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Lit h O g ra p hy Te C h n o I ogy Challenging and Solution by x-layer

130nm 90nm 65nm 45nm 32nm 22nm 16nm

KrF ArF

» OBPL(Oo0B Protection Layer)

Organic Underlayer (Org. UL)

Inorganic-UL, Main topic in this Presentation

NISSAN CHEMICAL INDUSTRIES, LTD. Electronic Materials Research Laboratories.



Inorganic Materials for Advanced lithography

NEXL "

Challenging and Solution by x-layer
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Dry development patterning was successfully
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NEXL "

RLS trade-off & Si containing Hard Mask Challenging and Solution by x-layer

Exceed the RLS limit of Photo-resist by Applying functional Inorganic Layer.
4 LER + LER
*Tri layer process

Resolution

Resolution

n
»

Spin on Carbon

Sensitivit ) .
y O Time, Process & Cost reduction

O Tunable lithography & Etching performance

Si containing Hard Mask (Si-HM) FTK: 30-10nm

eLithography enhancement layer

O
—(Sli-O)—(S:i-OHS:i-O% eEtching hard mask



NEXL "

Challenging and Solution by x-layer

Road map for Nissan Si-HM for EUVL

*Fast phOtOSpeed eER LR R e e LR LR LR R L a
2010 , Minimization of RLS
1t gen. Si-HM * Fast photo speed
(NCX7099A) - Wide process margin.

N we
For Hp30 nm *Fast photospeed

*Low outgassing
2012 A

2"d gen. Si-HM
(NCX7300)

EUV sensitive unit =

*Wide PW - “1 3rd gen. Si-HM ‘material
(NCX7500)

PR & Process universality - Fine pitch pattern etching :
. eMethacryl, Hybrid, PHS type PR : - *20nm L/S pattern transfer

E .Posi tone image (PTI) VS Nega tone image (NTI) ®  "EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES
e L/S & C/H, Dense & Iso

NISSAN CHEMICAL INDUSTRIES, LTD. Electronic Materials Research Laboratories.



NEXL"™

P h OtO-S pQEd en h anceme nt Challenging and Solution by x-layer

EUV sensitive unit —— Radical generation unit

EUV chromophore

(High EUV absorption unit : Halogen, Hetero atom)

*The mechanism of acid generation by EUV
Acid Generation

EUV Chromophore _—~|RH

:------------------- ..‘ X- H+

: ~ EUV :[Mmx

. . RH : Resin

- PAG MX : PAG

. : X- RH +: Radical cation of resin
. . R - : Radical of resin

RH(H) +: Protonated resin
M : decomposition of PAG
X-: Counter anion of PAG

RH(H) + prof. Tagawa, Kozawa, et al
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PhOtO-SpEEd & LWR improvement SEMATECH// Challenging and Solution by x-layer
Std. Si-HM I Radical EUV Radical generation &

i generation type i chromophore i EUV chromophore
5 5 ! Si-HM ' type Si-HM ! type Si-HM
| | N 0" o S
S'-OHS'-O)- : | | : | | : | | |
c:> g | —(Zi—o)n—(Si—ot E —((Sgi—o-)n—(Si—Ot E —(sli—o-)n—(Si—o)m—(Si—o)I-
O - - BN
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b= —&— Sensitivity \ 1 22
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High acid generation from Si-HM is key point to break the RLS trade-off
NISSAN CHEMICAL INDUSTRIES, LTD. Electronic Materials Research Laboratories.



EUV lithography results @ Hp22nm L/S

Std. Organic UL

Challenging and Solution by x-layer

(imec NEXL "

'd gen. EUV Si-HM (NCX7500)

o o o
UL structure S:i'o')n_(sli'oém_(sli'o%"
7
Dose to size, mJ 12.81 11.74 (+10%)
LER, nm 3.72 (+7%) 3.99
DOF at 10% EL, um 0.26 0.28 (+8%)
Max EL, % 20.12 22.54 (+12%)

Ultimate resolution, nm Hp20nm Hp19nm (+5%)

|

Top view

NCX7500 can exceed in sensitivity, process window & resolution
compared to PR own property.



NEXL "

EUV Iithography rESU|tS @ 26nm C/H Challenging and Solution by x-layer

Stack Std. Organic UL 3" Gen. EUV Si-HM (ch7500) .
SR MmecC

UL structure —GSI-OHSI-O-)—(EQ-

Dose to size, mJ 20.98 19.98 (+5%)
1 sigma LCDU 1.20 (+20%) 1.50
Average CER (3 sigma nm) 1.38 (+8%) 1.50
Max DOF, um 0.30 0.30

Max EL, % 13.30 16.57 (+25%)
Ultimate Resolution, nm 24nm 24nm

Top view

NCX7500 also showed high universality in dense L/S & C/H.
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NEXL "

EUV Iithography rESUItS @ 24nm L/S in NTI prOCESS Challenging and Solution by x-layer

Stack Nissan Organic UL (for NTI)

