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[bookmark: _Toc178150862]The EZ-PD™ CCG3 Power Adapter Solution Demo is based on the CCG3 product family of Cypress’s USB Type-C microcontrollers. This demo is primarily intended to be a platform to demonstrate the capability of the CCG3 device in power adapter applications. The EZ-PD™ CY4531 CCG3 Evaluation Kit can be used as a hardware platform for this solution demo (see Limitations & Workarounds section for more details). Figure 1‑1 shows the picture of the EZ-PD™ CCG3 Power Adapter Solution Demo.

[bookmark: _Ref456133373]Figure 1‑1. EZ-PD™ CCG3 Power Adapter Solution Demo
[image: ]
[bookmark: _Toc456792255]Application Overview
This application uses CCG3 device as a DFP i.e. a power provider only. The maximum power profile that can be supported by this power adapter is up to 20V, 100W. CCG3 device has the ability to drive both types of FETs (NMOS and PMOS) and internal configurations are set based on the application firmware. The default application firmware supports NMOS FETs. This is indicated in the hardware by the state of GPIO P1.0 pin (pin 7 of CYYPD-3135-40LQXI). Floating condition of this pin indicates usage of NMOS FETs and grounding GPIO P1.0 indicates PMOS FET usage.
CCG3 integrates all termination resistors and uses GPIOs (VSEL1 and VSEL2) to indicate the negotiated power profile. If required, the power profile can also be selected using CCG3 serial interfaces (I2C, SPI) or PWM. The VBUS voltage on the Type-C port is monitored using internal ADC to detect under-voltage and overvoltage conditions on VBUS. To ensure quick discharge of VBUS when the power adapter cable is detached, a discharge path is provided with a resistor connected to the VBUS_DISCHARGE pin of the CCG3 device.
Over-current protection is enabled by sensing the current through the 10-MΩ sense resistor using the “OC” and “VBUS_P” pins of the CCG3 device. The VBUS provider through the Type-C connector can be turned on or off using the provider path FETs. The power provider FETs are controlled by high-voltage gate driver outputs (VBUS_P_CTRL0 and VBUS_P_CTRL1 pins of CCG3 device). The CCG3 device is also capable of supporting proprietary charging protocols over the DP and DM lines of the Type-C receptacle. By providing a 5-V source at the V5V pin of the CCG3 device, the device becomes capable of delivering the VCONN supply over either the CC1 or CC2 pins of the Type-C connector. Figure 1‑2 shows the application diagram for the EZ-PD™ CCG3 Power Adapter Solution Demo.

[bookmark: _Ref456133442]Figure 1‑2. EZ-PD™ CCG3 Power Adapter Solution Demo Application Diagram
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This section describes how to successfully operate the EZ-PD™ CCG3 Power Adapter Solution Demo. 
[bookmark: _Toc456792257]Running the EZ-PD™ CCG3 Power Adapter Solution Demo
[bookmark: _Toc456792258]Items Required
The following items are required in order to successfully run the EZ-PD™ CCG3 Power Adapter Solution Demo.
· The EZ-PD™ CY4531 CCG3 Evaluation Kit based board and daughter card with the re-work instructions provided in Limitations & Workarounds section can be used. Alternatively, customers can avoid re-work and build their own modified daughter card that is tailored for a power adapter application (as a DFP) using the schematics provided with this user guide.
· CCG3 device on the daughter card pre-programmed with the Power Adapter solution demo firmware binary provided
· Digital Multimeter to measure the voltage
· Type-C host device (e.g.: laptop) as a power consumer and a Type-C cable

[bookmark: _Toc456792259]Steps to Perform the Demo
The steps to run the EZ-PD™ CCG3 Power Adapter Solution Demo using re-worked EZ-PDTM CY4531 CCG3 EVK base board and daughter card are as follows.
1. As shown in Figure 2‑1, ensure that the jumper J11 on the EZ-PDTM CY4531 CCG3 EVK base board is populated.
2. Ensure that jumpers J3 and J4 of the EZ-PDTM CY4531 CCG3 EVK daughter card are loaded in positions 1-2 and 2-3 respectively. See Figure 2‑1for more details.
3. Mount the modified CCG3 daughter card on the CCG base board of the EZ-PDTM CY4531 CCG3 EVK if not mounted already.
4. Connect the 24V DC power adapter to the power jack J1 of the CCG base board. Observe that LED1 on both boards is glowing green and LED2 on the CCG base board is blinking. 
5. When the EZ-PDTM CY4531 CCG3 EVK is powered, it starts operating as a power provider. This can be verified by connecting a digital multimeter to the consumer power output header J7 of the CCG base board to measure the output voltage.
6. Alternatively, a Type-C host device can be connected to the J3 Type-C port of the EZ-PDTM CY4531 CCG3 EVK base board via Type-C cable. Once connected, the laptop or the host device being used should show successful charging of its battery over the Type-C interface. See Figure 2‑1 for more details on the setup.







