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Abstract: By introducing the proton implantation(PI) process in the photonic crystal (PhC) vertical-cavity
surface-emitting lasers (VCSEL) fabrication to confine the injection current in the devices can make the
mesa process become pure plane technology. It reduced the fabrication difficult of the photonic crystal
structure, simplified the fabrication processes, and improved the L—I-V characteristics uniformity of the
devices. In the PI —PhC —VCSEL, the photonic crystal structure can control light beam and mode
characteristics of the devices, when the current injection hole diameter is less than the center defect
diameter of the photonic crystal. This effect in the PI -PhC —VCSEL can be used to optimize the
threshold current and enhance the performance of the devices; it also can be used to realize high output
power low threshold current single fundamental mode PI-PhC—-VCSELs. A device with threshold current

of 2.1 mA, output power larger than 1 mW, the divergence angle less than 7° was designed and
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produced. The device can operate with single fundamental mode with the injection current less than 12.5

mA and the effect of the photonic crystal in the PI-VCSEL has been demonstrated.
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Fig.1 Proton-implantation photonic crystal VCSEL
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Fig.2 Cavity modes distribution of the proton-implanted
PhC-VCSELs
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Fig.3 Far-field distribution of the proton-implanted PhC—VCSELs
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Fig.4 Light output power and voltage versus injection current

1205001-3



oh ok AR

%12 &

www.irla.cn

% 45 %

W) A LN 2.1 mA, BT K F 1 mW, LR
59 QO 25 PFBE A TE B, AR AR 4 1 ok R AR
PE M E AR KT 12.5mA B 2% 14 H 8L Kink 2L
B, A S K A B AR X BE DL AR S 0 4 05 af L
BB, 6T SRS B 51T LUAR I b i 55 4 1 A
KRt e SR e

A T i R VCSEL 75 %8 I8 i A RN
1mA FOEREAE 5 i, #0065 A — A1,
Hl Kl 846.5 nm, 228 B /N T 0.2 nm, 31 45241 )
F(SMSR) K T 25dB ., M7 SR Z5 #9119 51 A, i i 5
RN 7 2 N =l 1 e W R 8 N (= e
R X R 3% T A A

-20
—— =11 mA ﬂ
,30 -
/m
=
2
8 40t
E

842 844 846 848 850 852
Wavelength/nm
I 5 T ARG T @ & VCSEL St 1%
Fig.5 Lasing spectrum of the fabricated proton-implanted

PhC-VCSEL
El 6 R i F 3 AL F f & VCSEL 7& 7 A H i
911 mA BRI 3 0 A W 00 . R g E = Yk 3 4
(WG R, 2800 B9 6 o 3 22 4 v 23 8l £f BE /N T 10°
JE A, 8 B AT, R BB A G T R R A

1.0

0.8

0.6

0.4

Intensity/a.u.

0.2}

-40 -20 0 20 40
Angle/(°)
Kl 6 T I A BT dh & VCSEL /1% 37 5% 5t 73 A
Fig.6 Far field distribution of the produced proton-implanted
PhC-VCSEL
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