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Rozdzia# 1. Introduction to the KiCad
Schematic Editor

The KiCad Schematic Editor is a schematic capture application distributed as a part of KiCad and
available for the following operating systems:

* Linux

* Apple macOS

* Windows

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

The Schematic Editor is an integrated application where all functions of schematic drawing, PCB
footprint selection, library management, and data transfer to and from the PCB design software are
carried out within the editor itself.

The KiCad Schematic Editor isintended to communicate directly with the KiCad PCB Editor for
designing printed circuit boards without using any intermediate files. It can also export netlist files,
which list all the electrical connections, for other packages.

The Schematic Editor includes a symbol library editor, which can create and edit symbols and
manage libraries. It also integrates the following additional but essential functions needed for modern
schematic capture software:

* Electrical rules check (ERC) for automatic detection of incorrect and missing connections
 Circuit simulation using ngspice

» Generowanie wydrukow w ro#nych formatach (Postscript, PDF, HPGL oraz SVG).

» Tworzenie list materiattowych (za pomoc# skryptéw Python lub XSL T, ktore pozwal gj# na
ré#norodn# jef konfiguracj#).

The Schematic Editor supports multi-sheet schematics in several ways:

» Flat hierarchies (schematic sheets are not explicitly connected in a master diagram).
» Simple hierarchies (each schematic sheet is used only once).

» Complex hierarchies (some schematic sheets are used multiple times).

Hierarchical schematics are described in detail later in the manual.

1.1. Konfiguracja pocz#tkowa

When the Schematic Editor isrun for the first time, if the the global symbol library table file sym
| i b-tabl e isnot found in the KiCad configuration folder then KiCad will ask how to create thisfile:
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Configure Global Symbol Library Table

KiCad has been run For the First time using the new symbol library table for
accessing libraries. Inorder for KiCad to access symbol libraries,

you must configure your global symbol 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 symbol library table (recommended)
Copy custom global symbol library table
Create an empty global symbol library table

Select global symbol library table File:

OK

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

If this option is disabled, KiCad was unable to find the default global symbol library table. This
probably means you did not install the standard symbol 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 symbol libraries and want to use them, but the first option
is disabled, select the second option and browseto the sym I i b- t abl e filein the directory where
the KiCad libraries were installed.

* If you already have a custom symbol library table that you would like to use, select the second
option and browse to your sym | i b- t abl e file.

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

Symbol library management, including how to re-run thisinitial configuration, is described in more
detail later.
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1.2. The Schematic Editor User Interface
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The main Schematic Editor user interface is shown above. The center contains the main editing
canvas, which is surrounded by:

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

 Left toolbar (display options), Hierarchy Navigator, Properties Manager, and the selection filter at
left

» Message panel and status bar at bottom

* Right toolbar (drawing and design tools) and Design Block panel at right

1.3. Navigating the editing canvas

The editing canvas displays the schematic being designed. Y ou can pan and zoom to different parts of
the schematic and open any schematic sheet in the design.

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).




Introduction to the
KiCad Schematic Editor

Several other zoom tools are available in the top toolbar:

zooms in on the center of the viewport.
zooms out from the center of the viewport.
zooms to fit the frame around the drawing sheet.

zooms to fit every item in the schematic (not including the drawing sheet). For instance, if there are
items placed outside of the drawing sheet, they will be visible after zooming to objects.

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. Klawisze skrotow

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 also 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:

* Windows. %APPDATA?% ki cad\ 9. 0\ user . hot keys
e Linux: ~/.config/kicad/ 9.0/ user. hot keys

e macOS: ~/ Li brary/ Pref erences/ ki cad/ 9. 0/ user . hot keys
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KiCad can import hotkey settings from auser . hot keys file using the Import Hotkeys button in the

hotkey editor.

1.5. 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. Clicking and dragging will perform a box selection. A box selection from left to right
will only select items that 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 salection.

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) (macOY9)

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

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:
[Alf]

long click or kbd:
[Option]

Clarify selection from a pop-up menu.

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 |eft corner of the Schematic Editor window controls which types

of objects can be selected with the mouse. Turning off selection of unwanted object types makes it
easier to select itemsin abusy schematic. The "All items" checkbox is a shortcut to turn the other

items on and off. Y ou can right-click any object type in the selection filter to quickly change the filter
to only alow selecting that type of object.

Selection Filter

| All itemns

| Syrmbaols | Pins

| Wiras | Labels

«| Graphics  |% Images

| Text »*| Other items

3]
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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.

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.

1.6

. Left toolbar display controls

The |eft toolbar provides options to change the display of items in the Schematic 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.

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

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

Turnsinvisible pin display on/off.

Switches between free angle, 90 degree mode, and 45 degree mode for placement of new wires,
buses, and graphical shapes.

Turns automatic symbol annotation on/off. When on, symbols will have their reference
designators automatically set to the lowest available reference when they are added to the
schematic.

Opens and closes the docked Hierarchy Navigator panel.

Opens and closes the docked Properties Manager panel.
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2.1. Wprowadzenie

A schematic designed with KiCad is more than a simple graphic representation of an electronic
device. It isnormally the entry point of a development chain that allows for:

» Walidacj# za pomoc# zbioru regu# (ERC) by wykry# proste b##dy oraz braki na schemacie.
» Automatically generating a bill of materials.

» Generowanie listy sieci dla oprogramowania do symulacji, takiego jak Spice.

» Defining acircuit for transferring to PCB layout.

A schematic mainly consists of symbols, wires, labels, junctions, buses and power symbols. For
clarity in the schematic, you can place purely graphical elements like bus entries, comments, and
polylines.

Symbols are added to the schematic from symbol libraries. After the schematic is made, the set of
connections and footprintsisimported into the PCB editor for designing a board.

Schematics can be contained in a single sheet or split anong multiple sheets. In KiCad, multi-sheet
schematics are organized hierarchically, with aroot sheet and sub-sheet(s). Each sheet isits own

. ki cad_sch fileand isitself acomplete KiCad schematic. Working with hierarchical schematicsis
described in the Hierarchical Schematics chapter.

2.2. Schematic editing operations

Schematic editing 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.

Selection tool (the default tool)

Highlight a net by marking its wires and net labels with a different color. If the PCB Editor
is also open then copper corresponding to the selected net will be highlighted as well. Net
highlighting can be cleared by clicking with the highlight tool in an empty space, or by
using the Clear Net Highlighting hotkey (kbd:[~]).

I

Display the symbol selector dialog to place a new symbol.

Display the power symbol selector dialog to place a new power symbol.

Draw awire.

Draw abus.

Draw wire-to-bus entry points. These elements are only graphical and do not create a
connection, thus they should not be used to connect wires together.

k| UNNIHY

Place a "no-connection” flag. These flags should be placed on symbol pinswhich are
meant to be left unconnected. "No-connection” flags indicate to the Electrical Rule
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Checker that the pin isintentionally unconnected and not an error. They also affect
schematic connectivity for stacked symbol pins.

Place ajunction. This connects two crossing wires or awire and a pin, which can
sometimes be ambiguous without a junction (i.e. if awire end or apinisnot directly
connected to another wire end).

Place alocal label. Local labels connect items located in the same sheet. For connections
between two different sheets, use global or hierarchical labels.

Place anet class directive label.

Place adirective rule area.

@ |

Place aglobal label. All global labels with the same name are connected, even when
located on different sheets.

Place a hierarchical label. Hierarchical labels are used to create a connection between a
subsheet and the sheet’ s parent sheet. See the Hierarchical Schematics section for more
information about hierarchical labels, sheets, and pins.

Place a hierarchical subsheet. Y ou must specify the file name for this subsheet.

Place a hierarchical sheet pin on a sheet corresponding to a hierarchical |abel that has been
added in the target sheet.

&3 Bgy

Sync hierarchical sheet pins and hierarchical labels. Thisdisplaysalist of all the
hierarchical |abels in each subsheet and lets you manage the corresponding hierarchical
sheet pins.

Place text.

Place atext box.

Place atable.

Draw arectangle.

Draw acircle.

Draw an arc.

Draw abezier curve.

Draw graphic lines.

Note: Lines are graphical objects and are not the same as wires placed with the Wire tool.
They do not connect anything.

Place a bitmap image.

L

Delete clicked items.

2.3. Grids and snapping

Schematic elements such as symbols, wires, text, and graphic lines are snapped to the grid when
moving, dragging, and drawing them. Additionally, the wire and label tools snap to other connected
items such as pins, wires, and labels even when grid snapping is disabled.
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Both grid and connected 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 connected object snapping.

The default grid size is 50 mil (0.050") or 1.27 millimeters. Thisis the recommended grid for placing
symbols and wiresin a schematic and for placing pins when designing a symbol in the Symbol
Editor. Smaller grids can also be used, but thisisintended only for text and symbol graphics, and not
recommended for placing pins and wires.

Uwaga

Wires connect with other wires or pinsonly if their ends coincide exactly. Thereforeit isvery
important to keep symbol pins and wires aligned to the grid. It is recommended to always use
a 50 mil grid when placing symbols and drawing wires because the KiCad standard symbol
library and all libraries that follow its style also use a 50 mil grid. Using a grid size other
than 50 mil will result in schematics without proper connectivity!

Uwaga

Symbols, wires, and other elements that are not aligned to the grid can be snapped back to the
grid by selecting them, right clicking, and clicking Align Elementsto Grid.

Y ou can adjust the grid size 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 aso 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 | eft toolbar and select Edit Grids....
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3= Preferences woA X
Common Grids Fast Grid Switching
Mouse and Touchpad 100 mils (2.54 mm)
Hotheys 50 mils (1.27 mm) Grid1: 50 mils (1.27 mm) v | (Alt+1)
#  Symbol Editor
~  Schematic Editor Grid 2: | 25 mils (0.64 mm) v (Ale+2)

Display Options 10 mils{(0.25 mm)

Grid Overrides
Editing Options

Annotation Options v Connected items: | 50 mils (1.27 mm)
Colors
Field Mame Templates | Wiras: 50 mils (1.27 mm)
Simulator
2 Footprint Editor v Text: 10 mils {0.25 mm) v
» PCB Editor
> 3D Viewer Graphics: 25 mils (0.64 mm)
»  Gerber Viewer
#  Drawing Sheet Editor
Packages and Updates
Plugins +(l2 1T L [}
Reset Grids to Defaults | | Open Preferences Directory & Cancel v 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 thisdialog 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.

Thisdialog 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 overrides let 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 50 mil grid for wires and connected items
while using smaller grids to finely position text and graphics. 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]).

The visual appearance of the grid can aso 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.

10
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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.

2.4. 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 symbols, 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.

Wiasciwosci symbolu = =

Symbol Pola
Creéc Wyrdwnanie w poziomie Wyrdwnanie w pionie

1 Mazwa Wartosé ) Lewo () Dolna

TrEeT (BT Oznac??me R2 (® Wysrodkuj (®) Wysrodku)

Wartase 1K () Prawo () Gérna

Lo Feotprint R3

L+ Dokumentacja Widocznosé Styk

(1180 Polet Yageo [1Pokaz (®) Normalny

®-90 Pole2 RC085IR-0733KR -

Pole3 331-33KARTC-NO ¥ Obrét SR

Odbicie (_J) Pogrubiony

() Pogrubiona kursywa

(®) Mormalny S o

() Odbij poziomao --- Nazwa pola

(2 Odbij pionowo | Pole3
MNazwa elementu parto-Epokd

R 331-33KARTC-NO

Skonwertowany

Resetuj do standardu biblioteki Rozmiar 1,524 mm
Znacznik czasowy Dodaj pole Poz. X | 0,000 mm

SRR Usun pole Poz.¥ | 0,000 mm

Przesuri w gare

Y ou can only use the properties dialog to edit one item at atime. To edit multiple items, use the
Properties Manager, described below. There are aso other tools that can be used to edit specific types
of objectsin bulk, such as the Edit Text and Graphicstool for editing visual properties of text, symbol
fields, labels, and graphic shapes, or the Symbol Fields Table for editing symbol fieldsin bulk.

Y ou can also 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 al of the
selected item types.

11
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Properties 2]
Symbaol
~ Basic Properties
Position X 7650 mils
Position ¥ 3850 mils
Orientation 0
Mirror X
Mirror Y
~ Fields
Reference R1
Value Tk

~ Attributes
Exclude From Board
Exclude From Simulation
Exclude From Bill of Materials

Do not Populate

Editing a property in the Properties Manager immediately applies the change. When multiple items
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

button on the | &ft toolbar.

In properties dialogs and many other dialogs, any field that contains a numeric value can also accept a
basic math expression that results in a numeric value. For example, adimension may be entered as 2

* 2nm resulting in avalue of 4nm Basic arithmetic operators as well as parentheses for defining order
of operations are supported.

2.5. Working with symbols
2.5.1. Placing symbols

To place a symbol in your schematic, use the

button or the kbd:[A] hotkey. The Choose Symbols dialog appears and lets you select a symbol to add.
Symbols are grouped by symbol library.

12
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Search

- BMP29PDL128G 128 Megabit (8 M x 16-Bit/4 M x 32-Bit), Simultanecus Operaticn Flash Memory w. A
.. BT24C501-MAHM AT24C501-MAHM, 1Eb (128x8) Serial EEPROM with Unique Serial Wumber, UDFNE ]

.. BT24C501-55HM AT24C501-55HM, 1Eb (128x8) Serial EEPROM with Unique Serial Humber, S08 ]

B LT24C501-5TUM AT24C501-5TUM, 1Eb (128x8) Serial EEPROM with Unique Serial Number, 50T23-5 |

.. BT24CS501-XHM AT24C501-¥HM, 1Eb (128x8) Serial EEPROM with Unique Serial Humber, TSS0PE ]

.. BT24C502-MAHM AT24C502-MRHM, 2Eb (256x8) Serial EEPROM with Unique Serial Wumber, UDFNE ]

.. BT24C502-55HM AT24C502-55HM, 2Eb (256x8) Serial EEPROM with Unique Serial Humber, S08 ]

.- BT24C502-5TUM AT24C502-5TUM, 2Eb (256x8) Serial EEPROM with Unique Serial Wumber, S0T23-5 ]

.. BT24C502-XHM AT24C502-¥HM, 2Eb (256x8) Serial EEPROM with Unique Serial Humber, TSS0PE ]

.. BT24C504-MAHM AT24C504-MRHM, 4Eb (512x8) Serial EEPROM with Unique Serial Wumber, UDFNE ]

Opis
AT24CS501-5TUM, 1Kb (128x8) Serial EEPROM with
Unique Serial Mumber, 50T23-5

!

Stowa kluczowe
12C Serial EEPROM Monvolatile Memory

RByee | e
-
I=

L
[
i
I L
2
o

=
e

ATZHCS01-5TUM

a—— GHNE

By default, only the symbol/library name and description columns are shown. Additional columns can
be added by right-clicking the column header and selecting Select Columns.

The Choose Symbol dialog filters symbols by name, keywords, description, and all additional
symbol fields according to what you type into the search field. Y ou can choose to sort search results
a Rhabetically or by best match by clicking on the

button.
Some advanced filters are available:

* Wildcards: * matches any number of any characters, including none, and ? matches any single
character.

» Key-valuepairs: if alibrary part’s description or keywords contain atag of the format "Key:123",
you can match relative to that by typing "Key>123" (greater than), "Key<123" (less than), etc.
Numbers may include one of the following case-insensitive suffixes:

p n u m k meg g t
10% 10 10°® 10°3 10° 10° 10° 10
Ki mi ai ti

210 220 230 240

13
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* Regular expressions: if you're familiar with regular expressions, these can be used too. The
regular expression flavor used is the wxWidgets Advanced Regular Expression style [http://
docs.wxwidgets.org/3.2/overview_resyntax.html], which is similar to Perl regular expressions.

If the symbol specifies a default footprint, this footprint will be previewed in the lower right. If the
symbol includes footprint filters, alternate footprints that satisfy the footprint filters can be selected in
the footprint dropdown menu at right.

After selecting a symbol to place, the symbol will be attached to the cursor. Left clicking the desired
location in the schematic places the symbol into the schematic. Before placing the symbol in the
schematic, you can rotate it, mirror it, and edit its fields, by either using the hotkeys or the right-click
context menu. These actions can also be performed after placement.

If the Place repeated copies option is checked, after placing a symbol KiCad will start placing
another copy of the symbol. This process continues until the user presses kbd:[Esc].

For symbols with multiple units, if the Place all units option is checked, after placing the symbol

KiCad will start placing the next unit in the symbol. This continues until the last unit has been placed
or the user presses kbd:[Esc].

2.5.2. Placing power symbols

A power symbol is asymbol representing a connection to a power net. The symbols are grouped in
the power library, so they can be placed using the symbol chooser. However, as power placements are
frequent, the

tool isavailable. Thistool is similar, except that the search is done directly in the power library and
any other library that contains power symbols.

2.5.3. Moving symbols

Symbols can be moved using the Move (kbd:[M]) or Drag (kbd:[G]) tools. These tools act on the
selected symbol, or if no symbol is selected they act on the symbol under the cursor.

The M ove tool moves the symbol itself without maintaining wired connections to the symbol pins.

The Drag tool moves the symbol without breaking wired connections to its pins, and therefore moves
the connected wires as well.

Y ou can also Drag symbols by clicking and dragging them with the mouse, depending on the L eft
button drag gesture setting in the Mouse and Touchpad section of Preferences.

Symbols can aso be rotated (kbd:[R]) or mirrored in the X (kbd:[X]) or Y (kbd:[Y]) directions.

2.5.4. Editing symbol properties

Symbolsin the schematic can be individually edited, both in terms of their properties (fields,
attributes, etc.) and in terms of their pins and graphics. Editing a symbol in the schematic only

14
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affects that particular instance of the symbol; it does not affect any other copies of that symbol in the
schematic, and it does not affect the library symbol.

To edit the properties of a symbol in the schematic, open its properties dialog (kbd:[E]). Y ou can also

double-click the symbol.

Wiasciwosci symbolu

)

Symbol Pola
Czesé

1

Orientacja (stopnie)

oo

() +90

1180

(@) -90

Odbicie

(®) Normalny

() Odbij poziomo ---

(2 Odbij pionowo |
Mazwa elementu

R

Skonwertowany
Resetuj do standardu biblioteki

Znacznik czasowy
32307EAA

Mazwa
Oznaczenie
Wartosé
Footprint

Dokumentacja

Polel
Pole2

Pole3

Wartosc
R2
1K
R3

Yageo
RC085JR-0733KR
331-33KARTC-NO

Dodaj pole
Usun pole

Przesun w gare

Wyréwnanie w poziomie
) Lewo

(®) Wyérodkuj

() Prawe

Widocznosé

[IPokaz

Obrét

Nazwa pola
Pole3

Wartosé pola
331-33KARTC-NO

Rozmiar 1,324

Poz.X | 0,000
Poz.¥ | 0,000

Wyrdéwnanie w pionie
() Dolna

(@ Wyéradluj

() Gérna

Styk:

(O} Normalny

() Kursywa

() Pogrubiony

() Pogrubiona kursywa

mm
mm

mm

Anuluj

The Symbol Properties window displays al the fields of a symbol in atable. New fields can be added,
and existing fields can be deleted, edited, reordered, moved, or resized. Fields can be arbitrarily
named, but names beginning with ki _, e.g. ki _descri pti on, are reserved by KiCad and should not
be used for user fields. All symbol fields will be added to the symbol’ s corresponding footprint when
the PCB is updated from the schematic.

Each field’ s name and value can be visible or hidden, and there are several formatting options:
horizontal and vertical alignment, orientation, position, font, text color, text size, and bold/italic
emphasis. Field autoplacement can also be enabled on a per-field basis. The displayed position is
always indicated for anormally displayed symbol (no rotation or mirroring) and is relative to the
anchor point of the symbol.

Uwaga

Formatting options for symbol fields can be shown or hidden by right-clicking on the header
row of the symbol field table and enabling or disabling the desired columns. Not all columns

are shown by default.

Several fields have special behavior:

» TheFootprint field defines which footprint will correspond to the symbol in the board design.
When the footprint field is selected, you can click the

button to open the footprint chooser to assign a footprint to the symbol. See the Assigning
Footprints section for other ways to assign footprints.

15
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» The Datasheet field can contain the manufacturer’ s datasheet for the symbol. Y ou can right
click asymbol in the editing canvas and choose Show Datasheet (kbd:[D]) to open the datasheet
listed in the symbol. A symbol’s datasheet can be alocal file or afile at aremote URL, like the
manufacturer’ s website. Y ou can choose alocal file using afile browser by selecting the datasheet
field in the symbol’ s properties, then clicking the

button. If you enable the Embed File checkbox in the file browser, the datasheet will be embedded
in the schematic instead of being referenced as an an external file. This means the datasheet will be
available on any computer. For more information, see the embedded files documentation.

Symbols have several attributes that affect how the symbols are treated by other parts of KiCad.

» Exclude from simulation prevents the symbol from being included in SPICE simulations.
Symbolsthat are excluded from simulation are drawn with a grey outline around them and a
simulation waveform icon to their bottom right, as shown below. The color of the outline and
icon is configurable by editing the "Excluded-from-simulation Markers" color in the selected
colorscheme. The visual marker (the outline and the icon) can be disabled completely by disabling
View _ Mark itemswhich are excluded from simulation.

HS1
Heatsink_Pad

» Excludefrom bill of materials prevents the component from being included in BOM exports.

» Exclude from board means that the symbol is schematic-only, and a corresponding footprint will
not be added to the PCB.

» Do not populate means that the component should not be attached to the PCB, although a
corresponding footprint should still be added to the board. DNP symbols appear desaturated and
with ared "X" over them in the schematic, as shown below. The color of the " X" is configurable by
editing the "DNP Markers" color in the selected colorscheme.

16
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VEC

PC—A5 MATCHL

PC—AS

PC-AY

PC-A11
FC-A10

PC=A7

PC-AB
PC-AL

PC—AEN

~

To edit the symbols sform, i.e. its pins and graphics, you need to use the symbol editor. There are two
buttons for opening a symbol in the editor, depending on whether you want to edit a single copy of a
symbol in the schematic or a symbol’ s source copy in the library.

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

Edit Library Symbol... will open the library copy of the symbol in the symbol editor. Editing

the library copy of the symbol will edit the symbol in the symbol library, but will not immediately
affect any instances of that symbol in the schematic. To update symbolsin the schematic with
changesto the library symbol, use the Update Symbol from Library... tool. Editing the library
symbol in thisway is equivalent to opening the symbol editor, opening the appropriate symbol in its
library, and editing it.

The Update Symbol from Library... button is used to update the schematic’s copy of the symbol to
match the copy in the library. The Change Symboal... button is used to swap the current symbol to a
different symbol in the library. These functions are described later.

17
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The Simulation Model... button opens the Simulation Model Editor for specifying the symbol’s
behavior in SPICE simulations.

Editing symbol fields individually

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

Some symbol fields have their own hotkey to edit them directly. With the symbol selected, the
Reference, Value, and Footprint fields can be edited with the kbd:[U], kbd:[V], or kbd:[F] hotkeys,
respectively.

(] (] Edit Reference Field
Reference: |U2 Unit: A
Visible Show field name Allow automatic placement
Font: Default Font B/ |[E==|5|==|T|
Text size: 50 mils Color:
Position X: 5250 mils
Position Y: 4650 mils

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

Symbol fields can be automatically moved to an appropriate location with the Autoplace Fields action
(select asymbol and press kbd:[Q]). Field autoplacement is configurable in the Schematic Editor’s
Editing Options, including a setting to always autoplace fields. Y ou can aso disable autoplacement
for individual fieldsin the Symbol Properties or Field Properties dialogs.

2.5.5. Alternate pin functions

Symbol pins can have alternate pin functions defined for them. Alternate pin functions alow you to
select adifferent name, electrical type, and graphical style for a pin when a symbol has been placed in
the schematic. This can be used for pins that have multiple functions, such as microcontroller pins.

Alternate pin functions are selected once a symbol has been placed in the schematic. The pin function
is selected in the Pin Functions tab of the Symbol Properties dialog. Alternate definitions are
selectable in the dropdown in the Alternate Assignment column. Y ou can also select an alternate pin
by right-clicking the pin and selecting a new function from the Pin Function menu.

18
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3

General Pin Functions

Number

13
14
15
16

17

19
20
21
22
23
24
25

Base Name

PA3
PAd
PAS
PAG
PA7

PB1
PB2
PB10
PB11
VSs
VDD

PB12

Library link: MCU_ST_STM32F0:5TM32F030C6Tx

Symbol Properties

Alternate Assignment

PA3

PAd

PAS

PAB

PA7
PBO
ADC_IN8
TIM1_CH2N
TIM3_CH3

PB12

Electrical Type

“ Bidirectional
“ Bidirectional
€ Bidirectional
2 Bidirectional
7 Bidirectional
v ©
> Bidirectional
> Bidirectional
< Bidirectional
< Bidirectional
=¥ Power input
-3 Power input

> Bidirectional

Simulation Model...

Graphic Style

F Lire
F Line
F Line
= Line
= Line
-

F Lire
F Line
F Line
= Line
= Line
F Line
F Lire

© Cancel " OK

Pins that have alternate functions available are displayed with a small graphical indicator next to the
pin name, as shown in the screenshot below. To globally show or hide these indicators, use View _
Show Pin Alternate | cons.

18 ppo

ool

19 pp1

201 ppo

22| PR3

For information on how to add alternate pin functions to symbols, see the symbol editor
documentation.

2.5.6. Updating and exchanging symbols

When a symbol is added to the schematic, KiCad embeds a copy of the library symbol in the
schematic so that the schematic is independent of the system libraries. Symbols that have been added
to the schematic are not automatically updated when the library changes. Library symbol changes are

manually synced to the schematic so that the schematic does not change unexpectedly.

Uwaga

Y ou can use the Compare Symbol with Library tool to inspect the differences between a
symbol in a schematic with its corresponding library symbol.
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To update symbols in the schematic to match the corresponding library symbol, use Tools _, Update
Symbolsfrom Library..., or right click a symbol and select Update Symboal.... Y ou can also access
the tool from the symbol properties dialog.

_-r,’;' 2 Update Symbols from Library oo X

Update all symbaols in schematic

*) Update selected symbol(s)
Update symbols matching reference designator: | U102
Update symbols matching value: MCF5213-LQFP100

Update symbols matching library identifier:

kit-dev-coldfire-xilinx_5213:MCF5213-LQFP100 [}
Update/Reset Fields Update Options
Reference Remave fields if not in library symbol
Value Reset fields if empty in library symbol
~| Footprint

Update/reset visibility of pin names/numbers

¥ Datasheet ~| Update/reset field text
¥ D . N Reset alternate pin to default
escription Update/reset field visibilities
Update/reset field text sizes and styles Update/reset symbol attributes
Select All Select None Update/reset field positions Reset custom power symbols

Output Messages

Show: All ~| Errors o ~| Warnings o ~| Actions ~|Infos Save...

Close Update

The top of the dialog has options to choose which symbols will be updated:

* Update all symbolsin schematic: all symbolsin the schematic will be updated to match the library
versions of the symbols.

» Update selected symbol(s): symbols that are selected in the schematic will be updated.

» Update symbols matching refer ence designator : symbols matching the specified reference
designator will be updated. The reference designator field supports wildcards: * matches any
number of any characters, including none, and ? matches any single character.

» Update symbols matching value: symbols with the specified value will be updated. The value
field supports wildcards: * matches any number of any characters, including none, and ? matches
any single character.

» Update symbols matching library identifier: symbols that match the specified library identifier
will be updated. Library identifiers consist of the symbol library name and the symbol name,
separated by : .

The middle of the dialog has options to control what parts of the symbol will be updated. On the left,
you can select which fields will be modified (updated or reset). On the right, you can select how to
update those fields:
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Removefieldsif not in library symbol: if selected, any fields that are in the schematic version of
the symbol but not the library version will be del eted.

Reset fieldsif empty in library symbol: if selected, any fields that are empty in the library version
of the symbol will be set to empty in the schematic version of the symbol.

Update/reset field text: if selected, field contents in the schematic version of the symbol will be
updated to match the fields in the library version of the symbol. Any fields that are empty in the
library version of the symbol will not be updated unless Reset fieldsif empty in library symbol is
selected.

Update/reset field visibilities: if selected, fieldsin the schematic version of the symbol will have
their visibility updated to match the library version of the symbol.

Update/reset field text sizes and styles: if selected, fieldsin the schematic version of the symbol
will have their text sizes and styles updated to match the library version of the symbol.

Update/reset field positions: if selected, fields in the schematic version of the symbol will be
moved to match the locations of the fields in the library version of the symbol.

Update symbol shape and pins: the symbol’ s shape and pins are always updated to match the
library version of the symbol.

Update keywords and footprint filters: The symbol’s keywords and footprint filters are always
updated to match the library version of the symbol.

Update/reset visibility of pin names/numbers: if selected, the visibility of pin names and numbers
in the schematic version of the symbol will be updated to match the visibility of the pin names and
numbersin the library version of the symbol.

Reset alternate pin to default: if selected, alternate pin functions selected for the symbol’ s pins
will be reset to default pin functions.

Update/reset symbol attributes: if selected, the schematic symbol attributes (do not populate,
exclude from simulation, exclude from BOM, exclude from board) will be updated to match the
library version of the symbol.

Reset custom power symbols: if selected, the val ue field of power symbolsin the schematic will
be updated to match the library versions of the symbols. If not selected, the val ue field of power
symbolswill not be updated, even if the val ue field of other non-power symbols would be updated.
Note that changing the val ue field of power symbols will change the global net associated with the
power symbol.

The bottom of the dialog displays messages describing the update actions that have been performed,
with filters for which types of messages to display (errors, warnings, actions, and/or infos).

To change an existing symbol to adifferent symbol, use Edit _ Change Symbols..., or right click
an existing symbol and select Change Symbol.... Thisdialog is also accessible from the symbol
properties dial og.
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_2; * Change Symbols VoA X
®) Change selected symbol(s)
Change symbols matching reference designator: U102
Change symbols matching value: MCF5213-LQFP100

Change symbols matching library identifier:

kit-dev-coldfire-xilinx_5213:MCF5213-LQFP100 n

New library identifier:

kit-dev-coldfire-xilinx_5213:MCF5213-LQFP100 In
Update Fields Update Options

Reference Remove fields if not in new symbol

Value Reset fields if empty in new symbol
~| Footprint

Update/reset visibility of pin names/numbers

¥ Datasheet ~| Update field text
7 - ~| Reset alternate pin to default

Description ~| Update field visibilities

~| Update field sizes and styles ¥/ Update symbol attributes
Select Al Select None ~| Update field positions Reset custom power symbaols

Output Messages

Show: All ~| Errors o ¥/ Warnings o ¥ Actions ¥ Infos Save...

Close Change

The options for the Change Symbols dialog are very similar to the Update Symbols from Library
dialog.

Another way to swap existing symbols for new onesisto use Tools _ Edit Symbol Library
Links.... Thisdiaog contains atable of every symbol in the design, grouped by current library
symbol. By choosing a new symbol in the New Library Reference column, you can make all
instances of the existing symbol instead point to the new symbol. If the Update symbol fields from
new library option is used, the contents of the existing symbols fields will be updated to match the
new symbols fields.

The Map Orphans button attempts to automatically remap orphaned symbols to symbols with the
same namein an active library. For example, if there is a symbol with the current library reference
nyl i b: synbol 123, but the ny! i b library cannot be found, the Map Or phans button will attempt to
find a symbol named synbol 123 in any of the libraries that are present. This button is only enabled if
orphaned symbols are present in the schematic (see the legacy schematics section).
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L BN

Symbols

#PWR0301, #PWR0304, #PWR0306,
#PWR0311

#PWR0101, #PWR0102, #PWRO0105,
#PWR0107, #PWRO0110, #PWR0118,
#PWR0121, #PWR0130, #PWR0141,
#PWR0143, #PWR0201, #PWR0203,
#PWR0204, #PWR0205, #PWR0220,
#PWR0222, #PWR0226, #PWR0237,
#PWR0239, #PWR0243, #PWR0244,
#PWR0245, #PWR0246, #PWR0248

U101
U201
€101, C102, C103, C104, C105, C108,

€107, C109, C110, C111, C112, C113, C114,

C115, C116, C117, C118, C201, C202,

Symbol Library References

Current Library Reference
kit-coldfire_schlib:+3,3V

kit-coldfire_schlib:+3.3V

kit-coldfire_schlib:74AHC1G14
kit-coldfire_schlib:74LS125
kit-coldfire_schlib:C

Update symbol fields from new library

New Library Reference |

Cancel OK

Thisdialog is primarily useful for managing symbols that appear in multiple libraries, when you want
to switch from one library to another. For example, if a schematic uses symbolsthat are in both a
global library and a project-specific library, the Symbol Library References dialog could be used to
switch between using the global symbols or the equivalent project-specific symbols. It does not have
features for fine-grained control of how fields are updated; for that, use the Change Symbols dialog.

2.5.7. Comparing symbols between schematic and

library

When a symbol in a schematic diverges from the corresponding symbol in the original symbol
library, you can use the Compare Symbol with Library tool to inspect the differences between the two
versions of the symbol. Run the tool using Inspect _ Compare Symbol With Library.
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[ ] O Compare Symbol with Library

Summary = Visual

Schematic vs library diff for:

e Symbol U1
e Library: Amplifier_Operational
e Library item: AD8603

Pin 5 differs.

The Summary tab shows the name of the symbol, including its library and schematic reference
designator, and provides alist of the differences between the schematic and library versions of the
symbol.
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[ ] (] Compare Symbol with Library

Summary  Visual

Power input
Power input

ui
ADB8603

Output

]
=2
(T
c
-
8]
=
o

o

Schematic

Library  ¢&

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

By default, the comparison displays both versions of the symbol 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 symbol in the superimposed view (making the schematic version of the symbol
more transparent) or drag it to the left to emphasize the schematic version (making the library version
more transparent). At the far right and left ends of the slider, the schematic and library versions of the
symbol, 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
schematic and library versions.

The screenshot above shows a visual comparison with the schematic version of the symbol
deemphasized. Y ou can see a partially transparent pin 5 (from the schematic version of the symbol) is

25



Tworzeniei edycja schematu

in adifferent location than the fully opaque pin 5 (from the library symbol). This indicates that the pin
was moved in either the schematic or library version of the symbol.

2.5.8. Symbol Fields Table

The Symbol Fields Table alows you to view and modify field values for al symbolsin a spreadsheet
interface. Y ou can open the Symbol Fields Table with the

button.

Symbol Fields Table v oA X

~

Label Show | Group By Q Filte Exclude DNP (| Show 'Exclude from BOM' | ¥ Group symbols | |

Reference Reference
Value Value

Reference a Value Datasheet Footprint Qty DNP

BUSPCI_SV foatprints: BUSPCI 1

Footprint

ARSI

> C1-C36, C704100nF or_SMD:R_1206_3216Metric_Pad1.30x1.75mm_Handsold: 40

Description Description a7
S{QUANTITY} aty v

100pF or_SMD:R_1206_3216Metric_ - Pad1.30x1.75mm_HandSold:

> €38, C67-C69 4,7uF esistor_SMD:R_1206_3216Metric_Pad1.30x1.75mm_HandSold:

STEM_NUMBER)  #
Champ? Champ?
${DNP} DNP v 9 ca2

> (39-(a 1uF

2.2uF
> C43-C45 220nF
> (46, (47 220pF

ud|CARN L cas 220F

esistor_SMD:R_1206_3216Metric .|

R
Re
R
Resist
Re
Resistor_SMD:R_1206_3216Metric_
Re

esistor_SMD:R_1206_3216Metric .|

tor_SMD:R_1210_3225Metric_{

esistor_SMD:R_1210_3225Metric. _Pad1.30x2.65mm_HandSold:
Pad1.30x2.65mm_HandSold:
Pad1.30x1.75mm_Handsold:
Pad1.30x1.75mm_HandSold:

Pad1.30x1.75mm_Handsold:

DN W o= oW oA -

View presets: Scope: ® Entire project () Current sheetonly () Recursive

Grouped By Value v

Cross-probe action: ) Highlight ® select None

Export Apply, Save Schematic & Continue © Cancel + 0K

Cells are navigated with the arrow keys, or with kbd:[Tab] / kbd:[Shift+Tab] to moveright / left and
kbd:[Enter] to move down, respectively.

A range of cells can be selected by clicking and dragging. The whole range of selected cellswill be
copied (kbd:[CtrI+C]) or pasted into (kbd:[Ctrl+V]) on acopy or paste action. Copying a range of
cells from the table can be useful for creating a BOM. More details of copying and pasting cells are
described below.

The |eft pane contains alist of all available symbol fields, as well as some virtual fields such as
Quantity and Item Number. Y ou can add or remove any symbol field from the main table on using
the Show checkboxes (fields can also be shown or hidden by right-clicking on the header of the main
table). New symbol fields can be added using the

button; afield with that name will be added to every symbol. To rename the field, which changes the
field name in al symbols, use the

button. The
button deletes the field from all symbols.

Each field has its own column label, which is displayed at the top of the corresponding column in the
symbol fieldstable and in exported BOMs. The column label for each field is shown in the second
column of in the left pane. A column label does not have to match the field name. To change afield's
column label, select the field’ srow in the left pane, then click again in the column label cell of that
row to edit it.

Similar symbols can optionally be grouped by any symbol field using the Group By checkboxes.
Symbols are grouped into asingle row in the tableif all of their Group By fields are identical. The
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grouped row can be expanded to show the individual symbols by clicking the arrow at the left of the
row. The Group Symbols checkbox enables or disables symbol grouping, and the

button recal culates groupings.

Presets are available to configure the list of fields. Presets store which fields are displayed, which
fields are used for grouping, and the column order. Y ou can create and save your own presets or use
one of several default presets. Custom presets can be deleted in this dialog or in the Schematic Setup
dialog.

Symbols can be filtered by reference designator using the Filter textbox at the top. The filter supports
wildcards. * matches any number of any characters, including none, and ? matches any single
character. Y ou can also change the display scope, showing only symbols in the current sheet, the
current sheet and all of its subsheets, or the entire project. Symbols with the DNP (do not populate)
attribute set can be optionally excluded by checking the Exclude DNP box.

Y ou can cross-probe from this dialog by selecting arow in the table. Depending on the Cr oss-
probe action setting at the bottom of the dialog, this can highlight the corresponding symbol in the
schematic, select the corresponding symbol in the schematic, or do nothing. The selection action can
also select the symbol’ s footprint in the board editor, depending on the PCB Editor cross-probing
Settings.

The Symbol Fields Tableis also abill of materialstool. Y ou can use the Export button to save the
symbol fieldsto an external file. The fields are exported to the BOM exactly asthey are currently
shown in the spreadsheet view. File format settings are configured in the Export tab. For more
information about exporting a BOM, see the BOM tool documentation.

Virtual fields

If you create afield in the Symbol Fields Table whose name begins with atext variable, a virtual
field will be created. Virtua fields have avaue that is evaluated for each symbol based on the
contents of the field name. For example, avirtual field named ${ SYMBOL_NAME} will evaluate to the
symbol’ s name for each symbol. A virtual field can contain any text, aslong as it starts with atext
variable, so avirtual field named ${ SYMBOL_LI BRARY} : ${ SYMBOL_NAVME} Will evaluateto<l i brary
name>: <symbol name> for each symbol.

Virtual fields exist only in the Symbol Fields Table and in BOM exports. While they are displayed as
acolumn in the dialog and BOMs, and they can be used to group or sort symbolsin BOM exports just
like regular fields, adding avirtual field in the Symbol Fields Table does not add a corresponding field
to each symbol in the schematic.

Any text variable can be used in virtual fields, including sheet and project text variables.

Text variables that correspond to symbol attributes (${ DNP} , ${ EXCLUDE_FROM BOARD} ,

${ EXCLUDE_FROM SI M, ${ EXCLUDE_FROM BOM ) are displayed specially. In the Symbol Fields Table,
they are shown as checkboxes for each symbol that directly set or unset the corresponding symbol
attribute. In BOM exports, they expand to the friendly name of the attribute if the attribute is set (e.g.
Excl uded from boar d for ${ EXCLUDE_FROM BOARD} and DNP for ${ DNP} ) or to an empty string if the
attribute is not set.

Finally, there are two special virtual fields that can be created:
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* ${ QUANTI TY} isavirtua field that contains the number of grouped instances of each symbol.

* ${I TEM NUMBER} isavirtua field that contains the row number of each symbol in the table.
Tricks to simplify filling fields

There are several special copy/paste methods in the spreadsheet for pasting values into larger regions,

including auto-incrementing pasted cells. These features may be useful when pasting values that are

shared in severa symbols.

These methods are illustrated below.

1. Copy (kbd:[CtrI+C]) 2. Select target cells 3. Paste (kbd:[CtrI+V])
]

|
O

———

I I
11

I
12

21 22
I
11 12 13

) ¥ )

=
:
B
:
-

Uwaga

Tetechniki s# rownie# dost#pne w innych oknach dialogowych zawieraj#cych tabele.

2.6. Reference Designators and Symbol
Annotation

Reference designators are unique identifiers for components in adesign. They are often printed on a
PCB and in assembly diagrams, and allow you to match symbolsin a schematic to the corresponding
components on a board.

In KiCad, reference designators consist of aletter indicating the type of component (R for resistor, C
for capacitor, ufor IC, etc.) followed by a number. If the symbol has multiple units then the reference
designator will also have atrailing letter indicating the unit. Symbols that don’t have a reference
designator set have a? character instead of the number. Reference designators must be unique.

Reference designators can be automatically set when symbols are added to the schematic, and you
can set or reset reference designators yourself by manually editing an individual symbol’ s reference
designator field or in bulk using the Annotation tool.

Uwaga

The process of setting a symbol’ s reference designator is called annotation.
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2.6.1. Auto-annotation

When auto-annotation is enabled, symbols will be automatically annotated when they are added to

the schematic. Y ou can enable auto-annotation by checking the Automatically annotate symbols
checkbox in the Schematic Editor _ Annotation Options panein Prefer ences. Auto-annotation can
alsp be toggled using the

R42 .
putton in the left toolbar.

-r,L' # Preferences v oA X

Common .
¥| Automatically annotate symbols
Mouse and Touchpad

Hotkeys
Order

s

Symbol Editor
~  Schematic Editor *) Sort symbols by X position 7L
Display Options
Grids

Editing Options

Sort symbols by ¥ position =

Numbering

Colors ®) Use first free number after: | 0
Field Name Templates First free after sheet number X 100
Footprint Editor
PCB Editor

3D Viewer

First free after sheet number X 1000

Gerber Viewer

WOONWONT NN

Drawing Sheet Editor
Packages and Updates

Reset Annotation Options to Defaults | | Open Preferences Directory © Cancel v OK

When multiple symbols are added simultaneously, they are annotated according to the Order setting,
sorted by either X or Y position.

The Numbering option sets the starting number for new reference designators. This can be the lowest
available number, or a number based on the sheet number.

For more information about annotation options, see the documentation for the Annotation tool.

2.6.2. Numeracja komponentow

The Annotation tool automatically assigns reference designators to symbolsin the schematic. To
h the Annotation tool, click the

utton in the top toolbar.
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fakres

(®) Uzyj catego schematu

() Uzyj tylko biezacej strony

(®) Pozostaw biezaca numera Cje

] Resetuj biezaca numeracje

I_) Zresetu), ale nie zarnieniaj Zadnej z ponumerowanych czesci elementdw wieloczesciowych

Porzadek numeracji
(®) Sortuj symbole wg pozycji w osi X m

() Sortuj symbole wg pozycji w osi ¥ ;3

Wybdr numeracii
(®) Uzyj pierwszego wolnego numeru na schemacie

() Rozpocznij od numer arkusza*100 i uzyj pierwszego wolnego numeru

() Rozpocznij od numer arkusza®™ 000 i uzyj pierwszego welnego nurmeru

Okno
[] Autornatycznie zamknij

[ ] Mie potwierdzaj

Zarmknij Usuf numeracje Mumeruj

Thetool provides several options to control how symbols are annotated.

Scope: Selects whether annotation is applied to the entire schematic, to only the current sheet, or to
only the selected symbols. If the Recur se into subsheets option is selected, symbolsin subsheets of
the selected scope will be reannotated; otherwise symbols in subsheets will not be reannotated. For
example, if Recur seinto subsheets and Selection only selected, symbolsin any selected subsheets
will be reannotated.

Options: Selects whether annotation should apply to al symbols and reset existing reference
designators, or apply only to unannotated symbols.

Order: Chooses the direction of numbering. If symbols are sorted by X position, all symbols on the
left side of a schematic sheet will be lower numbered than symbols on the right side of the sheet.

If symbols are sorted by Y position, all symbols on the top of a sheet will be lower numbered than
symbols at the bottom of the sheet.

Numbering: Selects the starting point for numbering reference designators. The lowest unused
number above the starting point is picked for each reference designator. The starting point can be an
arbitrary number (typically zero), or it can be the sheet number multiplied by 100 or 1000 so that each
part’ s reference designator corresponds to the schematic page it ison.

The Clear Annotation button clears all reference designators in the selected scope.
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Annotation messages can be filtered with the checkboxes at the bottom or saved to areport using the
Save... button.

2.7. Electrical Connections

There are two primary ways to establish connections: wires and labels. Wires make direct
connections, while labdls connect to other labels with the same name. Both wires and label's are shown
in the schematic below.

oS N13 7 SLCT+ BUST+ T 11|,
b7 [MLL D6 23[°
Ls L2 D7 ACK T
NC 211 22[~
K12 BIT? :
NETIE  PE+ [21°
S [J12 BUST+ BIT6 8l g
S K13 AcK 20[°
S [H11 BITY BITS 715
S [H12 8IS 19[°
o [J13 Bite BITA 6o
S [H13 eItk 18]
S [613— Bim3 BIT3 5 1o
S[F12 B2 SLCTIN-___17[©
o[ E13 Bim BIT2 o
S [CF11_SLCTIN- 16]°
5 [ D13 BITL 3l
F12 15>
S [p12 B0 BITO 215
E11 AUTOFD— 14
NG STROBE 1&
P1

Connections can al so be made with buses and with implicit connections via hidden power pins.

This section will also discuss two special types of symbols that can be added with the "Power symbol"
button on the right toolbar:

* Power symbols. symbols for connecting wires to a power or ground net.

* PWR_FLAG: aspecific symbol for indicating that a net is powered when it is not connected to a
power output pin (for example, a power net that is supplied by an off-board connector).

2.7.1. Wires

Wires are used to directly establish electrical connections between two points. To establish a
connection, a segment of wire must be connected by its end to another segment or to a pin. Only wire
ends create connections; if awire crosses the middle of another wire, a connection will not be made.
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Unconnected wire ends have a small square that indicates the connection point. The square disappears
when a connection is made to the wire end. Unconnected pins have a circle, which also disappears
when a connection is made.

Uwaga

Wires connect with other wires or pins only if their ends coincide exactly. Thereforeit is
important to keep symbol pins and wires aligned to the grid. It is recommended to always use
a 50 mil grid when placing symbols and drawing wires because the KiCad standard symbol
library and all libraries that follow its style also use a 50 mil grid.

Uwaga

Symbols, wires, and other elements that are not aligned to the grid can be snapped back to the
grid by selecting them, right clicking, and selecting Align Elementsto Grid.

Drawing and editing wires

To begin connecting elements with wire, use the Wire tool

in the right toolbar (kbd:[w]). Wires can aso be automatically started by clicking on an unconnected
symbol pin or wire end.

Y ou can restrict wires to 90 degree angles using the

-
button in the left toolbar, or to 45 degree angles with the

button. The

button allows you to place wires at any angle. Y ou can cycle through these modes using kbd:[ Shift
+Space], or select the desired mode in Preferences | Schematic Editor _ Editing Options. These
modes affect graphic linesin addition to wires.

Asin the PCB editor, the kbd:[/] hotkey switches wire posture.

Wires can be moved and edited using the Move (kbd:[M]) or Drag (kbd:[G]) tools. Aswith symbols,
the M ove tool moves only the selected segment, without maintaining existing connections to other
segments. The Drag tool maintains existing connections.

