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L_es prochains defis de I’industrie
de la microelectronique

dDes defis d’ordre technigue
® Technologie Nanometre
® Systeme sur silicium
dDes defis d’ordre economique

* Alliance
® co-competition
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The market trends
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DVD - Variety of Applications

DVD TV Combos 42 20 o

P e—
T

| S I—— ; 1 4-
In Car Navigation DVD Recorder
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Migration of Digital TV

Fully Digital —
Digital Signal,
Digital Tuner/Decoder
Image Processing

Analog TV
Analog Signals +
+ Free to Air
Digital Image Digital Decoder
Processing Terrestrial
Tuner
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Home Network

Home Entertainment Systems

Media Servers

TV BroadBand
Media Streaming
Cable/Satellitels

Home Network Wireless
Ethernet — 802.11 - HPNA Interconnec

PG roadBahd
WWW ®agnnection
CableMode N

Home Network
Routers

AY/..

IP Telephony
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Convergence of
Technologies...
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...Divergence of Applications
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More Options In shorter time

a Analog
S  RF

B BiCMOS
‘8 e-SRAM
o e-DRAM
o Passives
Z etc...

90 nm

1/19/2005



High Performance Technologies for ...

dVery Low power consumption in SoC
and also...

dUltra Low noise RF performance
JHigh Speed digital and analogue (SiGe)
JRefined Analogue precision

JEnergy Management (high voltage)

dHigh Density Memories (eDRAM,
MRAM, Flash)
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CMOS roadmap and
added-value options
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CMOS roadmap

70

100}

130}

180 -

Generation
(nm)

65nm
9-10 ML/ 0.9V
650 kgates/ mm?2

0.12 p
6-8 ML/ 1.2V
200 kgates/ mm?

0.18 Shrink
110 kgates/ mm?2

0.18 um

6 ML/ 1.8V ‘
_80 kgates/ mm? | 200mm

1598 | 1599 I éOOOI

Right edge of boxes is PG acceptance
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CMOS Roadmap: from R&D to production

2001, 2002 , 2003, 2004 |, 2005 , 2006 , 2007

CMOS 120 nn

CMOS 90 nm

( b5 Nnm
...................... CMOS 45 nm
Advanceo 0) /\ +
CMOS 32 nmm

\/ Advanged R&D q

4 advanced CMOS platforms developed in parallel
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Evolutlon IN the last 10 years




CMOS090 300mm 6LM
Integration

- Metal 6

|

L |
Metal 5
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BICMOS

* RF (cellular phone)

» Fiber Optic IC N

J‘J

‘:'1-'.. -

HFCMOS Q‘/
= Power Management
(cellular phone)

w

°

SRAM/DRAM
» PC peripherals

SOC

L —
- —

CMOS core
process

Extending Core CMOS for

Analog
» Tuner (Set-Top Box)

& RrFcMOs

= Bluetooth

0 /8

Imager
= Web Cam
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ABOVE IC INTEGRATION

O System on Chip (SOC) approach
O Open the door for innovative architecture & RF front-end

S ©
it High Q inductor

RF Micro-switch

RFIC circuit FBAR filter

New RF functions through strong co-development

Co-integration of ICs, passives and RFMEMS
between technology & RF design
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SoC’s with CMOS-Imager
process

] For mobile phone applications:
v' Z5450: CIF format (~100000 pixels) v ZS550: VGA format (~300000 pixels)

] For webcam applications:
v ZS422 QVGA format (~75000 plxels)

(Rar 1/19/2005



Production 0.18um SoC’s
with e DRAM

(20mmg2)

4 Mbits eDRAM

6 Mbits eDRA

Includes ARM micro
3 Mbits eDRAM

4 Mbits LRARLEERN
eDRAM NERERN
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| ow-Power

Process / Design Trends
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2 opposite requirements for the future

 Increase processing power (GOPS):

* Video, Audio, Graphics, Communications:

v High performance dedicated processors
v A lot of embedded memories

* Replace Analog by Digital (e.g. digital Radio)

dReduce power consumption (Watt/Op):

* Dynamic power = CV4f
v C: Need SOIl-like junctions and LowK dielectrics
v V: decrease VDD to the minimum to achieve Frequency f
v F: keep Frequency pretty low, use parallelism

