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Chapter 1

Introduction to Eeschema

1.1 Description

Eeschema is a schematic capture software distributed as a part of KiCad and available under the following operating

systems:
e Linux

¢ Apple macOS

¢ Windows

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

Eeschema is an integrated application where all functions of drawing, control, layout, library management and access

to the PCB design software are carried out within Eeschema itself.

Eeschema is intended to cooperate with PcbNew, which is KiCad’ s printed circuit design software. It can also export

netlist files, which lists all the electrical connections, for other packages.

Eeschema 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 Electrical rules check (ERC) for the automatic control of incorrect and missing connections
o Export of plot files in many formats (Postscript, PDF, HPGL, and SVG)

« Bill of Materials generation (via Python or XSLT scripts, which allow many flexible formats).

1.2 Technical overview

Eeschema 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 diagrams, the representation is hierarchical.

Eeschema can use multi-sheet diagrams in a few ways:
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o Simple hierarchies (each schematic is used only once).

o Complex hierarchies (some schematics are used more than once with multiple instances).

o Flat hierarchies (schematics are not explicitly connected in a master diagram).
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Chapter 2

Generic Eeschema commands

Commands can be executed by:

« Clicking on the menu bar (top of screen).

 Clicking on the icons on top of the screen (general commands).

 Clicking on the icons on the right side of the screen (particular commands or "tools”).

« Clicking on the icons on the left side of the screen (display options).

e Pressing the mouse buttons (important complementary commands). In particular a right click opens a contextual

menu for the element under the cursor (Zoom, grid and editing of the elements).

o Function keys (F1, F2, F3, F4, Insert and Space keys). Specifically: Escape key cancels the command in progress.

Insert key allows the duplication of the last element created.

e Pressing hot keys which typically perform a select tool command and begin tool action at the current cursor

location. For a list of hot keys, see the "Help—List Hotkeys” menu entry or press Ctri+F1 key.

3= Eeschema — kit de 521301 — dfirexilinx_5213 Lo B3
File Edt Niew Place Preferences Tools Help

HE 2 egR e caqo@E- PR ZAEEEEN.S

(3)
i ok
i I
i s
[ £
B /
B s
N
3
X
*
A
&>
AT
H
@
A
I)A_
T i
b -1 e I+ e I o L= o= Lo Lo +‘_

) o o T Tor Tond oo Towe T Tl
B T T
P!
(@ ) ¥
1063 X-0108 Y 3350 ax-0100 dy3350 dist 3351 Inches.




Eeschema 4 /159

2.1 Mouse commands

2.1.1 Basic commands

Left button

o Single click: displays the characteristics of the symbol or text under the cursor in the status bar.

e Double click: edit (if the element is editable) the symbol or text.
Right button

¢ Opens a pop-up menu.

2.1.2 Block operations

You can move, drag, copy and delete selected areas in all Eeschema menus.
Areas are selected by drawing a box around items using the left mouse button.

Holding “Shift” , “Ctrl” , or “Shift 4+ Ctrl” during selection respectively performs copying, dragging and deletion:

left mouse button Move selection.
Shift 4 left mouse button Copy selection.
Ctrl + left mouse button Drag selection.
Ctrl + Shift + left mouse button Delete selection.

When dragging or copying, you can:

e Click again to place the elements.

e Click the right button or press Escape key to cancel.

If a block move command has started, another command can be selected using the right-click pop-up menu.
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Cancel Block
@ Window Zoom

%" Place Block
g Cut Block Cerl-X
FS) CopyBlock Ctrl-C

Duplicate Block

* Drag Block Tab

T Delete Block Delete
é]il Mirrer Block Around Vertical (Y] Asis ¥
55> Miror Block Around Horizontal 0 Axis X
\*) Rotate Block CCW R
() Center F

Zoom out F2
S}

(¥ Redraw view F3
@ Zoom auto Home
@l Zoom Select >
%7, Brid Select >

4N, Close

2.2 Hotkeys

e The "Ctrl4+F1” key displays the current hotkey list.

o Hotkeys might be redefined in Controls tab of Schematic Editor Options dialog (menu Preferences — General

Options).

Here is the default hotkey list:

Help (this window) Ctrl+F1
Zoom In F1
Zoom Out F2
Zoom Redraw F3
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Zoom Center F4

Fit on Screen Home
Zoom to Selection Q
Reset Local Coordinates Space
Edit Item E
Delete Item Del
Rotate Item R

Drag Item G
Undo Ctrl+7
Redo Ctrl+Y
Mouse Left Click Return
Mouse Left Double Click End
Save Schematic Ctrl+S
Load Schematic Ctrl+0O
Find Item Ctrl+F
Find Next Item F5
Find Next DRC Marker Shift+F5
Find and Replace Ctrl+Alt+F
Repeat Last Item Ins
Move Block — Drag Block Tab
Copy Block Ctrl+C
Paste Block Ctrl+V
Cut Block Ctrl+X
Move Schematic Item M
Duplicate Symbol or Label C

Add Symbol A

Add Power P
Mirror X X
Mirror Y Y
Orient Normal Symbol N

Edit Symbol Value \Y%

Edit Symbol Reference U

Edit Symbol Footprint F

Edit with Symbol Editor Ctrl+E
Begin Wire W
Begin Bus B

End Line Wire Bus K

Add Label L

Add Hierarchical Label H

Add Global Label Ctrl+L
Add Junction J

Add No Connect Flag Q

Add Sheet S

Add Wire Entry 7
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Add Bus Entry /

Add Graphic PolyLine I

Add Graphic Text T

Update PCB from Schematic F8
Autoplace Fields (0]

Leave Sheet Alt+BkSp
Delete Node BkSp
Highlight Connection Ctrl+X

All hotkeys can be redefined using the hotkey editor (menu Preferences— General Options— Controls).

Tt is possible to import/export hotkey settings using menu Preferences—Import and Export—Import/Export Hotkeys.

2.3 Grid

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

 Size might be changed using the pop-up menu or using the Preferences/Options menu.

e Color might be changed in Colors tab of the Schematic Editor Options dialog (menu Preferences — General

Options).

o Visibility might be switched using the left-hand toolbar button.

The default grid size is 50 mil (0.050”) or 1,27 millimeters.

This is the preferred grid to place symbols and wires in a schematic, and to place pins when designing a symbol in
the Symbol Editor.

One can also work with a smaller grid from 25 mil to 10 mil. This is only intended for designing the symbol body or

placing text and comments and not recommended for placing pins and wires.

2.4 Zoom selection

To change the zoom level:

o Right click to open the Pop-up menu and select the desired zoom.
e Or use the function keys:
— F1: Zoom in

— F2: Zoom out

— F4 or simply click on the middle mouse button (without moving the mouse): Center the view around the cursor

pointer position

¢ Window Zoom:
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— Mouse wheel: Zoom in/out
— Shift+Mouse wheel: Pan up/down
— Ctrl+Mouse wheel: Pan left/right

2.5 Displaying cursor coordinates

The display units are in inches or millimeters. However, Eeschema always uses 0.001 inch (mil/thou) as its internal

unit.

The following information is displayed at the bottom right hand side of the window:

e The zoom factor
e The absolute position of the cursor

e The relative position of the cursor

The relative coordinates can be reset to zero by pressing Space. This is useful for measuring distance between two

points or aligning objects.

¥5900 Y 3.300 dx 5.900 dy 3.300 dist 6.760 Inches

2.6 Top menu bar

The top menu bar allows the opening and saving of schematics, program configuration and viewing the documentation.

IEiIe Edit “iew Place Preferences Tools Help

2.7 Upper toolbar

This toolbar gives access to the main functions of Eeschema.

If Eeschema is run in standalone mode, this is the available tool set:

HEClRer Qo @gts PRGN ZaEES .S

Note that when KiCad runs in project mode, the first two icons are not available as they work with individual files.

-
-0 Open a schematic (only in standalone mode).

K

Create a new schematic (only in standalone mode).

Save complete schematic project.
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Select the sheet size and edit the title block.

| BFiw

Open print dialog.

i

Paste a copied/cut item or block to the current sheet.

Undo: Revert the last change.

Redo: Revert the last undo operation.

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

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

Refresh screen; zoom to fit.

JOl¥e)

Zoom in and out.

View and navigate the hierarchy tree.

Leave the current sheet and go up in the hierarchy.

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

Browse symbol libraries.

Annotate symbols.

Electrical Rules Checker (ERC), automatically validate electrical connections.

7 & R B V| (7 00l | 9| 3| A

4
1]

Call CvPcb to assign footprints to symbols.

L]

=hrs
m
—

Export a netlist (Pcbnew, SPICE and other formats).

Edit symbol fields.

=

Generate the Bill of Materials (BOM).

Call Pcbnew to perform a PCB layout.

I

BACK

Back-import footprint assignment (selected using CvPcb or Pcbnew) into the ”footprint” fields.
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2.8 Right toolbar icons

This toolbar contains tools to:

¢ Place symbols, wires, buses, junctions, labels, text, etc.

e Create hierarchical subsheets and connection symbols.

L} Cancel the active command or tool.

Highlight a net by marking its wires and net labels with a different color. If KiCad runs in

project mode then copper corresponding to the selected net will be highlighted in Pcbnew 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.

ZN\|HY K

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.

Draw bus-to-bus entry points.

X\ 2L

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.

P

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.

Eg [

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.
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LA

Place a hierarchical pin in a subsheet. This command can be executed only on hierarchical
subsheets. It will create arbitrary hierarchical pins, even if they do not exist in the target

subsheet.

Draw a line. These are only graphical and do not connect anything.

Place a text comment.

Place a bitmap image.

| & —

Delete selected element.

2.9 Left toolbar icons

This toolbar manages the display options:

Toggle grid visibility.

in

- Switch units to inches.
mm

— Switch units to millimeters.

i Choose the cursor shape (full screen/small).

I: Toggle visibility of ”invisible” pins.

| : Toggle free angle/90 degrees wires and buses placement.

2.10 Pop-up menus and quick editing

A right-click opens a contextual menu for the selected element. This contains:

e Zoom factor.
e Grid adjustment.

e Commonly edited parameters of the selected element.

Pop-up without selected element.
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Editing a label.

Tore Grid Select

F&

F2

F3

@ roe " VRH 49 |,
Duplicate CVCCA - 50 W
") Rotate Counterclockwise R 4T |
Abe o M L
T Delete Delete |-
Cha Lo Change to Herarchical Label
(@ center o | op Change toText
@, Zoomn f %@ Change to Gloal Label

Zoom out Fzﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
S}

@ Zoom auto
@l Zoom Select
X2 Grid Select

X Close

Home | . . .
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Editing a symbol.

Duplicate
'ﬁ Delete

EI] Autoplace Fields

Edit Properties

B
E‘H Edit Yalue

ABL
:91'23 Edit Reference

:EE:: Edit Footprint

1> Edit with Library Editor

Ctrl-E
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Chapter 3

Main top menu

3.1 File menu

Edit \iew Place Preferences

-
@ Append Schematic Sheet

Import Non-Kicad Schematic File

ﬁq}. Save Current Sheet As

Tocls He

Ctrl-L

>

Crl-0)

New

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

Open

Load a schematic project (only in standalone mode).

Open Recent

Open a schematic project from the list of recently opened files (only in

standalone mode).

Append Schematic Sheet

Insert the contents of another sheet into the current one.

Import Non-Kicad Schematic File

Imports a schematic project saved in another file format.

Save

Save current sheet and all its subsheets.

Save Current Sheet

Save only the current sheet, but not others in the project.
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Save Current Sheet As-- Save the current sheet under a new name.

Page Settings Configure page dimensions and title block.

Print Print schematic project (See also chapter Plot and Print).

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

Close Terminate the application.

3.2 Preferences menu

|Iu-n|5 Belp
I‘I%fl Manage Symbol Library Tables :ﬁ. G G (.R E

A Configure Paths

ﬁ Set Language >
EE lcons Options >

‘{Jﬁ : ‘{Jﬁ Save Preferences

Manage Symbol Library Add/remove symbol libraries.

Tables

Configure Paths Set the default search paths.

General Options Preferences (units, grid size, field names, etc.).
Set Language Select interface language.

Icons Options Icons visibility settings.

Import and Export Transfer preferences to/from file.
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3.2.1 Manage Symbol Library Tables

=

Library Tables by Scope:

Schematic Library Tables [N =

Table: /home/orson/ config/kicad/sym-lib-table

Active Nickname Library Path
1
2 Amplifier_Buffer /home/orson/werkspace/kicad-library/ kicad-symbols/Amplifier_Bufferlib
3 Amplifier_Current /home/orson/workspace/kicad-library/kicad-symbols/Amplifier_Currentlib
4 Amplifier_Difference /home/orson/workspace/kicad-library/kicad-symbols/Amplifier_Difference.
E Amplifier_Jnstrumentation | /home/orson/workspace,/kicad-library/kicad-symbols/Amplifier Instrument
[ Amplifier_Operational /home/orson/werkspace/ kicad-library/ kicad-symbols/ Amplifier_Operationa
7 Amplifier_Video /home/orson/workspace/kicad-library/ kicad-symbols/Amplifier_Videolib
8 Analog /home/orson/workspace/kicad-library/kicad-symbols/Analog lib
9 Analog ADC /home/arson/warkspace/kicad-library/ kicad-symbels/Analog ADC lib
10 Analog DAC fhome/orson/workspace/kicad-library/kicad-symbols/Analog DAC lib
1 Analog_Switch /home/orson/werkspace/kicad-library/kicad-symbols/Analog_Switch lib
12 Audio /home/orson/werkspace/kicad-library/ kicad-symbols/Audio lib
13 Battery Management /home/orson/werkspace/kicad-library/kicad-symbols/Battery Managemen
14 CPLD Altera /home/orson/workspace/kicad-library/kicad-symbols/CPLD Alteralib
15 CPLD Xiline /home/orson/warkspace/kicad-library/ kicad-symbols/CPLD Yilinxlib
16 CcPU /home/orson/werkspace/kicad-library/kicad-symbols/CPUlib
17 Comparator /home/orson/werkspace/kicad-library/ kicad-symbols/Comparatorlib &
(< m [
Global Libraries | Project Specfic Libraries
|. Browse Libraries. ‘ | Append Library | ‘ Remove lerary“ | Move Up | ‘ Move Down ‘
Path Substitutions:
Environment Variable Path Segment
1 KICADSYMBOLDIR  /ust/local/share/kicad, library/
2 KIPRIMOD /home/orson/warkspace/kicad-master/demos. kit-dev-coldfire-xiine 5213
[ ¥o || Ex |

Eeschema uses two library tables to store the list of available symbol libraries, which differ by the scope:
¢ Global Libraries

Libraries listed in the Global Libraries table are available to every project. They are saved in sym-lib-table in your

home directory (exact path is dependent on the operating system; check the path above the table).
e Project Specific Libraries

Libraries listed in Project Specific Libraries table are available to the currently opened project. They are saved in

sym-lib-table file in the project directory (check the path above the table).
You can view either list by clicking on ”"Global Libraries” or "Project Specific Libraries” tab below the library table.
3.2.1.1 Add a new library

Add a library either by clicking Browse Libraries::+ button and selecting a file or clicking ”Append Library” and
typing a path to a library file. The selected library will be added to the currently opened library table (Global/Project
Specific).

