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Design of terahertz wave imaging optical system with large aperture
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Abstract: The Terahertz wave has some characteristics of high penetration, low energy and fingerprint spec-
trum, etc., and is widely used in the detection field. Therefore, design of Terahertz wave detection optical
imaging system holds substantial significance and wide application prospects. Firstly, referring to the struc-
ture of Tessar objective lens consisting of four lenses, we apply the aberration theory of paraxial optical sys-
tem to establish the balance equations of aberration of the system, and give solve function and method of the
initial structure parameters of the system. Then, by combining with optical design software to further correct
the aberration of the system. Finally, a Terahertz wave detection optical imaging system with large aperture is

designed. The optical system is composed of four coaxial refractive lenses. Its total focal length is 70 mm, F-
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number is 1.4, full field of view angle is 8°. The value of modulation transfer function (MTF) in the range of

full field of view angle is greater than 0.32 at the Nyquist frequency of 10 Ip/mm, and the root mean square

(RMYS) radius of the diffused spot in each field of view is less than the Airy disk radius. At last, we analyze

and discuss the various tolerance types of the system. The design results show that the Terahertz wave detec-

tion optical imaging system designed in this paper has a large aperture, a simple and compact form, a light-

weight structure, excellent imaging performance and simple processing, etc., which meets the design require-

ments, and it has important applications in the field of high-resolution detection and other fields within the

Terahertz wave band.

Key words: optical system design; terahertz wave; large aperture; aberration balance; tolerance analysis
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Tab.1 Design specifications of the optical system

Parameter Value
Wavelength band/pum 30-35
Effective focal length/mm 70
Full field of view angle/(°) 8
F-number 1.4
Pixel size/pm 52x52
Pixel 240%320

2.2 VAEMBES

FIR, KF2Eer g R G4t 1254 3 2%,
VAR IDSDrE [ W a1 W13 = WS ) v
P S M L, TSt s My 1 2 FLR A e
GRG0 R [R5 s
B, SAS SCR T T SR B AR B 1Y
P DU B 417 5537 B 0 K SE W B S5 A LA -,
THOMARG [, B A R U &
BB . LIS R R G5t
ik, G 7 £ 225 40 7 PR B R An L 1 s, G
H Ry Go= 1,2,3,4) 50 50T B — 4k fLAR ek A
TR AR B I A S E B, d R i S 5
i+ 1 P A 2 AR

@ @ ©) @

Aperture ray
" hll

Principal ray I}’,};\ ﬂ _

d,

Image plane

BT Dleor RGEHERR S H L Bt A A A A

Fig. 1 Simplify structure and optical pass diagram using

thin lens in optical system infrastructure
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Tab. 2 First-order optical parameter of the initial stru-

’

cture of the optical system (Unit: mm™, unless

otherwise stated)
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Fig.2 Simplified structure and optical path diagram for

initial structure of the optical system
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Tab.3 Sellmeier function fitting parameters of KRS-

5 and CsBr materials

Material
Sellmeier fitting parameters
KRS-5 CsBr
K 1.8293958 0.9533786
Ly 2.25%107 8.20189243x107°
K> 1.6675593 0.8303809
L, 6.25x107 2.79396908x1072
K3 1.1210424 2.847172
L 0.1225 1.41646892x10*
K4 4.513366x10
Ly 0.2025
Ks 12.380234
L3 2.70898681x10*
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Tab.4 Optical structure parameters of the optical sys-

tem after optimization design

Radius Thickness

Surface Type /mm Jmm Material
1 Even Aspheric (STOP) —83.93 6.28 CsBr
2 Even Aspheric 46.66 0.70
3 Even Aspheric 27.45 14.98 KRS-5
4 Even Aspheric 185.48 7.65
5 Even Aspheric —27.00 17.50 CsBr
6 Standard 32.64 3.25
7 Even Aspheric 38.61 17.50 KRS-5
8 Standard 316.43 35.47

Image plane Standard Infinite

B3 AT e RS R GG A5 BO G A
Fig. 3 Optical structure and optical path diagram of the op-

tical system after optimization design
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Fig. 6 Relative illumination curve diagram of the optical

system after optimization design
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Fig. 7 F-Tan (Theta) distortion curve diagram of the optic-

