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CREATING A PRINTED
CIRCUIT BOARD
(PCB)

Using TINA 7, you’ve captured the schematic of your circuit and refined the design. It’s
time to make a prototype of the circuit or to manufacture it. It’s good to know that you
can continue the process still using TINA 7 Design Suite (and later versions), since
PCB design is now an integral part of the program.

Let’s learn how to design a PCB by working through a few examples.

Note that the different phases of the presented design examples have been saved in
the TINA’s Examples/PCB directory using the following naming conventions:

origin.tsc original schematic file
* origin.t ginal sch tic fil

*.tsc backannotated schematic file (after pin/gate swapping)renumbering)

* placed.tpc | design parameters set, components placed pcb file

* routed.tpc | net properties set and routed pcb file

* finished.tpc | optionally pin/gate swapped and renumbered, routed, silkscreen adjusted,
documentation layers finalized pcb file

If you save your versions of these demo examples, be careful not to overwrite the
original files TINA installed.

1.1  Setting and checking footprint names

As a first example, open the opamp2.tsc project from TINA’s Examples/PCB
folder. The following schematic will appear:
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To achieve an accurate PCB design, one that is easy to build, every part in your schematic
must have a physical representation with exact physical size. This is realized through
so-called footprints: drawings showing the outline and the pins of the parts.

The footprint naming convention in TINA Pro uses as a starting point the IPC-SM-
782A (Surface Mount Design and Land Pattern Standard) and the JEDEC standard
JESD30C  (Descriptive Designation System for Semiconductor-Device Packages, see
http://www.jedec.org/download/search/jesd30c.pdf.). However, the libraries do not
conform to any given set of industry or manufacturer standards because standards have
difficulty keeping up to date when technology changes faster than the standards.
Generally, standards mirror a fixed set of data at a point in time, while new
manufacturing capabilities lead to ever-smaller new footprints with more and more pins.

We have already assigned default footprint names to all parts that represent real
components.

Note that some patts used for theoretical investigations, controlled sources, for example, do
not represent real physical parts and cannot be placed on a PCB. If your desig contains
such components, you should replace them with real physical parts.

Of course there is no guarantee that the default physical packages of TINA’s parts are the
same as needed by your design.

There are two ways to check this.
You can use TINA’s “Footprint name editor”, which you can invoke from TINA’s

Tools menu. In this dialog you can see all of TINA’s components and their
corresponding footprint names.
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Select from the available footprint names by clicking on the footprint name fields. In the
dialog box, components with no footprint name association are denoted by red characters
and by “???” in the footprint name field.
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2)  The second way to examine the assigned footprints is to double-click on each part and
check the Footprint Name in the component property dialog that appears.
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You can also click the button in the Footprint Name line to invoke the “PCB
information” dialog. This allows you to select from the available footprint names on the
Footprint list. Here you can also find and display the 3D view of the parts on the list.

PCB information x|

Model name:  C1 Fartz/package: |1 Fart: |1 j
Component list: 30 comporient view: Mode list: Swapped nodes
. TR — s
C_RADZ00_L300_w | w22 -
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Ll =l Maove Do |
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Copy Rename Copy Rename e CRT g
[~ Show all components [l i S I ¢ (il el

x Cancel | ? Help |

When you find the footprint you seek, click on it and press OK. This will return you to
the component property dialog with the selected footprint name in the Footprint name
line. To confirm the change, press OK on the component property dialog again.

If you don’t find the footprint you want, you can create a new one. Start by pressing the
Add button of the “PCB information” dialog. Of course, it’s not enough to just add a
footprint name in this dialog—you must also add the corresponding footprint to PCB's
footprint library. For details, see chapter 6 — Making your own schematic symbols
and footprints — of the Quick Start Manual.

53‘“ |

When you're done, check the 2D/3D shape by clicking the 2D /3D view button ‘—" or the F6
key. Unless a component is only meaningful for analysis, it will have a 3D view. If the
physical part association is OK, we can begin the PCB layout design.
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1.2 Invoking TINA PCB

To begin PCB design, press the b—| button on TINA’s toolbar (the last one o the
right) or select the “PCB Design” command on the Tools menu. Set the parameters as
shown below.

" Modify existing project -
- (]

I~ Show all projects

| OP&MPZtpc -] X Cancel |

{+ Start new project 2 Help
&« H

:

¥ Autoplacement
I~ Autorouting

f+ Usze board template
D% ATina ProhT emplatest2layer_A tpt

Browse... |

" Mo template

Board width |1.5 inch [
Board height |1| ifeh [

Select “Start New Project,” “Autoplacement,” and “Use board template.” With th
Browse button find and select the 2layer_A.tpt template file from TINA’s Template
folder. Using this file will ensure the proper settings for a double-sided PCB.

When starting with a TINA template, you are choosing the level of manufacturing
complexity of your project. The following three levels of manufacturing technology are
defined by the IPC-2221 generic standard:

Level A : General Design Complexity
Level B : Moderate Design Complexity
Level C : High Design Complexity



The template file specifies the number of layers, including their properties, system grid
size, autorouter settings, spacing and track width. The following templates are included
with PCB Designer:

Level | Routing | Plane | Routing| Spacing Comments
Layers | Layers
1layer_A.tpt A 1 - 25 121/2 | Allows one track between
2layer_A.tpt A 2 - 25 1272 standard IP IC pin
2layer_B.1pt B 2 - 81/3 81/3 Use for SMT or mixed-
2layer_B_mm.1pt B 2 - 0.1 0.2 technoly board
4layer_C_mm.1pt C 2 2 0.1 0.15 For moderate and high

density

In choosing a PCB template, you should take into consideration technology, density, and

package pitch.

