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1

Introduction

This document allows you to easily get started with DipTrace by designing simple Schematic
and its PCB, pattern and component libraries, then trying different package features. Tutorial
includes step-by-step design guide and many additional insets, that allow you to discover
program features. If you have any questions while learning the tutorial, contact our support
staff: support@diptrace.com. We will be happy to assist and gladly answer all your questions.
This tutorial was created for DipTrace ver. 2.2.0.0 (build September 7, 2011)

Creating a simple Schematic and PCB

This part of tutorial will teach you, how to create a ssmple schematic and its PCB (Printed
Circuit Board) using DipTrace program.

Y ou will be creating this schematic, using DipTrace schematic capture module: Open
DipTrace Schematic Capture module, i.e., go to Start > All Programs - DipTrace >
Schematic.

If you run Schematic program first time, you will see the dialog box for graphics mode and
color scheme selection.

-

Graphics

Please zelect preferred graphic: mode and
color scheme before the first run. Usze
“VWiew/Graphics Mode" and "Yiew/Colorz™ to
change these settings later.

Graphics Mode
f+ OpenGL

" Direct3D
" Windows GDI [zlow mode]

Colors
" ‘White [standard zcheme]

i+ Black [comfortable For epes]

Y ou can select graphics mode that is better for you:

1. Direct3D isthe fastest mode for typical Windows PC and we recommend to use it if this
mode works on your system correctly and you haven't High-End Graphics System with
OpenGL hardware. However this mode also depends on hardware/drivers/versions, so small
percent of computers (usually with very new/buggy or very outdated OS/drivers) can have
issues with it (artefacts on the screen or some objects disappear).

2. OpenGL usually works a bit slower than Direct3D, however it is more universal for
different operating systems and less dependent on hardware/drivers. Also it will be the best
choice for high-end engineering/graphics stations with professional OpenGL graphic cards.
Anyway you can try both modes on heavy projects and choose the best for you.

© 2011 Novarm Ltd.



Creating a simple Schematic and PCB 5

3. Windows GDI can be used as alternate mode if both Direct3D and OpenGL don't work
correctly with your graphics card. It is much slower but doesn't depend on drivers/hardware/
OS. Also this mode is enough for comfortable work on small and medium-sized projects.

We will use white background as more acceptable for printing this tutorial, you can select the
color scheme you want. Also notice that you can change color scheme or define colors you
want any time from "View / Colors".

The same dialog box will appear in PCB Layout module. Component Editor and Pattern
Editor use color settings of Schematic Capture and PCB Layout accordingly.

Also we will sometimes hide Design manager / Properties panel on the right side to add more
design space. But if you have a high resolution and don't have alack of free space, you can
leaveit. Select "View / Toolbars/ Design Manager” from main menu.

2.1 Establishing a schematic size and placing titles

Establish a schematic size and place adrawing frame: "File/ Title & Sheet Setup”, select
"ANSI A" in the "Sheet Template" box. Then go to the bottom of the dialog box and, check
"Display Titles' and "Display Sheet".

r | | a
Q} Schematics - [CiUsers\Huwronain Desktopiuuuu.dch] | =i &3 |
File Edit View Objects Verification Library Tools Help
NEHSRE smB/vc aaam n |+ | B6 LI o6 @\
7 S
BAT Buzzers  Cap| Titles and Sheet Sﬂ_ lé] | Dizc_Sch Disc_SMD b |4
-
... 8 . . J P t
#h o Sheet Template: |Z1E1T - -5 I e
[ ke and Sice | it Blooks| - N
1N3017 T
o Border Margins - -
1H3018 0l N Frint Sethings |
R Left: 05 ~Lin
e A =l Title Block Editor |
SR Right  [05 =lin
o =] Sheet Size |
[ t_. o Top: el
o & 0.63 0™ widthe [N in
1N3020 Bottom: 0.63 j‘ in Height: 25 in
1N3021 Design Manager = WL
o ¥ Zone Information Zone Template: |ANSI - =
1N3022 0l
1N3023 Number of Zones: ¥ |2 Y: |2
’h |v Display Zone Border Zone Font
r Zone Width: ¥ |0,38 in - |0.25 in
Iz o Partz ping:
Rattern D01 Apply Settings To: |l:unenl Sheet j
v Display Titles | Display Sheet
ol Jo
i
X=-23in Y=21in

Notice, that you can show/hide Titles and Sheet by selecting "View / Display Titles' and
"View / Display Sheet" from main menu.

Press"—" button until the drawing frame can be seen. Notice that "+"/ "—" or mouse wheel
allow you to zoom on the schematic. If amouse arrow points to the component or to the
selected area, you can zoom more precisely by pressing "+" / "—" or scrolling mouse wheel.
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Also you can change zoom by selecting appropriate value from the scale box on standard
panel or simply typing it there.

w Schematic

M=)}

Flle Edit W“iew Objects Library Verification Programs Help

D 2R E & B2 (= W= P ) (R B S N P = I O - - -
Connector Con_Sch Diode Dizcrete Dizc_Sch Disc_SMD Display Sch Opto_5ch Port_Sch Spice | 2P
% 2 | 1 J
REVGKNS
A
E mu:lnsvl CESCRAFTION | OATE APPRITVED
DB15F B B
DB15M
DB25F
DB25M
DB3TF
DB3ITM J
DB50F il
~
o A A
Pattern: DB15F
512:|r5m M. |n\m Wa. |RE\'
@ el el el el 5 | SCALE | |Sl|ﬂut|
e D e 2 | 1
\Sheet 1/ K | v
*=-0.7in Y=0.6 in

To enter the text into the title field — move the mouse arrow over that field (it should be

highlighted in green), then left-click on the field to see the pop up window with Field
Properties dialog box. In that dialog box you can type the text, define the alignment (Left,
Center or Right) and Font. In our case, type "Astable Flip Flop", press "Font" button and set
thefont sizeto "12". Then click OK to close that dialog box to apply changes. Y ou can also
enter multi-line text into the title block fields.

© 2011 Novarm Ltd.



Creating a simple Schematic and PCB 7

Dl SRE 2@ Ba & mx ~pn A+ LI R D E E
Connector Con_Sch Diode Discrete Disc_Sch Disc_S5MD Display Sch Opto_5ch Port_Sch Spice | 2V
@ i | 1 B
» Field Properties “mnﬁﬂm'ﬁ e
E - Show by Default: Mone - - -
Text: i
DE15E _ B Astable Flip Flop ) ) . ) 5
DB15M
DB25F
P Align: |Leﬂ j
DB3TF Font Type: |Veclnr j
DB3ITM Font
DB50F adl
J 0K |
~
[+ 5 A . 5 . B . | B . . B A
Pattern: DB15F
512':|r5mm. i |nmm.' i |R‘E\'
@ e SCALE [ Jomest 1
[=lel el ol el ol 2 | 1
\Sheet 1/ K| _ 4
®=1.81in Y=-2.6in

Y ou may zoom on the Title Block by moving the mouse arrow on it and pressing the "+"
repeatedly or scrolling mouse wheel. Notice, that you can use "Zoom Window" tool to zoom
on the defined rectangle of the design area: click on the "Zoom Window" tool (the third
button to the left of the scale box), move mouse arrow to the upper left corner of the area, that
you want to zoom on, hold down the left mouse button and move the mouse to the opposite
corner and then release the mouse button. To return to previous scale and position, use "Undo
Scale" toal (the button on the left side of the scale box).
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DipTrace Tutorial

2.2

Q Schematic E]@
File Edit Wiew Cbjects Library Werification Programs Help
DEE ERE| §B2R © B8 & P L|n L+ LS R
Connector Con_Sch Diode Discrete  Disc_Sch Disc_SMD Digplay_Sch Opto_Sch FPort_Sch Spice | 3P
DB15F
DB15M
DB25F
DE3TF e g8 = e
wm - |Astable Flip Flop
p— P | S J
I EE—————
-
- - |SIZE|FSCM NO.- - [DWG ‘NC.
Pattern: DB15F Sy ey
@ oooooooooooooou S C A LE . :
T\Sheot 1/ K ] e
®=1.3in Y=-2.7in

Goto "File" and select "Save As’, type in name of the file you want to use and make sure, that
itisin the directory you need. Press "Save".

Configuring libraries

Before first using Schematic Capture and PCB Layout, you might want to setup your libraries.
Go to Library->Library Setup:
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Creating a simple Schematic and PCB 9

, |

Dizc_SMD [Dizcrete Surface Mour
Displays [Displays]

Dizp_Sch [7-seqgment dizplayz]
MIC [Microphones)

Opto_S5ch [Optical System [Schem
Portz_S5ch [Portz Library [Schemat
POT [Potentiometerz]

Rectifiers [Rectifiers]

Relays [Relaysz]

Active All Libraries
v Get Libranies from Folder: :DtLlitEfrf II:]“E o
ctel [Acte
|E:"\F"ruglam Files\DipTraceilib | AD [Analog Devices]
Aagilent [Agilent Optoelectronics]
Allegro [Allegro] A
BAT [BAT] - | Altera [Altera) =
Buzzers [Buzzers] AMD [AMD]
Cap_Mets [Capacitor Networks] | | AMP [AMP)
Connectors [Connectors [Schemat| ™ Atmel [Atmel]
Con_5ch [Connectors [Schematic | 4 BurrBrown [BurrBrown]
E{ystals [[_:r_l,lstals] ) _ | Mo Library File
D!udes [Du:n_des [Schematic & PCB’ Cypreszs [Cypress]
Discrete [Discrete [Schematic & P Dallas [Dallas Semiconductor]
Dizc_Sch [Discrete [Schematic on | Mo Library File

Elantec [Elantec]

Fairchild [Fairchild 5emiconductor]
Gennum [Gennum]

Harris [Hamz Yoltage-5ensitive Resistor]
IDT [Integrated Device Technology]
Infineon [Infineon]

Inmne (lnmnel

Add

-

Delete

Notice that on the right side you may see atext "No Library Fil€", disregard it and scroll down
using the scroll button on the right side of the "All Libraries" box. After scrolling down, you
will see dl libraries, that came with your software.

DipTrace package has two modes to activate libraries:
1. To get libraries from a specified folder:

Thismodeisactiveif "Get Libraries from Folder" box in the upper left corner of the "Library
Setup" window is checked. To define the folder with librariespress™..." button on the right
side of folder path. Make sure, that you find the "Lib" directory, that came with the program.
Later you can point to any other location (for example, you may point to alibrary named
"mylib", which you will create to store your own symbols) but in the beginning, before you
become familiar with "Libraries" concept, please follow our suggestions.

2. To activate libraries using the list:

Thismodeisactiveif "Get Libraries from Folder" box is unchecked. Thelist of active
librariesis enabled in this mode and you can edit it using the buttons at the right side of this
list: "<<" —adds the selected library from All Librarieslist, "..." —adds the library from hard
drive, "Arrow Up" —moves the selected library up, "Arrow Down" — moves the selected
library down, "Del" — deletes selected libraries from Active Libraries list.

Notice that the first mode is enabled by default.
All known libraries are placed automatically to All Librarieslist (on the right side of the

© 2011 Novarm Ltd.
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2.3

dialog box). Also you can add or delete libraries from that list using "Add" or "Delete"
buttons.

Close the Library Setup dialog box and all changes, if made, will be applied to the Libraries
panel.

If you want to move components from a design to alibrary, select these components, move a
mouse arrow over one of them, right-click, then select "Save to Library". From the "Save to
Library" submenu you can add the selected component to active library (shown on the left
side of screen) or save them to adifferent library.

Designing a schematic

Now, please, change grid sizeto 0.1 in. you can select it from the list of grids (combo box
with "0.05 in" text), or press "Ctrl+" to increase grid size, to reduce it — press "Ctrl-". Hot
keyswork only if current grid sizeislisted in available grids. To change list of grids select
"View / Customize Grid" from main menu.

Scroll library panel to the right using arrows in the right side of it or display scroll-bar with
small bottom-right arrow and scroll. Select alibrary named "Fairchild”. Notice, that you can
scroll libraries left and right using arrow buttons on the right side of those buttons.

Scroll down the component list on the left side of the screen, to the transistor 2N4401 and
click on it or you can type "2n4401" in the search box over component list and press Enter.
That will select asymbol and alow you to move it to the schematic. Move the mouse arrow
to the schematic and left-click once to place atransistor on the schematic. Useright click to
disable a placement mode. Notice, that colors you have can be different from the ones, seen
on the picture.

© 2011 Novarm Ltd.
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o il

File Edit View Objects Venfication Library Tools Help
D H SRE | LB@ -« | ARz Ao Lk + | Bd LELESE D6 H
Atmel BurnrBrown Cypress Dallas Elantec Fairchild Gennum Harris IDT Infineon 4 b |4
204401 S e
L J Value:
L Tope: M40t
2Hdd01 L pditona
T L Part Type: Fart 1
Marking 1: m
2H4403 :
rarking 2: m
2N5086
2N5087
2N5088 [resign banager = m -L
2N5089
2H5210
All Parts
L Met pins:
Pattern: TO-92 s
"Sheet 1 / Kl _ —’H
X=-6,3 in ¥=16,2 in

How to move a symbol around? Hold down the left mouse button on the symbol and move it
until you find a proper place for it. If you need to move severa symbols you should select
them first, then drag-and-drop. To select asingle symbol, left-click on it. If you want to select
several symbols, press and hold down "Ctrl" button and click on each symbol, that you want
to select in your group of symbols. Also you can select the group of symbols using a different
way: move mouse to the upper-left corner of the group, hold down the left mouse button,
move cursor to lower-right corner and release the mouse button (if the Ctrl key is pressed, the
selection will be inverted).

Sometimes it is necessary to change reference designator of the component. So if you prefer
to change it, place amouse arrow over the component and right-click on it, then select atop
item from the submenu. When a dialog box will pop up, type in anew designator, we will

keep "Q1":

-,

Component Refles

Enter Compaonent RefDles

Q1

] | Cancel

We need two transistors for our schematic, so select "2N4401" in the component list again
and placeit in the design area - the sheet you are working on. Notice that if you changed

© 2011 Novarm Ltd.
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designator, you don’t need to rename the second transistor, because it is done automatically. If
you want to rotate the symbol before placing it on the schematic, press Space Bar or "R"
button.

]
", Schematics W=k
|| File Edit View Objects Verification Library Tools Help
NEE SRE|r2do- aarem <Jiin o|h+ B8 LEI® oe @
Atmel BunBrown Cypress Dallas Elantec Fairchild Gennum Hams IDT Infineon 4P |4
Gt | P R ;I e
1 EEEN:
P o o _I Walue:
@ - - m : Type: 2M 4401
2H4401 o Additional: |
A S Part Type: Part 1
. Marking 1: Default - |
2H4403 :
I arking 2: m
2N5086
2N5087
= L Design Manager & 1 E
5
All Parts |
[¥ Place All Parts
¥ Auto VCC/GND
Pattern: TO-92 L Met pins:
\Sheet 1/ Kl _ 2
X=-6in V=151 in 4

Select alibrary named "Discrete” on the library panel, find a suitable resistor and place it.

Select RES400, which designates a resistor with 400 mils of |ead spacing. By the way, if you
prefer adrawing in metric units, select "View / Units/ mm" from main menu, however we
will keep inches as thisis more suitable for our project. For future we recommend to pay
attention to active unitsto avoid mistakes.
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. Schematics Q@g
File Edit Objects Verification Library Tools Help
D) g | Toobars Voo aa <iin <[+ | B8 LEIE 2 e @
Diodes ¥ Part Preview Disc_SMD Displays Disp_ Sch  MIC  Opto_Sch Pots Sch  POT |4 P |4
v Group Parts I — - ﬂ
Eet v Display Hint . Part:
R1
RESUD ot Marking . reoes
RES14]  Connection to Bus » e
F Type: RES400
RES161 Pin Mumbers 2 Fp
S T Additional;
Ide Fower an n
s Fart Type: Fart 1
RES16l  Display Titles I arking 1: Drefault -
Display Sheet
RES22 I Marking 2: Default -
Scale [
Iémlerd'th...
olors... :
Dresign b anager =
Graphics Mode ] - € &L
All Parts | 4 Display Origin Fl mil B AV
i Define Origin ’ mm o
I I Grid A1
Pattern: RE Grid Size 3 Met pins:
Customize Grid...
o[ _Jo
'Sheet 1/ 4] | 3
X=-89in ¥=15,5in

We need 4 resistors on the schematic. Notice that you can simply place them from a
component panel on the left, the same way you placed the Q1 and Q2, but now we will use
another method. Select your resistor (move mouse over it and left click) and copy it 3 times.
you can use 2 ways to copy this symbol:

1. Select "Edit / Copy" from the main menu (or "right click on resistor / Copy" or "Ctrl+C"),
then select "Edit / Paste” 3 times or right-click in the position, where you want to place new
resistor and "Paste” from pop-up menu, also 3 times.

2. The second method is named "Copy Matrix". Select your resistor, then "Edit / Copy
Matrix" from the main menu (or press "Ctrl+M").

Matrix
Columns: ﬁ
Rows: ﬁ

Row Spacing:

ur:|

Column 5pacing:

|27
|27
|17in
IT

Cancel |

In the "Copy Matrix" dialog box set the number of columns and rows ("2" columns and "2"
rowsto get 4 resistors) and spacing (1 inch for columns and 0.4 inch for rows are suitable),
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14

DipTrace Tutorial

then click "OK". Now you can see 4 resistors:

File Edit View Objects Verfication Library Toels Help

NEESRE sB@ v RaREx -iin [+ B# LESE né =

Diodes Dizcrete Disc_5ch Disc_SMD Displays Disp_Sch MIC Opto_S5ch Ports_Sch POT 41 |4

™ T 4] Parte.
RES14DIPDT - _
RES14DIPI : :alue:
YPE
——— - Additional
RES16DIPDT Part Type:
RES16DIFI Marking 1: Defaut  ~|
RES2200 Marking 2 m

Design Manager = 1 E
S T T T
RES400 - L W T S AVAVAY =
Al Parts j - R1 = .. mn R3 u
[¥ Place All Parts L
[¥ Auto VCC/GHD
R LI R N = S .
Pattern: RES-10.16/5.1| . . . 9_1/\/\/\/2_5 o .3_1/\/\/\/2_5 Met pins:
[ | [ ] | [ ]
o[_Jo |
"Sheet 1/ 4] | ]
K=-74in ¥=13,6 in
| | 4

Move resistorsto a proper location on your schematic and rotate by 90 degrees, use a Space
Bar or "R" button to rotate selected components. Another method to rotate objectsis using
"Edit / Rotate” command or right-click on the object and "Rotate” from the submenu.

Y ou can use Shift key for orthogonal moving (by single coordinate only) if necessary.

Notice that you can pan the design with the right mouse button or mouse wheel: move mouse
arrow to the design area, then hold down right mouse button or mouse wheel and pan your
design to a new position.
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File Edit View Objects Verification Library Tools Help

D HERE | tBR © - aaFE ~iin |+ T#H|LEIE oe =
Diodes | Discrete Disc_Sch Disc_SMD Displays Disp_Sch  MIC  Opto_Sch Ports Sch  POT WH
o A T
RES14DIPDT < |8 _—
RES14DIPI '— & - L
RES16DIPB . .
RES16DIPDT _ _
RES16DIPI 1 S
RES2200 . ’

¥ Place All Parts
[¥ Auto VCC/GND

Pattern: RES-10.16/5.1|

o[ _]o

;\Shee; 1 ,"

Design h anager

=]
F|

Met ping:

X=63in

V=166 in

Y

In our case RefDes are overlaying pin names. Let's select all resistors and then right click on
one of them and select "Properties’ from submenu. Choose "Marking" tab in the component

properties dialog box. Now lets choose "Justify: Left" in the "Main Marking" section. Press

OK.
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i Schematics

== = |

File Edit View Objects Verification Library Tools Help
P HSRE s o~ aa®E: ~in - |k+ EH|LEIR = @
Diodes Discrete  Disc_Sch Disc_SMD Displays  Disp_S5ch MIC Opto_5ch Ports_Sch POT 4 b4
= i =
2n4401 i Component Properties @ - ﬂ Parts:
| v [5 i Femes [
RES14DIPI L Value:
i Markin i Type:
RES16DIPB Main J =
Additional Marking Additional
RES16MPDT Part Tupe:
Show: [Default o T
RES16DIPI Marking 1: [Defaut  ~]
RES2200 Justify: |Left Markirig 2: [Defauk ~]
L4 : Main Marking
—h
Show: Default i =
oW | efaul Design Manager £ i .
RES400 = Justify: ﬂ
. Default
SAll Parts
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Now we will display component types for the transistors: select Q1 and Q2. And in the
"Marking" tab of Component Properties dialog box choose "Show: Type" and "Justify:
Corner” in Additional Marking section. Thiswill show type of the selected components.
Notice that Reference Designators are aready displayed as primary marking, "Default” means
using common Schematic settings for the components, so displaying RefDes is a common

property.

If you want to edit marking positions, press right arrow button under Main Marking section.
The Component Properties dialog box will become wider.
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Y ou can show pin numbers by selecting "View / Pin Numbers/ Show" if they are not
displayed yet. Y ou can also change displaying settings for selected part by the right-click on it
and "Pin Numbers® from submenu.

However, if you're not pleased with the location of RefDes numbers, pin names or other text,
you can move it around. Select "View / Part Marking / Move Tool" from main menu or press
"F10". It is recommended to turn off grid for precise moving — press F11 once. Also you can
rotate part markings while moving by pressing "R" or Space key. By the way, "View / Part
Marking" submenu allows to change common settings for part markings. Common settings of
markings are applied to all schematic parts, except ones with their own settings (in Properties
dialog box).
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Now please return grid by pressing F11 again. Note: you may use command "Edit / Undo" or
click on the corresponding button in the top of the schematic window if you want to go back
to the previous version of schematic. The program saves up to 50 steps. And you may use
"Redo" button which is afunctional opposite of "Undo". Remember to save the schematic:
Select "File/ Save" from main menu or click "Save" button in upper-left side. If the schematic
isstill not saved, then "Save As" dialog box will be opened to define the file name. If the file
is already saved, you don’t need to typeit again, just click "Save" button or press "Ctrl+S". If
you need to change filename, for example for backup purpose, select "File/ Save As' from

the main menu.

-~

Save As

B[]

Save in: | ) Projects

~| = & ef E-

Q}' Askable_Flip_Flop.dch
N uuu,deh
File name: |.-‘-‘-.sta|::|e_FIip_FIu:up.dn:H

Save as type: |S|:hemati|: Filez [*.dch)

j Cancel
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Connect the resistor R1 to pin 2 (base) of transistor Q1: place amouse arrow on the bottom
tip of the resistor R1 and | eft-click. Move the mouse arrow down and right to the base of
transistor Q1 and left-click to connect the wire between R1 and base of Q1.

To mirror the transistor Q2, place the mouse arrow over Q2, right-click and select "Flip /

Horizontal".

File Edit View Objects

Verification Library Tools Help
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Q2 X=-69 Y=149

Z

Connect R4 to pin 2 (base) of Q2, R2 to pin 3 of Q1 and R3 to pin 3 of Q2:
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If some wires are not straight, you can move parts or wires. Thisis not important for electrical
connectivity but for esthetic pleasure. By the way, if you don't like automatic wire placement
feature, you can turn it off in "Place Wire" panel to your right-hand-side. Select "Manua” in
"Route Mode" section, or just press "M" quick-access button. Y ou can see "Place wire" panel

only when you are in wire placement mode.

Select CAP100RP from "Discrete” library and place it twice.
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Flip C2, so the plus sign is on the right side, by placing a mouse arrow over C2, right-click
and select Flip—>Horizontal.

Move capacitors C1 and C2 between transistors Q1 and Q2 with respect to polarities:

Probably, it is necessary to move resistors alittle to the top to provide more space for
connections. Also select "Q2", "R3", "R4" and related wires by placing the mouse arrow in
the upper left corner of these objects, then hold down left mouse button and move to opposite
corner — al objectsin the rectangle will be selected when you rel ease the | eft mouse button.
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Notice that squares show the selection (colors you have can be different from the ones shown)
use right-click to deselect all, if you arein the default mode and double right-click if you are
in another mode (first click to disable the mode and the second one to clear selection).
Connect C1 (+) to pin 2 of Q1. move mouse arrow to C1 (+) pin, left-click, move to the wire
between R1 and Q1, then left-click to connect. Connect C2 in the way, shown on the picture

below.
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Scroll down the component list in the left side to locate the LED and place two components
onto your schematic. Then change reference designatorsto "LED1" and "LED2" (right click
on the part and first item from submenu), rotate these parts by selecting them and pressing

"R" key or Space three times. Probably, you'll need to move RefDes alittle bit. Then connect
LEDsto transistors.
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Place a battery symbol from "Disc_Sch" library. Then change battery RefDes and connect the
wires to complete your schematic (see the picture below).
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If you want to move existing wire, move the mouse arrow over it (the net should be
highlighted and mouse arrow will show possible moving directions), then hold down the left
mouse button and move the wire to new position. Notice, that if you arein "Place Wire" mode
and click on the existing wire — you start to create anew wire. ("Place Wire" mode is enabled
automatically when you try to place wire by clicking on some component pin, aso you can
put on it by selecting "Objects/ Circuit / Place Wire" or the corresponding button on the
objects panel in upper side of window). If some objects are not highlighted, when you move
mouse arrow over them try right-clicking to turn on the default mode. If you want to delete
the wire (node to node connection) move mouse over it, right-click to open submenu, then
select Delete Wire. To delete wire segment select "Delete Line" from the wire submenu.
Notice that you can use "Undo" to return to the previous version(s) of the schematic.

