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= About This Manual on page 8

m  Additional References on page 8

m  Reporting Problems or Errors in Manuals on page 8

m  Customer Support on page 9

m  Documentation Conventions on page 10
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Preface

About This Manual

This document describes how to capture the power intent for your design using the Si2
Common Power Format (CPF), a standardized format for specifying power-saving techniques
early in the design process, to deliver an end-to-end low-power design solution to IC
engineers.

To use this manual, you should be familiar with IC power consumption concepts.

Additional References

For information on what is new or changed in CPF version 2.0 see What's New in Common

Power Format.

For reference information about the Common Power Format (CPF), refer to.Common Power

Format Language Reference

The following sources are helpful references, but are not included with the product
documentation:

m  TclTutor, a computer aided instruction package for learning the Tcl language:
http://www.msen.com/~clif/TclTutor.html.

m TCL Reference, Tcl and the Tk Toolkit, John K. Ousterhout, Addison-Wesley
Publishing Company

Reporting Problems or Errors in Manuals

The Cadence® Help online documentation, lets you view, search, and print Cadence product
documentation. You can access Cadence Help by typing cdnshel p from your Cadence tools
hierarchy.

Contact Cadence Customer Support to file a CCR if you find:
m  An error in the manual
m  An omission of information in a manual

m A problem using the Cadence Help documentation system

November 2012 8 Version 2.0
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Customer Support

Cadence offers live and online support, as well as customer education and training programs.

Cadence Online Support

The Cadence® online support website offers answers to your most common technical
questions. It lets you search more than 40,000 FAQs, notifications, software updates, and
technical solutions documents that give you step-by-step instructions on how to solve known
problems. It also gives you product-specific e-mail notifications, software updates, service
request tracking, up-to-date release information, full site search capabilities, software update
ordering, and much more.

For more information on Cadence online support go to:

http://support.cadence.com

Other Support Offerings

m  Support centers—Provide live customer support from Cadence experts who can
answer many questions related to products and platforms.

m  Software downloads—Provide you with the latest versions of Cadence products.

m  Education services—Offers instructor-led classes, self-paced Internet, and virtual
classroom.

m  University software program support—Provides you with the latest information to
answer your technical questions.

For more information on these support offerings go to:

http://www.cadence.com/support
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Preface

Documentation Conventions

To aid the readers understanding, a consistent formatting style has been used throughout this

manual.

The list below describes the syntax conventions used for the CPF constraints.

literal

argunments and options

[ ]

{1}

November 2012

Nonitalic words indicate keywords that you must type literally.
These keywords represent command or option hames.

Words in italics indicate user-defined arguments or options for
which you must substitute a name or a value.

Vertical bars (OR-bars) separate possible choices for a single
argument.

Brackets denote options. When used with OR-bars, they enclose
a list of choices from which you can choose one.

Braces denote arguments and are used to indicate that a choice
is required from the list of arguments separated by OR-bars. You
must choose one from the list.

{ argunentl | argunent2 | argunent3 }

Three dots (...) indicate that you can repeat the previous
argument. If the three dots are used with brackets (that is,

[ar gunent ]. .. ), you can specify zero or more arguments. If
the three dots are used without brackets (ar gument ... ), you
must specify at least one argument, but can specify more.

The pound sign precedes comments.

10 Version 2.0
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Introduction

= In this Guide on page 12

m  Cadence Tools Supporting the Common Power Format on page 13
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Introduction

In this Guide

This document describes how to capture the power intent for your design using the Si2
Common Power Format (CPF), a standardized format for specifying power-saving techniques
early in the design process, to deliver an end-to-end low-power design solution to IC
engineers.

Chapter 2, “Creating a CPF File,” shows all the commands needed in a complete CPF file for
different advanced low power techniques. For more information about the CPF command
syntax, refer to the Common Power Format Language Reference.

Note: For the sake of simplicity, the CPF creation described in this document assumes that
you start with RTL code that does not contain any instantiations of low power logic.

Chapter 3, "Process of Creating the CPF Content,” shows different approaches to create the
CPF content.

Chapter 4, “Hierarchical Flow,” shows the additional constructs you need to create a CPF file
for a hierarchical flow.

Chapter 5, “Modeling Special Cells,” shows how to model some of the special power cells
needed to support the advanced low power techniques.
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Cadence Tools Supporting the Common Power Format

s Encounter Conformal Low Power

m  Encounter Digital Implementation System
= Encounter Power System

= Encounter RTL Compiler

m  Encounter Test Architect

= Encounter Timing System

= Incisive Enterprise Simulator

= Incisive Palladium

Note: For information on the product option, feature, or package that supports CPF, contact
your local sales or AE contact.

Refer to the product documentation of the tools for information on
m  How CPF is used in the tool

m  The tool command(s) related to CPF

m  When to read the CPF file in the tool flow

m  The CPF commands supported by the tool
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Creating a CPF File

= Introduction on page 16

m Creating a CPF File for an MSV Design on page 17

0 Complete CPF File for MSV Example on page 20

0 Steps to Create the CPF File for MSV Design on page 23

m Creating a CPF File for a Design Using PSO Methodology on page 37

0 Complete CPF File for PSO Example on page 41

0  Steps to Create the CPF File for Design Using PSO on page 44

m Creating a CPF File for a Design Using DVES Methodology on page 62

0 Complete CPF File for DVFS Example on page 69

0 Steps to Create the CPF File for DVES Design on page 74
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Introduction

This chapter shows you what the content of a complete CPF file looks like for the following
low power techniques:

m Creating a CPF File for an MSV Design

m  Creating a CPF File for a Design Using PSO Methodology

m Creating a CPF File for a Design Using DVFS Methodology

Each section is self-contained. If you are interested in only one technique, you will find all the
information you need for that low power technique in that section.

This implies that if you intend to use several techniques, you might find some repetition.

This chapter assumes a non-hierarchical flow. For more information about the hierarchical
flow, refer to Chapter 4, “Hierarchical Flow.”

For simplicity, only one CPF file is created.

Note: Other chapters will show use of multiple CPF files.

/ Important

The content of the CPF file can change through the design process. The tools in the
design process need different information. Therefore you can start the design with
an incomplete CPF file.
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Creating a CPF File for an MSV Design

A Multiple Supply Voltage (MSV) design uses multiple supply voltages for the core logic. In
Figure 2-1 on page 18 the t op design and instance i nst _A operate at voltage VDD1, while
instance i nst _B operates on voltage VDD2 and instance i nst _C operates at voltage VDD3.

A portion of the design that operates at the same operating voltage (that is, uses the same
main power supply) belongs to the power domain that corresponds to that operating
voltage.

A steady state of the design is called a power mode. Pure MSV designs have only one
power mode because the operating voltage of the power domains is assumed not to change.
A power mode will also have a typical set of timing constraints associated with it.

To pass signals between portions of the design that operate on different voltages, level
shifters are needed.

The majority of cells in a power domain are driven by the same power supply, except for the
level shifters which are driven by multiple power supplies.

Level shifters have two sets of power and ground pins, and are therefore associated with two
power domains: a primary and a secondary power domain.

m A power domain X is a secondary power domain of a special low power instance if the
primary power and ground nets of domain X provide the power supply to the secondary
power and (or) ground pins of the special low power instance.

m A power domain Y is a primary power domain of a a special low power instance if the
primary power and ground nets of domain Y provide the power supply to the primary
power and ground pins (follow-pins) of the special low power instance.

The tools reading CPF can derive the primary and secondary power domains for level
shifters. For more information, refer to_Input and Ouput Domains of Level Shifters.

November 2012 17 Version 2.0



Common Power Format User Guide
Creating a CPF File

Figure 2-1 Example of MSV Design

Operating Voltage Instances Operating Libraries characterized Power Domains
(ov) on OV for OV for OV
VDD1: 0.8 top, inst_A libl lib2 PD1
vVDD2: 1.0 inst B lib3 PD2
VDD3: 1.2 inst C lib4 PD3
Level shifters top .
inst_ C

0.8V —p—1.0v inst_A
0.8V —p—1.2v S

1.0V ——1.2v

/D‘P

3
/ PD3

PD2

.

PD1

Power domains Level Shiér Logic

Figure 2-1 shows the typical operating voltage for each power domain. To check if the design
functions correctly when slightly different operating conditions apply, typically a multi-corner
timing analysis is done for the worst and best case corner. A pure MSV design has only one
state of the design, so two views can be considered as shown in Figure 2-2. The design must
function correctly in both corners for the same set of timing constraints that is typically
specified for a given state of the design (power mode).

Figure 2-2 Multi-Corner Timing Analysis

Analysis View for
Best Case Corner

| —¥

Power Mode \

Analysis View for
Worst Case Corner
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When analyzing a view of the design, you need to indicate the corners at which the power
domains are operating, as shown in Figure 2-3.

Figure 2-3 Relation of Analysis View with Power Domains and Operating Corners

/Jr Power Domain
A Operating Corner
~

\; Power Domain

Operating Corner

Analysis View

Operating corners are not only characterized by a set of operating conditions, but also by
the library sets to be used for that corner, because the timing and power characteristics of the
cells depend on the operating conditions. Typically different libraries are used for the different
corners.

Table 2-1 on page 19 indicates for the design of Figure 2-1 on page 18 the libraries that must
be used to analyze the views.

Table 2-1 Operating Corners for the Power Domains of the MSV Design

Operating Corner Operating Condition , ,
Libraries

Name process temperature voltage

BC_PD1 1 0 0.88 libl_bc, lib2_bc
BC_PD2 1 0 1.1 lib3_bc
BC_PD3 1 0 1.32 lib4_bc
WC_PD1 1 125 0.72 lib1_wc, lib2_wc
WC_PD2 1 125 0.9 lib3_wc
WC_PD3 1 125 1.08 lib4_wc

As it is obvious that all this information is related to the power intent of the design, it makes
sense to describe this information in the CPF file.
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Complete CPF File for MSV Example

set _cpf_version 1.1

HHHHR R
# Technol ogy part of the CPF
HHHHH B R R HHH R R HTHHRRHH R R R R R R R R R R R R

# define the library sets

define library set -nane setl bc -libraries {libl bc |ib2 bc}
define_library_set -nane setl we -libraries {libl wc |ib2_wc}
define_library_set -nane set2_bc -libraries |ib3_bc
define library set -nane set2 wc -libraries |ib3 wc
define_library_set -nane set3 bc -libraries |lib4_bc
define library set -nane set3 wc -libraries |lib4 wc

# define the |level shifters

define_level _shifter_cell -cells LVLLHEHX* \
-input_voltage range 0.8 \
-out put _vol tage_range 1.0 \
- out put _power _pin VDD \
-ground VSS \
-direction up \
-valid_|ocation from
define_level _shifter_cell -cells LVLLHX* \
-input_voltage_range 0.8 \
-out put _voltage range 1.2 \
-out put _power _pin VDD \
-direction up \
-ground VSS \
-valid_location to

define_level _shifter_cell -cells LVLLHELX* \
-input_voltage range 1.0 \
-out put _voltage_range 1.2\
- out put _power _pin VDD \
-direction up \
-ground VSS \
-valid_ | ocation to

HARBHHHHHA BB HHH AR SR AR R R AR R R
# Desi gn part of the CPF
HUHRHHHHH T

set _design top

# create power donmins

creat e_power _domain -name PDl -default

create_power _domain -nanme PD2 -instances instance B
creat e_power _domain -name PD3 -instances instance_C
# create noninal conditions
create_nom nal _condition -nanme | ow -voltage 0.8
create_nom nal _condition -name nedium -voltage 1.0
create_nom nal _condition -nanme high -voltage 1.2

November 2012 20
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# create power node

creat e_power _node -nane PM -donai n_conditions {PD1@ ow PD2@edi um PD3@i gh} \
-defaul t

# associate library sets with noninal conditions

updat e_nomi nal _condition -nane low -library_set setl w
updat e_nomi nal _condition -nane nmedium-library set set2 w
updat e_nomi nal _condition -nane high -library_set set3 w

# create rules for level shifter insertion

create level _shifter rule -nane Isrl -fromPDl -to PD2
create |l evel _shifter rule -nane Isr2 -fromPD2 -to PD3
create level _shifter rule -nane Isr3 -fromPDl -to PD3

HEHH PR HH PR H PR PR PR R R R R R R
# Additional Information for Logic Synthesis
PP S S S R

# specify power targets

set _power _target -leakage 30 -dynam c 250

# specify timng constraints

updat e_power _node -name PM -sdc_files top.sdc

# specify activity information

updat e_power _node -name PM -activity file top.tcf -activity_file_weight 100
# update the rules

update_| evel _shifter_rules -nanes Isrl -location from

update | evel _shifter _rules -nanmes {lsr2 Isr3} -location to

HIRHR R
# Additional Information for Physical |nplenentation
HHHHH R R HHH B HTH AR HH R R R R R R AR

# decl are power and ground nets

create_ground_nets -nets VSS

create_power _nets -nets VDDl -voltage 0.8

create_power_nets -nets VDD2 -voltage 1.0

create_power _nets -nets VDD3 -voltage 1.2

# (optional) create gl obal connections

# create_gl obal _connection -net VSS -pins VSS

# create_gl obal _connection -domain PDL -net VDDl -pins VDD

# create_gl obal _connection -domain PD2 -net VDD2 -pins VDD

# create_gl obal _connection -domain PD3 -net VDD3 -pins VDD

# add inplenentation info for power domains

updat e_power _donai n -nane PDl -primary_power _net VDDl -primary_ground_net VSS
updat e_power _donain -nane PD2 -prinmary_power _net VDD2 -prinmary_ground net VSS
updat e_power _donai n -nane PD3 -primary_power _net VDD3 -primary_ground_net VSS
# create operating corners

create_operating_corner -nanme BC PDl1 \
-process 1 -tenperature 0 -voltage 0.88 -library_set setl bc
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create_operating_corner -nane BC PD2 \

-process 1 -tenperature O -voltage 1.0 -library_set set2 bc
create_operating_corner -nane BC PD3 \

-process 1 -tenperature 0 -voltage 1.32 -library_set set3 bc
Ccreate_operating_corner -nanme WC PD1 \

-process 1 -tenperature 125 -voltage 0.72 -library_set setl wc
create_operating _corner -nane WC PD2 \

-process 1 -tenperature 125 -voltage 0.9 -library_set set2 wc
create_operating corner -nane WC PD3 \

-process 1 -tenperature 125 -voltage 1.08 -library_set set3_wc

# create analysis views

create_anal ysis_view -name AV_BC -node PM\
-domai n_corners {PD1@C _PD1 PD2@C_PD2 PD3@BC_PD3}

create_anal ysis_vi ew -name AV_WC -node PM\
-domai n_corners {PDI@\C PD1 PD2@\C PD2 PD3@\C PD3}

end_desi gn
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Steps to Create the CPF File for MSV Design

This section describes the information to include in a CPF file for an MSV design. The
example shown in Figure 2-1 on page 18 is used throughout this section.

A CPF file has technology-related information and design-related information.

For an MSV design, the technology-related information lists the libraries that you want to use
for the design and identifies the library cells that can be used as level shifters.

m  Specifying the Libraries on page 24

m  Specifying the Level Shifter Cells to Use on page 25

The design-related information captures the power intent and constraints.

m  Declaring the Design Described in the CPF File on page 82

m  Specifying Units Used on page 26

m  Specifying the Naming Styles Used on page 27

m  Specifying the Power Domains on page 28

m  Specifying the Operating Voltages Used in the Design on page 28

m  Associating a Nominal Condition with a Power Domain on page 29

m  Specifying the Libraries to Use for a Condition on page 29

m  Specifying the Rules to Create Level Shifter Logic on page 30

m  Specifying Power Constraints on page 31

m  Specifying Timing Constraints on page 31

m  Specifying Activity Information on page 31

m  Updating the Rules with Implementation Information on page 32

The following information is needed for physical implementation:

m  Specifying the Global Power and Ground Nets on page 33

m  Specifying the Global Connections on page 34

m  Specifying Additional Information for Power and Ground Routing on page 34

m  Specifying the Operating Corners on page 35

m  Specifying the Analysis Views on page 36
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Specifying the Libraries

0  Togroup libraries that are characterized for a specific set of operating conditions, use the
define_library set command:

define_library_set

-name |ibrary_set

-libraries library_list

For the example in Figure 2-1 on page 18, six library sets are defined: one library set for the
best and worst case operating conditions of each power domain.

define library_ set
define_library_set
define library_ set
define_library_set
define library_ set
define_library_set

November 2012

- nane
- nane
- nane
- nane
- nane
- nane

setl bc -libraries
setl wc -libraries
set2 bc -libraries
set2 wc -libraries
set3 bc -libraries
set2 wc -libraries

24

{libl_bc Iib2_bc}
{libl wc Iib2_wc}
li b3_bc
lib3_we
li b4_bc
lib3_we
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Specifying the Level Shifter Cells to Use

0O  To identify which cells in the libraries can be used as level shifters, use the
define_ | evel shifter_cell command.

For more information on how to model different types of level shifters, refer to Modeling Level
Shifters on page 146.

For applications that do not read .lib files, you must specify the library cells to allow the
application to identify the instances of these cells in the netlist.

An MSV design may need different level shifters depending on the voltage gaps to bridge. For
the example in Figure 2-1 on page 18, the following command defines a set of level shifters
that can be used from a power domain operating on 0.8V to a power domain operating
onl.0V.

define_level _shifter_cell -cells LVLLHEHX* \
-input_voltage range 0.8 \
- out put _power _pin VDD \
-out put _vol tage_range 1.0 \
-direction up \
-ground VSS \
-valid_location from

November 2012 25 Version 2.0



Common Power Format User Guide
Creating a CPF File

Declaring the Design Described in the CPF File
0  To identify the design for which the CPF file is created, use the following command:
set _design nmodul e

where nodul e refers to the name of the top module of the design to which the power
information in the CPF file applies.

For the example in Figure 2-1 on page 18:

set _design top

0  To indicate when the power information for this module ends, use the following
command:

end_desi gn

Specifying Units Used
You can specify the units that will be used for the power and time values in CPF commands.

0  To specify the power unit used, use the following command
set _power _unit [pWnWuW mAW
Default: mW

0  To specify the time unit used, use the following command

set _tinme unit [ns|us|ns]

Default: ns

Note: These commands are optional if you use the default values.
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Specifying the Naming Styles Used

0  To specify the hierarchy separator used in the CPF file, use the following command

set _hierarchy_separator [character]

The default separator is the period (.).

The format of a name in RTL and in the netlist can be different. When you want to use the
RTL names in the CPF file, but you are reading a gate-level netlist, you need to specify how
the base name and bit information are represented in the netlist.

0  To specify the format used to name flip-flops and latches in the netlist starting from the
register names in the RTL description, use the following command

set _reqgister_naming_style [string%s]

Default: _reg%

0  To specify the format used to name the design objects in the netlist starting from muilti-bit
arrays in the RTL description, use the following command

set _array_naming_style [string]

Default: \ [ %d\ ]

For more information on these two commands, refer to Individual Reqgisters Names in the
Common Power Format Language Reference.

Note: These three commands are optional if you use the default values.
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Specifying the Power Domains

0  To identify portions of the design that operate on the same voltage, associate these
portions with a power domain using the cr eat e_power _dormai n command:

creat e_power _domai n -name power _domai n
[-instances instance_list] [-boundary ports pin_list] [-default]

Note: The following options of cr eat e_power _donai n are irrelevant for a pure MSV
(non-switchable) design: - shut of f _condi ti on, external control |l ed_shut of f,
-default __isolation_condition, -default _restore_edge,

-defaul t _save_edge,-default_restore_Il evel ,-default_save_| evel,
-power _up_states,-active_state_conditions, and-base_donai ns.

For the example in Figure 2-1 on page 18:

creat e- power _domai n -name PDl -default
creat e_power _domain -name PD2 -instances inst_B
creat e_power _domain -name PD3 -instances inst_C

Note: CPF requires that the top module belongs to the default power domain.

Specifying the Operating Voltages Used in the Design

In CPF, operating voltages are associated with nominal conditions.

0  To specify the operating voltages used in the design, use the
create_non nal _condi ti on command:

create_nom nal _condition -name string
-voltage {voltage | voltage_ list}
[-ground_voltage {voltage | voltage_ list}]

Note: The following options of cr eat e_nom nal _condi ti on are irrelevant for a pure MSV
design: -state,-pnos_bi as_vol tage and - nnos_bi as_vol t age.

For the example in Figure 2-1 on page 18 three nominal conditions are defined.
create_nom nal _condition -nanme | ow -voltage 0.8

create_nom nal _condition -name nedium -voltage 1.0
create_nom nal _condition -name high -voltage 1.2

i@i Tlp

In CPF, operating voltages are not directly associated with power domains. When
using other low power techniques such as power shut off (PSO) or dynamic voltage
frequency scaling (DVFS), the operating voltage of a power domain can change and
different power domains can use the same operating voltage at different times.
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Associating a Nominal Condition with a Power Domain

In CPF, nominal conditions are associated with power domains for a given design mode (here
referred to as power mode).

A pure MSV design (a design that uses multiple supply voltages but no other low power
techniques such as PSO or DVFS methodology) is considered to have only one power mode
and each power domain can be associated with only one nominal condition.

0  To associate the nominal conditions with the power domains, use the
creat e_power _node command:

create_power _node -nanme string
-domai n_conditions domain_condition _|ist -default

Note: The -gr oup_nodes option ofthe cr eat e_power _node command is only relevant for
a hierarchical flow. For more information, refer to Chapter 4, “Hierarchical Flow.”

Use the following format to specify a domain condition (association of a power domain with
its nominal condition):

domai n_nanme@oni nal _condi ti on_nane

For the example in Figure 2-1 on page 18:

creat e_power _node -nane PM -donai n_conditions {PD1@ ow PD2@edi um PD3@i gh} \
-defaul t

Note: CPF requires that one power mode is specified as the default power mode.

Specifying the Libraries to Use for a Condition

You already grouped libraries that are characterized for a specific set of operating conditions
in a library set.

0  To specify which library set to use for a specific nominal condition, use the
updat e_noni nal _condi ti on command:

updat e_nomi nal _condition -nane condition
-library_set library_set

Typically, you specify here the libraries for the worst case condition. For the example in
Figure 2-1 on page 18:

updat e_nomi nal _condition -nane low -library_set setl wc
updat e_nomi nal _condition -nane nedium-library set set2 w
updat e_nomi nal _condition -nane high -library_set set3 w
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Specifying the Rules to Create Level Shifter Logic

Depending on your technology, you may need level shifters when passing any signals

m  From a power domain with a lower voltage to a power domain with a higher voltage
= From a power domain with a higher voltage to a power domain with a lower voltage
= In both cases

O  To create the rule to be used between power domains or a set of pins, use the
create_ | evel shifter_ rul e command:

create |l evel _shifter_rule -name string
{-pins pin_list | -frompower_domain_list | -to power_domain_list}...
[-exclude pin_list]

For the example in Figure 2-1 on page 18:

create level _shifter rule -nane Isrl -fromPDl -to PD2
create |l evel _shifter rule -nane Isr2 -fromPD2 -to PD3
create |l evel _shifter_rule -name Isr3 -fromPD1 -to PD3
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Specifying Power Constraints
Note: This information is optional in the CPF file.

0  To specify the targets for leakage and dynamic power in the current design, use the
set _power _t arget command:

set _power _t ar get
{ -leakage float | -dynamic fl oat
| -leakage float -dynanmic float }

The power constraints must be specified using the power units defined with the
set _power _unit command.

For the example in Figure 2-1 on page 18:

set _power _target -1eakage 30 -dynanic 250

Specifying Timing Constraints
Note: This information is optional in the CPF file.

O  To specify the timing constraints for the current design, use the - sdc_f i | es option of
the updat e_power _node command:

updat e_power _node -nanme node
{-sdc_files | -setup_sdc files | -hold sdc_files} sdc_file_ list

For the example in Figure 2-1 on page 18:

updat e_power _node -nanme PM -sdc _files top.sdc

Specifying Activity Information
Note: This information is optional in the CPF file.

0  To specify the activity information that can be used for power analysis, use

updat e_power _node -nanme node
-activity file file -activity_file_weight weight

Supported formats for the activity files are VCD, TCF, and SAIF.

If the design has several modes, you can specify the relative weight of the activities per mode
for optimization purpose. Because an MSV design has only one power mode, the weight for
the file must be 100.

For the example in Eigure 2-1 on page 18:

updat e_power _node -nanme PM-activity file top.tcf -activity file_ weight 100

November 2012 31 Version 2.0



Common Power Format User Guide

Creating a CPF File

Updating the Rules with Implementation Information

You can specify additional information for level shifters, such as, where to place them, what

cells to use, or what prefix to use for the added level shifters in the design.

O  To specify the location or the type of level shifters to be used, use the

update | evel shifter rul es command:

update_| evel _shifter_rules -nanes rule_li st
{ -location {from| to | parent | any}
| -within_hierarchy instance
| -cells cell_list
| -prefix string }...

For the example in Figure 2-1 on page 18:

update_| evel _shifter_rules -nanes Isrl -location from

update | evel shifter rules -nanmes {lsr2 Isr3} -location to
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Specifying the Global Power and Ground Nets

0 To declare (or create) the nets connected to the power supplies, use the
creat e_ground_net s and commands:

create_ground_nets -nets net _|ist
[-voltage string]
[-user_attributes string_list]
[-peak_ir_drop_limt float]
[-average_ir _drop limt float]

create_power _nets -nets net i st
[-voltage string]
[-user_attributes string_list]
[-peak_ir _drop_limt float]
[-average_ir_drop limt float]

Note: The following options of cr eat e_ground_net s and cr eat e_power _nets are
irrelevant for the pure MSV design: - ext er nal _shut of f _condi ti on, and
-internal.

For the example in Eigure 2-1 on page 18:
create_ground _nets -nets VSS
create_power_nets -nets VDDl -voltage 0.8
create_power _nets -nets VDD2 -voltage 1.0
create_power_nets -nets VDD3 -voltage 1.2
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Specifying the Global Connections

0  To specify how to connect global nets, such as power and ground nets, use the
creat e_gl obal _connecti on command:

create_gl obal _connection

-net net
-pins pin_Ilist
[-dormain domain | -instances instance_list]

For the example in Figure 2-1 on page 18:

create_gl obal _connection -net VSS -pins VSS

create_gl obal _connection -domain PDl1 -net VDDl -pins VDD
create_gl obal _connection -domain PD2 -net VDD2 -pins VDD
create_gl obal _connection -domain PD3 -net VDD3 -pins VDD

Specifying Additional Information for Power and Ground Routing

0  To specify additional information that applies to power and ground routing, use

updat e_power _donai n
-name domai n
{ -primary_power_net net | -primary_ground_net net }

For the example in Figure 2-1 on page 18:

updat e_power _donmai n -nane PDl -primary_power_net VDDl
updat e_power _donmai n -nane PD2 -primary_power _net VDD2
updat e_power _donmai n -nane PD3 -primary_power_net VDD3

Here the updat e_power _domai n command for power domain PD1 indicates that VDDL is
the main power net for all cells of power domain PD1.
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Specifying the Operating Corners

The design must be able to perform under different sets of operating conditions (process,
voltage, and temperature values). Because the timing and power characteristics of the cells
depend on the operating conditions, different library sets that contain the characterization
information for the different conditions are used. An operating corner shows which library set
to use for a given operating condition.

()~ Tip

Different portions of the design can operate at the same voltage and yet use
dedicated library sets. In this case, it is possible to have multiple operating corners
with the same operating conditions.

0  To define an operating corner, use the cr eat e_oper ati ng_cor ner command.

creat e_operating_corner
-name string
-voltage float [-ground_voltage fl oat]
[-process fl oat]
[-tenperature fl oat]
-library_set library_set

Note: The -pnos_bi as_vol t age and - nnos_bi as_vol t age options of
creat e_operati ng_corner are irrelevant for a design not using substrate biasing.

For the design in Figure 2-1 on page 18, six operating corners were specified.

The following command specifies to use library set set 1_bc for operating corner BC_PD1.
The process value of the operating corner is 1, the temperature is 0°C and the operating
voltage is 0.88V. This operating corner is defined for best case conditions.

create_operating corner -nane BC PD1 \
-process 1 -tenperature O -voltage 0.88 -library_set setl_bc
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Specifying the Analysis Views

The design must function correctly in each power mode not only under typical conditions, but
also under extreme conditions. Typically a multi-mode multi-corner timing analysis will be
done for the worst case and the best case conditions.

An analysis view associates a specific operating corner with each power domain in the
specified power mode. You need to make sure that all operating corners for a view correspond
to either best or worst case conditions.

0  To define an analysis view, use the cr eat e_anal ysi s_vi ewcommand.

create_anal ysis_view
-nanme string
-node node
-domai n_corners domai n_corner _|i st
[-user_attributes string_list]

Note: The - gr oup_vi ews option of cr eat e_anal ysi s_vi ewis only relevant in a
hierarchical flow. For more information, refer to Chapter 4, “Hierarchical Flow.”

Use the following format to specify a domain corner:

domai n_name@cor ner _nane

The CPF file can contain several analysis views with the same domain and corner
information for a power mode. For a multi-mode multi-corner analysis, some
implementation and timing analysis tools need unique views to associate with
different parasitic corners.

For the design in Figure 2-1 on page 18, two analysis views were specified.

The following command specifies analysis view AV_BC for power mode PML. For this view
the operating corners for the best case operating conditions are associated with the three
power domains.

create_anal ysis_view -name AV_BC -node PML \
-domai n_corners {PD1@C PD1 PD2@C _PD2 PD3@C_PD3}
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Creating a CPF File for a Design Using PSO Methodology

A design using power shut off (PSO) implementation is a design of which some portions can
be switched on and off as needed (or possibly) to save leakage and dynamic power.

Logic blocks (hierarchical instances), leaf instances, and pins that use the same main power
supply and that can be simultaneously switched on or off are said to belong to the same
power domain. The example design in Figure 2-4 has three power domains:

m  The top-level of the design, t op, and hiearchical instances, i nst _Cand pm_i nst, are
always switched on: they belong to domain PD1

m  Hierarchical instances i nst _Aandi nst _B are always switched on and off
simultaneously: they belong to power domain PD2

m  Hierarchical instance i nst _D can be switched on and off independently from
hierarchical instances i nst _Aand i nst _B: it belongs to power domain PD3

Figure 2-4 Example of Design with PSO

top
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PD2 inst_A inst_ B

inst C PD3 inst_ D
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Power domain PD1 is never powered down. It is called an unswitched domain.

Power domains PD2 and PD3 can be powered down. They are referred to as switchable
domains. CPF distinguishes between internal switchable, and on-chip controlled external
switchable domains.

A steady state of the design in which some power domains are switched on and some power
domains are switched off is called a power mode. In a power mode, each power domain
operates on a specific nominal condition. Different timing constraints can be associated with
each power mode. Table 2-2 shows the three power modes of the example design.

Table 2-2 Power Modes

Power Domain
Power Mode
PD1 PD2 PD3
PM1 1.1V 1.1V 1.1V
PM2 1.1v 0.0V 1.1v
PM3 1.1V 0.0V 0.0V

Note: A voltage of 0.0V indicates that the power domain is off.

