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What am | doing here?

. Canon has developed a novel Nanoimprint Lithography
capability which has unigue challenges relative to more
standard 4x reduction methods

I The purpose of this presentation is to introduce our technology,
highlight some of the challenges and get folks thinking about
metrology methods suitable for this technology*

JIn this presentation, we will discuss two inkjet-based
applications that require advanced measurement methods

*But promise not to derive anything from Maxwell’s equations during the talk
Canomn CANON INDUSTRIAL GROUP



Nanoimprint Basics




Canon's Approach to Nanoimprint (NIL \‘“'

High resolution fused silica template,

® The Canon NIL coated with release layer p imprint fluid dispenser
Process uses a [, Template ] Low viscos o
ow viscosity organic fluid

transparent mask and  step 1: Dispense drops

jetted resist to create
pattern

_ Step 2: Lower template Template very low imprint pressure < 1/20 atmosphere at room temp
* This method enables and fill pattern

an easier approach to

overlay and optimizes Same Process Used for

the residual layer Step 3: Polymerize imprint | Step & Repeat and
thickness uniformity fluid with UV exposure hdhesionayer Whole Substrate

. : Patterning
beneath the imprinted

features
* First introduced by Grant Step 4: Separate template Template
Willson in 1999 from substrate Step & Repeat
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NIL Application Space \\\\“"‘

* Unlike other NIL Application Expansion
lithographic methods,

MOE
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» Device (ND)

But any application
requires a supporting
ecosystem to enable a
suitable production
solution
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NZZC _ eI’Q rmance \\“‘"

raw(A2 21/12/10 0639-s03 )FFPF

14nm HP m: 003,003

FPA-1200 NZ2C
NIL to ArF-IML

Evaluated with 96
locations per field

Full field + partial field

__ mi3o | X | Y __

: Best Wafer  2.20 2.10
[hm]  Average 2.42 2.24

2 NZ2C '

Cut layer demonstration Metalens
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Nanoimprint Ecosystem

Template Design EDA
Vender

Automatic Device
Design maker

Design for Nanoimprint

Resist filling simulator

[

Wafer Pre-NIL
Process
Coagn

=-|,
q =

Process
Cleamng

CMElse.
-

heow
Inspectibh
Under Layer
treatment

Template Pre-NIL

- Template
treatment

Template Manufacturing

v /-
M Replication
= Inspection

Template
maker

Tool
vender

Device
maker

Device
maker

Imprint

Imprln‘ool

Canon

Etc

Material 48

Post-NIL Process
Pattern q l l F
transfer - Clean n

Metrology

Resist maker

Tool
vender

Rl

Yield

Overlay

Pattern Transfer
Defect

Productivity

Throughput

TAT

Sustainability

Many ecosystem requirements are connected with the imprint mask (template)
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TheNlLMask

~1One clear advantage of NIL is that the pattern formed on the mask is what is
printed on the wafer — no complex computational lithography

I But everything we need to measure must be done on a 1x pattern
® There is no 4x reduction

] In addition, replica masks are required since the lifetime of the mask is
limited by defects induced during the imprint process

J Key metrics to be measured include
* Critical dimension (CD), CDU and linewidth roughness (LWR)
* Image placement
® Defect inspection
* Defect repair
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Master Mask Fabrication

* The basic mask pattern is defined using a very typical process seguence
Master -

CD, CDU, IP Defectivity

EB writing Develop Etching Inspection and repair

® For best resolution and lowest linewidth roughness, non-chemically amplified resists are used

®* These resists require higher doses, but the higher dose creates more secondary electrons, which
reduce LWR

* Non-chemically amplified resists also minimize the stochastics introduced from acid diffusion that
occurs during the post exposure bake process
®* Years ago, the e-beam resist of choice was ZEP520A
= Best performance was achieved by biasing the features in the GDS (smaller), increasing
exposure dose and using diluted developers to enhance resist contrast

