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T T AE R IR, AT SE IR PR ES (TE/TM)
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XA 7R &

Fig. 1. (color online) (a) Schematic layout of the pro-
posed P-DEMUX and (b) its cross-section of the cou-

pling area.
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Fig. 2. (color online) The field distributions of the major components for the (a) TE and (b) TM in

an individual regular silicon-based waveguide, and (c) TE and (TM) in an individual slot waveguide.
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Fig. 3. (color online) The effective indices of modes as functions of (a) wy and (b) wget-

K3 (a) 2ot T N i H R AR R 3 AR U R
T 58 g B W0 BE wp IR R, AT LUE H, 4
wy M 320 nm B4 K 640 nm B, e 32097 HLUH 1
K, BIEUIERER R, Mwy < 560 nm B, %K S
HBEARE HR ) SBLR B TAE. B3 (b) hart 1
e A e 3 1 2 AT 3 28 g 55 08 B8 wiion H AR
WK R, 2D weor M 100 nm ¥ K % 300 nm B,
W= M (TE; 5 TMy BE) AT 2803 59 58 nege 187
BOK, M2 (TE 5 TM 12) B 3T 26 nege 15
W, 2w = 440 nm, wyer = 150 nm A}, FERE
T 5 RE T I TM B AT AL A R 5 8 Je
B oA, N A nT G AT, 11 TE
FEEWA BT R E R E, 5HAHEEREESE
F LA 2208,

FIAb, BN A R T S RO TR N A E
)G & d, (EAR & () R B AL far 07 1) 284k, #R G R AL
ke ANHEEL A SOR Y BN 18 B AR BORS & R Ok
RAEZGE MRS a G R 1, b S 2k &
)Z [32] jz}

ko= [(n* = 46%12) /(41 — )2, (3)

Hrp
§ = (Bu — p1)/2, (4a)
lc :n/(ﬁo_ﬁl)a (4b)

At B 5 Bu 2 A AL R B e S A ST
ERRH L, Bo 5 81 2RI E B TS U5
BB A R B = ke, kO H 25 TR

Bl425H 7 TM 5 TE A& 2 50k B 8] EE w, 1
TAKR, MNEHITLUE S, Bw, = 150 nm i,
TM (TE) A& R4k > 0.3 (< 0.14) pm L, Hi
N T TM A3 AT A8 A 300 4 1 TE A & R
TR/ Bl P T R BE wg K, TM 5 TE B
FEA R 6 BN, (2 TM BERE A 382 KT TE B

e

—A— TM
—®— TE

0.2

\
W N S
\\

120 180 240 300
Wg/Nm

K/pm—1t

Kla (MTLEE) TM 5 TE MG RE s B wg FRLKR
Fig. 4. (color online) Coupling coefficient of TM and

TE modes as a function of wg.

KB = 4 B A BR % gy 7 B0 (three-
dimensional finite-different time-domain, 3D-
FDTD) 3 5] A\ 52 # IL L 2 ] (perfectly matched
layer, PML) W il 5 % fF, 73 #r 48 #+ P-DEMUX
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AR, b, T B, BB, 35T
Bt (z + %g k>
= E;;(H ;j/{?>
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1 1 1 |
_H;H_z <Z+27]_2>k>

1 n+i (. 1 3 1
_ | gnte - -
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nttf. 1 . 1\]
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Ey Z,j+§,k
1
=EM i+ >,k
z<17]+27 )
At (1 [omgr/. 1 1
— |ghte k4
+€05r{Az{ Y <Z’]+2’ +2>
n—i—l .. ]- 1
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1 [ et 1.1
A HZ 2 ) 77- 77k
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el 1 1
—Hz+é<l_2,j+2,k>:|}, (5b)

A Az, Ay, Az k=S (A BN A%, At A B E]
WK, i, g, k, n N B, R R FT(L k) =
F(ilAz, jAy, kAz) = F(z,y,2,t). W4, H,, H,y,
H., E, H1(5) XFramAapoe R
EsFE64 H 7 TES TM AR 75 B @ i O
5 R B 0L ok, K wg = 440 nm,
Wglot = 150 nm, wg = 200 nm, w, = 400 nm,
R = 3.489 um. MEISHLLFE H, 2 M 8
P MR S A B A E R S, 2 TAER K
A = 1522.7 nm(S ¥ BL), 1550.0 nm(C# B T1E
W) B, TM B CAE O R 5 72 A 1 R & 4
HAEH G T B D, TE R EDER . 2
TAEWE KN = 1536 nm(C L), 1564 nm(C JHEX)
I, TE A5 B o % H AR Be s ME
IR T LLVE H, B B OGS TG (free spectral range,
FSR) 2174 27.3 nm, i & 6K E H R 4001 58 AL 5
oK. il 6 Frs, TM BT B L, (2 7E
1550 nm Ab WA BE &K T A AR IR K 1522.7 nm
Abfr i Re . TEBUFE T BB IE ML Re 21K, 1R
RN RE R 25 LT Rl 20, an s R 7 2R AR,

