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Optical Design Software
Li Qi Xia Zhiwei

Analysis of a Terahertz Array Imaging System Using
Yao Rui
Abstract

Ding Shenghui Wang Qi
(National Key Laboratory of Tunable Laser Technology . Harbin Institute of Technology .,
Harbin , Heilongjiang 150081, China)

Nowadays, terahertz (THz) imaging is an important research focus among the development of THz
techniques. And imaging systems based on array detectors which have real time imaging capability have attracted lots

of research interests. It is essential to reduce power losses during the system design. Owing to the low energy losses
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and design convenience it brings, off-axis parabolic mirrors have been frequently used in many THz imaging systems.

A 2D THz array imaging system comprised of off-axis parabolic mirrors is analyzed using an optical design software
ZEMAX. The deterioration of the image quality caused by the misalignment of off-axis parabolic mirror in the
receiving part is investigated. The simulation results show that the image resolution can reach 0.5 mm for the ideal
parabolic mirror. The tolerance for the decenter error is 6.5 mm.

Key words imaging systems; terahertz; array detection; off-axis parabolic mirror
OCIS codes

case, and the grid distortion is 0.069 % . The system has a tolerance of 1.1° for the misalignment angle of the off-axis
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Fig. 1 Experimental setup for 2D imaging system
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Table 1 Focal length of parabolic mirrors and lenses

Focal length /cm

P1 5.08
P2 10. 16
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Fig. 2 Calculated result of beam radius distribution

3 T ZEMAX BAF I R T RE 0
3.1 BRIt Sm

1 ZEMAX XF H A5 21 17 e 4800 5 % B g
WP B P3 MR O E S L O A IR
oy AT 3T

NS HEFATOL . 3 0. 15°, AR BN
H AR 0 52 BRAE AL B A KN A SR B2
29.6 mm,L JBE 7 mm, R LM E, 5 E 1. 52,
™ Uk B A5 A 3 R B Bk Lk =

0411001-2



2 WA JETORSABOIH R Y R 2% T I R R S R S T

B, B AR A LT R L AR HE DL R AT A i
gt SR Ry WA~ 3K B it 2o 4R D 123, 6 mm,
1 ZEMAX sy p s BN & 3 ik, P3 Al L4t
L P E L RGEAR TR ot — AT IE RS,
R FHXT BRI 3R GE 64T 40 BT 1 5 ik

L — - l

s N ! |

L

K 3 ZEMAX #EfE K
Fig. 3 Illumination path in ZEMAX
TC A R G002 A5 RE 08 38 B AT S Ak BR T LA 3o 5 415
SFF A B A 9 ) A% 336 R B CMUTF) il 28 4 B 48 5k 9 47
Iy, an &l 4 PR .

_ Imux 7 Imm
M_ Imax+1min’ <2>
A Mg R BE » Lo FU i 23 501 2 45 K A 5 /N6

R AR T I R S DR A 3 R B £k
ME A LLE S 54 MTF & & '?m
SRR R G MTE iAW & 1L R %0
JEH HE T SRR . A L MTF HH%%&TW%%
GEr oy PR F R/ NA] G3 HEXE R ) 5 I MTF 4§ 1
0.3 MR RN, FEHEFL T ARG HEHEN
1.03 Ip/mmCEP 0. 485 mm), T F B ARG 5256 45
I EARRT A

TS diff, limit
I ‘ TS 0.00, 0.00°

TS 0.00, 0.10° TS 0.00, 0.15°

1.0
0.8+
0.61
0.41 =
0.2F

Square wave MTF
/

0 0.2 0.4 0.6 0.8 1.0 1.2
Spatial frequency /(Ip/mm)

B4 £ 3 bR
Fig. 4 Square wave MTF curve
T3 Ab sl WA 5 S[R3 A A5 5 1 R R
BE I8 P o A 0 R A ) o RS S48 T 30 B BE (R
R RSt A 22 B L AT D3k 8047 S i R
L% o 4% W A5 CULIE] 6) 5 A 0,069 %, ik, H
P& id RGEHEAT G E TR BN .
3.2 AEBUTSMNBHHYERRBARESN
FESCI v, B TR A TR 2 R [ B DA 3
B8 14 Qi Lo TR X R G 1 R I A 0N LSl 4 1
BB KT TAE & b 78 177 J 1 19 00 ¢ g o
BRZEAR/IN, B 2 T 5T 9K OR 7 1 19 25 il 9 00 1T

K5 s

Fig. 5 Light lattice

6 oA e AL
Fig. 6 Grid distortion
P3R4 Al 0 %) 2R G Y R 00
TEAS ZGEH 0 2R 8 Al 4 4y 1 B 3 R A 268
MHERT L1 OB XE R T 6.5 mm B R T
BOGH R IT I K 6L R H K 7R 3 B A R
AN ABERE AR I A% . T 7 R T MO 2 B Al
e P3 BURNA D 1. 1TEOE R

