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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
SOTB: Silicon On Thin Buried oxide

RIE: Reactive lon Etching

TSOI: Thickness of Silicon On Insulator

TBOX: Thickness of Buried OXied

SCE: Short Channel Effect

NW-LWR: NanoWire-Line Width Roughness

RDF: Random Dopant Fluctuation

RSD: Resistance of Source and Drain

GOX: Gate Oxide
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DEVICE METRICS
Logic Devices [HP, LP]
DRAM Devices
Flash Devices

. LOP=>Hll &

PCM Devices LSTP =>LI;
FeRAM Devices

A: Starting Material

B: Isolation

C: Well Doping PROCESS METRICS

D: Channel Surface (Preparation) Starting Materials

E: Channel Doping and Channel Strain :

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 MPU ASIC - FEP 2 « FeRAM-FEP9

— Wei-Yip Loh (US) e Yukinobu Hikosaka (JP)
L EFER ) -(Eliminated) e Starting Materials - FEP 10
LP (FEP 4) (renamed from LSTP) - WAS: Mike Walden (US)

— Wei-Yip Loh (US) — WAS: Mike Goldstein (US)
DRAM - FEP 5 — Bich-Yen Nguyen (US)

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

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

— None e Etch -FEP 13

PCM - FEP 8 — WAS: Tom Lii (US)

— None — 1S: John Arnold (US)

e CMP-FEP 14
— Darryl Peters (US)?
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FEP Difficult Challenges in ITRS2013
Near Term

 Strain Engineering
— continued improvement for increasing device performance at tight
pitch
- application to FDSOI and Multi-gate technologies
» Achieving Low Parastics
— achieving low resistance and capacitance and continued scaling of

— Continued areal scaling with next generation substrates (450mm
wafers) and adoption of disruptive technologies to meet lithographic
challenges.
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FEP Difficult Challenges in ITRS2013 €D
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
[1I-V and Ge) to replace strained Si for continual performance

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

« Continual EOT scaling belevw=0-Rr-vwith-appreprate-metal-gates and

gate dielectrics with low D, bulk traps and leakage for high mobility, low
bandgap channels materials (Ge, llIV and 3D materials)
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Logic Device®A—K<v7 (HP)
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Logic Device®BO—k<v7 (LP(LSTP))
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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
450mmT)T—/\DEEFRH T SSITERAE L
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%, 35) (nm) (D) revisited
Starting silicon layer thickness SEEMENTE ofn
s |(PDSOI->FinFET-501 or progress o
Nanowire) (tolerance + 5%, 3¢) 65-75 65-75 30-50 30-40 RnFET
(hm) (D)

PD-SOI[Zf£ X T. FInFET~AMDE A%
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3D-Flash ST
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FERAM ITRS2013

Year of Production 2013-2015 2016-2020 2021-2024 2025-
FeRAM technology node i L0 ol a5 e
130 90 65 45
FeRAM cell size — area factor a in multiples of [—=2011 29:2 21.9 12.7
F2 [B] 23.2 21.9 18.8
FeRAM cell si 2 — 2011 0.710 0.400 0.081
¢ cell size (um) [C] 0.710 0.400 0.12
FeRAM cell structure [D] — 2011 1T1C 1T1C 1T1C 1T1C
1T1C 1T1C 1TiC 1Ti1C
. —2011 stack stack 3D 3D
FeRAM capacitor structure
pactiorstructure 18 Stack Stack
itor f ] 2 — 2011 0.423 0.234 0.087 0.039
FeRAM capacitor footprint (um”~) [F] 0423 0234 0.125 0.067
FeRAM ) . 2 — 2011 0.423 0.234 0.175 0.155
e capacitor active area (uUm”) [G] 0423 0234 0125 0.067
. — 2011 15 1 2 1 1
Ferro capacitor voltage (V) [l
P ge (V) [1 1.5 1.2 1 1
FeRAM minimum switching charge density (4 |-— 2011 8.5 12.0 13.0 115
clem?) [ 85 120 265
. — 2011 1.00E+15 1.00E+15 >1.0E16 >1.0E16
FeRAM endurance (read/write cycles
( yeles) [K] 1.00E+15 1.00E+15 >1.0E16 >1.0E16
FeRAM nonvolatile data retention (years) [L] = SRS LY 6L ENEE D el
10 Years 10 Years 10 Years 10 Years

