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Terahertz laser has been used in various fields such as medicine, semiconductor,
chemistry, and mechanical industry. However, application of terahertz laser to soil
Purpose & |, . . . .
imaging has not been conducted actively. This research aims on to develop a
Contents ) ) . .
micrometer—level THz laser-based imaging system for pore—scale physical
processes in soils.
(1) Micrometer—level THz laser based imaging apparatus
(2) Absorption coefficients of soils in terahertz frequency
Results (3) Development of an imaging processing code
(4) Optimumization of the imaging system based on the laser for observing
physical variation in a soil specimen
= |t is used to observe the structural arrangement of inner soil.
= Processing of phenomena such as freezing, melting, crack, and failure occur
in soil can be observed.
= |ncrease of understanding about physical variation of inner soil.
= Analysis of soil for site investigation by construction company.
Expected = other material except for soil can be observed.

Contribution

Through the successive study, 3D imaging system which enables to observe
physical variations in soils by terahertz laser can be developed.

= Through the successive study, development prototype can be made for
commercialization.

Keywords

Laser Terahertz Soil Imaging
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olnj g Ag Ais FAFgoZH
HA A" A F oACHS
gl
2. AN F=UHE
(1) A20 M2 XIBAIRO E4x8 =&
(1-1) MEAIZ L AlE 8ty
- NEs &1 222 tHE Z=20 Kaolinite (O 1)2 Silica sand (08 2)8 AIZ0olY
- H 12 AIE2 0/80lH Silica sand® Kaolinite 25 ASE & 110TCOHM 24A12F S <2
SHXE GIYUS. U0 2 AEsS ol AIEE Algs E 29 &2 XHo=z ot
S, A20MH O 40M2 20| AdvantestAtOIA LEE2 TAS7500SP ZH|IE OlE6t0H E 1t
AlSS SIS, TAS7500SP= 0.1 THz ~ 4 THzS AWM HOIH0 CHet Exges =X
= AB. HEEMHE IIIRANESS2 AIEoIUS.
XL ARES AR AT
Silica sand Kaolinite
Element Weight(%) Atomic(%) Element Weight(%) Atomic(%)
O 53.45 66.82 O 55.69 68.48
Al 0.84 0.62 Al 21.83 15.92
Si 45.71 32.56 Si 21.72 15.21
K 0.76 0.38
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S00 0 37 0
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N
s | W | aur [ WAW [ mag ® | wD | det | i
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19 2. Kaolinite SEM AFAL,
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ﬁ HV curr HFW mag B WD det | tilt 200 yp ———
® | 3.00kV | 50 pA | 635ym | 200x |53 mm |ETD |0° KAIST Magellan400

13 3. Silica sand SEM A4,
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Sample
Wire grid 2 : «— Window
-
— | “
Wire grid 3 Wire grid 1
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Off-axis
Parabolic mirrar

Sample

Detector )
Emitter

~

Time delay

Detection pulse Fiber femtosecond-laser

19 5. TAS7500SP¢] THz 3 54 /Ha%

19 6. TAS7500SP #H] Az
(AFRl:Advantest)

_16_



For solids

For powders

For liquids

For dry air isolation

Pressure jig

19 7. TAS7500SP Fu]o] AL

Fill port

Turn table type (option)

[sig
=
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Analysis unit PC (Controller + analyze)

a9 9. ¥y E THz wave w4719 HAFEHAA 74 AR (AFFL:
Advantest).

(1-2) &8z

E 3. APAESH PEAAL FA D Gl BE THz dol4 Fihe

Transmittance (%)
Soil Silica sand (A2 E) Kaolinite (3 &)

Water content (%) 0 12 27 0 29 37

Thickness (mm) 0.5 15 2 1 1 1.5 1.6 1.7 1 1

0.2~0.4 100 100 98 9 1 74 77 60 5 0

Frequency (THz) 0.4~0.6 90 81 70 2 0 58 55 46 1 0

quency 06~08 | 76 | 42 | 29| 0 | 0 | 39 | 40 | 35 | © 0

0.8~1.0 50 13 5 0 0 29 27 26 0 0
- 8 1002 20| 24X MEHUA A2l SFHIF SHE+5F EAE dI0oIM2 S==AI2t
0] 2ZUH&. & FHI FHESE EUEB2 EH USRS, 0 THz ~ & 0.7 THzS &S
AAUA Silica sandJt Kaolinite clay2Ct EL=E0 =H UZ2H 2 0.7 THzS &=
2 0|Z2= Kaolinite claydl Silica sand2CH E0F O &= 2iez2 LIgS. 0l &t
SEWs° Z= 8 99 Silica sand2t Kaolinitell S4H Il 0.7 THzZ220H A <&
O= 43 Sol0k Sois &. 229 158 480 S£Hx== SHO 2HS0l Hl

=OolAH LIt A2 d&E Jiizo A2 & = US.

