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K Poly[(9, 9-bis(3'-((N, N-dimethyl)-N-ethylam-
monium)-propyl)-2, 7-fluorene)-alt-2, 7-(9, 9-dio-
ctylfluorene)|dibromide, 43K 10000, I HE
R AL S RS | B EE F8BT (Po-
Iy (9, 9-dioctylfluorene-co-benzothiadiazole)), 43+
A 10000—100000, £L06H# £ MEH-PPV (Poly
[2-methoxy-5-(2-ethylhexyloxy)-1, 4-phenylene vi-
nylene]), 5+ & 100000—1000000, W [ 75 %
FIRFCR P A R .

Jr s A A 983 IE (12 mmx 12 mm) 18 [ 7T
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AL ECRO G PF A i FHROFERE, 18 B J5 0 1 BH K
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R 88%.
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JRE T, Fe BT 0 Sl (s B 181 22 66.67 1/
(4000 rpm/s)) TR A ML WL, Hl 45 52800z
WL SERUE ST RN R EIE ) 7E 100 C T HGE
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# MEH-PPV UTF7E PFN-Br % I 19 5256 1 #2 4
1 R,

F U AR A o ) 45 Y
Table 1.  Thin films prepared at different solution con-

centrations and rotational speeds.

IR/

= (mg-mL-1) 3k / (r-min—") JIEJEL /nm
PEFN-Br 3 2000 15
PEFN-Br 4 2000 30
PEFN-Br 5 2000 50
PEFN-Br 6 2000 65
PEFN-Br 7 2000 100
PFN-Br 12 4000 120
PFN-Br 12 3000 130
PEFN-Br 12 2000 160
PFN-Br 12 1500 170
PFN-Br 12 1000 220
F8BT 25 2000 160
MEH-PPV 25 2000 210

é I ¢

W=ty

&- V-

Bl 1 fERTRSEE 1R H PEN-Br 7 1612, 8036 IR
SERESHIRIREE SER7/E E bt 4Ok RS R S A s

Fig. 1. Schematic diagram of fabrication processes of using
PFN-Br as interlayer for modifying gain properties of the

common non-polar solvent soluble polymeric gain mediums.
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R TR SO 5 77 B AMEE (Bruker
Co.)“Tapping mode” 15 X R I ¥ J5E 2 1T 19 JE 3
T S BT TS AS A o 1) 2 TADRELRE P2 EL.

2 JE7x T PFN-Br #BEF8 WL AR M
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Jik o i) BE 1t FH AR & /2R I E (LabMax TOP,
Coherent Co.), # A& 61 P35 38 i B4 HE /Y P

7.3 nm
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2 U LA TR . B SR O R UG R T
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NI SRR R A O, IR RET) R E A
AN, BT, 55 1 AT E AL T RBE I G AL
B, FE AR 2 A0 A DR A OGAE
KAEWARRE, 55 2 AN TR MIERCER G Z ik
g3k LA Dy, RS EBEE 2 NI EHE
AE U 2 R R S OB RE AL — 2, U PR
G ZHor ks D, Wi D, 5 D, Z 2%
(BRI A G BEAE 2 7 Tl R/,

7.3 nm

—6.4 nm

& 2 (a) PEN-Br ¥  JRT 51 BB (AFM) [ (b) F 4 0h iR 5 (9 PEN-Br # i AFM K]
Fig. 2. (a) Atomic force microscope (AFM) diagram of PFN-Br film; (b) AFM diagram of PFN-Br film after toluene impact

coating.
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Fig. 3. Scheme of light path in ASE test.
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Fig. 4. (a) Absorption and PL spectra of PFN-Br film;
(b) absorption, PL, and ASE spectra of F8BT film; (c) ab-
sorption, PL, and ASE spectra of MEH-PPV film.
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PESER ) U AR CRE A S ASE WM. R Rl
Re i E— PR, SRIE AL E 4.5 nm, JFHEEA
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Fig. 5. (a) FWHM and output intensity of PFN-Br thin film (120 nm) as a function of pump energy density; (b) normalized emis-

ASEBIE/(pJ-cm—2)

