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HP: High Performance /LP: Low Power

LOP / LSTP: Low Operating Power / Low STandby Power
STI-CMP: Shallow Trench Isolation- Chemical Mechanical Polish
EOT: Equivalent Oxide Thickness /[ Dit: InTerface state Density
UTB-FDSOI: Ultra Thin Body — Fully Depleted Silicon On Insulator
PD-SOI: Partially Depleted —Silicon On Insulator

Xj: Drain extension Junction depth

Lgate: Gate Length

LWR: Line Width Roughness

RMG: Replacement Metal Gate

TFET: Tunnel Field Effect Transistor

GBBT: Global non-local band-to-band tunneling

CVD: Chemical Vapor Deposition

IET: IsoElectronic Trap

BTBT: Band-to-Band Tunneling

FeRAM: Ferroelectric Random Access Memory

PRAM: Phase Change Random Access Memory

MRAM: Magnetoresistance Random Access Memory

RRAM: Resistance Random Access Memory
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Front End P rocess Z : - 70

ITRS201 34§ pliy STk

DEVICE METRICS
Logic Devices [HP, LP]
DRAM Devices
Flash De\{ices LOP=s BIE&
PCM Devices LSTP=LP
FeRAM Devices

A: Starting Material

B: Isolation

C: Well Doping PROCESS METRICS

D: Channel Surface (Preparation) rtina M rial

E: Channel Doping and Channel Strain Star g A ag

F: Gate Stack (Including Flash) and Spacer Surface Preparation

G: Extension Junction and Halo Thermal/Thin FiIms/Doping
H: Contacting Source/Drain Junction

I: Elevated Junction and Contacts Etch

J: DRAM, Phase Change, and FeRAM Storage STI-CMP
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STRI
2013 ITRS FEP Sub-TWG Leadership

« HP MPUASIC - FEP 2 « FeRAM-FEP9

— Wei-Yip Loh (US) * Yukinobu Hikosaka (JP)
L OP (FED I (Elminated) - Starting Materials - FEP 10
 LP (FEP4) (renamed from LSTP) - WAS: Mike Walden (US)

— Wei-Yip Loh (US) — WAS: Mike Goldstein (US)
e DRAM -FEEP5 — Bich-Yen Nguyen (US)

— Kee Jeung Lee (KR) - Surface Preparation - FEP 11
 Floating Gate Flash - FEP 6 — Joel Barnett (US)

— None « Therm/Thin Films/Doping - FEP 12
- Charge Trapping Flash - FEP 7 — Wei-Yip Loh (US)

— None « Etch-FEP 13
e PCM-FEPS8 — WAS: Tom Lii (US)

— None — 1S: John Arnold (US)

« CMP-FEP 14
— Darryl Peters (US)?
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FEP Difficult Challenges in ITRS2013

Near Term

« Strain Engineering
— Cﬁgﬂnued Improvement for increasing device performance at tight
— prlication to FDSOI and Multi-gate technologies
« Achieving Low Parasitics
— achieving low resistance and capacitance and continued scaling of
gate pitch
« Scaling and 450mm

— Continued areal scaling with next generation substrates (450mm
wafers) and adoption of disruptive technologies to meet lithographic
challenges.

Work in Progress - Do not publish STRJ WS: March 6, 2015, FEP 6



FEP Difficult Challenges in ITRS2013

Long Term

« Continued scaling of HP multigate device in all aspects: EOT, junctions,
mobility enhancement, new channel materials, parasitic series
resistance, contact silicidation.

« Introduction and heterointegration of high mobility channels (based on
l1I-V and Ge) to replace strained Si for continual performance

« Continual scaling of device parasitics with new channel materials,
especially for contact resistivity due to severe reduction in device pitch
and contact area.

