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1-1. Starting a New Schematic

1-1-1.Before You Begin

It is helpful to be very organized when you are designing. OrCAD will
create many files and if you keep all of them in the same directory, it can
quickly become very confusing. | like to make a directory hierarchy and put
associated files into subdirectories. Before beginning, navigate to the
directory in which you will keep your project and create the following
subdirectories:
sch - for your schematics.
lib - for symbol and footprint libraries.
board - for your board files.
comps - for component datasheets.
assy - for assembly related documents.

For larger designs, more subdirectories would be desirable, but these will
be sufficient for this project.

1-1-2.Starting a New Schematic Entry

To create a new project, first start OrCAD Capture and click
File_>New_>Project. You will see the following dialog box. Browse to the
schematic directory that you created and name the project.

You now have an empty project workspace. You should see an empty
schematic page and a project window like the following.
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Figure 2: New project workspace
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1-1-3.Schematic Entry in OrCAD

1-1-3-1. Setting Up the Environment

Now that you have your parts library set up, you are ready to begin
entering schematics. You can see from the project window that you already
have one page of schematics called PAGEl in a folder called
SCHEMATICL. If you can't see this, click on the "+' next to the dsn file to
expand the view. Even though our circuit is small enough to fit on one page,
we will use two pages to demonstrate a schematic with multiple pages. First
add a new schematic page by right-clicking the schematic root folder and
selecting New Page. You will be prompted to provide a name for this page.
Call it power and Connectors. Now rename the original page by right-
clicking and selecting Rename. Call this Xilinx PLD. It is always nice to
give your schematic pages useful names. While you are at it, rename the
schematic folder in the same manner, calling it FPGA test.

Open power and Connectors page of your schematics by double-clicking
it in the project window. This will bring up a blank page. Before we place
parts, let's do a couple of things.

First, I like to make the page size a bit bigger than the default. You can
fit a lot more onto the page and it will still look nice when printed. To do
this select Options_>Schematic Page Properties. Click the Custom radio
button and use the following values (width=15.2, height=11.5). Second,
there is a title block in the lower right corner. We are going to replace this
with our own, so highlight the title block and delete it. We add a new title
block by selecting Place >Title Block. . . You will see the following dialog
box.
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The title block is in your library, so we need to add that to the list of
libraries. Click the Add Library button to browse to and select the library
you created for the tutorial. Once you have added the library, you will be
able to choose the “TitleBlock0” to add it to your design. Place the title
block in the lower right corner of your schematic page. The title block has
fields to put information for each page of schematics. Double-click the text
to edit each field and change the information on each page so that it looks
something like this.

1-1-3-2. Placing Parts and Making Connections

You are now ready to start placing the electrical components for your
design. Open the first page of your schematics and click the Place Part icon
on the toolbar on the right side of the screen. You will then get a dialog for
choosing which part you want to place on your schematics.

Select the part CONN JACK PWR and click OK. Place the part on the
left side of your schematic page. Now place the remaining parts on both
pages using the attached completed schematics as a guide

A small hint for moving around in OrCAD: use "I'and "O' to zoom in and
out, respectively.
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Figure 3: Place Part Icon
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Figure 5: Place Part Dialog

“C" will center the design at your cursor. "R" will rotate a part. You can do
these actions while in the middle of another action (e.g. while placing a
part). You will also notice that each part has a value associated with it. You
can change this by double-clicking the current value. In this manner you can
give all your capacitors, resistors, etc. the appropriate values. When you are
done, the first page of your schematics should look something like attached
appendix.

Now we need to draw nets to make electrical connections between
components. To do this, click the Place Wire icon and connect the
components as shown in the attached schematics. Use the Place Bus and
Place Bus Entry icons to place busses and bus connections.

Now you need to add power and ground connections to some of the parts.
OrCAD has several built-in symbols for power and ground. | like to use a
symbol that explicitly names the nets, as shown in the picture below. | do
this because many designs will have multiple power and ground nets.
Explicitly naming them helps prevent shorts and other errors. It also makes
your schematics easier to read. Add power and ground to your schematics
now.
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The procedures you done are:

1- Create new project.

2- Customize schematic view.

3- Document your project.

4- Place the component you need.
5- Wire the interconnection.

1-1-3-3. Connecting Pages and Naming Nets

Since some of these connections go to the PLD, we need to a way to
connect the two schematic pages together. We can do this by using off-page
connectors (flat design ). To place these click the Place Off-Page Connector
icon. Then select the connector called OFFPAGELEFT-L or
OFFPAGELEFT-R, it doesn't really matter which one, they are functionally
the same. You can place this on your schematic just like a part and then
connect to it with a net. Off-page connectors are linked by a common name.
For example, two off-page connectors on separate pages with the name CLK
will be considered by OrCAD to be one net. To name a connector, just
double click it to get a naming dialog box. Name your connectors now using
the attached completed schematics as a guide.

Note: For reasons that will become clear later, | like to place my off-
page connectors as close to the edge of the page (right or left) as possible.
This makes clear which nets go off page and which don't. It will also help
you find mistakes on naming nets across pages.

Normal nets can also be named. This is extremely useful and can help
tremendously in the layout process. | encourage you to use the Place Net
Alias icon to name any important nets such as clocks, address and data bus
lines, and other specific signals you are interested in. To name a net, first
highlight the net you want to name and then click the icon, you will be given
a dialog box to enter the name of the net. You can position the text anywhere
you like. If you have already attached an off-page connector to a net, then
that net already has the same name as the connector. You don't need to give
the net an alias unless it will make your schematics more readable.

If you have any pins on parts that are left unconnected, use the Place No
Connect icon to mark it in your schematics.

Now complete your schematics as shown in the attached reference.

I
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1-1-4.Creating a Schematic Parts in OrCAD Library

OrCAD allows you to create a library of part symbols for use in
schematic entry. These libraries are kept in separate files that are included in
the project workspace. This allows you to reuse libraries in other designs. In
this experiment, A new version of nand and XC9538 will be created.

Experiment flow:

g The part definition.
Z The part outline drawing
Z Pin placing.

Experiment procedure

Define a new part (NAND)
1. .Add a new library to our design. To do this, click
File_>New_>Library. Your project window will now look like the

ptions Window  Help

e e T R

cached copy of the part symbol in the design file. This makes
schematic projects portable but can also introduce some problems
later in the design cycle.

2. Right-click the library file and select Save As... Name the file
MyL.ib and place it in the lib directory that you created earlier. You
are now ready to add parts to your library.

3. Right-click the library file and select New Part. This will bring up
a dialog box for New Part Properties.

NTI



OrCad Capture

NTI

. Draw the Nand symbol as shown do not forget

. Tune the diameter of the circle in delicate

. After finishing reactivate pointer snapping. All
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. Type the part name, part reference and select the other options as

shown. Note: Part Reference Prefixes (also known as Reference
Designators) help categorize parts in your schematics and PCB
layouts. There is a pseudo-standard reference for most types of
parts. For example, C is used for capacitors, R for resistors, L for
inductors, U for ICs, and X for crystals.

. Convert view means a DeMorgan equivalent view. A part with this

option specified will have two views (a normal and a convert) you
can switch between once the part is placed.

Homogenous means the package with multiple parts are
graphically identical.

. Now you have to draw the normal view and convert view. For

normal view select View—>Normal.

the circle at the output (the next figure for u?B

........... gate type) using Place menu. 1
3
EEENE 2 }

<Value>

manner by setting the grids from
options—>preferences (Grid display) uncheck

pointer snap to grid.

graphics that make up the part must fit within the
boundaries of the part body border.

10.DeMorgan equation is AB=A®B

11.Draw the convert view according to DeMorgan

equation in the next hallow rectangle.
12.From View menu select convert.

13.Draw the convert view using your graphical skills.
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Placing Part pins:

NTI
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14.Add pins to the part using the pin tool or the pin array tool.

15.The default pin Shape (Line) and Type (Passive) are OK for
most pin types. For clocks and active low signals you may
want to use some of the other shapes. Use the type Power for
power pins. When you do this, make sure that the Pin Visible
check box is checked. Place power pins near the top of the part and
ground pins near the bottom.
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16.State the three states of (3 state types) ...... y e ,and .........

17.From View menu Select package then alternate among the parts to
place power pins for each part.

18.Make up the design.

19.When you are done creating the part, you must save it. From the
File menu, choose Save from file menu then Select close.

20.Update Cache commands to change the part in schematics (Design
menu).

21.Now start to Create new part called (XC9538/LCC).
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1-1-4-1. Creating Schematic Symbols in OrCAD Capture

To add a new part to your library, right-click the library file and select
New Part. This will bring up a dialog box for New Part Properties, which
looks like this.

We will be making a symbol for the Xilinx XC9536 PLD. This part
comes in a 44-pin PLCC package. Name the part XC9536-PLCC44. Leave
the Part Reference Prefix as U . You can leave the default values for all the
other settings. Click OK to bring up the workspace for part creation. It
should look like the picture below. Tools for working with the part are
located on the toolbar on the right-hand side of the screen.

To get started, drag the dashed line on the workspace to make it a little
larger. You won't be able to fit too many pins on the part with its current
size. When it is large enough, use the Place Rectangle tool to draw a solid
outline in the same place as the dashed line.

Use the Place Pin tool to place pins on the part. You will see a dialog that
looks like this. Refer to the part datasheet for the correct pin numbers for the
PC44 package. You can either download the datasheet from the Xilinx web
site or from here

The default pin Shape (Line) and Type (Passive) are OK for most pin
types. For clocks and active low signals you may want to use some of the
other shapes. You will also want to use the type Power for power pins.
When you do this, make sure that the Pin Visible check box is checked.
place power pins near the top of the part and ground pins near the bottom.
As a last touch, double-click the text that reads <value> and change it to read
XC9536-PLCC44. When you are all done, your part should look something
like the following symbol.

Save your part and close the window. You may get a warning about
duplicate pin names, but that is OK to ignore. Your part will now be visible
in your library.

Some parts are already in existing OrCAD libraries. It is usually OK to
copy these parts for use in your own design. For example, let's say we want
to use a simple resistor in our design. First, we need to open the library that
contains the resistor. To do this, select File_>Open_>Library. OrCAD keeps
all of its libraries in the path:

C:\Program Files\OrCAD\Capture\Library

Select the library called Discrete. This will open up a new window
showing the contents of the library. Find the part called R and highlight it.
This is our resistor. Select Edit_ >Copy from the menu and then highlight

NTI
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your own library. Select Edit_>Paste from the menu and this will paste the
part into your library.

When you do this, some extra parts will show up in your library. These
are part aliases (the same part but with a different name). You can tell the
aliases by the "-" that is inside the little gate next to the part name. You don't
need the aliases they will just cause confusion. Delete them from your
library.

Note: There are a few things to note about copying parts from existing
libraries. First, always be sure to check the part you are copying against a
datasheet for correct pinout, number of pins, etc. Second, some of the
standard parts will have power pins that are invisible. Personally, | feel that
this is a very bad design practice that can lead to errors in your design. If you
copy a part that has invisible power pins, please be sure to make them
visible. Trust me, this can save you a lot of pain and trouble later. Finally,
beware of so-called _heterogeneous_ parts.

These parts split across multiple symbols. For example, you might see a
part with general pins on one symbol and power pins on another. In general,
heterogeneous parts should be avoided because they can cause problems.
However, they may be acceptable for very large parts such as processors.
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Figure 5: The finished PLD schematic symbol
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1-1-5.Case Study
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Figure 10: Circuit drawing of CPLD Programmer
For further information review
http://www.interg.or.jp/japan/se-inoue/e_cpld.htm
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Parallel port

The CPLD programmer is connected with the parallel port of the
personal computer. A printer is generally connected with the parallel port.
The figure on the left shows the signal of each pin of the parallel port.
A pin numbering is written by the small character at the connector. Because
the assignment position with number becomes opposite on the side of the
male connector and the side of the female connector, make not make a
mistake. The 1st pin is connected with the 1st pin of the opposing connector.

