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1. Introduction

Improving upon the previous Type-A and Type-B USB connectors, the Type-C connector
is far more user-friendly, offering reversible plug orientation, cable direction and the
ability to transfer power and data simultaneously as well as support different protocols,
such as DisplayPort, Mobile High-Definition Link, and Thunderbolt for alternate modes.
The bi-directional power flow support allows a device to either source or sink power. In
addition, Type-C connectors offer scalable power solutions, ranging from 5 V at 0.5 A for
handheld devices up to 20 V at 5.0 A for rapid charging and power delivery.

The total USB Type-C ecosystem from NXP includes microcontrollers, high speed
switches, USB3 redrivers, ESD protection and filtering devices, USB PD PHY, CC logic
controllers, authentication, load switches, AC/DC power solutions, MOSFETs and more.

This application note acts as a user manual to help vendors build and evaluate NXP’s
USB Type-C 1 — 3 Multiport Adapter based on the reference design by providing steps
on setting up the board and explaining the functional specification, including providing a
binary of NXP’s USB PD kernel. The schematic for the board is also provided to act as a
reference for vendors interested in prototyping their own boards. This solution would
expand a host's USB Type-C port into three different ports in order to support the
following:

e USB Type-A receptacle to allow for the use of legacy USB 2.0 and 3.0 devices.
e VGA output capable of up to 1080p HD.

e USB Power Delivery enabled Type-C port with charge-through functionality, capable
of sinking up and passing this power through to the USB Type-C port facing the host.
This charge-through functionality supports 5V at 1.5 Aor up to 20 V at 3 A.

2. Package contents

This application note contains two additional folders: one folder contains the reference
schematic while the other folder contains the software binary and firmware update tool.

Fig 1 shows the extracted contents of the package.

Fig 1. Extracted package contents
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3. Getting started
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Fig 2. NXP USB Type-Cto VGA 1 -3 dongle

The NXP USB Type-C 1 — 3 reference design is meant to allow customers to quickly
build and evaluate NXP’s USB Type-C Multiport adapter. This adapter transforms a
host’'s USB Type-C port into a VGA connector, USB Type-A receptacle, and another
USB Type-C port that is USB Power Delivery enabled.

Fig 2 shows a picture of the NXP USB Type-C 1 — 3 multiport dongle.

The reference design is meant for a pigtail with a Type-C plug that plugs into a Type-C
receptacle on the host side.

3.1 Programming NXP's USB Type-C 1 — 3 multiport adapter

To program the binary onto the adapter, hold down the SW1 switch while plugging the
adapter into a Windows machine to receive power. This will put the MCU into a USB In-
System Programming (ISP) mode. In USB ISP mode, the MCU will enumerate itself as a
Mass Storage Class device. See Fig 3.

All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2016. All rights reserved.

Rev. 1 — 24 June 2016 4 of 17



NXP Semiconductors UM10998

NXP USB Type-C 1 — 3 reference design

Fig 3. LPC11U35 USB ISP mode

To program the LCP11U35, delete the current firmware.bin in the device and drag and
drop the given binary into the device like you would with a flash drive. Power cycling the
adapter should now execute the USB PD kernel, enabling all the functions on the NXP
USB Type-C 1 — 3 Multiport Adapter.

3.1.1 NXP USB Type-C 1 — 3 multiport adapter features

The software included in this application note is comprised of a fully featured USB PD
kernel compiled into a binary. The PD kernel has been configured to have the following
characteristics:

e Port 0 (host facing port)
— DRP receptacle type.

— Provider Source PDO not supported until charger plug-in. Source capabilities will
then be overwritten to be 5 V at 1.5 A and the highest voltage PDO from the
charger.

— Consumer Sink PDO configured to 5 V at 3 A.

— Automatically negotiate DP alternate mode with 2 DP lanes with multifunction bit
set.

— Supports USB 2.0 DFU device class using NXP VID:PID of 0x1FC9:0x5002 and
USB Billboard string descriptors.

e Port 1 (charger facing port)
— UFP sink receptacle type.

