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Receive substrate including poly plug 225

Remove native oxide from substrate 230

Deposit barrier metal layer on substrate 235
Measure thickness of barrier metal layer 240
Determine target thickness for barrier layer based measured thickness 245 210
Optionally anneal barrier metal layer 250
Deposit barrier layer using process parameters set to achieve determined target
thickness 255 209
Measure thickness of barrier layer 260
&
Determine target thickness for bit line metal layer based on measured 208
thicknesses of barrier metal layer and barrier layer 265
A
Deposit bit ine metal layer using process parameters set to achieve determined
target thickness 270 206
Measure thickness of bit line metal layer 275 204
¥
Determine predicted value of end-of-line performance metric 280
Optionally anneal bit line metal layer 285
Optionally deposit cap layer 290
200

Deposit hard mask layer 295

FIG. 2A N2
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Perform, in a first process chamber, a first manufacturing process on a substrate to form a first layer of a
multi-layer stack on the substrate 410

N
N
&

Perform an optical measurement on the substrate to measure a first thickness of the first layer 415 s

i
N

Determine, based on the first thickness, target thicknesses for one or more remaining layers of the multi-
layer stack and/or a predicted end-of-line performance metric value 420

}
&

Determine process parameter values of one or more process parameters for a second manufacturing
process to be performed to form a second layer of the multi-layer stack based on a determined target
thickness for the second layer 425

N
H
N

Perform, in a second process chamber, the second manufacturing process on the substrate using the
determined process parameter values to form the second layer of the multi-layer stack on the substrate
430

Perform an optical measurement to measure an actual second thickness of the second layer 435

Determine, based on the first thickness and the actual second thickness, target thicknesses for one or
more remaining layers of the multi-layer stack and/or a predicted end-of-line performance metric value
440

Determine process parameter values of one or more process parameters for a third manufacturing
process to be performed to form a third layer of the multi-layer stack based on a determined target

thickness for the third layer 445

i
N

Perform, in a third process chamber, the third manufacturing process on the substrate using the
determined process parameter values to form the third layer of the multi-layer stack on the substrate 450

¥

Perform an optical measurement to measure an actual third thickness of the third layer 455

Determine, based on the first thickness, the actual second thickness and the actual third thickness, target
thicknesses for one or more remaining layers of the multi-layer stack and/or a predicted end-of-line
performance metric value 460

A

FIG. 4 a0
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500

Perform, in a first process chamber, a first manufacturing process on a substrate to form a layer on the
substrate 510

Perform an optical measurement on the substrate to measure a first thickness of the layer 515

i
i
N

Determine, based on the first thickness, process parameter values of one or more process parameters for
an etch process to be performed to etch the layer and/or a predicted end-of-line performance metric value
520

Perform, in a second process chamber, the etch process on the substrate using the determined process
parameter values 530

Perform an optical measurement to measure the substrate after the etch process 535

o

Determine, based on the first thickness and the optical measurement of the substrate, a predicted end-of-
line performance metric value 540

FIG. 5
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Perform, in a first process chamber, a first manufacturing process on a substrate to form a layer on the
substrate 605

¥

Perform an optical measurement on the substrate to measure a first thickness of the layer 610

¥
H
H
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Determine, based on the first thickness, process parameter values of one or more process parameters for one
or more future processes to be performed on the substrate and/or an end-of-line performance metric value 615

W

Perform, in a next process chamber, a next process on the substrate using the determined process parameter
values 620

v

Perform an optical measurement to measure the substrate after completion of the process 625

¥
%‘

Determine, based on the first thickness and the optical measurement of the substrate, one or more process
parameters for one or more future processes to be performed on the substrate and/or a predicted end-of-line
performance metric value 630

YES e Kdditional

NO

Measure end-of-line performance metric(s) and optionally update model(s) used to determine process
parameter values for future process(es) and/or to determine end-of-line performance metric values 640

FIG. 6 ™ 600

Perform an end-of-line measurement on a device or component comprising a multi-layer stack to determine an
end-of-line performance metric value 705

3

Determine flim thicknesses of one or more layers in the multi-layer stack 710

W

Generate a training data item comprising the film thicknesses of the one or more layers and the end-of-line
performance metric value 715

¥

Update training of a machine learning model using the generated training data item 720

;
i
i
i

FIG. 7 o0
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800

Perform plurality of versions of a sequence of manufacturing process to form respective multi-layer stacks
on a plurality of substrates, each version of sequence of manufacturing process using different
combination of process parameter values for one or more processes in the sequence 805

Select a version of the sequence of manufacturing processes 810

Perform one or more metrology measurements on representative substrate manufactured using the
selected version of the sequence of manufacturing processes to determine characteristics of one or more
layers in the multi-layer stack on the representative substrate 815

Manufacture device or component comprising the multi-layer stack manufactured using the sequence of
manufacturing processes 820

Measure one or more end-of-line performance metrics of the manufactured device or component 825

Generate data item for selected version of the sequence of manufacturing processes, data item
comprising process parameter value(s) of the manufacturing processes, layer thicknesses of one or more
layers in the multi-layer stack and/or the performance metric value(s) 830
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" Remaining .
YES L 9
-~ versions of the sequence of ™.

r\\\rpanufactu ring processes to be
™ tested? 835

s
e
e
~
H

NO
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Generate training dataset including the generated data items 840

FIG. 8
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Receive training dataset comprising plurality of data items, each data item including thicknesses of one or
more layers in a multi-layer stack and one or more end-of-line performance metric values 905

Y

Train model(s) to receive an input of thicknesses for one or more layers of a multi-layer stack on a
substrate and to output at least one of target thicknesses for one or more remaining layers in the multi-
layer stack, target process parameter values for process parameters of one or more future manufacturing
processes to be performed on the substrate or a predicted end-of-line performance metric value 910

Perform linear regression or Gaussian regression using training dataset 915

Perform supervised machine learning to train a neural network 920

\
H
¥

Deploy trained model to a controller for one or more process chambers and/or to a server connected to
one or more controllers 925

FIG. 9 " 900

; - 1000
PROCESSING DEVICE 1002 \ ¢
NSTRUCTIONS 1022 N *  VIDEO DISPLAY 1010
CEEDFORWARD o ALPHA-NUMERIC INPUT
a ENGINE 121 DEVICE 1012
CURSOR CONTROL DEVICE
1014

MAIN MEMORY 1004 SIGNAL GENERATION

DEVICE 1016
INSTRUCTIONS 1022 , BUS
1030
FEEDFORWARD DATA STORAGE DEVICE 1018
ENGINE 121 $
COMPUTER-READABLE

STATIC MEMORY 1006  j¥msiy STORAGE MEDIUM 1028

NETWORK INTERFACE .
DEVICE 1008 s ' } INSTRUCTIONS 1022

SN 3 \ FEEDFORWARD
f» \-* \Q“““\.M E
A ~ \ ! ENGINE 121

\\{\\ network ) | |
. 1020 \/
\\“‘\\\w‘.‘:\\“&j«w F I G . 1 O




