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Design of an 89~183 GHz cold optical and quasi—optical system
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Abstract: Based on the fundamental principles of quasi-optical and Gaussian beams, research has
been conducted on quasi-optical reflectors and lenses, leading to the design of a quasi—optical feed
system for millimeter—wave and submillimeter—wave antennas. This system is capable of simultaneously
receiving electromagnetic radiation signals in the 89~115 GHz and 176~183 GHz frequency bands
through two optical paths. Elliptical reflectors and lenses are utilized to focus the beams and control the
system's structural envelope. Polarization grid networks are employed to separate channels, and
calculations and preliminary analysis of dual-channel performance are conducted. The system operates
in a low—temperature environment, and in response to practical requirements and cold optical analysis,
constraints are proposed and optimized for the spatial position and beam radius of quasi-optical
components. Theoretical calculations and simulation results indicate that the system meets the design
requirements for cold optics and quasi-optics.

Keywords: terahertz; quasi-optics; cold optics; ellipsoidal reflector; parabolic reflector

AR WA SEM IR MR PR CEZ, BHMZ5 NS %I, SEOWM R, 52
P — BCrE RS e PR RS A R o TR T B o A ORI L W R R B R X, KR 2% B R R
R B L v TR B A AR Ay, YA Ol 2 AN DG 2 R IR R R AR 2% B R S B B th R SR —

Vo2 B T T A OF - B R 25 B B R, BRI AR A AR A, DT R AR O A R e e
FECL ¥teE T T A R SCHRIN A AR PE YA Herschel BB 551 . AW - FHABmED ), it
T W R B AT RGBT, R ORORR 25 B BT W T — OGBS BT EOR o ROBR 25 I TLLA R 2
], 3N BN B AT S RN TC Tk 2, AR SR JLAT G2 BES ON FRIE A, v S D AR A5 T M A M A R D 1Y
FEREAT AT, JUAAT 644 BRIE T IA A S G4 B e R 2 21 T I Ak E X

5 BRI AR b, R AN B2 I A RN M R g BRI, BT SRR, ATIEZE LI, I )iz, (HH AR E
HRGIE I, R Ik g, SR LB D FE W AR, T ARSI HLIIFE T #AT0 . Btk ferh, %
i EHEE: 2024-08-01; fEEIHHEI: 2024-09-10
BEEWME: EREANLRITBINH(2023YFB3905603)
HE{EE: RMEK  email:zhuhaotian@nssc.ac.cn




510 1] EREZE: 89~183 GHz A HFFENRFERFIZIT 1105

AR, LG WCR T TH PR . AR SCIE TR G2 R M e P T T — B 2K I W2 ok K2k
W ARG, BIKRGE TAEAAMRRM AP, OB RS YRR 300 KT 4 K.
1 EXFIZITEE
1.1 BETER
T T I R B R ME G R G T A, R 2 IR 2L B oy R AR T L L A R AR B AL s o R, R R

7~ KB
2 . Lt
E(r,z)= /mo eXp(—w2 —JkZ—Jﬁ +Jo, (D

e P N R R A R s o R TR B BOREAR s RO R BOR B I AT I R 125 o WHIB R o,
A TR A, Bz =0 AR P A AR . B 1 A i R 2 O 1) B AL BRI, i R A L DR AR R
1 i %) 84 o

b beam radius
eam
beam» beam g . w
converging waist 1verging
0=0, beam
waist
wO
; propagation
spherical Z-axis
wavefront plane
wavefront .
R=c0 propagation
Z-axis
(a) variation of curvature radius (b) variation of beam radius

Fig.1 Schematic of Gaussian beam propagating
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Fig.2 Schematic of Gaussian beam transformation
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Fig.4 Cold optical and quasi-optical design
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Fig.5 Layout of Dewar and quasi—optical system
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Fig.7 Normalized electric field contour of near—field for each frequency channel
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Table2 Parameters of the reflector

reflector focal length/mm distance of R /mm distance of R,/mm
ellipsoidal 46.5 56.7 259.3
parabolic 247.5 495.0 infinite

K3 RGBS,

Table3 Results of quasi—optical system

fIGHz directivity/dB -3 dB beam width/(°)  main beam efficiency/% side lobe levels/dB  cross polarization/dB
89 44.4 1.5 99.5 -25 25
113 453 1.2 99.8 -25 25
183 46.1 1.0 98.8 -34 18

M3, E6eME 75, 3B E P RICEAR R = . 176~183 GHz @A B R TEE A, e m4E T, X
JER 176~183 GHz i 1 2 2835 1 — UK 17 52 5 55 25 Rk A, (LR 33K 1T 52 S99 45 8 K A 338 S ok 17 28 S Ak
(Al o AT DL S 3 AR L W A AR A sE Ak A . R ORI ISR R AR, R R S
AT AL, Rk ®) 18 dB.

5 #ig

AR SO G WGBS TS A AR, XTRM2 RGE AT T =501, XF 89~183 GHz & 111 R & it
BEHEAT T BT A AR, HR A v R R R R T O, R BT TR, AR T A
i, BHEMUNSYE AR S, BAOLH S RS LS ARG .
5 % Sk
D] IS S0 T W o 55 T . 2 ) A0 S 5 o 3 99 U0 2 B 28 [ B 2% 2% 4%, 2023,43(6):1016—-1024. (HE Jieying, DONG

Xiaolong, LU Naimeng. Perspectives of transmission and traceability of space microwave radiometric benchmark[J]. Chinese

Journal of Space Science, 2023,43(6):1016-1024.) doi:10.11728/¢jss2023.06.yg17.



