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F5EEE, FEEDEREA
A/R: Aspect Ratio

Contacting S/D: Deep SIDERRT B ELHD

Doping: ITRSTIE S ME A | BVULIE (GE4E1E) wSilicidez 2 ATULVS

EOT: Equivalent Oxide Thickness, SIO2#t E[ZE

FeRAM: Ferroelectric Random Access Memory

High-k, HK: High Dielectric Constant Material, SiO2&® tL 8 THighZzFL\5
High-k/Metal: High-k/Metal Gate, &I 9 5 A ERIIZRED

Materials Loss: &%/ ELE&HT=Y D TH#HI(Si, SIO2)HINE

Metal Gate: IREDpoly-Siy—+rEBEERBICESHRA -HEE

MIM: Metal Insulator Metal

MONOS: Metal-Oxide-Nitride-Oxide-Semiconductor

Multi Gate: FINFETA>Tri-gate D #A %5

ONO: Oxide-Nitride-Oxide

NVM: Non-Volatile Memory

PCRAM: Phase Change RAM, PCM: Phase Change Memory

SDE, SD Extension: Source/Drain Extension(E[ZExtensionERITRT 5 EHH D)
SN: Storage Node

SOI: Si on Insulator, EDSOI: Fully Depleted SOI

SONQOS: Silicon-Oxide-Nitride-Oxide-Semiconductor

Starting Materials: E{FEx#$. FEPTIESIVT—/\, TET—/\, SOI%
Surface Preparation: JEi$CRIRRTAEGZE D Ty TIEEDEF
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Front E nd P rocess S C O p e

A: Starting Material

B: Isolation

C: Well Doping

D: Channel Surface (Preparation)

E: Channel Doping and Channel Strain

F: Gate Stack (Including Flash) and
Spacer

G: Extension Junction and Halo

H: Contacting Source/Drain Junction

I: Elevated Junction and Contacts

J: DRAM Stack/Trench Cap. & FeRAM
Storage
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ITRS2007TNDEEZ

>Starting Materials UTBSOI: FRE17nmE @A Red (20124)

5 LA 1E 5 DD

KT DWNTEMERE

> Surface Preparation Materials Loss:0.2A/3%¢:%1[8]% A] EE

> Thermal/Thin Film High-k/Metal : 2008E3E A1k .
EOT :0.65nmLL FRed (HPI20104E LL&)

> Doping SDEDE & RSZ#H 0.35*Lg—0.5%Lg
Si/Silicide$E#i:7e-8 Qcm2LL FHARed *
Silicide E=13nm#A*Red

> Etch LglE5DZF : Lg<20nmTRed (HPI%20094)

»Trench DRAM High-k B = [E%20084E[Z[EZE (20074 : SIS)

» Stack DRAM Cell A/IRZHEF: 2013 F TIX40LLTF
HE[E € : ~100lFRed (20124 )

>Flash Floating Gatetg1& : 201 7FE N HE SRR «

»>PCM ENYEREER:125°CIXRed (20114F)

»FeRAM H—ARA(ZF

DS EREZE

AL ITRS2006L N JL D) 46 & FEAFR Red
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Thermal Thin Film @'

Thermal/Thin FiimZ & = : High-k/Metal Gate
ITRS2006 update No Products
Year | 2006 | 2007 | 2008 | 2009 | 2010 | 2011/ 2012

SiON.“poly-Si | SION.” poly-Si
- - - - HK.”metal
SiON.poly-Si HK.”poly-Si
- - HK.”metal

HP(RU'LOP): high-k 20084 & A ~NRIEIL
ITRS2007

bulk HP

bulk LSTP

HP: high-k/metal 20084F yellow, 20105 LIf&Red
LSTP(B U'LOP): high-k/metal 20084 & A (yellow)

bulk HP SiON.”poly-Si HK.~ poly-Si
____________ - - HK.“metal HK.metal
bulk LSTP SiON.” poly-Si HK.~ poly-Si
- - HK.”metal
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Thermal Thin Film @”

high-k/metal gatet# & M fEHE A I8
ITRS2007(Intel, IBMDFERIZLY KIEIZER)