Newer materials, including chemically amplified resists and metal oxide resists with even
better performance may be available
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Master Mask CDU and Image Placemen

* 1nm image placement has been demonstrated using an MBMW-101*
2X Nm LS

Defects pcs/cm?
CDU (3c)  nm 0.44
IP (35) nm 1.52/0.91

2X nm pillar

Defects pcs/cm?
CDU (35)  nm 0.65
IP (30) nm 0.97/1.02

*MBMW-101 is an 8-year-old tool with a
global registration spec of 2nm Source: SPIE 2023
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Mask Replication Tool

e Canon makes an FPA-1100NR2 for
the purpose of fabricating replica PA1100 NR2
masks Mask Replication Tool
« NR2is located at a DNP
manufacturing site and at

Utsunomiya
 An older legacy tool is also located at

DNP
« Tool specifications are shown in the

table to the right Throughput 4 Mask/hour
 Replica mask costs are low CD Uniformity (30) 08 m
(compared to a master mask), and
driven by the throughput of the mask Image Placement 1.0 am

replication tool Accuracy (30)

Particle 0.002 pcs/Mask
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Mask CDU and Etch Depth \\\\‘“l‘

CDU Etch Depth

 Mask Feature Etch Depth is very
well controlled.
Shown is a run of six replica masks

(]
Mask | Typical | Feature : _
with a targeted etch depth of either

 Mask CDU for lines typically < 1nm*

19nm  20.12  0.34 40nm or 50nm
Master L/S 32nm  38.86 0.49 Mask ID 1 5 3 4 5 6 7
54nm 65.59 0.66 Target(nm) | 400 |40.0 |400 |40.0 |400 |50.0 |50.0
Replica L/S 26nm  33.61 1.07 Mean 402 |40.6 |403 |40.0 |395 [522 |51.6
17nm 18.04 1.70 STDEV 017 |025 022 |021 |020 |020 |0.25
Rep|ica Hole 18nm 19.91 1.45 Max 40.5 41.0 40.8 40.3 39.8 52.5 51.9
20nm 22 68 1.27 Min 40.0 |403 |40.1 |[395 |[393 |[51.8 [513
Range 052 |068 |[068 |[077 |052 |[067 |0.66

* Imprinted measurements
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Replica Imprint Mask Results: Image Plac \\:‘-“\\‘“"

Template Matching Example

e This slide « 3 replica masks were generated from a single master
demonstrates Image mask
placement mapping e 322 measured locations per field
across three replica
masks. Replica 1 Replica 2 Replica 3
° |mage placement iS ~ X Y unit X Y unit X Y unit
30 |1.17 |1.11 | nm 30 [1.16 [0.91 | nm 30 |1.17 |0.81 | nm
1nm and the reSUItS_ max [ 1.12 | 1.29 | nm max [ 0.99 [ 1.11 | nm max [ 1.09 | 0.86 | nm
are repeatable, repllca min (-1.17 |-1.10 | nm min [-1.25 |-0.78 | nm min (-1.22 |-0.74 | nm
to replica
|P difference = (2) - (1) |P difference = (3) - (1) |P difference = (3) - (2)
X Y X Y X Y
30 [ 0.38{0.34| nm 30 {0.33{0.40 | nm 30 | 0.35({0.37 | nm
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Mask Inspection \\\\\“‘"

* NIL direct mask inspection has been done with both e-beam and optical systems

« E-beam Inspection  QOptical Inspection
« Hermes Microvision eScan 315xp  NuFlare
MouseBie  MoiseBits  Eviopsin  MeuseBie  Exiansion v New inspection tool NX-8000 was developed by NFT which

specialized for the nano-imprint pattern inspection featuring
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- High inspection throughput : 60min@26x33mm
- 3 inspection modes for NIL inspection

