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ORTC*

Swh—rERLR U

*ORTC:Overall Roadmap Technology Characteristics
» I N » . _ \ ~
B F— R5—1)7 Dk :Lg=10nmIlE. 2015F " i52020F
O O
2008 ITRE Update - Technology Trends vs Actuals and Survey + Jeff ButterbaughiFEP
[including Final Litho Printed Gate Length Proposal] Gomia e
1000
T 1 B Kwok Ng/FIDS o
| "Maore Moogre" : Glphys Survey PIDSH—A~A
———————L - : Functional : {leading):
I 25year I Density |
! Cycle : 4 :Cnmplemented' 4 = gé?g(;)gn').MPU (TRS
i E GLprinted = : : by "EqL!waIIIent :
: [decreasing ;| | b ?rcallng ;|
I Etchratig] | | "Eformance’ Glph(nm) MPU (ITRS
P 168182007 & | | [FC':UW” "’l‘g‘ | 050~ *2007&
—_ : Then Parallel | (R s
o : H | Strain Si; | Updste *20080)%
@ = to MPU/DRAM - [ | —
= "sesssssnEnn | Meta.l Gatef : Mil—'tl-‘llall_i—;qguulgflnl};)
g / Wl falso DRAM MY i
E | UTB."FDSOI, : 2008 Update]
g | MUGiete] o M1 Half Pitchinrm)
g i e DREAM (ITRS 05-07)
I-year
nCYC'E & Poly Half Pitch(nm)
Sale) R TRE e
—i— Glph Proposal 2008 =
. Update Final OZOO&EE%
GLphysical =
~0.71x/ 3.8yrs
b B GlLprinm) MPL HP
10 L, Froposald [FINAL -
2000 2005 2010 2015 - 2020 =3 ::{.‘ﬁ‘ 2025 Litho Jul'Dg]
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ITRS2008£E E kR Update 4 —krREEOT <

B HP CMOS 20075 ERE3E3 57

Year of Production _ 2008 | 2009 {2010 | 2011 | 2012 | 2013 {2014 | 2015 | 2016 [ 2017 [2018 | 2019 | 2020 [ 2021
o) (oontaoey | DPIER | 59 | 52 | 45 | 40 | 36 | 32 | 28 | 25 | 22 | 20 | 18 | 16 | 14 | 13
Lg: Physical Lgate for High

WAS |28 tormance logic (nm) [1] 22 20 18 16 14 13 11 10 9 8 7 6 5.5 5
L 4 Physical Lgate for High

IS |p& tormance logis (nm) [1] 29 27 24 22 20 18 17 15 14 |12.8 |11.7 [10.7 | 9.7 | 8.9
EOT: Equivalent Oxide Thickness [2]

IS Extended planar bulk (A) 12 10 9.5 8.8 7.5

1S UTBFD (A)

IS DG (A)

B |LOP CMOS 20075 EMR#%E2459 57

Year of Production 2008 | 2009 (2010 | 2011 | 2012 [2013 | 2014 | 2015 [2016 | 2017 | 2018 | 2019 | 2020 | 2021
WAS | o FOSCLOERILOPIOE | 59 | 25 | 22 | 20 | 18 | 16 | 14 | 13 | 11 |10 | 9 | 8 | 7 |65
IS [ oy el tOPOt  3p o9 | 27 | 24 | 22 | 18 | 17 | 15 | 14 |12.8 |11.7 [10.7 | 9.7 | 8.9
EOT: Equivalent Oxide Thickness [2]
1S Extended planar bulk (A) 12 11 10 10 9 8
IS |[UTBFD(A) 9 8.5 8 8 8 7.3
IS PG A 8.5 8 8 8 7.5 7 7
BLSTP CMOS ZELL
Year of Production 2008 [ 2009 | 2010 | 2011 | 2012 (2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Lyt Physical Lgate for LSTP logic
IS |2 [ Bulk and DG 38 | 32 | 29 | 27 |22 | 18 | 17 | 15 | 14 |12.8 |11.7 |10.7 | 9.7 | 8.9
L,: Physical Lgate for LSTP logi
IS ooy motero 20 | 18 | 17 | 16 | 15
EOT: Equivalent Oxide Thickness [2]
IS Extended planar bulk (A) 16 15 14 13 12 11
IS |utBFD®) 12 11 10 9 8
IS [DG(A) 11 11 10 10 9 9 8

STRJ WS: March 5, 2009, WG6 PIDS 9
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B HP,LOP,LSTP:EEFD SOl BT LS —FDEAREHNREL

