings
-User_Cumments
User.Ecol
UserEco2 Outline display: Hatched s
Edge.Cuts Outline hatch pitch: | 0.5 mm
-Margin
[ F.Courtyard
B.Courtyard
F.Fab
Ble Fab
User
© Cancel v OK

The Rule Area Properties dialog has the following options:

» Thelayerslist determines which layers the rule area applies to. The area only appears on these
layers and the selected keepout rules only apply on these layers. At least one layer must be selected.
By default, the active layer in the editing canvas is preselected in the rule area layer list.

» Theareanamefield isoptional and provides an identifier for therule area. If it is provided, it is
included in DRC violation messages to make them clearer. It can also be used in custom DRC rules
to identify a particular rule area.

» Thelocked checkbox determinesif the rule area should be locked. Aswith other objects, rule areas
can also be locked or unlocked after they are created.

» The Keepoutstab contains several basic rulesto prevent various types of objects from being placed
within the rule area. The basic rules can be configured to keep out tracks, vias, pads, zonefills, and/
or footprints. If an object of one of the selected typesiswithin the rule area, a DRC error will be
raised. Additionally, zone fillswill automatically avoid arule areaif the rule areais configured to
keep out zones.
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Uwaga

Even with no basic rules selected, rule areas can still be used to define specific areasin which
to apply custom DRC rules.

» The Placement tab contains settings for multichannel layout, which are explained in that section.

» There are afew options for the outline display of the rule area. The area can be shown with a
hatched outline, fully hatched throughout the area, or with just the outline with no hatching. The
outline hatch pitch is also adjustable.

4.11. Locking

Most objects can be locked through their properties dialogs, by using the right-click context menu, or
by using the Toggle Lock hotkey (kbd:[L]). Locking an item makes it more difficult to select, move,
or modify the object, which can prevent unintended modifications. Locked objects cannot be selected
unless the L ocked items checkbox is enabled in the selection filter. Attempting to move locked items
will result in awarning dialog:

l + Locked Items S ¢
The selection contains 1 locked items.
These items will be skipped unless you override the locks.

Remember decision for this session.

Override Locks ® Cancel Skip Locked Items

Selecting Override Locksin thisdialog will allow moving the locked items. Selecting OK will allow
you to move any unlocked items in the selection; leaving the locked items behind. Selecting Do not
show again will remember your choice for the rest of your session.

Uwaga

Y ou can forget this choice and re-enable the lock override prompt for the current session by
unchecking Do not prompt for lock overridesfor thissession in the Editing Options panel
of the PCB Editor Preferences dialog.

L ocked items are displayed with a colored shadow around them. This can be customized in your color
scheme.

Uwaga

L ocked objects can't be selected unless the L ocked items checkbox is enabled in the selection
filter. By default, this checkbox is disabled to exclude locked items from selection.

4.12. Groups

Groups let you treat multiple objects as a single object for the purposes of moving or rotating them.
Each object in the group will maintain its position relative to the other objects in the group. Groups
can also have aname, which is displayed in the editing canvas when the group is selected.
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Most types of objectsin the Board Editor can be grouped: footprints, tracks, zones, graphic items, and
even other groups. Groups can contain multiple different types of objects at once.

To add objects to a group, select them, then right click and choose Grouping _, Group Items. To
remove all items from a group, select the group, right click, and choose Grouping _, Ungroup
ltems.

Once objects have been added to a group, selecting any of the objects will select the group as awhole
instead of the constituent objects. To edit a specific object within a group, first select the group, the
right click and choose Enter Group. Double clicking on a group also enters the group. When a group
has been entered, objects within the group can be selected and edited individually without affecting
the other objectsin the group. To leave the group and stop editing its members individually, right
click and select L eave Group, select an object outside the group, or use kbd:[Esc].

There are several ways to modify which objects belong to a group. To remove objects from an
existing group, enter the group, then select the objects you want to remove, right click, and choose
Grouping _, Remove Items. To add itemsto agroup, first ungroup all the items from the group.
Thiswill leave the group’s former members selected. Then add the new item to the selection and
group the selection. Note that without first ungrouping, this process would create a nested group: a
new group containing the new item and the entire original group, not just the itemsin the original

group.
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Y ou can aso add or remove objects from a group in the group’s properties dialog. To open agroup’s
properties dialog, press kbd:[E] or right click and click Properties.... The properties dialog lists the
objects contained in the group. To add an additional object to the group, click the

button, then click on the desired object in the editing canvas. The object you click on will be added to
the group. To remove an object, select it in the list, then click the

button.

l 4 Group Properties SR ¢

Group name:

Locked

Group members:

Rectangle on F.Silkscreen

Circle on F.Silkscreen

= Cancel « OK

The group properties dialog also lets you specify a name for the group or lock the group. Groups can
also be named or locked using the Properties Manager.

4.13. Aligning objects

The align tool moves a selection of objects so that they are all aligned with a reference object. There
are six different alignments to choose from, depending on which part of the objects you wish to

align. Objects can be horizontally aligned by their |eft, center, or right edges, or they can be vertically
aligned by their top, center, or bottom edges. Objects are only moved in one dimension, so objects
stay in the same horizontal position when aligned vertically, and vice versa. To align objects by a
given edge, select the objects, then right click and choose Align/Distribute _ Align to Left (or
another alignment as desired).

If the cursor is over an object in the selection, that object is used as the reference object. Otherwise,
the reference object is the object in the selection which islocated furthest in the alignment direction,
for example the leftmost object when aligning by left edge, or the topmost object when aligning by
top edge. The topmost object is used when aligning by vertical center, and the leftmost when aligning
by horizontal center.
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Rysunek 4.1. Before alignment

In the example above, R1-R4 are vertically aligned by their top edges, with R2 as the reference object.
The first image shows them before alignment and the second image shows them after alignment.

In this case, R2 is the topmost object before alignment, so it is chosen as the reference object if the
cursor isnot over another resistor. After alignment, the top edges of the resistors are at the same
position, but the horizontal positions of the resistors are unchanged.

4.14. Distributing objects

Y ou can use the distribute tool to move objects so they are evenly spaced from each other (right
click aselection _ Align/Distribute _ Distribute Horizontally or Distribute Vertically). The
two outermost objects in the selection are not moved. This means the top and bottom objects when
distributing vertically, and the leftmost and rightmost objects when distributing horizontally. The
remaining objects in the selection are evenly distributed between the outermost objects and maintain
their relative ordering. Objects are only moved in one dimension, so objects stay in the same
horizontal position when distributed vertically, and vice versa.
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Rysunek 4.3. Beforedistribution

In the example above, R1-R4 are horizontally distributed. The first image shows them before
distribution and the second image shows them after distribution. R1 and R4 are the leftmost and
rightmost objects, so they are not moved. R2 and R3 are moved so the horizontal spacing between
resistorsis equal, but the vertical positions remain unchanged. From left to right, R1-R4 are in the
same order that they were in before distribution.

4.15. Arrays

KiCad has an array tool to create rectangular or circular arrays of objects (footprints, vias, graphical
objects, etc.). Two types of array are possible: Grid and Circular.
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= Create Array x

Grid Array ar Arra Footprint Annotation
(O Keep existing reference designators
Grid Array Size

Assign unigue reference designators
Horizontal count: [

Vertical count: 5

Itemns Spacing

Horizontal spacing: 2.54 mm

Vertical spacing: -2.54 mim

Horizontal offset: 0 Mmm
Vertical offset: 0 Mmm

Stagger Settings

Stagger: 1

Rows

(O Columns

Grid Position
(O source items remain in place

Centre on source items

Cancel OK

Grid Arrays are rectangular and are described by a horizontal count and avertical count, which
set the number of columns and rows in the array, respectively. The horizontal and vertical spacing
settings describe the distance between columns and rows, while the horizontal and vertical offset
settings describe a shift applied to each row/column compared to the previous row/column.

Y ou can create a repeating staggered pattern by choosing a stagger setting, which controls the
number of rows or columns that are offset before the pattern repeats. Y ou can stagger by row or by
column. For example, if two staggered rows are selected, each row will be horizontally offset from
the previous row by half of the array’ s horizontal spacing setting. Every other row will be placed at
the original spacing and offset. If three staggered columns are selected, each column will be vertically
offset by athird of the array’ s vertical spacing setting. Every third column will be placed at the
original spacing and offset. Offsets from the stagger settings are added to the previous horizontal and
vertical offset settings.

If the grid position option is set to sourceitemsremain in place, the original itemswill not be
moved, and the grid extends with those items at one corner. If center on sour ceitemsis chosen, the
grid is offset so that the resulting grid is centered where the items used to be.
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Create Array >

Array  Circular Array Footprint Annotation

- (O Keep existing reference designators
Center position ) ) )
Assign unigue reference designators

Center pos X: [i mm
Center pos¥: 0O mim
Select Point... Select Item...

Duplication Settings
[ Full circle

Angle between items: 90 .

Y

Item count:

[] Rotate items

Cancel OK

Circular Arrays are described by a center point, an angular spacing, and, optionally, the number of
arrayed items. If set center by position is selected, the center point of the array will be defined by the
absolute X/Y position you enter in center pos X and center posY. You can aso interatively select
apoint from the board using Select Point..., or select the origin point of another item using Select
ltem....

Theitem count field determines the number of objectsin the array, including the source object. The
angle field determines the angular spacing between items, with the center point at the center of the
array. Positive angles result in a counter-clockwise rotation relative to the center point and the source
item, while negative angles result in a clockwise rotation. Select full circle to evenly space the entered
number of items around the circle.

When rotate itemsis selected, objects will be rotated around their origins as array sweeps around the
center point. Otherwise, objects will maintain the same orientation as the source item.
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When creating an array of footprints, whether rectangular or circular, the Footprint Annotation
settings control how the reference designators will be set in the new footprints. This affects the
linkage of the new footprints to the schematic. If keep existing reference designator s is selected, the
new footprintsin the array will have the same reference designators as the source footprints, resulting
in duplicated reference designators in the board. If assign unique reference designator sis selected,
each new footprint created in the array will have a unique reference designator automatically assigned.

Uwaga

Creating an array of footprints will result in multiple copies of the source footprint(s). If you
are using a schematic-based workflow, thiswill result in footprints that are not represented in
the schematic, so careful syncing between the board and the schematic will be needed.

4.16. Multichannel layout

KiCad has a multichannel layout feature for easing designs that have multiple repetitive subcircuits,
like an audio mixer with many identical channels. Thisfeature lets you perform placement and routing
for one portion of acircuit, then automatically reuse that placement and routing for the other repeated
portions of the circuit.
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Using the multichannel layout feature first requires you to designate which portions of the schematic
represent the repeated parts of the circuit. Y ou can either use hierarchical sheets, with arepeated
hierarchical sheet for each channel, or component classes with a unique component class assigned

to the symbols in each channel. Each channel will exactly correspond to the symbols (and their
associated connections) in a single sheet or component class.

For the layout, specially configured rule areas are drawn on the board and used to describe the
physical location of each repeated channel. The automatic placement of footprints, routing, and other
itemsis restricted to these placement rule areas. Each "channel” of the design correspondsto asingle
rule area. One rule areawill be the reference rule area, which will be manually placed and routed.
The other rule areas are the target rule areas, which will reuse the placement and routing from the
reference rule area
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After setting up the placement rule areas for each channel and manually routing the reference channel,
the Repeat Layout tool is used to copy the placement and layout from the reference rule areato the
target rule areas.

Uwaga

KiCad includes a demo project, called mul ti channel , that demonstrates the use of the
multichannel layout feature.

4.16.1. Multichannel design procedure: schematic

Designing a multichannel layout beginsin the schematic. Y ou need to specify which components
(symbols) belong to each channel. Each channel in the schematic must be equivalent to the other
channels. This means channels must match each other in the following ways:

 each matched channel needs to have the same number of symbols

« corresponding symbols in each channel need to have the same reference designator prefix (e.g. Ror
U), athough the full reference designators need to be unique as usual

* corresponding symbolsin each channel need to have the same footprint
* connections between symbols need to be equivalent in each channel

In the example schematic below, Channels 1, 2, 3, and 4 are equivalent and therefore can be used to
share routing in amultichannel design. Even though the net connections are drawn differently in some
channels, the underlying net connections are the same. The different symbolsin Channel 2 and the
different valuesin Channel 3 also do not break the equivalency. Footprint assignments are not shown
in the image, but the symbols that correspond between channels must use the same footprints. In this
example, thismeansthat R1, R3, R5, and R7 each must use the same footprint, as must R2, R4, R6,
and R8.

In contrast, Channels A and B are not equivalent to Channels 1-4, nor to each other. Channel A
contains an extra parallel resistor not present in the other channels, and Channel B ismissing a
connection between the two resistors.

?_Channe! 1 ?_Cnannet 2 ?_Channet 3 ?_Channe! 4 Channel A Channel B

| VCC | l VCC ! | VCC | | VCC l | VCC |

| I . I | | | |

| } | } | } | } | | }

| | w | | | =

| L 1EZS 5 B } | | B }

| | | | | |

| I I I | I | net_a I I | net_a I

| z | 2353 | | net_a | | net_b

| | F= 1 | L2 | | | £

| ] . @ . | | | M |

(=] S

| | oo o BE L BE

| . I | | | L I

| L I I | | | 6ND |
L | | | l

L

—

(not the same (not the same)
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Y ou can assign symbols to channels in two ways, either using hierarchical sheets or using component
classes.

» When doing a multichannel design using hierarchical sheets, each channel is represented by a
different sheet. Normally you will instantiate the same hierarchical sheet file multiple times, with
one instantiation per channel. Each sheet instantiation needs to include al of the symbolsfor the
corresponding channel, with no extra symbols.

* When doing a multichannel design using component classes, each channel is represented by
adifferent component class. Each component class needs to include all of the symbols for the
corresponding channel, with no extra symbols. Component classes are shown in the previous
schematic example.

4.16.2. Multichannel design procedure: board

In the board, each channel is represented with arule areawith its rules configured for placement. Y ou
need to add arule areafor each channel. Onerule areais the reference, containing manually placed
and routed footprints. The other rule areas are targets and have the reference placement and routing
copied to them. Placement rule areas, whether for reference or target channels, need the following
settings configured in their properties:

» Theoptionsin the Placement tab should be configured to select the hierarchical sheet or
component class that contains the channel’ s components.

» The optionsin the K egpouts tab should typically be unselected, unless there is a specific type of
item that needs to be excluded from the rule area.

» Therule area’ slayer s should be set based on which layers are considered part of the channel. An
item will be copied from the reference channel to atarget channel only if the item’slayer is enabled
in both the reference and target rule areas.

» Theareanameisusedto label the rule areawhen it islisted in the Repeat Layout dialog. While not
strictly required, it will be hard for you to distinguish rule areas in the GUI unless each rule area has
aunique name.

105



Editing a board

' * Rule Area Properties A
Layers: Area name:
v/ Il Ecu auto-placement-area-/CH4/
(v ls.cu
Bl - Adhesive s
-B.Adhesive Keepouts Placement
WF.paste Mo placement
Bl Faste )
ESilkscreen () Place items from sheet:
B.Silkscreen /CH4/ v
B F.Mask
-B_Mask Place items matching component class:
UserDrawings
B userComments
User.Ecol
User Eco? Outline display: Line v
Edge.Cuts Outline hatch pitch: | 0.5 mm
-Margin
[ F.Courtyard
B.Courtyard
F.Fab
Bl rab
User
© Cancel v OK

Placement rule areas can be manually created like any rule area, or they can be automatically
generated by selecting Tools _, Multi-Channel _ Generate Placement Rule Areas.... Thistool
can draw basic placement rule areas for any of the hierarchical sheets or component classesin the
design, depending on which you select.

Uwaga
Thetool alows you to generate a placement rule area for any sheet or component class, even

if it isnot intended to represent a channel in a multichannel design. It isyour responsibility to
select only the desired sheets or component classes.
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l + Generate Multichannel Rule Areas oo X

Sheets Component Classes

Generate Sheet Path Sheet Name
! multichannel_mixerkicad_sch
fCH1/ channel_strip.kicad_sch
fCH2/ channel_strip.kicad_sch
fCH3/ channel_strip.kicad_sch
fCH4/ channel_strip.kicad_sch

Replace existing placement rule areas

Group footprints with their placement rule areas

S Cancel « OK

Thetool has several options:

* Replace existing placement rule areas: if enabled, the newly generated rule area for each channel
will replace any rule areas that already exist for that channel.

» Group footprintswith their placement rule areas. if enabled, the newly generated rule area for
each channel will be added to a group with all footprints associated with that rule area. This allows
the target rule area and its associated items to be manipulated as a single entity.

Automatically generated rule areas are preconfigured as placement rule areas with the appropriate
source hierarchical sheet or component class selected. Their layers are set to just the front and back
copper layers. They are drawn as the minimum size rectangle that encloses their constituent footprints,
without extra space for routing or other items. After generating arule area, you may want to change
the configured layers to ensure all desired itemsin the reference channel get copied to the target
channels. Y ou also may want to edit the shape of the rule area, although rule areas for target channels
will have their shapes automatically adjusted to match the reference rule area.
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if generated rule areas are grouped with their footprints, you will need to enter the group (or
ungroup the items) in order to edit the rule area.

Once you have created rule areas for each channel and completed placing footprints and routing for
the reference channel, you can use the Repeat Layout tool to copy the reference channel’ s layout to
the other channels. Run thistool using Tools _, Multi-Channel _ Repeat Layout....

If arule areais selected when thetool isrun, that rule areawill be used as the reference rule area. If
no rule areais selected, you will be prompted to select arule area. When the referencerule areais
determined, adialog will appear.

107



Editing a board

I F 4 Repeat Multichannel Layout W X

Target areas:

Copy Target Rule Area Status

auto-placement-area-/CH1/ OK

b auto-placement-area-/CH2/ OK

o auto-placement-area-/CH3/ OK

Reference Rule Area: auto-placement-area-/CH4/

¥| Copy footprint placement
~| Copy routing
~| Copy other items
Group items with their target rule areas

Remove locked items from target rule areas

& Cancel v OK

Thetable at the top of the dialog controls which target rule areas will receive the layout from the
reference channel. Any target rule areas that are not selected will not be updated. The tool will only
copy itemsto atarget rule areaif the target’s statusis listed as "OK". If the statusis not "OK", the
target channel’s circuit topology cannot be matched to the reference channel; see the requirements for
how channels need to match in the schematic for more information.

There are several optionsto control which items from the reference channel are copied to the selected
target areas, and how those copied items are handled:

» Copy footprint placement: if enabled, the placement of footprintsin the reference rule areawill
be replicated for footprints associated with the target rule area(s). Footprints are copied if they
are enclosed by or intersect the reference rule area; they are not copied if they are fully outside.
Footprints will only be copied if they are on alayer that is enabled in both the reference and target
rule areas.

» Copy routing: if enabled, any tracks and viasin the reference rule areawill be copied to the target
rule area(s). Routing is copied if it is enclosed by or intersects the reference rule areg; it is not
copied if it isfully outside. Routing will only be copied if it ison alayer that is enabled in both the
reference and target rule areas.

» Copy other items: if enabled, any other items (zones, graphic objects) fully enclosed by the
reference rule areawill be copied to the target rule area(s). Items are copied if they are fully
enclosed by the reference rule area; they are not copied if they are partially or fully outside. This
means, for example, that a large copper zone that intersects a reference channel will not be copied
to the target channels. Items will only be replicated if they are on alayer that is enabled in both the
reference and target rule areas.

* Group itemswith their placement rule areas: if enabled, the items copied to atarget rule area
will be added to a group with that rule area. This alowsthe target rule area and its associated items
to be manipulated as a single entity.
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* Remove locked itemsfrom target rule areas: if enabled, items associated with target rule areas
will be updated even if they are locked. If not enabled, locked items will not be updated to match
the reference rule area.

After clicking OK, the layout from the reference channel will be applied to the target channels. When
the repeat layout is completed, each channel can be individually edited like any other part of the board
design.

4.17. Using reference images

KiCad supports displaying reference images in the canvas. These are background images that you can
use to help you lay out a board; they are purely for reference during the design process and are not
included in any fabrication outputs.

To add areference image, use the

button on the right toolbar and select the desired reference image file. Click in the canvas to place the
image.

Once the image has been added to the canvas, you can reposition it using the move tool (kbd:[M])

or by dragging it in the canvas. Y ou can scale it by dragging the editing handles at the corners of the
image. Theimageis scaled around its reference point; in other words, the reference point is the point
in theimage that always stays in the same position in the canvas, no matter how the image is scaled.
The reference point is shown as afifth editing handle. Initialy it is a the center of the image, but you
can reposition the reference point by dragging it in the canvas.

I 4 Reference Image Properties W X

General Image

Position X: |’I2]-r mim
Position ¥: 103 mim
Associated layer: EF.Cu b
Locked
% Cancel « DK
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Y ou can a'so reposition or scale theimage in its properties dialog (kbd:[E]). Y ou can set the image’s
exact Position X and Y in the General tab, and set an exact Scale factor in the Image tab. Y ou can
also Convert to Greyscaleif you wish. Position and scale in this dialog are relative to the center of
the image, not its interactive reference point.

Reference images have an associated board layer; they are shown and hidden along with this layer.
The layer initially associated with areference image is the layer that was active when the image was
added. Y ou can change the associated layer in the image’ s properties.

Another way to hide reference images is with the Appearance Manager. Y ou can show or hide all
reference images by toggling the visibility of 1mage objectsin the Objectstab (

button). Y ou can also adjust the opacity of reference images here.
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Forward and back annotation are the processes for syncing schematic changes to the board and
syncing board changes to the schematic, respectively.

5.1. Update PCB From Schematic (forward
annotation)

Use the Update PCB from Schematic tool to sync design information from the Schematic Editor to the
Board Editor. The tool can be accessed with Tools _, Update PCB from Schematic (kbd:[F8]) in
both the schematic and board editors. Y ou can also use the

icon in the top toolbar of the Board Editor. This processis often called forward annotation.

Uwaga

Update PCB from Schematic is the preferred way to transfer design information from the
schematic to the PCB. In older versions of KiCad, the equivalent process was to export a
netlist from the Schematic Editor and import it into the Board Editor. It is no longer necessary
to use anetlist file.
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R Update PCB from Schematic v X

Options
[ Re-link footprints to schematic symbols based on their reference designators

Update Footprints
(v Replace footprints with those specified by symbaols

Delete footprints with no symbaols

Override locks

Update Fields
(v Update footprint fields from symbols

Remove footprint fields not found in symbols

Changes to Be Applied

Processing symbol 'CAN_EN201:Connector_PinHeader_2.54mm:PinHeader_2x02_P2.54mm_Vertical'.
Processing symbol 'C303: Capacitor_SMD:C_0805_2012Metric'.
Processing symbol 'C304: Capacitor_SMD:C_0805_2012Metric'.
Processing symbol 'R215:Resistor_SMD:R_DB05_2012Metric'.
Processing symbol 'C305:Capacitor_SMD:C_0805_2012Metric'.
Processing symbol 'C306: Capacitor_SMD:C_0805_2012Metric'.
Processing symbol 'R214:Resistor_SMD:R_DB05_2012Metric'.
Processing symbol 'C307:Capacitor_SMD:C_0805_2012Metric'.
Processing symbol 'R213:Resistor_SMD:R_DB05_2012Metric'.
Processing symbol 'C308: Capacitor_SMD:C_0805_2012Metric'.
Processing symbol 'C309: Capacitor_SMD:C_0805_2012Metric'.
Processing symbol 'R212:Resistor_SMD:R_DB05_2012Metric'.
Processing symbol 'C310:Capacitor SMD:C 0805 20712Metric'.

Show: [+ Al (| Errors o I'E'l‘|.|"."arr'|ir'|gs 7 [+ Actions (¥ Infos Save...

Close Update PCB

The tool adds the footprint for each symbol to the board and transfers updated schematic information
to the board. In particular, the board’ s net connections are updated to match the schematic.

The changes that will be made to the PCB are listed in the Changes To Be Applied pane. The PCB is
not modified until you click the Update PCB button.

Y ou can show or hide different types of messages using the checkboxes at the bottom of the window.
A report of the changes can be saved to afile using the Save... button.

5.1.1. Options

Thetool has several options to control its behavior.

Option Description

Re-link footprints to schematic | Footprints are normally linked to schematic symbols viaa unique
symbols based on their reference |identifier created when the symbol is added to the schematic.
designators A symbol’ s unique identifier cannot be changed, but will be
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lost when the symbol is deleted, even if a symbol with the same
reference designator replacesit.

If checked, each footprint in the PCB will be re-linked such that
each footprint has its unique identifier updated to match the
symbol that has the same reference designator as the footprint.

This option should generally be left unchecked. See below for
more details on when to use this option.

Replace footprints with those
specified by symbols

If checked, footprintsin the PCB will be replaced with the
footprint that is specified in the corresponding schematic symbol.

If unchecked, footprints that are already in the PCB will not be
changed, even if the schematic symbol is updated to specify a
different footprint.

Delete footprints with no
symbols

If checked, any footprint in the PCB without a corresponding
symbol in the schematic will be deleted from the PCB. Footprints
with the "Not in schematic" attribute will be unaffected.

If unchecked, footprints without a corresponding symbol will not
be deleted.

Override locks

If checked, locking afootprint will not affect whether afootprint is
deleted or replaced based on changes in the schematic.

If unchecked, locked footprints will never be deleted or replaced
even if they otherwise would be.

Update footprint fields from
symbols

If checked, new and updated fields in symbols will be transferred
to the corresponding footprints, keeping symbol and footprint
fieldsin sync.

If unchecked, footprint fields will not be updated when fields
change in the corresponding symbols.

Remove footprint fields not
found in symbols

If checked, footprint fields will be removed if they do not exist in
the corresponding symbol.

If unchecked, footprint fields that do not exist in the corresponding
symbol will not be removed, allowing footprints to have additional
fields compared to the corresponding symbols.

5.1.2. Re-linking symbols and footprints

Symbols and footprints are linked together using unique identifiers (also called UUIDs). These are
handled automatically within KiCad and are not usually visible to users. They allow a symbol and
its partner footprint to keep their connection between schematic and PCB, even if the reference
designator is changed. New objects get assigned their identifiers upon creation.
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Re-linking by unique identifier (default)

In normal use, the Re-link footprintsto schematic symbols based on their reference designators
option should be unchecked. In this mode, symbols with the same identifier as afootprint will update
that footprint, regardless of the reference designator. Symbols which have an identifier that doesn’'t
match any footprint will add a new footprint linked to that identifier.

For example, in the below schematic, both R1 and R2 are linked via their unique IDs to footprints on
the PCB:

R1

R2

If symbol reference designators are changed in the schematic (e.g. by re-annotation), running the
Update PCB from Schematic process will update the reference designators on the PCB.

R10

R11

Re-linking by reference designator

If the checkbox is checked, the linking process is done using the reference designators. This can be
useful for workflows that result in a symbol being deleted and replaced by another one, rather than
being updated in-place. For example, cut-and-pasting a block of schematic or a sheet and copy-pasting
and re-annotating will usually break the identifier-based links.

For example in the below case, the resistors R1 and R2 have been deleted and replaced, then re-
annotated. While the reference designators are the same, the internal identifiers have changed.
Updating the PCB by identifier would cause the existing footprints to be deleted and new ones added
- to KiCad, the existing footprints have no matching symbol. This would cause the footprints to lose
their positions and need placing again.

X

R1

R2

Re-linking the footprints by reference designator causes KiCad to re-create the links, using the
matching reference designators as a guide.
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R1

R2

Because the links have been re-established, the next forward annotation should use the normal
identifier-based linking (i.e. the checkbox should be unchecked).

5.2. Update Schematic from PCB (back
annotation)

The typical workflow in KiCad isto make changes in the schematic and then sync the changes to the
board using the Update PCB From Schematic tool. However, the reverse process is also possible:
design changes can be made in the board and then synced back to the schematic using Tools _,

Update Schematic From PCB in either the schematic or board editors. This processis often called
back annotation.

-;%-: b g Update Schematic from PCE o

Options

Re-link footprints to schematic symbols based on their reference designators

Update
v| Reference designators »'| Footprint assignments
| Values Met names
+| Attributes +| Other fields

Changes To Be Applied

Show: All v| Errors o v| Warnings o ¥ Actions v| Infos Save...

Close Update Schematic

The tool syncs changesin reference designators, values, footprint assignments, and net names from
the board to the schematic. Each type of change can be individually enabled or disabled.
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The changes that will be made to the schematic are listed in the Changes To Be Applied pane. The
schematic is not modified until you click the Update Schematic button.

Y ou can show or hide different types of messages using the checkboxes at the bottom of the window.
A report of the changes can be saved to afile using the Save... button.

5.2.1. Options

The tool has severa optionsto control its behavior.

Option

Description

Re-link footprints to schematic
symbols based on their reference
designators

If checked, each footprint in the PCB will be re-linked to the
symbol that has the same reference designator as the footprint.
This option isincompatible with updating symbol reference
designators.

If unchecked, footprints and symbolswill be linked by unique
identifier as usual, rather than by reference designator.

Reference designators If checked, symbol reference designators will be updated to match
the reference designators of the linked footprints.
If unchecked, symbol reference designators will not be updated.
Vaues If checked, symbol values will be updated to match the values of

the linked footprints.

If unchecked, symbol values will not be updated.

Footprint assignments

If checked, footprint assignments will be updated for symbols
which have had their footprints changed or replaced in the board.

If unchecked, symbol footprint assignments will not be updated.

Net names If checked, the schematic will be updated with any net name
changes that have been made in the board. Net |abels will be
updated or added to the schematic as necessary to match the board.
If unchecked, net names will not be updated in the schematic.

Uwaga

The Geographical Reannotation feature can be used in combination with backannotating
reference designators to reannotate all components in the design based on their location in the

layout.

5.2.2. Back annotation with CMP files

Select changes can a so be synced from the PCB back to the schematic by exporting a CMP file from

the PCB editor (File _ Export _

Footprint Association (.cmp) File...) and importing it in the

Schematic Editor (File _, Import _ Footprint Assignments...).
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Uwaga

This method can only sync changes made to footprint assignments and footprint fields. It is
recommended to use the Update Schematic from PCB tool instead.

5.3. Geographical re-annotation

The Geographical Reannotation tool |ets you automatically set the reference designators of footprints
based on their physical location on the board.

To run the Geographical Reannotation tool, use Tools _ Geographical Reannotate.... This opens
the geographical reannotation dialog with options for how to perform the reannotation.

' * Geographical Reannotation WA K

Options Reference Designators

2 S S
W Y N

Based on location of: | Footprint

S
Round locations to: 25.4000 mm (1000.00 mils) W

Reannotation Scope

All Front Back ® Sglection

Output Messages

Show: All v Errors o v Warnings o v Actions ¥ Infos Save...
Close Reannotate PCB

The Options tab contains settings for how footprint locations affect reannotation. The arrow diagrams
indicate which geographical ordering to use when reannotating. Y ou can reannotate from left-to-right,
right-to-left, top-to-bottom, or bottom-to-top, and you can select whether to use a column-major order
(go through all footprints in the same column before moving to the next column) or row-major order
(go through all footprints in the same row before moving to the next row).
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Geographical reannotation can either use the location of the footprint itself or the location of the
footprint’ s reference designator. Y ou can aso select how much to round footprint locations before
determining which footprints are at the same X or Y position. Rounding to afiner coordinate
resolution will result in fewer footprints considered to be in the same row or column.

Finally, you can select which footprints to reannotate. Y ou can reannotate al footprints on the board,
all footprints on the front or back of the board, or al footprints in your selection.

' & Geographical Reannotation oo X

Options Reference Designators

Front reference start: | 1 Back reference start:
Front prefix: Back prefix:
Remove front prefix Remove back prefix

Exclude locked footprints

Exclude references:

Output Messages

Show: All v Errors o " Warnings o v Actions v Infos Save...
Close Reannotate PCB

The Reference Designator s tab contains options for how to allocate new reference designators. There
are separate settings for footprints on the front and back of the board.

Reference start controls the number for the first new reference designator on each side of the board.
If no start value is given for the back of the board, back side footprints will be annotated starting at
one higher than the last front side reference designator.

Prefix specifies a prefix string to insert at the beginning of each newly assigned reference designator.
This prefix will be inserted before any prefix that is already present. If the remove prefix option is
selected, footprints with the specified prefix will instead have that prefix removed instead of added.
Footprints without that prefix will not have not have any prefix added or removed.
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If exclude locked footprintsis checked, locked footprints will not be reannotated. Y ou can also avoid
reannotating specific footprints by entering their reference designators as a comma-separated list in
the exclude r efer ences box.

When you click the Reannotate PCB button, footprints will be reannotated according to the selected
settings.

Uwaga

The Geographical Reannotation tool updates reference designators in the board, but not in the
schematic. After geographically reannotating the board, be sure to sync the updated reference
designators to the schematic by running the Update Schematic from PCB tool with the re-link
footprintsto schematic symbols based on their reference designator s option disabled. If
the schematic is not updated, reference designators in the board will not match those in the

schematic.
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Rozdzia# 6. Inspecting a board
6.1. Design rules checking

The Design Rules Checker (DRC) tool is used to verify that the PCB meets all the requirements
established in the Board Setup dialog and that all pads are connected according to the netlist or
schematic. KiCad can automatically prevent some design rule violations while routing tracks, but
many others cannot be prevented automatically. This means it isimportant to use the design rule
checker before creating manufacturing files for a PCB.

Eo_ use the design rule checker, click the
[m]

[m]
icon in the top toolbar, or select Design Rules Checker from the I nspect menu.

‘ 4 Design Rules Checker oo X

| Refill all zones before performing DRC Test for parity between PCB and schematic

Report all errors for each track

Violations (0) Unconnected [tems (0) Schematic Parity (not run) Ignored Tests (4)

Show: All ¥| Errors o ¥ Warnings o Exclusions Save...

Delete Marker Delete All Markers Close Run DRC

The top section of the DRC Control window contains some options that control the design rule
checker:

Refill all zones before performing DRC: when enabled, zones will be refilled every time the design
rule checker is run. Disabling this option may result in incorrect DRC results if zones have not been
refilled manually.
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Report all errorsfor each track: when enabled, al clearance errors will be reported for each track
segment. When disabled, only the first error will be reported. Enabling this option will result in the
design rule checker running more slowly.

Test for parity between PCB and schematic: when enabled, the design rule checker will test for
differences between the schematic and PCB in addition to testing the PCB design rules. This option
has no effect when running the PCB editor in standalone mode.

After running DRC, any violations will be shown in the center part of the DRC window. Rule
violations, unconnected items, and differences between the schematic and the PCB are shown in three
different tabs. A list of the ignored tests is shown in the fourth tab. A report file in plain text format
can be created after running DRC using the Save... button.

‘ 4 Design Rules Checker oo X

+*| Refill all zones before performing DRC Test for parity between PCB and schematic

Report all errors for each track

Violations (2) Unconnected [tems (0) Schematic Parity (not run) Ignored Tests (4)

Track [/led] on F.Cu, length 5.0000 mm
~ Warning: Track has unconnected end
Track [WVCC] on F.Cu, length 2.8284 mm
~ Warning: Track has unconnected end
Track [/led] on F.Cu, length 0.4243 mm
~ Error: Clearance violation (netclass 'Default’ clearance 0.2000 mm; actual 0.0000 mm)
Track [/led] on F.Cu, length 5.0000 mm
PTH pad 1 [GMD] of D1
~ Error: Clearance violation (netclass 'Default’ clearance 0.2000 mm; actual 0.0000 mm)
Track [VCC] on F.Cu, length 2.8284 mm
PTH pad 2 [Met{BT1-+)] of SW1

Show: All ¥ Errors G ¥ Warnings 3 Exclusions Save...