To prevent that unknown states in the power domains that are powered down propagate to
the domains that remain powered on isolation cells are needed at the boundaries of the
power domains that are powered down. Most of the time, isolation cells are inserted at the
output boundaries of the powered down domains. You can, however, also insertisolation cells
at the input boundaries.

To facilitate powered down blocks to resume normal operation, state retention cells can
be used for some sequential cells to keep their previous state prior to power down.

For switchable domains you need to indicate how the power supply is connected and
disconnected from the gates.

m  Forinternal switchable domains, you must add power switch logic.

m  For external switchable domains, the power switch logic is not part of the chip, so you
must indicate that an external power shut-off method is used.

For this example we are assuming that power domains PD2 and PD3 are internal switchable.

Special control signals are used to shut down a power domain, enable state retention, and
control the working of the power switch logic. Table 2-3 on page 39 shows the signals used
in this example.
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Table 2-3 Signals Controlling the Power Domains

Control Signals
Power Domain
power switch isolation cell state retention cell
PD1 no control signal no control signal no control signal
PD2 ps_enable[0] ice_enable[0] pge_enable[0]
PD3 ps_enable[1] ice_enable[1] pge_enable[1]

When a domain is switchable, it derives its power from another power domain through either
internal or external power switch logic.

In this example, power domain PD2 derives its power from power domain PD1, then PDL is
called the secondary (or base) domain for PD2, which is referred to as the primary (or
derived) domain.

When defining a (primary) power domain you can indicate its secondary domain and under
which condition the domain will be shut down.

The majority of instances in a power domain are driven by the same power supply. For
switchable domains, it is the primary power and ground nets of the (primary) power domain
to which the instances belong that provide the power supply to the power and ground pins
(follow-pins) of the cells.

On the other hand, isolation cells and state retention cells are driven by multiple power
supplies. These special low power instances have at least two sets of power and ground pins,
and are therefore associated with two power domains: the primary domain is the domain
that provides the power supply to their primary set of power and ground pins. The
secondary domain is the domain whose primary power and ground nets provide the power
supply to the secondary power and ground pins of the special low power instances.

It is recommended that you specify the secondary domain for these special low power
instances, but if you do not specify this information, the tools can use some rules to derive
the secondary domain. For more information, refer to Secondary Power Domain of Isolation
Instances, and Secondary Domain of Retention Logic.

If the design can operate in different power modes, you need to check if the design functions
correctly in each of these modes not only at the typical conditions but also when slightly
different operating conditions apply. Typically a multi-mode multi-corner timing analysis will
be done for the worst case and the best case corner. The design must function correctly in
both corners for the same set of timing constraints that is specified for that power mode.
Figure 2-5 on page 40 shows that an analysis (view) can be done for each corner of the
power mode.
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Figure 2-5 Multi-Corner Timing Analysis for a Power Mode

Analysis View for
Best Case Corner
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Power Mode \

Analysis View for
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When analyzing a view of the design, you need to indicate the corners at which the power
domains are operating, as shown in Figure 2-6.

Figure 2-6 Relation of Analysis View with Power Domains and Operating Corners

/ Power Domain
Operating Corner
\; Power Domain

Operating Corner

e

Analysis View  _|

Operating corners are not only characterized by a set of operating conditions, but also by
the library sets to be used for that corner, because the timing and power characteristics of the
cells depend on the operating conditions. Typically different libraries are used for the different
corners.

Table 2-4 indicates which library sets must be used for the design in Figure 2-4 on page 37
to check the conditions.

Table 2-4 Operating Corners

Operating Corner Operating Condition _
Library set
Name process temperature voltage
BC 1 0 0.99 libl_bc, lib2_bc
wC 1 125 1.21 libl_wec, lib2_wc

As is obvious that all this information is related to the power intent of the design, it makes
sense to describe this information in the CPF file.
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Complete CPF File for PSO Example

set _cpf_version 1.1

HHHHR R
# Technol ogy part of the CPF
HHHHH B R R HHH R R HTHHRRHH R R R R R R R R R R R R

# define the library sets

define_library_set -nane setl wc -libraries {libl _wc |ib2_wc}
define_library_set -nane setl bc -libraries {libl bc |ib2_bc}

# define the isolation cells

define_isolation_cell -cells | SOLN* -enable EN -valid_|location on

# define the always on cel

define_always_on_cell -cells "BUFGX2M BUFGX8M | NVGX2M | NVGX8M'

# define the state retention cel

define_state retention_cell -cells *DRFF* -restore_function RETN
# define the power switch cells

define_power_switch_cell -cells "hd8DM hd16DM hd32DM hd64DM' \
-stage_1 enabl e SLEEP -type header

define_power_switch_cell -cells "hd8M hd16M hd32M hd64M \
-stage_1 enable ! SLEEP -type header

define_power_switch_cell -cells "ft8DM ft16DM' \
-stage_1 enable ! SLEEPN -type footer

define_power_switch_cell -cells "ft8Mfti6M \
-stage_1 enabl e SLEEPN -type footer

HUHHRHHHHH R
# Design part of the CPF
HUHHR B

# identify the design for which the CPF file is created
set _design top

# create power domains

creat e_power _domain -name PDl -default

create_power _domain -name PD2 -instances {inst_Ainst_B} \
-shutof f _condition {pse_enabl e[0]} -base_donai ns PDl

create_power _domain -nanme PD3 -instances inst_D\
-shutof f _condi tion {pse_enable[ 1]} -base_domai ns PDl

# create noninal conditions

create_nom nal _condition -nanme off -voltage O

create_nom nal _condition -name on -voltage 1.1

# create power nodes

create_power _node -nane PML -donmi n_conditions {PD1@n PD2@n PD3@n} -default
creat e_power _node -nanme PM2 -dommi n_conditions {PDl1@n PD3@n}

create_power _node -nane PMB -donmmi n_conditions {PDl@n}

# associate library sets with noninal conditions

updat e_nomi nal _condition -nane on -library set setl wc
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# create rules for isolation logic

insertion

create_isolation_rule -nane isol -from PD2 \
-isolation_condition {pm.nst.ice_enable[0]}

create_isolation_rule -nanme iso2 -to PD1\
-isolation_condition {pm.inst.ice_enable[1]} -isolation_output high

# create rules for state retention

insertion

create state retention_rule -nane stl -donmain PD2 \
-restore_edge {!pm.nst. pge_enabl e[ 0]}

create_state retention_rule -name st2 -domain PD3 \
-restore_edge {!pm.nst.pge_enabl e[ 1]}

RAHBHHBHBHHBH AR H B HBH AR H BB H R AR A

# Additional Information for Logic

Synt hesi s

RHHBHHRH AR T RHARHBR FHH AR T BHHRH ARG HAH AR TR AR AR FRHARA

# specify power targets

set _power _target -1eakage 30 -dynam c 250

# specify timng constraints

updat e_power _node -name PML -sdc_fil es pmil. sdc
updat e_power _node -name PM2 -sdc_files pnR.sdc

updat e_power _node -name PML -activity file top.tcf

# update the rules with inplenentation info

update_i sol ati on_rul es -names isol
update_i sol ati on_rul es -nanmes iso2

-location to -cells | SOLNX2M
-location to -cells | SOLNX2M

HIH R
# Additional Information for Physical |nplenentation
HHHHH R R HHH B HTH AR HH R R R R R R AR

# decl are power and ground nets

create_power_nets -nets VDD -voltage 1.1
create_power _nets -nets {VDD SW VDD SW2} -interna
create_ground_nets -nets VSS -voltage O

# (optional) create global connections

create_gl obal _connection -net VDD -
create_gl obal _connection -net VSS -

# rules for power switch insertion
create_power_switch rule -name SW
create_power_switch_rule -nane SW
updat e_power _switch rule -nane SW
updat e_power _switch_rul e -nane SW

pi ns VDD
pi ns VSS

-domai n PD2 -external power_net VDD
-domai n PD3 -external _power_net VDD
-cells hd32M -prefix CDN_
-cells hd32M -prefix CDN_

# add inplenentation info for power domains
updat e_power _donmai n -nane PDl -primary_power _net VDD -primary_ground_net VSS

updat e_power _donain -nane PD2 -prinmary_power net VDD SWL -prinmary_ground_net VSS
updat e_power _donmai n -nane PD3 -primary_power _net VDD SW2 -primary_ground_net VSS

# create operating corners
create_operating_corner -nanme BC\

-process 1 -tenperature 0 -voltage 1.21 -library_set setl bc
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create_operating_corner -nane WC \
-process 1 -tenperature 125 -voltage 0.99 -library_set setl wc

# create analysis views

create_anal ysis_view -nane AV PML bc -node PML \
-domai n_corners {PD1@C PD2@C PD3@BC}

create_anal ysis_view -nane AV PML_w -node PML \
-domai n_corners {PDI@\C PD2@\C PD3@\C}

create_anal ysis_view -nane AV_PM2_bc -node PM2 \
-domai n_corners {PD1@C PD2@C PD3@C}

create_anal ysis_view -nane AV PM2_wc -node PM2 \
-domai n_corners {PDI@\C PD2@\C PD3@\C}

create_anal ysis_view -nanme AV_PM3_bc -node PM3 \
-domai n_corners {PD1@C PD2@C PD3@C}

create_anal ysis_view -nanme AV_PM3_wc -node PM3 \
-domai n_corners {PDI@\C PD2@\C PD3@\C}

# indi cate when the power information for the design ends
end_desi gn
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Steps to Create the CPF File for Design Using PSO

This section describes the information to include in a CPF file for a design using the PSO
methodology. The example shown in Figure 2-4 on page 38 is used throughout this section.

A CPF file has technology-related information and design-related information.

For a design using the PSO methodology, the technology-related information lists the libraries
that you want to use for the design and identifies the library cells that can be used as isolation
cells, power switch cells and state retention cells.

m  Specifying the Libraries on page 46

m  Specifying the Isolation Cells to Use on page 46

m  Specifying the Always-On Cells on page 47

m  Specifying the State Retention Cells to be Used on page 48

m  Specifying the Power Switch Cells to be Used on page 49

The design-related information captures the power intent and constraints.

m  Declaring the Design Described in the CPF File on page 50

m  Specifying Units Used on page 50

m  Specifying Naming Styles Used on page 51

m  Specifying the Power Domains on page 52

m  Specifying the Operating Voltage Used in the Design on page 52

m  Specifying the Static Behavior in each Power Mode on page 53

m  Specifying the Libraries to Use for a Condition on page 53

m  Specifying the Rules to Create Isolation Logic on page 54

m  Specifying the Rules to Create State Retention Logic on page 55

m  Specifying Power Constraints on page 55

m  Specifying Timing Constraints on page 56

m  Specifying Activity Information on page 56

m  Updating the Rules with Information for Implementation on page 57
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The following information is needed for physical implementation:

Specifying the Power and Ground Nets on page 58

Specifying the Global Connections on page 58

Specifying the Rules for the Power Switch Logic on page 59

Specifying Additional Information for Power and Ground Routing on page 59

Specifying the Operating Corners on page 60

Specifying the Analysis Views on page 61
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Specifying the Libraries

0  Togroup libraries that are characterized for a specific set of operating conditions, use the
define_library set command:

define library set -nane |library_set
-libraries library_list

For the example in Figure 2-4 on page 37, we assume only one main power supply, which
implies that the definition of one library set is sufficient.

define library set -nane setl w -libraries {libl w |ib2 w}

define_library_set -nane setl bc -libraries {libl bc |ib2_bc}

Specifying the Isolation Cells to Use

0  To identify which cells in the libraries can be used as isolation cells, use the
define_isolation_cell command.

For more information on how to model different types of isolation cells, refer to Modeling
Isolation Cells on page 161.

For applications that do not read .lib files, you must specify these library cells to allow these
applications to identify instances of isolation cells in the netlist.

For the example in Eigure 2-4 on page 37:

define_isolation cell -cells | SOLN* -enable EN -valid _|ocation on
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Specifying the Always-On Cells

Always-on cells are special cells whose power supply has to be continuous on even when the
power supply for the rest of the logic in the power domain is off.

Always-on cells are used for example

m  To drive the control signals of the state retention cells in a domain that is being powered
down

= In combination with isolation cells that are inserted in the power domain that is switched
off to ensure that the driver of the enable pin of the isolation cells is never switched off.

0  To identify which cells in the libraries can be used as always-on cells, use the
define_al ways_on_cel I command.

define_al ways_on_cel |
-cells cell _list [-library_set library_ set]
[ {-power_switchable LEF _power pin
| -ground_swi tchable LEF_ground_pin
| - power _switchabl e LEF_power pin -ground sw tchable LEF _ground_pin}
-power LEF_power pin -ground LEF _ground_pin ]

Note: Outputs of cells that are always on, are always-on drivers.

For applications that do not read .lib files, you must specify these library cells to allow these
applications to identify the instances of these cells in the netlist.

For the example in Figure 2-4 on page 37,
define_always_on_cell -cells "BUFGX2M BUFGX8M | NVGX2M | NVGX8M'
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Specifying the State Retention Cells to be Used

O  To identify which cells in the libraries can be used as state retention cells, use the
define_state_retention_cell command.

For more information on how to model different types of state retention cells, refer to Modeling
State Retention Cells on page 177.

For applications that do not read .lib files, you must specify these library cells to allow these
applications to identify the instances of these cells in the netlist.

For the example in Figure 2-4 on page 37,
define_state retention_cell -cells *DRFF* -restore_function RETN

This command indicates that when the restore pin RETNis set to 1, the state of the specified
cells will be restored to the value saved after exiting power shut-off mode.

November 2012 48 Version 2.0



Common Power Format User Guide
Creating a CPF File

Specifying the Power Switch Cells to be Used

0  To identify which cells in the libraries can be used as power switch cells, use the
defi ne_power _sw tch_cel |l command.

For more information on how to model different types of power switch cells, refer to Modeling
Power Switch Cells on page 184.

For applications that do not read .lib files, you must specify the library cells to allow the
applications to identify the instances of these cells in the netlist.

For the example in Figure 2-4 on page 37,

define_power_switch_cell -cells "hd8DM hd16DM hd32DM hd64DM \
-stage_1 enabl e SLEEP -type header

define_power_switch_cell -cells "hd8M hd16M hd32M hd64M \
-stage_1 enable ! SLEEP -type header

define_power_switch_cell -cells "ft8DM ft16DM \
-stage_1 enable ! SLEEPN -type footer

define_power_switch_cell -cells "ft8Mfti6M \
-stage_1 enabl e SLEEPN -type footer
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Declaring the Design Described in the CPF File
0  To identify the design for which the CPF file is created, use the following command:
set _design nmodul e

where nodul e refers to the name of the top module of the design to which the power
information in the CPF file applies.

For the example in Figure 2-4 on page 38:

set _design top

0  To indicate when the power information for this module ends, use the following
command:

end_desi gn

Specifying Units Used
You can specify the units that will be used for the power and time values in CPF commands.

0  To specify the power unit used, use the following command
set _power _unit [pWnWuW mAW
Default: mW

0  To specify the time unit used, use the following command

set _tinme unit [ns|us|ns]

Default: ns

Note: These commands are optional if you use the default values.
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Specifying Naming Styles Used

0  To specify the hierarchy separator used in the CPF file, use the following command

set _hierarchy_separator [character]

The default separator is the period (.).

The format of a name in RTL and in the netlist can be different. When you want to use the
RTL names in the CPF file, but you are reading a gate-level netlist, you need to specify how
the base name and bit information are represented in the netlist.

0  To specify the format used to name flip-flops and latches in the netlist starting from the
register names in the RTL description, use the following command

set _reqgister_naming_style [string%s]

Default: _reg%

0  To specify the format used to name the design objects in the netlist starting from muilti-bit
arrays in the RTL description, use the following command

set _array_naming_style [string]

Default: \ [ %d\ ]

For more information on these two commands, refer to Individual Reqgisters Names in the
Common Power Format Language Reference.

Note: These three commands are optional if you use the default values.
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Specifying the Power Domains

0  To identify portions of the design that operate on the same voltage and that can be
simultaneously switched on or off, associate these portions with a power domain using
the cr eat e_power _domai n command:

creat e_power _domai n -nanme power _donmai n
[-instances instance_list] [-boundary ports pin_list] [-default]
[ -shutoff _condition expression [-external _controlled shutoff]]
-default _isolation_condition expression ]
-default _restore _edge expr | -default_save_edge expr
-default _restore_edge expr -default_save edge expr
-default _restore | evel expr -default_save | evel expr ]
-power _up_states {high|lowrandon} ]
-active_state conditions active_state condition_list ]
-base_domai ns domain_li st]

[
[
I
I
[
[
[

The - shut of f _condi t i on determines when the power domain is switched off. If this
option is not specified, the power domain is an unswitched domain.

For the example in Figure 2-4 on page 37:

creat e- power _domai n -name PDl -default

create_power _domain -name PD2 -instances {inst_ A inst_B} \
-shutof f _condition {pse_enabl e[0]} -base_donai ns PDl

create_power _domain -nanme PD3 -instances inst_D\
-shutoff_condition {pm.inst.pse_enabl e[1]} -base_donai ns PDl

Power domains PD2 and PD3 have power domain PD1 as their secondary power domain.

Note: CPF requires that the top module belongs to the default power domain.

Specifying the Operating Voltage Used in the Design
In CPF, operating voltages are associated with nominal conditions.

0  To specify the operating voltages used in the design, use the
create_nom nal _condi ti on command:

create_nom nal _condition -nanme string
-voltage {voltage | voltage list} [-state {on | off | standby}]
[-ground_vol tage {voltage | voltage_ list}]

Note: The -pnbs_bi as_vol t age and - nnos_bi as_vol t age options of
creat e_nom nal _condi ti on are irrelevant for a design not using substrate biasing.

The example in Figure 2-4 on page 37 uses only one operating voltage, but you can also
specify a nominal condition whose voltage is 0.

create_nom nal _condition -name off -voltage O
create_nom nal _condition -name on -voltage 1.1
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Specifying the Static Behavior in each Power Mode

0  To define the static behavior of the design in a power mode, you need to specify the
nominal condition of each power domain in that mode, using the cr eat e_power _node
command:

create_power _node -nanme string

-domai n_condi ti ons domai n_condition_Ii st
[-defaul t]

Note: The -gr oup_nodes option ofthe cr eat e_power _node command is only relevant for
a hierarchical flow. For more information, refer to Chapter 4, “Hierarchical Flow.”

Use the following format to specify a domain condition (association of a power domain with
its nominal condition in the power mode being defined):

domai n_name@om nal _conditi on_nanme

For the example in Figure 2-4 on page 37:

create_power _node -nane PML -donmi n_conditions {PD1@n PD2@n PD3on} -default
creat e_power _node -nanme PM2 -domai n_conditions {PDl@n PD3@n}
creat e_power _node -nane PMB -donmi n_conditions {PDl@n}

Note: CPF requires that one power mode is specified as the default power mode.

Note: When a domain is not specified in the list of domain conditions, it is considered to be
switched off in the specified mode. For example, power domain PD2 is not specified in the list
of conditions for power mode PM2, but referring to Table 2-2 on page 38, power domain PD2
is switched off in this mode. It is recommended not to rely on the default behavior and to
specify all power domains when defining a power mode.

Specifying the Libraries to Use for a Condition

You already grouped libraries that are characterized for a specific set of operating conditions
in a library set.

0  To specify which library set to use for a specific nominal condition, use the
updat e_nom nal _condi ti on command:

updat e_nomi nal _condi ti on -nane condition
-library_set library_set

For the example in Figure 2-4 on page 37:

updat e_noni nal _condition -name on -library_set setl wc
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Specifying the Rules to Create Isolation Logic

0  To define when isolation cells must be added or to specify which pins must be isolated,
usethecreate_isolation_rul e command:

create_isolation_rule
-name string
[-isolation_condition expression | -no_condition]
{-pins pin_list | -frompower_domain_list | -to power_domain_list}...
[-exclude pin_list]
[-isolation_target {fromto}]
[-isolation_output { high | low| hold | tristate}]
[ -secondary_domai n power _domai n]

Typically, isolation logic is needed to isolate signals going from a power domain being
switched down to a power domain that remains on. If an input of a powered down domain
requires a stable signal for electrical reasons, isolation is required even if the signal goes from
a powered on domain to a powered down domain.

Referring to Table 2-2 on page 38, isolation logic will be needed in power modes 2 and 3 for
any nets going from power domain PD2 to PD1 and PD3, and for any nets going from power
domains PD3 and PD2 to PD1.

For the example in Eigure 2-4 on page 37:

create_isolation_rule -nane isol -from PD2 \
-isolation_condition {pm.nst.ice_enable[0]}

create_isolation_rule -nane iso2 -to PDI\
-isolation_condition {pminst.ice_enable[1l]} -isolation_output high

In this example, the secondary power domain was not specified for the isolation instances. In
this case, the tools will use the power domain of the logic that drives the enable pins. That
logic is the pm_i nst instance which belongs to power domain PDL.
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Specifying the Rules to Create State Retention Logic

0  To define the rule for replacing selected registers or all registers in the specified power
domain with state retention registers, use the create_state_retention_rul e
command.

create_state retention_rule
-nanme string

{ -domain power _domain | -instances instance_|ist }
-exclude i nstance_list ]
-restore_edge expr | -save_edge expr

-restore_edge expr -save_edge expr

-restore_ | evel expr -save_level expr ]
-restore_precondition expr] [-save_precondition expr]
[-target _type {flop]|latch|both}]

[ -secondary_donai n domai n]

[
[
I
I
[

For the example in Figure 2-4 on page 37:

create_state retention_rule -nanme stl -domain PD2 \
-restore_edge {!pm.nst.pge_enabl e[ 0]}

create_state retention_rule -nane st2 -donmain PD3 \
-restore_edge {!pm.nst.pge_enabl e[ 1]}

In this example, the secondary power domain was not specified for the state retention logic.
In this case, the tools will use the secondary (or base) power domain of its primary domain.
That logic is the pm_i nst instance which belongs to power domain PD1.

Specifying Power Constraints
Note: This information is optional in the CPF file.

0  To specify the targets for leakage and dynamic power in the current design, use the
set _power _t arget command:

set _power _t ar get
{ -leakage float | -dynamic fl oat
| -leakage float -dynamc float }

For the example in Eigure 2-4 on page 37:

set _power _target -leakage 30 -dynanmic 250
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Specifying Timing Constraints
Note: This information is optional in the CPF file.

0  To specify the timing constraints for the current design, use the - sdc_fi | es option of
the updat e_power _node command:

updat e_power _node -nanme node
{-sdc_files | -setup_sdc _files | -hold _sdc_files} sdc_file_list

For the example in Figure 2-4 on page 37:

updat e_power _node -name PML -sdc_files pml. sdc
updat e_power _node -name PM2 -sdc_files pnR.sdc

Specifying Activity Information
Note: This information is optional in the CPF file.

0  To specify the activity information that can be used for power analysis, use

updat e_power _node -nanme node
-activity file file -activity_file_weight weight

Supported formats for the activity files are VCD, TCF, and SAIF.
If the design has several modes, you can specify the relative weight of the activities per mode.

For the example in Figure 2-4 on page 37, only the activity file for the default power mode is
specified:

updat e_power _node -name PML -activity file top.tcf -activity file weight 100

November 2012 56 Version 2.0



Common Power Format User Guide
Creating a CPF File

Updating the Rules with Information for Implementation

1. To specify the location or the type of isolation cells to be used, use the

updat e i sol ati on rul es command:

update_isolation_rules -nanmes rule_list
{ -location {from]| to | parent | any}
| -within_hierarchy instance
| -cells cell _Iist
| -prefix string
| -open_source_pins_only}...

2. To append the specified rules for state retention logic with implementation information,

use theupdate state retention rul es command:

update_state retention_rules
-names rule_list
{ -cell _type string
| -cells cell list| -set_reset_control}

Note: This information is optional in the CPF file.

For the example in Figure 2-4 on page 37:

update_isolation_rules -nanmes isol -location to -cells | SOLNX2M
update_isolation rules -nanmes iso2 -location to -cells | SOLNX2M
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Specifying the Power and Ground Nets

0 To declare (or create) the nets connected to the power supplies, use the
create_ground_nets and cr eat e_power _net s commands:

create_ground_nets -nets net _|ist
[-voltage string]
[-external _shutoff_condition expression | -internal]

[-user_attributes string_list]
[-peak_ir_drop_limt float]
[-average_ir _drop limt float]

create_power _nets -nets net i st
[-voltage string]
[-external _shutoff_condition expression | -internal]

[-user_attributes string_list]
[-peak_ir _drop_limt float]
[-average_ir_drop limt float]

Note: Power and ground nets referenced in an updat e_power _domai n command can be
either always on or can be switchable power nets depending on the power domain
specification. Other power and ground nets are considered to be always on unless you
specify the - ext er nal _shut of f _condi ti on option.

For the example in Figure 2-4 on page 37,

create_power_nets -nets VDD -voltage 1.1
create_power _nets -nets {VDD SW VDD SW2} -interna
create_ground_nets -nets VSS -voltage O

Specifying the Global Connections

0  To specify how to connect global nets, such as power and ground nets, use the
creat e_gl obal _connecti on command:

create_gl obal _connection

-net net
-pins pin_Ilist
[-dormain domain | -instances instance_list]

For the example in Figure 2-4 on page 37:

create_gl obal _connection -net VDD -pins VDD
create_gl obal _connection -net VSS -pins VSS
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Specifying the Rules for the Power Switch Logic

1. To specify how a single power switch must connect the external and internal power or
ground nets for the specified power domain, use the cr eat e_power _switch_rul e
command.

create_power _switch rule
-nanme string
-domai n power _donmai n
{-external _power_net net | -external _ground net net}

You can specify one or more commands for a power domain depending on whether you
want to control the switchable power domain by a single switch or multiple switches.

2. To append the specified rules for power switch logic with implementation information, use
the updat e_power _sw t ch_r ul e command:

updat e_power _switch rule
-nanme string
{ -enable_condition_1 expression [-enable _condition_2 expression]
| -acknow edge_receiver_1 express [-acknow edge_receiver_2 express]
| -cells cell _list
| -gate_bias_net power _net
| -prefix string
| -peak_ir_drop_limt float
| -average_ir_drop_limt float }
For the example in Figure 2-4 on page 37:

create_power_switch_rule -name SWM -domain PD2 -external _power_net VDD
create_power _switch_rule -name SW2 -donain PD3 -external power_net VDD
updat e_power _switch_rule -nane SW -cells hd32M -prefix CDN_
updat e_power _switch rule -nane SW2 -cells hd32M -prefix CDN_

Specifying Additional Information for Power and Ground Routing

0  To specify additional information that applies to power and ground routing, use

updat e_power _donai n
-name domai n
{ -primary_power_net net | -primary_ground_net net}

For the example in Figure 2-4 on page 37:

updat e_power _donai n -nane PDl -primary_power _net VDD -prinary_ground _net VSS
updat e_power _domai n -nane PD2 -primary_power_net VDD SWL -primary_ground_net VSS
updat e_power _donai n -nane PD3 -primary_power _net VDD SW2 -primary_ground_net VSS
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Specifying the Operating Corners

The design must be able to perform under different sets of operating conditions (process,
voltage, and temperature values). Because the timing and power characteristics of the cells
depend on the operating conditions, different library sets that contain the characterization
information for the different conditions are used. An operating corner shows which library set
to use for a given operating condition.

()~ Tip

Different portions of the design can operate at the same voltage and yet use
dedicated library sets. In this case, it is possible to have multiple operating corners
with the same operating conditions. Table 2-4 on page 40 illustrates this case.

0  To define an operating corner, use the cr eat e_oper ati ng_cor ner command.

creat e_operating_corner
-name string
-voltage float [-ground_voltage fl oat]
[-process fl oat]
[-tenperature fl oat]
-library_set library_set

Note: The -pnos_bi as_vol t age and - nnos_bi as_vol t age options of
creat e_operati ng_corner are irrelevant for a design not using substrate biasing.

For the design in Figure 2-4 on page 37, two operating corners were specified.

The following command specifies to use library set set 1_wc for operating corner WC. The
process value of the operating corner is 1, the temperature is 125°C and the operating voltage
is 0.99V. This operating corner is defined for worst case conditions.

create_operating _corner -nane WC \
-process 1 -tenperature 125 -voltage 0.99 -library_set setl wc
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Specifying the Analysis Views

The design must function correctly in each power mode not only under typical conditions, but
also under extreme conditions. Typically a multi-mode multi-corner timing analysis will be
done for the worst case and the best case conditions.

An analysis view associates a specific operating corner with each power domain in the
specified power mode. You need to make sure that all operating corners for a view correspond
to either best or worst case conditions.

0  To define an analysis view, use the cr eat e_anal ysi s_vi ewcommand.

create_anal ysis_view
-nanme string
-node node
-domai n_corners domai n_corner _|i st
[-user_attributes string_list]

Note: The - gr oup_vi ews option of cr eat e_anal ysi s_vi ewis only relevant in a
hierarchical flow. For more information, refer to Chapter 4, “Hierarchical Flow.”

Use the following format to specify a domain corner:

domai n_name@cor ner _nane

The CPF file can contain several analysis views with the same domain and corner
information for a power mode. For a multi-mode multi-corner analysis, some
implementation and timing analysis tools need unique views to associate with
different parasitic corners.

For the design in Figure 2-7 on page 63, six analysis views were specified.

The following command specifies analysis view AV_PML for power mode PML. For this view
the operating corners for the best case operating conditions are associated with the three
power domains.

create_anal ysis_view -name AV_PML -node PML \
-domai n_corners {PD1@C PD2@C PD3@BC}
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Creating a CPF File for a Design Using DVFS
Methodology

Dynamic voltage frequency scaling (DVFS) reduces the power in the chip by scaling down the
voltage and frequency when peak performance is not required.

A design using DVFS can be seen as a special case of an MSV design operating in multiple
design modes.

= Inapure MSV design different portions of the design operate on different voltages and
these portions remain operating at their respective operating voltage.

= Ina DVFS design, in addition some portions can dynamically change to other voltages
depending on the design mode or can even be switched off.

Consequently, a DVFS design must satisfy different constraints in different design
modes.

Requirements for DVFS Designs

DVFES designs require variable power supply(ies) that can generate the required voltage
levels with minimal transition energy losses and a quick voltage transient response.

When scaling the voltage, the frequency must be scaled accordingly to meet signal
propagation delay requirements.

A power scheduler can intelligently compute the appropriate frequency and voltage levels
needed to execute the various applications.
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Figure 2-7 Example of DVFS Design
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The dt nf _recvr _cor e design shown in Figure 2-7 on page 63 has several other blocks
which for the sake of simplicity are not shown here. However, they all operate at the same
voltage as the top-level of the design.

The voltage of the top-level design is scaled depending on the requested function of the
design. If the processing speed is critical a higher voltage is used, if the processing speed is
not critical, the voltage is dynamically scaled down together with the clock frequency to save
power. For this design we assume that the voltage supply is dynamically controlled external
to the chip. The input power signal for the top-level and the blocks that operate at the same
voltage is VDD

Note: The design used here uses both DVFS and PSO methodology.

