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1. General Description

RTS5411S is an advanced USB3.1 4-port HUB controller, which integrates USB3.1 and USB2.0 Transceivers,
MCU, SIE, regulator and charger circuits into a single chip. That could dramatically reduce the system BOM
cost. With high compatibility, RTS5411S is fully backward compatible to USB2.0 and USB1.1 specification
which can be operated in Super-Speed, High-Speed, Full-Speed and Low-Speed.

RTS5411S provides the battery charging function for each downstream port. Besides complies with USB
Battery Charging specification rev1.2, RTS5411S also provides charging function for various portable devices.
Not only downstream ports can be used as charger, RTS5411S’s upstream port also supports two special
functions regarding the BC1.2 specification. The first one charger function of RTS5411S’s upstream port is
called “ACA-dock” mode. When a device which complies with ACA-dock of the BC1.2 specification is put into
an ACA-Dock, it would act as a host to various USB peripherals, such as a hub, keyboard, mouse, printer, etc.
However, while in ACA-dock, the device should also be able to charge at the same time. The second charger
function of the RTS5411S’s upstream port is called “charger detection” function. RTS5411S can recognize the
BC1.2 charger mode which attached to the upstream port, including CDP, DCP and SDP. RTS5411S

supports an auto detection-switch mechanism to charge portable device in suitable mode.

RTS5411S can update its firmware with an external SPI flash through flexible ISP channel. With the ISP
function, it can configure lots of features and settings by the external SPI flash. The ISP function is easy to

complete with just one USB cable and RTS5411S’s download tool.

The features and settings of RTS5411S can also be configured by the SMBUS interface or internal eFuse.

RTS5411S has various interfaces to communicate with other components, such as GPIO, 12C, SMBUS. It's

flexible for extending varieties of applications by using these interfaces.

Moreover, RTS5411S supports a special power saving function named delink mode.

It can save more power for the system when there is no device connected to the hub even though the

upstream port of the RTS5411S is attached to the downstream port of the behind host or hub.

Realtek Semiconductor Corp. 5 V0.9
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2. Features

B Compliant with Universal Serial Bus 3.1 Specification Revision 1.0
- 4 downstream ports for super-speed, high-speed, full-speed and low-speed traffic.
- Backward compatible with USB specification Revision 2.0, 1.1 and 1.0.
B MTT(Multiple Transaction Translator)
- One TT for each downstream port.
- Better data throughput when multiple downstream ports act on FS concurrently.
B Support SMBUS to customize configurations
- SMBUS address is configurable by external SPI Flash or internal eFuse.
B Support I2C to configure other chips on the same platform.

B Compliant with USB Battery Charging Specification Revision 1.2 and other portable devices

DCP Mode of BC 1.2.
- CDP Mode of BC 1.2.
- ACA-Dock functions of BC 1.2.
- Charger detection functions for upstream port’s charger which complies with BC1.2.
- D+/D- Divider Modes 2.0V/2.7V, 2.7/2.0V and 2.7/2.7V.
- D+/D- 1.2V Mode.
B The Up Stream Port of the RTS5411S can detect the DSP it is connected to is a SDP, CDP, or DCP.
When the RTS54118S is connected to a charging port, it is allowed to draw more current from the DSP.
B Support Gang mode and Individual mode for downstream port.
B Support USB2.0 LPM-L1 function
B Support USB3.1 U1/U2/U3 power saving mode
B Integrated Fast 8051 microprocessor
B Support one HID device
B Support one BillBoard device
B Support Pending HP timer, PM timers, U1/U2/LFPS exit latency which are defined in the USB3.2 spec.
B Support 12MHz Crystal clock
B Integrated 3.3V output LDO inside, the input range supports from 4.5V to 5.5V
B Integrated 1.2V output switching regulator, the input range supports from 3.1V to 5.5V.

B Support LED control function of indicating Downstream Ports transfer activity and over-current

Realtek Semiconductor Corp. 6 V0.9
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condition.

B 76-pin QFN (9 x9 mm) package
B Support Efuse to configure functions or configurations such as non-removable port, gang mode, etc.
B Support the “Delink” function for extreme power saving

- If there is no any device attached to the RTS5411S’s downstream ports, the RTS5411S will disconnect

itself from the downstream port of the host or another hub controller for further power saving.

The connection of the upstream port will be established automatically once there is any device

attached to its downstream ports.

Realtek Semiconductor Corp. 7 V0.9
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3. Block Diagram

DS port DS Port SPI
Over-current power Upstream Port
flag enable FLASH
5V 33V 5V/33V 1.2V SPI
: Super Speed | USB2.0 Cache
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4. Pin Information

4.1 Pin Assignment
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USP_SSTX+

GND
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USP_SSRX+
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DSP1_SSTX-
OCP1
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DSP1_DP
DSP1_DM
DV33
XTLI
XTLO
SPWR_DET

The version number is shown in the location marked ‘VV’ and G means Green Package
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DSP3_SSRX-
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DSP4 SSTX+
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DV33

DSP3 DM
DSP3_DP
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4.2 Pin Descriptions