Delete Marker Delete All Markers Close Run DRC

Each violation involves one or more objects on the PCB. In the list of violations, the objects involved
are listed below the violation. Clicking on the violation in the list view will move the PCB Editor
view so that the affected areais centered. Clicking on one of the objectsinvolved in aviolation will
highlight the object.

Certain types of violations have contextual actions in the context menu. For example, clearance
violations have an action to run the clearance resolution tool on the violating items, while custom rule
violations have an action to run the constraint resolution tool. For board vs. library footprint mismatch
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violations, there is an action to run the Compare Footprint with Library tool. These actions can help to
quickly identify the reason for a particular violation.

The numbers at the bottom of the window show the number of errors, warnings, and exclusions.
Each type of violation can be filtered from the list using the respective checkboxes. Clicking Delete
Marker will clear the selected violation until DRC isrun again, while clicking Delete All Markers
will clear al violations until the next DRC run.

Violations can be right-clicked in the dialog to ignore them or change their severity:

» Excludethisviolation: ignoresthis particular violation, but does not affect any other violations.
Y ou can un-exclude aviolation by right clicking the excluded violation and selecting Remove
exclusion for thisviolation.

» Exclude with comment...: the same as Exclude this violation, but prompts for acomment
explaining the reason for the exclusion. When excluded violations are unhidden (using the
Exclusions checkbox), exclusion comments are shown with the corresponding excluded violation.
To edit an existing exclusion comment or add a comment to an existing exclusion, right click an
excluded violation and select Edit exclusion comment....

» Excludeall violations of rule: the same as Exclude this violation, but excludes all violations
caused by the same custom DRC rule. This action only appears in the context menu for violations
caused by custom design rules. If you right click on a custom design rule violation that is already
excluded, you can instead Remove all exclusionsfor violations of rule.

» Change severity: changes atype of violation from warning to error, or error to warning. This
affects al violations of agiven type.

* Ignoreall: ignoresall violations of agiven type. Thistest will now appear in the Ignored Tests
tab rather than the Violations tab. Y ou can un-ignore the test again by right clicking the test in the
Ignored Teststab, or in the Violation Severity panel in Board Setup.

» Edit violation severities...: opensthe Violation Severity panel in Board Setup, for editing the
severities of al DRC violation types.

Excluded and ignored violations are remembered between runs of the design rule checker. Excluded
violations are hidden unless the Exclusions checkbox is enabled. Ignored violations are not shown,
but thereisalist of ignored testsin the Ignored Tests tab.

6.1.1. Clearance and constraint resolution

The clearance and constraint resolution tools allow you to inspect which clearance and design
constraint rules apply to selected items. These tools can help when designing PCBs with complex
design rules where it is not always clear which rules apply to an object.

To inspect the clearance rules that apply between two objects, select both objects and choose
Clearance Resolution from the I nspect menu. The Clearance Report dialog will show the clearance
required between the objects on each copper layer, aswell as the design rules that resulted in that
clearance.
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. 4 Clearance Report oo X

F.Cu  Physical Clearances

Clearance resolution for:

# Layer F.Cu
# Track [/led] on F.Cu, length 3.7000 mm [netclass Default]
@ Track [VCC] on F.Cu, length 5.656%9 mm [netclass Default]

Checking netclass 'Default' clearance: 0.2000 mm.

Constraint applied.

Board minimum clearance: 0.0000 mm.

Resolved clearance: 0.2 mm.

" OK

To inspect the design constraints that apply to an object, select it and choose Constraints Resolution
from the I nspect menu. The Constraints Report dialog will show any constraints that apply to the
object.

123



Inspecting a board

‘ 4 Constraints Report oo X

Track Width = Keepouts Assertions

Track width resolution for:

# Track [/led] on F.Cu, length 3.7000 mm [netclass Default]

Checking board setup constraints track width: min 0.2000 mm.

Unconditional constraint applied.

Checking netclass 'Default' track width: opt 0.2500 mm.

Constraint applied.

Checking netclass 'Default’ (diff pair) track width: opt 0.2000 mm.

Membership not satisfied; constraint ignored.

Width constraints: min 0.2 mm; opt 0.25 mm; max undefined.

" OK

6.1.2. DRC configuration

The severity of each DRC check can be configured in the Violation Severity section of the Board
Setup dialog. Each rule may be set to create an error marker, a warning marker, or no marker
(ignored).

Uwaga
Individual rule violations may be ignored in the Design Rule Checker. Setting aruleto Ignore

in the Violation Severity section will completely disable the corresponding design rule check.
Use this setting with caution.
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l * *Board Setup
~  Board Stackup Electrical
Board Editor Layers
. Items shorting two nets: * Error Warning Ignore
Physical Stackup
Board Finish Tracks crossing: * Error Warning Ignore
Solder Mask/Paste Clearance violation: ® Error Warning Ignore
v Text & Graphics Creepage violation: * Error Warning Ignore
Defaults Wia is not connected or connected on only one layer: Error * Warning Ignore
Formatting
. o ;
Toxt Variablas Track has unconnected end: Error Warning Ignore
“ Design Rules Thermal relief connection to zone incomplete: Error * Warning Ignore
Constraints
Pre-defined Sizes Design for Manufacturing
Teardrops Board edge clearance violation: * Error Warning Ignore
Length-tuning Patterns Hole clearance violation: * Error Warning Ignore
Net Classes Drilled hole too close to other hole: Error * Warning Ignore
Custom Rules
Drilled holes co-located: Error * Warning Ignore
v Board Data Track width: * Error Warning Ignore
Embedded Files Track angle: ® Error Warning Ignore
Track segment length: * Error Warning Ignore
Annular width: * Error Warning Ignore

Hnla ciza At Af Fannas & Cevmr WAfarminm TrAmmra

Import Settings from Another Board...

6.1.3. List of DRC checks

The table below lists the design rules that KiCad checks and the default violation severity for each
check. All severities are configurable. Some design are only available through custom design rules.

Electrical DRC checks

© Cancel v OK

These DRC checkslook for gross electrical issues on the board such as shorts and clearance

violations.

Violation

Description

Default Severity

Items shorting two nets

This violation occurs when copper items on
different nets collide with each other. If thisis
intentional, consider using a net tie.

Error

two copper items with different netsis smaller
than the configured clearance for those nets. The
allowed clearance between two items can come
from the board-level minimum clearance, the
net class settings for each net, or from custom
rules. To see detailed information about the
configured and actual clearances between two
selected items, run the clearance resolution tool,
which is available by right clicking the violation
in the DRC window. The minimum clearance
path is highlighted in the editing canvas when
aclearance violation is selected in the DRC
window.

Tracks crossing This violation occurs when tracks with different | Error
nets cross each other.
Clearance violation This violation occurs when the distance between |Error
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Violation

Description

Default Severity

Thisviolation is also reported when the distance
between two items is smaller than the configured
physical clearance for those two items. Physical
clearance constraints are not configured by
default; see the custom rule documentation for
how to configure physical clearance.

Creepage violation

This violation occurs when the creepage distance
between two copper items with different netsis
smaller than the configured creepage for those
nets. Creepage paths are highlighted in the editing
canvas when a creepage violation is selected in
the DRC window.

Creepage distances can be configured using a
cr eepage constraint in custom rules.

Error

Viaisnot connected or is
connected on only one layer

Thisviolation occurs when aviais connected
to copper objects on only one layer or is not
connected to anything. Asvias are intended

to connect copper objects on different layers,
this may indicate that an intended connection is
missing.

Warning

Track has unconnected end

This violation occurs when the end of atrack
segment is not connected to another copper
object, such as another track segment, aviaor
pad, or a zone or copper graphica shape.

Warning

Thermal relief connection to
zone incomplete

This violation occurs when a pad’ s connection to
a zone does not have enough connected thermal
relief spokes. The minimum alowed number of
spokes can come from the board-level minimum
thermal relief spoke count or can be configured
with more granularity using custom rules.

This check counts automatically generated spokes
aswell as manually drawn connections, so if the
pad and zone geometry prevent enough spokes
from being generated, you can manually add
additional connections using tracks between the
pad and the zone.

Error

Design for manufacturing DRC checks

These DRC checks ook for issues in the board that may cause manufacturing problems.

Violation

Description

Default Severity

Board edge clearance
violation

This violation occurs when the distance between
a copper object and the board edge is smaller than
the configured copper to edge clearance for those

Error
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Violation

Description

Default Severity

items. For the purposes of this check, oval holes
(which are routed rather than drilled) are counted
as board edges in addition to any graphic items on
the Edge. Cut s layer.

The allowed edge clearance between two items
can come from the board-level minimum copper
to edge clearance or from custom rules. A
negative edge clearance allows objects to overlap
with the board edge. To see detailed information
about the configured and actual edge clearances
between two selected items, run the clearance
resolution tool.

Hole clearance violation

This violation occurs when the distance between
ahole (pad or via) and another copper object
(pad, track, via, or zone) is smaller than the
configured copper to hole clearance for those
objects. Objects are only considered in this check
if they have layersin common. The allowed hole
clearance between two items can come from the
board-level minimum copper to hole clearance or
from custom rules. To see detailed information
about the configured and actual hole clearances
between two selected items, run the clearance
resolution tool.

Thisviolation is also reported when the distance
between a hole and another object is smaller than
the configured physical hole clearance for those
two items. Physical hole clearance constraints

are not configured by default; see the custom rule
documentation for how to configure physical hole
clearance.

Error

Drilled hole too close to
other hole

This violation occurs when the distance between
adrilled hole and another holeis smaller than the
configured hole to hole clearance.

Through vias, blind/buried vias, and through
holesin pads are considered drilled holes because
the holes are made with a physical drill bit, which
can shift or be damaged if other holes (drilled

or otherwise) are too close. Micro vias are not
considered drilled holes because they are drilled
using alaser, which is not affected by other
nearby holes. At least one of the holes must be
mechanically drilled in order to be considered in
this check.

Error
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Violation

Description

Default Severity

Blind/buried vias are only considered in this
check when they share layers with the other hole.

Non-circular holes are not included in this check
because they are routed rather than drilled.
Routing istypically performed after holes are
drilled and with a stronger tool.

Drilled holes co-located

This violation occurs when adrilled hole and
another hole are in the exact same location.

The same types of holes are considered in this
check asfor the "Drilled hole too close to other
hole" check.

Warning

Track width

This violation occurs when the width of atrack
is outside of the configured range. The allowed
width for atrack can come from the board-level
minimum track width or from custom rules.

Note that an optimal track width can be
configured for each net classin the net class
settings, which sets a track width for the
interactive router to use, but it does not set
aminimum and maximum track width. No
DRC violations will be reported for net class
track width settings unless a minimum and/or
maximum are configured using custom rules.

To see detailed information about the configured
track width for a particular track, run the
constraints resolution tool.

Error

Track angle

This violation occurs when the angle between
two connected track segmentsis outside the
configured range.

Minimum and/or maximum allowable track
angles can be configured using at r ack_angl e
constraint in custom rules.

Error

Track segment length

This violation occurs when the length of atrack
segment is outside the configured range.

Minimum and/or maximum allowable track
segment lengths can be configured using a
track_segnent _| engt h constraint in custom
rules.

Error

Annular width

This violation occurs when apad or via' s annular
width is outside of the configured range.

Error

128




Inspecting a board

Violation

Description

Default Severity

Board-level minimum annular width can be
configured in board setup constraints. Board-level
maximum width, as well as more specific rules,
can be configured using custom rules.

Hole size out of range

Thisviolation occurs when adrilled hole's
diameter is outside of the configured range.

This check represents the smallest hole that

can be drilled, i.e. the smallest drill bit size the
manufacturer will use. This check therefore
includes through vias, blind/buried vias, and
through holesin pads. Micro vias are not included
in this check because they are made using a laser
rather than aphysical drill bit.

Board-level minimum through hole size can be
configured in board setup constraints. Board-
level maximum hole size, as well as more specific
rules, can be configured using custom rules.

Error

Micro via hole size out of
range

This violation occurs when amicro via s hole
diameter is outside of the configured range.

This check represents the smallest hole that can
be laser drilled and therefore only appliesto
micro vias.

Board-level minimum micro viahole size can

be configured in board setup constraints. Board-
level maximum hole size, as well as more specific
rules, can be configured using custom rules.

Error

Courtyards overlap

This violation occurs when afootprint’s courtyard
overlaps with another footprint’s courtyard. A
nonzero clearance between two courtyards can

be configured using acour t yard_cl ear ance
constraint in custom rules. A negative courtyard
clearance allows courtyards to intersect.

Error

Footprint has no courtyard
defined

This violation occurs when a footprint does not
contain any graphic shapeson itsF. Cour t yard or
B. Cour tyard layers.

Ignore

Footprint has malformed
courtyard

This violation occurs when afootprint has

a courtyard containing non-closed shapes.
Courtyards may contain multiple unconnected
shapes without being considered malformed, as
long as each shapeisindividually closed.

Error

Board has malformed outline

This violation occurs when the shapes on the
Edge. Cut s layer do not form avalid board

Error
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Violation

Description

Default Severity

outline. Valid board outlines consist of closed
shapes that do not self-intersect. Board outlines
may contain multiple unconnected shapes without
being considered malformed, as long as each
shapeisindividually closed and does not intersect
with itself or other shapes. This check also reports
very small (nanometer-scale) graphic shapes on
the Edge. cut s layer, which are difficult to find
visually but may cause issuesin other tools.

Copper diver

This violation occurs when small, wedge-shaped
protrusions of copper are detected. These dlivers
can cause manufacturing, reliability, or electrical
issues.

Warning

Solder mask aperture bridges
items with different nets

This violation occurs when a single opening in
the soldermask exposes multiple copper items
with different nets. This can result in solder
shorting the two copper items during assembly.

Error

Copper connection too
narrow

This violation occurs when a copper connection
necks down to awidth that is narrower than the
configured minimum connection width. The
minimum connection width setting can come
from the board-level minimum connection width
or can be configured with more granularity using
custom rules.

Warning

Schematic parity DRC checks

These DRC checks look for differences between the schematic and the board.

Violation

Description

Default Severity

Duplicate footprints

This violation occurs when the board contains
multiple footprints with the same reference
designator are in the board. It is not reported if
the footprints do not correspond to schematic
symbols, however (if the footprints only exist in
the board).

Warning

Missing footprint

This violation occurs when afootprint is
not in the board but is expected based on a
corresponding symbol in the schematic.

Warning

Extra footprint

This violation occurs when afootprint isin the
board without a corresponding symbol in the
schematic.

Warning

Footprint attributes don’t
match symbol

This violation occurs when afootprint’s val ue
field, "DNP" attribute, or "Exclude from BOM"
attribute are set differently than the corresponding

Warning
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Violation

Description

Default Severity

field/attribute in the matching schematic symbol.
It also occurs when a symbol’ s assigned footprint
is different than the actual footprint in the board.

Typicaly thisisfixed by performing an Update
PCB from Schematic or Update Schematic from
PCB action to sync the fields and attributes,
depending on whether the symbol or footprint,
respectively, is correct.

Footprint doesn’t match This violation occurs when afootprint does Ignore
symbol’ s footprint filters not match footprint filtersin the corresponding
symbol. If the symbol doesn’'t have any footprint
filters, no violation occurs.
Pad net doesn’t match This violation occurs when a net does not match | Warning
schematic between afootprint pad and the corresponding
symbol pin. This can be because the symbol
pin’s net is different than the footprint pad’'s
net, because the footprint pad does not have a
corresponding symbol pin, or because the symbol
pin does not have a corresponding footprint pad.
Missing connection between |This violation occurs when two copper objects | Error
items with the same net are not connected on the board.
Signal integrity DRC checks
These DRC checks ook for signal integrity issuesin the board.
Violation Description Default Severity
Track length out of range Thisviolation occurs when atrack in a Error
differentia pair istoo long or too short compared
to the configured minimum and maximum length
for that track. The allowable track length for
different tracks can be configured using the
| engt h constraint in custom rules.
Skew between tracks out of | Thisviolation occurs when the difference Error

range

between the length of atrack and the maximum
length of al tracks being considered islonger
than the configured maximum skew for that set of
tracks. For calculating the skew of a differential
pair (two tracks), the skew therefore is calculated
asthe length difference between tracks.

The allowable maximum skew for a set of tracks,
aswell as which tracks the rule appliesto, can be
configured using the skew constraint in custom
rules.
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Violation Description Default Severity

Too many or too few vias on | This violation occurs when the number of vias Error
aconnection assigned to anet istoo low or too high compared
to the configured minimum and maximum for
that net. The allowable via count for different nets
can be configured using thevi a_count constraint
in custom rules.

Differential pair gap out of | Thisviolation occurs when the gap betweenthe |Error
range two tracksin adifferential pair istoo small or too
large compared to the configured minimum and
maximum for that differential pair. Thegap is
only checked on coupled (i.e. parallel) portions of
the differential pair.

The minimum and maximum allowable gap for
adifferential pair can be configured using the
di ff _pai r _gap constraint in custom rules.

Note that an optimal differential pair gap can

be configured for each net classin the net class
settings, which sets a gap for the differential

pair router to use, but it does not set a minimum
and maximum gap. No DRC violations will be
reported unless a minimum and/or maximum are
configured using custom rules.

Differential uncoupled length| This violation occurs when the portion of a Error
too long differential pair that is uncoupled islonger than
the configured maximum. A differential pair is
considered uncoupled when its tracks are not
parallel, for example when fanning out from a
footprint.

The maximum allowable uncoupled length for
adifferential pair can be configured using the
di ff _pai r _uncoupl ed constraint in custom
rules.

Readability DRC checks

These DRC checks look for issues that may affect legibility of text and other silkscreen objects on the
board.

Violation Description Default Severity

Silkscreen overlap This violation occurs when a silkscreen object Warning
intersects another silkscreen object, which may
affect readability. This check does not apply to
silkscreen objects within the same footprint.
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Violation

Description

Default Severity

The allowabl e distance between silkscreen
objects can also be set to a nonzero number to
enforce asilk to silk clearance using the board-
level silkscreen minimum item clearance or using
custom rules. A negative silkscreen clearance
allows silkscreen to intersect other objects.

Silkscreen clipped by solder
mask

This violation occurs when a silkscreen object
intersects a solder mask opening. This may
result in silkscreen printed on bare copper or
substrate. Board manufacturers may also discard
any silkscreen that does not have solder mask
underneath. Such outcomes could affect board
assembly as well as silkscreen durability and
readability.

Warning

Silkscreen clipped by board
edge

This violation occurs when a silkscreen object
intersects a board edge, meaning that part of the
silkscreen is outside of the board area.

The allowabl e distance between silkscreen and
the board edge can also be set to a nonzero
number to enforce a clearance to the board edge
using the board-level silkscreen minimum item
clearance or using custom rules. A negative
silkscreen clearance allows silkscreen to intersect
other objects.

Warning

Text height out of range

This violation occurs when atext object’s text
height is outside of the configured range.

Board-level minimum text height can be
configured in board setup constraints. Board-level
maximum height, as well as more specific rules,
can be configured using custom rules.

Warning

Text thickness out of range

This violation occurs when atext object’ s text
thickness is outside of the configured range.

For the built-in KiCad stroke font, the thickness
isthe text thickness setting in the text object’s
properties. For external fonts, thisisthe minimum
physical thickness of all glyphsin the text object;
this depends on the font geometry in combination
with the font size, bold, and italic settings.

Board-level minimum text thickness can be
configured in board setup constraints. Board-level
maximum thickness, as well as more specific
rules, can be configured using custom rules.

Warning

Mirrored text on front layer

This violation occurs when atext object on a
front layer has the mirrored attribute set. When

Ignore
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Violation Description Default Severity
looking at the front of the board, the text will
therefore appear backwards.
Non-Mirrored text on back | This violation occurs when atext object on a Ignore
layer back layer doesn’'t have the mirrored attribute set.
When looking at the back of the board, the text
will therefore appear backwards.
Miscellaneous DRC checks
These DRC checks ook for other miscellaneous issues in the board.
Violation Description Default Severity
Items not allowed This violation occurs when objects are placed in | Error
alocation where they are not allowed. Thiscan
be due to arule areawith akeep out rule for the
object’ stype or dueto adi sal | owcustom rule
constraint.
Copper zones intersect This violation occurs when copper zones with Error

different nets collide with each other, shorting the
two nets.

I solated copper fill

This violation occurs when part of a copper fill is
not connected to any other copper items with the
same net. Thisisalso referred to as an island.

Warning

Footprint is not valid

This violation occurs when afootprint’s net tie
group contains a pad that doesn’t exist in the
footprint, or when a pad is in more than one net
tie group.

Error

Padstack is questionable

This violation occurs when a footprint pa3
probably a m stake. The settings that

 Plated through holes without copper pads on
any layer

» Pads with inappropriate properties, such as
through hole pads with the BGA property

» Connector pads with solder paste
» SMD pads with copper on both sides

» SMD pads with copper on the opposite side
from the corresponding solder mask opening or
solder paste

» SMD pads with no copper on outer layers

 Plated through hole pads with no copper

annulus around the hole

vvanﬁngnusual se

are checked are:

[tings

134



Inspecting a board

Violation

Description

Default Severity

 Plated through hole pads with hole partially or
fully outside of the copper

» Potential issues with solder mask clearance
» Pads with negative local electrical clearance

» Padswith an excessively large corner chamfer/
radius

PTH inside courtyard Thisviolation occursif afootprint’s plated Warning
through hole pad is within the courtyard of
another footprint.
NPTH inside courtyard Thisviolation occursif afootprint’s nonplated Warning
through hole pad is within the courtyard of
another footprint.
Item on a disabled copper Thisviolation occurs if an item, for example a Error
layer pad or via, ison acopper layer that does not exist

in the board stackup.

Unresolved text variable

This violation occurs when atext variable in the
board design or drawing sheet does not resolve
(thereis no defined value for the variable).

Error

Footprint component type
doesn’t match footprint pads

This violation occurs when afootprint’s
component type (SMD, through hole, or
unspecified) doesn’t match the expected type
based on the footprint’ s pads. If afootprint
contains any through hole pads, it is expected
to have the through hole component type. If it
contains SMD pads and no through hole pads,
its component type is expected to be SMD. If a
footprint’s component type is unspecified, the
footprint is not compared against its pads.

Ignore

Footprint not found in
libraries

This violation occurs when afootprint in the
board is not in an active library in the global
library table or the project-specific library table.
This can be because the footprint’s library does
not contain the footprint, the footprint’s library
isnot listed in either library table, or because the
library islisted in atable but is disabled. Asa
consequence, you will not be able to update the
footprint from the library or compare changes
between the board and library versions of the
footprint.

Warning

Footprint doesn’t match copy
inlibrary

This violation occurs when afootprint in the
board is different than the library version of the
footprint.

Warning
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Violation Description Default Severity

Y ou can compare between the board and library
versions of the footprint using the Compare
Footprint with Library tool, which is available by
right clicking the violation in the DRC window.
If desired, you can update the board footprint to
match the library footprint.

Through hole pad has no This violation occurs when a through hole Error
hole footprint pad does not have a hole.

6.1.4. User-definable DRC violations

Y ou can manually trigger board DRC warnings or errors using special text variables. These items will
appear as errors or warnings when DRC runs. This can be useful to flag items for later followup or
review.

To cause a DRC violation, use the text variable ${ DRC_ERROR <vi ol ati on nane>} oOr

${ DRC_WARNI NG <vi ol ati on nane>} depending on whether an error or warning is desired. Y ou can
place thisin atext item or text box on any board layer. When DRC runs, thiswill generate a DRC
violation with the given violation name. These text variables resolve to an empty string in the board,
and any text after the bracesisincluded in the DRC violation’s description. The text variable must be
placed at the start of the text object in order to trigger aviolation.

For example, atext item containing ${ DRC_ERROR TODC} Lengt h mat ch tracks will appear in the
board as just the text "Length match tracks', and will generate a DRC error named "TODQO" with
"Length matches tracks" in the description.

6.1.5. DRC report file

An DRC report file can be generated and saved by clicking the Save... button in the DRC dialog. The
file extension for DRC report filesis. r pt . An example DRC report file is given below.

** Drc report for pic_progranmmer. ki cad pcbh **
** Created on 2024-11-02T15: 54: 52- 0400 **

** Found 4 DRC viol ations **

[starved thermal]: Thernmal relief connection to zone inconplete (layer bottoml ayer;

Local override; error
@223.5200 mMmm 138.4300 mm: Zone [GND] on bottom| ayer
@ 175. 2600 nm 68.5800 nm): PTH pad 8 [ GND] of P3

[starved thermal]: Thernmal relief connection to zone inconplete (layer bottoml ayer;

Local override; error
@ 223.5200 mMmm 138.4300 mm: Zone [GND] on bottom | ayer
@ 207.8990 nm 118.1100 nm): PTH pad 5 [G\ND] of U5

[starved thermal]: Thermal relief connection to zone inconplete (layer bottoml ayer;

Local override; error
@223.5200 mMmm 138.4300 mm: Zone [GND] on bottom | ayer
@125. 7300 nm 111.7600 nm): PTH pad 10 [GND] of U2

[starved thermal]: Thernmal relief connection to zone inconplete (layer bottoml ayer;

Local override; error
@223.5200 mMmm 138.4300 mm: Zone [GND] on bottom | ayer
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@ 118.1100 nm 111.7600 nm): PTH pad 13 [GND] of W2
** Found O unconnected pads **
** Found O Footprint errors **

** End of Report **

6.2. Board Statistics

The Board Statistics dialog shows a summary of the board’ s contents, including the size of the board
and counts of various types of items. Open the Board Statistics dialog with Inspect _ Show Board
Statistics.

' Board Statistics P
General Drill Holes
Components Pads
Front Side Back Side  Total Through hole: 149
THT: 3 0 3 SMD: 996
SMD: 151 76 227 Connector: 0
Unspecified: 18 18 36 MPTH: 4
Total: 174 94 268 Total: 1149
Board Size Vias
Width: 80.0000 mm Through vias: 416
Height: 49.0000 mm Blind/buried: 0
Area: 3906.2472 mm? Micro vias: 0
Total: 416
Subtract holes from board area
Exclude footprints with no pads
Generate Report File... Close

The General tab gives counts of various types of objects:

 Footprints, separated by type (THT, SMD, or unspecified) and board side
» Pads, separated by type (THT, SMD, connector, or NPTH)

» Vias, separated by type (through, blind/buried, or micro)

It also displays the board width, height, and area.
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The Drill Holes tab lists every unique type of drill hole on the board. Each type of hole islisted with
its characteristics (shape, X and Y size, plating, pad or viatype, and start and stop layers) and the
count of that type of hole.

Y ou can save the board statistics to afile by clicking the Generate Report File... button.

6.3. Measurement tool

The measurement tool allows you to make distance and angle measurements between points on the
PCB. To activate the tool, click the

icon in the right toolbar, or use the hotkey kbd:[Ctrl + Shift + M]. Once the tool is active, click once to
set the measurement start point, then click again to finish a measurement.

Thetool displaysthe total (radial) distance between the points, the distancein X and Y directions, and
the measured angle from horizontal. In other words, both the Cartesian and radial (polar) distances are

displayed.
Uwaga

The measurement tool is used for quick measurements that do not need to be displayed
permanently. Any measurement you make will only be shown while the tool is active. To
create permanent dimensions that will appear in printouts and plots, use the Dimension tools.

6.4. Find tool

The Find tool searches for text in the PCB, including reference designators, footprint fields, and
graphic text. When the tool finds a match, the canvas is zoomed and centered on the match and the
text is highlighted. Launch the tool using the (

138



Inspecting a board

) button in the top toolbar.
@ Find

Match case Whole words only Wildcards Wrap Find Previous

Search footprint reference designators Restart Search
Search footprint values Close
Search other text items

Search DRC markers

Search net names

The Find tool has several options:
Match case: Selects whether the search is case-sensitive.

Whole words only: When selected, the search will only match the search term with complete words
in the PCB. When unselected, the search will match if the search term is part of alarger word in the
PCB.

Wildcards. When selected, wildcards can be used in the search terms. ? matches any single character,
and \ * matches any number of characters. Note that when this option is selected, partial matches are
not returned: searching for abc* will match the string abcd, but searching for abc will not.

Wrap: When selected, search results will return to the first hit after reaching the last hit.

Sear ch footprint reference designators: Selects whether the search should apply to footprint
reference designators.

Sear ch footprint values: Selects whether the search should apply to footprint value fields.

Sear ch other text items: Selects whether the search should apply to other text items, including
graphical text and footprint fields other than value and reference.

Search DRC markers: Selects whether the search should apply to the violation descriptions of DRC
markers shown on the board.

Sear ch net names: Selects whether the search should apply to the names of netsin the board.

6.5. Search panel

The search panel is a docked panel that lists information about footprints, zones, nets, ratsnest lines
(unrouted segments), and text from the PCB. Show or hide the search panel with View _ Panels _
Sear ch or use the kbd:[ Ctrl+G] shortcut.
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Search 5

Q ¢ a o

Footprints | Zones Nets Ratsnest Text

Reference | Value Layer X A4

w] TuF 10V B.Cu 156.0230 mm 94.9948 mm
cio 0.1uF B.Cu 154.6391 mm 103.3462 mm
(wh] 0.1uF B.Cu 154.9623 mm 93.9341 mm
12 0.1uF B.Cu 153.5500 mm 104.3500 mm
13 0.1uF B.Cu 147.3000 mm 103.8000 mm
14 0.1uF 100V FCu 150.0000 mm 107.5000 mm
c15 0.1uF 100V ECu 150.0000 mm 102.0000 mm

Y ou can optionaly filter the list based on a search string. When no filter isused, al itemsin the
design are listed in the corresponding tab. Items are filtered based on their properties:

» Footprints are filtered by the contents of their fields. Y ou can select whether to search hidden fields
bv enabling the Sear ch Hidden Fields option in the

menu
» Zones arefiltered by the zone name

» Net and ratsnest items are filtered by the net name

» Text (text, textboxes, and dimensions) is filtered by the text content

Y ou can sort the filtered results in ascending or descending order of the value in a particular column
by clicking on that column header.

Filters support wildcards: * matches any characters, and ? matches any single character. Y ou can also
use regular expressions [http://docs.wxwidgets.org/3.2/overview_resyntax.html], such as/ f oot pri nt
val ue/ .

The displayed information depends on the item type:

» All itemslist their name and/or value

» Physical items (footprints, zones, and text) additionally list their layer and X/Y location
» Text additionally lists the type of text object (text, textbox, or dimension)

* Net and ratsnest items additionally list their net name and net class

When you click an item in the search panel, the item is selected in the editing canvas. Depending on
what is configured in the

menu, the board editor will also pan and/or zoom to the selected item in the editing canvas. Double-
clicking an item in the search panel opensits properties dialog (for net and ratsnest items, the net
classes dialog is opened instead).

6.6. Przegl#darka 3D

The 3D Viewer shows a 3-dimensional view of the board and the components on the board. Y ou can
view the board from different perspectives, show or hide different types of components, cross-probe
from the PCB Editor to the 3D viewer, and generate raytraced renders of the board. Show the 3D
Viewer with View _ 3D Viewer or use the kbd:[Alt+3] shortcut.
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[ . 3D Viewer v A x|

File Edit View Preferences Help

B R CRAA EL L 220 a1t 3 S8

Appearance

W © Board Body
WOrcu
WOscu
© Adhesive
M & solder Paste
@ F.Silkscreen
© B.silkscreen
W O FMask
M © BMask
® UserDrawings
@ UserComments
@ UserEcol
® UserEco2

@ Through-hole Models
© sMD Models

@ virtual Models

@ Models not in POS File
7 Models marked DNP
/" Model Bounding Boxes

© values

@ References

@ Footprint Text

/" Off-board Silkscreen

© 3D Axis
Background Start
B Background End

Use board stackup colors

Use PCB editor copper color
Presets (Ctrl+Tab):
— N

WViewports (Shift+Tab):

— N

Last render time 4 ms dx-1.27 dy 0.11 zoom 1.00 %
Uwaga

The 3D model for a component will only appear if the 3D model file exists and has been
assigned to the footprint.

Uwaga

Many footprintsin KiCad's standard library do not yet have model files created for them.
However, these footprints may contain a path to a 3D model that does not yet exist, in
anticipation of the 3D model being created in the future.

6.6.1. Navigating the 3D view

Dragging with the left mouse button will orbit the 3D view. By default thisis the centroid of the
board, but the pivot point can be reset to a new point on the board by moving the cursor over the
desired point and pressing kbd:[ Space]. Scrolling the mouse wheel will zoom the view in or out.
Scrolling while holding kbd:[Ctrl] pans the view left and right, and scrolling while holding kbd:[ Shift]
pans up and down. Dragging with the middle mouse button also pans the view.

Different sized 3D grids can be set using the View _ 3D Grid menu. Bounding boxes for each
component can be enabled with Preferences | Show Model Bounding Boxes.
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When the PCB Editor and the 3D Viewer are both open, selecting afootprint in the PCB Editor will
aso highlight the component in the 3D Viewer. The highlight color is adjustable in Preferences _
Preferences... _ 3D Viewer _ RealtimeRenderer _ Selection Color.

-

6.6.2. Appearance Manager

The Appearance Manager is apanel at the right of the viewer which provides controls to manage the
visibility, color, and opacity of different types of objects and board layersin the 3D view.

Each layer or type of object in the list can be individually shown or hidden by clicking its
corresponding visibility icon. PCB layers can have their colors customized; double-click on the color
swatch next to the item type to edit the item’s color and opacity. To use the colors selected in the
Board Setup dialog’s Physical Stackup editor, enable the use board stackup color s option. If you
enable the use PCB editor copper colors option, copper layersin the 3D viewer will use the colors
configured in the PCB editor canvas.

Y ou can save an appearance configuration as a preset, or load a configuration from a preset, using
the Preset selector at the bottom. The kbd:[Ctrl+Tab] hotkey cycles through presets; press kbd:[ Tab]
repeatedly while holding kbd:[ Ctrl] to cycle through multiple presets. Several built-in presets are
available: "Follow PCB Editor" matches the visibility settingsin the PCB editor, "Follow PCB Plot
Settings' matches the visibility settings selected in the Plot dialog, and "legacy colors' matches the
default 3D Viewer color settings from older versions of KiCad.

Finally, you can save a viewport for later retrieval using the Viewports selector at the bottom. Y ou

can quickly cycle between saved viewports using kbd:[Shift+Tab]; pressing kbd:[Tab] repeatedly
while holding kbd:[ Shift] will cycle through multiple viewports.

6.6.3. Generating images with the 3D Viewer

The current 3D view can be saved to an image with File _ Export Current View as PNG... or
Export Current View as JPG..., depending on the desired image format. The current view can also
be copied to the clipboard using the

button, or Edit _ Copy 3D Image.

The 3D Viewer has araytracing rendering mode which displays the board using a more physically
accurate rendering model than the default rendering mode. Raytracing is slower than the default
rendering mode, but it can be used when the most visually attractive results are desired. Raytracing
mode is enabled with the

button, or with Preferences _ Raytracing. The 3D grid and selection highlights are not shown in
raytracing mode.

Colors and other rendering options, for both raytraced and non-raytraced modes, can be adjusted in
Preferences _ Preferences... _ 3D Viewer.