The dt nf _recvr _cor e design further contains
= The TDSP_CORE_| NST block

This digital signal processing block operates at a lower voltage because its processing
speed is not critical. When the block does not need to be operational, it is shut down.

The power input for this block is Vdd_TDSP_R. The cl k_enabl e signal disables the
clock when the block is shut down.

m  The PLLCLK I NST block

This block is used to generate the clocks needed by all the blocks in the design. It has a
reference clock, r ef _cl k, that is used to generate all other clocks.

Because the design uses two operating voltages, two clock signals are created:

0 Thel ow_cl k clock signal which feeds the TDSP_CORE_| NST block has a constant
lower frequency.

0 Thevar _cl k clock signal feeds the top-level design and other blocks and can vary
in clock frequency depending on the operating voltage.

The freq_ctr!| signal ensures that the frequency of the var _cl k signal used for the
top-level design is scaled proportional to the voltage.

Because this block is an analog block, it needs to operate at a constant voltage to ensure
correct working. It therefore needs a dedicated power input, Avdd.

m  The pm. nst block
This block generates all power control signals for the chip.

This block operates at the same voltage as the top-level of the design.
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In DVFS designs, a collection of logic blocks (hierarchical instances) and leaf instances that
use the same main power supply and whose voltage and frequency can simultaneously
change or be switched off belong to the same power domain.

The example design in Figure 2-7 on page 63 has the following power domains.

m  The PLLCLK | NST block is the only block in the design that operates at constant voltage
0.99V. This block belongs to power domain PLL.

m  The TDSP_CORE | NST block operates at voltage 0.792V and it is the only block that is
shut down at certain times. This block belongs to power domain TDSPCORE.

m  The pm.i nst block, the top-level design and the remaining blocks are always powered
on but their operating voltage and frequency can change. They belong to power domain
AQ

Power domains PLL and AOare never powered down. They are referred to as an unswitched
domain. Power domain TDSPCORE can be powered down and is called a switchable domain.
CPF distinguishes between internal switchable, and on-chip controlled external switchable
domains.

A steady state of a design in which some power domains are switched on and some power
domains are switched off is called a power mode. In a power mode, each power domain
operates on a specific voltage (nominal condition). Table 2-5 shows the operating voltages for
each of the power domains in the three power modes of the dt nf _r ecvr _cor e design. The
voltages shown in this table correspond to the worst case voltages. The typical voltages for
the design would be 1.1V and 0.88V.

Table 2-5 Power Modes

Corresponding Power Domain
Power Mode
AO PLL TDSPCore
full 0.99 0.99 0.792
slow 0.99 0.99 0.0
sleep 0.792 0.99 0.0

To pass signals between portions of the design that operate on different voltages, level
shifters are needed.

To prevent unknown states from propagating from a power domain that is powered-down to
a power domain that remains on, isolation cells are needed at the boundaries of the power
domains that are powered down. Most of the time, isolation cells are inserted at the output
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boundaries of the powered down domains. You can, however, also insert isolation cells at the
input boundaries.

To facilitate powered down blocks to resume normal operation, state retention cells can
be used for some sequential cells to keep their previous state prior to power up.

To connect and disconnect the power supply from the gates in a power domain, you must add
power switch logic or use an external power shut-off method.

For switchable domains you need to indicate how the power supply is connected and
disconnected from the gates.

m  Forinternal switchable domains, you must add power switch logic.

m  For external switchable domains, the power switch logic is not part of the chip, so you
must indicate that an external power shut-off method is used.

For this example we are assuming that power domain TDSPCor e is internal switchable.

Special control signals are used to control the supply voltage, shut down a power domain,
enable state retention, restore the state of the registers when powering up a power domain,
and control the working of the power switch logic. Table 2-6 shows the signals used in this
design example.

Table 2-6 Signals Controlling the Power Domains

Power Control Signals

Domain voltage control power switch isolation cell state retention cell

AO VC no control signal no control signal no control signal

PLL no control signal no control signal no control signal no control signal
TDSPCore | no control signal ps_enable iso_enable pg_enable and pg_restore

When a domain is switchable, it derives its power from another power domain through either
internal or external power switch logic.

In this example, power domain TDSPCor e derives its power from power domain AQ, then AO
is called the secondary (or base) domain for TDSPCor e, which is referred to as the
primary (or derived) domain.

When defining a (primary) power domain you can indicate its secondary domain and under
which condition the domain will be shut down.
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The majority of instances in a power domain are driven by the same power supply. For
switchable domains, it is the primary power and ground nets of the (primary) power domain
to which the instances belong that provide the power supply to the power and ground pins
(follow-pins) of the cell.

On the other hand, level shifters, isolation cells and state retention cells are driven by multiple
power supplies. These special low power instances have at least two sets of power and
ground pins, and are therefore associated with two power domains.

For level shifters, the primary and a secondary power domain are defined as follows:

m A power domain X isasecondary power domain of a special low power instance if the
primary power and ground nets of domain X provide the power supply to the secondary
power and (or) ground pins of the special low power instance.

m A powerdomain Y is aprimary power domain of a a special low power instance if the
primary power and ground nets of domain Y provide the power supply to the primary
power and ground pins (follow-pins) of the special low power instance.

The tools reading CPF can derive the primary and secondary power domains for level
shifters. For more information, refer to_Input and Ouput Domains of Level Shifters.

For isolation cells and state retention cells the primary and a secondary power domain are
defined as follows:

m the primary domain is the domain that provides the power supply to their primary set of
power and ground pins.

m  The secondary domain is the domain whose primary power and ground nets provide
the power supply to the secondary power and ground pins of the isolation cells and state
retention cells.

For isolation cells and state retention cells, it is recommended that you specify the secondary
domain for the isolation cells and state retention cells, but if you do not specify this
information, the tools can use some rules to derive the secondary domain. For more
information, refer to Secondary Power Domain of Isolation Instances, and Secondary Domain

of Retention Logic.

When the design can operate in different power modes, you need to check if the design
functions correctly in each of these modes not only at the typical conditions but also when
slightly different operating conditions apply. Typically a multi-mode multi-corner timing
analysis will be done for the worst case and the best case corner. The design must function
correctly in both corners for the same set of timing constraints that is specified for that power
mode. Figure 2-8 on page 68 shows that an analysis (view) can be done for each corner of
the power mode.

November 2012 67 Version 2.0



Common Power Format User Guide
Creating a CPF File

Figure 2-8 Multi-Corner Timing Analysis for a Power Mode

Analysis View for
Best Case Corner

/

Power Mode \

Analysis View for
Worst Case Corner

When analyzing a view of the design, you need to indicate the corners at which the power
domains are operating, as shown in Figure 2-9.

Figure 2-9 Relation of Analysis View with Power Domains and Operating Corners

/ Power Domain
A Operating Corner
~

\; Power Domain

Operating Corner

Analysis View

Table 2-7 indicates which library sets must be used for this design to check the conditions.

Table 2-7 Operating Corners

Operating Corner Operating Condition _

Library set
Name process temperature voltage
BCO8COM_AO 1 0 0.968 ao_bc_0v792
BCO8COM_TDSP 1 0 0.968 tdsp_bc_0v792
BCCOM_AO 1 0 1.21 ao_bc 0v99
WC08COM_AO 1 125 0.792 ao_wc_0v792
WC08COM_TDSP 1 125 0.792 tdsp_wc_0v792
WCCOM_AO 1 125 0.99 ao_wc_0v99

As is obvious that all this information is related to the power intent of the design, it makes
sense to describe this information in the CPF file.
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Complete CPF File for DVFS Example

set _cpf _version 1.

1

HHHHR R
# Technol ogy part of the CPF
HHHHH B R R HHH R R HTHHRRHH R R R R R R R R R R R R

set libdir ../LIBS

set lib_0v99 wc "

set lib_ao w " $I
$l
$l
$l

set lib_0v99 bc "
set lib_ao bc " $I
$l

Sl
$l

set lib_0Ov792 wc "

set lib_tdsp_w "

set lib 0v792 bc "

set lib_tdsp_bc "

$libdir/timng/tcbnd5l pbwp c060907wc.lib "

i bdir/timng/tcbn45l ppbwp_wec0d720d9.1ib \
ibdir/timng/pllclk slowlib\

i bdir/timng/ram256x16A slow. lib \
ibdir/timng/rom512x16A slow. lib *

$li bdir/N45/tim ng/tcbn45l pbwp c060907bc.lib "

i bdir/timng/tcbn45l ppbwp_bc0d881dl.1ib \
ibdir/timng/pllclk slowlib\

i bdir/timng/ram256x16A slow. lib \
ibdir/timng/rom512x16A slow. lib "

$libdir/timnng/tcbn45l pbwp c060907wc0d72.1ib "

$li bdir/tim ng/tcbn45l pbwp_we0d90d72.1i b \
$libdir/timng/tcbn45l pbwphvt _we0d72.1ib \
$li bdir/timng/tcbn45l pbwp_we0d72_ptlvl.lib "

$libdir/timng/tcbn45l pbwp_c060907bc0d88.1ib "

$libdir/timng/tcbn45l pbwp _bcl1d10d88.1i b
$li bdir/timng/tcbn45l pbwphvt _bc0d88.1ib \
$libdir/timnng/tcbn45l pbwp_bc0d88 _ptlvl.lib

# define the library sets

define library_set
define_library_set
define library_set
define_library_set
define library_set
define_library_set
# define the |evel
define | evel shift

-name ao_wc_0v99 -libraries "$lib_0v99 wc $lib_ao_we"
-name ao_bc_0v99 -libraries "$lib_0v99 bc $lib_ao_bc"
-name ao_wc_0v792 -libraries "$lib_0v792_wc $lib_ao_wc"

-name ao_bc_0v792 -libraries "$lib_0v792 bc $lib_ao_bc"

-name tdsp_wc_0v792 -libraries "$lib_0v792_wc $lib_tdsp_wc"
-nanme tdsp_bc_0v792 -libraries "$lib_0v792 bc $lib_tdsp_bc"

shifters
er _cell -cells LVL*HLD* \

-input_vol tage range 0.792:0.99:0.099 \
-out put _vol tage_range 0.792:0.99:0.099 \
-direction down \

- out put _power _

-ground VSS \

pin VDD \

-valid | ocation to

define_ | evel shift

er cell -cells PTLVL*HLD* \

-i nput _vol tage_range 0.792:0.99:0.099 \
-out put _vol tage_range 0.792:0.99:0.099 \
-direction down \

- out put _power _

-ground VSS \

pin TVDD \

-valid_location to
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define_level _shifter_cell -cells LVLLHD* \
-input_vol tage range 0.792:0.99:0.099 \
-out put _vol tage_range 0.792:0.99:0.099 \
-i nput _power _pin VDDL \
-out put _power _pin VDD \
-direction up \
-ground VSS \
-valid_location to

# define the enable | evel -shifter cel

define |l evel _shifter _cell -cells LVLLHCD* \
-i nput _vol tage_range 0.792:0.99:0.099 \
-out put _vol tage_range 0.792:0.99:0.099 \
-enabl e NSLEEP \
-i nput _power _pin VDDL \
- out put _power _pin VDD \
-direction up \
-ground VSS \
-valid_ | ocation to

# define the isolation cells

define_isolation_cell -cells iso* \
- power VDD \
-ground VSS \
-enabl e NSLEEP \
-valid_location to

# define the always on cel

define_always on _cell -cells {PTBUFFD2BWP} \
- power _swi t chabl e VDD -power TVDD -ground VSS

# define the state retention cel

define_state_retention_cell -cells { RSDFCSRHD2BW, } \

-clock_pin CP\

- power TVDD \

- power _swi t chabl e VDD \
-ground VSS \

-save_function "SAVE" \
-restore_function "! NRESTORE"

# define the power switch cells

define_power_switch_cell -cells {HDRD D1BWPHVT HDRDI AOND1BWPHVT} \

- power _swi t chabl e VDD - power TVDD \
-stage_1 enabl e ! NSLEEPI N1 \
-stage_1 out put NSLEEPQUT1 \
-stage_2 enabl e ! NSLEEPI N2 \
-stage_ 2 out put NSLEEPOUT2 \

-type header

HARBHHHHHA BB HHH AR SR AR H R AR R R
# Desi gn part of the CPF
HUHRHHHHH T

set _design dtnf_recvr_core
set tine_unit ns

set _hierarchy_separator "/"
set constraintDir ../mmc
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# create nominal conditions

create_nom nal _condition -name high_ao -voltage 0.99
create_nom nal _condition -name | ow ao -voltage 0.792
create_nomi nal _condition -nanme | ow tdsp -voltage 0.792
create_nom nal _condition -name off -voltage 0O

# create power domains

creat e_power _domain -name AO -default \
-active_state conditions {low ao@!VC' high_ao@VC'}

creat e_power _domai n -name TDSPCore -instances TDSP_CORE | NST \
-shutof f_conditi on {PM I NST/ ps_enabl e} -base_donmi ns AO

create_power _domain -name PLL -instances PLLCLK I NST \
-boundary_ports {refclk vcomvcop ibias pllrst}

# create power nodes
creat e_power _node -nane full \

-domai n_condi tions {AC@i gh_ao PLL@i gh_ao TDSPCore@ ow_t dsp} -default

creat e_power _node -nane slow \
-domai n_condi ti ons {AQC@i gh_ao PLL@i gh_ao TDSPCor e@f f}

creat e_power _node -nane sleep \
-domai n_condi ti ons { AO@ ow_ao PLL@i gh_ao TDSPCor e @f f}

# create rules for level shifter insertion
create |l evel _shifter_rule -name LSRULE H2L -from AO -to TDSPCore \

-excl ude {PM_ I NST/ ps_enabl e PM | NST/ pg_enabl e PM | NST/ pg_r est or e}
create level _shifter rule -nanme LSRULE H2L_AO -from AO -to TDSPCore \

-pins {PM I NST/ ps_enabl e PM | NST/ pg_enabl e PM | NST/ pg_r est or e}
create |l evel _shifter_rule -name LSRULE H2L PLL -from PLL -to AO
# create rule for isolation logic insertion
create_isolation_rule -nanme | SORULE -from TDSPCore \

-isolation_condition "I PMINST/iso_enabl e" -isolation_output high

# create rule for state retention insertion

create_state retention_rule -nanme SRPG TDSP \
-domai n TDSPCor e \
-restore_edge {!PM.INST/pg_restore} \
-save_edge {PM_I NST/ pg_enabl e}

HARBHHHHH AR HH AR HH AR H PR R R R R R
# Optional Information for RTL Simul ation
HUBRHHHHH A

updat e_power _donai n -nane AO -transition_|l atency {low ao hi gh_ao@. 8: 1. 2}
updat e_power _donai n -nane AO -transition_|atency {high_ao | ow ao@. 2: 0. 3}

updat e_power _donmai n -nane TDSPCore -transition_|latency {off low tdsp@.O: 2.5}

HHR R R R i R
# Additional Information for Logic Synthesis
IR R

# associate library sets with noninal conditions

updat e_nom nal _condition -nane high_ao -library_set ao_wc_0v99
updat e_nomi nal _condition -nane low ao -library set ao wc_0v792
updat e_nomi nal _condition -nane low tdsp -library_set tdsp_wc_0v792
November 2012 71

Version 2.0



Common Power Format User Guide
Creating a CPF File

# specify timng constraints

updat e_power _node -name full \
-sdc_files ${constraintDir}/dtnf_recvr_core_gate. sdc

updat e_power _node -nanme sl ow \
-sdc_files ${constraintDir}/dtnf_recvr_core_gate. sdc

updat e_power _node -nane sl eep \
-sdc_files ${constraintDir}/dtnf_recvr_core_dull.sdc

# update the rules

update | evel _shifter _rules -nanes LSRULE H2L -cells LVLHLD2BWP -| ocation to
update_| evel _shifter_rules -names LSRULE H2L_AO -cells PTLVLHLD2BWP -1 ocation to
update | evel _shifter_rules -names LSRULE H2L PLL -cells LVLHLD2BWP -l ocation to
update_i sol ation_rul es -names | SORULE -l ocation to -cells LVLLHCD2BWP

update_state retention_rul es -nanmes SRPG TDSP \
-cell RSDFCSRHD2BWP -1library_set tdsp_wc_0v792

HUHHRHHHHH
# Additional Information for Physical |nplenmentation
HUHR R HH T

# decl are power and ground nets

create_power_nets -nets VDD -voltage {0.792:0.99:0. 198}
create_power _nets -nets VDD TDSP_R -voltage 0.792
create_power_nets -nets Avdd -voltage 0.99

create_power _nets -nets VDD TDSPCore -internal -voltage 0.792
create_ground_nets -nets VSS
create_ground_nets -nets Avss
# create gl obal connections
creat e_gl obal _connection -donai
create_gl obal _connection -donai
creat e_gl obal _connection -donai
create_gl obal _connection -donai
creat e_gl obal _connection -donai
create_gl obal _connection -donai
creat e_gl obal _connection -donai
create_gl obal _connection -donai
creat e_gl obal _connection -donai
create_gl obal _connection -donai
creat e_gl obal _connection -donai
# rule for power switch insertion

create_power_switch_rul e -name TDSPCore_SW -donmai n TDSPCor e \
- ext ernal _power _net VDD

updat e_power _switch rul e -nane TDSPCore SW-cel |l s HDRDI D1BWPHVT \
-prefix CDN_SW -acknow edge_receiver_1 switch_en_out

# add inplenentation info for power domains
updat e_power _donmai n -nane AO -prinmary_power_net VDD -primary_ground_net VSS

AO -net VDD TDSPCore -pins VDDL

AO -net VDD -pins VDD

AO -net VSS -pins VSS

PLL -net Avdd -pins avdd!

PLL -net Avss -pins agnd!

PLL -net VDD -pins VDDL

PLL -net Avdd -pins VDD

PLL -net Avss -pins VSS

TDSPCore -net VSS -pins VSS
TDSPCore -net VDD TDSP_R -pins TVDD
TDSPCor e -net VDD _TDSPCore -pins VDD

> 53 53 5 O 5 S5 oS oS S S
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updat e_power _domai n -nane TDSPCore -primary_power_net VDD TDSPCore \
-primary_ground net VSS

updat e_power _domai n -nane PLL -primary_power _net Avdd -primary_ground_net Avss

# create operating corners

create_operating_corner -nane BCCOM AO \
-process 1 -tenperature 0 -voltage 1.21 -library_set ao_bc_0v99

create_operating_corner -nane WCCOM AO \

-process 1 -tenperature 125 -voltage 0.99 -library_set ao_wc_0v99

create_operating_corner -nane BCO8COM AO \

-process 1 -tenperature O -voltage 0.968 -library set ao_bc_0v792

create_operating _corner -nane BCO8COM TDSP \

-process 1 -tenperature 0 -voltage 0.968 -library set tdsp_bc_0v792

create_operating _corner -nanme W08COM AO \

-process 1 -temperature 125 -voltage 0.792 -library_set ao_wc_0v792

create_operating_corner -nane W08COM TDSP \

-process 1 -tenperature 125 -voltage 0.792 -library_set tdsp_wc_0v792

# create analysis views

create_analysis view -nane AV full _MN RCL -node full \
-domai n_corners { AO@BCCOM AO PLL@CCOM AO TDSPCor e @C08COM TDSP}

create_analysis view -nane AV full _MN RC2 -node full \
-domai n_corners { AO@CCOM AO PLL@BCCOM AO TDSPCor e @C08COM TDSP}

create_anal ysis_view -nane AV_full MAX RCl -node full \
-domai n_corners { AOG\NCCOM AO PLL@\CCOM AO TDSPCor e @\C08COM TDSP}

create_anal ysis_view -name AV full _MAX RC2 -node full \
-domai n_corners { AO@\NCCOM AO PLL@\CCOM AO TDSPCor e @\CO8COM TDSP}

create_anal ysis_view -name AV_slow M N RCl -node sl ow \
-domai n_cor ners { AO@BCCOM AO PLL@CCOM AO TDSPCor e @C08COM TDSP}

create_anal ysis_view -nane AV_sl ow MAX RCl -node sl ow \
-domai n_corners { AOG\NCCOM AO PLL@\CCOM AO TDSPCor e @\C08COM TDSP}

create_anal ysis_view -nanme AV_sleep_ M N RCl -node sleep \

-domai n_corners {AO@C08COM AO PLL@BCCOM AO TDSPCor e @C08COM TDSP}

create_anal ysis_view -nanme AV_sl eep_MAX RCl1 -node sleep \

-domai n_corners { AC@\CO8COM AO PLL@\CCOM AO TDSPCor e @\CO8COM_TDSP}

end_desi gn

November 2012 73

Version 2.0



Common Power Format User Guide
Creating a CPF File

Steps to Create the CPF File for DVFS Design

This section describes the information to include in a CPF file for a design using the DVFS
methodology. The example shown in Figure 2-7 on page 63 is used throughout this section.

For a design using the DVFS methodology, the technology-related information lists the
libraries that you want to use for the design and identifies the library cells that can be used as
level shifters, isolation cells, always-on cells, power switch cells and state retention cells.

The

The following information is needed for both design creation and logic verification:

Specifying the Libraries on page 76

Specifying the Level Shifter Cells to Use on page 77

Specifying the Isolation Cells to Use on page 78

Specifying the Always-On Cells on page 79

Specifying the State Retention Cells to be Used on page 80

Specifying the Power Switch Cells to be Used on page 81

design-related information captures the power intent and constraints.

Declaring the Design Described in the CPF File on page 82

Specifying the Units Used on page 82

Specifying the Naming Styles Used on page 83

Specifying the Operating Voltages Used in the Design on page 84

Specifying the Power Domains on page 85

Specifying the Static Behavior in each Power Mode on page 86

Specifying the Rules to Create Level-Shifter Logic on page 87

Specifying the Rules to Create Isolation Logic on page 88

Specifying the Rules to Create State Retention Logic on page 89

Specifying the Time to Transition between Power States on page 90

Specifying the Power Constraints on page 91

Specifying the Timing Constraints on page 91

Specifying the Activity Information on page 91
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Updating the Rules with Implementation Information on page 92

The following information is needed for physical implementation:

Specifying the Global Power and Ground Nets on page 93

Specifying the Global Connections on page 94

Specifying the Rules for the Power Switch Logic on page 95

Specifying Additional Information for Power and Ground Routing on page 96

Specifying the Operating Corners on page 97

Specifying the Analysis Views on page 98
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Specifying the Libraries

0  Togroup libraries that are characterized for a specific set of operating conditions, use the
define_library set command:

define library set -nane |library_set
-libraries library_list

For the design in Figure 2-7 on page 63, six library sets are defined: one library set for the
best and worst case operating conditions of each power domain.

The following command defines the library set to be used for the main portion of the design
(AOpower domain). The libraries were characterized for the worst condition. The command
uses two variables defined in the CPF file to pass two library lists.

define_ library set -name ao_wc_0v99 -libraries "$lib 0v99 w $lib _ao w"
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Specifying the Level Shifter Cells to Use

0  To identify which cells in the libraries must be used as level shifters, use the
define_ | evel shifter_cell command.

For more information on how to model different types of level shifters, refer to Modeling Level
Shifters on page 146.

For applications that do not read .lib files, you must specify the library cells to allow the
application to identify the instances of these cells in the netlist.

When you define the input_voltage_range for a pure MSV design, the value for the

-i nput _vol tage_range and - out put _vol t age_r ange options is a single voltage
value. For DVFS designs, the level shifters must be able to support a range and thus in this
case you must specify a range as value for these options:

| ower _bound: upper _bound: st ep
For the design in Figure 2-7 on page 63, four groups of level shifters are specified.

The following command selects a group of level shifters whose input and output voltages can
range between 0.792V and 0.99V in increments of 0.099V. The cells can only be used from
a higher to a lower voltage and must be placed in the destination power domain.

define level _shifter cell -cells PTLVL*HLD* \
-input _vol tage_range 0.792:0.99:0.099 \
-out put _vol tage_range 0.792:0.99:0.099 \
-directi on down
- out put _power _pin TVDD -ground VSS \
-valid_location to
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Specifying the Isolation Cells to Use

0O  To identify which cells in the libraries must be used as isolation cells, use the
define_isolation_cell command.

For more information on how to model different types of isolation cells, refer to Modeling
Isolation Cells on page 161.

For applications that do not read .lib files, you must specify these library cells to allow these
applications to identify instances of isolation cells in the netlist.

For the design in Figure 2-7 on page 63 isolation cells are needed at the boundaries of the
the TDSP_CORE _| NST block. For this design, one command is specified.

The following command selects cells whose enable pin is called NSLEEP, and whose valid
location is the destination power domain. The command also specifies that the names of the
power and ground pins of the corresponding LEF cells is called VDD and VSS, respectively.
define_isolation_cell -cells iso* \

- power VDD \

-ground VSS \

-enabl e NSLEEP \
-valid_ | ocation to
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Specifying the Always-On Cells

Always-on cells are special cells whose power supply has to be continuous on even when the
power supply for the rest of the logic in the power domain is off.

Always-on cells are used for example

m  To drive the control signals of the state retention cells in a domain that is being powered
down

= In combination with isolation cells that are inserted in the power domain that is switched
off to ensure that the driver of the enable pin of the isolation cells is never switched off.

0  To identify which cells in the libraries must be used as always-on cells, use the
define_al ways_on_cel I command.

define_al ways_on_cel |
-cells cell _list [-library_set library_ set]
[ {-power_switchable LEF _power pin
| -ground_swi tchable LEF_ground_pin
| - power _switchabl e LEF_power pin -ground sw tchable LEF _ground_pin}
-power LEF_power pin -ground LEF _ground_pin ]

Note: Outputs of cells that are always on, are always-on drivers.

For applications that do not read .lib files, you must specify the library cells to allow the
application to identify the instances of these cells in the netlist.

For the design in Figure 2-7 on page 63, always-on cells are needed to drive the control
signals of the state retention cells in the TDSP_CORE_| NST block. For the design, one
command is specified.

The following command specifies to use the PTBUFFD2BWP cell. It also specifies that in the
corresponding LEF cell, the name of the pin connected to the power that is switched off is
VDD, the name of the pin connected to the power that remains on while the power domain is
shut off is TVDD, and the name of the pin connected to the ground is VSS.

define_always on_cell -cells {PTBUFFD2BW} \
- power _swi t chabl e VDD -power TVDD -ground VSS
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Specifying the State Retention Cells to be Used

0O  To identify which cells in the libraries must be used as state retention cells, use the
define_state_retention_cell command.

For more information on how to model different types of state retention cells, refer to Modeling
State Retention Cells on page 177.

For applications that do not read .lib files, you must specify the library cells to allow the
application to identify the instances of these cells in the netlist.

For the design in Figure 2-7 on page 63, state retention cells are needed for the
TDSP_CORE_I NST block. For the design one command was specified.

The following command selects the RSDFCSRHD2BWP cell and specifies that clock pin is CR,
that the state of the cell is saved when pin SAVE is active high and that the state of the cell
will be restored when pin NRESTORE is active low. It also specifies that in the corresponding
LEF cell, the name of the pin connected to the power that is switched off is VDD, the name of
the pin connected to the power that remains on while the power domain is shut off is TVDD,
and the name of the pin connected to the ground is VSS.
define_state_retention_cell -cells { RSDFCSRHD2BW, } \

-clock_pin CP\

- power TVDD \

- power _swi t chabl e VDD \

-ground VSS \

-save_function "SAVE" \
-restore_function "! NRESTORE"
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Specifying the Power Switch Cells to be Used

0O  To identify which cells in the libraries must be used as power switch cells, use the
defi ne_power _sw tch_cel |l command.

For more information on how to model different types of power switch cells, refer to Modeling
Power Switch Cells on page 184.

For applications that do not read .lib files, you must specify these library cells to allow these
application to identify the instances of these cells in the netlist.

For the design in Figure 2-7 on page 63 power switch cells are needed for the
TDSP_CORE_I NST block. For the design one command was specified.

The following command specifies to use the HDRDI D1BWPHVT and HDRDI AOND1BWPHVT
cells. It also specifies that the corresponding LEF cell must be a header cell and that the name
of the pin connected to the power that is switched off is VDD and the name of the pin
connected to the power that remains on while the power domain is shut off is TVDD. It further
specifies that the power switch is turned on when a low value is applied to both the
NSLEEPI N1 and NSLEEPI N2 pins and that both output pins are the buffered outputs of the
corresponding input pins.
define_power _switch cell -cells {HDRD D1BWPHVT HDRDI AOND1BWPHVT} \

- power _swi t chabl e VDD - power TVDD \

-stage_1 enabl e ! NSLEEPI N1 \

-stage_1 output NSLEEPOUT1 \

-stage_2_enabl e ! NSLEEPI N2 \

-stage_2_out put NSLEEPQUT2 \
-type header
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Declaring the Design Described in the CPF File
0  To identify the design for which the CPF file is created, use the following command:
set _design nmodul e

where nodul e refers to the name of the top module of the design to which the power
information in the CPF file applies.

For the design in Figure 2-7 on page 63:

set _design dtnf_recvr_core

0  To indicate when the power information for this module ends, use the following
command:

end_desi gn

Specifying the Units Used

You can specify the units that will be used for the power and time values in CPF commands.

0  To specify the power unit used, use the following command
set _power _unit [pWnWuW mAW
Default: mW

0  To specify the time unit used, use the following command

set _tinme unit [ns|us|ns]

Default: ns

Note: These commands are optional if you use the default values.

For the design in Figure 2-7 on page 63 the default value was assumed for the power unit.,
but the time unit was specified:

set _tinme_unit ns
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Specifying the Naming Styles Used

0  To specify the hierarchy separator used in the CPF file, use the following command

set _hierarchy_separator [character]

The default separator is the period (.).

The format of a name in RTL and in the netlist can be different. When you want to use the
RTL names in the CPF file, but you are reading a gate-level netlist, you need to specify how
the base name and bit information are represented in the netlist.

0  To specify the format used to name flip-flops and latches in the netlist starting from the
register names in the RTL description, use the following command

set _reqgister_naming_style [string%s]

Default: _reg%

0  To specify the format used to name the design objects in the netlist starting from muilti-bit
arrays in the RTL description, use the following command

set _array_naming_style [string]

Default: \ [ %d\ ]

For more information on these two commands, refer to Individual Reqgisters Names in the
Common Power Format Language Reference.

Note: These three commands are optional if you use the default values.

For the design in Figure 2-7 on page 63 the hierarchy separator was specified:

set _hierarchy_separator "/"
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Specifying the Operating Voltages Used in the Design

In CPF, operating voltages are associated with nominal conditions.

0  To specify the operating voltages used in the design, use the
create_nom nal _condi ti on command:

create_nominal _condition -name string
-voltage {voltage | voltage list} [-state {on | off | standby}]
[-ground _voltage {voltage | voltage |ist}]

Note: The -pnos_bi as_vol t age and - nnos_bi as_vol t age options of
create_nom nal _condi ti on are irrelevant for a design not using substrate biasing.

For the design in Figure 2-7 on page 63 four nominal conditions are defined.

