Introduction to VLSI Interconnect Design
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Required Text/Reference Material:

Publishers.
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H. B. Bakoglu, Circuits, Interconnections, and Packaging for VLSI, Addison-Wesley Publishing Company.
J. A. Davis, J. D. Meindl, Interconnect Technology and Design for Gigascale Integration, Kluwer Academic

e Nurmi, J.; Tenhunen, H.; Isoaho, J.; Jantsch, A., Interconnect-Centric Design for Advanced SOC and NOC, Springer.
e C.-K. Cheng, J. Lillis, S. Lin, N. Chang, Interconnect Analysis and Synthesis, Wiley Inter-Science.
e Hall, S.H., G. W. Hall and J. McCall, High-Speed Digital System Design, Wiley-Interscience.

o  Selected research papers from the literature

Grades (tentative; subject to change):
Final (45%) , Midterm (25%) , Homework and Project (30%)

Course Outline:

3 sessions: (Review of VLSI technology)
o0 Moore’s Law
0 Trends and challenges in scaling
o Evolution of Interconnect technology
O  Future of Interconnects

4 sessions: (Interconnect Fabrication)
0  Wet substrate etching
o  Lift-off technique
0 Reactive ion etching
o Dual damascene (copper)
o0 Limits on wire width (erosion and dishing)

3 sessions: (Scaling Issues)
o Device and Interconnect limitations
0 Material and circuit solutions
o0  Electromigration (voids / hillocks)

4 sessions: (Transmission Line Review + Definitions)
o0 Plane wave equations
0 TEM Mode for lossless and lossy metal wires
o0 Inductance (partial inductance, loop inductance)
o Capacitance (decoupling capacitance)

0 Resistance (size effects, surface roughness, grain

scattering, liners)
7 sessions: (Interconnects as Transmission Line)

0  Skineffect

0 Delay calculations, RC vs RLC line (Elmore delay,
Sakurai delay)

o Rampinput

0 Noise (victim/source , noise vs. signal rise time) in phase
switching , out of phase switching

0  Multi level interconnect network

0 Repeater insertion (optimal repeater)

o  Power dissipation (dynamic power, leakage power, short
circuit power) power optimization (Lagrangian
Multiplier)

o  Power distribution network

0 Clock networks

0 Bit-rate limitations

o0 IntSim CAD Tool!

3 sessions: (Novel Solutions)
o Optical Interconnect
0 Carbon Nanotubes/ Graphene vs. Copper wires



