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Purpose

ƴMultiple measurement technologies are applied

ƴEach is treated as an isolated step

ƴConnecting information between different 

measurements strengthens the quality of data overall
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Image-based overlay (IBO)

Applications, techniques and targets

CD, thickness, height

SE or SR Scatterometry

20-50µm

10-20 points per wafer

Overlay

SE or SR Scatterometry

20-100µm total

30-100 points per wafer

Multi-layer overlay

Imaging

25-50µm targets

30-100 points

per wafer

Overlay

Imaging

6µm targets

10 or more per field

Overlay

Imaging

1-3µm targets

Many per field

OCD

Diffraction-based overlay (DBO)

Now: independent measurements
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Measurement Systems

Imaging

ÁSE and SR can fit in one column

ÁImaging system integration 

compromise is too great
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Measurement by scatterometry

Scatterometry measurements are model-based applications
ï Itôs generally not possible to deduce the parameters directly from the measured 

spectrum.

ï Spectrum noise generally can not be translated into measurement uncertainty 
using direct noise propagation.
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Model complexity

p8

p10

p3

p9

p1

p2
p4

p5

p6

p7

3D View ÁSide Views

ƴ A moderate complex model requires over 10 floating 
parameters
ï Is my model reliable?

ï Is my model sensitive enough to the parameter of interests?

ï Are the measurement uncertainties increased by parameter correlation?

ï How can I improve my measurement?
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DPT target

ht2

Y-shift

bcd1

SR(TE) Sensitivity Spectra
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Sensitivity Spectrum:

SnïSimulated Spectrum at wavelength n

DPjïMetrology tolerance of parameter j

snïSpectrum noise at wavelength ñnò

ƴ ɝn,j = 1 means: sensitivity = noise level. 

ƴ ɝn,j > 1 means: good sensitivity!

ƴ ɝn,j < 1 means: bad sensitivity!

Spectrum Sensitivity Analysis

ƴ Parameter sensitivities are imposed by the 
physics of the sample and tool noise.

ƴ Precision is proportional to sensitivity if 
strong correlations are not present
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Sensitivity vs Correlation

High Sensitivity

(ɝn,j >> 1)

P1

P2

Metrology 

Tolerance

Medium Sensitivity

(ɝn,j å 1)

P1

P2

Low Sensitivity

(ɝn,j << 1)

P1

P2

ůP1

ůP2

Low correlation:  ɟ1,2 = 0.00
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High correlation:  ɟ1,2 = 0.95

Sensitivity vs Correlation

High Sensitivity

(ɝn,j >> 1)

P1

P2

Metrology 

Tolerance

Medium Sensitivity

(ɝn,j å 1)

P1

P2

Low Sensitivity

(ɝn,j << 1)

P1

P2

ůP2

ůP1

Correlations amplify the uncertainties
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Performance of Uncertainty Calculation vs. Experimental Results

Good match between calculated uncertainty and experimental result
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3 floating parameters:

ht2

bcd2

Y-shift

Effect of multi-correlations on Uncertainty

4 floating parameters:

swa2 

ht2

bcd2

Y-shift

7 floating parameters:

swa2 

ht2

bcd2

Y-shift

swa1

ht1

bcd1

Y-shift

DPT target

bcd2 (nm)

h
t2

 (
n

m
)

ƴ Correlations are imposed by the sample Physics

ƴ All parameters are correlated to some extend.

ƴ Precision is increased by floating more parameters

4 floating parameters:

swa2 

ht2

bcd2

Y-shift
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Reduce Correlation effects by Sequential Measurement

Y shift

Si

SiO
2

Poly

HM

PR, litho1

PR, litho2 Y shift

Si

SiO
2

Poly

HM

PR, litho1

PR, litho2 Y shift
Y shift

Si

SiO
2

Poly

HM

PR, litho1

PR, litho2

swa1 1

bcd1 -0.99 1

ht1 -0.92 0.91 1

Y-shift 0.15 -0.07 -0.03 1

swa2 -0.99 0.99 0.89 -0.14 1

ht2 0.94 -0.93 -0.98 0.02 -0.94 1

bcd2 0.99 -0.99 -0.89 0.08 -0.99 0.93 1

swa1 bcd1 ht1 Y-shift swa2 ht2 bcd2

Parameter Correlation Matrix

Strong correlation between PR1 and PR2 parameters

Sequential Measurement

ƴ Measure PR1 after litho1 step; 

ƴ Measure PR2 after litho2 step

y-shift 1

swa2 0.19 1

ht2 -0.27 -0.94 1

bcd2 -0.09 -0.94 0.82 1

y-shift swa2 ht2 bcd2

Parameter Correlation Matrix

Comparison of Parameter Precisions
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Scenario A

Scenario B

ÅPrecision is improved by using previous results to avoid correlation influences
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TE Spectrum: Exp and Calc.

Two-pad DBO Modeling and Sensitivity Analysis

xshift.4

ht.4

bw.1 bw.4

assume thickness and CDs are same for both pads 

xshift.4_1 = 2D- xshift.4_2, D = designed shift 

L:S =1:9

nitride resist

bw.1 1

xshift.4 -0.19 1

ht.4 -0.47 0.54 1

bw.4 0.05 -0.68 -0.62 1

Parameter Correlation Matrix:

Overlay Signal/noise ratio
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Model based DBO (mDBO)

OL

ht.4

bw.1 bw.4

tw.1

tw.4

ht.1

OL

ht.4

bw.1 bw.4

ht.1

OL

bw.1 bw.4

OL

ht.4

bw.1 bw.4

tw.1

tw.4

ht.1

bw.1

tw.1
ht.1

ƴ Predicted precision improves if 

more target parameters are fixed 

or known through other means
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Overlay Accuracy: DBO versus CD-SEM

ƴ CD-SEM measurements made on DBO test pads

ƴ Good correlation (R2~0.99) and slope ~ 1.03

ƴ Error after recalibration follows normal distribution 3s= 2.08nm
ï Spread is greater than precision-based uncertainty in each measurement

ƴ Offset ~ 1.36nm

3s= 2.08nm