— Consumer Sink PDO configured to 5 V at 3 A and will automatically request the
highest voltage PDO from the charger.
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To make the USB Power Delivery features more engaging, the FW will also blink an LED
at a frequency relative to the voltage level on VBUS. As per the USB Power Delivery
specification, the voltage on VBUS can be negotiated to be in the range of 5V to 20 V.
The following is the frequency that is programed into the binary given with this application
note:

e 5VisalHzblink.
e 20 Vs a 10 Hz blink.
¢ Any voltage in between 5V and 20 V is a 5 Hz blink.

For customized design requirements related to the software, please contact NXP directly
either through the following support email address or other means:

USBTypeC@nxp.com

Firmware updates

In addition to a fully featured USB PD kernel, the binary was extended with a secondary
bootloader (SBL), allowing for field updates for the application code via DFU device
class. This SBL adds the following features to the software:

e FW updates via DFU device class, allowing for customer facing field updates.

o FW updates can be encrypted by the 128-bit XXTEA encryption algorithm and Code
Read Protection, adding security.

e SBL always calculates and validates CRC checksum of application code, checking
the integrity of the FW.

Since the MacBook is the most popular USB Type-C host available, attached with this
application note is an OS X version of the DFU update tool.

For more information on the SBL and the related tools on different platforms, see
AN11732 on http://www.nxp.com.

DFU updates on OS X

To perform field updates, the DFU device class is used along with the open source dfu-
util tool. In order for the dfu-util tool to work with our DFU SBL, an NXP patch was
applied. This dfu-util is dependent on libusb so this library must be installed on the
MacBook first. Out of the box, OS X is very sandboxed, so you must install a command
line command called “brew” to enable most of the typical Linux commands. To do so,
open terminal on the MacBook and copy and paste the following command. Follow the
installation directions afterwards:

ruby -e "S(curl -fsSL https://raw.githubusercontent.com/Homebrew/install/master/install)"

Next, install libusb with the following command:
brew install libusb

With libusb installed, the dfu-util tool can now be used. In the software folder is the dfu-
util with the nxp patch and a shell script. The shell script can be double clicked to execute
in order to easily perform the FW update. The shell script automatically searches for any
.dfu files in the working directory and will use the dfu-util tool to communicate with the
MCU and perform a DFU update. Only one .dfu can be present in the same directory as
the shell script and will not execute if it finds more than one.

DFU update versus USB ISP mode

This application note presents two different ways to update the MCU FW. The difference
between these two methods is that a DFU update requires a binary with a valid CRC
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checksum and a DFU SBL inside the target MCU. This means that USB ISP mode
should only be used on binaries that contain the application code and DFU SBL in order
to enable DFU updates in the future. These binaries end with a .bin extension and have a
size of 64 kB. Binaries meant for DFU updates already have the CRC checksum inserted
and do not have the DFU SBL. These binaries end with a .dfu extension and have a size
of 56 kB.

3.1.3 Board behavior

The binary provided with this application note is a two port implementation of NXP’s USB
PD kernel.

Fig 4 shows a high level state machine that illustrates the state transitions when there is
a Type-C attach or detach on either Type-C ports.

Host connect Charger connect

r State ﬁ
Host Charger
Power available: VBUS, VCONN disconnect disconnect

- Power SINK to host Power available: VBUS_CHG

- 2 lane DP/2 lane USB 3.0 - Power SINK to charger

negotiated with host
Charger Host
connect connect

Request Power available: VBUS_CHG, VCONN
Power Role - Power SOURCE to host
Swap - Power SINK to charger
- 2 lane DP/2 lane USB 3.0 negotiated with
host

Dead Battery

Host
disconnect

Power available: VCONN

- Power SOURCE to host Charger disconnect

- 2 lane DP/2 lane USB 3.0
negotiated with host

Fig 4. Software behavior state machine

3.1.3.1 Functional caveats

While each of the three ports on the NXP USB Type-C 1 — 3 Multiport Adapter are fully
functional at all points in time, there are two caveats to be considered with this design:

