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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 1.0um 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 all-wafer of
C60P120 anchor target and few sites of multiple secondary targets are collected as the standard data
package with these wafers, making possible this full summary.

*  CD values convey top CD of the holes.

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

Final CDSEM measurements (nm)

recipe = DNVAIFAMAG7ACDU1

recipe = DNVAIFAMAG7ACDU2

Slot Wir ID Daughter C60 P120 C60 P120 Daughter Lot C64 P128 (ACH) | C70 P140 (BCH) [ C70 P140 HEX ((30825)12%2/'?\{' ((:ggﬁ)lgsDzM El'\f
Lot (XCH) All Die (1-sigma) 11 die 11 die (NCH) 11 die die ’ die ’
1 46JTP061SJG4 .008 70.28 1.08 .008 84.6 100.4 83.2 104.3 102.3
2 46JTP060SJC2 .000 69.07 0.89 .000 84.6 99.9 82.1 102.5 104.2
3 46JTP059SJG4 .000 70.11 0.96 .000 85.7 100.1 82.9 103.9 102.3
4 46JTP058SJC2 .009 68.82 1.02 .009 85.5 99.3 81.5 100.8 102.0
5 46JTP0O57SJF3 .001 70.27 0.87 .001 84.5 100.2 82.8 102.4 105.0
6 46JTP056SJB1 .017 67.92 0.97 .001 85.1 98.7 81.2 101.2 103.6
7 46JTPO55SJE2 .002 70.33 0.81 .002 85.5 100.2 82.8 102.0 102.0
8 46JTP054SJA0 .002 70.33 0.81 .002 84.6 100.7 82.9 100.8 103.4
9 46JTP053SJD1 .010 71.34 1.00 .010 84.5 100.9 83.8 101.1 103.8
10 46JTP052SJG2 .011 68.58 0.93 .011 85.7 99.1 81.7 101.4 102.7
11 46JTP051SJCO .003 70.68 0.83 .003 85.5 100.1 83.4 101.1 102.4
12 46JTP100SJD7 .018 67.99 1.06 .003 85.3 98.8 81.2 103.8 102.5
13 46JTP099SJC3 .004 70.34 0.96 .004 85.9 100.2 83.0 100.9 104.3
14 46JTP098SJF4 .019 67.91 0.96 .004 84.9 98.6 81.0 99.2 102.2
15 46JTP097SJB2 .012 70.39 0.80 .012 84.2 100.9 83.3 100.9 104.9
16 46JTP096SJE3 .020 67.91 0.95 .005 84.7 98.5 80.9 101.4 102.5
17 46JTP095SJA1 .005 70.35 0.66 .005 84.3 100.2 83.1 102.8 103.3
18 46JTP094SJD2 .013 67.64 0.90 .013 84.5 98.4 81.3 100.2 101.0
19 46JTP093SJG3 .006 70.24 0.77 .006 84.3 100.1 83.0 101.8 103.8
20 46JTP092SJC1 .021 67.87 0.91 .006 84.8 98.4 81.0 102.7 101.9
21 46JTP091SJF2 .014 70.36 0.86 .014 86.0 100.2 83.2 103.3 102.5
22 46JTP090SJBO .022 67.95 0.90 .007 84.7 98.7 81.4 102.2 102.0
23 46JTP0O89SJF2 .007 70.26 0.82 .007 84.5 100.1 83.4 102.1 103.4
24 46JTP088SJBO .016 67.76 1.02 .015 84.8 98.7 81.0 101.7 103.4
25 46JTPO87SJEL .015 70.24 0.88 .015 85.5 100.2 83.1 101.0 104.7

AMAG nanometro 5 ;




46JTP061SJG4 (2225DNDNOO01 slot 1) 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:|70.28|nm| Average of all individual die CD averages (25 targets/die).

Full wafer 1sigma CD:| 1.08 [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: 1.74 |nm| Arithmetic average value of feature-to-feature variation.
RMS:| 1.82 |nm| RMS average value of feature-to-feature variation.

Ellipticity Avg:| 1.06 Average of ratio of major axis to minor axis.
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 74.00
3 7084 69.19 6921 69.18 69.56 73.00 O
2 7339 6979 7075 6915 69.37 70.32 6947 7018 70.85 8 7100 —-—
1 7190 7025 7073 70.83 6996 69.96 69.47 69.65 70.21 § E 7000 : :
0 7328 6897 6880 6890 70.46 7069 69.95 7008 6890 7031 70.57 2 oo 0
1 7046 7097 7014 6971 7045 69.98 7057 6933 60.97 67.00 ——-2
2 7290 69.11 6924 69.37 6931 6928 7053 70.64 7278 O i s 210 1 2 3 oas —
3 7199 7039 7089 7052 7L10 6956 72.28 X-DIE
C60P120 Anchor Target 1sigma CD

-5 -4 -3 -2 -1 0 1 2 3 4 5 3.50 V-DIE
3 142 052 090 233 094 3.00 ——s
2 243 149 192 060 226 139 211 181 223 8 _ 2> —.—2
1 197 | 254 127 178 124 184 219 161 191 EE s 5
0 150 048 145 166 169 - | 202 238 18 232 216 4 100 ——1
-1 135 135 218 19 190 213 140 135 1.89 0-50 ——-2
-2 230 161 162 127 201 203 082 238 245 s 4 -3 -2 .1 0 1 2 3 4 s ——
3 117290 18 217 188 224 036 X-DIE

AMAG nanometro - I’



46JTP061SJG4 (2225DNDNOO01 slot 1) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|70.28| nm
Full wafer 1sigma CD:| 1.08 [nm| s
Die-to-Die 1sigma
Avg:[ 1.74 |nm

RMS:| 1.82 |nm

Ellipticity Avg:| 1.06 2

FOV:| 800 [nm

AMAG nanometro ‘ i I’




46JTP061SJG4 (2225DNDNOO01 slot 1) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*)  C80P165MEM (CCH2*)

Full Wafer Avg CD:|102.3[nm
Full wafer 1sigma CD:| 2.51 |nm
Die-to-Die 1 sigma

Full Wafer Avg CD:[70.28|nm
Full wafer 1sigma CD:| 1.08 [ nm
Die-to-Die 1sigma

Avg:| 1.74 |nm Avg:| 3.61 |nm

RMS:| 1.82 |nm RMS:| 4.63 [nm
Ellipticity Avg:| 1.06 Ellipticity Avg:| 1.15

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

* Coding labels for CD data results files

AMAG nanometro TTe II




46JTPO60SJC2 (2225DNDNOO1 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:

69.07

nm

Full wafer 1sigma CD:

0.89

nm

Avg:
RMS:

Die-to-Die 1sigma

1.58

nm

1.67

nm

Ellipticity Avg:

1.06

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 72.00
71.00 Y-DIE
3 69.38 6812 69.30 6747 68.94 7100 ——>3
_ .
2 7038 6887 7019 67.81 | 6601 68.07 6873 68.61 6854 8 _ eo00 = —-—
E e68.00 1 1
1 7013 6897 6955 6811 6950 69.00 67.46 67.97 67.84 g5 0o WO 5
07075 6930 7008 69.21 69.04 67.76 69.90 6821 7050 68.47 68.39 66.00 ——-1
-1 7012 69.25 69.10 69.84 69.98 69.10 6810 69.45 69.51 ©5.00 —e—-2
64.00 —(—_ 3
2 7024 6851 6950 69.48 69.82 6959 68.32 68.75 68.61 543210 1 2 3 a s
3 7076 7014 68.92 68.28 69.77 69.19 69.47 XDIE
C60P120 Anchor Target 1sigma CD
5 4 3 2 1 0 1 2 3 4 5 S0 o
3 130 164 135 191 159 3.00 s
2 068 121 172 112 146 200 197 142 240 g _ 2% —-—
1 1.42 171 130 112 184 167 148 164 EE i 5
0 230 161 214 072 254 179 205 176 109 171 115 2 100 e
-1 056 167 142 162 126 266 192 128 169 0.50 —o—-2
2 265 7310 148 112 198 216 106 153 149 s 4 3 2 1 0 1 2 3 a4 s ——-3
3 178 096 194 174 094 140 092 X-DIE

AMAG nanometro ) | :‘i
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46JTPO60SJC2 (2225DNDNOO1 slot 2) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|69.07 |nm
Full wafer 1sigma CD:| 0.89 |nm
Die-to-Die 1sigma
Avg:| 1.58 [nm

RMS:| 1.67 |nm

Ellipticity Avg:| 1.06

FOV:| 800 |nm

AMAG nanometro i I'



46JTPO60SJC2 (2225DNDNOO1 slot 2) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH¥) C70P140 (BCH¥) C70P140HEX (NCH*) C80P165MEM (CCH2*)

Full Wafer Avg CD:|69.07 |nm
Full wafer 1sigma CD:| 0.89 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:| 104.2| nm
Full wafer 1sigma CD:| 1.30 | nm
Die-to-Die 1 sigma

Avg:| 1.58 [nm Avg:| 0.83 | nm

RMS:| 1.67 |nm RMS:| 1.38 | nm
Ellipticity Avg:| 1.06 Ellipticity Avg:| 1.06

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

* Coding labels for CD data results files

AMAG nanometro 1. . Il




46JTP059SJG4 (2225DNDNOO01 slot 3) Reference Data

C60P120 Anchor Target
June 2022
* Al measuremgnts innm. o Full Wafer Avg CD:|70.11|nm| Average of all individual die CD averages (25 targets/die).
* Avg CD and 1$|gn.13 hole-to-hole Varlatl?n.for C60P120 anchor Full wafer 1sigma CD:| 0.96 |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 = p— 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, EERRRRR A rithmetic average value of feature-to-feature variation.
i RMS:| 1.78 [nm| RMS average value of feature-to-feature variation.
from images on next page. g
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.06 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 A 0 1 2 3 4 5 73.00

