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( OBTAIN IN-LINE MEASUREMENTS OF BASELINE WAFER 200
CHARACTERISTICS, INCLUDING MEASUREMENT LOCATION ON WAFER.
v 220

OR (R, ©) AS MODEL FOR EACH IN-LINE MEASUREMENT TYPE.

¢ 230
e

( FIT MODEL COEFFICIENTS TO MEASUREMENTS TO OBTAIN THE BASELINE
COEFFICIENT VECTOR OR FINGERPRINT OF EACH IN-LINE MEASUREMENT TYPE.

L SELECT A FINITE SERIES OF BASIS FUNCTIONS OF SPATIAL COORDINATES (X, Y)

¢ 240
( GENERATE INCOMING WAFERS BY VARYING A PREVIOUS PROCESS STEP. |

OBTAIN TRANSFER FUNCTIONS FROM CORRELATION OF FINGERPRINTS.
CALCULATE TRANSFERRED VECTOR, THE PART OF BASELINE FINGERPRINT
INFLUENCED BY PREVIOUS STEP.

v 250
{GENERATE DATA VARYING PROCESS PARAMETERS OF A PROCESS STEP AROUND

THE BASELINE AND OBTAIN RESPECTIVE FINGERPRINTS.
DECOMPOSE USING TRANSFER FUNCTIONS TO OBTAIN IMMEDIATE STEP VECTOR
OF FINGERPRINT, PART THAT DEPENDS ON IMMEDIATE PROCESS STEP.

i 260
LSELECT A MATHEMATICAL FUNCTION OF PROCESS PARAMETERS TO MODEL j

EACH COEFFICIENT OF IMMEDIATE STEP VECTOR OF FINGERPRINT.

v 270
FIT MODEL TO ALL COEFFICIENTS OF MEASUREMENT FINGERPRINT AS FUNCTION]

OF PROCESS PARAMETERS TO OBTAIN PROCESS MODEL FOR THE FINGERPRINT.

¢ <280

OBTAIN FINGERPRINT AND PROCESS MODEL OF THE PROCESS STEP FROM 1
MEASUREMENT FINGERPRINTS USING COMBINATIONS AND CALCULATIONS. Y

¢ 290
C IDENTIFY DOMINANT PARAMETERS OF FINGERPRINT AND PROCESS MODEL.ﬁ
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{ OBTAIN IN-LINE MEASUREMENTS OF BASELINE WAFER 700
CHARACTERISTICS WITH ASSOCIATED SPATIAL INFORMATION.

v 720

CREATE BASELINE MEASUREMENT FINGERPRINTS.
COMBINE TO CREATE BASELINE PROCESS STEP AND LAYER FINGERPRINTS.

) 730

[ ANALYZE LAYER FINGERPRINTS TO IDENTIFY DOMINANT PROCESS STEPS

BY VARYING PROCESS PARAMETERS OF DOMINANT PROCESS STEPS.

v 740

OBTAIN MEASUREMENTS USING BASELINE AND NON-BASELINE WAFERS.
OBTAIN NON-BASELINE FINGERPRINTS WITH VARYING PROCESS CONDITIONS.
ASSOCIATE FINGERPRINTS WITH PROCESS PARAMETER VALUES.

v ~750

CREATE TRANSFER FUNCTIONS FROM CORRELATIONS BETWEEN FINGERPRINTS AT
PREVIOUS AND IMMEDIATE PROCESS STEPS.

) 760

OBTAIN RESPONSES OF FINGERPRINT COEFFICIENTS TO PROCESS PARAMETER
K VALUES VARIED AT IMMEDIATE PROCESS STEP. )
i 770

CALCULATE TRANSFERRED VECTOR OF FINGERPRINT USING TRANSFER FUNCTIONS,
THE PART THAT IS CORRELATED TO EARLIER PROCESS PARAMETER VALUES.
PARTITION FINGERPRINT RESPONSES TO IDENTIFY THE IMMEDIATE STEP VECTORS,
THE PARTS THAT ARE UNCORRELATED TO EARLIER PROCESS PARAMETER VALUES.
OBTAIN PROCESS MODEL FOR IMMEDIATE PROCESS STEP BY FITTING MODEL TO
ALL COEFFICIENTS OF IMMEDIATE STEP VECTORS OF FINGERPRINT.

