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Fig. 1. Schematic of 1x5 beam splitter structure based on

two-dimensional photonic crystal.

— O MY R e AR, KIS £ S
W, 1685, ZadiA KR, —3 e & il E
2 FTIANY 3505, I Port,y, Port,,
Port, Fl Ports it ; 7 — B ke & £ F
W A&k, e i o 1 Port, i

2.2 BEHITE

ST T (plane wave expansion method,
PWM) R0 J2& “HE56 1 R iR RN 2 M bR e )
W —Fh 7k A R AR SR SR S P A

144204-2


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] 32 2 3R Acta Phys. Sin. Vol. 71, No. 14 (2022) 144204

ATt 3L, s ) v SR AR A ) A Fi o B R
8 B T 2RI, [ F RS 7R B R 2
V) JE T B T 0 B i =X, AT 22 v i 5
WAL ] LT TE A TM rdli ik f9AHE 7 14

TE: Y e (G-G)(k+G)(k+G)pu(G)
o

— (W) (@), (1)

™: Y (G -G)|k+G|k+G|v(G)
G/

= W/ (G), (2)
X kR — A B IX A K, GO RIS R
e (G - G') WM 2 EL

AR A IR R AIE(E, 153] TE A1 TM
TRIRBL A SR w(k); i B AR I K &, AToRAS
T SR IO R B H — LR 254 21, & 2
R SEHE YR T S G AR T B TE A TM AR
fetr A . fE 2(a) AT, TE A1 TM FEAGH? IR
TES, TUARFET 2B, HEE r 3K,

Means. bs_gap_map_tetm: TE/TM gap map

1.2
_1af & TE
2, . ™
!

0.9
>
S . ~—
£ 08}
E
& o7} .
= o6} \
el
8 05k
3
g 0.4
° 03f b
Z

0.2

0.1 0.2 0.3 0.4 0.5
r/a
TE/TM band structure
1.2

‘O
1.0¢ e @
.
00.
0.8%cscctengenes
0.6F o°*
2
0.4 F

0.2

Normalized frequency (a/\)

0

K2 e THEIETMEOLT MK (a) WEE; (b) r=
0.2a B (14 BEAT 25 44 J&]

Fig. 2. Complete two-dimensional square lattices photonic:
(a) Gap map; (b) energy band structure diagram of r =
0.2a.

TE F1 TM B B 58 B4 SE RS8N, i By
HULIERIAZAEIN. R, B r = 0.20 BEAESAGELTE
) TE A7 B, CRETH B TR 1 IH— 3% o /A5
. A, 2o O T AR I AR 45 A A ] 2(b)
Fiion, HOBE AR bR - X-M-T N5 — A BRI 0 A 3%
R KA. A 2(b) AT, iZE5 B A S TE
BERPEFAR IR, I — A5 BRI IH — IR o/
JEFEA 0.281—0.417, MR A 1.499—2.224 pm,
1x5 4o A AR A B 7 s i Bl P e

2.3 WERUSEEIEE

A FRZE 70 (finite difference time domain
method, FDTD)R? B 4184 it i 7 B i 37 0 A
MU I EZ —. HEARBEE: ZET Yee A%,
W 22 v S 15 @ Dy AR e s (B) AN (] F B Hicfl, AT
WA g —dH 220 7 e, A B R A ] A R A
A R R Sy . S RIER I AR E TR
WS, 2 S RS /NG R Courant A5

At < ! (3)

JU(B0) +1/(ay)7 +1/(82)
Kfre Jpotl, At REEZEAK, Az, Ay FlAz53 5
b x . y BOR 2B s ER2E K. S T AR B
DT LA SR 23 ) AE K AR KA 8 /)8.

FIH FDTD %, W58 TAEM KA 1.55 pm 1
TE f#RIEAE 1x5 43 s 4G, il s G
DR BT AR 2 AR | PR A BAT 2 A2 S R 1] i 7%
I, IRFT AR B A o A R AR, A
T 2 EATE TR R 5307, & Ry = Ry, Ry =
R,, Offset; = Offset,.

1) ¥4l Ry = R, = r, Offset, = Offsety = 0 um,
BT RS Ry A R,. [ 3 A5 3 A% o 1 Port,
1353 | Porty &5 Porty (iR Z LI K Port,
55 Porty B8 it 2 2 FIBEAR G A AR A2 22 Y
KR UL, B R, FIl Ry BB, 31 Port, Y
BT RSB NG SURIBE A T R A5 1)
PR, EF MY 23S0 545 s R it
R MRS, H IS g8 K5 PN, >
R, = R, = 0.055 pm B, % 1 Port, 1935 i % JL
Tk 0, BLEH R e A A E L T HAY
P T Y R = Ry = 0.1 um B, ¥ Port,
3% 1ot R 100%, JGRERANAE F T W, ihiE
fy. P, SEAEAE Ry A1 Ry WURVIN, AT LA 32

144204-3


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

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 14 (2022)

144204

B WA ZE L TMA Y 232 robag .
YRR 3, Ry il Ry BICALTERIE A 0.05—0.10 pm.

