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! The market drivers are most clearly segmented according to cost, time-to-market, and production volume. ~ System cost is
equal to Manufacturing cost + Design cost.  Manufacturing cost breaks down further into non-recurring engineering (NRE)
cost (masks, tools, etc.) and silicon cost (raw wafers + processing + test).  The total system depends on function, number of
1/Os, package cost, power and speed.  Different regions of the (Manufacturing Volume, Time To Market, System Complexity)
space are best served by FPGA, Structured-ASIC, or SOC implementation fabrics, and by single-die or system-in-package
integration.  This partitioning is continually evolving.
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Table SYSD1 Major Product Market Segments and Impact on System Drivers
Market Drivers socC Analog/MS MPU
1. Portable/consumer
1. Size/weight ratio: peak in 2004 Low power paramount Muigrating on-chip for voice Specialized cores to optimize

2. Battery life: peak in 2004
3. Function: 2x/2 years

4., Time-to-market: ASAP

Need SOC integration (DSP, MPU,

1/O cores, etc.)

processing, A/D sampling, and even

for some RF transceiver function

processing per microwatt

II.  Medical

1. Cost: slight downward pressure
(~1/2 every 5 years)

2. Time-to-market: >12 months

3. Function: new on-chip functions

4. Form factor often not important

5. Durability/safety

6. Conservation/ ecology

High-end products only.
Reprogrammability possible. Mainly
ASSP, especially for patient data
storage and telemedicine; more SOC
for high-end digital with cores for

imaging, real-time diagnostics, etc.

Absolutely necessary for physical
measurement and response but may

not be integrated on chip

Often used for programmability
especially when real-time

performance is not important

Recent advances in multicore
processors have made
programmability and real-time

performance possible

1II.  Networking and communications

1. Bandwidth: 4x/3-4 years
2. Reliability
3. Time-to-market: ASAP

4. Power: Wim® of system

Large gate counts
High reliability
More reprogrammability to

accommaodate custom functions

Migrating on-chip for MUX/DEMUX

circuitry

MEMS for optical switching.

MPU cores, FPGA cores and some

specialized functions

1V.  Defense

1. Cost: not prime concern

2. Time-to-market: >12 months

3. Function: mostly on SW to ride
technology curve

4. Form factor may be important

5. High durability/safety

Most case leverage existing processors
but some requirements may drive
towards single-chip designs with

programmability

Absolutely necessary for physical
measurement and response but may

not be integrated on chip

Often used for programmability
especially when real-time

performance is not important

Recent advances in multicore
processors have made
programmability and real-time

performance possible

V.  Office

1. Speed: 2x/2 years
2. Memory density: 2x/2 years
3. Power: flat to decreasing,
driven by cost and wim®
4. Form factor: shrinking size

5. Reliability

Large gate counts; high speed

Drives demand for digital

functionality

Primarily SOC integration of custom

off-the-shelf MPU and 1/0 cores

Minimal on-chip analog; simple A/D

and D/A

Video i/f for automated camera

monitoring, video conferencing

Integrated high-speed A/D, D/A for
monitoring, instrumentation, and

range-speed-position resolution

MPU cores and some specialized

functions

Increased industry partnerships on
common designs to reduce
development costs (requires data
sharing and reuse across multiple

design systems)
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Table SYSD1 Major Product Market Segments and Impact on System Drivers (continued)

VI.  Automotive

1. Functionality Mainly entertainment systems Cost-driven on-chip A/D and D/A for
2. Ruggedness (external sensor and actuators
environment, noise) Mainly ASSP, but increasing SOC for
3. Reliability and safety high end using standard HW Signal processing shifting to DSP for
4. Cost platforms with RTOS kernel, voice, visual
embedded software

Physical measurement
(“communicating sensors” for
proximity, motion, positioning);

MEMS for sensors

A/D—analog to digital ASSP—application-specific standard product D /A—digital to analog ~ DEMUX—demultiplexer
DSP—digital signal processing FPGA—field programmable gate array  i/f—interface I/O—input/output
HW—hardware MEMS—microelectromechanical systems MUX—multiplexer RTOS—real-time operating system

VAT DT o F T RTAN

SOC 1T\ FEe B AT TR B ChHVEEAZ AL ThD, SOC 1D AT LRNTA /34587
(MPU, J1B#AEY, AMS, ZL T, 70757 /L a2 NEDEMTOR T EE LA L T, SESERE

P\ CHEMEC A I oD 28R L 2 A R CD, SOC DAEPER JORRFHEANE, — Ao T &0
LB B AT EL Tk BIRENT-H D TH D, SOCRTA/NLLLRTORKD ITRS THW FIF TV = ASIC
MORELEHDTHY AL ANBINEL ~IL DY AT Ao AT — gy INFD F e — )L Th
%%, SOC it ClE, 20— /WIBEFE T 17 H o0 NE 27 | OB HARE R RIZT LI ZETHY, aéﬁ%%
ISR SN TF v 7 D RE R/ NBICTHZETHhD, SOC HOFAHEINA T ay 7%, 7l BLOBEC
FESNVTCWDEHa 7 1300 Tl Y7 2T - T a7 & A TND, ZDF—F L Id, FA H%T
BEZR T 0 7 DU NTT T AR VERRL AT T AL, SOC REFE T TELIOTT 2L THS,

SOC 1Z, WO D EMTINETORN S EHALIZHDENZ D, BTl 72891Z, SOC (Zfhd
AT BRTA NSO T Ty I HEFE T2 DT D, T HAZLIBLON ASICISOC D X v 7 1%
AR T&7e, 37205, (1) 2001 4EhR ITRS BARE, ASIC 3L MPU Ou Ty ZEFEITHELWEL TE
FfbENT=, (2% LT, [ASIC DAY 22— )V THAX LGFGHE A OVERE TER U= A T = —=
VTR ADAZ A —R VG TEIC LS TEA L AVERRSILTE TS, ZLC, MPU X SOC (272~
TECQWD, 7725, (1) MPU ;‘Li‘fi@“\ SOC (i o7 LU TRRETSNDEIIT/2 > TS, (2)F D
BRI PSR HEEME A UGET D702 MPU Z1LH & SOC L TRREHSIL TV A (14 CTilgams41b 801z

? The term “ASIC” connotes both a business model (with particular “handoff” from design team to ASIC foundry) and a
design methodology (Where the chip designer works predominantly at the functional level, coding the design at Verilog/VHDL
(very high speed integrated circuits hardware description language) or higher level description languages and invoking
automatic logic synthesis and place-and-route with a standard-cell methodology). For economic reasons, custom functions
are rarely created; reducing design cost and design risk is paramount. ASIC design is characterized by relatively conservative
design methods and design goals (cf. differences in clock frequency and layout density between MPU and ASIC in previous
ITRS editions) but aggressive use of technology, since moving to a scaled technology is a cheap way of achieving a better
(smaller, lower power, and faster) part with little design risk (cf- convergence of MPU and ASIC process geometries in
previous ITRS editions). Since the latter half of the 1990s, ASICs have been converging with SOCs in terms of content, process
technology, and design methodology.

? For example, reusable cores might require characterization of specific noise or power attributes (“‘field of use” or “assumed
design context”) that are not normally specified.  Creation of an IC design artifact for reuse by others is substantially more
difficult (by factors estimated at between 2 x and 5 %) than creation for one-time use,
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NIRAFT DI 2o TS,

FEITIR 22 B0 | b AN SOC OHERIT AL T VAT — ar DA FEN R L OSSR THh D, £
AUTT TR T — WIS WiRGE, S ar AT VAT —ar OFAES DO g7 ml 13 &L
O AT I T —=FT I F T HE A LI T, IO KRB HA L LB 5, 5 Ok
BRIX, ZHDOA L TVA T —2a b BHFIL X VT 0T T T TR A AEY TFas  ERE
(RF). MEMS, Y7 7 =) HDRFE/ 23 IR— R MDA T 7 L —aTihd, SOC RTA /NGB, 7%
FHAEPEMEZSEET DA EFE(IP) D ZL O FFIA & IR AN SERED T D BFEHAT O AT Do AT
L —ya b E o TR ST B NG, IAMAERT, v— U —-TatRla—axh Ry —r 7 o
—ar, BEOE =T IT REALORNKE LR O T, BB ORREL T, IP FLik, IP 7A
NN B 7 AMBIST) B L H EEE &), T av A X7 = — A REOH L I L O 5
DINFELT2D, RO, T 7 Lo — P DRI L O MDD 7259 FFE DT AT ey
A= MNAEY, B V) RH ST DHLMMERO TN (7T =, DRAM, 717 RF, MEMS, 78
IR RAM (FERAM), BEEHEHTRAM (MRAM), fb25 0 DA ~DBR A RS 5, Z0 8912, SOC 1X[H
VAT LN ‘/’7““773“ T2, FA—8LE7 v e R ECHEOBEINOEREEZ LT RIA/NThDH, AREIL
W OMNDIZEEIZEIL T SOC DM B LU itk ﬁ%@f&)é KRR RTAT T DHDIE, %’EA&fﬁ

£Ef#(multi-technology mtegratlon MT). B ERE(HP) —4512 (a) 1WIEHEES cE(b) RA MR E X #a—, B&
O —/30 — K ANLP) —4#5 12 B A: S e — T%éo
SOC/SIP #Z &1l

HFES AT D H—F 7 FITHEET 20 EME T GRS, a k7 ar OAR AL —R DR,
BT EEM SO ANERIC L > ThTebEND, LD 7 v AF T #E 1X. MEMS 0Z Dt 4L
CMOS D& AR Tk, H—TF 7 BICEBOEMNEERETHZ L1, LI0EMER T me A2 R, 2
DFEHEEE DA HAT SOC D E/2a ANEK LD, FEEOFHI BT B2 ADOE A IZREL T, AR AR
TRZETHZETREETHD, LLensh, IAMFINCE > THhD SOC IZHEFE TEHEAMTOEIL MRS,
BRI EIny 7 7t AT Ty 2 ARYNRES DL, TR EADEY a— /bR EATZEL
T, T 2 — U B AR TR, {m)&mk;%%ﬂ“éz\%r%%ajtgif‘ﬂ@z\ PEAS
QLY | FENE CMOS 7't AL % 2 DA EFE T 52 L121T, A% ORET DA RN AL Th A, Hilt
D(ER-t, BER-EW)HIE CMOS OEMRIT, H Jsthé’ﬂﬁmy_ T BT T KBV AT
Lo AL o R — U DRBELVSIANSRPMEAL CRT TR B0, 4 H ., OO (MEMS, GaAs)

