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Abstract: To address the issue of compensator coupling in the tolerance analysis of high-numerical-aperture
microscope objectives, this paper proposes a compensator selection method based on the cosine similarity of
the V-matrix, aiming to reduce negative correlations between compensators and avoid problems such as coma
and astigmatism that cannot be simultaneously corrected. Taking an infinity-conjugate microscope objective
with a numerical aperture of 0.9 as the subject of study, a sensitivity matrix between structural parameters
and aberration parameters was constructed using the first-order finite difference method. By employing V-
matrix cosine similarity and a weighted greedy strategy, six effective compensators were identified. Experi-
mental results show that the cumulative probability of the system’s wavefront aberration RMS being less than

0.07 A increased from 47% to 97.7%, while manufacturing and alignment tolerances were reduced from Q1 to
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Q2 grade, significantly lowering the manufacturing tolerances of the optical system and effectively improv-

ing system yield. Alignment simulation experiments further validated the feasibility and effectiveness of this

method in high-numerical-aperture microscope objectives. These results demonstrate that this method can se-

lect appropriate compensators and effectively reduce the negative correlation among them.

Key words: microscopic objective lens; tolerance analysis; cosine similarity; optical design; computer-aided

alignment
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Tab.1 Technical specifications for microscope object-

ives

Optical parameters /Unit Value
Wavelength /nm 785~850
Numerical aperture 0.9
Focal length /mm 4.5
Object height /mm 0.707
RMS wavefront aberration /A 0.07
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Fig. 1 Microscope objective lens system diagram
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Tab.2 Q1 grade machining and assembly tolerance table

Lens Index Radius Thj:rl:riess Trregularity TO;Z?;COZ of St:llif?f)e ecceirrrigf; mm ATH/mm TIX/(°) TIY/(°®) DEX/mm I/)n]::;{
M1 0.0001 05 0.01 0.1 0.01 0.0028 0.001 0.01 0.0028  0.0028 0.001 0.001
M2 0.0001 05 0.01 0.1 0.01 0.0028 0.001 0.01 0.0028  0.0028 0.001 0.001
M3 0.0001 05 0.01 0.1 0.01 0.0028 0.001 0.01 0.0028  0.0028 0.001 0.001
M4 0.0001 05 0.01 0.1 0.01 0.0028 0.001 0.01 Installation and adjustment standard
M5 0.0001 05 0.01 0.1 0.01 0.0028 0.001 0.01 0.0028  0.0028 0.001 0.001
M6 0.0001 0.5 0.01 0.1 0.01 0.0028 0.001 — 0.0028  0.0028 0.001 0.001
M7 — 0.01 —
100
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Fig. 2 Probability distribution of cumulative wavefront ab-

erration under Q1 grade
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Fig.3 Compensator selection flowchart
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Tab.3 Q2 Grade machining and assembly tolerance table

Lens Index Radius Thi;kr?less Irregularity Tolerance of abbe/% Surface tilt/(°) Surface eccentricity /mm ATH/mm TIX/(°) TIY/(°) DEX/mm I/)rrlfr:
M1 0.0003 1 0.01 0.1 0.03 0.005 0.003 0.01 0.005 0.005  0.003  0.003
M2 0.0003 1 0.01 0.1 0.03 0.005 0.003 0.01 0.005 -- 0.003  0.003
M3 0.0003 1 0.01 0.1 0.03 0.005 0.003 0.01 0.005  0.005 - 0.003
M4 0.0003 1 0.01 0.1 0.03 0.005 0.003 0.01 Installation and adjustment standard
M5 0.0003 1 0.01 0.1 0.03 0.005 0.003 0.01 - 0.005  0.003  0.003
M6 0.0003 1 0.01 0.1 0.03 0.005 0.003 — 0.005  0.005

M7 — 0.01 —
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Fig. 8 Wavefront map of a dysfunctional system
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