Sub-40 nm/SF =V [T T TN IRF—= T}

Double Patterning Materials for Sub-40 nm Application
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In this paper authors will cover the fundamentals of litho freeze litho etch (LFLE). This novel dou-
ble patterning process requires a freeze step that is applied to the first immersion lithography step. This
freeze step cross-links the first photoresist, allowing subsequent lithography to take place with no intermix-
ing. It is critical that the freeze step ensures efficient cross-linking to precisely retain the profiles of the first
pattern. By doing so, authors have been able to demonstrated high performance and good reliability, both
which are necessary for sub-40 nm half-pitch design rules. Results indicate that this freeze process has met
many of the necessary criteria in terms of depth of focus, process latitude, critical dimension uniformity,
along with etch transfer needed for next generation lithography. Additionally, through the unique use of
LFLE and cross line patterning, authors will demonstrate that this process can enable lithographers to re-
solve narrow contacts holes using 44 nm L/S patterns.
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Figure 1 Process schemes of various double pat-
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Figure 2 Process schemes of double patterning with a freez-

ing process.
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Figure 3 Top-down SEM images measured in each
double patterning step of 32 nm Line/64
nm pitch pattern.
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Figure 5 Process window of 32 nmL/64 nmP litho
patterns after double patterning processes.
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Figure 4 Top-down SEM images of 32 nmL/64 nmP litho patterns after
double patterning processes at through focus.
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Figure 6 Top-down SEM images measured in each step of double patterning of 32 nm line and

various pitch patterns.
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Figure 7 CD wvariations of first litho pattern
through each process step of double pat-
terning.

SOHIZHE NIRE LR IEEZ A G DY —T T
HBHPWIL, 1st, 2ndVV 7 I 74D TREZFZNZFHIIXHL
10%3% 643 # B (EL)IC BT ADOF~ —3 »=0.3 umT
HEILEIER, 7)—V 7T A% F72DPIZ32 nm
hpD&E LD B R TV Yy VaFioTnbIen
BSAICL 72 (K5).

3.3 FE7/O0BRICBIFD1stUV I\ Y- DCDEE)

RO INTT)—TV v 77 at 2% Fvw/=DPiZ, 2nd)
VT GTARGEDT A=V IR R TH D EERL 2.
ZOMFNTTV=V Y THI LItV 85—V B ARG K
IS M B ET Z AT S 7o RBON DD TH S0, &b
7 738 — T U I ZRAG BUS 2 RS B S H L CDZE B)
2§ 242K OLN L. KT, FEBEDOT A AITHE
T B520%, BAT—NZBWTHCDE B /N EL
MPO—ETHLHENLIL . SEBIFEL A Fe TR
FMEERWT, BAREYF A XIZBIT 532 nmT [ 7%
= D7)=T v 7T A%E2nd)V 7T T 45 D1st)
VXY —> OCDZ B iig %l & L 7245 % MeE 7R
7.

32 nm Line T64 nm7*5352 nm Pitch#i Fl THCD%

I7)—-T v T AEHRTIHEAON TR EL TH
b, ¥z, EvFHITOIXSOEEL. 4 nmIZEFIZ SN AT
Thotz. —7, ndIVROEYFHDIXS5DOEB3.6
nmTHY, DPFut Refk%@L CCDZE%4 nmLL T
ICHIECTETWRHERL. TROHOKERLY, 7)Y
Y77 at 2% v 7zDPTOCDZE B3t TNEL,
ORADE Y FH A LB THEELTHEY, EBEOF
INAABLEZ B TEBIERIRLT:.

3.4 70Ot RICHIF BCritical Dimension Uni-

formity (CDU)

TN ABLEIZ BT INENTCDDIR SO &%)
B BZLIIEFICEE LR ETHY, CDIELDEFED
BRI, 7)=Y v 7 7 AN TFEYHT 2L
HENZ, DPZH:7232 nm hp )V /8% =V R D% T
T+ 2 CHCDU (Critical Dimension Uniformity) % il %
L7-.

812300 nm™” TN T4 7 Ut A2 B1F 532 nm
Line/64 nm Pitch®1stJ 3% —>OCDUDM E K B %
RL7z. 1st)V 88— D3 o DItV 7T T4 T
1.36 nm, 7V—I 77Ot A% T1.96 nm, 2nd)V7
F74# T1.86 nmTh-7z. 7t AT 2N CDUIE
DINIEAT 000, £7atAH%OCDUIZ2 nmbL
TEERWEEZRSTEY, 7V—Y 7T at 2% H\w/zDP
IZBIFACDUIRFEBE DT N A 2B W BB 2L~V
Thb.

3.5 TyFUItsH

TV=V T T A ATIRRL 72V Ry = DTy T~
THEVEN O R AL 72, KA R T RE A K
(BARC/SiOC/APF/Poly-Silicon/Oxide) D@ R 1
IZDPIZ £ 932 nm Line/64 nm Pitch/¥ % — ¥ % & J,
Poly-Silicon¥F CO v F 7 BT o721, SEMIZ
Loy — Bl EATo72. MIABREITRT Ty F v 7tk
DR = IROHILD, 1st)V 35— E2nd)V /35—

JSR TECHNICAL REVIEW No.116/2009

31



33.7-34.7
32.7-33.7
31.7-32.7

30.7-31.7
29.7-30.7

30.8-31.8
29.8-30.8
28.8-29.8

27.8-28.8
26.8-27.8

28.9-29.9
27.9-28.9
26.9-27.9

25.9-26.9
24.9-25.9

average | 29.3nm average | 27.4nm average | 32.2nm
30 1.36nm 30 1.96nm 30 1.86nm
max 30.8nm max 28.9nm max 34.3nm
min 28.0nm min 25.1nm min 29.7nm
range 2.8 range 3.8 range 4.6

Figure 8 CD uniformity data of the first litho pattern after first litho, after
freezing step, and after second litho on 300 mm wafer. Center of

color bar corresponds to the average CD in each process step of

double patterning.
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Figure 9 Top-down SEM images of poly silicone etching 32 nmL/64 nmP

pattern formed by double patterning with freezing agent.
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