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Preface

The Virtuoso® Schematic Editor is a design entry tool that supports the work of logic and
circuit design engineers. Physical layout designers and printed circuit board designers can
use the information as background material to support their work.

The preface discusses the following:

= Related Documents on page 8

m  Typographic and Syntax Conventions on page 9
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Related Documents

The schematic editor is often used with other Cadence® products or requires knowledge of
special languages such as the Cadence SKILL language. The following documents give you
more information about these tools and languages, but in general for this tutorial, you will not
need to refer to them.

The Cadence Design Framework Il User Guide provides information if you are not
familiar with Cadence terms and starting your system.

The Cadence Application Infrastructure User Guide provides additional information
about the architecture.

The Virtuoso Schematic Editor User Guide describes how to create and check
schematics and symbols.

The Virtuoso Inherited Connections Flow Guide describes how to use inherited
connections and net expressions with various Cadence tools in the design flow.

The Virtuoso Schematic Editor SKILL Functions Reference is for users who
customize the standar

d product.

The Library Manager User Guide explains how to open or create cellviews from the
Library Manager.

The Virtuoso Verilog-XL Environment Reference Manual and the Virtuoso
Verilog-XL Environment User Guide describe how to use the schematic editor with
Verilog® HDL. The manual is intended for integrated circuit designers who are using the
Verilog-XL logic simulator to verify the logic of their designs.

The Virtuoso VHDL Environment User Guide describes how to use the schematic
editor with VHDL.
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Typographic and Syntax Conventions

This section describes typographic and syntax conventions used in this manual.

t ext Indicates text you must type exactly as it is presented.

z_argunent Indicates text that you must replace with an appropriate
argument. The prefix (in this case, z ) indicates the data type
the argument can accept. Do not type the data type or
underscore.

[ ] Denotes optional arguments. When used with vertical bars, they
enclose a list of choices from which you can choose one.

{} Used with vertical bars and encloses a list of choices from which
you must choose one.

| Separates a choice of options.
Indicates that you can repeat the previous argument.

=> Precedes the values returned by a Cadence® SKILL language
function.

/ Separates the possible values that can be returned by a
Cadence SKILL language function.

text Indicates names of manuals, menu commands, form buttons,

and form fields.
/ Important

The language requires many characters not included in the preceding list. You must
type these characters exactly as they are shown in the syntax.
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Installing the Tutorial Database

Getting Started with the Tutorial

Installing the tutorial database consists of the following procedures:

1. Making a Copy of the Tutorial Data on page 12

2. Starting the Cadence Software on page 13.

3. Setting the Paths to the Tutorial Libraries on page 14.
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Making a Copy of the Tutorial Data

/ Important

Before you begin to work on this tutorial, you must take a copy of the tutorial data to
ensure that the original data is not over-written and cannot be used by future users.

0  The tutorial data should be located in:
<your _install _dir>/tools/dfll/sanples/tutorials/conposer

You should copy this to another directory, for example:

cp -r <your_install _dir>/tool s/dfll/sanples/tutorials/conposer ~/conptut/

Once copied, the ~/ conpt ut should contain the following directories:

dr wxr - xr - x 7 gbl ack daenon 4096 Jun 2 10:37 .

dr Wxr wxr - x 3 gbl ack daenon 4096 Jun 2 10:37 .

- T WKT - XT - X 1 gbl ack daenon 6470 Jun 2 10:37 .cdsinit
SFWr--r-- 1 gbl ack daenon 872 Jun 2 10:37 .cshrc
STWr--1-- 1 gbl ack daenon 28 Jun 2 10:37 .datestanp
SFWr--r-- 1 gbl ack daenon 1597 Jun 2 10:37 .login
STWr--1-- 1 gbl ack daenon 2303 Jun 2 10:37 .mmmrc

- FWKTE - XTI - X 1 gbl ack daenon 339 Jun 2 10:37 .openwin-init
STWr--1-- 1 gbl ack daenon 1529 Jun 2 10: 37 .openw n-nenu
SFWr--r-- 1 gbl ack daenon 78 Jun 2 10:37 .X11
STWr--1-- 1 gbl ack daenon 16048 Jun 2 10:37 . Xdefaults

- FWKTE - XTI - X 1 gbl ack daenon 441 Jun 2 10:37 .xinitrc

- T WKT - XT - X 1 gbl ack daenon 441 Jun 2 10: 37 .xinitrcmvm
- FWKTE - XTI - X 1 gbl ack daenon 446 Jun 2 10:37 .xinitrcolwnm
STWr--1-- 1 gbl ack daenon 0 Jun 2 10:37 cds.lib

dr wxr - Xr - x 6 gbl ack daenon 4096 Jun 2 10:37 dotfiles

dr wxr - xr - x 5 gbl ack daenon 4096 Jun 2 10: 37 nmster

- FWKTE - XTI - X 1 gbl ack daenon 7906 Jun 2 10:37 restart
STWr--1-- 1 gbl ack daenon 720 Jun 2 10: 37 tenpl ate. bom
dr wxr - Xr - x 5 gbl ack daenon 4096 Jun 2 10:37 TTL_tutor

dr wxr - xr - x 2 gbl ack daenon 4096 Jun 2 10:37 tutoria
SFWr--r-- 1 gbl ack daenon 481 Jun 2 10:37 tutorial.mech
dr wxr - xr - x 3 gbl ack daenon 4096 Jun 2 10:37 user _ASIC
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Starting the Cadence Software

1. Ensure that you are in the tutorial directory, for example: ~/ conpt ut

2. Start the Cadence software from a terminal window by typing one of the following
commands:

i cde
i cds
icns
nsf b
icfb

Ro Ro Qo Ro Ro

Note: In this tutorial, all examples are illustrated with the i cf b display. The ampersand
(&) puts the command in the background so you can continue to use the xt er mwindow
for other commands.

— icfb — Log: /user/gblack/CDS.log ==
File Tools Options Help | 1

Loading UltraSimMixi. cxt s
END 0OF USER CUSTOMIZATION

(icfb) Syncing library list with the Library Manager.
(icfb) Syncing library list with the Library Manager. J

-]

Amouse L: I: E:

»

Figure 1-1 icfb Log Window
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Setting the Paths to the Tutorial Libraries

To set the paths for the eight tutorial libraries, do the following:
1. From the CIW, choose Tools — Library Path Editor.
The Library Path Editor form appears:

2. Enter the default paths of the eight tutorial libraries in the Library Path Editor form as
follows:

basic /your _install _dir/tools/dfll/etc/cdslib/basic

US 8ths /your _install _dir/tools/dfll/etc/cdslib/sheets/US 8ths
anal ogLib /your _install _dir/tools/dfll/etc/cdslib/artist/analogLib
sanmpl e /your _install _dir/tools/dfll/sanples/cdslib/sanple
TTL_tutor /your _home_dir/conptut/TTL_tutor

master /your _home_dir/conptut/ master

tutorial /your _honme_dir/conptut/tutorial

user _ASI C /your _honme_di r/conptut/user_ASIC

/
I

—|Library Path Editor: /user/gblack/comptut/cds.lib [Narr| . |J

File Edit View Design Manager Help
— Librares

Library Path

TIL tutor fuser fgblack/comptut/TTL_tutor

master fuser fghlack /comptut/master

tutorial fuser fgblack/comptut/tutorial

user ASIC fuser fghlack/comptut/user ASIC

basic Sprojectsflrd ams/amsrsynesfsyncsSocds fsundw /5. 10, 41 /freds/t
Us Bths Sprojectsflrd ams/amsrsynesfsyncsSocds fsundw /5. 10, 41 /freds/t
analoglih Sprojectsflrd ams/amsrsynesfsyncsSocds fsundw /5. 10, 41 /freds/t
sample Sprojectsflrd ams/amsrsynesfsyncsSocds fsundw /5. 10, 41 /freds/t

To add a new library definition, type the name in the Library column and the path
to the library in the Path column. Press RETURHN to continue adding libraries. |
When done, select the menu “Fle -> Save As ~3° to save your edits into another file.

Figure 1-2 The Library Path Editor with Tutorial Libraries Added

Note: If the path displays in red in the Library Path Editor form, that indicates that the
path is incorrect.

3. From the Library Path Editor form, choose File — Save/Save As and save the
information in ~/ conpt ut / cds. | i b.
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About the Tutorial Libraries, Cells, and Cellviews

The tutorial libraries are described as follows:

TTL_tutor Reference library supplied with this tutorial. Contains the standard TTL
parts used in the tutorial design.

US 8t hs Reference library supplied with the Virtuoso® Schematic Editor software.
Contains templates for page borders for schematics.

basi c Reference library supplied with the schematic editor software. Contains
basic symbols, including ground and power.

mast er Read-only design library. Contains copies of the designs used in this
tutorial.

sanpl e Reference library supplied with the schematic editor software. Contains
a sample collection of gates and other electronic circuitry.

tutorial Design library in which you create your schematic.

user ASIC Reference library supplied with this tutorial. Contains the Arithmetic

Logic Unit (ALU) used in the tutorial design.

anal ogLi b Reference library supplied with the schematic editor software. Contains
the analog parts used in the analog design.

Cadence uses the term library to mean both reference libraries, which contain defined
components for a specific technology, and design libraries, in which you create your own
designs.
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The master Cell Library

In the schematic editor software, designs are called cells. The mast er library contains three
cells:

m  The accumcell contains the accumulator used in the t op_| evel schematic.

m  The ones_conp cell contains the one’s complement used in the t op_|I evel
schematic.

m Thetop_| evel schematic contains the tutorial design, which is a simple processor.

