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SERDES Design for Wireline and Optical Communications
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This course provides an overview of circuit design techniques relevant to high-speed I/O
transceivers used in electrical and optical wireline communication systems. The first part of the
course will provide a brief overview of the dominant sources of electrical interconnect channel
losses, such as skin effect, dielectric loss, and reflections due to impedance discontinuities. Next,
circuit implementations of high-speed serial I/O transmitters and receivers are covered. Then, a
brief overview of the optical channel properties, key devices (lasers, external modulators, and
photodetectors), and link budgeting is given. This follows with discussion on key optical receiver
circuits, including transimpedance amplifiers and limiting amplifiers. Transmitter circuits for
different optical sources, including laser drivers for edge-emitting and vertical-cavity surface
emitting lasers and external modulator drivers for Mach-Zehnder, electroabsorption, and ring
resonator modulators are then presented. This follows with a discussion on key circuit details of
common equalizer topologies used in these electrical and optical communication systems,
including finite-impulse-response (FIR) filters, continuous-time linear equalizers (CTLE), and
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decision-feedback equalizers (DFE). High-performance clocking circuitry both for embedded-clock
(CDR-based) and forwarded-clock systems are then presented. The course concludes with a brief
discussion of current/future I/O research directions.
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Advanced undergraduate or graduate students and practicing engineers who wish to develop a
solid knowledge of SERDES. A basic understanding of analog circuits is assumed.
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1. Electrical Channel Properties and Modeling Techniques
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Transmission Line Theory-{&#i£ 3 it
Frequency-Dependent Loss Mechanisms-3iZ M X HFEH i1
c. Channel Modeling Techniques-3&i& Z2&E ;A
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2. High-Speed Electrical Transmitter and Receiver Circuit Design
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High-Speed Serializers-7 % & 1753

Current and Voltage-Mode Drivers- &7 il B EAE X IR 5 58
High-Bandwidth Front-Ends- &7 5 Bl b

Comparator Circuits- 528 5 2%

aoTw

3. Optical Channel Properties, Devices, and Link Budgeting
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Optical Fibers-)yt4f
Waveguides-J% 5

Lasers-#t#%

External Modulators-4M 5 iE 22
Photodetectors-)t B R M| 2%

Link Budgeting-4% &7
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3. High-Speed Optical Transmitter and Receiver Circuit Design
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Laser Drivers-# )tz 2%

Modulator Drivers-iif| 23 IX 5 2%
Transimpedance Amplifiers-5 [H Uk 2%
Limiting Amplifiers-[RIig# K28
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4. Equalizer Techniques and Circuit Design
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FIR Filters- FIR & 2%

Continuous-Time Linear Equalizers-iZE 4L 7] £& 14: 3545 3%
c. Decision Feedback Equalizers-5% [ 5351 5%
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5. Clocking Architectures and Circuit Design
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a. PLL Basics- PLL %7

b. Voltage-Controlled Oscillators-F JE #2325
i. LC-Oscillators- LC #% 2%

ii. Ring Oscillators-* iR 5%

c. CDRs-CDRs

6. Future Trends/Research Directions
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High-Speed ADC-Based Serial Link Transceivers-3t T &% ADC /{51788 B I R 5%
WDM Ring Resonator Modulator Link- WDM 4z 2% 18 1] 2% FE 5%
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