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* Full die repeat size is 26.000mm x 33.000mm

(exactly).

* Pane A as shown is bladed to print the pattern

leaving much empty space filling in ~60% area of
die, important for etch loading control to achieve

* Only the pattern circled in orange to left is
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trenches; the rest is for line/space which does not
pattern at same conditions so is omitted for etch

present, as that is the content with holes and
loading and defectivity reasons.
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AMAGT7A pane is pattern on HARhole wafers

UL patrec cross

GDS center
(0,0)

33.000 mm

Unpatterned
26.000 mm

Photograph of HARhoIe pattern
(rough pattern between die is just reflection off
ceiling)

Pattern

UL pattern rec cross--top left corner of die

AMAG7 C60P120 grating (anchor target, 800um pad)

C64P128 grating (800um pad)

C70P140 grating (800um pad)

C70P140HEX grating (800um pad)

C64P133 grating (800um pad)

C70P145 grating (800um pad)

C70P145HEX grating (800um pad)

C80P165 Faux Memory grating (800um pad)

AMAG6 C60P120 grating (150um pad)

GDS center (cartesian coordinates)

'AMAG nanometro a2

Wafer Type

1.0 & 1.5um HAR
1.0 & 1.5um HAR

1.0um HAR
1.0um HAR
1.0um HAR
1.5um HAR
1.5um HAR
1.5um HAR

1.0 & 1.5um HAR
1.0 & 1.5um HAR

no feature

X [um]

y [um]

Tile coordinates (each tile has location in GDS)

-12920.5| 15930.7|left of A-00
-12040 12650|A-03
-12040 10900|A-05
-12040 9150|A-07

-6600 9150|G-07
-7500 10900(F-05
-7500 9150|F-07
-5690 9150(H-07
1473 1067|P-16
-12720 3633|left of A-13
0 0|~center of bottom of patterned area

1



HARhole 1.5um wafer-level CD results

This report shows the wafer-level averages and variation
for each wafer of the first lot of each HAR wafer depth.
Specific maps for each wafer including the average &
1sigma and SEM images of all-die of C60P120 and few
sites of each of the secondary targets are forthcoming
soon.

CD values convey top CD of the holes.
. For C80P165 Faux Memory, two values represent the hole nearest
trench and holes further from trench.

Lot ID: 2230DNDNO001.000

Purpose: AMAGY7, PaneA (bladed), HAR Vias, 1.5um oxide thickness. Anchor feature = C60 P120

Final CDSEM measurements (nm)
recipe = DNVA1IFAMAG7ACDU1 recipe = DNVA1IFAMAG7ACDU3 recipe = DNVA1IFAMAG7ACDU2
Slot Wi ID C60 P120 (XCH) C60 P120 C64 P133 (ACH) | C70 P145 (BCH) [ C70 P145 HEX (NCH) [C80 P165 MEM (CCH)| C80 P165 MEM (CCHZ2)
All Die (1-sigma) 11 die 11 die 11 die CD1, 11 die CD2, 11 die

1 46JAZ102SJD3 74.42 2.3 97.1 105.2 84.3 101.7 99.5
2 46JAZ101SJG4 73.60 2.2 96.7 104.8 83.4 103.2 97.0
3 46JAZ050SJD4 72.75 2.3 95.2 104.8 83.3 103.5 102.5
4 46JAZ049SIA3 70.99 2.5 93.8 103.6 81.7 99.2 101.5
5 46JAZ048SID4 72.72 1.8 95.2 104.7 83.0 104.6 101.5
6 46JAZ047SJIG5 71.24 2.2 94.0 103.1 81.8 105.4 104.6
7 46JAZ046SJC3 72.03 2.6 95.2 104.6 83.0 102.4 100.2
8 46JAZ045SIF4 70.75 1.6 93.8 104.5 81.3 96.8 100.0
9 46JAZ044SIB2 72.80 2.2 96.0 104.8 83.2 104.1 99.4
10 46JAZ043SIE3 70.71 2.3 93.9 104.6 81.3 100.0 100.4
11 46JAZ042SIAL 73.11 2.1 96.0 104.5 83.3 103.0 101.2
12 46JAZ041SID2 70.65 2.0 93.5 103.6 81.0 101.4 98.7
13 46JAZ040SJG3 72.71 2.3 95.7 105.3 83.2 104.0 104.5
14 46JAZ039SJD2 71.02 1.9 93.2 103.3 81.3 100.7 103.1
15 46JAZ038SJG3 73.41 2.3 96.5 103.8 83.7 102.1 100.9
16 46JAZ037SJC1 70.60 2.2 93.1 103.2 81.0 102.7 101.3
17 46JAZ036SJIF2 73.46 2.0 95.8 105.6 83.0 102.9 105.9
18 46JAZ035SJB0O 70.24 2.4 92.7 103.6 80.6 101.9 105.0
19 46JAZ034SJE1 72.54 2.4 94.9 103.4 82.9 104.1 106.1
20 46JAZ033SIH2 71.05 2.1 92.3 103.9 80.8 102.8 103.1
21 46JAZ032SJD0 73.24 2.1 95.9 103.7 83.5 103.6 103.3
22 46JAZ031SJG1 69.92 2.5 92.5 103.7 80.1 102.2 104.7
23 46JAZ030SJB7 74.48 2.0 96.4 106.0 84.0 102.8 NA

24 46JAZ029SJG1 69.69 2.4 92.2 103.9 79.8 98.4 NA

25 46JAZ028SJB7 76.33 2.6 98.1 104.2 85.1 104.6 105.1

AG Consul i lr



46JAZ102SJD3 (2230DNDNOO1 slot 1) Reference Data

C60P120 Anchor Target
June 2022

* All measurements in nm.

« Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full Wafer. Avg CD:|74.42|nm| Average of all individual die CD averages (25 targets/die).
target for each die, reported for each die in wafer map format, and Full wafer 1sigma CD:| 2.26 [nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
+ Average and 1sigma values are of 25 holes sampled at each site, Avg:| 2.10 |nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 2.22 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 |nm| Size of image (field-of-view).

C60P120 Anchor Target Avg CD

5 4 3 2 1 o0 1 2 3 4 5 84.00
82.00 Y-DIE
3 7800 7633 7601 7504 7588 50.00 ——>
2 8143 7620 7371 TL8I 7248 7380 7451 7599 7576 8 _ 7e00 ——2
1
1 7852 74.27 7215 7258 7322 7251 7282 7540 76.74 g £ 7500 0
0 818 7626 7219 7430 7176 7463 7333 7147 7284 7491 7526 = 7900 ——-1
i 7546 7281 7290 7144 7239 7175 7448 7223 75.16 66.00 —e—-2
64.00 —— 3
2 7810 7492 7277 7170 7101 7311 7257 7457 7522 s 43210 1 2 3 a s
3 7638 7561 7477 7370 7326 7445 76.03 Pl
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 4.00 V-DIE
3 163 094 129 18 310 oo ——:s
2 171 212 124 243 358 233 146 231 198 8 _ 20 —=—2
1 209 205 278 229 259 353 243 179 271 EE Bt (1)
0 160 171 122 229 346 18 219 232 129 172 155 = loo ——-1
1 263 074 238 328 237 227 209 112 19 0.50 ——2
2 201 330 172 326 095 313 197 307 164 5 4 -3 -2-10 1 2 3 4 s —
3 | 068 186 244 299 212 114 117 X-DIE

AMAG Consulting - I’



46JAZ102SJD3 (2230DNDNOO1 slot 1) Reference Data

C60P120 Anchor Target

June 2022
C60P120 Anchor Target

CD-SEM image wafer map

Full Wafer Avg CD:|74.42|nm
Full wafer 1sigma CD:| 2.26 |nm
Die-to-Die 1sigma
Avg:| 2.10 |nm

RMS:| 2.22 {nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting



46JAZ102SJD3 (2230DNDNOO1 slot 1) Reference Data

Secondary Targets
June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*) C80P165MEM (CCH*)

I\

Full Wafer Avg CD:|74.42|nm Full Wafer Avg CD:[ 101.7 | nm
Full wafer 1sigma CD:| 2.26 |nm Full wafer 1sigma CD:| 5.69 |nm
Die-to-Die 1sigma Die-to-Die 1 sigma
Avg:| 2.10 [nm Avg:| 0.17 | nm
RMS:| 2.22 [nm RMS:| 0.56 | nm
Ellipticity Avg:| 1.09 Ellipticity Avg:| 1.44
FOV:| 800 [nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting I]




46JAZ101S)JG4 (2230DNDNOO1 slot 2) Reference Data

C60P120 Anchor Target
June 2022

All measurements in nm.

Avg CD and 1sigma hole-to-hole variation for C60P120 anchor

target for each die, reported for each die in wafer map format, and

plotted to right.

Average and 1sigma values are of 25 holes sampled at each site,
from images on next page.
Values reported by CD-SEM as hole “Bottom CD” correspond well to

the CD of top opening of the HAR holes.

Full Wafer Avg CD:

73.60

nm

Full wafer 1sigma CD:

2.22

nm

Die-to-Die 1sigma
Avg:
RMS:

2.20

nm

2.31

nm

Ellipticity Avg:

1.09

FOV:

800

nm

Stdev of all die CD average of (25 targets/die), represents across wafer variation.

Average of all individual die CD averages (25 targets/die).

Feature-to-feature variation within grating.

Arithmetic average value of feature-to-feature variation.
RMS average value of feature-to-feature variation.
Average of ratio of major axis to minor axis.

Size of image (field-of-view).

