1/36

Fig. 1
100
/
200 300
/ /
Local polishing Entire polishing
module module
400 200
% /
Cleaning module Drying module
600 700
/ /

Controller Transfer mechanism




2/35

Aunig
BOPe— 6i¢
. weygo
il ; .
8¢ 9%¢ A <A MId
@
R 4
¥Pe A4

¢ b4



Fig. 3

200
P

Local polishing module

230
J

3/35

Detecting head

232
J

Sensor

270
J

Various drives

2N
J

Polishing recipe

Etching pattern
i data
/
Local polishing control system
10 18
¢ Y [/
Film thickness F et
distribution estimation Commumcatmn
unit unit
11 19
/ /
Local polishing Priority setting
region sefting unit input unit
12 20
/
Polishing head
selection unit
13 Recipe
7 generating model
Polishing recipe
generator
Simulation model
14
’ N—
Simulator
15
/

Polishing recipe

receiver

272
P

Actual polishing

fransmitter

16
/

data transmitter

Learning unit

17
/

Output unit







Fig. 5A




6/35

Fig. 5B

Step:3




7/35



Fig. 6B

8/35



SN0
4 </
SUHCX '{ ~
' . /)‘{ =




10/35

Fig. 8 ( START )

S10
N ¥
Enter priority setting data
S11
S ¥y
Enter etching pattern data
S12
N Y
Measure film thickness
S13
S i

Estimate film thickness distribution
and generate contour plot

S14
N ¥
Set local polishing region
S15
N Y
Select polishing head
S16
N Y
Generate polishing recipe
S17
N Y
Simulate
S18
N \
Criteria for throughput and \ NO
surface evenness are OK? /
S19
YES ' /
- Manually create polishing recipe
S20
N i

Polish actually

END



Fig. 9

11/35

Entire polishing
condition data

Etching pattern

2 data
/
Local polishing control system
10 18
Z \

Film thickness Communication

distribution estimation

200
/
Local polishing module
230
/
Detecting head
232
/
Sensor

270
/

Various drives

271
/

Polishing recipe

receiver

272
/

Actual polishing

data transmitter

unit unit
11 19
/ /
LLocal polishing Priority setting
region setting unit input unit
12 20
/
Polishing head
selection unit
13 Recipe
/ generating model
Polishing recipe
generator
14 Simulation model
£ N
Simulator
15
/
Polishing recipe
transmitter
16
/
LLearmning unit
17
/

Output unit







Fig. 11

200
/

Local pelishing module

230
J

13135

Detecting head

232
P

Sensor

270
J

Various drives

271
J

Polishing recipe
receiver

272
/

Actual polishing
data transmitter

Etching pattern
3 data
/
Local polishing control system
10 18
e Yy /
Film thickness C .
distribution estimation ommuqlcatlon
unit LlnEt
11 19
/ /
Local polishing Priority setting
region setting unit input unit
12 20
/
Pclishing head
selection unit
13
A Neural
. . network model
Polishing recipe
generator
14 Decision tree
’ model
Simulator
Simulation
15 model
‘ ~— -
Polishing recipe 91
fransmitter /‘/\
15 L
/
Learning unit Actual result data
obtained from
polishing recipe
/
Output unit




14/35

Fig. 12

From S15

l

Generate polishing recipe A with neural network
model (™330

l

Generate polishing recipe B with decision tree
model (\—331

l

Read out top five high-performing polishing
recipes C1 to C5 from polishing recipes with
approximate film thickness distribution \332

l

Simulate for each polishing recipe

l

Select highest-performing recipe

|

To S17

333

-334




15/35

Fig. 13
Attributes of local polishing
region
No. Film : Polishing recipe Pe;ioé'g::;\ce
I H .

