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OVERVIEW OF OPTICAL LITHOGRAPHY AT LETI: CAPABILITIES AND ACHIEVEMENTS
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OUTLINE

« Overview of CEA-LETI 300mm Optical lithography capabilities

- 300mm Optical lithography alternative capabilities & achievements

« Conclusion
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Overview of CEA-LETI 300mm Optical lithography capabilities
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PATTERNING ADVANCES

Wavelength
Extensions

 Progress in lithography has been the result of many advances
- Better lenses, resists, chemical-mechanical polishing, resists, chemical-mechanical polishing (CMP) etc.

 The largest impacts have been made by changes in wavelength

g-line —» i-line » KrF —» ArF —> F,

436 nm — 365 nm - 248 nm — 193 nm — 157 nm

1pum > 360 nm
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OPTICAL LITHOGRAPHY RESOLUTION

R= k —A
NA

Lord Rayleigh

a — Shorter wavelength (436 nm... (John Strutt)
365 nm ...248 nm...193 nm...13.5 nm)

e — Reduced process factor : k
* Improved masks (CD control, Phase Shift masks)
* Improved lenses (aberrations)
» Better photoresists
« Better process controls
* Resolution Enhancement Techniques (RET)

— Increased numerical aperture
Immersion with NA>1

e — Alternative patterning process integrations:
* Double patterning /Etch trimming / DSA etc.
« Lithography Tool technology Mix and match
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PIi@ OPTICAL 300MM @ LETI

Cea tech

' Size

1X Mask Aligner 365nm

300mm Leti Pilot
Line

Scanner 193nm

Cluster CANON FPA-5510iZ + TEL
LITHIUS Track

TAKATORI Dry film Vaccum laminator

Immersion 193nm

Cluster Scanner ArF dry Nikon S307E
(NA=0.85) + Sokudo RF3 Track

Cluster'Scanner NXT:1970Ci
+ SokudoDUO DT3000
Track

Performance

Suss ACS300 Track
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348 Optical Lithography resolution : Ways to reduce k,

CZa tech

Existing Resolution Enhancement Techniques
CD = k;* NNA

lllumination Mask Type OPC Resist Scanner
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Optical Lithography resolution : reducing k; by mask data prep

Leti dedicated Data-Prep Team

- ”
Advanced OPC, ILT, mask analysis

Source Mask co-Optimization

. w'. =

i

e

Hotspots failure prediction / analysis
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OPTICAL 300MM LITHOGRAPHY RESOLUTION
MATERIAL BENCHMARKING & LWR IMPROVEMENT

* Line Width Roughness

~ 193nm photoresist (PR) ?

el

D)

-
-

Si-rich anti-reflective

- > W TR
____ layer (Si-BARC) =N 4 » Line Edge Roughness
- Spin- = > X v
_ - == Spin-on carbon (SOC) LER,, =30, =3 ﬁZ(xu —(x.) )
----- Hardmask #1 P .
CD-SEM line
Hardmask #1 Two method used for LWR: segments (N*)
"""" Gate poly 3 &
------ Gate metal 1. Mean LWR measured on MEB CD KLA CG4000 :
----- Gate dielectric...

2. Power Spectral Density method with roughness spectral measurement

. POST ETCH N*S300
SOC + SiArc cD LER LWR L=2154nm; Ay=5.4nm
mean  (nm) (nm)
ISR HMB102 + [ 80 57 | 7,9 2 33 5 5 z
15X412 AR1682)
dense | 75 8.4 9 2 29 7 5,5 2
4\ isolé 85 5,4 7.3 2,6 35 6 4 3
ISR ;)T:llznz * | amosain ! 4=
dense | 75 76 | 81 | 23 23 € 48 | 29
JSRHMB102+ | AIM954IN | % &7 | 9,5 | &3 10 ] 55| 32
ShinEtsu SOC dense 98 | 11,1 | a5 10 9,3 4
mr e | 86 | 45 | 6,1 | 25 36 6 | 37| 3
S0C110D + AIM9541N -
HMS25 dense | 77 725 | 7,6 3 25 68 | 4,2 | 28

