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1. General description

PTN5110 is a single-port TCPC compliant USB Power Delivery (PD) PHY IC that 

implements Type-C Configuration Channel (CC) interface and USB PD Physical layer 

functions to a Type-C Port Manager (TCPM) that handles PD Policy management. It is 

designed to comply with USB PD [1], Type-C [2] and TCPC [3] specifications. This IC is 

targeted primarily for use in system platforms (e.g. Notebook PCs, Desktop PCs, 

Chromebooks, Tablets, Convertibles, etc.). Other use cases may be feasible depending 

on the application architecture, e.g. docks, monitors, accessories, cable adapters, 

smartphones etc. 

It can support various Type-C roles: Sink, Source, Sink with accessory support or DRP. It 

implements Type-C CC analog portion (i.e Rd/Rp/Ra detection, Rd/Rp indication) and PD 

Tx/Rx PHY and protocol state machines as per [3]. PTN5110 supports TCPM in system 

realization of the following PD roles:

1. Provider (P)

2. Provider/Consumer (P/C) 

3. Consumer (C) 

4. Consumer/Provider (C/P)

PTN5110 integrates VCONN load switch with programmable current limit, reverse 

leakage current blocking and Over Temperature Protection (OTP). It implements two 

enable control outputs for controlling load switches/FETs on VBUS source and/or sink 

power paths. It also implements VBUS voltage monitoring/measurement, VBUS Force 

discharge and Bleed discharge features as defined in [3]. PTN5110 implements I2C-bus 

interface registers, finite state machines and control flow, etc. as defined in [3]. Please 

refer to [3] for description of  I2C registers, control descriptions, flow diagrams, etc. 

PTN5110 provides the majority of relevant IO capability for the host processor/TCPM to 

easily control and manage the Type-C/PD interface via the TCPC interface:

• VBUS Power path control of source and sink power rails (EN_SRC, EN_SNK1)

• Up to four different slave addresses can be selected based on SLV_ADDR 

• ILIM_5V_VBUS that allows TCPM to set two different current limits on VBUS 5 V 

Load switch.

• FRS_EN that allows for arming 5 V SRC load switch for Fast Role Swap (FRS) 

support

• DBG_ACC that can be used by host TCPM indicate Type-C debug accessory 

detection

PTN5110 offers tremendous flexibility to platform integrators by supporting a wide range 

of power supply input voltages. 
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PTN5110 is available in HX2QFN16, 2.6 mm x 2.6 mm x 0.35 mm, 0.4 mm pitch. 

Remark: 

1. PTN5110 provides independently controllable pull-up resistor (Rp) implementations 

on CC1 and CC2 pins. 

2. PTN5110 can detect/monitor voltage levels independently on each CC pin. 

2. Features and benefits

2.1 USB PD and Type-C features

 Designed to comply with USB PD[1], USB Type-C [2] and TCPC [3] specifications

 Supports Type-C functionality as per [2][3] 

 Provides CC analog functions: Rp and Rd/GND dynamic indication and Rp/Rd/Ra 

dynamic detection, debouncing of CC pins, dynamic selection of different Rp/Rd 

values for CC1 and CC2 independently 

 Implements SNK role pull-down (Rd) behavior to handle dead battery/no power 

condition

 Support for Type-C Debug Accessory detection and orientation detection (refer to 

Appendix of [2]) for Source and Sink Target Systems (TS). Indication of the result 

via dedicated pin (DBG_ACC) and status registers. 

 Plug orientation detection and indication via status register(s)

 Supports integrated VCONN switch(es) delivering power to accessory

 Cooperatively work under TCPM control for Type-C Connection/Disconnection 

Detection, Power Delivery negotiation and contract(s), Alternate mode support, VDM 

exchanges and any custom functions

 Implements TCPC functionality as per [3]

 SOP* Configurable: Register programmable to generate and receive SOP, SOP’, 

SOP’-debug, SOP”, SOP”-debug”

 Supports Extended messaging Unchunked and Chunked based packet transport 

 VBUS Bleed and Force discharge schemes are implemented as per [3]

 Implements VCONN discharge on Hard Reset (TCPM Controlled)

  Implements Fast Role Swap request detection (in 'initial sink' role) and indication 

(in 'initial source' role)

 Supports VBUS source/sink power path control

 Supports Seamless VBUS source voltage transitions among PD voltage rails (e.g. 

using Load switches - 5 V VBUS source switch - NX5P3290, High Voltage VBUS 

source switch):

- For positive voltage transitions, PTN5110 implements make-before-break feature 

(turn on higher voltage rail first and turn off lower voltage rail after a programmable 

time duration determined by summation of turn-on time and enable time of higher 

voltage rail load switch).