3.2.1.2 Remove a library

Remove a library by selecting one or more libraries and clicking Remove Library button.
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3.2.1.3 Library properties

Each row in the table stores several fields describing a library:

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.

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

3.2.2 General Options

3.2.2.1 Display

_-:!59 Schematic Editor Options (N = R
| Display| Editing | Controls | Colors | Default Fields
Gnd size: [59.9 = ] mils
Bus thickness: [12 ‘% mils
Line thickness: [E ‘% mils
Part |D notabion: [A = ]
100
lcen scale: i | %
50 275
Auto
[ Show grid
Restrict buses and wires to H and ¥ orientation
[ Show hidden pins
Show page limits
Footprint previews in symbel choeser (experimental)

[ x LCancel

[ eo |

Grid Size Grid size selection.
It is recommended to work with normal grid (0.050 inches or

1,27 mm). Smaller grids are used for component building.

Bus thickness Pen size used to draw buses.
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Line thickness Pen size used to draw objects that do not have a specified pen
size.

Part ID notation Style of suffix that is used to denote symbol units (ULA, Ul.A,
Ul-1, etc.)

Icon scale Adjust toolbar icons size.

Show Grid Grid visibility setting.

Restrict buses and wires to H and V If checked, buses and wires are drawn only with vertical or

orientation horizontal lines. Otherwise buses and wires can be placed at any
orientation.

Show hidden pins: Display invisible (or hidden) pins, typically power pins.

Show page limits If checked, shows the page boundaries on screen.

Footprint previews in symbol chooser 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.

3.2.2.2 Editing

;2'9 Schematic Editor Options e m X
Display || Editing || Centrols | Colers | Default Fields
Measurement units: ‘ inches = ‘
Horizontal pitch of repeated items: [B ‘ = | mils
Vertical pitch of repeated items: [IBB ‘ - | mils
Increment of repeated labels: [l ‘ = |
Default text sze: [59 ‘ = | mils
Auto-save time interval [lEI ‘ = | minutes

[ Automatically place symbol Fields
Allow Field autoplace to change justification
[ Always align autoplaced fields to the 50 mil grid

\ ¥ cancel |l <ok l

Measurement units Select the display and the cursor coordinate units (inches or
millimeters).
Horizontal pitch of repeated items 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 Insert key)
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Vertical pitch of repeated items Increment on Y axis during element duplication (default: 0.100
inches or 2,54 mm).

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

Default text size Text size used when creating new text items or labels.

Auto-save time interval Time in minutes between saving backups.

Automatically place symbol fields If checked, symbol fields (e.g. value and reference) in newly

items.

placed symbols might be moved to avoid collisions with other

Allow field autoplace to change justification | Extension of Automatically place symbol fields option. Enable

text justification adjustment for symbol fields when placing a

placed freely.

new part.
Always align autoplaced fields to the 50 Extension of Automatically place symbol fields option. If checked,
mil grid fields are autoplaced using 50 mils grid, otherwise they are

3.2.2.3 Controls

Redefine hotkeys and set up the user interface behavior.

'!‘_:' Schematic Editor Options
Display | Editing || Controls || Colors | Default Fields
Hothkeys:

Command

= Common
Help (this window]
foom In
Zoom Out
Zoom Redraw
Zoom Center
Fit on Screen
Zoom to Selection
Reset Local Coordinates
Edit ltem
Nalata [Farn
[ Center and warp cursor on zoom

[ Use touchpad to pan
Pan while moving object

AT E X

Double-click to edit

Hotkey B

Fi

F2
F3
F&

Home

Space

Nl E]

\ & Cancel |l <ok l

Select a new hotkey by double clicking an action or right click on an action to show a popup menu:

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

Undo All Changes Reverts all recent hotkey changes for the action.
Restore All to Default Sets all action hotkeys to their default values.

Options description:

Center and warp cursor on zoom If checked, the pointed location is warped to the screen center

when zooming in/out.

Use touchpad to pan When enabled, view is panned using scroll wheels (or touchpad
gestures) and to zoom one needs to hold Ctrl. Otherwise scroll

wheels zoom in/out and Ctrl/Shift are the panning modifiers.

Pan while moving object If checked, automatically pans the window if the cursor leaves

the window during drawing or moving.

3.2.2.4 Colors

Color scheme for various graphic elements. Click on any of the color swatches to select a new color for a particular

element.
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E] No connect symbol

E] Reference
E] Value
(M| Fields

Schematic Editor Options [ x
 Display Edmgl Controls || Colors || Default Fields |

General Component Sheet Miscellaneous
E] \wire [E] Body E] Sheet [E] ERC warning
E] Bus D Body background E] Sheet file name E] ERC error
E] Junction E] Pin E] Sheet name E] Grid
E] Label [E] Pin number E] Sheet |abel [E] Brightened
E] Global label [E] Pin name E] Hierarchical label Background Color

L]

| & Cancel H &3 oK

3.2.2.5 Default Fields

Define additional custom fields and corresponding values that will appear in newly placed symbols.
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E3

Schematic Editor Options Lq}. =
Display | Editing I Controls | Colors | Default Fields
Name Default Value Visible [ Add l
1 Manufacturer Value O
2 Part Number Value O

| Bl || O ]

3.3 Help menu

Access to on-line help (this document) for an extensive tutorial about KiCad.

Use

“Copy Version Information” when submitting bug reports to identify your build and system.
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Chapter 4

General Top Toolbar

4.1 Sheet management

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

Page Settings
Paper Title Block Parameters
Size: Murnber of sheets: 1 Shest number; 1
A3 297 x420mm 7 | Issue Date
— [Sun 22 Mar 2015 ﬂ 061132015 ﬂ [ Export to other shasts
Landscape - | Revision
|2E3 [] Export to other sheets
Custom Size: Title
Height: Width: |UNIVEF€SAL INTERFACE [ Expart ta other sheets
11.000 17.000 Company
Layout Preview |I—<ICAD [ Export to other sheets
Comment1
|Comment 1 [] Export to other sheets
Comment2
|Comment 2 [] Export to other sheets
Comment3
|Comment 3 [] Expart to other sheets
Comment4
e — |Comment 4 [] Export to other shests
Fage layout description fils
| Browse
!.gancel ‘ QEQK |

Sheet numbering is automatically updated. You can set the date to today by pressing the left arrow button by "Issue

Date”, but it will not be automatically changed.

4.2 Search tool

The Find icon (("\) can be used to access the search tool.
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g |
Search for: j QEind

Match whale ward
[] Match case

[] Search using simple wildcard matching
Wrap around end of search list

[ Search all component fields

Search all pin names and numbers

[] Search the current sheet only

[] Do not warp cursar to found item

You can search for a reference, a value or a text string in the current sheet or in the whole hierarchy. Once found, the

cursor will be positioned on the found element in the relevant sub-sheet.

4.3 Netlist tool

S
™

®

The Netlist icon (EE) opens the netlist generation tool.
The tool creates a file which describe all connections in the entire hierarchy.

In a multisheet hierarchy, any local label is visible only inside the sheet to which it belongs. For example: the label
LABELLI of sheet 3 is different from the label LABEL1 of sheet 5 (if no connection has been intentionally introduced

to connect them). This is due to the fact that the sheet name path is internally associated with the local label.

Note
Even though there is no text length limit for labels in Eeschema, please take into account that other programs reading

the generated netlist may have such constraints.

Note
Avoid spaces in labels, because they will appear as separated words in the generated file. It is not a limitation of Eeschema,

but of many netlist formats, which often assume that a label has no spaces.
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Pcbnew | OrcadPCB2 | CadStar | Spice | PadsPcb | = " |
enerate
Options: cancel
& Default format
Add Plugin
[] Use default netname
Default Netlist Filename:
interf_u.net
Option:

Default Format

Check to select Pcbnew as the default format.

Other formats can also be generated:

¢ Orcad PCB2
e (CadStar

o Spice (simulators)

External plugins can be added to extend the netlist formats list (PadsPcb Plugin was added in the picture above).

There is more information about creating netlists in Create a Netlist chapter.

4.4 Annotation tool

Sl

The icon == launches the annotation tool. This tool assigns references to components.

For multi-part components (such as 7400 TTL which contains 4 gates), a multi-part suffix is also allocated (thus a
7400 TTL designated U3 will be divided into U3A, U3B, U3C and U3D).

You can unconditionally annotate all the components or only the new components, i.e. those which were not previously

annotated.




Eeschema

26 / 159

Scope

Annotate Schematic

Scope
@ Use the entire schematic

(0 Use the current page only

@ Keep existing annotation
(T Reset existing annotation

() Reset, but do not swap any annatated multi-unit parts

Annotation Order
(O Sort components by X position m
@ Sort components by Y position :—_.:’

Annotation Choice
@ Use first free number in schematic

() Start to sheet number*100 and use first free number

() Start to sheet number*1000 and use first free number

Dialog

Automatically close this dialog

Silent mode

Close | |GlearAnnmati0n Annotate

Use the entire schematic

All sheets are re-annotated (default).

Use the current page only

resistors in the current sheet.).

Only the current sheet is re-annotated (this option is to be used

only in special cases, for example to evaluate the amount of

Keep existing annotation

re-annotated (default).

Conditional annotation, only the new components will be

Reset existing annotation

references).

Unconditional annotation, all the components will be

re-annotated (this option is to be used when there are duplicated

multi-unit parts

Reset, but do not swap any annotated

when reannotating.

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

Annotation Order

Selects the order in which components will be numbered (either horizontally or vertically).

Annotation Choice

Selects the assigned reference format.
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4.5 Electrical Rules Check tool

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

This tool performs a design verification and is able to detect forgotten connections, and inconsistencies.

Once you have run the ERC, Eeschema places markers to highlight problems. The error description is displayed after

left clicking on the marker. An error report file can also be generated.

4.5.1 Main ERC dialog

Electrical Rules Checker

Error list:

[ =
ERC | Dptions ‘
-ERC Report: Messages:
s
[[] Create ERC file report

EnType(2): Pin not connected {and no connect symbol found on this pin
+ @ (7.100in,3.050 in}): Pin 7 (Input) of component U1 is unconnected.

[ Delete Markers

[ hn [ o |

Errors are displayed in the Electrical Rules Checker dialog:

o Total count of errors and warnings.

e Errors count.
e Warnings count.

Option:
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Create ERC file report

Check this option to generate an ERC report file.

Commands:

Delete Markers

Remove all ERC error/warnings markers.

Run

Start an Electrical Rules Check.

Close

Close the dialog.

e Clicking on an error message jumps to the corresponding marker in the schematic.

4.5.2 ERC options dialog

:& Electrical Rules Checker e B3

ERC | Options

Tri-State Pin__. @@% Passive Pin

Initialize to Default

Pin to pin connections

Imput Pin

Imput Pin )
Dutput Pim

Dutput Pin o )
Bidirectional Pin

Bidirectional Pin_ @@@
Tri-State Pin

Passive Pin_.
Unspecified Pin

CICICICIE]
Unspecied Pin__ Power Input Pin
Power Input Pin_ @@@@@ Power Dutput Pin
Power Dutput Pin._ @@@@@@ Dpen Collector
Dpen Collector.. @@@@@@ Open Emitter
Open Emitter._. @@@@@@@ No Connection
v BHEEEEE6E 66

Label to label connections

Test similar labels

Test unique global labels

This tab allows you to define the connectivity rules between pins; you can choose between 3 options for each case:

e No error
¢ Warning

o Error

Each square of the matrix can be modified by clicking on it.

Option:
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Test similar labels Report labels that differ only by letter case (e.g.
label /Label/LaBeL). Net names are case-sensitive therefore such

labels are treated as separate nets.

Test unique global labels Report global lables that occur only once for a particular net.

Normally it is required to have at least two make a connection.

Commands:

‘ Initialize to Default Restores the original settings.

4.6 Bill of Material tool

The icon E=4 Jaunches the bill of materials (BOM) generator. This tool generates a file listing the components and /or

hierarchical connections (global labels).
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Bill of Material )

Flugins
Generate
bom_with_title black 2 csw

Close

Help

Add Plugin

Femaove Plugin

Mame: _ -
hom_with_title block 2 csv Edit Plugin File

Command line:
xsltproc -0 "% 3" "opt/kicad/libfkicad/plugins/bom_with_title _hloc

Plugin Infa:

EESCHEMA BOM plugin. Creates BOM CSY files fram B
the project net file.
Based on Stefan Helmert homZcsv. xsl

Mote:
The project infomation (i.e title, company and revision)
is taken from and the root shest. —
Arthur:
Ronald Sousa HashDefineElectronics. com
Usage:
on Windows:
xsltproc -0 "%0.csv" "C:\Program Files (xBE)\WICad
bintpluginsibomnZesy.xsl" "%l” |

FEeschema’ 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.