« Continual EOT scaling and gate dielectrics with low D,, bulk traps and
leakage for high mobility, low bandgap channels materials (Ge, IV and
3D materials)

Work in Progress - Do not publish STRJ WS: March 6, 2015, FEP 7
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Logic Device®

—Kk<v7 (LP(LSTP))
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Bulk CMOS®M3Eap / SOID#E#E / Multi-gate D EITEIL
LPOOA—K<v7IZ. FDSOI/Multi-Gate D= NEF 4

Bin, T [B. BEIEFD

ITRS 2010update
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3D-Flash IR
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Thermal/ Thin

(12011/2012—2013kR TR DX EKIRIZEE (5

2011/2012 : Drain extension Junction depth for bu

QI HARE: (bulk: XiD12MSiiEE»ELTEHE)

2011k : 2014~ SOI/MG T+18nmTred-brick-wall
2013k : ‘E‘UJ:H'EFIIJTE( 10nmd&YsELER D%

Films and Doplng‘ﬂ)

- REDREE

Ik|-2013hfR

Junction depth or body thickness for bulk, SOl,
MultiGate &L TER &,

(bUlk TIEXFZASOIPMGTIEF Y RILICEBELRERTAEE
LTEE. BFrRILRDGIOHENHRT(EDER
[ZSOIDIFE [EFvRILED20%. MGTIL40%EDEETE

red-brick- Walltﬁ

e

Year of' Produchon

2013 2014 2015 2016 2017 2018 2019 2020
L,: Physical Lgate for HP Logic (nun) [1] 202 184 168 153 140 128 11.7 107
L rEffective Charmel Length (Bulk) 160 144 134 122 11.1 10.2 93 25
Bulk/FD SOI/MG Vdd 0.86 085 0383 028l 0.80 0.78 0.77 0.75
MPUJASIC Metal 1 (M1) %: Pitch (xum) (contacted) 40 320 320 283 253 22.5 200 17.9
Logic Industry "Node Range" Labeling (xum) [1] rliig” i i v5r
MPUJASIC Metal 1 (M1) %: Pitch (xun) (contacted) 40 320 320 283 253 22.5 200 17.9
Janetion Depth or Body Thickness (ram) [3,4]
Extension lateral abraptness for bulk MPU/ASIC (raw/decade) [4] 20 18 1.7 1.5 14
1 Extended Planar Bulk (uunction) [3] 22 79
SOI [3] 32 29
MG [3] 6.4 58 53
Spacer thuickness and pimetion contact depth [5]
Spacer thickness, Contact X (run) for bulk MPU/ASIC 176 158 14.7 134 12.2
Spacer thickness, FDSOI nmlti-gate 88 79 13 6.7 6.1 56
Thickness of elevated panctions [10]
Thickness of FDSOI, nmlti-gate elevated pmetion, contacts (xum) 160 144 134 12.2 11.1 102 93 85
Silicide thickness [13]
Silicide thickness for bulk MPUJASIC (xum) 106
Sl.hv:xd.e thickness for FDSOI, MG MPUJASIC (xum) 19.3 174 16.1 147 154 123 11.2 10.2
irdammn (151
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Was:2011
IS: 2012updata
(20131 EE L)

Etch ‘?)

@ LWROHEMNEET,

Year of Production 2011 2012 2013 2014 2015 2016
@ V\fgs Lgate line width roughness 3s (nm) ;;2 318 igi 'f :;
2 A proscnpLge vraion 3 o oo A o
@ V\@S Across wafer Lgate variation 3s (nm) 183 881 822 835 838 8;1
©) V\:'g‘s Wafer to wafer within lot Lgate 3s (nm) 8;2 ggg ggg : ‘f : ; : :.
5 S oo oo NI o 0% | o
@ V\I/,gs Through pitch Lgate variation 3s (nm) N /XBO N /'16\'16 N /'16\'06 N /2\'97 N /A" N /,.A:
® WAS | Dummy Gate Stack_R(_amovaI - - - - - -

IS Induced Lgate Variation 3s (nm) 0.59 0.55 0.5
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@ Through pitch Lgate variation 10D 18 H HIlF&,

(Grid design rule DMBELSERASN TULDHEER)
@ Dummy Gate Stack Removal Induced Lgate Variation ] DIEH B0,
(RMG7 REAM EFRIZE-T-HER)
® 2016 F LIRIEIHRERGDT, RESNSET,
Work in Progress - Do not publish