6.6.4. 3D viewer controls

Many viewing options are controlled with the top toolbar.
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Reload the 3D model

Copy 3D imageto clipboard

Render current view using raytracing

SORE",

/6

Redraw
iﬂ\ Zoomin
i—l Zoom out
il Fit drawing in display area
X

Rotate X clockwise

y{-‘ Rotate X counterclockwise

~  |Rotate Y clockwise

’ Rotate Y counterclockwise
‘if Rotate Z clockwise
/= Rotate Z counterclockwise
k Flip board view
¢m  |Ponboard left
# Pan board right

Pan board up

Pan board down

Enabl e/disable orthographic projection

Show/hide the Appearance Manager

6.7. Net inspector

The Net Inspector is adocked panel that allows you to view statistics about al the netsin aboard. It
lets you add, remove, and rename nets. To open the inspector, click the

icon at the top of the Nets section of the Appearance panel, or select View _ Panels _ Net

I nspector.
Net Inspector
Q Filter
Name 4 | Netclass Total Length Wia Count
~ Netclass: POWER 833.2507 mm 90
GNDA POWER 63.9114 mm 3
GND POWER 404.2873 mm 44
+3.3V POWER 365.0521 mm 43
> Netclass: Default 8891.5549 mm 163

Via Length
115.8750 mm
1.5450 mm
57.6800 mm
56.6500 mm
196.7300 mm

Track Length
717.3757 mm
62.3664 mm
346.6073 mm
308.4021 mm

8694.8249 mm

Die Length
0.0000 mm
0.0000 mm
0.0000 mm
0.0000 mm
0.0000 mm

Pad Count
234
7
128
99
513

Top_layer B.Cu In1.Cu

562.7292 mm 70.7131 mm 57.6646
18.2342 mm  2.5400 mm 41.5922
291.0313mm 38.5035mm 16.0724
253.4636 mm 28.6696 mm 0.0000n
2655.2485 mn 2899.2693 mn 2591.42:

el

In2.Cu
26.2689 mm
0.0000 mm
0.0000 mm
26.2689 mm
548.8836 mm

Double-clicking a net in the list will highlight that net on the board. Y ou can also highlight a net
by right clicking it and selecting Highlight Selected Net. If multiple nets are selected, this lets you
highlight all of them at once. Y ou can remove the net highlighting by right clicking the net’srow in
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the Net Inspector and selecting Clear Net Highlighting, in addition to the usual ways of removing net
highlighting.

Clicking a column title allows you to sort the list of nets by that column. The Filter box lets you limit
the listed nets to those that match the filter string. By default, the filter matches against both net names
and net class names, but you can filter by just one or the other by selecting or deselecting Filter by
Net Name or Filter by Netclass under the

menu.

By default, nets with no connections and nets with no pads are not shown. Y ou can choose to show
tﬂ\em by selecting Show Unconnected Nets and Show Zer o Pad Nets under the

menu.
The Net Inspector shows the following statistics for each net:

» Pad Count isthe number of pads with that net, counting both surface mount and through hole pads.
* Via Count isthe number of vias with that net.

» ViaLength isthe sum total length of all vias with that net. The full height of each viais aways
counted, even if the connections to the via are such that the full via height is not electrically used. In
other words, ViaLength is equal to Via Count multiplied by the stackup height of the board.

» Track Length isthetotal length of all track segmentsin anet, not accounting for topology. For
example, in abranching net structure all branches are included in the total length. The track length
is also reported per copper layer.

» DielLengthisthetotal of all Pad to Die Length values set for pads on the net.

Each column can be shown or hidden in the
Show / Hide Columns menu. Y ou can save the Net Inspector statisticsto a CSV file by clicking

_, Save Net Inspector Report. The generated report includes all nets and columns, even if they are
currently filtered or hidden in the Net Inspector.

6.7.1. Grouping nets

Y ou can group nets in the Net Inspector to organize them and view them more easily. Each group
displaysthe total statisticsfor all its members, as if the group were a single net. For example, if you
have a signal with aseriesresistor breaking the signal into two nets, you could create a group that
contains both of these nets. Thiswould allow you to analyze the total length of both nets, rather than
each individually.

\Qu can group nets by their net class by clicking

_, Group by netclass. Alternatively, you can create custom groups based on net name patterns. To
create a new custom group, click

_, Add Custom Group. Any nets that contain the specified pattern in their name will be shown as
part of the group and not shown outside of the group. For example, the pattern CAN matches the nets
CAN_RX and CAN_TX. Patterns are not case sensitive.
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The pattern can also use regular expressions to match netsif the pattern is surrounded in slashes. For
example, the pattern / AN matches nets ANO, AN1, €etc., but not CAN.

To remove a group and release its members back into the full list of nets, click

_, Remove Selected Custom Group. Thisaction is aso available in the right click menu. To remove
all groups at once, click

_, Remove All Custom Groups.

6.7.2. Editing nets

The Net Inspector alows you to create new nets in the board and remove or rename existing nets. To
create anew net, right click in the Net Inspector and select Add Net, then provide a name for the new
net. To delete anet, right click it in the list of nets and choose Delete Selected Net. If multiple nets
are selected, they will all be deleted. To rename a net, right click it and choose Rename Selected Net,
then provide a new name.

Uwaga

Nets are usually not edited in the board. Instead, it is recommended to define netsin the
schematic. Nets are typically managed in the board by creating or modifying a schematic and
then using the Update PCB From Schematic tool to update the nets in the board based on the
schematic design. The Net Inspector can be used to manage nets in alternate workflows that do
not use a schematic.

Uwaga

Nets that are modified in the Board Editor will not effect the schematic until the schematic is
updated from the PCB through the back-annotation process.

6.7.3. Differences between Net Inspector and
Length Tuner

The Net Inspector may report different net lengths than the length tuner, because the two tools have
different purposes and cal culate track/net lengths differently. In short, the Net Inspector sums up the
total length of each track segment and via on a net, while the length tuner calculates the effective
electrical length of a path between two points on a net. The specific differences are as follows:

» The Net Inspector reports track length as a simple sum of the length of each track segment on a net.
The length tuner calculates an effective electrical length of a net, which includes optimizing paths
through pads to cal culate the shortest possible path.

« If arouted net has a branching topology, the Net Inspector total includes the length of each branch
in the total. The length tuner calculates a point-to-point length; if there are any branches, the length
tuner will stop at the closest branch and report the length up to the branch.

» The Net Inspector always includes the effective via height in its vialength and total length
calculations. If avia connects to tracks on both the top and bottom layers, the full viaheight is
included in the length calculation. Otherwise, only the stackup height between the connected layers
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isincluded. The length tuner calculates effective via height in the same way as the Net Inspector,
but via height is only included in the length cal culation when the use stackup height setting is
enabled board constraint settings. If the setting is disabled, the length tuner will not include viasin
itscalculations at all.
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KiCad can generate and export filesin a number of different formats useful for manufacturing PCBs
and interfacing with external software. This functionality is available in the File menu in afew
different sections.

The Fabrication Outputs section contains the most common operations needed to prepare a PCB
for fabrication.

The Export section contains tools for generating files that can be read by external software.

The Plot function allows you to export 2D line drawings of the PCB in various formats.

The Print function allows you to send a view of the PCB to a 2D printer.

7.1. Fabrication outputs and plotting

KiCad uses Gerber files asits primary plotting format for PCB manufacturing. To create Gerber files,
open the Plot... dialog from the File menu, or select Gerbers(.gbr)... from the Fabrication Outputs
section of the File menu. The Plot dialog will open, allowing you to configure and generate Gerber
files.

‘ E 4 Plot oo X
Plot format: | Gerber Output directory: | ./CAM m A
Include Layers Plot on All Layers General Options

| F.Cu B.Cu Plot drawing sheet Drill marks:
v B.Cu B.Mask : )
Subtract soldermask from silkscreen Scaling:

¥ F.Adhesive B.Paste
+| B.Adhesive B.Silkscreen ¥ Indicate DNP on fabrication layers Plot mode:
e i i . . L

F.paste B.Adhesive Hide ~| Use drill/place file origin
¥| B.Paste B.Courtyard

. *) Cross-out

~| F.Silkscreen B.Fab
¥ B.Silkscreen FCu Sketch pads on fabrication layers
¥ F.Mask F.Mask
P B.Mask E.paste ~| Check zone fills before plotting
~| User.Drawings F.Silkscreen Gerber Options
o i . . .

UserComments FAdhesive Use Protel filename extensions Coordinate format: | 4.6, unit mm v
¥ UserEcol F.Courtyard
¥ UserEco? EFab ~| Generate Gerber job file Use extended X2 format (recommended)
¥ Edge Cuts User.Drawings ~| Include netlist attributes
~| Margin lserCammeants
@ F.Courtyard 1L Disable aperture macros (not recommended)

Output Messages

Show: All ¥ Errors o ¥/ Warnings o ¥ Actions ¥ Infos Save...

Run DRC... Generate Drill Files... Close Plot

The Plot button generates output files according to the selected options. Messages from the plotting
process are shown in the Output Messages panel, and can be filtered by the checkboxes.
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The Generate Drill Files... button opens the Generate Drill Filesdialog. Run DRC... opensthe
Design Rules Checker.

7.1.1. Plotting options

* Include Layers: Check that every layer used on your board is enabled in the list. Disabled layers
will not be plotted.

» Plot on All Layers: Selected layers will be included in the plot for each layer selected in the
include layerslist. The additional layers are plotted on top of the base layer. Y ou can reorder these
layers using the arrow buttons at the bottom; itemsthat are lower in the list are plotted after (on top
of) itemsthat are higher in the list.

» Output directory: Specify the location to save plotted files. If thisisarelative path, it is created
relative to the project directory. Use the

button to open the output directory in afile browser.

» Plot drawing sheet: If enabled, the drawing sheet border and title block will be plotted on each
layer. This should usually be disabled when plotting Gerber files.

» Subtract soldermask from silkscreen: When enabled, silkscreen will be automatically removed
from board areas that aren’t covered by soldermask.

» Indicate DNP on fabrication layers: If enabled, fabrication layers (F. Fab and B. Fab) will indicate
when afootprint has the DNP (Do Not Populate) attribute set. DNP footprints are either not plotted
on the fabrication layers (Hide) or are plotted with an X drawn through them on the front and back
fabrication layer (Cross-out).

» Sketch padson fabrication layers: If enabled, the outlines of footprint pads will be drawn on
fabrication layers (F. Fab or B. Fab). If Include pad numbersis enabled, pad numbers will be
drawn as well.

» Drill marks: For plot formats other than Gerber, marks may be plotted at the location of all drilled
holes. Drill marks may be created at the actual size (diameter) of the finished hole, or at asmaller
Size.

» Scaling: For plot formats that support scaling other than 1:1, the plot scale may be set. The Auto
scaling setting will scale the plot to fit the specified page size.

* Plot mode: For some plot formats, filled shapes may be plotted as outlines only (sketch mode).

» Usedrill/placefile origin: When enabled, the coordinate origin for plotted files will be the drill/
place file origin set in the board editor. When disabled, the coordinate origin will be the absolute
origin (top left corner of the worksheet).

* Mirrored plot: For some plot formats, the output may be mirrored horizontally when this optionis
Set.

» Negative plot: For some plot formats, the output may be set to negative mode. In this mode, shapes
will be drawn for the empty space inside the board outline, and empty space will be left where
objects are present in the PCB.
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Check zonefills before plotting: When enabled, zone fills will be checked (and refilled if
outdated) before generating outputs. Plot outputs may be incorrect if this option is disabled!

Uwaga

Versions of KiCad before 9.0 had aglobal control for tenting vias while plotting. In KiCad
9.0, viatenting is globally controlled in Board Setup, and can be overridden in the properties
dialog for each via.

7.1.2. Gerber options

Use Protel filename extensions: When enabled, the plotted Gerber files will be named with file
extensions based on Protel (. GBL, . GTL, etc). When disabled, the fileswill have the . gbr extension.

Generate Gerber job file: When enabled, a Gerber job file (. gbrj ob) will be generated along with
any Gerber files. The Gerber job fileis an extension to the Gerber format that includes information
about the PCB stackup, materials, and finish. More information about Gerber job filesis available
at the Ucamco website [https.//www.ucamco.com/en/gerber/gerber-job-file].

Coordinate format: Configure how coordinates will be stored in the plotted Gerber files. Check
with your manufacturer for their recommended setting for this option.

Use extended X2 format: When enabled, the plotted Gerber files will use the X2 format, which
includes information about the netlist and other extended attributes. This format may not be
compatible with older CAM software used by some manufacturers.

Include netlist attributes: When enabled, the plotted Gerber files will include netlist information
that can be used for checking the design in CAM software. When X2 format mode is disabled, this
information is included as comments in the Gerber files.

Disable aperture macr os. When enabled, all shapeswill be plotted as primitives rather than by
using aperture macros. This setting should only be used for compatibility with old or buggy CAM
software when requested by your manufacturer.

7.1.3. PostScript options

Scale factor: Controls how coordinates in the board file will be scaled to coordinates in the
PostScript file. Using adifferent value for X and Y scale factors will result in a stretched / distorted
output. These factors may be used to correct for scaling in the PostScript output device to achieve
an exact-scale output.

Track width correction: A global factor that is added (or subtracted, if negative) from the size of
tracks, vias, and pads when plotting a PostScript file. This factor may be used to correct for errors
in the PostScript output device to achieve an exact-scale output.

Force A4 output: When enabled, the generated PostScript file will be A4 size even if the KiCad
board fileisadifferent size.

7.1.4. SVG options

Precision: Controls how many significant digits will be used to store coordinates.
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Output mode: Controls whether the generated SV G fileisin color or black and white.

Fit page to board: When enabled, the generated SV G will have the same size as the board outline.

7.1.5. DXF options

Plot graphicitemsusing their contours. Graphic shapesin DXF files have no width. This option
controls how graphic shapes with awidth (thickness) in a KiCad board are plotted to a DXF file.
When this option is enabled, the outer contour of the shape will be plotted. When this option is
disabled, the centerline of the shape will be plotted (and the shape’ s thickness will not be visible in
the resulting DXF file).

Use KiCad font to plot text: When enabled, text in the KiCad design will be plotted as graphic
shapes using the KiCad font. When disabled, text will be plotted as DXF text objects, which will
use adifferent font and will not appear in exactly the same position and size as shown in the KiCad
board editor.

Export units: Controls the unitsthat will be used in the DXF file. Since the DXF format has
no specified units system, you must export using the same units setting that you want to use for
importing into other software.

7.1.6. HPGL options

Default pen size: Controls the plotter pen size used to create graphics.

7.1.7. PDF options

Output mode: Controls whether the generated PDF fileisin color or black and white.

Generate property popupsfor front footprints: When enabled, interactive popups will be added
to the generated PDF containing part information for each footprint on the front of the board.

Generate property popupsfor back footprints. When enabled, interactive popups will be added
to the generated PDF containing part information for each footprint on the back of the board. For
details, see the Schematic Editor documentation.

Generate metadata from AUTHOR and SUBJECT variables: Setsthe Author and Subject
PDF document properties for the generated PDF based on the AUTHOR and SUBJECT project text
variables, if you have defined them.

Single document: When enabled, each layers will be plotted as an individual sheet within asingle
PDF document. When disabled, each layer will be plotted as a separate PDF file.

7.2. Drill files

KiCad can generate CNC drilling files required by most PCB manufacturing processesin either
Excellon or Gerber X2 format. KiCad can aso generate adrill map: agraphical plot of the

board showing drill locations. To open the dialog, select the Drill Files (.drl)... option from the
Fabrication Outputs section of the File menu, or click the Generate Drill Files... button in the Plot
diaog.
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l + Generate Drill Files oS M
Output folder: | ./CAM ]
Format Options
®) Excellon Origin: Absolute v
Mirror ¥ axis
o Units: Millimeters W
Minimal header
PTH and NPTH in single file Feros: Decimal format (recommended) »
Use alternate drill mode for oval holes
Gerber X2
Generate map: | Gerber X2 “
Messages
Generate Report File... Close Generate

» Output folder: Choose the folder to save generated drill and map files to. If arelative path is
entered, it will be relative to the project directory.

» Drill fileformat: Choose whether to generate Excellon drill files (required by most PCB
manufacturers) or Gerber X2 files.

» Mirror Y axis: For Excellon files, choose whether or not to mirror the Y -axis coordinate. This
option should in general not be used when having PCBs manufactured by athird party, and is
provided for convenience for users who are making PCBs themselves.

* Minimal header: For Excellon files, choose whether to output a minimal header rather than afull
file header. This option should not be enabled unless requested by your manufacturer.

 PTH and NPTH in singlefile: By default, plated holes and non-plated holes will be generated in
two different Excellon files. With this option enabled, both will be merged into asinglefile. This
option should not be enabled unless requested by your manufacturer.

» Usealternatedrill mode for oval holes: Controls how oval holes are represented in an Excellon
drill file. When not enabled, a route command is used to represent oval holes. Thisis correct
for most manufacturers. Only choose the Use alter nate drill mode setting if requested by your
manufacturer.

» Generate map: Choose whether to generate adrill map and, if so, in which format. Supported
formats are Postscript, Gerber X2, DXF, SVG, and PDF.
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» Origin: Choose the coordinate origin for drill files. Absolute will use the page origin at the top left
corner. Drill/placefile origin will use the origin specified in the board design.

e Drill units: Choose the units for drill coordinates and sizes.

e Zeros: Controls how zeroes are formatted in an Excellon drill file. Select an option here based on
your manufacturer’ s recommendations.

7.3. IPC-2581 files

IPC-2581 files are XML files that contain complete fabrication and assembly data for a board design.
If your manufacturer accepts |PC-2581 files, these can replace Gerber files, drill files, and component
placement files. To create an IPC-2581 file, select IPC-2581 File (.xml)... from the Fabrication
Outputs section of the File menu.

R - Export IPC-2581 v oA X
File: | ./StickHub.xml ]
File Format BOM Columns
Units: Millimeters A Internal 1D: Generate Unique Y
Precision: 4 + Manufacturer P/N: | Omit e
Version: C e Manufacturer:
Compress output Distributor P/M: Omit e
Distributor:
Close Export

| PC-2581 output has the following options:

* File: Choose the filename for the generated |PC-2581 file. If arelative path is entered, it will be
relative to the project directory.

» Units: Choose the units for the generated file. Can be millimeter s or inches.

» Precision: Choose the number of digits after the decimal point for numbersin the generated file.
* Version: Choose the IPC-2581 standard version (B or C).

» Compressoutput: If enabled, the generated file will be compressed asa ZIP file.

* Internal 1D: Choose the footprint field to use for the BOM’sinternal 1D column. This can be a
generated unique ID or set to any footprint field in the design.

» Manufacturer P/N: Choose the footprint field to use for the BOM’s manufacturer part number
column. This can be omitted or set to any footprint field in the design.
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» Manufacturer: Choose the footprint field to use for the BOM’s manufacturer column. This can be
omitted or set to any footprint field in the design.

» Distributor P/N: Choose the footprint field to use for the BOM’ s distributor part number column.
This can be omitted or set to any footprint field in the design.

» Distributor: Choose the footprint field to use for the BOM’ s distributor column. This can be
omitted or set to any footprint field in the design.

1.4,

I 4 Export ODB++ AP
Output file: |
Units: Millimeters V
Precision: 6 X+
Compression format: | ZIP V

© Cancel v 0K

Units: Choose the units for the generated file. Can be millimeters or inches.

Precision: Choose the number of digits after the decimal point for numbers in the generated file.

Compression format: Choose the type of compression for the generated output. Can be ZI P,
TGZ, or none. If none, the output will be afolder.

7.5. Component placement files

Component placement files are text files that list each component (footprint) on the board aong
with its center position and orientation. These files are usually used for programming pick-and-place
machines, and may be required by your manufacturer if you are ordering fully-assembled PCBs. To
create placement files, select Component Placement (.pos, .gbr)... from the Fabrication Outputs
section of the File menu.

Uwaga

A footprint will not appear in generated placement filesif the "Exclude from position files®
option is enabled for that footprint. This may be used for excluding certain footprints that do
not represent physical components to be assembled. Y ou can also optionally exclude DNP
components, depending on your manufacturer’ s requirements.

153



Generating outputs

' 2 Generate Placement Files woosK
Output directory: [ ]
Format: ASCII -

Hiits: Millimeters b

Include only SMD footprints
Exclude all footprints with through hole pads

Exclude all footprints with the Do Mot Populate flag set

| Use drill/place file origin
Use negative X coordinates for footprints on bottom layer

Generate single file with both front and back positions

Output Messages

Show: All ¥ Errors o ~| Warnings o ¥ | Actions ¥ Infos Save...

Close Generate Position File

» Format: Choose between generating a plain text (ASCII), comma-separated text (CSV), or Gerber
X3 placement file format.

* Units: Choose the units for component locations in the placement file.

* Includeonly SMD footprints: When enabled, only footprints with the SMD fabrication attribute
will beincluded. Check with your manufacturer to determine if non-SMD footprints should be
included or excluded from the position file.

» Excludeall footprintswith through hole pads: When enabled, footprints will be excluded from
the placement file if they contain any through-hole pads, even if their fabrication typeis set to
SMD.

» Excludeall footprintswith the Do Not Populate flag set: When enabled, footprints will be
excluded from the placement file if they have the Do Not Populate attribute set. Check with your
manufacturer to determine if DNP components should be included or excluded from the position
file.

* Include board edge layer: For Gerber placement files, controls whether or not the board outlineis
included with the footprint placement data.
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» Usedrill/placefile origin: When enabled, component positions will be relative to the drill/place
file origin set in the board design. When disabled, the positions will be relative to the page origin
(upper |€eft corner).

» Usenegative X coordinatesfor footprintson bottom layer: When enabled, the X coordinates
will be flipped (negated) for footprints on the bottom layer.

» Generatesinglefilewith both front and back positions. When enabled, positions for front and
back footprints will be saved in asingle file. When disabled, separate files will be generated for
front and back footprints.

7.6. Additional fabrication outputs

KiCad can aso generate footprint report files, IPC-D-356 netlist files, and a bill of materials (BOM)
from the board design. These output formats have no configurable options.

To generate an output in one of these formats, select the appropriate format in the File _ Fabrication
Outputs menu.

Uwaga
The PCB BOM export tool isincluded for legacy reasons and may be removed in afuture

version of KiCad. It is recommended to use the Schematic Editor BOM tool to generate a
BOM instead.

7.7. Printing

KiCad can print the board view to a standard printer using the Print action in the File menu.
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I g Print v oA X
Include Layers Options
¥ F.Cu Output mode: | Black and white V
| B.Cu
) Print drawing sheet
| F.Adhesive
¥ B.Adhesive Print according to objects tab of appearance manager
+| F.Paste
| B.Paste
| F.Silkscreen
| B.5ilkscreen
¥ F.Mask . _
Drill marks: Real drill N
| B.Mask
| User.Drawings Print mirrored
¥ UserComments Print one page per layer
v UserEcol
| UserEco2
»'| Edge.Cuts pale
_ ®1:1
| Margin
| F.Courtyard Fit to page
+| B.Courtyard Custom:

Right-click for layer selection commuonds.

Page Setup... Close Print

* Includelayers: Select the layersto include in the printout. Unselected layers will beinvisible.
Right-click thelist for layer selection commands.

* Output mode: Choose whether to print in black and white or full color.
* Print drawing sheet: When enabled, the page border and title block will be printed.

» Print according to objectstab of appearance manager: When enabled, any objects that have
been hidden in the Objects tab of the Appearance panel will be hidden in the printout. When
disabled, these objects will be printed if the layer they appear on is selected in the Included Layers
area.

* Print background color: When printing in full color, this option controls whether or not the view
background color will be printed.

* Useadifferent color themefor printing: When printing in full color, this option allows a
different color theme to be used for printing. When disabled, the color theme used by the board
editor will be used for printing.
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* Drill marks: Controls whether to show drilled holes at their actual size, at asmall size, or hide
them from the printout.

* Print mirrored: When enabled, the printout will be mirrored horizontally.

* Print one page per layer: When enabled, each layer selected in the Included Layers areawill be
printed to an individual page. If this option is enabled, the Print board edges on all pages option
controls whether to add the Edge.Cuts layer to each printed page.

» Scale: controlsthe scale of the printout relative to the page size configured in Page Setup.

7.8. Exporting files

KiCad can export a board design to various third-party formats for use with external software. These
functions are found in the Export section of the File menu.

7.8.1. Specctra DSN exporter

The SpecctraDSN exporter creates afile suitable for importing into certain third-party autorouter
software. This exporter has no configurable options.

7.8.2. GenCAD exporter

The GenCAD exporter creates a GenCAD file for fabrication, testing, or importing into other
software.

I b 4 Export to GenCAD settings W K

JIStickHub.cad Browse

Flip bottom footprint padstacks

Generate unique pin names

Generate a new shape for each footprint instance (do not reuse shapes)
Use drill/place file origin as origin

Save the origin coordinates in the file

& Cancel v OK

The GenCAD exporter has several options.

* Flip bottom footprint padstacks: If enabled, separate flipped padstack definitions will be added
for bottom-side footprints. This may be necessary for importing into some third-party software.

* Generate unique pin names: If enabled, a suffix will be added to each pin name so that no
footprint in the generated file will have two pins with the same name.

» Generate anew shapefor each footprint instance: If enabled, a unique footprint will be output
for every footprint instance, even if two footprints are identical.
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» Usedrill/placefileorigin asorigin: If enabled, coordinates in the generated file will be relative to
the drill/place file origin.

» Savetheorigin coordinatesin thefile: If enabled, the selected origin coordinates will be included
in the generated file. If not enabled, the origin in the generated file will be set to (0,0).

7.8.3. VRML exporter

The VRML exporter createsa VRML (. w1 ) 3D model file containing the PCB and any VRML files
specified in footprints. VRML models are suitable for use in applications where visual appearanceis
important and dimensional accuracy is not critical.

I F 4 WRML Export Options oo X
File name:
StickHubowerl Browse

Footprint 3D model path:

shapes3D
Coordinate Origin Options  User defined origin: Units
* User defined origin mm
. Units: | mm ~
Board center origin *) meter
" 0 0.1 Inch
Inch
Y 0
lgnore 'Do not populate' components
Ignore 'Unspecified' components
Copy 3D model files to 3D model path
® Cancel v 0K

The VRML exporter has several options.

» Coordinate origin options. Selectsthe origin for the generated model. If user defined origin is
selected, you can manually specify the origin point.

» Units: Selects the unit system for the generated model. Dimensions in the generated model will be
scaled appropriately.

* |gnore Do not populate components: If enabled, VRML filesfor footprints with the Do not
popul ate attribute set will not be included.

* Ignore Unspecified components: If enabled, VRML files for footprints with the Unspecified
footprint type will not be included.
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» Copy 3D modd filesto 3D model path: If enabled, VRML files referenced in footprints will
be copied into a subdirectory of the directory containing the generated board VRML model, and
the generated model will reference the copied files. The subdirectory name is set by the footprint
3D model path field. If disabled, VRML files referenced in footprints will be embedded in the
generated VRML files.

» Userelative pathsto model filesin board VRML file: If enabled, references to external models
will use paths relative to the generated board VRML file. If disabled, the references will use
absolute paths. This option is only available when the copy 3D model filesto 3D model path
option is enabled.

7.8.4. IDF exporter

The IDF exporter exports an | DFv3 [http://www.simplifiedsol utionsinc.com/images/
idf_v30_spec.pdf] compliant board (. erm) and library (. enp) file for communicating mechanical
dimensions to a mechanical CAD package. The exporter exports the board outline and cutouts, all pad
and mounting through holes including slotted holes, and component outlines; this is the most basic set
of mechanical data required for interaction with mechanical designers. All other entities described in
the IDFv3 specification are currently not exported.

Uwaga

Y ou must attach IDF component models to your design’ s footprints before they will be
included in the exported model. For more information on attaching models to footprints, see
the footprint documentation. Some | DF-specific guidance isincluded in the Advanced Topics
documentation.

Uwaga

For more information on creating | DF component models, including descriptions of the IDF
utility tools included with KiCad, see the Advanced Topics documentation.

Once models have been specified for all desired components, the model of the board can be exported.
In the PCB Editor, select File | Export _ IDFV3....

‘ F 4 Export IDFv3 oo X
File name:
JStickHub.emn EBrowse
Grid reference point: Output Units Other Options
* ) Millimeters Ignore 'Do not populate' components

Adjust automatically
Mils . .
Ignore 'Unspecified' components
Units: | mm

X position: | 0
¥ position: | 0

& Cancel « 0K
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Grid reference point: Choose where the exported model’ s reference point should be. If the Adjust
automatically option is selected, KiCad will set the reference point to the centroid of the PCB.
Otherwise, the reference point is set relative to the display origin.

Output units: Choose whether the exported model’ s units are millimeters or mils.

I gnor e Do not populate components: If enabled, IDF files for footprints with the Do not popul ate
attribute set will not be included.

I gnor e Unspecified components: If enabled, IDF files for footprints with the Unspecified footprint
type will not be included.

The outputs can be viewed directly in amechanical CAD application or converted to VRML using the
i df 2vrm tool.

7.8.5. 3D model exporter (STEP /GLB / BREP /
XAO /PLY /STL)

The 3D model exporter creates a 3D model file from the PCB and any STEP files specified in
footprints. A number of formats are supported:

STEP

GLB (binary gITF)

BREP (OCCT-native boundary representation)
XAO (SALOME/Gmsh)

PLY

STL

Different formats may be appropriate for different usecases. For example, STEP models are suitable
for use in mechanical CAD applications, while XAO models are useful for physical simulations.

Uwaga

KiCad' s footprint library includes both STEP and VRML (. wr | ) versions of each model.
However, footprints in KiCad' s library only reference the VRML versions of the models.
VRML models are not included in STEP exports, but the STEP exporter will instead include
the corresponding STEP version of the model if the subsitute similarly named models option
is enabled.

Uwaga

KiCad can aso export 3D modelsin VRML and IDF formats, but these formats use separate
exporters.

To use the 3D model exporter, click File _ Export | STEP/GLB/BREP/XAO/PLY /STL....
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R

Format: | STEP h

File:

Board Options
v Export board body

Cut vias in board body

Export silkscreen
Export solder mask
(v Export components
' All components
Only selected

Components matching filter:

Conductor Options
Export tracks and vias
Export pads
Export zones
Export inner conductor layers
Fuse shapes (time consuming)

Fill all vias

Met filter (supports wildcards):

» Format: Selects the output format.

Board options

Export 3D Model v X

/home/graham/kicad/src/kicad/demos/stickhub/StickHub.step | I

Coordinates
(o Drill/place file origin
Grid origin
User defined origin

Board center origin

User Defined Origin

Units:
X position:
¥ position:

Other Options
Ignore 'Do not populate' components
Ignore 'Unspecified' components
(| Substitute similarly named models
(¥] Overwrite old file
IE'I Don't write P-curves to STEP file

Board outline chaining tolerance:

Tight (0.007 mm) £

Close Export

» Export board body: If enabled, the board body (non-copper) will be modeled in the exported

model.

» Cut viasin board body: If enabled, viaholeswill be cut in the board body even if conductor

layers are not model ed.

» Export silkscreen: If enabled, silkscreen will be modeled in the exported model. Silkscreenis
modeled as a set of flat faces; it is not three-dimensional.

» Export solder mask: If enabled, solder mask will be modeled in the exported model. Solder mask
ismodeled as a set of flat faces; it is not three-dimensional.
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Export components: If enabled, 3D models for components will be included in the exported model
(but see Substitute similarly named models, below). If All componentsis selected, models for all
components in the PCB will be included. If Only selected is chosen, only models for the footprints
currently selected in the board will be included. If Components matching filter is selected, only
models for footprints with references matching the filter will be included. The filter supports
wildcards and commas, so C1, R* will include C1 and al resistors.

Conductor options

Export tracks and vias: If enabled, tracks and vias on outer layers will be modeled in the exported
model.

Export pads: If enabled, pads will be modeled in the exported model.
Export zones: If enabled, zones on outer layers will be modeled in the exported model.

Export inner conductor layers: If enabled, inner conductor layers will be modeled in the exported
model.

Fuse shapes (time consuming): If enabled, intersecting geometry will be fused into asingle
shape. This may make the exported file easier to work with in sometools, but it also significantly
increases the export time.

Fill all vias: If enabled, via holeswill not be cut in conductor layers.

Net filter (supportswildcards): If filled, only conductors corresponding to nets that match
the filter will be modeled. The filter supports wildcards, so/t x_* will model /t x_p and/tx_n
conductors.

Coordinates

Coordinates. Selectsthe origin for the generated model. If user defined origin is selected, you can
manually specify the origin point.

Other options

I gnor e Do not populate components: If enabled, components with the DNP attribute set will not
be included in the exported model.

I gnor e Unspecified components: If enabled, components with the Unspecified footprint type will
not be included in the exported model.

Substitute similarly named models. VRML models cannot be used in STEP, BREP, or XAO
exports, but if this option is enabled the exporter will look for an identically named STEP model
to include in the export instead of afootprint’s specified VRML model. Note that footprints

in KiCad' s footprint library specify VRML models, but suitably named STEP models are also
included for each VRML model. Therefore this option must be enabled in order to export 3D
models for footprints from KiCad' s library using this dialog.

Overwriteold file: If enabled, the exported model will overwrite an existing file with the same
name.
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» Don’'t write P-curvesto STEP file If enabled, parametric curves will be disabled in the exported
STEP model. This reduces the file size, but may reduce compatibility with some software.

» Board outline chaining tolerance: Controls the minimum distance between two points for the
points to be considered coincident. If the board outline in the exported model is not contiguous, try
increasing this tolerance.

7.8.6. Footprint association (CMP) exporter

CMPfiles are used to sync footprint assignments and some other footprint fields between the PCB
and the schematic. Y ou can import CMP filesinto the schematic using the schematic editor'sFile _
Import _ Footprint Assignments menu item. This provides avery limited form of back annotation.
It is recommended to use the Update Schematic from PCB tool instead.

This exporter has no configurable options.

7.8.7. Hyperlynx exporter

The Hyperlynx exporter creates afile suitable for importing into Mentor Graphics (Siemens)
HyperLynx simulation and analysis software. This exporter has no configurable options.
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libraries

KiCad organizes footprints into footprint libraries, which hold collections of footprints. Each
footprint in aboard is uniquely identified by afull name that is composed of alibrary nickname and
afootprint name. For example, the identifier Capaci t or _SMD: C_0603_1608Met ri ¢ refersto the
C_0603_1608Met ri ¢ footprint in the Capaci t or _SMD library.

8.1. Managing footprint libraries

KiCad uses atable of footprint libraries to map footprint libraries of any supported library typeto a
library nickname. KiCad uses a global footprint library table as well as atable specific to each project.
To edit either footprint library table, use Preferences | Manage Footprint Libraries....

m £ Footprint Libraries v oA X

Global Libraries | Project Specific Libraries

Active Nickname Library Path Library Format  Options

v

hd Battery ${KICAD7_FOOTPRINT_DIR}/Battery.pretty KiCad Battery
v Button_Switch_Keyboard ${KICAD7_FOOTPRINT_DIR}/Button_Switch_Keyboard.pretty KiCad Buttons
| Button_Switch_SMD ${KICAD7_FOOTPRINT_DIR}Button_Switch_SMD.pretty KiCad Buttons
| Button_Switch_THT ${KICAD7_FOOTPRINT_DIR}Button_Switch_THT.pretty KiCad Buttons
| Buzzer_Beeper ${KICAD7_FOOTPRINT_DIR}Buzzer_Beeper.pretty KiCad Audio sit
| Calibration_Scale ${KICAD7_FOOTPRINT_DIR}/Calibration_Scale.pretty KiCad Scales ar
| Capacitor_SMD ${KICAD7_FOOTPRINT_DIR}/Capacitor_SMD.pretty KiCad Capacito
| Capacitor_THT ${KICAD7_FOOTPRINT_DIR} Capacitor_THT.pretty KiCad Capacito

[ T SFSFTAE AR Sie ST IR ST BT W TTHRTROT THTEWT anacrnr anraimnin SN nrathe Kirrad Tantalin

+ w1t W

Reset Libraries | | Migrate Libraries

Available path substitutions:

${KICAD7_FOOTPRINT_DIR}

The global footprint library table contains the list of libraries that are always available regardless of
the currently loaded project. The tableis saved in thefilef p- 1 i b-t abl e in the KiCad configuration
folder. The location of this folder depends on the operating system being used.

