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USB PD Power Negotiations

ABSTRACT

This document describes the Power Delivery (PD) contract negotiation in USB Type-C connections per the
USB-IF PD specification, and its implementation using Texas Instruments TPS65982 USB Type-C and
USB PD controller. USB PD is required in USB Type-C systems for power levels above 15 W (5 V at 3 A)
up to 100 W (20 V at 5 A) according to the specification. This application report describes the digital
communication between the transmitter and receiver ends of a connection support USB PD, the flow of
USB PD power negotiation, as well as the procedure for implementing and debugging USB PD
negotiations using the TPS65982 device and associated software tools.

The TPS65982 device is referred to throughout this application report, but the document also applies to
the TPS65981 and TPS65986 USB Type-C and USB PD controllers.
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Introduction

The USB Power Delivery (PD) Specification describes a standard negotiation process for establishing all
PD power contracts. Although the USB Type-C standard allows for providing 5 V at up to 15 W of power,
following the PD protocol is critical for offering or receiving any voltage higher than 5 V. As a result, any
product that requires or delivers power from 5 to 20 V (15 to 100 W of power) must negotiate according to
a specific set of standardized rules.

The TPS65982 device is the USB Type-C and PD port controller with the highest level of integration
available on the market. The TPS65982 device can automatically detect a Type-C port connection,
negotiate a PD contract, and control a set of integrated power switches without the involvement of any
other ICs in the system. Because the firmware (FW) of the TPS65982 device, is configurable, any source,
sink, or dual-role port (DRP) product possible can be created on top of the core-firmware base of the
TPS65982 device, which is compliant to the USB PD protocol. The core FW also prevents problematic
situations with noncompliant products and recovers from PD messaging errors with a robust policy engine.
This chapter includes the following:

* Areview of the rules and flow of power negotiation following the USB PD Specification

» Steps to set up and modify examples of PD sink and source capabilities used by the TPS65982 FW
throughout the negotiation process

» Steps to verify the correct power negotiation flow with the following:
— Understanding the power negotiation flow of the USB PD Specification

— Analyzing the results of the PD power negotiation in real-time using decoded PD traces that
capture the communication between two products

» Steps to modify the source and sink capabilities of the TPS65982 device instantly using the host
interface

e Steps to debug common issues and achieve a successful PD power negotiation

USB Power Delivery Specification for Sink and Source Capabilities

The USB PD Specification explicitly describes the format of data that will be sent between the source and
sink during a power negotiation. Although knowing the meaning of each bit in the specification is not
always necessary, the PD-related registers (received and transmitted) and PD analyzers of the device
follow the specification exactly and these similarities are integrated in this chapter.

The source must organize the capabilities of the power supply into a list of power-data objects (PDOS).

Table 1. Generic PDO

Bits Value Parameter

31-30 00b Fixed supply

01b Battery

10b Variable supply

11b Reserved

29-0 Specific power capabilities are described by the PDOs in the following tables.
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Table 2. Fixed-Supply PDO—Source

Bits Parameter
31-30 Fixed supply
29 Dual-role power
28 USB suspend supported
27 Externally powered
26 USB communications capable
25 Dual-role data
24-22 Reserved — Shall be set to zero
21-20 Peak current
19-10 Voltage in 50-mV units
9-0 Maximum current in 10-mA units

Table 3. Variable-Supply (Nonbattery) PDO—Source
Bits Parameter
31-30 Variable supply (nonbattery)
29-20 Maximum voltage in 50-mV units
19-10 Minimum voltage in 50-mV units
9-0 Maximum current in 10-mA units

Table 4. Battery-Supply PDO—Source

Bits Parameter
31-30 Battery
29-20 Maximum voltage in 50-mV units
19-10 Minimum voltage in 50-mV units
9-0 Maximum allowable power in 250-mW units

2.1 USB PD Specification for Source Capabilities

The sink has a similar set of PDOs that contain the same information describing the power input

requirements.

Table 5. Fixed-Supply PDO—Sink

Bits Parameter

31-30 Fixed supply

29 Dual-role power

28 Higher capability

27 Externally powered

26 USB communications capable

25 Dual-role data

24-20 Reserved — Shall be set to zero

19-10 Voltage in 50-mV units

9-0 Operational current in 10-mA units
4 USB PD Power Negotiations SLVA842—-November 2016
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Table 6. Variable-Supply (Nonbattery) PDO—Sink
Bits Parameter
31-30 Variable supply (non-battery)
29-20 Maximum voltage in 50-mV units
19-10 Minimum voltage in 50-mV units
9-0 Operational current in 10-mA units
Table 7. Battery-Supply PDO—Sink
Bits Parameter
31-30 Battery
29-20 Maximum voltage in 50-mV units
19-10 Minimum voltage in 50-mV units
9-0 Operational power in 250-mW units

2.2 USB PD Specification for Sink Capabilities (PDOs)

More common is for the PD source to be unaware of the capabilities of the sink. The source advertises the
capabilities and, if a match occurs, the sink returns a request-data object (RDO). Unless a mismatch
occurs or the source must limit the power given to a sink partner, the sink PDOs are never explicitly
transmitted. A sink RDO is more common than a sink PDO. The following tables list the sink-RDO data

structure.
Table 8. Fixed and Variable RDO
Bits Parameter
31-30 Reserved — Shall be set to zero
29 Object position (000b is reserved and shall not be used)
28 GiveBack flag = 0
27 Capability mismatch
26 USB communications capable
25 No USB suspend
24-20 Reserved — Shall be set to zero
19-10 Operating current in 10-mA units
9-0 Maximum operating current in 10-mA units
Table 9. Battery RDO
Bits Parameter
31-30 Reserved — Shall be set to zero
29 Object position (000b is Reserved and shall not be used)
28 GiveBack flag = 0
27 Capability mismatch
26 USB communications capable
25 No USB suspend
24-20 Reserved — Shall be set to zero
19-10 Operating power in 250-mW units
9-0 Maximum operating power in 250-mW units
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2.3

3.1

USB PD Specification for Sink RDO

The most important concept in the RDO is as follows: the value in the object-position field indicates which
object is referred to by the RDO in the Source_Capabilities message. A value of 1 always indicates the 5-
V fixed-supply PDO because it is the first object following the Source_Capabilities message header. A
value of 2 refers to the next PDO and so forth. For more information, see TPS65982D USB Type-C and
USB-PD Controller, Power Switch, and High-Speed Multiplexer (SLVSDB1).

