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Chip Requirements 

Dev. and Review

Design Entry

Logic and Test 
Synthesis

Pre-layout Static 
Timing Analysis

Floorplanning

Netlist Processing

Timing-Driven 
Placement

Chip Wiring

Post-layout Static 
Timing Analysis

Manufacturing Autom. Test 
Pattern Gen.

HW Testing

RTL Simul./Verif.

Gate-level 
Simul./Verif.

Architecture

Front-end 
Design

Back-end 
Design

Manufacturing

Product 
Dev.
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VHDL 
Verilog

Area, Delay, Power 
Estimation

PD Planning 
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meet 
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ASICS Foundry
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Physical Design
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Constraints 
files
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High 
Performance 
Circuits and 

Tools

Shorter design 
cycle

+ Lagging 
Productivity

Common 
Architectural 

Blocks

 EBC

HSMC

EMAC3

405 CPU
UIC

HSDMA

PLB-OPB
  Bridge

OPB 
Arb

PLB 
Arb

OPB 32b 

M ISC
M adM al8

PLB 64bit

   

DCR bus

IIC

UART0

UART1

GPT

DCR bus

GPIO

PM

Reset CLKG

PLL

�IP Cores
�Platforms
�Reuse

Much higher 
levels of 

integration      
(< .25um)
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Technology

Design Complexity

Productivity

0.15u 0.13u
low

medium

high

0.18u

>= 2 years

>= 1 year

< 1 year

SoCs
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SoC Methodology Req’ts Dev.

Architecture Definition  /  Die Size Estimation  / Package Analysis

Architecture DesignSystem 
Specification

Map to Reference Platform

Chip-Level Design and Test

Release to Manufacturing

Embedded Software 
Design

(doc)

(doc)

(doc)

(doc)

(HDL)

(GDSII)

Chip

Core Library

(HDL)
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SoC Methodology Req’ts Dev.

Architecture Definition  /  Die Size Estimation  / Package Analysis

Architecture DesignSystem 
Specification

Map to Reference Platform

Chip-Level Design and Test

Release to Manufacturing

Embedded Software 
Design

Chip

Core Library

•Architectural sizing
•Block Diagram / Chip Function
•Die Size estimation
•Power Analysis
•Early IO Assignment
•IP/Cores new or reuse
•Possible Risks
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SoC Methodology Req’ts Dev.

Architecture Definition  /  Die Size Estimation  / Package Analysis

Architecture DesignSystem 
Specification

Map to Reference Platform

Chip-Level Design and Test

Release to Manufacturing

Embedded Software 
Design

Chip

Core Library
•Is a given Platform appropriate?
•Functionality and performance requirements
•Include Customer specific requirements
•Include High-Level Description of system
•Legacy SoC with new requirements
•Partition functions between HW and SW
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SoC Methodology Req’ts Dev.

Architecture Definition  /  Die Size Estimation  / Package Analysis

Architecture DesignSystem 
Specification

Map to Reference Platform

Chip-Level Design and Test

Release to Manufacturing

Embedded Software 
Design

Chip

Core Library

•Edit Platform, add/remove cores/logic
•Define system parameters
•Customize logic
•Define Clocks, Resets, Power Mgmt., I/Os
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SoC Methodology Req’ts Dev.

Architecture Definition  /  Die Size Estimation  / Package Analysis

Architecture DesignSystem 
Specification

Map to Reference Platform

Chip-Level Design and Test

Release to Manufacturing

Embedded Software 
Design

Chip

Core Library

•Logic Synthesis
•Test Synthesis
•Clock Synthesis
•Timing Assertions and Analysis
•Verification (simulation + formal)
•Floorplanning
•Detailed Place and Route
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SoC Methodology Req’ts Dev.