Add component values: right-click on "R1", select "Properties’ from submenu, type "47k" to
"Vaue' field (Main tab). Click on "Marking" Tab and go to Main Marking—> Show—>Value,
then go to Additional Marking—> Show->RefDes and click OK.
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Enter the remaining component values. Notice that you can select several symbols and define
Marking Settings for them all by opening Component Properties dialog box only once.
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Our battery was placed from library Disc_Sch. All *Sch libraries contain only the symbols
without patterns (you can preview the pattern in bottom left corner before placing the
component). If you want to convert a schematic to PCB you should attach the related pattern
first, otherwise the conversion will proceed, but will show you errors, which will have to be
corrected anyway. Move the mouse arrow over a battery symbol, right-click to show the
submenu and select "Attached Pattern”. Add pattern libraries to the dialog box: click "Add"
button in the upper-right and select the pattern library file on your hard drive (all standard
libraries are located in "<Drive>:\Program Files\DipTrace\Lib" folder). We need "misc.lib"
from standard libraries. Now select the library from alibrary list and "BAT-2" pattern from a
pattern list at the bottom-right side of the dialog box. Define pin to pad connections for your
component: click on the pin name in the pin table (left side of the dialog box), then type
related pad number in the "Pad Number” field or simply left-click on the pad in the related
pattern graphics (middle of the dialog box).
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2.4

.
Attached pattern

Part: B1 - Pattern: BAT-2

Library: ﬂ Clear

Pin |Numher | Side: Top & Clear MISC [C:\Program Files\DipTrace\Lib\misc_lib]

Pattern: |BAT-2 Search

Mumber 1: ll]—:I
Mumber 2: ll]_j
Spacing 1: ll]_ n
Pad Number: | 2005 x| o cing 2 0 in

|Cunent Component j Spacing 3: 0 in

Cancel

When pin to pad connections are done, click OK.

Note: some symbols may not have the attached patterns (for example VCC, GND or logical
connectors — "Net Ports") and that will be shown in "Errors' during conversion to a PCB.

Our schematic is ready to convert to PCB. Do not forget to save it by selecting "File/ Save"

from the main menu, by clicking on the "Save" button in the upper left side of window or
simply by pressing "Ctrl+S".

Also notice that you can print or save the schematic to BMP or JPG file. Select "File/
Preview" from main menu, then press "Print All" to print all schematic sheets, "Print Current
Sheet" to print the selected sheet or "Save" to produce BMP/JPG file with defined resolution.

Converting to a PCB

Notice that you can open DipTrace schematic files (*.dch) from the PCB Layout program But
to save your time after creating the schematic simply select "File / Convert to PCB" or press
"Ctrl+B" in the Schematic Capture module and the PCB Layout with your project will be

opened. In a popup window you can choose to use Schematic rules, or load rules from any
PCB layout.
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However for Win 98/ME usersit is strongly recommended to save your schematic file, close
the program, then run PCB Layout and open *.dch file from there. Incorrect memory sharing
in 9x/ME may cause program crash while running several package programs at once. Win
NT/2000/XP/Vistal7 users may run several DipTrace modules at once without such problem.
Also notice that in case of incorrect exit from the program or if you forgot to save the project,
it is possible to recover the latest job by selecting "File/ Recover Schematic” in Schematic or
"File/ Recover Board" in PCB Layout module.
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If you plan to use another PCB Layout software to design a PCB or give it to someone else,
you can use netlist export feature of Schematic program. Select "File/ Export / Netlist" from
main menu, then netlist format. DipTrace supports popular netlist formats, such as Tango,
PADS, P-CAD, etc. Also thisfeature is useful to check net structure.

X=0,86in Y¥=0,821 in

We will use DipTrace PCB Layout module to design a PCB for our Schematic. If you want to
hide layers panel and design manager to empty more space for layout press F3 or uncheck
"View / Toolbars/ Design Manager” item.

Place components according to your preferences and design rules. Moving component around
is accomplished by placing a cursor over the component and dragging it to a proper location.
Press Space Bar or "R"-key to rotate the selected components by 90 degrees. If you need to
rotate components by different angle, select them, then make right click on one of the
components and choose "Define Angle" or "Rotate Mode". Rotate mode allows you rotate
objects freely using mouse.

It isagood practice to keep power supply components in one area and functional blocks
grouped together. If circuit is high frequency, apply appropriate layout rules.

Y ou can also use auto-placement or placement by list to place components after converting to
Schematic, however thisis not necessary for such simple project. We will try these featuresin
Part 111 of thistutorial with more complex circuit.

Notice that you can renew the PCB from updated Schematic file and keep component
placement and routed traces. Select "File / Renew Design from Schematic" then find and open
the updated schematic file. Renewing by components means using hidden IDs to determine
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component/pattern links - thiswill work only if PCB was made directly from Schematic,
RefDes may be different. Renewing by RefDes means that component/pattern links are
determined by RefDes - in this case PCB can be designed separately, but RefDes should be
similar. Upating from Related Schematic means updating by components from the related
schematic file (see File/Design Information).

2.5 Designing a PCB

2.5.1 Preparing to route

In PCB layout, make reference designators visible if necessary: Select "View / Pattern
Marking / RefDes". This command allows aglobal RefDes visibility and shows all reference
designators on the screen (except for the components with individua settings). If the marking
justification doesn’t ook acceptable, select "View / Pattern Marking / Main / Justify” in the
submenu select "Auto" or another mode you want. For PCB Layout Vector font typeis
strongly recommended, however you can also use True Type fonts for non-English characters
(View / Pattern Marking / Font Type).

To define the individual parameters for the selected components: right-click on one of the
components—> Properties>Marking. Also remember that you can use "F10" or "View /
Pattern Marking / Move Tool" to move designators.

Press F12 to optimize configuration of connections.
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Let us show you how to change the net structure of our design and how to add/remove
connections. This step is not needed for this board, but just to let you know that it’s possible:
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move the mouse arrow over any pad, right-click, then select "Delete from Net" and the pad

will be deleted from the net.

Le bl
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If you would like to add some pad to the net without creating connection (for example you
don't want to search the design for other pads of that net) move the mouse over that pad, right-
click and select "Add to Net / Select from List".

Now move the mouse arrow over this pad, left-click, then move mouse to any other pad and
left-click on it. You have built the pad-to-pad connection (should be ablue line). If you can’'t
create such connection, probably you are not in default mode, so right-click to disable the
mode you are in. To delete existing connection simply try to create it repeatedly and select
"Delete Connection” from the submenu shown.

Also you can edit the structure of nets from the connection manager. To open it, select "Route
/ Connection Manager" from the main menu and you can create new nets and add/del ete pads
to/from nets.
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Pad: |1 ﬂ

oK Cancel

If you have changed the structure of nets please press "Undo" until the design structure is
restored. By the way, if you lose the design or schematic, because of incorrect exit from the
program, use "File/ Recover Board" in PCB Layout and "File/ Recover Schematic" in the
Schematic Capture to recover the latest project.

To protect net structure from accidental change it is possible to use "Route/ Lock Net
Structure” option.

Notice that we haven’t determined the board outline yet. When using the autorouter, the
routed area (board polygon or rectangle for smple boards) is created automatically. But in
many cases we require afixed board size and must define it before the component placement
and routing. To do that, select "Objects/ Place Board Outline" or the corresponding button on
the routing toolbar in the upper side of the screen, then place the board outline polygon by
clicking in the key points, right-click in the final point and select Enter.

Notice that you can build arcs in board outline by selecting "Arc Mode" after right-click. To
insert the point after completing board outline move the mouse over point-to-point segment
then drag-and-drop. When you right-click on the point of board outline the submenu shows
where you can make an arc with current middle point or delete the point from board outline.
Also notice that point coordinates are shown as hint when the cursor is placed over the board
outline point.

© 2011 Novarm Ltd.



DipTrace Tutorial

File Edit View Objects Placement Route Verification Library Tools Help
| ) - . .
D SR B bR v« aaq(m ik o |k mt|Efeose -#h a6 WE
\NNOBECO N ¢ am@|lmey || x| b 2 v |fen <] ks | 8 9| P
||| GENERAL BGA DIP_P CAP_SMD CQFpP CRYSTAL DIODE DIP DIP_P IND_SMD |4 » |‘
34 LI Layersl Objectz Properties I
= Component:
E o
- -
- - Walue: 4k
TR T Type: RES400
. Patterr: RES400
SOIC-EEPB0mIl Additionat -
SOIC-8/209mil s 4 502
SOIC-81300mil ' 1.702
SOIC-14/150mil | |Angle: a0
S0IC_141209mil Marking 1: Default =]
Marking 2: Default -
SOIC-14/300mil -
S0OIC-16M50mil
SOIC-16/209mil
Design Manager =
SOIC-16/300mil & & R
Het -
SOIC-18/300mil Met 3
Met 4
S0IC-20/209mil Met & S
50IC-20/300mil Net pins:
SOIC-24/209mil _I
-
SOIC-24/300mil - LI _I _’I
X=-0,226 in ¥=0,205 in
| | | P

Also, you can define the board key points and/or size from the Board Points dialog box. To
open it, select "Objects/ Board Points" from the main menu.
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In this dialog box you can Add, Insert and Delete the key points. The coordinates can be
shown and edited in the absolute or incremental mode. If you check "Arc" box for some point,
that point will be the middle of arc and neighboring points — start and end of it. For
rectangular boards, check "Create Rectangular Board" box and simply define the first point
(base), width and height of the board. It is also possible to make circular board and rectangle
with rounded corners. Then click OK to apply changes or "Cancel" to close the dialog box.
Notice that you can use "Objects / Delete Board" from main menu if you want to delete the
board.

Notice that origin of our design is not defined yet. By default the program places the originin
the center of screen and doesn't display it. To display the origin select "View / Origin" from
main menu or press F1. Now the origin (two blue lines) is displayed, however its position is
not correct for our board, so select the origin tool in the top of screen near Arrow button (it
shows "Define Origin" hint) and left-click in the bottom left corner of the board outline.
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2.5.2
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All coordinates in the program will be displayed and edited relative to the origin. Also you
can change its position at any time.

Notice that all patterns have their own origin you can define in Pattern Editor —we will do
that while designing the library. Actually component coordinates are the position of pattern
origin. It will be displayed while placing the pattern or opening schematic if differs from the
pattern center point. To show or hide the origin of selected patterns, right-click on one of
them and select "Pattern Origin” from the submenu.

Autorouting

Now it istime to route your board. DipTrace has a high quality shape-based router, one of the
best on the market today. Also thereisagrid router for smple PCBs and routing single-sided
boards with jumper wires. Most of the time, a simple PCB like the one shown, can be routed
on asingle layer (bottom side), which obviously presents many benefits for prototyping, like
efficiency and speed of having afinished prototype. The traces might be a bit longer on a
single sided PCB than on two-sided, but that wouldn't have a significant effect on most
designs.

In main menu we pick "Route / Current Autorouter” and choose Shape or Grid router.
First you need to setup the router: go to "Route / Autorouter Setup”.

In the Shape Router setup dialog box go to "Settings' tab, check "Use Priority Layer
Directions' box, select "Top" in thelist of layers and set "Direction: Off" for it. Alsoitis
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possible to autoroute single layer PCBs with jumper wires (with Grid Router, "Allow Jumper
Wires' box). In our case, the board is simple and we can route without jumper wires, using
Shape Router.
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Press OK to apply changes.

Then select "Route/ Route Setup”. In the dialog window you can change default trace width
and clearance between traces and default diameter of vias. Or you can press "All Classes..."
and "All Styles..." buttons to access Net Classes and Via Styles windows respectively, where
you can edit more parameters. How to work with net classes and via styles we will show later.
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In this case we used 0.012 inch traces, but they can be thinner or wider. Press OK.

Now it's time to route your board: "Route/ Run Autorouter”. The board will be routed. And
you'll get something like this. Actually, your layout doesn't have to be exactly like the one
shown, so don't be confused if you are arookie to Diptrace and some routes doesn't coincide
with the picture.
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The DRC (Design Rule Check) runs automatically after autorouting. If there are some errors -
it will show them (red and blue circles). Please correct the errors and rerun to DRC by
selecting "Verification / Check Design Rules' from main menu or press corresponding button
in upper side of the screen. To change the design rules select "Verification / Design Rules’
from main menu. To hide red circles select "Verification / Hide Errors'. Also you can disable
the DRC after autorouting, simply uncheck corresponding box in "Route / Current
Autorouter” from main menu).

Notice that if you want to finish your project faster, you can skip all topics until "Printing"[77],
because your PCB is ready to output. But if you want to learn some features of PCB Layout
(that can be learned with this design and probably are useful for your further projects) we
recommend not to skip it.

2.5.3 Working with layers

The traces you saw right after Autorouting were gray, because they are placed on the bottom
layer, while the Top layer is active. So we need to choose a Bottom layer. Please, ook at the
right side of the screen. There you can see Layers control panel, where you can choose
another active layer by double clicking on it. There are hot keys, noted in the brackets next to
the name of each layer, or you can use"T" and "B" for top and bottom layers respectively. We
double click on bottom layer (or press 2) to make it active

It's dso possible to change the active layer in the list box near DRC control buttons, just find
what fits you.
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If you want to add a new layer, go to "Route/ Layer Setup” and press "Add" button. In popup
window you can specify al the properties of the new, layer - it's name, type and color. If you
choose Plane type, you can connect layer to one of your nets, usually it is Ground or Power,
however in our caseit is unconnected to any net yet. Y ou can also specify details of plated
holes by pads, or choose afixed ring and set it's size.

Press "Close" button.
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Our new Tutorial layer will appear on the layers panel between Top and Bottom layers. It's
possible to change places of layers. Just create one more layer and right click oniit. In
submenu you press "Move up” or "Move down" buttons to change layer's location. Notice that
Top and Bottom layers can't be moved.
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There are some quick-access buttons on the layers panel: first from the left - "Add Layer",
second — "Layer Properties’, third is adrop down menu of layer display mode. Remember to
use 1,2,3,4 e.t.c. buttons to get access to the layers you need quickly.

X=1,281 in Y=0,669 in

It's aso easy to see how looks a bottom side of your PCB — pick "View / Mirror" in the main
menul.

Working with vias

Diptrace has two types of vias. usua vias (we call them trace vias), which are technically
parts of traces and appear automatically when you move trace segment to another layer and
static vias, which are similar to pads and have much more variable properties. All vias are
organized to Via Styles.

We will experiment with Blind/Buried vias.

Let'sgo to "Route/ Viastyles' and press "Add" button. New via style will appear under
Default one. We make aleft click on the new style and type in it's name. Then we changeit's
type to Blind/Buried and specify the layers involved. In our case we make blind vias from top
layer to tutorial layer and press OK. Remember, that there can't be blind vias on board with
only two layers.
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After creating new viastyle, let's unroute one of our nets (it will help usto show you, how to
work with DipTrace features) and place a Trace via. Return to bottom layer, then right click
on the net, you want to unroute, and press "Unroute net”. Now we will manually route one of
the net's segments. In main menu go to "Route / Manual routing / Add Trace". Then left click
on one pad and the route starts to appear on the board. Let's create a part of the route to some
point between two pads, then left click again to set the part of the route and right click. You
will see a submenu, please choose "Segment Layer / Top" (if you're routing on the bottom and
vice versa).The trace via will appear automatically and we can continue route to another pad
and press |eft mouse button again.

Now it's time to work with via styles. Please add another via style with through-hole vias of
bigger diameter than default (just to see difference on the board). We continue manual routing
further and make one more trace via. Notice, while routing you'll see a Manual routing
properties panel on the right side of the screen. In the drop down Via Styles menu you can
choose, which of via styleswill be used. "Auto" means, that Diptrace will use via style that
takes less space on the board, than others. In this case we've chosen via style with abig vias
(Tutoria Via Style2), created atrace viaand finished trace.
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To create Static viaon our PCB - go to "Objects/ Place a Static Via', or you can make a
Static viafrom atrace via- just right click on the trace via and choose "Convert to static" and
specify, which viasto convert: Current via, Selected segments e.t.c. Static vias are, basically,
like pads.

Notice, if you change the parameters of viastyle, al vias of that style, that are already on the
board will automatically change too.

We can also right click on any Static or Trace viaand check "Via properties' in adrop-down
menu. In asimple window we can change style, type, diameters of the viaand apply it to
current or selected vias or to the selected nets. Press OK. If there is no via style with the
parametersyou entered, DipTrace will ask if you want to create a new viastyle.
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Y ou can convert Static vias back to trace vias. Right click on the static via and choose
"Convert to Trace Via' and then choose which vias to convert. Notice, if you placed a static
viadirectly, you can't convert it to trace mode.

Now please press Undo several times to return the board to the state it was right after
autorouting.

255 Net Classes

For convenience all nets on the PCB can be organized to Net Classes. Like Via Styles, that we
described in previous subsection, Net Classes have certain sets of parameters that can be
applied to nets with nearly one click. Y ou can use net classes while working with both
autorouter and manual router. Notice that parameters of net classes should be specified before
running autorouter.

First, we need to unroute our PCB, go to "Route/ Unroute All" in main menu. Then select
"Route / Net Classes'. In the popup window you'll see that only Default net classis available
and all nets belong to this class. To add anew class, please press"Add" button and the new
net class will appear in thelist, right under Default. Just left click on it and you can typeinit's
name. In the "Class Properties’ tab you can specify parameters of the traces and clearance
between them. In our case, we will enter trace width of the new net class significantly
different from the default, to show you how it looks on the board.
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If you uncheck "All Layers", the list under the checkbox will become active and you can
specify different parameters of the traces on each layer.

If you uncheck "Use All Styles" in Via Styles section of the window, you can choose which
Via Styles will be used in this net class. Just press "<<" and ">>" buttons to add or delete via
styles from the list of active. "..." button allows you to preview the parameters of each via
style.

Net class doesn't have any sense without nets. So we're going to add some. In the right part of
Net Classes dialog window you can see list of nets and the class they belong to isin the
brackets. In our caseit is Default. Just choose one or severa nets with a Ctrl or Shift buttons
and press arrow up to add them to the class.

"Clearance Details" button allows you to set clearances between different objects and by
pressing "Class to Class" button you can specify clearance between nets of different net
classes. Classto class clearance is used by DRC only and has priority over net class
clearances. Press OK button.

& =[al x ]

File Edit B

N - s Ry =P TN
|l |Default (3 Name: Tutorial Net Class Class Nets: n

Tutorial Met Clazs [5] | MNet 0 | ‘-‘-‘g

Type: Normal Net 3
| 2 Net 4 b4

. Met 5 -
Class Properties lAutgmu[ing ] Net 6 ert|es]

\\l;

Viad's

——

[+ All Lavers

Top Trace Width:

Tutonal Layer
Bottom

Min. Width:
Max. Width:

3937 in

Clearance:

0.012* in

Clearance Details... |

[v Use Clearance in DRC

All Other Nets: -

Met 7 [Default)
Met 8 [Default)

Met 9 [Default]

[~ Trace Length Limits
Min: |0 n

Via Styles
[~ Use All Styles

Max: |0 in

All Styles:

Default

Tutonal Via Style”
Tutonal ¥ia Style 2=

Tutorial Via Style [0] €<
Tutorial Via Style 2 |

Add | Delele|

Class to Class... |

Cancel

Now you have two different Net Classes, some nets belong to Default class, and some nets —
to Tutorial Net Class. Now let's make autorouting of the PCB. In main menu select "Route /
Run Autorouter” or just press Ctrl+F9 and you'll get something like on the picture below.
Traces on the PCB have different width, because they belong to different net classes with
different parameters.
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Now lets unroute board again, and transfer all the nets from the Tutorial Net Class to Default.
Then make Autorouting and you'll get the board with traces of same width. Tutorial Net Class
still exists, but it doesn't have influence on the current board, because it has no nets.

X=0,288 in ¥=1,344 in

Y ou can also use net classes while making manual routing. Choose the Bottom layer. After
that - left click on one of the nets and you'll see the Net Properties panel to your right-hand
side. In Net Class drop-down list change net classto Tutorial Net Class. Then right click on
the same net and in submenu press "Unroute Net". After that go to "Route/ Manual Routing /
Add trace". Now you can left click on one of the pads and draw atrace to another pad and | eft
click on it to create a segment. you'll notice that trace is much wider, because it isin another
net class, then other traces.
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2.5.6
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However, we don't need that diversity on the board, that's why please undo severa timesto
get board to the state right after autorouting.

Manual Routing

For our simple project we have the final version of routed board using the autorouter, but for
more complex projects, to get the best results, you will probably need to do a manual
correction after autorouting or route the board manually from the beginning.

Let'stry to edit existing traces. First, make sure, that active layer is the one you need. In our
case we need a bottom layer, so just press"B" hot key to activate it. Then move a mouse
arrow to one of your routes, left click on it and move route to another location without
releasing left mouse button. Then release the button and set route on the new place. Y ou can
notice that "Edit traces" tool has become active, but you can move traces only with 45 or 90
degrees angles.

DipTrace has another trace editing tool with more capabilities. Go to "Route / Manual
Routing / Free Edit Trace" or select corresponding button on the Route toolbar. Now you can
edit traces freely.

Don't forget to change grid size if you need. you can do that on standard toolbar, or with
"Ctrl+" and "Citrl-" hot keys. To configure list of available grids select "View / Customize
Grid" from. You can also hide grid with F11 button.

Remember, if you don't know which tool you are working with, just make couple right clicks
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on free part of the board and DipTrace will return to default.
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Any routed net is divided into traces and segments. Trace is the route between two pads of the
net and segment is the route between two nodes. Node is a point on the route which divides
traces to segments. In DipTrace you can move existing nodes, add new ones, or delete them.
This gives more opportunities while editing traces. To add node — right click on the trace
segment and press "N" hot key.

If you don't need some node any more, you can delete it — right click on the node and choose
"Delete node" in submenu. In the same submenu you can change name of the net, select color,
change width and layer of the net, trace, or segment.
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Y ou can also move existing net, trace or segment to another layer. Just right click on the net
and select what function you need to do. In our case we will change layer of the segment.
Right click on any segment of the net and in the submenu, that appears, choose " Segment
Layer / Top" or press"Segment Layer" list box in Net properties panel to your right side.

DipTrace automatically created two trace vias. Remember, you can choose several segments
of same or different nets with Ctrl or Shift buttons and change their properties at atime.
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Now change current layer to Top, right click on that segment and move it back to bottom
layer. Then return to bottom layer again.

Now it's time to manually route the net, so right-click on one of your nets, then select
"Unroute Net" from the submenu. Notice that "Unroute Net" command from net submenu is
applied to all selected nets; in our case there are no other selected nets and only the net you
clicked will be unrouted. Then select "Route/ Manual Routing / Add Trace" from the main
menu or corresponding button on the Route Panel.

Now you see the Manual Routing Panel to your right-hand side. Remember the net class
should be defined before routing, in the Net Class window ("Route / Net Classes..."). In our
case, the net we want to route belongs to Default net class. Even if we will choose another net
classin listbox on Manua Routing panel, the net will be routed with Default net class
parameters. But if we will create the new net it will belong to the net class we've chosen and
will be routed according to it's parameters.

In "Route Mode" drop down list we can specify the group of segments we need, so we can
easily select the current segment not from the entire list of all segments availablein DipTrace,
but from the list of segments of one mode. We can customize our own route mode.

For our PCB we will choose Arcs/Curves mode, then left click in " Current segment” field and
in submenu choose 3-point Arc segment. Then left click on one of the pads of unrouted net
(thiswill bethefirst point of the arc), then left click on some point between two pads, but
higher than the blue line of the net (thisis the second point).
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Then move mouse arrow to second pad and left click on it. you will see an arc.
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2.5.7
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While manually routing the PCB, we can choose which networks to be highlighted. If we
highlight only current net no other nets will glow, even if we'll touch them with the new trace.

Notice that there are hot keys that will make manual routing really easy and quick. "M" —
switch between routing modes, "S" or "Space" — change current segment, "W" — set the width
of thetrace, "T" — switch to Top, "B" — switch to Bottom, "L" — segment layer, "J' — switch to
jumper wire or back (if you are in Bottom layer, the jumper wire will be placed to Top side, if
in Top —then it will be placed to the Bottom side), "A" — angle step, "H" — highlight net, "1" —
"0" in the top of keyboard — switching between layers (up to 10). While routing, you can undo
by pressing "U" button.

Now please Undo (Ctrl+Z) severa times to get the PCB layout after autorouting.

Measuring trace length

Current project doesn't require such measuring because it is simple and low-speed, however if
you make high-speed circuits, video devices, etc. trace length becomes important.

First of all notice that hint of each trace includes its length by default — this can be helpful
however is not enough to check trace length in real-time with ease.

