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Nondestructive Imaging of an Object Using the Compact Continuous-Wave
Sub-Terahertz Imaging System
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Abstract This paper presented compact CW sub-THz imaging system using the terahertz transmitter(Tx) that
generating 0.34 THz electromagnetic wave on based electronic device. Using 0.34 THz electromagnetic wave
generated by Tx, we transmifted to sample by point by point scan method and measured transmitting terahertz
wave magnitude and phase information respectively with terahertz receiver(Rx) based on sub harmonic mixer. This
paper measured and compared images of several samples to obtain better imaging results by changing time delay
and step distance of scanning stage which affect image resolution. Also, through the imaging measurement of
various samples, we were able to assure possibility of application of terahertz wave.

Keywords: THz Imaging, CW Sub-THz Wave, Terahertz Transmitter and Receiver, Phase and Magnitude, Image
Resolution, Nondestructive Testing
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Fig. 1 Schematic of CW sub-THz imaging system

14347CH:

Sl vdput

S ReSeremor

e

Spaonk. %2
Tecbey 10 } PmA':p Ml T
14 007G8z 2 wo
o L 2 R RCES
Wemzal
woosar: ||
Rel_ (nc.
'VEX Power

gt gt
(a
el
L]
TAIONCI gl t
prrmesiogec ol
Filtey b
mmm) | SR T
R S, = ey LT essicmg
poerind B
O
i —
o] [27] =
o o actpm
Lock
Indicnios
)
Fig. 2 Diagram of (@) THz transmitter (b) THz
receiver



354 A4, Add, 83, Aud

off o8 WE 9l oF FRE UHAH
i 2 dolEE AFHA 7@
& XZ translation stageo] TLAA]
7 ol FAZAL olmAE AEE point by point ¥
202 FAlete AU
Tx¢] HhZL 17 mWols], Rx9] mixer W
&£48 105 dBolth 034 THzS 1FH4§ A3
A &437] 98 sub-harmonic mixerE A3l
168 MHz9] IF(intermediate frequency)® =23}
A3E EHsgch Alade 2 W 9(dynamic
range)= 94 dBo|™ AUl 104 dB7HA] F7Hgich
Fig. 3(a), ()& lock-in FZ7]olA &% Tx-Rx
9 dAEE Y 2oz AW e I

o] Ade] wz} 0.005 dBm HE W
HAE, I 3~5 deg Axe HEES vehd
th ole AYA AREE Tx-Rx7} sub-THz ©|¥]
A Aade FAsed "ad & £Yy AF
HL 7IAZ Jeg BoRu}

340

-161.00
335 W
3 ; -163.00 ~
éz.zs _ -165.00 §.
‘.53_?0 - ; » 16700 N;
: . . ¢
% 315 - o1 . : B -169.00 é
2310 ! : . - 171,00
305 o RS 173.00
00 - + = o -175.00
] 20 40 60 80
Time (minutes)
~=Mag. (dBm) Phase {deg)
(a)

3.20 -110.0
35 A -115.0
F330 ol e 1200 B
a ‘ oo ‘ 9
T : L ) Z
T -3.35 i 1250 g
S 3.4 : 1300 £
345 z N -135.0

Time {hours)
—=Mag. (dBin}

(b}

Fig. 3 (@ Full Tx-Rx 034 THz stability with
minutes, (b) Full Tx-Rx 0.34 THz stability
with hours

Turn-on

transient Phase (deg)

