MITIGATING EUV MASK 3D EFFECTS
BY ALTERNATIVE METAL ABSORBERS
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MASK 3D EFFECTS & MITIGATION STRATEGIES
ONGOING EFFORT TO UNDERSTAND AND MITIGATE

M3D observations at NA0.33 * Mitigation strategies
using reference mask with 70nm Ta-based absorber

* See e.g., Philipsen EUVL symposmm 2015 Source optlmlzatlon
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Goal is a feasibility study that singles out one suitable material that initiates the EUV blank

supply chain to make the alternative commercially available
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EUV MASK ABSORBER OPTIMIZATION
HOW DOES THE ABSORBER INFLUENCE M3D ?
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EUV MASK ABSORBER OPTIMIZATION
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Reducing thickness of current Ta material is
not fully mitigating M3D effects *

Candidate high EUV absorbing materials:
* High k & n close to |
" Te
High k & n similar to Ta
* Ni, Co,Sb
* High k & n lower than Ta
" Ag

Validate imaging performance of

absorber candidates by
Rigorous simulations & modeling
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EUV MASK ABSORBER OPTIMIZATION
COMPLEX AND DIFFICULT CHANGE IN MASK TECHNOLOGY

" Uniform and amorphous deposition Film characterization
" Defect free * XRR, XPS for material composition
* Reticle compatible  XRD, XTEM for structural information
 AFM, XRR for layer roughness
* No interaction with and < . ! :

EUVR for optical properties

good adhesion to Ru cap

Etching

* Optimizing etching processes
* Absorber profile (XSEM)
 Roughness (SEM)

Stability of optical properties

Low surface roughness

Patterning process

Repair & clean process Multi-layer:
. mirror

Experimental validation on wafer

Learning cycle on wafer is faster
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EUV MASK ABSORBER OPTIMIZATION
STRATEGY

Mask modeling and
imaging simulations
based on measured diffractometry

Mask modeling and
imaging simulations
based on measured n&k

Initial imaging
simulations

Rigorous simulations & modeling To enhance predictability

Towards mask
manufacturability

Film deposition & Patterning 3300 printability

characterization verification
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SIMULATION SCREENING PROCEDURE
ABSORBER THICKNESS OPTIMIZATION

Best focqs (Quasar45, Verjtical) for Ni-stack
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variation through absorber thickness
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SIMULATION SCREENING
ABSORBER THICKNESS OPTIMIZATION

| BF varigtion over pitch _BF variation over pitch

Max BF variation
for 70nm Ta-mask

; s
Ithlckness (nm) Il:hin:lc;ness (nm)
Ni, Co,Te, Sb Ag I
Ni, Co,Te, Sb

* Optimized metal film thicknesses around 30nm

Candidate absorber material can be used at strongly reduced thickness compared to 70nm

Ta-reference
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IMAGING SIMULATIONS
SETTINGS
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Candidate absorber materials have strongly reduced shadowing effect and Best Focus shift
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IMAGING SIMULATIONS
PATTERN SHIFT THROUGH FOCUS
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Candidate absorber materials have reduced pattern shift through focus

for trenches and contacts through pitch
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IMAGING SIMULATIONS

2BAR CD ASYMMETRY THROUGH FOCUS

E Aerial image for 2BAR pitch 36nm

using Reference mask stack
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Candidate absorber materials have strongly reduced 2Bar CD asymmetry through focus for

2Bar trenches through pitch
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EUV MASK ABSORBER OPTIMIZATION
COMPLEX AND DIFFICULT CHANGE IN MASK TECHNOLOGY

Uniform and amorphous deposition

Defect free

Reticle compatible

No interaction with and
good adhesion to Ru cap

Stability of optical properties

Low surface roughness

Film characterization
Patterning process * XRR, XPS for material composition

" Repair & clean process  XRD, XTEM for structural information
R * AFM, XRR for layer roughness

* EUVR for optical properties
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FILM CHARACTERIZATION
LAYER COMPOSITION IN PURE METAL FILM

Ni and Co are selected as two viable candidate absorber materials to characterize

experimentally
XPS Layer model
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% 100 £ 100 Co Si NiO CoO
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Formation of native oxide layer on top of the metal

Oxidation slightly larger on Co surface
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FILM CHARACTERIZATION
MICRO CRYSTALLINITY IN PURE METAL FILM

XTEM XRD

30 40 50 60
2Theta (deg)

Large grains spanning the full film thickness
Grains seem to originate from Ru capping layer (templating effect)
XRD response indicates smaller grains in Co than in Ni film
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FILM CHARACTERIZATION
EUV OPTICAL PROPERTIES

Measured in this
@EUV

0k

Ni 0948  0.0727 | 0.948 0.0783
Co 0934  0.0662 | 0.931 0.0719

* B.L. Henke, et al., Atomic Data and i
Nuclear Data Tables Vol. 54 (2), 181-
342 (1993).

*  Close match of measured n&k of thin film with tabulated bulk values.
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EUV MASK ABSORBER OPTIMIZATION
COMPLEX AND DIFFICULT CHANGE IN MASK TECHNOLOGY

Uniform and amorphous deposition

Defect free

Reticle compatible

No interaction with / good adhesion to Ru cap

Stability of optical properties

Low surface roughness

* Patterning process < Etching
" Repair & clean process * Optimizing etching processes

S * Absorber profile (XSEM)
* Roughness (SEM)
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ABSORBER PATTERNING
BY PHYSICAL ETCHING

Ni cannot form volatiles with the usual etching gasses

Reactive lon Etch

Lithography patterning in resist

Ni is patterned - using resist mask —
in dry etch tool with sputter beam in .
gas environment

Resist removal

resist

\Ji
Si_oxide
S is to stop at the interface with ¥

underlying layer Si substrate
‘lumec __I_M_lMEst'IJ.FIEn .

Challenge for physical etching

lon Beam Etch
Lithography patterning in resist
Transfer into hard mask

Ni is patterned - using hard mask -
in dry etch tool with sputter beam

resist

Hard Mask

Ni
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ABSORBER PATTERNING
BY PHYSICAL ETCHING

Reactive lon Etch

EHT Target = 2.00 kV
WD = 55 mm k2.

Detector = InLens m=,

200nm 5 i
s Date :13 Oct 2016 T~ MSChips

Further process optimization planned

lon Beam Etch

Further process optimization planned

Ni etching is demonstrated, but critical challenges remain due to physical etching.

* Etch stop on underlayer
“mec 1M_.1M5
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CONCLUSIONS

METAL ABSORBERS
Mask modeli d Mask modeling and
n . . ask modeling an . . imulati
The WOI"I( Untl| now has aChIeved Initial imaging imaging simulations Lr::ﬁl;gmselzul:ez J;giometry
a . . . simulations based on measured n&k
Selection of absorber candidates Ni and

To enhance

: Rigorous simulations & modeling predictability

Co with predicted M3D improvements

* Experimental film characterization of Ni e
. . . . . . . owards mas
and Co, including EUV optical properties Experimental validation on wafer manufacturability

‘ 3300
printability
verification

* Demonstration of initial absorber Film deposition & P Patterning

patterning tests on Ni films with dry etch characterization

Single element absorber solution is challenging

Physical etching

Investigation of absorber poly crystallinity impact on
processing and imaging

“ See next presentation by Vu Luong
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