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Professional Certificate in High Speed Digital Design

High-Speed Routing

High-speed routing is a crucial aspect of high-speed digital design, as it involves the process of connecting
various components on a printed circuit board (PCB) or integrated circuit (IC) in a way that allows for the
fast and efficient transfer of data signals. Understanding key terms and vocabulary related to high-speed
routing is essential for designing reliable and high-performance electronic systems. In this section, we will
explore some of the most important terms and concepts in high-speed routing.

1. **Signal Integrity**:

Signal integrity refers to the quality of an electrical signal as it travels through a transmission line.
Maintaining signal integrity is critical in high-speed routing to prevent signal degradation, distortion, or
loss. Factors such as impedance matching, crosstalk, and reflections can impact signal integrity.

2. **Transmission Line**:

A transmission line is a structure that carries electrical signals from one point to another. In high-speed
routing, transmission lines are used to ensure signal integrity by controlling impedance, propagation delay,
and signal reflections. Common types of transmission lines include microstrips, striplines, and differential
pairs.

3. *Impedance Matching**:

Impedance matching is the process of designing the interconnects in a high-speed routing system to have
the same impedance as the source and load components. Proper impedance matching minimizes signal
reflections and ensures efficient signal transfer without distortion.

4. **Propagation Delay**:

Propagation delay is the time it takes for an electrical signal to travel from the transmitter to the receiver
along a transmission line. In high-speed routing, minimizing propagation delay is crucial to maintain signal
synchronization and integrity, especially in systems with tight timing requirements.

5. **Crosstalk**:

Crosstalk occurs when signals on adjacent traces interfere with each other, leading to signal distortion or
noise. High-speed routing designs must minimize crosstalk by maintaining proper spacing between signal
traces, using shielding techniques, and implementing differential signaling for noise immunity.

6. **Reflections**:

Signal reflections occur when an electrical signal encounters a mismatch in impedance along a transmission
line, causing a portion of the signal to be reflected back towards the source. Reflections can lead to signal
distortion and timing errors in high-speed routing systems, highlighting the importance of impedance
matching.

7. **Differential Pair**:
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A differential pair consists of two traces carrying equal and opposite signals to improve signal integrity and
noise immunity in high-speed routing. By measuring the voltage difference between the two traces, a
receiver can effectively detect the transmitted data signal while rejecting common-mode noise.

8. **Via**:

A via is a plated hole in a PCB that connects traces on different layers to enable signal routing between
them. Vias play a crucial role in high-speed routing by allowing signals to transition between layers while
maintaining signal integrity and minimizing signal distortion.

9. **Skew**:

Skew refers to the difference in arrival times of signals on different traces in a high-speed routing system.
Skew can impact signal synchronization and timing accuracy, especially in systems with strict timing
requirements. Minimizing skew is essential to ensure reliable data transmission.

10. **SerDes** (Serializer/Deserializer):

SerDes is a specialized integrated circuit that converts parallel data streams into serial data streams for
high-speed communication over a transmission line. SerDes devices are commonly used in high-speed
routing applications to transmit data between components with different data rates or protocols.

11. **Eye Diagram**:

An eye diagram is a graphical representation of a digital signal's quality, showing the signal's amplitude and
timing variations over time. High-speed routing designers use eye diagrams to analyze signal integrity,
jitter, and noise margins, helping optimize the design for reliable data transmission.

12. **Jitter**:

Jitter is the variation in the timing of a signal's transitions due to noise, interference, or signal reflections.
Managing jitter is crucial in high-speed routing to ensure accurate data recovery and timing synchronization
between transmitter and receiver components.

13. **Power Integrity**:

Power integrity refers to the quality of the power distribution network in a high-speed routing system,
ensuring stable and noise-free power delivery to all components. Poor power integrity can lead to voltage
fluctuations, signal distortion, and electromagnetic interference, affecting overall system performance.

14. **Decoupling Capacitor**:

A decoupling capacitor is a capacitor placed near an integrated circuit to filter out noise and stabilize the
power supply voltage. Decoupling capacitors play a vital role in high-speed routing by reducing voltage
fluctuations and maintaining power integrity for sensitive components.

15. **Routing Topology**:

Routing topology refers to the arrangement of signal traces, power planes, and ground planes on a PCB or
IC to optimize signal integrity, minimize crosstalk, and reduce electromagnetic interference. Common
routing topologies include star, bus, and mesh configurations, each suited for different design
requirements.
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16. **DDR SDRAM** (Double Data Rate Synchronous Dynamic Random-Access Memory):

DDR SDRAM is a type of memory module that allows data to be transferred on both the rising and falling
edges of the clock signal, effectively doubling the data transfer rate compared to traditional SDRAM. High-
speed routing designs must carefully route DDR SDRAM signals to meet timing requirements and ensure
data integrity.

17. **Backdrilling**:

Backdrilling is a PCB manufacturing technique that removes excess material from vias to reduce signal
reflections, crosstalk, and impedance mismatches in high-speed routing systems. By backdrilling vias,
designers can improve signal integrity and minimize signal distortion in critical signal paths.

18. **Electromagnetic Interference (EMI)**:

Electromagnetic interference is the unwanted noise or disturbance caused by electromagnetic radiation
from electronic devices, affecting signal quality and system performance. High-speed routing designs must
incorporate EMI shielding techniques, grounding strategies, and signal filtering to mitigate EMI effects and
ensure reliable operation.

19. **High-Speed Design Rules**:

High-speed design rules are guidelines and constraints that high-speed routing designers follow to
optimize signal integrity, minimize signal distortion, and meet timing requirements. These rules include
trace length matching, differential pair routing, signal termination, and layer stackup considerations to
ensure robust and reliable high-speed designs.

20. **Cross-Talk**:

Cross-talk is the unwanted transfer of signals between adjacent traces on a PCB, leading to signal
interference and degradation. High-speed routing designers use techniques such as controlled impedance,
proper trace spacing, and signal shielding to minimize cross-talk and maintain signal integrity in complex
electronic systems.

In conclusion, mastering the key terms and vocabulary related to high-speed routing is essential for
designing efficient and reliable electronic systems with optimal signal integrity, timing accuracy, and noise
immunity. By understanding the principles of signal transmission, impedance control, and routing
optimization, high-speed design engineers can tackle the challenges of high-speed routing and deliver
high-performance products that meet the demands of modern digital communication systems.
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