Tx Sink and Source Capabilities Mode Host-Interface Registers

The configuration registers for these modes are the transmit (Tx) source capabilities register (address
0x32) and the transmit (Tx) sink capabilities register (address 0x33).

The USB-PD power capabilities are configured using the Application Customization Tool GUI. The
capabilities of the transmitted source are configured using the Tx source capabilities register (0x32). The
capabilities of the transmitted sink are configured using the Tx sink capabilities register (0x33). In some
cases, a design can have both sink and source capabilities. For example, a laptop can source at least 5 V
to charge accessories from the laptop battery but can also charge the battery at up to 20 V. This type of
application is called a dual-role port (DRP) and must sometimes initiate or accept power role swaps. This
chapter only describes the initial PD power negotiation, and therefore the hardware that sources power is
only a source and DFP, and the hardware that sinks power is only a Sink and UFP that operates in dead
battery mode.

If the user is developing a source-only design, such as an AC-DC wall adapter, the Type-C port is set to
use a pullup resistor (Rp) only, and the PD policy is set to reject power role swaps from the far end. For
the source, this chapter only describes how to analyze and modify the Tx source capabilities register
(0x32), and that the TPS65982-EVM receives external power from a traditional 20-V DC power supply.

If the user is developing a sink-only design, such as a bus-powered external hard drive, the Type-C port is
set to use a pulldown resistor (Rd) only, and the PD policy is set to reject power role swaps from the far
end. The TPS6598x FW automatically rejects power role swaps to become the source if the device is
operating in dead battery or no battery mode. For the sink, this chapter only describes how to analyze and
modify the Tx sink capabilities register (0x32), and that the TPS65982-EVM always operates in dead
battery or no battery mode.

Tx Source Capabilities Example Settings

The TPS6598x Firmware Configuration tool, version 2.8, contains many example projects with different
settings for sink and source capabilities that are transmitted to the far end of the Type-C cable during a
PD negotiation. For this example, select the project template named

TPS65982_HD3SS460 DRP_Source_Full_2_8.tpl which is accessed by clicking the Project menu and
selecting the New Project option from the drop-down menu of the configuration GUI.

The configuration of the transmitted source capabilities is set in the Tx source capabilities register at
address 0x32.

6
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Tx Sink and Source Capabilities Mode Host-Interface Registers

General Settings

Shared Device Settings

TPS65982 Application Customization Tool

Customer Use

Interrupt Mask for 12C1
Interrupt Mask for 12C2
System Power State

System Configuration
Control Configuration
Transmit Source Capabilities
Transmit Sink Capabilities
Autonegotiate Sink

Alternate Mode Entry Queue
Transmit Identity Data Object
User Alternate Mode Configura
Display Port Capabilities

Intel VID Config Register
Texas Instruments VID Config
GPIO Event Map
Miscellaneous Configuration
Sleep Control Register

Raw View

i3 TEXAS INSTRUMENT

TPS65982 HD3SS460 DRP, Prefers Source, version 2.8

Transmit Source Capabilities ( 0x32 )

Tx Source PDO Config

:Number of Source PDOs

Source PDO 1

Field
iSwitch Source
|Maximum Current
| oltage
Peak Current
|USB Capable
:USB Suspend Supported
[

[Supply Type

Source PDO 2

Field
'[Advenised Mask
iSwitch Source
Maximum Current
| oltage
Peak Current

!Supply Type

Source PDO 3

Field
IAdvertised Mask
|Switch Source
||V|axil"l'|UfTI Current
| oltage

Peak Current

!Supply Type

Value

Internal 5 volt Power Path (PP_5V)(00b)

3A
5V

100%
v

Fixed Source

Value
Always Advertise
Internal High Voltage Power Path (PP_HV)
3A
12V
100%
Fixed Source

Value
Always Advertise
External High Voitage Power Path (PP_HVE)
5A
20V

100%
Fixed Source

Value

m

Figure 1. Tx Source Capabilities Register of TPS65982 HD3SS460 _DRP_Source_Full_2_8.tpl

Figure 1 shows the Tx source capabilities register (0x32) for the
TPS65982_HD3SS460 DRP_Source_Full_2_8.tpl example template. This example uses three source
PDOs which are displayed in the Source PDO 1, Source PDO 2, and Source PDO 3 section of the
Register tab . To show exactly 3 PDOs, the Number of Source PDOs field at the top of the Register tab
must be set to decimal 3. Figure 2 shows a captured PD trace which verifies that the data in the Tx source

capabilities register is transmitted to the sink when a valid Type-C connection is made.
| o rem - = e e s
Figure 2. PD Trace of Tx Source Capabilities
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3.2 Tx Sink Capabilities Example Settings

The configuration of the transmitted sink capabilities is set in the Tx sink capabilities register at address

0x33.
E TP865982 ApplicatiorEustomizaﬁon Tool ol = i - o | B R
: General Settings Shared Device Settings
TPS65982 Application Customization Tool TPS65982 HD3SS460 UFP, version 2.8