T, %% QR (Flash ° DRAM)DHIFEE O HFNAKAFL T, Fl—EY2— LN T7Yy 7 L TER
(EX PR YIEN v):r/L IZBED B IR T D2 L TR A LR TV D, FRZ BT OH—Z A~
DEBOMEMIT, AT AOYFRRES(HE D I 1E BB ENTOAE — b E~A 7Oy % 2
STV,

FyhI—27 SOC RFA /3
INART =<2 A SOC OHFIELTIE, NATUR T —AH7 a5 (LU F O RA AEE S mT
SOC(SOC-CS)RTA /)0 "N — RIS DD, Eidii(s H SOC 1, Fv 7 A ~D A G =%t

 The corresponding ASIC and structured-custom MPU design methodologies are also converging to a common “hierarchical
ASIC/SOC” methodology.  This is accelerated by customer-owned tooling business models on the ASIC side, and by tool
limitations faced by both methodologies.
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Multi-Cores

Multi-Core B Multi-Core § Multi-Core ® Multi-Core

On-Demand Acceleration

System Functions

x Memory Control

Connectivity

Figure SYSDI SOC Networking Driver Architecture Template
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Table SYSD?2 SOC Consumer Driver Design Productivity Trends

2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022

Trend: SOC total logic size

(normalized to 2007) 1.00 | 1.29 | 162 | 212 | 264 | 324 | 407 | 529 | 6.62 | 852 | 10.33 | 12.76 | 16.17 | 21.14 | 24.60 | 34.40

Requirement: % of reused design 38% | 42% | 46% | 50% | 54% | 58% | 62% | 66% | 70% | 74% | 78% | 82% | 86% | 90% | 92% | 94%

Requirement: Productivity for new

designs (normalized to 2007) 100 | 1.25 | 1.54 | 196 | 2.38 | 2.84 | 347 | 437 | 531 | 6.63 | 7.78 | 9.30 | 11.38 | 14.36 | 16.40 | 22.51

Requirement: Productivity for reused
designs (normalized to productivity for 200 | 251 | 3.08 | 3.92 | 476 | 568 | 6.94 | 8.74 | 10.62 | 13.26 | 1556 | 18.59 | 22.75 | 28.71 | 32.79 | 45.02
new designs at 2007)
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RUAYVADT TV — a2\ F TS, Figure SYSD3 X, Japan Semiconductor Technology Roadmap
Design Working Group (2> TYERESIVIZET MRS, —RIEEE b DB EHL /LT A
FTUT T DR N R T T A YV AT SAAD BTN RO MEFE 2R L TND, ET/LOEE
7B RITIROEY TH D,

BRI T 7V = ar R TIE R—= 2T 0 = ANANV R T T N7 4+ — LI SN DE

FHETH D, ZDOT TV r— a7 BTV RSRICB W T ERD L @&ﬁﬁﬂﬁﬁffb\ S

FETHTHAD,

ZOFED SOC “IN—HT IV /FNA)NERAMES T TV b7 4 — K7 O MBI HRIA H 133Ny 7 U —

Fran MR T OB E ERRETDIZHE DO T ABLEE ) OB INE R e<ShbH T
LD, X ATIvI7R B IR EITBENL> TELLRWIIEH D0 05T, ALBERE )X 4 1 10 4

[#7C 1000 {5 (292,

“IR—=ET I[N BRARER T T 8T +— L7 L OFFamITEL A RICB W THEWEEEA),

L7e3o T ket ahERom RITEELL W ERRIZEIL T ifEEODIﬂ\ﬂ/ IZRE D72 TIZR2 D720,

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



8 YAFLRTA/S

1.60 1.E+05
140 - [
g // - 1 1.E+04
o
120 N
S —
3 n ‘s
~
= ]00 x r 3 & r 3 r 3 & r' 3 & & r 3 & A& r 3 & A& A — L)
E o 1 1E+03 EQ
5 _ €8
£ S 5
~ 0.80 — — — — H a3
o EDE
5 ] 1.E+02 2 E
1 1Es £
& 0.60 — — — — — H g3
£ a
w
© 040 — — — — H
g -
2 1.E+01
0.20 — — — — — H
0.00 ‘ ﬂ ‘ 1.E+00

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

[ Processing Performance —— Switching plus Leakage Power —4— Design Effort, Power
(Normalized to 2007, Right Y Axis) (Normalized to 2007, Left Y Axis) (Normalized to 2007, Left Y Axis)

Figure SYSD3 Several Trends for SOC Consumer Portable Driver

Figure SYSD4 (2 SOC FA: HHEHHE SRR TANRDID DT =% T/ F ¥ T 7L —hrerd, SOC [13A
A TaY HEERO PE (LR ) | JEIIMERE, A B CRESNA @I s kST —% 77T
YEFFO, ZITU, PE IFRFEDKEEDT=DIIHAS v A RXSNT= T 0 ThDd, KT, IEFITE
HETLREIER FFOMSAEIZ. PE OBy L TIEINDTHA), ZOT —FT 7T %77 L —NI S
CRFERRER D S To N — R =T ORBUZL > T BWILEL T p—< U AL RIHE B O & ATREIC T 5,
PRSI T =T 7 F v, $E7e 7 o YRS IE S ORI a2 LB E LR, £ OARE 7R RHEIX
WS NDIERER FEET D701 SOC MIZEH D PE Z#DIAATZZETHD,

DT —XTIF T T —NMNIFESNWT, SOC BAEHEREEIRN A DO EBILSNI-5EE OB S D
Hf[n)% Figure SYSD5 (2R T, JEELRDET VOEEIXIROEY ThD, 1) BLEEOBEHSEFF-7-
12ODA T RHHTHA), 2) BEIIRRIXFRI UL —EDOEMES R 457259, 3) PEIZBIL T,
[ DBEHES O T—E THRIZND DN, Z AV A XD 64mm? ITi0726, PE ORI 2 fel T 57259, Fh
i, PE OBUTAHERITHERT D, 4) A AEVOEIL, PE OB HLBIL THEINT 5,

PE-1 | |PE-2 PE-n

I i I I T T
 Main Main
Fre. Memory
_______________________ e
GiinoReripherals: oo ‘ e N

| Punction A |\ Funcion By | [Fpetipn £
Figure SYSD4 SOC Consumer Portable Driver Architecture Template

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



VAT LRTAN9

50 2,000
45 1 1,800
40 1 1,600
35 1 1,400
30 7 1,200

25 71 1,000

20 800

# of Processing Engines

15 576 600
424

Logic, Memory Size (Normalized to 2007)

—1 [ [ 400

1 [ [ 200

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

[ Number of Processing Engines —&— Total Logic Size — Total Memory Size
(Right Y Axis) (Normalized to 2007, Left Y Axis) (Normalized to 2007, Left Y Axis)
Figure SYSD5 SOC Consumer Portable Design Complexity Trends

FCAESFHERHERS 11T SOC DA 7 DEfje]

R ETORMES P EE B0 ChH— T WHERE L £, RAEREERE T SOC T 7 O%EHIXT
LCHEKRREFREF R 5, Figure SYSD6 (X, PID DT P AZVERE/NT A—Z & | interconnect &0
“Interconnect Technology Requirements “D-f1 % —a 7 MRE/ T A—4 & Table SYSD2 IZdH 4[RO
MEVE ST A—2 2L A BT 7B E ) O#MZ R L TOD, Fx ITIROZEITKUIL,

I TSNS ET /WE, BB ED s /K EOEINOHEEL THY, L7chi> T IHEEIE
FUROKHEZ)2Y L[AD,

AIREMED B DR RIX, Design FOH Tigmaird, SOC B HEEH RSO BAR R, 3G
DENLE B I DB B IIRITIZIE S T—F T 7 F i b0, WAZ~ A XS PE OFEHL
EE TS,

PHREED | FERAERHIHERE T 2720 G RIR DAy F o7 (Tebb X ATy 7)) EIL,
2012 )5 2013 4, 2016 HE7) 5 2017 4, 2020 4E) D 2021 AR IZHFH TV EiE 275,

B T HERHE LR I)1 T SOC DYLFRIEGE ’ﬁ@%??f?

EUAE FHER R R IAVT SOC R A 73 DALEREE /11X, SOC LD PE D%l T /S A ZADPEREDFEIZLL B9~ D L HE
M&%meww7i@ﬁ%hﬁﬁﬁgwﬁﬁ7i&ﬂbM@ﬁm%ﬁ%ﬂfWﬁfé
X T DS FETHHI LA RT, ZOX Y7 IE, BHEREHIHINEZ TS PE OBAHESCTZEI
T IBTEMICiR RS NS,

ATREMED B DR RIL, Design O Ciansivd, mliaka B CORELN—R =T YT =7
DEING EFNTERY, "L T AL DAT =oAL T VAT —ar DAT—U~O BEY LS
ALET 2 —AF (I, BALAERD) bEERICE N TV15,

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



10 YATLRTAN

9,000
8000 (]
7,000 -
6,000
Z 5000
3
3 4,000
o
3,000
2,000
1,000
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
EHEE | eakage Power, Logic Leakage Power, Memory
Switching Power, Memory [ Switching Power, Logic
Requirement: Switching plus Leakage Power
Figure SYSD6 SOC Consumer Portable Power Consumption Trends
1.E+05
o
o
-
©
£
s 1E+04
o [5}
Sa ~
c ~
2t 1E+03
£ +03 |
easg ™
o 457
ik
C e
o5 E 1E+02
[ op ©
g cz2
7]
e g
8 1E+01
a
Y=
o
£
1.E+00
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
—o— # of Processing Engines —4— Device Performance
(Normalized to 2007) (Reciprocal of CV/1, Normalized to 2007)
—®— Trend: Processing Performance —#— Requirement: Processing Performance
(Normalized to 2007) (Normalized to 2007)
Figure SYSD7 SOC Consumer Portable Processing Performance Trends

BA FYEE a8 m)1) SOC (SOC-CS) RFAN

BARfaE < es
72<, AC %
v \Tpﬁﬁﬂﬁ“éo Z® SOC ET NVDE-DHRHEIILL T THD,

113 SOC (SOC-CS) RTANDHEITIL, NATUR - —hipd B R
/ﬁ‘fﬁ uﬁ?‘f)héj’bf{ﬁbﬂéiﬁfﬁbmrb \Eﬁiﬂq’f‘/?/wf%

(SN A LH7: SOC DR&REHTID

WUBRRE 1AMt BB SR L EK Cdb D, Figure SYSDO 121912, 2022 RIS LB L S LA HLERAE

71X 120TFlops ##E2 5,

BEREIZ ELL TV 7R =TI RBLSNEITSND, LIZD> T, @V O BERE A 8 Bk E L, SOC 13
285D T — LT (DPE : Data Processing Engine) 2>585 5912725,
EA HEERHERRIT SOC RTA/NELIEL T, ZORTA/SDE S xtERE T B2 03 BREZ- B0

