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Collaboration Priorities

Focus Topics, Teams and Existing Expertise

EXPERTISE TEAMS

FOCUS TOPICS

FOCUS TEAM LEADERS

SYSTEM INTEGRATION

SYSTEM DRIVERS

OUTSIDE SYSTEM

EMERGING RESEARCH

CONNECTIVITY MATERIALS / RFAMS
HELIi_I:gC;i?IEOONUS ASSEMBLY AND PACKAGING
Famoceols |

BEYOND CMOS EMERG[I)NE\G"EE:EARCH

MORE MOORE PROCESS INTEGRATION,

DEVICES, AND STRUCTURES

MANUFACTURING

FACTORY INTEGRATION

FOCUS TEAM

LEVEL 1= ABSOLUTELY NECESSARY

LEVEL 2= NEED OCCASIONAL SYNCHRONIZATION
LEVEL 3= NICE TO KNOW
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A Potential Solution: 2.5D Photonic Co-integrated SiP

SiP: System in Package

TSV memory stack, direct
bonding interconnect,
serdes in controller

Large on-package
memory cache with
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ultiple voltage regulators
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1. ESD (Electrostatic Discharge): Plasma damage on transistors by TSV etching especially on via last scheme. Low
damage TSV etch process and the layout of protection diodes are the key factors.

2. CPI (Chip Package Interaction) Reliability [Process]: Low fracture toughness of ULK (Ultra Low-K) dielectrics cause
failures such as delamination. Material development of ULK with higher modulus and hardness are the key factors.

3. CPI (Chip Package Interaction) Reliability [Design]: A layout optimization is a key for the device using Cu/ULK
structure.

4. Stress management in TSV [Via Last]: Yield and reliability in Mx layers where TSV land is a concern.

5. Stress management in TSV [Via Middle]: Stress deformation by copper extrusion in TSV and a KOZ (Keep Out Zone)
in transistor layout are the issues.

6. Thermal management [Hot Spot]: Heat dissipation in TSV is an issue. An effective homogenization of hot spot heat
either by material or layout optimization are the key factors.

7. Thermal management [Warpage]: Thermal expansion management of each interconnect layer is necessary in thinner
Si substrate with TSV

8. Passive Device Integration [Performance]: Higher Q, in other words, thicker metal lines and lower tan 6 dielectrics is
a key for achieving lower power and lower noise circuits.

9. Passive Device Integration [Cost]: Higher k film and higher y are required for higher density and lower footprint
layout.

10. Implementation of Optical Interconnects: Optical interconnects for signaling, clock distribution, and I/O requires
development of a number of optical components such as light sources, photo detectors, modulators, filters and
waveguides. On-chip optical interconnects replacing global interconnects requires the breakthrough to overcome the cost
issue.

| Difficult Challenges&L T 1038 E % White Paper &L THRH!, |
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RC Reduction: Long Term

Ultrathin Cu Barrier Layers - Graphene barrier
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RC Reduction - MOF (Metal Organic Frameworks)
. - COF (Covalent Orgamc Frameworks)
ULK Material Development :
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Reliability Improvement EM improvement by Cu-Mn alloy
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Critical Challenges

Summary of Issues

Materials
Mitigate impact of size effects in interconnect
structures

Line and via sidewall roughness, intersection of porous low-« voids
with sidewall, barrier roughness, and copper surface roughness will all
adversely affect electron scattering in copper lines and cause increases
in resistivity.

Metrology
Three-dimensional control of interconnect features
(with its associated metrology) will be required

Line edge roughness, trench depth and profile, via shape, etch bias,
thinning due to cleaning, CMP effects. The multiplicity of levels,
combined with new materials, reduced feature size and pattern
dependent processes, use of alternative memories, optical and RF
interconnect, continues to challenge.

Process
Patterning, cleaning, and filling at nano
dimensions

As features shrink, etching, cleaning, and filling high aspect ratio
structures will be challenging, especially for low-x dual damascene
metal structures and DRAM at nano-dimensions.

Complexity in Integration
Integration of new processes and structures,
including interconnects for emerging devices

Combinations of materials and processes used to fabricate new
structures create integration complexity. The increased number of
levels exacerbate thermomechanical effects. Novel/active devices may
be incorporated into the interconnect.

Practical Approach for 3D
Identify solutions which address 3D interconnect
structures and other packaging issues

Three-dimensional chip stacking circumvents the deficiencies of
traditional interconnect scaling by providing enhanced functional
diversity. Engineering manufacturable solutions that meet cost targets
for this technology is a key interconnect challenge.

[ Difficult Challenges& LT L@ Table White Paper &L TIRH!, |
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ITRS2.0 (More Moore) mRszoma LD

2013-15 2016-18 2019-21 2022-24 2025-27 2028-30

Node N14 N10 N7 N5 N3 N1.5
Ground rules (CPP, MP, FP,LG) 70, 52, 52,42, 36, 30, 25, 21, 18, 14, 12,10,
-[nm] 42, 20 30, 16 21, 14 14,12 10, 10 7,8
Conductor Cu Cu Cu Cu, Cu, Cu,
Silicides, Silicides, Silicides,
Carbon Carbon Carbon
Barrier Metal Ta(N) Ta(N), Ta(N), Ta(N), Ta(N), Ta(N),
Mn(N) Mn(N) Mn(N), Mn(N), Mn(N),
SAM SAM SAM
Alternative Transport Collective  Collective  Collective

Excitations  Excitations  Excitations

IMD (inter-metal dielectrics) SICOH (2.55) SiCOH SiCOH SICOH SiCOH SiCOH
and k value Airgap (1.0) (2.40-2.55), (2.20-2.55), (2.20-2.55), (2.00-2.55), (1.80-2.55),
Airgap (1.0) Airgap (1.0) Airgap (1.0), Airgap (1.0), Airgap (1.0),
MOF, COF  MOF, COF  MOF, COF

| Potential Solutions&LT_E&2TableZWhite PaperZ=& L TR, (—HREIE) ”
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Ry1 300 o
Si fin formation L | Epitaxial Si layer
by dry etching g D Decrease of Increase of
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. . O R
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o il
formation T Si . = 453&3
Gate electrode l|§9 = QSth_ 0 nng
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. Fin Pitch = 50nm
S/D formation . ; . Dﬁ.g&cgds 500
Ni Salicidation Gate 0 10 20 30
Metalization - Epi thickness (nm)
'ngs" * g de Fig.7 Dependence of f; on epitaxial Si thickness grown on
Fig.5 Process flow to fabricate Fin FET. sD contact region Source and drain to reduce parasitic resistance.
H, annealing after Si dry etching is T. Ohguro et al., VLSI Tech. Symp. 2012

carried out to reduce trap density.
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Lils

Fig.3 TEMs of tri-gate NMOS (left) and PMOS (right) transistors.
Wrap-around of the contacts on S/D leads to illusion of contacts

penetrating S/D on PMOS TEM.
C. Auth et al., VLSI Tech. Symp. 2012
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