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Table SYSD 1 Major Product Market Segments and Impact on System Drivers
Market Drivers soc 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
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

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

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/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

SRF BT F T RGAN
SOCIF Ziin 7 P T DT AT LR T A EH(MPU, {BEATEY, AMS, ZLC, 7RI I<7 /- aly

MUX—multiplexer

i/f—interface  I/O—input/output
RTOS—real-time operating system

NPHDOFETRRR G ERE A LT 7 25/ T, SEXF0 0 BN AEHMEC B A I E o -8 AR B,
T CD, SOCOAEFER JORKEHEIN L, — AN T EOZ W R MIT LT s BigEi
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FEV I DY AT I AT 7 =2 a INE D TR/ pT— )L Th D7, SOCRREFTIE, T2 — L ITBEF
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BEDE G SEa TR L, XX 50— Nz /0 e B B PR B iR 7 2K T9°5) D] 1 2 B 9
By FEFHIFEH] T, GRZAEREIL DS /IR T A RPE T Y X2 506805 T Z LR EE TH S, ASIC
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FANRTHDH!, LI035 T MPURTANNICE > TUAT I MNEENRESN, Lo TRETn—F <y 7 Hififs
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SRAME" /1422 X3F) X (5 X2F) = 60 F> DI 141605, FLg=Z1 7 VDT 5501 T, 202 DA 772551
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Technology Characteristics) D H Clx KA T 7 7y 7B RIA7 L TC0D, Zhud, Blo T, B,
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FEXEZES e, ZOMEIIPIDS 2 CF g XD N T g-— 2 R HE L 7ECVIIODRT 14 1 TE5 L0, 2007ITRS THEESHL
JEFO4 INVEGEDE /L DT, ITRS2007 DA-> T4 L7y ai ATV 2850 TS,

BN GBI E ) OMPUE 7T, 54T 302 ) Y —2 8 7D g (Tl 72/ 2 G 1.25
[EHZIENIT 52 20 2 BB HHIE T3 "7 72 5 ITIKTEL TS, iRl 7 72 F DR, 72 2 RIS T3
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JESGPEIR =2 2T, 50T ) — 2 D] fr DG 72 SN 75755, SO DEG 7 72 5T R
1ZRFHI T, SLFED VBN ERESE FEB) R KIS ps DD slack 12, G EED H H1/EEB)PER I DB EIZ L > TG
BRRST > 7 B E AIREIZ 75, fif7 72 5N LS B I I DAL TSI S RS LU, 5 B DI BB
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—UHIRIE ST DI DI T MBS D, R—2 T N Ta— T —I2 AR DO DI, BT —
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ZDO—J THREIX LA~ L6 ELNUES NN ELTNVD, ) TDOLIRZEND, Rl X ALEL L5~
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=R, BLO(ETD) EHZ PR RTONDMAICH D, K MEOHLNEORN—R A7 AR Ak
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—h- H//7 FEBN R IV HEN2<72 D TH A, BEEVDORRZAHITZOIT TRV A 7 4F 2T T
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DICRETHThHA), NI —~vRX—IV A MO REML, Tiea B W< OO EREFHINOMAEEERDD
THH9,
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AT LR Y 2= 7 O RIRHE 2 5 de R BEERF H T

) — B AN ST AT /3 A A
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BPERFD/RTAZY ) (VY7574 PIDS, 7ay b R kR 7 AL)

MPU A7 —Uo 7 FEIxT o +5370 04— ida T A —V 0 7 TSI UEe bz,
b, TV r—ar b b e X —T A4 T VAT AL L e AL AT — L YL T —F T
F LNV DOBGEE | AV—T YNl RAEL, TAR NS —Z 5/ MET 572912, VY —AD g KA
Mz L CHEBRT LM EDR DD,
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FRIT T, ERBECEFEZHATOILEOHLRHEEZD—HELTHTIHEIDIVIAR )
NF 75) %Y T 5, ZIHDT T NELT UHVIEIRRICL IR GO T e AR S 1T SR D H i A B
T D, BN A =V T D AOVRIEIC LT, B ET) B, BIERD OB S HEIT I E LD
HDOTHHN, T FHualRBEEICES> TUIMTLEHFELWE DO TR, fM#7Zes, SEREEAT— 7T
Eh7poTC, %E%ﬁ%iﬁf:#:&%ﬁ%&b%hk@éiﬁﬁODE%%E&D#%:M:m;ﬁk&ék&bf‘%é L
TeId S THHEAT~OT Fa /B O A7 — D XN R INRE TH D, — I AMS B (1] 2

