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Development of EUV Resist for 22 nm Half Pitch and beyond
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Extreme ultraviolet (EUV) lithography is one of the most promising candidates for next generation li-

thography, which can print 22 nm half pitch (hp) and beyond. In order to achieve targeted resist perform-

ance for EUV in practical applications, authors have developed new materials such as molecular glass,
short acid diffusion lengths PAG, photo destructive anion PAG (PDA-PAG), and acid amplifiers (AA). A
molecular glass, protected NORIA, was examined for extending resolution limits. The resist with protected
NORIA showed 22 nm hp resolutions under EUV exposure. PAG acid diffusion effect on line width rough-
ness (LWR) was also investigated. It was found that acid diffusion control was one of the most important

factors for LWR improvement. To improve sensitivity, application of PDA-PAG and AA were investigated.

PDA-PAG demonstrated 25% sensitivity improvement. The resist with AA gained 25% sensitivity improve-

ment over the original formulation. Progress on multiple materials was completed and will contribute to the

overall improvement of EUV resists. Results of this study will push EUV technology for practical application

from the resist requirement point of view.
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Figure 1 Structures of raw materials.

Table 1 Resist formulations

Resist |Type of resin or MG| PAG Additive
Resist A| Protected NORTA | PAG-X
Resist B| Hybrid type resin | PAG-OTf
Resist C| Hybrid type resin | PAG-ONf
Resist D| Hybrid type resin PAGY
Resist E| Hybrid type resin PAG-Z
Resist F| Hybrid type resin PAG-Z
Resist G| Hybrid type resin PAG-Z |Acid amplifier
Resist H| Hybrid type resin PAG-Z
Resist I | Hybrid type resin |PDA-PAG
HRARE(D) 25 L 7.

A L=2(D pzz) 1/2677%'_1 (E.i/ E) €q. (1)

AL : the film thickness loss

D : the acid diffusion coefficient

tess © the PEB time

erfc : the error function complement,

E.: : the exposure dose at which film thickness loss
was observed for the first time

E : the exposure dose

acid amplifier
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Figure 2 Experimental scheme for acid diffusion measurement.

30 nm hp 28 nm hp 26 nm hp 24 nm hp 22 nm hp 20 nm hp

Figure 3 Top-view SEM images of line and space pattern of Resist A under EUV exposure (NA:0. 30, Quadru-
pole).
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Table 3 Acid diffusion coefficients (D)

PAG Anion classification Acid diffusion7 coefficient
D (nm%/s)
PAG-OTf Small 110
PAG-ONf Middle 80
PAG-Y Bulky 50
PAG-Z | Middle with polar unit 20

IZ7R 9. Resist B, C, D, EODLWROfHIZZh Fh
6.4 nm, 5.8 nm, 6.0 nm, 4.8 nmT&", & bEEIL
BEDHEWPAG-Z% i\ 7-Resist EOLWRD ik d B iF
Thotz. TORELY, LWRIKBIIZE LB -7k
ORI RELZIHTAIENEETHLIE, BIIPAGT
=XV OBEILE AR I 572005 H L TRFED
REGPAGT =4 v @IS § H5ZEPUINI, PAGT =F >
NOBEIAEADBER THLI LB ML 7.
3.3 EREE{bE

EUVL TR EEHOLIR AT I HALIC AN 7o B 2 3
D—OThb. MR THRAELZEUVIRIL, 682 L%
BRIZ—I2EEOtEh, T LTS =R T 5.
RO BT RN ERP ST 2 E R EEE KR
W BB BIEIES TRV, £oT, ANV—Tv1%h
EEEB70ITE, RTANF =Ty — TR R
EEEL Y AMDO RSB THL, LY AMEKEALIC
&, QEUVHOWIRHEE LIFRSN 2TV F %4
EH 528, @QBNTPAGHLREAL—E RO
TIVZKDOBRERISZ TSR TILREDNE LN
B, RESCTIEIATL Y AMEEHIAE B E W e 14
FIZBL TR T 5.
3.3.1 EE5ER|

