TINA

PCB Design Manual

DesignSoft

www.designsoftware.com


http://www.designsoftware.com/

CONTENTS

CREATING A PRINTED CIRCUIT BOARD ..o, 4
1.1 Setting and checking footprint NAMES ...........eeiiiiiii i 4
1.2 INVOKING TINA PCB ..ooiiiiii ittt e e e e e e e e e e e e e eeae s 8
1.3 Advanced editing functions of TINA PCB's Layout

o 11 0] TP 13

CREATING A TWO-LAYER, DOUBLE-SIDED,

SURFACE-MOUNT TECHNOLOGY BOARD.....cccivviiiiiiiicieen, 14
CREATING PCB COMPONENTS.....co e 24
CREATING 4 LAYER PCB LAYOUT ..., 28
o R = P Tl [ T N o = £ 30
4.2  Draw copper areas for voltage regulators............oooovviiiiiiiiiiii s 32
4.3 Assigning and routing Ground and POWEN ............ccooviiiiiiiiiiiiineeee e 34
4.4  Finishing the routing and PoOSt ProCeSSING .......uuuviiiiiieeieieeieeier e e e 38
CREATING SPLIT PLANE LAYERS ..., 40

USING THE COPY MACRO FUNCTION. ... 42



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

*.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 pms 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 parts 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.
1) 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.


http://www.jedec.org/download/search/jesd30c.pdf.)
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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.

_‘E‘-%Footprint Name Editor _ o] x|
Label | Footprint Hame

1 C_Ax200_w120 = o OK

c2

3 x Cancel

C4 ? Help

I

12

0P DIP14

ouT NOPCE

ouT2 NOPCE

R Ri_AX300_w/100

R2 Ri_AX300_w100

R3 Ri_AX300_w100

R4 Ri_A%300_w100

VG JP100

Y51 JP100 Locate

V52 JP100 4'
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 fbutton 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.
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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 P C B's footprint
library. For details, see chapter 6 — Making your own schematic symbols and
footprints — of the Quick Start Manual.

52?\( ]

When you're done, check the 2D /3D shape by clicking the 2D /3D view button ‘—; or the FG6 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 ‘-j-J button on TINA’s toolbar (the last one o the right)
ot select the “PCB Design” command on the Tools menu. Set the parameters as shown below.

i xl
" Modify existing project -
- 0k
I~ Showall projects
[ OPAMP2.tpc -] X Cancel |

% Start new project 2 Help
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v Autoplacement
[~ Autorouting

% Uze board template
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Browze. . |

" Mo template

Board width |'|.5 inch (1)
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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 12 Y2 standard IP IC pin
2layer_B.tpt B 2 - S1/3 81/3 Use for SMT or mixed-
2layer_ B_mm.tpt B 2 - 0.1 0.2 technoly board
4layer_C_mm.tpt 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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S er new properties a
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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:

=0\ Program Files aft', Tina Pro’ EXAMPLES \PCBUOPAMER tnc
13 ™ b
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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:
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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.
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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¥PCE Yiewer - EXAMPLES! PCB,OPAMP2 finished.tpc o =] |
File Wiew Cpkions...

10¢/7307TL

N W W e

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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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 thedialog for
Gerber output settings under the Options menu.)

1.3 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.
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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.
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l
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The schematic is PCB-ready—as you can verify by pressing the 2D /3D button, every patt 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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C2 C2012_0805 |
x Cancel
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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.

PCB Design x|
£ Modify existing project 7 0K

[T Show all projects

[PICFLasHERpe -] € Cancel

% Start new project 2 Heln
£ H

¥ Autoplacement
[ Autorouting

f+ Uze board kemplate
0t AT emplatesh2laver_B_ . tpt

Browse. .. |

" Mo template

Board width |4|:| rrillireter [rar]
Board height |3|:| rrillireter [rr)

Press the OK button, ignore the Electric Rule Check warning, and save the board as PIC
flasher.tpc.
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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 trace the 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
o 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 3 x|

Shape type: I Board outline j

v Rectangular

Rectangle width: |3EI [rnrm)
Rectangle height: |2EI [rrrn]

Copper shape setting
Bzsigned net: |<nune> d

Flate [aper irsulation width: 0.254 [rairri)

Flare laver ariornty; IEI vl

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|

M arme; IFH

Value: |HESISTDH-DIF‘4

Footprint: |5|:|Naf3.2m E_0B Change |

Flacement zside———
" Top [T Lock component
f+ Battamn

x Cancel | ? Help

Compare 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

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 schematic and 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 tr
ace 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.
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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:
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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 2006) 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|

ELlnru:uuted net MO007 3

1 emor(z] 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.