- For negative voltage transitions, PTN5110 disables higher voltage rail load switch 

initially, performs force discharge and monitors VBUS voltage until stop threshold is 

reached and enables lower voltage rail load switch when VBUS voltage reaches 

equal to (or slightly less than) the programmed rail voltage in the TCPC I2C VBUS 

voltage Alarm register.
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 For a multi-port system implementation, PTN5110 allows for

- TCPM initiated VBUS Sink path transitions from one Type-C port to another 

Type-C port using NXP High voltage sink switch (NX20P5090)

- Single VBUS Sink power path enabling under dead battery (when multiple Type-C 

ports can provide VBUS 5 V power)

2.2 System protection features

 Back current protection on all pins when PTN5110 is unpowered

 CC pins are 6 V tolerant 

2.3 General

 Provides two Power path enable controls: EN_SRC, EN_SNK1

 TCPM Host interface control and status update handled via I2C-bus interface. 

Supports I2C slave interface standard mode (100 kHz), Fast mode (400 kHz) and Fast 

mode plus (1 MHz)

 Up to four I2C device slave address options selectable via SLV_ADDR pin. This allows 

for multi-port implementation with PTN5110

 Supports register access: device configuration, control and status/interrupt interfacing 

through Slave I2C-bus conforming to [3]

 Power supply: VDD range (2.7 V to 5.5 V) and VBUS (4 V to 25 V)

 Tolerant up to 28 V on VBUS (and operational up to maximum of 25 V on VBUS) 

 Ambient operating temperature range 40 to 85 C
 ESD 8 kV HBM, 1 kV CDM 

 Package: HX2QFN16, 2.6 mm x 2.6 mm x 0.35 mm, 0.4 mm pitch 
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3. Applications

 PC platforms: Notebook PCs, Desktop PCs, Ultrabooks, Chromebooks 

 Tablets, 2:1 Convertibles, Smartphones and Portable devices 

 PC accessories/peripherals: Docking, Mobile Monitors, Multi-Function Monitors, 

Portable/External hard drives, Cable adaptors, Dongles and accessories, etc.
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4. Ordering information

 

[1] Total height after printed-circuit board mounting 0.5 mm (maximum) 

4.1 Ordering options
 

Table 1. Ordering information

Type number Topside 

mark

Package

Name Description Version

PTN5110HQ[1] 511 HX2QFN16 plastic, thermal enhanced super thin quad flat package; no 

leads; 16 terminals; body 2.6 x 2.6 x 0.35 mm 

SOT1883-1

PTN5110DHQ[1] 51D HX2QFN16 plastic, thermal enhanced super thin quad flat package; no 

leads; 16 terminals; body 2.6 x 2.6 x 0.35 mm 

SOT1883-1

PTN5110THQ[1] 51T HX2QFN16 plastic, thermal enhanced super thin quad flat package; no 

leads; 16 terminals; body 2.6 x 2.6 x 0.35 mm 

SOT1883-1

PTN5110NHQ[1] 51N HX2QFN16 plastic, thermal enhanced super thin quad flat package; no 

leads; 16 terminals; body 2.6 x 2.6 x 0.35 mm 

SOT1883-1

Table 2. Ordering options and their specific characteristics

Ordering option Description

PTN5110HQ This ordering option supports TCPC Rev 1.0 version 1.1. This ordering option is configured for DRP at 

POR. 

The DRP toggle starting state is set for Sink (Rd) role. 

It supports detection of debug (Rd,Rd) and audio (Ra, Ra) accessories. 

The FET enable outputs EN_SNK and EN_SRC are meant for sink and source power path controls 

respectively. 

PTN5110DHQ This ordering option supports TCPC Rev 1.0 version 1.1. This ordering option is configured for 

UFP/Sink role at POR. 

The CC1/2 pins present sink (Rd) role. 

The FET enable outputs EN_SNK and EN_SRC are meant for sink and source power path controls 

respectively. 

PTN5110THQ This ordering option supports TCPC Rev 1.0 version 1.1. This ordering option is configured for 

DFP/Source role at POR. 

This supports detection of debug (Rd,Rd) and audio (Ra, Ra) accessories. 