Pin# | Usual name | Name this time Useage
DEUB-26
~Tqed— SLCT FIN 2 PDO(1/0) DIN(OUT) Data signal output(TDI)
GHD —e
29 12— PE  (IN) .
_ 3 PD1(1/O CLK(OUT Clock signal output(TCK
g:g 2411 o — BUSY (IN) (o) e : e
i 23 10— ACKE (IND 4 PD2(1/0) TMS_IN(OUT) | Mode selection output(TMS)
22" 9ol PO7 (1/D
GRND —7 ¢ FDE EI::ES 5 PD3(1/0) CTRL(OUT) Output control signal
D — o |
oD 20 :z 7e—— FDE (1/00 6 PD4(1/0) PROG(OUT) Input control signal
oD 15[ Bed—FPD4 (10} . i -
ouT) SLin TR 5o ppz (1/0) 8 PD6(1/0) D6(0UT) Signal for condition detection
(UT) TNITH 17 . de1— P02 (1707 11 | BUSY(IN) | BUSY(IN) Busy detection
15[ 23— P01 {I/0)
{““; EHHE TR 2o PDO I/ 12 | PE(IN) PE(IN) Parity error detection
QuT) AFDY ———=
14l 1e— STBE (OUT) 13 | SLCT(IN) | DONE(IN) Data signal input(TDO)
15 | ERR#(IN) VCC SENSE(IN) | Dvice status detection
18-25 | GND GND Grounding

At the equipment this time, each pin is used as above.

In the table above, the IN and OUT are the direction of the signal which was
seen from the side of the personal computer. It becomes contrary to the
seeing from the side of the equipment.

The 8, 11 and 12th pins are connected at the connector. These three pins
seem to be the one to confirm whether or not a programmer is connected.
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Bus buffer circuit

ﬂ«—%\’

C

CAY
H X Z
LLL
L HH

o —— PUB
o—— P34
o— PC44
o OFF

A bus buffer is put in the signal conductor of
JTAG (TMS, TCK, TDI and TDO). 3 State buffer is
used for buffer circuit. By this, the writing circuit to
the CPLD device doesn't influence the parallel port
of the personal computer. The buffer circuit works
only when transferring data with the CPLD device.

When not transferring data, the output of the
buffer becomes high impedance and becomes the
condition which was separated from the circuit.
When the transfer of the data is done, the buffer
becomes low impedance to the CPLD device and
makes the writing of data  possible.

When the C terminal is H level, output
terminal (Y) becomes high impedance. In this
condition, it becomes the same when a bus buffer
isn't connected. When the C terminal becomes an L
level, the condition of input terminal (A) comes out
to output terminal (Y). Because there is a high

impedance condition in addition to H level and L level, this buffer is called a
3 State buffer. In the table, Z shows a high impedance condition.

Device switching circuit

A device is switched by the rotary switch. Either one device can be
controlled. Because it uses only any one generally, it is to be OK even if it
doesn't switch. In the case, it is necessary to be careful when using.
In case of the PWB mode, the power supply to the CPLD device uses the
outside power. It is possible to use the power of this equipment only in about

100 mA.

LED display

The green LED displays the situation of power (Vcc) and the TDI-signal
makes a red LED light up at the time of the L level.

Because the red LED is during the blink while forwarding data, don't
dissolve to switch off the power, to pull out a cable and to remove a device.
To make an influence over the TDI-signal little, the value of the resistor to
be putting in the LED in series is big comparatively.

NTI



Case Study

21

Power circuit

+12Y I

IC3

OUT +5Y%

ijuw u.1J7 0

N
J!

NTI

This power circuit makes the stable voltage
(+5V) which the bus buffer and the CPLD device
needs. 3 terminal regulator is used to get +5V
output from +12V power in.
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1-2. Library organization
Follow these conventions when organizing your part libraries:

NTI

Organize libraries by component type.

Group identical graphical representations of parts together using the part aliasing
feature in Capture.

If the graphical representation of a part is not unique but the package style is
different, create one graphical representation and re-use it by using the part alias
feature in Capture.

Use different graphical representations for parts powered by different power
supplies (for example, one works on a standard power supply [invisible power
pins] and the other works on a non-standard power supply).

Save a part in one library file ((OLB) only. The exception is if the part name is the
same, but the part has two different graphical representations drawn to two
different standards (for example, a component drawn to IEEE standards and to
OrCAD standards). In this case, the parts can reside in two different libraries
under the same name.

Do not include IEEE libraries in searches for pre-existing symbol names. These
libraries contain parts with graphical representations drawn to IEEE standards.
Graphical representation creation
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The following table lists the part reference prefix that should be used for each part type.

Part type Part Reference Prefix | Part type Part Reference Prefix
Capacitor C Transistor Q

Diode, LED D Resistor R

Isolation ISO Switch SW

Connector J Transformer T

Header JP IC U

Inductor L Variable Resistor VR

Relay LS Crystal Y

Use the following conventions when placing pins on a part outline. Group the pins on
each side of the part outline in the order they are listed below:

Left side
Data input

Reference Voltage
inputs

Passive pins
Clock inputs
Control inputs

Visible power pins

1-2-1.Power pins
Power pins in general
e Use the following conventions when placing power pins:
e Use the same standard name (that is, VDD as opposed to VDD1, VDD2) for parts
with multiple instances of power that have the same supply inputs.
e Arrange the supplies so that all pins of the same power type are grouped together
(for example, all VCC should be grouped) within each group, place the pins in

ascending order of pin numbering.

NTI

Right side
Data Output

Data Bi-directional

Clock outputs

Control outputs
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e If you make non-standard power pins visible, you should preferably have non-
fixed voltage names (VCC, VDD, etc.) and not fixed voltage names (-5V, -22V,
etc.).

1-2-1-1. Invisible power pins
An invisible power pin is automatically connected globally to all other
symbols in a design that have the same power pin name. For example, an
invisible power pin on U1 called VCC will be connected (during the netlist
operation) to all other power pins in the design called VCC. However,
because of the qualifications for a pin to be considered an invisible power
pin, you cannot connect a discrete wire to the pin.
‘me—>  Visible power pins are not connected
7 globally.
The qualifications for a pin to be considered an invisible power pin
include:
e The pin must be a supply input pin or a ground pin.
e The supply voltage must be a fixed voltage (that is, not variable
depending on the design application).
e The supply voltage must be an industry standard value (for
example, digital +5 Volts).
e The pin is typically connected directly to a power supply and not
driven by the circuit.
Conventions
If you decide to make a power pin invisible, use one of the OrCAD
standard power pin names in the following table:

Power type Standard power pin name
+5V digital VCC

Digital Ground GND

+5V Analog +VCC

-5V Analog -VCC

+12V Analog +12

-12V Analog -12

+15V Analog +15

-15V Analog -15

NTI
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Analog Ground AGND

VEE ECL

VSS ECL (If -5.2 volts)
GND (if connected to digital
ground)

Place invisible supply pins on the top border of the IC outline and ground pins on
the bottom border.

Always make invisible power pins zero length and invisible.

When placing invisible power pins on the top and bottom of the part outline, make
sure they can be made visible without overlapping pins that are located on the
sides of the part.

Place visible power pins on the left side of the bottom of the part outline.
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1-3. Creating a flat design

In this section, we will create a simple flat half adder design with X and Y as inputs and
SUM and CARRY as outputs as in next figure.
Create two pages input stage and output stage respectively.

1-3-1.Adding parts
e From the next figure place required parts

24
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Figure Half adder design
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Figure Half adder design presentation through OrCad

e Connect the parts together (place wires) it should be like previous figure.

To add input and output ports to the design, complete the following sequence of
steps:

e From the Place menu in Capture, select off-page connector. Note: Alternatively,
you can select the Place off-page connector button from the Tool Palette.

e To rename the off-page connectors to indicate input signals AA, BB, QQ and ZZ,
double-click the port name. In the Display Properties dialog box, change the value
of the Name property to AA and click OK. Similarly, change the names of the
other off-page connectors.

e From the Place menu in Capture, select Hierarchical Port. The Place Hierarchical
Port dialog box appears. Note: Alternatively, you can select the Place port button
from the Tool Palette.

e From the Libraries list box, select CAPSYM.

e First add input ports. From the Symbols list, select PORTRIGHT-R and click OK.

e Place two instances of the port as shown in the figure above. Right-click and
select End Mode.

e To rename the ports to indicate input signals X and Y, double-click the port name.
In the Display Properties dialog box, change the value of the Name property to X
and click OK. Note: You can also use the Property Editor to edit the property
values of a component. Similarly, change the name of the second port to Y. Note:
The Place Part dialog box is not used for placing ports, because ports in
CAPSYM.OLB are only symbols and not parts. Only parts are listed in the Place
Part dialog box.

e Add two output ports as shown in the figure below. To do this, select
PORTLEFT-L from the CAPSYM library.

e Rename the ports to SUM and CARRY, respectively.

e Save the design.

NTI
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The half adder design is ready. The next step is to create a full adder design that will use
the half adder design.

1-3-2.Creating a hierarchical design

In Capture, you can create hierarchical designs using one of the following methods:
_ Bottom-up method
_ Top-down method
In this section, we will create the full adder hierarchical design. The half adder design
created in the Creating a flat design section will be used as the lowest level design.
Bottom-up method
When you create a hierarchical design using the bottom-up methodology, you need to
follow these steps.
e _ Create the lowest-level design.
e _ Create higher-level designs that instantiate the lower-level designs in the form
of hierarchical blocks.
In this section, we will create a full adder design using bottom-up methodology. The
steps involved are:
e Creating a project in Capture.
e Creating the lowest-level design. In the full adder design example, the lowest-
level design is the half adder design.

S| 7 - (FULLADD : FULLADD) =13
i 2 3 N
s
haltadd_a
| carry_IN ¥ S <] 5L
N CARRY
HALFADD.SCH 4
3]
halfadd_B 5 }I CARRY _OUT
¥ " S Lihd T4LE32
¥ ¥ CARRY

HaLFaDD.sCcH
-
| f

e Creating the higher-level design. Create a schematic for the full adder design that

uses the half adder design created in the previous step.
Creating the full adder design

¢ In the Project Manager window, right-click on *.dsn and select New Schematic.

¢ In the New Schematic dialog box, specify the name of the new schematic folder
as FULLADD and click OK.

¢ In the Project Manager window, the FULLADD folder appears below *.dsn.

e Save the design.

I

NTI




Wiring Diagram methodologies 29

NTI

To make the full adder circuit as the root design (high-level design), right-click on
FULLADD and from the pop-up menu select Make Root. The FULLADD folder
moves up and a forward slash appears in the folder.

Right-click on FULLADD and select New Page.

In the New Page in schematic: FULLADD dialog box, specify the page name as
FULLADD and click OK. A new page, FULLADD, gets added below the
schematic folder FULLADD.

Double-click the FULLADD page to open it for editing.

From the Place menu, choose Hierarchical Block.

In the Place Hierarchical Block dialog box, specify the reference as
HALFADD_Al.

Specify the Implementation Type as Schematic View.

Specify the Implementation name as HALFADD and click OK. The cursor
changes to a crosshair.

Draw a rectangle on the schematic page. A hierarchical block with input and
output ports is drawn on the page.

If required, resize the block. Also, reposition the input andoutput ports on the
block. Note: To verify if the hierarchical block is correct, right-click on the block
and select Descend Hierarchy. The half adder design you created earlier should
appear.

Place another instance of the hierarchical block on the schematic page. Select the
hierarchical block.

From the Edit menu, choose Copy.

From the Edit menu, choose Paste.

Place the instance of the block at the desired location.

By default, the reference designator for the second hierarchical block is
HALFADD_A2. Double-click on the reference designator, and change the
reference value to HALFADD_B1.

Using the Place Part dialog box, add an OR gate (74LS32) to the schematic.

To connect the blocks, add wires to the circuit. From the Place menu, choose
Wire. Draw wires from all four ports on each of the hierarchical blocks

Save the design.



PCB Fabrication (NTI - Electronics Dep.).

1-4. Preparing for OrCAD Layout

1-4-1.Annotation

Now that your schematics are complete, you are ready to prepare to
export the design to Layout. From now on, you will be working in both
Capture and Layout. The first step in preparing your design is to annotate it.
Annotation really involves several steps. First, we will assign unique
reference designators to all of the parts in our circuit. Remember reference
designators? These are just labels that are used in Layout to uniquely
identify different types of parts. If you look at the hierarchy view in the
project window, you will see a jumble of reference designators. You might
have several capacitors named C1 or a lot of parts that have the label, R?,
C?, U?, etc.

To fix this, we will use a few of the annotation tools. In the file view of
the project explorer, highlight the top-level design file (the one with the
*.dsn extension) and then select Tools >Annotate. You will see the
Annotate dialog box.

