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IC Compiler Deployment at ToshibaIC Compiler Deployment at Toshiba
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Synopsys R&D/CAE, Nihon Synopsys KK STARC



Design Environment in ToshibaDesign Environment in Toshiba
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Orion Orion Design Design Kit RoadmapKit Roadmap
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Advanced Technology

Variation Aware,

Design Intent
32nm2010

45nmMajor Platform

V2.5 2009
2008.09

Advanced Technology 
Driver

Distributed
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Major Platform,

ASIC Deployment

2008
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UPF Flow,

Power Driven,

Optimization
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V1.0

65nm

2007.03

Hierarchical ILM Flow,
V0 5

ICC Ramp up

for ASSP

for general use
LOCV,
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Multi-media Engine for Mobile Phone

Overview of Design TargetOverview of Design Target
Multi-media Engine for Mobile Phone

High performance 3D graphics
Audio/Video processing
LCD controllerLCD controller

Chip-on-chip DRAM (SiP)
Variable memory size by 
changing DRAM size Hierarchical Block

Logic Chip

changing DRAM size.

6M Gates of random logic
90nm technology

Chip-on-chip DRAM
DRAM

180MHz

Logic Chip

Chip on chip DRAM
DRAM

Chip-on-chip DRAM

DRAM

Chip-on-chip DRAM
Stacked inside a package
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Stacked inside a package
Connected by solder bump array.



Challenges of Implementation (1/2)Challenges of Implementation (1/2)
Chip-on-chip DRAM

Logic Chip
Modeling of DRAM 

– Representing as a macro cell 
correspond to i/f I/O block.

Bl ki/f I/O

correspond to i/f I/O block.
– Characterizing timing as ETM 

model by PrimeTime.

Block 5

Block 3

Block 4

i/f  I/O
Layout Constraint

– Limited routing resource under 
bump PAD area.

Block 2
Block 1Block 1

DRAM i/f I/O Primitive CellPrimitive Cell Primitive Cell

To Bump Pad Limited Routing 
Resource Area
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Bump PADDRAM i/f I/O Primitive CellPrimitive Cell Primitive Cell



Challenges of Implementation (2/2)Challenges of Implementation (2/2)
M ltiple po er domains for sh tdo n

[BLK1]
18 Macro Cells
0.74Mgate [BLK2]

PLL

[Always ON] no Macro CellMultiple power domains for shutdown
4 Power domains are in a power domain
Nested power domain

A t ti ISO ll i ti 34 Macro Cells
1.02Mgate

[TOP]
74 Macro Cells
2.06Mgate(AlwaysON+PWCONT)

B
um

p 
I/F

R
 I/

F 
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R
EA

VD
S 

IO

Automatic ISO cells insertion
Hierarchical design methodology

4 ILMs on Top
L h d Bl k

[BLK4]
56 Macro Cells
0.98Mgate

[BLK3]
85 Macro Cells
1 17Mgate

FUSE

D
D

RLVL-shaped Blocks
Multiple-Mode

Concurrent MC/MM Optimization

AlwaysAlways
TOPTOP BLK3BLK3 BLK2BLK2 BLK4BLK4 BLK1BLK1 DRAMDRAM

1.17Mgate

Block boundaryBlock boundary
VA

Boundary bufferBoundary buffer

ISO

ONON
TOPTOP BLK3BLK3 BLK2BLK2 BLK4BLK4 BLK1BLK1 DRAMDRAM

Mode1Mode1 ONON ONON ONON ONON ONON ONON ONON

Mode2Mode2 ONON ONON ONON OFFOFF OFFOFF OFFOFF ONON

Mode3Mode3 ONON ONON OFFOFF ONON OFFOFF OFFOFF ONON

placed close placed close 
boundaryboundary

To Separate Block and TopTo Separate Block and Top
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HierarchicalHierarchical--ILM Flow in IC CompilerILM Flow in IC Compiler
Each power domain corresponds to hierarchical block.
Blocks are characterized physical ILM and fabricated on Top.

SDC Netlist DEF

Fl l iFloorplanning

Block CommitCommit

BlockインプリBlockインプリBlock Impli.Milkyway CELMilkyway CEL
Block制約Block制約Block SDC

Modeling
CEL/FRAM/ILMCEL/FRAM/ILMCEL/FRAM/ILM

Milkyway CEL

Uncommit CEL/FRAM/ILM

Top Impli Top SDC

Uncommit
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Top Impli.Milkyway CEL Top SDC



Concurrent Hierarchical Design PrototypingConcurrent Hierarchical Design Prototyping

Library Fix

Implementation

Net FixWeek

Prototyping Prototyping

T.O.

TOP

l t t

Floorplanning

Block-level 
Feedback

Implementation

ILM

Block place_opt

CTS

psyn_opt

route_opt

place opt psyn optPorting Plan

Prototyping ILM
Implementation
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Concurrent Design of Top and BlocksConcurrent Design of Top and Blocks
Ph i l d ti i d li bilit liPhysical and timing modeling capability realizes 
concurrent feasibility exploration.

ICC Top level ICC Block-level 
Implementation

Load Block & SDC

ICC Top-level 
Implementation

Load TOP & ILM

post-placed ILM
post-CTS ILM

post-psyn_opt ILM

Place_opt

Load Block & SDC

Replace CEL wt FRAM

Load TOP & ILM post-routed ILM

Clock_optILM Model
generation

FRAM 
Model generation

Clock_opt on ILM

Place_opt on ILM

Chip Finishing

Route_opt
Route_opt on ILM

Chip Finishing
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Design TAT ImprovementDesign TAT Improvement
C t hi hi l d i th d l d d

1000
BLK AFlat

Concurrent hierarchical design methodology reduced 
total design TAT by 40%.

800

BLK_A

BLK_B

BLK_C

Flat
1 Month+

Ti
m

e 
[H

]

600
BLK_D

TOP

FLAT

Sequential
25 Days

R
un

 T

400
FLAT 
(estimated)

TOP P&R done w/ ILM

Concurrent
15 Days

200 Block P&R done

5 scenarios for 
Optimization
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Summary and Expectation to SynopsysSummary and Expectation to Synopsys
IC Compiler has been widely deployed at Toshiba since 2007

We had over 30 tapeouts in 2007.

Toshiba’s Orion design kit supports a full IC Compiler design 

methodology, including a hierarchical, and power shutdown.

We significantly reduced design TAT on Mobile Multi-Media 

application by using concurrent hierarchical design methodology.

We are continuing successful collaboration with Synopsys 

including several 45nm design projects now.

We would like to see further TAT improvement and even tighter 

correlation among IC Compiler, STAR-RCXT, and PrimeTime-SI.
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