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STRI

1p: Process Integration, Devices, and Strictures, WG6:working group 6
4p: HP: High Performance, LOP: Low Operating Power, LSTP: Low Standby Power, RF: Radio Frequency,

5p: High-k: , Metal-G: ,3D: 3 dimension, NVM: Non volatile memory, RF:
Radio Frequency, AMS: Analog Mixed Signal

6p: AV: Audio Visual, Tr: Transistor
7p: lon: |Off: EOT: effective oxide thickness, SCE: Short Channel Effect, Rsd:

8p: FD-SOI: fully depleted SOI

10p: DIBL: Drain Induced Barrier Lowering

13p: DBB: Digital Base Band , GIDL: Gate Induced Drain Leakage

14p: Jg: Lg: , GIDL: Gate Induced Drain Leakage

15p: eSiGe: embedded SiGe, SMT: Stress Memorization Technology, eSiC: embedded SiC

17p: UTB FD-SOI: Ultra Thin Body FD-SOI, DG: Double Gate, SCE: Short Channel Effect, DIBL: Drain
Induced Barrier Lowering , SS: Subthreshold Slope

21p: Lo-k Spacer: Low-k spacer, Hi-k: High-k, ERD: Emerging Research Devices, SLC: Single level Cell,
MLC: Multi Level Cell, MRAM: Magnetic RAM, PCRAM: Phase Change RAM, R-RAM: Resistance RAM
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STRI
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HP: High Performance LOP: Low Operation Power LSTP: Low STandby Power
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2006

— High-k/M-G

Intrinsic Transistor Delay,
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2006 _ High-k/M-G -

e DIBL: Drain Induced Barrier Lowering (
DIBL 260mV/V ~ 300mV/V 260mV lon speed SNM
V 2008
e|on 2005 2007-2009
2007 2008 2009 2010 CVii
lon
2005 1.20E3 1.57E3 1.81E3 2.05E3
2006 (Hi&M 1.20E3 1.21E3 1.18E3 2.05E3
High-Performance Logic Table, Updated for 2006 ITRS
Year af Production 2005 2006 2007 2008 2009 2019 2017 2012 2013
DRAM % Piteh (nm) (contacted) =i Fa =) 57 a0 g5 F-1 ) kvl )
DT PLASTO Metal T (I) % Pitch
() frontacted) Lty 74 (o] ] a2 45 410 qa £
NPT Physical Gate Length (mm) ) 248 25 22 20 a8 g ir i3
L g Physical L pose for High
FPerformance logie (nm) [IF 32 28 25 22 20 18 16 14 13
FAT Fguivalent (xide Thickness 27
WAS | Extended planarbalk (&) 12 11 11

[Is Extended planar tulk (&)
g oy affectve MO Dhive Cpvent [OF

WAS | Extended Planar Bulk (b fum) 1.02E+03 113E+03 | 1.20E+03 1.5TE+03 1.81E+03 2.05E+03 2.49E+03 2.30E+03

|JS Extended Planar Bulk (pdfum) 1.21E+03 | 1.18E+03
Delete| UTE FD (ui/iom) e T 1815 2015 2037

T _I;}?uz.fp:nj_ __________________________ _ 1899 1932

T=CWL MUWOSFET inginsie
WAS |desilgy Gps) FiST 0.87 0.74 0.64 d 0.46 0.4 0.34 0.29
T = O MWOSFET inninsic
5 delay (ps) Fi37

Work in Progress - Do not publish STRJ WS: March 8, 2007. WG6 PIDS

10



High-k/Metal-G -07 1 27 -

2008

http://www.intel.com/pressroom/archive/releases/20070128comp.htm

http://www-03.ibm.com/press/us/en/pressrelease/20980.wss

High-k/Metal G, FD-SOI 2007
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1. loff (Subthreshold leakage current) 10pA - 30pA
2. loff lg =Jg>=<Lg 3 EOT
3. GIDL
4, loff Ig
100F T T T T T T
2007 2008 2009 2010 i
DRAM ¥ Pitch (nm) 65 57 50 45 s
Logic node (hm) 45 32 g’ ;
(nm) 1.9 16 15 e 5
V) 1.2 1.1 1.1 1.1 10F 5
ITRS06 10p 10p 10p 10p ; i
(A/um) Propose 30p 30p 30p E E
NMOS ITRS06 | 519  [T< IR e : | |
(HA/m) Propose 632.6 675 1 E | i | i |
(CVvi) ITRS06 1.97 1.73 1.52 1.33 06 0.7 08 091011 12 13
Propose 1.57 1.38 1.21 V
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o Id.ratio =