3 709 6983 7013 6999 | 6116 72:00 ——

2 7156 7052 6854 69.06 69.34 69.93 68.64 69.30 69.69 ‘Eg 7000 -

1 69.92 70.75 7139 70.21 7040 70.89 6951 69.67 69.51 2= o, o

0 7125 7036 69.65 70.34 69.80 7157 7191 7195 70.67 7221 70.19 2 67.00 ——-1

-1 69.78 6888 70.20 7137 7215 70.88 70.21 69.36 70.28 g:gg _—:;

-2 7037 6871 69.41 69.66 7101 70.30 69.32 70.69 68.66 5 -4 -3 -2 .10 1 2 3 4 s

-3 68.36 70.07 69.86 6954 70.04 70.27 69.77 X-DIE

C60P120 Anchor Target 1sigma CD

-5 -4 -3 -2 -1 0 1 2 3 4 5 4.00 V-DIE
3 066 142 154 224 361 ;:gg ——3
2 183 163 204 124 083 172 213 08 245 S _ 250 —=—2
1 18 135 061 317 222 112 122 102 130 EE 2 5
0 29 212 072 230 154 098 193 192 209 079 194 < oo ——-1
-1 241 122 237 108 150 095 166 122 137 0.50 ——-2
2 193 162 185 148 222 143 261 218 145 5 4.3 -2-10 1 2 3 4 s —
3 141 190 199 106 048 107 159 X-DIE

AMAG nanometro | i Ir



46JTP059SJG4 (2225DNDNOO01 slot 3) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:{70.11|nm
Full wafer 1sigma CD:| 0.96 [nm
Die-to-Die 1sigma
Avg:| 1.66 |nm

RMS:| 1.78 |nm

Ellipticity Avg:| 1.06

FOV:| 800 |nm

AMAG nanometro i I]



46JTP059SJG4 (2225DNDNOO01 slot 3) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*)

Full Wafer Avg CD:|70.11|nm
Full wafer 1sigma CD:| 0.96 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:|102.3| nm
Full wafer 1sigma CD:| 2.14 | nm
Die-to-Die 1 sigma

Avg:| 1.66 [nm Avg:| 2.58 | nm

RMS:| 1.78 |nm RMS:| 412 |nm
Ellipticity Avg:| 1.06 Ellipticity Avg:| 1.13

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

* Coding labels for CD data results files

AMAG nanometro (1T II



46JTPO58SJC2 (2225DNDNOO1 slot 4) 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:|68.82|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:| 1.02 |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:| 1.74 [nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 1.84 [nm| RMS average value of feature-to-feature variation.

* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.07 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 73.00
3 67.43 68.67 6808 67.97 69.04 s S
2 7048 6920 6897 68.07 68.71 66.80 68.98 69.00 68.66 8 _ éo00 —=—>
1 68.75 67.93 6858 67.27 67.82 67.77 6851 67.77 68.70 2 £ es.00 .
0 69.82 69.06 6657 68.62 69.74 7191 69.09 6999 7000 68.76 70.17 = se.00 ——-1
-1 68.49 67.40 68.63 69.09 7114 69.95 6952 67.64 67.19 64.00 =
X 69.02 69.42 6841 69.61 69.22 68.28 69.86 69.70 68.63 5 -4 -3 -2 -1 0 1 2 3 4 s
-3 69.90 67.61 68.67 69.00 69.63 67.66 69.53 X-DIE
C60P120 Anchor Target 1sigma CD
5 4 3 2 A 0 1 2 3 4 5 3.50 v-DIE

3 122 125 097 156 117 3.00 S —
2 111 150 119 222 174 178 135 283 126 8 _ e —-—2
1 192 2031 303 293 201 209 293 229 16l £E 15 X 5
0 255 139 150 181 210 18| 041 18 118 190 200 4 100 ——1
-1 149 130 274 244 184 070 117 161 230 050 ——-2
-2 213 125 228 224 263 061 181 158 141 5 .4-3-2-10 1 2 3 a s ———
-3 119 260 109 19 15 119 116 X-DIE

AMAG nanometro | i Ir



46JTPO58SJC2 (2225DNDNOO1 slot 4) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:[68.82|nm
Full wafer 1sigma CD:| 1.02 |nm
Die-to-Die 1sigma
Avg:| 1.74 |nm

RMS:| 1.84 |nm

Ellipticity Avg:| 1.07

FOV:| 800 |nm

AMAG nanometro i I]



46JTPO58SJC2 (2225DNDNOO1 slot 4) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH¥) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*)

Full Wafer Avg CD:|68.82|nm
Full wafer 1sigma CD:| 1.02 |nm
Die-to-Die 1sigma

Full Wafer Avg CD:| 102.0| nm
Full wafer 1sigma CD:| 2.57 | nm
Die-to-Die 1 sigma

Avg:| 1.74 [nm Avg:[ 3.19 | nm

RMS:| 1.84 [nm RMS:| 3.78 | nm
Ellipticity Avg:| 1.07 Ellipticity Avg:| 1.11

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

* Coding labels for CD data results files

AMAG nanometro (1T II




46JTPO57SJF3 (2225DNDNOO1 slot 5) Reference Data

C60P120 Anchor Target
June 2022

¢ All measurements in nm.

. e Full Wafer Avg CD:|70.27 [nm| Average of all individual die CD averages (25 targets/die).

* 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 1sigma CD:| 0.87 |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:| 1.71 [nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page RMS:| 1.82 |nm| RMS average value of feature-to-feature variation.

* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg: A."erag‘.e of rati‘f of maj°.ra"i5t° 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 73.00

3 7117 6893 6893 7053 60.82 72.00 S

2 7063 60.68 60.89 6986 69.70 69.58 69.68 | 6858 69.75 8 _ Jooo —-—

1 7120 [ 6846 7013 7068 7051 7010 70.05 7049 70.5 £ £ 600 .

0 7030 7019 70.04 7051 | 7212 7180 70.82 69.91 7094 70.86 = 68.00 1

Al 7022 69.65 70.35 70.66 71.68 69.78 70.53 70.68 70.46 T —~

2 7128 6976 70.17 7010 6949 70.32 70.05 69.03 7212 5 -4 -3-2-10 1 2 3 4 s

4 69.84 70.55 7109 6876 68.63 7192 70.88 X-DIE

C60P120 Anchor Target 1sigma CD
5 -4 3 -2 -1 0 1 2 3 4 5 4.00 V-DIE

3 096 198 267 08 111 o ——3
2 | 344 280 216 109 139 261 158 224 188 8 _ 250 —-—2
1 132 114 106 162 145 121 125 174 270 g.,i B .
0 143 173 168 129 173 219 143 122 148 = 1loo —e—-1
1 256 122 237 129 140 189 201 0.50 —.—-2
2 118 134 233 213 138 258 325 232 219 5 43210 1 2 3 4 s ———
s 119 127 208 172 122 184 165 X-DIE

AMAG nanometro

1



46JTPO57SJF3 (2225DNDNOO1 slot 5) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:[70.27|nm
Full wafer 1sigma CD:| 0.87 |nm
Die-to-Die 1sigma
Avg:| 1.71 |nm

RMS:| 1.82 |nm

Ellipticity Avg:

FOV:| 800 |nm

AMAG nanometro ‘ i I’



46JTPO57SJF3 (2225DNDNOO1 slot 5) Reference Data

Secondary Targets

June 2022

C60P120 (XCH*)

Anchor Target

Full Wafer Avg CD:

70.27

nm

Full wafer 1sigma CD:

0.87

nm

Die-to-Die 1sigma
Avg:
RMS:

1.71

nm

1.82

nm

Ellipticity Avg:

FOV.

800

nm

C64P128 (ACH*)

Secondary Targets

C70P140 (BCH*) C70P140HEX (NCH¥)

C80P165MEM (CCH2*)

Full Wafer Avg CD:

105.0

nm

Full wafer 1sigma CD:

2.12

nm

Die-to-Die 1 sigma
Avg:
RMS:

0.77

nm

1.63

nm

Ellipticity Avg:

1.07

FOV:

1000

nm

* Coding labels for CD data results files

AMAG nanometro

1



46JTPO56SJB1 (2225DNDNOO1 slot 6) 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:

67.92

nm

Full wafer 1sigma CD:

0.97

nm

Die-to-Die 1sigma
Avg:
RMS:

1.71

nm

1.79

nm

Ellipticity Avg:

1.06

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

AMAG nanometro

-5 -4 -3 -2 -1 0 1 2 3 4 5 70.00
Y-DIE
3 67.79 67.90 6849 67.97 68.21 2:22 ——3
2 68.90 6670 66.67 6683 67.88 66.66 68.56 67.41 66.82 EE o7 00 =
1 69.37 6811 67.88 67.94 6644 6954 67.77 6699 67.75 £ £ s6.00 .
0 6945 67.24 6877 6897 69.24 6949 68.67 6927 67.88 68.26 66.88 € e5.00 ——-1
1 69.00 68.69 67.52 6850 67.82 69.03 67.05 68.20 66.05 oo -
2 67.93 6853 67.82 67.26 6660 69.39 6521 6811 67.13 s 43210 1 2 3 a4 s
-3 67.06 68.37 66.96 67.81 69.12 68.32 66.88 X-DIE
C60P120 Anchor Target 1sigma CD
5 4 3 2 1 0 1 2 3 4 5 3.50 VoIE
3 161 215 201 203 131 3.00 i —
2 117 103 271 097 140 18 173 178 135 8 _ ;zg —-—2
1 151 311 150 171 212 201 197 164 115 EE 150 .
0 137 110 221 189 121 215 155 195 218 166/ 3.29 A 100 a1
1 059 177 306 210 166 125 251 205 122 0.50 ——-2
2 074 158 135 172 245 18 158 198 083 5 4 3 2 10 1 2 3 a s —3
3 171 201 150 151 127 140 106 X-DIE