The FET controls EN_SRC controls 5V VBUS source  path and EN_SNK is meant to be used for 

controlling higher voltage VBUS output. 

PTN5110 provides 'Make before Break' capability while transitioning from 5V to higher voltage and vice 

versa when used along with NXP load switches (NX5P3290 and X20P5090).

PTN5110NHQ This ordering option supports TCPC Rev 2.0 version 1.0. This ordering option is configured for DRP at 

POR.

The DRP toggle starting state is set for Sink (Rd) role. It supports detection of debug (Rd,Rd) and audio 

(Ra, Ra) accessories.

The FET enable outputs EN_SNK and EN_SRC are meant for sink and source power path controls 

respectively.
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Table 3. Ordering options

Type number Orderable 

part number

Package Packing method Minimum 

order  

quantity

Temperature

PTN5110HQ PTN5110HQZ HX2QFN16 REEL 7" Q2/T3 *STANDARD 

MARK SMD

4000 Tamb = 40 C to +85 C

PTN5110DHQ PTN5110DHQZ HX2QFN16 REEL 7" Q2/T3 *STANDARD 

MARK SMD

4000 Tamb = 40 C to +85 C

PTN5110THQ PTN5110THQZ HX2QFN16 REEL 7" Q2/T3 *STANDARD 

MARK SMD

4000 Tamb = 40 C to +85 C

PTN5110NHQ PTN5110NHQZ HX2QFN16 REEL 7" Q2/T3 *STANDARD 

MARK SMD

4000 Tamb = 40 C to +85 C
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5. Block diagram

 

Fig 1. Block diagram
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6. Pinning information

6.1 Pinning
 

6.2 Pin description
 

(1) This is GND center pad on the bottom side of the package

Fig 2. Pin configuration (transparent top view)
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Table 4. Pin description

Symbol Pin Pin direction Pin type Description

FRS_EN 1 Output CMOS IO 

(referenced to 

BYPASS pin)

This pin is used by TCPM for FRS enable control of a 5 V 

SRC Load switch (e.g. FO pin of NX5P3290).

Default value is LOW.

This can also be used for other GPIO purposes.

EN_SNK1 2 Output CMOS IO 

(referenced to 

BYPASS pin)

VBUS Sink Power path control output.

At default/POR, this pin is LOW. 

This pin is controllable via TCPC interface. This can also be 

used for VBUS source power path control in PD source only 

applications

VDD 3 Power Input Power Core domain power supply; (2.7 V to 5.5 V)

External supply decoupling capacitor(s) (2.2 F +/-10 %) 

are required 

BYPASS 4 Internal Internal power rail Internal node 

An external capacitor (e.g. 2.2 F +/-20 %) is required to be 

connected to this pin

SLV_ADDR 5 IO Quaternary Input I2C slave address selection pin. This pin is wired to 

BYPASS pin (in the PCB) for two of the four SLV_ADDR 

options. This pin is sampled at POR only.
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ILIM_5V_VBUS 6 IO CMOS IO 

(referenced to 

BYPASS pin)

This GPIO pin is used by TCPM to select current limit 

(default current versus 1.5 A/3 A) setting of 5 V VBUS SRC 

load switch. Default value is LOW.

This can also be used for other GPIO purposes. 

I2C_SDA 7 IO Open drain IO I2C data 

This pin needs to be externally pulled up to VDD

I2C_SCL 8 Input Open drain IO I2C clock

This pin needs to be externally pulled up to VDD

DBG_ACC 9 Output CMOS IO 

(referenced to 

BYPASS pin)

Indicates the presence of Type-C Debug accessory. 

Default/POR is HIGH. If debug accessory is present and if 

Debug Accessory Control bit of TCPC_CONTROL register  

is 0, PTN5110 asserts this pin LOW.

This can also be used for other GPIO purposes.

ALERT_N 10 Output Open drain IO Level triggered open drain interrupt output

This pin needs to be externally pulled up by 10 k to VDD

FAULT_N 11 Input Open drain This input is open drain fault indication signal from load 

switches (e.g. NX5P3290, NX20P5090). If the pin is LOW, 

then PTN5110 updates the fault status register and also can 

raise the host interrupt, if enabled. The fault status register 

bit reflects the pin status automatically. 