U720 BERER TGELT-D &\ o T FElR PRI L TN,

FEREZIBINLTZY | BEREZUE L TZV LT LR GylaTosh | RAEMPEE SRR AT SOC OFHD

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



VAT LRTA/3 11

R DTAT VA7 WAL IR EL | ET=ZOREF, ISR,

Figure SYSD8 (213, BAEHTRE ZEARAT SOC R A O MM T7 —X 7 7 F v Oz ~4, 20 SOC
I1E, DA T Y DT —ZUFRT P (DPE) | ARVRTF V7 -F T DAL HET 2—ADTZHD
11O DB D TN F T —F T 7 F v AR5, Z2C, T — X2 DPE 1%, 7 — LB R
Liz7 vt CThHY ., P BIDT- OREEEZR BV BR Z L2 &> TEVWVLBEE N & L TV D, A
TahiE, ILHZ e THY, T —ZABET T DPE IZXL THEEDEIRD 2 L= ALER A2 A r Y 2—
NI T D, 1DDAL T at bWV DOT —Z BT DPE EIN—FEI272> T, AR T —F
FIFXERERL T Do T —ZUFRT L DPE OEEIT, SHELSNAMIREE /1T 7 WA )bk E5, H
FELFHERMEREZ R T D701, ZOEIZBWTET LEL Citiishd 2T SOC DHIT, SOC-PE K
FTANNEL S DT —HFLT P DPE 2445 AlREMEN 5D,

DPE - DPE || DPE | DPE

DPE - DPE || DPE H-| DPE

DPE - DPE || DPE | DPE

DPE - DPE || DPE H-{ DPE

Main Main
Processor Processor
| ——

10
- Memory IF & C hip-to-Chip IF -
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MPU, A&V’ ZL U7 I~7 (2L FPGA)THD, MPU BT 21T, Feb B2 5% B AZ A L
B OMGER AT 5720, PHEARRICE > THERERV AT ARTA N THD, TNHOKERTLOFR
MFC, BIET o — O FLOERGHAZ ANV B I OSHE Y — /VOVERR (KR E RN BT L Y — LA R D
RAMZFLAIZEDTED), FRFHF L TGN T X TOYRZ B T D EIF RS2 b 72 [a] #
FTHOVHSILD, FEEE MPU 1T, SEFE B LORRGIOEMES, B )-dEVEREMAR, KT —AD5%E
THREDOZhR T ANBLOMGE, BAHIE, S0 —U3 2T I a AN L CREAPE (LR TA T LTV,
MPU(—BANZIFNARY oI AR BER G DAEFEIL, FEF I B8 ITENSIL DI Db H T,
EFEEIZ > T CCANSNAFHMT B L O —hA— a kB L OMNE COm ) 2 ED T,

ITRS @ MPU RIANE, ILHO A YR —F T 7F v (ISANZEESWTEREFSIL, TAZ by 7 e —
INVAT BZBITFHAZ R T TOMH, £2i%, SOC 77V /r—aToay LU CHAAENTZDT 5,
MPU S A7 LR TA/NE, HIZHGOT AL T, FERBNZLL T ORI DD, WEET —X%T7 7 F ¢ - 7T
N7 4 — AR HBLL7=OG | ENA BRIz THFGS UG T 5. 2T D OB LA Mk
758, )T VERE R B L ORGSR &k, MPU FTA -7 L O EBEERERIT, LLITOLEBTHS,
(REOFHENEIL GTX VY —/L THEFTES, MPU [ZET2NAIL, BT 7E8NI-5E T itSh
%)

> Memory is a special class of high-volume custom design because of the very high replication rate of the basic memory cells
and supporting circuits.  Since these cells are repeated millions of times on a chip, and millions of chips are sold, the amount
of custom design for these parts is extraordinary. This aspect has led to separate fabrication lines for DRAM devices, with
some of the most careful circuit engineering needed to ensure correct operation.
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KERF Yoy =, JOERIGAEY NATT—F L L DA TF o7 AED) G HD NS SEIFa AR
BRARNWZENEZBNDS, EBIT, (Fat R 27—V ZIZ IR A T TA L BN HE LB
BT —X T 7 F v DOMRES 2l —ar BREHI D Zhb X AT AXDOENNZHIIRT 5 TH A,

3. wAFIFEE — MPU Oy 7 iRT, T2 HP BL U/ R CP 772V, 130nm A TA%
—%u‘:wv%j’utyvyﬁ‘::ymﬁ‘/%ﬂ"ﬂ:%}yiﬂﬂw%o ZHUE LR DUV O DFEEE G AT

S DERITBLOSHEHEISN QOB REH MPU LSO (T — B L OT A7 by 7 Ol 7); 2)REHED fiy
/\’Z/FT X7 7T ¥ LRI TR SRR G2 T 90 BN, 3) AT SlTBk TR LT
<Y =% T 7T v (BlZ I, BBk, 7T 7407 A < IVTF AT 4T EEARE R LT, 86, multi-media
instructions (MMX) 33 X T8 explicitly parallel instruction computing (EPIC)); 4)7E /1 D#ELA TIXZ UI EZh=RM
TIERWILHO T - a7 12, Sh3ne R =2 | % SOC DIHNHEFET HILICL-T, 7T—
X7 7T, operating system (OS)FBLONT 7' V/r—ras «L~ULCOE D FHR/ 2 E Bz Al REIZ 3 D,
5) Y -aT ORI UAFEHEEOHN (et aTEOaYy I T UREBIE, T aU it e
(2 LAfEEIN%); 6) SREHAPEMED BN SOC & MPU D% FIED RS, KVEMEC/R A — a7 iEn
SOITEAERIKGE 507, ZUBIE, R HP BXOUNATUR CP 73V T, SliZa~ /L F a7 it et
3 HIOIT72%, 2007 HEZ 4 a7 ThiE D~ L FaT kit o7 i, 77 /a o I L4 [F0EIG THY
X%, ITRS @ MPU SE7 /LTI, a7 O DAZEHNNE G T, MU URAE LT 7 /oo it
(22535,

4. PEEXATTHER — MPU ([ZHEEINDATYHIHE L, SRAM T 2007 42, CP HT 4M /NAh(4 X
1,048,576 x 9 &'k HP T 16M /AR TR —h 35, ABVHRIL, ooy 7 L RIUL, o Rr R

% Multi-core organization and associated power efficiencies may permit slight growth in die size, but the message is still that
die areas are flattening out.

7 A “helper engine” is a form of “processing core” for graphics, encryption, signal processing, etc.  The trend is toward
architectures that contain more special-purpose, and less general-purpose, logic.

§ Initially, the CP core has 40 million transistors, and the HP core has 50 million transistors, in 2007. The difference allows
for more aggressive microarchitectural enhancements (trace caching, various prediction mechanisms, etc.) and introduction of
auxiliary engines (encryption, graphics/media, etc.).
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5. LA TOMEE — ZDIVAT LOBHESEAEPER) 22— LD ESNG, MPU 1L AT U NEE AW FTHR
FANTHD!, LT235> T, MPU RIANIZESTUAT I MEENRESI, Lo TRfin—R~ v 7 s

= (Overall Roadmap Technology Characteristics) CHLUESIL CWDIT L DPAZEETF T A X %GR ET Do B
Pv7L SRAM DL AT NEREIL, DRAM OITA 77274 | VI T, Filfd MPU %4 LCHEEADEELT
W5, F 3T 7 /a P RO B/ INORHE A X THLEG A, vy L AT NEREIE FIE 320 DAZ L H—
R BV TONRF =R L AT TN L TODY, LAT MBI, BEisns Mll: v F DI, 0.7 DA
=0 TN ES T, 77 /e MREET 2 5875, SRAM LA T U MEFEIX, JEARIREO 72512 60%H
T — "~y RZ&HFDH MPU N TP 2 BN EL7cE Y M Vb i O HFEDO XA B L )6 h7r P AL By b
BAOMHZERBL T,

6. RAF > Fo 7 (T a— ) 2ry2/gE# — MPU 1L, e —F -~y 7 5l 5% (Roadmap
Technology Characteristics) D H Cig KA > Fv 7 - 7uav 7 JHEHLRTA 7 LTW5D, Ziud, #lo T,
Interconnect, Process Integration, Devices, and Structures (PIDS), Front End Processes (FEP), F54 ) Test D™
—R~vw T DRk & IR REERNT A7 3%, 2000 D ITRS Tlid, MPU g KA T 7 - oy 7 ERHL, A%
fEZ 2 O DINTET MELTZ, ZOHB 1FE 14 513, T A AR =V ZHIICVIE AN 7T
17 WHED )] B2 ED, FEVD LAREIL (FIZ1X 180nm (23813532 DT 7 T R4 DAL 73—4—(FO4 INV)
@i&%}@” ZFAS L, 130nm Tl 24~26 D FO4 INV 3BAEL 72 D) /AT T AL Dy B OB HE T

. 2001 4E0D ITRS THHHL7=IHIT, ZOFEE RN L RO LN S0 B A39h5, 1) BB D1
y&/wx 6~8 JVD72U FO4 INV IBIETIZAERK T HZENTERN, 23 FFA L DHFTH—/ 3~y R
GHROIEI)DHIINT B 7V 7 7 ay T 1= 2~3 BedD FO4 INV I, /\"/I/X—n%v—}\“?y?%fcb 1~
1.5 Bx® FO4 INV IBIE), 3) Tt e/ o — 0 7\ Lo CRES T BV I B LTI VS 7 A L
T 5, A7 —F T 7 F ¥ LEEOFHFN L, FEBUGEICEET 53500100, (77 3AAIZHBET2) Bl
RC OIEAL DA IBITHIERD, FHD ITRS Tl I KAV T v 7 - Ta—snray 7 BN,
(B o> MPU 7y Z BT — 42O 7 ay M3t IES 1T %) 90nm C, 7y 7 AL 12 D FO4 INV J#4E
T77vMI>TEY, /2Bl EBLI 0T —%77F v OT7 7 a—F PRWIRIETIX, 7 /S A AMERED Fx
Ty RN %, 2007 FIE, FFA CEHRKNIHE BN DOHIRIZBINL Tz, i MPU 7
TINT F—DE, =T aANCEENE, IWEIRANO R | Be KIHEFET1H3) 120W T—EL7e>
T&Tz, —EDEIEROLET, BFSiLz MPU D7 a7 B ECET Vid, 2007 40 4.7GHz %A% —k
LT, FEmIAKEE B HOBRREE IO ph T, 77/ R EIZZ<TH 1.25 F0FEIET

¢ The doubling of logic and memory content with each technology generation, rather than with each 18- or 24-month time
interval, is due to essentially constant layout densities for logic and SRAM, as well as conformance with other parts of the ITRS.
While the ITRS remains planar CMOS-centric, evolution to UTB FD SOI and then double-gate FETSs are now projected to
begin ca. the 32nm node.  Adoption of such novel device architectures would allow improvements of layout densities beyond
what is afforded by scaling alone.

