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Practical resolution of optical lithography is often defined as the minimum feature size which
can be fabricated with acceptable depth of focus. It has been known that by calculating optical
image contrast in defocused condition, this practical resolution can be estimated with considerable
precision. However, since large volume of calculation is required to know image contrast under
partially coherent illumination, evaluation of optical lithography systems has been time consum-
ing. In this paper, we propose an analytical and intuitive method for getting image contrast
in defocused condition. By using this method, relations among defocus, numerical-aperture,
wavelength, coherence factor and image contrast are derived analytically. The method is
applicable to resolution-enhanced optical methods, such as phase-shift method,
controll method, and others, and enables quantitative comparison between them.
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Fig. 1 Interference fringe is made by incoher-
ent expanded source, S, and localized in the
vicinity of point B.
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Fig. 2 In the case of conventional illumination,
diffracted light waves in image space are shown
in left figure and those on exit pupil are shown
in right figure.
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Fig. 3 In the case of conventional illumination,
when pattern size is very small, a part of first
order diffracted wave is partly cut by pupil
aperture.
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Fig. 4 Relation between &/NA and So in the
case of conventional illumination. & and So are
defined in Fig. 3.

Li2%. S=42R) OBfRE 100K, ANRXLD

ymky{l—L5&2:%;:6—Q4Q~{LNA
LD, 51T a=2/t ZRALT
y@Rk{l—L5§E%f%zﬁa—a4ﬂ-{}NA (12)

L83, HyABFEICBNT/ 4 — VREDB ERNTEZ
ohzEULETHENE, KELa v+ 7 X BELH
5. ERBRGEERZ, KEST7 4 —Hh 2B XCRER
v b7 RN UTERE(8)KE (12) e bIiTikaz
THRHEHELTELZ SN 5.
22 HE R
R EROBMAIESHNE LT, Bh€a &2 2R
EEZLE, (B)RD o OBEMSIEB SN, WFDFE
#EE o-NA L UTHEEETT LY
[x)=1+2-a?
+4+aecos(meEo®+d[A)cos(2méozx/)
+Jo(2m€ord o+ NA[A)
+2+a%+cos (4néoz/A) - Jo(dmEod 0+ NA[A)
(13)
EA. 2T Jo iz 0k Bessel ¥TH 3. 2D
K&, BOTA v ERR—2DPEDBE LDV
PR C U
_4a-cos(n-&"+d/AJo(2nbe-d-0- NA/2)
14+2-a?+2<a% Jo(dno+d o+ NA/A)
LEINZ. 54 VIREAR—ZBOZELNEAIT,
£0=2/(2R), a=2/r THY, a3V 3R M

o _8m cos {z-d-H(ARD} Jo(+d o+ NAIR)
14-8/7%+8/n2+Jo(2n+d+ 0o+ NA|R)

c

(14)

(15)

L85,
MELROBE DL LR S 0, = 1kl
AZELTED, Cho DFRMSRILT 5D, Mt
BROBELERUCL, (9)XBHRTELETHS.

691 (43)

Fig. 5 Inthe case of annular illumination, when
pattern size is very small, a part of first order
diffracted wave is partly cut by pupil aperture.
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Fig. 6 In the case of phase shift method, dif-
fracted light waves in image space are shown
in left figure and those on exit pupil are shown
in right figure.
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Fig. 9 In the case of SHRINC, diffracted light
waves in image space are shown in left figure
and those on exit pupil are shown in right figure.
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Fig. 12 Relation between numerical aperture
(NA) and resolution in the case of phase shift
method. Conditions are ¢=0.2, defocus=0.75
um, contrast=0.7. Solid lines are calculated by
analytical method. @ and O are calculated
strictly by Fourier imaging theory for 1=0. 4358
um and 0.193 um respectively.
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Fig. 13 Relation between numerical aperture
(NA) and resolution in the case of conventional
illumination. Conditions are ¢=0.2, defocus=
0.75 um, contrast=0.7 and 1=0.4358 um. Solid
lines are calculated by analytical method. @
are calculated strictly by Fourier imaging theory.
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Fig. 14 Relation between numerical aperture
(NA) and resolution in the case of conventional
illumination. Conditions are ¢=0.5, defocus=
0.75um and contrast=0.7. Solid lines, A
(0.4358 ym) and A (0.193 um) are calculated by
analytical method. @ (0.4358 um) and O (0.193
um) are calculated strictly by Fourier imaging
theory.
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Fig. 15 Relation between numerical aperture
(NA) and resolution in the case of annular illu-
mination. Conditions are ¢=0.2, defocus=0.75
um, contrast=0.7 and A=0.4358 um. Solid lines
are calculated by analytical method. @ are cal-
culated strictly by Fourier imaging theory.
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Fig. 16 Relation between numerical aperture
(NA) and resolution in the case of annular illu-
mination. Conditions are ¢=0.5, defocus=0.75
um, contrast=0.7 and 1=0.4358 ym. Solid lines
are calculated by analytical method. @ are
calculated strictly by Fourier imaging theory.
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Fig. 17 Relation between numerical aperture

(NA) and resolution in the case of SHRINC.
Conditions are ¢=0.2, ¢0=0.35, defocus=0.75
um, contrast=0.7 and A2=0. 4358 um. Solid lines
are calculated by analytical method. @are cal-
culated strictly by Fourier imaging theory.
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Fig. 18 Relation between numerical aperture
{NA) and resolution in the case of SHRINC.
Positions of Oth order and 1st order diffraction
light are symmetry as shown in Fig. 11. Con-
ditions are ¢=0.2, defocus=0. 75 um, contrast
=0.7 and A=0.4358 um. Solid lines are calcu-
lated by analytical method. @ are calculated
strictly by Fourier imaging theory. Analytical
calculations for phase-shift are also ploted by
solid lines.
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