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Fig. 1. (color online) Schematic of different tilt angles 6 at heterostructure interface and 2D photonic crystal
heterostructure with air holes: (a) 6 = 90°; (b) 63.55° < 6 < 90°; (c) 0° < 6 < 63.55°; (d) sketch of 2D

photonic crystal heterostructure with air holes.
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(a) @ = 90°; (b) 6 = 80°; (c) & = 70° (d) @ = 55°%;

Fig. 2. (color online) Transmittance spectra of heterostructure interfaces with different tilt angles: (a) 6§ =
90°; (b) 8 = 80°; (c) @ = 70°; (d) 0 = 55°; (e) 6 = 45°; (f) 6 = 35°.
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Table 1. The unidirectional transmission performance

of heterostructure interfaces with different tilt angles.
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Fig. 3. (color online) Unidirectional transmission performance for TE mode: (a) Band of PCy; (b) band of PCg;
(c) EFCs of PC;y in the second band; (d) EFCs of PCs in the third band.
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Fig. 4. (color online) (a) Field intensity distribution of forward transmission at the frequency of 0.306a/X;

(b) field intensity distribution of backward transmission at the frequency of 0.306a/); (c) field intensity

distribution of forward transmission at the frequency of 0.316a/X; (d) field intensity distribution of backward

transmission at the frequency of 0.316a/\.

0 = 45° i} i B &4 T 1521.63—1611.86 nm,
XA 2R N 0.304a/A—0.322a/), TE K3 (a)
HPCy fET-X J7 | N F alr, £ B3 (b) FPCy
£ B R N0.313a/X0.334a/), B 3 K AN
1467.06—1566.5 nm I 7£ I-X (0° A\ 5 06) 77 [H)
NG, EHFEN0.296a/\—0.313a/N, Bl KN
1566.5—1655.96 nm B A ZEr. Sk IE A A5 2
PC, i, 783% B8 45 B 0.304a/\—0.322a/\ P, AT
WA T-X 7 K A A5 4, Wl 3 (o) BT
kPRI T 1), ok o ST AR & HEN PCo B
WIRED-X J7 6%, BT PCy R I-X J71A) |
(0 7 RN, DTG ' v 4 v L3 - X U7 [m)
W 3 (d) B FT Sk R, JEUE R A NG B PO,y
I, 3B AT 0.304a/A—0.313a/X I (16 R124%
WAER, HALEBHIE, 0.313a/)A—0.322a/\ SR
P62 75 PCoy WA T-X J7 n4E 5, JFi8
B e 7 1) M- X 7 1) B ) AR R RV RN
JFR S, 0 3 (d) R Tk . R, 6 F
A% S5 I 45 R BT DA S B 1) o e i) BHL o () o ik B

IF] .
N T RE S EL L UL O BRI AR B L, 1k

B PC, S 10.316a/\ (1550 nm) F12EH7 H )
0.306a/A (1600 nm) X F§ M 163, 3BT IE
RIS 58, a4 Fs.

KPR R AL A R 5 iR ki — B
Je 9 IE NI, BT 0.306a/ A #10.316a/\ T
PCy MIPCy 1) I'-X J7 If] 47, FE Kl 4 (a) F1EL 4 (c)
i, I I GBS AT - X 7 1) K F- 1) A A
28 3o 5 R ST S R R LR D-X 7 i e R
] NSFIF, 0.306a,/ A FRIGI HH T-A2 254 1 # B A%
#, 0.316a/X\ KIGHE N WA T-X 77 0] 7K ¥ a) A gk
N PCy, FIZHHHEE B M-X J5 71 BB E )
) F 4, AR T 1 305K 5 o ST

Zt LT AT A, 240 = 45° 1), TR T
PRI B ELRIORE, 5 A2 4 SO AR R R DG T Bl AR 53
SERE I IE DO S AR A, RIAE G A AR, ST
FEBEL T 0.316a/ X BN 1550 nm B3 #9969
CAREE )