This pin has to be pulled up externally to 10 k and when 

this pin is LOW, it indicates a FAULT condition on either 

Source or sink power path

VCONN_IN 12 Power Input Power VCONN power input. An external capacitor (e.g. 2.2 F 

+/-10 % or different value) can be connected to this pin 

CC1 13 IO Custom IO Type-C Configuration channel #1 

Protection diode (e.g. PESD5V0S1USF/ BSF, 

PESD5V0S1UL/BL, etc) shall be used to protect the pin 

from overshoot/ undershoot during cable plug/ unplug and 

cable discharge events

CC2 14 IO Custom IO Type-C Configuration channel #2

Protection diode (e.g. PESD5V0S1USF/BSF, 

PESD5V0S1UL/BL, etc) shall be used to protect the pin 

from overshoot/ undershoot during cable plug/ unplug and 

cable discharge events.

VBUS 15 Power Input Power VBUS power supply; External supply decoupling 

capacitor(s) (2.2 F +/-10 %) are required 

EN_SRC 16 Output CMOS IO 

(referenced to 

BYPASS pin) 

5 V VBUS Source Power path control  

At default/POR, this pin is LOW; this pin is controllable via 

TCPC interface

GND Center pad as Ground 

Table 4. Pin description …continued

Symbol Pin Pin direction Pin type Description



PTN5110 All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2018. All rights reserved.

Product data sheet Rev. 1.5 — 25 January 2018 10 of 60

NXP Semiconductors PTN5110
USB PD TCPC PHY IC

7. Functional description

PTN5110 is a TCPC compliant USB Type-C PD PHY IC that can be used to realize single 

or multi-port USB Type-C PD and/or Alternate mode implementations. It is designed to 

comply with USB PD [1], Type-C [2] and TCPC [3] specifications. 

PTN5110 can be partitioned into the following major functional blocks along with their 

respective interfaces:

• Type-C Configuration Channel function

• USB Power Delivery function 

• VCONN switch and control 

• VBUS Power path Control 

• TCPC I2C-bus interface and Control

• Power management 

• Power supply 

The following subsections describe the PTN5110 with its major functional blocks.

7.1 Type-C Configuration Channel functional block

Type-C Configuration Channel (CC) function operates as a front end to cable/plug 

interface. This block implements Orientation detection (TCPM detects orientation and 

informs TCPC of the result), Cable/Plug insertion (only initial indication, TCPM verifies 

connection and tells TCPC when the connection is valid) and removal detection under 

different roles (SRC, DRP, SNK including accessory support) as per [2][3]. 

In particular, PTN5110 supports Type-C functionality 

• Applying 'Rp (for CC1)', 'Rp (for CC2)', or 'Rd' depending on the configured role

• Detecting cable/plug connect and disconnect events

• Indicating Type-C current limit level in a system under Source role

• Detecting the current level supported by remote end under Sink role

• Supports TCPM in identifying plug orientation and indicating through TCPCi register 

interface 

• Implements VBUS thresholds, monitoring and measurement

• Discharging VBUS and VCONN based on Type-C status/PD Policy (managed by 

TCPM)

• Supports TCPM in identifying Type-C Debug accessory detection and indicating 

through TCPCi register interface and DBG_ACC pin. TCPM implements Type-C 

Debug scheme 

• Supports TCPM in Audio accessory detection and indication via status register

• Updating event, interrupt and status registers using ALERT_N pin

• Try.SRC/ Try.SNK feature can be enabled
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7.2 USB power delivery function

TCPM handles the PD policy management and interfacing to Application/Platform power 

management given the system states, battery status, etc. It reviews capabilities and status 

of various power providers (USB PD, AC-DC adapter, battery, docking, etc.) dynamically 

and determines a specific source for powering/charging the platform; the power source 

selection is an important and platform dependent aspect of Application power delivery 

scheme.

• For example, in some computing applications, EC (with integrated TCPM function) 

plays a central role in controlling the various power sources including USB PD. To 

support this, PTN5110 facilitates this by helping to send/receive USB PD messages. It 

implements PD PHY and Protocol functions as per [3]. 

• In several applications, EC may not even exist or EC wants to play a hands-off role. 

To support these applications, a dedicated TCPM can be utilized that works with 

PTN5110 to realize PD functionality.

In a Type-C PD implementation, the system partitioning involves the following parts:

• Port PHY function  PTN5110 (TCPC PHY implemented as per [3]) 

• Port policy engine and device policy management, Alternate mode support  TCPM 

(this may be integrated with EC or SMC)

The interface bus between PTN5110 and TCPM is I2C [4]. PTN5110 provides a 

transparent set of commands and register interface to control the operation and ensure 

robust system behavior. PTN5110 Application Programming guide [5] describes the 

register set supported for the PD control, status updates and operational 

control/sequences. PTN5110 provides a USB PD TCPC Interface compliant register map 

as well as additional vendor defined features.