Now please select several traces (you can use usual box selection or Ctrl key to select exactly
what you want). Right click on one of selected traces and choose "Show Trace Length” from
the submenu.
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Y ou will see small boxes with trace length near all pads of selected nets, they are also
highlighted while you move mouse over the trace. Vaues are shown in current units (inches
in our case) and are changed in real-time while you edit the trace.
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Now please hide trace length using net submenu (select the same item) or Undo function.

2.5.8 Selecting objects by typel/layer

Sometimes it is necessary to select all objects of one layer or only components, only nets, etc.
With this layout it is very easy using mouse and Ctrl key, however for complex layoutsit can
be avery hard task. Now please select "Edit / Edit Selection™ from main menu.
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First we will select all components of our layout, check components box and click OK. This
is simple example, however, usually we need more complex selections. Now our task isto
select only unconnected vias in defined area. Deselect components by right click on empty
place. Then place several vias and connect some of them to nets: in default mode right click
on the viawhen its highlight is red, then on the pad that bel ongs to net. Define area using box
selection (move mouse cursor to Upper-Left corner, hold down left button, move to Bottom-
right and release button). This box represents area where we plan to select vias, so we will not
include al vias of layout to it. Notice that we are in bottom layer which is blue, so if you have
any troubles with connecting vias, please switch to bottom and see what "highlight" means.
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All objectsin our area are selected, however we need only non-connected vias. Open "Edit /
Edit Selection” and choose "Mode: Keep Selected”, check only "Vias' box (other boxes
should be unchecked) and "Not Connected” in the combo box to the right from "Vias".
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Click OK and only non-connected vias are selected now. Next step, for example, is
connecting them to some net at once. Usually, thisis necessary for connecting ground net to
planes/copper pours. Right click on one of selected vias, when it is highlighted in red and
choose "Add to Net / Selected Vias'. Don't pay attention to changed colors on the picture, we
made it to show you, that DipTrace color schemeis fully adjustable.
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Choose any net from the list and click OK. Notice that even if you have some vias connected
to other nets, only non-connected vias will be connected by this feature.

Remove al static vias from your design to return to previous state (select them and press

Delete key).

2.5.9 Placing Text and Graphics

Y ou probably want to add some text or graphics to your board (with DipTrace you can even
add alogo in Bmp or Jpeg format and export it to Gerber). Now we will add the text to the
PCB board. First you should select a layer to place shapes, texts and logos. Move mouse to
the list box with "Top Assy" text in the upper side and select "Top Silk" from the list. Now all
the graphical objects will be placed in the Top Silk layer. Notice that PCB Layout program
has different lists to select current Signal/Plane layer and the layer to place graphics, aso if
you choose Signal/Plane as a layer to place graphics, all shapes, texts and logos will be placed
on the current Signal or Plane layer. This may seem more complex, than simply create only
onelist, but try this feature and you will see how it saves you time.
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Y ou should make board outline a little bigger to place additional object, so move the mouse
arrow to the upper left vertex of the board outline, then drag it to the top. Do the same with
upper right vertex. Notice that you can add vertices to the board outline — try to drag the
segment (not vertex) of board outline.
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If you want to move the board outline, then select it (press Ctrl key and left-click on the board
outline segment), move mouse over the board outline and drag it.

Remember that if you can’'t highlight some objects and edit them, probably you are not in a
default mode, so simply right-click to cancel the mode. Also the objects located in inactive
layer/side can’t be edited.

Select "Text" tool on the Drawing panel (the button with "Abc"), then left-click where you
would like to place your text, enter the text and press enter or click the mouse button.

Use the mouse to move your text around the design until you find a correct position for it.
Notice that if you want to change the font settings by default select "Objects / Drawing
Properties / Font" from the main menu. Font type (Vector, True Type) can be changed there
too. It is strongly recommended to use vector font as it is exported to gerber directly. True
Type font can be used for any non-English characters, however it will be exported to gerber as
small lines (made by recognition algorithm). Some manufacturers also don't accept such text
objects in copper layers. To change font settings for already placed text object right click on it
and choose "Font", font size can be also changed by resizing text object.
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We are going to change color of the text, to make it more visible. Go to "View / Color", select
new color for Top Assy and press OK. However you can leave it grey.

You can change a layer of the graphics and text objects at any time. Simply select your
objects, right-click on one of them, then "Properties’ from the submenu. In " Shape Properties’
dialog box change "Type" and "Layer" fields to move the selected objects to another layer or
define different properties (such as "Route Keep out” that is used for autorouting).

Notice that you can also add shapes to mask, paste, signal, route keep out and board cutout
layers. These properties can be defined on the drawing toolbar or via shape properties in the
same way as silk or Signal/Plane layers.

Copper Pour

How about placing Copper Pour into the bottom layer? It is probably not needed (like the text
and some other things) for such simple PCB but let's try to see, how to add it and then we'll
deleteit. Select the Bottom layer, then "Objects/ Place Copper Pour” from main menu or the
"Copper Pour" tool on the Elements toolbar (in the upper right side). Then place the copper
outline polygon by defining key points and right-click / Enter when finish. Y ou will see the
following dialog box:
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DipTrace has Shape-based copper pour system. Y ou can choose non-solid fill for the copper
pour. Notice that you can connect your copper areato the net and choose the type of
connections (Connectivity tab). Border tab allows you to define border points. "Depending on
Board" and "Snap to Board" boxes can be used to save your time and to build the copper
outline automatically; if you want to use this feature, simply define two random points and
right-click when placing the copper pour, then check "Depending on Board" and enter board
outline to copper outline spacing (this feature saves much time when your PCB has compl ex
board outline or arcsinit). If "Snap to Board" is checked copper pour border will be
automatically edited relative to board outline.

Click OK to place the Copper Pour.
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Copper Pour object has two modes of fill: Poured and Unpoured. The second mode is better if
you want to edit objects on the layer where the copper pour islocated. To change copper pour
state — right-click on the copper outline, select "State" and choose the item you want from
submenu.

Now please unroute one of your nets: right click on the trace and "Unroute Net". Remember
net name (we unrouted "Net 5"). Right click on copper pour border and select "Properties’, go
to "Connectivity" tab. Select "Connect to Net: Net 5", check "Hide Net Ratlines’ box, select
thermals, press OK to update copper pour.
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Y ou can see that connections of your net are hidden and net is connected to copper pour with
chosen thermal (in our case we have Direct thermals). Sometimesiit is necessary to set
separate thermal type for SMD pads — this is possible from copper pour properties (" Separate
Thermals for SMD" box on connectivity tab) or make thermal settings for single pad. To set
thermal settings separately for some pad, move mouse onto it (to get red highlight), right click
and choose "Thermal Settings'. Then uncheck "Use Copper Pour Settings' and select
appropriate thermal connection.

Some pads can be unconnected after placing copper pour because of selected thermal type and
layout structure (net connectivity check will report this) so selecting separate thermal settings
for pads can be very useful.
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the copper pour border and choose "Update"
the copper pour. Well try different thermals for pads to show you, how this works.

After changing thermal settings click OK to apply them and close dialog box. Right click on
from the submenu. Our "Net 5" is connected by
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On the picture above you can see that all three pads have different thermal connections:
Direct, 4 Spoke and 2 spoke.

Copper pours can be used in plane layers to make ground and power planes. In this case SMD
vias are connected to them by fanouts. Fanout can be made manually with "Fanout" ko2 feature
or automatically by Shape Router|s!.

Notice that if your active layer is"Top", you are able to see and edit the objects placed in the
Top, Top Silk or Top Assy layer first. Now switch current signal layer to Top.

2.5.11 Locking objects

Sometime when you edit schematic or PCB you need to lock some objects to prevent further
editing of their positions and properties. In DipTrace you can lock selected objects or
component sides. Now please select several design objects, right click on one of them and
choose "Lock Selected" from submenu.
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Notice that locked objects have low contrast of selection rectangles (in our case the color is
similar to copper pour, so we made only current layer visible. Also hint of the locked object

includes "Locked" text.
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Y ou are unable to move, resize or edit locked object. Now please unlock all objects: select all
by pressing Ctrl+A and unlock al (Edit / Unlock Selected or Ctrl+Alt+L).

Also you can lock components after placing them on the top or bottom side. Select "Edit /
Lock Components/ Top" to lock top components. Using this mode you can route the board
and don't worry that some components can be moved by accident. To unlock componentsin
the top layer select "Edit / Lock Components/ Top" from main menu again.

2.5.12 Design Verification

DipTrace has number of features to verify your design, that are united in Verification item of
main menu. For complete verification of your board we recommend to use DRC, Net
connectivity check and Comparing PCB to Schematic.

DRC (Design Rules Check) feature is one of the most important features, that allows you to
check the distance between objects and allowable sizes. Most probably current PCB doesn't
have errors because it is very smple. Press DRC button on the route panel or select
"Verification / Check Design Rules’ from main menu to check entire design - the error list or
"No Errors Found" message will be shown. Now select "Verification / Design Rules’ to setup
DRC feature. In the design rules dialog box you can define object-to-object clearances for the
board. If you uncheck "All Layers" checkbox, you can choose layers from the list below the
checkbox and define different clearances for each layer. Notice, clearance settings will not be
used for the nets, where custom net class clearance ("Use Clearance in DRC" option) or
Class-to-Class settings are defined. Y ou can access Net Classes window by pressing "Net
Classes..." button in Design Rules window and review or change current settings of net
classes.
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We will check Class-to-Class Rules and Copper Pours, so please check corresponding boxes
and press OK to apply changes and close window.

Now, letstry to see how DRC works. In previous subsections of this tutorial we created a
copper pour on our PCB. Please check which layer is active now. In our case we have copper
pour on the bottom layer. We press "B" hot key and bottom layer becomes active. We switch
off the grid with "F11" button and move some trace, until it touches the copper pour. Now go
to "Verification / Check Design Rules® or just press "F9" to run the DRC. Window with the
list of errorswill pop up.

In drop down list of this window we can select to show errors by layer.
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We can left click on the error in the list and then press "Localize" button — DipTrace will
target the error's site and place it at the center of the screen. But we have a ssmple board, so
we just correct the error (move net back to it's original place) without closing error report
window and then press "Run DRC" button again. This time everything is good and "No Errors
Found" message appears.

Y ou probably use high resolution of the screen and error report window will be much smaller
than on the picture above. We intentionally used low resolution to make all buttons clearly
visible to you.

Net connectivity check allows you to verify if all nets are properly connected. For such design
thisis not important, however if you have larger design with many layers, pins, copper pours
or maybe even shapes in signal layers (where thermals or other things can not be created) to
connect nets, then net connectivity check is necessary. It checksif all nets are properly
connected and displays list of broken or merged ones.

Now please select "Verification / Check Net Connectivity" and click OK. Most probably your
design will not have connectivity errors and you will see "No Errors Found" message.

Comparing to Schematic allows you to check if your PCB project corresponds to source
Schematic file. It shows net structure errors and unknown components. Select "Verification /
Compare to Schematic" from main menu, then choose source Schematic file and press OK. If
your net structure was not changed and has no errors, you will see "No Errors Found"
message, otherwise list of errors.
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2.5.13

Net connectivity check and Comparing to Schematic works in the same way as DRC and you
can select errors from alist to highlight them.

Design Information

How about counting number of pins or board area on our design? So select "File/ Design
Information” from the main menu.

Also it ispossible to display al drill/hole sizes and show them in the design area - this may be
useful if you want to optimize you drill table and remove some hole sizes.
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e

In the design information dialog box you can preview number of different objects, layers,
board size and hole sizes. To open "Holes by Size" window press”..." button in the bottom
right, to highlight holes by size on the board press " Show on Board" button.
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2.5.14
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Now close this dialog box, delete copper pour from your design and route "Net 1" (in our
case) manually or run auto-router (F9) to routeit. Also it is possible to route the net
automatically by right click on the pad / Route Net.

Panelizing

With DipTrace you can panelize similar or different PCBs on single layout.

If you need several copies of the same PCB select "Edit / Panelizing” from main menu:
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@ PCE Layout - [D:\VIad\tutorial thing.dip] =2 Rel )
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We will make 4 copies of the PCB, i.e. 2 columns and 2 rows. Spacings between boards will
be zero. Rail Edges means distance between boards and panel border. Usually it is not
necessary, however may help to determine approx panel size. Our rail edges for al sideswill
be 0.1 in. Also some manufacturers need panel border in the board outline layer, so we will
also check "Show Panel Border" box. Click OK and you will get the following picture:
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L o ——
@ PCE Layout - [D\Vlad\tutorial thi
File Edit WView Objects Placement Route Verification Library Tools | Help |

“DD”E|§@ 3 4 BER oo 8 &) |owsn <]

hom+ mfece M6

IN~oOmoen o s@|fmisy | [axi| b2 = wer oo || e g2
“ GENERAL BGA DIP.P CAP_SMD CGFP CRYSTAL  DIODE DIP DIP.F  IND_SHD |4 p |A I
— M ;I Lavers I Dbiectsl Propertiesl
| J Top Assy =
=|:|= L « Il Torsik L
e ‘/ Top Mask
S0IC-8/150mil + I Top Paste
S0IC-BEPHM50mil v -
SOIC-8/209mil J - Tutorial Layer [2]
+ [} cotom ]
SOIC-8/300mil —I ‘/ - Buattorn Paste
SOIC-141150mil Copy 1 ‘/ Bottom Mask
SOIC-14/209mil + [ Boton ik
SOIC-14/300mil o . . . + I Eottom Assy -
SOIC-16/150mil ] ] ] o] 4+ Cortiast =] M
. o o o o
50!(:—16:209mfl I . Design Manager = ’E a,
SOIC-A6/300mil S & BT1-BAT =
= P C1-CAPTO0RP
SOICA3300mil o C2 - CAP100RP -
e — E@ g o Component ping:
501C-20/300mil
SOIC-24/209mil | _ Ad
Kl _ 2
X=2,286 in ¥=4,222in A
In the design area we can see only boxes with "Copy #" text, however in print preview, while

printing or exporting Gerber/DFX/Drill complete copies of the board will be inserted there.

It is possible to exclude some objects from panelizing (for example, holes or shapes). To

exclude any object from panelizing right click on it and check "Do Not Panelize" item.

item isavailable only if panelizing is on.

This
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File Edit View Objects Placement Route Werification
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Use print preview ("File/ Preview" or button on the standard toolbar) to see panelized board.
Notice that panelizing works only if PCB has board outline. Open Panelizing dialog box and
change Number of columns and rowsto "1" (this will remove copies).

Panelizing of different PCBs works in the following way:

Check "Edit / Keep RefDes while Pasting” item from main menu, select all objects (Ctrl+A)
of your second layout (we will select our existing layout, but you can use any other layout).
Ctrl+C to copy it, right click in the empty area (this will be upper-left corner of the second

layout) and Paste.
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We got second copy of our PCB (or another PCB, if you used it) and Reference Designators
were not changed. Also please notice that you should make common board outline and maybe
place board cutout shapes.

Notice that if "Keep RefDes while Pasting” item is checked, pin limitations (Free, Lite,

Standard, etc) are not applied for copying, so you can easily panelize several 250 pin layouts
with free DipTrace edition. By the way you can get 500-pin Lite Edition for Non-Profit use
(hobby, education) for free — just contact support@diptrace.com.

2.5.15 Printing

We recommend to use print preview dialog box to print your PCB. To openit, select "File/
Preview" from main menu or the button on Standard toolbar in upper left side of the screen.
Notice that we didn’t describe creating Titlesin "Designing PCB" section. If you want to
display titles, then select "File/ Titles and Sheet" from main menu and select "ANSI A" in the
"Sheet Template" box, check "Display Titles" and close the dialog box, before opening Print

Preview window.

In the "Print Preview" dialog box you can customize the view of your PCB by checking/
unchecking the boxes in "Objects" group. If you would like to change your design printing
scale, then select it from "Print Scal€" box or press“Zoom In*, "Zoom Out" buttons in the

right side of screen. To move your PCB around the sheet select "Move Board" button and

move your PCB. In the upper-left you can select current Signal/Plane layer and the mode to
show layers. If you want to get mirrored PCB and/or text, check "Mirror" and/or "Flip Text"
boxes (Flip Text box isdisabled if "View / Flip Text Automatically" option is on).
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To print, click on the "Print" button. To save image in Bmp or Jpeg file, select "Save". Small
button with colorsto the left from "Zoom Out" tool allows to define printing colors
separately. By default "White Background” schemeis used for printing. Also notice that layer
colors depends on color scheme only if they have default color, otherwise they will be drawn
using color defined in "Route/ Layer Setup”. For printing all in black without changing layer
colors check "Print in Black Only" box.
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Notice for hobbyists: please be aware of the fact that alaser paper introduces some degree of
dimensional distortion due to heat expansion of paper. It all depends on your laser printer and
quality of paper. For many people it may be of no significance but for some it may be
important. One way to cope with it isto preheat the paper in the laser printer by running it
through alaser printer without printing on it (you may print just adot). For ink-jets that is not
the case since ink-jet technology does not heat up the paper. Laser printers doesn't always
distort the image visibly but you have to be ready.

To correct this use "Calibration” feature of the print preview dialog box. To summarize, there
are two methods of prototyping a PCB at home: usinga TT (Toner Transfer) or UV exposure.
TT isdefinitely amethod for alaser printer and UV exposure is better served by an ink-jet
printer.

Close the "Print Preview" dialog box and use Undo several times to remove second PCB and
recover copper pour (also notice that you can simply unpour copper pour if you don't want to
print it).
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2.6
26.1

Manufacturing Output

DXF Output

Y ou can use DXF output feature to export your design to many CAD, CAM programs that
allow you to import DXF files. If you have used AutoCad for PCB design before switching to
DipTrace, you might want to edit some pieces of your design with AutoCad. Also the DXF
export function allows to create the edge for milling automatically, the edge can be converted
from DXF to G-code using free ACE Converter (you can download it from our web-site).

In this example we will use another PCB, but it is very similar to the one we worked with
before, so don't be confused and follow the steps described.Output processis similar.

Select "File/ Export / DXF' from the main menu. Press "Select All" in the "Export DXF"
dialog box —all layers of your design will be selected. Notice that "Edge Top" and
"Edge Bottom" are not the layers of your design. It is possible to select them by holding
down Citrl key and click, but now we don’'t use these layers. If you want, you can check/
uncheck different boxes in the right side of dialog box to show/hide objects, mirror your
design or flip text. Now press "Export" and save your file.
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Now you can open it with AutoCad or another program that can read AutoCad DXF.

What do you think about producing your PCB using milling? This method is convenient and
cheap for non-complex PCB'’s. Let me show you how to do thiswith DipTrace. Notice that
copper pours are not counted when you export edge for milling, but thermals may be counted,
so please remove copper pour.
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Now select "File/ Export / DXF" to open DXF Export dialog box. Then select

"Edge Bottom", all traces of our PCB are in Bottom layer. Check "Mirror" box to mirror the
design (thiswill be how we see the board from Bottom side). Then define "Edge Width" —the
center line of milling will be in "edge width"/2 spacing from design objects and the depth of
milling depends on edge width and instrument angle. Press "Export” button and save DXF

file
@ PCB Layout - D\VIad g0t DXF =) =ah=i |
File Edit Vi Obj
ile i iew i Layers: |
=gy = %@L Top Assy v Traces Drill f e 4+ | TE |TopSide - §& &
~~Oomod ¥2P Elllkk ¥ Pads + All Holes H | Top (1] - oz | 2B [
p Mas P 5=
—| | |Top Paste . " Plated
GENERAL  BEA|| [Top RVias - Nomolated DIF.P  IND_SMD b |
- utorial Layer R on-plate:
@ﬁ Bottom vijBadMialHoles l Lapers l Elbiecls] Properties]
gri::_;nlj L [# Mt Holes Units:
- rill_Tutorial Layer - N
] | Drill_Bottom v Text inch - ‘t’ Top Assy =
- = Bottom Paste + - Top Silk. muiy N
e I Bottom Mask [v Tables [~ Mirror v Ton Mask
Bottom Silk ElRES
. Bottom Assy [ Pictures - Tap Fast ]
SOIC-8150mil Board Outime - ' Il TopPaste |
S0IC-8EPM50mil g!“‘e““!"“—g“:’l L Tiles v W]
e E::Izm;_lz_ otiom [+ Dimensions ‘/ - Tutonal Layer (€]
Ede Bottom W - Eattamm 3
SOIC-8/300mil v Convert Yector Text to Lines \f - A
SOIC-14/150mil Solder Mask Swelk: 0.004 in W Bottom Mask
SOIC-14/209mil Paste Mask Shrink: 0,004 n ‘/ - Battarn Silk
S0IC-14/300mil ¥ Paste Mask for SMT Pads Only v - Bottom Assy i
Fi I —
SOIC-16/1150mil Board Outline Width: 0,006 in + Cantrast ~| |
SOIC-16/209mil Edge Width: 0.008 in P v— = - 1
SOIC-16/300mil Mumber of Edge Paszzes: 1 T = &
- -
SOIC-18/300mil C1 - CAP10ORP
Offset C2 - CAP100RP -
S0OIC-200209mil w0 | - y- l—u . pi
§ n n Component ping:
SOIC-20/300mil Select All | [~ Use Design Origin
S0IC-24/209mil
X=-0,308 in ¥=2937 in

Now please open your file with AutoCad or another program to view the result:
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The edge exported from DipTraceis set of polylines with defined width. Before the exporting
DipTrace checks your design and if the object to object spacing somewhere is less than edge
width, then it shows the warning and errors to enable you to correct them.

Notice that CAD programs usually show the polylines with sharp angles and sometimes
picturein CAD program have some issues (sharp angles), but when you mill the PCB or
simulate the milling with CAM program there will be no issues because of the radius of
instrument.

Now convert your edge from DXF to G-code using ACE converter.

Press Undo several times to recover copper pour or just unroute net and return copper pour sz |
, by updating it.

2.6.2 Gerber Output

Select "File/ Export / Gerber" from the main menu. In the "Export Gerber" dialog box select
the layers (use "Ctrl" and "Shift" for multiple selection, if necessary) and with checkboxes
select objects to export, then press "Preview" button. Notice that you should export layers
separately, i.e. one layer per file.

1. Select Top Assy —thisis assemble layer, it includes all shapes/texts placed in Top Assy and
objects defined in "View/Assembly Layers' sub-menu of main menu. For our PCB this layer
doesn't include anything when you preview it (if View/Assembly Layers has default settings).

2. Select Top Silk —this layer includes pattern shapes/texts and shapes/texts placed in Top
Silk layer. Do not change settings and click Preview. Notice that if you have True Type fonts
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and can not see texts or they are displayed incompletely (depends on font and its size), you
should simply make "Recognize Accuracy" value a bit smaller (do not make it minimum
possible).

3. Top Mask —thisis solder mask layer. It is generated automatically based on pads, their
settings and common "Solder Mask Swell" defined in Gerber dialog box + includes shapes
placed in solder mask layer. | suppose we should only uncheck "Vias' box, as they are usually
covered with the solder mask. To change custom solder mask settings for pads right click on
the pad and select "Mask / Paste Settings” from its submenu.

4. Top Paste —thislayer is usually used for SMT pads only, so we can check "Paste Mask for
SMT Pads only".

5. Signal layers (Top, Bottom, etc.) - these are our copper layers, now please check "Vias'
box for al of them and preview if all layers are displayed correctly. Notice that if you plan to
drill holes manually you can also check "Pad/ViaHoles' box, however this option is not
recommended if you send files to manufacturer. Also notice that in case that "Pad/VVia Holes'
box is checked, 2 layers will be created for each signal layer if there are through pads or vias:
drawing and clearing. The second layer is used to remove artefacts over the drill holes.

6. Bottom Paste — Bottom Assy, by default all text objects in Bottom layers are flipped —
"View / Flip Text Automatically" option in main menu, however if that option is off, you can
flip text manually for the layers you want ("Flip Text" box).

7. Board outline includes board outline only with defined width. Board layer includes board
asfilled polygon.
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Now, please, select "Bottom™ layer in the list and click "Preview" to seeit. You can zoom in
and out. Press "Close" button.
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< Gerber - Preview -0 &

o | B

The Offset in DXF, Gerber, N/C drill and "Pick and Place”" export functionsis the distance
between zeros and your board in the Bottom Left. Also you can use design origin by checking
corresponding box in Gerber export window.

Press "Export All" button in Gerber Export window and save your Gerber files one-by-one.
Extension can be defined in Gerber dialog box or you can type it manually, while saving files.
Y ou can also export Gerber files manually, layer after layer. Select layer (several layers) and
specify with the check marks, which objects you want to include to exported files and then
press "Export” button. Y ou can send these files to manufacturer.

DipTrace aso allows you to export drill symbols. Just check "Drill symbols" checkbox in
Export Gerber window. Then press"Set Symbols" button. In pop up window you need to
assign each hole manually with the symbol from the list in the right side of the window, or
press "Auto" button, and each hole will get it's symbol automatically. Press "Close" button.
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o

Viasin DipTrace are exported in layer pairs (top and bottom layers, involved in via) There are
three layers selected now, this means, that only through-hole vias will be exported. If you

o]

need to export Blind/Buried vias, you have to select only layersinvolved in that via. However,

we don't need to do this now.

Now check "Add Comments" checkbox and press "Preview" button. Y ou will see the drill

symbols and atable with parameters of the holes.