The following command defines the nominal condition for the highest voltage used in the
design.

create_nom nal _condition -name high_ao -voltage 0.99
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Specifying the Power Domains

0  To identify portions of the design that use the same main power supply and whose
voltage and frequency can simultaneously change or be switched off, associate these
portions with a power domain using the cr eat e_power _donai h command:

creat e_power _domai n -nanme power _donmai n
[-instances instance_list] [-boundary ports pin_list] [-default]
[ -shutoff _condition expression [-external _controlled shutoff]]
-default _isolation_condition expression ]
-default _restore _edge expr | -default_save_edge expr
-default _restore_edge expr -default_save edge expr
-default _restore | evel expr -default_save | evel expr ]
-power _up_states {high|lowrandon} ]
-active_state conditions active_state condition_list ]
-base_domai ns domain_li st]

[
[
I
I
[
[
[

The - shut of f _condi t i on determines when the power domain is switched off. If this
option is not specified, the power domain is an unswitched domain.

Note: CPF requires that the top module belongs to the default power domain.
For the design in Figure 2-7 on page 63 three power domains are created.

The following command defines the AO power domain as the default power domain of the
scope, and specifies that the power domain operates at different voltages with different
control conditions.

creat e_power _domain -name AO -default \
-active_state conditions {low ao@!VC' high_ao@VC'}

The following command defines the PLL power domain. It associates the hierarchical
instance, PLLCLK | NST, and the I/O portsrefcl k, vcom vcop, ibias, and

pl I r st with this domain. These ports are ports that feed signals that are only needed by the
PLLCLK | NST instance.

create_power_domain -name PLL -instances PLLCLK | NST \
-boundary_ports {refclk vcomvcop ibias pllrst}
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Specifying the Static Behavior in each Power Mode

0  To define the static behavior of the design in a power mode, you need to specify the
nominal condition of each power domain in that mode using the cr eat e_power _node
command:

create_power _node -nanme string
-domai n_condi tions domai n_condition_Iist
[ -defaul t]

Note: The -gr oup_nodes option ofthe cr eat e_power _node command is only relevant for
a hierarchical flow. For more information, refer to Chapter 4, “Hierarchical Flow.”

Use the following format to specify a domain condition (association of a power domain with
its nominal condition in the power mode being defined):

domai n_nanme@oni nal _condi ti on_nane

For the design in Figure 2-7 on page 63 three power modes are defined.

The following command defines power mode, f ul | , which corresponds to the power mode
in which the full functionality can be accessed. This command specifies that both power
domains AOand PLL are operating at nominal condition hi gh_ao, while power domain
TDSPCor e is operating at nominal condition | ow _t dsp.
creat e_power _node -nane full \

-domai n_condi ti ons {AQC@i gh_ao PLL@i gh_ao TDSPCore@ ow_t dsp} -default
Note: When a domain is not specified in the list of domain conditions, it is considered to be
switched off in the specified mode. For example, power domain TDSPCor e could be omitted
from the list of conditions for power modes sl ow and sl eep, because referring to Table 2-5
on page 65, power domain TDSPCor e is switched off in both modes. It is recommended not
to rely on the default behavior and to specify all power domains when defining a power mode.

For example the following two commands are equal:

creat e_power _node -nane slow \
-domai n_condi ti ons {AC@i gh_ao PLL@i gh_ao TDSPCor e@f f}

creat e_power _node -nane slow \
-domai n_condi ti ons {AQC@i gh_ao PLL@i gh_ao}
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Specifying the Rules to Create Level-Shifter Logic

Depending on your technology, you may need level shifters when passing any signals

m  From a power domain with a lower voltage to a power domain with a higher voltage
= From a power domain with a higher voltage to a power domain with a lower voltage
= In both cases

O  To create the rule to be used between power domains or a set of pins, use the
create_ | evel shifter_ rul e command:

create |l evel _shifter_rule -name string
{-pins pin_list | -frompower_domain_list | -to power_domain_list}...
[-exclude pin_list]

For the design in Figure 2-7 on page 63, three sets of level shifter rules were created.

The following command creates a rule between power domains AOand TDSPCor e and
specifies to exclude the ps_enabl e, pg_enabl e, and pg_r est or e pins on the
pm_i nst ance block from level-shifter insertion.

create |l evel _shifter_rule -name LSRULE H2L -from AO -to TDSPCore \
-exclude {PM_I NST/ ps_enabl e PM | NST/ pg_enabl e PM_| NST/ pg_r est or e}
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Specifying the Rules to Create Isolation Logic

0  To define when isolation cells must be added or to specify which pins must be isolated,
usethecreate_isolation_rul e command:

create_isolation_rule
-name string
[-isolation_condition expression | -no_condition]
{-pins pin_list | -frompower_domain_list | -to power_domain_list}...
[-exclude pin_list]
[-isolation_target {fromto}]
[-isolation_output { high | low| hold | tristate}]
[ -secondary_domai n power _domai n]

Typically, isolation logic is needed to isolate signals going from a power domain being
switched down to a power domain that remains on. However, if an input of a powered down
domain requires a stable signal for electrical reasons, isolation is required even if the signal
goes from a powered on domain to a powered down domain. Also, when a power domain is
in the standby state, and all inputs to this power domain must be stable, isolation of the inputs
will be required.

Referring to Table 2-5 on page 65, isolation logic is needed in power modes sl owand sl eep
for any nets going from power domain TDSPCor e to AOand PLL.

For the design in Figure 2-7 on page 63, one isolation rule was created.

The following command specifies to isolate all pins driving nets going from power domain
TDSPCor e to any other power domain. The pins must be isolated when the i so_enabl e
signal becomes active low. The command further specifies that the output of the isolation
gates must be hi gh when the isolation condition is true.

create_isolation_rule -name | SORULE -from TDSPCore \
-isolation_condition "I PMINST/iso_enabl e" -isolation_output high
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Specifying the Rules to Create State Retention Logic

0  To define the rule for replacing selected registers or all registers in the specified power
domain with state retention registers, use the create_state_retention_rul e
command.

create_state retention_rule
-nanme string

{ -domain power _domain | -instances instance_|ist }
-exclude i nstance_list ]
-restore_edge expr | -save_edge expr

-restore_edge expr -save_edge expr

-restore_ | evel expr -save_level expr]
-restore_precondition expr] [-save_precondition expr]
[-target _type {flop]|latch|both}]

[ -secondary_donai n domai n]

[
[
I
I
[

For the design in Figure 2-7 on page 63, one rule was created. Because this design has only
one power domain that is powered down, state retention rules are only needed for this power
domain.

The following command creates a state retention rule for power domain TDSPCor e and
specifies that the states of the state retention cells in this domain will be saved when
pg_enabl e signal becomes active high. The states of the state retention cells will be
restored when the pg_r est or e signal becomes active low. The secondary power domain is
not specified for the state retention logic. In this case, the tools will use the secondary (or
base) power domain of its primary domain. That logic is the PM_| NST instance which belongs
to power domain AQ
create _state retention_rule -nanme SRPG TDSP \

-domai n TDSPCor e \

-restore_edge {! PMINST/pg restore} \
-save_edge {PM I NST/ pg_enabl e}
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Specifying the Time to Transition between Power States

O  To specify the transition states between power states for a power domain, use the
updat e_power _donai n command with one of the following options:

updat e_power _donai n
-name domai n
{ -transition_slope [float:]float |
| -transition_latency {fromnomlatency_list}
| -transition_cycles {fromnomcycle_list clock_pin} }

The design in Figure 2-7 on page 63 can have four possible transitions.

For power domain AQ the two possible transitions are from nominal condition | ow_ao to
hi gh_ao and vice versa.

For power domain TDSPCor e, the two possible transitions are from nominal condition of f to
| ow_t dsp and vice versa. Typically, the transition time from the on state to the off state is not
important and therefore it is not defined here.

The following command defines the minimum amd maximum transition time from nominal
condition of f to | ow_t dsp for power domain TDSPCor e.

updat e_power _donai n -nane TDSPCore -transition_|atency {off |ow tdsp@. 0: 2. 5}

Specifying the Libraries to Use for a Condition

You already grouped libraries that are characterized for a specific set of operating conditions
in a library set.

0  To specify which library set to use for a specific nominal condition, use the
updat e_nom nal _condi ti on command:

updat e_nomi nal _conditi on -nane condition
-library_set library_set

For the design in Figure 2-7 on page 63, library sets are specified for each nominal condition,
except for nominal condition, of f. The following command links library set ao_wc_0v99 to
nominal condition hi gh_ao.

updat e_noni nal _condition -name high_ao -library_set ao_wc_0v99
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Specifying the Power Constraints
Note: This information is optional in the CPF file.

0  To specify the targets for leakage and dynamic power in the current design, use the
set _power _t arget command:

set _power _t ar get
{ -leakage float | -dynamic fl oat
| -leakage float -dynamic float}

For the design in Figure 2-7 on page 63, no power constraints were specified.

Specifying the Timing Constraints
Note: This information is optional in the CPF file.

0  To specify the timing constraints for the current design, use the - sdc_fi | es option of
the updat e_power _nbde command:

updat e_power _node -nanme node
{-sdc_files | -setup_sdc_files | -hold_sdc_files} sdc_file_list

For the design in Figure 2-7 on page 63, separate timing constraints were defined for each of
the modes.

The following command specifies the constraints to be used to optimize or analyze the design
forthe f ul I power mode (when full functionality must be available). The directory of the SDC
file is specified through a variable which was defined in the CPF file.

updat e_power _node -nanme full \

-sdc_files ${constraintDir}/dtnf_recvr_core_gate. sdc
Specifying the Activity Information
Note: This information is optional in the CPF file.

O  To specify the activity information that can be used for power analysis, use

updat e_power _node -nanme node
-activity file file -activity file_ weight wei ght

Supported formats for the activity files are VCD, TCF, and SAIF.

If the design has several modes, you can specify the relative weight of the activities per mode.
For the design in Figure 2-7 on page 63, no activity information was specified.
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Updating the Rules with Implementation Information

1. To specify the location or the type of level shifters to be used, use the
update_| evel _shifter_rul es command:

update | evel _shifter_rules -nanes rule_li st
{ -location {from]| to | parent | any}
| -within_hierarchy instance
| -cells cell _list
| -prefix string }...

For the design in Figure 2-7 on page 63, three of the four level shifter rules were updated.

The following command specifies that for rule LSRULE_H2L only level shifter cell
LVLHLD2BWP can be used and all level shifters must be placed in the destination power
domain.

update | evel _shifter _rules -nanes LSRULE H2L -cells LVLHLD2BWP -| ocation to

2. To specify the location or the type of isolation cells to be used, use the
updat e_i sol ati on_rul es command:

update_isolation_rules -names rule_list
{ -location {from| to | parent | any}
| -within_hierarchy instance
| -cells cell _Iist
| -prefix string
| -open_source_pins_only}...

For the design in Figure 2-7 on page 63, only one isolation rule was created and this rule
was updated.

The following command specifies that for rule | SORULE only cell LVLLHCD2BWP can be
used and all isolation cells must be placed in the destination power domain.
update_isolation_rules -names | SORULE -cells LVLLHCD2BWP -1 ocation to

3. To append the specified rules for state retention logic with implementation information,
use the update_state_retention_rul es command:

update state retention_rules
-nanmes rule_|ist
{ -cell _type string
| -cells cell list| -set_reset_control} ...

For the design in Figure 2-7 on page 63, only one state retention rule was created and
this rule was updated.

The following command specifies that for rule SRPG_TDSP, only the following state
retention cell RSDFCSRHD2BWP from library sett dsp_wc_0v792 can be used.

update state retention_rul es -nanes SRPG TDSP \
-cel | RSDFCSRHD2BWP -library set tdsp _wc_0v792
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Specifying the Global Power and Ground Nets

0 To declare (or create) the nets connected to the ground and power supplies, use the
create_ground_nets and cr eat e_power _net s commands:

create_ground_nets -nets net _|ist
[-voltage string]
[-external _shutoff_condition expression | -internal]

[-user_attributes string_list]
[-peak_ir_drop_limt float]
[-average_ir _drop limt float]

create_power _nets -nets net i st
[-voltage string]
[-external _shutoff_condition expression | -internal]

[-user_attributes string_list]
[-peak_ir _drop_limt float]
[-average_ir_drop limt float]

Note: Power and ground nets referenced in an updat e_power _domai n command can be
either always on or can be switchable power nets depending on the power domain
specification. Other power and ground nets are considered to be always on unless you
specify the - ext er nal _shut of f _condi ti on option.

For the design in Figure 2-7 on page 63, four power nets and two ground nets are declared.
One power net is connected to the variable power supply. One power net is needed for the
PLL power domain. Two power nets are needed for the TDSPCor e power domain: one power
net can be switched off, another power net is needed to retain the states of the state retention
cells.

The following command declares power net VDD. This net is connected to a power supply that
can vary from 0.792 V to 0.99V in increments of 0.198V. This power net belongs to power
domain AO because that is the power domain whose voltage can be dynamically scaled.

create_power_nets -nets VDD -vol tage {0.792:0.99: 0. 198}
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Specifying the Global Connections

0  To specify how to connect global nets, such as power and ground nets to the cell pins,
use the cr eat e_gl obal _connecti on command:

create_gl obal _connection

-net net
-pins pin_Ilist
[-dormain domain | -instances instance_list]

If you omit the - domai n or - i nst ances option, the global connection applies to the
specified pins of the entire design.

If you combine - pi ns and - domai n options, only those pins in the specified list that also
belong to the specified power domain are connected.

If you combine - pi ns and - i nst ances options, only those pins in the specified list that also
belong to the specified instances are connected.

For the design in Figure 2-7 on page 63, eleven global connections were specified.

The following command specifies that net VDD must be connected to all cell pins named VDD
in power domain AQ

create_gl obal _connection -domain AO -net VDD -pins VDD
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Specifying the Rules for the Power Switch Logic

1. To specify how a single power switch must connect the external and internal power or
ground nets for the specified power domain, use the cr eat e_power _switch_rul e
command.

create_power _switch rule
-nanme string
-domai n power _donmai n
{-external _power_net net | -external _ground net net}

You can specify one or more commands for a power domain depending on whether you
want to control the switchable power domain by a single switch or multiple switches.

2. To append the specified rules for power switch logic with implementation information, use
the updat e_power _sw t ch_r ul e command:

updat e_power _switch rule
-nanme string
{ -enable_condition_1 expression [-enable _condition_2 expression]
| -acknow edge_receiver_1 express [-acknow edge_receiver_2 express]
| -cells cell _list
| -gate_bias_net power _net
| -prefix string
I
I

-peak _ir _drop limt fl oat
-average ir _drop limt float }

For the design in Figure 2-7 on page 63, one rule was created. Because this design has only
one power domain that is powered down, power switch rules are only needed for this power
domain.

The first command creates a power switch rule for power domain TDSPCor e and specifies
that the source pin of the power switch must be connected to net VDD_TDSP_R

The second command specifies that for rule TDSPCor e _SWonly cell HDRDI D1BWPHVT can
be used. The command also specifies to use the CDN_SW._ prefix for the created logic and to
connect the swi t ch_en_out pin to the output pin of the power switch cell.
create_power _switch_rul e -name TDSPCore_ SW -domai n TDSPCor e \

- external _power _net VDD TDSP_R

updat e_power _switch_rul e -nane TDSPCore_ SW -cel | s HDRDI D1BWPHVT \
-prefix CDN_SW -acknow edge_receiver_1 switch_en_out
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Specifying Additional Information for Power and Ground Routing

0  To specify additional information that applies to power and ground routing, use the
updat e_power _donai n command with one of the following options:

updat e_power _donai n
-name domai n
{ -primary_power_net net

| -primary_ground_net net | -equival ent_power_nets power_net |i st
| -equival ent_ground_nets ground_net |i st

| -pros_bias_net net | -nnpbs_bias_net net

I

-user_attributes string_list}

For the design in Figure 2-7 on page 63, three updat e_power _domai h commands were
specified.

The following command specifies that AVDD is the main power net for all functional gates in
power domain PLL, while Avss is the ground net.

updat e_power _donai n -nane PLL -primary_power _net Avdd -prinmary_ground_net Avss
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Specifying the Operating Corners

The design must be able to perform under different sets of operating conditions (process,
voltage, and temperature values). Because the timing and power characteristics of the cells
depend on the operating conditions, different library sets that contain the characterization
information for the different conditions are used. An operating corner shows which library set
to use for a given operating condition.

()~ Tip

Different portions of the design can operate at the same voltage and yet use
dedicated library sets. In this case, it is possible to have multiple operating corners
with the same operating conditions. Table 2-7 on page 68 illustrates this case.

0  To define an operating corner, use the cr eat e_oper ati ng_cor ner command.

creat e_operating_corner
-name string
-voltage float [-ground_voltage fl oat]
[-process fl oat]
[-tenperature fl oat]
-library_set library_set

Note: The -pnos_bi as_vol t age and - nnos_bi as_vol t age options of
creat e_operati ng_corner are irrelevant for a design not using substrate biasing.

For the design in Figure 2-7 on page 63, six operating corners were specified.

The following command specifies to use library set ao_wc_0v99 for operating corner
WCCOM AQ. The process value of the operating corner is 1, the temperature is 125°C and the
operating voltage is 0.99V. This operating corner is defined for worst case conditions.

create_operating _corner -nane WCCOM AO \
-process 1 -tenperature 125 -voltage 0.99 -library_set ao_wc_0v99
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Specifying the Analysis Views

The design must function correctly in each power mode not only under typical conditions, but
also under extreme conditions. Typically a multi-mode multi-corner timing analysis will be
done for the worst case and the best case conditions.

An analysis view associates a specific operating corner with each power domain in the
specified power mode. You need to make sure that all operating corners for a view correspond
to either best or worst case conditions.

0  To define an analysis view, use the cr eat e_anal ysi s_vi ewcommand.

create_anal ysis_view
-nanme string
-node node
-domai n_corners domai n_corner _|i st
[-user_attributes string_list]

Note: The - gr oup_vi ews option of cr eat e_anal ysi s_vi ewis only relevant in a
hierarchical flow. For more information, refer to Chapter 4, “Hierarchical Flow.”

Use the following format to specify a domain corner:

domai n_name@cor ner _nane

The CPF file can contain several analysis views with the same domain and corner
information for a power mode. For a multi-mode multi-corner analysis, some
implementation and timing analysis tools need unique views to associate with
different parasitic corners.

For the design in Figure 2-7 on page 63, eight analysis views were specified.

The following command specifies analysis view AV_f ul | _M N_RC1 for power mode f ul | .
For this view the operating corners for the best case operating conditions are associated with
the three power domains.

create_analysis view -nane AV full _MN RCL -node full \
-domai n_corners { AO@BCCOM AO PLL@CCOM AO TDSPCor e @C08COM TDSP}
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= Overview on page 100

m  Using a Single CPF File on page 103

=  Using Multiple CPF Files on page 107
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Overview

The content of the CPF file can grow through the design process. The tools in the design
process need different information. Therefore you can start the design with an incomplete
CPF file.

At the design stage, low power verification checks the following aspects of a design using
PSO methodology:

0  Power up and power down of the design
0  State retention and restoration

0  Enabling and disabling of isolation

To perform low power verification, you need the following minimum set of commands to
specify the power structures when starting from RTL.:

set _design

end_desi gn

create_power _donain

create_nom nal _condition

creat e_power node

create state retention_rule

create_isolation_rule

At the logic implementation stage, logic synthesis adds the required level shifter logic,
isolation logic, state retention logic, and power switch logic to the gate-level netlist, and
test synthesis adds the required test logic.

To drive synthesis and test, you need at least the following commands in addition to the
commands listed above:

define library_set
define_i sol ati on_cel
define_level _shifter_cel
define_state_retention_cel
updat e_nomi nal _condi tion
updat e_power _node

At the physical implementation stage, ATPG, and signoff, you need at least the following
commands in addition to all commands listed above:

create_power_nets

create_ground_nets

create_gl obal _connection

create_power _switch rule

updat e_power _switch_rule

November 2012 100 Version 2.0



Common Power Format User Guide
Process of Creating the CPF Content

updat e_power _domai n
creat e_operating_corner
create_anal ysis_view

Note: You can run gate-level simulation after both logic and physical implementation.

Even when the CPF file that you read in contains more CPF commands than the tool needs,
the tool will just read the ones it needs and will ignore the other ones.

The content change can be handled in several ways:
= You can start with a CPF file and add to this file as you go through the design process.

See Using a Single CPF File.

= You can include additional commands in a separate file and source it in the original CPF
file.

See Using Multiple CPF Files.

A CPF file contains both the power intent for the design and the technology information. When
you use multiple CPF files, you can capture the technology information in a separate file.
Library-related definitions are captured in the def i ne_xxx commands.

The power intent for the design captures the different power domains, the different power
modes and transitions, and the specifications for the power logic. The power intent of the
design is captured in the cr eat e_xxx commands. Implementation tools need more detailed
information which is captured in the updat e_xxx commands. This information can be
captured in a separate file.

The example shown in Figure 3-1 on page 102 is used to illustrate different approaches of
CPF creation.
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Figure 3-1 Example Design for CPF
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Using a Single CPF File

HARBHHHHHA BB HHH AR SR AR R AR R R
# Technol ogy part of the CPF
HUHRHHHHH T R

# define the |level shifters

define |l evel _shifter cell -cells LVLHLEHX* \
-input _vol tage_range 1.2 \
- out put _power _pin VDD \
-out put _vol tage_range 0.8 \
-direction down \
-out put _vol tage_input_pin EN\
-ground VSS \
-enable EN\
-valid | ocation to

define_ |l evel _shifter cell -cells LVLHLELX* \
-input _vol tage_range 1.2 \
- out put _power _pin VDD \
-out put _vol tage _range 0.8 \
-direction down \
-out put _vol tage_i nput _pin EN\
-ground VSS \

-enabl e EN \
-valid_ | ocation to
define_level _shifter_cell -cells LVLHLX* \

-input_voltage range 1.2 \
- out put _power _pin VDD \
-out put _vol tage_range 0.8 \
-direction down \

-ground VSS \
-valid_location to

define_level _shifter_cell -cells LVLLHEHX* \
-input_voltage range 0.8 \
- out put _power _pin VDD \
-i nput _power _pin VDDl \
-out put _voltage range 1.2 \
-direction up \
-out put _vol tage_i nput _pin EN\
-ground VSS \
-valid_location to

define | evel _shifter cell -cells LVLLHX* \
-input_voltage range 0.8 \
-out put _vol tage_range 1.2 \
-input _power _pin VDDl \
- out put _power _pin VDD \
-direction up \
-ground VSS \
-valid_location to

# define the isolation cells

define_isolation_cell -cells I SOLN* \
-enabl e EN \
-power VDD -ground VSS \
-valid_location to
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# define the always on cel

define_always_on_cell -cells "BUFGX2M BUFGX8M | NVGX2M | NVGX8M' \
- power _swi t chabl e VDD - power VDDG -ground VSS

# define the power switch cells

define_power_switch _cell -cells "HEADS8DM HEAD16DM HEAD32DM HEAD64DM' \
-stage_ 1 enable ! SLEEP \
-type header \
-stage_1 output SLEEPQUT \
- power VDDG \
- power _swi t chabl e VDD

define_power_switch_cell -cells "HEADS8M HEAD16M HEAD32M HEADG64M' \
-stage_1 enable ! SLEEP \
-type header \
- power VDDG \
- power _swi t chabl e VDD

define_power_switch_cell -cells "FOOT8DM FOOT16DM' \
-stage_1 enabl e SLEEPN \
-type footer \
-stage_1 out put SLEEPNOUT \
-ground VSSG \
-ground_swi t chabl e VSS

define_power_switch_cell -cells "FOOT8M FOOT16M' \
-stage_ 1 enabl e SLEEPN \
-type footer \
-ground VSSG \
-ground_swi tchabl e VSS

# define the state retention cel

define_state retention_cell -cells *DRFF* -restore_function RETN \
- power VDDG \
- power _swi t chabl e VDD \
-ground VSS

# define the library sets

set vendor 08v_Ilist "\

../ LI BS/ vendor 130/ vendor13sp_tt _0Op8v_25c.lib \

../ LI BS/ vendor _130LL/vendor| 130e_I| _tt_Op8v_25c.lib
../ LI BS/ vendor 130SP/vendor| 130e_sp_tt Op8v_25c.lib

set vendor_ 120v_list "\

../ LI BS/ vendor 130/vendor13sp_tt Op8v_1p2v_25c.lib \
.. /LI BS/ vendor 130LL/vendorl 130e_Il _tt_1p2v_25c.lib \
../ LI BS/ vendor _130SP/ vendor| 130e_sp_tt_1p2v_25c.lib "

define |library set -nane vendor 120v -libraries $vendor 120v_|i st
define_library_set -name vendor 08v -libraries $vendor_08v_Ii st

\

HARBHHHHHA BB HHH AR SR AR H R AR R R
# Desi gn part of the CPF
HUHRHHHHH T

set _design top
set _hi erarchy_separator "/"

# create power domains
create_power_domai n -nane PD1l -default
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create_power _domain -name PD2 -instances {inst_A inst_B} \
-shutof f_condition {pm.nst/pse_enabl e[ 0] }

creat e_power _domain -name PD3 -instances inst_C\
-shutof f_condition {pm.nst/pse_enabl e[ 1] }

creat e_power _domain -name PD4 -instances inst_D\
-shutof f _condition {pm.nst/pse_enabl e[ 2] }

create_power _domain -name LDl -instances pm.inst/pd_inst*
# define the nom nal conditions
create_nom nal _condition -name point_8v -voltage 0.8

updat e_nom nal _condition -nane point_8v -library_set vendor_08v
create_nom nal _condition -name one_p 2v -voltage 1.2
updat e_nomi nal _condition -nane one_p_2v -library_set vendor_120v

create_nom nal _condition -nanme off -voltage O
# specify the power node info

create_power _node -nane PML -default -domain_conditions {PDL@oint_ 8v \
PD2@oi nt _8v PD3@oi nt _8v PD4A@oi nt_8v LDl@ne_p_2v}

updat e_power _node -name PML -sdc_files ../CPF/ 1.0/ cml. sdc

creat e_power _node -nane PM2 -donmai n_conditions {PD1@oint_8v PD2@ff \
PD3@oi nt _8v PDA@oi nt _8v LD1@ne_p_2v}

create_power _node -nane PMB -donmmi n_conditions {PD1@oint_8v PD2@ff PD3@ff \
PDA@oi nt _8v LD1@ne_p_2v}

create_power _node -nane PM4 -donmi n_conditions {PD1@oint_8v PD2@ff PD3@ff \
PA@ff LDl@ne_p_2v}

# create rules for state retention insertion

create_state retention_rule -name stl -domain PD2 \
-restore_edge {!pm.nst/pge_enabl e[ 0]}
create_state retention_rule -nanme st2 -domain PD3 \
-restore_edge {!pm.nst/pge_enabl e[ 1]}
create state retention_rule -nane st3 -donmain PD4 \
-restore_edge {!pm.nst/pge_enabl e[ 2]}

# create rules for isolation logic insertion

create_isolation_rule -nane isol -from PD2 \
-isolation_condition {pm.inst/ice_enabl e[ 0]}
create isolation_rule -nanme iso2 -from PD3 \
-isolation_condition {pm.inst/ice_enable[1]}
create_isolation_rule -nane iso3 -from PD4 \
-isolation_condition {pm.inst/ice_enable[2]}

# create rules for level shifter insertion

create level _shifter rule -nane Isl1 -to LD1
create level _shifter rule -name |s2 -from LDl

# decl are power and ground nets

create_power _nets -nets VDD 0.8 -voltage 0.8
create_power_nets -nets VDD2 -voltage 0.8
create_power_nets -nets VDD3 -voltage 0.8
create_power _nets -nets VD4 -voltage 0.8
create_power_nets -nets VDDH -voltage 1.2
create_ground_nets -nets VSS

# create gl obal connections
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create_gl obal _connecti
create_gl obal connecti
create_gl obal _connecti
create_gl obal connecti

create_gl obal _connecti
create_gl obal _connecti
create_gl obal connecti
create_gl obal _connecti

create_gl obal _connecti
create_gl obal connecti
create_gl obal _connecti
create_gl obal connecti

create_gl obal _connecti
create_gl obal _connecti
create_gl obal connecti
create_gl obal _connecti

create_gl obal _connecti
create_gl obal _connecti
creat e_gl obal _connecti

# add inpl enentation i

on
on
on
on

on
on
on
on

on
on
on
on

on
on
on
on

on
on
on

nfo

updat e_power _donai n - nane
updat e_power _donai n - nane
updat e_power _donai n - nane
updat e_power _donai n - nane
updat e_power _donai n - nane

# update the rules

-domain PD1 -net VDD 0.8 -pins VDD
-domain PD1 -net VDD 0.8 -pins VDDG
-domain PDL -net VSS -pins VSS
-domain PDl -net VSS -pins VSSG
-domain PD2 -net VDD2 -pins VDD
-domain PD2 -net VDD 0.8 -pins VDDG
-domain PD2 -net VSS -pins VSS
-domain PD2 -net VSS -pins VSSG
-domain PD3 -net VDD3 -pins VDD
-domain PD3 -net VDD 0.8 -pins VDDG
-domain PD3 -net VSS -pins VSS
-domain PD3 -net VSS -pins VSSG
-domain PD4 -net VDD4 -pins VDD
-domain PD4 -net VDD 0.8 -pins VDDG
-domain PD4 -net VSS -pins VSS
-domain PD4 -net VSS -pins VSSG
-domain LDl -net VDDH -pins VDD
-domain LDl -net VDD 0.8 -pins VDD
-domain LDl -net VSS -pins VSS

for power donmins

LD1 -internal _power_net VDDH
PD1 -internal _power_net VDD 0.8
PD2 -internal power net VDD2
PD3 -internal _power_ net VDD3
PD4 -internal _power_net VDD4

update_state_retention_rules -nanmes stl -cell_type DRFF -library_set vendor_08v
update state retention rules -nanes st2 -cell _type DRFF -library_set vendor 08v
update_state retention_rules -nanmes st3 -cell _type DRFF -library_set vendor_08v

update_isolation rules -names isol -location to -cells | SOLNX2M
update_isolation_rules -nanmes iso2 -location to -cells | SOLNX2M
update_i solation_rules -names iso3 -location to -cells | SOLNX2M

update | evel shifter rules -nanes Isl -cells LVLLHX2M -1 ocation to -prefix RC LS
# specify the power switch rule information

create_power _switch rule -name SW -donain PD2 -external _power net VDD 0.8
update_power_switch rule -nane SW -cells HEAD32M - prefi x CDN_

create_power _switch rule -name SW2 -donain PD3 -external _power net VDD 0.8
update_power_switch rule -nane SW2 -cells HEAD32M - prefi x CDN_

create_power_switch_rule -name SWB -domain PD4 -external _power_net VDD 0.8
update_power_switch rule -nane SWB -cells HEAD32M - prefi x CDN_

end_desi gn
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Using Multiple CPF Files
In this case a master CPF file is created in which two other supporting CPF files with
additional CPF commands are sourced.

m pf_design_1. cpf (see Figure 3-2 on page 108) contains the basic information used
by most tools.

m |ibrary_vendor 130. cpf (see Figure 3-3 on page 110) contains the technology-
related information.

This information will typically be provided by the library vendor.

m pf_design_1 inpl.cpf (see Figure 3-4 on page 112) contains implementation-
specific information.

