ITRS

2001 ITRS
(MPU) DRAM(DRAM) IC(ASIC) SoC
( MPU ASIC)
2003 ITRS
ITRS
ITRS 15
4
(SoC) (MPU) (AMS)
NEMI roadmap, http:/Avwwnemi.org
8
SoC AMS MPU !

“The marke drivers are et dearly ssyentedl acoording to oo, timetomerke, and produdion vdume: Sem oo is equel o Manufadiuring oogt + Design oot
Marufaduring oogt bresksdoanfurther intonontrecurringenginering (NRE) oodt (mesks todls etc) and sllicon acet (rawwefars+ procesing + test). Thetald gemdgpands
onfundion, number o 1/0s pedene aogt, ponar and e Different regans of the (Manufaduring Vdune, Tire To Marke, Sgem Canplledty) oecearebest sved by
FPGA, SruduredrASC, ar SOCinplarentationfatrics andbysngedear sdgaminyadane(SP) inegyration. Thispertitioningiscontinuallyedving
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8 Mgor Produat Market Sgmatsand Inpact on SstemDrivers

MARKETDRIVERS ‘ soc ‘ AnvaLoGMSs ‘ il
1 Portableand Wireless
1. Sizefneight ratio: peak in 2004 Low power paramount Migrating ontchip for voice Specialized cores to optimize
2. Battery life: peakiin 2004 Need SOC integration (OSP, processing, AD sampling, pprocessing per microwatt
3 FurmmMyears MPU, I/Ocnrs,etn) andeve'nforsome' RF
transceiver function
4. Timetomarket ASAP
1. Broadbard
1. Bandwidth: 2x/9months Large gate counts. Migrating on-chip for signal MPU cores and some specialized
2. Function: 20%fyr increase High reliability. recovery, AID sampling, etc. functions.
3. Deployment/Operation Cost L
fiat Primarily SOC.
4. Reliability: asymptotic 99.999%
5. Time-irimarket long
6. Power: WimBof system
8 Major Product Market Ssgmentsand Inpect On Sgem Drivers(continued))
MARKETDRIVERS ‘ soc ‘ AnvaLoGMS ‘ MU
1. Iritermet Switching
1 Bandwidth: 4x</3-4yrs. Large gate counts. Migrating orrchip for MPU cores, FPGA coresand some
2 Reliability High relicbiliy. MUXDEMUX dircuitry. specialized functions.
Ti . N
3. Timetomarket ASAP More rammabilty MEMS for optical switching.
4.Poner: Wim? of system accommodate custom
functions.
1V, Mass Storage
1 Density: 60% increaselyear Highrspeed front-end for storage Highest-speed AD samplingon Highrspeed hardware for, e g, “look-
2. Speed: 2x by 2007 systems. chip. ahead”in DB search, MPU
3. Formfactor: shift toward 25 Primarily ASSP. Increasesfor higher precisionin nstructior preS/f,itdﬁdaIa
positcning rertia ampresson SN moring
Shift toward large FPGAand —— ' & . failure prediction.
COT, away from ASIC costs i '
anddesignflons onhip power control
MEMS sensingon RMWhead as
an SIP option.
V. Consurmer
1. Cost strong dowrward pressure Highend products only. Increased integration for voice, For “longHife” mature products only.
rammabili visual, tactile, physical - . .
Zﬁmwmrms Reprglg; ity o Decressein long design cydles, andin
3. Function: high novelty possioe: EEE“E')' et (eg, sensor useof high-oost nor-
4. Form factor Mainly ASSP; more SOC for high- ' prepackaged functionsand
. I graphics, proc, cameras.
6. RTOS kemel, MPUIMMU-
DSP, woice synthesisand
recoghition, etc.
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VI Compuiter
1. Speed: 2x2years Large gate counts. Minimal on-chip analog. MPU cores and some specialized
2 Mermory cersty: 2 years High speed. Simple ADand DIA functions.
3. Power-flat todecreasing, driven Drives for clgital Videoifffor Increased |ndLst1y'parmersh|psm
bycostand Wi functionality. monitoring,video common designs to rectuoe
4. Formfector: shrinkingsize T conferending developmertt costs (reqires
5 Relicbil Primarily SOC integration of datasharingand reuse across
: ity astomofitheshelfMPU | Integrated high-speed AD, DIATor multiple design systems),
and O cores, monitoring,
instrumentation, and range-
Speedos resolution.
VIl Autormotive
1 Functionality Mainly entertainment systems. Cost-driven onchip ADand DIA
2 Ruggedness _ Mainly ASSP, but inoreasing forsensor and actLetors.
(&dtemal environment, noise) SOCfor highend using Signal processing shifting to DSP
3. Reliability and safety standard HW platforms forvoice, visual.
with RTOS kermel, .
4 Cost f Physical measurement
' (‘communicating sensors”
for proximity, motion,
positioning). MEMS for
SENSOorS.
SoC SoC
(MPU AMS )
SoC
SoC
2 ASIC
SoC
SoC
SoC 3
SoC SoC
SoC SoC
ASIC
ASIC/SoC (@) 2001  ITRS ASIC MPU