Pin Name Pin No. o Description
Type
Power supply
DV33 4,22,48,73 Power | 3.3V power supply for digital circuits
DV12 3,49,50 Power | 1.2V power supply for digital circuits
AV12 7,13,19,25,31, 1.2V power supply for analog circuits
58,64,70 Power
LDO V5 IN 54 Power 5V to 3.3V LDO input.
Short this pin to DV33, when on-chip LDO is not used.
V33 _OUT 55 3.3V output (from internal 5V to 3.3V Low Dropout
Power | Regulator)
Short this pin to DV33, when on-chip LDO is not used.
SWR_V5_IN 53 5V to 1.2V SWR input
Power | Connect this pin to LDO_V5_IN if internal switching
regulator isn’t used.
SWR_GND 51 GND | Reference GND for 1.2V SWR
SWR_OUT 52 5V to 1.2V SWR output
Power | Left this pin floating if internal switching regulator isn’t
used.
GND 61 GND Reference ground
E-PAD - GND The bottom of the package has a thermal pad. The pad
shall be connected to the reference ground
Analog Interface
RREF 1 | Connect an external resistor (6.2K £1%) to the Reference
GND
System Clock
XTLI 74 I 12Mhz Crystal input.
XTLO 75 (0] 12Mhz Crystal output.
LED Control Pins
GPIOO/SMBCL, 32,34,36,38 General Purpose I/0. Now used for LED application to
GPIO2/SCL, indicate Downstream Ports transmit and receive activity.
GPI104,GPIO6 The LEDs will on when there is a device connected to the
/O corresponding port and not in suspend.
These pins have weak internal pull up resistances. Left
these pins floating when unused.
The GPIOO0 can be configured as a SMBus clock pin
The GPIO2 can be configured as a 12C clock pin
GPIO1/SMBDA, 33,35,37,39 General Purpose I/0. Now used for LED application to
GPIO3/SDA, indicate Downstream Ports over-current condition. The
GPIO5,GPIO7 LEDs will on when over-current condition is detected.
1/0 These pins have weak internal pull up resistances. Left

these pins floating when unused.
The GPIO1 can be configured as a SMBus data pin
The GPIO3 can be configured as a 12C data pin

Realtek Semiconductor Corp.
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Pin Descriptions (continued)

Pin Name

Pin No.

/10
Type

Description

USB Port Control Pins

DSP1_PWR,
DSP2_PWR,
DSP3_PWR,
DSP4_PWR

40,41,42,43

External power switch enable pin for corresponding
downstream port. Active low(").

Left these pins floating when unused.

0: Power supply for VBUS is on.

1: Power supply for VBUS is off.

OCP1,0CP2,
OCP3,0CP4

67,10,16,28

Over Current Protection flag for corresponding
downstream port .Active low(.

These pins have internal pull up resistors. Left these
pins as floating if OCP function of these pins are unused
and the ‘power switch’ mode is selected. The external
pull-up resistors shall be connected to these pins if the
‘non power switch’ mode is selected and the OCP
function of these pins are unused.

0: Over-current condition is detected.

1:Non over-current condition is detected.

BPWR_DET

Upstream VBUS power detection pin. Active High.
0: Upstream VBUS power is absent.
1: Upstream VBUS power exists.

SPWR_DET

76

Self Power Detection pin. Active High.
0: Bus-power setting
1: Self-power setting

SPI

Interface

SCK

44

I/0

This is 1/0 bi-direction. Now used as clock output for
Serial Flash memory

SCS

45

I/0

This is 1/0 bi-direction. Now used as output chip select
for Serial Flash memory

Upon power on reset this pin is also used for pin strap
option to perform code execution from internal ROM or
external SPI ROM.

0:Execute codes from internal ROM .

1:Execute codes from Serial Flash.

MISO

46

I/0

This is 1/0 bi-direction. Now used as data input from
Serial Flash memory

MOSI

47

I/0

This is I/0 bi-direction. Now used as data output to
Serial Flash memory

(1) Active low by default. It can be configured to be active high by firmware through executing external codes.

Realtek Semiconductor Corp.
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Pin Descriptions (continued)

/10

Pin Name Pin No. Description
Type
USB3.1 Interface
USP_SSTX+ 60 (0] USB3.1 SuperSpeed TX+ of Upstream Port
DSP1_SSTX+, 65,8,14,26 USB3.1 SuperSpeed TX+ of Downstream Ports
DSP2_SSTX+,
DSP3_SSTX+, O
DSP4 SSTX+
USP_SSTX- 59 (o) USB3.1 SuperSpeed TX- of Upstream Port
DSP1_SSTX-, 66,9,15,27 USB3.1 SuperSpeed TX- of Downstream Ports
DSP2_SSTX-,
DSP3_SSTX-, O
DSP4_SSTX-
USP_SSRX+ 63 I USB3.1 SuperSpeed RX+ of Upstream Port
DSP1_SSRX+, 68,11,17,29 USB3.1 SuperSpeed RX+ of Downstream Ports
DSP2_SSRX+,
DSP3_SSRX+, '
DSP4_SSRX+
USP_SSRX- 62 I USB3.1 SuperSpeed RX- of Upstream Port
DSP1_SSRX-, 69,12,18,30 USB3.1 SuperSpeed RX- of Downstream Ports
DSP2_SSRX-,
DSP3_SSRX-, '
DSP4_SSRX-
USB2.0 Interface
USP_DP 56 110 USB2.0 D+ signal of Upstream Port
DSP1_DP, 71,5,20,23 USB2.0 D+ signal of Downstream Ports
DSP2_DP,
DSP3_DP, /0
DSP4_DP
USP_DM 57 110 USB2.0 D- signal of Upstream Port
DSP1_DM, 72,6,21,24 USB2.0 D- signal of Downstream Ports
DSP2_DM,
DSP3_DM, /0
DSP4_DM

