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1. Initial Setup

1.1 Copying Drawing Formats

Create a folder for a copy of the setup files on your machine in a location such as \program files\PCAD
2002\pcb formats. Now, let’s copy the provided format setup files to your machine for your use. Double
click on “group on jlabgrp” (typically your M drive). Find the folder EECAD and double click, find PCAD
and double click, then PCB Formats. Copy all three folders to your machine. Most likely you will primarily
use the full size formats for your work. The half size formats were created to allow us to plot our PCB
documentation at twice scale but that is rarely done these days. The board out lines folder contains
commonly used PCB board outlines complete with targets, layer nomenclature and dimensioning.

2. Starting your PCB

2.1 Open a setup drawing

Okay, let’s start a PCB. Open the PCAD PCB editor. The first thing to do is open a setup file. Select File
OPEN and find your drawing setups directory. Select the size you think will be appropriate to contain your
PCB. The setups correspond to the following sizes:

B_?lyr_gis 11" x 17~ We recommend that you use B (preferred) or C size. B size sheets can
C_?lyr_gis 17" x 22" be printed on almost any printer here and still be very legible. 3U
D_?lyr_g is 22" x 34” cards will fit on a B, while 6U will fit on a C. For backplanes, you
E_?lyr_g is 34" x 44” may have to use a D size.

The names above contain a ? to represent the number of layers. This is why we have multiple setups for
each size. Each format has been structured to have print & gerber setups for the corresponding humber of
layers. It is in your best interest to start your PCB with one of these setups. They will save you a LOT of
work later on.

Click File-Save AS and save this file as a different name into a different directory. We suggest that you
make a separate folder for each project you work on and that you name the file with a descriptive name.
Please don’t call it PCB. A more appropriate name would include system and function, like BPM mux.pcb.
A project directory might look something like this:

Folders X Marne | Size | Type
w7 350mhz RT | |Cdserber File Falde
=N N 1 Past revisions File Folde

.07 bozose 8] Autaview cam 1KE CA#M File
+-77 BE0Zé0 @bDEDSC BPA, i log... 145 KB WinZip F
2.1 ED390- BOS03P1EAE 1127 KE  BAK File
| e BO503P1.dre 6 KE DRC File
) B S0 Rl EBH 050301.dwg ZI9KE AutoCAD
(] BO500- 60 Linear receiver 24 BOSO3PLDXF 6,541 KB  AutoCAD
n #]e0503P1pO1 608 KE P01 File
#-_| BOSDZ- RF mu E0503PLpch L1Z6 KB P-CADZO
+ -4 e EOS03s1.BAK 340 KE  BAK File
E3 0 | {09515 A LS Z] B050351 net 152 KB MET File
o7 5o [Wiclals B0503s1.5ch 340KE P-CADZO
+-] BRD_BLNK Bianne lib 15 KE LIE File
+-[1 bunch length ] digital baard.lib 131 KE LIE File
={d¢ J ] discrij5.lib 325 KE LIE File
-] elass @Multiplexer Logic Ba... 36 KB Microsof
+-_] erofford @Mulfiplexer Logic Ba... 24 KB Microsof
e _| DAVE <'i)| OnlineDRe . ERR txt 1KE Text Doo

We suggest that you store your work in an area that gets backed up regularly. The EECAD group has a
common area for file storage and would be glad to provide you with your own directory to store your
projects in. Contact Lori @ 7332 or beckett@jlab.org if you’d like some space in this area.
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2.2 Environment setup
Now let’s make sure everything is as it should be.

Open the View menu pull down.

View
Redraw Verify that Snap to Grid has a check mark next to it. If not, click
on it to make it active.
Extent
Last
2 If you only remember a few things from this document, this is
Board probably the MOST important thing to remember. If you don’t
Highlight snap to grid, it will be very difficult to connect your components
Select and to make changes later.
Center
Zoom In
Zoom Out
Zoom Window

Jump Location...
Jump Text...

L

Command Toolbar

<

Placement Toolbar
Route Toolbar

<

L

DocTool Toolbar

<

De=ign Manager

<

Prompt Line
Status Line
Snap to Grid

L %

Verify that your Grid is set to 50 mils. Look at the very bottom of your editor window. The third box from
the left that has numbers in it is your grid size. If this does not say 50, click the arrow to the right of the
number and select 50 from the pull down. Your grid may need to be set lower if you are placing SMDs. A
typical grid in this case might be 5 mils.

