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This manual is in the process of being revised to cover the latest stable release version of
KiCad. It contains some sections that have not yet been completed. We ask for your
patience while our volunteer technical writers work on this task, and we welcome new
contributors who would like to help make KiCad’s documentation better than ever.
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Introduction to the KiCad Schematic Editor
B=

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

¢ Linux
* Apple macOS

e 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 drawing, control, layout, library
management and access to the PCB design software are carried out within the editor itself.

The KiCad Schematic Editor is intended to cooperate with the KiCad PCB Editor, which is KiCad’s printed
circuit design software. It can also export netlist files, which lists 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:

o BEHG. REROBHEBNLIMEETSILIRIAI - IL—IU - FT v (ERC)
* Z MR (Postscript, PDF, HPGL, SVG) ZHR— kL2 FOY L7 71 ILOI O R— b,
* (BRI I#—VvhERETETDLD Python N XSLTDXOYU FEFEALRZ) Sk (BOM) DERK.

BT 7S

The Schematic Editor is limited only by the available memory. There is thus no real limitation to the number
of components, component pins, connections or sheets. In the case of multi-sheet schematics, the
representation is hierarchical.

The Schematic Editor can use multi-sheet schematics in a few ways:
s BH—NEE (REHA—ELHERIND),

o BMIIRHERE (VW< DN DORIE, —EUEOEHEHERINDS),
s FEK (T3vh) LEE (VI —REOCH. V< DOHDOREFATHICERINLL),.



Generic Schematic Editor commands

TENDIAVY R ERTCEET !
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Function keys ( F1|, F2|, F3 F4  Insert and | Space ). Specifically:  Escape cancels the command in
progress. Insert allows the duplication of the last element created.

Pressing hotkeys. For a list of hotkeys, see the Help - List Hotkeys menu entry or press ctrl |+ F1 . Many
hotkeys select a tool but do not perform the tool’s action until the canvas is clicked. This behavior can be
changed by unchecking First hotkey selects tool in the Common Preferences pane. With this option
unchecked, pressing a hotkey will select the tool and immediately perform the tool’s action at the current
cursor location.
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* Single click: Selects the item under the cursor and displays the item’s characteristics in the status bar.
¢ Double click: edits the item if it is editable.

® Long click (click and hold): opens a pop-up menu to clarify the selection.
aRsy

* Opens a pop-up menu. If an item is selected, the items in the menu are related to the selected item. If an
item is under the cursor when the right mouse button is clicked, the item is selected.
Selection operations

Schematic editor items can be selected by clicking on them. Multiple items can be selected at once. Add items
to the selection with | shift | + click, and remove items from the selection with  ctr1 + shift + click.

NOTE On Apple keyboards, use the  cd | keyinstead of | ctr1 |,
left mouse button Select item.
shift  +left mouse button Add item to selection.
ctrl |+ shift +left mouse button Remove item from
selection.
long click Clarify selection from a

pOop-up menu.

ctrl  +left mouse button Highlight net.

Items can also be selected by drawing a box around them using the left mouse button.

Dragging from left to right includes all items fully enclosed by the box. Dragging from right to left includes
all items touched by the box, even if they are not fully enclosed.

The shift and  ctrl + shift modifiers also work with drag selections to add and remove items from the
selection, respectively.

Ry k+—
e The ctrl + F1 displays the current hotkey list.

¢ All hotkeys can be redefined using the hotkey editor (Preferences - Preferences... . Hotkeys).

The default hotkey list is below. Many additional actions do not have hotkeys by default, but hotkeys can be
assigned to them with the hotkey editor.



The hotkeys described in this manual use the key labels that appear on a standard PC keyboard. On an Apple
keyboard layout, use the  d keyinplace of ctr1 ,and the option keyinplace of At .

Action Default Description
Hotkey
Click Return Performs left mouse button click
Double-click End Performs left mouse button double-click
Cursor Down Down
Cursor Down Fast ctrl |+ Down
Cursor Left Left
Cursor Left Fast ctrl |+ Left
Cursor Right Right
Cursor Right Fast Ctrl |+ Right
Cursor Up Up
Cursor Up Fast ctrl |+ Up

Switch to Fast Grid ALt [+ 1
1

Switch to Fast Grid Alt |+ 2
2

Switch to Next N
Grid

Switch to Previous Shift |+ N
Grid

Reset Grid Origin z

Grid Origin s Set the grid origin point

New... ctrl |+ N Create a new document in the editor
Open... ctrl |+ 0 Open existing document

Pan Down Shift + Down

Pan Left shift |+ Left

Pan Right Shift |+ Right

Pan Up shift + Up

Print... ctrl |+ p Print



Action
Reset Local
Coordinates
Save

Save As...

Always Show
Cursor

Switch units

Update PCB from
Schematic...

Center

Zoom to Objects
Zoom to Fit
Zoom In at Cursor

Zoom Out at
Cursor

Refresh
Zoom to Selection

Change Edit
Method

Copy
Cut
Delete
Duplicate
Find

Find and Replace

Find Next
Find Next Marker

Paste

Default
Hotkey

Space

Ctrl

Ctrl

Ctrl

Ctrl

F8

F4

Ctrl

Home

F1

F2

F5

ctrl

Ctrl

ctrl

Ctrl

Del

ctrl

Ctrl

Ctrl

(73

Shift

Shift +

Shift |+

Home

[F3

Space

Alt +

+| F3

Ctrl + V

Description

Save changes

Save current document to another location

Display crosshairs even in selection tool

Switch between imperial and metric units

Update PCB with changes made to schematic

Center

Zoom to Objects
Zoom to Fit
Zoom In at Cursor

Zoom Out at Cursor

Refresh
Zoom to Selection

Change edit method constraints

Copy selected item(s) to clipboard
Cut selected item(s) to clipboard
Deletes selected item(s)
Duplicates the selected item(s)
Find text

Find and replace text

Find next match

Paste item(s) from clipboard



Action

List Hotkeys...
Preferences...

Clear Net
Highlighting

Edit Library
Symbol...

Edit with Symbol
Editor

Highlight Net
Show Datasheet
Add Sheet

Add Wire to Bus
Entry

Add Global Label

Add Hierarchical
Label

Add Junction
Add Label

Add No Connect
Flag

Add Power

Add Text

Add Symbol

Add Bus

Add Lines

Add Wire

Finish Wire or Bus
Unfold from Bus

Autoplace Fields

Default
Hotkey

Ctrl [+]| F1

Ctrl |+,

Ctrl +| Shift +

E

Ctrl [+]| E

Ctrl [+|L

Description

Displays current hotkeys table and corresponding commands
Show preferences for all open tools

Clear any existing net highlighting

Open the library symbol in the Symbol Editor

Open the selected symbol in the Symbol Editor

Highlight net under cursor
Opens the datasheet in a browser
Add a hierarchical sheet

Add a wire entry to a bus

Add a global label

Add a hierarchical label

Add ajunction
Add a net label

Add a no-connection flag

Add a power port

Add text

Add a symbol

Add a bus

Add connected graphic lines

Add a wire

Complete drawing at current segment

Break a wire out of a bus

Runs the automatic placement algorithm on the symbol or sheet’s

fields



Action

Mirror Vertically
Properties...
Repeat Last Item

Rotate
Counterclockwise

Drag

Move

Select Connection
Select Node

Leave Sheet

Default
Hotkey

Alt + 4
Alt |+|3

Alt + Back

Description

Flips selected item(s) from top to bottom
Displays item properties dialog
Duplicates the last drawn item

Rotates selected item(s) counter-clockwise

Drags the selected item(s)

Moves the selected item(s)

Select a complete connection

Select a connection item under the cursor

Display the parent sheet in the schematic editor

Hotkeys are stored in the file user.hotkeys in KiCad’s configuration directory. The location is platform-

specific:

* Windows: %APPDATA%\kicad\6.0\user .hotkeys

® Linux: ~/.config/kicad/6.0/user.hotkeys

e macOS: ~/Library/Preferences/kicad/6.0/user.hotkeys

It is possible to import hotkey settings from a user.hotkeys file using menu Preferences - Preferences...
- Hotkeys - Import Hotkeys....

JUw R

In the Schematic Editor the cursor always moves over a grid. The grid can be customized:

¢ Size can be changed using the right click menu or using View - Grid Properties....

® Color can be changed in the Colors page of the Preferences dialog (menu Preferences - General

Options).

e Visibility can be switched using the left-hand toolbar button.

The default grid size is 50 mil (0.050") or 1.27 millimeters.

CHISEEK E CRGCHREEELED. VR I7 15— L TORESNEVZEEEIT dD(CBELZTY

Y l\“ " -U-’]/X‘t“a-o

Wires connect with other wires or pins only if their ends coincide exactly. Therefore it is

NOTE

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.



Symbols, wires, and other elements that are not aligned to the grid can be snapped back to

NOTE the grid by selecting them, right clicking, and clicking Align Elements to Grid.

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 tool snaps to pins even when grid snapping is disabled.
Both grid and pin snapping can be disabled while moving the mouse by using the modifier keys in the table
below.

NOTE On Apple keyboards, use the | cmd | key instead of | ctr1 |,
Modifier Key Effect
ctrl Disable grid snapping.
Shift Disable snapping wires to pins.

X—L0DEIR
=LA EEZBICIF:
e BUOVWOULTIAVFTFIMAZI—ZERME, HEDIX—LEZRER,
® Oruse hotkeys:
© F1:Zoomin
© r2:Zoomout
© r4 : Center the view around the cursor pointer position
© | Home : Zoom and center the view to fit the entire schematic sheet
0 | ctrl + Home : Zoom and center the view to fit all of the objects in the schematic
© | ctrl + r5 : Activate the Zoom to Selection tool
¢ JrYRDDI—L:
© Mouse wheel: Zoom in/out
o Shift+Mouse wheel: Pan up/down

© Ctrl+Mouse wheel: Pan left/right

Mouse scroll gestures are configurable in the Mouse and Touchpad page of the Preferences dialog.
N—YILDOBERKRT

The display units are in inches, mils, or millimeters.

D Y ROOTEERICIEUTOBRENARRINET:

o X—LfF%

o A—VYILDEIE



N—YILOERHIE
¢ The grid size
® The active unit system

e The active tool

AESTREREE (x, ) [E 2 R— X F—T (0,0) [C Uty FENFT, Thid2 SEOEmE N 3ECRI5Ed,
X 160.00 Y 38.10 dx 160.00 dy 38.10 dist 164.47 mm
A= a3—/\—

FEBXZ31—/\—TIld, EERZERELEZD. TOTSLFEERLZD, RELED ANLTFAZ1—ZUE
nTEEI,

T7ME REE =RV BEEE BER VLD ALTHE
»
LEY—JL/IN—
This toolbar gives access to the main functions of the Schematic Editor.
If the Schematic Editor is run in standalone mode, this is the available tool set:

D&RA&E et O JOR I SAC RO RORCHON =) Y ZoHEDEE

KiCad M7OJ IO E—RTEVTWVBEE(E. BRINDT 7 1ILERDSIZHDRIID2DN T AV (FFRRITN
FtE A

D Create a new schematic (only in standalone mode).
E Open a schematic (only in standalone mode).
B Save complete schematic project.

Set the schematic-specific options.

ar

Select the sheet size and edit the title block.

0

Open print dialog.

Open plot dialog.

Paste a copied/cut item or block to the current sheet.
Undo: Revert the last change.

Redo: Revert the last undo operation.

AU DJ!

Show the dialog to search symbols and texts in the schematic.

P
m

Show the dialog to search and replace texts in the schematic.

10



Refresh screen.

Zoom in.

Zoom out.

Zoom to fit the entire schematic sheet.

Zoom to fit all objects in the schematic.

Zoom to fit selected items.

View and navigate the hierarchy tree.

Leave the current sheet and go up in the hierarchy.

Rotate selected items counter-clockwise.

Rotate selected items clockwise.

Mirror selected items vertically.

Mirror selected items horizontally.

Call the symbol library editor to view and modify libraries and symbols.
Browse symbol libraries.

Open the footprint library editor to view and modify libraries and footprints.
Annotate symbols.

Electrical Rules Checker (ERC), automatically validate electrical connections.
Open the footprint assignment tool to assign footprints to symbols.

Bulk edit symbol fields in a spreadsheet interface.

Generate the Bill of Materials (BOM).

Open the PCB editor.

B dAGTHEMNMEYEVVLRPP->O0990 00810

Open the Python scripting console.
BY—ILIN—OF713Y
CDY—ILNN—[ERDYV—ILEEATULET:

o JVRIL, DAV — NR, TIv2023av, SN, TFXDEE

o BEHIY—hEERY VRILOIER

11



5

2\ \ I+

k

& 4

o8 &Y

L
Tt
- [
-

T
=
"

Cancel the active command or tool and go into selection mode.

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.

Display the symbol selector dialog to select a new symbol to be placed.

Display the power symbol selector dialog to select a power symbol to be placed.

Draw a wire.

Draw a bus.

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.

Place a "No Connect" flag. These flags should be placed on symbol pins which are meant to be
left unconnected. It is done to notify the Electrical Rules Checker that lack of connection for a
particular pin is intentional and should not be reported.

Place a junction. This connects two crossing wires or a wire and a pin, when it can be
ambiguous (i.e. if a wire end or a pin is not directly connected to another wire end).

Place a local label. Local label connects items located in the same sheet. For connections
between two different sheets, you have to use global or hierarchical labels.

Place a global 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 parent sheet that contains it.

Place a hierarchical subsheet. You must specify the file name for this subsheet.
Import a hierarchical pin from a subsheet. This command can be executed only on hierarchical

subsheets. It will create hierarchical pins corresponding to hierarchical labels placed in the
target subsheet.

Draw aline. These are only graphical and do not connect anything.

Place a text comment.

Place a bitmap image.

Delete clicked items.

EY—ILN—-OF71Y
COY—ILN—dRTA Ty 3 VEEELET:

12



355 Toggle grid visibility.

in Switch units to inches.
il
.."”_i.l. Switch units to mils (0.001 inches).
mm Switch units to millimeters.

Choose the cursor shape (full screen/small).

Toggle visibility of "invisible" pins.

P

Toggle free angle/90 degrees wires and buses placement.

AVFFIARAZ21—-ED1YvDIFTrv
BOVYOTERIRER(CGURIVTFIMAZ1—=HE, TROBECTOEILET:
o X—LfE2,

o TUw R,

* (Copy/Paste/Delete commands.

* Add Wire/Bus.

d /O\EX—QﬁEO

13
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274 (F) W% (E) X (V) EE(P) Inspect

E‘H 27 38(N)..

R4 (0)...

=L FEWZZ71 (R)

EOY—beFRE(U)...

Ehn(e)...
AILE A R—NI)...

rii— (1)

i IO ATR—k(x)

J—

Y—JL(T)
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New

Open

Open Recent

Save

Save As...

Save Current Sheet Copy As...

Insert Schematic Sheet
Content...

Import
Export

Schematic Setup...

Page Settings...
Print

Plot
Quit

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

Close current schematic and start a new one (only in standalone
mode).

Load a schematic project (only in standalone mode).

Open a schematic project from the list of recently opened files (only in
standalone mode).

Save current sheet and all its subsheets.
Save the current sheet under a new name (only in standalone mode).

Save a copy of the current sheet under a new name (only in project
mode).

Insert the contents of another schematic sheet into the current sheet
(only in standalone mode).

Import a non-KiCad schematic or a footprint assignment file.
Export a netlist or a drawing of the schematic to the clipboard.

Set up schematic formatting, electrical rules, net classes, and text
variables.

Configure page dimensions and title block.
Print schematic project (See also chapter Plot and Print).

Export to PDF, PostScript, HPGL or SVG format (See chapter Plot and
Print).

Terminate the application.

configuration, netclass setup, and schematic text variable setup.

15



BIE (r) ~JLT (H)

Configure Paths...

Manage Symbol Library
Tables...

Preferences...

Set Language

Set the default search paths.

Add/remove symbol libraries.

Preferences (units, grid size, field names, etc.).

Select interface language.

16



VR SATSY— T—TILOEER

EERZATIV—FT—T L

A2—FICLBS4TS)—7—T L
7—7Jb: /home/asuki/.config/kicad/sym-lib-table

FoF47 BB (=v2R—A4) SATS)—miR IS4 vOEE 2

1 D = AUdio AL 50 DI . D = AUdIC D 204

2 = Amplifier_Buffer S{KICAD SYMBOL_DIR}/amplifier_Buffer.lib Legacy

3 & Amplifier_Current S${KICAD SYMBOL_DIR}/amplifier_Current.lib Legacy

4 = Amplifier_Difference S{KICAD SYMBOL_DIR}/amplifier_Difference.lib Legacy

5 & Amplifier_Operational S{KICAD SYMBOL_DIR}/amplifier_Operational.lib Legacy

6 & Amplifier_Instrumentation S{KICAD_SYMBOL_DIR}/amplifier_Instrumentation.lib Legacy

7 & Amplifier Video S{KICAD SYMBOL_DIR}/Amplifier Video.lib Legacy

8 = Analog S{KICAD SYMBOL_DIR}/Analog.lib Legacy

9 & Analog_ADC ${KICAD_SYMBOL_DIR}/Analog_aADC.lib Legacy

10 = Analog DAC S${KICAD SYMBOL _DIR}/Analog DAC.lib Legacy

1 |E Analog_Switch S{KICAD SYMBOL_DIR}/Analog Switch.lib Legacy

12 & Audio ${KICAD_SYMBOL_DIR}/Audio.lib Legacy

13 = Battery Management S${KICAD SYMBOL_DIR}/Battery Management.lib Legacy

14 & Comparaktor ${KICAD_SYMBOL_DIR}/Comparator.lib Legacy

15 |& Connector_Generic ${KICAD_SYMBOL_DIR}/Connector_Generic.lib Legacy

16 & Connector_Generic_Shielded |${KICAD SYMBOL_DIR}/Connector_Generic_Shielded.lib |Legacy

17 |& Connector_Specialized S{KICAD SYMBOL_DIR}/Connector_Specialized.lib Legacy

18 |& Converter_ACDC S{KICAD_SYMBOL_DIR}/Converter_ACDC.lib Legacy

19 = Converter DCDC ${KICAD SYMBOL_DIR}/Converter DCDC.lib Legacy <

1 L]

ga—iL S475)— | FAVZNEEOSATSY—

|73 —%8R... 473U —%8M| 5475V —%HkR | LIBE || TF~8B®
BMEINTVE/AR
RATH K2
1 KICAD_SYMBOL_DIR|fusrfsharefki:adflibrary
2 |KIPRIMOD /home/asuki/kicad/test

OFrrei(|| JOKO |

KiCad uses two library tables to store the list of available symbol libraries, which differ by the scope:

SO-N"IL31T35U—
Libraries listed in the Global Library table are available to every project. They are saved in the sym-1lib-
table inthe KiCad configuration directory, which is system-dependent:

* Windows: %APPDATA%\kicad\6.0\sym-1lib-table
® Linux: ~/.config/kicad/6.0/sym-1lib-table

®* macOS: ~/Library/Preferences/kicad/6.0/sym-1ib-table

JOYJI O FEBDS1TSY—
Libraries listed in Project Specific Libraries table are available to the currently opened project. They are
savedina sym-lib-table file in the project directory.

17



Both library tables are visible by clicking on Global Libraries or Project Specific Libraries tab in the
Manage Library Tables window.

S1735U—%&EM
Add a library either by clicking the fig button and selecting a file or clicking the 4~ button and typing a path

to a library file. The selected library will be added to the currently opened library table (Global/Project
Specific).

S1735YU—ZHIER

Remove a library by selecting one or more libraries and clicking the g button.
SA4TSU—-nTFONRT+

T=TIDETIE. WKDDDT v —ILRTST1TSY—DiFHERRLTLET !

Active Enables/disables the library. It is useful to temporarily reduce the loaded
library set.
Nickname Nickname is a short, unique identifier used for assigning symbols to

components. Symbols are represented by '<Library Nickname>:<Symbol
Name>' strings.

Library Path Path points to the library location.

Plugin Type Determines the library file format. KiCad 6.0 libraries use the "KiCad"
format, while KiCad 5.x libraries use the "Legacy" format. Legacy
libraries are read-only.

