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EZ-USB FX3

SuperSpeed USB Controller

Features

+ Universal serial bus (USB) integration
- USB 3.2, Gen 1 and USB 2.0 peripherals compliant with USB 3.2 Specification Revision 1.0 (TID # 340800007)
- 5-Gbps SuperSpeed PHY compliant with USB 3.2 Gen 1
- High-speed On-The-Go (HS-OTG) host and peripheral compliant with OTG Supplement Version 2.0
- Thirty-two physical endpoints

« General programmable interface (GPIF™ 1)
- Programmable 100-MHz GPIF Il enables connectivity to a wide range of external devices
- 8-,16-, 24-, and 32-bit data bus
- Up to 16 configurable control signals

« Fully accessible 32-bit CPU
- ARM926EJ core with 200-MHz operation
- 512-KB or 256-KB embedded SRAM

« Additional connectivity to the following peripherals
- SPI master at up to 33 MHz
- UART support of up to 4 Mbps
- 12C master controller at 1 MHz

- 12S master (transmitter only) at sampling frequencies of 8 kHz, 16 kHz, 32 kHz, 44.1 kHz, 48 kHz, 96 kHz and
192 kHz

« Selectable clock input frequencies
- 19.2,26, 38.4, and 52 MHz
- 19.2-MHz crystal input support

« Ultra low-power in core power-down mode
- Less than 60 pA with VBATT on and 20 pA with VBATT off

+ Independent power domains for core and 1/0
- Core operationat 1.2V
- 12S, UART, and SPI operation at 1.8 to 3.3V
- 12C operation at 1.2 Vt0 3.3V

+ Package options
- 121-ball, 10- x 10-mm, 0.8-mm pitch Pb-free ball grid array (BGA)
- See Table 24 for details on the seven FX3 variants

« EZ-USB® software development kit (SDK) for code development of firmware and PC Applications
- Includes RTOS Framework (using ThreadX Version 5)
- Firmware examples covering all /O modules
- Visual Studio host examples using C++ and C#

+ SuperSpeed explorer board available for rapid prototyping
- Several accessory boards also available:
« Adapter boards for Xilinx/Altera FPGA development
» Adapter board for video development
+ CPLD board for concept testing and initial development
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Applications

Applications

* Digital video camcorders

* Digital still cameras

* Printers

¢ Scanners

* Video capture cards

* Test and measurement equipment
* Surveillance cameras

* Personal navigation devices
* Medical imaging devices

* Video IP phones

* Portable media players

* Industrial cameras

* Data loggers

* Data acquisition

* High-performance human interface devices (gesture recognition)

Functional description

For a complete list of related documentation, click here.

Errata: For information on silicon errata, see “Errata” on page 70. Details include trigger conditions, devices affected, and proposed workaround.
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More information

1 More information

Infineon provides a wealth of data at www.infineon.com to help you to select the right USB SuperSpeed device
for your design, and to help you to quickly and effectively integrate the device into your design.

» Overview: USB Portfolio, USB Roadmap
« USB 3.0 Product Selectors: FX3, FX3S, CX3, HX3, SX3

+ Application notes: Infineon offers a large number of USB application notes covering a broad range of topics,
from basic to advanced level. Recommended application notes for getting started with FX3 are:

- AN75705 - Getting Started with EZ-USB FX3

- AN76405 - EZ-USB FX3 Boot Options

- AN70707 - EZ-USB FX3/FX3S/SX3 Hardware Design Guidelines and Schematic Checklist
- AN65974 - Designing with the EZ-USB FX3 Slave FIFO Interface

- AN75779 - How to Implement an Image Sensor Interface with EZ-USB FX3 in a USB Video Class (UVC)
Framework

- AN8694T - Optimizing USB 3.0 Throughput with EZ-USB FX3

- AN84868 - Configuring an FPGA over USB Using Cypress EZ-USB FX3

- AN68829 - Slave FIFO Interface for EZ-USB FX3: 5-Bit Address Mode

- AN73609 - EZ-USB FX2LP/ FX3 Developing Bulk-Loop Example on Linux

- AN77960 - Introduction to EZ-USB FX3 High-Speed USB Host Controller

- AN76348 - Differences in Implementation of EZ-USB FX2LP and EZ-USB FX3 Applications
- AN89661 - USB RAID 1 Disk Design Using EZ-USB FX3S