C60P120 Anchor Target Avg CD

5 -4 3 -2 -1 0 1 2 3 4 5 85.00
3 76.44 7442 7313 7521 74.37 80.00 o
2 8007 7372 7377 7625 | 6854 7196 70.06 7347 7593 gg 75.00 " -
1 76.17 7400 7157 70.75 7180 7301 7127 70.88 73.47 2= 5000 2 o
0 8180 7335 7317 7114 7310 7598 7550 7091 73.80 7326 73.23 2 oo ——1
-1 7474 7383 7271 7372 7169 7371 7240 7259 75.36 000 o
) 7543 7525 7259 7033 7270 73.44 7261 7516 7351 5 4 -3 -2-10 1 2 3 a5 L[]
-3 7699 7320 7182 7462 72.86 7199 7361 X-DIE

C60P120 Anchor Target 1sigma CD

5 -4 3 -2 -1 0 1 2 3 4 5 4.50 V-DIE
3 307 198 173 109 178 e ——3
2 299 243 208 113 305 124 122 311 147 8 3.0 —-—2
1 183 144 143 203 176 252 228 306 192 EE 200 .
0 228 251 203 291 195 207 393 249 326 194 232 e ——-1
-1 169 330 133 152 317 120 333 287 293 0.50 —e—-2
-2 187 153 239 28 18 250 156 204 328 5 -4 -3 -2 -1 0 1 2 3 a s ——
3 194 258 181 295 226 200 043 X-DIE

AMAG Consulting o | ™
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46JAZ101S)JG4 (2230DNDNOO1 slot 2) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|73.60|nm
Full wafer 1sigma CD:| 2.22 |nm| 3
Die-to-Die 1sigma
Avg:| 2.20 |nm

RMS:| 2.31 [nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ101S)JG4 (2230DNDNOO1 slot 2) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*) C80P165MEM (CCH*)

Full Wafer Avg CD:| 103.2| nm
Full wafer 1sigma CD:| 4.51 | nm
Die-to-Die 1 sigma
Avg:| 0.69 [ nm

RMS:| 1.63 [ nm

Ellipticity Avg:| 6.28

FOV:| 1000 | nm

Full Wafer Avg CD:|73.60nm
Full wafer 1sigma CD:| 2.22 [nm
Die-to-Die 1sigma
Avg:| 2.20 |nm
RMS:| 2.31 [nm
Ellipticity Avg:| 1.09
FOV:| 800 |nm

* Coding labels for CD data results files

AMAG Consulting e I]



46JAZ050SJD4 (2230DNDNOO1 slot 3) Reference Data
C60P120 Anchor Target
June 2022

* All measurements in nm. Full Wafer Avg CD:|72.75[nm| Average of all individual die CD averages (25 targets/die).
* Avg CD and 1sigma hole-to-hole variation for C60P120 anchor - ) ) -
. o Full wafer 1sigma CD:| 2.34 [nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
target for each die, reported for each die in wafer map format, and : == T
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
« Average and 1sigma values are of 25 holes sampled at each site, Avg: 2.20 [nm| Arithmetic average value of feature-to-feature variation.
from images on next page. RMS:| 2.39 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axs.
the CD of top opening of the HAR holes. FOV:[ 800 |nm)| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 85.00
Y-DIE
3 7760 7416 7183 7219 7381 80.00 ——3
2 (8115 7390 7L03 7257 7079 7336 7177 7334 74.48 8 _ 7s.00 —-—2
1
1 7419 7258 7100 | 6897 7256 7167 69.77 7233 73.95 £E 000 .
0 7970 7277 7337 72436985 7287 7044 6989 70.32 7251 75.57 « 65.00 —4—1
1 7407 7252 7121 70.65 6924 7278 7192 70.89 73.38 o0 ——-2
-2 7592 7332 7144 7044 7112 69.64 7184 7331 76.13 -5 -4 -3 -2 -1 0 1 2 3 4 s =2
-3 76.34 7109 7271 7375 7255 72.02 75.00 Pl
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 5 v-DIE
3 076 267 128 199 151 L ——3
2 L 076 291 310 155 307 192 225 280 283 S_, 2
£ —hr—1
1 238 283 217 410 118 233 332 207 264 E" = 0
0 118 419 158 252 295 369 243 371 430 254 3.02 - n ——-1
1 200 065 38 161 130 120 081 249 099 . ——2
2 215 115 247 228 061 124 442 175 197 e 4 s 2 10 12 a4 s =3
-3 296 139 134 130 254 174 234 X-DIE

AMAG Consulting ' I'



46JAZ050SJD4 (2230DNDNOO1 slot 3) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|72.75|nm
Full wafer 1sigma CD:| 2.34 |nm| 3
Die-to-Die 1sigma
Avg:| 2.20 |nm

RMS:| 2.39 [nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ050SJD4 (2230DNDNOO1 slot 3) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets

C60P120 (XCH*) C64P133 (ACH¥*) C70P145 (BCH*) C70P145HEX (NcH*) C80P165MEM (CCH*)

Full Wafer Avg CD:|72.75[nm
Full wafer 1sigma CD:| 2.34 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:| 103.5| nm
Full wafer 1sigma CD:| 3.29 | nm
Die-to-Die 1 sigma

Avg:| 2.20 |nm Avg:[ 2.05 | nm

RMS:| 2.39 |nm RMS:| 3.84 [nm
Ellipticity Avg:| 1.09 Ellipticity Avg:| 1.52

FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting e I]




46JAZ049SJA3 (2230DNDNOO1 slot 4) Reference Data .I

C60P120 Anchor Target
June 2022 ..
* All measurements in nm.
+ Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full Wafer Avg CD:|70.99nm| Average of all individual die CD averages (25 targets/die).
target for each die, reported for each die in wafer map format, and Full wafer 1sigma CD:| 2.54 |nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
+ Average and 1sigma values are of 25 holes sampled at each site, Avg:| 2.28 |nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 2.53 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 |nm| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 85.00
Y-DI
3 74.68 7274 7154 7238 7170 80.00 —oD—Es
2 (7760 7254 7035 7105 6861 7007 69.65 711l 74.26 8 _ 7500 ~ —=—2
1 7351 7156 67.60 69.70 66.95 68.70 69.62 71.09 73.13 % = 70.00 - ;
0 7418 7118 67.34 6773 7226 7019 7016 6998 7125 73.08 = oo ———1
1 7434 7107 7045 | 6345 7001 67.85 6948 70.66 72.69 ——-2
60.00 —_——3
-2 75.84 70.00 68.86 6891 6847 6841 6831 7247 72.54 -5 -4 -3 -2 -1 0 1 2 3 4 5
3 7239 7274 69.92 70.69 69.63 7133 72.78 XDIE
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 8.00 V-DIE
3 | 076 267 128 199 151 7.00 p—
2 076 291 310 15 307 192 225 280 283 8 _ s.oo0 —=—2
1 238 283 217 410 118 233 332 207 264 EE o ;
0 118 419 158 252 295 369 243 371 430 254 302 - 2.00 ——-1
1 200 065 38 161 130 120 249 099 2.00 ' ——-2
2 215 115 247 228 061 124 175 197 5 a4 3 2 10 1 2 3 a4 s ——
-3 296 139 134 130 254 174 234 X-DIE

AMAG Consulting I]



46JAZ049SJA3 (2230DNDNOO1 slot 4) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:{70.99|nm
Full wafer 1sigma CD:| 2.54 [nm
Die-to-Die 1sigma
Avg:| 2.28 |nm

RMS:| 2.53 [nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ049SJA3 (2230DNDNOO1 slot 4) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH¥) C70P145 (BCH*) C70P145HEX (NCH*) C80P165MEM (CCH*)

Full Wafer Avg CD:|70.99 |nm
Full wafer 1sigma CD:| 2.54 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:| 99.2 | nm
Full wafer 1sigma CD:| 4.91 | nm
Die-to-Die 1 sigma

Avg:| 2.28 |nm Avg:| 1.81 [ nm

RMS:| 2.53 |nm RMS:| 3.44 |nm
Ellipticity Avg:| 1.09 Ellipticity Avg:| 1.54

FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting e I]




46JAZ048SJD4 (2230DNDNOO1 slot 5) Reference Data

C60P120 Anchor Target
June 2022

* All measurements in nm.
« Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full Wafer Avg CD:|72.72|nm| Average of all individual die CD averages (25 targets/die).

target for each die, reported for each die in wafer map format, and Full wafer 1sigma CD:| 1.82 [nm)| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
* Average and 1sigma values are of 25 holes sampled at each site, Avg:| 2.35 |nm| Arithmeticaverage value of feature-to-feature variation.

from images on next page. RMS:| 2.58 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.

the CD of top opening of the HAR holes. FOV:| 800 |nm| Size of image (field-of-view).

C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 80.00
3 7340 7253 7115 7293 7255 e ——
2 7827 7381 7237 7334 7097 71.60 7084 7319 75.21 g_ 74.00 —=—2
1 75.27 7288 | 69.82 69.97 7296 7221 718 7150 74.18 g & 720 .
0 7891 7340 7357 7318 7224 7459 7205 7297 7110 7254 73.93 ®  68.00 —4—1
-1 7545 7115 71.04 7221 7483 7293 7160 7174 71.36 22'23 —e—-2
2 7425 6988 7170 7453 7093 70.80 | 69.47 7160 74.23 s a3 210 1 2 3 a4 5 L2
-3 7434 7377 7196 73.07 7115 7241 73.10 X-DIE
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 6.00 V-DIE

3 294 134 086 188 3.38 5.00 ——3
2 1050 119 194 189 172 273 141 138 344 8 400 —-—2
1 117 126 516 207 097 120 38 275 271 EE =00 :
0 251 200 28 239 415 38 309 360 206 191 157 < 200 ——1
1 284 450 180 312 294 248 19 092 242 100 ——-2
-2 091 415 190 416 208 251 514 110 1.60 s .4 -3 -2 -1 0 1 2 3 a s ———
-3 174 176 307 170 232 137 223 X-DIE

AMAG Consulting - I’



46JAZ048SJD4 (2230DNDNOO1 slot 5) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|72.72|nm
Full wafer 1sigma CD:| 1.82 |nm|
Die-to-Die 1sigma
Avg:| 2.35 |nm

RMS:| 2.58 [nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ048SJD4 (2230DNDNOO1 slot 5) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*) C80P165MEM (CCH*)

Full Wafer Avg CD:|72.72nm

Full wafer 1sigma CD:| 1.82 [nm

Die-to-Die 1sigma

Avg:| 2.35 |nm

RMS:| 2.58 |nm

Ellipticity Avg:| 1.09

FOV:| 800 |nm

Full Wafer Avg CD:

104.6

m

Full wafer 1sigma CD:

4.68

nm

Die-to-Die 1 sigma

Avg:
RMS:

3.75

nm

6.13

nm

Ellipticity Avg:

141

FOV:

1000

m

* Coding labels for CD data results files

AMAG Consulting
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46JAZ047S)G5 (2230DNDNOO1 slot 6) Reference Data

C60P120 Anchor Target
June 2022

* All measurements in nm.

+ Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full Wafer Avg CD:|71.24nm| Average of all individual die CD averages (25 targets/die).

target for each die, reported for each die in wafer map format, and Full wafer 1sigma CD:| 2.17 [nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.

plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
+ Average and 1sigma values are of 25 holes sampled at each site, Avg:| 2.19 |nM)| Arithmeticaverage value of feature-to-feature variation.

from images on next page. RMS:| 2.37 [nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.

the CD of top opening of the HAR holes. FOV:| 800 [nmj size of image (field-of-view).

C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 80.00

3 7523 7360 70.32 7247 7211 . R
2 7806 7277 6843 7087 69.44 6940 69.62 69.94 70.85 8 _ —-—2
1 7264 7168 69.48 69.93 69.20 6895 7L71 7132 70.88 g & 700 .
0 7855 7327 7045 71.07 7027 7118 7059 70.49 7021 73.26 68.94 € 6s5.00 ——1
1 7244 7111 7203 69.65 68.89 6931 7141 6891 73.02 000 —e—-2
2 7545 6060 7225 68.27 69.82 69.60 6695 73.36 7261 s 43 210 1 2 3 a5 2
-3 7437 7122 7086 7128 7030 7141 7197 X-DIE

C60P120 Anchor Target 1sigma CD
5 4 3 2 1 0 1 2 3 4 5 6.00 vDIE

3 171 204 125 263 0853 5.00 ——s
2 279 142 112 229 287 127 244 207 101 8 _ 400 —-—2
1 291 074 098 106 235 28 114 138 227 E E 300 :
0 228 221 183 223 112 347 299 304 218 315 188 < 200 ——1
1 18 173 147 208 315 336 300 102 111 oo ——-2
2 226 236 123 331 195 289 568 205 267 5 .4 -3 -2 -1 0 1 2 3 a4 s —
-3 325 285 228 373 123 250 281 X-DIE

AMAG Consulting - I’



46JAZ047S)G5 (2230DNDNOO1 slot 6) Reference Data
C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|71.24|nm| 3
Full wafer 1sigma CD:| 2.17 |nm
Die-to-Die 1sigma
Avg:| 2.19 |nm

RMS:| 2.37 [nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ047S)G5 (2230DNDNOO1 slot 6) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NcH*) C80P165MEM (ccH*)

Full Wafer Avg CD:|71.24|nm Full Wafer Avg CD:[105.4| nm
Full wafer 1sigma CD:| 2.17 [nm Full wafer 1sigma CD:| 3.88 | nm
Die-to-Die 1sigma Die-to-Die 1 sigma
Avg:[ 2.19 |nm Avg:| 0.71 [nm
RMS:| 2.37 |nm RMS:| 1.45 | nm
Ellipticity Avg:| 1.09 Ellipticity Avg:| 1.56
FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting e I]



46JAZ046SJC3 (2230DNDNOO1 slot 7) Reference Data

C60P120 Anchor Target
June 2022

* All measurements in nm.

- Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full Wafer. Avg CD:|72.03|nm| Average of all individual die CD averages (25 targets/die).
target for each die, reported for each die in wafer map format, and Full wafer 1sigma CD:| 2.56 |nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
o Average and 1sigma values are of 25 holes sampled at each site, Avg: 2.22 |nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 2.37 |[nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:[ 800 |nm| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 85.00
3 73.63 7279 7357 7395 73.05 80.00 1:1'53
2 79.52 76.55 7217 7114 7114 7098 7255 75.39 75.00 ‘2 —. 75.00 w2
1 7474 7348 7116 69.69 71.84 70.84 69.19 7041 72.94 % £ 70.00 c ;
0 [ 8150 7415 7052 7215 70.11 68.61 68.81 6891 70.77 7257 73.62 @ 65.00 —t—-1
-1 7398 7055 69.71 69.94 6959 g- 7082 73.74 oo o
-2 7441 7154 70.89 7129 @ 68.68 69.87 7359 74.62 -5 -4 -3 -2 -1 0 1 2 3 4 5
-3 73.69 7101 7098 7059 70.17 71.03 73.03 X-DIE
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 6.00 V-DIE
3 375 108 264 300 184 5.00 ——3
2 110 100 250 178 226 322 169 143 170 S 400 —=—2
1 219 172 338 290 354 247 18 325 153 EE =00 ;
0 137 109 200 086 149 177 325 393 19 18 211 S 200 1
1 259 174 253 249 222 316 511 19 235 oo ——-2
-2 194 136 212 214 283 167 353 315 168 5 .4 -3 -2 -1 0 1 2 3 a4 s —
-3 210 210 298] 109 106 154 200 X-DIE

AMAG Consulting - I’



46JAZ046SJC3 (2230DNDNOO1 slot 7) Reference Data
C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|72.03|nm
Full wafer 1sigma CD:| 2.56 |nm| s
Die-to-Die 1sigma
Avg:| 2.22 |nm

RMS:| 2.37 [nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ046SJC3 (2230DNDNOO1 slot 7) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*)  C80P165MEM (CCH*)

Full Wafer Avg CD:|72.03|nm
Full wafer 1sigma CD:| 2.56 |nm
Die-to-Die 1sigma

Full Wafer Avg CD:{102.4| nm
Full wafer 1sigma CD:| 6.27 | nm
Die-to-Die 1 sigma

Avg:| 2.22 |nm Avg:| 1.04 [nm

RMS:| 2.37 |nm RMS:| 2.52 | nm
Ellipticity Avg:| 1.09 Ellipticity Avg:| 1.54

FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting I]




46JAZ045SJF4 (2230DNDNOO1 slot 8) Reference Data

C60P120 Anchor Target
June 2022

* All measurements in nm.

* Avg CD and 1sigma hole-to-hole variation for C60P120 anchor
target for each die, reported for each die in wafer map format, and
plotted to right.

* Average and 1sigma values are of 25 holes sampled at each site,
from images on next page.

Full Wafer Avg CD:|70.75[nm| Average of all individual die CD averages (25 targets/die).

Full wafer 1sigma CD:| 1.64 [nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.

Die-to-Die 1sigma Feature-to-feature variation within grating.
Avg:[ 2.09 [nm| Arithmeticaverage value of feature-to-feature variation.
RMS:| 2.22 [nm| RMS average value of feature-to-feature variation.

* Values reported by CD-SEM as hole “Bottom CD” correspond well to ey A LY Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 |nm| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 78.00
76.00 Y-DIE
3 7107 7162 7040 7123 69.29 74.00 ——s
S 72.00
2 (7691 7190 7121 6932 69.28 7094 69.80 70.79 7185 S _ 7200 2 =2
1 7172 7082 7065 69.38 6882 7112 7281 7115 7257 £ £ es.00 ;
66.00
0 7515 7132 6957 6973 69.77 70.38 7040 69.07 69.33 7083 7190 = —v—-1
1 7206 70.75 | 6691 7102 6885 6901 7291 7153 7172 62.00 —e—-2
60.00 —_——3
2 7077 6928 69.48 7060 6854 69.62 7050 7258 72.16 s -4 -3 -2 -1 0 1 2 3 a s
-3 70.51 7251 68.70 69.07 7042 68.89 72.67 X-DIE
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 :.(5)8 V-DIE
3 214 229 18 172 217 400 p—
2 149 322 239 275 298 301 084 134 187 g _ 3200 —-—2
1 244 170 136 189 165 289 215 339 245 £E oo 4 .
0 278 374 093 130 307 253 214 162 261 176 134 = 1eo ——-1
1 175 167 259 | 094 150 o 212 0.50 ——-2
2 295 336 322 235 178 197 | 094 s a3 -2-10 1 2 3 a s ——
3 127 187 18 258 126  2.60 X-DIE

AMAG Consulting I]



46JAZ045SJF4 (2230DNDNOO1 slot 8) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|70.75|nm
Full wafer 1sigma CD:| 1.64 |nm| s
Die-to-Die 1sigma
Avg:| 2.09 |nm

RMS:| 2.22 {nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ045SJF4 (2230DNDNOO1 slot 8) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*)  C80P165MEM (CCH*)

Full Wafer Avg CD:| 96.7 | nm
Full wafer 1sigma CD:| 5.36 | nm
Die-to-Die 1 sigma
Avg:| 0.85 |nm

RMS:| 1.91 | nm

Ellipticity Avg:| 1.45

FOV:| 1000 | nm

Full Wafer Avg CD:|70.75|nm
Full wafer 1sigma CD:| 1.64 |nm
Die-to-Die 1sigma
Avg:| 2.09 |nm
RMS:| 2.22 |nm
Ellipticity Avg:| 1.09
FOV:| 800 |nm

* Coding labels for CD data results files

AMAG Consulting e I]



46JAZ044S)B2 (2230DNDNOO1 slot 9) Reference Data

C60P120 Anchor Target
June 2022

* All measurements in nm.

« Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full Wafer Avg CD:|72.80(nm| Average of all individual die CD averages (25 targets/die).
target for each die, reported for each die in wafer map format, and Full wafer 1sigma CD:| 2.23 |nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
* Average and 1sigma values are of 25 holes sampled at each site, Avg:[ 2.14 |nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 2.32 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 [nm| size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 82.00
80.00 Y-DIE
3 7441 7330 7247 73.80 74.49 78.00 ——3
a 76.00
2 79.26 7589 7351 7276 7023 7186 7200 7116 74.30 g — 74.00 2
s E 72.00 1
1 7635 7123 7174 6862 7242 6959 70.08 7142 74.03 g5 J500 o
07943 7257 7328 7046 7116 70.75 7205 7064 7406 7391 7332 = o ——-1
=i 7523  69.76 6959 70.78 7188 7118 7277 7342 72.63 64.00 2
62.00 ——3
-2 75.35 72.68 7311 7208 7131 7035 73.06 7321 77.33 -5 -4 -3 -2 -1 0 1 2 3 4 5
3 76.04 7394 7359 7389 69.52 7188 74.03 Pl
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 6.00 Y-DIE
3 125 243 163 188 169 5.00 ——3
2 1757 1.03 203 214 130 28 242 274 184 g _ 400 2
1 262 185 192 535 317 347 192 240 357 EE 30 ;
0 269 293 123 156 221 265 439 223 263 144 166 - izz ——-1
-1 142 320 425 224 194 337 128 158 207 . i ——-2
-2 203 153 115 239 226 152 152 164 147 -5 -4 -3 -2 -1 0 1 2 3 4 5 =
3 15 281 165 189 097 096 085 X-DIE

AMAG Consulting | i Ir



46JAZ044S)B2 (2230DNDNOO1 slot 9) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|72.80|nm
Full wafer 1sigma CD:| 2.23 |nm| 3
Die-to-Die 1sigma
Avg:| 2.14 |nm

RMS:| 2.32 [nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ044S)B2 (2230DNDNOO1 slot 9) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*)  C80P165MEM (CCH*)

Full Wafer Avg CD:|72.80|nm
Full wafer 1sigma CD:| 2.23 [nm
Die-to-Die 1sigma
Avg:| 2.14 |nm

RMS:| 2.32 [nm

Ellipticity Avg:| 1.09

FOV:| 800 |nm

Full Wafer Avg CD:| 104.1| nm

Full wafer 1sigma CD:| 5.24 [nm

Die-to-Die 1 sigma

Avg:| 1.16 |nm

RMS:| 3.48 | nm

Ellipticity Avg:| 1.44

FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting

1



46JAZ043SJE3 (2230DNDNOO1 slot 10) Reference Data

C60P120 Anchor Target
June 2022

* All measurements in nm.
* Avg CD and 1sigma hole-to-hole variation for C60P120 anchor
target for each die, reported for each die in wafer map format, and

Full Wafer Avg CD:[70.71[nm| Average of all individual die CD averages (25 targets/die).

Full wafer 1sigma CD:| 2.25 |[nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.

plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
. Average and 1sigma values are of 25 holes sampled at each site Avg: 2.11 |nm| Arithmetic average value of feature-to-feature variation.
from images on next page. ’ RMS:| 2.27 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:[ 800 [nm)| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 80.00
Y-DIE
3 7530 7152 70.13 71.07 7251 75.00 —o—3
2 76.93 73.00 68.89 6899 69.12 69.93 7134 70.80 72.76 g = 70-00 -2
T 1
1 7470 70.56 68.77 70.46 67.80 67.90 67.79 70.69 71.03 % £ 6500 o
0 [ 77.32 7239 7137 7145 6744 6947 7050 | 65,75 68.94 7113 74.18 c0.00 ——1
-1 7121 70.98 69.96 68.99 69.27 70.05 69.15 6750 71.85 ——-2
55.00 ——3
-2 7443 7110 7046 69.43 6835 68.16 7049 69.48 72.23 -5 -4 -3 -2 -1 0 1 2 3 4 5
-3 7314 7092 7005 71.07 69.20 69.82 72.50 X-DIe

C60P120 Anchor Target 1sigma CD

5 4 3 2 - 0 1 2 3 4 5 6.00 DI
3 123 210 209 090 1.83 5.00 ——3
2 218 254 305 233 187 210 231 005 205 g _ oo —=—2
1 096 335 18 237 130 098 130 203 126 E E 300 ;
0 215 230 174 245 086 252 546 360 250 235 113 = 200 —— 1
1 117 285 122 295 218 270 247 161 278 100 ——-
-2 180 258 164 304 219 250 237 390 173 5 .4 -3 -2 -1 0 1 2 3 a s ———
-3 091 159 154 163 197 259 271 X-DIE

AMAG Consulting | i Ir



46JAZ043SJE3 (2230DNDNOO1 slot 10) Reference Data
C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|70.71 [nm
Full wafer 1sigma CD:| 2.25 |nm| 3
Die-to-Die 1sigma
Avg:| 2.11 |nm

RMS:| 2.27 |nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ043SJE3 (2230DNDNOO1 slot 10) Reference Data

Secondary Targets
June 2022
Anchor Target Secondary Targets

C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*) C80P165MEM (CCH*)

Full Wafer Avg CD:|70.71[nm
Full wafer 1sigma CD:| 2.25 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:| 100.9| nm
Full wafer 1sigma CD:| 5.53 | nm
Die-to-Die 1 sigma

Avg:| 2.11 [nm Avg:| 1.82 | nm

RMS:| 2.27 |nm RMS:| 3.97 | nm
Ellipticity Avg:| 1.09 Ellipticity Avg:| 1.57

FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting iy II




46JAZ042SJA1 (2230DNDNOO1 slot 11) Reference Data .I

C60P120 Anchor Target
June 2022 [ ] .
* Al measurem(?nts innm. o Full Wafer Avg CD:[73.11|nm| Average of all individual die CD averages (25 targets/die).
» Avg CDand 1S|ng1a hole-to-hole varlatu')n'for C60P120 anchor Full wafer 1sigma CD:| 2.05 |nm)| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
target for each die, reported for each die in wafer map format, and : : : o _
plotted to right. Die-to-Die 1s|gma Feature-to-feature variation within grating.
« Average and 1sigma values are of 25 holes sampled at each site, Avg: 2.12 Inm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:[ 2.29 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 [nm| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 80.00
. Y-DIE
3 7465 7399 7152 7256 7445 Je.00 s
(o] 74.00 ~
2 7829 7530 7362 7L71 | 6790 7239 7288 7239 74.49 B _ Tae ; =
1 7628 7232 7061 69.57 7488 69.80 7101 7270 7178 £ = 70.00 v o
68.00
0 [ 79.07 7439 7208 7156 7310 7112 7494 7220 7249 75.97 73.80 @ 66.00 —t— -1
-1 75.02 7358 74.00 7381 7534 70.25 69.80 7227 73.95 64.00 -2
62.00 —_——3
-2 7425 7457 7342 7488 7106 7292 7021 7387 73.48 -5 -4 -3 -2 -1 0 1 2 3 4 5
-3 7374 7514 7116 7214 1274 1174 7448 XDIE

C60P120 Anchor Target 1sigma CD

-5 -4 -3 -2 -1 0 1 2 3 4 5 7.00 V-DIE
3 168 079 185 155 1.89 6.00 ——>3
2 106 140 199 185 600 192 153 197 252 8 _ o —-—2
1 175 085 286 213 265 422 258 300 240 EE 500 ;
0 212 161 290 273 123 272 249 221 140 214 188 S 200 ——-1
-l 225 175 124 183 227 174 326 134 152 1.00 = —.—-2
-2 206 189 189 324 142 297 323 157 3.06 s .4 -3 -2 -1 0 1 2 3 a s ———
-3 245 272 191 106 078 222 169 X-DIE

AMAG Consulting - I’



46JAZ042SJA1 (2230DNDNOO1 slot 11) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

-5 -4 -3 -2 -1 0 1 2 3 4 5

Full Wafer Avg CD:|73.11 [nm
Full wafer 1sigma CD:| 2.05 |nm| 3
Die-to-Die 1sigma
Avg:| 2.12 |nm

RMS:| 2.29 |nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting | i Ir



46JAZ042SJA1 (2230DNDNOO1 slot 11) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH¥) C70P145 (BCH*) C70P145HEX (NCH*) C80P165MEM (CCH¥)

Full Wafer Avg CD:|73.11nm
Full wafer 1sigma CD:| 2.05 [nm
Die-to-Die 1sigma
Avg:| 2.12 |nm

Full Wafer Avg CD:| 103.0{ nm
Full wafer 1sigma CD:| 5.19 | nm
Die-to-Die 1 sigma

Avg:| 1.10 [nm

RMS:| 2.29 |nm RMS:| 2.49 |nm
Ellipticity Avg:| 1.09 Ellipticity Avg:| 1.30

FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting I]




46JAZ041SJD2 (2230DNDNOO1 slot 12) Reference Data .I

C60P120 Anchor Target
June 2022 [ ] .
* All measurements in nm.
+ Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full Wafer Avg CD:[70.65|nm| Average of all individual die CD averages (25 targets/die).
target for each diel reported for each die in wafer map format’ and Full wafer 1sigma CD:| 2.02 |nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
* Average and 1sigma values are of 25 holes sampled at each site, Avg:[ 1.91 [nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 2.06 [nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 |nm| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 80.00
78.00 Y-DIE
8 7281 7249 7151 7274 70091 76.00 \ ——3
2 | 7768 7223 69.65 60.33 6860 6041 6885 7025 7234 8 _ 7200 W —-—
1
1 7476 7038 | 67.45 67.18 6839 69.94 | 67.78 7158 7.9 2= 7000 ; ;
0 7703 7145 7322 69.01 69.96 70.40 69.92 7118 69.03 69.88 72.90 =g ——-1
-1 7240 68.33 68.66 6899 70.13 70.01 6821 70.65 69.75 62.00 ——-2
60.00 e -3
-2 7251 7049 70.18 69.34 69.78 68.80 68.96 69.92 72.16 -5 -4 -3 -2 -1 0 1 2 3 4 5
3 7222 70.95 7080 7045 6946 7150 7115 X-DIE

C60P120 Anchor Target 1sigma CD

-5 -4 -3 -2 -1 0 1 2 3 4 5 6.00 V-DIE
3 213 098 169 220 154 5.00 —
2 184 080 255 110 15 131 135 179 221 8 400 —=—2
1 L 076 188 103 497 114 25 270 18 169 E E 300 :
0 124 18 163 321 224 290 294 163 068 145 208 S 200 ———a
-1 173 108 211 194 223 161 326 149 284 100 ——-2
2 135 208 234 204 115 255 304| 065 237 C s 4 3 2 10 12 3 a4 s B
3 255 197 135 309 143 197 090 X-DIE

AMAG Consulting ' I'



46JAZ041SJD2 (2230DNDNOO1 slot 12) Reference Data
C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|70.65|nm
Full wafer 1sigma CD:| 2.02 |nm| ,
Die-to-Die 1sigma
Avg:| 1.91 |nm

RMS:| 2.06 [nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ041SJD2 (2230DNDNOO1 slot 12) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH¥) C70P145 (BCH*) C70P145HEX (NCH*)  C80P165MEM (CCH*)

Full Wafer Avg CD:|70.65[nm
Full wafer 1sigma CD:| 2.02 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:| 101.4 | nm
Full wafer 1sigma CD:| 3.84 | nm
Die-to-Die 1 sigma

Avg:| 1.91 |nm Avg:| 2.04 [nm

RMS:| 2.06 |nm RMS:| 2.91 |nm
Ellipticity Avg:| 1.09 Ellipticity Avg:| 1.38

FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting I]




46JAZ040SJG3 (2230DNDNOO1 slot 13) Reference Data

C60P120 Anchor Target
June 2022

- Al measurem?nts innm. L Full Wafer Avg CD:|72.71|nm| Average of all individual die CD averages (25 targets/die).

