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Corrosion in FIB scanned areas

2 months after FIB in-situ lift-out TEM preparation : 
the surface looks corroded in all areas that were 

scanned by the ion beam

FIB-cross-section and AES analysis are done at the indicated positions

OM



© imec 2004 EFUG2004 - H. Bender 3

FIB and AES after 2 months

bright / dark layer 
on the surface of the Cu

layers :
Cu2S + C + N (“no” O !)
Cu2O

reference surface : Cu-oxide

AES
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Some examples on TEM specimens …

crystal needle 
crystals

flower small 
needles
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Terminology …

Needles typically form at the deepest Cu interface 
(bottom trenches, M1 blocks in DD/SD)

Crystals often occur at higher positions
Flowers are spread around Cu structures at all depths

Together with needles and crystals voids are generally 
present in the Cu

Needles, crystals and flowers seem to be present on top 
of the specimen around the Cu but not on the Cu

Some cases : corrosion on the passivation layers above
the Cu (and not below the Cu !)
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Needles on the surface

needles crossing oxide/silicide/poly/Si/SiGe
i.e. must be on top of the lamellae

age 6d

Cu

W
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Needles

age 6 d

needles : strongest effect in the thinnest regions, absent in the 
thickest area of the wedge !
same wafer, center-die after 19d: no crystals : related to poorer 
barrier for edge die ? why then specimen thickness effect ?

wedge specimen



© imec 2004 EFUG2004 - H. Bender 8

Flowers

flowers : form “immediately”
seem to be barrier dependent 
but no increase of the effect with specimen 

thickness, hence not formed during wafer processing but 
after specimen thinning ?

age : 0d
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Speckled contrast

- mostly on re-examined
specimens 
- sometimes observed on 
specimens stored longer 
time before investigation
- however NOT present 
systematically on 
specimens stored longer 
time before investigation !

0 days : clean

17 days : speckles
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Barrier dependence : TiN

5 nm TiN

10 nm TiN

poor barrier : strong corrosion effect, thicker barrier no effect
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Barrier dependence : TaN

standard
barrier : no
corrosion

non-std,
likely poorer
barrier : immediately
flowers formed

reproducible effect for the non-standard Ta/TaN barrier on 2 positions and 2 specimens

all : age 0d
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Statistics

Statistics :

~ 75% : no corrosion on 0-40 days old specimens
~ 25% : to some extent : crystals, needles or flowers on 

0-55 days old specimens

Re-examination of specimens (limited statistics, it is not a normal action to 

reexamine specimens later) :
speckled contrast on 7 specimens after 17-25d
no effect re-examination after 30d on 1 specimen

speckles also on a few older specimens 
during first observation, but generally not …
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Summary of some observations

No unique correlation of corrosion/no corrosion with :
- TEM microscope (200 - 300 kV)
- cap layer on the Cu
- kind of dielectric
- time after preparation
- FIB / FIB wedge
- in-situ lift-out seems to be better (but less statistics !)

There is in certain cases correlation with :
- barrier conditions
- re-examination of specimens

Different causes (processing, preparation, air exposure) 
seem to exist, leading to different morphologies 

(compositions ?).
Your feedback is welcome !


