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Table SYSD 1 Major Product Market Segments and Impact on System Drivers
Market Drivers soc Analog/MS MPU
I Portable/consumer
1. Size/weight ratio: peak in 2004 Low power paramount Migrating on-chip for voice Specialized cores to optimize

2. Battery life
3. Function: 2x/2 years

4. Time-to-market: ASAP

Need SOC integration (DSP, MPU,

1/0 cores, etc.)

processing, A/D sampling, and even

for some RF transceiver function

processing per microwatt

1. 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
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Table SYSD1

VAT LRTAN 3

Major Product Market Segments and Impact on System Drivers (continued)

IV.  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/O 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)

VI.  Automotive

1. Functionality

2. Ruggedness (external
environment, noise)

3. Reliability and safety

4. Cost

Mainly entertainment systems

Mainly ASSP, but increasing SOC for
high end using standard HW
platforms with RTOS kernel,
embedded software

Cost-driven on-chip A/D and D/A for

sensor and actuators

Signal processing shifting to DSP for

voice, visual

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

HW—hardware MEMS—microelectromechanical systems

VAT T e TF T RTAN
SOCIF Zi 2B CTHY | DT AT ZRTA 3B (MPU, {BHATY, AMS, ZLC, 7l o~7 /L-ady

MUX—multiplexer

i/f—interface  I/O—input/output
RTOS—real-time operating system
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Figure SYSD4 SOC Consumer Portable Driver Architecture Template
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l\u‘:vﬂﬁ’*j’mﬁy*‘/‘/ﬁd:yI\O)ﬁi/ﬁ"yf{t%}iﬁﬂ%ﬁ“éo ZHUE L FDOWK DD FEEEE AT

D DEGEB IS Z TSI TSR HMPUSRLE OREER (T — B LN A7 My 7' O F7); 2)EEAED 4y
/\“IZ VT —=F T F v LIERRICARGES G PR E A 9~ 2 B O HE N, ) HART LITE R [ LTy
<IN =% T 7 F v (BlZIE BBk, 777400 A VT AT 4T ELRE R LT, x86., multi-media
instructions (MMX) 3 & Utexplicitly parallel instruction computing (EPIC)); 4)& /1 DB TIEZEUTE RN
TR WIHO T a7z, 272 B =0 ) /&2 SOCHD IHNCER T HILIZI>T, 7—
77 F ¥, operating system (OS)BLUNT 7V r—al L~ L TOES OFER/ 2 E A Al eI T DB,
5) Futi a7 DT AZEHEE ORI (T a Y- aT mou s AEEE, T a o e

O N T 2T CCIULEIBIIN TN L, 54 VA XD E FIEIZ 75776 Livk: 7%, 22 T, T TS 191

RVTHE R BT o TUE,

T T2 1, B EAPEONE L, 15 B PR E D 7 2 7, fHmEL T, P Z LS, LV
WD EFFO T —F T T o TS,

82007 FAETCP I T144 T F72 2 RS HP 27135 T P72 X5 TR SIS E B E S e, €D, V5
HEHG( P — R S 2 2RO 4 D TR 2 D) 1o T —F 7 2 T X0, IR 2 AR EHE, [P
2l DBAE A[FEICL TUHS,
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(2 1.4 fEHE0N); 6) FREMEPEMEDMLE)NSSOCEMPUDFREFFIEDRIE . IVEME R — Do 7 RERE
DICHEERE 95— 07, TDIE, FHIHPRB X ONA U RCPA TV T, Zlize~ /L F a7 ket emid 4
5HE9IT2 %, 2007 4EIZ 4 a7 [ CHERESNI-MPUET )UICBIT A~ L Far&ketoar i, 77/ a
RAFIZ 1.4 FOEIETHZ 5, ITRSOMPUTET /L TlE, a7 ORI PAXEEINE AR T, NIV U AS
EUTT 7 /AR 2 (58975,

4. WEEXAFTHEE — MPUIZHEHSNDATYHIIL, SRAMT 2007 42, CPH T 4M /XA (4 x
1,048,576 x 9 k) . HPH T 16M/ XA MIFRR ESIV - AEVHRIL, vy 7B RIUL e i Rk
(BZIE 18 MHA T L) TEIINT 5D TIHRW, 77 /a8 2 51/ p Lz 1,

5. LATOMEE — ZDOUAT LOBMESEEFER) 2— ADESHE, MPUIXL AT U NEEAZWET DR
FTARTHD!, L2035 T, MPURTANNIZE S CUAT U NEENRESI, Lo TRfEn—F <7 Jififs
% (Overall Roadmap Technology Characteristics) CHUESIVCWDNT U D AZET v T AR ZRIET 5D, 1
Uv I ESRAMDL AT T NEEIL, DRAMDIAT 774 | FERIL T, it OMPURLE THAE & HE AL TV
%o FNT 7 /e RO NORHEY A R CTHLYG A, oYy 7 L AT U NEEIZ AT 175F° OAZ L H—K
VL TOFEF— R L AT N KL TRY, 6 7L P AFTE Y MV DMERLSIVASRAMDL A 777 N
I3 EIE 60F° THD, LATIMEEL, SN AMIE Y F DI2b 0.7 DA —U TIGFENHE~T, T2
AR 2 f583D, SRAMUL AT D MEEEL, JELZD BRI DT201T 60%IRifEA— 3~y R&HiH . MPU
NTIX(F 2 BN EL7E Yy M v 7D O HFEO XA B )6 b7 VAL By M v O & L CTD,