- 460
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(a) AN )L i PEN-Br # I 9 ASE )6i¥%; (b) PFN-Br # %19 ASE B {1l ASE % 1 B 155 i 75 1k

Fig. 6. (a) ASE spectra of PFN-Br films with different thicknesses; (b) ASE threshold and ASE wavelength of PFN-Br films as a

function of film thickness.
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FREE, & LT “BRAWIA T ()Y, HY hey — h R
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A3 RO B 7 JE IS RN 15 )2 TR ), X BRI
SRR E (her = h), ZSEIR KL, X T
B, S SH08/ N 0.
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() PL %y HH i R RN AT B i 5 PR 3 G 2L AR 2
FELER Po-31 R, A ML 2R IR ASE KRR
FER R TABIFFRE. 4) HRIEITER (ny)
B, DI 25 A2 5 LR 2 R) AT S SR B D
JIN, B g5 )2 e R G BR BN 55 P20, S BT
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W55, ASE BI{EHE K, FHEARGE L H: ASE K4 B

PFN-Br B ASE [B{H 5 BE 6 S & A8 AL Je R s
FHA S, MRS EEAE 100—160 nm A, F{E 4
i, BOEAE 11 pl/em? M, 2B 130 nm B,
B3 T HRARBIE (-10 pJ /cm?). 7EREIEH KA ASE
e I E S SR E L T E RS T A =i
FE A 14 R ol 1A R A /N, U 5 O BR
WALV A B, ASE BIE [FIRE BN, T2 OGRS £5 1
k.
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3.3 PFN-Br 18 /Z3f F8BT &z M B Y
220
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[T 3 25 PERE W SE R, TS TE A E IR B &S T
FSBT H#.)Z (160 nm) F1fL & A [A] 2 £ PEN-Br H
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JEas . 450 nm HOGIEROLIE, N PFN-Br
AT 538, 3 T 24 PFN-Br FU i J2 55 g i
B, F8BT i ASE PERERIAEAL. 8] 7(a) FIE 7(b)
SRR, 5 AAFERE PEN-Br A2,
F8BT i i 75 4 S ik~ 5 FWHM FIg(;
S A AE AR L. Horb, M2 FSBT (1) ASE
B~ 16 pJ/cm?; 7 PFN-Br(15 nm)/FSBT XX
ZER0EH, FSBT 1 ASE B{E>A 20 wJ/cm? PFN-
Br JEEEH K (3065 nm) BIXUZ 4, FSBT (1)
ASE B{H & 26 pJ/cm?; 24 PFN-Br # £ 100 nm
i, FSBT A9 ASE BI{E N 32 pJ-cm=2. L AT DLBE

100

(a) F8BT on
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80 | e PFN-Br 15 nm
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Z 40t
s
20
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J3E B 2R 3 B 2 TR Y 7R T

Fig. 7. (a) FWHM and (b) peak intensities under different
pump energies measured in F8BT films on quartz sub-
strates with inserted PFN-Br interlayers of various thick-

ness values.
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Fig. 8. ASE spectra of F8BT films on quartz with inserted
PFN-Br interlayers of different thickness values.
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Fig. 9. Loss coefficient of F8BT in monolayer and PFN-Br
(50 nm)/F8BT bilayer structures.
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3.4 PFN-Br HEE R/ ITO KT
A IRFE
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Fig. 10. (a) FWHM and (b) peak intensities measured in
MEH-PPV films on ITO glass with inserted PFN-Br inter-
layers of different film thickness, compared with MEH-PPV

monolayer on quartz and glass.
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Fig. 11. ASE spectra of MEH-PPV monolayer on different
substrates and in bilayer devices with inserted PFN-Br in-
terlayers of different thickness on ITO glass.
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Fig. 12. Absorption spectra of ITO substrates; the absorp-
tion spectra (small illustration) and PL spectra of MEH-
PPV thin films on ITO glass and quartz, respectively.

Bt % AR JE B (0100 nm) A9 PEN-Br(37 44
R-1.7) R Z M5 A, MEH-PPV 1) ASE g7 15
SR LIRS (636—639 nm), [A] LABEEES A 3L A 1Y)
R (646 nm) HEIT, UESE T PFN-Br A2
REAT A5 b A AF L B MR, D/ D .