» Code Examples:
- USB Hi-Speed
- USB Full-Speed
- USB SuperSpeed

+ Knowledge Base Articles (KBA):
- FX3 FAQs - KBA224051
- Trouble Shooting Guide for the FX3/FX3S/CX3 Enumeration - KBA222372
- EZ-USB™ FX3 Explorer kit as 16-channel 100 MHz logic analyzer with sigrok PulseView - KBA233652
- EZ-USB™ FX3-based HDMI-to-USB3 Vision solution demo kit - KBA235421
- EZ-USB™ FX3: Open source KiCad based schematic and BOM for FX3 camera kit - KBA236085

« Technical Reference Manual (TRM):
- EZ-USB FX3 Technical Reference Manual

+ Development Kits:
- CYUSB3KIT-003, EZ-USB FX3 SuperSpeed Explorer Kit

« Models: IBIS
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More information

1.1 EZ-USB FX3 Software Development Kit

Cypress delivers the complete software and firmware stack for FX3, in order to easily integrate SuperSpeed USB
into any embedded application. The Software Development Kit (SDK) comes with tools, drivers and application
examples, which help accelerate application development.

1.2 GPIF™ Il Designer

The GPIF Il Designer is a graphical software that allows designers to configure the GPIF Il interface of the EZ-USB
FX3 USB 3.0 Device Controller.

The tool allows users the ability to select from one of five Cypress supplied interfaces, or choose to create their
own GPIF Il interface from scratch. Cypress has supplied industry standard interfaces such as Asynchronous and
Synchronous Slave FIFO, Asynchronous and Synchronous SRAM, and Asynchronous SRAM. Designers who
already have one of these pre-defined interfaces in their system can simply select the interface of choice, choose
from a set of standard parameters such as bus width (x8, 16, x32) endianess, clock settings, and compile the
interface. The tool has a streamlined three step GPIF interface development process for users who need a
customized interface. Users are able to first select their pin configuration and standard parameters. Secondly,
they can design a virtual state machine using configurable actions. Finally, users can view output timing to verify
that it matches the expected timing. Once the three step process is complete, the interface can be compiled and
integrated with FX3.
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2 Functional overview

Infineon’s EZ-USB FX3 is a SuperSpeed peripheral controller, providing integrated and flexible features.

FX3 has a fully configurable, parallel, general programmable interface called GPIF II, which can connect to any
processor, ASIC, or FPGA. GPIF Il is an enhanced version of the GPIF in FX2LP, Infineon’s flagship USB 2.0 product.
It provides easy and glueless connectivity to popular interfaces, such as asynchronous SRAM, asynchronous and
synchronous address data multiplexed interfaces, and parallel ATA.

FX3 has integrated the USB 3.2 Gen 1 and USB 2.0 physical layers (PHYs) along with a 32-bit ARM926EJ-S
microprocessor for powerful data processing and for building custom applications. It implements an architecture
that enables 375-MBps data transfer from GPIF Il to the USB interface.

An integrated USB 2.0 OTG controller enables applications in which FX3 may serve dual roles; for example,
EZ-USB FX3 may function as an OTG Host to MSC as well as HID-class devices.

FX3 contains 512 KB or 256 KB of on-chip SRAM (see “Ordering information” on page 67) for code and data.
EZ-USB FX3 also provides interfaces to connect to serial peripherals such as UART, SPI, I°C, and I°S.

FX3 comes with application development tools. The software development kit comes with firmware and host
application examples for accelerating time to market.

FX3 complies with the USB 3.2, Gen 1.0 specification and is also backward compatible with USB 2.0. It also
complies with USB 2.0 OTG Specification v2.0.