In a new design, it is best to first reset all the part designators. To do this,
click the radio button that says Reset Part References to "?" and then click
OK. You will be asked if you want to save your design before proceeding.
Every part in your design will now have a question mark in its reference
designator instead of a number. Now, reopen the annotate dialog box and
check the box that says Incremental Reference Update and click OK. This
will go through your entire design and number each part starting with 1 for
each part type. If you now look in the hierarchy view, you will see that you
have a nicely ordered list of parts.

i new.opj

8=

1 File Ei. Hieraru:h_l,l]
- SCHEMATICL
C1(C)
R1(R)
RZ (R)
U1 (L14C1{TO)

G 2] 2] &

Figurell: Parts design reference
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Scope K

[+ |lpdate entire design

" Update selection Cancel

Help

ik

Action
* | |ncremental reference update
" Unconditional reference update
" Reset part references bo "2
[ Add Intersheet References
[ Delete Intersheet References

Mode
" Update Occurences

[+ |lpdate Instances [Prefered]

Phwszical Packaging
Combined property zting:

|{"-.falue}{5 ource Package)

[ Beset reference numbers to begin at 1 in each page

[ Do nat change the page nurber

Figure 12: Annotate dialog

1-4-2.Inter-sheet References

The next thing we will do is add inter-sheet references to your
schematics. Doing this will place page numbers near each off-page
connector that indicate to which other pages that net is connected. This is
invaluable during design and debug because it will help you track individual
nets across a large design in many pages of schematics. Since we only have
two pages of schematics in this design, we could probably get away without
adding intersheet references; however, it is a useful tool and should always
be used for good design practice. Another reason for using this tool is that it
helps to find mistakes in naming nets. For example, say you have a net
named CLKIN but on one page of schematics you mislabel this net CLKIM.
After annotation, these two o_ page connectors will not have page numbers
next to them, indicating that they are single-pin nets. This would be an
immediate warning flag that something is seriously wrong with your
schematics. To add intersheet references, bring up the annotate dialog box
again. Select the radio button that is labeled Add Intersheet References. You
will get a secondary dialog box, and you can leave the default values as they
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are for now. Just click OK to continue. As far as schematics are concerned,
your design is now fairly complete.

1-4-3.Design rule check

After you have completed your design, it is recommended that you run
design rules check (DRC) to isolate any unwanted design errors that might
be there in the design. To run DRC on the full adder design, complete the
following steps:

1.
2.

o vl

NTI

In the Project Manager window, select the design file,

From the Tools menu, select Design Rule Checks.

Note: Alternatively, you can select the Design Rule Checks button
from the toolbar.

In the Design Rules Check dialog box, the Design Rules Check tab
is selected by default. Specify your preferences. By default, the
Check entire design option button is selected. To run DRC on the
complete design, accept the default selection.

Select the Use Occurrences option button. Note: For complex
hierarchical designs, the occurrence mode is the preferred mode.
Therefore, ignore the warning that is displayed when you select the
Use occurrences option button.

To run the DRC, select the Check design rule option button.

In the Report section, select appropriate check boxes to specify
what all are required in the DRC report. For the current design
example, select the Check unconnected nets and Report identical
part references check boxes.

Select the View Output check box. When this check box is
selected, the DRC report is opened automatically for viewing after
the checks are complete.

Clicks OK. After the checks are done, the DRC report is displayed
in the format shown below.
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Checking

Checking
Checking
Checking
Checking

Pins and Pin Connections

Electrical Rules

for Unconnected Nets

for Invalid References
for Duplicate References

Check Bus width mismatch

Checking Electrical Rules

Design Rules Check E|

Scope tode

[+ Check entire dezign [ Update Occurences

" Check selection [+ Update Instances [Prefemed)
Action

[+ Check design miles
[ Delete existing DRC markers

Report

[ Create DRC markers for warnings

[ Check hierarchical part connections [ Check unconnected nets
[ Check off-page connector connections [ Check SDT compatibility
Iv Repart identical part references [ Repart aff-grid objects

v Repart invalid packaging [ Repoart all net names
[ Repart higrarchical ports and off-page connectors

Report File: [ Wigw Output

Deszign Rules Check l ERC Matrix ]

CAPROGRAM FILESWORCADWCAPTURENSAMPLESATUT Browwse...

ak | Cancel | Help

Figure 13: DRC dialog

1-4-4.Creating Layout netlist
After running the Design Rule Checks, you create the Layout netlist in

Capture.

1. 1 In the Project Manager window, select the design file.
2. 2 From the Tools menu in Capture, choose Create Netlist.
3. 3 Inthe Create Netlist dialog box, select the Layout tab

I
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4. 4 In the Netlist File text box, type FileName.MNL as the name for

the layout netlist to be created.
5. 5 Click OK.

EDIF 200 PSpice | SPICE | WHDL | Verog Lavout |INF | Other |

PCE Footprint
Combined property string:
|{F'I:B Footprint}

Optiong
v Fun ECO to Lapout

+ User Properties are in inches
" User Properties are in milimeters

Metlist File:

|E:'\NTI'\FiIeName.MNLI Browse. .

QK | Cancel ‘ Help

Create Netlist E

Figure 14: NetList dialog.
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1-5. OrCAD Layout

1-5-1.0bjective:

This part will introduce the basic layout design steps, such as , Creating a new board ,
Setting up board parameters, Placing components, Routing critical nets and Finishing the
board.

1-5-2.Experiment flow:

1. Creating new board.
Setup board parameter.
Add mounting holes.
Creating new padstack.
Creating a new footprint.
Smartrout.

ook wn

1-5-3.Procedure

Creating a board
1-Start a new project by clicking on File > New
2-load template file which provides the framework within which you can create a board
design
c:/program file/orcad/layout_plus/data/386lib.tch
3- Load the netlist file generated from schematic file. It is in the same directory as your
Capture file (open as file name

XC9536_1mn|) | Link Footprint to Component

4- Save the LayOUt flle as Flle name AutoECO cannot find a footprint for component U1
XC9536 1.max. from part name XC9536/LCC_D.

5- AUtO ECO screen WI” appear' NOte: Please choose one of the options below:

AutoECO is Automatic Engineering |
Change Order process that uses the
information in layout netlist to produce a
new board flle or Update an eXiSting board Defer remaining edits until completion ... |

file oK | Help | Cancel|

Link existing footprint to component ... |

Create or modify footprint library ... |

We can choose one option from three:

a) “Link existing footprint to component”; at the beginning, you will define the
description of footprint which describe the physical description of components. A
footprint generally consists of three object types padstacks, obstacles (representing
among other things, the physical outline of the component, silkscreen outline,
assembly outline, and placement and insertion outlines), and text (for example, the
component name or component value each time you see it (which will be about once
per component you have in your schematic.
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b) "Create or modify footprint library'"; you can create new footprints and add them
to the libraries of your choice.

c) "'Defer remaining edits until completion™; Used for cancel link footprint to
components

Setting up board parameters
In Layout, you should setup the board’s parameters before you begin placing
components. The parameters are listed below

| Layout Plus -- C:\PROGRAM FILES\ORCADADESIGN11.MAX.
File Edit View Tool Options Auto Window Help

g=l= T ) o= el oo ol ol G = 7 o T A
X500 2200 G0 [Eme -

4 Design - Component Tool (DRC ON)

1.Create a board outline
Z Choose the obstacle toolbar button then double click. The edit obstacle dialog box
displays.
Z Modify the board outline setting and draw the board outline.
2.Set the units of measurement
Z To specify the units of measurement for the design
Z From the option menu choose system setting modify the setting in the dialog box
then press ok.
3.Set the system grids
Z From the Options menu, choose System Settings. The System Settings dialog box

appears.
2 Set these options, then press OK button.
4.Set routing layers 5 Layers

Z Choose the spreadsheet toolbar button then |y ackto Track Spacin T
choose Layers. The Layers spreadsheet e [
appears. Track to Yia Spacing
Z Review the type assignments for the routing [Track to Pad Spacing ,7
layers and double-click in the Layer Name O
column of a layer you want to modify. The
Edit Layer dialog box appears. Via to Pad Spacing [
Z In the Layer Type group box, select the |p.q10 Pad Soacin ——
desired option pedio PadSpacns
Z Choose the ok button. 0K | Help | cancel |
5.Set global spacing
Z From spreadsheet choose strategy then choose route spacing double click on
layer name the edit spacing dialog appears then modify the spacing value as the
same from the option menu choose global spacing.
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6.Set the widths of nets

Z From spreadsheet choose nets, double click on layer name the edit net dialog

appears then modify it.

Net Attribute s

[“ Routing Enabled
I¥ Retry Enabled

Grou

Min Width

e [
—

36 Nets

[ Share Enabled
[ Shove Enabled

Weight

F Highlight
¥ Test Point

[

low med high

Conn Width ’— Max Width ’—

Net Layers...

| Net Reconn... |

Width By Layer... |

Net Spacing... |

o]

Help ‘

Cancel |

Add mounting holes

=

arwnN

Choose the component toolbar button.

From the pop-up menu, choose New. The Add Component dialog box appears.
Choose the Footprint button. The Select Footprint dialog box appears.

In the Libraries group box, select LAYOUT.LLB. Use the Add button.

In the Footprints group box, select a mounting holel. Choose the OK button.

Reference Designator 35
Part Type

Value | raries

) ~
Footprint... ’7 L:nNmm Add
Location
Febntoor
PCON156T L H enove

X [s8.42 ¥ ]Ti
im0

BREAKAWAV
m D LIE\AL

Groupa o
Component flags

I” Fixed I Lo
I™ Non-Electric ~ Ro

ioire

MTHOLEZ
MTHOLEZ
TESTCOUP
TESTCOUFF
T

oK

Creating new padstack

1.

2.

Select padstack from spreadsheet and press the insert key this creates a copy of
padstack
Double click on layer name or padstack the edit padstack dialog appears then
modify it.

Editing padstacks

You can edit the default padstack, or padstacks that you have defined while setting up
the board. Editing changes you make in the Edit Padstack dialog box are applied to all
layers of the padstack. Editing changes you make in the Edit Padstack Layer dialog box
are only applied to the selected layer.
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Padstack or
Layer Name

DRLDWG
DRILL
FABDWG
NOTES Edit Padstack

T13
TOP 64 Padstacks
BOTTOM 1024 Padstack Layers
:LL::; " Non-Plated
SMTOP " Use For Test Point
SMBOT [~ Large Thermal Relief
SPTOP [~ Flood Planes{Pours
SPBOT Pad Shape
SSTOR " Round o
SSBOT ~
ASYTOP ~
ASYBOT n
DRLDWG " Undefined

DRILL
FABDWG
NOTES

[¥ No Connection

Pad Width: Pad Height:
X Offset: Y Offset: B

o]

Help ‘ Cancel |

Creating a new footprint
1. Inthe library manager, choose the Create New Footprint button.
2. Enter a name for the new footprint.
3. If the footprint is to be a metric footprint, select the Metric option.
4. Choose the OK button. The footprint origin, one pin and default text objects
display in the footprint editor.

Footprint for, XC9536/.CC_0O

Libraries

A || [
QUAD
aUaDe wnunn

AF J
SBUS +| Remove

PLCC32/5M5 /. 700,800 -~

PLCC32/TMS/ 700, 800
PLCCI2/TMS/ 7254625
PLEC32/ThiS /. 760 E50 minnn
PLCCH
925
PLCCA4/TMS/ 925
PLCC44/TMS/.950 Ok Help Cancel
PLCCA4/TMS/ 975
PLCCE? v

Note: To start the library manager Choose the library manager toolbar button. Or From
the File menu, choose Library Manager.

To create a custom footprint library
1. Choose the library manager toolbar button. The library manager appears.
2. In the Footprints list, select a footprint to save to the new library. The footprint appears in
the footprint editor.

3. Choose the Save As button. The Save Footprint As dialog box appears.
4. Choose the Create New Library button. The Create New Library dialog box appears.
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5. Enter the name for the new library (using a .LLB extension) in the File name text box,
select a directory for the library, then choose the Save button

Save Footprint As... B

Mame of foatprint
|EGA1 0h_1.00/100/8 60/ 11.00

Name of [brary
|D:\DHEADWIN\LAYDUT\LIEHAHY\BGA.LLE j Browse..
Create Mew Library..
0K | Help | Cancel
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1-6. The SmartRouting

The component are placed on the board, It must be routed the electrical
connections. The circuit Layout Plus provides autorouter called
SmartRouter. Exclusive to Layout Plus, SmarteRoute has fast routing
speeds, high completion rates, and high router quality.