® Static power = as low as possible
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Nuclear Reactor
Hot Plate
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Fred Pollack, Intel
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Required Performance for Multi-Media Processing
(source ITRS Design ITWG July 2003)

GOPS
0.01 0.1 1 10 100
Vil J: | m | L[] ||| _
Iaeo EGl_a “MPEG2 Extraction Compression
n A | F/HL
JPEG ) MPEG4 )
Au-dlo Sentence Translation )
Voice Dolby-AC3
MPEG) Word Recognition Voice Auto Translation
Graphics _
: 3D Graphics 10Mpps 100Mpps
[ []]
2D Graphics
Communigcation VolP Modem) . SW Defined Radio
Recognition Modem) || | | || Face Ref99”'“°”
FAX V(I)lfliel Plrlllﬂt Recagnition Moving Picture Recogpition

%'ES: Giga Operations Per Second r
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SoC at the heart of conflicting

Complex systems:
uCs, DSPs HW/SW
SW protocol stacks
RTOS'’s
Digital/Analog IPs
On-Chip busses

Process options
explosion (analog,
RF, imagers, ...)

Time-to-market:
Process roadmap
acceleration
Consumerization

of electronic devices

Deep sub micron effects:
crosstalk
electro migration
wire delays, on-chip-variation
mask costs (OPC, PSM)
copper wires

(540 Avs .



Static versus Dynamic Power

1 Dynamic Power per Chip is rather stable due to system
limitation: mechanical / battery

d Dynamic Power is under control: P=CV?f
® VDD is decreasing (slowly)
* Power management is in practice (clock gating, power shut
down, ...)
] Static Power is not under control: natural leakage of
transistor multiplied by 10 every 2 years:
® Power shut down is the only way to cut leakage
* Very low voltage retention or zero leakage Non Volatile
memories are potential solutions (Flash, MRAM)
 Static Power is becoming as high as Dynamic Power at
high temperature (wasted power, no solution)
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Gate and Interconnect Delay vs

technology node:

Good for Dynamic Power as well

=8—Interconnect Delay, Cu & Low K
Interconnect Delay, Al & SiO2
=8— Gate Delay

B%Z/f

065 05 035 025 018 013 0.1
technology (UM)

Total Al
—x—Total Cu
Al 3.0u0hm-cm
Cu 1.7pu0hm-cm
Si02 K=4.0
Low K K=2.0
Al & Cu 0.8u thick

Al & Culine 43ulong
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lon/loff evolution i1s a BIG concern

loff (LOG pA/um)
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SOI ?

 Advantages:
®* Reduced S/D junction capacitance
® Full dielectric isolation => latch up immunity
® BOX & STI cap are nearly null

1 Benefits:
® power/performance improvement

SOURCE sj150nm DRAIN
P+ -

N+ \

Si SUBSTRATE
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Results in 120nm SOI

Jdimproved performances (on SRAM)

Power Speed Dyn Power Leakage
Supply Gain Gain Gain
1.08V 0% 20% x0.1
1.2V 10% 17% X 0.151
1.32V 20% 14% x 0.5

The gain achieved on 0.12um SOl tec

nnology

corresponds to the next generation on Bulk =

Onm

I$&0
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Low Power Design Activities

System Level Research activities

® RTOS Labs / Universities
®Memory size and bandwidth optimisation

®Architecture Power/Performance trade-off
Disk Drive Controller §

RTL to Layout 0.13um &
® Activity control

v'Gated clock

v'Power based synthesis
® |_eakage control

v'Supply control

v'VT control thru back-bias

v'Mix High-Speed and Low-Leakage

90nm ST20/
ST40

i 0.25um

Smart Power/Low-voltage operation _ _
v'Multi-voltage support SiGe BICMOS
v'On-chip voltage regulator(s) GSM Power
Management
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Vdd
Vdd Sleep pad zone fillercut
A
r Y
Z % @ lo pad supply

Power-up

7 A

Core power pads
with switches

U OO

L_ow-Power
techniques for
= wireless

Two supply zones: Vdd and
VddSleep.