2007/2008(2009/2010(2011]2012{2013/2014(2015]/2016/2017]2018
65 45 32 22
HP 2007 Metal/High—k
2008 Metal/High—k
LOP 2007 Metal/High—-k
Gate Stack 2008 Metal/High—k I —
2007 Metal/High—-k
LSTP 9008 Metal/High—k
2007 Planar Bulk
HP UTB FD SOI
Double Gate
2007 Planar Bulk
LOP UTB FD SOI
Transistor Double Gate
Structure
2007  Planar Bulk
LSTP UTB FD SOI
Double Gate
2008 Planar Bulk
HP/LOP/ UTB FD SOI
LSTP Double Gate

UTB FD SOIl:Ultra Thin Body Full Depletion SOI
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FINAADAE—FPY2 54 L—420:R TS

C~ V.| OEENETE

ITRSTIX. NMOSFETORE—F— FEBRELERBLIEITAIL—E2D
B A E—F GERERRE ) Z 8

Vv C I CVI/I represents Max Cir f
V44 | Intrinsic gate o » | Device
_V, | (channel) l,n | Transit time (t,) << 1/2t, 7
Vyq I(z':]rg;s;llgl)gate lon | > Transit time (t,) << 1/2t,? | Device
V44 | Intrinsic gate + gate Cut-off freq (small-sig unity - -
—V, | fringing/parasitic lon gain) C/gm = 1/f, <h 3 Device
Intrinsic gate + gate 7 in ITRS. > | Devi
o . : : : evice
Vad fringing/parasitic lon | Rise/fall time Rt Cg
Both n- & p-MOS Ring oscillator delay per
V44 | 0ates, + drain cap, + | I | Stage. Ave charge/ ~1/2t, Circuit

runners discharge time = CV/2| = t,

CMOSTOERED N.Kwok, ITRS 2008 Summer Meeting July/15-17,2008
BEETIHDLE

STRJ WS: March 5, 2009, WG6 PIDS 12



|effo)mn..\

Idsatﬁﬂ*ﬂ% (A UER)ICKRHHIEE

VDA SMBEERRE EEREL NILOBIERFEED TR ZE RE

STRI
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DL ENYEIIETHRYVOEREDFEHTRIET S,

2 C0aaVob

load

I eff

» =(§)(IH 1)

1
H— Ids(VGS :VDD’VDS :EVDD)

ds (\/GS VDD ’VDS - VDD)

on = ds (VGS :VDS :VDD)

14 Vout=Vddz —»

0 4 Ids approximated by eq.2 I_I:L—f"".- Vin=0.83vdd

s or i ViN=0.5Vdd

Approximated Ir?a,r'ecrorr 2

0 01 02 03 04 05 06 O0OF 08 089 1
Vds (normalized)

MOSFETDOVds-ldstFtEEA 2 /IN\—2TOHE AHER
M.H.Na(IBM),2002 IEDM
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B FHELZTAIL—2DBERKEZRDSICIE. BECOERELZRFLY
MnE

B XA —FE)BELERETTILDEKREZITL. MASTARIZHE &AL
Design,FEP,ModelingM&TWGEHE AL TITS,

12
stage 1 intercomnexcions stage 2 o— Experiment
Vop oy 4% 10 | (90nm IBM 2002)
—— 3 MASTAR
§ ] i+ e > Full Integration
E—J— >
s {Ceer2 5 87
S | - -
— b ——- =
M1 | e | Coom T 1 N2| Capps | OUTZ % 6 MASl'II;/SI;'R:’
B . :'\. - T " /
IET;I {iilﬁm _rl_ ;-I:-:D'r;j‘___l E 4 \\\X\X\x
Tl ' : - CLVdd
i = - CuVedl
|E‘ E"“=":_ 'ra—aill:“ 2
M1 Nz
e 06 08 1 12 14
T 7 s

vdd (V)

CL = (CGDPl +CGDN1)X 2Miller +CjDP1 +CjDN1 +Cinterco +S:GSP2 +CGBP2 +CGDP2 +CGDN2 +CGBN2 +CGSN%

' . Vo
output stagel input stage 2

T.Skotnicki, ITRS 2008 Spring Meeting April/3-4,2008
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SRS

FyrJL -V, Ge

STRI

B 20204 LI % (EBallistic Enhancement Factor(f., 1.5%#iz A{EMNER I
THY.SILNDFrRILM BN ELLS,
@ FvrILEAEREDML :GeFrAIL, II-VF¥RIL
@ — Rt/ \) AT 4y %0% : nanowire,CNT,graphen
B i EKL(ZT. ERM,ERD,FEP,PIDSO4TWGHDYORNYRTHEHRTE
@®SiGe PMOS with Si NMOS
@Ge channel & IlI-V channel: potential solution

