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INTRODUCTION
NXE3100 CLUSTER AT IMEC

ASML NXE:3100 (NA=0.25, ¢ 0.81) , XTREME LDP source
interfaced to a TEL CLEAN TRACK™ LITHIUS Pro™ -EUV

. "-‘

Field size: 26x33mm?
NA=0.25 and 0=0.81

6 off-axis illumination conditions
available

Flare < 8%
MMO vs NXT:1950i < 7nm

- Resist screening and benchmarking :
- Follow up the performance of EUV resist towards the annual set targets

- Select and optimize baseline resist processes to be installed on track for use in
the imec EUV program and for device implementation.

imecC ©IMEC 2012 M. GOETHALS, EUVL 2012,BRUSSELS, OCTOBER |



EUV RESIST PERFORMANCE TARGETS
2012 TARGETS ON NXE:3100

Resist Performance Target 2012

on NXE3100
CH screening with quasar ill
Resolution Contacts |:1 (nm) 26nm ‘
Dose-to-size <20 m)
DOF@ | 0%EL >100nm
LCDU at 26nm HP (Io) <1.0nm
Resist thickness 60nm
LS screening with dipole 60 ill
Resolution L/S 1:1 (nm) 22nm ‘
DOF@ | 0%EL >100nm
dose-to-size <I5m)
LER on 22nm L/S 3.0nm
Ultimate resolution <20nm
Resist thickness 40-50nm
Ultimate resolution for LS 16nm
With dipole 30 (extreme dipole)

In 2012, screening focus on 26nm CH & 22nmLS.

continue to measure 25nmLS & 28nmCH as reference.

(pplc]e ©IMEC 2012 M. GOETHALS, EUVL 2012,BRUSSELS, OCTOBER | 3




OUTLINE

Introduction

Resist benchmarking for POR process
Resist screening for LS

Resist screening for CH

Summary
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RESIST BENCHMARKING 27NM L/S
ON NXE:3100 (NA=0.25,6=0.81)

POR2010
»ra . B ra
» 40
Dose to Size 12.8mJ/cm2 14.2mJ/cm?2 12.4mJ/cm?2
Max Exp latitude 7.8% 14.2% 8.4%
Max DOF 80nm 120nm 40nm
DOF at 10% EL

Resist FT at 50nm
Std UL. FT 20nm
NXE :3100

On NXE:3100 for 27nm LS Resist D has the best performance

using conventional illumination
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RESIST SCREENING DIPOLE ON NXE

25NM LS
2011 target : 25nm LS
Sensitivity (m]lcm?)
25 - R RewecL o50nm FT

. l Resist P 40nm FT
20 fm

Resist D GJ/ el
Firm EEJ ~_Resist F

15 ® o
Resist C )
NXE Q
10 | Tergetfor o
25nm LS E‘i‘::t D
d|POIe Resist G
5 : .

Promising resist
|dentified on ADT|

Resist installed on
track

2 2.5 3 3.5 4 4.5 5LER (nm)
From the resists installed on track, resist D is closest to meet the

specifications.
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SURFACTINATED RINSE EFFECT ON PROFILES
RESIST D WITH DIW AND FIRM™ EXTREME, 40NM FT

25nm L/S 24nm LS 23nm LS 22nm LS

Dl-water @
5 iy .‘ :s % !
B odk W ‘ %

Surfactinated rinse improves the pattern collapse
No effect of Firm rinse on the profiles of resist D
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EUV RESIST BENCHMARKING ON NXE
PROCESS DEFECTIVITY FOR 32NM LS

Resist baseline defect density: |-1.5 defects/cm?.

Baseline

New resist process (resist D)

SEVR-140 (POR 2010) without and with FIRM rinse

492 defects
Density = 1.4 defects/cm?

'Fl.l. 1

406 defects 446 defects
Density = 1.16 defects/cm? Density = 1.27 defects/cm?

Surfactinated FIRM rinse does not degrade defectivity levels compared to the

previous POR2010 baseline process.