The commands in this file can be added later in the flow.
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Figure 3-2 Content of the pf_design_1.cpf File (Master CPF File)

#istart of master CPF file
source library_vendor 130. cpf

set vendor 08v_list "\

./ LI BS/ vendor _130/vendor 13sp_tt _Op8v_25c.lib \

./ LI BS/ vendor _130LL/vendor|130e || tt Op8v_25c.lib \
./ LI BS/ vendor _130SP/ vendor | 130e_sp_tt _Op8v_25c.lib "

set vendor 120v_list "\
./ LI BS/ vendor _130/ vendor 13sp_tt_Op8v_1p2v_25c.lib \
../ LI BS/vendor _130LL/vendor! 130e_ || _tt_1p2v_25c.lib \
./ LI BS/ vendor _130SP/ vendor | 130e_sp_tt_1p2v_25c.lib "

define_library_set -nanme vendor_120v -libraries $vendor_ 120v_|i st
define library _set -name vendor 08v -libraries $vendor 08v_|i st

IR
# Desi gn part of the CPF
HHHHH B R R HH R HAH AR PR R H R R R

set _design top

set _hierarchy_separator "/"

# create power donmins

creat e_power _domain -name PDl -default

create_power _domain -name PD2 -instances {inst_ A inst B} \
-shutof f_condition {pm.nst/pse_enabl e[ 0] }

creat e_power _domain -name PD3 -instances inst_C\
-shutof f_condition {pm.nst/pse_enabl e[ 1] }

creat e_power _domain -name PD4 -instances inst_D\
-shutof f _condition {pm.inst/pse_enabl e[2]}

create_power _domain -name LDl -instances pm.inst/pd_inst*
# create noninal conditions

create_nom nal _condition -name point_8v -voltage 0.8
create_nom nal _condition -name one_p 2v -voltage 1.2
create_nom nal _condition -name off -voltage O

# create power nodes

create_power _node -nanme PML -default -domain_conditions {PDL@oint_8v \
PD2@oi nt _8v PD3@oi nt _8v PDA@oi nt _8v LDl@ne_p_2v}

creat e_power _node -nane PM2 -donmi n_conditions {PD1@oint_8v PD2@ff \
PD3@oi nt _8v PDA@oi nt _8v LD1@ne_p_2v}

create_power _node -nane PMB -donmi n_conditions {PD1@oint_8v PD2@ff \
PD3@ff PD4@oint_8v LD1@ne_p_2v}

create_power _node -nane PM4 -donmin_conditions {PD1@oint_8v PD2@ff \
PD3@ff PD4@ff LD1I@ne_p_2v}

# create rules for state retention insertion

create_state retention_rule -name stl -domain PD2 \
-restore_edge {!pm.nst/pge_enabl e[ 0]}
create_state retention_rule -nanme st2 -domain PD3 \
-restore_edge {!pm.nst/pge_enabl e[ 1]}
create state retention_rule -nane st3 -donmain PD4 \
-restore_edge {!pm.nst/pge_enabl e[ 2]}
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# create rule for isolation logic insertion

create_isolation_rule -nane isol -from PD2 \
-isolation_condition {pm.nst/ice_enabl e[ 0]}
create_isolation_rule -nane iso2 -from PD3 \
-isolation_condition {pm.inst/ice_enable[1]}
create isolation_rule -nanme iso3 -from PD4 \
-isolation_condition {pm.inst/ice_enabl e[ 2]}

# create rules for level shifter insertion

create |l evel _shifter rule -nanme |sl -to LD1
create level _shifter _rule -name |s2 -from LDl

source pf_design_1_inpl. cpf
end_desi gn
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Figure 3-3 Content of the library_vendor_130.cpf File

HHHHR R
# Technol ogy part of the CPF
HHHHH B R R HHH R R HTHHRRHH R R R R R R R R R R R R

# define the |level shifters

define_level _shifter_cell -cells LVLHLEHX* \
-input_voltage range 1.2 \
- out put _power _pin VDD \
-out put _vol tage_range 0.8 \
-direction down \
-out put _voltage_input_pin EN\
-ground VSS \
-enabl e EN\
-valid_location to

define level _shifter cell -cells LVLHLELX* \
-input_voltage_range 1.2 \
-out put _power _pin VDD \
-out put _vol tage_range 0.8 \
-direction down \
-out put _voltage_input_pin EN\
-ground VSS \
-enabl e EN\
-valid_location to

define level _shifter _cell -cells LVLHLX* \
-input_voltage range 1.2 \
- out put _power _pin VDD \
-out put _vol tage_range 0.8 \
-direction down \
-ground VSS \
-valid | ocation to

define |l evel _shifter cell -cells LVLLHEHX* \
-i nput _vol tage_range 0.8 \
- out put _power _pin VDD \
-input_power _pin VDDl \
-out put _voltage_range 1.2\
-direction up \
-out put _voltage_input_pin EN\
-ground VSS \
-valid_ | ocation to

define_level _shifter_cell -cells LVLLHX* \
-input_voltage_range 0.8 \
-out put _voltage range 1.2 \
-i nput _power _pin VDD \
- out put _power _pin VDD \
-direction up \
-ground VSS \
-valid | ocation to

# define the isolation cells

define_isolation _cell -cells | SOLN* \
-enabl e EN \
-power VDD -ground VSS \
-valid | ocation to

# define the always on cel

define_always_on_cell -cells "BUFGX2M BUFGX8M | NVGX2M | NVGX8M' \
- power _sw tchabl e VDD -power VDDG -ground VSS
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# define the power switch cells

define_power_switch_cell -cells "HEADS8DM HEAD16DM HEAD32DM HEAD64DM' \
-stage_1 enable ! SLEEP \
-type header \
-stage_1 output SLEEPQUT \
- power VDDG \
- power _swi t chabl e VDD

define_power_switch_cell -cells "HEADS8M HEAD16M HEAD32M HEADG64AM' \
-stage_1 enabl e ! SLEEP \
-type header \
- power VDDG \
- power _swi t chabl e VDD

define_power_switch _cell -cells "FOOT8DM FOOT16DM' \
-stage_1 enabl e SLEEPN \
-type footer \
-stage_1 out put SLEEPNOUT \
-ground VSSG \
-ground_swi tchabl e VSS

define_power_switch_cell -cells "FOOT8M FOOT16M' \
-stage_1 enabl e SLEEPN \
-type footer \
-ground VSSG \
-ground_sw t chabl e VSS

# define the state retention cell

define_state retention_cell -cells *DRFF* -restore_function RETN \
- power VDDG \
- power _swi t chabl e VDD \
-ground VSS
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Figure 3-4 Content of the pf_design_1_impl.cpf File

#start of inplenmentation information

# associate library sets with noninal conditions

updat e_nom nal _condition -nane point_8v -library_set vendor_08v
updat e_nomi nal _condition -nane one_p_2v -library_set vendor_ 120v
# specify timng constraints

updat e_power _node -name PML -sdc files ../CPF/ 1.0/ cml. sdc

# decl are power and ground nets

create_power _nets -nets VDD 0.8 -voltage 0.8
create_power _nets -nets VDD2 -voltage
create_power_nets -nets VDD3 -vol tage
create_power _nets -nets VDD4 -voltage
create_power _nets -nets VDDH -voltage
create_ground_nets -nets VSS

# create gl obal connections

create_gl obal _connection -donai
create_gl obal _connection -donai
create_gl obal _connection -doma
create_gl obal _connection -donai

creat e_gl obal _connection -donai
creat e_gl obal _connection -domai
create_gl obal connection -dona
create_gl obal _connection -donai

create_gl obal _connection -donai
create_gl obal connection -donai
create_gl obal _connection -doma
create_gl obal _connection -donai

creat e_gl obal _connection -donai
creat e_gl obal _connection -domai
create_gl obal connection -donma
creat e_gl obal _connection -donai

create_gl obal _connection -donai
create_gl obal _connection -domain LD1L -net VDD 0.8 -pins VDD
create_gl obal _connection -domain LDl -net VSS -pins VSS

# add inplenentation info for power donmains

updat e_power _donmai n -nane LDl -internal _power_net VDDH
updat e_power _domai n -nane PDl -internal _power_net VDD 0.8
updat e_power _donai n -nanme PD2 -internal power net VDD2
updat e_power _donmai n -nane PD3 -internal power_net VDD3
updat e_power _domai n -nanme PD4 -internal _power_net VDD4

# update the rules

POOO
N 00 00 00

PD1 -net VDD 0.8 -pins VDD
PD1 -net VDD 0.8 -pins VDDG
PD1 -net VSS -pins VSS

PD1 -net VSS -pins VSSG

PD2 -net VDD2 -pins VDD

PD2 -net VDD 0.8 -pins VDDG
PD2 -net VSS -pins VSS

PD2 -net VSS -pins VSSG

PD3 -net VDD3 -pins VDD

PD3 -net VDD 0.8 -pins VDDG
PD3 -net VSS -pins VSS

PD3 -net VSS -pins VSSG

PD4 -net VDD4 -pins VDD

PD4 -net VDD 0.8 -pins VDDG
PD4 -net VSS -pins VSS

PD4 -net VSS -pins VSSG

LDl -net VDDH -pins VDD

O35 O35 5353 5SS O5 35 0D 5SO5S S SS5S oSS

>

update_state_retention_rules -nanmes stl -cell_type DRFF -library_set vendor_08v
update state retention rules -nanes st2 -cell _type DRFF -library_set vendor 08v
update_state retention_rules -nanmes st3 -cell _type DRFF -library_set vendor_08v

update_isolation rules -names isol -location to -cells | SOLNX2M
update_isolation_rules -nanmes iso2 -location to -cells | SOLNX2M
update_isolation_rules -names iso3 -location to -cells | SOLNX2M

update | evel shifter rules -nanes Isl -cells LVLLHX2M -1 ocation to -prefix RC LS
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# specify the rules for power switch insertion
-domai n PD2 -external _power_net VDD 0.8

create_power _switch_rule -nane
updat e_power _switch_rul e -nane

create_power _switch_rule -nane
updat e_power _switch_rul e -nane

create_power _switch_rule -name
updat e_power _switch_rul e -nane

November 2012

SW.
SWL

SW
SW

SVB
SV

-cel |l s HEAD32M - prefi x CDN_

-domai n PD3 -external power_net VDD 0.8

-cell's HEAD32M - prefix CDN_

-domai n PD4 -external power_net VDD 0.8

-cell's HEAD32M - prefix CDN_
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Hierarchical Flow

m  Introduction to Hierarchical Flow on page 116

m  CPF for Hierarchical Flow on page 121

m  Steps to Create the CPF File on page 132
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Introduction to Hierarchical Flow

In Chapter 2, “Creating a CPF File,” you learned about the CPF constructs to describe three
of the most used low power techniques in a non-hierarchical flow. In this chapter, you will
learn more about the additional constructs you need to use for a bottom-up hierarchical flow.

Typically in a bottom-up hierarchical flow, the design instantiates IPs.

If an IP is designed or implemented with a complex power structure, the IP will have a
separate CPF file to describe its power intent.

CPF distinguishes the following categories:

m  Ahard non-custom IP is a block that has been synthesized and placed and routed,
but small modifications can still be made. It is also referred to as a hard IP.

m  Ahard custom IP is a block that is mostly implemented by hand. Custom IP users
cannot make any changes to the block. Examples are third-party memories. A hard
custom IP is also referred to as a macro cell.

m  Asoft IP is a design module that can be supplied by a third-party. Users have the full
capability to (re-)synthesize and place and route the design. Examples are synthesizable
CPU cores, and so on.

When the IP is instantiated at the top level, power domain mapping is required to indicate
which power domains from the top-level need to provide power supplies to the IP.

Mapping a power domain of a block (IP) to another power domain at the top level when the
block is instantiated in the top-level design involves

1. Connecting the primary power and ground pins or nets of the block-level domain to the
primary power and ground net of the domain specified at the top level

2. Merging the elements of the power domain of the block into the top-level domain
3. Merging the power modes

4. Resolving the precedence of the power domain settings

5

. Resolving the precedence of the top-level and block-level rules

Once a block-level power domain is mapped into a top-level power domain, the two power
domains are considered identical and all instances of the two domains share the same power
characteristics. For example, the standard cell instances of the two power domains will have
their primary power and ground pin (follow pins) connected together to the same primary
power and ground nets.
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A simplified view of a DTMF receiver, the design used to illustrate the hierarchical flow, is
shown in Figure 4-1 on page 117.

The DTMF receiver design uncompresses and accumulates an eight-bit uLaw encoded dual
tone data sampled over a100 millisecond period into a dual buffer memory.

Once an entire sample has been received embedded DSP (TDSP) cores will read the input
buffer and execute a modified discrete Fourier transform (DFT) algorithm to calculate a partial
frequency spectrum. Upon completion the DSP cores forward the resulting frequency
response data for comparison to values corresponding to DTMF digits. If a match is found the
8 bit ASCII digit is presented at the output of the core.

The voltage of the core is scaled depending on the requested function of the design. If the
processing speed is critical a higher voltage is used, if the processing speed is not critical,
the voltage is dynamically scaled down together with the clock frequency to save power. For
this design we assume that the voltage supply is dynamically controlled external to the chip.

Figure 4-1 Example of Hierarchical Design
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The core of the design is the DTMF_I NST instance. The I/O pads are instantiated in a
hierarchical instance | OPADS | NST. The DTMF receiver design further contains

m A PLL block

This block is used to generate the clocks needed by all the blocks in the design. It has a
reference clock, r ef cl k, that is used to generate all other clocks.

Because the design uses two operating voltages, two clock signals are created.

This analog block needs to operate at a constant voltage to ensure correct operation. It
therefore needs a dedicated power input, Avdd.

m  Two TDSP cores: TDSPO and TDSP1 (in Figure 4-1 on page 117)

These two digital signal processing blocks can operate at a higher voltage and frequency,
and at a lower voltage and frequency when the processing speed is not critical. When
the blocks do not need to be operational, they are powered down.

A dvf s_en signal at the input of the chip indicates to the dvfs_control | er when the
voltage and frequency can be adjusted. The controller sends a signal to the PLL and to
the external voltage regulator to adjust the clock frequency and the voltage, respectively.

These blocks are instances of the soft block, t dsp_cor e. Thet dsp. cpf file describes
the power intent of this soft block.

m Dat a RAML is a special RAM that can retain its memory when it is powered down. This
RAM can operate at the same voltages as the design core.

This RAM is an instance of the hard custom IP, r am 256x16A. The ram cpf file
describes the power intent of this RAM instance.

m Dat a RAMis aregular RAM.

This RAM can only operate at one voltage. It can also be powered down when not
operational. This RAM does not retain its memory when it is powered down.

m  The pm. nst block (not shown in Figure 4-1 on page 117)
This block generates all power control signals for the chip.

This block operates at the same voltage as the top-level of the design.

The top-level of the design has the following power domains:

m  ThePDpl | power domain contains the PLL block (DTMF_| NST/ PLLCLK_| NST) and
some of the 10 pads (for example, | OPADS | NST/ Pr ef cl ki p) that are connected to
this block.
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m  The PDt dsp power domain contains the two TDSP cores (DTMF_| NST/
TDSP_CORE_| NSTO, DTM-_I NST/ TDSP_CORE_| NST1) and the special RAM
(DTMF_I NST/ RAM 128x16_TEST | NST1).

m  The PDr ampower domain contains the regular RAM (DTM~_I NST/
RAM 128x16_TEST | NST).

m  The PDshut of f _i o power domain contains two 1/O instances that can be powered
down.

m The PDdef aul t power domain contains all other blocks that do not belong to any
special power domain. All these blocks operate in DVFS mode.

m The PDram vi rtual power domain contains no blocks.

Power domains PDdef aul t , PDpl | and PDram vi rt ual are unswitched domains. Power
domains PDt dsp, PDr am and PDshut of f _i o are switchable domains.

Power domain PDshut of f _i o is an on-chip controlled external switchable domain, while
power domains PDt dsp and PDr am are internal switchable domains; they can be switched
off through an internal power switch network. The external power supply for the power switch
network of power domain PDt dsp is provided by the power domain PDdef aul t, while the
external power supply for the power switch network of power domain PDr amis provided by
the power domain PDr am vi r t ual . PDdef aul t is the secondary power domain for domain
PDt dsp, while PDram vi r t ual is the secondary power domain for domain PDr am

Table 4-1 shows the operating voltages for each of the power domains in the different power
modes of the design.

Table 4-1 Voltages of the Power Domains at the Top Level in the Different Power Modes

Corresponding Power Domain
Power Mode
PDdefault PDshutoff_io | PDpll PDram_virtual | PDram PDtdsp

PMdvfsl 0.81 0.81 0.81 0.72 0.72 0.81
PMdvfsl_off 0.81 0.81 0.81 0.72 0 0
PMdvfsl_shutoffio_off| 0.81 0 0.81 0.72 0 0
PMdvfs2 0.72 0.72 0.81 0.72 0.72 0.72
PMdvfs2_off 0.72 0.81 0.81 0.72 0 0
PMdvfs2_shutoffio_off|0.72 0 0.81 0.72 0 0
PMscan 0.81 0.81 0.81 0.72 0.72 0.81
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Table 4-2 on page 120 shows the different control signals needed at the top-level of the
design to isolate logic, turn off the power supply switches, and save and restore the retention
states. The always on domains do not need any control signals.

Table 4-2 Signals Controlling the Power Domains at the Top Level

) Control Signals
Power Domain
power switch isolation cell state retention cell

PDdefault no control signal no control signal no control signal
PDpll no control signal no control signal no control signal
PDram_virtual no control signal no control signal no control signal
PDram Ipower_switch_enable lisolation_enable no control signal
PDtdsp Ipower_switch_enable lisolation_enable no control signal®
PDshutoff_io io_shutoff_ack Ispi_ip_isolate no control signal

1. Although no state retention rules are specified at the top-level domain, state retention rules are
defined for the special RAM, defined through the ram.cpf (see Macro CPF — ram.cpf), and for the
soft block, defined through the tdsp.cpf (see Soft IP CPF — tdsp.cpf).

All control signals are generated by the power control manager (PM_| NST) which is an
instance of the core.

Table 4-3 on page 120 lists the operating corners for the design for the corresponding
operating voltages.

Table 4-3 Operating Corners

Operating Corner | Operating Voltage
PMivf s2_bc 0. 88
PMivfsl_bc 0.99
PMivf sl we 0.81
PMivf s2 we 0.72

CPE for Hierarchical Flow lists the complete CPF files used for this design.

Steps to Create the CPF File describes the specifics to create a CPF file for a hierarchical
flow, assuming your design is using a hard and soft IP for which you have the CPF
descriptions.
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CPF for Hierarchical Flow

m  Technology CPF File — tech.cpf on page 122

m  Top CPF File on page 125
m  Macro CPF — ram.cpf on page 130

s Soft IP CPF — tdsp.cpf on page 131
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Technology CPF File — tech.cpf

set _cpf_version 1.1

if { [set_instance] == [set_hierarchy_separator] } {

set libdir ../LIBS/ NA5GS/tim ng

set libdir_io ../LIBS/ N65LP/tim ng

HEHH PR HH PR H PR
ﬁ Technol ogy part of the CPF

#
HHBHBHBHBHBH R R R R R R R R R R R R

define_always on _cell -cells PTBUFFD2BWP \
- power _swi t chabl e VDD -power TVDD -ground VSS

define_isolation_cell -cells SO \
-power VDD -ground VSS \
-enable 1SO\

-valid_ | ocation to

define_level _shifter_cell -cells LVL*HLD* \
-input_vol tage _range 0.72:0.81:0.09 \
-out put _vol tage_range 0.72:0.81:0.09 \
-direction down \
- out put _power _pin VDD \
-ground VSS \
-valid_location to

define_level _shifter_cell -cells PTLVL*HLD* \
-input_voltage range 0.72:0.81:0.09 \
-out put _vol tage_range 0.72:0.81:0.09 \
-direction down \
-out put _power _pin TVDD \
-ground VSS \
-valid_ | ocation to

define_level _shifter_cell -cells LVLLHCD* \
-input_voltage _range 0.72:0.81:0.09 \
-out put _vol tage_range 0.72:0.81:0.09 \
-enabl e NSLEEP \
-i nput _power _pin VDDL \
- out put _power _pin VDD \
-direction up \
-ground VSS \
-enabl e NSLEEP \
-valid_location to

define |l evel _shifter_cell -cells LVLLHD* \
-input_voltage range 0.72:0.81:0.09 \
-out put _vol tage_range 0.72:0.81:0.09 \
-i nput _power _pin VDDL \
-out put _power _pin VDD \
-direction up \
-ground VSS \
-valid_location to

define_power_switch_cell -cells {HDRD D1BWPHVT HDRDI AOND1BWPHVT} \
- power _swi tchabl e VDD - power TVDD \
-stage_1 enabl e NSLEEPI N1 -stage_1 output NSLEEPOUT1 \
-stage_2_enabl e NSLEEPI N2 -stage_2_ out put NSLEEPQUT2 \
-type header
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define_state_retention_cell \
-cells {NBRSDFCSNQHDQBVF? \
-cell _type "master_slave" \
-clock_pin CP\
-power TVDD -power _swi tchabl e VDD \
-ground VSS \
-restore_check "I CP" \
-save_function "!CP" \
-al ways_on_conponents DFF_i nst

define_state_retention_cell \
-cel | s { RSDFCSRHD2BWP} \
-clock_pin CP\
-power TVDD -power _swi tchabl e VDD \
-ground VSS \
-save_function "SAVE" \
-cell _type "ballon_|atch" \
-restore_function "! NRESTORE" \
-al ways_on_conponents save_data

HHHHR R R
## DEFI NE LI BRARY SET

HHHHR R R
set |lib_0v81 wc_base "$libdir/tcbnd45gsbwpwe. |ib"

set lib 0Ov81 wc_extra "\
$l i bdi r/tcbn45l pbwp_c070208wc0d720d9 nodified. lib \
$li bdi r/tcbn45l pbwp_c070208wc0d90d9 nodi fied.lib \
$l i bdi r/t cbn45l pbwp_c070208wc_nodi fied. lib \
$Slibdir/pllclk_slowlib\
$li bdir/ram 256x16A slow syn.lib \
$libdir/rom512x16A sl ow syn.lib "

set |lib_0v81_ bc_base "$libdir/tcbnd45gsbwpbc.lib "

set lib_0v81 bc_extra "\
$l i bdi r/tcbn45l pbwp_c070208bc0d881d1_nodified.lib \
$l i bdi r/tcbn45l powp_c070208bc1d11d1l_nodified.lib \
$l i bdi r/t cbn45l pbwp_c070208bc_nodi fied. lib \
$Slibdir/pllclk_slowlib\
$li bdir/ram 256x16A slow syn.lib \
$libdir/rom512x16A slow syn.lib "

set |lib_0v72_wc_base "$libdir/tcbnd5gsbwpwe_0d72.1ib "

set lib Ov72_wc_extra "\
$l i bdi r/tcbn45l pbwp_c070208wc0d90d72_nodi fi ed.
$l i bdi r/t cbn45| pbwphvt _c070208wc0d72_rodi fi ed.
$l i bdi r/t cbn45l pbwp_c070208wc0d72_pt 1 vl _nodi fi
$li bdi r/tcbn45l pbwp_c070208wc0d720d72_nodi fi ed.
$li bdir/ram 256x16A slow syn.lib \
$libdir/rom512x16A sl ow syn.lib "

set |lib_0v72_bc_base "$libdir/tcbn45gsbwpbc_0d88.1ib "

set lib _Ov72_bc_extra "\
$l i bdi r/tcbn45l pbwp_c070208bc1d10d88_nodi fi ed.
$li bdi r/t cbn45l pbwphvt c070208bc0d88 nodi fi ed.
$l i bdi r/t cbn45| pbwp_c070208bc0d88_pt 1 vl _nodi fi
$l i bdi r/tcbn45l pbwp_c070208bc0d880d88_nodi fi ed.
$libdir/ram 256x16A fast_syn.lib \
$libdir/rom512x16A sl ow syn.lib "

i
I
e

i
I
e
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set io_lib_we "$libdir_io/tpzn65l pgv2we.lib"
set io lib_bc "$libdir_iol/tpzn65l pgv2bc.lib"

define library _set -nane we_0v81 -libraries
$lib 0v81 we_extra $io |ib we"

define_library_set -nane bc_0v81 -libraries
$lib_0v81l bc_extra $io_lib_bc"

define library_set -nane we_0v72 -libraries
$lib Ov72_ wec_extra $io [ib we"

define_library_set -nane bc_0v72 -libraries

$lib Ov72 bc_extra $io [ib we"
}
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Top CPF File

set _cpf_version 1.1

set _hi erarchy_separator /

set _design dtnf_chip

set constraintDir $env(test_PATH)/ RELEASE/ nmmt
i ncl ude tech. cpf

IR R
## create power domains
HHHHH SRR HHH R H PR R TR R R R R R R R R R R R R R R R R R R R

creat e_power _domai n -name PDdefault -default
updat e_power _donai n - nane PDdefault -primary_power _net VDD -prinmary_ground_net VSS

creat e_power_domai n - name PDshutoff_io
-instances {1 OPADS | NST/ Pspifsip |
-boundary _ports {spi _fs spi_data} \
-shutof f _condition {io_shutoff_ack} \
-external _controll ed_shutof f

updat e_power _donai n -nane PDshutoff _io -primry_power _net VDD IO\
-primary_ground_net VSS

create_power _domain -nane PDpll \
-instances {DTMF_I NST/ PLLCLK_| NST \
| OPADS | NST/ Pi bi asip \
| OPADS | NST/ Ppllrstip
| OPADS_| NST/ Prefcl ki p
| OPADS | NST/ Pvconop \
| OPADS | NST/ Pvcopop} \
-boundary_ports { ibias reset refclk vcomvcop pllrst }

updat e_power _domai n -nane PDpl| -primary_power_net Avdd -primary_ground_net Avss
creat e_power _domai n -nanme PDram vi rtual

updat e_power _domai n -nane PDramvirtual -primary_power_net VDDL \
-primary_ground net VSS

creat e_power _domai n -nanme PDram\
-shutof f_condition {! DTM~_I NST/ PM_| NST/ power _swi t ch_enabl e} \
-base_donains PDramvirtual \
-instances DTM-_| NST/ RAM 128x16_TEST | NST

updat e_power _donai n -nane PDram-primary_power _net VDDL_sw -prinmary_ground_net VSS

creat e_power _domai n -name PDtdsp \
-shutof f_condition {! DTM-_I NST/ PM_| NST/ power _swi t ch_enabl e} \
-base_donmi ns PDdef aul t

updat e_power _domai n -nane PDtdsp -primary_power _net VDD sw -primary_ground_net VSS

HARBHHHHH AR HH AR H R AR H R AR R R R R AR R R A R
## create power nodes
HUBRHHHHH T R R

create_nom nal _condition -name nomOv81 -voltage 0.81

\
OPADS | NST/ Pspi di p} \

\
\

updat e_nomi nal _conditi on -nane nomO0v81 -library_set wc_0v81
create_nom nal _condition -name nomOv72 -voltage 0.72
updat e_nom nal _condition -nane nomOv72 -library_set wc_0v72

create_power _node -name PMivfsl \
-domai n_condi ti ons {PDpl| @om Ov81 PDdef aul t @om Ov81 PDtdsp@om 0v81 \
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PDr am@om Ov72 PDshut of f _i o@om 0Ov81 \
PDram virtual @om 0Ov72} \
-defaul t

updat e_power _node -nanme PMiIvfsl -sdc_files ${constraintDi r}/dtnf_dvfsl. sdc

create_power _node -nane PMivfsl off \
-domai n_condi tions {PDpl | @1om 0v81 PDdef aul t @om Ov81 PDshut of f _i o@om 0v81 \
PDram vi rt ual @om 0v72}

creat e_power _node -nanme PMivfsl shutoffio_off \
-domai n_condi ti ons {PDpl| @om Ov81 PDdef aul t @om 0v81 PDram virtual @om 0v72}

create_power _node -nanme PMivfs2 \
-domai n_condi tions {PDpl| @om 0v81 PDdefaul t @om Ov72 PDt dsp@om 0v72 \
PDr am@om Ov72 PDshut of f _i o@om Ov72 \
PDram vi rtual @om 0v72}

updat e_power _node -nane PMivfs2 -sdc files ${constraintDir}/dtnf_dvfs2.sdc

creat e_power _node -nanme PMivfs2 off \
-domai n_condi ti ons {PDpl | @om 0v81 PDdef aul t @uom Ov72 PDshut of f _i o@om Ov72 \
PDram vi rtual @om 0v72}

create_power _node -nanme PMivfs2 shutoffio_off \
-domai n_condi tions {PDpl | @om Ov81 PDdef aul t @om Ov72 PDram virtual @om Ov72}

creat e_power _node -name PMscan \
-domai n_condi tions {PDpl | @om 0v81 PDdef aul t @om Ov81 PDtdsp@om Ov81 \
PDr am@om 0v72 PDshut of f _i o@om Ov81 PDram virtual @om 0v72}

updat e_power _node -name PMscan -sdc_files ${constraintDir}/dtnf_scan. sdc

R R R R R R R R
## domai n mappi ng
HHHBHHHHH B HE B HE B HH B HE BB R R
set _i nstance DTM~_I NST/ TDSP_CORE_I NSTO \
“-donmain _mapping { {PDt dsp_bl ock PDtdsp} } \
-port_mapping { {retention_save DTMF_I NST/ PM I NST/ state_retention_save} \
{retention_restore DTMF_INST/PM I NST/state_retention_restore} }

i ncl ude tdsp. cpf

set _instance DTM-_I NST/ TDSP_CORE | NST1 \
-domai n_mappi ng { {PDtdsp_bl ock PDtdsp} } \
-port_mapping { {retention_save DTMF_I NST/ PM I NST/ state_retention_save} \
{retention_restore DIM-_I NST/PM I NST/state_retention_restore} }

i ncl ude tdsp. cpf

set _instance DTM-_I NST.
- domai n_mappi ng {

i ncl ude ram cpf

/ RAM 128x16_TEST | NST1/ RAM 128x16_| NST \
{ RAM_DEFAULT PDtdsp} }
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BHBHBHBH BB H B R R R R R R
## create isolation and | evel shifter rules
HHHHHHHHHHH R HH R B H R R R R TR R R R R R R R RS

create_isolation rule -nane | SORULEL \
-from PDtdsp \
-to PDdefault \
-isolation_condition {! DTM~_I NST/ PM | NST/i sol ati on_enabl e} \
-isol ati on_out put high

create_isolation_rule -nanme | SORULE3 \
-from PDram\
-to PDdefault \
-isolation_condition {! DTM~_I NST/ PM_ | NST/ i sol ati on_enabl e} \
-isol ati on_out put high

create isolation_rule -nane | SORULE4 \
-from PDshutoff _io \
-isolation_condition {! DTM~_I NST/ PM | NST/ spi _i p_i sol ate} \
-isol ati on_out put | ow

create level _shifter _rule -nanme LSRULE H2L3 \
-from PDdef aul t \
-to PDram\
-exclude { DTMF_I NST/ PM_I NST/ power _swi t ch_enabl e }

update | evel shifter _rules -nanes LSRULE H2L3 -l ocation to -cells LVLHLD2BWP

create |l evel _shifter rule -name LSRULE H2L3 SW\
-from PDdef aul t \
-to PDram\
-pins { DTM_I NST/ PM | NST/ power _swi tch_enabl e }

update_| evel _shifter_rules -names LSRULE H2L.3_SW\
-location to \
-cells PTLVLHLD2BWP \
-prefix CPF_LS SW

create level _shifter rule -nanme LSRULE L2H2 \
-from PDram\
-to PDdef aul t

create_level _shifter_rule -name LSRULE H2L PLL \
-from PDpl |

create level _shifter rule -nanme LSRULE L2H3
-from PDdef aul t \
-to  PDpl |

HEHHHHHH PR H PR R R
## create power net
HEHHHBHHHBHH AR R R R R AR H AR A H AR AR

create_power_nets -nets VDD -voltage {0.72:0.81:0.09}
create_power _nets -nets VDD sw -internal -voltage {0.72:0.81:0.09}