Mot dgjtdl desigrstochy arecongcerediobeASCs ASCaonaieshothabusnessmood (withperticular “ hendaff” framdesignteamto ASCoundhy) andadesion
methoddogy (Wherethedhipdesignar workspredaminently a thefundiondl led, coding thedesignat VerilogMHDL o higher levd destriptionlanguegesandinvoking
autardiclogcsnhessanddaceandrouewithaganderd-odl methoddogy). For exonamicreasons adomfundionsarerardy arestadt redudng designaog and designrisk
isparamount. ASCdesignisdaradtarizd by rdativaly consnvativedesign methoosand design godl s(d- differenoesind aokfrepuency and layout density bavesn MPU ad
ASCinpredous| TRSadtions) butagyresiveusedftedndagy, Sncenmovng toascdedtedndogyisadhegpway of adhieding abetter (Sreller, loner pone, andfade) part
withlittedesgnrisk (@ converganoedf MPU and ASC processgroeriesin previous TRSadtions). Sncethelatter helf of the1990s ASCshavebamnaonvargngwith SOCsin
tesof contat, processtachndogy, and designimethoddogy.

For eanple rassbleares right repiredreraderizaion of oadificnoiseor poner atiributes(* fiddofuss’, or “ asmeddesignoorte” ) thet arenct normrelly spadifiedt
Crediondfan| Cdedgnartifadt for reuseby aharsisadartially moredifiicuit (by fadorsedimeted at between 2x and 5¢) trenaregtionfor aretineuse
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(ii) ASIC ( )

MPU  SoC
@ SoC (i)
SoC ( ITRS MPU
4 SoC ) SoC
( RF MEMS
)
SoC (IP)
SoC
P P ( )
( )
( DRAM RF MEMS FRAM MRAM )
SoC
M) (HP) (LP) 3
SoC
( )
L e ——
S|
|25y
E-DRAM . _________________________________________________________|
CMOS RF e ]
FPGA ]
FRAM s s e e ——"
MEMS r |
Chemical sensors e
Electro-optical )
Elmm'mﬂ"ﬂgi’:m ot )
98 99 00 01 02 03 04 06 08 10 12
9 FirgIntegrationdf Tacdhndogiesin SOCwith Sandard CMOSProcess
SoC

“Thecarregpondng ASCandruuredausomMPU designmethodd agjesared oaonvarging toacommon* higrardhicl ASG/SOC methoddlagy, Thisisaooderatedby
adore-omedtoding busnessnocdsonthe ASCdde andby'tod limitationsfaced by both methodd ogies
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MEMS CMOS

SoC-MT
SoC
(
) 9 CMOS
( ) CMOS
SIP SoC-MT MEMS GaAs
flipped onto Flash DRAM
SC
SoC-HP MPU-
SoC ( ) SoC-HP  MPU
SoC-HP 10
10 ( )
e}
CMOS 100MHz
10
10Gbit/s
4
C )
(
)
1 10Gbit/s ( )
CMOS
CMOS 5
10 Gbit/s 1 1 FO4
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1
10Gbit’s )
(
25ns400Mbits)  Ans(2.5Gbits)
0 10
10
10
48FO4
( )
2 (13 bhl
)
SoC SIP
oC
SoC-LP PDA
ITRS ( )