Realtek Semiconductor Corp.
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4.3 Buffer list

5V input buffer with internal 10K pull-up resistor
OCP[4:1]1®

Open drain output buffer

DSP_PWR [4:1]1™

3.3V bi-directional buffer

SCK.SCS, MISO, MOSI

3.3V bi-directional buffer with internal 200K pull-up resistor
GPIO[7:0]

5V input buffer

BPWR_DET, SPWR_DET

3.3V clock interface

XTLI, XTLO

USB2.0 interface

DSP_DP [4:1], USP_DP, DSP_DM [4:1], USP_DM
USB3.1 interface

DSP_SSTX+[4:1], DSP_SSTX- [4:1], DSP_SSRX+[4:1], DSP_SSRX-[4:1],
USP_SSTX+,USP_SSTX-,USP_SSRX+, USP_SSRX-
LDO interface

LDO_V5_IN, V33_OUT

Switching Regulator interface

SWR_V5_IN, SWR_OUT

(1) Use open drain output buffer by default when configured as active low. If configured as active high by
F/W, it will use the 3.3V output buffer instead.

(2) The pull-up resistors are only valid when the ‘power switch’ mode is selected.

Realtek Semiconductor Corp. 13 V0.9
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5. Electrical Characteristics

5.1 Absolute Maximum Ratings

Parameter Symbol Condition Rating Units
Power supply voltage Vsin 5.5 \Y
Vavi2,Voviz -02to1.4 \Y
Vbvss -0.5 to 4.1 v
Input voltage(" \ 3V buffer 0.5 to Voyss+0.5 vV
5V buffer
Open drain buffer 0510 +6 v
Output voltage®® Vo -0.5 to Vbov33+0.5 \Y
Output current ©) lo 4mA Type ¢ 6 mA
8mA Type ¥ 12 mA
Storage temperature Tstg -20 to +80 °C
Latch up Current +400 mA
Electrostatic Discharge Voltage n
(HBM) =5 KV

(1) This parameter indicates voltage exceeding which damage or reduced reliability will occur when power

is applied to an input pin.

(2) This Parameter indicates voltage exceeding which damage or reduced reliability will occur when power

is applied to an output pin.

(3) This parameter indicates absolute tolerance values for DC current to prevent damage or reduced

reliability when current flows out of or into output pin.

(4) The output driving strength of all output is 4mA by default, which can be configured as 8mA by firmware

through executing external codes.

5.2 Recommended Operating Ranges

Parameter Symbol Condition Min. Typ. Max. Units
Power supply voltage Vsin 445 5 595 v
Active 1.08 1.2 1.32 v
Vaviz,Voviz Disconnect / Suspend 1.0 1.08 1.32 \Vi
Vbvss 2.97 3.3 3.63 \Y,
Available current of 3.3V power Vsin=5V 1 A
supply for external circuits(" 50 m
Operating ambient temperature | Ta 0 +70 °C
Absolute maximum junction Ty 0 +125 °C
temperature
Surface Temperature of body Tc PCB Layer:4L 0 +87.95 °C
PCB Layer:2L 0 +93.47 °C
(1) Load current of external circuits shouldn’t exceed the max value when using on-chip LDO. It is
recommended that the external circuits are limited to SPI Flash and LEDs
Realtek Semiconductor Corp. 14 V0.9



X2 REALTEK RTS54115

5.3 DC Characteristics

5.3.1 DC Characteristics except USB differential signals
The following specifications apply when power supply voltages are within the recommended
operating ranges in section 6.2.

Parameter Symbol Conditions Min. Max. Units
Input leakage current(" Iy 3V buffer,
Vi=Vouss or GND -0.5 +0.5 HA
5V buffer,
Vi=Vsiy or GND -30 +30 HA
Input High Voltage ViH 3V buffer, 2 Y/
5V buffer 3.16 \%
Input Low Voltage ViL 3V buffer 0.8 V
5V buffer 0.8 \Y
Output High Voltage Von 0.9Vpvas \%
Output Low Voltage VoL 0.1Vpvas \Y,
TRI-STATE Output Leakage loz 3.3V buffer,
Current® Vo= Vpvsz or GND 05 *0.5 WA
Input pin Capacitance Cin 10 pF

(1) This parameter indicates the current that flows through the input pin when power supply voltage is
supplied to it.
(2) This parameter indicates the current that flows through the output pin in tri-stated when the power supply

voltage is applied to it.

5.3.2 USB 2.0 Interface DC Characteristics
RTS5411S conforms to DC characteristics of Universal Serial Bus 2.0 Specification. Refer to the
specification for more information.

5.3.3 USB 3.1 Interface DC Characteristics
RTS5411S conforms to DC characteristics of Universal Serial Bus 3.1 Specification. Refer to the
specification for more information.

5.4 AC Characteristics

5.4.1 System Clock
The following specifications apply when power supply voltages and operating temperature are
within the recommended operating ranges in section 5.2.

