


Last Developments for Failure AnalysisLast Developments for Failure Analysis ::

� Control of etch profile (isotropic & anisotropic),Control of etch profile (isotropic & anisotropic),

�� Selective etching of SiO2 versus TiN and silicon,Selective etching of SiO2 versus TiN and silicon,

�� Electrical functionality for Cu technology,Electrical functionality for Cu technology,

�� Layer display in microsections,Layer display in microsections,

�� Silicon thinning,Silicon thinning,

�� 9 metal level deprocessing.9 metal level deprocessing.

SummarySummary



AnisotropicAnisotropic etchingetching toto
�� Avoid metal liftAvoid metal lift--off,off,

�� Maintain electrical functionality,Maintain electrical functionality,
�� Etch SiO2 in narrow spaces.Etch SiO2 in narrow spaces.

Control of Etch ProfileControl of Etch Profile

IsotropicIsotropic etchingetching toto
�� Expose tungsten plugs.Expose tungsten plugs.



TheThe processprocess usesuses thethe capabilitycapability ofof thethe systemsystem toto etchetch withwith aa
widewide rangerange ofof preciselyprecisely controlledcontrolled ionion energiesenergies (from(from 1515 eVeV
toto moremore thanthan 100100 eV)eV)..

ExamplesExamples

Ion Energy = e (Plasma Potential + Self Bias + VIon Energy = e (Plasma Potential + Self Bias + VRFRF))

Ion energy  >  100 eVIon energy  >  100 eV
Anisotropic etchingAnisotropic etching

Ion energy  =  15 eVIon energy  =  15 eV
Isotropic etchingIsotropic etching



SelectiveSelective etchingetching versusversus TiNTiN toto
�� Avoid metal liftAvoid metal lift--off,off,

�� Maintain electrical functionality,Maintain electrical functionality,
�� Maintain physical integrity,Maintain physical integrity,

�� Do not remove manufacturing defects.Do not remove manufacturing defects.

Selective EtchingSelective Etching

SelectiveSelective etchetch processprocess basedbased onon
�� Two step process,Two step process,

�� Use of polymerizing gas (C4F8),Use of polymerizing gas (C4F8),

�� Control of sample temperature.Control of sample temperature.



TheThe processprocess usesuses thethe capabilitycapability ofof thethe systemsystem toto enableenable
multimulti--stepstep processesprocesses withoutwithout switchingswitching offoff thethe plasmaplasma..

Example of Selective Etching Example of Selective Etching 

Selective etching maintains physical integrity of metal linesSelective etching maintains physical integrity of metal lines

Selective etchingSelective etching
no erosionno erosion



Display of TiN DefectsDisplay of TiN Defects
SelectiveSelective etchingetching ofof SiOSiO22 versusversus TiNTiN enablesenables thethe displaydisplay ofof
defectsdefects duedue TiNTiN etchingetching duringduring thethe fabricationfabrication processprocess
(short(short--circuits)circuits)..

No shortNo short--circuitscircuitsShortShort--circuitscircuits



AnisotropicAnisotropic etchingetching toto
�� AvoidAvoid metalmetal liftlift--offoff..

Electrical FunctionalityElectrical Functionality
for Cu Technologyfor Cu Technology

EtchEtch processprocess basedbased onon
�� Use of polymerizing gas (C4F8), Use of polymerizing gas (C4F8), 

�� Control of sample temperature,Control of sample temperature,

�� No erosion of Cu lines,No erosion of Cu lines,

�� No corrosion of Cu lines.No corrosion of Cu lines.



TheThe processprocess usesuses thethe capabilitycapability ofof thethe systemsystem toto preciselyprecisely
controlcontrol ionion energyenergy..

Examples of Etch Results Examples of Etch Results 

Anisotropic etching requires Anisotropic etching requires 
optimized processoptimized process

SiO2 etch with Cu lines is isotropicSiO2 etch with Cu lines is isotropic

Ion Energy = e (Plasma Potential + Self Bias + VIon Energy = e (Plasma Potential + Self Bias + VRFRF))



LowLow damagedamage etchingetching toto
�� Maintain physical integrity of layers.Maintain physical integrity of layers.

Layer Display in MicrosectionsLayer Display in Microsections

IsotropicIsotropic etchingetching toto
�� Show structure of the integrated circuit.Show structure of the integrated circuit.



TheThe processprocess usesuses thethe capabilitycapability ofof thethe systemsystem toto enableenable
multimulti--stepstep etchingetching withwith shortshort processprocess timetime..

Example of Microsection Example of Microsection 

Display of interfaces between different layersDisplay of interfaces between different layers



HighHigh DensityDensity PlasmaPlasma ReactorReactor withwith highhigh
pumpingpumping raterate::

�� High concentration of F atoms,High concentration of F atoms,

�� High flow rate of F atoms for fast etch rate High flow rate of F atoms for fast etch rate 

((3 to 10 µm/min depending on area to etch3 to 10 µm/min depending on area to etch). ). 

Silicon ThinningSilicon Thinning

TemperatureTemperature controlcontrol toto::
�� Maintain shininess of the silicon surface.Maintain shininess of the silicon surface.



TheThe processprocess usesuses thethe capabilitycapability ofof thethe systemsystem toto produceproduce
aa highhigh concentrationconcentration andand flowflow raterate ofof fluorinefluorine atomsatoms..

Examples of Silicon Thinning Examples of Silicon Thinning 

Optical micrograph of Si surface Optical micrograph of Si surface 
after etching of 500 µm of Siafter etching of 500 µm of Si

(Magnification = 1 000 X)(Magnification = 1 000 X)

SEM micrograph of Si surface SEM micrograph of Si surface 
after etching of 500 µm of Siafter etching of 500 µm of Si

(Magnification = 650 X)(Magnification = 650 X)

Keeping shiny the silicon surface requires a low temperature process and Keeping shiny the silicon surface requires a low temperature process and 
ion bombardment to reduce the high selectivity of etching by fluorine atomsion bombardment to reduce the high selectivity of etching by fluorine atoms



MultiMulti--stepstep processprocess capabilitycapability toto
�� Avoid metal liftAvoid metal lift--off,off,

�� Maintain physical integrity of metal lines. Maintain physical integrity of metal lines. 

9 Metal Level Deprocessing9 Metal Level Deprocessing

StabilityStability ofof equipmentequipment toto ::
�� Ensure process reproducibility.Ensure process reproducibility.



Example of Deprocessing Example of Deprocessing 

M4M4
M5M5

M3M3

M6M6
M7M7

M8M8
M9M9



Example of DeprocessingExample of Deprocessing

M1M1

M2M2

M3M3



�� PrecisePrecise controlcontrol ofof ionion energyenergy toto adjustadjust etchetch profileprofile
(isotropic(isotropic && anisotropic),anisotropic),

�� MultiMulti--stepstep processesprocesses toto achieveachieve selectiveselective etchingetching ofof
SiOSiO22 versusversus TiNTiN andand silicon,silicon,

�� AnisotropicAnisotropic etchingetching withoutwithout corrosioncorrosion toto maintainmaintain
electricalelectrical functionalityfunctionality forfor CuCu technologies,technologies,

�� FastFast etchetch withwith nono damagesdamages toto displaydisplay allall layerslayers inin
microsections,microsections,

�� StabilityStability ofof equipmentequipment andand processprocess forfor deprocessingdeprocessing ofof
integratedintegrated circuitscircuits withwith manymany metalmetal levelslevels ((99 levels)levels)..

SummarySummary