Options Stores library specific options, if used by plugin.
Description Briefly characterizes the library contents.
Common Preferences

NOTE TODO: write this section
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r

Mouse and Touchpad
Hotkeys
~ Schematic Editor
Display Options
Editing Options
Colors

Field Name Templates

Reset Common to Defaults

Apply icon scaling to fonts

Preferences
Antialiasing Editing
Accelerated graphics: | Fast Antialiasing hd (M) Warp mouse to origin of moved object
First hotk lects tool
Fallback graphics: No Antialiasing ~ ¥t hotkey selecs toa
e Session
HElpegabRlications Remember open files for next project launch
Text editor:  vim ]
Auto save: 10
(@) System default PDF viewer
File history size: 9
Other: ]
3D cache file duration: | 30
User Interface
[m] Show icons in menus Project Backup
) [m] Automatically backup projects
Icon theme: Light Dark (@) Automatic
Create backups when auto save occurs
100 2
Icon scale: _—  —————— (] Automatic Maximumbackups tolkee:
50 275 Maximum backups per day: 5

Minimum time between backups: | 5

(This workaround will improve some GTK HIDPI font scaling issues.)

Maximum total backup size: 100

® Cancel

+ll+ + ]+

minutes

days

minutes

MB

~ OK

Mouse and Touchpad

Center and warp cursor onzoom

Use touchpad to pan

Pan while moving object

Ry k+—
Redefine hotkeys.

G

Commaon
Mouse and Touchpad
~  Schematic Editor
Display Options
Editing Options
Colors

Field Name Templates

Reset Hotkeys to Defaults

If checked, the pointed location is warped to the screen center

when zooming in/out.

When enabled, view is panned using scroll wheels (or

touchpad gestures) and to zoom one needs to hold ' ctr1

Otherwise scroll wheels zoom in/out and ' ctrl /| shift | are the

panning modifiers.

If checked, automatically pans the window if the cursor leaves

the window during drawing or moving.

Preferences

Command (double—click to edit) | Hotkey Description

~ Common
Exclude Marker Mark current violation in Checker window as an exclusion
Next Marker Go to next marker in Checker window
Previous Marker Go to previous marker in Checker window
Add Library... Add an existing library folder
Click Return Performs left mouse button click
Double-dlick End Performs left mouse button double-click
Cursor Down Down
Cursor Down Fast Cerl+Down
Cursor Left Left
Cursor Left Fast Cerl+Left
Cursor Right Right
Cursor Right Fast Ctri+Right
Cursor Up Up
Cirear | In Fact Cerlelin

Undo AllChanges | | Import Hotkeys...

© Cancel

" OK
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TO2avESTILVOVYOhNED YO TRE. Ry TPV IXAZ1—RRRINET :

Edit Define a new hotkey for the action (same as double click).
Undo Changes Reverts the recent hotkey changes for the action.
Clear Assigned Hotkey
Restore Default Sets the action hotkey to its default value.
Display Options

BRBEAIT5—FTav

BT #WE | avko— | HS5— | FIFFIEDT—ILE

Tl H X (G): 50.0

< | mil
GRS (B): 12 = mil
HRAZ (L): 6 > | mil
R—Y IDOEELFHE (P): A &
100
P4 Ar— b %
50 275
& 5EEx
B 7 vrFoERT ()

B /<R EHRE0E A NICHIE (R)

[ #BEEVERT ()

B ~—OERERT()

O LB OBRFPICZv I b ETLEL— (RBA)

O+ v til()| L sLOKIO) |
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Grid Size

Bus thickness

Line thickness

Part ID notation

Icon scale
Show Grid

Restrict buses and wires to Hand V
orientation

Show hidden pins:
Show page limits

Footprint previews in symbol chooser

21

Grid size selection.

It isrecommended to work with normal grid (0.050 inches or
1,27 mm). Smaller grids are used for component building.

Pen size used to draw buses.

Pen size used to draw objects that do not have a specified pen
size.

Style of suffix that is used to denote symbol units (U1A, U1.A,
U1-1, etc.)

Adjust toolbar icons size.
Grid visibility setting.

If checked, buses and wires are drawn only with vertical or
horizontal lines. Otherwise buses and wires can be placed at
any orientation.

Display invisible (or hidden) pins, typically power pins.
If checked, shows the page boundaries on screen.

Displays a footprint preview frame and footprint selector
when placing a new symbol.

Note: it may cause problems or delays, use at your own risk.



Editing Options

®T || HE| avkO— | HS— | FFFIEDT—ILE

SHAIE L (M): mm -
YR LEEOKFRERE (H): 0 - mil
BYUELEEOZHRAIRE (v): 100 < | mil
#BYIE L 5L D1 434 (1): 1 -
T2 W rDTHRRAMAX (a): 50 - | mil
B8R F ORI (A) 10 .| 8

B oL 74— FEEBEE (U
B HA0FESHICLZ7— I FOaBREEST ()
] BlZsomil F)wRF~B8EE 71— L FEEF (W)

@Frrti() L sloKe)
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Measurement units

Horizontal pitch of repeated items

Vertical pitch of repeated items

Increment of repeated labels

Default text size
Auto-save time interval

Automatically place symbol fields

Allow field autoplace to change
justification

Always align autoplaced fields to the 50
mil grid

=}

Select the display and the cursor coordinate units (inches or
millimeters).

Increment on X axis during element duplication (default: 0)
(after placing an item like a symbol, label or wire, a
duplication is made by the 1nsert  key)

Increment on Y axis during element duplication (default:
0.100 inches or 2,54 mm).

Increment of label value during duplication of texts ending in
a number, such as bus members (usual value 1 or -1).

Text size used when creating new text items or labels.
Time in minutes between saving backups.

If checked, symbol fields (e.g. value and reference) in newly
placed symbols might be moved to avoid collisions with other
items.

Extension of 'Automatically place symbol fields' option.
Enable text justification adjustment for symbol fields when
placing a new part.

Extension of 'Automatically place symbol fields' option. If
checked, fields are autoplaced using 50 mils grid, otherwise
they are placed freely.

BRALBZOEEEBETT, BRAZIVvITRE, ZOEROFLLEBERIRTELT,
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BRBEAIT5—FTav

= | HE | Ovra— || B5—|| FIFI DT —ILE

—EE AviR—F >k ¥—h Ot
M 71y _IES2572 S ) —h Bl | ERC ¥4
A% k20 1 W —h 7P ALE Bl | ERC T5—
W Jerorar (RS M e . - _IEOPL
m s~ W E e kSN m EEE
) JO0—/3L S0 I | (&8>~ ERE
M rvhf W J)I7Lv2R
R - = -
L JES: 3 b M| Jr—LF
O+ v til()| L sLOKIO) |

TIFIWEDTr—ILR
Y VRIVCEESNSEBMND AR LT 1+ —IJLRPEEY SEEEEZL T T,

BRBEAIT5—FTav

#£T | HE | OvrO— | A5— || T2 bOT—ILF

) REE TN B (A)

HIER (1)

O+ v til()| L sLOKIO) |
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NIV AXZa—
KiCad (CDWTHOLERHLEF 21— Y PILICDVTIE, AYSAINILT (COXE) (7O LFET,

Use the Report a Bug item to report a bug online. Full KiCad version and user system information is
available via the Copy Version Info button in the About KiCad window.
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EBY—-ILNN—DFEELY—IL
R—IEE

The Sheet Settings icon (ID ) allows you to define the sheet size and the contents of the title block.

R-JBRE >
= EROEE
ERPS y-rOR2  -hEE
|M 210x 297 mim: B | FEE
s [05an 2014 <<< | 2015110726 ¢ Oroy-razozf-r
#m2 o vevsy
MASLEA % [2 | O#oy-rATo2m-+
= 1= F4HL
376,40 431.80 [ JOM - COM34 PIC Programmer with 13V DC/DC converter ] O fanz-kATaAm-F
P S8
R [ Kicad | D #oy-rATIAR-F
Wb
| | Oov-razzas-+
Jvke
| O eoz-razzas-t
Jvka
| | Ofoy-Fazsam-+
JAvH4
] ||| | Omos-razzam-+
BRI
| | [ 2=
[ ][ e

I—hOEPI-RESEVDZT I, BEBMICEHRINT T, EAZTRHORS VERTESHOBNE
“BER” OBICREIT B EMNTETIIN. BENICEIEHRINIE A,

BRRY—Jb

The Find icon (/@)) can be used to access the search tool.

BE X
we: [ g
BL3
Ht#—s030D
O &z xEeETN
(EE= ba i)

O #ToTm-%y kM- LFEREE

OBzEDy-OBERREG
O wmLar FL-YAESBLE D)

REDY—EHBVIEBEEHANICHS. VIPLYR B TFILNFINERRITDCENTEET, BDON
B BRIBIYTI—rDRDINOEERD LICA—VILHBELE T,

RKRYEYUXIRY—=J
The Netlist icon (E) opens the netlist generation tool.
COV—ILIE, BEEE (BENDZATFaY) OFETCOEREDRT ST 7 1IVEERLE T,

VILFI—DOBEBICHEVWT, O—NISNIVIEEENET SY— AR TERLI T, AIRE —F~30D5
NIL1(E, (BERRNICENSEERL CULWES) Y— R 5DSANIL 1L EFERINIEA. . V—F3F
MNO—=DILSANILEBEERFITSNTUNBHS T,
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Even though there is no text length limit for labels in KiCad, please take into account that

NOTE . . .
other programs reading the generated netlist may have such constraints.

Avoid spaces in labels, because they will appear as separated words in the generated file.
NOTE It is not a limitation of KiCad, but of many netlist formats, which often assume that a label
has no spaces.

FyHUAR X

OrcadPCB2 CadStar Spice PADS-PCE BOM

=8
ATva
R e T

Foeh
T ERN

T304 EmlE

Ol roxs-EEER

FralOFI IR I7AIE:
pic_programmennet

T3y

FIAIWSOEAER FIwHIBDE TITAIWLDTF—Y v T Pchnew B
9,

MTFOELSHEMD T =V v R EERTEET

® QOrcad PCB2
e (adStar

e Spice (¥=ZaL—5H)

NEBTS T« VEBMLTRY RUR S D=V~ UXREHERTEEY (FEEICRI PadsPch TS5 51 V1K
&) o

KW EUZXEOER ICRY R X SMERICEET 3F L LBHRRH D E T,
P)Tr—232Vv—=Ju
The icon % launches the annotation tool. This tool assigns references to components.

BHI-YEIVR—XV K (45 —RAD® 7400 TTL 7L L) (ClE. VILF/3— b (multi-part) DEERFEFHEID
LTENTT, > T, U3ITI/BESIN/Z7400 TTL (&, U3A. U3B. U3C, U3D ([c3HNFET,

BEE(CETOOAVR—RVULE, EULLEFEET /) T—REINTUVEVWFROIVR—XX VU RETE, 7J)T—
~CEFEI,
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EREO7F/7-v3y A

EiTEE
®2TOERE EBEERD
COBEOA-JOBEERP)

@ FEOT/F-vIEE-TK
QEBEEO7/7-Y3VEV IR
O BFEOF/T-v3vE Mk, FELER -y MR BREE-TE

PIF-vILOME
O umt-xhe X2 ETY-HY W
@UR-ZIrE VEST/-] =
PIF v DRER
@ EEEFORIDZEESHER

O v--ORFES 100 H5E825L. ENOBSESHSER
O - HDReAES 000 HS ML, BOOZ2ES 2R

54704
OsFo/zassimEisn

OBCRES TOIERTTD

ElE [Fi-3537 097
SEfTHEE
Use the entire schematic

Use the current page only

Keep existing annotation

Reset existing annotation

Reset, but do not swap any annotated

multi-unit parts

7J)T7—23a VIS

All sheets are re-annotated (default).

Only the current sheet is re-annotated (this option is to be
used only in special cases, for example to evaluate the amount
of resistors in the current sheet.).

Conditional annotation, only the new components will be re-
annotated (default).

Unconditional annotation, all the components will be re-
annotated (this option is to be used when there are duplicated
references).

Keeps all groups of multiple units (e.g. U2A, U2B) together
when reannotating.

AVR—RYV SOESHNITETOIRE KFLANEESRAD) EFRULET,

7J)T7F—23avDORER

EDYUTSNREY I 7L IYID T —Y v ~EEIR,

ILORVYAI-IIL=Ib-FTYvD (ERC)VY—Ib

The icon E% launches the electrical rules check (ERC) tool.

CDY—IVIIEEETDEREEE T, BRGNP PEERETEE I,

Once you have run the ERC, KiCad places markers to highlight problems. The error description is displayed
after left clicking on the marker. An error report file can also be generated.
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ERC 5r770%5 : ERC

IL7 IR b FIyF(ERC) X
ERC ATy3y
ERC Lift- P U
& 1
& 1
I5-: 0
[JERC L=t IPALOE L

. o AL ~

g bz Al &+ 9 i) R EY & A &N
«@ %1 43571 mm,50.80 rrim): B ?B (RN N Qusf—=3k u2)

T-n-2ERD) B30 |

IS—@FILORUAIL-IL—Ib- FTvD (ERC) Fr77OTCRRINET

F7F3y

ERC LIR— kT 71 JLDERK ERCLR—cIT77ILEERT BCE. CODATVaVaEFIV
OLET.

dvUhk:

¥ —N—%=HIFR ECHOERCIS—/BEEV—N—ZHIFRLIT T,

E1T ERC (ZLORVYANLIL—ILFIVD) ZETLET,

BAC3 S7O0ZFMACE T,

e IS—Xvt—I&0VwoIde. MEROMIGT EV—N—(CTIv Y TLET,
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ERC 70O : FAFY3ay

ILTRIRL L=l FTeFERC) X
€Rc
IS
ABEY

SN s

gy A geees

wrmer ([ B oo

s [ W o0

stovges [ -z

FEEE e |

et | I Ul (ee-——rs

REEAE Y- . E ﬂ . @ . A-F375
A=T305 . E . M . [m . E - A-FVIS
a-rzes- A W W [ | ml 88
et EJ ENEfENEYENENERENENE|

CDITR=IT, EVEDEGIL—ILVEEECETE I, TNENDT—XICHUL T, 3DNA T3 VH5ER
TEET, .

e TS5—7/LL (Noerror: &)

e =& (Warning : )

e T5— (Error: 7%)

VEUYIOZDZENZENOEA LTIV vOTBCElCED, RBRZEEETEE I,

FF3

BERD SN =HEER KNFZINXLZE(TNELD SN (f5: label/Label/LaBel.) %= IR
HFLET, XY MRBEAXFENIFEXANTDEH., DK
ESNIVEHIDRY LERFIEINTE T,

BEEOSO—-/NILSANILEFESR —EULMEDNTOEWIO—-NILSRILERELE T, BE.
RIE2DEEHGDEHCHEDNTVDIHRERGD T,

aAVIUR:

T I # )L ~¥IERME BEEEDHREICELET,

#m#k (BOM) W—IJb

The icon ﬂ% launches the bill of materials (BOM) generator. This tool generates a file listing the

components and/or hierarchical connections (global labels).
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FEF(BOM) X

—
T VEEM
T304 ERIR

E 8

| bom2csy | | I3RS

IVVFSA

| wsltproc -0 "%0.csv” "C¥Program FiIes¥KiCad¥bin¥scripting¥plugins¥t|

T304 IER:

Generate a Tab delimited list (csv file type).

One component per line

Fields are

RefValue, Footprint, Datasheet, Field5, Fieldd, price

The Schematic Editor’s BOM generator makes use of external plugins, either as XSLT or Python scripts. There
are a few examples installed inside the KiCad program files directory.

EREER (BOM) TOERICEIIDOAVR—X Y RO ZFO/IRT r CE. UTOEDODHREFSNE T,

* TH - ZEP@m CHEAINIERNDRH]

e JyhIFVYK-FAN, FRENVIT7)TF—FINZED (TRER)
* Ja—JLR 1 -BEEER (ER. EBIINDE)

s Ja—)Lk2 -WEXEDHRES ((EE. EBNMHALE)

o Ja—JLk3 -IRFEEREDERES (ER. EBMHALE)

{5l
Tui=F2b 70/F1 - [m] X
Jum-3uk H-JE
1=k T[] SEE
A £% = 0= OF
AL () UIPLYA Al ®Fz (CEF
R BC237 O Ok
@0 JubUyh discretTOS2
O+ F-59-b
O 180 B
O-20 E 5 54N
&®Ti5 @ES
=5— Des O#k=F
@== Ox=
OmEs- O#AxT
O iz
FH-IEE
FRENEFEAR 7l A
SR M-I FDE
[NeN [
FAk
sy N E—
[ as284e89 JH-ILFERM mj 2810 mm
i e YE 0.000
S(T0F AN MBI IR Bl ol "
R
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Windows B ¢ BOM /ER S -+ 77O (C (3.

(FRUOWKEITRLTUVWD) ANBTFSTA VY TRRIr VY ROEDY

FO—ILITBEHOFRIEAL T a VvREHEDE T, T IAIEDHRETIE. BOMERIVY RIEENZD VR
DTRERITIN. Plugininfo 7« —ILRICERNEKRINI T, COATFTI3VEBMCITdE. RITHOT >V

ROZERRLET, GUI TTST 1 YOEHFHESEETORRIC. COMRERRECESTL &5,

Bill of Material

Plugins

Generake

bormzcsy

Close

Help

Add Plugin
Femove Plugin
Mame:
I bomZcsy Edit Plugin File

Bl bt

Command line:
I xslbproc -0 "%%0" " Program Files\KiCadilibpluginstbomzcsy, xsl" "36I"

W Show console window — -ef——————

Plugin Info:
Generate a Tab delimited list (csv file byped, ;I
Cne component per line
Fields are
Ref,Walue, Fookprint, Dakasheet, Fields, Fieldd, price
Command line
xsleproc -o "0, cev” "pathToFile/bomZesy ksl "HI"
=
P

J1—ILFR&EY—IL

The icon @ opens a spreadsheet to view and modify field values for all symbols.
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3= Symbol Table - 68 symbals in 24 groups AN E
Dptions Reference Value Footprint
b Cicn 10uF Discret:CPB
[ Regroup symbols U2 78105 | DiscretLM7BLYX
Ut ICL7660 | Package_DIP-DIP-8_W762mm_LongPads
kG ca 470F/63V | Discret-CPB
Field Show | Sort b PIP2 P3P4P5 PR CONN_2 | TerminalBlock_PhoenixTerminal Block_Phoenix_M
Reference Cl &fuf Discret:CPG
Value c2 47UF/20V | Discret-CPB
Footprint ol INGDO7 | Diode_THT.D_D0-41_SOD&1_P12 7Bmm_Horizontal
Datashest D RLRIZRILRZ2R26R28 | 220K | Resistor_THT-R_Auial_DIND204_L3 6mm DI Bmm,
Description b RS RIS R25 R27 47 Resistor_THT:R_Auial_DIND204_L3 6mm_DI Emm|
Ouantity | D2D3D4DSD6D7DB DS INGISE | Diode THT:D_DO-35.50027_P762mm Horzontal
b RioR20 56K | Resistor_THT.-R Avial_DIND204_L36mm_Di Bmm)
b Cl2ck 150nF Capaciter_THT-C_Disc_D50mm_ W2.5mm_P5.00n
D RBRIRBRIGRZIAZL (1K Resistor_THT:R_Awial_DING204_L3 6mm_D1 Emm]
D 02040608 MPAS42 | DiscretT092-CBE
b 01030507 MPAS32 | DiscretTO92-CBE
b R3IRI3 470 Resistor THT:R_Auial_DIND204_L3 mm_DI Emm!
b RER7 RI6 RI7 22K Resistor_THT:R_Auial_DING204_L3 6mm_D1 Emm|
b U3 LM358N | Package_DIP-DIP-8_W762mm_LongPads
b C4C7 47nF Capacitor_THT-C_Disc_D5 Bmm_W2 Smm_P500n
[ C5CH 820pF Capaciter_THT.C_Disc_050mm_ W2 5mm_P5.00n
b RIR2I 47K Resistor_THT-R_fdal_DIND204_L.3 Gmm_D1 Bmm)
k. e - -~ N~ == = P N e P o
C [2]
| Apply Changes | | Revert Changes | Llose

Jr—ILRDEEZEELRS, BRARIVEDUvO U TEREREIT SN 'TICRITRIVED UV IULTE
BEWERITINBERHDET,

BE(CT r—ILREBEHDIEE

ALY RY—=FARTRERITIS. VWKOMDFRIEIE—/R=ILDFERSHDET T, cNSEFDEOIVR—
RKYLTEORLULTID v —ILROEZE AT BEICRICIIET T,

These methods are illustrated below.
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Copy (Ctrl+C) Selection Paste (Ctrl+V)

abc abc abc

12
22
] e

NOTE CNSOTFOZvDIE, UV R OV RO-ILER > TULBMNDS v 7O5TERMTI,

Jv kU Y RRIYMATrYR—bF (INVDOT7J)5—F) Y=Jb:
7DOEX:

The icon n launches the back-annotate tool.