To complete the set up, set the PCBsize in inches or mm depending on the measurement
unit settings in the View/Options dialog of TINA.

Now that everything is set properly press the OK button and the PCB layout design will
appear with all the components automatically placed on the PCB board.
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While all the parts and nets are placed, we need to adjust their positions for good
placement and easier routing. Click and drag the parts to the position as shown on the
figure below. (Find “opamp2 placed.tpc” to check your results.)
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Press F4 to reach the Net Editor and set net routing width. First, click on “Modify all”
and enter 12.5 into “Track width” field. Then select power nets (Ground, VCC, -VCC)
and set their width to 25mil.
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To automatically route the PCB, press the F5 button or select “Autoroute board”
command from the Tools menu. The following screen will appear:
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To see of everything is route correctly press F7 or select DRC (Design Rule Check
from the Tools menu. The following message will appear:

To finish our first simple design, let’s add text to the silkscreen/assembly layer. Click the
T button on the toolbar and make the settings in the dialog that appears:

Text properties ' x|
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Font settings Angle: 0
Test height: 50 [rril] Side
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Li idth: 3 i
e wi [rnil) ~ Bottom

o Ok X Cancel | ? Help
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Enter the text into the empty upper field and press the OK button. The text will be
attached to the cursor. Move it to the location shown on the picture below and press the
left mouse button to place the text.

E’;—"gD:‘.‘Program Files\DesignSoft\ Tina Pro‘EXAMPLES\PCB" OPAMP2.tpc _ (=] %]
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Finally, you can check your design in full 3D. Press F3 or select 3D View from the View
menu. After some calculation, the following window will appear.

E¥PCB Viewer - EXAMPLES|PCB\OPAMPZ finished.tpc 10l =]
File Wiew Options...

You can rotate the 3D model to any direction by clicking with the mouse at any point.
Hold down the left button and move the mouse to shift the viewpoint. You can also
move the ”camera” forward or backward to set a large view showing the complete PCB or
to zoom in for more details. Use the right mouse button for this operation.
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1.3

At this point, you will probably want to either print your design or create Gerber files for a
manufacturer. To print use Print... from File menu.

To obtain Gerber (RS-274X format) files to direct a photoplotter, choose Export

Gerber file from the File menu. (Various Gerber options can be changed using the
dialog for Gerber output settings under the Options menu.)

Advanced editing functions of TINA PCB’s Layout editor

In practice, you may need to do some editing using TINA PCB’s advanced editing
features. This is described through examples in the next section.

12



CREATING A TWO-LAYER,
DOUBLE-SIDED,
SURFACE-MOUNT
TECHNOLOGY BOARD

To get into TINA in more detail, open the second example, the file PIC flasher origin. TSC
project from TINA’s Examples/PCB folder. Press the 2D/3D View button in the toolbar
and look at the schematic of the flasher.

D1 KP-20128GC

_ +5V — -2
R1 Resistor-DIP4 R2 Resistor-DIP4 T

wFFm—OOW , D2KP-20128GC
—H
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| PIC micro flasher LS S J
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Use 2layer_B_mm.tpt PCB template

= 1 2
g o8 e Aol o = = R
>
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1 P RAA/T] RET (15 1 5
' Hres RB6 T [ |
1 TrRa RES M0 |
= THRRT RB4 i
RAD Sgg ‘ D5 KP-20128GC
1 2
= 4 Lk REOINT =
181 oscarcLrim D6 KP-20128GC
\Veolo) 18 oscarcLkout 4L. 2
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1
¥ = | 2 — =
V815 ' [ _L
L D8 KP-2012SGC
p
c110p U c210p L SE——
5 | B B e _'l;l
PIC flagher origin,

The schematic is PCB-ready—as you can verify by pressing the 2D/3D button, every part
has a surface mount device (SMD) physical representation. Now, before we start the PCB
wizard,click Tools/Footprint Name Editor... to check the footprints list.
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_"Ef‘?}f_Footprint Name Editor
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Label I Footprint Name I
1 C2012_0205
c2 C2012_0205 x Cancel |
D1 D2012_0805
D2 L2012 0805 “? Help |
03 2012 0805 .
D4 L2012 0805
[l L2012 0805
DE L2012 0805
D7y D2012_0&05
Da D2012_0&05
R1 SOME/321.6_08
R2 SOMB/3241.6 08
S DIP8/SHD
n SO1E
W51 JP100 Lacate |
®1 HC49/5MD

Since all the components appear to have a valid footprint name, we can start using the
Tools/PCB Wizard. Set the “Start new project,” check “Autoplacement” and “Use

board template.” Browse for the template file “2layer_B_mm.tpt.”

Review actual physical parts, if possible. Be sure to allow for the area of all the
components, mounting holes, and keep-away zones and make your best estimate of the
values for Board width and Board height. Moreover, it is important to provide
enough space between the components to allow for the placement of vias and tracks

during routing. Enter 40mm length and 30mm width.

Press the OK button, ignore the Electric Rule Check warning, and save the board as PIC

flasher.tpc.