Y ou can select connected wires using the Select Connection tool (kbd:[Alt+4]). Thistool selects all
connected wire segments until it reaches a junction, starting with the selected segment or the segment
under the cursor. Using the tool again expands the existing selection to the next junction.

Y ou can break awire segment into two pieces by right-clicking awire and selecting Slice. The
segment will be separated at the current mouse position. Y ou can also separate a wire segment from
the adjacent segments by right-clicking the segment and selecting Break.

Normally the line style of awire follows the net’s net class settings (nets are in the Def aul t net
classif no other net classis specified). However, the line style for the selected wire segments can
be overridden in the wire' s properties dialog (kbd:[E] when awire segment is selected). The wire’s
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width, color, and line style (solid, dashed, dotted, etc.) can be set. Setting the width to 0, clearing the
color, and using the Def aul t line style uses the default width, color, and style, respectively, from the
net class settings. If awire junction isincluded in the selection, the junction size can aso be edited
here.

o O Wire & Bus Properties
Wire/bus width: | O mm Color:
Style: Default v

Set width to O to use netclass's wire/bus widths.
Clear color to use Schematic Editor colors.

Cancel Default “

Wire Junctions

Wires that cross are not implicitly connected. It is necessary to join them by explicitly adding a
junction dot if a connection is desired (

button in the right toolbar). Junction dots will be automatically added to wires that start or end on top
of an existing wire.

Junction dots are used in the schematic figure above on the wires connected to P1 pins 18, 19, 20, 21,
22, and 23.

Junction size automatically follows the schematic’ s Junction dot size setting in Schematic Setup

_, General _ Formatting. Color followsthe net class setting. The automatic size and color can be
overridden in each junction dot’ s properties; asize of 0 is equivalent to the schematic default size, and
clearing the color uses the net class color.

o O Junction Properties

Diameter: ' 0 mm

Color:

Set diameter to O to use schematic's junction dot size.
Clear color to use Schematic Editor colors.

Cancel Default “

33




Tworzeniei edycja schematu

2.7.2. Labels

Labels are used to assign net names to wires and pins. Wires with the same net name are considered to
be connected, so labels can be used to make connections without drawing direct wire connections,

A net can only have one name. If two different labels are placed on the same net, an ERC violation
will be generated. Only one of the net names will be used in the netlist. The final net nameis
determined according to the rules described below.

There are three types of labels, each with a different connection scope.

» Local labels, also referred to simply as labels, only make connections within a sheet. Add alocal
label with the

button in the right toolbar.

* Global labels make connections anywhere in a schematic, regardless of sheet. Add a global label
with the

[&>

button in the right toolbar.

» Hierarchical labels connect to hierarchical sheet pinsand are used in hierarchical schematicsfor
connecting child sheets to their parent sheet. Add a hierarchical label with the

button in the right toolbar.
Uwaga

Labelsthat have the same name will connect, regardless of the label type, if they arein the
same sheet.

Podpowied#

Y ou can convert from one type of label to another type of label using the Change To tools.

Adding and editing labels

After using the appropriate button or hotkey to create alabel, the Label Properties dialog appears.
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The Label field sets the label’ s text, which determines the net that the label assigns to its attached
wire. You can choose alabel name from alist of nets that are already in the schematic by clicking the
dropdown menu next to the label name field.

Label text supports markup for overbars, subscripts, etc., as well as variable substitution. Use the
Syntax help link in the dialog for a summary.

When the Multiple label input option is enabled, the L abel field supports entering multiple labels,
with one label on each line. In this case, the dialog will create multiple independent labelsin
seguence, one per line.

Podpowied#

Multiple label input may be useful for copying labels from other sources, such asa
spreadsheet.

There are several optionsto control the label’ s appearance. Y ou can change the font, size, and color
of the text, and set bold and italic emphasis. Y ou can aso set the orientation of the text relative to

the label’ s connection point. Hierarchical and global |abels have several additional options: the Auto
option automatically setsthe label orientation based on the connected schematic elements, and Shape
option controls the shape of the label outline (Input, Output, Bidirectional, Tri-state, or Passive).
The outline shapeis purely visual and has no electrical consequence.

Uwaga

The default text size can be set for a schematic in Schematic Setup, and the default font can be
set in Preferences.

Uwaga

Global labels have additional settings to control margins around the label text in the Schematic
Setup dialog.
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Labels can also have fields added to them. Two fields have special meaning (Net C ass and Sheet
Ref er ences, described below), but arbitrary fields can also be added. Label fields behave like symbol
fields: you can show or hide their name and value and adjust the alignment, orientation, position, size,
font, color, and emphasis.

Uwaga

Formatting options for label fields can be shown or hidden by right-clicking on the header
row of the label field table and enabling or disabling the desired columns. Not all columns are
shown by default.

Like symbol fields, label fields can be edited individually by opening the properties of a specific label
field from the schematic (double click the label field, or use kbd:[E]).

After accepting the label properties, the label is attached to the cursor for placement. The connection
point for alabel isthe small square in the corner of the label. The square disappears when the |abel

is connected to awire or the end of a pin. If multiple labels were specified in the dialog, each label is
attached to the cursor for placement after the previous label is placed.

Dunt:n.::nnEft:’crafd_la bel

The connection point’s position relative to the label text can be changed by choosing a different label
orientation in the label’ s properties, or by mirroring/rotating the label.

The Label Properties dialog can be accessed at any time by selecting alabel and using the kbd:[E]
hotkey, double-clicking on the label, or with Properties... in the right-click context menu.

Assigning net classes with labels

In addition to assigning net names, labels can be used to assign net classes. A label field named Net
C ass assigns the specified net class to the net associated with the label. To make it easier to assign
net classesin thisway, Net d ass isthe default name for new label fields, and Net d ass fields
present a dropdown list of all the net classes that have been specified in Schematic Setup or Board
Setup.

You can aso typein anet classthat isn't explicitly listed in the Schematic/Board Setup priority list.
Such implicit net classes can’t be assigned any design settings, like net class color or track width, but
they can still be used in DRC rule queries.

If multipleNet d ass fields are added to alabel, or multiple labelswith Net O ass fields are applied
to anet, al of the specified net classes are assigned to the net.
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For more information about assigning net classes, see the net class documentation.

Inter-sheet references

Global labels can display inter-sheet references, which are alist of page numbers for other placesin
the schematic where the same global 1abel appears. Clicking an inter-sheet reference travels to the
listed page. If multiple references are listed, clicking the reference list brings up a menu to select the
desired page.

Inter-sheet references are globally controlled in the Schematic Setup window’ s Formatting page.
References can be enabled or disabled, and the displayed format for the list can be adjusted, including
with optional prefix or suffix characters.

The image below shows aglobal label with inter-sheet references to two other schematic pages. A
prefix and suffix of [ and ], respectively, were added in Schematic Setup.

—CLOCK—RB6 > [2.3]

A sheet References field with value ${ | NTERSHEET REFS} is automatically added to

global labels, and is used to control the appearance of inter-sheet references for that label. The

${ | NTERSHEET_REFS} text variable gets expanded to the full list of inter-sheet references for the
global label, as configured in Schematic Setup. Visibility of inter-sheet referencesis globally
controlled in Schematic Setup rather than with the Sheet Ref er ences field visibility control. The
Sheet Ref erences field has no meaning for other types of labels.

2.7.3. Buses

Buses are away to group related signals in the schematic in order to simplify complicated designs.
Buses can be drawn like wires using the bus tool

, and are named using labels the same way signal wires are.

In the following schematic, many pins are connected to buses, which are the thick blue linesin the
center.
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Sk#adniki magistral
There are two types of busin KiCad 6.0 and later: vector buses and group buses.

M agistrala wektor owa to kolekcja sygna#ow, ktérych nazwa sk#ada si# z takiego samego
przedrostkai ko#czy przyrostkiem z unikaln# liczb#. Magistrale wektorowe s# nazywane wg
schematu <PREFI X>[ M . N] gdzie PREFI X to dowolna nazwa sygna#u, Mto pierwsza liczba przyrostka,
aNto ostatnialiczba. Na przyk#ad, magistrala DATA[ 0. . 7] zawiera grup# Sygna#tOw DATAO, DATAL,
itd. a# do DATA7. Nie ma znaczeniajak warto#ci Moraz N zosta#ty zdefiniowane, byle by nie by#y one
warto#ciami ujemnymi.

Magistrala grupowa to kolekcja ré#nych sygna#ow b#d# magistral wektorowych. Magistrale
grupowe mo#na u#y# do zgrupowania razem sygna#tow posiadaj#cych ré#ne nazwy. Magistrale
grupowe u#ywaj# specjalnego zapisu etykiet:

<OPTI ONAL_NAME>{ S| GNAL1 SI GNAL2 S| GNAL3}

Sygna#y w grupie s# wymienione wewn#trz nawiasow klamrowych ({}) oddziel onych spacjami.
Opcjonalna nazwa grupy wyst#puje przed otwiergj#cym nawiasem klamrowym. Je#li magistrala
grupowa nie ma nazwy, wynikowe sieci w obwodzie drukowanym b#d# po prostu nazwami sygna#ow
wewn#trz grupy. Je#li magistrala grupowa ma nazw#, wynikowe sieci b#d# miaty nazw# jako prefiks
z kropk# (. ) oddzielgj#c# prefiks od nazwy sygna#u.
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Na przyk#ad magistrala{ SCL SDA} posiada dwa sygnaty, st#d nali#cie sieci b#d# to sygnatfy SCL i
SDA". MagistralausB1{ DP DM wygeneruje za# sieci o nazwie USB1. DPi - USB1.DM . W przypadku
projektow z wi#kszymi magistralami, ktore wyst#puj# powtdrnie w kilku podobnych obwodach,
zastosowanie tegj techniki mo#e zaoszcz#dzi# czas.

Magistrale grupowe mog# rownie# zawierat# magistrale wektorowe. Na przyk#ad magistrala
MEMORY{A[ 7..0] D[7..0] OE W} zawierazarOwno magistrale wektorowe, jak i zwyk#e sygna#ty co
spowoduje utworzenie sieci takich jak: MEMORY. A7 i - MEMORY .OE™ na PCB.

Bus wires can be drawn and connected in the same manner as signal wires, including using junctions
to create connections between crossing wires. Like signals, buses cannot have more than one
name— if two conflicting labels are attached to the same bus, an ERC violation will be generated.

Po##czenia pomi#dzy sk#adnikami magistral

Pins connected between the same members of a bus must be connected by labels. It is not possible to
connect apin directly to abus; thistype of connection will be ignored by KiCad.

W powy#szym przyk#adzie, po#czenia wykonane s# za pomoc# etykiet umieszczonych na
po#czeniach pod##czonych do wyprowadzet. Po##czenia poprzez wej#cia do magistral (odcinki
po#czett pod k#tem 45 stopni) maj# wy##cznie warto## estetyczn#, i nie s# konieczne na poziomie
czystego schematu.

In fact, using the repetition command (kbd:[Insert]), connections can be very quickly madein the
following way, if component pins are aligned in increasing order (a common case in practice on
components such as memories, microprocessors. .. ):

» Placethefirst label (for example PCA0)

» Usethe repetition command as much as needed to place members. KiCad will automatically create
the next labels (PCA1, PCA2...) vertically aligned, theoretically on the position of the other pins.

» Narysowa# po##czenie pod pierwsz# z etykiet. Nast#pnie u#y# polecenia powtarzania
umieszczaj#c dalsze po##czenia pod etykietami.

» W razie potrzeby umietci# wej#cia do magistrali w ten sam sposob (Umietci# pierwsze wej#cie, a
nast#pnie u#y# polecenia powtarzania).

Uwaga

In the Schematic Editor _ Editing Options section of the Preferences menu, you can set the
repetition parameters:

» Horizonta pitch
» Vertical pitch

 Label increment (labels can be incremented or decremented by 1, 2, 3, etc.)

Wyprowadzanie sygha#ow z magistral

The unfold tool allows you to quickly break out signals from abus. To unfold asignal, right-click
on abus object (a buswire, etc) and choose Unfold from Bus. Alternatively, use the Unfold Bus
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hotkey (default: kbd:[C]) when the cursor is over a bus object. The menu allows you to select which
bus member to unfold.

Po wybraniu sygna#u z magistrali, nast#pne klikni#cie umietci etykiet# sygna#tu magistrali w
#danym migjscu. Narz#dzie automatycznie wygeneruje wej#cie do magistrali i po##czenie
prowadz#ce do migjsca gdzie zngjdowad si# b#dzie etykieta. Po umieszczeniu etykiety mo#esz
kontynuowa# umieszczanie dodatkowych segmentow po##czenia (Na przyk#ad, aby po##czy# si# z
pinem komponentu) i doko#czy# po##czenie w dowolny sposob.

Aliasy magistral

Aliasy magistrali to skréty, ktére umo#iwiaj# wydajnigjsz# prac# z magistralami o du#ych grupach.
Pozwal gj# one zdefiniowa# magistral# grupow# i nada# jgj kréotk# nazw#, ktora mo#e by# nast#pnie
U#ywana zamiast petngj nazwy grupy na schemacie.

To create bus aliases, open the Bus Alias Definitions pane in Schematic Setup.

_;!__- * Schematic Setup VoA X
~  General Bus definitions: Members of 'USB":
Formatting Alias Net / Nested Bus Name

Field Name Templates DP

BOM Presets

~ Electrical Rules oM
Violation Severity
Pin Conflicts Map

~  Project

Met Classes

Text Variables

=+ [ ] (kit-dev-coldfire-xilinx_5213 kicad_sch) +

Import Settings from Another Project... & Cancel v OK

Alias mo#e mie# dowol n# dozwolon# nazw# sygna#u. Korzystaj#c z okna dialogowego, mo#na
dodawa# sygna#ty lub magistrale wektorowe do aliasu. Jako skrot mo#na wpisa# lub wklei# list#
sygna#ow i/lub magistral oddzielon# spacjami, a wszystkie one zostan# dodane do definicji aliasu. W
tym przyk#adzie zdefiniujemy alias o nazwie USB z elementami DP, DMi - VBUS'.

After defining an alias, it can be used in agroup buslabel by putting the alias name inside the curly
braces of the group bus: { UsB} . This has the same effect aslabeling the bus{ DP DM VBUS} . You can
also add a prefix name to the group, such as UsB1{ USB} , which results in nets such as USB1. DP. For
complicated buses, using aliases can make the labels on your schematic much shorter. Keep in mind
that the aliases are just a shortcut, and the name of the aliasis not included in the netlist.
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Bus aliases are saved in the schematic file that is opened when the alias is created. The Bus Alias
Definitions window shows the schematic file associated with the selected aias at the bottom of the
aliaslist. Any aliases created in a given schematic sheet are available to use in any other schematic
sheet that isin the same hierarchical design. If multiple sheetsin ahierarchical design contain
identically-named bus aliases, the aliases must al have the same members. ERC will report aviolation
if multiple bus aliases with the same name do not have consistent members.

Magistrale posiadaj#ce wi#cej ni# jedn# etykiet#

Program KiCad w wergji 5.0 i wcze#niejszych pozwal a# na ##czenie sygnat#tow magistral z ré#nymi
etykietami i ##czy# je podczas tworzenialisty sieci. To zachowanie zosta#o usuni#te w programie
KiCad 6.0, poniewa# jest niekompatybilne z magistralami grupowymi, a tak#e prowadzi do myl#cych
list sieci, poniewa# nazwa ktor# dany sygna# odbierze, nie by#a do przewidzenia.

Jetli otwarto projekt, ktory wykorzystywa# t# funkcj# w nowszej wergji programu, pojawi si# okno
dialogowe Migracja magistral, ktore przeprowadzi u#ytkownika przez aktualizacj# schematu, tak aby
na danym zestawie sygna#ow magistrali istnia#atylko jedna etykieta.

Migracja Magistral X

Ten schemat posiada przynajmnig] jedna magistrale posiadajaca wiecej niz jedng etykiete.
Taka sytuacja byla dopuszczalna w poprzednich wersjach programu KiCad. Obecnie nie jest
to dozwolone,

Prosze wybrad nowa nazwe dla kazdej magistrali pokazane] ponize).
Sugerowana nazwa zostala stworzona na podstawie etykiet dotaczonych sygnatow.

Arkusz Etykiety sygnatdw w konflikcie Mowa etyki... Status
! DAL[D.7], DAH[E..15], DATA[D.15] DATA[15.0]

Mowa nazwa (proponowana):

DATA[15..0]} v | | Zaakceptuj nazwe

QK

Dla kat#fdego zestawu sygna#ow magistrali, ktory mawi#cej ni# jedn# etykiet#, naletty wybra#
etykiet#, ktora zostanie zachowana. Lista rozwijana z nazwami pozwalawybra# jedn# z etykiet,
istnigj#c# w projekcie lub wybra# inn# nazw#, wprowadzaj#c j# r#cznie w polu nowej nazwy.

2.7.4. Tworzenie symboli zasilania

Power symbols are symbols that are conventionally used to represent a connection to a power net,
such as VcC or G\D. Power symbols are virtua: they do not represent a physical component on the
PCB.

In addition to being avisual indicator that the attached net is a power rail, power symbols make global
connections: two power symbols with the val ue connect to each other anywhere in the schematic,
regardless of sheet. The power symbol’ s val ue field determines the name of the attached net.
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Uwaga

In previous versions of KiCad, power symbols used invisible power input pins, which make
implicit global connections based on the pin name as described below. Beginning in KiCad 8,
power symbols do not need to use invisible pins, and the global connection is made based on
the power symbol’s value.

In the figure below, power symbols are used to connect the positive and negative terminals of the
capacitors to the vVCC and GN\D nets, respectively.

VCC PWR_FLAG
A o
L 4 & \ d L 4

+ o + C2 + C3 + Ch

E—— ‘{f?UF E—— z1’?'.”: —— z1’?'.”: E—— z1’?L.|F

L L L ]
~ <>
GND PWR_FLAG

In the KiCad standard library, power symbols are found in the power library, but power symbols
can be created in any library. Creating custom power symbolsis described in the symbol editor
documentation. Instead of making a new symbol, you can also modify an existing power symbol in
the schematic: changing its val ue field will change the net the power symbol connects to.

2.7.5. Net name assignment rules

Every net in the schematic is assigned a name, whether that name is specified by the user or
automatically generated by KiCad.

When multiple labels are attached to the same net, the final net name is determined in the following
order, from highest priority to lowest:

1. Etykiety globalne
2. Power symbols
3. Local labels

4. Etykiety hierarchiczne
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5. Hierarchical sheet pins

If there are multiple labels of one type attached to a net, the names are sorted a phabetically and the
first isused.

If anet travels through multiple sheets of a hierarchy, it will take its name from the highest level of
the hierarchy where it has a hierarchical label or local label. As usual, local |abels take priority over
hierarchical |abels.

If none of the label types above are attached to a net, the net’ s name is automatically generated based
on the connected symbol pins.

2.7.6. PWR_FLAG

Two PWR_FLAG symbols are visible in the screenshot above. They indicate to ERC that the two power
nets vVCC and G\D are actually connected to a power source, as there is no explicit power source such as
avoltage regulator output attached to either net.

Without these two flags, the ERC tool would diagnose: Error: Input Power pin not driven by any
Output Power pins.

The PWR_FLAG symbol isfound in the power symbol library. The same effect can be achieved by
connecting any power output pin to the net.

2.7.7. No-connection flag

No-connection flags (

=

) are used to indicate that a pin is intentionally unconnected. These flags prevent "unconnected pin"
ERC warnings for pinsthat are intentionally unconnected. Also, while symbol pinsthat are stacked
on top of each other are normally connected to the same net, if a no-connection flag is added to the
stacked pins they will instead be connected to separate nets.

Note that no-connection flags are distinct from the "unconnected”" symbol pin type, although they
both prevent "unconnected pin" ERC warnings on the pin in question and prevent stacked pins from
connecting to each other.

2.7.8. Hidden Power Pins

When the power pins of asymbol are visible, they must be connected, as with any other signal.
However, symbols are sometimes drawn with hidden power input pins, which are connected
implicitly. KiCad automatically connects invisible pins with type Power Input to aglobal net with
the same name as the pin. For example, if a symbol has a hidden power input pin named VCC, this
pin will be globally connected to the vcc net on all sheets. This kind of implicit connection is not
recommended in new designs.

Ostr zettenie

Care must be taken with hidden power input pins because they can create unintentional
connections. By nature, hidden pins are invisible and do not display their pin name. This

43



Tworzeniei edycja schematu

makes it easy to accidentally connect two power pins to the same net. For this reason, using
invisible power pinsin symbolsisnot recommended and is only supported for compatibility
with legacy designs and symbols.

Uwaga

Hidden pins can be shown in the schematic by checking the Show hidden pins option in the
Schematic Editor _ Display Options section of the preferences, or by selecting View _
ow hidden pins. Thereisalso atoggleicon

on the left tool bar.

2.8. Net classes

Net classes are named groupings of nets that can be assigned design rules (for the PCB) and graphical
properties (for the schematic).

More than one net class can be assigned to a net (through a combination of graphical assignments
and net class patterns). For nets with multiple net classes assigned, an effective aggregate net class
isformed, 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. Nets can be
added to net classesin either the schematic or board using pattern-based assignments described below.
Nets can also be assigned to net classes in the schematic using graphical assignments with net class
directives or net labels.

Selecting awire or label displays the net’ s net class in the message panel at the bottom of the window.

VCC
o)

C11 | vo

Baldl

Bl 2 s
M2

ne Style Connection Name Resolved Netclass
olid VCC Power
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2.8.1. Managing net classes in Schematic Setup

Net classes are managed in the Net Classes panel of the Schematic Setup dialog.

[ ] [ ] Schematic Setup
General Netclasses:
Formatting
Field Name Templates =~ Name Wire Thickness = Bus Thickness Color Line Style
Electrical Rules . . .
Default 6 mils 12 mils a—— Solid

Violation Severity
Pin Conflicts Map
Project

Bus Alias Definitions
Text Variables + [ T J Set color to transparent to use KiCad default color.
Schematic Data

Embedded Files )
Netclass assignments:

Pattern Net Class Nets matching /GND*":
+3.3V Power /GND
/GNDA
|/GND* Power
+ w
Import Settings from Another Project... Cancel

The top pane lists the net classes that exist in the design. The Def aul t net class always exists, and you
can add additional net classes with the

button or remove the selected net class with the

button.

Net classes can be moved up and down in priority order with the
and

buttons. Note that the Def aul t net class will always be the lowest priority net class and can therefore
not be moved.

Each net class can have unique graphic properties that determine how wires of that net class are
displayed in the schematic. Wire and bus thicknesses, color, and line style (solid, dashed, dotted, etc.)
can all be adjusted. Setting the color to transparent will use the theme's default wire/bus color for the
net class, which is configurable in Preferences. By default any color that is configured for anet class
controls the color is used to draw wires in that net class. If the Highlight netclass color s setting is
enabled in the Display Options section of the Schematic Editor preferences, this color will instead be
used to draw a highlight around wiresin that netclass, and the wires themselves will always be drawn
with the color scheme’swire color.

Y ou can a'so set board design rules for each net class, although the DRC fields are hidden by default.
Right click the header row to show or hide additional columns. For more information about setting net
class design rules, see the PCB editor documentation.
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All net class parameters for user-defined net classes are optional. However, all properties belonging

to the Def aul t net class must be set. When a net has more than one net class assigned, the appropriate
value for graphic properties or board design rulesis taken from the highest priority assigned net class
with the relevant value set. If only one net class is assigned which contains missing properties, any
missing values will be taken from the Def aul t net class.

The bottom pane lists pattern-based net class assignments. Each row has a net name pattern and a net
class; nets with names that match the pattern are assigned to the specified net class. If a net matches
multiple patterns, the net is assigned to all of the matching net classes. Y ou can sort the list of net
class assignment patterns by pattern or by net class name by clicking on the corresponding column
header.

Pattern-based net class assignments are dynamic: when anew net is added that matches an existing
pattern, it will be assigned to the associated net class automatically. Net patterns can use both
wildcards (* to match any number of any characters, including none, and ? to match any character)
and regular expressions [https.//docs.wxwidgets.org/3.2/overview_resyntax.html]. The nets that match
the selected pattern are displayed to the right of the pattern list.

For example, the net * pattern matches nets named net , net 1, net wor k, and any other net name
beginning with net . Because\ * has adightly different meaning in aregular expression (* matches
zero or more of the preceding character), the net * pattern would also match anet named ne.

Uwaga

Remember that net names must include the full sheet path. For example, alocally labeled net
in the root sheet has a name prefixed with /.

Usethe
button to add a net class assignment pattern or the

button to remove a pattern.

Instead of adding net class patterns in the Schematic Setup dialog, you can directly create net class
patterns from the schematic canvas. Right click anet and select Assign Netclass... to bring up the
Add Netclass Assignment dialog. The net class pattern is pre-filled with the name of the selected net,
but the pattern can be changed if desired. All nets matching the pattern are displayed in the dial og.
This method can only be used on nets with an assigned name.
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O Add Netclass Assignment

Pattern: /LED2 Net class: Power (V]

Currently matching nets:
/LED2

Note: complete netclass assignments can be edited in Schematic Setup > Project.

2.8.2. Graphically assigning net classes in the
schematic

As an alternative to pattern-based net class assignment, net classes can be graphically assigned to nets
in the schematic using either directive labels, net labels, or rule areas.

In the image below, adirective label is used to assign signals to the 50R net class.

PIC=DE 2
JIC=DIE
JIC=IDED

PC—AEN i

Directive labdls are added with the

button in the right toolbar. They behave like labels, except that they cannot be used to name a net. The
attached net is assigned a net class according to the value of the directive’'sNet Cl ass field. The Net
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d ass field presents a dropdown list of al the net classes that have been specified in Schematic Setup
or Board Setup.

You can aso typein anet classthat isn't explicitly listed in the Schematic/Board Setup priority list.
Such implicit net classes can't be assigned any design settings, like net class color or track width, but
they can still be used in DRC rule queries.

If multipleNet d ass fields are added to a directive label, or multiple directive labels with Net
d ass fields are applied to a net, all of the specified net classes are assigned to the net.

If adirectiveis attached to a bus, all members of the bus are assigned to the specified net class.

[ NON ) *Directive Label Properties

Fields

Name Value Show Show Name H Align |V Align Italic | Bold
Net Class |P0W9" | Center Center

+ ™ L [

Shape Formatting

Dot Orientation: ¢ T o] o
O circle e
Diamond Pin length: 2.54 mm Color:

Rectangle

In addition to the associated net class, you can edit the directive' s shape (dot, circle, diamond, or
rectangle), orientation, pin length, and color in the directive’s properties.

Uwaga

Net labels can also be used to assign net classes to nets by adding aNet d ass field to the
label.

The Rule Areatool (

) can be used to draw a shape to which net class directives can be attached. Any wire, bus, label,

or symbol pin which crosses or isinside the rule areawill be assigned the net class of anet class
directive attached to the rule area border. An example is shown in the image below; al wires passing
through the rule areawill be assigned the RAM_ADDR net class.
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Y ou can show or hide directive labels in the schematic using the View _ Show Directive L abels
option.

2.9. Component classes

Component classes are named groupings of components: they are assigned to symbolsin the
schematic and also apply to the corresponding footprints on the board. They are used to group
symbolsinto channels for multichannel designs and can aso be used to group footprints in custom
DRC rules.

To assign a component class to a symbol, you can add a symbol field named Conponent d ass to the
symbol. The symbol will then be a member of the component class named by the field.

Y ou can a'so assign component classes using directive labels (

) in combination with rule areas (
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). The Rule Areatool can be used to draw a shape to which directive labels can be attached. Any
symbol which crosses or isinside the rule areawill be assigned to the component class specified by
the directive label attached to the rule area border. An example is shown in the image below; R1 and
R2 will be assigned to the Channel 1 component class.

i\fhannel 1

o

[10K |
R2

L

Components can have more than one class, and symbols take on a class if any of their sub-units have
that class. If multiple Conponent d ass fields are added to adirective label, or multiple directive
labels with Conponent d ass fields are applied to arule area, the symbolsin the rule areawill take
on all of the specified component classes.

2.10. Graphics and text

Text, graphic shapes, and images can be added to schematics for documentation purposes. These
items do not have any electrical effect on the schematic.

The image below shows graphic lines and text ("COMMUNICATION DSP") in addition to symbols
and several types of labels.
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COMMUNICATION DSF

2.10.1. Text and text boxes

Two kinds of text can be added to schematics, which are referred to as text (
) and text boxes (

). Both are added using their respective buttons in the right toolbar. Text boxes are similar to regular
text except that they have an optional border and they automatically reflow text within that border.

This is a text item This is a textbox that wraps across
with two lines of text multiple lines.

Both kinds of text item support multiline text and basic formatting features, but text boxes wrap text
to fit in the outline and have additional formatting options. All text has adjustable fonts, color, size,
bold and italic emphasis, left and right alignment, and vertical and horizontal orientation. Text boxes
additionally support horizontal centering, vertical alignment options, and colored borders and fill. Y ou
can also adjust the padding on each side of text in atext box (padding can be set using the Properties
Manager, but not using the Text Box Properties dialog).

Uwaga

The default text size can be set for a schematic in Schematic Setup, and the default font can be
set in Preferences.
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= # Text Box Properties SV 4

Text:

Syntax hel

Exclude from simulation

Font: Default Font v B |/ E=E = ||T|= = I =
Text size: | 50 mils  Color: I:'
¥| Border Background fill
Width: 0 mils  Color: I:I I:I
Style: Nefaul S
Link: '
& Cancel v 0K
Links

Text and text boxes can be made into alink by entering atarget in the Link box in the text properties.
Y ou can link to different kinds of resources depending on the link target. The link target can be:

* asheet in the current schematic, using # followed by the page number

» alocal file on your machine, using a URL with thefile:// scheme

» awebsite, usingaURL withthehttp:// orhttps:// scheme

» another resource, using a URL with the appropriate scheme, e.g. ft p: //

If no protocol prefix isused, the target is assumed to be alocal file asif thefil e: // schemewas
used.

Shest, file, and web links can be autofilled using the dropdown meu in the link target box. Other kinds
of links cannot be autofilled but will work if your system can handle them.

Fonts

Text and text boxes support custom fonts, which are selectable with the Font dropdown in the
properties dialog for the text. In addition to the KiCad font, you can use any TTF font installed on
your computer.
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Uwaga

User fonts are not embedded 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. For maximum
compatibility, use the KiCad font.

Text markup

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

Feature Markup Syntax Result

Superscript t ext *{ superscri pt} textSPerseript

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 Schematic Setup before they can be used. There are also a
number of built-in system text variables.

Simulation directives

Text and textboxes can contain simulation directives for SPICE simulations. The Exclude from
simulation checkbox prevents text from being interpreted as a simulation directive.

2.10.2. Tables

Y ou can use atable to organize text in atabular format. Tables have customizable borders, cell sizes,
colors, and headers.

Heading 1 Heading 2

Column 1 Row 1 Column 2 Row 1
Column 1 Row 2 Caolumn 2 Row 2

To bplace 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
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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.

—-r,L' b4 Table Properties v X
Cell contents: ¥| External border ¥| Header border
Header 2
Width: 12 mils Color: [ ]
Style: Default hd
+| Row lines | Column lines
Column 1 Row 1 Column 2 Row 1 _ )
Width: 0 mils  Color: I:l
Style: Default hd
Column 1 Row 2 Column 2 Row 2
® Cancel v 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 left 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. Y ou can aso 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 markup section (superscripts,
subscripts, strikethroughs, etc.).
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Theright side of the dialog contains formatting options for the table.

» 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 borders is controlled by the Width field.
When set to O, the line width uses the default symbol line width configured in the For matting
panel of Schematic Setup. The line color is controlled by the Color picker, and the line style can be
set to solid, dashed, dotted, dash-dot, or dash-dot-dot using the Style dropdown menu.

* The Row Lines and Column lines checkboxes enable horizontal 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 individual cells.
This modifies selected cells, but does not affect other cells. To open the Table Cell Properties dialog,
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 al of them at once.

Uwaga

Y ou can select multiple cells by clicking and dragging.

Uwaga

To select al cellsinarow 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.
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_2._- 4 Table Cell Properties oo M

Horizontal alignment: | =

Vertical alignment:

Font: | Default Font A

Size: | 50 mils

Style: Bold [talic

Text color:

Background fill:

Cell margins: 37.5 mils
37.5 37.5

37.5

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.
» Font controls the text font used in the cell.

» Text size controlsthe size of the text 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 color and Background fill color pickers control the color of the text and the cell
background, respectively.

» 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.
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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.

Toresize 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 acell 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 al the cells you want to merge, right
clicking, and choosing M er ge Cells. To unmerge them, select the merged cell, right click, and choose
Unmerge Cells.

2.10.3. Graphic Shapes

Graphic rectangles (

), circles (

), and lines (

) can all be added using their respective buttons in the right toolbar.
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Line width, color, and style (solid, dashed, or dotted) can be configured in the properties dialog for
each shape (kbd:[E]). Rectangles, circles, and arcs can also have afill color set and have their outlines
removed.

—-é-.' » Rect Properties W ><1
~| Border Filled shape
Width: I:I| mm  Color: Fill color:
Style: NDefault bk

Set border width to 0 to use schematic’s default line width.
Clear colors to use Schematic Editor colors.

& Cancel « DK

Setting a shape’ s line width to 0 uses the schematic default line width, which is configurable in
Schematic Setup. Spacing for line dashesis aso configurable there. Removing aline or fill color uses
the color theme' s graphics color, which is configurable in Preferences.

Like wires, graphic lines obey the line drawing mode setting (90 degree, 45 degree, or free angle),
which you can set using the toggle buttons on the left toolbar (

a

|
,and

, respectively). kbd:[ Shift+Space] cycles through the modes.

Aswith PCB tracks, the kbd:[/] hotkey switches line posture.

2.10.4. Bitmap Images

KiCad supports inserting images into the schematic. These are purely for reference during the design
process and play no electrical role.

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. Theimage is scaled around its reference point; in other words, the reference point is the point
in the image 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. Initially it is at the center of the image, but you
can reposition the reference point by dragging it in the canvas.
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_;;._- 4 Image Properties A

General | Image

Fosition
x: mils
¥: | -300 mils

& Cancel « 0K

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.

2.10.5. Bulk editing text and graphics

Properties of text and graphics, including symbol fields, can be edited in bulk using the Edit Text
and Graphic Propertiesdialog (Edit _ Edit Text and Graphic Properties...). Thetool can also
modify visual properties of wires and buses.
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_—,"-_' .4 Edit Text and Graphic Properties oA X
Scope Filters
Reference designators Filter fields by name:
Values
Other symbol fields Filter items by parent reference designator:
Wires & wire labale Filter items by parent symbol library id:
Buses & bus labels Filter items by parent symbol type: MNon-power symbols
Global labels
Hierarchical labels Filter items by net:
Label fields
Selected items only
Sheet titles

Other sheet fields
Sheet pins

Sheet borders & backgrounds

Schematic text & graphics

Set To

Font: - leave unchanged - W Text color:

Text size: - leave unchanged - mils ~| Bald | [talic
Orientation: = —leave unchanged - ~ | (labels only)

H Align: —leave unchanged — ~ | (fields only) | Visible (fields only)
V Align: —leave unchanged — ~ | (fields only) +| Show field name (fields only)
Line width: - leave unchanged - mils Line color:

Line style: - leave unchanged - W Fill color:

Junction size: | — leave unchanged - mils Junction color:

" Apply & Cancel " OK

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, symbol field filters do not apply to wires and are ignored for the purpose of
changing wire properties). If no filters are enabled, al objects in the selected scope will be modified.
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For filters with atext box, wildcards are supported: * matches any number of any characters,
including none, and ? matches any single character.

Filter fields by namefilters to the specified symbol, label, or sheet field.

Filter items by parent reference designator filtersto fields in the symbol with the specified
reference designator. Filter items by parent symbol library id filtersto fields in symbols with the
specified library identifier. Filter items by parent symbol typefiltersto fields in symbols of the
selected type (power or non-power).

Filter items by net filtersto wires and labels on the specified net.

Only include selected itemsfilters to the current selection.

Editable Properties
Properties for filtered objects can be set to new values in the bottom part of the dialog.
Drop-down lists and text boxescan be setto-- | 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. Color properties must be checked to change the value; a checkerboard

swatch indicates that the color will be inherited from the default value from the the schematic settings
or net class properties.

Text properties that can be modified are font, text size, text orientation (right/up/leftdown),
horizontal and vertical alignment, text color, emphasis (bold and italic), and visibility of fieldsand
field names.

Graphic and wire properties that can be modified are line width, line style (solid, dashed, and dotted
lines), line color, fill color for shapes, and junction size and junction color for wire junctions.

2.10.6. Tabelka

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

). You can aso open this tool by double clicking anywhere on any part of the drawing sheet.
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Ustawienia strony “
Papier Parametry tabliczki tytutowej
Rozmiar: Liczba arkuszy: 1 Mumer arkusza: 1
A3 297:420mm ¥ || Data wydania
Orientaci= 18 dec 2011 - 2014-03-10 = | [ Przenies na inne arkusze
Poziomao w || Rewizja
) ) 2B []Przenies na inne arkusze
Rozmiar uzytkownika:
Wysokosc: Szerokosc: Hiviut
379 40 431 80 INTERFACE UMIVERSEL [ | Przeniet na inne arkusze
Firma
FrIE KICAD [ Przeniet na inne arkusze
Komentarz 1
Comment 1 []Przeniet na inne arkusze
Komentarz 2
Comment 2 [ Przeniet na inne arkusze
Komentarz 3
Comment 3 [ Przeniet na inne arkusze
Komentarz 4
E Comment 4 [ ]Przeniet na inne arkusze
Plik definicji uktadu strony
pagelayout_logo.kicad_wks Przegladaj

Each field in the title block can be edited, as well as the paper size and orientation. If the Export to
other sheets option is checked for afield, that field will be updated in thetitle block of all sheets,
rather than only the current sheet.

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 schematic 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 schematic instead of referencing an external file. This means the schematic will appear the
same when it is opened on another computer that does not have the drawing sheet file available at the

same external f| Ie path For more mformatlon see the embedded flles documentatl on.

1 Comment 4

ﬁ_CommentS_._.ﬁﬁﬁﬁﬁﬁﬁﬁfﬁﬁﬁﬁfﬁﬁﬁﬁﬁﬁﬁfﬁﬁﬁﬁﬁﬁﬁﬁﬁfﬁﬁfﬁﬁﬁﬁfﬁﬁﬁﬁﬁﬁﬁﬁﬁfﬁﬁfﬁﬁ.ﬁ
[Comment 2
[Camment 1= ]

| Arkusz /
1 Plik: mterf _u. sch

| Tytut: UNIVERSAL INTERFACE

|Rozmiar: A3 L |Data Sun 22 Mar 2015 WerSJaZB

|KiCad | E:-D-:A kicad (2015 0‘* 03 BZR 5571) p.rcduc.t... |3nfdé|<i53:fi:/;133;ffflf_.f

The sheet number (Sheet X/Y) is automatically updated, but sheet page numbers can also be manually

set using Edit _ Edit Sheet Page Number ...
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2.11. Schematic editing convenience
functions

There are several convenience features in the Schematic Editor that make some common editing and
connection operations faster.

2.11.1. Pin helpers

Y ou can quickly add wires, labels, or no-connection markers to a selection of pinsusing the Pin
Helperstoolsin the right-click context menu. This can help you quickly break out unconnected pins
from asymbol or hierarchical sheet. By selecting Pin Helpers _ Wire, the wire tool will begin
drawing awire from all selected pins at once. If you select No Connect, no-connection markers

will be added to the end of each selected pin. And if you choose Net L abel, Hierarchical Label,

or Global Label, alabel of the respective type will be placed at the end of each selected pin. Each
label’ s name will be set to the corresponding pin name. The new labels will remain selected, so you
can easily move them away from the symbol using kbd:[M] or kbd:[G], depending on whether you
wish to maintain awired connection between the pins and the labels.

Uwaga

Pin helpers require you to select individual pins, not their parent symbol or sheet. Symbol pins
cannot be individually selected if the clicking on a pin selects the symbol option is enabled in
the Editing Options pane of the Schematic Editor preferences. Therefore, this option must be
disabled to use the Pin Helper tools.

USB4D— %% USB4D -
USBLD+ = USB4D+

USB5D— %% USB5D—
USB5D+ PP2¢USB5D+

2.11.2. Converting between object types

Existing labels and text objects can be changed to another type of label or text by right clicking the
object(s) and selecting the target object type from the Change To submenu. The allowed types for
source and target objects are local |abels, global |abels, hierarchical labels, directive labels, text
objects, and text boxes. The value of the original object is preserved in the resulting object: when a
text object is converted to alabel, the label’ s value (net name) will be the original text, and vice versa.
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2.11.3. Swapping objects

Y ou can swap the position of two selected objects using the Swap command (kbd:[Alt+S]; also
available in the right-click context menu). This works on many schematic items, including symbols,
symbol fields, labels, graphical items, and text. The first object is assigned the location and rotation of
the second object, and vice versa. If there are more than two objects selected, the locations are cycled:
the last object gets the position of the first object, the first object gets the location of the second, and

SO on.

Podpowied#

One possible use of the swap command is to exchange two units within aa symbol, for
example the two amplifiersin adual op-amp. Y ou could also use swap with a selection of

labels to quickly modify net assignments to symbol pins. In combination with cross-selection

from the PCB, this can be a convenient way to make schematic changes for easier routing.

Thisis sometimes known as pin or gate swapping.

2.12. Schematic Setup

The Schematic Setup window is used to set schematic options that are specific to the currently active
schematic. For example, the Schematic Setup window contains formatting options, electrical rule

configuration, net class setup, and schematic text variable setup.

2.12.1. Schematic formatting

3=

~ General

Field Name Templates
BOM Presets
~  Electrical Rules
Violation Severity
Pin Conflicts Map
~  Project
Net Classes
Bus Alias Definitions

Text Variables

Schematic Setup

Annotations

Symbol unit notation: | A

Text

Default text size: 50
Overbar offset ratio: 123
Label offset ratio: 30

Global label margin ratio: | 30

Symbols

Default line width: | &
Pin symbol size: 25

Connections

Junction dot size: | Default

Connection grid: | 50

Import Settings from Another Project...

mils

mils

mils

Inter-sheet References
Show inter-sheet references

Dashed Lines
Dash length: | 12

Gap length: | 3
Dash ond dot lengths are ratios of the line width.

Operating-point Overlay

Significant digits (voltages): | 3
Range (voltages): Auto
Significant digits (currents): | 3

Range (currents): Auto

& Cancel
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The formatting panel contains settings for the appearance of symbols, text, labels, graphics, and wires.

Symbol unit notation sets how each unit of a multi-unit symbol isreferred to in its reference
designator. By default, a different letter for each unit is appended to the reference designator with no
separator, for example ULB for the second unit of symbol U1, but this can be changed. Numbers can be
used instead of |etters, and various separators can be used between the symbol designator and the unit
identifier (., -, _, or none).

Default text size sets the default text height used by the text, text box, and label tools. Overbar

offset ratio controls the vertical spacing between text and an overbar (~{}) over that text, asaratio

of the text height. L abel offset ratio controls the vertical spacing between alocal label’ s text and the
attached wire, relative to the label’ s text size. This also affects the spacing between symbol pins and
their pin number. Global label margin ratio defines the size of the box around aglobal label, relative
to the global label’ s text size. Increasing the margin may be useful to avoid overlapping text with
overbars (~{}) or letters with descenders, but this may cause closely packed global labels to overlap
with each other.

Default line width sets the default line width for symbol graphics, if the symbol does not override the
default line width. Pin symbol size scales symbol pin graphic style annotations, such as the bubble on
an inverted pin.

Junction dot size sets the schematic’s default wire junction dot size. The default size can be
overridden by editing an individual junction dot’s properties. Connection width specifies the grid
size used for the Symbol pin or wire end off connection grid ERC check. Schematicstypically use a
50 mil grid for electrical connections, so this should usually remain set at 50 mils.

The Operating Point Overlay settings configure how operating point simulation annotations are
displayed on the schematic canvas. The significant digits settings control the number of significant
digits printed on voltage and current overlays. The range settings control the units used to display
voltage and current measurements.

Show inter-sheet refer ences enables or disables the display of inter-sheet references, which area
list of page numbers next to a global labelsthat link to other places in the schematic where the same
global label appears. Show own page r efer ence controls whether the current page isincluded in

the list of page numbers. Standard and abbreviated determine whether to display the complete list
of page numbers or only the first and last page numbers. The prefix and suffix fields add optional
characters before and after the list of page numbers. In the image of an inter-sheet reference below, a
prefix and suffix of [ and ], respectively, have been added.

—CLOCK—RB6 > [2.3]
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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.

2.12.2. Field name templates

-‘r!-_' * Schematic Setup N

~ General Project field name templates:

Formatting MName Visible URL

Field Name Templates EEVTRPIR.,
BOM Presets

~ Electrical Rules
Violation Severity
Pin Conflicts Map

~  Project
Net Classes
Bus Alias Definitions

Text Variables

+ =

Import Settings from Another Project... & Cancel v OK

Field name templates are empty symbol fields that are automatically added to all symbolsin the
schematic. These can be useful when every symbol in the schematic needs additional fields beyond
the fields that are defined in the library symbols, for example afield for the manufacturer’s part

number.

Template fields can be set as visible or invisible, and can also be set as URL fields.

Field name templates that are defined in schematic setup apply only to the current project. Field name
templates can also be defined in Preferences, which apply to al projects edited on your computer.
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2.12.3. BOM presets

_2; E4 Schematic Setup

~  General Bill of Materials Presets:

Formatting Name

Field Mame Templates Ll fields

~ Electrical Rules
Violation Severity
Pin Conflicts Map
~  Project
Met Classes
Bus Alias Definitions ]

Text Variables
Bill of Materials Formatting Presets:

Name

Import Settings from Another Project...

& Cancel " OK

BOM presets are saved configurations for the Symbol Fields Table and BOM export tool. There are
two types of presets. BOM presets configure which fields are displayed in the symbol fields table,
which order they are displayed in, and how they are used to group symbols. These fields are also
directly used in the BOM output. BOM for matting presets configure the output BOM file format,
including which separator characters are used to separate fields. Both types of presets are created in

the Symbol Fields Table, but can are listed and can be deleted here.

2.12.4. ERC violation severity and pin conflicts

map

The Violation Severity panel lets you configure what types of ERC messages should be reported as

Errors, Warnings, or ignored.
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—;,L' b4 Schematic Setup v oA X
~ General Connections
Formatting
) Pin not connected: Warning Ignore
Field Name Templates
BOM Presats Input pin not driven by any Output pins: Warning Ignore
~ Electrical Rules Input Power pin not driven by any Output Power pins: Warning Ignore
Violation Severity A pin with a “no connection” flag is connected: (®) Warning Ignore
Pin Conflicts Map Unconnected "no connection” flag: Error ® Warning Ignore
~ Project
ing: (o) i
Net Classes Label not connected to anything: *) Error : Warning Ignore
Bus Alias Definitions Global label not connected anywhere else in the schematic: Error (® Warning Ignore
Text Variables Wires not connected to anything: Warning Ignore
Bus Entry needed: Warning Ignore
Symbol pin or wire end off connection grid: Error ' Warning Ignore
Conflicts
Duplicate reference designators: Warning Ignore
Units of same symbol have different values: Warning Ignore
Different footprint assigned in another unit of the symbaol: Warning Ignore
Different net assigned to a shared pin in another unit of the symbol: Warning Ignore
Duplicate sheet names within a given sheet: Warning Ignore
Mismatch between hierarchical labels and sheet pins: Warning Ignore
More than one name aiven to this bus or net: Warnina (®) Ianore
Import Settings from Another Project... & Cancel " 0K

The Pin Conflicts Map allows you to configure connectivity rulesto define electrical conditions for
errors and warnings based on what types of pins are connected to each other. For example, by default
an error is produced when an output pin is connected to another output pin.
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Input Pin

Input Pi
fpLEEn Output Pin

Output Pi
HEpHE N Bidirectional Pin

Bidirectional Pin..
airectionat Fin Tri-State Pin

Tri-5tate Pin

Passive Pin

Passive Pi
dssIvE Fin Unspecified Pin

Unspecified Pin....

