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1 Introduction 

With the continued success of USB Power Delivery, there exists a need to define a common 
interface between a USB Type-C  ̈́Port Manager and a simple USB Type-C Port Controller.  
This specification defines this interface.  
 
Figure 1-1 shows the interconnection between the USB Type-C Port Manager (TCPM) and 
three USB Type-C Port Controllers  (TCPCs). One TCPM may be used to drive multiple TCPCs 
subject to the timing constraints defined in the USB PD Specification. The connection 
between the TCPM and the TCPC is defined as the USB Type-C Port Controller Interface, 
TCPCI. 
 

 

Figure 1-1. USB Type-C Port Manager to USB Type-C Port Controller Interface  

 

1.1 Purpose 

The USB Type-C Port Controller Interface (TCPCI) is the interface between a USB Type-C 
Port Manager (TCPM) and a USB Type-C Port Controller (TCPC).  The goal of the TCPCI is to 
provide a defined interface between a TCPC and a TCPM in order to standardize and simplify 
TCPM implementations.   
The TCPC is a functional block which encapsulates VBUS and VCONN power controls, USB 
Type-C CC logic, the USB PD BMC Physical Layer and portion of the USB PD Protocol Layer.  
 

1.2 Scope 

This specification is intended as a supplement to USB 3.2., USB Type-C, and USB PD 
specifications.  It addresses only the elements required to implement and support the USB 
Type-C Port Controller. 
Normative information is provided to allow interoperability of components designed to this 
specification.  Informative information, when provided, may illustrate possible design 
implementations. 
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1.3 Related Documents 

  

USB 3.2. Universal Serial Bus Revision 3.2 Specification 
https://www.usb.org/documents   

USB PD USB Power Delivery Specification, Revision 3.1, V1.3 January, 2022 
https://www.usb.org/documents  

USB 
Type-C 

USB Type-C Cable and Connector Specification, Revision 2.1, January, 2022 
https:// www.usb.org/documents 

  

 

1.4 Conventions 

1.4.1 Precedence 

If there is a conflict between text, figures, and tables, the precedence shall be tables, figures, 
and then text. 

1.4.2 Keywords 

The following keywords differentiate between the levels of requirements and options. 

1.4.2.1 Informative 

Informative is a keyword that describes information within this specification that intends to 
discuss and clarify requirements and features as opposed to mandating them. 

1.4.2.2 May 

May is a keyword that indicates a choice with no implied preference. 

1.4.2.3 N/A 

N/A is a keyword that indicates a field or value is not applicable and has no defined value 
and shall not be checked or used by the recipient. 

1.4.2.4 Normative 

Normative is a keyword that describes features mandated by this specification. 

1.4.2.5 Optional 

Optional is a keyword that describes features not mandated by this specification.  However, 
if an optional feature is implemented, the feature shall be implemented as defined by this 
specification (optional normative). 

1.4.2.6 Reserved 

Reserved is a keyword indicating reserved bits, bytes, words, fields, and code values that are 
set-aside for future standardization.  Their use and interpretation may be specified by future 
extensions to this specification and, unless otherwise stated, shall not be utilized or adapted 
by vendor implementation.  A reserved bit, byte, word, or field shall be set to zero by the 
sender and shall be ignored by the receiver.  Reserved field values shall not be sent by the 
sender, and if received, shall be ignored by the receiver. 

1.4.2.7 Shall 

Shall is a keyword indicating a mandatory (normative) requirement.  Designers are 
mandated to implement all such requirements to ensure interoperability with other 
compliant Devices. 

https://www.usb.org/documents
https://www.usb.org/documents
https://www.usb.org/documents
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1.4.2.8 Should 

Should is a keyword indicating flexibility of choice with a preferred alternative equivalent to 
ÔÈÅ ÐÈÒÁÓÅ ȰÉÔ ÉÓ ÒÅÃÏÍÍÅÎÄÅÄ ÔÈÁÔȱȢ 

1.4.3 Numbering 

.ÕÍÂÅÒÓ ÉÍÍÅÄÉÁÔÅÌÙ ÆÏÌÌÏ×ÅÄ ÂÙ Á ÌÏ×ÅÒÃÁÓÅ ȰÂȱ ɉÅȢÇȢȟ πρÂɊ ÁÒÅ ÂÉÎÁÒÙ ÖÁÌÕÅÓȢ  .ÕÍÂÅÒÓ 
ÉÍÍÅÄÉÁÔÅÌÙ ÆÏÌÌÏ×ÅÄ ÂÙ ÁÎ ÕÐÐÅÒÃÁÓÅ Ȱ"ȱ ÁÒÅ ÂÙÔÅ ÖÁÌÕÅÓȢ  .ÕÍÂÅÒÓ ÉÍÍÅÄÉÁÔÅÌÙ ÆÏÌÌÏ×ÅÄ 
ÂÙ Á ÌÏ×ÅÒÃÁÓÅ ȰÈȱ ɉÅȢÇȢȟ 3Ah) are hexadecimal values.  Numbers not immediately followed by 
ÅÉÔÈÅÒ Á ȰÂȱȟ Ȱ"ȱȟ ÏÒ ȰÈȱ ÁÒÅ ÄÅÃÉÍÁÌ ÖÁÌÕÅÓȢ 

1.5 Terms and Abbreviations  

Term  Description  

BMC Biphase Mark Coding 

LPM Local Policy Manager 

LPMI Local Policy Manager Interface 

OPM Operating System Policy Manager 

PPM Platform Policy Manger 

PPMI Platform Policy Manager Interface 

TCPC USB Type-C Port Controller 

TCPCI USB Type-C Port Controller Interface 

TCPM USB Type-C Port Manager 

SNK.Rp Sink CC pin above minimum vRd-Connect, per USB Type-C 

SNK.Open Sink CC pin below maximum vRa, per USB Type-C 

SRC.Ra Source CC pin above vOPEN, per USB Type-C 

SRC.Rd Source CC pin within the vRd range, per USB Type-C 

SRC.Open Source CC pin below maximum vRa, per USB Type-C 

OCP Over-current Protection 

OVP Over-voltage Protection 

vSafe0V Safe operating voltage ÁÔ ȰÚÅÒÏ ÖÏÌÔÓȱ ÐÅÒ USB PD 

vSafe5v Safe operating voltage at 5V per USB PD 
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2 Overview 

2.1 Introduction 

2.2 USB Type-C Port Controller (TCPC) Interface 

 

 

Figure 2-1. TCPC Interface  

 
The USB Type-C  ̈́Port Controller Interface, TCPCI, is the interface between a USB Type-C 
Port Manager and a USB Type-C Port Controller.  The goal of the USB Type-C Port Controller 
Interface (TCPCI) is to provide a defined interface between a TCPC and a TCPM in order to 
standardize and simplify USB Type-C Port Manager implementations.   
The TCPC is a functional block which encapsulates VBUS and VCONN power controls , USB 
Type-C CC logic, and the USB PD BMC physical layer and protocol layer other than the 
message creation. The TCPC shall not include support for USB PD BFSK. 
 

2.3 Changes from Revision 1.0 

The following is a summary of major changes between this specification (TCPCI Rev2 v1.2) 
and TCPCI Rev1 v1.2: 
¶ Support for USB PD Extended Messages. The TRANSMIT_BUFFER and 

RECEIVE_BUFFER registers are redefined to accommodate 260 data bytes. Changes 
are made to the procedures of USB PD communication (see Sections 4.7). 

¶ Support for USB PD Fast Role Swap (see Section 4.4.5.4.6).  
¶ Support for SMBus PEC (Packet Error Checking) mechanism (see Sections 4.3.7 and 

4.3.12). 
¶ Support for a general-purpose timer (see Section 4.4.11). 
¶ Support for vSafe0V reporting in EXTENDED_STATUS register (see Section 4.4.6.4). 
¶ The TCPM is required to adopt parts of the SMBus protocol for reading and writing 

the I2C registers (see Section 4.3) 
¶ Unless the TCPM sets TCPC_CONTROL.EnableLooking4ConnectionAlert  bit, TCPC by 

default masks Alert assertion when CC_STATUS.Looking4Connection changes state.  
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¶ Support for optional normative way to set the target voltage for sourcing non-default 
voltages over VBUS (see Section 4.4.19). 

¶ Added a TCPM timing requirement for servicing TCPC Alerts if the TCPM is 
connected to a TCPC Source which has set SinkTxOK to indicate to the Sink it is OK to 
send Atomic Message Sequences (AMS) (see Appendix C).  

¶ Corrected the calculation example of automatic VBUS Sink discharge upon disconnect 
in Section 4.4.5.4.2. 

 

2.4 Changes from Revision 2.0 Version 1.0 

The following is a summary of major changes between this specification (TCPCI Rev2 v1.2) 
and TCPCI Rev2 v1.0: 
¶ ALERT register is not reset upon a Hard Reset. (see Sections 4.4.2 and 4.7.3) Only the 

mask registers (ALERT_MASK, POWERE_STATUS_MASK, EXTENDED_STATUS_MASK, 
ALERT_EXTENDED_MASK) are reset upon a Hard Reset. 

¶ Added two fields, namely DEVICE_CAPABILITIES_2.MessageDisableDisconnect 
and  RECEIVE_DETECT.MessageDisableDisconnect, which allow a Sink TCPC to 
disable PD messaging based only on SNK.Open (Sink CC pin is below maximum vRa) 
is detected for at least tPDDebounce min (10ms). This allows supporting CTVPD 
CTUnattached.SNK state.  

¶ A Source only TCPC is required to apply Rdch termination on CC pin that was 
providing VCONN until the CC pin reaches below vVCONNDischarge as specified in USB 
Type-C. (see Sections 3.1 and 4.4.5.4). 

¶ Added an unconditionally transition from Debug_Accessry_Exit to 
State_Debug_Accessory (as shown in Figure 4-21) to allow the Debug Accessory 
State-Machine to continue operating after a disconnect event.  

 

2.5 Changes from Revision 2.0 Version 1.1 

The following is a summary of major changes between this specification (TCPCI Rev2 v1.2) 
and TCPCI Rev2 v1.1: 

¶ Clarified that COMMAND.Look4Connection will only cause the TCPC to toggle DRP if 
POWER_CONTROL.AutoDischargeDisconnect = 0. The appropriate way for the TCPM 
to start a DRP toggling is to clear POWER_CONTROL.AutoDischargeDisconnect before 
writing COMMAND.Look4Connection. 

2.6 Changes from Revision 2.0 Version 1.2 

The following is a summary of major changes between this specification (TCPCI Rev2 v1.3) 
and TCPCI Rev2 v1.2: 

¶ Added support for the Extended Power Range (EPR).  

o  Modified Table 4-41 for the VBUS_SINK_DISCONNECT_THRESHOLD Register 
to increase number of bits for the Voltage trip 

o  Similarly, modified table 4-42 for the VBUS_STOP_DISCHARGE_THRESHOLD 
Register Description Table 4-43 for the VBUS_VOLTAGE_ALARM_HI_CFG and 
VBUS_VOLTAGE_ALARM_LO_CFG Register Descriptions 

o  Table 3-2 Required DEVICE_CAPABILITY_2 Support added B15 for the VBUS 
Voltage Format and bits 5:4 clarification 
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o  Added DEVICE_CAPABILITIES_3 Register definition as an Optional register in 
case TCPC supports EPR voltage ranges. 
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3 USB Type-Cϯ Port Controller Requirements 

This chapter describes the requirements of a USB Type-C Port Controller. The TCPC has 
three functions: 
¶ USB Type-C port power control for VBUS and VCONN (normative) 
¶ USB Type-C CC control and sensing (normative) 
¶ USB PD Message delivery (normative) 

Standard Inputs and Outputs are defined for simplified external interfacing (optional) . 
The TCPC uses I2C to communicate with the TCPM. The TCPC is an I2C slave with Alert# 
signal for requesting attention. 