Year of Production 2009 (2010 | 2011 {2012 (2013 | 2014 [ 2015 (2016 | 2017 {2018 | 2019 | 2020 | 2021 | 2022
Metal 1 %2 Pitch (nm) 52 45 40 36 32 28 25 22 20 18 16 14 13 11
L g:(hm) 27 24 22 20 18 17 15 14 (128 |11.7 |10.7 | 9.7 | 89 | 8.1
Mobility enhancement 1.8 | 1.8 | 1.8 | 1.8 [N cTRIRN r: R 5 S A < R 0 S < 18 18 1.8
Ballistic Enhancement Factor
Bulk Planer 2007 1
UTB FD 2007 105 11 116 1.2 124 1.28
DG 2007 1.17 125 131 137 153 1.67 1.87 1.99
Bulk Planer 2008 1 1 1 1 =
UTB FD 2008 1.08 113 116 12 1.5
DG 2008 1.21 125 132 135 142 157 1.67 1.87
. Quasi-ballistic Transport Vinj enhancement
Requirement ..
1-D ballistic Transport
. DoubleGate (FIinFET) Ge Channel,I11-V Channel
Innovation
Nanowire,Carbon based material

STRJ WS: March 5, 2009, WG6 PIDS
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Memory NAND/DRAMMD R —Y) 45 kLUK

m NVM
¢ ITRS2008IZBIL TIZNAND-NORK([ZRELZEL
« YYTH /O R4 \RE ()YWG)
fR{BE NAND
&hHEXL DRAM

B DRAM
« ITRS2008ICBHL CIXRELEL
¢ ITRS2009ICHARD Y —RA{EREFRMEHES
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)T /A0—K5A4 7\

B )VIS74—IZB1+EHT0/80RS4/\D &G

2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
DRAM
2005ITRS 70 65 57 50 45 40 36 32 28 25 22
NAND
2005ITRS 64 57 51 45 40 36 32 28 25 23 20

_ 63 51 45 40 36 32 28 25 22 20 17

* NANDDRT—2JEDRAMIZx L ZFRIEIL
o« HY—ARAEZEM. SHOHSDEIZFETNANDMNIYERSA/N
e FAYKRE(084FSpring Meeting) TYYF—LEBIEN—XATER
fR1g NANDMAKSA/\
AhHhEXL DRAMMES A/
LWR(Line Width Roughness) LogichRS4/3\
ELNSHERICE D,

STRJ WS: March 5, 2009, WG6 PIDS 17



NAND Flash <X 9% % ©

B YESIL—THhoDSEBHED-HIRAIBBIRTOERIZHIL.
PIDSHSAEUE D) T4 HILINADHEE AT EILETEHREIR
~L.FEP TWGTTRIMBMERFLHLETERE, 2009FERICK
x5,

e N ey

Active Area (Line and space w/ Minimum half pitch)
Control Gate (Line and space w/ Minimum half pitch)
Bit line contact (Pitched Contact w/ Minimum half pitch)
Bit Line (Line and space w/ Minimum half pitch)

4 layer (3 line and space layer) critical mask steps will be
required for NAND flash process. Therefore, Yield RM use above
4dlayer(3layer) for yield calculation.

2008 ITRS Winter Meeting in Korea Japan PIDS Memory
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STRJ
NAND Flash H—A~R A KR

B Samsung/Hynix(ST)/Micron(intel)/Qimonda/Toshiba
DEtt, RRAFO_#roDEIZFH,

B AEYHYAL X Highk IPDIREZERER,

m 200943 B M Spring MeetingETIZE & . 2009F ERR
[CRBREE ST E,
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DRAMYB—AAEER 4F2€)L

DRAMA—AS5%LIZ7 7 —FE

2008FFERRDEILT7LA6F 2123 LT, 25tH 52010, 201 1FIC4F20D[EE,
2009 EERRICIE. 2011 FEDBAF2E L TRIREE B, 201 TFEDEF2TAEY €

WA ZXHKIBIZHADT

cell size (nm”™2)

EILTLAO7H 53—
9
8 | ”*\ -,
o —=—B
26 | >
o —E
E 5 =@ proposal
s =—+=—2007 RM
4
3
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NNNNNNNNNNN
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2008 ITRS Winter Meeting in Korea Japan PIDS Memory
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DRAMY—ARAEER AEB=