Parameter Symbol | Condition Min. Typ. Max. Units

Clock frequency Foik Crystal () -100ppm 12 100ppm MHz

(1) Crystal used shall conform to the frequency ratings in the table over the temperature from 0°C to +70°C.
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5.5 Power Consumption

The following consumption value applies upon the typical condition without on-chip LDO and
Switch Regulator operating. The VDD33 and VDD12 are powered externally.
Ta= 25°C, VDD33(Vbvss)= 3.3 V, VDD12(Vavi2,Vovi2)= 1.2 V.

Device Condition SumﬂyT )é%izzlnt(mA) Typical
Connection Power(mW)
VDD12 VDD33
No Upstream Hub is not connected to host controller. 0.9M 3.9
connection e 2.7 9.8
Suspend Hub is connected to host controller both with
SuperSpeed and High-Speed. SuperSpeed 1.50) 6.2
hub goes into U3 state and USB2.0 hub goes 1.0 3.54) 12.8
into L2 state
4 FS devices Hub is connected to host controller both with
SuperSpeed and High-Speed. Full-Speed 31.0 16.8 92.6
data transfer on the four ports.
4 LS devices Hub is connected to host controller both with
SuperSpeed and High-Speed. Low-Speed 31.0 4.9 53.4
data transfer on the four ports.
4 HS devices Hub is connected to host controller both with
SuperSpeed and High-Speed. High-Speed 99.7 4.3 133.8
data transfer on the four ports.
4 SS devices Hub is connected to host controller both with ) )
SuperSpeed and High-Speed. Super-Speed 118'6(6) 38'8(6) 270.4
data transfer on the four ports.® 442.2 47.2 686.4
2 SS devices Hub is connected to host controller both with ) 5)
SuperSpeed and High-Speed. Super-Speed 76.5 ) 25'4(6) 175.6
data transfer on the two ports.©® 266.6 30.4 420.2
1 SS devices Hub is connected to host controller both with ) 5)
SuperSpeed and High-Speed. Super-Speed 56.4 ) 18'7(6) 129.4
data transfer on one port.©® 181.8 220 290.8
4 SS/HS Hub is connected to host controller both with
devices SuperSpeed and High-Speed. Four 5) 5)
SuperSpeed hubs are connected on all ports ;gg'g(e) %'g@ ?ggi
under SuperSpeed and High-Speed data ' ' '
transfer. ©)

(1) Charging mode is disabled

(2) Charging mode is enabled

(3) CDP function is disabled. The VDD33 power consumption will also decrease by 1mA in SS devices
connection when CDP function is disabled

(4) CDP function is enabled.

(5) The SS devices under test support U1/U2 function. When the SS devices are Idle with little data transfer.
The SuperSpeed hub will keep in U1/U2 power saving status most of the time.

(6) The SS devices under test do not support U1/U2 function. So this is the worst case for SS power

consumption
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The following consumption value applies upon the typical condition with on-chip LDO and Switch

Regulator operating. Only VDDS5 needs to be provided in this 5V mode.
TA= 25°C, VDD5( Vsin) =5 V.

Typical
Device o Supply Typical
Connection Condition Current(mA) Power(mW)
VDD5
No Upstream Hub is not connected to host controller. 2.1M 10.5
connection 4.1@) 20.5
Suspend Hub is connected to host controller both with
SuperSpeed and High-Speed. SuperSpeed 2. 5() 12.5
hub goes into U3 state and USB2.0 hub goes 4.5@ 225

into L2 state

4 FS devices Hub is connected to host controller both with
SuperSpeed and High-Speed. Full-Speed 27.8 139.0
data transfer on the four ports.

4 LS devices Hub is connected to host controller both with
SuperSpeed and High-Speed. Low-Speed 16.9 84.5
data transfer on the four ports.

4 HS devices Hub is connected to host controller both with
SuperSpeed and High-Speed. High-Speed 35.6 178.0
data transfer on the four ports.

4 SS devices Hub is connected to host controller both with 5)
SuperSpeed and High-Speed. Super-Speed 76.4 o 382.0
data transfer on the four ports.(") 182.6© 913.1
2 SS devices Hub is connected to host controller both with )
SuperSpeed and High-Speed. Super-Speed 0.8 o 254.0
data transfer on the two ports.(") 110.6 553.1
1 SS devices Hub is connected to host controller both with )
SuperSpeed and High-Speed. Super-Speed 37.4 o 187.0
data transfer on one port.(") 76.8© 384.0
4 SS/HS Hub is connected to host controller both with
devices SuperSpeed and High-Speed. Four 93.86) 469.0
SuperSpeed hubs are connected on all ports 216’ 66 1083' p
under SuperSpeed and High-Speed data ' '
transfer. ()

(1) Charging mode is disabled

(2) Charging mode is enabled

(3) CDP function is disabled. The VDD33 power consumption will also decrease by 1mA in SS devices
connection when CDP function is disabled

(4) CDP function is enabled.

(5) The SS devices under test support U1/U2 function. When the SS devices are Idle with little data transfer.
The SuperSpeed hub will keep in U1/U2 power saving status most of the time.

(6) The SS devices under test do not support U1/U2 function. So this is the worst case for SS power

consumption
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The following consumption value applies upon the typical condition with on-chip Switch

Regulator operating. Only VDD33 needs to be provided in this 3.3V mode.

TA= 25°C, VDD33(Vovss) = 3.3 V.