The project specific footprint library table contains the list of libraries that are available specifically
for the currently loaded project. If there are any project-specific footprint libraries, the table is saved
inthefilefp-1ib-tabl e inthe project folder.

KiCad' s footprint library management system allows directly using many types of footprint libraries,
including formats that are native to other non-KiCad EDA tools:

KiCad . pretty footprint libraries (folderswith . pret t y extension, containing . ki cad_nod files)

KiCad Legacy footprint libraries (. mod files)

Altium Designer (. PcbLi b or . I nt Li b files)

CADSTAR PCB Archive (. cpa files)
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Eagle footprint libraries (. | br files)

EasyEDA / JLCEDA Standard Edition (. j son or . zi p files)

EasyEDA / JLCEDA Professional Edition (. el i bz, . epro, or . zi p files)

GEDA libraries (folders containing . f p files)

Non-KiCad footprint libraries, including KiCad Legacy footprint libraries, can be migrated to KiCad
. pretty format using the Migrate Libraries button (see the migrating libraries section).

Uwaga

KiCad only supportswriting to KiCad's native . pr et t y format footprint libraries (and the
. ki cad_nod footprint files within them). All other footprint library formats are read-only. To
modify a non-KiCad format footprint library, you must first convert it to KiCad format.

8.1.1. Initial Configuration

The first time the PCB Editor (or any other KiCad tool that uses footprints) runs and the global
footprint tablefilef p-1i b-t abl e isnot found, KiCad will guide the user through setting up a new
footprint library table. This processis described above. Y ou can re-run this process at any time by
clicking the Reset Libraries.

Ostr zettenie

Resetting your footprint library table will permanently change your footprint library table on
disk.

8.1.2. Managing Table Entries

Footprint libraries can only be used if they have been added to either the global or project-specific
footprint library table.

Add alibrary either by clicking the
button and selecting alibrary or clicking the

button and typing the path to alibrary file. The selected library will be added to the currently opened
library table (Global or Project Specific). Libraries can be removed by selecting desired library entries
and clicking the

button.
The
and

buttons move the selected library up and down in the library table. This does not affect the display
order of librariesin the Footprint Library Browser, Footprint Editor, or Add Footprint tool.

Libraries can be made inactive by unchecking the Active checkbox in the first column. Inactive
libraries are till in the library table but do not appear in any library browsers and are not loaded from
disk, which can reduce loading times.
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A range of libraries can be selected by clicking the first library in the range and then kbd:[ Shift]-
clicking the last library in the range.

Each library must have a unique nickname: duplicate library nicknames are not allowed in the same
table. However, nicknames can be duplicated between the global and project library tables. Libraries
in the project table take precedence over libraries with the same namein the global table.

Library nicknames do not have to be related to the library filename or path. The colon character (:)
cannot be used in library nicknames or footprint names because it is used as a separator between
nicknames and footprints.

Each library entry must have avalid path. Paths can be defined as absolute, relative, or by path
variable substitution.

The appropriate library format must be selected in order for the library to be properly read. The
supported formats are listed above. Only KiCad format libraries (. pr et t y folders containing

. ki cad_nod files) can be saved. Other footprint library formats are read-only and must be converted
to KiCad format before you can modify them.

Thereisan optional description field to add a description of the library entry. The option field is not
used at this time so adding options will have no effect when loading libraries.

8.1.3. Path Variable Substitution

The footprint library tables support path variable substitution, which allows you to define path
variables containing custom paths to where your libraries are stored. PATH variable substitution is
supported by using the syntax ${ PATH_VAR_NAME} in the footprint library path.

By default, KiCad defines several path variables which are described in the project manager
documentation. Path variables can be configured in the Preferences _ Configure Paths... dialog.

Using path variables in the footprint library tables allows libraries to be relocated without breaking the
footprint library tables, so long as the path variables are updated when the library location changes.

Uwaga

KiCad will automatically resolve versioned path variables from older versions of KiCad to the
value of the corresponding variable from the current KiCad version, aslong asthe old variable
isnot explicitly defined itself. For example, ${ KI CAD8_FOOTPRI NT_DI R\ } will automatically
resolve to the value of ${ KI CAD9_FOOTPRI NT_DI R\ } if thereisno KI CAD8_FOOTPRI NT_DI R
variable defined.

${ KI PRIMOD} isaspecial path variable that aways expands to the absolute path of the current project
directory. ${ Kl PRIMOD} alows libraries to be stored in the project folder without having to use an
absolute path in the project library table. This makes it possible to relocate projects without breaking
their project library tables.

8.1.4. Using the GitHub Plugin

Uwaga

KiCad removed support for the GitHub library pluginin version 6.0.
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8.1.5. Migrating footprint libraries to KiCad format

Non-KiCad format libraries, including legacy libraries (. nod files), are read-only. They need to be
converted to KiCad format (. ki cad_nwod filesina. pret ty folder) before you can save changes to
them.

Uwaga

Aswith most KiCad files, newer versions of KiCad can open older-format library files, but
older versions of KiCad cannot read files once they have been saved by a newer version of
KiCad.

Librariesin other formats can be converted to KiCad libraries by selecting them in the footprint
library table and clicking the Migrate Libraries button. Multiple libraries can be selected and
migrated at once by kbd:[Ctrl]-clicking or kbd:[shift]-clicking.

Libraries can aso be converted one at atime by opening them in the Footprint Editor and saving them
asanew library.

8.2. Creating and editing footprints

A footprint isthe physical interface between a component package and a circuit board. Footprints can
contain:

 Pads, which define how the component will be physically assembled onto the footprint. When a
footprint is added to a board, tracks are routed to pads, and pads provide a magnetic snapping point
for the router to connect the pad to atrack. Pad shapes and layers are fully customizable, and pads
can have plated holes, unplated holes, or no hole.

» Graphic shapes and text for technical or aesthetic purposes. Graphics can be placed on physical
layers (e.g. silkscreen or soldermask) or nonphysical layers. Graphic shapes can aso be placed on
copper layers, in which case they can make electrical connections.

» 3D models for mechanical CAD and visualization. 3D models are normally external files that
footprints can link to, but they can optionally be embedded in footprints.

» Metadata associated with the footprint.

Footprints in KiCad are organized into footprint libraries, which contain zero or more footprints.
Generally footprints are logically grouped by footprint category, function, and/or manufacturer. Each
library isafolder (usually ending in . pretty) containing a. ki cad_nod file for each footprint in the
library.

8.2.1. Footprint editor overview

KiCad provides a footprint editing tool that allows you to create footprint libraries; add, edit, delete,
or transfer footprints between libraries; export footprints to files; and import footprints from files. The
Footprint Editor can be launched from the KiCad Project Manager or from the Board Editor (Tools _,
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Footprint Editor). Y ou can also open the Footprint Editor from the afootprint in the board; in this
way you can edit either the library copy or the board copy of that footprint in the editor.

Uwaga

Editing the library version of afootprint will not affect any copies of that footprint that have
been added to a board until the board copy is updated from the library. Conversely, editing the
board version of afootprint will not affect the library version of afootprint or any other copies
of that footprint in a board.

The Footprint Editor main window is shown below. It has three toolbars for quick access to common
features and a footprint viewing/editing canvas. Not al commands are available on the toolbars, but
all commands are available in the menus.

In addition to the toolbars, there are collapsible panels for the footprint tree and Properties Manager
(not shown) on the left, and the appearance panel and selection filter on the right. The bottom of the
window contains a message panel that shows details about the selected object.

::] * Package_S0:50-8_3.9x4.9mm_P1.27mm — Footprint Editor v oA X

File Edit View Place Inspect Tools Preferences Help

il o i) CRQe® | s XA oG e BB GSIK_fab: 7.9000 mm x 13.0000 mm (311,02 milsx 511,81 mils) v | || Zoom .. v
Libraries B Appearance
Q. Fil = é Layers = Objects
Item Descr WQrcu
o S =23
50-4_4.4x3.9mm_P2.54mm 50,4 [ JokXa
in
50-4_4.4x4.3mm_P2.54mm 4-Leac / W & Fadhesive
mil M © BAdhesive
50-4_7.6x3.6mm_P2.54mm 4-leac " ;- © FPaste
. mm M © B.Paste
S0-5_4.4x3.6mm_P1.27mm 5-Leac I:I » e Teieeen
50-6L_10x3.84mm_P1.27mm 6-ping 'k @ Bsilkscreen
S0-6_4.4x3.6 2 6 @) W © FMask
-6_4.4x3.6mm_P1.27mm -Leac IZL S:" ™ e B.Mask
50-8_3.9x4.9mm _P1.27mm )so, 8k -~ -
E w Layer Display Options
50-8_5.3x6.2mm_P1.27mm SO, 8| U Inactive layers (H):
50-14_3.9x8.65mm_P1.27mm 50,14 E@j T o vomal Dim Hide
50-14_5.3%10.2mm_P1.27mm 50, 14 7 B Flip board view
- N e
S50-16_3.9x9.9mm_P1.27mm SO, 16 N S O 8 3 9 L} 9 P 1 27 % 4 Presets(Ctrl+Tab):
$0-16.5.3x10.2mm_P1.27mm 50,16 m —=2.IXF.gmm_ . mm Ko | AllLayers v
50-20-1EP_7.52x12.825mm_P1.27mm_ SO, 20 ‘ o Presets (Ctrl+Tab):
S0-20-1EP_7.52x12.825mm_P1.27mm_ SO, 20 X e W
50-20_5.3x12.6mm_P1.27mm 50, 20 # e Pl
50-20_12.8x7.5mm_P1.27mm 50-20, & + All items Locked items
50-24_5.3x15mm_P1.27mm 50,24 edlFootrint SR Fex
~ Tracks + Vias
SOIC-4_4.55x2.6mm_P1.27mm SOIC, «  Pads + Graphics
SOIC-4_4.55x3.7mm_P2.54mm SOIC, + Zones ~ Rule Areas
e 4 A et e s e A Ern e ] + Dimensions  + Other items
REF*+ Library Footprint Name Pads Doc: SO, 8 Pin (https:/fwww.nxp.com/docs/en/data-sheet/PCF8523.pdf), generated with kicad-footprint-generator i
S0-8_3.9x4.9mm_P1.27mm Package_SO S0-8_3.9x4.9mm_P1.27mm 8 Keywords: SO SO
726.36 X15.8000 Y 0.0000 dx 15.8000 dy 0.0000 dist 15.8000 grid 7.9000 x 13.0000 mm

Top toolbar

The main toolbar is at the top of the main window. It has buttons for the undo/redo commands, zoom
commands, footprint/pad properties dialogs, and layer/grid management controls.

Create anew footprint in the selected library.

Create a new footprint in the selected library using afootprint wizard.

Save the currently selected footprint.

Print the currently selected footprint.
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D Undo last edit.

C Redo last undo.

; Refresh display.

'{!‘{ Zoomiin.

i‘l Zoom out.

il Zoom to fit footprint in display.
il Zoom to fit selection.

Rotate selected item(s) counter-clockwise.

Rotate selected item(s) clockwise.

Mirror selected item(s) horizontally.

Mirror selected item(s) verticaly.

Add the selected item(s) to agroup.

Remove the selected item(s) from a group.

Edit the current footprint’ s properties.

Edit the selected pad’ s properties.

Open the current footprint’ s datasheet.

Run the footprint checker to test the current footprint for design errors.

Edit afootprint in the current board in the footprint editor.

PR ER VL

Insert current footprint into the board.

Left toolbar display controls

The left toolbar provides options to change the display of itemsin the Footprint Editor.

<:+|Turn grid display on/off.

Note: by default, hiding the grid does not disable grid snapping. This behavior can be changed
in the Display Options section of Preferences.

Turn item-specific grid overrides on/off.

Switch between polar and Cartesian coordinate display in the status bar.

|

mnrt

Display/entry of coordinates and dimensions in inches, mils, or millimeters.

Switch between full-screen and small editing cursor (crosshairs).

ot

Switch between free angle and 45 degree mode for placement of new tracks, zones, graphical
shapes, dimensions, and other objects. Y ou can also toggle between free angle and 45 degree
mode using kbd:[ Shift+Space].
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Switch display of pads between filled and outline mode.

Switch display of graphic items between filled and outline mode.

Switch display of text between filled and outline mode.

Switch the non-active layer display mode between Normal and Dim.

Note: this button will be highlighted when the non-active layer display mode is either Dim or
Hide. In both cases, pressing the button will change the layer display mode to Normal. The Hide
mode can only be accessed via the controlsin the Appearance Panel or viathe hotkey kbd:[ Ctrl
+H].

Toggle display of library and footprint tree.

.

Show or hide the Appearance and Selection Filter panels on the right side of the editor.

X

Show or hide the Properties Manager panel on the left side of the editor.

Right toolbar tools

Placement and drawing tools are located in the right toolbar.

Selection tool (the default tool).

Add pad: click on the board to place a pad.

Add rule area: Rule areas, formerly known as keepouts, can restrict the placement of items and
thefilling of zones and can also define named areas to apply specific custom design rulesto.

Draw lines.

Note: Lines are graphical objects and are not the same as tracks placed with the Route Tracks
tool. Graphical objects cannot be assigned to a net.

Draw arcs:. pick the center point of the arc, then the start and end points. By right clicking this
button, you can change the arc editing mode between a mode that maintains the existing arc
center and a mode that maintains the arc radius.

Draw rectangles. Rectangles can be filled or outlines.

Draw circles. Circles can befilled or outlines.

Draw graphical polygons. Polygons can be filled or outlined.

Note: Filled graphical polygons are not the same asfilled zones: graphical polygons cannot be
assigned to anet and will not keep clearance from other items.

Draw bezier curves: draw abezier curve. Each curveis defined by its start and end points and
two control points. Subsequent curves start as tangent to the previous one. Use Backspace to
cancel the previous point.

Add bitmap image for reference. Reference images are not included in fabrication outputs.

Add text.

Add atextbox.

Add atable.

Add dimensions. Dimension types are described in more detail below.
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Deletion tool: click objects to delete them.
241 Anchor tool. Left-click to set the anchor position (origin) of the footprint.

fdle ++7%

.| Set grid origin.

&
B

i

L

Interactively measure the distance between two points.

8.2.2. Browsing, modifying, and saving footprints

The

button displays or hides the list of available libraries, which allows you to select an active library.
When a new footprint is created, it will be placed in the active library.

Clicking on afootprint name opens that footprint in the editor, and hovering the cursor over the name
of afootprint displays a preview of the footprint.

After modification, afootprint can be saved in the current library or a different library. To save the
modified footprint in the current library, click the

button.

To save the footprint changes to a new footprint, click File _ Save As.... The footprint can be saved
in the current library or adifferent library, and a new name can be set for the footprint.

To create anew file containing only the current footprint, click File _, Export _ Footprint.... This
filewill be a standard footprint library which will contain only one footprint.

The editor can aso open footprints from the board. To edit a footprint from the board, right click a
footprint in the Board Editor and select Open in Footprint Editor (kbd:[Ctrl+E]). Alternatively, you
?open aboard footprint by pressing the

bu%n in the Footprint Editor top toolbar and selecting the desired footprint.

Editing and saving the board copy of afootprint will only update that footprint in the board; it will not
update other copies of that footprint in the board, and it will not change the original library copy of

the footprint. When you open the board copy of afootprint, the Footprint Editor displays an info bar
that warns you the library copy will not be modified. Y ou can click thelink in thisinfo bar to open the
library version of the footprint instead, or press kbd:[ Ctrl+Shift+E].

8.2.3. Creating a new footprint library

Y ou can create anew footprint library by clicking File _, New Library.... At this point you must
choose whether the new library should be added to the global footprint library table or the project
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footprint library table. Librariesin the global library table will be available to all projects, while
libraries in the project library table will only be available in the current project.

P Add To Library Table A ¢

Choose the Library Table to add the library to:

Project

& Cancel « DK

Following selection of the library table, you must choose a name and location for the new library. A
new, empty library will be created at the specified location.

8.2.4. Creating a new footprint
ﬁ;reate anew footprint in the current footprint library, click the
b

utton or click File _, New Footprint.... A new, untitled footprint will be created in the selected
library.

&ﬁ the name of the footprint, open its properties dialog (
bu

on or kbd:[E]). The name will set the name of the footprint, which is used when assigning a
footprint to a symbol, and is also used as the filename of the footprint file on disk.

The new footprint will be empty except for several default text items. The footprint contains

two default (mandatory) footprint fields, Ref er ence and Val ue. Ref er ence contains the text

REF{ ast eri sk} {ast eri sk}, which will be replaced with the reference designator of the footprint’s
corresponding symbol when the footprint is added to the board. Val ue isinitially setto Unti t 1 ed,
which can be changed, but thiswill also be updated with the contents of the corresponding symbol’s
val ue field when the footprint is added to the board. Finally, there is afootprint text item containing
the string ${ REFERENCE} , which is atext variable that will resolve to the value of the footprint’s

Ref er ence field once the footprint is on a board.

iz
Item Descr IZ
-8
~ Audio_Module Audio _
in
new_footprint ) H .
e new_footprint
Reverb BTDR-1H Digital $ R E FE EN C E
Reverb_BTDR-1V Digital - { }
> Battery Batter | %
» Button_Switch_Keyhoard Buttor | |,
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These items are centered on the footprint’s anchor (origin point), which isindicated with a magenta
cross symbol. The anchor can be repositioned (changing the (0, 0) point for the footprint) by
selecting the

button and clicking on the new desired anchor position.
Uwaga

Rather than manually creating a footprint, for some common footprints you can use afootprint
wizard to create a footprint based on a set of parameters.

8.2.5. Editing footprint properties

Footprints have a number of properties and metadata items that can be defined. These include text
fields, attributes that can be set or not (such as Do Not Populate), clearance and zone connection
settings, and 3D model paths. These areinitially defined in the library copy of the footprint, but they
can be modified on a per-instance basis once a footprint is added to a board. In other words, two
copies of the same footprint on a single board can their properties edited separately.

Some properties, namely text fields and attributes, will be automatically set for each footprint in a
board based on the fields and attributes in the footprint’ s corresponding schematic symbol. Fields and
attributes are synced from symbols to footprints when you perform the Update PCB From Schematic
action. They are also synced from footprints back to symbols when you perform the Update Schematic
From PCB action.
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Eﬂ * Footprint Properties WA M

General Clearance Overrides and Settings 3D Models

Fields
Name Value Show  Width Height Thickness Italic
e N N N S
Value SO-8_3.9x%4.9mm_P1.27mm EI 1 mm 1 mm 0.15mm
Footprint 1.27mm 1.27mm 0 mm
Datasheet 1.27mm 1.27mm 0 mm
Description 1.27mm 1.27mm 0 mm
+ |®

Footprint name: | 50-B_3.9x4.9mm_P1.27mm

Description: S0, 8 Pin (https:/fwwww.nxp.com/docs/en/data-sheet/PCFB523. pdf), generated with kicad-footprint-generator if
Keywords: SO SO
Private Layers Attributes

Component type: | SMD W

Mot in schematic

Exclude from position files

Exclude from bill of materials
Exempt from courtyard requirement

+ [ ] Do not populate

& Cancel v 0K

&ﬁit footprint properties, click the
button to show the Footprint Properties dialog. Y ou can also double click an empty spot in the editing
canvas.

Footprint name, description, and keywords

The footprint name, description, and keywords describe the footprint itself. Together they are intended
to describe the footprint and help you select an appropriate footprint for each component. They are
also used when searching for footprints in the Footprint Editor and the Add Footprint dialog.

The footprint name contains the name of the footprint. Thisis the same as the footprint’s filename
on disk, and isasoinitialy the same as the footprint’s val ue field. However, the val ue field can be
edited in the footprint editor, and when a footprint is added to a board, its Val ue field will be updated
with the value of the footprint’s corresponding symbol.

The description isadescription of the footprint. It should be human readable, but it is also used when
searching for afootprint.
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Uwaga

This description property is specifically a description of the footprint. Thisis not to be
confused with the Descri pt i on field, which will be set to the description of the footprint’s
corresponding symbol when the footprint is added to a board.

The keywor ds are space-separated words related to the footprint. They are used when searching for a
footprint.

Footprint fields

Footprints contain multiple fields, which are named values containing information related to the
footprint. Fields can be visible and shown on any board layer, or they can be hidden and only shown
in the footprint’ s properties. Some fields have special meaning to KiCad: Ref er ence and Foot pri nt
are both both used by KiCad to identify schematic symbols and PCB footprints, for example. Other
fields may contain information that isimportant for adesign but is not interpreted by KiCad, like
pricing or stock information for a part.

Any fields defined in alibrary footprint will be included in the footprint when it is added to a board.

Y ou can aso add new fields to footprints in the board. Whether they are in the library footprint or not,
these fields can then be edited on a per-footprint basis in the board. Symbol fields are also transferred
to the board and added as fields in the corresponding footprint.

Uwaga

Footprint fields are different than graphic text. Fields are named, i.e. they have both a name
(Ref er ence) and avalue (R101), whereas footprint text only has avalue. Fields can be
added to and deleted from footprints in a board in the Footprint Properties dialog, while text
items can only be added to afootprint in the footprint editor. Fields are also synced between
footprints and their corresponding symbols in the schematic. Before KiCad version 8.0,
footprints did not have named fields, only graphic text.

All library footprints are defined with four default fields which correspond to the default fields in
library symbols: Ref er ence, Val ue, Dat asheet , and Descr i pt i on. These default fields cannot be
deleted. The Ref er ence field initially has the value REF* *, while the val ue field isinitialy set to the
name of the footprint. In the board, the values of the four default fields will be set to the values of the
matching fields in the footprint’ s corresponding symbol.

Uwaga

TheDescri pti on footprint field is the description of the symbol, not the footprint, and will be
overwritten by the value of the corresponding symbol’ s description. Footprints have a separate
footprint description property (not afield), which is specifically intended for a description of
the footprint.

Fields each have an associated layer, which determines which board layer the field will be placed on.
Fields can also be visible or hidden.

To edit an existing footprint field, double-click the field, select it or hover and press kbd:[E], or right-
click on the field text and select Properties....

To add new fields, delete optional fields, or edit existing fields, use the
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icon on the main tool bar to open the Footprint Properties dialog. Fields can be arbitrarily named, but
names starting with ki _, e.g. ki _descri pti on, are reserved by KiCad and should not be used for user
fields.

Fields have a number of properties, each of which is shown as a column in the properties grid. Not all
columns are shown by default; columns can be shown or hidden by right clicking on the grid header
and selecting or deselecting columns from the menu.

Footprint attributes

Footprints have several attributes, which are properties of the footprint that affect how it is handled by
other parts of KiCad.

Every footprint has a component type: SMD, Through hole, or Unspecified. A footprint’s type
affects KiCad' s behavior in afew ways:

 Footprint type controls the default type of new pads added to the footprint. For through hole and
Unspecified footprints, new pads will be through hole by default, although they can be changed
after creation. For SM D footprints, new pads will be SMD by default.

 Footprint type can be used to filter footprints from component placement files as well as other
exports, such as STEP files. Additionally, the footprint type is included as metadata in |PC-2581
exports.

* Footprint 3D models can be shown and hidden in the 3D viewer based on their type. For example,
SMD models can be hidden while through hole models are still displayed.

 Footprints of different types are reported separately in the Board Statistics dialog.

» DRC will report footprints containing pads that do not match the parent footprint’ s type, for
example through hole pads in an SMD footprint.

If not in schematic is checked, KiCad will not expect the footprint to correspond to a symbol in
the schematic. When updating a PCB from the schematic, KiCad will ordinarily remove footprints
that don’t have corresponding symbols according to the delete footprints with no symbols setting.
However, such footprints will not be deleted when they have not in schematic set.

If exclude from POSfilesis checked, KiCad will not include the footprint in component placement
file exports.

If exclude from bill of materialsis checked, the component will not be included in bill of materials
exportsin either the schematic or PCB editors. This attribute is synced to and from the footprint’s
corresponding schematic symbol.

If exempt from courtyard requirement is checked, the footprint will not trigger aDRC violation
if it does not contain a courtyard. Without this attribute set, a footprint without graphics on the
F. Courtyard or B. Court yar d layer will cause a"Footprint has no courtyard defined" DRC violation.

The do not populate attribute is primarily a schematic symbol attribute, and is synced to and from

the footprint’ s corresponding schematic symbol. Footprints with this attribute set can optionally be
excluded from component placement file exports and some other types of outputs. These footprints
can also be hidden in the 3D viewer.
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Private footprint layers

Footprints can have private footprint layers, which are layers that can be viewed and edited in the
Footprint Editor but are not shown in the footprint when it is added to a board. Therefore any objects
that are on private layers will not be visible in the PCB Editor or included in PCB fabrication outputs.
This may be useful, for example, for notes or graphics that are of interest when drawing or editing a
footprint but not needed at the board level.

Any of the existing User . * layers (User . Dr awi ngs, User . Conmrent s, User . Ecol, User . 1, €tC.) can
optionally be a private layer. To make alayer private, add a private layer in the General tab of the
footprint properties dialog, then select the desired layer. Any objects on that layer will not be shown
on the board.

Clearance overrides and settings

The Clearance Overrides and Settings tab holds settings for footprint-specific overrides to board
clearance and mask/paste expansion, pad-to-zone connections, and net tie settings for allowing pads
within the footprint to short different nets.

i 4 Footprint Properties oA X

General Clearance Overrides and Settings | 3D Models

Clearances
Set values to 0 to use netclass values.

Pad clearance: 0 i

Solder mask expansion: 0 mm

Allow bridged solder mask apertures between pads

Solder paste absolute clearance: -0 mm

Solder paste relative clearance: | -0 %

Nate: solder mask and paste values are used only for pads on copper layers.
Note: solder poste clearances (obsolute ond relotive) are odded to determine the final clearance.

Connection to Copper Zones

Pad connection to zones: | Use zone setting

Net Ties
Pad groups allowed to short different nets:

 Cancel « 0K
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Pad clear ance controls the minimum clearance between the footprint’ s pads and any copper shape
(tracks, vias, pads, zones) on adifferent net. Thisvalue is normally empty, which will cause the
pad clearance to be inherited from the board’ s design rules and netclass rules. This value can be
overridden for individual pads by setting the pad’ s clearance to a nonblank value.

Uwaga

Prior to KiCad version 9, a pad clearance of 0 caused the pad clearance value to be inherited.
In KiCad 9 and later, a pad clearance of 0 sets the clearance to 0, while a blank pad clearance
causes the clearance to be inherited.

The aperture appearing on any technical layer will have the same shape and size as the pad shape

on the copper layer(s). In the PCB manufacturing process, the manufacturer will often change the
relative size of mask and paste apertures relative to the copper pad size, but since this size change

is specific to a manufacturing process, most manufacturers expect the design data to be provided

with the apertures set to the same size as the copper pads. For specific situations where you need to
oversize or undersize atechnical layer aperture in the design data, you can use the settings here. These
values can be overridden for individual pads by setting the pad’ s expansion or clearance to a nonzero
value.

Solder mask expansion controls the size difference between the pad shape and the aperture shape
on the F.Mask and B.Mask layers. A positive number means the solder mask aperture will be larger
than the copper shape. This number is an inflation applied to al directions. For example, a value of
0. 1nmhere will cause the solder mask aperture to be inflated by 0. 1nm meaning that there will be an
0. 1nmborder on all sides of the pad and the solder mask opening will be 0. 2mmwider than the pad
when measured along a given axis.

Solder paste absolute clear ance controls the size difference between the pad shape and the aperture
shape on the F.Paste and B.Paste layers. Its behavior is otherwise identical to the behavior of the
solder mask expansion setting.

Solder pasterelative clearance alows setting a solder paste clearance value as a percentage of the
pad size rather than an absolute distance value. If both relative and absol ute clearances are specified,
they are added together to determine the solder paste aperture size.

Pad connection to zones controls whether the footprint’s pads will have solid, thermal relief, or no
connection to zones. Like the other overrides, this one may be set for an individual pad or for an entire
footprint. The default setting for this control is From zone setting, which uses the connection mode
specified in the connection zones' properties. This setting can be overridden for individual pads by
setting the pad’ s connection mode to a value other than From parent footprint.

====== Creati ng net ties

Footprints can act as net ties, where two separate nets are electrically connected by copper.
Connecting nets together would normally causes a DRC error due to violating the clearance between
two nets, but a footprint can be configured to short nets without causing a DRC violation. This can
be used to connect multiple grounds at a specific location, to make kelvin sense connectionsto a
component, or for other applications.
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Met Ties
Pad groups allowed to short different nets:

Net ties connect two or more nets in one contiguous region of copper. Each net in anet tie must have
its own pad. Pads are not ordinarily allowed to short to other pads; to allow pads to be shorted in

net ties, the shorting pads must be added to anet tie group. To create a net tie group, add the pad
numbers of the shorting pads to the Net Tiestablein the Clearance Overrides and Settings tab of
the Footprint Properties dialog. For example, to allow pads 1 and 2 to short in afootprint, add alineto
the table with the contents 1, 2.

After creating a net tie group, the specified pads are allowed to be electrically shorted. Padsin net
tie groups can be connected either by directly overlapping the pads or by adding a copper shape that
overlaps both pads.

Footprints can contain multiple net tie groups. Each group can short two or more nets, but every group
must remain electrically separate from other groups.

3D models

The 3D Models tab allows you to attach external 3D model filesto afootprint and view the footprint
in three dimensions along with any attached models.
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m * Footprint Properties wom X

General Clearance Overrides and Settings 3D Models

3D Model(s) Show

${KICADB6_3DMODEL_DIR}/Package_S0.3dshapes/S0-8_3.9x4.9mm_P1.27mm.wrl

+ [} Configure Paths...
Scale Preview
X 1.0000 - + @
¥: | 1.0000 - + @
Z:  1.0000 - +
Rotation
©
X | 0.00° - +
¥: | 0.00° - + ¥
Z:  0.00° - + e
Offset :‘3
X: | 0.000000mMr | — + t
Y.  0.000000mr | — 4+ ‘2
Z: | 0.000000mr | — +
Opacity
100 ~
T
1] 100

& Cancel v 0K

The main part of the window isa 3D preview of the footprint and any attached models. The buttonsto
th right of the preview let you enable or disable an orthographic projection (

)..show or hide the PCB model (

) élign the view to one of the six face-aligned perspectives (

-

S

)f,_uand refresh the view (

5“._:If'he bottom button (

)Ets you set the thickness of the PCB in the preview.

Thetop of the dialog lets you attach external models. Each added model will be shown in the footprint
preview aswell asin the full PCB 3D view when the footprint is added to a board. Footprint models
can bein STEP, VRML, or IDF format. The models are specified as paths to the model files, which
can contain path variables such as ${ Kl PRIMOD} or ${ KI CAD9_3DMODEL_DI R} . Click the Configure
Paths button to configure path variables. If there is a problem loading a model file from the specified
path, an icon in the leftmost column will indicate an error.
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Uwaga

KiCad will automatically resolve versioned path variables from older versions of KiCad to the
value of the corresponding variable from the current KiCad version, aslong as the old variable
isnot explicitly defined itself. For example, ${ KI CAD8_FOOTPRI NT_DI R\ } will automatically
resolve to the value of ${ KI CAD9_FOOTPRI NT_DI R\ } if thereisno KI CAD8_FOOTPRI NT_DI R
variable defined.

Uwaga

Many footprintsin KiCad's standard library do not yet have model files created for them.
However, these footprints may contain a path to a 3D model that does not yet exist, in
anticipation of the 3D model being created in the future.

By default, models are added with their origin placed at the footprint’s origin, with no offset, scaling,
or rotation. Offset, scaling, and rotation can be applied to amodel using the controls to the left of the
preview canvas. The model’s opacity can be adjusted using the opacity dlider, and the model can be

completely hidden by deselecting the show checkbox in the rightmost column of the model table.

8.2.6. Embedding files in footprints

External files can be embedded within afootprint. Embedding afile stores a copy of thefileinside

the footprint. The footprint can then refer to the embedded copy of the file instead of the external file,
which makes the footprint more portable as it doesn’t rely on an external file, athough the footprint’s
filesizeisincreased as aresult. In footprints thisis especially useful for embedding 3D models. Files
embedded in afootprint are deduplicated when the footprint is added to a board: if afileis embedded
in afootprint, and multiple instances of that footprint are added to the board, only one copy of the
filewill be embedded, and all of the footprint instances will refer to the same embedded file. Files
embedded in afootprint cannot be referred to in the parent board. File embedding is explained in more
detail in the Board Setup documentation.
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:,': * Footprint Properties v X

General Clearance Overrides and Settings 3D Models Embedded Files

Filename Internal Reference

TDFN-8_1.5%x2mm_Fused-Lead_MO-252-W2015D.step kicad-embed://TDFN-8_1.5x2mm_Fu:

] [ ] Embed fonts Export...

Library link: footprints:TDFN-8_1.5x2mm_Fused-Lead_|EDEC_MO-252_W2015D & Cancel v OK
Uwaga

Y ou can add a 3D model to afootprint and embed it in one step. To do so, add a 3D model
in the 3D M odels, and enable the Embed File checkbox in the file browser while choosing
amodel. This embeds the file and automatically uses the embedded reference as the file path
instead of the path to the externa file.

8.2.7. Footprint pads
Pads are added to afootprint by clicking the

button in the right toolbar, then clicking again in the desired location in the canvas. The tool continues
adding new pads each time you click on the canvas until you cancel the tool (kbd:[Esc]).

New pads have their pad type set by the footprint’s type, though you can change the pad type later.
New padsin SMD footprints are SMD by default, while pads in Through Hole and Unspecified
footprints are through hole. Each new pad has its pad number incremented by 1 relative to the
previous pad number.
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Pad properties

Y ou can edit a pad after adding it by opening the pad’ s properties dialog (kbd:[E]). These properties
are also editable using the Properties Manager.

====== General tab

The General tab of the pad properties dialog shows the physical properties of the pad, including its
geometry, shape, and layer settings.

i o Pad Properties S 4
General Connections Clearance Overrides
Pad ype: — M Copper layers:
Pad number: | 2 F.Cu hd
Technical layers:
Position X: 1.5 mm Y:| 0 mm F.Adhesive
B.Adhesive
Pad shape: Rectangular hd v F.Paste
B.Paste
Pad size X: 2.2 Y: 1.6
acsize mm mm F.Silkscreen
Angle: 0 o B.Silkscreen
v F.Mask
Offset shape from hole B.Mask

User.Drawings
User.Ecol

Specify pad to die length UserEco2

Fabrication property:

None W

Footprint REF** (CP_Elec_3x5.3), front side, rotated 0 deg Preview pad in sketch mode @ Cancel v 0K

Pad type: this setting controls which features are enabled for the pad:

» SMD pads are electrically-connected and have no hole. In other words, they exist on asingle
copper layer.