To start SmartRoute
1. From the Tools menu in the Layout

Plus session frame, choose martRoute.  Fie view | Tools Help

You see the SmartRoute session frame Olgg  Ubrary Manager

CrCAD Capture

is displayed.

2. From the File menu, choose Open. The
Open Design File dialog box will be pre—
opened Browse the .MAX design file ECOs
then click open Note, You can save Edit App Setfings
SmartRoute designs using the Save As Reload App Settings

command. You can also use the
Backup command to automatically
save designs.
3. How could you change the name of your circuit from XT9536 into
CP LD
When routing the board there are two main parameters have a greatly
effect of routing success. The parameters are:
Z The way you place the individual parts in the board.
Z Design parameters
Note: The part position could be modified only in layout not in Smart
route!
4. State the needed steps to modify the placing of the
0

i File Edit i Tool i Auto Hel
The routing parameters e Edt View Tools | Options Auto Help

5. Layout passes all design
parameter information to
SmartRoute. Verify that the
design parameters are expected.
(Such as board technology, Bakch Setup
number of layers, and pad, track, Hints Checkbo.

Met Propetties,.,
Parameters. .,

Rouking Passes, .

Backup Interval...
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and clearance sizes).It could be changed them using the options in
this dialog box.
Layers
The Layers box lists the copper layers as
defined in Layout Plus. The dominant
directions of the routing layers could be LAYERS PARAVETERS | iz Pasmstes
modified 1o
Write the required changes you must do S M s L R
2 If a Sing|e |ayer C”‘Cuit is INMERT ‘ertical  *| | CHAWNEL SIZE: |0.025

v | UNITS Inches

INNER2 Horizontal ~ Cancel

selected............... FRIMARY PADWIDTH.  |0.06
g If a double layer circuit VA WOTH o |
selected................. PRIARY TRACK WD 0012
Paramete rS CLEARANCE: 0.mz2
In the Parameters dialog box, you can
Check the parameters you set in Layout Plus Eotmaad g percntge

Estimated routing time:  : © :

(including units, pad and via width, track
width, and clearance to make sure they display as expected). Before the new
parameter settings are accepted in SmartRoute, you must choose the OK
button in the Parameters dialog box and respond to the questions that
display. The answers you provide confirm your decision to modify
parameters before the changes are accepted by SmartRoute.
g Write the meaning of Via type ........coooviiiiiiiiiiiiiiiiiee

ANd CleAraNCe. ... .t
Z Make your design track width 0.6 mm and the pad width 2.2mm.

State a comparison between via and padstack .............................

To Autoroute the board

From the Auto menu, provides multiple choices of autorouting
SmartRoute initiates the autorouting
sequence specified in the Routing Passes
dialog box.

To pause the autorouter

From the Auto menu, choose the
PauseAutoRouter command. SmartRoute
temporarily suspends the autorouting et
sequence. g

File Edit Yiew Tools Options | Auto Help

Z To restart the autorouter after a pause
ChOOSE ot
Z To stop the autorouter Choose the ............... command.
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Z Restarting the routing sequence starts the routing process from the
Note, the routing contentions appears when a track segment crossing a
track segment of a different net (When a contention is created, a small
yellow circle created) the number of contentions appears in the status bar. At
the end of the routing, the number of contentions must be a zero.
Z If you have a contentions in your design. Write a five different
ways to solve this problem.

Interactive routing

There are four interactive routing commands that are actually autorouting
commands that route only portions of the board. They are AutoRoute Area,
AutoRoute Component, AutoRoute Net, and AutoRoute One.

AutoRoute Area

The AutoRoute Area command routes a
selected area on the board.

To autoroute a selected area on the board

From the Auto menu, choose Auto Route
Area. The pointer becomes a vertical arrow.
Pressing the left mouse button, drag the
pointer to select the area to be routed. All
connections starting or ending in the
designated area are routed.

File Edit Wiews Tools Options | Auto  Help

Pre - Route Synopsis... Y

AukoRoute Batch

AutoRoute Met
AutoRoute Cne

Unroute Board
Unroute Met
Unroute Connection
Unroute Segrment
Unroute Conflicts

AutoRoute Component
Use the AutoRoute Component command to route all of the connections
originating or ending on a pin of a component. Note that within a net, only
the connections starting or ending on the selected component will be routed.
Z From the Auto menu, choose AutoRoute Component. The pointer
becomes a vertical arrow. Select a component. The connections
starting or ending on a pin on the component are automatically
routed
Z There are another two types of interactive routing..............cccceeue.,
and ..o
Z Try to make them in your circuit and write the difference between
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Deleting routes

In SmartRoute, it is possible to unroute routed tracks using five
commands on the Auto menu. You have several
levels of routing deletion to choose from: Unroute
Board. e

AutoRoute Board S

Z Use the Unroute Board command to st
delete all routing on the entire board,
even tracks that were routed in Layout
Plus (including locked preroutes), or in
previous SmartRoute sessions.

£ When you choose this command,
SmartRoute prompts you to make sure
that you really want to unroute all of the nets on the board. This
command cannot be undone using the Undo command.

Z To Unroute the net of vecc in  your circuit

Ronte -- D:\PROGRAN

File Edit Wiew Tools Options | Auto Help

Closing a design and exiting SmartRoute
To close a design in SmartRoute, you must either open another design, or
exit SmartRoute (there is no Close command).
To exit SmartRoute
Z From the File menu, choose Exit. If there are unsaved changes in
the design, SmartRoute prompts you with the following three
options. Select the desired option.

[_

| Save and Exit |

i) The design file

| Discard and Exit ‘

has been modified.

| Resume Frogram ‘

Z Save and Exit SmartRoute opens the Save As dialog box. Choose
the OK button. SmartRoute saves the design and exits.

g Discard and Exit SmartRoute discards the unsaved changes and
exits.

& Resume Program This option cancels the Exit command.
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1-7.
1-8. OrCAD Layout

ORCAD Layout is a powerful circuit board layout tool that has all the
automated functions you need to quickly complete your board

1-8-1.Creating a New design

You can open a new design or an existing design. When you open a new
board design, Layout prompts you to choose a template and a schematic
netlist. A board template provides the framework within which you can
create a board design. A netlist describes the parts and interconnections of a
schematic design

1. Start a new project by clicking on File _ New.

k=% OrCAD Layout For Window

File View Tools Help

Qpen, ..
Impark g

to select the arrows around its outside and deleting them.

% Layout Plus — {unnamed)

Press <F1> for HELP . L=

Wl start 2 T oy

2. Now load the netlist you exrt fro OD e again, by
default it is in the same directory as your Capture file.

sere
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Look i Ianethst j &= £ E-

POWERSLIPPLY-3, MML

= File name: POWERSUPPLY-3.MMNL j Open
Files of ype: |Nenisl (%) =l Cancel

7]

3. Now you must pick a name to save the Layout file
as.(filename.max)

Save in: Ianelhsl j - & B8~

File: name: F'III"-.-‘-;"E RS LIPPLY-3.ha0 j Save I
My Network P...
Save as type: IBaard [*.ma] j Cancel /l
&

can it not find the footprint for these parts? | took them straight out of the

OrCAD libraries.” Well, you could have all sorts of different sized

capacitors and resistors (Surface mount, axial, radial, etc.) And it may take

you a very long time to find the right sized footprint, but it is critical to you

board design.

4. Click on “Link existing footprint to component” each time you see

it (which will be about once per component you have in your
schematic.

Link Footprint to Component 5'

AutoECO cannot find a footprint for component J1
from part name PHONEJACK.

Please choose one of the options below:

Link existing footprint to component ... |

Create or modify footprint library ... |

Defer remaining edits until completion ... |

0K | Help | Cancel |
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Example:
For my phonejack (which is actually a power connector) | am going to

use a 3 pin SIP socket that is .300” wide with .100” spacing between pins.

Footprint for PHONEJACK

N . | oo
Sh _I
S0G —
50J
Tl gL = F‘Smm’el
r— Footprint:

|_DIL/L.475/16 ;I
SIP/SM_DILAL.525/18
SIP/SM_DILAL.575/20
SIP/SM_DILALE7S/24
SIP/TM/L.200/2
SIP/TM/L.400/4
SIP/TH /L5005
SIP/TH /L. B00/E
SIP/TH AL 7007 Ok Help Cancel
SIP/TH /L 0008
SIP/TH/L.500/9 ;I

My LM7805 is a TO220 package with 3 pins, and | want it mounted on
the board laying

Footprint for LM7805

— Librarie:

TRAINING
YRES
WLONT00T

TO2184D
TO 22088
TO22088/RF1
TOZ2084/RF2

TOZ2004/RF3
TO22048
TOZ2048AF1
TOZ204B AF2
TOZ204C ok Help
TO22144

022148 =

Cancel

1-8-2.Footprints
Footprints describe the physical description of components. A footprint

generally consists of three object types: padstacks, obstacles (representing
among other things, the physical outline of the component, silkscreen
outline, assembly outline, and placement and insertion outlines), and text
(for example, the component name or component value).You can view
footprint data graphically in the footprint

1. To start the library manager

2. Choose the library manager toolbar button. Or From the File menu,

choose Library Manager.

I
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-5 Layout - D:\ORCADWINALAYDOUT\SAMPLES\DEMOC\DEMOC3. MAX
Fle Edt View Tool Options Auic ‘window Help

rEIEIIW &glﬂ E@ILFIQ K [ v o e s 2 A
% [0 v o G 50 -

rLibraries

XY T-EEEEEN-

@
2444
CLCC
ceeQ
BGH )
eeceo
ceeo
[N -0 -]
‘ Add... I Remove I GHEe O
lrrer ceen
GeeQ
m

-|EGA1[IM_1.[I[IH 00/B.60/¥/11.00 -

Create New Footprint...

LJE
0

‘ Save I Save As... I . .
I | .1.00/100/B.60/W11.00 J

H 7

‘ Delete Footprint

|Pin Tool: Pin Tool

From The library manager and footprint editor.Creating and editing
footprints You can create new footprints and add them to the libraries of

your choice.

3. 1 In the library manager, choose the Create New Footprint button.
The Create New Footprint dialog Note:you can create a footprint
from link footprint to component screen box appears.

Create New Footprint

Name of Footprint MEWDIP14

Units————
& English
 Metric

[ | Hep | Concel |
4. Enter a name for the new footprint. If the footprint is to be a metric

footprint, select the Metric option.
5. Choose the OK button. The footprint origin, one pin and default
text objects display in the footprint editor.

Library - Pin Tool (DRC OFF) [_[O]x]

&chpf

&Value

&Pack
¢'=WhIna

To create a custom footprint library
1. Choose the library manager toolbar button. The library manager

appears.
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2. In the Footprints list, select a footprint to save to the new library.
The footprint appears in the footprint editor.

3. Choose the Save As button. The Save Footprint As dialog box
appears.

4. Choose the Create New Library button. The Create New Library
dialog box appears.

Save Footprint As._..

Mame of footprint

IBGA‘I Ob_1.00/100/8.60/+11.00

Mame of library

ID:'\DF|CADW'IN\LAYDUT\LIBF!AF!Y\BGA.LLB j Browse... |

Create Mew Library... |

Help | Cancel |

5. Enter the name for the new library (using a .LLB extension) in the
File name text box, select a directory for the library, then choose
the Save button.

6. Choose the OK button to close the Save Footprint As dialog box.
The new library is added at the top of the Libraries list.

7. Add footprints to the new library by following the instructions in
Adding, copying, and deleting footprints

1-8-2-1. Editing padstacks

You can edit the default padstack definitions predefined in Layout, or
padstacks that you have defined while setting up the board. Editing changes
you make in the Edit Padstack dialog box are applied to all layers of the
padstack. Editing changes you make in the Edit Padstack Layer dialog box
are only applied to the selected layer.

To edit a padstack on all layers

1. Choose the spreadsheet toolbar button, then choose Padstacks. The
Padstacks spreadsheet appears.

2. Double-click on the padstack name. The Edit Padstack dialog box
appears.

3. Edit the settings as desired

To edit a padstack on selected layers

1. Choose the spreadsheet toolbar button, then choose Padstacks. The
Padstacks spreadsheet appears.

2. Double-click on a layer name. The Edit Padstack Layer dialog box

appears.
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3. Edit the settings as desired (choose the dialog box’s You can add a
new layer to your board and copy the padstacks from an existing
layer to the new layer.