1. As shown in Fig 4, when the adapter is connected to both a host and a charger, the
board will source voltage to the host through VBUS, leaving only two available power
options: VBUS from the charger and VCONN from the host. If the charger is
unplugged while the adapter is still connected to the host, VCONN will be the only
power source available for a brief moment in time. Depending on power consumed
by USB 3.0 device, VCONN may not be able to provide enough current for the board
to maintain power and cause the board to power cycle. There currently is no
provision in the USB PD 2.0 specification for this specific scenario. In order to
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minimize the occurrence of this, the USB PD kernel provided will disable the USB
Type-A device when the charger disconnect is detected and turn it back on once the
adapter successfully negotiates a power role swap and becomes a sink. This also
means that since the board relies on VCONN power, it is assumed that the host
supplies VCONN at 5 V.

2. As with all emerging technology with an ever-changing specification, the
interpretation of the specification can vary from vendor to vendor and cause
interoperability problems. The NXP USB Type-C 1 — 3 Multiport Adapter was tested
and verified working with Apple’s 2015 MacBook with OS X El Capitan Version
10.11.1. NXP cannot guarantee compatibility with any current or future USB Type-C
products released by vendors nor continued compatibility when vendors update the
software on their products.

3. Since we use a buck to regulate the charger VBUS down to 5 V, using a 5 V only
charger in the charge-through port will result in the output of the buck to be less than
5 V. This output voltage may be under the minimum VBUS voltage outlined in the
USB Type-C specification, which may result in compliance issues and interoperability
issues when the adapter is a source. This means that this design is only compatible
with chargers that support a voltage greater than 5 V.

4. The diodes used in this design have a forward voltage that causes a noticeable
voltage drop in certain power paths. These drops affect the adapter’s ability to source
VSafe5V on the Type-C VBUS during a positive voltage transition as well as on the
USB Type-A's VBUS. This causes compliance issues and may even cause certain
USB Type-A devices to not work properly, particularly devices that draw large
amounts of power.

4. Design flow
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NXP provides the reference design schematic as a starting point for customers interested
in manufacturing their own NXP USB Type-C 1 — 3 Multiport Adapters. To ensure correct
operation, it is strongly advised to read through the rest of this chapter to understand the
interoperability between each of the ICs involved. The important parts of the schematic
are described at a high level, the power distribution methodology is discussed.

Schematic overview

The NXP USB Type-C 1 — 3 Multiport Adapter expands one USB Type-C connector into
three connectors: a USB Type-A receptacle compatible with USB 2.0 and USB 3.0
devices, a VGA connector, and a USB PD enabled USB Type-C port capable of sinking
voltage and passing high speed data. Each of these connectors operates independent of
each other and can be seen as its own subsystem. The MCU acts as the USB PD policy
manager, which manages the operation of each of the three ports. The role of each
major component involved with this design is explained.

PTN5100D

The NXP PTN5100D is the USB Type-C PHY, including all the CC logic needed to
communicate with the PHY on the other side of the USB Type-C connector. The
PTN5100D is controlled by the MCU via SPI. The PTN5100D also has a V_MCUPWR
pin which is capable of outputting 3.3 V at up to 30 mA if either the VBUS or VDD pins
are powered. For adapters that consume less than 30 mA, the V_MCUPWR pin can be
used as the primary 3.3 V power rail.

For more information, see the PTN5100D datasheet on http://www.nxp.com.
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Rev. 1 — 24 June 2016 8 of 17


http://www.nxp.com/

NXP Semiconductors UM10998

UM10998

User manual

4.1.2

4.1.3

4.1.4

4.1.5

4.1.6

NXP USB Type-C 1 — 3 reference design

LPC11U35FHI33/CP3337

The NXP LPC11U35FHI33/CP3337 is a small, low cost Cortex-M0 microcontroller, acting
as the USB PD policy managet. It is responsible for controlling the PTN5100D on each of
the Type-C ports in order to negotiate the correct power contracts in order to sink and
source voltage to the host depending on if a charger is connected, as well as negotiate
DisplayPort alternate mode. The MCU also controls the analog switch for the DisplayPort
AUX signal and a current limiter for the USB Type-A VBUS.

