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Design and application of silicon wafer polarizer in terahertz frequency region

LI Jian, LI Ping, ZHOU Nan, YAN Ji, GONG Kan
(State Key Laboratory of Precision Measuring Technology and Instruments, Tianjin University, Tianjin 300072, China)

Abstract: To overcome the shortcomings of polarizers currently used in terahertz frequency region, which are expensive to
produce, difficult to be processed, and easy to generate Fabry-Perot echo effect, a new terahertz polarizer was presented by
means of Brewster effect of a stack of silicon wafers. According to the principle that the different oil with different compounds and
different concentration has the different optical activity of terahertz wave, by using the polarizer, the optical activity of 97*
gasoline, diesel oil and the mixed oil samples were measured to be identificated. The results show that, the extinction ratio of the
designed polarizer is higher than 1059 and transmittance is higher than 99% and the polarizer can be used in 0THz ~ 3THz
frequency region. By using the silicon wafer polarizer, the optical activity of 97" gasoline, diesel oil and their mixture is

measured. And the qualitative and quantitative detection of oil is realized. The design of polarizer meets the requirement of

polarizer in terahertz frequency region.
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Fig. 1 Schematic diagram of light transmission parallel plates
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Fig.2 Device diagram of silicon wafer polarizer
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Fig.3 Schematic diagram of experimental system
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Fig.4 Teraherz time domain waveforms of transmission signal
a—teraherz time domain waveforms of p-polarization component of transmit-
ting through silicon wafer vertically ~b—teraherz time domain waveforms of
p- and s-polarization components of transmitting through silicon wafer with in-

cidence angle of 74°
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Fig.5 Schematic diagram of linearly polarized THz wave of transmitting

through perfect polarizer
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Fig. 6  Teraherz time domain waveforms and frequency domain waveforms of
p-polarization component of transmitting through 4 silicon wafers with
incidence angle of 74°
a—time domain waveforms of initial signal and transmission signal
b—frequency domain waveform of initial signal ~c—frequency do-

main waveform of transmission signal
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Fig.8 The measurement results and the fitting sine curves of diesel and 97"

gasoline
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Fig.9 Experimental measurement results of various samples
a—time domain pulse amplitude of sample signals and reference signal versus

polarizer rotation angle b—zoom out of part I c¢—trend of phase shift of

various samples
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Table 1  Standard deviations of three groups of phase shift in the experiment

name of phase shift

sample groupl  group2  group3  standard deviation

diesel 0.017 0.018 0.015 0.002
gas(0.25)  0.031 0.031 0. 030 0. 001
gas(0.50)  0.041 0.042 0.039 0.002
gas(0.75)  0.055 0.055 0.047 0.005
gas(1.00)  0.089 0.089 0.091 0. 001
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