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B/S: Beam Splitter

FTIR: Fourier Transform Infrared

H&E <3 A1: Hematoxylin and eosin staining
PCA: Photo-Conductive Antenna

THz: Terahertz

TDS: Time Domain Spectroscopy

UV: UltraViolet
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A 27 AY U
2.1 HEs2x9 A|2H

oA Heslz=a 24 B HE0] ofg & r
Aol A ARE3E ElEtel2xaf A Bl SA o] tis] hds] ARk
etz xa B2 sl o5 A4S o83 HAF A wRelt o
UAu] 7 o](energy band-gap transition)®} 2 FstA<Ql WHo =L WA
o ole ATt HAke] ‘=0l Fupgro] Alyyel vbn#sly] wjZeol, HA} &3
Moz wolAzdo|HeAN FarE SHF
LAY 7]7] ol A 7] W
st oA wMENS olfsttty stuels: #H2n 35 (Fermi's golden
rule)ol A 8] ol\x] A== Fako] Aol Hlgste], FukE 2d45 o
E7b ZrobA Hlgte|2=3uf T Aol o Xt webA, Hetsl2=uE Ay
A1717] Yl E THzol alldsleE 3 2% (picosecond, ps) EUt o &S A7k
o &g WF WshY AR frEstelop vk 1970dddl AEX
(femtosecond, fs) #lo]A7} REEo|X o] F-o Hgle2xu}o] WA o] 715 a}
A HAT. dxAd dHoRE JAEX Ho|AE o]&ste] nAdE Aol

=74l AFS dov)= FHF(optical rectification) Woluy, HELE=X]

Jju
EE A
4
o,
_
o
24
o
k)
Kl
il

o] AA-H & (electro-hole pair)s W=7 7FEAA £Al AFE A7

= F A % (photo-conductive) WHOE Hed2=u0= dAyAZ 4= k. A

= WUHS o8} Bl FAE WRoly WY AAES ol &sk= A7]ESt

AMEY WHo R JHEslglt. the ol A AFES HEsl2 =
A

s % o pAden AWa Aol



2.1.1 Hg2 =29 A Y

g2 =ate] WA 7]E= wbale v HdE AAS o)lgf3st FAF ud
(optical rectification), %W A W& ol&st= W, FAE A
(photo—conductive effect)& ©|&3t= HH 59
o] =9 Hgts| ==t whALY @A A= F
el 2=t s A Y. FAE HHUE A2 AT Gads 71 Sl =
& fls FFAAA e FHUE o] &3, o] FEIYe] GaAse] W=y 9
WA (1.43 eV) R 2 oUx|e] AEZ do|x FAS A ZE, ARt} A
o] AFET. oluf, SHH[Lol] nlo]oj s HojFw PR HAxpso] A7HE
Aol 93] 7&EEA A=A EHlE (dipole moment )7} EA A Hol. o]
of ol = o = AA| HiF(surge current)7} E2WA T (1) 2o

AE MERA s 22t sidst= dA7| 37 A dn

Erg, =——— (1)
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Hetsl 229 318 33 A 2®E InAsE o] &3 W AA A8 ALE3)
Aok (2™ 3.) AEZ #olA FAxo] &) whA Fo] Mx HF(surge
current) 7} AEe] Hgs|229tE SAA I, T |
2 He 902 IA F 7R = dv 3 HA o
of oJsle] F of7]® Il o] (photoexcited carriers)”} surface depletion
fieldol oJaf 7} = Zolvh. 7 WA A2 AAe] o]lFwrt ¥ oF
=Rt 84 F A$ 2 E2k(diffusion) zpolo] olE] dojuy= ¥ E X
(photo dember) & ¥}ol]l <3k ZAolt}. InAsollA HAAF o]Fx:= ik 30,000
cm’/V/s o2 AF9] olFk 240 cm’/V/sHth s & e 7hd. olgd

33 Abolel] 2

il

o5& Aold] ola] Hlo] Al WW H) Wo] DX ¢

rlo

A

1=e}
=7 AAQE A A FHF(transient current)”F HFEA

Foz 2/ fr}. o= 98 Hsl2znr) A

=

o] 57

femtosecond laser Terahertz wave

®
® @  surge current

a7 3. #2H A BAE o83 Hele 2= A



2.1.2 Hes 2= 54 ¥y

Hes| 2235 SA4s7] 984 FH= SHHUE o] &3 AE" WY
(Photoconductive antenna sampling, PCA sampling)o]t} #7]333sH4 <l A=<
@