1.0
—O0— Port
o8l —O— Porty+ Portg
’ —A— Porty+Ports
e [u}
s
7 0.6
% -
= I N
| 04l a0 N\
o &8 g
a)
0.2 \0\
| VAN
. L Ty
0 0.02 0.04 0.06 0.08 0.10

R1, Rp/pm

P30 o O R S A B 2R AR R R A
Fig. 3. Relationship between the transmittance of the out-
put ports and the radius of coupling dielectric rods.

2) ¥%#l Ry = R, = r, R, = Ry, = 0.06 um, [A]
A B AE Offset, A1 Offsety. [ 4 HTSEIAY 5 4~ H
Uiy 1 45 I 1325 3k 28 Bl R 45 A A ) (i 7% i 28 b
IR EL WE 4 Fs, BTSSR FRE, S
[ Porty 5 Port, B35 i H U5 A0S, Ui 1 Port,
5 Portsf i 1 0 45 L AHE . BEE Offset, Al
Offset 3K, ¥ H Port, 5 Porty MEL R 6%
PR 5P T, Wi T Porty 5 Porty 51
RIS/ NG PUE TR, 24 Offset; = Offsety =
0 um B, %0 Port, 5 Port, FEEIR/NFI Port,
5 Port; iR, G HZ R 1:10; X Offset, =
Offset, = 0.30 um B, ¥ I Porty, 5 Port, AYi%E i
RYE TR Porty 5 Porty BB R, 0GR
1:1; 24 Offset; = Offsety = 0.35 um A}, % Port,
5 Porty &1 %K T [ Ports 55 Porty B
A 2110 JUAb, TS B AR ) S
WA A G CTER G X G, HARFS 5l
K, MG 2 E WA Y 0 3Ci iR, itk
fFnH Port, HHDGRERERZ. FrLL, % Offset,
F1 Offsety HYHE K, ¥ 1 Port, AYIE I RIACLE S
Ja P BT R, i@ e Offset, 1 Offset, YR
/N, AT AR L ABIRAE 5 A b o A A 3 AR
4l 4, Offset; I Offsety BIPLAIERIEHN 0—0.35 pm.

3) £l R, = Ry = 0.06 um, Offset; = Offset, =
0.25 pum, [FIRECEE Ry F1 R,. 18] 5 HARFI 5 N
i 145 [ 938 1 2 S RN Rl PR A ik AR AR
R SCR B NE 5 AT LAE B TR 4540 %)
B, ¥ 0 Port, 5 Porty W& 1 R IG A AHEE, i

[ Ports 5 Porty MBI R MIRZARS. Wk A,
BEE Ry A Ry MG, 5 A o 13 i R 345
WM E R, RECRE RSN E R, B
Ry = R, = 0.06 pm BFHT H B /IME. X H T8
EFWT W, BRI G X A, W)
T AE R S G 1T, IF B SHER RS R,
Ry KRS KIG /N, 7€ Ry = Ry = 0.06 pm
R 3 sk, QniE 5 H BRI TS, 24 Ry F Ry KT
0.06 wm B, BEZE 5 10 SSRGS, 3 H Porty,
Port, Fll Port, (3% i 5 28 1% 34 K I 44 A1 55 i
F Portg Fl Ports (Y35 i 28 5 P U K 5 9218
/N, BFE Ry = Ry = 0.09 pm BT 30 AE; 5 4
f vty 1P R0 A 2R S SRS K TR
U, SEIRAE Ry AT Ry BRI, BERT AR 5 M
Uit 1A A 1 556, SCRE TR 45 1 A% . AR 4
& 5, Ry #1 Ry MPLALIE I E A 0.080—0.125 pm.

0.5
04 4
0.4 e
‘\‘\
A —u— Port, * -
7 031  —e— Port, \‘ ./
] —A— Porty \ /
& —v— Porty L
027 —&— Port;
o
AN
2
0.1} gég/ *
e =
3=3=9-u—"
0 . . . .
0 0.1 0.2 0.3 0.4

Offsety, Offsets/pm

P4 i i s 5 S B R 5 A SR A ) i A% AR Ak G
L)
Fig. 4. Relationship between the transmittance of the out-

put ports and the lateral offset of regulating dielectric rods.

1.0

0.8

0.6 [

0.4

H—fiEd R

0.2

4 A
&\W'ﬂiﬁl:tt':.fo
0 . -—I/I’T’.’ . |

0.04 0.06 0.08 0.10 0.12 0.14
R3, Ry/pm

5 s B i R BRI A B R AR AR AL E R 1A
Fig. 5. Relationship between the transmittance of the out-
put ports and the radius of regulating dielectric rods.

