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Terahertz Focal-Plane Multiwavelength Phase Imaging
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Abstract A terahertz focal-plane phase imaging method with multiwavelength is presented. This novel approach can
image object with larger optical length compared to using the largest wavelength in the terahertz spectrum and does
not involve the usual phase unwrapping in the detection of phase discontinuity. Furthermore, this technique can
effectively reduce the noise background and improve the accuracy of the reconstructive images. The validity of this
new method can be demonstrated by processing the reflective two dimensional (2D) image data of a metal washer and
Nikon camera’s lens cap. The measurements show that the multiwavelength phase imaging is a straightforward and
efficient phase data processing method in terahertz imaging application.
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Fig. 1 Diagram of terahertz focal-plane imaging system
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Fig. 3 Horizontal section curve of single-wavelength

and double-wavelength imaging metal washer
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Fig. 4 Optical picture of Nikon camera’ s lens cap (a),

terahertz time-of-flight imaging(b) ; single-wavelength

imaging (¢) and double-wavelength imaging (d)
A3 I T JRCAR 18T DT Hp AR A T V5 23 B b 7 B0 A AT 45
o AR TF I A= 0. 25 mm B 8 3% K A AL & 0
B 4 (o Birzr » AT LUA H TS 02 A BE 20 9 26 1T B 445
F o AHJE L T 4 (D i 7 189 X0 AH AL [T AT L 23 B
PR a5 548 FEOr R T OB A AH 7 B A Y 25 M 75 AL
Ho B ACD PRSP N B T 7 =
1.2 THz #1 y,=1.4 THz A 2, =0. 25 mm fl A, =
0. 21 mm, &2 45 535 7 b 2 W RUR A A7 A
8 CRT LA 5 R P A RS A 1

SEECT

S 1S 0 0K 2 25 0 A (R S —
A K PR 5 WA RO b 37 o A KK AR 5 K
2IRAR R G SEBR BTy

s & x

1 H. Zhong, A. R. Sanchez, X.-C. Zhang. Identification and
classification of chemicals using terahertz reflective spectroscopic
focal plane imaging system[J]. Opt. Express, 2006, 14. 9130~
9141

2 Y. Watanabe, K. Kawase, T. Ikari et al.. Component spatial
pattern analysis of chemicals using terahertz spectroscopic
imaging[J]. Appl. Phys. Lett., 2003, 83 800~802

3 D. M. Mittleman, S. Hunsche, L. Boivin e al.. T-ray
tomographyl[J]. Opt. Letr., 1997, 22: 904~906

4 N. Li. J. Shen. L. Lianget al.. Study on the THz spectrum of
methamphetamine[ J]. Opt. Express, 2005, 13: 6750~6755

5 D. M. Mittleman, M. Gupta, R. Neelamani et al.. Recent
advances in terahertz imaging[ J]. Appl. Phys. B, 1999, 68.
1085~1094



LAl e sE A ROBR 2% A T 2 I AR RS 279

6 D. Zimdars, J. Valdmanis, J. White & al.. Time domain
terahertz detection of flaws within space shuttle sprayed on foam
insulation[ C]. CLEO, 2004, CThN4

7 D. M. Mittleman, R. H. Jacobsen, R. Neelamani et al.. Gas
sensing using terahertz time-domain spectroscopy [ J]. Appl.
Phys. B, 1998, 67:. 379~390

8 L. Guo, Y. Hu, Y. Zhang et al.. Vibrational spectrum of »
HNIW investigated using terahertz time-domain spectroscopy[ ] .
Opt. Express, 2006, 14: 3654~3659

9 K. Kawase, Y. Ogawa, Y. Watanable e al.. Non-destructive
terahertz imaging of illicit drugs using spectral fingerprints[ J].
Opt. Express, 2003, 11 2549~2554

10 H. B. Liu, Y. Chen, G. J. Bastiaans et al.. Detection and
identification of explosive RDX by THz diffuse reflection

spectroscopy[ J]. Opt. Express, 2006, 14; 415~423

11 H. Zhong, C.
extraction technique for terahertz reflection spectroscopy [ J].
Appl. Phys. Lett. , 2008, 92, 221106~221108

12 Q. Wu, T. D. Hewitt, X.-C. Zhang. Two-dimensional electro-
optic imaging of THz beams[J]. Appl. Phys. Lett., 1996, 69
1026~1028

13 M. V. Exter, C. Fattinger, D. Grischkowsky. Terahertz time-
domain spectroscopy of water vapor[ J]. Opt. Lett. , 1989, 14.
1128~1130

14 E. Cuche, F. Bevilacqua, C. Depeursinge. Digital holography

Zhang, L. Zhang et al.. A phase feature

for quantitative phase-contrast imaging[J]. Opz. Lett., 1999,
24. 291~293