© 2011 Novarm Ltd.




DipTrace Tutorial

<4 Gerber - Preview =10 ﬂ
@l Q Scale: - Close =

Sym Hale Flai ed Caurt
T T T T + Found @@22 in Yasg 5]

x Round @228 in ACH 4
. . . . “ Round @235 in Yes z

- Round @238 in s 12

4 | i

Close preview window and press "Export" button to save file with Drill Symbols. Drill
symbols will be exported in separate file just like each layer. If the apertures are not
predefined, DipTrace will ask you to set them automatically. Then save file with Drill
Symbols.

Notice that if "Drill Symbols" box is checked and you try to export silk, assy, signal layers,
etc., you can get blank file/preview.

DipTrace alows you to export any texts and fonts (even Chinese hieroglyphs) or raster black
and white images (company logo, etc.) to Gerber, but you should define “ Recognize
Accuracy” for such objects (3 mil is set by default). Y ou can use up to 0.5 mil accuracy.

It isvery good practice to check your files with third-party Viewer before sending them to
manufacturer. Also the best Viewer is the same software (or free Viewer based on the
software) as your manufacturer use, because some programs may read Gerbers a bit
differently from official RS-274X specification.

We tried to take into account specifics of different manufacturing software in DipTrace
Gerber export feature, but anyway verifying filesis very good practice.

If you don't know what software your manufacturer use, we recommend Pentalogix Viewmate
asthe viewer that has strict conformity to RS-274X.
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2.6.3

Create NC Dirill file for CNC machine drilling

To export current design to N/C Drill format, select "File/ Export / N/C Drill" from main
menu. Then press "Auto" button to define tools and press "Export”. Notice, that for through-
holes al layers should be selected, and for Blind/Buried - you specify only pair of layers (top
and bottom layer where Blind/Buried holes are located). Y ou can press "Export All" button
and DipTrace will save all layer pairs automatically.

In our case Blind/Buried holes could be made between Top and Tutoria layer, or between
Tutorial and Bottom layer, but we don't need blind holes, therefore all layers are selected.

Y ou can use "Preview" button to view the result.
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Congratulations! Y ou have finished designing a simple project with DipTrace.

Please, save your Schematic and PCB files—we will use them in your future practices with
thistutorial. It took longer to read it then to actually finish the project.

P.S. Do not forget to uncheck "Use Priority Layer Directions' box in the Autorouter Setup
dialog box if you plan to route 2+ layers PCBs.
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3.1

3.1.1

Creating Libraries

This part of tutorial will teach you how to create component and pattern libraries using
Component and Pattern Editors. Libraries are crown jewels of the design house and as such
needs to be treated and BACKED UP. Again: please remember to save your own librariesin
several places, just to be safer.

Designing a pattern library
Open DipTrace Patter Editor, i.e. go to Start = All Programs - DipTrace - Pattern Editor.

Customizing Pattern Editor

After opening the Pattern Editor you might want to show origin and X,Y axis, so select "View
/ Display Origin" from the main menu or press F1 (if it is not displayed yet). Notice that you
can change origin at any time while designing the pattern,. The origin will be zero point of the
pattern when you place, rotate it or change position by coordinates in PCB Layout.

The panel in upper side of design areais "Pattern Properties’ panel, you can useit to define
pattern attributes and design the pattern by types or from templates. Y ou might want to hide
or to minimize it when designing the patterns. To minimize the panel, click arrow button in its
upper left corner. To close the panel click " X" button in the upper right, to show it again

select "View / Pattern Properties’ from main menu.

& Pattern Editor E]@
Libraty Patterm  Edit  Wiew Objects Laver Help
O E & BB B 6y 2002 w005 w|l w4+ O L O S Too || N TN

i Pattern
.o [+ Pattern Properties ¥ j (-I-) : I X
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MHumber 1: [~ - wanable parameter

LUndted 5 Number 2 T Mame  [Untitled ?

: Spacing 1: I in RefDes: ?
R Spacing 2: I in Yalue: ?

2 gnaging 3 n
.. | Spacing [ in » Additional Fields

R R R

*=-0.65in ¥=-0.65in

Use"+" and "-" or mouse wheel for Zoom In and Zoom Out in component and pattern editors
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3.1.2

or simply enter (select) necessary scale in the scale box above.

Designing a resistor (pattern)
Now you will design the first pattern of your library: resistor with 400 mils lead spacing.

First define the name and descriptor of your resistor. Type "RES 400" in the Name field and
"R" in the RefDesfield of Pattern Properties panel. In Pattern Editor and Component Editor
you define base RefDes, i.e. in our case when you place the resistors to design the RefDes will
beR1, R2, R3, etc. If RefDesis not specified, then program automatically adds "U" to placed
components or patterns.

& Pattern Editor E}@
Libraty Patterm  Edit  Wiew Objects Laver Help
CEE %R g, 2002 | [00Sin ||| L e 4| @ B @ ([T = N TN
,7 ¢4 [ Pattern
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RES400 SN Humber 2: r Name: RES400 2 |
Spacing 1: " in | RefDes: R R
: Spacing 2: [T in | V¥alue: e
N . ]
.| Thasing L » Additional Fields

jffffffffffffffffffffffffffffffjffffffffffffffffffffffffffffffjﬂ

*=0.31in ¥=-0.75in

Note: for the first pattern we will use "Free" type, but in futureit is faster to use "Lines', now
we'll see how to do this with other patterns below.

Please minimize "Pattern Properties’ panel. Select "Place Pad" tool on the "Objects' panel,
move mouse arrow to the position where your first pad should be located, then left-click to
place it; move mouse to the position of the second pad and left-click to place another one.
Then right-click to cancel placement mode.
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Such placement is not accurate method, so we should check and maybe correct the pad
coordinates (you can see on the picture above that we place pads with 300 spacing, but you
need 400). There are severa methods to change the object coordinates and also simple drag-
and-drop. First please select "Objects/ Place Dimension / Horizontal" from main menu or
Place Dimension / Horizontal tool on the toolbar, left click in the center of first pad, then
center of second pad, move mouse a bit up and make third click to place dimension. Key
points of the objects are highlighted when you move over them, placed dimension pointer will
be connected to those key points and recounted automatically, when you move/resize objects.
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Also you can change properties of dimension (Layer, Units, Arrow Size) by right click on it
and selecting Properties in the submenu.

Now we will use "Layer Objects" dialog box. In the right side of screen you can see the layers.
Notice that those are only logical layers for editing (not signal or silk layers). Now select the
layers: move mouse arrow over the "Layer 0", hold down the left mouse button, move cursor
to "Layer 1", then release mouse button. Select "Layer / Merge Layers' or the corresponding
button in the upper part of layers panel to your right. Y ou have made a single layer with two
padsinit; double click on it to open "Layer Objects’ dialog box.

Select the pad with incorrect coordinates and change X to make 400 mils distance between
pads, then click "Close" button to close the dialog box.
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Y ou can see that dimension object was recounted automatically and now displays correct
distance value.

Y ou might want to change the pad settings, i.e. shape, size, hole shape and diameter, SMD or
Through hole type, etc. Pattern has pad settings by default, that can be applied to all its pads
and also each pad may have its own settings. To change the settings by default for the pattern
select "Pattern / Pad Properties’ from main menu. In the "Pad Properties’ dialog box you can
change the shape of your pad: Ellipse, Oval, Rectangle or Polygon (click Points to define the
number of vertices or point coordinates for polygonal pad). Y ou can make round or oval holes
in pads, define hole diameter (it is applied to "Through" pads only). Also you can use pad
template by selecting it from "Template" box. To create your own templatesclick "...>>"
button — that will open template manager. All templates you make here can be used for fast
change of pad settingsin different dialog boxes of Pattern Editor and PCB Layout.
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Please close "Templates”, change shape to "Rectangle”, width to "0.08", and Typeto
"Surface”, then click OK to apply changes.
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Notice that for surface pads you can also change side, i.e. place them on the bottom side (they
will be on top when component is placed to the bottom side in PCB Layout).To change side
select pad(s), right click on one of them and select "Change Side". Current side for placing
new pads and shapes can be aso selected on the objects panel (box with "Top" text in the
right side).

Now you will change the settings of single pad. Move the mouse arrow over first pad, right-
click, select "Properties’ (If the pad is not highlighted while moving mouse arrow over it,
right-click or use "Default Mode" button in the upper side of screen or right click in the empty
areato switch to default mode).

In the Pad Properties dialog box uncheck "Default for Pattern” box to enable the pad’s own
settings, change shape to "Polygon", width and height to "0.09", then press "Points" to open
"Polygon Points" dialog box. Here you can define the type of polygona pad and if non-
regular, polygon point coordinates. Close the "Polygon Points" dialog box, then change hole
diameter to "0,04", On Board to "Through" and press OK to close the dialog box and apply
changes.
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Notice that you can change pad coordinates and direction from the pad properties dialog box.

Also pad properties are applied to all selected pads (not a single one you clicked on).

© 2011 Novarm Ltd.




96 DipTrace Tutorial
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Now please define the following properties for the pads: The first — 0.09x0.09, Rectangle,
Through-hole, hole diameter — 0.04; the second — 0.09x0.09, Ellipse, Through, hole diameter
—0.04. You will place the silk for thisresistor. Select "Rectangle" button on the Drawing
panel in the upper part of the screen, then place rectangle by clicking on two of its key points.
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Disable rectangle placement mode (right-click or "Default Mode" button).

Y ou might want to change the size of silk shape. Y ou can do thisin following ways: using
"Layer / Objects" dialog box (double click on "Layer 1" graphic in the right side), right-click
on the shape and selecting point from the submenu, or resize the shape using drag-and-drop
method (useit in this case). Change grid size to "0.025in" (the grid box islocated to the left
from scale box), "Ctrl-" will also change grid from 0.05 to 0.025. Then move mouse arrow
over rectangle key points and resize (mouse cursor shows possible directions).
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3.1.3

& Pattern Editor

== %

Libraty Patterm  Edit  Wiew Objects Laver Help

DzE f B2@E v
SNO@E S @ A & fse [Topsk -
h

Pattern

O & [101E «| | 0025« || o | O RS @ ST~

Lo | » Pattern Properties
ur—1¢

RES400 || . ...

% |2l & mx

o Layer 1
o

*=-0.075in

Layers

-] -]

Layer D

Layer 2

¥=0.151in

Center pattern by selecting "Edit / Center Pattern” from main menu or "Ctrl+Alt+C". The

resistor is ready.

Try to rotate and mirror the first pattern of your library, select "Edit / Rotate Pattern” to rotate
and "Edit / Vertical Flip", "Edit / Horizonta Flip" to mirror.

Notice that if you try to select and rotate the objects of your pattern, the silk shapes are sized
in relation to pattern width and height. The silk resizing is used when you change the width
and height of pattern by defining different parameters when making patterns by type.

Saving library

It istime to specify library name, comments and filename. Y ou will add several other patterns
to thislibrary in afew minutes, but we can define these parameters and save it now, then add
new patterns and click on "Save" button.

Select "Library / Library Name and Hint" from main menu. Enter the name of your library (it
should be short) and hint, then click OK. The name of your library will be shown on the
Library Panel in PCB Layout program, the hint will be shown when you move the mouse
arrow over the button with library name.
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Library Name and Hint
Mame: |H_-,l Library
Hint: |This is my first library

114 Cancel |

Select "Library / Save" from main menu or the corresponding button on the standard panel in
upper left side of screen. Find the folder to save, type filename, then click "Save". We
recommend to use different folders for Standard libraries ("<Drive>:/Program Files/DipTrace/
Lib" by default) and your own libraries (we will use "My Libraries' folder in "My Documents/
DipTrace").
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3.1.4 Designing BGA-144/12x12

Select "Pattern / Add New to Library" from main menu to add new empty pattern to the
library (see on the left side). The new pattern is automatically selected. Now we will make
BGA-144/12x12 pattern using pattern types and automatic pad numeration. Maximize pattern
properties panel and define pattern name.
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Change unitsto "mm", select "View / Units/ mm" from main menu. Then "Pattern / Pad
Properties’ from main menu and define: "Shape: Ellipse”, "Width: 0.45", "Height: 0.45",
"Hole: 0", "On Board: Surface". Press OK to apply default pad properties. Now on the pattern
properties pandl set: "Type: Matrix", "Columns. 13", "Rows: 13", "X Pad Spacing: 0.8","Y
Pad Spacing: 0.8". You can see 13x13 matrix and dimensions which display pad spacings.
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Click "Lock Properties’ button on the right side of "Type" box of the pattern properties panel
to protect your pattern from accidental change. Minimize pattern properties panel. Pan design
areaif necessary with right mouse button or mouse wheel (hold down and pan). For BGA-
144/12x12 we should delete 5x5 pad rectangle in the center of pattern, so please select it
using box selection (move mouse to the upper-left corner, hold down left button, move to
bottom-right and release button), then press Delete key.
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Select "View / Pad Numbers/ Show" from main menu to display pad numbers. Notice that
our matrix has"1" —"169" numbers and BGA pads should be"A1,A2, etc.", so select all pads
(Ctrl+A or box selection), right click on one of the pads and choose "Pad Array Numbers"
from the submenu. In the dialog box shown select "Type: BGA Matrix", other settings keep
without changes and press OK button.
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- |ele d| Ci c2 c3 c4 E .
felele, L= | o]
K _ ﬁj
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We got correct pad numeration for our BGA matrix. Notice that for "Contour" numeration
first pad will be the one you clicked on when call pad submenu, i.e. Y ou can numerate
contours (QUAD patterns) starting from the upper-left, center of top line or from any other
pad.
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4 Pattern Editor - [C:\Documents and Settings\Stanislav.MAIN\My Documents\DipTrace\My Libraries\myfirstlib. lib] E]@

Libraty Pattern Edit Wiew  Objects  Laver Help

DS & BB o AR psm kot 0B &[T -
NTNOOO O A O e [TopSik v

,7 44 [ Pattern

— [ » Pattem Proporties ' x|l 2 X
0000000000 |
s savant Q0O OQCODT |
0000 COQOOCOD
Q00O COCOHOOCODT.
oo ®
@00 QO @
ﬂ@ 00 . @ﬁ

Now please draw silk screen for your pattern using tools of the drawing toolbar. Grid can be
changed by "Ctrl+", "Ctrl-" or turned off/on by "F11" key. Objects can be moved with usual
drag and drop or by "Move Layer" feature (select layer in thelist in the right side and drag-
and-drop in the design areq).
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3.1.5

& Pattern Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.lib] E]@
Library Pattern Edit Wiew Objects Layer Help
D +tB2BE © 8 & [107e% <||[0sdmm w|||[ [ m 4| O £ B O | S |[To0 =
N [ OO O Ay Oy Ase |TopSilk -
4 Pattern
— | » Pattern Properties = ﬂ(—i—) : E x
Layers
’
BGA-144/12x12 Layer 5
J Layer 6
Layer 7
Layer 8
- w
Kl jJ
#=-3.59 mm Y=-5.58 mm

BGA pattern is ready, save library (Ctrl+S or "Save" button on the toolbar).

Designing SOIC-28 pattern

We will try to make real component by the data-sheet. It's gonna be ssmple "Microchip
PIC18F24K 20" with SOIC-28 pattern.

So now we will make SOIC-28. Add new pattern to the library ("Pattern / Add New To
Library" from main menu), then enter name and RefDes.

Select "Type/ Lines" on the pattern properties panel and set "Number of Pads: 28".
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& Pattern Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib. lib] g@
Libraty Patterm  Edit  Wiew Objects Laver Help
D2l ¥R v 0 & [1076% «|||0Bdmm w| || [ w4+ | B L B @ | S| [Te ~
N TNOOO O A ¢ fee [TopSik
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Pattern Properti ' wclds ~
EEeTan0 w attern rroperues (%) - m X
Type: |Li - T late: |N - L
BGA-144112x12 " ~| @ Template: |None |  Laers
Mumber of Lines: |2 [~ - wariable parameter
é Mumber of Pads: |28 I Name: s0IC-28 B
Pad Spacing: 2.54 I mm HRefDes: [Tl ® Layer 0
S0IC-28 Line Spacing: 7.62 I~ mm | Walue: fﬁ)
Mun » Additional Fields
© © 7] e © o)
K _ jJ
w=-3.62 mm f=-2.0Z mm

We should define correct pad spacing, line spacing and pad settings for the pattern. If you
don't know SOIC-28 dimensions (you can check them in DipTrace standard libraries) go to
http://www.microchip.com/packaging and open package specification document, find SOIC-

28 (7.50 mm) footprint (page 165 in the latest revision at the moment of writing the tutorial).
First define pad settings. go to "Pattern / Pad Properties’, set "Shape: Rectangle”, "Width: 0.6
mm", "Height: 2 mm", "Hole: 0", "On Board: Surface". Notice, you can aso make round or
oval holes in the pads. However, we're not doing that now.

Press OK. Then specify "Line Spacing: 9.4 mm" and "Pad Spacing: 1.27 mm". Check if our
dimensions are correct.

© 2011 Novarm Ltd.


http://www.microchip.com/packaging

Creating Libraries 107

£ Pattern Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib. lib] g@
Libraty Patterm  Edit  Wiew Objects Laver Help
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Type: |Lines - Template: |None - Layers

BGA-14412x12 J a | J 5'7

Mumber of Lines: |2 [~ - wanable parameter nEnEnEn
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Pad Numbers are correct as you can see from the screen, so we don't need to renumber them.
Lock pattern properties to avoid accidental change.

Turnonthegridif itisoff (F11) and draw silk screen using line (or polyline) and arc tools
from the drawing tool bar.
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4 Pattern Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.lib] g@
Libraty Patterm  Edit  Wiew Objects Laver Help
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- :::::%:::::: ::;;;;; Layer 0
SOIC.28 B . . . . . . . . . . . . .
. . . . I
N o e J —
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w=-1.27 mm =699 mm

The pattern is ready, we will attach it to "PIC18F24K 20" component in the component editor.
You can also rotate it if you want: "Edit / Rotate Pattern" or Ctrl+Alt+R.

Savelibrary.

3.1.6 Placing patterns
Open DipTrace PCB Layout module, i.e., go to

Start > All Programs - DipTrace - PCB Layout. To add the created patterns to the design
using the pattern list in left side of the screen, you need to activate the library first. Select
"Library / Library Setup" from main menu, then uncheck "Get Libraries from Folder" box to
activate thelist. Click on"..." button in the right side of list, find your library, then Open™.
"My Library" is added to active libraries. Notice that you can easily move it to another
position in thelist if necessary. Close the library setup dialog box.
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Library Setup
Achive All Libranes
[~ Get Libraries from Folder GEMNERAL [General PCB Library] ”~
SMT [General SMT Library]
| BGA (Ball Grid Array)
BQFP [Bumpered QFP]
BRIDGE [Bridge Rectifier]
IPC 7351 [IPC 7351 Library] L CAN [Metal Can)
LPH [Low Profile Module] CAP [Capacitor]
MISC [Mizcellaneous] CAP_SMD [SMD Capacitor]
Untitled [Untitled Library] CDFP [Ceramic DFP)
PGA [Pin Grid Array] ﬁ COMN_MISC [Mizc Connectors]
QCC [Leaded and Leadless Chip C - COM_PCI [Compact PCl Connector]
QFN [Quad Flat Mo-Lead] COMN_RECT [Rectangular Connector]
QFP [Quad Flat Pack] CQAFP [Ceramic QFF]
QIP [Quad In Line] Del CRYSTAL [Crystal Dscillator]
RESISTOR [Axial Resiztor] CYLINDER [Cylinder with Flat Index]
RE5_5SMD [SMD Resiztor) D-PAK [D-PAK)
SIP [Single In Line] DB_CAN [Diamond Baze CAN]
S0P [Small Dutline] DIODE [Axial Lead Diode]
S0T [Small Outhne Transistor] DIODE_SHWD [SMD Diode)
S50 [Shrink Small Dutline] DIP [Dual In Line Package]
TSOP [Thin Small Dutline] niPF P MNP - Pen | rad=l s
ZIP [Fig-Faq In Line]
My Library [This is my first library] | Add Delete
My Library [Thiz iz my first library)
C:ADocuments and 5ettingzsiStanizlav. MAINAMy DocumentshDipTracelMy Librariesimyfirsthib_lib

Scroll the library panel to the right (using arrow buttons on its right side or press bottom-right
arrow button to display scroll-bar) until you find "My Library", then select your library. Place
the patterns and change marking settings to show RefDes and Type ("View / Pattern Marking"
for common settings and right-click on the pattern / Properties/ Marking for individual ones).
Notice that individual settings are changed for al selected patterns. If you want to place
pattern to the bottom side select "Bottom Side" in the box with "Top Side" text before
placement. For existing components you can change side from submenu (right click on the
component / Change Side).
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& PCB Layout =JoEd
Flle Edit Wiew Objects Library Route Placement Verification Lawer Programs Help
Dl 2R E &$B2R 0 6 & 22 A [127em || o omn 4 £ [TopSide <] @ & ©
NTNOE O @ A & fee o] | [Top sy | | b2 R W |To = ||l | &% % |
QIp RESISTOR RES_SMD SIP SOP s0T 550 TS0P ZIP My Library | 4 4
RES 400
BGA-14qn2x12 | "0 T
jj ACe @r o
Sorc.28 n-o
S OIpIp £ 0P o veebb e b e s e e pa B oo e oo o
..... O e e T,
_____ e
_____ ) -
----- - = i,
D — _— R P Y
S — = '::SIL:::::::::::::Q:
..... f— fE— 8
..... ) -
=N RN E R LI IR 11111 RO
_____ - . D
_____ -] . B
w=-34.29 mm =10, 16 rmm

Currently our top layer isred, so al top SMD pads are red. We can change this from "Route /
Layer Setup" or from design manager ("F3" to show/hide design manager and left click on the
layer color rectangle to change color). Set black color for al signal layersif you have white
background and light yellow for black background. Through pads color can be defined in
"View / Colors".

Now we will change pad properties for one of the resistor pads. Move mouse to the pad you
want to change - you should get red highlight, right click and choose "Pad Properties’ and
make changes you want (we did oval pad instead of ellipse). Notice that if you have red top
layer and move mouse to SMD pad, it will not be highlighted if pad highlight color isred
("View/Colors"), however all features will work correctly. Pad Properties dialog box in PCB
Layout is similar to Pattern Editor and default pad properties for the pattern may be changed if
yOou move mouse over pattern to get green highlight, make right click and select "Pad
Properties®. Don't forget to uncheck "Use Pattern's Pad Properties” if you want to specify
some new properties.
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< PCB Layout - =[G %
File Edit View Objects Placement Route Verification Library Tools Help
D S[a B 30| % §Padiclis m 5 Dy w0 4 | 23 |TopSide  ~| B4
NTNOOO @ A O feel| Number: B o= |y e |[foom <] ks | g2 oy
HISC PGA QFN 1 pote: 3 s0T zIp Viads |4
3 D‘] B Layers | Objects ProperliBS]
[ Use Pattern’s Pad Properties: - W
ETITIET i p H Component: I
RES-400 Template: |Nune IC1
Walue:
W Type: |5ur|‘ace Type: S0IC-28
Shape: |Heclang|e Pattern: SOIC-28 i
IC Additional: N
S0IC-28 I I I I I K -0,156
i . ' -1,653
Width: 0.024 in .
Angle: 0
] Height: 0,079 in J tarking 1: Diefault -
Hole tarking 2 m
I I I I I Shape: |Hound
Design Manager =
Diameter: 1] in i T o I
B1-10 -
’07 . IC1-50IC-28
in T1-125M=A >
Component ping:
|[Zunent Pad
Kl ot
1C1:15 X=017 ¥=-147 ®=0,174 in Y¥=-1,466 in

P — ee— — —

Notice that if pattern's origin is different from pattern's center position, it will be shown while
you place that pattern (or convert schematic to PCB). Also you can easily show or hide pattern
origin for all selected patterns: right-click on one of them and select "Pattern Origin” from
submenu. Try to rotate different patterns and you will see that pattern origin isits rotation
center. Also when you move mouse cursor over the pattern, the coordinates shown are
coordinates of pattern origin.

3.2 Designing a component library

3.2.1 Customizing Component Editor

Customizing the Component Editor is the same as customizing Pattern Editor. After opening
the program, select "View / Display Origin" from main menu to show zero point and X, Y
axis (or press F1) if it is not displayed yet. Component Properties panel in the upper right side
of design area can be minimized or closed using the buttons on panel’s upper side. Using this
panel you can define symbol type: there are 4 types. Free (without any specific properties),
Rectangle and ShapeRect. The only difference for the second and third typesis silk rectangle
for the last one. Also few words about "Part Type" and "Part”" parameters. The first one can be
"Normal', "Power and Gnd" and "Net Port". The component can contain only single "Power
and GND" part (if you prefer to hide all power net for your schematic, then place al power
pinsto this part). Net Port is a single-part component and is used to connect wires together
without visual connections, it can be used for Ground or Power symbols, also for the
schematics with flexible structure (we will try to design such component and to useiit - see
below).
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ﬂf Component Editor E]@

Library Component Edit View Objects Laver Help
D + B@ g o fax <ien <[k +/ NN A AO0000 A & s B & 8.
4 | Component :
-+ --| w Component Properties % j (_$) : ﬁ x

ao Type: |Free 5 Template: |None j Lavers

Name: ’W ?