BT A A AE I R b S A AE AR R 2,
KL, 73 B a5 410 Sk B S B il /R 8 22 B 0 H B
K H Y6 b (extinction ratio, ER) 5l A4 #E (in-
sertion loss, IL) A& P-DEMUX &8, HE X
/I

ER(dB) = 101g(Po/Px), (6)
IL(dB) = —101g(Po/ ), (7)

b, 75 H i O Po 5 Px 4 5l 2 TE, TM
hA, 72N i I Po 5 Px 7359)7& TM, TE
D, Py N RN, w5 A 6 s,
TAEB AN 1550 nm B, TM(TE) #E7E R 355 1 F)
ER 43 7 N ~26.12 (~36.67) dB, IL 4> %A ~0.49
(~0.09) dB.

1.0 g T T T

0.8 [f
- ——TE
% 0.6 : —T™M || Dimensions:
-z | lwy = 440 nm
E 0.4 + 1 || wsior = 150 nm
B | FSR27.3nm || wg= 200 nm
= 0.2 | V 1550 nm\lLRz 3.489 pm-

| wy = 440 nm
0 1 1 1 1

1.51 1.52 1.53 1.54 1.55 1.56 1.57
A/pm

5 (IR TE 5 TM BE B O e
Fig. 5. (color online) The transmission spectra of TE
and TM modes at the through port.

1.0F T T T T T =
i Dimensions:
08| — TE ‘ wy = 440 nm |
=] — TM Wglot = 150 nm,
9) ! o
5 0.6 | wg = 200 nm |
g '| R=3.489 ym
Z 04r ' w, =440 nm |
5]
& FSR 27.3 nm
0.2 ) 4
1550 nm !
0
1.51  1.52  1.53 154  1.55 1.56  1.57
A/pm

6 (MTIEG) TE 5 TM AT B H &l
Fig. 6. (color online) The transmission spectra of TE

and TM modes at drop port.

K 7 (a) 7= T ER 5 TL B 18] B w, 221 % R,
Hep =155 pm, wy = 440 nm, w, = 440 nm,
Welor = 150 nm, R = 3.489 um. MEH LU H,
HiE 4G (TERE) ERSIL 2P, 4
) 5w i #5198 nm I, N #35 H (TM ) ER
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AN, DR R AERIZIA A, M ER > 18 dB, [A]
PHwg R ZE L1820 nm, KA BFEL N 2.5 dB;
B 7 (b) 45 H T ER 5 IL BEAE % wao LK R, H
A = 1.55 pm, wyg = 440 nm, w, = 440 nm,
wy = 200 nm, R = 3.489 pm. HEF K, ER B
Welor VA, T IL A (b EL A, E i@ O (TE )
IL 2 FReE%. 4 Mg (TM L) ER > 21 dB,
T 5 waior 25 22 41460 nm, 1L K2 K1.0 dB;
K7 (c) et 7 ER S IL BT % 5 wy B2
&, HA X = 1.55 um, w, = 440 nm, wg = 200 nm,
Weor = 150 nm, R = 3.489 um. %A /fiH Rk

T T R
85 [Tt e 1
‘(a) ' ' . ——ER of TM:
| | | | ——IL of TM |
28 |-t # R of TE .
! +}IL 0€ TE _ 10
8 A e B
~ | | i i i 1 ~
fad =
& | | | | | =
1 N 8
7 777777777777777777777777777777777777777
—4 0
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21 fro N

ER/dB
IL/dB

14 il —4—ER of TM-\----|
| | i A= ILof TM
i —=—ER of TE |

0
380 400

420 440 460 480 500

wy/nm

A/pm

B 555 B wy M 410 nm 3 K ZFE 460 nm B, TM
(TE) £ X ER 4 %) K T 20(36) dB, IL 4 5 /N T
1(0.1) dB; K7 (d) &5t 7RI K NBE 12 R
AR R, HPwy = 440 nm, w, = 440 nm,
wg = 200 nm, wger = 150 nm. M EH AT LLZR
AN, IR 5 R ARG R H R B AR
%%, W R = 3.485 pm, 3.489 um i, A\ = 1550 nm,
1545.5 nm. Jy 1 #& mas 0 T 20KF, 2T SOT
A BT HROEZ (E-beam) 5 HURHE & 25 5 T4 %)
i (Plasma-etching) 54 AR A 47 H T2 ks 2 LAk
FI AT AR TR,