Specific rules at RTL for
boundary between Vdd and
VddSleep areas

Gnd is common for all cells.
Pads are always powered.
3 power pads with embedded
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Single Package Triple Stacking

N e

RS

AccyY SpotMagn Det WD BEp F———— 1mm
L 3.00kV 3.0 26x SE 3849 0 STICPD - UEM PD
A’f’-’" e e i

Triple stacked die

(4 ghaceY  Spot Magn Det W
0 Is00kv30 17x SE 2300
Sl BN | i A WA VA e
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Design / Manufacturing links
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Design For Manufacturability Gains

DFM approach Yield gain for

mature process
(3 to 5%)

|

Standard approach

Robustness
Increase
(versus design
marginalities)

Products Yield

Process Maturity

Acceleration for o Reliability
@ | ramp-up process improvement
(~months)
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Impact of Test:
From Design to Volume Manufacturing
~

Qty (Millions Parts) LibYield
database

> Library and IP
maturity, known
results

> Chip contents

> Engineering data

> Time

| |

[ [

~ PRE :

! ' MASS PRODUCTION
! PRODUCTION@

|

|

I
i
DESIGN i
|
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Predictive Chip Yield
based on IP content

100% == I —

80% -

60% 1 @ Yield

40% {1 M Yield W/ rep
20%
0% S B B S B E B e e e

DPR2HD
RO8L

SPS2HD
SPS6

ARM
CORELIB8DHS
CORELIB8DLL
PLL81
IOLIB_80

LF10

other

CHIP
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Design / Manufacturing
Yield Optimization

Design + Manufacturing

Analog E==p - ﬁlﬂ- I

A L1
Digital — Al L2

Reticle

Design For Test | ——>

A

R
Design Intelligence:
Critical Regions and Sites 1
Failed Nets

[ Fault Isolation

Automatic Test Equipment

ng‘tgy of Cadence, Applied Materials
& 1/19/2005




SOC design challenge
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Today’s Reality

J Complex SoC projects are draining the companies
resources and developments are lagging behind the
technology capacity.

dToday SoC project non-recurring expenses (NRE)
are 10-50M$ should have 50-500M$ revenues to
balance an acceptable ROI.

Several $B already invested on IPs and integrated
functions during last years.

d Design re-use must be exploited at all levels included
sub-system re-use.

(540 AV/ .




Revenue per ASIC Is Not Increasing
as Fast as Fixed Costs of Cutting Edge Design

$ Millions
$30.00

—e— ASIC Revenue/Design Start == Design Costs
$25.00 90nm

$20.00 -

$15.00 -

$10.00 -

$5.00 -

0.25um
0.35um
o —C—
$' ﬁ T T T T T T T T T T T
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

AY/.

Source: Gartner Dataquest 2002/2003; 1.B.S. 2002...Custom EDAC Study
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Photomask Costs Are Increasing...

Il Mask Set Cost —#— Mask Layers

$985

$1,000
$900
$800
$700
$600
$500
$400
$300
$200
$100

($Thousands)
Total Mask Layers

0.35m 0.25m 0.18m 0.13m 0.09m

Process

Source: IC Insights, 1/2003
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S/W and H/W Complexity Factors

Gates/chip: 2x / 18 months
eSW/chip: 2x / 10 months
eSW productivity: 2x / 5 years

1970 1980 1990 2000 2010 2020

1/19/2005 ’I 16
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Closing the Design
Productivity Gap

100000 system Level
Specification

HW-SW
Co-verification

IP Reuse

Productivity (K)Trans./Staff-Mo

Logic Transistors per Chip (M)

o
o
|-

1981 1995 2009

@D 1/19/2005 K’I &'’




Embedded Software Development Requires
as Much/More Design Effort Than
Hardware

Application Software

Application Software | . ———
! P }
‘_- = -l|=l-‘l'|I

“ System Software System Software o>
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Concurrent Hardware/Software
Design

= Standard Flow

Design Fab Bread Software System System
development | Integration Validation

. I\/Iethodéglogy E)i‘*{ensions

- \ : GAI

» Software ~. I System = System \
development Integration Validation | Pl D)
D

: DA///ﬂ,?')
RTL
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HW/SW fast prototype platform

JdFaithful representation of the final design
JAvallable much sooner than the final silicon
(JGuaranties the real-time behavior

dValidation of the fundamentals of the SoC
HW/SW architecture

(340 — e AV/ ..