Typical
Device . Supply Typical
Connection Condition Current(mA) Power(mW)
VDD33
No Upstream Hub is not connected to host controller. 2.0M 6.6
connection 4.0@ 13.2
Suspend Hub is connected to host controller both with
SuperSpeed and High-Speed. SuperSpeed 2.4(1) 7.9
hub goes into U3 state and USB2.0 hub goes 4.4 14.5
into L2 state
4 FS devices Hub is connected to host controller both with
SuperSpeed and High-Speed. Full-Speed 32.9 108.6
data transfer on the four ports.
4 LS devices Hub is connected to host controller both with
SuperSpeed and High-Speed. Low-Speed 20.3 67.0
data transfer on the four ports.
4 HS devices Hub is connected to host controller both with
SuperSpeed and High-Speed. High-Speed 48.6 160.4
data transfer on the four ports.
4 SS devices Hub is connected to host controller both with 5)
SuperSpeed and High-Speed. Super-Speed 89.4 ) 295.0
data transfer on the four ports.(") 244.8 807.8
2 SS devices Hub is connected to host controller both with )
SuperSpeed and High-Speed. Super-Speed 9.6 ©) 196.7
data transfer on the two ports.(") 146.6 483.8
1 SS devices Hub is connected to host controller both with )
SuperSpeed and High-Speed. Super-Speed 44.5 ©) 146.9
data transfer on one port.(") 101.2 334.0
4 SS/HS Hub is connected to host controller both with
devices SuperSpeed and High-Speed. Four 114.96) 3792
SuperSpeed hubs are connected on all ports 295.2(6) 9749

under SuperSpeed and High-Speed data
transfer. ()

(1) Charging mode is disabled

(2) Charging mode is enabled

(3) CDP function is disabled. The VDD33 power consumption will also decrease by 1mA in SS devices

connection when CDP function is disabled
(4) CDP function is enabled.
(5) The SS devices under test support U1/U2 function. When the SS devices are Idle with little data transfer.

The SuperSpeed hub will keep in U1/U2 power saving status most of the time.

(6) The SS devices under test do not support U1/U2 function. So this is the worst case for SS power

consumption
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5.6 Power On/Off Sequence
When the on-chip LDO and switch regulator are not used, both 1.2V and 3.3V power need to be

provided externally. The power on/off sequence between 1.2V and 3.3V need to be noticed as in Figure
5-1. During power on, it is recommended that the point where both power supplies are stabilized should
be no later than 50ms after the start of the 3.3V rising. During power off, the end of 1.2V falling should be
no later than 350ms after the start of 3.3V falling. Meanwhile, the falling time (0.9Vop to 0.1Vpp) of 3.3V
power should be no less than 50us. During the whole process, the voltage of 3.3V power should be
always above the 1.2V power.

When the 5V to 3.3V LDO is used and 1.2V power is provided externally. The power on/off sequence
between 1.2V and 5V should be as the same as the sequence between 1.2V and 3.3V mentioned
above.

0.9Vpp

<50ms <350ms

Figure 5-1. Power On/Off Sequence when 1.2V and 3.3V are provided externally

When both 5V to 3.3V LDO and 5V to 1.2 switch regulator are used, only 5V power needs to be provided.
During power on, the rising time of 5V should be less than 50ms. During power off, the falling time from
0.9Vpp to 2V should be less than 500ms as in Figure 5-2.

When switch regulator is operated in 3.3V to 1.2V mode, only 3.3V power needs to be provided. The
rising and falling during power on/off should comply with the timing mentioned in adjacent section
above.
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Figure 5-2 Power On/Off Sequence in 5V only mode
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6. SMBus Slave Interface

The SMBus interface of RTS5411S is default disabled by firmware after power reset. To enable the SMBus,

the external SPI flash or internal eFuse related setting is needed.

6.1 Pull-Up Resistor for SMBus
External pull-up resistors (10 kQ recommended) are required on the SM_DAT and SM_CLK pins when

implementing SMBus.

VDD

10K 10k
SCL —| SM_CLK

SDA [¢——|SM_DAT

SMBus

Master RTS5411S

Figure 6-1. SMBus Slave Connection

6.2 SMBus Bus Protocol

There are three Bus Protocols (defined in SMBus Specification Revision 1.0) supported by the SMBus
interface of RTS5411S:

® Receive Byte

® Block Write

® Block Read

These bus protocols are shown in Figure 6-3, Figure 6-4 and Figure 6-5. 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. Not all protocol elements will be present in every command. For instance, not all packets are

required to include the Packet Error Code.

Note: Data bytes are transferred MSB first.
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1 7 1 1 8 :
S | Slave Address | Wr | A Data Byte A|P
X X
S Start Condition
Sr Repeated Start Condition
Rd Read (bit value of 1)
Wr Write (bit value of 0)
X Shown under a field indicates that that
field is required to have the value of ‘X’
A Acknowledge (this bit position may be
‘0" for an ACK or ‘1" for a NACK)
P Stop Condition

PEC Packet Error Code

Master-to-Slave

Slave-to-Master

Continuation of protocol

Figure 6-2. SMBus Bus Protocol

6.2.1 Receive Byte
The Receive Byte is similar to a Send Byte, the only difference being the direction of data transfer. A simple
device may have information that the host needs. It can do so with the Receive Byte protocol. The same
device may accept both Send Byte and Receive Byte protocols. ANACK (a ‘1’ in the ACK bit position)

signifies the end of a read transfer.