This tool allows footprint changes made in the PCB Editor to be imported back into the footprint fields in
the Schematic Editor.
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VR - SATSU—DEE

IURIL - SATSU—(E. BEREERTDESIEONBZI I VRILOILD Y aVERBLTVE T, ERK
FOEIVRILIE, SATSU—NDZVvIR—LETIVRILVBEDNSESND TILR—LT—ENICHIINE
9, Audio:AD1853 (. FDHITYI,

VR - SATSV—-FT=TI
VR - STSU— F—TIiE, KiCad AEHELTUBRTOS1TSU—+ T7(ILDOU R RERIELT

WET. YVRIL - SATSU— - F=Tld. 90—/ - IVRIL-SA4TS)—-T—TI- T71ILbE
OJIOREBDYVRIL - SA4TSU— - F=TIL - T71ILHSEBRINE T,

When a symbol is loaded, KiCad uses the library nickname, Audio in our example, to lookup the library
location in the symbol library table.

The image below shows the symbol library table editing dialog which can be opened by invoking the
Manage Symbol Libraries... entry in the Preferences menu.

EEES TSV — 57—

23—FI2EES4TSU—F—T N
T—7JL: [home/asuki/.config/kicad/sym-lib-table

FPo547 BlE(=v2R—A4) SATS)—miR TSTAvOEE 2
1 D = AUdio AL 50 DI . D = AUdIC D 204
2 = Amplifier_Buffer S{KICAD SYMBOL_DIR}/amplifier_Buffer.lib Legacy
3 |& Amplifier_Current ${KICAD_SYMBOL_DIR}/amplifier_Current.lib Legacy
4 & Amplifier_Difference S{KICAD SYMBOL_DIR}/Amplifier_Difference.lib Legacy
5 & Amplifier_Operational S{KICAD SYMBOL_DIR}/Amplifier_Operational.lib Legacy
6 & Amplifier_Instrumentation S{KICAD_SYMBOL_DIR}/Amplifier_Instrumentation.lib Legacy
7 = Amplifier_Video ${KICAD_SYMBOL_DIR}/amplifier_Video.lib Legacy
8 & Analog ${KICAD_SYMBOL_DIR}/Analog.lib Legacy
9 & Analog_ ADC ${KICAD SYMBOL_DIR}/Analog_ADC.lib Legacy
10 & Analog_DAC ${KICAD_SYMBOL_DIR}/Analog_DAC.lib Legacy
1 |&F Analog_switch ${KICAD_SYMBOL_DIR}/Analog_switch.lib Legacy
12 & Audio ${KICAD_SYMBOL_DIR}/Audio.lib Legacy
13 = Battery Management S{KICAD SYMBOL_DIR}/Battery Management.lib Legacy
14 & Comparator S{KICAD_SYMBOL_DIR}/Comparator.lib Legacy
15 & Connector_Generic S{KICAD SYMBOL_DIR}/Connector_Generic.lib Legacy
16 |& Connector_Generic_Shielded |${KICAD_SYMBOL_DIR}/Connector_Generic_Shielded.lib |Legacy
17 |& Connector_Specialized S{KICAD SYMBOL _DIR}/Connector_Specialized.lib Legacy
18 & Converter ACDC S{KICAD_SYMBOL_DIR}/Converter ACDC.lib Legacy
19 & Converter_ DCDC S{KICAD SYMBOL_DIR}/Converter_DCDC.lib Legacy
3
SO—s3L S4T5y— | TRV NEEDSATSY—
|73 —%8R... 473U —%8M| 475U —%HkR | LIXBE || TF~BEB |
BEINTVD/R
REEH 2
1 [KICAD SYMBOL DIR |fusrjshare{kicadﬂibrar}r
2 |KIPRIMOD /home/asuki/kicad/test
O@Frrei(|| JOKO |
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SO-N\ -2 VRIL - SA4TS5Y—F=T)
The global symbol library table contains the list of libraries that are always available regardless of the

currently loaded project file. The table is saved in the file sym-lib-table in the user’s KiCad configuration
folder. The location of this folder is dependent upon the operating system being used.

OV O REBOYVRIL - SA4TSU— - F=TI
JOVIOREBOYVRIL - SATSYU— - F=TI)UE. BEOGTOI IO~ - T 717 ILTHRHNICERNEED
SATSU—DIIARERFLTCVET, JOJIHOREBOIVRIL - S1T35U— - F=JIUE, FOI 1D
k- D7 )LE—HECO—RSINTUVBROH. WEFIRETT, FOII T - T71ILBRGEHFATNTULEL)
M ZFOVIORDNRRIEIVRIL - SATS)— - T=TILHNEVBE. RETBELZOT—TILAMES N, %
TFOVIO - D7 1ILE—HEICFEINTE T,

The first time the KiCad Schematic Editor is run and the global symbol table file sym-1ib-table is not found

in the KiCad configuration folder, KiCad will present the "Configure Global Symbol Library Table" dialog to
the user. The dialog presents the user with three options.

* Copy default global symbol library table (recommended). If this option is selected, KiCad will copy
the default symbol library table file stored in the system’s Kicad template folder to the file sym-1lib-
table in the user’s KiCad configuration folder. If the default template sym-lib-table file cannot be
found, this option will be grayed out. The missing default table is usually caused by the KiCad default
libraries not being installed (on some systems they are installed by a separate package). If the libraries
are installed in a non-standard location, use the second option and browse to the library table location
manually.

¢ Copy custom global symbol library table. If this option is selected, the user must browse to the desired
symbol library table file, which will be copied to the user’s KiCad configuration directory.

* (Create an empty global symbol library table. An empty symbol library table file will be created in the
user’s KiCad configuration directory. The user must add libraries to the table manually.

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 seleck 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
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NOTE Each library entry must have a unique nickname.

The library nickname does not have to be related in any way to the actual library file name or path. The
colon : and \ characters cannot be used anywhere in the library nickname. Each library entry must have a
valid path and/or file name depending on the type of library. Paths can be defined as absolute, relative, or by
environment variable substitution (see section below).

The appropriate library format must be selected in order for the library to be properly read. "KiCad" format
is used for KiCad version 6 libraries ( .kicad_sym files), while "Legacy" format is used for libraries from
older versions of KiCad ( .1ib files). Legacy libraries are read-only, but can be migrated to KiCad format
libraries using the Migrate Libraries button (see section Migrating Legacy Libraries).

AT v —ILRE SATSU— TV —DHAZEMT BEHDENTI, 7723V - T —ILR(IIRHE
DECBEODNTHSF BMSNCE T3 VESATSU—AO- RSN TEMEEEESITEA.

e BALT—TJNCREEEBLESATSV— DI vIR—LERF D ERERLEVWC EISEFRLTTFE L. LML
RS, JO-beZdOVI o REENDSAIS)— - T—JILOMAETCERLIZSTTSU—NDIvIR
—LEFDCEIFAIBET T,

e EULRFIOEREMNEC 22BE. 7OV O RNEEOT—TIL - TV KU—RJO0-/1L-7—TIL- TV
D—(CBELIET,

o IVRU—AZOJVIOREBENDT—TIVNCERINTUVBHZEE. IV MY —&EZAR sym-lib-table (FIR7E
RANTUVSTOII O - T7T7ILDHD T4 I —(CETAFINTT,

REZEHOAE

One of the most powerful features of the symbol library table is environment variable substitution. This
allows for definition of custom paths to where symbol libraries are stored in environment variables.
Environment variable substitution is supported by using the syntax ${ENV_VAR_NAME} in the library path.

By default, at run time KiCad defines two environment variables relevant for locating symbol libraries:

e the $KIPRJMOD environment variable that always points to the currently open project directory.
$KIPRJIMOD cannot be modified.

e the $KICAD6_SYMBOL_DIR environment variable. This points to the path where the default symbol
libraries that were installed with KiCad.
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You can override $KICAD6_SYMBOL_DIR by redefining it in Preferences - Configure Paths.... This is useful
for using libraries installed in a nonstandard location.

$KIPRJMOD allows you to store libraries in the project path without having to define the absolute path
(which is not always known) to the library in the project specific symbol library table.

BRI —Y

Symbol libraries can be defined either globally or specifically to the currently loaded project. Symbol
libraries defined in the user’s global table are always available and are stored in the sym-lib-table file in
the user’s KiCad configuration folder. The project-specific symbol library table is active only for the
currently open project file.

BHAECEEMERBPABHDI T, ECHOSAITSU—&I0—-/1I - T—TIICERT &, BBURFCLDT
BESCENTETT . CNOEFISE. FIHAHRENRL LD CETT,

ECHIVRIL - SATSV—TOIJI I REBEDT—TILNERI DL, TOJIIRHRRBETSDS1TS
D—IEIFEEBDT, I VR - SATSU—DHRFRAGREHIES TEHE T, cnOEMREF. FOJT IS
ECRBESNBZIVRIL - S1TSU—EZNENENFICEMUKITNEELSENC ETT,

HER/IF—>YDO—DlF L<FESSrTSU—&ETJ0-/\b, ZNTOI I I TOHFREETNES 1TSS —
FZPOJIOREBDSTTSYU— T=TINCERIBCETL LD, STITSU—EERTI BICHIZ>TOH
HISRCHDFTE A

Migrating Legacy Libraries

Legacy libraries (.lib files) are read-only, but they can be migrated to KiCad version 6 libraries
( .kicad_sym). KiCad version 6 libraries cannot be viewed or edited by KiCad versions older than 6.0.0.

Legacy libraries can be converted to KiCad 6 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  ctr1 -
clicking or | shift -clicking.

Libraries can also be converted one at a time by opening them in the Symbol Editor and saving them as a
new library.

PRinoZOIzo5knUvvEY S
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:

* ERRTEOHNTUBAVIFILOS T TSI —REEBMTHD. ¥ VRIVARERI(GEMS MR SZ
BINTULEL,

* LXFa1—-SATSU—ZERT BN BIEOLXF1— - SATSU—ERHITROTLVBC E&EMHR
REFE, ECOLAF1—EERERITINTU S,

e FOJVIDRDIVARIL FrwTa - SATSU—NREBRFIRENDTFT T, BIEL TULEL,
UYVEYHTE, ZOVIOL - JAINWI—-ICHBLRAFa— - NN\vI7vT - TH)LF—

WARNING OHFICUVYEVIRCERFEINZETOD I 7rILENVIO TPV IFLET, AHREENEBE
BICExT, UYVvEYIDRICIFEICZOIV IO RENVOTPYITILTTFEL,
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If the original libraries have been removed and the rescue was not performed, the cache
library can be used as a recovery library as a last 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.

NOTE
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FU&HIC

BRI 1RO — bOHEFERL TEMFRIETI N, REOASLOBERDGE(FEHNDT — S TEBRIT S C
EETELT,

A schematic represented by several sheets is hierarchical, and all its sheets (each one represented by its own
file) constitute a complete KiCad schematic. The manipulation of hierarchical schematics will be described in
the Hierarchical Schematics chapter.

HARSRETRIR

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

o [MORERINIRDPIREDEH, (ERC (ZLO UL - Ib—IL - FTwD) [CLSEEEHRED)

* #B&z* (BOM : Bill Of Material) MBEEEMR, (IXI V1 AESNexy U REBOM (H@&) 771
JVDER)

* Pspice FEDEFEIZAL—FDRHDRY LU X RER, NRAIVAIETNeRY U ~EBOM (BB
&) T7TILDOERK

® Defining a circuit for transferring to PCB layout.

BIEREECVRIL, TAV7— SR, I+ 023y, N BENASEBRINT T, IhEKER7Z<
IREHIC, NAIVR)— IAV S BIFEEDNT ST« v I BRERETET T I,

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

Y VRILOKBRERE
Y VRILOBRREEE

To load a symbol into your schematic you can use the icon 1.;)- A dialog box allows you to type the name of
the symbol to load.
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DB FlF wxWidgets Advanced Regular Expression style T, Perl DIERFRER Bz K SN T,

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.

BERD VRIVERDKSICEDFT :
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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  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  Esc .

Placing power ports

A power port symbol is a symbol 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 J__ tool is available. This tool is similar, except that the search is done directly in the power library.

(BREINE) JVRILOWREERE

YVRIVOREICS, UFO2@ENS0ET:
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Use a hotkey to perform an action on the symbol ( e to open the properties dialog, r to rotate, etc.).
Note that hotkeys act on the selected symbol; if no symbol is selected hotkeys act on the symbol under
the cursor.

Symbols can also be selected by clicking on them or drag-selecting them. Selected symbols can be modified
by clicking relevant buttons in the top toolbar or using a hotkey.

TH+XLT 1= DOEE
UI7LYR B B ME TFEINFTR Tr—ILROARMERETEL T, ¢
* FEIRTr—ILREITILOYU YD UIRETY 3,

e AOVUWOULTOVTFIMAZ1—&MAE, RRSNREIVY REREIRY 5: BE), B, RE. HIFRL
Es

® Position the cursor over the field (if nothing is selected) or select the field and press E to edit the field.
® Position the cursor over the symbol (if nothing is selected) or select the symbol and press V|, v, or F

hotkeys to directly edit the symbol’s value, reference designator, or footprint fields, respectively.
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The position and orientation properties of each field may be hidden in this dialog. They can be shown by

right-clicking on the column header of the fields table and enabling the "Orientation", "X Position", and/or "Y
Position" columns. Other columns can be shown or hidden as desired.

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 Symbol..." button is used to swap the current symbol to a different
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symbol in the library.

"Edit Symbol..." opens the Symbol Editor to edit the copy of the symbol in the schematic. Note that the
original symbol in the library will not be modified. The "Edit Library Symbol..." button opens the Symbol
Editor to edit the original symbol in the library. In this case, the symbol in the schematic will not be modified
until the user clicks the "Update Symbol from Library..." button.

Electrical Connections
FUMIC

There are a number of elements that can be added to a schematic to electrically connect components. All of
these elements can be placed with the buttons on the vertical right toolbar or using hotkeys.

CNESNBREUTICRLET:

Wires: direct connection between pins.
Buses: connections for a group of signals.
Bus entries: connections between wires and buses.

No-connection flags: terminations for pins or wires that are intentionally unconnected. These flags
prevent ERC violations for unconnected pins.

Junctions: connections between crossing wires or buses.
Net labels: local name for a signal. Signals within a sheet that have the same net label are connected.

Global labels: global name for a signal. Signals with the same global label are connected even if they are
not in the same sheet.

Hierarchical labels: a label for a signal in a subsheet that enables the signal to be accessed in a parent
sheet. See the Hierarchical Schematics section for more information about hierarchical labels, sheets, and
pins.

Hierarchical sheets: an instantiation of a subsheet within a parent sheet. The parent sheet can connect
to the subsheet through the subsheet’s hierarchical pins.

Hierarchical pins: connection points between a parent sheet and a subsheet. Hierarchical pins appear at
the parent sheet’s level and correspond to hierarchical labels in the subsheet.

Several other types of items can be placed on the schematic but do not affect connectivity:

Graphical lines: graphical lines for presentation.
Text: textual comments and annotations.

Bitmap images: raster graphics from an external file.

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

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

PWR_FLAG: a specific 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).
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Label Connections

&)
-
e

The point of "contact” of a label is the small square in the corner of the label. The square disappears when
the label is connected. The position of the connection point relative to the label text can be changed by
choosing a different label orientation in the label properties, or by mirroring/rotating the label.

The label’s connection point must be in contact with a wire or the end of a pin for the label to be connected.

Wire Connections

BaElI I BocE. DI —DmREMDTITAY SHEIAERLE T,
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eI EA.

NOTE
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Wires connect with other wires or pins only if their ends coincide exactly. Therefore it 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.



Symbols, wires, and other elements that are not aligned to the grid can be snapped back to

NOTE the grid by selecting them, right clicking, and selecting Align Elements to Grid.

Wire Junctions
Wires that cross are not implicitly connected. It is necessary to join them with a junction dot if a connection
is desired. Junction dots will be automatically added to wires that start or end on top of an existing wire.

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

Nets with Multiple Names

A signal 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.

Hidden Power Pins

When the power pins of a symbol are visible, they must be connected, as with any other signal.

However, symbols such as gates and flip-flops are sometimes drawn with hidden power input pins which are
connected implicitly.

KiCad automatically connects invisible pins with type "power input” to a global net with the same name as
the pin. For example, if a symbol has a hidden power input pin named VCC, this pin will automatically be
connected to the global VCC net.

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
NOTE makes it easy to accidentally connect two power pins to the same net. For this reason, the
use of invisible power pins in symbols is not recommended outside of power port
symbols, and is only supported for compatibility with legacy designs and symbols.

Hidden pins can be shown in the schematic by checking the Show hidden pins option in
NOTE the Schematic Editor - Display Options section of the preferences, or by selecting View

— Show hidden pins. There is also a toggle icon E)- on the left (options) toolbar.
It may be necessary to join power nets of different names (for example, GND in TTL components and VSS in
MOS components). To accomplish this, add a power port symbol for each net and connect them with a wire.

It is not recommended to use labels for power connection. These only have a "local" connection scope, and
will not connect to invisible power pins.

Wiring
To begin connecting elements, you may either use the 'Wire' or 'Bus' tools from the right-hand toolbar, or
you can auto-start a new wire from any existing pin or unconnected wire.

The wire drag action will drag the entire wire if you start dragging from the middle of the wire.
Alternatively, it will drag just one corner if you start the drag action over a corner where two wires connect

INZ DB
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SDA T9Y, /VX USB1{DP DM} (& USB1.DP & USB1.DM &[EENBD XV EEEMLFTFT., LW DHDEUL LS
EFRIE > TIRDIR U FENNDIZL DEBSERD/N\XE[FEDZEREITIE. COREEMFSCE CTRBAZENTEX
9,

HIL—F NRE RORIVNRESUCEETEEY, HlxIE. /1R MEMORY{A[7..0] D[7..0] OE WE} (IR
RIULNZEEBDEBESATHD, EREMX W LTIE MEMORY.A7 & MEMORY.OE D& DICEDFET,

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.

N XY N—RT DO
Pins connected between the same members of a bus must be connected by labels. It is not possible to

connect a pin directly to a bus; this type of connection will be ignored by KiCad.

FIERUTZEESHEFITIE. EVICERL TV D1V —ARBEBEINZESANIICLE>TEVERERSINE T, /11X
DAL —~"DNNIITVERU—88 (45 BHMA>TVDIITr—E9) INRLORZTEBHNE L TULBIEITT,
Eeschema CEIENE U TOEKEIHD T EA. (GRIEBN/IERCHIMEBIIHDFTEA)

In fact, using the repetition command ( 1nsert ), connections can be very quickly made in the following way,
if component pins are aligned in increasing order (a common case in practice on components such as
memories, microprocessors...):

® Place the first label (for example PCA0)

® Use the 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.

s FHDSANILDOTFICTAV—ERELET T, ERICEDORLIVYFENRAL. SNILOTADIV—%RE
LTVWEET,

* BECKUT, @ALHE (RUINDIVEY—ZEEL, ORLIVYREFEHETS) ZAL. NXIVEY
—&ERELTTI,

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

NOTE e Horizontal pitch.
e Vertical pitch.

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

NZXDERM

The unfold tool allows you to quickly break out signals from a bus. To unfold a signal, right-click on a bus
object (a bus wire, etc) and choose Unfold from Bus. Alternatively, use the Unfold Bus hotkey (default: ¢ )
when the cursor is over a bus object. The menu allows you to select which bus member to unfold.
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NXIITIUFPX
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AEEHL T, OBREACHTIRELTI—TRICRDOTESCENTES Y3 — My FRESEXTT,

To create bus aliases, open the Bus Definitions dialog in the Tools menu.

