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EZ-USB SXa3:

Configurable SuperSpeed USB Controller

Features

m Universal Serial Bus (USB) integration
a USB 3.2, Gen 1 and USB 2.0 peripherals compliant with
USB 3.2 Specification Revision 1.0
0 5-Gbps SuperSpeed PHY compliant with USB 3.2 Gen 1
o Three physical endpoints
a Supports UVC, UAC, and USB vendor class protocol

m General Configurable Interface
o Support up to 100 MHz
0 8-, 16-, 24-, and 32-bit data bus
o Supports Slave FIFO, parallel camera interface

m 32-bit CPU
a ARM926EJ core with 200-MHz operation
0 512-KB embedded SRAM

m Additional connectivity to the following peripherals
o SPI boot flash
a 12C slaves at 100 kHz / 400 kHz / 1 MHz

m Selectable clock input frequencies
1 19.2, 26, 38.4, and 52 MHz
0 19.2-MHz crystal input support

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

m Independent power domains for core and /O
o Core operation at 1.2 V
a SPI operation at 1.8 Vto 3.3V
al12c operationat1.2Vto 3.3V

m Package options
a 121-ball, 10-mm x 10-mm, 0.8-mm pitch Pb-free ball grid
array (BGA)
0 See Table 16 for details on SX3 variants

m EZ-USB™ SX3 configuration utility for configuration of SX3
1 Works on Windows, macOS, Linux

o Example configurations for image sensor, HDMI receiver,
and data applications

o Supports programming of SX3 and configure the FPGA
a Supports merging of FPGA configuration with SX3
configuration and store in a single SPI flash
m SX3 Development Kit available for rapid prototyping

a Third party HDMI to USB3 capture card kit available from
Cypress design partner

Applications

® USB WebCAMs

B Document cameras

® Video conference systems

m USB to Low-voltage Differential Signaling (LVDS) camera
interface boards

® HDMI USB video capture cards

m SDI USB video capture cards

B Test and measurement equipment
® Surveillance cameras

®m Medical imaging devices

B [ndustrial cameras

m USB logic analyzers

m USB oscilloscopes

m USB data loggers

®m USB data acquisition systems

m USB Time-of-Flight (TOF) Cameras

Functional Description

For a complete list of related documentation, click here.

Errata: For information on silicon errata, see “Errata” on page 35. Details include trigger conditions, devices affected, and proposed workaround.

Cypress Semiconductor Corporation
Document Number: 002-30704 Rev. *C

198 Champion Court .

San Jose, CA 95134-1709 . 408-943-2600
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SX3 Block Diagram
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More Information

Cypress provides a wealth of data at www.cypress.com to help you to select the right <product> device for your design, and to help

you to quickly and effectively integrate the device into your design.

m Overview: USB Portfolio, USB Roadmap

m USB 3.0 Product Selectors: SX3, FX3, FX3S, CX3, GX3, HX3

m Application notes: Cypress offers a large number of USB
application notes covering a broad range of topics, from basic
to advanced level. Recommended application note for getting
started with SX3 is:
a AN231295 - Getting started with EZ-USB SX3

The following Application notes can be used for reference only.
a1 AN75705 - Getting Started with EZ-USB FX3
a AN76405 - EZ-USB FX3 Boot Options

0 AN70707 - EZ-USB FX3/FX3S Hardware Design Guidelines
and Schematic Checklist

1 AN65974 - Designing with the EZ-USB FX3 Slave FIFO
Interface

EZ-USB SX3 Configuration Utility

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

0 AN86947 - Optimizing USB 3.0 Throughput with EZ-USB
FX3

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

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

m Development Kits:
0 CYUSB3KIT-004, EZ-USB SX3 SuperSpeed Explorer Kit

m Models: IBIS

EZ-USB SX3 Configuration Utility is a graphical user application that allows users to configure the EZ-USB SX3 USB 3.0 Device

controller variants.

The user can completely configure the EZ-USB SX3 based on the system requirements. The tool supports configuration of SX3-UVC

and SX3-Data variants.

Users can configure the following using EZ-USB Configuration Utility for each variant:

m SX3-UVC (CYUSB3017 - variant supporting UVC and UAC)
© USB descriptor settings
» Vendor ID
* Product ID
« String descriptors (Product, Manufacturer, Serial Number)
* Remote wakeup configuration
a GPIO configuration
o Debug interface
a FPGA, HDMI receiver, or ISP configuration
a1 DMA buffer configuration
a UVC video formats and resolutions
a Camera terminal controls
o Processing unit controls
0 Extension unit controls
a Image sensor / HDMI RX configuration
a Audio interface configuration

m SX3-Data (CYUSB3015, CYUSB3016 - variant supporting
USB vendor class)

a USB descriptor settings
» Vendor ID
* Product ID
» String descriptors (Product, Manufacturer, Serial Number)
» Remote wakeup configuration
a GPIO configuration
a Debug interface
1 FPGA configuration
o Buffer configuration

Users can also program the created configuration into the EX-USB SX3 using the programming tool integrated into the utility. This
utility allows the user to save the created configuration. It also allows users to load the selected configuration. The utility is supported

across Windows, Linux and Mac OSX platforms.

Document Number: 002-30704 Rev. *C
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Functional Overview

Cypress’ EZ-USB™ SX3 is a Configurable SuperSpeed
peripheral controller, providing integrated and flexible features.

SX3 has a fully configurable, parallel interface called General
Configurable Interface, which can connect to any ASIC, ISP,
image sensor or FPGA that supports Slave FIFO or Video
interface.

SX3 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 General Configurable Interface to
the USB interface.

SX3 contains 512 KB of on-chip SRAM (see Ordering
Information on page 33) for code and data. EZ-USB SX3 also
provides interfaces to connect to serial peripherals such as SPI
and 12C.

SX3 comes with “SX3 Configuration Utility”, that will help
customers to configure the SX3 for various applications. This tool
can also merges the FPGA configuration or ISP firmware along
with SX3 configuration and stores it in a single SPI Flash.

SX3 complies with the USB 3.2, Gen 1.0 specification and is also
backward compatible with USB 2.0.

Application Examples

In a typical application (see Figure 1), the SX3 functions as the
main processor running the application software that connects
external hardware to the SuperSpeed USB connection.

Figure 1. Application Example Block Diagram for CYUSB3015/ CYUSB3016

Document Number: 002-30704 Rev. *C
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Figure 2. Application Example Block Diagram for CYUSB3017 (SX3 — UVC)
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USB Interface

SX3 complies with the following specifications and supports the
following features:

m Supports USB peripheral functionality complaint with USB 3.2
Gen.1 specification revision 1.0 and is also backward
compatible with the USB 2.0 specification.

m SX3 is capable of SuperSpeed, HighSpeed and FullSpeed.
m Supports USB video class (UVC) and USB vendor class.

Re-enumeration

Because of SX3's soft configuration, one chip can take on the
identities of multiple distinct USB devices.

When first plugged into USB, SX3 enumerates automatically
with the Cypress Vendor ID (0x04B4) and downloads firmware
and USB descriptors over the USB interface. The downloaded
firmware executes an electrical disconnect and connect. SX3
enumerates again, this time as a device defined by the
downloaded information. This patented two-step process, called
Re-enumeration, happens instantly when the device is plugged
in.

Document Number: 002-30704 Rev. *C

VBUS Overvoltage Protection

The maximum input voltage on SX3’s VBUS pin is 6 V. Acharger
can supply up to 9V on VBUS. In this case, an external
overvoltage protection (OVP) device is required to protect SX3
from damage on VBUS. Figure 3 shows the system application
diagram with an OVP device connected on VBUS. Refer to
Table 6 for the operating range of VBUS and VBATT.

Figure 3. System Diagram with OVP Device For VBUS
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General Configurable Interface

The high-performance general configurable interface enables
functionality similar to, but more advanced than, FX2LP’s GPIF
and Slave FIFO interfaces. The general configurable interface is
a configurable state machine that enables a flexible interface that
may function as slave FIFO or parallel video interface, and
supports 8-bit, 16-bit, 24-bit and 32-bit parallel data bus. Enables
interface frequencies up to 100 MHz.

Slave FIFO Interface

The Slave FIFO interface signals are shown in Figure 4. This
interface allows an external processor to directly access up to
four buffers internal to SX3. For more information, see Slave
FIFO Interface.