1 Layout Plus -- C:ADOCUMENTS AND SETTINGS\PLACET MAX
Fla Edt Vew Tool Opbons Auto ‘indow Hep

0= = 5 S 1 e “T@Eﬂ&gﬂﬁﬂﬁﬂﬂﬂﬂﬂ .
it e -

® 7102 [¥ 16510

A=

C [ e, [ Demtocatt., [ 7 oo

1-8-3.Creating a new net

1. Choose the connection toolbar button.

2. From the pop-up menu, choose Add.

3. Select a component pin.

4. Draw the new net and click the left mouse button on the end pad.
The Modify Nets dialog box appears.

Enter the name of the new net, then choose the OK button.

From the pop-up menu, choose End Command.

o o

# Layout Plus -- C:\DOCUMENTS AND SETTINGS\PLACET. MAX:

] |28 ] | 1] Ol TIBITI o) dasn i) 53] 2121
X|-15.24  v13462 [el2s4 | |

<
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To change the sitting of nets

ADOCUMENTS AND SETTINGS\PLACE1.MAX.

============

nnnnn

GND_POWER
NO0037
NO00043
NO005
Noo1
NOO2
NOO2
NOOZ;
NOD2!
NO053
NOO565
NO0602
NOOG05
NO0G08
NOOG11
NO0626

<|l=el =]l | e e e e | | <
AHEFRERFFER R R ERE

To set measurement units
1. Open your board in Layout.
2. From the Options menu, choose System Settings. The System
Settings dialog box appears.

3. Select mils, inches, microns, millimeters, or centimeters.
4. Choose the OK button
To set system grids

1. From the Options menu, choose System Settings. The System
Settings dialog box appears.

2. Set these options, then choose the OK button.

B

=)= e ) S PP e)ie o Lo o N e B S B BRI
X[7520 v 12510 Glu5a | EN—
=

- [=>]x]

System Settings
Display Units Grids
 Mils (m) S )
Visible grid Y]
C Inches (in) grd P} o
© Microns (u)

Detail grid [X.Y]: 0.635
& Millimeters (mm) b

 Centimeters [cm) Place grid [x,Y]: [z5a
Display Resolution: Routing grid:
0.0254
Via grid: O
ia gri 0 3

Rotation

Incremen ¢ oo Snap pr
|
i
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To add mounting holes to your board

1.
2.

3.

6.

Choose the component toolbar button.

From the pop-up menu, choose New. The Add Component dialog
box appears.

Choose the Footprint button. The Select Footprint dialog box
appears.

. In the Libraries group box, select LAYOUT.LLB. Use the Add

button, if necessary, to add this library to the list of available
libraries. (LAYOUT.LLB resides in the LIBRARY directory.)

In the Footprints group box, select a mounting hole (OrCAD
provides three: MTHOLEL, MTHOLEZ2, and MTHOLES3). Choose
the OK button to close the Select Footprint dialog box.

As the same if you want add new component

To define layers for routing

1.

2.

4.

Choose the spreadsheet toolbar button, then choose Layers. The
Layers spreadsheet appears..

Review the type assignments for the routing layers and double-
click in the Layer Name column of a layer you want to modify.
The Edit Layer dialog box appears.

In the Layer Type group box, select the desired option (for
example, to disable a layer for routing, select Unused Routing; to
define an additional plane layer, select Plane Layer).

If you changed a routing layer to a plane layer, change the Layer
LibName to PLANE.

5 Choose the ok button

= MEIE]

==l =I8|E| E|2]e|0| Qf OB T|n el W) 54| 8] 212
X270 [¥[i2182  [6[254 | EEEI |
]

PCI
FCON100T
X [58.42 v g6l | IPcontseT

nnnnnnnnn

Group#t [0

BREAKAWAY ~

Component flags CROP

FIDUCIAL

I Fixed ™ Los GNDSTRP

of | |HS
ﬂﬁ‘!ﬁﬂg_

MMMMMMM

MMMMMMM

IIIIIIIII
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1-9. Starting SmartRoute
Start SmartRoute from the Layout Plus session frame. To start SmartRoute

1. From the Tools menu in the Layout Plus session frame, choose SmartRoute.

Note if you are running a version of Layout other than Layout Plus, the
Tools menu lists SmartRoute Demo instead of SmartRoute. In this case, you
will only be able to run SmartRoute in demonstration mode.

Edit App Settings
Reload App Settings

Run SmartRoute router NUM

1-9-1.The SmartRoute session frame

Once you start SmartRoute, you see the SmartRoute session frame. This
is the area where the board is displayed.

wramma | ey | s e | pemision o | e

Before you load a design, the title bar at the top of thesession frame
reads, “No design file loaded.” When you open a design, that is replaced
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with the design’s name. In SmartRoute, you can only open one design file at
a time. At the bottom of the session frame, you see the names of the seven
routing passes available for the autorouting sequence.

To open a design
1. From the File menu, choose Open. The Open Design File dialog box
displays.

<
‘ Andrae Bowrd Memary Fan Cui Eatem Fushit Shove. Fplp improve Mg

2. Locate and select a .MAX design file.
3. Choose the OK button.

Tip the files that you have opened most recently are listed at the bottom
of the File menu. You can select files from this list to open them. This is the
fastest way to open designs that you have worked on recently.

File Narme: Directories:
CALBRATE MAX dipragram fileslorcadiayout_plusisradte

List Fileg o Type: Drives,

Design File (" M)

Saving a design
You save SmartRoute designs using the Save As command. You can also
use the Backup command to automatically save designs.

To save a design
1. From the File menu, choose Save As. The Save As dialog box displays.

I
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Loaded: D:PROGRAM FILESIORCADLAYOLT_PLUS\SROUTEICALBRATE MAX ‘

2. To save a board under a new name, enter the name of the file, locate the target directory,
and choose the OK button. Or To save the board under the same name, just choose the
OK button. SmartRoute asks you if you want to replace the existing file. Choose the Yes

_ ~
e Directories
LBRATE diprogram fllestoreadiayout_plusisroute
= cancel

[E> PROGRAM FILES
[ ORCAD
[ LAYOUT_FLUS
= SROUTE

List Files of Type Drives:
Design File MR - =d = Netwark

1-9-2.Setting parameters

After the net properties have been set, set the design parameters. There
are three categories of parameters. They are all controlled in the Parameters
dialog box.

g Layers
g Design parameters

Z Analyze parameters
To change the parameters for routing
1. From the Options menu, choose Parameters. The Parameters dialog box displays.
2. To bias the direction for routing on each layer, select the desired option from the drop-
down list adjacent to the layer name.
3. Change the parameters for Units, Via Type, or Channel by selecting the appropriate
options from the drop-down lists.

I
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< B
Analyre Boardl Memory Fan Out Patiern PushiN Shove Rip Up. Improve Mg

4.Change the parameters for Primary Pad, Via Width, Primary Track, or Clearance by typing
new values in the text boxes.
5.Choose the Analyze Parameters button. SmartRoute analyzes the effects of the parameters
that you set, and displays the results at the bottom of the dialog box.
6.When your parameter settings are as desired, choose the OK button.
The Parameters dialog box

I¥  New User Hint
Parameters:

PARAMETER'S pemits you to change the routing
parameters & received from fhe host CAD system

PARAMETERS also contains a "NEURAL" feature
that projeects the time end percentage of successfully
roufed connections for & given sef of rouer
parameters

Togeifer these fwo feailres provde 8 very porerfUl
toal. The technology, number of layers, and
panfrackiclearance sizes can be quickly oplimzed
witheut actualy rouing the board.

Chckcto um off hint message.

4 )
Hosiae eerd Nenary Falud Feem PusiiShoe ) nprrieMiy

Losced DYFROGRAM FLESORCADILAVOUT PLUSSROVTECALERATEMAY

P ARAMETERS Analyze Parameters
TOP UNITS: Inches <]
BOTTOM  |Horizantal | | VIATYPE: Thruhole Onl +
INNERT Verical  +| | | CHANNEL SIZE: |0.025 M
INNER2 | Horizontal ~ Cancel

PRIMARY PAD WIDTH: | 0.08

Help
YIA WIDTH 0.054
PRIMARY TRACK "WIDTH: | 0.012

CLEARANCE: 0.012

Estimated routing percentage:
Estimated routing time
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g Layers
The Layers group box lists the copper layers as defined in Layout Plus.

You can select a direction in which routing will be biased for each layer. The
choices are listed below.

Best Choice SmartRoute selects the direction for the layer.

Disabled No routing occurs on the layer.

Fanout The router will fanout vias on this layer but will not otherwise
route on it. Use this option when you wish to fanout the layer containing the
SMD pads and also restrict routing on that layer.

Plane The layer is reserved for use as a plane layer upon its return to
Layout Plus. When this option is selected, the layer is no longer displayed in
the Parameters dialog box.

Vertical The tracks are biased to be routed vertically.

Horizontal The tracks are biased to be routed horizontally.

Any Direction The router is not biased in any direction. The suggested
use for this option is on the third layer of a three-layer board. Do not use this
option on more than one layer.

Angled options Options include right and left 45° angles, 1 o’clock, 2
o’clock, 4 o’clock, and 5 o’clock angles. These options will bias the layer in
the direction selected.

The options may be used for all layers on a multilayer board, although
top and bottom layers are usually horizontally or vertically biased. These
options are usually used by board designers to achieve shorter track lengths
and fewer vias. These options can only be used on multilayer boards.

Z Parameters

Parameters are read directly from Layout Plus. In the Parameters dialog
box, you can check the parameters you set in Layout Plus—including units,
pad and via width, track width, and clearance—to make sure they display as
you expect. Before the new parameter settings are accepted in SmartRoute,
you must choose the OK button in the Parameters dialog box and respond to
the questions that display. The answers you provide confirm your decision to
modify parameters before the changes are accepted by SmartRoute.

Units From the drop-down list, select the desired data structure units for
autorouting. OrCAD recommends that you use the same unit structure that
you used in Layout Plus.

Via Type From the drop-down list, select the type of vias that you want
to use on your board.

Channel in SmartRoute, the channel size that displays is automatically
calculated by SmartRoute for your board.
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OrCAD strongly recommends that you use the default channel size
calculated by SmartRoute. When you return to Layout Plus, the system grid
value will reflect the channel size selected by SmartRoute. If you have
different grid requirements, you must change the system grid in Layout Plus.

Primary Pad The Primary Pad option displays the diameter width of the
most commonly used pad on the board. If there are no through-hole pads, the
Primary Pad option displays the width of the largest SMD pad.

Via Width The via width is the same as the first via defined in Layout
Plus. SmartRoute, however, will choose the best via size for a given
situation when routing.

Primary Track The primary track width is the routing width of the
majority of the nets as defined in Layout Plus

Clearance The Clearance option specifies the spacing required between
tracks (track-to-track clearance). This value is defined in Layout Plus.

1-9-3.Autorouting the board

1.From the Auto menu, choose AutoRoute Board. SmartRoute initiates the autorouting
sequence specified in the Routing Passes dialog box.

>

nnnnnnnn
dddddd FILESO! AVOUT_PLUSISROUTE\C ALEF

Note as the router progresses, tracks may display small, jagged steps.
SmartRoute automatically runs a pass that cleans up tracks and minimizes
vias during routing.

To pause the autorouter

1.From the Auto menu, choose Pause AutoRouter. SmartRoute temporarily suspends the
autorouting Sequence.

Note To restart the autorouter, choose Restart AutoRouter from the Auto menu.
SmartRoute restarts the routing process from the point at which it paused.

I
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File Edit View Tools Options | auta Help

AutoRoute Batch

Stop AutoRouter

< >

Analyzs Board Memary Fan Out Pattern | Pustshove Rip Up Improve Mg

Fouted: 68 (84.2%). To Go: 38. Vias: 1 To Go 0:08. Elapsed 00:00:04)

ute - D:APROGRAM

Fle Edt view Tools Options | auta Help

< >

Anslyze Bosrd Memory FanOut Pattern [ PusENShave Rin Up improve Mty

Pausing To Go 0,06, Elapsed 000004

To stop the autoroute
1.From the Auto menu, choose Stop AutoRouter. SmartRoute ends the autorouting sequence.

L3 bd

Analyze Board Memary Fan Out Patiern | PushMShove Rii Upe Imprave Mig

Routed: 68 (64.2%). To Go: 38. Vias: 1 To Go (:06. Elapsed 00:00:07)

Note To restart the routing sequence, choose the autoroute command of your choice from
the Auto menu. SmartRoute starts again at the first enabled routing pass.