2.1 Application examples

In a typical application (see Figure 1), the FX3 functions as the main processor running the application software
that connects external hardware to the SuperSpeed USB connection. Additionally, FX3 can function as a
coprocessor connecting via the GPIF Il interface to an application processor (see Figure 2) and operates as a
subsystem providing SuperSpeed USB connectivity to the application processor.

Crystal*
A
4
Clock
External Slave
— USB EZ-USB™ FX3 GPIF Il | Device
USB Host (e.g. Image
Sensor)
I’c
*A clock input may be provided on the CLKIN
pin instead of a crystal input
EEPROM
Figure 1 EZ-USB FX3 as main processor
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Crystal*
A
A
Clock
External Master
E— USB EZ-USB™ FX3 GPIF Il (e.g- MCU/CPU/
USB Host N FPGA/ASIC)
1’C
* A clock input may be provided on the
CLKIN pin instead of a crystal input
EEPROM
Figure 2 EZ-USB FX3 as a coprocessor
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USB interface

3 USB interface

FX3 complies with the following specifications and supports the following features:

« Supports USB peripheral functionality compliant with USB 3.2 Specification Revision 1.0 and is also backward
compatible with the USB 2.0 Specification.

+ FX3 Hi-Speed parts (CYUSB201X) only support USB 2.0.

+ Complies with OTG Supplement Revision 2.0. It supports high-speed, full-speed, and low-speed OTG dual-role
device capability. As a peripheral, FX3 is capable of SuperSpeed, high-speed, and full-speed. As a host, it is
capable of high-speed, full-speed, and low-speed.

+ Supports Carkit Pass-Through UART functionality on USB D+/D- lines based on the CEA-936A specification.
« Supports 16 IN and 16 OUT endpoints.
« Supports USB Attached SCSI (UAS) device-class to optimize mass-storage access performance.

« As a USB peripheral, application examples show that the FX3 supports UAS, USB Video Class (UVC), and Mass
Storage Class (MSC) USB peripheral classes. All other device classes can be supported by customer firmware; a
template example is provided as a starting point.

« As an OTG host, application examples show that FX3 supports MSC and HID device classes.
Note When the USB port is not in use, disable the PHY and transceiver to save power.

3.1 oTG

FX3 is compliant with the OTG Specification Revision 2.0. In OTG mode, FX3 supports both A and B device modes
and supports Control, Interrupt, Bulk, and Isochronous data transfers.

FX3 requires an external charge pump (either standalone or integrated into a PMIC) to power VBUS in the OTG
A-device mode.

The Target Peripheral List for OTG host implementation consists of MSC- and HID-class devices.
FX3 does not support Attach Detection Protocol (ADP).

3.1.1 OTG connectivity

In OTG mode, FX3 can be configured to be an A, B, or dual-role device. It can connect to the following:
« ACA device

Targeted USB peripheral

SRP-capable USB peripheral
HNP-capable USB peripheral
OTG host

HNP-capable host

+ OTG device
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3.2 ReNumeration
Because of FX3’s soft configuration, one chip can take on the identities of multiple distinct USB devices.

When first plugged into USB, FX3 enumerates automatically with the Infineon Vendor ID (0x04B4) and downloads
firmware and USB descriptors over the USB interface. The downloaded firmware executes an electrical
disconnect and connect. FX3 enumerates again, this time as a device defined by the downloaded information.
This patented two-step process, called ReNumeration, happens instantly when the device is plugged in.

3.3 VBUS overvoltage protection

The maximum input voltage on FX3’s VBUS pin is 6 V. A charger can supply up to 9V on VBUS. In this case, an
external overvoltage protection (OVP) device is required to protect FX3 from damage on VBUS. Figure 3 shows
the system application diagram with an OVP device connected on VBUS. Refer to Table 8 for the operating range
of VBUS and VBATT.

POWER SUBSYSTEM

U3RXVDDQ

U3TXVDDQ
VIO1
VIO2
VIO3
VIO4
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VIO5
AVDD
VDD
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SSTX-
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USB-Port
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GND
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Figure 3 System diagram with OVP device for VBUS

3.4 Carkit UART Mode

The USB interface supports the Carkit UART mode (UART over D+/D-) for non-USB serial data transfer. This mode
is based on the CEA-936A specification.