Next, click on Options-Display
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Options Display x|
Colors |Miscellaneous
— Layer/ltem Colors — Digplay Colors
Wia | Pad | Line | Paly | Test wl n
Top Lonnects | L
Bottam 1% Giid | ]
Hezrd 10xGid | 18]
Top Mazk
P Keepout | ]
Bt b ask B
Highlight
Top Sik _ Hhight |
Bt Silk Selection | ]
Top Paste Eixed | [ ]
Bat Paste WRA, F'hysicall ]
WPA Electricall ]
Defaults
P4 Room | |
0k, | Cancel |
Options Display il
Colors  Miscellansous
—DRC Errars Glue Dot Fick. and Place— — Reference Paints
" Shaw " Show " Show Size: [1000
" Hide " Hide " Hide ——
g r t Faintz
IOF gel ' Mo Change ' Mo Change ==
L o o Size: (100.0
Sige! |1un.n Sige: I‘IUD.D Size: I‘IDD.D
— Curzor Style
— Mizcellaneous & Arow
[~ Draft Mode [ Drag by Dutlineg " Small Cross
[~ Thin Stioked Text [ Silkscreen in Background " Large Cross
[¥ Display Pad Holgs ™ Translucent Drawing — Free Pads
[V Display Pin Designators W Use Fived Color * PinDes
v Display Plane lndicator W Use Net Color
" Mumber

v Display Pad Met Names v Scroll Bars
™ Display Oxeridden Erars 9 Show Dats Tips

[~ WP& Use Color Owerlays

Defaults |

o]

Cancel |

3. Moving around in the editor window

3.1 Zooming

Getting Started in the PCB Editor

Here you can control &
change the colors your PCB is
displayed in. Some people,
like myself, might not like red
& green for Top & Bottom.
Using this you can change
your color options for just
about anything.

The Miscellaneous tab allows
further control of how &
what’s displayed. If working
with SMDs, you might choose
to Hide Glue Dots and Pick
and Place indicators. You can
also change your cursor style
here or through the keyboard
by using the X key.

One of the easiest methods of zooming in and out of your drawing is with the PLUS and MINUS keys on

your keyboard.

You can also zoom in or out by going to the View menu and selecting either Zoom in or Zoom Out, then
clicking on the area you want to zoom from or to.
You also have the option to do a Zoom Window by either selecting it from the View menu of clicking on

the |@ button. Then Left click and drag a window around the area you want to zoom in to.
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3.2 Panning or moving
You can use the scroll bars on the right or bottom to pan across your drawing. Or you can move your cursor

to an area and hit the “C” key. This re-centers the view with your cursor location at the center of the
window.

4. Starting your PCB

4.1 Design Info
Using the PLUS key, zoom in to your title block area.

HEP-CAD 2002 PCB - [B_aiyr_g.peb] 1ol x|
Y File Edit Wiew Place Route Options Library Utils DocTool Macro Window Help el x|
[v O|c(@|s| «|o[e]- || mlQ|e) v
|35 = Here you can see the numerous

H2 (52 e | FIELD_S that have been place_d
|- in the title block. They look like
this {Title}. These Fields can
only be edited through the
FILE- Design Info selection
which we will select now.

R ARINARMING

@ |> |2 || @4l |8|x] | /| 2|2 S|

Click <Left> to single Select, <Chil><Left> for multiple, or drag for block select.

153500 [1000 [ bs[|[500 =l [l |[Ter Bl EicE e

Design Info Double click on the value box for
General I T Aftributes T Hotes T Revizions T Statistics the Field you wish to modlfy to
_ _ : open the dialog box. The
e RN ST following Fields will need to be
P ——— | 00
Author Date )
Checked By Drawing Number
Carnpary Marne Drawn by
[ate H
Dirawing Mumber Eng!n.eer
Demmik Revision
Engineer Additionally, you need to edit the
il text that says Major System, Sub
Time . .
Tile System, Component Designation
and the path strings that indicate
where this drawing is stored. The

EECAD group will be glad to

add | Puopeties. | Delte help you with naming your
drawing if you’re unsure how to
do this. We are also the ones that

you would call for drawing
numbers (or you can wait if you
plan to submit your design to us).

01/07/04 Page 6 of 21



Jefferson Lab PCAD 2002 Series Getting Started in the PCB Editor

5. Laying out your PCB

A good PCB layout has...

components oriented in only two of the four possible directions (exceptions can be made)
components placed at 0 or 90 degrees (no components shall be placed at 45 degrees!)
uniform and generous component spacing, if possible
(remember they have to be built & worked on)
all the components lying flat (no antennas!)
filter caps placed next to the power pins on their associated ICs.
pull up/down resistors located adjacent to their associated component
a minimum trace width spacing between parallel traces equal to or greater than the width of the
traces
internal power/ground planes or decent width on the power & ground traces
(no 10 or 15 mil traces here! 25-30 mils or greater if possible)
the voltages run to the filter caps, then to the IC.
in the event of internal planes, the power strap on filter caps then a trace run to the IC
planes backed off from the edge of the board (50 mils minimum)
pin one indicators for ICs, connectors and sips
same style pads for like components
(all 1Cs should have the same shape pads, i.e. round & square or oblong & rectangular)
the name, drawing number and revision level silk screened onto the board
no fonts below 60 mils on the silkscreen (font should be relative to board density)

5.1 Placing your Board outline

Before you can read in your netlist information to start your board, you need to place a board outline in
your workspace. We have a number of common ones available, which you should’ve copied to your
computer in an earlier step. We will talk about copying one of these existing outlines into a format and
creating an outline from scratch.