6. BAFFo 7 (a—N) 2oy BGHEE — MPUIL., MiEn—R~ v 7 5 il 51 (Roadmap
Technology Characteristics)D H Clg KA F v 7 7y 7 EIREHRTA 7 L TD, i, #lo T, BosR.
PIDS (Process Integration, Devices, and Structures) . 72 h=r R BT A BEIWN TANT ANEE DT —
R~y 7 Ok % 12 RiER 7 A7 95, 20004EDITRSTIE, MPUc KA T 7 - a7 J& ., R
2 (EDOHINFTDINCET MELTZ, 2055 (KIE L4 (5%, T A AR —U ZHICVIAN 7 C 17 %4
DI )X D, VD LAGHT (B121E 180nmicEBIT 5 32 DT 72 TR 4 DAL 73 —4—(FO4 INV)DIEFE"
(ZFEY L, 130nmTlE 24~26 DFO4 INVIEIEEL/RD) NATTA L Duyy 7 BEFOHIENHE TV 5, 2001
FEDOITRS TR L2 LT, ZOEEEHYR R U RAHEGEL 22NN DO B 230 5, 1) RE D7y 7751

S T A CIEIC 22 ZE XTI D LIRS DT, 18~24 5 H JFHI THed 5900, ITRS DD H 53 &m0 LD
1E, NEHN 21227025 SRAM DL T MEEDWEA|Z > TS, ITRS T/t L—7 CMOS H1L0$ 57— 75T,
UTB FD SOl ~DHEERP, 32nm 1 TDL 771" —F FET & 2758 541 T B, CORRE /R TIoNA R T —F 72 F
FERIH T DL T, HRBRr— V2 25V L1 T MESED ] I ER SIS,

10 eDRAM ZHR/H T SHE, L3 o> a7 5 814, 74 T 7 EDOAEVEEEIE L, XTVNT2 RS F TR
FDFI3 S, ZDZEIT T2 REIDELN MENEE 76T 703, T 7 WA IR ) D2 — R~ 7 12 T
Vs 7 i A

1999 ITRS 7265, ASIC/SOC EMPU D X7 ARNZA B3, [AIEED 7 2T X G FiEEZ AP T4 TEE, ZORTR,
SOC & MPU & [A]L(SRAM, 22> 2) LA 700 MEJE D LG T a5 OfHELESEDHBIL 7, LD, MPU (452, EE
BEZFRZ4 7L, — 7 SOC 135549, M2 XP, M2 74 7F 3,

2 a—py 7 EdL T 2 ATINAND 128 X3 2V REIGEL, HELTAIDHNIF=5 2 N 72— /L A5 (Metal 2)
DE > TPy = 2.5 XF), LD BN 1F722 52 N JERYDE S TP ooy, = 3 XF), 6 N 72225 SRAM DE " /1452
X5 2V N CLA T NSABEIE TS, HELTEIDBEF2 52 N =Y DE > TPy, = 3 XE), FEL VRO B2
HINSEm =2 XS | DE T (Pyy = 2 XF), SHZ 5L, FE)Z—NIS8 X2.5F) X (3 X3F) = 180F DGIFEE L,
FEISRAM £ MEIHH(2 X3F) X(5 X2F) = 60 F° DJifez L7605, BEZ17 VD7 —52WHL T, 222D A 77
25031 ThELTE, TIUVRZAASIC/ISOC) &7 /L G ZEZNMPU) R FLEDE L LD, 7250 2F 100% DA — S~ 5,
SRAM 17 60% & IREL TUVE, 22502 DA 772X 175 (4, ZFLETDITRS THI VHFLTY V=320 7056 K WEICHI#S .,
JAFEIZ(SRAM)60 & LLGTIZHA~ TAWGI WS 175, ZDZED2009 TMPU RZ4 D51 XS4 707
HEHTHS,

" FO4 INV ZEHEIT, 1> N—5 05 H G DATJBfif 75 12— /704 2 50— K2 NP O X4 717 L =l& D
UL IEZEX N 7E, S DMEIE PIDS Z T IoNA RN T o — 72 REHEL 7= CVI DFT 14 (HZ251 0, 2007ITRS THL
54175 FO4 INV LEHEDE 7 /L bl link 2L T THo72,
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A% 6~8 LD FO4 INVIEIE TIIAERL T D2 ENTER, 23T TA L D TH — S~y REHROIK
BN D177 7y 7 iz 2~3 BEDFO4 INVIEIE, 7V AT—RTyFH1=0 1~1.5 BrOFO4
INVIRAE), 3) FtHR N — U T Lo TGRSV BV E D IE R I RN T T A T 5, 4)7—F
TIF R EREEOEHNL, AR UGECESERT 5T 50080, (T3 A 2)EARRCOE L ~D
R IDITIERD, FFIOITRS Tk, I KA Ty 7 - Ta— ooy 7 EEHON, (s EOMPU
ray I AT —2 07 ay MFREES LT D) 90nm T, 2y JEHIE 12 OF04 INVIEAE TV v M7~ T
FSUN fﬁﬁ%ﬁ@Eﬁﬁ%i(ﬁ7’~ﬂe?76‘k0)77"m~?ﬁ§fm\inﬁﬁf“ L. T A AMRED ATy 7 E R
HINT %, 2007 412X, PR CEORKIEE B OOHFKIZ BN, HALOMPUTZ 74—, /8
V=V AN R @\ WHIZANDRIRET = | e KIHE T 10 1220W T—EL7e->TEiz, —EDENE
RKOBET, FHSNTZMPUD T w7 KT T V1T, 2007 RIS 4. 7GHZE B R ESI, FEM)7 KNS
FIREEFOBIRSE IS0 H T, 77 /a P RS T 1.25 (5OBIE TN 2281272721,
MPU D#fL