DEFECTIVITY
32NM |:1, CLASSIFICATION

Defects embedded in resist are major contributors.

Ph. Foubert “Process evaluation and optimization for EUV manufacturing”
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PROCESS OPTIMIZATION AT 22NM
CD CONTROL FOR NEW POR2012

raw data corrected data
Mean =21.64nm ,3c=1.77 Mean = 0.00nm,3oc=0.75
— — 1
24 T e,
I I y i R I
735 | :
|
23 ’
iF data r N\ |
1425 Mean =21.63nm, 30 =168 TN I| '

17 24
{215 I izz
121
20.5 A
20
L~ 19.5

Using dipole illumination and FIRM surfactinated rinse, 22nm LS
can be resolved with good uniformity across wafer
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RESIST SCREENING DIPOLE ON NXE
22NM LS

2012 target : 22nm LS

Sensitivity (mJlcm?)

50nm FT
Res'st K apnm
Resist P 40nm FT Resist K
P EE. B F.F Res|st ReSISt L
Firm irm
Resist G (FIRM) Resist M POR 2012, Firm
Firm ReS|st G
Target for Resist P
] 22nm LS Resist ReS|st C Firm _
~ dipole POR2010,Firm |
Resist M (FIRM) . | | | |

25 3 35 4 45 5
LER (nm)

imecC ©IMEC 2012 M. GOETHALS, EUVL 2012,BRUSSELS, OCTOBER |



ULTIMATE RESOLUTION FOR RESIST M
EFFECT OF THICKNESS AND FIRM RINSE

LS/Pitch L25P50 | L22P44 ! L21P42 L20P40 L19P38
40nmFT
0
50nmFT :
THEHHUHU R if
50nmFT
FIRM

Ultimate resolution is 20nm at a dose of 12mJcm?

Hrmrinse improves the ccllapse margin to aspect ratio of 2.5 and reduces LER



RESIST PERFORMANCE ON NXE, DIPOLE ILL
RESIST MWITH FIRM,50NM THICKNESS ON
20NM E2STACK AL412

25nm LS

B

e

14.5m)lcm?2 §2850 E 8 -t
3.0nm LER 3.Inm LER

L LLLLELL :

Resist M almost meets the requirements for 22nm LS. The ultimate

resolution is 20nm
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PROCESS WINDOW FOR 22NM LS

RESIST MIN 50NM FT DI

-WATERYVS FIRM

Groupl
Doc: L22P44_LLF

DIl-water

Firm rinse results in larger process window
through improvement of the LER (line quality)




RESIST SCREENING DIPOLE ON NXE
22NM LS

Sensitivity (mJlcm?)
il 50 - 50nm FT

Resist R 40nm FT
40 TTTT—eo

Resist M
30 - Firm

; ngE
{

1 Resist
25 Resist K

20 @

NXE 2012
| Target
5 .

2 2.5 3

Resist D Firm
POR2012

¥ b0 B o gl R WL LR ol R U el T

LER meeting the spec at increasing dose-to-size.
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RESIST PERFORMANCE ON NXE, DIPOLE 60 ILL

RESIST K, ON 20NM E2STACK AL412

20nm LS |9nm LS

22nm LS

3InmLER

3.

2.9nm LER
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LER CHAMPION RESISTR
DIPOLE 60 ILLUMINATION,50NM RESIST R, DI WATER

Ftlprylons won e o L o g ey W ey ey R e B TS

APV o e i e el e gt g,
s B T o, A oA O, e e P iy
e R
e L AT T A =L e
T sk Gy s

# ot Sl s ST e
4 = ey o ey ko

adhipe - P AT far e pryin A
Lo L - 5 s
s eyt M LA R

(s B e P e L e

41 mjlcmz 39.5mjlcm2
2.5nm LER 2.6nm LER
EL 19.5%, DOF>300nm

ik ll ultimate resolution is 20nm in 50nm resist thickness
Champion with regard to LER but low sensitivity (factor X3 with

