MICROCHIP

USB5532B

2-Port SS/HS USB Hub Controller

General Description

The USB5532B hub is a 2-port SuperSpeed/Hi-Speed,
low-power, configurable hub controller family fully com-
pliant with the USB 3.0 Specification. The USB5532B
supports 5 Gbps SuperSpeed (SS), 480 Mbps Hi-
Speed (HS), 12 Mbps Full-Speed (FS) and 1.5 Mbps
Low-Speed (LS) USB signaling for complete coverage
of all defined USB operating speeds.

The USB5532B supports USB 2.0 speeds through its
USB 2.0 hub controller. The new SuperSpeed hub con-
troller operates in parallel with the USB 2.0 controller,
so the 5 Gbps SuperSpeed data transfers are not
affected by the slower USB 2.0 traffic.

The USB5532B supports battery charging on a per port
basis. On battery charging enabled ports, the devices
provide automatic USB data line handshaking. The
handshaking supports USB 1.2 Charging Downstream
Port (CDP), Dedicated Charging Port (DCP) and non-
USB 1.2 devices.

The USB5532B is configured for operation through
internal default settings, where custom configurations
are supported through an on-chip OTP ROM, an exter-
nal SPI ROM, or SMBus.

Product Features

« USB 3.0 compliant 5 Gbps, 480 Mbps, 12 Mbps
and 1.5 Mbps operation, USB pins are 5 V toler-
ant

- Integrated termination and pull-up/pull-down
resistors

¢ Two downstream USB 3.0 ports

« Supports battery charging of most popular battery
powered devices

- USB-IF Battery Charging rev. 1.2 support
(DCP & CDP)

- Apple Portable product charger emulation

- Blackberry charger emulation

- Chinese YD/T 1591-2006 charger emulation
- Chinese YD/T 1591-2009 charger emulation
- Supports additional portable devices

« Emulates portable/handheld native wall chargers

- Charging profiles emulate a handheld
device’s wall charger to enable fast charging
(minutes vs. hours)

« Enables charging from a mobile platform that is
off

« Support tablets’ high current requirements

* Optimized for low-power operation and low ther-
mal dissipation

« Vendor Specific Messaging (VSM) support for
firmware upload over USB

« Configuration via OTP ROM, SPI ROM, or SMBus

¢ On-chip 8051 pC manages VBUS, and other hub
signals

* 8 KB RAM, 32 KB ROM

¢ One Time programmable (OTP) ROM: 8 kbit
- Includes on-chip charge pump

¢ Single 25 MHz XTAL or clock input for all on-chip
PLL and clocking requirements

¢ Supports JTAG boundary scan

« PHYBoost (USB 2.0)

- Selectable drive strength for improved signal
integrity

« VariSense (USB 2.0)

- controls the receiver sensitivity enabling four
programmable levels of USB signal receive
sensitivity

IETF RFC 4122 compliant 128-bit UUID

Software Features

« Compatible with Microsoft Windows 7, Vista, XP,
Mac OSX10.4+, and Linux Hub Drivers
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USB5532B

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com. We welcome your feedback.

Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000000A is version A of document DS30000000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for cur-
rent devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the
revision of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:
* Microchip’s Worldwide Web site; http://www.microchip.com
* Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include -literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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1.0 INTRODUCTION

1.1 Conventions

Within this manual, the following abbreviations and symbols are used to improve readability.

Example Description
BIT Name of a single bit within a field
FIELD.BIT Name of a single bit (BIT) in FIELD
X...y Range from x to y, inclusive
BITS[m:n] Groups of bits from m to n, inclusive
PIN Pin Name
zz77b Binary number (value zzzz)
Oxzzz Hexadecimal number (value zzz)
zzh Hexadecimal number (value zz)
rsvd Reserved memory location. Must write 0, read value indeterminate
code Instruction code, or API function or parameter

Used for multiple words that are considered a single unit, such as:

Multi Word Name Resource Allocate message, or Connection Label, or Decrement Stack Pointer instruction.

Section Name Section or Document name.

X Don’t care
<Parameter> <> indicate a Parameter is optional or is only used under some conditions
{,Parameter} Braces indicate Parameter(s) that repeat one or more times.

Brackets indicate a nested Parameter. This Parameter is not real and actually decodes into

Parameter
[ ] one or more real parameters.

1.2 Overview

The USB5532B hub is a 2-port, low-power, configurable Hub Controller fully compliant with the USB 3.0 Specification
2. The USB5532B supports 5 Gbps SuperSpeed (SS), 480 Mbps Hi-Speed (HS), 12 Mbps Full-Speed (FS) and
1.5 Mbps Low-Speed (LS) USB signaling for complete coverage of all defined USB operating speeds.

All required resistors on the USB ports are integrated into the hub. This includes all series termination resistors and all
required pull-down and pull-up resistors on D+ and D- pins. The over-current sense inputs for the downstream facing
ports have internal pull-up resistors.

The USB5532B hub includes programmable features such as:

« MultiTRAK™ Technology (USB 2.0): implements a dedicated Transaction Translator (TT) for each port. Dedi-
cated TTs help maintain consistent full-speed data throughput regardless of the number of active downstream
connections.

* PortSwap (USB 2.0): allows direct alignment of USB signals (D+/D-) to connectors to avoid uneven trace length
or crossing of the USB differential signals on the PCB.

* PHYBoost (USB 2.0): enables 4 programmable levels of USB signal drive strength in downstream port transceiv-
ers. PHYBoost will also attempt to restore USB signal integrity.

As shown on the Product Identification System page, two USB5532B firmware versions are available: “-5000” and “-
6080”. These options differ in the following ways:
e The Dynamic Charging Port feature and related DYNCPDIS_N pin function are only available on the -6080
device. Refer to Section 5.1.3, "Dynamic Charging Port (6080 Only)" for additional details.
e The TRST/DYNCPDIS_N/UCS_SMBALERT _N pin buffer type is “IPU" in the -6080 device and “I” in the -5000
device. Refer to Pin Information on page 7 for additional details.

e The Global Suspend power consumption has been significantly lowered in the -6080 device. Refer to Section 6.3,
"Power Consumption" for additional details.

© 2012 - 2015 Microchip Technology Inc. DS00001679C-page 4
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1.3 Configurable Features

The USB5532B hub controller provides a default configuration that is sufficient for most applications. When initialized
in the default configuration, the following features may be configured:

Downstream non-removable ports, where the hub will automatically report as a compound device
Downstream disabled ports

Downstream port power control and over-current detection on a ganged or individual basis

USB signal drive strength

USB differential pair pin location

The USB5532B hub controllers can alternatively be configured by OTP or as an SMBus slave device. When configured
by an OTP or over SMBus, the following configurable features are provided:

Support for compound devices on a port-by-port basis

Selectable over-current sensing and port power control on an individual or ganged basis to match the circuit board
component selection

Customizable vendor ID, product ID, and device ID

Configurable delay time for filtering the over-current sense inputs

Indication of the maximum current that the hub consumes from the USB upstream port
Indication of the maximum current required for the hub controller

Custom string descriptors (up to 30 characters): Product, manufacturer, and serial number

DS00001679C-page 5 © 2012 - 2015 Microchip Technology Inc.
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2.0 BLOCK DIAGRAM

FIGURE 2-1: USB5532B BLOCK DIAGRAM
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3.0 PININFORMATION

This chapter outlines the pinning configurations for each chip. The detailed pin descriptions are listed by function in Sec-
tion 3.2, "Pin Descriptions (Grouped by Function)," on page 8.

3.1 Pin Configurations

FIGURE 3-1: USB5532B 64-PIN QFN
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{ Indicates pins on the bottom of the device.
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3.2 Pin Descriptions (Grouped by Function)

An N at the end of a signhal name indicates that the active (asserted) state occurs when the signal is at a low voltage
level. When the N is not present, the signal is asserted when it is at a high voltage level. The terms assertion and nega-
tion are used exclusively in order to avoid confusion when working with a mixture of active low and active high signals.
The term assert, or assertion, indicates that a signal is active, independent of whether that level is represented by a high
or low voltage. The term negate, or negation, indicates that a signal is inactive.

TABLE 3-1: USB5532B PIN DESCRIPTIONS
Symbol Buffer Type Description

USB 3.0 INTERFACE

USB3DP_TXUP 10-U USB 3 Upstream
Upstream SuperSpeed transmit data plus
USB3DM_TXUP 10-U USB 3 Upstream
Upstream SuperSpeed transmit data minus
USB3DP_RXUP 10-U USB 3 Upstream
Upstream SuperSpeed receive data plus
USB3DM_RXUP 10-U USB 3 Upstream
Upstream SuperSpeed receive data minus
USB3DP_TXDNI[2:1] 10-U USB 3 Downstream
Downstream SuperSpeed transmit data plus for ports 1 through 2.
USB3DM_TXDN][2:1] 10-U USB 3 Downstream
Downstream SuperSpeed transmit data minus for ports 1 through 2.
USB3DP_RXDN[2:1] 10-U USB 3 Downstream
Downstream SuperSpeed receive data plus for ports 1 through 2.
USB3DM_RXDN][2:1] 10-U USB 3 Downstream

Downstream SuperSpeed receive data minus for ports 1 through 2.
USB 2.0 INTERFACE

USB2DP_UP 10-U USB Bus Data
These pins connect to the upstream USB bus data signals.
USB2DM_UP 10-U USB Bus Data
These pins connect to the upstream USB bus data signals.
USB2DP_DN[2:1] o.U USB Downstream
Downstream Hi-Speed data plus for ports 1 through 2.
USB2DM_DN[2:1] 0.U USB Downstream

Downstream Hi-Speed data minus for ports 1 through 2.

DS00001679C-page 8 © 2012 - 2015 Microchip Technology Inc.
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TABLE 3-1: USB5532B PIN DESCRIPTIONS (CONTINUED)
Symbol Buffer Type Description

USB PORT CONTROL

PRT_PWRJ[2:1)/ 012 USB Power Enable
PRT_CTL[2:1]

Enables power to USB peripheral devices downstream.

Note:  This pin also provides configuration strap functions.
See Note 3-1.

VBUS Upstream VBUS Power Detect

This pin can be used to detect the state of the upstream bus power. The
device monitors this pin to determine when to assert the internal D+ pull-
up resistor (signaling a connect event).

When designing a detachable hub, this pin should be connected to
VBUS on the upstream port via a 2:1 voltage divider. Two 100 kQ
resistors are suggested.

For self-powered applications with a permanently attached host, this pin
must be connected to a dedicated host control output, or connected to
the 3.3 V domain that powers the host (typically VDD33).

SPI INTERFACE (4 PINS)

SPI_CE_N 012 SPI Enable
SPI_CLK 012 SPI Clock
SPI_DO SPI Serial Data Out
012 The output for the SPI port.
Note:  This pin also provides configuration strap functions.
See .
SPI_DI SPI Serial Data In

The SPI data in to the controller from the ROM. This pin has a weak
internal pull-down applied at all times to prevent floating.