193NM LITHOGRAPHY TRILAYER BENCHMARKING
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PY4@ OPTICAL 300MM LITHOGRAPHY RESOLUTION
=l cull MATERIAL CHARACTERISATION PLATFORM

More than 100 m? dedicated to characterization

o= m o

Area between chip and substrate
with high pillar density

Log Modulus (Pa)
4

" Thermal analysis

Resist
outgassing

Atomic surface
analysis

2D surface roughness analysis
3D surface roughness analysis
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OPTICAL LITHOGRAPHY FUTURE

* Introducing new lithographic technologies will be hard
and expensive

= Avg Price-per-Transistor
e=s| itho Tool Prices

Litho Tool Cost-per-Pixel Average*

¢ The End Of Optical |ithography iS fina”y approaChing- = *Mask-weighted Fab Litho tool cost-per-pixel with a 5 year depreciation |
But not immediately! 1960 1970 1980 1990 2000 2010 2020

Copyright © VLSI Research Inc. All rights reserved.

- Alternatives lithography integrations may enable the semiconductor industry to continue
to produce higher performance device for cheaper cost ?
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300 optical lithography alternative capabilities & achievements
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OPTICAL LITHOGRAPHY KEY ACTIVITY

CMOS

Focus on FDSOI for sub 28nm TN
Si nanowire for 10 nm TN (nano sheet T.ernst)
3D stacked devices

* 3D Integration

Si interposer
High density TSV, TSV Mid/Last etc..

P.Batude: TEM cross section of 3DSI
with 200nm contact and 3D contact pitch

* Memories

Embedded non volatile memories
Focus on resistive memories (PCM, CBRAM, OXRAM and MRAM) for speed,
consumption, reliability

A.Berthelot: M&NEMS 300mm accelerometer

* Silicon Photonic

Optical waveguide
Far Back End Optics

| B.Szellag: Photonic guide

 Microsystems and Advanced components
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SPECIFIC 3D LITHOGRAPHY ACTIVITIES

™

Ceatech MOLDING Context & challenges [ possiiies

Litho process

* RDL: CDmi FAV/FAR, IR
* Passivation
* Bumplupila  «  Two approach:  rect bonding
e TSV:CDmir
+ UBM: resist laminage molding
- Damascene 1. overmolding e

(inter-die filling) ' = = s

--------------
- -
25 ~

=

< 4 N / \ ower »
2. Underilling. W ﬂ SEM cross
(Inter-die & [ = - - (A.D'Affroux)
under-die filling) \ | |
* Thinning capability
After “C
lamination and After Z1 After 22 After Si0
hard bake grinding grinding After bonding After Si grinding deposition
e PN, i L o
- o LELE SLEL Bt il o B L e s el s 2 .t
— =DUCTION:
re s Trenches
Polymer TS ~130um deep ~80-100um deep .
ties

+ EPPL in 200mi
*+ In2016300mn | = Benchmarking of innovative molding& underfilling material through Leti-suppliers
join development !
= 1rst main objective will be to challenge these materials through test vehicle in to
assess Stress properties and Handling and compatibility for clean room process

Dense TSV &80pm with [
30um of dry film totally v
filled l 18
— —
eooa) eong Gooa assess SUESS PIOPENIES ANU MHANGING A0 COMpAUoNY y 101 Giean room proe: ~
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1B | ETI CMOS IMAGE SENSOR OFFER OVERVIEW

CZa tech

4. Inorganic Micro Lens

Micro Lens

Colo Filters

IR BP Filters
Inner Micro Lens
IR CUT Filter

v" Inorganic diffractive binary micro lens

akwDE

3. IR BP Filters

v" Litho Cluster CANON IRBP
[RCUT IR-BP

v" Organic micro lens

-

V4

Post Etch MEB IRCUT filters cross-view with 7
consecutive filters

Reflow & grayscale option

On going:
> Color Filters process in progress
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X348 3D HIGH DENSITY LETI ROADMAP

