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Abstract

Due to the different diffraction properties of gratings for TE and TM polarized wave, in this study,
using the silicon based micro-nano multi-subparts resonant grating, we propose a high perfor-
mance polarizing beam splitter (PBS). The properties of the grating PBS are investigated by ri-
gorous coupled-wave analysis. It is shown that, over a broadband spectrum of 1.53 ~ 1.62pum (C + L
band), the grating PBS demonstrates high diffraction efficiency (>97%) with extinction ratio (ER)
greater than 16 dB and a comparatively wide angular bandwidth (about 8°). Effects of deviation
from the design parameters on the performance of the grating PBS are also presented.

Keywords

Diffraction and Gratings, Polarizing Beam Splitters (PBSs), Leaky-Mode Resonance (LMR)

WML SIS TR MR R 5T REFEV ISR

ZARPT, BIOEM, AT, HARAES FW S, DR, TARY, § #Y
EE

XEFIH: R, HoC, KB, EAKCE, WU, DMK, THE, WER MO IR CHHRR 2 RS T 7T
[]. B4, 2016, 6(12): 273-280. http://dx.doi.org/10.12677/app.2016.612034



http://www.hanspub.org/journal/app
http://dx.doi.org/10.12677/app.2016.612034
http://dx.doi.org/10.12677/app.2016.612034
http://www.hanspub.org
http://creativecommons.org/licenses/by/4.0/

RIEH %

TS I 5 5 FAE S A B B [ R T B A TR = . IR IR & S e =, 17 M E
ATEE AR B AR TR S . M EM A KM 5o TR, 117 M E

SH B KRS B TR, L7 MEE

Email: "Cookey106@126.com

Weks HEA: 20164E11H28H; S HEA: 2016412 H13H; KA HEY: 201641216 H

=

BTN T TERN TMRRGRI M A R OATE R, Wik, ETEEMMNSEERGE, RINBGHT
— R MR IR 0 RES . R A BEIR AT VAR, FEC + L (1.53~1.62 pm) IR N, AR
REMHBERTI7%, HHHKRT16 dB, DAIKAEHFEASEHINBIERE. b, RITEFRT L
S HARAXT AT R 75 SRA% P R AR o

XK ia
AEl, Wik HRaE, MERER

1. 518

fi i 73 PR 2% (polarizing beam splitter, PBS) & — et A hidf 't 73 i i b o 122 S 6 R Dh e o AR [ 1]
ETERDCEIEEAE[2]), Sl S[3], Bkt LA R (4155 R G R BN HNE . 9K, BEEMAnn T
FAR RN ERICF IR IE, BATEROGE ST ORI IR KB KRG R T, X sk SCER
HeEoe s R EAE RPN, BERER, 5 TN A JE . MAES R mIE S R 2% (W Wollaston #54%, Nicol #
5%, Glan-Thomson #4555) K Z AR, JEE HAE 58 SO AR 101 LA 2 BN T Bl Rk 2 SR A%
TR Z B TR A RESRAFI i 1 6 L, 1 L 75 B HA N A B, LA B /DN, il A2 5]

i, B AN T A AN B AW R, DL RO R T S R I SR I A B
WA, Bk, BEARF UG, GRS SE IR IR 7 R —Fh HEF B, 4Rk, B
JeJa e T LR A [F B MR 2 A 55 : — 2 RE RIS SO TM el Y6 A TE fldis D6 I Y6 M i 3% 2 SR 2% [6] 5
ZONRRIFIE IE ST TM A TE MR 6 EMm R 7 R 25 (7] =R R4 TM (8L TE). &4 TE (8 TM) iRt
(MR IR 73 SR 45 8] -

NT DR AR oy AR PR RS, ARAE SR R AT, B TR SR TR R MR 2 SR A
an, 2007 4, SR FHEEREEAIRE T — AT XUE N IR E o RS A, TR, %4
M 2 TE SRR G205 0 58%, T2 TM B IR G 203 8 50% [9]. [FI4E, Wil K2 {38 R #z iR
REAHARTE T —Fh KA BE MM R 73 SRER[10], ML R A T ROCMHES 1454, B R E S 4
JAHA, AR B S TE 6, &S5 TM OB H I JEk, BRI L S T —FhBET slot %1
TSI D R 2 SR A%, 1% 45 44 7E 1530 nm~1630 nm K TE Rl Y , 2814 B0 i 4 % B KT 15 dB [11]. Filt,
TG K 27 [0 0 [T M S5 5 T 2R AL T 4 e M 1 ek B 4 oK i B B 1) &5 14 (sillicon: nanobrick arrays) i1 | —Fif
BB R 2 AR A, H R I R R 204 98.5%, T IE S G IIE BT 20 94.3% [12].