JTAG/OCS INTERFACE
TRST JTAG Asynchronous Reset

Note:  If using the SMBus interface, a pull-up on this signal will enable
Legacy Mode, while leaving it unconnected or pulled-down will
enable Advanced Mode.

Note:  Only available in test mode.

DYNCPDIS_N IPU Dynamic Charging Port Disable
(Note 3-4)

This active-low signal is used to globally disable Battery Charging
support on all USB downstream ports configured as Charging Ports.

Note:  This signal available in -6080 versions only
UCS_SMBALERT_N UCS1002 SMBus Alert

When charging port is enabled and SMBus devices are used, this signal
acts as an active-low SMBus alert.

© 2012 - 2015 Microchip Technology Inc. DS00001679C-page 9
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TABLE 3-1:

USB5532B PIN DESCRIPTIONS (CONTINUED)

Symbol

Buffer Type

Description

TCK

OCsSs1

JTAG Clock

This input is used for JTAG boundary scan and has a weak pull-down.
It can be left floating or grounded when not used. If the JTAG is
connected, then this signal will be detected high, and the software
disables the pull up after reset.

Note:  Only available in test mode.

Over-Current Sense 1
Input from external current monitor indicating an over-current condition.

Note:  This pin also provides configuration strap functions.

See Note 3-3.

TMS

0OCS2

JTAG TMS
Used for JTAG boundary scan.

Note:  Only available in test mode.

Over-Current Sense 2
Input from external current monitor indicating an over-current condition.

Note:  This pin also provides configuration strap functions.

See Note 3-3.

TDI

JTAG TDI
Used for JTAG boundary scan.

Note:  Only available in test mode.

TDO

012

JTAG TDO
Used for JTAG boundary scan.

Note:  Only available in test mode.

MISC

RESET_N

Reset Input

The system uses this active low signal to reset the chip. The active low
pulse should be at least 1 ps wide.

XTALIN

CLK_IN

ICLKx

Crystal Input: 25 MHz crystal.

This pin connects to either one terminal of the crystal or to an external
25 MHz clock when a crystal is not used.

External Clock Input

This pin connects to either one terminal of the crystal or to an external
25 MHz clock when a crystal is not used.

XTALOUT

OCLKx

Crystal Output

The clock output, providing a crystal 25 MHz. When an external clock
source is used to drive XTALIN/CLK_IN, this pin becomes a no
connect.

TEST

IPD

Test Pin

Treat as a no connect pin or connect to ground. No trace or signal
should be routed or attached to this pin.

RBIAS

USB Transceiver Bias

A12.0 kQ (+/- 1%) resistor is attached from ground to this pin to set the
transceiver’s internal bias settings.

ATEST

Analog Test Pin

This signal is used for testing the chip and must always be connected
to ground.

DS00001679C-page 10
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TABLE 3-1: USB5532B PIN DESCRIPTIONS (CONTINUED)
Symbol Buffer Type Description
SM_CLK /1012 SMBus Clock
SM_DAT 11012 SMBus Data Pin
(14) NC - No connect pins
DIGITAL AND POWER
(4) vDD33 3.3V Power
(8) vDD12 1.25V Power
VSS Ground Pad
This exposed pad is the device’s only connection to VSS and the
primary thermal conduction path. Connect to an appropriate via field.
Note 3-1 The PRT_PWR[2:1] pins can optionally provide additional configuration strap functions to
enable/disable the associated port and configure its battery charging capabilities. Configuration strap
values are latched on device reset. Table 3-2 details the functions associated with the various strap
settings.
Strapping features are enabled by default and can be optionally disabled via the Pro-Touch software
programming tool. For additional information on the Pro-Touch programming tool, contact your local
sales representative.
Strapping functions are not supported for designs that support OCS but not power switching.
TABLE 3-2: PRT_PWR[2:1] CONFIGURATION STRAP STATES
PRT_PWR[2:1] .
Strap Setting Port State Battery Charging
No Pull-Up or Pull-Down Enabled Disabled
Pull-Down: Disabled N/A
<10 kQ to VSS
Pull-Up: Enabled Enabled
<10 kQ2 and >1 kQ to VDD33

Note 3-2

Note 3-3

Note 3-4

The SPI_DO pin provides an additional SPI_SPD_SEL configuration strap function. SPI_SPD_SEL
selects between the 30MHz SPI Mode when pulled-down to ground (default) and the 60MHz SPI
Mode when pulled-up to VDD33. The SPI_SPD_SEL strap value is latched on Power-On Reset
(POR) or RESET_N deassertion.

The OCS[2:1] pins can optionally provide additional configuration strap functions. To set the
associated port into the non-removable state, the OCS pin must be configured with a pull-down
(<10 kQ to VSS). Otherwise, the port will be configured in the removable state. Configuration strap
values are latched on device reset.

Strapping features are enabled by default and can be optionally disabled via the Pro-Touch software
programming tool. For additional information on the Pro-Touch programming tool, contact your local
sales representative.

Strapping functions are not supported for designs that support OCS but not power switching.

This pin has an internal pull-up only in the -6080 version. The internal pull-up is only active after the
SMBus mode (Legacy/Advanced) configuration strap has been sampled at POR or reset. The -5000
version is an “I” type buffer.

© 2012 - 2015 Microchip Technology Inc. DS00001679C-page 11
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FIGURE 4-2: SPI HI-SPEED READ SEQUENCE

SPI_CEN \
0123456 738 1516 23 24 31 32 39 40 47 48 55 56 63 64 7172 80
SPI_CLK Mmm m B _ m JL

SPI DO >< 0B ADD. ADD. ADD. X ><

=
=
=
=
=
=

HIGH IMPEDANCE
SPI_DI

41.2 OPERATION OF THE DUAL HI-SPEED READ SEQUENCE

The SPI controller also supports dual data mode (at 30 MHz SPI speed only). When configured in dual mode, the SPI
controller will automatically handle reads going out to the SPI ROM. When the controller detects a read, the controller
drops the SPI_CE_N, and puts out a 0x3B, followed by the 24-bit address. The SPI controller then puts out a DUMMY
byte. The next four clocks clock in the first byte. The data appears two bits at a time on data out and data in. When the
first byte is clocked in a ready signal is sent back to the processor, and the processor gets one byte.

After the processor gets the first byte, the address will change. If the address is one more than the last address, the SPI
controller will clock out one more byte. If the address in anything other than one more than the last address, the SPI
controller will terminate the transaction by taking SPI_CE_N high. As long as the addresses are sequential, the SPI Con-
troller will keep clocking in data.

FIGURE 4-3: SPI DUAL HI-SPEED READ OPERATION
USB Hub
ADDRESS sl T > CE#
S
CONTROL CONTROLLER
— | CLK
SPI
4——— CACHE SI com
SPI_ DI 44— T
< 2-Serial to <
8-Parallel < SO
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FIGURE 4-4: SPI DUAL HI-SPEED READ SEQUENCE

SPI_CEN \
01 23456 78 1516 23 24 31 32 39 40 43 44 47 48 5152 55 56 59

— LR

1 D2 D3
ADD. ADD. ADD.
SPI_DO >©< B >< >< >< anmzo its-6,4,2, nss420 -6,4,2,0/ \gits-6,4,2,
MSB MSB l l l
N+2 N+3 N+4

HIGH IMPEDANCE D1 D2 D3 D4 % D5

SPI_DI

Bits-7,5,3,1/ \Bits-7,5,3,1/ \Bits-7,5,3,1/ \Bits-7,5,3, its-7,5,3,1

MSB

4.1.3 32-BYTE CACHE

There is a 32-byte pipeline cache, and associated with the cache is a base address pointer and a length pointer. Once
the SPI controller detects a jump, the base address pointer is initialized to that address. As each new sequential data
byte is fetched, the data is written into the cache, and the length is incremented. If the sequential run exceeds 32 bytes,
the base address pointer is incremented to indicate the last 32 bytes fetched. If the USB5532B does a jump, and the
jump is in the cache address range, the fetch is done in 1 clock from the internal cache instead of an external access.

41.4 INTERFACE OPERATION TO SPI PORT WHEN NOT DOING FAST READS

There is an 8-byte command buffer: SPI_CMD_BUF[7:0]; an 8-byte response buffer: SPI_RESP_BUF[7:0]; and a length
register that counts out the number of bytes: SPI_CMD_LEN. Additionally, there is a self-clearing GO bit in the SPI_CTL
Register. Once the GO bit is set, the device drops SPI_CE_N, and starts clocking. It will put out SPI_CMD_LEN X 8 num-
ber of clocks. After the first byte, the COMMAND, has been sent out, and the SP1_DI is stored in the SPI_RESP buffer.
If the SPI_CMD_LEN is longer than the SPI_CMD_BUF, don’t cares are sent out on the SPI_DO line. This mode is used
for program execution out of internal RAM or ROM.

FIGURE 4-5: SPI INTERNALLY-CONTROLLED OPERATION
USB Hub
—» CE#
LAY ¢ CONTSRP(;LLER
——p|CLK
SPI_CMD_BUF[3:0] » S| SPI
ROM
SPI_RSP_BUF[7:0] < [Sle)
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41.4.1 ERASE EXAMPLE

To perform a SCTR_ERASE, 32BLK_ERASE, or 64BLK_ERASE, the device writes 0x20, 0x52, or 0xD8, respectively
to the first byte of the command buffer, followed by a 3-byte address. The length of the transfer is set to 4 bytes. To do
this, the device first drops SPI_CE_N, then counts out 8 clocks. It then puts out the 8 bits of command, followed by 24
bits of address of the location to be erased on the SPI_DO pin. When the transfer is complete, the SPI_CE_N goes high,
while the SPI_DI line is ignored in this example.

FIGURE 4-6: SPI ERASE SEQUENCE

SPI_CEN \ [
01 23456 738 1516 2324 31

e U

Command >< ADD. >< ADD. >< ADD. XXX
SP1_DO

MSB MSB

HIGH IMPEDANCE
SPI_DI

4.1.4.2 BYTE PROGRAM EXAMPLE

To perform a Byte Program, the device writes 0x02 to the first byte of the command buffer, followed by a 3-byte address
of the location that will be written to, and one data byte. The length of the transfer is set to 5 bytes. The device first drops
SPI_CE_N, 8 bits of command are clocked out, followed by 24 bits of address, and one byte of data on the SP1_DO pin.
The SPI_DI line is not used in this example.

FIGURE 4-7: SPI BYTE PROGRAM

SPI_CEN \ [
0123456 738 1516 2324 3132 39

PP 1

OxFE

Sp |_DO oxDB 0x00 OXBF JOXEE Data
MSB MSB MSB LSB
SPI DI HIGH IMPEDANCE
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4.1.4.3 COMMAND ONLY PROGRAM EXAMPLE
To perform a single byte command such as the following:

- -WRDI

- -WREN

- -EWSR

- - CHIP_ERASE

- - EBSY

- -DBSY
The device writes the opcode into the first byte of the SPI_CMD_BUF and the SPI_CMD_LEN is set to one. The device
first drops SP1_CE, then 8 bits of the command are clocked out on the SP1_DO pin. The SPI_DI is not used in this exam-
ple.