» Performance Canon 3D stepper
acquisition

CZa tech

»

HDTSV 1pm

. B Bonding interface
Back-lo-Face
Die 3
Memory

1 btk (725ym)

TSV middle
S5um

3D Logic-on-logic+lmage
sensor WtW direct bonding

4—ET3V=6-10um

1
I
I
1
|
1
|
I
I
I
1
i
v

&

3D Image sensor

TSV middle
10pum

3 layers Wafer-To-Wafer

hybrid direct bonding
fine pitch <1pm

3D Logic-on-logic WtW
direct bonding

Logic-on- Ioglc
Wafer-To-Wafer

hybrid direct bonding
fine pitch <2um

Active Interposer

Wide 1/0 mem©

Logic-on-analog

Chip-To-Wafer bonding
fine pitch 5um

2013 2016 2020
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leti

CZa tech

Conclusions
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A1l | ETI OPTICAL LITHOGRAPHY CAPABILITIES AND FUTURE

« Leti offer a large equipment capability, starting from 1X mask aligner to Arf scanner
Immersion

« Leti team expertise & strength to propose advanced patterning solutions
Data preparation

Material characterization

Innovation material evaluation

Close link with etch team

« Leti position focus

= |S NOT on the main stream of advanced lithography
=  BUT on the development of industrial alternative patterning and disruptive solutions
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» More than 15 resist evaluated
following a specific
characterization protocol

» Five materials emerged,
including our reference (a
fluoropolymer), covering a wide
range of chemistry

Moisture environment test resistance

0,15
—Polymer A
—Polymer B
| —Polymer C o1
—Polymer D

—Polymer E

0,05
—Polymer F

Relative Intensity of absorbannce

-0,05

Wave number (cm-1)

Normalized FTIR spectra focus on 3000 to 3800 cm band to
estimate water uptake of polymers after an exposition to uHAST

» Polymers A, F have absorbed no water

» Whereas the other polymers are more
moisture-sensitive and seem less
resistant against humidity environment

2015

SINR3170
{SE)

Ref

AL-X2010  WPR1021
(AGC) {JSR)

PN0324D
(TOK)

LTC-9305
(FFEM)

FB5610 | WPR-5395P
(FFEM)

ZC100-T BL-301 WL-5510
(Zeon)  (Asahi Kasei)| (AsahiKasei) | (DowCorning)

SiX81 (SE)|HD8930 (HD) HD&940 (HD) | HD4104 (HD)