1



46JTPO56SJB1 (2225DNDNOO1 slot 6) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:[67.92 [nm
Full wafer 1sigma CD:| 0.97 [nm| 3
Die-to-Die 1sigma
Avg:| 1.71 |nm

RMS:| 1.79 [nm

Ellipticity Avg:| 1.06 2

FOV:[ 800 [nm

AMAG nanometro i I]



46JTPO56SJB1 (2225DNDNOO1 slot 6) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*)  C80P165MEM (CCH2*)

Full Wafer Avg CD:|67.92|nm
Full wafer 1sigma CD:| 0.97 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:| 103.6 | nm
Full wafer 1sigma CD:| 0.78 | nm
Die-to-Die 1 sigma

Avg:| 1.71 [nm Avg:[ 0.89 | nm

RMS:| 1.79 |nm RMS:| 1.55 |nm
Ellipticity Avg:| 1.06 Ellipticity Avg:| 1.09

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

* Coding labels for CD data results files

AMAG nanometro (1T II



46JTPO55SJE2 (2225DNDNOO01 slot 7) 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:|70.33|nm| Average of all individual die CD averages (25 targets/die).
Full wafer 1sigma CD:| 0.81 |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:| 1.67 [nm| Arithmetic average value of feature-to-feature variation.

from images on next page. RMS:| 1.79 |nm| RMS average value of feature-to-feature variation.
« Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.06 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 73.00

3 7124 7106 7058 7119 70.87 72.00 o
2 719 7044 7012 | 6856 7070 6925 7012 7L06 69.62 8 _ oo —-—
1 70.35 70.44 70.77 70.79 70.34 7025 70.50 70.55 70.88 % £ 69.00 cl)
07183 70.67 70.04 70.74 7050 70.66 70.55 69.53 70.51 70.75 70.38 @ 68.00 —— -1
-1 69.24 69.35 7075 71.86 7137 70.80 oroe —e—-2
2 7107 69.80 69.42 70.39 | 68.70 70.75 s 432101 2 3 a5 L[
-3 69.52 70.37 70.67 7051 69.42 Pl

C60P120 Anchor Target 1sigma CD

-5 -4 -3 -2 -1 0 1 2 3 4 5 4.00

Y-DIE
3 1.36 222 204 131 250 —
2 131 152 166 202 268 145 138 147 8 _ 2.0 —=—2
1 110 061 090 128 228 126 119 143 132 g E 200 !
3 1.50 - 0
0 214 122 127 150 189 187 175 307 337 093 165 2 oo - ——1
1 187 13 312 157 254 228 110 300 104 0.50 ——2
2 170 155 089 206 213 237 095 232 236 s 43210 1 2 3 as —

3 163 212 154 072 264 103 131 X-DIE

AMAG nanometro | Il



46JTPO55SJE2 (2225DNDNOO01 slot 7) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:{70.33|nm
Full wafer 1sigma CD:| 0.81 |nm
Die-to-Die 1sigma
Avg:| 1.67 |nm

RMS:| 1.79 [nm

Ellipticity Avg:| 1.06

FOV:| 800 [nm

AMAG nanometro i I]



46JTPO55SJE2 (2225DNDNOO01 slot 7) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*

Full Wafer Avg CD:|70.33 [nm Full Wafer Avg CD:| 102.0 | nm
Full wafer 1sigma CD:| 0.81 |nm Full wafer 1sigma CD:| 2.63 | nm
Die-to-Die 1sigma Die-to-Die 1 sigma
Avg:| 1.67 |nm Avg:| 2.34 [nm
RMS:| 1.79 |nm RMS:| 4.01 [nm
Ellipticity Avg:| 1.06 Ellipticity Avg:| 1.13
FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG nanometro T II



46JTPO54SJA0 (2225DNDNOO01 slot 8) Reference Data

C60P120 Anchor Target
June 2022

* All measurements in nm. Full Wafer Avg CD:|70.28 |nm| Average of all individual die CD averages (25 targets/die).

* Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full wafer ]_sigma CD:| 1.08 |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.

* 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.

Die-to-Die 1sigma Feature-to-feature variation within grating.

Avg:| 1.66 |nm| Arithmeticaverage value of feature-to-feature variation.
RMS:| 1.78 |nm| RMS average value of feature-to-feature variation.
Ellipticity Avg:| 1.06 Average of ratio of major axis to minor axis.
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 74.00
3 70.84 69.19 69.21 69.18 69.56 e ——
2 7339 69.79 70.75 6915 69.37 7032 69.47 70.18 70.85 8 _ 7100 —=—2
1 7.90 7025 7073 70.83 69.96 69.96 69.47 69.65 70.21 g E 70 : .
0 7328 6897 68.80 6890 7046 7069 69.95 70.08 6890 70.31 70.57 2 500 ——-1
-1 70.46 7097 7014 69.71 70.45 69.98 7057 69.33 69.97 o =
5 7290 69.11 69.24 6937 69.31 6928 7053 70.64 7278 543210 1 2 3 a4 s
-3 7199 7039 7089 70.52 7110 69.56 72.28 YDIE

C60P120 Anchor Target 1sigma CD

-5 -4 -3 -2 -1 0 1 2 3 4 5 3.50 V-DIE
3 136 171 317 075 241 3.00 ——3
2 151 130 104 249 203 099 125 271 117 g8_ —=—2
1 149 136 109 088 117 217 148 3038 175 EE . .
0 08 200 316 236 120 116 139 301 09 182 136 = 100 ——-1
1 136 028 225 213 126 18 110 121 151 0.0 —o—-2
2 155 212 267 116 254 160 134 154 078 s 43210 1 2 3 a4 s E—
-3 147 201 154 145 133 270 111 X-DIE

AMAG nanometro | i Ir



46JTPO54SJA0 (2225DNDNOO01 slot 8) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

ACDU -5 -4 -3 -2 -1 0 1 2 3 4 5
Full Wafer Avg CD:{70.28|nm 0
Full wafer 1sigma CD:| 1.08 |nm
Die-to-Die 1sigma
Avg:| 1.66 |nm

RMS:| 1.78 [nm

Ellipticity Avg:| 1.06 2

FOV:| 800 [nm

AMAG nanometro i I]



46JTPO54SJA0 (2225DNDNOO01 slot 8) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (xcH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*)

Full Wafer Avg CD:|70.33[nm
Full wafer 1sigma CD:| 0.81 [nm
Die-to-Die 1sigma
Avg:| 1.67 |nm

Full Wafer Avg CD:| 103.4 | nm
Full wafer 1sigma CD:| 1.77 |nm
Die-to-Die 1 sigma

Avg:| 1.82 |nm

RMS:| 1.79 |nm RMS:| 3.35 [nm
Ellipticity Avg:| 1.06 Ellipticity Avg:| 1.10

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

* Coding labels for CD data results files

AMAG nanometro (1T II



46JTP053SJD1 (2225DNDNOO1 slot 9) Reference Data
C60P120 Anchor Target
June 2022

* All measurements in nm. Full Wafer Avg CD:|71.34|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:| 1.00 [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.
* Average and 1sigma values are of 25 holes sampled at each site,
from images on next page.

Die-to-Die 1sigma Feature-to-feature variation within grating.
Avg: 1.55 |nm| Arithmetic average value of feature-to-feature variation.
RMS:| 1.66 |nm| RMS average value of feature-to-feature variation.

* Values reported by CD-SEM as hole “Bottom CD” correspond well to EIIipticityAVgE 1.06 A,V(arag‘.eOfram?Ofmajo.raXiStominoraXiS.

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 75.00
. Y-DIE
3 7132 7063 7256 7099 7027 e p——
2 7406 7190 7112 7016 7060 70.58 7092 70.54 7181 “:’g 7200 2
1 7170 | 6986 7155 7156 708 7228 7149 7152 7173 £ £ 7000 .
07438 7102 7071 7184 7163 7231 7251 7075 7256 72.03 72.02 s e ——-1
1 7055 70.89 71.89 7259 7075 7246 7014 7142 72.62 67.00 ——-2
66.00 ——3

2 7237 7168 6973 71.39 7109 7110 | 69.43 7212 70.35 s 43210 1 2 3 4 s

-3 7180 7147 7112 7117 70.33 70.65 69.88 X-DIE

C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 4.00 V-DIE

3 193 087 113 157 103 350 ——3
2 093 116 134 160 279 223 148 219 143 8 _ 250 —-—2
1 192 137 229 095 366 142 116 128 161 EE 20 ‘ 5
0 119 151 134 239 133 247 176 123 176 075 154 < oo - ——1
1 151 168 212 055 320 075 079 18 177 0.50 ——22
2 122 127 263 166 168 161 08 094 194 5 4 -3 -2-10 1 2 3 4 s E——
3 173 159 094 164 133 077 174 X-DIE

AMAG nanometro | i Ir



46JTP053SJD1 (2225DNDNOO1 slot 9) Reference Data
C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|71.34|nm
Full wafer 1sigma CD:| 1.00 |nm
Die-to-Die 1sigma
Avg:| 1.55 |nm

RMS:| 1.66 [nm 2

Ellipticity Avg:| 1.06

FOV:| 800 [nm

AMAG nanometro ‘ i I’



46JTP053SJD1 (2225DNDNOO1 slot 9) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*)

Full Wafer Avg CD:|71.34{nm
Full wafer 1sigma CD:| 1.00 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:| 103.8 | nm
Full wafer 1sigma CD:| 1.97 | nm
Die-to-Die 1 sigma

Avg:| 1.55 [nm Avg:| 4.64 |nm

RMS:| 1.66 |nm RMS:| 5.47 | nm
Ellipticity Avg:| 1.06 Ellipticity Avg:| 1.09

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

* Coding labels for CD data results files

AMAG nanometro (1T II



46JTP052SJG2 (2225DNDNO0O01 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

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:

68.58

nm

Full wafer 1sigma CD:

0.93

nm

Die-to-Die 1sigma
Avg:
RMS:

1.70

nm

1.83

nm

Ellipticity Avg:

1.06

FOV:

800

nm

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

Stdev of all die CD average of (25 targets/die), represents across wafer variation.
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 72.00
3 60.83 67.23 6950 67.68 68.48 7200 S
. .