HW Emulation

* Real M58LW128
FLASH chip in-circuit

RTL Design

Ll S —

T —
_l I E

_now |

* SW host running @100KHz
- Connection of HW host ongoing

e ] o
=y
o —|
=)
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First Prototype Platform: Aptix

ARM7 Module j

|iST120 Module

Interface to
RF/Tester
N—

Virtex FPGA Memory boards :|
(GSM/GPRS modem)
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FPGA-based Prototyping Environment

RF GSM/GPRS
Board

JTAG Connection to
SW Debuggers

AY/..
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KYI IP Reuse Program

O Organization
= company program
= corporate driven
= domain-specific Work Groups
= intranet information site

O Reuse standards
= adherence to industry approach

deliverables / views

IP packaging

HDL coding sty

On Chip Bus

The Blue Book

O 31« e 588

0 Methodology
= Development flo
= OCB support
= System Level
= Verification

O Infrastructure
= Design Data Manag!., Bug tracking
= |P Quality (IP=Product)
= |P Procurement

“Design Methodology & IP Reuse”, CEO sponsored
CR&D + cross-divisional Committee

RTL2Layout, AMS, SLD, DFT, Functional Verif., Power, ...
CAD On Line portal > K9 IP Reuse Pages

VSIA; RMM; Quality e}“{gclc
BlueBook + Unicad Extension

bbview (mapping from BB logic views to IP physical files)
Design Conventions + HAL associated checking tool
VCl-close STBus; AMBA

Synopsys based Quartet

STBus, AMBA Platform kits

SL model deliverables (TLM, BCA...)
dynamic, formal, H/W-S/W, integration

if'[' code RO I I i i
- _ -D
H -.. T PR B PRI |_'..y..j 9 TTRSTTRFT | T

Products from Synchronicity, Rational
IPScreen Certification; LibYield Maturity tracking
IP On Line catalog; Procurement, Exchange procedures ==

(e
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Summary

S EBCY functional tests
ASS

HS EBCYV functio
IPASS

Device High-Speed

L_2 PASS
L_4 PASS
L_6 PASS
L_7 PASS

evice Packet Para

L_21 PASS
L_22 PASS
L_25 PASS

evice CHIRP Timi
L_28 PASS

EL_29 PASS
EL_31 PASS

Device Suspend/Re

L

ST USB2 PHY|

|P certification
USB2.0 example

EPIB cable Device

Under Tet
DUT or HL

Prabe D- and D+
in DUT path

Computer

x

;@‘“gj
H

|

OOOOOOOOOOOGOOOOOODOOOOOOOGOOOGOOOOOOOOOOOOODODODO
CoUooooorrToea N n N o e E
() coocoocoanodocnooooooodoaa ()

o

Keyboard

Mouse

adjacent
. device

Frobe Data
Ling on

adjacent device
D-=L8
+=F8

all & meter
cables”

{Self-powered)
Hub &

If you pass OK, you have the logo

(75D
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Corporate IP Catalog Project

£/ N0PSYSIST]

PArage A

IP
Deliver

IP Internal
IP Internal  pejivery

IP External Provider
PFO \/] CI el Welcome to th “Sr" IP Catalog /

nnnnnnnnn
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Multi-Site Collaborative Design
(Synchrom(:lty based)

Multiple Designers
Multiple Locations
One Chip

: Memory e

/yaaEEN \ ANANAN
[ |l

[
[ | [
I |
L7 7\ A
// LI L) , A
\ LII7y , \ L1177
\\U 777 ] 17 N\ 177
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Network on Chip

1 In 45 nm technologies, the intra-chip propagation delay is
predicted between six and ten clock cycles

d Wire issues increase reaching up to 20% of the project design
efforts

1 Latency

® the intra-chip propagation delay

® Processor clock cycle times / memory access times
® Processors / Co-processor
(

Within five years, the large majority of SoCs will run on heterogeneous

embedded processors.
v Today simple Set-Top Box SoC host 6 different processors

1 On-chip traffic management between integrated functions and
the associated methodology will be the forthcoming challenges

1 Focus and complexity are moving
* FROM GATES TO WIRES
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Flexible and Reconfigurable SoC
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SOC flexibility and Configurable Logic
dSOC emerging problems

® rising cost of masks
® shorter market windows
* need to quickly adapt to new customer requirements

- need of

* level of programmability
* flexibility on-chip
 Set of solutions to be provided to our designers