Power Input Pin

Power Input Pin....

Power Qutput Pin

Power Output Pin..,

Open Collector

Open Cellector

Open Ernitter

. Mo Connection

Open Emitter

LEEERENEENN
MWL EENE N
MERERNENNENR
MEEMEENN

mit i S

Mo Cannection

These panels are explained in more detail in the ERC section.
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2.12.5. Net classes

[ ] [ ) Schematic Setup
General Netclasses:
Formatting
Field Name Templates ~ Name Wire Thickness = Bus Thickness Color Line Style
BOM Presets Power 12 mils _ <Not defined>
Electrical Rules . . .
L i Default 6 mils 12 mils e Solid
Violation Severity
Pin Conflicts Map
Project
Bus Alias Definitions
Text Variables + [ 0 J Set color to transparent to use KiCad default color.
Schematic Data
Embedded Files )
Netclass assignments:
Pattern Net Class Nets matching /GND*:
+3.3V Power IGND
/GNDA
|/GND‘ Power
+ w

Import Settings from Another Project...

Cancel

The Net Classes panel allows you to manage net classes for the project and assign nets to net classes
with patterns. Managing net classesin this panel is equivalent to managing them in the Board Setup
dialog. Nets can also be assigned to net classes in the schematic using graphical assignments with net

class directives or net |abels.

Pattern-based net class assigment is explained in more detail in the net classes section.
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2.12.6. Bus alias definitions

:.!; + Schematic Setup v

~  General Bus definitions: Members of 'USB":
Formatting Alias Net / Nested Bus Name

Field Name Templates UsB DP

BOM Presets

DM
Electrical Rules

<

Violation Severity

Pin Conflicts Map
~  Project

Net Classes

Bus Alias Definitions

Text Variables

+ ] (Kit-dev-coldfire-xilink_5213.kicad_sch) +

o Defaults Import Settings from Another Project... © Cancel v OK

The Bus Alias Definitions panel alows you to create bus aliases, which are names for groups of
signalsin abus. For more information about bus aliases, see the bus alias documentation.
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2.12.7. Text variables

—‘g’-: b4 Schematic Setup v oA X

v General Variable Name Text Substitution
Formatting

Field Mame Templates
BOM Presets
~ Electrical Rules
Violation Severity
Pin Conflicts Map
~  Project
Net Classes

Bus Alias Definitions

+ W

Import Settings from Another Project... ® Cancel v DK

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 a'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 Board 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.

2.12.8. Embedding files

External files can be embedded within a schematic. Embedding afile stores a copy of the file inside
the schematic file. The design can then refer to the embedded copy of the file instead of the external
file, which makes the project more portable asit 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 schematic necessarily increase the schematic’s
file size, although files are compressed before being embedded to minimize the space required.
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_-,\L- F 4 Schematic Setup oA X
v General Filename Internal Reference
Formatting README.md kicad-embed://README.md
Field Name Templates L7 4hcoo. pf kicad-embed://sn74hc00. pelf
BOM Presets
“ Electrical Rules
Violation Severity
Pin Conflicts Map
“ Project
MNet Classes
Bus Alias Definitions
Text Variables
“  5Schematic Data
[ ] () Embed fonts Expart...
Import Settings from Another Project... © Cancel v 0K

Embedded files are managed in the Embedded Files section of Schematic Setup. All files embedded in
a schematic are shown here. To embed a fileinside a schematic, click the

button and select the file. The file is then embedded inside the schematic and islisted in the embedded
fileslist along with its embedded reference. The embedded reference is a unique identifier for the
embedded file that begins with ki cad- enbed: / /. You can use the embedded reference elsewherein
the Schematic Editor to refer to the embedded file asif 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

Datasheets, SPICE models, and drawing sheets can be embedded directly using thefile
browser when you add them to a symbol (datasheets and SPICE models) or to a schematic
(drawing sheets) by enabling the Embed Files option in the file browser. Thisis asingle-step
shortcut for adding the filesin Schematic Setup and then referring to them by their embedded
reference; the result is the same.

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

Y ou can aso embed filesin alibrary symbol. Such files will be available within the symbol, but not
within the larger schematic or in other symbols. Files embedded in a symbol are deduplicated when
the symbol is added to a schematic: if afileis embedded in a symbol, and multiple instances of that
symbol are added to the schematic, only one copy of the file will be embedded, and all of the symbol
instances will refer to the same embedded file.

As an example, to embed a datasheet in a project and use it within several symbols, you could embed
the datasheet using the schematic setup dialog, copy the internal reference, and paste the internal
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reference into the datasheet field of each symbol that uses that datasheet. Each symbol would then
have a portable reference to the embedded datasheet. Alternatively, you could embed the datasheet
within the library symbol. In this case, each symbol will already have the datasheet embedded when
the symbol is added to a schematic. A more convenient way to achieve the same thing, however, isto
open the symbol’ s properties dialog, browse for a datasheet file, and enable the Embed File option in
the file browser. Again, this could be done for a symbol in the schematic or for a symbol in the source
symbol library.

Files can also be embedded in boards.

2.12.9. Importing settings

Y ou can import some or all of the schematic setup from an existing schematic. This allows you to
choose a schematic to use as a template and select which settings to import.

—-r.,,-.' +* Import Settings 4
Import from: =
Import:

Formatting preferences
Field name templates
BOM presets

BOM format presets
Violation severities

Pin conflict map

Met classes

Bus alias definitions

Text variables

Select All © Cancel Import Settings

To import settings, click the Import Settings from Another Project... button at the bottom of the
Schematic Setup dialog and then choose the . ki cad_sch 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 schematic.

The settings that are available to import are:

Formatting preferences

Field name templates

BOM presets

BOM format presets
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Violation severities

Pin conflict map

Net classes

Bus alias definitions

Text variables

2.13. Opening legacy schematics

Modern versions of KiCad can always open projects created in older versions of KiCad. However,
schematics created in some older versions of KiCad have special considerations that must be observed
when opening them in order to prevent any dataloss.

2.13.1. Opening KiCad 5.0 and 5.1 schematics

Modern versions of KiCad can open schematics created in versions prior to KiCad 6.0, but the cache
library file (<pr oj ect name>- cache. | i b) must be present to load the schematic correctly.

Since version 6.0, KiCad stores all symbols used in a project in the schematic. This means that
you can open a schematic made in KiCad 6.0 or later on any computer, even if the libraries used in
the project are not installed or have changed. Modern KiCad schematic filesuse the . ki cad_sch
extension.

Prior to version 6.0, KiCad did not store symbols in the schematic. Instead, KiCad stored references to
the symbols and their libraries. It also stored a copy of every symbol used by the project in a separate
cache library file (<pr oj ect name>- cache. | i b). Aslong as the cache library was included with the
project, the project could be distributed without the system library files, because KiCad could load any
needed symbols from the cache library as afallback if the libraries referenced in the schematic were
missing. Legacy KiCad schematic files use the . sch extension.

When you open alegacy schematic, KiCad will look in the cache library to find all of the symbols
used in the schematic in the cache library. When you save the legacy schematic, KiCad will saveit as
anew filein the modern schematic format (. ki cad_sch), with the necessary symbols embedded in
the schematic itself. The original legacy schematic and the cache library will remain, unmodified, but
they are no longer necessary once the schematic has been saved in the modern format.

Uwaga

Projects created in KiCad prior to version 6.0 must have a cache library. If the cache library
ismissing, the schematic will lose symbol information if the system symbol libraries are
modified, reorganized, moved, or deleted. The libraries included with legacy versions of
KiCad are substantially different than the modern KiCad libraries, so in practice KiCad will
amost always fail to open legacy projects unless the cache library is present.

When you open alegacy schematic, KiCad may display the Project Rescue Helper dialog. This
means that one or more symbols in the cache library do not match the corresponding symbol in the
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external library. The dialog helps you "rescue”’ symbols from the cache library into your schematic,
if desired. Y ou can also open the rescue dialog at any time using Tools _ Rescue Symbols.... The
cache library file must be present in order to use the rescue tool.

| BN ) Project Rescue Helper

This schematic was made using older symbol libraries which may break the schematic. Some symbols may need to be
linked to a different symbol hame. Some symbols may need to be “rescued” (copied and renamed) into a new library. The
following changes are recommended to update the project.

Symbols to update:

Accept Symbol Name Action Taken

kit-dev-coldfi...schlib:DIODE Rescue modified symbol kit-dev-...t-dev-coldfire-xilinx_5213_schlib

Instances of this symbol (3 items):

Reference Value
D7 1N4004
D1 BAT54
D3 BAT54
Cached Symbol: Library Symbol:

D D

Pag¢ ive Pa:

re—xilinx_521 DIODE

Never Show Again Skip Symbol Rescue Rescue Symbols

Therescue dialog lists all symbolsthat don’t match between the cache library and the external symbol
library. The discrepancy can be because:

1ve

* the cached symbol or the library symbol has been modified, so the two symbols no longer match, or

* the cached symbol does not have a corresponding symbol in the symbol library, because the symbol
or library was moved, renamed, deleted, or is not present on the current computer.

For each symbol in the list, selecting the symbol displays the reference designator and value for each
instance of the symbol, and shows a visual preview of the symbol. If a corresponding symbol existsin
the system symbol library, the dialog shows both copies of the symbol for comparison. If the symbol
only existsin the cache library, the dialog only shows the cached symbol.
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In this example, the project originally used a diode with the cathode facing left, but the library now
contains one with the cathode facing right. This change would break the design, so it would be
important to use the cached symbol as the original designer intended.

Pressing Rescue Symbols here will cause the selected symbols from the cache library to be saved
into aspecia r escue library (<pr oj ect nane>-r escue. ki cad_sym). The corresponding symbolsin
the schematic will be updated to use the newly rescued symbols. Any unselected symbols will not be
rescued, but their symbol linkage can be updated in the schematic later.

Alternatively, pressing Skip Symbol Rescue will exit the dialog without rescuing any symbols.
KiCad will use the versions of the symbols found in the external libraries. Y ou can run the rescue
function again with Tools _ Rescue Symbols..., or manually edit symbol linkage in the symbol’s
properties.

If you would prefer not to see this dialog, you can press Never Show Again. This has the same effect
as pressing Skip Symbol Rescue for the current schematic and all future schematics.

If asymbol in alegacy schematic cannot be found in either the cache library or the external library,
KiCad cannot rescue that symbol. A placeholder symbol is inserted into the schematic in its place, as
shown below.

Y ou can attempt to remap these orphaned symbols using the Change Symbols or Edit Symbol
Library Linksdialogs, but either option may require manual corrections to the schematic. These
tools are explained in more detail in the Updating and exchanging symbols section.

+3.3V
R15 T
N
i~
-d:
. ; ‘? ‘? . l RSTI—
BATS4
G B3
e RST_SW1
= ) Sw_PUSH
N
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2.13.2. Opening pre-5.0 schematics

Modern versions of KiCad can open schematics created in versions prior to KiCad 5.0, but you
will need to go through a symbol remapping process to open the schematic without losing symbol
information.

Since version 5.0, KiCad schematics refer to specific symbols using both the symbol and library
name. Even if multiple libraries each contain a symbol with the same name, the designer’ s intended
symbol is unambiguously specified.

Prior to version 5.0, KiCad schematics stored only the symbol name, not the library name. Symbolsin
the schematic were indirectly mapped back to the original library by searching through the project’s
library list for a matching symbol. When you open a pre-5.0 schematic, KiCad will attempt to
automatically "remap" the symbols so that each bare symbol name is replaced with a fully-specified
symbol library and symbol name pair. The original schematics will be backed up in ar escue- backup
folder.

Y ou can skip the automatic remapping, but you will need to remap the symbols yourself using the
Change Symbols dialog. Y ou can also re-run the Remap Symbolstool using Tools _, Remap L egacy
Library Symbols....

_-é-_- + Remap Symbols oo X
This schematic currently uses the project symbol library list look up method Remap Symbols
for loading library symbaols. KiCad will attempt to map the existing symbols
to use the new symbol library table. Remapping will change some project Close

files and schematics may not be compatible with older versions of KiCad. All
files that are changed will be backed up to the "rescue-backup" folder in the

Output Messages

Show: All v Errors o | Warnings @ V| Actions v| Infos Save...
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3.1. Wprowadzenie

In KiCad, multi-sheet schematics are hierarchical: thereisasingle root sheet, and additional sheets are
created as subsheets of either the root sheet or another subsheet. Sheets can be included in a hierarchy
multiple times, if desired.

Carefully drawing a schematic as a hierarchical design improves schematic legibility and reduces
repetitive drawing.

Creating a hierarchical schematic starts from the root sheet. The process is to create a subsheset,
then draw the circuit in the subsheet and make the necessary electrical connections between sheets.

Connections can be made between nets in a subsheet and nets in the parent sheet using hierarchical
pins and labels, or between any two nets in the hierarchy using global 1abels.

3.2. Adding sheets to a design

Y ou can add a subsheet to a design with the Add Hierarchical Sheet tool (kbd:[S] hotkey, or the

bu%n in the right toolbar). Launch the tool, then click twice in the canvas to draw the upper left and
lower right corners of the subsheet symbol. Make the sheet outline large enough to fit the hierarchical
pinsyou will add later.

Untitled Sheet

File: untitled.kicad_sch

The Sheet Properties dialog will appear and prompt you for a sheet name and filename.
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_2-: * Sheet Properties oo X
Fields

Name Value Show ShowMame HAlign WV Align Italic Bold

v

Sheetfile xilinx.kicad_sch v Left Top
+ T4 w

Attributes Style

Page number: | 2 Border Fill

Width: | 0 mils  Color: Colar:

Exclude from simulation

Exclude from bill of materials
Exclude from board

Do not populate

Hierarchical path: kit-dev-coldfire-xilinx_5213/xilinx ® Cancel v 0K

The sheet name must be unique, asit is used in the full net name for any nets in the subsheet. For
example, anet with the local 1abel net 1 in the sheet sheet 1 would have afull net name of / sheet 1/
net 1. The sheet name is also used to refer to the sheet in various places in the GUI, including the title
block and the hierarchy navigator. The sheet name can also be changed in the hierarchy navigator.

The sheet file specifies the file that the new sheet will be saved to or loaded from. The path to the
sheet file can be relative or absolute. It is usually preferable to save subsheet filesin the project
directory and use arelative path so that the project is portable.

A single sheet file can be used more than once in a project by specifying the same filename for each
repeated sheet; the circuit drawn in the sheet will be instantiated once per usage, and any edits in once
instance will be reflected in the other instances.

Uwaga

Sheet files can be shared between multiple projects to allow design reuse between projects.
However, thisis not recommended due to path portability concerns and the risk of
unintentionally changing other projects while editing a shared sheet.

The sheet’ s page number is configurable here. The page number is displayed in the sheet title block
and the hierarchy navigator, and sheets are sorted by page number in the hierarchy navigator and
when printing or plotting. The sheet number can also be changed in the hierarchy navigator or for the
current page with Edit _ Edit Sheet Page Number ....

Other attributes for sheets are Exclude from simulation, Exclude from bill of materials, Exclude
from board, and Do not populate. When any of these attributes are set for a sheet, they are inherited
by all symbolsin that sheet, asif they were set on the symbols themselves.

Several graphical options are aso available. Border width sets the width of the border around the
sheet shape. Border color and Background fill set the color for the border and fill of the sheet shape,
respectively. If no color is set, a checkerboard swatch is shown and the default values from the color
theme are used.

Sheets support arbitrary custom fields, which can be added and removed with the
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and

buttons, respectively. Sheet fields can be optionally displayed on the schematic by checking their
Show box, and they can be accessed from inside the sheet or in other sheet fields using text variables.

The Sheet Properties dialog can be accessed at any time by selecting a sheet symbol and using the
kbd:[E] hotkey, or by right-clicking on a sheet symbol and selecting Properties....

3.3. Navigating between sheets

Y ou can enter a hierarchical sheet from the parent sheet by double-clicking the child sheet’ s shape, or
right-clicking the child sheet and selecting Enter Sheet.

Return to the parent sheet by using the

button in the top toolbar, or by right-clicking in an empty part of the schematic and clicking L eave
Sheset.

Y ou can jump to the next sheet with the
button, or to the previous sheet with the

button.

Alternatively, you can jJump to any sheet with the hierarchy navigator. To open the hierarchy

navi i;ator, click the

utton in the left toolbar. The hierarchy navigator docks at the left of the screen. Each sheet in the
design isdisplayed as an item in the tree. Clicking a sheet name opens that sheet in the editing canvas.
Y ou can aso use the hierarchy navigator to rename or renumber a sheet by right clicking on the sheet
name and selecting Edit page number or Rename.

O« | LT I

Schematic Hierarchy (3]
e
buspci.sch (page 2)
graphic (page 3)
ESVIDEO-RVE (page 4)
pal-ntsc.sch (page 5)
RAMS (page B)
muxdata (page 7)

modul (page 8)
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3.4. Electrical connections between sheets

3.4.1. Label overview

Electrical connections between sheets are made with labels. There are several kinds of labelsin
KiCad, each with a different connection scope.

 Local labels only make connections within a sheet. Therefore local labels cannot be used to
connect between sheets. Local 1abels are added with the

button.

* Global labels make connections anywhere in a schematic, regardless of sheet. Global |abels are
added with the

button.

» Hierarchical labels connect to hierarchical sheet pins accessible in the parent sheet. Hierarchical
designsrely on hierarchical labels and pins to make connections between parent sheets and
child sheets. Y ou can think of sheet pins as defining the interface for a sheet; hierarchical labels

within the child sheet connect to corresponding sheet pins which are visible in the parent sheet.
Hierarchical labels are added inside a child sheet using the

button.
Uwaga

Labels that have the same name will connect, regardless of the label type, if they arein the
same sheet.

Uwaga

Hidden power pins can also be considered global |abels, because they connect anywhere in the
schematic hierarchy.

3.4.2. Hierarchical sheet pins

After placing hierarchical labels within the subsheet, matching hierar chical sheet pins can be added
to the subsheet symbol in the parent sheet. Y ou can then make connections to the hierarchical pins
with wires, labels, and buses. Hierarchical sheet pinsin a subsheet symbol are connected to the
matching hierarchical labelsin the subsheet itself.

Uwaga

Hierarchical labels must be defined in the subsheet before the corresponding hierarchical sheet
pin can be imported in the sheet symbol.
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muxdata
X_DATA
o X_DIN i .
i X_CLK TVR[0..7] O—Tumta=s
X_DONE . TVG[O../
—— A_PROG— TVB[0..7] €
E%DCLKCD# VRAM[OD..31] ¢ I ) o L
> CLKCAD
DO[0..31] > DPC[0..31]
ACCES_RAM— R
= n: ACCES_RAM-—
__ WRITE_RAM DATA WR
ACC_ON ACQ_ON
. CSYNC—-0OUT CSYNC—QUT
BN = oL
CLAMP

File: muxdata.kicad_sch

For every hierarchical label in the subsheet, add the corresponding hierarchical pin onto the sheet

ﬁmbol by clicking the

button in the right toolbar, then clicking on the sheet symbol. A sheet pin for the first unmatched
hierarchical label will be attached to the cursor, where it can be placed anywhere along the border of
the sheet symbol. Clicking again with the tool will continue to add additional sheet pins until al of the
hierarchical labels in the subsheet have a matching sheet pin on the sheet symbol. Sheet pins can also
be imported by selecting Place Sheet Pin in a sheet symbol’ s right-click context menu.

Y ou can edit the properties of a sheet pin in the Sheet Pin Properties dialog. Open this dialog by
double-clicking a sheet pin, selecting a sheet pin and using the kbd:[E] hotkey, or right-clicking a
sheet pin and selecting Properties....

B~

Mame:

Shape
®/ Input Font:

Output

Text size:

Bidirectional
Tri-state

Passive

Sheet Pin Properties

Formatting

Default Font

&0 mils Color:

= Cancel

R

Syntax help

B |

" OK
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The sheet pin’s name can be edited in the textbox or by selecting from the dropdown list of
hierarchical labels in the subsheet. A sheet pin’s name has to match the corresponding hierarchical
label in the subsheet, so if you change a pin name you must change the label name as well.

Shape changes the shape of the sheet pin, and has no electrical effect. It can be set to Input, Output,
Bidirectional, Tri-state, or Passive. The pin’sfont, text size, color, and emphasis (bold or italic) can
also be changed.

3.4.3. Syncing sheet pins

Another way to manage the connections between hierarchical labels and sheet pinsisto use the Sync
EILJ? Pinstool. Launch thistool using the

bu%n in the right toolbar or with Sync Sheet Pinsin a sheet symbol’ sright click context menu.
;’; * Synchronize sheet pins and hierarchical labels R 4

.buspci.sch graphic ESVIDEO-RVE .pal—ntsc.sch .MMS .muxdata .modul

graphic graphic.kicad_sch
Mame Shape
Mame Shape Mame Shape
[£+A¢- ACCES_RAM- Output
[£>DQ[0..15] Bidirectional Al

[Eac-ACQ ON Output
[£-A¢- ADR[2..5] Output
[E+A¢ BE-[0..3] Output
[E-A¢- BLANK- Output

[E-A¢-BPCLK Input
[E»ABT812_RD- OQutput
£+ BT812_WR- OQutput
[E+A¢- CADCLK Output
[E-A¢- CASD- Output
[E>+A¢-CAS1- Output
Add Sheet Pins [E>A0-CAS2- Output
[E»4¢ CAS3- Output
Delete Hierarchical Labels [ErA¢ CDACLK Output

Changes made in this dialog occur immediately, use Undo in each affected document to undo them Close

This dialog shows the hierarchical labels and hierarchical sheet pinsfor each hierarchical sheet. If the
tool was launched from the context menu of a sheet symbol, only one tab will be available, with the
f?gﬁls and sheet pinsfor that specific sheet. If the tool was started globally, i.e. with the

bu%n or with Place _ Sync Sheet Pins, atab will be shown for each hierarchical sheet.

Theicon in each tab indicates whether the hierarchical sheet pins on the sheet symbol are correctly
matched with the hierarchical labels inside the sheet. If the tab has a
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icon, then there is a hierarchical |abel in the sheet without a matching sheet pin, or a sheet pin without
orresponding hierarchical label, or both. If the tab has a

Icon, then the hierarchical labels and hierarchical sheet pins are matched up correctly. Sheet pins and
labels are considered matching if they have the same name and the same graphic shape (input, output,
bidirectional, tri-state, or passive).

The column on the left lists sheet pins for the current sheet that do not have a corresponding
hierarchical 1abel in the sheet. The middle column lists hierarchical labels in the current sheet that
do not have a corresponding hierarchical sheet pin on the sheet symbol. The right column lists pairs
of matching sheet pins and hierarchical labels. The name of each pin or label is shown along with its

graphic shape.

If you click the Add Hierarchical Labels button, new hierarchical labels corresponding to the
selected sheet pins will be created for you to place sequentially in the sheet. The selected sheet pins
are then removed from the left column and added to to the right column for matching sheet pins and
labels. Clicking Delete Sheet Pinswill delete the selected sheet pins from the sheet symbol.

If you click the Add Sheet Pins button, new sheet pins corresponding to the selected hierarchical
labels will be created for you to place on the sheet symbol. The hierarchical |abels are then removed
from the middle column and added to the right column for matching sheet pins and labels. Clicking
Delete Hierarchical L abelswill delete the selected hierarchical 1abels from inside the sheet.

Clicking the

button will match the selected sheet pin and hierarchical |abel by renaming the sheet pin to match the
hierarchical label’s name. Clicking the

button will do the opposite, matching the selected sheet pin and hierarchical 1abel by renaming the
label to match the sheet pin.

Clicking the

button will unmatch amatched pair, moving both the sheet pin and the hierarchical label back to their
respective unmatched columns. The unmatched sheet pin and hierarchical label can then be edited or
rematched as desired.

Any changes made in the Sync Sheet Pins dialog are applied immediately, before the dialog is closed.
To cancel achange made in the Sync Sheet Pins dialog, use Undo.

3.5. Hierarchical design examples

Hierarchical designs can be put into one of several categories:
» Simple: each sheet is used only once.
» Complex: some sheets are instantiated multiple times.

* Flat: asub-case of asimple hierarchy, without connections between subsheets and their parent. Flat
hierarchies can be used to represent a non-hierarchical design.

Each hierarchy model can be useful; the most appropriate one depends on the design.
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3.5.1. Simple hierarchy

An example of asimple hierarchy isthe vi deo demo project included with KiCad. The root sheet
contains seven unigue subsheets, each with hierarchical 1abels and sheet pins linking the sheets to each
other in the root sheet. Two of the subsheet symbols are shown below.

pol—ntsc.sch

DL[e..

1 PC_D[0..7] TWR[O..7]
TVR[O..7]
SysAET= o FeAl0.1] VE[O_T] WG| 0.,
[ RESET— VB[0.7] VBT
—RED N SREEH_IN ™
=————=—T+RED_IN
BT&12_RO—
“BTELZWR— | bBi2.RD- F_PALINDITTALIN
[ BT812 WR- HILPAL- O _FAL—
[ WO_FAL-
WO_FAL- L
LOEPAL- b oE Al
File: pal-ntac_klcad sch
RAMS
WRAM - T
Ao D W RAM TVRAM[D..31] TVRAM[D..31]
TIE{— P CASD-
Chag—PCASL-
—— > CAS2-
D CAST -
R’m: O+ RASD—
——— T RASL -
R hpasa-
RARG—— RAS3-
BREL— RASE —
W} RAGE -
— [ RASE-
C» RAST -
MKA[D. 10 O MXA[0..10]

File: rams.klced_sch

3.5.2. Hierarchia z#o#ona

The conpl ex_hi er ar chy demo project is an example of acomplex hierarchy. The root sheet contains
two subsheet symbols, which both refer to the same sheet file (anpl i _ht . ki cad_sch). Thisallows
the design to include two copies of the same amplifier circuit. Although the two sheet symbols refer

to the same filename, the sheet names are unique (anpl i _ht _vertical andanpli _ht_hori zontal ).
Inside each subsheet the circuits are identical except for the reference designators, which as always are
unique.

This project contains no sheet pin connections. The only connections between the root sheet and the
subsheets are global power connections made with power symbols. However, sheetsin a complex
hierarchy could include sheet pin connections if appropriate for the design.
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PWR_FLAG

+12V
1 12Vext iN;""” ? . i

IG8

ONN_Z
P2

4

e c2
37 L7UF 720V

ampli_ht_vertical ampli_ht_horizaontal

File: ampli_ht.kicad_sch File: ampli_ht.kicad_sch

3.5.3. Hierarchia p#aska

Thefl at _hi er ar chy demo project is an example of aflat hierarchy. The root sheet contains two

unigue subsheet symbols with no hierarchical sheet pins. The root sheet in this project does nothing

except hold the subsheets, and the subsheets are used only as additional pages in the schematic.
Uwaga

Thisisthe smplest way to create multi-page schematicsin KiCad.

pic_programmer sockets

File: pic_programmer.kicad_sch File: pic_sockets.kicad_sch
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Rozdzia# 4. Inspecting a schematic
4.1. Find tool

The Find tool searches for text in the schematic, including reference designators, pin names, symbol
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

bjutton in the top toolbar.

Szukaj: Znajds

[ ] Poréwnuj tylke cate wyrazy Zamknij
[ | Rozréiniaj wielkosé liter

[ | Szukaj uzywajac prostege maskowania

[ | Wréé na poczatek gdy osiagnieto koniec listy wyszukiwania

[ | Przeszukuj wszystkie pola symboli
[ | Szukaj wszystkich nazw i numerdw pindw
[ | Przeszukaj tylko biezacy arkusz

[ | Mie przesuwaj kursora nad znaleziony element

The Find tool has several options:

M atch 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 schematic. When unsel ected, the search will match if the search term is part of alarger
word in the schematic.

Regular Expression: When selected, regular expressions can be used in the search terms.

Sear ch pin names and number s: Selects whether the search should apply to pin names and
numbers.

Sear ch net names. Selects whether the search should apply to net names (Iabels, symbol pins,
sheet pins, and bus members).

Sear ch hidden fields: Selects whether the search should apply only to visible fields or if it should
include hidden symbol fields.

Sear ch the current sheet only: Selects whether the search should be limited to the current
schematic sheet.
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» Search the current selection only: Selects whether the search should be limited to the current
selection.

Thereis also aFind and Replace tool which is activated with the

button in the top toolbar. Thistool behaves the same as the Find tool, but additionally can replace
some or all matches with different text.

_-;!-_' 2 Find and Replace o K
Search for: e Eind
Replace with:

Match case Whole words only Regular Expression
Search pin names and numbers Search net names Clase

Search hidden fields
Search the current sheet only
Search the current selection only

Replace matches in reference designators

The Find and Replace tool has the same options as the Find tool, with one addition:

» Replace matchesin reference designators: When selected, reference designators will be modified
if they contain matching text. Otherwise reference designators will not be affected.

4.2. Search panel

The search panel is a docked panel that lists information about symbols, text, and labels from the
schematic. Show or hide the search panel with View _ Panels _ Search or use the kbd:[Ctrl+G]
shortcuit.

Search

g aa a
Symbols | Power Text Labels

Reference | Value Footprint Page X Y Exd.sim | Excl. BOM | Exd. board DNP
C101 100nF Capacitor_SMD:C_0805_2012Metric 1 13300 mils 1250 mils

C102 1nF Capacitor_SMD:C_0805_2012Metric 1 6750 mils 1650 mils

C103 100nF Capacitor_SMD:C_0805_2012Metric 1 7100 mils 1650 mils

C104 100nF Capacitor_SMD:C_0805_2012Metric 1 13300 mils 2050 mils

C105 1nF Capacitor_SMD:C_0805_2012Metric 1 1900 mils 3300 mils

C106 10pF Capacitor_SMD:C_0805_2012Metric 1 1900 mils 8850 mils

c107 10pF Capacitor_SMD:C_0805_2012Metric 1 1100 mils 8900 mils

108 10uF kit-dev-coldfire:5M1206POL 1 2600 mils 10250 mils

Y ou can optionally filter the list based on a search string. When no filter is used, all itemsin the
design are listed in the corresponding tab. Items from the entire schematic are listed, not just itemsin
the current sheet. Items are filtered based on their properties:

» Symbols and power symbols are filtered by the contents of their fields. Y ou can select whether to
search hidden fields by enabling the Sear ch Hidden Fields option in the
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menu
» Text (text and textboxes) isfiltered by the text content
» Labelsarefiltered by their nethames

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/ synbol
val ue/ .

The displayed information depends on the item type:
» All itemslist their name and/or value, page number, and X/Y location in the sheet

* Symbols additionaly list their reference designator, footprint and attributes (Exclude from
Simulation, Exclude from BOM, Exclude from Board, and Do Not Populate)

» Power symbols additionally list their reference designator
» Text and labels additionally list their type, e.g. textbox or hierarchical

When you click an item in the search panel, the schematic editor switches to the item’s schematic
sheet, and the item is selected in the editing canvas. Depending on what is configured in the

menu, the schematic editor will also pan and/or zoom to the selected item in the editing canvas.
Double-clicking an item in the search panel opens its properties dialog.

4.3. Net highlighting

An electrical net can be highlighted in the schematic editor to visualize al of the placesit appears

in the schematic. Net highlighting can be activated in the Schematic Editor or by highlighting the
corresponding net in the PCB editor when cross-probe highlighting is enabled (see below). When net
highlighting is active, the highlighted net will be shown in adifferent color. By default this color is
pink, but it is configurable in the Color section of the Preferences dialog.

Nets can be highlighted by clicking on awire or pin using the Highlight Net tool in the right toolbar (
i

). Alternatively, the Highlight Net hotkey (kbd:[']) highlights the net under the cursor.

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 schematic. By default, kbd:[Esc] also clears net

highlighting, but this can be disabled if desired in Preferences _ Schematic Editor _ Editing
Options.

4.4. Net navigator

The net navigator is a docked panel that shows the location of every occurrence of a highlighted net in
aschematic. Show or hide the net navigator with View _ Panels _ Net Navigator.
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Met Mavigator 3]
~  JQSPI_CLK
~
Label 'QSPI_CLK' at 15200.00 mils, 8350.00 mils
Label 'QSPI_CLK' at 12350.00 mils, 6750.00 mils

Symbol'U102' pin '"18'
Sheet 'inout_user' pin 'Q5SPI_SCLEK'
Sheet 'xilinx' pin 'QSPI_SCLE'
~ o Mxilins
Symbol 'U301' pin '48'
Label "¥IL_SPI_CLK' at 5650.00 mils, 3700.00 mils
Label "XIL_SPI_CLK' at 1450.00 mils, 2600.00 mils
Hierarchical label 'QSPI_SCLK' at 1300.00 mils, 2600.00 mils
~  finout_user
Label 'QSPI_SCLK' at 7650.00 mils, 8750.00 mils
Hierarchical label 'QSPI_SCLK' at 12250.00 mils, 2500.00 mils
Symbol 'MCU_PORT201' pin '21'
Symbol 'PULUPENZOT pin'1!

When you highlight a net in the schematic, every place where that net is shown in the schematic is
listed in the net navigator panel. All labels, symbol pins, and sheet pins connected to the net are listed.
Each occurrence is sorted under its schematic sheet. Clicking on an occurrence displays that item in
the editing canvas.

When no net is highlighted, the net navigator displays thisinformation for al netsin the schematic.
Uwaga
The net navigator displays highlighted nets, not selected nets.
With the net navigator open and a net highlighted, you can quickly select various items on that net
(net labels, sheet pins, and symbol pins) by selecting one of the items on the highlighted net in the

schematic canvas and pressing kbd:[ Tab]/kbd:[ Shift+Tab] to cycle through the net items. Pressing
kbd:[Tab] selects the next item on the net, while kbd:[ Shift+Tab] selects the previous item.

4.5. Cross-probing from the PCB

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 asymbol 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
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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, and vice versa.

4.6. Electrical rules checking

The Electrical Rules Checker (ERC) tool checks for certain errorsin your schematic, such as
unconnected pins, unconnected hierarchical symbols, shorted outputs or other illegal connections, etc.
ERC violations are reported as errors or warnings depending on the severity of the issue detected.

ERC isimperfect and cannot detect all errors, but it can detect many common issues and oversights.
All detected issues should be checked and addressed before proceeding. The quality of the ERC
isdirectly related to the care taken in declaring electrical pin properties during symbol creation. If
symbols are designed incorrectly, ERC will not report accurate information.

I;FiC can be started by clicking on the

a
[m]
bu?on in the top toolbar and clicking the Run ERC button.
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ERC Opcje
Raport ERC: Wiademosci:
Ogotemn bteddw:

Test ERC

Liczba ostrzefen: 1 Usur znaczniki

Liczba bleddw: 0

Lamknij

[ ] Utwérz plik raportu

Lista bledow:

ErrType(4): Ostrzezenie: Konflikt pomiedzy pinami.
+ @ (256,54 mm,83,82 mm): Pin B12 (BIiDi) symbolu U% jest potaczony z
+ (@ (82,55 mm, 226,06 mm}): pin 1 (power_out) symbolu #PWRO07 (siec 22).

Any warnings or errors are reported in the Violations tab, and markers for each violation are placed
in the schematic so that they point to the relevant part of the schematic. Warnings are indicated by
yellow arrows, and errors have red arrows. Excluded violations are shown as green arrows. A list of
the ignored tests are shown in the Ignored Teststab. A report filein plain text format can be created
after running DRC using the Save... button.

Uwaga

Selecting aviolation in the ERC window jumps to the selected violation marker in the
schematic.

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 ERC is run again, while clicking Delete All Markers
will clear al violations until the next ERC run.

Violations can be right-clicked in the dialog to ignore them or change their severity:
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@ @ Electrical Rules Checker

Violations (5) @ Ignored Tests (0)

v Error: Pins of type Output and Output are connected
Symbol U1A Pin 3 [Output, Inverted]
Symbol U1B Pin 6 [Output, Inverted]

v Error: Pin not connected
Symbol U1A Pin 1 [Input, Line]

v Error: Pin not connected ——— Y
Symbol U1A Pin 2 [Input, Li Exclude this violation

~ Error: Input pin not driven | . . . . .
Symbol U1A Pin 2 [Input, Li Change severity to Warning for all 'Pin not connected' violations

v Error: Input pin not driven | Ignore all 'Pin not connected' violations

Symbol U1A Pin 1 [Input, Lil
Edit violation severities...

Show: Al Errors @ warnings @ Exclusions Save...
Delete Marker Delete All Markers Close Run ERC

» 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 thisviolation, 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....

» Change severity: changes atype of violation from warning to error, or error to warning. This
affects all violations of a given 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 Schematic Setup.

» *Edit violation severities...: opensthe Violation severity panel in Schematic Setup, for editing the
severities of all DRC violation types.

Y ou can also exclude the selected marker with Inspect _ Exclude Marker, and show or hide each
category of marker (errors, warnings, and exclusions) with the View menu.

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.
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4.6.1. ERC example

UlA
T4LS00

1
3
2

U1B
TLLS00

S ERY
5

There are three errors in the screenshot above.
» Two outputs have been connected together (red arrow at right).

» Two inputs have been left unconnected (red arrows at left). Thisis actually two errors per pin: each
pin is unconnected, and each pinisan input pin that is not driven by an output pin.

Selecting an ERC marker displays a description of the violation in the message pane at the bottom of
the window.

ErType(2): Pin nie jest podiaczony (i nie ma przypisanego symbolu
"Miepotaczone”)
+ (@ (292,10 mm 191,77 mm): Pin 4 {input) w symbolu U101 nie jest podtaczony.

Zamknij

4.6.2. Per-net ERC markers

Some violations are reported only once per net. For example, the "Input Power pin not driven by
any Output Power pins' error technically applies to each Input Power pin on an un-driven net, but
only one marker is shown per net. Thisisto avoid producing alarge number of markersfor asingle
root cause. In this case, exactly where the marker is placed in the schematic is arbitrary and does not
necessarily indicate the ideal location for fixing the issue.
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In the example below, there are four un-driven Input Power pins (one per power symbol), but only
two ERC markers. Adding two PWR_FLAG symbols, one to each un-driven net, will clear the errors.
The "correct" location for the PWR_FLAG symbol depends on the schematic and may not be near the
particular power symbol where the marker was placed, or even in the same schematic sheet.

Violations (2) Ignored Tests (4)
w Error: Input Power pin not driven by any Output Power pins
R1 R2 Symbol #PWR01 Pin 1 [Power input, Line]
R R = Error: Input Power pin not driven by any Output Power pins
Symbol #PWRO2 Pin 1 [Power input, Line]

+5Y +5V

GND GND

4.6.3. Power pins and power flags

It iscommon to have an "Input Power pin not driven by any Output Power pins' error on power

pins, as shown in the example below, even though the power pins seem to be properly connected

to apower rail. This happensin designs where the power is provided through connectors or other
components that are not marked as power outputs. In these cases ERC won’t detect any Output Power
pins connected to the net and will determine the Input Power pinis not driven by a power source.

For example, in the below schematic, VCC and G\D are connected to a connector with passive pins, so
the Input Power pins of Ul are not considered driven by a power source.

VCC
| Violations (2) Ignored Tests (3)

w Error: Input Power pin not driven by any Output Power pins

Symbol #PWRO09 Pin 1 [Power input, Line]

C

Symbol #PWRO02 Pin 1 [Power input, Line]

|_L
Vv

U1E
74LS00

11 2

[

l Show:  [] All Errors e Warnings o

Delete Marker Delete All Markers

-~

~—i
o) w Error: Input Power pin not driven by any Output Power pins
=
K

~
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To avoid this warning, connect the net to PWR_FLAG Ssymbol on such a power net as shown in the
following example. The PWR_FLAG symbol isfound in the power symbol library. Alternatively,
connect any Output Power pin to the net; PWR_FLAGIs simply a symbol with a single Output Power

pin.

VCC

14

PWR_FLAG

VCC

? U1E
= 74LS00
z

LAG

GND

A4
GND

Ground nets often need a PWR_FLAG to be manually added, even when power rails do not, because
voltage regulators have outputs declared as Output Power, but their ground pins are typically marked
as Power Inputs. Therefore grounds are not considered driven by these voltage regulators. Thisis

so multiple regulators can share a common ground without errors caused by two Output Power pins
being connected together.

Power nets do not "jump" across components, so, components like passive inline filtering elements
may need a PWR_FLAG on their downstream side to indicate that the net is still connected to a power
source.

In the below schematic, although there isa PWR_FLAG on the nets connected to the connectors (VCC_I N
and G\D_I N), aPWR_FLAGIs also heeded to mark each of vCC and GN\D as power nets, because the filter
FL1 has only Passive pins.
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Vee

PWR_FLAG A

T :

e

-—

PWR_FLAG o

VCC_IN ? 1 A ~
—2GND_IN . P23 741500

=

=

PWR_FLAG o

[\

PWR_FLAG CND

Thiswould be the case also if the vVCC_| N and GND_I N nets were connected to a symbol with Output
Power pins. In fact, in this schematic, the PAR_FLAG symbols are on VCC_| Nand GND_I N are not
required, as there are no Input Power pins on those nets.

For more information about power pins and power flags, see the PWR_FLAG documentation.

4.6.4. ERC Configuration

The Violation Severity panel in Schematic Setup lets you configure what types of ERC messages
should be reported as Errors, Warnings, or ignored.
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—;,L' b4 Schematic Setup v oA X
~ General Connections
Formatting
) Pin not connected: Warning Ignore
Field Name Templates
BOM Presats Input pin not driven by any Output pins: Warning Ignore
~ Electrical Rules Input Power pin not driven by any Output Power pins: Warning Ignore
Violation Severity A pin with a “no connection” flag is connected: (®) Warning Ignore
Pin Conflicts Map Unconnected "no connection” flag: Error ® Warning Ignore
~ Project
ing: (o) i
Net Classes Label not connected to anything: *) Error : Warning Ignore
Bus Alias Definitions Global label not connected anywhere else in the schematic: Error (® Warning Ignore
Text Variables Wires not connected to anything: Warning Ignore
Bus Entry needed: Warning Ignore
Symbol pin or wire end off connection grid: Error ' Warning Ignore
Conflicts
Duplicate reference designators: Warning Ignore
Units of same symbol have different values: Warning Ignore
Different footprint assigned in another unit of the symbaol: Warning Ignore
Different net assigned to a shared pin in another unit of the symbol: Warning Ignore
Duplicate sheet names within a given sheet: Warning Ignore
Mismatch between hierarchical labels and sheet pins: Warning Ignore
More than one name aiven to this bus or net: Warnina (®) Ianore
Import Settings from Another Project... & Cancel " 0K

The Pin Conflicts M ap panel in Schematic Setup allows you to configure connectivity rules to define
electrical conditions for errors and warnings based on what types of pins are connected to each other.
For example, by default an error is produced when an output pin is connected to another output pin.
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Input Pin

Input Pin

Output Pin

Output Pin

Bidirectional Pin..

Tri-5tate Pin

Bidirectional Pin

Tri-5tate Pin

Passive Pin

Passive Pin

Unspecified Pin....

Power Input Pin....

Unspecified Pin
Power Input Pin

Power Qutput Pin

Power Output Pin..,

Open Cellector

Open Collector

Open Ernitter

Open Emitter

Mo Connection

Mo Cannection

LEEERENEENN
MWL EENE N
MERERNENNENR
MEEMEENN

mit i S

Rules can be changed by clicking on the desired square of the matrix, causing it to cycle through the
choices: alowed, warning, error.

4.6.5. List of ERC checks

The table below lists the electrical rules that KiCad checks and the default violation severity for each
check. All severities are configurable.

Connections ERC checks

These ERC checks ook for issues with wire and label connectionsin the schematic.

Output pins

electrical type Input is not connected to adriving
pin. Driving pins are pins with the type output,

Violation Description Default Severity
Pin not connected This violation occurs when asymbol pinis Error

not connected to a net, unless the pin has a no-

connect flag or has electrical type Unconnected.
Input pin not driven by any | This violation occurs when a symbol pin with Error
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Violation Description Default Severity
bidirectional, tristate, power output, or passive
pins.

Input Power pin not driven | This violation occurs when a symbol pin with Error

by any Output Power pins

electrical type Input Power is not connected to
an Output Power pin. A common cause of this
violation is described above.

A pin with a"no connection”
flag is connected

The violation occurs when a symbol pin with ano
connection flag is connected to a net.

Warning

Unconnected "no This violation occurs when a No connection flag |Warning
connection” flag IS not connected to a pin or label.
Label not connected to This violation occurs when aglobal, hierarchical, |Error
anything local, or directive label is not connected to apin

or another |abel.
Global label not connected | This violation occurs when there are fewer than | Warning
anywhere elsein the two symbol pins on anet with aglobal label
schematic (if there are fewer than two pins, then the label

isn’t being used to connect anything asit isonly

connected to a single symbol pin).
Global label only appears This violation occurs when a global 1abel only Ignore

once in the schematic

appears once in the schematic, meaning that the
label is not forming any global connections. This
violation isignored by default to allow usersto
use global labelsto label nets, even if the net does
not connect anywhere else.

Local and global labels have
the same name

This violation occurs when alocal 1abel has the
same name as aglobal label. If these |abels are on
separate sheets, they will not connect, although
they may have been intended to connect. Note
that while alocal label and a global |abel with the
same name won't connect if they are on different
sheets, they will connect if they are on the same
sheet.

Warning

Wires not connected to This violation occurs when awire is not Error
anything connected to any pin or label.
Bus Entry needed Thisviolation only appliesto projectsimported |Error
from EAGLE projects. It indicates places where
the importer was unable to automatically add bus
entries to the imported schematic, so you must
add them by hand.
Symbol pin or wireend off | Thisviolation occurs when a symbol pin or wire [Warning

connection grid

end is not aligned to the connection grid. Symbol
pins and wire ends need to be aligned to the grid
in order to connect to each other. The grid used
for this check is defined by the connection grid
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Violation

Description

Default Severity

setting in Schematic Setup _, Formatting _
Connection grid.

Four connection points are
joined together

This violation occurs when wiresjoinin a
four-way (cross) junction. Such junctions are
sometimes considered harmful because it can be
unclear if al four wires are intended to be joined
or if two wires were intended to cross without a
junction.

Ignore

Multiple pins with the same
pin number

This violation occurs when two pins in the same
symbol have the same pin number. Symbol pins
must be uniquely numbered within a symbol, and
therefore thisviolation is always an error.

Error (not
configurable)

Label connects more than
onewire

This violation occurs when alabel anchor
connects to two wires (where two wires cross
without connecting). In this situation is not
possible to determine which net the label should
connect to.

Warning

Unconnected wire endpoint

This violation occurs when awire endpoint is not
connected to anything.