3 1 M

BTG 7 it A 7 J5 445 ) I 1) A% i 3 A
X EG R DR 2K A gk T R A B b, S P O
Tln ARG S SRR K R B A AR, R
AN & B IRAE L T i /R PCy TP Cy 2 [8] (1
RO, T EA A 55 ) 1R 35 B 5 A0 B i A% i i 9
PIE, EANBAREA IS R 5T, D
X SRR A 2O 45° (K57 R a5 M BEAT A, E 3C

204103-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 20 (2017) 204103

SRS M PCy AHAR = SALK PR N dh, 5
A PCo AHER S SALAKFEE B A da.

di = dy = altf, fEE5 (a) 1, EHEL T
1553.25 nm, IF [A] 3§ % 25 0.613, % ) % 5 %
N0.007, & 0 EBE 5 0.976, i G U VS N
1537.38—1594.67 nm, IE [ i%& §f % # £0.55 LA
b, T8 L N57.3 nm, £ 1550 nm AbiE B RN
0.608, F[a] A& 4 Y [ v 1400—1904.5 nm, % 2]
SN 505 nm.

di = dy = 1.5alf, K5 (Db)H, &5 1%
AL F1573.68 nm, IE 9] & 5 % 5 0.547, X [ i%E
B % 40.009, & B XFEE B N 0.966, iF B & VT
FEl 9 1561.36—1590.43 nm, % & %219 29 nm, 7
1550 nm &b 1E [8) 3% 5 %8 0 0.447, B [a) 4% far va [
9 1400—1947.9 nm, 1 %5 %)°N 548 nm.

di = a, dy = 1.5alF, 7EE]5 (c) H, % 4 I
£ T 1480.2 nm, 1F [\]i%E 4 %5 0.537, J= 9] 3% 4t
F50.007, 7 56 EEEE DN 0.973, i S gV N
1476.54—1483.87 nm, % E{UN 7.3 nm, &S IEHR
A, 1E 14001950 nm 3 B 8 SEBL T Bl AL i, R

1.0
= 08
L
b
=
% 0.6
X
) 0.4
0.2
0 _r | L
1400 1500 1600 1700 1800 1900 2000
K /nm
1.0
()
=i
=}
_
b=
=
%)
X
3
=
%)
| Lo =
1400 1500 1600 1700 1800 1900 2000
PR /nm

K5
(¢) di = a, d2 =1.5a; (d) d1 = 1.5a,d2 =a

B BB SRE

TR FE S L

(FTIE0) TE BT 53575 -5 W AR 48 23 LA [RIK P (] BE 24 1 TR B33 5 o

I A% 55 ) 9 1400—1904.5 nm, 555 299 505 nm,
(LI S 6 BN AR, WA T T 2 B ) A% .

dy = 15a, dy = altf, FEE5(d)H, &5
U fi7 T 1573.68 nm, IE [ 3% 5§ % 4 0.643, % [
SR ON0.011, i G5 L N 0.97, 3 B IS
Fil 9 1533.33—1603.22 nm, IE [ 3% 4 2 7£ 0.55 A
b, BEREZIN 70 nm, IR )AL i YE L D 1400—
1933.3 nm, % F #8533 nm, 14 1550 nm 4k 1F
W) 375 5 %68 0.624, [ 1132 41 2 2 0.009, 32 53 % L
J& 4 0.970.

FLA LA B VUL S5, O T RESEIRIT 4T 4h ik
B 1550 nm B B S0 S 23 0 0 B ) AR B, AR
A e 1) I (6] 355 S 2 RE S o b R, O T A R
(140375 553 0 R ) A B v B SR A R 2 IS TS,
RIY4dy, = 1.5a, dy = 0.5a 5}, 1550 nm £ TiBE 5
YA P, HL SR e I ) I S 2 T 0.643, IE FE AT LG
80,970, 32 506 T8 B oK, B ) AR Sy 9 Tk
553 nm, A DURGFHSEE TE 8230 56 3 B N 210
Ah 1550 nm B B 1) I 5 45 4

1.0

(b)

T

0.8

— .

o n
1400 1500 1600 1700 1800 1900
P /nm

1 P— |

2000

0.4
0.2
0.0 — bl =
1400 1500 1600 1700 1800 1900 2000
Pk /nm

(a) di =d2 = a; (b) di = d2 = 1.5q;

Fig. 5. (color online) Transmission spectra for the TE mode with different level distances between heterostructure interface
and adjacent air holes: (a) di1 = d2 = a; (b) di = d2 = 1.5a; (¢) d1 = a, d2 = 1.5a; (d) d1 = 1.5a, d2 = a.

