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Measurement of Weather Condition and Power
Attenuation in the Atmosphere by Propagation of
Terahertz Pulse Between Buildings

Eom Bae Moon

Department of Electrical and Electronics Engineering

Graduate School of Korea Maritime University

Abstract
In this experiment, A broadband Terahertz (THz) pulse was measured

through a 186m long path between buildings by using a long path THz
Time-Domain-Spectroscopy system. The total THz path was 186m and
158m propagating of the path subject to atmosphere influence. According
to the change in weather such as amount of clouds, rain and snow, we
have transmitted a broadband THz pulse and received the signal and the
frequency domain of the output pulse.

When the water vapor density of the atmosphere changed from 1.1
g/m® to 11.2g/m’ , the determination of water vapor from 0.35 to 1 THz
was reported. Comparing the experiments using a fast scan and a slow

scan represented the shift of the time domain by the change in humidity.

KEY WORDS: Terahertz (THz); Weather condition; Atmospheric propagation; Water

absorption; Terahertz communication



This effect on the weather conditions were observed by using a low
frequency band, which was to be expected that the bandwidth can be
used for the THz propagation application in the future.

Another system which path is 25m and the demonstrated amplitude
transmission of THz frequency domain through the indoor of laboratory
with 45% relative humidity at 21 degrees Celsius have been made. As a
result, It is possible to propagate into atmosphere regardless of water
vapor if the THz is under 0.37THz was realized. This means that low
frequency bandwidth (-0.37THz) was experienced with negligible attention
and group velocity dispersion due to transmission. Such stable main pulse
shape appears to be suitable for the THz bit in a digital THz

communication.
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Fig. 11= E™W Az ow WEH 7]

e}
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23 @¥ W3Sl WE THz 4135 §4
231 3, 4|, 59 G WE THz A%

Txol+= GaAs[10-100-10um] 9] WF=A| 7]1#s AFESHH 15.01mWE YA AI1F
o, Rx9lE LT-GaAs[10-100-10pm]S AF&3HH 1458mWE JARAIA Input

pulsedl A= ¥ Zo] 2THz7HA] Y o& AlxHlo R A& At

Table. 1 A2 & AT @4 iz HH

4% 9 | 2H eE | AU EE | B& | 5T
2014.02.07 o2 7.7° C 71.7% RH 2.8 m/s -
2014.02.07 H] RN 72.1% RH 3.3 m/s 2.0 mm/h
2014.02.11 T 2.9° C 79.4% RH 2.0 m/s 3.3 mm/h

7Y 912 &, v, Y SXEHA Table. 19 43 wjo #A57F YEh

e 435 AR} H7F YEgls o]Fdd A3 ARE AFEIV]A SASH
g7 s
2014.02.07° vI7} Y& wo] AT AZFS 134 36EFEH 144 39S =2

1902 = ZAstgor 1 Ak ol FEFe 143 ARE Fustel v
Witk Aol 9HF FAFLA JET FAF A AT P53

B 11A] 48E71A 190% A3

1

ottt Fo] W 2014.02.11.& 11A] 45&
t}.
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Fig. 12 @H o] mE A+ ¥9¢] Az 27] ¥l

Fig. 120 Yehd uke} o] Zp @A mE At 499 4AE 47§ Hlu
AT’ Al o] RE AEJF Fig. 7(a)9 Output pulse9t zro] H27} BA
HA Jde AL & F Utk S8BT A 555 =AY 7] o= AFHAA

7 WEl A 2 28 Al At 7HE A stttk 2d X A

Hoh Ao 571 7.7% =AT THz AA7| 9k =27+ ¥
d o] 2= v7 Y dro W] dZed AH BEx 3 E2AEtE F5
o] Blxdlr] Wil ole} ZE& AFrt I AT

ARAOE tr] T FEY & F A F= @k THz WA 5 2717}
Hkel ) gtk Aol
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232 $Z7] W59 Wal(11 g/m® oA 11.2 g/m® )o] W& THz A&

TRt FFgo] L THz AA7|HPPH2E B aAqado A2wS o
3l

ofo
911"
£
—_
®
o
=
=
)
>
N
=
of &£
N
ofy
=2
=8
TN

233 @ | 2= | AU $E | 3] U= | F%
2014.03.06 9.6° C RH 12.5% 1.1 g/m® 1.3 m/s
2014.02.25 14.8° C RH 37.7% 4.8 g/m’ 1.2 m/s
2014.04.17 18.3° C RH 54.0% 8.5 g/m’ 2.9 m/s
2014.04.17 17.6° C RH 73.9% 11.2 g/m’ 3.1 m/s
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Current(nA)

