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Design of Monolithically Integrated Vertical Cavity Laser with Depleted Optical
Thyristor for Optically Programmable Gate Array
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Abstract - We have theoretically analyzed the monolithic integration of vertical cavity lasers with depleted optical
thyristor (VCL-DOT) structure and experimentally demonstrated optical logic gates such as AND-gate, OR-gate, and
INVERTER implemented by VCL-DOT for an optical programmable gate array. The optical AND and OR gates have
been realized by changing a input bias of the single VCL-DOTs and all kinds of optical logic functions are also

implemented by adjusting an intensity of the reference input beams into the differential VCL-DOTs.

To achieve the

high sensitivity, high slope efficiency and low threshold current, a small active region of lasing part and 2 wide detecting

area are simultaneously designed by using a selective oxidation process.

The fabricated devices clearly show nonlinear

s~shaped cwrrent-voltage characteristics and lasing characteristics of a low threshold current with 065 mA and output

spectrum at 8354 nm.
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Table 1 switching(VS) and holding(VH) voltages and currents(uA/cm] as a function of innerfouter layer thickness.

Thick Thickness of each  inner layer [nm]
ickness of each 145 203 262 321
outer layver
[nm] Vs Is Vs Is Vs Is Vs Is
Vu In Vi In Vi Iy Vu Iy
177 X X X X
939 5.35 0.56 5.20 0.27 6.69 0.82 7.70 0.95
416 928 1.92 40 1.98 77 1.97 100
5.2 1S 6.98 0.88
300 X >4 0.56 X
1.97 68 2.00 91
5.2 0.62
363 X 028 X X
1.98 75
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Fig. 2 Schematic diagram of selectively oxidized VCL-DOT
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Fig. 3 Slope efficiency as varying the oxide aperture. The
inset shows the single mode spectral response of
VCL-DOT.
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Fig. 4 LIV curve of the VCL-DOT with an oxide aperture
of 5x5 pym as a function of input light intensity.
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Fig. 5 Demonstration of digital optical logic operations (a)
OR and (b) AND using a VCL-DOT. (c) Schematic
equivalent circuit for single VCL-DOT.
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Fig. 6 Demonstration of digital optical logic operations (a)
OR, ) NOR, (c} AND, and (g} NAND using a
differential  VCL~DOT. The photograph contains
seven traces showing the bias voltage, optical inputs
A and B, and the optical output pulses, respectively.
{e) Schematic equivalent circuit for differential
VCL-DOT.
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