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Fig. 1. (color online) Fabrication process of OSL based on
HPDLC grating.
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Fig. 2. (color online) Optical setup for fabrication and

characterization of the HPDLC grating layer.
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Fig. 3.

(square) and p polarization (sphere) for gratings with

Diffraction efficiencies for s polarization

different periods, respectively.
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Fig. 4. (color online) Real time diffraction efficiencies

for p polarization (square) and s polarization (sphere)
for: (a) Grating with period of 594 nm; (b) grating with
period of 395 nm.
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Fig. 5. Lasing output intensity as a function of pump
intensity for the DFB laser: (a) Sample with grating
period of 593 nm; (b) sample with grating period of

395 nm. The insets show the corresponding lasing.
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Abstract

In this paper, we report a high-conversion-efficiency organic semiconductor distributed feedback laser. The gain
layer of the laser device is made from poly (2-methoxy-5-(20-ethylhexyloxy) p-phenyl-enevinylene) (MEH-PPV), and the
holographic polymer dispersed liquid crystal (HPDLC) grating is used as the external light feedback layer. Thus the
parameters of the laser device can be modulated independently. The solution of MEH-PPV in xylene (6 mg-mL™") is
deposited on the bottom glass substrate by spin-coating (2000 r/min). The MEH-PPV layer thickness is controlled at
(80+2) nm by the spin-coating rate and confirmed by the Dektak profilometer. The HPDLC is made by the photo-
induced phase separation method. To determine the orientations of LC molecules, the diffraction efficiency of each
sample is measured by a He-Ne laser. The diffraction efficiency is defined as the diffracted light intensity in the first
order divided by the incident light intensity. If p light diffraction efficiency (7p) is much larger (smaller) than s light
diffraction efficiency (7s), it can be thought of as a symbol of a fairly good alignment of LC along the grating vector
(grating grooves). When the period of HPDLC grating is larger than 450 nm, 7, is greater than 7s, and the averaged
orientation of liquid crystal molecules is aligned along the grating vector direction, i.e., orthogonal to the holographic
plane. For feedback light propagating along the grating vector, the refractive index modulation is dependent on the
difference between the polymer refractive index n;, and the ordinary refractive index n, of phase-separated LC. These
two values are very close to each other, thus the effective light feedback for lasing output is not high. However, when
the period of HPDLC grating is smaller than 450 nm, 7 is greater than 7,, and the orientation of phase-separated LC is
altered. The refractive index modulation of feedback light originates from the difference between the polymer refractive
index n, and the extraordinary refractive index n. of phase-separated LC, thus the refractive index modulation can
be improved and the HPDLC layer can provide better light feedback. The lasing threshold is 0.70 pJ/pulse, and the
conversion efficiency is 2.5% for the sample with a grating period of 593 nm. However, the lasing threshold is lowered
to 0.18 uJ/pulse, and the conversion efficiency increases to 6.4% for the sample with a grating period of 395 nm. These
results show that the output lasing performance can be improved by using small period grating, since it has bigger
refractive index in the grating vector direction (the lasing feedback direction). The laser performance of sample with
small grating period is improved in some aspects such as threshold energy, conversion efficiency to some extent compared

with those reported previously.

Keywords: organic semiconductor laser, holographic polymer dispersed liquid crystal, refractive index

difference, conversion efficiency

PACS: 42.40.Eq, 42.55.Mv, 42.60.Lh DOI: 10.7498/aps.66.244204

* Project supported by the National Natural Science Foundation of China (Grant Nos. 61378075, 61377032).
1 Corresponding author. E-mail: 11j2007weihai@163.com

244204-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.244204

	1引    言
	2实    验
	2.1 样品的制备及实时衍射效率的测量
	Fig 1
	Fig 2

	2.2 激光抽运及测试

	3结果与分析
	3.1 HPDLC光栅的实时衍射效率
	Fig 3

	3.2 n对激光器性能的影响
	Fig 4

	3.3 激光光谱特性
	Fig 5


	4结    论
	References
	Abstract