A useful set of component properties to use for a BOM are:

e Value - unique name for each part used.

o Footprint - either manually entered or back-annotated (see below).
e Fieldl - Manufacturer’ s name.

e Field2 - Manufacturer’ s Part Number.

e Field3 - Distributor’ s Part Number.

For example:
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__? Symbol Properties AR
- Fields
Unit: Herizontal Position:,  -Vertical Position:—
[ A @ Align left O Align top
! O Align center @) Align center
’u@;'e;tam" (degrees): Value  ICL7BBD O Alignright O Align bottom
Footprint  Package_DIP:DIP-8_W762mm_LengPads
LA Datasheet
O -180
O -90 Visibility: ~Font Style:
Postion: Show o
@ Default [ Rotate O Italic
O Mirror horizonitally O Bold
O Mirror vertically O Bold and italic
[ Convert shape
rLibrary Symbol: [F:hfl L ]
[cu-mplexherarch)‘_schlib:|CL?55U] —
Field Value:
l Validate l l Change l [UI l
Symbol ID- [
(48481230
Fent size: [B.B?B l in
[ Edit Spice Model Posiion ;[ 0550 | in
[ p——— Positon Y| 0400 | in
l Update Field Values [ ‘ [ ‘ [ ‘
l x LCancel l gQK l

On MS Windows, BOM generator dialog has a special option (pointed by red arrow) that controls visibility of
external plugin window.

By default, BOM generator command is executed console window hidden and output is redirected to Plugin info field.
Set this option to show the window of the running command. It may be necessary if plugin has provides a graphical

user interface.
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Bill of Material x|

Plugins enerate I
bomzZosy
iClose
Help
Add Plugin
Remowve Plugin
MNarne:
bomzcsy Edit Plugin File

Command line:

wslkproc -0 %0 "2 Program Files\KiCadiliblploginsibomzosy sl "1

¥ Show console window -

Plugin Info:
Generate a Tab delimited lisk {csy File bype)l, ﬂ
Qe component per line
Fields are

Ref,value, Fookprink, Datasheet, Fields, Field4, price

Command line
xslbproc -0 "0, csy” "pathToFile/bomzcsy . xsl” "aI”

4.7 Edit Fields tool

The icon @ opens a spreadsheet to view and modify field values for all symbols.
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3= Symbol Table - 68 symbols in 24 groups AE X
Dptions Reference Value Footprint
b ClocCH 10uF Discret-CPG
Regroup symbols U2 78LO5  : Discret:LM7BLYX
Ut ICL7660 : Package_DIP-DIP-8_W762mm _LongPads
Teelds ca L7uF/63V | Discret-CP8
Field Show | Sort b PIP2P3PLPSPE CONNZ2  ; TerminalBlock_PhoenixTerminal Block_Phoenix
Reference Cl 47uF Discret:CPG
Value c2 4TuF/20V | Discret:CPG
Footprint ol INADE7 | Diode_THT-D_DD-41_SOD81_P12 70mm_Horizontal
Datasheet D R4RIZRILR22R26R28 220K | Resistor THT-R Auial DIND204 L3 6mm D1 6mm),
Description P RS RIS R25 R27 47 Resistor THT-R_Auwial DIND204 L3 6mm D1 Gmm,
Duantity [P D2D3D4D5D6D7D809 IN4B  : Diode_THT-0_D0-35 S0027_P762mm Horizontal
> riR20 S6K | Resistor. THER Avial DIND204_L36mm DiGmm
b cl2ci 150nF Capacitor_THT.C Disc_D5 Omm_ W2 Smm_P5.00n
D RBRIRIBRIGRZIR2L IK Resistor_THT-R_fudial_DIND204 L3 Gram_DI Gmm,
b 02040608 MPASL2 : DiscretT0D92-CBE
b 01030507 MPASS2 | Discret.TO92-CBE
b R3IRI3 470 Resistor THT-R_fudal DIND204 L3 6rmm_ DI Gmm|
D RER7RIG RI7 22K Resistor THT-R_fudal_DIND204 L3 6rmm_DI Gmm,
b U3 UL LM358N : Package_DIP.DIP-8_W762mm _LongPads
b C4C7 47nF Capaciter_THT-C Disc_D5 Bmm_W25mm_P500n
[ C5CH 820pF Capacitor_THT.C Disc_D5 0mm_ w2 S5mm_P5.00n
B RIIR2I 47K Resistor_THT:R_Auwial_DIND204_L3 Bmm DI Gmm,
@y B
A AMEE | |Fe-.: EMEE Close

Once you modify field values, you need to either accept changes by clicking on Apply button or undo them by clicking

on Revert button.

4.7.1 Tricks to simplify fields filling

There are several special copy/paste methods in spreadsheet. They may be useful when entering field values that are

repeated in a few components.

These methods are illustrated below.

Copy (Ctrl4C) Selection Paste (Ctrl+V)
abc abc
1 ]
i —
11 12 13 11 12 13
———
I
I




Eeschema 34 / 159

Copy (Ctrl4-C) Selection Paste (Ctrl+V)

- v u
———
—
b
.

Note

These techniques are also available in other dialogs with a grid control element.

4.8 Import tool for footprint assignment

4.8.1 Access:

@

The icon BACK launches the back-annotate tool.

This tool allows footprint changes made in PcbNew to be imported back into the footprint fields in Eeschema.
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Chapter 5

Manage Symbol Libraries

Symbol libraries hold collections of symbols used when creating schematics. Each symbol in a schematic is uniquely

identified by a full name that is composed of a library nickname and a symbol name. An example is Audio:AD1853.

5.1 Symbol Library Table

The symbol library table holds a list of all library files KiCad knows about. The symbol library table is constructed
from the global symbol library table file and the project specific symbol library table file.

When a symbol is loaded, Eeschema 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

Library Tables” entry in the “Preferences” menu.




Eeschema

36 / 159

= Schematic Library Tables b ] 52
rLibrary Tables by Scope
Table: /home/orson/ config/kicad/sym-lib-table
Active Nickname Library Path

2 Amplifier_Buffer /home/ersen/workspace/kicad-library/kicad-symbols/Amplifier_Bufferlib

3 Amplifier_Current /Shome/erson/workspace/kicad-library/kicad-symbols/Amplifier_Current lib

4 Amplifier Difference /home/ersen/'weorkspace/kicad-library/kicad-symbols/Amplifier_Difference.

5 Amplifier_Instrumentation | /home/orson/workspace/kicad-library/ kicad-symbols/Amplifier_Instrument

6 Amplifier_Dperational /home/erson/workspace/kicad-library/ kicad-symbels/Amplifier_Dperationa

7 Amplifier_Video /heme/ersen/werkspace/kicad-library/kicad-symbols/Amplifier_Videc.lib

8 Aralog /home/erson/workspace/kicad-library/kicad-symbols/Analog lib

9 Apalog ADC /heme/ersen/werkspace/kicad-library/kicad-symbels/Analeg_ADC lib

10 Analog DAC /home/erson/workspace/kicad-library/ kicad-symbols/Analog_DAC lib

1 Analog_Switch /home/orsen/workspace/ kicad-library/kicad-symbols/Analog_Switchlib

12 Audio /home/ erson/workspace/kicad-library/kicad-symbols, Audic lib

13 Battery_Management /home/ersen/werkspace/kicad-library/kicad-symbels/Battery_Managemen

14 CPLO_Altera /home/orson/workspace/kicad-library/kicad-symbols/CPLO_Altera lib

15 CPLO_Xiliree /home/ersen/werkspace/kicad-library/kicad-symbels/CPLD Xilire lib

16 CPU /home/erson/workspace/ kicad-library/kicad-symbols/CPUlib

17 Comparator /home/orsen/workspace/ kicad-library/kicad-symbols/Comparatorlib -

N T Bl
-| Global Libraries | Project Specific Libraries I
lBrnwse Libraries_l [Append Library | | Remove Library l Move Up ] [ Move Down
-Path Substitutions
Environment Variable Path Segment
1 |KICADSYMBOLDIR | /usr/local/share/kicad/ library/
2 |KIPRIMOD /home/orson/workspace/ kicad-master/demos. kit-dev-coldfire-uiliro 5213

l x Cancel

& |

5.1.1 Global Symbol Library Table

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 home folder. The location of this folder

is dependent upon the operating system being used.

5.1.2 Project Specific Symbol Library Table

The project specific symbol library table contains the list of libraries that are available specifically for the currently

loaded project file. The project specific symbol library table can only be edited when it is loaded along with the

project file. If no project file is loaded or there is no symbol library table file in the current project path, an empty

table is created which can be edited and later saved along with the project file.
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5.1.3 Initial Configuration

The first time Eeschema is run and the global symbol table file sym-lib-table is not found in the user’ s home folder,
Eeschema will attempt to copy the default symbol table file sym-lib-table stored in the system’ s KiCad template
folder to the file sym-lib-table in the user’ s home folder. If the default template sym-lib-table file cannot be found,
a dialog will prompt for an alternate location for the sym-lib-table file. If no sym-lib-table is found or the dialog is
dismissed, an empty symbol library table will be created in the user’ s home folder. If this happens, the user can

either copy sym-lib-table manually or configure the table by hand.

Note

The default symbol library table includes all of the symbol libraries that are installed as part of KiCad. This may or may
not be desirable depending on usages and the speed of the system. The amount of time required to load the symbol
libraries is proportional to the number of libraries in the symbol library table. If symbol library load times are excessive,

remove rarely and/or never used libraries from the global library table and add them to the project library table as required.

5.1.4 Adding Table Entries

In order to use a symbol library, it must first be added to either the global table or the project specific table. The

project specific table is only applicable when you have a project file open.
Each library entry must have a unique nickname.

This 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 plug in type must be selected in order for the library to be properly read. KiCad currently supports
only legacy symbol library files plug-in.

There is also a description field to add a description of the library entry. The option field is not used at this time so

adding options will have no effect when loading libraries.

¢ Please note that you cannot have duplicate library nicknames in the same table. However, you can have duplicate
library nicknames in both the global and project specific symbol library table.

e The project specific table entry will take precedence over the global table entry when duplicate nicknames occur.

e When entries are defined in the project specific table, a sym-lib-table file containing the entries will be written into

the folder of the currently open project file.

5.1.5 Environment Variable Substitution

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:
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e the KIPRIMOD environment variable that always points to the currently open project directory. KIPRIMOD cannot
be modified.

e the KICAD_SYMBOL_DIR environment variable. This points to the path where the default symbol libraries that were
installed with KiCad.

You can override KICAD_SYMBOL_DIR by defining it yourself in preferences/ Configure Path which allows you to

substitute your own libraries in place of the default KiCad symbol libraries.

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.

5.1.6 Usage Patterns

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 home folder. The

project specific symbol library table is active only for the currently open project file.

There are advantages and disadvantages to each method. Defining all libraries in the global table means they will

always be available when needed. The disadvantage of this is that load time will increase.

Defining all symbol libraries on a project specific basis means that you only have the libraries required for the project
which decreases symbol library load times. The disadvantage is that you always have to remember to add each symbol

library that you need for every project.

One usage pattern would be to define commonly used libraries globally and the libraries only required for the project

in the project specific library table. There is no restriction on how to define libraries.

5.1.7 Legacy Project Remapping

When loading a schematic created prior to the symbol library table implementation, Eeschema 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:

o the original libraries used in the schematic are still available and unchanged from when the symbol was added to

the schematic.

o all rescue operations were performed when detected to create a rescue library or keep the existing rescue library up
to date.

o the integrity of the project symbol cache library has not been corrupted.

Warning
The remapping will make a back up of all the files that are changed during remapping in the rescue-backup
folder in the project folder. Always make a back up of your project before remapping just in case something goes

wrong.
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Warning
@ The rescue operation is performed even if it has been disabled to ensure the correct symbols are available for
remapping. Do not cancel this operation or the remapping will fail to correctly remap schematics symbols. Any

broken symbol links will have to be fixed manually.

Note
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 Eeschema prior to the symbol library table implementation.
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Chapter 6

Schematic Creation and Editing

6.1 Introduction

A schematic can be represented by a single sheet, but, if big enough, it will require several sheets.

A schematic represented by several sheets is hierarchical, and all its sheets (each one represented by its own file)
constitute an Eeschema project. The manipulation of hierarchical schematics will be described in the Hierarchical

Schematics chapter.

6.2 General considerations

A schematic designed with Eeschema is more than a simple graphic representation of an electronic device. It is

normally the entry point of a development chain that allows for:

« Validating against a set of rules (Electrical Rules Check) to detect errors and omissions.
o Automatically generating a bill of materials (BOM).
e Generating a netlist for simulation software such as SPICE.

¢ Generating a netlist for transferring to PCB layout.

A schematic mainly consists of symbols, wires, labels, junctions, buses and power ports. For clarity in the schematic,

you can place purely graphical elements like bus entries, comments, and polylines.
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6.3 The development chain

Printed Circuit Board

Symbols are added to the schematic from symbol libraries. After the schematic is made, a netlist is generated, which

is later used to import the set of connections and footprints into PcbNew.
6.4 Symbol placement and editing
6.4.1 Find and place a symbol

To load a symbol into your schematic you can use the icon E . A dialog box allows you to type the name of the
symbol to load.
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Choose Component (1586 items loaded)

Filter: I

= -- History -- ﬂ
7ARHC1GOD [ 74AHC1G00, Single MNAND Gate, Low
FARHC1G02 [ 748HC1G02, Single NOR Gate, Low-

¥ FAxgxEx
FAMHC1GOD [ 74AHC1G00, Single NAND Gate, Low
7AAHC1G0Z2 [ 74AHC1G02, Single NOR Gate, Low-
74AHC1G04 [ 748HC1G04, Single NOT Gate, Low-
7AAMHC1GOE8 [ 74aHC1G08, Single AND Gate, Low-

[

FAAHC1G125 74AHC1G125, Single Buffer Gate T =]

0

74AHC1§125

CMOS

CMOS

!)Qancel

Keywords
Single Gate Buff Tri-State LWVC

FT4AHC1G125
Description

F4AHC1G125, Single Buffer
Gate Tri-State, Low-Voltage

Alias of 7T4LVC1G125

<

QKl

The Choose Symbols dialog will filter symbols by name, keywords, and description according to what you type into

the search field. Advanced filters can be used just by typing them:

e Wildcards: use the characters 7 and * respectively to mean "any character” and “any number of characters”.