Figure 4. Slave FIFO Interface
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Image Sensor Parallel Interface

The Image sensor parallel interface will allow to interface the
image sensors / ISPs with parallel interface directly with SX3.
Refer to Section 3 of AN75779 - How to Implement an Image
Sensor Interface Using EZ-USB FX3 in a USB Video Class
(UVC) Framework for more details.

Figure 5. Camera Parallel Interface
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CPU

SX3 has an on-chip 32-bit, 200-MHz ARM926EJ-S core CPU.
SX3 offers the following advantages: Integrates 512 KB of
embedded SRAM for code and data

SX3 offers the following advantages:
m Integrates 512 KB of embedded SRAM for code and data.

m Implements efficient and flexible DMA connectivity between the
various peripherals (such as, USB, General Configurable
Interface, SPI, IZC), requiring firmware only to configure data
accesses between peripherals, which are then managed by the
DMA fabric.

m Allows easy configuration using SX3 Configuration utility.

Examples of the SX3 configurations available with SX3
Configuration utility.

Other Interfaces

SX3 supports the following serial peripherals: SPI and 12C. The
CYUSB3015, CYUSB3016, and CYUSB3017 Pin List shows the
pin details.

SPI Interface

SX3 supports an SPI Master interface that can be used only for
interfacing a SPI Flash that can store the SX3 firmware,
configuration data, FPGA configuration / ISP firmware and
Image sensor / HDMI RX configuration data. The maximum
operation frequency is 33 MHz. The SPI controller supports four
modes of SP| communication (see SPI Timing Specifications 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.

I2C Interface

SX3's I2C interface is compatible with the 12C Bus Specification
Revision 3. This I2C interface is capable of operating only as 12c
master; therefore, it may be used to communicate with other 12C
slave devices.

SX3's I12C Master Controller also supports multi-master mode
functionality.

The power supply for the I2C interface is VIO5, which is a
separate power domain from the other serial peripherals. This
gives the I2C 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 1.2V, the maximum
operating frequency supported is 100 kHz. When VIO5is 1.8 V,
25V,0r3.3V, the ogerating frequencies supported are 400 kHz
and 1 MHz. The I“C controller supports clock-stretching to
enable slower devices to exercise flow control.

The I2C interface’s SCL and SDA signals require external pull-up
resistors. The pull-up resistors must be connected to VIOS5.

Page 8 of 38
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Boot Options Clocking

SX83 can load boot images from various sources, selected by the
configuration of the PMODE pins.

Following are the SX3 boot options:
m Boot from USB

m Boot from SPI

o Cypress SPI Flash parts supported are S25FS064S
(64-Mbit), S25FS128S (128-Mbit), and S25FL064L
(64-Mbit).

Table 1. SX3 Booting Options

PMODE[2:0]!"! Boot From
F11 USB boot
OF1 SPI, On Failure, USB Boot is Enabled

Note
1. ‘F’indicates Floating.

Reset

Hard Reset

A hard reset is initiated by asserting the Reset# pin on SX3. The
specific reset sequence and timing requirements are detailed in
Figure 15 and Table 15. All I/Os are tristated during a hard reset.
Note however, that the on-chip bootloader has control after a
hard reset and it will configure 1/O signals depending on the
selected boot mode; see AN76405 - EZ-USB FX3/FX3S Boot
Options for more details.

Table 3. SX3 Input Clock Specifications

SX3 allows either a crystal to be connected between the XTALIN
and XTALOUT pins or an external clock to be connected at the
CLKIN pin. The XTALIN, XTALOUT, CLKIN, and CLKIN_32 pins
can be left unconnected if they are not used.

Crystal frequency supported is 19.2 MHz, while the external
clock frequencies supported are 19.2, 26, 38.4, and 52 MHz.

SX3 has an on-chip oscillator circuit that uses an external
19.2-MHz (100 ppm) crystal (when the crystal option is used).
An appropriate load capacitance is required with a crystal. Refer
to the specification of the crystal used to determine the appro-
priate load capacitance. The FSLC[2:0] pins must be configured
appropriately to select the crystal- or clock-frequency option. The
configuration options are shown in Table 2.

Clock inputs to SX3 must meet the phase noise and jitter
requirements specified in Table 3.

The input clock frequency is independent of the clock and data
rate of the SX3 core or any of the device interfaces. The internal
PLL applies the appropriate clock multiply option depending on
the input frequency.

Table 2. Crystal/Clock Frequency Selection

Crystal/Clock
FSLC[2] | FSLC[1] | FSLC[0] Iﬂ{equency
0 0 0 19.2-MHz crystal
1 0 0 19.2-MHz input CLK
1 0 1 26-MHz input CLK
1 1 0 38.4-MHz input CLK
1 1 1 52-MHz input CLK

Specification
Parameter Description Unit
Min Max
100-Hz offset - -75
1-kHz offset - -104
Phase noise 10-kHz offset - -120 dB
100-kHz offset - -128
1-MHz offset - -130
Maximum frequency deviation - - 150 ppm
Duty cycle - 30 70
Overshoot - - 3 %
Undershoot - - -3
Rise time/fall time - - 3 ns

Document Number: 002-30704 Rev. *C
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Power

SX83 has the following power supply domains:

m 10_VDDAQ: This is a group of independent supply domains for
digital I/Os. The voltage level on these suppliesis 1.8 V0 3.3 V.
SX3 provides six independent supply domains for digital 1/Os
listed as follows (see Table 5 for details on each of the power
domain signals):

o VIO1: General configurable interface 1/0s

aVIO2: 102

aVIO3: 103

a1 VIO4: SPI

3 VIO5: 12C

a CVDDAQ: This is the supply voltage for clock and reset 1/O. It
should be either 1.8 V or 3.3 V based on the voltage level of
the CLKIN signal.

a Vpp: This is the supply voltage for the logic core. The nominal
supply-voltage level is 1.2 V. This supplies the core logic
circuits. The same supply must also be used for the following:
« AVDD: This is the 1.2-V supply for the PLL, crystal

oscillator, and other core analog circuits
+ U3TXVDDQ/U3RXVDDQ: These are the 1.2-V supply
voltages for the USB 3.0 interface.

m VBATT/VBUS: This is the 3.2-V to 6-V battery power supply
for the USB 1/0 and analog circuits. This supply powers the
USB transceiver through SX3’s internal voltage regulator.
VBATT is internally regulated to 3.3 V.

Note: No specific power-up sequence for SX3 power domains.
Minimum power-on reset (POR) time of 1 ms should be met and
the power domains must be stable for SX3 operation.

Table 4. Entry and Exit Methods for Low-Power Modes

Power Modes
SX3 supports the following power modes:

m Normal mode: This is the full-functional operating mode. The
internal CPU clock and the internal PLLs are enabled in this
mode.

o Normal operating power consumption does not exceed the

sum of Icc Core max and Igc USB max (see Table 6 for
current consumption specifications).

o The 1/O power supplies VIO2, VIO3, VIO4, and VIOS5 can be
turned off when the corresponding interface is not in use.
VIO1 cannot be turned off at any time if the general
configurable interface is used in the application.

m Low-power modes (see Table 4):
A Suspend mode with USB 3.0 PHY enabled (L1)
a Suspend mode with USB 3.0 PHY disabled (L2)

o Standby mode (L3)
o Core power-down mode (L4)

Low-Power Mode Characteristics

Methods of Entry Methods of Exit

exceed lgg4

B USB 3.0 PHY is enabled and is in U3 mode (one
of the suspend modes defined by the USB 3.0
specification). This one block alone is opera-
tional with its internal clock while all other clocks
are shut down

m All I/Os maintain their previous state

Suspend Mode with W Power supply for the wakeup source and core

'(‘|J_S1I)3 3.0 PHY Enabled domains can be turned on/off individually

memory, and all internal RAM are maintained

B All transactions must be completed before SX3
enters Suspend mode (state of outstanding
transactions are not preserved)

W The firmware resumes operation from where it
was suspended (except when woken up by
RESET# assertion) because the program
counter does not reset