(“PDA”)
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ESD

STRJI-WG

2003

ESD

12 pF

10

(

180nm

Gbit/s

chip-to-chip

10

10 Gbit's ( 90 nm

2000



CPU DSP SRAM DRAM
1 1 2 4 6
2018 10% ;
eDRAM SRAM 3
MPU
MPU 5-10%
100 0.1W 2.1mW
9 SdemFudiond Reuiraranisfor thePDA SOCLP Driver
YEAROFPRODUCTION 2003 2006 2009 or 2015 2018
Process Technology (nm) 101 0 65 45 32 2
Supply Voltage (V) 12 1 08 06 05 04
Clock Frequency (MHz) 300 450 600 900 1200 1500
Application (maximum reqired Stlllmage | 2 Time Video Codec (MPEGACIH) Real Time Interpretation
performance) Processing
Application (other) Web Browser TV Telephone (1:1) TV Telephone (>3.1)
Electric Mailer \oice Recognition (input) \oice Recognition (Operation)
Scheduler Authentication (Crypto Engine)
Processing Performance (GOPS) 03 2 14 w 461 2458
Required Average Poaer (W) 0l 01 01 01 0l 01
Required Standby Power (mW) 2 2 2 2 2 2
Battery Capacity (WHh/Kg) 120 200 200 400 400 400
SC
SoC P Design Test PIDS
SoC
100% ! ( 9

® Otter asoects of the modk], which are not essertil to the folowing analyses, adbiress external communication soeed (increasing by 6x per nodk in the near tarm, starting
from 34 Kiys in 2001) and acbiressable system memory (incressing by 10x per nock, starting from 0.1 Gb in 2001),

8 The PDA contained aqoroximataly 20 millon tansistors in 2001, and will cortain anproximataly 41 millon transistors in 2004, The mock! assumes that increasing parallel
compuitztion will be required in each generation of the device, to sport vidko, audio and voice recagnition nctiorality. This 6 reflected in CPU and DSP contert e,
number of cores), which increases iour-ild (4x) per tecrnology nock to match the processing demands of the cormrespording guplicationss. (By compearison, MPU logic
cotertt 5 proected to abuble with each noce,) Overtiead area (I/O buifer cel, pad ring, white Space die to hlook packing, analog blocks, ett,) is ived at 28% of the dle. The
41IM trarsistor count in 2004 s broken adown as iollovs. A Bypical CPU/DSP core (e.g., ARM) todty s qoproximetaly 30-40K gates, or 125K transistors, Ve assume 16
suich cores on chip in 2004, iie., 2M CPUY/DSP core transStors. In 2004, the “perppheral” logic transistor cournt 5 23M transistors, and this count grons at 2/hoce
thereafter. SRAM transStor count 5 16M in 2004, and grovs att 2x/hock thereatter. The composition of SRAM versus DRAM agoenas on the ratio of memoary o logic. Ve
assume that embeatied DRAM ©DRAM) & cost effective when at keast 300 of the chip area i mermory; 1S trigger poirtt oocurs at 16 Mb in 2004, Oree triggered), the
eDRAM contertt quacipies every tecinolgy roce. (Whi the SOC-LP PDA s a *Single-chip aesign”, we ab not imply ary juchmentt as to whether muli-ale or single-
de implermerttztion will be more cost-efectie,)

7 Patiorm-based design s ibaused on a specifc oplication abrain. The plattorm embodies the herdhare arcdhirecture, embecbied softvere architecture, design
methodblogies oy IP aLithornng and integration, aesign guicelines and modbling Standards, IP characterization ad ypport, and hardhere/Sofivere veriiication and prototyping.
Derivative designs may be rapidly implemented from a single platform that has a fixed portion and a variable portion that permits
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(Design PIDS)

MEMS (PIDS FEP Design)
/ BIST SoC
SoC ITRS
(Grand Challenges) SoC
SoC-LP
SoC-LP 2 1
0.IW 2mW ) 2
aCVddEHoffVdd
MPU aCVddHoffVdd
a ° PIDS
SoC
(LOP LSTP HP)
10 100
LOP LSTP 2001 ITRS 23
SoC-LP PDA
LOP LSTP Y rop
2018 139W 2012
LSTP 2018 127W

proprietary or differentiated designs. (See: H. Charget al, Suniving the SOC Revolution: A Guik to Patiorm-based Design, BostornKimer Acaoemic,
1999)

8 A programmatie logic core & a flexible logic BT that can be customized to inplement ary dlgital logic fnction after abrication. The structure of a programmable logic
Bbric may be simir to an FPGA capability within soediic blocis of the SOC. They allow reorogrammabiilty; acgoitzability and recormigurability, which greatly improve chip
prodictinty. Applcations incluioe blodks that implemerntt standards and prottocoks thet cortinue to evolve, charging aesign speaications, and custormization of logic or

