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Abstract: By measuring the distribution of impurity Zn in InP of planar-type InGaAs/InP Geiger mode
Avalanche Photodiodes, the function of doping concentration with diffusion depth was fitted, and the
optimum depth of etch well at different multiplication layer thickness as well as the best etching method
were studied using ionization integral. The results show that the optimum etch well depth is varied with
multiplication layer thickness when the thickness of top InP is constant. And when the multiplication layer
thickness is about 1 pm, the well depth should be between 0.1 pm and 0.3 pm. Reactive ion etching can
obtain a good etch well morphology, which is beneficial to the suppression of edge breakdown.
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Table 1 APD structural parameters

K1 InGaAs/InP APD 4 #
InGaAs/InPAPD structure schematic diagram

Component Thickness/pm Doping Doping concentration/cm * Function
InP 3.5 i 1 x10" Top layer
InP 0.13 N 2 x10"7 Charge layer

InGaAsP 0.012 i 1 x10% Grading layer
InGaAs 1.5 i 1 x10" Absorption layer
InP 1 N 1 x10%7 Buffer layer

InP 350 N 3 %10 Substrate layer
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Table 2 Relationship between lateral and vertical diffusion depths in InP

Vertical depth H,/pm Lateral depth H, /pm Lateral diffusion coefficient
1.6 1 0.6
2.2 1.45 0.7
2.5 1.9 0.76
3.4 2.04 0.67
3.75 3.17 0.85
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Table 3 Numerical simulation results when H,,=1.4 pm

R4 APD RERIMTRE

Table 4 The best etch well depth of APD

d/pm  Breakdown voltage/V ~ Central axis I, H,/pm dy/pm V, wo/V Vi /V  dyy/pm

Mesa type 76.88 0.961 78 0.8 0.1 60.30 58.47 0.1~0.2

0 71.23 0.828 84 1.0 0.1 65.20 63.85 0.1~0.2

0.1 74.13 0.904 63 1.2 0.1 70.97 69.10 0.1~0.3

0.2 74.87 0.921 28 1.4 0.2 76.88 74.87 0.1~0.3

0.3 73.97 0.911 16 1.6 0.2 82.67 80.53 0.2~0.3
0.4 73.13 0.900 64
0.5 72.71 0.900 81
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Table 5 Simulation results of different etch well morphologies
Etch well morphologies Breakdown voltage/V Central axis I,
Vertical type 61.96 0.871 17
Ramp type 61.96 0.872 34
Over etching type 59.89 0.816 17
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