B The power consumption in this mode does not

power must be retained. All other power

B The states of the configuration registers, buffer

B D+ transitioning to low or high
B Firmware executing on ARM926EJ-s | D- transitioning to low or high
core can put SX3 into suspend mode.
For example, on USB suspend
condition, firmware may decide to put
SX3 into suspend mode

B Impedance change on
OTG_ID pin

B Resume condition on SSRX+
H Detection of VBUS

B General configurable interface
assertion of CTL[0]

MW Assertion of RESET#

B External Processor, through the use
of mailbox registers, can put SX3 into
suspend mode

Document Number: 002-30704 Rev. *C
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Table 4. Entry and Exit Methods for Low-Power Modes (continued)

Low-Power Mode

Characteristics

Methods of Entry

Methods of Exit

Suspend Mode with
USB 3.0 PHY Disabled
(L2)

B The power consumption in this mode does not
exceed Iggy

W USB 3.0 PHY is disabled and the USB interface
is in suspend mode

B The clocks are shut off. The PLLs are disabled
m All I/Os maintain their previous state
W USB interface maintains the previous state

B Power supply for the wakeup source and core
power must be retained. All other power
domains can be turned on/off individually

B The states of the configuration registers, buffer
memory and all internal RAM are maintained

B All transactions must be completed before SX3
enters Suspend mode (state of outstanding
transactions are not preserved)

W The firmware resumes operation from where it
was suspended (except when woken up by
RESET# assertion) because the program
counter does not reset

B Firmware executing on ARM926EJ-S
core can put SX3 into suspend mode.

For

example, on USB suspend

condition, firmware may decide to put
SX3 into suspend mode

B External Processor, through the use
of mailbox registers can put SX3 into
suspend mode

B D+ transitioning to low or high
m D- transitioning to low or high

B Impedance change on
OTG_ID pin

W Detection of VBUS

B General configurable interface
assertion of CTL[0]

MW Assertion of RESET#

Standby Mode (L3)

W The power consumption in this mode does not
exceed lgp3

B All configuration register settings and
program/data RAM contents are preserved.
However, data in the buffers or other parts of
the data path, if any, is not guaranteed.
Therefore, the external processor should take
care that the data needed is read before putting
SX3 into this Standby Mode

B The program counter is reset after waking up
from Standby

B GPIO pins maintain their configuration
B Crystal oscillator is turned off

B Internal PLL is turned off

B USB transceiver is turned off

B ARM926EJ-S core is powered down. Upon
wakeup, the core re-starts and runs the program
stored in the program/data RAM

B Power supply for the wakeup source and core
power must be retained. All other power
domains can be turned on/off individually

B Firmware executing on ARM926EJ-S
core or external processor configures
the appropriate register

W Detection of VBUS

B General configurable interface
assertion of CTL[0]

M Assertion of RESET#

Core Power Down
Mode (L4)

B The power consumption in this mode does not
exceed Igpy

W Core power is turned off

m All buffer memory, configuration registers, and
the program RAM do not maintain state.
After exiting this mode, reload the firmware

H In this mode, all other power domains can be
turned on/off individually

W Turn off Vpp

B Reapply Vpp
M Assertion of RESET#

Document Number: 002-30704 Rev. *C
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CYUSB3015
CYUSB3016
CYUSB3017

Digital 1/0s

SX3 has internal firmware-controlled pull-up and pull-down
resistors on all digital I/O pins. An internal 50-kQ resistor pulls
the pins high, while an internal 10-kQ resistor pulls the pins low
to prevent them from floating. The /O pins may have the
following states:

m Tristated (High-Z)

m Weak pull-up (via internal 50 kQ)

m Pull-down (via internal 10 kQ)

m Hold (I/O hold its value) when in low-power modes

All unused 1/Os should be pulled high by using the internal
pull-up resistors. All unused outputs should be left floating. All
I/Os can be driven at full-strength, three-quarter strength,
half-strength, or quarter-strength. These drive strengths are
configured separately for each interface.

GPIOs

SX3 supports seven GPIOs. They can be configured to one of
the pre-defined Input or Output function using the SX3
Configuration utility. All general configurable interface pins and
GPIO pins support an external load of up to 16 pF for every pin.

Document Number: 002-30704 Rev. *C

EMI

SX3 meets EMI requirements outlined by FCC 15B (USA) and
EN55022 (Europe) for consumer electronics. SX3 can tolerate
EMI, conducted by the aggressor, outlined by these specifica-
tions and continue to function as expected.

System-level ESD

SX3 has built-in electrostatic discharge (ESD) protection on the
D+, D—, and GND pins on the USB interface. The ESD protection
levels provided on these ports are:

m +2.2-kV human body model (HBM) based on JESD22-A114
Specification.

m +6-kV contact discharge and +8-kV air gap discharge based
on IEC61000-4-2 level 3A.

m + 8-kV Contact Discharge and £15-kV Air Gap Discharge based
on IEC61000-4-2 level 4C.

This protection ensures the device continues to function after
ESD events up to the levels stated in this section.

The SSRX+, SSRX—, SSTX+, and SSTX- pins only have up to
+2.2-kV HBM internal ESD protection.

Page 12 of 38
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Pin Configurations

Figure 6. SX3 CYUSB3015-16bit - 121-BGA Ball Map (Top View)

Al A2 A3 A4 A5 A6 A7 A8 A9 A10 A11
U3vssQ |U3RxvDDQ| SSRx- SSRX+ SSTX+ SSTX- AVDD vss D+ D- DNU
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11
VIo4 FSLC[O] R_usb3 FSLC[1] U3TXVDDQ cvbDQ AVSS vsS VSS VDD DNU
c1 c2 c3 c4 cs cé c7 cs c9 c10 c11
SPI_SSN | SPI_MISO VDD FIFOM_SS / GPIO_6 RESET# XTALIN XTALOUT R_usb2 OTG_ID DNU VIO5
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11
GPIO_3 GPIO_4 | GPIO_5 SPI_SCK SPI_MOSI DNU CLKIN vss 12c_SCL | 12c_sDA | SUSPEND ouT
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 EM
DNU vss VvIO3 DNU DNU FSLC[2] DNU DNU VDD VBATT VBUS
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11
VIO2 GPIO_2 DNU DNU DNU DNU DQ[2] DQ5] DQ[1] DQ[0] VDD
G1 G2 G3 G4 G5 G6 G7 G8 Go G10 G11
VSS DNU DNU PMODE[0] GPIO_1 DMA_READY [DMA_PARTIAL| DQ[15] [4] DQ[4] DQ[3] VsS
H1 H2 H3 H4 H5 Hé H7 H8 H9 H10 H11
VDD DNU DNU PMODE[1] A0 INIT#/RESET |  SLRD# PKTEND# DQ[7] DQJ6] VIO1
J J2 J3 Ja J5 J6 J7 Js J9 J10 J11
DNU DNU DNU DNU A1 PCLK SLOE# DQ[14] [4] | DQ[OYA1 [3] | DQIBYAO [3] VDD
K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11
DNU DNU vss vss PROGRAM# GPIO_0 SLWR# sLCs# DQ[13] DQ[12] DQ[10]
L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11
vss vss VSS PMODE[2] VDD vss VDD DNU VIO1 DQ[11] VSS
Figure 7. SX3 CYUSB3016-32bit - 121-BGA Ball Map (Top View)
A A2 A3 A4 A5 A6 A7 A8 A9 A10 A1
u3vssQ | U3RXvDDQ | SSRXx- SSRX+ SSTX+ SSTX- AVDD vss D+ D- DNU
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11
VIO4 FSLC[0] R_usb3 FSLC[1] U3TXVDDQ cvDDQ AVSS vss vss VDD DNU
c1 c2 c3 c4 c5 c6 c7 cs co c10 c11
spi_ssN | spi_miso VDD |FIFOM_SS/GPIO_6 RESET# XTALIN XTALOUT R_usb2 OTG_ID DNU VIO5
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11
GPIO_3 GPIO_4 GPIO_5 SPI_SCK SPI_MOSI DNU CLKIN vss 12C_SCL 12C_SDA | SUSPEND OUT
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 EM
DQ[29] VsS VIO3 DQ[31] DQ[30] FSLC[2] DNU DNU VDD VBATT VBUS
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11
VIO2 GPIO_2 DQ[27] DQ[24]/A0[5] DQ[28] DNU DQ[2] DQ5] DQ[1] DQIO0] VDD
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G
vss | paizsyats) | Dapee) PMODE[0] GPIO_1 DMA_READY |DMA_PARTIAL| DQ[15] [4] DQ[4] DQ3] VsS
H1 H2 H3 H4 H5 Heé H7 H8 H9 H10 H11
VDD DQ[22] DQ[23] PMODE[1] A0 INIT#/RESET|  SLRD# PKTEND# DQ[7] DQI6] VIO1
J1 J2 J3 Ja J5 J6 J7 J8 Jo J10 J11
DQ[21] DQ[19] DQ[20] DQ[17] A1 PCLK SLOE# pQ141[4] | paieyat (3] | paeyAo (3] VDD
K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11
DQ[18] DQ[16] vss VsS PROGRAM# GPIO_0 SLWR# sLcs# DQ[13] DQ[12] DQ[10]
L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11
vss VsS vss PMODE[2] VDD vss VDD DNU VIO1 DQ[11] vss