Depending on its use, a cell can have multiple representations or views, such as a symbol
or a schematic. For example:

m theaccumcell appears as a symbol inthet op_I| evel schematic, and also has its own
schematic. The accumsymbol representation is called a cellview.

Note: The ones_conp cell has the same cellviews (schematic and symbol) as the
accumcell.

m Thetop_Il evel cell has one cellview, which is the schematic view of the t op_| evel

schematic.
library cells cellviews
master —— top_ |l evel ——— schematic
accum schemati c
L____synbol

ones_conp schematic
|— symbol

July 2007 16 Product Version 5.1.41



Virtuoso Schematic Editor Tutorial

2

Getting Started with the Schematic Editor

Learning Objectives

In this chapter you will perform the following tasks:

Setting Tutorial Options on page 18

Opening the Schematic Window on page 19

Viewing the Schematic on page 21

Browsing the Schematic Hierarchy on page 23

Closing the Design and Quitting the Software on page 25

July 2007 17 Product Version 5.1.41
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Setting Tutorial Options

The options you set affect the schematics that you display. The options stay in effect until you
exit the schematic editor software.

1. In the CIW, select Options — User Preferences to display the User Preferences form.

—| User Preferences |

0K Cancel | Defaulls| Apply Help

Window Controls
Place Manually Create New Windows When Descending

Scroll Bars Prompt Line W Status Line W
Icon Bar ® On Left- Side On Right- Side Hohe

Show Icon Bar Hames |

Command Controls
Infix (Mo Click is necessary for first point)

Options Displayed When Commands Start

Undo Limit 1 Mest Limit
200
Double Cick Time

Beep Volume

Form Button Location @ Top Bottom

—*-courier-medivm-c—*+-+-12-4

Text Font

Figure 2-1 The User Preferences Form

2. Turn on the Scroll Bars button. The Scroll Bars button displays scroll bars on the
schematic windows.

3. Turn on the Infix button. Turning on Infix limits the number of mouse clicks required to
execute certain commands, as you will learn later in this chapter.

4. Click on the Undo Limit drop-down box and increase it to 10. Undo Limit defines the
number of previous commands that can be undone.

Note: In OpenAccess: Undo Limit is a drop-down box with two values, 0 and 128.

5. Click OK.

July 2007 18 Product Version 5.1.41
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Opening the Schematic Window

To open a schematic window, do the following:
1. From the CIW, choose File — Open.
The

Open File form is displayed. From here, you can find and open any cellview, of any cell,
that you have access to.

‘i Open File | |

QK ‘ Cancel |Defaults‘ Help|
Library Hame M Cell Hames
Cell Hame |tnp_leve]1 e

DrLES_Comp

View Hame schematic
Browse

Mode _edit @ read

Library path file
1 | Juser fghlack/conptut/eds. Lik

Figure 2-2 The Open File Form
2. Inthe Library Name cyclic field, choose mast er .
The Open File form updates to display the contents of the mast er library.
3. Inthe Cell Names list box, clickont op_| evel .
4. In the View Name cyclic field, choose schemati c.
5. Set Mode to read.
You must choose read because the mast er library is a read-only library.
6. Click OK.

The Open File form closes. The t op_I| evel schematic appears.
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© ongE_cdp o S oagourmn s

Figure 2-3 The top_level Schematic

Note: On the left-hand side of the schematic you can see the one’s component instance, the
centre section has the accumulator instance, and the right-hand side shows the ALU _ASI C
instance.
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Viewing the Schematic

O Toinspect a design closer, so that you can read pin names, wire hames, and So on, you
can, choose Window — Zoom — Zoom In By 2 from the schematic window.

The first instance, on the left, is named ones_conp.

Figure 2-4 The ones_comp Instance

The second instance is named accum and it has an output bus DEC<0: 7>.

Figure 2-5 The accum Instance
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The third instance is named ALU_ASI C, and it has an output bus QUT<0: 3>.

AMZORAICMBL

118 - ALU_A:

Figure 2-6 The ALU_ASIC Instance
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Browsing the Schematic Hierarchy

The t op_I evel cellview is the top schematic in this particular hierarchy.

In this section, you will descend one level to view another schematic in the hierarchy.

Moving Down the Schematic Hierarchy

To descend the hierarchy to view the accumcell, do the following:
1. Choose Design — Hierarchy — Descend Read.

The status bar, at the bottom of the window, now prompts you to:

Point at instance to descend into.

2. Click on the accuminstance.
The accuminstance is selected when a box appears around it.

The Descend form appears.

~i Descend | |

0K | Cancel| Help|

| View Hame schematic -

Figure 2-7 The Descend Form
3. Inthe View Name cyclic field, choose schematic.
4. Click OK.

The schematic for the accumulator appears.
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[% 74E753

121 745373

OM74525 R

17@ 745753

If you look at the accumulator instance, you will see that it contains:

=  Two 4-bit adders (both 74S283), one below the other. The lower adder is upsidedown
= One 8-bit register (74S373)

m  Nets or wires represented by thin lines

m  Buses represented by the thick lines.

Moving Back Up the Schematic Hierarchy

To return to the top-level schematic:
1. Choose Design — Hierarchy — Return To Top. Thet op_I| evel schematic reappears.

2. Choose Window — Fit. The Fit command fits the t op_I| evel schematic to the window,
displaying the entire schematic.
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Closing the Design and Quitting the Software

If you want to continue with the tutorial go to Creating Symbols and Pins on page 27.

Each time you close the schematic editor software, and quit the Cadence® software (using
the CIW), the user preferences are reset to the default values.

If returning to this tutorial later, you must open the User Preferences form and restore the
settings as discussed in Setting Tutorial Options on page 18.

To close the design, do the following:

0 Choose Window — Close.

To quit or edit the software, do the following:

0 Choose File — Exit.
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Creating Symbols and Pins

Learning Objectives

In this chapter, you will be performing the following tasks:

Creating a New Design on page 29

Opening the top_level Design on page 30

Placing the ALU Symbol on page 31

Creating the One’s Complement Symbol on page 33

Creating the Accumulator Symbol on page 35

Placing the Accumulator Symbol on page 36

Placing the One’s Complement Symbol on page 37

Adding the Schematic Input and Output Pins on page 38

Adding the DEC Bus on page 40

Adding the Output Bus on page 45

July 2007 27
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The top_level Schematic

Completing these learning objectives will lead to the creation of your own t op_| evel
schematic which will contain the following.

= Aone’s complement (ones_conp) module based on standard functions
= An accumulator (accum based on standard functions

= AnALU (ALU ASI O

m  Two buses (DEC and QUT), indicated by the thick lines, and nets

AMZORICMBL

2,
.,

- one’s complement module - DEC bus =

accumulator

Figure 3-1 The top_level Schematic To Be Created
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Creating a New Design

The first step in creating a schematic is to open a new design cell with a schematic cellview.

In the Virtuoso® Schematic Editor software, cell means the overall design and cellview
means the representation of the design, such as the schematic or symbol representation.

Note: If you are continuing the tutorial from previous chapters, these options should already
be set.

1.
2.
3.

From the CIW, again choose Options — User Preferences.

Turn on the Scroll Bars button.

Turn on the Infix button.

All the procedures in this tutorial assume that you have turned on Infix.

Move the Undo Limit slider control to 10.

For OA Only: the Undo Limit option is a drop-down box with two values, O and 128.
Click OK.
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Opening the top_level Design

In this section, you will create the new design cell and schematic cellview by opening a new
design in the tutorial design library. The tutorial library already exists as part of the tutorial

database.

1. From the CIW, choose File — New — Cellview to display the Create New File form.

. In the Library Name cyclic field, choose tutorial.

. Inthe Cell Name field, type t op_I| evel .

. Inthe Tool cyclic field, choose Composer-Schematic.

. Click OK.

2
3
4. In the View Name field, type schenati c.
5
6

A blank schematic window appears, ready for you to begin entering your design.

~i Create New File | |

0K ‘ Cancel |Defaults‘ Help|

Library Hame M

cell Name I tnp_leve]l |

| schematic

Views Hame

Tool Composer- Schematic |

Library path file
] | Juser fghlack/conptut/eds. Lik

Figure 3-2 How the Create New File Form Should Be Completed
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Placing the ALU Symbol

In this section, you place the symbol for the ALUin the schematic (the ALUsymbol is supplied
with the tutorial database).

1. From the schematic editing window, choose Add — Instance to display the Add Instance

form.
‘i Add Instance | |
Hide ‘ Cancel |Defaults‘ Help
Library |user_P;SIE_E:_ Browse =
cell ALU_ASTQ
View ISYm-bD]I |
Names |

Array Rows T Columns | 1
Rotate Sideways Upside Down

Set Library Filters ‘

List Parts ‘

Technology l
Package Type l

I Manufacturer l

Figure 3-3 The Add Instance Form
2. Inthe Library field, type user _ASI C.
3. Inthe Cell field, type ALU_ASI C.
4. In the View field, type synbol .
Note: You can also use the Browse button to assist you in entering the instance name.

5. Move the pointer onto the schematic editing window and you will notice that the ALU
instance appears in the schematic window attached to the pointer.
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6. Position the ALU instance on the right side of the design and click to place it.

Note: When you place the ALU instance, it might be so large that it barely fits into the
schematic window. To give yourself more room on the schematic, zoom out by choosing
Window — Zoom Out By 2.

Note: If necessary, refer to Figure 3-1 on page 28 for placement positioning.

7. Move the pointer again, and you will notice that the ALU instance continues to follow the
pointer. This lets you continue to place copies of the same instance without having to
start the command again.

8. Cancel the Add — Instance command by placing the pointer in the schematic window
and pressing Esc.

9. Choose Design — Save to save your work.
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Creating the One’s Complement Symbol

You can create the one’s complement symbol automatically, based on the symbol’s primary

input and output pins.

