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TSV Related Performance

and Reliability Issues
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Typical Back-to-Front TSV Stack

Die 1

2 :l_ Bumps to connect
to the package

:|> Interconnects

TSV: Through Silicon Via

}- Micro-bumps

:|~ Interconnects

— Transistors

Thermal Mismatch
Silicon CTE: 3.05 ppm
Copper CTE: 17.7 ppm

New stress from materials in TSV stack
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TSV Induced Proximity Effects

) B B
Transistor is
being squeezed
— Or stretched
Die 2 » by adjacent TSVs
(thin)

Material deformation
leads to mobility change

The amount of proximity
effects depend on
geometry shape,

Die 1 location, and orientation

Stress affects transistor performance
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TSV Related Reliability Concerns

TSV squeezes
or stretches
adjacent
interconnects

De-bonding and
De-lamination
could occur under
Die 1 additional stress

Stress affects BEOL reliability
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Modeling Requirements

A Stress sources
I Intrinsic bonding from material formation
| Lattice mismatch from crystal growth
I Thermal expansion mismatch from process flow
I External loading from stacking and packaging

A Structure generation & stress evolution
| Fabrication process: deposition, etching
I Layout from design specs

A Models for stress effect

| Stress-to-electrical models for performance
I Stress-to-damage models for reliability
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Fammos Capability Overview
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Fammos TX Highlights

A 3D Structure Generation
I Process steps
I Mask layouts (GDSII)
A Detailed Process Steps
I Deposition:
A Isotropic, anisotropic, planar, patterned, tapered
I Etching:
A Isotropic, anisotropic, planar, tapered
A Multiple Stress Sources
I Intrinsic, grain growth, thermal mismatch, applied
A Models
I BEOL reliability
I Silicon mobility variation
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Fammos TX 3D Simulation Flow
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Example: 3D Simulation from Layout

L T # Import GDS layout
an ':. - STRUCTUREmMaskfile =my.gds block=cell2
Ft L # Identify mask layers
ST _'_r_ﬂ - ASSIGN name=metal2 index=2
A0 | . ASSIGN name=metal3 index=3
B 1 T Nl 2 |
Layout - # Define simulation domain size

DOMAIN xmin =10 xmax=19 ymin =10 ymax=16

Cu Lines at Metal 2&3 in a 9um x 6éum Window in a 90nm Chip

High stress hotspot in low k dielectrics
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