3, Zu ¥ 24
3.1. THz Imaging siAE

1 €8 o]&38ta] 2¥1A g ol
FR%AD 4 €R Aol AL S5mmz

e
s
o

06, 0.7, 08, 09, 1.0, 12, 14, 16, 18, 20, 25,
3mmE T & F ool 3§ 9% A
Ade 7B 128 a7 25ARE 47
1mm, 01 mmE &<« 034 THzRS EFAA &
Ak ol Tt 2o £ES 747 HinE
o224 THz ol¥]q Al&"o] mm T 2 ¥
oz HI3 o] A Yolrry] A% 4
doz 1 AFE Fig 4@~(d Yehidch 27
Al 1 mmE £33 Fig 4(a), B)Y 2% AE A
Ao AZ J3o] dig ojuA F4 Z2HAE e
Walx, 25148 01 mmE 33 Fig. 4(), ()=
&89 Ry =Hste] ARE JehATh 7
3 ZAFgA & 4 dxol 2¥AH 1 mm%}
0.1 mme] AE3 ¢ oujx] BFE ZA7te] &3l
i3 Aol 7hedg FAsigen 2gAd o
2 Yz Aoz FAT & AUtk T4 £RHY
22X BEAA Jeid HAEGS THzHe] 33
of o3k Aojr}.

Fig. 5@a), (T 4FrF €39 A aYy=
E vl Aeg, 2948 01 mmYHe A=
agzrb 28A2] 1 mm Juie} vlmate] vhekdt
Zo| &3S THzop7b 3ol oA ol 3

P e e a———
maghnitude phase

Fig. 4 THz image of aluminum slit: (a) Magnitude
and (b) Phase image of step distance 1
mm, (¢) Magnitude and (d) Phase image of
step distance 0.1 mm



¥l 5} AAbeES) A AJ307 Al4E (2010 89) 3%

g vehin UFE BAEt ol
= R@NEM x}om olu] x| 9] s d=ell
g2 X PSS HAT F YA
g, ZeyrlA=a9) /\1%7}15011 0.34 THzH-&
FHANRE | HE F4 2E9 F5E Aojd] et
THz#te] £3&& s 7HE & Ao
diole] =3 glolA FA} 2E0]x] 8] A|7AA <]
Aol7t olulA e} FAEd] APE FEgE viA=
AL &84tk Fig 6(a)y~(d)9 Fig 7(@)~(d)E
dole #3A &80jA]e AgARE 7€ 1 mm
2 2RI L ARADE 4 2] PE W] F
20239 487t=9 THz o|vAE &7 9
BBBRE o] Yehd Zlelth Fig 6(a), (b)elX
vElhd RAXE AREAA] 029 B, AZ o
g Fele 2 F dou oA Fdlwo] B
A W, AAEE 1522 88 e ovAe
Fig. 6(c), (d)s} 2ol 0] vlg) X Aus 94
& 2& F AUY A8TtER ol wpartAR

NZAEL 028 24§ Fig. 7(a), (b))l olvlx <}
wasjd, NAAS 1522 S3UL 9t Fg

(a

Transmittance{a.u.)

Length{mm)

Transmittance{a.u.)

Length(mm)
Fig. 5 Transmittance of aluminum slitt (a) Step
distance 1mm and (b) Step distance
0.1 mm

7(c), ()M Bole Az o] 7h=ef HiAE
% HFe, & xR on FA A
A Hojd ®aleg UehdS 0¥ 4 Stk

Lt elo| ojolx| tHat

THzoE 8ol tigt F47) 23] g 4
Frgo wE A 2ot NEe WIE

HA BFE = vk 23 MR B4, ALY |
bo] HAYS wjo] F7e] Fol&= 3?‘”131 2

g e, o] WAl 23 MEE A
TR g FEE 3 ol THzHe] B2
g 2 YR #§ I
w2 THzd} ojnjA] &3& A Btk
7 RS FEE F 2 FAE
A 5o FAE 310 g& VEAL,
vebd Az go] URYE HAIA THz

o}zil‘
2 o
=

Magmtude("lf") (
Fig. 6 THz image of floppy disk: (a) Magnitude,
(b) Phase image of time delay “0s”, (¢
Magnitude, {d} Phase image of time delay

“15¢”

(b}

magnitude phase
Fig. 7 THz image of credit card: (a) Magnitude
and {b) Phase image of time delay “O &7,
(c) Magnitude {(d) Phase image of time
delay “15 8"

d)