144204-4


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

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 14 (2022)

144204

3 MmtFEEERMN
3.1 TlBEa4gmRE*x

DSA J&—F I Tk 2 4k JC 2 o Tm) st 4 5 {E
Jride, HEEA AR AR BB 40 2 R IR 1,
TEATATIN SR B — A AT, SRR B s L i
PEALAT AT, FE T DSA Wil iit 1x5 7 AR A
FEANIE 6 BT

i T B
A SR
v
| s b it s |
v
JHJHFDTD R aljE
H T H R ALFOM |

HAFoMELR I TIA,
LUK i H s 4l

| e R

Kl 6 E:T DSA i it it 1x5 53 s i it 5
Fig. 6. Flow chart of reverse design of 1x5 beam splitter
based on DSA.

1) i AGT SRS SR I A A2 AR
Fl. AL BI A AT A XA kR 242 R, A R,,
BUE VG B A 0.05-—0.10 pm; A Tk ER R,
Ry, BUETEFE Jy 0.080—0.125 pm; P/ FAE
(A ] A% & Offset, F1 Offsety, BUE N 0—
0.35 pm.

2) M4l AE W AR (A 1 H AT . AR AR
BN a, b, ¢, d, e, f, Wi N = 6, #4315 #I4G
LRI (N 4 ) 28 B R AN RN 2 T iR) # 7 A4
T, &R AR 3N Xy = (a, b, ¢, d, e f),
X, =(a+ 61,b,¢,d, ¢, f), Xy = (a, b+ 9, ¢
dye f), X3=1(a, b, c+d3,d, e, f), X, = (a, b, ¢,
d+ 04, ¢ f), Xs = (a, b, ¢, d, e+05, [), Xg =
(a, b, ¢, d, e, f+ d6), Hh o, (=1,2,3, 4,5,
6) ML SR R, RN

d; = 0.25 x (Maxval; — Minval;) x w, 4)

A, Maxval; Fll Minval; 4351 A 5 5 A48 5 1 1 R
FITRFR, w A a7E 0—1 Z I8 )5 2.

3) WH FDTD 8% 4l e 4 TG i H bk
PREUE (FoM). HimeREoE SLCH
1 N
FoM = > (P = Q)" ()

=1

i, NSRS D8, P(i= 1, 2,-, N) %
TN AN R SEPRE A, Qi(i = 1, 2,
N) For BbriE 2.

4) FI WA R ISR R E BRI B A
WCSE R 1078, #5 FoM MR R 545 /ME 2 227N
F H AR S 5 FoM 14 KAE /N T B ARISL A,
ML, It R MEFE ML A T SH &
W AZETE 5).

5) #% 3l FoM # K W TS, LA i 57 B 4 e .
I AT 25 TS B AR oK BUE D /NBI R A I
ARSI, 133 — R R &Y, Y, Y, Y, Y,
Y, Yo tUASAHRN B R BB { F(Yy), F(Y), F(Yy),
F(Y3), F(Y)), F(Ys5), F(Yg)}. BTt B s
Y,, &k

Y, =(1+a)Y — aYs, (6)
Ko =1, Y AP REMN.

O # F(Y,) < F(Y,) < F(Ys), W Y, %3k
# Y,

@ # F(Y,) < F(Y,), W RN Y, &

Y. = (1+8) Y, — BY, (7
Kih B=1. # F(Y,) < F(Y,), WY %33 v, 7
n#%sh3 v,.
@ # F(Y5) < F(Y,) < F(Yy), W Y, B33
Y,, G0 B e 08 Y, , Rkl
Yo(1-7)Y +7Y5, (8)
K y=05 & F(Y,) < F(Yy), W Yy #3503
Y., BRI R mITE Y, TR Y,
Y, =(1-p) Yo+ pY, (9)
XHp =05,i=0,1,2,3,4,5,6.

BERAE A 1E e B I, IR D ER 3), BRI
FDTD AT EZ LA 4 T s 1 FoM, H- iR % —
T AR, AR 7 AT B )
FoM Mt/ i 5, B 30 5 i R sl k. ik

~—

U APIALEE R

144204-5


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

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 14 (2022)

144204

3.2 MUERSH

JET E AR AR A PERE R br 24 I,
o3 2 B INAR AR BL ANME N ) 7 BRI AE EL
E SCOA T fim S S 10 AR DI D3R S AR X T 2
AJCTIR I E. ZAERI I (dB) R e

EL= — 10lg (Z 1;;“) ,

M Sz B[] 7 SR i 0 R MRS A Y 10% 1
T3] 90% I FH A ).

HT DSA, MRIERHE R G B AR, it e
A IE ) HARPREL FoM, 7R E ML AT Bl A,
B DRI A AR | AR A BT A R AR ) (i B
AT, T LA AR TSR] 2 F A ST i
IR 1x5 4y oigs.