* Avg CD and 1sigma hole-to-hole variation for C60P120 anchor - ) ) o
target for each die, reported for each die in wafer map format, and Full wafer 1sigma CD:| 2.33 |nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
plotted to right I ' Die-to-Die 1sigma Feature-to-feature variation within grating.

* Average and 1sigma values are of 25 holes sampled at each site, Avg:| 2.20 |nm| Arithmetic average value of feature-to-feature variation.
from images on next page. RMS:| 2.40 [nm| RMS average value of feature-to-feature variation.

* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 [nm| Size of image (field-of-view).

C60P120 Anchor Target Avg CD

5 4 3 2 4 0 1 2 3 4 5 85.00
3 7523 7621 7294 7352 74.90 80.00 e
2 79.77 7425 7206 7275 69.72 7122 69.97 72.67 74.03 S _ 75.00 —.—2
1 7559 7272 7186 7080 73.06 70.75 7119 7247 T73.77 2 £ oo 3
0 7981 7534 7187 7164 7143 7039 7057 7133 7067 7159 75.16 C a0 —— 1
-1 7594 7248 7098 69.93 7261 7404 7020 72.33 73.40 co.00 __'.:i
-2 7644 7369 7075 7327 | 67.04 7025 7010 7438 73.43 -5 -4 -3 -2 -1 0 1 2 3 a s
-3 7561 72.80 7228 70.87 7058 7295 72.43 X-DIE
C60P120 Anchor Target 1sigma CD

-5 -4 -3 -2 -1 0 1 2 3 4 5 7.00 V-DIE
3 201 178 319 181 182 6.00 ——3
2 157 222 154 218 284 094 242 253 226 8 _ jgs —-—2
1 150 206 350 196 153 343 108 242 106 £E 50 (1,
0 199 311 276 115 349 548 168 201 202 249 189 < 2.00 V. —— 1
-1 260 105 230 278 198 184 309 160 155 1.00 —.—-2
2 111 277 111 249 129 273 310| 083 3.00 s 43 2 10 12 3 oas —3
3 082 144 193 159 600 172 311 X-DIE

AMAG Consulting - I’



46JAZ040SJG3 (2230DNDNOO1 slot 13) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|72.71|nm
Full wafer 1sigma CD:| 2.33 |nm|
Die-to-Die 1sigma
Avg:| 2.20 |nm

RMS:| 2.40 (nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ040SJG3 (2230DNDNOO1 slot 13) Reference Data

Secondary Targets
June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*)  C80P165MEM (CCH*)

Full Wafer Avg CD:|72.71|nm
Full wafer 1sigma CD:| 2.33 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:| 104.0{ nm
Full wafer 1sigma CD:| 4.72 [nm
Die-to-Die 1 sigma

Avg:| 2.20 |nm Avg:| 0.74 [ nm

RMS:| 2.40 |nm RMS:| 1.82 | nm
Ellipticity Avg:| 1.09 Ellipticity Avg:| 1.34

FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting I]




46JAZ039SJD2 (2230DNDNOO1 slot 14) Reference Data

C60P120 Anchor Target
June 2022

- Al measurem?nts in nm. L Full Wafer Avg CD:[71.02|nm)| Average of all individual die CD averages (25 targets/die).
» Avg CD and 1SIng1a hole-to-hole Varlatl(,)n.for C60P120 anchor Full wafer 1sigma CD:| 1.89 |nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
target for each die, reported for each die in wafer map format, and - =
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
+ Average and 1sigma values are of 25 holes sampled at each site, Avg:| 2.11 |nm| Arithmetic average value of feature-to-feature variation.
from images on next page. RMS:| 2.27 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 [nm)| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 ® 78.00
76.00 Y-DIE
3 73.77 7238 7059 70.61 72.27 400 ——3
2 75.10 70.82 72.08 70.98 70.18 70.06 70.87 72.42 7467 ‘2 . 72.00 \ 2
1 7268 7042 7002 6810 69.02 6921 69.98 70.29 72.03 g E 70 .
0 7666 7135 6952 69.18 69.69 7238 7278 73.61 70.74 6944 73.10 @ 66.00 —4—-1
1l 69.87 70.85 | 68.20 70.95 70.74 | 67.43 7091 69.50 70.40 64.00 -
-2 7425 69.29 7034 7117 | 67.95 69.56 68.37 71.31 73.19 -5 -4 -3 -2 -1 0 1 2 3 4 5
-3 7276 7093 7097 69.20 69.16 72.74 73.35 X-DIE

C60P120 Anchor Target 1sigma CD

-5 -4 -3 -2 -1 0 1 2 3 4 5 5.00 V-DIE

3 197 202 225 153 142 4.00 ——3
2 367 244 362 320 147 217 153 260 205 8 _ s00 —=—2
1 168 163 241 275 151 299 133 325 137 EE ., .
0 239 221 098 077 122 254| 440 125 207 093 278 T e —e—-1
1 182 125 318 216 451 193 194 255 084 —o—-2
2 241 242 166 201 115 293 218 257 257 s 43210 1 2 3 a s —
3 198 148 147 317 121 222 060 X-DIE

AMAG Consulting | i Ir



46JAZ039SJD2 (2230DNDNOO1 slot 14) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|71.02|nm
Full wafer 1sigma CD:| 1.89 |nm|
Die-to-Die 1sigma
Avg:| 2.11 |nm

RMS:| 2.27 [nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ039SJD2 (2230DNDNOO1 slot 14) Reference Data

Secondary Targets
June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*)  C80P165MEM (CCH*)

Full Wafer Avg CD:{100.7 | nm
Full wafer 1sigma CD:| 5.43 | nm
Die-to-Die 1 sigma
Avg:| 1.17 [nm
RMS:| 2.47 [nm
Ellipticity Avg:| 1.49
FOV:| 1000 | nm

Full Wafer Avg CD:|71.02|nm
Full wafer 1sigma CD:| 1.89 [nm
Die-to-Die 1sigma
Avg:| 2.11 |nm

RMS:| 2.27 |nm

Ellipticity Avg:| 1.09

FOV:| 800 |nm

* Coding labels for CD data results files

AMAG Consulting e I]



46JAZ038SJG3 (2230DNDNOO1 slot 15) Reference Data

C60P120 Anchor Target
June 2022

* All measurements in nm.

« Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full Wafer Avg CD:|73.41 [nm| Average of all individual die CD averages (25 targets/die).
target for each die, reported for each die in wafer map format, and Full wafer 1sigma CD:| 2.30 [nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
 Average and 1sigma values are of 25 holes sampled at each site, Avg:[ 2.09 [nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 2.41 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 [nm| size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 85.00
3 78.00 73.12 7154 7468 73.65 80.00 —YﬂEs
2 80.26 73.61 73.64 7119 70.34 7150 7218 7442 7581 ‘2 —. 75.00 5 w2
1 7476 7289 7321 69.88 7327 7263 7023 7253 75.49 % £ 70.00 R cl,
0 7494 7437 7171 7185 7331 7190 7226 7416 7442 75.06 « 65.00 ——-1
-1 7357 7457 70.89 7316 7288 7378 7165 7283 74.18 60.00 :.‘__ z
-2 7742 7518 7348 7238 7111 - 7248 7319 77.50 -5 -4 -3 -2 -1 0 1 2 3 4 5
-3 7544 7299 7263 7144 7199 7165 7354 XPIE
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 9.00 V-DIE
3 160 197 [ 041 08 284 300 ——3
2 294 276 273 221 175 248 165 321 227 8 6.00 —=—2
1 117 251 148 339 284 071 22 190 317 é E 3133 (1)
0 134 18 087 08 48 153 139 060 237 394 228 s 30 ——-1
1 222 153 133 045 246 125 233 277 284 1.00 / ——-2
2 141 377 231 157 098 812 236 240 144 s a3 210 1 2 3 a s B ——
-3 267 163 109 088 153 195 1.07 X-DIE

AMAG Consulting . I]



46JAZ038SJG3 (2230DNDNOO1 slot 15) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|73.41|nm
Full wafer 1sigma CD:| 2.30 |nm
Die-to-Die 1sigma
Avg:| 2.09 |nm

RMS:| 2.41 {nm

Ellipticity Avg:| 1.09 2

FOV:| 800 [nm

AMAG Consulting | i Ir



46JAZ038SJG3 (2230DNDNOO1 slot 15) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH¥) C70P145 (BCH*) C70P145HEX (NCH*) C80P165MEM (CCH*)

Full Wafer Avg CD:{102.1| nm
Full wafer 1sigma CD:| 2.38 | nm
Die-to-Die 1 sigma
Avg:| 1.11 [nm

RMS:| 3.70 [nm

Ellipticity Avg:| 1.52

FOV:| 1000 | nm

Full Wafer Avg CD:|73.41|nm
Full wafer 1sigma CD:| 2.30 [nm
Die-to-Die 1sigma
Avg:| 2.09 |nm
RMS:| 2.41 |nm
Ellipticity Avg:| 1.09
FOV:| 800 |nm

* Coding labels for CD data results files

AMAG Consulting I]




46JAZ037SJC1 (2230DNDNOO1 slot 16) Reference Data

C60P120 Anchor Target
June 2022

* All measurements in nm.
* Avg CD and 1sigma hole-to-hole variation for C60P120 anchor
target for each die, reported for each die in wafer map format, and

Full Wafer Avg CD:|70.60(nm| Average of all individual die CD averages (25 targets/die).