3.1 Port Power Control for VBUS and VCONN 

A Source capable TCPC shall provide the registers required to allow the TCPM to control 
VBUS Sourcing. A Sink capable TCPC shall provide the registers to allow the TCPM to Control 
VBUS Sinking.  
To ensure safety in case the I2C interface fails, a TCPC sourcing nondefault VBUS voltage 
(other than vSafe5V) shall autonomously stop sourcing VBUS if the Sink is detached.  
The TCPC shall implement a force discharge circuit if it supports sourcing VBUS. A low 
current  bleed discharge may be implemented to discharge VBUS. Force discharge is a larger 
current  discharge used to discharge VBUS to below vSafe0V upon detecting a disconnect per 
USB Type-C (exiting the Attached_Src state in Figure 4-19 and Figure 4-20).  
A TCPC shall include monitoring for the presence of VBUS (vSafe5V, vSafe0V). The TCPC shall 
implement high and low voltage alarms if it Sinks or Sources nondefault voltages (i.e. 
voltages other than vSafe5V). 
A Source Only or DRP TCPC shall include control for VCONN sourcing. A Sink Only TCPC shall 
include control for VCONN sourcing if VCONN Swap or Sink with Accessory is supported. VCONN 
sourcing shall meet requirements as provided in the USB Type-C, including tVCONNON and 
tVCONNOFF parameters. When a Source Only TCPC is requested to disable VCONN sourcing (by 
setting POWER_CONTROL.EnableVCONN=0b), the Source Only TCPC shall apply Rdch 
termination on the CC pin that was providing VCONN until the CC pin is discharged below 
vVCONNDischarge level as specified in the USB Type-C. A DRP TCPC may not provide the 
capability of applying Rdch termination when disabling VCONN sourcing is requested.  
A TCPC shall implement low power states as defined in this specification. 

3.2 USB CC Logic 

The TCPC shall implement logic for controlling the CC pins on the USB Type-C Connector. 
The TCPC shall implement the normative method to control the Port Power Role and to 
report the state of the CC lines, Rp/Rd control, and CC sense/debounce/interrupt. 

3.3 USB-PD Message Delivery 

The TCPC shall implement BMC encoding. The TCPC shall not include support for USB PD 
BFSK. The TCPC shall implement the portion of the Protocol Layer in the USB PD 
specification as shown in Figure 3-3, Figure 3-4, and Figure 3-5.  The TCPC is opaque from a 
USB PD point of view. The TCPC sends and receives messages constructed in the TCPM and 
places them on the CC connections. The TCPC does not interpret USB PD messages. 
The TCPC shall implement the entire USB PD Physical Layer with BMC encoding. The TCPC 
shall implement the following portions of the USB PD Protocol Layer: 
¶ CRCReceiveTimer (PRL_Tx_wait_for_Phy_Response_state) 
¶ RetryCounter (PRL_Tx_Check_RetryCounter State) 
¶ MessageID is not checked in the TCPC when a non-GoodCRC message is received. 

Retried messages that are received are passed to the TCPM via I2C 
¶ A message transmission is considered successful after receiving a GoodCRC response 

with the matching MessageID and SOP type  
¶ Two things allow the TCPM to track the MessageID even when asynchronous 

messages are received 
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o  If ALERT.ReceiveSOP*MessageStatus is not cleared when the TCPM requests 
a TRANSMIT then the TransmitSOP*MessageDiscarded bit in the ALERT 
register shall be asserted. 

o  If a message is received before the TCPC has processed a transmit request, it 
asserts the TransmitSOP*MessageDiscarded bit in the ALERT register. 

¶ BIST handling shall be as follows: Each incoming BIST message may be passed up to 
the policy engine as is any other incoming USB PD Message, or responded to with a 
GoodCRC without passing to the policy engine. The TCPC shall provide a mechanism 
to allow the policy engine to send a BIST Continuous Carrier Mode 2 message for 
tBistContMode. 

3.4 Debug Accessory Detection (Optional Normative) 

The TCPC may implement autonomous detection of the Debug Accessory State (vRd/vRd) 
per USB Type-C. This allows the TCPC to indicate a vRd/vRd connection without TCPM 
involvement, and indicates this via the DebugAccessoryConnected# output and 
POWER_STATUS.DebugAccessoryConnected. The TCPC performs autonomous detection of 
the Debug Accessory state if TCPC_CONTROL.DebugAccessoryControl=0b. 
The TCPM may control entry to the Debug Accessory Detected state by setting 
TCPC_CONTROL.DebugAccessoryControl=1b.  
The behavior in the Debug Accessory state is defined in USB Type-C specification.  
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3.5 State Diagram Introduction 

The TCPC state diagrams defined in this specification are normative and shall define the 
operation of the TCPC. Note that TCPC state diagrams are not intended to replace a well 
written and robust design. Figure 3-1 shows an outline of the states defined in the following 
sections. At the top there is the name of the state. This is followeÄ ÂÙ Ȱ!ÃÔÉÏÎÓ ÏÎ ÅÎÔÒÙȱ Á 
ÌÉÓÔ ÏÆ ÁÃÔÉÏÎÓ ÃÁÒÒÉÅÄ ÏÕÔ ÏÎ ÅÎÔÅÒÉÎÇ ÔÈÅ ÓÔÁÔÅ ÁÎÄ ÉÎ ÓÏÍÅ ÓÔÁÔÅÓ Ȱ!ÃÔÉÏÎÓ ÏÎ ÅØÉÔȱ Á ÌÉÓÔ ÏÆ 
actions carried out on exiting the state. 

 

Figure 3-1. Outline of States 

Transitions from one state to another are indicated by arrows with the conditions listed on 
the arrow. Where there are multiple conditions these are connected using either a logical OR 
Ȱȿȱ ÏÒ Á ÌÏÇÉÃÁÌ !.$ ȰǪȱȢ 4ÈÅ ÉÎÖÅÒÓÅ ÏÆ Á ÃÏÎÄÉÔÉÏÎ ÉÓ ÓÈÏ×Î ×ÉÔÈ Á Ȱ./4ȱ ÉÎ ÆÒÏÎt of the 
condition. In some cases, there are transitions which can occur from any state to a particular 
state. These are indicated by an arrow which is unconnected to a state at one end, but with 
the other end (the point) connected to the final state. In some state diagrams it is necessary 
to enter or exit from states in other diagrams. Figure 3-2 indicates how such references are 
made. The reference is indicated with a hatched box. The box contains the name of the 
referenced state. 

 

Figure 3-2. Reference to States 

  

Actions on Entry:
άList of actions to carry out on entering 
the stateέ

<Name of State>

Actions no exit:
άList of actions to carry out on exiting the 
stateέ

<Name of reference state>
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3.6 TCPC Protocol Layer State Operation 

This section describes the normative TCPC Protocol Layer state operation. The informative 
TCPM Protocol Layer state operation can be found in Appendix A. 
The state operation as shown in Figure 3-3, Figure 3-4 and Figure 3-5 depends on the 
message detection settings in RECEIVE_DETECT register (as provided in Section 4.4.13). For 
ÅØÁÍÐÌÅȟ ÉÆ 2%#%)6%ͺ$%4%#4Ȣ%ÎÁÂÌÅ3/0ȭȭ-essage is not set, the TCPC does not transition 
from PRL_Rx_Wait_for_PHY_Message to PRL_Rx_Message_Discard wÈÅÎ ÉÔ ÒÅÃÅÉÖÅÓ 3/0ȭȭ 
message regardless of whether the RECEIVE_BUFFER is full. Similarly, if 
RECEIVE_DETECT.CableReset is not set, the TCPC does not perform global transition from all 
states to PRL_Rx_Wait_for_PHY_Message, PRL_Tx_Wait_for_Transmit_Request or 
PRL_HR_Wait_for_Hard_Reset_Request state when it receives Cable Reset. 

Figure 3-3 shows that when the TCPC receives an unexpected GoodCRC message, the TCPC 
sets ReceiveSOP*MessageStatus bit in the ALERT register to allow the TCPM reading the 
unexpected GoodCRC message as a regular USB PD message (as described in Section 4.7.5). 
The TCPM should follow USB PD if  the port receives an unexpected GoodCRC message. On 
the other hand, if the TCPC receives an expected GoodCRC message (that contains the 
matching MessageID and SOP type with the transmitted PD message), then the TCPC would 
enter PRL_Tx_Report_Success TCPC Protocol Layer state (as shown in Figure 3-4) and set 
TransmitSOP*MessageSuccessful bit in the ALERT register. 

 
 

 
Figure 3-3. Message Reception  State Diagram implemented  in TCPC 
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Figure 3-4. Message Transmission State Diagram Implemented  in TCPC 

 
 

 
Figure 3-5. Hard Reset Transmission State Diagram Implemented  in TCPC 
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3.7 Source, Sink, and DRP Requirements 

A TCPC shall implement the DEVICE_CAPABILITES_1 and DEVICE_CAPABILITES_2 registers as defined in Section 4.4.8.1. A TCPC shall 
support the DEVICE_CAPABILITIES_1 register for the applicable Power Role as defined in Table 3-1. A TCPC shall implement the 
DEVICE_CAPABILITIES_2 register for the applicable Power Role as defined in Table 3-2. 
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Table 3-1. Required DEVICE_CAPABILITIES_1 Support  

Power Role  B15 
VBUS 

Voltage 
Target  

B14 
OCP 

B13 
OVP 

B12 
Bleed 

Discharge 

B11 
Force 

Discharge 

B10 
VBUS 

Alarm  
Meas 

B9ȣ8 
Rp 

Value 

B7...5 
Power 
Roles 

B4 
3/0ȭȾ
3/0ȱ 
DBG 

B3 
Source 
VCONN 

B2 
Sink 
VBUS 

B1 
Source 
Non-

default  

B0 
Source 

VBUS 

Source-only (Nondefault 
VBUS)  

O O2 O3 O R R 01b 
10b 

001b O R O R R 

Source-only (Default 
VBUS)  

O O2 O3 O R O 00b 001b O R O O R 

Sink-only (Nondefault 
VBUS)  

O O O3 O O R 00b 010b O O R O O 

Sink-only (Default VBUS) O O O3 O O O 00b 010b O O R O O 
DRP Toggling 

(Source/Sink) 
(Nondefault VBUS) 

O O2 O3 O R R 01b 
10b 

100b 
101b 
110b 

O R R R R 

Toggling 
(Source/Sink)  
(Default VBUS) 

O O2 O3 O R O 00b 100b 
101b 
110b 

O R R O R 

Sourcing Device 
(Nondefault  VBUS) 

O O2 O3 O R R 01b 
10b 

100b 
101b 
110b 

O R O R R 

Sourcing Device 
(Default VBUS) 

O O2 O3 O R O 00b 100b 
101b 
110b 

O R O O R 

Sinking Host 
(Nondefault  VBUS) 

O O O3 O O R 00b 100b 
101b 
110b 

O O R O O 

Sinking Host 
(Default VBUS) 

O O O3 O O O 00b 100b 
101b 
110b 

O O R O O 

Notes: 
1. R=Required and O=Optional 
2. Required at the platform level per USB-PD. OCP can be integrated into the TCPC or external to the TCPC. This bit indicates the TCPC supports reporting OCP 

through FAULT_STATUS register. If OCP is external to the TCPC, the OCP shall be connected to the STANDARD INPUT SIGNAL, VBUS External Overcurrent Fault. If 
this bit is not set, then the OCP event is not visible to TCPC. 

3. Device_Capabilities_1.VbusOVPReporting (B13) defines if reporting of the OVP event is supported or not. OVP is required per USB-PD. 
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Table 3-2. Required DEVICE_CAPABILITIES_2 Support  

Power Rol e B15 
DEVICE 
CAPABI
LITY 3 

B14 
Message 
Disable 
Disconn

ect 

B13 
Generic 
Timer  

B12 
Long 
Mess
age 

B11 
SM
Bus 
PEC 

B10 
Source 

FR 
Swap 

B9 
Sink 
FR 

Swap 

B8 
Watch

dog 
Timer  

B7 
Sink 

Disconnect 
Detection  

B6 
Stop 

Discharge 
Threshold  

B5ȣ4 
VBUS 

Alarm  

B3...1 
VCONN 
Power  

B0 
VCONN 
Over 

Current 
Fault  

Source-only 
(Nondefault VBUS) 

O O O O2 O O O O O R O 000b or 
other 

O 

Source-only (Default 
VBUS)  

O O O O O O O O O O O 000b or 
other 

O 

Sink-only 
(Nondefault VBUS) 

O O O O2 O O O O R O O X O 

Sink-only (Default 
VBUS)  

O O O O O O O O O O O X O 

DRP Toggling 
(Source/Sink) 
(Nondefault 
VBUS)  

O O O O2 O O O O R R O 000b or 
other 

O 

Toggling 
(Source/Sink) 
(Default 
VBUS)  

O O O O O O O O O O O 000b or 
other 

O 

Sourcing 
Device 
(Nondefault  
VBUS)  

O O O O2 O O O O O R O 000b or 
other 

O 

Sourcing 
Device 
(Default 
VBUS)  

O O O O O O O O O O O 000b or 
other 

O 

Sinking Host 
(Nondefault  
VBUS)  

O O O O2 O O O O R O O 000b or 
other 

O 

Sinking Host O O O O O O O O O O O 000b or 
other 

O 
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(Default 
VBUS)  

Notes: 
1. R=Required, O=OptionaÌ ÁÎÄ 8Ѐ$ÏÎȭÔ-care 
2. Required if Extended Messages longer than 30 Bytes long (such as EPR_Source_Capabilities or EPR_Sink_Capabilities) is supported and chunking is not 

supported. In this case, DEVICE_CAPABILITES_2.LongMessages shall be set to 1b. 
 

mailto:DEVICE_CAPABILITES_@.LongMessages
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3.7.1 Source Requirements 

A TCPC, which supports Source operation, shall implement the following: 
1. Provide control of VBUS source path (see COMMAND register, Section 4.4.8). 
2. Optionally provide over voltage protection and over current protection circuitry for 

the VBUS source path (see FAULT_STATUS.OCP/OVP and 
FAULT_CONTROL.OCP/OVP). 