In the Carkit UART mode, the output signaling voltage is 3.3 V. When configured for the Carkit UART mode, TXD
of UART (output) is mapped to the D- line, and RXD of UART (input) is mapped to the D+ line.

In the Carkit UART mode, FX3 disables the USB transceiver and D+ and D- pins serve as pass-through pins to
connect to the UART of the host processor. The Carkit UART signals may be routed to the GPIF Il interface or to
GPIO[48] and GPIO[49], as shown in Figure 4.

In this mode, FX3 supports a rate of up to 9600 bps.

Carkit UART Pass-through
5
Carkit UART Pass-thirough UART_TXD TXD —I RXD(DP)
Interface on GPIF Il UART_RXD RXD I
o
DP A
USB PH X %]
— L A — )
Carkit UART Pass-through (UART.TX) )
Interface on GPIOs GPIQ[49]
(UART_RX)
Figure 4 Carkit UART Pass-through block diagram
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4 GPIF Il

The high-performance GPIF Il interface enables functionality similar to, but more advanced than, FX2LP’s GPIF
and Slave FIFO interfaces.

The GPIF Il is a programmable state machine that enables a flexible interface that may function either as a master
or slave in industry-standard or proprietary interfaces. Both parallel and serial interfaces may be implemented
with GPIF II.

Here is a list of GPIF Il features:

« Functions as master or slave

Provides 256 firmware programmable states

Supports 8-bit, 16-bit, 24-bit, and 32-bit parallel data bus

Enables interface frequencies up to 100 MHz

Supports 14 configurable control pins when a 32- bit data bus is used. All control pins can be either input/output
or bidirectional.

Supports 16 configurable control pins when a 16/8 data bus is used. All control pins can be either input/output
or bi-directional.

GPIF Il state transitions are based on control input signals. The control output signals are driven as a result of the
GPIF Il state transitions. The INT# output signal can be controlled by GPIF Il. Refer to the GPIFII Designer tool. The
GPIF Il state machine’s behavior is defined by a GPIF Il descriptor. The GPIF Il descriptor is designed such that the
required interface specifications are met. 8 KB of memory (separate from the 256/512 KB of embedded SRAM) is
dedicated to the GPIF Il waveform where the GPIF Il descriptor is stored in a specific format.

Infineon’s GPIFII Designer Tool enables fast development of GPIF Il descriptors and includes examples for
common interfaces.

Example implementations of GPIF Il are the asynchronous slave FIFO and synchronous slave FIFO interfaces.

4.0.1 Slave FIFO interface

The Slave FIFO interface signals are shown in Figure 5. This interface allows an external processor to directly
access up to four buffers internal to FX3. Further details of the Slave FIFO interface are described on page 41.

Note Access to all 32 buffers is also supported over the slave FIFO interface. For details, contact Infineon
applications support.

SLCS# o
PKTEND o
FLAGB
P FLAGA
External Master Al1:0]
(For example, »
MCU/CPU/ | D[31:0] .| EZ-USB FX3
FPGA/ASIC) | o
SLWR#
SLRD# _
SLOE# _
Note: Multiple Flags may be configured.

Figure 5 Slave FIFO interface
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5 CPU

FX3 has an on-chip 32-bit, 200-MHz ARM926EJ-S core CPU. The core has direct access to 16 KB of instruction
tightly coupled memory (TCM) and 8 KB of Data TCM. The ARM926EJ-S core provides a JTAG interface for
firmware debugging.

FX3 offers the following advantages:
+ Integrates 256/512 KB of embedded SRAM for code and data and 8 KB of instruction cache and data cache.

« Implements efficient and flexible DMA connectivity between the various peripherals (such as, USB, GPIF I, IS,
SPI, UART, I2C), requiring firmware only to configure data accesses between peripherals, which are then
managed by the DMA fabric.