Customer Use Transmit Sink Capabilities ( 0x33 )
Interrupt Mask for 12C1
Interrupt Mask for 12C2 Sink PDO Count
System Power State -
System Configuration Field Value
Control Configuration Number of Sink PDOs 2 .
Transmit Source Capabilities
Transmit Sink Capabilities Sink PDO 1
Autonegotiate Sink .
Alternate Mode Entry Queue Field Value
Transmit Identity Data Object Operating Current 09A -
User Alternate Mode Configura
|
Display Port Capabilities Voltage 2V
Intel VID Config Register Peak Current 100% ~
Texas Instruments VID Config Supply Type Fixed Sink
GPIO Event Map Maximum Operating Current 3A -
Miscellaneous Configuration — - -
Sleep Control Register Minimum Operating Current 09A -
Raw View Ask For Max [¥]
Sink PDO 2
Field Value
Operating Current 09A -
Minimum Voltage 12V <
Maximum Voltage 20V .
Supply Type Variable Sink v |
Maximum Operating Current 3A :
Minimum Operating Current 09A -
Ask For Max v

i3 TEXAS INSTRUMENT

Figure 3. Tx Sink Capabilities Register of TPS65982_HD3SS460 UFP_Full_2_8.tpl

Figure 3 shows the Tx sink capabilities register (0x33) for the TPS65982 HD3SS460 UFP_Full_2 8.tpl
example template. This example uses two sink PDOs, which are displayed in the Sink PDO 1 and Sink
PDO 2 section of the Register tab. To show exactly 2 PDOs, the Number of Sink PDOs field at the top of
the Register tab must be set to decimal 2. Figure 4 shows a captured PD trace which verifies the data in
the Tx sink capabilities register is transmitted to the source in response to a Get Sink Capabilities (GSkC)
message.

ighl) Allached SRG @ 00,000 090 000 D]

i F ent _ CC1Fins | Ad Curr |
8 [ col= Connected 30A "82-EVM Snk~ Ri

Right
“82-EVM Src” Rg Open

Right Y MsgType DR (PR MsgID ObjCnt
E “82-EVM Src- || Ml Got SHK Gap |DFF [SRG| 1 0

b I
>

[ & sk [PD mag| ME5.TPE! DRI [PRI Msg 1D (O] Cat
"82-EVM Snk” - gl Goocro[urplsik| 1 | 0|

D [ = 'Pl:lM MspType DR PR MsgID ObjCnt 'mm Opr Cur Voltage Dual Role 'kaoprcurwnape Dual Role 'Fkuoprcur Voltage Dual Role 'W“owmrvmaga Dual Role Opr Cur Min Vot Max Volt. Supply Typs|
5 1 sevmsnc [ el sink Cap [UFPShK] 7 5 300A [500v] O | 2924 [1200v] 0O 2354 |1500v] 0 [ 1754 [2000v] o |l 9004 [11.65v| 2000V | vanabie

[ Facker | Right sRC 2o |20 wag M58 T3D8I DR | PR hiso 1D OBjCal
B 1 weewse | il cooocrolorpisre] 7 | o |

Figure 4. PD Trace of Sink Capabilities after GSkC Command from Source
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4 Power Negotiation Flow

4.1 USB Power Delivery Specification for Power Negotiation Flow

Figure 5 shows the official flow of a successful USB PD power negotiation from both the source and sink.
The only portion of the power negotiation that can easily be analyzed are the PD messages, or what is
sent from the source PHY to the sink PHY and from the sink PHY to the source PHY. Therefore, the focus
is on steps 3, 7, 12, 16, 21, 25, 30, and 34 in Figure 5.

SLVA842—-November 2016 USB PD Power Negotiations

Submit Documentation Feedback
Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA842

13 TEXAS

INSTRUMENTS
Power Negotiation Flow www.ti.com
Source Sink
[ :Source Policy Engine | [ :Protocol ] [ :PHY | [ PHY | [ :Protocol ] [ :Sink Policy Engine |

Cable Capabilities detected
Plug type detected
1: Send Capabilities
'l | 2 Capabilities ] » ] ] ]
I »| |3: Capabilities + CRC
’ Start CRC Receive Timer g

4: Capabilities
Check MessagelD against local copy

Store copy of MessagelD
_ 6:GoodCRC 5: Capabilities received=
| 7: GoodCRC + CRC | [
8: GoodCRC <«
Check and Increment MessagelDCounter L L T
stop CRCReceiveTimer
9: Capabilities Sent
< Evaluate Capabilities
Start SenderResponseTimer T Detect Plug Type
______ T L L L L T
_10: Send Request
11: Request | |‘
_12: Request + CRC ¢ 1
P 13: Request < ’ Start CRCReceiveTimer
¢
Check MessagelD against local copy
Store copy of MessagelD
e 14: Request received 15: GoodCRC
: » | 16: GoodCRC + CRC
’ Stop SenderResponseTimer ‘ - > 17: GoodCRC
- — »
— | Check and Increment MessagelDCounter
Stop CRCReceiveTimer
U 18: Request sent
Evaluat;?equest ‘ ’ Start SenderResponseTimer
_________________________________________________________________________ i1 ____
19: Send Accept
T 20: Accept
. d 21: Accept + CRC
’ Start CRCReceiveTimer g 22: Accept -
Lt}
Check MessagelD against local copy
Store copy of MessagelD
 24: GoodCRC 23: Accept received -
26: GoodCRC 125: GoodCRC + CRC| 7 L Start SenderResponseTimer
- | Start PSTransitionTimer
T Reduce current

Check and Increment MessagelDCounter
Stop CRCReceiveTimer

27: Accept sent

Power supply adjusted to negotiated output
Send Ping if required to maintain activity

28: Send PS_RDY

Prepare for new power

»

'l I 29: PS_RDY
I

> 30: PS_RDY + CRC
’ Start CRCReceiveTimer v 31: PS_RDY
T

Check MessagelD against local copy
Store copy of MessagelD

33: GoodCRC 32: PS_RDY received >
| 34 GoodCRC + CRC| [*
< 35: GoodCRC b Stop PSTransitionTimer
Check and Increment MessagelDCounter || Start SinkActivityTimer
Stop CRCReceiveTimer (If ping required)

36: PS_RDY sent

¢
Start SourceActivityTimer
(If ping required)
| ]

New Power level

Figure 5. Successful Power Negotiation Flow from USB PD Specification
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The USB PD Specification Revision 2.0, Version 1.2 lists 36 successful steps for a successful power
negotiation. Because the specification assumes the protocol layer, physical layer, and electrical
characteristics are ideal, all steps involving evaluation of available power, timers, and building or
evaluating CRC messages have been removed in this discussion of a successful power negotiation.