thickness Height Width
1
2




16/35

Fig. 14

(i) Generate polishing recipe  (vi) Perform learning on recipe generating model

Local polishing
control system g

(iii) Polishing recipe (i) Polishing recipe
800

{1) Film thickness data (i} Filrn thickness data

and etching data and etching data
(v} Polishing result (v) Polishing result

data data
Polisher = - s L B Polisher
100" [™--100

(iv) Polish actually (iv) Polish actually



17/35

{(anjea uoLslLD soue}dasoy)
Qg enjeA paipaid

(enjeA uouao asuridasoy)
Ny anjeA palipaid

e

—

SSOUUSAD
aoBHNg

(B) j]epow
uone|Inwig

¥ adipal
Buiysijed

(4) lopouw
Bunelsush
adinay

Y
sinquiy

vG1L B4



18/35

SSaulsha

aynsai buysiiod —» NG

(.B)
«— (6) ;epow
uonenuwis

Dunsa1fuysiiod [ ,

¥ adpai
Buysijod

{3) repow
Buipessush

adpoy

v
sinquiy

aci "bid



19/35

a enjea
uous1Io soueldeoy

2 anjea
UOLIS)LID 80UEedso0y

SSOUUBAD
20BUNG

—>

(.B) lepow
uoneInwig

&

X =
¥ adpal
Buysiiod

(4)
«— (1) |]opow
Bunessuab
adinay

v
sinqupRy

DGl b4



20/35

SSOUUBAR
eoeuNg

enjen |eep| >

(.B) Ispow
uonenuls

an(eA [esp| _HV ,

:x —
¥ adpal

Buysiiod

()
«— (3) ]opowl
Buneloush
adiosy

v
SnguUIyY

ast ‘b4



21/35

eh6—_ o6 ﬂ 926
f
- = N_,m
626
=
9 X ﬂ_:,,__ -
o N.g1g  EE6~] N_zg6 o
| = = WU B e —
0| - | 1l =
——1 116~ || [
|| 116 lajem Jo Jsjuan |/rf¢ 16 obs
of 1| L 186 _ i A_V -
ﬁ | 0g6- \ i _
016 26
1 \ T = & ...\.s
o _Nm\\.\" 126
oz5 m | —1v6
~ =
226" |
\
6 s £v6
} i i L 1 L i 1 1 L 1 l | \_
N
= AN
E 086
166 _

9l b4



22135

Various drives

33
/

962
J

Scrubbing recipe
generator

34
/

Fig. 17
900 5
’ /
Scrubbing apparatus Scrubbing control system
960 30 38
/ / ’
Detector Partic'ie di'stribut.ion Commur?ication
estimation unit unit
31 39
% /
Scrubbing region Priority setting
setting unit input unit
32 40
/
961 Scrubbing member
- selection unit

Recipe generating
model

Simulation model

Simulator

35
/

Scrubbing recipe
receiver

Scrubbing recipe
transmitter

963
/

Scrubbing data
transmitter

36
/

Learning unit

37
/

Output unit

~—




= —
\ \Z
@%»’/&.4\‘/ (

,»5.»’7
SRR
=X O\ 2




24/35

Fig. 19
( START )
S40
N r
Enter pricrity setting data
S41
N Y
Detect particles
S42
N Y
Estimate particle distribution
S43
N Y
Set scrubbing region
S44
N
Select scrubbing member
S45
Y
Generate scrubbing recipe
546
N i
Simulate
347
N Y

Criteria for throughput and \ NO
surface evenness are OK? /

YES

-l

l S48
P

549
N Y

Scrub actually

END

Manualiy create scrubbing recipe




Fig. 20

200
P

Local polishing module

223
/

Torque data

25/35

fransmitter

270
p

600
A
Controller
601 605
e
- Torqug data
recejver
Local polishing
6/02 recipe
Polishing recipe
selection unit Recipe
modification

603 model
’ ~—

Local polishing

A

Various drives

condition modification
unit

604
/

Profile calculator




22222

Fig. 21

1= \//\//
'''''' \«w.ﬁ#

/ (“ / (“\ orea
/\\Hf X =




Fig. 22

27135

Measure film thickness

|

Determine initial polishing

851" conditions

S50 |

,1.

352/ Perform local polishing
353"/ Sense forque
Y
NO
/< Change in torque > Threshold? N
SH4 /

IYES

Modify polishing conditions

S55~




28/35

Fig. 23

S50 7 Measure film thickness
|

s51—1___ " condions
.l.

S52—f Perform local polishing
|

353_f Sense torque

854a-i’<:

First threshold = Torque = Second

threshold?

\YES
/

NO

855~

Medify polishing conditions







Fig. 25

810
/

Film thickness

30/35

Etching pattern
600 data
/
Controller
611 G612
/ Y /7

Film thickness

measurement unit

200
/

distribution estimation

Communication

Local polishing module
270
/

Various drives

271
/

Polishing recipe

unit unit
1
/
Local polishing control unit
11 20
J

Local polishing
region setting unit

12
/

Polishing head
selection unit

13
/

Polishing recipe
generator

14
/

—

Recipe generating
model

Simulation
model

Polishing
recipe

Simulator

15
/

Polishing recipe

receiver

272
/

Actual polishing

transmitter

16
/

data transmitter

Learning unit

17
/

Output unit

N







Fig. 26B




33/35

Fig. 27

Step:1

Step:2




33333

Fig. 28




35/35

Fig. 29

{ START )

S60

N r

Enter etching pattern data
S61

N y

Measure film thickness

S62

N ;

Estimate film thickness distribution
and generate contour plot

S63

N ¥

Estimate post-planarization film
thickness distribution

S64
S y
Set local pelishing region
S65
\
Select polishing head
S66
N \
Generate polishing recipe
S67
N Y
Simulate
S68
\
Criteria for throughput and \ NO
surface evenness are OK?
S69
YES P
S70 Manually create polishing recipe
Y

Polish actually

END



