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ITRS 2.0 - More Moore Mission

Provide physical, electrical and reliability
requirements for logic and memory
technologies to sustain More Moore (PPAC:
power, performance, area, cost) scaling for
big data, mobility, and cloud (IoT and server)
applications and

Forecast logic and memory technologies (15
years) in main-stream/high-volume
manufacturing (HVM)
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Cloud and mobile computing drive More Moore
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» Device-interconnect tech should meet microserver and mobile computing needs

« Edge computing requires additional functionality for increased consumer value
(e.g. motion processor, neural processor unit, etc)

« 2.5D integration to scale memory bandwidth / power and latency
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More Moore computational drivers
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Source: Morgan Stanley Research

Work in Progress — Not for Distribution
More Moore FT, ITRS summer meeting, Stanford Univ., Palo Alto, CA, USA, July 11-12, 2015 4




Application KPIs and PPAC scaling for
More Moore

5 § - Data/compute servers
S — KPI = More performance at iso power density
— Constraints = Thermal, energy budget
« Edge computing
— KPI = More performance & functionality at iso power and cost
— Constraints = Cost, battery, increased leakage in parallel HW
e Smart sensors
— KPI = Reduced leakage and variability at near-Vt
— Constraints = System form factor, cost, and security

o G * More Moore platform for node-to-node PPAC value
' |NQ|'E>RN'E-|::f L} — Performance: >25-30% more fmax @ iso power
. THINGS o~ — Power: >50% less energy / switching at given performance
= é_.f,,__ k9] — Area: >50% area reduction

D = — Cost: <25% wafer cost — ~30% less cost for same function
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Performance saturates in conventional scalin

Saturated performance improvement trend, 2013 ITRS
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Source ; Prof. Hiramoto, Tokyo Univ.
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Device architecture evolution to scale CPP

CPP scaling
Varlablllty control

Bulk Silicon

Lateral GAA (gate-all-around) Vertical GAA

i 2018-2024 2022-2028

finFET

Lgate/finwidth=3 Scale Lgate ~ power reduction Variability control, Rext
Weff, SCE

Monolithic 3D (M3D)
2024-beyond
Lgate/NWD=2
Functional scaling
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LGAA and VGAA FEP and metrology challenges

NOI
Structure

Insulator

Stacked lateral GAA or NW Vertical GAA or NW

S-G. Hur, Samsung
Stacked NW and GAA structures

bring new FEP process challenges
- Conformality
- Integrity
- Reliability
- Controls
- 3D metrology for sub-10nm
- Defectivity
. . .- Yield
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Technology Roadmap Landscape

45/40nm 32/28nm 22/20 nm 16/14nm - ~Bse|:/%1nd
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Main scalin fos & performance boosters

PR

Logic cevice technology naming P70M52 | P52M36 | P42M24 | P32M16 | P24M12 | P2aM12V1 | P24M12V2 | P24MA2\3
Log Incusty Node Range" Labaing (il 161 1110" T o T TS e | e
Mode praduction years 3 3 3 3 3 3 3 »3
finFET
Device structure options finFET finfET finFET LGAA | VGAA, M3D | VGAA, M3D | VGAA, M3D | VGAA, M3D
FDSOI FDSOI LGAA VORA

N-chanhhe! Si 550 851, Ge (851, s0e, IV |s5i, sGe, IV |55, sGe, IV |55, sGe, IV |s5i, sGe, IV
Fchanne! Si Si,5iGe 5i,5iGe Si,5iGe Ge Ge Ge Ge
Main performance boostor ﬁnﬁ(e:iEht ﬁ“ﬁg:zm Parasitics | Parasitics | Low vdd Low Yidd Low Vdd Low Vidd
mg mg finHeight | finHeight 3D 3D 3D 3D
Scaling focus Perf Power Power Power Function Function Function Function
- o Ballistic Ballistic
i i Ballistic Ballistic
Transport scheme DD EQ::_*’;_' BQ::_E';_' Ballistic | TFET, JFET, | TFET, JFET, ngﬂﬂgEET’ ngﬂﬂgsﬁ’
alistic alistic NCMOS | NCMOS - S
Spin Spin

« Added new node naming nomenclature (e.g. P70M52) since pitch scaling is not
directly representing node itself

« 2014-2018 (N14, N10) focus on SCE, Weff scaling through cell height reduction
« 2018-2022 (N7 and N5) focus on parasitics, Weff efficiency, DTCO
« 2022-2030 (N3 and beyond) focus on ultra low-Vdd and 3D functional integration
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Inflection (2018) - Lateral GAA transition

* Benefits
« Strong short channel control — high beneficial in loaded cells
« Can use the finFET baseline as process starting point

« Technology challenges
« Undercut control during channel formation
« HKMG integration surrounding NW
« Parasitic channel
e Stressor to mobility transfer
« Conformal deposition

« Design challenges

« Self-heating
* Enabling SoC components — ESD, IO

« Variability

ﬂ:{z\ 3 Work in Progress — Not for Distribution
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Inflection (2022) - Vertical GAA transition

« Benefits
« Strong short channel control — high beneficial in loaded cells
* No need for isolation
* Reduced SRAM area

« Technology challenges
« Etch control
« HKMG integration surrounding NW — easier compared to finFET
« Bottom contact formation
« Bottom junction engineering
« Device/Design challenges
« Gate density
« Same as lateral nanowire
« 3D stdcell design & port access difficulties
« Place & route
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Inflection (2022) - monolithic-3D transition

» Benefits
« Strong short channel control — high beneficial in loaded cells
* No need for isolation
» Active devices in the interconnect
» Ability to scale drive in the vertical direction
* P-N separation across tuers