Since you opened a setup & saved it in an earlier example, we’ll assume you still have that open. Now open
one of the board outlines in the board outlines folder. Make sure your grid is set to either 50 or 100 mils.
Click on the Edit pull down menu and click on Select All. Right Click and click on Copy. Click on the
Window menu pull down and switch to your saved format. Make sure the grid here is set to either 50 or
100 mils. Click on the Paste icon and click and drag within your window area to place the copied outline.

Creating an outline from scratch

Maybe one of the existing outlines doesn’t suit your needs because you’re making a board to fit into a
special enclosure. Here is what you do to create your special board outline.

FO
GROUMD
Bottam
Bot Mazk
Bot Paste
Bat Silk.
Bot Az
Board

From the layer pull down at the bottom of your
design window, select the Board layer to make it
current.
Verify that your grid size is set to 100 mils.
(Unless you have an odd , tight area that you are
fitting this board into, try to keep the size of your
board defined to one decimal place. i.e. 5.5
g%g%g; instead of 5.475)

|@||1”'1” jIEHTDF' j .j‘ Make sure your line width is set to 10 mils.
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Select Place- Line and draw the outline of your PCB. If you look to the lower right of your editor window,
you will notice a line of changing text that will read something like this:

Ortho=dny d4= 500.0, dv'=200.0

This shows that your orthogonal snap is set to any, you have traveled 500 mils in the X (horizontal) and
200 in the Y (Vertical). This can be very helpful in drawing lines of certain lengths. One important item to
keep in mind, your board outline must be closed.

Once you have your outline drawn, you need to think about how the board will be mounted in the
enclosure. Most likely, you will need to add mounting holes to your board so the board can be mounted in
some fashion, for example on stand offs. If it is a small board, typically you’d want to add three to four
holes for mounting. For larger boards, you would want to add additional mounting to support the board and
prevent sagging, warping or flexing. Go to Options- Pad style to select a mounting hole. Your selection
will depend on what size hardware you choose to mount your board with and whether or not you want your
mounting holes grounded. For no grounding, select a pad style defined as the same size as the mounting
hole such as P:MX110Y110D110A. If you intend to ground, select a pad style that is bigger than the hole
size, such as P:MX150Y150D110A. Double click on the pad style you choose to make it current. Then
from the left hand toolbar, click on Place- Pad and place pads for your mounting holes.

Add your targets by opening one of the existing board outlines and copying a target from it into your
current drawing. Do likewise for the text located under the board outline. (These will be used later to label
your Gerber layers.)

=

Now, you need to dimension your outline. Click on the Dimension button.

Place Dimension Click on the Layer _selector and
- change it to Fab. Click on
Shyles: Orientation Text Style Precision and change that to 2.
|F'|:|int to Point j {+ Harizantal T:H200w 20 Change_ your Text _Style to _

_  Vetical Test Style... | something approprla'ge to the size of
Lris: L=IEE the format. For a B size, this should
|. " j - _ _ be T:H120Y10. Since our

= Ver U=raien=) e it Orientation is set to Horizontal,
Layer: " Horizontal 10. O this is where we’ll start. Click OK,

|Eh:|ar " j  Vertical Line ‘width. . | then select the left side of your

board outline. Now, click on the
mounting hole you placed earlier

Precision: 1 j' iymbul Anowhead : that is the closest to the lower left
_ Length: |187.Omil hand corner of the board, Click &
Symbel Size: & widt  [620mil drag to place your dimension and
~ locate the text. (Play with locations
Center Size: as you drag to get a feel for how it
Tolerance i ™ Display Units Io_oks and behaves.) Next place a
: = dimension for the overall board
Posiive:  [0.0000in o width by clicking on the left outline
) . i and the right outline. Right click,
Negative: ~ [0.0000in i el then left click to bring up the

[ Suppress Tralling Zeros : : .
PR 9= Place- Dimension menu again.

W Associated Dimension Change the Orientation to Vertical
and click OK. Now, place the

Cancel vertical dimension for the mounting

hole and for the board height.

[ Display Talerance

When you’re done, you should have something that looks like this:
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B.16E
WMPONENT SI0OE (¥ TOPY Owsd REY —
B-16 i’- \%‘L‘D‘(F‘MNSK (e TSMY OWS § FEv —

SOLOER SIOE SOLOERMASE {(¥Ex®x BSMY OWS # FEV —
[==z = 5.48 i

You should always dimension height and width plus the location of one hole, typically located close to the
lower left corner of the board.

Now that we have our board outline defined, it’s time to read in our netlist.

5.2 Reading in the Netlist file

If you worked through the schematic handout, you’ll recall that towards the end of it we generated a netlist
from our schematic. The netlist contains all the point to point connection information along with the
component information. We will now read that schematic into our PCB drawing.

