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_Techno | Node | Comment

CMOS (Moore) 120-90-55-40-28 Classical More Moore

« More than Moore »: Diversification
iochips

SOl 65-28 Low power differentiation + Automotive

(FD and others)

iniaturization

»: N

Specialized Image  1175-140-110- Mix Moore + specific PIXEL integration
sensors G140 Front Side / Back Side / Wafer bonding / 3D / Hybrid
bonding / Stitching / Color and plens processes

Baseline CMOS:

« Moore's Law

VLSI PLATFORM

eNVM 110-90-55-40-28 MCU + Secure & Automotive / Very stringent in term of
reliability (request < ppm levels)

BiCMOS 55 High Speed devices, complex integration > 60 masks

Si Photonics 25G-50G Curvilinear shapes (new Gen need immersion)
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Technology Innovation Process

ADVANCED R&D

: Advanced

. technologies work

. for concept viability
“Exploration”
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Technology Maturity Process

MATO05 PROCESS ASSUMPTIONS
feasibility Calculate Design rules

Process Selection

MAT1 O DESIGN RULES MANUAL V1.0
validation OK for massive design of libraries

Process Capability

Assessment
ey omsliaton e s
oy Many new mask sets very fast
Qualification e

Process Capability validation

“ e PRODUCTION
Production
‘7[

life ougmantedd * APC Advanced Process Control (Run2Run / subrecipe etc..) ; SPC (Statistical Process Control: Control chart tool and process drift monitoring)
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Technology Maturity Process

MATO05 PROCESS ASSUMPTIONS
feasibility Calculate Design rules

Process Selection
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The Process Assumptions Challenge

Edge
Placement : : 2 2
Case ) BlaSA BlaSB 4 3JCD A 3JCD B 2
DR = Min,; + + + = - + - + (30,
1 I 2 2 (300v.a5) +——
Design
Rule (DR) <>
| PA component Description
> Criteria Failing mechanism @origin of the rule
Min, g’ -
Bias Difference CAD (design) vs Silicon (process)
Process All effects leading to Silicon edge # drawn
Bias\\
A B A Variability Process variability (3sigma)
Link Design / Process variability

 Some design rules are set at the limit of process capabilities.
* In-line control (CD) plan must secure variability

57 e SPCis most of the time performed per layer, little visibility on interlayer
e augmentecd interactions (except OVL)




Motivation: The Process Assumptions Challenge

Edge
Placement : : 2 2
Case ) BlaSA BlaSB 4 3JCD A 3JCD B 2
DR = Min, + + L =] + =) +(30py 45) «—
2 2 3 2 2 -
Design
Rule (DR) <>
,,,,,,,,,,,,, PA component Description
o, Criteria Failing mechanism @origin of the rule
B
300v_aB Bias Difference CAD (design) vs Silicon (process)
All effects leading to Silicon edge # drawn
B‘TCD A
A B A Variability Process variability (3sigma)

BJ‘ZFD—B Link Design / Process variability

* Some design rules are set at the limit of process capabilities.
* In-line control (CD) plan must secure variability

‘7 * SPCis most of the time performed per layer, little visibility on interlayer
e augmentecd interactions (except OVL)




Motivation: The more we shrink the more we challenge tool
capabilities (process margin reduces very significantly)

| | J B RITIn e
RESOLUTION
_ H— Moore s Law > One new technology every 2
years with 50% surface Shrink and roughly
0.7 resolution shrink

90 nm logic
120 nm logic W 240nm M1 pitch IIIT——
340nm M1 Pitch 65/55 nm logic

180 nm logic 180/162nm M1 Pitch
640nm M1 Pitch

45/40 nm logic
O A 140/126nm M1 Pitch

28nm FDSOI logic
90nm M1 Pitch

14nm FDSOI
(is 20nm logic)
64nm M1 Pitch

—Exposure Wavelength
O CD Gate logic
A Pitch Metall

10nm FinFet
48nm M1 Pitch
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Motivation: The more we shrink the more we chalenge tool
capabilities (process margin reduces very significantly)

'l ig o

£~ OVERLAY
S

"l

40 / 28 nm logic & beyond
Relax GATE pitch for
OVL Contact to GATE

—Exposure Wavelength
O CD Gate logic

A Pitch Metall

O GATE Contacted Pitch
B OV budget (Contact-Poly) e -

Multipatterning ERA,
Overlay gets
extremelly tight




Motivation: The more we shrink the more we challenge tool
capabilities (process margin reduces very significantly)
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Technology Maturity Process

MATO05 PROCESS ASSUMPTIONS
feasibility Calculate Design rules

Process Selection
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Lithography Checklist why?