PLA R 10110101, 1:1:2:1:2,
1:1:2:1:3 F1 1:1:2:1:4 By 1x5 23 R ek it hpil,
25 th AT DSA Wi i i 45 24k, Ittt

(10)

(a)

b
i

OO0 0000 Qo OO0 000Q
OOQOOOD‘OOOD DOoOO00O0O0Q
coooocoa coococWaoooooao
oooooou-ooco.ooonoco
OOGQOO?OUOD 0Oo0O©0Co0o0O0O0
ceooooo o Woococoooo
cocoococooo cooooooo
cocoocoo000O0 ‘coocoonooo
ccocoo000g cooeoocoao
(; ﬁhhoﬁooaoo&
fole]clsloten £ L) 1

©co0GcoO0000 coooo000O
cooocoo0000 oo0o000O0O0O
s e 0o a00a cooc0 e s
2 2 = o oyl Mo oo0oco
cooocoo 0060000000
oooecoo.eooe.ooooooo
©eE 0000 00 GENs00a00a
coonccocdMococo 0000000
co0c0c0amn oo llnoo0 000

&l 7

i #

AFVEHR 101010101 i 1x5 4 R e

[ 4 FhAT AR RS 0 43 A R Sk R s e

D) 10101011 /) Ix5 43 4% . &
T DSA i [q Bt &5 S50 518 R, = R,
0.0591 pm, Ry = R, =0.1064 pm, Offset,; = Offset, =
0.3262 pm. %5 W A% PR A S5 o A R SRR A
e 1o A L7 9T 7, B 4 g T ) O A R 44 5K )
19.83%, ikt %k 99.15%, MHIn#iFER 0.037 dB,
M i BF (]S4 0.5 ps. 5 SRFEH, T DSA 7T L [n)
Wit R R A6 101010101 19 15 43
AR

2) SFIGIE S 1:1:2:1:2 /8 1x5 4> R £% . St
T DSA ¥ [m i S S8 Ry = Ry =
0.0608 pm, Ry = R,=0.1106 pm, Offset,; = Offset, =
0.2571 pm. %5 SRR RS S50 o A5 AR S
Wil b 40 &1 8 frzs, A i - Porty, Port, F1 Porty
()35 1 R BTIRF] 14.21%, Hi Hi%t 1 Porty 1 Port;
(35 1t R YA F) 28.41%, Bt RN 99.45%, M
TEE A 0.024 dB, Wi EFE K 0.5 ps. 25 R4,

0.4

0.3
0.2 “'7".... s
J — Port,
| — — Porty
0.1F Portg
—- - Porty
—— Portg
0 . . . . . .
0 0.5 1.0 1.5 2.0 25 3.0 3.5
1) /ps

(a) FaZ5370 3 A ] (b) AR 2 e 17 1]

Fig. 7. 1x5 beam splitter with a splitting ratio of 1:1:1:1:1: (a) Steady-state field intensity distribution diagram; (b) time domain

steady state diagram.

(a) = — (b) 04
ccoooo iy oo cooooo
Ooooooo.eooHoooooo
Cocooco i L L CEL. CClcoo
ccoooco oMo oo oeso0o0000o0
seocooco oot e i o o o 0.3}
ooaooo? o W occocoooo . Enadip s, ———— ————-
ococoDooooo éocoonooo M’ ¥
L=3- - 2= - I . B RY-1 coooco0o00o0O al i
oo 0000000 coocoooO pra/)
St T TR
5 0.
oo oo o
‘ocoocoooc’ cooocoooo T
CCDOO0DO O CDOOC00GO T ™ »
cecooaocoa %ooocoooo = Al A
oo 06 0o a 5o o000 0a
ocooooa.oaoc‘:.' ©onooa 0.1 —— Port; — - - Porty
oooooou.ooocﬁoooooo — — Ports - - Port
Pe0o00en oo oale o 0000 orty orts
conococadile oo lnoen00a ---- Ports
oooooomfmnoq‘nooaooo
- - 0 L L L L L L
0.5 1.0 1.5 2.0 2.5 3.0 3.5
i) / ps
B8 A3OEHA 1:1:2:1:2 0 Ix5 434S (a) FRASIFIRAT A 5 (b) I 4slAe 285w 1 14

Fig. 8. 1x5 beam splitter with a splitting ratio of 1:1:2:1:2: (a) Steady-state field intensity distribution diagram; (b) time domain

steady state diagram.

144204-6


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] 32 2 3R Acta Phys. Sin. Vol. 71, No. 14 (2022) 144204
= 0.4
- b
ORI L . b A R (b) FAE U s e i
Ce 0000 OENEGOOCHINGGa0eee
ooooooo cooccoMaccoooan W
ooooooo Woooomeoococoooo 1
oooooo coo ™ CCCoooo L
oooooo - g W#cocccooo 0.3
oooooo oo a_osoonooo 'M'
o 0000000 oOo0oococo0oo0o0 ™) - -
'OODQOODGQ oO0C o000 0 ?é:j N
Mo o000 00 22) ]
AnanECEE i RE) 5 oo
000000000 O o0OGCCCcCOoOO0OO0O0 1
ODOOOOOOO&ODOODOOO T
Qo0 0ona o000 0000 = b
oooooon."o%?'eoooooo 0.1
222222:-222‘222222 ’ —— Port; — - - Porty
cooo 00 coociie o oo o0 7—Port2 77P0rt5
OQDQQQQ-QQQO 0 Q000 QQ ,Port
OQQOQO?‘DQO‘OQDDOO 3
_.‘ O 1 1 1 1 1 1
0 0.5 1.0 1.5 20 25 30 35
Ha) /ps
B9 AL 1:1:2:1:3 1 1x5 pias  (a) RAASIHURAIAG I&L; (b) IR 245 i i 15