¢ Relational: if a library part’ s description or keywords contain a tag of the format "Key:123”, you can match

relative to that by typing "Key>123” (greater than), "Key<123” (less than), etc. Numbers may include one of the

following case-insensitive suffixes:

p n u m k meg g t
10712 1079 106 103 103 108 10° 1012
ki mi gi ti
210 220 230 240

¢ Regular expression: if you’ re familiar with regular expressions, these can be used too. The regular expression

flavor used is the wxWidgets Advanced Regular Expression style, which is similar to Perl regular expressions.

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. This can be done the same way after placement.

Here is a symbol during placement:



http://docs.wxwidgets.org/3.0/overview_resyntax.html
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[interf_u /] (home/kicaduser/demos/interf_u)
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6.4.2 Power ports

A power port symbol is a symbol (the symbols are grouped in the “power” library), so they can be placed using the

symbol chooser. However, as power placements are frequent, the ™ tool is available. This tool is similar, except

that the search is done directly in the “power” library.

6.4.3 Symbol Editing and Modification (already placed component)
There are two ways to edit a symbol:

¢ Modification of the symbol itself: position, orientation, unit selection on a multi-unit symbol.

o Modification of one of the fields of the symbol: reference, value, footprint, etc.

When a symbol has just been placed, you may have to modify its value (particularly for resistors, capacitors, etc.),
but it is useless to assign to it a reference number right away, or to select the unit (except for components with locked

units, which you have to assign manually). This can be done automatically by the annotation function.

6.4.3.1 Symbol modification

To modify some feature of a symbol, position the cursor on the symbol, and then either:
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¢ Double-click on the symbol to open the full editing dialog.

¢ Right-click to open the context menu and use one of the commands: Move, Orientation, Edit, Delete, etc.

6.4.3.2 Text fields modification
You can modify the reference, value, position, orientation, text size and visibility of the fields:

e Double-click on the text field to modify it.

¢ Right-click to open the context menu and use one of the commands: Move, Rotate, Edit, Delete, etc.

For more options, or in order to create fields, double-click on the symbol to open the Symbol Properties dialog.

'/zf' Symbol Properties L B3
Fields
Unit: Horzontal Position:  Vertical Position:
Name Value @ Align left O Aligntop
O Align center @ Align center
%’e';mm (degrees) Valve  ICL7660 O Align right O Align bottom
Footprint  Package_DIP:DIP-8_W762mm_LongPads
L Datasheet
O -180
(Ot} Visibility: Font Style:
Position: Show @ Normal
@ Default [ Rotate O ltalic
' Mirror herizentally O Bold
O Mirror vertically O Bold and italic
Library Symbeol: Field Name:
[:umplexj\ierarl:h}'_s:h\ib:IELTBEB]
Field Value:
| Validate ‘ ‘ Change | [Ul ]
Symbel 10:
[¢B4pi220 |

Font sze: (0070 in
| Edit Spice Model | Position X: in
| Position Y:{ 0.400 in

| UpdotePelaVolues | ‘%‘

| Reset Field Properties

| Bl || Soc |

Each field can be visible or hidden, and displayed horizontally or vertically. The displayed position is always indicated

for a normally displayed symbol (no rotation or mirroring) and is relative to the anchor point of the symbol.

The option “Reset to Library Defaults” sets the symbol to the original orientation, and resets the options, size and

position of each field. However, texts fields are not modified because this could break the schematic.

6.5 Wires, Buses, Labels, Power ports

6.5.1 Introduction

All these drawing elements can also be placed with the tools on the vertical right toolbar.
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These elements are:

¢ Wires: most connections between symbols.

¢ Buses: to graphically join bus labels

¢ Polylines: for graphic presentation.

¢ Junctions: to create connections between crossing wires or buses.

o Bus entries: to show connections between wires and buses.

o Labels: for labeling or creating connections.

¢ Global labels: for connections between sheets.

e Texts: for comments and annotations.

e ”No Connect” flags: to terminate a pin that does not need any connection.

o Hierarchical sheets, and their connection pins.

6.5.2 Connections (Wires and Labels)
There are two ways to establish connection:

¢ Pin to pin wires.

e Labels.

The following figure shows the two methods:

I o e L S = I —ia
SGeKs L 07 ACK 10 o £
e NEFM LBIT7 515 “ =
113 PE+

P12 Busts BITE B o V4

K13 Ak . 20 [~ o
i T T L BITS 7 15 /S

plH12 BITS | 19 [~
. 1 _BIT4 6 1o =

o[ HIZ BITd 18 [~
b 615 s BIT3 s 1o |

SF12 B2 . SSLCTIN- 17 [~ o
pE13 BTl BIT2 R D e

pLFL1L SLCTINS INIT= 16 o
5| 013 ERROR- BIT1 3 |5 -~

o E12 INIT- | ERROR- 15 o
o012 BITO BITO 2 1o A

ne LELL,, + AUTOFD= 14 [~
T »21ROBE 1 1o [E>

b .LI

D DB2SFEMELLE  |[ap
connecl:DB2SFC d
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Note 1:

The point of “contact” of a label is the lower left corner of the first letter of the label. This point is displayed with

a small square when not connected.

This point must thus be in contact with the wire, or be superimposed at the end of a pin so that the label is seen as

connected.

Note 2:

To establish a connection, a segment of wire must be connected by its ends to an another segment or to a pin.

If there is overlapping (if a wire passes over a pin, but without being connected to the pin end) there is no connection.

Note 3:

Wires that cross are not implicitly connected. It is necessary to join them with a junction dot if a connection is

desired.

The previous figure (wires connected to DB25FEMALE pins 22, 21, 20, 19) shows such a case of connection using a

junction symbol.

Note 4:

If two different labels are placed on the same wire, they are connected together and become equivalent: all the other

elements connected to one or the other labels are then connected to all of them.

6.5.3 Connections (Buses)

In the following schematic, many pins are connected to buses.
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6.5.3.1 Bus members
From the schematic point of view, a bus is a collection of signals, starting with a common prefix, and ending with a
number. For example, PCAQ, PCA1, and PCA2 are members of the PCA bus.

The complete bus is named PCA[N..m], where N and m are the first and the last wire number of this bus. Thus if
PCA has 20 members from 0 to 19, the complete bus is noted PCA[0..19]. A collection of signals like PCAO, PCA1,
PCA2, WRITE, READ cannot be contained in a bus.

6.5.3.2 Connections between bus members
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 Eeschema.

In the example above, connections are made by the labels placed on wires connected to the pins. Bus entries (wire

segments at 45 degrees) to buses are graphical only, and are not necessary to form logical connections.

In fact, using the repetition command (Insert key), 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,

IMiCroprocessors -+ ):

o Place the first label (for example PCAOQ)

o Use the repetition command as much as needed to place members. Eeschema will automatically create the next

labels (PCA1, PCA2---) vertically aligned, theoretically on the position of the other pins.
e Draw the wire under the first label. Then use the repetition command to place the other wires under the labels.

o If needed, place the bus entries by the same way (Place the first entry, then use the repetition command).

Note

In the Preferences/Options menu, you can set the repetition parameters:
e Vertical step.
e Horizontal step.

o Label increment (which can thus be incremented by 2, 3. or decremented).

6.5.3.3 Global connections between buses

You may need connections between buses, in order to link two buses having different names, or in the case of a

hierarchy, to create connections between different sheets. You can make these connections in the following way.
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PCALD . 1

L

ADRLA 7]

BlUolo 1]

Buses PCA [0..15], ADR [0..7] and BUS [5..10] are connected together (note the junction here because the vertical

bus wire joins the middle of the horizontal bus segment).

More precisely, the corresponding members are connected together : PCAQ, ADRO are connected, (as same as PCA1
and ADR1 --PCA7 and ADRY).

Furthermore, PCA5, BUS5 and ADRS5 are connected (just as PCA6, BUS6 and ADRG6 like PCA7, BUST and ADRT).

PCAS8 and BUSS are also connected (just as PCA9 and BUS9, PCA10 and BUS10)

6.5.4 Power ports connection

When the power pins of the symbols are visible, they must be connected, as for any other signal.

Symbols such as gates and flip-flops may have invisible power pins. Care must be taken with these because:

¢ You cannot connect wires, because of their invisibility.

¢ You do not know their names.

And moreover, it would be a bad idea to make them visible and to connect them like the other pins, because the

schematic would become unreadable and not in accordance with usual conventions.

Note

If you want to enforce the display of these invisible power pins, you must check the option “Show invisible power pins”

in the Preferences/Options dialog box of the main menu, or the icon [ on the left (options) toolbar.

Eeschema automatically connects invisible power pins of the same name to the power net of that name. It may
be necessary to join power nets of different names (for example, "7GND” in TTL components and "VSS” in MOS

components); use power ports for this.

It is not recommended to use labels for power connection. These only have a “local” connection scope, and would

not connect the invisible power pins.

The figure below shows an example of power port connections.
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In this example, ground (GND) is connected to power port VSS, and power port VCC is connected to VDD.

Two PWR__FLAG symbols are visible. They indicate that the two power ports VCC and GND are really connected

to a power source. Without these two flags, the ERC tool would diagnose: Warning: power port not powered.

All these symbols can be found in the “power” symbol library.

6.5.5 “No Connect” flag

These symbols are very useful to avoid undesired ERC warnings. The electrical rules check ensures that no connection

has been accidentally left unconnected.

If pins must really remain unconnected, it is necessary to place a "No Connect” flag (tool ) on these pins. These

symbols do not have any influence on the generated netlists.

6.6 Drawing Complements

6.6.1 Text Comments

It can be useful (to aid in understanding the schematic) to place annotations such as text fields and frames. Text

fields (tool T ) and Polyline (tool :---') are intended for this use, contrary to labels and wires, which are connection

elements.

Here you can find an example of a frame with a textual comment.
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6.6.2 Sheet title

block
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corMMuMICATION TSP
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The title block is edited with the tool |:IE

Page Settings
Paper Title Block Parameters
Size: Murmber of sheets: 1 Sheet number: 1
A3 297 x420mm [+ [| 1ssue Date
Sun 22 Mar 2015 <-| |06/13/2015 - Export to other sheets
Orientation: L o J I J LI Exp
evision
Landscape >
i I | IQB [] Expaort to other sheets
Custom Size: Title
Height: Width: IUNIVERSAL INTERFACE ] Export to other sheets
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Layout Praview IKICAD [] Expaort to other sheets
Comment
IComment 1 [] Expaort to other sheets
Comment2
IComment 2 [] Expaort to other sheets
Comment3
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Caomment &
Comment 3
Caomment 2
Comment 1

KICAD

Sheet: /
File: interf_u.sch

Title: UNIVERSAL INTERFACE

Size: A3 | Date: 2015-10—-03

Rev: 2B

KiCad E.D.A. eeschema 4.0.0-rci-stable

Id: 1/1

| 7

The sheet number (Sheet X/Y) is automatically updated.

6.7 Rescuing cached symbols

By default, Eeschema 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, Eeschema will scan the libraries for conflicts. Any conflicts

found will be listed in the following dialog:
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This project uses symbals that no longer match the ones in the system libraries.
Using this tool, you can rescue these cached symbols into a new library.

Choose "Rescue” for any parts you would like to save from this project's cache,
or press "Cancel” to allow the symbols to be updated to the new versions.

All rescued components will be renamed with a new suffix of ~RESCUE-kicad_test"
to avoid naming conflicts.

Symbols with cache/library conflicts:

scue symbal | Symhbal name
DICDE

Instances of this symbol:

Reference | Value

D1 DIODE
02 DIODE
Cached Part: Library Part:

D D
DIODE DIODE

MNever Show Again !.gancel

You can see in this example that the project originally used a diode with the cathode facing up, but the library now

Bok

contains one with the cathode facing down. This change would break the schematic! Pressing OK here will cause the
symbol cache library to be saved into a special “rescue” library and all the symbols are renamed to avoid naming

conflicts.

If you press Cancel, no rescues will be made, so Eeschema 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.

If you would prefer not to see this dialog, you can press "Never Show Again”. The default will be to do nothing and

allow the new components to be loaded. This option can be changed back in the Libraries preferences.
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Chapter 7

Hierarchical schematics

7.1 Introduction

A hierarchical representation is generally a good solution for projects bigger than a few sheets. If you want to manage

this kind of project, it will be necessary to:

o Use large sheets, which results in printing and handling problems.

¢ Use several sheets, which leads you to a hierarchy structure.

The complete schematic then consists in a main schematic sheet, called root sheet, and sub-sheets constituting the
hierarchy. Moreover, a skillful subdividing of the design into separate sheets often improves on its readability.

From the root sheet, you must be able to find all sub-sheets. Hierarchical schematics management is very easy with

Eeschema, thanks to an integrated “hierarchy navigator” accessible via the icon E of the top toolbar.

There are two types of hierarchy that can exist simultaneously: the first one has just been evoked and is of general
use. The second consists in creating symbols in the library that appear like traditional symbols in the schematic, but

which actually correspond to a schematic which describes their internal structure.

This second type is used to develop integrated circuits, because in this case you have to use function libraries in the

schematic you are drawing.
Eeschema currently doesn’ t treat this second case.

A hierarchy can be:

o simple: a given sheet is used only once
o complex: a given sheet is used more than once (multiples instances)

o flat: which is a simple hierarchy, but connections between sheets are not drawn.

Eeschema can deal with all these hierarchies.
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The creation of a hierarchical schematic is easy, the whole hierarchy is handled starting from the root schematic, as if

you had only one schematic.