PCB Design x|

" Modify existing project 7 0K

[T Show all projects

[FICFLASHER e =] 9 Cancel

% Start new project
a ? Help

v Autoplacement
[T Autarouting

* |ze board template
[:h AT emplatesh2laper_B_mm. tpt

Browse. .. |

" Mo template

Board width |4E| millimeter [mm)
Board height |3E| millimeter [mm)
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The components are placed in the close proximity to minimize the connection lengths, in
a topology similar to that of the schematic, while still respecting the design rule settings.
However convenient the result may be for autorouting, the designer usually has to make
adjustments to the component layout to satisfy electrical, mechanical and other
characteristics. Some of the considerations are—

. the ohmic effect of a long and/or thin power tracethe length of a track from
the signal source to the load in high-speed digital systems introduces reflections
in analog situations, poor placement can lead to increased noise coupling
allowance for automated parts placement clearance

future serviceability of the PCB

aesthetic values

These considerations influence the components’ position and could be critical-not only in
complex designs—but even in the simplest ones. For these reasons, one must still adjust
parts placement manually.

Our circuit, although it is small and not very dense, has a few special requirements,
namely to put the crystal closer to the microcontroller, to position the power supply
connector, and to adjust the LEDs along the board.

If you want to change the board size, click the “Draw/modify shapes” button &)
Let’s try making the board smaller. You can double click on the middle of the board and
enter the following values into the fields:
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Shape properties x|

Shape twpe: IBoald outling d

v Rectangular

Rectangle width; |3D [rrrn]
Fiectangle height; |2D [rm]

Copper shape zetting
Hzzigned nek |<nnne> d

Flane layer msulatiorm, width; 0.254 [mm]

Flane layer pricrit IU 3,

x Cancel | ? Help

When you press OK, the board outline will shrink.

Now, before we begin routing, let’s set the position of the components; place the power
connector and the DIP switch on the left hand side and the LED bar on the right
hand side. Place the capacitors and resistor networks on the bottom side by double
clicking on the components and choosing Bottom Placement side on the dialog.

Component properties x|

Mame: IFH

Yalue: |F|ESISTEIFI-DIF'4

Footprint: |SDNB£3.EH‘I E D08 Change |

Placement side———
" Top [T Lock companent
+ Bottom

x Cancel | ? Help

Compate your result to the file \Examples\PCB\PIC flasher placed.tpc.
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In order to decrease route length, swap R1 pins connected to SW1. Pin swapping is
allowable if identically functioning pins are to be exchanged, such as pins of resistors,

capacitors, etc. Click on the Pinswap button "% on the toolbar to pick up the tool, click
on pad 1 of R1 (the upper right), and—finally—pad 4 of R1. The following window should

come up:

x|

\",) Swap pins 1 and 4 of component 'R1'7?

o |

Press the Yes button, then do the same with R1 pad 2,3 and R2 pad 3,4.

Note that a pin swap changes the original connections, so we must update the original
schematic later to maintain the correspondence between the schematicand the board taking into
account the changes we made to the board while using PCB Designer. This process,
called backannotation, has to be completed whenever a pin/gate swap and/or component
renaming have been performed.

Signal planes (in our present example, the top and bottom layers) generally are given
preferred trace directions up and down in one layer and left and right in the other layer. To
set these trace directions, click on Options/Autorouter settings. The Autorouter
settings are set to our preferred direction by choosing an integer number from 1 to 9.
A value of 1 forces the router to heavily emphasize horizontal lines, while a value of 9
forces it to use vertical lines. 5 tells the router not to care about horizontal or vertical
preference. Choosing the extreme values (1 and 9 for a pair) is usually too strict, so we
choose to enter 3 for the top layer and 7 for the bottom.

17



torouter settings x|

Layer name Direction [H:1%:5]

I oo 7

Raouting options
[v Enable rip-up and reroute

[v Force router to uze short side SMD pad entry

tirimurmn pad number for using short side entry: |9 &

x Cancel | ? Help

Also on this panel, check “Force router to use short side SMD pad entry” with pad
number 9 constraining the router to connect SMD pads on their short side if the
component has at least 9 pins. This option can be very used to preserve the gaps
between SMD pads for track routing. Because of these choices, R1, R2 and SW1 are
allowed to route freely, as half of the pins are connected together, while Ul pads connect
on the short side.

After these moves, press Ctrl+F5 to route the PCB automatically. You can follow the
autorouter as it makes the electrical connections among the components of the entire
boards. First the power and ground nets are connected, then signals are routed. If
necessary, the program will rip-up tracks and reroute the unconnected nets. The
following result will appear:

=D:"\Program Files'\DesignSoft' Tina ProtEXAMPLES'\PCB\PIC FLASHER. tpc -5 x|
File Edit Insert View Took Options Help
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You can seee that there is a net left unconnected. (Note: this shortcoming will be removed
in later (relative to February 2000) versions of PCB Designer. If you are using a later
version, there may very well not be any unconnected traces). Fortunately, the DLC utility
will examinine your design and reveal any unconnected traces. Run DRC by pressing F7:
the DRC Results window will appear, highlighting the corresponding nets.

FEDRC Results _ o] x|

rrouted et KOO0 3

1 emorlz] found. Hide Cloze ? Help

You should browse and correct any errors DRC reports. If you double click on the text
‘Unrouted net NO0013,” the program magnifies and highlights the selected net while
centering the position of the selected objects.

£ =1=lx]

=DRC Results

Hide Close ? Help

K 146 Vi 14 (mm) Track connection point Net; NODD12 Press [Space] ta highlight nexct object

glstart|| 428 O || Mot .. | DlFwd:..| EBTINA_|E)Tina .. | EfLister. BTN Sindex.., address @G B $0F  a33PM

In order to fully route the board, we can use the manual route modes to make space for
the unconnected tracks or delete crossing tracks and reroute them in a different order.
Working in manual route, you can direct routing wherever necessary. You can move
existing segments of tracks, remove segments, or create new segments.

