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Innovative CrossBeam @ applications in semiconductor industry

e Low kV resist imaging

* FIB analysis of bond wire failures

» Automated TEM sample preparation

 Tip modification for Nano-Raman spectroscopy

» Test sample preparation for Nano-Raman spectroscopy
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Low KV resist imaging

W CARL ZEISS SMT
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193nm UV photoresist line array (line width 60-70nm) before and
after scanning of the central area at 3kV for 1 min.

Severe three-dimensional
shrinkage (200kX, WD 3mm).

1 kV and WD 2.0mm. Smaller 300V and WD 1.5mm. Greatly 160V and WD 1.3mm. Negligible
shrinkage and still good reduced shrinkage and sufficient  shrinkage, resolution sufficient
resolution. edge contrast. for measuring mean dimensions.
Confidential Enabling the Nano-Age Warld® Page 5



<<Author, Meeting, Date>>

Nano Technology Systems Division

FIB analysis of bond wire contact failure

CARL ZEISS SMT
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Deep (~10um) FIB cross-
section
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FIB analysis of bond wire contact failure
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Sudden delamination
during milling
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Auto Sample Preparation

Mag= 563 X 10 pm WD= 5mm EHT = 5.00 kv Signal A= SE2 ESB Grid= 450 V Date :11 May 2007 Time :7:36:45
Width = 203.2 pm SEM Signal= 1.000  Signal B = InLens FIB Probe = 10 pA System Vacuum = 1.09e 006 mBar

Automated TEM lamella preparation
Continuous improvement of precision and reproducibility
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Auto Sample Preparation

W CARL ZEISS SMT

Automated TEM lamella
preparation

Continuous improvement of
precision and reproducibility
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Nano-Raman spectroscopy

* 65nm technology node and beyond: enhance
mobility of charge carriers in the transistor
channel by strain engineering, e.g., strained
silicon on insulator (sSOl), silicon-germanium
. . Laser Raman
films (SiGe)

 Lattice deformation leads to modification of
phonon frequencies  measurable Raman shift

 Resolution of conventional Raman spectroscopy o
is diffraction limited to approx. 500nm Objective

 Goal: measure stress states in strained silicon
with resolution in the 10nm range Tip

* Bring nm sized metallic tip into the laser focus 700nm laser focus
surface plasmon excitation at tip generates e W W e o e W W
nearfield Raman signal enhancement

Trench structure as test pattern

» Tip-Enhanced Raman Spectroscopy (TERS)
setup: confocal microscope + tip on AFM stage

« Low preparation effort, high sample throughput
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FIB modification of tips for Nano-Raman spectroscopy

Etched tips have to be sharpened to 10-70nm

W tip after etching after FIB

W t| p aﬁ:er Ag (6{0) atl ng after FI B Samples courtesy of AMD Saxony/Yvonne Ritz
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FIB preparation of aperture tips for Nano-Raman spectros

copy

Samples courtesy of AMD Saxony/Yvonne Ritz
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Nano-Raman spectroscopy

Integrated peak intensities:
determine resolution

sSOIl lines with FIB-milled trenches

Tip out
Tipin

Si
substrate

Peak position:
determine strain distribution

From Zhu et al., J. Appl. Phys. 101, 104305 (2007)
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FIB patterning for Nano-Raman spectroscopy

Samples courtesy of AMD Saxony/Yvonne Ritz
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FIB patterning for Nano-Raman spectroscopy

FIB milled trench
patterns in SiGe films
with SIN cap layer

Samples courtesy of AMD Saxony/Yvonne Ritz
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Fluorine-enhanced etch of Nano-Raman patterns

FIB

FIB
SEM + F

FIB+F

Experiments on Ga
deposition removal
by F-etch

Samples courtesy of AMD Saxony/Yvonne Ritz
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