[F=0:\Proaram Files\ i Pro\EXAME T =)

Dl@lu] [® al&] 1| r]el2] mo|els] x| -7 asaE = O e

MG 14 () fTrack: conreection pornt Met: MO0OLZ Press [Space] o highight nent object

gstart| D290 || Mo | SFwd. | EETING | 8)Tina . | Ellister TN, Sirdex..| Addess [E-E 58 azspM

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 K !, 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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Now press F4 to invoke the net editor. Disable N00012, the previously removed
connection. This will prevent the autorouter from reconnecting the net. Leave N00013
routing enabled.

F=iNet Editor x|
[-]

Mame |H0uting width [mml\!ia type IF'Iane layer IHE |Gmup

KOooog 0.2000 Wl [+ <DEFALLT:

KOO0 0.2000 Wl [+ <DEFAULT:

Woooin 02000 Wlal [+ <DEFALLT:

WOoo11 0.2000 Wlal [+ <DEFALLT:

MNODo72 Il < DEFALILT >

WOoo1 3 02000 WAl [+ <DEFALLT>

WOOo1 4 02000 Wlal [+ <DEFALLT:

MOO015 0.2000 Wlal [+ <DEFALLT: |
MOOO1E 0.2000 Wl [~ <DEFAULT>

WOoo1 7 02000 WAl [+ <DEFALLT: =l

b adify All | M adify Group [F2] ./ 0. x Cancel | ? Help |

Click OK and press F5 and the autorouter wi] connect 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 will read and update the original schematic.
Take a close look at the resistor networks—the pin order reflects the result of the
pinswap.
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You can get to the PCB Information dialog by doubiing dicking on RI and pressing '_;j in
the Footprint Name field. In the right hand window, TINA presents the swapped nocles in
larger, bold type. Save this file as PIC flasher.TSC.

n ..
rvidelname: Al ” |partslpackage: I part: J]. “...J |
Component IistI Footprint list: 30 component view: Node ist: Swappednodes
LM78LOSACN MOUNTING_HOLE SONS/3 2x16 08 S ¢dd
MS 8 : -

22
ouT C’ 1 Qelete
B-SPST PB-SPSTC PIC16F84A R v N
y y'7: 8:8 I;hange MoveJlp
MoveD.Qwn |
R - | || | Validnode
Add Delete Add Delete Ipictu[e 0 :J Swappednode
[V how alicnmpon%potay Fename Copy Fienarme Clear pin swap l ) (Invalidnode
|[ (g J )(Cance | A 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|

Name: [[M7BL05ACM] |con:
ﬁhape:l J | v|

% Select an existing group

Switches
teters
Sources

Semiconductors
Optoelectronic
Spice Macroz
Gatez

Flip-flops

Logic ICs
ADDARER

Tf-.lnn Ceanbeml d

.. o define a new agroup

[ e aroup; I

wr DR x I:anu:ell % 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|

|<VOItagd

<PNP> =]
= |

<PDarlingtany

<MoltageF eghs
>—|IN _QUT}—< =l
o 0K I X Cancel |

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.

PCB Component Wizare x|
Name: [LM7BLDSACM |con:
Shape:; |<VoltageF|eg> J

f+ Select an existing group ...

Switches
Meters
Sources
Semiconductors
O ptoelectanic
Spice Macros
Gates
Flip-flops

Lagic IC=

A0 /D455
RF

LT EVOR WA N |

.. or defing a new graup

[iewy graup: I

« Ok | X Eancell 7 Hep |

So that we will be able to access a new PCB component in TINA, we should add it to one
of the component groups. This time, you can define a new group for our component, called
PIC flasher, then press the OK button.

25



PCB Component Wizarc : x|

Mame: [LM7BLOSACH lcon:

Shape: |<‘\-‘nltageHeg> J

" Select an exizting group ...