The LPC11U35FHI33/CP3337 also has USB 2.0 functionality, which is used to fulfill the
USB 2.0 Billboard device class required by the DisplayPort alternate mode specification.
In addition, the MCU’s USB 2.0 functionality can be used to enable DFU field updates for
the MCU firmware with NXP’s DFU secondary bootloader.

For more information, see the LPC11U3x datasheet on http://www.nxp.com.
PTN3356

The NXP PTN3356 is a DP to VGA converter. Due to the current consumption of this IC,
the PTN5100D V_MCUPWR pin will not be able to power the 3.3 V power rail that the
PTN3356 is connected to.

In order to meet DP_ALT_mode compliance specification, DP main links cannot have
termination till DP_ALT_mode is established.

For more information, see the PTN3356 datasheet on http://www.nxp.com.
NX3L2TG66

The NXP NX3L2TG66 are analog switches used to keep the DP AUX lines tri-stated until
DP alternate mode has been negotiated, as required by the DP alternate mode
specification. The switch is controlled by the XSDN signal on the MCU.

New FW version F2 is required to support this function. For more information, see the
NX3L2TG66 datasheet on http://www.nxp.com.

ESD/TVS protection diodes

To protect the adapter from the outside world, it is required to place an ESD or TVS
protection diode on all of the exposed USB Type-C pins. Table 1 indicates the part
number recommended for the various USB Type-C pins.

For more information, see the datasheet for the specific part on http://www.nxp.com.

Table 1. ESD/TVS protection diodes

USB Type-C Pin ESD/TVS part number
VBUS 'PTVS24VS1UR
Cc1/cc2 PESD5V0S1UL

Data lines 'PESD5VOH1BSF

Failure to add protection diodes will leave the adapter design susceptible to
permanent damage.

NX20P5090UK and NX5P3090UK

The NXP NX20P5090UK and NX5P3090UK are load switches designed for USB PD
domain isolation applications to offer essential protection and enhance reliability. These
load switches have protection circuitry such as over-voltage lockout and over-current
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protection in order to safely operate with the high amounts of current and voltage that
USB PD allows.

For more information, see the datasheet for the specific part on http://www.nxp.com.

GL3523

The Genesys Logic GL3523 is a USB 3.1 Gen 1 Hub controller. Due to the current
consumption of this IC and potential upstream USB Type-A devices, the PTN5100D
V_MCUPWR pin should not be used to power anything in the USB Type-A receptacle
subsystem.

Please contact Genesys Logic for more information.

CBTLO02043A

The NXP CBTL02043A is a 2 differential channel, 2-to-1 multiplexer/demultiplexer switch
for USB 3.1, PCI express Generation 3, or other high-speed serial interface applications.
The CBTL02043A/B can switch two differential signals to one of two locations.

High speed data from USB Hub GL3523 is sent to CBTL02043A to switch the differential
signals to one of two locations on USB type-C connector, to support type-C cable flip
function.

For more information, see the datasheet for the specific part on http://www.nxp.com.

Power distribution methodology

As a USB Type-C adapter that supports charge-through functionality, this design has
multiple ways of being powered and needs to be robust when transitioning from one
scenario to another. See Fig 5 for a high level block diagram of how the power is
distributed.

Type-C Receptacle
(Charger Input)

3.3v

—VBus_Charge— O

Fig 5. NXP USB Type-C 1 — 3 power distribution high level block diagram

Type-AVBus——»| Type-AReceptacle

5>1.2v 1.2V

‘¢ Board_5V

VCONN
Type-C Plug

SINK_5V (To Notebook)
NX20P5090

SRC_5V

NX5P2190

20V->5V

SRC_20V

NX20P5090

3.3V

SPININTI™] LPC11U35
VDD

]

.

b5
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The fundamental idea of this design is to “DIODE OR” all the potential power sources
with DIODEs in order to accept any available power source. This includes the host's
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VBUS, host's VCONN, and charger VBUS. After ORing these power rails together, the
output is used to power board components from the VGA and USB Type-A subsystems.
The MCU receives power from ORing the MCU_PWR pins from both PTN5100D. Should
a USB Type-C connection be established with either the charger or host, one of the
PTN5100D should receive VBUS, thus powering the PTN5100D as well as the MCU.

