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7.1 PIN Photodiodes vs. APDs

e APDs offer internal gain but introduce higher noise compared to PIN

photodiodes.

high efficiency.

7.3 APDs vs. Photomultiplier Tubes (PMTs)

* PMTs provide extremely high gain (>1076) but are bulky and require high
voltage (=1 kV).

8. Advanced APD Technologies

8.1 Geiger-Mode APDs (GM-APDs) and SPADs

e QOperate above breakdown voltage, enabling single-photon counting.

8.2 Emerging APD Materials and Designs

e Hybrid APDs with low-noise characteristics for high-performance

applications.
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Advantages:
1. High Sensitivity:

APDs provide higher sensitivity compared to regular photodiodes due to
their internal amplification mechanism, making them useful in low-light
environments.

2. High Gain:

APDs can achieve significant gain (amplification) in the photogenerated
current, which can be useful in applications where high signal strength is
required.

3. Fast Response Time:

APDs have relatively fast response times, making them suitable for high-
speed applications like communication systems and lidar (Light
Detection and Ranging).

4. Wide Wavelength Range:
APDs can be designed to detect light in various parts of the

electromagnetic spectrum, ranging from ultraviolet (UV) to infrared (IR),
which makes them versatile for different applications.
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5. Low Noise:

When operated at optimal biasing conditions, APDs can exhibit lower
noise levels compared to other types of photodetectors, contributing to
better signal integrity in some applications.

Disadvantages:

1. High Bias Voltage:

APDs require high reverse bias voltages (typically tens to hundreds of
volts) to operate effectively, which can make the circuitry more complex
and harder to manage.

2. Temperature Sensitivity:

APDs are sensitive to temperature variations, which can affect their
performance. Higher temperatures can increase dark current and reduce
the overall efficiency of the device.

3. Complexity and Cost:

The design and manufacturing of APDs are more complex and expensive
than standard photodiodes, leading to higher costs in the devices that use
them.
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4. Breakdown Region Operation:

The avalanche multiplication process requires the APD to operate in a
breakdown region, which can lead to instability if not properly
controlled, especially in high-intensity light conditions.

5. Reduced Efficiency at High Gain:

As the gain increases, the efficiency of the APD may drop, and the
overall performance could degrade due to factors like higher dark
currents and lower quantum efficiency.

6. Potential for Breakdown:

If the bias voltage is not properly controlled or exceeds a certain
threshold, it may cause the APD to break down, resulting in permanent
damage to the device.
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Advantages

Disadvantages

High Sensitivity: Better sensitivity
than regular photodiodes.

High Bias Voltage: Requires high
reverse bias voltages, making the
circuit more complex.

High Gain: Provides significant
amplification of the photocurrent.

Temperature Sensitivity:
Performance can be affected by
temperature changes.

Fast Response Time: Suitable for
high-speed applications.

Complexity and Cost: More
expensive and complex to
manufacture compared to regular
photodiodes.

Wide Wavelength Range: Can
detect a broad spectrum from UV
to IR.

Breakdown Region Operation:
Operates in a breakdown region,
which can cause instability.

Low Noise: Lower noise levels
when operated correctly, leading to
better signal quality.

Reduced Efficiency at High
Gain: Efficiency can decrease with
higher gain.

Potential for Breakdown: High
voltage can cause permanent
damage if not controlled.
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