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METRIC(S) VALUES IN AN
N—DIMENSIONAL SPACE OF PARAMETERS

E.G., ILLUMINATION
PARAMETERS

E.G., ALGORITHMIC

ZERO SENSITIVITY PARAMTERS

CONTOUR(S)
WEIGHTED AVERAGE IN
THE REGION AROUND
___———THE CONTOUR:
INACCURACY ZERO
(OR VERY SMALL)
E.G., TARGET
DESIGN PARAMETERS

/ E.G., PUPIL PARAMETERS

ON THE CONTOUR:
INACCURACY DIVERGES
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DERIVING AND ANALYZING AN AT LEAST PARTIALLY
105—] CONTINUOUS DEPENDENCY OF ONE OR MORE
METROLOGY METRIC ON ONE OR MORE RECIPE PARAMETER

DERIVING OR MEASURING A DEPENDENCY
110—" OR A LANDSCAPE OF METROLOGY METRIC(S)
ON MEASUREMENT PARAMETER(S)

119 USING AN OVERLAY VARIATION
MEASURE AS A METROLOGY METRIC

USING PARAMETERS WHICH QUANTIFY AN
115 OPTICAL PATH DIFFERENCE BETWEEN TARGET
STRUCTURAL ELEMENTS

] IDENTIFYING EXTREMA IN THE
120 DEPENDENCY OR LANDSCAPE

IDENTIFYING AN EXTREMUM BY NULLIFYING A
120 DERIVATIVE OF THE METRIC(S) WITH RESPECT
TO THE PARAMETER(S)

| IDENTIFYING EXTREMA EXPERIMENTALLY ACCORDING
124 TO MEASUREMENTS AND/OR SIMULATION RESULTS

126—1 CARRYING OUT THE IDENTIFICATION ON THE FLY

DETERMINING ONE OR MORE METROLOGY RECIPE
128—1 ACCORDING TO THE ANALYZED AT LEAST PARTIALLY
CONTINUOUS DEPENDENCY

\
Figure 11
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'

SELECTING PARAMETER VALUE(S) FOR CONDUCTING
130— OVERLAY METROLOGY MEASUREMENTS
ACCORDING TO THE IDENTIFIED EXTREMA

132 ADJUSTING PARAMETERS ACCORDING
TO IDENTIFIED EXTREMA ON THE FLY

SEPARATING ASYMMETRIC PROCESS VARIATION
140 —" FROM SYMMETRIC PROCESS VARIATION BY THE
EFFECT THEREOF ON THE DERIVED DEPENDENCY

APPLYING WEIGHT FUNCTION(S) FOR AVERAGING
150 —" THE METRIC(S) ACROSS THE PUPIL PIXELS TO
ACHIEVE LOW INACCURACY

DETERMINING THE WEIGHT FUNCTION(S)
152—" WITH RESPECT TO THE LANDSCAPE

CALCULATING THE OVERLAY OR OTHER METRICS
154 ACCORDING TO THE WEIGHT FUNCTION ACROSS
THE PUPIL

o IDENTIFYING POINTS AND/OR CONTOURS
160 OF ZERO SENSITIVITY IN THE LANDSCAPE

IDENTIFYING RESONANCES IN THE INTERMEDIATE
162 —" FILM STACK BETWEEN (ESPECIALLY LAYERED)
TARGET STRUCTURES

|
Y
Figure 11 (cont. 1)
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|

USING SINGLE OR MULTIPLE SCATTERING
164 — MODELS TO IDENTIFY THE POINTS AND/OR
CONTOURS OF ZERO SENSITIVITY IN THE LANDSCAPE

165 IDENTIFYING THE POINTS/CONTOURS AND ADJUSTING
PARAMETERS RESPECTIVELY-ON THE FLY

BINNING SIGNALS FROM PORTIONS OF THE PUPIL
OR WITH RESPECT TO SPECIFIED PARAMETERS

166—"1  ACCORDING TO THE IDENTIFIED POINTS AND/OR

CONTOURS OF ZERO SENSITIVITY IN THE LANDSCAPE

SELECTING AN [ILLUMINATION WAVELENGTH
168—1 AND/OR SPECTRAL DISTRIBUTION FOR WHICH THE
INACCURACY VANISHES IN THE WEIGHTED AVERAGE