R0 RF, FAUCT Fay 2k FE) L/ a8 (Bl 203, TV (LA W -8k, /):1/—/7/1/7w‘7A\
I D2 B35 1) 13K AR od CMOS R8T U CIR IR e B B AR 2 2 810725, Ll &
FEEDT a7 IRFIRVIKEIEIFE O 7 2 AN L DM IERS, 7 e IRFRVFE RO B 2R BREEED X
N RFRVIT Fa s b F PN ) £ B DEDEEERELIEND TIde . T VEIKEFIT LD
IRAANAT =V TH A HEE IR D, F /A —/L CMOS T7 a2 RO EITOE . FEE DK T EL,
FEEE O FITUIE LI R EE DS E XTI DI ENZ VR, 2O L8577 a A/ —R Tk, #AEIC
SNTIZIFEA L BIEIZ 25720, Z1 T, 32nmCMOS 7 2 2B AEWER LK IZ X5 180nm 7
DAL OMEREIL, 180nm /—R ? 180nm 7L P AR AT Fa B SMEN IS EL TWOAZ E DS TRE
SNHRXTHA),

G EMED LI T HZ LI, FIDNCT T a iR Et D7D 0O — L ~OERNFITRT L T Bz LT
T T UHVEIEER T, nmﬁi/f ISIELLE A T2 A DBMESIL TS, 2B DA A diﬁﬁfﬁﬁ%
V. IEME7E S DOF EITNEE TR ed, —F7 ., RF, IV, 7 m 7 83 E X RIGE AT -7 720
DI ZWHH R 1 BB R LRT 2070, BETAEMFREE L T, AR A (B 5 CmIR A
VT IVT A B R T 2 DB R AL E IR A B L OER) IR E (R e 72 A A1
A NLEGDE, 2T 77T RCORE TRO RFTHREL I TBERREIC 2% 5.22) B
5o ZNHDNREFRNT T2 — VT HDN, HIAFEO FAELELL, T2, N0 — )L OREEE TR THE
BT Fa s Bl Iy 7 AN 7 FVEEE RE, SV GHIBWTUIRIER 95 Th b, Ay —/Li,
T I s RFRVEIZEAR DL AT MRk _ﬁqﬂ@“«%ﬁw B SCIE 7 a B FHI B W T

WMBEIRDEAGE I~y T U T REWMIGE VST b DEEB BT HI LT TE TR, AMS [BIEEICxET5
;ﬁxﬁ—?xh FELEFIEMEREN LM ETHLHDY, SOC ~[AFT-EkAALLTTus | RF, JUFEOE VR
A2 VT « T AR (BIST) D ATREMEN D, Tt 1T, LOBGHIM L D A 72 SERE ] B CHE Rl B 3 % A A1 3
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T OO HETIER, 7Tl &EtO7012iE, ST A—XOEA#EEREET D78 O HFIEICE 7
Lot ar FIENHESNLRETHS,

A ADORBELRT 7V r—a Al 57 Fus B RHBONT RF [E#1E SOC DIEZAD—H4r Th b,
ORI, BEIVE SRR R0 D255, e MO VX AILIEF ITHFTHDL —Eh

DIIREAPESH THLIZD IV I AR - T T NV E A HEES DL O ZEH B B R E P LETH D,
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EIV I AR 7TV (AMS) D —R <y T % FED LI ZREL RO R R ETARBFELET 2O T
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FEEAL, T T ~DERNFIZOWNWTT B =R RT U — a8 a3 AIOITRR LTz,

