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Terahertz waves have attracted much attention mainly because of their potential
application for broadband communications and non-destructive testing. In this study,
we investigate a terahertz phase shifting interferometry by using liquid crystal phase
shifter for future evaluation method of glass. The phase shifting interferometry is
investigated by using an optically pumped gas laser system which can generate
continuous wave terahertz waves. Since the hydrogen-bonded liquid crystal shows
almost no dichroism at 2.5 THz, we have achieved precise measurement of the
birefringence of X-cut crystalline quartz. We also studied a reflection type liquid crystal
device to improve the speed of operation.
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Figure.1 Schematic diagram of optically pumped submillimeter gas laser.
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Figure. 2 Optics of the phase-shift interferometer.
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Figure.3 Molecular structure of hydrogen-bonded liquid crystal.
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Figure. 4 Structure of liquid crystal phase shifter for terahertz operation.

WA DLAHZE T TN A A DA EOFHNZ. X 2 1TRTHEREHWTITo 72, &
T, BT NA ADOADRZ G- 5 72012, BV TN & B R WIREE Tl 2 2 17
S>TWh, WA TOREMBIN(FAL 75 =) 0,=00,%bL)IMEL, 714V —
Uy FRETDOAEE 0p=45°, 0,=-45" & L7720 TORE T, W7 /N1 A & E#
L 72 B ORICIREDZL 2 B BROZALE LTBIT A Z L2 EETH 5,

X512 2.5THz TllE L 72 S AHZE TR 734 2 D% MR OBEMRAE 2 R_ o 72,
B5(a)ld EM4 s Z W20 RTHY. M5 M) IKEEEZAT AN LCL %
WG EaokETH 5, Ko@), (b)EdIT, BEOHIMIL D ERFENIEILLTVD
Wb, TIX BTN AZEHIM L 72EEIZ X 0SS T ORRIMZEL2SEZ D,
ZRICE B RIS T NA RAEBED THz EORICIREPZILL TnWEZ L EZRLTW
%o

F 72, BA4 SIS PED DB 2 A RECL W o 588 7 18] O WL AS K il 5 1) 12 He X
TREVWZ LD Do TVE, TOL) LMEORE, BIEZEML TRMSDLE B35
WONTHEEDSEML T &, B5 @) IR LIS, BB &R0 dRE) 2
2T, HEOWINZ X 2B RFOWVBALNDL, —F, KERBEEAT LEMEDOLA.
B 5(b) D& HIZ, WEREOEIHE) IRBO A I N T VWL, ZOREIE. KE
WA AT A TIE, IR G Wiz, BEINC X 2EHOZELDOBRIZ TN
ZADIEPEALL VW L2 BIRLTW5, T2 COWSMAHET T34 2 OAAHZL

_8_



NSG Found. Mat. Sci. Eng. Rep.

0.1 0.03
009 | () (b)
008 | 25THz 0.025 | 25THz z
—E44 —LC1 L
0.07 002
008 372 2
= 0.05 ~ 0.015 W \ /
0.04
0.01
0.03
Xz 0.005
0.01 27—
0 0 ) ! . A } ) i
0 10 20 30 40 50 60 70 80 90 100 0 5 10 15 20 25 30 35 40 45 50
Applied Voltage(V) Applied Voltage(V)

Figure. 5 Transmitted terahertz intensity of (a) E44 and (b) hydrogen-bonded liquid crystal (LC1) asa
function of the applied voltage.
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Figure. 6 Simulation results of the polarization conditions of a transmitted terahertz wave. The phase
shift of the LC device was (a) 7 /2, (b) 7, and(c) 2 x.
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Figure. 7 Experimental results of THz transmittance by changing applied voltage to the LC phase shifter
without and with sample at 2.5 THz.

Table 1 Four-step measurement result of X-cut crystalline quartz at 2.5 THz.

Without Sample X-cut Quartz Crystal (d=500xm)
I Vic (V)
T T ¢ (rad) An
I 112 0.024 0.001
I, 99 0.047 0.021
-1.256 -0.047

Is 90 0.024 0.028
14 78 0.002 0.012
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Figure. 8 Structure of reflection type liquid crystal phase shifter for terahertz operation.
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Figure.9 Optics of the reflection measurements.
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Fig. 10 Transmitted terahertz intensity of a reflection type LC device as a function of the analyzer angle.
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