Switches
keters

Sources
Semiconductors
Optoelectronic
Spice Macros
Gates

Flip-flops

Logic ICs
AD/DA-5RE

TE-.I,-.,-. [y e | d

* . or define a new group
Mew group; IF'lC flazhed

¢ 0K I X Cancel

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

Save Schematic $ 2] x|

Save i Ia M acralib j - g

?  Help |

o] Barrel Jack.ksm
8] DELAY i, TSM
8] FULL_ADD, T5M
8] HALF_ADD. TSM
8] INDLICTOR. TSM
8] KP-20125GC. bsm

| LM317.T5M

@] LM7EL0SACM. Esm
@ Mournking Hole, Esm
@] PIC16FE44. ks
@] Resistar-DIP4.tsm
@ SMD Oscillakar tsm

TRANSFOR, TSM
LA741,T5M
LILMZE034, TSM
YOR, TSM
XCZS50-TE144.Esm
WCFO1SYO2 s

8] LAPLACE. TSM ] S-DIP4, TSM ®UIIT,TSM
File: name: k4 7BLOSACH. tzm Save I
Save az twpe: | Schematics Macra [* TSM) d Cancel |
Help |
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/T.M781.05.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 Part: |1 d
Campanent list: Faatprint list: 30 companent view: MHode list: Swapped nodes
— o
w 2:GND =
w 3:GND
v 4:NC Delete |
JP :: 5:MNC
KP-20125GC B GND Change |
L w 7:GND
LIGHT v 811N Move Lip |
LM317
Move Down |
Add Delet Add Delet I vl
= SR nore o valid node
Copy Rename Copy Rename eSwapped N
I Show all camponents [Clear pitn swap | X Irvalid nade

?um|

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.

o 0K

Hhr Yow ol Garactve T Tige. top ;&Iﬂ_
fin ] 25 [+ &lolrisad |1+] 3 444 gslot) #1% 4 ﬂ"ﬁlj
PREEEE ' i

R1Resisto-DIP4  R2 Resistor-DIP4 *3V ERINIn o
191 1137 T A
TN TS Dt
I -~ i L w2lunzeoca
i g o 1y g ps g =
SW1 SW-DIP4 ‘ : L . | Ut HEADER®X2
S Heee cerfl o B
.| * 2 - RBES T
ﬁ e 2 ReskE e :
=, h 5%'2 :rﬂ: i g
5 i
+5V o CE
X1 HC48s_CY22AS 4
a—l V515 b 4 PIC micro lamp switcher
c1 Iﬂpl c21an
4 { o]
farhes

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 IO 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 P 4—— 50MHz oscillator DIP switches Slide
2.5V regulator L p ¢—— switches

4——| 2 pushbuttons
XCHRO01S 1Mbit P
Configuration PROM 8 LEDs
JTAG Header >

———»{ Exapansion headers
Mode select jumpers L pl

P

For the complete circuit diagram, open FPGA origin’TSC (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.

PCB Design x|
" Modify existing project -
B 0K
[~ Show all projects
IFF'GA poer lauted.td X Cancel |
{+ Shart new project 2 Help |

[ &utoplacement
[~ dutorouting

* Usze board template
L4 AT emplatestdlayer_C_mm.tpt

Browse... |

" Mo template

Board width  |110 rrillimeter ()

Board height IEU rrillirneter ()

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.
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System settings x|
Units: M - Grid size: |01 [mm]

Background color: I. Black .l
¥ Autosave every |5 3, minutes

Impart Libraries

package. fpl

x 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 Lock component.

Component properties x|

Marmne: IMTH1

Walue: IMounting_H ale

Foatprint: IMNTHDLE Change |

Placement side————
& Top ¥ Lock component
i 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.

F=0:\Frogram Files\DesignSolt\ Tina Pro) EXAMPLES | PCB\FPGA.Ipc _lalx
File [t Ireert Yiew Took COptiors Help

Oj=fa [x = |r[eel ] m|o(m| x| ]| [ o] i —

(0 0 1011 1

JENETETHN

W

]

T

R E2E ¥ 17.2 dne) Board

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

Component properties x|

M ame: ICS

Value: {100n

Footprint: —|C1808_0603 Change |

"Placement gide————

" Tap I~ Lock comparsnt
+ Battom

" OK | ?ﬂelp |

When you are done, your board should look something like this.
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F=i0:\Frogram Files\DesignSaft! Tina Pro)\ EXAMPLES | PCE\FPGA.tpe
Ele Edit nsert Yiew Options  Halp

DlefE w8l il mojm] 2] o — o)

=[x

B il

.
PRI
L]
14y

Mo144 ¥ 619 (ma) osrd

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.

4.2 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” E 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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PR Program Files'DesignSolt) Tina Pro’\ EXAMPLES\PCB\FPGA placed.tpe . . =18] x|

Flo Edt bmert View Took COpeors Help
> el ol —

B om0 ) et

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 x|

Shape type: IEnpper pour _v_!