4 # #

ARICRGEGE T K /B R B S A R PEN-
Br ROGH s PERE, LIHOE—MiEdeR (ASE HE
~11 pJ/cm?) MDA AR (ASE 1§07 ~456 nm),
I+ HEA B/ ASE #1EEE (<50 nm).

FIF PEN-Br 8 B T4 ULAE AR M7 59 1 R
b, ¥ PEN-Br AR A 20 5IFEA %5 ITO
B B4 T HS FSBT #l MEH-PPV (&2 4%
. FE A JEIEE |, PEN-Br/FSBT W2 #514h ,
PEFN-Br JEEEX] F8BT 1 2 P B2 /1y, ASE 5]
{H5 ASE WA {RFeRE. 78 ITO BEER b, X T
MEH-PPV i &, PFN-Br F )2 5 A ] I & i
U3 ITO HUARXPEHE 25 EFE, BEIK T MEH-PPV
£ ITO K% Y ASE BfH (JcK~60%). 454 PFN-
Br A8 152 e A AL A HLOG R AR

AR SR L 2258, FAT T L TR A Wi v SR
PR RHE AR B SR AL ST B RS+
oY), EAHRASZ .

S 30k

[1] Chenais S, Forget S 2012 Polym. Int. 61 390
2] Yap B K, Xia R D, Campoy-Quiles M, Stavrinou P N,
Bradley D D C 2008 Nat. Mater. 7 376
[3] Kim H, Schulte N, Zhou G, Mullen K, Laquai F 2011 Adwv.
Mater. 23 894
[4] Feng Z J, Cheng Z, Jin H X, Lu P 2022 J. Mater. Chem. C
Mater. 10 4497
[5] Sarma M, Chen L M, Chen Y S, Wong K T 2022 Mater. Sci.
Eng. R Rep. 150 100689
(6] Al-Azzawi A G S, Aziz S B, Dannoun E M A, Iragi A, Nofal
M M, Murad A R, Hussein A M 2023 Polymers 15 164
[7] LiB, Yang X, Li S Y, Yuan J Y 2023 Energy Environ. Sci.
16 723
[8] Wang J J, Wen S G, Hu J, Han J H, Yang C P, Li J F, Bao
X C, Yan S K 2022 Chem. Eng. J. 452 139462
[9] Yazdani S A, Mikaeili A, Bencheikh F, Adachi C 2022 Jpn. J.
Appl. Phys. 61 074003
[10] Zhang Q, Tao W W, Huang J S, Xia R D, Cabanillas-
Gonzalez J 2021 Adv. Photonics. Res. 2 2000155
[11] He Z C, Zhong C M, Su S J, Xu M, Wu H B, Cao Y 2012
Nat. Photonics 6 591
[12) Zhao Y Y, Zhang Q W, Liu Y F, Lv C, Guo S, Liu X P, Bi Y
G,LiHW, WuY Q 2022 Org. Electron. 109 106620
[13] Feng C, Wang X J, He Z C, Cao Y 2021 Sol. RRL 5 2000753
[14] HsuF C,Lin Y A, Li C P 2021 Org. Electron. 89 106008
[15] Li M Q, Jiang J X, Ning Y J, Zhao S L, Masti W F A,
Wageh S, Al-Ghamdi A 2022 Synth. Met. 289 117122
[16] Hu Z C, Zhang K, Huang F, Cao Y 2015 Chem. Commun. 51
5572
[17) Huang F, Wu H B, Wang D, Yang W, Cao Y 2004 Chem.
Mater. 16 708
[18] Wu H B, Huang F, Mo Y Q, Yang W, Wang D L Peng J B,
Cao Y 2004 Adv. Mater. 16 1826
[19] Fu J F, Yuan L G, Ling F, Duan R M, Chen Q Y, Ma H,
Zhou M, Song B, Zhou Y, Li Y F 2020 J. Power Sources 449
227474
[20] Xiong X, Xue X N, Zhang M, Hao T Y, Han Z Y, Sun Y Y,
Zhang, Y M, Liu F, Pei S P, Zhu L 2021 ACS Energy Lett. 6
3582
[21] Ohisa S, Kato T, Takahashi T, Suzuki M, Hayashi Y,
Koganezawa T, McNeill C R, Chiba T, Pu Y J, Kido J 2018
ACS Appl. Mater. Interfaces 10 17318
[22] Stevens M A, Silva C, Russell D M, Friend R H 2001 Phys.
Rev. B 63 165213
[23] Xia R D, Heliotis G, Bradley D D C 2003 Appl. Phys. Lett.
82 3599
[24] Hayes G R, Samuel I D W, Phillips R T 1997 Synth. Met. 84
889
[25] Kretsch K P, Belton C, Lipson S, Blau W J, Henari F Z,
Rost H, Pfeiffer S, Teuschel, A, Tillmann H, Horhold H H
1999 J. Appl. Phys. 86 6155
[26] Calzado E M, Villalvilla J M, Boj P G, Quintana J A, Diaz-
Garcia M A 2005 J. Appl. Phys. 97 093103
[27] Anni M, Perulli A, Monti G 2012 J. Appl. Phys. 111 093109
[28] Heliotis G, Bradley D D C, Turnbull G A, Samuel I D W

