
Page 1Find us at www.keysight.com 

A P P L I C AT I O N  N O T E

Boost the Potential of Your 
Type-C Designs
Solutions for USB4 link debug and optimization

Type-C Technology Overview
The latest versions of USB, DisplayPort (DP), and Thunderbolt leverage the USB 

Type-C connector for audio/video, data, and power over a single cable. This 

application note will focus specifically on the USB4 logical layer link over USB Type-C. 

The USB4 standard provides 20 Gbps signal rates on each of four transmit and 

receive lanes with the Type-C connector. USB4 also must support an x2 mode 

with a bonded bit rate of 40 Gbps in each direction. Even though other high-speed 

standards have faster data rates, USB4 works with a low-cost cable that yields an 

80 Gbps link. Figure 1 shows the signaling lines on a Type-C connector for USB4. 

Overview

This application note 
provides an overview of 
Type-C link debug and 
optimization using USB4 
as an example. Learn 
how a Lane Adapter State 
Machine describes the 
behavior of the logical link 
layer and get step-by-step 
procedures for debugging 
and optimizing the USB link.

Before we dive deeper, we need to discuss link initialization and training. Link 

optimization for USB 3.2 occurs directly on the transmit and receive lanes; 

USB 3.2 does not utilize the sideband use (SBU) lines. Link training for USB4 is 

different because the set-up happens via the SBU transmit (SBTX) and receive 

(SBRX) lines.

Figure 1. Type-C connector signal pins
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However, there are several steps that need to happen before a USB4 link can even start. 

USB power delivery (USB-PD) negotiation determines that USB4 is supported, and the 

SBU channels communicate the link parameters for USB4. For example, the USB PD 

negotiation determines lanes, the re-timer type, and more prior to lane initialization and 

link equalization.

Solution Components for Type-C Live Link Analysis
Now that we understand a few of the various signals, we need to determine the different 

solutions that will access, capture, and analyze the signals. Table 1 and Figure 1 

illustrate the solution components.

Keysight Solution Description

N7019A USB Type-C 
Active Link Fixture

Use this fixture to access all Type-C signals in a live link 
(VBUS, CC for USB-PD, SBTX/SBRX, and TX/RX) for 
debug, decode, and analysis

D9010USBP Protocol 
Trigger & Decode Software

This software package provides the ability to trigger and 
decode on all speeds of USB signals, including USB4

D9040USBC USB4 Tx Test 
Software

USB4 Tx software to automatically configures the 
oscilloscope for each test to enable so you can 
characterize your designs fastquickly and easy design 
characterizationily.

MXR-Series Real-Time 
Oscilloscope

Real-time protocol triggering to captures events of 
interest on the CC and SBTX/SBRX lines.

UXR-Series Real-Time 
Oscilloscope

Captures high-speed 20 Gbps signaling for analysis and 
decoding at a (minimum 25 GHz bandwidth)

Table 1. An overview of the solution components

 



Page 3Find us at www.keysight.com 

Figure 2. Test setup for USB4 Type-C link analysis

Specifications like a 20 Gbps signal rate and the need to bond to an aggregate 40 Gbps 

make the USB Link fairly complex. The setup requires a step-by-step plan in order for 

USB4 to reach its full potential.

States and Behavior of the USB4 Logical Link Layer
The Lane Adapter State Machine in Figure 3 describes the behavior of the logical link 

layer during the linkup sequence. The sequence includes the following steps:

• Link partners connect initially during CLd state entry (lane initialization)

• Transition to training sub-state from CLd state (transmitter and receiver lanes are on)

• Transmitter Feed Forward Equalization (TxFFE) negotiation during Training.LOCK1 

sub-state

• Transition from two single-lane links to a dual-lane link via land bonding

• Link partners disconnect
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Figure 3. USB4 Lane Adapter State Machine

CLd State Entry
During initial power-on, a USB4 device under test (DUT) enters the CLd state. Figure 

4 shows the D9010USBP software decoding the SBTX/SBRX sideband channel and 

“Read Link Config AT” packet which shows the DUT in the CLd state. An oscilloscope 

can confirm that the Tx and Rx lanes are inactive in this state (Figure 5).
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Figure 5. UXR oscilloscope displays inactive Tx and Rx lines

Transition to Training.LOCK1 Sub-State from CLd State
Primary Lane

A lane adapter transitions to the Training.LOCK1 sub-state where symbols synchronize, 

and parameters transfer between the ends of the lane. You can see this on the SBTX/