[¥ Rectangular

Rectangle width: I15 [rirn)
Rectangle height: |15 [mim)

rCopper shape zetting

Bl

Plare laper irsulation width: 0.254 [rrirr]

Azzigned net:

n -

Flare laver priarity; ! -

o Ok I x Cancel | ? Help |

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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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.

4.3 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
toa 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|
ID |GNDI =l OK
W ShowID Cancel
[T Pins Lett
[ ‘wire iz faulty ? Help
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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.

x|
Marne |F|outing width [mm‘\-"ia tupe |F'Iane laper |F|E IGn:uup Iﬂ
GMD 02000 W4 Ground [+ <DEFAULT:
PR 0.2000 W4, Poveer [+ <DEFALULT:
25¢ 0.2000 W4, [+ <DEF&ULT:
% 02000 WA [+ <DEFAULT:
et 0.2000 W4, [+ <DEFAULT> =
Wiodify Group [F2]| o OK | X Cancel | ? Hel |

You can attach any nets to any plane layer in PCB editor also, but it is easier to do this in
TINA schematic as described.

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.

F=D:\Program Files\DesignSoft) Tina Pro\ EXAMPLES | PCE\ FPGA.tp: METET

Eile [Edit lrmert Yiew

= IS

W WD ¥ 613 (me) Board

n ol ] m| o] x| | [ Sl — o)

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
power/ground net enabled. In the Net Editor (F4) press “Modify All” button to uncheck
“Enable autorouting”.

Enter new properties ) x|

Track width: IEI.2 [rm] [~ Enable autarouting
“Wia tupe: Group: |<DEF.~'1'~LI LT vl
o 0K | K 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 FEnable
autorouting with via type PWRVIA.

Enter new properties x|
Track width: |El4— [rnrn] [ Enable autarouting
Wia type: IWJ Group: Im
¢ Ok x Cancel |

The Net Editor should look like this.

F=ENet Editor

0.4000
0.4000
0.4000
NOQoo3 0.2000 WA, I~ <DEFAULT: ;I
Kodify Al | I odify Graup [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 ot ground plane using a thermal relief.
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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.

ﬁl):"-:_l—"m(_rsml Files' DesignSoft !, Ting Pro\EXAMPLES\PCBE\FPGA. Epe . =] =]
File fdn [eert Yiew Took Optons Help

Dl Alnlef< vl mom x| ]| NS | E— e

E sS T 2R (e Bosrd
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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.)

4.4 Finishing the routing and post processing

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

F=iNet Editor ] x|

MName |F|0uting width [mm‘\-"ia tupe |F'Iane layer |F|E IGmup Iﬂ
GMND 0.4000 FsRwla, Ground I~ POWER

PR 0.4000 PRV, Povuer [~ POWER

28y 0.4000 Pw/RVILA, [~ POWER

5 0.4000 PwRVILA [~ POWER

: 0.2000 Bl <DEFAULT>

NO0004 0.2000 Vi = <DEFAULT>

MNO0005 02000 W1 w <DEF&ULT>

todify Al | Iodify Group [F2]| q" 0k x Cancel | ? Help |

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

Autorouter settings '

I Goton

Routing option:
¥ Enable rip-up and reroube

v Faorce router ta use short side SMD pad enty

Minimurn pad number for using short side ento |5 vI

o O | X Cancel | ? Help
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Check the settings under Options/Design Parametets.

Design parameters x|
Default track width: ~ [0.15 {mm)]  Defaul via typs [v14 J

~Spacing constraint:

Track to track:

Track to via Vi to via 0.15

Track to pad [075 Viatopad [ors
[[5 ‘Vawshape/edge [15 | Pedloshapelsdoe [15 | Shapetoshepesedge [15
I [05 Pedtocopperpouc [05  Ghepetocoperpou 15

Pad to pad; 015
Track to shape/edge:

Track to copper pour. ‘Via to copper pour:

| xl:ant:e\l 2 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 Ebuttons. 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™.)

F=D:'\ Program Flles\DeslgnSoft' Tina Pro)\EXAMPLES\PCB\FPGA placed split.tpe =1
Elle Edit Insert View Inls Options e

DIefE Al 7 8l riols] mo|Elm] x| |- 7~ — o
Y W W W W W hd W W W W

5000

P
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=

E

xE

REL. VI a—

G [T
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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 wpe: IEopper pour j
[~ Rectangular

Fectangle width, 428 [ram]

Rectangle height:  |32.8 [mim]

Copper shape zetting

Azzigned net:

<hones -
Plane layer insulati| GHD
P

Flane laver priority: UDS
k0004

WO0ans
WO0A0E 2

v DK_I i Cancel | ? Help |

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.

