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- MPU
— SOC (Low-Power, High-Performance, Mixed-Technology)
— Mixed-Signal
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— Frequency

— Power
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Design £in#&

>50 A (BZA, B . KE)
Japan: Hitachi, Matsushita, Mitsubichi, NEC, Sony

o ITWG: Y. Furui, T. Hiwatashi, T. Kadowaki, K. Uchiyama
e SOC-LP roadmap

Europe: Infineon, Philips, STMicro
e ITWG: R. Brederlow, W. Weber
* Mixed-Signal roadmap

U.S.. Agere, Agilent, Cadence, HP, IBM, Intel, Lucent,
Motorola, Tl

e ITWG: W. Joyner, A. Kahng
« MPU, Power, Frequency, Density models
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ITRS-2001 System Drivers
Chapter
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o BLEORETERMEESITOEMMET L
e 1999%F DI System-on-a-Chip 1% RIFT

e Goal:
ORTCs + System Drivers = “fffi KD —EL-TL—LT—"

o« YVOGHEATHEL
— HiBErEZA /N
— SoC~AMDEH

o F/HNZA: System Drivers
- MPU -k RB7otyy-a7
— SOC - EHEESHIPDA (& &Z 1/0O)
— AM/S —4DDERKEFREEREIGIE
— DRAM — E¥fREEmIIAL
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MPU F5A4 7\

« 234D MPUETIL
- :x#ﬁ?ﬁ: 140 mm?2 FYITHARXR—F , [TFRI+YT ]
— =48 310 mm2 FYITHARX—5F , [Y—/\]
— (R[E ITRS TR T H—I\ . E—N\(ILDMEET

— I\/IPU ¥R <JILF-a7, A R—FL3F¥vyyia
o EFH[EIEEOD LE3R1E XK
o BAFKIEHDI=HDAT DEM

(1&?{1&%5&"%& IEEEVA, MLIEDH#E > EARTOERFEE
B 1k)

e A7DEHA ICKPEHFTLEEKEDOMRE
e TEREE ITKEIHBFEYDLTAHILLFLTZUFDMRIE
. MPU & SOC @%}EA (*%mbotu RETFiR)

A
gu map {m SIE rnnnmtlml'm'-.r
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Example Supporting Analyses

(MPU)
e ODUYIERE: 4ATrF—rDEH Y A X = 32MP2 = 320F2

— MP = lower-level contacted metal pitch

— F = half-pitch (technology node)
— 32 = 8 tracks standard-cell height times 4 tracks width (average NAND2)

— Additional whitespace factor = 2x (i.e., 100% overhead)
— Custom layout density = 1.25x semi-custom layout density

« SRAM (MPURE) £F&E:
— Dbitcell area (units of F*2) near flat: 223.19*F (um) + 97.748
— peripheral overhead = 60%
— memory content is increasing (driver: power) and increasingly fragmented
Caveat: shifts in architecture/stacking; eDRAM, 1T SRAM, 3D integ

;E.Jar* AUHBEREAN. ODY T AR RICEE

— 130nm : 1999 ASIC logic density = 13M tx/cm?, 2001 = 11.6M tx/cm?
— 130nm : 1999 SRAM density = 70M tx/cm?2, 2001 = 140M tx/cm?
Work-ln-Progress, Don't Publish, @JETTA_All rights. resarved,
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Example Supporting Analyses
(MPU)

o O—FTYTERIERDEE
— “Pollack’s Rule”: In a given node, new microarchitecture takes 2-3x area of
previous generation one, but provides only 50% more performance

— “Law of Observed Functionality”: transistors grow exponentially, while utility
grows linearly

° /ﬁ% 73*1%0)[&3_

— Speed from Power: scale voltage by 0.85x instead of 0.7x per node

— Large switching currents, large power surges on wakeup, IR drop issues
— Limited by Assembly and Packaging roadmap (bump pitch, package cost)
— Power management: 25x improvement needed by 2016