.| Width: in

JE1|
SRR
Untitled Pin Spacing: in
’7
,7

-2 -| Left Pins: RefDes: B
Right Pins: VYalue: c?
0| Part Type:  [Nommal -| Part: Part 1

B | [ » Additional Fields

Pattern:N/A

@ffffffffffffffffffffffffffjfffffffffffffjffffffffffffff

#=-0.7in ¥=-0.81in

Y ou might want to define pin settings before creating the components. So select "Objects/
Pin Placement Setup” from main menu. We will not change these properties now, but notice

that length and X,Y Spacing should be divisible by grid step to create all part key points on
the grid points.
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DEE % B@ B oo o <] 05n o] [k + NN AOOOON O & 3 & 8% e
@4 | Component :
-+ +---| w Component Properties X j (-$) : Ir X
coo| Type: |Free j 5 Template: |None j Layers
L] Whdth: - —htled ?
D s nitle
Untitled *222:| Pin Spacin Placement Properties
R ins: ?
A Left Pins: Type: |Nune j
-+ | Right Pins: ‘?
Part Type: Length: ’W in art 1
R » Additional Fields
. X Spacing: 0.1 in |
Y Spacing: o n
v Justify by Connection T
ok | Cancel ‘ SEEEEEREEE
Pattern:M/A T
\Part 1/ ﬂ J 4
A=-1.15in f=1.45in

We also recommend to use 0.1 in grid when you place pins and align pins by this grid.

3.2.2 Designing a resistor (component)

Y ou will design the resistor using "Free" type and placement by sight. Please define the
component name and RefDes first, use the corresponding fields on component properties
panel. After specifying these attributes please minimize the component properties panel using
the arrow in its upper left corner.
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ﬂf Component Editor

BE X

DEE + 2@

Library Component Edit View Objects Laver Help
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*| Part Type: MHormal - Part:
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Pattern:N/A
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Part 1
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ﬂJ
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Select "Place Pin" tool in the upper right side of the screen, then move mouse arrow to design
area and place two pins using left-click. Rotate one pin by 180 degrees: select it and press
"CtrI+R" twice. Select the rectangle tool and place graphics for the resistor. Pins should be
placed by 0.1 grid and rectangle by 0.05 grid (Ctrl+, Ctrl- to change grid on the fly).
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ﬂanmpunent Editor E]@
Library Component Edit View Objects Laver Help
DM & BR| 2 AR pEn A+ N 2AO0CCAN O 8| D # -
ik Component )
. . | » Component Properties ® j(%) : ﬁ >
Layers
—
RES 400 -
Layer 0
I I ' ' ' ' ' ' Layer 1
[ |
_ ]
Layer 2
Pattern:N/A
WPart 1/ ﬂ J 3
A=0.1in Yf=0.11in

Notice that you can move the pin(s) using drag-and-drop method. If you want to move or
rotate severa pins, please select them first.

The symbol of our resistor is ready, but we should attach pattern to be able to create PCB
from the Schematic with thisresistor. So select "Component / Attached Pattern” from main
menu. In the attached pattern dialog box click on the "Add" button, then find your pattern
library and open it. Select "RES 400" from the pattern list. Y ou can see the resistor pattern
appeared in the right side of dialog box and blue connections between symbol and pattern
(these are pin to pad connections). To create or redefine such connection move mouse arrow
over the part pin, left-click, then move to pad and left-click to connect. To delete the
connection simply right-click on the pin or pad. When you move cursor over one of connected
pins, they both are highlighted. In the right side of the dialog box you can press "Arrow"
button and display pattern verification panel - it allows to check pad settings and measure al
dimensions of the pattern. Click OK to apply changes and close the dialog box.
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ﬂf Attached Pattern E]@

j Pattern:  RES 400

Side: Top - Clear

Part: |Palt 1

= 3 | @ ]

Pin 1 |400% ~|  |Pad1 400z ~| -
Connection List: Library: My Library Add Clear - P
1 -
Pin Humber C:V\Program Filezs\DipTrace\Libymizc. il -
| C-\tempdimlib. lib i) el
1 1 Number- C:\tempitexttypes.lib - 0.2in
C:ADocuments and SettingsiStanislay. ) i
2 ? Y: Din
Pattern: RES 400 Search Shape: Rectangle
Mumber 1: | :II RES 400 ‘Wwidth: 0.09 in
BGOA-144/12412 . .
i =] Height: 0.09 in
Mumber 2: = SOIC-28 Hol 0,04
Spacing 1: in ole -0emn
) 0On Board: Through
Spacing 2: in
Spacing 3: i v Show Pad Humbers:

1

1] Cancel |

Notice that you can specify pin to pad connections using the connection list. Also pin
numbers (related pads) can be defined from pin manager (select "Component / Pin Manager”
from main menu to open it) or from pin properties dialog boxes. Using Pin Manager is
recommended way for mgjority of components.

Attached pattern dialog box can be resized if necessary and window size is saved when you
close the program.

Theresistor is ready and contains both schematic part and PCB pattern.

Define the name and hint for your library: select "Library / Library Name and Hint", then type
“My Library” in namefield and “ Thisis my first component library” in hint field (you can use
another name or hint, but remember the name should be short — it corresponds to the button
caption on library panel of Schematic program).

Click "Save" button in the upper left side of the screen, define library path and filename and
then click "Save" to save the library.
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0= 3By © B & B | oisin =k + N Y A OO O M O fec | 8 &
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Layers
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Layer 1
L1
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File name:  [myfirtib. ol
Save as lype: |Component Libraries [* eli] ﬂ Cancel
Pattern: RES 400
WPart 1/ ﬂ J 9
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3.2.3 Designing a capacitor
Select "Component / Add New To Library" from main menu to add new component to the
library.

We will design the capacitor using "2 sides’ type, so define component name and RefDes and
then select "2 sides’ in Type box of the component properties panel. Change component
width to "0.1", left and right pinsto "1".
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i Component Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.... ‘._"g]
Library Component Edit  Wiew ©Objects Laver Help
o@@se@ o= a&fm b S|k +[N N 200008 O D & 8-
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— —a Width: IU-1 in Name: IE‘AP— 7 — —n
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Il].1
CAP Left Pins: |1 fiefDes: IC ? Layer 0
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> | » Additional Fields &

[y
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Pattern: N/A

WPart 1 ‘I' ﬂ J ﬂ
|X=EI.1 in |\"=D.1 in ﬂﬂ

Now please minimize component properties panel, change grid sizeto "0.0125 in" and place
capacitor graphics using three lines and one arc.
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i Component Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.... E]@
Library Component Edit  Wiew ©Objects Laver Help
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s . % u
Layers
E_K_E' E— —a
CAP Layer 0
Layer 1
Layer 2
Pattern: N/A Layer 3
Layer 4
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Show pin names for your symbol: select pins (or select all using "Ctrl+A™"), right-click on one
of them and choose "Pin Properties’ from submenu. In the pin properties dialog box check
"Show Name" and press OK.
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Also notice that al newly created pins have "Undefined" electric type, so you can change the
electric type using pin properties dialog box or pin manager (see below). Electric typeis
currently used for ERC feature only. "Type" property is used mainly for pin graphics, you can
try different types to see what it draws (or see Help).

Names are shown, but they are in strange positions (as for capacitor) and you need to move
them, so select "View / Move Tool" from the main menu or simply press F10, then move
mouse arrow over pin names and drag them to new positions, then right-click to return to
default mode.

Notice that you can use such method to move pin names, numbers and part attributesin the
schematic capture.
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i Component Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.... E]@
Library Component Edit  Wiew ©Objects Laver Help
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By the way we have shown the names (not pin n umbers) and they will not be changed when
changing the pin numbers, i.e. related pads. Also you can show inversion line in the pin name:
move mouse arrow over the pin, right-click and select the first (top) item from submenu, enter
"normal ~invert" text and press OK, then move pin name using move tool (F10). "~" symbol
in the pin name s start or end of inversion, so using it you can define the inversion for
separate parts (signals) of the pin name.
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i Component Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.... E]@
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Probably you don’t need to display pin names for the components like capacitor and you
might want to display pin numbers. Notice that you can define general settings for pin
numbers in the schematic capture and all components have general settings by default, but
also you can specify separate settings to display pin numbers for each part in the component
editor.

Select "Component / Pin Manager" from main menu to open pin manager dialog box, select
pin "2" in the table and change the nameto 2", then hide pin name for both pins: select them
(move mouse arrow to first row, hold down left mouse button, then move cursor to the second
one) and uncheck "Show Name" box. Close pin manager.

Notice that you can change pin numbers (i.e. related pads), coordinates, length, type and
electric type of pinswith "Pin Manager" dialog box.
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{k pin Manager E]@
iE Part: |Part 1 ﬂ
Hame Humber |X |Y |Lem_:|th Type |Ele-::trit: |5huw Hame
1 1 -0.05 0 015 Hone Paszsive Ho
2 2 0.05 0 015 Hone Paszsive Ho

Add | Delete
Mame: |1 X |-I]_l]5 in Type: Mone ~| Length: (015 in
Humber: |1 Y: |I] in Electric: |Paszive - Bl
Cloze

In the component editor you can set individual component settings to show pin numbers from
"Component / Pin Numbers' menu and common program settings (the same asin Schematic

Capture) using "View / Pin Numbers".

Now please select "Show" from one of these sub-menus to show capacitor pin numbers. If
you like to move pin numbers use move tool (F10).
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i Component Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.... E]@
Library Component Edit  Wiew ©Objects Laver Help
DM BB | A& EE «0n |+ NN 2AO00OC N O fc| D & 8-
i Component }
» Component Properties = ﬂ - L ) >
RES 400 | ¢ H
Layers
E_1|€LE' e Za
CAP Layer 0
1|/ 2 o
! |
. . . E . Layer 2
Pattemn: N/A Layer 3
Layer 4
“Part 1/ ﬂ J >
w=0.11in ¥=0.1in

The next step is attaching a pattern to the capacitor. Select "Component / Attached Pattern”
from main menu. Add "C:\Program files\DipTrace\Lib\_general.lib" to the list of libraries and
select "CAP100RP" pattern. Connect "1" to "Plus’ and "2" to "Minus". Press OK.
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ﬂf Attached Pattern E]@

j Pattern:  CAP100RP

Side: Top - Clear

Part: |Palt 1

{2 _ N
C 3 +{0-O

Pin 1 |600% ~| |Pad PLUS 600 ~| -
Connection List: Library: GENERAL Add Clear - .
1 -
Pin Humber C:V\Program Filezs\DipTrace\Libymizc. il -
| C:\tempAdimlib_lib padihioreitics
1 FLUS Mumber: C:\tempitexttypes lib -
C:\Documents and Settings\Stanislay. )
2 MINUS C:\Program Files\DipTrace\Lib%_gene Y:
Pattern:  |CAP100RP Search Shape:
Number 1: | ~| [caPioo ~ Width:
CAP1000AP PR
Mumber 2: :II CAP100RP el
i - CAP12004P Hole
Spacing 1: in |CAP?00
: CAP200RP On Board:
Spacing 2: in |Cap7sn
Spacing 3: in ag%ggﬂp = I~ Show Pad Humbers  ___

1

0 Cancel

The capacitor is ready.

3.2.4 Designing a multi-part component

Y ou will design simple multipart component with four "And-Not" symbols and power
symbol. The attached pattern will be DIP-14.

Add new component to the library, i.e. select "Component / Add New To Library" from main
menu. Enter name and RefDes.
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il Component Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.... E]@
Library Component Edit  Wiew ©Objects Laver Help

O & BB B & 60z v jotin H|Ih 4N A OO0 A O & D 3
i Component :
i w Component Properties = ﬂ(—i—) : E >
RES 400
Type: |Free j a Template: |Nune j Layers
CAP o
Width: in Hame: AndMHot 4% e
Pin Spacing: Ii in
Left Pins: Ii RefDes: IE ?
AndNot 4X Right Pins: VYalue: ?
Part Type: Mormal - Part: Part 1
I | Pattern  Pin Manager Get from Library & Additional Fields J

Pattern: N/A

o OOV ) ISR S

*=0.11in ¥=-0.Zin

Click arrow button in the bottom-left corner of the component properties panel — quick
buttons to call "Attached Pattern”, "Pin Manager" and "Get from Library" features appears.
These features are widely used when you design library, so we have added quick buttons by
the request of our library designers.

The next step is creating component parts. DipTrace allows you to create separate parts and
part groups (similar parts) in the component. All partsin the part group have the same pins,
silk, etc. except pin numbers (i.e. related pads). Also parts can be Normal, Power and Net
Ports. Power parts and power nets can be hidden in the schematic capture; the component may
include only one power part.

Y ou will design the component with 4 similar AndNot parts and 1 power part. Select
"Component / Create Similar Parts' from main menu, type "4" in the dialog box and press OK
to apply. Notice that similar parts are created basing on currently selected part.
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ik Component Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.... E]@
Library Component Edit  ‘iew ©Cbjects Laver Help

0O @ T3 Add Mew to Library Chrl+Ins  [Ea0x ﬂ |u,1 in j b+ | N ™A OO0 @ A O fec| 9 5 8.
X Delete from Libt-ary Ctrl+Del
—— %, Insert News to Library ctrl+1  pnent Properties % |1=] (-1') : I X
Rl
4 Move Lp chritl L ~| 2 Template: |Mone | Layers
w  Move Down Chrl+D T
[ clear current n Mame: AndNot 4% ‘?
et Fram Library. .. - n P i
@ searchin Libraries. .. sihes: ?
Any Add Mew Part i Value: 7
Create Similar Parts
Insert Mew Part Mormal - Part: Part 1
Delete Current Part
ern Pin Manager Get from Library » Additional Fields
Change Symbol Type L4 J
I Pin Repositioning 4
Make Busses From Pins.., Chrl+B

[ﬁ? Pin Manager...
attached Pattern...

Spice Settings...
Pattern Pin Murnbers 4

Default Additional Figlds...

—

o OOV ) ISR S

*=-0.4in ¥=0.11in

Now you can see the following parts: Part 1 (1), Part 1 (2), Part 1 (3) and Part 1 (4) in the
bottom left side of the screen. All the similar parts have the same part name and are united by
part name. Y ou can change the part name ("Part” field on the component properties panel) for
exampleto "AN".

The next part will be power part. Select "Component / Add New Part” from main menu, select
new part tab in the bottom right side and rename it to "PWR". Notice that new part is separate
part and does not belong to "AN" group.

Now design your power part: select "IC - 2 sides” type from the type box of the component
properties panel and specify the following parameters: width—"0.3in", height —"0.25 in", left
pins—"2", right pins—"0". Then select "Power and Gnd" from the "Part Type Box".
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i Component Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.... E]@
Library Component Edit  Wiew ©Objects Laver Help
DEE BB »c &FEr o0 Ik + NN 20000 & D F B -
i Component }
w Component Properties = ﬂ(—i—) : E >
RES 400
Type: |IC - 2 sides j a Template: |Nune j Layers
CAP '
width 03 | Name:  [AndNot#x @ =]
Height: IF in
Left Pins: 2 RefDes: IE ? Layer 0
AndNot 4X ' Right Pins: 0 VYalue: 7
Part Type: Power and Gnd ~ Part: PR
Nommal
- Pattern |Power and Gnd from Library & Additional Fields J
_ Net Pnr_l
L
Pattern: N/A E Z
TAN (1 /AN (2] /AN (31 /AN (@ )PWR/ 4| N ' S
w=-0.1in ¥=0.2 in

Select "Component / Pin Manager" from main menu, then change pin namesto "VCC" and
"GND", pin numbersto "14" and " 7", electric type to "Power", check "Show Name" box for

both pins. Notice that "Type", "Show Name" and "Length" parameters you can change for
multiple pins.
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{k pin Manager E]@
s Part: PwWR |
Hame Humber |Y |Lem_:|th Type |Ele-::trit: |5huw Hame
YCC 14 0.05 015 Hone Power Yes
GHD ¥ -0.05% 0.15% Hone Power Yes

Add | Delete
Mame: |\.r[:[: in Type: Mone ~| Length: (015 in
Mumber: |14 in Electric: |Power »| |v Show Name
Cloze

Pin manager dialog box window is resizable and you can change width of rows. These
settings are saved when you close the program.

Close pin manager dialog box, minimize component properties panel and see the first part of

your component.
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i Component Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.... E]@
Library Component Edit  Wiew ©Objects Laver Help

DEE BB« 8&ppx Aun AL+ NN 2O0O000 N O & D& 8.
liﬁ Component

» Component Properties . bl ﬂ : 5 i b
RES 400 | ($) — %
Lapers
CAP
Layer 0
AndHNot 4%

= GND

Pattern: N/A

AN (1) /AN (2 /AN (3)/AN () )PWR /4] _ LH

*=-0.3in ¥=0.2 in

Y ou will design other parts of your component: select one of the AN parts, then define the
following parameters on the component properties panel: type—IC - 2 sides, width—0.2in,
height —0.25in, left pins— 2, right pins— 1. Then minimize component properties panel.

Select text tool in the upper right side of the screen, move mouse into your symbol, left-click
and type"&", then press Enter or click to place the text.
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i Component Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib. ... E]@

Library Component Edit  Wiew ©Objects Laver Help
DEE $E@B < 8&pEE | ien AL+ NN 2OO000N O & D F 8.
i Cqmpupenl

» Component Properties - = ﬂ - L ) >
RES 400 | (-1-)'%
Lapers
CAP
Layer 0
AndHNot 4% &
Layer 1

Y =1
Pattern: N/A
—\hN (11 AAN [2) AAN [3] fAN [(4) APWR / ﬂ J L'J

*=0.Z1in ¥=0.2 in

Notice that we should design "And - Not" parts (not "And"), so theright pin has to have
inversion or "Dot" type. right-click on the pin, select "Pin Properties’ from the submenu,
select "Dot" in the type field, then click OK to apply changes and close the dialog box.

Notice that you don’t need to design another "AN" parts. Try to select AN (3) or AN (4) and
you see that they are the same as just designed part. All partsin the group are similar, but pin
numbers should be different (you will change them in afew seconds).
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i Component Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.... E]@
Library Component Edit  Wiew ©Objects Laver Help
O &« BER © B & [p90x ~f jotsin ||k £ NV A OO00C O A O &e D & HE
i Cqmpupenl -
» Component Properties = ﬂ - L ) >
RES 400 | (-1-)'%
Lapers
CAP
Layer 0
AndHNot 4% &
Layer 1
1M ol =
il =
2 N [l
Pattern: N/A
YAN [1) AAN [2) (AN [31AAN [4) APWR / ﬂ J 4
w=-0.1in ¥=0.5 in

Select "Component / Pin Manager" from main menu. In the pin manager dialog box select the
part, define its pin numbers, then select next part and so on until you define pin numbers for
al AN parts. Notice that you don't have to select next pin using mouse every time, to switch
to the next pin simply press Down or Enter key, when you are in the "Number" or "Name"
field. Set "Electric" type for one of the parts (others will be changed automatically). Close pin
manager.
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{k pin Manager E]@
& Part: AN [4) ~|
Hame Humber |X Type |Ele-::trit: |5huw Hame
1 12 -0.1 Hone Input Ho
2 13 -0.1 Hone Input Ho
3 11 01 Dot Output Ho

Add | Delete
Mame: |1 x: |-I]_1 Mone - Length: 015 in
Mumber: |12 Y: |I]_I]5 *| [~ Show Mame
Cloze

The next step is attaching the related pattern to multipart component. Select "Component /
Attached Pattern” from main menu. In the attached pattern dialog box select " _general .lib"
library and DIP-14 pattern from it. Notice that you don’t need to specify pin-to-pad
connections because pin numbers (i.e. pin-to-pad connections) are already specified from pin
manager. Select different partsin upper left side of dialog box and see the connections to
ensure they are right. Press OK to attach the pattern and to close the dialog box.
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ﬂf Attached Pattern E]@
Part |AN 3 j Pattern:  DIP-14
Side: Top - Clear
o
Q
¢
1+
o
O
o o
Pin 3 400% ~| |Pad 1D 300%  ~| -
Connection List: Library: GEMERAL Add Clear ") P -
Pin Humber C:V\Program Filezs\DipTrace\Libymizc. il -
| C-\tempdimlib. lib i) el
1 8 Number- C:\tempitexttypes lib - 0.15 in
2 q C:\Documents and Settings\Stanislay.
C:\Program Files\DipTrace\LibY_gene Y: -0.1 in
3 10
Pattern:  |DIP-14 Search Shape- Owal
Mumber 1: | :II CAPZ0DAP Y ‘Wwidth: 0.059 in
Number 2- o = g:mg Height: 0.059 in
i DIP-18 Hole 0.035 in
Spacing 1: in |DIP-20
) _ 0On Board: Through
Spacing 2: i s
p g < nDIP-24
Spacing 3: in B:E:ig - I~ Show Pad Humbers  ___
OK | Cancel
The multipart component is ready.
3.2.5 Designing PIC18F24K20

Now we will make PIC18F24K 20 part by the data-sheet and attach our SOIC-28 pattern to it
to get real component.

First please go to http://www.microchip.com , search "PIC18F24K 20" and select "Datasheets”
in the left side.

Or use direct link: http://ww1.microchip.com/downloads/en/DeviceDoc/41303G.pdf ,
however we don't guarantee, that it works at the moment you read this tutorial. Go to "Pin
Diagrams’, the first diagram is what we need.

Switch to DipTrace Component Editor and add new component (Ctrl+Insert), select "Type: IC
- 2sides’, "Left Pins: 14", "Right Pins. 14", enter Name and RefDes:
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i Component Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.... E]@
Library Component Edit  Wiew ©Objects Laver Help
O & BR < B & [ex v josin | | N A OO00C O A O &e D & HE
@ | Component . .
w Component Properties = ﬂ(—i—) : E >
RES 400 .
.« . .| Type: |IC - 2 sides j a Template: |Nune j Layers
CAP Ce -
AndHot 4X N | ol 0.5 in | Name: PICI18F24K20_S0IC ¢
~ .. | Height: 0.9 in ]
R . RefDes: ,I[Z— 7 |
- . . .| LeftPins: 14 Layer 0
""" | Right Pins: 14 VYalue: ‘?
PIC18F24K20_SOIC S
Part Type: Mormal - Part: Part 1
- Pattern  Pin Manager Get from Library » Additional Fields J
....... — e
....... o4l s
....... sl leag
....... =0 23 ]
_______ ] o0
....... E_ti . . LE e e e e e e e
Patterm: N/JA ([, . . .. ... g ag =
....... E— . . _E C e e e e e e e e e e e
....... =2 |10 ]
_______ il 1B ]
_______ 12| g A N ST DI (=
“\Part 1/ Kl _ >
«=0.7 in ¥=0.3 in

Press "Pin Manager" button on the component properties panel and enter pin names using pin
diagram from the data-sheet. Notice that you can resize pin manager windows and change
width of columns (we made "Name" column wider to see pin hames). Also when you entered
pin name, just press Enter to switch to next pin name.

© 2011 Novarm Ltd.