3. Provide control of a VCONN switch (see POWER_CONTROL.VCONNPowerSupported and 
POWER_CONTROL.EnableVconn). 

4. Optionally include monitoring for  the presence of VCONN (see 
POWER_STATUS.VCONNPresent). 

5. Support Device_Capabilities_1 and Device_Capabilities_2 register for the Source-only 
(Nondefault VBUS) or Source-only (Default VBUS) Power Role as defined in Table 3-1 
and Table 3-2. 
 

Table 3-3. Source Requirements  

Name Functionality  

USB-PD 

VCONN Swap Optional 

Power Role Swap Support  Optional 

Fast Role Swap Support Optional 

USB-PD Extended Message Support Optional, but 

Required if EPR is supported  

CC CONTROL 

CC Detect Status Required 

Port Disable Required (Rp to zOpen) 

Power Roles Supported SRC (Rp default, 1.5A, 3A) indicated in 
DEVICE_CAPABILITIES_1.SourceResistorSupported 

SNK (Rd) Optional 

PORT POWER CONTROL 

Power Status Required 

Supply VCONN Required 

Sink VBUS  Optional 

Supply VBUS Required 

Dead Battery Optional  

Required if DRP has a battery (present Rd when no 
power)   
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3.7.2 Sink Requirements: 

A TCPC, which supports Sink operation, shall implement the following: 
1. Contain CC logic that implements a mechanism to present Rd in a dead battery 

condition (see Table 4-17. Power On Default Conditions). 
2. Optionally include the monitoring of the presence of VCONN (see 

POWER_CONTROL.VCONNPowerSupported and POWER_STATUS.VCONNPresent). 
3. Provide control of VBUS sink path (see COMMAND register, Section 4.4.8). 
4. Provide a mechanism for detecting a disconnect if it is capable of sinking a voltage 

other than vSafe5V (see Section 4.4.18.1). 
5. Provide a mechanism for detecting vSafe0V. 
6. Support Device_Capabilities_1 and Device_Capabilities_2 register for the Sink-only 

(Nondefault VBUS) or Sink-only (Default VBUS) Power Role as defined in Table 3-1 
and Table 3-2. 
 

Table 3-4. Sink Requirements  

Name Functionality  

USB-PD 

VCONN Swap Optional 

Power Role Swap Support  Optional 

Fast Role Swap Support Optional 

USB-PD Extended Message Support Optional, but  

Required if EPR is supported  

CC CONTROL 

CC Detect Status Required 

Port Disable Required (Rd to zOpen) 

Power Roles Supported SNK (Rd) Required 

SRC (Rp default, 1.5A, 3A) Optional 

PORT POWER CONTROL 

Power Status Required 

Supply VCONN Optional, but required if VCONN Swap supported 

Sink VBUS  Required 

Supply VBUS Optional  

Dead Battery Required (present Rd when no power) 
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3.7.3 Sink with Accessory Support 

A TCPC, which supports Sink with Accessory Support operation, shall implement the 
following : 

1. Contain CC logic that implements a mechanism to present Rd in a dead battery 
condition (see Table 4-17. Power On Default Conditions). 

2. Provide control of VCONN source path (see POWER_CONTROL.VCONNPowerSupported 
and POWER_CONTROL.EnableVCONN). 

3. Optionally include the monitoring of the presence of VCONN (see 
POWER_STATUS.VCONNPresent). 

4. Provide control of VBUS sink path (see COMMAND register, Section 4.4.8). 
5. Provide a mechanism for detecting a disconnect if it is capable of sinking a voltage 

other than vSafe5V (see Section 4.4.18.1). 
6. Provide a mechanism for detecting vSafe0V. 
7. Support Device_Capabilities_1 and Device_Capabilities_2 register for the Sink-only 

(Nondefault VBUS) or Sink-only (Default VBUS) Power Role as defined in Table 3-1 
and Table 3-2. 

Sink with Accessory support is optional, but if implemented shall follow the table below. 
  
Table 3-5. Sink with Accessory Support Requirements  

Name Functionality  

USB-PD 

VCONN Swap Required 

Power Role Swap Support  Optional 

Fast Role Swap Support Optional 

USB-PD Extended Message Support Optional, but 

Required if EPR is supported  

CC CONTROL 

CC Detect Status Required 

Port Disable Required (Rp to zOpen) 

Power Roles Supported SNK (Rd) Required 

SRC (Rp default) Required 

PORT POWER CONTROL 

Power Status Required 

Supply VCONN Required 

Sink VBUS  Required 

Supply VBUS Optional 

Dead Battery Required (present Rd when no power) 
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3.7.4 DRP Requirements 

A TCPC, which supports Dual Role Port operation, shall implement the following: 
1. Contain CC logic to detect the insertion of a Source, Sink, and Audio and debug 

accessory (see ROLE_CONTROL). 
2. Contain CC logic that implements a mechanism to present Rd in a dead battery 

condition (see CC_STATUS). 
3. Provide control of VBUS source path (see COMMAND register, Section 4.4.8). 
4. Provide control for a VCONN switch (see POWER_CONTROL.VCONNPowerSupported and 

POWER_CONTROL.EnableVCONN)   
5. Include the monitoring of the presence of VCONN (see POWER_STATUS.VCONNPresent). 
6. Provide a mechanism for detecting a disconnect if it is capable of sinking a voltage 

other than vSafe5V (see Section 4.4.18.1). 
7. Provide a mechanism for detecting vSafe0V. 
8. Support Device_Capabilities_1 and Device_Capabilities_2 register for at least the DRP 

Toggling, Sourcing Device, and Sinking Host (Default VBUS) Power Roles as defined in 
Table 3-1 and Table 3-2.  

  
Table 3-6. DRP Requirements 

 
 
 
  

Name Functionality  

USB-PD 

VCONN Swap Optional 

PR Swap Support  Optional  

Fast Role Swap Support Optional 

USB-PD Extended Message Support Optional, but 

Required if EPR is supported  

CC CONTROL 

CC Detect Status Required 

Port Disable Required (Rp to zOpen) 

Power Roles Supported SRC (Rp default, 1.5A, 3A) indicated in 
DEVICE_CAPABILITIES_1.SourceResistorSupporte
d 

SNK (Rd) Required 

PORT POWER CONTROL 

Power Status Required 

Supply VCONN Required 

Sink VBUS  Required  

Supply VBUS Required 

Dead Battery Required (present Rd when no power) 
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3.8 Watchdog Timer Requirements (Optional Normative) 

It is recommended a watchdog timer, which monitors the TCPM-to-TCPC interface for lack of 
communication, be implemented by a TCPC if it supports sourcing or sinking nondefault 
voltages (i.e. voltages other than vSafe5V). A watchdog timer shall be implemented when 
DEVICE_CAPABILITIES_2.WatchdogTimer = 1b. 
The watchdog timer functionality shall be enabled whenever 
TCPC_CONTROL.EnableWatchdogTimer is set to 1b. The watchdog timer shall start when any 
of the interrupts that are not masked in the Alert register are set or when the Alert# pin is 
asserted. The watchdog timer is cleared on an I2C access by the TCPM (either read or write).  
If the ALERT# pin is still asserted after this I2C access, the watchdog timer will reinitialize 
and start monitoring again until all of the Alerts are cleared or until the ALERT# pin is de-
asserted. 

3.8.1 Watchdog Timer Function 

When enabled, the watchdog timer shall start when the Alert# pin is asserted. 
An unresponsive TCPM which is unable to clear the interrupt  within tHVWatchdog, Table 
4-49, will cause the watchdog timer to expire. When the watchdog timer expires, the TCPC 
shall immediately disconnect the CC terminations by setting ROLE_CONTROL bits 3...0 to 
1111b, disconnect the Source or the Sink paths, discharge VBUS to vSafe0V, and then set 
FAULT_STATUS.I2CInterfaceError. The TCPC shall remove the VBUS discharge circuit when 
VBUS is below vSafe0V and it shall not re-apply the discharge circuit if VBUS rises above 
vSafe0V. Stop discharge in this case is an edge-triggered event. 
Any further changes on VBUS need to be initiated by the TCPM when its communication link 
with the TCPC is restored. 
A TCPC shall disable the watchdog timer whenever TCPC_CONTROL.EnableWatchdogTimer 
is set to 0b. 
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4 USB Type-Cϯ Port Controller Interface 

The USB Type-C Port Controller Interface (TCPCI) is a low level interface which handles VBUS 
and VCONN power connections, CC logic and USB PD message delivery through a simple 
register interface. The normative communication between the TCPC and the USB Type-C Port 
Manager (TCPM) is over an I2C bus. 
The TCPCI uses the I2C protocol  with the following behaviors: 

1. The TCPM is the only master on the I2C bus. 
2. The TCPC is a slave device on the I2C bus.  
3. The TCPC as a slave device shall be accessible through I2C communication protocols 
ÃÏÍÐÌÉÁÎÔ ×ÉÔÈ Ȱ)ς#-ÂÕÓ ÓÐÅÃÉÆÉÃÁÔÉÏÎ ÁÎÄ ÕÓÅÒ ÍÁÎÕÁÌ 2ÅÖȢφȱ ɉτÔÈ !ÐÒÉÌ ςπρτɊ 
http://www.nxp.com/documents/user_manual/UM10204.pdf    

4. The TCPM designer must meet the I2C bus loading requirements when determining 
the maximum number of devices on the I2C bus. 

5. Each USB Type-C port has its own unique I2C slave address. The TCPC may support 
multiple USB Type-C ports. In case the TCPC supports multiple ports, each USB Type-
C port shall have a unique I2C slave address. 

6. The TCPC shall support Fast-mode Plus (Fm+) bus speed.  It may also support other 
bus speeds.  

7. The TCPC shall have an open drain  active low output  Alert# pin. This pin is used to 
indicate a change of state, where Alert# pin is asserted when any Alert Bits are set. 

8. The TCPCI shall support an I/O voltage range from 1.8V to 3.6V. 
9. The TCPC shall allow reads to every register even when it is defined as Write only. 

The TCPM should assume the register information returned from a Write only 
register is not valid. 

10. The TCPC may implement the SMBus version 3 bus protocol (Section 6.5 of the 
SMBus Specification, version 3.0 available at http://smbus.org/specs/ ).  

11. The TCPCI adopts parts of the SMBus protocol as normative requirements. Each 
register shall be accessed by reading or writing at the first byte in the register. 
Section 4.3 provides the normative way for  the TCPM to read and write the registers. 
The TCPC may implement the following protocol: 
¶ If the TCPM reads a register address that is not the first byte in that register, 

the TCPC may assert FAULT_STATUS.I2CInterf aceError and leave the SDA 
ÌÉÎÅ ÏÐÅÎ ÓÏ ÔÈÅ 4#0- ÒÅÁÄÓ ÁÌÌ ρȭÓȢ 

¶ If the TCPM writes a register address that is not the first byte in that 
register, the TCPC may assert FAULT_STATUS.I2CInterfaceError  and ignore 
the write. 

¶ If the TCPM reads multiple registers in a single I2C transaction, the TCPC 
may assert FAULT_STATUS.I2CInterfaceError and leave the SDA line open so 
ÔÈÅ 4#0- ÒÅÁÄÓ ÁÌÌ ρȭÓȢ 

¶ If the TCPM writes multiple registers in a single I2C transaction, the TCPC 
may assert FAULT_STATUS.I2CInterfaceError  and ignore the write. 