° Zt I‘E&§O)IJ&L
— Where did 2x freg/node come from? 1.4x scaling, 1.4x fewer logic stages
— But clocks cannot be generated with period < 6-8 FO4 INV delays
— Pipelining overhead (1-1.5 FO4 delay for pulse-mode latch, 2-3 for FF)
— ~14-16 FO4 delays = practical limit for clock period in core (L1$, 64b add)
— Cannot continue 2x frequency per node trend
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e FO4INV =

iInverter driving 4 identical inverters (no

Interconnect)
o Half of fremvgmgt@;@&g@mm reduced logic stages
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Year of Products 2001 2004 2007 2010 2013 2016

Process Technology (nm) 130 90 65 45 32 22

Operation Voltage (V) 1.2 1 0.8 0.6 0.5 0.4

Clock Frequency (MHz) 150 300 450 600 900 1200

Application Still Image Processing |Real Time Video Code Real Time Interpretation

(MAX performance required) (MPEGA4/CIF)

Application Web Browser TV Telephone (1:1) TV Telephone (>3:1)

(Others) Electric Mailer Voice Recognition (Input) Voice Recognition (Operation)
Scheduler Authentication (Crypto Engine)

Processing Performance (GOPS) |0.3 2 15 103 720 5042

Communication Speed (Kbps) 64 384 2304 13824 82944 497664

Power Consumption (mW/MOPS) |0.3 0.2 0.1 0.03 0.01 0.006

Peak Power Consumption (W) 0.1 0.3 1.1 2.9 10.0 31.4

(Requirement) 0.1 0.1 0.1 0.1 0.1

Standby power consumption (mW) (2.1 2.1 2.1 2.1 2.1 2.1

Addressable System Memory (Gb) |0.1 1 10 100 1000 10000

e SOC-LP “PDA” system
— Composition: CPU cores, embedded cores, SRAM/eDRAM
IO bandwidth, computational power, GOPS/mW, die size

* Drives PIDS/FEP LP device roadmap, Design power management
challenges, Design productivity challenges

— Requirements:
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— Above and beyond low-power process innovation
— Hits SOC before MPU
— Need slower, less leaky devices: low-power lags high-perf by 2 years

— Low Operating Power and Low Standby Power flavors - design tools
handle multi (Vt,Tox,Vdd)

nln-I_EEfilél:l_( IE';EIT%D?*‘VI//W

— Logic increases 4x per node; die size increases 20% per node

Year 2001 2004 2007 2010 2013 2016
Y Pitch 130 90 65 45 32 22
Logic Mtx per 1.2 2.6 5.9 13.5 37.4 117.3
designer-year

Dynamic power | O 1.5 2.5 4 7 20
reduction (X)

Standby power | 2 6 15 39 150 800
reduction (X)
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Today, the digital part of circuits is most critical for performance and
IS dominating chip area

But in many new IC-products the mixed-signal part becomes
important for performance and cost

This shift requires definition of the “analog boundary conditions” in
the design part of the ITRS

Goal: define criteria and needs for future analog/RF circuit
performance, and compare to device parameters:

» Choose critical, important analog/RF circuits
* |dentify circuit performance needs

» and related device parameter needs
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Figures of merit for four basic analog building blocks are defined
and estimated for future circuit design

From these figures of merit, related future device parameter
needs are estimated (PIDS Chapter table, partially owned by

a7~ @ =

Design)

Roadmap for basic
analog / RF circuits

Roadmap for device
parameter (needs)

A/D-Converter

Low-Noise Amplifier

L. 2001 .. 2015

Voltage-Controlled

Power Amplifier

mixed-signal device

V
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LNA performance:

100

* dynamic range

e power
consumption

G OIP3F
FOM i = (NF -1 [P

FoM LNA [GHz]
S

G gain 1 ‘
NF  noise figure 1 10 100
IIP3  third order intercept point 1/ minimum gate length [um™]