2 7118 6969 67.96 68.25. 67.01 6860 68.62 60.18 8 _ eo00 —=—>

E 6s8.00 1
1 69.67 67.53 69.03 68.72 67.86 67.84 | 67.08 6931 £= 5o .
0 7018 69.23 6887 6803 701 6843 7053 6842 68.08 68.24 70.03 66.00 ——-1
-1 67.71 6755 68.95 69.20 6953 69.27 67.77 67.88 67.86 65.00 —e—-2

64.00 —— - 3
-2 69.72 68.21 67.95 6841 6831 6918 67.79 69.67 69.35 s -4 -3 -2 -1 0 1 2 3 4 s
s 68.24 68.36 6822 67.89 67.31 67.95 68.74 X-DIE
C60P120 Anchor Target 1sigma CD
5 4 3 2 1 0 1 2 3 4 5 4.00 DIE

3 117 113 124 090 136 . ——3
2 110 119 235 126 151 154 238 181 8 _ 20 —=—2
1 179 162 156 256 073 217 212 EE P ;
0 104 149 063 199 148 168 200 149 204 28 123 S Loo 1
-1 163 242 166 317 155 154 155 243 232 0.50 ——-2
-2 254 131 319 25 202 131 159 108 114 -5 -4 -3 -2 -1 0 1 2 3 4 s =
3 109 208 246 08 199 120 202 X-DIE

AMAG nanometro

1



46JTP052SJG2 (2225DNDNO0O01 slot 10) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|68.58|nm
Full wafer 1sigma CD:| 0.93 |nm
Die-to-Die 1sigma
Avg:| 1.70 |nm

RMS:| 1.83 [nm

Ellipticity Avg:| 1.06

FOV:| 800 [nm

AMAG nanometro i I]



46JTP052SJG2 (2225DNDNO0O01 slot 10) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*)

Full Wafer Avg CD:|68.58 |nm
Full wafer 1sigma CD:| 0.93 |nm
Die-to-Die 1sigma
Avg:| 1.70 |[nm

Full Wafer Avg CD:| 102.7 | nm
Full wafer 1sigma CD:| 2.69 | nm
Die-to-Die 1 sigma

Avg:[ 2.77 | nm

RMS:| 1.83 |nm RMS:| 3.51 |nm
Ellipticity Avg:| 1.06 Ellipticity Avg:| 1.08

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

* Coding labels for CD data results files

AMAG nanometro (1T II




46JTP051SJCO (2225DNDNOO1 slot 11) Reference Data

C60P120 Anchor Target
June 2022

* All measurements in nm. Full Wafer Avg CD:|70.68|nm| Average of all individual die CD averages (25 targets/die).
* 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 1sigma CD:| 0.83 |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:| 1.67 |nm| Arithmeticaverage value of feature-to-feature variation.
RMS:| 1.80 [nm| RMS average value of feature-to-feature variation.

« Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.06 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 73.00
Y-DIE
3 7150 7026 69.99 70.65 69.25 72.00 S
2 (7254 7188 7017 6992 7041 7156 60.76 7028 7114 g _ T —=—>
1 7155 7144 7185 69.74 7093 7179 69.82 7022 7171 g.=70% .
0 7214 7122 6965 7094 7165 7123 70.84 70.80 70.73 70.32 70.95 = :Zzz ——1
1 7167 7002 7200 70.38 70.83 7078 7160 70.41 ' —o—-2
67.00 —t—_3

2 7062 7007 7013 70.66 69.75 70.94 7180 70.52 s -4 -3 -2 -1 0 1 2 3 4 5

-3 7032 69.78 69.56 70.39 69.59 70.33 71.25 X-DIE

C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 5.00 V-DIE
3 200 146 171 100 162 4.00 ——3
2 124 263 18 070 135 154 180 18 1.80 8 _ s00 —-—2
1 L 027 100 263 115 202 146 140 112 173 £E . :
0 121 135 102 165 124 08 161 126 165 131 119 = ] ——-1
1.00

1 148 208 08 169 150 152 020 173 234 _ ——2
2 148 176 123 289 173 304 234 300 139 5 4 3 2 10 1 2 3 a s ——3
3 182 154 160 446 148 269 192 X-DIE

AMAG nanometro ! I]



46JTP051SJCO (2225DNDNOO1 slot 11) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|70.68|nm
Full wafer 1sigma CD:| 0.83 |nm
Die-to-Die 1sigma
Avg:| 1.67 |nm

RMS:| 1.80 (nm

Ellipticity Avg:| 1.06

FOV:| 800 [nm

AMAG nanometro ‘ i I’



46JTP051SJCO (2225DNDNOO1 slot 11) Reference Data

Secondary Targets
June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*)

Full Wafer Avg CD:|70.68 nm
Full wafer 1sigma CD:| 0.83 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:|102.4| nm
Full wafer 1sigma CD:| 2.78 | nm
Die-to-Die 1 sigma

Avg:[ 1.67 |nm Avg:| 2.81 [nm

RMS:| 1.80 |nm RMS:| 4.13 |nm
Ellipticity Avg:| 1.06 Ellipticity Avg:[ 1.10

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

* Coding labels for CD data results files

AMAG nanometro 1. . II




46JTP100SJD7 (2225DNDNOO1 slot 12) Reference Data

C60P120 Anchor Target
June 2022
e All measurem(.?nts in nm. o Full Wafer Avg CD:|67.99|nm| Average of all individual die CD averages (25 targets/die).
* Avg CDand 1$Ign.13 hole-to-hole Varlatl?n.for C60P120 anchor Full wafer 1sigma CD:| 1.06 [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 - —— S
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: 1.73 |nm| Arithmetic average value of feature-to-feature variation.
from images on next page. RMS:| 1.83 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.07 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 71.00
Y-DIE
3 69.37 66.66 67.29 67.28 68.12 s ——s
2 69.37 68.83 66.47 66.19 67.96 67.80 66.36 68.75 67.38 g _. 68.00 =2
1 69.85 67.00 67.16 67.54 67.27 67.02 67.33 6583 68.19 g E o700 .
. : : ' : . : : g 66.00 o
0 7038 6799 67.66 6860 69.43 68.72 6841 67.99 66.87 69.37 68.55 65.00 ——-1
-1 67.87 6789 67.16 6851 69.93 68.88 69.37 6599 67.52 ©4.00 —.—-2
63.00 —_———3
-2 69.62 68.70 69.26 68.31 69.19 6831 66.86 67.44 68.73 -5 -4 -3 -2 -1 0 1 2 3 4 s
-3 68.48 66.64 67.20 66.98 67.59 67.49 68.27 X-DIE
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 4 Y-DIE
3 126 127 123 185 19 . ——3
2 312 09 116 140 189 147 155 242 253 § — 2
£ ——1
1 0.96 250 1.06 111 146 198 199 192| 0.72 .ED £2 0
0 183 165 160 147 210 203 168 252 242 167 258 e ——-1
-1 247 140 343 243 173 234 110 137 243 0 ——-2
-2 227 139 168 19 133 106 106 261 191 5 .4 -3 -2 .10 1 2 3 4 5 3
3 190 057 174 223 111 090 085 X-DIE

AMAG nanometro i Ir



46JTP100SJD7 (2225DNDNOO1 slot 12) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:{67.99|nm
Full wafer 1sigma CD:| 1.06 |nm
Die-to-Die 1sigma
Avg:| 1.73 |nm

RMS:| 1.83 [nm

Ellipticity Avg:| 1.07

FOV:| 800 [nm

AMAG nanometro i I]



46JTP100SJD7 (2225DNDNOO1 slot 12) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*)

Full Wafer Avg CD:[102.5| nm
Full wafer 1sigma CD:| 1.37 | nm
Die-to-Die 1 sigma

Full Wafer Avg CD:|67.99|nm
Full wafer 1sigma CD:| 1.06 [nm
Die-to-Die 1sigma

Avg:[ 1.73 |nm Avg:| 2.67 [nm

RMS:| 1.83 |nm RMS:| 3.91 |nm
Ellipticity Avg:| 1.07 Ellipticity Avg:| 1.07

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

* Coding labels for CD data results files

AMAG nanometro (1T II




46JTP099SJC3 (2225DNDNOO01 slot 13) Reference Data .I

C60P120 Anchor Target
June 2022 ..
* All measurem?nts in nm. o Full Wafer Avg CD:[70.37 |nm| Average of all individual die CD averages (25 targets/die).
* tAavrg é:th(?:SalSI:g?: }:(;)k:)_:toe_;?(l)?‘ \elzrllitclio; _;Or (;?grpr:'lnzao ?:2:::;1 and Full wafer 1sigma CD: 0.96 |nm| Stdev of all die CD average of (25 targets/die), represents across wafer variation.
| e inw
p|0%(ted to rigcht rep ¢ P ! Die-to-Die 1sigma Feature-to-feature variation within grating.
« Average and 1sigma values are of 25 holes sampled at each site, Avg:| 1.67 |nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 1.80 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.06 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 73.00
3 7094 7064 6995 6812 69.64 7290 X e o ——
2 7242 7025 69.57 6834 7017 70.84 6969 69.22 70.21 8 _ 7000 ~ —.—2
1 7152 6990 7041 7065 70.78 70.42 7146 69.60 70.18 g E o2 .
0 70L97 6880 7141 7020 7160 7139 7217 7098 6941 7067 70.60| | = 7.0 ——1
-1 7143 6858 69.36 69.75 7155 70.78 7173 7058 71.23 oo —~
2 7129 7002 69.99 7091 7086 70.17 7103 69.53 70.84 s -4 -3 -2 -1 0 1 2 3 a4 s
-3 7095 69.59 69.85 6842 70.12 69.30 69.63 DI