Proceeding step by step, we will use autorouting to route the last trace.
First, press the %1 the select button on the toolbar, then hold down the Shift key and

click the track that connects Ul pad 9 to D5 (see picture below), then press the Delete
key to remove the track. This makes room for the unconneted net.
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Selected object aroup 11 object(s) Press [Space] to highlight next object

Now press F4 to invoke the net editor. Disable NO00012, the previously removed
connection. This will prevent the autorouter from reconnecting the net. Leave N00013
routing enabled.

x|
B

Hame |H0uting width [mm]|\-"ia type |F'Iane laper |F!E |Gr0up

Noooog 0.2000 Wlal [# <DEFALLT:

hoooo9 0.2000 Wl 7 <DEFAULT:

Noooa 0.2000 W1 = <DEFAULT:

KO0 1 02000 WAl [+ <DEFALLT:

NOoo 2 0.2000 (il <DEFALILT:

NOoo 3 0.2000 Wl [# <DEFALLT:

hOooT 4 0.2000 Wl 7 <DEFAULT:

NOoo & 0.2000 W1 = <DEFAULT: ]
NOO & 02000 WAl [+ <DEFALLT:

NOOm 7 02000 Wl [# <DEFALLT: j

Fodify Al o OK X Cancel ? Help ‘

Click OK and press F5 and the autorouter wilconnect all the enabled nets. Next,
enable NOOO12 by pressing F4, checking RE, clicking OK and pressing F5 to autoroute
the last net.

Let’s see if our manual intervention has worked. Press F7 to perform DRC to verify that
there are no errors.
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Now, let’s synchronize the PCB and schematic files. First, choose Export Tina
backannotation file from the File menu to save the changes into PIC flasher origin.ban.
Start TINA Pro and click on Backannotate... under the Tools menu and select the same
file you have just saved. Click OK and TINA wil read and update the original
schematic.

Take a close look at the resistor networks—the pin order reflects the result of the

pinswap.

BIPIC flasher - Schematic Edlitor ) _ =] x|

File Edit Insert View Anabsis Interactve ISM Took Help

zlals| Bl [velsllsl olol-|[ aF== = &/ i 2% | oo H
J=TslF[@[D[B]w] & [+]~|=peil=I~[Slof]=]&] [ [ [ [ [ T [ [ [T ][]
] picse M.

Basic {Switches fMeters {5 ouees 105 {Gates AFlipfiops £ Loic ICs fAD /DA-555 {RF fAnalog Contiol {Special {PCE

R1 Resistor-DIP4 R2 Resistor-DIP4

3 1RA4/
RA3
L 1 RA2
- MAA _"Ll
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You can get to the PCB Information dialog by doubling clicking on R1 and pressing =
in the Footprint Name field. In the right hand window, TINA presents the swapped
nodes in larger, bold type. Save this file as PIC flasher. TSC.

PCB information x|
Model name:  R1 Fartz/package: |'| Part: |'| d
Comporent list: Footprirt list: 30 companent view: Mode list: Swapped nodes
LM 7aL05ACH = 1.4 | fdd |
MOUNTING_HOLE ] 2:3
E‘ST 5 4-1 Delete |
P J ¥ 55
PESPST v BB Chanaoe |
PB-SPSTC vz
PICTEF04A ¥ 8:8 Move Lp |

M mve Do |
Add Delete Add Dielete I i vl
EEesl V Vald node
Copy Rename Copy Rename e el oa
[¥ Show all companents Clear pin swap I X rvalid node
X Cancel | ? Help |
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CREATING PCB
COMPONENTS

Now, let’s see how to create our own PCB components for use in a PCB design. We
place an LM78LO5ACM (plastic SO-8 package) voltage regulator on the schematic to
make the circuit +12V powerable. If we do not want to simulate the circuit, TINA gives
specific tool to create PCB symbol. So, click PCB Component Wizard... in the Tools
menu and enter the name of the component in the Name field.

PCB Component Wizard x|

Nare: ILM?SLDSAI:MI |con:
§hape:| J I '|

{* Select an existing group ...

Switches
teters

Sources
Semiconductors
Optoelectronic
Spice Macros
Gates

Flip-flops

Logic ICs
AD/DAERR

Tf-.lnm Ceanbeml ;I

.. ardefine a new group

[ e aroup: I

J [ x Eancell ? Help |

Click the = button to choose the component Shape from the library. Enter a few
letters from macro shape name: <VoltageReg>, then click OK.
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Macro Shapes x|

I<\-"0|tagel

<PMP> =]
[

<PDarlington>

<WoltageRegd>

—‘IN EUT}— =
o Ok I x Eancell

If you do not find an appropriate macro shape for the new component, use the Design
Suite’s Schematic Symbol Editor.

Choose the REG icon from the Icon drop down list.

PCE Component Wizare x|

Mame: |LM78LOSACM lcon
Shape: |<Vn|tageHeg> J -

f+ Select an existing group ..

Switches
Meters
Sources
Semiconductors
Optoelectonic
Spice Macros
Gates
Flip-flaps

Logic ICs
AL/DA-5E5E
RF

Mo mlmm T mimbesl

... or define a new group

IHew graup: I

o Ok I x Cancel

?  Help |

So that we will be able to access a new PCB component in TINA, we should add it to

one of thecomponent groups. This time, you can define a new group for our component,
called PIC flasher, then press the OK button.
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PCB Component Wizard

Mame: |Lh-1 7ELOBCH

Ehapej I<VD|lageHeg>

™ Select an existing group

Switches
Meters

Sources
Semiconductors
Optoelectronic
Spice Macros
Gates

Flip-flopz

Logic ICs
AD/DARSS

EE-LIH.-. T mam ke J

t« .. or define a new group
Mew graup: IF'IE sk

¢ k. I x I:anu:ell ? Help |

Finally, you may save the new PCB component macro into the Macrolib folder.