i 780

OBTAIN PROCESS MODEL FOR ALL PROCESS STEPS WITH APPROPRIATE DATA W
PREDICT BASELINE USING PROCESS MODELS AND TRANSFER FUNCTIONS.
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PERFORMING A DESIGN OF EXPERIMENT PROCESS FOR THE AT LEAST ONE PROCESS STEP,
WHEREIN THE PLURALITY OF PROCESS VARIABLES ARE CHANGED FOR A PLURALITY OF
DESIGN OF EXPERIMENT SEMICONDUCTOR WAFERS

¢ 1410
OBTAINING DESIGN OF EXPERIMENT WAFER MEASUREMENTS OF A FIRST

CHARACTERISTIC FROM THE PLURALITY OF DESIGN OF EXPERIMENT SEMICONDUCTOR
WAFERS WHEREIN EACH OF THE DESIGN OF EXPERIMENT WAFER MEASUREMENTS IS
ASSOCIATED WITH A SPATIAL LOCATION ON THE DESIGN OF EXPERIEMENT
SEMICONDUCTOR WAFER FROM WHICH THE MEASUREMENT IS OBTAINED

l 1415

/CREATING A DESIGN OF EXPERIMENT PROCESS STEP FINGERPRINT FROM THE OBTAINED\
DESIGN OF EXPERIMENT WAFER MEASUREMENTS FOR EACH DESIGN OF EXPERIMENT
SEMICONDUCTOR WAFER TO PROVIDE A PLURALITY OF DESIGN OF EXPERIMENT PROCESS
STEP FINGERPRINTS

l 1420

CREATING A PROCESS MODEL OF THE AT LEAST ONE PROCESS STEP UTILIZING THE
PLURALITY OF DESIGN OF EXPERIMENT PROCESS STEP FINGERPRINTS

¢ 1425
PERFORMING THE AT LEAST ONE PROCESS STEP ON A PRODUCTION SEMICONDUCTOR
WAFER

v
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OBTAINING PRODUCTION WAFER MEASUREMENTS OF THE FIRST CHARACTERISTIC OF THE
PRODUCTION SEMICONDUCTOR WAFER WHEREIN EACH OF THE PRODUCTION WAFER
MEASUREMENTS IS ASSOCIATED WITH A SPATIAL LOCATION ON THE PRODUCTION
SEMICONDUCTOR WAFER FROM WHICH THE MEASUREMENT IS OBTAINED

i 1435

CREATING A PRODUCTION SEMICONDUCTOR WAFER PROCESS STEP FINGERPRINT FROM
THE OBTAINED PRODUCTION SEMICONDUCTOR WAFER MEASUREMENTS

i 1440

DETECTING A FAULTY PROCESS VARIABLE OF THE AT LEAST ONE PROCESS STEP UTILIZING
THE PRODUCTION SEMICONDUCTOR WAFER PROCESS STEP FINGERPRINT AND THE
PROCESS MODEL

Figure 14 (cont.)
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FOR A SERIES OF DESIGN OF EXPERIMENT SEMICONDUCTOR WAFERS, PERFORMING THE\
FIRST ONE OF THE PLURALITY OF PROCESS STEPS ON THE SERIES OF DESIGN OF
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OF THE PLURALITY OF PROCESS VARIABLES ARE CHANGED FOR EACH OF THE SERIES OF
DESIGN OF EXPERIMENT SEMICONDUCTOR WAFERS
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OBTAINING DESIGN OF EXPERIMENT WAFER MEASUREMENTS OF A FIRST
CHARACTERISTIC FROM THE SERIES OF DESIGN OF EXPERIMENT SEMICONDUCTOR
WAFERS WHEREIN EACH OF THE DESIGN OF EXPERIMENT WAFER MEASUREMENTS IS
ASSOCIATED WITH A SPATIAL LOCATION ON THE DESIGN OF EXPERIEMENT
SEMICONDUCTOR WAFER FROM WHICH THE DESIGN OF EXPERIEMENT MEASUREMENT IS
OBTAINED
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CREATING A DESIGN OF EXPERIMENT PROCESS STEP FINGERPRINT FROM THE OBTAINED
DESIGN OF EXPERIMENT WAFER MEASUREMENTS FOR EACH DESIGN OF EXPERIMENT
SEMICONDUCTOR WAFER TO PROVIDE A PLURALITY OF DESIGN OF EXPERIMENT PROCESS
STEP FINGERPRINTS
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k CREATING A PROCESS MODEL OF THE FIRST ONE OF THE PLURALITY OF PROCESS STEPS

