Chinese Physical Society
M!l ﬁ Acta Physica Sinica

. Institute of Physics, CAS

ETHERERUSEREEAIILEALES

R HEM HAL EEA Rk ARMA

Design of planar waveguide based on patterning substrate and oriented polymer film

Fang Yue-Ting YidJian-Peng Chen Jin-Shan Wang Hong-Jie ChiLang Xia Rui-Dong
5| 1% & Citation: Acta Physica Sinica, 65, 056101 (2016) DOI: 10.7498/aps.65.056101

1E 261713 View online: http://dx.doi.org/10.7498/aps.65.056101
A 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/15

il /\@E’JE@IE

Artlcles you may be interested in

BT BOGET 4G 2T I RS A B & 4% 1T S SEIR R 7T
Design and experimental study of mode selective all-fiber fused mode coupler based on few mode fiber
YE % 4:.2015, 64(20): 204207  http://dx.doi.org/10.7498/aps.64.204207

TEFL AR & A5 B FU 0 f
The progress of silicon-based grating couplers
YE 40,2013, 62(18): 184214 http://dx.doi.org/10.7498/aps.62.184214

3 Ai 2 R Ao JULZH 2R e i

Suppression of the spiral wave in cardiac tissue by using forcing currents with diversity
YrE =2 4.2013, 62(8): 084501  http://dx.doi.org/10.7498/aps.62.084501

BT BRI R A VDM 20 A B i3 O & BB B R 7T

Wavelength tunable properties for distributed feedback lasing from dye-doped holographic polymer dis-
persed liquid crystal transmission grating

YHA4.2012, 61(12): 126101 http://dx.doi.org/10.7498/aps.61.126101


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.056101
http://dx.doi.org/10.7498/aps.65.056101
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I5
http://wulixb.iphy.ac.cn/CN/abstract/abstract65693.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65693.shtml
http://dx.doi.org/10.7498/aps.64.204207
http://wulixb.iphy.ac.cn/CN/abstract/abstract55545.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55545.shtml
http://dx.doi.org/10.7498/aps.62.184214
http://wulixb.iphy.ac.cn/CN/abstract/abstract53260.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract53260.shtml
http://dx.doi.org/10.7498/aps.62.084501
http://wulixb.iphy.ac.cn/CN/abstract/abstract49216.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract49216.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract49216.shtml
http://dx.doi.org/10.7498/aps.61.126101

38 % 4R Acta Phys. Sin.

Vol. 65, No. 5 (2016) 056101

ETHRER S ERERASLIT IR S

FAE ZEE

Sl

EHEA WR EERA

(P AT B R 05 AR S GUR BRI B, A LT 515 B B [ 5 s s 00 5 5 A6, TLIR A A M6 fbk
PrEIH RO, FR 210023)

(2015 4E 10 A 11 HYe®; 2015 4E 11 A 28 HUKEI &5k )

K ISR 4T BRI 77 10 A JRREAT B AL, S5 S BERURI BOR, SEILER &R & 44 poly (9, 9-dioctylfluorene-
co-benzothiadiazole)(F8BT, F44) Fl red F(F44) #E 4 e DX ISUFE X m). ) FH A% H ] DX 4 9 AR I3 S 20 22 5, I
THH T AR5 B BRI T, DGR AR BRI XA R, RN, X — R R b BRSO 5 % ik
IO 1 XU s, W] DU RO e AR R A, R AR ) 2 AR B B AR LB, (BRI R AL PR S B R S

YIRS ARSI T 200 R G

KRR BEELA, AR EAL, MR S, Kot
PACS: 61.30.Gd, 45.70.Qj, 42.79.Gn, 72.80.Le

15 =

AL T BOCIE 8 A VF 2 3R I A,
EL AR B 7 R0 e 1 2 D' v B AN SO N
AR P =o)X R A HE [ S WO SOBE S 5%
S R ZIAEN ], PR SR 2] TR 5
PR IRIE. SR, H BRI HLA- TR R L0 11
o FR AR TR E PEAS A2 i I A A v 5 R I
AN IAE G 28 A0 2 B OB S E LI
KRB T E B 68 M xR g, of
SCHR AR TE X 8 6 AN 38 201 3R A G K 2 A R
A FHEERC AR, R DMERTRH 5 [ e 1 2 2 808
R i xyH88 7R Em S D0 S0
T, K IR OL I 28 SR A 3R, R A A 1k
WIREE AL, §2 Mm% ROt E T RCR AR HOE B
{E R oA il ). A A SC R GHRR T BRI
1) B A AE P b 5B DT A AR AR S AL AU FH £
ATRETE.