1. In the schematic window, choose Design — Create Cellview — From Pin List.

The Cellview From Pin List form appears.

—| Cellview From Pin List

Tool { Data Type Composer-Symbol

oK | Cancel| Defaults| .prly‘ Help|
Input Fins |IIW a0 Ty
Output Pins |Y< 0:75
10 Pins |
Switch Pins |
Library Hame |tutoria1§_ Browse
Cell Hame Innes_cnmp |
View Name |sgmﬂ:n]§_

Display Cellview [l
Edit Options | |

Figure 3-4 The Cellview from Pin List

2. Inthe Input Pins field, type | NV A<O: 7>.

Note: Take care not to type a space between A and <0: 7>. The name A<Q: 7>
represents eight signals. Because A<Q: 7> represents multiple signals, it is called a bus

pin.

3. In the Output Pins field, type Y<O0: 7>.

4. In the Cell Name field, type ones_conp.

5. Click Apply.

The Apply button executes the command but does not cancel the form. (The OK button
executes the command and cancels the form.) You want to keep the command active
because you will be creating the accumulator symbol after you create the one’s

complement symbol.

July 2007

33

Product Version 5.1.41



Virtuoso Schematic Editor Tutorial
Creating Symbols and Pins

The Symbol Generation Options form appears on top of the Cellview From Pin List form.

This form appears because the Edit Options button on the Cellview From Pin List form
is on by default.

This form lets you specify graphic information for the symbol. Regardless of the order in
which the pin names are entered into the Cellview From Pin List form, the Symbol
Generation Options form presents the pin hames in alphabetical order.

~| Symbol Generation Options |
OK. | Cancel| Apply Help

Library HName Cell Hame View Hame

| tutorial] OfEs_COmGE symhbol]

Fin Specifications Attributes
Left Pins | A<0:7» INV | List
Right Pins | 7<0:73 } List
Top Pins List
Bottom Pins List

Load{Save Edit Attributes Edit Labhels Edit Properties

Figure 3-5 The Symbol Generation Options Form

6.

Click OK on the Symbol Generation Options form.

A symbol editing window opens to show you the generated symbol. In the future, you can
use this window to modify the appearance and characteristics of the symbol.

Figure 3-6 The Generated Symbol in the Symbol Editing Window

7.

Note: When you add the symbol to the top-view schematic, later in this tutorial,
[ @art Nanme] changestoaccumand|[ @ nst anceNane] changes to the names of the
next consecutive instance, | 1.

Choose Window — Close to close the ones_conp symbol.
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Creating the Accumulator Symbol

You will now create the accumulator symbol automatically, based on its primary input and

output pins.

1. On the Cellview From Pin List form which was left open from a previous step, do the

following:

a. Inthe Input Pins field, type CLK B<0: 7> A<O0: 7>

b. Inthe Output Pins field, type Y<0: 7>

c. Inthe Cell Name field, type accum

d. Turn off Display Cellview and Edit Options.

—| Cellview From Pin List

QK | Can-::el| Defaults| .qpply‘ Help|

Input Pins |CLK Be<O:7> @e0: T3

Output Fins |Y< 0:74

10 Pins |

Switch Pins |

Library Hame |t‘-1t°f131§. Brovise
Cell Name |ac-:um |

View Hame |3Ymb°l§.

Tool [ Data Type Composer-Symbol

Display Cellview |

Edit Options [

Figure 3-7 The Cellview From Pin List Form

2. Click OK.
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Placing the Accumulator Symbol

To now place the accumulator symbol, you can use the Library Browser to fill in the form
rather than typing in the fields yourself.

1. From the schematic editing window, choose Add — Instance to display the Add
Instances form.

2. Click on the Browse button to display the Library Browser - Add Instance form.

~| Library Browser — Add Instance | i |J
_| Show Categories

— Library Cell View

jutorial aCCUIL faymbol

TTL_tutor

Us_8ths ones_comp

analoglih top_lewel

basic
cdsDefTechLih
master

user_ ASIC

1 Close Filters... Help ||

Figure 3-8 The Library Browser Add Instance Form
3. Inthe Library list box, click t ut ori al .
4. In the Cell list box, click accum
The Add Instance form changes as the system fills in the fields.
The accumulator instance is now attached to the pointer.
5. Position the accumulator in the middle of your design and click to place it.

Note: If necessary, refer to Figure 3-1 on page 28 for placement positioning.

/ Important

Do not press Esc, as you will want to keep the Add Instance form on screen, so that
you can also place the one’s complement symbol.
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Placing the One’s Complement Symbol

1. Inthe Library Browser, click ones_conp in the Cell list box to change the Add Instance
form to now show that the ones_comp Cell has been selected.

The shape of the one’s complement instance now follows the pointer.
2. Position the one’s complement to the left of the accumulator and click to place it.

3. Now you can cancel the Add — Instance command by pressing Esc with the pointer on
the schematic.

4. Choose Desigh — Save to save your work.
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Adding the Schematic Input and Output Pins

In the schematic editor software, a schematic pin is a primary input, output, or input/output

terminal for the schematic.

1. From the schematic window, choose Add — Pin to display the Add Pin form.

—| Add Pin |
Hide ‘ Cancel | Defaults‘ Help|

Pin Hames II |

Direction input | Bus Expansion (@ off _lon

Usage schematic Placement. i@ single ) multiple

Attach Met Expression: @ Mo | Yes

Fromundy Hone |

Dpfaatt Mol Hame |
el §§§};§\§§;z i ::’2:’ FETHES x%}ﬁ?} FHek !
e bifie abion fowardeniny 1 | Soeo Sdole fxe gffsal

Rotate Sideways Upside Down

Figure 3-9 The Add Pin Form

2. Inthe Pin Names field, type CLK | NV DATA<O: 7> QUT<O0: 3>.

The software places these pins one at a time, in order.

3. From the Direction cyclic field, choose input.

Note: You will change the direction on the form to output just before you place the

QUT<0: 3> pin.

4. From the Usage cyclic field, choose schematic.

5. Position and click to place the CLK pin (see Figure 3-10 on page 39).
Note that the CLK pin drops off the Pin Names field.

6. Position and click the I NV and DATA<O: 7> pins.

Note: Before you place the OUT<0: 3> pin, you need to change the pin direction to

output.
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7. From the Direction cyclic field, choose output.

8. Position and click the OUT<0: 3> pin.

Each time you place a pin, notice that the system removes the pin name from the list on
the Add Pin form.

Figure 3-10 Positioning and Placing the Pins

You are now ready to add the two buses to your top-level schematic:
m  The bus that connects the accumulator to the ALU (named the DEC bus)

=  The output (OUT) bus.
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Adding the DEC Bus

You can draw the buses using a thick line. The width of the line does not affect the connectivity
of the buses, but it does help you identify buses on the schematic.

ANMZORICMBL

DEC@: 7>

Figure 3-11 The Location of the DEC and OUT Buses

1. Zoom in so that you can see more clearly where to connect the buses. You can also do
this with your mouse:

a. At Point A, click you mouse pointer and press the Z key.

b. Now move your pointer to point B and click again. This auto zooms into the selected
area.
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Figure 3-12 Zooming In Using the Z Key

2.

From the schematic editing window, choose Add — Wire (wide).

The command line prompts you to start drawing the bus by displaying

Point at starting point for the router or snap to dianmond using the s key.

Click on the accumulator A<Q: 7> pin to start drawing the DEC bus.

-, Clickhere

CodS T

Figure 3-13 Starting to Draw the Wide Wire

The first portion of the bus ends at the Y pin on the accumulator. If you move the pointer
onto the Y pin, you will see that the router places the bus close to the accumulator. In the
next step, you help the router by placing the first segment yourself.

Note: If you place a bus segment incorrectly, press Esc to cancel the command and then
choose Edit — Undo to undo the error.
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4. Move the pointer above the accuminstance to position the first segment of the bus and
click to place it.

When you click, the segment appears as a thick line.

| I il Cli:(:k:ar:\d:plade here

CACCEmT

Figure 3-14 Placing the First Position Of The Wide Wire

5. Click on the Y pin to complete the first part of the DEC bus.

Click here

CQCCUrT

Figure 3-15 Completing the First Part of the DEC Bus

While routing a wire, notice that the pin closest to the end of the wire becomes
highlighted with a diamond symbol. You can snap-connect the end of the wire to the
highlighted pin by pressing s (for snap). When you press s, the wire jumps to the
highlighted pin, closing the gap with straight segments joined at right angles. Snapping
automatically routes the wire around other symbols. Undo the last step and try routing
the bus again using snapping.

In the next steps, you change the Draw Mode to “X-first,” which is appropriate for
drawing the remaining buses.

6. Choose Add — Wire (wide) again.
7. Before you select anything in the schematic window, press the F3 function key.

The Add Wire form appears to let you change the manner in which wires are drawn.
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8. Change the Draw Mode cyclic field to “X-first.”

~i Add Wire

Hide Cancel  Defaults

Draw Mode

_t
watn
color [eiesste |

T R Nivie

Help

Figure 3-16 The Add Wire Form With X-first Selected As Draw Mode

9. Click on the accumulator Y pin to start the next bus segment.

10. Refer to the following diagram to position the bus, then double-click to end the DEC bus.

You must click twice to end any bus (or wire) that does not terminate on a symbol pin or

a schematic pin.