I
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1-9-4.Editing the board
Interactive routing

There are four interactive routing commands that areactually autorouting
commands that route only portions of the board. They are AutoRoute Area,
AutoRoute Component, AutoRoute Net, and AutoRoute One.
AutoRoute Area

The AutoRoute Area command routes a selected area on the board.To

autoroute a selected area on the board
1. From the Auto menu, choose AutoRoute Area. The pointer becomes a vertical arrow.
2. Pressing the left mouse button, drag the pointer to select the area to be routed. All
connections starting or ending in the designated area are routed.

otite - D:\DPROGRAM

Fie Edt Vew Tools Options

< >
Analyze Board Wemory Fan Out Pattern Push™ Shave Fig Up Improve hifg.

Unrouted 108 connections (out of 108) Total Time 00:00:10

AutoRoute Component
Use the AutoRoute Component command to route all of the connections
originating or ending on a pin of a component. Note that within a net, only
the connections starting or ending on the selected component will be routed.
To autoroute the connections originating or ending on a pin of a
component
1. From the Auto menu, choose AutoRoute Component. The pointer
becomes a vertical arrow.
2. Select a component. The connections starting or ending on a pin on
the component are automatically routed.
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oute - D:\APROGRAM

Fle Edt ¥iew Tools Options | Auts Help

re - Route Synopsis...

utoRoute Batch

< >
Analyre Board Memary Fan Out Pattern Pushil Shove Rip Up Improve Mfg

Unrouted 106 connections (out of 1106) Tatal Time 00:00:10)

AutoRoute Net
Using the AutoRoute Net command, you can route all of the connections
associated with a net.
To autoroute the connections associated with a net
1. From the Auto menu, choose AutoRoute Net. The pointer becomes a
vertical arrow.
2. Select a connection within the net. All of the connections within that
net are routed.

< >
Analyze Board Memory Fan out Pattern Pusth Shove Rip Up Imprave Wifg.

Unrouted 106 connections (out of 106) Total Time 00:00:10|

AutoRoute One
The AutoRoute One command autoroutes one connection at a time.To
autoroute one connection
1. From the Auto menu, choose AutoRoute One. The pointer
becomes a vertical arrow.

I
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2. Place the pointer over any connection to be routed and click the

left mouse button.
3. Repeat step 2 for each connection that you want to route.

oute = D:APROGRAN RCADACAYODT=P R AUBRATE.MA = aX

File Edit View Tocls

>

Analyze Boarel Memary Fan Out Pattern PUSH Shove Rip Up Imprane Mgy

<

Unrouted 106 connections (out of 108) Total Time 00:00:10)

Deleting routes
In SmartRoute, it is possible to unroute routed tracks using five

commands on the Auto menu. You have several levels of routing deletion to
choose from:

Unroute Board Use the Unroute Board command to delete all routing on
the entire board, even tracks that were routed in Layout Plus (including
locked preroutes), or in previous SmartRoute sessions. When you choose
this command, SmartRoute prompts you to make sure that you really want to
unroute all of the nets on the board. This command cannot be undone using
the Undo command.

File Edt Wiew Tools Options | A

Unroute Net Use the Unroute Net command to unroute one routed net.
To do so, choose the Unroute Net command from the Auto menu and select
the net that you want to unroute.

NTI



PCB Fabrication (NTI - Electronics Dep.).

oute -- D:\PROGRAN

File Edit Wiew Tools Options

e Area
AutoRoute Camponent
AutoRoute Net

< >
Analyze Board Memary Fan Out Pattern PushN Shove Rip Up Improve Mg

Unrouted 108 connections (out of 108) Total Time 00:00:10}

Unroute Connection Use the Unroute Connection command to unroute
one connection (a connection is an unrouted net that connects two pads). To
do so, choose the Unroute Connection command from the Auto menu and

< >
Analyze Board Memory Fan Out Pattern PUsh Shove Rip Up Improve: Mg

Unrouted 106 connections (out of 108) Total Time 00:00:10)

1-9-5.Closing a design and exiting SmartRoute

To close a design in SmartRoute, you must either open another design, or
exit SmartRoute (there is no Close command). For information on opening a
design, see
To exit SmartRoute

1. From the File menu, choose Exit. If there are unsaved changes in
the design, SmartRoute prompts you with the following three
options. Select the desired option.

2. Save and Exit SmartRoute opens the Save As dialog box. Choose
the OK button. SmartRoute saves the design and exits.

I
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3. Discard and Exit SmartRoute discards the unsaved changes and
exits.
4. Resume Program This option cancels the Exit command.
)

Save and Exit

1) The design file
Discard and Exit
has been modified.
Resurne Program

Analyze Board Memary Fan Qut Pattern Pushi Shave Rip Up
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1-10. Gerber Format; Rules and Guidelines

This section provides background information, describes organization,
and presents guidelines for use of RS-274X.

1-10-1. File structure

An RS-274X plot file is a file consisting of RS-274X parameters and
standard RS-274D codes which, when correctly interpreted, result in an
image that may be displayed or plotted.

1-10-1-1. Data blocks

The file is composed of a number of data blocks containing parameters
and codes. Each data block is delimited by an end-of-block character,
typically an asterisk (*). Each data block may contain one or more
parameters or codes. For example:

X0YO0DO02*
X50000Y0DO1*
D-code Function
DOl or DI Shutter open (begin draw).
D02 or D2 Shutter closed.
D03 or D3 Flash.
D10 and higher Apertures.

1-10-1-2.  Layers

One or more data blocks may be grouped into a layer of information that
describes part of a graphic image. In RS-274X context, a layer is a named
information component of the image composed of one or more data blocks.
Each layer may have characteristics, such as name, polarity, and

interpolation mode that differ from other layers of information.

Note: A layer must not be confused with a PCB layer. A PCB layer has a physical definition and
might be compared to a physical plane. An RS-274X layer is simply a group of data blocks that
may be manipulated collectively and separately from other layers.
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1-10-2. Data types

An RS-274X file may contain the following kinds of data appearing in
the following general order:

1. RS-274X Parameters: are also called mass parameters or extended
Gerber format. The inclusion of these parameters in the file makes the
plot file RS-274X, or X data, instead of standard RS-274D.

2. Standard RS-274D Codes: were once called word address format. They
consist of:

Z [JOne-character function codes such as G codes, D codes, M
codes, etc. Function codes were the words of the old terminology.
They describe how coordinate data associated with them should be
interpreted (such as linear or circular interpolation), how the
imaging device should move (light source on or off), and more.

g [ICoordinate data define points to which the imaging device must
move. The coordinate data represented the address of the old
terminology. X,Y coordinate data describe linear positions. I, J
coordinates define arcs.

1-10-3. RS-274X parameters

RS-274X parameters define characteristics that apply to an entire plot or
to a single layer, depending on the parameter’s position in the file and
whether it generates a new information layer in the file (as, for example,
layer-specific parameters do). RS-274X parameters consist of two alpha
characters followed by one or more optional modifiers.

RS-274X parameters are delimited by a parameter delimiter, typically a
percent (%) sign. Because parameters are also contained in a data block, they

are also delimited by an end-of-block character (*). For example,
%FSLAX23Y23*%

RS-274X parameters may be grouped according to the scope of their
function in the file. The groups should appear in the file in the following
order:

1. Directive parameters control overall file processing.

2. Image parameters supply information about an entire image.

3. Aperture parameters describe the shape of lines and components

throughout the file.

4. Layer-specific parameters describe processing of one or more data

layers.

5. Miscellaneous parameters provide capabilities that do not fall into the

above groups.

I
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RS-274X parameters are generally placed at the beginning of the file in
the order shown above. Certain parameters, such as the layer-specific
parameters, may be embedded within the file. The next sections describe
each parameter type.

1-10-4. Directive parameters

Directive parameters control overall file processing. They include:

AS Axis Select

FS Format Statement

MI Mirror Image

MO Mode of units

OF Offset

SF Scale Factor

As a general rule, directive parameters should be placed at the beginning
of the file. Each directive parameter controls processing until another like it
IS encountered.

1-10-5. Image parameters

Image parameters supply information about the entire (composite) image.
Image parameters include:

IJ Image Justify

IN Image Name

10 Image Offset

IP Image Polarity

IR Image Rotation

PF Plotter Film

If an image parameter occurs more than once in a file, the last one
encountered will be the operative parameter.

1-10-6. Aperture parameters

Vector plotters control the width and shape of features by projecting light
through a series of openings, or apertures, in a rotating wheel. Each position
on the wheel is identified by a unique D code. When the D code appears in
the data, the wheel rotates to the referenced position for exposure.

The aperture parameters include:

AD Aperture Description

AM Aperture Macro

In general, aperture parameters apply to an entire file. An exception is an
embedded AD parameter, which will generate a new layer if it redefines a D
code previously used in the image data.
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The AM parameter describes a special aperture by using the following set
of predefined aperture shapes to describe an aperture:

Circle

Line (vector)

Line (center)

Line (lower left)

Outline

Polygon

Moiré

Thermal

1-10-7. Layer-specific parameters

Layer-specific parameters supply information for the processing of one
or more information layers (not to be confused with board layers). They may
be used more than once in a file. Layer-specific parameters always generate
a new layer and should be placed at the beginning of the new layer. If not
repeated for a given layer, the previous layer-specific parameters remain in
effect.

The layer-specific parameters include:

KO Knockout

LN Layer Name

LP Layer Polarity

SR Step and Repeat

1-10-8. Standard RS-274D Codes and Coordinate Data

Standard RS-274D codes (D codes, G codes, M codes, etc.) specify how
the coordinate data should be manipulated. Each code applies to coordinate
data located in the same data block as the code. It also applies to coordinate
data following it until another code of the same type is encountered, or until
a new layer is generated.

For example, GO02 specifies clockwise, single-quadrant circular
interpolation and is modal. All coordinate data following it will be
considered clockwise arc data until another interpolation code is
encountered, or until a new layer is generated.

Standard RS-274D codes may be grouped according to function. They
generally appear in the file in the following sequence:

1. N codes (sequence numbers) are similar to line numbers and may be

assigned to data blocks to simplify organization. Sequence numbers
may be 0 to 99999. N codes are not necessary.

I
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2. G codes (general functions) specify how to interpolate and move to the
coordinate locations following the code until changed or until a new
layer is generated (modal).

3. D codes (plot functions) select and control tools, specify line type, etc.

4. M codes (miscellaneous functions) perform a variety of functions such
as program stop and origin specification. Standard RS-274D codes are
described in detail starting on page 45.

1-10-8-1. Coordinate Data

Coordinate data includes:

[100X,Y data define linear positions along the X and Y axes.

[J0L,J data define arcs.

For example,

X200Y200D02*

This data block directs the plotter to move in a positive direction to
coordinate location 0.2,0.2 (assuming leading zeroes are omitted) with the
light source off (tool up). Additional X,Y coordinate data positions
following this code will also cause motion with the light source off until a
different code is encountered.

1-10-9. RS-274D Data Guidelines

Follow these guidelines when preparing RS-274D data:

[1JEnter functions codes and coordinate data following the RS-274X
parameters.

[J[JFunction codes apply to coordinate data in the same block as well as
to subsequent coordinate data. They do not affect coordinate data preceding
the block in which they occur.

[10Enter function codes in the file in the order shown in Table 2.

Table 2 RS-274D Code Order of Entr

N Sequence number Optional

G General functions: Once encountered,
linear interpolation, remains in effect until
circular interpolation, | countermanded.
polygon area fill. etc.

D Aperture or tool Once encountered,
assignment; line/flash | remains in effect until
control countermanded.

M Miscellaneous Every file must end
function: program stop | with M00 or M02.
or end.

NTI



Gerber Format and Gerb Tool

Sample Files

The examples on these pages illustrate the use of both mass parameters

and standard RS-274D codes.
Example 1

Example 1 illustrates a single layer image.

*G04 EXAMPLE 1: 2 BOXES
%FSLAX23Y23*%

%MOIN*%

%OFA0B0*%

%SFA1.0B1.0*%

%ADD10C,0.010*%

%LNBOXES*%

G54D10

X0Y0D02*X5000Y0D01*
X5000Y5000D01*X0Y5000D01*X0Y0ODO1*
X6000Y0*X11000Y0DO1*
X11000Y5000D01*X6000Y5000D01*
X6000Y0ODO01*D02*

Mo2*

NTI

Format statement - leading zeroes omitted,
absolute coordinates, X2.3, Y2.3.

Set units to inches.