Tone Negative Negative Positive Negative Negative Positive Positive Positive Negative Negative Positive Positive Positive Negative Negative Negative
Polymertype  Epoxyfuore|  Phenol Phenol Siloxane  Siloxane PBO PBO Pl Pl Pl Phenoal PBO C’:‘)‘E‘r‘:gj“ Pl Pl Siloxane
Cydopentan Cyclopenta
Developer PGMEA TMAH TMAH IPA TMAH TMAH TMAH one+  Cyclopentanane oL THAH THAH PeMEA |CHCopentano Cyclopentana IPA
+ PGHEA ne+PGMEA ne +PGMEA
PGMEA PGMEA
Cure 190°C 200C 180°C 180°C  180°C  200°C 200°C 75°C 200°C 350°C 200°C 320°C 180°C 200°C 200°C 250°C
Dielectric
e 265 35 15 26 31 31 31 34 325 298 a5 294 29 33 a3 32
CTE (ppmi*C) 60 54 49 180 217 il 60 35 38 50 65 55 51 65 65 236
Tg 230°C 210°C 190°C <50°C  242°C 230°C 230 330 235°C 310 »250°C 270°C  200°C 200°C 200°C <50°C
1%"'5“%"‘,‘ 1055 agpec 2850°C (5%) | 250°C (5%) 430 255°C 470 (5%)  200% 400°C  200°C
Elongation 20% 7% 100% 100% 45% 40% 4800% 25% 8% 50% 50%
Tensile strength ~ 90MPa 94lPa 170MPa | 170Mpa 200 1391Pa 120 114MPa  100MPa | 130MPa 1301Pa
;”ﬂ‘;’a?uz 22GPa 25GPa 22GPa  0,09GPa 044Gpa  22GPa 22 33 IGPa 28 1,8GPa 2GPa 29GPa 15GPa 35GPa 0,16Gpa
Residual Stress 32 25 25 34 £ 23 189 19
Moisture uplake  0.2% <10% 20% <1% 6% <9% <9% 9,50% <5% <5% 15% <39% <29% tbd tbd 0.2%
ee but Yes but
ESHCompliant  Yes Yes Yes Yes Yes No NP <0.3% No s bu nb’f”‘s Yes Yes Ho Yes No drains Yes
ERTRE N compatibility?
Usedin Usedin Usedin
- Cu THAH THAH Low THAH THAH mass ey s T”"AH o TMAH mass Cu mass — L”h‘” S"“f‘
erformance stress in ree evelopal developable production compatible| production in ree o ETICE
Osats N in Osats Osats resistance
Low
Low chemical  Bad Low
P E“":";"E‘ resistance  adhesion hs:e“ chemical  NMP o Sh‘"*“ X NMP Solvent o fow : ”‘”:““‘ NP Sh‘”ss o e Solvent Solvent
rawbac reduction moisture moisture Shavior . cistance presence ehavior at presence developable emical resistance presence shavior af presence  developable developable
stop in 2018| S0° afieraging ? chip level resistance  moisture chip level
sensiitve  senstitive sensitive.

Stress measurement on 300mm wafers

THERMAL BOW BEHAVIOR OF POLYMERS UNDER
EVALUATION OVER T°C RAMP-UP ON 300MM S| WAFER (1) 2) (3) 4

Electrical test vehicle

Polymer Aramp1 - Polymer A ramp2
Polymer 8 ramp1 -~ Polymer B ramp2
Polymer € ramp1 Polymer € ramp2
Polymer D ramp1
Polymer € ramp1

~ LR =N | = N | = T |

Polymer F ramp1 Depasition on Photopatterning Through Resist ECD PR Stripping
= 100 base wafer
H Pl base
g ° oro base 5
H ilicone base )
Emm
g
! ! 1) H(2)H{3)H4) H5
200 .Eyelic olefin (1) +{2)+(3)+(4) *(5) - E &
Polymer passivati
> it nhntanattarning & Firing TiCu seed layer Removal

100 150
TEMPERATURE (*C)

UHAST reliability test results
_ —— o

Stress measurement on thinned chip

THERMAL STRESS BEHAVIOR OF POLYMERS UNDER EVALUATION
OVER T°C CYCLE ON 100MICRONS THINNED CHIP 30X30MM

Polymer A

page (um)
&
b

Wary

o
s B
& &

-170

~——Polymer A —Polymer B — Polymer C ly D ly E Iy F Porymr D

-200
25

50 75 100 125 150 175

Temperature (°C)

[ 3 No defect corrosiun o



{J18 MOLDING Context & challenges

Cea tech

« Two approach:

laminage molding

| molding |
1. Overmolding N ";*._._._-
(inter-die filling) ~ Fk&# = = 7
2. (L:rr]lt(lir;::allgg ! \ Underfilling §f SEMcross
o i | = (A.D’Affroux)
under-die filling) § Y]
¥, /,
« Thinning capability
After
lamination and After 21 After 22 After Si0
hard bake grinding grinding After bonding After Si grinding  deposition
- - Carrier Carrer Larriar
L™ ’ - i | - LI ; L | '-'I""'I-}"'I""I'_ % W Ew W v L LS L L .
Trenches Trenches
~130um deep ~80-100pum deep

= Benchmarking of innovative molding& underfilling material through Leti-suppliers
join development

= 1rst main objective will be to challenge these materials through test vehicle in to
assess Stress properties and Handling and compatibility for clean room process

| 21