Warning

Conflicts ERC checks

These ERC checks ook for conflicting information in symbols, sheets, and buses.

given to this bus or net

labels attached. Nets can only have a single name,

Violation Description Default Severity
Duplicate reference This violation occurs when two symbols have the |Error
designators same reference designator.
Units of same symbol have |This violation occurs when units of asingle Error
different values symbol have different values.
Different footprint assigned | This violation occurs when units of asingle Error
in another unit of the symbol |symbol have different assigned footprints.
Different net assignedtoa | Thisviolation occurs when apin that is shared Error
shared pin in another unit of |between multiple units of a symbol is not
the symbol connected to the same net in each unit.
Duplicate sheet names within | This violation occurs when two hierarchical Error
agiven sheet sheets in the same parent sheet have the same

name.
Mismatch between This violation occurs when a hierarchical label Error
hierarchical labels and sheet |does not have a corresponding hierarchical sheet
pins pin in the parent sheet, or a hierarchical sheet pin

does not have a corresponding hierarchical label

in the child sheet.
More than one name given | Thisviolation occurs when a net has multiple Warning
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Violation Description Default Severity
so if multiple labels are attached to a net, one
name will be selected and used as the canonical
name.
Conflict between busalias | Thisviolation occurs when a bus alias has Error
definitions across schematic | different membersin different sheets. If the same
sheets bus alias name is used in multiple sheets, the
members of the alias must be the same for each
sheet.
Buses are graphically This violation occurs when buses that are Error
connected but share no bus | graphically connected do not have bus members
members in common.
Invalid connection between | This violation occurs when abusis connected to | Error
bus and net items anet item, such asawire, alabel referringto a
single net, or a sheet pin referring to a single net.
Labels and sheet pins can only be connected to
busesif they refer to buses rather than individual
signals.
Net is graphically connected | Thisviolation occurs when anet is connectedto |Warning
to abus but not a bus a bus with a bus entry but the net is not a member
member of that bus.
Miscellaneous ERC checks
These ERC checkslook for other miscellaneous issues in the schematic.
Violation Description Default Severity
Symbol is not annotated This violation occurs when a symbol is not Error
annotated with a unique reference designator.
Unresolved text variable This violation occurs when atext variable Error
(${vari abl e_nane}) is used without being
defined in Schematic Setup.
SPICE model issue This violation occurs when a SPICE model hasa |Ignore
syntax error or other problem.
Labelsare similar (lower/ This violation occurs when two labels are similar |Warning
upper case difference only) |and differ only by the case of some letters.
This may be atypo causing two labelsto be
disconnected when they are intended to be
connected.
Power pins are similar This violation occurs when the net names driven |Warning

(lower/upper case difference
only)

by two global power pins are similar and differ
only by the case of some letters. This may be
atypo causing two global power pinsto be
disconnected when they are intended to be
connected.
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Violation

Description

Default Severity

Power pin and label are
similar (lower/upper case
difference only)

This violation occurs when alabel and the net
name driven by a global power pin are similar
and differ only by the case of some letters. This
may be atypo causing two global power pinsto
be disconnected when they are intended to be
connected.

Warning

Library symbol issue

This violation occurs when one of severa
det ect ed:

» The symboal library for a symbol is not included
and enabled in the library table

» A symbol in the schematic does not exist in its
symbol library

VVanﬁqg library

ssues

Symbol doesn’t match copy
inlibrary

This violation occurs when a symbol in the
schematic is different than the library version of
the symbol.

Y ou can compare between the schematic and
library versions of the symbol using the Compare
Symbol with Library tool, which is available by
right clicking the violation in the ERC window. If
desired, you can update the schematic symbol to
match the library symbol.

Warning

Footprint link issue

This violation occurs when one of severa
det ect ed:

» Thefootprint assignment for a symbol is not a
valid footprint identifier

» Thefootprint library given in asymbol’s
footprint assignment is not included and
enabled in the library table

» Thefootprint assigned to a symbol does not
exist in the specified footprint library

VVgnmngint assig

hment

Assigned footprint doesn’'t
match footprint filters

This violation occurs when the footprint assigned
to a symbol does not match the symbol’ s footprint
filters. If the symbol doesn’t have any footprint
filters, no violation occurs.

Warning

Symbol has more unitsthan | This violation occurs when asymbol hasmore | Error
are defined units placed in the schematic than are defined

in the symbol. Units in the schematic must

correspond exactly to the symbol definition.
Symbol has unitsthat are not | This violation occurs when a unit from amulti-  [Warning

placed

unit symbol is not placed in the schematic.
Unplaced units will not be connected to anything.
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Violation Description Default Severity
Symbol hasinput pinsthat | Thisviolation occurs when a multi-unit symbol | Warning
are not placed has units with input pins that are not placed,

so those input pins will not be connected to

anything.
Symbol has bidirectional This violation occurs when a multi-unit symbol | Warning
pins that are not placed has units with bidirectional pinsthat are not

placed, so those input pins will not be connected

to anything.
Symbol has power input pins | This violation occurs when a multi-unit symbol  |Error
that are not placed has units with power input pins that are not

placed, so those input pinswill not be connected

to anything.

Conflict problem between | Thisviolation occurs when a connection between |From Pin Conflicts
pins pinsis not allowed per the allowed connectionsin |Map
the Pin Conflicts Map.

4.6.6. User-definable ERC violations

Y ou can manually trigger schematic ERC warnings or errors using special text variables. These items
will appear as errors or warnings when ERC runs. This can be useful to flag items for later followup
or review.

To cause an ERC violation, use the text variable ${ ERC_ERROR <vi ol ati on nane>} oOr

${ ERC_WARNI NG <vi ol ati on nane>} depending on whether an error or warning is desired. Y ou can
place thisin atext item, text box, or field, including symbol fields, sheet fields, and label fields. When
ERC runs, thiswill generate a ERC violation with the given violation name. These text variables
resolve to an empty string in the schematic, and any text after the bracesisincluded in the ERC
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 ${ ERC_ERROR TODC} Cal cul at e resi stor val ue will appear in
the board as just the text "Calculate resistor value', and will generate an ERC error named "TODO"
with "Calculate resistor value" in the description.

4.6.7. Plik raportu ERC

An ERC report file can be generated and saved by clicking the Save... button in the ERC dialog. The
file extension for ERC report filesis. r pt . An example ERC report fileis given below.

ERC report (Fri 21 Oct 2022 02:07: 05 PM EDT, Encodi ng UTF8)

**xxx Sheet /
[pin_not _driven]: Input pin not driven by any CQutput pins

; Severity: error

@149.86 mm 60.96 nmm): Synbol ULB [ 74LS00] Pin 4 [, |nput, Line]
[ pin_not _connected]: Pin not connected

; Severity: error

@149.86 mm 60.96 mm): Synbol ULB [ 74LS00] Pin 4 [, |nput, Line]
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[ pi n_not _connected]: Pin not connected

; Severity: error

@149.86 nmm 66.04 mm): Symbol ULB [74LS00] Pin 5 [, |nput, Line]
[pin_to pin]: Pins of type Qutput and CQutput are connected

; Severity: error

@ 165.10 nm 63.50 mm): Symbol ULB [74LS00] Pin 6 [, CQutput, I|nverted]

@ 165.10 nm 46.99 mm): Symbol ULA [74LS00] Pin 3 [, CQutput, I|nverted]
[pin_not _driven]: Input pin not driven by any Qutput pins

; Severity: error

@149.86 mm 66.04 mm): Symbol ULB [74LS00] Pin 5 [, |nput, Line]

** ERC nmessages: 5 Errors 5 Warnings 0
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Before routing a PCB, footprints need to be selected for every component that will be assembled on
the board. Footprints define the copper connections between physical components and the routed
traces on acircuit board.

Some symbols come with footprints pre-assigned, but for many symbols there are multiple possible
footprints, so the user needs to select the appropriate one.

KiCad offers several waysto assign footprints:
o WHatciwo#ci symbolu
» Symbol Properties Dialog
e Symbol Fields Table
* While placing symbols
* Footprint Assignment Tool
Each method will be explained below. Which to use is a matter of preference; one method may be
more convenient depending on the situation. All of these methods are equivalent in that they store the
name of the selected footprint in the symbol’s Foot pri nt field.

Uwaga

The Footprint Library Table needs to be configured before footprints can be assigned. For
information on configuring the Footprint Library Table, please see the PCB Editor manual.

5.1. Assigning Footprints in Symbol
Properties

A symbol’ s Foot pri nt field can be edited directly in the symbol’ s Properties window.
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4-2-_' # Symbol Properties oA X

General ~ Pin Functions

Fields
Name Value Show Show MName H Align VAlign  Italic Bold
Reference U2 v Center Center
Value Dialog SLGSNT1487V v Center Center
I\
Datasheet Center Center
Description Center Center
+ [T ]
General Attributes Traehal =
Exclude from simulation pdate >ymbolfrom Library...
Exclude from bill of materials Change Symbol...
Exclude fi board
Angle: 0 v xelude from boar Edit Symbol...
Do not populate
Mirror: | Not mirrored v
Edit Library Symbol...
~| Show pin numbers ~| Show pin names
Library link: RobotProtos:Dialog_SLGSNT1487V Simulation Model... & Cancel v OK
Clicking the

button in the Foot pri nt field opens the Footprint Chooser, which shows the available footprints
sorted by footprint libraries.

The Footprint Chooser filters footprints by name, description, and keywords, aswell as any fields
that are shown as columns, according to what you type into the search field. * and ? wildcards are
available. The footprint search behaves the same as in the symbol chooser dialog.

If the symbol defines any footprint filters, the apply footprint filters option can be used to hide
footprints that don’t match those filters. If the filter by pin count option is selected, only footprints
that match the symbol’ s pincount will be listed. Y ou can choose to sort search results alphabetically or
by best match by clicking on the

button.

Single clicking a footprint name selects the footprint and displaysit in the preview pane on the right.
Y.Qu can switch between a 2D and 3D preview of the footprint by clicking the

b{ﬁa

buttons. Double clicking on afootprint closes the chooser and sets the symbol’s Foot pri nt field to
the selected footprint.
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m F 4 Footprint Chooser (12480 items loaded) L 4
Q, Filter =
Item Description
L UoOUS_T3TUWIELN I _Faduu. o3 AT .Zormmm_ andLIlUl VI UJUS (T3 TU IVIELNiCy, s
C 0603_1608Metric Capacitor SMD 0603 (1608 Metric), s

C_0603_1608Metric_Pad1.08x0.95mm_ Capacitor SMD 0603 (1608 Metric), s

C_0805_2012Metric_Pad1.18x1.45mm_ Capacitor SMD 0805 (2012 Metric), s
C_01005_0402Metric Capacitor SMD 01005 (0402 Metric),

C_01005_0402Metric_Pad0.57x0.30mm Capacitor SMD 01005 (0402 Metric), .

FAMNE I AECAAAk-l~ Famaciktae CAAM ATIMNE (I339EC Adakeisi ~ .
C_0805_2012Metric
Capacitor SMD 0805 (2012 Metric), square (rectangular) end terminal, IPC_7351 nominal, (Body size source: IPC-5M-782 page 76,
https:/fwww.peb-3d.com/wordpressiwp-content/uploads/ipc-sm-782a amendment 1 and 2.pdf,
https://docs.google.com/spreadsheets/d/1 BsfQQcO9CEDZCsRaxUIFIoS 1 Tg2WpOkGARCI WS558t0/edit?usp=sharing), generated with
kicad-footprint-generator

Keywords capacitor

Documentation https://www.pcb-3d.com/wordpress/wp-content/uploads/ipc-sm-782a amendmen...

v| Apply footprint filters (C_¥*)

~| Filter by pin count (2) !_ m & Cancel « 0K

5.1.1. Assigning Footprints with the Symbol Fields
Table

Rather than editing the properties of each symbol individually, the Symbol Fields Table can be used
to view and edit the properties of all symbolsin the design in one place. Thisincludes assigning
footprints by editing the Foot pri nt field of each symbol.

The Symbol Fields Tableis accessed with Tools _, Edit Symbol Fields..., or with the

button on the top toolbar.

The Foot pri nt field behaves the same here as in the Symbol Properties window: it can be edited
directly, or footprints can be selected visually with the Footprint Library Browser.
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_-r?-_' - Symbal Fields Table v oA X
Edit = Export
Field Label Show | Group By Q, Filte Exclude DNP v| Group symbols | |
Reference Reference ] Reference Value Datasheet Footprint Qty
Value Value ) i 23] 10k Resistor_SMD:1608_C
Footprint Footprint b
> R2-R5 100k Resistor_SMD:1608_C
Datasheet Datasheet A4
Description Description R6 2.7k Resistor_SMD:1608_C
S{QUANTITY} Qty > R7-R13 470 Resistor_SMD:1608_C
S{ITEM_NUMBER}  # U1 MaxLinear_XR2 Package_QFP:LQFP-48_7x7mm_P0.5mm
Dielectric Dielectric
u2 Dialog_SLGSNT' n
Enntnrint Nensity__ Enntorint Nensity
+ 7 ] Y1 12MHz 50ppm~ Crystal:Crystal_4-SMD_2.5x2mm
View presets: Scope: %) Entire project Current sheet only Recursive
|| Cross-probe action: Highlight ®) Select None
Export Apply, Save Schematic & Continue ® Cancel + OK

For more information on the Symbol Fields Table, see the section on editing symbol properties.

5.2. Assigning Footprints While Placing
Symbols

Footprints can be assigned to symbols when the symbol isfirst added to the schematic.

Some symbols are defined with a default footprint. These symbols will have this footprint preassigned
when they are added to the schematic. If a symbol has a default footprint, the footprint will be
graphically previewed in the symbol chooser dialog when the symbol is selected. For symbols without
adefault symbol defined, the footprint dropdown will say "No default footprint”, and the footprint
preview canvas will say "No footprint specified".
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-é-_' * Choose Symbaol (19809 items loaded) L
Q F =4
B
Item E E u
— &l 5| smess
Z AMpITIEr_VIdeo e A:::jguun
ree 2y g = = DUTL- [ enyrt
> Analog rens 29 L /FCLE ZEROLE cue
k== SDATA o
> Analog ADC i o
> Analog_DAC 20 s :E: &:::
o ]
> Analog_Switch :::%EE-A:A 1REF2 pase
. N’!E CLATCH ke
~ Audio :::Z m: . o FILTE P2 uiy vt
rac2iBEEHR § F FeR S enr
S
AD1855 ; g
AD1955
ADAUTSTExBCP
ADAUT979xBCP [Default] Package_S0:SS0P-28_5.3x10.2mm_P0.65mm w
AKS5392VS
AK5393VS
AD1853

Stereo, 24-Bit, 192 kHz, Multibit Sigma-Delta DAC, S50P-28
Keywords: audio dac 2ch 24bit 192kHz

Reference U?

CCAP_O8 & 218 W 65
Footprint  Package_S0:550P-28_5.3x10.2mm_P0.65mm S50P=28_5.5x10.2mm_P0.65mm
Datasheet https://www.analog.com/media/en/technical-document
Place repeated copies +| Place all units & Cancel v OK

Symbols can have footprint filters that specify which footprints are appropriate to use with that
symbol. If footprint filters are defined for the selected symbol, al footprints that match the footprint
filters will appear as optionsin the footprint dropdown. The selected footprint will be displayed in the
preview canvas and will be assigned to the symbol when the symbol is added to the schematic.

Uwaga

Footprint options will not appear in the footprint dropdown unless the footprint libraries are
loaded. Footprint libraries are loaded the first time the Footprint Editor or Footprint Library
Browser are opened in a session.

For more information on footprint filters, see the Symbol Editor Documentation.

5.3. Assigning Footprints with the
Footprint Assignment Tool

The Footprint Assignment Tool allows you to associate symbolsin your schematic to footprints used
when laying out the printed circuit board. It provides footprint list filtering, footprint viewing, and 3D
component model viewing to help ensure the correct footprint is associated with each component.

Components can be assigned to their corresponding footprints manually or automatically by creating
equivalence files (.equ files). Equivalence files are lookup tables associating each component with its
footprint.
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Run the tool with Tools _ Assign Footprints..., or by clicking the

icon in the top toolbar.

5.3.1. Footprint Assignment Tool Overview

The image below shows the main window of the Footprint Assignment Tool.

Plik Ustawienia Pomoc

@ B [3x) A

=) iz e

Lir_Coils SML_NEOSID
Capacitors

Capacitora_Elko Through...

Capacitors_SMD

Connect
Connectors_Serial MOLEX
Converters_DCDC_ACDC
Crystals
Crystals_Oscillators_SMD
Diocdes_ SMD
Dicdes_ThroughHole
Discret

Display

Divers

EurcBoard Outline
Fiducials
Filters HF Coils_NEOSID
Footprint Symbols

Fuse Holders_and Fuses
Heatsinks

Housings_ROHM
Housings_SIF9
Housings_50T

Housings_S50T-23_350T-143...

Housings_S50T-89
Housings_TO-50
Housings_TO-72
Housings_TO-92
IR-DirectFETs
Inductors
Inductors_NEOSID
Iut

LEDs

-~

9x1K

: Discret:r_packd
CONN_EX%2 :
330 :
330 :
: Discret:
1K :
: Discret:
4003RPG120 :
: LEDs:LED-5MM
: LEDs:LED-SMM
: Discret:HC-18UH
628128 :
EPE00 :
T4L5245 :
74L5688 :
T4L5541 :
DB2Z25FEMELLE :
4TuF
47uF :
4TuF
47uF :
47pF :
47pF :
BUSEC :

Discret:5SWDIPE
Discret:

Discret:

Discret:

Sockets PGA:TU9

Sockets DIP:DIP-32_ 600
Sockets DIP:DIP-24_ 300
Sockets DIP:DIP-20_ 300
Sockets DIP:DIP-20_ 300
Sockets DIP:DIP-20_ 300
Connect:DB25FC
Discret:CPé

Discret:CPé

Discret:CPé

Discret:CPé

Discret:Cl

Discret:Cl
Connect:BUS_AT

Sockets DIP:DIP-40_ 1000
Sockets DIP:DIF-40_ 1000
Sockets DIP:DIP-48_ &00

_ELL

Sockets DIP:DIP-48_ 600_ELL

Sockets DIP:DIP-&4_ 600

Sockets DIP:DIP-64_ 600_ELL

Sockets DIP:DIP-&4_ 900

Sockets DIP:DIP-64_ 900 ELL

Sockets Mini-Universal:MiniUniversalMate-N-Lo...
Sockets Mini-Universal:MiniUniversalMate-N-Lo...
Sockets Mini-Universal:MiniUniversalMate-N-Lo...
Sockets Mini-Universal:MiniUniversalMate-N-Lo...
Sockets Mini-Universal:MiniUniversalMate-N-Lo...
Sockets Mini-Universal:MiniUniversalMate-N-Lo...
Sockets Mini-Universal:MiniUniversalMate-N-Lo...
Sockets Mini-Universal:MiniUniversalMate-N-Lo...
Sockets Mini-Universal:MiniUniversalMate-N-Lo...
Sockets Mini-Universal:MiniUniversalMate-N-Lo...
Sockets Mini-Universal:MiniUniversalMate-N-Lo...
Sockets Mini-Universal:MiniUniversalMate-N-Lo...
Sockets Mini-Universal:MiniUniversalMate-N-Lo...
Sockets Mini-Universal:MiniUniversalMate-N-Lo...
Socket_MOLEX-EK-RM2-5...
Socket_MOLEX-KE-BM2-5...
Socket_MOLEX-EK-RM2-5...
Socket_MOLEX-KE-BM2-5...
Socket_MOLEX-EK-RM2-5...
Socket_MOLEX-KE-BM3-9...
Socket_MOLEX-EK-RM3-9...
Socket_MOLEX-KE-BM3-9...
Socket_MOLEX-EK-RM3-9...
Socket_MOLEX-KE-BM3-9...

Sockets MOLEX HE-System:
Sockets MOLEX KE-System:
Sockets MOLEX HE-System:
Sockets MOLEX KE-System:
Sockets MOLEX HE-System:
Sockets MOLEX KE-System:
Sockets MOLEX HE-System:
Sockets MOLEX KE-System:
Sockets MOLEX HE-System:
Sockets MOLEX KE-System:
Sockets PGR:U9

Komponenty: 24, nieprzydzielone:

Filtruj liste wg:

Bez filtracji: 1430

» Theleft pane contains the list of available footprint libraries associated with the project.

» The center pane contains the list of symbolsin the schematic.
» Theright pane contains the list of available footprints |loaded from the project footprint libraries.

» The bottom pane describes the filters that have been applied to the footprint list and prints
information about the footprint selected in the rightmost pane.

The top toolbar contains the following commands:

Transfer the current footprint associations to the schematic.

Edit the global and project footprint library tables.

View the selected footprint in the footprint viewer.

Select the previous symbol without afootprint association.

112



Assigning Footprints

# Select the next symbol without a footprint association.
Undo last edit.
Redo last edit.

% Perform automatic footprint association using an equivalencefile.

: Delete all footprint assignments.
Filter footprint list by footprint filters defined in the selected symbol.

i

Filter footprint list by pin count of the selected symbol.

Filter footprint list by selected library.

The following table lists the keyboard commands for the Footprint Assignment Tool:

Right Activate the pane to the right of the currently activated pane. Wrap
Arrow/  |around to the first paneif the last pane is currently activated.
Tab

L eft Activate the pane to the left of the currently activated pane. Wrap
Arrow around to the last paneif the first paneis currently activated.

Up Arrow | Select the previous item of the currently selected list.

Down Select the next item of the currently selected list.
Arrow

Page Up |Select the item one full page upwards of the currently selected item.

Page Select the item one full page downwards of the currently selected
Down item.

Home Select thefirst item of the currently selected list.

End Select the last item of the currently selected list.

5.3.2. Manually Assigning Footprints with the
Footprint Assignment Tool

To manually associate a footprint with a component, first select a component in the component
(middle) pane. Then select afootprint in the footprint (right) pane by double-clicking on the name
of the desired footprint. The footprint will be assigned to the selected component, and the next
component without an assigned footprint is automatically selected.

Uwaga

If no footprints appear in the footprint pane, check that the footprint filter options are correctly
applied.

When all components have footprints assigned to them, click the OK button to save the assignments
and exit the tool. Alternatively, click Cancel to discard the updated assignments, or Apply, Save
Schematic & Continue to save the new assignments without exiting the tool.
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Filtrowanie listy footprintow

There are four filtering options which restrict which footprints are displayed in the footprint pane. The
filtering options are enabled and disabled with three buttons and a textbox in the top toolbar.

: géivatefiltersthat can be defined in each symbol. For example, an opamp symbol might define
filtersthat show only SOIC and DIP footprints.

: gniy show footprints that match the selected symbol’ s pin count.

; Eniy show footprints from the library selected in the left pane.

 Entering text in the textbox hides footprints that do not match the text. Thisfilter is disabled when
the box is empty.

When al filters are disabled, the full footprint list is shown.

The applied filters are described in the bottom pane of the window, along with the number of
footprints that meet the selected filters. For example, when the symbol’ s footprint filters and pin count
filters are enabled, the bottom pane prints the footprint filters and pin count:

Connector_DIN

Filtered by Keywords (LED*, LED_SMD:*, LED_THT:*), Pin Count (2): 104
Description: LED, diameter 5.0mm z-position of LED center 3.0mm, 2 pins, diameter 5.0mm z-position of LED center 3.0mm, 2 pins; Keywords: LED diameter 5.0mm z-position of LED center 3.0mm 2 pins dic
Library location: /home/graham/kicad/libraries/footprints/kicad-footprints/LED_THT.pretty

Apply, Save Schematic & Continue @© Cancel v OK

Multiple filters can be used at once to help narrow down the list of possibly appropriate footprintsin
the footprint pane. The symbolsin KiCad's standard library define footprint filters that are designed to
be used in combination with the pin count filter.

5.3.3. Automatically Assigning Footprints with the
Footprint Assignment Tool

The Footprint Assignment Tool allows you to store footprint assignments in an external file and load
the assignments later, even in a different project. This allows you to automatically associate symbols
with the appropriate footprints.

The externa fileisreferred to as an equivalence file, and it stores a mapping of a symbol valueto a
corresponding footprint. Equivalence files typically use the . equ file extension. Equivalencefiles are
plain text files with asimple syntax, and must be created by the user using atext editor. The syntax is
described below.

Y ou can select which equivalence filesto use by clicking Preferences _ Manage Footprint
Association Filesin the Footprint Assignment Tool.
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5% + Project file: 'fusr/share/kicad/demos/stickhub/StickHub. kicad_pro' WA X

Symbol Footprint Association Files (.equ)

/home/graham/Desktop/equivalence?.equ

Add
Remove
Move Up
Move Down
Edit File
Available environment variables for relative paths:
Name Value AL
) ) ®) Absolute
1 KIPRIMOD fusr/share/kicad/demos/stickhub i
elative
2 |KICADGB_FOOTPRINT_DIR /home/graham/kicad/libraries/footprints/kicad-footprints
© Cancel v 0K

» Add new equivalence files by clicking the Add button.
» Remove the selected equivalence file by clicking the Remove button.

» Changethe priority of equivalence files by clicking the M ove Up and M ove Down buttons.
If asymbol’s valueisfound in multiple equivalence files, the footprint from the last matching
equivalence file will override earlier equivalencefiles.

» Open the selected equivalence file by clicking the Edit File button.

Relevant environment variables are shown at the bottom of the window. When the Relative path
option is checked, these environment variables will automatically be used to make paths to selected
equivalence files relative to the project or footprint libraries.

Once the desired equivalence files have been loaded in the correct order, automatic footprint
association can be performed by clicking the
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A
blﬁ)n in the top toolbar of the Footprint Assignment Tool.

All symbols with avalue found in aloaded equivalence file will have their footprints automatically
assigned. However, symbols that already have footprints assigned will not be updated.

Format plikow
Equivalence files consist of one line for each symbol value. Each line has the following structure:
"<synbol value> '<footprint |ibrary>:<footprint name>'

Each name/value must be surrounded by single quotes (' ) and separated by one or more spaces. Lines
starting with # are comments.

For example, if you want all symbols with the value LM4562 to be assigned the footprint
Package_SO SO C 8_3. 9x4. 9_P1. 27mm the line in the equivalence file should be:

' LM4562' ' Package_SO SO C-8_3. 9x4.9_P1. 27nmi

Poni#e) znajduje si# przyk#ad pliku przypisa#:

#integrated circuits (smd):

' 74LV14' ' Package_SO SO C-14_3.9x8. 7mm _P1. 27nmi
'EL7242C ' Package SO SO C-8 3.9x4.9 P1.27mmi

' DS1302N ' Package_SO SO C-8_3. 9x4.9_P1. 27nmi

' LM324N ' Package_SO SO C-14_3. 9x8. 7mm _P1. 27nmm
'LMB58' ' Package SO SO C-8 3.9x4.9 P1.27mmi
'LTC1878" ' Package SO MSOP-8 3x3mm PO. 65mi
'241.C5121/ SM ' Package SO SO C-8_3.9x4.9 P1.27nm
' LM2903M ' Package_SO SO C-8_3. 9x4.9_P1. 27nmi
'LT1129 SOB' ' Package SO SO C-8 3.9x4.9 P1.27mmi
'LT1129Cs8- 3. 3" ' Package SO SO C-8_3.9x4.9 P1.27mmi
'LT1129CsS8"' ' Package SO SO C-8 3.9x4.9 P1.27mm

' LMB58M ' Package SO SO C-8_3.9x4.9_P1. 27nmmi
"TL7702BI D ' Package_SO SO C-8_3.9x4.9_P1. 27nmmi

' TL7702BCD ' Package SO SO C-8 3.9x4.9 P1.27mm
'U2270B' ' Package SO SO C-16_3.9x9.9 P1.27mmi

#regul ators
' LP2985LV' ' Package TO SOT_ SMD: SOT- 23-5 HandSol deri ng'

5.3.4. Podgl#d bie##cego footprintu

Footprint Assignment Tool contains a footprint viewer. Clicking the

bl%n in the top toolbar launches the footprint viewer and shows the selected footprint.
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LM7BXX
VALY

Ostatnia zmiana Sciezka dla Lista sieci Warstwy sygnatowe Pola lutownicze

Jan 25, 1970 F.Cu 4

Bi... Z£32254 £ 0,400000 Y 0,000000 dx 0,400000 dy 0,000000 d 0,400000

The top toolbar contains the following commands:

cale

Status

Refresh view

Zoomin

Zoom out

Zoom to fit drawing in display area

Show 3D viewer

The left toolbar contains the following commands:

Use the select tool

Interactively measure between two points

Display grid dots or lines

Switch between polar and cartesian coordinate systems

Useinches

Display coordinates in mils (/1000 of an inch)

Display coordinates in millimeters
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Toggle display of full-window crosshairs

Toggle between drawing pads in sketch or normal mode

[«
m Toggle between drawing pads in normal mode or outline mode

Toggle between drawing text in normal mode or outline mode

Il/'ﬂ Toggle between drawing graphic lines in norma mode or outline mode

| |

Podgl#d bie##cego modelu 3D

ﬁki ng the

button opens the footprint in the 3D model viewer.

Uwaga

If 23D model does not exist for the current footprint, only the footprint itself will be shownin
the 3D Viewer.

Plik  Ustawienia

B aaQaOR G RR F e 4+ 8 @

WView: 23,0

The 3D Viewer isdescribed in the PCB Editor manual.

118



Rozdzia# 6. Forward and back annotation

6.1. 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.

119



Forward and back annotation

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. Symbols
with the Exclude from board attribute are not transferred to the PCB.

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.

6.1.1. Options

Thetool has several optionsto control its behavior.

Option Description

120



Forward and back annotation

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

Footprints are normally linked to schematic symbols viaa unique
identifier created when the symbol is added to the schematic.

A symbol’ s unique identifier cannot be changed, but will be

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 fieldsin symbolswill 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.

6.1.2. 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).

6.2. Update Schematic from PCB (back
annotation)

The typical workflow in KiCad is to make changes in the schematic and then sync the changes to the
board using the Update PCB From Schematic tool. However, the reverse processis 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 also known as
backannotation.

_-,%-: -+ Update Schematic from PCB oo X

Options

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

Update
+| Reference designators ~| Footprint assignments
| Values Met names
¥| Attributes ¥| Other fields

Changes To Be Applied

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

Close Update Schematic

Thetool syncs changesin reference designators, values, attributes (like DNP or Exclude From BOM),
footprint assignments, other fields, and net names from the board to the schematic. Each type of
change can be individually enabled or disabled.

123



Forward and back annotation

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.

6.2.1. Options

Thetool has several 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 symbols will 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.

Values If checked, symbol values will be updated to match the values of
the linked footprints.

Vaues If checked, symbol attributes (like exclude from BOM and DNP)

will be updated to match the corresponding attributes 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 labels will be
updated or added to the schematic as necessary to match the board.

Other fields

If checked, other symbol fields will be updated to match the
corresponding fields of the linked footprints. Reference designator,
value, and footprint are each controlled by their own separate
option.

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.
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6.2.2. Back annotation with CMP files

Select changes can al 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...).

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.
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7.1. Printing

KiCad can print the schematic to a standard printer using File _ Print....
_-é-: b4 Print v oA X

Print drawing sheet

Output mode: | Black and White

Use a different color theme for printing:

Page Setup... Close Print

7.1.1. Printing options

* Print drawing sheet: Include the drawing sheet border and title block in the printed schematic.

* Output mode: Print the schematic in color or black and white.

* Print background color: Include the background color in the printed schematic. Thisoptionis

only enabled when printing in color.

» Useadifferent color themefor printing: Select adifferent color scheme for printing than the one

selected for display in the Schematic Editor.

» Page Setup...: Opens a page setup dialog for setting paper size and orientation.

» Close: Closesthe dialog without printing.
» Print: Opens the system print dialog.

Uwaga

Printing uses platform- and printer-specific drivers and may have unexpected results. When

printing to afile, Plotting is recommended instead of Printing.

7.2. Plotting

KiCad can plot schematicsto afileusing File _ Plot....

The supported output formats are Postscript, PDF, SVG, DXF, and HPGL .
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_;1._' F 4 Plot Schematic oo X
Output directory: [ ]
Output Format Options HPGL Options

Postscript  page size: Schematicsize
* PDF
= .
VG Plot drawing sheet
DXF PDF Options
HPGL Output mode: Color
¥| Generate property popups
Color theme: KiCad Default hd v | Generate clickable links for hierarchical elements
Plot background color ¥ Generate metadata from AUTHOR & SUBJECT variables

Other Options
Minimum line width: | 6 mils Open file after plot

Output Messages

Show: All v Errors () | Warnings ) | Actions v Infos Save...

Plot Current Page Close Plot All Pages

The Output M essages pane displays messages about the generated files. Different kinds of messages
can be shown or hidden using the checkboxes, and the messages can be saved to afile using the
Save... button.

The Plot Current Page button plots the current page of the schematic. The Plot All Pages button

plots all pages of the schematic. Onefileis generated for each page, except for PDF output, which
plots each schematic page as a separate page in asingle PDF file.

7.2.1. Plotting options

* Output directory: Specify the location to save plotted files. If thisisarelative path, it is created
relative to the project directory. This path can use text variables, including both project text
variables and built-in text variables.

» Output Format: Select the format to plot in. Some formats have different options than others.

» Page size: Setsthe page size to use for the plotted output. This can be set to match the schematic
Size or to another sheet size.

» Plot drawing sheet: Include the drawing sheet border and title block in the printed schematic.
* Output mode: Setsthe output to color or black and white. Not all output formats support color.

» Color theme: Selects the color theme to use for the plotted output.
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» Plot background color: Includes the schematic background color in the plotted output. The
background color will not be plotted if the output format does not support color or the output mode
is black and white.

e Minimum linewidth: Selects the minimum width for lines. Any lines narrower than this width
will be plotted with this minimum width.

» Position and units: Setsthe plotter origin and units. This option only applies for HPGL output.
» Pen width: Setsthe plotter’s pen width. This option only applies for HPGL output.

» Generate property popups. Enables the interactive PDF features described below. This option
only applies for PDF output.

» Generateclickablelinksfor hierarchical elements: Enables clickable hierarchical sheets,
hierarchical sheet pins, and hierarchical labels. When enabled, clicking ahierarchical sheet or sheet
pinin the PDF will open the PDF page for that subsheet. Clicking a hierarchical label will open the
page for the parent sheet. If Generate property popupsis aso enabled, links will be generated
instead of property popups for hierarchical sheets, pins, and labels (i.e. this option takes priority).
This option only applies for PDF output.

» 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. This option only applies for PDF output.

* Open file after plot: automatically opens the plotted output file when plotting is compl ete.

7.2.2. Interactive PDF features

Plotted PDFs can optionally have several interactive features.
IR —1

_%I Reference = R119 J T 3

Value = 10K !_a

_% Footprint = Resistor_SMD:R_0805_2012Metric F5_
Datasheet =
Description =
E; !; ; Keywords = I_ /

RI2%
IRQ-T1..71 /“ANI

» Hyperlinks can be clicked.
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» Thetable of contentsis populated with schematic sheets as well as the symbols and hierarchical
labelsin each sheet.

* Clicking on many schematic elements displays a popup menu containing relevant information.
» Symbolsdisplay their symbol fields.

 Hierarchical subsheets display their sheetname and filename, as well as an option to enter the
sheet itself. Thisisreplaced by adirect link to the subsheet if the Generate clickable links for
hierarchical elements option is enabled.

» Labelsdisplay the resolved net and netclass.

» Busesdisplay their members.
Uwaga

Some of these features are not supported in all PDF readers. The clickable links generated by
the Generate clickable linksfor hierarchical elements option are more widely supported
than other interactive features.

7.3. Generating a bill of materials

KiCad can generate a bill of materialsthat lists all of the componentsin the design. BOMs are
configurable: you can select which components are included, how components are ordered, which
symbol fields are included and in what order, and what the output format is.

BOM s are exported using the Symbol Fields Table. As a shortcut to open the Export tab of this
dialog, you can select Tools _, Generate Bill of Materials... or usethe

but;on on the top toolbar.

The contents of the BOM are configured in the Edit tab. The format of the exported BOM fileis
configured in the Export tab. The BOM is written when you press the Export button at the bottom of
the dialog.

7.3.1. BOM contents

The exported BOM will contain exactly the components (rows) and fields (columns) shown in the
Edit tab, with the same grouping and sorting. Components with the Exclude from BOM attribute set
are hidden in the Edit tab and not included in the BOM export unless the Show Exclude from BOM
box is checked. Components with the DNP (do not populate) attribute set can be optionally excluded
from both the table in the Edit tab and the exported BOM by checking the Exclude DNP box. You
can also limit the displayed components to those in the current sheet, the current sheet and al of its
subsheets, or the entire schematic by adjusting the Scope settings.
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ko Symbol Fields Table v A 5
Edit | Export

Field Label Show | Group By Q Filte Exclude DNP (| Show Exclude from BOM' | ¥ Group symbols | | &

Reference Reference Reference a Value Datasheet Footprint Qty DNP
Value Value
BUSPCI_SV otprints:BUSPCI 1
Footprint Footprint

ASRCSRIRCS
<

> C1-C36, C704 100nF sistor_SMD:R_1206_3216Metric_Pad1.30x1.75mm_HandSold: 40

Datasheet Datasheet <t
Descri iption Description a7 100pF sistor_SMD:R_1206_3216Metric_Pad1.30x1.75mm_HandSold:
SQUANTITY} Qy ” > C38, C67-C69 4,7uF st

S{ITEM_NUMBER}  #

Champ7 Champ7 .

${DNP} DNP v v

sistor_SMD:R_1206_3216Metric_Pad1.30x1.75mm_HandSold:
*_SMD:R_1210_3225Metric_Pad1.30x2.65mm_HandSold:
42 2.2uF sistor_SMD:R_1210_3225Metric -_Pad1.30x2.65mm_HandSold:
> C43-045 220nF esistor_SMD:R_1206_3216Metric_Pad1.30x1.75mm_HandSold:

> C46,C47  220pF

fo
Re
Re
Re

> (39-(41 1uF Resistor_
Re
R
Resistor_SMD:R_1206_3216Metric_Pad1.30x1.75mm_HandSold:
R

AN W o= oW oA -

Rl U 48 22nF esistor_SMD:R_1206_3216Metric_Pad1.30x1.75mm_HandSold:

View presets: Scope: ® Entire project () Current sheetonly () Recursive

Grouped By Value ™ || Cross-probe action: Highlight ® Select None

Export Apply, Save Schematic & Continue © Cancel v 0K

Fields with the Show box checked will be included as columnsin the BOM, and fields with the
Group By box checked are used to group components together. Components are grouped into the
samelineif al of their Group By fields are identical and the Group symbols box is checked. You
can set an arbitrary column name for each field and reorder columns by dragging their headers.

Presets are available to configure the list of fields. Presets store which fields are displayed, which
fields are used for grouping, and the column order. Y ou can create and save your own presets or use
one of several default presets. Custom presets can be deleted in this dialog or in the Schematic Setup
diaog.

The built-in presets "Grouped By Value" and "Grouped By Value and Footprint” replicate legacy
BOM scripts, while "Attributes’ shows only the reference and value fields and the DNP, exclude from
board, exclude from simulation, and exclude from BOM attributes.

Some virtual fields are available that may be useful in BOM exports. Adding afield in the Symbol
Fields Table beginning with atext variable will not create a new field in the symbols, but will create a
gpecial column in the table and BOM with auto-generated values for each component. The following
variables may be especially useful for creating virtual fieldsin custom BOM formats:

* ${ QUANTI TY} createsafield that containsthe number of grouped instances of that component.
* ${1 TEM NUMBER} creates afield that contains the row number of the component in the BOM.
* ${SYMBOL_NAME} createsafield that contains the name of the schematic symbol.

* ${SYMBOL_LI BRARY} creates afield that contains the name of the schematic symbol library.

» ${DNP} createsafield with a checkbox that controls the component’s DNP attribute. In the BOM,
thisfield resolvesto the string "DNP" if the component’s DNP attribute is set, or an empty string
otherwise.

* ${ EXCLUDE_FROM BQOARD} creates afield with a checkbox that controls the component’ s exclude
from board attribute. In the BOM, thisfield resolves to the string "Excluded from board" if the
component’s exclude from board attribute is set, or an empty string otherwise.

* ${ EXCLUDE_FROM SI M creates afield with a checkbox that controls the component’ s exclude from
simulation attribute. In the BOM, thisfield resolves to the string "Excluded from simulation™ if the
component’s exclude from simulation attribute is set, or an empty string otherwise.

* ${ EXCLUDE_FROM BOW} creates afield with a checkbox that controls the component’ s exclude from
BOM attribute. Components with the exclude from BOM attribute set are not included in the BOM.
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Other text variables are also available.

The full functionality of the Edit tab, including virtual field behavior, is explained in more detail in
the Symbol Fields Table documentation.

7.3.2. BOM format

The Export tab contains settings concerning the output file format for the BOM and displays a
preview of the raw BOM file outpui.

_}-_' - Symbol Fields Table voA X
Edit Export
Field delimeter: , Output file: ]
String delimeter:
Preview: [+
Reference delimiter: "Reference","Value","Datasheet", "Footprint","Qty", "DHP"
e "BUS1", "BUSPCI_SV","", "Connectors:BUSPCI","1",""
Range delimiter: "c1,€2,¢3,64,C5,06,C7,68,69,C10,C11,C12,€13,€14,C15,C16,C17,C18,€19,C20,C21,622,€23,C24,C25,C26,C27,C28,C29,C30,C31,C32,C33,(34,€35,
Keep tabs "C37","1e@pF", ", "ResistUI_SMD:R_lZ%_BZlEMetIic_Padl.del.Bﬂmm_HandSDIdeI" P
"(C38,067,C68,C69"," 4 FuF" "Resistor_SMD:R_1206_3216Metric_Padl.24x1.8@mm_HandSolder",K "4", ""
LRl (B "(39,C40,C41", "1uF", ", "Resistor_SMD:R_1210_3225Metric_Padl. 24x2. 70mn_HandSolder” 3", "
"C42","2.2uF", ReslstUI ~ SMD:R_1210_3225Metric_Padl.24x2.70mm_HandSolder™, "1" "
"C43,044,C45", 22@nr— "Resistor SMD:R_1206_3216Metric_Padl.24x1.80mm HandSnlder“ - R
Format presets: "C46,C47", "220pF", " ", "Resis‘tor_SMD:R_12@6_3216Metric_Padl.24x1.8@mm_HandSolder" L2
"C48","22nF" """, "Resistor SMD:R_1206_3216Metric_Padl.24x1.80mm_HandSolder", 1", ""
csv M "C49,C50","22pF" """, "Capacitor_THT:C_Disc_D3.@mm_W2.@mm_PZ.50mm" "2" ""
"C51","22uF" """, "Resistor_SMD:R_121@_3225Metric_Padl.24x2._ 70mm_HandSolder",K "1" ""
"C52","22uF","" ,"Resistor_SMD:R_1206_3216Metric_Padl.24x1.80mm_HandSolder",6"1",""
"C53","330pF","","Resistor_SMD:R_1206_3216Metric_Padl.24x1.8@mm_HandSolder","1",""
“Cs54", "4 FuF","" ,"Resistor SMD:R_1206_3216Metric_Padl.24x1.8@mm_HandSolder™ "1",6""
"C55", "4 . TuF sistor_SMD:R_1210_3225Metric_Padl.24x2.7@0mm_HandSolder™, "1" ""

"C56, CST "4.7ul

nrco fEn cena cea

,"CapacltuI Tantalum_SMD:CP_EIA-3528- 21 Kemet-B_Padl. 63x2 4@mm HamdSUldeI g

IDardctar CMOD_ 1906 2731 CMatweis Dadl 24:1 Ofmm Liamd€aldawi o

Export Apply, Save Schematic & Continue @ Cancel « OK

At the top you can specify the output file. Pressing the Export button will write the BOM to thisfile
path. This path can contain text variables.

The settings on the left control how the BOM information is formatted in the file. Y ou can change
the delimiter between fields, the delimiter that surrounds each field, the delimiter that separates a
sequence of references (e.g. the commain R1, R3), and the delimiter for arange of references (e.g.
the dash in R1- R3). If no range delimiter is given, ranges will not be used: R1- R3 will be written out
asRl1, R2, R3, for example, assuming, asareference delimiter. Tabs and newlinesin fields can be
preserved or stripped, depending on the K eep tabs and K eep line breaks settings.

Several default format presets are available. Y ou can select acomma-separated value (CSV) format, a
tab-separated value (TSV) format, or a semicolon-separated format. Y ou can also create and save your
own presets. Custom presets can be deleted in this dialog or in the Schematic Setup dialog.

7.3.3. Legacy BOM generation

Previous versions of KiCad used external scripts to process the design information into the desired
output format. ThisBOM generation tool is still available by selecting Tools _ Generate L egacy
Bill of Materials....
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Lista matenatowa “

Dostepne wiyczki: Generuj BOM

Zamknij

Pomoc

Doda) whyczke

Przegladay...

Usun wiyczke
Mazwa:

Edytuj plik whyczk

Polecenie:

Several BOM generator scripts are included with KiCad, and users can also create their own. BOM
generator scripts generally use Python or XSL T, but other tools can be used as long as you can specify
acommand line for KiCad to execute when running the generator.

Y ou can select which BOM generator to usein the BOM generator scriptslist. Therest of the
dialog displays information about the selected generator. Y ou can change the displayed name of the
generator with the Generator nickname textbox.

The pane at right displays information about the selected script. When the generator is executed, the
right pane instead displays output from the script.

The text box at the bottom contains the command that KiCad will use to execute the generator. It is
automatically populated when a script is selected, but the command may need to be hand-edited for
some generators. KiCad saves the command line for each generator when the BOM tool is closed,
so command line customizations are preserved. For more details about the command line, see the
advanced documentation.

On Windows, the BOM Generator dialog has an additional option Show console window. When this
option is unchecked, BOM generators run in a hidden console window and any output is redirected

and printed in the dialog. When this option is checked, BOM generators run in avisible console
window, which may be necessary if the generator plugin provides a graphical user interface.

BOM generator scripts

By default, the legacy BOM tool presents three output script options.

* bom csv_grouped_ext ra outputs a CSV with a single section containing every component in the
design. Components are grouped by value, footprint, DNP (do not populate), and any additional
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fields that are specified on the command line. To specify extrafields, add the desired field names
as quoted strings at the end of the command line. For example, to include the vPN field, the end of
the command line would be: <path to script>/bom csv_grouped extra.py "%" "% csv"
"MPN'. The columnsin the BOM are:

* Lineitem number

» Reference designator(s)

e Quantity

* Vaue

 Footprint

* DNP

» Specified extrafields

bom csv_grouped_by_val ue outputs a CSV with two sections. The first section contains every
component in the design, with a single component on each line. The second section also contains
every component, but components are grouped by symbol name, value, footprint, and DNP (do not
populate). The columnsin the BOM are:

* Lineitem number

e Quantity

» Reference designator(s)

* Vaue

* Symboal library and symbol name

 Footprint

e Datasheet

* DNP

* Any other symbol fields

bom csv_grouped_by_val ue_wi t h_f p outputs a CSV with a single section containing every
component in the design. Components are grouped by value, footprint, and DNP (do not popul ate).
The columnsin the BOM are:

» Reference designator(s)

e Quantity

* Vdue
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Footprint

Symbol description
» Vendor
* DNP
Additional generator scripts are installed with KiCad but are not populated in the generator script

list by default. The location of these scripts depends on the operating system and may vary based on
installation location.

Operating System L ocation

Windows C:\ Program Fi | es\ Ki Cad\ 9. 0\ bi n\ scri pti ng\ pl ugi ns\

Linux [ usr/ share/ ki cad/ pl ugi ns/

macOS / Appl i cati ons/ Ki Cad/ Ki Cad. app/ Cont ent s/ Shar edSupport/
pl ugi ns/

Additional scripts can be added to the list of BOM generator scripts by clicking the
button. Scripts can be removed by clicking the
button. The

button opens the selected script in atext editor.

For more information on creating and using custom BOM generators, see the advanced
documentation.

7.3.4. BOM export from PCB editor

The PCB Editor can export aBOM through File _ Fabrication Outputs _, BOM.... This method
provides no control over the output format and does not include al symbol information, but is useful
for PCB-only workflows that do not involve a schematic. In general, it is recommended to use the
schematic editor’'s BOM export tool instead.

7.4. Generating a Netlist

A netlist is afile which describes electrical connections between symbol pins. These connections are
referred to as nets. Netlist files contain:

* A list of symbolsand their pins.
» A list of connections (nets) between symbol pins.

Many different netlist formats exist. Sometimes the symbolslist and the list of nets are two separate
files. This netlist is fundamental in the use of schematic capture software, because the netlist is the
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link with other electronic CAD software, such as PCB layout software, simulators, and programmable
logic compilers.

KiCad supports severa netlist formats:

KiCad format, which can be imported by the KiCad PCB Editor. However, the "Update PCB from
Schematic" tool should be used instead of importing a KiCad netlist into the PCB editor.

OrCAD PCB2 format, for designing PCBs with OrCAD.
Allegro format, for designing PCBs with Allegro.
PADS format, for designing PCBs with PADS.
CADSTAR format, for designing PCBs with CADSTAR.
Spice format, for use with various external circuit simulators.
Uwaga
In KiCad version 5.0 and later, it is not necessary to create a netlist for transferring a design

from the schematic editor to the PCB editor. Instead, use the "Update PCB from Schematic"
tool.