60°Dipole | regard to imec dose target specs)
00.81/0.43
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EUV RESIST PERFORMANCE TARGETS
2012 TARGETS ON NXE:3100

Resist Performance Target 2012
on NXE3100
CH screening with quasar ill
Resolution Contacts |:1 (nm) 26nm
Dose-to-size <20 m)
DOF@ | 0%EL >100nm
LCDU at 28nm HP (Io) <1.0nm
Resist thickness 60nm
LS screening with dipole 60 ill
Resolution L/S 1:1 (nm) 22nm
DOF@ | 0%EL >100nm
dose-to-size <I5m)
LER on 22nm L/S 3.0nm
Ultimate resolution <20nm
Resist thickness 40-50nm
Ultimate resolution for LS 16nm «
With dipole 30 (extreme
dipole)
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RESOLUTION CAPABILITYWITH DIPOLE 30,
RESIST K

= [E £

12.4m}lem2 I1.8mJlem2  ll.2mjlem2 1. 2m}lcm2
3.7nm LER

ultimate resolution is 18nm in 35nm resist thickness

30°Dipole | COllapse is limiting the performance
00.8/0.7
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RESOLUTION CAPABILITYWITH DIPOLE 30,
RESIST R

|9nm LS

L

Rk N

2.mjlcm2 4cm B | acm

3.0nm LER

25.6mplem2

ultimate resolution is | 6nm in 35nm resist thickness with Firm

30°Dipole | | 8nm features with LER 3.0nm
00.8/0.7
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NXE:3100 ULTIMATE RESOLUTION
RESOLUTIONWITH DIPOLE 30, RESIST R,35NM FT

I8nm LS

’ =
B Y
by,
-

=
ﬂ;ﬂ*

|6nm LS

30°Dipole
00.8/0.7

ultimate resolution is 1 6nm in 35nm resist thickness with Firm rinse
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EUV RESIST PERFORMANCE TARGETS
2012 TARGETS ON NXE:3100

Resist Performance Target 2012
on NXE3100
CH screening with quasar ill
Resolution Contacts |:1 (nm) 26nm
Dose-to-size <20 m)
DOF@ | 0%EL >100nm «
LCDU at 26nm HP (Io) <1.0nm
Resist thickness 60nm
LS screening with dipole 60 ill
Resolution L/S 1:1 (nm) 22nm
DOF@ | 0%EL >100nm
dose-to-size <I5m)
LER on 22nm L/S 3.0nm
Ultimate resolution <20nm
Resist thickness 40-50nm
Ultimate resolution for LS 16nm
With dipole 30 (extreme dipole)
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CONTACT HOLE SCREENING
28NM HP , QUASAR ILLUMINATION

28nm Contacts (C34P56)

30 - 9D
~ O | o
525 @ 9 IS NS
~ ) .
ﬁ
E .
> 20 - 3 o OO
2 PORNI25 0 g B @
e 15 { :
o _
a )
POR2010

0.2 04 06 08 1 12 14 16 18 2
LCDU(I g;nm)

Few resists are meeting the LCDU specification
Relaxing the dose beyond 20 m| might be required




PW FOR 28NM (C34/P56) CH
QUASAR ILLUMINATION

30
e===POR2012
25 == POR 2010
20 ‘ = Resist N
== Resjst M

. \\ N —\\
L E—

0 0.05 0.1 0.15 0.2 0.25 0.3

Exposure latitude (%)

Depth-of-focus (um)

Large processing windows for several resist outperforming the POR resist
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CONTACT HOLE SCREENING .
28NM HP , QUASAR ILLUMINATION

28nm Contacts (C34P56)

w
o
|

N
6]
|

N
o

Sensitivity (mJlcm?)