Fig. 9. 1x5 beam splitter with a splitting ratio of 1:1:2:1:3: (a) Steady-state field intensity distribution diagram; (b) time domain

steady state diagram.

- -

(@) | 60000 Ndlleso Sooocoo (b)
coconococooEMoec0C SN o00000
ccccccc K - callilsc o o o o
aaaaaaa Weo o ocq oo0c 0000
aaaaaaa — itk SRR
ooooooo 4 cg Wococoooo
oooooooooooooooo B
oooocooooa'oooooooo t‘!
©coco0o0coo0o0o0 cnocoo0ooCO .
r ﬁ‘eooooooci %)
JaDanacREReNE) -
00000000 coo0o00000 |
ccoococooe cooocoo0Qo o7
0006 ea 6660000 =
o0 oo ag W Goo000o
cocoococoano coa0oa
LI oo o000
cocooooan o oowjiilacocoooo
ocucooa-ououooucoo
©c0000a="aco coaocoe

- e
10 Pt 1:1:2:1:4 A 1x5 53 A

[OR7 —— Port;
— — Porty
---- Portg
— - = Porty
—~ Portg

1.5 20 25 3.0

1] /ps

1.0 3.5

(a) FRAEGHRA FE; (b) 8RR A5 o 1z

Fig. 10. 1x5 beam splitter with a splitting ratio of 1:1:2:1:4: (a) Steady-state field intensity distribution diagram; (b) time do-

main steady state diagram.

FF DSA W DLt i PR RE L R A 4t el
1:1:2:1:2 ) 1x5 43 4s.

3) G 1:1:2:1:3 19 Ix5 3R 2%, LT
DSA Wi I ZEH S 55008 Ry = 0.0611 pum,
Ry =0.0615 um, R3 = 0.1009 um, R, = 0.0904 pm,
Offset; = 0.2807 um, Offset, = 0.2117 pm. %43
PAR RIS TR 43 A7 AN SRS S e 15 AN &) 9 B,
i W 3 0 Porty, Porty, A1 Port, (1935 i R 13k 3]
12.45%, i th ¥ 1 Portg B8R 24.91%, Hith
Ui Ports FIER%H 37.36%, ikl %H 99.62%,
B D4 #E R 0.017 dB, Wl BZEFE] R 0.5 ps. 45 R
B, JEF DSA ] DL i it i R RE U R 4ot e
g 1:1:2:1:3 F 1x5 23 g

4) 6 1:1:2: 14 B 1x5 A s g, BT
DSA ¥ [a] 3 i EESEU 8 Ry = 0.0613 pm,
Ry =0.0610 pm, Ry = 0.1025 pm, R, = 0.0949 pm,
Offset; = 0.2854 um, Offset, = 0.1756 pm. %43
TR 1) e 75 Y 43 A R e 2 e R 4 P 10 i

7R, i th ¥ 0 Porty, Port, Al Port, AY%E i R ik
F 11.11%, % 3% 0 Porty B35 1 %4 22.21%,
i o 1 Ports Y7 1k 6K 44.41%, EGE LR H
99.95%, FH#iHE A 0.002 dB, W HFE A 0.5 ps.
SERFEW, T DSA ] LIt ()i b R AR B Y
PG 1:1:2:1:4 1Y 1x5 70 RAR.

TEZRENWH

FUAT, e U s P HES R AL 5 2 T
JERSEEL, BT AT LA AL ZEOAR R A 434
AR SCRIHA IR HAT i B REAE AT 020 1, 1
Ao AR X e A MR DI I ] 55 JEE ML AT, ] LA
HREFER R AR B 2 T A 4R ] DI
TR I B IE T7 A% 2 = A AR HES 9 Tk
Bt PR AT 5 | SR AR E R A I

G DCRIBA A & | BRI, AR
AR Tl s E A ASHRDE TR 8T iR
ST A w8 CR IR, AT IR B AR AT

3.3

144204-7


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

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 14 (2022)

144204

TRERBFE A R, Hoh TR R A B2 G
G G2 TR RO R B ARANBEREAR T =4+
rn PRI A | fai ik TR AR, e w] LA 75 5
INAKR 2R, ARG IAS] 1 nm H£% 0.1 nm
B@%E [23,24]'