1. m—-/A4X+-7>7 (LNA, Low-noise amplifier)
EIEHEE RS (VCO, Voltage-controlled oscillator)
B JEERT  (PA, Power amplifier)
T us TR NEREE  (ADC, Analog-to-digital converter)
WAV ks | LIS ZE Wads  (Serializer-desirializer)

ok~
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Figure SYSD12 VCO Performance for Mm-Wave Circuits
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EVIODIE, T /AT ~OERERTAT T HLOTHDLINLTHD, IRIT, TRCT s ORI E M
BEDZEBHE T T/ b VAR IVER SN, TNOOHEBAMTIEAAN IS D2 L a1
LT, VAT LOT VNV ORIEEEE 2R ESHDEV Y BREICLVI T U AZ DR — I 7 53
EINTETEY, 7T rTAIT ORI P AZEZHUTHE, 1/4’7'7F1£Ef%r’ﬂ£éﬁf%fb%:<‘:c:o
WTERHIZE T8I, 5 HOZL DT Ful « Iy AR <7 VA OKFHIB W T, Fv 7
HFEII RO Z B E O CIkES> TS, T7205, ZNOOZEREFOEFEN T AT LDIy 7 A
e 'j_‘/l/*K SOAANPRIEL TS, LN T, EBEIEEDOEICBITAFRIT, BMEEDOIV AR
T FNVERFHC BT A ANERE A 7] ESH D DM B2 A Y T S OZ B HE DL AT U NEED
B~F<7/7>5:/TL@\5O ZHUCWATLC, Z BB 1527 DXV EIE CEEIMWZ DLIRV AT LT —F 7
IF X DEENESITHETH THD,

BWDOT/ELEDZEY — Figure SYSD13 X, E I EMEREDBIFROBLE THaE OIS /382 L1z ADC
~OFEREFLHL TD, —EOVERE (e IRIE) SV IO R0 ETo— m{é%ﬁﬁ%r@){tﬁ%—
1 DEMBRTRINTWD, HEREZR ] L3802 8lE, W T 7 aPa o0, [BIERH2kETH2LT

BRSO, UL — EEEEOMELS LICBEN T2 LL%IThHD, 7 —XIZkHE, ADC Dl

9 FIal@GHI R T, IHEE T LIE NS T8 —E L TEIG4 DT N TOMBEFEIZ ZFE
TBEEDE, [BIFFEIR MOV TITEFEEIZ ZESL OB HIT025, I THRE, [EfEIZB T 5K, m—F~
o TIEB TN K GES S RETHS,
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EDIARYT T4 1 IW OFEHE TRSNTODD, ZHUT 10 4£FTHIAZRELOBEIL TH7R0
ZEBNDDD, A HDELD ADC OHE A (LU= SiGe, N-V ELA W EER, ZUZZnbo A7
YR AW DARYT T D FIZdD, ZLT, 2O T T %2 X ARIE| & BT 570 Ok
RO TR, 2010 FOBLIK (2.13GHZIMW) Tl BH#REL L CIXFFA CX LW E ) TRl
T — 25 S B 4G AT REZRAL B IS H D,

ADC DPEREA] ED R —Z I NFEyh (BERK) OHEICH LTIt ThHho7705, GSM D FELH R D
T UHIRTEAL S, RIS I BT A E T — XL — b DT U HNVE T A HEICH LT, BN T
55, BlAIX, 32 VT E2WH~/VTF X7 GSM HHFIZFHBW T, 80dB LA EDOX A FIvrL V%
WL 5, ZO IR FEHFIZ BT, 25MHz D% E HHEIE C©F U XV IEAL 2 R BT 5720121,
ADC |Z{H# %77 1W LL T C 300MHz DFEAAIEEE L 14bit D fREENSERINLD, mtERE/ N T —T 7
VLT LT TV —2 a1 BT, SiGe ~T A AR —Fh TP A% (HBTs) < -V (L&Y
N3 AR A XU —T IR L, o7 Far 7ar b2 REBIZIE CMOS 28 H 92 SIP 12 XDk 3 i
(R T D,

