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Fig. 1. Structure of independent addressable surface liquid crystal VCSEL array: (a) Cross section; (b) top view.
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Fig. 2. Characteristic temperature and threshold current
temperature drift rate of each array before and after intro-

ducing liquid crystal (LC).

WFFERM, kIR TR ERE ST L 360 K2,
It HBEE WL R T, W iR — 20 e VCSEL
S b R S . 3 O AN R R T
i VCSEL PRSI Rp a8 b i 2. A 3(a) 7]
T, T IOHRARE 1 x 1,2 x 2,3 x 3 VCSEL [
1, I\ 25 °C £ 70 °C, HAPRYCR B B 1) T
FRRAR, Hoh X T 3 x 3 S AR AR R &
K 26.86%, FH AT UL BE X AF R0 R 1 5 ) il
W4 5155 B A4 386 K fin gL 6 T80 VOSEL [
1, GnEl 3(b) Bz, =I5 BEIR L 1) T R Ak sk
REEAL, AP S R B AW S = FPFEFIAR e, —Ff
FEB )RR R T T, HARMRACRI N Mk
R RASGE HPXE T 3 x 3 M) e W &
ARE R A8 YRR FR DR TR Y 26.86% BEAIR
% 15.16%, VCSEL 541 iy - H: P #h i R 1

Z, GURSSRTT R, PR AR R, SO R R
ORI TR, BARZA T AR AR T R XS
FERACRIFZ R, 2E TG BRI, R T
PR JEE DT 2 15 D A B AR 22,

072} (a)
0.68 '\'\-\.‘._H\H\.

0.64}
0.60

0.56

Slope efficiency

0.52

0.48F ™ 1X1 without LC
—o— 2 X2 without LC
0.44 —— 3x3 without LC

0.40 PR T S SO S SR
20 25 30 35 40 45 50 55 60 65 70 75
Temperature/°C
0.72 F (b)
0.68
> 0.64
o
g
ks 0.60 -
=t
T 0.56F
2
o 0.52F
n
0.48 F — 1x1 with LC
—e— 2X2 with LC
0.44F —— 3x3 with LC
0.40 PR T S SO S SR
20 25 30 35 40 45 50 55 60 65 70 75

Temperature/C

K3 ARREEET&ETIRRYE  (a) T (b) A
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Fig. 4. The P-I curves of each array at different temperatures before and after coating with LC and spectra at saturated optical
power at room temperture (a), (d), (g) 1 x 1; (b), (e), (h) 2 x 2; (c), (f), (i) 3 x 3.
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Abstract

In recent years, with the increase of information processing capacity of optical networks and the continuous
improvement of high-density optical communication technology, the requirements for the performance of light
sources are also increased. High-quality VCSEL with beam polarization stability control plays an increasingly
important role in the above fields. The combination of liquid crystal and vertical cavity surface emitting laser
(VCSEL) array can realize wavelength tunability and precise polarization control. At the same time, the
introduction of liquid crystal will also change the thermal characteristics of VCSEL array. In this paper, the
structure of VCSEL array is designed and the experimental research on the thermal characteristics of VCSEL
array is carried out. The effects of nematic liquid crystal layer on the thermal characteristics of VCSEL array
are compared and analyzed. The experimental results show that the threshold current temperature change rate
of 1 x 1, 2 x 2 and 3 x 3 surface liquid crystal VCSEL array can be reduced by 23.6% and the thermal
resistance can be reduced by 26.75%. Moreover, the saturated optical power of VCSEL array can be improved
to a different degree. Meanwhile, the liquid crystal layer can effectively increase the heat transverse conduction
and reduce the optical hole. The temperature difference between the light outlet and the table makes the heat
conduction time very short at a small distance between the light outlet and the table, which is more conducive
to the uniform temperature distribution of the laser array. The experimental results show that the temperature
difference between the light outlet and the surrounding is less than 0.5 °C. To sum up, the introduction of liquid
crystal layer into VCSEL array not only greatly accelerates the thermal diffusion of laser array unit, but also
reduces the junction temperature of active region, improves the thermal characteristics of VCSELs laser array,
and lays a good theoretical and experimental foundation for realizing the high beam quality single polarization
wavelength controllable VCSEL laser array.

Keywords: vertical cavity surface emitting laser, array, liquid crystal, thermal characteristics
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