214204-8


https://doi.org/10.1002/pi.3173
https://doi.org/10.1002/pi.3173
https://doi.org/10.1002/pi.3173
https://doi.org/10.1002/pi.3173
https://doi.org/10.1002/pi.3173
https://doi.org/10.1002/pi.3173
https://doi.org/10.1002/pi.3173
https://doi.org/10.1038/nmat2165
https://doi.org/10.1038/nmat2165
https://doi.org/10.1038/nmat2165
https://doi.org/10.1038/nmat2165
https://doi.org/10.1038/nmat2165
https://doi.org/10.1038/nmat2165
https://doi.org/10.1038/nmat2165
https://doi.org/10.1002/adma.201003797
https://doi.org/10.1002/adma.201003797
https://doi.org/10.1002/adma.201003797
https://doi.org/10.1002/adma.201003797
https://doi.org/10.1002/adma.201003797
https://doi.org/10.1002/adma.201003797
https://doi.org/10.1002/adma.201003797
https://doi.org/10.1002/adma.201003797
https://doi.org/10.1039/D1TC05255A
https://doi.org/10.1039/D1TC05255A
https://doi.org/10.1039/D1TC05255A
https://doi.org/10.1039/D1TC05255A
https://doi.org/10.1039/D1TC05255A
https://doi.org/10.1039/D1TC05255A
https://doi.org/10.1039/D1TC05255A
https://doi.org/10.1039/D1TC05255A
https://doi.org/10.1016/j.mser.2022.100689
https://doi.org/10.1016/j.mser.2022.100689
https://doi.org/10.1016/j.mser.2022.100689
https://doi.org/10.1016/j.mser.2022.100689
https://doi.org/10.1016/j.mser.2022.100689
https://doi.org/10.1016/j.mser.2022.100689
https://doi.org/10.1016/j.mser.2022.100689
https://doi.org/10.1016/j.mser.2022.100689
https://doi.org/10.3390/polym15010164
https://doi.org/10.3390/polym15010164
https://doi.org/10.3390/polym15010164
https://doi.org/10.3390/polym15010164
https://doi.org/10.3390/polym15010164
https://doi.org/10.3390/polym15010164
https://doi.org/10.3390/polym15010164
https://doi.org/10.1039/D2EE03082A
https://doi.org/10.1039/D2EE03082A
https://doi.org/10.1039/D2EE03082A
https://doi.org/10.1039/D2EE03082A
https://doi.org/10.1039/D2EE03082A
https://doi.org/10.1039/D2EE03082A
https://doi.org/10.1016/j.cej.2022.139462
https://doi.org/10.1016/j.cej.2022.139462
https://doi.org/10.1016/j.cej.2022.139462
https://doi.org/10.1016/j.cej.2022.139462
https://doi.org/10.1016/j.cej.2022.139462
https://doi.org/10.1016/j.cej.2022.139462
https://doi.org/10.1016/j.cej.2022.139462
https://doi.org/10.35848/1347-4065/ac759d
https://doi.org/10.35848/1347-4065/ac759d
https://doi.org/10.35848/1347-4065/ac759d
https://doi.org/10.35848/1347-4065/ac759d
https://doi.org/10.35848/1347-4065/ac759d
https://doi.org/10.35848/1347-4065/ac759d
https://doi.org/10.35848/1347-4065/ac759d
https://doi.org/10.35848/1347-4065/ac759d
https://doi.org/10.1002/adpr.202000155
https://doi.org/10.1002/adpr.202000155
https://doi.org/10.1002/adpr.202000155
https://doi.org/10.1002/adpr.202000155
https://doi.org/10.1002/adpr.202000155
https://doi.org/10.1002/adpr.202000155
https://doi.org/10.1002/adpr.202000155
https://doi.org/10.1038/nphoton.2012.190
https://doi.org/10.1038/nphoton.2012.190
https://doi.org/10.1038/nphoton.2012.190
https://doi.org/10.1038/nphoton.2012.190
https://doi.org/10.1038/nphoton.2012.190
https://doi.org/10.1038/nphoton.2012.190
https://doi.org/10.1016/j.orgel.2022.106620
https://doi.org/10.1016/j.orgel.2022.106620
https://doi.org/10.1016/j.orgel.2022.106620
https://doi.org/10.1016/j.orgel.2022.106620
https://doi.org/10.1016/j.orgel.2022.106620
https://doi.org/10.1016/j.orgel.2022.106620
https://doi.org/10.1016/j.orgel.2022.106620
https://doi.org/10.1002/solr.202000753
https://doi.org/10.1002/solr.202000753
https://doi.org/10.1002/solr.202000753
https://doi.org/10.1002/solr.202000753
https://doi.org/10.1002/solr.202000753
https://doi.org/10.1002/solr.202000753
https://doi.org/10.1002/solr.202000753
https://doi.org/10.1016/j.orgel.2020.106008
https://doi.org/10.1016/j.orgel.2020.106008
https://doi.org/10.1016/j.orgel.2020.106008