T FFDES — @ ORI T, B AT T 72O I — AR DD ERIS 13, Al
A T CHRRE EIF 528 THD, LInLARRG, FRHISy AR 7 V&S ATV DI IZE ST
DRI T HE R Y R AT I DME— DOHEHE R T, ZOXHZRERRIE L0 | Bl L i st O EE1TH
ZLIZEY, FHUWGH GEOHERTETE O I0) NEARHEN, FEAEETFLOTHBICA> TP
LINTET=, Figure SYSD13 I/RENDIV I AR <7 F )L D& FHZ B4 AT s FLi . ko HL 5=t
BN TG, G~ D ER R0, BREF O FEBINEL AL D2 LTI ZENTED, PEREZ M) LS 5T 81T,
BURE R OFEMT CRIASNTODEDO IS @V ERESIRV B BN 2 LT LW 2R Tx5
EVIHZELEMTHLIENDND, SV HE, FTLWEL OO IUR, ZNHOERE FE B
BT\ B B R i A RS D Z N TED, HAHNIE, FEIRPEEN Y Tea AR PERE TR,
VEDZENTEDINNT/DETOR A A ENTESD, ZOINTHEREFREOBEEIX, FTLVIy 7 AR -
TN O T OBTEMEC KB RTREME A Rl T A &I ZENTED, @EREDIV I AR 7
FDEFE AR ARNT, Flo@m WA E T — XL — N CEBLT AR 0L, P8R EEN BT L
s A BRI 28 ) L7205,
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Figure SYSD13 Recent ADC Performance Needs for Important Product Classes
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IVI RN 2 F NI S TF ¥

SV ORRFHOIVFE DK FHEE TIERWVD, RFOFEFHIOW TR, 7 al & itnbld gt Tz
FONEW, IV DT AT AE, CMOS, BICMOSZ FUZIN-VIE 8RO A —) 7 D B FEZ R DI
T CWD, [AIBEE LR AL TIEESMOSFETZ 0.2~0.4mA/ 1 mHDWEZ UL B W o7 gy R &7
BILRDID AT AT HIIREHHE AL TREFTDILIZED | FTU P AZDEO firars THUTERD
HET IR L DS TR R A £ LoD, T/ A — L CMOSIZ L HRFLIV K D [0] 4 BE B £ 01X
HOER) =7 BRI L CHEIRICT HIENTED,

A HDOIVIAR T FIVORFFOIFEAL, 3GHZ UL F CEIMET 255722 TO PAIZIBT (BRI i
727 a s NI B WO IR, B G DF 54, BIEDZLL TR T O T, BRELEN R KOG FIK
WEZRET D, BIRELEDOK T (EERAT =V T ORER) 1L, KO ATHEZR (G F L~V T35
ZEEEBRT D, ZOZEIE, SOC Ya—alrOIy I AR 7S VB QBT IZXT L TR EREEE 5.
2 Do TINA ARG A= LD EIBEIEDOKEED L I 2L —al FEE X ELTWDEDD | i Jelid
CMOS 7'rt A/ —RIZEIT A MES DR IR L TTB W DN TV, L3> THBEEZHIFIL, 7]
BEZR RV BRI HTAZLECTHEENRLV AT YN — LV EE A TAZERNLELINS, 7T e/ RFBLW
VI OBGEHI B W TRAIOTV I TRRIZIND H7-O121E, BLaTdhb—fE, LR\ lalb—ray
— ILRET INMEAFET DEZALIRSTNDEN, LW I AR - 7 LVER SO BT 1L, — AT %
R AEVER A LS L DB IR 30D, & UIRFEIC B3 2 13 <72 570 H1E, BARRY 705k &
e AL, BEfFOIv I AR 7 VO FHEEEZFAIHL, SOC EAMNBED AL 2T = — AR RS
HINRTA=H TR T HIETHD, LNLERNL, ZOIHRFHAHZIBI2R070 121X, #oibizh )
POLT R KENEEEDAT =V 7H 8312, 22 2RICERFFENLD BOEREEZ S SFERI D MOSFET
VLT D, 2L, PIDS ZHCOIy AR 7LD CMOS bF7o P AL OEEEL T, @ T /it
WBIEE, ZOBIENEBOT U2 VT 7 /a Il T EL TP LD D3 %, 2O L8572 T
NARZLSTLTH, T FHus BT vy 72 LW, —RIZE A3 200, FrEDREED =D D)
RBEY TIENIENZO | FE O D725, SHIZZD IR =V 7 FIRIL, A7 —0 7 bt
SNHIAAN EDRREE DR LTLEIZENS, 2RO T I/ bl a2#HE 2072 eI B W CdsT
FLLRWEDERD, ZOIHRGAICBWT, T3 7 7F vy OEFE LW b D& G T, I DER
FHEATHIENIRD N, WERIZEZLALNS, BT 5L, 7TIal R 7 ay 7 OERETIK FTRBLW
TFual R T oy 7 ORI, Bl XEEEIv I AR 7 UV BE DR AL & SR I A —
IZR L CREERREE LD, B REERI I AR 7 F B TEF YL DI FOLDOTHLES 2
N