Document Number: 002-30704 Rev. *C
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Figure 8. SX3 CYUSB3017-UVC - 121-BGA Ball Map (Top View)
Al A2 A3 A4 A5 A6 A7 A8 A9 A10 A11
usvssa | UsrRxvbba | SSRX- SSRX+ SSTX+ SSTX- AVDD vss D+ D- DNU
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11
VIO4 FSLCI[O0] R_usb3 FSLC[1] U3TXvDDQ CvDDQ AVSS VSS VSS VDD DNU
[ c2 c3 c4 c5 Cc6 c7 cs co c1o c11
SPI_SSN SPI_MISO VDD FIFOM_SS / GPIO_6 RESET# XTALIN XTALOUT R_usb2 OTG_ID DNU VIO5
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11
GPIO_3 GPIO_4 GPIO_5 SPI_SCK SPI_MOSI DNU CLKIN VSS 12C_SCL 12C_SDA | SUSPEND OUT
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11
DQ[29] VSS VIO3 DQ[31] DQ[30] FSLC[2] DNU DNU VDD VBATT VBUS
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11
VIO2 GPIO_2 DQ[27] DQ[24]/A0[5] DQ[28] DNU DQ[2] DQ[5] DQ[1] DQ[O] VDD
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11
VSS DQ[25]/A1[5] | DQ[26] PMODE[0] GPIO_1 DMA_READY |DMA_PARTIAL] DQ[15] [4] DQ[4] DQ[3] VSS
H1 H2 H3 H4 H5 H6 H7 H8 Ho H10 H11
VDD DQ[22] DQ[23] PMODE[1] A0 INIT#/RESET| SLrRo#/Lv | PkTEND# | DAQI7] DQY6] VIO1
J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 J1
DQ[21] DQ[19] DQ[20] DQ[17] Al PCLK SLOE#/FV | DQ[14][4] | DQ[9y/A1 [3]] DajsyAo (3] VDD
K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11
DQ[18] DQ[16] VSS VSs PROGRAM# GPIO_0 SLWR# sLCs# DQ[13] DQ[12] DQ[10]
L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11
Vss Vss VSs PMODE[2] VDD vSs VDD DNU VIO1 DQ[11] VSS

Document Number: 002-30704 Rev. *C
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Pin Description
Table 5. CYUSB3015, CYUSB3016, and CYUSB3017 Pin List
SX3 Pin Name
Si#| Pin# | pomain | Power CYUSB3015 - 16bit|CYUSB3016 - 32bit| CYUSB3017 - UVC Remarks
1 | F10 VIO1 110 DQ[O] DQ[0] DQ[0] -
2 | Fo VIO1 e DQ[1] DQ[1] DQ[1] -
3| F7 VIO1 110 DQ[2] DQ[2] DQ[2] -
4 | G10 VIO 110 DQ[3] DQ[3] DQ[3] _
5 | GO VIO 110 DQ[4] DQ[4] DQ[4] -
6 | F8 VIO e DQ[5] DQ[5] DQ[5] _
7 | H10 VIO1 e DQ[6] DQI6] DQI6] -
8 | Ho VIO ) DQ[7] DQ[7] DQ[7] -
9 | J10 VIO1 110 DQI8J/AQ [3] DQI8J/A0 [3] DQ[ej/A0 (3] | L3~ Address bit O for 8-bit
10 | J9 VIO1 110 DQI9YA1 [3] DQIOVA1 [3] DQoj/A1 (3] |[3]-Address bit 1 for 8-bit
1 | K11 VIO1 e DQ[10] DQ[10] DQ[10] -
12 | L10 VIO 110 DQ[11] DQ[11] DQ[11] -
13 | K10 VIO e DQ[12] DQ[12] DQ[12] -
14 | K9 VIO 110 DQ[13] DQ[13] DQ[13] _
15 | J8 VIO e DQ[14] DQ[14] DQ[14] -
16 | G8 VIO1 110 DQ[15] DQ[15] DQ[15] _
17 | J6 VIO | PCLK PCLK PCLK -
18 | K8 VIO1 | sLCs# SLCS# SLCS# _
19 | K7 VIO1 | SLWR# SLWR# SLWR# -
20 | J7 VIO1 | SLOE# SLOE# SLOE#/FV |-
21 | H7 VIO1 | SLRD# SLRD# SLRD#/LV |-
2 | 67 VIO1 0 DMA_PARTIAL | DMA PARTIAL | DMA PARTIAL |-
23 | G6 VIO1 0 DMA_READY DMA_READY DMA_READY |-
24 | K6 VIO1 110 GPIO_0 GPIO_0 GPIO_0 _
25 | H8 VIO1 | PKTEND# PKTEND# PKTEND# |-
26 | G5 VIO e GPIO_1 GPIO_1 GPIO_1 -
27 | He VIO 0 INIT#/ RESET INIT#/ RESET INIT# / RESET ,
FIFO MASTER signal
28 | K5 VIO1 0 PROGRAM# PROGRAM# PROGRAM#
29 | U5 VIO | A1 A1 A1 g%cér:ss bit 1 for 16-, 32-bit
30 | H5 VIO | AO AO AO g%cér:ss bit O for 16-, 32-bit
31| Ga VIO | PMODEJ0] PMODE[0] PMODE[0] |-
32 | Ha VIO | PMODE[1] PMODE[1] PMODE[1] |-
3| L4 VIO | PMODE[2] PMODE[2] PMODE[2] |-
34 | L8 VIO1 | DNU DNU DNU -
35 | K2 VIO2 e DNU DQ[16] DQ[16] -

Document Number: 002-30704 Rev. *C
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Table 5. CYUSB3015, CYUSB3016, and CYUSB3017 Pin List (continued)
SX3 Pin Name
Sit| Pin# | poncin | Power CYUSB3015 - 16bit|CYUSB3016 - 32bit| CYUSB3017 - UVC Remarks
36 | J4 VIO2 110 DNU DQ[17] DQ[17] -
37 | K1 VIO2 110 DNU DQ[18] DQ[18] -
38 | J2 VIO2 o) DNU DQ[19] DQ[19] _
39| J3 VIO2 7o) DNU DQ[20] DQ[20] -
40 | o VIO2 10 DNU DQ[21] DQ[21] -
41| H2 VIO2 10 DNU DQ[22] DQ[22] -
42 | H3 VIO2 10 DNU DQ[23] DQ[23] _
43 | F4 VIO2 110 DNU DQ[24)/A0[5] DQ[24yA0[s] |15 - Address bit O for 24-bit
44 | G2 VIO2 /0 DNU DQ[25)/A1[5] DQ2s)A1[s]  |I°]- Address bit 1 for 24-bit
45 | G3 VIO2 e DNU DQ[26] DQ[26] -
46 | F3 VIO2 10 DNU DQ[27] DQ[27] -
47 | P2 VIO2 110 GPIO 2 GPIO 2 GPIO 2 -
48 | F5 VIO3 110 DNU DQ[28] DQ[28] _
49 | E1 VIO3 e DNU DQ[29] DQ[29] -
50 | E5 VIO3 110 DNU DQ[30] DQ[30] _
51 | E4 VIO3 7o) DNU DQ[31] DQ[31] -
52 | D1 VIO3 110 GPIO_3 GPIO_3 GPIO_3 _
53 | D2 VIO3 e GPIO 4 GPIO 4 GPIO 4 -
54 | D3 VIO3 e GPIO_5 GPIO_5 GPIO_5 _
55 | D4 VIO4 0 SPI_SCK SPI_SCK SPI_SCK |-
56 | C1 VIO4 0 SPI_SSN SPI_SSN SPI_SSN _
57 | c2 VIO4 | SPI_MISO SPI_MISO SPILMISO |-
58 | D5 VIO4 0 SPI_MOSI SPI_MOSI SPI_MOSI |-
o or| vor | w0 | P | s | Fess |
USB Port
60 | A3 | USRXVDDQ | | SSRX- SSRX- SSRX- _
61 | A4 | USRXVDDQ | | SSRX+ SSRX+ SSRX+ -
62 | A6 | U3TXVDDQ | O SSTX- SSTX- SSTX- _
63 | A5 | U3TXVDDQ | O SSTX+ SSTX+ SSTX+ -
Precision resistor for USB 3.0
64 | B3 | U3TXVDDQ 1/0 R_usb3 R_usb3 R_usb3 (Connect a 200+1% resistor
between this pin and GND)
65| C9 |VBUSVBATT| | OTG_ID OTG_ID OTG_ID _
66 | A9 | VBUS/VBATT| 1/0 D+ D+ D+ -
67 | A10 | VBUS/VBATT| 1/0 D- D- D- _