Library setup

The first thing you need to do is open the library file or files that correspond to your PCB. Hopefully you
have followed the steps detailed in “Getting Started in the Schematic Editor” for archiving a library for
your project. Select Library-Setup-Add and find the library you created earlier for the board you are
getting ready to start.

Workspace size

Your overall workspace size will need to be increased briefly. Please remember to change it back once you
get all your components relocated within your PCB outline. Click on Options- Configure and double the
size of the height of your workspace.

The netlist

To read in your netlist, click on Utils- Load Netlist. A dialog box will appear. Verify that the netlist format
is the same as what you generated in and that the name of the netlist file is correct, then click OK. If you
are working with formats that were built for PCBs with greater than 2 layers, you will be prompted during
the load to assign nets to certain internal planes. This would be were you tell the system which voltages are
placed internal. If there are no problems, your components will be placed at the top of your format with
“ratsnets” (rubberband or connection) lines indicating the net connections. It will look similar to this:
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Lz

L5 4+

TP1 TPZ T o1 o5 M

fcn
J1
| |

@3 RI1Y RIA e RET
RO | | J2
This side taward card edge ] W | '

if right angle cannectar.

5.3 Component placement
Usually at this point I try to move all my components so that they are within the drawing borders but still
outside the PCB outline. Then | set my workspace size back to normal.

Okay, now comes the time to place your components within your PCB. This can be done a number of
ways.

The first way is the old-fashioned and perhaps the hardest way. Sitting down with the schematic in front of
you and hunting for your parts, clicking on them and dragging them to where you want to place them. This
can be rather time consuming, so we recommend one of the following three ways.

The second way, is to open your schematic in the schematic editor and select the portion of circuit you wish
to place by doing a selection window. Right click and select Highlight. Now, return to the PCB and those
components will be highlighted and you can select & place them where you wish. Return to the schematic
and Unhighlight the components you just placed. Then select and highlight the next set of components you
wish to place. Continue this process until all components are placed.

Edit Move By Refles |

RefDes: The third way, is through Edit- Move by

C1 2l Selectan RefDes

EE Highlight the component you wish to
oa Llear Al move and click OK. Or click Select Al
4 and it will allow you to place each
c10 component in order without having to
j; restart this command each time

R30 —

R

Rz

33

R36 =

Select RefDes Buy: |

] | Cancel |
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The fourth way is though an interactive placement tool called InterPlace. It can be accessed through Utils-
P-CAD InterPlace/PCS, which will open a new window: Click on File- Load PCB Design and notice how

the windows all change.

$2P-CAD 2002 InterPlace/PCS - [D:Program Files'P-CAD 20021Doc files'demo.peb] |0 %[|  AS yoOU can see, it has loaded a
O B W @eftes e G =121l simple version of your PCB outline
3 E m| R H & components into one window. The
= = Bo| oo B window on the right is a listing of all
Retdes | Tupe [vd the components by Reference
= COP_SMD_" =) designator and also includes type and
= L value information (which helps in
r3 CAPSO5 finding all those filter caps). You can
Ho e click and drag from the listing into
2 IPC2M.S the window with the PCB outline to
aQ | T e place your components. You can
Tk [V E O E & access additional information
s = through this right hand window. If
o e Yok o eeres | you click the second tab there on the
+[) Layer bottom, it brings up a listing of all
3 NetClass the nets. With this you can turn them
+ D Met 1 . . .
[ ClassToClass on, off or highlight them. Having
«|D Room g | . your signal nets on helps greatly with
Click <Left: to zingle Select, <Ctrl:<Left> for multiple, or drag for block =elect. placement'
2 P-CAD 2002 InterPlace/PCS - [D:\Program Files\P-CAD 2002\Doc filesid peh] =] ]
@ file Edit View Options Window Help =181l You’ll notice that we have additional
% @] o~ m[| ] information in the bottom two
(= = e om0 =1 w[ndovys. This allows you to view
E:fdes gﬁ?smo |vq things like DRC by layer (as shown
02 CoFfs | here), net constraints, net classes and
= P additional component information.
CE) CaPa05
(1] CAPE0S )
. D You can also combine the second
R3D RES 805 method with this method if you find
R31 RES_805
R32 RES 805 that helpful.
R33 RES_805
i3 RESSS &
L ' Al Once you finish placing your
iE [ E O 6 A components, you will have to update
2E@F Design =] Hame Value Unit Errcec=l your PCB and close this window.
4 Design LineToLineClearance 12.0mi mil Click on File- Update PCB, then
= i Layer ~|PadToLineClearance |12.0mil mil I I
Top PadToPadClearance |12.0mil mil FI €- C 0SE.
%=1 Bottom ViaToLineClearance |12.0mi mil _
%= PowER ViaToPadClearance |12 .0mi il
El GROUMD WiaToMWiaClearanca |17 Nmil il _,ﬂ
I P d | L4
Click <Left> to =ingle Sclect, <Cirl><Left> for multiple, or drag for block =clect.

Remember that when placing components, you can use your “R” key to rotate and the “F” key to flip.
Please keep in mind that if you flip a component in the PCB editor that it physically moves from the top

side to the bottom side of the board.