Save Schematic _?|i|

Save in: Ia Macrolib j - = ED-

#| Barrel Jack.tsm
8] DELAY _AM.TSM
8] FLLL_ADD, TSM
] HALF_ADD.TSM
8] INDUCTOR, TSM
8] kP-201255C. ksm
8] LAPLACE. TSM

] LM317.T5M
8] LM7LOSACH, tsm
a Mounting Hole, ksm
8] PIC1EF44.ksm
8] Resistar-DIP4.tsm
@ SMD Oscillakor, ksm

8] Sw-DIP4, TSM

] TRANSFOR, TSM
8] LaT41,T5M

8] ULMzE03A, TSM

8] vDR. TSM

8] 1C2I50-TC 144, bsm
8] P01 S0, ks

8] =L2T, TSN

Lt 7ELOBACH bz

File name:; Save

Save as type: | Schematics Macro [ TSM) Cancel

[

Help

Pl

Replace the short circuit (on the schematic) between Vec and +5V with the new
component and double-click on the schematic symbol of the regulator. Enter the PCB
information:

1. Click in the Footprint Name edit line on the == button.

2. Click the Add button on the Component list area and type LM78LO5ACM. Then
press OK.

3. Click the Add button on the Footprint list area and choose SO8 from the SMDIC
category.

4. Build the part node list with the help of the component data sheet
(http:/ /www.national.com/ds.cgi/T.M/TLM781.05.pdf) : click Add, then select OUT
from the Change Node List and press OK. Repeat these steps until all of the pins are
defined and, at last, click OK.
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PCB information x|
Model name: U3 Parts/package: |1 Fart: I'I j
Comnporent list: Foatprint list; 30 companert views MNade list Swapped nodes

Add
v 2.GMND =
w 3:GMD
v 4:NC Delete |
v 5:NC
KP-20125G0 « £:GHD Change |
L ¥ 7. GND
LIGHT v BN - |
L3117
Mave Diown |
Add Delete Add Delete I - l
etk o Valid node
Copy Rename Copy Rename eSwapped e
¥ Show all components Clear pit swap I X Invalid nods
« 0K ? Help |

By this point, we have set every parameter and have a “PCB-ready” component.
To verify the part correctness, you can open PIC flasher reg. TSC and check it with ERC.

BIPIC flasher reg - Schematic Editor =121 x|
Eile Edit Insert View Analysis Interactive I8M Tgols Help
=8| BlE] [v = la|wls] ol e a4 grltq #% = E=r—
J+sIFSB[F] s [+ ~[=ldelsel=d~[@l@=l=] [ [ [ T T T T T T T TTTTTT I
Basicf Switches {Meters pice Macios 4 Gates 4 Flip-flops 4 Logic ICs 440 /DA-555 ARF fdnalog Control A Special APCE
R1 Resistor-DIP4 R2 Resistor-DIP4 3V lEJs LM?ELoswACM vee
DG R b I
. (U
- - utlpictereda Mgy b -csm
) | _i_ J__ U2 ULN2803A
RS IR B g = U1 HEADER8X2
SWA1 SW-DIP4 ] ‘ s e | - I n <
pa =2 2| ‘ A g ) =
LS - REa D EN [V ] 2 T+
e ae ca |G T
- HieLr Seom [ af B &% g
16 OSCT/CLKIN 2
+5Y 15 oseocLkouT m_
j X1 HC495_CY22A8 3
i P =2 4 | PIC micro lamp switcher |
C1i10p 0 c210p
. | e
PIC flasher re;

As the electric type of U3 pin 1 (OUT) is defined to be an output and is connected to the
power pins of Ul and U2, you will encounter ERC errors when you call PCB Wizard or
perform an ERC. But knowing that U2 is the power source for the ICs, we can safely
disregard this error.
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CREATING 4 LAYER

PCB
LAYOUT

This chapter provides an introduction to 4 layer PCB design. We will follow the entire
process and design a medium size circuit PCB. This will demonstrate the major concepts
and introduce the settings, techniques, and tools required. We will emphasize the concepts
where they differ from the previous single and double layer designs. Many phases of the
example can be found in the \Examples\PCB directory, such as:

Schematic files

FPGA origin.tsc original schematic file

FPGA.tsc schematic file (backannotated, after renumbering)
PCB files

FPGA placed.tpc design parameters set, components placed

FPGA placed split.tpc as above with power plane splitting

FPGA Spartan power routed.tpc

net properties set and Spartan FPGA chip power routed

FPGA Spartan power routed split.tpc

as above with power plane splitting

FPGA all power routed.tpc power routed

FPGA all power routed split.tpc as above with power plane splitting

FPGA routed.tpc all connections routed

FPGA finished.tpc optionally pin/gate swapped and renumbered, routed,

silkscreen adjusted, documentation layers finalized pcb
file

The block diagram of the circuit we will design is shown in the figure below. The

main

component is a field programmable gate array (FPGA) from Xilinx, Inc. In this

circuit,

we will use the FPGA with a few pushbutton switches as inputs and LEDs as

outputs.

Many of the FPGA 10O pins can be used freely for general purposes and are brought

out on the connector J1.