 Technology challenges
« Same as vertical nanowire
« Temperature budget
» Channel growth
« Low-temperature activation

« Device/Design challenges
* New functions and architectures
« Same as vertical nanowire
« 3D stdcell design & port access difficulties
» Less number of layers across tiers

* Place & route
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Lgate slow-down forcing alt. transport

TFET

V-NWFET Circuit Layout & Design
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Other transport options
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1931 multi-patterning cost explosion

Patterning .
Cost ’ ’
$

Metal LE Metal Metal Metal SADP Metal SAQP
Via LE LELE LELELE +2cuts +2cuts
Via LE Via LELE Via LE Via LELELE

Need for 193i litho stack
simplification through
innovative materials
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EUV - simplifying stack and saving steps

193i LELE metal patterning
I

Etch stack
Metal HM stack

Low-k stack
1. Deposition 2. Litho+Etch+Strip 3. Deposition 4. Litho+Etch+Strip 5. HM open +

final etch
EUV SE metal patterning .
« Simplified stack
Etch stack . Q\I/Dqlldlng CDU and OVL seen in
Metal HM stack « Less # of depo, litho, etch steps
Low-k stack cons
1. Deposition 2. Litho + HM open + « Need improvements in resists
low-k etch for productivity and better LER
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Pros/cons of patterning approaches

Resolution Resolution

Mask Suppl

Maskless
Lithography

Defectivity Mask Suppl Defectivity

Directed Self-
Assembly

Inspectio Throughput Inspection hroughput

Pattern placement Pattern placement

Resolution Resolution

Mask Supply Defectivity Mask Supply Defectivity
Nanoimprint EUV
Lithography Lithography
Inspection Throughput Inspection Throughput

Pattern placement attern placement

\ Courtesy: Mark Neisser - Sematech
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Interconnect — new barriers, conductors

Logic device technology haming P7OMS2 P52M36 P42M24 P32M16 P24M12 P2AM12A | P2AMI2YZ | P2AM12AYS
Logic ndustry "Node Range" Labeling (nm) “16114" “1110" g7 65" 33" “32.5" 215" “10.75"
Node production \vears 3 3 3 3 3 3 3 =3
finFET
Device structure options finFET finFET finFET LGAA YGAA, M3D | YGAA, M3D | VGAA, M3D | YGAA, M3D
FDSOI FDSOI LGAA
VGAA
Cu Cu Cu Cu Cu
Silicides Silicides Silicides Silicides Silicides
Conductor Cu Cu Cu Carbon Carhon Carhon Carbon Carhon
Collective | Collective | Collective | Collective | Collective
Excitations | Excitations | Excitations | Excitations | Excitations
Nurmber of wiring layvers 10 1 12 13 15 17 19 21
) ) ) ) ) ) Ta(M), TaiM}, TaiM}, Ta(M), TaiM},
Batrier mmetal - Infermediate wire fHight piich Tai(N Tai(N), Mn{H) |Ta(N), Mn{N
(tight pitch) M) M) (N} | Ta() M) Mni{N), SAM | Mni{N), SAM | Mn{H), SAM | Mn(H), SAM | Mn(H), SAM
Batrier thickness - intermediate wire
SiCOH (2.20-| SiCOH {2.00-| SiCOH {2.00-| SiCOH {2.00-| SiCOH {2.00-
SiCOH SICOH {2.40- SICOH {2.20- I 25;} I 25;} I 25;} I 25;} I 25;}
infermetal dislactrics (IMD) and & valve - intermediate wire 2.55) 2.55) . . . . .
(2.55) Airgap (1.0 | Airgap (1.0) Airgap (1.0} | Airgap (1.0) | Airgap (1.0) | Airgap (1.0} | Airgap (1.0)
gap 1. 9ap (L) MoF, cOF | MOF, COF | MOF, COF | MOF, COF | MOF, COF
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Enablers for resistance reduction

Proposals from ERM TWG

Ultrathin Cu Barrier Layers

(1) SAM(Self-assembled Monolayer) (2) Graphene barrier
Oxidation and corrosion resistance
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Alternative Conductors
(3) Graphene

* CNT Interconnects
* CNT-Cu composites

— (4) Other candidates

Kondo et al., IITC2013 | | -sox10” =———

V (mV)

9.1 uQcm at 6fpm length and 4 um width
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Transistor drive needs to be optimized

Both BEOL and MOL parasitic resistance plays significant role
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Planar Technology Architecture 1 Architecture 2 Architecture 3 Next Generation Next Generation
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Memory scaling wall image

Memory status On 2015

DRAM 5 still continue to scale in spite of

facing the dewvice physics limit on 20. q fTRS2.0 b
«MNAND Flash mowved to next stage. Now
process is constrain for further scaling.

et : Inspection
-MOR-Flash scalingis almaost stop just before leadership
device physics limitation.
MRAM scalingis on going. .
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simultansously 30 _ = <
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Courtesy: Hirofumi Inoue, Toshiba
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eDRAM size trend - MRAM potential >2019 for L4

eDRAM Half pitch(real F for cell design) = same F/Node definition as DRAM
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Courtesy: Yuzo Fukuzaki, Sony Corp.
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Conclusions

Mobile computing, big data, cloud (microserver, |0T) will
continue to drive low power technology and design

New materials needed to resolve the interconnect
bottleneck but lack of disruptive solutions, more design
solutions for mitigation

Memory scaling key for the server market handling big
data

NVM scaling requires new memory technologies (e.qg.
MRAM, RRAM) and embedded memories for 0T

More Moore - ITRS2.0 focusing on requirements and
mitigation approaches/gaps to sustain
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