5.4 Setting up DRC

Before you route your board, you need to set up your design rules. Select Options- Design Rules to open
the dialog window. There are two tabs that should be reviewed by all users. The first is the Design tab.

01/07/04
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Here is where

Design Rules
you would
T Layer T Rioarns T Met Clags T Met T Clags To Class define your
rules for
Marme Walle Silkscreen
SilkscreenClearance 12 Ol clearance,
HoleT oHoleClzarance 13, Ornil general hole to
EoardE dgellearance 100 hole clearance
and board edge
clearance. If
your board
looks to be a
tight board, you
will want to set
your Silkscreen
clearance
much, much
lower to
prevent DRC
from flagging
Add... Delete | Properties... | every piece of
silkscreening.
Options Design Rules
Dezign I ; T Boomsz T Met Clazs T Het T Clazz To Class
Layers Pad TaP... | PadTolLine | Line TaLine | Pad TaYa | Line To'ia | Wia ToYia
Top 12.0mil 12 Ol 12 Ornil 12.0mil 12 Ol 12.0mil
FOwWER 10.0mnil 10.0rnil 10, Ornil 10.0mnil 10.0rnil 10.0mnil
GROUMD 10.0mnil 10.0rnil 10, Ornil 10.0mnil 10.0rnil 10.0mnil
Bottom 12.0mil 12 Ol 12 Ol 12.0mil 12 Ol 12.0mil
Pad to Pad: 12.0ril Pad ta Via: 12Ol Set Al | Clear Al |
Pad ko Line: 12 Ol Line to Yia: 12.Omil Edit Fules
Line to Line: 12 Ol Wia to Wia: 12 0wl
Update | Set Defaultz |
Cloze
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The Layer Tab lets you define your design rules per layer. For example, maybe you have SMD RF
components on the top and wish the pad to pad and pad to via clearance to be greater than on the bottom.
You would change those values and click Update.

Click Close, then click the DRC icon to make DRC active.

5.5 Routing the board

As with placement, there are numerous ways to route your board. The first is to route it manually. Some
boards have to be routed manually, controlled impedance boards for example. This method is more time
consuming, but for a seasoned designer it will result in a cleaner, better route. A seasoned designer can, in
most cases, manually route a board in less time than it would take to Auto-route and clean up. (You should
always clean up an autorouted board.) You can use Highlight Net and control the display of the nets to help
you with your routing. You may also choose to manually route certain nets before turning one of the Auto-
routers loose on your board.

While routing, hitting the L key will cycle through your layers. The G key will cycle through your grids.
Pressing the O key cycles through orthogonal modes (allowing you to snap your traces @ 45 or 90 degrees)
Backspace will undo your last mouse click when routing traces.

Interactive Routing is similar to manual with the exception that you don’t have to pick every corner of
every segment like you do with manual route. In Interactive, you select your net and it will automatically
place bends and corners in as you stretch your trace closer to its destination.

Four Routing Tools

There are four routing tools we will quickly discuss before moving on to talk about the auto routers.

1. The Route- Miter tool. converts 90-degree corners on routed connections into 45-degree mitered
corners or 90-degree arcs. The 90-degree corner must be true horizontal and vertical segments and
have the same line width.

2. The Route- Bus tool allows you to specify several connections to be guided simultaneously as a
bus.

3. The Route- MultiTrace tool is designed to automatically route several connections. In contrast to
Bus Route, MultiTrace routes each connection individually allowing each trace to find its
optimum path.

4. The Route- Fanout tool is used for the systematic placement of traces from a PCB component.
These traces can then be used by Route Bus as a start or termination point. This can be extremely
helpful on surface mount devices.

5.6 Autorouting
When you choose the Route- Autorouters command, the Route Autorouters dialog appears. The Route

Autorouters dialog lets you choose the autorouter you want to use to route your designs and to set
autorouter options for the selected autorouter. You can also start and restart the autorouting process from
this dialog. Each router has different parameters that can be manipulated. As with anything, time &
experience will help you to configure these routers for top performance.

Quick Route- this is the default router. It is a very basic, down & dirty router that will get your

connections from point A to point B with straight vertical connections and plenty of vias. If you have a
simple board to route, we would recommend doing it manually/interactively as opposed to using this router.
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P-CAD Shape Route- is an easy to use, powerful, high quality, shape based autorouter. Based on the latest
in routing algorithms, P-CAD’s Shape-Based Router uses polygonal shapes to provide virtual gridless
autorouting (similar to Specctra) and the ability to specify different routing angles for each layer of your
PCB design.