¥l s0eotestheNMOSFET drainaurrent at roomianparature ardisthesumaf e NVIOSaUbhreshdd, gate andjundionleskegecurrart coponarts ascesribedintte:
PIDS dgpter. Detailsof adivecapaditancedansty cal auiations dgpandencesontenpearatreandtireshdd, eic. may befoundinthe PIDSChepter docureriaionandinthe
fdloningsupplemental file. Theadivity oflogichlodsisfixedat 10% Theadivity of memory blodisedtinmeted tobe0 4% besed onthefdloningardlyssdflargermenory
designs Wefird ssurethet amanory ol aontributes 2 getecapeditances o rninums ztrangsarsfor switching purposes acoounting for souroaldrain capeditances aontact
capadtancesardwiring capedtanced ong thehit lines AwriteacoessrenLirespong intheron/odurmdaooders wordlineand M bitlines ssseanlifiersand autput buffiers
Weaorsde menoryiobeadtressiwith 2N bitsand asmethet meory poner iscueprinerily totheadunm capeditances andthet M hitsareacoesssd smLitanenudy
auraf 2% posdbletits Then e=M2¥whichistheraiiodf accessadbittotoidl hitsinthemaory. For eanple for a16 Mt mmamory, M= 16andN= 12, heoe o= 04%

0 5t 25°C, dyraricpower dsspaiiondominetesthetotl poner inboththelL OPand LSTP cages
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10

11

Power (W)

100 Power Trend
1.40
I/'
— <— - - Dynamic Power LOP (W)
1.20 -
— & - - Dynamic Power LSTP (W)
1.00 4 — -A— - - Static Power LOP (W)
—@— - Static Power LSTP (W)
0.80
— O~ - - Memory Power LOP (W)
0.60 —&— - Memory Power LSTP (W)
— > - - Power for LOP Bottom-Up (W)
040 —*— - Power for LSTP Bottom-Up (W)
0.20
0.00
10 Tad Chip Power Trend for SOC-LP PDA Application
10 Power Manegament Gapfor SOCLP-PDA
2003 2006 2009 2012 2015 2018
Total LOP Dyramic Poner Gap () 00 02 1 24 47 81
Total LSTP DynamicPower Gap () 00 04 12 300 57 14
Total LOP Staraby Power Gap(X) 037 34 873 1879 4438 2319
Total LSTP Starnchy Pover Gap () 098 0% 090 078 053 010
oS
8 LSTP
( 0.1W)0.1W(PDA )
( 2mW)2mW(PDA
) (
)
SoC-LP / 0.1W
100mm’ LSTP LOP
LSTP 2
2018
01w PDA 10%
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100%

Al
0% —o— Logic Area Contribution (%) LOP
—— Logic Area Contribution (%) LSTP
—#— Total Memory Area (%) LOP
Total Memory Area (%) LSTP

80%

70% ./

60%

50%

40%

30% H e ——
20% X\\\\\‘\
10%

T

T
2003 2006 2009 2012 2015 2018
Year

Percentage of Area (%

0%

11 Powe GapHEfietonChip Composition

SoC  SIP
SIP
)] - - SIP
(DRAM ASIC )
BGA laminate DRAM- 2)silicon-on-silicon SIP
RF IC
SoC  SIP
SIP-driven ITRS  Design
Test Assembly and Packaging MPU AMS
MPU)
(NRE)
NRE
3 MPU o
( (FPGA))

" Meoryisaspada dassaf Hghwaumeausomdesign becausedf thevary High replicationratedf thebescmenory adlsandaupporing dralits. Snoetheseodisarerepested
nillionsafirmecnadhip, andmillionsadf dhipsaresdld, theanmount of cudomdesgnior thesepertsisedraordnery. Thishesledto speratefatricaionlinesfor DRAM davices
withsomedfthenodt cardul dralitenginegringnesdidtoenarecorret operation
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MPU MPU
( ) (
) MPU
MPU( )
(
)
ITRS MPU (ISA)
SoC MPU
1)
2) 3)
MPU ( GTX
MPU )
13 MPU — 3 MPU
(CP) (HP) power-connectivity-cost PCC) 2001 ITRS
( ) MPU power-connectivity-cost PCC)
CP
( 1 AC )
CP HP
PCC
SoC PCC
SoC
2 — (CP 140mm® HP 310mm® PCC  70-100mny)
ITRS
(
)
= ( )
3 —MPU HP Cp 130nm
D
MPU ( % 2) ISA

Muit-aoreorgarizionandassOated poner efidendesmay paritdight gonthindiesze butthemessageissiill et diearessarefiatianing ok
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:3) ( x86 MMX

