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Abstract A novel and compact terahertz (THz) polarization beam splitter based on photonic crystal is proposed.
Transmission without diffraction of transverse electric (TE) and transverse magnetic (TM) modes is realized by
using the self-collimating effect, while the separation of TE and TM modes is realized by using the band gap
characteristic. The characteristics of the terahertz polarization beam splitter is simulated and analyzed by using plane
wave expansion method and time domain finite difference method. The results show that the polarization beam
splitter can realize polarization separation in the frequency range of 2.9-3.01 THz. While the frequency is 3 THz,
the reflectivity of TE mode and the transmittance of TM mode are both higher than 90% . The extinction ratios of
TE and TM modes are 19.9 dB and 26.24 dB, respectively. Moreover, compared with the previous photonic crystal
terahertz polarization beam splitters, the proposed polarization beam splitter is simpler to design, easier to realize
(without defects), smaller in size (650 pmX650 pm) and wider in bandwidth (2.9-3.01 THz).

Key words optical devices; terahertz; polarization beam splitter; plane wave expansion method; time domain finite
difference method; photonic crystal; self-collimating

OCIS codes 230.1360; 130.3120; 350.4238

1A o Pl DAY ) |G D0 DG 122 S 5 R LB 1 UL
o FRE A 2o 0 DX LA AR 2 W G ) R v A AR
Kibh2s (TH2 B R AEWURLE 0.1~10 THz ¥ BEEAYEARBF I KNS . IR 5 528 2

KRR BE®: 2017-09-30; WBIMEMFm B HI: 2017-10-31

EE&WH: EEHAP =S (61571237) (rg 51 HE L K4 H K H AR & 030 B 54 (NY217047) OLHAE B H AR
A L (R K FF 4 (2014KFKT003) . F — 18 JC IR 6 00 46 op 56 5 3 10 &2 /i 52 RN 3 6/ 6 06 19 48 4%
%31 (2017 4b 65)

PEZ B . RN (1980—) 2 1+ Bl , RE N FOLLFEE SO EARFITH YIS . E-mail: jlwang@njupt.edu.cn

0423001-1



Es #

RGN — R E B T EOUE T B A
A IE ZE W R0t IR TR B AR B ARG i . AR
K BRI T AR 0 O 2% ik Be i) fw 41 43 ol 2 © 64T T
EAMEFE T i THz 3 B R 43 945 19 BF 5847
Ab TR AR BE L BEE THz 58 5 3 I HE R
(AN BT 183 LR F I R 32 8 1 32 R ik
REfE B W) THz i ¥k 50 R g8 X T THz 2 0F ko8 2
AHEENEL,

L GE ) THz i % 53 i — B B T 8L G £F
B RO 85K BEK B 900) , 76 ol 28 42 i Pl 8% v ke
ZEg A T AR B EE R THz iR
i SN IPIS T SEED Al 1 N e AL e SN
T B B Sl RE A ORL L A H b R Y JE 9 HE 5
A S RGO AR . BT B TOL AR R THz
i I 23 AR 25 1) i 0 AR X A0 2 2010 4R R AEN 3R
T T — R TR AR RO M RO S i& THz 7]
O I 42 T o 3 3 VR R ARG 3 R A R I R
Rk AR B CTE) B )6 T4 B 76 f =
1 THzALSE T D 418 53 25 & 44 RSF 2 3015 mm X
1.68 mm;2015 4F, Li 280 3% 3 1 — Fb 3k T T 3% 7
06T fh R THz i 48 53 B A% AT 8 TE #5218 7%
(TN BEUT AN [7) 1) 18 41 Jis 4% i, 217 96 0.03 THz,
RoFH 2.58 mmX0.54 mm;2016 4F, Mo &7 ¥ 3t
TR EE T REA BTG SR THz 9% 73 R 4%
43 TE B TM AR A 5] 14 e i B 3 5 7l 56 0
0.0009 THz, 5tk 1.02 mm>X0.99 mm, 4Rifi. I
W THz i /3 s 45 BT ¥ 2 R T8 ik i
I B - A HE— IR RS A T 5 0 B S S, D
— R PRASLAL Tt P AT A, T S B R AiR 4 BS . A
TE 9 [ « Z5 R0 A RO AR Al S AR X i %

BEXT 13 ] 8, A SCHR T — O YOG F A
T THz ¥z 53 o & . % 58 7 52 30 0t 41 53 o 00 1% 46
T3 ¥ AUR]FH DG 7 b 1A B9 250 ) 406 7 S iR 1Y
P BRSO RS AR A LA A S A, AT
FRAT T T PR S5 L TGN 5 RS R B A A
a1 .

2 HERt Ay B

2.1 BEESHMIEIT

ST AR A M B AN i B2 Kosaka 5 T
1999 4 &k LY, B2 d6 2 TE B TM BE7EE 5
A T A Hi B, 2 JFC ] B 25 R R e e — T ) JE AT S
B AL OCR TR AR B % R A
FH B AL AT 45 G 1 A% . SE RS — R

I, BT BEAANG 1 ABRBE | AT R R AR 52 B il £ 1Y
M R R AN BT E ) A HE B 25 1) iR,
SLIR MR R B CHLAT 5% 8 3.42) .51 A 26 X 26 12
R R 2 AL IR e AT B OE 58 d g HE 5
GRAR T HCN o) o X A HE B S5 #1476 B S5l
R )5 BT SEEL A i ELRON L BEE TE BEf TM i
BB 1) Fin. BiEAEESES N
P AL R 2 AN SCRTIA

™

B 1 (a) HAETSEH; (b TE &M TM BRI A4 16
Fig. 1 (a) Self-collimating structure; (b) steady field
distribution of TE and TM modes

H4 BE A 1 RN A0 1K1 25 G L PR 2 I E LS )
TCAT SRR AT % . A FT AT < R S R AR 1A AR
5 TE BF1 TM S AL F 3 45 0 Fl . P
PRI IL A B S R E 2 Fion. XA
A — AR I R 0~ 0.4 CEIAS R YLl 0~4.6 TH2) .
TE BRI TM BLER AL T S, 33 0] 78 3% A fE EL 451
i W R R . LK, B A 0 K e TE 5 F1
TM A5 0] JCAT 4% i W A0 % . 26 db i b, B
BV RE XNV, =0 (k) iy k Ry A 38 ik
Koo M R AT A O T T A
PR F5 1] A0 R 38 (4 a1, o] DAGE B, BB R K &=
V.=V, G F i A v 3T S5 5 0 A 46 T 1) A B R

0.4

K - TE

et J— T™
< g oo o
S 0.3t .
¥y Y L
g oo
S N N [ O S
8 . 8
S 02Ff it
>
3] P
go01f
= ; ,

8
. L}
0
r X M r

2 AMEHSrRE K

Fig. 2 Energy band diagram of self-collimating structure
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