0 20 40 60 80 100 120

Fig. 14 Table. 28] ARE o] &3] At 9= THz AAV|HE HE
st UEhd Aotk AE RY £57] 95 11 g/m’ FH 112 g/m’ 7HAE
oA FE ot 2 FAE Ud3tTh 4714 9] 215 & Delay Lines AM&-3l
1,00070 9] ElolEE 20pme| A2 ZAH3F o, vlolE =34 9 0.1332 ps
7F 28 HAG AR er A dotrr] 8] AT Foll HF(Current[nAl)

7t M 2 e VIEeR st adZE weslen, Azt & He A 9

g/m’
7] wizoll, A7t 0.6m?l F&ol E F¥FS AA W= Fig 12(a)) Input

pulse®] 2~ RoF7} Fig. 149 1.1 g/m® A5 H2x Befo] AR FASHH =
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g 1.1 g/m® Al5e dJ/F HIHIH(Peak to peak)Z7|= 11.55nA°|H, i &
S=7F 7P 2 112 gim® o AF FHAHIH(Peak to peak)Z7]& 449nAE S
A7) 2+ 2568 zpo|7} dt.

g
>
=
i
W
N
bt
4
o|N
N
1,
bt
o
rE
=
ir)
2~

o
!l
N
£
X,
Au
p—
—
N
Q
Bm
1o
2

— 11g/m°

Amplitude (A.U.)

0 02 04 06 08 1
Frequency (THz)

Fig. 15 #57] B &= Apolo] wE Fu F9 vl



olx ¥ THz Yo F35E o]&F T4 87l A= thr7l 5o =7
=%, THz AA7I9 AFo] A&sHA o] FAXA F= ZAI7F EAT T

oj2]gt o] FEM A= THz S o83 TAS 3H7] s, ol gk
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233 $£%7] 959 W3k11 g/m® 94 112 g/m® ) @& THz A3 A4A

-
-
r

Current (nA)
n

-
=

-
Ln

7] o F& T wet A5 ®eko]l E4tEM, A5 HA HE A
Mol AAH = Fe) 9 T ZTE Fig 14.9 AZolA 1.1 g/m® o AEE 7]

Fow 186mE AFNAL W £37] Lo Arlo] me} Wt AEE BA
3 e = ot BE w9} Po] £37] YEY} £L4E Ass} A Hojx

e Ao THz B2 257 Yehds 4 5 9ol T WA uha X9 Az
Geolth. 1 ol9le] ANE s A5 Ao FEol o FFL W]
el A5 WY F bE 9HNE A

1 g/m® o "8} 4.17 psec A AHUIL,

=
MAd
=2
N
r o
ol
r
o
29
oL
o,
o
kA
_%
= XE

3 HlwskATh 48 gm® 9 AlTE
85 g/m® ¢l &&= 11 g/m® o B3| 7.39psec A, 112 gim® ¢l AF= 11
g/m® | B3] 11.12psec A A= ATt

_23_



40t pd
f”‘
-
-
-
—— -~
830_ » “;"
" e
i= s
w r”
20' -
[ P -
= e
= ol
-
,#
10} /e
’f
.’f’
O 1 1 1 1 1
0 2 4 6 8 10 12

Water Vapor Density (g/m3)
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Fig 17.2 SA% A3 9

WAtk ©] =3 Fig 16.3 o] THz B A&7 Yehys & & 9io] F
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N
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)
rlr
ox
bt
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I
&
[kl
it
A
Auj

11 g/m® , 48 g/m® , 85 g/m’ ,

112 g/m* #RF ofyg} 1 9lo] SA3 Aol F=o i3 dHoly s F7tst
ol U= gholl thek HrA ]l A E gk(Fitting) o] o

W7o HAAL o9k vl H43FS Y Oklahoma University Group®] %

=
7] 95 mE A AEE YeRd Rt

W= 33k dolzb ol I 7]&7]+= 3.13¢|th. o= Oklahoma University
Groupdl A $%7] Bxo] W3} Zo)Vo] gl njevtE Ats] FH 2 A7

o] 71€7) @ol SASHA UEhgo s A% A nF AW4e dajz
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234 5%7] 4= W3l W& THz 413& §5&

THz= 2 F3 dgrity o that 74 &(Power Attenuation)ol Z7) 5k
O ol B2 Ao o8 SHEHAeH, s Rk olye, &2 e
o] AFEol g2 B AFoM % ofgfo] $24L o] &3 78S FIE

THz output 1
THz Input Distance

PowerAttenuation(dB/Km) = —20 Xloglo( 3)