Full wafer 1sigma CD:| 2.22 |nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.

plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
. Average and 1sigma values are of 25 holes sampled at each site Avg: 2.15 |nm| Arithmetic average value of feature-to-feature variation.
from images on next page. ’ RMS:| 2.31 |nm| RMS average value of feature-to-feature variation.
« Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.10 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 |nm| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 80.00
Y-DIE
3 7351 71.40 7106 7244 70097 75.00 ——3
2 7723 7228 71.64 70.91 69.84 69.25 6896 7152 72.39 ‘2 = 70.00 =2
1
1 73.70 7198 69.62 68.23 67.26 68.02 69.24 68.39 72.00 % = 65.00 o
(-]
0 7862 7307 6740 6857 6974 70.25 7074 | 65.79| 7004 7127 69.24 co.00 ——-1
-1 7252 7191 70.04 68.03 70.69 69.93 69.81 68.03 71.33 -2
55.00 —t— 3
-2 7324 70.29 69.54 69.35 68.26 69.08 68.49 69.68 73.15 -5 -4 -3 -2 -1 0 1 2 3 4 5 —
-3 7283 7091 69.21 69.52 70.69 70.16 72.27 DI

C60P120 Anchor Target 1sigma CD

-5 -4 -3 -2 -1 0 1 2 3 4 5 6.00 V-DIE
3 178 144 208 245 214 5.00 S
2 083 068 18 268 181 157 433 256 160 8 a0 2
1 117 224 153 253 147 198 221 163 328 EE 300 .
0 116 251 379 227 146 248 490 121 301 372 358 < 200 & ——1
-1 212 112 280 154 303 298 114 303 249 100 ———-2
-2 261 243 173 207 156 201 168 293 124 " s 4 -3 2 -10 1 2 3 a s —
-3 125 248 121 217 107 199 224 X-DIE

AMAG Consulting | i Ir



46JAZ037SJC1 (2230DNDNOO1 slot 16) Reference Data
C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|70.60|nm
Full wafer 1sigma CD:| 2.22 |nm| 3
Die-to-Die 1sigma
Avg:| 2.15 |nm

RMS:| 2.31 [nm

Ellipticity Avg:| 1.10

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ037SJC1 (2230DNDNOO1 slot 16) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*) C80P165MEM (CCH*)

Full Wafer Avg CD:|70.60|nm
Full wafer 1sigma CD:| 2.22 [nm
Die-to-Die 1sigma
Avg:[ 2.15 |nm

Full Wafer Avg CD:| 102.7 | nm
Full wafer 1sigma CD:| 3.17 [nm
Die-to-Die 1 sigma

Avg:| 1.58 [nm

RMS:| 2.31 |nm RMS:| 2.72 | nm
Ellipticity Avg:| 1.10 Ellipticity Avg:| 1.65

FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting e I]



46JAZ036SJF2 (2230DNDNOO1 slot 17) Reference Data .I

C60P120 Anchor Target
June 2022 [ ] .
* All measurements in nm.
« Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full Wafer Avg CD:|73.46 |nm| Average of all individual die CD averages (25 targets/die).
target for each die, reported for each die in wafer map format, and Full wafer 1sigma CD:| 2.01 |nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
* Average and 1sigma values are of 25 holes sampled at each site, Avg:| 2.18 |nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 2.30 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 [nm)| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 82.00
3 7156 7354 7282 7367 73.07 e Yo
2 79.16 7415 7415 7288 7177 7171 7324 7441 73.03 g Ao —-—2
1 76.09 73.60 73.06 70.91 75.04 74.14 | 70.47 70.86 74.07 % £ 72000 ;
08067 7501 7365 7297 7158 7391 7334 7457 7207 7196 73.69 et ——-1
1 7676 7255 7224 7172 7366 | 6997 7303 7120 7244 66.00 >
-2 75.77 7442 7337 7127 7103 7113 7335 7342 76.27 -5 -4 -3 -2 -1 0 1 2 3 4 s S
-3 7636 7262 7277 7269 7237 7219 74.99 XDIE

C60P120 Anchor Target 1sigma CD

5 4 3 2 1 0 1 2 3 4 5 a.50 vOIE
3 180 310 265 277 398 o ——3
2 141 127 097 236 155 232 18 100 342 g8 300 —=—2
1 142 289 280 110 158 246 393 068 250 EE Joo :
0 147 261 232 226 290 228 207 228 132 218 244 s e : ——-1
-1 185 309 233 247 314 141 265 184 142 0.50 ——-2
-2 253 128 329 257 18 197 223 324 205 s 43 2 10 1 2 3 a s E———
3 180 180 092 295 198 210 187 X-DIE

AMAG Consulting | i Ir



46JAZ036SJF2 (2230DNDNOO1 slot 17) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|73.46|nm
Full wafer 1sigma CD:| 2.01 |nm| 3
Die-to-Die 1sigma
Avg:| 2.18 |nm

RMS:| 2.30 (nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting | i Ir



46JAZ036SJF2 (2230DNDNOO1 slot 17) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*)  C80P165MEM (CCH*)

Full Wafer Avg CD:{102.9| nm
Full wafer 1sigma CD:| 4.06 | nm
Die-to-Die 1 sigma
Avg:| 0.87 [nm

RMS:| 1.90 [nm

Ellipticity Avg:| 1.56

FOV:| 1000 | nm

Full Wafer Avg CD:|73.46|nm
Full wafer 1sigma CD:| 2.01 [nm
Die-to-Die 1sigma
Avg:| 2.18 |nm
RMS:| 2.30 |nm
Ellipticity Avg:| 1.09
FOV:| 800 |nm

* Coding labels for CD data results files

AMAG Consulting e I]



46JAZ035SJB0 (2230DNDNOO1 slot 18) Reference Data

C60P120 Anchor Target
June 2022
* All measurements in nm.
« Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full Wafer Avg CD:|70.24 [nm| Average of all individual die CD averages (25 targets/die).
target for each diel reported for each die in wafer map format, and Full wafer 15igma CD:| 2.39 |nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
* Average and 1sigma values are of 25 holes sampled at each site, Avg:| 2.26 |nm| Arithmetic average value of feature-to-feature variation.
from images on next page. RMS:| 2.57 [nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.10 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 |nm| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 78.00
. Y-DIE
3 7181 7218 7145 7233 7112 Ja.00 s
2 7570 7120 69.74 71.10 | 6558 7153 69.92 7333 7313 9 = 70,00 2
° 1
1 7144 70.83 67.86 68.08 69.15 70.54 69.51 69.66 71.93 % £ 68.00 o
66.00
0 71.88 69.86 67.21 69.15 70.00 71.37 69.70 68.48 70.63 75.54 « 64.00 — -1
1 7170 7030 69.97 68.32 | 63.24 67.10 66.22 6824 6893 62.00 ——-2
-2 69.52 70.86 69.93 68.74 66.86 68.30 67.69 69.93 73.07 -5 -4 -3 -2 -1 0 1 2 3 4 5 =
-3 7238 7035 7169 7048 69.82 68.25 7241 DI
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 10.00
Y-DIE
3 112 119 139 141 - 8.00 ——3
2 193 277 119 127 502 243 353 217 | 064] 8 _ eoo —-—2
1 211 215/ 103 156 254 101 220 128 236 5E .. .
0 112 200 237 279 250 261 316 233 328 166 0.99 - 5 — -1
.00
1 175 105 222 269 944 253 270 289 275 _ ~ ——-2
-2 283 149 291 173 294 198 193 194 289 -5 -4 -3 -2 -1 0 1 2 3 4 5 2
-3 190 169 221 275 260 246 3.06 X-DIE

AMAG Consulting . I]



46JAZ035SJB0 (2230DNDNOO1 slot 18) Reference Data
C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|70.24|nm ’ ) ) - - O | | \, ‘, ’ ) ’
Full wafer 1sigma CD:| 2.39 |nm oo ‘ e o
Die-to-Die 1sigma 3
Avg:| 2.26 |nm

RMS:| 2.57 [nm

Ellipticity Avg:| 1.10

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ035SJB0 (2230DNDNOO1 slot 18) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*)  C80P165MEM (CCH*)

Full Wafer Avg CD:|70.24|nm
Full wafer 1sigma CD:| 2.39 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:| 101.9{ nm
Full wafer 1sigma CD:| 3.11 [nm
Die-to-Die 1 sigma

Avg:| 2.26 |nm Avg:| 1.90 [nm

RMS:| 2.57 |nm RMS:| 3.12 | nm
Ellipticity Avg:| 1.10 Ellipticity Avg:| 1.40

FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting e I]



46JAZ034SJE1 (2230DNDNOO1 slot 19) Reference Data .I

C60P120 Anchor Target
June 2022 ..
* All measurements in nm.
+ Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full Wafer Avg CD:|72.54 |nm| Average of all individual die CD averages (25 targets/die).
target for each die, reported for each die in wafer map format, and Full wafer 1sigma CD:| 2.35 |nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
* Average and 1sigma values are of 25 holes sampled at each site, Avg:| 2.06 |nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 2.22 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.08 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:[ 800 |nm| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 82.00
80.00 Y-DIE
3 7529 7438 7339 7212 74.00 78.00 ——3
a 76.00
2 79.98 7314 7366 7092 70.07 70.53 70.99 72.83 74.23 e — 74.00 =2
e E 72.00 1
1 7381 7368 | 68.74 69.61 69.28 7056 70.14 70.75 74.04 2= 750 ;
0 80.03 74.74 7253 70.64 69.78 7128 7241 7140 7252 7238 75.21 e« gg:gg — -1
1 7625 7159 7202 | 69.00 7071 7200 7027 7212 7231 64.00 ——-2
2 76.84 7311 69.86 70.73 6997 7046 70.64 7221 7471 s 4 -3 210 1 2 3 a 5 2
-3 7370 7319 7473 7294 7344 7369 74.37 X-DIE
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 6.00 V-DIE
3 193 221 173 288 173 5.00 —o—3
2 095 182 149 176 067 195 176 163 195 g 400 —=—2
1 275 106 261 342 214 123 226 136 106 g E 300 ;
0 146 227 198 310 269 199 146 222 247 154 162 - 200 ——1
1 135 257 085 28 322 349 08 111 356 w0 ——-2
-2 120 197 260 223 130 165 520 245 213 -5 -4 -3 -2 -1 0 1 2 3 4 5 =3
-3 119 160 248 229 207 316 29 X-DIE