November 2012 127 Version 2.0



Common Power Format User Guide
Hierarchical Flow

create_power_nets -nets VDDL -voltage 0.72
create_power _nets -nets VDDL_sw -internal -voltage 0.72

create_power _nets -nets Avdd -voltage 0.81

create_power _nets -nets VDD IO -voltage {0.72:0.81:0.09} \
-external _shutoff_condition {io_shutoff_ack}

create_ground_nets -nets Avss -voltage O
create_ground _nets -nets VSS -voltage O

HEHH PR HH PR H R H R R R H R R R R
## create anal ysis view
P HAE A A A A A A o A S S S S S S S

create_operating_corner -nanme PMlvfs2_bc \
-process 1 -tenperature 0 -voltage 0.88 \
-library_set bc_0v72

Ccreate_operating_corner -name PMlvfsl_bc \
-process 1 -tenperature 0 -voltage 0.99 \
-library_set bc_0v81

create_operating_corner -nane PMivfsl wc \
-process 1 -tenperature 125 -voltage 0.81 \
-library_set wc_0v81

create_operating_corner -nane PMivfs2_ wc \
-process 1 -tenperature 125 -voltage 0.72 \
-library_set wc_0v72

create_anal ysis_view -name AV_dvfsl BC -node PMlivfsl \
-domai n_corners {PDpl| @Mlvfsl bc PDdefaul t @Mlvfsl bc PDtdsp@Mlvfsl _bc \
PDr am@PMdvf s2_bc PDshut of f _i o@Mlvfsl bc}

create_anal ysis_view -nane AV _dvfsl WC -node PMivfsl \
-domai n_corners {PDpl| @Mvfsl wc PDdefaul t @Mivfsl wc PDtdsp@Mlvfsl wc \
PDr am@PMdvf s2_wc PDshut of f _i o@Mlvfsl wc}

create_anal ysis_view -nane AV_dvfsl off_ BC -node PMivfsl off \
-domai n_corners {PDpl| @Mvfsl bc PDdefaul t @Mlvfsl bc \
PDshut of f _i o@Mlvfs1_bc}

create_anal ysis_view -nanme AV _dvfsl off WC -node PMivfsl of f \
-domai n_corners {PDpl| @Mlvfsl we PDdefaul t @Mlvfsl wc \
PDshut of f _i o@Mlvfs1 wc}

create_anal ysis_view-nane AV _dvfsl shutoffio _off BC -node PMivfsl shutoffio off \
-domai n_corners {PDpl | @Mvfsl bc PDdefaul t @Mlvfsl _bc}

create_anal ysis_view-nane AV _dvfsl shutoffio _off WC -node PMivfsl shutoffio off \
-domai n_corners {PDpl| @Mlvfsl we PDdefaul t @Mlvfsl wc}

create_anal ysis_view -nane AV_dvfs2 BC -node PMivfs2 \
-domai n_corners {PDpl| @Mlvfsl bc PDdefaul t @Mlvfs2_bc PDtdsp@Mlvfs2_bc \
PDr am@Mivf s2_bc PDshut of f _i o@Mlvfs2_ bc}

create_anal ysis_view -nane AV _dvfs2 WC -nbde PMivfs2 \
-domai n_corners {PDpl | @Mvfsl wc PDdef aul t @Mlvfs2 wc PDtdsp@Mvfs2_ wc \
PDr am@PMdvf s2_wc PDshut of f _i o@Mlvf s2_wc}
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create_anal ysis_view -nane AV_PMlvfs2 off_ BC -node PMivfs2 off \
-domai n_corners {PDpl | @Mvfsl bc PDdef aul t @Mlvfs2_bc \
PDshut of f _i o@Mlvfs2_bc}

create_anal ysis_view -name AV_PMivfs2 off WC -nobde PMivfs2 off \
-domai n_corners {PDpl | @Mvfsl wc PDdef aul t @Mvfs2 wc \
PDshut of f _i o@Mivfs2_wc}

create_anal ysis_view -nane AV _dvfs2 shutoffio_off_ BC -node PMivfs2 shutoffio off \
-domai n_corners {PDpl| @Mlvfsl bc PDdef aul t @Mlvfs2_ bc}

create_anal ysis_view -nane AV _dvfs2 shutoffio off_ WC -node PMivfs2 shutoffio off \
-domai n_corners {PDpl| @Mlvfsl we PDdef aul t @Mlvfs2 wc}

create_anal ysis_view -nane AV_scan_BC -node PMscan \
-domai n_corners {PDpl| @Mvfsl bc PDdefaul t @Mlvfsl bc PDtdsp@Mlvfsl bc \
PDr am@PMdvf s2_bc PDshut of f _i o@Mlvfsl bc}

create_anal ysis_view -name AV_scan_WC -node PMscan \
-domai n_corners {PDpl | @Mlvfsl w PDdefaul t @Mlvfsl we PDtdsp@Mvfsl wec\
PDr am@Mivfs2_wc PDshut of f _i o@Mlvfsl wc}

HUTHRHHH R
##tpower switch, level shifter, isolation cell
HUHHR R HH

create_power_switch_rul e -name PDram SW-donai n PDram - external _power_net VDDL

updat e_power _switch_rul e -nane PDram SW\
-cel l's HDRDI D1BWPHVT \
-prefix CDN_SW RAM

create_power _switch rule -name PDtdsp SW-domai n PDtdsp -external power_net VDD

updat e_power _switch_rul e -nane PDtdsp_SW\
-cel I s HDRDI D1BWPHVT \
-prefix CDN_SW TDSP

end_desi gn
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Macro CPF — ram.cpf

set _cpf_version 1.1

set _macro_nodel ram 256x16A

# This is a special RAMthat retains its nmenory when it is powered down
# RAM has one power domain

creat e_power _domai n -nanme RAM DEFAULT -default \
-boundary_ports {A* D CLK CEN WEN Q*}

updat e_power _donai n -nane RAM DEFAULT -prinmary_power net VDD \
-primary_ground_net VSS

# inconplete iso rule specified: the required iso value at inputs
# when driving donmain is off

create_isolation_rule -nanme RAM.iso -isol ation_output high -to RAM DEFAULT
-pins {A* D* CLK CEN VEN}

create_state_retention_rule -name RAMret -instances nent -save_edge ! CLK
end_nacr o_nodel
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Soft IP CPF — tdsp.cpf

set _cpf_version 1.1
set _design tdsp_core -ports { retention_save retention_restore }

i ncl ude tech. cpf

HERH R R R S R
## create power domains

HHHHR R R
create_power _domai n -nane PDtdsp_bl ock -default

updat e_power _donai n -nane PDtdsp_bl ock -primary_power_net VDDtdsp_ SW\
-primary_ground_net VSStdsp

create_nom nal _condition -name nomOv72 -voltage 0.72

updat e_nomi nal _conditi on -nane nomOv72 -library_set wc_0v72
create_nomi nal _condition -name off -voltage O

create_isolation_rule -nane PDtdsp_iso -to PDtdsp_bl ock -isolation_output |ow

HHHHHH AR HHH R H TR R TR R R R R R R R R R R R R R R R R R
## create power nodes
HEHH PR H PR H AR H PR H R H R H R H R H R H R H R H R H R R H
creat e_power _node -name PMdsp_ON \

-domai n_condi ti ons {PDtdsp_bl ock@om 0v72} \

-defaul t

creat e_power _node -name PMdsp_OFF \
-domai n_condi ti ons {PDtdsp_bl ock@f f}

HHHHHH R R HHH R H TR R R R R R R R R R R R R R R R R R R R R R
## | ow power rules
HUHRHHHHH R
Create_state_retention_rule -name PDtdsp_retention_rule \

-domain PDtdsp_bl ock -save_edge retention_save \

-restore_edge {!retention_restore}

update _state retention_rules -nanmes PDtdsp_retention_rule \
-cell _type "ballon_latch”

end_desi gn
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Steps to Create the CPF File

Note: The example shown in Figure 4-1 on page 117 is used throughout this section.
m  Understanding the CPF file of the Macro Cell on page 133

m  Understanding the CPF file of the Soft IP on page 135

m  Creating the CPF File for the Top-Level Design on page 136
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Understanding the CPF file of the Macro Cell

A macro cell can have a behavioral model to describe its functionality. Implementation and
verification tools therefore have to rely on the CPF modeling of the internal power network
using the boundary ports. This section shows some of the constructs you can expectin a CPF
macro model.

For the complete CPF macro model used in this design, refer to Macro CPF — ram.cpf.

1. The definition of a CPF macro model starts with a set _nmacr o_nodel command that
specifies the name of the library cell that represents the macro cell.

For the macro model used in the design in Figure 4-1 on page 117:

set _macro_nodel ram 256x16A

2. The definition ends with an end_nmacr o_nodel command.

The commands set _nmacr o_nodel and end_macr o_nodel delimit the scope of a
macro model description.

All commands between set _macr o_nodel and end_nacr o_nodel describe the
internal implementation of the macro cell.

3. The CPF macro model lists all the power domains that the macro cell contains.

Only the (boundary) input and output pins of the macro cell are visible to the outside
world. The input and output pins that belong to a specific power domain are specified
through the - boundary_port s option of the corresponding cr eat e_power _donmai n
command.

The domain definition indicates whether the domain is always on or switchable. For
switchable domains, the definition also indicates how the domain is powered down.

The CPF macro model used in the design in Figure 4-1 on page 117 has one power
domain. All of its boundary pins belong to this domain. The power domain is further
unswitched.

creat e_power _domai n -name RAM DEFAULT -default \
-boundary_ports {A* D* CLK CEN WEN Q*}

If the pin is an input pin, the power domain driven by the pin is the specified domain. If
the pin is an output pin, the domain driving the pin is the specified power domain.

4. The CPF macro model also specifies for each of its power domains the boundary ports
that provide the power supply to that domain.

For the CPF macro model used in the design in Figure 4-1 on page 117:

updat e_power _donai n -nane RAM DEFAULT -prinmary_power net VDD \
-primary_ground_net VSS
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5. If the macro cell has switchable power domains, its CPF macro model can contain
isolation rules.

A complete isolation rule in a macro cell describes the isolation logic implemented inside
the macro cell. Complete rules contain the isolation condition and isolation output.
Complete rules are optional but can be specified for documentation purposes.

IP blocks can have special requirements for input ports. For example, when the domains
driving these input ports are switched off, the signals must be held at specific values. For
these signals, no isolation condition can be specified because the IP developer has no
knowledge of how the IP will be used.

For such cases, isolation rules without enable conditions (neither
-i solation_condi tionnor-no_condition option specified) are specified. Such
isolation rules are called incomplete isolation rules.

For the CPF macro model used in the design in Figure 4-1 on page 117, an incomplete
isolation rule specifies the required isolation value at its inputs when the driving domain
is powered down.

create_isolation_rule -nane RAMiso -to RAM DEFAULT -isol ation_output |ow\

-pins {A* D* CLK CEN VEN}

Note: For more information on how incomplete isolation rules are addressed when the
macro is used, refer to “Resolve the precedence of the top-level and block-level rules” in
Instantiating the Macro Cell in the Top-Level CPF and Loading the Corresponding CPF.

6. If the macro cell has switchable power domains, the CPF macro model can contain state
retention rules.

For the macro cell in Figure 4-1 on page 117, one state retention rule is defined.

create_state retention_rule -name RAMret -instances nent -save_edge ! CLK

In this example, the memory array register names start with rem

7. If the macro cell contains several switchable power domains, the CPF macro model can
list its power modes. This allows the verification tools to check consistency between the
modes defined at the top-level and in the macro to ensure that the macro cell is correctly
integrated in the design.

~(y)- Tip

Because a macro model is already implemented, there is no need to include a CPF
file with technology-related information.

For more information on macro modeling, refer to Modeling a Macro Cell in the Common
Power Format Language Reference.
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Understanding the CPF file of the Soft IP

As opposed to a macro cell, the power intent of a soft IP still needs to be implemented. A soft
IP can therefore be seen as an independent small design.

For the complete CPF of the soft block used in this design, refer to Soft IP CPF — tdsp.cpf.

1. The definition of a soft IP starts with a set _desi gn command that specifies the name
of the module that represents the soft IP.

If the soft IP requires virtual ports (additional ports that do not exist in the definition of
this module before implementation) for the control signals of the low power logic such as
isolation logic, state-retention logic, and so on, these ports are specified with the - port s
option of the set _desi gn command.

For the soft block used in the design in Figure 4-1 on page 117:

set _design tdsp_core -ports { retention_save retention_restore }

Theretenti on_saveandretention_restore ports are the virtual ports of the soft
IP used in this design.

2. The definition ends with an end desi gn command.

3. All commands between set _desi gn and end_desi gn describe the internal power
intent of the soft IP.

The constructs used depend on the low power technique used. For more information,
see the Chapter 2, “Creating a CPF File.”
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Creating the CPF File for the Top-Level Design

The CPF of the top-level design contains the following information:

Definition of the power domains at the top level

Definition of the nominal conditions at the top level
Definition of the power modes at the top level
Association of the library sets with the nominal conditions

Instantiating the Macro Cell in the Top-Level CPF and Loading the
Corresponding CPF

Instantiating a Soft IP in the Top-Level CPF and Loading the Corresponding
CPF

Specification of the rules at the top-level

Specification of timing constraints, power targets, switching activities per mode
Declaration of the power and ground nets

Declaration of the global connections

Addition of implementation information to the rules

Specification of the operating corners

Specification of the analysis views

The steps shown in bold are unique to the hierarchical flow and will be further explained here.

For the complete CPF of the top-level design in Figure 4-1 on page 117, refer to Top CPF File.
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Instantiating the Macro Cell in the Top-Level CPF and Loading the Corresponding CPF

When you instantiate a macro cell in the design, you must indicate which CPF macro model
applies to the specified instance. This can be done in one of the following ways:

m  First load the CPF macro model, then use the set i nst ance command with the
- nodel option to reference the CPF macro model.

The CPF macro model can be included
0O  Explicitly (see Example 4-1 on page 137)
O  Implicitly using the i ncl ude command (see Example 4-2 on page 137)

m  Usetheset i nstance command without the - nodel option, immediately followed by
the CPF macro model.

The CPF macro model can be included
0O  Explicitly (see Example 4-3 on page 138)
O  Implicitly using the i ncl ude command (see Example 4-4 on page 138)

Example 4-1 Explicit CPF Specification of Macro Loaded before Macro Instantiation

set _macro_nodel ram 256x16A

éhd_nacro_nnde

set _design dtnf_chip

creat e_power _domain ..
create_nom nal _condition ..
updat e_nomi nal _condition ..
creat e_power _node. .

set _instance DTM~_I NST/ RAM 128x16_TEST_| NST1/ RAM 128x16_| NST - nodel ram 256x16A \
-domai n_mappi ng { { RAM_DEFAULT PDt dsp} }

end_desi gn

Example 4-2 Implicit CPF Specification of Macro Loaded before Macro Instantiation

i ncl ude ram cpf

set _design dtnf_chip
create_power _domain ..
create nominal _condition ..
updat e_nomi nal _condition ..
creat e_power _node. .

set _instance DTM~_I NST/ RAM 128x16_TEST_| NST1/ RAM 128x16_I| NST - nodel ram 256x16A \
-domai n_mappi ng { { RAM_DEFAULT PDt dsp} }

end_desi gn
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Example 4-3 Explicit CPF Specification of Macro Loaded after Macro Instantiation

set _design dtnf_chip

creat e_power _domain ..
create_nonminal _condition ..
updat e_nom nal _condition ..
creat e_power node. ..

set _i nstance DTMF_| NST/ RAM 128x16_TEST | NST1/ RAM 128x16_| NST \
-domai n_rmappi ng { { RAM DEFAULT PDt dsp} }
set _nmacro_nodel ram 256x16A

éhd_nacro_nodel
end_desi gn

Example 4-4 Implicit CPF Specification of Macro Loaded after Macro Instantiation

set _design dtnf_chip

creat e_power _domain ..
create_nom nal _condition ..
updat e_nomi nal _condition ..
creat e_power _node. .

set _instance DTM~_I NST/ RAM 128x16_TEST_| NST1/ RAM 128x16_| NST \
-domai n_mappi ng { { RAM DEFAULT PDt dsp} }

i ncl ude ram cpf
end_desi gn

When you instantiate a macro cell in the design, you must also indicate how the domains of
the CPF macro model must be mapped to the domains of the parent level using the

- domai n_mappi ng option of the set _i nst ance command. For the example in Figure 4-1
on page 117:

set _instance DTMF_| NST/ RAM 128x16_TEST | NST1/ RAM 128x16_| NST \
-domai n_mappi ng { { RAM DEFAULT PDt dsp} }

Ther am 256x16A model contains one power domain, RAM DEFAULT. The set _i nst ance
command indicates that this domain must be mapped to the PDt dsp domain.

By mapping the domains, the tools will be able to

m  Connect the primary power and ground pins of the block-level domain to the primary
power and ground nets of the corresponding domain specified at the top level.

The primary power and ground pins of power domain RAM DEFAULT are VDD and VSS,
while the primary nets of power domain PDt dsp are VDDL_swand VSS. This implies that
VDD will be connected to VDDL_sw, while the VSS pin will be connected to the VSS net.
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m  Merge the elements of each block-level domain into the corresponding top-level domain.

In this design, the RAM 128x16_TEST | NST1 instance becomes a leaf instance in the
PDt dsp domain.

m  Merge the power modes of the CPF macro model with the power modes of the top level.

In this design, ther am 256x16A model does not have a power mode defined, it will have
the same power modes as the top-level domain PDt dsp.

m  Resolve the precedence of the power domain settings.

Power domain settings are also referred to as domain attributes. For more information,
refer to Handling Domain Attributes after Domain Mapping in the Common Power
Format Language Reference. In this design there are no domain attributes to be
resolved.

m  Resolve the precedence of the top-level and block-level rules.

The CPF macro model used in this design has a state retention rule.

create_state retention_rule -name RAMret -instances nent -save_edge ! CLK

The top-level domain PDt dsp has no state retention rules. Even if the domain did have
a rule, the block-level rule would still overwrite the top-level rule.

The CPF macro model used in this design also has an isolation rule.

create_isolation_ rule -nane RAM.iso -isolation_output [ow -to RAM DEFAULT
-pins {A* D* CLK CEN VEN}

The isolation rule RAM i so is an incomplete rule and applies to the net segments that

drive logic in the RAM_DEFAULT domain. It also requires that the output value of the

isolation gates be low when isolation is in effect. The rule specifies the isolation

requirements at the selected ports of the macro and this information can be used by the

top-level CPF to generate the correct isolation rule at this port.

The tools will check the power domain to which the leaf level driver of a net selected by
the rule belongs.

0 If the leaf-level driver belongs to the same power domain as the port that the rule
applies to, or an unswitched power domain, no isolation of that net segment is needed.

0  If the leaf-level driver belongs to a different switchable power domain, the tools will
check if that power domain has a default isolation condition. If a default isolation
condition is defined, this condition can be used by the incomplete isolation rule to
make the rule complete. If no default isolation condition was defined for the driving
power domain, the incomplete isolation rule is treated as a design constraint.

In this design the macro cell is driven by leaf-level drivers in the PDdef aul t domain,
which is a non-switchable domain.
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Instantiating a Soft IP in the Top-Level CPF and Loading the Corresponding CPF

When you instantiate a soft block in the design, you must indicate which CPF specification
applies to the specified instance. This can be done in one of the following ways:

m  First load the CPF specification, then use the set _i nst ance command with the
- desi gn option.

The CPF specification can be included
0  Explicitly (see Example 4-5 on page 140)
0  Implicitly using the i ncl ude command (see Example 4-6 on page 141)

m  Usethe set i nst ance command without the - desi gn option, followed by the CPF
specification.

The CPF specification can be included
O  Explicitly (see Example 4-7 on page 141)
0 Implicitly using the i ncl ude command (see Example 4-8 on page 141)

Example 4-5 Explicit CPF Specification of Soft IP Loaded before Soft IP Instantiation

set _design tdsp_core -ports { retention_save retention_restore }

éhd_design

set _design dtnf_chip

creat e_power _domain ..
create_nom nal _condition ..
updat e_nomi nal _condition ..
creat e_power _node. .

set _instance DTM~_I NST/ TDSP_CORE | NSTO -design tdsp_core \
-domai n_mappi ng { {PDtdsp_bl ock PDtdsp} } \
-port _mapping { {retention_save DIMF_|I NST/PM I NST/state retention_save} \
{retention_restore DIM-_INST/PM I NST/state retention_restore} }

end_desi gn
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Example 4-6 Implicit CPF Specification of Soft IP Loaded before Soft IP Instantiation

i ncl ude tdsp. cpf

set _design dtnf_chip
create_power _domain ...
create_noninal _condition ..
updat e_nom nal _condition ..
creat e_power _node.

set i nstance DTM~_I NST/ TDSP_CORE | NSTO de5|gn tdsp_core \
“-domai n _mapping { {PDt dsp_bl ock PDtdsp} } \
-port_mapping { {retention_save DITMF_|I NST/PM I NST/ state_retenti on_save} \
{retention_restore DTMF_INST/PM I NST/state_retention_restore} }

end_desi gn

Example 4-7 Explicit CPF Specification of Soft IP Loaded after Soft IP Instantiation

set _design dtnf_chip
create_power _domain ...
create_nonminal _condition ..
updat e_nom nal _condition ..
creat e_power _node. .

set _instance DTM-_| NST/ TDSP_CORE | NSTO - domai n_mappi ng { {PDtdsp_bl ock PDtdsp} } \
“-port_mapping { {retention_save DTMF_I NST/PM I NST/ state_retention_save} \
{retention_restore DTMF_INST/PM INST/state _retention_restore} }

set _design tdsp _core -ports { retention_save retention restore }

éhd_design

éﬁa_design

Example 4-8 Implicit CPF Specification of Soft IP Loaded after Soft IP Instantiation

set _design dtnf_chip
create_power _domain ...
create_nonminal _condition ..
updat e_nom nal _condition ..
creat e_power _node. .

set _instance DTM_| NST/ TDSP_CORE | NSTO - domai n_mappi ng { {PDtdsp_bl ock PDtdsp} } \
“-port_mapping { {retention_save DTMF INST/PM T/state retention_save} \
{retention_restore DTMF_INST/PM INST/state _retention_restore} }

i ncl ude tdsp. cpf

end_desi gn
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When you instantiate a soft block in the design, you must also indicate

m  How the domains of the soft block must be mapped to the domains of the parent level
using the - domai n_mappi ng option of the set _i nst ance command.

= How the virtual ports must be mapped to the parent-level drivers using the
- port _mappi ng option of the set _i nst ance command. If there are no virtual ports
declared in the corresponding set _desi gn command, this option is not needed.

m  The values that must be assigned to the parameters declared in the block-level CPF
using the - par anet er _mappi ng option of the set _i nst ance command. If there are
no parameters declared in the corresponding set _desi gn command, this option is not
needed.

Note: For an example of parameter mapping, see the Examples for the set _i nst ance
command.

The example in Figure 4-1 on page 117 has two instances of the same soft block:

set _i nstance DTM-_I NST/ TDSP_CORE_| NSTO \
- domai n_nappi ng { {PDt dsp_bl ock PDtdsp} } \
-port_mapping { {retention_save DTMF_|I NST/ PM I NST/ state_retention_save} \
{retention_restore DTMF_INST/ PM I NST/state_retention_restore} }

set _instance DTM~_I NST/ TDSP_CORE_| NST1 \
-domai n_nmapping { {PDt dsp_bl ock PDtdsp} } \
-port _mapping { {retention_save DIM-_I NST/PM I NST/ state_retenti on_save} \
{retention_restore DTMF_INST/PM INST/state retention_restore} }

The t dsp_cor e model contains only one power domain, PDt dsp_bl ock, which is mapped
to the PDt dsp power domain for both instances. The two virtual ports for state retention
control signals are connected to two output pins of the power control module (PM_| NST).

The PDt dsp_bl ock domain is an external switchable block-level domain, so it can be
mapped into any type of domain at the top level. For other cases of domain mapping, refer to
Handling Power Domain Mapping in the Common Power Format Language Reference.

By mapping the domains, the tools will be able to

m  Connect the primary power and ground nets of the block-level domain to the primary
power and ground nets of the corresponding domain specified at the top level.

The primary power and ground nets of power domain PDt dsp_bl ock are VDDt dsp_SW
and VSSt dsp, while the primary nets of power domain PDt dsp are VDDL_swand VSS.
This implies that VDDt dsp_ SWwill be connected to VDDL_sw, while VSSt dsp will be
connected to the VSS net.

m  Merge the elements of each block-level domain into the corresponding top-level domain.
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Because the soft block In this design only has one block domain, the
TDSP_CORE_|I NSTO and TDSP_CORE_| NST1 instances becomes instances of the
PDt dsp domain.

m  Merge the power modes of the soft IP with the power modes of the top level.

If all block-level domains are mapped into top-level domains, the top-level mode
definitions also become the power modes for the soft block after the domain mapping.

In this design, the t dsp_cor e model has two power modes defined. Because it's one
power domain maps to a top-level power domain, the soft block will have the same power
modes as the top-level domain PDt dsp.

For more information, refer to Handling Power Modes after Domain Mapping in the
Common Power Format Language Reference.

m  Resolve the precedence of the power domain settings.

Power domain settings are also referred to as domain attributes. For more information,
refer to Handling Domain Attributes after Domain Mapping in the Common Power
Format Language Reference. In this design there are no domain attributes to be
resolved.

m  Resolve the precedence of the top-level and block-level rules.

The CPF specification of the soft IP used in this design has a state retention rule.

create_state_ retention_rule -name PDtdsp_retention_rule \

-domain PDtdsp_block -save edge retention_save \

-restore_edge {!retention_restore}
The top-level domain PDt dsp has no state retention rules. Even if the domain did have
a rule, the block-level rule would still overwrite the top-level rule.

The CPF specification of the soft IP used in this design also has an isolation rule.
create_isolation_rule -nane PDtdsp_iso -to PDtdsp_bl ock -isolation_output |ow

The isolation rule PDt dsp_i so is an incomplete rule and applies to the net segments
that drive logic in the PDt dsp_bl ock domain. It also requires that the output value of
the isolation gates be low when isolation is in effect. However to complete the rule, the
isolation condition must be derived from the corresponding top-level domain.

The tools will check the power domain to which the leaf level driver of a net selected by
the rule belongs.

0  If the leaf-level driver belongs to the same power domain, no isolation of that net
segment is needed.

0  If the leaf-level driver belongs to a different switchable power domain, the tools will
check if that power domain has a default isolation condition. If a default isolation
condition is defined, this condition can be used by the incomplete isolation rule to
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make the rule complete. If no default isolation condition was defined for the driving
power domain, the incomplete isolation rule is treated as a design constraint.

In this design the IP instances, TDSP_CORE_| NSTO and TDSP_CORE_| NST1, are driven
by leaf-level drivers in the PDdef aul t domain, which is a non-switchable domain.

For more information refer to Precedence of Rules in the Hierarchical Flow in the
Common Power Format Language Reference
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Modeling Special Cells

m  Modeling Level Shifters on page 146

=  Modeling Isolation Cells on page 161

m  Modeling State Retention Cells on page 177

= Modeling Power Switch Cells on page 184

= Modeling Pad Cells on page 193

= Modeling a Voltage Regulator on page 198
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Modeling Level Shifters

m  Types of Level Shifters on page 146

m  Modeling a Power Level Shifter on page 147

= Modeling a Ground Level Shifter on page 148

=  Modeling a Power and Ground Level Shifter on page 149

m  Modeling an Enabled Level Shifter on page 151

= Modeling a Bypass Level Shifter on page 157

= Modeling a Multi-Stage Level Shifter on page 158

m  Modeling a Multi-bit Level Shifter Cell on page 160

Types of Level Shifters

To pass signals between portions of the design that operate on different power or ground
voltages, level shifters are needed.

CPF can describe many different types of level shifters. The following is a list of the most
typical level shifters:

m  power level shifters—pass signals between portions of the design that operate on
different power voltages but the same ground voltages

m  ground level shifters—pass signals between portions of the design that operate on
different ground voltages but the same power voltages

= power and ground level shifters—pass signals between portions of the design that
operate on different power and ground voltages

m  enabled level shifters—Ievel shifters with an enable pin which allows them to be used as
isolation cell as well

m  bypass level shifters—a level shifter whose level shifting functionality can be bypassed
under certain conditions

In addition, CPF can model multi-stage and multi-bit level shifters.

All types of level shifters are defined using the defi ne_| evel _shifter_cell command.
The following sections indicate which command options to use for each type.
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Modeling a Power Level Shifter

To model a power level shifter use the defi ne_| evel _shifter _cel | command with the
following options.

define_l evel _shifter_cel
-cells cell _list [-library_set library_set]
[-al ways_on_pins pin_list]
-input_vol tage_range {voltage_list | voltage_range_list}
-out put _vol tage_range {voltage_list | voltage_range_list}
[-direction {up|down|bidir}]
[-input_power_pin LEF_power _pin] [-output_power_pin LEF_power _pi n]
| -ground LEF_ground_pi n}
[-valid_location {to | from| either}]

Figure5-1 shows a power domain at 0.8V and one at 1.2V. The ground voltage for both
domains is 0.0V. In this case, for data signals going from the domain at 0.8V to the domain at
1.2V a power level shifter with direction up is needed, while for data signals going from the
domain at 1.2V to the domain at 0.8V a power level shifter with direction down is needed.