BAL DB NTTARR Tty o 7 ORPUE, DIERD MPU BE(CZ THEL TODRTA )0 DH72%
INA e /RT v L ATRTHFRERE AR O P IALHEEE (Y —N) | BN 2) B2V AV L AR~ LT
AT AT « T Fv 75— 2(Figure SYSD4 7> SOC Consumer Portable &5 /L&) 2R 45, RF, 70/

VI AR T FIVBEIOT VHVEIREEFELTZ SOC 035725, /80 — R A I~ T A TH [ A 2
— T2 ARVATUT LT att | [FREE: T — X EOZWEFAEE | R T — 2% J LT — 3728 T
HSHL LA BT, A2 72— ARER T o LRIRUIZ |2 E LT-b O ThH D, AL MPU OFfF
Kl ET T CIT T AF — A DRI, BT XU —~ Rx— U AN, 2 LT a7k, 10 HHEE,
BB LT B AEIFIZ BT 55 D THS,

HFHEET — MPU RO GBS LUOMGEEOEMESCaANE, 1 DOKEHHTEV O =T MR
T NN GEEEHT— L T F—2) TRERITH L TWOADOHENbH T WEIEIZE B O Zf 2 7=
TN HHITEASNTWD, ZOJREIL, vy /A RB I OB EIREIRT 2— =7 DXH70ERE
A=A =T ar O RIS L AZ MMEB L OEEARE 72 B 7 70— O a3 87, £

DFERAECHAFESOBINT, YR A Y 2 — LB I OTF — A HiiE —EIlC T A LA FTREIC LI,
FAIT M BB OERIN— NV ET oo/ T 53R — IV OW RIX, ZELT-ERET O EAIC
Ha G- LT,

WD —2 R A p — Ror—2 O EE )] ERIZ(TRSY A L7 L — LD etk T2 200W/em2 (2
HEREHISNDIZH )BT, mOBEGEE (A 720 O BEARAE 0.7xIZ 5L CREBR AT 0.85x) B L OVA
(AT OFARAE 125X URRBRIEHATT 2x) 2 AN CHEREHERF LGS D 2L 13 T&727, PIDS
BE TR TNDINT, MPUTV AT ARTANZBIT D ED 7 ay 7 EE BN U RIT, KRERA7ERE
FOFEF TN — N L D D[RO CMOS T /S A AVERE(AA T2 7R ) 2 W B SRR L CREH
SNTEIZ, ZDLIRT NAZNEZ N6 BIZBEFOERT —F 7 7 F v iz ik T 2MPUIX

BRI IR TERLEDH TH A, bLLIE, MPUEY v 7## BB I O(E D ey 78ERIX, /\//7

"IN TEHBET)—E "D MPU E7 /T, 54 T30 —2 B D e e THIL, 72/ a2t ¢
1.25 [JHIIENIT 52 20 2 a1 775 77 725 I TEL Tod, it 725D, 72/ a2 5T
IS ZED 15% 5T SDNT, B EIFES72 DDA A T2 D IEHE LT, R AR RE & ) IR, B2
PP — P 2 G 2 2 — T DR A I E A b </ T 5 & T 1S, BT
BT IR =Y 2T, T30S E ) — 2 ) D DT 72 S TS, ﬂéﬂ)g‘znf77757/i;€/f”
(ZITRTFHI T, SLFED VB ER RS FEBIRASTIE DD ‘slack 13, a#PED H /& EBPER OB IS S>> TR
TS HRET 7 B HE ATREIZ 775, iRal7 7251245 I I DA FLE 2 RIS A 14U/ /\f;fé@ﬁ:f/é%@
TIfbE2 0 2 D E B B DE 5 (X5 = L3 Al EE S,

P EBEI 2 N = P R PR T B 7E01E, EHE TV T T T DN T T, T T DIEFE @@/&Mé
M TRITIUTZR 57200 Assembly & Packaging 52 208), A &70E8) - BIfFEiEEIRD IR Nz 7 DT, 7711
Wi CEFET SL BN, Z DB EFEEIL, 7 —F 72T, OS, T 7Y r—2a2 L ~ILD X T ARG AW
RLTU3,
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VAT LRTAN 1T
— U E ST T2 T DU E DD,

PEr B L OHLAAEEDL DT BT XU —HIlfRAM T TEY, 2ol 7S GRE) IC RV BREC
T 5 THA), DT —3h3R (722 21F, GOPSImW) 1%, LA MPU (2L CEEH AN—RD =7 (FIA
HIUN—RT =T ) DN 4 Hilm ELTEY, ZOMMNREYKEI2->TND, FEREL T, (RO EFE =T
1%, HARD SOC 74772 MPU FHIBIZ 3N C FRE &N F72i%, Var 74X 2777 Ve at o
VIV EDBGIIE T AL D THAD,

~wAFaTEE — 1 DX AOHIZATFaT EEFOMPUIZEWC, 27 13(1)7 a— UESR A —
HNC#in- T, /NSSGHEL Q8D T 7V — a8 L ORI R &b 7= i b 528
WTED, wNNTFay T —XT7F XX, THOBREVEERTH-D ILESRER AT 2D LFRCLIC, 1H
FlE IHRZ TREIC T2, F-MPUET LI, Fo 7 BICA TV OREZHE0T 2 LA TREL 975, (X
FEVREH 7Y, FT, KEEEA L F o7 eDRAM L3 Fyvvi =), JORERAETVRENSH DD Gl
[A15% L0 1B FEDMBRNN00) U — 7o h— 2 L D1 T 1170 £ D Z LAV ATREIC 725,