Document Number: 002-30704 Rev. *C
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Table 5. CYUSB3015, CYUSB3016, and CYUSB3017 Pin List (continued)
SX3 Pin Name
St# | Pint I;:“v‘v:iz PICI’?"ér CYUSB3015 - 16bit | CYUSB3016 - 32bit| CYUSB3017 - UVC Remarks
Precision resistor for EJSB 20
68 | C8 |VBUSIVBATT| 10 R_usb2 R_usb2 R_usb2 gﬁgt’)‘o‘?"g;ﬁéﬁ KA é’in and
Clock and Reset
69 | B2 CcvDDQ | FSLCIO0] FSLCI0] FSLCIO] -
70 | C6 AVDD I/0 XTALIN XTALIN XTALIN -
71| C7 AVDD 110 XTALOUT XTALOUT XTALOUT -
72 | B4 CcvDDQ | FSLC[1] FSLC[1] FSLC[1] -
73 | E6 cvDDQ [ FSLC[2] FSLC[2] FSLC[2] -
74 | D7 CvDDQ | CLKIN CLKIN CLKIN -
75 | D6 CvDDQ | DNU DNU DNU DNU - Do not use
76 | C5 CvDDQ | RESET# RESET# RESET# -
12C
77 | D9 VIO5 110 I2C_SCL 12C_SCL I2C_SCL -
78 | D10 VIO5 1/0 12C_SDA 12C_SDA 12C_SDA -
79 | E7 VIO5 | DNU DNU DNU
80 | C10 VIO5 (0] DNU DNU DNU
81 | BN VIO5 | DNU DNU DNU DNU - Do not use
82 | E8 VIO5 | DNU DNU DNU
83 | F6 VIO5 | DNU DNU DNU
84 | D11 VIO5 (0] SUSPEND OUT SUSPEND OUT SUSPEND OUT |-
Power
85 | E10 PWR VBATT VBATT VBATT -
86 | B10 PWR VDD VDD VDD -
87 | A1 PWR u3vssQ u3vssQ u3vssaQ -
88 | EM PWR VBUS VBUS VBUS -
89 | D8 PWR VSS VSS VSS -
90 | H11 PWR VIO1 VIO1 VIO1 -
91 E2 PWR VSS VSS VSS -
92 | L9 PWR VIO1 VIO1 VIO1 -
93 | G1 PWR VSS VSS VSS -
94 | F1 PWR VIO2 VIO2 VIO2 -
95 | G11 PWR VSS VSS VSS -
96 | E3 PWR VIO3 VIO3 VIO3 -
97 | L1 PWR VSS VSS VSS -
98 | B1 PWR VIO4 VIO4 VIO4 -
99 | L6 PWR VSS VSS VSS -
100| B6 PWR CcvDDQ CcvDDQ CvDDQ -
101 | B5 PWR U3TXVDDQ U3TXvDDQ U3TXvDDQ -
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Table 5. CYUSB3015, CYUSB3016, and CYUSB3017 Pin List (continued)
SX3 Pin Name

St | Pin# ;:“‘:vaeiz PI‘l’?Vér CYUSB3015 - 16bit|CYUSB3016 - 32bit| CYUSB3017 - UVC Remarks
102| A2 PWR U3RXVDDQ U3RXVDDQ U3RXVDDQ -

103 | C11 PWR VIO5 VIO5 VIO5 -

Power Domain

104 | LM PWR VSS VSS VSS -

105| A7 PWR AVDD AVDD AVDD -

106 | B7 PWR AVSS AVSS AVSS -

107| C3 PWR VDD VDD VDD -

108 | B8 PWR VSS VSS VSS -

109| E9 PWR VDD VDD VDD -

110 | B9 PWR VSS VSS VSS -

111 | F11 PWR VDD VDD VDD -

112 | H1 PWR VDD VDD VDD -

113 | L7 PWR VDD VDD VDD -

114 | J11 PWR VDD VDD VDD -

115| L5 PWR VDD VDD VDD -

116 | K4 PWR VSS VSS VSS -

117 L3 PWR VSS VSS VSS -

118 | K3 PWR VSS VSS VSS -

119 | L2 PWR VSS VSS VSS -

120| A8 PWR VSS VSS VSS -

121 A1 DNU DNU DNU Do not use

Document Number: 002-30704 Rev. *C
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Electrical Specifications Latch-up CUITeNt ..o > 200 mA
. . Maximum output short-circuit current
Absolute Maximum Ratings for all 1/OS (CUMUIALIVE) ........vereeeeeeeeeeeeeeeeeereeeeeee -100 mA

Exceeding maximum ratings may shorten the useful life of the

device.

Storage temperature .........cccccceeeeiiiieeeenn. -65 °C to +150 °C

Ambient temperature with

power supplied (Industrial) -40 °C to +85 °C

Ambient temperature with

power supplied (Commercial) .........c.ccccceennee 0°Cto+70°C

Supply voltage to ground potential

VDDv AVDDQ ................................................................. 1.25V
V|o1,V|02, V|O3' V|o4, V|05 ........................................... 36V
U3TXypDQs UBRXyDDQ «eveeverrerrermeriereiieieie s e 1.25V
DC input voltage to any input pin ...........c..c....... Ve +0.3V

DC voltage applied to
outputs in high-Z state

(V¢ is the corresponding I/O voltage)
Static discharge voltage ESD protection levels:

m * 2.2-kV HBM based on JESD22-A114

Maximum output current per I/O (source or sink)

Operating Conditions
T (ambient temperature under bias)

Industrial ......oeeeeeeeeeeiieeeeee s -40 °C to +85 °C
(0701001141 o = | RN 0°Cto+70°C
Vbp: Avbpa: U3TXyppa: U3RXyppa

Supply voltage .....cccoeviieieiiie e 1.15Vto1.25V
VBeaTT SUPPlYy voltage .......cccoveviiiiiiiee e, 32Vto6V
Vio1, Vio2: Vioss Vios: Cvbba

Supply VOItage .......oveveiieeeeeee e 1.7Vto3.6V
V|05 supply voltage ..........cccccoociiiiiiiiinnes 1.15Vto 3.6V

m Additional ESD protection levels on D+, D-, and GND pins, and

serial peripheral pins

m + 6-kV contact discharge, + 8-kV air gap discharge based on
IEC61000-4-2 level 3A, + 8-kV contact discharge, and + 15-kV

air gap discharge based on IEC61000-4-2 level 4C

DC Specifications
Table 6. DC Specifications

Parameter Description Min Max Unit Notes
Vpp Core voltage supply 1.15 1.25 VvV  |1.2-V typical
Avpp Analog voltage supply 1.15 1.25 VvV [1.2-V typical
General Configurable Interface ;

Vio1 /0 power supply domain 1.7 3.6 VvV |1.8-V, 2.5-V, and 3.3-V typical
Vio2 102 power supply domain 1.7 3.6 VvV |1.8-V, 2.5-V, and 3.3-V typical
Vio3 103 power supply domain 1.7 3.6 VvV  [1.8-V, 2.5-V, and 3.3-V typical
Vo4 SPI power supply domain 1.7 3.6 VvV |1.8-V, 2.5-V, and 3.3-V typical
VBATT USB voltage supply 3.2 6 V'  |3.7-V typical
VBus USB voltage supply 4.0 6 V  [5-V typical

§ 1.2-V typical. A 22-uF bypass capacitor is required
U3TXyppq |USB 3.0 1.2-V supply 1.15 1.25 \Y on this power supply.