COACCHTT

C[ic ' oh thé Y pm to start |
the next bus segment

Position the bus and click once
at the furthest corner before
startmg the last. segment :

Posmon th
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Note: If you create another segment by mistake, double-click to end the bus, press Esc
to cancel the command, and choose Edit — Undo to undo the extra segment. You can
also remove the last wire entered by pressing the Backspace key. You can press
Backspace repeatedly to remove multiple wire segments.
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Adding the Output Bus

You also use the “X-first” mode to place the output bus.
1. Click on the QUT<0: 3> pin to start the output bus

2. Refer to the diagram to position the bus, then double-click to place it.

COdCCHTTT

Click on the OUT <0:3> pin .
tostartthebus = |

Position the bus and double-
chicktoendit

=
g

Note: You do not connect the two buses. In the next section, you will use nets to connect
them to the ALU.
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Adding Wires, Checking the Schematic,
and Attaching a Border

Learning Objectives

In this chapter, you will finish the t op_| evel schematic. In doing this, you will be performing
the following tasks:

= Wiring the Input Pins on page 48
= Wiring the ALU on page 50

= Naming the Nets on page 52

m  Placing the Input Wire Names on page 54

m  Placing the Output Wire Names on page 56

m  Checking the Schematic on page 57

= Naming the DEC Bus on page 63

m  Creating a Sheet Border and Title on page 65
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Wiring the Input Pins

In this section, you wire the instances, pins, and buses using the Add — Wire (narrow)
command from the object-sensitive menu (OSM).

1. Select Window — Zoom — Zoom In (or use the “Z” key zoom technique described
Figure 3-12 on page 41) to connect the nets easier.

Note: Window menu commands, such as Fit and Zoom In, do not affect the current
editing command, such as Add Wire. This means that you can zoom in and out on the
schematic whenever necessary.

2. Click the pointer on the CLK pin.

Figure 4-1 Clicking on the CLK Pin
3. Press the middle mouse button to pop up a Pin OSM.

Pin
Yhre (narmow)  w
Wire (wide) W
Properies., q
Streich i
Capy €
Delele el

Figure 4-2 Middle Mouse Button Options for Pin

The Pin OSM contains commands that you might use on a pin.

July 2007 48 Product Version 5.1.41



Virtuoso Schematic Editor Tutorial
Adding Wires, Checking the Schematic, and Attaching a Border

4. Choose Wire (narrow) and release the button.

Because you popped up the Pin OSM on the CLK pin (and Infix is on), the net from the
CLK pin is already started. You see it when you move the pointer.

5. Route these nets, as shown in the figure (click at the beginning and ending points for
each net).

Figure 4-3 Wiring the Nets
a. Connect the CLK pin to the accumulator CLK pin.
b. Connect the | NV pin to the | NV pin on the one’s complement module.
c. Connect the DATA<O: 7> pin to the A<Q: 7> pin on the one’s complement module.

d. Connectthe Y<0: 7> pin on the one’s complement module to the B<O: 7> pin on the
accumulator.
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Wiring the ALU

Now, you will wire the ALU. As always, it is easier to perform your work when you are zoomed
in on the area where you are working.

1. Pressf (Fit) to display the entire schematic.

2. Zoom on the area shown in the figure.

Figure 4-4 Zooming in to the ALU Area
3. To wire the ALU, click on the beginning and ending points for each net as shown below:

A solder dot appears when you successfully tap one of the buses.
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Routethese -~ - [~ | = Route these -

eightnets | | fournets

Figure 4-5 Routing the Nets

Note: The nets you have just placed are not tapped into a specific signal in either bus
until you assign names to the nets. You will assign those names in the next section.
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Naming the Nets

In this section, you name the nets tapping the buses. The nets that connect to the pins inherit
the pin names and do not need names. You will use the name array feature, which lets you

attach multiple names at one time.

If you zoomed in to fit the entire schematic into the window at the end of the previous section,
you need to zoom in again on the nets tapping the buses.

1. Place the pointer over one of the nets tapping the buses.

2. Press the middle mouse button over the wire and the Wire OSM pops up.

Whee
Streich i
Wire (narow) W
Wire (wide) W
Delede del
Properlies.. g
pud M,
Fadl Prokse a

Figure 4-6 The Wire OSM

3. Choose Add Name from the Wire OSM to display the Add Wire Name Form.

—| Add Wire Name
Hide ‘ Cancel | Defaults‘ Help‘
Wire Hame |Net Expression
Names I<D:?> <0:3] |
Font Height 0. 0625 Bus Expansion _ | off @ on
Font Style stick Placement __single (@ multiple
Justification  lowerCenter — | pymose i@ label ) alias
Entry Style fixed offset Show Offset Defaults |
| Rotate

Figure 4-7 The Add Wire Name Form
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4. Inthe Names field, type names for all these nets by specifying two name arrays, <0: 7>
and <0: 3>.

These arrays identify the bit ranges you are naming.
The ALU pins tap the DEC bus and the OUT bus as follows:
0  Pins AO through A3 tap bits O through 3 from the DEC bus.
0  Pins DO through D3 tap bits 4 through 7 from the DEC bus.
0  Pins YO through Y3 tap bits O through 3 to the out bus.

5. Set Bus Expansion to on.

The Bus Expansion button tells the system to extract individual bit names from the array
names. The first name will be <0>, the second name will be <1>, and so on.

6. Set Placement to multiple.

Setting the Placement button to multiple tells the system that you want to place an array
of names, rather than one name at a time.

You are now ready to place the input wire names.
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Placing the Input Wire Names

1. Position the pointer on the first net to be named.

The <0> name follows the pointer (see the figure).

/ Important

Follow the instructions in this section carefully. Check the figure before you do a
step. Placing multiple names is easy once you know how, but it can be tricky the first
time.

2. Click on the net to assign the name to it.

Once the name is assigned, it remains with the net when you stretch or move the net.

Figure 4-8 About to Place The Input Wire Names

A “rubberband” line, connected to the first wire, appears when you move the pointer. You
will use the rubberband line to assign names to the remaining nets, as described in the
next step.

3. Move the pointer to the bottom net to display and position the remaining names.
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4. Click on the bottom net to assign the remaining names.

Figure 4-9 Net Names <0:7> Assigned

Dropped a bit? If you accidentally click on a net other than the last one, the system
saves the remaining wire names and allows you to continue placing them until all eight
names for the bus wires have been assigned. If you have any other problems with
automatic name placement, undo your last steps and try again. If you do not name all
the nets, the system issues an error message when you check the design.
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Placing the Output Wire Names

Assign the output names just as you placed the input names.
1. Click to place the <0> name on the net connecting the YO pin.
2. Move the pointer to the bottom net (connecting the Y3 pin) to include the remaining nets.

3. Click on the bottom net to assign the remaining names.

Figure 4-10 Net Names <0:3> Assigned
4. Press Esc to cancel the Add — Wire Name command.
You have now completed naming the nets.

5. Zoom out to fit the entire schematic.
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Checking the Schematic

Up to this point, you have created a drawing of the schematic. In this section, you use the
Check and Save command to do the following:

m  Check your design for errors
m  Establish electrical connectivity

m  Save the design and connectivity information in the system database

You might have noticed that you have not yet named the DECbus. As a result, Check will find
an error in your schematic.

Once you have established electrical connectivity with the Check and Save command, you
can use the design as input to other tools, such as a simulator.
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Setting Up the Check Rules

In this section, you set the rules for checking the schematic to ignore floating inputs and
outputs. Your design is incomplete, with floating inputs and outputs, and you do not want to
be presented with a long list of error messages.

1. Choose Check — Rules Setup to display the Setup Schematic Rules Checks form. This
form identifies the conditions to be flagged with warning or error messages.

~| Setup Schematic Rules Checks |

0K Cancel | Defaulls| Apply Help
Packaged Checks Hone
. - Inherited
Logical Physical Name ey o AMS

Hoating Hets @ ignored warning error
Aoating Input Pins @ ignored warming error
Hoating Output Fins @ ignored warning error
Floating I/0 Pins @ ignored waming error
Hoating Switch Pins @ ignored warning error
Shorted Output Pins ignored @ waming error
Offsheet Connectors @ ignored warning error

Figure 4-11 The Setup Schematic Rules Check Form
2. Turn on the ignored buttons for floating nets and pins.

3. Click OK.
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Running Check and Save

1. Choose the Check and Save icon (the tick box) on the left side of the schematic window.

The Check program checks the schematic. Because you have omitted the DEC bus
name, Check finds errors in your design. As a result, the following occurs:

O  The errors on the schematic start blinking with error markers.
0  The (CIW) shows the error messages.

0O A dialog box appears, giving the number of errors.

~| Schematic Check

% There were 15 errors and O warnings found.

Figure 4-12 The Schematic Check Error Results
2. Click Close.

A second dialog box appears, questioning your decision to save a design with errors.

~| Check and Save

Errors exist, ok to continue save?

Yes No|  Help)

Figure 4-13 Saving The Design With Errors
3. Click Yes.

The Virtuoso® Schematic Editor software saves the design and displays a confirmation
message in the CIW:

"tutorial top_level schematic" saved.
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The following output is an example of the errors that might exist:

~| icfb — Log: fuser/gblack/CD5.log

File Tools Options Help

Extracting "top level schematic®

Error: Illegal bus reference - Can’'t tap "<1:" from tap "netl2"
Error: Illegal bus reference - Can’t tap "<2:" from tap "netlZ"
Error: Illegal bus reference - Can't tap "<3:" from tap "netl2"
Error: Illegal bus reference - GCan’t tap "<4:" from tap "netll"
Error: Illegal bus reference - Can't tap "<5:" from tap "netll2"
Error: Illegal bus reference - Can’t tap "<6:" from tap "netlZ"
Error: Illegal bus reference - Can’'t tap "<7:" from tap "netl2"
Error: Can't determine what to tap for “"<g:".

Error: Can't determine what to tap for "<0:".

Error: Can't determine what to tap for “<d:".

Error: Can't determine what to tap for "<2:".

