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Design of Terahertz Optical Imaging System with Large Field-of-View
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Abstract Terahertz (THz) wave has a potential application prospect in the field of space observation because of its high
transmittance and spatial and temporal resolution. Large field-of-view imaging is required for staring optical systems, and
compared to scanning imaging, staring imaging has the advantages of high imaging performance, quick speed, and simple
structure. As a result, the design of a large field-of-view staring THz optical system has important engineering application
value. Zemax and an inverse telephoto structure are used to create a large field-of-view THz optical imaging system with a
relative aperture of 1 and a full field-of-view angle of 60°. The system adopts a 4-piece reverse-telephoto coaxial structure,
consisting of 2 spherical lenses and 2 aspherical lenses, and the lens material is polymethylpentene (TPX) material.
Compactness and lightweight are advantages of the entire system. The modulation transfer function (MTF) value of the
full field-of-view at the spatial frequency of 12. 5 Ip/mm is higher than 0. 3, and the optimization results demonstrate that
the root mean square radius of the diffuse spot in each field-of-view is smaller than the Airy spot radius, demonstrating the
system’s high imaging quality. Additionally, the system’s robustness is demonstrated by the results of the tolerance
analysis, and it is simple to reach the required processing technology level. This design has significant reference value for
THz space large field-of-view high-resolution detection.
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Table 1 Design specifications of optical system

=12.51p/mm, (3)

Parameter type Value
Working waveband /pm 25-35
F-number 1
Field-of-view /(%) 60
Detector pixel (WX H) 320X 240
Image size /mm 16
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Fig. 1 Schematic diagram of inverse telephoto structure
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Table 2 Refractive index distribution and fitting parameters

of TPX
A /pm n Schott fitting parameter Value
24 1.4568 a, 2.13222183
60 1.4559 a, 1.77417878 <10
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Fig. 3 Fitting curve distribution of TPX refractive index
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Fig. 9 Most sensitive tolerance operands
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Table 3 Final tolerance allocation values for optical systems
Element/ Radius/  Thickness / Surface Element Surface Element Irregularity/ Ind
ndex
Surface number  Fringes mm eccentricity /mm  eccentricity /mm  tilt /(") tle /(") Fringes
S1 3 0.05 0.05 3 1
El 0.05 3
S2 3 0.05 0.05 3 0.2
S3 1 0. 05 0.03 3 0.25
E2 0.03 3 0.001
S4 2 0. 04 0.05 3 0.5
S5 2 0.05 0.05 3 0.5
E3 0.05 3
S6 2 0.03 0.05 3 0.5
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F3(4)
Element/ Radius/  Thickness / Surface Element Surface Element Irregularity/ Ind
ndex
Surface number  Fringes mm eccentricity /mm  eccentricity /mm  tilt /(") tlt /(") Fringes
S7 1 0.05 0.03 3 0.2
E4 0.03 3
S8 3 0.05 0.05 3 1
S9 3 0.05 0.05 3 1
ES 0.05 3
S10 3 0.05 0.05 3 1
045 1914002.
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