STRJ WS: March 6, 2015, FEP

12



~ ST
FEP WG3/E &) 20145k 0FE A4

[ =& EE])

1. ITRSERETIZMIF-FEPHflTi&:f

2. ITRSHETICAITF=Dz—/MEFR(TTVERR
F)ICEAT HiEE AR,

3. ITRSHKETIZMIFT-FeRAMIZE8 9 BERAE

[EREE]

1. Dx—/MIRRICEA T %3 AE,

2. {KEHEEZENIEICHIF-FEPR T DHkGGRE
3. MVMHEZELHME - EEMOSFETIC
HWELGFEPHTICEET HHE

Work in Progress - Do not publish STRJ WS: March 6, 2015, FEP 13



11481
12448
12478
124 8K
124108
13424
135 7H
134 9A

144%2H
144 9AR
14459 R
144%F11H

15821

AH BHK (RZ)
BEMRK(EXL&E)
A TFERDY—4%—
PIREE
2 RILK (dEX)
¥ 3 E2 K (LEAP)

AR FHEK (GNC)
Aed EEK(SEH)

NE %L (BX)
F BEFK(ERH
&k EFIK (RZ)

3= *ﬁﬂﬁﬁi(idtk)

Work in Progress - Do not publish

~71)>5 (~2015

STRI

Y o
F3H)
Si Nanowire Tri-Gate Multi-Gate
{EEEMOSFETH AT Bulk CMOS
ERD/ERM #ifsh 7/ N\ 1 R DIK R
MearsiEfiteE 7Y &R Bulk CMOS
MVF/ITAVFrRIL M F
SOTB FDSOI
InGaAs/Ge =R tiEECMOS M F
FDSOIA +300mm3iEfESOl FDSOI
Extending the FET FET - #44#
TFET(ONEfiF L) FET-##t %l
TFET(CMOSa>/\F) FET-## ¥l
A rAZHR AE) -FFF
FeRAM AE - FM
STRJ WS: March 6, 2015, FEP 14



TFET (E#BF:1)
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TFET (F#
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indirect
tunneling

k(X)

pseudo-direct
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state
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PRI BiR TFET (F%'L"Eﬁ 4)

DHFALIE ~H,7=—)L (RE %L %)
N+ Si TE4+ %)L& (CVD, 30 nm)
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TFET (R2Z:1) ™

[3] Y. Moria, SSDM (2012)

Lateral-TFET PP-TFET* (Vertical-TFET)
Gate Gate
Gate Field Epi- Channel .Gi:\te_Fl?Id_

Source p—m—m—mm Drain Sou rce Drain

ﬂ*' o T\ _/ N | Si/SiGe~NT O

ZFAULNE=TFET

BTBT ABTBT

v Good Gate Controllability
v Large Tunneling Area

S Ch D G|/ ch’ s Si™"SiGestrained)
e = P-TFET N-TFET
Ev— [¥#AEV~0.26eV* (Ges0%)i ¢ N
PP'TF ET iS adO tEd @®Channel g ? ( —
N G —_ 8 — /
. . 2Source B v = N .
to maximize ON-current _\‘M)//Q £ 3 %9— Z
g4 —
() ¢ Nenis ¢ Vi s
N
v
@®Channel G w2 d N
— N _ ] ‘/T'_
@Source B @ AN b gy
7 c 2 \"__' 1 /
Q g3 S—
Vil 6 Nt s cV i s

Ch-SiGe in P-TFET and S-SiGe in N-TFET are promising
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TFET (R&:2) mw

Si/SiGe/\N(T G Auo.id '
JyFEEIZKY o Ch-SiGe
')—71&»3& Ch_H++ rx", y

S | siGetoSi Si/toSi\ D

S/D formation P-TFETs
Channel 107 V,.=-1.0V
SiGe-epi 102 chsi L %0 3um Ch%
: -SiGe s ] (o
Litho. = 10-°
SiGe et'g (SC1) 3 1010
Si epi (Top-Ch) < ., Ch;l_j_m
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Gate stack /dec
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Starting Material ITRS2013 —