ARSCHET DSA ¥ m 0 1x5 2 R AR IR
SPREBEIRE] 0.1 nm 5, F BRI RS 556
T RSFZ w22, L6 101010101
1) 1x5 3 Waw M, o B FERE G A B4 L I
FE A A A2 S A v (i £% i 1) BB i 26 % 43 o
S i 1 R AR RS2, R E SE B N T i
(1)1 25 3 B

1) #E# Ry = R, = 0.1064 um, Offset; =
Offset, = 0.3262 pm, [AEFXF Ry Fl Ry Jith i fw 22 .
AT AR 5 A s 1 B e R R A A SR
w22 AR R ] 11 s . i 5 55 o R e 4
ARAEHr FEZMOMBIFE EL M5 U, W5 U
FE SR T A H i g 11 A G DR B KA i A
RS IEE/ N T 0.1 dB, #5310/ T 0.3 dB,
WA A %M 22 T $:3%. FRE 11 AT M w22
+0.5 nm B, 43545 A B 5 #€ 43 5311 0.055 dB
F110.038 dB, ¥2)¥E 73514 0.184 dB 1 0.240 dB;
i 25 2 +1 nm BF, 53 5 #S 09 BE 45 FE 43 500
0.047 dB 1 0.025 dB, ¥#5)¥:4354 0.488 dB 1
0.461 dB. P, F&A A BAE 48 i id i 22 7 [

J£40.5 nm.

0.30
0.25
A
2 &4 ____—"
Qoaf ——4— o —3 b
T S ———¢
I —Hl— Port,
—@— Portsy
0.15 “A- Port.
—V— Porty
—&— Ports
0.10 : : :
—1.0 —0.5 0 0.5 1.0

2% /nm

P11 el g e R B S  BA R 22 MR T DG 2R
Fig. 11. Relationship between the transmittance of the out-
put ports and deviation of the radius of coupling dielectric
rods.

2)%%” Rl = RQ = 0.0591 pm, R3 = R4 =
0.1064 pm, [T Offset, 1 Offset, N/l 2%, %

Sy SRR 5 A H i T8 37 2 B R R A A A
Tl i B ot O 22 RO FR N P 12 B fR R 12 T A,
M0 25 R 43 nm B, 43 53 08 B n 458 € 43 501 Ry
0.047 dB #1 0.030 dB, ¥35)¥E 4518 0.182 dB #I
0.236 dB; 47544 nm B, Zrdas A HInEE >
4 0.056 dB H10.027 dB, H/21E535124 0.314 dB
F10.326 dB. P, P BkE iR ) #% i o1
IR ZEVEEE 43 nm.

0.30
0.25
paa)
i —ao  a——
?_J 0.20f '_t;.*‘_;\! 4';
o —m— Porty
—@— Ports
0.15 | —A— Ports
—v—Porty
—&—Port;

R R
2 /nm

12 i i 3 10 3 a4 B VR A U AR R 1) i B e O 22

AR C 2R

Fig. 12. Relationship between the transmittance of the out-

put ports and deviation of the lateral offset of regulating

dielectric rods.

)Ml R, = R, = 0.0591 pm, Offset; =
Offset, = 0.3262 pm, [FAFXT Ry 1 Ry it Ji0 4 2% .
5y SRR 5 A i A a7 3 R B R A A
w2z B AR LI 13 B, 20w 22 8 44 nm i,
g3 g 1 B AE 43 51 0.009 dB A1 0.093 dB,

0.30
0.25
A '
%) — ] —
‘i} 0'20:235’;';.3“‘ﬂ:’—!§ﬁ
1 o
g —B— Port,
—@®— Portsy
0.15 —A— Portgy
—v— Porty
—&— Ports

0.10 . . . . . . . . .
-5 -4 -3 -2 -1 0 1 2 3 4 5
{2 /nm

Pl 13 A s o 0 37 Aok 298 B O 4 A B A% O 25 1 AR Ak 6
ESEd|

Fig. 13. Relationship between the transmittance of the out-
put ports and deviation of the radius of regulating dielec-
tric rods.

144204-8


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

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 14 (2022)

144204

YA 4y 9k 0.287 dB Hil 0.251 dB; 4w 2% K
+5 nm B, A FHIBAE S 5128 0.002 dB
0.109 dB, #J53P£535124 0.393 dB F1 0.333 dB.
U, FEEEA B SR AR 22 VG R £4 nm.