136 DipTrace Tutorial

MCLRNVFR/RE3 —[]°1 ~7 28] ] <—= RB7/KBI3/PGD
RAD/ANDICIZIND- =—=[] 2 27[] =— RBG/KBIZPGC
RATANICIZING: =—=[] 3 26[] = RB&/KBI1/IPGM
RA2IAN2MNrer-ICVREFIC2ING =—=[] 4 25] ] =—= RB4/KBIO/ANT1/P1D
RAJANIVRer+ICIING =[] 5 & & & & 24 = RBIANY/CI2IN2-/CCP21)
RA4TOCKICIOUT =[] 6 X %X 5 E 23[] =< RB2INT2ANS/P1B
RAS/ANA/SS/HLVDIN/C20UT =—[] 7 @ N N & 22T <=—= RB1/INT1/AN10/C12IN3-P1C
Ves—=[] B8 o o0 oo 21| < RBOINTO/FLTO/AN1Z
OSCICLKINRAT =[] 9 OO O O 20[]=—"Voo
OSC2CLKOUT/RAG =10 T A & @ 190 «—Vss
RCO/T10SOIT13CK] =—=[| 11 18[] =—= RCT/RX/DT
RC1T105ICCP2!! - []12 17 ] =—= RCETXICK
RC2/ICCP1/P1A =—=[]13 16 ] =—= RCA/SDO
RC3/SCKISCL =—=[ |14 15[] =— RC4/SDI/SDA
fkpPin Manager E]@
CE Part: |Parl 1 ﬂ
Hame Humber |X |Y |Length Type |Elecllic |Shr|:|l||-|| Hame | i
~“MCLR~/¥pp/RE3 1 -0.25 0.65 015 Hone Power Mo
RADAMDZCT 2IND- 2 025 055 015 None Undefined Mo
RATAN1/C12IN1- 3 025 045 015 None Undefined No
RAZ/ANZ2 Vref-/CYrel/C2IN+ 4 -0.25 0.35 015 Mone Undefined Mo
RAZ/AN3AVref+/C1IN+ 5 025 0259 015 None Undefined Mo
RA4TOCKIACTOUT E 025 015 015 None Undefined Mo
RAG/ANA/~S5~/HLDVIN/C20UT |7 025 005 015 None Undefined No
Vss 8 025  -0.05% 015 None FPower No | |
Add ‘ Delete ‘
Name: |Vss X025 in  Type None ~| Length: |0.15 in
Mumber: |3 Y |—I]_I]5 in Electric: |Power *| [~ Show Mame
Close ‘

After entering pin names please specify electric types for pins and check "Show Name" for all
pins. Notice that you can select as many rows as you want and change these properties for all
selected pins. Close pin manager. Our symbol looks incorrectly asits width istoo small and

pin names overlap:
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3 Component Editor - [C:\Documents and Settings\Stanislav.MAIN\My Documents\DipTrace\My Libraries\myfirstlib.... [Z]@
Library Component Edit Wiew Objects Laver Help
O E & BE@R © Q& [z Ljossin L[y + [N N /OO0 O N O D & -
&% Component )
.. . .| » Component Properties w |~ el
RES 400 S | .............. P m
................... Layers
cap —
Andiliot 4x L G RH TREE R :_%z
;%z L e Layer0
......... RB&-K4
POURAASOC | | RB3/ANSFEH AR/ O0R)
. ROZANTRAAKBIEHE
- RBI/INT 17 Al107/ (A3
- RBOANTH A
___________ o9
........... 18]
........... EJ
___________ 512}
Pattern: NJA o ] nereys
i ~ g =
. |':a.,t'1 ...............
Y¥=0.85 in

On the component properties panel change width to "1.9" and height to "2". Pin names still
overlap abit, but we will first group pins and make busses, then change width again, if we
need to. Bigger height is necessary to group pins and place them to the symbol rectangle, then
we will be able to reduce it. Also please change grid to 0.1 as we will place pins by this grid.
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i Component Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.... E]@
Library Component Edit View Objects Laver Help
DEE $B@R o 8 AJn ~ I+ N AOO000A O D # 8-
’7 44 | Component J N .
prm— Lo | » Component Properties » (-I-) - ﬁ >
o Layers
CAP
AndHot 4%
- =—4 MCLR/Vpp/RE3 - RB7/KBI3/PCD REa
- =—2 RAB/ANG/CI2ING- " RBE/KBI2/PGC e Layer 0
odRavan/CaN- | Resmenseow (e
PICISF24K20_SOIC =—H RA2/AN2/Vref-/CVrat AC2INRB4 /KBIG/ ANI1/PID e
=21 RA3/AN3/Vref+/CINRBI/ANG/C12/IN2-/CCP2 E4a
=4 Ra4+/TBCKI/CIOUT RE2/INT2/ANS/PIB e
=1 RAS/AN4/S5/HLDVIREDZMIT/ ANIG/CI2IN3-/PIC e | |
E—| Vas RBA/INT@/FLT@/ANI2 &
- =2 OSCI/CLKIN/RA7  VadPe
- =2 OSC2/CLKOUT/RAS C vess
- Y RCB/TIOSO/TIICK - RC7/RX/DT 8
- = RCI/TIOS/CCP2  RCB/TX/CKHLm
- == RC2/CCPI/PIA ~ RC5/SD0 e
P - =HRC3/SCR/SCL RC4/SDI/SDA 56
WPart 1/ ﬂ J L'J
%=-1.11n ¥=0.9 in

Now we should group pins logically. First we will make busses: select "Component / Make
Busses from Pins' from main menu. This feature alows to extract buses from pin names and
group pins by busses. Y ou can define possible bus divider here. By default only "/" is selected
and it isok for our symbol, however some manufacturers may have different dividers and you
can define them here. Press "Extract” button and you will see available busses and number of
pinsfor each. Select RA, RB and RC using Ctrl key.
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ki

DEedE +BR

f#h

RES 400

CAP

AndHot 4X

PIC18F24K20_S0IC

Pattern: N/A

Component

8 & [:m8z ~|||01in
. » Comg

Make Busses from Pins

Bus Dividers

i N I |[— - |— _

- = MCLR| Busses: _ Ewect | cEipen|PEe
- =—={ RAQ/ RA (@) o [Bi2/PeC e
| B2 RALZ (AN [1D) KBIl/PGM o8
_=HRa24 Ei ANIT/PID [E2e
N by 2-/cCP2Ete
=2 RA4A [Reia) FANB/PIB [Eia

=— RAS CcP @) IN3-/PIC F2e
T vas | g oy Ta/ANIZEa
. =1 08CI e 3 . VddEte
- =2 osca WL 1 vl vesffa

=34 RCB/ 7/R¥/DT P=
: 5—12'RC1/ Busz to Buz Spacing: 0.8 in E/TX/CKLE
~ =—=1RC2/ RCS/S00 -
Cetitpcs] | Moke | cocel | ysmivsoaftie
WPart 14 ﬂ J

S

*=-0.3in

= H S A OO O A O s B & 8
%2l & mx

Lapers

Layer 0

¥=1in

Press"Make" button to make busses and close dialog box. Busses will be placed in the left
side from the symbol and sorted by number:
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i Component Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.... E]@

f#h

RES 400
CAP
AndHot 4X

il

PIC18F24K20_S0IC

Pattern: N/A

Library Component Edit  Wiew ©Objects Laver Help

DEHd 2R 8 & (2 o k4N A OO0 0 A O s D o 8

Component

5 G | » Component Properties

- et REE/INTAFLT R R Ca TI050, TIHEH- RARS ANB/C12INE-
- 2L RB1/NT 1 ANIE - 849 BORT0SIACOP B—L RA1/ ANTY D12 1=
- 2L RBI/TZ/ANE P ROZ/CCPIAPIS B—L RAT,ANZ vref-/ O
- =L RE3, NG C12/ I PR SOK /SOL B—= RAS, ANZ/ref+ /1
- <2 RB4/KBIGANTLEPEE RC4 /S0 SDA  B—2 RA4/TBEKY CIOUT

PES/KEH/PCM ol RCE/SDO - - E—L RARSAN4 /ES/HLDY

- o2l RBE/KEIZ /PG a% ROB/THACK - B—2 0SC2/CLKOUT /RAB| -

pa,nﬂJ

x] 2l & m X
s Lapers
— il

Layer 0
— P:\ACI;FE
el ]
Nl
fCQCJ
Va3
;IJ
¥=0.9 in

w=-Z.2in

Notice that you can aso define "Bus-to-Bus Spacing” before making busses.

Now please select all pinsthat are not in busses (4 pins are till on the symbol as you can see),
use "Ctrl" and box selection for multiple select. Right click on one of those pins and " Snap to
Grid", then move pins to the bottom to let we place busses first.
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i Component Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.... E]@
Library Component Edit  Wiew ©Objects Laver Help
DEE BB »c &% «pin Ik + NN 20000 &8 & F § -
i Component }
- - | » Component Properties = ﬂ - E >
RES 300 P | e e —_—— (-1-) hd
..... Layers
CAP
A aMNEC12NE- -] - - - - " .
bl Ay NI CIZINT- a3 oo o @ oo ayer
AZSAND s Yrel-w O el sC2IN+ - - - -
AZSANT vral+ 2N+ - -
PIC18F24K20_SOIC AdsToK AUt - -
ARSEMN A SSHLDY N O 0T
Pattern: N/A
B e gy
P |3_1 mﬁVDDKE‘EE' . P Veg_“i_g P
T o A T CL
“Part 1/ ﬂ J r
w=1.11in Y=-0.4in

Place busses to the rectangle. Use box selection to select bus, then drag it. Shift+R can be
used to rotate bus and "Shift+F" to flip pinsin it, these commands can be al so selected from
pin submenu (right click on one of bus pins). Then move pins from the bottom to the
rectangle (R can be used to rotate selected object/pin). We got the following symbol, but you
can do that a bit differently:
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i Component Editor - [C:\Documents and Settings\Stanislav. MAIN\My Documents\DipTrace\My Libraries\myfirstlib.... E]@
Library Component Edit  Wiew ©Objects Laver Help
DE2d 2R 8 & 2z~ e Lk OOOC A O s B @ .
i Component J
C » C t Properti = )
prm—— . | omponent Properties (-1-) o ﬁ >
Layers
CAP
AndHot 4x —2| RAB/ANO/C12INO- - RCA/TIOSO/TI3CK Hla
5—| RAI/ANIZCI2INI- RC1/TI0SI/CCP2 H2s -
—H RA2/AN2 /Vref—/CVretAC2INT - RC2/CCPIAPIA HEE Layer 0
—2 RAZ/ANZ/Vref+/CIN+ | - - - RC3I/SCK/SCL s
PIC18F24K20_SOIC e—2 RA4/TOCKI/CIOUT- Co RC4#5SDI/SDA H28 -
=— RAS/AN4 /SSAHLOVINACROUT: - RCBsSDOHie -
e—2] OSC2/CLKOUT/RAE - | - - - - RCEB/TX/CKIE—s - -
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Also sometimes you need to place pins by electric type, to make thistask easier, you can
change pin colors by electric type — see "View / Pin Colors by EType".

Symbol width is correct as you can see, however we can reduce symbol height abit, so
change height to "1.8" on the component properties panel. Please do not touch number of pins
as this may destroy you symbol (then you can use "Undo" though).
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Lock symbol type on the component properties panel (lock button islocated on the right side
from Type field) to protect it from accidental change.

Final step is attaching SOIC-28 pattern to our component, so press "Pattern” button on the
component properties button and select you "SOIC-28" pattern in Attached Pattern dialog
box. All pin names and pin numbers are already there, so you don't need to change anything.
Just press OK.
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Our PIC18F24K 20 is ready!
3.2.6 Designing VCC and GND symbols

You will design VCC and GND symbols using net port type.

Select "Component / Add New To Library" to add a new component. Define the name "V CC"
on the component properties panel and select "Net Port" in the part type box. Notice that all
net ports have "Net Port" marking in the upper right corner of their graphic on the component
table.
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Minimize component properties panel, then select "Pin" tool in the upper right side of screen
and place single pin, rotate it three times (select and "Ctrl+R"). Select line tool and place silk
line of the symbol. Also it is better to use 0.05 grid to make this symbol.
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Hide pin number by selecting "Component / Pin Numbers/ Hide" from main menu. VCC
symbol is ready.

Now please add component (Ctrl+Insert) and create GND symbol in the same way.

Select "Edit / Center Symbol" or "Ctrl+Alt+C" for GND becausein our caseits origin is not

in the center, so you have to center it to make the part origin hidden by default in Schematic.
Notice that we used 0.125 grid for GND symbol to make its graphics.
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Notice that you don’t need to attach patternsto net ports, because these symbols are used only
to connect wires together without visual connection.

Saveyou library.

Using additional fields

Default component fields in DipTrace include RefDes, Vaue and Type. However, sometimes
you need to add manufacturer's name, link to data-sheet, description or other field to the
component. In this case you can use additional fields which you can specify by yourself.

Now select "Component / Default Additional Fields' from main menu. This dialog box
allows you specify default fields and their values that will be added to all new components.
For example, if you design the library of LT components, you can add manufacturer field and
specify "Linear Technology" asits default value.

Please add Manufacturer and Datasheet fields: type "Manufacturer” in the name box, select
Type: "Text" and click Add button, then type "Datasheet” or "Connect” (or another word , that
can be understood as alink to a web-site) in the name box, select Type: Link, enter some link
into "Default Value' box and click Add. Notice that you can also enter values directly into
additional fieldstable.
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From now on all your new components will have such additional fields. Close the dialog box.
Select "Component / Add New To Library" or press "Ctrl+Ins’ to add a new component, then
select it, maximize Component Properties panel using arrow in itsleft side and click

"Additional fields" to see thelist of additional fields for new component.
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Now you can edit, add or delete additional fields to the component, however we will not do
this with new component. Make right click on the new component in component table and
select "Delete Component” or ssimply press Ctrl+Del to deleteit. Y ou can aso select severad
components and delete them at once if necessary.
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Select your capacitor. Notice that it has no additional fields, because we've created it before
changing "Default Additional Fields'. So we will add severa new fieldsto it.

Click Add button, enter "Manufacturer” into the name field, select "Type: Text" and enter your
company name into the value field, then click OK. Notice that you can simply press Enter key
to accept and Esc key to cancel in al dialog boxes.
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Add "Web-site" field in the same way, but select "Type:Link" and enter some real web-site
addressinto the valuefield.

3.2.8 Spice settings

With DipTrace you can export your Schematicsinto LT Spice to simulate and see how it
works. We will review this step-by-step later. Currently we will only specify that our CAP
part is capacitor with some value and it can be added to Spice netlist. Please select CAPIif itis
not selected in the components table, then "Component / Spice Settings' from main menu.
Select "Model Type: Capacitor”, then double click in Parameters : Vaue (cell with "1uF"

text) and edit value, press enter or just move focus to another field. In the Template field
above you can see how this part will look in spice netlist. In our case pin-to-signal map is
correct, however if you need to edit it for other components simply enter signal names into the
tablein left side of spice Settings window. List of available signals (asinformation) is located
below that table.
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Capacitor is very simple part, so we don't need specific model in text file or program to show
how it works (just model type and capacity). However for transistors you can load models
from external files (usually Spice models are available from manufacturer web-sites) or enter
model text manualy, if you know how to do that (see Spice Language documentation). Also
there is SubSkt type where you can enter/load model of amost any part as the program.

"Get Spice Model from Library" button allows you load existing spice settings from another
DipTrace component.

Notice that such dialog box is aso available in Schematic program and you can define spice
settings after completing (or during) schematic drawing.

We've finished designing our library, click OK to apply and close spice settings, then button
with diskette icon in the upper |eft side to save your library and close Component Editor
program.

3.2.9 Library Verification

It is very important to verify your library for possible errors. We investigated work of our
library designers and added all possible errors that can be found automatically to library
verification feature.

In Component Editor select "Library / Library Verification" from main menu. In thisdialog
box you can see total number of components/parts/pinsin your library and possible errors.
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The following errors can be found automatically:

1. Components without patterns — if you forgot to attach pattern to some component, keep in
mind that some components may have only schematic symbol.

2. Similar components — checks if your library includes components with similar names.
Notice that library should be sorted (Library / Sort Components by Name) to let this thing
work correctly.

3. Similar pin numbers—if one or more pins have similar numbers (connected to the same
pad). In 99% thisis mistake in your component, please press”..." button and check pin
numbers for listed components.

4. Shorted pins—if one or more pins are shorted by internal pad-to-pad connections.

5. Unconnected pins —if some pins do not have corresponding pattern pads. Sometime this
may take place for correct components.

6. Unconnected pads — if some pads of the pattern are not used (there are no corresponding
pins). This may take place for correct components.

7. Through pads without holes —in majority of casesthisis mistakein SMD pattern, please
check if pads are really surface-mounted.

8. Undefined pins — some pins have "Undefined" electric property.

9. Pin superposition — some pins are superposed on the symbol, in mgjority of casesthisis
design mistake.

To see details (list of components and pins) press™..." button. Also you can save list of errors
to the text file and then correct library by that file.
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3.2.10

Placing parts

Open the Schematic Capture program, i.e. go to Start > All Programs - DipTrace >
Schematic. You should add your library to library toolbar first, so select "Library / Library
Setup”, uncheck "Get Libraries from Folder” box, press™..." button at the right side of active
libraries list and open your library. Close the library setup dialog box to apply changes.

r d

Active All Libraries
[ Get Libraries from Folder No Library File o
Mo Library File
|E:"\F"mgram Files\DipTraceiLib Discrete [Discrete [Schematic & PCB])
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BAT [BAT] - ££ Mo Library File
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Cap_Mets [Capacitor Networks] | _ Mo Library File

Connectors [Connectors [Schemat ™~ Spice [Spice Models]
Con_5ch [Connectors [Schematic ﬁ Mo Library File
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POT [Potentiometers] FMnrese (Conreeel i
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MIC [Microphones)
C:\Program Files\DipTraceiLib\_microphones_eli

If the origin is shown press F1 to hide it. Usually you don't need origin to design schematics.
However this feature works in the same way as in other package programs, so you can useit if
necessary.

Now please scroll library panel to the right using arrow buttons on its right side or scroll-bar
(small bottom-right arrow to display it), then select "My Library". Choose resistor in the
component table and place it using left-click in the design area, the same with capacitor.

Notice that you can also place components using "Objects / Place Component” or the
corresponding button on the objects toolbar. In this case you don’t need to configure libraries
via Library Setup dialog box.

Now well see, how to use additional fields of our capacitor. Please make right click on it and
select "Links" from submenu. Now you can easily open web-site you entered. In our caseit is
"Connect"”.
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Notice, that colors you have can be different from the ones, shown on the picture.

Y ou can also display additional fields as Part Marking from "View / Part Markings/ Main
(Additional) / Additional" or change via component properties window (right click on the
component and select "Properties”).
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Select the multipart component from the component table. Y ou have created the component
with similar parts and power part. All similar parts can be placed using one item from part list
(inour case "AN (4)") or in the same way as separate parts. To change the placement mode
for similar parts, select "View / Group Parts' from main menu.

Power part can be placed automaticaly (if "Auto VCC/GND" is checked) or manually by
selecting from part list and placing to the design area.

List of partsis not active by default, because "Place All Parts' box is checked. You can
uncheck it to seethelist of parts and place parts separately.
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Notice that active part and number of parts are shown in the component table.

Select "AN (4)" and try to place severa parts to the design area. The program automatically
selects the part from part group and place power symbol for the component.
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Now well try to use Net Ports. Place more AN partsto receive two AndNot components (IC1
and IC2) and two power symbols. Then select VCC symbol from the library and place two
parts, the same with GND. Connect pins. Notice that for net ports program shows Type (or
"Name" from Component Editor). Y ou can unite two net ports by defining the same type and
two wires connected to the same pins of net ports with similar type. Move mouse arrow over
the wire connected to VCC or GND and you will see, that all the, wires connected to the same
symbols, belong to single net.
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To rename the net, which connects VCC pins right-click on the wire and select the first item
or right-click on the pin and "Net Name".

Notice that you can form multipart components from the separate symbols and attach patterns
to them without using Component Editor. Simply check "Allow Parts’ box in the component
properties dialog box (right-click on the part, then "Properties*) and define the same RefDes
to symbols, then "Attached Pattern” button to define related pattern and pad to pin
connections.

Also you can connect the pins to nets without wires (right-click on the pin, select "Add to
Net", then select net, check "Connect without wire" and "OK"), unite nets by name (check
box in the net properties dialog box) and connect pins to the net with similar name
automatically (check box in the net properties dialog box). The last method is the fastest way
to connect VCC, GND (if you plan to hide power nets and parts), CLK, etc.

These features are described in details bel ow.

4 Using different package features

This part of tutorial includes the description of important features that were not reviewed
above. However notice that tutorial doesn't include detailed description of al DipTrace
features yet, we are expanding it step-by-step.
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4.1

41.1

Connecting

Working with Buses and Bus Connectors

This section will show you how to use buses and connect sheets with bus connectorsin
Schematics. Y ou can work with circuit we created in previous subsection of this tutorial, or
Ccreate new one.

Select "Objects/ Circuit / Place Bus' from main menu or the corresponding button on the
objects toolbar, then place bus in the design area by defining its key points. Right-click and
"Enter” to finish placement and right click to switch to the default mode. Move mouse over
part pin, left-click, then move to bus and left-click to connect.

In the dialog box appeared, you can define the name of new net, connected to bus, or connect
wireto one of existing nets (which are aready connected to that bus). Notice, that colors you
have can be different from the ones, seen on the picture.
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We didn't connect our wires to existing nets, so now we have 4 separate wires (Net 0 - Net 3)
not connected to each other via bus. Y ou can change wire to bus connection at any time -
move mouse to the wire segment connected to bus, right-click and select "Bus Connection”
from the submenu. In dialog box we connected Net 2 to Net 3. Now you see that Net 3is
connected via bus.
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Please add new sheet to the schematic. Select "Edit / Add Sheet" from main menu or press
"Ctrl+L". You can see thelist of sheetsin bottom left corner of schematic main window.
Sdlect "Sheet 2" there.
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Y ou can rename or delete the schematic sheet or insert blank one between two existing sheets
using right-click on the tab in bottom left and selecting appropriate item from the submenu.

Select Bus Connector tool on the objects toolbar (or "Objects/ Circuit / Place Bus
Connector") in the top and place it to your empty sheet (it should have "Port 0" name), then
change the sheet to Sheet 1 using tab below and place bus connector there (it should be "Port
1"). Then connect existing bus to bus connector: select bustool, then left-click on the bus,
move mouse arrow to bus connection point (blue circle) and left-click to connect. Notice that
if busis properly connected to the connector, the blue circle becomes green.
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Move mouse over "Port 1", right-click, select the first item from submenu and rename bus
connector to "Port 0" (which we placed on the sheet 2). Y ou can see that box appeared around
port's name. This means that current bus connector is connected to another one. In our case,
bus from Sheet 1 is connected to Sheet 2.

Notice that you can also connect more than 2 bus connectors by defining the same name to
them.
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Sdlect "Sheet 2" and create the bus connected to "Port 0" there.

Notice that the name of your bus is the same as the bus on Sheet 1, i.e. thisis common bus.
Now you can place parts on the second sheet and connect their pinsto "Net 3" or any other
net. Y ou can aso create new nets.
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Working with Net Ports

We aready tried to use net ports above to make VCC and GND connections. In the most
cases they are used in that way, however you can a'so make multiple connections using net
ports with several pins.

Place more parts on the second sheet, but do not connect their pins to the bus. Then select
"Port_Sch" on the library toolbar (notice that you can scroll librariesif necessary), find "Port
8" and placeit to the design area.

Make connections from the parts to Port 8, then place Port 8 to the first sheet and connect the
parts located on the first sheets to Port 8 too. Notice that net names connected to the same
pins of Port 8 on "Sheet 1" and "Sheet 2" are the same, i.e. all wires connected to pin 1 of
"Port 8" parts are connected, the same with other pins. Y ou can connect or disconnect ports (i.
e. easily change schematic structure) by renaming connector, or changing "Type" in net port
properties (right-click, then select first item or Properties).
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Connecting without wires

Pins can be also connected without wires. In this case they don't depend on the sheet or part
location. Move mouse arrow over the pin, that is not connected yet, right-click on it and select
"Add to Net", in the dialog box shown select the net and check "Connect without Wire" box,
then press OK. On the picture below you can see 2 pins connected to "Net 0" and "Net 1"
without wires.
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Now please scroll the design to blank area - we will try to connect pinsto the net by name.
Place single GND symbol from "Port_Sch" library, then move mouse over its pin, left-click to
start creating wire, then move mouse a bit up and press Enter key. Right-click on the wire
segment connected to GND and select Properties.
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In the Net Properties dialog box rename net to GND and check "Connect Net to Pins by
Name" box. Press OK to apply changes and close the window.

Now select "AD" (Analog Devices) library, find "AD1317KZ" (type "AD1317" in thefield
above and press Enter) and add it afew times.

Notice that all GND pins of placed component are automatically connected to GND net
without wire. Also when you change that property for the net, the program checks all existing
parts for free pin which name is the same as net name.

Thisfeature is the easiest way to connect pins which have the same name for al schematic.
These can be power, CLK pins or even data buses.
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In Schematics you can logically connect nets on different sheets without net ports or buses.
It's possible with simple "Connect Nets by Name" feature. Just choose some net from Sheet 1,
remember it's name (in our case it's Net 14). Then go to Sheet 2 and right click on the net, you
want to connect to net from the first sheet. Select "Properties’, type in the same name as the
net on the first sheet ("Net 14"), check "Connect Nets by Name" and press OK.
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Notice that you can't connect nets by name on different levels of hierarchy. For that purpose
you can create global nets. We will learn how to use them later in Hierarchical Schematicszorl

subsection.

Connection Manager in Schematic and PCB Layout

One of the ways to make connections in Schematic and PCB Layout is connection manager.
To open it select "Objects/ Connection Manager” from main menu in Schematic or "Route /

Connection Manager" in PCB Layout.

Open connection manager in the Schematic where you are in. Select some net in the box
above the window, you will see al its pins. Now you can easily add/del ete pins to/from the
net. To add pin select part and its pin below, then press "Add". Notice that only free pins are
shown there, so if you can't find the pin you need, it is already connected (maybe to another
net). Also you can create new net by pressing "+" button.

".." renames current net and "X" — deletesiit.
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Press OK to apply al changes you made and close connection manager or press Cancel to
closeit and recover old net structure.

4.2  Reference Designators

Now we will work with schematic exampleslocated in My Documents / DipTrace / Examples

folder.

Open Schematic_2.dch file from Examples folder.
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On this Schematic you can see different types of pin connections made by our electronic
engineer, however our goal isto make some experiments with reference designators to show
you how it works.

Current Schematic contains 23 capacitors from C1 to C24 (C19 is missing), but when trying
to edit you probably need to insert for example C5 somewhere. So pleasetry to place a
capacitor from the library you recently created (My Library). It will be our C5, but currently it
has C19 designator. Right-click on that capacitor and select the first item from submenu, enter
"C5" and press OK. Program will show the warning message, but also suggest to rename the
component with shift of RefDes numeration. Choose “Yes”.
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The capacitor was renamed to C5 and old C5 became C6, etc. till C18 > C19. Now you can
see in connection manager that C19 designator is not missing, because you inserted C5 and
C5-C18 were shifted. In the same way you can place any component and rename its
designator with shift of other ones.