Bus Definitions X

Bus Aliases Alias Members
USB (monitor_mixer.sch) DP
DM
VBUS
Alias Name Member Name
Add Rename Remove Add Rename Remove

Cancel OK

I1YUTRIEE, BWHEBRBESAEMTITERBVETEA, I 7O5%@E>T, EBEHDIVERT ML /X
ETAUT7RCEBMIBCENTEET, Ya—rAvhkELT, ZANFTRUSNIESPR/NINDY X I
ANHBDVEEEDH(FITE, ZNS5EFET. ITYUTFPIEBICEBMENE T, COHITIE. X/1— DP, DM,
VBUS Z#5D USB EIFENBZ IV 7 REERL T T,

IrU7R&EERLLE. JIL—F /AR {USB} OFIEMAICI U TP IBEEL CEICK>TIIWN-TF RS
NIVTESCEMTETT, CHUF/VX {DP DM VBUS} DSANILERFDMREFHFEET I, . USB1{USB} DK S
(C. TI—T(CEBHEORAIZEBMT D EETE, LICEDNIE USB1.DP DELSHERY LEEDE T, EHMS
NZTlE. TAUFPXOFERICL>TRBHMEDSANILELDEL TR ENTEET, T1UFPRIBEEDY
A—bAYVERTHD, KVRIJZIRRICE IV TP IBREINEVCEERITHULWTTIU,

NZADITAVUTXIEERT 7 1 ILRICREFSNT T, SXSNZEBNY—FTHESNZICU7X(E AU
PEEEREHCH T BMDEEN S — S TETCTERI S CEMTEET,
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KiCad 5.0 B L UTLEIN/N—T 3 VU TlE. BEWCEE TSRV EFID/NIFEBROEHGNRFAINTSD, XV ik
JZRRTENSDODNIADAVN—EFELTUVE Ulze COXSHEERNI. TIL—F NXICEEETF. 5x5
NIZEBSHAZ (TR R EBRICFETETHLEVCE TR Y MY I RDORELESIZHE I /26, KiCad 6.0 TIZHIER
ancunzxErd,

COBEENMERAIN TUVBRESEFHFLL/N—I 3 V) KiCad CRVEES. 525NN\ IEED Y ~(C(F8
—DISRILOIHNEET DL DICEBRNEEHRT DeOHDNIBITTr 7OIRKRREINE T,

Migrate Buses

This schematic has one or more buses with more than one label. This
was allowed in previous KiCad versions but is no longer permitted.

Please select a new name for each of the buses below.
A name has been suggested For you based on the labels attached to the

bus.

Sheet Conflicting Labels MNew Label Status
/ Q[7..0], D[7..0], R[5..0]  Q[7..0] Updated
/ A[15..0], B[5..3], C[15..13] A[15..0]

/ ¥[1..3], X[0..0], Z[4..5] Y[5..0]

Proposed new name:

A[15..0] v |Accept Name

OK

—DUEDSRIVERDNIBFEDOLY L Llc. RELEVSANILVERBIRULLTNELDTEA, ROVTFSY
D VRRIRY O X & FE > CRENRICEFET SBFEOSANILHNSREIRT SH. FHILVERIT « —JLRADATIC KD
TRIDREIEBERTEE I,

Power Ports

Power port symbols are conventionally used to connect pins to power nets. Power port symbols have a
single pin which is invisible and marked as a power input. As described in the hidden power pins section, any
wire connected to the pin of a power port is therefore automatically connected to the power net with the
same name as the port’s pin.

In the KiCad standard library, power ports are found in the power library, but power port symbols can be
created in any library. To create a custom power port, make a new symbol with a hidden pin marked as a
power input. Name the pin according to the desired power net.

BIFORIE, BRR— ~OEHHITI,
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In this example, power ports symbols are used to connect the positive and negative terminals of the
capacitors to the VCC and GND nets, respectively.

Power port symbols are found in the power symbol library. They can also be created by drawing a symbol
with a hidden "power input" pin that has the name of the desired power net.

PWR_FLAG

Two PWR_FLAG symbols are visible in the screenshot above. They indicate to ERC that the two power nets
VCC and GND are actually connected to a power source, as there is no explicit power source such as a
voltage 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 is found in the power symbol library. The same effect can be achieved by connecting
any "Power Output” pin to the net.

No-connection flag

No-connection flags (= ) are used to indicate that a pin is intentionally unconnected. These flags do not
have any effect on the schematic’s connectivity, but they prevent "unconnected pin" ERC warnings for pins
that are intentionally unconnected.

[CIREEI{ERR (CBE T S #ERE

Text comments and graphic lines

It can be useful to place annotations such as text fields and frames to aid in understanding the schematic.
Text fields ( T ) and graphic lines ("',:E) are intended for this use, as opposed to labels and wires, which are

connection elements.

The image below shows graphic lines and text in addition to wires, local labels, and hierarchical labels.

COMMUNICATION TSP

F2E

#CSCOME=

O5PER W

OskF_A/E

J—hoOXREM (5r~ILTJOvYD)

The title block is edited with the Page Settings tool ([ ]).

—

51



R-JBE X

= EROET
Y47 -bOE:2 v-+EE
[ 44 210:297mm || ===
e [05jan 2014 <<< | [201510/26 ¢ Oroy-razozf-r
Bmma <|| vesay
T, [2 | Ooz-FAIFRR-F
. & 4R
= e [ JDM - COM4 PIC Programmer with 13V DC/DC converter ] Ol #e0v-FATIAT -
P 21g
MR [Kicad | D#09-FAT7RT-+
Tk
| | Ofoy-tazzas-r
Tivkz
[ | O#oy-razzam-r
ik
| | Orov-rnzo2k-+
JAvh
[— [ | O#oy-rrzzam-+
BEaIrll
| | | o=

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 a field, that field will be updated in the title block of all sheets, rather than only
the current sheet.

A drawing sheet template file can also be selected.

Comment 4
Camment 3
Camment 2
Comment 1
KICAD

Sheet: /

File: interf_u.sch

Title: UNIVERSAL INTERFACE

Size: A3 | Date: Sun 22 Mar 2015 Rev: 28

KiCad E.D.A. kicad 4.0.0-rcl-stable Id: 1/1
| 7 | 8

The sheet number (Sheet X/Y) is automatically updated, but sheet page numbers can also be manually set
using Edit - Edit Sheet Page Number....

FrvyadhrkoVRILOLRAFa1—

By default, KiCad loads symbols from the project libraries according to the set paths and library order. This
can cause a problem when loading a very old project: if the symbols in the library have changed or have
been removed or the library no longer exists since they were used in the project, the ones in the project
would be automatically replaced with the new versions. The new versions might not line up correctly or
might be oriented differently leading to a broken schematic.

When a project is saved, a cache library with the contents of the current library symbols is saved along with
the schematic. This allows the project to be distributed without the full libraries. If you load a project where
symbols are present both in its cache and in the system libraries, KiCad will scan the libraries for conflicts.
Any conflicts found will be listed in the following dialog:
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FRDZEEIZ 0T A MEP I T - bR RmCIEEEN SR0T .
SURILOER
bliil5E) | sl |_Action I
ol Dinde Diode % Diode-RESGUE-test LT L. A% 21—
COVRNDA AR
UpLuA [ R | -
D1 Diode
D2 Diode b
D3 Diode |
o1 ENESES: 4 F5UEB 5
Diode Diode
BETLAG | ok | xet |/
o

COFAITE. TTROTOI IO REIAYV—RALAEDST 1A —REFE>TUWEIN BAEDS TS U—EHY
—RATAEZEOENDESATUVET, COZEEFIFIOVIDREEELICLEIT | CCTOKRIVERETE, &

WO VRIS “LXF1—"SATSU—~NEREIN, ETOYVRIVIIRBEIDEREEE(TDEHICERE
(rename) sNF 9,

If you press Cancel, no rescues will be made, so KiCad will load all the new components by default. If you
save the schematic at this point, your cache will be overwritten and the old symbols will not be recoverable.

If you have saved the schematic, you can still go back and run the rescue function again by selecting "Rescue
Cached Components" in the "Tools" menu to call up the rescue dialog again.

COFr7OTERRIERLLEVBEF, “REDSKRRUELY RIVEBLTES V. TIAFILETHER
FICH LV YRIVERFFAT K SCEDET T, cDATFT3aV(EF, S1TSYU—DRETTICEREE T,
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. COBMTOIIOREBELZVWES, RDCERRE(CEBTLLS:

¢ RELYAADY—&FEHATD. ZDHE. HRICERDRVOBERELC T T,
s J—hEHMERI D, CNIEBBEICEDTT,

FTELEERIE, Ib—~Y—~EFENS X1 Y OEERY — ~HSLUBBEBR T Y T — hh\SBRINE
T T5IC. BREIE@RINY — I SFELKDEIT B LAHURREINE T,

From the root sheet, you must be able to find all sub-sheets. Hierarchical schematics management is very
easy with KiCad, thanks to an integrated "hierarchy navigator" accessible via the icon of the top toolbar.

BEICII2BENRRICEELSIET : 1 DB, ITICBAVWTERL TULB L SH—BHNICERINTUIED
TY, 2DB(3. BBRRTEONDS Y VRILOEEXERITED T, EBRICITY VRILOWEHESEE 30 U 72 08K
(CRIGLET,

CH2DOEOI1 T EL<CERER (IC) OBEFKTHERAINT I, COBSICIIERFOEEX CEES T IS
—EFRALULITNELSEONSTT,

KiCad currently doesn’t treat this second case.
BEEIRDKLOELENDTT:

s B—: FEOY—+E—ERIFIERT S,

s BE: FROY—rE2ERULERATS (BEDO1TVRIVX) .

e @ (Flat) : BE—DEBETH3M,. ¥— ~EDERIIEBRST NI,
KiCad can deal with all these hierarchies.

PEERIFERIDIERISEETY . BEEAIIL— FEBENSIRE DL SICEEI N, ZE—DDEEE L AELK
SICRXTET,

RD2DONEEBLRT W T=IEEIT DRNENRHDIT ¢
s YITI—DOIERTE .
s YIJY— ~EDBRHILER .

BEAOCFES -3y

Navigation among sub-sheets is acheived by using the navigator tool accessible via the button IEI on the

top toolbar.

-5 X

-
@ ampli_ht_horizontal
- ampli_ht_vertical
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I—hREDVVDTBRE, EDY—HICBETET T, Y—rRBEGOVYILT"Y—RICAS" &EIRT S
N BRIRESTILO UV IOLTE. I—hICBBTEET,

BAEOY— R SRITTRDY — ~CBET B BBRROAIEATI IO RNMENECSITHEIUYDOLT
"U—kh5ikITE" ERIRT SN, Alt + Backspace Z AN LFE T,

O—AISRIL. BESARIL, 50—/ RIL

0O/ 7«

Local labels, tool & , are connecting signals only within a sheet. Hierarchical labels (tool A¢») are
connecting signals only within a sheet and to a hierarchical pin placed in the parent sheet.

Global labels (tool E}-) are connecting signals across all the hierarchy. Power pins (type power in and power

out) invisible are like global labels because they are seen as connected between them across all the
hierarchy.

(B—F38E) BENTE. BESALETO-NLSALOEE5H, FFmAER
ARIEETY,

B R E R DAY

RDCEZETBIRBERGHDET:

NOTE

o “YU—LIVRIV EVWSEEY VRILEIL— Y- FARICEBELE T,
s FES—5—&FEAUTHRLEEE (TTY—K) (CAD, MO ERERICIERL T T,

o MULMERUERK (YT7Y—k) (50—/VLSA)U (HLabels) ZEE U T 2 DOEENME(C EXHIEE
ZERLE T, Ffe. ¥—ESAJL (SheetLabels) EWSEIUBRIZEFDOSANILEIL— T —~ICEREL X
o CNSDY—ESARWEI—FT—EDI— T VRIVOBERNG I VR—X Y LE VDK SN EIFS
MERICEHRINI T,

=k VR

WAELED2 REEEL THER UL IZER T T2 — ek LE T,

COEEOY 1 XE YTT—ANOSO—/VULSAR)L (HLabels) ([CRIG U RESED S NI CHEELE V2% T B
AR EDNTHEIINEED T EA. CNSDSANIVGEBENDIVR—KX Y EEVICBEITOE T,

These labels are similar to usual symbol pins. Select the tool @a

EOVYOUTERECDELBERELE Y. BEMDERETEL>ZSBEED VYO UL TATAZEREL X
ER

COl. (BEFES—5—Z[fAL. ML 3LBRICBETBEHIC) COYTI—rDIT71ILRETY—
BDANRERENT T,

EEE v~ o7 *
FMEE:  [pic_socketsch | #1524 WM
- b () [ pic_sockets | #42:[ 1524 =Rl

EROILATT: | 4804A5E2 |

el
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DELEET7TILVRBOAARRETT, J—hBOBLVEEG. T71ILRARY—RRELTERINTT (CD
FEFLLTONTVET) o

B - EEE>

ER U2 ViIRIVAOERR (BEEY) 2 CTERULE T,

CNSOERREIBEEDOY VRILOEVICHTOWI TN 1 DOERRIC(TTEROESHSLB/N I EEHR TS
9,

Importing Hierarchical Sheet Pins

e Select the tool If_%

¢ (lick on the hierarchical sheet from where you want to import the pins corresponding to hierarchical
labels placed in the corresponding schematic. A hierarchical pin appears, if a new hierarchical label
exists, i.e. not corresponding to an already placed pin.

* COEVEREBLRWMERCTOUYILET,

All necessary pins can thus be placed quickly and without error. Their aspect is in accordance with
corresponding hierarchical labels.

B - EES AN

Each pin of the sheet symbol just created, must correspond to a label called hierarchical Label in the sub-
sheet. Hierarchical labels are similar to labels, but they provide connections between sub-sheet and root
sheet. The graphical representation of the two complementary labels (pin and hierarchical labels) is similar.
Hierarchical labels are made with the tool A¢-.

MR EI—F2—EDFITY,
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The annotation tool allows you to automatically assign a designator to symbols in your schematic.

Annotation of symbols with multiple units will assign a unique suffix to minimize the number of these
R?; . Here you find its main window.

symbols. The annotation tool is accessible via the icon B
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ERC can be started by clicking on the icon E%
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NOTE

You can also delete error markers from the dialog and set specific ERC messages to be suppressed by using
the right-click context menu.
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e Electrical Rules Checker
Messages | Violations

~ Error: Label not connected to anything
Hierarchical Label 'test’

~ Error: Label not connected to anything

Hierarchical Label 'test’

Exclude this violation

Hierarchical Labg

Change severity to Warning for all '"Mismatch between hierarchical labels and sheet pins' viclations

Ignore all '"Mismatch between hierarchical labels and sheet pins' violations

Edit violation severities...

Show: [ All ¥ Errors @EN® (¥ Warnings " IExclusions

Delete Markers

Save...
Close Run ERC

ERC OO

Ui 8
17 741500
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13 7451
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The Pin Conflicts Map 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
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¥ General

Formatting

Field Name Templates
¥ Electrical Rules

Violatic rerity

Pin Conflicts Map
¥ Project

Net Classes

Text Variables

(o) @]
(o) @]
(o) O
@] (s)
@] (o)
(o) @]
@] (s)
(o) U
(o) @]

® & & & 0 o 0 9 0

The Violation Severity panel in Schematic Setup lets you configure what types of ERC messages should be
reported as Errors, Warnings or ignored.

ERCLR—KkTJ 71

A3 VDO ERC LR—EDIERICF T Vv OE[TDE. ERCLUR—E T 77 ILOERERFEMAIREETY, ERC
LR—bDOT 71U+ (E. .erc ©9, ERCLR—T 71 ILOBAIERLE T,

ERC control (4/1/1997-14:16:4)

*#%%*%* Sheet 1 (INTERFACE UNIVERSAL)

ERC: Warning Pin input Unconnected @ 8.450, 2.350

ERC: Warning passive Pin Unconnected @ 8.450, 1.950

ERC: Warning: BiDir Pin connected to power Pin (Net 6) @ 10.100, 3.300
ERC: Warning: Power Pin connected to BiDir Pin (Net 6) @ 4.950, 1.400

>> Errors ERC: 4
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Transfer Schematic to PCB
=

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 ( s ) in both the schematic and
board editors. You can also use the ﬂ iconin the top toolbar of the Board Editor.

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

NOTE . . . . o . .
netlist from the Schematic Editor and import it into the Board Editor. It is no longer
necessary to use a netlist file.
. E 4 Update PCB from Schematic S .
Options

Re-link footprints to schematic symbols based on their reference designators
Delete footprints with no symbols

(W] Replace footprints with those specified in the schematic

Changes To Be Applied
Frocessing sympool K/ KEeSISTOr_1H | IH_AXIAI_UINUZU/_Lb. 3IMIM_U.Z.5MIM_F 1U. 1 bMIM_Horizontar.

Processing symbol 'R6:Resistor_THT:R_Axial_DIN0207_L6.3mm_D2.5mm_P10.16mm_Horizontal'.
Processing symbol 'RS:Resistor_THT:R_Axial_DIN0207_L6.3mm_D2.5mm_P10.16mm_Horizontal'.
Processing symbol 'C1:Capacitor_THT:C_Axial_L5.1mm_D3.1mm_P12.50mm_Horizontal'.
Processing symbol 'R2:Resistor_THT:R_Axial_DIN0207_L6.3mm_D2.5mm_P10.16mm_Horizontal'.
Processing symbol 'R1:Resistor _THT:R_Axial_DIN0207_L6.2mm_D2.5mm_P10.16mm_Horizontal'.
Processing symbol 'P1:Connector_PinHeader_2.54mm:PinHeader_1x06_P2.54mm_Vertical'.
Processing symbol '|2:Connector_Dsub:DSUB-9_Male_EdgeMount_P2.77mm'.

Processing symbol 'J1:Connector_Dsub:DSUB-25_Male_EdgeMount_P2.77mm".

Processing symbol 'D2:Diode_THT:D_A-405_P7.62mm_Horizontal'.

Processing symbol 'D1:Diode_THT:D_A-405_P7.62mm_Horizontal'.

Processing symbol 'C5:Capacitor_THT:C_Disc_D5.1mm_W3.2mm_P5.00mm'.

Processing symbol 'C4:Capacitor_THT:C_Disc_D5.1mm_W3.2mm_P5.00mm'.

Processing symbol 'C3:Capacitor_THT:C_Disc_D5.1mm_W3.2mm_P5.00mm'.

Processing symbol 'C2:Capacitor_THT:C_Disc_D5.1mm_W3.2mm_P5.00mm'.

Total warnings: 0, errors: 0.

Show: (M) Al (m] Errors o (] wWarnings o (m] Actions [m] Infos Save...

Close Update PCB

The tool adds the footprint for each symbol to the board and transfers updated schematic information to
the board. In particular, the board’s net connections are updated to match the schematic.

The changes that will be made to the PCB are listed in the Changes To Be Applied pane. The PCB is not
modified until you click the Update PCB button.

You 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 a file using the Save... button.

Options

The tool has several options to control its behavior.
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Option

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

Delete footprints with no
symbols

Replace footprints with those
specified in the schematic

Description

Footprints are normally linked to schematic symbols via a unique
identifier created when the symbol is added to the schematic. A
symbol’s unique identifier cannot be changed.

If checked, each footprint in the PCB will be re-linked to the symbol
that has the same reference designator as the footprint.

If unchecked, footprints and symbols will be linked by unique
identifier as usual, rather than by reference designator. Each
footprint’s reference designator will be updated to match the
reference designator of its linked symbol.

This option should generally be left unchecked. It is useful for
specific workflows that rely on changing the links between schematic
symbols and footprints, such as refactoring a schematic for easier
layout or replicating layout between identical channels of a design.

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.

If checked, footprints in 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.
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Symbol Editor
YYRI - S1TSYU—(CET S —eER

A symbol is a schematic element which contains a graphical representation, electrical connections, and text
fields describing the symbol. Symbols used in a schematic are stored in symbol libraries. KiCad provides a
symbol editing tool that allows you to create libraries, add, delete or transfer symbols between libraries,
export symbols to files, and import symbols from files. The symbol editing tool provides a simple way to
manage symbols and symbol libraries.

VR - SATSU—DBE

IR - SATSU—E 1 DBUEDY VRN SERENTVES, BAREYVRILE, e B8 530
FBETTIC & > TREBIIC T L— TSN E T,

I VRILEROBRTERENTUET:

® 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.

o Jr—JLR:VUDTPLVR, B EMR(PCB) FEDHOM[EIT S TY LTIV RBEE

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, 741.500, 74HCO00, and 7437 symbols could all be derived from a 7400 symbol. In
previous versions of KiCad, derived symbols were referred to as aliases.

