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Avalanche Photodiode (APD)
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Figure 14.7. (a) The energy band diagram for an avalanche photodiode with the electron and
hole ionization coefficients «, and B,. The electron and hole injections are given by J (0) and
I, (W). (b) A schematic diagram for an avalanche photodiode.
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Typical APD Structure:
Separate Absorption and Multiplication (SAM) APD
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Figure 14.12. (a) A schematic diagram for a separate absorption and multiplication avalanche
photodiode (SAM APD), where the absorption occurs at the narrow bandgap InGaAs region
and the photogenerated carriers are swept into the InP multiplication region where the electric
field is larger. (b) Charge density profile p(z) under a large reverse bias. (c) The electric field
profile (solid lines) under a large reverse bias. Dashed lines show the electric field profile for a
small bias voltage.
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Ideal APD:
Injection Impact lonization Only

dJ, (x)
dx
«, : electron ionization coefficient [cm™']

=a,J,(x)

Electron current distribution along the field:
J (x)=J (0)e™

Multiplication factor:
Mn — Jn (W) — eanW
J,(0)

n
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Practical APD:

Both Electron and Hole produce Impact lonizations

) g BT ()
< dx
S g BT
dx

. . . . -1
«, : electron 10nization coefficient [cm ™ ]

B, : hole ionization coefficient [cm™']

d
E(Jn(x)+Jp(x)) =0

J,(x)+J ,(x) =J = constant

dJ, (x)
dx

~(a,=B,),(x)=5,J
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Multiplication Factor

Multiplication factor:

J 1 1x10° ; : : ,
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Response Time

Response time = Gain-Bandwidth Product:

transit time in absorption region

N e .
multiplication time GxBW =M - I M - 1 v,
T=7,+7, 27Z'Tm 27 MnkW
T, = MW + W ~ M kW GxBW = Yo _ constant

v, v, v, 2kW
3
Tt — abs
Vi
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Noise Figure
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Small £ has small /' under high gain <M n)

Minimum noise figure = 3 dB occurs when k£ =0
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K-factor of Common Semiconductors
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http://www.albisopto.com/avalanche-photodiode-basics/
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nal is amplified by the average gain (M ): APD Noises

o ,
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Shot noise is amplified by <M ? >:
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SNR Comparison of p-i-n and APD

(L) oy

2e(1,+1,+1,)F(M) dv+

APD: SNR =

4k, T Av

p-1-n: set <M> =1, F=1
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Photocurrent, i,
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