AMAG Consulting - I’



46JAZ034SJE1 (2230DNDNOO1 slot 19) Reference Data
C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|72.54|nm
Full wafer 1sigma CD:| 2.35 |nm
Die-to-Die 1sigma
Avg:| 2.06 |nm

RMS:| 2.22 {nm

Ellipticity Avg:| 1.08 2

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ034SJE1 (2230DNDNOO1 slot 19) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH¥) C70P145 (BCH*) C70P145HEX (NCH*) C80P165MEM (CCH*)

Full Wafer Avg CD:|72.54|nm
Full wafer 1sigma CD:| 2.35 |nm
Die-to-Die 1sigma
Avg:| 2.06 [nm

Full Wafer Avg CD:|104.1 [ nm
Full wafer 1sigma CD:| 3.01 | nm
Die-to-Die 1 sigma

Avg:[ 2.96 | nm

RMS:| 2.22 |nm RMS:] 4.99 | nm
Ellipticity Avg:| 1.08 Ellipticity Avg:| 1.31

FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting e I]



46JAZ033SJH2 (2230DNDNOO1 slot 20) Reference Data

C60P120 Anchor Target
June 2022
* All measurements in nm. Full Wafer Avg CD:|71.05|nm| Average of all individual die CD averages (25 targets/die).
* Avg CD and 1sigma hole-to-hole variation for C60P120 anchor - ) ) -
. . Full wafer 1sigma CD:| 2.13 |nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
target for each die, reported for each die in wafer map format, and - e
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
+ Average and 1sigma values are of 25 holes sampled at each site, Avg:| 2.12 |nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:[ 2.29 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 |nm)| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 80.00
3 7477 7013 7045 7080 7274 oo ——
2 77.26 71.65 7117 70.36 68.12 7124 70.98 73.43 ‘2 = =2
1
1 7286 7099 70.46 7020 71.24 69.00 69.84 g s 7% 5
0 7203 70.17 69.95 70.75 7262 7028 7217 7053 7223 71.65 e 65.00 —t—-1
-1 7190 71.09 69.91 7043 7225 7352 6844 68.36 70.19 -2
60.00 ——3
-2 7456 70.68 7255 70.13 6827 69.81 6882 6921 7254 -5 -4 -3 -2 -1 0 1 2 3 4 s
-3 7308 7089 70.76 69.72 69.48 7238 7182 XDIE
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 4.50 V-DIE
3 187 107 267 216 136 PP ——3
2 L 074 182 162 275 248 411 350 080 271 g _ 300 —-—2
1 152 115 214 214 234 376 300 28 178 £E oo ;
0. 08 235 136 18 25 295 108 388 368 102 246 = e ——-1
1 204 065 146 391 263 28 276 25 135 0.50 —e—-2
-2 186 249 165 18 239 105 234 250 197 -5 -4 -3 -2 -1 0 1 2 3 4 5 =
-3 140 157 132 145 386 130 1.38 X-DIE

AMAG Consulting ' I'



46JAZ033SJH2 (2230DNDNOO1 slot 20) Reference Data
C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|71.05|nm
Full wafer 1sigma CD:| 2.13 |nm
Die-to-Die 1sigma
Avg:[ 2.12 |nm

RMS:| 2.29 [nm

Ellipticity Avg:| 1.09 2

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ033SJH2 (2230DNDNOO1 slot 20) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets

C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*)  C80P165MEM (CCH*)

Full Wafer Avg CD:| 102.8 | nm
Full wafer 1sigma CD:| 3.56 | nm
Die-to-Die 1 sigma

Full Wafer Avg CD:|71.05[nm
Full wafer 1sigma CD:| 2.13 [nm
Die-to-Die 1sigma

Avg:[ 2.12 |nm Avg:| 3.39 [nm

RMS:| 2.29 |nm RMS:| 5.30 [ nm
Ellipticity Avg:| 1.09 Ellipticity Avg:| 1.62

FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting e I]




46JAZ032SJD0O (2230DNDNOO1 slot 21) Reference Data .I

C60P120 Anchor Target
June 2022 ..
* All measurements in nm.
« Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full Wafer Avg CD:|73.24|nm| Average of all individual die CD averages (25 targets/die).
target for each die, reported for each die in wafer map format, and Full wafer 15igma CD:| 2.09 |nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
* Average and 1sigma values are of 25 holes sampled at each site, Avg:| 2.19 |nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 2.29 [nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 |nm| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 82.00
80.00 Y-DIE
3 7542 7355 7221 7491 72.87 78.00 ——3
f=) 76.00
2 79.77 7547 7448 7261 7209 70.61 7180 73.49 74.05 p= = 74.00 w2
1 7431 7138 7191 7215 7200 6893 7166 7332 74.80 £ = 7500 - ;
0 7924 73.62 73346990 7390 7050 69.72 7214 71.05 74.03 75.09 « gg:gg —t—-1
-1 7547 7164 7222 7122 7317 7286 73.15 70.34 73.40 64.00 ——-2
62.00 ——3
-2 76.43 7244 73.06 7260 70.64 7210 7480 73.71 74.46 -5 -4 -3 -2 -1 0 1 2 3 4 5
-3 7749 7301 7391 7227 7379 7484 574 X-DIE
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 4.00 V-DIE
3 168 246 150 195 212 . ——3
2 130 334 087 207 201 162 122 229 202 § __ 250 —m—2
1 213 271 249 334 260 213 337 126 243 EE >0 ;
0 27 130 199 135 226 256 348 322 192 162 231 - 1.00 —t— -1
-1 315 228 276 097 350 170 237 232 279 0.50 ——-2
2 285 231 247 270 | 078 140 221 266 210 5 4 3 2 1 0 1 2 3 a s ——3
-3 178 238 120 229 162 163 322 X-DIE

AMAG Consulting - I’



46JAZ032SJD0O (2230DNDNOO1 slot 21) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|73.24|nm
Full wafer 1sigma CD:| 2.09 {nm|
Die-to-Die 1sigma
Avg:| 2.19 |nm

RMS:| 2.29 (nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ032SJD0O (2230DNDNOO1 slot 21) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*) C80P165MEM (CCH*)

Full Wafer Avg CD:| 103.6 | nm
Full wafer 1sigma CD:| 2.81 [nm
Die-to-Die 1 sigma
Avg:| 0.34 [nm

RMS:| 0.93 |nm

Ellipticity Avg:| 1.71

FOV:| 1000 | nm

Full Wafer Avg CD:|73.24|nm
Full wafer 1sigma CD:| 2.09 [nm
Die-to-Die 1sigma
Avg:| 2.19 |nm
RMS:| 2.29 [nm
Ellipticity Avg:| 1.09
FOV:| 800 |nm

* Coding labels for CD data results files

AMAG Consulting e I]




46JAZ031SJG1 (2230DNDNOO1 slot 22) Reference Data
C60P120 Anchor Target
June 2022

* All measurements in nm.

« Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full Wafer Avg CD:|69.92nm| Average of all individual die CD averages (25 targets/die).
target for each die, reported for each die in wafer map format, and Full wafer 1sigma CD:| 2.50 [nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
* Average and 1sigma values are of 25 holes sampled at each site, Avg:[ 2.20 [nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 2.53 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 |nm)| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 85.00
3 7243 7162 70.72 71.65 71.87 80.00 —YﬂEa
2 76.02 7255 69.65 69.95 6747 69.23 70.50 7212 73.19 g —. 75.00 2
1 73.62 70.06 69.69 | 66.82 68.01 69.97 69.22 67.13 70.72 g £ 70.00 é
0 7076 69.17 7020 6637 6809 70.31 6570 67.40 6932 7252| | ——1
-1 73.33 69.15 67.98 70.24 66.42 68.01 6891 69.26 c0.00 __:2
2 7230 7101 69.06 67.91 | 6587 6563 6830 7098 71.45 s -4 3 210 1 2 3 a s
-3 7000 68.20 69.00 67.60 70.53 70.34 70.50 X-DIE
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 8.00 V-DIE
3 199 103 156 040 122 s ——3
2 123 139 213 197 121 146 09 217 239 S _ s.o00 =2
1 232 139 308 124 298 307 299 312 149 §, £ B ;
0/ 08 314 18 121 263 308 124 58 135 354 279 - 2.00 ——-1
-1 125 401 185 146 455 309 136 238 1.00 ' ——-2
2 215 109 276 204 384 193 176 271 s 4.3 .2 10 1 2 3 a s E——
-3 255 355 119 096 123 278 182 X-DIE
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46JAZ031SJG1 (2230DNDNOO1 slot 22) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:{69.92|nm
Full wafer 1sigma CD:| 2.50 |nm| s
Die-to-Die 1sigma
Avg:| 2.20 |nm

RMS:| 2.53 [nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ031SJG1 (2230DNDNOO1 slot 22) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*)  C80P165MEM (CCH*)

Full Wafer Avg CD:|69.92nm
Full wafer 1sigma CD:| 2.50 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:|102.2| nm
Full wafer 1sigma CD:| 4.19 | nm
Die-to-Die 1 sigma

Avg:| 2.20 |nm Avg:| 1.64 [nm

RMS:| 2.53 |nm RMS:| 3.16 [ nm
Ellipticity Avg:| 1.09 Ellipticity Avg:| 1.37

FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting e I]



46JAZ030SJB7 (2230DNDNOO1 slot 23) Reference Data

C60P120 Anchor Target
June 2022

* Al measurem?nts in nm. o Full Wafer Avg CD:|74.48 nm| Average of all individual die CD averages (25 targets/die).

* Avg CD and 1sigma hole-to-hole variation for C60P120 anchor - ) ] o
target for each die, reported for each die in wafer map format, and Full wafer 1sigma CD:| 2.01 |nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.

* Average and 1sigma values are of 25 holes sampled at each site, Avg; 2.15 [nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 2.37 |nm| RMS average value of feature-to-feature variation.

* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.08 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:[ 800 |nm| Size of image (field-of-view).