0" Adoption of eDRAM, and integration of on-chip L3 cache, can respectively increase the on-chip memory density and
memory transistor count by factors of approximately 3 from the given values.  While this will significantly boost transistor
counts, it does not significantly affect the chip size or total chip power roadmap.

" ASIC/SOC and MPU system driver products have access to similar processes, as forecast since the 1999 ITRS.  This
reflects emergence of pure-play foundry models, and means that fabric layout densities (SRAM, logic) are the same for SOC
and MPU. However, MPUs drive high density and high performance, while SOCs drive high integration, low cost, and low
power.

2" 4 2-input NAND gate is assumed to lay out in an 8 % 4 standard cell, where the dimensions are in units of contacted local
metal pitch (MP = 3.16 x F).  In other words, the average gate occupies 32 (3.16)° = 320F°.  For both semi-custom
(ASIC/SOC) and full-custom (MPU) design methodologies, an overhead of 100% is assumed.

1 4 FO4 INV delay is defined to be the delay of an inverter driving a load equal to 4 its own input capacitance (with no local
interconnect).  This is equivalent to roughly 14 x the CV/I device delay metric that is used in the PIDS chapter to track
device performance. An explanation of the FO4 INV delay model used in the 2007 ITRS is provided as a link.
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£:2)) 11 AN NNy i
MPU D/t

RITD B NTTAXR Tty 7 | ORBUE, D)IERD MPU BECZ TAHEL TWOBRTA2 00575
INA T v  RTRE B REA RO LIRS E (P — ) | BLO 2) BIRIXTA YL R A~ LT
AT 4T T Z N7 +—2(Figure SYSD4 @ SOC Consumer Portable &5 /L2 M)z %, RF, 7717 R
VIRR ST FNBEOT VSVERSEERILT SOC Hbied, /ST — B3 AT A TH [ 4
— T 2 ARYAFYT ATt | [RE T : 7 —H ROS I, b —2 % Ut — 3728 T
P BT LB, A2 87 = AT 0 LRIRL T A A LIZb O Tl b, TERR MPU fF
AT TRk T2 —EAe HRREIE, BREHEFES) T —< =T AR v FaT b, 110 HiE,
BB IO BB AN T 26 DO TH D,

ARFHEET]) — MPU UL OGBS L OMGEEOBEHESOaANT, 1 DORFHHIZD DT =7 MERK
T NBALGREHT— L TEAT T —2) TRRITH L TWOADOHEN 5T, WEIZIZHBE O Rz 7
T RHGBEASI TS, ZOREL, rY v/ GRBL O A BB T 2 — =0 T DO L7054
A —h A= ar O HEBINISHE LAY 2Es I OUERGRZR R 7 70 —Off AR S8 7=, £
DFERAUHAEFE I OBEINT, eI BIRAS Y 2— LB LT — LA —EIC T A2 LA ARl LT,
AT MRS BRI ONERIV— Ve T oo/ T 535G — /VOR R, ZELTGTO = E kI
HEFH Lz,

WD =2 R — Rolr—VOIEEE S EIRIZ(2007 ITRS ZA L7 — LD & ETIZ 200W/em?
[ZEETDEHERISNDIZH DT, @G EE (RS 7-0 OBAEME 0.7x (2R L CTRRERMEALE 0.85%)
BIROVEREEHARH T OPRAEME 1.25x (ZRTUARBRIEHLE 2X)15 ZkhiiERr Lt T 52 L3 TE720, PIDS
BT AREILTNDINNT, MPU VAT AR TANZBIT DB EO 7oy 7 EE N VR, KE7e4 7 EiiE
FOIEF NS — N BN DEFRD CMOS T /3 A AVERE(AA T 7 B ) 2 W Bt L Uit
SN TET, ZDIRT NAANREZ N6, BIZBEHFORIESST —X 7 7 Fr Hifliz Akt 95 MPU
1%, 2020 FEDRE ETITIE, 7S —V 8B EIRER 4 5@ T2 THA), HLLIT, MPU moy 7 #5i#fi&
BIOGEIDeT 7 8ERIL, /o —UHIRESFA DB T2 0B D,

BB L OMHLIA R OB DL, BRI ST —HIR2M Thiv TRV, 2D XH 72k GRE) (2 RV ERET
BT THA), Bl D/ U —h3R (722 21F, GOPSImW) 1Z. I MPU (2L TR AN—R =7 (HLA
A N—RT =7 ) DI 4 Ml EL TR, ZOMEMRIDKEL > TD, FEREL T, (ERBOERE =T
1%, AR SOC FA 772 MPU FEIBUZ 3T FrRE g M, £00E, Var 74X a7 77 Vi at o
VU EDBIE T DL D THAD,

" The new “constant” power MPU model depends on evolution of a “Design Factor”, such that dynamic and leakage power
respectively compensate the 1.25 % increase of clock frequency with each technology generation. The Design Factor for
dynamic power corresponds to a 15% reduction in switching activity factor per unit area with each technology generation; this
will be achieved by improved design and partitioning of architectures/functions, and by extreme use of existing low-power
techniques such as pin swapping, gate sizing, hierarchical clock gating, etc. The Design Factor for leakage power
corresponds to a 30% reduction of leakage power per unit area with each technology generation; this will be achieved by
aggressive use of such techniques as MTCMOS, body biasing, multi-Vth, multi-Vdd, etc. ~Dynamic voltage and frequency
scaling can contribute to the Design Factor of both dynamic power and leakage power. We believe that these Design Factors
are actually conservative, in that the ‘slack’ between maximum achievable clock frequencies and projected clock frequencies
allows superlinear reductions in chip power due to added flexibility of logic and physical design optimizations. ~Faster
progress by the industry in achieving Design Factor-based power reduction can enable lower power budgets and/or higher
clock frequencies in future.

5 To maintain reasonable packaging cost, package pin counts and bump pitches for flip—chip are required to advance at a
slower rate than integration densities (refer to the Assembly and Packaging chapter).  This increases pressure on design
technology to manage larger wakeup and operational currents and larger supply voltage IR drops; power management
problems are also passed to the architecture, OS, and application levels of the system design.
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INTED, vNTF a7 T —FT I F L, THOBEVEERT D0 TTEEEFIHATL2OLRETINNC, H
BEEH A FTREIC 516, 72 MPU £7 /WL, 7 EICA BB O B AZ -0 222 ATREE §75, (X
TR 7 oY, FoE, KA F 7 eDRAM L3 v o), JOKRERATVEENHD TN —
M=V OV TES 15D EHIEHT AL AIREI 2D,

IR~ AT —% T I F ¥ OEL(R— =TT A A= /R=2A DT —  BIOTREANIT, HE
ETDFENDEZ TETCNWDINNCRZD, ([RZy7OIER|ITIE, H5—EO 7 B EAEHIZIN T, #Hr
LW A7a7 —X% 7 7F X I H 0O (FIO D) v~ A7 —%7 7 F v 2 H U558 1S N mfEss 2~3
2720, Z2DO—FTHERBIT L4 f5~1.6 (L SESNRNEL TND, ) EDIHRTENG, Fltl3il 4L
LD~ N TF ALy FMEDERID KELZ2 5 TND, [FIERIC R NI —0R07 T T 40 I A X 2T 1% &
DEHE R AN—R, BIO(FR) FHZ Vo n B TCONEMIZHD, FMRMEDHDHNFRDOR —R A
T RAVNI AT v bimE 0D,

1O #8E — MPU VAT AIZEITD 0 B, FEEL T, EEREX v 2 ARROA L VAT DAEDT
I TG, 7 a7 4 —< U AT DIZHEN, 1O HHRE D ELRIFIR /2> TETD, Feb i)
UWVBIR DR — NI ABHEIIZ L2, L3 Fp 3 2l iU TETZA, il DL, ARV D IFRFHRHH (L—
TV | EWLT T2, T AT b — T 2N LAAED TOVD, ZIWHDX AL I RAEIA L Z T =
—ATF T a A H T AL BT O HIBIREZER T D, ARVALZT7 = —ATINZ T, ZLORGTNIY
AT DS A ERIRIRA L R o= IRA U "o A BT = — A TBEERLZ TS, ZHHDA 27 =— A%, Ghitls
DL — e FATTDDITEmRER 110 REFEVELL TS, ST LU 7, ZOL—MIEEL TBY, 2D
— 5T, BT B 110 OKBIERIE, WEZEG (B4 ORIESBIEREEE N2 EL D), T
AMZDOHEEEFAT CEDLT AFENIET D) BLO, RN — (Rur—UNF T LR — RO &
B INTUADENTARIET AL DERE MEET D) ICBEL TF v LoV g b,

[EIEE e 7 EXBEHT — HLETERNT — N bA) - FERRA) 2L T 7 VS RSB 7 I R Dot
VYT T 4 A B O T m e A B (I 2 XHEAT 2 AN IT DN D a5 A & TR A R0
T A AEED R — R~y 37206 Lithography FL PIDS ¥ (ZKEBREIZRLES LD 7 mE AR B Z Lo
T RN ST A—=H(T 2T ANMEDT = MBI S TND, ZHUSED, BIEST —X%7 7 F vk
SOV THIFINNT NS T A, X AT Iy 7 EEOME L, KVIRE D, 7y 27—l
B COVERRICITE I THDN, Mg~ — VU BILOTEE B NICE> THIBRSHL TWOD b L, /8
A= a Dy VI FIC IV EN 272D Th A, BEEVDORREAHIT-OI TR a7 4%
277 VO HEFRERIZ, B2y 7 H O single event upset(SEU)H=Z— 2T IENHENNT 5 THA), kit it
HO7rvALH), BLOHE EN TR (T 2T AME) ~DORENEETEDIOC, FRFHTEbIC
RIETHTHA), /T —F— VA NDOLENET, VOO ERFIOMETERD D THA),

AEFVERES K ONE I E O H D EI LB L OE A r —V o T e ate T 7V /r—1a 0SS 7 —% 77
T L~V DL

6 Replication enables power savings through lowering of frequency and V,, while maintaining throughput (e.g., two cores
running at half the frequency and half the supply voltage will save a factor of 4 in CVf dynamic capacitive power, versus the
“equivalent” single core). (Possibly, this replication could allow future increases in chip size.) More generally, overheads of
time-multiplexing of resources can be avoided, and the architecture and design focus can shift to better use of area than
memory. Redundancy-based yield improvement occurs if, for example, a die with k-1 instead of k functional cores is still
useful.
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WD DI EIEFLFHO(E 5 E2 B Z MR EEL 725720 Th D, ZOINTH HAlfT~D7 Fu/E kg
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it (BI2IL V2T N~ =0 L 2Ty R EIFE ) 13K AN CMOS 78 (L~O R EE7 H i E
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RICINZTANAT =D T RIBEL 70D,