20092010{2011|2012 2013| 2014(/2015

HP bulk

MultiGate - -
LOP bulk - - - | - - -

MultiGate
LSTP bulk - - | - - -

—| No products Solutions are known [l Solutions are NOT known

EOT=0.65nm & Red:bulk HPTIX20104%
—FDSOI 8L Multi-GatelZ &b H £ TEOTEREHEF

LOPH KULSTP:EOTEIZ(X7E-TLVRLY
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STk

45nm~32nm®D =& F T ITRS2007Z 1)

ITRS2006
2007

ITRS2006

SDE# GRS DIEMNFEM (FEPDZEK)
VAT MERDIEAEEFD (Color CodelEPIDSHI#r)
HP [LSTP|| HP |LSTP
1/2EF (nm) 45
4'—br & Lg (nm) 18 | 28
SDE {22 E5(nm) | 6.5 | 9.8
9.0 | 14.0
SD & E&(nm)  |19.8 | 30.8
n-ch
SDE —NEH(Q/O) | 650 | 742
900 | 652

2007

ITRS2006
2007

Si-Silicidea> 44k
EH(Q-um2)

4.8

7.0
I Solutions are NOT known® & 7r CER &k

8.1
8.1

5Qum2(LEIH AT RE

- Dual Silicide

WERFHRIE22nm

1Qum2DFHELHY . LBV FIMEREREILEIRATEE
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Doping D fE ##Y I8

STRI

Silicide B DB RIENEEDEEFRRE
Year of Production 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
MPU %% Pitch (nm) 68 | 59 | 52 [ 45 | 40 [ 36 | 32 | 28 | 25 | 22 | 20
MPU Lg (nm) 25 123|120 (18| 16|14 |13 |11 (10| 9 8
Silicide for bulk (nm) (VA 13 12 11 9 - - - - -
Elevated Si for Multi-gate - - - - |16 | 14|13 |11 (10| 9 8
Silicide for Multi-gate (nm) - - - - 19 | 17 | 16 | R A 5 A (0

- | No products

Solutions exists

#¥(Z. Technology Booster&L T
H1F S 5Schottky-SD%
Lg<20nmIZEAT DS D

5 4E T
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Stacked DRAM

ITRS2006} AlO,HfO,ZrO,Ta0O,TiO

new material

Year of Production 2007 2010 2013 2016

DRAM ¥ Pitch (nm) 65 45 32 22

Cell size factor a 6 6 6 6

Cell size (umz) 0.025= 0.012= 0.0061= 0.003=
0.13x0.19(0.090x0.14] 0.064x0.96 | 0.045x0.06

Storage node size (umz) 0.00845= 0.0041= 0.002= 0.001=
0.065x0.1(0.045x0.09] 0.032x0.06 { 0.023x0.04

MIM Capacitor structure Cylinder /Pedestal Pedestal BCLESEL

toq at 25fF (nm) 1.15 0.6 0.3

_. TRS2006] 50 50 80
Dielectric constant 20 65 130 91

High—k Material HfO, TiO, . o
Zr0.Ta0 STOBST TiO, STO, BST,
i ITRS2006} 1.2 1.9 2 2
SN height (um) 1.4 1.6 11 1.6
Cylinder factor 1.5 1 1 1
Total capacitor area (Um?) 0.83 0.43 0.22 0.22
t- at 25fF (nm) 11.8 10.0 10.0

2007 ~ 2012 : Pedestal — Cylinder/Pedestal|ZZ &

HfO,, ZrO,, Ta,0:M
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Stacked DRAM SR

Strage NodeF¥ ¥y T DT ANRILL (A/R) ZFEFIL ., AIR=AD
High-k@%'ﬁigb‘%ﬂﬂ L7= High-k
ITRS2006update ITRS2007
140 140
120 A\A/R 120] VR
100 100
: 5 N
40 40 \,‘—AF‘/&‘O
20 20
O | I | I | | O | | | | | |
0 10 20 30 40 50 60 0 10 20 30 40 50 60
DRAM 1/2 EF (nm) DRAM 1/2 EF (nm)
£ 250:BST, TiIO, EDFHMFIERH A [EEE T LD M I E#