1 7 1T 1 8 1 1
S| Slave Address | Rd | A Data Byte A|P

Figure 6-3. Receive Byte
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6.2.2 Block Write/Block Read
The Block Write begins with a slave address followed by a write bit, which is sent by 12C master. After

the command code following the slave address, the I2C master sent a byte count which describes
how many bytes will be transmitted later. For example, there are 20 bytes to be send by 12C master,
the byte count field should be set as 20 (14h) which followed by the 20-byte data. The byte count

does not include the PEC byte. The byte count may not set as zero. A Block Read or Block Write is allowed to

transfer a maximum of 32 data bytes.

1 7 1 1 8 1 8 1 8 1
| S| Slave Address | Wr [A] Command Code [A] ByteCount=N [A] DataByte1 [A]..

8 1 8 1 1
| Data Byte 2 IT|| Data Byte N |A|i|

Figure 6-4. Block Write

A Block Read differs from Block Write in that the repeated START condition exists to satisfy the requirement
for a change in the transfer direction. A NACK immediately preceding the STOP condition signifies the end of

the read transfer.

1 7 1 1 8 11 7 1 8 1
| 5| Slave Address | Wr [ A| Command Code [ A| Sr | Slave Address | Rd [ A | Byte Count=N m

8 1 8 1 8 11
| DataByte1 |A| DataByte2 |A|..| DataByteN |A[P]
1

Figure 6-5. Block Read

6.3 SMBus Transfer Protocol
There are three Transfer Protocols supported by the SMBus interface of the RTS5411S:

® Get Device Status
® Block-out Transfer

® Block-in Transfer

6.3.1 Slave Address
The SMBus slave address of RTS5411S is default set to be 1101010b.
The value of slave address should be written to SLAVE_ADDR register when the initialization process of the

firmware, then HW will automatically compare it with the received slave address.

6.3.2 Get Device Status
A Get Device Status is implemented by Receive Byte, which is used by the master to polling the transfer

status for the addressed device
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1 7 1 1 8 1 1
S Slave Address Rd AlP
(1101010b) (1) (0) | ox00 |NotReady )
0x01 |Ready
0x02 |[Error

Figure 6-6. Get Device Status
6.3.3 Block-out Transfer

A Block-out Transfer is implemented by Block Write and Receive Byte, which is used by the master to

send a block data. The maximum transfer size is 32-byte.

1 7 11 8 1 8
| S I Slave Address |Wr. Command Code . Byte Count

1
(11010100) 0) (D) D <elio 0 mdicates Blockout operation (0) (5~32) [O)]
[A]

HAW should che ck this bit to detemine the following transfer
protocol flow

8
| Address_L

8 8

1
Address_H . Output Byte Cnt

1
(0 0 (1~29) ©
1

8
| Data1

8 1
....................................... | DataN
) (N<=28) (0) FAVwill generate a ",\mwhngm

to FAW when STOP condition

1 7 1
|S| Slave Address  [Rd

{1101010b) [§))

Figure 6-7. Block-out Transfer

6.3.4 Block-in Transfer
A Block-in Transfer is implemented by Block Write, Block Read and Receive Byte, which is used by the

master to receive a block data. The maximum transfer size is 32-byte.

1 7 11 8 1 8 1
| S I Slave Address |Wr. Command Code . Block-out Bytes .
(1101010b) O (@) F auid chec s it dermine e toloningransir 0 “ ©
rotocol flow
8 1” 8 1 8 1
| Block Address L . Block Address H . Data Count
0) 0) (2~32) (0) HwWwill generate a SMBUS_IRQ

to FAWwhen STOP condition

ADY bit in StatusByte ater the completion of wrilten,
tus periodly until READY bit is set or timeout

1 7 1
|s| slaveAddress [Rd

(1101010b) (@)
1 7 11 8 11 7 1
| S | Slave Address |Wr Command Code . Sr| Slave Address |Rd.
(1101010b) (0) (0) Thisvaieshould besstto 080, athervise HW will NACK this byte  (O) ™ ©)

8 1 8 8

1 1 1
~ ©) ©) (N<=31) [

The value should be the same as the value of Data Count in
BlockWrite

Figure 6-8. Block-in Transfer

6.3.5 SMBus Patch Setting Tranfer
A SMBus Patch Setting Transfer is implemented by Block Write, Receive Byte, which is used for the patch

of PHY registers, MAC registers and Vendor Settings. The maximum transfer size of one transfer is 27-byte.
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1 7 11 8 1 8
| S | Slave Address |Wr. Command Code . Byte Count

1
(1101010b) Q) (0) (OxOF) 0) (6~32) E
1 1

8

8 8
| PathType . Address_L . Address_H
©) © ©)

Addr_H should be zero urless the last patch info for vendor setting with Addr_L set as 0x80

Patch Type = 0<00 Patch Vendor Setting

Patch Type = 040 Patch PHY Register

Patch Type = 080 Patch MAC Register

i e
Patch Type = 0<AQ Patch USB MAC Register Addr_H and Addr_L are the address ofthe patched USB MAC registers

8 1 1 8 1
[ outputBytecnt  [iA] Datat A - DataN

0) (0) N<=27)
1 1

1 7 1
S| Slave Address  [Rd
(1107010b) m )

Figure 6-9. SMBus Patch Setting Transfer

6.3.6 Customer Charging Configuration Transfer
A Custormer Charge Configuration Transfer is implemented by Block Write, Receive Byte, which is used
by the customer to configure the charge mode of the hub’s downstream port(s). The maximum transfer size is
11-byte.

