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Fig. 1. Cross section geometry of porous fiber A with

triangular air-hole array in the core region.
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Fig. 2. Dispersion curves and modal birefringence as

functions of operation frequency for porous fiber A.
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Fig. 4. Loss characteristics of porous fiber A.
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Fig. 5. Cross section geometry of porous fiber A after

interlacing infiltration.
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Fig. 6. Dispersion curves and modal birefringence as
functions of operation frequency after interlacing infil-
tration for porous fiber A (the refractive index of the

infiltrated material n = 1.4).
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W 5 R HHTE Ty e er 2 — 2, I FFERE
i AE A 8 1) A i 08 S B e RS SOOI 5. A3
SR G LT e A ) Ja AL DT 3K, PR BE D
& {5 HAT DB R 2 s AN e B e 07
TIATERAR KT R, BIZBE AL T
FRE TS, RTINS 3 A AT Y B RS

X EE— B RISCIR T TT, 7 255 IR IATE AR
MEAPEREL 5 e, ATEFEHHTEA R GEA AL
JEA R A B A 2 SN R AR SO SR (R
RS — R IR Y COC (Rl 4: TOPAS).
R MR R G RL, st E, A5
AR ZHORTEM R (LIRS, W3S, Wi, MR IALE)
KA I SIS AR R R 2 2
ARG ET IR A AR 2, R Sl R R R
OB A, BITEAMRHT R R 21, NG K
1.1 THz I, FERAE LRSS L M Re = 0 Bk
31.60%, FESHTEM KR I REE 7> BN 22.66%, fE3E
JEA R 1 R B oy 0N 44.12%. B L, FEARF) R
oy RERIE R PR LT A AL AR . T
SHTE R RE R R A TR, BRI —E R L
ARG IR FERE. SR, JEARLE IR A ) g
B8, EILHTE S, Jeer A R EOR
ESEERPII

AT R G L RS R 70 A, a2 K
MR RE AL P AR — BB B A AR E . X 32 %2
TN T VTR IGET A B BRI, TR 25 8 A 3L U
BENSGLT G R A A, XA I 2 B R 2,
KT IR S5 (R G EF AR AT 2 A AT A

4 #HpfuEE

ASCHEH T — o = A g 2 FLOL AR
17 53 )2 JE 78 VT e A ) >R S5 B v A 20U 5 1 7
o B, X2 AL N 43.08% IR = A ik £
FLICLF HREPEREAT T VLR 7T, & L% AT A X
AT HREAZIA B 1073 B, HiZ e A K
WS4k 22 8. 78 1.5 THz, WS FE 1 5 K AB A
N0.33 dB/cm. BJ5, 4R LT I I 5
RN LAWK, RIDCEF R 0T 5 53 5
FHAE 1.1 THz B B KA, HIERFTH1.05 x 1073
BWREN1.36 x 1072, &/ T — M EL HTFW
TAE# RS KT 0.8 THz. RN, FRATHE & IHE K
HFEMRL T e s 3t — Dt m e R A A
Priph: Mn = 2, f = 2.2 THz I, 62 hefg ik 3
8.03 x 102 M m B AT &Y. ), WM FL T 97
SRR FE AT I B AT EH AR 2 FLOLE, KINXLE Xt
B3 (VI BIR 8 0 B o, ELRE SO0 S 7E T AR A3
BYN RIS, 2 f = 2.2 THz R, B0 5 B
EF|7.19 x 1072,
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Abstract

In this paper, an interlacing layered infiltration method is proposed, using some liquid material as the common
porous fiber with triangular air-hole array in the core region, which can achieve the characteristic of ultrahigh modal
birefringence in this circumstance. Firstly, the basic properties of the porous fiber with a porosity of 43.08% are
thoroughly analyzed by using a full-vector finite element method, as wellas the dispersion curves of the fiber, modal
birefringence, fraction of the fundamental modal power for x and y polarizations, loss characteristics, etc. Secondly, to
enhance the asymmetry of the proposed structure, some liquid material with a refractive index of 1.4 is infiltrated into
the air holes in the fiber core region, by using interlacing filling method. It is found that the modal birefringence of the
fiber dramatically increases. At an operation frequency of 1.1 THz, the peak value of modal birefringence rises from
1.05 x 1072 to 1.36 x 102 after the infiltration operation. The fundamental model effective material absorption loss
coefficients for z and y polarization modes increase from 0.16 dB/cm to 0.25 dB/cm and 0.28 dB/cm, respectively. And
the operation frequency band increases from 1.1 to 1.9 THz. Simulation results indicate that the modal birefringence
of the fiber can be remarkably improved by increasing the refractive index of the infiltrated liquid material. With an
operation frequency of 2.2 THz and a refractive index of 2, this fiber can realize an ultrahigh modal birefringence of
8.03 x 1072. Moreover, to achieve the gradient distribution of the refractive index, an interlacing layered infiltration
method to infiltrate the liquid material with different refractive indices in different layers is employed. Results show that
the confinement capability to the guided modes has been greatly enhanced. Results also show that the peak value of
the modal birefringence for the fundamental modes does not exist in the operation band. It represents a monotonically
increasing trend. At an operation frequency of 2.2 THz, the fiber modal birefringence can reach as high as 7.19 x 1072
This scheme presents an ultrahigh modal birefringence, and it presents the tunable characteristic as well. This study

may be of significance in the practical applications in the field of THz functional devices.

Keywords: highly birefringent fiber, porous fiber, infiltration, interlacing layered
PACS: 42.15.Eq, 42.25.Lc, 42.79.—¢, 42.81.Qb DOI: 10.7498/aps.64.154201
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