Year of Production 2013 2014 2015 2017 2018
Starting silicon layer thickness
WAS |(Partially Depleted) (tolerance + 35-55 33-51 30-47 26-40 may be
5%, 3c) (nm) (D) revisited

— _ depending on
Starting silicon layer thickness roaress of
(PDSOI->FIinFET-SOI or P

IS Nanowire) (tolerance + 5%, 30) 65-75 65-75 30-50 30-40 AnFET

(nm) (D)

PD-SOIIZf X T, FINFETADEAZEEELI-SOIFEs%E0H

ERICHBLESNST NS ADEREIZEDLE-EE,

Work in Progress - Do not publish STRJ WS: March 6, 2015, FEP 21



Starting Material ITRS2013 <

Year of Production 2013 2014 2015 2017 2018
WAS 300 450 450 450 450
Maximum Substrate

2012 Update |Diameter (mm)—High- 300 300 450 450 450
volume Production **
IS 300 300 300 300 450

450mm T—/\DEERITSS(CERAEIL

Development ONStr: Production [ Developme Production M Ble
Consorbum
Demonstrations I\-f}l 20K
Alpha Beta e o <
Tool Taool 1xnm M1 half-pitch S
capabletools g
Silicon is supporting development 2K [}
O using partially-patterned and ’é‘
E processed test wafers 4 ——IDM & Foundry ——= tion l Py
= PilotLines 200 g
=) <
S |unsnsnessnennsnsnnnansnssnnnsnnnssnnsnansnnnnnnnnsnnen 2
___________ =1
| ncreasing | 20 é_:
| 450mm Sikicon Demand | Beta Production
L _FromDemonsirations T — — 7 g Tool )
-
-~
s
2040 2011 2012 H n -
[000 ] [0 ] [0z ] El EX Months
HI/V Hi-p Channel
Years Sttt 2011 [ 2013 [N 2015 [ 2017 |

ITRS2011 ITRS2013
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G450C ;EENETIE

Early 450mm Development

Early Dawibogeraeat of Shoon and Infrastosctuns l

Metrics

‘ ‘ GA450C Demonstrations

Tooks for Consortium Baseline, CIF and
Demonstrations (unit prooess)

14nm
| |

\ g

e 2010 | 2011 2012 l 2013 2014 2015 !IDIE

14nmBFEHBeyond 10nmMEAFEAEIT
SEMICON WEST 2014
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G450C EEEW

G450C Lithography Progress _ _
« SOKUDO DUO Track Nikon Lithography Product Roadmap ..

* Tool on schedule for 4Q2014 Albany, NY delivery CY2013 CY2014 CY2015 CY2016 CY2017

* Process capabilities include PT develop, NT develop,
DSA coating, annealing, UV cure and wet etch

* SCREEN is providing 450mm wafer coating and Immersion

DSA processing service from their Hikone facility

* Nikon 450mm 193i Scanner

; Dry THP 230 WPH

* First 193i scanner patterned 450mm wafers are o 2.0 nm

being presented at SEMICON West 2014
* 450mm patterning service being provided to ArF | 'Pil:t e HVm ]}

H 00l
GA450C from the Nikon Kumagaya facility st | I l —
450 mm Development Patternii Shippin;

* Nikon 450mm 193i scanner scheduled for

delivery to the G450C in Albany, NY in April 2015 ST o

SEMICON WEST 2014

BRVIIT ST EBEEZEAAN 2015%F 4F
BFT/\MRAEEZHRE (2015F2H819AH)

SEMERATEILETAEHRA
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G450C jREEIETIE] WaferER am

e Wafer quality roadmap

2012 2013 2014 2015 2016
Wafer Type
Mechanical Wafer |M74 Spec )
Test/Monitor Wafer M76 Spec >
Qz, 2014
Prime Wafer Y% M1 Spec >
SFQR meet (-95% area)
Particle (60% pass rate) Q1, 2015
EPI Wafer | Y M62 Spec )
A
i1 40Q4: 1= 450mm EP| reactor]