The first transaction is Block Write Transaction; the arguments of each field should be set as following:

| Argument Value

Command Code 0x0E

Byte Count 0x05, 0x07, 0x09, 0x11 .
(depended on the number of ports to be configured)

AddressL 0x00

AddressH 0x00
0x02, 0x04, 0x06, 0x08

OutputByteCnt (depended on the number of ports to be configured)
when bit 7 set to one, port number field indicates the specified
customer charge port;

CustomerChargePort when bit 7 set t% zz,ro, port number field is ignored and should be
set to zero

DCP_Mode Detailed setting referred to the following figure

The second transaction is Receive Byte Transaction. When the 12C master completed the Block Write
Transaction, the master should be issues a Receive Byte Transaction to get the status of the previous
Block Write Transaction via received byte. If the received byte is equal to one, it means that the previous
transaction is successful and the customer charge has been configured, if the received byte is equal to zero,
it means that the customer charge is in process, then the 12C master may polling the status periodically until
the received byte is equal to one or timeout specified by the master is occurred; otherwise, there may be an

error during the transfer (detailed error information refers to the following figure).
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1 7 1 1 8 1 8 1
| S | Slave Address |\Nr Command Code . Byte Count .
(1101010b) ) (© (OxOE) 0) (5,7, 90r11) (0)
8 1 8 1 8 1
| Address_L [A] Address_H Output Byte Cnt
(0x00) ) (0x00) 0) (2,4,60r8) (0)
8 1 8 1
Costumerohargeport DCP_Mode .......................................
bit7_| bit[6:3] | bit[2:0] (0) [ oxoo [DcP Mode (0)
Enmis| Reserved(0000b) | Port Number(1~4) | 0x21 | Apple 2.4A Mode
0x11 |Apple 2.1A Mode
0x01 |Apple 1.0A Mode
0x02 | Galaxy Mode
8 1 8 1
CostumerChargePort DCP_Mode
bit7 | bit[6:3] | bit[2:0] (0) | ox00 [DCP Mode (0) HAW will generate a SMBUS_IRQ to FAW when STOP condition
Enis| _Reserved(0000b) | Port Numb er(1~4) | 0x21 | Apple 2.4A Mode

1 7 1
|s| Slave Address |Rd

(1101010b)

™

1

©

ox11

Apple 2.1A Mode

0x01

Apple 1.0A Mode

0x02

Galaxy Mode

0x00

Not Ready

1. FAW responsesSMBUS_IRQ, set READY bit in StatusByte after the completion of written.
2 The resrsemerales GeReveegialus peiody ynll TEARY pi s se ortimeout

(1)

0x01

Ready

0x02

Ermror

0x12

Invalid Argum ent

0x22

Length Overflow

0x32

Local Power or Vbus Lost

0x42

Hub's upstream port is un-configuration

0x52

A device connects to hub's downstream port

0x62

Hub's downsiream port charging is disabled

Figure 6-10. Customer Charging Configuration Transfer

6.3.7 Invalid Protocol Response Behavior

The only valid protocols are Get Device Status, Bulk-out Transfer and Bulk-in Transfer (described above),

where RTS5411S only responds to the 7-bit firmware configured slave addresses (1101010b). Any invalid

protocol will result ERROR bit set in Status Byte, which indicates that an error has happened.

6.4 Bus Reset Sequence

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

by a STOP condition.

6.5 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.
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Figure 6-9. SMBus Slave Time Diagram

Fsvs SMBus Operating Frequency 10 | 100 | kHz
Fsur Bus free time between Stop and Start Condition 4.7 - ys
T Hold time after (Repeated) Start Condition. After this period, the first clock is 4.0

HD:STA . - HS

generated.

TsusTa Repeated Start Condition setup time 4.7 - Js
Tsu:sto Stop Condition setup time 4.0 - us
THo:oaT Data hold time 300 - ns
Tsu:par Data setup time 250 - ns
Tmmeoutr | Detect clock low timeout 25 35 ms
Tiow Clock low period 4.7 - ys
THiGH Clock high period 4.0 | 50 us
Towsexr | Cumulative clock low extend time (slave device) - 25 ms
Trow:mext | Cumulative clock low extend time (master device) - 10 ms
Tk Clock/Data Fall Time - 300 ns
TR Clock/Data Rise Time - | 1000 | ns
Tror Time in which a device must be operational after power-on reset 500 ms

Table 6-1. SMBus AC specifications
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7. 12C Master and slave interface

7.1 12C Slave interface

The operation flow and date transaction format of 12C slave is similar with SMBus slave , reference SMBus

Slave interface for reference.

7.2 12C Master interface

7.2.1 Supported Mode and Speed
RTS5411S support the following three bus speed mode:
» Standard-mode (Sm), with a bit rate up to 100 kbit/s.
» Fast-mode (Fm), with a bit rate up to 400 kbit/s.
» Fast-mode Plus (Fm+), with a bit rate up to 1 Mbit/s.

7.2.2 Transfer Protocol Implementation
RTS5411S support four types transfer format

>  Write
» Read
» Read Random
» Send Address

Write transfer
Master-transmitter transmits to slave-receiver. The transfer direction is not changed as depicted in the figure

below. The slave receiver acknowledges each byte.