EPIC) ISA; 4)
B SoC oS
5 5) (
2000 2500 . 6) SoC MPU
HP Cp
2
4, —MPU 180nm CP 512KB (G12x1024x9 ) HP
M SRAM ( 18 )
2 1516
5. — MPU g
MPU ORTC
2001 ITRS ORIC SRAM DRAM A MPU
F
320F B 65nm
(OPC) (PSM)
65nm 20%
0.7 055 06
SRAM 60%
MPU 6 (F* =223.19F(u m)+97.74 )
6. ( ) —MPU OTRC

Interconnect PIDS FEP

BA" hdper eging’ isaformof* processngao e’ for graphics enaryption, Signdl processing, eic. Thetrerdiistonerdardhiteduresthet containmoregpadial-purpose andless
general-furpass loge

“TheCPaxrehes2nilliontrarssiors andtheHP aorehesSilliontrarssiors Thedifiranceallonsfor noreaggresiverricroardhiteiural enhencaerts(racecadhing,
variouspredidionmecheniaTs ec) andaher parformencea ppart.

B Thedabingcflogicand memory aonignt witheschtechnology nodk rather thenwitheech 18- or 24 northtinreirtenval, isdetoessenially coretart layout dersitiesfor logic
and FRAM, aswal ascorformencewithather partsafthel TRS. Soadfically, thel TRSrarainspganaer OMOSaartric thereisevidencethet nondaner * erergngresserch
dbicss’ arenovingintodadapmat, posshly asearly asfor the45rmnode(MLS Simp 03). Adoptionof aichnow deviceardiitedureswoudalowvinmprovamanisdflayout
darstiesbeyordwhetisaffordadby scdingdone

* Dajigionfromithegivennode will likely ooour around the90 rmnodemith adoptionof denser evbecded manories(€DRAM). Adopiionof eDRAM, andirtaraied ondhip
L3cade will reppactively incressetheantdripmamory dansity and mamorytrangigar count by factorsof gopradiretdy 3framthegivenvalues. Whilethiswill grificanty boogt
trardgtor counts itisnat praeedtodgnificantly affect thedhip Sz ar tata dippone roedgp. Adoption of eDRAM will do depand srongly onaarrpetiibilitywithlogic
processes((natably thelinrted processwindowthet arisesfranscding of addethidaes), theszzand pertitioning of memorywithintheindvid el product ardhitedure and
dastyparformence oot sditivities

¥ ASC/SOCandMPU ssemativer produdshaveaccesstosiilar processes asforeca Sncethe 19991 TRS. Thisrelledsemargancedf pureplay foundry moodls andmeens
thet febriclayout dendities(SRAM, logid) arethesamefor SOCand MPU. Honeser, MPUsdrivehighdensity and high perfarmence while SOCsdrivehichintegration, lovacs,
andlovpong.

B A 2:npu NAND gateisassmediolay oLt inan8x 4 sanderd odll, wherethedimengansareinunitsof contctediocal et pitch (MP= 316xF). Indherwards the
alagegpecILpes2X(316= 30F For bathsami-usom(ASC/SOC) andfil-austom(MIPU) designmethoddogjes anoverhead of 100%isassumed.
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MPU 2 14
(tx ) 14 ( 180nm 32
(FO4INV) B 130nm 24 26 FO4INV )
I 6 8
FO4 INV 2) ( ) (
2 3 FO4 INV 1 15 FO4INV ) 3)
4)
( ) RC 2003 ITRS MPU
( MPU
) 90nm 12 FO4 INV
2001 16 FO4 INV 2001 ITRS
10 12F04
90nm
20
MPU
) MPU ( )
2)
( SoC PDA ) RF /
SoC
MPU
1O
—MPU
( )
— (ITRS 200W/cm’
) ( 0.7x 0.85x) ( 14x

B AFO4INV cHayisceinedtobethedday cfaninvarter drvingaloed el 4 timesitsowninput capeditanoe(withnolocdl intercomned). ThisiseopivalerttoraugHy 14
timestheCVIl daicedday merricthetisusadinthePIDSChepter totradkdaviceparformeance. AneqarnationoftheFO41NV ddaynocd usedinthe 20081 TRSisprovidedin
apdaretd neEid.