4 % i

ARSCHRE T — P ) 4 S AR I
Ix5 A5 k. R T HE S A, LRt
R R AT 1x5 43 s, FIH DSA,
XTHE I AT AR S8 1x5 43 RSt A T
T A I S5 ER AR i e A X R
PN TR AR Y 40 3k S b e R A o A%
R wES i, AT AT 43 s 5 4 i O )
By OB TR A 3L T DSA, RIEEEEHH
b, AR A A A AR | AR AR K
FORE I m A f, P LA )it BB Rk 2 99%
DL B B EE /N T 0.044 dB LA KW S A E] N T
1 ps BIARTEZEHE 1x5 43ags. SAak, Xl i
TR 1x5 A R AT T T 2R 20007, BiE T 4%
A S B AESEBR N TP SRR AR 223G L, a6
HIFEARAE T EIE 2% . 1% 1x5 SR e et
R, ARCR S, LR, RPN, fERREF
B2 S LI P LA AR 0 i

S 0k

[1] Yu T B 2007 Ph.D. Dissertation (Hangzhou: Zhejiang
University) (in Chinese) [T RF 2007 H420783C (FH: #
TLR%)]

[2] Tao S H, Fang Q, Song J F, Yu M B, Lo G Q, Kwong D L
2008 Opt. Express 16 21456

[3] Yao R K, Li H X, Zhang B H, Chen W W, Wang P J, Dai S
X, LiuY X, Li J, Li Y, Fu Q 2021 J. Lightwave Technol. 39

(21]

[22]

(23]
(24]

144204-9

6253

Lin Z J, Shi W 2019 Opt. Express 27 14338

Chen H, Zou S Z, Yu H J, Lin X C 2015 IEEE Photon.
Technol. Lett. 27 2527

Ferstl M, Hermerschmidt A, Dias D, Steingruber R 2004 J.
Mod. Opt. 51 2125

Tahersima M H, Kojima K, Koike A T, Jha D, Wang B N,
Lin C W, Parsons K 2019 Sci. Rep. 9 1368

Zuo Y F, Li P L, Luan K Z, Wang L 2018 Acta Phys. Sin. 67
034204 (in Chinese) [ZEARIL, ZEREm, Z89F4, £47 2018 ¥yt
4R 67 034204)

Hu J R, Li J S 2016 J. Infrared Millim. Te. 37 729

Singh S, Singh K 2017 Optik 145 495

Rakshitha M, Gandhi S I 2018 jth International Conference
on Devices, Circuits and Systems Coimbatore, India, March
16-17, 2018 p25

Liu K Z 2020 M. S. Thesis (Beijing: Minzu University of
China) (in Chinese) [XIlAE 2020 Ai+24AE3C (Abat: kR
R

JinY Q, Wen HF, Li Y J, Wang Z Y, Hu F, Zhou H Y, Shi
F 2021 J. Optoelectronics-Laser 32 281 (in Chinese) [4:##¥,
AR, FERIE, TR, W, FRARSE, FE 2021 Seli 0L
32 281]

Moumeni I, Labbani A 2021 Opt. Quant. Electron. 53 129
Nelder J A, Mead R 1965 Comput. J. T 308

Chelouah R, Siarry P 2003 Eur. J. Oper. Res. 148 335
SuHL, Lan F C, He Y Y, Chen J Q 2020 Eng. Computation
37 1423

Chen Y, Wang W Y, Yu N 2014 Acta Phys. Sin. 63 034205
(in Chinese) [F5#1, FICER, THF 2014 #)FE%3R 63 034205
LiMY, XuGY, Zheng J J, Li P L 2021 J. Optoelectronics-
Laser 32 799 (in Chinese) [J7 &8, ROGER, M4, 285m0
2021 JEHLT-HOL 32 799]

Fei HM, Yan S, Xu Y C, Lin H, Wu M, Yang Y B, Chen Z
H, Tian Y, Zhang Y M 2020 Acta Phys. Sin. 69 184214 (in
Chinese) [Z2Z2 ], I, 53000, #R, L B3R0Y, BB,
0, SR 2020 PUHE2AAR 69 184214]

Xi X, Ye K P, Wu R X 2020 Acta Phys. Sin. 69 154102 (in
Chinese) [##, IHRET, (IHEH 2020 YHLAEAR 69 154102)
Zhao X, Liu C, Ma H L, Feng S 2017 Acta Phys. Sin. 66
114208 (in Chinese) [RA41, XIJ=, D43, {0 2017 Y324k
66 114208]

Park H, Lee S 2020 ACS Photonics 7 1577

Hsiech M L, Chen S Y, Kaiser A, Yan Y J, Frey B, Bhat I,
Dahal R, Bhattacharya S, John S, Lin S'Y 2019 AIP Adv. 9
085206