After these steps are removed, the resulting list is a total of eight steps required to successfully complete
a USB PD power negotiation which are as follows:

Step 1. Source detects the cable capabilities or plug type if these are not already known. Source
sends a Source_Capabilities message that represents the present capabilities of the power
supply with an appended CRC.

Step 2. Sink generates and sends a GoodCRC message.

Step 3. Sink policy engine evaluates the Source_Capabilities message sent by the source, detects
the plug type if this is required and selects which power supply to use. The sink forms the
data (such as a power-data object) that represents the request into a message and sends the
request message.

Step 4. Source generates and sends a GoodCRC message.

Step 5. Source policy engine evaluates the request message sent by the sink and decides if it can
complete the request. The source forms and sends an accept message with an appended
CRC, and the following occurs:

e The sink enters the SnkStandby period and pulls less than 500 mA.

* The source begins to transition the voltage on the VBUS from VBUS_old to VBUS_new,
which is from 5 to 20 V in this case.

Step 6. Sink generates and sends a GoodCRC message.

Step 7. Source device-policy manager informs the policy engine that the power supply has settled at
the new operating condition and sends a PS_RDY message with an appended CRC.

Step 8. Sink generates and sends a GoodCRC message.

4.2 PD Trace Analysis of Power Negotiation Flow

Referring to the steps in Section 4.1, this section analyzes an actual PD trace of a power negotiation
captured between two TPS65982-EVMs and verifies that it is successful.

The following PD message trace was taken with a Teledyne LeCroy PD analyzer between two TPS65982-
EVMs, one loaded with a binary created from the source example template,

TPS65982_HD3SS460 DRP_Source_Full_2_8.tpl, and the other loaded with the sink example template,
TPS65982_HD3SS460 _UFP_Full_2_8.tpl.

4 Packets sg Type Cable Plug | Msg ID Obj Cnt I Cmd [Cmd Type [Obj Pos [Vendor ID
3235 = ca WFDMwlmWHW Header (o Cover identity| Inftiator | 0| PD SID
0 | Packet | Right sre 25 1S Msg IRl DR [ PR | Msg ID Ob] cm F Bd [Max Cur|Voltage [Dual Role| \Max Cur|[Voltage [Dual Ro|e| {Max Cur[Voltage [Dual Role|
36 "82-EVM Src” Source Cap |[DFP[SRC| 0 3.00A [500v[ 0 | \ 3.00A [1200v] 0 1 \ 3.00A [2000v] © |
Msg Type DR | PR Msg ID Obj Cnt
EETETE — 5 PD el GoodCRC[UFP [SNK| 0
‘_ SNK PDM Msg Type |DR || PR Msg 1D Dbj Cnt Max Qpr Cur/Pow = Qpr Cur/Pow Cap Mismatch Obj Pos
38 "82-EVM Snk" Request |UFP |SNK 0 3.00A/75.00W |3.00A/7500W 0
Packel Right Msg Type| DR | PR MsgID om Cnt
"82-EVM Src”_ [ = PD el GoodCRC |DFP[SRC| 0
Packet Right Type DR PR MsgID Obj Cnt
g 40 "82-EVM Src” [k = [l A:cept DFP |SRC
} Msg Type | DR | PR | Msg ID |Obj Cnt
"82-EVM Snk" ‘_ SNI\ PD LSE GoodCRC |UFP | SNK 1 0

Right 509 DR [PR/| Msg 1D onjcm
“82-EVM Src” |tk PS Ready |DFP |SRC

Msg Type DR | PR | Msg ID Obj Cnt
"82-EVM Snk" ~ snK PD Wil GoodCRC[UFP |SNK| 2

Figure 6. PD Trace of Successful PD Power Negotiation

PD

Figure 6 shows the expected sequence of PD messages for this example and provides specific details on
the eight steps introduced in Section 4.1:

Step 1. In packets 32 to 35, the source makes a few attempts to determine if an active or e-marked
cable is connected before moving on to sending the source capabilities in packet 36 in the
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form of PDOs.
Step 2. In packet 37, the sink sends a GoodCRC to confirm the PDOs were received successfully.
Step 3. In packet 38, the sink sends its power needs to the Source in the form of a RDO.
Step 4. In packet 39, the source sends a GoodCRC to confirm the RDO was received successfully.
Step 5. In packet 40, the source accepts the RDO from the sink.

Step 6. In packet 41, the sink sends a GoodCRC to confirm that the source successfully accepted the
RDO.

Step 7. In packet 42, the source sends PS_Ready to indicate 20 V is available on VBUS.
Step 8. In packet 43, the sink sends a GoodCRC to confirm PS_Ready was received successfully.