https://doi.org/10.1016/j.orgel.2020.106008
https://doi.org/10.1016/j.orgel.2020.106008
https://doi.org/10.1016/j.orgel.2020.106008
https://doi.org/10.1016/j.orgel.2020.106008
https://doi.org/10.1016/j.synthmet.2022.117122
https://doi.org/10.1016/j.synthmet.2022.117122
https://doi.org/10.1016/j.synthmet.2022.117122
https://doi.org/10.1016/j.synthmet.2022.117122
https://doi.org/10.1016/j.synthmet.2022.117122
https://doi.org/10.1016/j.synthmet.2022.117122
https://doi.org/10.1016/j.synthmet.2022.117122
https://doi.org/10.1039/C4CC09433F
https://doi.org/10.1039/C4CC09433F
https://doi.org/10.1039/C4CC09433F
https://doi.org/10.1039/C4CC09433F
https://doi.org/10.1039/C4CC09433F
https://doi.org/10.1039/C4CC09433F
https://doi.org/10.1021/cm034650o
https://doi.org/10.1021/cm034650o
https://doi.org/10.1021/cm034650o
https://doi.org/10.1021/cm034650o
https://doi.org/10.1021/cm034650o
https://doi.org/10.1021/cm034650o
https://doi.org/10.1021/cm034650o
https://doi.org/10.1021/cm034650o
https://doi.org/10.1002/adma.200400067
https://doi.org/10.1002/adma.200400067
https://doi.org/10.1002/adma.200400067
https://doi.org/10.1002/adma.200400067
https://doi.org/10.1002/adma.200400067
https://doi.org/10.1002/adma.200400067
https://doi.org/10.1002/adma.200400067
https://doi.org/10.1016/j.jpowsour.2019.227474
https://doi.org/10.1016/j.jpowsour.2019.227474
https://doi.org/10.1016/j.jpowsour.2019.227474
https://doi.org/10.1016/j.jpowsour.2019.227474
https://doi.org/10.1016/j.jpowsour.2019.227474
https://doi.org/10.1016/j.jpowsour.2019.227474
https://doi.org/10.1021/acsenergylett.1c01730
https://doi.org/10.1021/acsenergylett.1c01730
https://doi.org/10.1021/acsenergylett.1c01730
https://doi.org/10.1021/acsenergylett.1c01730
https://doi.org/10.1021/acsenergylett.1c01730
https://doi.org/10.1021/acsenergylett.1c01730
https://doi.org/10.1021/acsami.8b00752
https://doi.org/10.1021/acsami.8b00752
https://doi.org/10.1021/acsami.8b00752
https://doi.org/10.1021/acsami.8b00752
https://doi.org/10.1021/acsami.8b00752
https://doi.org/10.1021/acsami.8b00752
https://doi.org/10.1103/PhysRevB.63.165213
https://doi.org/10.1103/PhysRevB.63.165213
https://doi.org/10.1103/PhysRevB.63.165213
https://doi.org/10.1103/PhysRevB.63.165213
https://doi.org/10.1103/PhysRevB.63.165213
https://doi.org/10.1103/PhysRevB.63.165213
https://doi.org/10.1103/PhysRevB.63.165213
https://doi.org/10.1103/PhysRevB.63.165213
https://doi.org/10.1063/1.1576906
https://doi.org/10.1063/1.1576906
https://doi.org/10.1063/1.1576906
https://doi.org/10.1063/1.1576906
https://doi.org/10.1063/1.1576906
https://doi.org/10.1063/1.1576906
https://doi.org/10.1016/S0379-6779(96)04197-5
https://doi.org/10.1016/S0379-6779(96)04197-5
https://doi.org/10.1016/S0379-6779(96)04197-5
https://doi.org/10.1016/S0379-6779(96)04197-5
https://doi.org/10.1016/S0379-6779(96)04197-5
https://doi.org/10.1016/S0379-6779(96)04197-5
https://doi.org/10.1063/1.371668
https://doi.org/10.1063/1.371668
https://doi.org/10.1063/1.371668
https://doi.org/10.1063/1.371668
https://doi.org/10.1063/1.371668
https://doi.org/10.1063/1.371668
https://doi.org/10.1063/1.371668
https://doi.org/10.1063/1.1886891
https://doi.org/10.1063/1.1886891
https://doi.org/10.1063/1.1886891
https://doi.org/10.1063/1.1886891
https://doi.org/10.1063/1.1886891
https://doi.org/10.1063/1.1886891
https://doi.org/10.1063/1.1886891
https://doi.org/10.1063/1.4711993
https://doi.org/10.1063/1.4711993
https://doi.org/10.1063/1.4711993
https://doi.org/10.1063/1.4711993
https://doi.org/10.1063/1.4711993
https://doi.org/10.1063/1.4711993
https://doi.org/10.1063/1.4711993
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
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. 72, No. 21 (2023) 214204