C60P120 Anchor Target 1sigma CD

-5 -4 -3 -2 -1 0 1 2 3 4 5 5.00 V-DIE
3 099 19 171 326 187 2.00 s
2 158 124 184 137 218 110 438 050 143 8 _ 200 —=—2
1 099 081 093 222 152 105 137 169 231 55 .00 .
0 08 289 18 223 128 129 139 246 103 087 202 S ——-1
1 122 113 211 172 165 218 130 102 097 —.—-2
2 146 146 142 172 166 219 152 229 208 s a3 210 1 2 3 a s E———
3 195 313 219 076 181 125 125 X-DIE

AMAG nanometro | i Ir



46JTP099SJC3 (2225DNDNOO01 slot 13) Reference Data
C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|70.37 |nm
Full wafer 1sigma CD:| 0.96 |nm
Die-to-Die 1sigma
Avg:| 1.67 |nm

RMS:| 1.80 |nm

Ellipticity Avg:| 1.06

FOV:| 800 [nm

AMAG nanometro i I]



46JTP099SJC3 (2225DNDNOO01 slot 13) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*)  C80P165MEM (CCH2*)

Full Wafer Avg CD:|70.37|nm
Full wafer 1sigma CD:| 0.96 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:{104.3| nm
Full wafer 1sigma CD:| 1.53 | nm
Die-to-Die 1 sigma

Avg:| 1.67 |nm Avg:| 3.11 [nm

RMS:| 1.80 |nm RMS:| 3.77 | nm
Ellipticity Avg:| 1.06 Ellipticity Avg:| 1.08

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

* Coding labels for CD data results files

AMAG nanometro (1T II




46JTPO98SJF4 (2225DNDNOO1 slot 14) Reference Data

C60P120 Anchor Target
June 2022

* Al measurem?nts in nm. o Full Wafer Avg CD:|67.91[nm| Average of all individual die CD averages (25 targets/die).

* 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 w.afer 1s-|gma- CD:| 0.96 |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, DR ~rithmetic average value of feature-to-feature variation.
from images on next page. RMS:| 1.93 |nm| RMS average value of feature-to-feature variation.

* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.06 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 71.00
3 69.23 6698 67.53 67.22 66.39 e —
2 60.56 67.74 67.46 6622 68.34 | 6599 6757 67.73 68.21 8 _ ss.00 —-—2
1 69.01 6804 6841 67.93 67.02 67.42 67.79 67.47 67.94 g E 7 .
0 70.18 67.13 68.28 68.07 67.69 67.42 69.50 68.18 68.96 67.97 67.49 «a 65.00 ——-1

1 6857 67.14 | 7052 6655 66.82 6821 6749 67.43 67.76 6400 -

-2 69.42 66.94 67.68 69.44 66.52 6859 6751 67.07 68.62 -5 -4 -3 -2 -1 0 1 2 3 4 5

-3 68.76  67.88 67.46 6945 67.49 66.92 68.47 DI

C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 4.00 V-DIE
3 L 060 171 227 206 142 50 ——s
2 298 278 171 219 179 175 135 195 122 8 _ 2.50 =2
1 | 058 171 080 163 277 122 15 175 160 EE 20 .
0 160 257 229 126 117 107 179, 871 128 119 157 < oo ——-1

1 153 065 164 353 268 163 154 195 169 0.50 —o—-2

-2 204 279 179 200 272 133 159 097 118 s 4.3 -2 .10 1 2 3 a4 s —

-3 119 120 233 218 143 252 293 X-DIE

AMAG nanometro ! I]



46JTPO98SJF4 (2225DNDNOO1 slot 14) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:{67.91|nm
Full wafer 1sigma CD:| 0.96 |nm
Die-to-Die 1sigma
Avg:| 1.81 |nm

RMS:| 1.93 [nm

Ellipticity Avg:| 1.06

FOV:| 800 [nm

AMAG nanometro i I]



46JTPO98SJF4 (2225DNDNOO1 slot 14) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*)

Full Wafer Avg CD:|67.91|nm
Full wafer 1sigma CD:| 0.96 [nm
Die-to-Die 1sigma
Avg:| 1.81 |nm

RMS:| 1.93 [nm

Ellipticity Avg:| 1.06

FOV:| 800 |nm

Full Wafer Avg CD:| 102.2 | nm
Full wafer 1sigma CD:| 1.44 |nm
Die-to-Die 1 sigma
Avg:| 3.58 [nm
RMS:| 4.31 [nm
Ellipticity Avg:| 1.08
FOV:] 1000 | nm

* Coding labels for CD data results files

AMAG nanometro (1T II



46JTP097SJB2 (2225DNDNOO1 slot 15) Reference Data
C60P120 Anchor Target
June 2022

: 21: mCeI;Zunr;Ts?n::ainglz.to hole variation for C60P120 anchor Full Wafer Avg CD:[70.39 [nm| Average of all individual die CD averages (25 targets/die).

targget Py eachgdie’ reported for each die in wafer map fo:mat, and Full wafer 1sigma CD:| 0.80 |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: 1.58 |nm| Arithmetic average value of feature-to-feature variation.

from images on next page. RMS:| 1.68 [nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.06 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 73.00

3 7052 69.97 7042 69.54 69.94 72.00 e
2 7126 | 6900 6974 7008 69.30 7068 70.61 7013 70.87 S iy S 4 -
1 16885 6951 7189 69.21 69.65 7112 70.13 7135 70.62 £ £ 6000 * :
0 7039 69.79 70.28 7056 7033 7130 7192 70.16 69.23 70.98 | 72.64 = 6800 ——-1
1 7039 7077 7L12 7161 7064 7119 70.74 69.68 70.23 T o2
2 69.59 7090 71.02 7051 70.85 7127 70.88 7150 69.61 -5 -4 -3 -2 -1 0 1 2 3 4 5 ———
-3 69.35 69.70 70.14 70.25 6912 69.61 70.20 X-DIE

C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 3.50 V-DIE

3 301 142 104 211 218 3.00 ——3
2 106 124 167 113 118 18 214 174 150 8 _ o —-—2
1 262 146 068 183 118 162 231 186 084 £E o (1,
0 106 094 252 140 122 083 232 091 058 106 122 4 100 ——1
-1 157 161 159 218 192 097 25 160 1.01 0-30 ——-2
-2 162 210 112 198 106 131 272 109 178 5 .4 -3 -2 -1 0 1 2 3 4 s ————
-3 125 188 140 168 121 254 104 X-DIE

AMAG nanometro | i Ir



46JTP097SJB2 (2225DNDNOO1 slot 15) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:{70.39|nm
Full wafer 1sigma CD:| 0.80 |nm
Die-to-Die 1sigma
Avg:| 1.58 |nm

RMS:| 1.68 [nm

Ellipticity Avg:| 1.06

FOV:| 800 [nm

AMAG nanometro ‘ i I’



46JTP097SJB2 (2225DNDNOO1 slot 15) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*)

Full Wafer Avg CD:|70.39|nm
Full wafer 1sigma CD:| 0.80 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:{104.9| nm
Full wafer 1sigma CD:| 2.11 | nm
Die-to-Die 1 sigma

Avg:| 1.58 |nm Avg:| 2.32 [nm

RMS:| 1.68 |nm RMS:| 3.24 [nm
Ellipticity Avg:| 1.06 Ellipticity Avg:| 1.07

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

* Coding labels for CD data results files

AMAG nanometro (1T II



46JTPO96SJE3 (2225DNDNOO01 slot 16) Reference Data
C60P120 Anchor Target
June 2022

* All measurements in nm. Full Wafer Avg CD:|67.91|nm| Average of all individual die CD averages (25 targets/die).

* Avg CD and 1Sign.13 hole-to-hole Variati(_)n_for C60P120 anchor Full wafer 1sigma CD:| 0.95 |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.
* Average and 1sigma values are of 25 holes sampled at each site,
from images on next page.

Die-to-Die 1sigma Feature-to-feature variation within grating.
Avg:| 1.66 |nm| Arithmeticaverage value of feature-to-feature variation.
RMS:| 1.78 [nm| RMS average value of feature-to-feature variation.

« Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.07 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 71.00
70.00 Y-DIE
3 69.40 66.78 67.27 67.58 67.99 79-00 B
[s] 68.00

2 6855 67.07 67.83 | 65,2 6620 6647 68.00 6667 67.96 8 _ oo =
1 6881 67.33 68.17 6804 67.13 6889 66.26 67.24 68.49 £ £ e6.00 5
07043 67.54 6822 67.72 7011 6950 67.88 68.06 67.07 68.32 68.60 | e ——-1
-1 6722 6817 6819 67.32 6920 67.71 68.32 67.01 68.95 63.00 ——2

62.00 ———3
2 6879 6970 6829 6826 67.60 68.47 67.76 67.59 66.96 s -4 -3 -2 -1 0 1 2 3 4 s
-3 6751 67.36 68.24 67.83 6821 67.49 67.83 X-DIE
C60P120 Anchor Target 1sigma CD
5 -4 3 -2 -1 0 1 2 3 4 5 3.50 V-DIE

3 126 234 043 155 084 3.00 ——3
2 138 187 090 09 100 317 137 260 065 g _ —=—2
1 120 105 25 092 214 244 255 118 108 EE .o ;
0 060 240 161 177 123 171 222 250 157 107 233 < 100 —e—-1
- 099 152 122 198 248 290 214 220 172 0-50 —o—-2
2 145 168 153 151 169 262 111 221 135 s -4 3 2 -10 1 2 3 a4 s ———
3 235 226 153 171 127 119 103 X-DIE

AMAG nanometro - I’



46JTPO96SJE3 (2225DNDNOO01 slot 16) Reference Data
C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:[67.91|nm
Full wafer 1sigma CD:| 0.95 [nm| 3
Die-to-Die 1sigma
Avg:| 1.66 |nm

RMS:| 1.78 |nm

Ellipticity Avg:| 1.07

FOV:| 800 [nm

AMAG nanometro i I]



46JTPO96SJE3 (2225DNDNOO01 slot 16) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets

C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*)

" A7

Full Wafer Avg CD:|67.91|nm
Full wafer 1sigma CD:| 0.95 [nm
Die-to-Die 1sigma
Avg:| 1.66 |nm

RMS:| 1.78 |nm

Ellipticity Avg:| 1.07

FOV:| 800 |nm

Full Wafer Avg CD:| 102.5 | nm
Full wafer 1sigma CD:| 1.26 | nm
Die-to-Die 1 sigma
Avg:| 3.21 [nm
RMS:| 4.03 |nm
Ellipticity Avg:| 1.07
FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG nanometro (1T II




46JTPO95SJA1 (2225DNDNOO01 slot 17) Reference Data

C60P120 Anchor Target
June 2022

* All measurements in nm. Full Wafer Avg CD:|70.35|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:| 0.66 [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.

* 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.

Die-to-Die 1sigma Feature-to-feature variation within grating.

Avg:| 1.53 |nm| Arithmeticaverage value of feature-to-feature variation.
RMS:| 1.62 |nm| RMS average value of feature-to-feature variation.
Ellipticity Avg:| 1.06 Average of ratio of major axis to minor axis.
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 74.00
3 7056 7030 69.84 69.79  69.32 73.00 P
2 7280 7050 7046 7008 69.68 6956 70.73 6981 69.95 g e =
1 7025 7031 7054 6971 70.24 6958 69.74 69.91  69.31 £ £ 70.00 o :
0 7020 70.85 70.23 7117 70.85 69.95 70.07 7057 69.77 70.34 TL72 = 69.00 —— 1
-1 7057 7150 7019 7111 7104 7054 7029 70.16 69.91 B —e—-2
2 71.05 | 6947 7071 69.62 69.76 7045 7017 70.80 70.98 7 s a3 210 1 2 3 a5 T2
-3 7069 71.36 70.17 69.73 70.87 69.65 71.27 X-DIE

C60P120 Anchor Target 1sigma CD

5 4 3 2 1 0 1 2 3 4 5 3.50 o
3 153 060 150 163 133 3.00 e —
2 085 142 156 149 104 180 174 130 156 g8 _ o0 —-—2
1 147 133 18 100 142 218 127 172 113 EE 1.50 S ;
0 128 105 164 119 111 166 | 311 120 194 084 = 1.00 ——1
& 161 117 146 162 219 233 178 202 0-50 —.—-2
-2 156 268 134 216 121 276 137 230 129 s .4 -3 -2 -1 0 1 2 3 a4 s —
3 079 244 178 078 221 096 090 X-DIE

AMAG nanometro - I’



46JTPO95SJA1 (2225DNDNOO01 slot 17) Reference Data
C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|70.35|nm
Full wafer 1sigma CD:| 0.66 |[nm| °
Die-to-Die 1sigma
Avg:| 1.53 |nm

RMS:| 1.62 |nm 2

Ellipticity Avg:| 1.06

FOV:| 800 [nm

AMAG nanometro ‘ i I’



46JTPO95SJA1 (2225DNDNOO01 slot 17) Reference Data

Secondary Targets

June 2022

C60P120 (XCH*)

Anchor Target

Full Wafer Avg CD:

70.35

nm

Full wafer 1sigma CD:

0.66

nm

Die-to-Die 1sigma
Avg:
RMS:

1.53

nm

1.62

nm

Ellipticity Avg:

1.06

FOV:

800

nm

C64P128 (ACH*)

Secondary Targets

C70P140 (BCH*) C70P140HEX (NCH*)

C80P165MEM (ccH2*)

Full Wafer Avg CD:

103.3

nm

Full wafer 1sigma CD:

1.37

nm

Die-to-Die 1 sigma
Avg:
RMS:

4.42

nm

4.78

nm

Ellipticity Avg:

1.09

FOV:

1000

nm

* Coding labels for CD data results files

AMAG nanometro

1



46JTP094SJD2 (2225DNDNOO1 slot 18) Reference Data .I

C60P120 Anchor Target

June 2022 ..
* All measurements in nm. Full Wafer Avg CD:[67.64 [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:| 0.90 |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.

* 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.

Die-to-Die 1sigma Feature-to-feature variation within grating.
Avg: 1.59 [nm| Arithmeticaverage value of feature-to-feature variation.
RMS:| 1.74 |nm| RMS average value of feature-to-feature variation.
Ellipticity Avg:| 1.07 Average of ratio of major axis to minor axis.
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 71.00
3 68.23 | 6497 6650 6628 67.06 2o.00 B
2 6801 6826 6678 6751 66.37 67.23 66.72 67.16 67.44 gg om0 ' : e
1 68.18 69.75 6861 67.19 68.06 67.14 6833 67.94 67.16 g £ 66.00 o
0 69.79 68.10 68.62 67.18 67.51 68.68 6865 67.92 68.63 69.24 67.49 e e ——-1
1 6759 67.83 6697 67.65 67.09 68.03 6809 66.03 69.07 63.00 —~
) 67.26 68.65 68.06 6837 67.31 6650 66.08 66.94 67.54 s 4 -3 -2 -1 0 1 2 3 a4 s
-3 67.65 67.88 67.22 67.37 67.18 67.76 67.97 X-DIE
C60P120 Anchor Target 1sigma CD

5 4 3 2 A 0 1 2 3 4 5 3.50 e
3 163 223 114 145 179 3.00 ——s3
2 252 063 328 040 157 134 157 297 132 g _ —=—2
1 147 094 122 161 066 267 139 212 250 £E o ;
0 093 215 08 129 202 103 242 165 18 123 120 < 100 ——-1
-1 243 097 116 150 157 106 118 165 0.70 0-50 ——-2
2 0.70 268 084 133 060 125 278 211 075 s 43210 1 2 3 a s ——
-3 088 295 076 174 234 266 174 X-DIE

AMAG nanometro - I’



46JTP094SJD2 (2225DNDNOO1 slot 18) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|67.64|nm
Full wafer 1sigma CD:| 0.90 |nm| s
Die-to-Die 1sigma
Avg:| 1.59 |nm

RMS:| 1.74 {nm

Ellipticity Avg:| 1.07

FOV:| 800 [nm

AMAG nanometro i I]



46JTP094SJD2 (2225DNDNOO1 slot 18) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*)

Full Wafer Avg CD:|67.64|nm
Full wafer 1sigma CD:| 0.90 [nm
Die-to-Die 1sigma
Avg:[ 1.59 |nm

Full Wafer Avg CD:| 101.0{ nm
Full wafer 1sigma CD:| 2.47 [nm
Die-to-Die 1 sigma

Avg:| 4.09 [nm

RMS:| 1.74 |nm RMS:| 4.87 |nm
Ellipticity Avg:| 1.07 Ellipticity Avg:[ 1.11

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

* Coding labels for CD data results files

AMAG nanometro (1T II



46JTP093SJG3 (2225DNDNOO01 slot 19) 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 die, reported for each die in wafer map format, and Full wafer 1sigma CD:| 0.77 |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:| 1.53 |nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 1.63 [nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.06 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 74.00
3 69.98 69.24 70.16 | 69.06 7056 iy ——
2 7158 69.21 69.71. 69.02 69.66 7050 70.30 70.89 8 _ 7100 —-—2
1 70.18 69.73 69.86 70.38 | 69.18 70.07 70.36 69.65 g E 700 .
0 7013 7049 7007 7018 7069 70.08 70.61 70.81 7135 69.83 71.33 € 6s.00 ——-1
1 7072 7017 7126 7024 7058 | 7282 7060 7081 7163 67.00 -
7 7071 7100 7047 69.94 7130 69.58 70.40 68.97 69.53 5 -4 -3 210 1 2 3 a s
-3 69.65 70.49 70.07 70.63 70.09 68.98 70.73 X-DIE

C60P120 Anchor Target 1sigma CD

5 4 3 2 1 0 1 2 3 4 5 2.50 o
3 088 222 122 2.35 3.00 P —
2 110 100 131 109 206 151 142 g8 _ —=—2
1 268 094 075 101 105 169 158 216 £E .5 (1)
0 184 154 240 300 064 104 149 205 199 114 136 2 Loo o
il 147 163 226 205 116 144 192 167 200 0.50 ——-2
2 18 167 103 145 062 117 105 18 199 s 43 2 10 12 3 oas e
3 241 171 097 117 142 159 118 X-DIE

AMAG nanometro | Il



46JTP093SJG3 (2225DNDNOO01 slot 19) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:{70.24|nm
Full wafer 1sigma CD:| 0.77 {nm
Die-to-Die 1sigma
Avg:| 1.53 |nm

RMS:| 1.63 [nm

Ellipticity Avg:| 1.06

FOV:| 800 [nm

AMAG nanometro ‘ i I’



46JTP093SJG3 (2225DNDNOO01 slot 19) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*)