No offset

Scale factor is Al, Bl

Define aperture D-code 10 - 10 mil circle
Name layer “BOXES™,

RS-274D data

End of data
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1-10-10. Lab exercise: Prepare Gerber file settings

Experiment objectives:
Z Learn to create Design file (*.gtd file) written in a gerber format style.
Z Understand how to tune the gerber settings.
Experiment Flow:
1. Opening a new max file in Layout Plus.
2. Auto routing the desired board.
3. Editing the setting of the output files.
4. Verifying the output files.
Experiment procedure:

Opening the Gerbtool

1. From start=> All programs—> Orcad Release 9 - Layout plus
2. To open a max file (PCB layout Format); from pull down menu Select File -
open.

| DrCAD Layout
5N View Tools

i BE®

Help

Import
Export

A oa s n ann a a s R o N

1 DEMOAZGTD U1 Uz

2 DEMOAZ MAX
IxPROBE.MAX
4 FINISHED.GTD
5 PANELIZE GTD
£ FINISHED Max
7 BACKLIPE Max
8 PLCMNT O3 Max

L hmsn sy basase

= Y iXIiX

uz L4

¢¢¢¢¢¢¢¢

Exit

Open an existing Board Design

3. Select the file DemoA2.Max from the path
C:\Program Files\OrCAD\Layout_PIlus\SAMPLES\DEMOA
Note rate nest lines (yellow lines) which indicate the connections
of the components. Guess number of needed layers?........... why??
4. All gerber file format are prepared using the setings in post process
spreadsheet; Display the post process spreadsheet by choosing Post
process setting from options menu.
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Plot output Batch

File Name Enabled Device Shift
*.GBR GERBER RS-274D o shift
*.GBR GERBER RS-274D o shift
*.GBR GERBER RS-274D o shift
*.GBR GERBER RS-274D o shift
GERBER RS-274D
GERBER RS-274D
GERBER RS-274D
GERBER RS-274D
GERBER RS-274D
GERBER RS-274D
GERBER RS-274D
*.GBR GERBER RS-274D o shift Inner

GBR GERBER RS-274D

5. In the plot Output File Name column, select the layer top . Press the
right mouse button, the pop up menu will be displayed select Preview.
The gerber output file will be dlsplayed for Iayer top Why all
connections are invasible?...

o

*.GBR
*.GBR
*.GBR
*.GBR
*.GBR
*.GBR
*.GBR

o shift Inner L.
o shift Inner L.
o shift Inner Lat
o shift Inner Lat
L
L
[E
[E

o shift Inner Lat
o shift Inner
o shift Inner

z|z|z|z|z|z|z|z|=|#]££]
BE a8 aaaE8REEHE
z|z|z|z|z|z|z[z]|z|z|z|z|Z2

....................................................................................

6. From Auto menu select Autoroute - Board. All rate nest lines
replaced by true physical tracks.

7. View all windows simultaneously by selecting Tile option from
Window menu.

8. Repeat steps 4 and 5. Is there a notable modification? Illustrate the
modifications Wwith causes? ...

9. Repeat step 5 to preview other layers.

10.From post Process window select restore Original Colors from pop up
menu.

11.Tune the output file for each layer. Highlight top layer field (raw).
From the pop up menu, select properties option.

12.The available formats are Gerber besides DXF format output for
AutoCAD and HPGL output for printers. Select extended Gerber.
Review all other options then click OK.

13.Repeat the last step for the other layers.

14.Batch Enabled column Indicates whether output will be generated for
the layer (“Yes”) or not (“No”). Compare the properties of contrary
batch enabled layers. Which option effect Bach enable:

15.Process all layer have a Yes in the Batch Enabled column. Select Run
Batch from pop up menu.

16.State the file name with its extension of Gerber Design file

17.State the file name with its extension of Drill file ........................

18.0pen the Drill File. Recognize and decode the drill format.
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19.From list file (DEMOAZ2.lis). Determine the number of used D-codes

21.Custmize the output file settings; From options menu ,select Gerber

setting.
22.By using help button, clearify the perpose of the Create Apertures as
Needed (0] 018 (o) | PSP

23.End-of-Block Character:Defines the character that divides Gerber
commands. Which gerber format?
[Istandered (274D) [lextended Gerber (274x)
24.0utput Resolution: Either 2.3 format (mils) or 3.4 format (10th mils).
Contrast the two formats?
Z 2.3 format defines arc as ........evveeeeeeneeiiiiaaeennn..
Z 4.4 format defines arc as ......ooveueeeeeeeie e,

25.Click cancel.
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1-10-11.
Experiment objectives:

Lab exercise: GerbTool

Z Learn to create Gerber files for photo plotter and CNC machine.
Z Understand various skills (drawing, measuring).

Z Determine the optimum results an
Experiment Flow:
5. Opening the Gerbtool.
Editing the setting of the file.
Drawing Skills.
Editing Aperture file.
Generating Drill File.
10. Saving the files.
Experiment procedure:
Opening the Gerbtool
26.From start—> All programs—>

6.
7.
8.
9.

d understand how to achieve correct results.

Orcad Relese 9 - Layout plus

27.From pull down menus select tool-> Gerb Tool = open.
28.Select the file FINISHED.GTD from the path
C:\Program Files\OrCAD\Layout_Plus\SAMPLES\DEMO

| MiCAD) Layout

File “iew BEEES Help

u

0@

Library b anager
OrCAD Capture
Wizual CADD
SmartFoute

ECOs

Edit App Settings
Reload &pp Settings

Open an existing GerbT ool layout design file]. gtd)

»

EE®

Mew

29.From color Bar toggle among the layers (deselect all, then select one

by one).
Editing the setting of the file:

Title Bar I_

Main Menu

Tool Bars

2 HEADERZ0.GTD - GerbTool
LFie Ect View Add Lapers Apetues Ousy Opion: Macio Took User Help

D=l &\?| els|@m&) @|w| |- |57 25> T

E R o - | |D1DOMUW9"

%J\Iu HEADER 3 TOP
[To]= [+ 2| B+ [~ 2w
[¥ Al=|#|2]X] £ XY Bar

Work Space

= B'

N

EOENEEET N
EENEAET

==

EELREREEED

« D |
wg[cre] o] ool sas0] 43| 40| A| G| X |5 | 2] L] T | 1| & [pelo || ED| T+
Feduws DN Undo DM [icO Sel0

e Help, peess F1

Status Bar |[——1,

I
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30.From options—>configure, the configuration dialog box will be

appeared.

Pathz, Files, Extensions ] User Menu ] Macro Files ]
General Display ] Function Key/Mouse ] Ap List Converters ]
Grid Filrn B

(« User ¢ 0254 ¢ 0508 - |457.2000
(" 0635 ¢ 1.270 ¢ 2540 Y. |355.6000
A |6.35000 mwemo Yo |B35000 mm Calar: [~
Zoom Highlight Calars Crozz Hair
Limit |0.016 Mormal: [ " ’f v ’E
Select Group: [
End Cap: |4
WEEE DRC; B
Redlining
Background Color: [l
Line Size: |0.01 Fedine Color: |
[ Minimize Redraws
0K | Cancel | | Help |

31.Select Display tab (it should be like above) if the unites in inches
close the dialog box and change the units from options—> Metric or
activate [Me] icon

{2 FINISHED.GTD - GesbTaol

File Edt “iew Add Layers Apertures Querp BEIGEEN Macro Tooks User Help

D|E| &2 ela@|s|| m Gesee S =
—— v Oitho Line Snap
[F Al2|e|2]|% £ fres 360
e — = v Metric Chrl+h
2| 7ol gt | afnme ] - -
# messl v oeast  [AL | TCT- FINISAED TP | [D10 Square 1.27041.270 =]
@| g4 i e T -
G| 2 7 e
Q| fo)
=Rl &
A[&d 1
QY 35 z|FT
g 14 R lnls
of| [
= 5 | Wl
= 5 mm
~| 7 |mm
! 3 [

wifo] ol 1]t salr0] o[ A 5 ] O] 2] | ol [»o]] Dl
Rediaw OM |Undo ON Dic 0 (Sel 0

32.Repeat step 5 and 6 then type the size of film box as 500x500.
33.Assign a white color for back ground color.
34.Change the cross hair size to be 0xO0.

............................................................................

36.From paths, Files, Extensions tab define the extension of drill file

......... Design File .............and Gerber File ............
37.Press OK.
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)6

Move

tdove By

" Item & window .

Window Boundary Crossing
* Include 7 Exclude

Item Type

[w Flazh [v Draw [ v

Source

Layer: |0 j D-Code: (0 j
Move to Layer: (0 j

Cancel

38.From Edit—> Move (the move dialog box will
appear).

39.Modify the radio buttons to match the above
dialog.

40.Draw a rectangle around the design and move it
to the lower left corner.

41.From XY Bar select The top layer and D36

42.From Add->Text (the text dialog will appear)

43.In the blank area write your name.

44.Place the hallow rectangle as in the next figure.

45.Why your name is ambiguous?...................

46.Change the D code to D38. Attempt again to
write your name. Discuss what is the effect of

Text E]E]
Height: |ERsElY Ratation: |0 Line Spacing: |25.4000
Wwidth:  |2.540 Slant: 1] Char Spacing: |25.4000
[ Mirar

Font:

|GerbTO0I-Stroke j
TextFiIe:| Load.. | Save..

Cancel
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47 .Write the layer name (top, bottom, innerl, etc) on each belongs.

Measuring skills:

& FINISHED.GTD - GerbTool

File Edit “iew Add Layers Aperures BEBEUN Options Macro Tools Uszer Help
D=d 82| elcBe blaelf e =)
’TQ' A2 #|#|X & sger Data...
_®|-— | T| | Hﬂ|_k | lﬁﬁ Highlight....
% (202515 [v [196.981 i >
wan [ 3| =
@ g3/ Skl Board
]| [ e
8] fnl ET
| . o | o
8| Bl 1 [
RN 2|\
| 54 ENIBIN
— o NN
=y 5 |RE
| & |l
7 |mn
[[«] [ s WM
o[ 0| 1 1 s2]s0[ ]3| A ] X[ O] 2]k [ [ ool [ ]3] 300
Measure edge to edge distance between to items MOD |Redraw DM (Undo OM Drc 0 |Sel 90

48.Select Point to point function from Query—->measure then measure the

dimension of the board (.......... mm X........... mm).
49.Notes the diagonal filled circles at the upper corner in the design
board.

50.From the functions edge to edge and center to center determine the
diameter of each one (note the two circles have identical diameter).
(o= ... ).

Drawing Skills:

51.Draw a simplified logo for NTI (depicted at the lower left of this
page) by using the drawing tools from Add pull down menu.

52.Use Edit menu to polish your logo. Some times you need to use purge
command (Edit->purge) Purging destroys any undo information that
currently exists. (Memory may become fragmented and less efficient.
Therefore, occasional purging may help GerbTool perform optimally).
Do not use this command unless you are sure you don’t need to undo
any previous edits!

53.Use Edit=>Join command to join two line segments together using
several different methods (on the right side draw a shape like the next
one).

I
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Editing Aperture file:

Aperture Beport E)x
Aperture Use Peport: FINISHED. app -
Layer 1: FINISHED. TOP

Decode Shape Width = Height Tool Flashes Draws

Dlo Sruare 1.E870 = 1.270 o =1 a

D1l Rourd 1.321 = 1.3Z1 o 1a a

D1E Sruare 1.381 = 1.3E1 o 1a a

Dlz Leect 1.016 = 0.8cd o) 12 0

D14 Rect 1.E70 x 0.864 o & a

Dls Lound 1.143 = 1.143 o) 1 0 e

Sort By
Layer: ’1_ j (" D-Cade & Aperture List

Generate | Save...| Print | Cloze |

54.Use Aperture—> report command. Select layer one (1) then click
generate. All D-codes in layer one will appear.

55.Note all D-codes have the same tool (0).

56.Sort the D-codes in three categories (¢ < 2 , 2<@<3,¢p>3). Write the
corresponding numbers.
O < 2 o e .

...................................................................................
...................................................................................

57.Use Aperture—> Edit command. Define tool O for first category and
tool 1 for second and tool 2 for last ones.

58.Repeat step 29, note the tool numbers.

59.Repeat the last step with layer four then determine the D code of the
circles defined in step 25.
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Panelizing:
The Panelize command creates multiple copies of a design. This allows

multiple copies of the design to be manufactured as one panel.
Automatic Penalization: To perform automatic penalization, follow these
steps:Activate those layers you want to include in the panelization.

