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Abstract: Based on the characteristics of low light energy loss, relatively simple assembly, relatively easy
debugging, and high system resolution, the critical angle focusing technology can be introduced to amplify the
extracted focusing signal, improve the detection sensitivity and the smoothness of the focusing curve, and at the
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same time achieve a larger focal plane detection range, reducing the focusing error affected by the unevenness of
the substrate itself. This paper first starts from the basic principle of the differential critical angle focusing
technology and obtains the relationship between the defocus amount and the defocus signal through the Fresnel
formula and the Newton formula. Secondly, a differential critical angle focusing verification system is built, a four-
quadrant photodetector collects the defocus signal of a single critical angle prism, and the defocus signals received
by two vertically placed four-quadrant photodetectors are differentially calculated to obtain the relationship between
the differential K value and the defocus amount z. The experimental results show that when a wavelength of 532
nm laser and a numerical aperture of 0.3 projection objective are used, the focusing linear range can reach 22 ym.
When a numerical aperture of 0.45 projection objective is used, the focusing linear range can reach 14 um, and the
resolution of the differential critical angle focusing method can reach 25 nm.

Keywords: differential critical angle; defocus detection; sub-micron level; focus detection accuracy; focus detection
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Fig. 1 (a) Intensity reflection coefficient diagram; (b) Schematic diagram of principle diagram of critical angle focus detection
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Fig. 7 Curve of sample position error versus sampling time
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Table 1 NA=0.3 output signal results using different incremental critical angle focusing signals
Defocus/um -0.5 -0.45 -0.4 -0.35 -0.3 -0.25 -0.2
K -0.01738 -0.01538 -0.01423 -0.01327 -0.01231 -0.00831 -0.00702
Defocus/um -0.15 -0.1 -0.05 0 0.05 0.1 0.15
K -0.00615 -0.00401 -0.00214 -0.0001 0.00314 0.00522 0.00677
Defocus/um 0.2 0.25 0.3 0.35 0.4 0.45 0.5
K 0.00791 0.00922 0.01211 0.01355 0.0147 0.01574 0.01695
Defocus/um -0.25 -0.225 -0.2 -0.175 -0.15 -0.125 -0.1
K -0.00855 -0.00755 -0.00697 -0.00667 -0.00611 -0.00415 -0.00357
Defocus/um -0.075 -0.05 -0.025 0 0.025 0.05 0.075
K -0.00297 -0.00214 -0.00121 -0.0009 0.00156 0.00271 0.00312
Defocus/pm 0.1 0.125 0.15 0.175 0.2 0.225 0.25
K 0.00453 0.00496 0.00597 0.00671 0.00737 0.00787 0.00854
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Fig. 8 Output signal bar charts using different incremental differential critical angle focusing signals.
(a) and (b) are step by step at 50 nm and 25 nm, respectively
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Fig. 9 Output signal bar charts using different incremental differential critical angle focusing signals (NA =0.45).
(a) and (b) are step by step at 50 nm and 25 nm, respectively
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Table 2 Output signal results using different incremental critical angle focusing signals (NA =0.45)

Defocus/um -0.5 -0.45 -0.4 -0.35 -0.3 -0.25 -0.2

K -0.01551 -0.01433 -0.01311 -0.01211 -0.01042 -0.00942 -0.00798
Defocus/um -0.15 -0.1 -0.05 0 0.05 0.1 0.15

K -0.00642 -0.00417 -0.00223 -0.00019 0.00167 0.00341 0.00512
Defocus/um 0.2 0.25 0.3 0.35 0.4 0.45 0.5

K 0.00634 0.00825 0.00978 0.01124 0.01345 0.01467 0.01636
Defocus/um -0.25 -0.225 -0.2 -0.175 -0.15 -0.125 -0.1

K -0.00756 -0.00715 -0.00634 -0.00597 -0.00513 -0.00423 -0.00317
Defocus/um -0.075 -0.05 -0.025 0 0.025 0.05 0.075

K -0.00297 -0.00215 -0.00121 -0.00023 0.00124 0.00174 0.00257
Defocus/um 0.1 0.125 0.15 0.175 0.2 0.225 0.25

K 0.00323 0.00414 0.00489 0.00512 0.00671 0.00774 0.00857
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Research on high-precision dynamic focus
detection technology of differential
critical angle method

Peng Lingna'?, Zhao Yuanyuan'?, Zhang Yang"*, Duan Xuanming"**
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The principle design diagram of the differential critical angle method focusing system

Overview: Focus detection technology utilizes precise position control and feedback systems to achieve precise control
of machining, thereby achieving high-precision detection and processing of surface morphology features. With the
continuous development of integrated circuits, the resolution requirements for micro/nano processing are constantly
increasing. Traditional lithography techniques such as increasing the numerical aperture (NA) of the objective lens and
decreasing the exposure wavelength are used to improve the system's resolution. As a result, the depth of focus is
constantly decreasing, making it more difficult to focus. To ensure high-resolution and high-quality micro/nano graphic
manufacturing, the substrate for micro/nano processing must be within the depth of focus range, so sub-micron level
focusing private server systems must be used. Based on the characteristics of low optical energy loss, relatively simple
assembly, easy debugging, and high system resolution of critical angle focusing technology, differential technology is
introduced to eliminate the distortion generated by a single detector, improve the smoothness of the focusing curve, and
achieve a larger range of focusing detection, reducing the focusing error affected by the unevenness of the substrate
itself. This article introduces the basic principle of differential critical angle-focusing technology. The relationship
between the defocus amount and defocus signal is obtained through the Fresnel formula and Newton formula. Due to
the different divergence angles after defocus, the total reflection phenomenon of light is utilized. When the distance
between the sample and the detector changes slightly, it will cause a change in the total reflection angle. When the beam
is incident on the critical angle prism, the light intensity reflection coefficient changes with the different incident angles,
resulting in an asymmetric distribution of the output light spot along both sides of the optical axis. Build a differential
critical angle method focusing verification system, use the defocus signal of a single critical angle prism collected by a
quadrant photodetector, and perform a differential calculation on the defocus signal received by two vertically placed
quadrant photodetectors to obtain the relationship between the differential K value and the defocus amount z. The
experimental results show that when using a 532 nm wavelength laser and a projection objective with a numerical
aperture of 0.3, the linear range of focus detection can reach 22 pym. When using a projection objective with a numerical
aperture of 0.45, the linear range of focus detection can reach 14 um. The differential critical angle focusing method has
the resolution better than 25 nm.

Peng L N, Zhao Y Y, Zhang Y, et al. Research on high-precision dynamic focus detection technology of differential critical
angle method[J]. Opto-Electron Eng, 2024, 51(7): 240113; DOI: 10.12086/0ee.2024.240113
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