Full Wafer Avg CD:|70.24|nm
Full wafer 1sigma CD:| 0.77 [nm
Die-to-Die 1sigma
Avg:[ 1.53 |nm

Full Wafer Avg CD:| 103.8 | nm
Full wafer 1sigma CD:| 1.39 |nm
Die-to-Die 1 sigma

Avg:| 4.35 [nm

RMS:| 1.63 |nm RMS:| 5.20 | nm
Ellipticity Avg:| 1.06 Ellipticity Avg:| 1.11

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

* Coding labels for CD data results files

AMAG nanometro (1T II




46JTP092SJC1 (2225DNDNOO01 slot 20) Reference Data .I

C60P120 Anchor Target
June 2022 [ ] .
* Al measurem?nts in nm. o Full Wafer Avg CD:|67.87 [nm| Average of all individual die CD averages (25 targets/die).
* Avg CD and 1$|gn.13 hole-to-hole Varlatl?n.for C60P120 anchor Full wafer 1sigma CD:| 0.91 |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, RN Arithmetic average value of feature-to-feature variation.
from images on next page. RMS:| 1.89 [nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.07 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 72.00
Y-DIE
3 6830 6834 67.39 6623 67.03 70.00 - ——s
2 69.94 67.63 6689 6695 68.27 67.55 67.07 68.05 67.81 S = es.00 . 2
° 1
1 68.18 6824 68.60 67.82 67.26 66.79 69.01 68.15 67.85 % = 67.00 ¥ o
8  66.00
0 7143 6918 6880 6868 6682 69.09 6832 67.15 6679 67.51 | 66,09 ee 00 ——-1
-1 67.65 67.18 66.99 68.82 6824 6844 6691 67.42 67.78 64.00 =2
63.00 —_—
-2 68.42 68.15 67.53 67.24 67.93 6843 67.01 68.03 68.58 -5 -4 -3 -2 -1 0 1 2 3 4 5
3 68.13 67.40 67.03 67.69 67.09 69.03 67.80 DI

C60P120 Anchor Target 1sigma CD

-5 -4 -3 -2 -1 0 1 2 3 4 5 4.00 v-DIE
3 159 234 233 170 184 ::ig ——3
2 070 229 142 262 147 18 131 181 160 8 250 —-—2
1 305 164 099 196 255 172 181 172 165 £ E 200 *

& 1.50 o
0 123 150 098 039 209 128 112 18 119 158 252 < oo . , —v—-1
-1 091 135 189 168 355 18 215 130 188 0.50 —.—-2
-2 263 196 112 104 200 279 229 113 082 s .4 -3 -2 -1 0 1 2 3 a s ——
-3 231 349 156 241 166 164 101 X-DIE

AMAG nanometro - I’



46JTP092SJC1 (2225DNDNOO01 slot 20) Reference Data
C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:[67.87 |nm
Full wafer 1sigma CD:| 0.91 |nm
Die-to-Die 1sigma
Avg:[ 1.77 |nm

RMS:| 1.89 |nm

Ellipticity Avg:| 1.07

FOV:| 800 [nm

AMAG nanometro i I]



46JTP092SJC1 (2225DNDNOO01 slot 20) Reference Data

Secondary Targets
June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*)  C80P165MEM (CCH2*)

Full Wafer Avg CD:|67.87 |nm
Full wafer 1sigma CD:| 0.91 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:{101.9| nm
Full wafer 1sigma CD:| 3.51 | nm
Die-to-Die 1 sigma

Avg:[ 1.77 |nm Rlls\;lg: gé; o

RMS:| 1.89 |nm | 2. nm
Ellipticity Avg:| 1.07 Ellipticity Avg:| 1.09

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

* Coding labels for CD data results files

AMAG nanometro 1. . II




46JTPO91SJF2 (2225DNDNOO1 slot 21) Reference Data

C60P120 Anchor Target
June 2022

° Al measurem?nts in nm. L Full Wafer Avg CD:[70.36 [nm| Average of all individual die CD averages (25 targets/die).

* Avg CD and 1sigma hole-to-hole variation for C60P120 anchor Full wafer 1si cD:| 0.86 stdev of all die D £ (25 targets/di " fer variati
target for each die, reported for each die in wafer map format, and u w.a er s-lgma- - fim ev ofall 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, R ~rithmetic average value of feature-to-feature variation.
from images on next page. RMS:| 1.72 |nm| RMS average value of feature-to-feature variation.

* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.06 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 73.00
Y-DIE
3 70.05 70.23 69.37 69.79 69.52 72.00 >3
71.00
2 70.25 69.88 68.80 7140 69.68 69.84 70.83 70.80 g = 70.00 w2
1
1 7176 69.59 70.26 7142 70.00 70.02 70.49 69.74 % £ 69.00 o
0 7107 69.96 70.25 69.54 7123 7198 7221 7124 7054 70.04 71.16 = 68.00 —4—-1
Al 7025 7057 69.98 70.90 7167 7055 70.07 69.06 70.98 e7.99 —e—-2
66.00 ———3
-2 70.23 70.71 70.03 69.92 70.84 7203 71.18 68.96 71.86 -5 -4 -3 -2 -1 0 1 2 3 4 s
3 7012 69.96 69.95 70.65 71.04 69.84 70.25 XDIE
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 3.00 V-DIE
8 117 209 128 114 154 2.50 ——3
2 180 153 146 198 067 070 208 190 201 § _ 200 ——2
1 165 074 209 238 138 151 192 165 280 g E 10 (1)
0 116 266 160 181 209 144 208 100 224 097 165 = oo —e—-1
-1 157 149 227 047 19 106 192 199 205 0'5_0 ——-2
2 118 022 158 212 199 114 235 065 189 5 4 3 2 1 0 1 2 3 a s ——3
-3 164 214 248 091 160 163 1.64 X-DIE

AMAG nanometro - I’



46JTPO91SJF2 (2225DNDNOO1 slot 21) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:{70.36|nm
Full wafer 1sigma CD:| 0.86 |nm
Die-to-Die 1sigma
Avg:| 1.63 |nm

RMS:| 1.72 {nm

Ellipticity Avg:| 1.06

FOV:| 800 [nm

AMAG nanometro ‘ i I’



46JTPO91SJF2 (2225DNDNOO1 slot 21) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*)

Full Wafer Avg CD:|70.36|nm Full Wafer Avg CD:| 102.5| nm
Full wafer 1sigma CD:| 0.86 |nm Full wafer 1sigma CD:| 3.44 | nm
Die-to-Die 1sigma Die-to-Die 1 sigma
Avg:| 1.63 [nm Avg:| 4.50 | nm
RMS:| 1.72 |nm RMS:| 5.88 [nm
Ellipticity Avg:| 1.06 Ellipticity Avg:| 1.10
FOV:| 800 |nm FOV:| 1000 | nm

* Coding labels for CD data results files

AMAG nanometro (1T II




46JTPO90SJBO (2225DNDNOO1 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:|67.95[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:| 0.90 [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:| 1.68 |nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 1.77 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.07 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 71.00
3 68.40 67.37 6681 67.00 68.97 70.00 S
2 60.26 66.66 68.27 | 6689 68.03 | 6649 6724 67.30 8 oo —-—2
1 6879 67.88 6626 6821 68.97 68.69 68.40 67.37 68.72 £ £ 6700 VAN .
0 68.26 67.87 68.12 67.71 6851 6839 6833 67.28 6862 68.05 @ 66.00 — -1
il 67.96 6854 6801 6953 67.85 67.39 67.68 67.63 67.90 B =
-2 68.72 66.83 6753 67.92 6742 6725 6839 6892 68.28 -5 -4 -3 -2 -1 0 1 2 3 4 5
3 67.82 6850 67.19 68.56 6643 66.24 67.47 X-DIE
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 3.50 V-DIE
3 159 190 143 039 220 3.00 p——
2 130 143 231 167 131 18 224 133 035 g _ 2% & —=—2
1 157 097 248 270 152 192 147 217 170 EE .5 ;
0 18 162 133 221 19 229 191 13 116 179 120 = 1.00 ——-1
-1 054 135 184 212 110 134 125 204 227 0-50 ——-2
2 131 255 220 125 291 18 171 155 157 T s 43 2 10 12 3 oa s ——=3
-3 284 208 225 082 197 078 179 X-DIE

AMAG nanometro | Il



46JTPO90SJBO (2225DNDNOO1 slot 22) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:{67.95|nm
Full wafer 1sigma CD:| 0.90 |nm
Die-to-Die 1sigma
Avg:| 1.68 |nm

RMS:| 1.77 {nm

Ellipticity Avg:| 1.07 z

FOV:| 800 [nm

AMAG nanometro i I]



46JTPO90SJBO (2225DNDNOO1 slot 22) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*)