One of the following three actions is allowed if TCPM writes to a register or a bit that is not 
implemented or that is reserved: 
¶ The TCPC ignores it  and does nothing 
¶ The TCPC does nothing except generating a bit-level Not Acknowledge signal (a NAK 

where SDA remains HIGH during the ninth clock pulse) 
¶ The TCPC does nothing except asserting FAULT_STATUS.I2CInterfaceError 

4.1 SMBus with Packet Error Checking Mechanism (Optional Normative) 

Some TCPCs may implement the PEC (Packet Error Checking) mechanism to improve the I2C 
communication robustness. When the Packet Error Checking mechanism is enabled (i.e. 
TCPC_CONTROL.EnableSMBusPEC = 1b), each transaction shall be appended by a Packet 
Error Code (PEC) byte. The PEC calculation uses CRC-8 as defined in the SMBus specification 
(Section 6.4 of the SMBus Specification, version 3.0 available at http://smbus.org/specs/ ). If 

http://www.nxp.com/documents/user_manual/UM10204.pdf
http://smbus.org/specs/
http://smbus.org/specs/
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TCPC_CONTROL.EnableSMBusPEC = 1b, the TCPC shall check the validity of the PEC in real 
tim e when the TCPM writes to the TCPC. If an incorrect PEC is discovered in the write 
transaction, the TCPC shall generate a bit-level NAK to the PEC byte.  

4.2 Register Map 

The 16-bit (2-byte) registers are used for notation convenience. Each 16-bit register 
occupies two contiguous bytes, with its 8 Least Significant bits stored in the first (lower 
address) byte and its 8 Most Significant bits stored in the second (higher address) byte. 
Refer to Sections 4.3.3, 4.3.4, 4.3.9 and 4.3.10 for details on how to read/write 2 -byte 
registers.  
 
Table 4-1. Register Map 

Address  Register Name 
Normative 
/Optional?  

Type 
Reset 
Value 

Definit ion  

00h...01h VENDOR_ID Normative R VD Table 4-2. VENDOR_ID Register 
Definition  

πςÈȣπσÈ PRODUCT_ID Normative R VD Table 4-3. PRODUCT_ID Register 
Definition  

πτÈȣπυÈ DEVICE_ID Normative R VD Table 4-4. DEVICE_ID Register 
Definition  

πφÈȣȢπ7h USBTYPEC_REV Normative R VD Table 4-5. USBTYPEC_REV Register 
Definition  

πψÈȣπ9h USBPD_REV_VER Normative R VD Table 4-6. USBPD_REV_VER Register 
Description 

π!Èȣπ"È PD_INTERFACE_REV Normative R VD Table 4-7. PD_INTERFACE_REV Register 
Description 

0Chȣπ&È Reserved  Normative   Intentionally Blank 

10h...11h ALERT Normative R/W 0000h Table 4-8. ALERT Register Definition  

ρςÈȣρσÈ ALERT_MASK Normative R/W 7FFFh Table 4-9. ALERT_MASK Register 
Definition  

14h POWER_STATUS_MASK Normative R/W FFh Table 4-10. POWER_STATUS_MASK 
Register Definition 

15h FAULT_STATUS_MASK Normative R/W FFh Table 4-11. FAULT_STATUS_MASK 
Register Definition 

16h EXTENDED_STATUS_MASK Normative R/W 01h Table 4-12. EXTENDED_STATUS_MASK 
Register Definition 

17h ALERT_EXTENDED_MASK Normative R/W 07h Table 4-13. ALERT_EXTENDED_MASK 
Register Definition 

18h CONFIG_STANDARD_OUTPUT Optional R/W 60h Table 4-14. 
CONFIG_STANDARD_OUTPUT Register 

Definition  

19h TCPC_CONTROL Normative R/W 00h Table 4-15. TCPC_CONTROL Register 
Definition  

1Ah ROLE_CONTROL Normative R/W Table 
4-17 

Table 4-16. ROLE_CONTROL Register 
Definition  

1Bh FAULT_CONTROL Partial 
Normative 

R/W 00h Table 4-18. FAULT_CONTROL Register 
Definition  

1Ch POWER_CONTROL Partial 
Normative 

R/W 60h Table 4-19. POWER_CONTROL Register 
Definition  

1Dh CC_STATUS  Normative R  Table 4-22. CC_STATUS Register 
Definition  

1Eh POWER_ STATUS Normative R  Table 4-23. POWER_STATUS Register 
Definition  

1Fh FAULT_STATUS Normative R/W 80h  Table 4-24. FAULT_STATUS 
Register Definition 
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Address  Register Name 
Normative 
/Optional?  

Type 
Reset 
Value 

Definit ion  

20h EXTENDED_STATUS Normative R  Table 4-25. EXTENDED_STATUS Register 
Definition  

21h ALERT_EXTENDED Normative R/W 00h Table 4-26. ALERT_EXTENDED Register 
Description 

22h Reserved Normative R  Intentionally Blank 

23h COMMAND Normative W 00h Table 4-27. COMMAND Register 
Definition  

ςτÈȣς5h DEVICE_CAPABILITIES_1 Normative R VD Table 4-28. DEVICE_CAPABILITIES_1 
Register Definition 

ςφÈȣςχÈ DEVICE_CAPABILITIES_2 Normative R VD Table 4-29. 
DEVICE_CAPABILITIES_2 Register 

Definition  

28h STANDARD_INPUT_CAPABILITIES Normative R VD Table 4-31. 
STANDARD_INPUT_CAPABILITIES 

Register Definition 

29h STANDARD_OUTPUT_CAPABILITIES Normative R VD Table 4-32. 
STANDARD_OUTPUT_CAPABILITIES 

Register Definition 

2Ah CONFIG_EXTENDED1 Normative R/W 00h Table 4-33. CONFIG_EXTENDED1 
Register Definition 

2Bh Reserved Normative R  Intentionally Blank 

ς#Èȣς$È GENERIC_TIMER Optional W 0000h Table 4-34. GENERIC_TIMER Register 
Definition  

2Eh MESSAGE_HEADER_INFO Normative R/W Table 
4-17 

Table 4-35. MESSAGE_HEADER_INFO 
Register Definition 

2Fh RECEIVE_DETECT Normative R/W 00h Table 4-36. RECEIVE_DETECT Register 
Definition  

RECEIVER_BUFFER (Normative) (Always Read at Address 30h) 

30h READABLE_BYTE_COUNT Normative R 00h Indicates the number of bytes in the 

RX_BUF_BYTE_x registers plus one (for the 

RX_BUF_FRAME_TYPE) Table 4-37. The 

content of this register is undefined when 

the RECEIVE_BUFFER is cleared. 

RX_BUF_FRAME_TYPE Normative R 00h Type of received frame (Table 4-38). This 

ÒÅÇÉÓÔÅÒ ÉÓ ȰÈÉÄÄÅÎȱ ÁÎÄ ÃÁÎ ÏÎÌÙ ÂÅ 

accessed by reading at address 30h. 

RX_BUF_BYTE_x Normative R 00h Receive Buffer Bytes. These registers are 

ȰÈÉÄÄÅÎȱ ÁÎÄ Ãan only be accessed by 

reading at address 30h. 

50h TRANSMIT Normative R/W 00h Table 4-39. TRANSMIT Register 
Definition  

Transmit aggregate of data written to 
TRANSMIT_BUFFER since the pointer 

was last reset 

TRANSMIT_BUFFER (Always Write at Address 51h) 

51h I2C_WRITE_BYTE_COUNT Normative W 00h Table 4-40. The number of bytes the TCPM 

writes to the TX_BUF_BYTEx in the given 

I2C/SMBus transaction.  

The TCPM shall write as many bytes in the 

buffer as defined in this register in one I2C 

write transaction. 

TX_BUF_BYTE_x Normative W 00h Transmit Buffer Bytes. These registers are 

ȰÈÉÄÄÅÎȱ ÁÎÄ ÃÁÎ ÏÎÌÙ ÂÅ ÁÃÃÅÓÓÅÄ ÂÙ 

writing to address 51h. 
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Address  Register Name 
Normative 
/Optional?  

Type 
Reset 
Value 

Definit ion  

χπÈȣχρÈ VBUS_VOLTAGE Normative 
if 

nondefault 
VBUS  

R 0000h Table 4-41. VBUS_VOLTAGE Register 
Definition  

72h..,73h VBUS_SINK_DISCONNECT_THRESHOLD Normative 
if Sink 

nondefault 
VBUS 

R/W 008Ch 

(3.5V) 

Table 4-42. 
VBUS_SINK_DISCONNECT_THRESHOLD 

Register Description 

74h...75h VBUS_STOP_DISCHARGE_THRESHOLD Normative 
if Sink 

nondefault 
VBUS  

R/W 0020h 

(0.8V) 

Table 4-43. 
VBUS_STOP_DISCHARGE_THRESHOLD 

Register Description 

χφÈȣχχÈ VBUS_VOLTAGE_ALARM_HI_CFG Normative 
if 

nondefault 
VBUS 

R/W 0000h Table 4-44. 
VBUS_VOLTAGE_ALARM_HI_CFG 

Register Description 

χψÈȣχωÈ VBUS_VOLTAGE_ALARM_LO_CFG Normative 
if 

nondefault 
VBUS 

R/W 0000h Table 4-45. 
VBUS_VOLTAGE_ALARM_LO_CFG 

Register Description 

χ!Èȣχ"È VBUS_NONDEFAULT_TARGET Optional R/W 0000h Table 4-46. 
VBUS_NONDEFAULT_TARGET Register 

Description 

7Ch..7Dh DEVICE_CAPABILITIES_3 Optional R VD Table 4-30. DEVICE_CAPABILITIES_3 
Register Definition 

7EÈȣχ&È Reserved Normative   Intentionally Blank 

80h...FFh Vendor Defined Registers Optional  VD As many as Vendor Defines 

Notes: 
VD - Vendor Defined 
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4.3 Writing and Reading Registers 

This section defines the protocol for the TCPM to read and write the I2C registers. The TCPCI 
adopts part of the SMBus protocol and this requires the TCPM to: 
¶ Read/Write only a single register in a given I2C transaction.  
¶ Write the complete register in a single I2C transaction. 
¶ Begin reading a register from its first byte 

The TCPC may implement the following protocol: 
¶ If the TCPM reads a register address that is not the first byte in that register, the 

TCPC may assert FAULT_STATUS.I2CInterfaceError and leave the SDA line open so 
ÔÈÅ 4#0- ÒÅÁÄÓ ÁÌÌ ρȭÓȢ 

¶ If the TCPM writes a register address that is not the first byte in that register, the 
TCPC may assert FAULT_STATUS.I2CInterfaceError  and ignore the write. 

¶ If the TCPM reads multiple registers in a single I2C transaction, the TCPC may assert 
FAULT_STATUS.I2CInterfaceError and leave the SDA line open so the TCPM reads all 
ρȭÓȢ 

¶ If the TCPM writes multiple registers in a single I2C transaction, the TCPC may assert 
FAULT_STATUS.I2CInterfaceError  and ignore the write. 

4.3.1 Writing Single Byte Registers 

The TCPM cannot use the I2C short-cut to write consecutive registers in a single operation. 
For example: the TCPM shall use two transactions to write ROLE_CONTROL and 
FAULT_CONTROL as shown in Figure 4-1. 

 

Figure 4-1. Writing Consecutive Single Byte Registers with or without the SMBUS Protocol  

 
  

S A6 A5 A4 A3 A2 A1 A0 0 A C6 C5 C4 C3 C2 C1 C0 AC7

Slave Address Register address=1Ah

Write

P

Stop

ROLE_CONTROL A

S A6 A5 A4 A3 A2 A1 A0 0 A C6 C5 C4 C3 C2 C1 C0 AC7

Slave Address Register address=1Bh

Write

P

Stop

FAULT_CONTROL A



Revision 2.0, Version 1.3 - 37 - USB Type-C  ̈́Port Controller  
January, 2022  Interface Specification 

#ÏÐÙÒÉÇÈÔ ΄ ςπςς 53" σȢπ 0ÒÏÍÏÔÅÒ 'ÒÏÕÐȢ !ÌÌ ÒÉÇÈÔÓ ÒÅÓÅÒÖÅÄȢ 

4.3.2 Reading Single Byte Registers 

Figure 4-2 indicates how to read single byte registers with I2C or SMBus protocol. 

 

Figure 4-2. Reading Consecutive Single Byte Registers with or without the SM Bus Protocol  

 

4.3.3 Writing Two-Byte Registers 

The TCPM shall write 2-byte register in a single I2C transaction. For example: the TCPM 
shall write both bytes in the ALERT register at the same time as depicted in Figure 4-3.  