STRI

B AEDYAX(F, 2007FERELY. 15BN THRIRIE
m 20114 4Gb DRAM

DRAM memory size (Gb)

1000

100

10

PEES |
——A
—=—B
i C
D
—a—E

=@—proposal

——2007 RM

2006

2008

2010
2012
2014
2016
2018
2020
2022
2024
2026

2008 ITRS Winter Meeting in Korea Japan PIDS Memory
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RF & AIMS HPR— T dEIZ#FESREL D

Radio Frequency and Analog/Mixed-Signal Technologies for Wireless Communications

M2008F R IE~< 1+ —IEIE
{EIEIEE (1)published datalz&HEHIEREL
(2)ORTC, FEP, PIDS TableDEEIZEHEEE
(B)marketZZEIZEHET-IEH DENM

Year of Production 2007 | 2008 2009 | 2010 | 2011 | 2012 | 2013 | 2014
Performance RF/Analog [1]

Supply voltage (V) [2] \R“' PIDS/LSTPIZ : éﬁ?f?“@sﬁi

Precision Analog/RF Driver [1] 1 E ENn H IE L
Supply voltage (V) 2.5 EIEEL 1.8 | 2 _~~138 1.8 |
T, (nm) [10] 5 5 5 3 3 3 3
IS 1/f Noise (MV2-um2/Hz) [4] | 1000 | 1000 | 1000 360 360 360 360 360

CMOS NFET [1 HP CMOS lag 2 yrs]

V. Power Supply Voltage (V) 1.1 1.1 1.1 1 1

EOT: Equivalent Oxide Thickness (#) 12 11 11 9 7.5
IS| L_: Physical L for HP (nrm [ 27 29 20 27
1S Peak F, (GHz) [7 330 -
IS Peak szx (GI)-|2[)][8] I>- (2)PIDS/HPIZ2FEN || 410 (3)94GHZ'TFEJ i
IS NF_, (dB) at 24GHz[14] | PIDSIZEHhHEREL 1.6 THIAR OB
IS NF,., (dB) at 606Hz[@ 3.2 VR

ADD NF_ . (dB) at 94GHz[14] 53 | 47 | 45 | 4.4 4 41 | 40 | 3.9

STRJ WS: March 5, 2009, WG6 PIDS 22



RF & AIMS HPR—) T 8{EIZFSREL D

Radio Frequency and Analog/Mixed-Signal Technologies for Wireless Communications

BW2009F hR(Z M [F1=H Y fH A
B Overall

(1) FAar247EE R EDTIY 71T

(2) 77— a MDY RKTE
ECMOS

(1) high gain/ high voltageT /34 AMD1E N

(2) FD/DGEANEEZLEa1—

HPA
(1) ICE LU module HFERRA/ v FDIFFREEA
BMEMS

(1) MEMSZZEE| 957 TUr—av DETE
(2) ZEHY—ILDRequirementsZBAR

STRJ WS: March 5, 2009, WG6 PIDS 23



—hhsnoa—k<yr

STRI

B 5L Tecol . [HIR]. [CO2BEHBIBIZEDHEA L ITITADEMANE
-2030FE IRILF—HEME 30%LULLEE

SREKBBE, RE-TE-BEYHNESILEEEEBNHOLRF ARSI R—F
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\ NETOREL hEHER

BREES—R
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B AREEr—X

B h#sr—X

= LEBE0ETIHE panntt
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ﬂg LU L Ry .
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BEAALETAHNE
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RREFETr—X

OSEHFRELL, SEH-LIRILE—
BiMEBASINT, BBZOMEN—TF
DEFKLELI-BEEZEE

B hmr—X

My TS —HIETHERBETHREL T
WOAREBEHM, BPEICMNA, FE-EF
DL S RBEZ HERBGLIZGE

BERXEAT—R

RIS SN A TSRS R ATIRIC,
BATHIRT S v )L DB ATE £ THER
25 RAAIE - FE R E D),
H=UITE) M, BUMBOBRRE R
EECIRAMERZEDT—FEHEL. &
ETERLESEONEE R,

HE: EFERETRMTIALF—FEREL]

STRJ WS: March 5, 2009, WG6 PIDS 24



	ロジック　及び、メモリデバイスの�スケーリングトレンド�～高性能（HP）デバイススケーリングの鈍化��Working Group 6� PIDS(Process Integration, Devices, and Structures)
	Memory　NAND/DRAMのスケーリングトレンド
	リソテクノロジードライバ