Beginner



Workspace

Capability

COOVL ~ /Ay

R2R option/
Control Plan

Checklist definition

(Layer specification, Initial setting,
Eval & Optimization
Pre-Inductrialization)

Process owner

MASK Pl 1ITHO

Techno/ layer introduction
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1- Choice of litho
process type

Technology Maturity Process

Exposure technology type: 248, 193, 193i, 193i NTD

Planarization solution if needed: Barc/Trilayer

Antireflective solution if needed: DEARC/BARC/TARC

Solution for adhesion : DBARC/BARC/preatment.

Resist Thickness range: Implant Conditions / Etch budget

Resist stack preliminary choice

Top coat solution if needed

Litho exposure tool (From available Scanner List: 365 / 248 / 193 / 193i)

2- Mask

Mask Grade & type

Mask type for 193nm: binary, att PSM, OMOG

aPC

3- Metro CD

MOMNITORIMNG feature choice

Choice of Pattern type sensitive to focus: CD/pitch, stack, orientation (if non symetrical illum is used)

IF Pattern type, CD, pitch, orientation and stack; spatial repartition

4- Metro OWL

OVL Pattern type, intra field spatial repartition, layers n-1 for overlay

Measurement quality (TIS, residual...)

5- Track recipe

Initial Track recipe

HMDS T°C and time

EER rules (chemical + optical)

Dev type LD, GP nozzle, ADR stream (BKM)

Double check PAE / PEE T°C and time.

BTM recipe, barometric spin curve link.

b- Scanner

Humination choice

Job scanner

7- Scanner: Setting
Nominal

R2R/APC Nominal Setup

R2ZR/APC OB tuning:

R2R/APC loop mgt--> Energy, Overlay.

8-MES: creation
Capability

Capability list in the MES (association Litho Cluster / layer process enablement)




Motivation: Sometimes the challenge is not where you
would think it is.

The k factor is a representation of the complexity to achieve a given CD or Focus control within
specification. The smaller it is the more challenged the tools are due to variability control.

—Exposure Wavelength

500
o k1 = CD x Wavelength / Scanner Numerical Aperture I

O CD Gate logic = \y 0.9

—Exposure Wavelength =
@ Focus Control = ‘ |

M CD Control . - 0.8 i ; - 400
! ] :
- 350 <
0.7 - .a
= 300 S
g o
> 06 3 -
c N ©
£ \ﬁ, “ - 250 =
g 05 LS s
g = - 200 3
< s
0.4 u;

R - 150
Gap CD to Wavelength .§
0.3 @
100 9
=
> K1 decrease -

0.2 50
> Process window decrease 94 g
. 1990 1995 2000 2005 2010 2015 2020

"I — > Process Control requirement increase -
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Example of 28nm node

Within a given technology node all the layers do not have the same
criticity, therefore we will span a large k, range (process complexity)

Lambda pitch

k1l factor distribution for lithography process layer in
28nm node

100 1000
PROCESS LAYER PITCH IN NM

The lower k1 the more important it is to control and
perfectly center the process in term of Dose & Focus.

“less” critical layers may appear in low k1 situation as well !
All the tools are challenged (Cost of Ownership is driving to) -5



on

4- Pre-
industrialization

Focus

Best Focus determination

Dose

Best Dose/Slope determination

Process Window
DOF/EL

EL/Dof Pocess window determination

If above Criteria not achieved:

Resist benchmark, ARC, PEB/PAB T°C opti, Dev recipe, illumination screening/DOE, mask/OPC optimization

Resist Budget

Resists thickness validation: dry etch layer.

Resists thickness validation: implant layer.

CD bias CD Bias during etch process (Photo-Etch Bias) or during implantation [Resist shrink during implant)
OPC check OPC Check
RéR Set up- Regulation limits, Iinkﬁ,_feedback models, effects

Track recipes naming

track recipe/module recipes and monitoring recipe naming

Tool matching: illum

Scanner matched illumination

Tool matching: Focus

Scanner specific focus offset

Monitoring: inline

Control plan definition CD/Overlay: number of wafers, number of sites, IF sites

Monitoring: resist

Monitoring resist & BARC (thickness & conta)+ PCM def.

Alignment Strategy

Revision of best alignment strategy after process/stack stabilisation

Resist codification

Resist code for procurement; Specifications: water content, solvent content, viscosity or film thickness,
metal conta, sensitivity or CD, particle contamination

LLITTNTTE
n'!"] Def PWQ, std def inspection
MEEF evaluation for Mesdim (mandatory for Symphony setup).
MEEF MEEF evaluation for critical pitch or pattern.

If needed: Resist benchmark, PEB/PAB T°C opti, illumination screening/DOE, mask/OPC optimization,
assist features

Resist profiles

¥ sections (+Tilted SEM if interesting)

Rework Rewaork process validation
Symphony Set up Dose Mom, slope, Focus, MEEF
Throughput &
. p Throughput assessement vs cluster target + cascading issue? (bake T%)
cascading

Ays
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What Variability is made off ?

