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Fig. 1. Measured reflection spectra of Al alloy and Cu
alloy.
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Fig. 2. Inversed damping frequency and plasma fre-

quency.
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Table 1. Optimized plasma frequency and damping
frequency of Al alloy and Cu alloy using genetic algo-

rithm.

MR B f/THz o WA/ THz  wp WA/ THz

A 4—20 0.665 £ 0.005 133.3+1.0
: 15—40 0.0949 £ 0.0000  48.1894 £+ 0.000
4—20 11.6538 £ 0.001 1512.22 £ 0.01

o 15—40 51.328 £ 0.005 6405.8 £0.8
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Drude smoothed reflection spectra in Ref. [16].
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K, 45 Drude Z2HI3 519 v0 = 13.07 THz, w, =
2885.1 THz g = 2.54 THz, w, = 1762.1 THz,
530k [16] F1SCHR [6] 19 Drude L& 2 80k A — 3L
i (5) 2 AT, T A w, > 0, Ffi Drude 11
G SRR ZE T 6 R Bk MmN R, A
SIS R AT o 5L w B AR 2, DRI T R 11
ST 2R A B A BT 4R I ST S R LA AR AR A
Xof BR SR iR 22

GBI OO B ) A SRR A S AR I T 5
K HILL18.6, 20.5, 28.0, 32.4 THz {E 94l & 45
5, IRIF AR Drude S50 A 45 8, WiFk 2 Fil.
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Table 2. The optimized Drude parameters of metals

based on the measured complex refractivity by ellip-
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324 174 +i138.7  4600.0 8.27 SRS A 1R 225
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500 70F
400+ — ik [16] 60 | —— 3CHk [6]
—e—Drude & 50 F —e—Drude fI&
300} ¢ 4ol
200 30l
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500 320
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Fig. 9. The Drude models optimized from the complex refractivity of References: (a) Al; (b) Cu.
#3 HET 15—40 THz 1 RIEE Pt 2305 1 Drude B S5
Table 3. The optimized Drude parameters based on KK inversed complex refractivity from 15-40 THz.
DA SEE TR Iz RIS BT SR
Bl ENEL T R % nZEEIES W% M BT /% il A5 /%
f/THz  wp/THz Y0/ THz wp/THz /THz
18.6 3894.6 0.4 8.51 19 3069.8 7.5 8.27 21.8
20.5 3848.6 1.6 8.56 12.9 3148.0 3.4 8.25 15.2
G858 280 3683.3 10.1 9.04 6.8 H&i 33689 3.9 8.11 0.6
32.4 3569.4 22.4 9.61 16.2 3429.2 0.1 7.91 a7
¥ 3749.0 7.8 8.93 13.5 3254.0 3.6 8.14 7.0

FHREHE, T 15—40 THz (58 E 15 % (4
BT (b) AL S (b) B ), &85 (1) 5, 2r AU A 5
18.6, 20.5, 28.0, 32.4 THz | ff] Drude BT 244, &
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Ji# ) THz Wi /THz
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K110  Drude & IS 47 55 2 5 10 m (I B 25 R0 LEAL (15—40 THz)  (a) H<4H; (b) &4
Fig. 10. Comparison of complex refractivity from Drude fitness and ellipsometer measurement (15-40 THz):
(a) Al alloy; (b) Cu alloy.
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S (ﬂ[:] K7 (a) FE 8 (a) ﬁﬁ%) EEANREH A Em Table 4. The optimized Drude parameters based on
Drude *ﬁ@%i&ﬁ‘]?i’ﬂ{ﬁ (ﬁﬁﬁﬁ{ﬁ% ) ﬁ%%ﬁ KK inversed complex refractivity in the region of 4—
- e 20 THz.
S5 B TR (Y BUE 45 R 3435.6 THz, Rl 4%
(K18 45 B4 8.0 THz. 11 3T % 411 Drude & ME wp/THz  ~40/THz #E  w,/THz ~0/THz
ﬁmé T /El\élggifn/a\éi\ﬁﬂﬁ 0.1—20 THz B(J E;}ﬁ%ﬂ‘ Al 3435.6 8.0 Cu 2243.8 8.91
3000
—— Drude tl& 1600p —— Drude I&
2000 —— KK 1200 —— KK
£ —o— HfifhaA S B AL £ goof —o— Hifif S S0
1000 e L el
i 400
O 1 1 1 O
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
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3000
—— Drude #U& 1600 —— Drude #i&
2000 —— KK/%jifi 1200 —— KK
€ —o— WA AR € 400 —o— MRS A
1000
400
0 0 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
ﬁ%/THZ Eﬁ%/THZ
(a) (b)

K11 Drude $8& B 4755 3 51 (I BRI HE# (0.1—20 THz)  (a) #<ita; (b) A4
Fig. 11. Comparison of complex refractivity from Drude fitness and ellipsometer measurement (0.1-20 THz):
(a) Al alloy; (b) Cu alloy.
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Abstract

The extraction of terahertz dispersion parameters is confined in a limited region due to the limitation of the existing
THz techniques. A method of studying the dispersion model of metals from the measurements of reflection spectrum
and analysis of Kramers-Kronig (KK) relation is proposed. The reflection spectrum is measured by Vertex 80V Fourier
transform spectrometer. In order to eliminate the signal noise of measured reflection spectrum, the measured spectrum is
smoothed by Drude estimation. Using the smoothed reflection spectra of copper (Cu) alloy and aluminum (Al) alloy in a
range of 4-40 THz, the complex refractivities are inversed based on the KK relation of amplitude and phase of reflective
coefficient. The constant extrapolations at lower frequencies and the exponential extrapolation at higher frequencies are
adopted in the KK integration. The exponential extrapolation index is adjusted according to the calibrating complex
refractivity measured from far-infrared ellipsometer. According to the inversed complex refractivity, the plasma frequency
and damping frequency in Drude model are optimized using the genetic algorithm. The objective function is defined as
the error between the fitted complex refractivity and KK inversion. Since the optimal plasma frequency and damping
frequency are different for different fitting frequencies, the obtained Drude parameters are averaged in order to reduce
the influences of errors from KK inversion, measured reflection spectrum and calibrations. The complex refractivity
indexes in a range from 15 THz to 40 THz, calculated by the established Drude model, are in good agreement with the
measured calibrations from ellipsometer, which demonstrates the accuracy of the established Drude dispersion model.
The reflection spectra below 4 THz are greatly distorted due to the signal noise, and the calibrating refractivity is
located in the far infrared region, thus the complex refractivity is inversed in a region of 4-40 THz by KK algorithm.
The complex refractivity indexes in a range of 0.1-20 THz, obtained by the proposed scheme, are for the vacancy,
which will provide great support for the dispersion analysis in the whole terahertz gap. The procedures are helpful for
extrapolating the dispersion information to terahertz band from the far infrared region. The scheme takes the advantage
of the spectrometer and ellipsometer, and it requires high experimental precisions of reflection spectrum and calibrating
refractivity. In addition, the scheme is adaptive to both metals and nonmetals by applying proper dispersion model
which depends on the property of the reflection spectrum. The established model determines the microscopic dispersion
parameters of material, which provides great support for the investigation of terahertz dispersion analysis, scattering

mechanisms and imaging processes.

Keywords: terahertz, far infrared, Drude model, Kramers-Kronig relation
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