al system after optimization design

4 INEHHr

— Nl R R T BRI THz Ye22 iR &
ESiwsann /s My vallN: ey | MNE S N TES
I AT AE SR S5l o i, 75 2 R G AT
NP BEE N T AR A 2206/ . A
SCRE G 8A Zemax XF R GEEAT A 25 4)
Mr, T FHZS 28 i % 10 Ip/mm &b F-2F FBR % 7
fia) b P 3081 i 2 38 R B0 - S B R PPN AR o, DA
Je B AR AL AR A, IS Aot aE N T
e 25 PR R IR 2 1 20 25 S AT AR VE B, W1 AD e
25306 FIE, SR F R BRSBTS R5 B AL
R VT S R 7 it 1) IR ) A% 356 oR R 1 A8 A I I
X ARAZE RBEAT IR 4307, B2 A R EoR . AN
WidE &2 R IR, AR R RGN TR A 2
SYECAE, 5390 R B VAR, BER
Fas 6] Ba 42 4 0.02 mm, 2 8 ACE O
FE A 43519 0.01 mm 1 0.01°, JEBR i 2 1
ANHEIBE SR S+A A FLI EE AT 0 M o IZAE IR
FE N 0.5 YR, P B ST DL 22 53 B
0.0002 F1 0.5%.

217 100 SRR PR, HARLS 15 2 /Y
AR R R T A A 8 B, A
& 8 il LITRH, 10%. 20%. 50%. 80% Fi1 90% )
FEAS MTF {43514 0.38. 0.37. 0.35, 0.26, 0.19,
2 RGO 2R, RURGE B AR
] S

N

0.1 . . . .
0% 20% 40% 60% 80%  100%
Sample proportion

(R ST

Fig. 8 Yield estimate curve

o
n

=4
N
T

The value of MTF
o o
[

5 & w

ARSCLADY R FE Y B BT R AS 44, B
M= B2 B e T RERIRESHR IS



380 RED2E (RgEs)

17 %

BORME TS, IFR AR A Zemax X R4
BEEFATHRA BT AL, et T —a KoL
. etk HAEFE KB THz BOGFRUR RS
BRI T WA R 3 1) CsBr Al KRS-5 fiAAF
G R T G BRI, AW G R A 2
B, R B ERIET 2, R TERRRL . 7)
Hh, ZRGEA TN T RPN 2553, b T35

S 3K

P, BT AL R REA LR TARR
QNG SN Y ER 28 SN R N S eE STTRERCT D |
AR, eI T2 A | WA AR AR
27 T, AT B A SE PRSI EL. AR SCRIESE
(4 THz P62 R R Gt Ir ik x A 250l %
AL RS AR RS S RSB HR L T —Fi
BRI

(1] 24690, Spands, 2008, 5 MPOOBE A IS E i FoAmt ot il g (R [T, k- 541, 2022, 51(7): 0751410.
JINZM, GUOY Y,JIBY, et al.. Development of ultrafast spin-based terahertz photonics (invited) [J]. Acta Photonica

Sinica, 2022, 51(7): 0751410. (in Chinese).

(2] Fpimmb, 4, A% 80, . FRAER L/ IMREA KR 22 15 S5 B LRE R ARG (0], F B 565, 2022, 15(3): 443-

453.

ZHENG J P, YU P, ZHAO M, et al.. Detection of myocardial amyloidosis by a small number of terahertz spectra with
low signal-to-noise ratio [J]. Chinese Optics, 2022, 15(3): 443-453. (in Chinese).
(3] sk, &, FR 2, F. T RBZOCHEMPLE 7 AR — oo —JuiRaYE B 1], ot be 5 Fat

&, 2022,59(19): 1930003.

MA Q X, LI CH, LI TY, et al.. Quantitative analysis of binary and ternary mixtures based on Terahertz spectroscopy

and machine learning algorithm [J]. Laser & Optoelectronics Progress, 2022, 59(19): 1930003. (in Chinese).
(4] P T dh, B, B EE, F.OROBEEARLEAR T I P R HBTTEIERE (1], k% 5 5 ki 547, 2022, 42(11):

3330-3335.

LU X J, GE HY, JIANG Y Y, et al.. Application progress of Terahertz technology in agriculture detection[J].
Spectroscopy and Spectral Analysis, 2022, 42(11): 3330-3335. (in Chinese).
[5] A%, x| Mg, IMER, 5. 5T BP M2 R4 I R 2% I SO 1 0T TR o 2 R R 9 S R A 2 (0] sk 55 e

F it 2020, 57(7): 302-308.

HU J, LIU Y D, SUN X D, et al.. Quantitative determination of benzoic acid in flour based on Terahertz time-domain
spectroscopy and BPNN model [J]. Laser & Optoelectronics Progress, 2020, 57(7): 302-308. (in Chinese).

[6] A, Xwd-F, & BOW, F. KRR R G A EORBIFE 1], 2o 5hH K, 2013, 35(7): 391-397.
WANG H Z, WU H P, LV ZH SH, et al.. Research on THz imaging system and related technologies[J]. Infiared

Technology, 2013, 35(7): 391-397. (in Chinese).