FIGURE 4-8: SPI COMMAND ONLY SEQUENCE

— r

01 2 34 56 7

SPI_CLK
MSB
SPI_DI HIGH IMPEDANCE

41.4.4 JEDEC-ID READ EXAMPLE

To perform a JEDEC-ID command, the device writes Ox9F into the first byte of the SPI_CMD_BUF and the length of the
transfer is 4 bytes. The device first drops SPI_CE_N, then 8 bits of the command are clocked out, followed by the 24
bits of dummy bytes (due to the length being set to 4) on the SP1_DO pin. When the transfer is complete, the SPI_CE_N
goes high. After the first byte, the data on SP1_DI is clocked into the SPI_RSP_BUF. At the end of the command, there
are three valid bytes in the SPI_RSP_BUF. In this example, OxBF, 0x25, Ox8E.

© 2012 - 2015 Microchip Technology Inc. DS00001679C-page 17
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FIGURE 4-9: SPI JEDEC-ID SEQUENCE

sp._CENﬂ [

01 234 56 7 8 910111213141516 171819 202122232425 26 272829303132 3334

SPI_CLK ‘
oo /L)) WXXXXX AMLEARRU RN
sp)._ Dy HEHmEORCE N >< N N

MSB MsB

4.2 SMBus Slave Interface

Next, the USB5532B will look to receive configuration and commands from an optional SMBus master (if present). When
SMBus is enabled, the SMBus can operate in either legacy (USB 2.0 only) or advanced mode (access to both USB 2.0
and 3.0 registers). Next, the USB5532B will look for (optional) configuration present in the internal OTP memory. Any
register settings that are modified via the SMBus interface will overwrite the internal OTP settings.

The SMBus slave interface is enabled when pull-up resistors are detected on both SM_DAT and SM_CLK for the first
millisecond after reset. For operation in SMBus Legacy Mode, an additional pull-up resistor is required on TRST. If the
SMBus interface is enabled, then the USB5532B will wait indefinitely for the SMBus host to configure the device. Once
SMBus configuration is complete, device initialization will proceed. To disable the SMBus, a pull-down resistor of 10 KQ
must be applied to either SM_DAT, SM_CLK, or both SM_DAT and SM_CLK if desired. If SMBus is disabled, the device
proceeds directly to device initialization using the internal OTP ROM.

421 PULL-UP RESISTOR FOR SMBUS

External pull-up resistors (10 kQQ recommended) are required on the SM_DAT and SM_CLK pins when implementing
either SMBus mode.
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FIGURE 4-10: SMBUS SLAVE CONNECTION
VDD USB Hub
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4211 Invalid Protocol Response Behavior

Note that any attempt to update registers with an invalid protocol will not be updated. The only valid protocols are write
block and read block (described Section 5.5, "SMBus Slave Interface," on page 29), where the hub only responds to the
7-bit hardware selected slave addresses (0101100b or 0101101b). Additionally, the only valid registers for the hub are
outlined in the USB5532B Configuration Release Notes documentation.

422 SLAVE DEVICE TIMEOUT

Devices in a transfer can abort the transfer in progress and release the bus when any single clock low interval exceeds
25 ms (TryveouT, min)- The master must detect this condition and generate a stop condition within or after the transfer
of the interrupted data byte. Slave devices must reset their communication and be able to receive a new START condi-
tion no later than 35 ms (TrmeouT, MAX)-

Note:  Some simple devices do not contain a clock low drive circuit; this simple kind of device typically resets its
communications port after a start or stop condition. The slave device timeout must be implemented.

4.2.3 STRETCHING THE SCLK SIGNAL
The hub supports stretching of the SCLK by other devices on the SMBus. The hub will stretch the clock as needed.

4.2.4 BUS RESET SEQUENCE

The SMBus slave interface resets and returns to the idle state upon a START condition followed immediately by a STOP
condition.

4.2.5 SMBUS ALERT RESPONSE ADDRESS
The SMBALERT# signal is not supported by the USB5532B.
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4.3 Reset

There are two different resets that the device experiences. One is a hardware reset (either from the internal POR reset
circuit or via the RESET_N pin) and the second is a USB Bus Reset.

431 INTERNAL POR

All reset timing parameters are guaranteed by design.

4.3.2 EXTERNAL HARDWARE RESET

A valid hardware reset is defined as assertion of RESET_N for a minimum of 1 us after all power supplies are within
operating range.

Assertion of RESET_N (external pin) causes the following:

1. The PHY is disabled, and the differential pairs will be in a high-impedance state.
All transactions immediately terminate; no states are saved.

All internal registers return to the default state.

The external crystal oscillator is halted.

The PLL is halted.

a s> wbd

4.4 Standard Port Power Configuration

The device natively operates with standard port power controllers or poly-fuse devices for the downstream port powers
when battery charging is not enabled on a port. It is not recommended to have the downstream ports of a single device
mix poly-fuse and standard power controller support, as the configuration of the hub cannot correctly report which ports
are poly-fuse and which are port power controllers to the host.

Any port without battery charging can also be used in individual port power controls or ganged power controls. The port
power control output only supports either Ganged or Individual modes on a global basis for all downstream ports.

The overcurrent setting also supports individual or global settings, but also adds the ability to configure specific ports to
be part of an overcurrent gang with others setup for individual connections. This hybrid configuration should only be
used when utilizing poly-fuse power devices.

441 PORT POWER CONTROLLER

The most common method for downstream port power controls is to utilize current-limited power switches for USB appli-
cations. The devices allow the downstream port powers to be enabled through a control signal and report over-current
conditions through a flag output.

Two connection methods are possible for these controllers, Combined mode and Independent mode.

In Combined mode, the FLG and EN signals are tied together with an external 10K ohm pull-up and driven to a single
PRT_CTL signal on the device, as shown in Figure 4-11.
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FIGURE 4-11: COMBINED MODE IMPLEMENTATION
5V
PRT CTL —_—
= OCS
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USB553x Switch
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In Individual mode, the PRT_CTL signal is driven directly to the EN input of the power switch and the OCS input is con-
nected to the FLG output of the power switch with a 10K pull-up connected, as shown in Figure 4-12.

FIGURE 4-12: INDIVIDUAL MODE IMPLEMENTATION
5V
PRT CTL N
5V
USB553x USB Power
10K Switch
ocs
FLG
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4.4.2 POLY-FUSE

An alternate method of downstream power control is to utilize poly-fuse devices. In this configuration, the poly-fuse
devices are used to report overcurrent conditions to the USB5532B through the OCS input, as shown in Figure 4-13.

FIGURE 4-13: POLY-FUSE IMPLEMENTATION
5V
3.3V @ Poly Fuse
10k
OCS
USB553x
USB
Device

4.5 Charging Port Configurations

The device can also be configured to operate as a charging port for one or more downstream ports. Ganged port power
control and/or overcurrent is not supported if any of the downstream ports are configured as charging ports. If a port is
configured to support a charging port mode, either a standard port power controller or a UCS1002 may be implemented.

For more information on charging port support, refer to Section 5.1, "Charging Port Configuration," on page 24.

451 PORT POWER CONTROLLER

The only special limitation of using the device as a charging port is that the port power controller must be capable of the
higher current to support the charging port modes. Refer to Section 4.4.1, "Port Power Controller,” on page 20 for more
information on this implementation.

452 UCS1002

Using a UCS1002 device as a downstream port power controller is only supported on ports that are enabled as charging
ports.

If the UCS1002 is implemented, the USB5532B communicates with all of the implemented UCS1002 ports over SMBus
using one of the PRT_CTLx/OCSx signals as the SMCLK/SMDAT. Additionally, DYNCPDIS_N becomes the UCS_SM-
BALERT _N signal. Multiple UCS1002 devices may be connected to the SMBus in parallel.

After reset, for any enabled charging ports, the USB5532B performs SMBus commands on the configured
PRT_CTLx/OCSx signals and checks UCS1002 devices at specific addresses (see Table 4-1) to confirm which ports
are utilizing UCS1002 devices as the downstream power controllers.

TABLE 4-1: UCS1002 ADDRESS MAPPING

Port Address
1 0x30
2 0x31
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In this configuration, the UCS1002 is utilized as an SMBus enabled port power switch and all charging port handshaking
on the D+/D- signals are controlled directly from the USB5532B. An example implementation can be seen in Figure 4-
14.

FIGURE 4-14: UCS1002 CHARGING IMPLEMENTATION
USB2DM_DN1 o. FPort 1Alf.|§prg
USB2DP_DN1 D+ Receptacle
USB3DM_RXDN1 SSRX-
USB3DP_RXDN1 SSRX+ VY
USB3DM_TXDN1 } }0-1uF SSTX- %
USB3DP_TXDN1 } }0-1uF SSTX+ ShL1 =
GND1 ShL2
GND2 ShR1
I I 100uF | \/bus ShR2
- /7 / Shield
3.3V
USB553x '
. veusy UCS1002
= VBUS?2
PRT CTL1 SMCLK/S0
TCK/OCS1 SMDATA/LATCH
TS RSres i
M1
DPIN M2
DMIN EM_EN 10K
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5.0 FUNCTIONAL OPERATION

This chapter details the functional operation of various device features.

5.1 Charging Port Configuration

The USB5532B supports downstream charging ports on any available port. The hub contains internal hardware and
algorithms to natively support various voltage levels on the D+/D- signals along with the BC 1.2 Handshaking protocol,
allowing charging devices to detect the downstream port as a charging port.

A port can be configured for either RapidCharge support or Samsung Legacy Charging mode support. This section
details the various charging port modes. The following terminology will be helpful in the understanding of these features:

» SDP - Standard Downstream Port - A port that is not operating as a charging port and has active USB communi-
cations.

« CDP - Charging Downstream Port - A port that is operating as a charging port and has active USB communica-
tions.

« DCP - Dedicated Charging Port - A port that is operating as a charging port but has no USB communications.
* SO - Normal system power state in full run.
« S3 - Typically a Sleep state, where the system can be woken from USB HID devices

« S4 - Typically a Hibernate sleep state, where the system state is stored to a hard drive and does not support wake
from USB HID devices.

« S5 - Typically an OFF state for a system.

511 RAPID CHARGE

This mode enables concurrent operation of Apple, BC 1.2 and DP/DM Shorted Emulation charging. The only applicable
options are to choose Apple 1A or Apple 2A charging mode on a per port basis. Refer to Section 5.2.1.1, "Apple
Charging Mode," on page 26.

Note:  Apple and DP/DM Shorted Emulation charging modes are only operational in DCP mode. I

5.1.2 SAMSUNG LEGACY CHARGING

This mode drives a specified voltage on the DP/DM lines to allow legacy Samsung devices to detect the port as
Charging capable. This is only operational in DCP modes.

5.1.3 DYNAMIC CHARGING PORT (6080 ONLY)

Dynamic Charging Port support utilizes the device’s DYNCPDIS_N pin to disable Battery Charging support globally
when low and, when high, allow any ports configured as Charging Ports (either through a configuration file or straps) to
resume their Battery Charging operation in the configured Charging mode.