The board contains a power connector for an external 5-volt supply, a
programming interface for the FPGA, and some miscellaneous resistors and

capacitors.
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Power on

LED ’ DONE LED
3.3V regulator . «4—— 50MHz oscillator
2.5V regulator P g—— DIP switches
g——| Slide switches
XCFO01S 1Mbit P
Configuration PROM | 2 pushbuttons
JTAG Header >
- p{ 8 LEDs
Mode select jumpers |
¢«—p Exapansion headers

For the complete circuit digram, open FPGA originTSC (the backannoteted version
saved as FPGA.tsc.) All the footprints are named, the schematic is ready-to-use for
layout design. Just click on the PCB Wizard... set “Start new project”, check

“Autoplacement”, and use board template 4layer C_mm.tpt (work in metric units
because the components’ physical dimensions are defined in the metric system). For the
best routing performance, taking the smallest pitch size (0.5mm) as reference, we set
the Grid size parameter to 0.1mm which will control the visible grid, the parts placement,

and routing grids.

Enter the width (110mm) and height (60mm), then click OK.

After exporting the netlist from TINA, you should check a few parameters in the PCB
editor. First, select Option/System setting. Make sure that PACKAGE.FPL is checked.

£ Modify existing project -
- (4

[~ Show all projects

IFF'EA pier n:uuteu:l.tj ml

% Start new project 2 Hep |

¥ Autoplacement
[~ Autorouting

% Use board template
0:A . ATemplatesilayer_C_mm.tpt

Browse. . |

" Mo template

Board width {110 rrillimeter [mm)

Board height IEU rrillimeter (rmm)
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System settings x|
Units: mm - Grid size: ID‘I ]

B ackground calar; I. Black vl
W Autosave every IE 3, rinutes

Import Libraries

package. fpl

XK Cancel | ? Help

4.1 Placing parts

To make the screen less cluttered, let us turn off a few layers at this point. Select
Option/Layer Settings, press Uncheck All, and check Assembly Drawing Top and Bottom
layers.

You are now ready to place parts on your design. To get into parts placement mode,
make sure that the Select/Move components/tracks tool is selected. A good starting
task is to place the non-electrical components on our board, the mounting holes in each
corner.

Every non-electrical component (mounting hole, rubber foot, enclosure...) symbol
has to be placed on the TINA schematic before making a netlist. In the case when no
footprint should be placed on the board (e.g. rubber foot) then the componet has
NOPCB footprint name in TINA schematic.

Now, place the mounting holes at the corner.

Since we don’t want to accidentally move the part, right click, select Component
Properties and check the box labeled L.ock component.

Component properties x|

MName: IMTH'I

Walue: IM aunting_Hale

Footprint: IMNTHDLE Change |

Placement side———
&+ Top [ Lock component
" Bottom

x Cancel | ? Help |

Now you can place the rest of your components. You will probably want to print out
your schematics so that you can see where the components are supposed to go in
relation to each other. When you pick up a component, the airwire for that
component will appear to show you the connections to other parts.

When placing components, you may want to work on a coarser grid. Right now, the grid

is set at 0.1 mm. You can change this by selecting Options/System Settings and then
changing the Grid setting.
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Start placing the components on your board. Begin by placing the power connector and
voltage regulators on the right side of the board. Allow enough room for the power
dissipating copper area. Place the FPGA in the left center with the 40 pin connector
above, and LED and switches on the bottom. Try to keep components that belong
together near each other.

Put the buffer and filter capacitors of the FPGA and flash memory on the bottom side of
the board as close as possible to power pins of the chip, the smaller ones right under the
leads, the bigger ones around the middle of the package.

[=D:\Program Files® slgnSoft Tina Pro\EXAMPLES\PCB\FPGA.tpc
!

'I"II I Il IIIIiIIIIII[ ]l IIIII

[l

11

E

TR YT g

[ 526 v 17.2 (m) [Bomrdl [

To place a part on the opposite layer, right click on it, choose Component properties
and select bottom placement side.

Component properties x|

I.ame: |E3

Y alue: |1 00

Faatprint: Ic-| £05_0503 Change |

"F’Iacement side———

 Top [~ Lock componert
f+ Bottom

When you are done, your board should look something like this.
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4.2

=D:\Program Files\DesignSoft\Tina Pro\EXAMPLES\PCB\FPGA. tpc == x|
Eile Edit Insert View Iools Options Help

Dlsfa Al &l 8lrle%] o= [ ol ||| Enr— o

Ko 144 7: 635 (mm) Board

The silkscreen is a bit messy, but we will deal with that later. In fact, during routing the
silkscreen can get in the way, so you may turn off the silkscreen and assembly layers
now, just as you did earlier to suppress the two inner layers.

Now, you may save your design as FPGA placed.tpc.

Draw copper areas for voltage regulators

(Go on with your own created file or open FPGA placed.tpc in the \EXAMPLES\PCB
directory.)

Copper areas can be used for noise suppression, shielding, to draw heat away from
components that tend to get hot, to isolate signals, or to provide small voltage planes.
Now, to enhance the maximum power dissipation of the voltage regulator circuits
(U4,5), we draw a 15 by 15mm area of copper on the top layer to widen the
regulator heatsink surface.

Choose “Add Cooper pour” & icon from the toolbar then click on the upper left corner,
drag the mouse towards the lower right hand corner, and finally click the left button.
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=D \Program Files\DesignSoft\ Tina Pro\EXAMPLES\PCB\FPGA placed.tpc

Fle Edit Insert View Tools Options Help

Dlsf5 Kl ] 1rl~l] mo Sl ]~ m—— o)

When you double click on the area, you can enter the parameters exactly. Do not forget to
check the shape type and select Assigned net 2.5V. Normally, copper pour creates voids
where there are tracks or pads except for the Assigned net. (See Options/Design
Parameters). The other shape type is the copper fill area which is solid.