(Electro—optical sampling, EO sampling) ®H'Ho] t}. E AFolA H s

Exst o Azt B AL s PHE AHLE ol §F BT P

gstA dok. o] dF7t s2= AA-A o] 3} AlXH(relaxation time)©]
et 223 g2 u AZF & Jom A7) fqiEd, 4 ARF FFHow
|2 =akete]l 914 ApolE ¢le] Eo]= Lock-in SAWolvt DAQ (data
acqusition) REE o]&ste] SHgt. Hets2=9 A5 A2~ AssE o
7] flete] Hgal2=vr 3 B SAHS A8 28 7](beam splitter)ol A
rojzl AEx oA FAR T 3HE time delay stageE ©] 83t =
4 SHHUE 7|Eo® Hgtd 22 DG AE Atold AEAfe]E 5o

¥ AdAZ - eyl Mo DC #he =P sk 54T,

>,

Jt) = / 7 o (t—7)E,, (P)dr (2)



2.1.3 HEg 223 §iAL G4 A|2H

2o AT AREE HEE 2= viAE G AR Y 49 2o A
A Egs 2= 33 RS fEl WEZR ol A= Tisapphire #o| A&
o] &3} tt.  Spectra-Physics AFe]  Millenia V #o|AHE o] &3}

Ti:sapphire dle]A & oW HF 3t om, HolAoA AdxE Hxo FA 3

=2

ZFe 800nme]™ band width™ 14 nm, pulse widths¥= 80 fso|t}. o] W& H]
7oA F dHE Uy o] 72 HetE 2 xake] X HEe] AR ET.

gepsll == g A17]7] I A2 AT GaAs ol A AHEE 80pme] 24<l
PAE 7= 7 7he] 291 FH =QFH| Y (Photo conductive antenna, PCA)ol
+80V Hlolo =5 7hste] AMESlQlTh.[4,15] AF FHALE <HElvE AL Y
A7l GaAs 1ol ANz thol& kAol Sum Q1 QFHIUE ARESIIT. BAH
getal 2=3ake] HZ B GaAs 7|Fo A EAst= WHRARAL S 2] ¢
3|4l hyper-hemisphere A& d=E ARESIa, 27019 X =W AL
(parabolic mirror)< o]&3sle AMEFS s AHOXRE 7lo|H 33T,
Heps|2xue= =2 olHx A&

HEARE Hle 5 s wAbE o] Hgtdl=2u HE8 = QHH Yol
YA o, HER SHHUel JAME = ol A Hxe X1F 37 ps, FI

)=
I 20 Hzeo] FAAX=Z(optical delay line)E AA FAEE FHLE <He Lo

Solth, 27 W9 2.5mx2.5eme]l B2 229 € e}
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9 52 Aol AREE HlEtel22vr R £ A2 EAS HojEn
Heal 2 =3t 94 A|2~®"3} vpz7bA 2 Ti:sapphire @A E o]&3lo] )
ghe| 2 =vko] WS HEo] AAESiTh. 5 W2 Fsgd ol AdA y2 F4
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2.1.5 Fs A+ ALH
2.1.5.1 ¥kA} E3394
el =st 9 w2 ] g, B
2)oA wAlE e Heleleag Bas

stoict. 1 Feol W

ol g Fu4 Fo

A2 (reference) & FiL AAHS

HJO

3 (Fast Fourier Transform, FFT)& o]&3d}e] A7k =

dlolE 2 nhte] AE} 9142 AT,

= %/mooE(t)exp(— iwt)dt
= 2ol A=E A

A Zo| A WHALE] 7] 74A] &) 1A
9E mAER 2 (2 FAAS, e WA

5% e,

(3)

Quartz: 0 e T Jlr
Air:n, TJL" lt
E Eout
a8 6. WAFEE HlEs

Helsl 220 25 Az 2

% ] 1 tﬂ-/\]—ﬂoi L}g j)_; Eout sample ]—O]
o A= v A Ad
Eou .sample
EJT;:VQ?":R(Q)) (4)

_13_



Ty BlEtE| 2201 7h HEO A A== dkabE Wb AleE YEY. R(w)
E WA A28 vehing, A= 2488 0

al
AE ny=n+ik gtal & W, WHAMAFE va 2ol yERd o Ut [16]

!

