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Abstract The focusing and leveling sensor is one of the key subsystems in lithography system. It is used to
measure the height map of silicon wafers before exposure. The projection optics is the most important module of the
focusing and leveling sensor, its’ imaging quality directly affect the measurement accuracy of the sensor. According
to the measurement principle of the sensor and aberration theory, the influence of magnification, distortion, tele-
centricity, and resolution on the measurement accuracy of focusing and leveling sensor is analyzed. A reflective
optical design is chosen for the projection optics, which has characteristics of simple structure, no chromatic, and
small distortion. After the optimization and tolerance analysis by using Zemax software, the working wavelength of
designed system is 600-1000 nm, root-mean-square radius of the diffuse spot is less than 0.189 pm within a field of
view of 3 mmX 26 mm, its magnification is 1.000, maximum distortion is 0.0008% , modulation transfer function
is 0.74 @ 33 lp/mm, and tele-centricity is 0. 04 mrad. The results show that the reflective optical design for
lithographic focusing and leveling sensor is engineering feasible with the current opto-mechanical manufacturing and
assembling capability.
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Fig. 1 Schematic of focusing and leveling sensor with reflective optical design
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Fig. 2 Schematic of reflective projection system
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Fig. 3 Simulated projection grate and its imaging with different aberrations. (a) Projection grate; (b)imaging with no

aberration; (c) imaging with 0.95 magnification; (d)imaging with 5 mrad tele-centricity; (e) imaging with 0.08

distortion; (f) imaging with 0.70 modulation transfer function (MTF)
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Table 1 Requirement for system performance index

Parameter Value

Field /(mm X mm) 3X26

Tele-centricity /mrad <0. 2

NA 0. 065

Magnification —14£0.001

Wavelength range /nm 600-1000
Distortion /% <<0. 01
MTF(@33 lp/mm) >0. 60
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Table 2 Structure parameter of the system

Element Parameter Value /mm

M Semi-diameter 70. 000
1 Radius 384. 389
Semi-diameter 20. 000

M Radius 192. 182
[ TTHI 100. 000
L, TTHI 289. 381
L, TTHI 193. 738
l, TTHI 193. 738
s TTHI 269. 381
Lg TTHI 120. 000
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Fig. 5 Spot diagram of projection system
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Table 3 Tolerances distribution of the reflection projection system

TILT TILT DEC DEC Irregularity /
Surface  Radius /mm ) B Position /mm  Abbe /%
X/ Y/ (%) X/mm Y/mm fringe
M1 +0.1 +0.01 +0.01 +0.05 +0.05 +0.1 +0. 05 1.00
M2 +0.1 +0.01 +0.01 +0.05 +0.05 +0.1 +0.05 1.00
Mirrorl - +0.01 +0.01 - - +0.1 +0. 05 -
Mirror2 - +0.01 +0.01 - - +0.1 +0. 05 -

F4 NI MTF 1950
Table 4 Effect of tolerances on MTF

Type Object Value /mm Criterion  Change

TTHI ls 0.05 0.732679 —0.00921
TETY M1 —0.01 0.735228 —0.00666
TSTY M1 —0.01 0.735228 —0.00666
TETY M1 0.01 0.735408 —0.00648
TTHI s —0.05 0.735733 —0.00615
TTHI Ly 0.05 0.737226 —0.00466
TSDX M1 0.05 0.737690 —0.00419
TEDX M1 0. 05 0.737690 —0.00419
TEDX M1 —0.05 0.737799 —0.00409
TTHI l —0.05 0.739291 —0.00259
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Table 5 Monte Carlo analysis results
Percent /% MTF

90 >0.722339

80 =>0.729696

50 =>0.734511

20 =>0. 738964

10 =>0.740203
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