5 Rx Sink and Source Capabilities and Active PDO/RDO Host Interface Registers

Section 4.2 explains how a PD analyzer can be used to confirm that a successful PD power negotiation
occurred. This information can also be extracted from the host interface registers of the TPS65982 device.
These registers include the following:

e Status registers
— 0x40, PD status
* Runtime registers:
— 0x30, received (Rx) source capabilities
— 0x31, recieved (Rx) sink capabilities
— 0x34, active PDO
— 0x35, active RDO

Reading the previously listed registers provides an indication of the power negotiation that occurred, even
if a USB PD analyzer is not available in a lab. The TPS6598x Host Interface Utilities Tool provides a low-
cost way to analyze, debug, and test to modify the sink and source capabilities of a real system in a
couple different ways. Multiple systems can be tested relatively quickly, and this information can be used
to determine how much power a source or sink actually can provide or consume. This information can
then be used to modify the FW settings in the TPS6598x Configuration Tool to reprogram the SPI flash of
the TPS65982 device with new capabilities. Or this information can be used to modify the sink or source
capabilities instantly over I°C to try a variety of new settings very rapidly and see the results in real-time to
make correct new FW with less SPI writing, prepare to write code for an 12C system controller in a
multiport system, or both.

The PD status register (0x40) was read from the source side and the results are displayed in Figure 7,
showing that this TPS65982-EVM is indeed acting as a source and that the Type-C role indicates that this
port is not acting in sink mode and that an Rd pulldown resistor is activated on the CC1/2 pin. In addition,
the power negotiation was successful on the first attempt (no soft or hard resets occurred, which would
indicate error recovery was attempted).

PD Status (0x40)

Re-read Register Clear Status

Status: Register Read SUCCESS

PlugDetails USB type-C fully featured plug
CCPullUp Not in CC pull-down mode / no CC pull-up detected
PortType Provider/Consumer
PresentRole Source
SoftResetType SoftResetType_None
HardResetType HardReset_None

Figure 7. Status Register Read from TPS65982 Acting as Source
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The PD status register (0x40) was read from the sink side and the results are displayed in Figure 8,
showing that this TPS65982-EVM is indeed acting as a sink and the source advertised 3 A of Type-C
current before the PD power negotiation occurred.

PD Status (0x40)

Re-read Register Clear Status

Status: Register Read SUCCESS

PlugDetails USB type-C fully featured plug
CCPullup 3A current
PortType Consumer/Provider
PresentRole Sink
SoftResetType SoftResetType_None
HardResetType HardReset_None

Figure 8. PD Status Register Read from TPS65982 Acting as Sink

The Rx source capabilities register (0x30) was read from the sink side and the results are displayed in

Figure 9, showing that the source advertised three PDOs and matches the default template source
settings in Figure 1 and the capture PD trace in Figure 6.

Rx Source Cap (0x30)

Re-read Register | Clear Status

Status: Register Read SUCCESS

numPDOs 3
PDO1: MaxCurrent or Power 3000 mA
PDO1: Min Voltage or Power 5000 mV
PDO1: Peak Current 0 PeakCurrentType_100PercentlOC
PDO1: Dual Role Data True
PDO1: USB Comm Capable True
PDO1: Externally Powered False
PDO1: USB Suspend Supported False
PDO1: Dual Role Power False
PDO1: Supply Type Fixed
PDO2: MaxCurrent or Power 3000 mA
PDO2: Min Voltage or Power 12000 mV
PDO2: Max Voltage 0 PeakCurrentType_100PercentlOC
PDO2: Supply Type Fixed
PDO3: MaxCurrent or Power 3000 mA
PDO3: Min Voltage or Power 20000 mV
PDO3: Max Voltage 0 PeakCurrentType_100PercentlOC
PDQO3: Supply Type Fixed

Figure 9. Rx Source Capabilities Register Read from TPS65982 Acting as Sink

The Rx sink capabilities register (0x31) was read from the source side and the results are displayed in

Figure 10, showing that the source has two sink PDOs which matches the default template sink settings in

Figure 3. This data are not shown in the capture PD trace Figure 6. Section 6 explains why and how to

populate this register with usable data.
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Rx Sink Cap (0x31)

Re-read Register |Clear Status

Status: Register Read SUCCESS

numPDOs

PDO1: MaxCurrent or Power
PDO1: Min Voltage or Power
PDO1: Peak Current

PDO1: Dual Role Data
PDO1: USB Comm Capable
PDO1: Externally Powered
PDO1: Higher Capability
PDO1: Dual Role Power
PDO1: Supply Type

PDO2: MaxCurrent or Power
PDO2: Min Voltage or Power
PDO2: Max Voltage

PDO2: Supply Type

2

900 mA
5000 mV
0 PeakCurrentType_100PercentlOC
False
True
False
True
False
Fixed

900 mA
12000 mV
20000 mV
Variable

Figure 10. Rx Sink Capabilities Register Read from TPS65982 Acting as Source

The active PDO register (0x34) was read from the sink side and the results are displayed in Figure 11,
showing that the active PDO matches the default template source settings in Figure 1 and the capture PD

trace in Figure 6.

Active PDO (0x34)

Re-read Register | Clear Status

Status: Register Read SUCCESS

MaxCurrent or Power
Min Voltage or Power
Max Voltage

Supply Type

Peak current
USBCommCapable
Externally Powred
USBSuspendSupported
Dual Role

3000 mA (Max Current)

20000 mV

None

Fixed
PeakCurrentType_100PercentlOC
True

False

False

False

Figure 11. Active PDO Register Read from TPS65982 Acting as Sink

The active RDO register (0x35) was read from the source side and the results are displayed in Figure 12,
showing that the active requested data object matches the default template sink settings in Figure 3 and

the captured PD trace in Figure 6.
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Active RDO (0x35)

Re-read Register | Clear Status

Status: Register Read SUCCESS

Max/Min Operating Current or Power 3000
Operating Current or Power 3000
No USB Suspend True
USB Communications Capable True
Capability Mismatch False
Give Back Flag False
Object Position 3

Figure 12. Active RDO Register Read from TPS65982 Acting as Source

Now that all of the status and runtime registers have been introduced and verified to match the initial
settings and actual data captured in the PD trace, this information can be used to modify the default
templates to match the power requirements of a real system and add more functionality to complex
systems. In the final system, these same registers will be used to debug simple problems encountered
when testing interoperability of new products being developed with products available in the market.