Architecture Definition  /  Die Size Estimation  / Package Analysis

Architecture DesignSystem 
Specification

Map to Reference Platform

Chip-Level Design and Test

Release to Manufacturing

Embedded Software 
Design

Chip

Core Library

•HW parameters to header files
•Initialization/Boot code
•Device drivers
•RTOS
•Application software
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Future (65nm -)
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File
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Rapid growth will continue in software complexity for high value industries 
such as aerospace, consumer electronics, network, industrial and
automobiles

Typical product, circa 1995:

100,000 lines of code.   Standalone, unmanaged, fixed function

Typical product, circa 2001: 

1,000,000 lines of code.   Networked, managed, upgradable

A tenfold increase in software content

Source: Wind River, BCG

Courtesy of Jack Kouloheris, IBM Research
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Worldwide Population of Embedded Software and Hardware 
Developers, 2002-2007 (Thousands of Developers)

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
0
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Software Hardware

Source: VDC Embedded Systems Market Analysis 2002/3

Software developer population growing at 8.3% vs 4.0% for hardware

Courtesy of Jack Kouloheris, IBM Research
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Software: Growth of Complexity and Productivity
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CAGR 58%

CAGR 3-7%

Courtesy of Jack Kouloheris, IBM Research
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Hardware- Chip Complexity and Productivity Growth
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Source: Sematech
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NVIDIA Design Data (DAC 2002)
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System 
Concept

Algorithms
Data-Flows
Software 
Modules

System 
Architecture

Core Selection 
and 

Inteconnection
RTL

Describe System Concept / Main functions in a “parseable” specification with 
attributable requirements and constraints

Select / Map from a library of alg’s, predefined data-flows, software modules, so 
that requirements and constraints can be met.

Map into a predefined parameterizable architecture with predictable/computable 
characteristics (latency, throughput)

Automatically select cores and create interconnections to meet requirements on 
performance / area / floorplan / delay

Automated RTL-to-GDSII flow with RTL signoff
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�Automatic mapping from a “simple” block diagram 
representation to a complete top-level RTL description

Virtual Design

V1

V2

V3

V5v4
C2

C3

C4

C7C1
C
6

GL

G
L

Real Design
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Entity  PPC_VC  is     - - Virtual Power PC
Port ( PLB_M_ICU_interface : in std_logic;

PLB_M_DCU_interface : in std_logic;
ISOCM_interface : in std_logic;
DSOCM_interface : in std_logic;
APU_interface : in std_logic;
RESET_interface : in std_logic;
INTERRUPT_interface : in std_logic;
CLOCK_interface : in std_logic;
DCR_interface : in std_logic;
JTAG_interface : in std_logic );

� Virtual PowerPC
10 interfaces

� Real PowerPC 405
215 interfaces
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Virtual Cores

V1

V2

V3

V5v4

Virtual Design

V1

V2

V3

V5v4

Configuration 
Wizard
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�From a Virtual Design to a Real Design:
�Map virtual components to real components and 

interface logic
�Expand virtual pins into real pins
�Expand virtual nets into real nets
�Recognize the function of each virtual component, pin 

and net and create the real components, pins and nets 
implementing that function

Virtual Design

V1

V2

V3

V5v4
C2

C3

C4

C7C1
C
6

GL

G
L

Real Design
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Top Level Top Level 

C C 
DescriptionDescription
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CORAL Engine

SoCSoC
Top Level Top Level 

BFM BFM 
DescriptionDescription

SoCSoC
Top Level Top Level 

XX XX 
DescriptionDescription

SoCSoC
Configuration Configuration 
for Software for Software 
developmentdevelopment

Device Device 
DriversDrivers

C C 
ModelsModels

BFM BFM 
ModelsModels

Cores 
Libraries

XX XX 
ModelsModels

DocumentationDocumentation

Software 
Libraries

RTOSRTOS
AA

RTOSRTOS
BB

Virtual SoC
+

SoC Configuration

Virtual Template Libraries

Network Network 
ApplicationsApplications

STB STB 
ApplicationsApplications

Wireless Wireless 
ApplicationsApplications

SoCSoC
Physical Physical 

ViewView

SoCSoC
Estimation Estimation 
Reports:Reports:

Power, Cost, Power, Cost, 
Packaging, etc.Packaging, etc.

Device 
Driver 

Templates

SoCSoC
Top Level Top Level 

RTL RTL 
DescriptionDescription

Properties

RTL RTL 
ModelsModels
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V1

V2

V3

V5v4

SoC Virtual Design

SoC Performance Model

C2

C3

C4

C7C1
C6

GL

GL

SoC RTL design

Instrumentation

Scheduler

Top-level 
Program

Core Models

SoC System-level Diagram

MapCORAL

Analysis

Map

AnalysisMap
Analysis
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V2
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SoC Floorplan + Die Size
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1 EMAC
6.05mmx6.05mm

2 EMACs
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