2002 Appl. Phys. Lett. 81 415 [33] Pauchard M, Swensen J, Moses D, Heeger A J, Perzon E,
[29] Peng X, LiuL Y, WuJF,Li Y G, Hou Z J, Xu L, Wang W Andersson M R 2003 J. Appl. Phys. 94 3543
C, Li F M 2000 Opt. Lett. 25 314 [34] Haugeneder A, Neges M, Kallinger C, Spirkl W, Lemmer U,
[30] Feng Y J, Yu X L, Zhang R, Wu J W, Zhang P, Chen S J, Feldmann J, Amann M C, Scherf U 1999 J. Appl. Phys. 85
Zhang, D K 2017 J. Alloys Compd. 729 513 1194
3] DuHJ,LiR,Luo YF, Wang ZJ, Wu X, YiSY,PiM Y, .
Zhang D K 2019 Sci. Sin. Chim. 49 1475 (in Chinese) [H [35] Reufer M, Feldmann J, Rudati P, Ruhl A, Muller D,
TR, YR, FATE, BB, PR, SR, 5K T 2019 Meerholz K, Karnutsch C, Gerken M, Lemmer U 2005 Appl.
R fL2 49 1475 Phys. Lett. 86 221102
[32] Lahoz F, Oton C J, Capuj N, Ferrer-Gonzalez M, Cheylan S, [36] Therezio E M, Hidalgo A A, Oliveira O N, Silva R A,
Navarro-Urrios D 2009 Opt. Express 17 16766 Marletta A 2015 J. Braz. Chem. Soc. 26 1798

Optical gain properties of interfacial material PFN-Br
and its application potentials in future electrically
pumped organic lasers”

Zhang Zhi-Yuan  Xiao Zi-Han!  Zhu Shan!')  Zhang Qi??
Xia Rui-DongV* Peng Jun-Biao?

