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Faraday rotation in nitrogen-doped diamond measured by
polarized terahertz time-domain spectroscopy in the presence of
strong magnetic field
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Abstract: Nitrogen (N)-doped diamond (N-D) is one of the most important carbon-based electronic materials and has
many interesting and unique features in terms of physics owing to the presence of N related color centers. In this paper,
the terahertz (THz) magneto-optical (MO) properties of N-D grown by microwave plasma chemical vapor deposition
(MPCVD) are investigated. By using polarized THz time-domain spectroscopy (TDS) in the presence of magnetic
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field from 0 to 8 T, the THz transmission through an N-D sample in Faraday geometry is measured at 80 K. The depen-

dence of the Faraday rotation angle and ellipticity, the complex transverse or Hall MO conductivity and the complex di-

electric constant upon the magnetic field for N-D are examined. The results show that N-D has excellent THz MO Fara-

day rotation effect and can be applied as THz rotatory material.

Key words: nitrogen-doped diamond, magneto-optical properties, THz TDS
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Fig. 1

mission measurement setup in Faraday geometry. Here, the

The schematic illustration of magneto-optical trans-

electric field intensity of the incident light is £',, which is verti-
cally incident on the sample surface along the z direction and
polarized along the x axis through the optical polarizer. The
external magnetic field B is applied along the z-axis direction
(perpendicular to the sample surface). The electric field
strengths of the light beam transmitted through the sample
along different polarization directions (E{ and E!) are exam-

ined by a linear polarizer
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Fig. 2 (a) X-Ray Diffraction (XRD) spectrum, (b) Raman

spectra excited by 266 nm and 785 nm wavelength laser radia-

tions and (¢) FTIR spectrum for the N-D sample
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Fig. 3 The strength of THz electric field transmitted through
the N-D sample at polarization angles -45° and +45° as a func-
tion of delay time for different magnetic fields as indicated at a
temperature of 80 K
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Fig. 4 The amplitude and phase angle of the THz electric
field transmitted through the N-D sample as a function of radia-
tion frequency f=w/2n at different magnetic fields as indicat-
ed. Here, the results obtained by taking the polarization an-
gles -45° and +45° are shown respectively by solid curves and
dotted curves. The phase angles at different magnetic fields

and polarization angles coincide roughly
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Hall MO conductivity and (b) Faraday ellipticity # (@) and

(a) Faraday rotation angles 0 (w) and the real part of

the imaginary part of Hall MO conductivity as a function of ra-
diation frequency f=w/2x at different magnetic field from 0 to
8 T at 80 K. Here, g,=2ce,=0. 0053 S/m
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(solid curve) and (b) right-handed complex dielectric con-

(a) Left-handed complex dielectric constant ¢, (w)

stant ¢,(w) (dotted curve) as a function of radiation frequency
f=w/2m at different magnetic field 0 and 8 T at 80 K
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