 

PTN5110 implements USB PD PHY layer function as follows.

• CC Analog IO complying to TX/RX masks

• Bit transmission and reception

• Biphase mark coding

• 4B5B line coding 

• CRC computation and checking

• FRS request detection (in initial PD sink role) and indication (in initial PD source role). 

The FRS_EN pin is used to 'arm' the 5 V VBUS Source load switch during FRS 

operation. PTN5110 can detect the FRS request signaling and autonomously switch 

over to Source role (if previously, in Sink role)

It also handles PD Protocol layer functions (TX and RX protocol state machines) as per 

[3]. 

Fig 3. Type-C PD system partition
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To minimize chances of collision, PTN5110 checks the CC line before start of 

transmission. Once the data is transmitted or received, the I2C-bus interface status is 

updated and TCPM is interrupted. It also provides support for a bus management scheme 

as defined in [1].

BIST mode (Tx, Rx) is also supported.

7.3 VCONN switch and control

PTN5110 implements a very low RON switch that can deliver VCONN current; depending 

on the pin over which CC communication is established, VCONN_IN power is delivered 

into the other CC pin. With its patented architecture, the switch implements Soft Start 

behavior to avoid heavy inrush current flow when it is enabled. The VCONN switch and 

protection circuitry can be activated only when VCONN_IN is above VCONN present 

threshold. When in disabled condition, PTN5110 presents Hi-Z condition on the 

corresponding CCx pin. 

The switch implements four important features relevant to application robustness

• Reverse Voltage Protection (RVP)

• Over Current Limiting (OCL) 

• Over Temperature Protection (OTP) 

• Short to GND protection 

The fault conditions are mapped to VCONN fault status and interrupt bits in TCPC 

registers. There is an extended set of VCONN registers for configuring the deglitch 

duration, reattempt count re-assert delay, interrupt mask, fault status, etc. The TCPM can 

program these registers during TCPC initialization to achieve desired behavior. [5] 

provides more details on the registers and bit definitions. 

7.3.1 Reverse Voltage Protection (RVP)

PTN5110 implements RVP that monitors for a certain voltage difference (over the deglitch 

duration) to disable the switch path and protect the system from reverse current flow. After 

the ‘reassert delay’ is elapsed, PTN5110 enables the switch again. If the condition persists 

for 'reattempt count', then RVP fault status is asserted and if the interrupt is not masked, it 

would raise ALERT_N for the host TCPM to take corrective measures. The ‘reassert 

delay’ and ‘reattempt count’ are defined in [5]. 

TCPM can program the deglitch duration, reassert delay, reattempt count via extended 

registers [5] at TCPCi level. The reverse voltage protection circuit can only be triggered 

when it is enabled.

PTN5110 also provides reverse leakage current blocking when the switch is not enabled. 

Irrespective of VCONN_IN pin voltage, the reverse leakage current (IRLCL) on CC1/2 pin is 

LOW. 

7.3.2 Over Current Limiting (OCL)

PTN5110 supports four OCL threshold programmable levels. The Over Current Limiting 

(OCL) circuitry keeps monitoring for current flow above the pre configured level and 

whenever the threshold is exceeded, the switch goes into current limiting mode. It is 

possible for the switch to go into Over Temperature condition due to heating and go into 

OTP temperature cycling. 
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7.3.3 Over Temperature Protection (OTP)

If the switch has been enabled and if the device temperature exceeds a preset threshold, 

the device goes into Over Temperature condition. The OTP circuit disables the switch and 

triggers the fault status and raise interrupt (if enabled). Once the temperature reduces 

down to 85°C and after OTP reassert delay duration [5], the switch is enabled 

automatically. The TCPM can trigger disabling of the switch, if required.

7.3.4 Short to GND protection

PTN5110 can protect the system from hard short to GND. Whenever the current delivered 

goes beyond the highest threshold and up to Ishort, PTN5110 turns off the switch within a 

few microseconds, enables the switch limiting the current flow up to the pre-programmed 

OCL limit. PTN5110 records the fault status and generate interrupt (if enabled). The 

TCPM can trigger disabling of the switch, if required.