This feature is currently supported only when using standard USB port power controllers. Please contact your Microchip
FAE if required to use this feature with other port power controller configurations.

Figure 5-1, Figure 5-2, and Figure 5-3 detail the operation of Dynamic Charging Port in the SO, S3, and S4/S5 power
modes, respectively. For any of the flow diagram transitions, there is a Y/Z nomenclature.

Y = Dynamic BC enable signal
Z = Device attached and sensed by device

Note:  The Dynamic Charging Port feature and related DYNCPDIS_N pin function is available in the “-6080” ver-
sion of the device only.
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FIGURE 5-1: SO0 STATE TRANSITIONS
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5.2 Configuration Options

By default, the USB5532B configuration allows the device to operate as a standard USB hub when connected to a USB
host controller. The device also contains a number of configurable options which can be set through its user interfaces:

« One-Time Programmable (OTP) Memory (one time burn configuration)
« External SPI (only when using external SPI firmware)
* SMBus Slave Interface (controlled by SMBus host controller. Must be updated every time.)

Refer to Standard Interface Connections on page 13 for details on the SPI and SMBus interfaces.

SPI and OTP configuration can be created and applied through the Protouch tool. The following subsections detail to
various device parameters that can be configured via the Protouch tool.

521 CHARGING PORT ENABLE

This option enables, on a per-port basis, DFPs to become charging ports. If this is enabled on a port, it must be config-
ured as a per-port PWR/OCS control. Ganged OCS or PWR controls are not supported concurrently. The normal con-
figuration is to support the RapidCharge protocol. Refer to Section 5.2.17, "Port Power/OCS Control," on page 27 for
more information.

5.2.11 Apple Charging Mode

This option enables either Apple 1 Amp or Apple 2 Amp for the RapidCharge protocol charging mode when a port is
configured as a charging port and not enabled for Samsung Mode. This mode enables the selected Apple charging
mode to operate concurrently with BC1.2.
5.2.1.2 Samsung Charging Mode

This option enables the Samsung Charging mode on a port. If this is selected, the Apple Charging mode setting is
ignored and only the Samsung charging mode is supported on that port.

5.2.1.3 UCS1002 SMBus Interface Selection

USC1002 port power controllers are only supported if battery charging is enabled on that port. When BC is enabled,
there is an option to select the external signals (PRTCTLx/OCSx) that are used for the SMBus SDA/SCL signals. Only
Ports 1-4 signals can be used. This feature is supported on the “-6080” and newer devices.

522 USB VID
This field is the 16-bit USB Vendor ID reported by both USB 2.0 and USB 3.0 hubs.

523 USB2 PID
This field is the 16-bit USB Product ID reported by the USB 2.0 hub only.

524 USB3 PID
This field is the 16-bit USB Product ID reported by the USB 3.0 Hub only.

525 USB DID
This field is the 16-bit USB Device ID reported by both the USB 2.0 and USB 3.0 hubs.

5.2.6 USB NON-REMOVABLE SETTING

This is the per-port Non-Removable setting for both USB 2.0 and USB 3.0 hubs. If any ports are set as Non-Removable,
both the USB 2.0 and USB 3.0 hubs will be automatically set to report as Compound devices.

5.2.7 USB PORT DISABLES
This is the per-port setting used to disable ports for both USB 2.0 and USB 3.0 hubs.

5.2.8 USB SELF/BUS-POWERED
This setting is used to configure the USB2 and USB3 hubs to report as Self-Powered or Bus-Powered.

5.2.9 USB SYSTEM MAX POWER
This field is the maximum total system power on VBUS including non-Removable devices if permanently attached.
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5.2.10 USB HUB MAX CURRENT
This field is the maximum current of the hub and system components to support the hub on VBUS.

5.2.11 USB LANGUAGE ID
This field selects the USB language ID.

5.2.12 USB MANUFACTURER STRING
This field contains the manufacturer string reported by both USB 2.0 and USB 3.0 hubs (maximum of 30 characters).

5.2.13 USB 2.0 PRODUCT STRING
This field contains the product string reported by the USB 2.0 hub (maximum of 30 characters).

5.2.14 USB 3.0 PRODUCT STRING
This field contains the product string reported by the USB 3.0 hub (maximum of 30 characters).

5.2.15 USB SERIAL STRING
This field contains the serial string reported by the USB 2.0 and USB 3.0 hubs (maximum of 30 characters).

5.2.16 PIN STRAP DISABLES
This setting disables the external pin configuration straps on power-up that select the following on ports 1-4:

« Port Disable
« Port Non-Removable
« Battery Charging Enable

If the user needs to select the above settings in a configuration file for ports 1-4, they must also disable the pin straps
to ensure the settings are not overridden by the strap controls.
5.2.17 PORT POWER/OCS CONTROL

5.2.17.1 Per-Port PWR/OCS Combined Mode

This per-port setting controls whether the Power Enable and OCS signals are on the same pin. This setting is only valid
for ports 1-4.

Refer to Section 4.4, "Standard Port Power Configuration," on page 20 for additional port power setting details and con-
nection diagrams.

5.2.17.2 OCS Gang Control

This setting can gang multiple ports into an OCS ganging to report overcurrent on any port in this gang.

ALL GANGED
This single setting configures all ports into an OCS gang.

SPLIT GANGED
This setting allows the user to gang select ports together while not ganging others.
Requires the setting of the following:

e USB 2.0 hub OCS gang set

¢ USB 3.0 hub OCS gang set

» Ports contained within the OCS gang (any other ports will operate as a per-port power control/ocs)
¢ GPIO used as OCS Gang input

5.2.17.3 USB Port Power Gang Control

This setting can gang all ports into single Port Power control.
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5.2.17.4 No Port Power Controls

This parameter requires setting the hubs power-on time to 0 for both USB 2.0 and USB 3.0 hubs. It also requires the
setting of the USB3 PWR_SW_CTL signal.

USB POWER-ON TIME (ADVANCED)

This parameter sets the USB power-on to power Good time in 2ms intervals for both the USB 2.0 and USB 3.0 hubs.

USB 3.0 NO POWER SWITCH SELECT
When enabled, the USB 3.0 hub operates in accordance with the USB 3.0 specification for No Power Switches.

5.2.17.5 USB 2.0 Over-Current Timer

This setting controls the signal filter on the OCS pin for the USB 2.0 hub. These settings should be controlled with care,
as the default configuration has been tested thoroughly.

The valid settings are:

¢ 50ns

¢ 1000ns
e 200ns
e 400ns

5.2.17.6 USB 3.0 Over-Current Timer

This setting controls the signal filter on the OCS pin for the USB 3.0 hub. These settings should be controlled with care,
as the default configuration has been tested thoroughly.

The valid settings are:

e 750ns

¢ 10000ns
e 1250ns
¢ 1500ns

5.2.18 USB2 PORT DP/DM PIN SWAP

This per-port setting internally swaps the DP and DM signals for the USB 2.0 port.
Port 0 = UFP

Port 1-7 = DFP ports 1-7

5.2.19 USB 2.0 PORT HS OUTPUT CURRENT

This per-port setting boosts the USB High-Speed driver output.
Port 0 = UFP

Port 1-7 = DFP ports 1-7

Settings are defined within the Protouch tool.

5.2.20 USB 2.0 PORT SQUELCH

This per-port setting modifies the USB input squelch setting.
Port 0 = UFP

Port 1-7 = DFP ports 1-7

Settings are defined within the Protouch tool.

5.2.21 USB 2.0 HUB ADVANCED CONTROLS

The settings in the following sub-sections are advanced controls, which most applications will not require to be set, since
the default configurations allow seamless operation. Only advanced users/applications should override the default con-
figurations detailed here.

© 2012 - 2015 Microchip Technology Inc. DS00001679C-page 28



USB5532B

5.2.21.1 USB 2.0 HS Disable
This setting disables USB High-Speed operation on the entire USB 2.0 hub.

5.2.21.2 USB 2.0 MTT Disable
This setting disables the Multi-TT operation on the entire USB 2.0 hub.

5.2.21.3 USB 2.0 FS EOP Disable
This setting disables the End Of Packet (EOP) generation of End Of Frame 1 (EOF1) when in Full-Speed mode.

5.2.22 UUID OVERRIDE

These controls allow the user to override the 128-bit UUID value within the device (set at the Microchip Factory as a
unique value for each device). By USB Specification, if multiple devices are connected within one system as a single
Compound Device, all UUID (within the BOS descriptor) should be set the same.

5.3 One-Time Programmable (OTP) Memory

The device contains an internal One-Time Programmable memory, which allows various configuration settings to be
configured for the end application. This memory requires a configuration to be created through the Microchip ProTouch
tool or by a Microchip FAE. The ProTouch tool then allows programming of this block over a USB 2.0 connection to a
Microsoft Windows Host.

There is also an option to support OTP programming via the SMBus interface. However, this method of OTP program-
ming is not preferred. Please contact your local Microchip FAE for more information on OTP programming via SMBus.
531 CONFIGURATION FILE CREATION

For information on configuration file creation, refer to the ProTouch tool.

5.4 External SPI

The device supports operation utilizing an external SPI Flash or ROM. In normal operation, the internal microcontroller
runs from the internal ROM. If an external SPI memory is implemented, the full Firmware image must be loaded into the
SPI.

When using an external SPI memory, there are two options available. The configuration can be loaded from the internal
OTP, or the internal OTP can be ignored and the configuration file loaded into the SPI memory.

Please contact your Microchip FAE for more information on how to obtain access to an external SPI memory image and
how to support the different configuration options.

For information on SPI interface connections, refer to Section 4.1, "SPI Interface," on page 13.

541 CONFIGURATION FILE CREATION

For information on configuration file creation, refer to the ProTouch tool.

5.5 SMBus Slave Interface

Typical block write and block read protocols are shown in Figure 5-6 and Figure 5-5. SMBus RAM buffer offset accesses
are performed using 7-bit slave addressing, a 16-bit SMBus RAM buffer offset field (for legacy and advanced modes,
respectively), and an 8-bit data field. The shading shown in the figures during a read or write indicates the hub is driving
data on the SM_DAT line; otherwise, host data is on the SM_DAT line.

The SMBus slave address assigned to the hub (0101100b or 0101101b) allows it to be identified on the SMBus. The
SMBus RAM buffer offset field is the internal offset in SMBus RAM to be accessed. The data field is the data that the
host is attempting to read/write from/to the SMBus RAM buffer.

Note: Data bytes are transferred MSB first. I

For information on connecting the SMBus slave interface to a host, refer to Section 4.2, "SMBus Slave Interface," on
page 18.
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551 BLOCK WRITE

The block write begins with a slave address and a write condition. After the command code, the host issues a byte count
which describes how many more bytes will follow in the message. If a slave had 20 bytes to send, the first byte would
be the number 20 (14h), followed by the 20 bytes of data. The byte count may not be zero. A block write or read allows
a transfer maximum of 32 data bytes.