B O L s TN

Mask DB & specs

What do we see?

" Mask DB

Process & metro fgol NPW

D q;a sainplinkéi
Short range / local va.hlgility

Pattern effects (dPC)

Stochastie.events
<P
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What Variability is made off ?
What do we see?

[t il _ﬁ.':@..-;:«-‘;., (e 2 laabiss t
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Mask DB & specs
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" s
y

Short range / local vakgyity

Measurement sampling

| : _ _ :
Pattern effects (OPC) NN " Estimation of

MESDIM

what we have

stoshistie gvents

&7
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Setting up the Control Plan look beyond

In-line Specs

N / In-line + G

r// \ engineering/
w  Monitoring )1'

/ 2 In-line Visible process
k/ ' variability (single pattern)
Trade-off DESign ‘ Control Plan
/ Process samolin
Retune process iF pling

@ solution

Process Data

FAI L PASS

gy

Data Set
Sampllng |::> |:|I> DR = Miny + BlasA B:ass 4 J(3SCD_A)2+ (SSCD_B)2+(3SOV_AB)2
Design Margin & equivalent
Process 3S for 0 marging

- Cmsﬁﬂ Estimation of global process Assumption

variability (single pattern)




Setting up the Control Plan look beyond
N

- ~ < \ In-line Specs

In-line Visible process
variability (single pattern)

% Control Plan
F Y sampling
4 3
:I iJ:J

PASS

gy

Data Set
samplm g |::> |::> DR = Miny + Bms;. B:ass 4 \, (3SCD_A)2 " (35CD_B)2 +(3Sov_48)?
Design Margin & equivalent
Process 3S for 0 marging

- Cm m Estimation of global process Assumption

variability (single pattern)

k Spec Verification )
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VARIABILITY CONTEXT

(Expl: 107 chips supply — chip size 7x7mm?)

v Millions of transistors to make 1 chip.

* IntraChip variability
Pattern SHAPE , OPTICAL proximity Effect, Pattern DENSITY effects on ETCHING, POLISHING etc...

v 12 Chips per Mask (3x4 chip matrix)

* Intrafield variability chip to chip
MASK uniformity, SCANNER LENS uniformity, Pattern DENSITY effects on ETCHING, POLISHING etc...

v 960 Chips per Wafers (100 Mask exposure 3mm wafer edge exclusion)

* Intrawafer variability
TOOL PROCESS CHAMBER uniformity

v/ 24000 Chips per Lots (25 wafers per Iot)

» Wafer to wafer variability
TOOL CHAMBERS MATCHING

v/10.000.000 Chips is 440 Lots (Waferfab Yield 95%)

* Lot to lot process variability
TOOL MATCHING, TOOL DRIFT OVER TIME




Process variability

Variability is made of random and systematic signatures

Many signatures can be explained through a carefull context
management & pre-treatment.

Some signatures are clearly systematics and associated to a context
» They can be wafer to wafer (begin to end batch effect, chamber/chuck matching)
« They can be intrawafer (process chamber signature, PEB, DEV, Deposition)
» They can be Intrafield (product induced topography, Mask effects, Lens...)

|Parameter INTRAWAFER INTERFIELD INTRAFIELD
Systematics can be treated in APC Feedforward model.
! Need High density data sampling to generate correction recipes !!
But
moderate sampling to monitor their stability
. J




Low k1 lithography = IT

1 . 500
ekl = CD x Wavelength / Scanner Mumerical Aperture
0.9 !L. —Exposure Wavelength 430
- For advanced technologies, advanced process o I = - TDIDID w
. 350

correction are needed to achieve product
specifications:
* On some context more than 5000 corrections parameters

per lot are sent to scanner to adjust Dose, Focus,
Leveling, Lens, stage position,...

k; facter (no unit)

- To drive and control such type of correction and
especially in CR300 High mix Fab context : Advanced -
IT-Litho system is mandatory

low k1 lithography means.
+ Such IT/Litho System:

» Improve and secure Product Performances Intrication Process / Data / IT
« Minimize impact on Litho Resources management.