7.4 VBUS power path control

Based on PD negotiation and contract, TCPM enables/disables specific power path 

(source or sink load switches). PTN5110 provides two power path control IO pins. They 

are:

• EN_SRC: This is meant for 5 V Source control 

– ILIM_5V_VBUS is provided to control current limiting at default current (0.9 A) 

versus 1.5/3 A 

• EN_SNK1: This is meant for sinking current from VBUS (or, it can be configured to 

source a second power rail in a two-rail source system)

 

Remark: Platform integrators may use MOSFETs (with additional control circuitry) instead 

of Load switches while using PTN5110 in their applications.

With the support of NXP (RCP capable) Type-C Load switches, PTN5110 supports 

• FRS operation 

• Positive and Negative voltage transitions (while in SRC mode with two power rails)

• In a multi-port platform with buck boost configuration and dead battery condition, 

EN_SNK1 pin activates NX20P5090 allowing current flow into the system. It is 

possible that this could potentially lead to multiple ports allowing sink current at 5 V 

into the system. Once the system initializes, the TCPM can selectively charge from a 

port only.

Table 5. Power path combination illustration

Configuration (not limited to) Load switch* Combination 

(e.g. NX5P3290, NX20P5090, Source side Load switch)

5 V Source, 5 V to 20 V Sink Source Load switch w/OCL = NX5P3290 (EN_SRC)

Sink Load switch w/RCP = NX20P5090 (EN_SNK1)

5 V Source, 5 V to 20 V Sink Source Load switch w/OCL = NX5P3290 (EN_SRC)

Back-to-back Sink FET control (EN_SNK1) 

5 V Source >5 V Source

(two separate rails) 

Source Load switch w/OCL = NX5P3290 (EN_SRC)

Source Load switch w/OCL = high voltage source side Load 

switch (EN_SNK1)

5 V Sink Sink Load switch w/RCP = NX20P5090 (EN_SNK1) 
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– Live/normal battery condition: PTN5110 need not enable EN_SNK1 output 

autonomously since VDD > 0. TCPM can selectively enable a power path only

• Transition seamlessly from one Type-C port to another Type-C port without 

interrupting the charging/power flow into the system

– This assumes using Load switches (e.g. NX20P5090) on all sink power paths. The 

TCPM can perform make-before-break operation on the sink paths and PTN5110 

with its OVP feature helps prevent steady reverse current flow back into the port if 

the internal rail voltage is higher than the port voltage.

Remark: The FAULT_N input pin shall be used only along with EN_SRC/EN_SNK1 pin 

control. In applications where EN_SRC or EN_SNK1 is used to control power switch, the 

FAULT_N input can be connected to fault status indication output of the power switch(es). 

If PTN5110 does not control VBUS power path, then this FAULT_N pin shall be pulled 

HIGH. 
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7.5 Host interface and control

PTN5110 works along with TCPM to realize USB PD functionality and/or Alternate mode 

support. The TCPM can control and interface with PTN5110 through the I2C-bus interface. 

PTN5110 provides up to four I2C slave address combinations based on quaternary pin 

(SLV_ADDR) setting as per Table 6 below.

 

PTN5110 implements slave I2C-bus interface, TCPC registers as per [3] and vendor 

defined registers. Please refer to [3] for more information.

A detailed description of the I2C-bus specification, with applications, is given in user 

manual UM10204, “I2C-bus specification and user manual” [4].

PTN5110 Application programming guide [5] describes the various registers with their bit 

definitions, POR values and the various functions. Also, example 'C' programs 

corresponding to various functions and operations are included therein. This guide can be 

used by the platform system architects to implement the EC firmware to control the 

operations of PTN5110.

Table 7 describes the TCPC identification registers and their Read only values. 

 

Table 6. I2C slave address

SLV_ADDR pin Device address (Write/read) 7:0

GND 1010000x

10 K pull-up to BYPASS pin 1010001x

Unconnected 1010010x

100 K pull-up to BYPASS pin 1010011x
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Table 7. TCPC ID registers

Group Offset Name Type Default 

value

Bit 

field 

Description

Identification 

registers

00h VENDOR_ID Read 

only word

0x1FC9 15:0 Vendor ID

A unique 16-bit unsigned integer. Assigned 

by the USB-IF to the vendor.

02h PRODUCT_ID Read 

only word

0x5110 15:0 USB product ID

A unique 16-bit unsigned integer. Assigned 

uniquely by the vendor to identify the TCPC.

04h DEVICE_ID Read 

only word

0x0001 15:0 bcdDevice

A unique 16-bit unsigned integer. Assigned 

by the vendor to identify the version of the 

TCPC.