» Through-hole pads are electrically-connected and have a plated hole. The hole exists on every
layer, and the copper pad exists on multiple layers (see Copper layer s setting below).

» Edge Connector padsare SMD pads that are allowed to overlap the board outline on the
Edge. Cut s layer.

* NPTH, Mechanical pads are non-plated through holes that do not have an electrical connection.

» SMD Aperture pads are pads that have no hole and no electrical connection. These can be used to
add specific designs to atechnical layer, for example a paste or solder mask aperture.

The Copper layer s setting controls which copper layers will have a shape associated with the pad.

183



Footprints and footprint libraries

For SMD pads, the options are F. Cu or B. Cu, controlling whether the pad sits on the front or the
back of the board relative to the footprint’s location. In other words, if apad is set to exist on B. Cu
in its properties, and the footprint is flipped to the back of the board, that pad will now exist on F. Cu,
because it also has been flipped.

For through-hole pads, it is possible to remove the pad shape from copper layers where the pad is not
electrically connected to other copper (tracks or filled zones). Setting the copper layersto connected
layer s only will remove the pad shape from any unconnected layers, and setting to F. cu, B. Cu, and
connected layer s will remove the pad shape from any internal unconnected layers. This can be useful
in dense board designs to increase the routable area on internal layers.

The Technical layer s checkboxes control which technical layers will have an aperture added with the
pad’ s shape. By default, pads have apertures on the paste and mask layers matching their copper layer.

Uwaga

It is not possible to define a different pad shape or size on different copper layers in the current
version of KiCad.

The Pad number controls what the pad will be electrically connected to in the board. A pad has the
same net connection as the pin with the same number in the corresponding schematic symbol.

Pad Position X and Y are the location of the center of the pad, relative to the footprint’s origin.

Pad shape controls the basic shape of the pad. This can be circular, oval, rectangular, trapezoidal,
rounded rectangle, chamfered rectangle, chamfered with other cornersrounded, custom
(circular base), or custom (rectangular base). Each pad shape has its own set of options; for
example, rounded rectangles have settings for pad size X and Y, angle, corner size, and cor ner
radius.

Uwaga

The size of apad can also be adjusted interactively in the canvas by dragging the editing
handles at the pad corners.

Through-hole and NPTH pads have a hole in addition to the pad itself. The hole shape can be
circular or oval, with corresponding size controls. By default the pad is centered on the hole, but the
pad can be offset relative to the hole if the offset shape from hole option is enabled (circular pads
cannot be offset from the hole).

Fabrication properties are primarily used as metadatain Gerber X2 fabrication output, where the
fabrication property isincluded as an aperture attribute for each pad. Some properties also affect
DRC. The following fabrication properties are available:

* BGA pad can only be applied to SMD pads, and only affects Gerber X2 output.

» Fiducial, local to footprint and fiducial, global to board only affect Gerber X2 output.

» Test point can only be applied to SMD or through hole pads, can only be applied to pads on outer
layers, and only affects Gerber X2 output.
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» Through hole pads with the heatsink pad property are allowed in SMD footprints (PTH pads
without this property cause a DRC violation when they are used in SMD footprints). It also affects
Gerber X2 output.

» Padswith the castellated pad property are allowed to intersect the board edge and still be routed (it
is otherwise a DRC error for a pad to intersect the board edge, which makes routing impossible). It
also affects Gerber X2 output.

» Through hole pads with the mechanical property can be used in SMD footprints without causing
aDRC violation. This can be used for mounting pads or other mechanical through hole padsin
surface mount footprints. Thisis similar to the heatsink pad property, but does not affect Gerber
X2 output.

» Noneisfor padsfor which none of the other fabrication properties apply. It has no effect.

Specify pad to die length: This setting allows alength to be associated with this pad that will be
added to the routed track length by the track length tuning tools and the Net Inspector. This can be
used to specify internal bondwire lengths for more accurate length matching, or in other situations
where the electrical length of anet islonger than the length of the routed tracks on the board.

====== Connections tab

The Connections tab contains settings for how pads connect to other objects, including settings for
teardrops, zone connections, and thermal reliefs.

i o Pad Properties v X

General Connections Clearance Overrides

Teardrops
Add teardrops on pad's track connections Maximum track width: = 90 — 4 | %l )
v Prefer zone connection

v Allow teardrops to span 2 track segments

Teardrop Shape

Best length (L): 50

===
e —————
Maximum length (L): | 1
w W
' ¢ Best width (W): 100

- Maximum width (W) | 2

L
Curved edges
Connection to Copper Zones Thermal Relief Overrides
Pad connection: | From parent footprint v Relief gap: 0
Zone knockout: | Pad shape v Spoke width: | 0
Spoke angle: | 90
Footprint REF** (CP_Elec_3x5.3), front side, rotated 0 deg Preview pad in sketch mode ® Cancel « 0K

The Teardrops section contains settings controlling teardrop connections between tracks and the pad,
if teardrops are used. Teardrop settings are explained in the teardrop documentation.
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Pad connection controls whether the pad will have a solid, thermal relief, or no connection to the
zone. Like the other overrides, this one may be set for an individual pad or for an entire footprint. The
default setting for this control is From parent footprint, and the default footprint setting is to use the
connection mode specified in the zone properties.

Zone knockout controls the behavior of the zone filler when the pad uses a custom shape rather than
one of the default shapes. This can be used to achieve different results when using thermal reliefs and
custom pad shapes.

Relief gap controls the length of the thermal spokes, or the gap between the pad’ s shape and the filled
copper area of the zone. This value is normally empty which will cause the relief gap to be inherited
from the connecting zone' s settings.

Spoke width controls the width of the spokes generated when the zone connection mode is Thermal
Relief. Thisvalueis normally empty which will cause the spoke width to be inherited from the
connecting zone' s settings.

Uwaga

Prior to KiCad version 9, arelief gap or spoke width of 0 caused that value to be inherited.
In KiCad 9 and later, arelief gap or spoke width of 0 sets that value to 0, while ablank value
causes the value to be inherited.

====== Clearance Overrides tab

The Clearance Overrides tab holds settings for pad-specific overrides to board clearance and mask/
paste expansion.

il o Pad Properties voA X

General Connections Clearance Overrides

Clearance Overrides
Set values to 0 to use parent footprint or netclass values.

Positive clearance means area bigger than the pad (usual for mask clearance).
Negative clearance means area smaller than the pad (usual for paste clearance).

Pad clearance: 0 mim
Solder mask expansion: 0 mm
Solder paste absolute clearance: | -0 mm
Solder paste relative clearance: | -0 %

Note: solder mask and paste values are used only for pads on copper layers.
Note: solder paste clearances (absolute and relative) are added to determine the final cdearance.

Footprint REF** (CP_Elec_3x5.3), front side, rotated 0 deg Preview pad in sketch mode ® Cancel v OK
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Pad clear ance controls the minimum clearance between the pad and any copper shape (tracks, vias,
pads, zones) on a different net. Thisvalue is normally empty which will cause the pad clearance to
be inherited from any clearance override set on the footprint, or the board’ s design rules and netclass
rulesif the footprint clearance is also empty.

Uwaga

Prior to KiCad version 9, a pad clearance of 0 caused the pad clearance value to be inherited.
In KiCad 9 and later, a pad clearance of 0 setsthe clearanceto 0, while ablank pad clearance
causes the clearance to be inherited.

The aperture appearing on any technical layer will have the same shape and size as the pad shape on
the copper layer(s). In the PCB manufacturing process, the manufacturer will often change the relative
size of mask and paste apertures relative to the copper pad size, but since this size change is specific to
amanufacturing process, most manufacturers expect the design data to be provided with the apertures
set to the same size as the copper pads. For specific situations where you need to oversize or undersize
atechnical layer aperture in the design data, you can use the settings here.

Solder mask expansion controls the size difference between the pad shape and the aperture shape
on the F.Mask and B.Mask layers. A positive number means the solder mask aperture will be larger
than the copper shape. This number is an inflation applied to al directions. For example, a value of
0. 1nmhere will cause the solder mask aperture to be inflated by 0. 1nm meaning that there will be an
0. 1nmborder on all sides of the pad and the solder mask opening will be 0. 2rmwider than the pad
when measured along a given axis.

Solder paste absolute clear ance controls the size difference between the pad shape and the aperture
shape on the F.Paste and B.Paste layers. Its behavior is otherwise identical to the behavior of the
solder mask expansion setting.

Solder pasterelative clearance allows setting a solder paste clearance value as a percentage of the
pad size rather than an absolute distance value. If both relative and absol ute clearances are specified,
they are added together to determine the solder paste aperture size.

Working with multiple pads

When you place a new pad, the new pad’ s properties are copied from the default pad properties.
Each time any pad is edited, the pad’' s updated properties are stored as the default pad properties, so
that new pads will match the properties of the most recently edited pad.

Y ou can directly edit the default pad properties by selecting Edit _ Default Pad Properties..., or
choose an existing pad to represent the default by right clicking the pad and choosing Copy Pad
Propertiesto Default. New pads will use that pad’ s properties as their defaults until a new default
is selected, either by editing another pad, editing the default pad properties, or manually copying a
different pad’ s properties to the default.

There are several ways to update existing pads with the properties of other pads. Y ou can apply

the default pad properties to an explicit selection of pads by selecting the desired target pads, right
clicking, and choosing Paste Default Pad Propertiesto Selected from the right click context menu.
Y ou can a'so update other pads with a selected pad’ s properties using Push Default Pad Properties
to Other Pads..., also in theright click context menu.
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b I Push Pad Properties T
Options
v Do not modify pads having a different shape
+~ Do not modify pads having different layers
v Do not modify pads having a different orientation

~ Do not modify pads having a different type

& Cancel Change Pads on Current Footprint

Thistool has several options to filter which pads are targeted.

If do not modify pads having a different shape is selected, only pads with the exact same shape
properties as the selected pad will be updated.

If do not modify pads having different layersis selected, only pads on the same layer(s) as the
selected pad will be updated.

If do not modify pads having a different orientation is selected, only pads with the same orientation
as the selected pad will be updated.

If do not modify pads pads having a different typeis selected, only pads with the same pad type as
the selected pad will be updated.

If no options are selected, all padsin the footprint will be updated.

Y ou can create an array of pads from a source pad by right clicking the source pad and selecting
Createfrom Selection _ Create Array... (kbd:[Ctrl+T]). The basic functionality of thistool is
described in the PCB Editor documentation. For pads, however, there are additional options for
controlling pad numbering.
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= Create Array X

Grid Array  Circular Array

MNumbering Direction
Horizontal, then vertical
(O vertical, then horizontal

Grid Array Size

Horizontal count: [

Vertical count: 5 [C] Reverse numbering on alternate rows/columns

Initial Pad Number

Items Spacing (O use first free number
Horizontal spacing:  2.54 mm From start value
_ _ Pad Mumbering Scheme
Vertical spacing: 2.54 mm Continuous (1, 2, 3..)
(O Coordinate (A1, A2, ...B1, ..)
Horizontal offset: 0 mmm Primary axis numbering:
Vertical offset: 0 Mmim Numerals (0,1,2....,9,10) -
Stagger Settings
Stagger: 1
Rows Pad numbering start: 1
(O Columns
Pad numbering increment: 1
Grid Position

(O source items remain in place

Centre on source items

Cancel OK

For grid arrays, you can select a numbering direction, either horizontal, then vertical or vertical,
then horizontal. If reverse numbering on alternate rows/columnsis selected, the direction of
increasing pad numbers will alternate from one row/column to the next.

Theinitial pad number in the array can either be the first unused pad number in the footprint (use fir st
free number) or the specified pad numbering start value. After the first number, the pad numbering
can either be continuous (1, 2, 3, ...) or coordinate based, in other words, dependent on both the

row and column (A1, A2, ..., B1, ...). In addition to theinitial pad number (pad numbering start),
you can specify a numbering step (pad numbering skip). For coordinate-based numbering, you can
configure separate starting numbers and steps for each axis. Y ou can select whether pad numbers

use decimal digits (0-9), hexadecimal digits (0-F), the full alphabet, or the al phabet excepting certain
ambiguous letters (1, O, S, Q, X, and Z).

Finally, you can quickly renumber existing pads using the Renumber Padstool (Edit _, Renumber
Pads...).
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E:] + Pad Enumeration Settings LTI

Pad names are restricted to 4 characters (including number).

Pad name prefix:

First pad number: | 1 X+
Mumbering step: 1 X+
® Cancel v 0K

Thetool has several options. Pads will be renumbered starting at the selected first pad number,
and each subsequent pad will have its number incremented by the numbering step. You can also
choose an optional pad name prefix which will be inserted before of the incrementing part of each
pad number.

Once you click OK, you will be prompted to click on a pad, which will be assigned a new pad number
based on the selected initial pad number and prefix. Y ou can keep clicking on pads to assign them the
next number in the sequence based on the selected numbering step. Double click on a pad to renumber
that pad and end the sequence, or press kbd:[Esc] to discard the changes.

Custom pad shapes

For some footprints, the built-in pad shapes (round, rectangular, etc.) may not be sufficient. In these
cases you can construct custom pads with arbitrary shapes using Pad Edit M ode. This mode lets you
combine a basic pad with graphic shapes to build a new pad out of the compound shape.

To build a custom pad, first add aregular pad using the pad tool (

button). This base pad will become the custom pad’ s anchor or snapping point, so be sure to place
the pad in the exact location where you want tracks to attach to the pad. The shape and size of the

pad do not matter, but the hole, if any, will remain in the final custom pad. In other words, a surface
mount base pad will result in a surface mount custom pad, and a through hole base pad will result in a
through hole custom pad. The custom pad’ s number will be inherited from the base pad.

Next, enter Pad Edit Mode by selecting the base pad, right-clicking, and selecting Edit Pad as
Graphic Shapes (kbd:[Ctrl+E]). Add graphic shapes as appropriate to create the desired pad shape.
Shapes touching the base pad will be unioned together with the base pad to create the final pad shape.

Y ou can exit Pad Edit Mode by right-clicking and selecting Finish Pad Edit, or pressing kbd:[ Ctrl+E]
again. When you exit pad edit mode, all shapes that touch the base pad will be combined with the pad.
For example, when editing a surface mount pad on F. Cu, any shapes that are on F. cu and touch the
base pad will become part of the custom pad. Any shapes that do not overlap the base pad, or that are
on adifferent layer, will remain separate. If the base pad is a through hole pad, overlapping shapes on
F. cu will be combined in the custom pad. Because through hole pads have the same pad shape on all
copper layers, this shape will become part of the custom pad on all copper layers, not just F. Cu. For
convenience, Pad Edit Mode dims the color of other pads and all shapes that are not contiguous with
the base pad so that you can see which shapes will be included in the custom pad and which will not.
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Custom pads can only contain a single base pad. Any additional pads that touch the base pad or
the contiguous graphics, whether they have the same or different pad numbers as the base pad, will
remain separate pads after the shapes are combined into the custom pad.
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If you would like to add multiple anchors (snapping points) to a custom pad, you can add
additional separate pads on top of the custom pad. Create the custom pad as normal, containing
the first snapping point, then add additional pads with the same number and place them
overlapping the custom pad in the desired snapping locations. They will remain distinct pads
and will not be combined with the custom pad, but they will act as additional pad anchors and
will be electrically connected to the custom pad.

To modify an existing custom pad, select it and enter Pad Edit Mode again. Y ou can then continue to
edit the component shapes to adjust the pad shape, or change the position of the base pad to adjust the
pad anchor.

KiCad automatically chooses a size and location for showing the pad number over the pad.
Particularly for unusually shaped pads, the automatically determined size and location may not be
optimal. In these cases, you can manually specify aregion in which KiCad should draw the pad
number by adding a pad number box primitive. To add a number box, enter Pad Edit Mode and add a
rectangular shape. In the Properties Manager for the rectangle, check the Number Box checkbox. The
rectangle will then be shown as awireframe, and when you exit Pad Edit Mode it will be used to draw
the pad number.

In the board, KiCad will automatically add thermal spokes when connecting the pad to a zone.

The thermal spoke settings are determined by the pad, footprint, and zone settings, and the thermal
spokes by default connect to the pad anchor. Y ou can override the default thermal spoke placement
by adding ther mal relief templates to the custom pad. To add athermal relief template, enter Pad
Edit Mode and add a line shape. In the Properties Manager for the line, check the Thermal Relief
Template checkbox. In Pad Edit Mode, the line will then be shown as awireframe, and it will not
be shown outside of pad edit mode. If any thermal relief templates are present in the pad, KiCad will
not automatically add additional spokes when filling zones; spokes will only be placed where there
are thermal relief templates defined in the pad. Thermal relief templates only determine the spoke
location: spoke width and relief gap are still defined in the pad, footprint, and/or zone properties, as
normal.

8.2.8. Footprint graphics and text

Footprints can contain graphic shapes, text, and dimensions. These objects can be placed on
nonphysical layers, like F. Fab or User . Dr awi ngs, or they can be placed on layers that will be part
of the manufactured circuit board, such as Edge. Cut s or asilkscreen, soldermask, or copper layer.
Objects on copper layers can make electrical connections.

Closed shapes on afootprint’s F. Cour t yar d and B. Cour t yar d layers will form the footprint’ s front
and back courtyard, respectively. A courtyard defines the physical extents of a footprint and limits
where footprints are allowed to be placed in relation to other footprints. If afootprint’s courtyard
overlaps another footprint’s courtyard, a DRC violation will be generated.
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Shapes on afootprint’s Edge. Cut s layer will correspond to board edges on any PCB that includes the
footprint. Closed shapes will result in cutouts, while unclosed shapes will result in unclosed edges.
Unclosed edges must be closed in the full board design.

The buttons on the right toolbar can be used to create:
* Lines(

, default hotkey kbd:[Ctrl+Shift+L])
* Arcs(

, default hotkey kbd:[Ctrl+Shift+A])

» Bezier curves (

, default hotkey kbd:[Ctrl+Shift+B])
» Rectangles (

)
» Circles(

, default hotkey kbd:[ Ctrl+Shift+C])
» Polygons (

, default hotkey kbd:[Ctrl+Shift+P])

o Text(

, default hotkey kbd:[Ctrl+Shift+T])

» Textboxes (

)
« Tables(
. Dim.ensions(

;Tof which several types are available
Uwaga

Y ou can customize the default style of newly-created text and shape objectsin Preferences _
Footprint Editor _ Default Values.

192



Footprints and footprint libraries

Graphical objects and their properties are described in more detail in the PCB Editor documentation.

Bulk editing footprint text and graphics

Properties of text and graphics can be edited in bulk using the Edit Text and Graphics Properties
dialog (Edit _ Edit Text & Graphic Properties...).

::I E4 Edit Text and Graphic Properties oo K
Scope Filters
Reference designators Filter items by layer: | IFCu v
Values
Other text items Selected items only

Graphic items

Dimension items

PCB dimension items

Action

® Set to specified values:

Layer: —leave unchanged — N ~ \isible

Line thickness: = -leave unchanged - mm

Font: - leave unchanged - v v Bold

Text width: —leave unchanged - mm ~ Italic

Text height: —leave unchanged - mm ~ Keep upright

Text thickness: | —leave unchanged - mm Center on footprint

Set to layer default values:

« Apply © Cancel v 0K
Thisdialog is described in more detail in the PCB Editor documentation.
Cleaning up footprint graphics

There is adedicated tool for performing common cleanup operations on graphics, which isrun via
Tools _, Cleanup Graphics....
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o P o Cleanup Graphics WA
Merge lines into rectangles
Delete redundant graphics

Merge overlapping graphics into pads

(Pads which appear in a Net Tie pod group will not be considered for merging.)

Changes to be applied:

© Cancel | Update Footprint

The following cleanup actions are available and will be performed when selected:

Mergelinesinto rectangles. combinesindividual graphic lines that together form arectangle into a
single rectangle shape object.

Delete redundant graphics: deletes graphics objects that are duplicated or degenerate.

M er ge overlapping graphicsinto pads. merges graphic copper shapes that overlap padsinto a
custom pad.

Any changes that will be applied to the footprint are displayed at the bottom of the dialog. They are
not applied until you press the Update Footprint button.

8.2.9. Rule areas

Rule areas, al'so known as keepouts, are footprint regions that can have specific DRC rules defined for
them. Some basic rules are available that will raise DRC errorsif certain types of objects are within
the bounds of the rule area, but rule areas can also be used together with custom DRC rules to define
complex DRC behavior that only applies within the rule area. A rule areain afootprint takes effect
when the footprint is added to the board.

Y ou can add arule area by clicking the

button on the right toolbar (kbd:[Ctrl+Shift+K]). Click on the canvas to place the first corner, which
will show the Rule Area Properties dialog. After configuring the rule area appropriately, press OK to
continue placing corners of the rule area. The rule area shape can be an arbitrary polygon; click on the
starting corner or double click to finish placing the rule area.
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Rule areas are described in more detail in the PCB editor documentation.

8.2.10. Reference images

Just like in the PCB Editor, you can use reference images in the Footprint Editor to assist with
your footprint designs. Footprint reference images are only shown in the Footprint Editor: they are
not shown in the PCB Editor when afootprint is added to a board, and they do not appear in any
fabrication outputs.

To add areference image, use the

button on the right toolbar and select the desired reference image file.

Reference images are described in more detail in the PCB Editor documentation.

8.2.11. Footprint wizards

KiCad provides a set of footprint wizards that can be used to create some common kinds of footprints
based on a set of parameters. Wizards for the following types of footprints are provided:

* BGA packages

* QFN packages

* QFP packages

* SOIC, MSOP, SSOP, TSSOP, etc. packages
» SIP and DIP packages

» ZIP packages

o ZOIC packages

* FPC connectors

* Micromatch SMD connectors

* Circular pad arrays

» Touch dliders

» Mutual capacitance touch buttons
» USS-39 barcodes

* OR codes

EEgreate afootprint using afootprint wizard, click the
b

utton and choose a footprint type from the list that appears.
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::| - Footprint Wizard [QFN] Voo
~ el —

W BB R

Parameters.
Parameter Value Units

EPad nx 25 integer

Package |ny 25 integer
pitch 0.4 mm
width 0.2 mm
length 0.75 mm
offset 0.0 mm
oval N bool

Building new KiCad FP Wizard footprint with the following parameters:
Footprint Wizard Name:  QFN
Footprint Wizard Description: Quad Flat No-lead (QFN) footprint wizard
Pages: 3
Pads

nx: 25

ny: 25

pitch: 0.4mm

width: 0.2mm

length: 0.75mm

offset: 0.0mm

oval: True i .
QFN-100_EP_14x14_Pitch0.4mm
epad: True — — ‘x —— l C +
width: 10mm
REF** ) Board Side Status: Rotation Footprint: QFN-100_EP_14x14_Pitch0.4mm Doc:
QFN-100_EP_14x14_Pitch0.4mm Front Attributes: 0 3D-Shape: <none> Keywords:
27.95 X-14.0000 Y 3.0000 dx-14.0000 dy 3.0000 dist 14.3178 grid 1.0000 mm

In the window that appears, fill out the parameters as appropriate. When the parameters are correctly
fied out, pressthe

button to transfer the generated footprint back into the footprint editor. Then you can make additional
manual modifications and save the footprint as normal.

In addition to the set of footprint wizards that KiCad provides, you can also create your own. For more

information about creating new footprint wizards, see the Scripting section of the Advanced Topics
chapter.

8.2.12. Checking footprints

The Footprint Editor can check for common issues in your footprints. Run the footprint checker using
the
D —

[m]
[m]
blﬁ)n in the top toolbar.
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o Footprint Checker oo X

~ Error: Footprint has malformed courtyard (not a closed shape)
Segment on F.Courtyard

~ Error: Footprint has malformed courtyard (self-intersecting)
Segment on F.Courtyard
Segment on F.Courtyard

~ Error: Footprint has malformed courtyard (self-intersecting)
Segment on F.Courtyard

Segment on F.Courtyard

Show: All ¥| Errors 9 ¥ Warnings o Exclusions

Delete Marker Delete All Markers Close Run Checks

Any footprint issues that are detected are listed in the dialog and displayed with arrow indicatorsin
the editing canvas. Clicking on an issue in the dialog will focus on the issue in the canvas.

The footprint checker checksfor:
» Maformed or missing courtyards

» Padsthat don’t match the footprint’s type: footprints without any through hole pads should be set to
the surface mount footprint type

» Through hole pads without a hole

» Plated through hole pads not on any copper layers

 Plated through hole pads without a copper annulus

» Plated through hole pads with ahole that isn’t fully within the pad
» Surface mount pads on both the front and back

» Surface mount pads with mismatched copper and paste/mask layers (front copper and back paste/
mask, or vice versa)

* Pads co-located with or too close to other holes

» Collisions between silkscreen and solder mask openings
» Pads that short to other pads outside of net tie groups

» Nonexistent padsin net tie groups

» Padsin that appear in multiple net tie groups

8.3. Browsing footprint libraries

The Footprint Library Browser allows you to quickly examine the contents of footprint libraries. The
Footprint Library Viewer can be accessed by clicking
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icon on the main Board Editor toolbar or with View _ Footprint Library Browser.

To examine the contents of alibrary, select alibrary from the list in the left hand pane. All footprints
in the selected library will appear in the second pane. Select a footprint name to view the footprint.

}:a # Package_SO — /home/graham/kicad/libraries/footprints/kicad-footprints/Package_SO.pretty — Footprint Library Browser ~ ~ X

File View Help

Rikh e e | 8 1.0000 mm (39.37 mils) v || Zoom3.50 ||

* Q Filter Q. Filter
& Package_BGA SO-4_4.4x2.3mm_P1.27mm
Package_CSP S0-4_4.4x3.6mm_P2.54mm
i34 package_DFM_QFN SO-4_4.4x%3.9mm_P2.54mm
% Package_DIP SO-4_4.4x4.3mm_P2.54mm
| Package_DirectFET 50-4_7.6x3.6mm_P2.54mm
+ | package_LCC 50-5_4.4x3.6mm_P1.27mm
Ml | package_LGA SO-6L_10x3.84mm_P1.27mm
mm | Package_QFP SO-6_4.4x3.6mm_P1.27mm
- Package_SIP
* 50-8_5.3x6.2mm_P1.27mm S0-8_3.9%4.9mm_P1.27mm
1 Package_SON SO-14_3.9x8.65mm_P1.27mm
Package_SO_|]-Lead S0-14 5.3x10.2mm_P1.27mm
2il;0 Package_TO_SOT_SMD SO-16_3.9x9.9mm_P1.27mm
7 Package_TO_SOT_THT 50-16_5.3x10.2mm_P1.27mm
Eﬂ Panel Cutouts S0-20-1EP_7.52x12.825mm_P1.27mm_EP6.045
Potentiometer SMD S0-20-1EP_7.52x12.825mm_P1.27mm_EP6.045
Brtantinmatar THT 50-20 5.3x12.6mm P1.27mm
REF** Library Footprint Mame Pads Doc: 50, 8 Pin (https://www.nxp.com/docs/en/d
50-8_3.9x4.9mm_P1.27mm Package_S0O S0-8_3.9x4.9mm_P1.27mm 8 Keywords: SO 50
Z3.26 X13.0000 Y 13.0000 dx 13.0000 dy 13.0000 dist 18.3848 grid 1.0000 mm

le clicking the name of afootprint or using the

button adds the footprint to the board.

The top toolbar contains the following commands:

Select previous footprint in library.

Select next footprint in library.

Zoom tools.

Open footprint in 3D Viewer.

Add the footprint to the board.

Automatically zoom to fit each opened footprint.

The |eft toolbar contains the following commands:
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Selection tool (the default tool).

N~

Interactively measure the distance between two points.

Turn grid display on/off.

Switch between polar and Cartesian coordinate display in the status bar.

=ANE

—

!

-

Display/entry of coordinates and dimensionsin inches, mils, or millimeters.

||

Switch between full-screen and small editing cursor (crosshairs).

o

Show or hide pad numbers.

Switch display of pads between filled and outline mode.

Switch display of text between filled and outline mode.

§ £

Switch display of graphic items between filled and outline mode.
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9.1. Configuration and Customization

The KiCad PCB Editor has avariety of preferences that can be configured through the Preferences
dialog. Like al parts of KiCad, the preferences for the PCB Editor are stored in the user configuration
directory and are independent between KiCad minor versionsto allow multiple versions to run side-
by-side with independent preferences.

The first sections of the Preferences dialog (Common, Mouse and Touchpad, and Hotkeys) are shared
between all KiCad programs. These sections are described in detail in the KiCad manual under the

"Common preferences’ section.

9.1.1. Display options

Preferences *
- Common Rendering Engine Annotations
é----MDuseand Touchpad (D) Accelerated graphics Net Names
- Hotkeys ] (C) Do not show
. PCB Editor (®) Fallback graphics
(O Show on pads
Editing Options Grid.Options (O Show on tracks
?----Colors Grid Style (®) Show on pads and tracks
g----Action Plugins @® Dots
_Origins & Axes O Lines Show pad numbers

(O Small crosses

Grid thickness: | 1.0

Min grid spacing: | 10

Snap to Grid: Always

Cursor Options
Cursor Shape

(® Small crosshair

() Full window crosshair

Always show crosshairs

Show pad <no net> indicator

Clearance Qutlines
Track & Via Clearances

(O) De not show

(O Show when routing

(®) Show when routing wy via clearance at end
(O Show when routing and editing

(O Show always

Show pad clearance

Cross-probing
Scroll cross-probed itermns into view

Zoom to fit cross-probed items
Highlight cross-probed nets
[] Refresh 3D view automatically

0K Cancel
Rendering Engine: Controlsif Accelerated graphics or Fallback graphics are used.
Grid style: Controls how the alignment grid is drawn.
Grid thickness: Controls how thick grid lines or dots are drawn.

Min grid spacing: Controls the minimum distance, in pixels, between two grid lines. Grid lines that
violate this minimum spacing will not be drawn, regardless of the current grid setting.

Snap to grid: Controls when drawing and editing operations will be snapped to coordinates on the
active grid. "Always" will enable snapping even when the grid is hidden; "When grid shown" will
enable snapping only when the grid is visible.

200



Advanced topics

Uwaga

Grid snapping can be temporarily disabled by holding down kbd:[Ctrl].
Cursor shape: Controls whether the editing cursor is drawn as a small crosshair or afull-screen
crosshair (a set of lines covering the entire drawing canvas). The editing cursor shows where the next

drawing or editing action will occur and will be snapped to agrid location if snapping is enabled.

Always show crosshairs. Controls whether the editing cursor is shown al the time or only when an
editing or drawing tool is active.

Net names: Controls whether or not net name labels are drawn on copper objects. These labels are
guides for editing only and do not appear in fabrication outputs.

Show pad numbers: Controls whether or not pad number |abels are drawn on footprint pads.

Show pad <no net> indicator: Controls whether or not pads with no net are indicated with a special
marker.

Track clearance: Controls whether or not clearance outlines around tracks and vias are shown.
Clearance outlines are shown as thin shapes around objects that indicate the minimum clearance to
other objects, as defined by constraints and design rules.

Show pad clear ance: Controls whether or not clearance outlines around pads are shown.
Center view on cross-probed items. When the Schematic and PCB Editors are both running,
controls whether clicking acomponent or pin in Eeschemawill center the PCB Editor view on the

corresponding footprint or pad.

Zoom to fit cross-probed items: Controls whether the view will be zoomed to show a cross-probed
footprint or pad.

Highlight cross-probed nets. Controls whether or not nets highlighted in Eeschemawill be
highlighted in the PCB Editor when the highlight tool is activated in both tools.
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9.1.2. Editing options

Common Editing Options Magnetic Points
Mouse and Touchpad | [ Flip board items L/R (default is T/B) Snap to pads: When creating tracks
Hotkeys
~ PCBEditor Step for rotate commands: | 90.0 deg Snap ko tracks: When creating tracks «
Display Options
| Editing Options| Allow free pads Snap to graphics: = Always -
Colf)rs i Left click Mouse Commands Ratsnest
Action Plugins Left click (and drag) actions depend on 2 modifier keys: {8 Always show selected ratsnest
Origins & Axes shift and Ctrl. . .
Show ratsnest with curved lines
No modifier Select item(s). Track Editing
LongClick  clarify selection from menu. Biouzaldaglrackiusnavior:
Move
Shift Add item(s) to selection.

© Drag (45 degree mode)

ctrl+shift Remove item(s) From selection.
Drag (free angle)

ctrl Highlight net (For pads or tracks).
St 2 Graphics Editing

Limikt actions to 45 degrees from start

Miscellaneous
Show page limits

Refill zones after Zone Properties dialog

Cancel oK

Flip board items L/R: Controls the direction board items will be flipped when moving them between
the top and bottom layers. When checked, items are flipped L eft-to-Right (about the Vertical axis);
when unchecked, items are flipped Top-to-Bottom (about the Horizontal axis).

Step for rotate commands. Controls how far the selected object(s) will be rotated each time the
Rotate command is used.

Allow free pads: Controls whether or not the pads of footprints can be unlocked and edited or moved
separately from the footprint.

Magnetic points: This section controls object snapping, also called magnetic points. Object snapping
takes precedence over grid snapping when it is enabled. Object snapping only works to objects on the
active layer. Hold kbd:[ Shift] to temporarily disable object snapping.

Snap to pads: Controls when the editing cursor will snap to pad origins.
Snap to tracks: Controls when the editing cursor will snap to track segment endpoints.
Snap to graphics: Controls when the editing cursor will snap to graphic shape points.

Always show selected ratsnest: When enabled, the ratsnest for a selected footprint will always be
shown even if the global ratsnest is hidden.

Show ratsnest with curved lines: Controls whether ratsnest lines are drawn straight or curved.

Mouse drag track behavior: Controls the action that will occur when you drag a track segment
with the mouse: "Move" will move the track segment independent of any others. "Drag (45 degree
mode)" will invoke the push-and-shove router to drag the track, respecting design rules and keeping
other track segments attached. "Drag (free angle)” will move the nearest corner of the track segment,
highlighting collisions with other objects but not moving them out of the way.
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Limit actionsto 45 degreesfrom start Controls whether lines drawn with the graphic drawing tools
can take on any angle. Note that this only affects drawing new lines: lines can be edited to take on any
angle.

Show page limits: Controls whether or not the page boundary is drawn as a rectangle.

Refill zones after Zone Properties dialog: Controls whether or not zones are automatically refilled
after editing the properties of any zone. This may be disabled on complicated designs or slower
computers to improve responsiveness.

9.1.3. Colors

Preferences *
----- Common ;
..... Mouse and Touchpad Theme: |KiCad Default (read-only) i Open Theme Folder
é----Hotke}rs
[ e | I
. Display Options e
- Editing Options i
In2.Cu
g----Action Plugins In3.Cu
i Origins & Axes
Ind.Cu
.ﬁ
+0 0= o R7 4

In6.Cu ﬁ

In7.Cu c48 Q_':; E_o g

" {0z o7 03

In10.Cu

In11.Cu
In12.Cu o

In13.C '
e Stlaerwireraa_singte_1—2mmDrill

LED e 012v
Front Panel PWR

In14.Cu
In15.Cu

In16.Cu W

Reset to Defaults OK Cancel

KiCad supports switching between different color themes to match your preferences. Kicad 9.0 comes
with two built-in color themes: "KiCad Default" is a new theme designed to have good contrast and
balance for most cases and is the default for new installations. "KiCad Classic" is the default theme
from KiCad 5.1 and earlier versions. Neither of these built-in themes can be modified, but you can
create new themes to customize the look of KiCad aswell asinstall themes made by other users.

