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Abstract The upconversion and optical power limiting properties of a new organic dye trans-4- 4’ - N-hydroxyethyl-N-
ethylamino styryl -N-methylpyridinium p-toluene sulfonate abbreviated as HEASPS thereafter in DMF are reported in this
paper. The two-photon absorption cross section of HEASPS at 1064 nm is measured to be 6, =4.7 x 10™* em* s/photon by using
a Z-scan system. The linear absorption single-photon induced fluorescence two-photon induced fluorescence and two-photon
pumped upconversion lasing properties are studied. There is a red shift for the central wavelength of the two-photon induced
fluorescence compared with that of the single-photon induced fluorescence and a blue shift for two-photon induced lasing compared
with two-photon induced fluorescence. These phenomena can be explained by using the re-absorption effect. Intense upconversion
lasing at 626 nm is obtained pumped by a mold-locked Nd: YAG ps pulse laser operating at 1064 nm. The upconversion efficiency
from the pump energy to the upconversion energy is 15.5% . The net conversion efficiency from the absorbed energy to the
upconversion energy is 26 % .

Key words organic dye HEASPS  two-photon absorption lasing upconverson optical power limiting

6 7 1931

Goppert-Mayer
2000-08-23 2000-10-11



[ilter -

.

_[camern

lens 2

1

delaye
1 1
7 Fig.1 Experimental setup for the measurement of
3 upconversion fluorescence and lasing spectra of HEASPS
1064nm spliter le;sl lens 2 detector B
B—
v—t sample u
detector A
HEASPS
2

Fig.2 Experimental setup for the measurement of

upconversion efficiency

sample lens 2 detector B

2 spliter
1064nm

—

HITACHI U-3500

HITACHI 850 HEASPS/DMF deE:;l‘r A
1x1077
mol/L. 1
3 7Z-
Nd YAG Continmum PY61C-10 Fig.3 Schematic of Z-scan system
50 ps 3m]
10 /s Hammatsu C5680-01 3
0.2 nm HEASPS/DMF 0.05 3.1 HEASPS
mol/L 10 mm 4 a HEASPS/DMF
5% 476 nm
40 nm 350 ~ 600 nm
Ly f =15 cm 600 ~ 1400 nm 700 ~ 1200
nm
L, f =15 cm Nd: YAG 1064 nm
L, L, 4 b 435.8
2 nm
EPM2000 Molectron 620 nm 80 nm 4 a b
3 500 ~ 600 nm
7-



10

HEASPS
160 B
= 149 5 3.3
- \
\?-‘ 120 5 ...;‘ DMF
§ 100 58
E 8o 4 B
’ g
:‘é 60 s 5 HEASPS/DMF
&
£ 40 g 25x 102 mol/LL 15.5%
g -
m 20 1 < 80%
!
w0 600 00 1000 1200 25% 26%
Wavelength/ nm
4 HEASPS/DMF a b 3.4 HEASPS
c d b
1% 1073 mol/L ¢ _
5% 1072 mol/L
Fig.4 Linear absorption spectra @  single-photon induced fluorescence 5 b
spectra b two-photon induced lasing spectra ¢ and two-photon
induced fluorescence spectra d of HEASPS in DMF. The 10 a
concentration for a b is 1x 1075 mol/L for ¢ d is5
% 1072 mol/1. 1064 nm
3.2 HMASPS
1064 nm @
E ()
8
E . %-'..l-" -el
i R
g
=
I N A
Input energy /m}
4 d
b 5 HEASPS/DMF 5 x 1072 mol/L
Fig.5 Transmitted energy versus the input energy of HEASPS
500 ~ 600 nm & , & Pt enetey ,
| % 10-5 solution n DMF at a concentration of
X
5% 1072 mol/LL
mol/L.
R 3
5% 107 mol/L
oy =4.7x107% cm?
s/photon DMF 1064 nm
4 c 626 nm
d 25 %107 mol/L 15.5%
HEASPS 26%
620 nm



28

1

- DMF

Guang S. He Lixiang Yuan Yiping Cui et al.. Studies of two-photon
pumped frequency-upconverted lasing properties of a new dye material .
J. Appl. Phys. 1997 81 6 2529 ~2537

Charles W. Spangler. Recent development in the design of organic
materials for optical power limiting. J. Mater. Chem. 199 9 2013
~ 2020

Guang S. He Jayant D. Bhawalkar Chan F. Zhao et al.. Optical
limiting effect in a two-photon absorption dye doped solid matrix.
Appl. Phys. Leit. 1995 67 17 2433 ~2435

Guang S. He Christoph Weder Paul Smith et al.. Optical power
limiting and stabilization based on a novel polymer compound. [EEE
J. Quantum Electron. 1998 34 12 2279 ~ 2285

D. A. Parthenopoulos
information storage in doped polymer systems. J. Appl. Phys. 1990
68 11 5814~ 5818

Brian H. Cumpston Sundaravel P. Ananthaveo Stephen Barlow et
al. . Two-photon polymerization initiators for three-dimensional optical
data storage and microfabrication. Nature 1999 398 51 ~54

A. M. R. Fisher A. L. Murphree C. J. Gomer. Clinical and
proclinical photodynamic therapy. Laser Surg. Med. 1995 17 2~31

P. M. Rentzepis. Two-photon volume



