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B Logic
v BERERAT (HP)
VIEHEEHRAT (LOP, LSTP)

B Memory
v DRAM
vV FEFEMAE!) (Flash, FeERAM, MRAM, --)

B RF & A/MS for Wireless Communications
v RFRSUS—IN INT—TP T 2K
vV T7FAaTIRvORRTFIL

* ITRSTIXPIDS (Logic & Memory) ERF&A/MSIZZENZNAIDWGEL T;EE),
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STRI

RERTNARABHREE T HFOEMARD AR MLETI T L RMERICRER,

A& B 2007 EERMETIL I T— sAAM
2007.04.13 | 3RITEFELFl A4 (RIEX)
WGIHERE : ZIREE(LEX)
2007.06.25 1y s1o oo L B (A TF)
2007.07.23 | (5D FIHE K (NEC)
=1);ECMOS BREEAE (R2Z)
2007.08.31 More Moore BHEE(RIX)
Dual-port 8Tr SRAM ERK(T)
2007.09.26 Body bias control SOl SRAM EEFEK LY R)
2007.10.26 | Ballistic Transport TEEE (FHFEX)
2007.11.28 | RTS(Random Telegraph Signal) LI B (B LA &)
2007.12.21 | IEDM#he EHEK (LY RX)
2008.01.30 | HiSIM ZHEE(TREXR)
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B Logic
« ITRS2007hRIZHBIFTHRT—1) 2T LR
« 20084E(Z M+ TDEERE

B Memory

e ITRS2007RRIZEBTAHETAHSE
 NAND/DRAMMD R —1) 2T kLR E20084E(C

[[] 1T TODZFRRE

B RF & A/MS
o ITRS2007hRICE ITAHETAREERE
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Logic CMOS Device Categories a

100

Operation Frequency (a. u.)

=
o

 —

A
B % HP CMOS
(hlgh Performance)
e Highest lon,
Lowest CV/I
 High leakage
LOP CMdSMedlum Vdd
~1x100 Digital AV, .;’(Low Operation Power)
ey . ¢ Lowest Vdd
Mobile’AV === ; e Medium lon, medium CV/I
R  Medium Ieakage
LSTP CMOS
. (Low Standby Power)
» Lowest leakage
« Low lon, high CV/I
....-..""‘ o H|gh Vdd
C———————————
| x10Q00 | .
10p 1n 100n
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ITRS2007FERRART—1) 2T F)A a

HP CMOS
¢ FSUDRRRAYF U EE (f =1/[CV/I] ) XEBIE : FFE17%IZERTE,
e 2010Fh 5, 7/NTLJL/NA (Planar Bulk, UTB-FDSOI, Double Gate) > 7)
AERT,
RELGERR
o AT —FHigh-kEARFHIZ2008F(IZEE, (06FERRIZF L T2EHIEIL)
e Rsd (V—R/IFLLUEFEER) ZHRENLGEIZREL,

LSTP CMOS
¢ NSV RBRAYFUTEE (fi =1/[CV/] ) DHREBIE: EF14%IZERTE,
o 2012 M5, 78T JL/NA (Planar Bulk, UTB-FDSOI. Double Gate) < 71)
xR
RIGERER
« YT XL ak—ILR) =B LRBIEZEZ10 pAlum M5 30 pAlumIZ#ER,
« 2007FENEREEZXL.2VMS1.1VIZ, 2009FNDEREEX1.1VHA51.0VIZ
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S

HP Logic Technology Requirements Table

Year of Production

Metal 1 % Pitch (nm)

Lg: Gate Length (nm)

Vdd: Supply Voltage (V)

Planer Bulk

1.04 ORSKS

1639 mkslorg

Tinv (NmM)
UTB FD
Double Gate
Rsd ( §2-pum) Planar Bulk
I Planar Bulk
sd, leak
’ UTB FD
(LA/pum)
Double Gate
I Planar Bulk
d, sat
! UTB FD
(LA/pum)
Double Gate

Work in Progress - Do not publish

2012 | 2013
36 32
14 13

09 | 0.9

0.62 0.56
0.34 0.37

1762 [N

1944 2109

1943 2204
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LSTP Logic Technology Requirements Tabie

Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013
Metal 1 %2 Pitch (nm) IS 68 59 52 45 40 36 32
Lg: Gate Length (nm) IS 45 37 32 28 25 22 20

Vdd: Supply Voltage (V)