LT, BB~ A 707 =X T 7 F ¥ DA — R =TT A A== BT —  BLOTHIE
PONE, HEET DRI )R X TETCWDIINCRZ D, (A 72D LA Tk, HH—EOT m e AHACE
WTC, Hiln~A7a7 —%77F X id i) (RO D) ~ (/a7 —X% 7 7 F v 2 H U= 58 Nk
N 2~3 (FIT720, ZO— T CHREIL 14 f5~1.6 L UGESIRNEL TG, ) ZDLH7eZ e, il
IRMPFIER 2 LB~ L F AL RAEDIEFIN K EL IR TS, [AIFRIZ R N — R0 T T 4 I A X a7
S5 KM N— R, BXON(F1D) HH DU R TONDHEAICH D, FHIEOHHEED R
L—RA 7 RANE AT BB 0mS02%,

1O #8E — MPU VAT AZEITD 10 B, FEEL T, BEREX v 2 ARTROA L VAT DAET
I TG, 7o D 74— AT DIZHE, 1O HHE DO BRIFIR /2> TETUD, Teh )
UWVIBIIR DR — M I ASHEIIZ L2, L3 Fry =L CETZA, i D atE, ARV D B (L —
TUU) JERLTTEOIL, T AT b — TR NELIGD TD, ZIWHDX AL I NAEY A H T =
—AIFX vy a BT 2 —ALL BT O HIBEE ER T D, ARVALH T 2 —AITINA T, ZLORFY
AT IISAZ ERIRIRA L N — e IRA U o A BT 2 — A T{EEHLZ TND, ZIHD AT = — A%, Ghit/s
DL — e FATTDDITEmRER 10 FEFE VLTS, ST LU 7k, ZOL—MIEEL TRBY, 2D
—J5C, BT~ EO 110 ORHFERLIL, WEERE (5% ORIEINSBIEEEE 2L EET5) . T
AMZORSHEFILTTELT AL VLT D) BL, N —2 (N — VN TF T ER—ROHix &
D INTUADENTARIET AL DERE VLT D) ICBEL TF v Lo Vg Bich b,

[EIBENTE T 2 EREEN — AR TEWT — MR b - R 72 L T 7 )V RIS B 72 7 W R D
VY TS5 ¢ RO 7 a 2B () 2 XA T 2 23T AN A MG E S T R A AR
FNAAEIEDO— R~y bbb VT sl PIDS # | CKERICEERE SN D 7 e AL ENC LT,
HRBAN RT A=K (7 2T ANME DT = MEFEIKOITE ST TND, ZHUSED, BIESST —% T 7 F Y%t
LUV THIFIDDNTHND THAD, X AT 7 BIEEOMHERIL. IVEERED, 7077 —MilfS =55
TOMRBIZITE I THLN, Mg~ —T U BIOHEEBEINZE S THIRS L TOD S LIVR, 7SR5

10 27T 5L T, MEEGEL ) EHEFFL /e EFIGWERE Vg 1T LT, HEIED FAJRETHS(BIRIL, 2 D=7 73
LI DJTBER CEIRBIED Fo0p TBIFT B7051%, CVf TRINSBWIA R BN EM > > 22 T I~ T4 (5
TJERIR TED), (17K, 2T DHEBUZL ST > 7 YA XIEWPFFEINE 6 LIy ) BICS 2L, VS —X ]
ZHEL TFYHT B4 — NN PESEL, 7 —F 72 T E@ 7 DT AT Y LU EFEF I F L~ 541508 L
TR0y PIR Ik JADRERE= T DR k-1 BN ET FUL R ET 5, TURSFEZLSF T E VL FN LT 5500 Ltk
v,
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— kB I EBCH RIS 72705 Th A, BEEVDORALAIT-OITTLERV A 74X 2T
NOEREFRRRZ, B2y 7 H O single event upset(SEU)H =7 — 3T IEAEENNT 5 TH A, ikt Lo~
2B 2ZEH), BIOBEEDNTA—Z(7 =T AME) ~DEENBETELHIOC, RFHENISOIC RS
L THH), /3T =~ 32—V A DIV, WO D ERFATOMEEERDLTHA,

W FILELFS KON D B DB E B L NER A —V o a7 7V r—a <087 —% 77
F¥L~L Dl

HtxiE D= (SONE I DHE NG & e 7 e A H

~/VF Vithe~</LF Vdd- AL—7" Ml OL ETOIEEE 1R/ME s~ VT RAS ey s D7 —T
AT RV 2= 7 DIRIRHE A3 T al B aRE MLl

V— 7 B E D S8 H72 T /A A

MPU OoFyL2re

MPU RZA/NE, TR (K7 &) VY 7T 7 A IFEPIEAR (B - o — 0 7 (B B L OVE
T oy Bl LRIBRIT . BT AN GBI ek et 7 m e AL BGE, 7y RAE—R T AR V=L F 3y
T4 —, BIEEITRET D, b REeF v D3, LFOHEH THD,

ETBXOBEEOAPENE  (BIZ X, MEFIaAN AT Z KBS T8 (FHFA)

N =2 R XA L OIS (Pz /1T giga operations per second (GOPS)/mW) (A2
PIDS, 7> tr 7V & X —0 )

BEERFDIBREV T A~ (VY 7T7 4, PIDS, 7Ry b Rk A, T A)