ERE DL CHLI LT TR e — N~ B2 RIE T, 7 VXV EIREREHCIL, s —
FAELLAER T A DELIN TS, ZIODEEAIZHEIBRY | [EME7RE B EOF BIT M E Th<
725, — . T a s R EE I B RS AT T eIl RN R 1 2B B L2 Ze by, B
BT AEREEL Cid, FHERA (R 50E /)?ﬁ%%xvﬂ VT B E -2 D ERE. VXY
H A ARPTB L OGER) eIt (RERR7eA A4 AR A ALE A b, =y F L 778+ _RCofldE T
RO RPFTR RO XBEB RIS RE 5 22) b D, ZNOOMBEEMNT T 5V — MddH D3, B
MROFELIELL, F2, 2NV — IV OREEIIMKIHEE N7 Fa/EE, Iy 7 AN 7 F /LRI RF
EHFHIB W TUIRER 0 THD, A —/VITHIHBRL L THY, 7 Fal BEEL A7 M RIZRE
XN TWD, AMS [BIEE I3 T-H8E T ANT E72 E2MERE R AL EETHLHM, SOC [T 7= A&
LCT I as by L7 7 AR (BIST) DRI GEMEAH D,

A AORBLT 7V r—2a 281357 a7 25N RF [BIE X SOC DIFAD—H4r Thd,
FEPERDE L OE VR AFIEF I PRI THDL —ZNOITREEFEM THDHD IV T AR T F )b
Bl HEES 25 OM e R B RE NV ETHD, BEMAEE A BFIIIy I AR 7 F L E B
ET DL oL RERBERMEZL OB CTHD, 7T rs eIy AR 7V (AMS) Dua—R~y 7 a2 %
LODRE, ZFELEDRIEET —X T 7 F ¥ DFIET DO THMBAL B LB L7025, KEe7Ta Tk 4 DO
BRI T F a7 BIKIZ OV Cikam Do ZAUDIT RS BEREIRRERLVDTET TIERL ZRDEIEO
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ZORMEREIT SOC DT FrZ72bTNT RF FIZE ST, BN SDEE THLZD TH D,

1. K% 7~ (LNA, Low-noise amplifier)

2. FEIEHIERIEL: (VCO, Voltage-controlled oscillator)

3. E/1EEZR  (PA, Power amplifier)

4, T mrT U NVERLY (ADC, Analog-to-digital converter)
ZHDIEARFERRICHIH SN GG B LT m e AHAN L, LD ZL DIy I AR - 7 F LRI OMEREZ S
RET D, 1E->T, ZNHADDEIFEOMEREZPEREFEEE (FOM) (2L > TRl 92, ZNHIIIy 7 AR 7
TR =R~y 7 O ROWE# LD,

LAIF . ZHHOMERBFRIEIZ DWW TR E R T D0 /ST A—F (T2L 21X Flfs G I, T X TF v ~L-
A — LTI EE L TH 2%, 52 BITZRREHREEIT L COREE ORDIR ~D R LAl T 5
DET D, TS LRUWIFR R L > THANFEEE DN SRS D ZEDE 2 5D T, TeLARIRDLAT D
R R ZHER T D720 Th D, (oL AIE, ARBMRIR OB AT, i —R <~y e 7R 59
TOXAAT DHEESDT=DIZLNHERE 1 L7025, ), ZZORIEEIL, Z0 HMIZE> TENETND R 5T R
PEREDR B D, DFEV ., HOVERERBUT AR DS AT R EL QWD ATREMER S DY, £ D XH70 R % (A1
THIOI, BENBE 7 T v 7+ — LITHBEESNDT e/ BB IO RF EEOMERBIERE#ER T 2.
WIRIT, A7 a TR, TARRTA=ZZ LM R DR A2 RN T 5, £ D5 R, B
G EDBRNOT ASARB IO m e ZFAN AR A B ZENTEDL IO D, 7T r I/ BIEMEREDOKE
IRHEAR 7R B ONTHLERY T HEEBL TR BT E R T HE OO IMBIEP R RSN TND, ZIHD /T A—H T
RF and Analog/Mixed-signal Technologies for Wireless Communications D&\ 52 H3LT\5,

zZ— -« /fR" 72 FILNA)

TSN AT ML, TR B Sy DA BT 2= A BT D, ZIHDA AT = AD
SR 72 B E A B DT IERE(E COBIELAR TH D, LNA 1T, IRED(E FABEIZHB W THEFITAR
ETHOIREIZETAIME FEHEIET 5, LNA OFEE/MEREFEEE X, IRED(E 5L BLE M Z A
THZERS HOERHIBINTAZ T EIBZHZETHD,

LNA o]t H (global standard for mobile (GSM), code division multiple access (CDMA), wireless local
area network (WLAN), global positioning system (GPS), Bluetooth %)% 25 < O &I i\ C BB L TVD,
BVEEE ., B L ORI LNA O Ji IR Il 23 22 ol T e MERE ISR B e B 2. %, FERRIEEITZ DT
TV —a Al E T AHINIEETLIUNERDHD, THHD /T A=ZIMERBIEIRIZE ENDMERH D,
7T, RARDUAT NI DOGE | HEIZH T OZEN AR THY, BARD MBS EFD, Bl
(X BT TV — 2 a AIFFE A WEHIE AL ThH D, Ll ZAUTIHEE A st 5, X
THE MR, PO LRI 7 7 — v ar O BB HIAH THDH, ISHIRIED T AT AIZD0
Ti&. LNADPERE ;%aﬁ#éﬁfr AR O SRRV D BB LR DN DD, ZIHA JET DX 2
REERET D202, EARIEEIZREL CGRinaittd b,

RHES T > 7 OBIEIE, 5 3 IRAH—E T MRAL DO I L CRealk 35203 CT& 5 (0IP3=G
X IP3, 22T GRS, TIP3 1355 3 k(v B —E T RRAL RO AST) s LNA IZ k- TIERMEIZ g S
DI/ NDIE FHRTET D/ TA=BEL, T T DHEEE NF (IZE-> TEEG 265, Lo, MEE A E
BENTT T OEBEEEZ DL, (NF-1)DITH, WEEZEOMES Numpier EANTIE FITEEND
HEE Nipue DICZRZIRT OT, HIRAR D /A R E LV ILE T, ZhHo 2 SOMEEIEIEIZIEEE ) P LB

" Certain cases of application are omitted for the sake of simplicity, and arguments are given for the cases selected.
Considerations focus on CMOS since it is the prime technological driving force and in most cases the most important
technology. Alternative solutions (especially other device families) and their relevance will be discussed for some cases, as well
as at the end of this section.
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R T DA ——FIATBEIZBBLEHBIL ., Vo EIRELIZELBIL, LC Z 7RI OMEREFR D
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8 R. Brederlow, S. Donnay, J. Sauerer, M. Vertregt, P. Wambacq, and W. Weber, “A  mixed-signal design roadmap for the
International Technology Roadmap for Semiconductors (ITRS),” IEEE Design and Test, December 2001.
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— XN THDH, NI =T L BELIET v R~ OPRE B/ IMET DT I @ OBRIEE 2l 22D,
THEA T F T ~EE T DDICMERREE MG T 5, FICEMBITEOICHIZI W T, FrEo
)2/ DC & TERE T HIENEREND,

CMOS U =7 7%, ZDEANBIEEH O L H) NS E BN N L ELESNDISH 3 B BRES
D, ERH S CHERR SN D /ST —7 7 (ZHid SIP B O 720y TR LS D THAIBD) TN T
L, AR —FAL AW VB8R T 7 )y 3R I £ CD (RF and Analog/Mixed-Signal Technologies
for Wireless Communication D&% %),

PERE DS i i 3 D72 DIIE, W OMNDBEER AT A—L B E BT HLERDHD, JL%@»\W@
ZEX HIIET) P E@jﬁu G. U7 JEIEL £ BINE (1IP3 TD) . BLOVE 1503 (PAE) T
b5, RNEITH, BRIEME 17’/70@31’%& ZHIKAF T D, 20T BIRDENVMERD T T E T H
EMNEEL 22> TND, SOITHIEMEIC BT AL, FERAICIZTT VAN IE FIEIC L0k s NG5 L
Biond, LT=n-oTL ket 7 7 o—F FEST PV r—va O EA OS> D L MEESLR I3
L1, ZOBINED /ST A—= L2 5MEREFR BN DITENE T HZ 8T D, /XU —7 7' O RF FI15D 20dB/
T —ROu— VA TR E T D0 7 DT 7R EED TND, 2O HYERERE (FoM) 1R D X5
\ZRKTZENTED,

FOM,, =P, -G-PAE- f* [3]

out

W&\, NT=T T OT =0T F v LU TRb AR A RENWEICIREL, SHICHMILETTHIZLT,
FOM LT AR NRGA—=5 EORRE -2 DL AL 0D, BT /SA AT A—HT, FIH AT HE
IR AL E T BEOPEREFRELL frax THDo 7T A 1ED CMOS /RNT—7 o 7 OYEREFRIE (FoM) 1%, FEEhT /A

ALZ BT T RTA—ZDOBCEETHRAKAFL THRY, ol I HARVEIZ I B 12 2 58N Tnd, fF
ﬂ%@&ﬁfﬁﬁﬁlgikéﬂé?\/“/fx°/\°§)‘“—5’(RF and Analog/Mixed-signal Technologies for Wireless
Communication DFED/NT—T T DERESR) ZH LI RO N =T 0 FICERSNDIEREFR R
(FoM) DELRIEZIARHE ST HT L3 TED, ZiLb% Table SYSD3 [IRE 415,

FFastF kL ZHAE (ADC)

FOLNPEY AT DI T Tl OMREDA L 2T 2 =25 HF LTS, UL, F—TF 44T A
DALET 2—A BRI DDNNIIEFRIRFNEAT AT ~DA L E T 2— A SHIZARHDHWITIERROIR
PR A~DA L BT 2= AL NI DT %, 7Fus O IL, ADC 2L TF V2 E BB
(227235, 72t ADC (X, REEIICHAE FRIES HAe 72 T ) 75 52 REE LS sy (e~
V7)) In o5 BRES BERT) (E 1 bShz) 7 &I # 5, L7223>T ADC X, VAT LA T 7L
— 2 ar OBLEND FROT Y /aY OFHERIR T2 O T 5 L CTH MR MERRIEIRIC /D, FTo.
ADC 34 HOERILIV I AR - 7 F NV EEEFHIB O T, b BEED DL NBRTNDI v 7 AR
VBRI TH D,

ADC D BT HEfE I, 4%‘/7°)‘/7‘9:%%1t CEMRL TWB, B BITA 0 fRRE. DV & b
N~V DT 2" LD, 22 Ton 1TEHENTBIT A bit £t _xﬂm“é ZDONRFGA=AT | KDE

9 Most CMOS PAs are currently operated in this regime. Using DC-gain for applications far below f, would result in a
slightly increased slope.