(7] &B&, TF, RKu&, F. —F TR E 00 R G06 R T]. #ml#45, 2020, 41(2): 1-9.
CAOED, YUY, SONG CH B, et al.. An optical and structural design of a hand-held Terahertz detection system based
on ZEMAX and ProE[J]. Journal of Telemetry, Tracking and Command, 2020, 41(2): 1-9. (in Chinese).

(8]  BKRAM, A2 —FhRMZBEMA I 1], & F 0 FH A, 2020,43(8): 159-165,188. (in Chinese).

GENG H B, LI CH. Optimization approach for Terahertz lens[J]. Electronic Measurement Technology, 2020, 43(8):

159-165, 188.

(9] M, 35, Bade, &5 LT R B = OB E RGBT U], KA T K F 2R (A AFFIR), 2021, 44(1):

1-6.

YANG X, MU D, CHEN B X, et al.. Design of three reflective zoom system based on Terahertz band [J]. Journal of
Changchun University of Science and Technology (Natural Science Edition), 2021, 44(1): 1-6. (in Chinese).

[10]  F&F, 2 s, bk, F. 3 TRBFZOCEBORID G RGO LI L], 5 R 5, 2022, 43(3): 409-414.
LI ZH L, LIU H F, CHI W W, et al.. Design and application of optical system based on Terahertz spectroscopy
technology [J]. Journal of Applied Optics, 2022, 43(3): 409-414. (in Chinese).

[11] RIEE, &, 1 ¥, EARAF F L M. Jbat: Bl AL, 2019.
SONG F J, CHEN X, LIU CH. 4n Introduction to the Modern Optical System Design[M]. Beijing: Science Press, 2019.

(in Chinese).


https://doi.org/10.3788/gzxb20225107.0751410
https://doi.org/10.3788/gzxb20225107.0751410
https://doi.org/10.3788/gzxb20225107.0751410
https://doi.org/10.37188/CO.2021-0223
https://doi.org/10.37188/CO.2021-0223
https://doi.org/10.19651/j.cnki.emt.1903888
https://doi.org/10.19651/j.cnki.emt.1903888
https://doi.org/10.5768/JAO202243.0301005
https://doi.org/10.5768/JAO202243.0301005

520 7, %5 KFLEAM DRI RG] .

(12] &M 15~38 pm KARZ B AR A F £ 2k # % [D]. K& KEH TR, 2006.

LI M. Design study of 15-38 um THz spectrum wave band imaging optical system[D]. Changchun: Changchun
University of Science and Technology, 2006. (in Chinese).

[13] BORN M, WOLF E. Principles of Optics[M]. Cambridge: Cambridge University, 2005.

[14] sk, Ml HOG - = G822 B SRS SERE Y BRI AR [T]. 7 B R, 2018, 11(6): 1047-1060.

SHI G H. Find preliminary solution of zoom objective lens using Gaussian optics and third-order aberration theory[J].
Chinese Optics, 2018, 11(6): 1047-1060. (in Chinese).

[15]  #o&48, § —F. KA K EERA T RN m s st (). #ob 5 ek F 3, 2021, 58(1): 0108002.
SHEN ZH J, CAO Y Q. Design of a coaxial catadioptric telescope objective with a large relative aperture and long focal
length[J]. Laser & Optoelectronics Progress, 2021, 58(1): 0108002. (in Chinese).

[16] §Axm, %1555, FAM, F. KMXALAE, KEBENEIMEELCE RGBT Bk e F 53t &, 2019,
56(12): 122203.

CAO GL,LIUF F, JIAY D, ef al.. Design of ultraviolet warning optical system with large relative aperture and long
focal length[J]. Laser & Optoelectronics Progress, 2019, 56(12): 122203. (in Chinese).

[17] Fk, A, E4R4e, 5. R ARGl PRI e REB0 T, P RS (F3E0) ,2023,16(4): 853-860.
LI K, ZHOU F, WANG B H, et al.. Passive athermalization design of a cooled infrared optical system[J]. Chinese
Optics, 2023, 16(4): 853-860. (in Chinese).

fEE R

B (1987—), B, WU, ML AF5E A, JFOW, 804 A 50, 2018 4F T b i3 K~ 345 1
25, FENFOEE R RGAR 20T O R Ak B O S 5 T FSY o E-mail: caoyiqing1987
@163.com


https://doi.org/10.3788/co.20181106.1047
https://doi.org/10.3788/co.20181106.1047
https://doi.org/10.37188/CO.2022-0205
https://doi.org/10.37188/CO.2022-0205
https://doi.org/10.37188/CO.2022-0205
mailto:caoyiqing1987@163.com
mailto:caoyiqing1987@163.com

	1 引　言
	2 设计思路
	2.1 设计指标
	2.2 初始结构确定方法
	2.3 优化设计过程

	3 成像性能分析
	4 公差分析
	5 结　论
	参考文献