Error: Can't determine what to tap for "<5:".

Error: Can't determine what to tap for "<3:".

Error: Can't determine what to tap for “"<l:".

Error: Can't determine what to tap for “"<7T:".

There were 15 errors and 0 warnings found in "tutorial top lewel schematic".
"tutorial top_lewel schematic" saswed.

(icfh) Syncing library list with the Library Manager.

dmouse L: schSingleSelectPt() M: schHiMousePopUp () F: schHiCheckandSawve ()

»

Figure 4-14 The CIW Displaying The Schematic Errors

In the next section, you display the error message for each error marker.
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Identifying the Errors

1. Choose Check — Find Marker to display the Find Marker form.

The Find Marker form appears, displaying the error messages. The first message on the
Find Marker form is selected.

—| Find Marker |
Apply | Cancel | Previous | Mext| Delete Help
To lgnore Reason

Error: Can’t determine what to for "<0:". (totorial top_lewel schematic)

Error: Can't determine what to tap for "<1:". (twtorial top lewel schematic)
Error: Illegal bus reference - Can’'t tap "<1:" from tap "netli" (tutorial top lew
Error: Can't determine what to tap for "<2:". (twtorial top lewel schematic)
Error: Illegal bus reference - Can’'t tap "<2:" from tap "netlf" (tutorial top lew
Error: Can't determine what to tap for "<3:". (twtorial top lewel schematic)

Zoom To Markers H
4

Show Ignored Ignore Restore Restore All
Scale
Seventy Search Scope
@ all @ cellview
Brror hierarchy starting from top cellview
warning hierarchy starting from current cellviews
Source H conn

Figure 4-15 The Find Marker Form

2. To magnify the location of specific error markers, turn on Zoom To Markers.
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3. Position the schematic editing window and the Find Marker form side by side.

Figure 4-16 Zooming In To The Error Markers

The error is caused by the missing name for the DEC bus. The system cannot determine
which signal is being tapped. Because any signal is a possible candidate, the system
shows the whole design and does not zoom in on one section.

4. Click Next to see the next error.

You can continue clicking on Next or Previous to cycle through the messages. When you
gettoanil | egal bus reference message, the schematic window will zoom in on
the area with the flashing markers.

The one marker in a different color corresponds to the selected error message. All other
markers remain white.

All the errors are caused by the missing bus name. In the next section, you create the
missing name.

5. Click Cancel on the Find Marker form to cancel the command.

The forms disappear. The markers remain. They will be automatically deleted later when
you run Check and Save after naming the bus.
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Naming the DEC Bus

1. Choose Add — Wire Name to display the Add Wire Name form.

—| Add Wire Name |
Hide Cancel | Defaults Help

Wire Hame | Het Expression

Naimes DEC<0: 7>

Font Height 0. 0625 Bus Expansion (@ off _on

Font Style stick Placement @ single _'multiple

Justification  lowerCenter Purpose @ label | alias

Entry Style fixed offset Show Offset Defaults
Rotate

Figure 4-17 The Add Wire Form
2. In the Names field, type DEC<0: 7>.

3. Position the name above the bus and click to place it.

C QT

Figure 4-18 Placing The DEC<0:7> Name

4. Press Esc to cancel the Add — Wire Name command.
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5. Choose the Check and Save icon to rerun the Check program. This time, no errors
occur on the DEC<O0: 7> bus.

The system saves the design with its connectivity information. Confirmation messages
appear in the CIW.

You have completed the design. In the next section, you attach a border to the schematic.
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Creating a Sheet Border and Title

You can create a border to your schematic and a title block to identify it. Attaching a border
consists of the following three steps:

1. Creating the border
2. Centering the design within the border

3. Naming the schematic.

Creating a Border

1. Choose Sheet — Edit Size to display the Change Sheet Border Size form.

~| Change Sheet Border Size |

QK | Can-::el| Apply | Help|

| Border Size B Border Type 13sic

Figure 4-19 The Change Sheet Border Size Form
2. Change Border Size from A to B.
3. Click OK.
Depending on where you placed the instances, a dialog box might appear.

The B-sized border appears on the schematic. The border might cut through part of the
design, as illustrated in the following figure.
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~| Virtuoso® Schematic Editing: tutorial top_level schematic | i |J|
Cmd: 3el: 0 4

Tools Design VWindow Edit Add Check Sheet Options Help

R

SN W LA

The border appears on the schematic

 The schematic might not be centered -

- within the border

1 O mouse L: schSingleSelectPt() M: schHiMousePopUp () F: schEoomFit(l.0 0.9%

=

Figure 4-20 The Original Placement Of The Sheet Border
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Centering the Schematic within the Border

If the border cuts through part of your schematic, you must move the design to center it. If
your design is already centered within the border, you can skip this section.

1. Select the entire schematic by moving the pointer above the design, click, and drag to
form a box around the design.

The entire schematic is selected.
2. Press M
A bright box appears around the schematic.
3. Move the pointer to position the design inside the border.
The shape of the design follows the pointer.
4. Click to place the design.
The design appears within the border, and the Move box disappears.

5. Click on the schematic window, outside the schematic, to deselect it.

Figure 4-21 The Re-Positioned Schematic Within The Sheet Border
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Adding a Name to the Title Block

1. Choose Sheet — Edit Title to display the Schematic Title Block Properties form

—i Schematic Title Block Properties | |
oK | Cancel ‘Defaults| Apply ‘ Help‘

Global Border Titles

company |ﬂBC TEChIIDngiBSE_

dwy_no |

CAGE |

Sheet Specific Border Titles

rev |

title ITnp—Level

7 title1 |

Figure 4-22 The Schematic Title Block Properties Form
2. Type your company name and the schematic title.
3. Click OK.
The company name and schematic title appear in the title block of the schematic design.
4. Save your design.

5. Choose Window — Close to close the schematic window.
You have now completed and checked in the top-level schematic for the tutorial design.

In Chapter 5, “Creating the Accumulator Schematic” you will create the accumulator
schematic.

July 2007 68 Product Version 5.1.41



Virtuoso Schematic Editor Tutorial

Creating the Accumulator Schematic

Learning Objectives

In this chapter you will learn how to:
= Automatically create a schematic cellview

0  You will automatically create the schematic cellview for the accumulator, based on
the accumulator symbol on the top-level schematic.

0 The new schematic cellview will contain schematic pins based on the pins defined
for the accumulator symbol.

m  Add instances for standard functions to the schematic.
m  Create pin-to-pin connections between two parts
= Wire multiple pins with one command by creating wire copies

m If you have problems executing a command, remember to look at the prompt in the CIW.
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About the Accumulator

The accumulator schematic contains the following:

m  Two 4-bit adders

= One clocked 8-bit register

m  Three schematic input pins and one schematic output pin

m  Three 8-bit buses, represented by the thick lines

8-bit register

Figure 5-1 The Accumulator Schematic

Note:
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Adding Instances

In this section, you automatically create the accum schematic cellview.

You will base the schematic on the accumulator symbol in the top-level schematic. The new
schematic contains the pins defined for the accumulator symbol.

Follow these steps to create the accum schematic cellview.

1. Start the Virtuoso® Schematic Editor software (unless it is already running) and set your
environment options with Options — User Preferences.

Set Infix and scroll bars to on and change the undo limit to 10.

2. Inthe tutorial library, choose Design — Open and open the top-level schematic for
editing.

3. Choose Design — Create Cellview — From Instance.

The prompt line in the status bar at the bottom of the schematic editing window is

Point at instance to generate view

4. Click on the accum instance to create the accum schematic cellview.

The Cellview From Instance form appears.

~| Cellview From Instance |
QK |Can-::el| Help|

View Name Ischematic |

Tool f Data Type Composer- Schematic |

Display Cellview N

Figure 5-2 The Cellview From Instance Form

5. Make sure the Display Cellview option is selected.
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6. Check that View Name is setto schemat i ¢ and click OK to now display the Create
Schematic form appears.

~| Create 5chematic |

QK. | Cancel Help

Schematic Type (@ single multi-sheet

1 Size B Type hasic

Figure 5-3 The Create Schematic Form
7. Set Size to B and click OK.

8. Open the accum cellview.

The accum cellview is displayed automatically in another schematic window. It contains
the schematic input and output pins created by the Create Cellview command, set
inside a B-sized schematic border.

Figure 5-4 The accum Cellview

You are now ready to start creating the schematic.
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Adding Two 4-Bit Adder Symbols

1. Choose Add — Instance to display the Add Instance form.

~| Add Instance

View | symbol

Hames II |

Hide ‘ Cancel |Defaults‘ Help
Library |TTL_t‘-1tm?§. Browse | |
cell 283

Array Rows i Columns | L

Rotate Sideways Upside Down

Set Library Filters ‘

List Parts ‘

Technology l
Package Type l

I Manufacturer l

Figure 5-5 The Add Instance Form
2. Inthe Library field, type TTL_t ut or.

The TTL_tutor library contains symbols for the functions used in the tutorial design. The
generic function numbers for these symbols appear in the Instance window.

3. Inthe Cell field, type 283.

The adder instance appears in the schematic window.

4. Position the first adder (I 0) instance at the bottom of the screen and click to place it.

You will place the second adder instance upside down. The instance shape continues to

follow the pointer.

5. Click on Upside Down on the Add Instance form.

6. Position the second instance (I 1) above the first instance and click to place it.
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Position.
the second
symbol
above.the
first symbo

‘Position -
the first  —
symbol and—
click to place
it -

Figure 5-6 The Two 4-Bit Adder Symbols Added
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Adding the 8-Bit Register Symbol

1. In the Cell field, type 373 for instance | 2 and click on Upside Down to turn off the
feature from the last step.

2. Zoom in and place the register instance so that you create a pin-to-pin connection with
the top adder instance.

Figure 5-7 Placing the | 2 Instance

3. Position the register instance so that the top four input pins are touching the four SUM
output pins of the top adder instance.