FEAT LG I A5 A0 S 75 A R ) — e
TR SR A AT Jeib & 2 H Al

BX A#@

DOI: 10.7498 /aps.65.056101

SCHR IR IE AR R AR S F R 2
e I 2 B RO A S 2 S T2
MK, BT T2 REE R FEOCM R HIE S AR
i, I EHDOGHHE & % A5 2, A GG AR,
I, TR T2 R, ARH G S 8w ERR,
SEPUE SRR AR S, B B AT SEIUR A
FARRAYICEGER R, CF SCIRIE, B
1) B A BT LSRR 14 S 3 559 2 7 I B B ) 5 ) A
FEHTHEER AT A B ER, ISR EES
TR B 1 B PR BT S SR AR 1O PRk R 4 T E
] DX 38N A0 )3T 5 26 22 S, AT SO SO EY
BRI VE AR A ER.

AR FH 5 S 4T B AR S B 5 Aok JeR ) A4
B BE % (polyimide, fE#R PI) BB, 4564k
HY A, A VR e ' 56 W v T A o DX 3 R R
SE J7 1) R BE L], R FH X 380N A0 B 3T 5 28 22 e, 42
mECHIBR I RE T, SLIDLE e IT R T X
WAL, [FN, @RGSR R A Y ILR,
FIH A a2 R ) Re AR I LR, SCB T IR KAE
600—670 nm FIZL% & 4.

* B BRI RS (HHE: 61376023, 61136003). [E 5 5 SR 7T K @i (HEHES: 2015CB932203) . B SR 2 51 HEAA B
L (S NY212013, NY212034) RV ER L AR 1% TR (PAPD) % BI R,

T #E/E#H. BE-mail: iamrdxia@njupt.edu.cn

© 2016 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

056101-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.056101
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 5 (2016) 056101

2.1 H&HE

FEm il AR B 1 s, B RrEIR T TS
() S Aot i b SR P W i 4T B 7 vk i 45 B ] J2=2 P
. Pt AW SR 4T ENHL A Dimatix DMP-3000, T Efl
Iy HEE 9 846 dpi, s2 /KA PLIEWR. HUW]JZ PT4TED
JEAE 60 °C FiB 2K 15 min, 285 H2 =R 2 300 °C
IBK L h, (R 2 PLIE A, R 7 i e —
J7 T BEAR IR, d I PR 6T P2 it I 3 — T ) 1
IS A7, EL A2 S 7 [ HES 101015160 2 Bk
AL PR S5 R R 2954 60 nm.

S PSR B9 R 6 M ORE 22 poly(9, 9-dio-

ctylfluorene-co-benzothiadiazole) (F8BT)Hl red
FBA718] K FSBT Mlred F 40 BV T WA, %
HRFEYIN 20 mg/mL WA, S8 5 1 P P s %
F8BT : red F=9 : 1L EIREA. F. FHEME
F8BT Hlred F #/2 It GEl R 1K 3R -G V)OGS 25 44
BE PO LIRS S S A B 2 B, F8BT
()R S5 A red FWBGE A IR K E S, I
BHLIR 5 8% & 2L I FSBT [H red F ()4 24 g B
Fgis 10190, — a5 R I OE T e TR 1 T 138 5T i
AR A ZE P b, il i il i R &0 2 R
JE9 150200 nm. Z8J5HRHEHG G5 PRk I A SR S
AR X EATTHEAT b 3 3 1T O B AR R/
TERASRY R 265 °C N 2 min, SR 52 H F5H 2
235 °C, o SR A B = .

HHEEREAL b
E"'i. | PIBYEH85 nm N ! 60 °C, 15 min
Naa— \ 300 °C, 60 min
Fide
& . N3P F b,
PR S PINEH60 nm 265 C, 2 min,
T NE . FEE235 C,
N | O\ HER TIEBAEI N o ams T,
N TR