- HREEOM T . BT —RREIEEFEIL BEE ETAOOF v — VR T R EFEI L
ZL T, AF A =R RVEKBIZB W T, BEOKELA LI (PIDS, ¥ A1)
TR —s CMOS 12550 TIEFIHNZ K U7 S 74 F 7ORBEO®TNT, LA T IR LO%
R T NTA=FHHEL ORI KL~V OFREF RIS T 720N E VDRI 72> TETWD (B
FVT &IRab—ay THAL)
FHXT G720 NT A=K DXL DX DA FEBNIINZ ST A—HDIA~ T ZAitE T DG DE A |
B OALRER E DB L REED N — R A7 &21TH 2B (PIDS, Vur b= R7 ok
ANITTT 4 THFAL)
T TB/ENDT T AT RIEDWEN] 2 Iy T AR = RO a2l —a ) — VDD
AR L0 EME e R NET IV BLOWHREOBGENMLE (FT V7 & Ial—e
YT HAY)
HPLESED ] L (F VT IR H L N2 2R )« T SAREER, Z AU g OBLRR
IZB DB ENRE EFEIZET VT T HIETMA T, TAMET), oy — VRV AT AL UL
DAL TV —aNTEXHIENME (TARNETANERE, TR T V& —V0 7 T

The International Technology Roadmap for Semiconductors: 2011



VAT LT A3 30

&2l —ay)

SOC ZFICfEornip—2 . BAMEOIVIEHKTTY 7 RF EIVKEIKIZBIT D5 7E
BRI DR EF, ZAUBICHNZ T PIDS FIZFLE I T D EN 223t L33 (PIDS, €T U7
&Il —iar FTHAY)

R RAFNBLOEFEPEDTHE © No—=U TR RANLTWDZE, F72. BEMEDHEA TR0
ZLITRIKT D, BE LA G — BT A NS E (T AY)

T Al ISR AC I T IS D R % B HIE LD Ly Soa gl 21T 7560 D —
DU BPKAIL THEZE

BAAEY RT3

SOC FHFHIFBWTC, BHiEND RAM RFtAHLEHAEI(ROM), ZL TL T ARY 77 AL AEYDER
FREEANET T HIINL TD, A —axTh, 10 kg, sEHEEME, 2L T AT LB IRT, 3T
~AVATL I NA=S A AT NIBITHENL LD AEVETED T DLV R U REFRLRL TS,
IBEAEVEINERIA T 327 7V r—aAd, BERATREZRIGH (7o 213, BB EH]) Oa—R-Ah—
UTHN, AT —hELIIAEY I —RDT —HZ - AN —TTHY, T LT —LHHDINII KB ERLES AT