4. Check that the register instance is positioned properly (not upside down).
5. Pressf to fit the entire schematic in the window.

In the next section, you will add the power and ground symbol.
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Adding Power and Ground Symbols

To add power and ground symbols, do the following:
1. Inthe Library field of the Add Instance form, type basi c.

The power and the ground symbols are in the basic library. This library is supplied with
the schematic editor software.

In the Cell field, type PVWR.

w N

Position the power symbol close to the CO pin on the bottom adder instance and click to
place it.

The shape of the PV\R symbol continues to follow the pointer.

4. In the Cell field, type GND.

‘i Add Instance |

Hide ‘ Cancel |Defaults‘ Help|
Library |baSiC.‘?. Browse
cell !

View |3&‘311b01
Hames II |

Array Rows T Columns | 1
1 Rotate Sideways Upside Down | |

Figure 5-8 Adding the GND Symbol
5. Rotate the GND symbol Upside Down.
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6. Position the ground (GND) symbol on the other side of the bottom adder instance.

~ PWRSymbol ]

Figure 5-9 The PWR and GND Symbols Placed
7. Press Esc to cancel the Add — Instance command.

In the next section, you will start wiring the schematic.
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Adding Wires and Buses

In this section you “stretch” the register symbol and wire the adders, power supply, and
ground symbols.

Stretching the Register Symbol

You will now stretch the register symbol to create the wires between the adder and the
register symbols. Stretching an object is similar to moving an object, except that the object
retains its connections to other objects.

1. Choose Edit — Stretch.

The status bar at the bottom of the window displays

Poi nt at object to stretch.

2. Click on the register symbol to select it for the stretch.

The CIW displays

Poi nt at destination point for stretch.

3. Reposition the register symbol as shown below. Dotted flight lines show the connections
between the two symbols.

- Position the register

... ... symbol with the .

— ~ pointer. Dotted flight
~lines show the

SR ~ connection

Figure 5-10 Repositioning The Register Symbol
4. Click to place the register symbol.

The system automatically routes the nets.
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Figure 5-11 Re-routed Nets After Stretching
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Wiring the Adders, Power Supply, and Ground Symbols

1. Zoom in on the area shown in the figure.

Figure 5-12 Zoomed In Area

2. Choose Add — Wire (narrow). You may need to press the F3 function key to bring up
the Add Wire form.

3. Set Draw Mode to route.

‘| Add Wire
Hide Cancel | Defaults Help
Draws Mode route Route Method full
Color [eodetsiue |
| unestye  [folia |

Figure 5-13 The Add Wire Form

July 2007 80 Product Version 5.1.41



Virtuoso Schematic Editor Tutorial
Creating the Accumulator Schematic

In the next steps, you wire the four lower input pins on the register symbol to the four
SUM output pins on the lower adder symbol.

4. Route the SUMA pin on the lower adder symbol to the register 4D pin. Click at the
beginning and the ending points for the wire.

5. Similarly, route the following nets:

SUMB to 3D

SUM to 2D

SUML to 1D

CO (on the top adder) to C4 (on the bottom adder)
PVWR to CO (on the bottom adder)

GN\D to OC (on the register)

In the next section, you add three buses for the schematic input and output pins. Before you
add the buses, you move the schematic pins to the locations shown in the figure.

Then, you will draw the buses using the “X-first” drawing mode, just as you did when you
added buses to the top-level schematic.
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Moving the Schematic Pins for Space

1.
2.

Choose Edit — Move.

Select the CLK, B<0: 7>, and A<O: 7> input pins (drag a box around them with the
mouse).

Click on the pins you selected to verify that you want to move them.

Position the pins in the top left corner of the schematic (see the figure) and click to place
them.

Select the Y<0: 7> output pin by clicking on it.

Position the output pin in the top right corner and click to place it.

' - - Move the schematic pins - L
~as shown here - —> R

Note: Take care over the order of the pins on the left: CLK, B<0: 7>, A<0: 7>

Editing commands, such as Move, work differently depending on whether you select the
command first or select the objects first. When you select the command first, the objects
are automatically deselected after the command executes, but the command remains
active. When you select the objects first, the objects are not deselected, but the
command is automatically canceled.
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Drawing the Buses

You will now use the same procedure that you used to create the top-level buses) see Adding
the DEC Bus on page 40).

1. Choose Add — Wire (wide).
2. Press the F3 function key to open the Add Wire form.

3. Set the Draw Mode cyclic field to the “X-first” drawing mode.

—| Add Wire |
Hide ‘ Cancel |Defaults‘ Help|
Draw Mode I Route Meliod Pl —
cowr [eeiemioe | —
T R Nivie

Figure 5-14 The Add Wire Form

4. Draw the buses, clicking twice to end each bus.
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.. Draw these three buses - -~ -

Figure 5-15 The Three Wire Buses Added

In the next section, you will wire the CLK pin and tap the buses to connect the symbol pins.
To speed up the process, you use the Copy command to copy wire arrays.
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Wiring the CLK Pin

. Choose Add — Wire (narrow).
. Press the F3 function key to open the Add Wire form.

1
2
3. Click the Defaults button to set Draw Mode to full routing.
4. Click the Hide button.

5

. Route the CLK pin to the Cinput pin on the register symbol.

You must place the first segment yourself (to help the router place it appropriately).

Figure 5-16 Wiring The CLK Pin
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Wiring the Adders

1. Route these nets:
Note: Check your work carefully to be sure that you connect each pin to the correct bus.
0  Pin B4 on the top adder symbol to the B bus
0  Pin A4 on the top adder symbol to the A bus
0 Pin Al on the bottom adder symbol to the A bus
0 Pin Bl on the bottom adder symbol to the B bus

0  Pin 8Qon the register symbol to the Y bus

. Route these |
. Jfivenets |

Next, you copy each of these nets to complete the wiring for the functions.
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2. Choose Edit — Copy.

The status bar displays

Poi nt at reference point to copy

3. With the pointer in the schematic window, press the F3 function key to display the Copy

form.
~| Copy |
Hide Cancel | Defaults Help
Snap Mode anyfngle
Array Rows Columns | L
[ Rotate Sideways Upside Down |

Figure 5-17 The Copy Form
4. In the Rows field, type 3 to indicate that you want to make three copies of the first net.

5. Click on the top input net on the top adder symbol to indicate that you want to copy it.

.. Click on this net to copy it.

i

A second net appears, highlighted in yellow.

6. Position the second net and click to place it.
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The system anticipates the next two copies, giving you two more nets to place
simultaneously.

7. Position the remaining nets with the pointer.
8. Click to place them.
Solder dots appear, indicating that the nets are connected to the bus.

9. Copy and place the remaining input nets.

||l Copyand |
| - place thesenets

Figure 5-18 Copying And Placing Nets
a. Start by clicking on the first net of each set as you did before.

b. Then, position and click to place each net copy. Watch the prompt line to keep track
of your next step.

In the next section, you create a seven-wire array for wiring the register.
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Wiring the Register

1. Onthe Copy form, type 7 in the Rows field to indicate that you want to create an array
of seven nets.

2. Click on the net that connects the 8Q pin on the register symbol to copy it.

Figure 5-19 Copying the Nets on the 8Q Pin
3. Position the second net with the pointer and click to place it.

4. Position the remaining nets with the pointer and click to place them.
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Naming the Nets

In this section, you will name the single-bit input and output nets using the array feature to
create the names. You will use the same process that you used to name nets on the top-level

schematic.

Naming the Nets That Tap the B Bus

To name the nets that tap the B bus, do the following:

1. Choose Add — Wire Name to display the Add Wire Name form.

—| Add Wire Name

Hide ‘ Cancel |Defaults‘ Help‘

Wire Hame |Net Expression

Names I<D:?> <0:7: <0:7]
Font Height 0. 0625 Bus Expansion _ | off @ on

Justification ~ centerCenter . | pymose i@ label ) alias

Font Style stick Placement __single (@ multiple

Entry Style fized offset Show Offset Defaults |
1 Rotate

Figure 5-20 The Add Wire Name Form
You need to create three sets of seven names:
0  One set for the A pins on the adder
0 One set for the B pins on the adder

O One set for the Qpins on the register

Turn on Bus Expansion.

Set Justification to centerCenter.

o &~ W N

Set Placement to multiple.
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The buses inherit the schematic pin names. The nets tapping the buses inherit the bus
name, which is why you name them with the bit number only.

6. Zoom in on the bottom nets of the B bus.

It is much easier to place the names when you zoom in.

Figure 5-21 Zooming In On The B Bus
7. Click and place the names for bits 0-3 tapped from the B bus.

Bits 0—3 from the B bus are input into pins B1 through B4, respectively, on the bottom
adder symbol.

Place names
.0.through 3 .

Figure 5-22 Placing The Pin Names On The B Bus
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8. Press f to fit the entire schematic in the window.

9. Zoom in on the top nets for the B bus.

Figure 5-23 Zooming In To The Top Of The B Bus
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10. Place the names for bits 4—7 tapped from the B bus, starting with the bottom net.

"Place names 4 through 7
“starting with the'bottom néet

Figure 5-24 Placing Bits 4-7 On The B Bus
Bits 4—7 from the B bus are input into pins B1 through B4, respectively, on the top adder.

11. Pressf to fit the entire schematic in the window.
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12. Zoom in on the bottom nets for the A bus.

Il zoominto |
| thisarea | -

[1: |

Figure 5-25 Zooming In On The A Bus

13. Place names 0-3.

Figure 5-26 Placing Names 0-3 On The A Bus
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14. Pressf to fit the entire schematic in the window.