For the following SMBus tables:

FIGURE 5-4: BLOCK WRITE
|:| Denotes Master-to-Slave |:| Denotes Slave-to-Master
1 7 1 1 16 1
S Slave Address Wr SMBus RAM Buffer Offset
8 1 8 1 8 1 « 8 1 1
Byte Count =N Data byte 1 Data byte 2 ): Data byte N P

)

5.5.2 BLOCK READ

A block read differs from a block write in that the repeated start condition exists to satisfy the 12c specification’s require-
ment for a change in the transfer direction.

FIGURE 5-5: BLOCK READ
1 7 1 1 16 1 1 7 1 1
S | Slave Address | Wr SBus RAM S | Slave Address | Rd
8 1 8 1 8 1 8 11
A 7 A

J)

553 STANDARD SMBUS COMMANDS

There are special commands that can be sent in the place of the 16-bit address bytes. These commands are used to
enumerate the hub, access the configuration registers, or simply reset the device. The commands consist of the 16-bit
command followed by a 00h byte to terminate the command.

FIGURE 5-6: SMBUS COMMANDS
1 7 1 1 16 1
S Slave Address Wr OPCODE
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TABLE 5-1: SPECIAL SMBUS COMMANDS
Operation OPCODE Description
Reboot 9936h Reboot internal MCU.
Configuration Register 9937h Read and Write Configuration Registers
Access
Extended Command 993Eh Execute Extended Status Commands
USB Attach AA55h Enter Configuration Stage
USB Attach with SMBus AA56h Enter Configuration Stage with SMBus Access Enabled
Access

554

SPECIAL HUB COMMANDS

Below is a list of the extended commands and the code used to execute them.

TABLE 5-2: EXTENDED COMMANDS
Command Code

Set Address 00h

Get Default Address 01lh

Get Hub Info 02h

Get UCS Port Mask 03h

Port Connect Status 80h

Port Power Status 81h

Port Force Disable 82h

Port DP/DM Status 83h

UCS Byte Read 84h

UCS Byte Write 85h

UCS Block Read 86h

UCS Block Write 87h

The extended commands provide access to the status of the device. From these registers a SMBus controller can see
the connection status of the hub, communicate with the UCS1000, and change the SMBus address if desired. When
the extended command is sent the hub will interpret the memory starting at offset 00h as follows:

TABLE 5-3: MEMORY FORMAT FOR EXTENDED HUB COMMAND
RAM Address Description Notes
0000h Command Code of the extended command to execute.
0001h Status Always write O to this register, it will be updated after the command is exe-
cuted with the status.
0002h Datal The first byte of data to write to or read from when executing the command.
0004h+N DataN The Nth byte of data to write to or read from when executing the command.
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TABLE 5-9:

HUB INFORMATION (CONTINUED)

PORT_CONNECT

Port Connect Status

(0x80)
Bit Name R/W Description
1 USB2_CONNECT R 0 = No USB2 connection detected. (HS/FS/LS)
1 = USB2 connection detected.
0 USB3_CONNECT R 0 = No USB3 connection detected.
1 = USBS3 connection detected.
5.5.4.7 Port Power Status (81h)

Datal of the memory is written by the SMBus master and after the command is executed Data 2-6 will be populated
with the status of each port. A ‘1’ means the port power is enabled, a ‘0’ means the port power is disabled.

Datal is a port mask where each bit represents the port status to return. Bit O is the upstream port, bit 1 is the down-
stream port 1, etc.

55.4.8

Port Force Disable (82h)

Datal of the memory is the port mask and Data 2-6 is the port disable state requested.

Datal is a port mask where each bit represents the port status to return. Bit O is the upstream port, bit 1 is the down-
stream port 1, etc.

The port disable byte will be interpreted as follows:

TABLE 5-10: HUB INFORMATION
PORT_DISABLE .
(0x82) Port Disable
Bit Name R/W Description
7 OVERWRITE W If this bit is 1 then the data in bits 2:0 will be overwritten.
6:3 Reserved w Reserved
2 FORCE_OFF W 0 = Port Power controlled by hub.
1 = Port Power forced off.
1 USB3_TERM_DIS W 0 = USB3 Terminations controlled by hub.
1 = USB3 Terminations disabled.
0 USB2_TERM_DIS W 0 = USB2 Terminations controlled by hub.
1 = USB2 Terminations disabled.
5.5.4.9 Port DP/DM Status (83h)

Datal of the memory is written by the SMBus master and after the command is executed Data 2-6 will be populated
with the status of each port.

Datal is a port mask where each bit represents the port status to return. Bit O is the upstream port, bit 1 is the down-
stream port 1, etc.

The port DP/DM status byte can be interpreted as follows:

TABLE 5-11: PORT DP/DM STATUS
PORT_DPDM
(0x83) Port DP/DM Status
Bit Name R/W Description

7:2 Reserved w Reserved

1 FS_DM W 0 = DM line is below the FS threshold.
1 = DM line is above the FS threshold (LS idle state)

0 FS DP 0 = DP line is below the FS threshold.
1 = DP line is above the FS threshold. (FS idle state)
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5.5.4.10  UCS Byte Read (84h)

The first data byte (Datal) contains the address of the UCS register to read. The second data byte (Data2) will contain
the data after the command is executed.

5.5.4.11 UCS Byte Write (85h)

The first data byte (Datal) contains the address of the UCS register to write to. The second data byte (Data2) contains
the data to be written.

5.5.4.12 UCS Block Read (86h)

The first data byte (Datal) contains the address of the UCS register to read. The second data byte (Data2) contains the
number of bytes to read. The subsequent data bytes will be populated with the contents of the Data2 registers starting
at Datal.

5.5.4.13  UCS Block Write (87h)

The first data byte (Datal) contains the address of the UCS register to write to. The second data byte (Data2) contains
the number of bytes to write. The subsequent data bytes contain the data to write.
5.6 Runtime Register Definitions

Below is the list of configuration registers and their address. The INIT column contains the values that will be loaded
when the USB Attach commands are sent. Register definitions are provided in the subsequent sub-sections. For infor-
mation on accessing these registers, refer to Section 5.6.1, "Accessing Runtime Registers," on page 36.

TABLE 5-12: CONFIGURATION REGISTER MEMORY MAP

ADDR | R/IW Name Function INIT
0806h | R/W | LEDO_PIOO_CTL1 LEDO/PIOO Register 1 00h
0807h | R/W | LEDO_PIOO_CTL2 LEDO/PIOO Register 2 00h
0808h | R/W | LED1_PIO1_CTL1 LED1/PIO1 Register 1 00h
0809h | R/W | LED1_PIO1_CTL2 LED1/PIO1 Register 2 00h
082Dh | R/W | VBUS_OCS_PD VBUS and OCS Pull-Down Register 00h
082Fh R/W | LEDO_PD LEDO Pull-down Register 00h
0831h | R/W | VBUS_OCS DIR VBUS and OCS Direction Register 00h
0833h | R/W | LEDO_DIR LEDO Direction Register 00h
0835h | R/W | VBUS_OCS _OUT VBUS and OCS Output Register 00h
0837h | R/W | LEDO_OUT LEDO Output Register 00h
083%h | R/W | VBUS_OCS_IN VBUS and OCS Input Register Note 5-1
083Bh | R/W | LEDO_IN LEDO Input Register Note 5-1
083Dh | R/W | VBUS_OCS_PU VBUS and OCS Pull-up Resistor Register FEh
083Fh R/W | LEDO_PU LEDO Pull-up Resistor Register 00h
092Eh | R/W | PRT_PWR_PD Port Power Pull-down Resistor Register 00h
0932h R/W | PRT_PWR_DIR Port Power Direction Register 00h
0936h | R/W | PRT_PWR_OUT Port Power Output Register 00h
093Ah | R/W | PRT_PWR_IN Port Power Input Register Note 5-1
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TABLE 5-12: CONFIGURATION REGISTER MEMORY MAP (CONTINUED)
ADDR R/W Name Function INIT
093Eh R/W | PRT_PWR_PU Port Power Pull-up Resistor Register 00h
3CO00h R/W | PRT_PWR_SEL1 Port 1 Power Select Register 03h
3C04h R/W | PRT_PWR_SEL2 Port 2 Power Select Register 03h
3C20h R/W | OCS CFG_SEL1 Port 1 OCS Select Register 01h
3C24h R/W | OCS_CFG_SEL2 Port 2 OCS Select Register 01h
5246h R/W | CDP_DETECT Charging Downstream Detected Register Note 5-1
525Ah R/W | OSC_GANG OCS Gang Control Register 00h
525Bh | RIW | OCS_GANG_GPIO OCS Gang Signal Select Register 00h
60CAh R/W | HS UP_BOOST USB Upstream Boost Register 00h
60CCh | R/W | HS_UP_SENSE USB Upstream VariSense Register 00h
61COh R/W | SS UP_STATE USB3 Upstream Link State Register Note 5-1
64CAh | RIW | HS_P1_BOOST USB Port 1 Boost Register 00h
64CCh | R/W | HS_P1_SENSE USB Port 1 VariSense Register 00h
65C0h R/W | SS _P1_STATE USB3 Port 1 Link State Note 5-1
68CAh | R/IW | HS P2 BOOST USB Port 2 Boost Register 00h
68CCh | R/W | HS_P2_SENSE USB Port 2 VariSense Register 00h
69COh R/W | SS P2 STATE USB3 Port 2 Link State Note 5-1
Note 5-1 Status registers do not have a default value because the status can change depending on system
conditions.
56.1 ACCESSING RUNTIME REGISTERS

The Configuration Register Access operation allows the SMBus Master to read or write to the internal registers of the
hub. When the Configuration Register Access command is sent the hub will interpret the memory starting at offset 00h

as follows:
TABLE 5-13: MEMORY FORMAT FOR CONFIGURATION REGISTER ACCESS
RAM Address Description Notes
0000h Direction 0 = Register Write, 1 = Register Read.
0001h Data Length Number of bytes to Read/Write when executing the command.
0002h Configuration The upper byte of the 16-bit configuration register address.
Address MSB
0003h Configuration The lower byte of the 16-bit configuration register address.
Address LSB
0004h Datal The first byte of data to write to or read from the Configuration Address.
0004h+N DataN The Nth byte of data to write to or read from the Configuration Address, N
is equal to the Data Length.
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5.6.1.1 Configuration Register Write Example

The following example shows how the SMBus messages will be formatted to set the VID of the hub to a custom value,
AA55h.

1. Write data to the memory of the hub:
TABLE 5-14: EXAMPLE SMBUS WRITE COMMAND

Byte Value Comment
0 5Ah Address plus write bit.
1 00h Memory address 0000h.
2 00h Memory address 0000h.
3 06h Number of bytes to write to memory.
4 00h Write Configuration Register.
5 02h Writing two data bytes.
6 30h VID is in register 3000h.
7 00h VID is in register 3000h.
8 55h LSB of Vendor ID AA55h.
9 AAh MSB of Vendor ID AA55h.