1) (Institute of Information Materials and Nanotechnology, State Key Laboratory of Organic Electronics and Information Displays,
Nanging University of Posts and Telecommunications. Nangjing 210023, China)

2) (College of Electronic and Optical Engineering & College of Flexible Electronics (Future Technology), State Key Laboratory of
Organic Electronics and Information Displays, Nanjing University of Posts and Telecommunications, Nangjing 210023, China)
3) (Institute of Polymer Optoelectronic Materials and Devices, State Key Laboratory of Luminescent Materials and
Devices, South China University of Technology, Guangzhou 510640, China)

( Received 13 May 2023; revised manuscript received 25 July 2023 )

Abstract

In this paper, the optical gain properties of the water/alcohol soluble conjugated polyelectrolyte (Poly[(9,9-
bis(3'-((N,N-dimethyl)-N-ethylammonium)propyl)-2,7-fluorene)-alt-2,7-(9,9-dioctylfluorene)]) (PFN-Br) and its
potential applications in future electrically pumped organic lasers are revealed and systematically studied. To
the best of our knowledge, no studies on the optical gain properties of PFN-Br or its prototype, poly[(9,9-bis(3'-
(N,N-dimethylamino)propyl)-2,7-fluorene)-alt-2,7-(9,9-dioctylfluorene)] have been reported before. These
conjugated polyelectrolytes are widely used as the interlayers in organic light emitting diodes or organic solar
cells. The thickness of such an interlayer is usually less than 10 nm, which is considered not sufficient for
supporting light waveguiding. Therefore, the thickness of the PFN-Br layer used in this work is increased to
more than 100 nm. Through careful study, the polymer is found to possess a low threshold of amplified
spontaneous emission (ASE) (~11 pJ/cm?) and a small ASE cutoff thickness (<50 nm). It is an efficient blue
emission (~456 nm) gain medium. The ASE peak of the PFN-Br film is red-shifted as the thickness increases
from 50 to 220 nm. By utilizing the great resistance of PFN-Br against the organic solvent, such as toluene,
PFN-Br/F8BT bilayer devices on quartz and PFN-Br/MEH-PPV bilayer devices on ITO glass are fabricated
and characterized. In the PFN-Br/F8BT bilayer devices, it is found that the PEN-Br interlayer has very limited
influence on F8BT. The ASE threshold of F8BT increases only twice, compared with that of F8BT monolayer
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device, when 100-nm-thick PFN-Br layer is introduced beneath the F8BT film. No significant change in optical
gain or loss is observed. Most of the extra losses in F8BT due to the introduction of PFN-Br are attributed to
the larger refractive index of PFN-Br than that of quartz substrate. Furthermore, in the PFN-Br/MEH-PPV
bilayer devices on ITO glass, introducing PFN-Br interlayer resulting in optimal ASE performance of MEH-
PPV compared with that on bare ITO surface. The ASE threshold of MEH-PPV is reduced as much as 60%
(from 402 pJ/cm? to 160 wJ/cm?) while the PFN-Br layer is sandwiched between ITO and MEH-PPV. The
PFN-Br layer modifies the waveguiding modes, and reduces the interaction between excitons and ITO
electrodes. As a result, the ASE performance of MEH-PPV is improved. The findings of this report indicate
that the PFN-Br is not only a good carrier transport material but also a highly-efficient gain medium. PFN-Br,
combined with its advantages in different fields, is expected to play various roles in future organic electrically

pumped lasers.

Keywords: organic semiconductor laser, amplified spontaneous emission, polymeric film, water soluble

polymer

PACS: 42.70.Hj, 42.60.Lh, 78.40.Me, 68.35.Ct DOI: 10.7498 /aps.72.20230773
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