DUniikethel TRSdodk frequency modisusadthraugh 2000 (refer to FisherNekitt 1999), the 2003 mook doesnat hevearylocal ar gobdl irtercomect comparertinits
pratatypica “ aritical peth’ . Thisisbecauselocd interaonmnedt ddaysarenagigile and slewithdacepearfarmence: Furtharmore buffered g oodl interaonnedt doesinat
aortribuetotherminimumdodkparicdsncelongdad interaomedtsarepipdined-i.e, thedodkfrepuancy isdetarmined prinerily by thetimenesded tocopletelocd
conutationloops nat by thetimenesdedfor gaodl comunication: Pipdiningof gaodl interconnedtswill becomedandard asthenumber of dodk gydesrenuiredtosgrel
aossdhipaninuestoinoressebeyod 1 “ Markding' erphesesfor MPUsneoessrly dhiftfrom” freopangy” to* throughput” o utility” .
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2x) 2 PIDS MPU
CMOS
( )
MPU  ITRS 4
MPU ( )
GOPS'mW MPU
4 SoC
MPU
— MPU 1)
2) z
MPU
90nm ¢DRAM L3
( )
23
14 16
o) —MPU 1O
1O
12 13
1O
Gbit/s 1O
1O

Tonsirtainressoneblepedagng aos, pedkegepincountsand bunppitchesfor fipchiparereirediadvenceat adoner ratethenintayation dersities refer tothe
AssartlyandPadegng Chepte). Thisinoreessspressreondesigntechndogytormenegelarge wakapand operatiordl aurrarisandlarger sy valtegel Raraps poner
menegaTat pradarsared v pessdiotheardiitadire OSandapicationledsaf thesgemdesign

2 Rgdicationeellespone savingsthrouchlonaring offreouency and Vigwhilenreinaining trraughout (eg, ivo coresrurring at hetfthefrequency andhelfthe sy voliage:
will saveafador of4in OV dyraiccapadiiveponer, varasthe” enpivalat” sngeaare). (Posshly, thiscoudallonfulLreinressesindesz) Mareganarally, oveheedsof
timemutidedng of resourosscanbeavdded, and theardhitedureand designfoouscandhift tobetter usedf areattenmamo—ry. Redundanoybessdyiddinprovemat cooursif,
eg, adewithk-1indeed of kfundiondl coresisdill ussul.
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( PIDS) ( /)

single event upset(SEU)
( )

2501
3 Vth Vdd

MPU

. ( GOPS/mWY PIDS )
. ( PIDS FEP )

AMS( )

- CMOS
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AMS
RF SoC
AM
4
(LNA)
(VCO)
®A)
(ADC)
4
( G)
(
)
pal
PIDS
(LNA)
LNA

LNA

3 Caraincasesof gpicationarearittedtfor thesskedf splidity, and argumarnisaregiventor thecasessdlentant Inmeny cases wehavellinrited our congdrationstoOMOS
dneeitistheprimetedndagicd driving forceandinnoet casesthenrod inpartant technd ogy. Alternetivesdlutions (egpadally ather devicefarrilies) andtheir rdevancewill e
dsousadfor somecasss aswdl asattheed dfthissadion
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LNA (GSM CDMA W-LAN GPS Bluetooth )
LNA
LNA
3
(OP3=G x IIP3 G P33 ) LNA
NF
(NF-1) Neryiier \\
2 P
DC
LNA
f LNA
(FoMuw)
G-1IP3-f
FOM g =~ 1
0 LNA (NF _ 1) . P ( )
# fra LNA
MOSFET @,/ Qi) RF PIDS
CMOS LNA
LNA
11 LNA
(VCO)
RF VCO VCO
(PLL)
VCO ( )
(FoV\oo)
f, ) 1
FOM oo =| —~ 2
OMveo (Afj L{Af}-P @

2R Brasirlown, S Doy, J. Suarer, M. Vartregy, P. Warrbean, and W Webar, “ AMixedksignel Design Roedhrepor thelntermetionsl Technology Roedrepfor
Savicondudors(ITRY);” IEEE Designand Tet, Deoarbar 2001
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fo LA 1 Af
P
VvCO
VvCO
(LC ) CMOS VCO
LC
VCO CMOS
VCO
(PIDS
VCO 11
VCO FOMvco FoM FoMs
VvCO
PA
DC
CMOS
PIDS / RF and
Analog/Mixed-signal Technologies for Wireless Communication SoC
CMOS
Pout [1P3 PAE
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FOM,, =P, -G-PAE. f’