CHARACTERIZING THE SENSITIVITY LANDSCAPE BY
70— DISTINGUISHING FLAT REGIONS FROM PEAKS

QUANTIFYING THE MAGNITUDE OF
1771 —" SENSITIVITY CHANGES WITH RESPECT
TO MEASUREMENT LANDSCAPES

Y

Figure 11 (cont. 2)
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|

USING RELATIVE SIGNS OF SLOPES OF THE
LANDSCAPE AT CONSECUTIVE PEAKS TO DETERMINE
172—— WHETHER A RESPECTIVE INTERMEDIATE FLAT REGION
BETWEEN THE CONSECUTIVE PEAKS IS AN

ACCURATE FLAT REGION

DETERMINING A REQUIRED SAMPLING DENSITY FOR
173—— DIFFERENT REGIONS OF THE LANDSCAPE ACCORDING
TO PEAK LOCATIONS IN THE LANDSCAPE

SAMPLING THE LANDSCAPE AT A HIGH DENSITY
174 —" AT PEAK REGIONS AND AT A LOW DENSITY
AT FLAT REGIONS

MEASURING A SYMMETRIC PROCESS ROBUSTNESS
175" USING RELATIVE SIZES OF PEAK REGIONS AND
FLAT REGIONS

IDENTIFYING THE PEAKS ACCORDING TO A NUMBER
176—"1  OF SIGN FLIPS OF THE METROLOGY METRIC(S)

CHARACTERIZING THE [IDENTIFIED PEAKS ACCORDING
177— TO THE NUMBER OF SIGN FLIPS OF THE METROLOGY
METRIC(S) AS SIMPLE OR COMPLEX PEAKS

y
Figure 11 (cont. 3)
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l

INTEGRATING THE METROLOGY METRIC(S)
178" OVER LANDSCAPE REGION(S)

CORRELATING METROLOGY METRICS OVER SPECIFIED
179—— LANDSCAPE REGIONS TO VALIDATE THE METROLOGY
MEASUREMENT (S)

DERIVING THE LANDSCAPE AS A PARAMETRIC
180— LANDSCAPE, USING ONE OR MORE MEASUREMENTS,
WITH RESPECT TO ONE OR MORE PARAMETER(S)

ADJUSTING THE PARAMETER(S) (E.G., USING
182—— PHENOMENOLOGICAL MODEL(S)) TO OPTIMIZE THE
PARAMETRIC LANDSCAPE WITH RESPECT TO
SPECIFIED METRICS AND/OR TO ENHANCE
OVERLAY MEASUREMENT ACCURACY

INTERPOLATING OR EXTRAPOLATING A CONTINUOUS
184 — ARTIFICIAL SIGNAL LANDSCAPE FROM DISCRETE
MEASUREMENTS OR DATA

CONSTRUCTING THE CONTINUOUS ARTIFICIAL SIGNAL
186— LANDSCAPE BY FITTING DISCRETE MEASUREMENTS
OR DATA TO AN UNDERLYING PHYSICAL MODEL

Y
Figure 11 (cont. 4)
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l

APPLYING COST FUNCTION(S) TO THE
186—" ARTIFICIAL SIGNAL LANDSCAPE

QUANTIFYING LANDSCAPE SHIFTS CAUSED
190—" BY SYMMETRIC PROCESS VARIATION

SELECTING MEASUREMENT SETTINGS ACCORDING
192—" TO EXPECTED LANDSCAPE SHIFTS

SELECTING THE MEASUREMENT SETTINGS TO EXHIBIT
194—"1 LOW SENSITVITY TO EXPECTED LANDSCAPE SHIFTS

CANCELLING OUT EXPECTED LANDSCAPE

196 SHIFTS BY CORRESPONDING TARGET OR
MEASUREMENT DESIGNS WHICH CAUSE AN

OPPOSITE SHIFT OF THE LANDSCAPE

FITTING MEASUREMENT PARAMETERS TO DIFFERENT
198 — TARGET SITES ACCORDING TO THE EXPECTED
LANDSCAPE SHIFTS IN THE RESPECTIVE SITES

\

Figure 11 (cont. 5)
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l

SELECTING AN ILLUMINATION WAVELENGTH AND/OR
200— SPECTRAL DISTRIBUTION (E.G., BANDWIDTH)
ACCORDING TO THE EXPECTED LANDSCAPE SHIFTS

OPTIMIZING THE METROLOGY RECIPE AND/OR THE
210— HARDWARE SETTINGS TO ACHIEVE LOW INACCURACY
ACCORDING TO THE LANDSCAPE

TUNING HARDWARE PARAMETER(S) TO POINTS
212 AND/OR CONTOURS OF ZERO SENSITIVITY IN
THE LANDSCAPE

ESTIMATING PER—PIXEL SIGNAL CONTAMINATION
220— BY COMPARING ESTIMATION AND MEASUREMENT
DATA OF METRIC(S)