AZROLNDEMRER Y v 7 LIRETHRE AT THD,

07 EARYDNT AL R AT L3RR, B0 10 filf), N—R =T -V T M = THER, L TA
RIS AT WEATY DM B E T 5D, IANMIEL T, 7/ AMERREE /Uy I len iy - AE
HLHOBIMN~AIJEN, Fo 7 -FE-TF 7 b LUIMD T AT Do Ao r— 2 (SIP) RO AR ITHL
TEWEIMERDD, 0y 7-AEVEBOL ~)UT, EHIZa—R-T =X TR (220X, Y7 =T 1%
I—RAENZENNAHSNDRE T, MEBHEST 7V r—ar OF7 — X3 T — A AFNAFIET RET
BD) 1T TR N=RY =TV T =T DY S3F DR —R A7 (7L 21E, Y7 b7 =TI LV F#k T 5

T —bhLRTF TG T KOZLOEBEATHE T 2) ICb KT 5 THAI, 10 B ELimfE L, A
TIRERREL T, EDINTHHRIEE AN — RS2 N — R A7 T80 ET 5, DFED, 1) ARV T 78R
IE, FOEOS LUEXEVER S« 70— T TARY AR T A BEDJE LA — 3~y RORYEIZ L~ Tl F
HIEWTED, ZL T, 2) T/ RAREITE -, BU AT N RIBOEMESE | @l COE o MER7R D
MHDHWNILIE TEE L T MER72 DN, E DR TEDIHNINT U ASHLNIHIETT D,

AEVEECTIL, 7 ay P OFEERICAT)T 7B ADRES N L TWAIENEETHS, ZOHE
(Mo 7 eyt 7 —X% 7 7 F vy — IR CII LD TR, 7oyt a7 O A( " AEVET 4T
TITRARY (T2 2T, VO RZ T 7 A0) DT, B A — (&) DL~ )LD AN—Ry = 7S5
Frw a2 B AT HIENMTOINTND, KFLAT—TiL, BFOEOOYEEX v 2 AT FET D, L
UG, BEEOBIRT, EHIZEINCE > THROVERSWE RO, 1EROT —X 7 7F ¥id, =¥ —
DI A — S~ R AR ICRE 2 MERE A R 215 CD, FEIERARHIEA— S~y ROFIEL T,
R DAY o> 2 D [EPHRIRE 3D THINBIE AT = R LERT0 3 T 73T D, ¥ AT LOBL,
N, R—HT AR CETERNEO VT AT AT CEEDT 7V r—aid, V7 =T filfEs =5y
BOATIREEO LI BEEZITHI LN TED, AEVEEORRDL A Y —1T, EDICEERE DT 7+
R B—RENE I E L TEET D, XTI —ANALZ——T L\ ST B —RDOERE, 7 OYERR
BT T T LA GET—RIE NI AT, RISV A Y — D SIS SN AITE R, Fio, F
T EI AL D) — B IHIRIL. BIELOL SSICRED AR SR AR RS A TR D = L7 h > T
P<s

A=) T IR AT G L OIEEA TR T 5, FIEL -~V TR, AFT AT T HE BT T A A
FY (SRAM) DEL R T Fev—0 BLINDRAM TORV LT lon RIA 7 EFRIE. 2 DO iR
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Thb, JO/NSTTERIE, 722X T SAARY DDV DOR— /RN E XD DXV KREREELE 5.2
%o OEDOREDOHFNZIVZL DT NAANERHINHD T, (X5, /4’2“7—7“/5—&/\‘7—()_
7 aavilE Vth OFREBIA72MEAFED B D) DM FIZEEL T, KO KE72/ T A—F EOSEEVBIAIL)
FEROEIE MR ey — L3R EH AL, ZUHORBEICRVHT BN H D TH A, =7 M, 7sz2
A=V 7 LRIV AT U NE FE CHRANE T 559 — D DR E ThH D, IRFAETIDY TR =T —-L—h
(SER) &, RO/ INZ >IN, £ L CTIEH SRAM BXOYEH DRAM Diti 7125845, ZiUZBEL