1110 AHZEMEERFERER 522 %

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

R AT . R R R U 2140 R SO 9 2 IR IR 2% RS ST [D]. db ot rh E BB K 2%, 2017. (CHEN Yonghe. Research
on space cryogenic optical system for SWIR/MWIR astronomical observation[D]. Beijing, China: Chinese Academy of Sciences,
2017.)

FBE T A, 0 22 A5 2R TR S L S e A B LD AN A v 2 H R D] 208K, 2013,35(9):535-540. (YIN Limei, LIU Yingqi, LI
Hongwen. Cold optics technology to achieve high—accuracy infrared detection[J]. Infrared Technology, 2013,35(9): 535-540.)
doi:10.11846/j.issn.1001_8891.201309002.

DOYLE D,PILBRATT G,TAUBER J. The Herschel and Planck space telescopes[J]. Proceedings of the IEEE, 2009,97(8):1403—
1411. doi:10.1109/JPROC.2009.2017106.

WARREN P G,CHANEY D M,HADAWAY ] B,et al. Cryogenic radius of curvature matching for the JWST primary mirror
segments[J]. Proceedings of SPIE—The International Society for Optical Engineering, 2009(7439): 743916-1-9. doi: 10.1117/
12.845115.

HADAWAY J B,CHANEY D M,CAREY L B. The optical metrology system for cryogenic testing of the JWST primary mirror
segments[J]. Proceedings of SPIE, 2011,8126(5):50-58.

XN AT R A BRIDE 2R . 2 K MO 22 G A HOR e L T 5 R R[], Kbk 2% 84 5 75 B2z, 2022,20(7):631-
652. (LIU Xiaoming, YU Junsheng, CHEN Xiaodong. Quasi-optical technology in the millimeter and terahertz wave ranges:
theory, applications and development[J]. Journal of Terahertz Science and Electronic Information Technology, 2022,20(7):631—
652.) doi:10.11805/TKYDA2021299.

WHALE M. Optical characterisation of astronomical submillimetre receivers including ALMA bands 5 and 9[D]. Ireland:
National University of Ireland Maynooth, 2010.

GOLDSMITH P F. Quasi—optical techniques[J]. Proceedings of the IEEE, 1992,80(11):1729-1747. doi:10.1109/5.175252.

I 5k, 2 DL DL R o, 55 . — b 0 BEHE G 2 15 L I 45 D], KR 25 Bl o 5 L 1 AR B A I, 2023,21(2):139-142. (YAO
Chongbin, LI Beibei,XIE Zhenchao,et al. A ten frequency bands quasi optical feed network[]J]. Journal of Terahertz Science and
Electronic Information Technology, 2023,21(2):139-142.) doi:10.11805/TKYDA2022199.

ZE DL U Wk S0, IR 25 . R 2% Y Do 5t L I 205 6 5 R (). Rl 2 ) 2 15 L 7 £ B2z, 2019,17(6):939-943. (LI
Beibei, YAO Chongbin, XIE Zhenchao,et al. Research progress in terahertz quasi-optical feed network[J]. Journal of Terahertz
Science and Electronic Information Technology, 2019,17(6):939-943.) doi:10.11805/TKYDA201906.0939.

XA, 7 ke it A S0, 4 . DG R AU S P [J]. KR L RLE S TR 8 254, 2020,18(2):180-183. (LIU Jia, WAN
Jixiang,SHI Jinwen,et al. Design and analysis of the quasi—optical feed system[J]. Journal of Terahertz Science and Electronic
Information Technology, 2020,18(2):180-183.) doi:10.11805/TKYDA2018282.

T T S . R AR LT AN 8 i P AT A B R ) ). NS O TR, 2019,48(7):41-47. (WANG
Yingying,HE Ping, MENG Changliang. Detection distance computation of the space borne infrared detector for hypersonic
flight vehicles[]J]. Infrared and Laser Engineering, 2019,48(7):41-47). doi:10.3788/IRLA201948.0704003.

2 DU DL BRGE MG 2 AR, A5 . AR 22 G5t R 28 R GEAUAL TR (D], PRI S 45 741, 2022,44(5):112-115,124. (LI Beibei,
QIAN Zhipeng,JIANG Lifei,et al. Terahertz quasi—optical feed network system optimization method[J]. Journal of Detection &
Control, 2022,44(5):112-115,124.)

it . B K AR ME e R G TH[D]. W R M IR T Tl K2, 2018. (TONG Qiang. Quasi-optical system design for
active millimeter—wave imaging[D]. Harbin,China:Harbin Institute of Technology, 2018.) doi:10.7666/d.D01586317.

EEE N

ZERME(2000-), B, EEEM LA, FEAE T & fn(198s-), B, i+, BIMFR A, EEUR
[i1] A K b 2% i DG A1 6 H R email:lijiahui22 1 @mails.ucas. [ R 2 (A R IR R Ik w5 R A Fe AR L s [BIIRIR il v R 45 .

ac.cn.

OERZF(1989-), B, i+, BIWFR G, EERE

REER(1989-), F, WL, Bryn, EENFITM T hy 2 )45 L 1 v B AR L /N LR e B
R REIEAEAR | Kb % e R AR

X 7T(1984-), B, -, Bl R, FEEMR T
] SR A 25 1 Y 2R 45 B 6 T R 2R 5