SBRX lines by triggering on the “LT_Resume (Primary Lane)” packet (Figure 6). The Tx 

and Rx lanes remain active during this transition. Using the oscilloscope, you can see 

the back-to-back symbol lock ordered set (SLOS1) in Figure 7. The SLOS1 is a pseudo-

random binary sequence (PRBS11) pattern with a high number of transitions which 

provide more edges to facilitate clock recover and enable bit lock.
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Figure 6. D9010USBP showing LT_Resume trigger
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Figure 7. UXR oscilloscope displays decode of SLOS1

Secondary/Subordinate Lane

You must run and test USB4 DUTs in x2 mode even though single lane operation is 

possible. However, this means creating an additional requirement for training and 

optimizing a secondary lane. Figure 8 shows a trigger on LT_Resume for a subordinate 

lane. It is important to note that lane common mode voltage is not maintained (Figure 9). 
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Figure 8. LT_Resume trigger event
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Figure 9. High-speed lane common-mode voltage
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TxFFE Negotiation with the Training.LOCK1 State
The Training.LOCK1 state continues until RxLocked (L0) and RxLocked (L1) are 

complete. During this state, negotiation for the critical TxFFE settings takes place, and 

the USB4 high-speed lanes send the high transition density SLOS1 pattern (Figure 10). 

You can capture this event by triggering on the Rx Active packet as shown in Figure 11.

Figure 10. High transition density SLOS1

Figure 11. Triggering on the Rx Active packet



Page 11Find us at www.keysight.com 

Completing the TxFFE Negotiation
The TxFFE negotiation completes when the RxRequest is set to 0b (Figure 12), and 

RxLocked (L0) and RxLocked (L1) in the TxFFE register Rx status word are set to 1b 

“Done”. During this time the transport layer ensures the high-speed lanes will have a 

continuous stream of idle packets (Figure 13).

Figure 12. TxFFE register Rx status word
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Figure 13. Stream of idle packets on high-speed lanes
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Lane Bonding State
The bonding of two single-lane links into a dual-lane link starts when the TS2 ordered 

sets are transmitted to an adapter in the CL0 state. To ensure the lanes have proper 

skew, the de-skew ordered set transmits after the TS2 ordered sets. Transmission of the 

de-skew ordered sets ends the transmission of the TS2 ordered sets. TxFFE concludes 

on both lanes and RxLocked (L1) is set to “Done” (Figure 14). You can see the high-

speed lane transitions from TS2 ordered sets to the de-skew ordered sets in Figure 15. 

Figure 14. RxLocked (L1) set to “Done”
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Figure 15. Tx and Rx line transitions from TS2 ordered sets to de-skew ordered sets 
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Link Partner Disconnect and System Sleep State
When link partners disconnect, it is important to ensure the DUT enters the System 

Sleep state. You can achieve this by sending the LT_LRoff Transaction (Figure 16) and 

confirm it when the Tx and Rx lines become inactive (Figure 17). 

Figure 16. LT_LRoff transaction packet

Figure 17. UXR oscilloscope displays inactive Tx and Rx lines
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For more information on Keysight Technologies’ products, applications or services, 

please contact your local Keysight office. The complete list is available at:       

www.keysight.com/find/contactus

Summary
Bringing up a Type-C link is a complex task due to the numerous Type-C, USB-PD, and 

high-speed negotiations and requirements defined by each standard. Therefore, it is 

critical to ensure all Type-C technologies communicate correctly particularly with USB4. 

The USB4 link is complicated due to several factors which include the 20 Gbps signaling 

rate, crosstalk from three other lanes running at the same speed, a bonded aggregate bit 

rate of 40 Gbps, and the need for optimization over a low-cost passive cable.

This application note uses USB4 to demonstrate the tools to debug and optimize a 

Type-C link. This is accomplished by connecting to a DUT, triggering on low-speed 

packets, capturing/decoding sideband and high-speed signals, and viewing the time-

correlated waveforms to determine potential signal integrity issues. 

For More Information
• Keysight USB Type-C Connectivity Solution Guide

• USB-PD Specification

• USB Type-C Cable and Connector Specification

https://www.keysight.com/us/en/assets/9018-04315/user-manuals/9018-04315.pdf
https://usb.org/document-library/usb-power-delivery
https://www.usb.org/document-library/usb-type-cr-cable-and-connector-specification-revision-21