10

0.2 04 06 08 1 12 14 16 1.8
LCDU(I g;nm)

New resist screenings (blue triangles) , trend remains of lower LCDU at higher doses
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CERTO QUALIFY CONTACT HOLE SHAPE
28NM HP CONTACTS

Resist M

Resist M : . Resist R
Firm rinse
Dose-to-size 17.2mJ/cm2 18mJ/cm?2 52.5mJ/cm2
1 sigma LCDU (<1nm) 1.1nm 1.2nm 0.8nm
verage CER (3@ 1.4nm 1.2nm 1.0nm

Variability on CER (1o nm) 0.43 0.35 0.27nm
: . p—
e

. . ]
60nm Resist thickness

5
2
CER seems to be a good measure for the quality of the shape of the
contacts (roughness and circularity)

CER can be seen as the equivalent of the LER in case of LS

Lowest LCDU and lowest CER in resist (R) with low sensitivity
Firm rinse might improve the CER value
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CONTACT HOLE SCREENING .

26NM HP , QUASAR ILLUMINATION
26nm Contacts (C31P52)

30 - 3 0,00
T >
25 o 2 o
288, O
20 Le8 8§

Sensitivity (mJ/cm?)
o

10

0.2 04 06 08 1 12 14 16 18 2
LCDU(I g;nm)

None of the resists meet the LCDU spec of 1.0nm
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Sensitivity (mJlcm?)

CONTACT HOLE SCREENING

26NM HP , QUASAR ILLUMINATION
26nm Contacts (C31P52)

P P DN OWWDSD>™OO OO
O o1 O o1 O o1 O 01 O 01 O

LCDU=0.7nm (1o)

CER =1.06 nm (30)

cC

< —

0.2 04 0.6 0.8

& &L
&L &L

12 14 16 18 2
LCDU(I ;nm)

At very high dose, LCDU of 0.7nm achieved with also low CER
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CONTACT EDGE ROUGHNESS [#
26nm Contacts (C31P52)

—~ 30 %0% 9
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CER (30,nm)

Some correlation seen between Contact Edge Roughness and sensitivity

(pplc]e ©IMEC 2012 M. GOETHALS, EUVL 2012,BRUSSELS, OCTOBER | 30



PROCESS WINDOW 26NM (C31P52)
RESISTT

DU=1.5nm LCDU=1.3nm = 1.2nm LCDU=1.4nm
CER=1.3nm CER=1.2nm CER=1.3nm CER=1.2nm CER=1.2nm CER=1.2nm CER=1.2nm
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ULTIMATE RESOLUTION FOR
CONTACTS : 24NM HP (20% BIAS)

Resist R Resist T Resist O
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24nm HP CONTACT HOLES (3
60NM FT (C29P48), QUASAR ILLUMINATION

Resist R Resist T

Dose-to-size 60mJ/cm?2 31mJ/cm?2
1 sigma LCDU (<1nm) 1.0nm 1.6nm

Average CER (3o nm) 1.3nm 1.3nm

Low LCDU and low CER even for 24nm HP CH but at high dose
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LOWEST LERAND CONTACT CERIN LOW
SENSITIVITY RESIST

24nm CH

Resist R

. 60°Dipole
| 0081/0.43

60°Dipole Quasar ill e .
00.81/0.43 00.81/0.51 < = ®

S EEEE | 20:4mJ/em?
13.8mJ/cm3 11 | 13.8mJ/cm2. L CIGSETICoNTacts
IEER=SHnRM
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SUMMARY

Line width roughness and local CD variation of
CH are challenging — trade-off with dose
requirements is still remaining the major issue

LS resist performance with dipole
> Pattern collapse is resolution limitation. Firm rinse is beneficial for
both pattern collapse and LER reduction.

> Resist M is almost meets the target specs for 22nm

> With extreme dipole 30, | 6nm resolution capability demonstrated in
slow resist R.

CH resist performance with quasar
> L-CDU and CER are effective metrics to judge the CH performance

» 26nm CH is challenging with regard to LCDU and CER, but
acceptable to wide processing window can be achieved

> 24 nm CH resolution demonstrated with good LCDU in high dose
resist
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