 

 

Figure 4-3. Writing a 2 -Byte Register with or without the SMBus Protocol  

  

S A6 A5 A4 A3 A2 A1 A0 0 A C6 C5 C4 C3 C2 C1 C0 AC7

Slave Address Register address=10h

Write

AALERT High P

Stop

AALERT Low
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4.3.4 Reading Two-Byte Registers 

The TCPM shall read 2-byte register in a single I2C transaction. The TCPM shall read both 
bytes in the VENDOR_ID register at the same time as depicted in the following Figure 4-4. 
 

 
Figure 4-4. Reading a 2-Byte Register with or without the SMBus Protocol  

 

4.3.5 Writing the TRANSMIT_BUFFER 

Figure 4-5 illustrates how the transmit buffer shall be written with I2C or SMBus protocol.   
 

 
Figure 4-5. Writing the TRANSMIT_BUFFER with or without the SMBus Protocol  

 

4.3.6 Reading the RECEIVE_BUFFER 

Figure 4-6 illustrates how the receive buffer shall be read with I2C or SMBus protocol.   
 

 
Figure 4-6. Reading the RECEIVE_BUFFER with or without the SMBus Protocol 

 

S A6 A5 A4 A3 A2 A1 A0 0 A C6 C5 C4 C3 C2 C1 C0 AC7

Slave Address Register address=00h
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Sr
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A6 A5 A4 A3 A2 A1 A0 1 A

Slave Address
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Vendor ID 

Low
A

Vendor ID 

High
N P

Stop

S A6 A5 A4 A3 A2 A1 A0 0 A C6 C5 C4 C3 C2 C1 C0 AC7

Slave Address Register address=51h

Write

A TX_BUF_BYTE_0 A A
I2C_WRITE_BYTE

_COUNT
TX_BUF_BYTE_1 P

Stop

TX_BUF_BYTE_M A

Assume

I2C_WRITE_BYTE_COUNT = M+1 bytes

S A6 A5 A4 A3 A2 A1 A0 0 A C6 C5 C4 C3 C2 C1 C0 AC7

Slave Address Register address=30h

Write

Sr

Repeated StartStart

A6 A5 A4 A3 A2 A1 A0 1 A

Slave Address

Read

READABLE_BYTE_COUNT A RX_BUF_FRAME_TYPE

Assume
READABLE_BYTE_COUNT = M+2 bytes

A RX_BUF_BYTE_0 A RX_BUF_BYTE_1 N P

Stop

RX_BUF_BYTE_M
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4.3.7 Writing Single Byte Registers using SMBus with PEC 

Figure 4-7 illustrates how the ROLE_CONTROL and FAULT_CONTROL can be written in two 
transactions using SMBus with PEC. 
 

 

Figure 4-7. Writing Consecutive  Single Byte Registers using SMBus PEC 

  

S A6 A5 A4 A3 A2 A1 A0 0 A C6 C5 C4 C3 C2 C1 C0 AC7

Slave Address Register address=1Ah

Write

P

Stop

ROLE_CONTROL A

S A6 A5 A4 A3 A2 A1 A0 0 A C6 C5 C4 C3 C2 C1 C0 AC7

Slave Address Register address=1Bh

Write

FAULT_CONTROL A

A PEC

P

Stop

APEC
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4.3.8 Reading Single Byte Registers using SMBus with PEC 

Figure 4-8 illustrates  how the ROLE_CONTROL and FAULT_CONTROL can be read in two 
transactions using SMBus with PEC 
 

 

Figure 4-8. Reading Consecutive Single Byte Registers using SMBus PEC 

 

4.3.9 Writing Two-Byte Registers using SMBus with PEC 

Figure 4-9 illustrates how a 2 byte register can be written using SMBus with PEC. 
 

 

Figure 4-9. Writing a 2 -Byte Register using SMBus PEC 

  

S A6 A5 A4 A3 A2 A1 A0 0 A C6 C5 C4 C3 C2 C1 C0 AC7
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A6 A5 A4 A3 A2 A1 A0 1 A
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S A6 A5 A4 A3 A2 A1 A0 0 A C6 C5 C4 C3 C2 C1 C0 AC7

Slave Address Register address=10h

Write

AALERT HighAALERT Low P

Stop

APEC
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4.3.10 Reading Two-Byte Registers using SMBus with PEC 

Figure 4-10 illustrates how a 2 byte register can be read using SMBus with PEC. 
 

 
Figure 4-10. Reading a 2-Byte Register using SMBus PEC 

 

4.3.11 Writing the TRANSMIT_BUFFER using SMBus with PEC 

Figure 4-11 illustrates how the transmit buffer can be written using SMBus with PEC.  
 

 
Figure 4-11. Writing the TRANSMIT_BUFFER using SMBus PEC 

 

4.3.12 Reading the RECEIVE_BUFFER using SMBus with  PEC 

Figure 4-12 illustrates how the receive buffer can be read using SMBus with PEC.   
 
 

 
Figure 4-12. Reading the RECEIVE_BUFFER using SMBus PEC 
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4.4 Register Definition 

This section defines the registers for the TCPC. 

4.4.1 Identification Registers 

4.4.1.1 VENDOR_ID (Normative) 

A Vendor ID, or VID, is used to identify the TCPC vendor. The VID is a unique 16-bit unsigned 
integer assigned by USB-IF. 
 
Table 4-2. VENDOR_ID Register Definition   

Bit(s)  Name Description  

B15..0 Vendor ID (VID) A unique 16-bit unsigned integer assigned by the USB-IF to 
the Vendor. 

4.4.1.2 PRODUCT_ID and DEVICE_ID (Normative) 

The Product ID, or PID, is used to identify the product. The Device ID, bcdDevice, is used to 
identify the release version of the product. Manufacturers should set the USB Product ID 
field to a unique value across all USB products from the vendor. The Product ID should 
identify the product  from the vendor and the bcdDevice field should reflect a version 
number relevant to the release version of the product. 
 
Table 4-3. PRODUCT_ID Register Definition   

Bit(s)  Name Description  

B15..0 USB Product ID (PID) A unique 16-bit unsigned integer assigned uniquely by the 
Vendor to identify the TCPC. 

 

Table 4-4. DEVICE_ID Register Definition   

Bit(s)  Name Description  

B15..0 bcdDevice A unique 16-bit unsigned integer assigned by the Vendor to 
identify the version of the TCPC. 

4.4.1.3 USBTYPEC_REV (Normative) 

This register refers to USB Type-C Cable and Connector Specification Revision, USB Type-C 
represented by a unique 16-bit unsigned register. The format is packed binary coded 
decimal. 
This specification revision 2.0 version 1.3 aligns with USB Type-C Release 2.1. 
 
Table 4-5. USBTYPEC_REV Register Definition  

Bit(s)  Name Description  

B15ȣ8 Reserved Set to 0 

"χȣπ bcdUSBTYPEC Release Example:  

0010 0001 ɀ Release2.1*  

*A TCPC vendor shall program this register in accordance with the USB Type-C specification 
the product supports. If the TCPC IC supports Type-C Release 2.1, this register shall be set to 
2.1.    
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4.4.1.4 USBPD_REV_VER (Normative) 

This register refers to USB PD specification Revision and Version, USB PD represented by a 
unique 16-bit unsigned integer. The format is packed binary coded decimal. 
This specification revision 2.0 version 1.3 aligns with USB PD Revision 3.1 Version 1.0. 
Table 4-6. USBPD_REV_VER Register Description  

Bit(s)  Name Description  

B15..8 bcdUSBPD Revision Example: 0011 0001 ɀ Revision 3.1* 

B7..0 bcdUSBPD Version Example: 0001 0000 ɀ Version 1.0 

* A TCPC vendor shall program this register in accordance with the USB PD specification the 
product supports. If the TCPC IC supports USB PD Release 3.1 and Version 1.0, this register 
shall be set to 3.1 and 1.0 correspondingly.    

4.4.1.5 USB-Port Controller Interface Specification Revision (Normative) 

The USB-Port Controller Specification Revision register refers to this Specification Revision 
and Version represented by a unique 16-bit unsigned integer. The format is packed binary 
coded decimal. Only values that represent valid releases of the Universal Serial Bus Type-C 
΅ 0ÏÒÔ #ÏÎÔÒÏÌÌÅr Interface Specification shall be used. The TCPC shall comply with all 
requirements of the revision and version in these fields. 
 
Table 4-7. PD_INTERFACE_REV Register Description  

Bit(s)  Name Description  

B15..8 bcd USB-PD Inter-Block Specification 
Revision 

Example: 0010 0000 ɀ Revision 2.0  

B7..0 bcd USB-PD Inter-Block Specification 
Version 

Example:  

0001 0011 ɀ Version 1.3 (See doc title for current version) 
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4.4.2 ALERT Register (Normative) 

This register is set by TCPC and cleared by TCPM.  
This register is used to communicate a status change from the TCPC to the TCPM. After an 
event or condition occurs, the TCPC shall set the corresponding bit in the ALERT register. 
The TCPC shall keep the bit associated with the ALERT asserted until the TCPM writes a 1 to 
clear it. This register shall be initialized per Table 4-1 upon power on. 
The TCPC indicates an alert status change has occurred by presenting a logical 1 in the 
corresponding alert bit position in this register and asserting the Alert#  pin. The TCPM 
clears the ALERT bit by writ ing a logical 1 to the respective ALERT bit position. The TCPM 
can clear any number of ALERT bits in a single write by setting multiple bits to logical 1 and 
the rest of the bits in the register to logical 0. The TCPM writing a logical 0 to any ALERT bit 
has no effect, and therefore does not cause those ALERT bits to be set or cleared. The Alert#  
pin remains asserted until all ALERT bits are cleared by the TCPM. If the TCPM writes a 
logical 1 to a bit that is already logical 0, the TCPC shall not change the value of that bit. 
Writing a 1 to ALERT.RxBufferOverflow does not clear it unless the TCPM also writes a 1 to 
ALERT.ReceiveSOP*MessageStatus. The ALERT.RxBufferOverflow is always asserted if the 
SOP* buffer registers are full, and those registers can only be cleared by writing a 1 to 
ALERT.ReceiveSOP*MessageStatus. 
 
Table 4-8. ALERT Register Definition  

Bit(s)  Name Description  

B15 Vendor Defined Alert 0b: Cleared    

1b: A vendor defined alert has been detected. Defined in the 
VENDOR_DEFINED registers. Refer to the vendor datasheet for 
details.  

This bit can be cleared, regardless of the current status of the alert 
source. 

B14 Alert Extended 0b: Cleared 

1b: An extended interrupt event has occurred. Read the 
ALERT_EXTENDED register.  

B13 Extended Status  0b: Cleared,           1b: Extended Status changed 

B12 Beginning SOP* 
Message Status 

0b: Cleared,            

1b: RECEIVE_BUFFER register changed. READABLE_BYTE_COUNT 
being set to 0 does not set this bit. 

Set if READABLE_BYTE_COUNT is greater than 133 to indicate an 
extended USB PD message with more than 128 data bytes has been 
received. Not set if READABLE_BYTE_COUNT is 133 or less.  

B11 VBUS Sink Disconnect 
Detected 

0b: Cleared 

1b: The TCPC in Attached_Snk state has detected a Sink disconnect.  

This bit shall only be asserted when 
POWER_CONTROL.AutoDischargeDisconnect is set. 

The Sink TCPC asserts this bit  either when 
POWER_STATUS.VbusPresent transitions from 1b to 0b (if 
DEVICE_CAPABILITIES_2.SinkDisconnectDetection=0b) or the TCPC 
detects VBUS falling below VBUS_SINK_DISCONNECT_THRESHOLD (if 
DEVICE_CAPABILITIES_2.SinkDisconnectDetection=1b). 

B10 Rx Buffer Overflow 0b: TCPC Rx buffer is functioning properly 

1b: TCPC Rx buffer has overflowed. Future GoodCRC shall not be 
sent. 

Writing 1 to this register acknowledges the overflow. The overflow is 
cleared by writing to ALERT.ReceiveSOP*MessageStatus 
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Bit(s)  Name Description  

B9 Fault 0b: No fault 

1b: A fault has occurred. Read the FAULT_STATUS register 

B8 VBUS Voltage Alarm Lo 0b: Cleared 

1b: A low-voltage alarm has occurred 

B7 VBUS Voltage Alarm Hi 0b: Cleared 

1b: A high-voltage alarm has occurred 

B6 Transmit SOP* Message 
Successful 

0b: Cleared,            

1b: Reset or SOP* message transmission successful. GoodCRC 
response received on SOP* message transmission. Transmit SOP* 
message buffer registers are empty.  