=1/2Pitch 40nm(20114F)[CH iR Az Z H el getE AV E Ly
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NV- Memories Density, Power, Voltage
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Write cycle(s)

100
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Voltage for write(V)

©
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STRI

Nonvolatile Volatile
Flash |
(NAND) !
Flashﬁ .
B (NOR) i .
FeRAM ;
,\D 5 DRAM
PRA |
e |
—— :
MRAM E SRAM
—
small Large

Power consumption

(write, refresh)

FeRAM uses low power at low density, suitable for mobile applications

Ref: Kawashima ISSCC 2008
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NAND

Flash Memory

ITRS2007 : Floating#:& &L T2018%

A Z—R)BEALIR (B LU R RILIR) DHigh-kiE AV EL LY,
YRR =& B5MH1ER S : NANDIE~22nm, NORIZ~32nm
=Charge Trapping NAND(MONQOS), NOR(SONOS)~
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Year of Production | 2007 | 2008 | 2009 | 2010 [ 2011|2012 | 2013|2014 [ 2015| 2016 | 2017
Feature Size (nm) 51 45 40 36 32 28 25 22 20 19 18
Interpoly Dielectric _— —

Material ONO ONO/High-K High-K

Interpoly Dielectric i = : :
Thickness(nm) 10-13 S-12 4-6 o

NOR

Year of Production | 2007 | 2008 | 2009 | 2010 [ 2011 [ 2012 | 2013 | 2014 | 2015] 2016 | 2017
Feature Size (nm) 65 57 50 45 40 35 32 28 25 22 20
Interpoly Dielectric . —_—

Material ONO ONO/High-K High-K

Interpoly Dielectric ) -

= LI L Table N i<tz o 1=



Flash Memory I

% BREAVIUT HLEER
=High-k1k
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(Metal-Oxide-Nitride-Oxide-Semiconductor)
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FERAMMDZ & I
Year of Production 2007 2010 | 2013 | 2016 | 2019
Technology Node hp65 | hpd5 | hp32 | hp22 | hp16
Feature size (nm) ITRS2006F 100 65 45 32 22
—2007| 180 150 130 90 65
_ ITRS2006 30
Cell area factor: a 2007 22
ITRS2006] 0.300
. 2
Cell size (um?) 2007 0713
ITRS2006| 1T1C
Cell structure —2007 2T2¢
Capacitor structure ITRS20061 stack
i —2007| stack
Endurance ITRS2006] 1E+15 >1E16 >1E16 >1E16
—20071 1E+14 >1E16 >1E16

Solutions exists

Solutions are known [ Solutions are NOT known

REBEBETODIZEDNT, IL—ILEXRIBIZENIET-

=3D{EED W ERFHH2010E

EnduranceD ER{ELREEICEDESHEF
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Fe RA M Polarization
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Applied Voltage [V]
(IEDM2006 Short Course) Pabst et. al, APL90, 072902(2007)
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£L6 STRI

High-k/Metal, Doping, DRAM, Flash, FERAMIZDUNT,
ITRS2007 COEE s EfAAMHIIER 2D TR LT,

>High-k/Metal
EOT=0.65nmMEH#E (HPTIX2010FE L% Red)
»Doping
Silicide[E = 13nmMNE#EIR R (HPT20094F Red)
=FDSOI/MultiGateD &Y LT & TR %
>Stacked DRAM:A/R<40Z# LA ZE c 180
£ ~100lFRed (20124)
>Flash (Floating Gate) :ITRS2007 Cl%2013~44F(IZB R
=Charge Trappingf&iz~ (ITRS2008update(ZE2 &)
>FeRAM: IR D& BEHKE R, N BENEERNEERE
=>xFDILEED3DIL
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