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100

Qo
o

1SN
o

Cost occupation
(@)
o

N
o

WideTV

Internet TV

Labor cost
Softoware & patent

Components

Semiconductor

Digital TV

PC
STRJWS: March 4,2004 7



System, Application

SoC

Conventional semiconductor makers

PC

DVD

DTV

semiconductor technology base
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CPU DRAM (ASIC) Analog
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Logic Network
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makers

> Future semiconductor
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SoC

'%' Front End

1

Tuner |

]

Tuner

D-VHS ] IEEE1394

DvC

HDD

SoC HDTV

M. Nakajima, et al., “A 400MHz 32b
Embedded Microprocessor Core AM34-

1 with 4.0GB/S Cross-Bar Switch for
> SoC,” ISSCC, Dig. of Tech. Papers, pp.
Flash | | SDRAM 342-343, 2002.

AM34
Microprocessor

NVvddd

0.13um CMOS, 6Cu
C'C 35M Trs.
ard
CLK: 400MHz
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Architecture optimization based on system analysis is a key.

[Dedicated parallel bus] [ Short periodinterruption] [ Cash optimization ]

~N N\ / /[ /
i SRAM SoC for digital TV //

8KB v/
FLASH Ext. bus Instruction I-Cache
b I 3N <« “ MU
cont. \ ouss Crossbar Away,8KB (AM33)
SDRAM Databus _| switch |4 D-Cache ¢ 121MHz
| spbram|[*P cont. AEARE

DMA cont.
I/0O bu's ¢

T Stream bus > Video
End Decoder STB peripheral I/O (Media PU)

A. Matsuzawa, “System On a Chip and low Power SDRAM
Technologies for Digital Consumer Electronics,” Cool
Chips, Proceedings, pp.149-173, 2000
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SoC

SoC
MPEG4 Codec MPEG4 Decoder
T. Hashimoto, et al., “A 90mW M. Ohashi, et al., “A 27MH
0.18um e-DRAM MPE§4qui3§0 ec;jec LS vnvqith 0.18um CMOS 11.1 mavsv ;\AgEaG4 Video ’
31IM Tr the Capability for Core Profile,” 11M Tr Decoder LSI for Mobile
ISSCC, Dig. of Tech. P , Application,” ISSCC, Dig. of
90 MW@54MHz pp. 140-1:1%,020081(.: e 11 mMW@27/54MHz ngr:?lig;rs, pp. 366-?67,
2002.
15fps (Core@L1 decode)
30 fps (Simple@L3 decode) 15fps (Core@L1 decode)

4Mb DRAM x 4
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T. Hashimoto, et al., “A 90mW
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ISSCC, Dig. of Tech. Papers,
pp. 140-141, 2001.
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LS

LSI
MPU DSP
Parallelism 2 16
GOPS 0.9 0.8
Pd (mW) 7000 110
Pd (MW)/GOPS 7800 138

3 order’s difference

Dedicated LSI
96

2.4

12

Courtesy,
Prof. Brodersen,
ucCB
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L S|

Centralized: Current general purpose MPU

Distributed: Parallel computing

Memory
Command
Data
Bus
L ong wires

ALU

M| M M| M| M| |M
ST T ST
L L L L L L

M| M
¢ 4
L L

MIPS=( 2 or 3) x Clock

needs higher clock frequency
needs longer wire line
needs high speed devices

— =

Large power dissipation
Tough timing skew,
yet low processing ability

Change the LSl architecture!!

Locate every needed circuits in the neighborhood
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(DTV, ADSL, Ethernet, USB
HDD, DVD, DVC

Viterbi
Error
Correction || pata

Out

Digital
FIR Filter

Clock
Recovery

- Analog circuit

Digital circuit
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SoC DVD

DVD 0.13um

0.13um, Cu 6Layer, 24MTr
Okamoto, et al., ISSCC 2003
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RF

IEEE 1394, USB, Blue tooth, Wireless LAN
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/0

/O

SoC

1.A. Matsuzawa, “RF-SoC:

Expectations and required

condition,” IEEE Transaction on

Microwave Theory and Techniques,

Vol.50, No.1, pp.245-253, Jan.