356 334, 4d

ol

, &F, AU

" “Phase(Sla)

————
Magnitude(TIE)

THz image of a leaf: (a) Magnitude, (b)
Phase image of fresh leaf, (c) Magnitude,
(d) Phase image of a leaf after 12 days

38 £ F onAE S4sdn. 1e)n B
& ATE 129 AT £ A S
113 g TAS JENAT ol Alzke] Asted]
G2t ol WA e AshE Fig 8°] =
Aolg oAz Uehigith. 2ol et A%
2ol e $EL FRIAT e W YyRIe 5
go] FaR weh YAAG F7] Fio] dde
A FEEE W, W Azke] Ay fio] Ba
8 Uxde I ¥er) el deia v

el #48 FE0] ZF wpAUoY 142

e ¥ulg 7R 5 gzan g golth. olst go]

THEHE 48 09 92T W3 e Holms o

o Bopol M AAZAY Poltt B 5o AR
Agshed 887 A58 Zold.

gol

#

ro
]

= ool 4
TFhoMe] BbHAE A%
A AR s £ e
gl THz ojv]3 7]&o] AM2g tetez we

23 3tk THzsbs QAo Fasty &3 g&&
AL Ae RE EFE ERY £ 7] wEo)

AHA A9EY gAg shseA @ os ad
EL 47 g2 79 TZA YRS o)n)Ysd
A R B B olmAE FAG Aotk
Fig. 99} Fig. 10& ®77F 3¢ Wit g wie) &
odAE oAt AA WRE A% Az
FAY EF URE EAE 43 7EE £ AN
o Fig. 113 Fig. 12& U573Ae E8t29 5 U

.
»
.
.
-

a
“

s e
Magnitude(TI &) Phase($]4)

Fig. 8 THz image of paper box without cover

i
Phase(g]4h

Magmmde(xl E=3}

Fig. 10 THz image of paper box with cover

Phase(2/0)

Magnitude(T! %} ‘

Fig. 11 THz image of wood box



)9} 3) G ALelE A A30d A4E (20109 8Y) 357

FE 747 oln|R 4¥T AAE o] £ FoldA
o] ojmA Az} wiFZtNZ XA iR B
E AetA +ET 4 AATh AR Fig. 13
& FAL FoldA wRel F& dolx, Aty
tolxz, 719 59 AFES AT F UEE o
g F4F Aotk 29 vebd 2AHY THz
e Fol, B2, xﬂa}‘ﬂ 59 HFE Al
g Eg40] #Holdd BAFe FAld g
B2 A HFE Q°1@ de F&3 =7
de BoFEr)h

Phase(¢/ah)

Magnitude{ZI %) )

Fig. 12 THz image of plastic bottle

¥ E 8 & 2

Magnitude (X! &) PMS'(‘H@’)

Fig. 13 THz image of concealed weapons

4. B E

0.34 THz¢] AA7|mE LAAI= THz —’E—*]?l
g} o8 HEdE THz FA7E o3ty &
CW THz o} Al2®lE F45d HEE9 22}
A oJuAE EFA3NHk HEE 53 o|vA Y
9 #EE FAL &g oA AAAR A2PA
g WUFE Fol 4E ovx FA& 3 2, Hlo]
B 3 Al AREAGe] A48, aeln 2¥As}

T5 l“l"H A=rt 84 F8HE s
& wisle] mE Qo] olvA] ¥
%‘ﬂ%x} gz, Ee2g § T 73

AFE g9ds AT omA 4F A3 THz o|vA
Zlgol Hiole, o8, Het § thdd EokilA Hl
o3 FRA7IEEN §&0] 7HeT =7YE $UE
4 AN

¥ 299 Zae CW THz imaging 34
Ha3 HF9 olnjy AL A 93 7=
Agolr, HA¥ANA AH8E 428 CW subTHz ©]
ol Al2Ele oz PH o5, HeL F,
A F O 2oklMY w23 Hf AAIRF THz
H 5 2 S ddsted a8 98 € o=
7l ek