Figure 5-1 Power Level Shifter
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Sample commands to model these power level shifters are:

define |l evel _shifter cell -cells up_shift \
-input _vol tage_range 0.8:1.0 -output_voltage_ range 1.0:1.2 \
-i nput _power _pin VDD IN -output_power_pin VDD QUT -ground VSS I N\
-direction up -valid location from

define_level _shifter_cell -cells down_shift \
-input_voltage_range 1.0:1.2 -output_voltage_range 0.8:1.0 \
-input_power _pin VDD IN -output_power_pin VDD OQUT -ground VSS IN\
-direction down -valid_location from
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Modeling a Ground Level Shifter

To model ground level shifter use the def i ne_| evel _shifter_cel |l command with the
following options.

define_ | evel shifter_cel
-cells cell list [-library_set library_set]
[-always _on_pins pin_list]
-ground_i nput _voltage range {voltage |ist | voltage range |ist}
-ground_out put _vol tage range {voltage list | voltage range |ist}
[-direction {up|down|bidir}]
[-input_ground pin LEF_power pin] [-output_ground pin LEF_power pin]
[-power LEF_ground_pin]
[-valid | ocation {to | from| either}]

The two power domains in Figure5-2 have the same power supply 1.2V. However, the ground
voltage for the first domain is at 0.0V, while the ground voltage for the second domain is at
0.5V. For data signals going from the domain with ground voltage 0.0V to the domain with
ground voltage 0.5V a ground level shifter with direction up is required. For data signals going
from the domain with ground voltage 0.5V to the domain with ground voltage 0.0V a ground
level shifter with direction down is required.

Figure 5-2 Ground Level Shifter
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Sample commands to model these ground level shifters are:

define |l evel _shifter cell -cells up_shift \
-ground_i nput _vol tage_range 0.0:0.1 -ground_out put_voltage range 0.4:0.5 \
-input _ground_pin VSS I N -output_ground_pin VSS QUT -power VDD IN\
-direction up -valid l|ocation from

define level _shifter _cell -cells down_shift \
-ground_input_voltage range 0.4:0.5 -ground_out put_voltage range 0.0:0.1 \
-input _ground_pin VSS_ I N -output_ground_pin VDD _OUT -power VDD IN\
-direction down -valid_ |ocation from
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Modeling a Power and Ground Level Shifter

To model a power and ground level shifter, use two def i ne_| evel _shifter_cell
commands: one which defines the power level shifting and one which defines the ground level
shifting. Both commands must point to the same cell(s), and must have the same value for
the -val i d_| ocat i on option.

define_l evel _shifter_cel
-cells cell _list [-library_set library_set]
[-al ways_on_pins pin_list]
-input_vol tage_range {voltage_list | voltage_range_list}
-out put _vol tage_range {voltage_list | voltage_range_list}
[-direction {up|down|bidir}]
[-input_power_pin LEF_power _pin] [-output_power_pin LEF_power _pi n]
[-ground LEF_ground_pi n]
[-valid_location {to | from| either}]

define_l evel _shifter_cel
-cells cell _list [-library_set library_set]
[-al ways_on_pins pin_list]
-ground_i nput _voltage_range {voltage |list | voltage_range_list}
-ground_out put _vol tage_range {voltage_ list | voltage_range_list}
[-direction {up|down|bidir}]
[-input_ground_pin LEF_power _pin] [-output_ground_pin LEF_power _pin]
[ - power LEF_ground_pin]
[-valid_location {to | from| either}]

The two power domains in Figure 5-3 have different power and ground voltages. Going from
domai n_1 to the domai n_2 requires an power level shifter in the up direction and a ground
level shifter in the down direction. Going from donmai n_2 to domai n_1 requires a power level
shifter in the down direction and a ground level shifter in the up direction.

Figure 5-3 Power and Ground Level Shifter
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The following commands models the power and ground level shifter to go from dormai n_1 to
domai n_2:

define_level _shifter_cell -cells X\
-input_voltage range 0.8:1.0 -output_voltage range 1.0:1.2 \
-input_power _pin VDD IN -output_power_pin VDD QUT -ground VSS IN\
-direction up -valid_location from

define_l evel shifter_cell -cells X
-ground_i nput voltage range 0.4:0.5 -ground_out put_vol tage_range 0.0:0.1 \
-input _ground_pin VSS_I N -output_ground_pin VSS OUT -power VDD OUT \
-direction down -valid_|ocation from

Both commands refer to the same cell, use the same valid location and have opposite
directions for the power and ground level shifting.

The following commands models the power and ground level shift to go from domai n_2 to
domai n_1:

define_level _shifter cell -cells Y\
-input _vol tage_range 1.0:1.2 -output_voltage range 0.8:1.0 \
-i nput _power _pin VDD _OUT -output_power_pin VDD IN -ground VSS_OUT \
-direction dowmn -valid |ocation to

define_level _shifter_cell -cells Y\
- ground_i nput voltage range 0.0:0.1 -ground_out put_voltage_range 0.4:0.5 \
-input_ground_pin VSS QUT -output_ground _pin VSS QUT -power VDD QUT \
-direction up -valid_location to
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Modeling an Enabled Level Shifter

To model a level shifter that can also be used for isolation purposes, use the
define_I| evel _shifter_cell command with the - enabl e option.

This type of cell uses an enable pin to control the voltage shifting. Typically the enable pin is
related to the output supplies of the level shifter. In other words, the enable control needs to
have the same voltage as the to domain. If both domains are powered on, you can tie the
enable to be always active and it works as a level shifter.

()~ Tip
a To model an isolation-level-shifter combo cell, see Modeling an Isolation-Level
Shifter Combo Cell on page 170.

Modeling an Enabled Power Level Shifter

Assume that the power level shifter shown in Figure 5-1 on page 147 also has an enable pin
to enable the level-shifting functionality. If the enable signal is inactive for the level shifting
purposes, it protects the level shifter cell when the input power supply is powered down and
causes the output to be a specific logic value determined by its functionality. However, the
driver of the level shifter data pin is not protected. For such a cell to be used for isolation
purposes when the driving domain is switched off using a header power switch, its input
power pin must be connected to the primary power net of the driving domain. In this case the
definition should be adjusted as follows:
define_l evel _shifter_cell -cells up_shift \

-input_voltage range 0.8:1.0 -output _voltage range 1.0:1.2 \

-i nput _power _pin VDD _I N -out put _power_pin VDD OUT -ground VSS IN\

-direction up -valid_location from\
-enabl e en

Where en is the enable pin that controls the power shifting. Typically the enable pin is related
to the output supplies of the level shifter.
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Modeling an Enabled Ground Level Shifter

Assume that the ground level shifter shown in Figure 5-2 on page 148 also has an enable pin
to enable the level-shifting functionality. If the enable signal is inactive for the level shifting
purposes, it protects the level shifter cell when the input ground supply is shut off and causes
the output to be a specific logic value determined by its functionality. However, the driver of
the level shifter data pin is not protected. For such a cell to be used for isolation purposes
when the driving domain is switched off using a footer ground switch, its input ground pin must
be connected to the primary ground net of the driving domain. In this case the definition
should be adjusted as follows:
define_level _shifter_cell -cells down_shift \
-ground_i nput _vol tage_range 0.4:0.5 -ground_out put_voltage range 0.0: 0.1 \
-input_ground pin VSS IN -output_ground _pin VDD QUT -power VDD IN\

-direction down -valid_location from\
-enabl e en

Where en is the enable pin that controls the ground shifting. Typically the enable pin is related
to the output supplies of the level shifter.

Modeling an Enabled Power and Ground Level Shifter

For power and ground level shifter cells, the enable pin needs to be specified with the
definition of the power (ground) level shifter depending on whether the pin needs to control
the power (ground) shifting. The layout of the cell determines whether it can be used in a
domain that is power-switched (using a header switch cell) or ground-switched (using a footer
switch cell). This section will illustrate a couple of examples.

In all examples, data signal A is driven by a power domain whose power and ground supply
connects to VDD _| Nand VSS_ | N, respectively. The data output signal Y feeds in to a domain
whose power and ground supply connects to VDD_OUT and VSS_CQUT, respectively. This
requires a power and ground level shifter cell. In the following examples, the following
relations apply:

VSS OUT < VSS I N
VDD _OUT > VDD I N

In addition, because the power domain driving A can be switched off, the level shifter must
also be an enabled shifter. The required type of the enabled power and ground shifter will
depend on whether the power domain is power or ground switched and on where the
enabling logic gets is power and ground supply from.
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Example 1

The type of level shifter shown in Figure 5-4, can be used when the power domain driving
signal A is ground switched. The power and ground of the enabling logic are connected to
VDD_QUT and VSS_QUT, respectively.

Figure 5-4 Type 1: Ground Shifter in Input Stage and Enabling Logic in Output Stage

VSS_0UT

The following CPF commands describe this type 1 power and ground enabled level shifter:

define_level _shifter_cell -cells X\
-ground_i nput _vol tage_range 0.2:0.3 -ground_out put_voltage range 0.1:0.2 \
-input_ground pin VSS IN -output_ground _pin VSS QUT -power VDD IN\
-direction down -valid_|location from

define_level _shifter_cell -cells X\
-input_voltage range 0.8:1.0 -output _voltage range 1.0:1.2 \
-input _power _pin VDD IN -output_power_pin VDD OUT -ground VSS _OUT \
-direction up -valid_location from
-enabl e en
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Example 2

The type of level shifter shown in Figure 5-5, can be used when the power domain of signal
A is power switched. The power and ground of the enabling logic are connected to VDD_OUT
and VSS_QUT, respectively.

Figure 5-5 Type 2: Power Shifter in Input Stage and Enable Logic in Output Stage

VSS_0OUT

The following CPF commands describe this type 2 of power and ground enabled level shifter:

define level _shifter cell -cells X\
-ground_i nput_voltage range 0.2:0.3 -ground_out put_voltage range 0.1:0.2 \
-input_ground_pin VSS I N -output_ground_pin VSS QUT -power VDD OUT \
-direction down -valid_|ocation from-enable en

define_level _shifter cell -cells X\
-input_voltage range 0.8:1.0 -output_voltage range 1.0:1.2 \
-i nput _power _pin VDD IN -output_power_pin VDD QUT -ground VSS I N\
-direction up -valid l|ocation from
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Example 3

The type of level shifter shown in Figure 5-6, can be used when the power domain is ground
switched. The power and ground of the enabling logic are connected to VDD_| Nand
VSS_QUT, respectively.

Figure 5-6 Type 3: Ground Shifter and Enable Logic in Input Stage

VSS_0OUT

The following CPF commands describe this type 3 of power and ground enabled level shifter:

define level _shifter cell -cells X\
-ground_i nput_voltage range 0.2:0.3 -ground_out put_voltage range 0.1:0.2 \
-input_ground_pin VSS IN -output_ground_pin VSS QUT -power VDD IN\
-direction down -valid_|ocation from-enable en

define_level _shifter cell -cells X\
-input_voltage range 0.8:1.0 -output_voltage range 1.0:1.2 \
-input _power _pin VDD _IN -output_power_pin VDD OUT -ground VSS_OUT \
-direction up -valid l|ocation from
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Example 4

The type of level shifter shown in Figure 5-7, can be used when the power domain is power
switched. The power and ground of the enabling logic are connected to VDD _OUT and
VSS | N, respectively.

Figure 5-7 Type 4: Power Shifter and Enable Logic in Input Stage

VSS_0UT

The following CPF commands describe this type 4 of power and ground enabled level shifter:

define level _shifter cell -cells X\
-ground_i nput_voltage range 0.2:0.3 -ground_out put_voltage range 0.1:0.2 \
-input_ground_pin VSS IN -output_ground_pin VSS QUT -power VDD OUT \
-direction down -valid_ |ocation from

define_level _shifter cell -cells X\
-input_voltage range 0.8:1.0 -output_voltage range 1.0:1.2 \
-i nput _power _pin VDD IN -output_power_pin VDD QUT -ground VSS I N\
-direction up -valid |ocation from-enable en
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Modeling a Bypass Level Shifter

To model a level shifter whose level shifting functionality can be bypassed under certain
conditions, use the defi ne_I| evel _shifter _cel |l command with the - bypass_enabl e
option.

An example of such a cell is shown in Figure5-8. When the bp_enabl e signal is t r ue, the
level shifting functionality is bypassed and signal OUT will be coming from the top buffer.

Figure 5-8 Bypass Level Shifter Cell

VDD_IN VDD_OUT

bp_enable ouT

|
IN
1

The following CPF command can be used to describe a bypass level shifter:

define |l evel _shifter cell -cells up_shift \
-input _vol tage_range 0.8:1.0 -output_voltage range 1.0:1.2 \
-input _power _pin VDD IN -output_power_pin VDD QUT -ground VSS \
-direction up -valid |location from-bypass_enabl e bp_enabl e

To apply such a cell for a specific level shifter rule, you need to use the - bypass_condi ti on
option of the creat e_I evel _shi fter _rul e command to indicate the signal for the
bypass enable pin for the cell.
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Modeling a Multi-Stage Level Shifter

When the voltage difference between the driving (or originating) and receiving (or destination)
power domains is large, multiple level shifters or a single multi-stage level shifter might be
required.

To model a single multi-stage level shifter cell, define the level-shifter cell with the
-mul ti _stage option inthe defi ne_I evel _shifter _cell command to identify the
stage of the multi-stage level shifter to which this definition (command) applies.

For a level shifter cell with N stages, N definitions must be specified for the same cell. Each
definition must associate a number from 1 to N for this option to indicate the corresponding
stage of this definition. A definition must not have the same stage defined twice.

An example of a single multi-stage level-shifter cell is shown in Figure 5-9.

Figure 5-9 Multi-Stage Level Shifter
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The following CPF commands can be used to describe the single level shifter cell shown in
Figure 5-9.

define_ |l evel _shifter cell -cells fooA -multi_stage 1 -input_power _pin V1 \
- out put _power_pin V2 -input_ground_pin VSl -output_ground_pin VS2
define |l evel _shifter cell -cells fooA -nmulti_stage 2 -input_power _pin V2 \

-input_ground_pin VS2 -output_voltage pin V3 -output_ground_pin VS2
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When you define the level shifter rule, you can indicate in the
updat e_| evel _shifter_rul es command whether to use a single multi-stage
level-shifter cell or an ordered list of level-shifter cells:

m  Touse asingle multi-stage level-shifter cell you must use the - t hr ough option to specify
the subsequent domains for the multi-stage level shifting between the first domain
(specified with - f r omin the creat e_| evel _shi fter _rul e command) and the last
domain (specified with -t o inthe creat e _| evel shi fter_rul e command).

In this case, the cell must have been defined with the - mul t i _st age option in the
define_l evel _shifter_cell command.

m  To use multiple cells, you must specify an ordered list of N cell lists for the - cel | s
option, where N is the number of stages in the level-shifting. Each list contains the cells
appropriate for its stage.
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Modeling a Multi-bit Level Shifter Cell

A multi-bit level shifter cell has multiple pairs of input and output pins with each pair serving
as a single bit level shifter. An example is shown in Figure 5-10.

For the following multi-bit level shifter cells, there is no difference in modeling such a multi-bit
cell with respect to the single bit level shifter cell:

=  a multi-bit simple level shifter without an enable pin
= a multi-bit enable level shifter with the same enable pin for all bits

If the cell has different enable pins for the input and output pairs, you must model the cell
using the - pi n_gr oups option of the defi ne_| evel shifter _cell command.

Figure 5-10 Multi-Bit Level Shifter
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The following CPF command can be used to describe the multi-bit level shifter cell shown in
Figure 5-10.

define_level _shifter cell -cells multi_bit_en \
-input _vol tage_range 0.8:1.0 -output_voltage range 1.0:1.2 \
-input _power _pin VDD IN -output_power_pin VDD QUT -ground VSS \
-direction up -valid location from\
-pin_groups {{inl outl enl} {in2 out2 enl} {in3 out3 en2}}

Note: - pi n_gr oups is a new option introduced in the SI12 CPF 2.0 version.
160
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Modeling Isolation Cells

m  Types of Isolation Cells on page 162

m  Modeling an Isolation Cell to be Placed in the Unswitched Domain on page 163

m  Modeling An Isolation Cell for Ground Switchable Domain on page 164

= Modeling An Isolation Cell for Power Switchable Domain on page 165

m  Modeling An Isolation Cell for Power and Ground Switchable Domains on page 166

m  Modeling An Isolation Cells that Can Be Placed in Any Domain on page 167

m  Modeling An Isolation Cells that Can Be Placed in Any Domain on page 167

=  Modeling An Isolation Clamp Cell on page 168

m  Modeling an Isolation-Level Shifter Combo Cell on page 170

m  Modeling an Isolation Cell with Multiple Enable Pins on page 171

m  Modeling an Isolation Latch with a Set or Reset Pin on page 173

= Modeling a Multi-bit Isolation Cell on page 175

= Modeling a Complex Isolation Cell on page 176
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Types of Isolation Cells

Isolation logic is required when the leaf drivers and leaf loads of a net are in power domains
that are not on and off at the same time, or because it is part of the design intent. CPF can
describe many different types of isolation cells. Below is a list of the most typical isolation
cells:

= |solation cell to be placed in the unswitched domain

m |solation cell to be used in a ground switchable domain

m Isolation cell to be used in a power switchable domain

m Isolation cells to be used in a a power or ground switchable domain
m |solation cells without followpins that can be placed in any domain
m |solation cells without an enable pin

m Isolation clamp cell

m Isolation-level shifter combo cell

All types of isolation cells are defined using the def i ne_i sol ati on_cel | command. The
following sections indicate which command options to use for each type.
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Modeling an Isolation Cell to be Placed in the Unswitched Domain

To model an isolation cell to be placed in an unswitched domain, use the
defi ne_i sol ati on_cel I command with the following options.

define_isolation_cell
-cells cell list [-library_set library_set]
-power LEF_power pin -ground LEF_ground_pin
-valid_location on
{ -enable pin | -no_enable {high|low hold} } [-non_dedicated]

Figure 5-11 shows an AND cell that can be used for isolation purposes.

Figure 5-11 Dedicated Isolation Cell in Unswitched Domain
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The following command models the isolation cell in Figure 5-11:

define_isolation_cell \
-cells IsoLL \
-power VDD -ground VSS \
-enable E\
-valid_location on

Note: If you also want to use the cell in regular logic, you must add the - non_dedi cat ed
option. Non-dedicated cells can typically only be placed in the unswitched domain
(-valid_l ocation on).
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Modeling An Isolation Cell for Ground Switchable Domain

To model an isolation cell to be used in a ground switchable domain, use the
defi ne_i sol ati on_cel I command with the following options.

define_isolation_cell
-cells cell list [-library_set library_set]
[-always _on_pins pin_list]
-ground_swi tchable LEF_ground_pin
-power LEF_power pin -ground LEF _ground_pin
[-valid location { from| to | on | off}]
{ -enable pin | -no_enable {high|low hold} } [-non_dedicated]

Figure 5-12 shows an AND cell that has the path from power to ground cut off on the ground

side. This AND cell can only be used for isolation.

Figure 5-12 Dedicated Ground Switchable Isolation Cell

IsolLL

vDD

GSW
VSS

The following command models the isolation cell in Figure 5-12:

define_isolation_cell \
-cells IsolLL \
-ground_swi t chabl e GSW\
-power VDD -ground VSS \
-enable E\
-valid_location from
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Modeling An Isolation Cell for Power Switchable Domain

To model an isolation cell to be used in a power switchable domain, use the
defi ne_i sol ati on_cel I command with the following options.

define_isolation_cell
-cells cell list [-library_set library_set]
[-always _on_pins pin_list]
-power _swi tchabl e LEF_power _pin
-power LEF_power pin -ground LEF _ground_pin
[-valid location { from| to | on | off}]
{ -enable pin | -no_enable {high|low hold} }

Figure 5-13 shows an AND cell that has the path from power to ground cut off on the power

side. This AND cell can only be used for isolation.

Figure 5-13 Dedicated Power Switchable Isolation Cell
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The following command models the isolation cell in Figure 5-13:

define_isolation_cell \
-cells IsolLL \
- power _swi t chabl e VSW\
-power VDD -ground VSS \
-enable E\
-valid_location from
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Modeling An Isolation Cell for Power and Ground Switchable Domains

To model an isolation cell to be used in a power and ground switchable domain, use the
defi ne_i sol ati on_cel I command with the following options.

define_isolation_cell
-cells cell list [-library_set library_set]
[-always _on_pins pin_list]
-power _switchabl e LEF_power pin -ground_swi tchable LEF _ground pin
-power LEF_power pin -ground LEF _ground_pin
[-valid location { from| to | on | off}]
{ -enable pin | -no_enable {high|low hold} }

Figure 5-14 shows an AND cell that has the path from power to ground cut off on the power
and ground sides. This AND cell can only be used for isolation.

Figure 5-14 Dedicated Power and Ground Switchable Isolation Cell
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The following command models the isolation cell in Figure 5-14:

define_isolation_cell \
-cells IsoLL \
- power _swi t chabl e VSW -ground_swi t chabl e GSW\
-power VDD -ground VSS \
-enable E \
-valid_l|ocation from
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Modeling An Isolation Cells that Can Be Placed in Any Domain

To model an isolation cell to be used in any domain, use the defi ne_i sol ati on_cel |
command with the following options.

define_isolation_cel
-cells cell list [-library_set library_set]
[-always _on_pins pin_list]
-power LEF_power pin -ground LEF _ground_pin
-valid_location any
{ -enable pin | -no_enable {high|low hold} }
[ -non_dedi cat ed]

Modeling An Isolation Cell Without Enable Pin

There are special isolation cells which do not have an enable pin but still can clamp output to
a logic value when primary power supply is switched off. To model such a cell, use
define_i sol ati on_cel I command with the following options.

define_isolation_cel

-cells cell list [-library_set library set]
[-always _on_pins pin_list]
[ -power switchabl e LEF_power pin] [-ground sw tchable LEF _ground_pi n]

[ -power LEF_power pin] [-ground LEF_ground_pin]
[-valid_location { from| to | on | off | any}]
-no_enabl e {high|low hol d}

Note: You can only infer such cells in a design by specifyingthe creat e_i sol ation_rul e
command with - no_condi ti on option.
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Modeling An Isolation Clamp Cell
An isolation clamp high cell is a simple PMOS transistor with the gate input being used as the

enable pin. When its driver is switched off by a ground switch and the enable pin has value 0,
the connected net can be clamped to a logic high value as shown in Figure 5-15.

Figure 5-15 Isolation clamp high cell
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To model an isolation clamp high cell, use the def i ne_i sol ati on_cel | command with
the following options.

define_isolation_cel
-cells cell list [-library_set library _set]
[-always _on_pins pin_list]
-power LEF_power pin
[-valid_location { from| to | on | off | any}]
-enable pin -clanmp high
[ -non_dedi cat ed]

An isolation clamp low cell is a simple NMOS transistor with the gate input being used as the
enable pin. When its driver is switched off by a power switch and the enable pin has value 1,
the connected net can be clamped to a logic low value as shown in Figure 5-16 on page 1609.
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Figure 5-16 Isolation clamp low cell
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To model an isolation clamp low cell, use the def i ne_i sol ati on_cel | command with the
following options.

define_isol ation_cel
-cells cell _list [-library_set library_set]
[-al ways_on_pins pin_list]
-ground LEF_ground_pin
[-valid_location { from| to | on | off | any}]
-enable pin -clamp | ow
[ -non_dedi cat ed]

Due to its special connectivity requirement, to apply such a power or ground clamp cell for a
specific isolation rule, you need to use - i sol ati on_out put option with either the
cl anp_hi ghorcl anmp_| ow val ue inthe creat e_i sol ati on_rul e command.
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Modeling an Isolation-Level Shifter Combo Cell

A combo cell isolates or protects the input when the driving logic is powered down and
generates an output isolation value at the same voltage as the output supply of the cell.
Typically the enable pin is related to the input supplies of the cell.

The most common combo cells are the isolation cells with high to low shifting capabilities.

To model a combo cell you need two commands. For example to model an isolation cell for
power switchable domain that is also a power level shifter, use the following definitions:

define_isol ati on_cel
-cells cell _list [-library_set library_set]
[-always_on_pins pin_list]
- power _swi tchabl e LEF_power _pin
-power LEF_power _pin -ground LEF_ground_pin
[-valid_location {to | front]
{ -enable pin | -no_enable {high|low hold} } [-non_dedicated]

define |l evel _shifter cel
-cells cell _list [-library_set library_set]
[-always_on_pins pin_list]
-input _vol tage_range {voltage | voltage_range}
-out put _voltage range {voltage | voltage_range}
-direction down
[-input_power pin LEF_power pin] [-output_power_pin LEF_power _pin]
[-ground LEF_ground_pi n]
[-valid_location {to | fron}]

Note: You cannot use the - enabl e option in the defi ne_I| evel _shifter_cell
definition.In addition, you must specify the same value for the - val i d_| ocat i on option in
both commands.

i@i T|p

If you want to model an enabled level shifter, see Modeling an Enabled Level Shifter
on page 151.
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Modeling an Isolation Cell with Multiple Enable Pins

Some isolation cells have besides an enable pin that is related to the non-switchable supply
of the cell, additional enable pins that are related to the switchable supply. The switchable
enable pin can be used to synchronize the isolation logic right before the non-switchable
enable pin is activated or deactivated. To model an isolation cell with multiple enable pins, use
the def i ne_i sol ati on_cel | command with the following options.

define_isolation_cell
-cells cell list [-library_set library_set]
-aux_enabl es pin_list
[ - power switchable LEF_power pin] [-ground switchable LEF _ground_pin]
[-power LEF_power _pin] [-ground LEF_ground_pin]
[-valid_location {from| to | on | off | any}]
-enable pin [-clanmp {high|low}]

When you specify an isolation rule that targets these types of isolation cells, you need to use
thecreate_i sol ati on_rul e command with the -i sol ati on_control option with
control type sync_enabl e.

Figure 5-17shows two examples of cells with multiple enable pins. The i so enable pin is
related to the non-switchable supply vddc, while the en enable pin is related to the switchable
supply vdd.

Figure 5-17 Isolation Cells with Multiple Enable Pins
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The following command models the i soandl owand i soor hi gh cells in Figure 5-17 on
page 171:

define_isolation _cell \
-cell's {isoandl ow i soorhi gh} \
-aux_enabl es en \
-power _swi tchabl e vdd \
-power vddc -ground vss \
-enable iso

The following commands show the isolation rules that target the i soandl owand
i soor hi gh cells in Figure 5-17 on page 171

create_isolation_rule \
-name isol \
-isolation_condition iso _drvr \
-from PD1 \
-isolation_output |ow\
-isolation_control { {sync_enable en_drvr} } \
-secondary_donmi n i so_supply_donai n

create_isolation_rule \
-name iso2 \
-isolation_condition iso _drvr \
-from PD1 \
-isolation_output high\
-isolation_control { {sync_enable en_drvr} } \
-secondary_donmi n i so_supply_donai n
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Modeling an Isolation Latch with a Set or Reset Pin

Some isolation latches are designed with a set or reset pin to ensure that the latch output has
a known value at the time when the design is initially powered up. To model an isolation latch
with a set or reset pin, use the def i ne_i sol ati on_cel I command with the following
options.

define_isolation_cell
-cells cell _list [-library_set library_set]
-always_on_pins pin_list
[ - power _switchabl e LEF_power _pin] [-ground_swi tchable LEF_ground_pin]
[ - power LEF_power _pin] [-ground LEF_ground_pin]
[-valid_location {from| to | on | off | any}]
-enable pin [-clamp {high|low}]

When you specify an isolation rule that targets these types of isolation cells, you need to use
thecreate_i sol ati on_rul e command with the -i sol ati on_control option with
control type set orreset and the -i sol ati on_out put option with value hol d.

Figure 5-18 shows two examples of such latches. The i so enable pin, i sopr ez (set), the
I socl r (reset) pins are all related to the non-switchable supply vddc.

Figure 5-18 Isolation Cells with Set and Reset Pins
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The following commands model thei sol at chcl r andi sol at chpr ez cellsin Figure 5-18

on page 173:

define_isolation_cel
-cells isolatchclr
-al ways_on_pins isoprez
- power _swi tchabl e vdd
-power vddc -ground vss
-enable iso

define_isol ati on_cel
-cells isolatchclr
-always_on_pins isoclr
- power _swi t chabl e vdd
- power vddc -ground vss
-enabl e iso

The following commands show the isolation rules that targets the i sol at chcl r and

i sol at chpr ez cells in Figure 5-18 on page 173:

create_isolation_rule \
-name isol \

-isolation_condition iso _drvr \

-from PD1
-isolation_output hold \

-isolation_control { {set

iso prez} } \

-secondary_donmi n i so_supply_donai n

create_isolation_rule \
-nanme iso2 \

-isolation_condition iso_drvr \

-from PD1 \
-isol ation_output hold \

-isolation_control { {reset

iso_clr} } \

-secondary_donai n i so_supply_domnai n
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Modeling a Multi-bit Isolation Cell

A multi-bit isolation cell has multiple pairs of input and output pins with each pair serving as
a single bit isolation cell. An example is shown in Figure 5-19.

If the cell uses the same enable pin for all pairs of input and output pins, there is no difference
in modeling such a multi-bit cell with respect to the single bit isolation cell.

If the cell has different enable pins for the input and output pairs, you must model the cell
using the - pi n_gr oups option of the defi ne_i sol ati on_cel | command.

Figure 5-19 Multi-bit Isolation Cell
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The following CPF command can be used to describe the multi-bit isolation cell for power
switchable domain shown in Figure 5-19 (see Figure 5-13 on page 165 for the corresponding
single bit cell).

define_isolation_cell -cells IsoLL \

- power _swi t chabl e VSW\

-power VDD -ground VSS \

-pin_groups {{inl outl enl} {in2 out2 en2} {in3 out3 en3}}
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Modeling a Complex Isolation Cell

For complex isolation cells that cannot be modeled using the previous techniques, CPF
provides a generic mechanism.

To model a complex isolation cell, use the updat e_i sol ati on_r ul es command with the
following options.
update_isolation_rules -nanmes rule_li st

-cells cell _l'ist [-use_nodel -pin_mapping pin_mapping_li st
[ -domai n_mappi ng domai n_mappi ng_list] ]

In this case, the first cell specified in the cell list refers to the complicated isolation cell that
cannot be modelled usingthe def i ne_i sol ati on_cel | command. The cell name that you
specify must correspond to both the model name used in simulation and the cell name used
for implementation.

Use the following format for the pi n_mappi ng_I| i st to specify the connection of each
cell pin to a pin or port in the design:

{cell _pin design_pin_reference}

m cel |l _pinisthe name of the pin in the cell definition
m design_pin_reference is one of the following:

0 the name of a design port or instance pin—You can prepend the "!" character to the
name if the inverse of the port/pin is used to drive the cell pin

O isolation_signal,which refers to the expression in
-isol ation_condition

If the cell has a corresponding macro model definition in CPF, you can specify the mapping
of the domains in the macro model to the top-level domains.

Use the following format to specify a domain mapping:

{domai n_in_child_scope domain_in_parent _I|evel _scope}

The specified domain mapping applies to all instantiations of the specified isolation cell.
If the macro model has multiple power domains defined, this option must be used.
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Modeling State Retention Cells

Types of State Retention Cells on page 177

State Retention Cell that Restores when Power is Turned On on page 178

State Retention Cell that Restores when Control Signal is Deactivated on page 179

State Retention Cells with Save and Restore Controls on page 180

State Retention Cells without Save or Restore Control on page 182

Modeling a Complex State Retention Cell on page 183

Types of State Retention Cells

State retention cells are used for sequential cells to keep their previous state prior to power
down.