T F L CHREND, FERMAT THE Y OBEZMZ OLEL, VT b 25— DL ST 5%
LAV, BRZ, BETHEFO IO @ ECEEEOHLT 7V r— a1, =7 —iT BTV T K ER
THY, TIBRFAL NT— BIOTBER AT T — 2N T HBE FOEEFEO N — N4~
ERIERITTHA), HfLIT, KL BFEIRA AT - T L ADTD DOAANDRO N FEET AN B IO
VAL BV T T AN, SOC IZBITHEHE/RFRTHD,

AEVI T IR S ALESNAZED D ARV A XL T p—< AL, 2 ANB L UOMEREIC k&L
EEEOFEAE RO, ZZ THMSIADATY LA DH AR 3 TEHRL T, Fali{b D7 DI LS HH
W EE DRI I KA L7325, Table SYSD3a & SYSD3b 1%, 3 DOBAE L/ 22 A7 DIR#HATEY . CMOS
IRAAS T« T 2 BT 7 A ZED (SRAM) | IR EREMEAEY (NVM) | ZHUZIRESS ATy 7T
S LT 7 A AEY (DRAM) DFFANEREZ 5.2 560D Thhd, 2B/ T A—2(%, [nli&i% 1543, PIDS 2
DO logic requirement table(R 7 ERT — 7 NN Lo ThH 2 HNAEANEE R G003 T AR L T
RED, EMEBELAKTE /12 BR N THEH D EL T CMOS SRAM DKk A —1 ié@hzkkﬁwm
T 5, EERRILEL T/ —R Y720 0.7XDV—R A V)V e XA DDA — o T hBaRT B, LA —D T
13, 7o & AT RFFREA &5 2 (N LENMEEEE O DO BfR ., 2V NME 45 nm /—RThEED PMOS 7 /3 A ALK |

DEPRETLELXMEEITEAT V7 OB 728 ZEORFIEED, HAEMOBFHEER RAM, BRI
RAM, EAUFHZALATVEIMNZOWTIX, FERFH F Ciliams it T,

Table SYSD 3a  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 (nm), Feature Size — F o o o » »

6T bit cell size (F2) [1] 140F2 140F2 140F2 140F2 140F
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 1 11 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 (nW/MHz) [6] 45E-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 0.2/11.2 0.15/0.8
Write cycle time (ns) [7] 0.3/1.5 0.3/1.5 0.3/1.5 0.2/11.2 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
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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) A 2V 2V 1.8V 1.5V
Write (program/erase) on chip maximum voltage (V) — NOR [11] 1ov 1o0v 1ov 10V 10V
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/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 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/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—F# 7= 0 465 (failures in time) — IFIT=1E-9/FF/%]
FLOTOX— 72 —>7 7> 20— |« f 2 FAERE (floating gate tunnel oxide)
MBU—#HE > FDx Z— (multiple bit upsets) NAND—““not AND” D BE/F 5 NOR—“not OR” D PEji i
Table SYSD 3b Embedded Memory Requirements—Long-term
Year of Production 2016 2019 2022 2024 2026
DRAM % Pitch (nm) 25 18 13 10
CMOS SRAM High-performance, low standby power (HF/LSTP)
DRAM % pitch (nm), Feature Size — F » e 9 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 Not
Operating voltage — Vdd (V) [4] 0.8/0.9 0.7/0.8 0.7/0.8 0.7/0.8 currently
Static power dissipation (mW/cell) [5] 2E-3/2E-6 | 3E-3/25E-6 | 5E-3/3E-6 | 6E-3/3.5E-6 | projected
Dynamic power consumption per cell (mW/MHz) [6] 2E-7/4E-7 | 15E-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
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Embedded Non-Volatile Memory (code/data), DRAM ’ pitch (nm) 40 32 32 25 20
Cell size (F?) — NOR FLOTOX [9] 10F° 10F° 10F° 10F° 10F2
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) 1.3V 1.2v 1.1V 1.0V 1.0V
Write (program/erase) on chip maximum voltage (V) — NOR [11] 9V Qv Qv 9V 9
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/MHz) [6] 3.50E-09 3.00E-09 3.00E-09 3.00E-09 2.50E-09
Read cycle time (ns) — NOR FLOTOX [7] 12 10 10 8 7
Program time per cell (us) - NOR FLOTOX [12] 1 1 1 1 1
Erase time per cell (ms) — NOR FLOTOX [12] 10 10 10 10 10
Data retention requirement (years) [12] 10 10 10 10 10
Endurance requirement [12] 100000 100000 100000 100000 10000
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 ot
currently
Static power dissipation (mW/cell) [5] 1.00E-11 1.00E-11 1.00E-11 1.00E-11
projected
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 1 1
Soft error rate (FIT/Mb) [8] 60 60 60 60