Uwaga
Other software tools that use netlists may have restrictions on spaces and special charactersin

component names, pins, nets, and other fields. For compatibility, be aware of such restrictions
in other tools you plan to use, and name components, nets, etc. accordingly.

7.4.1. Format listy sieci

Netlists are exported with the Export Netlist dialog (File _ Export _ Netlist...).
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—E:' b 4 Export Netlist I
KiCad OrcadPCB2 Allegro PADS CadStar SPICE SPICE Model

Export netlist in KiCad format

Output Messages

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

Add Exporter.. Close Export Netlist

KiCad supports exporting netlistsin several formats. KiCad, OrcadPCB2, Allegro, PADS,
CADSTAR, Spice, and Spice Model. Each format can be selected by selecting the corresponding tab
at the top of the window. Some netlist formats have additional options.

Clicking the Export Netlist button prompts for a netlist filename and saves the netlist.

Uwaga

Netlist generation can take up to several minutes for large schematics.
Custom generators for other netlist formats can be added by clicking the Add Generator ... button.
Custom generators are external tools that are called by KiCad, for example Python scriptsor XSLT

stylesheets. For more information on custom netlist generators, see the section on adding custom
netlist generators.
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Spice Netlist Format

Pcbnew | OrcadPCB2 | CadStar Spice

Lista sieci

Opcje:

Anuluj
[] Format domyzlny Uruchom symulator

[ | Przedrostek odnognika ‘Ui '1IC' z "X’ Dodaj wtyczke

Polecenie symulatora: Usun wtyczke

[ Uzyj domyélnej nazwy sieci

Domyslina nazwa pliku listy sieci:

video.cir

The Spice netlist format offers several options.

* When the use current sheet asroot is selected, only the current sheet is exported to a subcircuit
model. Otherwise, the entire schematic sheet is exported.

» The Save all voltages option addsa. save al | command to the netlist, which causes the simulator
to save all node voltages.

» The Saveall currentsoption addsa. probe al li command to the netlist, which causes the
simulator save all node currents.

» The Save all power dissipations adds. pr obe commands to save the power dissipation in each
component.

» The Save all digital event data removesthe esave none command from the netlist, which causes
digital event datato be saved. Digital event data may consume alot of memory.

Uwaga
Exact behavior may vary between simulation tools.

Passive symbol values are automatically adjusted to be compatible with various Spice simulators.
Specificaly:

» &#956; and Mas unit prefixes are replaced with u and Meg, respectively
» Unitsareremoved (e.g. 4. 7k&#8486; ischanged to 4. 7k)
» Vauesin RKM format are rewritten to be Spice-compatible (e.g. 4u7 ischanged to 4. 7u)

The Spice netlist exporter also provides an easy way to simulate the generated netlist with an external
simulator. This can be useful for running a simulation without using KiCad’ s internal ngspice
simulator, or for running an ngspice simulation with options that are not supported by KiCad's
simulator tool.
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Enter the path to the external simulator in the text box, with % representing the generated netlist.
Check therun external simulator command box to generate the netlist and automatically run the
simulator.

Uwaga

The default simulator command (spi ce "% ") must be adjusted to point to a simulator
installed on your system.

Spice simulators expect simulation commands (. PROBE, . AC, . TRAN, etc.) to be included in the netlist.
Any text line included in the schematic diagram starting with a period (. ) will beincluded in the
netlist. If atext object contains multiple lines, only the lines beginning with a period will be included.

.i ncl ude directivesfor including model library files are automatically added to the netlist based on
the Spice model settings for the symbols in the schematic.

Spice Model Netlist Format

;}; # Export Netlist v X
KiCad OrcadPCB2 Allegro PADS CadStar SPICE SPICE Model

Export netlist as a SPICE .subckt model

| Use current sheet as root

Output Messages

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

Add Exporter... Close Export Metlist

KiCad can aso export anetlist of the schematic as a Spice subcircuit model, which can be included in
a separate Spice simulation. Any hierarchical labelsin the schematic are used as pins for the subcircuit
model. Each pin in the model is annotated with a comment describing the pin’s electrical direction:
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* Input hierarchical labels are mapped to ani nput annotation

» Qut put hierarchical labels are mapped to an out put annotation

* Bidirectional hierarchical labelsare mapped to ani nout annotation
e Tri-state hierarchical labels are mapped to at ri st at e annotation

* Passi ve hierarchical labels are mapped to apassi ve annotation

When the use current sheet asroot is selected, only the current sheet is exported to a subcircuit
model. Otherwise, the entire schematic sheet is exported.

7.4.2. Przyk#ady list sieci

Below isthe schematic from the sal | en_key project included in KiCad' s simulation demos.

GND

PWR_FLAG VDD
100n j_: ol

—

R1 Rz ©2 HJJ (A V2
1k 1k g 3 10
— e N ﬁi“jr *
= 5 lowpass
2 |
—= —
- = AD8O51 .
ANV i ﬂ PWR_FLAGGND (- T\' 3o
\ | Jac1 ﬁh 5 \;/Dbh
™ 11 V35S
I o= O
~ PWR_FLAG VSS
GND

.ac dec 10 1 1Meg

The KiCad format netlist for this schematic is as follows:

(export (version "E")
(desi gn
(source "/usr/share/ ki cad/ denps/ si nmul ati on/ sal | en_key/ sal | en_key. ki cad_sch")
(date "Sun 01 May 2022 03:14: 05 PM EDT")
(tool "Eeschema (6.0.4)")
(sheet (nunmber "1") (nane "/") (tstanps "/")
(title_ bl ock

(title)

(conpany)

(rev)

(date)

(source "sal |l en_key. ki cad_sch")
(coment (nunber "1") (value ""))
(coment (nunber "2") (value ""))
(coment (nunber "3") (value ""))
(coment (nunber "4") (value ""))
(coment (nunber "5") (value ""))
(coment (nunber "6") (value ""))
(coment (nunber "7") (value ""))
(coment (nunber "8") (value ""))
(coment (nunber "9") (value "")))))

(component s
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(comp (ref "C1")
(val ue "100n")
(l'i bsource (lib "sallen_key schlib") (part "C') (description ""))
(property (nane "Sheetname") (value ""))
(property (nane "Sheetfile") (value "sallen_key. kicad_sch"))
(sheetpath (names "/") (tstanps "/"))
(tstanmps "00000000- 0000- 0000- 0000- 00005789077d"))
(comp (ref "C2")
(val ue "100n")
(fields
(field (nane "Fiel dnane") "Val ue")
(field (nane "Spi ceMapping") "1 2")
(field (nane "Spice Primtive") "C"))
(l'i bsource (lib "sallen_key schlib") (part "C') (description ""))
(property (nanme "Fiel dname") (value "Val ue"))
(property (nane "Spice Primtive") (value "C"))
(property (nanme "Spi ceMappi ng"”) (value "1 2"))
(property (nane "Sheetname") (value ""))
(property (nanme "Sheetfile") (value "sallen_key. kicad_sch"))
(sheetpath (names "/") (tstanps "/"))
(tstanmps "00000000- 0000- 0000- 0000- 00005789085b") )
(comp (ref "R1")
(val ue "1k")
(fields
(field (nane "Fiel dnane") "Val ue")
(field (nane "Spi ceMapping") "1 2")
(field (nane "Spice Primtive") "R"))
(l'i bsource (lib "sallen_key schlib") (part "R') (description ""))
(property (nanme "Fiel dname") (value "Val ue"))
(property (nane "Spi ceMapping") (value "1 2"))
(property (nane "Spice Primtive") (value "R'))
(property (nane "Sheetname") (value ""))
(property (nane "Sheetfile") (value "sallen_key. kicad_sch"))
(sheetpath (names "/") (tstanps "/"))
(tstanmps "00000000- 0000- 0000- 0000- 0000578906ff "))
(comp (ref "R2")
(val ue "1k")
(fields
(field (nane "Fiel dnane") "Val ue")
(field (nane " Spi ceMapping") "1 2")
(field (nane "Spice Primtive") "R"))
(l'i bsource (lib "sallen_key schlib") (part "R') (description ""))
(property (nanme "Fiel dname") (value "Val ue"))
(property (nane "Spi ceMappi ng"”) (value "1 2"))
(property (nane "Spice Primtive") (value "R'))
(property (nane "Sheetname") (value ""))
(property (nane "Sheetfile") (value "sallen_key. kicad_sch"))
(sheetpath (names "/") (tstanps "/"))
(tstanmps "00000000- 0000- 0000- 0000- 000057890691"))
(comp (ref "UL")
(val ue "ADB051")
(fields
(field (nane "Spice Lib_File") "ad8051.1ib")
(field (nane "Spice_Mdel ") "AD3051")
(field (nane "Spice_Netlist Enabled") "Y")
(field (nane "Spice Primtive") "X"))
(l'i bsource (lib "sallen_key schlib") (part "Generic_Opanmp") (description ""))
(property (nane "Spice Primtive") (value "X"))
(property (nane "Spice Mdel ") (val ue "AD8051"))
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(comp (ref

(comp (ref

(comp (ref

(property (nane
(property (nane
(property (nane
(property (nane

"Spice Lib File") (value "ad8051.1ib"))
"Spice Netlist Enabled") (value "Y"))

" Sheet name") (value ""))

"Sheetfile") (value "sallen_key. kicad sch"))

(sheetpath (names "/") (tstanps "/"))
(tstanmps "00000000- 0000- 0000- 0000- 00005788f f9f "))

"V1")
(value "AC 1")
(l'i bsource (lib
(property (nane
(property (nane

"sal |l en_key schlib") (part
" Sheet name") (value ""))
"Sheetfile") (value "sallen_key. kicad _sch"))

(sheetpath (names "/") (tstanps "/"))
(tstanmps "00000000- 0000- 0000- 0000- 000057336052"))

"V2")
(val ue "DC 10")
(fields

(field (nane "Fiel dnanme")
(field (nane " Spi ce_Node_Sequence")
(field (nane "Spice Primtive")
"sal |l en_key _schlib") (part
"Fi el dname") (val ue "Val ue"))

"Spice Primtive") (value "V"))

"Spi ce_Node_Sequence") (value "1 2"))

" Sheet name") (value ""))

"Sheetfile") (value "sallen_key. kicad sch"))

(l'i bsource (lib
(property (nane
(property (nane
(property (nane
(property (nane
(property (nane

"Val ue")
"1 2")
V')

(sheetpath (names "/") (tstanps "/"))
(tstanmps "00000000- 0000- 0000- 0000- 0000578900ba"))

"V3")
(val ue "DC 10")
(fields

(field (nane "Fiel dnanme")
(field (nane " Spi ce_Node_Sequence")
(field (nane "Spice Primtive")
"sal |l en_key _schlib") (part
"Fi el dname") (val ue "Val ue"))

"Spice Primtive") (value "V"))

"Spi ce_Node_Sequence") (value "1 2"))

" Sheet name") (value ""))

"Sheetfile") (value "sallen_key. kicad _sch"))

(l'i bsource (lib
(property (nane
(property (nane
(property (nane
(property (nane
(property (nane

"Val ue")
"1 2")
V')

(sheetpath (names "/") (tstanps "/"))
(tstanmps "00000000- 0000- 0000- 0000- 000057890232")))

(l'ibparts
(1ibpart

(footprints
(fp "C>")

(fp "C 22722 *")

(fp "C_??2?27?2")
(fp "SMD*_c")

(lib "sallen_key schlib") (part

o)

(fp "Capacitor*"))

(fields

(field (nane "Reference")
(field (nane "Val ue")

(pins

-
"))

(pin (num"1") (nane "") (type "passive"))

(pin (num*"2") (nanme "")
(1ibpart

(fields

(field (nane "Reference")
(field (nane "Val ue")

(lib "sallen_key schlib") (part

(type "passive"))))
"Ceneric_QOpanp")
o

"Ceneric_Qpanp"))

"VSOURCE") (description ""

"VSOURCE") (description ""

"VSOURCE") (description ""

))

))

))
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(pins
(pin (num"1") (nane "+") (type "input"))
(pin (num"2") (nane "-") (type "input"))
(pin (num"3") (nane "V+") (type "power_in"))
(pin (num"4") (nane "V-") (type "power_in"))
(pin (num*"5") (nanme "") (type "output”))))
(libpart (lib "sallen_key schlib") (part "R")
(footprints
(fp "R*")
(fp "Resistor_*"))
(fields

(field (nane "Reference") "R')
(field (nane "Value") "R"))
(pins
(pin (num"1") (nane "") (type "passive"))
(pin (num"2") (nane "") (type "passive"))))

(libpart (lib "sallen_key schlib") (part "VSOURCE")

(fields

(field (nane "Reference") "V')

(field (nane "Val ue") "VSOURCE")

(field (nane "Fiel dnane") "Val ue")

(field (nane "Spice Primtive") "V')

(field (nane "Spi ce_Node_Sequence") "1 2"))
(pins

(pin (num"1") (nane "") (type "input"))

(pin (num*"2") (name "") (type "input”)))))

(libraries
(library (logical "sallen_key schlib")
(uri "/usr/sharel/kicad/ denmps/sinul ati on/sal | en_key/sal |l en_key_schlib. ki cad_syni')))
(nets
(net (code "1") (name "/I| owpass")
(node (ref "Cl1") (pin "1") (pintype "passive"))
(node (ref "UL") (pin "2") (pinfunction "-") (pintype "input"))
(node (ref "ULl") (pin "5") (pintype "output")))

(net (code "2") (name "GN\D")
(node (ref "C2") (pin "2"
(node (ref "V1") (pin "2"
(node (ref "V2") (pin "2"
(node (ref "V3") (pin "1") (pintype "input")))

(net (code "3") (name "Net-(Cl-Pad2)")

) (pintype "passive"))

)

)

(
(node (ref "Cl1") (pin "2") (pintype "passive

)

)

(

)

)

(pintype "input"))
(pintype "input"))

")
(node (ref "R1") (pin "1") (pintype "passive")
(node (ref "R2") (pin "2") (pintype "passive")
(net (code "4") (name "Net-
(node (ref "C2") (pin "1") (pintype "passive"))
(node (ref "R2") (pin "1") (pintype "passive"))
(node (ref "UL") (pin "1") (pinfunction "+") (pi
(net (code "5") (name "Net-(RLl-Pad2)")
(node (ref "R1") (pin "2") (pintype "passive"))
(node (ref "V1") (pin "1") (pintype "input")))
(net (code "6") (name "VDD")
(node (ref "ULl") (pin "3") (pinfunction "V+") (pintype "power _in"))
(node (ref "V2") (pin "1") (pintype "input")))
(net (code "7") (name "VSS")
(node (ref "ULl") (pin "4") (pinfunction "V-") (pintype "power _in"))
(node (ref "V3") (pin "2") (pintype "input")))))

~— — —

)
C2- Pad1)")

ntype "input")))

In Spice format, the netlist is as follows:
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.title KiCad schematic

.include "ad8051.1ib"

XUl Net-_C2-Padl_ /| owpass VDD VSS /| owpass AD3051
C2 Net-_ C2-Padl_ GN\D 100n

Cl /| owpass Net-_ Cl-Pad2_ 100n

R2 Net-_ C2-Padl_ Net-_ Cl-Pad2_ 1k
Rl Net-_ Cl-Pad2_ Net-_ R1-Pad2_ 1k
V1 Net-_ Rl1-Pad2_ G\D AC 1

V2 VDD GND DC 10

V3 GND VSS DC 10

.ac dec 10 1 1Meg

.end
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Rozdzia# 8. Symbols and Symbol
Libraries

KiCad organizes symbolsinto symbol libraries, which hold collections of symbols. Each symbol in a
schematic is uniquely identified by afull name that is composed of alibrary nickname and a symbol
name. For example, the identifier Audi o: AD1853 refersto the AD1853 symbol in the Audi o library.

8.1. Managing symbol libraries

KiCad uses atable of symbol librariesto map a symbol library nickname to an underlying symbol
library on disk. Kicad uses aglobal symbol library table as well as atable specific to each project. To
edit either symbol library table, use Preferences | Manage Symbol Libraries....

Biblioteki symboli O X
Tabele bibliotek wedtug zasiegu

Biblioteki globalne | Biblioteki wiasne projektu
Plilkz C:\Users\kerusey\AppData\Roaming'kicad\sym-lib-table

~

Aktywna Mazwa skrétowa Sciezka do biblioteki Typ wtyczki Opcje

1 ${KICAD_SYMBOL_DIR}/4occlib Legacy | |doxseries symbols _|

2 oo |EEE SIKICAD_SYMBOL_DIR}/4:ccc_IEEE.lib Legacy dicoe series |EEE symbol

3 Tdx G SIKICAD_SYMBOL_DIR}/ 7dxGeelib Legacy 742G symbols

4 Tdbsox SIKICAD_SYMBOL_DIR} 7w lib Legacy T4 symbols

5 Tdwx_|EEE YEICAD_SYMBOL_DIR}/74:0¢_IEEE.lib Legacy Tdx series IEEE symbol

6 Arplifier_Audio SIKICAD_SYMBOL_DIR} Amplifier_Audic.lib Legacy Arnplifier for audio apy

7 Arplifier_Buffer SIKICAD_SYMBOL_DIR} Amplifier_Buffer.lib Legacy Buffer amplifiers

8 Arnplifier_Current SKICAD_SYMBOL_DIR} Amplifier_Current.lib Legacy Arnplifiers for current <

9 Arplifier_Difference SKICAD_SYMBOL_DIR} Amplifier_Difference.lib Legacy Arnplifiers for analeg d

10 Amplifier_Operational S{KICAD_SYMBOL_DIR}/ Amplifier_Operaticnal.lib Legacy General operational arr

11 Amplifier_Instrumentation SKICAD_SYMBOL_DIR} Amplifier_Instrumentation.lib Legacy Instrumentation amplif

12 Amplifier_Video SEICAD_SYMBOL_DIR} Amplifier_Video.lib Legacy Video amplifiers

13 Analog S{KICAD_SYMEOL_DIR}/Analog.lib Legacy Miscellaneous analog

14 Analog_ADC SKICAD_SYMBOL_DIR} Analog_ADC.lik Legacy Analog to digital conw

15 Analog_DAC SKICAD_SYMBOL_DIR} Analog_DAC.lik Legacy Digital to analog conve
£ >

Przegladaj biblicteki... Dotacz biblioteke Usun biblioteke Przesuri w gére Przesun w dot

Odpowiedniki sciezek:

Zmienna Srodowiskowa Sciezka
1 |KICAD_SYMBOL_DIR Ci\KiCadSshare\kicad\library
2 |KIPRIMOD C\KiCadS\share\kicad\demes\pic_programmer

oK Anuluj

The global symbol library table containsthe list of libraries that are always available regardless of
the currently loaded project. Thetableis saved in thefilesym 1i b-t abl e in the KiCad configuration
folder. The location of this folder depends on the operating system being used.

The project specific symbol library table contains the list of libraries that are available specifically for
the currently loaded project. If there are any project-specific symbol libraries, the tableis saved in the
filesym1i b-t abl e in the project folder.

KiCad's symbol library management system allows directly using many types of symbol libraries,
including formats that are native to other non-KiCad EDA tools:
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» KiCad symbol libraries (. ki cad_symfiles)

» KiCad Legacy symbol libraries(. 1i b files)

 Altium Designer libraries (. SchLi b or . I nt Li b files)

* CADSTAR Schematic Archive libraries (. 1'i b files)

» KiCad database library configuration files (. ki cad_dbl files)

» Eaglelibraries (. xn files)

» EasyEDA (JLCEDA) Standard Edition libraries (. j son files)

» EasyEDA (JLCEDA) Professional Edition libraries(. el i bz, . epro, or . zi p files)
» KiCad HTTP library configuration files (. ki cad_ht t pl i b files)

Non-KiCad symbol libraries, including KiCad Legacy symbol libraries, can be migrated to KiCad
. ki cad_symformat using the Migrate Libraries button (see the migrating libraries section).

Uwaga

KiCad only supports writing to KiCad' s native . ki cad_symformat symbol libraries. All other
symbol library formats are read-only. To modify a non-KiCad format symbol library, you must
first convert it to KiCad format.

8.1.1. Konfiguracja pocz#tkowa

Thefirst time the KiCad Schematic Editor is run and the global symbol tablefilesym i b-t abl e
isnot found in the KiCad configuration folder, KiCad will guide the user through setting up a new
symbol library table. This process is described above. Y ou can re-run this process at any time by
clicking the Reset Libraries.

Ostr zet#tenie

Resetting your symbol library table will permanently change your symbol library table on
disk.

8.1.2. Managing Table Entries

Symbol libraries can only be used if they have been added to either the global or project-specific
symbol 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.
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The
and

buttons move the selected library up and down in the library table. This does not affect the display
order of librariesin the Symbol Editor or Symbol Chooser.

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.

A range of libraries can be selected by clicking the first library in the range and then kbd:[ Shift]-
clicking thelast 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 name in 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 symbol names because it is used as a separator between
nicknames and symbols.

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 (. ki cad_sym) can be saved. Other
symbol 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 symbol 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 symbol 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 symbol library tables allows libraries to be rel ocated without breaking the
symbol 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 as the old variable
is not explicitly defined itself. For example, ${ KI CAD8_SYMBOL_DI R\ } will automatically
resolve to the value of ${ KI CAD9_SYMBOL_DI R\ } if thereisno KI CAD8_SYMBOL_DI Rvariable
defined.
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${ 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. Zakres stosowania

Symbol libraries can be defined either globally or specifically to the currently loaded project. Symbol
libraries defined in the user’ s global table are aways available and are stored inthe sym 1 i b-t abl e
filein the user’s KiCad configuration folder. The project-specific symbol library tableis active only
for the currently open project file.

Ka#da z tych metod ma swoje wady i zalety. Zdefiniowanie wszystkich bibliotek w tabeli globalnej
oznacza, #e b#d# one zawsze dost#pne w razie potrzeby. Wad# tego rozwi#zaniajest to, #e czasich
#adowania znacznie wzro#nie.

Definiowanie wszystkich bibliotek symboli w ustawieniach konkretnego projektu oznacza, #e
#adowane s# tylko biblioteki wymagane dla projektu co zmnigjszaich czas #adowania. Wad# jest to,
#e zawsze naletty pami#ta# o skonfigurowaniu wymaganych bibliotek dla ka#dego projektu.

Jednym ze sposobdéw u#ycia mog#oby by# zdefiniowanie powszechnie u#ywanych bibliotek
globalnie, a bibliotek wymaganych tylko dla projektu w tabelach bibliotek specyficznych dla projektu.
Nie pod tym wzgl#dem #adnych ograniczet.

8.1.5. Migrating symbol libraries to KiCad format

Non-KiCad format libraries, including legacy libraries (. 1i b files), are read-only. They need to be
converted to KiCad format (. ki cad_symfiles) 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 symbol 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 Symbol Editor and saving them
asanew library.

8.1.6. Remapowanie projektow z poprzednich
wersji

When loading a schematic created prior to the symbol library table implementation, KiCad will
attempt to remap the symbol library links in the schematic to the appropriate library table symbols.
The success of this process is dependent on several factors:
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 oryginane biblioteki u#yte w schemacie s# nadal dost#pnei niezmienione od momentu dodania
symbolu do schematu.

» wszystkie operacje ratunkowe zosta#ty wykonane po wykryciu potrzeby utworzenia biblioteki
ratunkowsy lub aktualizacji istniej#cej biblioteki ratunkowey.

* integralno## symboli bibliotecznych w pami#ci podr#czne) projektu nie zosta#a naruszona.
Ostrzettenie

Remapowani e spowoduje utworzenie kopii zapasowe] wszystkich plikdw, ktdre zostatty
Zmienione podczas ponownego mapowaniaw folderze r escue- backup w folderze projektu.
Zawsze nalefty utworzy# kopie zapasowe projektu przed zmian# przypisa# nawypadek gdyby
CO# posz#o nie tak.

Ostr zettenie

Operacja odzyskiwania jest wykonywana nawet jefli zostatta wy##czona, aby zabezpieczy#
poprawno## symboli do procesu ponownego mapowania. Nie powinno si# anulowat# tej
operacji, inaczej ponowne mapowanie si# nie powiedzie. Wszelkie uszkodzone ##cza
symboliczne musz# wtedy zosta# naprawione r#cznie.

Uwaga

If the original libraries have been removed and the rescue was not performed, the cache library
can be used as arecovery library as alast resort. Copy the cache library to a new file name
and add the new library file to the top of the library list using a version of KiCad prior to the
symbol library table implementation.

8.2. Creating and editing symbols

A symbol is a schematic representation of a component. A symbol is composed of:
» Graphical items (lines, circles, arcs, text, etc.) that determine how symbol looks in a schematic.

* Pins, which have both graphic properties (line, clock, inverted, low level active, etc.) and electrical
properties (input, output, bidirectional, etc.) used by the Electrical Rules Check (ERC) tool.

» Fields, such asreferences, values, corresponding footprint names for PCB design, etc.

A symbol library is composed of one or more symbols. Generally the symbols are logically grouped
by function, type, and/or manufacturer. Each symbol library isasingle file with the . ki cad_sym
extension.

Symbols can be derived from another symbol in the same library. Derived symbols share the base
symbol’ s graphical shape and pin definitions, but can override the base symbol’ s property fields
(value, footprint, footprint filters, datasheet, description, etc.). Derived symbols can be used to define
symbols that are similar to a base part. For example, 74L S00, 74HCO00, and 7437 symbols could all
be derived from a 7400 symbol. In previous versions of KiCad, derived symbols were referred to as
aliases.
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8.2.1. Symbol Editor overview

KiCad provides a symbol editing tool that allows you to create libraries; add, edit, delete, or transfer
symbols between libraries; export symbols to files; and import symbols from files. The Symbol Editor
can be launched from the KiCad Project Manager or from the Schematic Editor (Tools _ Symbol
Editor). You can also open the Symbol Editor from the a symbol in the schematic; in this way you
can edit either the library copy or the schematic copy of that symbol in the editor.

Uwaga

Editing the library version of a symbol will not affect any copies of that symbol that have been
added to a schematic until the schematic copy is updated from the library. Conversely, editing
the schematic version of a symbol will not affect the library version of a symbol or any other
copies of that symbol in a schematic.

In general, the flow for designing a symbol involves:

Zdefiniowanie ogdlnych w#atciwotci: czy posiada wiele cz##ci sk#adowych.
» Defining if the symbol has an alternate body style (also known as a De Morgan representation).

* Projektowanie wygl#du (z wyj#tkiem pindw) z u#yciem linii, prostok#tow, okr#gdw, wiel ok#tow i
tekstéw.

» Adding pins by carefully defining each pin’s graphical elements, name, number, and el ectrical
property (input, output, tri-state, power output, etc.).

» Determining if the symbol should be derived from another symbol with the same graphical design
and pin definition.

» Dodanie pdl w razie potrzeby (jest to opcjonalne, nazwa modu#u jest wykorzystywany przez
oprogramowanie PCB) i/lub okre#lenie ich widoczno#ci.

» Dokumentowanie sk#adnika np. poprzez dodanie st#dw kluczowych i adresu dokumentacji w sieci
[ub nalokanym no#niku.

» Zapisanie go do wybrangj biblioteki.

The Symbol Editor main window is shown below. It has three toolbars for quick access to common
features and a symbol viewing/editing canvas. Not all 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 symbol tree, Properties Manager, and
selection filter on the left. The bottom of the window contains a message panel that shows details
about the selected object.
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Top toolbar

The main toolbar is at the top of the main window. It has buttons for the undo/redo commands, zoom
commands, symbol properties dialogs, and unit/representation management controls.

Create anew symbol in the selected library.

Save the currently selected library. All modified symbolsin the library will be
saved.

Undo last edit.

Redo last undo.

0

e
"

Refresh display.

Zoomin.

Zoom out.

Zoom to fit symbol in display.

Zoom to fit selection.

Rotate counter-clockwise.

Rotate clockwise.

Mirror horizontally.

\EN2ZIGIeIolck

Mirror vertically.

Edit the current symbol’ s properties.

Edit the symbol’s pinsin atabular interface.

Open the symbol’ s datasheet, if it is defined.

Run the symbol checker to test the current symbol for design errors.

|I:IEE
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Select the normal body style. The button isdisabled if the current symbol does
not have an aternate body style.

Select the alternate body style. The button is disabled if the current symbol does
not have an aternate body style.

Unit A v | Select the unit of a multi-unit symbol to display. The drop down control will be
disabled if the current symbol does not have multiple units.
QF:'.’; Enable synchronized pin edit mode. When this mode is enabled, any pin

modifications are propagated to all other symbol units. Pin number changes are
not propagated. This mode is automatically enabled for symbols with multiple
interchangeabl e units and cannot be enabled for symbols with only one unit.

Insert current symbol into the schematic.

Left toolbar display controls

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

Toggle grid visibility on and off.

Toggle item-specific grid overrides on and off.

Set unitsto inches, mils (0.001 inch), or millimeters.

Toggle full screen cursor on and off.

Toggle display of pin electrical types.

R
ro?
b3

Toggle display of hidden (invisible) pins.

Toggle display of hidden (invisible) fields.

Toggle display of library and symbol tree.

X

Toggle display of Properties Manager panel.

Right toolbar tools

Placement and drawing tools are located in the right toolbar.

Select tool. Right-clicking with the select tool opens the context menu for the object under
the cursor. Left-clicking with the select tool displays the attributes of the object under the
cursor in the message panel at the bottom of the main window. Double-left-clicking with
the select tool will open the properties dialog for the object under the cursor.

A
OoF

Pintool. Left-click to add anew pin.

Graphical text tool. Left-click to add a new graphical text item.

Graphical textbox tool. Left-click to add a new graphical textbox item.

Rectangle tool. Left-click to begin drawing the first corner of a graphical rectangle. Left-
click again to place the opposite corner of the rectangle.
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Circle tool. Left-click to begin drawing a new graphical circle from the center. Left-click
again to define the radius of the circle.

Arc tool. Left-click to begin drawing a new graphical arc item from the first arc end point.
L eft-click again to define the second arc end point. Adjust the radius by dragging the arc
center point.

TJ- Bezier curvetool. Left-click to begin drawing anew graphical bezier curveitem. First
click for the start point, then for the control points and the end point. Adjust the curve by
dragging the points.

Connected line tool. Left-click to begin drawing a new graphical line item in the current
symbol. Left-click for each additional connected line. Double-l€eft-click to complete the
line.

Connected line tool. Left-click to begin drawing a new graphical line item in the current
symbol. Left-click for each additional connected line. Double-left-click to complete the
line.

(0 Anchor tool. Left-click to set the anchor position of the symbol.

b Delete tool. Left-click to delete an object from the current symbol.

8.2.2. Browsing, modifying, and saving symbols

The

button displays or hides the list of available libraries, which allows you to select an active library.
When anew symbol is created, it will be placed in the active library.

Clicking on a symbol name opens that symbol in the editor, and hovering the cursor over the name of
asymbol displays a preview of the symbol.

Uwaga

Some symbols are derived from other symbols. Derived symbol names are displayed in italics
in the treeview. If aderived symbol is opened, its symbol graphics will not be editable. Its
symbol fields will be editable as normal. To edit the graphics of abase symbol and all of its
derived symbols, open the base symbol.

After modification, a symbol can be saved in the current library or adifferent library. To save the
modified symbol in the current library, click the

icon.
Uwaga
Saving amodified symbol also saves all other modified symbols in the same library.

To save the symbol changes to anew symbol, click File _, SaveAs.... The symbol can be saved in
the current library or adifferent library (including anew library), and a new name can be set for the
symbol. Alternatively, you can use File _ Save Copy As..., which behaves the same as Save As
except that the original symbol remains open rather than switching to the new symbol.
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To create anew file containing only the current symbol, click File _ Export _ Symbol.... This
filewill be a standard symbol library file which will contain only one symbol. The library will not be
added to your library table.

The editor can also open symbols from the schematic. To edit a symbol from the schematic, right click
asymbol in the Schematic Editor and select Open in Schematic Editor (kbd:[Ctrl+E]).

Editing and saving the schematic copy of a symbol will only update that symbol in the schematic; it
will not update other copies of that symbol in the schematic, and it will not change the original library
copy of the symbol. When you open the schematic copy of a symbol, the Schematic Editor displays an
info bar that warns you the library copy will not be modified. Y ou can click the link in thisinfo bar to
open the library version of the symbol instead, or press kbd:[Ctrl+Shift+E].

8.2.3. Creating a new symbol library

Y ou can create a new symbol library by clicking File _ New Library.... At this point you must
choose whether the new library should be added to the global symbol library table or the project
symbol 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.

> 2 Add To Library Table v ~ X

Choose the Library Table to add the library to:

Project

& Cancel « 0K

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 symbol

o create anew symbol in the current symbol library, click the
*
button. Y ou will be asked for anumber of symbol properties.

* A symbol name

» An optional base symbol to derive the new symbol from. The new symbol will use the base
symbol’ s graphical shape and pin configuration, but other symbol information can be modified in
the derived symbol. The base symbol must be in the same library as the new derived symbol.

» Thereference designator prefix (U, C, R...).

» The number of units per package, and whether those units are interchangeabl e (for example a 7400
guad NAND symbol could have 4 units, one for each gate).
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* If an alternate body style (sometimes referred to as a"De Morgan equivalent™) is desired.

* Whether the symbol is a power symbol. Power symbols appear in the Add Power Symbol dialog
in the Schematic editor, make global net connections based on their value, cannot be assigned a
footprint, and are excluded from the PCB and bill of materials.

» Whether the symbol should be excluded from the bill of materials.

» Whether the symbol should be excluded from the PCB.

There are also severa graphical options.

» The offset between the end of each pin and its pin name.

* Whether the pin number and pin name should be displayed.

» Whether the pin names should be displayed alongside the pins or at the ends of the pinsinside the
symbol body.

These properties can also be changed later in the Symbol Properties window.
I:D- b 4 New Symbol v A X

Symbol name:
Derive from existing symbaol: i
Default reference designator: | U

Mumber of units per package: | 1 +

All units are interchangeable

Create symbol with alternate body style (De Morgan)
Create symbol as power symbol

Exclude from schematic bill of materials

Exclude from board

Pin name position offset: | 0.508 lyy!

| Show pin number text
+| Show pin name text

| Pin name inside

S Cancel " OK

Nowy symbol b#dzie utworzony z u#yciem powy#szych w#a#ciwo#ci | pojawi si# w oknie
edycyjnym jak pokazano poni#e.
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The blue crossin the center is the symbol anchor, which specifies the symbol origini.e. the
coordinates (0, 0). The anchor can be repositioned by selecting the

*oa)

button and clicking on the new desired anchor position.

8.2.5. Editing Symbol Properties

Symbol properties are set when the symbol is created but they can be modified at any point. To
ihange the symbol properties, click on the
b

utton to show the Symbol Properties dialog. Y ou can also double click an empty spot in the editing
canvas.
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Wiasciweosc T4L5125

Opce Qpis  Aliasy  Filtr footprintdw
Gidwne:
[] Posiada alternatywny styl symbolu (DeMorgan).
Pokaz nurmer pinu
Pokaz nazwe pinu

Umiesd nazwe pinu wewnatrz

Liczba czesci sktadowych (maks. dostepne 64)  Przesuniecie pozycji tekstu w opisie pinu:

s

|4 |: |1D =

[ Utwérz symbol jako symbol zasilania

[ ] Czesci sktadowych nie mozna zamieniad

oK Anuluj

It isimportant to set the number of units and check all units are interchangeable and has alter nate
body style, as applicable, because these settings affect how pins and graphics are added to each
symbol unit.

If you change the number of units per package after adding the pinsto the symbol, you will need to do
extrawork to add pins and graphics for the additional units. The pins and graphics would have been
automatically added to each unit had these properties been correctly set initially. Nevertheless, it is
possible to modify these properties at any time.

The graphic options Show pin number and Show pin name define the visibility of the pin number
and pin name text. The option Place pin namesinside defines the pin name position relative to the
pin body. The pin names will be displayed inside the symbol outline if the option is checked. In this
case the Pin Name Position Offset property defines the shift of the text away from the body end of
the pin. A value from 0. 02 to 0. 05 inchesis usually reasonable.

The example below shows a symbol with the Place pin hame inside option unchecked. Notice the
position of the names and pin numbers.
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Symbol Name and Keywords

Symbol name isthe symbol’ s name in the library. Symbols are identified by a combination of the
library and symbol name.

In previous versions of KiCad, the symbol name was linked to the val ue field. Thislink isremoved in
KiCad 7.0 and later.

The keywor ds should contain additional terms related to the component. Keywords are primarily
used, in combination with the symbol name and the Descri pti on field, for searching for the symbol
in the Symbol Chooser and the Symbol Editor. Those three items are al so displayed when you select a
symbol in the Symbol Chooser.

8.2.6. Pola symboli

Symbols contain multiple fields, which are named values containing information related to the
symbol. Fields can be displayed on the schematic or hidden and only shown in the symbol’s
properties. Some fields have special meaning to KiCad: Ref er ence and Foot pri nt are both critical
for creating a PCB, for example. Other fields may contain information that is important for adesign
but is not interpreted by KiCad, like pricing or stock information for a part.

Any fields defined in alibrary symbol will be included in the symbol when it is added to a schematic.
Y ou can aso add new fields to symbols in the schematic. Whether they are in the library symbol or
not, these fields can then be edited on a per-symbol basis in the schematic. They are also transferred to
the symbol’ s corresponding footprint in the PCB.
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Uwaga

Symbol fields are different than graphic text. In addition to being named, fields can be moved
and edited in the schematic, while symbol text can only be edited in the symbol editor.

All library symbols are defined with five default fields: Ref er ence, Val ue, Foot pri nt, Dat asheet ,
and Descri pti on, which are added whenever a symbol is created. These default fields cannot be
deleted. Only the Ref er ence field is required to have a value: the contents of alibrary symbol’s

Ref er ence field is used as the reference designator prefix when the symbol is added to a schematic. In
the schematic, the symbol’ s Ref er ence field contains the entire reference designator.

The Foot pri nt field, if used, contains areference to afootprint for the symbol. The format is

L1 BNAVE: FOOTPRI NTNAME, where LI BNAME is the name of the footprint library in the footprint library
table (see the Footprint Library Table section in the PCB Editor manual) and FOOTPRI NTNAME is the
name of the footprint in the library LI BNAVE.

TheDescri pti on field can contain text describing the symbol such as the component function,
distinguishing features, and package options. Together with the symbol’s name and keywords, text in
thisfield is used when searching for symbolsin the Symbol Chooser or Symbol Editor. Before KiCad
version 8.0, this was a dedicated property (like the symbol name and keywords) rather than a symbol
field.

Symbols defined in libraries are typically defined with only these five default fields. Additional fields
such as vendor, part number, unit cost, etc. can be added to library symbols but generally thisis done
in the schematic editor so the additional fields can be added to every symbol in the schematic, not just
al symbols of onetype.

Uwaga

A convenient way to create additional empty symbol fieldsisto use define field name
templates. Field name templates define empty fields that are added to each symbol when it is
inserted into the schematic. Field name templates can be defined globally (for all schematics)
in the Schematic Editor Preferences, or they can be defined locally (specific to each project) in
the Schematic Setup dialog.

Uwaga

If you want to manage alarge amount of component datain symbol fields, consider using
database libraries.

To edit an existing symbol field, double-click the field, select it or hover and press kbd:[E], or right-
click on the field text and select Properties....

0 add new fields, delete optional fields, or edit existing fields, use the

icon on the main tool bar to open the Symbol Properties dialog. Fields can be arbitrarily named, but
names starting with ki _, e.g. ki _descri pti on, arereserved 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 desel ecting columns from the menu.
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8.2.7. Footprint Filters

The footprint filters tab is used to define which footprints are appropriate to use with the symbol. The
filters can be applied in the Footprint Assignment tool so that only appropriate footprints are displayed
for each symbol.

Multiple footprint filters can be defined. Footprints that match any of the filters will be displayed; if
no filters are defined, then all footprints will be displayed.

Filters can use wildcards: \ * matches any number of characters, including zero, and ? matches zero or
one characters. For example, sO C-* would match the SO C- 8_3. 9x4. 9nm P1. 27nmfootprint as well
as any other footprint beginning with SO ¢ . The filter SOT?23 matches SOT23 as well as SOT- 23.

Opcje | Opis Alias Filtr footprintow

Footprinty
14D1P300*
5014*

Doday
Usun

Usun wszystkie

8.2.8. Embedding files

External files can be embedded within a symbol. Embedding afile stores a copy of thefileinside

the symbol. The symbol can then refer to the embedded copy of the file instead of the external file,
which makes the symbol more portable asit doesn’t rely on an external file, although the symbol
library’ sfilesizeisincreased as aresult. In symbolsthisis especially useful for embedding datasheets
and SPICE models. Files embedded in a symbol are deduplicated when the symbol isadded to a
schematic: if afileisembedded in asymbol, and multiple instances of that symbol are added to the
schematic, only one copy of the file will be embedded, and all of the schematic instances will refer to
the same embedded file. Files embedded in a schematic cannot be referred to in the parent schematic.
File embedding is explained in more detail in the Schematic Setup documentation.
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j;’ g Library Symbaol Properties v oA X

General Footprint Filters Embedded Files

Filename Embedded Reference

sn74hc00. pdf kicad-embed://sn74hc00.pdf

] w Embed fonts Export...

Edit Simulation Model... ® Cancel + OK
Uwaga

Y ou can add a datasheet, or a SPICE model, to a symbol and embed it in one step. To do so,
browse for a datasheet (in the Symbol Properties dialog) or a SPICE model (in the SPICE
Model Editor) and enable the Embed File checkbox in the file browser while choosing afile.
This embeds the file and automatically uses the embedded reference as the file path instead of
the path to the external file.

8.2.9. Symbol Units and Alternate Body Styles

Symbols can have more than one unit per package, each with different graphics and pin
configurations. Thisis often used for logic gates, opamps, or other components that have multiple
subunits within one physical package. Symbols can also have up to two body styles, a standard
symbol and an alternate symbol often referred to asa " De Morgan equivalent".

For example, consider arelay with two switches, which can be designed as a symbol with one body
style and three different units: acoil, switch 1, and switch 2. Designing a symbol with multiple units
per package and/or aternate body stylesisvery flexible. A pin or abody symbol item can be common
to all units or specific to agiven unit or they can be common to both symbolic representation so are
specific to agiven symbol representation.

By default, pins are specific to aunit and body style. When a pin iscommon to all unitsor al body
styles, it only needsto be created once, no mattery how many units or body styles are used. This
isalso the case for the body style graphic shapes and text, which may be common to each unit, but
typically are specific to each body style.

To add additional unitsto a symbol, set the Number of Units property to the appropriate number in
the Symbol Properties dialog. By default, symbol unitsarenamed Unit A, Unit B, etc., but you can
set an arbitrary name for the current unit using Edit _, Set Unit Display Name....

Usethe
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Unit A o
unit selection dropdown to select the unit you wish to edit.

To add an aternate body style, set the Has alternate body style (De Morgan) property in the Symbol
Properties dialog.

If the symbol has an alternate body style defined, one body style must be selected for editing at atime.
To edit the normal representation, click the

icon. To edit the alternate representation, click on the
icon.
Uwaga

Synchronized Pins Edit M ode can be enabled by clicking the

°R

ico“‘n'fL In this mode, pin modifications are propagated between symbol units; changes made in
one unit will be reflected in the other units as well. When this mode is disabled, pin changes
made in one unit do not affect other units. This mode is enabled automatically when All units
are interchangeableis checked, but it can be disabled. The mode cannot be enabled when All
units are interchangeable is unchecked or when the symbol only has one unit.

Example of a Symbol With Multiple Noninterchangeable Units

For an example of a symbol with multiple units that are not interchangeable, consider arelay with 3
units per package: acoil, switch 1, and switch 2.

The three units are not all the same, so All units are inter changeable should be deselected in the
Symbol Properties dialog. Alternatively, this option could have been specified when the symbol was
initially created.
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Opcje | Opis | Alias | Filtr footprintéw

Gtowne

[ | Posiada alternatywny styl symbolu (DeMorgan).
Pokaz numer pinu

[ | Pokaz nazwe pinu

Umiesd nazwe pinu wewnatrz

Liczba czesci sktadowych Przesuniecie pozycji tekstu w opisie pinu
3 =l a0 =
=] =]

[ ] Utwérz symbol jako symbol zasilania

Czescl sktadowych nie mozna zamieniad

0y

ol
RELAY_2RT_3PARTS
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K?B 14

0o 16 _
RELAY 2RT 3PARTS

on| RELAY_2RT_IPARTS

Unit A does not have the same symbol and pin layout as Units B and C, so the units are not
interchangeable.

8.2.10. Symbol Graphics

Graphical elements create the visual representation of a symbol and contain no electrical connection
information. Y ou can draw new graphic shapes using the buttons on the right toolbar. The following
types of objects are available:
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e Lines(

) and polygons (

) defined by start and end points.
» Rectangles (

) defined by two diagonal corners.
» Circles(

) defined by the center and radius.

o Arcs(

) defined by the starting and ending point of the arc and its center.

» Graphical text (
) and textboxes (

), which is automatically oriented to be readable, even when the symbol is mirrored. Note that
graphic text items are not the same as symbol fields.

Each graphic item (line, arc, circle, etc.) can be defined as common to al units and/or body styles or
specific to a given unit and/or body style.

Element options can be quickly accessed by right-clicking on the element to display the context menu
for the selected element. Y ou can also double-left-click on an element to modify its properties, or edit
its properties using the Properties Manager panel.

Below isthe properties dialog for a polygon element.
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Glowne
Szerokoéé: 0,01| (mm):

Wspdtdzielenie
Wspalne dla wszystkich czesci w symbelu
[ | Wspélne dla wszystkich stylow (DeMorgan)

Styl wypetnienia
(@) Nie wypetniony

() Wypelnienie pierwszoplanowe

e
—
e

() Wypelnienie drugoplanowe

oK

G#Hownymi watciwo#ciami dla elementéw graficznych s#:

Border determines whether the the shape's outline should be drawn.

Width and color define the line width and color of the border. A border width of 0 usesthe
schematic’s default symbol line width. Style determines the line style of the border (solid, dashed,
dotted, etc.).

Fill Style determinesif the shape defined by the graphical element is to be drawn unfilled or filled.
Thefill color can be the color theme' s body outline color, body background color, or a custom
color.

Common to all unitsin symbol determinesif the graphical element is drawn for each unit in
symbol with more than one unit per package or if the graphical element isonly drawn for the
current unit.

Common to all body styles (De M organ) determinesif the graphical element is drawn for each
symbolic representation in symbols with an alternate body style or if the graphical element isonly
drawn for the current body style.

Private to Symbol Editor causes the shape to be visible only when the symbol is edited in the
Symbol Editor. The shape will be hidden when the symbol is added to a schematic.

8.2.11. Symbol Pins

Y ou can create and insert apin by clicking on the
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oA

button. Pin properties can be edited by double clicking on the pin. Y ou can also delete or move pins
that you have already added. Pins must be created carefully, because any error will have consequences

on the PCB design.

A pinisdefined by its graphical representation, its name, and its number. The pin’s name and number
can contain letters, numbers, and symbols, but not spaces. For the Electrical Rules Check (ERC) tool
to be useful, the pin’s electrical type (input, output, tri-state...) must also be defined correctly. If this
typeis not defined properly, the schematic ERC check results may beinvalid.

Wedtne uwagi:

» Symbol pins are matched to footprint pads by number. The pin number in the symbol must match
the corresponding pad number in the footprint.

» Do not use spaces in pin names and numbers. Spaces will be automatically replaced with
underscores ().

» Todefine apin name with an inverted signal (overbar) use the ~ (tilde) character followed by the
text to invert in braces. For example ~{ FGt Owould display FO O.

* If the pin nameis empty, the pin is considered unnamed.
* Pin names can be repeated in a symbol.

 Pin numbers must be unique in a symbol.