DESIGNING METROLOGY TARGETS
230—1 TO YIELD LOW INACCURACY

DESIGNING THE METROLOGY TARGETS
232 ACCORDING TO THE SIMULATED LANDSCAPE

CONFIGURING THE INTERMEDIATE FILM STACKS
234 TO YIELD RESONANCES AT SPECIFIED
MEASUREMENT PARAMETERS

l

Figure 11 (cont. 6)
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¢

MINIMIZING ELECTROMAGNETIC PENETRATION
240—" BELOW OR AT THE TARGET'S LOWER STRUCTURE

DESIGNING THE TARGETS TO HAVE DUMMY—FILL OR
242—"] SEGMENTATION AT OR BELOW THEIR LOWER LAYER

MEASURING A DIFFRACTION SIGNAL WITH =£FIRST

250 — DIFFRACTION ORDERS AT A PUPIL PLANE OF A

METROLOGY TOOL, FROM TARGET CELLS HAVING
OPPOSITE DESIGNED OFFSETS *fg

CALCULATING THE TARGET OVERLAY USING
DIFFERENCES BETWEEN SIGNAL INTENSITIES OF
260— OPPOSING ORDERS MEASURED AT PUPIL PIXELS
WHICH ARE ROTATED BY 180" WITH RESPECT TO

EACH OTHER, AT EACH CELL

DERIVING FIDELITY METRIC(S) FROM AN

270—" ESTIMATED FIT BETWEEN PUPIL FUNCTIONS FOR

THE OPPOSITE DESIGNED OFFSETS DERIVED FROM
THESE DIFFERENCES

DERIVING FIDELITY METRIC(S) BY COMPARING A

280 —" NOMINAL OVERLAY VALUE WITH AN OVERLAY

VALUE DERIVED BY INTEGRATING THESE
DIFFERENCES ACROSS THE PUPIL

:

Figure 11 (cont. 7)
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|

INTEGRATING A FIRST AND/OR HIGHER
2851 MOMENT(S) OF THESE DIFFERENCES

CALCULATING AN ASYMMETRY METRIC OF THE
290— OVERLAY WITH RESPECT TO THE CENTER OF THE
PUPIL PLANE

QUANTIFYING PUPIL NOISE ACCORDING TO
300—" THE VARIABILITY OF OVERLAY MEASUREMENTS
BY DIFFERENT ALGORITHMS AND WITH RESPECT
TO SPECIFIED PARAMETERS SUCH AS
DIFFERENT WEIGHTINGS

QUANTIFYING PUPIL NOISE WITH RESPECT TO

305— OVERLAY DIFFERENCES AT PUPIL PIXELS WHICH

ARE ROTATED BY 180" WITH RESPECT TO
EACH OTHER

WEIGHTING THE PUPIL PIXELS TO DERIVE THE
310— FIDELITY METRIC(S)

DEFINING THE WEIGHTS IN A CONJUGATE
J15—] SPACE TO THE PUPIL

:

Figure 11 (cont. 8)
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¢

DERIVING FIDELITY METRIC(S) FROM A VARIATION
320— OF THE CALCULATED OVERLAY BETWEEN GROUPS
OF PUPIL PIXELS

SELECTING THE SIZE OF THE PIXEL GROUPS
325_—~ ACCORDING TO THE LENGTH SCALE OF AN EXPECTED
SOURCE OF INTERFERENCE IN THE OPTICAL SYSTEM

SELECTING AND OPTIMIZING THE MEASUREMENT
J30—"1  RECIPE ACCORDING TO THE FIDELITY METRIC(S)

CALCULATING AN ASYMMETRY METRIC IN A
340— DIRECTION THAT IS PERPENDICULAR TO THE
PERIODIC STRUCTURES

CONDUCTING METROLOGY MEASUREMENTS
350—"" AT THE SELECTED PARAMETER VALUES

MEASURING OVERLAY AND OTHER METROLOGY
360—" RESULTS AROUND LOW OR ZERO INACCURACY
POINTS OR CONTOURS

PERFORMING METROLOGY MEASUREMENTS AT
62— FLAT REGIONS OF THE SENSITIVITY LANDSCAPE

PERFORMING METROLOGY MEASUREMENTS
J64—" OF THE DESIGNED TARGETS

Figure 11 (cont. 9)
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