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Introduction and motivations

A role of residual stress and temperature in EM-induced degradation
Methodology of across-interconnect residual stress assessment
Methodology of across-interconnect temperature assessment
Voiding-induced IR-drop degradation T parametric failure

Characterization techniques for models/methodology validation
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Electromigration
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Material depletion and accumulation occurring at the sites of atomic flux
divergence results the localized tensile and compressive stresses

Resulting stress gradient creates a backflow atomic flux.

Immortality : the interconnect segment will be immortal, if the electron-wind
and back-stress forces balance each other before the critical stresses needed
for void nucleation or metal extrusion are developed.
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General Physical Model

If atom flux diverges somewhere inside metal line then accumulation or depletion of

atoms is happening there: uN, CC us 8e7ri WS, G
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Condition for growing void formation:
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Bl ackod0s equation basec

EM accelerated test: T, .; aNd | ccel A TTF averaged with the accepted distribution
Jaccel function provides mean time to failure (MTTF).

A A set of calculated MTTF obtained for different
Toccel @Nd Joocef 1S UsSed for extraction of the
current density exponent nn and apparent
activation energy Eusedin the B 1 a edudétion:

— MTTF = 2 expf =0
Jaccel J | kTy

A Assuming an @A uni v echaractero of the
extracted n and £ the MTTF at the used

conditions is:
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EM Assessment I PROBLEM!

A Stress and temperature dependency of the current density exponent,
A Current density and temperature dependency of the activation energy
A Acrossinterconnect temperature and residual stress variation

ALL THESE FACTORS MAKRUESTIONABLE USING BLACK EQUATION
and BLECH LIMIT (CRITICAL PRODUCT) FOR ACCURATE EM ASSESSME
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EM Assessment requires

A Current density assessment
A Temperature assessment
A Residual stress assessment
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STRESS ASSESSMENT
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3D TSS (Through Si Stacking) Technology

uBumps

A Die Integration Technology
0 using Through Si Vias

0 electrical connection from
front to back (on die or

..........................................................................

. Backside Insulator
interposer)

A Value Proposition

0 Small form factor (in X-Y &Z)

0 Improved Performance
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0 Heterogeneous Integration EEH i B 4
A Typical Implementation DIElBEC“)"LZ o
0

I stacking orientation: F2B
I TSV via diameter ~ 5u
I wafer thickness ~ 50

0 e.g. Die on (Active) Interposer
T StaCking Orientation: F2F DV 1 R P W 0 P
I TSV via diameter ~ 10u
i wafer thickness ~ 100u A YA A A
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Multiscale methodology for calculation of device

_to_

device variation of stress: Stress Exchange Format

Package -scale simulation (FEA)
Input : geometry; material properties;
smeared mechanical properties for RDLs
Silicon/TSVbulk, interconnect.

Output : field of displacemen
components on the die faces. I

=~

Die -scale simulation (FEA)

Input : geometry; field of
displacements on the die faces;
coordinate-dependent mechanical
properties for RDLs, Silicon/TSV bulk,
interconnect.

Output : Distribution of the strain
components across device layer.

=~

Layout -scale with feature -
scale resolution :

Input : GDS.

Output : distribution of the stress
components across interconnect metal
layer.

Packagescale

Die scale

Bump effect TSV induced stress
(compact model) (compact model)

CPI stress/strain

(FEA)

Feature scale

Composite interconnec Transistors layout effect
layers (compact model (compact model)

10

Design (GDSII, OASIS

Design tech file

Stress and strain
components (per transistor);
mobility shift
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Effective mechanical properties of BEoL,
BRDL interconnects and SI/TSV bulk layer

A Theory of the mechanical properties of anisotropic composites is employed.

A Required input: (a) Thermo-mechanical properties of each material i metal, dielectric:
CTE, Youngo6s modul ifractithofdspersed phise;dc) routirgg ; ( b)
direction of the metal layer.

A For each bin of each layer of interconnect, depending on routing direction : for example

the Youngods mo d yl){S :ﬂbin{i,j} layer |
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Young6s modulus components for M1 | ayer

Ex_smsld [Pa] Max: 5.68e10 Ey_smsld [Pa] Max: af:7e1o Ez smsld [Pa] Max: 4.3&10
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Supported Compact Models

1. Package -scale: Warpage -Induced

Stress
PN R -

2. Compact Model for Bump -Induced
Displacements

x-stress, GPa Max: -0.16
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4. Compact Model for TSV -Induced Stress:

““““““ b ; Based on: S. Ryuy, K. Lu, X., et -Bdrface Thermaf I
Du:’(‘zy) Stresses on Interfacial Reliability of Through-Silicon Vias for 3-D
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Residual stress in on -chip interconnect

Interconnect tree is a elemental EM reliability unit representing a continuously connected, highly
conductive metal (Cu) lines within one layer of metallization, terminated by diffusion barriers.
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