1 P —
\_/——, —
(i

Bl 7 P3 AR 110G B &
Fig. 7 TIllumination path with P3 misalignment

angle of 1.1°
8 O Z Gt fih b A 1) 5 30 D L 4 0 T
P3 R I A AL B P3 B0RE A i 22 i3 R A
BT FR) R /0N o S R 3 O B At R 3 1L 10, 8
J7 M (RMS) 2 A2 38 K D TCAsARHN 1) 4. 95

>Z>
#9310

)'Z

Tllt/() 11 -0.9 -06 -03 0 030609 1.1

K8 A B Y s s KT RE P3 R 21k
Fig. 8 Spot diagram for various misalignment

angle of P3

0411001-3



T

L

P9 Skl b A 7 i 5050 Bl 0 4 1B P3
i O BE 1) A2 A I HOE 2R 56 100 52 W) AR AR A1 1Y) 5 Wi
BN, Y RO BE A ] 6.5 mm B, RMS 2421 K h
To LB 3. 01 £,

o, J
f;’”";} ‘,:f‘“s:;.:

Y LLAA A

L

Decenter fmm 65 4.5 -3.0 <15 0 15 30 45 65

9l b B3 B 5] el i s 0 4 TR i B Y R

Fig. 9 Spot diagram for various decenter error of

0.54

g 053
&
5 052/
2 051

g 0.49 -
& 048 .
0.47 _
8 6 -4 -2 0o 2 4 6 8
Decenter error /(°)

B 11 43 3ESbE P3 .0 B Y A8 4k

Fig. 11 Relationship of resolution and P3 decenter error

off-axis parabolic mirror 1.0 = : . : T -0 e
10, 11 43 51k 22 45 19 53 B R B P31 534 £ PP $0.00, 0.00°
A O BE A A2 Al it 22, I b m] DL A R 8l o % 0 S -
MAETE A S P E N R K PSR E AN
LT, RGERES B R 4r BE RN 0. 84 Ip/mm éﬁ 047 . ‘ |
(0.595 mm), LK 12, 2 02! i
. . | | | | | |
E 0.58 1 0 0.2 0.4 0.6 0.8 1.0 1.2
< 056} Spatial frequency /(Ip/mm)
= 0
g 054r el 12 P3 AR 1. 1B 0% 17 MTF i
%’J 0.52 Fig. 12 Square wave MTF curve for P3 misalignment
'S 0.50 \\ angle of 1.1°
3 , N
S T B T B PSR R B AR 0 5 BUR G2 YL
70 o8 0z 0z 06 10 RAAE T J5 T R 7 [ A48 7 24 5 3 3 A 1
Hiterror/) I R B B R R B 13 B . AR A
10 Sy Bt P3 1R A 1 2 1L 1R TR D5 1) B SR R AR i 0. 53400, 1
Fig. 10 Relationship of resolution and P3 KT m R KBS N 5. 071 % WO HE K
misalignment angle 6.5 mmihf, T-2F J5 i b 9 5 K AR N 0. 556 %,
IR JR 77 1) - ) de K A8 0 3. 98704
isali t le of icali o
(()%)agl(lis o gg:tfpe If’;(‘)% g fOO (b) misalignment angle of 1.1° (c) decenter error of 6.5 mm
& 13 P3 5144 sl fi Lo Xof W 2% Fr) 52 )
Fig. 13 Distortion caused by P3 misalignment
4 4k 1w HETRERZG & L E. FIH ZEMAX 1)

X HA B A 16 8 1 T Hz 1 B R & 48
HOEE R AT T B R e R M. B
Tl T A SN BES AT 0B/ AR GE R RE TR BLAE

P BB XS BR RGERY B RS @ R A T A5 S X
ARG PR T U A
PBTET R R D BT B R R G BAR

0411001-4



RS

B TF ot BT RO B KOBR 2% T M SR 2R e RE o A

PR RS S HAT 0. 069 %, 43 BE R4 N 0.5 mm,
EA MR ER CIE RS PR AT 0.4 mm Al
0.6 mm Z[A]; “H B —3. 2) ¥ 5B
P TEBE P30 R O X R G LR A AR
KW RGAVF P3 S RMIRMA 1. 17, 5 K L BR
6.5 mm; FEMIRIA N 1. 1°0F, RGERE A 2 (19 4y B R 24
k0.6 mm, SRR 7 ] Y fe R AR H Ry 5. 071 %,

s & X #

1 Yang Kun, Zhao Guozhong, Liang Chengsen et al.. Comparison
between pulsed terahertz imaging and continuous-wave terahertz
imaging[J]. Chinese J. Lasers, 2009, 36(11): 2853~2858
o B BE A RIRAR SE. PR R bR 2% AR S % S I Kb 2%
FRAGEE R AT ], P R Bk, 2009, 36(11) . 2853~2858