W#a#ciwo#ci wyprowadze#

Wiasciwosci pinu ﬂ
Mazwa pinu: C1] Rozmiar nazwy: 1,524 Milimetry
Mumer pinu: 5 Rezmiar numeru pinu: | 1,524 Milimetry
Orientacja: o] Prawo w| Dlugest 7,620 Milirmetry
Typ elektryczny: | - Pasywny W
Styl grafiki: b Linia ]
Wspdtdzielenie C
[ ] Wspélne dla wszystkich czesci w symbolu
[[]Wspélne dla wszystkich styléw (DeMorgan)
Wiasciwesci
[v] Widoczny

Okno z wi#attciwo#ciami pinu pozwaana zmiany charakterystycznych cech wyprowadze#. Okno to
ukazuje si# zawsze podczas tworzenia nowego pinu, albo gdy w pin zostanie klikni#ty dwukrotnie
mysz#. Jego zawarto## pozwal a na zdefiniowanie lub modyfikacj# parametréw takich jak:

» The pin name and text size.
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» The pin number and text size.

» Thepin length.

» Thepin electrical type and graphical style.

» Przynaletno## do cz##ci i alternatywnej reprezentacii.
* Pinvishility.

* Alternate pin definitions.

Pin Graphic Styles

The different pin graphic styles are shown in the figure below. These styles are purely graphical and
do not affect the pin’s electrical type.

. TYPY_PINOW -
LINIA

NEGACJA

SZEGAROWY

SZEGAROWY _NEGACJA
WEJSCIE_AKT.NISKI

NZEGARQWY _AKT.NISKI
WYJSCIE_AKT_NISK]

ZEGAROWY_ZBOCZE_OPADAJACE
NIE_LOGICZNY

Lyl

k

U7
Typy elektryczne

Each pinin asymbol has an electrical type, such as input, output, or tri-state.
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b Pin Properties v X
Pin name: -~ Common to all units in symbal
_ Common to all body styles (De Morgan)
Pin number: —)‘|1nput
¥ Visible
Electrical type: = output
. e Preview:
Graphic style: > Bidirectional
X position: FH Tri-state
-  Passive
Y position:
~ |Free
Orientation: -
8 Unspecified

Pin length: - .
Power input
\I
Mame text size: |-)F'Uwer output _’/
) Open collector
MNumber text size: -5‘_ P

—{Dpen emitter

> Alternate pin fun A e

& Cancel « 0K

Choosing the correct electrical typeisimportant for the schematic ERC tool. ERC will check that pins
are connected appropriately, for example ensuring that input pins are driven and power inputs receive
power from an appropriate source.

Y ou can use the Pin Conflicts M ap in the schematic editor to configure which pin types are allowed
to connect and which will conflict. The default Pin Conflicts settings are briefly explained below. For
more information, see the ERC documentation.

Additionally, some pin types have special behavior outside of ERC. In the router, pads corresponding
to afree pin can be connected to copper of any other net without causing a DRC error, and multiple
pads corresponding to a single unconnected pin do not need to be connected to each other in the
board.

Uwaga

The pin type that produces the optimal ERC pin conflict checking behavior is not always the
same as the pin’s conceptual pin type. When selecting a pin type, you should consider how
that type will interact with the pin type of other connected pins and whether that will result

in the desired ERC behavior. An example is an analog control pin that generates a current
and senses the voltage generated by that current flowing through an external resistor. Thispin
could be considered an input pin because it senses a voltage provided externally. However,

in a schematic this pin will be connected to aresistor pin (passive) and not to an output pin.
There shouldn’t be an ERC violation if the pin isn’t connected to an output pin; in fact, there
should be an ERC violation if the pin does connect to another output pin, as the pin would be
sourcing a current on a net that is already driven. Therefore such a pin should have the Output
pin type even though it is sensing a voltage and could be considered an input.
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Pin Type

Description

I nput

A pinwhich isexclusively an input. The default Pin Conflicts settings
allow input pins to connect to most other types of pin. Also, an ERC
violation will be produced if an input pinisnot driven, i.e. it isnot
connected to a pin with type output, bidirectional, tristate, power output, or
passive.

Output

A pin which is exclusively an output. The default Pin Conflicts settings
allow output pinsto connect to most types of pin that aren’t also outputs.

Bidirectional

A pin that can be either an input or an output, such as a microcontroller
data bus pin. The default Pin Conflicts settings allow bidirectional pins
to connect to most other types of pins, though there are afew more
restrictions than with input pins.

Tri-state

A three state output pin (high, low, or high impedance). The default Pin
Conflicts settings allow tri-state pins to connect to most other types of
pins, but warnings are generated when they are connected to most types of
output or power pins.

Passive

A pinthat is not connected to active electronics, for example pinson a
resistor or connector. The default Pin Conflicts settings allow passive pins
to connect to most other types of pin.

Free

A pin that does not electrically affect the operation of the device. These
pins typically represent package leads that are not internally connected to
the chip. The default Pin Conflicts settings alow free pins to connect to
most other types of pin.

In the PCB editor, pads corresponding to free pins can be connected to
copper of any other net without causing a DRC error.

Unspecified

A pin which has an unspecified type. With the default Pin Conflicts
settings, ERC generates warnings when unspecified pins are connected to
most other types of pins.

Power input

A pin that powers the device. The default Pin Conflicts settings allow
power input pins to connect to most other pin types. However, power
input pins that are not connected to a power output pin generate an ERC
violation.

Additionally, power input pins that are marked invisible are automatically
connected to the net with the same name as the pin. This behavior is
supported primarily for legacy projects and is not recommended for new
designs. See the Hidden Power Pin section for more information.

Power output

A pin that provides power to other pins, such as aregulator output. The
default Pin Conflicts settings allow power output pins to connect to most
types of input pins, but not output pins.

Open collector

An open collector logic output. The default Pin Conflicts settings allow
open collector pinsto connect to most input pins and other open collector
pins, but not to most other types of outputs.
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Open emitter An open emitter logic output. The default Pin Conflicts settings alow open
collector pinsto connect to most input pins and other open emitter pins, but
not to most other types of outputs.

Unconnected A pin that should not be connected to anything. ERC does not allow pins
of type unconnected to connect to any other type of pin, and ERC will
not generate an "unconnected pin" violation when pins of thistype are
left unconnected. Unconnected pins are not configurable in the ERC Pin
Conflicts map.

If afootprint has multiple pads corresponding to a single unconnected pin,
the pads do not need to be connected to each other in the board.

When multiple pins of type unconnected are stacked in a symbol, they
are connected to separate nets, whereas stacked pins of other types are
connected to the same net.

Note that this pin type is different than placing ano connect flag on apinin
the schematic. The unconnected pin type indicates that the pin should never
be connected in any schematic, while ano connect flag indicates that the
pinisintentionally unconnected in the current schematic.

Pushing Pin Properties to Other Pins

Y ou can apply the length, name size, or number size of a pin to the other pinsin the symbol by right
clicking the pin and selecting Push Pin Length, Push Pin Name Size, or Push Pin Number Size,
respectively. All other pinsin the symbol will be updated.

Okre#tlanie pinow w symbolach wielocz##ciowych i podwdjna
reprezentacja

Symbols with multiple units and/or graphical representations are particularly problematic when
creating and editing pins. Most commonly, pins are specific to each symbol unit (because each unit
has a different set of pins) and to each body style (because the form and position is different between
the normal body style and the alternate form).

The symbol library editor allows the simultaneous creation of pins. By default, changes made to a
pin are made for al units of a multiple unit symbol and to both representations for symbols with an
alternate symbolic representation. The only exception to thisis the pin’s graphical type and name,
which remain unlinked between symbol units and body styles. This dependency was established to
allow for easier pin creation and editing in most cases. This dependency can be disabled by toggling

the

o

ico:FlJon the main tool bar. Thiswill allow you to create pins for each unit and representation
completely independently.

Pins can be common or specific to different units. Pins can also be common to both symbolic
representations or specific to each symbolic representation. When a pin is common to all units, it only
has to drawn once. Pins are set as common or specific in the pin properties dial og.
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An example is the output pin in the 7400 quad dual input NAND gate. Since there are four units and
two symbolic representations, there are eight separate output pins defined in the symbol definition.
When creating a new 7400 symbol, unit A of the normal symbolic representation will be shown in the
library editor. To edit the pin style in the alternate symbolic representation, it must first be enabled by
clicking the

button on the tool bar. To edit the pin number for each unit, select the appropriate unit using the

Unit A o
drop down control.
Pin Table
ago her way to edit pinsisto use the Pin Table, which is accessible viathe

E:%n. The Pin Table displays all of the pinsin the symbol and their propertiesin atable view, soitis
useful for making bulk pin changes.

Any pin property can be edited by clicking on the appropriate cell. Pins can be added and removed
with the

and
icons, respectively.

Y ou can edit the same property for multiple pins simultaneously by grouping pins. Pins can be
automatically grouped by name, or you manually group several pins by selecting them and clicking
Group Selected. Click the

button to clear the manual grouping. Y ou can also filter the table to only display pinsin certain units.
Uwaga

Columns of the pin table can be shown or hidden by right-clicking on the header row and
checking or unchecking additional columns. Some columns are hidden by default.

The screenshot below shows the pin table for adual opamp.

j}- * Pin Table VoA X .
Pin numbers: 1-8 Pin count: 8 Duplicate pins: none
Count Number Mame Electrical Type Graphic Style Orientation X Position ¥ Position Visible Unit

1 - F> output F Line Fo Left 300mils 0 mis v A
1 2 . A Tnput F Line o gight 300mils 100 mils ¥ A
1 3 + | Input F Line o Right 300mils  -100 mils 5 A
1 4 V- - Power input f Line T Up -100 mils 300 mils b C
1 5 N 3 Tnput F Line o Right 300mils 100 mils v B
1 6 . 3 Input F= Line o1 Right 300mils 100 mils v B
1 7 - P> output F Line Fo Left 300mils 0 mils 7 B
1 8 W+ _’l Power input } Line _?_ Down -100 mils -300 mils v C
+ [ ] Group by name = Filter by unit: v © Cancel v 0K
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Alternate Pin Function Definitions

Symbol pins can have alternate pin functions defined for them. Alternate pin functions alow you to
select adifferent name, electrical type, and graphical style for a pin when a symbol has been placed in
the schematic. This can be used for pins that have multiple functions, such as microcontroller pins.

Alternate pin functions are added in the Pin Properties dialog as shown below. Each alternate
definition contains a pin name, electrical type, and graphic style. This microcontroller pin has al of its
peripheral functions defined in the symbol as alternate pin names.

> - Pin Properties VoA X
Pin name:
Common to all body styles (De Morgan)
Pin number: 18
. ~| Visible

Electrical type: > Ridirectional hid

Preview:
Graphic style: Hiine ~ Ll
X position: -600 mils
Y position: -200 mils
Orientation: Hpiaht ~ | 8
Pin length: 100 mils E ‘ B O
Mame text size: 50 mils
Mumber text size: | 50 mils

~ Alternate pin function definitions

Alternate Pin Name Electrical Type Graphic Style

€ Bidirectional |_ Line
TIM1_CH2N € Bidirectional = Line
TIM3_CH3 < Bidirectional = Line
+ [ ]
& Cancel " DK

Alternate pin functions are selected in the Schematic Editor once the symbol has been placed in the
schematic. For information on using alternate pin functionsin the schematic, see the schematic editor
symbol documentation.
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8.2.12. Creating Power Symbols

Power symbols are symbols that are used to label awire as part of aglobal power net, like VCC or GND.
The power symbol’ s val ue field determines the net l1abel. The behavior of power symbols is described
in the electrical connections section. Power symbols are handled and created the same way as normal
symbols, but there are several additional considerations described below.

It may be useful to place power symbolsin adedicated library. KiCad's symbol library places power
symbolsin the power library, and users may create libraries to store their own power symbols. If

the Define as power symbol box is checked in asymbol’s properties, that symbol will appear in the
Schematic Editor’s Add Power Symbol dialog for convenient access.

Power symbols consist of asingle pin of type Power Input. They must also have the Define as power
symbol property checked.

Uwaga

In previous versions of KiCad, a power symbol’s pin needed to be both a power input pin and
invisible, and the pin’s name determined the name of the net that the power symbol connected
with. Beginning in KiCad version 8, the pin in a power symbol does not need to beinvisible,
and the net is determined by the power symbol’ s val ue field.

Below is an example of a GND power symbol.

[¢] Edytor bibliotek symboli.C\kicad-winbuilder-3.3\kicad\share\library\power.lib = B
Plik Edytuj Widok Dodaj WUstawienia Pomoc

. - s & BC g "

0 G B>t e o ST &% R QR
N '

= +12V

G

SereUIQOA S

#PWR?

MNazwa Alias Czesé Obrys Typ Opis Stowa kluczowe Dokumentacja
+12v Brak A MNorma Iny Symbol zasilania

Z0,56797 X127 ¥-3,80 dx 1,27 dy -3,80 d 4,01 mm
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b Pin Properties v oA X
Pin name:
Common to all body styles (De Morgan)
Pin number: 1
. ¥| Visible

Electrical type: =Mpawer innut ~

Preview:
Graphic style: Hiine ~ e

X position: 0 mils Q
Y position: 0 mils
Orientation: 2 bewn > Z C.H

Pin length: 0 mils
Name text size: 50 mils ( ,
Number text size: | 50 mils

> Alternate pin function definitions

& Cancel « 0K

By utworzy# port zasilania, naletty wykona# nast#puj#ce kroki:

Add apin of type Power input. Make the pin number 1, the length 0, set the graphic styleto Line,
and make the pin visible. The pin number, name, length, and line style do not matter electrically.

Place the pin on the symbol anchor. Thisis not required but makesit easier to place the power
symbol in the schematic.

Use the shape tools to draw the symbol graphics.

Set the symbol value to the desired net name. The symbol value is electrically important: it
determines the symbol’ s connected net name. This field can be changed later, after the symbol has
been placed in the schematic, which will change which net the symbol connects to.

Check the Define as power symbol box in Symbol Properties window. This makes the symbol
appear in the Add Power Symbol dialog, prevents the symbol from being assigned a footprint, and
excludes the symbol from the board, BOM, and netlists.

Also deselect the Show pin number and Show pin name options in the Symbol Properties
window. Thisis not necessary but improves the symbol’ s appearance.

Set the symbol reference and uncheck the Show box. The reference text is not important except for
the first character, which should be\ #. For the power symbol shown above, the reference could

be #G\D. Symbols with references that begin with # are not added to the PCB, are not included

in Bill of Materials exports or netlists, and they cannot be assigned a footprint in the footprint
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assignment tool. If a power symbol’ s reference does not begin with #, the character will be inserted
automatically when the annotation or footprint assignment tools are run.

An easier method to create a new power symbol is to use another symbol as a starting point.

8.2.13. Checking Symbols

'gh_e Symbol Editor can check for common issues in your symbols. Run the symbol checker using the

[m]
[m]
bu?on in the top toolbar.

o @ Symbol Warnings

Off grid pin 1 at location (-7., -2.) in unit A of converted.

inrele Natachaat

The symbol checker checksfor:

* Pinsthat are off-grid (pins are considered off grid if their position is not a multiple of the current
symbol editor grid. It is strongly recommended to use a 50 mil grid for symbol pins)

* Pinsthat are duplicated
* |Issueswith graphical shapes, such as zero-sized shapes

* lllegal reference designator prefixes: reference designator prefixes should not end with a number or
2
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* Incorrectly designed power symbols. Power symbols should have:
* A singleunit
* No dternate body styles

» A single pin which is either of type Power Output (see PWR_FLAG) or visible and of type
Power Input (see power symbols)

» Hidden Power Input pinsin non-power symbols: these create implicit connections and are not
recommended

Uwaga
In previous versions of KiCad, power symbols required an invisible power input pin so that

they would make a global connection. In KiCad 8, the power input pin does not need to be
invisible. Therefore the symbol checker will report if invisible power input pins are detected.

8.3. Browsing symbol libraries

The Symbol Library Browser allows you to quickly examine the contents of symbol libraries. The
mbol Library Viewer can be accessed by clicking

icon on the main Symbol Editor toolbar or with View _ Symbol Library Browser.

To examine the contents of alibrary, select alibrary from thelist in the left hand panel. All symbolsin
the selected library will appear in the second panel. Select a symbol name to view the symbol.

EB b4 /home/graham/kicad/libraries/symbols/kicad-symbols/Diode. kicad_sym — Symbol Library Browser v oA X |
File View Help
BB T QQ®|fr? ot B
Q, Filter Q. Filter
Diode_Bridge ANACD2
Diode_Laser 1NA003
Display_Character 1N4004 [)
Display_Graphic 1N4005

Driver_Display 1N4006

Driver_FET 1N4007 - H
Driver_Haptic 1N4148

Driver_LED 1N4148W

Driver_Motor 1N4148WS
Driver_Relay TN4T14BWT

Driver_TEC 1N4149
DSP_AnalogDevices 1N4151
DSP_Freescale 1N4448
DSP_Microchip_DSPIC33 | 1N4448W
Name Parent Description Keywords
1N4001 50V 1A General Purpose Rectifier Diode, DO-41 diode
Z9.31 X600.00 ¥ 0.00 dx 600.00 dy 0.00 dist 600.00 grid 50.00 mils

ioubl e clicking the name of a symbol or using the
b

utton adds the symbol to the schematic.

The top toolbar contains the following commands:
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Select previous symbol in library.
Select next symbol in library.

Zoom tools.

I-o? Toggle display of pin electrical types.

{}% Toggle display of pin numbers.

Select standard or aternate De Morgan representation of symbol, if applicable.

v | Select the unit of a multi-unit symbol.

Open the symbol’ s datasheet, if it is defined.

Insert current symbol into the schematic.
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Schematic design blocks alow you to save a portion of a schematic and reuse it later. Y ou can reuse
design blocks within the same schematic or in different schematics. Design blocks are saved and
organized in design block libraries, much like symbols and footprints. When you use a design block,
the saved schematic fragment is inserted into the current schematic, either in the current sheet or in a
new subsheet.

To use schematic design blocks, first show the Design Blocks panel by clicking View _ Panels _
Design Blocks. This opens a docked panel on the right side of the schematic editor. To close the
panel, use the same menu entry or right click in the panel and choose Hide Library Tree.
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Design Blocks

Q. Filter =4
[tem Description
> —Recently Used —
~ Amplifiers Opamp circuits
noninverting_amplifier Moninverting amplifier circuit made fr

inverting_amplifier
Inverting amplifier circuit made from a single opamp.
Keywords: inverting amplifier

+12¥

1 voul
vin — 2| 1

GHD

Place repeated copies
+ Place as sheet

Keep annotations

9.1. Using design blocks in a schematic

The Design Blocks panel contains a library tree that lists your design block libraries and the design
blocks contained in each library. Each library can be expanded or collapsed to show or hide the design
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blocksin that library. Thereis a Recently Used pseudo-library at the top of the tree that contains any
design blocks that you have recently placed. Y ou can pin any libraries to the top of thelist by right
clicking the library and selecting Pin Library.

Y ou can filter design blocks by their name, description, and keywords using the filter textbox at the
top of the Design Blocks panel. By default, matches are sorted by best match, but you can change to
sorting aphabetically using the

button.

When you select adesign block in the library tree, the design block’ s name and metadata are
displayed below the library tree along with a graphical preview of the design block. The metadata
includes the block’ s description and keywords.

To add a design block to the schematic, double click it in the library tree or right click a design block
and select Place Design Block.

If the Place as sheet checkbox is enabled, you will need to click twice in the editing canvas to place
two corners of a hierarchical sheet. The design block contents will be placed in the new sheet. If the
Place as sheet checkbox is not enabled, clicking once in the canvas will place the contents of the
design block directly into the current schematic.

If the Place repeated copies checkbox is enabled, KiCad will begin placing the design block again
when you finish placing the previous block. To cancel placing the next block, press kbd:[Esc] or right
click and select Cancel.

If the K eep annotations checkbox is enabled, KiCad will insert the design block without changing
the symbol annotations as defined in the saved design block. If it is not enabled, KiCad will reset the
symbol annotations while inserting the design block and reannotate all of the symbolsin the block
according to the current annotation settings.

Once placed in a schematic, the contents of a design block behave the same as any other schematic
objects and can be edited, moved, deleted, etc. exactly asif they were added to the schematic
normally.

9.2. Saving and managing design blocks

Design blocks are saved in design block libraries, so you need to add alibrary before you can save any
design blocks. To create anew library, right click in the library tree and select New Library.... At
this point you must choose whether the new library should be added to the global design block library
table or the project design block 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.

Uwaga

The global and project design block library tables are managed using Preferences _ Manage
Design Block Libraries.... Thisincludes deleting and renaming design block libraries. The
design block library tables behave in the same way as the symbol library tables. For more
information about managing library tables, see the symbol library table documentation.
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_;,._- 4 Add To Library Table oo X

Choose the Library Table to add the library to:

Project

= Cancel v 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.

After creating the desired design block library, you can create new design blocks and save them in
the library. Design blocks can be created either from the entire contents of a schematic sheet or from
a selection of schematic objects. To create and save a new design block, select the desired source
objects, either by opening the desired sheet or selecting the objects in the editing canvas. Then right
click the design block library that will contain the block and select Save Current Sheet as Design
Block... or Save Selection as Design Block as appropriate.
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_;;._- 4 Design Block Properties R AR 4

General

Mame:

Keywords:

Description:

Default Fields
MName Value

Field1 Field1's value

= Cancel « OK

This brings up the Design Block Properties dialog, where you can edit the properties of the new
design block.

» Name: thisisthe name of the new design block, which is shown in the library tree and the preview
pane. It is also used when filtering design blocks with the filter textbox. When design blocks are
added to a schematic as a sheet, thisis the default name of the new sheet.

» Keywords: these are space-separated keywords describing the design block. They are displayed in
the design block preview pane and used when filtering design blocks with the filter textbox.

» Description: thisis a description of the design block, which is shown in the library tree and the
preview pane. It is also used when filtering design blocks with the filter textbox.

» Default Fields: these are key/value pairs which are included as hierarchical sheet fields when the
design block is placed as a sheet. Fields are ignored when the design block is not placed as a sheet.

Y ou can edit adesign block’s properties after creating it by right clicking the design block in the
design block library tree and selecting Properties....
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KiCad provides an embedded electrical circuit simulator using ngspice [http://
ngspice.sourceforge.net] as the simulation engine. ngspice is a SPICE simulator derived from the
origina widely used Berkeley SPICE program. KiCad's simulator can aso run simulationsusing IBIS
models of device pins.

The process of creating and running a simulation in KiCad has two main parts:

1. Drawing asimulation schematic in KiCad’'s Schematic Editor. Schematics for simulations are
similar to normal schematics (and can even be identical), but they typically include simulation-
specific devices, such as sources, and may exclude devices that are irrelevant for smulation, such
as connectors. Creating a schematic simulation requires ensuring all symbolsin the schematic have
appropriate models assigned. Finding or creating simulation models, and then validating them, can
be a significant portion of the process. KiCad includes some simple simulation models for basic
devices such as sources, passive devices, and generic semiconductor devices, but beyond those you
will need to find or create your own models.

2. Running the ssimulation using the smulator tool. This includes choosing the type of analysis
(transient, AC, etc.) and configuring its options. Multiple different analyses can be performed. The
simulator provides a plot window to view and analyze simulation results.

When drawing schematics for smulation, the Si nul at i on_SPI CE symbol library, installed with
KiCad by default, may be useful. It contains common elements used for simulation such as voltage
and current sources, generic semiconductor symbols, and other simulation-specific devices. The
symbolsin thislibrary are described in detail below.

While these elements enable a great variety of simulation work, users familiar with SPICE in other
environments will be used to incorporating models of commercially-available semiconductors,
integrated circuits, and other devices as more complex SPICE models. Indeed, semiconductor
manufacturers often freely supply these to help users simulate and develop circuits using their parts.
Note that while KiCad does not include any commercial SPICE modelsin its distribution, you are free
to use any models you may have, or have used with other circuit simulators, in KiCad's simulator.

In generd, if amodel works with other SPICE simulators, it should work with the KiCad simulator,
although some SPICE simulators implement extensions that are unsupported by ngspice. ngspice
offers several compatibility modes to improve compatibility with other simulators.

Finally, to quickly showcase the capabilities of the KiCad simulator, some demonstration projects are
included in the KiCad distribution. They can be found in the denos/ si nul at i on directory.

10.1. Przypisywanie modeli

Y ou need to assign simulation models to symbols before you can simulate your circuit.

Each symbol can have only one model assigned, even if the symbol consists of multiple units. For
symbols with multiple units, you should assign the model to the first unit.

SPICE model information is stored as text in symbol fields. Therefore you may defineit in either the
symbol editor or the schematic editor. To assign a simulation model to a symbol, open the Symbol
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Properties dialog and click the Simulation Model... button, which opens the Simulation M odel
Editor dialog.

Y ou can exclude a symbol from simulation entirely by checking the exclude from simulation

checkbox in the Symbol Properties dialog. Symbols with this attribute set are drawn with agrey
outline and a small simulation icon next to them, as shown below.

HS1
Heatsink_Pad

10.1.1. Inferred models

Resistor, inductor, and capacitor models can be inferred, which means that KiCad will detect that they
are passives and automatically assign an appropriate simulation model. Therefore they do not require
any specia settings; users only need to set the val ue field of the symbol.

KiCad infers simulation models for symbols based on the following criteria:

* The symbol has exactly two pins,

» The reference designator beginswith R, L or C.

Inferred models are ideal models. If the simulation requires a non-ideal model, for example an
inductor with parasitic capacitance included, you must explicitly assign amodel that includesit.

10.1.2. Built-in models

KiCad offers several standard simulation models. They do not require an external model file, and
their parameters can be edited in KiCad's Simulation Model Editor GUI. The following devices are
available:

* Resistors (including potentiometers)

» Capacitors

* |nductors

¢ Transmission lines
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» Switches

» Voltage and current sources

* Diodes

e Transistors (BJTs, MOSFETs, MESFETS, and JFETS)

» XSPICE code models

» Raw SPICE elements

To add a built-in model to a symbol, open the Simulation Mode!l Editor dialog (Symbol Properties _
Simulation Model...) and select Built-in SPICE model. Y ou can then select the kind of device from

the device dropdown and the device subtype from the device type dropdown.

Refer to the ngspice documentation [ https://ngspice.sourceforge.io/docs.html] for more details about
these models and their parameters.
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;’:‘ * Simulation Model Editor P

Model Pin Assignments

SPICE model from file (*.lib, *.sub or *.ibs)

File: (]
Model: | @ Search

® Ruijlt-in SPICE model
Device: Resistor W
Device type: | Ideal hd

Parameters | Code

Parameter Value Unit Default Type

Save parameter 'Resistance (r)' in Value field

) Cancel " OK

Device sets the type of deviceto simulate: aresistor, BJT, voltage source, etc. Thisvalueis stored in
the symbol’s Si m Devi ce field.

Device type selects the type of model to use for the device. Most devices have several types of models
to choose from. Models may vary in their degree of accuracy, which characteristics they are optimized
for, what parameters they have available, and how many pins they have. For example, the ideal
resistor type models a simple resistor with two terminals and asingler esi st ance parameter, while
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the potentiometer resistor type models an adjustabl e resistor with three terminals and an additional
parameter for wiper position. Some devices have an especially large number of types to choose

from: N-channel MOSFETS, for example, have 17 available types, each of which uses a different
mathematical model to simulate the transistor behavior. One model may be more or less appropriate
than another for simulating a specific device or circuit or for performing a particular analysis. Refer to
the ngspice documentation [ https.//ngspice.sourceforge.io/docs.html] for detailed information about
models and their parameters. The device type value is stored in the symbol’s Si m Type field.

The parameter s tab displays the parameters of the model and lets you edit them. For example,
aresistor’s resistance, a voltage source’ s waveform, aMOSFET’ s width and length, etc. Any
parameters that differ from the model’ s defaults are stored in the symbol’s Si m Par ans field.

The code tab displays the generated SPICE model asit will be written to the SPICE netlist for
simulation.

The Save parameter <parameter name> in Value field checkbox uses the symbol’ s val ue field for
storing parameters instead of the Si m Par ans field. This may make it easier to edit simple models
from the schematic, without opening the Simulation Model Editor. Thisoption is only available for
ideal passive models (R, L, C) and DC sources. If thefield Si m Par ans existsin the symbol, it will
take priority over the val ue field.

10.1.3. External models

KiCad can aso load SPICE models from external files. Thisistypically how you will add a SPICE
model of a specific commercially-available part (for example, a 555 timer or a TLO71 operational
amplifier) to your smulation. Models such as these are readily available from numerous sources,
including manufacturers web sites. These models must be in a standard SPICE format and must not
be encrypted.

An external model can be one of the following types:

* A devicemodd (. nodel ). Thisisan intrinsic device (a passive, diode, transistor, etc.) with a set
of parameter values defining its behavior. The parameters for a device model are editable in the
Simulation Model Editor GUI.

* A subcircuit model (. subckt ). Thisisamodel that uses a collection of other ngspice circuit
elementsto define its behavior. If asubcircuit model contains parameters (in apar ams: sequencein
its definition), the parameters are editable in the Simulation Model Editor GUI.

To load amodel from an external file, open the Simulation Model Editor dialog (Symbol Properties
_, Simulation Model...) and select SPI CE mode! from file.
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3= S e e v ~ X

Model PFin Assignments
& SPICE model from file (*.lib, *.sub or *.ibs)
File: 1MN4148.lib [ ]

Model: | Q search

D1MNAT148

Built-in SPICE model

Levice:;

Parameters | Code

Parameter Value |Unit | Def... |Type

Instance temperature (temp) “C Float

“ Geometry

wrpreren [ o5 ot

Area factor (area) 1 Float
Perimeter factor (pj) 0 Float
Diode width (w) m Float
Diode length (I} m Float
Save primary parameter in Value field

S Cancel W OK

File isthe path to the modé file to use. Unencrypted model files are plain, human-readabl e text files
and often have extensionssuch as. | i b, . sub etc., although KiCad will accept avalid model with any
extension.

The path to the file can be absolute, or relative to the project folder. The path can aso be relative to
the value of sPI CE_LI B_DI Rif you have defined that path variable. If you enable the Embed File
checkbox in the file browser, the library file will be embedded in the schematic (or symbol library).
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This makes the schematic (or schematic) more portable as it doesn’t rely on an external library file.
Thelibrary filenameis saved in the symbol’s Si m Li brary field.

Model isthe name of the desired model in the model file. A model file may contain multiple models,
and if so they will al be shown in thelist. Y ou can filter the list of models using the search box. The
selected model islisted in the symbol’s Si m Narre field.

Parameters can be overridden (or additional parameters specified) using the Parameter stab.

For device models, al parameters for that type of device are editable. For subcircuit models, any
parameters included in the subcircuit definition are editable. Any parameters that are overridden in the
Parameter s tab are stored in the symbol’s Si m Par ans field.

The Code tab displays the generated SPICE model asit will be written to the SPICE netlist for
simulation.

Uwaga

KiCad is not distributed with SPICE models for specific commercial devices. These models
are usually available from device manufacturers or other internet sources.

10.1.4. IBIS models

IBIS (1/0O Buffer Information Specification) files are an alternative to SPICE models for modeling the
behavior of input/output buffers on digital parts. In order to load an IBIS file, users should follow the
procedure for SPICE library models, but providea. i bs file.
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-é-_' * Simulation Model Editor P

Model Pin Assignments

' SPICE model from file (*.lib, *.sub or *.ibs)

File: ibis_v1_1.ibs [ ]
Component: | Virtual W
Pin: 4.-Y v
Model: Output i

Built-in SPICE model

Rectangular wave driver W

Parameters Code

Parameter Value Unit Def... | Type
Power supply (vcc) typ typ 5tring
Parasitic pin resistance (rpin) typ typ String
Parasitic pin inductance (lpin) typ typ String
Parasitic pin capacitance (cpin) typ typ String

~ Waveform

OM time (ton) 100n s Float
OFF time (toff) 100n 5 Float
Delay (td) 0 5 0 Float
Mumber of cycles (n) 50 1 Int

& Cancel " OK

File isthe path to the model file to use. The path can be absolute or relative to the project folder.
The path can also be relative to the value of sPI CE_LI B_DI Rif you have defined that path variable.
Thelibrary filenameis saved in the symbol’s Si m Li brary field. If an IBIS modél file isloaded, the
remaining fieldsin the dialog will relate to the IBIS model.

Component selects which component from the IBIS file to use, as IBIS files can contain multiple
components. The component name is saved in the symbol’s Si m Nane field.
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Pin selects which pinin the IBIS model to ssmulate. The selected pin must be mapped to a symbol pin
in the Pin Assignments tab. The chosen pin’s number is saved in the symbol’sSi m | bi s. Pi n field.

Model isthelist of models available for the selected pin, for example an input or an output. The
chosen model nameis saved in the symbol’sSi m | bi s. Model field.

Type selects what the pin should do in the smulation. A pin can be a passive device that doesn’'t drive
any value; it can beaDC driver that drives high, low, or high-impedance; or it can be arectangular
wave or PRBSdriver. Thisvalueis stored in the symbol’s si m Type field.

The Parameter stab lets you see and edit the parameters of the model. For each parameter, you can
switch between a minimum, typical, or maximum value, as defined in the IBIS file. Y ou can also
choose the parameters of the driven waveform, depending on the pin’s chosen type. Any parameters
that differ from the defaults are stored in the symbol’s Si m Par ans field.

Uwaga

KiCad does not ship with IBIS models for symbols. IBIS models are usually available from
device manufacturers.

Uwaga
KiCad's Si nul ati on_SPI CE symbol library provides several symbols that may be useful for

IBIS ssimulations. | BI S_DEVI CE can be used for device (input) pins, whilel Bl S_DRI VER can
be used for simulating driver pins. There are also variants of each for differentia pins.

10.1.5. Pin Assignment

Simulation models may have their pins numbered differently than the corresponding symbol. For
example, SPICE models for diodes usually consider pin 1 to be the anode, while schematic symbols
are usually drawn with pin 1 as the cathode. Operational amplifier models are also very likely to have
model pin assignments that do not match package or schematic pin numbers.

Y ou can use the Simulation Model Editor’s Pin Assignments tab to map the symbol’s pinsto the
simulation model pins.

Uwaga

Always make sure symbol pins are correctly mapped to simulation model pins. Mistakes here
can lead to erroneous or confusing simulation results, or afailure to smulate at all.

191



Symulator

-2-_' * Simulation Model Editor P

Model Pin Assignments

Symbol Pin Model Pin
1("D") 1("D")

2("G") 2("G")

3(°S") 3('s")

4 ("Bulk") Mot Connected

) Cancel " OK

The left column displays the name and number of each symbol pin, i.e. the pin numbers and names
that appear on the schematic part in KiCad. The right column displays the corresponding pin as
defined in the model file in use. For each symbol pin, you can select the corresponding pin from
the simulation model in the dropdown in the right column. In the cases where a schematic part

has pins that are not in the model, asin the case of an operational amplifier with nulling pins that
are not modeled, the schematic part pin may be assigned to the Not Connected option in the Pin
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Assignments dropdown. Unlike other pin assignments, Not Connected may be assigned to multiple
pinsif necessary.

When you use a subcircuit model, the dialog displays the model’ s code under the pin assignments for

use as areference while assigning pins. A well-written model will often include a helpful reference
section (as a set of comments) to inform the user how the model pins are mapped.

10.2. Value notation

The simulator supports severa notations for writing numerical valuesin simulation model parameters,
simulation analysis setup options, and SPICE directives:

Plain notation : 10100, 0. 003,

Scientific notation: 1. 01e4, 3e- 3,

Prefix notation: 10. 1k, 3m

RKM notation: 4k7, 10R.

Y ou can mix prefix and scientific notations. As such, 3e- 4k isavalid input and is equivalent to 0. 3.
Thelist of valid prefixesis shown below. They are case sensitive.

Prefix Name Multiplier
a atto 108
f femto 10
p pico 10712
n nano 10°°
u micro 10°°
m milli 107
k kilo 10°
M mega 10°
G giga 10°
T tera 10%
P peta 10%°
E exa 10%°
Uwaga

Raw SPICE Element models and directives are passed to ngspice directly, without KiCad
reformatting the values for ngspice to consume. ngspice uses a different, case-insensitive
notation: 1 mega (106) is denoted there as 1Meg, while 1Mis 1 milli (10'3). Depending on the
compatibility mode selected, ngspice may not support the same value notations as KiCad, so
care should be taken when using raw SPICE elements and simulation directives.
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10.3. SPICE directives

It is possible to add SPICE directives by placing them in text fields on a schematic sheet. This
approach is convenient for defining the default simulation type. The list of supported directivesin text
fieldsis:

* Directives starting with adot (e.g.. tran 10n 1m)
» Coupling coefficients for inductors (e.g. KL L1 L2 0. 89)
It is not possible to place additional components using text fields.

If asimulation command isincluded in schematic text, the simulator will use it as the simulation
command when you open the simulator. However, you can override it in the Simulation Command
diaog.

Refer to the ngspice documentation [ https://ngspice.sourceforge.io/docs.html] for more details about
SPICE directives.

10.4. Running simulations

Circuits for simulation are drawn in the Schematic Editor, but simulations are run in the Simul ator
window.

After creating a schematic for simulation, the following steps are needed to run a simulation:

1 ann the Simulator window by clicking Inspect _ Simulator in the Schematic Editor or using the
b

utton in the top toolbar.

2. Create at least one analysis by clicking Simulation _ New Analysis Tab... (kbd:[Ctrl+N]) or
using the
!

button. This lets you choose atype of simulation and configure its options. These options are
explained below. Each analysis has its own tab, and multiple analyses can be created. The options
for an analysis can be adjusted after it is created with Simulation _ Edit AnalysisTab... or by
cli |'Icking on the

bu%n.
3. Run the simulation by clicking Simulation _, Run Simulation (kbd:[R]) or by clicking the

!utton. This only runs the ssmulation in the active analysis tab. Y ou can stop a running simulation
at its current point by clicking the

button.

4. Examine the simulation results. Most analyses result in plots; for these you will need to select the
signalsto be plotted. Other analyses print their resultsin the output log window.
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Uwaga

Once a simulation has been set up, the configuration can be saved in a workbook.

10.4.1. Simulator window

Symulator Spice
Plik  Symulacja  Widok

>

Uruchom/Zatrzymaj Symulacje

Rysuje1

Wzmocnienie

Dodaj Sygnaty

100Hz

1kHz
Czestotliwosé

— O
s
Dostrajanie Ustawienia
Sygnaty
Sygnat

mV(/lowpass) (mag)
V(/lowpass) (phase)

Kursory

Sygnat Czestu,

Y (/lowpass) (.. 1.025..

Dostrajanie

100kHz

Reference wvalus :
No. of Data Rows : &1

Wzm..
-3.02...

The ssmulator window is divided into several sections:

» Thetop of the window has atoolbar with buttons for commonly used actions.

» The main part of the window graphically shows the simulation results. The simulation needsto run
and signals need to be selected from the list of available signals or probed before they are displayed

in the plot.

» Below the plot panel, the output log window shows logs from the ngspice simulation engine. Some
types of analyses print their results here.

» Theright side of the window displays alist of signals, alist of active cursors, measurements, and a
tuning tool for adjusting component values based on simulation results.

10.4.2. Simulation types

Each simulation is a specific type of analysis. The following analysis types are available:
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* OP— DC Operating Point

» DC —DC Sweep Analysis

« AC—AC Small-signal Analysis
* TRAN —Transient Analysis

* PZ —Pole-zero Analysis

* NOISE — Noise Analysis

e SP— S-parameter Analysis

FFT — Freguency-content Analysis

Each analysis type and its options are explained below. Y ou can configure an analysis when you
createit (
1

+
button) or by editing an existing analysis (
nI

buﬁg)n). These analysis types are explained in more detail in the ngspice documentation [https.//
ngspi ce.sourceforge.io/docs.html].

Uwaga

Another way to configure asimulation isto type SPICE directives into text fields on
schematics. Any text field directives related to a simulation command are overridden by the
settings selected in the dialog. This means that once a simulation has run, the dialog overrides
the schematic directives until the ssmulator is reopened.
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Operating point analysis (OP)

@ 4 Mew Simulation Tab oA
Analysis type: | OP — DC Operating Point Y

SPICE Command | Plot Setup

+| Add full path for .include library directives
~| Save all voltages

+| Save all currents

+| Save all power dissipations

+| Save all digital event data

Compatibility mode: | P5pice and LTSpice

&) Cancel " 0K

Calculates the DC operating point of the circuit. This analysis has no options.

Operating point analyses do not have any plotted results. Results are printed in the output log window.
Y ou can aso display the node voltages and device currents calculated by this analysis as annotations
in the schematic.
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DC sweep analysis (DC)

@ + Mew Simulation Tab v X

Analysis type: | DC — DC Sweep Analysis s

SPICE Command | Plot Setup

Source 1 Source 2
Sweep type: vV -
Source: Y
Starting value: W W
Final value: vV v
Increment step: W W

Swap sources

| Add full path for .include library directives
+| Save all voltages

¥ Save all currents

+| Save all power dissipations

+'| Save all digital event data

Compatibility mode: | PSpice and LTSpice

& Cancel + OK

Calculates the DC behavior of the circuit while sweeping one or two parameters. The following
parameters can be swept:

value of an independent voltage source

value of an independent current source

value of aresistor

simulation temperature

DC analyses have the following options, which are listed here with the corresponding ngspice
parameter name:
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* Sweep type: the type of variable to sweep. This can be a voltage source, a current source, aresistor,
or the simulation temperature.

» Sour ce: the particular voltage source, current source, or resistor to sweep (sr cnam). Thelistis
populated with each item in the schematic of the relevant type. It is disabled for temperature

sweeps.
» Starting value: the starting value for the sweep (vst art).
» Final value: the ending value for the sweep (vst op).

* Increment step: the amount to increase the value at each step of the sweep (vi ncr). Smaller
increments result in more output points.

If Source 2 is enabled, the same options are available to simultaneously sweep a second source.
Clicking the Swap sour ces buttons swaps Source 1 with Source 2.

The output is displayed as a plot.
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AC small-signal analysis (AC)

@ + Mew Simulation Tab oA X

Analysis type: | AC — Small-Signal Analysis Y
SPICE Command | Plot Setup

Number of points per decade:
Start frequency: Hz

Stop frequency: Hz

+| Add full path for .include library directives
~| Save all voltages

+| Save all currents

+| Save all power dissipations

+| Save all digital event data

Compatibility mode: | P5pice and LTSpice

&) Cancel « 0K

Calculates the small-signal AC behavior of the circuit in response to a stimulus. Performs a decade
sweep of stimulus frequency.

To run an AC analysis you must choose a number of points to measure per decade and the start and
end frequencies for the decade sweep.

AC analyses have the following options, which are listed here with the corresponding ngspice
parameter name:

* Number of points per decade: the number of pointsto calculate per decade (nd).
» Start frequency: the lower bound of the frequency range to analyze (f st art ).

» Stop frequency: the upper bound of the frequency range to analyze (f st op).
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The output is displayed as a Bode plot (output magnitude and phase vs. frequency).

Transient analysis (TRAN)

@ + Mew Simulation Tab oo X

Analysis type: | TRAN — Transient Analysis Y

SPICE Command  Plot Setup

Time step: seconds

Final time: seconds

Initial time: seconds (optional; default 0)

Max time step: seconds (optional; default min{tstep, (tstop-tstart)/50})

Use initial conditions

| Add full path for .include library directives
+| Save all voltages

¥| Save all currents

+| Save all power dissipations

| Save all digital event data

Compatibility mode: | PSpice and LTSpice

& Cancel + OK

Calculates the time-varying behavior of the circuit.

Transient analyses have the following options, which are listed here with the corresponding ngspice
parameter name:

Time step: asuggested time step (t st ep).

Final time: the time at which the smulation will end (t st op).

Initial time: the time at which the simulation will start (t st art ). If not specified, this defaultsto O.

Max time step: the maximum time step (t max). If not specified, this defaults to the suggested time
step or the total simulation duration divided by 50, whichever is smaller.
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» Useinitial conditions: if enabled, the simulator will not calculate the quiescent operating point
before starting the transient simulation. Instead, the simulation will use theinitial conditions
specifiedina. i ¢ directive and element | C parameters. This corresponds to ngspice’ s ui ¢ option.

The output is displayed as a plot.

Pole-zero analysis (PZ)

@ + Mew Simulation Tab

Analysis type: | PZ — Pole-Zero Analysis Y
SPICE Command  Plot Setup

Transfer function: | (output voltage) / (input voltage)
Input: “~ | Ref:

Output: “ | Ref:

Find: | Poles and Zeros »

| Add full path for .include library directives
+| Save all voltages

¥| Save all currents

+| Save all power dissipations

v Save all digital event data

Compatibility mode: | P5pice and LTSpice

Calculates the poles and zeroes of the small-signal (AC) transfer function of the circuit.

Pole-zero analyses have the following options, which are listed here with the corresponding ngspice

parameter name;

» Transfer function: selects between calculating the transfer function as output voltage divided by
input voltage or output voltage divided by input current. These correspond to ngspice' svol and cur

options, respectively.
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* Input: the input node (node1) and the reference node for the input (node2).
» Output: the output node (node3) and the reference node for the output (node4).

» Find: selects between calculating poles and zeroes, only poles, or only zeroes. These correspond to
ngspice' spz, pol , and zer options, respectively.

Operating point analyses do not have any plotted results. Results are printed in the output log window.
Noise analysis (NOISE)

@ + Mew Simulation Tab oo X

Analysis type: | NOISE — Moise Analysis Y

SPICE Command  Plot Setup

Measured node: A
Reference node: ~ | (optional; default GND)
MNoise source: W

Mumber of points per decade:
Start frequency: Hz

Stop frequency: Hz

| Save contributions from all noise generators

| Add full path for .include library directives
+| Save all voltages

¥| Save all currents

+| Save all power dissipations

| Save all digital event data

Compatibility mode: | PSpice and LTSpice

& Cancel + OK

Calculates the noise generated by the devices in the circuit, both as output noise and input-referred
noise. The noise spectrum (V/#Hz or A/#Hz) of the circuit can be plotted, and the total noise over the
specified frequency range is reported. Optionally, the noise contributions of each device are reported
individually.

203



Symulator

Noise analyses have the following options, which are listed here with the corresponding ngspice
parameter name:

M easur ed node: the node at which output noise is measured (out put ).

Reference node: the reference node for measuring the output noise (r ef ). The output noiseis
calculated as the noise at the measured node minus the noise at the reference node. If it is not
specified, the default is the ground node.

Noise sour ce: a source that is considered the circuit’ s input for the purposes of calculating input-
referred noise (sr ¢). The source must specify an AC magnitude, i.e. the source must have an ac
parameter.

Number of points per decade: the number of pointsto calculate per decade (pt s).

Start frequency: the lower bound of the frequency range to analyze (f st art ).

Stop frequency: the upper bound of the frequency range to analyze (f st op).

Save contributions from all noise generators: if enabled, noise magnitudes of individual noise

generators are saved and reported. If disabled, only the overall output and input-referred noise over
the specified frequency range are reported.

The output and input-referred noise spectra can be plotted. Total noise values for the specified
frequency range are printed in the output log window.
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S-parameter analysis (SP)

@ + Mew Simulation Tab oA X

Analysis type: | 5P — 5-Parameter Analysis Y
SPICE Command  Plot Setup

Number of points per decade:
Start frequency: Hz
Stop frequency: Hz

Compute noise current correlation matrix

| Add full path for .include library directives
+| Save all voltages

¥| Save all currents

+| Save all power dissipations

v Save all digital event data

Compatibility mode: | P5pice and LTSpice

&) Cancel « 0K

Calculates the scattering parameters, admittance matrix, and impedance matrix for the circuit.
Optionally calculates the noise current correlation matrix. Note that this analysis requires at least two
voltage sources configured as RF ports as described in the ngspice manual.

S-parameter analyses have the following options, which are listed here with the corresponding ngspice
parameter name:

* Number of points per decade: the number of points to calculate per decade (nd).
» Start frequency: the lower bound of the frequency range to analyze (f start ).