1.2

1.1

1.1

1.1

1.0

1.0

1.0

1.1

1.1

1.0

1.0

1.0

was | 2.53
Planar Bulk .
Tiny IS 252 1193184 | 173 | 1.62
UTB-FDSOI IS
Double Gate IS
Rsd ( £2-um) Planar Bulk i 180 180
1 1 1 1
Bulk Planer V\{as Y Y Y )
Isd, leak IS 30.3 | 30.3 | 30.5 | 30.7
(PA/UMm) UTB-FDSOI '
Double Gate IS
” Planar Bulk IS 465 | 569 | 501
sat .
! UTB-FDSOI IS
(MA/um) .
Double Gate IS

Work in Progress - Do not publish

1.0

1.7
1.8
180

12

30.2 30.2 30.3

31.4
11.5
560
608
550

0.95

1.6
1.7
180

30.9
24.4
519
669
612
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MG/HKE LUDGHE A 1A <

B MG/HK: Thinner Tinv =» Higher lon, Smaller o Vth
B FDSOI/DG: Un-doped channel = Quasi-ballistic transport, Smaller ¢ Vth

Year in Production 2007:2008:2009:2010:2011:2012 2013:2014 2015:2016 2017
MPU/ASIC M1 % Pitch (nm) 65 45 32 22

Poly-Si/SiON [
Metal/High-k : |

Gate Stack

Poly-Si/SiON [
Metal/High-k , ]

LSTP

Planar Bulk [ ]1 Parallel paths
UTB FDSOI , 1
Double Gate . |

Q)

HP

Transistor
Structure

Planar Bulk [ | \ parallel pathf
LSTP UTB FDSOI '
Double Gate

Work in Progress - Do not publish STRJ WS: March 6, 2008, WG6 PIDS 10



R H5EF(Z&LBVthSUA LIE5DE <

MG/HKE T EDGEMTDBEAICKYLEMEEBIEVIhD S F LIXSDOEEERE

LSTP Device
R Planar Bulk
Planar Bulk & Metal/Migh-k 15 Fp so1 or DG
& Poly-Si/SION  Tinv=1.8nm & Metal/Hiah-k
15 F Tinv=2.5nm NA=1.5E18 Tinv= °
. NA=3E18 inv=1.5nm
NA=5E16

Tbody variability
O.

Normalized o Vth
=
(@)

051 7 O
I .
Lg 45nm 32nm 22nm 15nm (LW)'1/2
Wg 135nm 96nm 66NnNmM 45nm
—.
Scaling

Assumption: Random dopant fluctuation is main source of random variability

Line width roughness of Lg and Wg is not considered in this estimation.
Work in Progress - Do not publish STRJ WS: March 6, 2008, WG6 PIDS 11



)\ R T4y IBEEETRT B DT/ A AT

1. Gate length (Lg) scaling K. Natori
Lg ~ Mean free path (1) JIAP Vol. 42 (2003) pp. 2063
= Aggressive Lg scaling to drain 2, Mean free path

20nm or less

2. Suppression of carrier scattering
In intrinsic (=channel) region )
= Un-doped channel Quasi-Ballistic

> Fully depleted: UTB FDSOI, DG " tanspor
ey L <A
3. Reduction of parasitic resistance R

. . . . . : Mobility is inapplicable
in extrinsic (=source/drain) region o

. Fig. 1. Classification of carrier transport in MOSFETs.
= Potentially, Schottky S/D

L>>A

Diffusive transport
Described by mobility

Work in Progress - Do not publish STRJ WS: March 6, 2008, WG6 PIDS 12



Key issues to 2008 i

- High performance Logic®#% ' —r& (Lg) RT—1) %
FUUFDIELE,

Ballistic enhancement factor R F1)#A:
Alternative channel material (Ge, llI-V)
Alternative channel structure (Si nanowire)

DEA,

Work in Progress - Do not publish STRJ WS: March 6, 2008, WG6 PIDS 13



Y ERT— T RAERE (B E) T

HP in ITRS2007: EED LR EYEIFERERELTLBATTLNS,
LSTP in ITRS2007 : RED LU FEIFIZ—E,
> XE.EU. 8ZTOREHERZIMZ TReviewl . 2008FEkRIZ KB EE 2 F5E,

