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Abstract As an important device for the application of terahertz technology, the terahertz modulator has a wide
application prospect in the fields of terahertz communication, imaging, and sensing. However, current terahertz
modulators exhibit problems, such as low modulation depth, narrow operating bandwidth, and poor stability. This
restricts further promotion and development of terahertz technology. In this study, a new optical control GaAs/side-
polished terahertz fiber (SPTF) modulator is demonstrated. GaAs film is transferred to the polished region of the terahertz
fiber to enhance the interaction with the terahertz evanescent wave. The highest modulation depth of GaAs/ SPTF
modulator is 97.4% with an external laser irradiation of 808 nm. The experimental results show that this new fiber
modulator exhibits a good optical control modulation effect. Additionally, the compact and highly integrated design of the
device suggests its broad application potential.
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Fig. 1 Schematic diagram of the structure of the microstructured

terahertz fiber model

1811003-2



M E X E - FFBARIEX

F£6055F 18H1/2023 £ 9 B/ B EXBEFZHE

2.2 (FE&ERAW

K R A B IC 53 87 J7 2% % K i 25 ' 21 AT A A% AN )y
B XS S5 AT AT o AE O ELER A R R
B, 78 K B 2% 6 21 11 e A1 2 DX s A P 1) 320 3 45 0 R 1
B RS B E T AR WO AR R ok

130 @
1.25 F
1.20 F
L15
1.10

1.05 +

0.6 0.8 1.0
Frequency /THz

0.2 0.4 1.2

2

55 IR AL 2 AR DT AS [0 SR 0 R 5 . R Y oK
W25 G AE 0. 1~1. 2 THz 1 Bl N 1Y L 854 &4 5 %
wmE 2Ca) s, & 2(h) LK. T LLE W&
A58 ) K o 2% D' A AR B b 249 SRCTE P /N SCAL 2 R £
T ANZ R R ASALE S T mZ TR

Electric field intensity /(V/m)

(b)

S8R R 2% G LT 05 LA 2R o () 75 0. 1~1. 2 THz i Fl N SEREAT JCHT 5 528 4k 5 (b) 76 0. 675 THz db 537 14 (41 )2 S 58 56 DL AL 1=

Mz <JR)

Fig. 2 Simulation results of the complete terahertz fiber. (a) Effective refractive index variation of the fundamental mode in the range of

0.1-1.2 THz; (b) mode field diagram at 0. 675 THz (outer layer is perfectly matched layer and air layer)
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Fig. 3 Simulation results of side-polished terahertz fiber. (a) Confinement loss plots of terahertz fibers with different side throw depths;
(b) mode field distribution of terahertz fibers with different side throw depths at 0. 675 THz
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Fig. 8 GaAs/SPTF test results with a remaining thickness of 1. 55 mm in the side throw. (a) Time domain spectrum at different laser
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(d) correspondence between modulation depth and laser power at 0. 55 THz
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Fig. 9 GaAs/SPTF test results with a remaining thickness of 1. 80 mm in the side throw. (a) Time domain spectrum at different laser

powers; (b) frequency domain spectrum at different laser powers; (¢) modulation depth spectrum at different laser powers;

(d) correspondence between modulation depth and laser power at 0. 61 THz
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Fig. 10 GaAs/SPTF test results with a remaining thickness of 2. 05 mm in the side throw. (a) Time domain spectrum at different laser

powers; (b) frequency domain spectrum at different laser powers; (¢) modulation depth spectrum at different laser powers;

(d) correspondence between modulation depth and laser power at 0. 82 THz
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Table 1 Modulation effect of the side-polished terahertz fiber

modulator under 808 nm laser action

) Remaining Modulation  bandwidth / )
Material ) N
thickness /mm  depth /% THz
GaAs 1.55 56.2 0.2 0.92
GaAs 1.72 76 0.08 0.91
GaAs 1. 80 97.4 0.08 0.96
GaAs 2.05 66. 2 0.09 0.94
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Fig. 11 Comparison of modulation effects between the new

type of optically controlled GaAs/SFPT modulator

and other optically controlled terahertz modulators
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