UTILIZING THE PLURALITY OF DESIGN OF EXPERIMENT PROCESS STEP FINGERPRINTS
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PERFORMING THE FIRST ONE OF THE PLURALITY OF PROCESS STEPS ON AT LEAST ONE
PRODUCTION SEMICONDUCTOR WAFER
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OBTAINING PRODUCTION WAFER MEASUREMENTS OF THE FIRST CHARACTERISTIC OF
THE PRODUCTION SEMICONDUCTOR WAFER WHEREIN EACH OF THE PRODUCTION
WAFER MEASUREMENTS IS ASSOCIATED WITH A SPATIAL LOCATION ON THE
\PRODUCTION SEMICONDUCTOR WAFER FROM WHICH THE MEASUREMENT IS OBTAINED
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CREATING A PRODUCTION WAFER PROCESS STEP FINGERPRINT FROM THE OBTAINED
PRODUCTION WAFER MEASUREMENTS

P

/
N

l Vs 1540

DETECTING A FAULTY PROCESS VARIABLE UTILIZING THE PRODUCTION WAFER PROCESS
STEP FINGERPRINT AND THE PROCESS MODEL
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FOR A SERIES OF DESIGN OF EXPERIMENT SEMICONDUCTOR WAFERS, PERFORMING THE\
FIRST ONE OF THE PLURALITY OF PROCESS STEPS ON THE SERIES OF DESIGN OF
EXPERIMENT SEMICONDUCTOR WAFERS, WHEREIN AT LEAST ONE OR MORE OF VALUES
OF THE PLURALITY OF PROCESS VARIABLES ARE CHANGED FOR EACH OF THE SERIES OF
DESIGN OF EXPERIMENT SEMICONDUCTOR WAFERS
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OBTAINING DESIGN OF EXPERIMENT WAFER MEASUREMENTS OF A FIRST
CHARACTERISTIC FROM THE SERIES OF DESIGN OF EXPERIMENT SEMICONDUCTOR
WAFERS WHEREIN EACH OF THE DESIGN OF EXPERIMENT WAFER MEASUREMENTS IS
ASSOCIATED WITH A SPATIAL LOCATION ON THE DESIGN OF EXPERIMENT
SEMICONDUCTOR WAFER FROM WHICH THE DESIGN OF EXPERIEMENT MEASUREMENT IS
OBTAINED
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CREATING A DESIGN OF EXPERIMENT PROCESS STEP FINGERPRINT FROM THE OBTAINED
DESIGN OF EXPERIMENT WAFER MEASUREMENTS FOR EACH DESIGN OF EXPERIMENT
SEMICONDUCTOR WAFER TO PROVIDE A PLURALITY OF DESIGN OF EXPERIMENT PROCESS
STEP FINGERPRINTS
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k CREATING A PROCESS MODEL OF THE FIRST ONE OF THE PLURALITY OF PROCESS STEPS

UTILIZING THE PLURALITY OF DESIGN OF EXPERIMENT PROCESS STEP FINGERPRINTS
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PERFORMING THE FIRST ONE OF THE PLURALITY OF PROCESS STEPS ON AT LEAST ONE
PRODUCTION SEMICONDUCTOR WAFER
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OBTAINING PRODUCTION WAFER MEASUREMENTS OF THE FIRST CHARACTERISTIC OF
THE AT LEAST ONE PRODUCTION SEMICONDUCTOR WAFER WHEREIN EACH OF THE
PRODUCTION WAFER MEASUREMENTS IS ASSOCIATED WITH A SPATIAL LOCATION ON
THE AT LEAST ONE PRODUCTION SEMICONDUCTOR WAFER FROM WHICH THE
MEASUREMENT IS OBTAINED
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CALCULATING A MODELED FINGERPRINT FOR THE PRODUCTION SEMICONDUCTOR
WAFER UTILIZING THE PROCESS MODEL OF FIRST ONE OF THE PLURALITY OF PROCESS
STEPS
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DETECTING A DEFECT ON THE AT LEAST ONE PRODUCTION SEMICONDUCTOR WAFER
UTILIZING THE CALCULATED MODELED FINGERPRINT FOR THE PRODUCTION
SEMICONDUCTOR WAFER AND THE PROCESS MODEL, WHEREIN THE PROCESS MODEL 1S
UTILIZED TO ACCOUNT FOR PROCESS VARIABLE VARIATIONS SO AS TO IMPROVE THE
DEFECT DETECTION ACCURACY

Figure 16 (cont.)