§ 1.2-V typical. A 22-yF bypass capacitor is required
U3RXyppq |USB 3.0 1.2-V supply 1.15 1.25 \Y on this power supply.
Cvbba Clock voltage supply 1.7 3.6 VvV |1.8-, 3.3-V typical
Vios 12C voltage supply 1.15 3.6 VvV |1.2-V, 1.8-V, 2.5-V, and 3.3-V typical

0.625 x For 2.0V <V <3.6 V (except USB port). Vg is

Vin1 Input HIGH voltage 1 Vee Vec#03 | V' e corresponding 1/0 voltage supply.
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Table 6. DC Specifications (continued)

Parameter Description Min Max Unit Notes
For1.7V<Vgc<20V

ViH2 Input HIGH voltage 2 Vee—04 | Ve +03 | V  |(except USB port). VCC is the corresponding I/O
voltage supply.

VL Input LOW voltage -0.3 0.25xVec| V |VCCis the corresponding I/O voltage supply.
lon (max) =-100 pAtested at quarter drive strength.

_ V¢ is the corresponding 1/O voltage supply. See

Von Output HIGH voltage 0.9xVee V' |1able 7 for values of lon at various drive strength
and Vcc.
loL (min) = +100 pAtested at quarter drive strength.

_ V¢ is the corresponding 1/O voltage supply. See
Vo Output LOW voltage 0.1xVec | V' |1able 7 for values of lo. measured at various drive
strength and Vc.
; All'l/O signals held at Vppq
Iix Lnxrélétplteakage current for all pins 1 1 uA (For I/Os with a pull-up or pull-down resistor
SSTXP/SSXM/SSRXP/SSRXM connected, the leakage current increases by
Vbpa/Rpu ©F Vbpa/Rep)
Output High-Z leakage current for
loz all pins except SSTXP/ SSXM/ -1 1 pA |All /O signals held at Vppq
SSRXP/SSRXM
Core and analog voltage
Icc Core operating currer?t 9 - 200 mA | Total current through Aypp, Vpp
USB voltage supply operatin
lcc USB | Somrent 200 SUPPY operaiing - 60 mA |-
Core current: 1.5 mA
Total suspend current during 1/O current: 20 pA
Isg1 suspend mode with USB 3.0 PHY - - mA |USB current: 2 mA
enabled (L1) For typical PVT (typical silicon, all power supplies
at their respective nominal levels at 25 °C)
Core current: 250 pA
Total suspend current during 1/0O current: 20 pA
Isg2 suspend mode with USB 3.0 PHY - - mA |USB current: 1.2 mA
disabled (L2) For typical PVT (Typical silicon, all power supplies
at their respective nominal levels at 25 °C)
Core current: 60 pA
; I/O current: 20 pA
Total standby current durin .

'sB3 standby mode (L3) ? - - WA USB current: 40 pA - :
For typical PVT (typical silicon, all power supplies
at their respective nominal levels at 25 °C)

Core current: 0 yA
. 1/0O current: 20 pA
s Total standby current during core | - _ = | uA |USB current 40 uA
P For typical PVT (typical silicon, all power supplies
at their respective nominal levels at 25 °C)
VrAMP \S/Sggﬁgsramp rate on core and /O 0.2 50 V/ms |Voltage ramp must be monotonic
v Noise level permitted on Vpp and _ 100 mv Max p-p noise level permitted on all supplies except
N I/0 supplies Avpp
VN_AVDD Noise level permitted on Avpp - 20 mV |Max p-p noise level permitted on Aypp

supply
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Page 20 of 38




CYUSB3015

CYUSB3016
£, :
W CYPRESS CYUSB3017
- EMBEDDED IN TOMORROW
Table 7. lgy/loL values for different drive strength and Vpp g Values
Vopio (V) Vou (V) Vo (V) Drive Strength lon max (MA) loL min (MA)
Quarter 1.02 2.21
Half 1.51 3.28
1.7 1.53 0.17
Three-Quarters 1.83 3.85
Full 2.28 4.73
Quarter 5.03 3.96
Half 7.38 5.84
25 2.25 0.25
Three-Quarters 8.89 6.89
Full 11.07 8.61
Quarter 7.80 5.74
Half 11.36 8.64
3.6 3.24 0.36
Three-Quarters 13.64 10.15
Full 16.92 12.67
Thermal Characteristics
Table 8. Thermal Characteristics
Parameter Description Value Unit
TJ MAX Maximum junction temperature 125 °C
Oa Thermal resistance (junction to ambient) 34.66 °C/W
0,8 Thermal resistance (junction to board) 27.03 °C/W
Oyc Thermal resistance (junction to case) 13.57 °C/W
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AC Timing Parameters
General Configurable Interface Lines AC Characteristics at 100 MHz
Table 9. General Configurable Interface Lines AC Characteristics at 100 MHz
Symbol Parameter Min Typ Max Unit
Tr Rise time - - 25 ns
Tf Fall time - - 25 ns
Tov Overshoot - - 3 %
Tun Undershoot - - 3 %
General Configurable Interface PCLK Jitter Characteristics
Table 10. General Configurable Interface PCLK Jitter Characteristics
Clk Freq (MHz) Period Jitter (ps)l] C-C Min (ps) C-C Max (ps)
10.08 354.44 -187.92 204.55
252 205.97 -153.54 126.53
50.4 144.62 -100.16 85.769
100.8 171.43 -155.13 157.14

Note

2. The clock jitter is measured using internally generated PCLK. i.e., PCLK is configured as an output from general configurable interface. The data is measured over
10,000 clock cycles.

General Configurable Interface Timing

Figure 9. General Configurable Interface Timing in Synchronous Mode
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Table 11. General Configurable Interface Timing Parameters in Synchronous Model°!

Parameter Description Min Max Unit
Frequency Interface clock frequency - 100 MHz
toLk Interface clock period 10 - ns
toLKH Clock high time - ns
teLkL Clock low time - ns
ts CTL input to clock setup time 2 - ns
tH CTL input to clock hold time 0.5 - ns
tps Data in to clock setup time 2 - ns
tDH Data in to clock hold time 0.5 - ns
tco Clock to data out propagation delay when DQ bus is already in output direction - 7 ns
teoe Clock tq data ogt prop_agation delay when DQ lines change to output from tristate _ 9 ns

and valid data is available on the DQ bus
tetLo Clock to CTL out propagation delay - 8 ns
tboH Clock to data out hold 2 - ns
tcon Clock to CTL out hold 0 - ns
thz Clock to high-Z - 8 ns
tLz Clock to low-Z 0 - ns
Note

3. All parameters guaranteed by design and validated through characterization.

Slave FIFO Interface

Synchronous Slave FIFO Read Sequence Description
m FIFO address is stable and SLCS is asserted
m FLAG indicates FIFO not empty status

m SLOE is asserted. SLOE is an output-enable only, whose sole
function is to drive the data bus.

m SLRD is asserted

The FIFO pointer is updated on the rising edge of the PCLK,
while the SLRD is asserted. This starts the propagation of data
from the newly addressed location to the data bus. After a propa-
gation delay of tco (measured from the rising edge of PCLK), the
new data value is present. N is the first data value read from the
FIFO. To have data on the FIFO data bus, SLOE must also be
asserted.

The same sequence of events is applicable for a burst read.

Document Number: 002-30704 Rev. *C

FLAG Usage

The FLAG signals are monitored for flow control by the external
processor. FLAG signals are outputs from SX3 that may be
configured to show empty, full, or partial status for a dedicated
thread or the current thread that is addressed.