mobility enhancement factor

[Tear in Producton l 2005 l 2006 l 007 l 2008 | 2008 |

2010 i 2012 3
| Lfobility Enfhancement Factor for Iyee [107
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- ? 3D -
l(ra:(;tljrc]:tion 2005| 2006| 2007| 2008| 2009(2010|2011|2012|2013| 2014|2015|2016|2017{2018| 2019| 2020
Physical Lgate
(High nm 32| 28 25| 22 20| 18| 16| 14| 13| 11| 10 9 8 7 6 5
Performance)
Planar Bulk
CMOS I
Delay
2006 ITRS
DG or Multiple-Gate H
NANO Wire
Planer Bulk 2== T
HP Lg Scaling aggressive N 210
32nm CMOS Lg 20nm 21T
Zw'h
Ultra Thin Body (UTB) N Caie [T
3D Wire, NANO ROD g
sD DIBL 43mV/V  SS 72mV/dec
Lg=16nm

K.H.Yeo et.al., IEDM2006,
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NVM
- Flash

- ERD
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2007 - DRAM -
DRAM 2
2007
(]
DRAM
(]
1. DRAM half pitch 10. Gate oxide thickness of cell tr.
2. Cell size: S 11. Maximum word-line level
3. Cell size factor : a 12. Effective electric field of gate
4. DRAM Product (bit) : b insulator
5. Chip size : Achip 13. Negative word-line use
6. Areafactor [=Acell xb/Achip] 14. Capacitor structure
7. Retention time 15. Capacitor insulator material
8. Storage Capacitance : Cs 16. Effective capacitor insulator
9. Voltage of capacitor thickness

17. Physical cap. insulator thickness
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STRI

2007 — NVM -

Table 430 Non-Folatile Memory Technology Reguirements—Near-terem

NVM T

Tra J0E P It 00 JO0F e JOT LT JLF
DAL 4 Pawh fw framsavod) B T | y i 45 48
MPUASE Maral | (MTF % Pick fmmiioontacted) [ 5 [ i 32 44 L) L1

- NAND/NOR/SONOS LI i G Lol I T I T T T T 7
Flark seebmalege NORNAND = F jumj [I} BTE TG : BEET ETIEA EDiLE 4540 A5 I3 I8

Flazh NOR cull size = awaea fscsor 2 in mulnple: of
!y 1 rep 2=11 2=11 8=11 =12 10=12 B=12 8=12 10=12 | 10=12

NAND e

4 ol di
af i ILCMLC

area factor @ i mitples | L sz | anmo | 4oms | aavze | oms | domo | ssns | asns | done

Flaih NOR ppicd arze ) 7, F8 10454 0.049 0042 LR DR 0.021 L) LR 0

- Flarh NOR Le-zt ical = gmd 5. 0T LS L) 0138 ®13 a2 o a1 a1 1 0.
Flash NOR heghas E velrage 170 [180. [11] I# [ T4 7R LE ) G0 (2] & L2
Flarh NANT highase W valvage (Fi [11] i7-1% | 1719 : AE-AT | A5AT | 18AT | 4547 | 4547 64T | 1847
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Table Table Table

Floating Nitride Floating Nitride FeRAM
gate trapping gate trapping MRAM

| | | |
Lo-K Hi-K SLC 2-bit/cell PCRAM i: E

spacer N )
p ] SO OS MLC 4'b|tlce” Nanocrysta|?
4-bit/cell? (NROM)

= = | sbwean] [oRom | [rrane SEE

Work in Progress - Do not publish STRJ WS: March 8. 2007. WG6 PIDS 21




2007

— NAND HP

ITRS2005 NAND (HP)
- 2006 2005
- 2007 50nm
2007 2005
o
Year 2005 2006 2007 2008
2005 HP 76nm 64nm 57nm 51nm
73nm 60nm 50nm
70nm 56nm
C 90nm 70nm 55nm
90nm 72nm 50nm
e NAND
Year 2006 2007 2008 2009 2010 2011 2012 2013
2005 HP 64nm 57nm 51nm‘\/\45nm 40nm 36nm 32nm 28nm
2007 HP 64nm 54nm 45nm‘“ 40nm 36nm 32nm 29nm 25nm
2 1/2 3 1/2 1/2
2005 NAND FLASH
DRAM PIDS) 2007

HP MLC Multi level Cell
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RF & Analog/Mixed-Signal(AMS)
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2006 Update - High-k/Metal G -
HP/LOP 2008 2010 UTB FD-SOI: 2008 2010
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