Sourcing voltage

The simplest solution to implement charge-through functionality is to simply pass through
the VBUS voltage from the charger to the host. While this may work functionally, it is not
a fully reliable solution that will meet the worst case timing requirements of the USB PD
specification. In order to provide a robust solution, it is necessary for the board to always
have access to a 5 V power rail when acting as a power source. Power contracts as a
source always start with providing 5 V on VBUS before transitioning to higher voltages.

In order to implement this with a load switch, some additional circuitry will need to be
added in order to correctly do negative voltage transitions on VBUS from a higher voltage
to 5 V. Without the external circuitry, the load switch’s overvoltage lockout feature will
render it unusable for a period of time when the adapter is sourcing a higher voltage such
as 12 V. Should the sink request a 5 V PDO, the load switch will not be able to exit
overvoltage lockout while VBUS is ramping down and cause the voltage on VBUS to
drop below VSafe5V voltage levels momentarily. This additional circuitry will be
controlled by the MCU in order to disconnect the load switch from the VBUS power rail
while VBUS is still in a voltage level that would trigger the overvoltage lockout feature.
See Fig 6 for a snapshot of the related circuitry.
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VBus
VBus_5V_Regulated
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100 ggs ~
220K
Fig 6. External 5V load switch circuitry

4.1.9.2 Use VCONN as a power rail

The Type-C specification specifies VCONN as a power rail that can vary between 2.7 V
to 5.5 V. In the case where the host does not supply VCONN at 5 V, a buck-boost

converter is required to regulate VCONN to 5 V and avoid any voltage conflicts. Please
refer to the schematic for the VCONN boost design.

Contact NXP either through the following support email or other means to get the latest
reference design.

USBTypeC@nxp.com
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The NXP USB Type-C 1 — 3 reference design user manual contains everything a vendor
would need to quickly evaluate and build a prototype NXP USB Type-C 1 — 3 Multiport
Adapter. The schematic provides a starting point while the included software is a fully
functional USB PD kernel that can be programmed into the LPC11U35FHI33/CP3337
USB PD policy manager to seamlessly enable the schematic design. The USB PD kernel
binary can be extended to include a DFU SBL to enable field updates in a user friendly
way, minimizing the work required by the vendor from start to finish.

For any questions or concerns regarding NXP’s USB Type-C solutions, please send an
email to the following email address to get direct support:

USBTypeC@nxp.com
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6.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences
of use of such information.

6.2 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s
own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
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customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express,
implied or statutory, including but not limited to the implied warranties of non-
infringement, merchantability and fitness for a particular purpose. The entire
risk as to the quality, or arising out of the use or performance, of this product
remains with customer.

In no event shall NXP Semiconductors, its affiliates or their suppliers be
liable to customer for any special, indirect, consequential, punitive or
incidental damages (including without limitation damages for loss of
business, business interruption, loss of use, loss of data or information, and
the like) arising out the use of or inability to use the product, whether or not
based on tort (including negligence), strict liability, breach of contract, breach
of warranty or any other theory, even if advised of the possibility of such
damages.

Notwithstanding any damages that customer might incur for any reason
whatsoever (including without limitation, all damages referenced above and
all direct or general damages), the entire liability of NXP Semiconductors, its
affiliates and their suppliers and customer’s exclusive remedy for all of the
foregoing shall be limited to actual damages incurred by customer based on
reasonable reliance up to the greater of the amount actually paid by
customer for the product or five dollars (US$5.00). The foregoing limitations,
exclusions and disclaimers shall apply to the maximum extent permitted by
applicable law, even if any remedy fails of its essential purpose.

6.3 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are property of their respective owners.

© NXP Semiconductors N.V. 2016. All rights reserved.
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