% R. Brederlow, S. Donnay, J. Sauerer, M. Vertregt, P. Wambacq, and W. Weber, “A mixed-signal design roadmap for the
International Technology Roadmap for Semiconductors (ITRS),” IEEE Design and Test, December 2001.
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THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2007



22 VATLRTAN

XM DL~ SNR ZHREL, ZAULSNR =n-6.02+1.76 [dB] TH-ZHND, BHIHIZBITH T 7V

YL —bh, DEVEAREICE LSS n EOH T BT BRI ER SN D TIRIEE Z D X570
BRICRIEE T D7D BB E IR L WD, X /U AFAND L, TV 7L —R R
BHSNDIE T ORIRIED 2 (522 TOFUX, T2 fampe> 2 X BWTH 5 & ETDOE BETFAKT
EHEB TG,

IR DM D AT REME R RIATe 72612, ADC OPEREFEEL (FOM) 1X. A F I sy oL
—b feample CAUTHETET) P 2B ELI2bOTHHRETHD, LnLEnG, Zb04 HIl/g 35 A—
Z1%, BHEE D ERHIMERE~D BB LA 5 255D Tidla, KVIELWEKET, HIET —20hoaitEhn
BN MERE TH D, X AT Iv 7L DT IREH IR I1T 515 Bk 35 L OVE (SINADy) O Il E D>
HE LA (CHOOMEIZN &t dB L) Z#5<ZETHLILD, SINAD, K07 EL7: bit 71X

ENOB, = (SINAD, -1.76)/6.02 TEIZENTED, ZL T, TAFANEREL DY I ZARDTZDOIT, IRDZ

EDMTOND, DOFED ., ERNEI 2 HIEE DfEDOE (2 X ERBW) 3. b LEW/NSWMETH LSS I, o7
VL —bhDEN, ZOETEEHZ DS,

(2505 ) min({f,,,,,. ) (2 ERBW})
p

FoM ,,. = [4]

ADC [ZBIL T, PEREFREL FOM &7 27 /"I A—=2 DBIRIT, BHEGROT —x 7 7 F LRI iR
kAT %, ADC DBMESELARMEIT, YERRTREE T 7 /0 RT A—Z DR 72 B AT A 2T AR AT
REICT D, RF [EIEEIZI VT, ZOBEMTITHDRRE FTRE Th o7, 1T bbb, MEREFREIC AN
AL T AL B D AR BEPMTOIN TN D22, FEITL->TE, EEa Y 7RI OMEREE K )
O, Xt OMEREE R ZR D HZENTED, 72D ADC D% FHIBIE T 5T NA R/ RXT A= ZONW T,
RF and Analog/Mixed-Signal Technologies for Wireless Communication DFE|\ZFEEDHHIL TS, ITHFEDH
[[EL T, ADC OPEREFREIT 3 FFT LI B LT 2 L T\, et EORM AN M LTI L%
BRIZANDE WEOMREN FIXT T r7 BT DT NARNFGA=ZDOYELLL—HL TWD, ZAZ
R7 v d CMOS//SA7"—7 CMOS (BICMOS) D54, 2007 I D i 7 7 A Téh % ADC DOYEREIT
500[F ALY THY, =2 ~T (K CMOS D55 C 800[F W LB/ ] T D, ADC DIEREFFE DT
kP ARHE A Table SYSD3 (2§, SEIRELE (G 5 EEIRIEANHA 429 T, ADC OFERER] L2137
DI EE EOBAEA RSB R I NS, RMIAVIZIE, EARB LW BLR 6K (B 2 I XBHES) 25,
ADC DPEREFR B DS BR 58 DOIRE ISR b LR,

Table SYSD3 Projected Mixed-Signal Figures of Merit for Four Circuit Types

Year of Production 2007 2010 2013 2016 2019 2022 Driver

RF-CMOS % Pitch 65 45 32 22 18 13
FoMina (GHz) 20 28-32 40-50 50-80 60-90 70-100

2

FoMveo (1£) X107 14 1517 1.8-2 224 243 2785 ZB.IZ to the RFFand
FoMp1  (WxGHZ?) Technologies for
I0* 15 30 50-70 90-100 110-130 120140 | Wireless chapter
Fol, GHz/W)

oMapc - ( ) 15 2-25 2535 35 46 6-10
x107[1]

“ R. Brederlow, S. Donnay, J. Sauerer, M. Vertregt, P. Wambacq and W. Weber, “A Mixed-signal Design Roadmap for the

International Technology Roadmap for Semiconductors (ITRS),” IEEE Design and Test, December 2001.
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[1] Lower bound is for "high-resolution/thermal noise limited" A/D converters; upper bound is for "low-resolution/speed limited"
A/D converters.

IWI RPN T/ DR

ZIPDEFEY — IV TAR T FIVDRTANDIEIEIL, TAREVEREOF A BRICE > TR ESND,
Table SYSD3 |Z/RSNAMEREFRIEIL, Iy 7 AR - 7 F IV EIEOVEREZ H DT, L LD, HEDT
s Iy 7 AREIFE OB FIZBW T, 8BGO 2 XA B KR BBE CH D, TAREPERED M J7 1%, Sk
VU RBEEAFDOT 7V — a2 At L Tl FTRE THOMMEREL , SHITHLWT T —a~
DFBHEEZAL TODNLIET S,

KEAEFESNDT VHANVBINIZEB N TE, ZOIANIUZEAET YT HBE TR ES TS, EZAD8, 2
VP AR T FIVDFEFHT :J'ou\fi HFEIXWS OO ITARER DO —-DTLA2W, SOCIZBITAT 1
Z IO S A ERRIL, BE 5~30%0> AHICHD, LTINS T, Iy 7 AR <7 )LV O EIR O A & A/
LEDETHRE R I, FRPREIEE 0 R0 A B D T _RDEH EV IR/, LL DX 725 82%
THIENTED,

T aZ o OmEIL, VAT AIBTET I a s kT AV O TR R 2 HT L TR
ELTHDTZENTED, (FlZ X ADC 123175 H B IEFLREC/ T — 7 0 7 ORI ES)
EPEREDT F s R LG ANTLETm B AREME T D, ZORORRRT 7o —F 1L, LA
T DT ANTHLN, BIEDOIA N5 & BIF 52810705,

i 2 BRI ORI, R AN EE 525580805, L) DIF, ~N—KRT7 =T 5%
FHATELCYE VIV RIIZDIRRDENSTHD, (T—F T UNMIELEFTOMEVIKL)

LG AN, T AN w7 BRIV EE IZ L > THRBE 2T 5,

BEDOHEA (FIZIE, FAVARNRKRELLZMIRT DANT T e HAFAXD/ NSO EMERED T
vy F o7 ORAEE) 2D SIP DXHRMERIED F 53, SOC LVHZiZ/enZ bbb 2D,

ZDEH7BEIT, Iy I AR T F VORI BT HaANAFEV E REREEIZ 5, FT RN, M@tk
BEHBROHITHEREIRTE LT, VT AR T F L DaA N RFEL DL ER D, LVHDIE, @Jzofoc
HABEVOIDIL, 77 /0P ~DERERNTAT T HLDTHALNL TS, IRIT, 7 Fa T Kty @t ee
ZEHFE Tl T VAR IVER S, L0 HEBEAMZIFE AR u}i@%éﬂégk%/}qﬂabf
B "I ARED A=) T AT LD T AV ER S DR B E A ESE A H TR A D
AHMEN RS SN TE e, 7 al N DA I LD BELZ 2T, ZOZEIZEVRN TP AZ DL AT
UNEELRA L TWDDO TRICE R THMLEITEN, 5 HDELDT Ful Iy AR 7 F VRO
REHZBWT, Fy 7B XTSI REFOEFE CRESTWD, Thbb, ZHbDX B FHE T
DEFEIN T AT LODIy 7 AR « /7%/1/*[5 FOARRNEPIELTNND, LIZD3- T, Wireless # (2B 5F 1
EMEREDIV VAR « 7 F VR GHI B D AN R & 17 E ST DD B A Ty TR D% %b#:
FOVATUNEEOR—R~<y z»‘:mbﬂ\z)o

BHOFSZED Y — Figure SYSDI2 %, &1 EHEREDBIMROBLS CHAEOIES FA B2 ADC
~OELREFLRL TD, —EDOVERE (D FFREx IR SV O FRIEOHETO—ETHE B Rt E —
1 ODﬁn‘%Tméth\é PEREZ 6] 3280 )2 8T, KT 7/ al a2 o, BRI HELETHILET
BERRSNDD, ZHE—EBNEEOBEL LICBE T2 %M THD, 7 —XILDHE, Table
SYSD3 (Z/rEHD ADC DEAT LD T RUT «Z 10 1%, IW OFESITHEHE TEIINTWDA, T 10 -

% In analog designs, power consumption is ofien proportional to area—and since power is included in all four figures of merit,
we have already implicitly considered area and cost criteria. ~ Nonetheless, area requirements should be stated explicitly in a
roadmap.
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THIRRELDBENL TN IENDbND, 4 HDELD ADC O (LU= SiGe, -V [E L&Y
PR ZIUTZNEDNAT VY R)IE AW DOARYT T A2 D FiZdhd, ZL T, ZONRIT T2 L0 E
HIZHIE BT A7 ORI R T D7) o TRV, 2007 DO BLR (1 GHz/ImW) Tid, ZHures LT
IXFFR CEHIHEE T TR T — X815 0B+ AT BB AL D,

ADC OYEREM]_ED_R—A IRy GRIERE) O FIRITH L TE 4 Th-7228, GSM D FL iz D
T UHRIAALRC #EE IS HICBITDE T — XL —bhD T VX NVE T A HRIIRIL TR BHBNITARE T
bD, PlZIE, 32 FXVT 2RI~ /LTFXxVT GSM FEHUFIZH W T, 80dB LA DX Ay 7L T%
MEET 2, ZOXHR TN T, 25MHz O RE(E HHRIE TF VX VI & SEBL T 57- 0121,
ADC |ZVHE FE )1 IW LL T C 300MHz DEEAA{L#FE L 14bit D3 FREEN E RS 415, Table SYSD3 L fwilt
DEAD BAZRETDHE, ZOXH7MRED ADC N EFESNDHDITALLL 2010 ALK 5 TH A,
FMERE N =T T E BT T TV — a8V T, Si-Ge ~T RS NAR =TI UAK
(HBTs) =2 -V At &W% 0 —7 o FIZHIA L, o7 ar 7ar b= RERIZIE CMOS 2 4% SIP
(X DIRR DR It fif T D,