P dc supply power

f frequency

— Work=In-Progress, Don't: Publish, @JEITA, All rights. resemved, .
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ADC performance:

10"
e dynamic range
' )
e bandwidth s
=10
i
e power :
consumption 2
> 1011
ENOB . S
FoM — (2 ° )X mln({ fsamp|e} 1{2X ERBV\/}) LL
ADC P
10
ENOB, effective number of bits 1990 1995 2000 2005 2010 2015
fampe  Sampling frequency year of publication

RBW.  effective resolution
ndW|d

supply power
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(1) [Yearof Production 2001 2002 2003 2004 2005 2006 2007 OWNER
DRAM Fitch (X 2.0) (hm) 130 115 100 90 80 70 65 ORTC
MPU Htch (& 3.7) (hm) 150 130 105 90 80 70 65 ORIC
MPU Rinted Gate Length (& 3.7) (nm) 90 75 65 53 45 40 35 ORIC
MPU Physcal Gate Length (& 3.7) (hm) 65 53 45 37 32 30 25 ORIC
ASC/Low Power Htch (& 3.x) (hm) ORIC
ASC/Low Power Rinted Gate Length (& 3.X) (hm) 100 90 80 70 65 55 50 ORIC
ASC/Low Power Physical Gate Length (S 3.X) (hm) 90 80 70 65 60 50 45 ORIC

@  |Minimum Supply\bltage  Digital Design (V) 0.9-1.3 0.8-1.2 0.8-1.1 0.7-1.0 0.6-0.9 0.55-0.8 05-0.7 |PDS

(3) Analog Desgn (V) 3.3-1.8

(14) [PMOSRFDevice ox (nm) 1.2-1.5 1.0-1.5 1.0-14 0.9-1.3 .8-1. 0.7-1.0 0.6-0.8

(15) fmax (GHz) 50 55 60 65 75 80

(16) ft (GHz) 95 105 120 130 170 190

@7 Gm / Gds @Lmin-digital 20 20 20 20 20 20

@18) @10 Lmin-digital 100 100 100 100 100 100

19 1/f Noise (V2 pm? / Hz) 500 500 300 300 200 200

(20) 3 Mth matching (mVpum) 15 15 15 12 9 9

(1) [nMOSAnalog Device ox (hm) 7-25 7-25 525 525 525 525 525 |PDS

(22) Analog \th (V) 0.5-0.3 0.5-0.2 0.5-0.2 0.5-0.2 0.4-0.2 0.4-0.2 0.4-0.2 |Desgn

(23) Gm / Gds @10 Lmin-digital 200 200 200 200 200 200 200 Desgn

4 1/f Noise (UV? um? / Hz) 1000 500 500 500 300 300 300 Desgn

(25) 3 Mh matching (mVpum) 21 21 15 15 15 15 15 Desgn

(26) [Analog Capacitor Density (fFum ?) 2 B 3 3 4 4 4 Desgn

@7 Q/k ?pm? GHg) 200 300 300 300 450 450 450  |Design

(28) \bltage linearity (opm / %) 100 100 100 100 100 100 100 Desgn

(29) Leakage (fA/ [pFV) 7 7 7 7 7 7 7 Desgn

(30) 3 Matching (% urﬁ ) 4.5 3 3 3 25 25 2.5 Desgn

34) [Resgtor Resgance ( /) 100 100 100 100 100 100 100 Desgn

35) Qk 2 um2 GHy) 1000 1500 1500 1500 2000 2000 2000 Desgn

(36) emp. linearity ppm / C) 60 60 50 50 50 40 40 Desgn

37) 3 Matching (% pm) 9 B 8 8 7 7 7 Desgn

1/f current noise per currert 108 108 108 108 108 1078 108

(38) @/ [um’® He) Design

39) [Inductor Densty (nHum 2) 0.03 0.03 0.03 0.03 0.03 0.03 0.03 Desgn

(40) Qzas 12 15 17 18 19 20 20 Desgn

@1) |9gnal Isolation 21 dB -100 -100 -100 -100 -120 -120 -120 |PDS
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ITRS-2001 Design Chapter
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[Design] 7 r354MY

e |Introduction

— Scope of design technology
— Complexities (silicon, system)
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Silicon Complexity = impact of process scaling, new
materials, new device/interconnect architectures