High Performance Logic Low Standby Power Logic

E 40 ' ' ' | ' | ' | ' | ' /é\ 50 I | ' | ' |

3 =0O— ITRS2007 =3 - —O— ITRS2007

~ 35 | —11—A s ~

(@) —O— B | Survey (@)

- 30 | —A—E}results | - 40 | Survey | |

= ——F = : results | 1

g 25 I . ccs) 30 7 )

2 20t | 9 :

Q ()] i

T 15| 1 & 20f ]

O O [

< 10t ] = :

S S 10f )

25| |z |

< = ,

D'Ob%gmub%s D'Ob%omub%s
Q° QO Q° N A% M &Y Y M
ASEEISHENEINEINSINEING N SSHENIEMEINGENINING N

Year in Production Year in Production
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HP Logic Ballistic Enhancement Factor

20154 LI (= Ballistic Enhancement FactorlZ1.5%# % A{ENERINLTEY.
SIFYRILD2RIT/INY) A T4V B TIXZEM TS ATEEENTELY,

<~
HIRFrRILEFHE: GeFrRIL, II-VEEFwRIL DY—RIGTHDEANEEDFR L
HWES O R4S - Nanowire D—RIT/N\YRXTF4vo{cE

Pr\;‘fﬁrci?on 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Metal %2 Pitch | 40 | 36 | 32 | 28 | 25 | 22 | 20 | 18 | 16 | 14 | 13
Lg (nm) 16 | 14 | 13 | 11 | 10 | 9 8 7 6 6 | 18
Effective Ballistic Enhancement Factor
Bulk Planer 1 1

Double Gate 117 125 131 137 153 167 187 199 197 211 211

Quasi-ballistic transport Vinj enhancement
1-D ballistic transport

Double Gate (FIinFET) Ge channel, IllI-V channel
Nanowire

Requirement

Innovation

Work in Progress - Do not publish STRJ WS: March 6, 2008, WG6 PIDS 15
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B Logic
e ITRS2007RRIZEBIFTHRT—1) 2T LR
« 2008LE(ZM] [T THDERE

B Memory

e ITRS2007RRIZEBTAHETAHRE
« NAND/DRAM®D R —1)2 kL2 K E20084E(C

[T THERRE

B RF & A/MS
o ITRS2007hRIZCH ITAHETAHAREERERE
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20074 EEAR ITRS AEYRMODBETHE

e 2007 TIIRFTDOHBRLUTNDIEHZRELT-.
NVMIFER—DDERTCTEELTEHA. Eifi-7TV5—a nEMN
BE[CE->TWSEEINTSET-.

— NVM%ZNAND, NORE U'Non-charge-storage memories®32(Z7—7
IVE S SHIZENENDT—TIILO R TH T 7E

— NOR/NAND IZEALTIX., 7O—T42 0 5 —MEEEZ(LEA L — R
(F—ChSvEL T TINAMRELTHT A MZE# o {EBAREE LT=,

— NANDIZ®LTIESoI2F B iiE R &L T3IDEE/MLCOEIRIEHEHEELT-,

— Emerging NVMI&“Non-charge-storage memories” ELTHB#&L .
FERAM, MRAM and PCRAMZRIZEEHT=,

o HEEIFITHOTLENS-NAND/NORDHY—ARALE2007FERMDITLY,
Rir—)o7 OEROFREEEZ LT,

e FeRAM, PCRAM [Z2U\TlEUpdateZ#{Tof=h%. MRAMIZ DU M B
BROKIBLGEIEARLONGEI>F-ESEIFRELIXITOTLVEL,

« DRAMIZBHLTIXRELIXEELY,

Work in Progress - Do not publish STRJ WS: March 6, 2008, WG6 PIDS 17



2007 ERR -NAND Flash—~4(ZEEDHD- —

A=) DB RIZEWLT. NANDRTHZ/O0—K54 /0
ELTHOEELRMEBEZHOHAIENS  Ry—)L 5 LEE
DRUUFEERELEY—ARALZEZKFA—D—IZToT=,

v 2006EFERRELEELT—EDRMEILTRTY—) TNV RBNES CEFRISH .,
FERMICDRAMIZH L2ESHPAYEIMEIL &5,

v H#TBIIZIX3bit/cell Ai2bit/celldBabit/cellNFITT BHEMLEYY) 1— 3>
ELTR#SIND,

v RIILERMTELTIXBEEDFloating GateE DL MSCT (Fr—U b5y ) EY
DEILIZFEITT 5,

vV REIZ3DIEETCTEORILADEITIZ2013F 45 RBELTHS.