*SFQR: Site Flatness Quality Requirement (<20nm) % Deliver Sample

SEMICON WEST 2014
Prime Wafer M1ZEK . EPI WaferZx R~

{tZI¥H#${(2015F2H18H)

A—H—DEEENDT=®H. 450mmoz—/\HEH=E (X
BUTLVELY,
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IMEC FEEhETH mw
450mm imec TIMELINE

ENIAC KET

MAIN HORIZON 2020
FUNDING

FP7

Flemich Goy’ ¢ ENIAC
SOURCES SMISH =0V Flemish Gov’ t

Industr
y Industr

| 2013 | 2014 | 2015 | 2016 | 2017 | 20i8 | 2019 | 2020 |

450mm Equipment roadmaps

450mm Pilot

450mm Production

Selected Module Process & Device development
assessment in Full flow facility
300/450mm 300/450mm
imec Fabl imec Fab2

450 mm ready facility @ imec
EEMI450, SOI450, NGC450, EEM450PR, ... gradually 300/450 mm PILOT R&D facility @ imec

SEMICON JAPAN 2013
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STRIZ

FeRAM (BT&)

FRAM is a non-volatile memory that retains data by
ferroelectric capacitor with polarization.

The polarization is switched by external electric field.

PZT crystal image _
Pb(zr,Ti)O, Hysteresis of PZT

Polarization
A

“0”
\..

Elezctrlc field

Qsw
/ Voltage for bottom electrode

K.

“1”

N
4 LN
.:Pb2+ \ /5:02' o ZraTid
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FERAM®M 4D ) #%-

e

. Fast over write.

N

non-volatile memories.

i

. FRAM consumes least power among

3. FRAM exhibits more than 2-orders higher endurance
among non-volatile memories.

4. PZT achieves more than 7-times higher capacitance
per unit area than others in Fujitsu process option.

Fast over write

FRAM 0.5s
D To write 2 Mb
FLASH o e W
E2PROM Erase Displ:-;; S] S] Data writé .............. 13.45
— > Time
Work in Progress - Do not publish STRJ WS: March 6, 2015, FEP 28



STRI
FERAMD YK KEEE N

FRAM endures the least power consumption
among non-volatile memories.

1.E-08 e
= S i
= 1.E-09
e 256MbPRAM
= 1 E-10 sambPRAM @ | M512MbPRAM D. Takashima, "A Scalable
-~ AV N ot Mg R shield-bitline-overdrive
? 2MbSTTMRAMI2Mb:TTf" o e technique for 1.3V chain
& V-E-1mmmainm,,, o\ W1GMbMRAN - 1oheran FeRAM", IEEE J. Solid-
T suxiMRay, 7 /RRAN State Circuits, vol. 46, no. 9,
@ 1.E12 [\ gz RRAMCIRAM) 2171-2179, 2011
= % ——  W64Mb-Chain FeRAM PP. ’
é sliigtatodt m _ [28Vb Chain FeRAM
BGBIs at 0.25um?2 cel
1.E-13 of il o MBI
S
1.E-14 ' '

1.E-09 1.E-08 1.E-07 1.E-06 1.E-05
Random Write Cycle [s]

Work in Progress - Do not publish STRJ WS: March 6, 2015, FEP 29



FeRAMO)fﬁ =¥ a
SNIVTaAaT5REXT Y /INEUR

FRAM exhibits more than 2- PZT achieves more than 7-times
orders higher endurance higher capacitance per unit
among non-volatile memories. area in Fujitsu process option.

Endurance[Cycles](ITRS2011)

1.00E+14

1.00E+12

1.00E+10

1.00E+08

1.00E+06
1.00E+04 /
1.00E+02 /

1.00E+00

Capacitance(arb.units)
ANANAN

FLASH FRAM  Spin Torque PCRAM ReRAM PZT MOS PIP MIM

MOS: Metal oxide semiconductor (gate
capacitance)