WY VRILDEREHIEMTO C ERBRENFET:

e —DBEDIZYFTEBRINDLSCYYRILEERT Do

® Defining if the symbol has an alternate body style (also known as a De Morgan representation).
* S, B, B RUIVHLUTFFI+EFMAL TR ViRV (585) &#E19 3.

* USTswOER &L EVH BRWTO/ T+ (AN B, 37—k BRR—KLE) EEE(C
E%bt\ E\JEEHDjéo

¢ Determining if the symbol should be derived from another symbol with the same graphical design and
pin definition.

e PCBEREIVIRDIVMMEARTES IV ST Y BDXSEHBIND « —JLRZEEML. ZNSOARMEE
£93

o SEAN NPT —HI—hADY VOEEERIL TY VRIVICERET 3.
e EH/L (desired) S1 TS —(CENE(REFET Do
IR - SA4TSU— - IT571459—DHBE

VRV SATSV— - ITT 14— DAAYT s YRIELTFICRULE T, K<HESHEEEFECHERSLDIC
IBEHD3DNDYV—ILIN—EDVRIVOBEE /RET P TEBRINE T, Y—ILI\—NS5[EFETOIVYRE
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The main tool bar is located at the top of the main window. It consists of the undo/redo commands, zoom
commands, symbol properties dialogs, and unit/representation management controls.
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Create a new symbol in the selected library.

Save the currently selected library. All modified symbols in the library will be saved.

Undo last edit.

Redo last undo.

Refresh display.

Zoom in.

Zoom out.

Zoom to fit symbol in display.

Zoom to fit selection.

Rotate counter-clockwise.

Rotate clockwise.

Mirror horizontally.

Mirror vertically.

Edit the current symbol properties.

Edit the symbol’s pins in a tablular interface.

Open the symbol’s datasheet. The button will be disabled if no datasheet is defined
for the current symbol.

Test the current symbol for design errors.

Select the normal body style. The button is disabled if the current symbol does not
have an alternate body style.

Select the alternate body style. The button is disabled if the current symbol does not
have an alternate body style.

Select the unit to display. The drop down control will be disabled if the current
symbol is not derived from a symbol with multiple units.

Enable synchronized pins 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
interchangable units and cannot be enabled for symbols with only one unit.



TULXAYV K -WY—IUI—
The vertical toolbar located on the right hand side of the main window allows you to place all of the
elements required to design a symbol.

[ 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.

Pin tool. Left-click to add a new pin.
Graphical text tool. Left-click to add a new graphical text 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.

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. Left-

N O OH4H %

click again to define the second arc end point. Adjust the radius by dragging the arc center
point.

/ 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.

4og Anchor tool. Left-click to set the anchor position of the symbol.
% Delete tool. Left-click to delete an object from the current symbol.

73y - W—JuIi—
The vertical tool bar located on the left hand side of the main window allows you to set some of the editor
drawing options.

sees Toggle grid visibility on and off.

Set units to inches.

mil Set units to mils (0.001 inch).

mm Set units to millimeters.

.k Toggle full screen cursor on and off.
|-o? Toggle display of pin electrical types.
'f: Toggle display of libraries and symbols.
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The selection of the current library is possible via the 'f: icon which shows you all available libraries and
allows you to select one. When a symbol is loaded or saved, it will be put in this library. The library name of
a symbol is the contents of its Value field.

2 VIRIVOBIREARTF

2 VRILOZBRIR

Clicking the ?= icon on the left tool bar toggles the treeview of libraries and symbols. Clicking on a symbol
opens that symbol.

Some symbols are derived from other symbols. Derived symbol names are displayed in
italics in the treeview. If a derived symbol is opened, its symbol graphics will not be

NOTE editable. Its symbol fields will be editable as normal. To edit the graphics of a base symbol
and all of its derived symbols, open the base symbol.
2 VRILDRE

After modification, a symbol can be saved in the current library or a different library.

To save the modified symbol in the current library, click the B icon. The modifications will be written to
the existing symbol.

NOTE Saving a modified symbol also saves all other modified symbols in the same library.

To save the symbol changes to a new symbo], click File - Save As.... The symbol can be saved in the current
library or a different library. A new name can be set for the symbol.

To create a new file containing only the current symbol, click File — Export — Symbol.... This file will be a
standard library file which will contain only one symbol.

SAT3S)— - IVRILOIER
RS Y IRILOYERL

A new symbol can be created by clicking the :F/- icon. You will be asked for a number of symbol properties.

* A symbol name (this name is used as the default value for the Value field in the schematic editor)

* 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.

* The reference designator prefix (U, C, R...).

¢ The number of units per package, and whether those units are interchangeable (for example a 7400 is
made of 4 units per package).

e 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 Port" dialog in the
Schematic editor, their value fields are not editable in the schematic, they cannot be assigned a
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footprint and they are not added to the PCB, and they are not included in the 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 several graphical options.

* The offset between the end of each pin and its pin name.
® Whether the pin number and pin name should be displayed.

e Whether the pin names should be displayed alongside the pins or at the ends of the pins inside the
symbol body.

These properties can also be changed later in the Symbol Properties window.

> » New Symbol voA X

Symbol name: | |

Derive from existing symbol: o
Default reference designator: U

Number of units per package: | 1 +
Units are not 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 mm

(M| Show pin number text
(M| Show pin name text

(M| Pin name inside

& Cancel + 0K

FOTFONRFTr&E>THUL I VRIVEERT B E. YVRIL - SATS)— - T« F—DEERIIRDEKSIC
EOFET,
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The blue cross in the center is the symbol anchor, which specifies the symbol origin i.e. the coordinates (0, 0).
The anchor can be repositioned by selecting the 42 icon and clicking on the new desired anchor position.

D> VRIS D U RIVEER

ERLTZWEB STV Y YRV, I VRV - SATSU—CRICHBIENEBTVBEVDSCEFLILKHBDF
9. COFA. BIEOY VRIVEHRFAATEEI S EBETT,

s HEREULTES Y VRIVEZRHAHET T,

* Save a new copy of the symbol using File - Save As.... The Save As dialog will prompt for a name for the
new symbol and the library to save it in.

s MECIHUTHRY VRIVERELE T,
* Save the modified symbol.
VRV - FONRT 7

Symbol properties are set when the symbol is created but they can be modified at any point. To change the
symbol properties, click on the R icon to show the dialog below.
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3— b 4 Library Symbol Properties oA X

General | Footprint Filters

Fields
Name Value Show H Align V Align | Italic | Bold  Text Size
] - S S P BN N
Value LM2904 Left Center 1.27 mm
Footprint Center Center 1.27 mm
Datasheet |http:/fwww.ti.com/lit/ds/symlink/Im358.pdf Center Center 1.27 mm
+ 1T L [ ]
Symbol name: LM2904
Description: Dual Operational Amplifiers, DIP-8/S01C-8/TSS0P-8/VS50P-8
Keywords: dual opamp
Derive from symbal: %
Symbol Pin Text Options
Has alternate body style (De Morgan) (9] Show pin number
Define as power symbol (] Show pin name
Exclude from schematic bill of materials
Exclude from board
Number of Units: | 3 - + [H) Place pin names inside
All units are interchangeable Position offset: | 0.127 Al
Edit Spice Model... & Cancel v OK

It is important to correctly set the number of units per package and the alternate symbolic representation, if
enabled, because when pins are edited or created the corresponding pins for each unit will be affected. If
you change the number of units per package after pin creation and editing, there will be additional work to
specify the pins and graphics for the new unit. 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 names inside" 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 inches is usually reasonable.

TFoOflE. "EVRERBICEE” 2T 3 VICFTvIEDFEOMEDY VRILERLTVET, EVREE
VESDUESEFELTTE L,
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Symbol Name, Description, and Keywords
The symbol’s name is the same as the Value field. When the symbol name is changed the value also changes,

and vice versa. The symbol’s name in the library also changes accordingly.

The symbol description should contain a brief description of the component, such as the component
function, distinguishing features, and package options. The keywords should contain additional terms
related to the component. Keywords are used primarily to assist in searching for the symbol.
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_-,;; + Choose Symbol (17154 items loaded) R4

Q, operational vssop

Item Description
~ Amplifier_Operational General operational amplifiers U
LMHE551 MM Differential, High-Speed, Op A i _|_
> LPVBT12DGK Dual operational amplifier, 8kk 1
OPAT96xDGK Single, Low-Power, Low Offset
OPA197xDGK Single 36V, Precision, Rail-to-Ri 2
OPA1641 JFET input, ultralow distortion, o
> OPATB78 Low-Distortion Audio Operatic LM290L|.
> OPATB92xDGK Dual SoundPlus Low Power, Lo
> OPA2156xDGK Dual 36Y, Ultra Low Noise, Rail
> OPA2196xDGK Dual, Low-Power, Low Offset
> OPA2197xDGK Dual 36V, Precision, Rail-to-Rai
> OPA2333xxDGK Dual 1.8V, microPower, CMOS | | No default footprint W
> OPAZ356xxDGK Dual High Speed CMOS Opera
» OPA2376xxDGK Dual Low-MNoise, Low Quiescer
> TLVZ2372 Dual Rail-to-Rail Input/Output
LM2904

Mo footprint specified

Dual Operational Amplifiers, DIP-B/SOIC-8/TS50P-8/VSSOP-8
Keywaords: dual opamp

Reference U7A
Footprint

Datasheet hitp://www.ti.com/lit/ds/symlink/Im358.pdf

Select with Browser | Place repeated copies Place all units ® Cancel " DK

A symbol’s name, description, and keywords are all used when searching for symbols in the Symbol Editor
and Add a Symbol dialog. The description and keywords are displayed in the Symbol Library Browser and
Add a Symbol dialog.

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, SOIC-* would match the SOIC-8_3.9x4.9mm_P1.27mm footprint as well as any
other footprint beginning with SOIC- . The filter SOT?23 matches S0T23 as well as SOT-23.
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If the symbol has an alternate body style defined, one body style must be selected for editing at a time. To
edit the normal representation, click the I % icon.

To edit the alternate representation, click on the 3 ) icon. Use the 74Lsoo » dropdown shown below

to select the unit you wish to edit.

L ol e 30T TP A e e s el e i mry U T i [(20 40 2| =] B3

Srflan REE EFE EEe Bzey Aadn

W ElehiPs oI HET & A R|OD Y=
' 51
'-'I :Il o
el ) T
| i 1 e g
= U?A 3 .8
2 ) _ e
: = 741500 .
2 »
—— i

TRN KN V-TR e IS dy TN diee 1217 o

571y OER
Graphical elements create the visual representation of a symbol and contain no electrical connection
information. Graphical elements are created with the following tools:

o MMBErIRATERINLESTYERUTY,

o WAKICHD2DNI—F—CEEINER,

o L HETESRINGCH,

o MREAPIOPOTERINCAIM, (FENE 0°HS 180° FTHBEITETE I, )

ATV - D Y RODERICHBIMEY—ILNN—IZE. YYRILDRIRETT 1 VT BHDICREBELETNDT ST«
WOBERERETETE I,

HS201vOBROAIYN—Iv S,

BRNDIS T vIEER (S1Y, Fill. ALE) (I, ECOAZYERTHE/ 2TORT s XICILTHE /1

B/ RTa AICIBICERIBCEMARETT, BERA TV a3 V(@ BRULEEREAI YO LTCOY
THFACAZ1—ERTIBCETHBICRETE LT, RCSTYDAVTFIMAZ1—DBIERLE T,
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¢ "Line width" defines the width of the element’s line in the current drawing units.

e "Fill Style" determines if the shape defined by the graphical element is to be drawn unfilled, background
filled, or foreground filled.

e "Common to all units in symbol" determines if the graphical element is drawn for each unit in symbol
with more than one unit per package or if the graphical element is only drawn for the current unit.

e "Common to all body styles (De Morgan)" determines if the graphical element is drawn for each symbolic
representation in symbols with an alternate body style or if the graphical element is only drawn for the
current body style.

957190 - FFIALER
The T icon allows for the creation of graphical text. Graphical text is automatically oriented to be

readable, even when the symbol is mirrored. Please note that graphical text items are not the same as
symbol fields.

BHI1-vhk - IVRILEREBRT 1 - XTI

Symbols can have up to two body styles (a standard symbol and an alternate symbol often referred to as a
"De Morgan equivalent") and/or have more than one unit per package (logic gates for example). Some
symbols can have more than one unit per package each with different symbols and pin configurations.
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Consider for instance a relay with two switches, which can be designed as a symbol with three different
units: a coil, switch 1, and switch 2. Designing a symbol with multiple units per package and/or alternate
body styles is very flexible. A pin or a body symbol item can be common to all units or specific to a given unit
or they can be common to both symbolic representation so are specific to a given symbol representation.

By default, pins are specific to a unit and body style. When a pin is common to all units or all body styles, it
only needs to be created once. This is also 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).

Example of a Symbol With Multiple Noninterchangeable Units

For an example of a symbol with multiple units that are not interchangeable, consider a relay with 3 units
per package: a coil, switch 1, and switch 2.

The three units are not all the same, so "All units are interchangeable" should be deselected in the Symbol
Properties dialog. Alternatively, this option could have been specified when the symbol was initially created.

RELAY_2RT_3PART @F0/(5+ X
ATy3y BB IAUFR TIRTUVR MILS-

—RiE

OUE-ENA N EERFAF A FELET

FYES0ET

MEZEEER
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AZY MR EXRER 64 EVEQETIEr
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Unit A
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UnitB
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Unit C
-] (@)
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GaV-2_5plit

.

Unit A does not have the same symbol and pin layout as Units B and C, so the units are not interchangeable.

"Synchronized Pins Edit Mode" can be enabled by clicking the 0?% icon. 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
interchangeable" is 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.

NOTE

571w D - IVRIVER
Shown below are properties for a graphic body element. In the relay example above, the three units have
different symbolic representations. Therefore, each unit was created separately and the graphical body

elements have the "Common to all units in symbol" setting disabled.
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You can click on the D% icon to create and insert a pin. The editing of all pin properties is done by double-

clicking on the pin or right-clicking on the pin to open the pin context menu. Pins must be created carefully,
because any error will have consequences on the PCB design. Any pin already placed can be edited, deleted,
and/or moved.

E> e

A pin is defined 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 type is not defined
properly, the schematic ERC check results may be invalid.

BELIE
* 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
().

¢ To define a pin name with an inverted signal (overline) use the ~ (tilde) character followed by the text
to invert in braces. For example ~{F0}0 would display FO O.

e If the pin name is empty, the pin is considered unnamed.
* Pinnames can be repeated in a symbol.

® Pin numbers must be unique in a symbol.
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® The pin name and text size.

¢ The pin number and text size.

¢ The pinlength.

* The pin electrical type and graphical style.

o “QUR—IXVEOETHDIZ Y FTHE XU “ETORT 1 XIAI (K- FILAY) THEITS(S)”

* Pinvisibility.

¢ Alternate pin definitions.

Pin Graphic Styles

Shown in the figure below are the different pin graphic styles. The choice of graphic style does not have any
influence on the pin’s electrical type.
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Choosing the correct electrical type is important 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.

Pin Type Description

Input A pin which is exclusively an input.

Output A pin which is exclusively an output.

Bidirectional A pin that can be either an input or an output, such as a microcontroller data
bus pin.

Tri-state A three state output pin (high, low, or high impedance)

Passive A passive symbol pin: resistors, connectors, etc.

Free A pin that can be freely connected to any other pin without electrical concerns.

Unspecified A pin for which the ERC check does not matter.

Power input A symbol’s power pin. As a special case, power input pins that are marked

invisible are automatically connected to the net with the same name. See the
Power Ports section for more information.

Power output A pin that provides power to other pins, such as a regulator output.
Open collector An open collector logic output.

Open emitter An open emitter logic output.

Unconnected A pin that should not be connected to anything.

Pushing Pin Properties to Other Pins

You can apply the length, name size, or number size of a pin to the other pins in the symbol by right clicking
the pin and selecting Push Pin Length, Push Pin Name Size, or Push Pin Number Size, respectively.

& czsn M
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Symbols with multiple units and/or graphical representations are particularly problematic when creating
and editing pins. The majority of pins are specific to each symbol unit (because each unit has a different set
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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 all units of a multiple unit symbol and to both representations for symbols with an alternate
symbolic representation. The only exception to this is 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?{l, icon on the main

tool bar. This will 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 dialog.

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
3+ button on the tool bar. To edit the pin number for each unit, select the appropriate unit using the

74L500 * drop down control.

Pin Table

Another way to edit pins is to use the Pin Table, which is accessible via the % icon. The Pin Table displays
all of the pins in the symbol and their properties in a table view, so it is 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 g icons, respectively.

Columns of the pin table can be shown or hidden by right-clicking on the header row and

NOTE checking or unchecking additional columns. Some columns are hidden by default.

The screenshot below shows the pin table for a quad opamp.
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Mumber

+

Alternate Pin Definitions

Pins can have alternate pin definitions added to them. Alternate pin definitions allow a user to select a
different name, electrical type, and graphical style for a pin when the symbol has been placed in the

MName

Group by name

Electrical Type
|_> Output

- Input

*{ Input

= Power input
- Input

- Input

") Output

(g Output

- Input

_){ Input

- Power input
*{ Input

= Input

(] Output

Pin Table

Graphic Style

(o Line
(o Line
(o Line
F Line
— Line
(o Line
[ Line
F Line
= Line
(o Line
(o Line
(o Line
F Line
— Line

Pin numbers: 1-14

Orientation

"O Left
o right
o Right
_?_ Down
o Right
o right
|'° Left
|'° Left
o Right
o Right
T Up
o Right
o Right
|'° Left

Length
0.1in

0.11in
0.11in
0.15in
0.1in
0.1in
0.11in
0.1in
0.1in
0.1in
0.15in
0.11in
0.1in

0.11in

X Position

0.3in

-0.3in
-0.3in
-0.110n
-0.3in
-0.3in
0.3in

0.3in

-0.3in
-0.3in
-0.1in
-0.3in
-0.3in

0.3in

© Cancel

schematic. This can be used for pins that have multiple functions, such as microcontroller pins.

Alternate pin definitions 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 all of its peripheral

functions defined in the symbol as alternate pin names.
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> 2 Pin Properties v oA X

Pin name: ‘ FE!D| Common to all units in symbo
Common to all body styles (De Morgan)
Pin number: 18
, (M| Visible
Electrical type: 7 Ridirectinnal v
Graphic style: Hiine ~ I
X position: -0.6 in
Y position: -0.1 in
Orientation: Hriaht e
Pin length: 0.1 in
Mame text size: 0.05 in
Mumber text size: | 0.05 in
~ Alternate pin definitions
Alternate Pin Name Electrical Type Graphic Style
USART1_CTS ! Input = Line
USART2_CTS =l 1nput = Line
USART4_TX > output = Line
ADC_IND A 1nput = Line
RTC_TAMP2 = Input = Line
WKUP1 - Input = Line

& Cancel « OK

Alternate pin definitions are selected in the Schematic Editor once the symbol has been placed in the
schematic. The alternate pin is assigned in the Alternate Pin Assignments tab of the Symbol Properties
dialog. Alternate definitions are selectable in the dropdown in the Alternate Assignment column.
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_?;- * *Symbol Properties VoA X

General | Alternate Pin Assignments

.Number Base Name Alternate Assignment Electrical Type Graphic Style
16 PAG € Bidirectional F Line

17 PAT € Bidirectional F Line

USARTA. v P (o

19 PB1 PBO € Bidirectional F= Line

20 PB2 ADC_INO € Bidirectional F Line

21 PB10 RTC_TAMP2 € Bidirectional = Line

22 PB11 USART1_CTS € Bidirectional F Line

23 VsS USART2_CTS N power input F Line

24 VDD USART4_TX N power input F Line

25 PB12 WKUP1 € Bidirectional F Line

26 PB13 € Bidirectional = Line

27 PB14 © Bidirectional = Line

28 PB15 € Bidirectional F Line

Library link: ' doc:STM32F030C6Tx Spice Madel... @ Cancel " OK

VRO T« —ILR

All library symbols are defined with four default fields. The reference designator, value, footprint
assignment, and datasheet link fields are created whenever a symbol is created or copied. Only the reference

designator and value fields are required.