FOM z

PIDS
Technologies for Wireless Communication

- ADC
AD
AD
AD
2 n
NR
2
fampe P
dB SNAD, 7

Section
Fom

19

RF 20dB/ » f2
©)
A %
PIDS
CMOS FoMm
2
/ RF and Analog/Mixed-signal
11
AD
AD
bit

SNR=n-6.02+1.76 [dB]
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FoMapc [GHANVJIP a8 12 1625 2556 4-10 620 AMSPIDS Table
SoC
5 30
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CMOS SRAM
0.7x
45 nm pMOS
RAM RAM PIDS Emagng
Ressarch Devioss
12a Embedded Mamory Requiraments—Near-tarm
Yearof ProdLction 03 2004 05 2006 207 208 2009
Tedhrology Noce hp9o hp65
DRAM Y5 Pitch (m) 100 @ & 0 & 55 50
MPUASIC %5 Pitch (m) 10 107 % & 76 67 &
CMOS Static Rarabrm Access Mermory (HPLSTR), Tedhrology
Nock () FeatLre Size—F 130 @ @ D & & &
6T bitcell size (F)[1] 140P 140P 140P 140P 140P 140R 140P
Arayefficency [2] 07 07 07 07 07 07 07
Process overhead versus standard CMOS— 1 1 1 5 5 5 5
number of added mask layers [3]
Operating voltage—Vad (V) HPLSTP [4] 12 12 1112 1112 11 ni ni
Static power dissipation (MWICell) HPLSTP [5] 1E44E7 15E46E7 | 15E46E7 | 15E4BE7 3E4IE6 3E4IE6 3E4IES
[DyG] amicpower consumption per eel—mWM#HZ) HPALST ETNE6 | SETET | TETBSET | 6E78ET | ASEWET | AETESET | AETEET
Read oycletime (ns) HPILSTP[7] 052 0412 0412 04R 0315 0315 0315
Wiritecycletime (ns) HPLSTP[7] 052 042 04 042 0315 0315 0315
Softerror rate (FIT/Mb) [8] 1000 1000 1000 1000 1000 1000 1000
Emu;mbmedaﬂ/eMemg(awte@, Tedrolegy Nock 0 10 120 120 @ @ @
Cellsize(F)—
NORPLOTOX/NAND FLOTOX ] 10P°BF 10P°B5F 1057 10PB5F 10P°BF 10PBF 10PBF
Array efficiency —
NOR FLOTOXNAND FLOTOX[10] 0608 0608 0608 0608 0608 0608 0608
Process overnead versus standard CMOS—
nurmber of acided mesk layers 1] 68 68 68 68 68 68 68
Read operating voltage (V) 30v 25v 25v 25v Y Y Y
Wiite (programyerase) on chip maximum voltage (V) —
NORNANDI[LZ] 1vnsv 12vnsv V5V 1vnsv 1vnsv 12vnsv 12vnsv
Static power dissipation (MVWICell) [5] 1E06 1E06 1E06 1E06 1E06 1E06 1E06
Dynamic power consumption per-cell — (mwWiMIHz) [6] 1E07 08E-07 08E-07 08E07 06E07 06E07 06E07
Read cycletime (ns)
NOR FLOTOX/NAND FLOTOX[T] 201000 1470 1470 1470 1050 1050 1050
Program time per cell (s)
NORFLOTOX/NAND FLOTOX[13] 10110000 10410000 10/10000 10110000 10110000 10110000 10410000
Erase time per cell (Ms)
NORFLOTOX/NAND FLOTOX[13] 10001 10001 10001 10001 10001 10001 10001
Data retertion requirerment (years) [13] 10 10 10 10 10 10 10
Endurance reguirement [13] 100,000 100000 100000 100000 100000 100000 100000
Embedded DRAM, Technology Node (nm) 130 130 120 1Y) 9] @ &
1TIC bitoell size (F) [14] 1F 1P 1P 1P 1F 1P 10F
Arrayefficency [2] 06 06 06 06 06 06 06
Process overhead versus standard CMOS—
number of added mesk layers 3] 46 46 46 46 46 46 46
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Read operating voltage (V) 25 25 25 2 2 2 17
Static power dissipation (mWICell) [5] 1E10 1E10 1E10 1E10 1E-10 1E-10 1E-10
Dynamic power consumption per cell —(mWIMHZ) [6] 1EQ7 1EO7 1EQ7 1EQ7 1E07 1E07 1E07
DRAM reterttion time (ms) [13] 64 64 64 64 64 64 64
ReadMWhite cyde time (ns) [7] 1 1 1 07 07 07 05
Softerror rate (FIT/Mb) [8] 10 10 10 10 10 10 10
12 Embadded Memory Requirements—Longerm