2002. I/ O

Wafer cost increases 1.3x
70.35um : 101 {OF One generation

0
0.35um 0.25um 0.18um 0.13um 0.35um 0.25um 0.18um 0.13um

Chip area Chip cost
STRJ WS: March 4, 2004 31



e SOC

STRJ WS: March 4, 2004



Sales (A.U)

‘97 Time ‘00
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SoC

SoC

A. Matsuzawa, 26.2 How to Make
Efficient Communication, Collaboration,

[CO nvention al] and Optimization from System to Chip
[p. 417] , DAC 2003

System target. Unconformity
Process dev. Spec. Cost and Time

T Cell Lib. Dev.

Design modif. » SoC design @
Process modif.

| System target | Advanced |

System drivenT

Process devl CO”aboration
B / to solve boundary problems
A
Cell Lib. Dev. Vo
/38
< L £y
SoC design Shorten dev. TAT
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SoC

SoC

Mixed signal
_ Clocking
Cell height Power routing

High Idd

Low loff
Low-k
Cu

D YERX

Quick ramp-up
Analog control

A. Matsuzawa, 26.2 How to Make
Efficient Communication, Collaboration,
and Optimization from System to Chip
[p. 417], DAC 2003

Mixed signal
Large system’s verification

HP Analog
HP 1/0 SoC Design
Reliability

BEMO—RY Y7

EMI sim

Cross-talk sim
Mixed signal sim
Iddq test
Wafer burn-in
STI
Package
Analog  High yield POE

Low inductance

Mixed signal

Future demands, issues, and solutions
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CPU

CPU

CPU

L ow-K
CPU
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Delay time (Arbitral)
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DRAM

MRAM, PRAM,

Chip On Chip

FeRAM
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DRAM

SRAM,

Chip On Chip

CPU
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T. Ezaki, et al., ISSCC 2004, pp.140
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- MEMS

ADC, DAC, Low NoiseAmp, VCO

MIM

1/t f, fmax
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SoC

CMOS
Wireless LAN, 802.11 a/b/g Discrete-time Bluetooth
0.25um, 2.5V, 23mm?, 5GHz 0.13um, 1.5V, 2.4GHz

S sielpl | Palral L iplpisl Ael L iplsir . inistiainiainie 2N

\5.4.7: Die micrograph. jure 15.1.7: Die micrograph of the single-chip Bluetooth transceiver.

M. Zargari (Atheros), et al., ISSCC 2004, pp.96 K. Muhammad (TI), et al., ISSCC2004, pp.268
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SoC

SoC

Analog Architecture: Super Heterodyne  Larger power, cost

T RFIRF | NA  RFIRF 1stMixer IFSAW  VGA 2" Mixer LPF ADC

% | : % > % | ) f,J _;I'O Digital

1-2 GHz 250 MHz 20 MHz
1.2-2.2 GHz 15t Synthesizer 2"d Synthesizer

Digital architecture: Direct conversion with discrete-time processing

> A ADC Digital processing
Sampled :
T LNA  dataLPF LPP Quantizer! | mixer  LPF Bluetooth receiver
_,%ab—-%—» AR A g.éia/umcmos
1-2 GHz '
0SsC

@ Synthesizer 1-2 GHz

K. Muhammad (TI), et al., ISSCC2004, pp.268
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Yrjo Neuvo, ISSCC 2004, pp.32

Multi-standards and multi chips

IMT-2000| |IMT-2000
RF BB
_ Current
GSM GSM
RF BB
Bluetooth Bluetoth MCU
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GPS GPS
RE BB FONES

Unification [T

A
4
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RF

Future

DSP

Unified wireless system
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RF MEMS switch

MEMS

Select or change inductance and capacitance
Select signals and circuits;
As aresult, enables reconfigurable RF circuits

J. DeNatale, ISSCC 2004, pp. 310
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Sliding plate can vary inductance by 50%.
Wide tunable range VCO (2.4GHz to 5.1GHz) has been realized.
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Y. Yokoyama, et al., JJAP, Vol. 42, No. 4B, pp. 2190-2192, 2003.
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