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Al: Artificial Intelligence

Al

ML: Machine Learning

ML

NN: Neural Network
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Al | ML: Machine Learning
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CD: Critical Dimension
2 alitEE
AFM: Atomic Force Microscope
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Focus & Dose Line Navigator(FDLN)

Focus
shift

>

Dose shift

Exposure Dose

Measured Pattern

Is it possible to detect

the focus & dose shift from
only one mark
measurement result?



What is FDLN?

FDLN:Focus & Dose Line Navigator

Dose and Focus Correctable

e (CD, SWA, Ht, ...)=fn (Dose, Focus)

* (Dose, Focus) = fn* (CD, SWA, Ht, ...)

CD: Critical Dimension
SWA: Side Wall Angle
Ht:  Height



Measurement Sequence of FDLN
Test wafer

FEM Making

o i o
o T o o

Focus

—————5 Dose

opography Measurement for FEM
(CDs, HT, SWA) = f(Focus, Dose)

v

Model Making
ocus, Dose) = f1(CDs, HT, SWA

Production wafer

Exposure

\

pattern

n

Topography measurement for a

(CDs,, HT,, SWA,)

v

Calculation of focus(dF) and dose(dD) shift

Best Condition
(Focusy, Dose,)

(Focus,, Dose,) = f'i (CDs,, HT,, SWA))

Navigation

LL
o

—

4|

:

:
Bl
4|
dD

HT

CD

SWA



X3D — Advanced 3D AFM Metrology for 300 mm

Performance

Static Repeatability 0.33 nm
Dynamic Repeatability 0.5 nm

Throughput (5 sites) 15 wph

Minimum dense feature 90 nm

Scan direction

Flared Probe Tip
Servo direction
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Accuracy with Neural Network

=

Neural Network
I Cross-validated error

= Accuracy of FDLN
Accuracy of FDLN
Focus 18 nm
Dose 2.5%

By CD-AFM
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RelLU: Rectified Linear Unit

RelL U ReLU
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Focus

0.20
0.45
0.70
0.95
1.20
0.20
0.45
0.70
0.95
1.20
0.20
0.45
0.70
0.95
1.20
0.20
0.45
0.70
0.95
1.20
0.20
0.45

CcD

0.74
0.95
1.20
1.12
1.03
0.66
1.03
1.12
1.03
0.82
0.70
0.66
1.03
0.99
0.66
0.49
0.53
0.62
0.62
0.53
0.33
0.41

HT

0.85
1.08
1.18
1.16
1.16
0.71
0.88
1.18
1.19
1.20
0.88
0.94
1.15
1.13
1.11
0.36
0.86
1.06
1.15
1.16
0.20
0.55

SWA

0.20
0.45
0.64
0.78
1.10
0.30
0.47
0.76
0.95
1.07
0.38
0.54
0.77
0.86
1.02
0.22
0.38
0.77
0.83
1.18
0.54
0.59

Focus. ¥

0.26
0.42
0.68
0.84
1.20
0.26
0.38
0.82
1.04
1.17
0.27
0.47
0.82
0.92
1.08
0.26
0.26
0.78
0.87
1.20
0.20
.39
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Back Propagation




GRG : Generalized Reduced Gradient method
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NN: Neural Network
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SEZY4APM https://www.yukisako.xyz/entry/backpropagation

/
EENSEE A
R 12OEHICHAL, REEHELTERS
, d _ 0z du b1
\ i * = 9 ax

HAy
1L
Zhzmz/hc !
NN 1 ! :
i E=5(y-1)> 0 y=o(wim+wiin+h)
aE — a'y eyye T 3 .
y =t S =lyyyuy i
oFE 0E dY