15. Zoom in on the top nets for the A bus.

Zoominto |
thisarea & § -~~~

Figure 5-27 Zooming In On The Top Nets Of The A Bus
16. Place the names for bits 4—7 tapped from the A bus, starting with the bottom net.

Bits 4—7 from the A bus are input into pins Al through A4, respectively, on the top adder.

Figure 5-28 Placing The 4-7 Bits On The A Bus

17. Pressf to fit the entire schematic in the window.
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Naming the Nets That Tap the Y Bus
1. Zoom in on the nets tapping the Y bus.
2. Place the names for the nets to the Y bus.

Bits <0> through <7> are output from pins 1Qthrough 8Q respectively.

| Place these
names straight -
lowp

Figure 5-29 Placing Nets On The Y Bus
3. Press f to fit the entire schematic in the window.
4. Press Esc to cancel the command.

5. Save your schematic.
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Creating the Analog Amplifier Schematic

Learning Objectives

In this chapter, you will create the schematic for a single transistor amplifier with analog
components using the following procedures:

Use a bottom-up design approach in the Virtuoso® schematic editor software
Use a standard Cadence® parts library
Create an analog design from discrete instances

Use the Add Instance and Edit Object Properties forms to change the values of instance
parameters

Use the Component Description Format (CDF) editor to create a new instance parameter
Create a new symbol cellview automatically, based on an existing schematic cellview
Add symbols from a standard Cadence library

Select and move objects and wired pins with dynamic editing

July 2007 97 Product Version 5.1.41



Virtuoso Schematic Editor Tutorial
Creating the Analog Amplifier Schematic

About the Analog Amplifier Schematic

The amplifier schematic that you will create contains:
m  Four resistors

= One npn transistor

= One output capacitor

= One output pin and one input pin
resistor - . - . . . . =l . outputpin . .

| ?

input pin:

l
-npn transistor ‘ o

Figure 6-1 The Analog Amplifier Schematic
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Creating the amp Schematic Cellview

In this section, you create the amp schematic cellview from discrete parts in a bottom-up
design.

1. Start the Virtuoso schematic editor software (unless it is already running).
2. From the CIW, choose Options — User Preferences to set the environment options.
a. SetInfix and Scroll Bars to on
b. Change the Undo Limit to 10.
Because no amp schematic cellview exists, you must create it.

3. Choose File — New — Cellview to display the Create New File form.

‘i Create New File | |

QK ‘ Cancel |Defaults‘ Help‘

Library Name M

Cell Name I ang] |

View Hame |schemati g

Tool Composer- Schematic |

Library path file
Juser fghlack/conptut/eds. Lik

Figure 6-2 The Create New File Form
4. Setthe Library Name cyclic fieldtot ut ori al .
5. Inthe Cell Name field, type anp.
6. Inthe View Name field, type schemati c.
7. Set the Tool cyclic field to Composer — Schematic.
8. Click OK.

The schematic editor opens, displaying an empty design window.

You are now ready to create the amp schematic.
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Adding Symbols for the Four Resistors
1. Choose Add — Instance.
The Add Instance form appears.
2. Inthe Library field, type anal ogLi b.
The analogLib library contains cells for analog functions.
3. Inthe Cell field, type r es.

The Add Instance form expands to reveal an instance parameters section.

~| Add Instance |

Hide ‘ Cancel |Defaults‘ Help|
Library | analogLik Browse
cell red

View |3&‘311b01

Hames I |

Array Rows T Columns | 1
Rotate Sideways Upside Down

Resistance | 1K Ohng

Temperature coefficient 1

Temperature coefficient 2

Model name

Length

Resistance Form

Multiplier

Scale factor

I
;
I
Width i
I
;
I

Temp rise from ambient

| Generate noise? S

Figure 6-3 The Add Instance Form

4. Position the first resistor symbol, RO, at the bottom of the schematic window and click to
place it.
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5. Place the remaining three resistors (R1, R2, R3) in the pattern shown.

Figure 6-4 Placing The Resistors

6. With the pointer in the schematic window, press Esc to cancel the Add — Instance
command.
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Changing Resistor Parameter Values

The analog instances in the amplifier design are generic devices with a few basic default
values for their parameters. Each resistor that you add from the analogLib library has a
default resistance value of 1 Kohms (ohms is implied). The resistance is defined as the
parameter r . You must change the resistance of each resistor from its default value to the
value needed in the design.

1. From the schematic editing window choose Edit — Properties — Objects.

2. Move the pointer over the resistor R1 and click to display the Edit Object Properties form.

~| Edit Object Properties
0K | Cancel | Apply  Defaults Previous MNext Help
apply To only current instance
Showr systemn [l user Wl CDF
Browse Reset Instance Labels Display
Property Value Display The user data section
i ndcates wich cel
Cell Hame res off working on.
View Name symbol off
Instance Name  EL off
Add Delete Modify
CDF Parameter Value Display
Resistance 1K Ohms - I off Some instance parameters
Temperature coefficient 1 | oft start with default values.
Temperature coefficient 2 off
Model name off
Length off
Width off
Resistance Fonm off
Multiplier off
Scale factor off
Temp rise from ambient off
R nff

Figure 6-5 The Edit Object Properties Form
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The message in the CIW changes to

Edit the properties on the formor sel ect another object.

3. In the Resistance field, type 30K.
4. Click Apply.

The schematic display changes, showing the new r value of 30K for R1.

Figure 6-6 R1 With New Resistance Value Of 30K
5. Move the pointer back in the design window and click on R2.
6. In the Resistance field, type 4K.
7. Click Apply.
8. Repeat the process for R3 and RO. Set R3 to 2K and RO to 15K.

Figure 6-7 All Resistance Values Added

Note: You can use K and other standard notation when entering instance parameter
values. If you type a long number such as 30,000, the system puts 30,000 on the
schematic. If you erase the word ohns, don’t worry. Ohms is automatically assumed for
resistance. If you cancel the Edit Object Properties form and open it again, the word
ohms has returned to the Resistance field.
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9. Click Cancel to close the Edit Object Properties form.

The Edit Object Properties form displayed many other parameters associated with the

resistor cell. These parameters are titted CDF Parameters because CDF, Component
Description Format, is the format used in Cadence software to describe the features and
behavior of each type of device. The CDF description for a cell can include information
for simulation, layout, and label display. You will use the CDF editor later in this chapter.

Note: For more information about CDF, see the Component Description Format User

Guide.
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Adding a Capacitor and Changing Its Parameter Values

You can change instance parameter values (properties) as you place instances.

Change the capacitance value of the capacitor as you add it.
1. Choose Add - Instance.

The Add Instance form appears. Unless you have used it for something else, Library
should still say anal ogLi b.

2. In the Cell field, type cap.

3. In the Capacitance field, type 50u.

~i Add Instance | |
Hide ‘ Cancel | Defaults‘ Help|

Library | analogLiki Brovise

cell !

View |3Y§1¢'01

Hames |

Array Rows 1 Columns | L
Rotate Sideways Upside Down

Capacitance: |5DU F |

Initial conditionvefficient 1

Model name» coefficient 2

Widthi name

Lengthi

Scale factororm

Temp rise from ambientt

Temperature coefficient 1

r
I
;
I
Multiplier- i
I
;
I
;

Temperature coefficient 2!

Figure 6-8 The Add Instance Form
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4. Position the capacitor symbol to the right of R3 and click.

Notice that the capacitor symbol already has a capacitance (c) equal to 50uF, the new
value you entered. If you do not include the F, farads is assumed.

In the next section, you add the power and ground symbols, the transistor, the 1/0 pins,
and the wiring.
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Adding Symbols for the Power and Ground

Add the remaining instances and wire them together. You can use the CDF editor after you
finish the amp schematic.

To add symbols for the power and ground, do the following:

1. Choose Add — Instance.
The Library field should still say anal ogLi b.

2. In the Cell field, type vdd.
The form reconfigures itself again for the new instance.

3. Position the vdd symbol on top of the top pin on the R1 symbol and click to place it.
The shape of the vdd symbol continues to follow the pointer.

4. On the Add Instance form, change the Cell field from vdd to gnd.

5. Position the gnd symbol at the bottom of the R3 symbol.

Figure 6-9 Adding vdd and gnd
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Adding the Transistor Symbol

1. On the Add Instance form, change the Cell field from gnd to npn.

The form updates to show the instance parameters for the transistor.

2. Position the transistor with the emitter pin on the top pin of R3. Click to place the
transistor.

Figure 6-10 The Transistor Symbol Added
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Adding the I/O Pins

. On the Add Instance form, change the Library field from anal ogLi b to basi c.

. In the Cell field, replace gnd with i pi n.

1
2
3. Position the input pin on the left side of the schematic.
4. In the Cell field, replace i pi n with opi n.

5

. Position the output pin on the right side of the schematic.

Figure 6-11 The ipin and opin Added

6. Press Esc to cancel the Add — Instance command.
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Aligning the Symbols

Using dynamic editing, you can use the mouse to select and move objects in a schematic
without selecting a command first.

1. Put the pointer on the vdd symbol of R1 and click.
2. Simultaneously, press the Shi ft key and click over the power symbol of R1.

A single highlight box appears around both symbols of R1.

Figure 6-12 Highlighting Multiple Symbols

3. Click and drag the pointer down and to the R3 transistor until the bottom pin of R1 is over
the transistor collector pin of R3, then release.

Figure 6-13 Aligning The R1 and R3 Symbols
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Wiring the Schematic

You can wire without using the Wire (thin) command. Dynamic editing allows you to use the
mouse to wire the schematic from pin to pin.