Color themes are stored in JSON files located in the col or s subdirectory of the KiCad configuration
directory. The "Open Theme Folder" button will open this location in your system file manager,
making it easy to manage your installed themes. To install a new theme, placeit in thisfolder and
restart KiCad. The new theme will be available from the drop-down list of color themesif thefileisa
valid color themefile.

To create anew color theme, choose New Theme... from the drop-down list of color themes. Enter a
name for your theme and then begin editing colors. The colorsin the new theme will be copied from
whatever theme was selected before you created the new theme.

To change a color, double-click or middle-click the color swatch in the list. The "Reset to Default”
button will reset that color to its corresponding entry in the "KiCad Default" color theme.
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Color themes are saved automatically; all changes are reflected immediately when you close the
Preferences dialog. The window on the right side of the dialog shows a preview of how the selected
theme will look.

9.1.4. Action plugins

Icon | Show button Name Category Description

Generate Interactive HTML BOM Read PCB | Generate interactive HTML page with BOM table and pcb drawing. /homej}

The KiCad PCB editor supports plugins written in Python that can perform actions on the board being
edited. These plugins can beinstalled using the built-in Plugin and Content Manager (see the KiCad
chapter for details) or by placing the plugin files inside the user plugins directory. See the Scripting
section below for details.

Each plugin that is detected will be shown in arow on this preferences page. Plugins may show a
button on the top toolbar of the PCB editor. If the " Show button” control is unchecked for a plugin, it
may still be accessed from the Tools > External Plugins menu.

The arrow controls at the bottom of the list allow changing the order that the plugins appear in the
toolbar and menu. The folder button will launch afile explorer to the plugin folder, to make installing
new plugins easier. The refresh button will scan the plugin folder for any new or removed plugins and
update the list.
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9.1.5. Origin & axes

Preferences x
-~ Commen Display Origin
..... Mouse and Touchpad (® Page origin
..... Hotkeys

(O Drill/place file origin

é----DispIay Options O Grid origin
- Editing Options

é----CoIors X Axis

E""ACtiD" Plugins (®) Increases right

B Origins & Axes O Increases Ieft
Y Axis

(O Increases up

(®) Increases down

Reset to Defaults oK Cancel

Display origin: Determines which coordinate origin is used for coordinate display in the editing
canvas. The page origin is fixed at the corner of the page. The drill/place file origin and the grid origin
can be moved by the user.

X axis: Controls whether X-coordinates increase to the right or to the left.

Y axis: Controls whether Y -coordinates increase upwards or downwards.

0.2. Text variables

KiCad supports text variables, which allow you to substitute the variable name with a defined text
string. This substitution happens anywhere the variable name is used inside the variable replacement

syntax of ${ VARI ABLENANE} .

Y ou can define project text variables in the schematic or board setup dialogs. Project text variables
are defined for the whole project, so a project text variable defined in the Schematic Editor can also be

used in the Board Editor.

There are also a number of built-in system text variables. System text variables may be available
in some contexts and not others. The following variables can be used in PCB text, footprint text,
footprint fields, and drawing sheet fields. There are also a number of variables that can be used in the

Schematic Editor.

Variablename |Description

COVMENTL - Contents of drawing sheet’s Corment <n> field.
COMMVENT9

COVPANY Contents of drawing sheet’s Conpany field.

205



Advanced topics

Variable name Description

CURRENT_DATE Today’ s date, in SO format.

FI LENAVE Filename of the board, with afile extension.

FI LEPATH Full file path of the board, with afile extension.
| SSUE_DATE Contents of drawing sheet’s| ssue Dat e field.

Kl CAD_VERSI ON

Current version of KiCad. Thisvariableis only available in drawing sheet fields.

LAYER

Layer of the object. In footprint fields and text objects in footprints, thisis the
layer of the field/text object, not the layer of the parent footprint. In drawing
sheet fields, this resolvesto the plotted layer, for example F. Fab in aplot of the
F. Fab layer and F. cu in aplot of theF. cu layer.

PAPER Current sheet’s paper size. Thisvariable is only available in drawing sheet
fields.

PRQJECTNANVE Project name, without afile extension.

REVI SI ON Contents of drawing sheet’s Revi si on field.

TI TLE Contents of drawing sheet’s Ti t | e field.

<vari abl enane>

Contents of project text variable <vari abl enanme>.

<fi el dnanme>

Contents of footprint field <f i el dnane>. Fields can only be accessed from
within their parent object, so footprint fields can be accessed from other fields or
text within the footprint.

Both built-in footprint fields and user-defined fields from the corresponding
symbol are available. Built-in footprint fields use all uppercase |etters: for
example, to access afootprint’s value, use ${ VALUE} .

Built-in footprint fields are FOOTPRI NT_LI BRARY, FOOTPRI NT_NANME,

LAYER, NET_CLASS( <pad_nunber >) , NET_NAME( <pad_nunber >) ,

PI N_NAME( <pad_nunber >) , REFERENCE, SHORT NET_NAME( <pad_nunber >),
VAL UE.

<refdes>: <fiel dn

&entents of field <f i el dname> in footprint <r ef des>.

Both built-in footprint fields and user-defined fields from the corresponding
symbol are available. Built-in footprint fields use al uppercase letters: for
example, to access the value of U1, use ${ UL: VALUE} .

Built-in footprint fields are FOOTPRI NT_LI BRARY, FOOTPRI NT_NAME,

LAYER, NET_CLASS( <pad_nunber >) , NET_NAME( <pad_nunber >) ,

Pl N_NAME( <pad_nunber >) , REFERENCE, SHORT _NET_NAME( <pad_nunber >) ,
VALUE.

DRC_ERROR
<error nane>

Generates a DRC error named <er r or name>. Everything inside the braces
resolves to an empty string, while everything after the bracesisincluded in
the descriptive text for the DRC violation. The text variable must be at the

beginning of the text item.
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Variable name Description

For example, atext item containing ${ DRC_ERROR TODC} Lengt h nat ch
t racks will display asthe text "Length match tracks' and generate a DRC error
named "TODQ" with the description "Length match tracks'.

DRC_WARNI NG Generates a DRC warning named <war ni ngname>. This behaves the same as
<war ni ngnane> |DRC_ERROR, except awarning is generated rather than an error.

9.3. Custom design rules

KiCad' s custom design rule system allows creating design rules that are more specific than the generic
rules available in the Constraints page of the Board Setup dialog. Custom design rules have many
applications, but in general they are used to apply certain rulesto a portion of the board, such asa
specific net or net class, a specific area, or a specific footprint.

Custom design rules are stored in a separate file with the extension ki cad_dr u. Thisfileis created
automatically when you start adding custom rules to a project. If you are using custom rules in your
project, make sure to save the ki cad_dr u file along with the ki cad_pcb and ki cad_pr o fileswhen
making backups or committing to a version control system.

Uwaga

Theki cad_dr u fileis managed automatically by KiCad and should not be edited with an
external text editor. Always use the Custom Rules page of the Board Setup dialog to edit
custom design rules.

9.3.1. The Custom Rules editor

The custom rules editor is located in the Board Setup dialog and provides atext editor for entering
custom rules, a syntax checker that will test your custom rules and note any errors, and a syntax help
dialog that contains a quick reference to the custom rules language and some example rules.

The custom rules editor also provides context-sensitive autocomplete to suggest valid keywords
and properties. The autocomplete suggestion menu appears automatically, but it can also be opened
manually by pressing kbd:[ Ctrl+Space].

It isagood ideato use the Check rule syntax button after editing custom rules to make sure there are
no syntax errors. Any errors in the custom rules will prevent the design rule checker from running.

9.3.2. Custom rule syntax

The custom design rule language is based on s-expressions and allows you to create design constraints
that are not possible with the built-in constraints. Each design rule generally contains a condition
defining what objects to match and a constraint defining the rule to be applied to the matched objects.

The language uses parentheses (( and ) ) to define clauses of related keywords and values. Parentheses
must always be matched: for every ( there must be amatching ) . Inside a clause, keywords and values
are separated by whitespace (spaces, tabs, and newlines). By convention, a single space is used, but
any number of whitespace characters between keywords and values is acceptable. In places where text
strings are valid, strings without any whitespace may be quoted with" or ', or unquoted. Strings that
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contain whitespace must always be quoted. Newlines cannot be used within a quoted string. Where
nested quotes are required, asingle level of nesting is possible by using " for the outer quote character
and" for theinner (or vice versa). Newlines between clauses are not required, but are typically used in
examplesfor clarity.

In the syntax descriptions below, itemsin <angl e br acket s> represent keywords or values that must
be present and itemsin [ squar e bracket s] represent keywords or values that are optional or only
sometimes required.

The Custom Rulesfile must start with a version header defining the version of the rules language. As
of KiCad 9.0, the version is 1. The syntax of the version header is (ver si on <nunber >) . So in KiCad
9.0 the header should read:

(version 1)

After the version header, you can enter any number of rules. Rules are evaluated in reverse order,
meaning the last rulein the file is checked first. Once a matching rule is found for a given set objects
being tested, no further rules will be checked. In practice, this means that more specific rules should
be later in thefile, so that they are evaluated before more general rules.

For example, if you create one rule that limits the minimum clearance between tracks in the net Hv
and tracks in any other net and a second rule that limits the minimum clearance for all objectsinside
acertain rule area, make sure the first rule appears later in the custom rules file than the second rule.
Otherwise tracks in the Hv net could have the wrong clearance if they fall inside the rule area.

Each rule must have a name and one or more const r ai nt clauses. The name can be any string and is
used to refer to the rule in DRC reports. The const r ai nt defines the behavior of the rule. Rules may
also have acondi ti on clause that determines which objects should have the rule applied, an optional
| ayer clause which specifies which board layers the rule applies to, and an optional severity clause
which specifies the severity of the resulting DRC violation.

(rul e <nanme>
[(severity <severity>)]
[ (layer <layer name>)]
[ (condition <expression>)]
(constraint <constraint_type> [constraint_argunments]))

The custom rules file may also include comments to describe rules. Comments are denoted by any line
that begins with the # character (not including whitespace). Y ou can press kbd:[ Ctrl+/] to comment or
uncomment lines automatically.

# Cl earance for 400V nets to anything el se
(rule HV
(condition "A hasNetclass('HV )")
(constraint clearance (mn 1.5mj)))

Layer Clause

Thel ayer clause determines which layers the rule will work on. While the layer of objects can be
tested in the condi t i on clause as described below, using thel ayer clauseis more efficient.

Thevalueinthel ayer clause can be any board layer name, or the shortcut keywords out er to match
the front and back copper layers (F. cu and B. cu) and i nner to match any internal copper layers.

If thel ayer clauseisomitted, the rule will apply to all layers.
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Some examples:

# Do not allow footprints on back |ayer (no condition clause neans this rule always appl|
(rule "Top side footprints only"

(layer B.Cu)

(constraint disallow footprint))

# This rule does the same thing, but is |ess efficient
(rule "Top side footprints only"

(condition "A Layer == 'B.Cu'")

(constraint disallow footprint))

# Larger clearance on outer layers (inner |ayer clearance set by board nini mum cl earance
(rule "cl earance_outer"

(layer outer)

(constraint clearance (mn 0.25nm)))

Severity Clause
Theseveri ty clause setsthe DRC violation severity whenever the ruleis violated.

Possible values are er r or , war ni ng, i gnor e, and excl usi on. Ignored rules are not observed by
the interactive router and violations are not shown in the DRC dialog. However, ignored rules are
evaluated for matching and therefore can still override earlier rules. Errors, warnings, and excluded
rules are all observed by the interactive router, and violations are displayed in the DRC dialog when
the appropriate filters are selected.

Ostr zettenie

Setting arule s severity toi gnor e does not disable the rule; only the effects of the rule are
disabled. Theruleis still evaluated and can still override previous rules.

Condition Clauses

The condi t i on clause determines which objects which objects the rule appliesto. If arule hasa
condition clause, the rule will apply to any objects that match the condition. If arule does not have
any condition clauses, it will apply unconditionally.

The rule condition is an expression contained inside atext string (and therefore usually surrounded
by quotesin order to alow whitespace for clarity). The expression is evaluated against each pair of
objects that is being tested by the design rule checker. For example, when checking for clearance
between copper objects, each copper object (track segment, pad, via, etc.) on each net is checked
against other copper objects on other nets. If a custom rule exists where the expression matches the
two given copper objects and the constraint defines a copper clearance, this custom rule could be used
to determine the required clearance between the two objects.

The objects being tested are referred to as A and B in the expression language. The order of the

two objects is not important because the design rule checker will test both possible orderings. For
example, you can write arule that assumesthat Aisatrack and B isavia. There are some expression
functions that test both objects together; these use AB as the object name.

The expression in a condition must resolve to a boolean value (true or false). If the expression resolves
to true, the ruleis applied to the given objects.
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Each object being tested has properties that can be compared, as well as functionsthat can be used
to perform certain tests. The syntax for using properties and functionsis <obj ect >. <pr oper t y> and
<obj ect >. <functi on>([ ar gument s]) respectively.

Uwaga

When you type <obj ect >. inthetext editor (A. , B., or AB. ), an autocomplete list will open
that contains all the object properties that can be used.

The object properties and functions are compared using boolean and relational operatorsto result in
a boolean expression. The following operators are supported:

Equal to

Not equal to

>, >=

Greater than, greater than or equal to

< \<=

Less than, less than or equal to

&&

And

Or

! Not (unary)

For example, A. Net Nane *vDbD will apply to any objects that are part of the "VDD" net and

A Net Nane ! = B. Net Nane will apply to any objects that have different net names. Parentheses can
be used to clarify the order of operationsin complex expressions but they are not required. All the
boolean operators have the same precedence and are evaluated in order from left to right.

To test a boolean property, evaluate the property itself, without comparing it to a boolean literal like
true or fal se (wWhich don’t exist in the DRC rules language). For example, to test if afootprint’s
boolean Do_not _popul at e property is set, the boolean expression A. Do_not _popul at e by itself
issufficient. It will resolveto atrue valueif the footprint’s DNP attribute is set, and afalse value
otherwise. To check if aboolean isfalse, usethe! operator (unary not): ! A. Do_not _popul at e will
resolve to atrue value if the DNP attribute is unset, and a false value otherwise.

Some properties represent a physical measurement, such as a size, angle, length, position, etc. On
these properties, unit suffixes can be used in the custom rules language to specify what units are
being used. If no unit suffix is used, the internal representation of the property will be used instead
(nanometers for distances and degrees for most angles). The following suffixes are supported:

nm Millimeters
ml,th Thousandths of an inch (mils)
in, Inches
deg Degrees
r ad Radians
Uwaga

The units used in custom design rules are independent of the display units in the PCB editor.

Numeric conditions can use simple math expressions, for example (condi ti on "A Hol e_Si ze_X ==

1. 0mm + 0. 1nmt').

210




Advanced topics

Constraint Clauses

Theconstrai nt clause of the rule defines the behavior of the rule on the objects that are matched

by the condition. Each constraint clause has a constraint type and one or more arguments that set
the behavior of the constraint. A single rule may have multiple constraint clauses, in order to set
multiple constraints (for example, cl ear ance and t r ack_wi dt h) for objects that match the same rule
conditions.

Many constraints take arguments that specify a physical measurement or quantity. These constraints
support minimum, optimal, and maximum value specification (abbreviated "min/opt/max"). The
minimum and maximum values are used for design rule checking: if the actual valueis less than the
minimum or is greater than the maximum value in the constraint, a DRC error is created. The optimal
valueisonly used for some constraints, and informs KiCad of a"best" value to use by default. For
example, the optimal di f f _pai r _gap is used by the router when placing new differential pairs. No
errors will be created if the differential pair is later modified such that the gap between the pair is
different from the optimal value, as long as the gap is between the minimum and maximum values (if
these are specified). In all cases where a min/opt/max value is accepted, any or all of the minimum,
optimal, and maximum value can be specified.

Min/opt/max values are specified as(ni n <val ue>), (opt <val ue>), and (max <val ue>) . For
example, atrack width constraint may be written as(constraint track_width (nin 0.5m) (opt
0.5nmm) (max 1.0mm)) or Simply (constraint track_w dth (mn 0.5nm)) if only the minimum
width isto be constrained.

Numeric constraint values can use simple math expressions, for example (const rai nt cl ear ance
(mMn 0.5M + 0. 1nm)).

Congtraint type |Argument type |Description

annul ar_wi dth  |min/opt/max Checks the width of annular rings on vias and pads.
assertion boolean expression | Checks that the boolean expression is true. If the expression

isfalse, aDRC error will be created. The expression can use
any of the properties listed in the Object Properties section.

cl earance min Specifies the electrical clearance between copper objects
of different nets. (See physi cal _cl ear ance if you wish to
specify clearance between objects regardless of net.)

To alow copper objects to overlap (collide), create a
cl ear ance constraint with the ni n value less than zero (for

example, - 1).

creepage min Specifies the cregpage between copper objects of different
nets.

connecti on_wi dt hmin Checks the width of connections between pads and zones.

An error will be generated for each pad connection that is
narrower than the mi n value.

courtyar d_cl ear aiin Checks the clearance between footprint courtyards and
generates an error if any two courtyards are closer than the
mi n distance. If afootprint does not have a courtyard shape,
no errors will be generated from this constraint.
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Constraint type |Argument type |Description
To alow courtyard objects to overlap (collide), create a
courtyard_cl earance constraint with the mi n value less
than zero (for example, - 1).

diff_pair_gap |min/opt/max Sets the gap between parallel tracksin a differential pair.

Theopt setting is used by the interactive router for placing
new differential pairs. An error will be generated if the
spacing between tracks in a differential pair is outside of the
m n and max settings. Differential pair gap is not tested on
non-parallel portions of adifferential pair (for example, the
fanout from a component).

di ff_pai r_uncoup

Inax

Checks the distance that a differential pair track is routed
uncoupled from the other polarity track in the pair (for
example, where the pair fans out from a component, or
becomes uncoupled to pass around another object such
asavia). An error will be generated for each differential
pair with an uncoupled distance that is greater than the max
value. Differential pair tracks are considered uncoupled if
they are not parallel or if they are outside the range set by a
di ff_pai r_gap constraint.

di sal | ow

track + via

+ mcro via +
buried via +
pad + zone +
text + graphic
+ hole +

f oot print

Specify one or more object types to disallow, separated by
spaces. For example, (constraint disall ow track) or
(constraint disallow track via pad).If anobject of
this type matches the rule condition, a DRC error will be
created. This constraint is essentially the same as a keepout
rule area, but can be used to create more specific keepout
restrictions.

edge_cl earance

min/opt/max

Checks the clearance between objects and the board edge.

This can also be thought of as the "milling tolerance”
as the board edge will include all graphical items on the
Edge. Cut s layer aswell as any oval pad holes. (See
physi cal _hol e_cl ear ance for the drilling tolerance.)

To alow objects to overlap (collide) with the board edge,
create an edge_cl ear ance constraint with the mi n value
less than zero (for example, - 1).

hol e_cl earance

min

Checks the clearance between a drilled hole in a pad or
viaand copper objects on adifferent net. The clearanceis
measured from the diameter of the hole, not its center.

hol e_si ze

min/max

Checks the size (diameter) of adrilled holein apad or via.
For oval holes, the smaller (minor) diameter will be tested
against the mi n value (if specified) and the larger (major)

diameter will be tested against the max value (if specified).

hol e _to_hol e

min

Checks the clearance between mechanically-drilled holes
in pads and vias. The clearance is measured between the
diameters of the holes, not between their centers.
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Constraint type

Argument type

Description

This constraint is solely for the protection of drill bits. The
clearance between laser -drilled (microvias) and other
non-mechanically-drilled holes is not checked, nor isthe
clearance between milled (oval-shaped) and other non-
mechanically-drilled holes.

| ength

min/max

Checks the total routed length for the nets that match the
rule condition and generates an error for each net that is
below the mi n value (if specified) or above the max value (if
specified) of the constraint. This constraint also sets atarget
length that is used by the length tuning tool for any nets that
match the rule condition.

m n_resol ved_spo

les- 1 + 2 + 3 +
4

Checks the total number of connections (spokes) to a pad.
An error will be raised for each pad that has fewer than the
specified number of spokes.

physi cal _cl ear an

aain

Checks the clearance between two objects, regardless of
their nets. Thisincludes objects with the same net and
objects on non-copper layers. Only objects on physical
layers and courtyard layers are checked: this means copper,
adhesive, paste, silkscreen, mask, courtyard, and edge

cut layers. Physical clearance is only checked between
objects on the same layer, except for objects on Edge. Cut s,
which are treated asif they are on all layers. In other words,
physical clearance can be checked between objects on
Edge. Cut s and objects on any of the other physical layers.

While this can perform more general-purpose checks than
cl ear ance, itismuch sower. Usecl ear ance where
possible.

physi cal _hol e_cl

garmnce

Checks the clearance between adrilled hole in a pad or
via and another object, regardless of net. The clearanceis
measured from the diameter of the hole, not its center.

This can also be thought of as the "drilling tolerance” asit
only includesround holes (see edge_cl ear ance for the
milling tolerance).

sil k_cl earance

min/opt/max

Checks the clearance between objects on silkscreen layers
and other objects.

To alow silkscreen objects to overlap (collide) with other
objects, create asi | k_cl ear ance constraint with the ni n
value less than zero (for example, - 1).

skew

min/opt/max/
within_diff_pairs

Checksthe total skew for the nets that match the rule
condition, that is, the difference between the length of each
net and the longest net that is matched by the rule. If the
difference between the longest net and the length of any
one net is above the constraint max value, an error will be
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Constraint type

Argument type

Description

generated. This constraint also sets atarget skew that is
used by the skew tuning tool for any nets that match the rule
condition. The target skew isthe opt value, if specified,

or them n valueif not. If neither ni n nor opt is specified,
the target skew is0. If theoptionwi t hi n_di ff_pairs

is specified, the skew will be tested separately for every
valid differential pair in the nets matching therule. If

wi t hi n_di f f _pai r s isnot specified, the skew will be
tested across all matching nets (e.g. for skew tuning a bus).

t ext _hei ght

min/max

Checks the height of text, including text boxes. An error
will be generated for each text item that has a height below
the ni n value (if specified) or above the max value (if
specified).

text _t hi ckness

min/max

Checks the thickness of text, including text boxes. An error
will be generated for each text item that has a thickness
below the mi n value (if specified) or above the max value (if
specified).

thermal _relief g

apin

Specifies the width of the gap between a pad and a zone
with athermal-relief connection.

t her mal _spoke_wi (it Specifies the width of the spokes connecting a pad to a zone
with athermal-relief connection.
track_angl e min/max Checks the angle between two connected track segments.

An error will be generated for each connected pair with an
angle below the min value (if specified) or above the max
value (if specified).

track_segnent | e

myirdmax

Checks the length of track and arc segments. An error
will be generated for each segment that has a width below
the min value (if specified) or above the max value (if
specified).

track_width

min/opt/max

Checks the width of track and arc segments. An error will
be generated for each segment that has a width below
the ni n value (if specified) or above the max value (if
specified).

Vi a_count

min/max

Counts the number of vias on every net matched by the rule
condition. An error will be generated for each net that has
fewer vias than the mi n value (if specified) or more than the
max value (if specified).

vi a_di anet er

min/max

Checks the diameter of vias. An error will be generated
for each viathat has a diameter below the ni n value (if
specified) or above the max value (if specified).

zone_connection

solid +
thermal _reliefs

+ none

Specifies the connection to be made between a zone and a
pad.
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9.3.3. Object property and function reference

The following properties can be tested in custom rule expressions:

Common Properties

These properties apply to al PCB objects.

Property

Data type

Description

Layer

string

The board layer on which the object exists. For objects that exist
on more than one layer, this property will return the first layer (for
example, F. cu for most through-hole pads/vias).

Locked

boolean

Trueif the object islocked.

Par ent

string

Returns the unique identifier of the parent object of this object.

Posi tion_X

dimension

The position of the object’ s origin in the X-axis. Note that the origin
of an object is not always the same as the center of the object’s
bounding box. For example, the origin of afootprint isthe location

of the (0, 0) coordinate of that footprint in the footprint editor, but the
footprint may have been designed such that this location is not in the
center of the courtyard shape.

Position_Y

dimension

The position of the object’ s origin in the Y -axis. Note that KiCad
always uses Y -coordinates that increase from the top to bottom of the
screen internally, even if you have configured your settings to show
the Y -coordinates increasing from bottom to top.

Type

string

One of "Bitmap", "Dimension”, "Footprint”, "Graphic", "Group"”,
"Leader”, "Pad", "Target", "Text", "Text Box", "Track", "Via", or
"Zone".

Connected Object Properties

These properties apply to copper objects that can have a net assigned (pads, vias, zones, tracks).

Property

Datatype

Description

Net

integer

The net code of the copper object.

Note that net codes should not be relied upon to remain constant:

if you need to refer to a specific net in arule, use Net Nane instead.
Net can be used to compare the nets of two objects with better
performance, for example A. Net == B. Net isfaster than A. Net Nane
== B. Net Nane.

Net Cl ass

string

The list of all net classes for the copper object. This
ordered, comma delimted |ist where a net has nultiple ne

Note that thislist may include the Def aul t net class, even if other
net classes have been explicitly assigned to the net, because the
Def aul t net class provides fallback properties and design rules for
any properties not defined by explicit net classes. See the net class
documentation for more details.
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Property Datatype Description
In an expression, an object’sNet A ass property and a net class string
are equal to each other if the string matches any of the net classesin
the list, or if the string matches the full ordered list. For example, if an
object belongs to the Hv and Def aul t net classes, al of the following
expressions are true:
* A Netd ass == "'HV
* A Netd ass == 'Default'
* A Netd ass == "'HV, Defaul t'
The following expressions are false, however:
* A Netdass == 'LV
* A Netd ass == 'LV, Defaul t'
* A Netd ass == 'Default, HV
Y ou can aso check if acopper object isamember of a particular
net class, regardless of any other net classesit may be a part of,
using hasNet cl ass( <net cl ass>) . You can check if a copper
object’ s net classes exactly match a given list of net classes using
hasExact Net cl ass(<netcl ass |ist>).
Net Nare string The name of the net for the copper object.
Note that Net can be used instead in some situations for better
performance; see the notes under Net .
Cur ved_Edges boolean Trueif curved edges are enabled for teardrops connected to the object.
Enabl e_Tear dbgodean Trueif teardrops are enabled for the object.
Pref er _Zone_|Cooheani ons |Trueif the "Prefer zone connections' property is set for the object.
Al | ow_Tear dr|dyeol @an Span_[Mwudifaties’ Allow teardrops to span two tracks' property is set for the
object.
Best _Lengt h_|Riaubbe Best ratio of teardrop length to object size for teardrops connected to
the object.
Best _W dt h_Raldauble Best ratio of teardrop width to object size for teardrops connected to
the object.
Max_Length |dimension Maximum length dimension for teardrops connected to the object.
Max_Wdth |dimension Maximum width dimension for teardrops connected to the object.
Max_W dt h_Radowble Maximum allowable ratio of object size to track width for teardrops

connected to the object.

Footprint Properties

These properties apply to footprints.
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Property Datatype Description

Cl ear ance_Ovelimeamsion The copper clearance override set for the footprint.

Conponent _Cl |&$ng The nane of the conponent class set for the footprint. This is
conma delimted list where a footprint has nultiple conpohent c
In an expression, afootprint’s Conponent _Cl ass property and a
component class string are equal to each other if the string matches
any of the component classesin thelist, or if the string matches
the full ordered list. For example, if afootprint belongs to the
Connect or and Hv component classes in that order, all of the
following expressions are true:
* A Component _Cl ass == ' Connector"'
¢ A Component _Cl ass == 'HV
¢ A Component _C ass == ' Connector, HV
The following expressions are false, however:
¢ A Component _Class == 'LV
¢ A Component _C ass == ' Connector, LV
¢ A Component _C ass == 'HV, Connector'
Note that while Conponent _d ass isafootprint property, footprint
children, such as pads or graphics, are considered to be members of
any component class that their parent footprint is a member of. For
example, if afootprint is has the component class Hv, the condition
A. Conponent _C ass == ' Hv' istrue both for the footprint as well as
for its pads and other children.
Y ou can also check if an object is part of afootprint with a specific
component class using the menmber O Foot print (' ${d ass: x}")
function.

Do_not _Popul |4celean Trueif the footprint’s "Do not populate” attribute is set.

Excl ude_Fron

beobean on_Fi

Brueif the footprint’s "Exclude from position files" attribute is set.

Excl ude_Fron

nkgial earof _ Vat

sFiue § the footprint’s "Exclude from bill of materials" attribute is set.

Exenpt _Fr om |Cool esrar d_Regliuestfethie footprint’ s " Exempt from courtyard requirement™ attribute
IS set.
Keywor ds string The "Keywords' from the library footprint.

Li brary_Desc

pngon

The footprint’s description in the footprint library. Thisisthe
footprint’s description property, not the contents of the footprint field
named Descri pti on.

Li brary_Li nk

string

Thelink to thelibrary footprintin| i brary_nane: f oot pri nt _nane

format.
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Property Datatype Description

Not _i n_Schendncotean Trueif the footprint’s "Not in schematic" attribute is set.

Oi entation |double The orientation (rotation) of the footprint in degrees.

Ref erence |string The reference designator of the footprint.
Note that while footprints have a Ref er ence property, footprint child
objects (such as pads) do not. To check if an object belongsto a
footprint with a specific reference, use the menber Of Foot print (' x')
function.

Sol der past e_|dumgnsi@ver r | Blee solder paste margin override set for the footprint.

Sol der past e_|dimgnsi Gat i o Thesold paste margin ratio override set for the footprint.

Ther mal _Rel i |l m@&gsion The thermal relief gap set for the footprint.

Ther mal _Rel i |@imansion The thermal relief connection width set for the footprint.

Val ue string The contents of the "Value" field of the footprint.

Zone_Connect istngt y! e One of "Inherited", "None", "Thermal reliefs' or "Solid".

Pad Properties

These properties apply to footprint pads.

Property Datatype Description

Cl ear ance_Ovelimamsion The copper clearance override set for the pad.

Fabri cati on_|Btropgrty One of "None", "BGA pad", "Fiducial, global to board", "Fiducial,
local to footprint”, "Test point pad", "Heatsink pad", " Castellated
pad”.

Hol e_Si ze_X |dimension The size of the pad’ s drilled hole/dot in the X axis.

Hol e_Si ze_ Y |dimension The size of the pad’ s drilled hole/dot inthe Y axis.

Oientation [double The orientation (rotation) of the pad in degrees.

Pad_Nunber |string The "number" of a pad, which can be astring (for example"Al1" ina
BGA).

Pad_Shape |string One of "Circle", "Rectangle", "Oval", "Trapezoid", "Rounded
rectangle”, "Chamfered rectangle”, or "Custom".

Pad_To_Di e_Lehgiension The value of the "pad to die length" property of a pad, which is
additional length added to the pad’ s net when calculating net length.

Pad_Type string One of "Through-hole", "SMD", "Edge connector", or "NPTH,
mechanical".

Pi n_Nane string The name of the pad (usually the name of the corresponding pinin the
schematic).

Pi n_Type string The electrical type of the pad (usually taken from the corresponding

pin in the schematic). One of "Input”, "Output”, "Bidirectiona”,

"Tri-state”, "Passive”, "Free", "Unspecified”, "Power input”, "Power

output”, "Open collector”, "Open emitter”, or "Unconnected".
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Property

Data type

Description

Pins with a no-connection flag on them will have a"+no_connect”
suffix added to the pin type string. For example, "passive
+no_connect” will match a passive pin with a no-connection flag. To
match a pin type whether or not the pin has a no-connection flag, use
awildcard: "passive*" will match passive pins with or without a no-
connection flag.

Cor ner _Radi U

sordil €o

For rounded rectangle pads, the ratio of radius to rectangle size.

Size_X

dimension

The size of the pad in the X-axis.

Size Y

dimension

The size of the pad in the Y -axis.

Sol der mask_ Ml giensmer r i

dEhe solder mask margin override set for the pad.

Sol der past e_|

Idhmgnsi @ver r

Blee solder paste margin override set for the pad.

Sol der past e _|

Imens Gat i o

 Thesoldirr paste margin ratio override set for the pad.

Thermal _Rel i

elimension

The thermal relief gap set for the pad.

Thermal _Rel i

el n@nsien Ang

"Bhe thermal relief connection angle set for the pad.

Thermal _Rel i

el n@ensken W d

1 hhe thermal relief connection width set for the pad.

Zone_Connect

istiingt vl e

One of "Inherited”, "None", "Thermal reliefs" or "Solid".

Track and Arc Properties

These properties apply to tracks and arc tracks.

Property Datatype Description

aigin_X dimension The x-coordinate of the start point.
aiginY dimension The y-coordinate of the start point.
End_X dimension The x-coordinate of the end point.
End_Y dimension The y-coordinate of the end point.
W dth dimension The width of the track or arc.

Via Properties

These properties apply to vias.

Property Data type Description

Di aret er dimension The diameter of the via's pad.

Hol e dimension The diameter of the via s finished hole.
Layer _Bot t omstring The last layer in the via stackup.

Layer _Top

string

Thefirst layer in the via stackup.

Vi a_Type

string

One of "Through", "Blind/buried”, or "Micro".

Tuning Pattern Properties

These properties apply to tuning patterns.
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Property Datatype Description

End_X dimension The x-coordinate of the end point.

End_Y dimension The y-coordinate of the end point.

M n_Ampl i t udelimension The minimum amplitude of the tuning pattern.

Max_Ampl i t udelimension The maximum amplitude of the tuning pattern.

Tuni ng_Mde |string One of "Single track™, "Differential pair”, or "Diff pair skew".
Initial_Sidestring One of "Left", "Right", or "Default".

M n_Spaci ng |dimension The minimum spacing of the tuning pattern..

Corner _Radi u
%

snteger

The corner radius percentage of the tuning pattern.

Tar get _Lengt|idimension Thetarget length for the tuning pattern.

Tar get _Skew |dimension Thetarget skew for the tuning pattern.

Overri de_Custmal &an es Trueif the tuning pattern overrides custom DRC rules.
Si ngl e- boolean Trueif the tuning pattern is single-sided.

si ded

Rounded boolean Trueif the tuning pattern uses rounded meanders.

Zone and Rule Area Properties

These properties apply to copper and non-copper zones, and rule areas (formerly called keepouts).

Property

Data type

Description

Cl earance_Ov

€l mahsion

The copper clearance override set for the zone.

Hat ch_Gap

dimension

The distance between hatched lines in the zone.

Hat ch_M ni mu

flodil e Ratio

The minimum allowed hatching hole size, expressed as afraction of
the nominal hatching hole size.

Hat ch_Ori ent|anieger The angle (in degrees) of the hatched linesin the zone.

Hat ch_W dt h |dimension The width of hatched linesin the zone.

Mn Wdth |dimension The minimum allowed width of filled areas in the zone.

Nane string The user-specified name (blank by default).

Pad_Connect i |&t$ng One of "Inherited”, "None", "Thermal reliefs’, "Solid", or "Thermal
Reliefsfor PTH".

Priority integer The priority level of the zone.

Ther mal _Rel i |elin@nsion The thermal relief gap set for the zone.

Ther mal _Rel i |@imansion The thermal relief connection width set for the zone.

Graphic Shape Properties

These properties apply to graphic lines, arcs, circles, rectangles, and polygons.
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Property Datatype Description

Angl e dimension The angle of an arc.

End_X dimension The x-coordinate of the end point.