» Improve Product Turn rate L .
« Holistic » & « Computational »

* |ncrease Scanner return on investment Lithography

Lys ]
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Lithography Ecposure Wavelength in nm



Sub Recipe Management

« Currently when a lot is processed @ critical litho process steps
* > 40 Run2Run parameters are sent by APC to the scanner to expose lot at best condition

* in addition high order process correction are automatically sent to scanner to correct for current
lithographic process error or for non lithographic past or future process step error

» such advanced process correction named subrecipe are sent to scanner via .xml file

» each subrecipe file can contain up to 1000 variables to adjust Dose, Focus, Leveling, Lens,
stage position,...
» Up to 10 subrecipes are sent to scanner per lot

STLithoServer

m Scanner
Il pes dis
w AsmL

SR s ‘ .. 2 l'-‘ |

Lys

e augmentact



Advanced correction type
Dose Mapper

* Dose Mapper (DOMA) subrecipe: Dose Control
» To Correct for Intrafield CD dispersion linked to reticle writing error
» To Correct for Interfield CD dispersion linked to etch fingerprint

Dose Correction send to
scanner via subrecipe

Intrafield
Reticle CD
dispersion

Etch process Etch CD
CD dispersion S profile

-Dedicated Correction per lot context
- Static correction

Lys
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IMPORTANT to KNOW:

DoseMapper cannot
correct CD gradient > 1%
Dose / mm

Dose Correction are
clipped at +/- 3% when
OPC is used

OBSERVATIONS:

DOMA helps reducing and
stabilizing uniformity.
Some product have large
Gain some don’t.

Lys
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Advanced correction type
Dose Mapper

APC Control

Intrafield process stabilisation

(8}

1.8 ~o=|F CDu DOMA o=
=, |
1.6 —
g A" " & IF CDu no DOMA
s \ —
£ /
v
8.9 \
B e [RL ™ \\/ SN\~
o 08 7 7
] AN A~V \
= V i
g 04
£
= 02
o - —— e e
¥ 2 % 5 %2 E 245 8 d 8 8%k
5 5 5 8 5 4 8 88 &8 88 8 8 v ©
T = = =] = 3 = = | = 3 = = > =
o o o (=] (=] = =] o =] b= =] o © o
4 a4 a4 a & 2 g 2 2 2 < g e g
o o o o o o. o (= o
IntraWafer process stabilisation
3
A A ==|W CDu with DOMA
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S 15 . N A
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Q p Y
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Advanced correction type

Baseliner

- Baseliner subrecipe: Focus and OVL control

 To correct for scanner intrinsic focus and overlay fingerprint and drift

Intrinsic scanner Focus fingerprint scanner Focus fingerprint with
without baseliner correction baseliner correction
e T |
"y’ ")

150 62.7

E i LTI e

505

384

I n
= 263

-10.2
]

&8 -223

-46.6

-587

T T T T T T T T T T T
150 -120 -9 -0 -0 0 30 6 9 10 15

-Same Subrecipe Correction on All lots
m - Dynamic Correction updated every weeks or after scanner PM

lte.augmentead



IMPORTANT to KNOW:

AGILE corrects for optical
sensor errors which are
stack dependent.

Delta AGILE / lot_nvs
lot_ref is constantly
monitored to avoid
uncontrolled focus shift

OBSERVATIONS:

AGILE helps reducing and
stabilizing focus control
uniformity.

Some product have large
Gain some don’t.

Lys
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Advanced correction type

AGILE (level sensor error corrections)

AGILE |

Intrafield Best Focus Range (nm)

80

70

60

50

40

30 -

20

10

=~|F Focus_Unif AGILE

-#-|F Focus_Unif no AGILE __

-

3

)

Produc

5

)

Produc

7]

"

Produc

o

-

Produc

e T = = T A

Produc
Produc
Produc
Produc
Produc
Produc
Produc
Produc
Produc




Advanced correction type
OverlayMapper

» Overlay Mapper : OVL control (mandatory for On product OVL spec < 8nm)

 To correct for Scanner illumination overlay distortion
 To correct for Reticle to Reticle XY writing error

» To Correct for non Lithographic process step pattern shift

EoW Etch pattern shift correction

Reticle writing error correction
OVM SUBRECIPE CORRECTION
5 ; X

\ \ '

N e e

. OVM subrecipe ¥
correction

N e

N 7

et

OVM subrecipe
correction

JENEE s N
JON S S i e
VNS S et

bo e e N
life.augmented

Std OVL correction : 20par Correction model/lot
CPE Correction ; 500 par. Correction model/lot




Complex IT Architecture

To know Lot context/Lot historic
To data collect subrecipe application result
To hold lot

To define/manage correction scope
To Configure Litho Server calculation
To review advanced subrecipe detail ,

fingerprint and application result on lot /'\ /

To Interconnect architecture entities
To Hold lot
Symphony

Automation
(APC/R2R) Htomat

Lecipe
integrity

STLithoServer

TN

ASML
service

To Generate Subrecipe based on : ' To measure lof
lithoServer request

MetroTool

Scanner

To expose lot
To measure lot

r To apply advanced correction on lot
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CONCLUSION

Lys
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Senior Member of technical staff | Lithography metrology department
Bertrand.le-gratiet@st.com
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