C60P120 Anchor Target Avg CD

-5 -4 -3 -2 -1 0 1 2 3 4 5 82.00
3 75.80 74.45 7572 74.97 7479 gg:gg —Y;IiEa
2 8057 7543 7281 7196 7229 7554 7145 7607 75.03 S Jaco -
1 77.48 7313 7519 7137 7273 7410 7219 7370 75.89 nﬁ; = ;z:gg . N o
0 18072 77.00 7269 7385 7316 7571 7275 7554 7421 76.32 7522 68.00 — -1
1 7612 7411 7264 7366 7552 7372 | 7039 7149 74.73 6600 =
-2 75.94 7458 7475 7287 7160 73.07 71.92 7380 75.34 -5 -4 -3 -2 -1 0 1 2 3 4 5
3 7552 7658 73.82 75.00 74.65 77.49 7537 Pl

C60P120 Anchor Target 1sigma CD

-5 -4 -3 -2 -1 0 1 2 3 4 5 6.00 V-DIE
3 106 200 233 139 272 5.00 ——3
2 112 209 213 193 340 256 263 356 1.95 S 400 —m—2
1 167 205 239 122 135 176 35 300 217 §, £ 300 ;
0 105 169 337 445 097 18 192 262 267) 080 33 S 200 ——1
1 120 201 310 417 074 289 349 226 226 oo ——-2
-2 234 053 18 221 567 102 153 28 250 s 43 .2 .10 1 2 3 a s ——
-3 179 128 117 192 093 117 160 X-DIE

AMAG Consulting | i Ir



46JAZ030SJB7 (2230DNDNOO1 slot 23) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|74.48|nm
Full wafer 1sigma CD:| 2.01 |nm| °
Die-to-Die 1sigma
Avg:| 2.15 |nm

RMS:| 2.37 [nm| .

Ellipticity Avg:| 1.08

FOV:| 800 [nm

AMAG Consulting | i Ir



46JAZ030SJB7 (2230DNDNOO1 slot 23) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*)  C80P165MEM (CCH*)

Full Wafer Avg CD:|74.48nm
Full wafer 1sigma CD:| 2.01 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:| 102.8 | nm
Full wafer 1sigma CD:| 0.71 | nm
Die-to-Die 1 sigma

Avg:| 2.15 |nm Avg:l * [nm

RMS:| 2.37 |nm RMS:| * [nm
Ellipticity Avg:| 1.08 Ellipticity Avg:| 1.77

FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting e I]




46JAZ029SJG1 (2230DNDNOO1 slot 24) Reference Data

C60P120 Anchor Target
June 2022

* All measurements in nm.

« Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full Wafer Avg CD:|69.69 [nm| Average of all individual die CD averages (25 targets/die).
target for each die, reported for each die in wafer map format, and Full wafer 1sigma CD:| 2.37 |nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
* Average and 1sigma values are of 25 holes sampled at each site, Avg:| 2.33 |nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 2.83 [nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.09 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 |nm)| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 8 4 5 78.00
. Y-DIE
3 7089 7252 6921 7097 69.15 Ja.00 s
2 7482 7157 7020 69.33 67.10 6573 69.72 69.23 7347 9 = 70,00 2
° 1
1 73.03 6832 67.34 6810 66.88 68.17 | 65.06 68.73 70.67 % £ 68.00 - o
66.00
0| 7682 71296380 6502 67.62 7021 69.63 68.85 67.90 69.42 773 = oo = ——-1
-1 72.16 70.34 70.04 66.73 69.78 67.35 68.14 69.76 69.27 62.00 -2
60.00 ——3
-2 7349 7189 68.90 69.06 70.03 67.88 6851 7161 71.77 -5 -4 -3 -2 -1 0 1 2 3 4 5 —
-3 69.96 7131 68.17 69.17 70.83 7134 7166 DI

C60P120 Anchor Target 1sigma CD

5 -4 3 -2 -1 0 1 2 3 4 5 14.00 V-DIE

3 115 075 222 243 239 12.00 —
2 222 267 19 287 292 198 231 387 154 g _ "o —=—2
1 152 231 150 138 246 177 416 198 271 £EE ‘oo .
0 081 1681272 282 122 137 281 206 330 368 200 2 400 - a1
1 144 109 384 284 170 28| 099 075 19 2.00 - ——-2
-2 194 219 139 344 222 222 395 157 359 s 4.3 210 1 2 3 4 s —
3 266 210 174 119 112 18 132 X-DIE

AMAG Consulting - I’



46JAZ029SJG1 (2230DNDNOO1 slot 24) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:{69.69|nm
Full wafer 1sigma CD:| 2.37 |nm|
Die-to-Die 1sigma
Avg:| 2.33 |nm

RMS:| 2.83 [nm

Ellipticity Avg:| 1.09

FOV:| 800 [nm

AMAG Consulting ‘ i I’



46JAZ029SJG1 (2230DNDNOO1 slot 24) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets

C60P120 (XCH*) C64P133 (ACH*) C70P145 (BCH*) C70P145HEX (NCH*)  C80P165MEM (CCH*)

Full Wafer Avg CD:|69.69 |nm
Full wafer 1sigma CD:| 2.37 |nm
Die-to-Die 1sigma

Full Wafer Avg CD:| 98.4 | nm
Full wafer 1sigma CD:| 0.72 | nm
Die-to-Die 1 sigma

Avg:| 2.33 |nm Avg:| 0.00 [nm

RMS:| 2.83 |nm RMS:| 0.00 |nm
Ellipticity Avg:| 1.09 Ellipticity Avg:| 1.42

FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting e I]




46JAZ028SJB7 (2230DNDNOO1 slot 25) Reference Data .I

C60P120 Anchor Target
June 2022 ..
* All measurements in nm.
+ Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full Wafer Avg CD:|76.33|nm| Average of all individual die CD averages (25 targets/die).
target for each die, reported for each die in wafer map format, and Full wafer 1sigma CD:| 2.60 |nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
plotted to right. Die-to-Die 1sigma Feature-to-feature variation within grating.
* Average and 1sigma values are of 25 holes sampled at each site, Avg:| 2.13 [nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 2.34 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.08 Average of ratio of major axis to minor axis.
the CD of top opening of the HAR holes. FOV:| 800 [nm| Size of image (field-of-view).
C60P120 Anchor Target Avg CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 85.00
3 8051 77.86 7662 7619 77.66 oo 5
2 83.57 77.68 76.41 75.71 7429 76.78 - 7755 77.13 g’ — o= =2
1 8104 77.57 7311 7593 7398 7262 7511 7383 76.85 g E 7500 v .
0 8384 79.75 76.14 7371 76.07 7477 75.73 - 78.03 77.04 80.54 “ 70.00 - — -1
-1 7766 7542 7385 76.49 7248 7588 74.66 7380 75.94 65.00 :__ z
-2 7994 7814 76.21 7298 7393 7273 7516 77.63 76.65 -5 -4 -3 -2 -1 0 1 2 3 4 5
-3 7975 7749 7471 7505 7353 7751 78.36 XDIE
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 ® 7.00 V-DIE
3 181 116 170 177 140 6.00 —o—3
2 1053 111 105 187 258 089 234 195 120 g8 _ > —=—2
1 225 18 279 318 109 409 258 120 1.88 E; £ 3:00 (1)
0 260 149 302 28 575 069 467 370 18 140 163 . 2.00 —— -1
-1 183 18 205 322 178 122 327 19 107 .00 ——-22
-2 220 199 179 245 269 124 230 231 223 _ -5 -4 -3 -2 -1 0 1 2 3 4 5 ——
-3 189 227 091 298 360 275 176 X-DIE

AMAG Consulting - I’



46JAZ028SJB7 (2230DNDNOO1 slot 25) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|76.33|nm| °
Full wafer 1sigma CD:| 2.60 |nm
Die-to-Die 1sigma
Avg:| 2.13 |nm|

RMS:| 2.34 (nm

Ellipticity Avg:| 1.08

FOV:| 800 [nm

AMAG Consulting i If



46JAZ028SJB7 (2230DNDNOO1 slot 25) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P133 (ACH¥) C70P145 (BCH*) C70P145HEX (NCH*)  C80P165MEM (CCH*)

Full Wafer Avg CD:|76.33|nm
Full wafer 1sigma CD:| 2.60 |nm
Die-to-Die 1sigma

Full Wafer Avg CD:| 104.6 | nm
Full wafer 1sigma CD:| 4.50 | nm
Die-to-Die 1 sigma

Avg:| 2.13 |nm Avg:| 3.64 [nm

RMS:| 2.34 |nm RMS:| 6.17 |nm
Ellipticity Avg:| 1.08 Ellipticity Avg:| 1.53

FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG Consulting e I]



Comparison CDs- Anchor to Secondary Targets

Comparison Anchor/Secondary Target Average Wafer CDs

AMAG7 HAR 1.5
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C60P120 Anchor Target 1.5um XSEM Reference Data
June 2022

C60P120 Anchor Target 1.5um XSEM images

Note on edge die, cleave somewhat off center

. ~1516nm 'I | |
,l; i ~ - | :
NNl aoosnnlennnnllil
| B é ' ’ | 0

]

22190 OND02 000 08 35 Wb [0 30804 It 2219DNDN002.000_9SJCH Died_0, 30560
2.0kV 2.4mm x50.0k 7/13/2022 2.0kV 2.3mm x50.0k 7/13/2022

Center Edge
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20A HfO, coating, lum HARhole wafer, great coverage, LR-TEM I..'

* Multiple X-ray tool suppliers have requested HfO, coatings to improve X-ray ..
scattering, this TEM demonstrates the first attempt of 20A ALD deposition on a

lum HARhole wafer, and demonstrates this film addition is successful and now
ready to order as an add-on line item for any purchased HARhole wafer.

e Also this is a low resolution TEM of the full profile.

* HfO, coating performs similarly on 1.5um HAR

| ——| 200 nm

Hwﬂ




Conclusions

* Thank you for your purchase of AMAG HAR wafers!

* We hope this guide of reference CD-SEM metrology adds
significant value to the use of these wafers.

* This report represents the standard metrology AMAG
nanometro provides for such wafers, and future lots and
wafer types will have similar companion data sets.

AMAG nanometro i IF
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