Socket Switching Delay (Tssd)

The socket-switching delay is measured from the time
EPSWITCH# is asserted by the master, with the new socket
address on the address bus, to the time the Current_Thread_D-
MA_Ready flag is asserted. For the Producer socket, the flag is
asserted when it is ready to receive data in the DMA buffer. For
the Consumer socket, the flag is asserted when it is ready to
drive data out of the DMA buffer. For a synchronous slave FIFO
interface, the switching delay is measured in the number of
general configurable interface clock cycles; for an asynchronous
slave FIFO interface, in PIB clock cycles. This is applicable only
for the 5-bit Slave FIFO interface; there is no socket-switching
delay in SX3's 2-bit Slave FIFO interface, which makes use of
thread switching in the General Configurable Interface state
machine.

Note: For burst mode, the SLRD# and SLOE# are asserted
during the entire duration of the read. When SLOE# is asserted,
the data bus is driven (with data from the previously addressed
FIFO). For each subsequent rising edge of PCLK, while the
SLRD# is asserted, the FIFO pointer is incremented and the next
data value is placed on the data bus.
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Figure 10. Synchronous Slave FIFO Read Mode

Synchronous Read Cycle Timing
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Synchronous Slave FIFO Write Sequence Description

m FIFO address is stable and the signal SLCS# is asserted

m External master or peripheral outputs the data to the data bus
m SLWR# is asserted

m While the SLWR# is asserted, data is written to the FIFO and
on the rising edge of the PCLK, the FIFO pointer is incremented

m The FIFO flag is updated after a delay of t \yg| g from the rising
edge of the clock

The same sequence of events is also applicable for burst write

Note: For the burst mode, SLWR# and SLCS# are asserted for
the entire duration, during which all the required data values are
written. In this burst write mode, after the SLWR# is asserted, the
data on the FIFO data bus is written to the FIFO on every rising
edge of PCLK. The FIFO pointer is updated on each rising edge
of PCLK.

Document Number: 002-30704 Rev. *C

Short Packet: A short packet can be committed to the USB host
by using the PKTEND#. The external device or processor should
be designed to assert the PKTEND# along with the last word of
data and SLWR# pulse corresponding to the last word. The
FIFOADDR lines must be held constant during the PKTEND#
assertion.

Zero-Length Packet: The external device or processor can
signal a Zero-Length Packet (ZLP) to SX3 simply by asserting
PKTEND#, without asserting SLWR#. SLCS# and address must
be driven as shown in Figure 11.
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Figure 11. Synchronous Slave FIFO Write Mode
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Figure 12. Synchronous Slave FIFO ZLP Write Cycle Timing

Synchronous ZLP Write Cycle Timing
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Table 12. Synchronous Slave FIFO Parameters!*]

Parameter Description Min Max Unit
FREQ Interface clock frequency - 100 MHz
teye Clock period 10 - ns
tcH Clock high time - ns
teL Clock low time - ns
trRDS SLRD# to CLK setup time 2 - ns
tRDH SLRD# to CLK hold time 0.5 - ns
twrs SLWR# to CLK setup time 2 - ns
tWRH SLWR# to CLK hold time 0.5 - ns
tco Clock to valid data - 7 ns
tps Data input setup time 2 - ns
toH CLK to data input hold 0.5 - ns
tas Address to CLK setup time 2 - ns
taH CLK to address hold time 0.5 - ns
toELZ SLOE# to data low-Z 0 - ns
tcrLe CLK to flag output propagation delay - 8 ns
toez SLOE# deassert to Data Hi Z - 8 ns
tpES PKTEND# to CLK setup 2 - ns
tPEH CLK to PKTEND# hold 0.5 - ns
tcoH CLK to data output hold 2 - ns
tssp Socket switching delay 2 68 Clock cycles
taccp Latency from SLRD# to Data 2 Clock cycles
trAD Latency from SLWR# to FLAG 3 Clock cycles
Note

4. Three-cycle latency from ADDR to DATA/FLAGS.

Document Number: 002-30704 Rev. *C
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Serial Peripherals Timing

12C Timing

= e e SDA

sss 5oL

Figure 13. 1’c Timing Definition
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Table 13. I2C Timing Parameters

————a

—— 2

ath clock

002aac938

Parameter Description Min ‘ Max | Unit
I2C Standard Mode Parameters
fscL SCL clock frequency 0 100 kHz
typ:STA Hold time START condition - Us
tLow LOW period of the SCL 4.7 - us
tHIGH HIGH period of the SCL 4 - ys
tsy:STA Setup time for a repeated START condition 4.7 - us
thp:DAT Data hold time 0 - ps
tsy:DAT Data setup time 250 - ns
tr Rise time of both SDA and SCL signals - 1000 ns
t Fall time of both SDA and SCL signals - 300 ns
tgy:STO Setup time for STOP condition 4 - bs
teuF Bus free time between a STOP and START condition 4.7 - us
typ:DAT Data valid time - 3.45 ps
typ:ACK Data valid ACK - 3.45 ps
tsp Pulse width of spikes that must be suppressed by input filter n/a n/a
I2C Fast Mode Parameters
fscL SCL clock frequency 0 400 kHz
thp:STA Hold time START condition 0.6 - us
tLow LOW period of the SCL 1.3 - bs
tHIGH HIGH period of the SCL 0.6 - us

Document Number: 002-30704 Rev. *C
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Table 13. I2C Timing Parameters (continued)

Parameter Description Min Max Unit
tsy:STa Setup time for a repeated START condition 0.6 - us
typ:DAT Data hold time 0 - us
tsy:DAT Data setup time 100 - ns
t, Rise time of both SDA and SCL signals - 300 ns
t Fall time of both SDA and SCL signals - 300 ns
tgy:STO Setup time for STOP condition 0.6 - us
tsuF Bus free time between a STOP and START condition 1.3 - bs
typ:DAT Data valid time - 0.9 us
typ:ACK Data valid ACK - 0.9 bs
tsp Pulse width of spikes that must be suppressed by input filter 0 50 ns
I2C Fast Mode Plus Parameters (Not supported at 12C_VDDQ = 1.2 V)
fscL SCL clock frequency 0 1000 kHz
typ:STA Hold time START condition 0.26 - bs
tLow LOW period of the SCL 0.5 - us
tHiGH HIGH period of the SCL 0.26 - us
tsy:STA Setup time for a repeated START condition 0.26 - us
thp:DAT Data hold time 0 - ps
tsy:DAT Data setup time 50 - ns
t, Rise time of both SDA and SCL signals - 120 ns
t Fall time of both SDA and SCL signals - 120 ns
tsy:STO Setup time for STOP condition 0.26 - us
tsuF Bus-free time between a STOP and START condition 0.5 - us
typ:DAT Data valid time - 0.45 ps
typ:ACK Data valid ACK - 0.55 us
tsp Pulse width of spikes that must be suppressed by input filter 0 50 ns
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SPI Timing Specifications
Figure 14. SPI Timing
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Table 14. SPI Timing Parameters
Parameter Description Min Max Unit
fop Operating frequency 0 33 MHz
tsck Cycle time 30 - ns
twsck Clock high/low time 13.5 - ns
tioad SSN-SCK lead time 1/2 toy 25 1.5t O+ 5 ns
tiag Enable lag time 0.5 1.5 togy 0145 ns
tef Rise/fall time - 8 ns
tsdd Output SSN to valid data delay time - 5 ns
tav Output data valid time - 5 ns
tai Output data invalid - ns
tssnh Minimum SSN high time 10 - ns
tsdi Data setup time input - ns
thoi Data hold time input - ns
tais Disable data output on SSN high - ns
Note
5. Depends on LAG and LEAD setting in the SPI_CONFIG register.
Reset Sequence
SX3’s hard reset sequence requirements are specified in this section.
Table 15. Reset and Standby Timing Parameters
Parameter Definition Conditions | Min (ms) | Max (ms)
. . Clock Input 1 -
trpw Minimum RESET# pulse width
Crystal Input 1 -
trH Minimum high on RESET# - 5 -
) . o Clock Input 1 -
trRR Reset recovery time (after which Boot loader begins firmware download)
Crystal Input 5
tomy m& toP%WIrE ;tag?\lbg_/syspend (from the time MAIN_CLOCK_EN/ _ _ 1
| o it is set)
) Clock Input -
twu Time to wakeup from standby
Crystal Input -
twH Minimum time before Standby/Suspend source may be reasserted - -
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Figure 15. Reset Sequence
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Package Diagram