2. Execute the Configuration Register Access command:

TABLE 5-15: CONFIGURATION REGISTER ACCESS COMMAND

Byte Value Comment
0 5Ah Address plus write bit.
1 99%h Command 9937h.
2 37h Command 9937h.
3 00h Command Completion.

5.6.1.2 Configuration Register Read Example

The following example shows how to read the Charger Detection register to find out what type of charger the hub has
connected to:

1. Write data to the memory of the hub.
TABLE 5-16: EXAMPLE SMBUS WRITE COMMAND

Byte Value Comment
0 5Ah Address plus write bit.
1 00h Memory address 0000h.
2 00h Memory address 0000h.
3 04h Number of bytes to write to memory.
4 01lh Read Configuration Register.
5 01lh Reading one data bytes.
6 30h BC Detect is in register 30E2h.
7 E2h BC Detect is in register 30E2h.
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2. Execute the Configuration Register Access command.

TABLE 5-17: CONFIGURATION REGISTER ACCESS COMMAND
Byte Value Comment

0 5Ah Address plus write bit.

1 99%h Command 9937h.

2 37h Command 9937h.

3 00h Command Completion.

3. Read back data starting at memory offset 04h, which is where the Data byte starts.

TABLE 5-18: EXAMPLE SMBUS READ COMMAND
Byte Value Comments
0 5Ah Address plus Write bit.
1 00h Memory Address 0004h.
2 04h Memory Address 0004h.
3 59h Address plus Read bit.
4 80h Device sends 128 bytes of data.
5 56h Charging Downstream Port Detected.

Although the device can send out 128 bytes of memory data, it isn't necessary to read the entire set, the SMBus Master
can send a stop at any time.

5.6.2 LEDO/PIO0 REGISTER 1
TABLE 5-19: LEDO/PIOO0 REGISTER 1
LEDO_CTL1 .
(0X0806) LEDO_PIOO Control Register
Bit Name R/W Description
7 XNOR This bit toggles the polarity of the LED output. It can be used to invert the
polarity.
6 MODE 0 - Blink the LED.
1 - Breath the LED.
5:0 RATE In Blink mode: This is the Blink Rate of LED in 50 ms increments. Duty
cycle of 50%. Rate range is 50 ms to 3.15 seconds.
In Breath mode: This is the time for an active breadth in 500 ms
increments.
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5.6.3 LEDO/PIOO REGISTER 2
TABLE 5-20: LEDO/PIOO REGISTER 2

LEDO_CTL2 .
(0x0807) LEDO_PIOO Control Register 2
Bit Name R/W Description

72 TRAILOFF_TIME R/W In Blink mode: Time the LED must continue blinking after LED_ON is
turned off. TRAIL_TIME is in 50ms increments. Range is 50 ms to 3.15
seconds.

In Breath mode: This is the time for an sleeping in between breadths in
500 ms increments

1 LED_ON R/W If LED_ON is set, then start blinking or breathing this LED.

Blink timer starts when this bit is enabled. No short blinks permitted.
When this bit is disabled, blinking stops when TRAIL_TIME expires.

In Breath Mode: Breath timer starts when this bit is enabled. No short
blinks permitted. When this bit is disabled, blinking stops immediately.

0 LED_PIO R/W ‘0= PIOO
‘1'=LEDO

5.6.4 LED1/PIO1 REGISTER 1
TABLE 5-21: LED1/PIO1 REGISTER 1

LED1 _CTL1 .
(0x0808) LED1_PIO1 Control Register
Bit Name R/W Description

7 XNOR R/W This bit toggles the polarity of the LED output. It can be used to invert the
polarity.

6 MODE R/W 0 - Blink the LED.
1 - Breath the LED.

5:0 RATE R/W In Blink mode: This is the Blink Rate of LED in 50 ms increments. Duty
cycle of 50%. Rate range is 50 ms to 3.15 seconds.
In Breath mode: This is the time for an active breadth in 500 ms
increments.
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5.6.5 LED1/PIO1 REGISTER 2
TABLE 5-22: LED1/PIO1 REGISTER 2
LED1_CTL2 .
(0x0809) LED1_PIO1 Control Register
Bit Name R/W Description
72 TRAILOFF_TIME | R/IW In Blink mode: Time the LED must continue blinking after LED_ON is
turned off. TRAIL_TIME is in 50ms increments. Range is 50 ms to 3.15
seconds.
In Breath mode: This is the time for an sleeping in between breadths in
500 ms increments.
1 LED_ON R/W If LED_ON is set, then start blinking or breathing this LED.
Blink timer starts when this bit is enabled. No short blinks permitted. When
this bit is disabled, blinking stops when TRAIL_TIME expires.
In Breath Mode: Breath timer starts when this bit is enabled. No short
blinks permitted. When this bit is disabled, blinking stops immediately.
0 LED_GPIO R/W ‘0’ =PIO1
‘1'=LED1
5.6.6 VBUS AND OCS PULL-DOWN REGISTER
TABLE 5-23: VBUS AND OCS PULL-DOWN REGISTER
VBUS_OCS_PD .
(0x082D) VBUS and OCS Pull-Down Register
Bit Name R/W Description
75 Reserved R/W Reserved
4 OCs4 R/W “0” = Disables the pull-down resistor on the OCS4 pin.
“1" = Enables the pull-down resistor on the OCS4 pin.
3 OCS3 R/W “0” = Disables the pull-down resistor on the OCS3 pin.
“1" = Enables the pull-down resistor on the OCS3 pin.
2 0Cs2 R/W “0” = Disables the pull-down resistor on the OCS2 pin.
“1" = Enables the pull-down resistor on the OCS2 pin.
1 OCS1 R/W “0” = Disables the pull-down resistor on the OCS1 pin.
“1" = Enables the pull-down resistor on the OCS1 pin.
0 VBUS R/W “0” = Disables the pull-down resistor on the VBUS pin.
“1" = Enables the pull-down resistor on the VBUS pin.
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5.6.7 LEDO PULL-DOWN REGISTER
TABLE 5-24: LEDO PULL-DOWN REGISTER

L(g)?og—zi? LEDO Pull-Down Register
Bit Name R/W Description
7:1 Reserved R/W Reserved.
0 LEDO R/W “0” = Disables the pull-down resistor on the LEDO pin.
“1” = Enables the pull-down resistor on the LEDO pin.

5.6.8 VBUS AND OCS DIRECTION REGISTER
TABLE 5-25:  VBUS AND OCS DIRECTION REGISTER

VBU(?);(?S%Sl)—DlR VBUS and OCS Direction Register
Bit Name R/W Description

75 Reserved R/W Reserved

4 0OCs4 R/W Direction: 0 = In, 1 = Out.
3 OCs3 R/W Direction: 0 = In, 1 = Out.
2 0OCSs2 R/W Direction: 0 = In, 1 = Out.
1 ocCs1 R/W Direction: 0 = In, 1 = Out.
0 VBUS R/W Direction: 0 = In, 1 = Out.

5.6.9 LEDO DIRECTION REGISTER
TABLE 5-26: LEDO DIRECTION REGISTER

L(%sggg;{ LEDO Direction Register 1
Bit Name R/W Description
71 Reserved R/W Reserved
0 LEDO R/W Direction: 0 = In, 1 = Out.
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5.6.10 VBUS AND OCS OUTPUT REGISTER
TABLE 5-27: VBUS AND OCS OUTPUT REGISTER

VBUZ)—)BBC:),SS—)OUT VBUS and OCS Register
Bit Name R/W Description

75 Reserved R/W Reserved

4 OCSs4 R/W Output Buffer Data.
3 0OCS3 R/W Output Buffer Data.
2 OCS2 R/W Output Buffer Data.
1 ocCs1 R/W Output Buffer Data.
0 VBUS R/W Output Buffer Data.

5.6.11 LEDO OUTPUT REGISTER
TABLE 5-28: LEDO OUTPUT REGISTER

L(Eoliggg;;T LEDO Output Register
Bit Name R/W Description
71 Reserved R/W Reserved
0 LEDO R/W P100 Output Buffer Data. This bit has no meaning if PIOO is in LED
mode.

5.6.12 VBUS AND OCS INPUT REGISTER
TABLE 5-29: VBUS AND OCS INPUT REGISTER

VB[(JOSngggS)—lN VBUS and OCS Input Register
Bit Name R/W Description

75 Reserved R Reserved

4 0Cs4 R Input Buffer Data.
3 OCS3 R Input Buffer Data.
2 0OCSs2 R Input Buffer Data.
1 OCS1 R Input Buffer Data.
0 VBUS R Input Buffer Data.
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5.6.13 LEDO INPUT REGISTER
TABLE 5-30: LEDO INPUT REGISTER
(Loigg§|3'\; LEDO Input Register
Bit Name R/W Description
7:1 Reserved R Reserved
0 LEDO R P100 Input Buffer Data. This bit is not valid if PIOO is in LED mode.
5.6.14 VBUS AND OCS PULL-UP RESISTOR REGISTER
TABLE 5-31: VBUS AND OCS PULL-UP RESISTOR REGISTER
VBL(J;&)%;:S)—PU VBUS and OCS Pull-Up Register
Bit Name R/W Description
75 Reserved R/W Reserved
4 OCs4 R/W “0” = Disables the pull-up resistor on the OCS4 pin.
“1" = Enables the pull-up resistor on the OCS4 pin.
3 0OCs3 R/W “0" = Disables the pull-up resistor on the OCS3 pin.
“1" = Enables the pull-up resistor on the OCS3 pin.
2 OCS2 R/W “0” = Disables the pull-up resistor on the OCS2 pin.
“1" = Enables the pull-up resistor on the OCS2 pin.
1 OoCs1 R/W “0" = Disables the pull-up resistor on the OCS1 pin.
“1" = Enables the pull-up resistor on the OCS1 pin.
0 VBUS R/W “0” = Disables the pull-up resistor on the VBUS pin.
“1" = Enables the pull-up resistor on the VBUS pin.
5.6.15 LEDO PULL-UP RESISTOR REGISTER
TABLE 5-32: LEDO PULL-UP RESISTOR REGISTER
IZ(')EE)%_ST;)J LEDO Pull-Up Register
Bit Name R/W Description
71 Reserved R/W Reserved
0 LEDO R/W “0” = Disables the pull-up resistor on the LEDO pin.
“1" = Enables the pull-up resistor on the LEDO pin.
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5.6.16 PORT POWER PULL-DOWN RESISTOR REGISTER
TABLE 5-33: PORT POWER PULL-DOWN RESISTOR REGISTER

PRT_PWR_PD .
(0X092E) Port Power Pull-Down Register
Bit Name R/W Description

71 PRT_PWR_PD[7:1] | RIW “0” = Disables the pull-down resistor on the PRT_PWR[N] pad. Where N
is the bit being controlled. Bit 1 controls PRT_PWR 1 and so on.
“1" = Enables the pull-down resistor on the PRT_PWR[N] pad.