The two important steps to understand are:

« How to create a sub-sheet.

¢ How to build electrical connections between sub-sheets.
7.2 Navigation in the Hierarchy

Navigation among sub-sheets is acheived by using the navigator tool accessible via the button E on the top toolbar.

R P B

Mavigator

@ muxdata
& rmodul
@ pal-ntsc.sch
@ oraphic

@ rovs

@ buspci.sch
@ ESVIDEC-RYE

Each sheet is reachable by clicking on its name. For quick access, right click on a sheet name, and choose to Enter
Sheet or double click within the bounds of the sheet.

In order to exit the current sheet to the parent sheet, right click anywhere in the schematic where there is no object

and select "Leave Sheet” in the context menu or press Alt+Backspace.
7.3 Local, hierarchical and global labels
7.3.1 Properties

Al
Local labels, tool === are connecting signals only within a sheet. Hierarchical labels (tool ) are connecting

signals only within a sheet and to a hierarchical pin placed in the parent sheet.
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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.

Note

Within a hierarchy (simple or complex) one can use both hierarchical labels and/or global labels.

7.4 Summary of hierarchy creation

You have to:

e Place in the root sheet a hierarchy symbol called ”sheet symbol”.
o Enter into the new schematic (sub-sheet) with the navigator and draw it, like any other schematic.

o Draw the electric connections between the two schematics by placing Global Labels (HLabels) in the new schematic
(sub-sheet), and labels having the same name in the root sheet, known as SheetLabels. These SheetLabels will be

connected to the sheet symbol of the root sheet to the other elements of the schematic like standard symbol pins.

7.5 Sheet symbol

Draw a rectangle defined by two diagonal points symbolizing the sub-sheet.

The size of this rectangle must allow you to place later particular labels, hierarchy pins, corresponding to the global
labels (HLabels) in the sub-sheet.

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

Click to place the upper left corner of the rectangle. Click again to place the lower right corner, having a large enough

rectangle.

You will then be prompted to type a file name and a sheet name for this sub-sheet (in order to reach the corresponding

schematic, using the hierarchy navigator).

o Schematic Sheet Properties

File name: File3610032B.5ch | Size: [1.524 millimeters

Sheet name: Sheet56100328 Size: |1.524 millimeters
Unique timestamp: | 5610032C

&) cancel = oK

You must give at least a file name. If there is no sheet name, the file name will be used as sheet name (usual way to
do that).
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7.6 Connections - hierarchical pins

You will create here points of connection (hierarchy pins) for the symbol which has been just created.

These points of connection are similar to normal symbol pins, with however the possibility to connect a complete bus

with only one point of connection.

There are two ways to do this:

« Place the different pins before drawing the sub-sheet (manual placement).

o Place the different pins after drawing the sub-sheet, and the global labels (semi-automatic placement).
The second solution is quite preferable.

Manual placement:

e Select the tool |}ﬁf. .

e Click on the hierarchy symbol where you want to place the pin.

See below for an example of creating a hierarchical pin named "CONNECTION”:

Sheet Pin Properties X

Name: CONNECTION

Text height: 1.524 millimeters

Text width: 1.524 millimeters

Connection type: |Input ™

QK Cancel

You can define the name, size and direction of the pin during creation or later, by right clicking the pin and selecting

Edit Sheet Pin in the popup menu.

Inside the sheet a Hierarchical Label must be preset with the same name as the Hierarchical Pin. Taking care to

correctly match these names must be done manually, which is why the second method, below, is preferred.

Automatic placement:
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<
o Select the tool ME'F

¢ Click on the hierarchy symbol from where you want to import the pins corresponding to global labels placed in
the corresponding schematic. A hierarchical pin appears, if a new global label exists, i.e. not corresponding to an

already placed pin.

¢ Click where you want to place this pin.

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

7.7 Connections - hierarchical labels

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 HLabel) is similar. Hierarchical labels creation is made with
AL
the tool .

See below a root sheet example:

NEL- - ..

JUMPER
LaPdL

o] Sheet pic sockets
—pvecpic

—VYPE/MCLR  HyppomMclR

—DATA-RB7 '~ HpaTA-RB7 =

— CLOCK-RB6 ___ He¢igck-RBE

.. File: pic_sackets.sch-
Notice pin VCC__PIC, connected to connector JP1.

Here are the corresponding connections in the sub-sheet :
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::ffVCC#F’lCDf:lﬁlfl"':ﬁ 22 ﬁ::fﬁ:ﬁﬁ::fﬁf:fﬁfﬁ:
:VF:F‘.M:C'—:RD.....l...

ccpc<>

c Lo
100aF .. | 100nF |
dlscretC1 1 d|scretC1 1

You find again, the two corresponding hierarchical labels, providing connection between the two hierarchical sheets.

Note
You can use hierarchical labels and hierarchy pins to connect two buses, according to the syntax (Bus [N. .m]) previously
described.

7.7.1 Labels, hierarchical labels, global labels and invisible power pins

Here are some comments on various ways to provide connections, other than wire connections.

7.7.1.1 Simple labels

Simple labels have a local capacity of connection, i.e. limited to the schematic sheet where they are placed. This is
due to the fact that :

« FEach sheet has a sheet number.

o This sheet number is associated to a label.

Thus, if you place the label "TOTO” in sheet n° 3, in fact the true label is "TOTO_3”. If you also place a label
"TOTO” in sheet n° 1 (root sheet) you place in fact a label called "TOTO_ 1", different from "TOTO_3". This is

always true, even if there is only one sheet.

7.7.1.2 Hierarchical labels

What is said for the simple labels is also true for hierarchical labels.

Thus in the same sheet, a hierarchical label ”"TOTO” is considered to be connected to a local label "TOTO”, but not

connected to a hierarchical label or label called "TOTO?” in another sheet.

A hierarchical label is considered to be connected to the corresponding sheet pin symbol in the hierarchical symbol

placed in the parent sheet.
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7.7.1.3 Invisible power pins

It was seen that invisible power pins were connected together if they have the same name. Thus all the power pins
declared ”Invisible Power Pins” and named VCC are connected all symbol invisible power pins named VCC only

within the sheet they are placed.

This means that if you place a VCC label in a sub-sheet, it will not be connected to VCC pins, because this label is

actually VCC_ n, where n is the sheet number.

If you want this label VCC to be really connected to the VCC for the entire schematic, it will have to be explicitly

connected to an invisible power pin via a VCC power symbol.

7.7.2 Global labels

Global labels that have an identical name are connected across the whole hierarchy.
(power labels like vce ---are global labels)

7.8 Complex Hierarchy

Here is an example. The same schematic is used twice (two instances). The two sheets share the same schematic

because the file name is the same for the two sheets ( “other_sheet.sch” ). The sheet names must be unique.
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Shest . obther _Sheet

2 y ST NPT

_

oL

1 I SGND
; o . .
T4HC 14

Carh_ 2

12 obher_sheet . sch

uLA
TAdHC 1 4
Shest s = sheet

=T MPUT
o G

L]ler obher_sheek . sch

7.9 Flat hierarchy

You can create a project using many sheets without creating connections between these sheets (flat hierarchy) if the

following rules are observed:

o Create a root sheet containing the other sheets which acts as a link between others sheets.
o No explicit connections are needed.

o Use global labels instead of hierarchical labels in all sheets.

Here is an example of a root sheet.
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Shest s pic proce Smmness Shest.: socker

File: pic_programmer. sch File: plc_sockebs.sch

Here is the two pages, connected by global labels.

Here is the pic_ programmer.sch.

PwR_FLAG

V'E.:IE,
ool == ves é

s
L —
PWR_FLAG
& ) o
| —
ra

{

1

BATAS
N

D11

VEL OW-LET
ESPE
wEL LIR.J

Here is the pic_ sockets.sch.
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[y

1
c o 7
=—A1 WP
L= Az |
ool —5 o LCLOCK -FAI
- =L VTR
[CLOCE-FEEFR
VPE-CL >
(W]
e pro—EE-PIC . 1 Junp ves —8—4
+ »—= GPS/0SC1  GPE —L= DATA-RBZ
w3 lopssosca oP1—B CLOCK -RBI
o VPR -MLLE 4 GPI/MCLR GP2 —2x
FIC_B_FIMNS
Look at global labels.
[OATH-FBE-*F
L LK -HBERP
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Chapter 8

Symbol Annotation Tool

8.1 Introduction

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 symbols. The annotation tool

is accessible via the icon ﬁ . Here you find its main window.
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Annotate Schematic

Scope
@ Use the entire schematic

(0 Use the current page only

@ Keep existing annotation
(T Reset existing annotation

() Reset, but do not swap any annatated multi-unit parts

Annotation Order

(O Sort components by X position m
@ Sort components by Y position :—_.:’

Annotation Choice
@ Use first free number in schematic

() Start to sheet number*100 and use first free number

() Start to sheet number*1000 and use first free number

Dialog

Automatically close this dialog

Silent mode

Close | |GlearAnnmati0n Annotate

Available annotation schemes:

o Annotate all the symbols (reset existing annotation option)
o Annotate all the symbols, but do not swap any previously annotated multi-unit parts.

¢ Annotate only symbols that are currently not annotated. Symbols that are not annotated will have a designator

which ends with a ¢ character.
o Annotate the whole hierarchy (use the entire schematic option).

o Annotate the current sheet only (use current page only option).

The “Reset, but do not swap any annotated multi-unit parts” option keeps all existing associations between symbols
with multilple units. For example, U2A and U2B may be reannotated to UlA and U1B respectively but they will
never be reannotated to ULA and U2A, nor to U2B and U2A. This is useful if you want to ensure that pin groupings

are maintained.
The annotation order choice gives the method used to set the reference number inside each sheet of the hierarchy.

Except for particular cases, an automatic annotation applies to the whole project (all sheets) and to the new compo-

nents, if you don’ t want to modify previous annotations.

The Annotation Choice gives the method used to calculate reference:
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e Use first free number in schematic: components are annotated from 1 (for each reference prefix). If a previous

annotation exists, only unused numbers will be used.

e Start to sheet number*100 and use first free number: annotation start from 101 for the sheet 1, from 201 for
the sheet 2, etc. If there are more than 99 items having the same reference prefix (U, R) inside the sheet 1, the

annotation tool uses the number 200 and more, and annotation for sheet 2 will start from the next free number.

e Start to sheet number*1000 and use first free number. Annotation start from 1001 for the sheet 1, from 2001 for
the sheet 2.

8.2 Some examples

8.2.1 Annotation order

This example shows 5 elements placed, but not annotated.

a1l | a1 |
27A o 7A D g
z F4LEEE 2 FA4LSHE
— —— »
7A D g
= 741580
o1
LA
7A =
= T4L5EE = TALSER

After the annotation tool Is executed, the following result is obtained.

Sort by X position.

1 —3d
1A Uic
2 74500 1@ | T4L5am
=
—d oo
?4LII_15-BEIEI 175 | 4L5EE

Sort by Y position.

—1 |
W=l
2 T4 S0AM
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1 | |
iA LB
_ 2 | 74500 _5 | T4L500
8 |
ic
1A | 74LSP0

=
1 uio
?4LII_EE'|=|EJIZI i3 | F4L50E

You can see that four 74LS00 gates were distributed in Ul package, and that the fifth 74LS00 has been assigned to
the next, U2.

8.2.2 Annotation Choice
Here is an annotation in sheet 2 where the option use first free number in schematic was set.

| +L2v
T L -

. C4 L& ce

100CnF 100nF | 1G0nF 100nF
% . i

3

3 s L7 re

120GnF 100nF | 1GCnF 100nF
< ' )

Option start to sheet number*100 and use first free number give the following result.
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3
+1(1)2'.=
C201 C202 L2035 Cz204
1CG0nF 100nF | 1C0CnF 100nF
33
A
2205 206 207 CZ208
100hF 100nF | 1G0GhF 100nF

<

The option start to sheet number*1000 and use first free number gives the following result.
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+1.2%

L2001 LLGGZ | L2003 EEED#

1CCGnF 100nF | 100nF 100nF

33

e ]
-

L2005 L2006 | C2007 L2006

1GGnF 100nF | 100nF 100nF
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Chapter 9

Design verification with Electrical Rules Check

0.1 Introduction

The Electrical Rules Check (ERC) tool performs an automatic check of your schematic. The ERC checks for any
errors in your sheet, such as unconnected pins, unconnected hierarchical symbols, shorted outputs, etc. Naturally, an
automatic check is not infallible, and the software that makes it possible to detect all design errors is not yet 100%

complete. Such a check is very useful, because it allows you to detect many oversights and small errors.

In fact all detected errors must be checked and then corrected before proceeding as normal. The quality of the ERC
is directly related to the care taken in declaring electrical pin properties during symbol library creation. ERC output

is reported as “errors” or ‘“warnings” .
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:!? Electrical Rules Checker Lo B3
ERC | Dptons
-ERC Report: Messages:
i

[[] Create ERC file report

Error list:

ErrType(2): Pin not connected {and no connect symbol found on this pin)
+ @ (7.100in,3.050 in): Pin 7 (Input) of component U1 is unconnected.

[ Delete Markers

e ][ e |

9.2 How to use ERC

ERC can be started by clicking on the icon i .

Warnings are placed on the schematic elements raising an ERC error (pins or labels).

Note

¢ In this dialog window, when clicking on an error message you can jump to the corresponding marker in the schematic.

e In the schematic right-click on a marker to access the corresponding diagnostic message.

You can also delete error markers from the dialog.
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9.3 Example of ERC

Ui 8
17 74154

Ui
15 7415

Oll :

Here you can see four errors:

o Two outputs have been erroneously connected together (red arrow).
o Two inputs have been left unconnected (green arrow).

o There is an error on an invisible power port, power flag is missing (green arrow on the top).