» Stop frequency: the upper bound of the frequency range to analyze (f st op).
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» Compute noise current correlation matrix: if enabled, the noise current correlation matrix is also
calculated. This corresponds to ngspice’ s donoi se option.

The output is displayed as a plot.
Frequency content analysis (FFT)

@ - Mew Simulation Tab oo X

Analysis type: | FFT — Frequency Content Analysis

SPICE Command  Plot Setup

Input signals:

C, Filter
YiMet-_C1-Pad2_)
ViNet-_R1-Pad2_)
ViMet-_U1-+_)
V(VDD)

V(VS5)
[{C1)

+ Linearize inputs before performing FFT

v Add full path for .include library directives
~ Save all voltages

v Save all currents

~ Save all power dissipations

v Save all digital event data

Compatibility mode: | P5pice and LTSpice

& Cancel + 0K

Calculates an FFT based on an existing analysis tab. Any of the signals from an existing analysis can
be used as inputsto the FFT. The signals are windowed using a Hanning window.

FFT analyses have the following options, which are listed here with the corresponding ngspice
parameter name:

* Input signals: the signal(s) to perform an FFT on. An FFT isindependently applied to each
selected signal.
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Linearizeinputs before performing FFT: When enabled, the input vector is converted to
have equidistant time points prior to performing the FFT. Corresponds to ngspice' sl i neari ze
command.

The output is displayed as a plot.

Additional simulation settings

There are several simulation options that apply to all types of simulations. These are located at the
bottom of the dialog.

Add full path for .includelibrary directives: if enabled, relative paths to SPICE models will be
converted to absolute paths in the SPICE netlist.

Save all voltages: if enabled, the simulator will save voltages for each node in the simulation
results so that they can be plotted. This corresponds to ngspice’'s. save al I command in the
SPICE netlist. If disabled, voltages will not be saved in the results, and therefore cannot be plotted,
unless a SPICE directive is used to manually probe a node voltage.

Save all currents: if enabled, the simulator will save currents through each device pin in the
simulation results so that they can be plotted. This corresponds to ngspice’'s. probe al | i
command in the SPICE netlist. If disabled, currents will not be saved in the results, and therefore
cannot be plotted, unless a SPICE directive is used to manually probe a current.

Save all power dissipations: if enabled, the simulator will save power dissipations for each
device in the ssimulation results so that they can be plotted. This corresponds to ngspice's. pr obe
P(<devi ce>) command in the SPICE netlist for each device in the schematic. If disabled, power
dissipations will not be saved in the results, and therefore cannot be plotted, unless a SPICE
directive is used to manually probe a power dissipation.

Save all digital event data: if enabled, the simulator will save digital event datafor digital (event-
driven) simulation models. This correspondsto ngspice's. esave al | command. If disabled,
digital event data will be discarded.

The Compatibility mode dropdown selects the compatibility mode that the simulator uses to load
models. The User configuration option refersto the user’s. spi cei ni t ngspice configuration file.
Compatibility modes are described in the ngspice documentation [https.//ngspice.sourceforge.io/
docs.html].

10.5. Viewing simulation results

Each analysis has its own tab, containing its own separate plot, signal list, and output log window.
Only the active tab is updated when a simulation is run. In thisway it is possible to compare
simulation results between different runs.

Simulation results from most analysis types are visualized as plots. However, DC Operating Point
(OP) and Pole-zero (PZ) analyses do not generate plots. Instead, they print their resultsin the output
log at the bottom of the ssmulator window. OP analysis results can additionally be displayed as
annotations on the schematic canvas.
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10.5.1. Plotted results

Most types of analyses display their resultsin aplot. The type of plot depends on the analysis:
transient ssimulations display signal values over time, for example, while AC simulations display
resultsin a Bode plot.

Y ou can zoom and move a plot using the following gestures:

» Scroll mouse wheel to zoom infout. kbd:[Shift], kbd:[Ctrl], and kbd:[Alt] can modify the scroll
action depending on the configuration in the Simulator panel in the Schematic Editor Preferences.

* Right click to open a context menu to adjust the view.
» Draw aselection rectangle to zoom in the selected area.
» Drag acursor marker to move the cursor.

Thelist of signalsthat can be plotted in the active plot is shown in the Signals pane on the right side
of the simulator window. The following types of signals can be plotted:

* Node voltages: the voltage of each net in the schematic, displayed as V( <net >) .

» Device node currents: the current for each device in the schematic, displayed as | ( <devi ce>) or
| (<devi ce: t erm nal >) . For two-terminal devices, the device's current islisted asasingle signa
corresponding to the current into the device' s pin 1. For devices with more than two terminals, the
current into each terminal is a separate signal.

» Device power dissipations: the power dissipated by each component, displayed as P( <devi ce>) .

» User-defined signals. custom signals defined as an expression based on other signals. User-defined
signals can be arbitrary mathematical expressions. One common use for user-defined signalsisto
plot avoltage differential, i.e. the voltage between two points.

To plot asignal, check the box in the plot column next to the signal of interest. To remove asignal
from the plot, clear its checkbox.

You can also interactively select signals to plot by using the Probe Schematic tool. To activate the
tool, use Simulation _ Probe Schemaitic... (kbd:[P]) or click the (

) button. When activated, the tool lets you click elementsin the schematic to plot the corresponding
signal. Different types of signals are probed depending on what you click:

» Clicking on awire plots the voltage of that net. When you hover over awire, the net is highlighted
to indicate that its voltage can be probed.

* Clicking on asymbol pin plots the current going into that pin. When you hover over apin, the
cursor changes to a current clamp to indicate that clicking will probe the current.

Uwaga

KiCad does not support ngspice’'s.. pl ot directive. This directive has no effect when a
simulation is run using KiCad.
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Plot settings and appearance

Colors of individual signals may be set by clicking the color field associated with each signal in the
Signals grid. Y ou may choose from a predefined palette (Defined Colors), or select a custom color
(Color Picker). You can toggle the color of the plot background from black to white with View _

Dark Mode Plots (this affects all analysistabs, not just the active tab).

Many plot settings can be configured in the Plot Setup tab of the Analysis Setup window (
rII

t;&l;%n) .

@ + AC — Small-Signal Analysis oA X

SPICE Command Plot Setup
Fixed Gain (dB) scale

Fixed Phase (°) scale

| Show grid
Show legend

Dotted current/phase

Margins:

Top: 30
Left: | 70 Right: | 70
Bottom: | 45

= Cancel « OK

» Fixed scale: when enabled, this fixes the vertical and/or horizontal plot scales to the specified
ranges. Manually zooming will not affect an axisif its scale isfixed.

» Show grid: when enabled, agrid will be shown behind the plotted signals. Y ou can also turn the
grid on or off with View _ Show Grid.
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» Show legend: when enabled, alegend will be shown on the plot for the enabled signals. Y ou can
reposition the legend by dragging it.

» Dotted current/phase: when enabled, plotted signals representing current (transient simulations) or
phase (AC simulations) are displayed using dotted linesinstead of solid lines. Y ou can also enable
this setting with View _ Dotted Current/Phase.

* Margins: this controls the padding on each side of the plot.

cursors

For precise measurement, cursors are available in the plot window. Y ou can add a cursor to asignal
by checking the Cursor 1 or Cursor 2 checkbox for the signal in the signal grid on the right.

Once cursors have been added, the horizontal position of each cursor is shown by a number in a
triangular marker at the top of the plot display. Y ou can reposition each cursor by clicking and
dragging its marker. The vertical position of each cursor tracks its assigned signal. The horizontal and
vertical value for each cursor are shown in the cursor grid on the right of the simulator window. If
cursors 1 and 2 are both enabled, the difference between them is also shown.

To precisely position a cursor, you can directly edit its horizontal position in the cursors grid. You can

also modify the display format (unit range and number of significant digits) by right clicking avalue
in the cursors grid and clicking Format for the relevant quantity.

Measurements

Y ou can add automatically calculated measurements for any plotted signal, such as a minimum,
average, or peak-to-peak measurement.

Uwaga

M easurements are made over all the data resulting from the simulation, not just the datathat is
visible in the plot window at the current zoom setting.

Uwaga

It is not necessary to have selected a signal for plotting (by selecting its Plot checkbox) in
order to make a measurement on it. Even unplotted signals can be measured.

To add a predefined measurement to asignal, right click on asignal in the signals grid and select a
measurement. The following measurements are available:

* Measure Min: measures the minimum value of the entire signal
* Measure Max: measures the minimum value of the entire signal
* Measure RMS: measures the root-mean-square value of the entire signal

* Measure Peak-to-peak: measures the peak-to-peak value of the entire signal
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» Measure Time of Min: measures the time at which the minimum value of the entire signal occurs
* Measure Time of Max: measures the time at which the maximum value of the entire signal occurs
» Measure Integral: computes the time integral value of the entire signal

» Perform Fourier Analysis. performs a Fourier analysis of the selected signal based on a specified
fundamental frequency. Calculates the amplitude of the harmonics of the fundamental as well asthe
total harmonic distortion. This measurement is only available for transient analyses, and its results
are printed in the simulation log window instead of in the measurement panel.

M easurement results are displayed in the Measurement pane at the lower right of the Simulator
window. Multiple measurements will display as multiple rowsin thisarea. Y ou can delete a
measurement by right clicking it and clicking Delete M easur ement. To modify the display format
of ameasurement result (unit range and number of significant digits), right click the value and click
Format Value....

The above context menu options are a shortcut for directly specifying measurementsin the

the Measurement pane. To manually create a new measurement, click in an empty row in the

M easurement pane and type in an ngspice measurement function. You can also edit existing
measurements by clicking on them. For more information about measurements and their syntax, refer
to the ngspice manual.

10.5.2. Numerical results

While most analyses display their results as plots, DC Operating Point (OP) and Pole-zero (PZ)
analyses do not result in plots. Instead, these analyses print their results as text in the simulation log
window.

Simulation results:

Background thread stopped with timeout = @
pole(l) = -1.47250e+03,0.000000a+0@

pole(2) = -1.88233e-01,0.000000e+0@
pole(3) = 0.00000@e+00,0.P0RRRRa+RE
zerof(l) = -1.00000e+04,0.00R000R:+R@
zero(2) = -1.88233e-01,0.000000=+0@
zero(3) = 0.000000e+00,0 . PRRRRRE+R@

Operating point annotations

For the OP analysis, annotations can a so be added to the schematic indicating the operating point
voltage and current values at the nodes. Operating point voltage annotations can be shown or hidden
for every node with View _ Show OP Voltages. Operating point current annotations can be shown
or hidden for every symbol pin with View _ Show OP Currents. These annotations are globally
shown or hidden for every node or every pin. You can control the formatting of these annotationsin
the Formatting panel of Schematic Setup.
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Y ou can a'so display operating point results using text variables. Using text variables requires more
work to set up but provides more control over how the datais displayed. For example, you can use
text variables to display only certain voltages or currents, or to control the display formatting of
particular values. Y ou can also use text variablesto display power dissipation measurements.

To use text variables to display an operating point voltage for a net, add alabel to the net, then add
afield to that label. The label can contain any text aslong asit contains the ${ P} text variable. The
text variable can contain formatting specifiersin the form ${ OP. <pr eci si on><uni t >}, but both the
precision and unit are optional. Precision is the number of significant digitsto display, whichis 3 by
default. Unit isthe unit to use, including a prefix, such as mv for millivolts.

Asan example, alabel field containing the text vout :  ${ OP}, attached to a net with an operating
point voltage of 5.123V, displaysas"Vout: 5.12V". The text ${ oP. 4mV} displaysas"5123mV",
${ oP. 2} displaysas"5.1V", and ${ oP. mv} displaysas"512mV".

Using text variables to display an operating point current into adevice pinis similar, but uses symbol
fieldsinstead of label fields. The field can contain any text aslong as it contains the ${ OP: <pi n>} text
variable. The pin can be specified as a pin name or a pin number. For two-terminal devices, the pin
can be omitted, and the current into the device' s pin 1 will be reported. The same optional formatting
specifiers are supported as for voltages, in the form ${ OP: <pi n>. <pr eci si on><uni t >} .

For example, in a symbol with an operating point current of 5.123mA through pin 1 (pin name C),
asymbol field containing thetext 1 c: ${ oP: C} displaysas"”Ic: 5.12mA". The text ${ OP: C. 2mA}
displaysas"5.1mA", ${ OP: 1. 4} displaysas"5.123mA", and ${ OP: C. A} displaysas"0.00512A".

Y ou can aso use text variables to display a device' s power dissipation. Thisworksidentically to
current, but with power instead of a pin name or number. For example, in a symbol with an operating
point power dissipation of 5.123mW, a symbol field containing ${ OP: power . 2my displays as
"5.1mwW".
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Uwaga

Don't forget to set the label field or symbol field to visible, or it will not be displayed.

10.5.3. User-defined signals

In addition to the list of signals that come from the nets in the schematic, you can define your own
signals which behave like normal signalsin most respects. User defined signals are defined as
mathematical operations on one or more basic signals.

@ + User-defined Signals oo X

12

= Cancel « 0K

To add a user-defined signal, open the User-defined Signal dialog with Simulation _ User-defined
Signals... (

button) and add a signal. The new signal will appear in the Signal grid, where it can be plotted and
used like any other signal. User-defined signals are also included in OP results.

Uwaga

Unlike normal signals, which are plotted incrementally as a simulation progresses, user-
defined signals are not plotted until the simulation completes.

One use for user-defined signalsisto plot a differential voltage, i.e. the voltage between two arbitrary
nodes. For example, to plot the voltage difference between the nets/ v1 and/ v2, you can create
auser-defined signal with the expression/ v1-/v2 and then plot it. This expression could also be
written in a number of different ways, for example v(/v1)-V(/v2) or V(/v1,/v2),which are both
equivalent.

A number of mathematical functions are available for use in user-defined signals. To seealist, click
the Syntax help link in the User-defined Signals dialog. Refer to the ngspice manual for details on
each of these functions.

Uwaga

Net names may contain special characters that have particular meaning to the ngspice
interpreter. In particular, ngspice interprets the dash character (- ) as a subtraction operation.
To ensure that net names are interpreted correctly, surround the net name with double quote
(") characters when referring to it in a user-defined signal.
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10.6. Tuning components

It is possible to adjust the value of basic components in the schematic from within the simulation
interface, which lets you conveniently adjust component values based on simulation results. Each time
the component value is tuned, the simulation is re-run with the new component value. Y ou can tune
the value of passive resistors, inductors, and capacitors, or the voltage or current of DC voltage and
current sources.

Uwaga

Y ou can only tune components when running analyses that result in a plot. In other words, you
cannot tune components when running an operating point analysis.

To tune acomponent, use Simulation _ Add Tuned Value..., the keyboard shortcut kbd:[T], or the

button in the toolbar, and then click on the component to tune in the schematic. This adds atuning
control for that component in the bottom right corner of the simulator window. M ultiple components
can be tuned at once, with a separate tuning control per component.

Tune R1

¥ E&B  E96  EIR2

2k
1k

500

Save [ ]

» Thetop text field sets the top end of the tuning range.
» The bottom text field sets the bottom end of the tuning range.

» Themiddle text field sets the actual component value that is used in the simulation. This value can
also be adjusted using the slider.

» The Save button updates the schematic symbol with the tuned value. Until you press the Save
button, the schematic symbol will keep its original value.

e The

button removes the component from the Tune panel and restores its original value.
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In addition, it is possible to restrict the component values to those from a particular series of Preferred
Vaues— either of the E24, E48, E96 or E192 series. Thisis particularly useful when it is necessary
to restrict component values to commercially available parts.

10.7. Saving simulation setups

Y ou can save a simulation setup in aworkbook. Workbooks are files that store information about a
simulation setup, including which analyses are configured and what their settings are, which signals
are plotted for each analysis, user-defined signals, measurements, cursors, and display settings. A
workbook can be saved and reloaded later to restore the previously configured settingsin a new
session. Workbooks can include more than one simulation: for example, it may contain separate tabs
for transient, operating point, and AC analyses which you added as you worked.

Y ou can save aworkbook using File _ Save Workbook and load one using File _ Open
Wor kbook. The most recently used workbook is automatically loaded when the simulator is opened.

Uwaga

Workbooks store simulation setup information, but they do not store simulation results. Y ou
can export simulation resultsto PNG (graphics) or CSV (simulation data values) with File _
Export Current Plot asPNG... and File _, Export Current Plot asCSV.... To recreate the
results of simulations stored in aworkbook, select the appropriate analysis tab in the Simulator
window and run the simulation again (kbd:[R] or Simulation _ Run Simulation).

10.8. Exporting simulation results

KiCad' s simulator offers two ways to export results:
» asaPNG (Portable Network Graphics format) image of a simulation data plot,
» asaplantext file of smulation data values, in CSV (Comma-Separated Value) format.

Only simulations that produce plots (see above) can be exported as an image or aCSV file. The
results of OP and PZ analyses cannot be exported in this way.

10.8.1. Exporting results as graphics

The currently-visible Simulator plot may be exported as a PNG file using the command File _
Export Current Plot asPNG....

The size and aspect-ratio of the saved image will match that of the displayed plot in the Simulator.

Y ou can also copy an image of the active plot to the clipboard using File _ Export Current Plot to
Clipboard, or insert an image of the active plot into the schematic using File _ Export Current Plot
to Schematic. Exporting a plot to the schematic is equivalent to exporting the plot to the clipboard
and then pasting it into the schematic.

10.8.2. Exporting results as numerical data

The currently-visible Simulator plot may be exported asa CSV file using the command File _
Export Current Plot asCSV....

215



Symulator

The datain the simulation plot is exported as multiple columns. The precise format is dependent
upon the analysis type. In general, there will be multiple columns of data, one corresponding to each
variable selected for plotting. The first row of the file is a header row, containing the name of the
variable in the column (i.e. time, V(/Vout)1 or similar).

Uwaga

When exporting to CSV, only variables selected using their Plot checkbox will be included in
the exported file.

Uwaga

The datain the exported file contains all the data that would be plotted if the entire plot
were displayed. If the plot iszoomed in to show a particular region thiswill still be the case,
resulting in the output file containing more data than the user might expect.

Uwaga

This function exports the data with data separated by semicolons (; ) rather than commas.
Programs reading this data may need to be configured to expect a semicolon as a delimiter.

10.9. Troubleshooting simulations

Sometimes a simulation will fail, either with or without errors being reported. Paying attention to
the error messages reported, taking care in the development and entry into KiCad of the circuit to be
simulated, and making use of the KiCad, ngspice and general SPICE documentation and information
from fellow usersin forumsis very worthwhile and can often point the way to a solution.

It sworth noting, for users unfamiliar with SPICE, ngspice or circuit smulation in general that some
common and interesting circuits can sometimes be tricky to simulate accurately or reliably. These
include apparently simple circuits such as oscillators, which in some cases may fail to oscillate at all!
It is nearly always possible to build aworking simulation but sometimes this can more require SPICE
experience than might be initially apparent, or the guidance of someone who already hasit. The

ngspi ce documentation, once again, isworth reading for insights into good and effective simulation
practices if you are encountering difficulty.

10.9.1. Incorrect netlist

E:t]iﬂspossibletoinspect the SPICE netlist with Simulation _ Show SPICE netlist... (

b'lEon). This method of troubleshooting requires some SPICE knowledge, but spotting errorsin the
netlist can help determine the cause of simulation problems, as well as providing confirmation of what

input ngspice is actually acting on.

10.9.2. Simulation error messages

The output console displays messages from the simulator. It is advisable to check the console output
to verify there are no errors or warnings. Messages appearing in the console may be conveniently
selected, copied, and pasted if you wish to share them.
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A common error message is "timestep too small”. This message means that the simulation engine

is unable to calculate the next point in the simulation, even when using the minimum possible

time increment. This error can have many causes, including numerical convergence issueswith a
simulation model used in the circuit or with the circuit itself. It can also be caused by mistakesin
drawing the circuit, such as incorrectly assigning pins to the simulation model or forgetting to provide
avoltage supply.

10.9.3. Convergence problems

In case the smulation does not converge in a reasonable amount of time (or not at all), it is possible to
add the following SPICE directives. More information is available in the ngspice manual.

Ostr zettenie

Changing convergence options can lead to erroneous results. These options should be used
with caution.

.options gm n=1e-10
.options abstol =1le-10

.options reltol =0.003
.options cshunt=1e-15

* gm n isthe minimum conductance allowed by the program. The default valueis 1e- 12 (1 pS).
* abst ol isthe absolute current error tolerance of the program. The default valueis 1e- 12 (1 pA).
* reltol istherelative error tolerance of the program. The default valueiso. 001 (0.1%).

» cshunt adds a capacitor of the specified value from each voltage node in the circuit to ground.

10.9.4. Simulation pin assignments

If unexpected results are generated by a simulation despite it running without obvious errors, it

is worth double-checking that the assignments between the pins of the part instance in the KiCad
schematic and that of the associated model are correct. These have to be correct for each instance of
the model in the schematic.

10.10. Helpful hints

Some helpful tips, hints and advice to help you get the most from using ngspice in KiCad for
simulation.

10.10.1. The ngspice manual is your friend!

Fundamentally the KiCad Simulator is a user-friendly front-end to the powerful ngspice circuit
simulator. Therefore problems with the details of simulation, the correct use of SPICE elements,
models, etc. is beyond the scope of the KiCad documentation but is very likely to be fully and
completely addressed in the ngspice documentation itself. It’ s therefore recommended not to overlook
this valuable resource [ https.//ngspice.sourceforge.io/docs.html].
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Uwaga

KiCad updates may result in changes to the ngspice version used by the simulator. The current
version of ngspice used in aparticular version of KiCad is shown on the Help _ About
KiCad dialog, under the Version tab. Referring to the online ngspice documentation will
ensure you always have access to the latest information for reference.

10.10.2. Organizing third-party models

Although it is certainly possible to keep simulation models (i.e. . I i b, . sub files) in the directories
associated with individual KiCad projects, thiswill likely result in unnecessary copies of model files
proliferating as you create smulations. Consider creating a dedicated storage location (directory,
folder) for models, perhaps organized by manufacturer or device type, to hold these files. Then they
may simply be referenced in ssimulations at a common location.

10.10.3. Simulation symbols and models in KiCad'’s
libraries

The KiCad libraries provide a number of symbolsfor ssimulation in the Si nul at i on_SPI CE symbol
library. Most of these symbols have SPICE models already assigned as appropriate, although you may
need to adjust the model parametersin order to obtain the desired simulation behavior.

The Si mul at i on_SPI CE symbol library contains the following symbols:

Symbol Name Description

0 A ground (node 0) symbol. Note that a standard GND symbol from
another library can also be used.

BSOURCE A symbol for a SPICE B-source (nonlinear dependent

voltage or current source). Refer to the ngspice manual

[https://ngspi ce.sourceforge.io/docs/ngspi ce-html-manual/

manual .xhtml#sec_Non_linear_Dependent_Sources] for information
on B-sources.

D A diode symbol. Note that the pin assignment is appropriate for both
simulation and PCB layout.

ESOURCE A symbol for a SPICE E-source (linear voltage-controlled voltage
source). By default it is set up with again of 1 V/V. Refer to the
ngspice manual [https://ngspice.sourceforge.io/docs/ngspice-html-
manual/manual . xhtml#subsec Exxxx__Linear_Voltage Controlled]
for more information on E-sources.

GSOURCE A symbol for a SPICE G-source (linear voltage-controlled current
source). By default it is set up with again of 1 A/V. Refer to the
ngspice manual [https://ngspi ce.sourceforge.io/docs/ngspice-html -
manual/manual .xhtml#subsec_Gxxxx__Linear_Voltage Controlled]
for more information on G-sources.

IAM A symbol for a SPICE amplitude-modul ated independent
current source. Refer to the ngspice manual [https://
ngspi ce.sourceforge.io/docs/ngspi ce-html-manual/
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manual .xhtml#sec_Independent_Sources for] for more information
on independent current sources.

IBIS DEVICE

An IBIS device symbol representing adigital input pin. This symbol
is not preconfigured with a simulation model. It isintended to be used
with an external 1BIS model for adevice.

IBIS_DEVICE_DIFF

An IBIS device symbol representing adigital differential input pin.
This symbol is not preconfigured with asimulation model. It is
intended to be used with an external IBIS model for a differential
device.

IBIS DRIVER

An IBIS driver symbol representing adigital output pin. This symbol
is not preconfigured with a simulation model. It isintended to be used
with an external IBIS model for adriver.

IBIS DRIVER_DIFF

An IBIS driver symbol representing a pair of digital differential output
pins. This symbol is not preconfigured with a ssmulation model. It
isintended to be used with an external 1BIS model for adifferential
driver.

IDC

A symbol for a SPICE DC independent current source. Refer to the
ngspice manual [https://ngspice.sourceforge.io/docs/ngspice-html-
manual/manual .xhtml#sec_Independent_Sources for] for more
information on independent current sources.

[EXP

A symbol for a SPICE exponential independent current source. Refer
to the ngspice manual [https://ngspice.sourceforge.io/docs/ngspice-
html-manual/manual .xhtml#sec_Independent_Sources for] for more
information on independent current sources.

IPULSE

A symbol for a SPICE pulsed independent current source. Refer to
the ngspice manual [https://ngspice.sourceforge.io/docs/ngspice-
html-manual/manual .xhtml#sec_Independent_Sources for] for more
information on independent current sources.

IPWL

A symbol for a SPICE piecewise linear independent current source.
The waveform is specified as space-separated time-current pairs.
Refer to the ngspice manual [https://ngspice.sourceforge.io/docs/
ngspi ce-html-manual/manual .xhtml#sec_Independent_Sources for]
for more information on independent current sources.

|SFFM

A symbol for a SPICE single-frequency frequency-modul ated
independent current source. Refer to the ngspice manual
[https://ngspi ce.sourceforge.io/docs/ngspi ce-html-manual/

manual .xhtml#sec_Independent_Sources _for] for more information
on independent current sources.

ISIN

A symbol for a SPICE sinusoidal independent current source. Refer
to the ngspice manual [https://ngspice.sourceforge.io/docs/ngspice-
html-manual/manual .xhtml#sec_Independent_Sources for] for more
information on independent current sources.

ITRNOISE

A symbol for a SPICE transient noise independent current source.
Refer to the ngspice manual [https://ngspice.sourceforge.io/docs/
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ngspi ce-html-manual/manual .xhtml#sec_Independent_Sources for]
for more information on independent current sources.

ITRRANDOM

A symbol for a SPICE transient random independent current source.
Refer to the ngspice manual [https://ngspice.sourceforge.io/docs/
ngspi ce-html-manual/manual .xhtml#sec_Independent_Sources for]
for more information on independent current sources.

NJFET

A symbol for an N-channel JFET with drain, gate, and source
terminals, suitable for use with 3-termina N-JFET models.

NMOS

A symbol for an N-channel MOSFET with drain, gate, and source
terminals, suitable for use with 3-termina N-MOSFET models.

NMOS_Substrate

A symbol for an N-channel MOSFET with drain, gate, source,
and substrate (bulk) terminals, suitable for use with 4-terminal N-
MOSFET models.

NPN A symbol for an NPN transistor with collector, base, and emitter
terminals, suitable for use with 3-terminal NPN models.

NPN_Substrate A symbol for an NPN transistor with collector, base, emitter, and
substrate terminals, suitable for use with 4-terminal NPN models.

OPAMP A generic single-pole operational amplifier symbol. There are
parameters for pole frequency, open loop gain, offset voltage, and
output resistance. These parameters can be edited in the Parameters
grid of the SPICE Model Editor dialog.

PIFET A symbol for a P-channel JFET with drain, gate, and source terminals,
suitable for use with 3-terminal P-JFET models.

PMOS A symbol for a P-channel MOSFET with drain, gate, and source

terminals, suitable for use with 3-termina P-MOSFET models.

PMOS_Substrate

A symbol for a P-channel MOSFET with drain, gate, source, and
substrate (bulk) terminals, suitable for use with 4-terminal P-
MOSFET models.

PNP

A symbol for a PNP transistor with collector, base, and emitter
terminals, suitable for use with 3-terminal PNP models.

PNP_Substrate

A symbol for a PNP transistor with collector, base, emitter, and
substrate terminals, suitable for use with 4-terminal PNP models.

SWITCH

A symbol for avoltage-controlled switch. Refer to the ngspice
manual [ https://ngspi ce.sourceforge.io/docs/ngspi ce-html-manual/
manual .xhtml#subsec_Switches] for more information on switches.

TLINE

A symbol for atransmission line. By default it is set up
asalossless transmission line but it can also be used for
alossy transmission line. Refer to the ngspice manual
[https://ngspi ce.sourceforge.io/docs/ngspi ce-html-manual/
manual .xhtml#sec_Lossless Transmission_Lines| for more
information on transmission lines.

VAM

A symbol for a SPICE amplitude-modul ated independent
voltage source. Refer to the ngspice manual [https://
ngspi ce.sourceforge.io/docs/ngspi ce-html-manual/
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manual .xhtml#sec_Independent_Sources for] for more information
on independent voltage sources.

vVDC A symbol for a SPICE DC independent voltage source. Refer to

the ngspice manual [https://ngspice.sourceforge.io/docs/ngspice-
html-manual/manual .xhtml#sec_Independent_Sources for] for more
information on independent voltage sources.

VEXP A symbol for a SPICE exponential independent voltage source. Refer
to the ngspice manual [https://ngspice.sourceforge.io/docs/ngspice-
html-manual/manual .xhtml#sec_Independent_Sources for] for more
information on independent voltage sources.

VOLTMETER_DIFF A differentia voltmeter symbol that can be used to measure the
voltage between two arbitrary nodes. The voltage difference between
the + and - pinsisoutput as a ground-referenced voltage on the out

pin.

VPULSE A symbol for a SPICE pulsed independent voltage source. Refer to
the ngspice manual [https://ngspi ce.sourceforge.io/docs/ngspice-
html-manual/manual .xhtml#sec_Independent_Sources for] for more
information on independent voltage sources.

VPWL A symbol for a SPICE piecewise linear independent voltage source.
The waveform is specified as space-separated time-voltage pairs.
Refer to the ngspice manual [https://ngspice.sourceforge.io/docs/
ngspice-html-manual/manual .xhtml#sec_Independent_Sources for]
for more information on independent voltage sources.

VSFFM A symbol for a SPICE single-frequency frequency-modul ated
independent voltage source. Refer to the ngspice manual
[https://ngspi ce.sourceforge.io/docs/ngspi ce-html-manual/

manual .xhtml#sec_Independent_Sources for] for more information
on independent voltage sources.

VSIN A symbol for a SPICE sinusoidal independent voltage source. Refer
to the ngspice manual [https://ngspice.sourceforge.io/docs/ngspice-
html-manual/manual .xhtml#sec_Independent_Sources for] for more
information on independent voltage sources.

VTRNOISE A symbol for a SPICE transient noise independent voltage source.
Refer to the ngspice manual [https://ngspice.sourceforge.io/docs/
ngspi ce-html-manual/manual .xhtml#sec_Independent_Sources for]
for more information on independent voltage sources.

VTRRANDOM A symbol for a SPICE transient random independent voltage source.
Refer to the ngspice manual [https://ngspice.sourceforge.io/docs/
ngspi ce-html-manual/manual .xhtml#sec_Independent_Sources _for]
for more information on independent voltage sources.

Most of these symbolsin the Si mul ati on_SPI CE library use built-in models, but several symbols use
external models from the Si mul at i on_SPI CE. sp sSimulation model library. The simulation model
library is aseparate file in the same folder as the symbol library. This ssimulation model library also
contains SPICE models that may be useful for use with other symbols.

The Si mul ati on_SPI CE. sp simulation model library contains the following models:
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Model Name

Description

kicad_builtin_opamp

A generic single-pole operational amplifier model. This model is used
by the OPAMP symbol in the Si mul at i on_SPI CE symbol library, and
the pins are ordered appropriately for use with any standard single-
unit opamp symbol. There are parameters for pole frequency, open
loop gain, offset voltage, and output resistance. These parameters can
be edited in the Parameters grid of the SPICE Model Editor dialog.

kicad_builtin_opamp_dual

A dual version of the kicad builtin_opamp model, with the same
parameters. This model is not assigned to any symbolsin the

Si mul at i on_SPI CE symbol library, but the pins are ordered
appropriately for use with standard dual opamp symbols.

kicad builtin_opamp_quad

A gquad version of the kicad builtin_opamp model, with the
same parameters. This model is not assigned to any symbolsin
the Si nul at i on_SPI CE symbol library, but the pins are ordered
appropriately for use with standard quad opamp symbols.

kicad_builtin_varistor

A generic varistor model. Thismodel is not assigned to any symbols
inthe Si mul ati on_SPI CE symbol library. There are parameters for
threshold voltage, dynamic resistance, and leakage resistance. These
parameters can be edited in the Parameters grid of the SPICE Model
Editor dialog.

kicad_builtin_vdiff

A differentia voltmeter model. The voltage difference between
the first two terminalsis output as a ground-referenced voltage on
the third terminal. This model is used by the VOLTMETER_DIFF
symbol in the Si nul ati on_SPI CE symbol library.
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Rozdzia# 11. Advanced Topics
11.1. Configuration and Customization

Uwaga

This section of the KiCad documentation has not yet been written. We appreciate your
patience as our small team of volunteer documentation writers work to update and expand the
documentation.

11.2. 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 variabl e 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 availablein
some contexts and not others. The following system text variables can be used in schematic text, label
names, label fields, hierarchical sheet fields, symbol text, symbol fields, and drawing sheet fields.
There are also a number of variables that can be used in the PCB Editor.

Variables used in hierarchical sheet fields refer to the properties of the hierarchical sheet, not the
parent, unless otherwise noted. For example, ${#} returns the subsheet’ s page number when used in
ahierarchical sheet field, but the parent sheet’ s page number when used in graphic text in the parent
sheet.

Variables can aso be used for field names. A field with avariable as its name will automatically
have its value set to the same variable. For example, in a project with a project variable My_VAR set
to My_VALUE, a user-created symbol field named ${ Mv_VAR} will automatically haveits value set
to ${ mv_VAR} , which will then resolve to Mv_VALUE. If the field’'s Show Name property is set, the
variable's name will be displayed asthe field name, for example Mv_VAR:  MY_VAL UE.

Variablename |Description

# Sheet number.

Hit Total number of schematic sheets.

COVMENTL - Contents of drawing sheet’s Commrent <n> field.

COMVENT9

COVPANY Contents of drawing sheet’s Conpany field.

CURRENT_DATE Today’ s date, in SO format.

FI LENAVE Filename of the root schematic sheet, with afile extension.

FI LEPATH Full file path of the root schematic sheet, with afile extension.
| SSUE_DATE Contents of drawing sheet’s| ssue Dat e field.
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Variable name

Description

Kl CAD_VERSI ON

Current version of KiCad. Thisvariableis only available in drawing sheet fields.

PAPER Current sheet’s paper size. Thisvariableisonly available in drawing sheet
fields.

PRQJECTNANVE Project name, without afile extension.

REVI SI ON Contents of drawing sheet’s Revi si on field.

SHEETFI LE Filename of the current sheet, with afile extension.

SHEETNAME Sheet name of the current sheet.

SHEETPATH Sheet path of the current sheet.

TI TLE Contents of drawing sheet’sTi t | e field.

<vari abl enane>

Contents of project text variable <var i abl enane>.

<fi el dnane>

Contents of symbol field, symbol attribute, hierarchical sheet field, or label field
<fi el dname>. Fields can only be accessed from within their parent object, so
symbol fields can be accessed from other text or fields within the symbol, and
hierarchical sheet fields can be accessed within the sheet or in other sheet fields
of the sheet.

Both built-in and user-defined fields are available. Built-in fields use all
uppercase letters. for example, to access a symbol’ s value, use ${ VALUE} .

Built-in symbol fields are DATASHEET, DESCRI PTI ON, FOOTPRI NT,

FOOTPRI NT_LI BRARY, FOOTPRI NT_NAME, NET_CLASS( <pi n_nunber >) ,
NET_NAME( <pi n_nunber >), OP, PI N_NAME( <pi n_nunber >) , REFERENCE,
SHORT_NET_NAME( <pi n_number >) , SHORT_REFERENCE, SYMBOL_DESCRI PTI ON,
SYMBOL_KEYWORDS, SYMBOL_LI BRARY, SYMBOL_NAME, UNI T, VAL UE.

Built-in symbol attributes are DNP, EXCLUDE_FROM BOARD, EXCLUDE_FROM BOM
and EXCLUDE_FROM SI M These attributes expand to the friendly name

of the attribute if the attribute is set (e.g. Excl uded from board for
EXCLUDE_FROV BOARD and DNP for DNP), or to an empty string if the attribute is
not set.

Built-in sheet fields are SHEETFI LE, SHEETNAME, and SHEETPATH. These refer to
the child sheet’ s filename, sheet name, and sheet path, respectively, rather than
the parent sheet’s.

Built-in label fields are CONNECTI ON_TYPE, NET_CLASS, NET_NAME, OP,
SHORT_NET_NAME, and | NTERSHEETREFS (global 1abels only).

<refdes>: <fieldn

&entents of field or attribute <f i el dnane> in symbol <r ef des>.

Both built-in and user-defined fields are available. Built-in fields use all
uppercase letters: for example, to access the value of U1, use ${ UL: VALUE} .

Built-in symbol fields are DATASHEET, DESCRI PTI ON, FOOTPRI NT,
FOOTPRI NT_LI BRARY, FOOTPRI NT_NAME, NET_CLASS( <pi n_nunber >),

NET_NAME( <pi n_nunber >) , OP, Pl N_NAME( <pi n_nunber >) , REFERENCE,
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Variable name Description

SHORT_NET_NAME( <pi n_nunber >) , SYMBOL_DESCRI PTI ON, SYMBOL_KEYWORDS,
SYMBOL_LI BRARY, SYMBOL_NAME, UNI T, VALUE.

Built-in symbol attributes are DNP, EXCLUDE_FROM BOARD, EXCLUDE_FROM BOM
and EXCLUDE_FROM SI M These attributes expand to the friendly name

of the attribute if the attribute is set (e.g. Excl uded from board for
EXCLUDE_FROM BOARD and DNP for DNP), or to an empty string if the attribute is

not set.
ERC_ERROR Generates an ERC error named <er r or nane>. Everything inside the braces
<error nane> resolves to an empty string, while everything after the bracesisincluded in the

descriptive text for the ERC violation. The text variable must be at the beginning
of the text item.

For example, atext item containing ${ ERC_ERROR TODGC} Cal cul ate resi stor
val ue would display asthe text "Calculate resistor value" and generate a ERC
error named "TODQO" with the description "Calcul ate resistor value".

ERC_WARNI NG Generates an ERC warning named <war ni ngname>. This behaves the same as
<war ni ngnane> |ERC_ERROR, except awarning is generated rather than an error.

11.3. Database Libraries

A database library isatype of KiCad symbol library that holds data about partsin an external SQL
database. Database libraries do not contain any symbol or footprint definitions by themselves. Instead,
they refer ence symbols and footprints found in other KiCad libraries. Each database library entry
maps a KiCad symbol (from another library) to a set of properties (fields) and usually a KiCad
footprint (from afootprint library).

Using database libraries allows you to create fully-defined parts (sometimes called atomic parts)

out of KiCad symbols and footprints without needing to store all the part propertiesin a symbol
library. The external database can be linked to third-party tools for managing part data and lifecycles.
Database library workflows are generally more complex than the standard KiCad library workflows,
and so thistype of library istypically only used in situations where it makes managing alarge library
of fully-defined parts more efficient (such asin organization or team settings).

KiCad does not provide a GUI for editing a SQL database or defining a database library. It is up to the
user to find the most appropriate workflow and toolchain for creating and updating the database itself.
Some users may want to directly edit the database through a third-party database client, and some may
use other third-party software such as a part lifecycle management (PLM) tool to create and edit data.

In a database library, there are one or more tables that generally represent a single type of part (such
as Resistors or Capacitors). Each table can have an independent schema, meaning that different types
of parts can have different properties that are trandated into symbol fieldsin KiCad. Each table

must have a unique ID column which is used as the identifier for a symbol placed from that table.
This unique ID will typically be a part number (either a manufacturer’s part number, or an internal
organization part number). Each table must also have a column that contains a mapping to a KiCad
symbol, inthe form Li br ar yNi cknane: Symbol Nanme. TheLi br ar yNi ckname must match a symbol
library that is present in the KiCad library tables. Tables may also contain a column containing a
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KiCad footprint, in the form Li br ar yNi cknane: Foot pri nt Narre. If this column is present, symbols
placed from the table will include a footprint mapping.

Tables may also contain arbitrary additional columns that may optionally be mapped to symbol fields
in KiCad. The KiCad database library configuration file controls how these fields should be named,
whether or not to make the fields visible, and whether or not to include the fields in the data displayed
in the Symbol Chooser.

11.3.1. Database Library Configuration Files

To create a database library, you must create a configuration file that contains the necessary
information for KiCad to connect to your database and retrieve data from tables. Copy the template
below into anew file and save it with aki cad_dbl extension. You can then add this file to your
global symbol library table using the Configure Symbol Libraries dialog.

{
"meta": {
"version": O
}

"nanme": "M/ Dat abase Library",
"description": "A database of conponents",
"source": {

“"type": "odbc",

“dsn": ""

"user name":

"passwor d":

“ti meout seconds": 2,
"connection_string":

} y
“l'ibraries": |
{
"name": "Resistors",
"table": "Resistors",

"key": "Part |ID",

"synbol s": "Synbol s",

"footprints": "Footprints",

“fields": [

{

"col um": "MPN',
"name": "MPN',
"visible on_add": fal se,
"visible in_chooser": true,
"show nane": true,
"inherit _properties": true

1
{
“colum": "Val ue",
“nane": "Val ue",
"visible on_add": true,
"visible in_chooser": true,
"show_name": fal se
}
Il
"properties": {
"description": "Description",
"footprint filters": "Footprint Filters",
"keywor ds": "Keywords",
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"exclude_fromboni: "No BOM',
"exclude_from board": "Schematic Only"

Uwaga

Database library filesarein JSON format. Standard JSON syntax rules apply. To check if your
file contains syntax errors, you may use a JSON validator or linter (available online).

Configuring the source

KiCad currently only supports ODBC connections to SQL databases. Y ou can either connect with
aDSN or aconnection string. If aDSN name is supplied, the optional user nane and passwor d

fields will be used to connect to the DSN. If a connection string is supplied, the dsn, user name, and
passwor d fields are ignored. The connection string will be passed directly to the ODBC driver, so you
can include any parameters your ODBC driver supports.

When using aDSN connection, leave the connect i on_st ri ng property blank or omit it from

the file. When using a connection string, leave the dsn, user name, and passwor d fields blank or
omit them from the file. Connection strings must start with abri ver key indicating to the ODBC
manager which driver should be used, and may include other keys that depend on the specific driver.
Check the documentation for your ODBC driver for details. Y ou may also find areference site like
connectionstrings.com [ https://www.connectionstrings.com/] useful when configuring a database
connection.

KiCad does not recommend or endorse any particular ODBC driver or database server, but has been
tested to work with Sglite, MySQL, MariaDB, and PostgreSQL..

Uwaga

Windows users: the backslash character (""\"") must be escaped with a second backslash when
included in a JSON quoted string. If including afile path in your connection string, make sure
to use double backslashes (\\).

Uwaga

Flatpak users: Y ou need to install the corresponding ODBC drivers as Flatpak
extensions. Y ou can do thisviathe "Add-ons" section for KiCad in your software
manager (i.e. GNOME Software), or viathe command line: Runf | at pak instal |

or g. ki cad. Ki Cad. ODBCDr i ver. sql i t eodbc for SQLite, f | at pak i nstall

or g. ki cad. Ki Cad. ODBCDr i ver . mar i adb- connect or - odbc for MariaDB or MySQL, or
flatpak install org.kicad. Ki Cad. ODBCDri ver. psqgl odbc for PostgreSQL .

Uwaga

Flatpak users: Due to Flatpak sandboxing, a possible way to connect to database servers
running on your local machine isvia TCP/IP. Make sure that your database server
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allows TCP/IP connections, then add the required Por t parameter to your connection
string. For example, add Por t =3306; for the default TCP port of MySQL/MariaDB, or
Ser ver =| ocal host ; Port =5432; to force PostgreSQL to use a TCP connection to the
local server. Using the default UNIX domain socket connections for MySQL, MariaDB,
or PostgreSQL is only possible when overriding host file system permissionsviaf | at pak
overri de.

Configuring libraries

Each database library can contain "sub-libraries" mapped to asingle database table. Thel i brari es
entry in the configuration file contains alist of objects that each define asingle library. The following
settings must exist for each library:

nanme: The name of the sub-library (table) that will be shown in the KiCad Ul and included as a
prefix in each symbol name placed from this sub-library. This name can include any valid characters
for asymbol name except for aforward slash (/) because the slash character is used as a separator
between the sub-library name and the symbol name. If thisfield isleft blank, no prefix will be added
to symbolsin this sub-library.

t abl e: The name of the table in the database.

key: The column name containing a unique key that will be used to identify parts from the table.
synbol s: The column name containing KiCad symbol references.

f oot pri nt s: The column name containing KiCad footprint references.

fields: A list of field definitions. Each field defined here will be added to the symbol when itis
placed on the schematic. If afield with a matching name is already defined in the source symbol, the
value from the database table will override whatever value was defined in the source symbol. Each
field definition may contain:

col um: The name of the database table column that should be mapped to afield.

name: The name of the KiCad field to populate from the database.

vi si bl e_on_add: If t rue, thisfield will be visible in the schematic when a symbol is added. If this
setting is not specified, it will defaulttof al se.

vi si bl e_i n_chooser: If t rue, thisfield will be shown in the Symbol Chooser as a column. If this
setting is not specified, it will default to f al se.

show _nare: If t rue, the field’s name will be shown in addition to its value in the schematic. If this
setting is not specified, it will default to f al se.

i nherit_properties:Iftrue, andafield with the given nanme already exists on the source symbol,
only thefield contents will be updated from the database, and the other properties (vi si bl e_on_add,
show_nane, etc) will be kept as they were set in the source symbol. If the given field name does not
exist in the source symbol, this setting isignored. If this setting is not specified, it will default to

fal se.
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properties: A map of symbol properties to database columns. All properties are optional; any that
are not specified in the database library configuration will be inherited from the values set for the
source symbol. The following properties are supported:

descri ption: The symbol’s Description property.
footprint_filters: Reserved for future expansion.
keywor ds: The symbol’s Keywords property.

excl ude_f rom boni The symbol’s "Exclude from Bill of Materials" setting. The column named here
must be a numeric type, and will be taken as a boolean (O for false, 1 for true).

excl ude_f rom boar d: The symbol’s"Exclude from PCB" setting. The column named here must be a
numeric type, and will be taken as a boolean (O for false, 1 for true).

excl ude_from si nmi The symbol’s"Exclude from simulation” setting. The column named here must
be a numeric type, and will be taken as aboolean (0 for false, 1 for true).

Database columns may be mapped to custom (user-defined) fields, or to certain built-in KiCad fields,
including val ue and Dat asheet .

Uwaga

KiCad only supports text (string) fields. If you map a database column containing a numeric
SQL datatype, it will be converted to a string using a general-purpose conversion algorithm
that will switch to scientific notation for very large or very small numbers. This format
conversion cannot be fine-tuned by the user, so if explicit control over number-to-string
conversion is needed, a new column or view should be used to do the conversion in the
database.

11.3.2. Using database libraries

After creating your configuration file and adding it to your symbol library table, you can place parts
from the database tables using the Symbol Chooser. Parts placed from a database library can be
updated using the Update Symbols from Library function, which will update any fields that were
changed in the database as well as updating the underlying symbol if it was changed in the source
library.

Note that any source library referenced by a database table must also be present in the symbol library
table for the database library to function. If you want to use alibrary only as a source of symbols for
adatabase library, you can hide it from the Symbol Chooser by clearing the "Visible" checkbox in the
Manage Symbol Libraries dialog.

11.4. HTTP Libraries

HTTP libraries are atype of KiCad symbol library that sources data about parts for an external source
such as an ERP system. They do not contain any symbol or footprint definitions as standard KiCad
libraries do. Instead, they refer ence symbols and footprints found in other KiCad libraries.