Now please rename your C5 to C30, then check capacitor designators in design manager (F3
to show/hide it and use "sort components' button) — C5 and C25-C29 are missing. To correct
thisissue simply right-click on any capacitor and select "Optimize RefDes/ RefDes C" — C30
become C24. And the reason is simple — while optimizing, the RefDes program removes all
empty placesin the designators array, so C6-C24 become C5-C23 and C30 becomes C24.
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But what if we need to renumber Reference Designators on our schematic to make it simple to
navigate through design. For that purpose DipTrace has a convenient "RefDes
Renumbering..." tool. In main menu choose "Tools/ RefDes Renumbering...". In RefDes
Renumbering window you can specify how renumbering will work - in rows or columns and
choose how DipTrace is going to count components, while renumbering. As you know, there
are components of different sizesin our schematic. If we choose "Top-left" in Component
Position section of the window, DipTrace will renumber components, based on the position of
the top-left corner of the components. If you choose "Origin” it will use origin of the
component. Notice, all renumbering goes from left to right and from top to bottom. Press OK
and components will be renumbered.
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If you need to renumber only components of one RefDes — just right click on one of the
components and choose "RefDes Renumbering..." from the submenu. Y ou will see the typical
RefDes Renumbering window, but you'll be able to apply renumbering to current RefDes, or
to all components. Y ou can aso use RefDes renumbering tool in PCB Layout.

Now please close your Schematic without saving and run PCB Layout module, then open
PCB_2 file from Examples folder. Rename C8 and C10 in the upper side of the board (you
can use Design Manager to find them — double click component name to find component in
the design areaq) to C28 and C30 (right-click on the component and select first item). Select
"File/ Save As" and save changed PCB file somewhere.
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Close PCB Layout and open Schematic Capture again (notice that you can open it directly
from PCB Layout by selecting "Tools/ Schematic" from main menu, however we don't
recommend to do this on Win 98/ME).

Open Schematic_2.dch file and find C8 and C10. To find it you can use design manager or
press Ctrl+F (or select "Edit / Find Object” from main menu). Type "c8" and press Enter to
find it, C8 will be placed in the center of design area and highlighted.
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Notice that you can minimize "Find Object" window by clicking the arrow in its upper-left
and use it while editing your design without showing al parameters.

Zoom In the schematic to see C8 and C10 better.

Notice that PCB_2 isthe design related to Schematic_2 and we have renamed these capacitors
init. We can rename them here too, but what do you think, if while designing complex project
you renamed a few hundreds of components (according to their positions on PCB) and don't

remember their old designators.

In this case we can use Back Annotate feature, so please select "File/ Back Annotate" from
main menu and the PCB file you saved in open dialog box. Notice, that net names and net
classes are also back annotated from PCB.

Now you can see that al designatorsin Schematic (in our case C28 and C30) are changed

according to PCB.
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4.3 How to find components in libraries

DipTrace 2.2 includes thousands of components in standard libraries and we enlarge these
libraries step-by-step. The libraries are formed by manufacturers and components are sorted
there. However sometime we don't know the manufacturer of some component or it may be
produced by number of manufacturers or we don't know its full name, but only digitsin the
end of its name, etc. To make searching components easier all DipTrace modules have specia
feature.

If you are in Schematic, go to "Objects/ Find Component” from main menu. For example we
need some component that contains 232" in its name, but we don't remember other
characters or |etters, because afriend recommended it about a month ago. So type "232" in the
"Name" field and press "Find Now".

In several seconds the program shows 194 components, which contain "232" in their names,
in thelist of results. You can aso preview the component, its pattern and library whereit is
located. Y ou can place the selected part of the component directly from search window by
pressing "Place" button.

Notice that we have searched Active libraries, however you can select the libraries you want
or search al known libraries (select appropriate item in " Search In" group).

Thelibrary list isactive only if "Search In: Selected” is activated.
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Notice that you can search component libraries in Schematic and Component Editor
("Component / Search in Libraries") and pattern (footprint) librariesin PCB Layout and
Pattern Editor ("Pattern / Searchin Libraries").

Also search function isincluded into all placing/inserting etc. dialog boxes, where you may
need to search libraries for components or patterns, however those dialog boxes alow you to
search through their library lists only.

4.4 Electrical Rule Check

Electrical Rule Check (ERC) feature helps you to reduce the probability of error while
designing schematic. Run the schematic module if you are not there and open Schematic_2.
dch from Examples folder. First of all we should define electrical rules, so select "Verification
/ Electrical Rule Setup" from main menu.

In the dialog box shown you can define incompatible pin-to-pin connections (may cause error
or warning while running ERC) by clicking in the grid cells with green, yellow and red
squares. "Pin Type" item in "Rules to Check” box means checking pin-to-pin connections
defined in the grid; "Not Connected" - looking for free pins that are not connected; "Only One
Pinin Net" —looking for nets with only one pin, i.e. the net that make no sense may be
potential error in net structure; "Short Circuit" —looking for Power to GND connections, you
can define the mask for power and ground pinsin "Power Pinsfor SC" group.
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Keep al settings without changes and press OK to close the dialog box.

Now select "Verification / Electrical Rule Check (ERC)" from main menu. If you make the
check for Schematic_2, it should show one warning for "Bidirectional to Output" connection
and errors on "Not Connected” pins. To localize the error on schematic double click on it —in
case your resolution is big enough, you will see the net and pins highlighted in the design
area. You can correct the errors and rerun ERC without closing ERC results window.
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Notice that if you want to correct not connected pins error, you can specify pins, that are

really not connected (i.e. ERC must not report them). Right click on one of the pins and select
“Not Connected” from the submenu to block the pin from connecting to any net and ERC.

Bill of Materials (BOM)

DipTrace Schematic module has BOM feature that allows you to customize columns and
rows, add tables or pages to existing project, export filesto Excel CSV format or save as text
file with appropriate table formatting.

Select "Objects/ Bill of Materials’ from main menu. Specify "Table Rows: Component
Type", add the columns with settings you can see on the picture below, select "Create On:
New Sheet" and "ISO A4" in the sheet template box. Check "Adjust by Width" to stretch the
table accordingly to page width. Press "Place Table" button to add new A4 sheet with 1ISO
tittle and BOM table to your project.
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The BOM dialog box will be closed and new sheet added to your design. Select " Sheet 2"
display titles and sheet using "View" menu and edit the row height and number of linesfor
cells, where the length of strings exceed column width (left-click in the appropriate cell, then
change text and row height).
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Also notice that you can place the table to the same sheet with Schematic: select "Create On:
Current Sheet", press “Place Table” and choose table location after closing the dialog box
(Ieft-click on design area). If you have multi-sheet schematic with many components, then it
is possible to create separate table for each schematic page.

Y ou can export file directly from BOM dialog box or from the placed table after editing it (for
example you need some columns that can not be inserted via BOM dialog box). Tables in
Schematic and PCB Layout can be easily saved to CSV or text with formatting: right-click on
the existing table and select "Save to File" from table submenu.

Importing/Exporting netlists

DipTrace allows you to create netlists of different formats to transfer them to other software
packages, and import netlists from other programs. Also exported netlist can be used to
review net structure of schematic file via notepad or other text editor. To export netlist in
Schematic select "File / Export / Netlist" from main menu and netlist type. A netlist will be
created from the drawing opened in the current Schematic window.
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Let us see how to import anetlist in Tango format created by other program. To do that, open
anew document in PCB Layout and select "File/ Import / Netlist / Tango netlist”, then select
tango_1.net file from "My Documents/ DipTrace / Examples' folder and open it. Program is
trying to find patterns included in the netlist (please wait some time). Then awindow with
listed components, their RefDes and pattern names appears.
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<
DS SRE & B@A B & & Joox f|[127mm L[ m 4| g [ToSide ~]| O A ©
NONOOOO A O e ld | [Tophsy ] | K| bt & W |[lee -] ke 859
GENERAL SMT BGA BQFP BRIDGE CAN CAP CAP_SMD COFP  CON_MISC | 2P
[ e
ml - | Import - C:\Documents and Settings\Stanis...
Components =
coooo-------- | |RefDes  |Pattern Type |A
CAP100 oooiiiiiiiii[EM iGAP 225 C 225 >
CAP1000AP N (B [ 11 CAP 225 C 225 at
R31 SMD1206 RES1206 o
CAP100RP R30 SMD1206 RES1206 >
CAP1200AF oo Rag SWMD1206 RES1206 g
CAP200 i Ra2 SMD1206 RES1206 I I
CAPaOORP | TUUITUU pattem e =] add ||
CAPZ50 S Library: Sl s
cz:iz::P Import | Cancel |
CAP300RP
CAP350
CAP400
CAP400AP
CAP450 Cliniiiioniiiin A N NI -
CAP500 llliIliiIiiiiiiiiiiiioiiiiiiniiiiiiiiiiiiiiioiioociiiiiiiiiiiiis
el J o

w=5.59 mm Y=33.02 mm

So in thefirst column we can see RefDes of components, in the second column their patterns,
and in the third column type of components. If the program couldn't find the pattern for the
selected component, then "none" text appearsin Pattern field below. For example, component
C41 that comesfirst in the list has CAP 225 pattern that isn't included in DipTrace libraries.
In this case you need to choose a library containing that pattern (probably you will need to
create that pattern by yourself) or select an alternative pattern, if possible. To attach pattern to
a component, click Add.

In the appeared window you need to choose a library and a pattern in it, then press OK. The
selected pattern will be attached to component C41. Its name and the name of library are
shown in Pattern field and Library.

Also notice that you can attach patterns to components by type or to all components, that have
the same pattern property at once. Now please add patterns to all componentsin thelist using
this feature (if you want of course as this will take much time). Notice that components with
attached patterns have "star" symbol at the end of pattern name. If a component doesn't have a
pattern attached, it simply won't be imported. That's why you need to make sure that all
components have attached patterns.

Y ou should aso remember that pin numbers and their quantity for component in netlist and
pad numbers of the attached pattern should match.

After that click Import to complete import. If your netlist has components without attached
patterns, appropriate message will be shown. Select "No" to cancel importing and attach all
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patterns or "Yes' to import without some patterns.

4.7

Saving/Loading Design Rules

In "Converting to PCB" 28] section of this tutorial we mentioned, that you can use Schematic

rules, or load rules from any PCB layout, while converting your circuit to PCB.

Now well try to create a new layout. Press "File/ New" from the main menu, or just press
"Ctrl+N" hot keys. In pop up window you can choose to create an empty layout, or use
settings from the previous project.

File Edit View Objects Placement Route Verification Library Tools Help
D H SQ@AEMD §BR B R & [usx ~||[ooosin ~]| [ 1y wm 4 | 28 [TopSide |
NOO@EO@ A @ s (| [Topbsy  wf||| B M| b & & W EF|[Torl) x| jos | g5 *F
GEMERAL BGA DIP_P CAP_SMD CQFP CRYSTAL DIP DIP_P IND_SMD »
. #h ﬂ Layers ] Dbiects] Propelties]
O ‘/ - Top Agsy ol

EDE B B Tersik L4

- ' Top Mask
SOIC-8/M50mil | |« [ Top Paste
SOIC-8EP/50mil New Layout - -
S0IC-8/209mil " Create an Empty Layout ‘/ - Eottm Paste
S0IC-8i300mil f* Use Bules and Settings from Previous Layout ‘/ Bottom Mask
SOIC-14/150mil + [ eovom si
SOIC-14/209mil J - Bottomn Asay i
SOIC-14i300mil + W n
SOIC-16/150mil ]
SOIC161209mil Design kanager = i a,
SOIC-16/300mil
SOICAGS00mil Carmponent ping:
SOIC-200209mil
SOIC-200300mil Jﬂ

=i _ >
X=-0,13T in ¥=1,026 in

Check "Use Settings from Previous Layout”, press "Browse", select the *.dip file of our
layout, that we've been working with, during this tutorial. Press "Open" then press OK. you'll
notice, that the project is new, but you have al the layers, via styles and net classes from your

previous PCB Layout.
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4.8

bl
PCB Layout | e S

File Edit View Objects Placement Route Verification Library Tools Help
O = S [a k1) R4 = & 6 o |29 w0006 ~||| [y w4 | £ [TopSide - @
NNOOO O ¢acld o ||\ &xf b &S weF|lom o] ke g2
GENERAL BGA DIF_P CAP_SMD CAFpP CRYSTAL DIODE DIP DIF_FP IND_S5MD »
Ii i 2| Layers ] Objects | Praperties |
] a 1’ - Top Assy -
:I:I: + [ Torsix
- |- . Top Mazk
S0IC-8/150mil W -Top Paste
S0IC-BEPMB0mIl "/ -

. - Tutarial Layer [2]

S01C-8/209mil -\’ - Bottom 3
SOIC-8/300mil M| Vs - Battom Paste
S0IC-14/150mil . Bottom Mask
S0IC-14/209mil + [ eovom sik il
SOIC-14/300mil + [Cormast  ~| m
S0IC-16/50mil ]
P p— Design Manager :E iz o,
SOIC-16/300mil
S0IC-18/300mil
Component ping:

S0IC-20/209mil
S0IC-20/300mil f

- 1] 1 »

X=-0153 in Y=1,486 in

In DipTrace you can save your settings (layers, via styles, net classes) separately from your
PCB layout in onefile. Just go to "Route/ Save Rules’, enter the name of the file, and press
Save. You can use Rules and settings from this file, while creating new project, or load them
later — go to "Route/ Load Rules’ and choose *dip or*rul file.

Spice simulation

DipTrace doesn't have its own simulator, however it allows you to define spice settings and
export netlist to any simulation software. We will try to simulate astable flip-flop schematic
[s7using LT Spice. We would recommend to use LT Spice for simulation asit is free and
comparable (or even better) to expensive professional simulators. However if you have
another program, you can use it too.

Now please run Schematic program and open "My Documents/ DipTrace / Examples/
Spice/ Astable Flip_Flop_Spice.dch". We have aready defined all spice settings for this
schematic, however, we will review a couple of partsto learn how to do that. Right click on
C2 capacitor and select " Spice Settings' from its sub-menu. Defining capacitor is very simple:
you should select "Model Type : Capacitor”, enter value into parameters table (in our case
22uF) and specify positive and negative pins. To specify pin you should enter value into pin-
to-signal table in the left side, list of available signalsis located below.

Notice that you can enter parameters directly into table cells. Template field shows how the
component looks in spice netlist. You can also scroll that field to the right.
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s Spice Settings

BEx]

MINUS Y |4 PLUS

/1

Pin |5ignal
PLUS (PLUS N+

MINUS [MININ-

N+
Available Signals:

N+
M-

Signal:

Apply To:

Model Type: |Eapacitm ﬂ
Function: | J
Template: C_C2H+ N- 22uF IC=0

Parameters ]

Parameter Yalue

Yalue [Capacity. F] 22uF

IC [Initial voltage. ¥) 0

Get Spice Model from Library

Current Part

1] 8

[

Cancel |

Now try to select any different model type (for example Current Source). If you selected

current source, you can also specify its function (select PWL):
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Pﬁ’ Spice Settings [Z]@-\

Model Type: |Eunent Source ﬂ
Function: |m:mel j
MINUS § |4 PLUS none
/ Template: PULSE()
I SIN(Q)
Parameters ] EXPI]
PwL[]
Parameter SFFM() [
Pin |Signal DC [Yalue) 1
PLUS [PLUS M+ AL [Magnitude + AC Phaze) oo

MINUS [MININ-

Signal: M+

Available Signals:

N+
M-

Get Spice Model from Library

Apply To: Current Part j

1] 4 Cancel |

Enter number of pointsfor PWL function and click OK. Now you can see it's possible to enter
points in parameters table one-by-one. Different functions require different parameters
(amplitude, phase, etc.). See detailed description in Spice language documentation. Ok, now
return back to capacitor, define its value and click OK.

Capacitor and function don't require additional model description, so we simply define
parameters for them. Now please right click on Q1 and select spice settings, you can see that
"Model" tab appeared near "Parameters’, select it. Here you can enter model text or load it

from external file, some component manufacturers publish spice models for their components,
SO you can use them.
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- -
4 Spice Settings [Z]@
Model Type:  |BJT |
o
Function: | J
B
) Template: G_01 HC HB HE M5 2M4401 1 IC=0, 0 Tem
o Parameters Model l
.model 2M4407 NPM[le=26.03f *ti=3 Eq=1.11 af=90.7 Bf=4. 232k
Pin |Signal |
C[C) MC
E [E] ME
B [B] MB
Signal: M+
Available Signals:
MC [collector] £ >
MB [baze] o -
ME [emitter] Load 5 |
N5 [zubstrate] oa ave
Get Spice Model from Library
Apply To: Current Part j
ok | .. Cancel

Also notice that you can get all spice settings from another DipTrace library ("Get Spice
Model from Library" button). Click OK or Cancel to close the dialog box.

The file we loaded doesn't have valid spice model for power source and we should defineit,
so right click on B1 and select Spice Settings. Y ou can see that we have voltage source, but
no valid function. Please select "Function : Pulse", then define Pulse V2=5, Pulse PW=20s,
Pulse PER=30s. Click OK, now we have voltage source that produces 5V during first 20s,

then 10sinterval, etc. All things are ready.

Select "File/ Export / Spice Netlist" from main menu. In the small dialog box shown select
GND net (thisis our zero point) and specify ". TRAN 0s 30s 0.1s’ in "Commands" - this

means simulate from 0s to 30s with 0.1s step. Notice that you can a so define/change

commands directly in LT Spice. Click OK and save .cir file somewhere.
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4.9

Spice
GND Net:  |GND |
Commands:

.TRAN 0z 30s 0.1s

==

Now pleaserun LT Spice. If you don't have it yet, you can download it from http://www.
linear.com/designtool s/software/switchercad.jsp

Select "File/ Openin LTSpice" and open .cir netlist you just saved (notice that you should
select correct "Files of Type"). You can see netlist in text format. Select "Simulate/ Run" and
close error log window. Select "Plot Settings/ Visible Traces' and choose led1. Now you can
see something like this:

LF Linear Technology LTspice/SwitcherCAD III - test [Z]@ b4

File Wiew Plok Settings  Simulation  Tools  Window  Help
A 3d 5 F Ok BEld Hem s B2 M &
@ test k"" test
¥ test E]@ >4

I(D_led1]

=x* Component Het List Start sx= *~

0_01 Het_8 Het_1 Het_6 2H4481 1 IC=0, 8 Temp=2%

0_02 Het_2 Het_3 Het_4 2H4481 1 IC=0, 8 Temp=2%

R_R1 Het_1 Het 5 47K

R_RZ Het_8 Het 5 47K

R_R3 Het_2 Het 5 1K

R_R4 Het_3 Het 5 47K

C C1 Het 8 Het 3 22ufF IC=8 i
< ¥

¥ =22.895 yw=10.476ma

Thisis current on LED1. Aswe can see it works during first 20 seconds, then has 10 sec
interval. Now you can also add other signals to see how they work, etc.

Checking net connectivity

One of the most important features to verify your design before prototyping is net connectivity
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check. It allows you to check if al nets are connected and reports all isolated areas (not
depending on connection type: traces, thermals or shapes).

Now please run PCB Layout module and open "PCB_2.dip file" from "C: / Program files/
DipTrace/ Examples' or another place, where you installed the program. Select
"Verification / Check Net Connectivity”. In the dialog box you see you can define objects
that will be used as connectors while checking connectivity, typicaly it is recommended to
keep all boxes checked. Press OK.

Y ou will seethe progress bar, then "No Errors found" message, so the design is correct and
we will make afew errors to see how the feature works.

Select "Edit Traces' tool on the route panel, then move mouse to the trace that connects
C16:2 to viaand GND copper pour in Bottom layer, right-click and select "Unroute
Trace" (connection will be hidden in this case because of copper pour).

& PCB Layout - [C:\Documents and Settings\Stanislav.MAIN\My Documents\DipTrace\Examples\PCB_2.dip] E]@
Flle Edit Wiew Objects Library Route Placement Verification Lawer Programs Help
DE2d & 2 B« 8 g e [0 L] [127em || [pomm 4 £ [TopSide <] @ & ©
NONOOO@ A © s [ [Topdsw ||| b & % EF [T ||| e | &% *F|
GEMERAL SMT BGA BAFP BRIDGE CAN Cap CAP_SMD CDFP CON_MISC | 2P
,7 pir Y ﬂ Layers l Dbiects] P[opetties]
] I Topassy
I DI DD S DV [E7 T
....................................... v Top Mask
CAP100 T T v - Top Paste
CAP1000AP N v Il
- Bott
CAP100RP J - oo
" - Eottomn Paste
ek L~ ; N Battom b ask
CAP200 i + B Botton sik
CAP200RP | « [ Eottom sy
CAPZ50 1! : . - Eoard Outline
Clee2 (MINUS) X=74.1 ¥=39.25 Net?l
CAP250RP | . _
- YN | Cesign Manager = TS
CAP300 f.1 .
T : ‘: C12- 4. 7uF - CAPT0004F »
CAP300RP A C13-33-CaP
113 C14 - 4,7uF - CAP1000&F
CAPI50 17 C15 - 4,7uF - CAP100RP
- C16 - 4.7uF - CAP10004F “
CAP400 - I e
- I I I — Component pins:
CAP400AP l\'\ = [C161(PLUS] - Net 63
CAP450 p—— C16:2 [MIMUS] - Met 7
) ——
CAP500 I] —ks
CANDCADRAT i ﬂ '
C16:2 (MINUS) #=74.1 ¥=32.25 Net7 #=73.66 mm =381 mm

The second error will be isolated copper pour area. Switch to Bottom layer and scroll to
bottom right corner of the design. Now place two shapes (arcs or lines) to the signal layer
(appropriate box on drawing toolbar) to isolate one of the vias and update copper pour (right-
click onits side and "Update").
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<PcB Layout - [C:\Documents and Settings\Stanislav.MAIN\My Documents\DipTrace\Examples\PCB_2.dip] E]@
Flle Edit Wiew Objects Library Route Placement Verification Lawer Programs Help
DEed Sk a8 L 2R v g o & [Hex A [127em | [ [pom 4 fF [TopSide <] @ & ©
S TO@Oo © A O e Signal/Plare - B S = = R Bottam - e | 47 =0
GEMI &rc SMT BGA BAFP BRIDGE CAM CaP CAP_SMD CDFP CON_MISC b4
,7 e I~ ) = S ﬂ Layers l Dbiects] Propelties]
S qf - Top &ssy
o) | Il Toesi
----- " Top Mask
capioo 0 EERYIIETSRISCE I NI 1. | N - Top Paste
CAP1000AP N v
..... Bott
captoorre N THITEEEE | D | | A~ | - - - v - otom
----- - Eottomn Paste
el N Battom b ask
CAP200 oo + B Bottom sik
caP200RP | W OSANNCO T | SR | oL L [o* I Eottom sy
carzsto  EASNN\\YUEEECEEEEEEY .. | + [l EBoard Outine
capzsorr 0 0 NS NMYEEEEEEEEEEEEEEEEE N . 00000 i
""" Design Manager = i a,
CAP300 | AN N~ AR I BN =
""" C12 - 4.7uF - CAP10004F A
carzoorr | I . |00 C13-33-CAP
""" C14 - 4.7uF - CAP1000&P
CAP350 oo C15 - 4,7uF - CAP100RP
_____ C16 - 4,7uF - CAP10004P v
caPp4o0 [ . T N 00000 T
(. | . . Component ping:
Capggoapr o L. C16:1 PLUS] - Met 63
CAP450 | . oL \\ .................. C16:2 [MINUS] - Net 7
CAP500 T -
CANDCADRAN i ‘ J '
PADD x=74.15 Y¥=42.46 w=73.66 mm ¥=41.91 mm

Thisisasimple situation you can find by yourself, but if you have complex design with
number of layers and thousands of pins, isolated copper pour areas and non-connected pins
can be unnoticed.

Now select "Verification / Check Net Connectivity” and click OK. Y ou can see connectivity
check result which reports Net 7 as broken one with 3 areas: first areais copper pour and all
pins connected to it, second is C16:2 (our first error with SMD pad) and third oneisisolated
copper pour area.
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4.10

<
EEH ESRE BB « g g & (19 L] [127em <] [ [ oen 4 £ [TopSide <] @ & ©
N TtwOO O @ A & oaee 57 | [Signal/Plane W B N b2 ™| W EF | [Botom - oo ﬁgﬂg
GEMERAL BG BAFP BRIDGE CAN CAP CAP_SMD CDFP COMN_MISC | 2P
V ./ ‘ ----- ﬂ Layers l Dbiects] Propelties]
1 Connectivity Check Result
Emrors: Details:
Net 71z bioken [3 areasl | |PAD14:1. PAD16:1. PAD17:1. ~
CAP100 PAD18:1. PAD19:1. PAD20:1.
04:2, R2:2, R3:2, U2:6, U2:18,
CAP1000AP U2:23, U2:39, U3215, usg:-2
CAP100RP Area 2:
C16:2
CAP1200AP
Area 3:
CAP200 PAD13:1, PAD15:1, Q5:2, U1:1,
U1:2, U1:3, U1:4, U1:7
CAP200RP
w
CAP250
CAP250RP Save to File Close
4_ 15
capzo0 0 ah—0EAN N~ TSI [ S
""" C12 - 4.7uF - CAP10004F A
cAapioorr | T . |00 C13-33-CAP
""" C14 - 4,7uF - CAP10004P
CAP350 oo C15 - 4,7uF - CAP100RP
_____ C16 - 4,7uF - CAP10004F v
caPp4o0 [ A N (00000 e
(. | . . Component ping:
CApsoap | ¢+ 1. C16:1 [PLUS) - Net 63
CAP450 | . oL \\ .................. C16:2 [MINUS] - Net 7
CAP500 O -
CANDCADRAT [ ﬂ J b
w=74.93 mm Y=-3.81 mm

To make further correction process more comfortable, you can save result to the text file.

