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The semiconductor industry, whose long period of sustained growth is in no small measure due to the optical lithog-
raphy process, is now on the verge of a dilemma, Optical lithography has arrived at a crosstoads, and after TRANY years
of steady improvement in device performance, device integration, and cost reduction, the industry is facing a major cri-
sis. In Japan, Europe and the U.S., consertiums comprising the enfries from government, business, and the academic
world have been formed in an effort to ward off the coming crisis. Their work seeks to extend the useful life of optical
lithegraphy as well as to foster the development of post-optical lithographic processes. A particular problem they are
confirming is to ascertain how the development of sub-0.1 um lithographic technology will affect the economical manu-
facturing of semiconductors. This paper discusses the limits of current optical lithography such as VUV lithography, es-
pecially F> excimer laser and worldwide trends in developing post-optical lithographic processes, Future miniaturization

trends in semiconductor production are also discussed.
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Fig.1 Lithography trend.
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SEM photograph of 0,13 um E & S patterns exposed
by NA 0.6 ArF exposure.
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Fig.3 SEM photographs of sub-0.1 um Isolated patterns by Top Surface Imaging process.
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Table 1 Comparison with DUV, VUV, EUV lithographies,

DuUv Yuv EUV
ArF 193 nm F2 157 nm Ar: 126 nm 13nm
Source weak narrow weak narrow discharge excite : laser plasma
Optics refr + refl refr » ref] asrglflr. z.nri?g)r asph. mirror
Mask acc * phase blanks blanks iﬁi?g reflection mirror |
Optical Material 810, CaF,; CaF. MgF.+ AR Mo/Si, thin film
Resist single * TSI . © | single " TSI [ ||| single - TSI TSI ‘
Feature Size 0.13 0.10 0.07 0.05
Required NA 0.60 0.63 0.69 0.1
o -site 98 09 — 2002
B -site 20060 2003 — 2004
Mass Preduction 2001 2004 - 2007
Remarks

Required NA: k=04

% key tech, difficulty
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Table2 VUV wavelength,

Generation(um) A{am) Source Reduction Ratio
0.35 365 i 1
0.25 248 KiF KiF/i 0.68
018 248 KiF
0.15 248 KeF
0.13 193 ArF KiF/ATE (.78

157 F, F/AF 081
146 Kr: Kr./ATF 076
0.10 134 Krar  KrA/KrF 069
126 Ar: An/ATF  0.65
0.07 13 soft-X  soft-X/F, 008
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Xe: Krn An B, HHATF <L —-PFo—F
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ZDE S RRBROBRAET Y — AR & > TOARE
BRELLTVWEDTH S,

DEEREZ TAFUREELD L, 2 00HENE
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A) Feasible ArF — F — (An) — BUV
193 157 126 13 {nm)

B) Challenge ArF — Kr:or ArKr ——>— EUV

193 % 134 13 (nm)

A) Jistepbystep TH Y, AnLlBEOEUVE CL&RK
HECESR &0 5 HNEEEN DS, B) TR Kn
ATKr DREBAER LRV F S THIN, RO
ERVEOEEMR D ABEES D VD, RS
BHTHE,

KUY TS 7 EMOLBEMTE AL, YR
M, SEEEREEN, BRSO R, R R
LPANT o AEHENTHD, ZheERE#NE -5
Fl—3 g WEOMEER, $ROPEEERORE L
BNTERZ LR TEE, RV VYIS 74 Hiffin X
DA, BETHRE D HENRERNE Y,
16 ol PRI LA T AR R O S IR BV
WRESHNOR LS E LT, —RMNIICEREL L
—U—O®ERz kv, R=k+ A/NA THE D, Table3
R, NA BT A—FIT L, k778 ¥ EF L,
NA LV AROE, A R FLTEZ7 0437
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Table3 Raylegh limits.

CD{nm)
A{nm) NA 0.18 0.15 0.13 0.1 0.07 0.05
0.55 0.40 0.33 0.29 0.22 .16 0.11
248 0.60 0.44 0.36 0.31 0.24 0.17 0.12
KiF 0.55 0.47 0.39 0.34 0.26 0.18 013
0.70 0.51 0.42 037 0.28 0.20 0.14
0.60 0.56 0.47 0.40 0.31 022 0.16
193 0.65 0.61 0.51 0.44 0.34 0.24 0.17
ArF 0.70 0.65 0.54 047 0.36 0.25 0.18
0.75 0.70 0.58 051 0.39 .27 0.19
0.60 0.69 0.57 0.50 0.38 0.27 0.19
157 0.65 0.75 0.62 0.54 0.41 0.29 0.21
F 0.70 0.80 0.67 0.58 0.45 0.31 022
0.75 0.36 0.72 0.62 0.48 0.33 0.24
0.60 0.86 0.7 0.62 0.48 0.33 0.24
126 0.65 0.93 0.77 0.67 0.52 0.36 0.26
An 0.70 1.00 0.83 0.72 0.56 0.39 0.28
0.75 1.07 0.89 0.77 0.60 0.42 0.30
13 0.1 1.38 1.15 1.00 0.77 0.54 0.38
EUV (15 2.08 1.73 1.50 1.15 0.81 .58
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WA TS EREME EERENELVA TR
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ERNRBEERZT D, B S WE L OEE SR
BICEETIHETHD, AT, L WEEEEERZE
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BT, 010 pm BHMOER L BT O TH S,
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ORISR, TELZEERREETE — A5RD
HBMEINTH DY, SHOUTOHRERBO L &
LT, Bl Ay —F LR R i R T 5
T EASERE LI,

EY, HEEAT TRy « 2HH (AR R,
) ionTh, FOBRRERTHFEVAS. Bk
RHIT i A& T CaFs + Mgh; % LiF 72 & bt Brge
SR AR Ry A T LR B L v
5, BRRESRIIEREANES IR YRR R
RIRETHD, Fig d LEWHOARY b F heRmL
o 150mm FHEE TR OFERNOH I ERE N,
IR AR )V FS 7 RERORERRRETHBY,

Fig. 5126, VUVHEEO L P2 MEEL S80I
T A EELMER LY AT ATHS, MaN
EVUVHETHD K (146 em) 2T LHFEHA
YTHBZ 7RV A N7 1 A AITBHT 5 EREE
BEEL, AP Y570 i —HBEEHTHNBh DR
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4. ¥ & B
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100
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Fig. 4 VUV spectrum for optical materials.

150 200 SO Y Y 457 ¢ ORMFBIT 2 TDIC L E 2 LT
oo AR %l V FS 7 4 L0 BEBER 0L S
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Exposure Test System

VUV source; 146nm, 13nmFWHM, lamplife 700hr.
0.15mW/em2
Excimer Lamp ( Kr2) (Ushio)

Fig. 5 VUV exposure experimental system.

Parometer Fil:  PAF? i
miﬁﬂ 11;5"\* i Fgwmlz 25 Mar 1998

The: Pasttive/itegative Resiet Opticat Lithography Model, v5.05

Hesist Profile Array

Nominal Feature Width = 150 um
Pitch = .300 um
Fig. 6 Simulation results for VUV exposure.
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