Il

Bacus 2009

SRAM Mid CT_V CT.V LS_V LS V 2 Template
Extension MouseBite Extension MouseBite Extension Objective
48nm  |[44nm  |[40nm [36nm |32nm |28nm |24nm |20nm |16nm |12nm [8nm |4nm DUV light lens
Mousebite | 100%]| 100%]| 100%]| 100%| 100%)| 100%| 100%)| 100%| 100%| 100%|100%| 0% A:199nm RIGEL 24-28nm 20min
Shorten 100%]| 100%| 100%]| 100%)| 100%)| 100%| 100%)| 100%| 100%| 100%)|100%| 0% SIRIUS
Mid Extension| 100%]| 100%]| 100%| 100%| 100%)| 100%| 100%)| 100%| 100%| 100%|100%| 0% optics VEGA 24nm 40min
SRAM |Extension 100%]| 100%)] 100%]| 100%)| 100%| 100%| 100%)| 100%| 100%| 100%)| 93%| 0%
H_Mousebite | 100%)| 100%]| 100%)| 100%]| 100%)| 100%)| 100%| 100%)| 100%| 100%|100%| 40% Imaging SIRIUS 15nm 60min
V_Mousebite | 100%]| 100%]| 100%| 100%]| 100%)| 100%| 100%)| 100%| 100%| 100%|100%| 40% lens sﬂ
H_Extension | 100%)| 100%]| 100%)| 100%]| 100%)| 100%)| 100%)| 100%)| 100%| 100%|100%| 13% . .
CT |V Extension | 100%] 100%] 100%)] 100%) 100%) 100%) 100%| 100%| 100%| 100%|100%| 20% Obptics Detectable defect size on L/S pattern
H Mousebite | 100%)| 100%/| 100%)| 100%/| 100%)] 100%)| 100%)] 100%)| 100%| 93%| 20%| 0% P
\/_Mousebite | 100%]| 100%]| 100%]| 100%| 100%)| 100%| 100%)| 100%| 100%| 100%| 27%| 0% SPIE 2017
H_Extension | 100%)| 100%]| 100%)| 100%]| 100%)| 100%)| 100%)| 100%)| 100%| 87%| 7%| 0% NIL t late i fi tool NX-8000
LIS |V Extension | 100%)| 100%| 100%| 100%)| 100%]| 100%] 100%]| 100%]| 100%| 100%| 27%| 0% €mplat€ Inspection too

E-beam has acceptable resolution but is too slow. Optical inspection has reasonable throughput, but resolution is lacking
Canon CANON INDUSTRIAL GROUP



®* The most advanced repair work

\\III

has been done using an e-beam  gigina v -
repair system from Nawotec (now mask E==es T

Zeiss)
* 32nm pattern
e SPIE 2008 After

* Nawotec was later acquired by
Zeiss (tool name is MeRIT)

* Both subtractive (glass etching)
and additive (deposition of an
oxide) repairs are possible

imprint

Repair of smaller pitch features is largely untested

Canon CANON INDUSTRIAL GROUP
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Want more mask metrology?

Z00Mm

SPIE. e
https://spie- S
org.zoom.us/webi BmA.g!!.!§ ke
nar/register/9617 | _
563205851/WN _ B *
e Y SR Join a free webinar
Oek9hWCKg#/re
SfErEren Mask Metrology for Advanced Nodes

Date & Time

Description

Canon CANON INDUSTRIAL GROUP

Mar 20, 2026 08:00 AM in Arizona

Photomasks are an essential component of the lithography
process. With increasingly tighter requirements on edge
placement error (EPE), controlling crucial mask parameters
—such as pattern placement, critical dimension (CD), and
induced phase changes by absorbers—is necessary to

ensure optimal chip production yields.