VT AR T F IV RTAN

TIaT Xy AR T FNTF N DR EB B EORENEE TCHOLANMEZEWOH aa T
T ThbD, TIULRF, 71/ AD 2L /3—% DAL N—R oG B\ Z0T=5, F-ET T, &
K5 ECIE B AT ALEDBH DA I Z T DT EL THTDELLDIVI AR 7 FIVF o7 N5 Y1
5o ZNHDF o713 T PAVIAIRRIC LB R R T a A LT B D A B LT 5 i A —
Vo 7T DAV RIFICH LR, BB, A, B OBLSOLEICHELNL D THDM, 7
7RI ESTUIL T LHAFELWS DO TR, (iT#726, BIRE LA =V 7IZeb 2o T, MEE
KA T ZERR O LN EIEHIPE DOIE 52 TR ZE RN EEL 72 D70 Th D, LToD > THHEMT~
OT FalElEOA =) 7 IR R TH D, — %I AMS [B1E (Fl 21X RF &7 a2 @4t F
15 &7 a2 E i (B2 IXVa - ~v=0 A NEOZENFE ) ITIK= AR CMOS EfEkIZxL T
XN EE BRI T 5281270 D, LinL, BREEOT T alZ EEOT VX NVEMIZLOMMIER, 7
FasEEO B ERBRIEGED IO, T u s tT U N FMA GO DE ERERELIZN TlEARL,
TUHNVEIRERICED R A R — U T AEL 72D, T4 — 77/ CMOS CT7 a2 [mlE oD%
HEITHENEEDIR T NAEL KBEOIK T IXUIE U E L O S| X ITRDZENEZ NN, 2D XD
27 A =R, HEICOWTIIFEAERIEIC R B0,

EAEEMEN LI THLHZEIL, FIGIT Fal &3O DY — /L ~OERNEF IR L TREEZ LT
T, TUOAVEIRRETIE. S — MV ELAMER T A A RES TV, \_2}%%@&1’*&7% ZHEO R
0. IEME7RE B EOFHEIINTE TS, — ., 7 a it X E R E 273 72 DI2 %<0l ik
ZhiR 1 B B L uE e, BT A EIFRESL QX AR S (B 5oERIEG 7707«
(B D2 DR BRE, AL Z7H A EPB I OEER) LI TR (BRI A4 A2 MBS
b, myF L7l RCORE TRO BT RELE LB RN EICEEE 5.22) b b, Zhb

The International Technology Roadmap for Semiconductors: 2009



VAT LRTA3 19

DINREAT T DY — W ZD D0, IAIFEO FEMEEL, £, TN0Y — VORI XRIHEE 17
a7 Al Ly 7 AR 7 FVEIE . RF ZeHIBWTIREZEAR 43 THD, By —Vi, 7huZicE@la
DUAT IR RIZEFR T RETHY, B S Tl el R EHI B W TR E LR D EEE e~y T
TENST2bDEZBBTHIEFITETDRY, AMS BRIk 280E 7 ANIEZ F2MEE M A3
ThHMN, SOC ~ANF =B LL L TT s LA /L7 7 AN (BIST) DA REMEDN 5, Fei4 |
otMﬁzﬂﬂfh@@/ut%ﬁlilﬁﬁﬁﬁﬁkgf%ﬁﬂﬂ%?“5 SIIHRFED B B LS +5) Tﬁb\f_bﬁéﬁifiifi
WV, THaZ R EOTOILIE, T A O AR RGET 5708 O FIEICE0I T Ly v ar FIERUGE
SNHRETHD,

4 BORBUELT 7V —2a k1357 a7 BIERLONT RF [BI#IE SOC DIFAD—H4r Th D,
TR e O VR AIIIEFITH A THDL — ENLIIKEAEE N THHD, Iy I AR 7 F )L
Hifra e S D LD SRR B R E NV ETHL, BENKREE DBy /AR o7 L a3
ETHH oL RERBLE A S THD, 7Tl LIy I AR 7 F )V (AMS) Dr—R -~y 7% F
LD ZHLIRO B LT —F T 7 F Y IMFAET 20 THEMALA L L7225, 2001 LERRD ITRS 735,
RKEI7arTlE 4 SOIERNLT FaZ BEKIZOW Tikam L C& o, ZHIdh B ER R E R L)
720 Tlid7e, ZNBEIBOERMFEIX SOC O7 FaZ72bTNE RF #Hicé~> T, REMNOEETHD
72O Thb,

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

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

3. E/EMEZR  (PA, Power amplifier)

4, T mrT U NVEREY (ADC, Analog-to-digital converter)

ZHDIEARFERRICHIH SN GG B LT e AHAN L, LD ZL DIy I AR - 7 F /LRI OMEREZ S
RIET D, T, 24D 4 DOEIFEOMEREZ MEREFEEE (FOM) IZL > TR 372, ZHBIFIy 7 AR v 7
FAEIEr—R vy 7O RWEEERD, (FRROv—RF~y 2\ TE, BHEBICET 22K A 800
FTHILIZRZITH D, INDIZHOWTUIHRF R TH B E T NS EHERE R TlEHD, )

PAF ., 2O MERBHEIC W CGEEMIC R T D, /N TA—Z (7L 21X, FIfEG) 1X, + X TTF v~
A=V TIERHMEHEE L TH 25, 52 BRI KL TOREE DOFR K ~D R A kT 58
DET D, RSB ULARWRRRIZE > THIREREDN TERSNDOZENE 4 HDHDT, LLARRDHXAT D
FRIR R ZHELET DT Th D, (oL x 1T RO R R OB L, Hiffim— R~y ZICBtR 353
TOEAT DEHRDT-DITLNHEET1 L7025, ), BIEHERICOW T, 2O HMIZL>TERZE DR
7R DR m%% oi@ HOVEREFR NI RIS I F B L QWD AREMER S DY, D X570k
WA RIS 57202, BENEE 77y b7 4 — A4 E&éﬂé?fnﬁ [B]#% 35 L ORFIE] i O REFE B0z
Do BT, Z:Jz&/a/f F. T AR RTA=HN LDV DRI EA R 5, DRGSR,
[l EX G LD RNST NARB LT e AE M EARZ B ZENTEDH LTS, 7 u =g
DR EILMEAIR BTN B CEBLATRER I EAR DR D IO IR FIEL IR E T D, ZNLHD /T
A=, HERGE D780 DRE J6 L AMS FE D FENZ GRS T D,

z— -« /X 72 7{LNA)

