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Motivation

Multicore Processors Portable PC

Transistor sizes decreasing to
increase chip speed and portability

Dimensions of interconnects (ICs)
decreasing as well

High Graphic Games
Mobile
devices

Satellites
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DOWNSCALING of IC LINES

120 nm Cu Interconnects 180 nm Cu Interconnects

Scaling interconnect widths changes

a) State of Stresses

b) Grain Texture/Structure
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Stress Relaxation Mechanisms

1.8 micron Cu interconnects 180 nm Cu interconnects

Dislocations generated during 15t thermal Void nucleation at triple point at 250°C

cycle ~340 °C during 15t heating cycle.

Jinho An, PhD Dissertation, UT Austin (2007)
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How Does Microstructure Affect Stress Relaxation?
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Misorientation between grains affects

the state of local stresses

Plan View (Polycrystalline Cu lines)

Near-bamboo grain structure
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Current Techniques to Determine Grain Orientation

™

TECHNIQUE ADVANTAGES DISADVANTAGES

EBSD
(SEM)

* Can analyze large number of ¢ Very difficult to measure

grains grains smaller than ~30 nm

Accurate

* Time consuming

Can analyze small grains « URP pole—piece limits

Kikuchi maps (TEM)

tilting

Cannot be Automated

Slower than EBSD
Cannot be Automated

Faster than kikuchi maps

Analysis of small grains

Nanobeam Diffraction (NBD)

possible

e Can index off-zone patterns

Existing techniques cannot obtain orientations from small

grains (<30 nm) in an automated manner
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A Novel Technique: D-STEM

Orientation from Automated and Rapid,
grains down to 2nm up to 100 grains in ~5
minutes

v

High Precision
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Objective Pre-field
Specimen
K.J. Ganesh, M. Kawasaki, J.P. Zhou, P.J. Ferreira, Microscopy and Microanalysis (accepted) 1-2nm
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Capability of D-STEM

Ag Nanoparticle ~ 4nm in size

BN Nanoparticle ~ 3nm in size Near [001] zone axis
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4 N
Cross Section Schematic of the Test Sample

Test Structures fabricated by Freescale Semiconductor

120 nm (Cu line width)

—p|  je—

SiN, passivation layer (CVD
reos o (OO OO OO OO O & yer (VD)
Dielectric ‘

Cu metal line (electroplated, annealed¥*)

Ta diffusion barrier (PD)

* Annealing conditions : 250 °C (30 min)
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Automated Acquisition and Texture Analysis

™

¢  Gatan ™ “STEM Diffraction Imaging” software used for automating D-STEM
e Time of acquisition: < 2 minutes

e ACT software used for automated indexing of diffraction patterns
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K.J. Ganesh, S. Rajasekhara J.P. Zhou P.J. Ferrelra Scripta Materialia 62, 843 (2010)
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4 Automated Acquisition and Texture Analysis

¢  Gatan ™ “STEM Diffraction Imaging” software used for automating D-STEM
e Time of acquisition: < 2 minutes

e ACT software used for automated indexing of diffraction patterns

{hklJuww] = (1 1 0)[-4 4 -7] ! Beam Dir || [13 12 0]

KJ Ganesh, S. Rajasekhara J.P. Zhou P.J. Ferrelra Scrlpta Materialia 62, 843 (2010)
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Automated Acquisition and Texture Analysis

™

¢  Gatan ™ “STEM Diffraction Imaging” software used for automating D-STEM
e Time of acquisition: < 2 minutes

e ACT software used for automated indexing of diffraction patterns

{hkluww] = (11 0)[1 141

Beam Dir || [22 -21 -1]

kJ Ganesh, S. Rajasekhara JP Zhou P.J. Ferrelra Scrlpta Materialia 62, 843 (2010)
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Orientation Along Principal Directions of the line

™~

30° Rotation between Image and Diffraction Pattern

<112> after rotation

<112>

before rotation

30°
<110>
<111> <111>
after rotation before rotation
Bright-field STEM Image Diffraction Pattern from Grain 3
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Grain Structure Obtained by D-STEM

™~

Cross section viewed along X direction

O_ - Direction of maximum Principal Stress

(111) Grains: Align <112> to minimize strain energy
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What Happens When Some Grains are Off-Zone Axis?

™

Diffraction Pattern From Off-Zone Axis Grains
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4 N
Precession+Automated Crystal Orientation Mapping (ACOM)

! SStar control of Deflection coits—

- Standard setting X: 72 Precession Y: Full precession

- el wd .
<9 Filve 5 NanoMEGAS
% g ; ’ Advanced Tools for efectran diffraction
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Scan

Specimen

De-scan

(Diffracted
amplitudes)
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Chris Own, PhD Dissertation, 2004 \

Non-precessed

Precessed




Automatic Orientation Analysis on Cu lines

Bright Field TEM image of 120 nm Cu lines
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Automatic Orientation Analysis on Cu lines

(111)

(001) (110) [ PN

Orientation map from 120 nm Cu lines

THE UNIVERSITY OF TEXAS AT AUSTIN




Automatic Orientation Analysis on Cu lines

(111)

(110)

Reconstructed Bright Field

Image of 120 nm Cu lines
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Effects of Grain Orientation on Local Stresses

Finite Element Ana]ysjs using OOF?2 S(ﬁware:

Model assumptions and parameters

* Force Balance Boundary Conditions

* 2-D macroscopic displacements considered in x and y directions

* Dittusion barrier (10~20 nm thick) does not affect stress

* ¢ in the crystal coordinate system: transtormed to Cjpg 1N the sample

Il’lIlOp

coordinate system using Euler rotation matrix (z,x,z convention)
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Local Stresses and Stress Gradients
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Conclusions

D-STEM/ Precession technique provides:

L)

** Orientation information from grains as small as 2 nm

4

o Complete Process Automation: ~100 grains in ~5 minutes

(R )

L)

* Hich Precision with Drift Correction
g

L)

Grain Structure Analysis:

*¢* Dominant (110) texture with side wall growth of (111) grains

R

o Low elastic modulus <1 1) > oriented along the line-length to
minimize strain energy

X High stress gradients observed at Cu/Ta/Cu triple junctions
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Work in Progress

> Perform statistical analysis of grain misorientations using angle/ axis

scheme

> Investigate nature of grain boundaries using Coincident Site Lattice

(CSL) model

> Perform in-situ heating experiments in aTEM/STEM after coating the

free surfaces to observe real-time void formation
> Correlate local stresses and void formation with grain misorientations

» Perform similar plan-view analysis on wider and narrower Cu lines; X-

section analysis on dual damascene structures
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