Symbols defined in libraries are typically defined with only these four default fields. Additional fields such
as vendor, part number, unit cost, etc. can be added to library symbols but generally this is done in the
schematic editor so the additional fields can be applied to all of the symbols in the schematic.

NOTE

A convenient way to create additional empty symbol fields is to 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.

VML - T —ILRORE

BEI VRO D v —ILRERET BICE. Tr—IbR - TFILEBIUYOULTTFOTvr—ILR - OVFFR
AXZa1—Z&XKRLET,
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To 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 are text information associated a the symbol. Do not confuse them with text in the graphic
representation of a symbol.

BEELIR

® Modifying the Value field changes the name of the symbol. The symbol’s name in the library will change
when the symbol is saved.

¢ The Symbol Properties dialog must be used to edit a field that is empty or has the invisible attribute
enabled because such fields cannot be clicked on.

* The footprint is defined as an absolute footprint using the LIBNAME:FOOTPRINTNAME format where
LIBNAME is the name of the footprint library defined in the footprint library table (see the "Footprint
Library Table" section in the PCB Editor manual) and FOOTPRINTNAME is the name of the footprint in the
library LIBNAME .

Power Ports

Power ports, or power symbols, are conventionally used to label a wire as part of a power net, like VCC,
+5V, or GND.In the schematic below, the +3.3V and GND symbols are power ports. In addition to acting as a
visual indicator that a net is a power rail, a power port will determine the name of the net it is attached to.
This is true even if there is another net label attached to the net; the net name determined by the power
symbol overrides any other net names.
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It may be useful to place power symbols in a dedicated library. KiCad’s symbol library places power symbols
in the power library, and users may create libraries to store their own power symbols. If the "Define as
power symbol" box is checked in a symbol’s properties, that symbol will appear in the Schematic Editor’s
"Add Power Port" dialog for convenient access.

Power symbols are handled and created the same way as normal symbols, but there are several additional
considerations described below. They consist of a graphical symbol and a pin of the type "Power input" that
is marked hidden.

Below is an example of a GND power symbol.

L ook F4TFY TTiF0wm £ sk Cndéhar-¥e ARl ypeass T [FEAEUEIL] — N

TN RED EE E=EOREM ALTIN

Wa & 1};%%#» w1 T # & & o @

SR PIIEEAE

L1241 P RUUUR it i o DU ey LA Wl )

Creating a Power Port Symbol

Power Port symbols consist of a pin of type "Power input"” that is marked invisible. Invisible power input
pins have a special property of automatically connecting to a net with the same name as the pin name. A net
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that is wired to an invisible power input pin will therefore be named after the pin, even if there are other
net labels on the net. This connection is global.

If the power symbol has the "Define as power symbol"” property checked, the power input
pin does not need to be marked invisible. However, the convention is to make these pins
invisible anyway.

NOTE

> 2

Pin Properties vooX

Pin name: ‘m Common t In 1
Common to all body styles (De Morgan)
Pin number: 1
. Visible
Electrical type: =N pewier inoit hd
Graphic style: Hiine e el
X position: 0 in
Y position: 0 in
Orientation: L pawn e
Pin length: 0 in
Mame text size: 0.05 in
Mumber text size: | 0.05 in

> Alternate pin definitions

&) Cancel " 0K

DTFORFT Y FICR > T VRIVEERLE T, -

* Add a pin of type "Power input", with "Visible" unchecked, and the pin named according to the desired
net. Make the pin number 1, the length 0, and set the graphic style to "Line". The pin name establishes
the connection to the net; in this case the pin will automatically connect to the net GND. The pin number,
length, and line style do not matter electrically.

® Place the pin on the symbol anchor.
® Use the shape tools to draw the symbol graphics.

¢ Set the symbol value. The symbol value does not matter electrically, but it is displayed in the schematic.
To eliminate confusion, it should match the pin name (which determines the connected net name).

® Check the "Define as power symbol" box in Symbol Properties window. This makes the symbol appear in
the "Add Power Port" dialog, makes the Value field read-only in the schematic, prevents the symbol
from being assigned a footprint, and excludes the symbol from the board, BOM, and netlists.

* 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 port shown above, the reference could be #GND.
Symbols with references that begin with # are not added to the PCB, are not included in Bill of Materials
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exports or netlists, and they cannot be assigned a footprint in the footprint assignment tool. If a power
port’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 port symbol is to use another symbol as a starting point, as
described earlier.

When modifying an existing power port symbol, make sure to rename the pin name so

NOTE .
that the new symbol connects to the appropriate power net.
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The Symbol Library Browser allows you to quickly examine the content of symbol libraries. The Symbol
Library Viewer can be accessed by clicking Ei& icon on the main toolbar, View - Symbol Library

Browser..., or clicking Select With Browser in the "Choose Symbol" window.
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Selection of the symbol which can be also selected in the displayed list.

Display previous symbol.

Display next symbol.

Zoom tools.

Selection of the representation (normal or alternate) if an alternate representation

exists.

Selection of the unit for symbols that contain multiple units.

If they exist, display the associated documents.

Close the browser and place the selected symbol in the schematic.
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A netlist is a file which describes electrical connections between symbol pins. These connections are referred
to as nets. Netlist files contain:

e Alist of symbols and their pins.

e Alist of connections (nets) between symbol pins.

Many different netlist formats exist. Sometimes the symbols list 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 link with other
electronic CAD software, such as:

e PCBLA7OKYVYILDITT, (BWEEETVIH)
e MEHSLVEBRIHFESTT=2L—5,

* Programmable logic (FPGA, CPLD, etc.) compilers.

KiCad supports several 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.
* CADSTAR format, for designing PCBs with CADSTAR.

® Spice format, for use with various external circuit simulators.

In KiCad version 5.0 and later, it is not necessary to create a netlist for transfering a design
NOTE from the schematic editor to the PCB editor. Instead, use the "Update PCB from
Schematic" tool.

RXYRUIRTA-=VY
Netlists are exported with the Export Netlist dialog (File - Export - Netlist...).

Several netlist formats are available, and are selectable with the tabs at the top of the window. Some netlist
formats have options.

Clicking the Export Netlist button prompts for a netlist filename and saves the netlist.

NOTE Netlist generation can take up to several minutes for large schematics.

Custom generators can be added by clicking the Add Generator... button. Custom generators are external
tools that are called by KiCad, for example Python scripts or XSLT stylesheets. For more information on
custom netlist generators, see the section on adding custom netlist generators.
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KiCad Netlist Format

:;!;' -+ Export Netlist

KiCad | OrcadPCB2 | CadStar | Spice |

Add Generator.. Remove Generato

The KiCad netlist exporter does not have any options.

NOTE
Schematic" tool.

OrCAD PCB2 Netlist Format
:;!;' 4 Export Metlist

| KiCad | OrcadPCB2 | CadStar | Spice |

Add Generatotr.. Femove Generato

The OrCAD netlist exporter does not have any options.
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Close Export Netlist

In KiCad version 5.0 and later, it is not necessary to create a netlist for transfering a design
from the schematic editor to the PCB editor. Instead, use the "Update PCB from

Close Export Netlist



CADSTAR Netlist Format
-;!E' » Export Netlist W 1

KiCad | OrcadPCB2 CadStar @ Spice

Add Generator... Remove Generato Close Export Netlist

The CADSTAR netlist exporter does not have any options.

Spice Netlist Format

FyRUAR x
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The Spice netlist format offers several options.

When the Reformat passive symbol values box is checked, passive symbol values will be adjusted to be
compatible with Spice. Specifically:

®* p and M as unit prefixes are replaced with u and Meg, respectively

e Units are removed (e.g. 4.7kQ is changed to 4.7k)

® Values in RKM format are rewritten to be Spice-compatible (e.g. 4u7 is changedto 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.

Enter the path to the external simulator in the text box, with %I representing the generated netlist. Click
the Create Netlist and Run Simulator Command button to generate the netlist and automatically run the
simulator.

The default simulator command ( spice "%I") must be adjusted to point to a simulator

NOTE .
installed on your system.
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For more information on the contents of Spice netlists, see the Spice netlist section.

Xv kU DA

Below is the schematic from the sallen_key project included in KiCad’s simulation demos.

PWR_FLAG VDD

V2
bC 10

lowpass

R1 Rz 2
1k 1k g
1 UL
— 1 ,
= 5
2f 1
- ADBORL
? V1 <
C1
<>‘°‘Ci 100n
] 11 WSS
1]
~7
GND

.ac dec 10 1 1Meg

The KiCad format netlist for this schematic is as follows:
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(export (version "E")
(design
(source "/usr/share/kicad/demos/simulation/sallen_key/sallen_key.kicad_sch")
(date "Sun 01 May 2022 03:14:05 PM EDT")
(tool "Eeschema (6.0.4)")
(sheet (number "1") (name "/") (tstamps "/")
(title_block
(title)
(company)
(rev)
(date)
(source "sallen_key.kicad_sch")
(comment (number "1") (value ""))
(comment (number "2") (value ""))
(comment (number "3") (value ""))
(comment (number "4") (value ""))
(comment (number "5") (value ""))
(comment (number "6") (value ""))
(comment (number "7") (value ""))
(comment (number "8") (value ""))
(comment (number "9") (value "")))))
(components
(comp (ref "C1")
(value "100n")
(libsource (lib "sallen_key_schlib") (part "C") (description ""))
(property (name "Sheetname") (value ""))
(property (name "Sheetfile") (value "sallen_key.kicad_sch"))
(sheetpath (names "/") (tstamps "/"))
(tstamps "00000000-0000-0000-0000-00005789077d"))
(comp (ref "C2")
(value "100n")
(fields
(field (name "Fieldname") "Value")
(field (name "SpiceMapping") "1 2")
(field (name "Spice_Primitive") "C"))
(libsource (lib "sallen_key_schlib") (part "C") (description ""))

(property (name
(property (name
(property (name
(property (name
(property (name

"Fieldname") (value "Value"))
"Spice_Primitive") (value "C"))
"SpiceMapping") (value "1 2"))

"Sheetname") (value ""))

"Sheetfile") (value "sallen_key.kicad_sch"))

(sheetpath (names "/") (tstamps "/"))
(tstamps "00000000-0000-0000-0000-00005789085b"))

(comp (ref "R1")

(value "1k")
(fields

(field (name "Fieldname") "Value")
(field (name "SpiceMapping") "1 2")
(field (name "Spice_Primitive") "R"))

(libsource (lib
(property (name
(property (name
(property (name
(property (name
(property (name

"sallen_key_schlib") (part "R") (description ""))
"Fieldname") (value "Value"))

"SpiceMapping") (value "1 2"))

"Spice_Primitive") (value "R"))

"Sheetname") (value ""))

"Sheetfile") (value "sallen_key.kicad_sch"))

(sheetpath (names "/") (tstamps "/"))
(tstamps "00000000-0000-0000-0000-0000578906ff"))

(comp (ref "R2")

(value "1k")
(fields

(field (name "Fieldname") "Value")
(field (name "SpiceMapping") "1 2")
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In Spice format, the netlist is as follows:

.title KiCad schematic

.include "ad8051.1lib"

XU1 Net-_C2-Pad1_ /lowpass VDD VSS /lowpass AD8051
C2 Net-_C2-Pad1_ GND 100n

C1 /lowpass Net-_C1-Pad2_ 100n

R2 Net-_C2-Pad1_ Net-_C1-Pad2_ 1k
R1 Net-_C1-Pad2_ Net-_R1-Pad2_ 1k
V1 Net-_R1-Pad2_ GND AC 1

V2 VDD GND DC 10

V3 GND VSS DC 10

.ac dec 10 1 1Meg

.end

XY KYUXKEDOULTOER
Ry kU RROEEEE

Many software tools that use netlists do not accept spaces in component names, pins, nets, or other fields.
Avoid using spaces in pins, labels, names, and value fields of components to ensure maximum compatibility.

In the same way, special characters other than letters and numbers can cause problems. Note that this
limitation is not related to KiCad, but to the netlist formats that can then become untranslatable by other
software that reads those netlist files.

Spice netlists

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 be included in the netlist. If a
text object contains multiple lines, only the lines beginning with a period will be included.

.include directives for including model library files are automatically added to the netlist based on the
Spice model settings for the symbols in the schematic.

NI+ —Vw
KiCad supports custom netlist generators for exporting netlists in other formats. Some examples of netlist
generators are given in the custom netlist generators section.

A netlist generator is a script or program that converts the intermediate netlist file created by KiCad into the
desired netlist format. The intermediate netlist file contains all of the netlist information required to create
an arbitrary netlist for the schematic. Python and XSLT are commonly used tools to create custom netlist
generators.

Adding new netlist generators

New netlist generators are added by clicking the Add Generator... button.
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New generators require a name and a command. The name is shown in the tab label, and the command is run
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 %I argument represents the input intermediate
netlist filename and the %0 argument represents the output netlist filename. The exact netlist command will
depend on the generator script used.

AVIESTY - TJx—VYvhk
Consider the following example which uses xsltproc to generate a netlist in PADS ASC format. xsltproc

converts the intermediate netlist using the netlist_form_pads-pcb.asc.xsl stylesheet to define the output
format:

xsltproc -o %0.net /usr/share/kicad/plugins/netlist_form_pads-pcb.asc.xsl %I

The purpose of each part of the command is as follows:

xsltproc Atoolto convert an XML file (the
intermediate netlist) according to an XSLT
stylesheet.

-0 %0.net Output filename. %0 is replaced with the

name of the intermediate netlist file,
which is <schematic name>.xml.
Therefore in this example the complete
output filename is <schematic
name>.xml.net . An arbitrary output
filename can be specified if desired with -
o <filename>.

/usr/share/kicad/plugins/netlist_form_pads- XSLT stylesheet which determines how

pcb.asc.xsl the output is formatted. This particular
stylesheet is included with KiCad, but
custom stylesheets can also be created.

%1 Input (intermediate netlist) filename. %I
is replaced with the name of the
intermediate netlist file, which is

<schematic name>.xml.

For netlist generators that do not use xsltproc,the generator command will differ.
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See the custom netlist generators section for more information about netlist generators, a description of the
intermediate netlist format, and some examples of netlist generators.
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<?xml version="1.0" encoding="utf-8"?>
<export version="D">
<design>
<source>F:\kicad_aux\netlist_test\netlist_test.sch</source>
<date>29/08/2010 20:35:21</date>
<tool>eeschema (2010-08-28 BZR 2458)-unstable</tool>
</design>
<components>
<comp ref="P1">
<value>CONN_4</value>
<libsource lib="conn" part="CONN_4"/>
<sheetpath names="/" tstamps="/"/>
<tstamp>4C6E2141</tstamp>
</comp>
<comp ref="U2">
<value>74LS74</value>
<libsource 1lib="74xx" part="74LS74"/>
<sheetpath names="/" tstamps="/"/>
<tstamp>4C6E20BA</tstamp>
</comp>
<comp ref="U1">
<value>74LS04</value>
<libsource 1ib="74xx" part="74LS04"/>
<sheetpath names="/" tstamps="/"/>
<tstamp>4C6E20A6</tstamp>

</comp>
<comp ref="C1">
<value>CP</value>

<libsource lib="device" part="CP"/>
<sheetpath names="/" tstamps="/"/>
<tstamp>4C6E2094</tstamp>

</comp>
<comp ref="R1">
<value>R</value>

<libsource lib="device" part="R"/>
<sheetpath names="/" tstamps="/"/>
<tstamp>4C6E208A</tstamp>
</comp>
</components>
<libparts>
<libpart lib="device" part="C">
<description>Condensateur non polarise</description>
<footprints>
<fp>SM*</fp>
<fp>C?</fp>
<fp>C1-1</fp>
</footprints>
<fields>
<field name="Reference">C</field>
<field name="Value">C</field>
</fields>
<pins>
<pin num="1" name="~" type="passive"/>
<pin num="2" name="~" type="passive"/>
</pins>
</libpart>
<libpart lib="device" part="R">
<description>Resistance</description>
<footprints>
<fp>R?</fp>
<fp>SM0603</fp>
<fp>SM0805</fp>
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XSLT itself is an XML language very suitable for XML transformations. There is a free program called
xsltproc that you can download and install. The xsltproc program 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
xsltproc requires a style-sheet file using XSLT conventions. The full conversion process is handled by KiCad,
after it is configured once to run xsltproc in a specific way.

XSLT O7~O—F
XSLZ#8 (XSLT) (LT3 RE 1AV, FREDBBI ST ENERTT:

http://www.w3.org/TR/xslt

PADS-PCBERXRY LU XTI 71 ILDOER
PADS-PCB FERDX W R X E, RD2DOEHI 3 VEIDBHRINET,

o« JyhFUVLD—E
* RyhUX Ry MMERICKDTIL—FH TN/ RIEER

KFE. FExRY kY X RHS pads-peh FERNAEIIT SN X1 ILY— +&EBELFT I,
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http://www.w3.org/TR/xslt

<?xml version="1.0" encoding="IS0-8859-1"?>

<!I--XSL style sheet to Eeschema Generic Netlist Format to PADS netlist format
Copyright (C) 2010, SoftPLC Corporation.
GPL v2.

How to use:
https://1lists.launchpad.net/kicad-developers/msg05157.html

<IDOCTYPE xsl:stylesheet [
<IENTITY nl "&#xd;&%#xa;"> <!--new line CR, LF -->

1>

<xsl:stylesheet version="1.0" xmlns:xsl="http://www.w3.0rg/1999/XSL/Transform">
<xsl:output method="text" omit-xml-declaration="yes" indent="no"/>

<xsl:template match="/export">
<xsl:text>*PADS-PCB*&nl; *PART*&nl;</xsl:text>
<xsl:apply-templates select="components/comp"/>
<xsl:text>&nl;*NET*&nl;</xsl:text>
<xsl:apply-templates select="nets/net"/>
<xsl:text>*END*&nl;</xsl:text>

</xsl:template>

<!-- for each component -->
<xsl:template match="comp">
<xsl:text> </xsl:text>
<xsl:value-of select="@ref"/>
<xsl:text> </xsl:text>
<xsl:choose>
<xsl:when test = "footprint != '' ">
<xsl:apply-templates select="footprint"/>
</xsl:when>
<xsl:otherwise>
<xsl:text>unknown</xsl:text>
</xsl:otherwise>
</xsl:choose>
<xsl:text>&nl;</xsl:text>
</xsl:template>

<!-- for each net -->
<xsl:template match="net">
<l-- nets are output only if there is more than one pin in net -->

<xsl:if test="count(node)>1">
<xsl:text>*SIGNAL* </xsl:text>
<xsl:choose>
<xsl:when test = "@name != '' ">
<xsl:value-of select="@name"/>
</xsl:when>
<xsl:otherwise>
<xsl:text>N-</xsl:text>
<xsl:value-of select="@code"/>
</xsl:otherwise>
</xsl:choose>
<xsl:text>&nl;</xsl:text>
<xsl:apply-templates select="node"/>
</xsl:if>
</xsl:template>

<!-- for each node -->

<xsl:template match="node">
<xsl:text> </xsl:text>
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COEBS, RDIAVIRSAVICEIDETIBCEMTEXT :

CADSTARFERDXY AU X =T 71 ILDER
CADSTAR FERMDX W kYU X I, FEED 203 Y TEBHRINTULET,

BFCEBIT BRODIAI IV —hEBH LTI,

*PADS-PCB*

*PART*

P1 unknown

U2 unknown

U1 unknown

C1 unknown

R1 unknown

*NET*

*SIGNAL* GND

ut.7

C1.2

u2.7

P1.4

*SIGNAL* VCC

R1.1

utl.14

u2.4

U2.1

uz2.14

P1.1

*SIGNAL* N-4

ut1.2

u2.3

*SIGNAL* /SIG_OUT
P1.2

u2.5

u2.2

*SIGNAL* /CLOCK_IN
R1.2

C1.1
U1.1
P1.3

*END*

kicad\\bin\\xsltproc.exe -o test.net kicad\\bin\\plugins\\netlist_form_pads-pcb.xsl

test.tmp

Jy kYUY RDOD—E
XYYk Ry MERICED T IL—F I Nz v RISER
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<?xml version="1.0" encoding="IS0-8859-1"?>

<!I--XSL style sheet to Eeschema Generic Netlist Format to CADSTAR netlist format
Copyright (C) 2010, Jean-Pierre Charras.
Copyright (C) 2010, SoftPLC Corporation.
GPL v2.