3D#EECT21TINAND L
H#:S. M. Jung, Samsung
IEDMOG, p. 37-44.
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2007 EhR -NAND Flash—~_AEEDHD- —

20074ERR NAND TabledkV ik $;

Year of Production 2007 2008 2009 2010 2011 2012 2013

DRAM % Pitch (nm) (contacted) 65 57 50 45 40 35 32

NAND Flash

NAND Flash technology node —F (nm) 51/ 45 40 36 32 28 25

Number of word lines in one NAND string 32 32 64 64 64 64 64

Cell type (FG, CT, 3D, etc.) [3] FG FG FG ( FG/> cT cT (CT-3I3I
CT \

A. Floating Gate NAND Flash - -

Maximum number of bits per cell (MLC) 2 2 3 4 4 4 4

B. Charge trapping NAND Flash (MANOS

or Barrier Engineering)

Maximum number of bits per cell (MLC) 4 4 4 4

32nmHP[ENANDIF2011 5 &% Y . DRAM®D2013E M o2& RIEIL 755,
FGEIMLCTREDEILADFEITIE20104,
3bit/Celll&20094 ., LABE [ 4bit/cell&7id
DA D)L DEFEAIL20134,
Work in Progress - Do not publish STRJ WS: March 6, 2008, WG6 PIDS 19




ITRS2007/ -afe%ﬁﬁ%&t#?ﬁa)zlr—uwj‘ww@

ITRS 2005
2004 2005 | 2006 | 2007 | 2008 | 2009 2010 2011 | 2012 | 2013
90nm | 76nm | 64nm | 57nm | 51nm | 45nm | 40nm 36nm | 32nm | 28nm
ITRS | x1/V 2 — x0.794 — — x0.794 — — —
2005 (x0.71)
Cell Half in 2years Half in 3years Half in 3years
Size
ITRS 2007
ITRS 2007 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 2013
64nm | 54nm | 45nm | 40nm | 36nm | 32nm | 29nm | 25nm
Cell Half in 2years Half in 3years Half in 3years
size .
30nm

ITRS 2007 (X &L DRT—1) 2T L
UREEFLIL—REFETLBA,

Ctual tual
Company A @ @

Announce

Company B FiTE 5 1R 2000 B AAE
Aciual DIFFEDRN VR ELGEMNEED
Company C H—~ A [EMainor Update 20084

[ZDULVTHTS,
STRJ WS: March 6, 2008, WG6 PIDS 20
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20084 (I CHEBEEHE . D

o 2008%IZMITTNDEERE
— NANDIEZTH/8—K5A4/1\—h? DER
RFBHRICH—ARAZE]E, L TEWGEREBZHIT T,

NAND flash is the litho driver (B—A_AIZHFTHIRFA—D—MoDEIE)
«51nm NAND has driven the introduction of 193nm immersion technology.
«36nm NAND is driving the introduction of double patterning technology.
*The driver for the introduction of EUV will be again NAND.

— FREILEEDCT (charge trapping)&3-DiEE~DBITE X
BELTH— M ZHT T

— Random telegraph noise limitation 283 2N E ke t=,

— PCRAM D& G ERHAIF2008/2009H1?

« NORIZDUTIF2008F &Y —_ A [F1THELY,
e NANDIZDWWTIE, BfTEHMNEBRLV=8. Minor update® 20084+,

"j'—’\\’f’&‘ﬁ':)o
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2007 EBRR -DRAMY—~_ALELHAD-

20074

F—u‘-

iR[E] [F DDRAMY—AAIEH

DRAM half pitch (minimum feature size : F)

Cell size : Acell

STRI

Cell sizefactor:a [Acell=aF?2]

DRAM Product (bit) : b ® Overall Table

Chip size : Achip @ PIDS Table
Area factor [ =Acell x b /Achip ] @ FEP Table

© ® N@ 0w NI

=
o

Work in Progress - Do not publish

Retention time

Storage Capacitance : Cs
Voltage of capacitor

. Gate oxide thickness of cell transistor
11.
12.
13.
14.
15.
16.
17.
18.
19.