T UMV AT ML, T a S By ~ DA R T 2 — RE BT 5, T DA AT = AD
TR 72 X B DO T BERGE (S COMBIELER THD, LNA (X, IREDIE SRS |2 8%~
TN~ ETATE B2HIE T 5, LNA OEBE/MREFEIEIL, IREX DS B ALER B |5 %
T 528722 M OERIBIBESNTAE B AR HIETHD,

7 BBFEDI NI DU TS LD /=D RS L TUS, EE/L CMOS IZ45EL THT9, KU odid, CMOS 73562
HEESHS TBLR N THEIEE, ZSDEEIZLN TR BB THS/0 THS, 1CELEN (FFIZ D731 R
T —) SEPEIT O TR, thRBEBENB S,
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LNA o@Ji H (global standard for mobile (GSM), code division multiple access (CDMA), wireless local
area network (WLAN), global positioning system (GPS), Bluetooth %)1325< ™ J& 3 £ 12 BE L TuD,
BRI B L ORI LNA 0 J IR Sl 23 =2 il T e MERE (S5 B e - 2. %, FERRIBAEITZ DT
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Figure SYSD12 Recent ADC Performance Needs for Important Product Classes
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HD) 12T T N—RU =T -V T =7 DYV T O —RKA7 (7o 20, V7 =713 L0 THH
M, 7 =R UTe T, IV ZLOHEFEETEE T 2) ICH XI5 TH A, 10 B HEmEEEL, v A
TAEREL T, EOIDNTHHIRME E AN — RIS A N — R AT T ERET D, DFED, 1) AT /'R
1E, K0EOBLIZEVR ST« T — T TAEVZRER T DBROJE DA — S~y RORUEIZ L > Tl
HZEWTED, £ LT, 2) T/ RAHEILE -, B DT NRBEOBMESE | il COE L T MEiTR D
DHDLWNIKIETEE L AT NMERZ2 DD, EDTE DININTUASHLNIBIETFT D,

ATV TIL, 7 aby b OEEERICATY T 7B ADEEN N —HL CODILENEETHS, ZOHHE
IR 72 7 eyt 7T —F% 7 7 F v — I TIREED N TERY, 7oty a7 O A" AEVET +T
TR AR (el 21X, VU RZ T 7A0) DT, B AY— (8) )DL~ )LD —Ry = 7 Hlifls 15
XX amB AT HIENTOILTCND, KL AT —TTld, lBHE OEOOYEX v 2 AT MFET D, L
UG, BEE OB T, EHIZEINCE S THROVERASWERFD, 1EROT —% 77 F v, =¥ —
DIZHFRI2HENA— N~ R RIBEIZ R E 72 ERE W] B2 TS, FEENSRRHEIA— S~y ROBIE LT,
EIR DAY v 20 [E PRI 5D FRINBIEA T =R LERT T 7R HND, AT LD
M, R—2T NG CEBRNBDO VT AT 4T RBEOT 7V r—aid, Y7 =7 filiEE g4y
BOAEYHEEIOLIBEEZITHIENTED, ATVBEO RO A Y —1T, SOICEERRR2DT /1
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FEISBLLRDY — I BIHRIT, BUELDS SHIZIRFED AT YN DR D@ A TR D LT D727 > T
P,

A=V IR AT G S OMEE SRR T 5, [BIFEL~LTiE, SRAM OB AT ew—
> BEIO'DRAM TORD L7z lon RTA 7 EItIL, 2 DO TH D, KO/INSRIRIE, T2e 20137
INARBT-ODDEEDR— /XU N E I XHOXICEOREREEE 5.2 5, OEDDBLEDOHIZENZL DTN
AAPEFRESINDLD T, IEHOEL, JAR~v—T L= 30— (V— 7 &Eitld Vth O FEE B2 AR T ED
D) DEFIZBL T, KO KEZR T A= LB FOR LTINS, [k R MR — LG,
ZNHORBICEVET LENGHL Th A, =7 —MEIL, 7 a7 —D 7 ERERRI72 L A 70 N
THRINLT DL — D DOMETH D, IRFHATIDY 7k 7 — L —h(SER) 1L, TEIROAE/IMNZSFUEEAIL
Z L CiR#H SRAM B X OVEHL DRAM Dt F 12895, ZIUCRL T 772 & Cilima b, AEFs M
AEVTHE Y IDOEFEZMZ DOLEIL, YT T —DFEA T D36 LIV, FRC, HEV P D IH70 5
ECEEMEOHLT 7V r—aAlid, =7 —3T BTV TNLKAERTHY, 77 BAH AL NTU— BX
TR AT T —2a kT OBE EVLEFMEDO N — A7 &2 SR THAD, Hizl, KH
WL BFRRAATY 7L ADTZD DAANGRO LNLET AN B L O /LA /L7 7 ANZ, SOC 1281
HEERER THD,