G EFOES — W ORI T, B AT AT 7o D I BN ER DIV BRI X Al
¥z T THEREZ LIFAZLETHSD, L LW, FRZIy I AR < 7 Vi E G A TOVA R IZE ST,
ZOFHRIPFERE R ATBWTHE— DL O TIX W, EFEREFIOBEEIZEY, HLWis A GEFEo
BEF AR D XIID) B EA I, HERFE T LW TTIBIC A TP L3 TET=, Figure SYSD12 (2
IRENDIVI AR <7 F VDR FHIB T DTS RIE, FER OB Lo BT AT 7258 G~ D BRSO,
At OFEBIMEE AL D2 LITfEHIZ LN TED, HREZ M ESE 52 80T, Bl OB CEBEN TS
HLOLG EOERECIRVWVH B E A2 LB LT HH LWL 2B TE ALV ZEEE T THDZE N D
Do BVRZDE, HTLWELE DR UL, 2D OEERE BT D720 I B B R H A A
FELAZENTED, HOHNE, PERPEFEDN Y72 AN MERE TR ZAED LN TEDH I D ETD
eI 2 N5 2N TED, ZOINTHEREFRE OBEERIT, LIV I AR <7 v OB O TG O
ROEBUATREMEZ RN T A &I ZENTED, @MERRDOIV I AR 7 F L OB KT AN T A |
FHRENE, FERFE DT LRGSO A Bl T 2 E ) &7 5,

14
12

Resolution(bit)

[
® o

1 1
1kHz 10kHz 100kHz 1MHz 10MHz100MHz 1GHz
Signal Bandwidth

Figure SYSD12 Recent ADC Performance Needs for Important Product Classes
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IVIRR T INEIBITETF L
L HDOIVIAR T FIVORFOIEFEAE FRE A7 a /%G ’m\f) I%. LB G DA

X, BEOZELLTREINLOT, BIREENRKOE FREZRET S, BIRELEOK T (EEBRAST
—UL T OFER) 1L, RO ARG B L~V FRDZEZERT 5, ;@qk %.S0C YV=—i=
VDIV I AR TS VELE OB IR L CREREELE H 25, FTLW I AR <7 )Ly OB F I
— BN T VAN RAEVE 3 LS L DBHFE R0 5, &G Y —ADO AR R, BIOEE LT v
LUl D, BRRRER G v AT, BEF DIy VAR TNV ORGHE FEE FAIH L, SOC EAMERED
AET == AR E A T HINNTA—FP LT HZETHD, LU b, ZOXH7eBHAAEZ B
Z7RHT=OIIE, e KEEEIE N AT =V 7 BT DR UESEHEZS ORI MOSFET 23 5hEE L7105,
X, PIDS ZETOIV I AR T F LD CMOS b7 P AZDOFHEEL T, W T/ g EE Lz D
BIEDEBOT OXNT 7 /a RIS TERSNT —BICEEEHI LT D, ZD L5727 3
AREHL->TCLThH, 7 aZ BT ay OB FRBLONT FaZEi 7 oy O EVOH O3,
ST AR T NREREDIRMIAS AL &N R A — Vo ZITR L CEBE R E LD, BT HE, &b
WEE 2SI VAR L 7 F BT ET ¥ L I FOL DO THAHES 2.5,

HFGEIEDOML T . BT —REIREHEIZL, EEE B30 0F v — VR T REEEFEI L

%L“C AB L —RBVAEIZIB W, EEORELALE (PIDS, 7%

FHST G720 NTA—HDIXE DX DA BRI NTA—H DIA~ T ZAfE T DD E A |

B DAL E DB LSy ’”*E@M/ RA754THZE %3 (PIDS, FET, UV 7974, %

&)

F o T HEND T F N T RSB D] o Iy I AR =R D2l —val Y — )LD ERD

AL KO IEMERa L NI NET IV BROWURMEDOBGERNME (ET V7 ey Ialb—ray,

FXET) 2

HPLFSE D] - (Fr VT JW Btk Oz 2 ) . T AR E EMEICET V735

ZEITNA T, TAMES o — VRV AT AL NIV DAL T —a  INTELZ LB

(TAN, BEBIONr—0 7 ®T V7 EvIal—a))

SOC ZEFGIZfEornxpb—2 © FEZROIVIEMET V7 RF BRI 552725800 1

DFEFF, ZHUBITHINZ T PIDS FEIZFLE SV TS EI 223t L33 (PIDS, 7 U7 &34

L—ar, &®E )

mﬂf2$/1/foic’ﬂffzféﬁ)/ﬁ’? fo— :yﬁﬁfkﬁubfb%’}: F=. BEMEHEA TV

CITEINT 5, BB AW G — VI T2 B (GEED)

B#EAEY -FTAN

SOC BZFHZIBW T, IB#iSD RAM <° Read Only Memory(ROM), Z L CL U AK « 7 7 A )L A DFR0
FEEAD S 2 HEINL TUND, A Z—ax b 10 #illE, BREHAEPENE, 2L T AT LENIRFUL, T3 T A
AT JNA=I AV AT BB ITHAEVERD m O L~V OfKGERI7R L RZFELRL TV, IREAE
VEMTE R TA7 357 7V r—aid, fk rlRe7es A (203, AEEH) Oa—R AR —UTHY,
A —=RNEIFIAE) T —R DT —H AN —UTHY, EL T —LHHLNIRE BB AT A ADI
HEtERER Y w7 LIRIET D RABATY THD,

By I EARYDNT AT AT L3 AR, R0 filf), N— R =T -V T = TR, L TA
RIS AT WEATY DM B E ST 5D, IANMIBEL L, 73 AMERREE /Uy I iea iy /- AE
EFEOBIM~AZ N, T 7 -FhE-T 7 HLLIIMMD T AT e A« 30 r— (SIP) SEFE DR IR L
TEAIVERDD, 0y 7-AEVEBOL LT, 5T —R-T =X TR (T2 203, V7 =T 1%
TA—RAEVCENNFHENDLRE T, RMERMEST TV — g OF — R IT7 —ZAEVNFET RET
HD) 12T TR N—RT =T -7 =7 O3 T O —RA7 (7ol 21X, V7 = T30 THD
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D5, 7RI UERG T JDZLOEEEAHEE T 5) IR T 5 Th A, 10 B HEmEHEIT, & A
TARERREL T, EOIDNTHABMEE AN — V2 N — R 7 TR ET D, DFD, 1) AT 7R,
FOEWE LIZIVIRN AN T« 7L =T CREVEAE T DERD S8 A — S~y RORIEIZ L > THES 52
EINTED, 2L, 2) 77 BAME T E 2, B T R RBEOBMESE | @ TOE s Iy MERT2 DD
HONILHE TEE L BT MERTR DD, ZDORTE DI NRTUASEDENITHIRTET 5,

AEVEEEIL, 7oty OEEERICAEI T 7B ADREIN—EH L CWAZENEEThD, ZOHEIT
e 7 a7 —% T 7 F y—fE TSN TEY, Tatyd a7 DAL " AEVET 5T 75
TR AERY (T2 ZIAX, LI ARZ T 7 A)V) ODREIT, ™N—RDU =7 a2 ha— /L OFx v 2D O0DLAY
— DB NIZD7RoTND, KL AT —TIL, BHOELDOWHF X a ABRYPFIET D, LINLRDRG,
B DBIIL, SHIZENCES THROVERSWERFO, 1EROT —X 77 F v, =L —DIERNHEN)
PR — S~y RORIENZ, T2 & 2 AL EIR O Yo > 2 D JH PG END TRIEIEAT = X L4537
Ny 771280, REMEREE LI T0D, VAT AOBLRND, IR—F 7 Wiy CEBERNBO~ VT AT 4
TRWBEDOT TV —ra it Y7 M =T IS 5O ATV BN LI BEEZITHZENTED, A
EUREE DI/ DL A Y —1T, SHICEEIR IR DT 7 A —RENER Y EZBR 95, ~_—T /R —ANA
VA=) =T W oTe = RO HE NSO 5T T T LA BET—RIE Y AT, —
AL A —Z LI LS ILDITE R, Fo, £ F T 3R — 7B fRIE, K0 REREG DO AE
UBEREAIZ 7R D35,

A=V T IR AT VIS IS OEE SRS 5, FIERL~LTiE, SRAM OBV AT U ev—y
V. BIO'DRAM TOHALT- lon RIA 7 EFiIL., 2 DORMESFRETH D, LW/ INSRTIRIL, 722127
INAZYBTZDDDIEDR— /X Nl XD IV REREEL 525, OLSOREOFIZENZI DT AN
AAPEFRESND DT, IXHOEL, JAR~v—T v L) —230— (V—7 &L Vth O FEE B2 AR THEN
D) DIEIFIZEL T, KOKE72/ TG AN w7 72 R BRI D, FERO ISRy — LG,
INHOMBEICBA T BN S HTHAD, TT it 7oA 27—V 7 LRI L AT 0 NE
TGN T 20— D DOFETH D, IREATY DY Tk 27— L —k(SER) 1L, FEIRDHE/ N BN .
Z L CiR# SRAM L OVEH DRAM EHIZH2 5, ZHUCBIL Tl Design O & Cifgama 15, AHFEMHEA
EUVTHEYIDOEEZHZ DLET, VT T — DL T DB LIV, KR, AEEEP OIS 70 mE 5
TEEMEOHDT 7V r—railid, =7 —iIEITWT KD ERTHY, T/ BRH AL "TU— BIW
Tav R AT T NI T R EV EEHENEDO N — R AT Z B &R CTH A, ki, KL
HFRRA AT T L ADI=D DAANIRDO LNELET AN BLOE VAV 2L 7T AN, SOC IZRBITHE
PR HRTHD,