9.4 Displaying diagnostics

By right-clicking on a marker the pop-up menu allows you to access the ERC marker diagnostic window.
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oW |

—=— 7400

4

h | -
@ Delete Marker ‘J E 6
@ Marker Errar Info
D0

? @l Cenker

@ Zoarm in

a Zoon ouk
Zoarm auko

G‘l Zoom select L4
g Redraw view

Marker Info

EnType(2): Pin not connected (and no connect symbol found on this pin)
& @ (B.5000 " 5.4500 ") Cmp LU10, Pin 4 (input) Mon connectée

11114 ::

9.5 Power pins and Power flags

It is common to have an error or a warning on power pins, even though all seems normal. See example above. This
happens because, in most designs, the power is provided by connectors that are not power sources (like regulator

output, which is declared as Power out).

The ERC thus won’ t detect any Power out pin to control this wire and will declare them not driven by a power

source.

To avoid this warning you have to place a "PWR_ FLAG” on such a power port. Take a look at the following example:
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PWR_FLAG PWRE_FLAG

EN

JiC 0
17 Z41L 5040

1D
15 741500

Cll L

Y

The error marker will then disappear.

Most of the time, a PWR_ FLAG must be connected to GND, because regulators have outputs declared as power out,
but ground pins are never power out (the normal attribute is power in), so grounds never appear connected to a power

source without a power flag symbol.

9.6 Configuration

The Options panel allows you to configure connectivity rules to define electrical conditions for errors and warnings
check.
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EESchema Erc

| ERC | Options |

Input Fin

Input FinL oo, .
Cukput Fin

U A borcnce ‘E Bidirectional Pin

Bidirectional Pin. . \E‘E‘E PR

Tri-State Pin...... ‘E ‘E\E R ER

e @\E@@@ Unspecified Pin

Unspecified Pin. ... Power Inpt Pin
e R @@@ @ @ Power Output Pin

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

warning, error.

9.7 ERC report file

An ERC report file can be generated and saved by checking the option Write ERC report. The file extension for ERC

report files is .erc. Here is an example ERC report file.

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

xxxxx Sheet 1 (INTERFACE UNIVERSAL)

ERC:
ERC:
ERC:
ERC:

Warning Pin input Unconnected @ 8.450, 2.350

Warning passive Pin Unconnected @ 8.450, 1.950

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

>> Errors ERC: 4
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Chapter 10

Create a Netlist

10.1 Overview

A netlist is a file which describes electrical connections between symbols. These connections are referred to as nets.

In the netlist file you can find:

o The list of the symbols

o The list of connections (nets) between symbols.

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:

o PCB layout software.
e Schematic and electrical signal simulators.

e CPLD (and other programmable IC’ s) compilers.
Eeschema supports several netlist formats.

o« PCBNEW format (printed circuits).

o« ORCAD PCB2 format (printed circuits).

CADSTAR format (printed circuits).

 Spice format, for various simulators (the Spice format is also used by other simulators).
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10.2 Netlist formats

Select the tool to open the netlist creation dialog.

Pcbnew selected

Pcbnew OrcadPCB2  CadStar Spice  PADS-PCB *

Generate

Options: © cancel
B Default fFormat

Add Plugin

Use default netname

Default Netlist Filename:
interf_u.net

Spice selected

4 pcbnew OrcadPCB2  Cadstar | Spice PADS-PCB | *

Generate

S & cancel
Default Format

Run Simulator #Add Plugin

Prefix references "U° and IC" with ‘X’

Use net number as net name

- Use default netname
Simulator command: .

Default Metlist Filename:
interf_w.cir

Using the different tabs you can select the desired format. In Spice format you can generate netlists with either net

names which makes the SPICE file more human readable or net numbers which are used by older Spice. By clicking

the Netlist button, you will be asked for a netlist file name.

Note

The netlist generation can take up to several minutes for large schematics.
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10.3 Netlist examples

You can see below a schematic design using the PSPICE library:

-PAFICE .model O2MZ222 npn LbT=2001
-gnucap FAC 1@ 1Meg + 1.2

- -PSFICE .TC %1 1@ 12 0.5
+FOFICE .prph @ac wivovk !

i
i
o

+gnuecap .plot =52 vinodes! L-1,5) -
x
1 RN g
- 1ar RN - -1 RyED L1
F12
i3 I k 3 wOUT
FE}
FE= ==,
[u]
01 [FE] o
ri= === rl= ==k,
T
wlN g 1=
= FiG E
c
: i:
[ o]
] I- -
=3 [=4 [s3

Example of a PCBNEW netlist file:

# Eeschema Netlist Version 1.0 generee le 21/1/1997-16:51:15
(

(32E35B76 $noname C2 1INF {Lib=C}

(1 0)

(2 VOUT_1)

)

(32CFC454 $noname V2 AC_0.1 {Lib=VSOURCE}
(1 N-000003)

(2 0)

)

(32CFC413 $noname C1 1UF {Lib=C}

(1 INPUT_1)

(2 N-000003)

)

(32CFC337 $noname V1 DC_12V {Lib=VSOURCE}
(1 +12V)

(2 0)

)

(32CFC293 $noname R2 10K {Lib=R}

(1 INPUT_1)

(2 0)

)

(32CFC288 $noname R6 22K {Lib=R}
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(1 +12V)

(2 INPUT_1)

)

(32CFC27F $noname R5 22K {Lib=R}
(1 +12V)

(2 N-000008)

)

(32CFC277 $noname R1 10K {Lib=R}
(1 N-000008)

(2 0)

)

(32CFC25A $noname R7 470 {Lib=R}
(1 EMET_1)

(2 0)

)

(32CFC254 $noname R4 1K {Lib=R}
(1 +12V)

(2 VOUT_1)

)

(32CFC24C $noname R3 1K {Lib=R}
(1 +12V)

(2 N-000006)

)

(32CFC230 $noname Q2 Q2N2222 {Lib=NPN}
(1 VOUT_1)

(2 N-000008)

(3 EMET_1)

)

(32CFC227 $noname Q1 Q2N2222 {Lib=NPN}
(1 N-000006)

(2 INPUT_1)
(3 EMET_1)
)

)

# End

In PSPICE format, the netlist is as follows:

* Eeschema Netlist Version 1.1 (Spice format) creation date: 18/6/2008-08:38:03

.model Q2N2222 npn (b£=200)
JAC 10 1Meg \*1.2
.DC V1 10 12 0.5

R12 /VOUT N-000003 22K
R11 +12V N-000003 100
L1 N-000003 /VOUT 100mH
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R10 N-000005 N-000004 220

C3 N-000005 O 10uF

c2 N-000009 O 1nF

R8 N-000004 0 2.2K

Q3 /VOUT N-000009 N-000004 N-000004 Q2N2222
V2 N-000008 O AC 0.1

Cc1 /VIN N-000008 1UF

Vi +12V 0 DC 12V

R2 /VIN 0 10K

R6 +12V /VIN 22K

R5 +12V N-000012 22K

R1 N-000012 O 10K

R7 N-000007 O 470

R4 +12V N-000009 1K

R3 +12V N-000010 1K

Q2 N-000009 N-000012 N-000007 N-000007 Q2N2222
Q1 N-000010 /VIN N-000007 N-000007 Q2N2222

.print ac v(vout)

.plot ac v(nodes) (-1,5)

.end

10.4 Notes on Netlists

10.4.1 Netlist name precautions
Many software tools that use netlists do not accept spaces in the component names, pins, nets or other informations.
Avoid using spaces in labels, or names and value fields of components or their pins 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 Eeschema, but to the netlist formats that can then become untranslatable to software that uses netlist
files.

10.4.2 PSPICE netlists

For the Pspice simulator, you have to include some command lines in the netlist itself ((PROBE, .AC, etc.).

Any text line included in the schematic diagram starting with the keyword -pspice or -gnucap will be inserted
(without the keyword) at the top of the netlist.

Any text line included in the schematic diagram starting with the keyword +pspice or +gnucap will be inserted
(without the keyword) at the end of the netlist.

Here is a sample using many one-line texts and one multi-line text:
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v rey d

RZ
kY
Rl

Peplce directlves uzlng many one lne texts

—PSPICE .model G2M222Z npn [(bf=Z00}
—grucap AC dec 10 1Meg *1.2
—PEPICE .OC W1 10 12 0.5

+PSPICE .print ac v{vout)
+gnucap .plat ac vinades) [-1.5)

Fopice directives using ane multiline text:

+PSFICE .model NPW WP
model PHNP FPHP
dib CProgram Filess TCuLTspicelVslibhe mphstandard, bjt

backanna

For example, if you type the following text (do not use a label!):

-PSPICE .PROBE

a line .PROBE will be inserted in the netlist.
In the previous example three lines were inserted at the beginning of the netlist and two at the end with this technique.
If you are using multiline texts, +pspice or +gnucap keywords are needed only once:

+PSPICE .model NPN NPN
.model PNP PNP
.1lib C:\Program Files\LTC\LTspiceIV\lib\cmp\standard.bjt

.backanno

creates the four lines:

.model NPN NPN
.model PNP PNP
.1lib C:\Program Files\LTC\LTspiceIV\lib\cmp\standard.bjt

.backanno
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Also note that the GND net must be named 0 (zero) for Pspice.

10.5 Other formats

For other netlist formats you can add netlist converters in the form of plugins. These converters are automatically

launched by Eeschema. Chapter 14 gives some explanations and examples of converters.

A converter is a text file (xsl format) but one can use other languages like Python. When using the xsl format, a tool
(xsltproc.exe or xsltproc) read the intermediate file created by Eeschema, and the converter file to create the output

file. In this case, the converter file (a sheet style) is very small and very easy to write.

10.5.1 Init the dialog window

You can add a new netlist plug-in via the Add Plugin button.

CADSTAR-RINF
= Cenerale

& cancel
Add Plugin

— Remave Plugin
Aar-RINF.xsl™ "%

Here is the plug-in PadsPcb setup window:

4 Pcbnew OrcadPCB2 CadStar Spice | PADSPCB| BOM CADSTAR *

Generate

EEEE S cancel
Default Format

Add Plugin

Netlist command:

Remowe Plugin
xsltproc -0 %0 "fusrflibfkicad/plugins fnetlist_Form_pads-pcb.xsl® "%I1" cl

Title:
PADS-PCB

Default Netlist Filename:

The setup will require:

o A title (for example, the name of the netlist format).

e The plug-in to launch.
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When the netlist is generated:

1. Eeschema creates an intermediate file *.tmp, for example test.tmp.

2. Eeschema runs the plug-in, which reads test.tmp and creates test.net.

10.5.2 Command line format

Here is an example, using xsltproc.exe as a tool to convert .xsl files, and a file netlist_ form_ pads-pcb.xsl as converter

sheet style:

f: /kicad/bin/xsltproc.exe -0 %0.net f:/kicad/bin/plugins/netlist_form_ pads-pcb.xsl %I

With:
f: /kicad /bin/xsltproc.exe A tool to read and convert xsl file
-0 %0.net Output file: %O will define the output file.
f:/kicad /bin/plugins/netlist__form__pads-pcb.xsl File name converter (a sheet style, xsl
format).
%l Will be replaced by the intermediate file
created by Eeschema (*.tmp).

For a schematic named test.sch, the actual command line is:

f:/kicad /bin/xsltproc.exe -o test.net f:/kicad/bin/plugins/netlist_form_ pads-pcb.xsl test.tmp.

10.5.3 Converter and sheet style (plug-in)

This is a very simple piece of software, because its purpose is only to convert an input text file (the intermediate text

file) to another text file. Moreover, from the intermediate text file, you can create a BOM list.

When using xsltproc as the converter tool only the sheet style will be generated.

10.5.4 Intermediate netlist file format

See Chapter 14 for more explanations about xslproc, descriptions of the intermediate file format, and some examples

of sheet style for converters.
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Chapter 11

Plot and Print

11.1 Introduction

You can access both print and plot commands via the file menu.

| New Schematic Project . IEJ 'fﬂ' @
{~ Open Schematic Project Ctrisl ==
P
= Open Recent b
H~ Append Schematic Sheet

G . .
e >@ve Schematic Project

= save Current Sheet Only

b4
{=i-) Save Current Sheet As

-I;:- Page Settings

The suported output formats are Postscript, PDF, SVG, DXF and HPGL. You can also directly print to your printer.

11.2 Common printing commands

Plot Current Page

prints one file for the current sheet only.

Plot All Pages

allows you to plot the whole hierarchy (one print file is generated for each sheet).
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11.3 Plot in Postscript

This command allows you to create PostScript files.

& Plot Schematic

Output directory:

Browse...
Paper Oplions Format General Options
Page Size: @ Postscript| Default line thickness (mm):
ﬁ Schematic size PDF 0152 Plok Current Page
Force size A4 VG Mode
i Plot Al Pa
Force size A DXF @ Color ——
HPGL Black and white Close
& Plot border and title block
Messages:
Messages
Filter: & All save report to file...

The file name is the sheet name with an extension .ps. You can disable the option "Plot border and title block”. This

is useful if you want to create a postscript file for encapsulation (format .eps) often used to insert a diagram in a word

processing software. The message window displays the file names created.
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11.4 Plot in PDF

. Plot Schematic

Output directory:

Browse...
Paper Oplions Format General Options
Page Size: Postscript  Default line thickness [mm):
Force size A4 VG Mode
: Plot All Pa
Force size A DXEF @® Color e R
HPCL Black and white Close
& Plot border and title block
Messages:
Messages:
Filter: & All Save report to File...

Allows you to create plot files using the format PDF. The file name is the sheet name with an extension .pdf.

11.5 Plot in SVG

- Plot Schematic

Output directory:

Browse...
Paper Opltions Format General Options
Postscript  Default line thickness (mm):
PDF 0.152 Plot Current Page
SVG Mede
® Plot all Pages
DXF & cColor S—
HPGL Black and white Close
Plot border and title block
Messages:
Messages:
Filter: & All Save report ko file...

Allows you to create plot files using the vectored format SVG. The file name is the sheet name with an extension .svg.
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11.6 Plot in DXF

Plot Schematic

Output directory:

Browse...
Paper Opltions Format General Options
Postscript  Default line thickness [mm):
PDF Plot Current Page
SVG Mode
Plot All Pages
@ [DxF & Color =
HPGCL Black and white Close
& Plot border and title block
Messages:
Messages:
Filter: B all Save report to File...

