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Outline
• Who are we
• Objective – need
• Scope –Applications

– Metrology Calibration and Matching
– Process Optimization and Monitoring

• Roadmap
– Phase 0 – eBeam Prototyping
– Phase 1 – 300mm
– Phase 2 – 450mm

• Work to date
• Designing Test structures 
• Initial Prototyping
• Evaluation of data
• Optimization for 300 and 450mm Manufacturability.
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Who are we? 



300mm and 450mm Standard Calibration Wafers - A 
Standard Tool for Semiconductor Metrology Calibration 
and Matching

– Metrology Calibration and Matching
Metrology tool companies, as well as Semiconductors manufacturers are sharing the same 

problem: Is 'my' Metrology tool calibrated? The tool manufacturer would like to know if the tool 

met the expected performances and is ready to be delivered; the IC manufacturers would like to 

ensure that a tool is ' back in spec', after PM. Both would like to compare tool-to-tool and even 

Fab-to-Fab performances. 

– Process Optimization and Monitoring
Evaluating and comparing manufacturing tool performances (Etchers, Scanners etc.) is 

complicated by convolving sources of metrology variation with process tool variations. By 

developing 'module monitors' with metrology tool companies and semiconductor manufacturers 

we can minimize and characterize metrology variance and avoid confounded results.  



• Roadmap

– Phase 0: eBeam Prototyping - Ongoing
• Test structures pattern on 3” wafers by e-beam lithography
• 3” wafers mounted on 300 and 450mm wafers for testing.

– Phase 1: 300mm Q4 2014 to Q4 2015
• Optomize test structures for manufacturability.
• Develop integrated manufacturing flow at CNSE’s state of the art 

300mm fabs.

– Phase 2: 450mm 2016
• Transfer 300mm manufacturing flow to G450C pilot line
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Target designTarget usageTarget type
"XRF Module Calibration & Setup the 

Thickness Standards
Tool Calibration & Tool-2-Tool 

Matching"

W Pads, 200x200um, 250nm

"Stage Axes Mapping
Tool-2-Tool Matching"

W Pads, 100x100um, 250nm

XRR Axes Offset Calibration
Tool Calibration

W Wires, 1000x2um, 250nm

XRF Module Calibration & Setup the 
Thickness Standards

Tool Calibration & Tool-2-Tool 
Matching

TiN Pads, 50x50um, 500nm

TiN Pads, 100x100um, 500nm

XRR Axes Offset Calibration
Tool Calibration & Tool-2-Tool 

Matching

Si3N4 Wires, 2000x10um, 50nm

Si3N4 Pads, 500x50um, 50nm

Si3N4 Pads, 1200x50um, 50nm

On going?

SnAg Bumps:
• Diameter variation :10um, 15um, 20um, 50um, 80um
• Height variation:5um, 7.5um, 10um, 25um, 40um
• 2 bump array types: dense and isolated 

On going?Siege target :
Pattered structure and pads with known %Ge

JVS - Standard Calibration FeaturesHeader TBD………………..

Done

Done

Done
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Header TBD……………….. Target designTarget usageTarget type

Check sensitivity to XY 
static stage position

Set of varying pads embedded 
inside a large pad

Thin oxide target-34nm

Thin oxide target-45nm

Thin oxide target-54nm

Thin oxide target-108nm

Check sensitivity to 
stage static tilt

Partially etched Oxide grating 
lines

?
Set of 9 targets with varying 

thickness of  SiO2 on Si

?
Set of 6 targets with varying 

thickness of  SiO2 on Si3N4 on Si 

?
20nm and 40nm Oxide grating 

line targets 

Nova - Standard Calibration Features

• Y3 Done 

• Y2 Done 

• Y2 Done 

20nm SiO2 GL 40nm SiO2 GL
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Header TBD………………..

Target design/ResultsTarget usageTarget type

BF Spot size & shadingH&V line edge target V1

Focus & MTF uniformity

Checkerboard Targets

Target 1 -Checkerboard 3um

Target 2 - Checkerboard 6um

Target 3 - Checkerboard 10um

Null, BF spot, BF shading, focus 
& MTFHRC target

GF spot size & 
Ghost measure 

H&V line edge target V2 &
Ghost measure target 

Gain & Shading calibrationGain & Shading target

Polarization 
reflection/transmissionPolarization targets

AMIL - Standard Calibration Features

1500 µ 

1500 µ 

500 µ 

hp 50nm

S P

• Target simulation has 
been completed

• Target fabrication is 
ongoing

• On hold

• Ongoing

• Done

• Done

• Done



Nova confidential & proprietary information

Target Production

 Target was designed by Nova so it enables extraction of all system-

dependent coefficients per wavelength and per pad size (several sizes 

produced): 

 Prototype (3” glued onto 12” wafer) was then produced by the Nano-

Fabrication Center at Ben-Gurion University of the Negev, Israel via 

Metro450 consortium.

Microscope image Mask
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Nova confidential & proprietary information

Target Initial Tests Results

 The prototype target was measured w/ nova tool.

 Sensitivity of procedure to identify signal variations as spot 

scans pad lateral matches theoretical design, thus:

 Validating targets quality.

 Validating the generic methodology proposed in Metro450-

Y1 for target design.

 In the upper picture: Signal versus scan along pad (for one 

wavelength) showing Capability of ~10nm accuracy in 

determining pad X-edge using optical means.

 In the lower picture: Same scan but now with additional 

wavelength axis added gives ability to accurately determine 

optical chromatic aberrations.

 Overall: Target Enables quantitative assessment of how 

signal is contaminated by spot spill-over  Target purpose 

achieved.
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Green (model) vs. Cyan (meas.) are one of the 
system-only-coefficients whose determination 
is required by the target. Their match 
corroborate both model and target design.
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Different targets
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Applied Materials Confidential

Resolution pattern
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Top layer Etch 
through1400 µ 
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Can be part of target 
area or scribe line
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WP4: Short Summary of Year 2 
JV Targets



Optimization for 300 and 450mm 
Manufacturability

• Structures divided into two wafers: one FEOL 
and one BEOL.

• Metal subtractive etch process replaced with 
damascene. 

• Structures being optimized to minimize CMP 
dishing.

• 300mm manufacturing flow being designed for 
maximum compatibility with 450mm pilot line. 
Only unit process common to both line will be 
used.
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Summary

• Target design validation on 3” coupons 
wafers is mostly complete.

• Target optimization for compatibility with 
300mm manufacturing flow is underway.

• 300mm process integration and prototyping 
to be done Q2-Q4 2015

• Transfer to G450C 450mm pilot to begin in 
2016.
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