0 Reserved R/W Reserved

5.6.17 PORT POWER DIRECTION REGISTER
TABLE 5-34: PORT POWER DIRECTION REGISTER

PRT_PWR_DIR . . .
(0x0932) Port Power Direction Register
Bit Name R/W Description

7:1 PRT_PWR_D[7:1] | RW | PRT_PWR(7:1] Direction: 0 = In, 1 = Out.

0 Reserved R/W Reserved

5.6.18 PORT POWER OUTPUT REGISTER
TABLE 5-35: PORT POWER OUTPUT REGISTER

PRT_PWR_OUT

(0x0936) Port Power Output Register

Bit Name R/W Description

71 PRT_PWR_O[7:1] R/W PRT_PWR[7:1] Output Buffer Data.

0 Reserved R/W Reserved

5.6.19 PORT POWER INPUT REGISTER
TABLE 5-36: PORT POWER INPUT REGISTER

PR(E}EX\;ISYIN Port Power Input Register
Bit Name R/W Description
7:1 PRT_PWRJ[7:1] R PRT[7:1] Input Buffer Data.
0 Reserved R Reserved
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5.6.20

PORT POWER PULL-UP RESISTOR REGISTER

TABLE 5-37: PORT POWER PULL-UP RESISTOR REGISTER

PRT_PWR_PU
(OX093E) Port Power PULL UP REGISTER
BIT NAME R/W DESCRIPTION
7:1 PRT_PWR_PU[7:1] | RIW “0” = Disables the pull-up resistor on the PRT_PWR[N] pad. Where N is
the bit being controlled. Bit 1 controls PRT_PWR 1 and so on.
“1" = Enables the pull-up resistor on the PIO pad.
0 Reserved R Reserved
5.6.21 PORT 1 POWER SELECT REGISTER
The bits in this register are configured via a configuration file. Users must not change the values of these settings
dynamically.

TABLE 5-38: PORT 1 POWER SELECT REGISTER

PRT_PWR_SEL1
(0X3C00) Port 1 Power Select
Bit Name R/W Description
7 COMBINED_MODE | R/W 0 - The Port Power and over-current sense use separate pins.
1 - The Port Power and over-current sense use the same pins.
6 Reserved R Reserved
5 DISABLED R/W When set this disables the port. Used to inform the hub a port is
permanently disabled.
4 NR_DEVICE R/W When set indicates this port has a permanently attached device.
3:0 PRT_SEL R/W This selects the source for the port power for portl
0000b - Port Power is disabled for this Port.
0001b - Port is on if USB2 port power is on
0010b - Port is on if USB3 port power is on
0011b - Port is on if USB2 or USB3 port power is on
0100b - Port is on if designated GPIO is on
All other values are reserved.
Note:  The port disable, port non-removable and combined mode bits must be set through a configuration file to
ensure functionality when the part enumerates.
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5.6.22 PORT 2 POWER SELECT REGISTER

The bits in this register are configured via a configuration file. Users must not change the values of these settings
dynamically.

TABLE 5-39: PORT 2 POWER SELECT REGISTER

PRT_PWR_SEL2
(0x3C04) Port 2 Power Select
Bit Name R/W Description

7 COMBINED_MODE | R/W 0 - The Port Power and over-current sense use separate pins.
1 - The Port Power and over-current sense use the same pins.

6 Reserved R Reserved

5 DISABLED R/W When set this disables the port. Used to inform the hub a port is
permanently disabled.

4 NR_DEVICE R/W When set indicates this port has a permanently attached device.

3:0 PRT_SEL R/W This selects the source for the port power for portl
0000b - Port Power is disabled for this Port.
0001b - Port is on if USB2 port power is on
0010b - Port is on if USB3 port power is on
0011b - Port is on if USB2 or USB3 port power is on
0100b - Port is on if designated GPIO is on
All other values are reserved.

Note:  The port disable, port non-removable and combined mode bits must be set through a configuration file to
ensure functionality when the part enumerates.

5.6.23 PORT 1 OCS SELECT REGISTER

The bits in this register are configured via a configuration file. Users must not change the values of these settings
dynamically.

TABLE 5-40: PORT 1 OCS SELECT REGISTER

OCS_CFG_SEL1 Port 1 OCS Select

(0x3C20)
Bit Name R/W Description
74 Reserved R/W Reserved.
3:0 OCS_SEL R/W This selects the source for the port power for portl

0000b - The port is disabled

0001b - OCS comes from OCS pin
0010b - OCS comes from GPIO
1111b - OCS is force on (for testing)
All other values are reserved.
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5.6.24 PORT 2 OCS SELECT REGISTER

The bits in this register are configured via a configuration file. Users must not change the values of these settings
dynamically.

TABLE 5-41: PORT 2 OCS SELECT REGISTER

OCSEB(;ggz—f)ELZ Port 2 OCS Select
Bit Name R/W Description
74 Reserved R/W Reserved.
3.0 OCS_SEL R/W This selects the source for the port power for portl

0000b - The port is disabled

0001b - OCS comes from OCS pin
0010b - OCS comes from GPIO
1111b - OCS is force on (for testing)
All other values are reserved.

5.6.25 CHARGING DOWNSTREAM DETECTED REGISTER
TABLE 5-42: CHARGING DOWNSTREAM DETECTED REGISTER

CDP_DETECT .
(0x5246) Charging Downstream Detected
Bit Name R/W Description

7:2 Reserved R/W Reserved

1 P2_CDP R/W 0 = No CDP handshake detected.
1 = Charging Downstream Port handshake detected prior to
enumeration.

0 P1 CDP R/W 0 = No CDP handshake detected.
1 = Charging Downstream Port handshake detected prior to
enumeration.

5.6.26 OCS GANG CONTROL REGISTER
TABLE 5-43: OCS GANG CONTROL REGISTER

OCS_GANG
(0X525A) OCS Gang Control
Bit Name R/W Description

7:3 Reserved R/W Reserved

2 P2_OCS_GANG R/W Setting this bit to 1 will cause this ports OCS status to be ganged to the
selected pin.

1 P1 _OCS_GANG R/W Setting this bit to 1 will cause this ports OCS status to be ganged to the
selected pin.

0 Reserved R/W Reserved
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5.6.27 OCS GANG SIGNAL SELECT REGISTER
TABLE 5-44: OCS GANG SIGNAL SELECT REGISTER
OCS_GANG_GPIO
(0x525B) OCS Gang Control
Bit Name R/W Description
7:6 RESERVED R/W Reserved
5:0 GANGED_OCS_ R/W Only the following configurations are valid settings:
SIGNAL 0=TRST
1=0Cs1
3=0CSs2
4 = SPI_CLK
5=SPI_DO
6 = OCS3
7=0CSs4
8 = PRTCTL1
9 = PRTCTL2
15=SM_CLK
5.6.28 USB UPSTREAM BOOST REGISTER
TABLE 5-45: USB UPSTREAM BOOST REGISTER
HS_UP_BOOST .
(OX60CA) USB Upstream Boost Register
Bit Name R/W Description
7:3 Reserved R/W Reserved
2:0 HS_BOOST R/W HS Output Current.

3'b000:
3'b001:
3'bo10:
3'b011:
3'b100:
3'b101:
3'b110:
3'b111:

Nominal
Decrease by 5%
Increase by 10%
Increase by 5%
Increase by 20%
Increase by 15%
Increase by 30%
Increase by 25%
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5.6.29 USB UPSTREAM VARISENSE REGISTER
TABLE 5-46: USB UPSTREAM VARISENSE REGISTER

PHY_UP_SENSE USB Upstream Varisense Register

(0x60CC)
Bit Name R/W Description
7:3 Reserved R Reserved

2:0 HS_SQ_TUNE[2:0] R/W Squelch Tune

3’b000: Nominal 100mV Trip Point
3'b001: Decrease by 12.5mV
3'b010: Decrease by 25mV
3'b011: Decrease by 37.5mV
3'b100: Decrease by 50mV
3'b101: Decrease by 62.5mV
3’b110: Increase by 25mV

3’b111: Increase by 12.5mV

5.6.30 USB3 UPSTREAM LINK STATE REGISTER
TABLE 5-47: USB3 UPSTREAM LINK STATE REGISTER

Sszész—lig;“TE USB3 Upstream Link State
Bit Name R/W Description
74 LINK_STATE R Refer to Table 5-54, "USB 3.0 Link States" for more details.
3 Reserved R Reserved
2:0 LINK_SUB_STATE | R Refer to Table 5-54, "USB 3.0 Link States" for more details.

5.6.31 USB PORT 1 BOOST REGISTER
TABLE 5-48: USB PORT 1 BOOST REGISTER

Hszgxl&ia())s-r USB Port 1 Boost Register
Bit Name R/W Description
7:3 Reserved R/W Reserved
2:0 HS_BOOST R/W HS Output Current.

3'b000: Nominal

3'b001: Decrease by 5%
3’b010: Increase by 10%
3’b011: Increase by 5%
3’b100: Increase by 20%
3'b101: Increase by 15%
3'b110: Increase by 30%
3’b111: Increase by 25%
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5.6.32 USB PORT 1 VARISENSE REGISTER
TABLE 5-49: USB PORT 1 VARISENSE REGISTER

PHY_P1_SENSE USB Port 1 Varisense Register

(0x64CC)
Bit Name R/W Description
7:3 Reserved R Reserved

2:0 HS_SQ_TUNE[2:0] R/W Squelch Tune

3’b000: Nominal 100mV Trip Point
3'b001: Decrease by 12.5mV
3'b010: Decrease by 25mV
3'b011: Decrease by 37.5mV
3'b100: Decrease by 50mV
3'b101: Decrease by 62.5mV
3’b110: Increase by 25mV

3'b111: Increase by 12.5mV

5.6.33 USB3 PORT 1 LINK STATE
TABLE 5-50: USB3 PORT 1 LINK STATE

SS(—OF;(%—SSCB?TE USB3 Portl Link State
Bit Name R/W Description
74 LINK_STATE R Refer to Table 5-54, "USB 3.0 Link States" for more details.
3 Reserved R Reserved
2:0 LINK_SUB_STATE | R Refer to Table 5-54, "USB 3.0 Link States" for more details.

5.6.34 USB PORT 2 BOOST REGISTER
TABLE 5-51: USB PORT 2 BOOST REGISTER

Hszgf&ia())s-r USB Port 2 Boost Register
Bit Name R/W Description
7:3 Reserved R/W Reserved
2:0 HS_BOOST R/W HS Output Current.