F=0: Program Files\DesignSolt', Tina Pro\EXAMPLES PGB FPGA all power routed split.ip =& x
File Gt fwert Yiew Took COptions Help

Dl@la] [ #lele] 1)) - o) s 7 Al o] Cr— 19

0000000
2000000

B pn

i 008 i ST (m) 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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REPEATING CIRCUIT BLOCKS

USING THE COPY MACRO
FUNCTION

Sometimes you may need to reuse certain modules several times in the same circuit. Examples
include multi-channel amplifiers, signal conditioners, redundant power supplies, memory

modules, filter structures, etc.

You can use the Copy Macro function in the TINA PCB Designer to quickly route and place
such modules on the PCB board.

To practice producing such a layout design, create a stereo microphone amplifier using the

circuit in the \ Examples\ PCB\ PreAnp\niicrophone pre-amp. TSC file as a template.

Ay
R2 47k

R1 4.7k

T2 BCBATALT1 =
P1 100k 1

caz22u
Et: T1 BCB4TALT
— ! & .
J1 HEADER3 T
o
. ~ 12 HEADERZ
R4 10k l
3 e

PN

CE10p
C54.7u
R5 2.2k

RE 3.9k

This circuit is a mono-microphone preamplifier with simplified external connections.
Turn this circuit into a schematic macro subcircuit in order to add one more channel to the

amplifier.

Remove the connectors, as these will be placed later, outside the macro. Add macro pins.
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Start the New Macro Wizard from the Tools menu. Create a macro from the schematic and save it

as Preamp. TSM.

Now, using the Macro... command on the Insert menu in TINA, add the macro into a new
schematic. Select the macro and perform a copy-paste operation. After that, add power supplies
and connectors for both channels. If you double-click the macros and press the Enter Macro
button, you will see identical component labels in both macros, which is not acceptable in the
layout design. Choose Renumber components from the Tools menu to fix that. This will

automatically renumber all the parts in the schematic, as if you had a flat schematic design.

The ready-to-use schematic design (Stereo microphone preamp. TSC) can be opened from the

\Examples\PCB\PreAmp folder.

VCC
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C) VS15

GND
—

J1 HEADER3

R4 10k

R3 39K
C347u
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VCC

U1 PreAmp

£410p
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VOO
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U2 PreAmp
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VCCOut
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Now build the PCB layout. Press the PCB button and click S7art new project in the PCB Design
dialog box. Apply the settings shown below, and then press OK.

Modi isti j
odify existing project \/ ok
Show all projects
ereo x Cancel
# Start new project ? Help
| '+ Autoplacement |
Autorouting
Use board template
Ci\..\Templates\#Hayer_C_r P
Browse...
Board width 1,25 inch (7
Board height 1.5 inch {7)

lg

Now place and route the parts of the upper preamplifier channel to use it as a reference for the
other one. The result should be similar to the PCB design in theStereo microphone preamp UT
placed. TPC file, where the components on the upper half of the board are in their final positions.

The routed version, shown below, can be found in the same folder as Stereo microphone preamp U1

routed. TPC.

Start copying the Ul macro layout by right-clicking the R1 resistor. (The editor must be in

Select mode.) Choose Select Macro from the menu.
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Change layer
Component properties
Rotate left
Rotate right
Select Macro

I

Help

All the parts of the Ul macro and their connections will now be selected.

Right-click the corresponding R7 resistor in the U2 macro and choose Copy Macro.

Change layer

Delete

Component properties
Rotate left

Rotate right

Select Macro

Copy Macro %

Help

The program will automatically place and route the parts belonging to the U2 macro. The initial
alignment is based on the position you selected forthe resistor R1 in the copy-paste operation,

but you can move this component group to a different place on the board if needed.
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Press F5.You can now do the rest of the routing with the Autorouting tool and/or some
manual editing. The result should be like that shown in the Streo microphone preamp routed TPC
file.

Finally press the button or select 3D [7ew from the Tools menu to display the result in
3D.

\\\* = ;Il
igdﬂh@ﬁ_

46



	CONTENTS
	CREATING A PRINTED CIRCUIT BOARD
	CREATING A TWO-LAYER, DOUBLE-SIDED,SURFACE-MOUNT TECHNOLOGY BOARD
	CREATING PCB COMPONENTS
	CREATING 4 LAYER PCB LAYOUT
	CREATING SPLIT PLANE LAYERS
	USING THE COPY MACRO FUNCTION