[1] R A Chevile and D. Grischkowsky,
"Far-infrared terahertz time-domain spectro-
scopy of flames," Opt. Lett. Vol. 20, p. 1646
(1995)

[2] C. Ronne, P. O. Astrand and S. R. Keiding,
"THz spectroscopy of liquid H;O and D;O,"
Phys. Rev. Lett. Vol. 82, p. 2888 (1996)

[38] J. S. Jang, T. L Jeon, Y. J. Lee, J. H. Yoon
and Y. J. Lee
a-hydroquinone and

"Characterization  of

b-hydroquinone
clathrates by THz time-domain spectro-
scopy,” Chem. Phys. Lett. Vol. 468, pp.
37-41 (2009)

[4] Q. Song, Y. Zhao, A. R. Sanchez, C. Zhang
and X. Liu, "Fast continuous terahertz wave
imaging system for security," Opt. Comm.
Vol. 282(10), pp. 2019-2022 (2009)



358

A3, ALY, &5, AHE

(5]

6]

7]

8]

el

[10]

Y. Oyama, L. Zhen, T. Tanabe and M.
Kagaya, "Sub-terahertz imaging of defects in
building blocks,"” NDT&E Int. Vol. 42, pp.
28-33 (2009)

Martin van Exter and D. Grischkowsky,
"Characterization of an  optoelectronic
terahertz beam system,” IEEE Transactions
on Microwave Theory and Techniques. Vol.
38, pp. 1684-1691 (1990)

N. Karpowicz, H. Zhong, J. Xu, K. L. Lin, J.
S. Hwang and X-C Zhang "Comparison
between terahertz  time-domain
imaging and continuous terahertz
imaging," Semicond. Sci. Technol. Vol. 20,
pp. 293-299 (2005)

N. Karpowicz, H. Zhong, C. Zhang, K 1
Lin, J. S. Hwang, J. Xu and X-C Zhang,
subterahertz

pulsed

wave

"Compact  continuous-wave
system for inspection applications,” Appl
Phys. Lett. Vol. 86, 054105 (2005)

A. Dobroiu, M. Yamashita, Y. N. Ohshima,
Y. Morita, C. Otani and K Kawase,
"Terahertz
backward-wave oscillator,” Appl. Opt. Vol
43, pp. 5637-5646 (2004)

Y. Chen, H. Liu, Y. Deng, D. Veksler, M.
Shur and X. C  Zhang

characterization of explosives in the far

imaging system based on a

"Spectroscopic

[11]

[12]

[13]

[14]

infrared region," SPIE Defense and Security
Symp. #5411-2 (2004)

K. McClatchey, M. T. Reiten and R. A.
Cheville, "Time resolved synthetic aperture
terahertz impulse imaging," Appl. Phys. Lett.
Vol. 79, pp. 4485 - 4487 (2001)

S. Nakajima, H. Hoshina, M. Yamashita and
C. Otani, "Terahertz imaging diagnostics of

cancer tissues with a  chemometrics
technique," Appl. Phys. Lett. Vol. 90, 041102
(2007)

D. T. Petkie, C. Casto, F. C. D. Lucia, S. R.
Murrill, B. Redman, R. L. Espinola, C. C.
Franck, E. L. Jacobs, S. T. Griffin, C. E.
Halford, J. Reynolds, S. O'Brien and D.
Tofsted, "Active and passive imaging in the
THz
dynamic range, modes, and illumination,"
J. Opt. Soc. Am. B. Vol. 25, pp. 1523-1531
(2008)

A. R. Sanchez, N. Karpowicz, J. Xu and X-C
Zhang, "Damage and defect inspection with
The 4th International
Workshop on Ultrasonic and Advanced
Methods for Non-destructive Testing and
Material Characterization, Dartmouth. MA.
USA (2006)

spectral  region:  phenomenology,

terahertz waves,"