S AR

M m
o o
~ | | | ~
e : : : : )
= 1 1 1 i ——ER of TM| -
14 poooodoo b —a L of TM {7 5
‘ | | | —=—ER of TE !
‘ ‘ | —=—IL of TE
L S oo
3 ? —————t
120 130 140 150 160 170 180
Wglot/NM
T T T T
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1.552
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T — \ ————————— -

1546 [y . /(3 489,1.550) ||

1544 |47 b b aazsae® -

3.480 3.485 3.490 3.495 3.500
R/pm

E7 (MPIEM) TM 5 TER ER 5 IL B (a) wg, (b) wglot, (¢) wy MAEIKR; (d) WIREK \ B R A6k

=

Fig. 7. (color online) The ERs and ILs for the TM and TE modes as functions of (a) wg, (b) wsiot, (¢) w;

(d) resonant wavelength A as a function of R.

N EIE % P-DEMUX (A 21, B84t 1
TEM BT EE, 5 TME RS E/ & E, £
Hh I 1% R T AR S O, R = 3.489 um,
wyg = 440 nm, w, = 440 nm, w, = 200 nm,
Wslot = 150 nm, A = 1.55 pm. XFT TMH#E, i

N IR S8 & A, R E K T R
WEIRALRL, T IEIE f Y X T TEAR, P T 7K
BB R R, SN o AR 7 )L F T 2
DA, N T 308 T, AN T S B A 9 285 ) s 2

.
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Fig. 8. (color online) Evolution of the major components for the (a) TE and (b) TM modes along the

propagation distance through the designed P-DEMUX device.

% %

St 7 — b TR A U ROA B P-DEMUX
Fe e, H BLSEBLEE T R WDM & 4t (1 i $i B X
M 2oy B (B ). RESRUE AR NN /4 H i
i, AR TR IR /B KR B . R4
K2 FDFD K 3D-FDTD 7% 4 M T #8441t 35 5
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Abstract

Photonic integrated circuits (PICs) based on silicon-on-insulator (SOI) platform with the advantages of high-index-
contrast and CMOS-compatible process can efficiently reduce the component sizes and densely integrate them at a
chip scale. To meet the ever-increasing demand for the optical interconnect capacity, various multiplexing techniques
have been used. However, it should still be proposed to effectively reduce the component size accompanied with the
reasonable performance and wavelength division multiplexing (WDM) compatibility. To the best of our knowledge,
there has no attempt so far to design a polarization demultiplexer based on a microring resonator in slot waveguide
structures. In this paper, a compact silicon-based polarization demultiplexer is proposed, where two regular silicon-
based waveguides are used as the input/output channels and a microring in slot waveguide structures is used as the
polarization/wavelength-selective component. A full-vectorial finite-difference frequency-domain method is utilized to
study the modal characteristics of the regular and slot silicon-based waveguides, where the effective indices and coupling
for transverse magnetic (TM) and transverse electric (TE) modes are presented. With the unique modal characteristics
of slot waveguides and the strong polarization-dependent features of microring resonator, we can show that the field
distributions and the effective indices of the TM mode between the regular and slot waveguides are similar, while those
of the TE mode show clearly different. As a result, the input TM mode outputs from the drop port at the resonant
wavelength, while the input TE mode outputs from the through port directly with nearly neglected coupling, thus the
two polarizations are separated efficiently. A three-dimensional finite-difference time-domain method is utilized to study
the spectrum and transmission characteristics of the proposed device. From the results, a polarization demultiplexer with
a radius of 3.489 pm is achieved with the extinction ratio and insertion loss of ~26.12 (36.67) dB and ~0.49 (0.09) dB
respectively for the TM(TE) mode at the wavelength of 1.55 pm by carefully optimizing the key structural parameters.
In addition, taking the fabrication errors into account during the practical process, the fabrication tolerances to the
proposed device are analyzed in detail and the performance is assessed by the extinction ratio and insertion loss. For
demonstrating the transmission characteristics of the designed polarization (de) multipexing (P-DEMUX) device, the
evolution along the propagation distance of the input mode through the designed P-DEMUX is also presented. The
present polarization demultiplexer is compatible with the WDM systems on-chip based on microring resonators and can

be easily introduced into the WDM system to further increase the optical interconnect capacity.

Keywords: polarization demultiplexer, slot waveguide, microring resonator, silicon photonics
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