K1 (MFRG) Bl n B

Fig. 1. (color online) The schematic of the chain alignment sample preparing.
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Fig. 2. (color online) The absorption spectra and the
emission spectra of F8BT and Red F film.
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Fig. 3. The diagram of the sample spectrum measure-
ments. Black solid line represents the direction of the

chain orientation, E represents the incident direction
of light.
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Fig. 4. (col)or online) The atomic force microscope (AFM)
images: (a) Robbed polyimide layer (RMS = 0.25 nm);
(b) aligned binary blend films (RMS = 1.23 nm).
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Fig. 5. (color online) (a) Polarised absorption spec-
tra for an aligned binary blend films; (b) polarised PL
spectrum for the aligned binary blend film. Case 1
represents the polarized light parallel to the aligned
chain direction, and Case 2 represents polarized light

perpendicular to the aligned chain direction.
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Fig. 6. (color online)(a) Printed PI pattern; (b) light
propagation along plane optical waveguide fabricated

via patterning chain alignment area.
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Fig. 7. (color online) Polarized microscopy image of
plane waveguide films: (a) The polarization of the inci-
dent light parallel to the direction of chain orientation;
(b) the polarization of the incident light perpendicular

to the direction of chain orientation.
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Design of planar waveguide based on patterning

substrate and oriented polymer film*

Chi Lang Xia Rui-Dong'

(Key Laboratory for Organic Electronics and Information Displays, Jiangsu National Synergetic Innovation Center for Advanced

Materials, Institute of Advanced Materials, Nanjing University of Posts and Telecommunications, Nanjing 210023, China)
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Abstract

Semiconducting conjugated polymersused for light emitting devices (LEDs), lasers and amplifiers have received

considerable attention due to their low cost and easy fabrication through spin-coating and photochemical processing. A
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promising material for LED and laser applications is poly(9, 9-dioctylfluorene-co-benzothiadiazole) (F8BT). F8BT has a
low stimulated emission threshold and exhibits a large net optical gain at 570 nm. It also shows liquid crystallinity and
can be readily aligned into a monodomain by using an alignment layer, polyimide (PI). Oriented film of F8BT exhibits
that its charge carrier mobility is increased by more than one order of magnitude compared with isotropic film. The
refractive index of the material is also greatly affected by the orientation of the polymer chain. Furthermore, it has been
reported that low threshold laser can be achieved by blending P3HT or red-F solution into F8BT via energy transfer.

Here we report a planar waveguide structure obtained via patterning chain oriented area on F8BT : red-F (9 : 1)
blend polymer film. The blend solution is obtained by mixing the F8BT solution with red-F solution (with the same
concentration, 20 mg/mL in toluene) with a ratio of 9 : 1. The designed waveguide patterns are obtained by inkjet-
printing the PI solution onto the pre-cleaned quartz substrates. Thin films (150-200 nm thick) of F8BT : red F are
deposited onto PI by spin coating (2000 rpm). The chain alignment treatment is performed by the following procedure:
the films are kept in Ny at 265 °C for 2 min, then they are cooled down to 235 °C at a rate of 1 °C / min, finally they
are cooled down to room temperature sharply. The PI contacted area on the film becomes anisotropic, while the area
without PI keeps isotropic. The refractive index parallel (perpendicular) to the chain direction is significantly increased
(reduced) in the PI contacted area compared with outside the PI area. Therefore, the waveguide confinement could
be achieved without changing the thickness of the film. Experimental investigations, including AFM images, polarized
microscopy images, polarized absorption, and PL spectra of the patterned samples, clearly show the difference between
the aligned area and isotropic area.

The large percentage of overlap between the emission spectrum of F8BT and the absorption spectrum of red-F
solution leads to an efficient energy transfer from F8BT (host) to red-F solution (guest), resulting in a red emission at
a wavelength between 600-670 nm from the blend. The polarized absorption and PL spectra of the aligned F8BT : red-
F film demonstrate that the absorption intensity of the polarized light parallel to the aligned chain is 5.9 times that
perpendicular to the aligned chain at a wavelength of 477 nm, and their ratio is 5.5 at a wavelength of 631 nm.

Our demonstration suggests that patterning chain oriented area can be a promising approach to achieving planar
waveguide devices by utilizing the refraction index contrast within and beyond the chain oriented region, and the substrate

of polyimide (PI) could be patterned with various widths and shapes by the use of inkjet printing technology.

Keywords: chain orientation, patterned the substrate material, film waveguide, light emission polymer

PACS: 61.30.Gd, 45.70.Qj, 42.79.Gn, 72.80.Le DOI: 10.7498/aps.65.056101

056101-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.056101

	1引 言
	2实 验
	2.1 样品制备
	Fig 1
	Fig 2

	2.2 各向异性光谱测试方法
	Fig 3


	3结果与讨论
	Fig 4
	Fig 5
	Fig 6
	Fig 7


	4结 论
	References
	Abstract