5.1 Modifying Tx Sink Capabilities to Negotiate Power Based on Actual System Needs

This section explains how to modify the Tx sink Capabilities in the TPS6598x Configuration Tool to match
the needs of a system. Although the templates are a great starting point to verify that the FW is
successfully negotiating USB PD power contracts, the real system being designed will have very specific
power needs.

After determining these exact power needs through lab testing, the FW must be modified to successfully
negotiate as many Source PDOs as possible. Consider an example where the sink system was measured
to need 15 W of power for PDO1 at 5 V to power up the application processor and other critical
components on the board.

At 15 W though, the battery of the system cannot be charged. After additional testing, it is determined that
the system requires at least 35 W to charge the battery and more than 50 W are not necessary.

To ensure the minimum power will be received at standard USB-PD voltage rails (12 V, 15V, 20 V), fixed
sink PDOs are used to get the exact current required. Assuming the source is a mobile computer or
multiport system sharing a limited amount of power, the operating current is calculated shown in
Equation 1.

Operating Current = (Minimum Power / Voltage Rail) Q)

Furthermore, the 12-V and 15-V contracts attempt to request a maximum current of up to 3 A, but the 20-
V sink PDO will only request a maximum current of 2.5 A for exactly 50 W. To capture as many
nonstandard PD voltages and variable source PDOs as possible, a wide-voltage variable sink PDO is
used with a minimum current of 3 A. Figure 13 shows the exact settings used for all five sink PDOs. The
project name of TPS65982_HD3SS460_UFP_Full_2_8.tpl was renamed to Snk_35-50W.pjt in Figure 13
and is no longer a default template.

SLVA842—-November 2016 USB PD Power Negotiations 15

Submit Documentation Feedback
Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA842

Rx Sink and Source Capabilities and Active PDO/RDO Host Interface Registers

13 TEXAS
INSTRUMENTS

www.ti.com

Transmit Sink Capabilities ( 0x33 )

Sink PDO Count

Field Value

Number of Sink PDOs 5
Sink PDO 1
4 Field value
Operating Current 3A
\Voltage 5V
Peak Current 100%
Supply Type Fixed Sink
Maximum Operating Current 3A
Minimum Operating Current 3A
JAsk For Max v
Sink PDO 2
' Field Value
Operating Current 292A
Voltage 12V
Peak Current 100%
Supply Type Fixed Sink
Maximum Operating Current 3A
Minimum Operating Current 292A
JAsk For Max v
Sink PDO 3
' Field Value
Operating Current 235A
|Voltage 15V
Peak Current 100%
Supply Type Fixed Sink
Maximum Operating Current 3A
Minimum Operating Current 235A
|Ask For Max v
Sink PDO 4
' Field Value
Operating Current 1.75A
|Voltage 20V
Peak Current 100%
Supply Type Fixed Sink
Maximum Operating Current 25A
Minimum Operating Current 175A
Ask For Max 7\
Sink PDO 5

Field Value
Operating Current 3A
Minimum Voltage 1165V
Maximum Voltage 20V
Supply Type Variable Sink
Maximum Operating Current 3A
Minimum Operating Current 3A

|Ask For Max 7

m

m

Figure 13. New Set of Five Sink PDOs in Modified Snk_35-50W.pjt Project

Figure 14 shows a capture PD trace after loading the new Snk_35-50W.pjt binary FW image on the
TPS65982-EVM and connecting it to the unchanged TPS65982-EVM acting as the source and loaded with
a binary file from the example TPS65982_HD3SS460_DRP_Source_Full_2_8.tpl template project.
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NOTE: Obiject 3 (20-V fixed) is still the active RDO but now the operating current and maximum
current fields are 2.5 A.

s0P*
)| 4 Packets  [ESSNY HPD Msg

Msg Type Cable Plug  Msg |D Obj Cnt
Vendor Defined | DFP or UFP 0 1

Msg Type IELBLGILE I e [F“ed|MaxCur|Vulwge|DualRole||‘erd
Source Cap |DFP[SRC 3 | 300A [500v] o |

DR | PR | Msg ID Obj Cnt
PS Ready |DFP |SRC 2 0

S0P P Msg Type|| DR || PR Msg ID |Obj Cnt
K
"g2-EVM Snk” RS PD Wl GoodcRe [UFP[SNK] 2 0

Figure 14. New Initial Power Negotiation Between Source and Snk_35-50W.pjt Sink

Cmd Cmd Type | Obj Pos [Vendor ID

H o Discover Identity | Initiator 0 PD SID

[ 48-51

[Max Cur[Voltage [Dual Role |

i [Max Cur[Voltage [Dual Role|
[ 300A [1200v] 0 |

| 3.00A [2000v] 0 |

PD Msg

5.2 Using Received Data and System Information to Renegotiate Power Contracts

The USB-PD source may sometimes be mobile computers operating off of battery power or multiport
systems sharing a fixed amount of power trying to allocate resources to PD sinks on a case-by-case
basis.

If the total power available in a USB-PD dock acting as a source is 100 W and 50 W is being used by the
sink on port A, then a standard 60-W contract cannot be offered to port B.

After reading the Rx sink Capabilities Register, it is determined that the sink using FW from the “Snk_35-
50W.pjt” project only requires 35 W on Port A, so a 60-W contract could be offered to Port B.

In this example, source PDO3 will be reduced to 20 V, 1.75 A and then the TPS65982-EVM acting as the
source will send the Send Source Capabilities (SSrC) message to attempt to renegotiate the PD power
contract at a lower power setting.

NOTE: In Figure 14, the operating current and maximum current fields are now 2.5 A but the new
sink capabilities have been modified and the PD source can determine this information.
Figure 15 shows the sink capabilities processed by the source after issuing a Get sink
Capabilities (GSkC) PD command.