http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1109/JLT.2021.3098346
http://doi.org/10.1109/JLT.2021.3098346
http://doi.org/10.1109/JLT.2021.3098346
http://doi.org/10.1109/JLT.2021.3098346
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1108/EC-03-2019-0085
http://doi.org/10.1108/EC-03-2019-0085
http://doi.org/10.1108/EC-03-2019-0085
http://doi.org/10.1108/EC-03-2019-0085
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1063/1.5113549
http://doi.org/10.1063/1.5113549
http://doi.org/10.1063/1.5113549
http://doi.org/10.1063/1.5113549
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1109/JLT.2021.3098346
http://doi.org/10.1109/JLT.2021.3098346
http://doi.org/10.1109/JLT.2021.3098346
http://doi.org/10.1109/JLT.2021.3098346
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1108/EC-03-2019-0085
http://doi.org/10.1108/EC-03-2019-0085
http://doi.org/10.1108/EC-03-2019-0085
http://doi.org/10.1108/EC-03-2019-0085
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1063/1.5113549
http://doi.org/10.1063/1.5113549
http://doi.org/10.1063/1.5113549
http://doi.org/10.1063/1.5113549
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1109/JLT.2021.3098346
http://doi.org/10.1109/JLT.2021.3098346
http://doi.org/10.1109/JLT.2021.3098346
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1364/OE.16.021456
http://doi.org/10.1109/JLT.2021.3098346
http://doi.org/10.1109/JLT.2021.3098346
http://doi.org/10.1109/JLT.2021.3098346
http://doi.org/10.1109/JLT.2021.3098346
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1108/EC-03-2019-0085
http://doi.org/10.1108/EC-03-2019-0085
http://doi.org/10.1108/EC-03-2019-0085
http://doi.org/10.1108/EC-03-2019-0085
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1063/1.5113549
http://doi.org/10.1063/1.5113549
http://doi.org/10.1063/1.5113549
http://doi.org/10.1063/1.5113549
http://doi.org/10.1109/JLT.2021.3098346
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1364/OE.27.014338
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1109/LPT.2015.2473716
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1080/09500340408232518
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.1038/s41598-018-37952-2
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.7498/aps.67.20171815
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1007/s10762-016-0264-y
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.1016/j.ijleo.2017.08.021
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.16136/j.joel.2021.03.0320
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1007/s11082-021-02780-8
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1093/comjnl/7.4.308
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1016/S0377-2217(02)00401-0
http://doi.org/10.1108/EC-03-2019-0085
http://doi.org/10.1108/EC-03-2019-0085
http://doi.org/10.1108/EC-03-2019-0085
http://doi.org/10.1108/EC-03-2019-0085
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.7498/aps.63.034205
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.16136/j.joel.2021.08.0021
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200538
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.69.20200198
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.7498/aps.66.114208
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1021/acsphotonics.0c00532
http://doi.org/10.1063/1.5113549
http://doi.org/10.1063/1.5113549
http://doi.org/10.1063/1.5113549
http://doi.org/10.1063/1.5113549
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] 32 2 3R Acta Phys. Sin. Vol. 71, No. 14 (2022) 144204

Two-dimensional photonic crystal waveguide 1 X5 beam
splitter reversely designed by downbhill-simplex algorithm

Ke Hang  Li Pei-Li’  Shi Wei-Hua
(College of Electronic and Optical Engineering, Nanjing University of Posts and Telecommunications, Nanging 210023, China)
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Abstract

Beam splitter, whose main function is to achieve the splitting, combining and routing of optical signals, is
an important component of photonic integrated circuits, passive optical network and other fields. Compared
with the conventional beam splitter, photonic crystal beam splitter, which has the virtues of smaller size and
higher transmission efficiency, is very suitable for high-density and large-scale integration. The traditional
control variable method often used in the optimal design of photonic crystal beam splitter is time-consuming
and inefficient. When parameter variables are large, it is difficult for beam splitter to achieve the optimal
splitting performance. In addition, it is hard to realize flexible design of beam splitting ratio when optimizing
multi-channel photonic crystal beam splitter by this method. In this paper, a novel photonic crystal 1x5 beam
splitter, in which two special Y-junction waveguides are introduced into a completely two-dimensional square
lattice silicon, is proposed and optimally designed by using downhill-simplex algorithm. Firstly, to determine the
optimization range of each variable, the influences of the radius of the dielectric rod in the coupling region and
the radius and the lateral offset of the regulating dielectric rod in the center of the two Y-junction waveguides
on the five output ports of the 1x5 beam splitter are explored respectively by the plane wave expansion method
and finite difference time domain method. The results show that the optical energy coupled from the main
waveguide W; to the upper Y-junction waveguide and lower Y-junction waveguide can be controlled by
optimizing the radius of the dielectric rod in the coupling region. The transmittance of the five output ports can
be controlled in proportion by optimizing the lateral offset of the regulating dielectric rods. The total
transmittance of the five output ports can be improved, and the output of each port can be adjusted by
optimizing the radius of the regulating dielectric rod. Then, according to the specific target of the splitting
ratio, using downhill-simplex algorithm, the 1x5 beam splitter with different splitting ratio can be reversely
designed by optimizing the radius of the coupling dielectric rod and the radius and the lateral offset of the
regulating dielectric rod within the selected optimization range. The total transmittance of the 1x5 beam
splitter is above 99%, the additional loss is less than 0.044 dB, and the response time is less than 1ps. Besides,
to determine the allowable error range of each optimization variable in actual processing, the machining error of
the 1x5 beam splitter is analyzed, which provides a theoretical reference for fabricating the device. Owing to
the advantages of flexible splitting ratio design, high optimization efficiency, small size and excellent
performance, the proposed 1x5 beam splitter will have broad application prospects in the field of photonic

integrated circuits and so on.
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