B5 Transmit SOP* Message 
Discarded 

0b: Cleared,            

1b: Reset or SOP* message transmission not sent due to an incoming 
receive message. Transmit SOP* message buffer registers are empty.  

B4 Transmit SOP* Message 
Failed 

0b: Cleared,            

1b: SOP* message transmission not successful, no GoodCRC response 
received on SOP* message transmission. Transmit SOP* message 
buffer registers are empty.  

B3 Received Hard Reset  0b: Cleared,            

1b: Received Hard Reset message 

B2 Received SOP* Message 
Status  

0b: Cleared,            

1b: RECEIVE_BUFFER register changed. READABLE_BYTE_COUNT 
being set to 0 does not set this bit. 

B1 Power Status 0b: Cleared,           1b: Power Status changed 

B0 CC Status 0b: Cleared,           1b: CC Status changed 

TCPC shall not assert this bit when CC_STATUS.Looking4Connection 
changes state if TCPC_CONTROL.EnableLooking4ConnectionAlert is 
set to 0. 

Note: The TCPM is not expected to mask the Ȱ2ÅÃÅÉÖÅÄ (ÁÒÄ 2ÅÓÅÔȱ ÁÌÅÒÔ ÂÉÔȢ 
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4.4.3 Mask Registers 

The registers in this section define the masks that may be set for the ALERT registers. A 
masked register will still indicate in the ALERT register, but shall not set the Alert#  pin low. 
POWER_STATUS_MASK, FAULT_STATUS_MASK, EXTENDED_STATUS_MASK and 
ALERT_EXTENDED_MASK registers are nested Alerts. A POWER_STATUS change has to be 
unmasked in both the POWER_STATUS_MASK and the ALERT.PowerStatusInterruptMask to 
enable the Alert#  pin. A FAULT_STATUS change has to be unmasked in both the 
FAULT_STATUS_MASK and the ALERT.PowerStatusInterruptMask to enable the Alert#  pin. 
An EXTENDED_STATUS change has to be unmasked in both the EXTENDED_STATUS_MASK 
and the ALERT.ExtendedStatusInterruptMask to enable the Alert#  pin. An 
ALERT_EXTENDED change has to be unmasked in both the ALERT_EXTENDED _MASK and 
the ALERT.AlertExtendedInterruptMask to enable the Alert#  pin. 

4.4.3.1 ALERT_MASK (Normative) 

This is an event interrupt mask. It is masked and unmasked by the TCPM. The ALERT_MASK 
Register is cleared by the TCPM. This register shall be initialized per Table 4-1 upon power 
on or Hard Reset. 
The assertion of the Alert#  pin is prevented when the corresponding bit in this register is 
set to zero by the TCPM. Setting any bits in this register has no effect on ALERT registers. 
 
Table 4-9. ALERT_MASK Register Definition 

Bit(s)  Name Description  

B15 Vendor Defined Alert 0b: Interrupt masked,           1b: Interrupt unmasked  

B14 Alert Extended 
Interrupt Mask  

0b: Interrupt masked,           1b: Interrupt unmasked 

B13 Extended Status 
Interrupt Mask  

0b: Interrupt masked,           1b: Interrupt unmasked 

B12 Beginning SOP* 
Message Status 

0b: Interrupt masked,           1b: Interrupt unmasked 

B11 VBUS Sink Disconnect 
Detected 

0b: Interrupt masked,           1b: Interrupt unmasked 

B10 Rx Buffer Overflow 0b: Interrupt masked,           1b: Interrupt unmasked 

B9 Fault 0b: Interrupt masked,           1b: Interrupt unmasked 

B8 VBUS Voltage Alarm Lo 0b: Interrupt masked,           1b: Interrupt unmasked 

B7 VBUS Voltage Alarm Hi 0b: Interrupt masked,           1b: Interrupt unmasked 

B6 Transmit SOP* Message 
successful Interrupt 
Mask 

0b: Interrupt masked,           1b: Interrupt unmasked 

B5 Transmit SOP* Message 
discarded Interrupt 
Mask 

0b: Interrupt masked,           1b: Interrupt unmasked 

B4 Transmit SOP* Message 
failed Interrupt Mask 

0b: Interrupt masked,           1b: Interrupt unmasked 

B3 Received Hard Reset 
Message Status 
Interrupt Mask  

0b: Interrupt masked,           1b: Interrupt unmasked 

(The Hard Reset should generally not be masked) 

B2 Receive SOP* Message 
Status Interrupt Mask 

0b: Interrupt masked,           1b: Interrupt unmasked 

B1 Power Status Interrupt 
Mask 

0b: Interrupt masked,           1b: Interrupt unmasked 
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Bit(s)  Name Description  

B0 CC Status Interrupt 
Mask 

0b: Interrupt masked,           1b: Interrupt unmasked 

 

4.4.3.2 POWER_STATUS_MASK (Normative) 

This is an event interrupt mask. It is masked and unmasked by the TCPM. This register 
allows individual masking of power events. The POWER_STATUS_MASK Register is cleared 
by the TCPM. This register shall be initialized per Table 4-1 upon power on or Hard Reset. 
The assertion of the Alert#  pin is prevented when the corresponding bit is set to zero by the 
TCPM.  
 
Table 4-10. POWER_STATUS_MASK Register Definition  

Bit(s)  Name Description  

B7 Debug Accessory Connected 
Status Mask 

0b: Interrupt masked,           1b: Interrupt unmasked 

 

B6 TCPC Initialization Status 
Mask 

0b: Interrupt masked,           1b: Interrupt unmasked 

B5 Sourcing Nondefault Voltage 
Status Interrupt Mask  

0b: Interrupt masked,           1b: Interrupt unmasked 

B4 Sourcing VBUS Status 
Interrupt Mask  

0b: Interrupt masked,           1b: Interrupt unmasked 

B3 VBUS Detection Status 
Interrupt Mask  

0b: Interrupt masked,           1b: Interrupt unmasked 

B2 VBUS Present Status 
Interrupt Mask 

0b: Interrupt masked,           1b: Interrupt unmasked 

B1 VCONN Present Status 
Interrupt Mask  

0b: Interrupt masked,           1b: Interrupt unmasked 

B0 Sinking VBUS Status Interrupt 
Mask 

0b: Interrupt masked,           1b: Interrupt unmasked 

 

4.4.3.3 FAULT_STATUS_MASK (Normative) 

This is an event interrupt mask. It is masked and unmasked by the TCPM. This register 
allows individual masking of fault  events. The FAULT_STATUS_MASK Register is cleared by 
the TCPM. The FAULT_STATUS_MASK Register shall be initialized per Table 4-1 upon power 
on or Hard Reset. 
The assertion of the Alert#  pin is prevented when the corresponding bit is set to zero by the 
TCPM.  
Over current protection, OCP, can be either integrated or external to the TCPC. An external 
OCP fault signal may be connected to the STANDARD INPUT SIGNAL, VBUS External Over-
Current Fault and the status reported in this register. An internal OCP fault shall be reported 
in this register if implemented. The action taken during OCP event is vendor defined. 
Over voltage protection, OVP, can be either integrated or external to the TCPC. An external 
OVP fault signal may be connected to the STANDARD INPUT SIGNAL, VBUS External Over-
Voltage Fault and the status reported in this register. An internal OVP fault shall be reported 
in this register if implemented. The action taken during OVP event is vendor defined. 
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Table 4-11. FAULT_STATUS_MASK Register Definition 

Bit(s)  Name Description  

B7 AllRegistersResetToDefault 0b: Interrupt masked,           1b: Interrupt unmasked 

The condition that generates a 
FAULT_STATUS.AllRegistersResetToDefault Interrupt also 
resets this bit; therefore, writing a 0b to this bit will not 
mask FAULT_STATUS.AllRegistersResetToDefault Interrupt. 

B6 Force Off VBUS Interrupt Status 
Mask 

0b: Interrupt masked,           1b: Interrupt unmasked 

B5 Auto Discharge Failed Mask 0b: Interrupt masked,           1b: Interrupt unmasked  

B4 Force Discharge Failed Mask 0b: Interrupt masked,           1b: Interrupt unmasked 

B3 Internal or External OCP 

VBUS Over Current Protection 
Fault Interrupt Status Mask 

0b: Interrupt masked,           1b: Interrupt un masked 

B2 Internal or External OVP 

VBUS Over Voltage Protection 
Fault  Interrupt Status Mask 

0b: Interrupt masked,           1b: Interrupt unmasked 

B1 Vconn Over Current Fault 
Interrupt Status Mask 

0b: Interrupt masked,           1b: Interrupt unmasked 

B0 I2C Interface Error Interrupt 
Status Mask 

0b: Interrupt masked,           1b: Interrupt unmasked 

 

4.4.3.4 EXTENDED_STATUS_MASK (Normative) 

This is an event interrupt mask. It is masked and unmasked by the TCPM. The 
EXTENDED_STATUS_MASK register is cleared by the TCPM. This register shall be initialized 
per Table 4-1 upon power on or Hard Reset. 
The assertion of the Alert# pin is prevented when the corresponding bit is set to zero by the 
TCPM.  
 
Table 4-12. EXTENDED_STATUS_MASK Register Definition  

Bit(s)  Name Description  

B7ȣ1 Reserved Shall be set to zero by sender and ignored by receiver 

B0 vSafe0V Status Mask 0b: Interrupt masked,           1b: Interrupt unmasked 

 

4.4.3.5 ALERT_EXTENDED_MASK (Normative) 

This is an event interrupt mask. It is masked and unmasked by the TCPM. The 
ALERT_EXTENDED_MASK register is cleared by the TCPM. This register shall be initialized 
per Table 4-1 upon power on or Hard Reset. 
The assertion of the Alert# pin is prevented when the corresponding bit is set to zero by the 
TCPM.  
 
Table 4-13. ALERT_EXTENDED_MASK Register Definition  

Bit(s)  Name Description  

B7ȣσ Reserved Shall be set to zero by sender and ignored by receiver 

B2 Timer Expired 0b: Interrupt masked,           1b: Interrupt unmasked 
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Bit(s)  Name Description  

B1 Source Fast Role Swap Mask 0b: Interrupt masked,           1b: Interrupt unmasked 

B0 Sink Fast Role Swap Mask 0b: Interr upt masked,           1b: Interrupt unmasked 
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4.4.4 CONFIGURE STANDARD OUTPUT (Optional Normative) 

This register is required if any Standard Outputs are declared in the 
STANDARD_OUTPUT_CAPABILITIES register (Section 4.4.9.4). This read/write register is 
used to configure the Standard Outputs or read the status of the Standard Outputs. The 
TCPM writes to this register to set the STANDARD OUTPUT SIGNALs defined in Table 4-48. 
The Standard Outputs shall reset to open-drain per Table 4-1. 
 
Table 4-14. CONFIG_STANDARD_OUTPUT Register Definition 

Bit(s)  Name Type 

B7 High Impedance outputs  
0b: Standard output control (default) 

1b: Force all outputs to high impedance  

May be used to save power in Sleep 

Controlled by the TCPM. 

B6 Debug Accessory 
Connected# 

0b: Debug Accessory Connected# output is driven low. A Debug 

Accessory is connected 

1b: Debug Accessory Connected# output is driven high. No Debug 

Accessory is connected (default)  

If TCPC_CONTROL.DebugAccessoryControl = 0, the TCPC shall write 
to this register and ignore inputs from TCPM 

If TCPC_CONTROL.DebugAccessoryControl = 1, the TCPC shall take 
input from the TCPM 

B5 Audio Accessory 
Connected#  

0b: Audio Accessory connected  

1b: No Audio Accessory connected (default) 

Controlled by the TCPM 

B4 Active Cable Connected 
0b: No Active Cable connected (default) 
1b: Active Cable connected 

Controlled by the TCPM 

B3..2 MUX Control 
00b: No connection (default) 

01b: USB3.1 Connected  

10b: DP Alternate Mode ɀ 4 lanes  

11b: USB3.1 + Display Port Lanes 0 & 1 

Controlled by the TCPM 

B1 Connection Present 
0b: No Connection (default) 

1b: Connection 

Controlled by the TCPM. 