229



Advanced Topics

HTTP libraries are read only and support REST or REST-like APIs.

11.4.1. HTTP Library Configuration Files

To create an HTTP library, you must create a configuration file that contains the necessary
information for KiCad to connect to the providing library (APIl) and to retrieve data from it.

Copy the template below into anew file and save it using the . ki cad_ht t pl i b file extension. Y ou
should then edit thisfile and replacer oot _ur| andt oken values with your own. Once saved, add this
file to your global symbol library table using the Configure Symbol Libraries dialog which can be
found under Preferences#M anage Symbol Libraries....

Users have the option to configure two timeout settings. Theti meout _parts_seconds Setting
dictates the validity duration of a part’sinformation, whilethet i meout _cat egori es_seconds

setting determines how long categories remain valid. The default values are set to 60 seconds and 600
seconds respectively, but if the datafor either setting is anticipated to remain unchanged, users can opt
for higher values. Thiswill significantly speed up the opening of the symbol chooser. It’s important to
note that KiCad will re-cache the data on the initial startup regardiess of these timeout settings.

T { "meta": { "version": 1.0}, "name": "KiCad HTTP Library", "description”: "A KiCad library
sourced from aREST API", "source": { "type": "REST_API", "api_version": "v1", "root_url":
"http://localhost:8000/kicad-api”, "token": "usertokendatastring”, "timeout_parts seconds": 60,
"timeout_categories seconds': 600} }

11.4.2. Authentication

Authentication is done via an Access Token only. Users need to ask their administrators to get avalid
token issued if the HTTP library is maintained externally.

11.4.3. Caching Behaviour for Categories

KiCad caches al available Categories once when opening the Symbol Chooser Dialog. Subsequently,
any alterations made to the categories on the server side will remain undetected by KiCad until the
user performs a program restart. Thisimplementation is intentionally designed to conserve bandwidth
resources, as it prevents KiCad from attempting to retrieve datafrom the APl every time the user
opens the Symbol Chooser Dialog. Such continuous data fetching, especially under constrained
bandwidth conditions, would severely impede KiCad' s performance.

11.4.4. Server Response Codes

If KiCad receives an API error, it will display an error message to the user. For more information
about API errors and server responses, see the APIs and Bindings section at dev-docs.kicad.org.

11.5. Custom Netlist and BOM Formats

KiCad can output netlists and BOMs in various formats, and users can define new formats if desired.
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The process of exporting a netlist is described in the netlist export section. BOM output is described in
the BOM export section.

The following section describes how to create an exporter for a new output format.

11.5.1. Adding new netlist generators

New netlist generators are added to the Export Netlist dialog by clicking the Add Generator ...
button.

Pcbnew | OrcadPCB2 | CadStar Spice

Lista sieci
Opcje:

Anuluj
[] Format domyzlny Uruchom symulator

[ | Przedrostek odnosnika ‘Ui '1C' z "X’ Dodaj wiyczke

Polecenie symulatora: Usun wtyczke

[ | Uzyj domyélngj nazwy sieci

Domyslina nazwa pliku listy sieci:
video.cir

New generators require a name and a command. The name is shown in the tab label, and the command
isrun whenever the Export Netlist button is clicked.

When the netlist is generated, KiCad creates an intermediate XML file which contains all of the
netlist information from the schematic. The generator command is then run in order to transform the
intermediate netlist into the desired netlist format.

The netlist command must be set up properly so that the netlist generator script takes the intermediate
netlist file as input and outputs the desired netlist file. The exact netlist command will depend on the
generator script used. The command format is described below.

Python and XSL T are commonly used tools to create custom netlist generators.

11.5.2. Adding a new BOM generator

KiCad also uses the intermediate netlist file to generate BOMs with the Generate BOM tool.
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Dostepne wiyczki: Generuj BOM

Zamknij

Pomoc

Doda) whyczke

Przegladay...

Usun wiyczke

Mazwa:

Edytuj plik whyczk

Polecenie:

Additional scripts can be added to the list of BOM generator scripts by clicking the
button. Scripts can be removed by clicking the
b‘u;ton. The

étton opens the selected script in atext editor.

Generator scripts written in Python and XSLT can contain a header comment that describes the
generator’ s functionality and usage. This header comment is displayed in the BOM dialog as the
description for each generator. The header comment must contain the string @ackage. Everything
following that string until the end of the comment is used as the description for the generator.

KiCad automatically fills the command line field when a new generator script is added, but the
command line might need to be adjusted by hand depending on the generator script. KiCad attempts

to automatically determine the output file extension from the example command line in the generator
script’s header.

11.5.3. Generator command line format

The command line for anetlist or BOM exporter defines the command that KiCad will run to generate
the selected output file.

For anetlist exporter using xsl t pr oc, an exampleis:
xsltproc -0 %0 net /usr/share/kicad/plugins/netlist form pads-pch. asc.xsl %

For aBOM exporter using Python, an exampleis:
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[ usr/bin/python3 /usr/share/Kkicad/pl ugi ns/ bom csv_grouped_by val ue.py "%"
"0 csv"

Uwaga

It is recommended to surround arguments in the command line with quotes (") in case they
contain spaces or other special characters.

Some character sequences like 94 and %0 have a special meaning in the command line, because KiCad
replaces them with a filename or path before executing the command.

Par ameteReplaced with... Description

% <proj ect pat h>/ <proj ect |Absolute path and filename of the intermediate netlist file,
nane>. xn which isthe input to the BOM or netlist generator plugin

%0 <pr oj ect pat h>/ <proj ect |Absolute path and filename of the output BOM or netlist
nane> file (without file extension). An appropriate file extension

may need to be specified after the %0 sequence.

"B <proj ect name> Base filename of the output BOM or netlist file (without
path or file extension). An appropriate file extension may
need to be specified after the %B sequence.

0P <proj ect pat h> Absolute path of the project directory, without trailing
slash.

11.5.4. Plik po#redniej listy sieci

When exporting BOM files and netlists, KiCad creates an intermediate netlist file and then runs a
separate tool which post-processes the intermediate netlist into the desired netlist or BOM format.

The intermediate netlist uses XML syntax. It contains alarge amount of data about the design.
Depending on the output (BOM or netlist), different subsets of the complete intermediate netlist file
will be included in the final output file.

The structure of the intermediate netlist file is described in detail below.

Because the conversion from intermediate netlist file to output netlist or BOM is a text-to-text
transformation, the post-processing filter can be written using Python, XSLT, or any other tool
capable of taking XML asinput.

Uwaga

XSLT isnot recommended for new netlist or BOM exporters,; Python or another tool should be
used instead. Beginning with KiCad 7, xs! t pr oc isno longer installed with KiCad, although it
can be installed separately. Nevertheless, several examples of netlist exportersusing XSLT are
included below.

11.5.5. Plik po#redni listy sieci

Poni#szy przyk#ad ukazuje ide# samego pliku po#redniego.

<?xm version="1.0" encodi ng="utf-8"?>
<export version="D"'>
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<desi gn>
<source>F:\ ki cad_aux\netlist test\netlist_ test.sch</source>
<dat e>29/ 08/ 2010 21: 07: 51</ dat e>
<t ool >eeschenma (2010-08-28 BZR 2458) - unst abl e</t ool >
</ desi gn>
<conponent s>
<conp ref="P1">
<val ue>CONN_4</ val ue>
<l i bsource |ib="conn" part="CONN 4"/>
<sheet pat h names="/" tstanps="/"/>
<t st anps>4C6E2141</t st anps>
</ conp>
<conp ref="U2">
<val ue>74LS74</ val ue>
<l i bsource |ib="74xx" part="74LS74"/>
<sheet pat h names="/" tstanps="/"/>
<t st anps>4C6E20BA</ t st anps>
</ conp>
<conp ref="Ul">
<val ue>74LS04</ val ue>
<l i bsource |ib="74xx" part="74LS04"/ >
<sheet pat h names="/" tstanps="/"/>
<t st anps>4C6E20A6</t st anps>
</ conp>
<conp ref="Cl">
<val ue>CP</ val ue>
<l i bsource |ib="device" part="CP"/>
<sheet pat h names="/" tstanps="/"/>
<t st anps>4C6E2094</ t st anps>
<conp ref="R1">
<val ue>R</ val ue>
<l i bsource |ib="device" part="R'/>
<sheet pat h names="/" tstanps="/"/>
<t st anps>4C6E208A</ t st anps>
</ conp>
</ conponent s>
<li bparts/>
<libraries/>
<net s>
<net code="1" name="G\D'>
<node ref="ULl" pin="7"/>
<node ref="Cl" pin="2"/>
<node ref="W" pin="7"/>
<node ref="P1" pin="4"/>
</ net >
<net code="2" name="VCC'>
<node ref="R1" pin="1"/>
<node ref="ULl" pin="14"/>
<node ref="W2" pin="4"/>
<node ref="W2" pin="1"/>
<node ref="W2" pin="14"/>
<node ref="P1" pin="1"/>
</ net >
<net code="3" nanme="">
<node ref="W2" pin="6"/>
</ net >
<net code="4" npame="">
<node ref="ULl" pin="2"/>
<node ref="W2" pin="3"/>
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</ net >
<net code="5" nane="/SI G OUT">
<node ref="P1" pin="2"/>
<node ref="W2" pin="5"/>
<node ref="W2" pin="2"/>
</ net >
<net code="6" nane="/CLOCK | N'>
<node ref="R1l" pin="2"/>
<node ref="Cl" pin="1"/>
<node ref="ULl" pin="1"/>
<node ref="P1" pin="3"/>
</ net >
</ net s>
</ export >

Struktura ogo6lna
Plik po#redni listy sieci posiada 5 sekcji:

» Sekcjanag#owka.

Sekcja komponentow.

Sekcja elementéw bibliotecznych.

Sekcja bibliotek.
» Sekcjasieci potfczett.
The file content has the delimiter <export >
<export version="D'>
</ export >
Sekcja nag#owka
The header has the delimiter <desi gn>
<desi gn>
<source>F:\kicad aux\netlist test\netlist test.sch</source>
<dat e>21/ 08/ 2010 08: 12: 08</ dat e>

<t ool >eeschema (2010-08-09 BZR 2439) - unst abl e</t ool >
</ desi gn>

Sekcjata mo#e by# widoczna jako komentarze.

Sekcja komponentow

The component section has the delimiter <conponent s>

<conponent s>

<conp ref="P1">

<val ue>CONN_4</ val ue>

<l i bsource |ib="conn" part="CONN 4"/>
<sheet pat h nanes="/" tstanps="/"/>

<t st anps>4C6E2141</t st anps>
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</ conp>
</ conponent s>

Jest to lista na ktoreg) znajduj# si# poszczegdlne komponenty schematu. Ka#dy komponent jest
opisany w nast#puj#cy sposob:

<conp ref="P1">

<val ue>CONN_4</ val ue>

<l i bsource lib="conn" part="CONN 4"/>
<sheet pat h names="/" tstanps="/"/>

<t st anps>4C6E2141</t st anps>

</ conp>
Element name Element description
| i bsource name of the lib where this component was found.
part component name inside this library.
sheet pat h path of the sheet inside the hierarchy: identify the sheet within
the full schematic hierarchy.
t st anps timestamp of the component.

====== Note about time stamps for components

To identify a component in a netlist and therefore on a board, the timestamp referenceis used as
unique for each component. However KiCad provides an auxiliary way to identify a component
which is the corresponding footprint on the board. This allows the re-annotation of componentsin a
schematic project and does not lose the link between the component and its footprint.

Znacznik czasowy jest unikalnym identyfikatorem dla ka#dego sk#adnika lub arkusza schematu w
projekcie. Jednak w z#o#onych hierarchiach, w tym samym arkuszu sk#adnik mo#e by# u#ywany
wi#ce ni# raz, a zatem arkusz ten zawiera elementy o tym samym znaczniku czasowym.

A given sheet inside a complex hierarchy has an unique identifier: its sheetpath. A given component
(inside a complex hierarchy) has a unique identifier: the sheetpath and its timestamp.

Sekcja elementow bibliotecznych

The libparts section has the delimiter <I i bpar t s>, and the content of this section is defined in the
schematic libraries.

<l i bpart s>
<libpart |ib="device" part="CP">
<descri pti on>Condensat eur pol ari se</descri ption>
<f oot pri nt s>
<f p>CP*</ f p>
<f p>SMr </ f p>
</footprints>
<fiel ds>
<field name="Ref erence">C</fi el d>
<field name="Val eur">CP</fi el d>
</fields>
<pi ns>
<pi n nunm="1" nanme="1" type="passive"/>
<pi n nunm="2" nanme="2" type="passive"/>
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</ pi ns>
</libpart>
</libparts>

Element name

Element description

<f oot pri nts>

The symbol’ s footprint filters. Each footprint
filter isin a separate <f p> tag.

<fiel ds> The symbol’ sfields. Each field’s name
and value is given in a separate "<field
name="fieldname">...</field> tag.

<pi ns> The symbol’ s pins. Each pinis given in a separate

<pi n nune"pi nnunt' type="pi ntype"/ > tag.
Possible pintypes are described below.

Possible electrical pin types are:

Pintype Description

Input Usua input pin

Output Usual output

Bidirectiona Input or Output

Tri-state Bus input/output

Passive Usual ends of passive components
Unspecified Unknown electrical type

Power input Power input of a component

Power output Power output like a regulator output
Open collector Open collector often found in analog comparators
Open emitter Open emitter sometimes found in logic
Not connected Must be left open in schematic

Sekcja bibliotek

The libraries section has the delimiter <l i br ari es>. This section contains the list of schematic

libraries used in the project.

<libraries>
<library | ogical ="devi ce">

<uri>F:\ki cad\ share\l i brary\device.lib</uri>

</library>
<library | ogical ="conn">

<uri>F:\ ki cad\share\library\conn.|ib</uri>

</library>
</libraries>

Sekcja sieci

The nets section has the delimiter <net s>. This section describes the connectivity of the schematic by

listing all nets and the pins connected to each net.
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<net s>

<net code="
<node ref="U1"
<node ref="C1"
<node ref="U2"
<node ref="P1"

</ net >

<net code="

<node ref="U1"
<node ref="U2"
<node ref="U2"
<node ref="U2"
<node ref="P1"

</ net >
</ net s>

1" name="G\D' >

pi n="7"/>
pi n="2"/>
pi n="7"/>
pi n="4"/>

2" nanme="VCC'>
<node ref="R1"

pin="1"/>
pi n="14"/>
pi n="4"/>
pin="1"/>
pi n="14"/>
pin="1"/>

Poszczegllne sieci s# pogrupowane wewn#trz tagu <net>:

<net code="1" nanme="GN\D'>
<node ref="Ul" pin="7"/>
<node ref="Cl" pin="2"/>
<node ref="U2" pin="7"/>
<node ref="P1" pin="4"/>
</ net >
Element name | Element Description
net code an internal identifier for this net
name the net name
node the pin (identified by pi n) of asymbol (identified by r ef )
which is connected to the net

11.5.6. Example netlist exporters

Some example netlist exportersusing XSLT are included below.

XSLT itself isan XML language very suitable for XML transformations. The xsl t pr oc program
[http://xmlsoft.org/X SL T/xdltproc.html] can be used to read the Intermediate XML netlist input file,
apply a style-sheet to transform the input, and save the results in an output file. Use of xsl t proc
requires a style-sheet file using XSLT conventions. The full conversion process is handled by KiCad,
after it is configured onceto run xsl t pr oc in a specific way.

The document that describes XSL Transformations (XSLT) is available here: http://www.w3.org/ TR/

xdlt

Uwaga

When writing a new netlist exporter, consider using Python or another tool rather than XSLT.

PADS netlist example using XSLT

The following example shows how to create an exporter for the PADS netlist format using xI st pr oc.

The PADS netlist format is comprised of two sections:
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* A list of footprints
» A list of nets, together with the pads connected to each net.

Below isan XSL style-sheet which converts the intermediate netlist file to the PADS netlist format.

<?xm version="1.0" encodi ng="1S0O 8859-1"7?>

<I--XSL style sheet to Eeschema Generic Netlist Format to PADS netlist format
Copyri ght (C 2010, SoftPLC Corporati on.
GPL v2.

How t o use:

https://lists.launchpad. net/ ki cad- devel oper s/ nsg05157. ht m
-->

<I DOCTYPE xsl : styl esheet [
<IENTITY nl "&#xd; &#xa;"> <!--new line CR, LF -->
1>

<xsl : styl esheet version="1.0" xm ns: xsl="http://ww.w3. org/ 1999/ XSL/ Tr ansf or ni' >
<xsl :out put nethod="text" omt-xm-declarati on="yes" indent="no"/>

<xsl :tenpl ate match="/export">
<xsl : t ext >* PADS- PCB* &nl ; * PART* &nl ; </ xsl : t ext >
<xsl : appl y-tenpl at es sel ect =" conponent s/ conp"/ >
<xsl : text >&nl ; *NET*&nl ; </ xsl : t ext >
<xsl : appl y-tenpl at es sel ect="nets/net"/>
<xsl : t ext >* END* &nl ; </ xsl : t ext >

</ xsl : t enpl at e>

<l-- for each conponent -->
<xsl:tenpl ate match="conp">
<xsl:text> </xsl:text>
<xsl :val ue-of select="@ef"/>
<xsl:text> </xsl:text>
<xsl : choose>
<xsl :when test = "footprint !'="" ">
<xsl : appl y-tenpl ates sel ect="footprint"/>
</ xsl : when>
<xsl : ot her wi se>
<xsl : t ext >unknown</ xsl : t ext >
</ xsl : ot herw se>
</ xsl : choose>
<xsl :text>&nl; </ xsl:text>
</ xsl : t enpl at e>

<l-- for each net -->
<xsl:tenpl ate match="net">
<l-- nets are output only if there is nore than one pin in net -->

<xsl:if test="count(node)>1">
<xsl :text>*S| GNAL* </ xsl:text>
<xsl : choose>
<xsl :when test = "@ane !'="" ">
<xsl : val ue- of sel ect =" @ane"/ >
</ xsl : when>
<xsl : ot her wi se>
<xsl : t ext >N </ xsl : t ext >
<xsl : val ue- of sel ect =" @ode"/ >
</ xsl : ot herw se>
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</ xsl : choose>
<xsl:text>&nl; </ xsl :text>
<xsl : appl y-tenpl at es sel ect ="node"/ >
</xsl:if>
</ xsl : tenpl at e>

<l-- for each node -->

<xsl:tenpl ate mat ch="node" >
<xsl :text> </ xsl:text>
<xsl : val ue-of select="@ef"/>
<xsl :text>. </ xsl:text>
<xsl : val ue- of sel ect="@in"/>
<xsl :text>&nl ; </ xsl : t ext >

</ xsl : tenpl at e>

</ xsl : styl esheet >

And here isthe PADS netlist output file after running xsl t pr oc:

* PADS- PCB*
* PART*
P1 unknown
U2 unknown
Ul unknown
C1l unknown
R1 unknown
*NET*
*S| GNAL* GND
ul. 7
Cl.2
.7
P1. 4
*S| GNAL* VCC
.1
.14

*SI GNAL* N-4

*SI GNAL* /Sl G_QUT

*SI GNAL* / CLOCK_I N

Polecenie ktore dokonato takig) konwergji wygl#da nast#puj#co:

ki cad\\ bi n\\ xsl tproc.exe -o test.net kicad\\bin\\plugins\\netlist form pads-
pcb. xsl test.tnp
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Cadstar netlist example using XSLT

The following example shows how to create an exporter for the Cadstar netlist format using
x| st proc.

The Cadstar format is comprised of two sections:
» Thefootprint list
» The Netslist: grouping pads references by nets

Below isan XSL style-sheet which converts the intermediate netlist file to the Cadstar netlist format.

<?xm version="1.0" encodi ng="1S0O 8859-1"?>

<I--XSL style sheet to Eeschema Generic Netlist Format to CADSTAR netli st fornmat
Copyri ght (C 2010, Jean-Pierre Charras.
Copyri ght (C 2010, SoftPLC Corporati on.
GPL v2. -->

<I DOCTYPE xsl : styl esheet [
<IENTITY nl "&#xd; &#xa;"> <!--new line CR, LF -->
1>

<xsl : styl esheet version="1.0" xm ns: xsl="http://ww.w3. org/ 1999/ XSL/ Tr ansf or ni' >
<xsl :out put nethod="text" omt-xm -decl arati on="yes" indent="no"/>

<l-- Netlist header -->
<xsl :tenpl ate match="/export">
<xsl : t ext >. HEA&nI ; </ xsl : t ext >

<xsl : appl y-tenpl at es sel ect ="design/date"/> <l-- Cenerate line .TIM<tine> -->

<xsl : appl y-tenpl ates sel ect="design/tool"/> <!-- Cenerate |ine .APP <eeschema versi
<xsl : appl y-tenpl at es sel ect ="conponents/conp"/> <!-- Generate |list of conponents --:
<xsl :text >&nl ; &nl ; </ xsl : t ext >

<xsl : appl y-tenpl at es sel ect="nets/net"/> <l-- Generate |list of nets and con

<xsl :text >&nl ; . END&nI ; </ xsl : t ext >
</ xsl : t enpl at e>

<l-- Cenerate line .TIM 20/08/2010 10: 45:33 -->
<xsl:tenpl ate match="t ool ">

<xsl:text>. APP "</xsl:text>

<xsl : appl y-t enpl at es/ >

<xsl :text>"&nl ; </ xsl : text>
</ xsl : t enpl at e>

<l-- Generate |line .APP "eeschema (2010-08-17 BZR 2450) - unst abl e" -->
<xsl :tenpl ate match="date">
<xsl:text>. TIM </ xsl : text >
<xsl : appl y-t enpl at es/ >
<xsl : text >&nl ; </ xsl : t ext >
</ xsl : t enpl at e>

<l-- for each conponent -->
<xsl :tenpl ate match="conp">

<xsl :text>. ADD COM </ xsl : t ext >

<xsl :val ue-of select="@ef"/>

<xsl:text> </xsl:text>

<xsl : choose>

<xsl:when test = "value !'="" ">
<xsl:text>"</xsl:text> <xsl:apply-tenpl ates sel ect ="val ue"/> <xsl :text>"</xs
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</ xsl : when>
<xsl : ot herw se>
<xsl:text>""
</ xsl : ot herw se>
</ xsl : choose>
<xsl :text>&nl ; </ xsl : text >
</ xsl : tenpl at e>

</ xsl : text>

<l-- for each net -->
<xsl:tenpl ate match="net">
<I-- nets are output only if there is nore than one pin in net

<xsl:if test="count (node)>1">
<xsl :vari abl e nane="net nane" >
<xsl : text >"</ xsl : text >
<xsl : choose>
<xsl|l :when test = "@ane !'="'" ">
<xsl : val ue- of sel ect =" @ane"/ >
</ xsl : when>
<xsl : ot herw se>
<xsl :text>N-</xsl:text>
<xsl : val ue- of sel ect =" @ode"/ >
</ xsl : ot herwi se>
</ xsl : choose>
<xsl:text>"&nl; </ xsl:text>
</ xsl : vari abl e>
<xsl : appl y-tenpl ates sel ect ="node" node="first"/>
<xsl : val ue- of sel ect =" $net nane"/>
<xsl : appl y-tenpl at es sel ect ="node" npde="ot hers"/>
</xsl:if>
</ xsl : tenpl at e>

<l-- for each node -->

<xsl:tenpl ate match="node" nmode="first">
<xsl:if test="position()=1">

<xsl :text>. ADD TER </ xsl :text>

<xsl : val ue-of select="@ef"/>
<xsl:text>. </xsl:text>
<xsl : val ue- of sel ect="@in"/>
<xsl:text> </xsl:text>
</xsl:if>

</ xsl : tenpl at e>

<xsl:tenpl ate mat ch="node" node="ot hers">
<xsl : choose>
<xsl :when test='position()=1">
</ xsl : when>
<xsl :when test='position()=2">
<xsl :text>. TER </ xsl :text>
</ xsl : when>
<xsl : ot herw se>
<xsl :text> </ xsl :text>
</ xsl : ot herwi se>
</ xsl : choose>
<xsl:if test="position()>1">
<xsl : val ue-of select="@ef"/>
<xsl :text>. </ xsl:text>
<xsl : val ue- of sel ect="@in"/>
<xsl :text>&nl ; </ xsl : t ext >
</xsl:if>

242



Advanced Topics

</ xsl : tenpl at e>
</ xsl : styl esheet >
Poni#g znagjduje si# plik wyj#ciowy dla programu Cadstar.

. HEA

. TIM 21/ 08/ 2010 08: 12: 08

. APP "eeschema (2010-08-09 BZR 2439) - unst abl e"
. ADD_COM P1 " CONN 4"

. ADD_COM U2 "74LS74"

. ADD_COM Ul " 74LS04"

. ADD_COM C1 "CP"

.ADD COM R1 "R'

.ADD_TER U1.7 " GN\D"
. TER Cl.2
u2. 7
P1. 4
.ADD_TER R1.1 "VCC
. TER ul. 14
Uu2. 4
u2. 1
u2. 14
P1.1
.ADD_TER U1.2 "N-4"
. TER u2. 3
.ADD_TER P1.2 "/SI G QUT"
. TER U2.5
u2. 2
.ADD_TER R1.2 "/ CLOCK_| N'
. TER Cl.1
ul. 1
P1.3
. END

OrcadPCB2 netlist example using XSLT

Thisformat has only one section which is the footprint list. Each footprint includes alist of its pads
with reference to a net.

Below isan XSL style-sheet which converts the intermediate netlist file to the Orcad netlist format.

<?xm version="1.0" encodi ng="1SO 8859-1"?>

<I--XSL style sheet to Eeschema Generic Netlist Format to CADSTAR netli st fornat
Copyri ght (C 2010, SoftPLC Corporati on.
GPL v2.

How t o use:

https://lists.|launchpad. net/ ki cad- devel oper s/ nsg05157. ht m
-->

<I DOCTYPE xsl : styl esheet [
<IENTITY nl "&#xd; &#xa;"> <!--new line CR, LF -->

1>

<xsl : styl esheet version="1.0" xm ns:xsl="http://ww.w3. org/ 1999/ XSL/ Tr ansf or ni' >
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<xsl :out put nethod="text" omt-xm-decl arati on="yes" indent="no"/>

<l--

Net |l i st header

Creates the entire netli st

(can be seen as equivalent to main function in C
-->

<xsl :tenpl ate match="/export">
<xsl:text>( { Eeschema Netlist Version 1.1 </xsl:text>

<!l-- Cenerate line . TIM<tinme> -->
<xsl : appl y-tenpl at es sel ect ="desi gn/ date"/ >
<!-- Cenerate |ine eeschemn version ... -->

<xsl : appl y-tenpl at es sel ect ="desi gn/tool "/ >
<xsl:text>}&nl;</xsl:text>

<I-- Generate the list of conponents -->
<xsl : appl y-tenpl at es sel ect ="conponents/conp"/> <!-- Generate list of components -->
<l-- end of file -->

<xsl:text>)&nl;*&nl; </ xsl:text>
</ xsl : tenpl at e>

<l--
Cenerate id in header |ike "eeschema (2010-08-17 BZR 2450) - unst abl e"
-->
<xsl:tenpl ate match="t ool ">
<xsl : appl y-tenpl at es/ >
</ xsl : tenpl at e>

<l--
Cenerate date in header |ike "20/08/2010 10:45: 33"
-->
<xsl:tenpl ate match="date">
<xsl : appl y-tenpl at es/ >
<xsl :text>&nl ; </ xsl : text >
</ xsl : tenpl at e>

<l--
This tenpl ate read each conponent
(path = /export/conponent s/ conp)
creates lines:
( 3EBF7DBD $nonane Ul 74LS125
. pin |ist
)
and calls "create pin_list" tenplate to build the pin Iist
-->

<xsl:tenpl ate match="conp">
<xsl:text> ( </xsl:text>
<xsl : choose>
<xsl:when test = "tstanmp !="'" ">
<xsl : appl y-tenpl ates sel ect ="t stanp"/>
</ xsl : when>
<xsl : ot herw se>
<xsl : t ext >00000000</ xsl : t ext >
</ xsl : ot her wi se>
</ xsl : choose>
<xsl:text> </xsl:text>
<xsl : choose>
<xsl:when test = "footprint !'="" ">
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<xsl : appl y-tenpl ates sel ect="footprint"/>
</ xsl : when>
<xsl : ot herw se>
<xsl : t ext >$nonane</ xsl : t ext >
</ xsl : ot her wi se>
</ xsl : choose>
<xsl:text> </xsl:text>
<xsl : val ue-of select="@ef"/>
<xsl:text> </xsl:text>
<xsl : choose>
<xsl:when test = "value !'="" ">
<xsl : appl y-tenpl at es sel ect ="val ue"/>
</ xsl : when>
<xsl : ot herw se>
<xsl:text>"~"</xsl:text>
</ xsl : ot her wi se>
</ xsl : choose>
<xsl:text>&nl; </ xsl :text>
<xsl:call-tenpl ate name="Search _pin_list" >
<xsl:w t h-param name="cnplib_id" sel ect="Iibsource/ @art"/>
<xsl:w t h-param name="cnp_ref" select="@ef"/>
</ xsl :call -tenpl at e>
<xsl:text> )&nl; </xsl:text>
</ xsl : tenpl at e>

<l--
This tenplate search for a given |ib conponent description in |ist
lib conmponent descriptions are in /export/libparts,
and each description start at ./libpart
We search here for the list of pins of the given conmponent
This tenplate has 2 paraneters:
"cnplib_id" (reference in |libparts)
"cnp_ref” (schematic reference of the given conponent)
-->

<xsl:tenpl ate name="Search_pin_list" >
<xsl : param name="cnplib_id" select="0" />
<xsl : param name="cnp_ref" select="0" />
<xsl:for-each select="/export/|ibparts/libpart">
<xsl:if test = "@art = $cnplib_id ">
<xsl :apply-tenpl ates nanme="build _pin_list" sel ect="pins/pin">
<xsl :w t h- param nane="cnp_ref" select="$cnp_ref"/>
</ xsl : appl y-t enpl at es>
</xsl:if>
</ xsl : for-each>
</ xsl : tenpl at e>

<l--
This tenplate wites the pin list of a conmponent
fromthe pin list of the Iibrary description
The pin list fromlibrary description is sonething |ike
<pi ns>
<pi n nun="1" type="passive"/>
<pi n nun="2" type="passive"/>
</ pi ns>
Qutput pin list is ( <pin nunk <net nane> )
somet hing |ike
( 1 vee)
( 2 G\D)
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-->
<xsl:tenplate name="build_pin_list" match="pin">
<xsl : param name="cnp_ref" select="0" />

<I-- wite pin numer and separator -->
<xsl:text> ( </xsl:text>

<xsl : val ue- of sel ect =" @wuni'/ >
<xsl:text> </xsl:text>

<I-- search net nane in nets section and wite it: -->
<xsl :vari abl e name="pi nNunf sel ect =" @unt />
<xsl:for-each sel ect="/export/nets/net">
<I-- net name is output only if there is nore than one pin in net
el se use "?" as net nane, so count itens in this net
-->
<xsl :vari abl e name="pi nCnt" sel ect ="count (node)" />
<xsl : appl y-tenpl at es nanme="Search_pi n_net nane" sel ect ="node" >
<xsl :w t h- param nane="cnp_ref" select="$cnp_ref"/>
<xsl :w t h- param name="pi n_cnt_in_net" sel ect="$pi nCnt"/>
<xsl : wi t h- par am nanme="pi n_num'> <xsl : val ue- of sel ect =" $pi nNuni'/ >
</ xsl : wi t h- par an>
</ xsl : appl y-t enpl at es>
</ xsl : for-each>

<l-- close line -->
<xsl:text> )&nl; </xsl:text>
</ xsl : tenpl at e>

<I--
This tenplate wites the pin netname of a given pin of a given conmponent
fromthe nets [ist
The nets list description is something |like
<net s>
<net code="1" name="G\D'>
<node ref="J1" pin="20"/>
<node ref="C2" pin="2"/>
</ net >
<net code="2" name="">
<node ref="W" pin="11"/>
</ net >
</ net s>
This tenplate has 2 paraneters:
"cnp_ref” (schematic reference of the given conponent)
" pi n_nunt (pi n nunber)
-->

<xsl :tenpl ate name="Sear ch_pi n_net nane" mat ch="node" >
<xsl : param name="cnp_ref" select="0" />
<xsl : par am name="pi n_nunt sel ect="0" />
<xsl : param name="pi n_cnt_in_net" select="0" />

<xsl:if test = "@ef = $cnp_ref ">
<xsl:if test = "@in = $pi n_nun'>
<I-- net name is output only if there is nore than one pin in net
el se use "?" as net nane
-->
<xsl:if test = "$pin_cnt_in_net>1">
<xsl : choose>
<I-- if a net has a nanme, use it,
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else build a name fromits net code
-->
<xsl|l :when test = "../@ane !'="'" ">
<xsl : val ue- of select="../@anme"/>
</ xsl : when>
<xsl : ot herw se>
<xsl : t ext >$N- 0</ xsl : t ext ><xsl : val ue- of sel ect="../ @ode"/>
</ xsl : ot herw se>
</ xsl : choose>

</xsl:if>
<xsl:if test = "$pin_cnt_in_net &t;2">
<xsl :text >?</ xsl : t ext >
</xsl:if>
</xsl:if>
</xsl:if>

</ xsl : tenpl at e>

</ xsl : styl esheet >
Poni#g znajduje si# plik wyj#ciowy programu OrcadPCB2.

( { Eeschena Netlist Version 1.1 29/08/2010 21:07:51
eeschema (2010-08-28 BZR 2458) - unst abl e}
( 4C6E2141 $nonane P1 CONN 4
1 VCC)
2 /SIG QUT )
3 /CLOCK_IN)
4 G\D )

—~ A~~~

)
( 4C6E20BA $nonanme U2 74LS74

1 VCC )

2 /SIG.OUT )
3 N-04 )

4 VCC)

5 /SIG OUT )
6 ?)

7 G\D )

14 VCC )

AN AN AN AN AN AN S

)
( 4C6E20A6 $nonanme Ul 74LS04

( 1 /CLOCK IN)
( 2 NO4)
( 7 G\ND)
( 14 vCC)

)

( 4C6E2094 $noname Cl1 CP
( 1 /CLOCK IN)
( 2 G\D)

)

( 4C6E208A $nonane R1L R
( 1 vCC)
( 2 /CLOCK IN)

)

)

*
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Below isalist of every available action in the KiCad Schematic Editor: acommand that can be
assigned to a hotkey.

12.1. Schematic Editor

The actions below are available in the Schematic Editor. Hotkeys can be assigned to any of these
actionsin the Hotkeys section of the preferences.

Action Default Description

Hotkey
Align Itemsto
Grid
Annotate Fill in schematic symbol reference designators
Schematic...
Annotate Toggle automatic annotation of new symbols
Automatically
Assign Run footprint assignment tool
Footprints...
Clear Net kbd:[~] Clear any existing net highlighting
Highlighting
Export Drawing to Export drawing of current sheet to clipboard
Clipboard
Edit Library kbd:[Ctrl Open the library symbol in the Symbol Editor
Symbol... +Shift+E]
Edit Sheet Page Edit the page number of the current or selected sheet
Number...
Edit Symbol Bulk-edit fields of all symbolsin schematic
Fields...
Edit Symbol Edit links between schematic and library symbols
Library Links...
Edit with Symbol |kbd:[Ctrl+E] |Open the selected symbol in the Symbol Editor
Editor
Export Netlist... Export file containing netlist in one of several formats
Export Symbolsto Add symbols used in schematic to an existing symbol library
Library... (does not remove other symbols from this library)
Export Symbolsto Create anew symbol library using the symbols used in the
New Library... schematic (if the library already exists it will be replaced)
Generate Bill of Generate a bill of materials for the current schematic
Materials...
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Action Default Description
Hotkey
Generate Bill Generate a bill of materials for the current schematic using
of Materias external generator
(Externa)...
Generate L egacy Generate a bill of materials for the current schematic (Legacy
Bill of Materials... Generator)
Highlight Net kbd:['] Highlight net under cursor
Highlight Nets Highlight wires and pins of anet
Import Footprint Import symbol footprint assignments from .cmp file created by
Assignments... board editor
Import Graphics... |kbd:[Ctrl Import 2D drawing file
+Shift+F]
Increment Increment a subset of reference designators starting at a
Annotations particular symbol
From...
Line Mode for Constrain drawing and dragging to horizontal, vertical, or 45-
Wires and Buses degree angle motions
Line Mode for Draw and drag at any angle
Wires and Buses
Line Mode for kbd:[ Shift Switch to next line mode
Wiresand Buses | +Space]

Line Mode for
Wires and Buses

Constrain drawing and dragging to horizontal or vertical motions

Mark items
excluded from
simulation

Draw 'X’s over items which have been excluded from simulation

Next Symbol Unit

Open the next unit of the symbol

Previous Symbol
Unit

Open the previous unit of the symbol

Remap Legacy Remap library symbol referencesin legacy schematics to the

Library Symbols... symbol library table

Repair Schematic Run various diagnostics and attempt to repair schematic

Rescue Symboals... Find old symbolsin project and rename/rescue them

Save Current Sheet Save a copy of the current sheet to another location or name

Copy As...

Schematic Setup... Edit schematic setup including annotation styles and electrical
rules

Select on PCB Select corresponding itemsin PCB editor

Do not Populate Set the do not populate attribute
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Action Default Description
Hotkey
Exclude from Bill Set the exclude from bill of materials attribute
of Materials
Exclude from Set the exclude from board attribute
Board
Exclude from Set the exclude from simulation attribute
Simulation
Show Directive
Labels
Show ERC Errors Show markers for electrical rules checker errors
Show ERC Show markers for excluded electrical rules checker violations
Exclusions
Show ERC Show markers for electrical rules checker warnings
Warnings
Show Hidden
Fields
Show Hidden Pins
Net Navigator Show/hide the net navigator
Show OP Currents Show operating point current datafrom simulation
Show OP Voltages Show operating point voltage data from simulation
Switch to PCB Open PCB in board editor
Editor
Simulator Show simulation window for running SPICE or IBIS
simulations.
Show Pin Show indicator icons for pins with alternate modes
Alternate | cons
Hierarchy kbd:[Ctrl+H] |Show/hide the schematic sheet hierarchy navigator
Navigator
Symbol Checker Show the symbol checker window
Compare Symbol Show differences between schematic symbol and its library
with Library equivalent

Electrica Rules
Checker

Show the e ectrical rules checker window

Show Bus Syntax
Help

Decrement Decrement the primary field of the selected item(s)
Primary

Decrement Decrement the secondary field of the selected item(s)
Secondary

Increment Increment the selected item(s)
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Action

Default
Hotkey

Description

Increment Primary

Increment the primary field of the selected item(s)

Increment
Secondary

Increment the secondary field of the selected item(s)

Close Outline

Close the in-progress outline

Delete Last Point

Delete the last point added to the current item

Draw Arcs

Draw Bezier
Curve

Draw Circles

Draw Rectangles

Draw Rule Areas

Draw Hierarchicd
Sheets

kbd:[S]

Draw Sheet from
Design Block

Copy design block into project as a sheet on current sheet

Draw Sheet from
File

Copy sheet into project and draw on current sheet

Draw Tables

Draw Text Boxes

Import Sheet

Import sheet into project

Place Wireto Bus
Entries

kbd:[Z]

Place Directive
Labels

Place Design
Block

kbd:[Shift+B]

Add selected design block to current sheet

Place Global
Labels

kbd:[Ctrl+L]

Place Hierarchical
Labels

kbd:[H]

Place Images

Place Junctions

kbd:[J]

Place Net Labels

kbd:[L]

Place Next Symbol
Unit

Place the next unit of the current symbol that is missing from the
schematic

Place No Connect
Flags

kbd:[Q]
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Action Default Description
Hotkey
Place Power kbd:[P]
Symbols
Draw Text kbd:[T]
Place Sheet Pins
Place Symbols kbd:[A]
Sync Sheet Pins Synchronize sheet pins and hierarchical labels
Sync Sheet Pins Synchronize sheet pins and hierarchical labels
Draw Buses kbd:[B]
Draw Lines kbd:[1]
Draw Wires kbd:[W]
Switch Segment | kbd:[/] Switches posture of the current segment.
Posture
Undo Last kbd:[Back] |Walksthe current line back one segment.
Segment
Unfold from Bus |kbd:[C] Break awire out of a bus
Assign Netclass... Assign a netclass to nets matching a pattern
Autoplace Fields [kbd:[O] Runs the automatic placement algorithm on the symbol’s (or
sheet’s) fields
Break Divide into connected segments
Change Symboal.... Assign adifferent symbol from the library
Change Assign different symbols from the library
Symboals...
Cleanup Sheet Delete unreferenced sheet pins
Pins
Edit Footprint... |kbd:[F]
Edit Reference kbd:[U]
Designator...
Edit Text Edit text and graphics properties globally across schematic
& Graphics
Properties...
Edit Value... kbd:[V]
Mirror kbd:[X] Flips selected item(s) from left to right
Horizontally
Mirror Vertically |kbd:[Y] Flips selected item(s) from top to bottom
Pin Table... Displays pin table for bulk editing of pins
Properties... kbd:[E]
Repeat Last Item  |kbd:[Ing] Duplicates the last drawn item
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Action Default Description
Hotkey
Rotate kbd:[R]
Counterclockwise
Rotate Clockwise
De Morgan Switch to alternate De Morgan representation
Alternate
De Morgan Switch to standard De Morgan representation
Standard
Slice Divide into unconnected segments
Swap kbd:[Alt+S] | Swap positions of selected items
Symbol
Properties...
Changeto Change existing item to adirective label
Directive Label
Change to Global Change existing item to aglobal 1abel
L abel
Changeto Change existing item to a hierarchical label
Hierarchical Label
Changeto Label Change existing item to alabel
Changeto Text Change existing item to a text comment
Change to Text Change existing item to a text box
Box
De Morgan Switch between De Morgan representations
Conversion
Update Symboal... Update symbol to include any changes from the library
Update Symbols Update symbols to include any changes from the library
from Library...
Drag kbd:[G] Move items while keeping their connections
Move kbd:[M]
Select Connection |kbd:[Ctrl+4] |Select acomplete connection
Select Node kbd:[Alt+3] |Select aconnection item under the cursor
Navigate Back Kbd:[Alt Move backward in sheet navigation history
+L eft]
Change Sheet Change to provided sheet’ s contents in the schematic editor
Enter Sheet Display the selected sheet’ s contents in the schematic editor
Navigate Forward |kbd:[Alt Move forward in sheet navigation history
+Right]
L eave Sheet Kbd:[Alt Display the parent sheet in the schematic editor
+Back]
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Action Default Description
Hotkey
Next Sheet kbd:[PgDn] |Move to next sheet by number
Previous Sheet kbd:[PgUp] |Move to previous sheet by number
Navigate Up kbd:[Alt+Up] |Navigate up one sheet in the hierarchy
Push Pin Length Copy pin length to other pinsin symbol
Push Pin Name Copy pin name size to other pinsin symbol
Size
Push Pin Number Copy pin number size to other pinsin symbol
Size
Create Corner
Remove Corner
Properties... Edit properies of design block
Delete Design Remove the selected design block fromits library
Block
Save Selection as Create a new design block from the current selection
Design Block...
Save Current Sheet Create a new design block from the current sheet

as Design Block...

Design Blocks

Show/hide design blocks library

User-defined Add, edit or delete user-defined ssimulation signals
Signals...

New Analysis kbd:[Ctrl+N] |Create a new tab containing asimulation analysis

Tab...

Open Workbook... |kbd:[Ctrl+QO] |Open a saved set of analysis tabs and settings

Probe Schematic...  kbd:[P] Add a simulator probe

Run Simulation kbd:[R]

Save Workbook  |kbd:[Ctrl+S] |Save the current set of analysis tabs and settings

Save Workbook | kbd:[Ctrl Save the current set of analysis tabs and settings to another
As... +Shift+5] location

Show SPICE

Netlist

Edit Analysis Edit the current analysis tab’s SPICE command and plot setup
Tab...

Stop Simulation

Add Tuned kbd:[T] Select avalue to be tuned

Vaue...

Export Current

PlotasCSV ...
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Action

Default
Hotkey

Description

Export Current
Plot as PNG...

Export Current
Plot to Schematic

Export Current
Plot to Clipboard

Dark Mode Plots

Draw plots with ablack background

Dotted Current/
Phase

Draw secondary signal trace (current or phase) with adotted line

Show Legend

Draw Lines

Draw connected graphic lines

Draw Polygons

Draw Text Boxes

Move Symbol
Anchor

Draw Pins

kbd:[P]

Draw Text

Add Symbol to
Schematic

Add the current symbol to the schematic

Copy

Cut

Delete Symbol

Remove the selected symbol from itslibrary

Derive from
Existing Symboal...

Create anew symbol, derived from an existing symbol

Duplicate Symbol

Edit Symbol

Show selected symbol on editor canvas

Export Symbol as
SVG...

Create SV G file from the current symbol

Export View as
PNG...

Create PNG file from the current view

Import Symboal...

Import a symbol to the current library

New Symboal...

kbd:[Ctrl+N]

Create a new symbol in an existing library

Paste Symbol

Rename Symboal...

SaveLibrary As...

kbd:[Ctrl
+Shift+S]

Save the current library to anew file

Save As...

Save the current symbol to adifferent library or name
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Action Default Description
Hotkey
Save Copy As... Save a copy of the current symbol to a different library or name
Set Unit Display Set the display name for a particular unit in a multi-unit symbol
Name...
Show Pin Annotate pins with their electrical types
Electrical Types
Show Hidden
Fields
Show Hidden Pins
Show Pin Annotate pins with their numbers
Numbers
Synchronized Pins Synchronized Pins Mode When enabled propagates all changes
Mode (except pin numbers) to other units. Enabled by default for
multiunit parts with interchangeable units.
Update Symbol Update symbol to match changes made in parent symbol
Fields...

12.2. Common

The actions below are available across KiCad, including in the Schematic Editor. Hotkeys can be
assigned to any of these actionsin the Hotkeys section of the preferences.

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] |Performs left 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:[L eft]
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Action Default Description
Hotkey
Cursor Left Fast | kbd:[Ctrl
+Left]
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
CycleFast 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
Hide Library Tree
Inactive Layer Toggle inactive layers between normal and dimmed
View Mode
Inactive Layer kbd:[H] Cycleinactive layers between normal, dimmed, and hidden
View Mode (3-
state)
Inches
Left Justify Left-justify fields and text items
Focus Library Tree|kbd:[Ctrl+L]
Search Field
Snap to Objects on Enables snapping to objects on the active layer only
the Active Layer
Only
Snap to Objects on Enables snapping to objects on all visible layers
All Layers
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Action Default Description
Hotkey
Toggle Snapping | kbd:[Shift+S] | Toggles between snapping on all visible layers and only the
Between Active active area
and All Layers
Millimeters
Mils
New... kbd:[Ctrl+N] |Create a new document in the editor
New Library... Create anew library folder
Open... kbd:[Ctrl+QO] |Open existing document
Openinfile Open alibrary file with system file explorer
explorer...
EditinaText Open alibrary file with atext editor
Editor...
Page Settings... Settings for paper size and title block info
Pan Down kbd:[ Shift
+Down]
Pan Left kbd:[ Shift
+Left]
Pan Right kbd:[ Shift
+Right]
Pan Up kbd:[ Shift
+Up]
Pin Library Keep the library at the top of thelist
Plot...
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
Save As... 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
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Action Default Description
Hotkey
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
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 the list
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]

Zoom In
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Action Default Description
Hotkey
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]
Delete kbd:[Ddl] 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]
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Action Default Description
Hotkey
Paste kbd:[Ctrl+V] |Pasteitem(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:[Citrl Unselect al 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 aweb browser

List Hotkeys... kbd:[Ctrl+F1] | Displays current hotkeys table and corresponding commands
Preferences... kbd:[Ctrl+,] |Show preferences for 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)

261




Actions reference

Action Default Description

Hotkey
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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