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Extraction of refractive indices of materials through transmission
terahertz time-domain spectroscopy
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Abstract: For samples with distinguishable echoes in detected transmission pulses, we mainly use the phase difference
between the detected pulses to extract their refraction indices by transmission terahertz time-domain spectroscopy. Specif-
ically, there are two methods. The first one requires the reference pulse and the first terahertz pulse transmitted through
the sample; the second one requires the terahertz pulse transmitted through the sample and the second transmitted pulse
after two reflections in the sample. However, in practice, there exists an angle between the incident terahertz beam and
the surface normal of the sample. Yet, this angle is not easy to measure. So, in calculation we usually ignore this angle,
which often causes error in the extracted refractive indices. In addition, this error is related with the selected method. In
this article, after analyzing deviations of the refractive indices resulting from the angle when using the two methods, we
propose a method to correct the extracting refractive indices. Our method could theoretically eliminate errors that are
caused by the angle. Experiments further prove that this correction method is effective.
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Fig. 1  Schematic illustration of two terahertz pulses, one
transmits directly through the sample and another transmits af-
ter two reflections in the sample
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Fig. 3  Schematic illustration of the light paths of pulse2 and
pulse3

2.2 RASIEMNTHEMNEREST

e 515 | S PR -Hr S R0 15 22 B Ay 22 W SR £ 1 D
TR S S AR 22, PR 77 %45 2)
Yot & E WA X R 2Z 251K 1 ny, - nl/n,
Iny, —nl/n.

| ny —nl /n =l ncosh, —cosh, +1 —nl /n,(10)

| nyy =nl /n=1'1-cosh,| . (11)

oy BEL AR 2 LB T Rk 22 B B A ), B 1R
0.5 ~2.5 THz JB N L BUAR/N" , ZE IR B 47 4
FRIGE N n=3.41748. i T2 PR b A 7E HoA
WRZERIR, WAL I T M TR IR E , A BHE
MR, & 4 S R WIFh 75 1245 3 i e BELRE 4 S 4830
HIRERI AL I 2R, e A 5° B, B b
RJrE—It 8, X R 2R 0. 078823% , 7% —
TR X IR 2 0. 032525% .

8 ><10'4‘

Relative error

0.032525%

0 05 1 15 2 25 3 35 4 45 5

Angle of incidence

B4 e BE AT SR (E IR 22 B e £ A AL BB H £
Fig. 4 Influence of the angle on the relative error of the re-
fractive index of high-resistivity silicon
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