Optimized for today's dense SMT-based designs, P-CAD's autorouter easily handles mixed metric and
imperial pin spacings and double-sided component placements. Since it is a more complex router, there are
many more variables that can be changed prior to routing. This router will route cleaner than Quick Route
with fewer vias. The major drawback to this router comes when doing an ECO. It can be more time
consuming to make changes to a board routed “gridless” than if you routed the board on a 25 mil grid. If
you want to use an autorouter, this is the one we recommend and we will touch on a few important things
to do to get optimum results. If the board includes routing that you do not want the router to rip up, make
sure the traces involved are fixed, using the Edit- Fix command in the PCB Editor. These manual traces
can include fully routed nets, nets with some of the connections routed, and nets with partially routed
connections, such as fan outs and breakout routing.

When you start this router, it will open a new window. Select Options- Autorouter to make parameter
changes. It is important to note that the Router analyzes your board database during loading and
automatically set up the routing parameters and the routing passes. We recommend using the selected
parameters and routing passes unless you have a specific reason to change them.

Prior to Routing-

Perform a Pre-Route Synopsis prior to starting the autorouter.

Use the Density Map feature to check for areas of the board that may prove difficult to route.
Both features are found under the Reports pull down.

To start autorouting select Tools Start Autorouter. The cursor will change to an hourglass, indicating that
routing is in progress. The Status Line at the bottom of the display provides real time status on the routing
progress.

The first stage of the autorouting process is analyzing the board and selecting a suitable routing strategy.
The routing strategy is selected to suit the device technology used on the board and the routing parameters
that have been defined. The strategy will automatically select and schedule the various routing passes, the
active routing pass is shown on the status line. If there are any problems detected during the initial analysis
the router will stop and a message will be displayed.
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At this time, we do not have licensing for either of the Pro routers. The only current license for the Specctra
router is held by the Fast Electronics Group. They can be contacted to set up a time to route your board
should you need to use the Specctra router. They can also advise you on how to set up your “Do” (route

parameters) file.

6. Post processing (or checking your work)

6.1 Design Rules Check

Okay, so you’ve routed your board, what now? Well, the first place to start is to check your work. We use

Design Rule Checking for this. Select Utils- DRC.

Liils Design Rule Check

Filerame... [:Program Files\P-CAD 20025Doc files\shape route. dic

Report Optionz Error Optiohs
v iew Repart [ Annatate Emors
[v Summarize |gnored Errors [ Clear &ll Overrides

[ Summarize Dveridden Ermars

Dezign Rule Checks

T Compar i Iv Met Length

[v Clearance Yiolations Iv Silk Screen Yiolations
v Text Violations Iv Copper Pour Violations

Iv Metlist Yiolations Iv Plane Yiolations

[v fidth Wiolations Iv Component Yiolations

[v Urrouted Mets v Drilling *iclations

[v Unconnected Pins [ Test Paint Violations

o |

Design Rules...

Severnty Levels. .

i

&rea To DRC
[+ Entire Workspace

- .k
" Region |

oomi g foowd
oomi v foowd

Cancel |
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For the most part, it doesn’t hurt to check everything under the Design Rules Checks section. You can turn
off Copper pour violations and Plane Violations if you don’t have either, but it doesn’t hurt to leave them
on. Please make sure you are doing a Netlist Compare. This will verify that the netlist you ran off of the
schematic matches the routed board. Also, please make sure to run Unrouted Nets. This will flag anything
you may have forgotten to route. Clearance Violations is also an important one as it will flag any clearance
violations you may have between your traces. If you check the Annotate Errors box, DRC will place little
indicator symbols to indicate the locations where it found problems. If you click on any of these symbols, it
will open a box that will detail the problem. Fix your problems and continue to run DRC until it comes up
clean.

Now that the board has been checked and any errors cleaned up, we have a few things left to do before we
can generate gerber.

6.2 Board Identifiers
First thing is you need to add text to your board

Make sure your active layer is set to Top Silk then click on the Place Text icon. A

Place Text -|Olx|| Try to use a decent size
BCM ML MOCE-LP —] | fontso that your text
Bo939 REY - stands out from the

Reference Designators
on the board. You want
= to type in the name of
the board, possibly
Place | EEet] | proceeded by the system
or sub-system, the

Justification ) . .
’7 ~ ¢ | [ Eip _Rotation: 0.0deg drawing number and the

| TextSiyles: revision level. Place this

& ¢ ¢ | |THI00W10 | TextStyles.. is an open area on your
board taking care to
avoid pads & holes if
possible.

<

1=

6.3 Internal Plane borders

If you have internal plane layers and haven’t done so already, add a 50 to 100 mil line around the edge of
the board to prevent your plane from running all the way up to the edge and possibly shorting to other
planes.

6.4 Gerber file labels

Next, we need to update the text we copied & placed underneath our board outline. An example piece of
text might be: Solder Side (XXXXX.BOT) DWG # REV -. Update the text in the parenthesis with the
name of your PCB file, (B9999P1.BOT). Change DWG # to reflect the artwork number of the board and
update the revision level if appropriate. These lines of text will label your Gerber data and help you and the
board house know what’s what.

6.5 Fabrication drawing

Next we need to complete our formatting for our fabrication drawing. We do this now because this drawing
will be one of the Gerber files we send to the board house.