B0 Connector Orientation 
0b: Normal (CC1=A5, CC2=B5, TX1=A2/A3, RX1=B10/B11) default 
1b: Flipped (CC2=A5, CC1=B5, TX1=B2/B3, RX1=A10/A11) 

If TCPC_CONTROL.DebugAccessoryControl = 0, the TCPC shall write 
to this register and ignore inputs from TCPM 

If TCPC_CONTROL.DebugAccessoryControl = 1, the TCPC shall take 
input from the TCPM 
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4.4.5 Control and Configuration Registers 

4.4.5.1 TCPC_CONTROL (Normative) 

After the TCPC has set the power on reset default values per Table 4-1, this register is set 
and cleared only by the TCPM. The TCPM writes to the TCPC_ CONTROL register to set the 
Plug Orientation and enable/disable clock stretching.  
I2C_Clock_Stretching_Control allows the TCPM to control the TCPC clock stretching on the 
I2C bus. Allowing clock stretching may result in lower power from the TCPC, but can 
degrade throughput. Disabling clock stretching will result in increased I2C bus throughput, 
but may result in higher TCPC power. The TCPC is not allowed to NAK I2C transfers 
regardless of the clock stretching setting chosen by the TCPM, unless the TCPM has put it to 
sleep using COMMAND.I2CIdle, or the TCPM writes to a register/bit that is not 
implemented/reserved. 
 
Table 4-15. TCPC_CONTROL Register Definition  

Bit(s)    Name Description  

B7 Enable SMBus PEC 0b: SMBus PEC is disabled (default) 

1b: SMBus PEC is enabled 

Enables SMBus PEC according to Section 4.1. 

B6 Enable 

Looking4Connection 
Alert 

0b: Disable ALERT.CcStatus assertion when 
CC_STATUS.Looking4Connection changes  (default) 

1b: Enable ALERT.CcStatus assertion when 
CC_STATUS.Looking4Connection changes 

B5 Enable Watchdog 
Timer 

0b: Watchdog Monitoring is disabled (default) 

1b: Watchdog Monitoring is enabled  

Enables Watchdog Timer Monitoring according to Section 3.8 

Required if DEVICE_CAPABILITIES_2.WatchDogTimer = 1b 

B4 Debug Accessory 
Control 

0b: Controlled by TCPC (power on default) 

1b: Controlled by TCPM. The TCPM writes 1b to this register to take 
over control of asserting the DebugAccessoryConnected#. See Table 
4-14. 

Required (register is required but output is not required) 

B3..2 I2C Clock Stretching 
Control 

Clock Stretching Control  

00b: Disable clock stretching. TCPC shall not perform any clock 
stretching during I2C transfers. 

01b: Reserved 

10b: Enable clock stretching. TCPC is allowed limited clock stretching 
during each I2C Transfer.  

11b: Enable clock stretching only if the Alert pin is not asserted. As soon 
as Alert is asserted, clock stretching is disabled by the TCPC.  

The TCPC datasheet should contain details of the power consequences 
of clock stretching as well as the max duration of clock stretching per 
I2C transaction. The TCPC shall limit total clock stretching as detailed in 
Section 4.10. 

This feature is optional. The TCPC is allowed to ignore updates to these 
bit s if it has not implemented clock stretching. The power on default 
disable clock stretching. 
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Bit(s)    Name Description  

B1 BIST Test Mode Setting this bit to 1 is intended to be used only when a USB compliance 

tester is using USB BIST Test Data to test the PHY layer of the TCPC. The 
TCPM should clear this bit  when a disconnect is detected.  

0: Normal Operation. Incoming messages enabled by RECEIVE_DETECT 
passed to TCPM via Alert. 

1: BIST Test Mode. Incoming messages enabled by RECEIVE_DETECT 
result in GoodCRC response but may not be passed to the TCPM via 
Alert. TCPC may temporarily store incoming messages in the Receive 
Message Buffer, but this may or may not result in a Receive SOP* 
Message Status or a Rx Buffer Overflow alert. 

The TCPM can mask or ignore received message alerts when this bit is 
set to 1 since the TCPC may or may not assert the alert. The TCPM may 
also treat received messages in this mode in the same way as received 
messages during normal operation. 

B0 Plug Orientation 0b: When VCONN is enabled, apply it to the CC2 pin. Monitor the CC1 pin 
for BMC communications if PD message delivery is enabled. 

1b: When VCONN is enabled, apply it to the CC1 pin. Monitor the CC2 pin 
for BMC communications if PD message delivery is enabled. 

Required 

 

4.4.5.2 ROLE_CONTROL (Normative) 

After the TCPC has set the power on reset default values per Table 4-17, this register is set 
and cleared only by the TCPM. The TCPM writes to this register to configure the CC pull up 
(Rp) or pull down (Rd) resistors.  
The TCPM shall write B6 (DRP) = 0b and B3..0 (CC1/CC2) if it wishes to control the Rp/Rd 
dir ectly instead of having the TCPC perform DRP toggling autonomously. When controlling 
Rp/Rd directly , the TCPM writes to B3..0 (CC1/CC2) each time it wishes to change the 
CC1/CC2 values. This control is used for TCPM-TCPC implementing Source or Sink only as 
well as when a connection has been detected via DRP toggling but the TCPM wishes to 
attempt Try.SRC or Try.SNK (as defined in USB Type-C) . 
The TCPM may configure the TCPC to autonomously toggle the Rp/Rd when the TCPM-TCPC 
is implementing a DRP. When initiating autonomous DRP toggling, the TCPM shall write B6 
(DRP) =1b and write the starting value of Rp/Rd to B3..0 (CC1/CC2) to indicate DRP 
autonomous toggling mode to the TCPC. The TCPC shall not start the DRP toggling until  
subsequently the TCPM writes to the COMMAND register to start the DRP toggling while 
POWER_CONTROL.AutoDischargeDisconnect = 0b, as in Figure 4-19. It is recommended the 
TCPM write ROLE_CONTROL.DRP=0 before writing to 
POWER_CONTROL.AutoDischargeDisconnect and starting the DRP toggling using 
COMMAND.Look4Connection as shown in Figure 4-24, Figure 4-25 and Figure 4-26. 
If DRP=1b, the only allowed values for CC1/CC2 are Rp/Rp or Rd/Rd. 
COMMAND.Look4Connection shall do nothing if CC1/CC2 are not Rp/Rp or Rd/Rd. 
When CC1 and CC2 are set to Open and DRP = 0b, the TCPC may power down the PHY and CC 
Status comparators. 
When the TCPM has set ROLE_CONTROL.CC1 = ROLE_CONTROL.CC2 = 11b (Open), the Sink 
TCPC is recommended to remove terminations from the CC pins as long as the VBUS is 
present (i.e. above vSafe5V). This allows a bus-powered Sink TCPC to remove terminations 
from CC pins in USB Type-C ErrorRecovery state when the VBUS is present. 
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Table 4-16. ROLE_CONTROL Register Definition 

Bit(s)  Name Description  

B7 Reserved Shall be set to zero by sender and ignored by receiver 

B6 DRP 

 

0b: No DRP. Bits B3..0 determine Rp/Rd/Ra or open settings 

1b: DRP  

The TCPC shall use the Rp value defined in B5..4 when a connection is resolved, 
ie. upon ent ry to Potential_Connect_as_Src in Figure 4-19 

The TCPC toggles CC1 & CC2 after receiving COMMAND.Look4Connection and 
until a connection is detected. Upon connection, the TCPC shall resolve to either 
an Rp or Rd and report the CC1/CC2 State in the CC_STATUS register.  

The TCPC shall stay in Potential_Connect_as_Src or Potential_Connect_as_Sink 
until directed otherwise. 

B5..4 Rp Value 

 

00b: Rp default  

01b: Rp 1.5A 

10b: Rp 3.0A 

11b: Reserved 

B3..2  CC2 00b: Ra  

01b: Rp (Use Rp definition in B5..4)  

10b: Rd  

11b: Open (Disconnect ÏÒ ÄÏÎȭÔ ÃÁÒÅ)    

B1..0  CC1 00b: Ra 

01b: Rp (Use Rp definition in B5..4) 

10b: Rd  

11b: Open (Disconnect ÏÒ ÄÏÎȭÔ ÃÁÒÅ)   

 

Table 4-17 defines the power on default for ROLE_CONTROL and MESSAGE_HEADER_INFO. 

Table 4-17. Power On Default Conditions  

DEVICE_CAPABILITIES.
RolesSupported  

ROLE_CONTROL 

(Default)  

MESSAGE_HEADER
_INFO  
(Default)  

Source or Sink (000b) 0Ah 04h 

Source only (001b) 05h ɀ Not dead battery 

N/A ɀ Dead battery 

0Dh 

Sink only (010b) 0Ah 04h 

Sink with Accessory (011b) 0Ah 04h 

DRP (100b) 0Ah ɀ Dead battery 

4Ah ɀ Not dead battery and 
DebugAccessoryIndicator supported 

0Fh ɀ Not dead battery and 
DebugAccessoryIndicator not supported 

04h 

Source, Sink, DRP (101b and 
110b)  

Applies to SOP Devices 

0Ah ɀ Source, Sink, or DRP dead battery 

4Ah ɀ Not dead battery and 
DebugAccessoryIndicator supported 

0Fh ɀ Not dead battery and 
DebugAccessoryIndicator not supported 

04h 
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4.4.5.3 FAULT_CONTROL (Normative) 

After the TCPC has set the power on reset default values per Table 4-1, this register is set 
and cleared only by the TCPM. The TCPM writes to FAULT_CONTROL to enable/disable the 
FAULT circuitry.  
Table 4-18. FAULT_CONTROL Register Definition 

Bit(s ) Name Description  

B7..5 Reserved Shall be set to zero by sender and ignored by receiver 

B4 Force Off VBUS 

(Source or Sink) 
0b: Allow STANDARD INPUT SIGNAL Force Off Vbus control 
(default)  

1b: Block STANDARD INPUT SIGNAL Force Off Vbus control 

This enables or disables the STANDARD INPUT SIGNAL Force Off 
Vbus (Section 4.5.1) functionality for debug purposes. Required if 
STANDARD_INPUT_CAPABILITES.ForceOffVBUS = 1b.  

B3 VBUS Discharge Fault 
Detection Timer 

0b: VBUS Discharge Fault Detection Timer enabled 

1b: VBUS Discharge Fault Detection Timer disabled 

This enables the timers for both 
FAULT_STATUTS.AutoDischargeFailed and 
FAULT_STATUS.ForceDischargeFailed 

Required 

B2 Internal or External OCP 

VBUS Over Current Protection 
Fault 

0b:  Internal and External OCP circuit enabled  

1b: Internal and External OCP circuit disabled  

Required if DEVICE_CAPABILIITES_1.VBUSOCPReporting = 1b 

B1 Internal or External OVP 

VBUS Over Voltage Protection 
Fault  

0b:  Internal and External OVP circuit enabled  

1b: Internal and External OVP circuit disabled  

Required if DEVICE_CAPABILIITES_1.VBUSOVPReporting = 1b 

B0 VCONN Over Current Fault 0b: Fault detection circuit enabled 

1b: Fault detection circuit disabled 

Required if 

DEVICE_CAPABILITIES_2.VCONNOvercurrentFaultCapable = 1b 

 

4.4.5.4 POWER_CONTROL (Normative) 

After the TCPC has set the power on reset default values per Table 4-1, this register is set 
and cleared by the TCPM.  
The timing parameters for the TCPM in conjunction with the TCPC must meet the USB PD 
requirements. 
The TCPM reads the CC_STATUS, POWER_STATUS, and optionally the VBUS_VOLTAGE 
registers to determine the connection state and the orientation of a USB Type-C port. 
The TCPM shall take the following steps to request sourcing VCONN over one of the CC pins: 

1. The TCPM shall write to TCPC_CONTROL.PlugOrientation to inform TCPC which CC 
pin (not connected through the cable) is repurposed as VCONN  

2. The TCPM shall set POWER_CONTROL.EnableVCONN=1b 
The TCPC shall source VCONN as TCPM requested irrespective of the status of VBUS and CC1, 
CC2 wires. The TCPC shall not autonomously disable VCONN sourcing when VBUS is removed, 
or CC1, CC2 status has changed. The TCPM shall set POWER_CONTROL.EnableVCONN=0b to 
request disabling VCONN sourcing. When a Source Only TCPC is requested to disable VCONN 
sourcing (by setting POWER_CONTROL.EnableVCONN=0b), the Source Only TCPC shall apply 
Rdch termination on the CC pin that was providing VCONN until the CC pin is discharged 
below vVCONNDischarge level as specified in the USB Type-C. A DRP TCPC may not provide 
the capability of applying Rdch termination when disabling VCONN sourcing is requested. 
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Table 4-19. POWER_CONTROL Register Definition 

Bit(s)  Name Description  

B7 Fast Role Swap Enable 0b: Disable Fast Role Swap function 

1b: Enable Fast Role Swap function 

Sink TCPC shall support this bit if 
DEVICE_CAPABILITIES_2.SinkFRSwap = 1b. 