<IDOCTYPE xsl:stylesheet [
<IENTITY nl "&#xd;&%#xa;"> <!--new line CR, LF -->
1>

<xsl:stylesheet version="1.0" xmlns:xsl="http://www.w3.0rg/1999/XSL/Transform">
<xsl:output method="text" omit-xml-declaration="yes" indent="no"/>

<!-- Netlist header -->
<xsl:template match="/export">
<xsl:text>.HEA&nl;</xsl:text>

<xsl:apply-templates select="design/date"/> <!-- Generate line .TIM <time> -->

<xsl:apply-templates select="design/tool"/> <!-- Generate line .APP <eeschema version>
-->

<xsl:apply-templates select="components/comp"/> <!-- Generate list of components -->

<xsl:text>&nl;&nl;</xsl:text>

<xsl:apply-templates select="nets/net"/> <!l-- Generate list of nets and

connections -->
<xsl:text>&nl; .END&nl;</xsl:text>
</xsl:template>

<!-- Generate line .TIM 20/08/2010 10:45:33 -->

<xsl:template match="tool">
<xsl:text>.APP "</xsl:text>
<xsl:apply-templates/>
<xsl:text>"&nl;</xsl:text>

</xsl:template>

<!-- Generate line .APP "eeschema (2010-08-17 BZR 2450)-unstable" -->
<xsl:template match="date">

<xsl:text>.TIM </xsl:text>

<xsl:apply-templates/>

<xsl:text>&nl;</xsl:text>
</xsl:template>

<!-- for each component -->
<xsl:template match="comp">
<xsl:text>.ADD_COM </xsl:text>
<xsl:value-of select="@ref"/>
<xsl:text> </xsl:text>
<xsl:choose>
<xsl:when test = "value != '"' ">
<xsl:text>"</xsl:text> <xsl:apply-templates select="value"/> <xsl:text>"
</xsl:text>
</xsl:when>
<xsl:otherwise>
<xsl:text>""</xsl:text>
</xsl:otherwise>
</xsl:choose>
<xsl:text>&nl;</xsl:text>
</xsl:template>

<!-- for each net -->
<xsl:template match="net">
<l-- nets are output only if there is more than one pin in net -->

<xsl:if test="count(node)>1">
<xsl:variable name="netname">
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CADSTAR FEXDH I T 7 1L T,

.HEA

.TIM 21/08/2010 08:12:08

.APP "eeschema (2010-08-09 BZR 2439)-unstable"
.ADD_COM P1 "CONN_4"

.ADD_COM U2 "74LS74"

.ADD_COM U1 "74LS04"

.ADD_COM C1 "CP"

.ADD_COM R1 "R"

.ADD_TER U1.7 "GND"
.TER C1.2
uz2.7
P1.4
.ADD_TER R1.1 "VCC"
.TER ul.14
uz2.4
uz2.1
uz.14
P1.1
.ADD_TER U1.2 "N-4"
.TER uz2.3
.ADD_TER P1.2 "/SIG_OUT"
.TER uz2.5
uz2.2
.ADD_TER R1.2 "/CLOCK_IN"
.TER C1.1
u1.1
P1.3
.END

OrCAD PCB2 FERXRXWV LU X~ - 71 ILDOER

COITF—=VYEE TYRTUYEO—EBEDHTEBRINTVET T, TNENOT Y TV Y MIEHINEX
vV hOBHRESHE T,

BRETORHDIAIILI—RT71IbE, ULFICRLET,
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<?xml version="1.0" encoding="IS0-8859-1"?>

<!I--XSL style sheet to Eeschema Generic Netlist Format to CADSTAR netlist format
Copyright (C) 2010, SoftPLC Corporation.
GPL v2.

How to use:
https://1lists.launchpad.net/kicad-developers/msg05157.html

<IDOCTYPE xsl:stylesheet [
<IENTITY nl "&#xd;&%#xa;"> <!--new line CR, LF -->

1>

<xsl:stylesheet version="1.0" xmlns:xsl="http://www.w3.0rg/1999/XSL/Transform">
<xsl:output method="text" omit-xml-declaration="yes" indent="no"/>

<l--
Netlist header
Creates the entire netlist
(can be seen as equivalent to main function in C
-->
<xsl:template match="/export">
<xsl:text>( { Eeschema Netlist Version 1.1 </xsl:text>

<!-- Generate line .TIM <time> -->
<xsl:apply-templates select="design/date"/>
<!-- Generate line eeschema version ... -->

<xsl:apply-templates select="design/tool"/>
<xsl:text>}&nl;</xsl:text>

<!l-- Generate the list of components -->
<xsl:apply-templates select="components/comp"/> <!-- Generate list of components -->
<!-- end of file -->

<xsl:text>)&n1;*&nl;</xsl:text>
</xsl:template>

<l--
Generate id in header like "eeschema (2010-08-17 BZR 2450)-unstable"
-—>
<xsl:template match="tool">
<xsl:apply-templates/>
</xsl:template>

<l--
Generate date in header like "20/08/2010 10:45:33"
-->
<xsl:template match="date">
<xsl:apply-templates/>
<xsl:text>&nl;</xsl:text>
</xsl:template>

e
This template read each component
(path = /export/components/comp)
creates lines:

( 3EBF7DBD $noname U1 74LS125
pin list
)
and calls "create_pin_list" template to build the pin list
>

<xsl:template match="comp">

<xsl:text> ( </xsl:text>
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OrCAD PCB2 FEXNDH I T 7 1L T,

( { Eeschema Netlist Version 1.1 29/08/2010 21:07:51
eeschema (2010-08-28 BZR 2458)-unstable}

( 4C6E2141 $noname P1 CONN_4

( 1VvCC)

( 2 /SIG_OUT )

( 3 /CLOCK_IN )

( 4 GND )
)
( 4C6E20BA $noname U2 74LS74
1 VCC )
2 /SIG_OUT )
3 N-04 )
4 VCC )
5 /SIG_OUT )
6 ?)
7 GND )
14 VCC )

A A A A AAA A

)

( 4C6E20A6 $noname U1 74LS04
( 1 /CLOCK_IN )
( 2 N-04)

( 7 GND )
( 14 vCC )

)

( 4C6E2094 $noname C1 CP
( 1 /CLOCK_IN )
( 2 GND )

)
( 4C6E208A $noname R1 R
( 1 VvCC)
( 2 /CLOCK_IN )
)
)
*

Netlist plugins interface

Intermediate Netlist converters can be automatically launched within the Schematic Editor.

4705912 RODOARIL

FLORYRUINTISOAVEI-S1 Y TI—INEMTBICE “TFSTAVDEMN RIVED JVvIL
9,

Em
el

7374 eEm

OF7al 03y bEEEE

PADS-PCB 5 T MEXE(L. TEDLDICEDFT
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2ubUAR X

Pcbnew OrcadPCB2 CadStar Spice PADS-PCB

=3
ATz P
- 8

Oz razhfEIsEE

- T34 sEEM
FybAR ITIE
| xsltproc -0 "®0" "C:¥Program Files¥KiCad¥bin¥scripting¥plugins¥netlist_form_pads-pcbaxsl® "3%1" | TS v mik
F4 =
|PADS-PCB | FraltDrvEEER

FIAOFY PR IrE:

FSTA1VDOREIISA—S
The netlist plug-in configuration dialog requires the following information:
* ML RYKRIRXNT A=V Y LDRREE
o TRE(TDOROHOIAVIRSTY
RYRIVRIRRIVEDVYITRHE, RDKSCETINET,
1. KiCad creates an intermediate netlist file *xml, for instance test.xml.

2. KiCad runs the plug-in by reading test.xml and creates test.net.

AVIYRSAIIYDNSDRYRIZIRT 71 ILDER
xsltprocexe ZRJAL THER Y F U XA S 1 IV — +EBEAT BHE. TEEOIVY RICKD xsltproc.exe
METINFT,

xsltproc.exe -o <output filename> < style-sheet filename> <input XML file to convert>
Windows BRIEC KiCad ZFMAL TLBBENIVY ES1 V>UTOLS(CEDET,
f/kicad/bin/xsltproc.exe -0 "%0O" f:/kicad/bin/plugins/netlist_form_pads-pcb.xsl "%I"
LinuxERIEOHZEO IV Y REMTFICRLET,

xsltproc-o "%0" /usr/local/kicad/bin/plugins/netlist_form_pads-pcb.xsl "%I"

Where netlist_form_pads-pcb.xsl is the style-sheet that you are applying. Do not forget the double quotes
around the file names, this allows them to have spaces after the substitution by KiCad.

OVYRSAYIT+—V W hETPAILBDIRSA—FEZ(HITET
BR—ELTWE T4 —VY kI ASX—F&ETERICRLET:

* %B=BRINZHNT 71 ILD/IIRET 71 ILBAND, INREHERFEBRVEED,
* WB=WEDANT 77U (FERYLYILT71IV) OFEEF/IRRET 71 ILH,
* %0 =I1—YMBARKEN I 77 ILOFTEE/IARET 71 L%

%I ([FEBEDOFERY LU X =T 7 1 ILBABBRINE T,

%0 [IEBRDENT 7 T ILVBRANBRI N, REWLERY YIS T 71ILEEDTT,
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AVYRSM1YT#—V W :xsltproc OF

xsltproc DAVYRSA YT —V v kIE. TEDLIICEDFT

<path of xsltproc> xsltproc <xsltproc parameters>

WindowsERIEDIZS:

f:/kicad/bin/xsltproc.exe -0 "%O0" f:/kicad/bin/plugins/netlist_form_pads-pch.xsl "%]I"
LinuxIIEDHE:

xsltproc -0 "%0" /usr/local/kicad/bin/plugins/netlist_form_pads-pch.xsl "%I"

LEB(&. xsltproc A Windows ERiE T T kicad/bin U F(C1¥ VX =—ILENTUVBERELIZENTI,

BOM (BB@mik) DEB

FERY XTI 77IUE RSN TVEIVR—XYEETOBRHRESATUSRZH. CChHSBOM (88
mKR) EEMIBCEMNTELT, UTICBOM (H@mk) EEMSEB2HD. Windows (Linux) RIBEFTD
SOAVEED+ VY ROERLET:

FyRIRAR %
Pcbnew OrcadPCB2 CadStar Spice  PADS-PCB
357
F WV
el
OF7altoEHERERE
TS04 vEEm
FybURR IT/E
| wsltproc -o "3%0" "C:¥Program Files¥KiCad¥bin¥scripting¥plugins¥bom2cswacs|” 321" | T304 vEEk
AR
|BoM | FIANDFIEEEE
TN DRV RUAR JPAL

bom2csv.xsl M/ R(F. Y RXFTLICEDTELDEYT, IRIRCTEEL BOM (Z@KR) 4RI S XSLT X5 1)L
J— k&, CCTlE bom2csvxsl ELFET,

AVYRSA YT #—V v k:python X5V F~DHl
python ZERAUIBENDIVIRESA Y T4 =V Y I, FEBOKDICEDET:
python <script file name> <input filename> <output filename>
WindowsERIEEDZS:

python *exe f:/kicad/python/my_python_script.py "%I" "%O0"
LinuxEIEDHE:

python /usr/local/kicad/python/my_python_script.py "%I" "%O0"

(BT PC [C python 1 VXA —ILENTUVBBERHD LI, )

FEXY RV RT 71 ILOBEIE

RXRYRIJRXRT71ILOBAIERICTILUE T,
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<?xml version="1.0" encoding="utf-8"?>
<export version="D">
<design>
<source>F:\kicad_aux\netlist_test\netlist_test.sch</source>
<date>29/08/2010 21:07:51</date>
<tool>eeschema (2010-08-28 BZR 2458)-unstable</tool>
</design>
<components>
<comp ref="P1">
<value>CONN_4</value>
<libsource lib="conn" part="CONN_4"/>
<sheetpath names="/" tstamps="/"/>
<tstamp>4C6E2141</tstamp>
</comp>
<comp ref="U2">
<value>74LS74</value>
<libsource 1lib="74xx" part="74LS74"/>
<sheetpath names="/" tstamps="/"/>
<tstamp>4C6E20BA</tstamp>
</comp>
<comp ref="U1">
<value>74LS04</value>
<libsource 1ib="74xx" part="74LS04"/>
<sheetpath names="/" tstamps="/"/>
<tstamp>4C6E20A6</tstamp>

</comp>
<comp ref="C1">
<value>CP</value>

<libsource lib="device" part="CP"/>
<sheetpath names="/" tstamps="/"/>
<tstamp>4C6E2094</tstamp>
<comp ref="R1">
<value>R</value>
<libsource lib="device" part="R"/>
<sheetpath names="/" tstamps="/"/>
<tstamp>4C6E208A</tstamp>
</comp>
</components>
<libparts/>
<libraries/>
<nets>
<net code="1" name="GND">
<node ref="U1" pin="7"/>
<node ref="C1" pin="2"/>
<node ref="U2" pin="7"/>
<node ref="P1" pin="4"/>
</net>
<net code="2" name="VCC">
<node ref="R1" pin="1"/>
<node ref="U1" pin="14"/>
<node ref="U2" pin="4"/>
<node ref="U2" pin="1"/>
<node ref="U2" pin="14"/>
<node ref="P1" pin="1"/>
</net>
<net code="3" name="">
<node ref="U2" pin="6"/>
</net>
<net code="4" name="">
<node ref="U1" pin="2"/>
<node ref="U2" pin="3"/>
</net>
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—RERY U XD 71 ILDEE
FRERYEIYXRT71IUE ROSDDEOIa Y TEBRINTUVET,
* ANwSH—twDT3aY

o AVR—XRVYKEOY3aY

s SATJSU—NR—VYtEsHr3ay

s SATJSU—EOI3Y

s RwhktOIaY

CDT 71 IUIE <export> I T THINZEDELEDET,

<export version="D">

</export>

NVSF—tHay
CDOAYAH (S <design> ST THEINZ T,

<design>
<source>F:\kicad_aux\netlist_test\netlist_test.sch</source>
<date>21/08/2010 08:12:08</date>

<tool>eeschema (2010-08-09 BZR 2439)-unstable</tool>
</design>

COEOLYIVEIAYREIIIVELTIRRBCENTEFET,

AVIR—xV k023 Y
COIAVIR—XY D23 V(& <components> T THINZEDELEDET,

<components>

<comp ref="P1">

<value>CONN_4</value>

<libsource lib="conn" part="CONN_4"/>
<sheetpath names="/" tstamps="/"/>
<tstamp>4C6E2141</tstamp>

</comp>

</components>

COEoYaviEE BERPTERINTVEIVR—IXYEO—BREINE T, TNENOIVR—X UV~
(F. RDKSICEEHINE T, :
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<comp ref="P1">

<value>CONN_4</value>

<libsource lib="conn" part="CONN_4"/>
<sheetpath names="/" tstamps="/"/>
<tstamp>4C6E2141</tstamp>

</comp>

libsource name of the lib where this component was found.

part component name inside this library.

sheetpath path of the sheet inside the hierarchy: identify the sheet within
the full schematic hierarchy.

tstamps (time stamps) time stamp of the schematic file.

tstamp (time stamp) time stamp of the component.

AVR—RIV DI ALV FICEAT B ER

XY RUZ L (DFEOERLE) OOVR—XVEEHATIER. 91 LSV TFEREFTIVR—RY ~CEBDIE
REEDFEI, —AT. KiCad (FOAVR—XYREERLEOWE TS T v =T Y RH\SHEREIT 5 75E% fEhI(C
FELTVWEY, CNE BIERZOI O MOIVAR—X VY NEBR7 /) T—3 Y TESLSCL, JVR—
XVRETY LTIV NEBEUDSTEHREHEHRLLEVLSICTBIZHDENTT,

A LRI VFE. FNENOIVA—XR Y RPEER IO 0 FROY— R CSVWTEBD#EIF T, LH
LIRS, EMLEBBENTRU Y —EHESRINDIGES. BUATLISI VY TIEFHDIAVR—X YRR
BEHEIBCEICH>TLEFVED,

CHDEOTEMTEBEEXIF DY T, Y— /I XEHEEFNALU CEEDHERIFEIFE5FT, IVR—X
V&, “FDI—EDISR+IA LRIV EEEDHFELTIESEI,

SATSU—-NR—Y - EHYaYy

CDS1TSI=/\—YEo23 V(3. <ibparts>F T TEFINCENELD, COLITY3aVEEERSTTS
—DIEREERIT DENDELEDE T, cOEITYIVIE, RDEDEEHITT :

¢ The allowed footprints names (names use wildcards) delimiter <fp>.
o <fields>CEHBIND T+ —JLR
* <pins>TERINBIEVUX
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<libparts>
<libpart lib="device" part="CP">
<description>Condensateur polarise</description>
<footprints>
<fp>CP*</fp>
<fp>SM*</fp>
</footprints>
<fields>
<field name="Reference">C</field>
<field name="Valeur">CP</field>
</fields>
<pins>
<pin num="1" name="1" type="passive"/>
<pin num="2" name="2" type="passive"/>
</pins>
</libpart>
</libparts>

<pin num=“1” type=“passive”/> DK S/F1T(d. EVDESMNIEREEEZI D ENTI . BWILE VDOELE(S.
RODEDHRHDFEI,

Input BEDAD

Output WEOE

Bidirectional ABDEEHT

Tri-state INZDAET]

Passive ZEHHROE Y

Unspecified REASESE

Power input AVR—XVEDOERATN

Power output LFaL—5ICOLSLEBRNEBIRLE I
Open collector 7FOSAVIIL—ITELH#S5NBZA—T AL OSEN
Open emitter OJvOICTHOSNBDIT—TFTVI=ZVSIED
Not connected LN EFTH—TFY (CREfi) CIREEY

S5V —-vo3v3y
S147S5U—1H T3 vd«libraries>A T TCHENZEDEEDE T, COHIYavEFOIT o RHSFIEAS
NTVdS1735)—BREaHE I,
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<libraries>
<library logical="device">
<uri>F:\kicad\share\library\device.lib</uri>
</library>
<library logical="conn">
<uri>F:\kicad\share\library\conn.lib</uri>
</library>
</libraries>

Rk -twoOI3Y
XV bkt aVE<nets> ST THRENLCEDELDET, COEHIa VL, NRN EOEGEREESZIDE
DT,

<nets>
<net code="1" name="GND">
<node ref="U1" pin="7"/>
<node ref="C1" pin="2"/>
<node ref="U2" pin="7"/>
<node ref="P1" pin="4"/>
</net>
<net code="2" name="VCC">
<node ref="R1" pin="1"/>
<node ref="U1" pin="14"/>
<node ref="U2" pin="4"/>
<node ref="U2" pin="1"/>
<node ref="U2" pin="14"/>
<node ref="P1" pin="1"/>
</net>
</nets>

CcOEOTarvTE BBRREDETORY FERIILE T,

X v MEHROAIERISRLE T,

<net code="1" name="GND">
<node ref="U1" pin="7"/>
<node ref="C1" pin="2"/>
<node ref="U2" pin="7"/>
<node ref="P1" pin="4"/>

</net>

net code v ~DABBILERIES
name VN -4

node Ry kICERINZEY

xsltproc (CB8T BINEIH

RD Web R—I &SR T 20\ http://xmlsoft.org/XSLT/xsltproc.html
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FUSHIC

xsltproc (& XSLT X5 1LY —bh%& XML XE(CBERAI3ROHDIVIY ST YY—ILTY, cNld GNOME O
IO O—REUTHAE TN, GNOME 7RO v TIRIENME TEFIAI S EMEIRET T,

xsltproc (XTI —hBEBAIBZ T 7R EF TFravel, AVIYRSAULDREEITNI T, EEA
NEMATBHEE. J71ILBICE-BEEMALE T,

XTI —ERXMLYXERICEEINTUVDIISES., IVYRSAYTIAIMILY—LRERBTRIDIREREHDF
B Ao xsltproc (FBEEMICIITILY—~ZERHEUMAL X T, EETIE. BN E2#E4 (stdout) £75>TL)
F9, J7TILELTRREEADLEZVEEICIE. -0 FTFVavEFMBLET,

Bz

xsltproc [[-V] | [-v] | [-o *file* ] | [--timing] | [--repeat] |
[--debug] | [--novalid] | [--noout] | [--maxdepth *val* ] | [--html] |
[--param *name* *value* ] | [--stringparam *name* *value* ] | [--nonet] |
[--path *paths* ] | [--load-trace] | [--catalogs] | [--xinclude] |
[--profile] | [--dumpextensions] | [--nowrite] | [--nomkdir] |
[--writesubtree] | [--nodtdattr]] [ *stylesheet* ] [ *filel* ] [ *file2* ]
[ ¥5000% 1