AT IR LS BEESINDZ LD, ARYDBNAY A RERT p—< A%, GAMB L OWEREIC KEL
EHEOFEAFFO, 22 TS LD ATY LSO HARBIEE -~ CTE L T, i b D71 BvS D
WTHI R EEDBIIREELL 725, Table SYSD4a & SYSD4b 1%, 3 DOHAETER A AT DIR#HAEY : CMOS
IBHAS T 7« T 5 BT 72 A ZEY (SRAM) | IRHEAFERNEATY (NVM) | ZAUTIR#ES ATy 7T
K LT A AEY (DRAM) DFANERE 52 Db D Thd, ZIHD /37 A—213 [Ali&i%GH5%L PIDS #
DO logic requirement table(R v/ ERT —7 WNZE - THZBNDHANEE RSO/ IT U AR LT
RED, EMERELARE /1A BRI THEDEL T CMOS SRAM OHk#k 72 27— o 71 s 5 2 L ket
35, mMRELEL T/ —R Y720 0.7xDV—R AT )V ZA DDA =V 7 5 ER S5, BIEA T —V T
I, 7o & AT RFFRER] &5 2 (H LBV ERE = DM D BfR ., U MT 45 nm /—R ThsEs pMOS 7 /3 A AR |-
DEJRETELLEMEEEART—D 7 DR 728 ZEORFZE 1D, HAEMOMFEER RAM, KT
RAM, Z UL ARV HAZ OWTUR, FRERF 7 Cilims it CnD,
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Table SYSD 4a 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 (HFP/LSTP)

DRAM ’ pitch (nm), Feature Size — F o o o » »
6T bit cell size (F2) [1] 140F2 140F2 140F2 140F2 140F2
Array 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 — Vdd (V) [4] 11 11 i1 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 (mnW/MHz) [6] 45E-7/7E-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 90 65
Cell size (F2) - NOR FLOTOX [9] 10F° 10F° 10F° 10F° 10F°
Array efficiency — NOR FLOTOX [10] 0.6 0.6 0.6 0.6 0.6
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 [11] 1ov 1o0v 1ov 1ov 1ov
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 (nW/MHz) [6] 6.00E-09 6.00E-09 6.00E-09 6.00E-09 4.00E-09
Read cycle time (ns) — NOR FLOTOX [7] 15 15 15 15 15
Program time per cell (us) —- NOR FLOTOX [12] 1.0 1.0 1.0 1.0 1.0
Erase time per cell (ms) — NOR FLOTOX [12] 10.0 10.0 10.0 10.0 10.0
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
Array 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 18 17 16
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/MHz) [6] 1.00E-07 1.00E-07 1.00E-07 1.50E-07 1.60E-07
DRAM retention time (ms) [12] 10 10 4 4 2
Read/Write cycle time (ns) [7] 3 3 2 2 16
Soft error rate (FIT/Mb) [8] 60 60 60 60 60

FIT—FFH 572 0 5055 (failures in time)  1FIT=1E-9/#/E]

FLOTOX— 7 17— 4 > 247 — |« F 2 RAPEENE floating gate tunnel oxide)
MBU—## & F DT Z— (multiple bit upsets) NAND—“not AND” Din P/ 5
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Table SYSD 4b Embedded Memory Requirements—Long-term

Year of Production 2016 2019 2022 2024
DRAM % Pitch (nm) 25 18 13 10
CMOS SRAM High-performance, low standby power (HP/LSTP)
DRAM s pitch (nm), Feature Size — F » e 13 10
6T bit cell size (F2) [1] 140F 140F 140F° 140F°
Array efficiency (2] 0.7 0.7 0.7 0.7
Process overhead versus standard CMOS —#added mask layers [3] 2 2 2 2
Operating voltage — Vdd (V) [4] 0.8/0.9 0.7/0.8 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 6E-3/3.5E-6
Dynamic power consumption per cell (mW/MHz) [6] 2E-7/4E-7 | 1.5E-7/3E-7 | 1E-7/2E-7 | 0.5E-7/1E-7
Read cycle time (ns) [7] 0.1/0.5 0.07/0.3 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 0.07/0.3
Percentage of MBU on total SER 100% 100% 100% 100%
Soft error rate (FIT/Mb) (8] 1300 1350 1400 1450
Embedded Non-Volatile Memory (code/data), DRAM * pitch (nm) 40 32 32 25
Cell size (F9) — NOR FLOTOX [9] 10F° 10F° 10F° 10F°
Array efficiency —- NOR FLOTOX [10] 0.6 0.6 0.6 0.6
Process overhead versus standard CMOS —#added mask layers [3] 6-8 6-8 6-8 6-8
Read operating voltage (V) 1.3V 1.2v 1.1v 1.0v
Write (program/erase) on chip maximum voltage (V) — NOR [11] 9V Vv 9V 9V
Static power dissipation (mW/cell) [5] 1.00E-06 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 3.00E-09
Read cycle time (ns) — NOR FLOTOX [7] 12 10 10 8
Program time per cell (us) —- NOR FLOTOX [12] 1.0 1.0 1.0 1.0
Erase time per cell (ms) — NOR FLOTOX [12] 10.0 10.0 10.0 10.0
Data retention requirement (years) [12] 10 10 10 10
Endurance requirement [12] 100000 100000 100000 100000
Embedded DRAM, % pitch (nm) 35 25 25 20
1T1C bit cell size (F2) [13] 12-50 12-50 12-50 12-50
Array efficiency [2] 0.6 0.6 0.6 0.6
Process overhead versus standard CMOS —#added mask layers [3] 3-6 3-6 3-6 3-6
Read operating voltage (V) 15 15 15 15
Static power dissipation (mW/cell) [5] 1.00E-11 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 1.70E-07
DRAM retention time (ms) [12] 1 1 1 1
Read/Write cycle time (ns) [7] 13 1.0 1.0 1.0
Soft error rate (FIT/Mb) [8] 60 60 60 60

FIT—FFa 7= 0 863 (failures in time)  1FIT=1E-9/FF/3]

FLOTOX— 7 12— ¢ > 20—}« p 2 FRAFEEIE (floating gate tunnel oxide)