PIP: Poly silicon insulator poly silicon
MIM: Metal insulator metal

Work in Progress - Do not publish STRJ WS: March 6, 2015, FEP 30



FeRAM table from FEP for ITRS 2013

Year of Production 2013-2015 2016-2020 2021-2024 2025-
FeRAM technology node i Lo 20 ot e
130 90 65 45
FeRAM cell size — area factor a in multiples of | — 2011 23.2 21.9
F2[B] 23.2 21.9 20.0 3.8
, 2 —2011 0.710 0.400 0.169 0.081
FeRAM cell size (um”) [C] 0.710 0.400 0.220 0
FeRAM cell structure [D] 20l ﬂig ilig
FeRAM capacitor structure [E] 20l SEGL SEE S = =
stack stack stack stack
: : 2 —2011 0.423 0.234 0.08 0.039
FeRAM capacitor footprint (um “) [F] 0.423 0.234 0.125 o
: . 9 —2011 0.423 0.234 0 0
FeRAM capacitor active area (um ) [G] 0.423 0.234 0.125 0
Ferro capacitor voltage (V) [I] — 20l 1: 12
FeRAM minimum switching charge density (U [ 2011 8.5 12.0 0
Clcm?) [J] 8.5 12.0 18.1 6
. . . OE16 OE16
FeRAM endurance (read/write cycles) [K] 20l LU LLOS R
1.00E+15 1.00E+15 OE16 0E16
FeRAM nonvolatile data retention (years) [L] 20l LONGELE LUNGEETE LU ENE L0 (el
10 Years 10 Years 10 Years 10 Years
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STRI
FeRAM table from FEP for ITRS 2013 (Cont'd)

v FeRAM Tableld. 2013 (ZfT>1-FERAME 1EA—H~DRE
[CEDEHWETLT =,

v FeRAM®DCell@E TSR LAFEBIT55%HE/NT 5, CelliE&
(X, 2021 L&+, Planar Stacki&iEF #6589 5. 0.1um20
CapacitorEfE CRIFGRFERFMEEZ RI T 20N FoNT
LND1=8, 3DIEE . HULMIFETEIFeRAM (AT EREFE LA
EhEITONTLNS,

 FOMOBELERDIARTEBLODODEHAEEXEZTITS
ZEITIHET RE=EEIRed brick walls : FRLVHDEE 1 D—D,
NODEBEESHHBSIZIE. TAERLIENIFEAELLY, BLY
gﬁgg%rﬂﬁ%%{?k#w \OAMBZERFETHAENFDE
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STRI
FeRAM table from FEP for ITRS 2013 (Cont'd)

v FeERAM Table%2013/8/18[ZJoel-san~1Z2H,
2013FhRICHET SN TS,
http://www.itrs.net/Links/2013ITRS/Home2013.htm

v PIDS®RIich-sanlZ. FERAM®MTable updatel&E$hiz
2013/7/201Z3% {7, PIDSEFEPD E#E I M- TLNS,

v FeRAM Chapter#2013/10/26 [ZJoel-san~{gH . =7=L.
Surface Preparation&EFeRAM®DE EIL B TH AT,
2013F R CIXFEPE{AMDChapter(ekETLELNZ &&% 0T,
FERAM Chapter®#1ER(X. STRIDIHB;EFENIEL T, LLTD
HPIZTHEE A,

http://semicon.jeita.or.jp/STRJ/ITRS/2013/ITRS2013 FEP.pdf
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O ITRS2013 FEPEXETIRIR . FHUEIER SN TULVELY,
Chapter ChairdhVREF-S>TWLVELMRRE 1 FERIZEDYLL,
AT TINNAATIHEBEDLFiXSNTHELBT . A—F

Ty TERLA

A

HIZEYDDOHH LT R,

O TFETOH MR LEIZHLTIEZ, NV RI =75 %
AR T AFEPHIMNER S,

O 450mmit T HMETEILYENTWNSELD, KEH, 3—0OY
INTIEEZEITER,

O© WHkld. O—F< Yy OBEETEDDO—DTIEHSH.
FERAMIZE6oNAEDIZ. TINAM AT EDHFREEMNLT-
DR EHRCERINTLNS,
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AR EICH AU =0V,
F BESA (EHRB)
®BE EFISA (RZ)
% BTEREEHE (RAEKRE)
2RI -LET,
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