PI=SD Len) Anached SNK @ 00000 000 000_WISied  Right) Atlachied SRC @ 00,000 000000 )]
| CC1 Pins | Ad Curr|
B Connected | 3.0A "82-EVM Snk” Rd

“B2-EVM Sre” Rp Open

)|__Packet | Right = MsgType DR PR MsgID ObjCnt
[ “52-Evi Src- il Ml Got Stk Cap [oFP[SRe| 1 | 0|

——=

Left < gk [PD msg M58 T¥pE! (DR PR Msg 1D [0B] Cait
B gl Gooacre[urplsik| 1 | 0|

[ P m MsgType DR PR Msg 1D Obj Cat m Opr Cur Voltage Dual Role m Opr Cur Voltage Dual Role m Opr Cur Voltage Dual Role m ‘Opr Cur Voltage Dual Role ‘Opr Cur Min Volt Max Vot Supply Typ|

"82-EVM Snk™ = SNK Sink Cap [UFP|SNK 7 5 e 3.00A |500V 1] — 292A [1200V Q A 235A |[1500V Q — 1.75A |20.00 V' 1] R 300A [1165V]2000V Variable
o Right = Msg Type [DR | PR Msg 1D ObjCnt
& | seevwse |uilendl Ml cooacreorplsrc] 7 | o |

Figure 15. New Sink Capabilities in Reply to GSKC PD Command from Source

A —Facer ]
£ ——

Figure 16 shows the source PDO3 being modified on the TPS65982-EVM acting as a source before the
SSrC command is issued to the TPS65982 device to resend the Source Capabilities PD Message.
Modifying the Rx source capabilities register (0x32) and issuing the SSrC command are both performed in
the TPS6598x Utilities Tool GUI.
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Enable Mask PDO3 E Always Enabled]
PP Switch for PDO3 * (PP_HVE (External

PDO3: MaxCurrent or
e 1750 mA
PDO3: Min Voltage or
Power 20000 mV

RDO3: Maxivollage PeakCurrentType_100PercentlOC

PDO3: Supply Type
Figure 16. New Source PDO3 of TPS65982 HD3SS460 DRP_Source Full_2_ 8.tpl Source

Figure 17 shows a PD trace from an analyzer that was recording USB PD traffic before the SSrC
command was issued to the source and captures the renegotiation between the two TPS65982-EVMs.

This PD trace confirms that the sink is still accepting with the 20 V, 1.75-A contract offered by the source
and the power negotiation is successful again.

[<s) Left) Attached.SNK @ 00.000 000 000 )I=sh) Right ) Attached SRC @ 00.000 000000 )]

[T L CC1 Pins  Ad Cur
6 o | Connected | 3.0A “82-EVM Snk” “82-EVM Src™ Rp Open 14.396 sec 0. 000 000 000
Right LY FDM [ Msg Type JEBJIE] m;ln Ob] [T [ g [ Cur [Voliage [Oual Role Max CurVoltage [Dual Role] [~ Thtax Cur| Voltage | Dual Rote | [IENETT Time Stamp
[ "82-EVM Src”_ | s“ Source Cap|DFP [SRC 300A [500V] © 300A [1200V] 0 175A [2000V] © 894425us | 83.079us 14 395 665 304
b Left PDM Msg Type DR | PR Msg 1D Obj Cnt Duration Idie Time Stamp
=0 Go0dCRC [UFP | SNK 1 [ 502.130 us 446.190 us 14 . 396 642 808

D o ———T o
Packet 0P Msg Type DR | PR Msg ID om cnt | Max Opr Cur/Pow Opr Cur/Pow Cap Mismatch Obj Pos Duration Time Stamp
)| __Facket ] = =
M 3 | -eo EVM e Il HRB] Request |UF? |ShK] 7 BRS 1 75A1 43 T5W |1 75A/ 43 T5W 0 3 637119us | 81793us 14397 591 128

o .

Right sre 2 |'pmsg Msa Type. DR | PR M,qno Obj Cnt||  Duration Idie Time Stamp
"B2-EVM Src” = Bl GoodCRC|DFP|SRC| 7 | 0 || 495574us | 122138us 14 398 310 040

Hr mm L7 DR PR MsgID ObjCnt|  Duration Time Stamp
[ 5 “s2-evM Src”_ |l |0 M99 ™ accept [DFP|SRC| 2 495.574us | 83802us 14398 927 752

D Left oK PD Msg Type DR | PR Msg ID Obj Cnl Duration Idie Time Stamp
B & ] "s2-EvMsnk h ol GoodCRC[UFP[SNK| 2 | 0 || so2428us 14399 507 128

Y[ _Packet | Right
1 | 7 | "s2EvMSrc”

DR PR MsglD Obj Cnt Duration e Sla
PS Ready |DFP |SRC 3 495127 us 84089 us 14 429728 448

B Facket Left <ok PDM Msg Type DR PR | MsgID omcm Duration Time Stamp
M & | "82-EvM Snk” GoodCRC|UFP[SNK| 3 502.130 us 14 . 430 307 664

Figure 17. Final Power Negotiation Between Source and Sink after SSrC Command is Sent

S0P
SRC —+

6 Debugging Common Power Negotiation Issues

The previous sections discuss what happens when a power negotiation or renegotiation is successful. The
following sections discuss debugging options for when the first attempt to establish a power contract is
unsuccessful.

6.1 Failure Type 1—PDO1 Accepted With no Mismatch When High-Voltage PDO Available

The most common problem with power contracts is that all eight steps that make up a successful power
negotiation (see Section 4.1) are usually completed successfully, with the sequence ending in a
PS_Ready message sent from the source. Sometimes the accepted PDO is Object 1, meaning that the
source provides only 5 V. If the sink has higher voltage capabilities (9, 12, 15, or 20 V) then none of the
source PDOs 2 through X matched any of the sink PDOs 2 through Y. Figure 18 shows this type of failure
with the source capabilities modified on the TPS65982-EVM acting as a source to recreate the issue.