Shape properties

Shape type: |I:n|:uper paur j

v Rectangular

Rectanale width: |15 (i)
Rectangle height: |15 [rm]

Copper shape settings

Azzigned net:

" OK | XK Cancel |

? Help

M

Now click on the copper pour, hold down the left mouse button and position the

rectangle, expanding leftward to overlap the heatsink.
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4.3

ignSoft\ Tina Pro\EXAMPLES\PCB\FPGA placed.tpc

2] m(5 |5 (m| ||| [ ]| EEee— Ia

Finally, repeat these operations for the other voltage regulator and save your design.
Note, you can find this state of the design if you open \Examples\PCB\FPGA
placed. TSC.

Assigning and routing Ground and Power

In any design, it is usually wise to route all power and ground connections before doing
anything else. On a thru-hole technology board, this is very easy because connections can
be made to the solid plane as the pins pass through the board. On a SMT board, the
power and ground pads need to be routed by vias to the appropriate plane using ”thermal
reliefs”. Usually, the designer enables routing for the power and ground nets, while
disabling routing of all the other signals. After routing power and ground nets, the
designer will disable them and enable all the other signals to route the remaining
signals.

Before routing, we need to set up our design so that the PCB editor knows that the two
planes are associated with particular nets. (Interior plane layers are typically used for
power and ground.) The most convenient way to establish the mapping of planes to
netlists is to assign a label to a wire of the net (as we did) while in the TINA
schematic editor. We have already placed such labels in FPGA.TSC at the output of
the power regulators. (See FPGA origin. TSC at X:485, Y:880; X:440, Y:930) The GND
label will inform TINA PCB that the solid plane on layer 2 (Ground) is asssigned to the
net, while the PWR label designates layer 3 (Power).

You can handle other nets in the same fashion, by double clicking on the wire and
modifying the ID in TINA schematic.

Bus /Wire Properties x|
1D |GNDI =] oK
W Show D Cancel
[ Fins Left
[~ wire iz faulty ? Hep
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Note, only GND and PWR IDs have special effect on the plane layer allocation; other
net names are just for clarity to help you recognize the source of the nets in the PCB
editor, eg. 2.5V in this design. It is always advisable to name the significant nets for
easier operation later when using the PCB editor.

Open the Net Editor and check the result.

F=Net Editor

Marne IFh:uting width [mml Wia type

GHD 0.2000 4 Ground [+ <DEFALLT:

PR 0.2000 4 Pawer [+ <DEF&ALLT>

28 0.2000 4 [+ <DEFALLT:

L% 0.2000 44 [+ <DEFALLT>

NOooo:3 02000 4 [+ <DEF&AILT: d

x|
|F'Iane layer |F|E |Grnup H

i adity Group [F2] |

o O | K Cancel | ? Help |

You can attach any nets to any plane layer in PCB editor also, but it is easier to do this in

TINA schematic as desctibed.

To view plane layers, click Cancel while in the Net Editor and choose Option/Layer
settings, press Uncheck All and check Ground. The thru-holes are already connected by

thermal reliefs.

ED: \Program Files\DesignSoft\ Tina Pro\EXAMPLES"PCB'FPGA.tpc

File Edit Insert Yiew Iook Options Hep

EIEY

Dlwfa Ko 8] v|lz] miplm] x| |- ][ |~ — o

[x: 688 Vi 61.3 (mm) Board

You can now see all of the connections to the ground plane. You can do the same thing for
the power plane: Option/Layer settings, uncheck Ground and check Power.
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At this point, we have only routed the thru-holes for power and ground connections. On
a surface mount technology board, we should fanout' the board with only the
powet/ground net enabled. In the Net Editor (F4) press “Modify All” button to
uncheck “Enable autorouting”.

Enter new properties x|

Track width: ID.2 [rruri) [~ Enable autarauting
Wia type: WA, E Group: |<DEF.-’-'«ULT> - |
¢ Ok | x Cancel |

Select the ground and power nets and create the net group POWER; simply type
POWER in the Group field. Enter 0.4mm to Track width and check Enable
autorouting with via type PWRVIA.

Enter new properties x|

Track width: ID.4 [rruri) [+ Enable autarauting
Wia type: IF"-A-"FE‘-;"I.-’-‘« J Group: IF'DWE A - |
¢ Ok x Cancel |

The Net Editor should look like this.

=iNet Editor

WOa003 . I~ «DEFAULT:

K|

addify Al | F ity Groum [F2]| ¢ Ok x Cancel | ? Help |

As we have already used two plane layers and still have one more voltage net to route—
the 2.5V regulator output going from U4 to the FPGA core—we need a dedicated trace
for the 2.5V net. This net touches only a few pins, so we could route a trace to connect all
the components. Click on the Draw tracks tool and route 2.5V under the Xilinx chip
package onto the bottom side.

1 Fanout is the process of routing a SMD pad to a via so that the pad can be routed on other layers. For power
and ground pads, the fanout is attached to a power or ground plane using a thermal relief.
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ED:“".Program Files\DesignSoft' Tina Pro\EXAMPLES\PCB\FPGA. tpc _ = %]
File Edit Insert Yiew Tooks Options Help

DlE[a A< B[ T3] m| o] x| £ o] [ERmm— o -[o)

R 431 Vi 23.3 (m) [Track connection point Net: 2.5%

Connect all the power pins of the FPGA, then the pads of filter and decoupling
capacitors;set the track width to 0.4mm. Now make the power track 2mm wide as shown
below by double clicking on the track.