[bookmark: _Ref456133490]Figure 2‑1. Running the EZ-PD™ CCG3 Power Adapter Solution Demo
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[bookmark: _Toc456792260]Updating Firmware for Demo
The CYPD3135-40LQXIT device used in the EZ-PD™ CCG3 Power Adapter Solution Demo is shipped with a CC bootloader and application firmware. In a case where the user needs to update the application firmware of the CCG3 device of the EZ-PD™ CCG3 Power Adapter Solution Demo, it can be performed using the EZ-PD Configuration Utility. This utility allows selection and re-configuration of the parameters that users want to modify and program the modified parameters onto the target CCG3 device. The tool also allows users to perform a firmware update. 
More details on how to update the firmware of the CCG3 device of this power adapter solution demo can be found in the EZ-PD Configuration Utility User Manual. Also refer to the EZ-PD™ CCG3 datasheet for additional details on how to perform application firmware updates over specific interfaces. 
The firmware source project for the EZ-PD™ CCG3 Power Adapter Solution Demo using CYPD3135 device is provided as an example project along with the CCGx EZ-PD Software Development Kit (version 2.2 or above).
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The reference schematics for EZ-PD™ CCG3 Power Adapter Solution Demo are provided with this user guide. However, as mentioned in the Demo Operation section, the EZ-PDTM CY4531 CCG3 EVK daughter card can be re-worked in order to make it perform as EZ-PD™ CCG3 Power Adapter Solution Demo. The re-work is required since the CY4531 CCG3 EVK daughter card has the circuitry for a DRP configuration by default, whereas, a power adapter is usually a DFP configuration. This section describes the steps to re-work the CCG3 daughter card to make it work for a power adapter demo.
[bookmark: _Toc456792262]Steps to Re-work CCG3 Daughter Card of EZ-PD CY4531 CCG3 EVK
The list of changes needed to re-work the EZ-PDTM CY4531 CCG3 EVK’s daughter card to make it work for a power adapter demo are described in Table 3‑1 below.
[bookmark: _Ref456133589]Table 3‑1. List of changes for re-working EZ-PDTM CY4531 CCG3 EVK Daughter Card
	Sr. #
	Change
	Objective

	1
	External VBUS Monitor for CCG3:
1a. Solder 100kΩ resistor between pin 3 (Type_C_VBUS) and pin 32 (GPIO P2.4) of header J6.

1b. Solder 10kΩ resistor between pin 32 (GPIO P2.4) and pin 7 (GND) of header J6.

	VBUS Monitor on Power Adapter Application has to be done near the Type-C receptacle and at the right of the power provider FET (for Power Adapter, pins VBUS & VBUS_P will be shorted). So this requires external voltage divider through a 100k/10k resistor ratios to provide 1/11th VBUS monitor reference to GPIO P2.4 of CCG3 device.

	2
	Short Pin 1 of J6 to Component C4 (to establish short between VBUS & VBUS_P pins of CCG3 device)
	1. CCG3 can be VBUS powered and does not need VSYS.
2. VBUS OVP needs to be done on the source side of the power provider FET (and not near Type-C receptacle).

	3
	Remove R33
	VBUS pin of CCG3 device should not be connected to Type-C receptacle’s VBUS pin.

	4
	Remove R24 & R29
	Power consumer FET Gate Control paths from CCG3 device needs to be disconnected.

	5
	CCG3 Part change to CYPD3135-40LQXI
	This part number supports power adapter applications.



Note that besides re-working the EZ-PDTM CY4531 CCG3 EVK daughter card with the above changes, there is additional circuitry present on the CCG3 daughter card and is unwanted for power adapter applications. Hence, the modified CCG3 daughter card based on the above mentioned re-work instructions is not advisable to be referred to it as a reference schematic/design for power adapter applications. It is also not advisable to use this re-worked CCG3 daughter card for the purpose of recording power measurements. Please use the reference schematic provided with this demo as a starting point for your designs.
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Acronyms Used in this Document
	Acronym
	Definition

	CC
	configuration channel

	DFP
	downstream facing port

	DRP
	dual role port

	EC
	embedded controller

	EMCA
	electronically marked cable assembly

	EVK
	evaluation kit

	GPIO
	General-purpose input/output

	HID
	human interface device

	IC
	integrated circuit

	I2C
	inter-integrated circuit

	IDE
	integrated development environment

	QFN
	quad flat no-lead (package)

	SBU
	side band unit

	SWD
	serial wire debug

	UFP
	upstream facing port

	USB
	Universal Serial Bus

	USB PD
	Universal Serial Bus Power Delivery

	XRES
	External Reset I/O Pin
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