- N2 ANZUAME O3 120A2 201 48101 =242 ZIF EUA2H EUS0l A
Lt2tE. Silica sandl &< &=4|Jt 12%2 [, 0.2 THzH M FU=01 HAZHEHOIALCH
70%0te O S Ltgt2. Kaolinite clayll 3 &=HIJt 29% Wi, 0.2 THzOIM SIS
Of AXMEHUMECH 70%Ite O A LS. SH=ss= &80 Ot T2 Lt
O &bt =25 S=H=Jt 45 = LEL EH+E S5t FHE0] &=l
ot =258 2 U= 2A0let= M=0| Its.
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233.15
253.15
263.15
273.15
283.15
213.15
233.15
253.15
263.15
273.15
283.15

S213.15
S233.15
S5253.15
S263.15
S273.15
S283.15
C213.15
C233.15
C253.15
C263.15
C273.15
C283.15

Silica Sand
Kaolinite




Motion E-ontroller

800nm, 250 mlJ
d=3~4 mm|
TOPAS output e *
Dptical pump v
NPolarizer ’r

|
800nm
bandpass

ND filter |
(110) ZnTe |

Si plateﬂ"km H EJ ZnTe
Sampl

9 13. THz 52730 e T8 A,
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Y 21, A3 ANA AutejA e TAAE A e THz laser FH A AL 5= 245,
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Z-cut ¢rystal window

l I >
| / O-ring
O-ring Soil sample
PTFE spacer
gy 22, AE FIie s,
;
E, (8) = E,_cosf

1(6) =1(0)cos*f
- Malus’s law,1809 -

Ey, : Electric field
E,, : Amplitude of electric field

Green : Direction of polarized light 1(0) : Brightness of incident light
Blue : Axis of polarized light 1(8) : Brightness of penetrated light
1Y 230 W] .

Polarizer

Laser
Sample

\ Overlapping

19 24. Fs-THz Laser Spectroscopy.
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L1

Curing 2 days

a9 30. B, AWE g3 EYE A" AEY A A gisk ¥iAlE THz 35 &
(AA &: Point 1, =4 3: Point 2, AA 3y: Point 3, YA 3: Point 4)
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a9 31.

1

=,

ARE T8n B2 FAE AEe] vizzee dHel oigh whAld THz &
(AA 3 Point 1, =4 3: Point 2, AA 3&: Point 3, Y4 3J: Point 4)
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Curing 2 days

Curing 3 days

E, 2 aga E8o] ofA® A" AES AZ Wl g

-

A 3: Point 1, =4 3J: Point 2, XA 3: Point 3, Y14

HhAbEl THz 3+
3Y: Point 4)
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AHE B2 a8a fessAlE FAAE AEY wiizel: Hel digk vhAlE THz 35
23l oju)x], (AA 3Y: Point 1, 4] 3: Point 2, AA 3F: Point 3)
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(5) THz pulse laser “&v] 7=

FicoAle] Zomega A|# S ©]&3}l9] terahertz time-domain system 7]%Wt THz pulse laser %
HE %3} 3. Pump-probe methodE ©]-83le] ZAAZ Hol AR S delayrl A detector

oA convolutione E3l°] wave A4S A= W29,

Menlo systems®] @lo]# ZAFX(E 6, 18 50)= %3] femtosecond # o] A4S THz H¥rx
(719 51, 52)¢to & ZARAIZl #F beam splitterE ©]€3lo] pump beam¥} probe WO & 1}
ol A, Pump beam< S d’S AX7] W&ol probe beamXt} Z AUAE 7FA 3 3]
L. pump beam< emitter¢toll Al Antennas E3| THz pulse® H}lﬂl THz pulse laser”’}
g o] #] 9o 9l sampled] ZAE. ~EOJA = x F, yHOR TY HAAA HEZ o]
& 7FsehH (17 53) receiver?] 91X uwhEl £} EE HEAL "a”éa‘ 7 e

sampleo| /] WEALE Ay F3 ¥ = THz pulse laseri= Receiver® E917FA  detectorol A
probe beam¥ WAl H. 1¥ 549} L #o|A AR= T3 HAIo] Jhedh

)4

FHRAYE A HolAe &l oA AFH. L3 Broadbands A= = o] A7}
obd @] #olAE AR A5 #olAe s 100v] ol FIHAIZA F S wEbA,
L5 = At waEkA 0.2-0.8THz oY 8 F34-E HdASe] ©37] THz dojAES &
22 AET AT, Wem o148 FAE A5 A0 ABH o= £ ATE FAT A
%9,

¥ 6. Ho)A vrAl AH] AL

Specification C-Fiber 780

Center Wavelength 780mm = 10 nm

Average Power >100 mW

Pulse Energy >1.0 nd

Pulse Width <100 fs (<70 fs with FEMTOSCALE)
Repetition Rate 100 MHz (50-250 MHz with VARIO)
Repetition Rate Intensity t<e1mgggt3r\;er 20 hours at constant
Timing Jitter <2 fs [rms, 10 kHz.. 10 MHZz]
Output Port free space

Auxiliary Output Port free space, 1560 nm, >250 mW
Additional Fiber-Coupled Seed Port 1 (up to 4 with MULTIBRANCH)
Polarization linear, s-polarized

Beam Height 75 mm

27 50. dlolA Ay A,
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(6) 22+ A5 3 2H oA AE

- Fico A9 x5, yFOo2 ols 73 2xd ZEolA

5 "Terahertz Analysis and
Control(TAC)"AZE A E E8) Fu g dHS B3] Q3= 2oz go|A7 ZAHEE
2H oA E &Y F e

12 T AR

- THz # oA E 9]
o)A 3ol 7

- o] AbA) e ANARY RaE4 wE MA/EE 54 248 Foael d4se
o 2ZM THzelo] A S o]g3d Xuk A5 Rjstsd Eaulwo F7F BasS Aolslx
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- 2% AEE EolA TEHY HAe ok 2.
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% 7k
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- TACAZE S Tt =7 WAn s des st 20528 dAeA ¥ 44
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