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High Rate Pumping SystemHigh Rate Pumping System
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�� NewNew microwavemicrowave ((22..4545 GHz)GHz) plasmaplasma sourcesource withwith hothot wallswalls toto
reducereduce polymerpolymer condensationcondensation andand toto enhanceenhance plasmaplasma cleaningcleaning..
ItIt producesproduces HighHigh DensityDensity PlasmaPlasma inin aa widewide workingworking pressurepressure
rangerange ((55 toto 5050 mTmT)) forfor fastfast etchingetching ofof upup toto ØØ200200 mmmm waferswafers,,

�� HeliumHelium assistedassisted heatheat exchangeexchange betweenbetween cathode,cathode, shuttleshuttle andand
waferwafer oror packagedpackaged diedie withwith mechanicalmechanical clampingclamping toto maintainmaintain
samplesample temperaturetemperature belowbelow 100100�r�rCC,,

Numerous plasma modes accessible in the same Numerous plasma modes accessible in the same 
process:process:

�� MicrowaveMicrowave HighHigh DensityDensity PlasmaPlasma ++ RFRF biasingbiasing

�� ReactiveReactive IonIon EtchingEtching

�� MicrowaveMicrowave HighHigh DensityDensity PlasmaPlasma forfor siliconsilicon thinningthinning..

Reactor FeaturesReactor Features



Electron density : 10Electron density : 10 1111 to 10to 101212 e/cme/cm33
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High Density Plasma SourceHigh Density Plasma Source

Microwaves 2.45 GHzMicrowaves 2.45 GHz

Quartz TubeQuartz Tube



Electron density : 10Electron density : 10 1111 to 10to 101212 e/cme/cm33

Microwave Plasma SourceMicrowave Plasma Source



Specifications : HDP + RF biasingSpecifications : HDP + RF biasing

ProcessProcess UnderlayerUnderlayer
Etch RateEtch Rate
(µm/min)(µm/min)

SelectivitySelectivity

PolyimidePolyimide

Si3N4Si3N4

SiO2SiO2

SiO2 / TiN SiO2 / TiN (*)(*)
(High selectivity)(High selectivity)

Si3N4Si3N4

SiO2SiO2

SiO2SiO2

TiNTiN

>50>50

33

11

>20>20

33

0.50.5

0.20.2

0.050.05

Process SpecificationsProcess Specifications

(*) High selectivity requires temperature control of the sample to etch.(*) High selectivity requires temperature control of the sample to etch.



�� Short process time,Short process time,

�� Ultra clean delayering,Ultra clean delayering,

�� Full electrical functionality.Full electrical functionality.

High Density Plasma BenefitHigh Density Plasma Benefit

M1M1

M2M2

M3M3
M4M4

M5M5
M6M6

M7M7



Excessive sample temperature during etching gives Excessive sample temperature during etching gives 
rise to fast etch rate of Ti/TiN which causes :rise to fast etch rate of Ti/TiN which causes :

�� Metal lines liftMetal lines lift--offoff

�� Loss of electrical functionality.Loss of electrical functionality.

Helium Cooling Benefit Helium Cooling Benefit 

T > 150T > 150�r�rC               liftC               lift T < 100T < 100�r�rC         no lift & C         no lift & 
electrical functionalityelectrical functionality



The latest submicron technology needs precise delayering:The latest submicron technology needs precise delayering:
�� Automatic endpoint detection,Automatic endpoint detection,
�� CCD camera with magnification > 120 X,CCD camera with magnification > 120 X,
�� Laser beam diameter �  20 Laser beam diameter �  20 mmm.m.

Preventing OveretchPreventing Overetch

AA CCDCCD cameracamera andand laserlaser diode,diode, inin thethe samesame
measuringmeasuring head,head, enablesenables simultaneoussimultaneous
visualizationvisualization ofof thethe diedie surfacesurface andand thethe laserlaser
beambeam impactimpact onon itit.. AA laserlaser spot,spot, ofof diameterdiameter 2020
µm,µm, facilitatesfacilitates thethe recordrecord ofof interferenceinterference
signalssignals..

Polyimide EtchingPolyimide Etching



Interferences lead to a periodic signal having aInterferences lead to a periodic signal having a l l /2n period versus time/2n period versus time

InterferencesInterferences

PhotodiodePhotodiode

Laser Endpoint DetectionLaser Endpoint Detection

Reflected beam 1Reflected beam 1

Interface 1Interface 1

UnderlayerUnderlayer

Interface 2Interface 2 Refractive Index = nRefractive Index = n
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Laser Endpoint DetectionLaser Endpoint Detection

Al

Si3N4

SiO2

Si

Laser beamLaser beam
AlSiO2

Si

Laser beamLaser beam

Laser beamLaser beam

AlSiO2

Si

AlAl reflectsreflects thethe
laser,laser, therethere isis
nono interferenceinterference
effecteffect..



Endpoint Detection Benefit Endpoint Detection Benefit 
EndpointEndpoint detectiondetection enablesenables etchingetching withwith nono overetchoveretch.. AsAs aa result,result, fullfull
electricalelectrical functionalityfunctionality isis achievableachievable ::

�� ElectricalElectrical functionalityfunctionality downdown toto MM11 ((55 metalsmetals technology)technology) hashas beenbeen
demonstrateddemonstrated forfor digitaldigital andand analoganalog devicesdevices onon AlAl andand CuCu technologies,technologies,

Voltage Contrast Imaging Voltage Contrast Imaging 
shows shows no charging effectno charging effect..
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M2M2M2M2

M3M3M3M3 M4M4
M4M4
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