A#el S kmZH Output pulsed] 11 g/m’ ¢ 112 g/m’ ¢ Aholo] o
3l Zholl 1km3 4 st= THzS Alsojt)
@) 4ol Ba&e] TH:,, & Fig 159 11 g’ o Fa5dee Bsh,

THZoutput% THZInput'ﬂ]‘ H]iﬂé‘f—} ﬂi% 1%]"‘15 ;ﬂolq THz Flg 15-/] 11.2

output
gm’ o] AZH AFo|th o] F logdsE Hatx, T ¥ests AE Ur
o] FH Ystd 7Ha&o] Yedt o) ASslE Age trdd =
24 tir7]e] 57 45 WSt wet A5 Fe g Fug FHo] W]
) ol 158.6m= AA3YL. ol2 E3 =7 "= o]l 101 gim® 7

dgol WEE 4R,
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o

Power Attenuation (dB/Km)

0.6 0.8 1
Frequency (THz)

Fig 18. 527 W% Zold oja &l gel um

=

Fig 18.> %7] ¥% 1.1 g/m® ¢ 11.2 g/m’ &} X}o]d
g4 HolAd A 2ele THz oA Jeld R o
2 Fo4 g9 S ekl Aol &, THze EAd 28 & 23 748,
& FoF HAE AT UHAE YEUYAT o] Zo] HuF o=
THz AA7|97r th7] o8 i o3 g3k AA v
Fa4 9L THz Transmission Windows©] 2t Fop'**.

571 AEd W& #AHee v = F A} o= AA AlEHIAL
A

2 X3 HAY THz g F5&0 dal Aoz FHaAT. ol &3l
TS71(FR) N g e FdFo] T s HAsiH, I 99 Yo =E F
£0] A& THz Transmission Windowss ©|&3}a] FA4l Al 2Hlo] o] & 4
A S A4 & o Jde ABE ATT Aotk
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24.1 Slow scan o] &3 943 = W

L)

o W& THz A5 W3}

THz AA7|3+e] AR E ZAH71X 9 Al 186m=EH, MaiTai Laser® &
Z17]19] 84.00MHz®| ®HEEo s 524 HAE ALEste] S8E &+ AAA
Agelth. BE ARAA R 7)o =EHHE A-E 158.6molH, 1 99
3l4me Al fIAsle A &%= 21 + 1°C 5= RH 45 + 1%7F
A9t 29 Eg2 R & wel THz A5 5 A AHBYT

BE 186m =42 Delay Line= ©]&3to] 1,00071¢ dlo]E]E& Z2+7Z; 20um 3t
Ao g2 ATt 20eme ZolE 190x% B9 AZTE =AH3AUTE ©]= Slow
scano] 2}l A ASFATE 19029 Z4 AlIE B¢ YFHe 5, 255 4 A
gt G W E HEA T O E Holth S8 A w2k EX 7 ZA WEt
A FetE IR FEE 5% 3= 240H, g7 =& 22°C 4= HE #
ot Ty BT 2o go] Bl AV I wkti o] dsto] HolF
O 9i F=& RH +11% &3 0|1, i L5 +4°

gk Al wEol = A

ADHAY d3AAE A A5 =2 5 Jo o AHE 4317 o)A

C
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Fig. 19 (a)¢] A& L3 A=doA FAHT A5z F A= 186molH,

AT 9]Fo dol= 158.6molth. 9F F= (b)= ¥ RH 87.6% 2% 2014

W 9 3Yo] =A% A7 dlolEelth Fig. 19 (a)d A2 ATE= 144 16

EHE 144 1987HA A3 R AL, 1ol A3ste 97 §5+ (b) THZ oA

0=FE 190% 7hA1E YeRd 1 k. Fig. 19(a)2] o34 425 ZHo] & A
! AT = 144 1982 E 144 28717 =AHsgom, 19 =
=

£ (b) I ZAA 20025E 390% 7HAE YER I Q)

Fig. 19(a)¢] &the Z12fZo] Yehd HEel o], 20psec F& AHET AL
of 2 AlsolARE AE7t HAA Overlap A, & oAZY e As #F

& 4 Atk 20psec A A AQHE AL 27%0|BE, (b)Y FE LY=o

A @ 4 Ak A WA ZHT
A% dolE Azl 2172 W] AT &S Mas) mY, A WA 24 &
w7} 5] gEe Azo] gF 4B
20psece] ABE WY Ho] W] oja] T AR SA 57} AT I
o dolElel A 3 WAl Azl ws] BA Hr o] =A
WEEE THz A58 Sa 9% 870 Ud 4 o o8 ugd 42
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2.4.2 Fast scanS ©]|-83 THz A5 =4 9 Slow scan¥9] H|®