Figure 16. 121-ball BGA Package Diagram
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NOTES:
DIMENSIONS 1. ALL DIMENSIONS ARE IN MILLIMETERS.
SYMBOL MIN. NOM. MAX. 2. SOLDER BALL POSITION DESIGNATION PER JEP95, SECTION 3, SPP-020.
A ) ) 120 3. "e" REPRESENTS THE SOLDER BALL GRID PITCH.
A1 0.15 - - 4. SYMBOL "MD" IS THE BALL MATRIX SIZE IN THE "D" DIRECTION.
10.00 BSC SYMBOL "ME" IS THE BALL MATRIX SIZE IN THE "E" DIRECTION.
1000 BSC N IS THE NUMBER OF POPULATED SOLDER BALL POSITIONS FOR MATRIX
- 00BSG SIZE MD X ME.
0 8.00B5C /6\ DIMENSION "b" IS MEASURED AT THE MAXIMUM BALL DIAMETER IN A
= ” PLANE PARALLEL TO DATUM C.
VE ” /6)\"SD" AND "SE" ARE MEASURED WITH RESPECT TO DATUMS A AND B AND
N o DEFINE THE POSITION OF THE CENTER SOLDER BALL IN THE OUTER ROW.
S 028 030 03 WHEN THERE IS AN ODD NUMBER OF SOLDER BALLS IN THE OUTER ROW,
- pyry "SD" OR "SE" = 0.
= 50550 WHEN THERE IS AN EVEN NUMBER OF SOLDER BALLS IN THE OUTER ROW,
' "SD" = eD/2 AND "SE" = eE/2.
sD 0.00
/7\ A1 CORNER TO BE IDENTIFIED BY CHAMFER, LASER OR INK MARK
SE 0.00
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8. "+"INDICATES THE THEORETICAL CENTER OF DEPOPULATED SOLDER

BALLS. 001-54471 *F
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Ordering Information
Table 16. Ordering Information
. : Operating
Ordering Code UsB SRAM Data Bus Width USB Protocol Support Temperature Package Type
CYUSB3015-BZXC | USB 3.0 | 512KB 16-bit USB Vendor Class 0°Cto+70°C 121-ball BGA
CYUSB3015-BzXI | USB 3.0 | 512KB 16-bit USB Vendor Class -40°C to +85°C 121-ball BGA
CYUSB3016-BZXC | USB 3.0 | 512KB 32-bit USB Vendor Class 0°Cto+70°C 121-ball BGA
CYUSB3016-BzXI | USB 3.0 | 512KB 32-bit USB Vendor Class -40°C to +85°C 121-ball BGA
CYUSB3017-BZXC | USB 3.0 | 512KB 32-bit USB Video Class (UVC)| 0°Cto+70°C 121-ball BGA
CYUSB3017-BzXI | USB 3.0 | 512KB 32-bit USB Video Class (UVC) | -40°C to +85°C 121-ball BGA

Ordering Code Definitions
CY USB X XXX-XXX X X

L T = Tape and reel

Temperature Range: | = Industrial; C = Commercial

Package Type: BZX = BGA

Marketing Part Number

Base Part Number: 3 = USB 3.0

Marketing Code: USB = USB Controller

Company ID CY = Cypress
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Acronyms

CYUSB3015
CYUSB3016
CYUSB3017

Table 17. Acronyms Used in this Document

Table 17. Acronyms Used in this Document Acronym Description
Acronym Description USB universal serial bus

DMA direct memory access Canil zero-length packet

ESD electrostatic discharge

FIFo first i, first out _ Document Conventions

GPIF™ general programmable interface

HBM human body model Units of Measure

HNP host negotiation protocol Table 18. Units of Measure

1’c inter-integrated circuit Symbol Unit of Measure

ISP image signal processor °C degree Celsius

MISO master in, slave out MA microamperes

MOSI master out, slave in V& microseconds

MMC multimedia card mA milliamperes

MSC mass storage class Mbps Megabits per second

MTP media transfer protocol MBps Megabytes per second

oTG on-the-go MHz mega hertz

OVP overvoltage protection ms milliseconds

PHY physical layer ns nanoseconds

PLL phase locked loop Q ohms

PMIC power management IC pF pico Farad

PVT process voltage temperature \% volts

RTOS real-time operating system

SCL serial clock line

SCLK serial clock

SD secure digital

SD secure digital

SDA serial data clock

SDI serial data interface

SDIO secure digital input / output

SLC single-level cell

SLCS Slave Chip Select

SLOE Slave Output Enable

SLRD Slave Read

SLWR Slave Write

SPI serial peripheral interface

SRP session request protocol

SSN SPI slave select (Active low)

TOF time-of-flight

UAC USB audio class

uvc USB video class

Document Number: 002-30704 Rev. *C
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Errata

This section describes the errata for Revision D of the SX3. Details include errata trigger conditions, scope of impact, available
workaround, and silicon revision applicability. Contact your local Cypress Sales Representative if you have questions.

Part Numbers Affected

Part Number Device Characteristics
CYUSB301x-xxxx All Variants

Qualification Status
Product Status: Production
Errata Summary

The following table defines the errata applicability to available Rev. D EZ-USB SX3 Configurable SuperSpeed USB Controller family
devices.

Items Part Number |Silicon Revision Fix Status
1. Turning off VIO1 during Normal, Suspend, and Standby .
modes causes the SX3 to stop working. CYUSB301x-xxxx Rev. D Workaround provided
2. USB enumeration failure in USB boot mode when SX3 is .
self-powered. CYUSB301x-xxxx Rev. D Workaround provided
3. Bus collision is seen when the 12C block is used as a master CYUSB301X-XXXX Rev. D Use SX3 in single-master

in the 12C Multi-master configuration. configuration

4.12C Data Valid (tVD:DAT) specification violation at 400 kHz
with a 40/60 duty cycle.

CYUSB301x-xxxx Rev. D No workaround needed

1. Turning off VIO1 during Normal, Suspend, and Standby modes causes the SX3 to stop working.

Problem Definition Turning off the VIO1 during Normal, Suspend, and Standby modes will cause the SX3 to stop working.
Parameters Affected NA

Trigger Condition(s) This condition is triggered when the VIO1 is turned off during Normal, Suspend, and Standby modes.

Scope of Impact SX3 stops working.
Workaround VIO1 must stay on during Normal, Suspend, and Standby modes.
Fix Status No fix. Workaround is required.

2. USB enumeration failure in USB boot mode when SX3 is self-powered.

Problem Definition When SX3 is self-powered and not connected to the USB host, it enters low-power mode and does not
wake up when connected to USB host afterwards. This is because the bootloader does not check the
VBUS pin on the connector to detect USB connection. It expects that the USB bus is connected to the
host when it is powered on.

Parameters Affected NA

Trigger Condition(s) This condition is triggered when SX3 is self-powered in USB boot mode.

Scope of Impact Device does not enumerate
Workaround Reset the device after connecting to USB host.
Fix Status No fix. Workaround is required.
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3. Bus collision is seen when the I2C block is used as a master in the I12C Multi-master configuration.

Problem Definition

When SX3 is used as a master in the I2C multi-master configuration, there can be occasional bus
collisions.

Parameters Affected

NA

Trigger Condition(s)

This condition is triggered only when the SX3 12C block operates in Multi-master configuration.

Scope of Impact

The SX3 I2C block can transmit data when the I12C bus is not idle leading to bus collision.

Workaround

Use SX3 as a single master.

Fix Status

No fix.

4. 12C Data Valid (tVD:DAT) specification violation at 400 kHz with a 40/60 duty cycle.

Problem Definition

I°C Data Valid (tVD:DAT) parameter at 400 kHz with a 40/60 duty cycle is 1.0625 ps, which exceeds the
1°C specification limit of 0.9 ps.

Parameters Affected

NA

Trigger Condition(s)

This violation occurs only at 400 kHz with a 40/60 duty cycle of the 12C clock.

Scope of Impact

Setup time (tgypar) is met with a huge margin for the transmitted data for 400 kHz and so t,,4.par Violation
will not cause any data integrity issues.

Workaround

No workaround needed.

Fix Status

No fix needed.
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