0609

Support

]

English ~



https://spie-org.zoom.us/webinar/register/9617563205851/WN_cczRJVM1S6SFSOek9hWCKg#/registration
https://spie-org.zoom.us/webinar/register/9617563205851/WN_cczRJVM1S6SFSOek9hWCKg#/registration
https://spie-org.zoom.us/webinar/register/9617563205851/WN_cczRJVM1S6SFSOek9hWCKg#/registration

NIL Defectivity \\ \‘“l‘

There are two defect modes that need to be tracked: Random and Repeating

Random Defects Repeater Defects

Main source of random defectivity: non-fill and feature collapse 0.006 Repeating defects caused by particles

N7 0.10 . ®toolA @toolB @tool C
Highest: (0.030

E 0.09 | e Device ||ke Patterned 9Nes ( ) 'E' 0.005 toolD @tool E tool F
n 0.08 — Test Mask (L/S hp2Xnm) - @ ®toolG @toolH tool |
S 007 — S 0.004
: 0.06 » 32 Data Points (5 months) S
2 | 0.003 o . *—
= 0.05 é ADD*=0.1
aC) 0.04 v 0.002 ®  Mask life 80 Lot
S 0.03 < * .
+  0.02 - — - ()
O = 0.001 e \
% 0.01 ———1—— — — — — — - &, ® o 2= g0
2 0.00 0 i I <k A

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
2016 2017 2018 2019 2020 2021 2022 2023

Year
Particle adder target is one defect

every 2,500 wafers and is now being
achieved in multiple stations

»
»

< 5 months

Day-to-day Defect stability meets 3D
NAND mass production level.
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Introduction to Inkjet-based Adaptive
Planarization (IAP)




Ml

. Inkjet-based technology can be used both to create patterns and to remove
topography from a wafer surface

Nanoimprint Lithography

Step 1. Jetting of droplets onto a wafer

Inkjet-based Adaptive Planarization

Step 1. Jetting of droplets onto a wafer

Low density High density UV curable

' K / resist
"\

Wafer

Step 2. Mask contacts a liquid resist

Wafer

Step 3. UV Cure and Separation

Cured material
Wafer
| 26mmx33mm

<

\ 4

Canon CANON INDUSTRIAL GROUP

Water | |IAP curable

— 1 Material
Low density High density

Step 2. Glass superstrate contact to an IAP Material

Wafer

Step 3. UV Cure and Separation

Cured material
Wafer

¢300mm

A
\ 4



Why take a full wafer approach?

There are three primary reasons:

. Throughput: We can process a wafer faster with a single print than we

can having to do it in a step and repeat fashion ~ 100 times

] Field stitching: A whole wafer process avoids the field stitching problem
and allows easy printing of a contiguous film across the entire wafer

] Minimize Defectivity: If | pick up a repeater defect in a 26mm x 33mm
field, | now repeat that defect in every printed field. With a full wafer
approach, that defect gets repeated only once on a wafer

Canon CANON INDUSTRIAL GROUP



Why does topography matter? \““‘

JAdvanced lithographic technologies and all

device types are all impacted by topography b e
* For ArF immersion, topography affect depth of focus (DOF) ArFi E
" Reduced DOF impacts CDU and therefore device performance — ]
* For EUV, topography affects both DOF and overlay = ‘
" EUV masks have a 3D component. Topography shifts pattern | ' | £

placement, which again impacts yield

* For NIL, topography affects residual layer thickness uniformity,
overlay and resist fill time
" Impacting CDU, throughput and yield EUV

JTopography generally takes on two forms:
* Topography induced from the 300mm wafer
* Pattern topography

JThe industry routinely uses CMP to remove
topography, but there are many device levels
where this does not work

Canomn CANON INDUSTRIAL GROUP




 Back-end metal levels use a dual
damascene process

 This introduces pattern topography

Patterned Resist

Focus plane
difference

E+

Dual-damascene illustrates challenges

Lo —

L g —

G g —

Al

e —

L g —

film

via lithography

g h

via etch

=i

clean

]

line lithography

W

JI—

D g —

L Jr——

W

line etch

clean

Copper bamer

= Smaller features, dummy patterns

Canon CANON INDUSTRIAL GROUP

copper filling

® So, what do device manufacturers do?
* Apply multi-level resist stacks, e.g., SOC, to minimize the
pattern topography