First, we need to update the notes. Double click on the notes on the right hand side of the drawing to select
and edit them. Note three should be updated if you are making a backplane (either .093 or .125) or if there
is a special need to have it a different thickness. In most cases, leave it at .063. Next, update note four if
you desire more or less copper thickness. 1/2 to 1 oz is pretty common. Use 20z if yours is a high voltage
board. If you have components on both sides, you will need to update note seven to reflect that. Note nine
should be updated with the name of the board and the drawing number for the artwork. Click OK to finish
editing. Now we need to place our drill table. There are two ways to do this. One uses a utility program.
The other is through Document tool box and since it is the easiest method we will discuss it. First off, we
need to assign symbols to our various hole sizes. We do this by clicking on the printer icon, then selecting
the Drill Symbols button. Click on the Automatic Assign button, click Close and Close. Click on the
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DocTool menu and select Place Table. Select Drill Table and define your line width (10 is fine) and your
text font (125 or 100 if you have a large number of different size holes). Clicking the Advanced button will
preview your table so you can make changes prior to placement. Add a column for TOLERANCE. Don’t
worry about the width as you can adjust it physically in the table. Enter +/-.003 for all sizes less than .055.
+/-.004 for all sizes .055 to .124 and +/-.005 for all sizes over .125. Use your arrow keys to move from row
to row. Do not hit ENTER! This will place your table and we don’t want to do that until we’re done adding
our tolerances. Hit Enter or click OK to place your table once you have added all your tolerances.

6.6 Assembly drawing
Update the notes for the assembly drawing by clicking on the notes located at the bottom of the drawing.
Add the schematic drawing number to note one in place of the xxxxs.

7. Generating Gerber and NC Drill files

7.1 NC Drill file
Before we generate our Gerber, we’ll generate our NC Drrill file. This is the file the board house uses to
drill your board with. Click on File- Export- N/C Drill

File H/C Drill
Click on Tools...and
COutput Path: — D:AProgram FileshP-CAD 2002 click Auto to auto-
assign tools to your hole
sizes. Click N/C Dirill
Setup Dutput Files... Format and make sure
the following are
selected: Inches, ASCII
None and Leading, click
Close. Click on Setup
Output Files and make
sure to change your
N/C Drill Format... output path to the
directory that your board
lives in. (Ultimately, it

Cutput Files:
SHAPE ROUTE.MCD

Tools...

Generate Output Files would be great to write
this & the gerber files
‘ | | Beriziasss Ll Fllzs into a directory within

_ your board directory
Set Al | [ Sel-Extracting [.EXE) called Gerber.) Now,

Clear &1l | [ Compressed [ZIP) click on Generate
= Output Files to generate

7.2 Generating Gerber files

Okay. We’ve done all our prep work & now’s the time to generate the all important Gerber files. These are
the files the board house will make your board from. We generate these files in RS-274X which embeds the
aperture information in the file so there is no need to generate a separate aperture list. Select File- Export-
Gerber
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File Gerber Out
Cutput Path:  D:AProgram FileshP-CAD 2002%Doc filesh,

Cutput Files:

SHAPE ROUTE.TOF '
SHAFE ROUTE EOT Setup Output Files...

SHAPE ROUTE.TSS
SHAPE ROUTE.TSM
SHAPE ROUTE.GMD apertures...

SHAPE ROUTE.FwhR

SHAPE ROUTE.FAE Cill Symbals...

Gerber Format. .

Generate Output Filez

1| | ] COutput File Dptions:
IV Load In Camtastic
Sl | ™ SelfEstracting [.EXE)
Clear &l | [ Compressed [ZIP)

Cloze

Take a deep breath, and click Generate Output Files.

The first thing to do is
assign aperture, so click
on Apertures and click
Auto and Close. Next
click Gerber Format
make sure the output is
in Inches and that the
RS-274X box is
checked. Make sure that
the file listing is correct
for your layer
stackup/board
configuration. If not,
Click on Setup Output
Files to modify it.

You can also elect to
automatically load your
Gerber into Camtastic
by checking the box as |
have here. Camtastic is
the tool we use to check
our Gerber data. It is
highly recommended
that you check your
files.

Once it is done, a Camtastic window will open displaying your Gerber files. Uncheck the check boxes next
to each layer then start turning individual layers on until you have reviewed them all. If everything looks

good, then we now move to the read me file that you will include in your zip file.

7.3 The Read Me file

It is recommended that you include a read me file with the data you send to the board house. A template
can be found at \\jlabgrp\eecad\pcad\templates. Update it to the requirements of your board. There are a
number of items in italics that you need to update such as board name, physical size, total number of holes,

your name & contact information, etc.

Create a ZIP file containing the N/C drill file, your Gerber files and the read me file. Name it something
descriptive like the name of the board & revision level so you & the board house know what it is.
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8. Printing

Getting Started in the PCB Editor

Printing in the PCB editor is very similar but there is one major difference from the schematic editor. You
can set up Print Jobs in the PCB editor for things you would always want to print, like your assembly
drawing for example.