2 Deng Chao, Xing Chunfei, Li Mo e al.. CW THz standoff
imaging[ J]. Acta Optica Sinica, 2009, 29(sl): 50~52
X, MEK, B OB % EESREBOEE S RG] &
IR, 2009, 29(s1): 50~52

3 P. C. M. Planken, H. J. Bakker. Towards time-resolved THz
imaging[J]. Appl. Phys. A, 2004, 78(4);: 465~469

4 Hua Zhong, Nick Karpowicz, Jason Partridge et al.. Terahertz
wave imaging for landmine detection[ C]. SPIE. 2004, 5411.
33~44

5 Zhang Liangliang, Zhang Yan, Zhong Hua et al.. Terahertz
focal-plane multiwavelength phase imaging [ J 1. Chinese J.
Lasers, 2009, 36(sl): 276~279
Tkssss, kA B A SR R R AR T £ R AR AL UK LT
&gk, 2009, 36(s1): 276~279

6 T. Kleine-Ostmann, P. Knobloch, M. Koch et al.. Continuous-
wave THz imaging [ J]. Electron. Lett., 2001, 37 (24).
1461~1463

7 Alan Wei Min Lee, Qing Hu. Real-time, continuous-wave
terahertz imaging by use of a microbolometer focal-plane array
[J]. Opt. Lett., 2005, 30(19): 2563~2565

8 Alan W. M. Lee. Benjamin S. Williams. Sushil Kumar e al. .

Real-time imaging using a 4. 3-THz quantum cascade laser and a

320X 240 microbolometer focal-plane array[J|. IEEE Photonics
Technol. Lett., 2006, 18(13); 1415~1417
9 Jun Yang, Shuangchen Ruan, Min Zhang. Real-time,
continuous-wave terahertz imaging by a pyroelectric cameral ] ].
Chin. Opt. Lett., 2008, 6(1): 29~31
10 Rui Yao, Qi Li, Qi Wang. 1. 63-THz transmission imaging
experiment by use of a pyroelectric camera array[ C]. SPIE,
2009, 7277 72770D
11 Rui Yao, Qi Li, Shenghui Ding ez al. . Investigation on 2. 45-THz
array transmission imaging[ C]. SPIE, 2009, 7385 73850P
12 Li Qi, Yao Rui, Shan Jixin e al.. A preliminary study on THz
imaging and image enhancement based on thermal imager[]].
Acta Optica Sinica, 2008, 28(s2) . 275~277
RN Wk F. B SF BT R R 22 R K R
AL R F R, 2008, 28(s2): 275~277
13 Li Qi, Yao Rui, Shan Jixin et al.. Preliminary study on 2.5 THz
array real-time imaging and image processing[]]. Acta Optica
Sinica , 2009, 29(sl1) . 84~88
R, Wk A, RaldE 5. 2.5 THz i M SC R B B B R B
WIABFLT]. 5 4R, 2009, 29(s1): 84~88
14 Yao Rui, Ding Shenghui, Li Qiet al.. Improvement of 2. 52 THz
array transmission imaging system and resolution analysis[]].
Chinese J. Lasers, 2011, 38(1) . 0111001
W&, T, 2= B %, 2.52 THz I M43 5 R RSB
HE RSy B AR LT]. o Bk, 2011, 38(1): 0111001
15 Q. Li, S. H. Ding, R. Yao e al.. Real-time, THz scanning
imaging by use of a pyroelectric array camera and image denoising
[J]. J. Opt. Soc. Am. A, 2010, 27(11); 2381~2386
16 Luo Xi, Chen Peifeng, Wang Ying. Analysis of 90° off-axis
parabolic mirror focal spot characteristic[J]. Acta Optica Sinica .
2009, 29(3): 682~687
BoWg. PREREE, £ 5. B Hh 90y I BE A B Ry L A AT LT .
b F . 2009, 29(3): 682~687
17 Claudia Briickner, Gunther Notni, Andreas Tiinnermann.
Optimal arrangement of 90° off-axis parabolic mirrors in THz
setups[J]. Optik, 2010, 121(1); 113~119
18 Claudia Briickner, Boris Pradarutti, Ralf Miiller ez al.. Design
and evaluation of a THz time domain imaging system using
standard optical design software[J]. Appl. Opt. ., 2008, 47(27):
4994~5006

0411001-5