1. To route a thin wire with the mouse, position the pointer exactly on top of the starting pin.

The pin becomes highlighted and a small square appears on the pin. Be careful not to
select a label or an instance. If you accidently tear off a label or move an instance,
choose Edit — Undo.

T -

2. Click and drag the pointer to all destination pins as shown in the figure below. A wire-
routing line appears. A diamond appears on the starting pin, while the small square
follows the pointer.

3. Wire the instances together until your schematic looks as follows:

Figure 6-14 Fully Wired Schematic

Note: If you try to draw a line to a point where a resistor and the power or ground symbol
are connected pin to pin, you might get a dashed line in a different color rather than a
normal, solid wire. This line is a flightline. Flightlines instead of wires appear in designs
because the wire router would have to violate a routing rule to make a connection.

4. If you get any flight lines while wiring the schematic, delete the flight lines, pull the
instances apart so that wires appear between them, and complete the wiring.
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Cleaning Up the Schematic

1. Choose Check — Rules Setup.

2. Click Defaults.

3. Click on the Check and Save icon.
The CIW reports no errors.

4. Change the generic I/O pin labels.

a. Tolabel the I/O pins in and out, click on the Property icon to display the Edit Object
Properties form.

b. Select the output pin label opin. There are no fields on the form that you can
change.

@aution

Do not use generic 1/O pins. You do not want to finish your design with
the generic pin labels ipin and opin. Always use Add — Pin to add pins to
a schematic.

c. Delete both 1/O pins.

d. Choose Add — Pin and place a new input pin in and a new output pin out from the
basic library. Remember to change Direction to output before placing the out pin.

e. Press the F3 function key to bring back the Edit Object Properties form.
f. Select the out pin.

g. The Edit Object Properties form fields for the out pin are different from the fields for
the opin pin. You can edit the name and you have choices regarding direction,
display, and usage.

h. Click Cancel.

5. Choose Check and Save to save the schematic with the new 1/O pins.
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Figure 6-15 The In and Out Pins Renamed

In the next section, you will enter CDF data for the transistor.
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Adding CDF Data

Every device in the amp schematic has a unique value that you gave it except for the
transistor.

You used the Add Instance and Edit Properties commands to change the properties of the
capacitor and resistors. In this section, you use the CDF editor to add properties to the
transistor Q.

1.
2.

Click on the Property icon to display the Edit Object Properties form.
Click on the transistor in the amp schematic.

The Edit Object Properties form has a CDF Parameter field for the Collector-emitter
voltage, but there is no entry for the Bet a f or war d CDF parameter. You must use the
CDF editor to create the Bet a f or war d parameter and add it to this form.

In the CIW, start the CDF editor by choosing Tools — CDF — Edit to display the Edit
Component CDF form.

In the Library Name field, type anal ogLi b.
In the Cell Name field, type npn.
Leave CDF Selection setto Cell and CDF Type set to Effective.

The Edit Component CDF form expands to display information for the npn cell.
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In the Component Parameters section, click Add to display the Add CDF Parameters

6.
form.
~| Add CDF Parameter |
QK | Can-::el| Apply | Help
Add After Parameter vece = =

7 don

paramType string
parseAsHumber yes
units don'tuse
parseAsCEL don’t use
storeDefault don’t use

name |Bf§.

prompt |Beta forward 7]
defValue |

use |

display | t

tSave |

Figure 6-16 The Add CDF Parameter Form

7.
8.
9.
10.
11.
12.
13.

14.
15.

Set Add After Parameter to Vce.

Set parseAsNumber to yes.

In the name field, type Bf .

In the prompt field, type Bet a f or war d.
In the display field, type t .

In the editable field, type t .

Click OK.

The Bf parameter is added to the list of CDF parameters on the Edit Component CDF

form.

Click OK on the Edit Component CDF form.

On the amp schematic, select the transistor and edit its properties.
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The Beta forward field should now appear on the Edit Object Properties form as a user
property.

16. In the Beta forward field, type 40.
17. Click OK.

18. Choose Check and Save to save the schematic one last time.

In the next section, you will create a symbol for the amp schematic.

July 2007 116 Product Version 5.1.41



Virtuoso Schematic Editor Tutorial
Creating the Analog Amplifier Schematic

Creating a Symbol from a Schematic

You now have a complete, checked and saved schematic cellview for the cell amp. To use
amp as an element in other designs, you now create a symbol cellview for amp.

1. Choose Design — Create Cellview — From Cellview to display the Cellview From
Cellview form.

The form shows entries for the active design. Library Name shouldbet ut or i al , Cell
Name should be anp, and From View Name should be schematic. Make sure that To
View Name is synbol .

~‘ Cellview From Cellview |

0K | Cancel | Defaults| Apply Help

Library Name | tutoriall Browse

Cell Name ang

From View NHame schematic To View Hame symbol;

Tool f Data Type  Composer- Symbol

Display Cellviews N

Edit Options

Figure 6-17 The Cellview From Cellview Form

2. Click OK.

The symbol editor window appears, displaying the amp symbol generated by the
schematic editor software.

Figure 6-18 The Generated amp Symbol
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The automatically generated symbol is functional, with an input pin and an output pin, but
itis a simple rectangle. The standard symbol for an amplifier is a triangle, with the output
at its apex.

Use the symbol editor to replace the rectangle with a triangle pointing towards the output
pin.

3. In the symbol editor window, choose Add — Shape — Polygon.
The CIW displays
Point at first point of polygon
4. Click the pointer just outside of the output pin.
The CIW displays
Poi nt at next point of polygon

5. Click below the base of the input pin. Then, move straight up and click above the input
pin. Finally, click on your original starting point.

You should have formed a triangle around the component:

6. With the pointer in the schematic window, press Esc to cancel the Add — Shape —
Polygon command.

7. Carefully select the inner box and delete it. Do not delete the outside box that runs
through the pin squares.

8. Select the top and bottom sides of the outside (selection) box and move them out to the
points on the triangle, so that the whole triangle is inside the box.

This step becomes important later, when you route wires past the symbol.

Figure 6-19 The Final Version Of The Symbol
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9. Check and save the symbol using Design — Check and Save.

If you look at the amp cell in the tutorial library, you can see that it has a schematic
cellview and a symbol cellview.

10. Close the symbol editor using Window — Close.

11. If you have not already done so, choose Window — Close to close the schematic editor
with the amp schematic.

You have completed a discrete analog amplifier design, with its own symbol, and with the
instance parameters that you specified.
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Solving Problems

This appendix describes how to solve problems that you might encounter as you use this
tutorial.

Problem Solution

You needtoundoa  Press u on the keyboard, choose the Edit — Undo command, or
command. click on the Undo icon.

Undo does not undo window commands such as Zoom In or Fit.

You need to cancel a Press Esc with the pointer on the schematic window or click the

command. Cancel button on the command form.

You zoomed in on the Press f on the keyboard to redisplay the entire schematic and then
wrong part of the zoom in again.

schematic.

The software Undo the command. Then, check the prompt line for a command
performs an prompt. You might need to cancel the previous command form.
unexpected

command.

No form opens when Click on the Command Options icon.
you choose Add —
Instance.
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Problem

Solution

You have trouble
selecting an object.

You need to deselect
one or more objects.

July 2007

Zoom in on the area around the object. After you zoom in, you
might be able to select the object more easily.

If you still cannot select the object,

1.

3.

Choose Edit — Select — Filter to display the Selection Options
form. This form defines the types of objects you can select.

. Turn on the button for the object you are selecting if it is set to

off. (When the button is set to off, you cannot select the object.)

Click OK on the form and select the object.

If you cannot select the object without also selecting other objects
around it,

1.

Choose Edit — Select — Filter to display the Selection Options
form.

Turn off the buttons for all types of objects other than the type
you are selecting.

Click Apply.

Choose the object. (Now you will not be able to select any other
type of object.)

When you finish, turn all the buttons on the form back on and
click OK.

To deselect all selected objects, click on the schematic outside the
objects.

To deselect one object at a time, Cont r ol -click each object in turn.
(Hold down the Cont r ol key and click.)
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Problem Solution

You need to delete To delete one object,

one or more objects. _ _ _
1. Click on the object to select it.

2. Press the Del et e key.

To delete multiple objects,
1. Choose the objects by either
0 Dragging a box around the objects

0  Clicking on the first object to select it and then Shi f t -click
on additional objects to select them

2. Press the Del et e key.

You can also activate the Delete command by pressing Del et e or
clicking on the Delete icon. While Delete is active, you will delete
each object you click on. Cancel Delete by pressing Esc (or the
Cancel button on the Delete form).

You cannot selecta  You must click the middle mouse button—not the left mouse
command from button—to select a command from a pop-up menu.
a pop-up menu.

You cannot close Move the pointer off the menu (move it anywhere on the schematic
a pop-up menu. other than on the menu) and click the middle mouse button.

You pick up and move Release the mouse button and click on the Undo icon.
an object when you

are trying to select an

area or group of

objects.

You cannot move an  Press Mto activate the Move command. Then follow the prompts in
object. the prompt line.

You need to stretch ~ Press mto activate the Stretch command. Then follow the prompts
an object. in the prompt line.

You need to move Select the objects, press Mto activate the Move command, and
multiple objects. follow the prompts in the prompt line.

You need to redisplay With the pointer on the schematic window, press F3, or double-click
a form that you hid the middle mouse button, or click on the Command Options icon.
with the Hide button.
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Problem Solution

One of your nets is You can delete the net and create it again, or you can stretch the
not connected. net. Press mto activate the Stretch command. Then follow the
prompts in the prompt line.

You cannot undo a Undo does not undo a selection. To deselect an object, click on the
selected object; that object.

is, an object outlined

in white.
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