R H &L, B EROEHMR IR 2 R A EAT T8 . AT B s TS S AR, RRESE
IENIARE I KR EER . —HUR, WAEAERE —Matk iRy ks, Hemmipn, 571
R YRR, BRI A K. SR, H RTIXA  E AR BRI IR e . STk, AR,



RIEH %

FATB 7 FhIET 5 2 W BRI R IR 70 S, 2 Tt R RIL G, BLAS A AR TE 1
B A s tR AT R s, TG RO, RERTROR i A R 0 A DB i

2. BRHLEWLHTRERSH

WE 1 R, AMZ SR KIETR MR IR 7 RS A n m B . — AT T o B B 251
b, EIEEHZE, TE FTM SGLE 0 53 4 im0 RO FIE S, AT SRR 73 A H (o 16 22 05 3%
KM a0 N SH0E R SEEAT), JERE(tg) BAAOEHBE AR £ (Xe, Xo, Xa)o ASCHT, FATMEE SEHHE
y J71a) EARTCBRIEH ), RO N B R TCR AR, BRI (e s AT FRATTRH A R
EUAHTITE13] [14] [15]45 &k TR AL B [16] [171%F b S AT Ak i, HARLSHIIER 1 F
THI ) P B e

N T R MR R 3 R SRR TR AR, AU N SEHE W E[18]: SUMHTIHI R, WG, W LA
IS T E LRSS, T IERRIR S AR E K, H TE WIRIEH 0 2% Ry Al TM fdik
JeH 0 GBI R T Fi% LB -

FAN, S AR 9 6 EE (extinction ratio, ER)%E X N[19]:

ER = min (ER;", ER]" ) 1)

7N EF"
™ TE
ER;F =-10log ROTE , ER;™ =-10log T‘;M )
RO TO
ERJE A ER™ 40334 0 2% TE Il TM S8 b, BA7 43 DL(dB).
2(a) Fr e S AR 73 RS ket th 26 il . ATz, fE 1.53 F) 1.62 pm $EHGVEHE Y, A%
F TE B R KT 99% (Ro > 99%), 1M TM ¥ [1iE i KT 97% (To > 97%). N T 1% 4& (1150 B b2
TS R0 R e A R R AR Y, FRATIED Y T OB S AR A B R B .l 2(b) PR, £E 1.51 um
4b, TE WAFAE—ANIERA T, HX RS — AN MRS R S [20]. IXFEHE, RS i S5 R K T e
PERVR T TE BEIMRALIEHR . BIR TR, RS, TERMATH R d, o Uit &)L PHin

TE&TM TE

Z

Figure 1. Schematic of a multi-subpart resonant grating PBS. T, t;, and x; to X3 de-
note the grating period, thickness, and transition points, respectively. The incidence
medium is air, and the substrate is silica. The parameters are: ny, = 1.0, ng; = 3.48, Ngjjica
=147,%=0.13,%x=0.44,x3=0.77, T= 1.04 pm and t; = 0.9 um
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WAL BB T : nyi = 1.0, ng; = 3.48, Ngjica = 1.47, X, = 0.13, x, = 0.44, x3 = 0.77,

T=1.04 pm & t;=0.9 um
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Figure 2. Spectra of a broadband PBS structure shown in Figure 1. (a) Reflectivity spectra response of the PBS. (b) Trans-
missivity of the PBS at log scale. The resonance wavelength is 1.51 pm
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Figure 3. Extinction ratio (ER) of the grating PBS as a function
of incident wavelength
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Figure 4. Angular spectrum of the grating PBS at the wavelength
of 1.57 um
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Figure 5. Simulation results at 1.57 um. (a) TE and (b) TM polarized input wave
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Figure 6. Spectra for the structure with variations in period and thickness. (a) Spectra for structure with variation in period.
(b) Spectra for structure with variation in thickness
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Figure 7. Spectra for the grating PBS with variation in modulation profile. Spectra for the structure with differing (a) the
first high-index binary block (x;) and (b) the second high-index binary block (x3)
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