06h USBTYPEC_REV Read 

only word

0x0012 15:8 Reserved

7:0 USB Type-C revision

Version number assigned by USB-IF

0001 0001b: Type-C revision 1.1

0001 0010b: Type-C revision 1.2

08h USBPD_REV_VER Read 

only word

0x3010 15:8 bcdUSBPD revision

0010 0000b: USBPD revision 2.0

0011 0000b: USBPD revision 3.0

7:0 bcdUSBPD version

0001 0000b: USBPD version 1.0

0001 0001b: USBPD version 1.1

etc.

0Ah PD_INTERFACE_REV Read 

only word

0x0010 15:8 bcd USB-PD Inter-Block specification 

revision

0001 0000: TCPC revision 1.0

7:0 bcd USB-PD Inter-Block specification 

version

0001 0000: TCPC version 1.0

0001 0001: TCPC version 1.1

etc.
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7.6 Power management and power supplies

PTN5110 is designed to operate under a wide range of VDD and VBUS supply voltages. It 

can seamlessly transition from VBUS to VDD and vice versa. 

Under dead battery operation, PTN5110 applies voltage clamps to both CC pins so that 

the system may receive power as a Sink. To support platforms with buck-boost 

configuration, PTN5110 asserts EN_SNK1 pin based on validity of VBUS voltage 

(facilitates 5 V VBUS sinking). 

The following table highlights the power supplies and operating conditions for PTN5110.

 

The relevant pins associated with this block are:

• VDD

• BYPASS: This is an internal voltage node

• VBUS: This is a connector side pin

PTN5110 provides power management support to conserve power consumption in both 

Type-C unattached and attached conditions. It supports sleep and wake-up features as 

per [3]. 

Table 8. Power supplies versus operating conditions

Valid Power supply 

Input combination

Operational condition Remarks

VDD Operation under dead and 

normal battery conditions 

PTN5110 is operational. But the host 

I2C-bus interface and open drain GPIOs can 

be accessed after open drain pull-up voltage 

(to VDD) is available only

VBUS, VDD Normal powered condition 

(both battery based or 

non-battery based 

platforms)

PTN5110 and its interfaces are operational. 

But the host I2C-bus interface and open 

drain GPIOs can be accessed after open 

drain pull-up voltage (to VDD) is available 

only
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8. Use case view

Given that USB Power Delivery could address the requirements of a wide set of markets 

and product segments, PTN5110 is designed to work over a range of product categories, 

platform applications, use cases and usage roles. With its configurability, it can serve the 

needs of both general and custom applications. Not limited to these but the following 

subsections illustrate a set of example use cases of PTN5110. However, note that these 

use case diagrams do not capture all the details of schematic reference designs. For 

instance, ESD/TVS protection diodes are not captured. Please contact NXP for more 

information in this regard.
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8.1 System use case

8.1.1 USB PD DRP (Provider/Consumer): Notebook PC with buck boost charger

 

In this illustration, PTN5110 along with EC (with its TCPM) is behind the Type-C 

receptacle and they are configured as a PD DRP (Provider/Consumer). The EC interfaces 

with the Charger IC to configure at specific voltage/ current levels to perform battery 

charging and/or powering of the platform. 

This application is expected to:

Fig 4. Illustrative diagram of Notebook/Ultrabook/Tablet application (Separate source and sink power paths): 

PD Provider/Consumer role (Source role under Normal power/battery; Sink role under dead battery 

condition)
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• Source VBUS 5 V (if not under dead battery)

• Charge from VBUS PD and AC barrel power, if applicable 

• Source VCONN power 

The EC communicates with PTN5110 via an I2C-bus interface and controls the 

operations. 

An important aspect to note here is that PTN5110 would indicate a 'Rd' pull-down (Sink) 

under dead battery condition and this enables the port partner to provide VBUS @ 5 V 

(provided the port partner is capable of acting as Source). However, after system starts 

up, role swap may be performed to become Source and/or DFP. This is handled by 

PTN5110 and TCPM together.

DBG_ACC, ILIM_5V_VBUS and FRS_EN pins can be used by the platform, as 

necessary. 

For this application context, it is recommended to use PTN5110HQ version of the IC.  

There is a consideration for making this recommendation here - buck boost charger power 

path is assumed to take longer time than that of PTN5110 VBUS debounce time of 15 ms.