FIT—FFap 7= 0 Bel#3 (failures in time)  1FIT=1E-9/FF/3]
FLOTOX— 72— ¢ 22— f « F 2 FAPEEIE (floating gate tunnel oxide)
MBU—#HE" > F DT Z— (multiple bit upsets) NAND—“not AND”* D #Eja i NOR—“not OR” D PEF

Tables SYSD3a and SYSD3b DHFDEZE

[1] BRI EDBIEE L Tt LTAEHEHG 06 f 7 2 2P R 5D CMOS SRAM & /2D Y1 X

2] (XF VD= TR A E V [FIEEEE D) TER I SRR T L1 Z)F

[3] EEHECMOS 1737 2 72 X (TR T3 FHIH L T BN T L 7525~ X 2 3, BN TR L 70 5~ X 2 BT HIT T 7 Th 575,
BRI RO SRS (1 RITHEHEE) DSRAM Tl 7 0t X7 3 2P S, L VR A R ~r— 2 RT3 780128
VBB & L0 F L OBED PMOS |~ 7 > XX D5EDRE YD, BEDGEAT L DTEDIZE 2 BIED NMOS |7 22X 5 5ftbie 0 773,
[4] EEEBNEEBIEIZ DU Tld, PIDS 3D logic requirement table( 12 2y 2 7oNA R IZ51T 5 FEHTERZD D HP T34 R E LSTP 731 X2/ 1L
T3,

[5] TGO DR E BT, AL 1 standby x Vi THEMEIE D TH B, (47 & E BB/ ILPIDS # Dlogic device
requirement table( 12 27> 2 ToNA XTS5 T3 ZRZ) DHP 734 X FLSTP T4 ADE G L= b D THB,

[6] CDONTFX—L[E, T LA DT —F T2 F I8 BN S, L LIRS T2 B TEDNT A — BT LN THRET S Z S0
T&B, U— R WL) #Vy EBIETTZAREL, E> MR BL) 208 Vy OEETRBIUSET D, By FEa2lEnor— g
E By NRESEDTFOIE S, IMHz, 1 By P2 D T3 w2 BT, dynamic power consumption per MHz per cell = (Vg < CWL (per cell)
X (Vag) + Vaa < CBL (per cell) x (Vay) x10° & 723,

[7] #5422 ] Read cycle time) 137 N LR 035F55H] LITE T 778 F TO, EEERIGIFR] Th S,  (ZOHFEJIZ, Z> A7 2¢
RIZHfTBEAETH O, Wik T 2 C XL E—lr e Sp IR T 2B XIEHT B & DT, ) FXABA 1 I, T N LR IZHT 52
XRABIREE 55 T T8 F TOFZLERILRIFE] TH S, DY+ 2 BFEE & I1ZXF VDY XR0T—F 72 F 175,

[8] 1FIT /2 10 (EHFE T 1 [FID3GE 5T 5, AT TOSEAEIT] A T E > f 257 0 DFIT #& L T,

[9] BRG] F TR K FLOTOX ©ADY A TS, Tt X, BHDOTHIA FVITH L A T2 L—> 7 ZDEANZ L D #5
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Figure SYSD14 ITRS-iINEMI System-to-Chip Power Comparison Trends
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