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Fig. 1. Schematic of photonic crystal heterostructure based

on silicon.
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Fig. 2. (a) Photonic band diagrams of PhC 1; (b) the photonic band diagrams of PhC 2, where the insert shows the energy band of
PhC 2 in I'- X direction; (c) the first band EFC of PhC 1 under TE polarized light; (d) the fourth band EFC of PhC 2 under TE
polarized light (blue lines represent TE mode at the wavelength of 1550 nm); (e) the first band EFC of PhC 1 under TM polarized

light; (f) the third band EFC of PhC 2 under TM polarized light (red lines represent TM mode at 1550 nm).

R T HEHIE G RSO AR IR, 12 FI
B PR 22 /01144 1550 nm YGI7E TE #1 TM i
PG IE ] | J2 1) L 3588 B 25 (143 AR . 24 TE f
PROGIE A S, &l 3(a) Fros. IE 16 ASHEE
M PhC 1 ASHEW ' M 5164, 5565 5s;
FHHG, BT S AT S RO R DGl A i )
KA —E BRI, SERCE I R B T Xy ik A
PhC 2, {HJ& i 67 bk A #E B RO, 15 E
I—XJ5 M ASHOCEE (HFATH, A —1 /N
L) B E S X 5 Ei . TE (Wit
RGNS, SETE PhC 2 has A fmdfr, 4wk

B M—X Jriait, ANEEER B A, anfEl 3(b) B
. DL ESRFA R 2(c) 1A 2(d) MBS0 0T,
& 3(c) ATLIEH, 24 TM G iE m A, 26T
fnfk PhC 2 Hriy T B BN, YEtuRE L )75 i
&5 el AT, aniEl 3(d) B, BTG F ik
PhC 2 2535 REE, O ASHEARETE PhC 2 ik
i, PRI A RE )36 52 T S T

N T MBS TE I B i SR, R
A R 22 3B S R At A3 B RO I, 4 SR
& 4 BIF7R . 1 0] 375 568 6 0 [n] 385 52 43 551 75
Ty FR, BRI HEE LN C = (Tr - Th) /(T + Th),

184214-3


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 18 (2020) 184214

Forward

Forward

Bl 3 1550 nm i K AL G ) A5 37 5 B R 1) A5 3% 3 ]
(d) TM fwi& 6 I 1]

Backward

Max

Backward

Max

(a) TE fii 4 SE 1E 1815 (b) TE i 9% 36 5 101 5 (c) TM i 4 Ot 1E 18] 5

Fig. 3. Electric field intensity distribution of forward transmission and backward transmission at the wavelength of 1550 nm:

(a) Forward transmission of TE polarized light; (b) backward transmission of TE polarized light; (c) forward transmission of TM

polarized light; (d) backward transmission of TM polarized light.
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Fig. 4. Transmittance spectra of heterostructure: (a) TE polarized light, (b) TM polarized light. The grey region represents the

asymmetric transmission working wavelength range, where forward transmission is higher than 0.5.
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Fig. 5. Schematic of optimization of photonic crystal hetero-
structure, where the row of photonic lattice is highlighted

by the red square is optimized.
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Table 1.  Asymmetric transmission performance

with different radii of PhC 1 at heterostructure in-

terface.
1550 nmiEfs] - R FR AL
55 0.579 0.941 448
60 0.693 0.946 532
65 0.789 0.947 556
70 0.832 0.944 562
75 0.803 0.942 568
R v
QO
3]
0.4F — T
— T
0.2} —C
N N 5
1400 1600 1800 2000
Wavelength/nm
(@ 0
, F*\Amf‘/_—
o 0.6 |
=
0.4 — T
— Ty
042 - — C
N NNV SN [TE]
1400 1600 1800 2000

Wavelength/nm

(a) R =55 nm; (b) R =65 nm; (c) R =70 nm; (d) R =75 nm

Fig. 6. Transmittance spectra of the TE polarized light with different radii of PhC 1 photonic lattice at heterostructure interface:

(a) R =55 nm; (b) R = 65 nm; (¢) R =70 nm; (d) R = 75 nm.
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Abstract

Recently, quantum computing and information processing based on photons has become one research
frontier, attracting significant attentions. The optical asymmetric transmission devices (OATD), having similar
function to the diode in electric circuitry, will find important applications. In particular, the OATDs based on
nanophotonic structures are preferred due to their potential applications in the on-chip integration with other
photonic devices. Therefore, there have been numerous applications of OATDs based on different
nanostructures, including composite grating structures, metasurfaces, surface plasmon polaritons, metamaterials,
photonic crystals (PhCs). However, in general, those designs show relatively low forward transmittance (< 0.5)
and narrow working bandwidth (< 100 nm), and they are able to work with only one polarization state. This
makes the current OATDs unsuitable for many applications. To solve this challenge, here we design a two-
dimensional (2D) PhC heterostructure based on the self-collimating effect and bandgap properties. The PhC
heterostructure is composed of two square lattice 2D PhCs (PhC 1 and PhC 2) on a silicon substrate with
different lattice shapes and lattice constants. The PhC 1 is composed of periodically arranged silicon cylinders in
air. Meanwhile, the PhC 2 is an square air hole array embedding in silicon. The two PhCs are integrated with
an inclined interface with an angle of 45° with respect to the direction of incident light. The plane wave
expansion method is used to calculate the band diagrams and equal frequency contours (EFCs) of the two
PhCs. As the propagation directions of light waves in PhCs are determined by the gradient direction of the
EFCs, we are able to control the light propagation by controlling the EFCs of PhCs. By engineering the EFCs,
the PhC 2 shows strong self-collimation effect in a broad wavelength range with a central wavelength of 1550 nm
for both TE and TM polarization. By self-collimating the forward incident light from different incident angles to
couple to the output waveguide, we are able to significantly increase the forward transmittance to > 0.5 for
both TE and TM polarized light. Meanwhile, the backward transmittance can be effectively cut off by the
unique dispersion properties of the PhC heterostructures. In this way, the heterostructure is able to achieve
polarization independent asymmetric transmission of light waves in a broad wavelength range. To visualize the
light propagation in the PhC heterostructure, we use the finite-difference-time-domain method to calculate the
electric intensity distributions of the forward and backward propagation light of both TE and TM polarization
at a wavelength of 1550 nm. Strong self-collimation effect of forward propagation light and the nearly complete
blockage of backward propagation light can be identified unambiguously in the intensity plots, confirming the

theoretical analysis. The calculation of transmittance and contrast ratio spectra show that the asymmetric
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transmission wavelength bandwidth can reach 532 nm with the forward transmittance and contrast ratio being
0.693 and 0.946 at an optical communication wavelength of 1550 nm for TE polarized light. On the other hand,
for the TM polarized light, the asymmetric transmission wavelength bandwidth is 128 nm, the forward
transmittance and contrast ratio are 0.513 and 0.972, respectively, at 1550 nm wavelength. Thus, it is confirmed
that the PhC heterostructure achieves highly efficient, broadband and polarization independent asymmetric
transmission. Finally, to further improve the forward transmittance of the TE polarized light, we modulate the
radius of the front row of photonic lattice of PhC 1 at the interface. It shows that the forward transmittance
can be further improved to a record high value of 0.832 with a bandwidth of 562 nm for TE polarized light. Our
design opens up new possibilities for designing OATDs based on PhCs, and will find broad applications, for the

design can be realized by current nanofabrication techniques.
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