AEYDRNY AL RT p—< U AL ZDOENRDIELOFIEG, 2 ARSI OMERBIZREEED R
BEFFOD T, ZZ TSN A MO FEARE B3R CL g L€, i b D=0 12 B SN A A EE DO &
IIRE <725, Table SYSD4a & SYSD4b 1L, 3 DOBUETE/H AT DIR#HAEY : CMOS IRHAZT 7+
TUH LT 7 A AEY (SRAM) | IR AFEFEMEATEY (NVM) | EAUIRES AT 7 T H BT 77 A A
£V (DRAM) DM ERE 5.2 28D TdH D, ZHHD/ ST A—H L, PIDS BEDOH DT o7 ERKT—7 /W2
FoThH 2Bz, IR FHE R LN RSO T ANB5 AT %, CMOS SRAM OFET)72 A7 —1
Y7, EEREEARE I DR T A RO T Dkl T 5, CIHIE/—R Y720 0.7xDY—R Y A7)V« ZALDAYT
—U T H RS D, BEAT =V 71E, T2l 2 AXPRFF R LB A H LB ERBIE OO BEfR, H5H0 N 45 nm
J—RThEED pMOS 7 /A AZR EOEJRELEVMEEITEA T —V 7 DR 128 2O BLEE1D, 5/E
MO ER RAM, AT RAM, ZAUZFIZE L AV HAITIL. Emerging Research Devices & Cifgamicsal
TWWD,
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Table SYSD4a Embedded Memory Requirements—Near-term
Year of Production 2007 2008 2009 2010 2013
DRAM > Pitch (nm) 65 55 50 45 35
CMOS SRAM High-performance, low standby power (HP/LSTP)
DRAM : pitch (fm){jF é;ture Size— F P 63 gl 63 # 3
6T bit cell size (FZ) [1] 140F2 140F2 140F2 140F2 14o|:2
Avrray efficiency [2] 0.7 0.7 0.7 0.7 0.7
Process overhead versus standard CMOS — #added mask layers 2 2 2 2 2
Operating voltage — Vg (V) [4] 11 111 111 1 0.9/1
Static power dissipation (mW/Cell) [5] 3E-4/1E-6 3E-4/1E-6 3E-4/1E-6 | 5E-4/1.2E-6 1E-3/1.5E-6
Dynamic power consumption per cell (mW/MHz) [6] A45E-7/TE-7 | 4E-7/6.5E-7 | 4E-7/6E-7 3E-7/5E-7 2.5E-7/4.5E-7
Read cycle time (ns) [7] 0.3/1.5 0.3/1.5 0.3/1.5 0.2/1.2 0.15/0.8
Write cycle time (ns) [7] 0.3/1.5 0.3/1.5 0.3/1.5 0.2/1.2 0.15/0.8
Percentage of MBU on total SER 16% 16% 16% 32% 64%
Soft error rate (FIT/Mb) [8] 1150 1150 1150 1200 1250
Embedded Non-Volatile Memory (code/data), DRAM > pitch (nm) 90 90 90 65 45
Cell size (F) - NOR FLOTOX / NAND FLOTOX [9] 10F“/5F° 10F5F° | 10F°sF° | 10F/5F 10F°/5F°
Array efficiency — NOR FLOTOX/ NAND FLOTOX [10] 0.6/0.8 0.6/0.8 0.6/0.8 0.6/0.8 0.6/0.8
Process overhead versus standard CMOS — #added mask layers [3] 6-8 6-8 6-8 6-8 6-8
Read operating voltage (V) 2V 2V 2V 1.8V 1.5V
Write (program/erase) on chip maximum voltage (V) — NOR/NAND [11] 12Vv/15V 12Vv/15V 12V/15V 12V/15V 12V/15V
Static power dissipation (mW/cell) [5] 1.00E-06 1.00E-06 1.00E-06 1.00E-06 1.00E-06
Dynamic power consumption per cell (mW/MHZz) [6] 6.00E-09 6.00E-09 6.00E-09 6.00E-09 4.00E-09
Read cycle time (ns) - NOR FLOTOX / NAND FLOTOX [7] 10/50 10/50 10/50 7/35 5/25
Program time per cell (us) - NOR FLOTOX/NAND FLOTOX [12] 1.0/1000.0 1.0/1000.0 1.0/1000.0 | 1.0/1000.0 1.0/1000.0
Erase time per cell (ms) - NOR FLOTOX / NAND FLOTOX [12] 10.0/0.1 10.0/0.1 10.0/0.1 10.0/0.1 10.0/0.1
Data retention requirement (years) [12] 10 10 10 10 10
Endurance requirement [12] 100000 100000 100000 100000 100000
Embedded DRAM, ¥ pitch (nm) 90 90 65 65 45
1T1C bit cell size (F2) [13] 12-30 12-30 12-30 12-30 12-30
Avrray efficiency [2] 0.6 0.6 0.6 0.6 0.6
Process overhead versus standard CMOS — #added mask layers [3] 3-5 3-5 3-5 3-5 3-6
Read operating voltage (V) 2 2 1.8 1.7 1.6
Static power dissipation (mW/Cell) [5] 1.00E-11 1.00E-11 1.00E-11 1.00E-11 1.00E-11
Dynamic power consumption per cell (mW/MH?z) [6] 1.00E-07 1.00E-07 1.00E-07 1.50E-07 1.60E-07
DRAM retention time (ms) [12] 64 64 64 64 64
Read/Write cycle time (ns) [7] 0.7 0.7 0.5 0.4 0.3
Soft error rate (FIT/Mb) [8] 60 60 60 60 60

FIT—failures in time FLOTOX—{loating gate tunnel oxide
NOR—*not OR” logic operation

MBU—multiple bit upsets

NAND— “not AND” logic operation

Table SYSD4b Embedded Memory Requirements—Long-term
Year of Production 2016 2019 2022
DRAM > Pitch (nm) 25 18 13
CMOS SRAM High-performance, low standby power (HP/LSTP) 25 18 13
DRAM : pitch (nm), Feature Size — F
6T bit cell size (F) [1] 140F° 140F° 140F°
Avrray efficiency [2] 0.7 0.7 0.7
Process overhead versus standard CMOS — #added mask layers [3] 2 2 2
Operating voltage — Vyq (V) [4] 0.8/0.9 0.7/0.8 0.7/0.8
Static power dissipation (mW/cell) [5] 2E-3/2E-6 | 3E-3/2.5E-6 | 5E-3/3E-6
Dynamic power consumption per cell (mW/MHz) [6] 2E-7/4E-7 | 1.5E-7/3E-7 | 1E-7/2E-7
Read cycle time (ns) [7] 0.1/0.5 0.07/0.3 0.07/0.3
Write cycle time (ns) [7] 0.1/0.5 0.07/0.3 0.07/0.3
Percentage of MBU on total SER 100% 100% 100%
Soft error rate (FIT/Mb) [8] 1300 1350 1400
Embedded Non-Volatile Memory (code/data), DRAM ¥ pitch (nm) 35 25 18
Cell size (F) - NOR FLOTOX /NAND FLOTOX [9] 10F756° | 10F°sF° | 10F%/5F°
Array efficiency — NOR FLOTOX/NAND FLOTOX [10] 0.6/0.8 0.6/0.8 0.6/0.8
Process overhead versus standard CMOS — #added mask layers [3] 6-8 6-8 6-8
Read operating voltage (V) 1.3V 1.2V 1.1V
Write (program/erase) on chip maximum voltage (V) - NOR/NAND [11] 12Vv/15V 12Vv/15V 12V/15V
Static power dissipation (mW/cell) [5] 1.00E-06 1.00E-06 1.00E-06
Dynamic power consumption per cell (mW/MHZ) [6] 3.50E-09 3.00E-09 3.00E-09
Read cycle time (ns) - NOR FLOTOX /NAND FLOTOX [7] 3.5/18 2.5/12 2/10
Program time per cell (us) - NOR FLOTOX/NAND FLOTOX [12] 1.0/1000.0 1.0/1000.0 1.0/1000.0
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Erase time per cell (ms) — NOR FLOTOX / NAND FLOTOX [12] 10.0/0.1 10.0/0.1 10.0/0.1
Data retention requirement (years) [12] 10 10 10
Endurance requirement [12] 100000 100000 100000
Embedded DRAM, ¥: pitch (nm) 35 25 25
1T1C bit cell size (F2) [13] 12-30 12-30 12-30
Array efficiency [2] 0.6 0.6 0.6
Process overhead versus standard CMOS — #added mask layers [3] 3-6 3-6 3-6
Read operating voltage (V) 15 15 1.5
Static power dissipation (mW/cell) [5] 1.00E-11 1.00E-11 1.00E-11
Dynamic power consumption per cell (mW/MHz) [6] 1.70E-07 1.70E-07 1.70E-07
DRAM retention time (ms) [12] 64 64 64
Read/Write cycle time (ns) [7] 0.25 0.2 0.2
Soft error rate (FIT/Mb) [8] 60 60 60

FIT—failures in time FLOTOX—Aloating gate tunnel oxide MBU—multiple bit upsets NAND—"“not AND "’ logic operation
NOR—"not OR” logic operation

Definitions of Terms for Tables SYSD4a and SYSD4b:

[1] Size of the standard 6T CMOS SRAM cell as a function of minimum feature size.

[2] Typical array efficiency defined as (core area / memory instance area,).

[3] Typical number of extra masks needed over standard CMOS logic process in equivalent technology. This is typically zero; however for some
high-performance or highly reliable (noise immune) SRAMs special process options are sometimes applied like additional high—V,, pMOS cell transistors and
using higher Vy, for better noise margin or zero-Vy, access transistors for fast read-out.

[4] Nominal operating voltage refers to the HP and LSTP devices in the logic device requirements table in the PIDS chapter.

[5] Static power dissipation per cell in standby mode. This is measured at 1_standby % V. (off-current and Vyare taken from the HP and LSTP devices in the
logic device requirements table in the PIDS Chapter.

[6] This parameter is a strong function of array architecture. However, a parameter for technology can be determined per cell level. Assume full V4 swing on the
Wordline (WL) and 0.8 V44 swing on the Bitline (BL). Determine the WL capacitance per cell (CWL) and BL capacitance per cell (CBL). Then: dynamic power
consumption per MHz per cell = Vg x CWL (per cell) % (Vag) + Vaa x CBL (per cell) x (Vag) <10,

[7] Read cycle time is the typical time it takes to complete a READ operation from an address. Write cycle time is the typical time it takes to complete a WRITE
operation to an address. Both cycle times depend on memory size and architecture.

[8] A FIT is a failure in 1 billion hours. This data is presented as FIT per megabit.

[9] Size of the standard 1T FLOTOX cell/size of the standard 2T select gate (SG) cell/size of the standard NAND cell. Cell size is somewhat enhanced compared
to stand-alone NVM due to integration issues.

[10] Array efficiency of the standard stacked gate NOR architecture/standard split gate NOR architecture/standard NAND architecture. Data refer to the NVM
device requirements table in the PIDS chapter.

[11] Maximum voltage required for operation, typically used in WRITE operation. Data refer to the NVM device requirements table in the PIDS chapter.

[12] Program time per cell is typically the time needed to program data to a cell. Erase time per cell is typically the time needed to erase a cell. Data retention
requirement is the duration _for which the data must remain non-volatile even under worst-case conditions. Endurance requirement specifies the number of times
the cell can be programmed and erased.

[13] Size of the standard cell for embedded trench DRAM cell. Data refers to the DRAM requirements table in the PIDS chapter.
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Figure SYSDI13 ITRS-iNEMI System-to-Chip Power Comparison Trends
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