End_Y dimension The y-coordinate of the end point.

Filled boolean Trueif the shapeisfilled.

Line_Wdth |dimension Thickness of the strokes of the shape.

Line_Style |string One of "Solid", "Dashed", "Dotted", "Dash-Dot", "Dash-Dot-Dot".

Shape string One of "Segment", "Rectangle”, "Arc", "Circle", "Polygon", or
"Bezier".

Start_X dimension The x-coordinate of the start point.

Start_Y dimension The y-coordinate of the start point.

Text Properties

These properties apply to text objects (footprint fields, free text labels, etc).

Property Data type Description
Bol d boolean Trueif the text isbold.
Hei ght dimension Height of a character in the font.

Hori zontal _J

Stingi cat i on

Horizontal text justification (alignment): one of "Left", "Center", or
"Right".

Italic boolean Trueif thetext isitalic.

Knockout boolean Trueif the text has the knockout property set.

Mrrored boolean Trueif the text is mirrored.

Name string The name of afootprint field. For text objects that are not footprint
fields, thisis an empty string.

Text string The contents of the text object.

Thi ckness  |dimension Thickness of the stroke of the font.

W dt h dimension Width of a character in the font.

Vertical _Jusitringati on |Vertical text alignment: one of "Top", "Center", or "Bottom".

Vi sible boolean Trueif the text object is visible (displayed).

Expression functions

The following functions can be called on objects in custom rule expressions:

Function

Objects

Description

encl osedByAr

ea(' M OrB

Returnstrueif al of the object isinside the named rule area or zone.
Note that encl osedByAr ea() isslower thani nt ersect sArea() . Use
i ntersect sArea() where possible.

exi st sOnLayer ('

ayer Bi d

Returns true if the object exists on the given board layer. | ayer _i d is
astring containing the name of a board layer.
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Function

Objects

Description

fromTo(' x',
'y

AorB

Returnstrue if the object exists on the copper path between the given
pads. x andy are the full names of padsin the design, such as' R1-
Padl' .

getField('x")

AoOrB

Returns the value of field x in the object. Note that only footprints
have fields, so no field will be returned unless the object isisa
footprint.

hasConponent d as

9 OKB)

Returns true if the set of component classes assigned to the object
contains the named component class x. Note that only footprints have
component classes, so this function will only return true if the object
isafootprint. In most cases, you will want to check if an object is part
of afootprint that has a specific component class. For this query, see
the menber O Foot pri nt () expression function.

hasExact Net cl ass

@ erp

Returnstrue if the set of net classes assigned to the object exactly
matches the named set of net classes x.

hasNet cl ass(' x')

AoOrB

Returnstrueif the set of net classes assigned to the object contains the
named net class x.

inDiffPair('x")

AoOrB

Returns true if the object is part of adifferential pair and the base
name of the pair matches the given argument x. For example,
inDiffPair('/USB ') orinDiffPair('/USB ) bothreturntrue
for objectsinthe nets/ UsB_P and/ USB_N.\ * and ? can be used as
wildcards, soi nDi ffPair (' /USB*' ) matches/USB1_Pand/USB1_N
aswell as/ usB2_pP and / UsB2_N. Note thiswill always return false if
the given net isnot a diff pair, meaning that there isn’t a matching net
of the opposite polarity. So, on a board with anet named / USB_P but
no net named / USB_N, this function returns false.

i nsi deArea(' x")

AorB

Returns true if any part of the object isinside the named rule area
or zone. Rule area and zone names can be set in their respective
properties dialogs. If the given areais afilled copper zone, the
function testsif the given object isinside any of the filled copper
regions of the zone, not if the object isinside the zone' s outline.

Deprecated; usei nt er sect sArea() instead.

i nsi deCourt yar d(
i nsi deFr ont Cour t

i nsi deBackCourty,

'A0) B
yard(' x'

ard(' x')

Returns true if the any part of the object is inside the
first variant checks both the front or back courtyard
ei ther one; the second and third variants check a cour
The naned footprint “x° can be one of the follow ng:

» A reference designator, possibly containing wildcards\ * and
?.insideCourtyard(' R?") will check all footprints with
references that contain R followed by a single character, while
i nsi deCourtyard(' R*') will check all footprints with reference
designators starting with R.

» A footprint library identifier in
<footprint_Ilibrary>:<footprint_nanme>
format, possibly containing wildcards\ * and 2.

courty
and re
yard
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Function Objects |Description

i nsi deCourtyard(' Resi stor_SMD: *') will check all footprints
inthe Resi st or _SMD library. A component class, in the form
${d ass: d assNane}. The d ass keyword is nhot case-sensitive,
but component class hames are case-sensitive. The function will
return true if the object isinside the courtyard of a footprint with
the named component class.

Deprecated; usei nt er sect sCourt yard(),

i nt ersect sFront Courtyard(), andi nt ersect sBackCourtyard()
instead.

intersectsArea('pa®rB | Returnstrueif any part of the object isinside the named rule area
or zone. Rule area and zone names can be set in their respective
properties dialogs. If the given areais afilled copper zone, the
function testsif the given object isinside any of the filled copper
regions of the zone, not if the object isinside the zone' s outline.

i ntersectsCourtyj@d(Bx')|Returns true if any part of the object is inside the courfyard
first variant checks both the front or back courtyard and re
i nt er sect sFront Qour t yar d(* x’ ither one; the second and third variants check a courtyard
he naned footprint “x° can be one of the follow ng:

i Back ' . . - .
I ntersect sBackCourtyard(| x A reference designator, possibly containing wildcards\ * and

?.intersectsCourtyard(' R?") will check all footprintswith
references that contain R followed by a single character, while

i ntersectsCourtyard(' R') will check all footprints with
reference designators starting with R.

» A footprint library identifier in
<footprint_Iibrary>:<footprint_nanme>
format, possibly containing wildcards\ * and 2.
i ntersectsCourtyard(' Resistor_SMD: *') will check all
footprintsin the Resi st or _SMD library. A component class, in
theform ${d ass: Cl assName}. The d ass keyword is not case-
sensitive, but component class names are case-sensitive. The
function will return true if the object intersects the courtyard of a
footprint with the named component class.

i sBlindBuriedVia@orB |Returnstrueif the object isablind/buried via

i sCoupl edDi f f Pai /AB Returnstrue if the two objects being tested are part of the same
differential pair but are opposite polarities. For example, returns true
if Aisinnet/ UsB+ and Bisinnet/ USB- .

i sMcroVia() AoOrB Returnstrueif the object isamicrovia.

i sPl at ed() AorB |Returnstrueif the object is aplated hole (in apad or via).

menber OF (' x') AorB |Returnstrueif the object isamember of the named group x.

Deprecated; use menber Of G- oup() instead.

menber OF G oup(' x{AOr B Returns true if the object is a member of a group named x.

mermber Of Foot pri ntX Ok B) Returns true if the object is a nmenber of the given foot p[i nt.
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Function Objects

Description

The naned footprint “x° can be one of the follow ng:

A reference designator, possibly containing wildcards\ * and
?. menber Of Foot pri nt (* R?') will match all footprints with
references that contain R followed by a single character, while
menber Of Foot pri nt (* R*' ) will match all footprints with
reference designators starting with R.

» A footprint library identifier in
<footprint_library>:<footprint_nane>
format, possibly containing wildcards\ * and ~.
menber O Foot pri nt (' Resi stor _SMD: *') will match all
footprintsin the Resi st or _SMD library. A component class, in
theform ${d ass: Cl assName}. The d ass keyword is not case-
sensitive, but component class names are case-sensitive. The
function will return true if the object is a member of afootprint with
the named component class.

menber Of Sheet (' X'A0r B

Returnstrue if the object is amember of a schematic sheet named x.
The sheet path can contain wildcards\ * and 2. This does not check
subsheets: objectsin child hierarchical sheets of x are not considered
members of x. To check if an object isin a sheet or any of that sheet’s
child sheets, use menber O Sheet Or Chi | dren() .

menmber Of Sheet Or QA OiBen(

Redurns true if the object is amember of a schematic sheet named
x or any of its child hierarchical sheets. The sheet path can contain
wildcards\ * and 2. Note: this function was added in KiCad 9.0.2.

9.3.4. Custom design rule examples

Basic examples

(rule RF_width
(layer outer)

(condition "A hasNetclass('RF )")
(constraint track width (mn 0.35m) (max 0.35m)))

(rule "BGA neckdown"

(constraint track width (mn 0.2mm (opt 0.25mM))
(constraint clearance (mn 0.05n) (opt 0.08mm)
(condition "AintersectsCourtyard(' U3')"))

# Specify an optimal gap
(rule "d ock gap"

for a particular differential pair

(condition "AlinDiffPair('/CLK )")
(constraint diff_pair_gap (opt 0.8m)))

# Specify a larger clearance between differential pairs and anything el se

(rule "Differential pair

cl ear ance"

(condition "AinDiffPair('*") &% !AB.isCoupledDi ffPair()")
(constraint clearance (mn 1.5m)))

(rul e "copper keepout"
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(constraint disallowtrack via zone)
(condition "A.intersectsArea('zone3' )"))

(rule "m ni mum creepage di stance for high voltage nets”

(condition "A hasNetclass('HV )")
(constraint creepage (mn 5m)))

Various clearances

(rule "d earance between Pads of Different Nets"

(constraint clearance (mn 3.0m))

(condition "A Type == 'Pad'" && B. Type == 'Pad' && A Net != B.Net"))

(rule "Pad to Track d earance"
(constraint clearance (mn 0.2m))

(condition "A Type == 'Pad' && B. Type == 'Track'"))

# Enforce a cl earance around pads (and ot her copper objects) in a specific footprint

(rule "Pad cl earance in R1"
(constraint clearance (mn 1nm))
(condition "A nenber O Foot print (' TP1')"))

# Enforce a nmechanical clearance between conponents and board edge

(rul e front _nechani cal board_edge cl earance
(layer "F. Courtyard")
(constraint physical clearance (mn 3mm)
(condition "B.Layer == ' Edge. Cuts'"))

# Prevent copper pours under capacitors
(rule "No copper pours under capacitors"
(constraint physical _clearance (mn 0.1nmm)

(condition "A Type == 'Zone' && B.Reference == 'C'")

)

# This assunes that there is a cutout with Immthick |ines

(rule "d earance to cutout™
(constraint edge_clearance (mn 0.8m))

(condition "A Layer=='Edge. Cuts' && A. Line_

# prevent silk over tented vias

(rule silk_over _via
(constraint silk clearance (mn 0.2m))
(condition "A Type == '*Text' && B. Type ==

(rule "Al'l ow connector silk to intersect board
(constraint silk_clearance)
(severity ignore)

Wdth ==

‘Via'"))

edge"

1. ommt'))

(condition "A nmenber O Footprint('J*') && B. Layer=='Edge. Cuts'"))

(rule "Distance between Vias of Different Nets"
(constraint hole to hole (mn 0.254m))

(condition "A Type == 'Via' & & B.Type == 'Via' & A Net !'= B.Net"))

(rule "Via Hole to Track C earance"
(constraint hole_clearance (mn 0.254mm)

(condition "A Type == 'Via' && B. Type == 'Track'"))

(rule "Di stance between test points"

(constraint courtyard clearance (mn 1.5m))

225



Advanced topics

(condition "A Reference =="TP*' && B. Reference == "'TP*"))

High-current design rules

# Check current-carrying capacity

(rul e high-current
(constraint track width (mn 1.0mm)
(constraint connection width (mn 0.8mm)
(condition "A hasNetcl ass(' Power')"))

# Don't use thernmal reliefs on heatsink pads
(rul e heat _sink _pad
(constraint zone_connecti on solid)
(condition "A Fabrication Property == 'Heatsink pad "))

# Require all four thermal relief spokes to connect to parent zone
(rule fully_ spoked pads
(constraint mn_resol ved_spokes 4))

# Set thermal relief gap & spoke width for all zones
(rule defined_relief
(constraint thermal _relief_gap (nmin 10ml))
(constraint thermal _spoke width (min 12nmil)))

# Override thermal relief gap & spoke width for GND and PWR zones
(rule defined_relief_pw

(constraint thermal _relief_gap (nmin 10ml))

(constraint thermal _spoke width (min 12mil))

(condition "A Name == 'zone GND || A Nane == 'zone PWR "))

# Prevent sol der w cking from SVMD pads

(rule hol es_in_pads
(constraint physical _hole_clearance (nin 0.2m))
(condition "B.Pad Type == 'SMD "))

# Disall ow sol der mask margi n overri des

(rule "disall ow sol der nask margi n overri des"
(constraint assertion "A Soldernmask Margin_Override == 0mi)
(condition "A Type == 'Pad'"))

Hole sizes

(rule "Max Drill Hole Size Mechanical "
(constraint hole_size (max 6.3m))
(condition "A Pad_Type == ' NPTH, nechanical'"))

(rule "Max Drill Hole Size PTH'
(constraint hole_size (max 6.35nm))
(condition "A Pad _Type == ' Through-hole'"))

# Separate drill bit and mlling cutter size constraints
(rule "Plated through-hol e size"
(constraint hole size (mn 0.2m) (nmax 6.35m))
(condition "A.isPlated() & A Hole Size X == A Hole_Size Y"))

(rule "Plated slot size"
(constraint hole size (mn 0.5m))
(condition "A.isPlated() & A . Hole Size X != A Hole Size Y"))
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9.4. Scripting

Scripting allows you to automate tasks within KiCad using the Python [https://www.python.org/]
language. KiCad provides an API for editing PCBs that can be used interactively or in standalone
scripts. Board Editor scripts can be organized as "action plugins®, which are displayed asiconsin
the top toolbar of the Board Editor. Thereis also a separate Footprint Wizard APl that can be used to
create footprint creation plugins for the Footprint Editor.

This manual covers general scripting concepts for the Board Editor’s pcbnew APl as well as for
the footprint wizard API. Users wishing to write or modify scripts should also use the Doxygen
documentation for these APIs located at https://docs.kicad.org/doxygen-python-9.0/namespaces.html.

KiCad 6 or newer requires Python 3 for scripting support. Python 2 is no longer supported.

9.4.1. Using the scripting console

The PCB Editor comes with a built-in Python console that can be used to inspect and interact with the
board. To launch the console, use the

button in the top toolbar. The PCB Editor Python API is not automatically loaded, so to load it, type
i nport pcbnew into the console. The command pcbnew. Get Boar d() will then return areference
to the board currently loaded in the PCB Editor, which can be inspected and modified through the
console.

9.4.2. Python script locations

Plugin scripts (PCB action plugins and footprint wizards) can be installed automatically using

the Plugin and Content Manager (PCM), or manually by copying the plugin to afolder. Manually
installed plugins should each be in their own folder within the pl ugi ns folder. The location of the
pl ugi ns folder is by default:

Platform Path

Linx ~/ .1 ocal / share/ ki cad/ 9. 0/ scri pting/pl ugi ns

macOS ~/ Docunent s/ Ki Cad/ 9. 0/ scri pti ng/ pl ugi ns

Windows 9%OVE% Docunent s\ Ki Cad\ 9. O\ scri pti ng\ pl ugi ns
Uwaga

The type of plugin is determined by the Python class it inherits from. Inheriting from

Foot pri nt W zar dBase. Foot pri nt W zar d will create afootprint wizard plugin, and
inheriting from pcbnew. Act i onPl ugi n will create an action plugin. Creating action plugins
and footprint wizards is described in more detail below.

943 pcbnew API OverV|eW

The scripting API reflects the internal object structure inside KiCad’ s Board Editor. It is provided by
the pcbnew module in Python.
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Uwaga

Because the API istightly coupled to KiCad' sinternals, the API will change over timeand is
not considered stable. Consult the doxygen documentation [https.//docs.kicad.org/doxygen-
python-9.0/namespaces.html] for the most up-to-date API reference, and be sure to use the
documentation for the appropriate version of KiCad.

Scripts, action plugins, and interactive scripting sessions often start with a call to Get Boar d() , which
returns a BOARD object representing the currently open board and its contents.

BOARD has a set of properties and a set for each type of object in the board: footprints, zones, tracks,
vias, text, etc. Each type of object has its own properties and holds its own objects: a footprint will
likely have at least one pad, for example.

The objects in the BOARD can be accessed using methods that each return an iterable list of the
corresponding object type. A selection of these methods are listed below. Other methods are listed in
the doxygen documentation.

* board. Get Foot prints(): returnsalist of al of the footprintsin the board.

* board. Get Drawi ngs() : returns alist of miscellaneous board objects in the board.

* board. Get Tracks() : returnsalist of all of the tracks and vias in the board.

* board. Get Zones() : returnsalist of all of the zonesin the board.

* board. Get Net O asses(): returnsalist of all net classesin the board’ s design rules.
Boards can be loaded and saved from disk using the following functions:

* LoadBoar d(fil enanme): loads a board from file, returning a BOARD object, using the file format that
matches the filename extension.

» SaveBoard(filename, board): savesaBOARD object to file, using the file format that matches the
filename extension.

* board. Save(fil enane) : the same as SaveBoar d( ) , but a method of the BOARD object.

Przyk#ady

Load a board, hide all values, and show all r efer ences.

#!/ usr/ bin/env python3

i mport sys
from pcbnew i nport LoadBoard

filename = sys.argv|[1]

pcb = LoadBoard(fil enane)
for fp in pch. Get Foot prints():
print(f"* Footprint: {fp.GetReference()}")
fp. Val ue() . Set Vi si bl e( Fal se) # set Val ue as Hi dden
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fp. Ref erence() . Set Vi si bl e( True) # set Reference as Visible

pcb. Save("nod_" + fil enane)

Change the paste mask margin for pins 1-14 of a footprint.

#!/ usr/ bin/ env python3

i mport sys
from pcbnew i nport *

fil enane=sys. argv[ 1]
pcb = LoadBoard(fil enane)

# Find nodul e U304
u304 = pchb. Fi ndFoot pri nt ByRef er ence(' U304')
pads u304. Pads()

# lterate over pads, printing solder paste nmargin
for p in pads:
print (p. Get PadNanme(), ToMM p. Get Local Sol der Past eMar gi n()))
id = int(p.CGetPadNane())
# Set margin to O for all but pad (pin) 15
i f id<15: p.SetLocal Sol der Past eMar gi n( 0)

pcb. Save("nod_"+fi | enane)

Load afootprint library, list footprintsin thelibrary, and list padsin each footprint.

#!/ usr/ bin/env python3
from pcbnew i nport *

i bpath = "/usr/share/kicad/footprints/Connector_ Pi nSocket 2.54mm pretty"
print(f">> enunerate footprints, pads of {libpath}")

# Load the suitable plugin to read/wite the .pretty library

src_type = PCB | O MGR GuessPl ugi nTypeFronli bPat h( |i bpath );

# W can force the plugin type by using 1O MGR Pl ugi nFind( 1 O MGR. Kl CAD )
plugin = PCB_ | O MGR Pl ugi nFi nd( src_type )

# Print plugin type name: (Expecting "Ki Cad" for a .pretty library)
print(f"Selected plugin type: {PCB | O MGR ShowType(src_type)}")

list of footprints = plugin. Footprint Enunerate(libpath)

for nane in list _of footprints:
fp = plugin. Foot pri nt Load( | i bpat h, nane)
# print the short nanme of the footprint
pri nt ( nanme)
# followed by ref field, value field, and decription string:
# Renenber ref and value texts are dunmy text, replaced by the schematic val ues
# when reading a netlist.
print(f" -> {fp.CGetReference()} {fp.GetValue()} {fp.GetLibDescription()}")
for pad in fp.Pads():

print (
f" pad [{pad. Get PadNane()}] at
f"pos ({ToMM pad. Get Position().x)}, {ToMM pad. Get Position().y)}) mm",
f"shape offset ({ToMM pad. GetOfFfset().x)}, {ToMV pad. GetOFfset().y)}) mi
)
print()
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Load a board and print information about each item in the board.

#!/usr/ bi n/ env python

i nport sys
from pcbnew i nport *

fil ename=sys. argv] 1]
pcb = LoadBoard(fil enane)

print("Listing Tracks and Vias:")
for itemin pcb. Get Tracks():
if type(itenm) is PCB VIA:
pos = item Get Position()
drill = item GetDrill Val ue()
width = item Get Wdt h()
print(f" * Via: {ToMpos)} - {TomMMdrill)}/{ToMw dth)}")
elif type(item) is PCB_TRACK:
start = itemCGetStart()
end = item Get End()
width = item Get Wdt h()
print(f" * Track: {ToMMstart)} to {ToMMend)}, width {ToMw dth)}")
el se:
print (f"Unknown type {type(item}")

print()
print("Listing Text and Shapes:")
for itemin pcb. Get Drawi ngs():
if type(iten) is PCB TEXT:
print(f"* Text: "{itemGetText()}' at {ToMMitem GetPosition())}")
elif type(item) is PCB_SHAPE:
print(f"* Drawi ng: {item Get ShapeStr()}")
el se:
print (f"Unknown type {type(item}")

print()
print("Listing Footprints")
for fp in pcb. GetFootprints():
print(f"* Footprint: {fp.CGetReference()} at {ToMMfp.GetPosition())}")

print()

print(f"Ratsnest count: {pch. Get NetCount()}")
print(f"Track width count: {len(pcb. GetTrackWdthList())}")
print(f"Via size count: {len(pch. GetViasD nensionsList())}")

print()
print(f"Listing Zones: {pch. Get AreaCount()}")
for idx in range(0, pcb. GetAreaCount()):
zone = pch. Get Area(i dx)
print(f"zone: {idx} priority: {zone. Get AssignedPriority()} netname: {zone. Get Net hane

print()
print(f"Netclasses: {len(pcbh.CGetAllNetC asses())}")

9.4.4. Action plugins

Action plugin associate a script with a button in the PCB Editor GUI. Clicking the button runs the
script. Action plugins are shown inthe Tools _ External plugins menu, and can also be shown in the
toolbar if enabled in the Action Plugins page of the Preferences dialog.
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The example below is an action plugin that uses KiCad's pcbnew API to replace the string $dat e$
with the current date in any text item.

i mport pchbnew
i mport re
i mport datetine

cl ass text by date(pcbnew. Acti onPl ugi n):

test by date: A sanple plugin as an exanple of ActionPlugin

Add the date to any text field of the board containing '$date$'

How to use:

- Add a text on your board with the content '$date$'

- Call the plugin

- The text will automatically be updated with the date (format YYYY- MV DD)

def defaul ts(self):

Met hod defaults nust be redefined

sel f. name should be the nmenu | abel to use

sel f.category should be the category (not yet used)

sel f.description should be a conprehensive description
of the plugin

sel f.name = "Add date on PCB"
sel f.category = "Mdify PCB"
sel f.description = "Automatically add date on an existing PCB"

def Run(self):
pcb = pcbnew. Get Boar d()
for itemin pcb. Get Drawi ngs():
if itemGetd ass() == "PCB_TEXT":
txt = re.sub("\$date\$ [0-9]{4}-[0-9]{2}-[0-9]{2}",
"$dat e$", item GetText())
if txt == "$date$":
i tem Set Text (" $dat e$ %" % dateti ne. dat e. t oday())

text by date().register()

9.4.5. Footprint wizards

Footprint wizards are Python scripts that can be accessed from the Footprint Editor. Each footprint
wizard presents a selection of parameters defined in the Python script, and creates a footprint based on
the parameter values.

There are 3 minimum steps required to create a footprint wizard, which are described below. For
examples of how to create footprint wizards, see the footprint wizards included with KiCad.

1. Instantiate a Python class, inheriting from Foot pri nt W zar dBase. Foot pri nt W zar d.

2. Define the 6 required functions: Get Nane() , Get Descri ption(), Get Val ue(),
Gener at ePar amet er Li st (), CheckPar aret er s( ), and Bui | dThi sFoot print ().

3. Register the class by calling { your _cl ass_nane} (). register().
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The Get Nanme() , Get Descri ption(), and Get Val ue() functions are there to provide strings to the UI.
The only functionality needed is to return an appropriate string.

The Gener at ePar anet er Li st () function defines the parameters needed for the footprint.
Parameters are grouped into a page + nanme format. For example, calling sel f . AddPar an( " deno",
"radius", self.umM 5) wouldadd aparameter named radius into the page named demo.
Retrieving that parameter data would be done with acall such assel f. f oot print _radi us =

sel f. paraneters["denp"]["radi us"].

The CheckPar arret er s() function is available to perform any data validation on the parameters
defined in Gener at ePar anet er Li st (). Thisfunction isaso wherethesel f. f oot print_radi us =
sel f. paraneters["demp"]["radius"] calsreside.

TheBui | dThi sFoot pri nt () functioniswhere the footprint building steps are called. Thisfunctionis
where one creates the footprint.

Therequired { your _cl ass_nane} () .regi ster () cal can either be at the end of the Python file, or
inan\\ __init__.py file. Both styles are supported by KiCad.

Uwaga

KiCad will not reload a plugin after it has raised an error (for example, the
Not | npl enent edEr r or ). One will need completely close out KiCad and restart it. However,
this doesn’t apply to changes which do not raise an error.

9.5. IDF component outlines

KiCad can export an IDF representation of the board for use in mechanical CAD software. Below
is some guidance on attaching IDF component outlines to footprints, creating new |DF component
outlines, and a description of the IDF utilities included with KiCad.

9.5.1. Okre#lanie modeli komponentow u#ytych
przez eksporter

IDF component models are attached to footprints using the footprint’s 3D model properties. The IDF
exporter uses different filetypes than the 3D viewer and other 3D model exporters, so adding 3D
models for the IDF exporter does not conflict with 3D models added to afootprint for other purposes.

To add an IDF model to afootprint in the footprint or PCB editors, edit the footprint’s properties and
click on the 3D Models tab.
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. b 4 Footprint Properties VoA X

General Clearance Overrides and Settings 3D Models

3D Model(s) Show

+ [ ] Configure Paths...

Scale :
Preview
X — @

¥: —
Z: —

Rotation

€ PROOD

Q

Library link: Capacitor_THT:CP_Radial_D10.0mm_P5.00mm ® Cancel " OK

Click the
button and select the IDF (*.idf;*.IDF) filetype filter. Browse to the desired outline file.
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i Select 3D Model v AW

B lib

B libe4

B lost+found
B media

B mnt

B opt

WOONONS NS NN NS N N N N

IDF (*.idf;*.1DF) o

Available paths:| /usr/share/kicad/demaos/stickhub “ | | Configure Paths
& Cancel « OK

Once the desired component outline file is selected, enter any necessary values for the offset and
rotation. The offsets must be specified using the IDF board output units (mm or mils) and in the IDF
coordinate system, which is aright-hand coordinate system with +Z pointing towards the viewer, +X
to the viewer’ sright, and +Y towards the upper edge of the screen. The rotation must be in degrees;
positive rotation is a counter-clockwise rotation as described in the IDFv3 specification.

Multiple outlines may be combined with appropriate offsets to represent simple assemblies such as a
DIP package in a socket.

Uwaga

Only the offset values and the Z rotation value are used by the IDF exporter; al other values
areignored.

9.5.2. Tworzenie pliku z zarysami komponentow

The component outlinefile (*. i df ) consists of asingle . ELECTRI CAL or . MECHANI CAL section as
described in the specification document. The section may be preceded by any number of comment
lines; the comment lines are copied by the exporter into the library file and can be used to track
metadata such as references to the documents used to determine the component’s outline and
dimensions.

Sekcja zarysu komponentu zawiera pola, ktére s# ci#gami znakow, liczbami cattkowitymi lub
u#amkowymi. Ci#g jest kombinacj# znakow, ktOre mog# zawiera# spacje; jetli ci#g zawiera spacje
to musi by# uj#ty w cudzysttowy. Cudzyst#owy nie mog# pojawia# si# wewn#trz ci#gu. Liczby
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u#amkowe mog# by# reprezentowane za pomoc# notacji dziesi#tnej lub wyk#adniczej, ale notacja
dziesi#tna jest jednak bardzigj czytelna. Punktem dziesi#tnym musi by# kropka, a nie przecinek. Plik
IDF musi sk#ada# si# tylko z 7-bitowych znakow A SCII; zastosowanie 8-bitowych znakdw mo#e
doprowadzi# do zachowa# niemo#liwych do zdefiniowania.

An IDF file consists of SECTIONS which consist of RECORDS which consist of FIELDS. For
the IDF outline files only one type of section may exist and must be one of . ELECTRI CAL or

. MECHANI CAL. A record isasingle line of text and may contain one or more fields. Fields are
sequences of characters separated by one or more spaces which do not appear between quotation
marks. All fields of arecord must appear on asingle line; records may not span lines.

The section heading (. ELECTRI CAL or . MECHANI CAL) is considered the first record (Record 1) of the
section. Record 1 must be followed by Record 2 which has four fields:

1. Nazwa Geometrii: ci#g znakow, ktory razem z numerem cz##ci musi formowa# unikalny
identyfikator kszta#tu komponentu. Dla standardowych obudéw, nazwa obudowy stanowi dobr#
warto## dla nazwy geometrii, naprzyk#ad "SOT-23". Dla unikanych obudéw numer cz##ci
wed#ug producenta rownie# stanowi dobry wybor dla nazwy geometrii.

2. Numer cz##ci: cho# oczywi#cie przeznaczony nanumer cz#ci, np. "BS107", to lepigj jest utty#
tego ci#gu aby maoc opisa# pakiet. Na przyk#ad je#li nazwa geometrii to "TO-92", pole Numer
Cz##ci mote by# ut#yte do opisywania uk#adu pdl lutowniczych lub orientacj# tego konkretnego
pliku konturu obudowy TO-92.

3. IDF Unit: this must be one of Mvor THOU and it applies only to the units describing this single
component outline.

4. Wysoko##: jest to liczba rzeczywista reprezentuj#ca wysoko# nominalnego sk#adnika przy
u#yciu jednostek okretlonych w polu 3.

Po rekordzie 2 musi wyst#pi# kilka rekordéw 3, ktore okrett gj# kontur elementu. Rekord 3 sk#ada si#
z czterech pol:

1. Loop Index: 0 (outline points are specified in counter-clockwise order) or 1 (outline points are
specified in clockwise order)

2. po#ottenie X: liczba rzeczywista utamkowa
3. po#o#enie Y: liczba rzeczywista u#tamkowa

4. Included Angle: afloating point number. If the value is0 then a straight line segment is drawn
from the previous point to this point. If the value is 360 then the previous point specifies the center
of acircle and this point specifies a point on the circle; never specify acircle using avalue of - 360
as at least one major mechanical CAD package does not behave well in that situation. If the value
is negative then a clockwise arc is drawn from the previous point to this point and if the valueis
positive then a counter-clockwise arc is drawn.

Tylko jedna zamkni#ta p#tla jest dopuszczalnai nie jest mo#liwe opisywanie wyci##. Ostatni punkt
musi by# taki sam jak pierwszy chyba, #e kontur jest okr#g#y.

Pierwszy przyk#ad pliku IDF:

# prosty cylinder — no#e reprezentowa# kontur kondensatora el ektrolitycznego
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. ELECTRI CAL
"cylinder” "5mm OD, 5mm hei ght" MM 5
0000O
0 2.5 0 360

. END_ELECTRI CAL

Drugi przyk#ad pliku IDF:

# odw 6cone T

# konment arz dodany by zaprezent owa# nmo#l i wo## konment owani a

. ELECTRI CAL
"Capi tal

-0.5

"5x8x10nm upsi de down" MM 10
0
0
0
0
0
0
0
0
0

. END_ELECTRI CAL

9.5.3. Wskazdwki przy tworzeniu konturow

Podczas tworzenia konturow, zw#aszcza gdy s# one udost#pniane innym osobom, odpowiednie
podej#cie przy ich tworzeniu i nazewnictwo pomo#e innym szybciegj zlokalizowa# pliki oraz
umieszcza# komponenty bez wi#kszych k#opotow.

Nazwy pakietow

Naletty stara# si# zawiera# pewne informacje o konturze w nazwie pliku, aby da# u#ytkownikowi
0golne poj#cie o tym, jaki kontur zawiera plik. Na przyk#ad cylindryczna obudowa z
wyprowadzeniami osiowymi mo#e odzwierciedla# niektore z rodzajow kondensatoréw foliowych,

jak réwnie# niektore typy rezystorow, wi#c sensowne jest, by stara# si# identyfikowa# taki obrys
jako poziomy lub pionowy z wyprowadzeniami, dodaj#c kilka wa#nych informacji o odpowiednich
wymiarach: #rednica, d#ugo## i rozstaw. Jetli element posiada unikatowy kontur, warto doda# numer
cz#Hci wed#ug producentai prefiks by wskaza# klas# urz#dzenia.

Comments

Naletty u#y# komentarzy w pliku IDF, aby da# u#ytkownikom wi#cej informacji o konturze, na
przyk#ad odniesienie do #rod#a wykorzystywanego przy jego wymiarowaniu.

Wpisy Geometry i Part Number

Naletty dok#adnie przemy#l e jakie warto#ci zostan# przekazane do wpisow Geometry oraz Part
Number. Razem wzi#te, tretfci te dziataj# jako unikatowe identyfikatory dla systemow MCAD.
|dealnie by#oby gdyby warto#ci tych #a#tcuchdw mia#y pewne znaczenie dla u#ytkownika, ale nie
jest to konieczne: warto#ci te s# przeznaczone przede wszystkim dla systemu MCAD i u#ywane

jako niepowtarzalny identyfikator. Idealnie gdyby wybrane warto#ci by#y unikatowe w katde du#e)
kolekcji konturow; wybieragj#c odpowiednie warto#ci spowodujemy rownie# mnigj kolizji, zw#aszcza
w przypadku z#o#onych p#ytek.
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Orientacja wyprowadze# oraz ich ustawianie

Component outlines should be created to match the orientation and position of the corresponding
footprints. This avoids the need to specify a non-zero rotation for the IDF component outline. Since
the IDF exporter ignoresthe (X, Y) offset values, it isvital that you use the correct origin in the IDF
component outline.

The image above shows sample outlines generated by the programsi df cyl andi df rect and
rendered in amechanical CAD program. From left to right are (a) vertical radial leaded cylinder, (b)
vertical axial leaded cylinder with wire on left, (c) vertical axial leaded cylinder with wire on right,
(d) horizontal axial leaded cylinder, (e) horizontal radial leaded cylinder, (f) square outline, plain,
(9) square outline with chamfer, (h) square outline with axial lead on right. The top outlines were
specified in units of millimeters while the bottom outlines were specified in units of inches.

Wskazowki dotycz#ce wymiarow

Celem dostarczenia “wyci#ganych” konturéw jest danie projektantowi mechanicznemu pewnego
wyobra#enia o lokalizacji i fizycznel przestrzeni zajmowane przez kat#dy z elementow. W
typowym scenariuszu projektant mechaniczny zast#pi niektdre surowe modele za pomoc# bardziej
szczego#owych modeli, na przyk#ad podczas sprawdzenia, czy zamontowane k#towe diody LED
pasuj# do otworow w panelu. W wi#kszo#ci sytuacji dok#adno## konturu nie ma znaczenia, ale

do dobreg praktyki naletty, stworzenie zarysow, ktore przenios# mo#liwie jak najlepsz# informacje
mechaniczn#. W kilku przypadkach u#ytkownik mo#e chcie#, by dopasowa# komponent z

bardzo niewielkim nadmiarem przestrzeni, na przyk#ad w przypadku przeno#nego odtwarzacza
muzyki. W takigj sytuacji, jeteli wi#kszo## konturow dostarcza wystarczaj#co dobr# reprezentacj#
komponentow, projektant mechaniczne cz##ci b#dzie musia# wymieni# tylko niewiele modeli
podczas projektowania obudowy. Je#li kontury nie odbijaj# w pe#ni rzeczywisto#ci, to projektant
mechaniki b#dzie tylko traci# czas na zast#powanie modeli, tak by zapewni# im dobre dopasowanie.
Mimo wszystko, je#li umietcimy niepoprawne modele, to mo#na oczekiwa# tylko niepoprawnych
rezultatéw. Jetli za# umieticimy wiele odpowiednich informacji, mo#na mie# pewno##, #e spotkamy
Si# z dobrymi wynikami.

