) 32 Z 3R Acta Phys. Sin. Vol. 72, No. 7 (2023) 070601

ETERRENFRZEVHRENTRELN =S
RMEIRETT %

FEY ZHHY

R i T

ZRMD  ETEY

1) (PEMSANE TEBERARS-E—O5T, HE  443003)
2) (e RHECR O S FE 55, B 430074)

(2022 4E 11 H 21 AdE); 2023 46 1 H 26 AUEENR)

A2 VR RO SRR 7% L R R O ) T B SRR, R TR S A L R B A B TR BB SR R b AR
BT R AR IABE A R 2 B B A 2 ST SRR S A H B B B kL — A M LAY
25 IR AR (A A0 TRV A SCHE T IR BB R A L 6 505 RO R S 3, BT T — Pk A0 B e i A R
R NE O 1%, DL SERIR £ T — R B 2 ORGSR W AR L 2 R AR v — R R
BB A R RO 75 1, e S IR I T 5 9k A R

R WRAR, RO, A HER, S SR

PACS: 06.30.Ka, 41.20.Jb, 81.70.Ex

1 5 =

BEIT | AR TR RS0 A Tl 28 0 5 2R 1
T RERRETSEORZR T W HREREYE, TN T FL G B
i L B A BB A ST L RN A A R B N | 475
TR, S A A ] sk 02, 1%
SERIAPER B E EIO 1 1 DB U (Nicols-
on-ross-weir, NRW) h & 01z B i f& 4 S 5
TR S A B | R EE R DL R 2 E
Pk 3 A FEZERYEE, S PRIBGER R E AR L S
B, MO BB R T AR R AN [R] R A it
PEATIN A (0 5 AT B ) 2 961 R4S Sz Sl
MR R AR RS AL, s AR iy =X
AR S PUAECAAR AL NRW i 5101 T AL
2 1120 w2 ) HRE S 7E Fabry-Perot % 4k H #1
T U Y R P D B A L L RE 2 40 James Baker-
Jarvis fff FH AR -7 R b 126 A5 S i 4 kL LG S

t BfE1E#E . E-mail: shinehc@foxmail.com
©2023 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.72.20222224

Kol LAZ AR S 5 i A AL 5 R, s % 4
ES eiibid S E R S A (i D a e AR NS 3
JERE IR AR MR, 75 S B e il L R RO
i — e 22 R 1 S S SRR A J7 i 1), (AR
TEA BT B HER BRI AR (EL, 75 ) 2o X LA S
TR IRV ZS

X WA X A Fi R — SRR ARR AR Al
FROAA A, TR AT B (R 40 7 DU S PR Y. AR SCAR
PRI AR LR RS SO R ARG R, R T
— Bl T I B AR B R RGE Ak AR (E O
5, IFARCAIEE T — 7 B s 22 2 W bR i — R
TJE S A H RN i, HAT T 00 T4
FEA BRI .

2 PR L ST
2.1 BEERHFE

PRy f 0 TR A B — S,
IHER N e, = e’ je'', JREEN d BIBPRHRE, [k

http://wulixb.iphy.ac.cn

070601-1


http://doi.org/10.7498/aps.72.20222224
mailto:shinehc@foxmail.com
mailto:shinehc@foxmail.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 72, No. 7 (2023) 070601

HIFE (return loss, RL) BISARAGHEIE, a0 (1) X
i 6],

Zin — 2,
RL =201g|S11| =201g 0

Zm + ZO (1)
Heb Zy = (uo/e0)"? 2 WYL, Ziy TR HE
T ABRBTIN (2) PR (¢ AICHE, o Huy 7351
N ELZE A RUHBOE F%):

Zin = ZO\/Ztanh [j (27;’%) \/E] )

456 (1) A1 (2) ATl U SRR AP

R EXFT (2) PR RO R, ok A
WAk, 1e S BT 0 A BRI, 2

W P ORI AT A AL, RO O 2 (3) =X
AR IR R AL B 1K B 0 e 4 MR AT P WA gl P g 7).
_ -1 (2n=1DX
Relved = ddf \Jeopo  4d
(n=1,2,3,---), ®)
Im[/&] =2/n.

I BB BRI B B X = Ao/Rele, 7],
No A EZS RGPS, i (3) AT, MRk
RE K BT 58 A WO 26 AR 2 — D WL AR IR JEE

—10

—12 F

—14 F

RL/dB

16 F
/
—18} /

—20

0 50 100 150 200

1 3 mm WM EHE 16 GHz AR HERERHIE

(a) S AL R SR (b) i

TR S (2n - 1)/4 75, n WIEBE, 15
B A BHHT5E 4 Ve L B s B4 1 1 80 (4)
KP7R:

(2n — 1)

To ey’ "7
) (4)

ndf \/Eotig

SR SE R VCRE R, W bR A BB
S s S P LT W DA R S A T A
Ry, W2 S51% RL < Rp(dB) B, H (1) 2UA75:

Ri/10) 2 Rr/10\ 2

(5)

Hor 2 R0 2! 43 ) Ry — i B P R IR I — 1k

iy ABHBTRY SEER S A, H (5) 2RI, X 2

I T — it e BB S S 3R R g AR, o ARHAT

P T R PR U DTN e S ) T AT

2 15 SRR A, Ry /)N, 25 5SS I (4 5.0
AR (1, 0), PREBEEET 0.

55 A B SR R R BT 2 0, W A

SRR HUE BE LASEER S o il L FEERoh o Sl

AT 28 TPAR B — 2R 8 IR X3 09 A&l 1(a) PR,

Re[g]=¢'~

Imle] =" ~

~
) |

—20 dB)[\/4]

3 mm(—10 dB)[A/4]

1.0 1.5 2.0

ML /rad

\

—4

0 50 100 150 200

A BRSO () RATRIREE; (d) RS RAAL

Fig. 1. 3 mm thick absorbing material at 16 GHz: (a) Iso reflectivity curve of permittivity; (b) input impedance Nyquist diagram;

(c) return loss; (d) phase of reflectivity.
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Fig. 2. The range of permittivity corresponding to different reflectivity thresholds of 3 mm thick absorbing materials: (a) Real part

of €,; (b) imaginary part of ¢,.
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Fig. 3. Different reflectivity thresholds correspond to the permittivity range of the middle layer.
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Abstract

Complex permittivity is an important parameter to reflect the macroscopic electromagnetic properties of
material. The selection, design, and application of related materials and devices in the electromagnetic field
must be based on the electromagnetic parameters of materials in the working frequency band. The numerical
iterative method is an important method to inverse and calculate the complex permittivity of material. But
there always exists a difficult problem that the initial value of iteration is difficult to give accurately. Based on
the relationship between the complex permittivity and the reflectivity of absorbing material, an initial value
selecting method for iteration to invert permittivity of absorbing material is proposed in this work. For
absorbing materials with arbitrary thickness at a certain frequency, the complex permittivity must be near the
complex permittivity of perfect matching layer. Therefore, the permittivity of perfect matching layer can be
used as the initial value of the iterative algorithm. On this basis, a method of calculating the complex
permittivity of monolayer absorbing material by using the reflection parameter is constructed. The experimental
results show that the complex permittivity of lossy material can be calculated more accurately at the frequency
with absorbing performance. However a great error can be caused at the frequency where the reflectivity is close
to zero. Based on the iterative solution of the complex permittivity of single-layer absorbing material, a new
method of measuring the complex permittivity of material is constructed by combining multi-layer absorbing
materials to enhance full-band reflectivity. Given the electromagnetic parameters of other layer materials , the
permittivity of absorbing materials and low-loss materials can be obtained accurately.
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