Ny — Ny (n—n,)+ik
ng +mn, N (n+n2)+ik

To3 =

rys = Rw)e? A& ol &3 4 ()9 4 5)E dysd, &3} o] Fg 4
Fg AN 5 A Ay
1—R? 2Rsind
n—{ 5 R }n2 k:{ f’,sm }n2 (6)
14+ R*—2Rcos0 14+ R“—2Rcos0

FTES A (6)A A 2FA T kE ol &Sty the A& o] &5k
Axkalel gk, obdl AolA] fi Foa, o Be) =% vehdn
a= gl (7)

T kel 2= e ol&ste] AEe] Fe s k] HaElA,
5715 FHete Hesl229 25 dHd 2 (reference) = i A4 3
o}, 314 Fglo] W3 (Fast Fourier Transform, FFT)& o]§3to] 2] (3)}
o] Fuk= o "olE = Wekste] ALbol o] &3ttt AlEel A tHE = Het
dlz==3 A5 5 E ol sta, HES FHste] U Hod=xd A5 E

Y

1

E,,, = Ejexp(— daém )eXp(iQTWn(w)d) (8)
21 (8)9] A exponential®] A4ae g s 2Tt T4 9 Ay AE
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A T ] v zt
Mosh 1.299 1.637 | 0.786 | 3.959
rat 1| mygpiiea | 0.245 0.373 | 0.201 | 1.161
Am 1.054 1.264 | 0.585 | 2.798
Mosh 1.928 1.978 | 0.896 | 5.046
rat2 | Mygpaiea | 0.345 0.454 | 0.238 | 1.462
Am 1.583 1.524 | 0.658 | 3.584
Mresh 2.051 1.965 | 0.928 | 6.355
rat3 | mygniiea | 0.365 0.448 | 0.238 | 1.898
Am 1.686 1.517 0.69 | 4.457
Mresh 2.565 1.613 | 1.058 | 4.161
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Am 2.06 1.079 | 0.807 | 2.953
Mresh 1.879 2.010 | 0.890 | 4.201
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Am 1.511 1.542 | 0.685 | 2.948
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ABSTRACT

Analysis of Water Concentration in Animal tissue

Using THz spectroscopy and Imaging

Lee, Kyu Min

Graduate Program for
Nanomedical science
The Graduate School

Yonsei University

There are lots of research for applying terahertz(THz) spectroscopy
and 1imaging system for medical diagnosis. THz wave which 1s the
electromagnetic wave laying between microwave and infrared bring the
information of intermolecular vibration mode. Since the energy of the
weak hydrogen boding and the recombination and breaking motion of water
cluster are 1in THz frequency region, THz wave i1s useful to get the
information of water concentration in materials. In addition, THz wave
which has smaller energy than UV and X-ray 1is able to analysis
materials minimizing the damage of materials.

In this thesis, we studied the water concentration in various organ
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tissue of small animal using THz spectroscopy and imaging system. The
most of food and bio-materials are consists of lots of water. The water
concentration can be employed as an indicator that shows the state of
materials. Therefore, the quantitative measurement and analysis of the
water concentration in materials can give us not only the physichemical
properties of biomaterials but also the safety and expiration date of
food. For this reason, the quantifying the water concentration iIn
materials 1s required in the study of food science and medical
diagnosis. We extracted the THz absorption in animal tissue before and
after lyophilization wusing THz transmission type spectroscopy and
reflection type i1maging system. Using the spectroscopic results, we
calculated the water concentration in the organ tissues of animal
tissue, such as liver, spleen, kidney, and brain. Moreover, we measured
the difference of mass in organs tissues of animal before and after
lyophilization to calculated the water concentration of organs tissues

of animal and compare the water concentration obtained by THz wave.

Key words : THz spectroscopy, THz imaging, water concentration iIn

animal tissue
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