Non-ideal scaling (leakage, power management,
circuit/device innovation, current delivery)

Coupled high-frequency devices and interconnects (signal
integrity analysis and management)

Manufacturing variability (library characterization, analog
and digital circuit performance, error-tolerant design, layout
reusabllity, static performance verification
methodology/tools)

Scaling of global interconnect performance (communication,
synchronization)

Decreased reliability (SEU, gate insulator tunneling and
breakdown, joule heating and electromigration)

Complexjfy of manufactiring handofif (reticle enhancement
el EREER wrifing/inspection flow..manufacturing. NRE.cost)

29 November 2001 ITRS Release Conference
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System Complexity = exponentially increasing transistor
counts, with increased diversity (mixed-signal SOC, ...)

Reuse (hierarchical design support, heterogeneous SOC
Integration, reuse of verification/test/IP)

Verification and test (specification capture, design for
verifiability, verification reuse, system-level and software
verification, AMS self-test, noise-delay fault tests, test reuse)

Cost-driven design optimization (manufacturing cost
modeling and analysis, quality metrics, die-package co-
optimization, ...)

Embedded software design (platform-based system design
methodologies, software verification/analysis, codesign
w/HW)

Reliable implementation platforms (predictable chip

Implementation onto mu @@%Ie fabrlcs higher-level handoff)
Work-~In~Progress, Don 't Publish, Al ni
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[Design] 7ok34 Y

 Introduction
— Scope of design technology
— Complexities (silicon, system)
* Design Cross-Cutting Challenges
— Productivity
— Power
— Manufacturing Integration
— Interference
— Error-Tolerance

* Detalls given w.r.t. five traditional technology areas
— Design Process, System-Level,
Logical/Physical/Circuit, Functional Verification,
TeSt Work~In-Progress, Don't Publish, @JEITA, Al rights. reserved,
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2001 #1£R
e Ayt—: FREORXMDOEMAFEEARO—FTYTDF
kEBMNT
— R ETaRXMETIL
— FrlLoUhfE#EE<
o KYBRMLGFEREER.VINIIT . 7—FTIOFve
DIESRES
- BERIRBMEEVERANE LRENERT £ TTIEAEL
— New System Drivers chapter, sXsTEEEEEHEETHIZE
=
o KYBHFERITRSE TV /0D

— B EER I ZHREET B &Y. ARXFDE i h s “share red
bricks’D1&EEZ T A ETUTFTOIENFLONLZLIA?

RS, T E ot al hwogs-cuiting challenge.,

— “Iivina ITRS” framewnrk 44K M Y FE NPV A REER Conference




et D O5(4 X, 2001

< >

A__

NRE Cost
Turnaround Time

7«(’7|:|7°|:|sz WY ERETICE W TIXREEAERET D 2-3X

‘/7|~r717 AT LBEAFEIARCDEOY (L2700 FEFHER)
E%ETNRE > 10's of $M <> HENRE $1M

an-I—TAT months or years €<= FETAT = weeks

DETHAELNE., TriH =Y DT AR ME, EHEIRXMIBRARTIEEAI(ZE N

resemnved,
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REFARMETIL
FRITOO=Z7-aXLOEMIE 5% / year ($181,568 in 1990)
FHEDAY—IL-OXRL (1T 7HTI=Y)DIEMIL 3.9% per
year ($99,301 in 1990)
BODEGHAARMERICKSHALEEMED R L 3.51E5ED
H4f7) : RTL methodology; In-house P&R; Tall-thin engineer;
Small-block reuse; Large-block reuse; IC implementation

suite; Intelligent testbench; Electronic System-level
methodology

SOC-LP PDAMET )L CHEE:
— SOC-LP PDA ME%sTta Xk =$15M in 2001
— EDADZEHEIZKDHITEEEDOR LN EIN =5 EIZIK., $342M
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Total Design Cost

