
ECE595 Avalanche Photodiodes
Spring 2016

Goal:

To establish the key concepts in the theory and design of modern linear-mode and Geiger-
mode avalanche photodiodes with exposition to modern device trends and their applications
in imaging and communication.

Catalog Description:

NA

Prerequisites:

ECE471 or ECE475

Instructor:

Dr. Majeed M. Hayat, Professor
Office: CHTM 139 (main); ECE 323B; Tel: 272-7095
E-mail: hayat@chtm.unm.edu; Web: ece-research.unm.edu/hayat/main.htm

Classroom & time

CHTM Room 101; MW: 3:30-4:45

Office hours

TBD

Reading materials:

Class notes and various research articles

Topics:

1. Fundamentals:
Principle of operation for PN and PIN APDs, I-V characteristics, punch through, avalanche
gain, avalanche breakdown, quantum efficiency, introduction to performance metrics for
APDs (excess noise factor, ionization ratio k), dark current, basic APD circuits, linear-
mode APD receivers, Geiger-mode APD circuits.

2. Applications of APDs: UV to LWIR:
Examples from telecom, datacom, data centers, quantum communication, imaging, etc.

3. System-level performance metrics for APDs:
Linear mode: APD receiver SNR, receiver sensitivity, bit-error-rate; Geiger mode: de-
tection efficiency, dark count rate, time resolution, single-photon detection effiency.
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4. Using Sentaurus to fully simulate pin detectors and APDs (involves simula-
tion work)

5. Theory of impact ionization in semiconductors:
Physics of impact ionization in semiconductors in direct bandgap and indirect bandgap
semiconductors, models for ionization coefficients, ionization threshold energy, dead
space.

6. Statistics of avalanche gain:
Mean multiplication factor, excess noise factor, probability distribution of the gain.

7. Experimental characterization of avalanche gain:
Setups for multiplication factor and excess-noise factor measurement.

8. Statical properties of the time response:
Avalanche pulse, bandwidth, gain-bandwidth product, buildup time or avalanche dura-
tion.

9. Receiver performance:
Derivation of the bit-error rate, receiver sensitivity, speed considerations, performance
optimization, experimental characterization techniques for receiver performance.

10. Modern designs of APDs:
SAM APDs (InGaAs/InP, GaAs, InAlAs, AlGaAs), resonant-cavity APDs, high-speed
waveguide APDs, negative-feedback APDs, MCT APDs, InAs APDs, coreshell nanopil-
lar APDs, quantum-dot based APDs, dynamically biased APDs, Si-Ge APDs.

11. APD arrays:
Some examples and applications.

12. Other avalanche devices:
PMTs.

13. Project: Design a simple APD (Si PN APD or GaAs PIN APD), simulate
it, fabricate it, and characterize it.

Computer usage:

Matlab and Sentaurus use in term project.

Course requirements

• 40% Paper readings and presentations.

• 60% Term project.

• Each student is required to attend at least 90% of the lectures.
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