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round-robin comparisons.

i ‘ i | ]
D |
e 1

t::.-

AMAG TEST WAFER FOUNDRY ABOUT AMAG CONSULTING, LLC

— Precision, accuracy, matching, navigation, pattern recognition.

— OPC & DOE of pitchwalk & 2D random polygon fields for contour/EPE/D2D
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 Leverage AMAG tradition to enable metrology sector progress.
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AMAG SimuSEM—SEM simulation software

*AMAG SimuSEM is a software package for simulating scanning electron microscope images (SEM images)
and electron interactions with solids. The core of the simulation code is NIST’s IMONSEL source code, with
many improvements and utilities added to it, along with full 3D visualization thru building all JMONSEL
routines directly into a 3D Blender interface.

*Effectively, AMAG SimuSEM realizes the true completion of much of the original vision for JMONSEL, and
updates the software to current standards by greatly improving utility, productivity, flexibility, visualization,
accessibility, and achievable complexity of designed features while improving simulation speed and allowing
user to run on remote resources at larger scale. It makes JMONSEL a software solution for SEM simulation
and electron beam interactions with solids much more useful for many more simulation possibilities and
efforts.

*Additionally, AMAG SimuSEM has been built to operate in a virtual machine (VM) environment through a
web portal, meaning all the heavy calculation capacity needed can be in VMs at external servers and runs
split among multiple VMs for speed, or on corporate intranet accelerating performance while leaving user’s
PC free for other work, or can be run multithreaded on any recent generation PC.

NIST’s JMONSEL

*JMONSEL, Java MONte Carlo Simulator for Secondary Electrons, is a 3D electron beam simulation software
package developed and programmed in the 2010-12 timeframe at National Institute of Standards &

Technology (NIST) by Dr. John Villarrubia using Java/JYTHON, funded by SEMATECH AMAG to enable limits
simulation studies for defect & critical dimension SEM metrology.

*JMONSEL uses finite element analysis (FEA) to track primary electrons as they enter a material, scatter, lose

energy, and generate secondary & backscattered electrons. By monitoring the electrons that exit the
material and are captured by a detector (software counter element), the electron yields can be found at any
point designated as a target pixel. The physical models in JMONSEL are the best-known models in the
literature in the energy ranges used here, open-source, with complete transparency in their documentation,
definition, implementation and execution, as programmed by NIST, with a decade of validation data and
wide acceptance by the industry.

*Adding the GUI and other improvements to the venerable JIMONSEL code, AMAG SimuSEM is the user-
friendly version of JIMONSEL with rich & reliable visualization, with the scripting handled automatically,
allowing the user to transparently unlock this powerful code through the greatly improved interface. With
the script rigor removed, JMONSEL, thru AMAG SimuSEM, is now capable to address many more simulation
cases with more complexity than in the past.

JMONSEL

Java script driven, typically >1000 lines of code, visualization challenged

§ Layer.s3
location = [ 0.000*meterspernm, 0.000*meterspernm,S557.500*meterspernm]
rotation = [ 0.000*math.pi, 0.000*math.pi, 0.000*math.pi]
dimensions = [500.000*meterspernm,S500.000*meterspernm, 15.000*meterspernm]
thickness3=location[2]+dimensions[2]/2
layers3=mon.NormalMultiPlaneShape ()
layers3.addPlane (normalVector, [0,0,thickness2])
ayers3.rotate (location,-math.pi/2,rotation[0] ,math.pi/2)
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ers3.rotate(location,0,rotation[1l],rotation[2])
ers3region = monte.addSubRegion(layers2region,SiMSMDeep,layers3)

Cu CMP dishing AMAG SimuSEM & AMAG7 HAR holes

* Modeled grating-wide oxide dishing both with & without Cu dishing
* Also flat control features to compare signals
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AMAG SimuSEM GUI

*3D Blender interface allows scaling, moving & rotating primitive and user-defined shape objects & Boolean
operators for sample design with outstanding visualization.

*Discretely-defined height map objects for rough features and edges.
*Moderate but growing materials database with path to growth.

*Adjustable beam energies, beam spot sizes and tilt beam, user-defined discrete detectors with tunable
energy windows, and other SEM variants possible.

*User can see results image for SE, BSE or user-defined energy windows.
*Energy, angle & detector hit histograms and maps. Energy absorption maps.
*Fully viewable electron trajectories in 2D & 3D.

*SIimMuSEM runs simulation in background, with results loaded back to SimuSEM for analysis and detailed
viewing in the rich Blender graphics environment.

*AMAG SimuSEM'’s GUI removes the steep JMONSEL learning curve and replaces it with an elegant, intuitive,
modern way to use all of JMONSEL's features, plus many improvements. The code is evolving with charging
and defined roughness, new materials, and more.

*SIimMuSEM is very flexible, capable of valuable simulation support for many widesoread metrology
community needs: . |

*Model Based Metrology development
*Hybrid metrology comparisons involving SEM
*HV-SEM/OVL exploration

*SEM imaging condition optimization

*Limits, Gaps Analysis & Feasibility studies
*Faux image generation for Al training
*Calibration of analytical models

*Fundamental understanding of

signal generation in tough cases Many - R .
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HAR hole signal (1 um depth)

AMAG SimuSEM used to study measurements of lum deep AMAG7 HARholes.
* DOE of beam energies along hole radius to seek signal from known edge at hole bottom. S

*  The results will agree with what has been observed experimentally, that ~10000V makes seeing
..., bottom of 1um HAR possible.

scattering is important from given features at different locations.
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* Views of trajectories can be viewed for qualitative understanding of whaf
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