Year of Proatction 2010 212 215 218

Techrology Noce hpds5

DRAM5Pitch (m) 45 % 2 18

MPUASIC %2 Pitch (hm) 74 42 0 21

CMOS StaticRandom Acvess Mermory (HPILSTP), Techrology Neck (), Feature

Pty 4 k3 2 18

6Tbitcellsize(F)[1] 140F° 140F 1407 1407

Anayefficiency [7] 07 07 07 07

Process overhead versus standard CMOS —number of mask adders [3)] 2 2 2 2

Operatingvoltage—Ved (V) 1 091 0809 0807

Static power dissipation (MW/Cell) [5] SE4/1.2E6 1E-35E6 2E3PE6 | 3E3PR5E6

Dynamic power consumption per cell —(mW/IMH?2) [6] 3E7BET 25E-TIA5E-T 2E-TIAET 15E-7/3E-7

Read cyde time (ns)[7] 0212 01508 0105 00703

Witegycle time (ns)[7] 0212 01508 0105 00703

Softerror rate (FIT/Mb) [8] 1000 1000 1000 1000

Embeated Norr\olatile Mermory (cooblbitz), Technology Nock (fim) 65 45 35 25

Cell size (F—NOR FLOTOXINAND FLOTOX[9] 10F5F 10F2BF 10957 1067

Array efficiency—NOR FLOTOX/NAND FLOTOX[10] 0608 0608 06038 06038

Process overhead versus standard CMOS —number of mask adders [3] 6-8 6-8 6-8 6-8

Read operating voltage (V) [4] 18v 15V 13v 12v

WRITE (programverase) on chip maximum voltage (V) —NORNAND [4] 12Vi5v 12VAsv 12visv 12visv

Static power dissipation (MW/Cell) [5] 1E06 1E06 1E06 1E06

Dynamic power consumption per cell —(mW/IMH?2) [6] 0568 04E8 035E8 03E8

Readcydetime (ns) 5 525 3518 2512

Programtime per cell (us) [13] 1010000 1010000 1010000 1010000

Erasetime per cell (ms) [13] 10001 10001 10001 10001

Data retention requirement (years) [13] 10 10 10 10

Endurance requirement [13] 100000 100000 100000 100000

Embeaed DRAM, Techrology Noce (1im) 53 45 35 25

1TIC bit cell size (F?) [14] LF 2P 12F 2P

Anayefficiency [7] 06 06 06 06

Process overhead versus standard CMOS —number of mask adders [3)] 46 46 46 4-6

Read operating voltage (V) 17 16 15 15

Static power dissipation (MW/Cell) [5] 1E10 1E10 110 1E-10

Dynamic power consumption per cell —(mW/IMH?2) [6] 15607 16607 17E07 17E07

DRAM retenttion time (ms) [13] 64 64 64 64

ReadMWrite cycle time (ns) [7] 04 03 025 02

Softerror rate (FIT/Mb) [8] 10 10 10 10
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Definitions of Tenms for Tables 12aand 12b:
[1] Size of the standard 6T CMOS SRAM cell as a finction of minimum feature size.
[2] Typical aray efficiency defined as (core area/imemory instance area).

[3] Typical number of extra masks is needed over standard CMOS logic process of equivalent technology. This is typically zero, however for some high-
performance or highly reliable (noise immune) SRAM:s special process options are sometimes applied like additional high—WV;, pMOS cell transistors and
using higher Vfor 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 I standby x V. (offcurrent and Vgare taken from the HP and LSTP devices in
the logic device requirements table in the PIDS Chapter.

[6] This parameter is a strong finction of array architecture. However, a parameter for technology can be determined per cell level. Assume full Vigswing on
the Wordline (WL) and 0.8V swing on the Bitline (BL.). Determine the WL capacitance per cell (CWL) and BL capacitance per cell (CBL). Then: dyn.
power cons. per MHz per cell =V x CWL (per cell) < (V) + Vigx CBL (per cell) x (V) x10°.

[7]Read cycle time is the typical time it takes to complete a READ operation fiom an ADDR. Depends on memory size and architecture. Write cycle time
isthe typical time it takes to complete a WRITE operation to an ADDR. Depends on memory size and architecture.

[8] A FIT isa 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 SG cell/size of the standard NAND cell. Cell size is somewhat enhanced compared to
stand-alone NVM due to integration issues.

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

[11] Extra process steps needed to realize the technology as compared to standard CMOS process.
[12] Maximum voltage required for operation, typically used in WRITE operation. Data refer to the NVM device requirements table in the PIDS chapter.

[13] 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.

[14] Size of the standard cell for embedded trench DRAM cell. Data refer to PIDS table the DRAM requirements table in the PIDS chapter.
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