3" Gen. EUV Si-HM (NCX7500)

o o o L \ )
UL structure —(Sii-oan—(sli-O)m—(Sli-O%' SEMATECH
| @ @ FUJIFILM
CD, nm 24.2
Dose, mJ 22.0
LWR, nm 3.9 (+15%)
DOF, nm 150
10 %EL, % 20.6 (+23%)
Ultimate Resolution, nm

Hp22nm

Top view

NCX7500 also showed good performance in NTI
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™
3" Gen. EUV Si-HM for Hp20-23nm NEXL

Challenging and Solution by x-layer

........ NCX7500 ...............................................................................................................................
. *Base polymer :
N s ‘ =" Radical generation &
l ) ( ) ( ) ( eHigh sensitivity, low LWR & wide PW in PTI
Si—=0O Si—=0 Si—=0O Si—= !
_((I) . *High sensitivity, wide PW & High resolution in NTI

Hp 22nm

[PTI process] [PTI process] [ Tl process]

NCX7500 has high universality for PTI & NTI
with any PR around hp 22nm

NISSAN CHEMICAL INDUSTRIES, LTD. Electronic Materials Research Laboratories.
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™
New Road map for Nissan Si-HM for EUVL NEXL

Challenging and Solution by x-layer

*Fast photospeed Minimization of RLS
2010 , : : :
: eHigh resolution
1t gen. Si-HM : eLow LWR
(NCX7099A) ' eHigh sensitivity

*Fast photospeed

Y TS ——
For Hp30 nm
*Low outgassing 2012 A

2"d gen. Si-HM

(NCX7300)
*Wide PW 4th gen. Si-HM material
(NCX7700)

3rd gen. Si-HM material | _. - _

(NCX7500) : Process universality :

1 r : Posi tone (PTI) & Nega tone (NTI) :

: *L/S & C/H, Iso & dense !

*PR & P rocess Universali ty *Fine pitch lEEEEEEEEEEEEEEEEEEEEEEEE :-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-: .................... :

Fine pitch pattern etching
*1Xnm L/S pattern transfer

NISSAN CHEMICAL INDUSTRIES, LTD. Electronic Materials Research Laboratories.

pattern etching



Challenging and Solution by x-layer
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NEXL "

High Resolution approach for hp1Xnm Challenging snd Soliston by x-layer

To exceed PR limitation for 1Xnm,

It is necessary to “enhance the contrast from Si-HM”

At EUV exposure area,
( J

: Contrast Enhancer : : High adhesion polymer

NISSAN CHEMICAL INDUSTRIES, LTD. Electronic Materials Research Laboratories.
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NEXL "

High resolution concept 1 : Contrast Enhancer SEMATECH;>,,e,,g,-,,g,,,,,,sO,,,,i,,,,,,yx_,,,y,,,

SPIE 2013

At EUV exposure area,

[EUV-sensitive Si containing Hard Mask (Si-HM) for
PTD and NTD process in EUVL ]
Wataru Shibayama, Nissan Chemical

NEXL"

Contrast Enhancer “Process window® el et Sidasiemiryseyer

Tool : MET(Micro Exposure Tool)
Condition :Quadmopol= (0580 36)

1=t gen. Std. Si-HM Contrast Enhancer (A) Contrast Enhancer {B) Contrast Enhancer (C)

Acid assist : Weak  Acid assist : Middle Acid assist : Strong

n
Focus ” Focus o Focus » Focus o
s Goodshot: 6 Goodshot: 7 Goodshot: 8§ Goodshot: 11
At no-exposure area, LWR : 6.0nm LWR :5.6nm LWR :5.5nm LWR :5.3nm
Contrast Enhancer can not only enhance the process window,
but also control PR profile.

NISSAN CHEMICAL INDIUS TRIES, LTD . Electronic Matevials Research Labovataries.
10

NISSAN CHEMICAL INDUSTRIES, LTD. Electronic Materials Research Laboratories.
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NEXL "

High resolution concept 1 : Contrast Enhancer SEMATECH;;,,e,,gi,,g,,,,,,sO,,,,io,,byx.,,,ye,

At EUV exposure area,
Contrast Enhancer A Contrast Enhancer B

Diffusion : High Diffusion : Low
Min. CD:19.6nm Min. CD:16.3nm
Max. CD:26.8nm Max. CD:26.2nm

Focus
Focus

o
At no-exposure area,

NISSAN CHEMICAL INDUSTRIES, LTD. Electronic Materials Research Laboratories.
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NEXL "

CO nt ra St E n h a n ce r effe Ct Challenging and Solution by x-layer

High diffusion type Contrast Enhancer Low diffusion type Contrast Enhancer

i it

Low diffusion type Contrast Enhancer is effective !!!