If the VDD becomes available before VBUS debounce time of PTN5110, it is suggested to 

use PTN5110DHQ version. 
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8.1.2 USB PD DRP (Provider/Consumer): Notebook PC with regular NVDC 
charger 

 

Fig 5. Illustrative diagram of Notebook/Ultrabook/Tablet application (Separate source and sink power paths): 

PD Provider/Consumer role (Source role under Normal power/battery; Sink role under dead battery 

condition); NVDC charger configuration relying on VBUS LDO for TCPM start up under dead battery
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In this configuration, NVDC charger IC is used. To support operation on dead battery, a 

separate VBUS LDO that provides initial current to start up TCPM and charger IC is 

utilized.

Fig 6. Illustrative diagram of Notebook/Ultrabook/Tablet application (Separate source and sink power path 

FETs): PD Provider/Consumer role (Source role under Normal power/battery; Sink role under dead 

battery condition); NVDC charger configuration relying on VBUS LDO for TCPM start up under dead 

battery

aaa-022986

TYPE-C

CONNECTOR

VBUS

VBUS

DBG_ACC

F
R

S
_

E
N

F
A

U
L

T
_

N

gate

drivers

QUSB3 QUSB4

QUSB1 QUSB2

E
N

_
S

N
K

1

E
N

_
S

R
C

V
C

O
N

N
_

IN IL
IM

_
5

V
_

V
B

U
S

VIN

BYPASS

5 V REG

PTN5110
(TCPC PD PHY)

CBTL08GP053
(TYPE-C HIGH

SPEED SWITCH

FOR USB 3.1,

4-LANE DP1.3

AND AUX

SIDEBAND)

VBUS

LDO
high voltage

power FET

5 V power FET

CC1

TX1+/-

RX1+/-

TX2+/-

RX2+/-

RFU1/2

D+/-

VDDIO

VDDIO

RADP

I2C

ALERT_N

AUX+/- CPU

HPD

VDD

DP[3:0]+/-

USB3 TX+/-

USB3 RX+/-

USB2+/-

CC2

PCH

TCPM

MCU

(PD POLICY

AND ALT

MODE

CONTROLLER)

EC/SMC

SPI

I2C

POWER

NETWORK

BATTERY

CHARGER

IC

IADP-IADP+



PTN5110 All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2018. All rights reserved.

Product data sheet Rev. 1.5 — 25 January 2018 23 of 60

NXP Semiconductors PTN5110
USB PD TCPC PHY IC

Figure 5 illustrates the use case using load switches whereas Figure 6 illustrates the 

same with FETs. It should be noted that in Figure 6, gate drivers are required to drive the 

MOSFETs. 

For this application context, it is recommended to use PTN5110DHQ version of the IC.  

There is a consideration for making this recommendation here - VBUS LDO regulator 

power path is assumed to start providing VDD earlier than PTN5110 VBUS debounce time 

of 15 ms. 

If the VDD becomes available later than VBUS debounce time of PTN5110, it is feasible to 

to use PTN5110HQ version.
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8.1.3 USB PD Source (Provider) with Type-C receptacle: Desktop PC 

 

In this illustration also, PTN5110 and Policy controller & Alternate mode control MCU are 

behind Type-C receptacle and they are configured to act as a PD Provider (Autonomous 

mode) based on pre-configured Power profiles. The PC system uses the ATX or similar 

power supply and it can deliver power to all USB ports. In this diagram, there is no EC to 

interface with and so, the solution (TCPM MCU and PTN5110) is configured for 

autonomous operation. 

For USB ports, this application:

Fig 7. Illustrative diagram of Desktop PC application (2 Source power paths): PD Provider only (Source role 

under powered condition)
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• sources VBUS 5 V

• sources USB PD power (specific wattage depends on the system application)

• Source VCONN power

PTN5110 controls the load switches to VBUS 5 V and PD power (up to a total of three 

voltage rails). The handshake with power supply unit is handled at the system level. The 

voltage transitions (both positive and negative) are also handled by PTN5110. 

An important aspect to consider here is that a Desktop PC does not have dead battery 

condition though it can be unpowered. If not powered, PTN5110 presents 'Rd' on CC pins. 

After power up initialization, PTN5110 indicates 'Rp'. After PD negotiation, the Desktop 

platform could deliver higher voltage/current. 

DBG_ACC, ILIM_5V_VBUS and FRS_EN connections can be used based on platform 

need. 

For this application context, it is recommended to use PTN5110THQ version of the IC. 
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