N~

Delay line Parabalic Mirror -Delny line Parabolic Mirror

Voice coil

I ;
Tx Rx

¥ N

Slow Scan Fast Scan

Ti:sapphire laser

Fig. 20 Slow scan A|2=®l3¥ Fast scan A|2=Hl

186m <7< Delay Line= ©]&-3t% 1,000712] Ho|ElE 717} 20um HH o=
A3 20eme Z2o]E 190% B ASE =43 Slow scand+= TEHA|, 9]

Mol = 20cme] A S T3S 05%%te| &&= Fast scans AME3IA ASE HE
8] BT Fast scans 52A7]17] 918l Voice coil& ©]83t 1HzS £EHF
Bl 10Hz £571#] SHAE F4 o J55 4L 5 At Voice coil®] A=
A&t Receive 5(Rx)9 #olA =25 KA F3U

Fast scane ©]8&& Alol& Delay line2 1L

o
>

THz A&7 A&d & WA =248% A J27F 54
o= Lock-In Amplifier(SR 570)& ©]&3t] THzE ZA4st= Ao ofy#,
Current Amplifiers ©]-8&3}>] Receive chipCZHE AAHdHE THz AFE TF
A% Data Acquisition(DAQ)E ©]&3t ot 415 & wWhol THz A& &

z
PN
3% % 9ok

ok
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Current Amplifiero| 4= Sensitivity & 2nA/VE Zr59| 2nAY 1V7} W#H$k5
Al XA F, Current Amplifier’} YERE o Q= A AL 5V wv|gte] &

g HA gt AEE BE ST =, Filter FREQE 100Hzol 4 10kHz=
dAste] o AT tigh ol AFn ATE AASAY. o] 2

scan< ©]&3l 190% &

Slow

2

=439 Y THz AA7)13= Fast scans ©] 83}
o 05% o= A 7IsA skt
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Fig. 21 Fast scan? Slow scan®| A7t ¥4 4135 vl

Flg 21014 W7} Mo AA7|9t A5 E Fast scane ©]§3te] HE53 THz

S 2= 10719 HiolHE Hst st Uekd AS oW, w5 de A7 gt
S+ Slow scan< ©| &3l #HE53H THz A& o]t} Fast scan®l A 1071 ¢
7#3lE F3td AE9 Fa(Noise)E AASAT X3 A5 E FHS3817]

-y -

2y A% ol £7]3FA T Fast scanoll A 100psec ©] 2]
NS E ZA sl 29 Ao =2 3 79 dolgHE FH

) Y

S38te H 04%
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statAl grol "HojA| %] e FE2 Current Amplifiere] Filter FREQ< ©] 8%
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A3t Holde FBE H(Filtering)e AXITH 53] Slow scan® A&
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2.4.3 Fast scang ©]-&3 A7t W3lo] w1 & THz A5 W3}
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25 AE YA A3 THz A%

Telescope mirror

M3 Optical Table

M4 M2

e — — — —

——
M& THz transceiver system
Transceiver retro-
Building 1 reflector
inside mirrars

Fig. 24 AuWjellA THz &2 (Pulse) AFol| gk 1|2 (Mirror) iR =

Fig. 24+ ¥ +=&olA AFE flal WA= 2 v 2{(Mirror) & =41 %]
bW Aotk THz-TDSE ©] &3t AE THz HA7]19HE Fig. 3¢9 2o A=
o2 28 H&= Aol obd, Building 1914 MirrorE 7 &0l wel X135 o
Retro reflector(M119} M12)ol] HFALE &= A2 186m AglolA FAT 459
AR FASHA Aukste] A5 2 HESE Aot ol Fig 39 AE F3t
o Retro reflector(M11$} M12)s A At o™, SH T Alol= Fig. 3014 24
g Bt N2"E A 24 skA] o AP e P8R Retro reflector(M11
o} M12) =3+ Fig. 39 Retro reflector(M6%} M7)¢} £3to] Z2atd 2 A4 s}
of AX3A T ek, Retro reflector(M69} M7)9} & A2 mjg] SiHo| =4
UJALS Y o] Mirror Mount®} Zo] Mirrorel] &3l WHAlE]+= THzS HAE W3

£ £ F Jdve= AHolth o] Tl Fig. 3014 2AH3Z B Ax"HS A =
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Ti:sapphire laser®] HHE-E(repetition rate)= ©]-83}c] 2} H7ko] ubA
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RHo| 2, 5= 22.1°C 9|t}
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