Laser-fuses

Electrically programmable fuses or anti-fuses

Embedded OTP

Embedded ROM

Embedded SRAM with external ROM/Flash

Natural, low-density, embedded Flash in standard CMOS, up to Kbits
Embedded FPGASs

Embedded mask-programmable sea-of-gates. r
(540 v/




Reconfigurable 1C with eASIC

. |||HH[||}|||||H|||H

E‘ ARI\}I946 SRAM
| 8kiak

J0.13um HCMOS9 technology T
dIncludes 12 eASICores (300k F A

raw gates)
Single-mask configuration

.Y
-
G g i s b P
U GO N N R T M G GE R e i o o e [
L (R )t W CEUARR R TR G RN AR FER e bt e ) ot T RV

dCustomization: 110k gates + 28kb DP-RAM

* Area penalty: 3-35X

® Speed penalty: 2-25X
(75D
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INSTRUCTION '
And
CACHE
TAGS DATA CACHE T

Embedded
- GAbAHBBUS+ | | FPGA

- 64b APBBUS +
“# | AHB & APB PERIPHEF
8| STANDARDCELLS

-8 | 320 EXTENSIBLE CORE+ |

0.18um Working Silicon

Speed: 180 MHz

Average Power @ 50MHz: 140mW
->nuse in 0.13um

1 0.18um Working Silicon

1 Speed: 110 MHz

1 Average Power @50MHz.

160mW
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The competition
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TAIWAN

Un pays exemplaire :
sAmpleur et variéte des formes d’aides
sAmpleur des resultats

9 secteurs prioritaires (plan de 1991) R&D

Semi-conducteur

Communication

Aérospatial

Informatique

Précision machines et automatisation
Advanced Materials Industry

Chimie et Pharmaceutique

Médical

Contrdle et traitement de la pollution

— Fiscalité

Industrialisation

(30— Ayy/



TAIWAN

TSMC, UMC,

VANGUARD,
VISHAY, ... S _
rtheast Coast

Parcs technologiques Changhta®

@Nantou
@Sun Mg

Yunlin®
oast
bcenic Area

4F En 2002, Taiwan
10 fabs % y assure prés de 10%

la pr tion
Kaohsiung @ Q@Pingtung d e a .p O d u C 0
® CentredeR&D ° mondlale

Chiayi®

® z0mm o _
21 millions d’habitants

Fab universitaire/Labo public @ Kenting National Park

Source : SEMI
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Impact sur les entreprises
taiwanaises

Dépenses de R&D des grandes entreprises du semi-
conducteur de Taiwan en 2000 :
® TSMC: 164 M$ (3% du CA),

® UMC: 180 M$ (5% du CA),
soit moins de la moitié de ce qu'elles devraient étre pour
étre en mesure avec leur chiffre d'affaires et leur
activite.

Mecanismes fiscaux pour déeduire les

Investissements :

® Double déduction des investissements

® Fiscalité réduite (exemption de 5 ans d’imp0ts sur les
bénefices)
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Alllances pour developpements de
procérgés <0.1pum

e INTEL

Chartered
\/
HSinChu
" . \ East Fishkiy
WINBOND _—
NANYA “. ,” UMC Leieleialel

IBM AMD g2

I‘\\ MOSEL INFINEO
o //‘ N --7Z O
TOSHIBA— SONY

AN

MITSUBISHI
{ i &TSU SAMSUNG
PHILIPS \

AI NEC etroa HITACHI TSU/(
MOTOROL . ® / Ub
ROHM/

MATSUSHITA OKI Y

Accord R&D SHARP SANYO
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Monsieur le President Jacques Chirac
Inaugure I’alliance Crolles?




Monsieur le President Jacques Chirac
Inaugure I’alliance Crolles2

. -
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Conclusions

 Alliance and co-competition.

 Large portofolio of Technologies adapted to
different SoC market needs: low power, high
speed, RF, analog, imagers...

 Strong interactions between:
* Wafer Manufacturing
®* Technology Development
® |P design
* CAD Development

d Low-power:
* Leakage is here to stay!!!

® Design techniques / Process variants can help

®* More tools needed to predict/implement power solutions at all
abstraction levels

@D 1/19/2005 K’I /0
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Conclusions

dCo-competition

JdLow-power:
* | eakage is here to stay!!!
* Design techniques / Process variants can help

* More tools needed to predict/implement power
solutions at all abstraction levels
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