9.5.4. Narz#zia dla Kszta#tow IDF

Dost#pny jest pewien zbior narz#dzi w linii polece#, ktore pomagaj# tworzy# obrysy IDF. Narz#dzia
teto:
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1. idfcyl : createsan outline of acylinder in vertical or horizontal orientation and with axial or radial
leads

2. idfrect: createsan outline of arectangle which may have either an axial lead or achamfer in the
top left corner

3. dxf 2i df : convertsadrawing in DXF format into an IDF component outline

idfcyl
i df cyl generates outlinesfor cylindrical components.

When i df cyl isinvoked with no argumentsit prints out a usage note and a summary of its inputs:

idfcyl: This program generates an outline for a cylindrical component.
The cylinder may be horizontal or vertical
A horizontal cylinder may have wires at one or both ends.
A vertical cylinder may have at nobst one wire which may be
pl aced on the left or right side.

| nput :
Unit: mm in (nmillimeters or inches)
Oientation: V (vertical)
Lead type: X, R (axial, radial)
Di anet er of body
Lengt h of body
Board of f set
* Wre di aneter
* Pitch
**  Wre side: L, R (left, right)
*** ] ead | ength
File nane (nust end in *.idf)

NOTES:
* only required for horizontal orientation or
vertical orientation with axial |eads

** only required for vertical orientation with axial |eads

*** only required for horizontal orientation with radial |eads

Uwagi mog# zosta# pomini#te poprzez wprowadzenie odpowiednich argumentow w linii polece#.
U#ytkownik mo#e r#cznie wprowadzi# informacje za pomoc# linii polece# lub osobnego skryptu
generuj#cego obrysy. Nast#puj#cy skrypt tworzy pojedynczy okr#g#y kszta#t z wyprowadzeniem
osiowym z prawej strony:

#!/ bi n/ bash

# Cenerate a cylindrical IDF outline for test purposes

# vertical 5mmcylinder, nomnal |ength 8rm + 3mm board of fset,
# axial wire on right, 0.8mmwre dia., 3.5nmmpitch

idfcyl - 1 > /dev/null << _EOF

OJOOU‘I><<§
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. 8
.5

- W o

cyl viim 1R D5_L8_Z3 WD0. 8_P3. 5. i df
_ECF

idfrect

i df rect generates outlines for rectangular components.

When i df rect isinvoked with no argumentsit prints out a usage note and a summary of its inputs:

idfrect: This program generates an outline for a rectangul ar conponent.
The conponent nmay have a single lead (axial) or a chanfer on the
upper |eft corner.
| nput :
Unit: mm in (millimeters or inches)
W dt h:
Lengt h:
Hei ght :
Chanfer: length of the 45 deg. chanfer
* Leaded: Y,N (lead is always to the right)
** Wre di aneter
** Pitch
File nane (must end in *.idf)

NOTES:
* only required if chanfer = 0

** only required for | eaded conmponents

Uwagi mog# zosta# pomini#te poprzez wprowadzenie odpowiednich argumentéw w linii polecet.
U#ytkownik mo#e r#cznie wprowadzi# informacje za pomoc# linii polece# lub osobnego

skryptu generuj#cego obrysy. Nast#puj#cy skrypt tworzy sfazowany kwadrat i okr#g#y ksztaft z
wyprowadzeniami:

#!/ bi n/ bash

# Cenerate various rectangular |IDF outlines for test purposes
# 10x10, 1mm chanfer, 2mm hei ght
idfrect - 1 > /dev/null << ECF
mm

10

10

2

1

rect MM 10x10x2_C0. 5. i df

_EOF

# 10x10x12, O0.8mmlead on 6mm pitch
idfrect - 1 > /dev/null << ECF
mm

10

10

12

0

Y

0.8

6

rect LMM 10x10x12_DO0. 8 P6. 0. i df
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_ECF

dxf2idf

dxf 2i df createsan IDF component file from a DXF outline.

The DXF file used to specify the component outline can be prepared with the free software LibreCAD
[http://librecad.org/] for best compatibility.

When dxf 2i df isinvoked with no argumentsit prints out a usage note and a summary of its inputs:

dxf2i df : this programtakes line, arc, and circle segments
froma DXF file and creates an | DF conponent outline file.

| nput :
DXF filename: the input file, rmust end in '.dxf'
Units: mm in (millineters or inches)
Ceonetry Name: string, as per |DF version 3.0 specification
Part Nane: as per |IDF version 3.0 specification of Part Numnber
Hei ght: extruded hei ght of the outline
Conments: all non-enpty lines are conments to be added to
the IDF file. An enpty line signifies the end of
t he conment bl ock.
File nane: output filenanme, nust end in '.idf

The notes can be suppressed by entering any arbitrary argument on the command line. A user can
manually enter information at the command line or create scripts to generate outlines. The following
script creates a 5mm high outline from aDXF filet est . dxf :

#1/ bi n/ bash

# Cenerate an IDF outlines froma DXF file

dxf2idf - 1 > /dev/null << EOF

t est. dxf

nm

DXF TEST GEOVETRY

DXF TEST PART

5

This is an IDF test file produced fromthe outline 'test.dxf'
This is a second |IDF corment to denonstrate multiple coments

t est _dxf 2i df . i df
_ECF

idf2vrml

Thei df 2vrni tool reads a set of one IDF Board (. erm) and one IDF Component file (. enp)

and produces aVRML file which can be viewed with aVRML viewer. Thisfeature is useful for
visualization of the board assembly in cases where the user does not have access to MCAD software.
Invoking i df 2vr Ml without any arguments will result in the display of a usage message:

>, /idf 2vr m
Usage: idf2vrml -f input file.emm -s scale factor {-k} {-d} {-z} {-nm
fl ags:

-k: produce Ki Cad-friendly VRVL output; default is conpact VRM
-d: suppress substitution of default outlines

-z: suppress rendering of zero-height outlines

-m print object mapping to stdout for debuggi ng purposes
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exanpl e to produce a nodel for use by KiCad: idf2vrml -f input.emm -s 0.3937008 -k
Uwaga

Thei df 2vr i tool does not correctly render OTHER_OUTLI NE entitiesin an emn file if that
entity is specified on the back layer of the PCB; however you will not noticeable using files
exported by KiCad because there is no mechanism to specify such an entity. Thisisonly an
issue if you render athird party emn file which does employ an entity on the back side of a
board.
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Rozdzia# 10. Actions reference

Below isalist of every available action in the PCB Editor: a command that can be assigned to a

hotkey.

10.1. PCB Editor

The actions below are available in the PCB Editor. Hotkeys can be assigned to any of these actionsin
the Hotkeys section of the preferences.

Action

Default
Hotkey

Description

Align to Bottom

Aligns selected items to the bottom edge of the item under the
cursor

Horizontally by
Centers

Alignto Aligns selected items to the horizontal center of the item under

Horizontal Center the cursor

Align to Vertical Aligns selected items to the vertical center of the item under the

Center cursor

Align to Left Aligns selected items to the left edge of the item under the cursor

Align to Right Aligns selected items to the right edge of the item under the
cursor

Alignto Top Aligns selected items to the top edge of the item under the cursor

Distribute Distributes selected items between the left-most item and the

right-most itemso that the item centers are equally distributed

Distribute Distributes selected items between the left-most item and the
Horizontally with right-most item so that the gaps between items are equal

Even Gaps

Distribute Distributes selected items between the top-most item and the
Vertically by bottom-most item so that the item centers are equally distributed
Centers

Distribute Distributes selected items between the top-most item and the
Vertically with bottom-most item so that the gaps between items are equal

Even Gaps

Create Array... kbd:[Ctrl+T]

Place Off-Board Performs automatic placement of components outside board area
Footprints

Place Selected Performs automatic placement of selected components
Footprints

Flip Board View View board from the opposite side

Sketch Graphic Show graphic items in outline mode

Items
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Action

Default
Hotkey

Description

Decrease Layer
Opacity

kbd:[{]

Make the current layer more transparent

Increase Layer
Opacity

kbd:[}]

Make the current layer less transparent

Switch to Copper
(B.Cu) Layer

kbd:[PgDn]

Switch to Inner
Layer 1

Switch to Inner
Layer 10

Switch to Inner
Layer 11

Switch to Inner
Layer 12

Switch to Inner
Layer 13

Switch to Inner
Layer 14

Switch to Inner
Layer 15

Switch to Inner
Layer 16

Switch to Inner
Layer 17

Switch to Inner
Layer 18

Switch to Inner
Layer 19

Switch to Inner
Layer 2

Switch to Inner
Layer 20

Switch to Inner
Layer 21

Switch to Inner
Layer 22

Switch to Inner
Layer 23

Switch to Inner
Layer 24
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Action

Default
Hotkey

Description

Switch to Inner
Layer 25

Switch to Inner
Layer 26

Switch to Inner
Layer 27

Switch to Inner
Layer 28

Switch to Inner
Layer 29

Switch to Inner
Layer 3

Switch to Inner
Layer 30

Switch to Inner
Layer 4

Switch to Inner
Layer 5

Switch to Inner
Layer 6

Switch to Inner
Layer 7

Switch to Inner
Layer 8

Switch to Inner
Layer 9

Switch to Next
Layer

kbd:[+]

Cycle Layer Pair
Presets

kbd:[ Shift+V]

Cycle between preset layer pairs

Switch to Previous
Layer

kbd:[-]

Toggle Layer

kbd:[V]

Switch between layersin active layer pair

Switch to
Component (F.Cu)

layer

kbd:[PgUp]

Local Ratsnest

Toggle ratsnest display of selected item(s)

Net Color Mode
(3-state)

Cycle between using net and netclass colors for all nets, just
ratsnests, and none

Sketch Pads

Show pads in outline mode
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Action Default Description
Hotkey
Curved Ratsnest Show ratsnest with curved lines
Lines
Ratsnest Mode (3- Cycle between showing ratsnests for all layers, just visible
state) layers, and none
Repair Board Run various diagnostics and attempt to repair board
Appearance Show/hide the appearance manager
Net Inspector Show/hide the net inspector
Show Pad
Numbers
Scripting Console Show the Python scripting console
Show Ratsnest Show lines/arcs representing missing connections on the board
Sketch Text Items Show footprint textsin line mode
Sketch Tracks kbd:[K] Show tracks in outline mode
Sketch Vias Show viasin outline mode
Draw Zone Show only zone boundaries
Outlines
Draw ZoneFills Show filled areas of zones
Toggle Zone Cycle between showing zone fills and just their outlines
Display
Create Arc from Creates an arc from the selected line segment
Selection
Create Rule Area Creates arule areafrom the selection
from Selection...
Create Lines from Creates graphic lines from the selection
Selection...
Create Polygon Creates a graphic polygon from the selection
from Selection...
Create Tracks Creates tracks from the selected graphic lines
from Selection
Create Zone from Creates a copper zone from the selection
Selection...
Create Outsets Create outset lines from the selected item
from Selection
Design Rules Show the design rules checker window
Checker
Open in Footprint |kbd:[Ctrl+E]

Editor
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Action Default Description
Hotkey
Edit Library kbd:[Ctrl
Footprint... +Shift+E]
Append Board... Open another board and append its contents to this board
Assign Netclass... Assign a netclass to nets matching a pattern
Board Setup... Edit board setup including layers, design rules and various
defaults
Clear Net kbd:[~]
Highlighting
Drill/Place File Place origin point for drill files and component placement files
Origin
Reset Drill Origin
Export Specctra Export Specctra DSN routing info
DSN...
Bill of Materials... Create bill of materials from board
IPC-D-356 Netlist Generate |PC-D-356 netlist file
File...
Drill Files (.drl)... Generate Excellon drill file(s)
Gerbers (.gbr)... Generate Gerbers for fabrication
IPC-2581 File Generate an |PC-2581 file
(.xml)...
ODB++ Output Generate ODB++ output files
File...
Component Generate component placement file(s) for pick and place
Placement
(.pos, .ghr)...
Footprint Report Create report of all footprints from current board
(.rpt)...
Group Items Group the selected items so that they are treated as asingle item
Enter Group Enter the group to edit items
Leave Group L eave the current group
Hide Netin Hide the selected net in the ratsnest of unconnected net lines/arcs
Ratsnest
Highlight Net kbd:['] Highlight net under cursor
Highlight Net Highlight all copper items on the selected net(s)
Import Netlist... Read netlist and update board connectivity
Import Specctra Import routed Specctra session (*.ses) file
Session...
Lock Prevent items from being moved and/or resized on the canvas
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Action Default Description
Hotkey
Place Footprints | kbd:[A]
Remove Items Remove items from group
Switch to Open schematic in schematic editor
Schematic Editor
Show Net in Show the selected net in the ratsnest of unconnected net lines/
Ratsnest arcs
Constrainto H, V, |kbd:[Shift Limit actions to horizontal, vertical, or 45 degrees from the
45 +Space] starting point
Toggle Last Net Toggle between last two highlighted nets
Highlight
Toggle Lock kbd:[L] Lock or unlock selected items
Toggle Net kKbd:[Alt+7]
Highlight
Switch Track kbd:[ Shift Change track width to previous pre-defined size
Width to Previous |+W]
Switch Track kbd:[W] Change track width to next pre-defined size
Width to Next
Ungroup Items Ungroup any selected groups
Unlock Allow items to be moved and/or resized on the canvas
Decrease Via Size |kbd:[\] Change via size to previous pre-defined size
Increase ViaSize |[kbd:['] Change via size to next pre-defined size

Duplicate Zone
onto Layer...

Merge Zones

Rebuild All
Generators

Rebuilds geometry of all generators

Update All Tuning
Patterns

Attempt to re-tune existing tuning patterns within their bounds

Rebuild Selected Rebuilds geometry of selected generator(s)
Generators

Generators Show amanager dialog for Generator objects
Manager

Change Assign adifferent footprint from the library
Footprint...

Change Assign different footprints from the library
Footprints...

Cleanup Cleanup redundant items, etc.

Graphics...
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Action Default Description
Hotkey
Cleanup Tracks & Cleanup redundant items, shorting items, etc.
Vias...
Edit Teardrops... Add, remove or edit teardrops globally across board
Edit Text Edit Text and graphics properties globally across board
& Graphics
Properties...
Edit Track & Via Edit track and via properties globally across board
Properties...
Globa Delete tracks, footprints and graphic items from board
Deletions...
Remove Unused Remove or restore the unconnected inner layers on through hole
Pads... pads and vias
Swap Layers... Move tracks or drawings from one layer to another
Update Update footprint to include any changes from the library
Footprint...
Update Footprints Update footprints to include any changes from the library
from Library...
Compare Footprint Show differences between board footprint and its library
with Library equivalent
Clearance Show clearance resolution for the active layer between two
Resolution selected objects
Constraints Show constraints resolution for the selected object
Resolution
Show Board Shows board statistics
Statistics
Show Footprint Show footprint library and schematic symbol associations
Associations
Draw Aligned
Dimensions
Draw Arcs kbd:[Citrl
+Shift+A]
Switch Arc kbd:[/]
Posture
Draw Bezier kbd:[Citrl
Curve +Shift+B]
Draw Center
Dimensions

Switch Dimension
Arrows

Switch between inward and outward dimension arrows
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Action Default Description
Hotkey
Draw Circles kbd:[Ctrl
+Shift+C]
Close Outline Close thein progress outline
Decrease Line kbd:[Ctrl+-]
Width
Delete Last Point | kbd:[Back] Delete the last point added to the current item
Draw Tables
Draw Polygons kbd:[Ctrl
+Shift+P)
Increase Line kbd:[Ctrl++]
Width
Draw Leaders
Draw Lines kbd:[Ctrl
+Shift+L]
Draw Orthogonal | kbd:[Ctrl
Dimensions +Shift+H]
Add Board Add aboard characteristics table on a graphic layer
Characteristics
Import Graphics... |kbd:[Ctrl Import 2D drawing file
+Shift+F]
Place Reference Add bitmap images to be used as reference (images will not be
Images included in any output)
Add Stackup Table Add a board stackup table on a graphic layer
Draw Radial
Dimensions
Draw Rectangles
Draw Rule Areas |kbd:[Ctrl
+Shift+K]
Place the Footprint | kbd:[Ctrl Set the anchor point of the footprint
Anchor +Shift+N]
Add aSimilar kbd:[Ctrl Add a zone with the same settings as an existing zone
Zone +Shift+.]
Draw Text kbd:[Ctrl
+Shift+T]
Draw Text Boxes
Place Vias kbd:[Ctrl Place free-standing vias
+Shift+V]
Draw Filled Zones | kbd:[Ctrl
+Shift+Z]
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Action Default Description
Hotkey
Add a Zone Cutout | kbd:[Shift+C] | Add a cutout to an existing zone or rule area
Get and Move Kbd:[T] Selects afootprint by reference designator and placesit under the
Footprint cursor for moving
Chamfer Lines... Cut away corners between selected lines
Change Track Updates selected track & viasizes
Width
Delete Full Track |kbd:[Shift Deletes selected item(s) and copper connections
+Del]
Dogbone Add dogbone corners to selected lines
Corners...
Duplicate and kbd:[Ctrl Duplicates the selected item(s), incrementing pad numbers
Increment +Shift+D]
Extend Linesto Extend lines to meet each other
Meet
Fillet Lines... Adds arcs tangent to the selected lines
Fillet Tracks Adds arcs tangent to the selected straight track segments
Change Side/ Hip |kbd:[F] Flips selected item(s) to opposite side of board
Heal Shapes Connect shapes, possibly extending or cutting them, or adding
extra geometry
Intersect Polygons Create the intersection of the selected polygons
Merge Polygons Merge selected polygons into a single polygon
Mirror Mirrors selected item(s) acrossthe Y axis
Horizontally
Mirror Vertically Mirrors selected item(s) acrossthe X axis
Move Corner To... Move the active corner to an exact location
Move Exactly...  |kbd:[Shift Moves the selected item(s) by an exact amount
+M]
Move Midpoint Move the active midpoint to an exact location
To...
Pack and Move kbd:[P] Sorts selected footprints by reference, packs based on size and
Footprints initiates movement
Properties... kbd:[E]
Rotate kbd:[R]
Counterclockwise
Rotate Clockwise |kbd:[Shift+R]
Simplify Polygons Simplify polygon outlines, removing superfluous points
Skip kbd:[Tab] Skip to next item

Subtract Polygons

Subtract selected polygons from the last one selected
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Action Default Description

Hotkey
Swap kbd:[Alt+S] | Swap positions of selected items
Copy with Copy selected item(s) to clipboard with a specified starting point
Reference
Move kbd:[M]
Move Individualy |kbd:[Ctrl+M] |Moves the selected items one-by-one
Move with Moves the selected item(s) with a specified starting point
Reference
Attempt Finish kbd:[F] Attempts to complete current route to nearest ratsnest end.
Attempt Finish kbd:[Shift+F] |Sequentially attempt to automatically route all selected pads.
Selected
(Autoroute)
Break Track Splits the track segment into two segments connected at the

cursor position.

Route From Other
End

kbd:[Ctrl+E]

Commits current segments and starts next segment from nearest
ratsnest end.

Custom Track/Via [ kbd:[Q] Shows adialog for changing the track width and via size.

Size...

Cycle Router Cycle router to the next mode

Mode

Route Differential | kbd:[6] Route differential pairs

Pair

Differential Pair Open Differential Pair Dimension settings

Dimensions...

Drag 45 Degree  [kbd:[D] Drags the track segment while keeping connected tracks at 45

Mode degrees.

Drag Free Angle |kbd:[G] Drags the nearest joint in the track without restricting the track
angle.

Router Highlight Switch router to highlight mode

Mode

Place Blind/Buried |kbd:[Alt Adds ablind or buried via at the end of currently routed track.

Via +Shift+V]

Place Microvia kbd:[Ctrl+V] |Addsamicroviaat the end of currently routed track.

Place Through Via [kbd:[V] Adds athrough-hole via at the end of currently routed track.

Route Selected kbd:[ Shift+X] | Sequentially route selected items from ratsnest anchor.

Route Selected kbd:[Shift+E] | Sequentially route selected items from other end of ratsnest

From Other End anchor.

Select Layer and  |kbd:[Alt+<] |Select alayer, then add ablind or buried via at the end of

Place Blind/Buried
Via...

currently routed track.
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Action Default Description
Hotkey
Select Layer and Select alayer, then add amicro via at the end of currently routed
Place Micro Via... track.
Select Layer and  |kbd:[<] Select alayer, then add a through-hole via at the end of currently
Place Through routed track.
Via...
Set Layer Pair... Change active layer pair for routing
Interactive Router |kbd:[Ctrl+<] |Open Interactive Router settings
Settings. ..
Router Shove Switch router to shove mode
Mode
Route Single kbd:[X] Route tracks
Track
Switch Track kbd:[/] Switches posture of the currently routed track.
Posture
Track Corner kbd:[Ctrl+/] | Switches between sharp/rounded and 45°/90° corners when
Mode routing tracks.
Undo Last kbd:[Back] |Walksthe current track back one segment.
Segment
Router Switch router to walkaround mode
Walkaround Mode
Deselect All Deselects all tracks & vias belonging to the same net.
Tracksin Net
Filter Selected Remove items from the selection by type
Items...
Grab Nearest kbd:[ Shift+Q] | Selects and initiates moving the nearest unconnected footprint on
Unconnected each selected net.
Footprints
Select/Expand kbd:[U] Selects a connection or expands an existing selection to
Connection junctions, pads, or entire connections
Select All Tracks Selects al tracks & vias belonging to the same net.
in Net
Select on Selects corresponding items in Schematic editor
Schematic
Sheet Selects al footprints and tracks in the schematic sheet
Itemsin Same Selects al footprints and tracks in the same schematic sheet
Hierarchical Sheet
Select All kbd:[O] Selects al unconnected footprints belonging to each selected net.
Unconnected
Footprints
Unroute Selected Unroutes selected items to the nearest pad.
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Action Default Description
Hotkey

TuneLengthof a |kbd:[8]
Differentia Pair

Tune Skew of a | kbd:[9]
Differential Pair

Tune Length of a |kbd:[7]
Single Track

Draw Microwave Create amicrowave polygonal shape from alist of vertices
Polygonal Shapes

Draw Microwave Create gap of specified length for microwave applications
Gaps

Draw Microwave Create line of specified length for microwave applications
Lines

Draw Microwave Create stub of specified length for microwave applications
Stubs

Draw Microwave Create stub (arc) of specified size for microwave applications
Arc Stubs

Footprint Checker Show the footprint checker window

Copy Footprint

Create Footprint... Create a new footprint using the Footprint Wizard

Cut Footprint

Delete Footprint
from Library

Duplicate
Footprint

Edit Footprint Show selected footprint on editor canvas

Export Current Export edited footprint to file
Footprint...

Footprint
Properties...

Import Footprint... Import footprint from file

New Footprint kbd:[Ctrl+N] |Create a new, empty footprint

Paste Footprint

Rename
Footprint...

Repair Footprint Run various diagnostics and attempt to repair footprint

Generate Creates best-fit placement rule areas
Placement Rule
Aress...
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Action Default Description
Hotkey
Repeat Layout... Clones placement & routing across multiple identical channels
Paste Default Replace the current pad’ s properties with those copied earlier
Pad Propertiesto
Selected
Copy Pad Copy current pad’ s properties
Propertiesto
Default
Push Pad Copy the current pad’ s properties to other pads
Properties to Other
Pads...
Default Pad Edit the pad properties used when creating new pads
Properties...
Renumber Pads... Renumber pads by clicking on them in the desired order
Edit Pad as kbd:[CtrI+E] |Ungroups a custom-shaped pad for editing as individual graphic
Graphic Shapes shapes
Add Pad Add apad
Finish Pad Edit kbd:[Ctrl+E] |Regroupsall touching graphic shapes into the edited pad
Create Corner kbd:[Ing] Create a corner
Keep Arc Center, Switch arc editing mode to keep center, adjust radius and
Adjust Radius endpoints
Keep Arc Switch arc editing mode to keep endpoints, or to keep direction
Endpoints or of the other point
Direction of
Starting Point
Chamfer Corner Chamfer corner
Remove Corner Remove corner
Position Relative | kbd:[Shift+P] |Positions the selected item(s) by an exact amount relative to
To... another
Position Positions the selected item(s) by an exact amount relative to
Interactively... another, interactively
Geographical Reannotate PCB in geographical order
Reannotate. ..
Open Plugin Opens the directory in the default system file manager
Directory
Edit Table... kbd:[ Ctrl+E]
Draft Fill Selected Update copper fill of selected zone(s) without regard to other
Zone(s) interacting zones
Fill All Zones kbd:[B] Update copper fill of all zones
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Action Default Description

Hotkey
uUnfill Selected Remove copper fill from selected zone(s)
Zone(s)
unfill All Zones |kbd:[Ctrl+B] |Remove copper fill from all zones
Decrease kbd:[4] Decrease tuning pattern amplitude by one step.
Amplitude
Increase kbd:[3] Increase tuning pattern amplitude by one step.
Amplitude
Decrease Spacing |kbd:[2] Decrease tuning pattern spacing by one step.
Increase Spacing | kbd:[1] Increase tuning pattern spacing by one step.

10.2. Przegl#darka 3D

The actions below are available in the 3D Viewer. Hotkeys can be assigned to any of these actionsin
the Hotkeys section of the preferences.

Action Default Description

Hotkey
Show 3D Models |kbd:[D] Show 3D models even if marked Do Not Place
marked DNP
Show 3D Models | kbd:[P] Show 3D models even if not found in .posfile
not in POS File
Show Unspecified |kbd:[V] Show 3D models for unspecified type footprints
3D Models
Show SMD 3D kbd:[S] Show 3D models for Surface mount type footprints
Models
Show Through kbd:[T] Show 3D models for Through hole type footprints
Hole 3D Models
Flip Board kbd:[F] Flip the board view
Home View kbd:[Home] |Redraw at the home position and zoom
Render CAD Use a CAD color style based on the diffuse color of the material
Colors
Render Solid Use only the diffuse color property from 3D model file
Colors
Render Realistic Use all material properties from each 3D model file
Materials
Move Board Down | kbd:[Down]
Move Board Left |kbd:[Left]
Move Board Right | kbd:[Right]
Move Board Up  |kbd:[Up]
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Action Default Description
Hotkey

No 3D Grid

Set Pivot kbd:[Space] |Place point around which the board will be rotated (middle
mouse click)

Rotate X
Clockwise

Rotate X
Counterclockwise

Rotate Y
Clockwise

Rotate Y
Counterclockwise

Rotate Z
Clockwise

Rotate Z
Counterclockwise

3D Grid 10mm

3D Grid 1mm

3D Grid 2.5mm

3D Grid 5mm

Show 3D Axis

Show Model Show 3D model bounding boxes in realtime renderer
Bounding Boxes

Show Appearance Show/hide the appearance manager
Manager

Toggle Enable/disable orthographic projection
Orthographic
Projection

View Back kbd:[ Shift+Y]

View Bottom kbd:[Shift+Z]

View Front kbd:[Y]

View Left kbd:[ Shift+X]

View Right kbd:[X]

View Top kbd:[Z]

10.3. Common

The actions below are available across KiCad, including in the PCB Editor. Hotkeys can be assigned
to any of these actionsin the Hotkeys section of the preferences.
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Action Default Description
Hotkey
Refresh Plugins Reload all python plugins and refresh plugin menus
Exclude Marker Mark current violation in Checker window as an exclusion
Next Marker
Previous Marker
Add Library... Add an existing library folder
Center Justify Center-justify fields and text items
Pan to Center
Selected Objects
Collapse All
Click kbd:[Return] |Performsleft mouse button click
Double-click kbd:[End] Performs left mouse button double-click
Cursor Down kbd:[Down]
Cursor Down Fast |kbd:[Ctrl
+Down]
Cursor Left kbd:[Left]
Cursor Left Fast | kbd:[Ctrl
+L eft]
Cursor Right kbd:[Right]
Cursor Right Fast | kbd:[Ctrl
+Right]
Cursor Up kbd:[Up]
Cursor Up Fast kbd:[Ctrl
+Up]
Grid Origin... Set the grid origin point
Edit Grids... Edit grid definitions
Expand All
Switch to Fast kbd:[Alt+1]
Grid 1
Switch to Fast kbd:[Alt+2]
Grid 2
Cycle Fast Grid kbd:[Alt+4]
Switch to Next kbd:[N]
Grid
Switch to Previous |kbd:[ Shift+N]
Grid
Reset Grid Origin
Grid Origin Place the grid origin point
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Action

Default
Hotkey

Description

Hide Library Tree

Inactive Layer
View Mode

Toggle inactive layers between normal and dimmed

Inactive Layer
View Mode (3-
state)

kbd:[H]

Cycle inactive layers between normal, dimmed, and hidden

Inches

Left Justify

Left-justify fields and text items

Focus Library Tree
Search Field

kbd:[Ctrl+L]

Snap to Objectson
the Active Layer
Only

Enabl es snapping to objects on the active layer only

Snap to Objectson
All Layers

Enables snapping to objects on all visible layers

Toggle Snapping
Between Active
and All Layers

kbd:[ Shift+S]

Toggles between snapping on all visible layers and only the
active area

Millimeters

Mils

New...

kbd:[Ctrl+N]

Create a new document in the editor

New Library...

Create anew library folder

Open...

kbd:[Ctrl+O]

Open existing document

Openinfile
explorer...

Open alibrary file with system file explorer

EditinaText
Editor...

Open alibrary file with atext editor

Page Settings...

Settings for paper size and title block info

Pan Down

kbd:[ Shift
+Down]

Pan Left

kbd:[ Shift
+L eft]

Pan Right

kbd:[Shift
+Right]

Pan Up

kbd:[ Shift
+Up]

Pin Library

Keep the library at the top of thelist

Plot...
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Action Default Description
Hotkey

Print... kbd:[Ctrl+P]

Quit Close the current editor

Redo Last Zoom Return zoom to level prior to last zoom undo

Reset Local kbd:[ Space]

Coordinates

Revert Throw away changes

Right Justify Right-justify fields and text items

Save kbd:[Ctrl+S] | Save changes

Save All Save all changes

SaveAs... kbd:[Ctrl Save current document to another location
+Shift+S]

Save a Copy... Save a copy of the current document to another location

Select Columns...

3D Viewer kbd:[Alt+3] |Show 3D viewer window

Show Context Perform the right-mouse-button action

Menu

Show Datasheet  |kbd:[D] Open the datasheet in abrowser

Footprint Library

Browser

Footprint Editor Create, delete and edit board footprints

Library Tree

Switch to Project Show project window

Manager

Properties Show/hide the properties manager

Symbol Library

Browser

Symbol Editor Create, delete and edit schematic symbols

Draw Bounding

Boxes

Always Show kbd:[Ctrl Display crosshairs even when not drawing objects

Crosshairs +Shift+X]

Full-Window Switch display of full-window crosshairs

Crosshairs

Show Grid Display background grid in the edit window

Grid Overrides kbd:[Ctrl Enablesitem-specific grids that override the current grid
+Shift+G]

Polar Coordinates

Switch between polar and cartesian coordinate systems
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Action Default Description
Hotkey
Switch units kbd:[Ctrl+U] |Switch between imperial and metric units
Undo Last Zoom Return zoom to level prior to last zoom action
Unpin Library No longer keep the library at the top of thelist
Update PCB from |kbd:[F8] Update PCB with changes made to schematic
Schematic...
Update Schematic Update schematic with changes made to PCB
from PCB...
Center on Cursor  |kbd:[F4]
Zoomto Objects  |kbd:[Ctrl
+Home]
Zoom to Fit kbd:[Home]
Zoom to Selected
Objects
Zoom In at Cursor |kbd:[F1]
ZoomIn
Zoom In Zoom in horizontally the plot area
Horizontally
Zoom In Vertically Zoom in vertically the plot area
Zoom Out at kbd:[F2]
Cursor
Zoom Out
Zoom Out Zoom out horizontally the plot area
Horizontally
Zoom Out Zoom out vertically the plot area
Vertically
Refresh kbd:[F5]
Zoom to Selection |kbd:[Ctrl+F5]
Embedded Files Manage embedded files
Extract File Extract an embedded file
Remove File Remove an embedded file
Cancel Cancel current tool
Copy kbd:[Ctrl+C] |Copy selected item(s) to clipboard
Copy as Text kbd:[Ctrl Copy selected item(s) to clipboard as text
+Shift+C]
Cut kbd:[Ctrl+X] |Cut selected item(s) to clipboard
Cycle Arc Editing |kbd:[Ctrl Switch to a different method of editing arcs
Mode +Space]
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Action Default Description
Hotkey
Delete kbd:[Del] Delete selected item(s)
Interactive Delete Delete clicked items
Tool
Duplicate kbd:[Ctrl+D] |Duplicates the selected item(s)
Find kbd:[Ctrl+F]
Find and Replace |kbd:[Ctrl+Alt
+F]
Find Next kbd:[F3]
Find Next Marker |kbd:[Ctrl
+Shift+F3]
Find Previous kbd:[Shift
+F3]
Finish kbd:[End] Finish current tool
Measure Tool kbd:[Ctrl Interactively measure distance between points
+Shift+M]
Paste kbd:[Ctrl+V] |Paste item(s) from clipboard
Paste Specidl ... Paste item(s) from clipboard with options
Redo kbd:[Ctrl+Y]
Replace All
Replace and Find
Next
Search kbd:[Ctrl+G] |Show/hide the search panel
Select All kbd:[Ctrl+A] |Select all items on screen
Undo kbd:[Ctrl+Z]
Unselect All kbd:[Ctrl Unselect all items on screen
+Shift+A]
Select Row(s) Select complete row(s) containing the current selected cell(s)
Select Column(s) Select complete column(s) containing the current selected cell(s)
Select Table Select parent table of selected cell(s)
Select item(s)
About KiCad

Configure Paths...

Edit path configuration environment variables

Donate

Open "Donate to KiCad" in aweb browser

Get Involved Open "Contribute to KiCad" in aweb browser
Getting Started Open “Getting Started in KiCad” guide for beginners
with KiCad

Help Open product documentation in a web browser
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Action Default Description
Hotkey
List Hotkeys... kbd:[Ctrl+F1] | Displays current hotkeys table and corresponding commands
Preferences... kbd:[Ctrl+,] |Show preferencesfor all open tools
Report Bug Report a problem with KiCad
Manage Design Edit the global and project design block library lists

Block Libraries...

Manage Footprint

Edit the global and project footprint library lists

Libraries...

Manage Symbol Edit the global and project symbol library lists
Libraries...

Add Column After Insert a new table column after the selected cell(s)
Add Column Insert a new table column before the selected cell(s)
Before

Add Row Above Insert a new table row above the selected cell(s)
Add Row Below Insert a new table row below the selected cell(s)
Delete Column(s) Delete columns containing the currently selected cell(s)
Delete Row(s) Delete rows containing the currently selected cell(s)
Merge Cells Turn selected table cellsinto asingle cell

Unmerge Cells Turn merged table cells back into separate cells.
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