dur — 9y  owr = (Y")(l‘)’)yuk



https://www.yukisako.xyz/entry/backpropagation

BP by VBA-1 - Excel £al —
#. T4 #2368 T B> O H5
3l —+
T E% ) 10 ] A A 2 L TR R : 2 ;lr“ o yo,
BT B I U D-na- g I EESL TR % o 48 R;,'},“l ﬁ,l HE %.Ec & - ;ﬂfﬁ . %f‘é
HwIR-F Tk BE B i RE -~
5573 - £
A B c D E F G H I 1| K | L M N | o | P Q I[=
1 27 | wmms | Azt | Az [uimma|wsnz | y#EE [e240=8 a®dE/dwll |a*0E/ 0wl? |a*dE/dw2l |a* dE/awd2 |a*dE/dbl |a*dE/db2 |axdE/db
2 =% ==| o379 o034 1217|028 o2z oas3| o7 0.016 0.022043608| 0.001662334| 0.003225369 0.038100219) 0.007278545
3 [mE =@ 0900 osco0| -13712] o010 0202 0537] 0946 0.001 0.002233988| 9.51964E-05| 0.000252987 0.002482209|  0.000470715
4 (@ = 0336 0544 1124] 0455 0245 0388 0437 0.006 -0.010204914| -0.00128768| -0.002038492 -0.026457184] -0.005251933
5 (D =] o02se) 0377 10|  0see| o254 0362 0309 0.002 -0.004113419| -0.000737278| -0.001049955 -0.014219227| -0.002903978
6 [mz #p| 0257 020| -1063| -0608] 0257 0383 0271 0.001 0.002545732| 0.000524923| 0.000721215 0.009900069]  0.002043841
7|z = 0064 o126 0o| o8| 0255 o303 o116 0.000 5 48184E-05| -5.23478E-05| -576701E-05 -0.00085273| -0.000190375
8 &% == 0321|  oa4s0| -1oe3| 0331  o02s1] o0370] 0349 0.005 -0.007291585| -0.001150954| -0.001698415 -0.022684931| -0.004586171
9 ZER T HE{FEY SHEA FRRTSA =15 0000101837 0.005158682 -0.000945806 -0.000644462 -0.000705502 -0.013731575 -0.003139356
10| wi [ -oasni -oami] — e
11| w2 | 11768123 11717 N / axde/awil [ 0I000717508] a % E/dwl2 | D.022043608 a%dE/d
12 o1 | 0938337 09376 Tropn / yi| 0177016128 yot 0.177016
13 w2 | 0900045! -0.9084 . Ve 14| 0289262042 1y 0289263
14| W2 | 104768230 10434 N / y| 0710737058 ¥ 0710737
15| w2 | 21212087 212258 o w2l| 1047682465 woz2| 21212087
16| 8741561] -8.7384 - E— 1-ul| 0771611845 1u2 0556793
17| MF 0.03 - ul[ 0228388155 w2 0.443202
18 | AF - Merit Fuction a x| 0578571429 % 0578571
19| 0483641 05785714 0.711 0.2
20| 1.0813818 09| 0.946383
21| 0.945798 03857143 0.437479 n
29 |2 @i =8 NoY11AS NIaNesT ri Q ~
| #%E | NN | BPTE @ 1 3
JF—FFERL. Enter +—FT. BEMTHEEIRLET. H - I + 85%

Scmerm

FMEEFEELET. Wb Tak [1-1]

——

v 2021/01/19

S4700 RubhAHEIEET.



BP by VBA-1 - Excel

U ETURWEREA AL TR

* | == = _ 0 P | XAt
- [P =_ - EroELtewETTs B £ ]‘ @ o
BAOAT s B I U-~ = = = | &= 3= PFESLTREET - S % %)M SiETE T-JLELT Tl ﬁ)\ HJEL% %ﬂ:

S - SEEE - AL @ & njy
Hlii-F Tk F BLE F E 7 254 ) Il

H30 - £ | 0.0384844712624471

<] ol i K L ) M a P Q J 2 T u ¥ W X L & 22 A5 AL AL Az aF AG

:' wr_u Y Oppe-Tim s 'S MAF by P I-.-

] ] T

5 i -1

& ] o

[ o &

1= am

e o \

]

]

Ll

L

]

14

15 Fors;

15

[l

18 [ - Merie Fucvicm \

] -1l

) 1.

21 LR |

] L LT '*'

i 104181 2| Y

) 2005155 Y

] - T

5 w1

n 5

| ."._

= - — e ]

= i 28w kY AR AT Xl

b = g - - ) AT -1

- = = \ Zusawwz =

2 . & - - 2 | 1

) EX = [0 .. — =

= - 12 2 i \\ — . =

¥ 4 ) €

£ B 21 5] . g
-

] [ & ——

x|= 1 ——

= -

al # ",

= "

= T

r ams

|ﬁ‘§!ﬂ*‘ﬁ | NN \ﬁl @ -



L

saEz{TOCHIEo T,
NTT7—AE3ES A7 LD,

FSh. FEZE A,

([CREHHERICIEDFUI,
%EH*L EEbJ:Lj-C;a_O







