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Abstract

We fabricate and analyze fully depleted optical thyristors (DOTs) using quarter wavelength reflector stacks (QWRS).
QWRS are employed as bottom mirrors to enhance the emission efficiency as well as the optical sensitivity. In order to
analyze their switching characteristics, S-shape nonlinear current-voltage curves are simulated and the reverse
full-depletion voltages (Vneg's) of DOTs are obtained as function of semiconductor parameters by using a finite difference
method (FDM). The fabricated DOTs show sufficient nonlinear s-shape I-V characteristics and switching voltage changes
of these devices with and without bottom mirrors show 1.82 V and 1.52 V, respectively. Compared to a conventional DOT,
this device with the bottom mirrors shows about 20% and 46% enhancement in switching voltage change and spontaneous
emission efficiency, respectively.
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Fig. 2. Comparison of calculated data and experimental
results reported by Kuijk.
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Fig. 3. Cross-sectional view of the optimized
DOT structure by finite difference method.
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Tablel. Switching voltage and fully depletion voitage of opfical thyristor with variables such as
{a) doping concentration, (o} faver thickness.
N'—fayericm™) | p-layer(cm™) n-tayerlcm™) | P'-layer (cm™) V%‘ﬁggg‘?g) \%%gg‘()\?)
5.0x10™® 2.0x10"° 2.0x10" 5.0x10™ 2.83 ~8.57
2.0x10™ 2.0x10™ 2.0x10™ 5.0x10% 2.88 - 873
6.0x10° 2.0x10° 2.0x10"7 5.0x10% 2.92 -9.12
5.0x10" 2.0x10" 2.0x107 6.0x10"™ 3.21 -7.90
5.0x10™ 2.0x10" 2.0x107 4.0x10™ 2.93 -9.97
5.0x10™ 1.5x10™ 2.0x107 5.0x10" 1.87 -9.88
5.0x10" 2.5¢10" 2.0x10” 5.0x10" 4.93 -892 |
5.0x10%° 2.0x10" 1.5x10"7 5.0x10"° 2.71 ~8.69
5.0x10™ 2.0x10'° 2.5x10"7 5.0x10% 2.97 ~8.85
N'-layer(m) p-layer{sm) n-layer{m) P*-layer (um) \lsozgggir(\g) \/nggg?\?)
0.50 0.71 0.13 0.15 2.83 -858 |
0.40 0.71 0.13 0.15 2.74 -8.73
0.60 0.71 0.13 0.15 2.83 -38.20
0.50 0.71 0.13 0.14 2.90 - 6.54
0.50 0.71 0.13 0.17 293 ~-9.84
0.50 0.61 0.13 0.15 1.70 - B.63
0.50 0.81 0.13 0.15 5.63 -10.48
0.50 0.71 0.11 0.15 2.69 - 8.59
0.50 0.71 0.15 0.15 3.10 -9.02
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