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Application of equivalent dielectric model for investigating terahertz

wired transmission materials

GAO Chengzhe, LENG Jin, HUANG Gang, SHI Qiwu’
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Abstract: The terahertz frequency band, as an important alternative for the next generation of
communication technologies, faces the challenge of rapid signal attenuation with increasing carrier
frequency. Terahertz wired transmission technology is an effective means to address this issue, and
precise control and optimization of material dielectric properties is the key to developing high-
performance wired transmission materials in the terahertz frequency range. This paper modifies polymer
materials and uses a terahertz time—domain spectroscopy system to test the dielectric properties of
composite materials, studying the application of traditional dielectric constant equivalent models in the
development of terahertz band materials. Based on the polarization characteristics and response
mechanisms of terahertz band materials, a model and method for estimating the dielectric constant and
loss tangent of composite materials in the terahertz frequency range is proposed, providing a scientific
model guidance for the development of new terahertz wired transmission materials and their performance
regulation.
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(a) XRD patterns of polymer matrix and composite materials (b) FT-IR spectra of polymer matrix and composite materials

Fig.1 XRD patterms and FT-IR spectra of polymer matrix and composite materials
Pl 1 SR AR S A2 4 BRE XRD FT-IR ]

2.2 SEM i

R B 5 B BURHE R A W S AR b () 43 BRI L 2 S BBOAS [ 48 22 ¥k 32 1) PP-T30S+BaTiO,/BN & & # i i 74
i L & f 5% (Scanning Electron Microscope, SEM)MIIX 738, W48 4 Al SUBHE SR i B SIS, WK 2 iF
o SEMIMNKZE R, MHEBIORERNIE S, SUREE G AR L3N, 76 10 vol% B4 LT, WA
G MOR DR BB 5, TTBEE B 2 W B R E— D 8, PR G ORI B TR A BRI IE B . X
b A R AE B AE 20 vol% B2 N U W W . {HFE 15 vol% & 20 vol% {5 2« & F , BaTiO, ki Bk 14 /0 B 24+
BN Jr A0k, X TR BORL R Zh e 4, 3R T HORH/E JEAR T 0 i 3 23 . BN A OB T A B T 4 A4
REER, WahtEz, RMEERET, @B a2a i MUt DLRE 35 A W 0a i s e i, & IR AR
B WO, BXAESEBR N AR AN AR

PP+5 vol% BaTiO, i PP+10 vol% BaTiO, S8

PP+15 vol% BaTiO, #

“4 gm

rFd ) 5 pm
= X B e

Fig.2 SEM images of PP-T30S matrix doped with BaTiO;/BN composite material
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(c) frequency domain spectral data of PP~T30S/BaTiO, composite sample (d) frequency domain spectral data of PP-T30S/BN composite sample

Fig.3 Time domain spectral data and frequency domain spectral data of PP-T30S/BaTiO;,PP-T30S/BN
3 PP-T308/BaTiO, A1 PP-T30S/BN & £ Ff i 1) it % 55 450 i B4
N E— BT BURHE A 5 B G R R  FE BORR R A R DI AR, A 4R BOR A D iR IR SO 35 A L AR
Je F9 A T R e — 2P Rk AR B ol T L AR R R D R, S ()15 S, () BIV AT AT FI AR 14
fH L p (@) Be — AN 2% () :
S.(@)

S PR (1)

PR B 55 5 1% 5 SO Hep (o) T AR5 22 (o) Tt — 25 51 BE 007 54 o) PO B ()
n(@) =) +1 @
a(w)z%ln% (3)

p@)(n(w)+1)’
S C RS O s d R
T FERE 5 475236 (o) PO M 26 0 (o), BV TSR 50 RE (5 A0 o 85 0 552 0 J K 05, 0k SR A5 B A5 R 0 1640 <

£o)= (o))~ | Cpte) @
8”(6{)) — COI’IS(CU)OC((U) (5)

w
REME SR NG RN 4 B . BEEF BURHE 28 & 03, &5 48 DA DX 5 BUA W7 Tt 1 9
#aFe, o T BaTio, BUBMR MEACHR , A4k DS SCR BN W, 158785 50 20 vol% W, D, Hi 2 /9 2.30



846

AHZMESEFRERFR W2 %

T2 5.69(@0.2~1 THz). {H3Z R T BaTiO, BRI AR & i @ it ke 45 v, D BN B B a9 38 i, i 4 FE 4K 10 4.03
107 34 i 2 3.89x102(@0.25~0.35 THz) . X £ K IH T BaTiO, A B By = /v A0 FE , i m iR A IE VI e AL i
A R ME DL B A7 AL H 4 FE . BN BUREAR B MM X 5555, &2 & MR D A B8 Bl 1B 24 Wk JE B AR (L B 218 . 448
ZR N 20 vol% it , D, f A FER Y 2.30 2T & 2.82, IR W BUE KR A8 N s D, 4.03x 107 B8 & 1.53 %
10°(@ 0.25~0.35 THz) , ZE8&m A L B RIET, R R AR Al iFE . 25 L rik, Bl & BURHS 22 W 1Y 1
i, ZAEME DA DY R B EIE e 3R KR & 0 BT A AR B AR R 4 LA £ T B R AR
FRAE, A3 0 2L 4R S RIORE A G A2 A b R A M R HE AT B HULARGIE DT S B R B 2% 2 A b R PR BB 04 P Ak

P

o

dielectric constant
W

|

-8 PP-T308 32 SE PP 1308

~- PP-T30S+5% BaTiO, —#— PP-T30S+5% BN
7 ¥ PP-T30S+10% BaTiO, -y PP-T305+10% BN

-@- PP-T30S+15% BaTiO, 0 =@~ PP-T30S+15% BN

-@- PP-T30S+20% BaTiO, —— PP-T30S+20% BN

25 r0-0—0—0—0—0—0—0—0—0—0—0—0—10

26

dielectric constant

2410-0—0—0—0—000000000

) 22 L 1 L L L
0.25 0.30 0.40 0.50 0.60 0.70 0.75 0.25 0.30 0.40 0.50 0.60 0.70 0.75
fITHz fITHz
(a) dielectric constant test data of PP-T30S/BaTiO, composite sample (b) dielectric constant test data of PP-T30S/BN composite sample
-3
010 308 33700 e pT308
—&— PP-T30S+5% BaTiO, —o— PP-T30S+5% BN

loss tangent

0.08 I~ pp-T305+15% BaTiO

0.06

0.04

1.5%10°3 /
1.0x1073 |-
" M

3.0x10 by PP-T30S+10% BN
—e— PP-T308+15% BN
2 5%10°3 L= PP-T30S+20% BN

—¥— PP-T30S+10% BaTiO,

3

—o— PP-T30S+20% BaTiO,

2.0x10°3

loss tangent

M 5.0x10~ |-

0 {m-u-u-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-5-0 -8 ]

1 1 1 1 1 0 1 1 1 1 1

0.25 0.30 0.40 0.50 0.60 0.70 0.75 0.25 0.30 0.40 0.50 0.60 0.70 0.75
fITHz fITHz
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Fig.4 Dielectric constant test data and loss tangent test data of PP-T30S/BaTiO,,PP-T30S/BN
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Fig.5 Comparative analysis of dielectric property test values and model values of polymer composite materials
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Fig.6 Schematic diagram of dielectric evolution law and polarization response model of polymer composite materials at different frequencies
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