Allows you to create plot files using the format DXF. The file name is the sheet name with an extension .dxf.

11.7 Plot in HPGL

This command allows you to create an HPGL file. In this format you can define:

o Page size.
e Origin.

e Pen width (in mm).

The plotter setup dialog window looks like the following:
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0 Plot Schematic

Qutput directory:

| Browse...
Paper Options Format General Options
HFGL Options Postscript  Default line thickness (mm):
Page Size: e
Schematic size =
VG Mode Plot Current Page
Origi L
rigin » DXF @ color plot All Pages
@ Bottom left carner @ HPGL Black and white
Center of the page Close
& Plot border and title block
Pen width (mm}:
0.483
Messages:
Messages
Filter: & All Save report to file...

The output file name will be the sheet name plus the extension .plt.

11.7.1 Sheet size selection

Sheet size is normally checked. In this case, the sheet size defined in the title block menu will be used and the chosen
scale will be 1. If a different sheet size is selected (A4 with AQ, or A with E), the scale is automatically adjusted to
fill the page.

11.7.2 Offset adjustments

For all standard dimensions, you can adjust the offsets to center the drawing as accurately as possible. Because plotters
have an origin point at the center or at the lower left corner of the sheet, it is necessary to be able to introduce an

offset in order to plot properly.

Generally speaking:

o For plotters having their origin point at the center of the sheet the offset must be negative and set at half of the

sheet dimension.

o For plotters having their origin point at the lower left corner of the sheet the offset must be set to 0.
To set an offset:

e Select sheet size.
e Set offset X and offset Y.

e Click on accept offset.
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11.8 Print on paper

Oy

This command, available via the icon Il'=i'|, allows you to visualize and generate design files for the standard printer.

Frint options:

Page Setup
& Print sheet reference and title block -
Preview
& Print in black and white only
| Print _
Close

The ”Print sheet reference and title block” option enables or disables sheet references and title block.

The "Print in black and white” option sets printing in monochrome. This option is generally necessary if you use a

black and white laser printer, because colors are printed into half-tones that are often not so readable.
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Chapter 12

Symbol Library Editor

12.1 General Information About Symbol Libraries

A symbol is a schematic element which contains a graphical representation, electrical connections, and fields defining
the symbol. Symbols used in a schematic are stored in symbol libraries. Eeschema provides a symbol library 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 library editing tool provides a simple way to manage symbol library files.

12.2 Symbol Library Overview

A symbol library is composed of one or more symbols. Generally the symbols are logically grouped by function, type,

and/or manufacturer.

A symbol is composed of:

o Graphical items (lines, circles, arcs, text, etc ) that provide the symbolic definition.

o 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 Fields such as references, values, corresponding footprint names for PCB design, etc.

o Aliases used to associate a common symbol such as a 7400 with all of its derivatives such as 74L.S00, 74HCO00, and

7437. All of these aliases share the same library symbol.
Proper symbol designing requires:

e Defining if the symbol is made up of one or more units.
¢ Defining if the symbol has an alternate body style also known as a De Morgan representation.

¢ Designing its symbolic representation using lines, rectangles, circles, polygons and text.




Eeschema 90 / 159

o Adding pins by carefully defining each pin’ s graphical elements, name, number, and electrical property (input,

output, tri-state, power port, etc.).

e Adding an alias if other symbols have the same design and pin out or removing one if the symbol has been created

from another symbol.

o Adding optional fields such as the name of the footprint used by the PCB design software and/or defining their
visibility.

e Documenting the symbol by adding a description string and links to data sheets, etc.

e Saving it in the desired library.

12.3 Symbol Library Editor Overview

The symbol library editor main window is shown below. It consists of three tool bars for quick access to common
features and a symbol viewing/editing area. Not all commands are available on the tool bars but can be accessed

using the menus.

Part Library Editor: fusrfshare/kicadflibrary/74xx.lib [Read Only]
elp

e Edit WView k

Vi B> Ps o BT ¥ RACRK DD Unit A v || 741500 - | 3= 3m
] of
o =" T
e ~
B 1 8 a0

= O ©
= U?A )
: 2
2 | a9y :
° = /41LS00 :
© + ;
. : o
i T
MName Alias Unikt Body Type Description Keywords . Datasheet
T4LS00 HNone A MNormal Part Quad nand2 TTL nand2
Z7.79  X16.50 ¥ 3.80 dx 16.50 dy 3.80 dist 16.93 mm

12.3.1 Main Toolbar

The main tool bar typically located at the top of the main window shown below consists of the library management

tools, undo/redo commands, zoom commands, and symbol properties dialogs.

0GR >y ire el ¢lET & &R (DDA (v v |[atias1 v

7%
oy

l‘ﬁ Save the currently selected library. The button will be disabled if no library is

currently selected or no changes to the currently selected library have been made.
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Select the library to edit.

Delete a symbol from the currently selected library or any library defined by the

project if no library is currently selected.

Open the symbol library browser to select the library and symbol to edit.

Create a new symbol.

Load symbol from currently selected library for editing.

Create a new symbol from the currently loaded symbol.

Save the current symbol changes in memory. The library file is not changed.

Import one symbol from a file.

Export the current symbol to a file.

B LEY Y S «=

Create a new library file containing the current symbol. Note: new libraries are not

automatically added to the project.

Undo last edit.

Redo last undo.

Edit the current symbol properties.

Edit the fields of current symbol.

Test the current symbol for design errors.

Zoom in.

Zoom out.

Refresh display.

Zoom to fit symbol in display.

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.

8 ¥ O e oo s e

Unit A

Show the associated documentation. The button will be disabled if no documentation

is defined for the current symbol.

Select the unit to display. The drop down control will be disabled if the current

symbol is not derived from multiple units.
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TALE00 -
Select the alias. The drop down control will be disabled if the current symbol does not
have any aliases.
-
6— Pin editing: independent editing for pin shape and position for symbols with multiple

units and alternate symbols.

L ]
Show pin table.

12.3.2 Element Toolbar

The vertical toolbar typically located on the right hand side of the main window allows you to place all of the elements

required to design a symbol. The table below defines each toolbar button.

l:% 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.

S @ O

Arc tool. Left-click to begin drawing a new graphical arc item from the center. Left-click again to

define the first arc end point. Left-click again to define the second arc end point.

Polygon tool. Left-click to begin drawing a new graphical polygon item in the current symbol.

Left-click for each addition polygon line. Double-left-click to complete the polygon.

Anchor tool. Left-click to set the anchor position of the symbol.

Import a symbol from a file.

oo € U

Export the current symbol to a file.

i

Delete tool. Left-click to delete an object from the current symbol.

12.3.3 Options Toolbar

The vertical tool bar typically located on the left hand side of the main window allows you to set some of the editor

drawing options. The table below defines each tool bar button.
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Eeschema
Toggle grid visibility on and off.
in
= Set units to inches.
mm
= Set units to millimeters.
B Toggle full screen cursor on and off.

12.4 Library Selection and Maintenance

The selection of the current library is possible via the m 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 symbol is the contents

of its value field.

Note

e You must load a library into Eeschema, in order to access its contents.

e The content of the current library can be saved after modification, by clicking on the I‘é on the main tool bar.

e A symbol can be removed from any library by clicking on the E

12.4.1 Select and Save a Symbol

When you edit a symbol you are not really working on the symbol in its library but on a copy of it in the computer’

s memory. Any edit action can be undone easily. A symbol may be loaded from a local library or from an existing

symbol.

12.4.1.1 Symbol Selection

Clicking the [: on the main tool bar displays the list of the available symbols that you can select and load from the

currently selected library.

Note
If a symbol is selected by its alias, the name of the loaded symbol is displayed on the window title bar instead of the

selected alias. The list of symbol aliases is always loaded with each symbol and can be edited. You can create a new

T4LS00 v
symbol by selecting an alias of the current symbol from the The first item in the alias list is

the root name of the symbol.
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Note
Q o>

Alternatively, clicking the allows you to load a symbol which has been previously saved by the

12.4.1.2 Save a Symbol
After modification, a symbol can be saved in the current library, in a new library, or exported to a backup file.

To save the modified symbol in the current library, click the E . Please note that the update command only saves

the symbol changes in the local memory. This way, you can make up your mind before you save the library.

To permanently save the symbol changes to the library file, click the I'é which will overwrite the existing library file
with the symbol changes.

If you want to create a new library containing the current symbol, click the m You will be asked to enter a new

library name.

Note
New libraries are not automatically added to the current project.
You must add any new library you wish to use in a schematic to the list of project libraries in Eeschema using the Symbol

Library Table dialog.

[
Click the to create a file containing only the current symbol. This file will be a standard library file which will

contain only one symbol. This file can be used to import the symbol into another library. In fact, the create new

library command and the export command are basically identical.

12.4.1.3 Transfer Symbols to Another Library

You can very easily copy a symbol from a source library into a destination library using the following commands:

Select the source library by clicking the m

e Load the symbol to be transferred by clicking the j::? The symbol will be displayed in the editing area.
e Select the destination library by clicking the m

e Save the current symbol to the new library in the local memory by clicking the :[y

e Save the symbol in the current local library file by clicking the I‘é
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12.4.1.4 Discarding Symbol Changes

When you are working on a symbol, the edited symbol is only a working copy of the actual symbol in its library. This
means that as long as you have not saved it, you can just reload it to discard all changes made. If you have already

updated it in the local memory and you have not saved it to the library file, you can always quit and start again.

Eeschema will undo all the changes.

12.5 Creating Library Symbols

12.5.1 Create a New Symbol

A new symbol can be created by clicking the :[;} You will be asked for a symbol name (this name is used as
default value for the value field in the schematic editor), the reference designator (U, IC, R---), the number of units
per package (for example a 7400 is made of 4 units per package) and if an alternate body style (sometimes referred to
as DeMorgan) is desired. If the reference designator field is left empty, it will default to "U”. These properties can be

changed later, but it is preferable to set them correctly at the creation of the symbol.

symbol Properties x

General Settings

Symbol name: [NEW_GATEI l

Default reference designator: |U

Number of units per package: |1 .

[ Create symbol with alternate body style (DeMorgan)
[] Create symbol as power symbol

[ Units are not interchangeable

General Pin Settings

Pin text position offset: 40 -

[ show pin number kext
B show pin name text

B Pin name inside

& cancel o DK

A new symbol will be created using the properties above and will appear in the editor as shown below.
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Part Library Editor: no library selected

Edit Vview Place Preferences Help
Y B D>epite o0 BT ¥ AA0R
In i of
13 i O
®
; N
""""""""" Y i e B s
i &
i »
“
3
-

Z21.67 X 2.54 ¥ 2.54 dx 2.54 dy 2.54 dist 3.59 mm

12.5.2 Create a Symbol from Another Symbol

Often, the symbol that you want to make is similar to one already in a symbol library. In this case it is easy to load

and modify an existing symbol.

e Load the symbol which will be used as a starting point.
e Click on the :t>_ or modify its name by right-clicking on the value field and editing the text. If you chose to
duplicate the current symbol, you will be prompted for a new symbol name.

o If the model symbol has aliases, you will be prompted to remove aliases from the new symbol which conflict with
the current library. If the answer is no the new symbol creation will be aborted. Symbol libraries cannot have any

duplicate names or aliases.

o Edit the new symbol as required.

e Update the new symbol in the current library by clicking the B or save to a new library by clicking the m

or if you want to save this new symbol in an other existing library select the other library by clicking on the

and save the new symbol.

e Save the current library file to disk by clicking the rﬂ

12.5.3 Symbol Properties

Symbol properties should be carefully set during the symbol creation or alternatively they are inherited from the

copied symbol. To change the symbol properties, click on the to show the dialog below.
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= )

General

[] Has alternate symbol (DeMorgan)
Show pin number

Show pin name

Place pin names inside

Mumber of Units Pin Mame Position Offset
1 = 40 =
[ Define as power symbaol

[C] Al units are not interchangeable

It is very 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 add the new unit pins

and symbols. 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. This text will be visible if the corresponding options are checked. The option ”"Place pin names inside” defines
the pin name position relative to the pin body. This text 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 30 to 40 (in 1/1000 inch) is reasonable.

The example below shows a symbol with the "Place pin name inside” option unchecked. Notice the position of the

names and pin numbers.
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12.5.4 Symbols with Alternate Symbolic Representation

If the symbol has more than one symbolic repersentation, you will have to select one representation to edit them. To

184

edit the normal representation, click the

:B_ T4L500 v
. Use the

To edit the alternate representation, click on the shown below to select the unit

you wish to edit.

¥ e o oD Unit A | = | 741500 v || S* O
g ‘Uit

Unit B

Unit €

Unit D

eﬁyena$m
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12.6 Graphical Elements

Graphical elements create the representation of a symbol and contain no electrical connection information. Their

design is possible using the following tools:

e Lines and polygons defined by start and end points.
¢ Rectangles defined by two diagonal corners.
e Circles defined by the center and radius.

e Arcs defined by the starting and ending point of the arc and its center. An arc goes from 0° to 180°.

The vertical toolbar on the right hand side of the main window allows you to place all of the graphical elements

required to design the representation of a symbol.

12.6.1 Graphical Element Membership

Each graphic element (line, arc, circle, etc.) can be defined as common to all units and/or body styles or specific to
a given unit and/or body style. Element options can be quickly accessed by right-clicking on the element to display

the context menu for the selected element. Below is the context menu for a line element.