T Brainard S &" RESHIF] (AA) Z VAT ETRE
BHELA L5282 HMELTWA. BRI A &1,
PAGOLFEA L 7-MRA M, BRBAEA 2S5 RL, I
WBESATHRMAITH S, T TEHESII22 nimH—7
YT LI OREREEEL Y ANI#EIG TEBH 727 AV R
B st A B ORRIEFEA] (K1) 2 FFEL 72, K5I HR 14 FH %1
DA TOL Y AMERE FREEE, LWR, BEEBX
W Z-Afactor) D LA R T . ZfactoriZWallowHY 12 &> T
RIB SN G, LWR, BREOM IR HE
THY, BUHED/NIT D EZEE, LWR, EEDON—%
VRS RIFCHAHILERT. ZAactorld F AL (2) %

Table 4 Top-view SEM images of line and space pattern of Resist B, C, D, and E under

EUV exposure (NA:0. 3, Annular)

Resist Resist B Resist C Resist D Resist E
PAG PAG-OTf PAG-ONf PAG-Y PAG-Z
Profile

(45nm hp)
LWR 6.4 nm 5.8 nm 6.0 nm 4.8 nm
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Table 5 Resist performance of Resist F and G un-
der EUV exposure (NA:0. 30, Quadrupole)

Peg B7=0OICFEL 7GR ERL T =4V PAGO#ETa &
T RART. S 7 = F Y PAGIZE A 2=
MOt =y bW B & — 5 FNICE T 5. Gl
I2XD, FADICERIEAE L=y ML ANVKRI RS AEL, R
WL =y M T 5. LR T =4 VPAG
&, BotES DB ERBENBOS R HEE T
1, 7oA H A XHKRELL Y AT ORRYLEANH] S
NLWREHMEFFCTE, —J7, #UERIL VI OH R
FETIE, 7T=ATPEHEL TH A XIS ERDE
BRI, JDZLDBR#E S EEIL &I&ELTE
5. TSI RIFLZLWRE R 72 %, S&EELE2 928
TELLEZONS.
FKOICPAG-ZB LU ALY =4 PAG% FV 7zResi
st HBXU'Resist I0/8% —=2 7 3#-li#E F2 7R $. Re-
sist HBXU Resist IDEEEIZZF N EN22.4 m]/cm’B&
U°16.7 m]/ecm*THY, JGHEIN T =4 PAGE VAT

Table 6 Resist performance of Resist H and I un-
der EUV exposure (NA:0. 30, Quadrupole)

PDA-PAG design

PAG unit

Photo destructive
unit

Resist Resist H Resist I
Resist Resist F (without AA) |Resist G(with AA) PAG PAG-Z PDA-PAG
Profile Profile
(30 nm hp) (30nm hp)

Resolution 26 nm hp 24 nm hp Resolution 24 nm hp 24 nm hp
LWR(@30 nm hp) 4.7 nm 5.5 nm LWR (@30 nm hp) 4.4 nm 4.2 nm
Sensitivity (@30 nm hp) 30.6 mJ/cm’ 14.9 mJ/cm? Sensitivity (@30 nm hp) 22.4 mJ/cm? 16.7 mJ]/cm?
Z-factor 9. 1E-08 6. 1E-08 Z—factor 5. 9E-08 4.0E-08

Exposure

L e —

» = n+|
H* 1
L'J

\.'J

Low light High light Low light
intensity intensity intensity
area area

Low light intensity Bulky acid
area - Short acid diffusion
High light Small acid

intensity area

- Long acid diffusion

Figure 4 Concept of PDA-PAG design.
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Pattern CD

24 nm hp 22 nm hp

Resolution: 20 nm hp
LWR(@20 nm hp): 5.8 nm
Sensitivity(@20 nm hp): 15.7 mJ/cm?

20 nm hp 19 nm hp

Figure 5 Top-view SEM images of line and space pattern under EUV exposure (NA:0. 30, Dipole).
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