" SOC does not correctly planarize larger features

" Sometimes, multiple step processes are needed

® Restrict design layouts

" Adversely affects device performance and adds cost

Copper polish



What does the industry require? \\\\\“"‘

* Planarization technology that:
" Reduces topography, allows more design freedom, improves performance

" |s lithography agnostic
* Planarizes existing pattern topography and conforms to wafer
topography
" With excellent gap-fill
"Producing a uniform overburden needed for downstream processes
" With materials that allow robust post-processing ppg
* Cost-effective :

" One tool that puts down the required
planarization layer and readies that layer for all
the required downstream processes

Canon CANON INDUSTRIAL GROUP
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Local Planarization: Initial Results* \\‘“I‘

Starting pattern etch depth: 107nm

16 |
14 |

12;

© 1x IAP: early material

Planarization Deviation (nm)*

10 [ |® 2x IAP: early material ® =
[ |® 1x IAP: intermediate material //////
g ///////,/
6 .///// ps
()
4
2t ° — i — _° —— —o ¥ ——
Overburden 0 [ o o
: Superstrate
|IAP Material T T I T N T
. N7 A% %7/ & Q7 Q7
Q O o> < Q Q/ 7 N~
Si0 Y ,f:)/ o N N 9 )
e o © Feature Type (space/line) um

_ * NIL resists and early IAP formulations were

Starting topography IAP Material Spread UV Cure/Separate/Bake subject to shrinkage during UV cure and bake

Canomn CANON INDUSTRIAL GROUP * Measured using a Bruker Insight tool in AFM mode



Local planarization: Recent Results

1By developing new IAP materials
with reduced shrinkage after UV cure
and bake, it is possible to significantly
Improve IAP performance after a 1X
|AP process*

LVL-125

Film Shrinkage After Bake
g 20
0 15
S
X
£ 10
5
£ > 1.9
T 0 0.1

1st bake ™ 2st bake

*See paper by Sekito-san for more details
Canon CANON INDUSTRIAL GROUP

Planarization Deviation (nm)*

il

Starting pattern etch depth: 107nm

18

16 E

14 |

12 |
[ |© 1x |AP: early material [
10 [ ® 2x IAP: early material

- |® 1X |AP: intermediate material /!///////
g [ |®1xIAP: EMD LVL-125 T
o °
L o e __————7 o
./ —————— .
2 ° e o . - — e— —— o
______ G ® °
® ®
0
% <9 " N N N N N O N Q
R v ) 9 Yy
Q- Q A SO T TR RPN LA 1
b/ &N 65/ 9 N N R
NN

Feature Type (space/line) um

* 1x IAP results better than 7nm for all features

e 2x IAP results better than 3nm for all features

* Measured using a Bruker Insight tool in AFM mode



Local Planarization Results

Excellent planarization across small and large pitch features

T s R TR S

’s..xnu.-'ui..lﬁ Jx__,n\_ﬂ_, \.JMJ\.J:..; :

ERT= G00RY Mag= 1GI0AKX

00 o0  3Aug2Ms . Tk
Sl A= e @@"“m’“h“ SEI 50KV X4.300 WD 96mm ONE SE 2.0k w7 500 D96

30nm HP lines 750nm HP lines Dense and semi-dense lines

e
10 um line | 90 um space

sample 2 D4 m10a

-5 um 0 ~ +5um
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Large Area Planarization ““‘

JIMeasuring pattern
topography requires
methods other than
AFM or SEM x-section. Light path Images the entire reticle

Interferometry Measurement

JWhite light
Interferometers, are
used for high-precision,
non-contact 3D surface o obrective and
mapp|ng, measunng Metal Coating the sample
surface topography, 4
roughness, and finish.