SOC-LP PDA FZ4/\DE&RETaARF

SOC Design Cost Model

$100,000,000,000
[ — Q () B e >
5 § ¢ & 5 5 3B e
s 5 & & £ § %
S — 5 x ~ S %8
] w 3} S IS & =
I £ 9 o] € = J]
$10,000,000,000 sk °=3 ﬁ g —E — =
T -—f 9 -8 -2 3%
i B Ry~ S ¥ 4
o 7 @ /
E—
~
— 10
~ /
T g ‘
© $1,000,000,000 | -
8] N
i E{NDs ¥
2 ALY .
) || ,/./‘
$100,000,000 % / o J/
’ ’ 7777 (Y-)h /
¢ — 1 3 }'
% — Q
1 5 7!/
s —
,/'é i - ,,/.\ —e— RTL Methodology Only
v \ I/~—| —&— With all Future Improvements
|
$10,000,000 | N < B | ; L ;
1985 1990 1995 2000 2005 2010 2015 2020

Year
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SOCKFZA/\DKETTIE. EARDKETEEMSIT/ —FE 4x DR
ENNE

(RATL—230z 80T, BiE. TANOBIAXROHET
> Ax//—k

FFHAy -SRI FILDERK. W&REE. TAK
FIAH TR T T DEFEM
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B e RICEE

AESRER (burn-in) /NS5 A4 LD ZEAL
ENFIEEICKRELEX vy T (RAVNALBEHDIEEEE HSOC;
EMEE IDMPU)

HEBRNO&EILIX, —EICZERDOH|EMHEZ (multi-Vt, multi-
Tox, multi-vVdd in core) 7—F T Fv.0S. VI+ o7 TUIEL
AN E (R A A A

il
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BFICIKBEENEBRTOR/AXT—DY
BCfRDAyT) T

EIRDOIRFOYZ &ground bounce

A OEREERIEIMICKL S ERIRE
MBEAUADRIVR

B IXL—b T

Single-event (alpha particle) upset

F A2y imEE B OE
BETEERICBITSETIVY . I, RFEHY
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o MLRERETIZKD100% LT TOEEREEA . BiE. BREE. TARO
ARz

¢ EB. TR, TN\I R BIROBRFLEEENLERBRINA

o FEUT: AUFVID) A T4X T ITIVERIZESBEEHE,
HOMIE. B2 ART i
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FrL P “Manufacturing Integration”

o Goal: ftDITRSHfiTED & red bricks

— JVJ574 CD EEE > EHEZ LFANZA SR HAM?
— YRV T—EDRKENIE > FILWOVERET-REAN L A—T—RENED
O—IZkABBEEROZT DRI A EDTRIVEE - RE~NDZITEL?
— ATETAREBRIZEIT 5 red bricks > &3ZEI/O, Signal Integrity,
analog/Ms|Z &5 RIREALDFT, BIST/BOST #rkfii ?

o FDHD red brick ZEER TEL B M THHTH., TDHMIBHF
[X@IEZL ROI (value / cost) fEHfr TE5M 2
— Q: low-k, Cu Z5|28k4. ENEND MIE [F7RIThH ?
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#l: SETAK
=1RA v A2—Jx—2R (networking, memory 1/O)
— TARAE—DIAZVTRELRIIREDE IR
& SOC &&&t
— TAFDEF R
LU LT RARTOERT OV DT RO
— Analog/mixed-signal7 X
ErEMEHERDRRE
— Burn-initE&(X. lower Vdd, higher power budgets TIE3E
A THE>TETS > overkill IZE2SEEYET
DeS|gn Challenges: DFT, BIST
— Analog/mixed-signal
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