S | SLAVEADDRESS | RW | A | DATA | A | DATA |AA| P

‘ I— data transferred 4

'0" (write) (n bytes + acknowledge)
D from master to slave A = acknowledge (SDA LOW)
A = not acknowledge (SDA HIGH)
D from slave to master S = START condition

P = STOP condition
Figure 7-1 Write transfer format

Read transfer

Master reads slave immediately after first byte (see Figure below). At the moment of the first acknowledge,
the master-transmitter becomes a master-receiver and the slave-receiver becomes a slave-transmitter. The
first byte data is still generated by the slave, and then 12C master generates subsequent acknowledges. At
the end, STOP condition is generated by the master, which sends a not-acknowledge (A) just before the
STOP condition.
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1

5 SLIAVEADDRESS | RW | A | DATA | A | DATA | A | P

‘ \— data transferred J

(read) (n bytes + acknowledge)

Figure 7-2 Read transfer format
Read Random transfer
Read Random transfer format initiate two START condition, one is START , the other is Start repeat (Sr),
during the start and Sr the transfer direction changed. During a change of direction within a transfer, the
START condition and the slave address are both repeated, but with the R/W bit reversed. As describe in the
figure below ,the R/W bit after the first START is write and the data length n is 0 to 4 bytes. And the following

start repeat R/W bit is read. The purpose of this format is to send command for the following Read operation.

S | SLAVE ADDRESS | RW | A | DATA | A/A |Sr| SLAVE ADDRESS | RW | A | DATA|A/A| P

(n bytes (nbytes |
| — +ack) ~ +ack)"
write
read — — direction of transfer
may change at this

o point.
Sr = repeated S[TART condition

Figure 7-3 Read Random transfer format
Send Address
The Send Address transfer format is only with the slave address and without data, STOP condition following

the R/W bit. This operation is used to set I12C slave device slave address.

7.2.3 Stretching the SCK
RTS5411S support the 12C slave stretch SCK when the slave is busy. Besides , the hub will stretch the SCK

if the memory to send or receive data being full or empty.

7.2.4 Slave Response Timeout
The Slave Response Timeout is configurable for RTS5411S.

7.3 12C Timing

The 12C-bus timing characteristics, bus-line capacitance and noise margin are given in Table7-1. Figure 7-4

shows the timing definitions for the 12C-bus.
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tSUSTA

Table 7-1 12C Master Timing Specification

e O

o e o B S e,

Figure 7-4 Definition of timing on the 12C bus

oth clock

Symbol

fscL

tHD;sTA

tLow

tHiGH

tsu;sta

tHo:DAT
tsu.pat

tr

tr

tsu;sto

taur

Parameter

SCL clock
frequency
hold
time(repeated)
START
condition
LOW period of
the SCL clock
HIGH period of
the SCL clock
set-up time for a
repeated
START
condition
data hold time
data set-up time
rise time of both
SDA and SCL
signals
fall tome of both
SDA and SCL
signals
set-up tome for
STOP condition
bus free time
between a
STOP and
START

Standard-mode

Fast-mode

Fast-mode

Plus

Min

0

4.0

4.7

4.0

4.7

5.0
250

4.0

4.7

Max

100

Min

0

0.6

1.3

0.6

0.6

100

1000 20+0.1Cb

300

20+0.1Cb

0.6

1.3

Ma
X

400

300

300

Min

0

0.5

0.26

0.26

50

0.26

0.5

Max

1000

120

120

Unit

kHz

us

us

VIS

VIS

VIS
ns

ns

ns

us

VIS
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condition
capacitive load ) )
Ce for each bus line 400 400 550 PF
tvp;paT data valid time - 3.45 - 0.9 - 0.45 us
data valid
tvo:ack acknowledge - 3.45 - 0.9 - 0.45 us
time
Vo MOSERAORA 04vee - 0AVeo - 0AVep - v
Vo MOgmadn At oove, - 02Vop - 02Vop - v
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8. QFN-76 Package Dimensions
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Symbol

Dimension in mm

Dimension in inch

Min Nom Max Min Nom Max
A 0.80 0.85 0.90 0.031 0.033 0.035
A 0.00 0.02 0.05 0.000 0.001 0.002
A 0.65 0.70 0.026 0.028
As 0.2 REF 0.008 REF
b 0.15 | 0.20 | 0.25 0006 | 0008 | 0.010
D/E 9.00 BSC 0.354 BSC
D2/E» 5.13 | 5.38 | 5.63 0202 | 0212 | 0.222
e 0.40 BSC 0.016 BSC
L 0.30 | 0.40 | 0.50 0012 | 0016 | 0.020
Notes :

1. CONTROLLING DIMENSION : MILLIMETER(mm).
2. REFERENCE DOCUMENTL : JEDEC MO-220.

® QFN76 pin (9x9) recommended PCB footprint dimensions

Notes :

=l

e B84

0.20

= ol

1040,

L—1.0.']0

pin39

pgackage outline

1. CONTROLLING DIMENSION : MILLIMETER(mm).
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X2 REALTEK RTS54115

9. Ordering Information

Part Number Package Status
RTS5411S-GR QFN-76 Green package MP available
RTS5411S-GRT QFN-76 Green package with Tape and Reel | MP available
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