AVIRSAIATIaY

-V X (& --version

FAL TUB libxml & libxslt D/\—3 3 VIEBHRERTLUFE T,

-v X (& --verbose

xsltproc MRS TV — b ERFAX Y L ERET IR TAVvE—IEHDLIT,

-0 X (& --output file

<T7P7AIB>TIEESNLE I 7A1IABREHNDLET, Frool LEELTHSNTULRLDIC, EHHED
LizWBBIF-0 T LI RVUR/ ELTEELETALORIAD 71ILERALET, COIBE. T LIKY
(FFHIERL THMEBERHDE T,

--timing

A AT — ~OBXEEN, RFa1 XY ~OBXEER, X517ILY—~0OEA. BROREFICHH > EREERT
LET, SUMDBEMNTRRINTT,

--repeat

SAZVOFAOABIC, BRE20EHEDERLUERTLE T,

--debug

TNVIDABIC, BRINERFAXYEDODXMLYY—EHNLET,
-novalid

R+ 21X EODID DFHGFAHEXF Y FLET,
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—-noout

EREHDLIEA,

-maxdepth <f&>

libxsltDERIL— T &< TV TL—EDERAXIVIOREERELUET T, 7 I 7IUHE500 TY,
-html

HIML D 71 )VE AT 71 )LELET,

—param </ X—5EF><fEg>

21— D, IS A= TIEESINL</IS XA —5 %> name & LU<BE> value DIIBETOEEA. /%
SA—BRBEBDRTFE. BRARBETEEITDCENTETII, BE ) —ROBRITIELEL, XFFE L TR
EBUIZUVIEAIE, —stringparam 4 723 V&EFEL TS0,

—stringparam </ {5 X — 55> <{g>

<J)YS X —5 > name & <fE> value TIEESINIZEIZDWT, J—RO\BRITIEIELLXFINE LTHERSLSICL
F9, CE: oSG uf8 TVI—REINTUVIREREDET T, )

--nonet
DIDDI VT 14T a4PRFAAXAIVREAVI—RVEHSEBLIEA.
-path </ X>

DIDYI VT 4T v, REFAXVRDFEFAHC, </TX>TIEESNLZI71ILDOYU I~ (HFAIR—IPHY
VTCRYISNSD) EFEALE T,

--load-trace
AIBAR(CEHRMATNEETCORF XV ME, EETS—H 7] (stderr) ANEHDLE T,
--catalogs

SGML_CATALOG FILES A CHgEINIZ SGML A9 O5EANRI Y T« T« DESRICFHALFE I, BETE.
xsltproc (& XML_CATALOG_FILES TREINBAEREL FI . XML_CATALOG_FILES MEHZEINTULVKLIB
B. /etc/xml/catalog ZFBLE I,

--xinclude

XincludeDARICEDE. ADRFIXYEDWEETVE T, XincludeDFFMIE, REZRL TETL)
http://www.w3.org/TR/xinclude/[http://www.w3.org/TR/xinclude/]

--profile --norman

AT —EDZENENO/R—YONER(C, TFO7 7 7 UVEBROFRELENILE T, CNERITILY—ED
INT 7=V RemBEILT BHICRIATETET,

--dumpextensions

BRBEHDIERFD') X SEFELR T (stdout) NHEALE T,
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--nowrite

T7 IR —=IANDETIAHETOEE A,

-nomkdir

TLORUZEERLEE A,

—-writesubtree </ { <>

</IX> THERESNR/IIZAD T 7 T ILOHEALE Y,
--nodtdattr

RFa1XY~HNDIDOEET7 U E1—REBRALIEA.

Xsltproc DED{E
xsltproc (X 2 F b h5OIFCH LR E ICRIFLPT 0L S, BOETIF—92ERLET,

0: BE

1: 518U L

N

IASAX—INBITES

w

CRBEEA T3 Y

4: 251 )V — - ORESLERMTIC KBY (parse error)

5: X971 )ILY—kRICIS—

6: FFIAAYEDUEDICIS—

TR R—RDxsl: HAXV YR

8 XFHIRSA—BIMOA—ESTILVOA—OEBEZATUD
9: NERUIET S5 —

10: FART= T F )L (CTRL+C /L E) [CKDBEIR T

11: DT 7 1 ILICESASHE O

xsltproc (CEIT BBIMEH

libxml web ~R—J: http://www.xmlsoft.org/

W3C XSLT/R—: http://www.w3.0rg/TR/xslt
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- —
J=alLb—5—
KiCad provides an embedded electrical circuit simulator using ngspice as the simulation engine.

ZaL—5—&FEIBE(ICF. B pspice ST TSU—MEICIUIBEET, Chlcld. EERPEARIR. ngspice
J—RIBOHRICE 2 IZEVEBBERF DS Y IXI—NEIE, IY=Z1L—TavIEON3HEED VRILAE
FINTVET,

VZAL—F—NTEBCEEHRAIDIEHOTE - DOV O REHEINTLWET, CcN5E
demos/simulation =« LI LU —ICHDFET,

ETILDOEIDYHT
YZ1L—YaVEEFTHEIC, Spice EFILVEBRICHD LT EUBABOFT,

BE@EETIVE N1 DRIF/OCEMNTEL T, PIREHI -V &R >TUZELTE 1DOHT. COIFAEI(C
(F. BAIOIAZY bBMEESNEETIVER D EICED T T,

Spice REC UBHLR*. AVFTUY—CX A UFDI—LYYDTNARX - H1TFE—BU) T 7L Y &R DORE)
BRI, BERACEID Y TOSNEETIVERT >THD. FO/IT + DREICIFER T + —ILROEHMEDNE T,

Spice REBTIE'M' [F=J. 'Meg [FXHTHBDCEICBELTTFIVL. ELUM ZEZEXFTEWD

NOTE  womany e L\DTHNE. Vo1l —UaVBes 1 P OS CRET B EATEET,

Spice EFILDBIRIET VHRILD T + —ILRICTFF R RELUTRESINTS D, IVURIL - T7 1 5—FZ(3EES
HMIFT+S—TCEBIDCEMTEET, YR - FONRT DI 7O5ZRRE. Spice TT/IERERS >V
ZDUwOLTSpice BEFIL - TT 4 9—NF 1 7OSEBEVNTTE0,

Spice €TV - T« H—DFr7OTE. EFILOBEICK LR3I DDA TEHRHE >TVE T, ECHOETILOE
HCTHBEDA T3V E2DHDET,
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Disable symbol for When checked the component is excluded from simulation.
simulation

Alternate node sequence Allows one to override symbol pin to model node mapping. To
define a different mapping, specify pin numbers in order
expected by the model.

'Example:'

(19

* connections:
* 1: non-inverting input

* 2: inverting input

2
* 3: positive power supply
* 4: negative power supply
* 5: output

.subckt t1071 12345

To match the symbol pins to the Spice model nodes shown
above, one needs to use an alternate node sequence option with
value: "1 352 4". It is a list of pin numbers corresponding to the
Spice model nodes order.

AV

/w2 T ST TESEEG B, IYF YT —, 758059 -)DEADYUTHRTEZEI, . HFOFEHN
WA T3 VT, RO T 7L Y IREBEOT/INA R - 910 FTE—BULVEESERVT, BEOSHBHESE
BEENCEIDYUYTENEETIVERF >TUVET,

BATHICERSNERIHRDETILIE, BREAICEIDLETSNRETILICBELET T, Ch
NOTE (& ZFEROETIVABIDOHBTONRES, Y=2Lb—Y3avREUI 7L YIEEBRDD

1= ILRMEEINS CEERBKRL I T, o T EIDYUTSNTETILOERE BRI —

MMCHBIEHNRLE DTV LS, BEAEBLCENRH DT,
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Spice Model Editor

Passive | Model | Source

Type: Resistor w | Passive bype

I

Value: | Tk Spice value in simulation

In Spice values the decimal separator is the point.
Values can use Spice unit symbels.

Spice unit symbols in values (case insensitive):

F femto le-15

P pico le-12

n nano le-9

u micro le-G

m milli le-3

k kilo le3

meg mega leb

g giga 1e9

t tera lel2
[ | Disable symbol for simulation
|| Alternate rode sequence:

&€ Cancel <Jok
517 TNRARX - BT B, VT VT—HDV\ETVTO5—) &R
IRUET,

EH WROBEY (BIE. BBEREIRFTYIIFIVI) ZEHRLFE

9, fBIC(F Spice C—MRMISBNDEBEFEFEZX T I, (FFIALA
AT+ —ILRDTICY R RERTR) T/ NBRICE " EEDEINE
T FE A, Spice (FEDEICADTUVDEEFREIELL RIRTE
FOWCEISEFRELUTTEL, (5 1k5)
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s=elV
EFN - BT EHBEPABOS 1 TS U— - T7 (I TEESNEMLEFILOED YU TIEDNE T,
Spice EFILDS1TSU—(F. S<DBA. BRX—H—(CL> TREINF T,

XA YDFFISEBRCE BIRENCESATSU— - T77ILORBREKRINE T, BEE. S1TS5U—-
D7 1IVRERCH D, J—RIBESAIEETILEBRELD T T,

Spice Model Editor

Passive | Model | Source

Library: | adB05llib Select file
Model: | ADBOSI -

Type: Subcircuit -
LSUBCKT AD8B31 1 2 99 30 45

E

*= INPUT STAGE
ks

0L 4 3 5 QPI
02 & 2 7 QPI

RC1 56 4 20.5k

RC2 50 6 28.5k

RE1 5 8 sk

REZ 7 8 sk

EOS 3 1 POLY(1) 53 928 1.7E-3 1
105 1 2 6.1u

FNOI1 1 8 VMEASZ 1E-4

FNOIZ 2 8 VMEASZ 1E-4

CPARL 3 50 1.7p

CPAR2 2 50 1.7p

VCMH1 99 9 1

VCMHZ 99 18 1

D1 5 9 DX

D2 7 16 DX

IBIAS 99 8 73u
s

* INTERNAL VOLTAGE REFERENCE
ks

EREF1 98 0 POLY(2) 99 @ 50 0 B 0.5 0.5

[ ] Disable symbol for simulation

|| Alternate rode sequence:

&€ Cancel <Jok
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SIS — Spice 5175 — - TJ71ILDIR, DT 71 IUIE, .include g
[EFO>TEMEIN, Y=Za1L—5F-—TFEHOHNFT,

EFI BIRENETNAR - EF e T7AIVMERETNTLDESE, U
A S CIHBIRAIBELET LN RIRENE T,

517 EFIL - 54T (UTERE. BJT. MOSFET®S 14 —F) DFEIR
BEIE. EFILERKICBEBTEZY FENT T,

V—X
V=X - HTRBROESRET VOB DU TICERENE T, 2D0DED Y 3V DUAC BEIT & iBEIGEENT
BHDET, §R, YZaL—y3aY - HAFIBLT. Y—D/ISA—I—EEELFT,

V=X - 17 FFavEEThnIZTalb—ray - ST IGBATINE T,
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D Spice Model Editor + O X

Passive | Model | Source

-DC/AC analysis:

OC. | | Volts/Amps

AL magnitude: | 1 | Volts/ Amps AL phase: | | radians

Transient analysis:
Pulse | Sinusoidal | Exponential | Piece-wise Linear
Iritial value: Volts/ Amps
Pulsed value: Volts/ Amps
iy | |
Rise time: | seconds
Fall time: seconds
Pulse width: seconds
Period: seconds

-Source type:

(@) Violtage () Current

[ | Disable symbol for simulation

Alternate node nce:
O sequeee: |

He || 00 |

Y —X (BT B L DEFMLIEIRIE. ngspice R4 1 X -, chapter 4 (Voltage and Current Sources) =28 L T
T,

Spice 185

B> —DTF X - T+ —JURT Spice IBRZEEBMI D EMAIBETT, COBAEEFTIAILDI=ZaL
-3V - 1 TEEERITDRICENTI, COBHEEF R v ~TIHE S Spice 5 (7] ".tran 10n 1m") [CRETN
F9, TFRAL - Tr—ILREFO TENMNHRZERET D EFTETIEAS
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—
—
=

L—>3>

1
L—23avaisddicld. BRI« —DXZ1—NHm5 YV—I-2=3L—5—%FRL T Spice
L—5—- 51700 Z/mEEY,

I
Iy i \

NN
NoH

File  Simulation  View

> VAR

Run/Step Simulation Add Signals  Probe  Tume  Settings

Signals

Signal
([ |owpass] [mag)

W/ lowpass) [phase]

Plotl 3§

Cursers
Signal Frequency  Gain/ Phase
mm [/ lowpass] (mag) 475794k -19.8901

10H= 100Hz z 10kHz 100kHz MH:z 6

Domg analysis at TEMP = 27.000000 and TNOM = 27.000000
Warning: vwvl: has no value, DC 0 assumed

Reference value : 1.00000e+00

No. of Data Rows : 61

S i i c2 X| R %
Circuit: KiCad schematic
Reducing trtol to 1 for xsplce "A' devices 9

- . - - 180 Tk
Warning - approaching max data size: current size = 5120.113413 MB, "

I 50n I 500

Save Save

Sa7O5 V< DhDET T3 vICaHNTUNET,

W—Jb/\—
e OV - /ARIV
e HAOVY—IU
e EBUXL
e A=Y U~
o ARV

XZa—
71U
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FRZ7OVY K
D—0TJwO%ER<
D—0TJwvwDZERE
B E U TIRE

v J71I)LE U TRE

J=ZaL—T3avERT

=ab—>3Y
Y=alb—vavaEET
EB5%&EM...

mEENS FO-T
IVR—XVSEHERE

SPICEXRw kU X &R
...

Bl

X rE...

RN

eV NEEE )
X—=L-7Ik
RO)—=v[CTvvhk
U w RORR

RNAIDFRT

W—JL/\—

Run/Stop Simulation  Add Signals

Z0Ow bk - ARIVICHLWI TEMERT 3.

Z0v hENEEEBNOY X MEBL,

O RENREEOU X ERET .

755+ IHFOw & png 7 7 1 IICTH RR— T B,

POF«TETOYSDTORTI Y~ - T—5% csv I7TILICT
DRR—ET B,

Sa7O05%EC %,

REDEEEFEO>TIYZaL—Y3aVEETI B,
0OV 93 EFERRI ST 7OJ &M<,
OENOTIO—-T - W—ILEEET B,

RE - Y—-LERESHT B,

O =aLb—YaVAIKERTN RV RV NERTRTS 5
OS5 =M<,

JZaLb—Y3a3vVERESr 7O ER<,

POF 7OV EREI—L - 1,
POF 7OV REX—L - 7 Ik,

ECHOTOYEERTIBLOCX—L%E

%III
s

Uy ROAEEE ~TILTUDEZR,

ZJ0Ov LABIOAREE STILTEIDE R,

V-

Probe  Tume  Settings

EBBY —ILN—(SBRE(CBRDIR UERITSNBEREE U H T IZHDENDT T,
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E1T/=1E YZalb—yavolEBEELE,

E5%&8m 0OV 93 EFSERRI ST 7OTERM<,
JOo—-7 EENOTO—-T - W—ILEEET B,

HE HE Y- )LERET B,

=E EaAL—YavEESr 7O &R,

ZOwv - 13RIV
YZAL—VaVERETOY RLTHET 3. EANTUBENS TICEEHTOY ~TBERTEET
A U= AL—Y 3 VEABCERINZORT I T« TEITREETT, COLSIC. BH-EY=1L—3
DR TREREBCESLSICHE>TUNET,

TJOv k@, FR-XZa—&fF>T. JYU Y REAFIDOAREE S TILVEHEFCH IV XARETT, MFIMR
RRINTUVBETL, RSYITUBEEEEI S EMTEE T,

Z0Ov bk - IIRILTOERE:

e VUR-RA—=IbDROO—ILT, =LA Y/X—=L-TIhk
e JIVFFIh XZa1—ZRHVWTHRI VYO T, REDFARE

o FERAEIRT. BIRINIcEEE X— L

s N—=VYILDORSvIT, BENER

ey jm DAYEH

HAOAVY—IUE, YZaL—F—hHS5DAVvE—IERRLET, TS—PEENLVCEDRESRAEICENTY
V—IEFITVvDITBEEHENSHLFET,

EEVX~

POF4JETOY L TRASNEEETDY A LERRLIT T,

E8Y X ~TOERME:

o OVFF Xk XZa—ZRVWTHI YYD T, EBNIEXRTI2FHT—YILDOON/OFF
o ST DI WOT, (EEDI RS

A=V UXk

N—YVILVEZDEED) A ERRLE T, BIESICIEIRRINEA-VILR1DHDET, N—VILOAREE
E5 - URLEFEOITHRESINE D,

e/ ARV

HE - Y- TEY Oy TENRERERRLE T, FARBIARITE. BREHDEE(CLDSIY=ZaL—TYaYy
BRADEEEDR(C AN CENTEET, MBREBDHNEEINZEIC. Y=aL—TYaVBRBRTINTT
Oy OEFHFEINE T, )

BE@ICE, BRI BEOHADIY ~O—ILASHDET:
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BREBOTFI - Tr—ILRICIE. BREHDERAENZY FSNTT,
e FRANDTFIL - Tr—JLRICE, REOHREHNTCY FEINFET,
* RMEIDTFI b - Tr—ILRICIE, BBRmEHDRIMENTY FSNET,
o ASAF—=FESE, BRAEHEAL—X(CARTEEY,
MRE R VERTE, DRROBRERIR S 175 —CERSNECEEINTT,

X RIVERT & BRI SHBRAIRE N CRRERETOMEICETINE T,
3207 FR b - T+ —JLRTIE, Spice THBMDEBEHEFATEET,
Y-l

Y- BEISHRECYI TV ITITBEHDENTT,

BT SWMREBERT BICIE, VI EEBL THSEBRRIT « 9 —CHRETIV v I LTI, BIRSTNEBH
(. FEE - IRIVICRTRSINT T, ABTETSDEIRHEBRIEITITY,

ZO-7 - vY—lb
JO-7 - Y—VEESE, TOv S BEREMBICRRTEET,

JOv I BESEEMT BICE. Y—ILZEBL THSERNIT - LTHILI eI Vv I LI,
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-

I

1L—Y3aVDRE
". Simulation settings

AC | DC Transfer | Transient | Custom

Mumber of points:
Start frequency: Hertz
Stop Frequency: Hertz

[ | Adjust passive symbol values (eg M -> Meg; 100 nF ->100n)

[wA Add Full path for include library directives

&8 Cancel <ok

DZaLb—Y3VEESATOOE. V=22 —23Y - IATENRSA—I—&EREITBICHDOENTI, 4D
DITHRHDEY:

e AC

DCIGmi%

* BERIDE

NRE L

BYD3DNITMIZaL—I3aVDISA—F—EBEIBLHDT+—LTI, RENDI T, 1—F—N
ARV AALEIZ2L—23 VERERD Spice BREANTBZHDENTI, Y=a1Lb—T3y - 517
IR XA =5 =DV TOKDEFHMEIERIE. http:/ngspice.sourceforge.net/docs/ngspice-27-
manual.pdf[ngspice documentation], chapter 1.2.CEDIFTSEMTEE T,
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AL—23aVEREITDAINHEE. EEREDTFI b - T —JURIC Spice IERZEANTBDETYT, ¥
L—23y - 9q47ICEELETFR S - Jr—ILRTOIESIE. BT 7O0 TRIRSNEHRETLES
INFEI, CNE. YZaLb—T3ay - HqT7O05EFEO>TIYZaL—IavERKRLEZES, Y=a1L—5—%&

BE#HI I T 7OINOBEROETRE LEET I EERRLT T,

AN
\I

=

ETCOI=aL—23aY - 94T THEOA T avm2DOHE0DET:

RE;EP@mY VRILOERE RS REBRNDRIE Spice REENRIRT SZHCRED VR
R IWOEHEBIRT B,

include 5175 U—#ET  HIlC/IXMEMEI NI Spice EFTIL - S TSU— - T71ILD H&

DHEXT /I X & B gi. SAITSU—--IT77ILDTI - IR, BE. ngspice (IS5
SYU— - J7ANETOCRTBEHICTIL- INREMRBELF
9,
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