File Print
Print Jobs: Frint Job Overides
;Egg'l [ Current Windaw
ASSEMBLYS g
SESEMBLYS? [ Scale to Fit Page
ARTS4 [ Current Display
ARTS
ARTS2
ARTS3 Setup Print Jobs. ..
ARTSH
DARKROOM_C
DARKROOM_S Calars...
ARTSE
Lorill Symbalz. .
Generate Printouts
Set All
Clear Al | Print Preview
ininurn Ling YWidth [piselz]: 1

Cloze

We have multiple Print jobs set up in the JLAB
supplied formats to save you the time & trouble of
doing it. We have jobs set up for our standard
outputs, fabrication, artwork & assembly drawings.
The last two may have to be modified based on your
board configuration.

Some people question the value of hard copy fab &
artwork files. These drawings have been used to help
re-create boards that have had their files either lost or
destroyed. The artwork file can also be helpful if you
need to modify an existing board. Fab drawings can
be used by our buyers to get quotes. So, you see there
are many reasons to create hard copies of these files.

Assembly? is for your BOM unless you have a board
with components on both sides. If that’s the case,
copy sheet 2 to sheet 3 and make sheet 2 the view of
the bottom side components. | have written a
procedure to help you create a view of your PCB
from the bottom so that it will print out correctly. See
the instructions below.

8.1 Setting up and Plotting a mirrored bottom assembly view

1. Under OPTIONS- DISPLAY change the following:

Uncheck the Display Plane Indicators box

Uncheck the Display Pad Holes box

Click the Hide button for Glue Dots and Pick & Place

a.
b.
C.

2. Turn off all the layers not associated with the view you want to create, in this case everything
except BOARD, BOT ASSY, BOT SILK and your format layers. Make BOT ASSY your current

layer.

N AW

Under DOCTOOL, make sure Mirror On Copy is checked by selecting it.
Click & drag a window to select your board including the board outline.
Select EDIT- COPY
Select EDIT- PASTE Special then click OK to accept the choice.

Place your mirrored assembly view pretty much over the existing view.

Set up a print job for this view (should be sheet two of your assembly moving the BOM to sheet

three). This view would include the following layers: BOT ASSY, BORDER and TITLE.
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9. PCB layout start to finish

. Create a directory for your new project (on a drive that gets backed up regularly)
. Open a JLAB format

. Save the opened format into your new project directory giving it a new & descriptive name
. Update title block information

. Copy in an existing board outline or draw a new one

. Increase the size of your workspace

. Associate the libraries you wish to use using Library-Setup

. Load your netlist

. Place your components within your board outline

10. Route your board

11. Run Design Rule Check

12. Place your identifying text on the silkscreen layer

13. Add plane layer borders if applicable

14. Update labels for gerber

15. Update fab and assembly drawing notes

16. Place Drill symbol table

17. Generate N/C Drill file

18. Generate Gerber files

19. Update Read Me file

20. Create a Zip file of the N/C drill file, Gerber files and the Read Me file.
21. Plot vellums for signatures

OoOoO~No ok~ wWwN PR

10. Tips, Tricks & Hot Keys

While in the Edit mode:

o  Shift-Left click allows you to sub select any portion of a part.

e CTRL-Leftclick & drag allows you to copy & paste the object.

e Once an object is selected, Right Click brings up a sub-selection menu.
o Leftclick- delete to delete an object.

C- re-centers your View window to where you have your cursor located.
+- Zoom In

-- Zoom Out

X- changes the style of cursor you see

U- Undo

O- cycles through orthogonal modes

R-rotates components or sub-selected text

F- flips components or sub-selected text to the opposite side of the board
G- cycle through your grids

\W- cycle through your line widths

M- starts the Macro recorder

E- plays a temporary Macro

Z- activates the Zoom Window (Remember, when using a window to select, left click and DRAG to draw
your box.)

Backspace- undo your last mouse click when placing wires.

Shift +Select- allows you to sub-select component text so you can move & rotate it independent of the
component.

F1- Help menus.
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11. General Rules & Guidelines
Grid size should be set to 100 or 50 mils for parts placement & 25 mils for routing; 5 mils is acceptable for
placing & routing surface mount components.

Components should be oriented vertically or horizontally, NEVER diagonally.
Filter caps placed adjacent to the power pin on the IC.

Voltages routed to the filter caps first, then to the IC.

Traces should be kept as short as possible.

Spacing between traces should be equal to or greater then the trace width.
Internal planes backed off from the edge of the board.

Pin one indicators for ICs, connectors and sips included on silkscreen.

The name of the board, base drawing number and revision level included on the silkscreen And should be
larger than the reference designators.

Reference designator fonts should be legible and as large as possible. Try to use a font that is 90 to 100
mils tall unless your board is very dense. Then, no smaller than 60 mils.

Silkscreen orientation should always be either 0 or 90 (right reading) degrees.

Silkscreen should never cover a hole or pad.
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