Measures the

Pixel size is ~2.5x2.5um

intel

LTD Litho Intel Confidential )
foundry

Good for understanding overburden uniformity trends, but numbers reported within a single pixel are averages

Canon CANON INDUSTRIAL GROUP



Full Field Topo with SOC

0
-15.000 -7.500 0.000 7.500 15.000

s | = Bivariate Fit of Topo (nm) By Pattern Density
15
: ¢ 10
: 0
-.';! x
; -. \ 5
£t -10
£
o -15
o
- 2 -20
25 Summary Statistics
oy : _3() Mean -0.006245
) " 13 LR G Std Dev T TEETOZT
: g oI TER R N -35 - Std Err Mean 0.0003252
- J Upper 95% Mean -0.005608
g = i B9 f f el -40 Lower 95% Mean -0.006883
LI o ; f R R N 165898103
ol B R el R . R -45
rmmm‘l

Pattern Density

LTD Litho Intel Confidential

~45 nm topo

intel
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Full Field Topo with IAP — Rev O Recipe

= Bivariate Fit of Topo (nm) By Pattern Density

-7.500

0.000

7.300

15.000

15
10

Summary Statistics

Mean -0.001882
Std Dev 1.2364357
Std Err Mean 0.000096

Upper 85% Mean -0.001694
Lower 95% Mean  -0.00207

N 165898103

Intel Confidential

Pattern Density

~14 nm topo

intel
foundry



Topo vs Pattern Density

Overlay Plot Overlay Plot Overlay Plot

10 10 10
o o

. S I R
i F :
i SOC cvD IAP
K Pattern Density " Pattern Density “ Pattern Density

LTD Litho

» SOCs show almost linear dependence on pattern density

» CVDs can have additional tunability for targeted pattern densities and
structures but are still conformal over a larger range

* |AP shows little to no variation with pattern density

intel

Intel Confidential




Gap Fill

20nm HP  Aspect ratio~5:1 20nm and 40nm isolated lines

ven at 1:25 aspect ratio with t

._-h:_‘ HV curr WD mode ng | ——— =
| U 2.00kv 0.10nA 1.0mm SE 350 000 x

Gap fill performance is driven by the capillary force induced with thin overburden
Canomn CANON INDUSTRIAL GROUP



Defectivity after IAP

1 Defectivity was also studied by applying a uniform film using IAP and
using an SP7* to measure the number of defects after the process

A The defect target was <0.01/cm?, meaning < 7 defects/wafer

~Wafer 1 ~Wafer 2 ~Wafer 2
150000 150000 150000
100000 100000 100000
50000 50000 50000
0 0 0
-50000 -50000 50000
-100000 -100000 -100000
-150000 -150000 -150000
& & ® © & & & $ & & © & & $ o o o o N o o
& & ¢ ¢ ) ) & N ) N ) ) ) N N 8 ) N
8 :\QQ i BN & R I\Q)Q :\Qca o5 5 & & ,@0“ \@0 § %QQ = %QQ
Correc ted X Correc ted X Correc ted X
Defect count: 5 Defect count: 6 Defect count: 2

Canon CANON INDUSTRIAL GROUP *Resolution ~ 20nm



Conclusions




Conclusions

JTwo Inkjet-based technologies, were discussed
* Nanoimprint Lithography (NIL)
* Inkjet-based Adaptive planarization (IAP)

NIL is challenged, from a metrology point a view, since all mask features
are “1x” patterns

A Defectivity is a key metric that will decide how NIL gets used in
production

JIAP is promising new technology that works with all advanced
lithographic methods

JdWhat can be done to better understand local planarization and
overburden uniformity across large areas?

Canon CANON INDUSTRIAL GROUP



Many thanks to DNP and Intel for prov
the data used In this presentat \

Leading the Future with Technology
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