NISSAN CHEMICAL INDUSTRIES, LTD. Electronic Materials Research Laboratories.
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NEXL "

High resolution concept 2 : High adhesion unit Challenging and Solation by x-layer

: High adhesion polymer : /4" Gen. EUV Si-HM ———

/3 Gen. EUV Si-HM — T
B} sl,i-o)n—(Si-o)m—(Si-o)- X
|

e e i
si-0}—{si-o}—{s-o}s-o} | gh adhesic
n m / k
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NISSAN CHEMICAL INDUSTRIES, LTD. Electronic Materials Research Laboratories.
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Process window (Hp19nm L/S)

(imec NEXL "

Challenging and Solution by x-layer

3"d Gen. EUV Si-HM

Focus

4th Gen. EUV Si-HM
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Min. CD : 15.5nm
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In over dose area, 4" Gen. Si-HM can prevent pattern collapse
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(imec NEXL "

Challenging and Solution by x-layer

EUV lithography results (Hp20nm L/S)

3" gen. Si-HM 4" Gen. EUV Si-HM
(NCX7500) (NCX7700)

Resolution, nm Hp19nm Hp18nm

Dose to size, mJ 18.01 15.94 (+13%) 16.57 (+9%)
LER, nm 3.51 3.63 (+3%) 3.51
0,
DOF ?:;()M’ ek 0.160 0.198 (+24%) 0.198 (+24%)
Max EL, % 0.225 >0.220 > 0.250 (+11%)
Rank 3rd 2nd 1st

4t Gen. EUV Si-HM have higher performance

NISSAN CHEMICAL INDUSTRIES, LTD. Electronic Materials Research Laboratories.
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™
lllumination : Pseudo PSM NEXL

- A
. rTI}I i
Re SO I u t | O n ( H p 1X nm L/S) Challenging and Solution by x-layer

_ Hp19nm Hpl8nm Hpl7nm Hplénm Hpl5nm

NCX7500

(3rd gen. Si-HM)

NCX7700
(4t Gen. Si-HM)
g\
si-1
NeW = Nex7800
(4t Gen. Si-HM)

NCX7800 have reached to Hpl6nm resolution.

NISSAN CHEMICAL INDUSTRIES, LTD. Electronic Materials Research Laboratories.
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Re So I u t i O n ( H p 1 7 n m L/S) Challenging and Solution by x-layer

| 3"" Gen Si- HM
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NEXL "

EtC h i ng d e m o n St rat i o n Challenging and Solution by x-layer

S
NE SPIE 2013

Etching demonstration “Hp30nm dense L/S™ Chatlenging amt Sa

/5 30nm [30nm :';:M""e“;cﬁ‘::::" [EUV-sensitive Si containing Hard Mask (Si-HM) for
OpER:RAR o7 PTD and NTD process in EUVL ]
Wataru Shibayama, Nissan Chemical

'monstration ~20nm Semi iso Line ~ il el i iioe T e Eipar

»: 20nm / 130nm Si-HM open : CF, and others
SOC open : Oz and others
444

HOC [DOmmm)

Hp 19nm dense L/S
Pattern etching

CD:21nm

Our EUV Si-HM have enough etching selectivity even in 10nm FTK at 20nm line

NISSAN CHEMICAL INDUSTRIES, LTD. Electronic Materials Research Laboratories.
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NEXL "

Etching demonstration “Hp19nm dense L/S™ Challenging and Solution by x-layer

Hp19nm L/S Si-HM open : CF, and others

SOC open : O2and others

SOC open
Our EUV Si-HM have enough etching resistance at hp 19nm.

NISSAN CHEMICAL INDUSTRIES, LTD. Electronic Materials Research Laboratories.
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NEXL"™

Challenging and Solution by x-layer

New Nissan 4t Gen. EUV Si-HM for 1Xnm : NCX7800

gooeees NCXT QO :-rvverereesrerssrssssssssssssssssssssssssssss s ;
i *Base polymer *Special Additives :
(l)\\“ (I)\\‘\ (l)\s“
O @ !
High adhesion unit Contrast Enhancer (Low diffusion type)
eHigh adhesion with PR eWide process margin
eLow LWR
LER
3.5nm
PR/Org. UL
PR/Si-HM S\ ., Hpl8nm
/ Hp20nm
7 Resolution
110% :

100% \_ Sensitivity

Exceed the limit of Photo resist by applying high contrast concept



NEXL"™

S u m m a ry Challenging and Solution by x-layer

«3rd Gen. Si-HM with EUV sensitive unit (NCX7500) has been developed for hp20-24nm.

eRadical generation unit, EUV chromophore can improve

sensitivity, LWR and Process window
e For Hp 1Xnm, We newly started to develop high resolution type Si-HM.
e The key unit for hp1Xnm resolution is high polaritic unit & Contrast Enhancer.

e 4th Gen. EUV Si-HM (NCX7800) can achieve hp16nm resolution & minimize RLS trade-off.

NISSAN CHEMICAL INDUSTRIES, LTD. Electronic Materials Research Laboratories.
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Ac k n OWI e d ge m e n t Challenging and Solution by x-layer
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Thank you for kind attention
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