ED:“‘.Program Files'\DesignSoft' Tina Pro'EXAMPLES\PCB'\FPGA.tpc _ =] %]
File Edit Insert Yiew Tooks Options Help

Dl&fa €| p T""-Dﬁ!
T T \

!

% 555 vi 27.3 (nm) Board
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Next, route all the nets from the POWER net group. When you are manually routing,
you can begin/end a new track on another track of the same net, which is known as
T-routing. After all that press F7 to run DRC. You will not see any unrouted nets
belonging to this group (a good thing!).(See FPGA power routed.tpc as reference.)

Finishing the routing and post processing

Disable routing on the POWER net group and enable it on the other signals.

F=EiNet Editor ] x|

Mare IFh:uting width [mmj\-"ia type |F'Iane lamer |HE |Grnup Iﬂ
GMD 0.4000 PRV LA Ground [ POWER

PR 0.4000 PhadRM LA Paer [ POWER

28 0.4000 PR LA [ POWER

B 0.4000 PhdRvLA [T POWER

: Al <DEFALILT>

WOooo4 0.2000 Wl [+ <DEFAULT:

WOooas 0.2000 W1, ~ <DEFAULT:

t adify Al | tadify Graup [F2]| f 0k, x Cancel | ? Help |

Set the autorouter in the Options/Autorouter settings as follows.

Autorouter settings x|

I oo

—Fiouting option:
[v Enable rip-up and reroute

W Force rouber bo uze shart side S0 pad enty

Minimurm pad number for using short side entry: |5 vi

o OK X Cancel | ? Help
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Check the settings under Options/Design Parameters.

Design parameters x|
Default track width:  [0.15 fmm]  Disfault via type: [VI& J

[~ Spacing constraint:

Track to track: s

Track to vis [(5 viawvs 015
Track to pad; IF IF

Track to shape/edge: IWS— Via to shapesedge: IWS— Pad to shape/edge: l15— Shape to shape/edas: IWS—
Track to copper pour. IDS— Wia to copper pour: IUS— Pad to copper pour. IUS— Shape to copper pour; IUS—

Via to pad: Pad to pad; 0.15

K Cancel | ? Help |

Press F5 to autoroute the whole board, then renumber components (Tools/Renumber
components, F10). Renumbering begins at the upper left of the board, renames

components in a sweep from left to right, then moves down and renames in successive
sweeps.

After renumbering, backannotate the design, as you did in chapter 4.8, and save the new
schematic. To check the result, refer to FPGA.TSC and compare.
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CREATING SPLIT PLANE
LAYERS

Power layers are used to provide electrical power references and a stable ground
throughout the board. In systems with multiple power supplies, the power planes, which
are typically solid copper internal layers, are split. When you split the plane, you assign a
part of a plane layer to a second net (e.g.: processor core voltage) by placing a copper
pour onto a plane layer. You assign a primary net to the whole plane layer as we did by the
GND and PWR IDs in TINA Pro, and a secondary net to the copper pour. Now, let’s see
how it works within TINA PCB. Open the “FPGA placed.tpc” as a starting point to
our work. Remember that the PWR net — the 3.3V primary supply voltage—has already
been assigned to the plane layer Power. Now, you split a portion of that

plane for the FPGA core voltage (2.5V) instead of routing a net from U4.

First, it is important to select the power layer, then click the Draw/modify shapes =&

and Add copper pour area & | buttons. The cursor turns into a cross. You can begin to
draw the outline of the copper pour. The shape must extend under the regulator
heatsink and the middle of the Xilinx chip package to connect them through vias. Using
the appropriate zoom factor (e.g.: 200-400%) during the drawing is usually helpful.
When you are done splitting, your design may look something like the screen shot below.
(Find this phase of the project in the file “/Examples/PCB/FPGA placed split.tpc”.)

FED:\Program Files\DesignSoft' Tina Pro\EXAMPLES\PCB\FPGA placed split.tpc — =] x|
Eile Edit Insert ¥iew Iools Options Hel

e e e i e e N A T s i P A B el =

[& .2 i 475 (om [shape (board/special areal |
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Plane layers are negative layers, so only the isolating ,,moats” can be seen on the screen.
Before beginning other tasks, you should assign the 2.5V net to its split area. Double
click on the shape, select the 2.5V net, and click OK.

Shape properties x|

Shape type: |C0pper pour j

[~ Rectangular

[rnm]
[}

Copper shape settings

Asgzigned net: ,@ j

<nones -
Plane layer insulat{ GMD

NOoon3
NOoo0n4
[RLLNN
RN 2

v DK—l X Cancel ‘ ? Help ‘

Plane layer priority;

Note that if you create nested copper pours on plane layers which overlap themselves,
you must specify the plane layer priority. The higher the priority number, the higher the
copper pour sits above the lower ones owning the overlapping region.

If you now establish all the power connections, you will achieve a result similar to “FPGA
all power routed split.tpc” shown below. The PCB Designer automatically places thermal
reliefs around through-hole pins and vias whenever appropriate.

ED:'\Program Files'DesignSoft\ Tina Pro\EXAMPLES\PCB\FPGA all power routed split.tpc
File Edit Insert View Took Optins Help

NEENREEE T[22 WD |E|m [/ =[]~ x| [Ear— ) ]9

O

00000000000008)

R 808 v: 59.7 (nm) Board

The rest of the process and the movements are similar to those which we applied in the
example with the unpartitioned plane layers.
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