Source TCPC shall support this bit if 
DEVICE_CAPABILITIES_2.SourceFRSwap = 1b. 

The detailed functional requirements for Source and Sink TCPCs 
supporting Fast Role Swap are provided in Section 4.4.5.4.6. 

B6 VBUS_VOLTAGE Monitor 0b: VBUS_VOLTAGE Monitoring is enabled  

1b: VBUS_VOLTAGE Monitoring is disabled (default)  

Controls only VBUS_VOLTAGE Monitoring. VBUS_VOLTAGE shall 
report all zeroes if disabled. 

Required if 
DEVICE_CAPABILITIES_1.VBUSMeasurement& AlarmCapable = 1b 

B5 Disable Voltage Alarms 0b: Voltage Alarms Power status reporting is enabled  

1b: Voltage Alarms Power status reporting is disabled (default)  

Controls VBUS_VOLTAGE_ALARM_HI_CFG and 
VBUS_VOLTAGE_ALARM_LO_CFG.  

Required if 
DEVICE_CAPABILITIES_1.VBUSMeasurement& AlarmCapable = 1b 

B4 Auto Discharge Disconnect 0b: The TCPC shall not automatically discharge VBUS based on VBUS 

voltage (default)  

1b: The TCPC shall automatically discharge 

Refer to Sections 4.4.5.4.1 and 4.4.5.4.2 for more details.  

Setting this bit in a Source TCPC triggers the following actions upon a 
disconnect detection: 

1.   Disable sourcing power over VBUS 

2.   VBUS discharge 

Sourcing power over VBUS shall be disabled before or at the same time 
as starting VBUS discharge. 

Setting this bit in a Sink TCPC triggers the following action upon a 
disconnect detection: 

1.   VBUS discharge 

The TCPC shall automatically disable discharge (without clearing this 
bit) once the voltage on VBUS is below vSafe0V (max). Disconnect 
detection is defined in Section 4.4.5.4.2. TCPC shall not re-apply 
discharge circuit  if VBUS rises above vSafe0V. 

Required 

B3 Enable Bleed Discharge 0b: Disable bleed discharge of VBUS (default)  

1b: Enable bleed discharge of VBUS 

The bleed discharge is a low current load on VBUS where the 
recommended loading is either 10kW or 2mA. 

Refer to Section 4.4.5.4.5 

Required if DEVICE_CAPABILITIES_1.BleedDischarge = 1b 

B2 Force Discharge 0b: Disable forced discharge (default) 

1b: Enable forced discharge of VBUS. 

Refer to Section 4.4.5.4.3 

Required if DEVICE_CAPABILITIES_1.ForceDischarge = 1b 
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Bit(s)  Name Description  

B1 VCONN Power Supported 0b: Deliver  at least 1W on VCONN  

1b: Deliver at least the power indicated in 
DEVICE_CAPABILITIES.VCONNPowerSupported 

Refer to TCPC datasheet for actual power limit implemented 

Required 

B0 Enable VCONN  0b: Disable VCONN Source (default)  

1b: Enable VCONN Source to CC 

Required 

 

Table 4-20. Discharge Timing Parameters  

Name Description  Min  Max Units  

tDisconnectDetect Time from disconnect to detection of a disconnect  6 ms 

 

4.4.5.4.1 Automatic Source Discharge by the TCPC after a Disconnect (normative) 

When in Attached_Src state in Figure 4-19 and Figure 4-20, the TCPC shall fully discharge 
VBUS to vSafe5V (max) within tSafe5V and then to vSafe0V within tSafe0V when a disconnect 
occurs. A TCPC in the Attached_Src state (as shown in Figure 4-19 and Figure 4-20) shall 
detect a disconnect if the CC State of the monitored CC pin indicates SRC.Open. The 
monitored CC pin is specified by TCPC_CONTROL.PlugOrientation.  
The TCPC shall discharge VBUS to vSafe0V after a power on reset before applying the Rp.  

4.4.5.4.2 Automatic Sink Discharge by the TCPC after a Disconnect (normative) 

A TCPC in Attached_Snk state in Figure 4-19 and Figure 4-20 shall use either the 
POWER_STATUS.VbusPresent transition from 1b to 0b, or VBUS falling below 
VBUS_SINK_DISCONNECT_THRESHOLD (Table 4-42) as a Sink disconnect indicator. The 
mechanism used shall be defined in DEVICE_CAPABILITIES_2.SinkDisconnectDetection. The 
Sink TCPC shall detect a cable removal within tDisconnectDetect (Table 4-20) of the Sink 
disconnect indicator change and enable the automatic discharge circuitry. 
Should a TCPM need to know when VBUS discharge is complete, it may read 
EXTENDED_STATUS.vSafe0V = 1b.  
When in Sink mode and POWER_CONTROL.AutoDischargeDisconnect=1b, the TCPC shall 
fully discharge VBUS to vSafe5V (max) within tSafe5V and then to vSafe0V (max) within 
tSafe0V of the removal of the cable. The TCPC shall not re-apply the discharge circuit if VBUS 
rises above vSafe0V (max). Stop discharge is an edge-triggered event. 
When the Source is removed, the system load and optionally the bleed discharge circuit will 
discharge the Sink bulk capacitance cSnkBulkPd. The time required to discharge cSnkBulkPd 
to below the disconnect detection threshold is tSinkDischargeBleed and it is dependent upon 
the strength of the system load and optionally the bleed discharge. The time required to 
discharge the Sink bulk capacitance to vSafe5V is dependent upon the strength of the full 
discharge, the system load and optionally the bleed discharge. The total time 
tSinkDischargeBleed + tSinkDischargeFull shall not exceed tSafe5V (max) to transition to 
vSafe5V.  The total time to reach vSafe0V shall not exceed tSafe0V. 
As an example, if : 
¶ the bleed discharge pull down is 10kW,  
¶ the Sink bulk capacitance cSnkBulkPd is 82mF,  
¶ there is no system load,  
¶ the initial voltage is 21.5V ( 20V + 5% + vSrcValid(max) ),  
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¶ the minimum valid VBUS voltage seen by Sink when negotiated through USB PD,  
vSinkPD_min = 17.75V = 0.95*20V ɀ 750mV + vSrcValid(min) 

¶ and VBUS_SINK_DISCONNECT_THRESHOLD = 15.975V ( 90% of vSinkPD_min ) 
then tSinkDischargeBleed = 199ms + tDisconnectDetect(max) = 205ms.  Once the 
VBUS_SINK_DISCONNECT_THRESHOLD has been reached, the Sink connects its full discharge 
resistance of 400W.  The Sink then discharges to vSafe5V in 36.5ms and vSafe0V in 99.7ms. 
The total time to reach vSafe5V is then tSinkDischargeBleed + tSinkDischargeFull = 242ms. 
The total time to reach vSafe0V is then 305ms. Both tSafe5V and tSafe0V can be met. It is 
assumed the Sink bulk capacitance (82mF) does not change during the voltage transitions.  
 

 

Figure 4-13. Automatic VBUS Sink Discharge by the TCPC after a Disconnect 

4.4.5.4.3 Discharge by the Source TCPC during a Connection (Optional Normative) 

While there is a valid Source-to-Sink connection, the TCPC acting as a Source shall discharge 
VBUS whenever POWER_CONTROL.ForceDischarge=1. The TCPC shall automatically disable 
Force Discharge circuit (without clearing POWER_CONTROL.ForceDischarge bit) once the 
voltage on VBUS is below the value indicated by VBUS_STOP_DISCHARGE_THRESHOLD (if 
DEVICE_CAPABILITIES_2. StopDischargeThreshold=1b) or vSafe0V (if 
DEVICE_CAPABILITIES_2. StopDischargeThreshold=0b).  
A Source TCPC transitioni ng from a higher to lower voltage shall remove the Force 
Discharge circuit in time to meet the USB PD vSrcValid requirement. The TCPC shall not re-
apply the Force Discharge circuit if VBUS rises above VBUS_STOP_DISCHARGE_THRESHOLD 
or vSafe0V. Stop discharge is an edge-triggered event. 
The TCPC shall discharge VBUS to vSafe0V after a power on reset before applying the Rp.  

4.4.5.4.4 Disconnect Detection by the Sink TCPC during a Connection (Optional Normative) 

Upon reception of or prior to transmitting a PR_Swap message, the TCPM acting as a Sink 
shall disable the Sink disconnect detection to retain PD message delivery when Power Role 
Swap happens. Similarly, upon setting POWER_CONTORL.FastRoleSwapEnable (i.e deciding 
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to support Fast Role Swap), the TCPM acting as a Sink shall disable the Sink disconnect 
detection to retain PD message delivery when Fast Role Swap happens. 
The steps of disabling Sink disconnect detection shall be as follow: 

1. TCPM sets POWER_CONTROL.AutoDischargeDisconnect = 0b  
2. TCPM sets RECEIVE_DETECT.MessageDisableDisconnect = 0b if this bit was 

previously set to 1b 

4.4.5.4.5 Bleed Discharge (Optional Normative) 

The bleed discharge circuit is enabled and disabled by the TCPM. The bleed discharge is a 
low current load on the VBUS. 

4.4.5.4.6 Fast Role Swap (Optional Normative) 

Setting the POWER_CONTROL.FastRoleSwapEnable bit in the Sink TCPC triggers the 
following actions when receiving Fast Role Swap signal. Required if 
DEVICE_CAPABILITIES_2.SinkFRSwap = 1b. 

1. Set ALERT_EXTENDED.SinkFRSwap = 1b.  
2. Disable the Sink path (equivalent to COMMAND.DisableSinkVbus) 
3. When VBUS falls below vSafe5V(max), execute sourcing vSafe5V over VBUS 

(equivalent to COMMAND.SourceVbusDefaultVoltage). Note that the initial Sink shall 
meet the tScrFRSwap timing requirement as specified in the USB PD. 

Setting POWER_CONTROL.FastRoleSwapEnable bit in Source TCPC enables one of the 
following actions. Required if DEVICE_CAPABILITIES_2.SourceFRSwap = 1b. 

A. The TCPC shall send a Fast Role Swap signal within tTCPCSendFRSwap after 
receiving COMMAND.SendFRSwapSignal. 

or, 
B. If CONFIG_EXTENDED1.StandardInputSourceFRSwap is set, the TCPC shall send a 

Fast Role Swap signal within tTCPCSendFRSwap when STANDARD INPUT SIGNAL 
Source FR Swap is set low. After the Fast Role Swap signal is sent, the TCPC shall set 
ALERT_EXTENDED.SourceFRSwap to 1. Required if 
STANDARD_INPUT_CAPABILITIES.SourceFRSwap is either set to 01b or 10b. 

Figure 4-14 shows the interactions between the Source and Sink TCPCs during a Fast Role 
Swap operation. It shows a flow where the initial Source TCP# ÓÔÁÒÔÓ ÔÈÅ ÐÒÏÃÅÓÓ ȰÓÅÎÄ &ÁÓÔ 
2ÏÌÅ 3×ÁÐ ÓÉÇÎÁÌȱ ÁÆÔÅÒ ÒÅÃÅÉÖÉÎÇ #/--!.$Ȣ3ÅÎÄ&23×ÁÐ3ÉÇÎÁÌȢ Figure 4-15 indicates a flow 
where the Fast Role Swap signal transmission is triggered by STANDARD INPUT SIGNAL 
Source FR Swap being set low.  
USB PD message passing after the FR_Swap Message is sent, is not shown (in Figure 4-14 
and Figure 4-15) because the Accept Message (from the initial Source in response to 
FR_Swap Message) may be sent before or after the VBUS drops to vSafe5V. It is also possible 
that the FR_Swap Message is sent after the VBUS drops to vSafe5V. That is, the initial Sink 
may execute sourcing vSafe5V over VBUS before FR_Swap Message is sent. 
It is assumed the initial Source implements a bidirectional power path hence the power path 
switchover time is not shown in Figure 4-14 and Figure 4-15. When there are separate Sink 
and Source power paths, the initial Source should disable the Source path without enabling 
the VBUS discharge circuity when sending the Fast Role Swap signal, and then the initial 
Source should start to enable the Sink path.  
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Figure 4-14. COMMAND.SendFRSwapSignal triggered Fast Role Swap operation 
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Figure 4-15. STANDARD INPUT SIGNAL Source FR Swap triggered Fast Role Swap operation  
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