3'b000: Nominal

3'b001: Decrease by 5%
3’b010: Increase by 10%
3’b011: Increase by 5%
3’b100: Increase by 20%
3'b101: Increase by 15%
3'b110: Increase by 30%
3’b111: Increase by 25%

© 2012 - 2015 Microchip Technology Inc. DS00001679C-page 50



USB5532B

5.6.35 USB PORT 2 VARISENSE REGISTER
TABLE 5-52: USB PORT 2 VARISENSE REGISTER
PHY_P2_SENSE . .
(0x68CC) USB Port 2 Varisense Register
Bit Name R/W Description
7:3 Reserved R Reserved
2:0 HS_SQ_TUNE[2:0] R/W Squelch Tune
3’b000: Nominal 100mV Trip Point
3'b001: Decrease by 12.5mV
3'b010: Decrease by 25mV
3'b011: Decrease by 37.5mV
3'b100: Decrease by 50mV
3'b101: Decrease by 62.5mV
3’b110: Increase by 25mV
3’b111: Increase by 12.5mV
5.6.36 USB3 PORT 2 LINK STATE
TABLE 5-53: USB3 PORT 2 LINK STATE
SS_P2_STATE .
(0X69C0) USB3 Port 2 Link State
Bit Name R/W Description
74 LINK_STATE R Refer to Table 5-54, "USB 3.0 Link States" for more details.
3 Reserved R Reserved
2:0 LINK_SUB_STATE | R Refer to Table 5-54, "USB 3.0 Link States" for more details.
TABLE 5-54: USB 3.0 LINK STATES
NUM Link State
00h uo
01lh Ul
02h u2
03h u3
04h SIS.Disabled
05h RX.Detect
06h SS.Inactive
07h Polling
08h Recovery
09h Hot Reset
0Ah Compliance
0Bh Loopback
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6.0 DCPARAMETERS
6.1 Maximum Ratings
Parameter Symbol MIN MAX Units Comments
Storage Temperature Ta -55 150 °C
Lead Temperature °C Refer to JEDEC Specification J-STD-
020D.
1.25 V supply voltage |Vppio -0.5 1.6 \Y
3.3 V supply voltage Vpp33 -0.5 4.0 \Y
Voltage on USB+ and -0.5 (3.3 V supply \%
USB- pins voltage + 2) < 6
Voltage on any signal -0.5 Vppaz + 0.3 \Y
powered by VDD33
rail
Voltage on any signal -0.5 vVDD12 + 0.3 \%
pin powered by the
VDD12
HBM ESD 2 kv
Performance
Power Consumption 14 W

Note 1. Stresses above the specified parameters could cause permanent damage to the device. This is a stress rat-
ing only. Therefore, functional operation of the device at any condition above those indicated in the operation
sections of this specification are not implied.

2: When powering this device from laboratory or system power supplies, it is important that the absolute max-
imum ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes on
their outputs when the AC power is switched on or off. In addition, voltage transients on the AC power line
may appear on the DC output. When this possibility exists, it is suggested that a clamp circuit be used.

6.2 Operating Conditions
Parameter Symbol MIN MAX Units Comments

USB5532B Operating | Tp 0 70 °C

Temperature

Die Temperature T; 115 °C

1.25 V supply voltage |Vppi2 1.22 131 \%

3.3 V supply voltage Vpp33 3.0 3.6 \Y

1.25 V supply rise time |ty 0 400 us (Table 6-1)

3.3 V supply rise time |tgT 0 400 us (Table 6-1)

Voltage on -0.3 55 \% If any 3.3 V supply voltage drops

USB+ and USB- pins below 3.0 V, then the MAX
becomes:
(3.3 V supply voltage) + 0.5<5.5

Voltage on any signal -0.3 Vbp33 \Y

powered by VDD33 rail

© 2012 - 2015 Microchip Technology Inc.
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TABLE 6-1: SUPPLY RISE TIME MODEL

Voltage

VDD33 )

VDD12

VSS

6.3 Power Consumption

This section details the power consumption of the device as measured during various modes of operation. All typical
measurements were taken with power supplies at nominal values (VDD12 = 1.25V, VDD33 = 3.3 V).

Typical
Supply Current (mA) Typical Power (mW)
VDD33 VDD12
Reset 0.2 5.0 6.9
No VBUS 5.6 25.0 49.7
Global Suspend (Note 6-1) 1.1 8.3 14.0
2 FS Ports 23 70 162
2 HS Ports 43 75 236
2 SS Ports 17 813 1072
2 SS/HS Ports 50 873 1256

Note 6-1 The Global Suspend typical supply current and power are stated for device version -6080. Version -
5000 has a typical supply current of 9 mA for VDD33, 29 mA for VDD12, and 66 mW of total power

consumption.
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6.4 DC Electrical Characteristics

TABLE 6-2: DC ELECTRICAL CHARACTERISTICS
Parameter Symbol MIN TYP MAX Units Comments
IS Type Input Buffer
Low Input Level ViL 0.8 \Y TTL Levels
High Input Level Vi 2.0 \
Hysteresis (IS only) Vhysi 420 mV
I, IPU, IPD Type Input Buffer
Low Input Level VL 0.8 \Y TTL Levels
High Input Level Vihi 2.0 \%
Pull Down PD 72 pA Viy=0
Pull Up PU 58 pA V|y = VDD33
ICLK Input Buffer
Low Input Level ViLck 0.3 \%
High Input Level ViHck 0.8 \Y,
Input Leakage I -10 +10 pA V|y = 0 to VDD33
Input Leakage
(All I and IS buffers)
Low Input Leakage I -10 +10 pA ViNn=0
High Input Leakage Iy -10 +10 pA | VN = VDD33
012 Type Buffer
Low Output Level VoL 0.4 \Y, loo=12mA @
VDD33 = 3.3V
High Output Level Vo Vbp33 \ loy =-12mA @
04 VDD33 = 3.3V
Output Leakage loL -10 +10 pA |V y =0 to VDD33
(Note 6-2)
/012, I/012PU & 1/012PD
Type Buffer
Low Output Level VoL 0.4 \Y lor =12mA @
VDD33 = 3.3V
High Output Level VoH Vpp33 \Y lop =-12mA @
-0.4 VDD33 = 3.3V
Output Leakage loL -10 +10 A VN = 0 to VDD33
(Note 6-2)
Pull Down PD 72 pA
Pull Up PU 58 pA
10-U
(Note 6-3)
Note 6-2 Output leakage is measured with the current pins in high impedance.
Note 6-3 See USB 2.0 Specification 1. for USB DC electrical characteristics.
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6.5 Capacitance

TABLE 6-3: PIN CAPACITANCE

Limits
Parameter Symbol MIN | TYP | MAX | Unit Test Condition
Clock Input Capacitance CxtaL 2 pF [ All pins except USB pins and the pins
under the test tied to AC ground
Input Capacitance CiN 5 pF
Output Capacitance Cout 10 pF

Note 6-4 Capacitance Ty = 25°C; fc = 1 MHz; VDD33 = 3.3V

6.5.1 PACKAGE THERMAL SPECIFICATIONS

Thermal parameters are measured or estimated for devices with the exposed pad soldered to thermal vias in a multi-
layer 2S2P PCB per JESD51. Thermal resistance is measured from the die to the ambient air. The values provided are
based on the package body, die size, maximum power consumption, 70°C ambient temperature, and 125°C junction

temperature of the die.

Svmbol USB5532B VELOCITY
y CIW) (Meter/s)
O 23.0 0
7. 0.1 0
O5c 1.4 0

Use the following formulas to calculate the junction temperature:

TI=Px®JA+TA
TI=PXWYIT+TT
TI=Px@®JC+TC

Symbol Description
T, Junction temperature
P Power dissipated
Oja Junction-to-ambient-temperature
O;c Junction-to-top-of-package
Y7 Junction-to-bottom-of-case
Ta Ambient temperature
Te Temperature of the bottom of the case
Tr Temperature of the top of the case
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7.0 AC SPECIFICATIONS

7.1 Oscillator/Crystal

Crystal: Parallel resonant, fundamental mode, 25 MHz +30 ppm

External Clock: 50% duty cycle + 10%, 25 MHz + 30 ppm, jitter < 100 ps rms

FIGURE 7-1: TYPICAL CRYSTAL CIRCUIT
XTAL1
(Cs1=Cg1 + CxraL1)
Cy
p— r— _i
— — Crystal | c,
L Gl
L — _¥
c, |
XTAL2
(Cs2=Cg2 + CxraL2)
TABLE 7-1: CRYSTAL CIRCUIT LEGEND
Symbol Description In Accordance With
Co Crystal shunt capacitance o
- Crystal manufacturer’s specification (Note 7-1)
C. Crystal load capacitance
Cg Total board or trace capacitance OEM board design
Cs Stray capacitance Microchip IC and OEM board design
Cx1aL XTAL pin input capacitance Microchip IC
Cy Load capacitors installed on OEM )
c board Calculated values based on Figure 7-2 (Note 7-2)
2
FIGURE 7-2: FORMULA TO FIND THE VALUE OF C; AND C,
C1: 2 X (CL—C()) — Cs]_
C=2x(CL—-Cp) —Cs
Note 7-1 Cp is usually included (subtracted by the crystal manufacturer) in the specification for C, and should
be set to O for use in the calculation of the capacitance formulas in Figure 7-2. However, the PCB
itself may present a parasitic capacitance between XTALIN and XTALOUT. For an accurate
calculation of C; and C,, take the parasitic capacitance between traces XTALIN and XTALOUT into
account.
Note 7-2 Consult crystal manufacturer documentation for recommended capacitance values.
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7.2 External Clock
50% duty cycle + 10%, 25 MHz + 30 ppm, jitter < 100 ps rms.

Note:  The external clock is based upon 1.2 V CMOS Logic. XTALOUT should be treated as a no connect when
an external clock is supplied.

7.2.1 SMBUS CLOCK

The maximum frequency allowed on the SMBus clock line is 100 kHz.

7.2.2 USB 2.0

bit The Microchip hub conforms to all voltage, power, and timing characteristics and specifications as set forth in the
USB 2.0 Specification 1.

7.3 SPI Timing

FIGURE 7-3: SPI TIMING
‘FTCEHA‘
SPI_CEN \ / \
471-]:(:4»
SPI_CLK
%TCLQH — ‘«TDH
Input Dat
SPI_DI o alid ><
TOH_>‘
Output Data Output Dat
SPI_DO Valid i
TABLE 7-2: SPI TIMING OPERATION
Name Parameter MIN MAX Unit

Tec Clock Frequency 60 MHz
TcEH Chip Enable High Time 50 ns
Tclo Clock to Input Data 9 ns
TpH Input Data Hold Time 0 ns
Tos Output Set up Time 5 ns
Ton Output Hold Time 5 ns
Tov Clock to Output Valid 4 ns
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7.4 SMBus Timing

The SMBus slave interface complies with the SMBus Specification Revision 1.0. See Section 2.1, AC Specifications on
page 3 for more information.

FIGURE 7-4: SMBUS SLAVE TIMING DIAGRAM
SM_DATA / >< \___/ /__j i \ /
>
taur ttow 1tr te
-+ 1+ thp;sTA
SM_CLK S |

tip:sta thopar  thicH  Tsupat  tsussta tsu;sto

TABLE 7-3: SMBUS SLAVE TIMING MODES

Symbol Parameter MIN MAX Unit
fscL SM_CLK clock frequency 0 100 KHz
tHD:sTA Hold time START condition 4 - ps
tLow LOW period of the SM_CLK clock 4.7 - us
tHigH HIGH period of the SM_CLK clock 4 - us
tsu:sTA Set-up time for a repeat