Full Wafer Avg CD:[102.0| nm
Full wafer 1sigma CD:| 1.60 | nm
Die-to-Die 1 sigma

Full Wafer Avg CD:|67.95[nm
Full wafer 1sigma CD:| 0.90 [nm
Die-to-Die 1sigma

Avg:| 1.68 [nm Avg:[ 4.10 | nm

RMS:| 1.77 |nm RMS:| 4.91 [nm
Ellipticity Avg:| 1.07 Ellipticity Avg:| 1.10

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

* Coding labels for CD data results files

AMAG nanometro (1T II



46JTPO89SJF2 (2225DNDNOO1 slot 23) 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:[70.26 [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 15|gma CD:| 0.82 |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:| 1.65 |nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 1.74 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.06 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 & 73.00
Y-DIE
3 71.38 69.00 70.71 @ 71.65 70.34 :i'zz ——3
2 7024 7048 7121 69.70 6863 6816 7061 7058 60.63 8 _ 7000 =
1 70.45 70.89 69.16 69.97 71.16 69.32 70.00 70.95 70.59 % £ 69.00 o
0 7182 7004 70.74 69.67 7085 7057 7130 70.00 69.74 70.49 @ 71.63 @ 68.00 —t—-1
-1 7086 7011 6920 70.34 7127 70.10 70.07 68.87 70.67 ©7.00 —e—-2
66.00 ——3
-2 70.77 7112 7024 70.70 69.26 70.10 69.26 69.73 70.80 -5 -4 -3 -2 -1 0 1 2 3 4 5 —
-3 70.63 69.96 6957 69.32 68.64 7143 7054 X-DIE
C60P120 Anchor Target 1sigma CD
-5 -4 -3 -2 -1 0 1 2 3 4 5 4.00 V-DIE
3 194 222 170 177 205 :f)g —
2 170 064 191 18 151 198 246 111 178 § __ 250 —=—2
1 167 089 040 175 131 130 165 207 §E 2 :
0 179 192 069 192 200 220 198 189 205 131 144 - 1.00 —ie— -1
-1 164 139 215 083 233 159 174 179 120 0.50 ——-2
-2 068 18 202 226 164 142 125 309 120 .5 -4 -3 -2 -1 0 1 2 3 4 5 i
-3 142 339 201 149 076 125 210 X-DIE

AMAG nanometro - I’



46JTPO89SJF2 (2225DNDNOO1 slot 23) Reference Data
C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|70.26 |nm
Full wafer 1sigma CD:| 0.82 |[nm| 3
Die-to-Die 1sigma
Avg:| 1.65 |nm

RMS:| 1.74 |nm

Ellipticity Avg:| 1.06

FOV:| 800 [nm

AMAG nanometro ‘ i I’



46JTPO89SJF2 (2225DNDNOO1 slot 23) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*)  C80P165MEM (CCH2*)

Full Wafer Avg CD:|70.26|nm
Full wafer 1sigma CD:| 0.82 [nm
Die-to-Die 1sigma
Avg:| 1.65 |nm

Full Wafer Avg CD:| 103.4 | nm
Full wafer 1sigma CD:| 2.05 | nm
Die-to-Die 1 sigma

Avg:| 3.63 | nm

RMS:| 1.74 |nm RMS:| 4.12 | nm
Ellipticity Avg:| 1.06 Ellipticity Avg:| 1.08

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

* Coding labels for CD data results files

AMAG nanometro T II




46JTPO88SJBO (2225DNDNOO1 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:[67.76 |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:| 1.02 |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:| 1.77 |nm| Arithmeticaverage value of feature-to-feature variation.
from images on next page. RMS:| 1.86 |nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.07 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 71.00
3 6831 67.50 65,30 67.30 67.53 2900 - -5
2 69.40 6571 67.29 66.78 67.24 66.73 66.99 6811 66.34 gg i e
1 69.48 66.09 6573 69.17 68.85 67.54 6642 67.06 67.36 £ £ s6.00 - .
0 66.60 66.84 68.79 69.21 67.81 68.96 67.86 67.79 69.37 67.46 o ——-1
1 67.80 67.36 6833 67.29 67.22 6879 67.33 67.52 67.51 63.00 e
2 6851 68.17 67.70 67.52 6944 68.37 67.44 6924 67.84 s 43 210 1 2 3 a s
-3 68.40 67.91 67.27 6752 6844 67.18 6851 XDIE

C60P120 Anchor Target 1sigma CD

5 4 3 =2 1 0 1 2 3 4 5 3.50 o
3 161 201 188 224 197 3.00 ——
2 091 251 148 271 131 225 106 201 225 g8 _ —=—2
1 176 244 185, 073 218 139 240 129 200 £E o ;
0 168 090 176 237 175 124 256 142 228 081 169 < 100 ——-1
1 221 168 162 144 114 327 134 194 175 0-50 ——-2
-2 223 110 226 085 117 133 242 157 238 s .4 -3 -2 -1 0 1 2 3 a s —
3 212 064 185 090 18 261 120 x-DIE

AMAG nanometro ! I]



46JTPO88SJBO (2225DNDNOO1 slot 24) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:|67.76|nm
Full wafer 1sigma CD:| 1.02 {nm| 3
Die-to-Die 1sigma
Avg:[ .77 |nm

RMS:| 1.86 [nm

Ellipticity Avg:| 1.07

FOV:| 800 [nm

AMAG nanometro i I]



46JTPO88SJBO (2225DNDNOO1 slot 24) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH*) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*)

Full Wafer Avg CD:|67.76|nm
Full wafer 1sigma CD:| 1.02 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:|103.4 | nm
Full wafer 1sigma CD:| 1.56 [nm
Die-to-Die 1 sigma

Avg:| 1.77 [nm Avg:| 2.90 [nm

RMS:| 1.86 |nm RMS:| 3.72 |nm
Ellipticity Avg:| 1.07 Ellipticity Avg:| 1.07

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

* Coding labels for CD data results files

AMAG nanometro (1T II



46JTPO87SJE1 (2225DNDNOO1 slot 25) 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 die, reported for each die in wafer map format, and Full wafer 1sigma CD:| 0.88 |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:| 1.70 |nm| Arithmeticaverage value of feature-to-feature variation.

from images on next page. RMS:| 1.78 [nm| RMS average value of feature-to-feature variation.
* Values reported by CD-SEM as hole “Bottom CD” correspond well to Ellipticity Avg:| 1.06 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 A 0 1 2 3 4 5 73.00

3 70.76 69.38 7057 6887 70.67 et ——
2 7150 6956 69.77 69.56 69.42 7052 6959 69.91 70.82 S _ 7000 —-—2
1 7071 7050 70.31 7048 70.32 7032 7145 69.62 70.28 g & o000 .
0 7148 7152 69.94 69.24 7026 7061 7180 7115 69.32 69.71 71.56 2 &7.00 ——-1
-1 68.65 67.86 7103 70.71 7153 69.46 70.07 6931 7063 . —~
-2 69.49 69.06 69.92 70.33 70.30 69.88 68.62 70.67 70.67 5 -4-3 -2 -1 0 1 2 3 a s

-3 70.95 7255 69.62 69.66 70.63 70.36 70.72 X-DIE

C60P120 Anchor Target 1sigma CD
5 4 -3 -2 -1 0 1 2 3 4 5 3.50 V-DIE

3 248 181 187 154| 066 3.00 p——
2 086 107 205 161 187 101 224 304 270 g _ o —-—2
1 138 208 217 211 18 18 114 133 168 EE 1o ;
0 143 080 126 306 176 181 203 200 216 1.8 240 S 100 ——-1
1 250 071 111 144 149 097 210 159 1.28 0.50 ——-
) 241 162 157 169 117 177 241 212 219 " 5 .4 -3 -2 -10 1 2 3 a s —
-3 118 103 107 116 178 161 123 X-DIE

AMAG nanometro - I’



46JTPO87SJE1 (2225DNDNOO1 slot 25) Reference Data

C60P120 Anchor Target
June 2022

C60P120 Anchor Target
CD-SEM image wafer map

Full Wafer Avg CD:{70.24|nm
Full wafer 1sigma CD:| 0.88 |nm
Die-to-Die 1sigma
Avg:| 1.70 |nm

RMS:| 1.78 [nm

Ellipticity Avg:| 1.06

FOV:| 800 [nm

AMAG nanometro ‘ i I’



46JTPO87SJE1 (2225DNDNOO1 slot 25) Reference Data

Secondary Targets

June 2022
Anchor Target Secondary Targets
C60P120 (XCH*) C64P128 (ACH¥) C70P140 (BCH*) C70P140HEX (NCH*) C80P165MEM (CCH2*)

Full Wafer Avg CD:|70.24|nm
Full wafer 1sigma CD:| 0.88 [nm
Die-to-Die 1sigma

Full Wafer Avg CD:| 104.7 | nm
Full wafer 1sigma CD:| 1.14 [nm
Die-to-Die 1 sigma

Avg:[ 1.70 |nm Avg:| 3.11 [nm

RMS:| 1.78 |nm RMS:| 4.26 | nm
Ellipticity Avg:| 1.06 Ellipticity Avg:| 1.08

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

* Coding labels for CD data results files

AMAG nanometro T II




110.0

105.0

100.0

Comparison CDs- Anchor to Secondary Targets

Comparison Anchor/Secondary Target Average Wafer CDs
AMAG7 HAR 1.0

sz SV

._./O—WW

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

=@ (64 P128 (ACH) 11 die === C70 P140 (BCH) 11 die

C70 P140 HEX (NCH) 11 die —@= (80 P165 MEM (CCH) CD1, 11 die

=@ C80 P165 MEM (CCH) CD2, 11 die ==@==C60 P120 (XCH) All Die

Bottom CD (nm)

Comparison of Anchor/Secondary Targets Y-die 0 CDs slot 2

AMAG7 HAR 1.0
1100
105.0 0
o 1L . «=8==C70P145 (BCH)
50 C64P133 (ACH)
90,0
8.0 b& - ) = @=C80P165MEM (CCH)
80.0 . 3
750 «=@=(60P120 Anchor
7
700 ON—‘___‘—@9 «=@=C70P145HEX (NCH)
65.0
60.0
5 2 0 2 5
x-die
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C60P120 Anchor Target XSEM Reference Data
June 2022

C60P120 Anchor Target XSEM images

2219DNDN001.004_0SJB2_DIE_0_0_30sec_Ir 2219DNDN001.004_0SJB2_DIE_4_0_30sec_Ir

2.0kV 2.1mm x60.0k 6/5/2022 2.0kV 2.3mm x50.0k 6/5/2022

Center Edge

'AMAG nanometro g S |



20A HfO, coating, lum HARhole wafer, great coverage, LR-TEM

n
* 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.

i 200 NM

AMAG nanometro



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