Maximum word-line level

Effective electric field of gate insulator
Negative word-line use

Capacitor structure

Capacitor insulator material

Effective capacitor insulator thickness
Physical capacitor insulator thickness
Support FET (EOT, lon, Vt)

Array FET structure

STRJ WS: March 6, 2008, WG6
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2007EJ’§'ZHJ§ -DRAMY—ARAMFE LD EF M- —

o X5 —1 5 RLRIE2005/20064F R B (L L. 3
FHA9)LEHEE, (20078 65nm., 20105%45nm)

o FifFrLUR
— Cell size factor (a=(cell area)/F2)
« 20055 F Tlda=8. 2006 F Mo [IBEICa=6&7F>TLVD,
« 20054 hRIZRL24ERHIEIL
— DRAM product generation: 2005£EITRSIZx L 1 E# A4

L.4Gb DRAMILZ20054ITRSM2009F H 5ITRS2007 Tl
20104 ¢5 5,

— Capacitor equivalent oxide thickness, Tequ:2005£=
ITRSHSZEILEEL , Ultra-high-k dielectric (new material)

(X 2010F LI E LTS,

Work in Progress - Do not publish STRJ WS: March 6, 2008, WG6 PIDS 23




2007 B  -DRAMY—RAFELEHD-

> N ] 3 >
<RT—=Y TS <& mkLIKR>
90 Survey 70G
80 Results 60G /7‘ ,'\
70 A //
— +
E 60 =B § 950G //
o 50 N S 40G N\
T D S
@ 30 — o
” 2007 RM | 5 20G |
—+— 2005 RM
10 10G |
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 OG
A N G- T O T
S S S S S RIS I T T T WG S
LR AR R S S S S S

2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
2007 RM 2 2 2 4 4 4 8 8 8 16

2005% 20054F hRIC X L—FEN
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2007FEERR -DRAMY—RATEHOET 1t

STRI

<Cell size factorkL K>

Survey
Results
Y s
3 5 —orm]  <ITRS2007&EBHDRT—)VTLUE>
4 —+— 2005 RM
, I s o —— 2007 RM
g 80 |
‘_190/\ q/QQQ’ ‘LQ\\ (19\‘5 %Q\‘O c‘9\/\ q,Q\Q’ q,@:\ f: ol N’ —-Ct
<§c 40 ¢ —&—C2
=\ S =20 |
6F2't’)l/'j:2006£=7'3\12§;5 . *C3
— ——l
(ITRSZOOS'- ‘j LZ-IE:H_'!ﬁ]L! (\'@“ %@’\ %@% ‘@@ (&\“ (\’Q\\

Work in Progress - Do not publish

ITRS2007 &% 1t
A=Y L RE—T
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AHOAR

B L ogic
e ITRS2007RRIZEBIFTHRT—1) 2T LR
« 2008LE(ZM] [T THDERE

B Memory
¢« ITRS2007ARIZHITHHETAHE

 NAND/DRAMMD R —1) 2T kLR E20084F

E(Z

[[] 1T TOZRE

B RF & A/MS
o ITRS2007FRIZEITAHRETARLEE
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ITRS20074ERR RF &AMSQ‘EEW*m

BTNARETFTN)EREEERELEET—TIVERE,
SEICT/NNA RZEEL TieEk
B New Points (1) CMOST—7JLIZ, mm-Wave CMOS#%3&/0
(2) RF MEMST—7 IL&$#T=IZERk,

_RF & AMS CMOS  ePerformance ----- LSTP with 1 year lag

Y *Precision

'3 ‘mm-\Wave ----- HP with 2 year lag

8 RF & AMS Bipolar sHigh voltage ----- “typical” low cost bipolar
*High speed ----- mm-Wave application
PA

c [[“Passives for RF & AMS

b= Power Amplifiers

% Millimeter Wave

<CEL RF MEMS

Work in Progress - Do not publish STRJ WS: March 6, 2008, WG6 PIDS 27



21);JRCMOSMRequirements Table @@

ICMOS.—L%,&##WDHJ:# SR B EEREIC,
BPIDS HPrSU DR AMWL2EEBNTT—TILIE,
HLogickldMMEERNELGLH-OBEREINSRDRE,

2007
1.4 ,ll ITRS
mmWave CMOS

// & 2022
|

= =
o N

o O !
IN

Ft, Fmax (GHz)
Supply Voltage (V)
o O
o O

0.2F Johnson Limit e B ALK
O PR R T SR AT T TR R 0 L I
07 10 15 20 0) 500 1000
year Peak Ft (GHz)
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