Placement features

DipTrace has advanced placement features and integrated auto-placer to make placement after
converting to Schematic and placement optimization easier. We will see how these features
work using one of our examples. Now please run PCB Layout module, select "File/ Open and
open "My Documents/ DipTrace/ Examples/ Schematic_4.dch™. Now you can see
something like on the image below and it is necessary to spend some time to place all that
components to their places inside board outline manually.
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4 PCB Layout =JoEd

File Edit “iew Objects Library Rouke Placement Verfication Laver Programs Help

[bzasRE sm@lo-|aaaf -prr sf|hm+|sfee -oao

IN~Omoonr o m@way o [w @M@ b 2o wer|e ol e e

"lm SHT BGA BQFP BRIDGE CAN CaP CAP_SMD CDFP CON_MISC ’ﬁ|‘
" .

L

CAP100

CAP1000AP

CAP100RP

CAP1200AP

CAP200

CAP200RP

CAP250

CAP250RP

CAP300

CAP300RP

CAP350

CAP400

CAPA00AP

CAP450

CAP500 . . 5 A . l-ll_.':. . . . . . . . . . .
FADCARAT M ﬂ _I j
|X=-1.|35 in |\"=6.05 in ﬂﬂ

Now we will import board outline from DXF. Select "File/ Import / DXF" from main menu
and open "My Documents/ DipTrace / Examples/ outline.dxf" file. In the dialog box shown
you can see DXF file we plan to import. Select "Board Outline" layer and "Convert to: Board
Outline".
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4% Import DXF -|O ﬂ
Source DXF File: @l Q Import | Cancel | |

DXF Units: Inches -
/ Import Mode: Add -
Convert Blocks: None -

Layers:

| DXF Layer | Convert to |

\f - Board_Outline | Board Outline

None

Pads

Top Pads
Bottom Pads
All Holes
Pad Holes
Mt Holes
Top 5ilk
Bottom Silk

Top Assy

Bottom Assy

Top Mask

Bottom Mask

Top Paste

Bottom Paste -
Board Outline

DXF Mame: Top
Jﬂ Bottom
ﬂ J 4 Convert to: |B|:|all:| Dutline j

I~

By the way you can fill closed areas and cut holes in them using embedded closed areas if
necessary (usually DXF designs are made from outlines without fill). This features works for
copper and mask/paste layers only.

Select "Import mode: Add" to add board outline to existing layout and press "Import" button
in the Upper-Left of the DXF window - now you can see board outline, but the components
are still messed. First we will arrange components a bit, select "Placement / Placement Setup”
from main menu:
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rPlax:ement Setup 1
Flacement Grid: |17 mm
X Spacing: |37 mm
Y Spacing: |37 mm
Board 5pacing: |37 mm

[v Allow Pattern Rotation
v Place Patterns Outside the Board Outline
v Usze Pattern Spacings

[ Increase Placement Quality [reduces speed]

Check "Place Patterns Outside the Board Outline" box to arrange components near board
outline. Other things you can keep asis or simply make the same settings as on picture above
(notice that values are in mm, you can change units from "View / Units"). Click OK to apply
changes and press " Arrange Components" button on the placement tool bar or select
"Placement / Arrange Components’ from main menu:

& PCB Layout =JoEd

Flle Edit Wiew Objects Library Route Placement Verification Lawer Programs Help
Dl 2R E &$ 2R« 0 g & [1dx L] [127em || [ w4 £ [TopSide <] @ & ©
NOOOCOO A & sl ([Topdsy ||| x| p 2 & W EF [Top M =

GENERAL SMT BGA BAFP BRIDGE CAN CaP CAP_SMD CDFP CON_MISC | 3P

i -
2
CAP100
CAP1000AP
CAP100RP
CAP1200AP

CAP200
CAP200RP

CAP250

CAP250RP

CAP300

CAP300RP

CAP350

CAP400 _ _
CAP400AP

CAP450

CAP500

i~ ARCAN AT s ﬂ

*=149.86 mm ¥=105.41 mm
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All components are now located in one place near board outline. Select "Placement /
Placement by List" from main menu, then try to select some component from the list (left
click) and move mouse to the board outline (without holding left button), click inside the
board outline to place the component you sel ected.

&

DEedH 2R E &$B2R 8 6 & [1dx A [127em || o 4 £ [TopSide <] @ & ©
SOOO O A & e o] | |TopAssy &M PR S| W [Te ||| 2| 82 %P

GEMERAL SMT BGA BAFP BRIDGE CAN CaP CAP_SMD CDFP CON_MISC | 3P
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e SW2 - BUTTON - PUSHBUTTONND |
[ | SW3 - RESET - PUSHBUTTONNOD
m ' ' ) ’ ' ’ ’ ' Swd - SWPWHR - SWITCHSPDT
1 - BASIC STAMP 2 - B52
U2 - PIC16F84 - PIC16C84-10/50
CAP100 . 8 g g . U3 - L298 - L298kY
U4 - 7805 - MC7B05ACT
CAP1000AP m\\ ¥D1 - TH4000 - DIODE
) H=-108.6 ‘Y=44,06 - . YDZ? - 1N4000 - DIODE
CAP100RP ¥D3 - DIODE
¥D4 - DIODE
CAP1200AP u VD5 - DIODE J
CAP200 ’ ’ : = : ¥D7¥ - DIODE
¥D8 - DIODE |
CAP200RP
. . . . : ; . i -
CAP250 J ose |
CAP250RP : : : . : . . : : : \L\L \
[ |
CAP300 o
O o
CAP300RP ) ) ) ’ ) ’ ’ ) g . i Y
a o
CAP350 )
CAP400

CAP400AP _ _ : : . : . . . . :

CAP450 :

CAP500 : : : : . . : e
e = o

#=-108.6 Y=4+.06 #=Z5.4 mm =99, 06 mm

Notice that component disappears from the list (the list shows only the components that are
outside the board outline). Now please place U1, U2, U3, J1, J8, J12, RN1 and RN2 in such
way (you can optimize connections using F12 or hide them from Objects tab of design
manager). We suppose that those components have fixed positions, that can not be changed.
Close "Placement by List" dialog box. Now, please, select and lock them (Ctrl+L), except U3.
Also right click on U3 and select Properties, then Placement tab, Spacing > Use:Custom and
Vaue:20mm (this means that we use custom clearance for U3 and other components should
be located >20mm far from it). Click OK, then lock U3 too.
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Component Properties »

Main | Marking ] Variables Flacement l

Spacing
Use: |Eustum ﬂ
Yalue: 20 mm

OO0 0. 0.0
OoCcOooCo

200 *| Angle: (90 deq.

®: |5.08 mm ¥:|90.17F  mm

Now we will auto-place al other components with 5mm spacing. Select "Placement /
Placement Setup”, change X Spacing and Y Spacing to 5mm, also notice that Allow Pattern
Rotation is checked (sometimeit is useful to turn it off though, for example for single-sided
boards with jumper wires where jumpers have some direction and changing component
rotation you can define manually is not great idea). Uncheck "Place Patterns Outside the
Board Outline", "Use Pattern Spacings' should be checked to use 20 mm clearance for U3.
We do not recommend to select "Increase Placement Quality” yet (however, you can play with
it later, if you want). Now please click OK to apply changes and click "Run Auto-placement”
button on the placement tool panel or "Placement / Run Auto-placement™ from main menu.
you get something like this:

© 2011 Novarm Ltd.



Using different package features 201
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Notice that connections (blue lines) between different resistors, diodes, etc. are optimized by
their length (i.e. minimum further trace length). Of course some connections are not ok,
because we have placed large components manually before. If you auto-place ALL
components, you can get better result, however usually thisis not acceptablein red life.

Also U3 is separated from other components, because we defined 20 mm spacing for it.

Now we will aso try to auto-route this layout. Select "Route / Route Setup” from main menu
or the button on route toolbar and set "Trace Width: 0.4 mm", "Clearance: 0.4 mm", "Traceto
Pad: 0.3 mm", check if "Shape Router" is selected, then go to auto-router setup and uncheck
"Use Priority Layer Directions' on Settings tab. Check via propertiesin "Route/ Via

Styles’ (we use 1.2 mm viasize and 0.6 mm hole). Press F9 or green arrow on the route

toolbar to run auto-router. In afew second you get the following result:
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Notice that all auto-router settings are described in Help file for PCB Layout. If it can not
route the board just press Undo and change trace width/clearance, placement or other settings,
then try again.

Fanout

Typically fanout feature can be used for two purposes: automatically adding vias to
components (such as BGA, SOIC, QUAD) and automatically placing vias to connect SMD
pads to power/ground plane (autorouter does this automatically). We will try both things.

Open PCB Layout module or if it is aready opened and have something, select "File/ New"
from main menu or "New" button on the standard panel. Then choose to load rules from the *.
rul file we created in "Saving/Loading Design Rules' section of this tutorial, which contains
viastyles, net classes and layers, that we created.

Now select General library and place one PLCC-20/9x9x1.27 package and two BGA-
100/10x10x1.27 _15x15 packages from BGA library. Move mouse to PLLC package to get
green highlight, right click and select "Fanout". In the fanout dialog box select Pads: Left (this
means that we place vias only for the left pad line of the PLLC package) and uncheck "Use
Connected Pads Only" box (this means that we connect all pads, not only connected to some
net). Then in adrop down list we choose Via Styles for pads on the top and bottom side of the
PCB separately (if you have no SMD packages on the bottom side — "Bottom Pads’ field is
inactive). Y ou can preview parameters of existing via styles by pressing "Via Styles..." button.
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In our case we have two via styles, one with through hole vias, and another with Blind/Buried
and also Default via style. Welll choose via style with through-hole vias.

=& = [
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Press"OK". Now you can see that vias are placed outside of the left pad line of our package.

Right click on the same pattern and select Fanout again. Now we will place zig-zag vias for
the top pads of our package. Select "Placement: Zig-zag" and "Pads. Top", other settings keep
the same, click OK.
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We have two BGA packages. Now we will make through-hole vias for one of them and blind
vias for another. Right click on the first BGA package and choose Fanout, select "Pattern
Type: BGA —All vias' and select via style with throug-hole vias. Press "OK". Now let's
choose the second BGA package. Right click on it, then choose "Fanout”. Select: "Pattern
Type: BGA — By row". Now you can specify via style for each row of the pads. Just left click
on the Row number and choose Via Style from the drop down list. Y ou can apply different
via stylesto different rows of the same pattern, or leave some rows without vias. In our case
we don't create vias for rows #1 and #2.
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Now, press"OK" button.

X=0,767 in

-
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We can see, that for the first pattern all pads are connected to vias, for the second one - two
rows are without vias (i.e. they should be connected in the top layer).

Now place several additional SMD packages, few through-hole packages and make net that
connects severa pins of these packages (we suppose thisis our GND net, that we should
connect to plane layer). Right click on one of net pins and select "Fanout”. Keep all settings
without changes and click "OK". Now all SMD pads of the net have vias, that can connect
pads to any plane layer.
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Hierarchical Schematic

We will design very simple hierarchical schematic to show you how this feature works.

Open Schematic program. In DipTrace hierarchy blocks are associated with sheets, so first of
all wewill add two additional sheetsto our blank schematic, select "Edit / Add Sheet" twice.
Then we should specify, that our additional sheets are hierarchical blocks. Select the second
sheet in the bottom-left corner, then "Edit / Sheet Type/ Hierarchy Block" from main menu,
the same for the third sheet.

Now select main (first) sheet and place severa componentsto it (we placed 3 UGN3275K
components from Allegro library). Thiswill be our main Schematic, without hierarchy blocks

yet.

Select second sheet. Now choose "Object / Hierarchy / Place Connector” from main menu or
the button with connector and "HC" text on the objects panel. Place several hierarchy
connectors to the second sheet (notice, that you can not place hierarchy connectors to non-
hierarchical sheet). These connectors are inputs/outputs of hierarchy block, also position and
rotating of the connectors shows where the pins of the block will be located. We will place 8
connectors, 4 on the left side and 4 on the right side. Also place two diodes from Diode
library and connect them to connectors and leave free space for upcoming hierarchy blocks.
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Select Sheet 3 and make second hierarchy block: place several connectors, components and
connect them. Notice that you can also rename connectors by right click and selecting the first
item. Connector name correspond to pin name on the hierarchy block.

© 2011 Novarm Ltd.



Using different package features 209

, |

File Edit View Objects Verification Library Tools Help
DEH SRE $R2B < QAR A pEn -]k + TH LEIE B & H
POT Rechifiers Relays Res Hets Speakers Spice Switches Transistors Actel AD 4 4 I
% d Place Wire:
[voib—
AD10200 = M k Default -
Ly : ic -
AD10242B7 = Foute Mode [M]: Automatic
Current Segment [S] | Autoroute
AD10242TZ
AD102JY
AD10465BZ 1 ) 4ys B a 5l 4yl
AD104JY =4 =4
e Bl Es
AD1139 =8l Ex Bl R |
9 Eg =2 EB
al =5 b |l e 14
LEB 04 —a — LEE L, [——8 .
oy RS Py AE! J Design Manager = L
c—»—z‘ WINA, . 2‘ WINA 0 Blockl - Sheet 3 -
== YINASE QB == =—=1 VINA/H CB——a Block? - Sheet 3 3
ADA3ATHZ =—3{ g EMta =3 YN e Elock3 - Shest 2 3
b Blockd - Sheet 2 T
nparts o] = ano ~ys B oL oho -vs jﬁ Blocks et
™ L4 L5 D2-143016
U1 - UGN 3275k -
o .
Part pina:
Pattern: CLCC-16417.34
|j|
— _ o o
- = z =
"Sheet 1 [Sheet 2 Sheet 3/ 4] _ 3
X=-0,775in ¥=0,05in

DipTrace supports multi-level hierarchy, i.e. We can insert hierarchy blocks into another (top-
level) blocks. Now please select Sheet 2, then "Objects/ Hierarchy / Place Block™ or button
with HB text on the objects panel. In the list of available blocks select "Sheet 3" and place
two blocks to the second sheet. Notice that you can also place Sheet 2 into Sheet 2 or make a
loop from blocks, i.e. make hierarchy error. To avoid such situations use "Verification /
Check Hierarchy" option from main menu. PCB Layout program also checks hierarchy for
loops when open schematic and display warning message. We will not make loop right now,
just place two Sheet 3 blocks to Sheet 2 and connect them to Sheet 2 connectors.
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Select main sheet and place few blocks (this may be Sheet 2 or Sheet 3) to the main
schematic. Connect hierarchy blocks with other components.
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In Schematic you can create global nets, which doesn't depend on hierarchical structure. Let's
create some to show you, how this feature works.

Return to third sheet and place ground (GND) net connector from "Disc_Sch” library. Then
connect it to GND pins on U4 and U5 components. you'll see, that net has aready became

global.
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Now go to Sheet 2 and place same GND connector there. Then connect it to some net. you'll
notice that this net has also became "Net 2(Global)". Now we have global net in two
hierarchical levels. We can continue it to Sheet 1. Remember: if you place same net connector
anywhere on the circuit, it automatically connects to same global net.

Y ou can also make global nets without connectors. Just right click on any net, and select
"Properties’ in submenu. Please, check "Global Net for Hierarchy" and "Connect Nets by
Name'. Type in the name of global net, that already exists. And press "OK".

It's time to convert our simple (non-real) hierarchical schematic to PCB. Press Ctrl+B and
select "Use Schematic Rules’. In PCB Layout program components, that were in hierarchy
blocks are overlayed, so we will use arrangement (first button on the placement panel) to
arrange all components. Notice that all components have reference designators similar to
Schematic + block index. Use "View / Pattern Marking / Main / RefDes" to display
designators, if they are hidden.
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Right click on one of the components, that were in hierarchy block and select “Properties”.
See, that each hierarchy component has additional field with block(s) RefDes and component
RefDes (path). This additional field is used for updating PCB by RefDes.
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4.13

[ I

Main l Marking ] WYariables ] Placement ]

RefDes: D1_2
Value: |

o O Type: [TN3016
Pattern: DD-13

|Hierart:hy: jJ |Bln-::k4 D1

Library
|E:"'|.ngram FiIes"hDipTrace‘\Lih\_diudes.J

X 10558  in - Update component |

Y: (2457  in Angle: |0 deq.

Cancel

Now you can auto-route this PCB or change schematic and try to update PCB ("File / Renew
Design from Schematic"), etc.

3D View

Dip Trace has very fun and useful feature - built-in 3D visualization. Thistool alowsyou to
see, how your board is going to look after manufacturing with all the patterns installed. Go to
"File/ Open" (or press"Ctrl+O") and select PCB_2.dip, for example. You can finditin C:
\Program Files\DipTrace\Examples, or in DipTrace folder in "My Documents'. Now press
"3D" button on standard panel, or select "Tools/ 3D Preview / 3D Visualization" from main
menu. you'll see"Attached 3D Models' window. Press "OK" and you'll see your PCB in 3D.
Y ou can rotate your board in three axes, moveit, zoom in or out, change colors, displaying
components e.t.c. (you' Il need to restart 3D visualization to implement those changes).
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<% 3D Preview

- 0] x|
Colors —

Background

- Board
- Solder Mask

I Copper [Pads/Traces)
Silk Screen

Digplaying
v Components

[~ Open Yias

Board Thickness: 0.2 mm
Sid Mask Swell: |0 mm

Reset Yiew | Redraw

@@@

=]

Y ou probably noticed, that some parts of the board are missing. Now Close 3D Preview. And

then press "3D" button on the standard panel again.
Weve returned to "Attached 3D Modds' window.

Each pattern in DipTrace should have 3D model attached. If some patterns don't have models,
or DipTrace had found them automatically, you will see them in thelist of all patterns, used in
this PCB. The blank fieldsin the list are those missing parts from the 3D preview.
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NEEERED s 2@ o QAREE 1T o] [k m+ | 5w -laoa0
N OO O @ A O e (6] ,m N ME b m os | g2 W
GENERAL  BGA DIP.P CAP_SMD COFF  CRYSTAL  DIODE DIP DIP.P  IND_SMD b |
4| Layers | Objscts  Propetiss |

Component:

<% Attached 3D Models

S0IC-8M50mil Some patterns don’t have attached 3D models and/or some models were found
automatically [red items). Please check the list of attached 3D models below.
SOIC-8EPM50mil

SOIC-B/209mil RefDes Pattern 3D Model File Save Model | Edit
S0IC_8/300mil c1,C2, C6, C9, C11, C13, C22, C23 | CAP cap_0805.wrl

€3, C15, C17, C18, C20, C21, C24 | CAP100RP te_7343.wrl

C4, C5, C7, C8, C10, C12, C14, C16 CAP1000AP te_7343.wrl

J1 FH12-30s

J2 ISP

SOIC-16/150mil J3,J9, J14 JumpiX3 sip-2_5.6x2.5x2.54.w

S0IC-14/150mil

S0IC-14/209mil

S0IC-14/300mil

S0IC-16/209mil J4 4

SOIC-16/300mil .
[~ Save all new models to project

S0IC-18300mil . . . .
m [v Show this window before 3D preview if necessary

S0IC-20/209mil

S0IC-20/300mil

S0IC-24/209mil Component pins:

SOIC-24/300mil o U8 o0 on ]

—u
S0IC-28/300mil (o] Ooo QO —
S0IC-30/300mil =
1 ] B o

X=5,71 mm ¥=63,68 mm w

If the 3D model Filefield hasred items— DipTrace had found these models automatically,
and you need to check if the model is correct. Press™..." button in "Edit" field of the list and
you'll see the 3d model on the pattern. Y ou can rotate model in three axes with your mouse,
zoom in and out, and move model with the right click, change colors for convenience and 3D
model properties. To turn off automatic search for 3D models for this particular pattern —
place corresponding checkmark.

If you need to change 3D model, you can type it's address and press "Load Model" button or
find model with "..." button. Or just press "All Models' and choose it from the list of
available. We checked that everything is fine. Now press"OK".
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I 3D Model File:
‘E:\shaled\3d\mndels\lc_?343,vul
Load Model |  All Models >> | |

[~ Turn Off Automatic Search
3D Model Properties

X Shift: 26 mm
¥ Shift: 0 mm
Z Shift: 0 mm
¥ Angle: 0 deg.
Y Angle: 0 deg.
R Z Angle: 0 deg.
X Scale: 1 fa]
Y Scale: 1
Z Scale: 1

[~ Flip by Z Axis

Apply To: Current Component

Colors

Background

| Pads
B Silk Screen

B

T — |

In "Attached 3D Models" window you can place checkmarks next to models, which you're
going to save. Now, let's close this window and try to figure out, how DipTrace searches for
3D models.

Goto"Tools/ 3D Preview / Patterns and Models Search ". Here you can check pattern search
options, specify and add folders, where DipTrace will look for models.
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&% PCB Layout - [CAProgram Files\DipTrace\Examples\PCE_2.dip] . [(=EreR

File Edit View Objects Placement Route Verification Library Tools Help
Ded ESham 2R v g g Ep |m0x w|([127em ||| o 4 | £3 [BotomSide | g4 | © A © )
N[O O @ oA O s [o | |Topdssy ||| & | b & S| W | [Bottom(2) - e | 25 WF

GEMERAL BGA DIP_P CAP_SMD CQFpP CRYSTAL DIDDE DIP DIP_P IND_SMD | P
DOM0x10x1.27_15x15 gy -] Lover [ Ot Pmpe[tiesl
CAP_0402 Component:

[}
TuF
CAP10004P

- A A
@ lag

Pattern Search
{* Compare all objects [graphics formity), without size

1

" Compare size, pads and holes [graphics formity, without shap

" Compare names and all objects [full conformity]

35,554

CAP_0603
CAP_0805 3D Model Folders 52,058
CAP_1005 These folders are used to find 3D model file if exact path fails 270
CAP_1206 E:Ashared\3dimodels Add Dt -
CAP_1210

CAP_1308 Il | [E:\shared\3d\models

CAP_1310
Search 3D Models...

CAP_1505

CAP_1510 01 -CeP
£3-1uF - CAP100RP

CAP_1805 C4 - 1uF - CAP1000AP il
CR-ToF - CaP1annapP

CAP_1808 I
Component ping:

CAP_1812

CAP_1825

CAP_2005

X=85,42 mm ¥=72,02 mm

Y ou can check results of your changes, by pressing "Search 3D Models..." button.

DipTrace Links

If you have any questions or suggestions, please contact our customer support at
support@diptrace.com We will gladly answer all your questions.

Download the latest version of DipTrace http://www.diptrace.com/download.php (Go to
"Help / About" to see your current version)

Suggest new features, discuss DipTrace and share your experience at
http://www.diptrace.com/forum

Join DipTrace Community a Yahoo!: http://groups.yahoo.com/group/diptr

Order DipTrace on-line at http://www.diptrace.com/order.php

© 2011 Novarm Ltd.


mailto:support@diptrace.com
http://www.diptrace.com/download.php
http://www.diptrace.com/forum
http://groups.yahoo.com/group/diptr
http://www.diptrace.com/order.php

	Introduction
	Creating a simple Schematic and PCB
	Establishing a schematic size and placing titles
	Configuring libraries
	Designing a schematic
	Converting to a PCB
	Designing a PCB
	Preparing to route
	Autorouting
	Working with layers
	Working with vias
	Net Classes
	Manual Routing
	Measuring trace length
	Selecting objects by type/layer
	Placing Text and Graphics
	Copper Pour
	Locking objects
	Design Verification
	Design Information
	Panelizing
	Printing

	Manufacturing Output
	DXF Output
	Gerber Output
	Create NC Drill file for CNC machine drilling


	Creating Libraries
	Designing a pattern library
	Customizing Pattern Editor
	Designing a resistor (pattern)
	Saving library
	Designing BGA-144/12x12
	Designing SOIC-28 pattern
	Placing patterns

	Designing a component library
	Customizing Component Editor
	Designing a resistor (component)
	Designing a capacitor
	Designing a multi-part component
	Designing PIC18F24K20
	Designing VCC and GND symbols
	Using additional fields
	Spice settings
	Library Verification
	Placing parts


	Using different package features
	Connecting
	Working with Buses and Bus Connectors
	Working with Net Ports
	Connecting without wires
	Connection Manager in Schematic and PCB Layout

	Reference Designators
	How to find components in libraries
	Electrical Rule Check
	Bill of Materials (BOM)
	Importing/Exporting netlists
	Saving/Loading Design Rules
	Spice simulation
	Checking net connectivity
	Placement features
	Fanout
	Hierarchical Schematic
	3D View

	DipTrace Links