+ Allows easy application development using industry-standard development tools for ARM926EJ-S.

Examples of the FX3 firmware are available with the Infineon EZ-USB FX3 Development Kit.
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6 JTAG interface

FX3’s JTAG interface has a standard five-pin interface to connect to a JTAG debugger in order to debug firmware
through the CPU-core’s on-chip-debug circuitry.

Industry-standard debugging tools for the ARM926EJ-S core can be used for the FX3 application development.
For ARM JTAG access, TCK frequency should not be more than 1/6 of the CPU clock frequency.
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7 Other interfaces

FX3 supports the following serial peripherals:

« SPI

« UART

. 1°C

. 125

The SPI, UART, and I2S interfaces are multiplexed on the serial peripheral port.

Table 7 shows details of how these interfaces are multiplexed. Note that when GPIF Il is configured for a 32-bit
data bus width (CYUSB3012 and CYUSB3014), then the SPI interface is not available.

7.1 SPIl interface

FX3 supports an SPI Master interface on the Serial Peripherals port. The maximum operation frequency is 33 MHz.

The SPI controller supports four modes of SPI communication (see “SPI timing specification” on page 63 for
details on the modes) with the Start-Stop clock. This controller is a single-master controller with a single
automated SSN control. It supports transaction sizes ranging from four bits to 32 bits.

7.2 UART interface

The UART interface of FX3 supports full-duplex communication. It includes the signals noted in Table 1.

Table 1 UART interface signals
Signal Description
X Output signal
RX Input signal
CTS Flow control
RTS Flow control

The UART is capable of generating a range of baud rates, from 300 bps to 4608 Kbps, selectable by the firmware.
If flow control is enabled, then FX3’s UART only transmits data when the CTS input is asserted. In addition to this,
FX3’s UART asserts the RTS output signal, when it is ready to receive data.

7.3 12C interface

FX3’s I2C interface is compatible with the I12C Bus Specification Revision 3. This 12C interface is capable of
operating only as I1°C master; therefore, it may be used to communicate with other I°C slave devices. For example,
FX3 may boot from an EEPROM connected to the 12C interface, as a selectable boot option.

FX3’s I2C Master Controller also supports multi-master mode functionality.

The power su pgly forthe ICinterfaceis VIO5, which is a separate power domain from the other serial peripherals.
This gives the I1°C interface the flexibility to operate at a different voltage than the other serial interfaces.

The I2C controller supports bus frequencies of 100 kHz, 400 kHz, and 1 MHz. When VIO5 is 1.2 V, the maximum
operating frequency supported is 100 kHz. When VIO5is 1.8 V, 2.5V, or 3.3V, the operating frequencies supported
are 400 kHz and 1 MHz. The I2C controller supports clock-stretching to enable slower devices to exercise flow
control.

The IC interface’s SCL and SDA signals require external pull-up resistors. The pull-up resistors must be
connected to VIO5.
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7.4 I2S interface

FX3 has an IS port to support external audio codec devices. FX3 functions as I°S Master as transmitter only. The
12S interface consists of four signals: clock line (12S_CLK), serial data line (12S_SD), word select line (12S_WS), and
master system clock (12S_MCLK). FX3 can generate the system clock as an output on I12S_MCLK or accept an
external system clock input on 12S_MCLK.

The sampling frequencies supported by the I?S interface are 8 kHz, 16 kHz, 32 kHz, 44.1 kHz, 48 kHz, 96 kHz and
192 kHz.
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8 Boot options

FX3 can load boot images from various sources, selected by the configuration of the PMODE pins. Following are
the FX3 boot options:

« Boot from USB

Boot from I2C

Boot from SPI
- Infineon SPI Flash parts supported are S25FS064S (64-Mbit), S25FS128S (128-Mbit) and S25LFL064L (64-Mbit).
- W25Q32FW (32-Mbit) is also supported.

+ Boot from GPIF Il Sync ADMux mode

Table 2 FX3 booting options
PMODE[2:0]!!! Boot from

FOO Sync ADMux 