< l ) ; Mowe Line M
| Y Drag Edge Point G
c O P -
- g EditLine Options E
_x Delete Line Del : i
: 2 ) ) ) Center F4
Q Q Zoom in F1
© =z
w Q Zoom out F2
[ 0 Redraw view F2
1] -
[C]’L Zoom auto Home
Q Zoom select 2
;*g*;‘g Grid Select 3
t Convert Line width €
ne 0.000 " 200) 45 Close
715A77 ¥ 0100 e TS A 073 Tnrhec

You can also double-left-click on an element to modify its properties. Below is the properties dialog for a polygon

element.
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PolyLine Drawing Properties ﬁ

General
Width: 0,000 "k

Sharing

Common to all units in component

["| Common to all body styles (DeMorgan)

Fill Style
@ Do not fill
(1 Fill foreground

() Fill background

oK ] | Cancel

The properties of a graphic element are:

e Line width which defines the width of the element’ s line in the current drawing units.

e The "Common to all units in symbol” setting defines 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 The ”Common by all body styles (DeMorgan)” setting defines 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.

o The fill style setting determines if the symbol defined by the graphical element is to be drawn unfilled, background

filled, or foreground filled.

12.6.2 Graphical Text Elements

The T allows for the creation of graphical text. Graphical text is always readable, even when the symbol is mirrored.

Please note that graphical text items are not fields.

12.7 Multiple Units per Symbol and Alternate Body Styles

Symbols can have two symbolic representations (a standard symbol and an alternate symbol often referred to as

"DeMorgan”) 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 each symbolic representation of each unit, because the pin number is specific to a
unit, and the shape depends on the symbolic representation. When a pin is common to each unit or each symbolic
representation, you need to create it only once for all units and all symbolic representations (this is usually the case
for power pins). 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 symbolic representation).

12.7.1 Example of a Symbol Having Multiple Units with Different Symbols:

This is an example of a relay defined with three units per package, switch 1, switch 2, and the coil:

Option: pins are not linked. One can add or edit pins for each unit without any coupling with pins of other units.

AT Y : . R O
l Yt Unit A ~ | RELAY_2RT_3PART o—

alr
All units are not interchangeable must be selected.

i ™
Properties for RELA\’_ZRT_SP_ =

Options | Description | Alias | Footprint Fi.lter|

General

[] Has alternate symbaol (DeMorgan)
Show pin number

Show pin name

Place pin names inside

Mumber of Units Pin Mame Position Offset
3 = 40 =
[ Define as power symbaol

[F:All units are not interchangeable

Unit 1
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It does not have the same symbol and pin layout and therefore is not interchangeable with units 1 and 2.

12.7.1.1 Graphical Symbolic Elements

Shown below are properties for a graphic body element.

"Common to all units in symbol” disabled.

RT_3PARTS

From the relay example above, the three units have different
symbolic representations. Therefore, each unit was created separately and the graphical body elements must have the
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i Yy
Rectangle Drawing Properties ﬁ

o o General
. U P A . Width: 0.000 ("):

Sharing

[TJ‘Common to all units in component

Commaon to all body styles (DeMargan)

Fill Style I
@ Do not fill 1
1
1

RELAY_2RT_3 o s

ok || concal |

12.8 Pin Creation and Editing

A

You can click on the ~ 1 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.

12.8.1 Pin Overview

A pin is defined by its graphical representation, its name and its "number”. The pin’ s "number” is defined by a set
of 4 letters and / or numbers. 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.

Important notes:

e Do not use spaces in pin names and numbers.

e To define a pin name with an inverted signal (overline) use the ~ (tilde) character. The next ~ character will turn

off the overline. For example \~F0~0 would display FO O.
e If the pin name is reduced to a single symbol, the pin is regarded as unnamed.
e Pin names starting with #, are reserved for power port symbols.

e A pin "number” consists of 1 to 4 letters and/ or numbers. 1,2,..9999 are valid numbers. Al, B3, Anod, Gnd, Wire,

etc. are also valid.

e Duplicate pin "numbers” cannot exist in a symbol.
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12.8.2 Pin Properties

,
IR

Pin name: Mame text size:  0.060 inches

Pin number: 5 MNumber text size: 0.060 inches

Orientation: e Right Length: 0.200 inches

Electrical type: + Passive

Graphic Style: |— Line

Sharing
Commeon to all units in compenent
Common to all body styles (DeMorgan)

Schematic Properties

[¥] Visible

The pin properties dialog allows you to edit all of the characteristics of a pin. This dialog pops up automatically when

you create a pin or when double-clicking on an existing pin. This dialog allows you to modify:

o Name and name’ s text size.

e Number and number’ s text size.

o Length.

o Electrical and graphical types.

¢ Unit and alternate representation membership.

« Visibility.

12.8.3 Pins Graphical Styles

Shown in the figure below are the different pin graphical styles. The choice of graphic styles does not have any influence

on the pin’ s electrical type.
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i B
IR

Pin name: Mame text size:  0.060 inches

Pin number; Mumber text size: 0.060 inches

Orientation: o Right Length: 0,300 inches

Electrical type: - Passive A

Graphic Style |- Line Ii'

P— Inverted
4 Clock
[ Commont {- Inverted clock
[C] Common t k= Input low
& Clock low
Schematic Pre B Output low
[¥] Visible I~ Falling edge clock
*— MonLogic

Sharing

12.8.4 Pin Electrical Types

Choosing the correct electrical type is important for the schematic ERC tool. The electrical types defined are:

« Bidirectional which indicates bidirectional pins commutable between input and output (microprocessor data bus

for example).
o Tri-state is the usual 3 states output.
o Passive is used for passive symbol pins, resistors, connectors, etc.
e Unspecified can be used when the ERC check doesn’ t matter.

o Power input is used for the symbol’ s power pins. Power pins are automatically connected to the other power input

pins with the same name.
o Power output is used for regulator outputs.
e Open emitter and open collector types can be used for logic outputs defined as such.

e Not connected is used when a symbol has a pin that has no internal connection.

12.8.5 Pin Global Properties

You can modify the length or text size of the name and/or number of all the pins using the Global command entry of
the pin context menu. Click on the parameter you want to modify and type the new value which will then be applied

to all of the current symbol’ s pins.
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12.8.6 Defining Pins for Multiple Units and Alternate Symbolic Representations

Symbols with multiple units and/or graphical representations are particularly problematic when creating and editing
pins. The majority of pins are specific to each unit (because their pin number is specific to each unit) and to each
symbolic representation (because their form and position is specific to each symbolic representation). The creation
and the editing of pins can be problematic for symbols with multiple units per package and alternate symbolic
representations. 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 both representations for symbols with an alternate symbolic

representation.

The only exception to this is the pin’ s graphical type and name. This dependency was established to allow for easier

pin creation and editing in most of the cases. This dependency can be disabled by toggling the 62 on the main tool

bar. This will allow you to create pins for each unit and representation completely independently.

A symbol can have two symbolic representations (representation known as® ‘DeMorgan’ ’) and can be made up of
more than one unit as in the case of symbols with logic gates. For certain symbols, you may want several different
graphic elements and pins. Like the relay sample shown in the previous section, a relay can be represented by three

distinct units: a coil, switch contact 1, and switch contact 2.

The management of the symbols with multiple units and symbols with alternate symbolic representations is flexible.
A pin can be common or specific to different units. A pin can also be common to both symbolic representations or

specific to each symbolic representation.

By default, pins are specific to each representation of each unit, because their number differs for each unit, and their
design is different for each symbolic representation. When a pin is common to all units, it only has to drawn once
such as in the case of power pins.

An example is the output pin 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

alternate symbolic representation, it must first be enabled by clicking the {} button on the tool bar. To edit the

T4L500 b4
pin number for each unit, select the appropriate unit using the drop down control.
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12.9 Symbol Fields

All library symbols are defined with four default fields. The reference designator, value, footprint assignment, and
documentation file link fields are created whenever a symbol is created or copied. Only the reference designator and
value fields are required. For existing fields, you can use the context menu commands by right-clicking on the pin.
Symbols defined in libraries are typically defined with 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.

12.9.1 Editing Symbol Fields

To edit an existing symbol field, right-click on the field text to show the field context menu shown below.

= 1 J1 1 r
| 285 Move Field M
i ‘(v Field Rotate R
abe  Field Edit E
@ Center F4
@}\ Loom in F1
m Q Loom out F2
I G Redraw view F3 1
H [Q\ Zoom auto Home 56
i @\ Loom select k
i <7, Grid Select v [

Close

I
X
I

L e T T e e LT

To edit undefined fields, add new fields, or delete optional fields T on the main tool bar to open the field properties

dialog shown below.
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|

Horiz. Justify Wert. Justify
MName Va... L =
® (") Bottom
Value T4L500 '5?.' Center L?,- Center
Footprint i) Right © Top
Datasheet
Visibility Style:
Show @ Mormal
[ Rotate () Italic
) Bold
() Bold Italic
Field Marme
Reference
Field Value
u

Show in Browser

Add Field Size 0.060 -
Delete Field Pos¥ 0,000 o
Move Up Posy -0.050 in

Fields are text sections associated with the symbol. Do not confuse them with the text belonging to the graphic

representation of this symbol.

Important notes:

e Modifying value fields effectively creates a new symbol using the current symbol as the starting point for the new

symbol. This new symbol has the name contained in the value field when you save it to the currently selected

library.
o The field edit dialog above must be used to edit a field that is empty or has the invisible attribute enabled.

e The footprint is defined as an absolute footprint using the LIBNAME:FPNAME format where LIBNAME is the
name of the footprint library defined in the footprint library table (see the "Footprint Library Table” section in
the Pcbnew "Reference Manual”) and FPNAME is the name of the footprint in the library LIBNAME.

12.10 Power Symbols

Power symbols are created the same way as normal symbols. It may be useful to place them in a dedicated library
such as power.lib. Power symbols consist of a graphical symbol and a pin of the type "Power Invisible”. Power port
symbols are handled like any other symbol by the schematic capture software. Some precautions are essential. Below

is an example of a power +5V symbol.
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MName Alias Unit Body Type Description Key words Datasheet

+5V None A Normal Power Symbol
Z0.500936 X 0.000 ¥ 0.000 cx 0.000 dy 0.000 d0.000 Inches .

To create a power symbol, use the following steps:

o Add a pin of type "Power input” named +5V (important because this name will establish connection to the net

+5V), with a pin number of 1 (number of no importance), a length of 0, and a ”Line” ”Graphic Style”.
o Place a small circle and a segment from the pin to the circle as shown.
o The anchor of the symbol is on the pin.
e The symbol value is +5V.

e The symbol reference is \#+5V. The reference text is not important except the first character which must be # to
indicate that the symbol is a power symbol. By convention, every symbol in which the reference field starts with a

# will not appear in the symbol list or in the netlist and the reference is declared as invisible.
An easier method to create a new power port symbol is to use another symbol as a model:

e Load an existing power symbol.
o Edit the pin name with name of the new power symbol.
o Edit the value field to the same name as the pin, if you want to display the power port value.

e Save the new symbol.
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Chapter 13

LibEdit - Symbols

13.1 Overview

A symbol consist of the following elements

e A graphical representation (geometrical shapes, texts).
¢ Pins.

o Fields or associated text used by the post processors: netlist, symbols list.

Two fields are to be initialized: reference and value. The name of the design associated with the symbol, and the
name of the associated footprint, the other fields are the free fields, they can generally remain empty, and could be

filled during schematic capture.

However, managing the documentation associated with any symbol facilitates the research, use and maintenance of

libraries. The associated documentation consists of

e A line of comment.
e A line of key words such as TTL CMOS NAND2, separated by spaces.

o An attached file name (for example an application note or a pdf file).
The default directory for attached files:
kicad/share/library/doc
If not found:
kicad/library/doc
Under linux:
/usr/local /kicad /share/library/doc
Jusr/share/kicad/library/doc
Jusr/local /share/kicad /library /doc
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Key words allow you to selectively search for a symbol according to various selection criteria. Comments and key

words are displayed in various menus, and particularly when you select a symbol from the library.

The symbol also has an anchoring point. A rotation or a mirror is made relative to this anchor point and during a

placement this point is used as a reference position. It is thus useful to position this anchor accurately.

A symbol can have aliases, i.e. equivalent names. This allows you to considerably reduce the number of symbols that
need to be created (for example, a 74LS00 can have aliases such as 74000, 74HC00, 74HCTO00---).

Finally, the symbols are distributed in libraries (classified by topics, or manufacturer) in order to facilitate their

management.

13.2 Position a symbol anchor

The anchor is at the coordinates (0,0) and it is shown by the blue axes displayed on your screen.

Part Library Editor: fusrfshare/kicad/library/T4xx.lib [Read Only]

e Edit View Place Preferences Help
o B & 3 e By &0 % T & & @R DD Unit A « ||7aL500 - || & S5
N
] of
4 T
1 :
c ®
5 3
2 -
= »
=
»
u |
MName Alias Unikt Body Type Description Keywords . Datasheet
T4LS00 None A Mormal Part Quad nand2 TTL nand2

Z7.79 X7.60 ¥ 510 dx 7.60 dy 5.10 dist 9.15 mm

The anchor can be repositioned by selecting the icon i and clicking on the new desired anchor position. The

drawing will be automatically re-centered on the new anchor point.

13.3 Symbol aliases

An alias is another name corresponding to the same symbol in the library. Symbols with similar pin-out and repre-
sentation can then be represented by only one symbol, having several aliases (e.g. 7400 with alias 74L.S00, 74HCOO,
T4LS37 ).

The use of aliases allows you to build complete libraries quickly. In addition these libraries, being much more compact,

are easily loaded by KiCad.

To modify the list of aliases, you have to select the main editing window via the icon and select the alias folder.
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Properties for 741500 E

| Ciptions || Descripkion | Alias |F|:u:|t|:|rint Filter|
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Delete

Delete Al

] o l [ Cancel

You can thus add or remove the desired alias. The current alias cannot obviously be removed since it is edited.

To remove all aliases, you have firstly to select the root symbol. The first symbol in the alias list in the window of

selection of the main toolbar.

13.4 Symbol fields

The field editor is called via the icon T .

There are four special fields (texts attached to the symbol), and configurable user fields
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Special fields

¢ Reference.
e Value. It is the symbol name in the library and the default value field in schematic.

e Footprint. It is the footprint name used fo