204103-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 20 (2017) 204103

2 FEFSAS P AR AR S ALA R AT T B A T B R e A i 2k

Table 2. The unidirectional transmission performance with different level distances between heterostructure

interface and adjacent air holes.
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di=15a,dy =a  1573.68 0.643  0.970  1533.33—1603.22 70.0 1400—1933.3 553
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Fig. 6. (color online) Transmittance spectra of pho-
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Abstract

An all-optical diode (AOD) is a spatially nonreciprocal device that in the ideal case and for a specific wavelength
allows light to totally transmit along the forward direction but totally inhibits light to propagate along the backward
direction, yielding a unitary contrast. AODs are widely considered to be the key components for the next-generation
all-optical signal processing, and completely analogous to electronic diodes which are widely used in computers for
processing electric signals. Most of AOD designs suffer some serious drawbacks which make them not suitable for
commercial and large-scale applications. Relatively large physical sizes are often needed, the balance between figure
of merit and optical intensity is usually inadequate, and in some cases cumbersome structural designs are necessary to
provide structural asymmetry. Among different approaches, the AOD based on two-dimensional (2D) photonic crystal
(PC) heterostructure has shown significant advantages due to the capability of on-chip integration with other photonic
devices. However, current PC heterostructure AOD (PCH-AOD) is based on the mismatch of directional bandgaps,
which shows poor performance as a result of the relatively low forward transmittance (<0.40) and contrast ratio (<0.75)
with a narrow bandwidth (about 10 nm). In order to improve the performance, here we propose a new PCH-AOD design
based on the total reflection principle, which is able to achieve high forward transmittance and contrast ratio within
a broad wavelength range. Our design is composed of two rectangle lattice 2D PC structures, in which periodically
distributed air holes are embedded in silica (PC1) and silicon (PCz) materials, respectively. The two PCs are combined
with an inclined interface along the I'-M direction of both PCs. In this way, the total reflection condition is satisfied
when light propagates from silicon to silica material. The forward and backward propagating optical waves are incident
along the I'-X direction of both PCs, in which direction there are transmission bands for TE mode centered at 1550 nm
wavelength. A commercial software (R-soft) based on the finite-difference time-domain (FDTD) method is used to study
the unidirectional transmission performance of the PCH-AOD. The results show that the forward propagating optical
waves (from PC; to PCz) can transmit efficiently through the device. In addition, we further improve the forward

transmittance by exploiting the self-collimation effect of PCs and optimizing the coupling from PC; to PCs. In the
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meantime, the light propagating along the backward direction (from PCs to PC;) is blocked at the total reflection
interface with near-zero transmittance. In this way, the unidirectional transmission is achieved without the reliance on
the directional bandgap mismatch, and thus broad bandwidth is achieved. The AOD has a forward transmittance of 0.64
and a transmission contrast of 0.97 with a bandwidth of 553 nm at 1550 nm. The equal frequency contours (EFCs) of the
PCs is plotted to demonstrate the working principle of the PCH-AOD. Finally, considering the experimental fabrication
of the AOD device, we analyze the unidirectional transmission performance of a planar PCH-AOD with a finite thickness
of 1500 nm. Despite a small reduction (12.3%) in the forward transmittance, the transmission contrast is maintained
at about 0.97, and the unidirectional transmission bandwidth is increased to 600 nm. Therefore, our design can be
implemented in practice and our work provides a theoretical framework for designing high performance PCH-AOD. In
addition, our design allows an unprecedented high forward transmittance, contrast ratio and broad working bandwidth of
the device at extremely low operational optical intensity, due to the total reflection condition, and the optimized forward
propagation and coupling condition. The proposed device has a small footprint that is promising for next-generation

on-chip applications.

Keywords: unidirectional transmission of light waves, interface of total reflection, photonic crystal

heterostructure
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