MBU—#5E"> MO 5 — (multiple bit upsets) NAND—“not AND” DinFEj#H ~ NOR—"not OR” DinFEj#

Tables SYSD4a and SYSD4b DJHZEDEZ
[1] BT /DRI L T L 7AZHE19706 | F 22 X 5D CMOS SRAM & /v DY X
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[2]  (XEY D= THIEDETEG A Y [EEEREDETE) THERE SIS MG T L 395

[3] EEECMOS 7= 2 7' T XIZHI2 T3 IS L T i BN TR EEE 705~ X 2 H, B TREEE 70 5~ R 2 Bl i1 €' n Th 5705,
EEREI RO E SIS (o RIHEHEIE) D SRAM Tl 7t X477 5 b E, L DR oA X ~r— 2 RT3 72 015
WEBIRAIE S U BV BIED PMOS |7 2 P X2 P EDRTE D, B DZA M LD DIZE 2 BIHDNMOS | 7 2 X 5 J5ftbii/= 0 973,
[4] FEEB)FAEIEIC DL T, PIDS Z logic requirement table( 17 2 22 ToNA X ZX 75 BT ERZ) D HP T34 X &2 LSTP ToNA XM L
T3,

[5] T ) D BB T, ZAUE 1 standby % Vi TAHHSILE b D ThHSE, (4 7@ L BIRAE/EIT PIDS ED logic device
requirement table( 2 = > 2 ToNA R(ZH] TS ZERZ) DHP T34 X E LSTP TN A6 GIH L & DTH S,

[6] SDONTX =T, T Lo DT —F7 2 Fp [ZH LTS, L LIRS T2 12 HEDNT X —Z [ F Tk L~ THRET S 2 E Y
T&E, UV—FR WL) &V EETTZAREL, E> MR BL) #08Vy DEILETRIBSESET S, By FEA2E 00— Ny
E B MNREGDPFFENTEE, IMHz, 1 E 72 Y DE T3 22 87714, dynamic power consumption per MHz per cell = (Vg x CWL (per cell)
X (Vag) + Vaa X CBL (per cell) x (Vyy) x10° & 723,

[7] G LY 2 AHBFE] Read cycle time) 117 N L2705 G825 LIET 13 F TO, FEEIIHHTSH S,  (ZOWIIL, F2X2A7 7%
RIEXTBEAETH V., WK T 2 B R Eo—br o S p LR T 2 BRI T 5 6 DT, ) ZEXALY o 2 T, 7 XI55 2
S RBHNEE 55 T 95 F COEELERILIFH TH S, LDV 2 NBFH & b 12X T Y DY IR0T—F 72 Fp (TUeFT B,

[8] 1FIT /210 (EHFE T 1 [E]DBFI ST B, ZHAAET TV BSHEAEIT 1 AT 24720 DFIT #& L TRy

[9] FEEFG2 ] f T XS FLOTOX T/AD Yo TS, T/t Xd, BIHDIFEIEA T YIZH L TA T2 —2 5 2 DEAIC L 0 5
DAIAE D LS,

[10] FEHLG2 X 50 20 2 55— FDNOR T —F 7 2 F/{Zia190 2 7Y 2> f 2~ FDNOR T —F 72 FH/fZH902 NAND 7 —F 72 F 124 )
T LA IS, T —5 (%, PIDS ZED NVM requirement table (THEIEA T J DIEHFERZE) 221 T3,

[11] BHFEIE, 187142 & ABBIEI L ZELARAEE, 7—4 /2, PIDS 20 NVM requirement table( T~#EISE X T Y DIEHEHRZ) &2/ L T3,
[12] Program time per cell /31 T/ 1 £y f & ZEZATpDIZLFEE IHSEEEFIZIFE], Erase time per cell (41 E™> fDE/LZ7HET SIZ0Z
ZRRFH, Data retention requirement (7 —X (RIFOLIZLE) 12, RHEDRLE T Th o Th 7 —5 FEISHNZRIF L2 1T4UL7 5 700 Hi,
Endurance requirement (A FEDREZNE) 1, TADZEZALIFRDERZ15E L TV 2,

[13] } L FBIDNE#E DRAM /b DY X, PIDS D DRAM requirement table(DRAM DFEHTERZ) &M L Tl B,

AT AL YL e — R A2 AT T SOC-CP DN EE 1FRE

INEMI O —R<o71d, VAT AR —REEOHO, ITRS Or—R<y 7135 v 72 T0#H5, ITRS 3%
ZITWG 1L, ITRS & INEMI —R=y W AT LRIGA N FER AT A—R D QA > b
B3 BT\, BHRIYR R TG T D8 1%L T D, 2007 FEDOr—R -~ 7 TIERITHIZe ST,
DA DEIRE, OFEY, () SOC-CP (Consumer Portable: RAH#EFRZA/N), ZLC(b) it LD/ \U— =
FNVF—DFET, 1Tz, EDOEEIND ThHAIEIRINI RTA=H L, faHEE, =X —H%E
ARG S XD — | BFREE COEERE ., BifRREHH, BGRE Y — (F o7 OFmiiE) | Fv 740
DI KB, BGRFHO SR, mENE, IS BZR RN G END, 2B D/ T A—21%, ITRS IZH
INEMI &7 /UTBHAFEL TBHT, KOV RO ILFHO B2 RL TUD, Figure SYSD14 13, ZO#E
(ZBITHAIRER 2 DOFEE7L D A 7R L TUD,
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Figure SYSDI13 ITRS-iNEMI System-to-Chip Power Comparison Trends

DN RT I, VAT BT o7 L L XU RO v 7 I3 THE KL T 2
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