Packet Right SoP i DR || PR Msg ID |Obj Cnt [Max Cur[Voltage [Dual Role|f_  [Max Cur[Voltage [Dual Role] [Max Cur]Voltage [Dual Role]
)| Packet | ; ﬁ
[ 36 “a2-EvM Src” bt | 5 [Source Cap|DFP|SRC| 0 Fhﬁd] 300A [500V] © | F"“"’| 1.00A [1200V] 0 | F”‘Ed\ 1.00A [20.00V] 0 |
SOP Msg Type DR | PR MsgID Obj Cnt
a a7 T — S o Msg GoOdCRC |UFP|SNK| 0
;-Sflk PD M Msg Type DR | PR Msg ID Obj Cnt Max Opr Cur/Pow Opr Cur/Pow Cap Mismatich Dbj Pos.
“82-EVM Snk" ) Sl Request [UFP|SNK| 0 3.00A/75.00W_[3.00A/ 75.00W 0

Figure 18. Failure Type 1: PDO1 Accepted With no Mismatch When High-Voltage PDO Available
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If the sink capabilities have been well characterized, then the source should be put on a list of PD power
supplies that are not compatible with the sink system. If the sink capabilities are not known yet, then the
TPS6598x Host Interface Utilities Tool can be used to modify the Tx sink capabilities register (0x33) and
lower the current at one of the fixed-source voltages to accept a high-voltage PDO. The system must be
retested to ensure it can operate correctly with lower input power, even in Dead Battery Mode.

If the problem continues, the high-voltage source PDO is most likely a variable type and the voltage
window is very large. Modifying variable- and battery-type sink PDOs is not strictly defined by the USB
specification and debugging this type of problem is outside the scope of this document.

6.2 Failure Type 2—PDO3 Accepted With Capability Mismatch =1

Another similar problem that can occur is a capability mismatch. Sometimes a PDO is accepted even
though no matches occurred. In other words, source PDOs 1 through X did not match any of the sink
PDOs 1 through Y. If this issue occurs, the capabilities mismatch bit in the RDO is set to 1. Figure 19
shows this type of failure with the source capabilities modified on the TPS65982-EVM acting as a source
to recreate the issue.

| Packet | I8/ DR || PR | Msg ID Obj Cnt [Max Cur]Voltage [Dual Role][_  TMax Cur[Voltage [Dual Role | [Max Cur|Voltage [Dual Role |
I 43 “82- EVM Src” SRC_’ PO Mg Source Cap|DFP[SRC| 0 [F"Bd\ 100A [500v] 0 || [ 00a [1200v] o0 |["*®“[100A [z000v] o0 |
Msg Type DR | PR MsgID Obanl
v o T - Sl GoodCRC|UFP [SNK| 0
PR — F'DM Msg Type [DR || PR | Msg ID omcm + Max Opr Cur/Pow _Opr Cur/Pow _ Cap Mismatch ODJ Pos
45 "g2-EVM Snk” Request [UFP|SNK| 0 2.50A/ 62.50W |1.00A/ 25.00W 1

Figure 19. Failure Type 2: PDO3 Accepted With Capability Mismatch =1

The solution to this failure is the same as the solution to failure 1 (see Section 6.1), but the fact that this
failure occurred may not be as obvious because Object 2-X could be requested to get the most power
(Object 1 not requested) and VBUS may be higher than 5 V.

6.3 Failure Type 3—Rx Sink Capabilities Register (0x31) Reads all Zeros (0)

The final failure discussed in this section is when the Rx sink capabilities register (0x31) has no data and
reads all 0. In previous sections, the Rx sink capabilities register of the source is assumed to always
contain the same data as the Tx sink capabilities register of the sink, but this is not entirely true. The data
in any received (Rx) register can only display information sent through PD communication. As can be
seen in all of the successful power-negotiation PD traces, the sink is never required to send capabilities
but is only required to send a request.

Figure 20 shows this failure. The solution is simple and has been explained previously in Section 6.1.

Rx Sink Cap (0x31)

Re-read Register | Clear Status
Status: Register Read SUCCESS
numPDOs 0
Figure 20. Failure Type 3: Rx Sink Capabilities Register (0x31) Reads all Zeros (0)

Figure 21 shows how to send a Get Sink Capabilities PD message from the source using the TPS6598x
Host Interface Utilities Tool GUI to populate register 0x31 of the source with real data from the sink.
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TPS6598x Host Interface Tools About
Welcome GSkC
Configure Function return reports:
Host Success
Interface Reload Command Page
| FW Update
! Rx Sink Cap (0x31)
SPI FW
! Update Re-read Register | Clear Status
| Register List | Status: Register Read SUCCESS
Command numPDOs 2
| List PDO1: MaxCurrent or Power 900 mA
| PDO1: Min Voltage or Power 5000 mV
PDO1: Peak Current 0 PeakCurrentType_100PercentlOC
PDO1: Dual Role Data False
PDO1: USB Comm Capable True
PDO1: Externally Powered False
PDO1: Higher Capability True
PDO1: Dual Role Power False
PDO1: Supply Type Fixed
PDO2: MaxCurrent or Power 900 mA
PDO2: Min Voltage or Power 12000 mV
PDO2: Max Voltage 20000 mV
PDO2: Supply Type Variable

| Reset Connection [P yesitizsn= 12C Scanner

Jii TEXAS INSTRUMENTS

Figure 21. Failure Type 3 Solution: Execute GSkC Command from Source

Figure 21 shows the exact same data as Figure 10, but the data shown in Figure 10 is not populated until
a GSkC command is executed.
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to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
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documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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