20214 LLf& % Planar Stackig &z A%t
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INGaAs/Ge=XRJtiEECMOS (1) I

NMOSFET PMOSFET
| I —
InGaAs Ge
BOX
BOX

Si Ge GaAs | In,;,Ga, As | InAs InSh

Electron Mobility [cm2/Vs] | 1600 3900 9200 12000 40000 | 77000

Hole Mobility [cm2/Vs] 430 1900 400 300 500 850
Electron injection velocity ) _
_@ Ns = 1e13 cm2[cms] 1.7e7 1.6e7 | 2.5e7 1.0e8 4.7e7 | Irisawa, VLSI2013

nMOS: InGaAs. pMOS: Ge®DCMOS%
Ge LInGaAsDERBIEE TEH
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ZcMoOs (2) T

INGaAs/Ge=X Ttk

n-Ge sub.

* Si-passi. (7 ML)

-/ IHfO, (4.5 nm)
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N
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9

Al,0, (7.8 nm)

Ge MOSFET process
rField isolation
*Gate dielectric formation
+TaN sputtering and RIE
Ni sputtering
NiGe formation anneal
' Unreacted Ni wash-out
Wafer bonding process
SI0; interlayer deposition
CMP planarization
InGaAs wafer bonding
NP etching
InGaAs MOSFET process
tMesa isolation
tGate dielectric formation
+TaN sputtering and RIE
Ni sputtering
Ni-InGaAs formation anneal
Unreacted Ni wash-out
Interconnect process
Interlayer SiO, deposition
Contact hole formation

Al deposition and RIE

Wafer bonding
Thermal
ALD-AL0, ﬁioz

& InP etched away

InGaAs-Ol to 0 layer

Irisawa, VLSI2013
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INGaAs/Ge=XRJtiEECMOS (3) am
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Extending the FET (1) @
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FDSOIEF Ten ETooy (ITRS2013)

Year of Production 2013 2014 2015 2017 2018 2019
Starting silicon layer thickness
(Fully Depleted) (tolerance + 5%, 3c) 10-13 10-13 9-11 8-10 3—10 3-9
(nm) (E)
Buried oxide (BOX) thickness
(Fully Depleted) (tolerance + 5%, 3c) 30-50 20-40 20-40 0 0 0-20
(nm) (F)
SOTB: {EEEEIREA LY 1/OEIRA
WALIT F—MEE BHAH#EEE SOIBLBOXBERELTHE
Y—ARLA BT, (100m) (E&RE) -
AR/ A7 AT [N ] SOTB##EE TI.
I P 4 ] ! S ~
| - Z : .- SifZl+ TH<BOX
e // \\ DEIHLEE
SOIRE (~12nm) Emy—h
EFXEMBRE ( V,RBRERFHBFEM)
(F—s32bLR)
| SOTB//SILIDNAT ) UF & \
SOTB (Silicon on Thin Buried Oxide), SOI (Silicon On Insulator), BOX (Buried Oxide) LEAP#&%%, 2012&12)3
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H+ implantation

L | | S
((Donor wafer) —» (=)  Handle wafer)
Thermal | |

oxidation
atR.T. | Y

—F—_—— e ———

I Splitting
L J
4
—— )
4 " Bonding anneal
Epi on SOI = /
 — ) + ~ Touch Polishing
( )™ ( ) or
~ vy o

o High Temp Anneal

SmartCutld., FEESOIZIZEL=7AtX

STRI

Work in Progress - Do not publish STRJWS: March 7, 2014, WG3 FEP 21



STRI

FDSOIR [F300mmiEFESOI (2)
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FDSOI[R [F300mmiEFESOI (3) am
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