Panehze/Yent E3

i~ Panelize

¥ Auto Panel B Witual  Wirtual Layers. . I

— Edge to Edge Spacing Copies
#: Im : |3_
v: 50000 o

— Minimum Border Spacing

¥ [0.2500 'v: |0.2500

:I:I:Il
J41

—ent
™ fwtaent

Yent to Image Spacing: ID.25EID
Fattern Spacing Degtination
: [0.5000 Lager [T |
v: [0.5000 D-Cade: [14 j
(1] I Canhicel |

60.Select the Panelize command from the Tools menu. GerbTool
displays the Panelize editing dialog box.

61.Select the Auto Panel button.

62.Enter the Edge to Edge (25mm) value.

63.Choose the OK button. GerbTool automatically calculates the
maximum number of images that fit inside the current film box, then
previews the panel layout. After asking for confirmation, GerbTool
completes the panelization process. Depending on the setting of the
Virtual button, GerbTool either copies the proper number images into
the database or notes the number of copies and their location for
display purposes.
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Generate Drill File:

& FINISHED.GTD - GerbTiool

nSd 2 ¢s=5

Fie Edit Wiew Add Layers Apertuwies OQuey Options

i
] it o

Macro

[# Al=|+|2]%| £
|=] =] #*| afqw

g|o|@|a|8|® A

Teard
% lassier v iseez [A | L7 FINISHEDT ' oP®

Metlist 3
DRC...

Snoman...

Fix SilkScreen
Pad Remaval »

Drill 1awing...
Save

Mill/Rout

Convert
Layer Spread

Ven

o3[ o] 1ok 0]5 2| AL |0 [ 2] ] el |-+ 5| 000

Save optimized NC dil file

MOD |Redraw ON Undo ON [Dic 0 |Sel0

64.As above figure use save command to invoke drill dialog.

Drill (]3] Drill Format EE
Output File: | Browse... Dialect: Excellon hd
Report File: | Brawse... m.n- 3 :|v
Terminatar: |Arin -
Corill Layer: 1 j
Mode
ez Layes St TEeb el _ + pbsolute © Incremental
Fre: ’_D = + Mumber (" Size
J —— Zero Suppression
art Haoles By " "
‘ = r g ‘ol
Post: |0 J & ey £ None Mone Leading Traling
Special
[ “Window Swaath Width: 2540 [ Modal [ Metic
NE Format... Pre-drill holes larger than:  |6.350 Character Set
(+ ASCI " EBCDIC (7 ElA
Set Az Default | (] 8 Cancel |

65.Type output file name (do not forget file extension recall step #11).

66.Click NC format button. Be sure m,n factor is 3,4 this means the
gerbtool will accept the curved corners (fillet). Click OK for drill
format and Drill dialog.

67.Create another drill file. Select sort holes by (y). Discuss the
difference between two options relative to the processing driller time.

....................................................................................
....................................................................................
....................................................................................

....................................................................................
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Files Saving:

Dresign Folder.
C:\Program Filesh0iCADNL apout_Plus\SAMPLESYDERMO

v Show Modified Files Only [ Saveds
Aperture Lists
Unzelect Al Unzelect Al

Select layers and aperture lists you would like saved.
Check the Save As button ta change the name of each
zelected file befare it is saved. Click 0K to begin saving.

Replace existing ''C:\Program
Files\OrCADYLayout_Plus\SAMPLESA\DEMONFINISHED. TOP"?

Cancel

Close

68.From File->Save command the above dialog will appear.

69.Click OK.

70.Select No in the confirm dialog.

71.Type top as a suffix for file name with extension gbr In Save layer As

dialog (see next figure). Click OK.

72.Repeat the last step for routing layers and solder mask layers.
73.Evoke your instructor to confirm your work. (Do not close your

session).

3
5
2
i

FE

il

g@m w
8 o
2 2

&

oz
Z

m‘—‘&ﬁ
3
g%

o
|

Z
g
s O

F
3

My

=)

12

=
o
2

g

=

=
=

il

o
Iy

Save
Cancel
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1-10-12.  Quiz model A: Gerber Format and GerbTool:

1. Invoke Layout Plus.
2. From windows explorer Delete all files in the path
C:\Program Files\OrCAD\Layout_Plus\SAMPLES\DEMOC
Except DemoC2.max and DemoC3.max
3. Open the max file DemoC3.max. A warning massage will be
displayed, select no button.
4. Edit the output file setting as:
Z Parameter Gerber format.
Z Do not generate drill files.
g Top layer will be generated as rotated 90+,
Z Generate Gerber files for routing layers which are

K i Titledas .....oovvvviiiii
K i Titledas .....covvvviiiiii
K i Titledas .....ccovvviii
K i Titledas ......ccoovvvviii

Besides *.ast layer which titled as ...........................

Z Total number of layersis ...................
5. Edit the Gerber setting as 3.4 format. Why the gerber creation is
deactivated ..o,
Generate Design Gerber file.
Invoke Gerbtool.

. Edit the file size to be 30 cm x 30cm.
9. The back ground must be in black color.
10.Name each layer.

11. Panelize the design to generate 3 copies only.

12. Generate a Drill file.

13. Define three tools for drilling (t1 for D-code less than 1 mm tO for all other D-
codes).

14. Add a version bar code number on the top layer as above figure.

15. Save all layers. State the saved file names.

0 N o
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PCB Fabrication (NTI - Electronics Dep.).

1-10-13. Quiz model B: Gerber Format and GerbTool:

1.
2.

3.
4

0 N o

Q.
10.
11.

12.
13.
14.

NTI

Invoke Layout Plus.
Open the max file Board1l.max. in the path

C:\Program Files\OrCAD\Layout Plus\SAMPLES\DEMOSR
Route the board.

. Edit the output file setting as:

g Standard Gerber format.
Z Do not generate drill files.
Z Generate Gerber files for routing layers which are

K i Titledas .....covvvviiiiii
K i Titledas .....oovvvviiiii
K i Titledas .....coovvviiiiii
K i Titledas .....oovvvviiiii

Besides *.ast layer which titled as ...........................
Z Total number of layersis ...................
Edit the Gerber setting as 3.4 format. Why the gerber creation
generates an aperture file list ...,
State the name of generated file with extension ............................
Generate Design Gerber file.
Invoke Gerbtool.
Edit the file size to be 30 cm x 30cm.
The back ground must be in black color. M
Name each layer.

Panelize the design to generate 3 copies only.

Generate a Drill file.
Add a pyramids emblem on the top layer as above figure.
Save all layers. State the saved file names.



PCB Fabrication (NTI - Electronics Dep.).

1-10-14. Quiz model A: PCB Fabrication:

1. Fill the blank spaces.

The PCB Fabrication steps are:

A. Brushing step by which ...

B. Drilling step done by .................. machine. On the other
hand the isolation process done only by ...................oooel.

C. Through hole plating (DMT) step plates copper layers by two
methods (.....oooovvvviiiiiin.. and .. )
the first method provides ......... um thickness of copper while
the other step enhances the thickness of copper to be

D. Ceramic filter in galvanic metallization step filters
......................... To provide ...................... Distribution
this filtration dependson ....................

E. The photoplotter is a high resolution printer. It achieves this

highest quality by using ........................ It can produce both
types of films ........... And ...............
F. Laminator machine applies ..................... on PCB.

2. Contrast between isolation and etching methods in PCB fabrication.

3. Define each part in the next picture.
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PCB Fabrication (NTI - Electronics Dep.).

1-10-15.

Quiz model B: PCB Fabrication:

1. Fill the blank spaces.
The PCB Fabrication steps are:

A
B.

C.

D.

E.

1-10-16.

Brushing step.

Developing step eliminates ............ while stripping step
eliminates .............oooeeiiiiiiiinn.

Through hole plating (DMT) step plates conductive layer on
................................ by using noble metals like ............
The advantage of micro-etching in DMT step is
Laminator machine applies green masks on PCB to

Define each part in the next picture.

N
&
A X
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PCB Fabrication (NTI - Electronics Dep.).

Quiz model C: Gerber Format and GerbTool:

Fill in the blanks with suitable words:
1. Gerber format is a standard format describing the images for ...photo
plotter... Machine.
2. Gerber format has two standards ...274D........ and ...274x, mass
parameter , extended gerber....
3. The difference between 2.3 format and 3.4 is 3.4 format support
...true arc.... Graphics.
4. The extension of design file is ...gtd........ while drill file is ...drl.....
5. CNC machine can ...cut.. Isolate ..And...... drill.. PCB
Place (V) if the statement is correct and (x) if it wrong:
1. After UV exposure step, the developing step eliminates the photo
sensitive material under laying the blind area in negative film. (\/)
2. The striping step eliminates the photo sensitive material under laying

the blind area in negative film. (X)
3. The laminator machine is designed to apply photosensitive materials
on PCB (\/)
4. The conventional process uses DMT to transfer the track from layer to
another (x)
5. Drill Smear problem is occurred when the drilling bits melt the
adhesive layer in multilayer PCB. (\/)
6. To avoid the void problem in copper platting we use galvanic
metallization step. (x)
7. Void problem is occurred when the copper molecules platted in
irregular distribution form. (\/)

8. copper plating step is done after etching process ( x)
Answer the following questions:
1. Discuss the copper platting steps?
2. State the advantages and disadvantages of DMT (direct metallization
technique)?
3. Describe the extra steps between multilayer and double layer PCB?
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Case study (NTI - Electronics Dep.).

Case Study model A: second order filter:
FIRST: OrCAD Capture.
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1- Create a new library (name it “my library”) and create the part (opamp) shown in the
above design

2- Create a new project (name it “active_filterMA”) and draw the above design.

3- Modify the DRC settings to display a warning of unconnected pins.

4- Run DRC then state the warnings and errors in the design

Second: Layout tool
6- Create a new layout file for the above design (the extension of layout file is ........ )
Using the following footprints
g -All resistances (TM-AXIAL: AX/400).
g -All capacitors (TM-CYLND: CYL/D250).
Z -CONB3 (SIP: SIP/TM/L300/3).
£ -OPAMP (DIP100T:DIP100/8).
Z -CON2 (SIP: SIP/TM/L200/2).
7-use the following physical settings:
Z Single side board (routing on bottom layer)
Z Track width 0.5 mm
g Global spacing 0.4mm
Z All pad stack diameters (1.8 mm) except con2&3 (2.2mm)
Z Resize the board to fit the components
8- Auto route the board
9- Generate the GTD file

NTI



PCB Fabrication (NTI - Electronics Dep.).

Third: Gerb tool

10- Add a text (active filter MA) on the Top layer inside a free space on the board
11- Create a drill file using T1 for (1.8mm) pad stacks and T2 for (2.2mm) pad stacks
12- Save the design and rename the routing and solder mask files with gbr extension
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Case study (NTI - Electronics Dep.).

Case Study model B: Active filter:
FIRST: OrCAD Capture.

+15V g 1
2
15V 3
CON3
~~c4 supply
0.01UF
R7 R8
AN VUN Lloa  vad [
2 7
J6 R R9 R ina- ob
input signal 3 6 third order out
i Ad ina+ inb- R10 first order outpu é
R 4 ) 5 7
Vss inb+ R> J R11 3
CoN2 T~ c5 S CON3
0.01UF opamp
R
C6
R12/
1~ >
0.01UF R )
N
N

1- Create a new library (name it “my library”’) and create the part (opamp) shown in the
above design

2- Create a new project (name it “active_filterMA”) and draw the above design.

3- Modify the DRC settings to display a warning of unconnected pins.

4- Run DRC then state the warnings and errors in the design

Second: Layout tool
6- Create a new layout file for the above design (the extension of layout file is ........ )
Using the following footprints
Z -All resistances (TM-AXIAL: AX/400).
g -All capacitors (TM-CYLND: CYL/D250).
Z -CONB3 (SIP: SIP/TM/L300/3).
£ -OPAMP (DIP100T:DIP100/8).
Z -CON2 (SIP: SIP/TM/L200/2).
7-use the following physical settings:
Z Single side board (routing on bottom layer)
g Track width 0.5 mm
Z Global spacing 0.4mm
Z All pad stack diameters (1.8 mm) except con2&3 (2.2mm)
Z Resize the board to fit the components
8- Auto route the board
9- Generate the GTD file

NTI



PCB Fabrication (NTI - Electronics Dep.).

Third: Gerb tool

10- Add a text (active filter MA) on the Top layer inside a free space on the board
11- Create a drill file using T1 for (1.8mm) pad stacks and T2 for (2.2mm) pad stacks
12- Save the design and rename the routing and solder mask files with gbr extension
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