CPF can describe different types of state retention cells. The following is a list of the most
typical state retention cells:

State Retention Cell with Save Control
State Retention Cell with Restore Control
State Retention Cells with Save and Restore Controls

State Retention Cells without Save or Restore Control

All types of state retention cells are defined using the def i ne_state_retenti on_cel |
command. The following sections indicate which command options to use for each type.
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State Retention Cell that Restores when Power is Turned On

To model a state retention cell that saves the current value when the control pin becomes
active while the power is on, retains the saved value when power is off, and restores the saved
value when the power is turned on, use the following command options:

define_state retention_cell
-cells cell _list [-library_set library_set]
[-cell _type string]
[-always _on_pins pin_list]
[-clock_pin pin]
-save_function expression
[-restore_check expression] [-save_check expression]
[ -al ways_on_conponents conponent |ist]
[ {-power_swi tchable LEF_power _pin
| -ground_swi tchable LEF_ground_pin
| - power _switchabl e LEF_power _pin -ground_sw tchable LEF_ground_pi n}
-power LEF_power _pin -ground LEF_ground_pin ]

Figure 5-20 shows an example of such a cell.

Figure 5-20 State Retention with Save Control
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To model the cell shown in Figure 5-20, use the following command:

define_state retention_cell -cells SRL \
-clock_pin dk \
-save_function save \
-restore_check Tk -save_check 'Ck \
- power _swi t chabl e VSW\
-power VDD -ground VSS
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State Retention Cell that Restores when Control Signal is Deactivated

To model a state retention cell that saves the current value when the control pin becomes
deactivated and restores the saved value when the control signal becomes activated, use the
following command options:

define_state retention_cell
-cells cell _list [-library_set library_set]
[-cell _type string]
[-always _on_pins pin_list]
[-clock_pin pin]
-restore_function expression
[-restore _check expression] [-save_check expression]
[ -al ways_on_conponents conponent |ist]
[ {-power_swi tchable LEF_power _pin
| -ground_swi tchable LEF_ground_pin
| - power _switchabl e LEF_power _pin -ground_sw tchable LEF_ground_pi n}
-power LEF_power _pin -ground LEF_ground_pin ]

Figure 5-21 shows an example of such a cell.

Figure 5-21 State Retention with Restore Control
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To model the cell shown in Figure 5-21, use the following command:

define_state retention_cell -cells SRL \
-clock_pin dk \
-restore_function !Ret \
-restore_check Tk -save_check 'Ck \
- power _swi t chabl e VSW\
-power VDD -ground VSS
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State Retention Cells with Save and Restore Controls

If you have a state retention cell with both save and restore control, the cell saves the current
value when the save control pin is activated and the power is on, while the cell restores the
saved value when the restore control pins is activated. To model such a cell use the following
command options:
define_state retention_cell

-cells cell list [-library_set library_set]

[-cell_type string]

[-always_on_pins pin_list]

[-clock_pin pin]

-restore_function expression -save_function expression

[-restore_check expression] [-save_check expression]

[ -al ways_on_conponents conponent |ist]

[ {-power_swi tchable LEF_power _pin

| -ground_swi tchabl e LEF_ground_pin

| - power _switchable LEF_power pin -ground_sw tchabl e LEF_ground_pi n}
-power LEF_power _pin -ground LEF_ground_pin ]

In this case, the cell saves the current value when the save expressionist r ue and the power
is on. The cell restores the saved value when the restore expression is t r ue and the power
IS on.

It is an error if you use the same pin or same expressions for both the save and restore
function. For example the following two commands are not correct:

define_state_retention_cell -cells My/_Cell -restore_function pg -save_function !pg
define_state retention_cell -cells foo -restore_function pg -save_function pg

Figure 5-22 on page 181 shows an example of such a cell.
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Figure 5-22 State Retention with Save and Restore Controls
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To model the cell shown in Figure 5-22, use the following command:

define_state retention_cell -cells SR2 \
-clock_pin dk \
-restore_function Wake -save function Sleep \
-restore_check "!d k" -save_check "!'C k" \
- power _swi t chabl e VSW\
-power VDD -ground VSS

The state will be saved when Sleep is active and the clock is down and the state will also be

restored when Wake is active and the clock is down.
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State Retention Cells without Save or Restore Control

A master-slave type state retention cell does not have a save or restore control pin. It has a
secondary power or ground pin to provide continuous power supply to the slave latch. The
clock signal acts as the retention control signal. As a result, you should use the clock signal
for the registers as the restore edge and save edge.

When the clock signal is used as the restore or save signal for a flop, then the synthesis tool
will synthesize it using a master-slave type retention cell. For library definition, the clock pin
needs to be declared as the only save and restore signal and has to be an always-on pin.

To model such a cell use the following command options:

define state retention_cel

-cells cell _list [-library_set library_set]

[-cell _type string]

[-al ways_on_pins pin_list]

[-clock_pin pin]

-save_function expression

[-restore_check expression] [-save_check expression]

[ -al ways_on_conponents conponent _|ist]

[ {-power_switchabl e LEF_power pin
| -ground_swi tchable LEF_ground_pin
| - power _switchabl e LEF_power _pin -ground_sw tchable LEF_ground_pi n}
-power LEF_power pin -ground LEF _ground _pin ]

When you specify a state retention rule that targets these types of state retention cells, you
needtousethecreate_state_retention_rul ecommandwiththe-save_edge option
and the clock signal in the expression.

The following example models master-slave retention cell ns_r et :

define_state_retention_cell -cells nms_ret \
-clock_pin CLK \
-save_function CLK \
-restore_check "!CLK" -save_check "!CLK"

The following command shows the state retention rule that targets cell ms_r et

create state retention_rule -nane srl \
-domai n PD1 \
-save_edge cl ock
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Modeling a Complex State Retention Cell

For complex state retention cells that cannot be modeled using the previous techniques, CPF
provides a generic mechanism. To model such a cell, use the updat e_i sol ati on_rul es
command with the following options.

update state retention rules -nanmes rule_list
-cells cell _list [-use_nodel -pin_mapping pin_mapping_|ist
[ - domai n_mappi ng domai n_mappi ng_list] ]

In this case, the first cell specified in the cell list refers to the complicated state retention cell
that cannot be modelled using the defi ne_state_retenti on_cell command. The cell
name that you specify must correspond to both the model name used in simulation and the
cell name used for implementation.

Use the following format for the pi n_mappi ng_I i st to specify the connection of each
cell pin to a pin or port in the design:

{cell _pin design_pin_reference}

m cell _pinisthe name of the pin in the cell definition
m design_pin_reference is one of the following:

0 the name of a design port or instance pin. You can prepend the "!" character to the
name if the inverse of the port/pin is used to drive the cell pin

0 save_si gnal , which refers to the expression in - save_edge or - save_| evel
option

O restore_signal, which refers to the expressionin-r est or e_edge or
-restore_| evel option

If the cell has a corresponding macro model definition in CPF, you can specify the mapping
of the domains in the macro model to the top-level domains.

Use the following format to specify a domain mapping:

{domain_in_child _scope domain_in_parent | evel scope}

The specified domain mapping applies to all instantiations of the specified state retention
cell.

If the macro model has multiple power domains defined, this option must be used.
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Modeling Power Switch Cells

m  Types of Power Switch Cells on page 184

m  Modeling a Single Stage Power Switch Cell on page 185

m  Modeling a Power Switch cell with Gate Bias on page 186

m  Modeling a Single Stage Ground Switch Cell on page 188

m  Modeling a Dual-Stage Power Switch Cell on page 189

= Modeling a Dual-Stage Ground Switch Cell on page 191

Types of Power Switch Cells

To connect and disconnect the power (or ground) supply from the gates in internal switchable
power domains, you must add power switch logic.

CPF can describe different types of power switch cells. The following is a list of the most
typical cells:

m  single stage power switch cell—single transistor that controls the primary power supply
to the logic of an internal switchable domain

m  single stage ground switch cell—single transistor that controls the primary ground supply
to the logic of an internal switchable domain

m  dual-stage power switch—power switch with a weak and strong transistor to control the
primary power supply to the logic of an internal switchable domain

m  dual-stage ground switch—ground switch with a weak and strong transistor to control the
primary ground supply to the logic of an internal switchable domain

All types of power switch cells are defined using the defi ne_power _swi tch_cel |
command. The following sections indicate which command options to use for each type.
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Modeling a Single Stage Power Switch Cell

To model a single stage power switchable power switch cell use the
defi ne_power _sw tch_cel | command with the following options:

define_power_switch_cell
-cells cell _list [-library_set library_set]
-stage_1 enable expression [-stage_1 output expression]
-type header
-power _swi tchabl e LEF_power _pin -power LEF_power _pin
[-ground LEF_ground_pi n]
[-enable_pin_bias [float:]float] [ -gate_bias_pin LEF_power _pin]
[ -stage_1 on_resistance float ] [ -stage_1 saturation_current fl oat]
[ -leakage_current float ]

In case of an unbuffered power switch cell, you do not need to specify the
-stage_1 out put and - gr ound options.

Figure 5-23 shows a power switch cell with an internal buffer. VI Nis the pin connected to the
unswitched power. VSWis the pin connected to the switchable power that is connected to the
logic. When the enable signal Ei is activated the unswitched power is supplied to the logic.
As shown in Figure 5-23, this type of cell usually contains a buffer that allows multiple power
switch cells to be chained together to form a power switch column or ring. However, the power
and ground of this buffer must be unswitchable.

Figure 5-23 Single Stage Power Switch
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The following command models the power switch cell shown in Figure 5-23:

define_power_switch_cell \
-cells swl \
-stage_1 enable Ei -stage_ 1 output Eo \
-type header \
- power _swi t chabl e VSW -power VIN -ground VSS
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Modeling a Power Switch cell with Gate Bias

To model a single stage power switchable power switch cell with gate bias use the
defi ne_power _sw tch_cel | command with the following options:

define_power_switch _cell
-cells cell list [-library_set library_set]
-stage_1 enabl e expression [-stage_ 1 output expression]
-type header
-power _swi tchabl e LEF_power _pin -power LEF _power pin
[-ground LEF_ground_pi n]
-enable pin_bias [float:]fl oat -gate bias pin LEF_power pin
[ -stage_1 on resistance float ] [ -stage_ 1 saturation_current fl oat]
[ -l1eakage_current float ]

Typically the enable pin is related to the power and the ground pin. With gate bias the enable
pin is related to the gate bias pin and the ground. The voltage on the gate bias pin is larger
than the voltage of the power pin. Such as cell creates less leakage power compared to the
cell without gate bias.

In Figure 5-24, the gate bias pin is VGB. Assume that input voltage VI Nis at 1.2V and the gate
bias pin is at 3.3 V.

Figure 5-24 Single Stage Power Switch with Gate Bias
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The following command models the power switch cell shown in Figure 5-24:

define_power_switch_cell \
-cells swl \
-stage_1 enable Ei -stage_ 1 output Eo \
-type header \
- power _swi t chabl e VSW -power VIN -ground VSS \
-gate_bias_pin VGB -enable_pin_bias 2.1
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Modeling a Single Stage Ground Switch Cell

To model a single stage ground switchable power switch cell use the
defi ne_power _sw tch_cel | command with the following options:

define_power_switch _cell
-cells cell list [-library_set library_set]
-stage_1 enabl e expression [-stage_ 1 output expression]
-type footer
-ground_swi tchable LEF_ground_pin -ground LEF _ground_pin
[-power LEF_power pin]
[-enable pin_bias [float:]float] [ -gate_bias_pin LEF_power pin]
[ -stage_1 on resistance float ] [ -stage_ 1 saturation_current fl oat]
[ -l1eakage_current float ]

Figure 5-25 shows a ground switch cell. VSS is the pin connected to the unswitched ground.
VSWis the pin connected to the switchable ground that is connected to the logic. When the
enable signal Ei is activated the unswitched ground is supplied to the logic. As shown in
Figure 5-25, this type of cell usually contains a buffer that allows multiple ground switch cells
to be chained together to form a ground switch column or ring. However the power and ground
of this buffer must be unswitchable.

Figure 5-25 Single Stage Ground Switch
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The following command models the ground switch cell shown in Figure 5-25:

define_power_switch_cell \
-cells gwl \
-stage_1 enable Ei -stage_ 1 output Eo \
-type header \
-ground_swi tchabl e GSW -ground VSS -power VDD
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Modeling a Dual-Stage Power Switch Cell

To model a power switch cell with two stages, use the following command options:

define_power_swi tch_cel
-cells cell _list [-library_set library_set]
-stage_1 enable expression [-stage_1 output expression]
-stage_2 enabl e expression [-stage_ 2 output expression]
-type header
-power _swi tchabl e LEF_power _pin -power LEF_power _pin
[-ground LEF_ground_pi n]

[-enable_pin_bias [float:]float] [ -gate_bias_pin LEF_power _pin]

[ -stage_1 on_resistance float ] [ -stage_1 saturation_current fl oat]
[ -stage_2 on_resistance float ] [ -stage_ 2 saturation_current fl oat]
[ -leakage_current float ]

Figure 5-26 shows a dual-stage power switch cell. VI Nis the pin connected to the unswitched
power. VSWis the pin connected to the switchable power that is connected to the logic. Only
when both enable signals Ri and Ei are activated can the unswitched power be supplied to
the logic. The Ri enable signal drives the stage-1 (weak) transistor which requires less
current to restore the unswitched power. The Ei enable signal drives the stage-2 (strong)
transistor which requires more current to fully supply the unswitched power to the logic. This
type of cell usually contains two buffers that allow multiple power switch cells to be chained
together to form a power switch column or ring. However the power and ground of these
buffers must be unswitchable.

Figure 5-26 Dual-Stage Power Switch
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The following command models the power switch cell shown in Figure 5-26:

define_power_switch_cell \
-cells swl \
-stage_1 enable Ri -stage 1 output Ro \
-stage_2 enable Ei -stage 2 output Eo \
-type header \
- power _swi t chabl e VSW -power VIN -ground VSS
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Modeling a Dual-Stage Ground Switch Cell

To model a ground switch cell with two stages, use the following command options:

define_power_swi tch_cel
-cells cell _list [-library_set library_set]
-stage_1 enable expression [-stage_1 output expression]
-stage_2 enabl e expression [-stage_ 2 output expression]
-type footer
-ground_swi tchable LEF_ground_pin -ground LEF_ground_pin
[ - power LEF_power _pin]
[-enable_pin_bias [float:]float] [ -gate_bias_pin LEF_power _pin]

[ -stage_1 on_resistance float ] [ -stage_1 saturation_current fl oat]
[ -stage_2 on_resistance float ] [ -stage_ 2 saturation_current fl oat]
[ -leakage_current float ]

Figure 5-27 shows a dual-stage ground switch cell. VSS is the pin connected to the
unswitched ground. GSWis the pin connected to the switchable ground that is connected to
the logic. Only when both enable signals Ri and Ei are activated can the unswitched ground
be supplied to the logic. The Ri enable signal drives the stage-1 (weak) transistor which
requires less current to restore the unswitched ground. The Ei enable signal drives the
stage-2 (strong) transistor which requires more current to fully supply the unswitched ground
to the logic. This type of cell usually contains two buffers that allow multiple ground switch
cells to be chained together to form a ground switch column or ring. However the power and
ground of these buffers must be unswitchable.

Figure 5-27 Dual-Stage Ground Switch
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The following command models the ground switch cell shown in Figure 5-27:

define_power_switch_cell \
-cells gsw\
-stage_1 enable Ri -stage 1 output Ro \
-stage_2 enable Ei -stage 2 output Eo \
-type footer \
-ground_swi tchabl e GSW-ground VSS -power VDD
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Modeling Pad Cells

CPF provides two methods to model a cell pad:

m  Using a Pad Cell Definition to Create a Simplified Pad Cell Model.

m  Using a CPF Macro Model to Create a Detailed Pad Cell Model

The detailed model is required when your pad cell contains any of the following:
O Internal power switch or state retention

0 Complex internal isolation control

0 Internal feed- through nets for data signals

Note: if you created a simplified and detailed model, the detailed model (macro model
definition) will take precedence.

Every instance of a pad cell must be instantiated in CPF:

O  If you created a simplified model, you must declare the pad instances with the
create_pad_rul e command.

0 If you created a detailed model, you can instantiate the pad instances with the
set _i nst ance command or with the cr eat e_pad_r ul e command.

An instance is identified as a pad instance if the cell is defined in the def i ne_pad_cel | or
there is a macro model definition for the cell that has the set pad ports command
included.
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Using a Pad Cell Definition to Create a Simplified Pad Cell Model

Consider the pad shown in Figure 5-28 on page 194. This I/O pad cell has one pin (pad) that
will be directly connected to the board. The signal coming in through this pin goes through
internal level shifting that produces three signals connected to the core of the chip. The input
pins pad, r eset b, pdn, and pup connect to logic whose power is supplied by VDDO and
VSSQ while the three other output pins (di n, dout , and oeb) are driven by logic whose
power is supplied by VDDC and VSSC.

Figure 5-28 1/0 Pad Cell

For a simplified pad cell model you need to declare

m  The pins that connect directly to the package or the board

m  The groups of pins that are related to the same power supplies
You can specify a power or ground pin in multiple pin groups.

Each power and ground pin must belong to at least one group.
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If a group has more than one power (ground) pin, these power (ground) pins are
considered to be equivalent for that group.

If a power or ground pin appears in multiple pin groups, the top-level power domains that
those groups are mapped to must have the same primary power or ground net defined.
Otherwise, it is an error.

Pins in a group without power and ground pins, or not specified in any pin group are
considered to be floating pins.

It is an error if you specify a non-power or ground pin in multiple pin groups.

m  The pins which connect to internal isolation logic

This information can be given with the def i ne_pad_cel | command as shown in Figure
5-29.

When you defined a simple pad cell model, you need to declare the pad instances using the
creat e_pad_rul e command. The pad rule defines how to map the pin groups of the pad
instances to the top-level power domains.

/ Important

It is an error If a pin group of a pad cell is not specified in the mapping option.

Figure 5-29 on page 196 shows an extract of a CPF file with the simplified pad cell definition
and pad instantiation for the pad shown in Figure 5-28 on page 194.

In this example all instantiations of cell dat a_i o_3V that are connected to the ports of
FOJ 0: 127] follow the same domain mapping specified in the pad rule. The pins r eset b,
pdn, pup, and pad belong to domain PD_PAD and the power pin VDDO and the ground pin
VSSO must be connected to the primary power and ground nets of domain PD_PAD,
respectively.

Similarly, the pins di n, dout , and oeb belong to domain PD_CCORE and the power pin VDDC
and the ground pin VSSC must be connected to the primary power and ground nets of domain
PD_CORE, respectively.
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Figure 5-29 Pad Cell Definition and Instantiation

define_pad cells -cells data_io_3V \
-pad_pins pad \
-pin_groups { 1O { VDDO VSSO resetb pdn pup pad} \
CORE: { VDDC VSSC di n dout oeb} }

set _design top

creat e_power _domai n -name PD _PAD ..

create_power _domain -name PD CORE ...

create_pad_rule -nane padl -of bond_ports {FOJ 0: 127]} \
-mapping { {10 PD _PAD} {CORE PD CORE}}

éhd_design
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Using a CPF Macro Model to Create a Detailed Pad Cell Model

For the detailed model, you must declare the pins that connect directly to the package or the
board in the macro model. Use the set _pad_por t s command (between the
set _macr o_nodel and end_nacr o_nodel commands) to do this.

To model internal diodes in the macro model, you can use the set _di ode_port s command
to declare the pins of the macro cell that connect to the positive and negative pins of a diode.

To declare the instances of a pad cell in the CPF file, you can use either the set _i nst ance
command or the cr eat e_pad_r ul e command. The pad rule defines how to map the power
domains of the pad cell macro model to the top-level power domains.

Figure 5-29 on page 196 shows an extract of a CPF file with the detailed pad cell definition
and pad instantiation for the pad shown in Figure 5-28 on page 194.

The semantics of this example is the same as for the example shown in Figure 5-29 on
page 196.

Figure 5-30 Detailed Pad Cell Model and Instantiation

set _macro_nodel data_io 3V
set _pad _ports { pad }

create_power_domain -name PDCore -default \
-boundary_ ports {din dout oeb}

updat e_power _donai n -nane PDCore -primary_power _net VDDC -primary_ground_net VSSC
create_power _domain -nanme PDIO -boundary_ports {VDDO VSSO resetb pdn pup pad}
updat e_power _donai n -nane PDI O -primary_power _net VDDO -primary_ground_net VSSO
end_nacr o_nodel

set _design top

create_power _domain -nanme PD PAD ..
create_power _domain -name PD CORE ...

create_pad_rule -name -of_bond_ports {FOO 0: 127]} \
-mappi ng { {PDI O PD_PAD} {PDCore PD_CORE}}

end_desi gn
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Modeling a Voltage Regulator

Figure 5-31 on page 198 shows an example of a voltage regulator. Pin HAVDD is the pin to
which the high voltage supply needed for the proper operation of the voltage regulator is
applied. The reference power and ground supplies are applied to pins AVDD and AVSS,
respectively. The control signals to regulate the voltage are applied to pins C1 and C2. Pin
VBB corresponds to the output power supply.

Figure 5-31 Voltage Regulator

2.5V input
HAVDD

1.1V input AVDD
AVSS

VBB _ variable output
14V, 1.2V, 1.3V

The voltage regulator of Figure 5-31 has three power domains. The power domain associated
with the output power supply is referred to as a power source domain.

To model a voltage regulator, you need to use a CPF macro model:

m  The power source domain must be identified with the - power _sour ce option in the
creat e_power _dormai n.

m  The power domain of the high input voltage supply must be declared as the base domain
(- base_donai ns) of the power source domain.

Note: The primary supply voltage of the base domain can be different from the voltage
of the power source domain.

m  The options of the updat e_power _dormai n command for the power source domain
depend on whether the output power supply is used as power source for the primary
power supply or body bias supply of other domains:

0 Usethe-primary_power _net option if the power source can only be used a
primary power supply of other domains

O Usethe-primary_ground_net option if the power source is a primary ground
supply of other domains

This occurs when a top design uses the ground bias supply to control the power
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dissipation and performance and uses the output of the voltage regulator for the
ground connection.

0 Usethe - pnos_bi as_net or - nnobs_bi as_net option (without the
-primary_power _net or-prinmary_ground_net specification) if the power
source can only be used as body bias supply of other domains

0 Usethe-primary_power net and - pnos_bi as_net options if the power
source can be used as a primary power supply and pmos body bias supply of other
domains

0 Usethe-prinmary _ground _net and - nnobs_bi as_net options if the power
source can be used as a primary ground supply and nmos body bias supply of other
domains

Note: If the macro has an internal regulator whose output supply only drives logic within
the macro, the updat e_power _donmai h command for the power source domain will not
have any primary power, primary ground, or body bias net specifications. The power
source domain is then referred to as an internal power source domain.

m  Specify the reference signal for the power source domain with the
set _power _source_reference_pi n command.

= In any power mode definition, the nominal condition for the power source domain should
have a lower voltage range than the nominal condition for its base domain.

Examples 5-1 through 5-3 apply to Figure 5-31 on page 198.

Example 5-1 Voltage Regulator Model for Output Power Supply Used as PMOS Body
Bias Supply

Power supply VBB will be used as the PMOS body bias supply of top-level domain PDDVFS.

set _nmacro_nodel regul ator

creat e_power _domai n -name PDVI N

updat e_power _donain -nane PDVIN -prinmary_power _net HAVDD -primary_ground_net AVSS
creat e_power _domai n -nanme PDVQOUT -default -base_domains {PDVIN} -power_source
updat e_power _donai n -nane PDVOUT -pnos_bi as_net VBB

create_power _domai n -name PDREF -boundary ports {Cl C2}

updat e_power _donmai n - nane PDREF -primary_power_net AVDD -primary_ground_net AVSS

set _power _source_reference_pin AVDD -domain PDVOUT voltage range 1.0:1.1
end_nacr o_nodel regul ator

set _design top

creat e_power _domai n -nanme PDDefault -default

updat e_power _donai n -nane PDDefault -primary_power_net AVDD \
-primary_ground_net AVSS

create_power_donmain -nanme PDDirty

updat e_power _donain -nane PDDirty -primry_power_net H ghvdd \
-primary_ground_net VSS

creat e_power _domai n -nane PDDVFS -instances ...

updat e_power _donai n -nane PDDVFS -primary_power _net VDD -primary_ground_net VSS \
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- pnos_bi as_net VBB -nnmos_bi as_net VSS0
set_instance | _regul ator -domain_mapping { {PDVIN PDDirty} {PDREF PDDefault} \
{PDVCUT PDDVFS} }

Example 5-2 Voltage Regulator Model for Output Power Supply Used as PMOS Body
Bias Supply with Voltage Range Specification

In this example, the CPF contains voltage ranges for the nominal condition of the power
source domain but does not specify how the output voltage is controlled. The simulation
model could contain the output voltage behavior.

set _macro_nodel regul ator
create_power _domai n -nane PDVIN
updat e_power _domai n -nane PDVIN -primary_power_net HAVDD -pri mary_ground_net AVSS
creat e_power _domai n -name PDVQUT -default -base_domains {PDVIN} -power_source
updat e_power _donai n -nane PDVOUT -pnos_bi as_net VBB
creat e_power _domai n -name PDREF -boundary ports {Cl C2}
updat e_power _domai n -nane PDREF -primary_power_net AVDD -primary_ground_net AVSS
create_nom nal _condition -nanme LDO range -voltage 1.1 -pnobs_bias voltage 1.1:1.3
create_nomi nal _condition -nanme HVDD -vol tage 2.45:2.55 -ground_voltage 0.0
create_nom nal _condition -name REF -voltage 1.1 -ground_voltage 0.0
create_power _node -nane PM-default -domain_conditions \

{ PDREF@REF PDVI N@HVDD PDVOUT@DO range }
set _power _source_reference_pin AVDD -donmai n PDVOUT voltage range 1.1:1.1
end_nacr o_nodel regul ator

Example 5-3 Voltage Regulator Model for Output Power Supply Used as PMOS Body
Bias Supply with Voltage Control Specification

In this example, the CPF does specify how the output voltage is controlled.

VBB=1.1v when C1=1, C2=0; VBB=1. 2v when C1=0, C2=1; VBB=1. 3v when C1=1, C2=1

set _nacro_nodel regul ator
create_nom nal _condition -name LDOL -voltage 1.1 -pnos_bias_voltage 1.1
create_nom nal _condition -name LDO2 -voltage 1.1 -pnos_bias_voltage 1.2
create_nom nal _condition -name LDOB -voltage 1.1 -pnos_bias _voltage 1.3
create_nom nal _condition -nanme HVDD -voltage 2.5 -ground_voltage 0.0
create_nomnal _condition -nanme REF -voltage 1.1 -ground_voltage 0.0
creat e _power _domai n -nanme PDVIN
updat e_power _domain -nane PDVIN -primary_power_net HAVDD -primary_ground_net AVSS
creat e_power _domai n -name PDVOUT -default -base_donains {PDVIN} -power_source \
-active state _conditions { LDOL@ Cl& C2" LDOR2@'! C1&C2" LDOB@ C1&C2" }
updat e_power _donai n -nane PDVOUT -pnos_bi as_net VBB
creat e_power _domai n -name PDREF -boundary_ports {Cl C2}
updat e_power _donai n -nane PDREF -prinmary_power _net AVDD -prinmary_ground_net AVSS
create_power _node -nanme PML -default -domain_conditions \
{ PDREF@=EF PDVI N@HvDD PDVOUT@.DOL }
create_power _node -nanme PM2 -donmin_conditions \
{ PDREF@REF PDVI N@4vDD PDVOUT@D2 }
creat e_power _node -nanme PMB -domai n_conditions \
{ PDREF@REF PDVI N@4vDD PDVOUT@DC3 }
set _power _source_reference_pin AVDD -donai n PDVOUT voltage range 1.1:1.1
end_macr o_nodel regul ator
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Example 5-4 Macro Cell with an Internal Regulator

The macro below has an internal power regulator. The macro has no pin to export the internal
power supply. Some output data pins are driven by logic that are in tern driven by the internal

supply.

Figure 5-32 Internal Voltage Regulator

2.5V input
HAVDD

1.1V input AVDD
AVSS

set _macro_nodel regul ator

create_power _domai n -nane PDVIN

updat e_power _domai n -nane PDVIN -primary_power_net HAVDD -pri mary_ground_net AVSS
creat e_power _domai n -name PDVQUT -default -base_domains {PDVIN} -power_source
create_power _domai n -nanme PDREF -boundary ports {Cl C2}

updat e_power _donmai n -nane PDREF -primary_power_net AVDD -prinmary_ground_net AVSS
create_nomi nal _condition -name OUT -voltage 0.9:1.1

create_nom nal _condition -name HDVW -voltage 2.5 -ground_voltage 0.0
create_nomi nal _condition -name REF -voltage 1.1 -ground_voltage 0.0

create_power _node -nane PM -default -donmin_conditions \

{ PDREF@REF PDVI N@HvDD PDVOUT@DUT }
set _power _source_reference_pin AVDD -donmai n PDVOUT voltage range 1.1:1.1
end_nacr o_nodel regul ator

Power source domain PDVOUT has no updat e_power _donai h command that contains
any primary power, primary ground, or body bias net specifications.
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Power Domain Mapping of a Power Source Domain

There are special semantics for power domain mapping in case of a power source domain,

The top-level domain inherits all the attributes related to the macro model power source
domain:

m  The top-level domain uses the power ports of a power source domain as either primary
supply or body bias supply depending on the specification in the macro model

m If the top-level domain already has a shutoff condition specified, it must be functionally
equivalent to the conditions specified for the power source domain and the domain must
be an external switchable domain.

m If the top-level domain also has active state conditions specified, it must be functionally
equivalent to the corresponding condition specified for the power source domain.

A power source domain can be mapped into multiple top-level domains.
m  These top-level domains must have consistent nominal conditions in all power modes

m Itis an error if multiple power source domains are mapped into the same top-level
domain.

The top-level domain’s voltage range (specified across all power modes) must be within the
voltage range specified with the power source domain.

m  Depending on the definition and usage of the regulator output port, the top-level domain’s
nominal operating voltages can be any of the following: power voltage, ground voltage,
pmos bias voltage, or nmos bias voltage, or a combination of these. For example, if a
regulator output port is defined as a pmos bias supply, then among all power mode
definitions for the corresponding top level domain, its pmos bias voltage must be within
the range of the operating voltage of the corresponding power source domain.

m |If a power source domain is switchable, and if the top-level domain it is mapped to is an
unswitched domain, the top-level domain becomes switchable with the shutoff condition
specified in the macro model using the cell pins. Itis an error if a switchable power source
domain is mapped into a top-level internal switchable domain.

If a power domain is an internal power source domain, the domain cannot be mapped. The
updat e_power _donai h command for the power source domain will not have any primary
power, primary ground, or body bias port specifications.
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Simulation Semantic

In simulation a power source domain is considered to be corrupted if
m |ts base domain is off or operates out of the required voltage ranges
m Its reference pin is corrupted or operates out of the specified voltage ranges

When a power source domain is corrupted, the power domains mapped to this power source
domain are corrupted as well. The corruption semantics applies recursively to all domain
mappings that root from the power source domain.
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